ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH

J.B. Cokonbckuil atbingarsl «Kanapmati,
KaTaJu3 JKOHE JIEKTPOXUMUSA HHCTUTYThD» AK

XABAPJIJAPLI

NU3BECTUA NEWS

HALIMOHAJIBHOM AKAJIEMUU HAVK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

AO «MHCTUTYT TOILUIMBA, KaTaJIn3a U JSC «D.V. Sokolsky institute of fuel, catalysis

anexkrpoxumun uM. J[.B. Cokxonsckoro» and electrochemistry»
SERIES

CHEMISTRY AND TECHNOLOGY

3 (441)

MAY - JUNE 2020

PUBLISHED SINCE JANUARY 1947

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
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NEW METHOD FOR DISPOSAL OF GRANULATED
PHOSPHORIC SLAG FROM HAZARDOUS GASES

Abstract. New wet method of decontamination of GPS from hazardous gases (PHs, H,S, HF, etc.) and their
sources (CazP,, CaF, and CaS) is proposed, since dry methods for decontamination turn out to be inviable due to
their difficulty and non-efficiency; thus, GPS in construction (and not only) is used without cleaning pursuant to the
existing regulatory documents.

The wet method of decontamination of GPS from hazardous gases and their sources is developed based on the
following comparative methods:

First — 2 kg GPS were dried at temperature of about 600°C at the drying furnace within 5 hours; then the air
mixture was measured from the special hole for presence of gases.

Second — Dried slag after cooling was ground at the vibration mill to the specific surface of 500 m*kg with
Na,COj3 additive or cement (5 % by weight) and FeO (3 %) and without such activating and neutralizing additives;
then the qualitative content of gases was measured at the mill and in slag.

Third —2-kg composited sample of GPS was placed in the laboratory vibration mill and was added with water in
ratio 1:6 (slag : water by weight). This mixture was ground with Na,CO3 additive or cement (5 % by weight) and
FeO (3 %) and without them to the specific surface of 500 m*kg; then, the qualitative content of gases was measured
at the mill and in slag.

It was determined that:

- maximum quantity of gas emission from GPS is observed during drying without decontaminating additives;

- in presence of decontaminating additives, gas emission from GPS is reduced by one step — due to
neutralizing properties of additives;

- grinding of dried GPS assists in additional gas emission therefrom — with additive to a lesser extent, without
additive — to a greater extent;

- in case of GPS grinding in water environment, gas emission is maximally reduced, and with additive — gases
are fully neutralized.

It follows from what has been said that irrespective of the GPS treatment method, introduced additives are
capable to neutralize gases; however, the wet method is more efficient in comparison with the dry one, since:

- the wet method does not require drying of GPS; particles are more easily broken to the necessary specific
surface with less time;

- in the closed space like the vibration mill, in water environment, gases may not volatilize by any reasons
and are fully neutralized with additives and activating agents;

- products of interaction of gases with neutralizing and activating additives become the activating components
of ground GPS.

It is shown that during GPS grinding in water environment, the neutralizing and activating additives provide the
chemical, physical-chemical and catalytic reactions in the system (totally they are about 20).

Studies of the phase composition, hydration degree of ground GPS and strength of consolidated slag stone
produced from ecophosphoslag binding agent show the following:
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- Na,COs has higher activating properties than cement-additive; thus, strength and hydration degree of
consolidated ecophosphoslag binding agent with Na,COs additive are much higher — achieve correspondingly
79.3...83.5 MPa and 21.7...23.3 %, and with cement-additive — only 28.7...37.9 MPa and 16.8...20.4 %;

- Higher activating capability of Na,COs in comparison with cement-additive is explained by the fact that:

- sodium carbonate in the consolidating system creates the increased alkaline medium (pH>12); therefore, glass-
slag is much dissolved; in its turn, assisting in increase in content of hydrate phases in slag stone;

- strengthening of slag stone is positively impacted also by ions Na" included into hydrated calcium silicates —
C-S-H and CSH (I), resulting in generation of new expanded coordination centers, like MeQOg, assisting in increase
and stability of the crystal latitude and hydrate phase, and this is also the positive factor impacting on increase in
strength of slag stone.

It is defined that FeO does not only neutralizes hazardous gases and their sources, but activates ground GPS.
Neutralizing and activating capability of FeO may be related to presence of electron-free orbitals at the 3d-sublevel
of Fe?" (Fe*"), assisting to iron ions as acceptor with neutralizing and activating properties. It may be supposed that
such properties shall be common for the compounds, including the elements of transition metals having electron-free
orbitals at the 3d-sublevel.

It is detected that consolidated ecophosphoslag binding agent contains mainly two types of hydrated calcium
silicates — amorphous tobermorite gel (C-S-H) and submicrocrystalline CSH (I).

Keywords. Granular phosphorus slag, hazardous gases and their sources, iron oxide, soda, cement, strength,
degree of hydration.

Introduction. Among technogenic mineral formations (and there are more than 25 billion tons of
them in Kazakhstan), granular phosphoric slag in terms of importance and technical and economic
efficiency as a raw material in the construction industry and construction is ranked second after granulated
blast-furnace slag, and they are interchangeable.

The field of production of building and silicate materials, products and structures based on these
technogenic materials is very wide, since they are used in all sectors of the construction industry [1-9].

Unlike the blast-furnace slags the granular slags are ecologically clean mineral raw materials,
granular phosphorus slag (hereinafter GFSH) contain hazardous gases (PH3H.S, HF, SiF4 and others.) and
minerals (CazP, — highly poisonous, CaF, and CaS). Gases occur during production of phosphorus and its
compounds from a mixture of phosphorite, quartz and coal, and minerals are initially present in the
composition of Ca3(POs); in the form of impurities, which are constant sources of hazardous gases in slags
according to the equation [10]:

CazP, + 3H,O + 3Si0, =2PH; + 3 (CaO . SiOz),
CaF, + H,O + Si0; = 2HF + CaO - SiO»,
CaS + H,0 + SiO; = H,S + CaO - SiO;

The presence of these hazardous ingredients in GFS was known from the very beginning (since
1965), but this was not given much importance. Therefore, until 1990 GFS without neutralization was
used as independent binders, mineral additives in the production of Portland cement and components in
the composition of slag Portland cement [1-9]. As a result of this, GOST 3476-74 [11] which is valid at
the present time, was issued. A new standard GOST 31108-2016 [12] allowing the use of GFS without
neutralization which has a major socio-ecological and economic danger to biogeocenosis was added.

With an acute cement deficit in Kazakhstan at the end of the 1980s, a decision at the level of the
Government of the USSR and KazSSR was made to organize the production of cementless binders based
on GFS [13,14]. That time the danger of using them without neutralizing gases was mentioned.

In this regard, Almaty NlIstromproekt, together with the IOCE of the Academy of Sciences of the
Kazakh SSR and the NIIKP of the Ministry of Healthcare began to neutralize GFS from PH3 and H.S,
offering their own formulation [15-17], as a result of which ST RK 2301-2013 was developed [18], where
it is clearly stated that GFS should be neutralized from phosphorous and fluoride compounds by the
introduction of neutralizing additives.

However, in practice, this regulatory document was not viable, because: the * PH3; and H.S
neutralizing methods were very complicated and some processes were questionable. For example, GFS is
simultaneously used for neutralization (since some additives neutralize some gases, others — the rest
gases): calcium hypochlorite [Ca (OCl),;] in an amount of 0.4% by weight, steelmaking slag (5%),
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caprolactam waste (2 %) and ferro-slag of chromium compounds (6%) [19], which should be used for
drying (> 600°C) and grinding the phosphoric slag binders by dry mechanochemical method [20].

The disadvantages of the mechanochemical GFS neutralizing method include the
multicomponentness of neutralizing additives, the dependence of the degree of purification on their
chemical and mineralogical composition which is not always constant, the negative effect of some of them
(for example, calcium hypochlorite, Cr®" | etc.), partial removal harmful impurities with exhaust gases
during GFS drying process.

There is also a patent [21] for a method for phosphorus slag purification from harmful gases using
vanadium-containing converter slag.

Research methods.

Option 1. A certain amount (2 kg) of GFS was dried at a temperature of about 600°C in a drying oven.
Five hours after drying from an opening, the air mixture was measured for the presence of gases.

Option 2. After cooling, the dried slag was ground in a vibratory mill to a specific surface of
500 m*/ kg with and without Na,COjsor cement (5%) and FeO (3%), after which the qualitative gas content
in the mill and slag was measured.

Option 3. We took 2 kg of GFS of the averaged sample and placed in a laboratory vibratory mill, and
poured water in a ratio 1: 6 (slag: water by weight). This mixture was ground with the addition of Na;COs3
or cement (5%) and FeO (3%) and without them to a specific surface of 500 m? kg, after which the
qualitative content of gases in the mill and slag was measured.

Note: the quantitative gas content in the studied systems must be checked in two more independent
accredited laboratories in order to minimize errors in these studies. The presence of gases in the slag was
measured using an ALTAIR gas analyzer.

To define the effect of the type of activators on the strength and degree of hydration of the hardened
ecophosphoslag binder, samples were prepared with a composition of 1: 0 (slag dough) 2x2x2 c¢m in size,
solidified under steaming conditions at 90 ° C based on the 3 + 10 + 34 mode (rise + isotherm + descent) .

The phase composition of neoplasms — cementing agents was established using the X-ray and
derivatographic units DRON-3M and MOM-1500.

Results and discussion. The results are shown in table 1, from which it can be seen that:
- maximum amount of gas evolution from GFS is observed when it is dried without neutralizing
additives;
- in the presence of neutralizing additives, the output of gases from GFS decreases by one step - due
to the neutralizing properties of the additives;
- grinding the dried GFS promotes an additional emission of gases from it - with addition to a lesser
extent and without - to a greater extent;

Table 1 — Qualitative gas content in GFS depending on the method of its processing

Methods and numbers of treatment GFS condition Presence of neutralizing Gas content”
substances
. without additive +H++
1 Source in the form of granules - —
D with additive +++
vy 2 Ground without additive ot
with additive ++
. . ith iti +
Wet 3 Combined with water Wlt. out ad.d.1 tive
with additive -
*4 pluses - maximum gas content, 3 - below maximum, 2 - medium, 1 — small, minus - the absence of gases

- during the GFS grinding in an aqueous medium without additives, the gas yield decreases as much
as possible, and with the additive - the gases are completely neutralized.

It follows from what has been said that, regardless of the processing method of GFS, additives are
able to neutralize gases, however, the wet method is significantly more effective than the dry one,
because:
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- with the wet method, the GFS drying is not required, the particles are easier to grind to the
required specific surface with less time;

- in a confined space in the aquatic environment, gases cannot escape for any reason but are
completely neutralized by additives and activators;

- the products of the interaction of gases with neutralizing and activating additives themselves
become activating components of ground GFS.

GFS-based conglomerate initially consists of the following active components: slag, including
harmful gases, phosphide, fluoride, sulfide: water, activator and detoxifying agents. Because of this,
during the GFS grinding by wet method, the chemical, physico-chemical and catalytic reactions occur in
the system. For example (some of them):

Na,COs + H,S — Na,S + H,CO;
Ca (OH), +2(HF) — CaF, +2(H,0)

3[Fe(OH); ]+ 3(PH3) — 3(FeO) + 9H,0

8[F203] + CasP, — Ca3(PO4)2 + 16FeO
Glass + Na,COs; + H,O — xCaO (2Na) - ySiO,- zH,O
Glass + Ca(OH), — xCaO - ySiO,* zZH,O

Table 2 shows the strength and degree of hydration of slag (cement) stone, which shows that:

- NayCOs has a higher activating property than cement and thus the strength and degree of hydration
of hardened binder with Na,COs are considerably higher - they reach respectively 79.3 ... 83.5 MPa and
21.7 ... 23.3% and cement - only 28.7 ... 37.9 MPa and 16.8 ... 20.4%.

The increased activating ability of Na,COs3; compared with cement is due to the fact that:

- sodium carbonate in the hardening system creates an increased alkaline environment (pH>12), due
to which glass slag dissolves in large quantities; this in turn contributes to an increase in the content of
hydrated phases in the slag stone;

- slag stone hardening is positively affect also by the ions Na" included in the calcium hydrosilicate,
resulting in the formation of new extended focal type MeOs conducive ascending and lattice stability of
the hydrate phase, and this is also a positive effect on increasing slag rock strength in general.

Table 2 — Change in the strength and degree of hydration of hardened ecophosphate slag stone depending
on the type of activator and the presence of a neutralizer

Activator,% Neutralizer,% Compressive strength, MPa Hydration degree,%
Cement, 5 - 28,7 16,8
i FeO, 3 37,9 20,4
- 79,3 21,7
NaC0s, 5 FeO, 3 83,5 23,3

The reduced activating ability of cement compared with sodium carbonate is due to the lower
reactivity of Ca (OH), than Na,COs.

An interesting fact: FeO — not only neutralizes hazardous gases and their sources, but also activates
slag. This is probably due to the presence on the 3d sublevel Fe*'(Fe’") of electron-free orbitals) which
favors iron ions, like an acceptor with neutralizing and activating properties. If this proposition is correct,
then we must assume that these properties should have transition metal ions from manganese to copper
with electron-free orbitals in them.

Figure 1 shows the X-ray and thermograms of the original slag and hardened slag stone with the
addition of soda and cement.

The GFS structure in the X-ray diffraction pattern (1) is not fixed due to its X-ray amorphous state,
however:

- its vitreousness is clearly indicated on the thermogram (6), where two peaks appear: the end effect
at 800°C, showing softening of the glass and exoeffect at 920°C, characteristic of crystallization of
wollastonite;

- ahalo is fixed on it, a characteristic attribute of glass.

— Q —
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On X-ray diffraction patterns of slag stone, regardless of the type of activator, the peaks typical for
CSH (1) are recorded (d/n = 3,03; 2,28 and 1,83 A). On the thermograms of slag stone with soda addition,
endo effects appear at 160°C and at 140°C with the addition of cement, belonging to the tobermorite gel.
In this case, the tobermorite gel which appeared in the slag stone with the addition of soda, is more stable
as a result of the introduction of sodium ions in its structure - because of which the endoeffect is shifted
towards an elevated temperature (160°C).

The formation of wollastonite during thermal reactions occurring in samples with activators occurs at
low temperatures (800°C and 850°C) in comparison with its occurrence from the initial slag only. This is
due to the additional appearance of wollastonite from calcium hydrosilicates, which have low resistance at
high temperatures.
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Figure 1 - X-ray diffraction patterns (1-3) and thermograms (4-6) of the initial GFS (1 and 6)
and hardened binder with the addition of Na2CO3 (2 and 4) and cement (3 and 5)

Finally, it should be noted that both activators and neutralizers do not create independent compounds
and do not remain in a free state (doses taken by us), but are included in the structure of calcium
hydrosilicates.

Conclusions. It is known that dangerous gases (PH3, H»S, HF, etc.) are present in the shells of porous
GFS and their sources (CasP,, CaF, and CaS), which makes it undesirable to use it in construction,
including road, and in agriculture.

1. However, GFS, according to GOST 3476-74 and 31108-2016, is actively used without
neutralization in the production of Portland cement and slag Portland cement, respectively, as a mineral
additive and component, which is not acceptable.

2. Meanwhile, there is another regulatory document - ST RK 2301-2013, which clearly states that
GFS should be neutralized from phosphorous and fluoride compounds by introducing neutralizing
additives by the dry method in the production of cements.

However, this standard is not used in practice by cement producers and not only by them, since
methods GFS neutralizing are very complex and some processes are doubtful.
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3. In this regard, we proposed (started) a new GFS neutralization trend - the wet method, where
hazardous gases and their sources are not only completely neutralized but also become activators, turning
into new compounds.

4. It is shown that the hydrated phase of the slag stone consists of calcium hydrosilicates - tobermorite
gel and CSH (1), the structure of which includes the components of activators and a neutralizer.

5. It has been suggested that the compound of transition metals of the manganese series to copper,
where on the 3d sublevel there are electron-free orbitals capable of neutralizing the dangerous ingredients
of GFS.

3.A. Ecremecos!, A.B. Bapsunos!, b. K. Capcentaes?,

A. A. Tynaranos’, M.3. Ecremecor!, A.M. Xaiinapos!

' «KMCCO3» XKIIC Kypbuibic MaTepHaIApbIH CEPTU(GHUKATTHIK
CBIHAY/IBIH OPTaJIBIK 3epTXaHackl, AiaMaTsl, Kazakcran;
20KMY Onrycrik Kazakcran MEMJIEKETTIK YHUBEPCHUTETI;
3TamCKU TaIKeHT coyIeT-KyPhUIBIC HHCTUTYTHI

TYUAIPIIIKTEJTEH ®OCP®OP KOXKIAPBIH KAVIIITI TA3JTAPJIAH
SAJTAJICBIBJAHABIPY IbIH "KAHA TOCLII

Annoranusi. TOK-ub1 kayinri razgapnan (PHs, HoS, HF xone 1.6.) sxone onapasiy ke3aepinet (CasP,, CaF,
xoHe CaS) 3ananceI3iaHAbIPyAbIH JKaHa JbIMKBLUT TOCUT YCHIHBIIA bI, OUTKEHI 3aJ1aJIChI3IaHIbIpy OOMbBIHIIA KYPFaK
TOCUTACP OJIAPMABIH KYPACIUIITiHE JKOHE THIMCI3MIriHe OaillaHBICTBI OMIpIICH eMecC OOJBIN IIBIKTHI, OCHIFAH
baitnanpicTel TOK KyppUIbicTa (KOHE TEK OHIA FaHAa €MeC) KOJIAHBICTAFbI HOPMATHBTIK Ky)KaTTapra CoHKec
Ta3apTyChl3 KOJIJAHBLIA/IbI.

3usHABl Ta3laplaH jkoHe ojapAblH KeszaepineH TOK-HbI 3amalchi3NaHABIPYIBIH JBIMKBUT TOCUIIH 93ipiey
Ke3iHJIe KelleCi CalbICTRIPMAITBI diCTEMENIep i KOJTaHAMbI3:

Bipixmrici - 2 kr TOK kenripy nemriage mamamer 600°C temnepatypana 5 carat 60iBI KENTipiiai, conaH Kein
apHafBI TECIKTEH aya KOCIACHIH ra3blH OOTYbIHA OJIIIEI].

Exinmrici - kenTipinaren Ko cyranHaH Keifin aipinauipmenne Na,CO3 Hemece nieMeHT (canMmarsl 6oiibiama 5%)
xoHe FeO (3 %) KocmachlH KOCBIN KOHE OChI OENICEHIIpETiH jKoHe OeiTapanTaHAbIpaThlH KOCHAlapAbl KOCHan
500 M%/kT MeHIIKTI GeTKe AEHiH ycaKTauabl, COJaH KeHiH IMipMEH MEH KOKIAaFbl ra3fapAblH CanaiblK KypaMbIH
OJIILIe .

Yurinmrici - 2 kr TOK oprainananrad CbIHAMACBHIH aJIbIl, 3€PTXAHANBIK TIPUIAAIPMEHIE CaJIbl, COAAaH KCHiH
oraH 1:6 apa kaThIHachiHIA (KOXK:Cy cajaMmarbl OoWbIHINA) ¢y Kyibuiael. byn kocmanbel Na,COs; HeMece I[EMEHT
(canmars! 6oiibHIIa 5%) sxone FeO (3 %) KocnachlH KOCKII %oHe oj1ap sl Kocnaii 500 M%/Kr MeHIIiKTi 6eTiHe neilin
YCaKTaJIbl, COAAH KeHiH qUipMEH MEH KOXKIaFbl ra3apAblH CalalbIK KYPaMbIH OJIIICHII.

AHBIKTaIFaHbI:

- TOK-man OesiHreH TrazmapAblH €H KO MeIIIepi 3alajChI3JaHIbIPaThIH KOCIATAPChI3 KENTipy Ke3iHae
OaliKaa bl

- 3aJaNChI3JAHNBIPATHIH  Kocmamap Oomran ke3ge TOK-man ra3mapablH — MIBFYBl  KOCHAJIAP.IBIH
OeiiTapanTaHIBIPATHIH KACHETTEpiHE OAIaHBICTHI Oip CaThIFa a3asbl;

- kenripinren TOK-Hbl yHTaKkTay ra3iapAblH OJ@aH KOCHIMIIA IIBIFYbIHA BIKIANT €Teql — KocHajapMmeH a3
Jopexeie, KOCIIaJapchl3 - KOl I9pekKee;

- TOK cy opracelHma YHTaKTaraH Ke3[e Ta3laplblH IIBIFYbl OapblHIIA a3asfgsl, al KOCIaMeH — Taszap
TOJIBIFBIMCH 6eﬁTapaHTaHﬂprbIﬂaﬂbl.

XKorapoiia aliteuiranHan TOK enney TociiHe KapamacTaH, €HII3UIeTIH Kocrnaiap rasisl Oeiftapantanabipyra
KabinerTi Oosranbl Oaiikanansl, anaiiia Kyprak oJiCIIEH CalbICTBIpFaHIA JBIMKBUI TACUT THIMIIpEK KepiHeni,
OUTKEHI:

- IBIMKBUT Tociai Konanras ke3ne TOK kentipy Tanan etinMmeli, OemmeKTep a3 YaKbITICH KaXKETTI MEHIITIKTI
OeTke JeiiiH OHAll YHTAaKTaJalbl;

- mipinauipMeH OOJBIN TaOBIIATHIH XKa0BIK KEHICTIKTE, CYy OPTAachIHIA ra3aap KaHaai maa Oip cebenrtep OoiibIHIIIA
YIIBIT KeTe aJMai[Ibl, )KoHE Kocaiap MeH OeJICeHIIpTiITep apKbUTBI TOJBIK OeHTapanTaHIbIPhLIA B

- ra3gapiblH OelTapanTaHIbIpyLIbl JKOHE OEJCEeHAIpYIll KochmajJapMeH e3apa opeKeTTecy eHiMmaepi eszepi
yHrakranrad TOK-HbIH OenceHaipyi KOMIIOHEHTTepiHe aifHAIA/IbL.
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TOK-ubl OeiiTapantaHIbIpaThiH JKOHE O€JICEHIIPETIH Kocmanapbl 0ap Cy OpTachiHIA ycakTay OapbIChIHIA
Kyllene XUMUSIBIK, (U3MKANBIK-XUMISUIBIK JKOHE KaTaJWTHKAIBIK peakuusuiap (Kaumbl alnfaHia OJIapIbIH CaHbI
mamameH 20) OpbIH alaThiHBI KOPCETUIreH.

dazanpik Kypamabl 3eprrey, yHrakranraH TOK rugparanms nopexeci sxoHe skodocdonuiak TYTKBIIIBIHAH
aJIbIHFaH KaTalFaH KOXK TAChIHBIH OEPIKTIr TOMEHIETUIepIi KOPCeTTi:

— NayCO; neMeHTTIH-KOCIIaHbIH HEFYpJIBIM JKOFapbl OeJICeHAIprinl KacuerTepiHe ue, coHablkTaH Na,COs
Kocrachkl 0ap Karaitran 9koQocdoIuiak TYTKbIPFBIIITEIH OEPIKTIrT MEH THApATALHs IOpEKeci alTapIbIKTai KOFapbl
— tuicinme 79,3 ... 83,5 MIla sxone 21,7 ... 23,3% xereni, al LEMEHTIEH-KOCIIaMeH - Tek 28,7...37,9 MIla xone
16,8...20,4 % xereni,

— LemenT-kocmamer canbicTeipranaa NaCOj3 sxoraphl OesceHIipriin KadieTi MbIHaJIapFa HeTi3eNreH:

- HaTpHWii KapOOHATHI KATasTHIH KYHeIe >KOorapbl cinTini opransl (pH>12) Kypamsl, COHBIH apKachlHIA IIBIHBI
KOX KOIl MeJIepe epui; OyJ1 3 Ke3eTriHae KOXK/Ibl TacTarbl THIPATTHIK (a3ajapAblH MeJIIIEPiH apTThIpyFa bIKIal
erel;

- KOX TachIHBIH HBIFBI3AATYBIHA KPHCTAJIABI TOP MEH THAPATTH (ha3ajapAblH 6Cyl MEH OPHBIKTBIIBIFBIHA BIKIAT
ererii MeQOs THNTI XaHA KEHEHTUITeH YWIECTIpy OpPTaJbIKTAapBIHBIH IMaiifa OOJyBl HOTIDKECIHIAC KabIUi
rugpocunukarrapsiably — C-S-H sxone CSH (I) xypambina kiperin Na® noHZapbel 1a OH ocep ereii, Oyl Ja KOk
TaChIHBIH OEPIKTITiHIH XKOFapblUIayblHa OH 9Cep eTEeI.

FeO xayinri ra3gap MeH oJaplblH Ke3lepiH OedrapanTaHIbpIpbill KaHa KOiMai, COHBIMEH Katap YHTAaKTaJFaH
TOK-ubl GencenipeTini anpikTanasl. FeO OeliTapantanibpaThid skoHe GesceHipeTin xabineri Fe? (Fe’') 3D-
TOMEHT'1 JICHTeHiH/Ie IEKTPOHAapIaH 00C OpOUTAIBAAPIBIH OOTYbIMEH OAMTAHBICTI 0OIYBI MYMKIH, OYJI, aKIIETITOP
perinze, OeiTapantaHblpaThIH oHE OeJCeHAIpeTiH Kacuerrepi Oap Temip HOHIApblHA BIKMaN eredi. MyHpjaii
KacHeTTepre KOChIIbICTap, COHBIH imiHae 3D-TemMeHri neHreliae anekTpoHaapaan 6oc opouransaepi 6ap aybicraisl
MeTanjap 3IEeMEeHTTEPiHIH e37epi 1e ue O0Iybl THiC aen OorrKayra 0oabl.

Karaiiran 3k0(oc(OKOXIBI TYTKBIpAA HETI3IHEH KalbIHMH T'MIPOCHIIMKATTapbIHBIH €Ki Typi — amMop(dThl
tobepmopuTti rens (C-S-H) sxone cyomukpoxpuctanasl CSH (1) matiga 601aTeIHEI aHBIKTAIFaH.

Tyiiin ce3mep: TyifipmmikrenreH ¢ocdop KOXBI, KayinTi ra3map XOHE ONAPIABIH Ke3[epi, TeMIpHiH maia
TOTHIFBL, COJIa, IIEMEHT, OCPIKTIK, THApATAIINS JIPEIKECI.

3.A. Ecremecos!, A.B. Bapsunos!, b. K. Capcentaes?,

A. A. Tynaranos’, M.3. Ecremecor!, A.M. Xaiinapos!

ITOO «l1eJICUM» llenTpanbHas 1abopatopust cepTHQUKAIMOHHBIX HCTIBLITAHH
CTPOMTENBHBIX MaTepuanoB, Anmarsl, Kazaxcran;
2IOKT'Y I0xn0-Kazaxcranckuii ['0cy1apCTBEHHBIN YHUBEPCHTET;
3TamACH TamKeHTCKHI apXUTEKTYPHO-CTPOUTEIBHEIA HHCTHTYT

HOBBII1 CIIOCOB OBE3BPEKUBAHUS T'PAHYJIUPOBAHHOI'O
OOCPOPHOI'O HIJTAKA OT OITACHBIX 'A30B

Annortanus. [Ipemiaraercs HOBbIH MOKpBIX crtocod ooe3pexuBanus [' @I ot omacueix rasos (PHs, H,S, HF
u ap.) u ux ucrounukoB (CaszP,, CaF, u CaS), mockoiibKy cyxue CrocoObl 1Mo 00e3BpEKHMBAaHHIO OKa3aJIHCh
HE>KU3HECIIOCOOHBIMHU B BUJY UX CIIOXHOCTH M Hed((deKTHBHOCTH, U3-3a yero ['®IL B crpourenseTBe (M HE TOJIBKO)
MPUMEHSIOT 0€3 OUYUCTKHU COIJIACHO CYLIECTBYIOIINM HOPMATHBHBIM TOKYMEHTaM.

[Ipu pazpaboTtke Mokporo criocoba ode3pexxuBanust DI oT BpenHBIX T'a30B U X NCTOYHHKOB IPHMEHIEM
CJIEYIOIINE CPAaBHUTEIIbHBIE METOIUKH:

Iepsas — 2 kr I'®II moaBeprim cymke mpu Temreparype okono 600°C B CyIIMIBHON ITe4YH B TSYEHUE 5 4acoB,
MOCTIe YeTO U3 CIEeNHAIBHOTO OTBEPCTHS N3MEPSUIH BO3AYIIHYIO CMECh Ha MPEAMET MPUCYTCTBUS Ta30B.

Bropast — BBICYIIIEHHBIN [UIAK TIOCIIE OCTHIBAaHHUSA M3MENbYald B BHOPOMENBHHIIC 0 YICIEHOW ITOBEPXHOCTH
500 m*xr ¢ no6askoit NayCOs; wim mementa (5 % mo macce) nu FeO (3 %) m Ge3 3TUX aKTUBU3HMPYIOIUX H
HEUTpaNM3yIomuX J00aBOK, IOCIIE Yero H3MEPSIIH Ka9YeCTBEHHOE CO/IepKaHMe T'a30B B MEIBHHUIIE U [IUIAKE.

Tpetbst — B3sin 2 kr ['®L ycpeaneHHO# MpoObl M MOMECTWIIN B JIAOOPATOPHYIO BUOPOMENBHHUILY, a 3aTE€M Tyia
e HAIWIM BOAY B COOTHOImIeHHMH 1:6 (nuiak: Boma mo Becy). M3Menbuanu 3Ty cMech ¢ nobaBkoit Na;COs wmiu
nemenTa (5 % mo macce) u FeO (3 %) u 6e3 HuX 10 yAeldbHOH mosepxHocTH 500 MZ/Kr, HOCIE 4ero U3MepUIn
Ka4eCTBEHHOE COJIEp)KaHHE Ta30B B MEJIbHUIIE U IIJIaKe.

YcTaHOBIIEHO, YTO:

- MakCHUMaJbHOE KOJMYECTBO BblaeieHus ra3zoB u3 [ DI nabaromaercs mpu cymke 6e3 00e3BpEKUBAIONINX
100aBOK;
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- B IIPUCYTCTBUH 00€3BPEKMBAIOIINX 100aBOK BbIX0A ra3oB u3 I'®IIl ymeHbIIaeTCs HA ONHY CTYNEHBbKY — U3-
32 HEHTPaAIN3YIOMNX CBOMCTB 100aBOK;

- pa3mon BeicymeHHoro ['®II crmocoOCTBYeT MOMOJHHEIPHOMY BBIXOAY Ta30B W3 HEro — ¢ J00aBKOi B
MEHbIIIEH cTeneHu, 0e3 — B OOJNbIICH CTENeHN;

- npu pa3manbiBanuu [' DI B BogHOI cpeie BBIXOJ] Ta30B MAKCHMAIBHO YMEHbBIIAETCS, a C 100aBKOM — ra3bl
MOJTHOCTBIO HEHTPAIM3YIOTCS.

W3 ckazaHHOro ciemyer, 4ro He3aBUCHMO OT crocoba oOpaborku ['®IIl BBoanmble m100aBKH CIIOCOOHBI
HEWTpann30BaTh ra3bl, 0THAKO MOKPBIH c110co0 3¢ PEeKTUBHEE 0 CPABHEHHUIO C CYXHUM, TOCKOJIbKY:

- 1pu MokpoM crocobe cymka ['®II me TpeOyercs, WacTHIBI Jierde pa3MalbIBAlOTCS OO HEOOXOIUMOHN
YZeNBHOH MMOBEPXHOCTH C MEHBIIUM BPEMEHEM;

- B 3aMKHYTOM NIPOCTPaHCTBE, KaKUM SBISIETCS BHOPOMENBHWIIA, B BOJHOH cpene ra3sl HE MOTYT
YJIETY4UBATHCS 110 TEM HIIM WHBIM NPUYMHAM, a TIOJIHOCTHIO0 HEUTPATU3YIOTCS J0OaBKaMH M aKTHBH3aTOPaAMU;

- TPORYKTHl B3aMMOJEWCTBHS Ta30B C HEHTPAIM3YIOUIMMH W aKTHBU3UPYIOUIMMH [00aBKaMU CaMH
CTaHOBATCS aKTUBU3UPYIOIIMMHU KOMIIOHEHTaMH Mojiotoro I'®III.

Ilokazano, uto B xone usmenpueHus ['OII B BOIHOHU cpene ¢ HEUTPAIM3YIOIUMU U aKTUBU3UPYIOLIUMU
J00aBKaMU B CHCTEME IPOMCXOJT XMMHUUECKHE, (PM3MKO-XMMHYECKHE W KaTaJuTHueckue peakuuu (B oOmiein
CJIO)KHOCTHU uX 0K0JIo 20).

UccnenoBanus ¢azoBoro cocrasa, crermeHb rupparanui mosiororo I'®IIl m mpodHOCTH 3aTBEpAEBLIErO
IIJIAKOBOT'O KaMHSI, OJIYYE€HHOTO U3 3K0(oCc]OIUIaKOBOro BIKYILETO, ITOKa3alIH ClIeayolIee:

- Na,COs; obmagaer Ooyiee TOBBIIICHHBIMHA AaKTHBH3UPYIOUIMMH CBOWCTBAMH I[EMEHT-I00aBKa, ITO3TOMY
MPOYHOCTh ¥ CTENEeHb THApATallii 3aTBepleBIIero 3KodocdomiakoBoro BsoKymiero ¢ mobaBkoil NarCOs
CYIIECTBEHHO BBINIE — JOCTHTAIOT COOTBETCTBeHHO 79,3...83,5 MIla m 21,7...23,3 %, a ¢ eMeHTOM-T00aBKOH —
ToabKO 28,7...37,9 MIla u 16,8...20,4 %,;

- TloBsieHnas aktuBu3upyomas cnocodHocts Na;CO3 0 CpaBHEHHIO C IIEMEHTOM-100aBKOi 00yclioBIeHa
TEM, 4TO:

- kapOOHAT HATpHUs B TBEPICIOIICH CHUCTEME CO3/acT MOBBINICHHYIO MICT04YHYIO cpeny (pH>12), OGnaromaps
4eMy CTEKJIOLUIAK pPAcTBOPSAETCS B OONBIIOM KOJMYECTBE; TO B CBOIO OYepelb CIIOCOOCTBYET YBENMYCHUIO
COJICpIKaHMs THIPATHBIX (a3 B IIJIAKOBOM KaMHE;

- Ha YOPOYHCHHC MIJIAKOBOI'O0 KaMHA TIO3UTUBHO BJIMAIOT TaKKE HOHBI Na*, BXOOsg1IM€ B COCTaB
rugpocuinkaros kanbuust — C-S-H u CSH (I), B pe3ynbrare 00pa3oBaHusi HOBBIX PACIIMPEHHBIX KOOPANHALMOHHBIX
1eHTpoB, Thna MeQOs, CIOCOOCTBYIONIMX BO3PACTAHUIO M YCTOWYMBOCTH KPHCTAJUIMYECKON PEIETKH M THUIPATHBIX
(a3, a 3TO TOXKE MOJIOKHUTEIHHO BIIMSIET HA MTOBHIIICHNE TPOYHOCTH IIUIAKOBOTO KaMHS.

Omnpeneneno, uto FeO He ToNbKO HEHTpaIU3yeT omacHbIe ra3bl ¥ MX NCTOYHUKH, HO ¥ aKTUBH3UPYET MOJIOTHII
I'®II. Hetitpanusytomnas 1 akTHBH3UpYomas crmocooHocts FeO, BO3MOXKHO, CBs3aHa ¢ HANWYHeM Ha 3d-1oaypoBHE
Fe** (Fe*") cBOGOIHBIX OT OJJIEKTPOHOB OpOMTalei, 4TO CIIOCOOCTBYET MOHAM JKENE3a, KaK aKIENTop, ¢
HEUTPaIN3yIONMMU ¥ aKTUBH3HUPYIOIIUMH CBONHCTBaMH. MOXKHO IpeArosararb, 4TO TAKUMH CBOMCTBAMH IOJDKHBI
o0nanaTh COCIUHEHHSA, U B TOM UHUCIE, CaMH 3JIEMEHTHl NEPEXOIHBIX METAJUIOB, MMEIOMMX B 3d-momaypoBHE
MYCTYIOIIUE OT 3JIEKTPOHOB OpOUTAIH.

VYcraHoBIEHO, YTO B 3arBepieBlieM 3KO(OC(HOLIAKOBOM BSDKYLIEM BO3HHMKAIOT B OCHOBHOM JIBa BHJA
THJPOCUIIMKATOB KalbLusl — aMopdHBII ToOepMopuToBbIii renb (C-S-H) u cyomukpokpucramyeckuit CSH (I).

KoaioueBble ciioBa: rpaHyJIMpoBaHHbBIH (OCHOpPHBIN IIJIaK, ONAaCHbIE Ta3bl M MX WCTOYHHMKH, 3aKHUCh IKeje3a,
co/la, IIEMEHT, IPOYHOCTb, CTENEHb THpaTalHy.
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CATALYTIC WET PEROXIDE OXIDATION PROCESS
WITH NEW Fe/Cu/Zr-PILLARED CLAYS DEVELOPED
FROM NATURAL CLAY DEPOSITS OF KAZAKHSTAN

Abstaract. This work deals with the development of materials based on natural clays and on pillared clays. The
modification of natural clays with zirconium, zinc and iron ions allows to increase their performance as adsorbents or
catalysts in the treatment of environmentally hazardous compounds found in wastewater. Clay-based materials were
obtained from natural clays and assessed in the treatment of wastewater using model pollutants in aqueous solutions.
The natural clays were collected from 3 different deposits of Kazakhstan and tested in the catalytic wet peroxide
oxidation (CWPO) of 4-nitrophenol (4-NP) at mild conditions (50 °C, initial pH of 3.0, Csnxp = 5 g/L and
Celay = 2.5 g/L). Fe/Cu/Zr-pillared clays were developed from natural clays and also assessed in the CWPO of 4-NP.
Complete removal of 4-NP was achieved after 2 h of reaction time with all pillared clays, and TOC removals up to
78 % after 8 h were reached at those conditions.

Keywords: natural clays; pillared clays; catalytic wet peroxide oxidation; 4-nitrophenol; wastewater.

1. Introduction.

The treatment of wastewater containing hazardous organic compounds is one of the pressing
problems facing society nowadays. Catalytic wet peroxide oxidation (CWPO) is one attractive solution to
treat these waste streams, which are typically not economically viable to be incinerated or too
concentrated for biological treatment (or containing non-biodegradable pollutants) [1-3]. Compared with
other oxidants, hydrogen peroxide is most preferred due to its high oxidation potential and its
decomposition yielding non-toxic final products (oxygen and water). CWPO allows almost complete
removals of organic pollutants from wastewater, including 4-nitrophenol (4-NP), used as model compound
in this work [4]. Kazakhstan is one of the richest countries by volumes of natural resources and by the
diversity of types and stocks of mineral raw materials, taking a leading place in the world. Clay deposits
find wide applications in building ceramics, drilling muds, paper covering and filling, and pharmaceuticals
[5]. However, natural and modified clays also have a large surface area and high ion-exchange capacity,
allowing them to be used for the removal of heavy metals by adsorption and for the oxidation of organic
compounds from water [6-7]. In Kazakhstan, known deposits have not been studied to be used as useful
materials for wastewater treatment.

The model compound used in this work, 4-NP is a toxic and bio-refractory compound that can
damage the central nervous system, liver, kidney and blood of humans. It has been shown that 4-NP can
develop a blood disorder that reduces the ability of blood to carry oxygen to tissues and organs [8]. Since
4-NP is extensively used in the chemical industry for the manufacture of insecticides, herbicides, synthetic
dyes and pharmaceuticals [9], it is often observed in effluents of industrial wastewater treatment plants.
Some reports dealing with the CWPO of 4-NP using reduced graphene [10], magnetic carbon xerogels
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[11], carbon nanotubes [12] and carbon blacks [13] reveal that the main reaction intermediates resulting
from the oxidation of 4-NP are 4-nitrocatechol, benzoquinone, hydroquinone, malonic acid, maleic acid
and catechol.

In this work, catalytic materials based on pillared clays (PILCs) have been prepared from natural
clays of Kazakhstan, collected from the deposits of Zhambyl region of Karatau, Akzhar and from the
North part of Kazakhstan, in the deposits of Kokshetau, and tested in the catalytic oxidation of
4-nitrophenol, used as model pollutant present in wastewater.

2. Experimental

2.1 Materials and Synthesis Procedures

Two natural clays with different characteristics, collected from locations in the South of Kazakhstan,
regions of Akzhar and Karatau deposits, were used, as well as other natural clay from the North part of
Kazakhstan, in the deposits of Kokshetau. The clays were washed with water several times at 50 °C. The
washing with HCl (37 wt.%) was also assessed at 50 °C in order to eliminate residual content inside the
clays.

The Fe/Cu/Zr-PILCs were prepared from the acid washed natural clays, according to the procedure
described in the following. FeSO4 (99.5%), CuS04.5H>0 (99.9%) and Zr(SO4), were used as precursors of
iron, copper and zirconium polycation PILCs. To prepare this material 3.333 mmol of Fe**, Cu** and Zr*"
polycations from FeSO; (0.5 g), CuS0O4.5H,0 (0.8 g) and Zr(S0Os), (0.94 g) were measured and dissolved
in 20 mL of water. To prepare the pillaring solution, NaOH (0.2 M) was added, a solution being obtained
containing the polycation precursors at pH = 2.8 at room temperature.

The resultant solution was aged for 24 h at room temperature and after this period, the intercalating
solution was slowly added to a 2% (1 g in 50 mL) solution of clay, followed by stirring for 24 h at room
temperature. The suspended solids were then separated by filtration and washed with distilled water at
50 °C to remove dissolved impurities. The final materials were dried at 80 °C in air atmosphere for 24 h
and heat treated during 2 h at 823 K considering a heating rate of 275 K min™' under an inert atmosphere
(nitrogen).

To determine the physico-chemical characteristics of the natural clays, X-ray spectral analysis was
used. An electron probe microprobe of the brand Superprobe 733 (Super Probe 733) from JEOL (Jael),
Japan, was used to determine the angular position and the intensity of reflexes. The elemental composition
of the samples and images in various types of radiation were performed using an Inca Energy dispersive
spectrometer from Oxford Instruments, England. UV-Vis absorption spectra of the materials were
obtained using a T70 Spectrophotometer (PG Instruments, Ltd.) in the wavelength range of 200 to
660 nm, with a scan interval of 1 nm. SEM was performed on a FEIQuanta 400FEG ESEM/EDAX
Genesis X4M equipment coupled with an Energy Dispersive Spectrometer (EDS). Transmission electron
microscopy (TEM) was performed in a LEO 906E equipment operating at 120 kV, coupled with a
4Mpixel 28 x 28 mm CCD camera from TRS.

3. Results and discussion

The elemental composition of the natural clays is given in table 1. As observed, the natural clays used
in this work are rich in iron (3.60-10.66%), an important feature, since iron can play a catalytic active role
in the decomposition of hydrogen peroxide to produce hydroxyl radicals and, in consequence, can enhance
the catalytic activity of the developed materials in the oxidation of the pollutants by CWPO.

Table 1 - Elemental analysis of the natural clays used in the synthesis of Fe/Cu/Zr-PILCs

mass %

Natural clay 0 Na Mg Al Si K Ca Ti Mn Fe
Akzhar 54.53 0.80 2.22 6.02 21.99 2.19 8.34 0.31 n.i* 3.60
Karatau 52.86 0.81 2.26 6.55 21.14 2.26 7.66 1.60 0.22 4.65
Kokshetau 54.71 n.i* 0.15 13.4 19.17 0.28 0.21 1.43 n.i.* 10.66

*n.1. = non identified
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The results in table 2 show the elemental analysis of the trimetallic Fe/Cu/Zr-PILCs. It can be
observed that, generally, the content of Fe increases in the modified clays in comparison with the content
in the natural clays, suggesting an exchange and fixation of this intercalating metal in the interlayer space.
In the Fe/Cu/Zr-Akzhar PILC 3.60% of Fe, against 1.3% in the corresponding natural clay. It can also be
observed that the solids modified with Fe/Cu/Zr have lower Si/Al ratios than those in the natural clays,
meaning that the oxides got preferentially stabilized at the interlayer space of the clays, following the

targeted cationic exchange mechanism.

Table 2 - Elemental chemical composition of the Fe/Cu/Zr-PILCs

Pillared clay mass %
O Na Mg Al Si S K Ca Ti Zr Fe Cu
Fe/Cu/Zr-Akzhar 46 1 14 6.4 25 0.7 3 0.6 0.3 n.i. 1.3 3.3
Fe/Cu/Zr-Karatau 46.1 1.1 1.8 72 | 256 | 05 2.1 0.7 04 | ni. 6.2 5.2
Fe/Cu/Zr-Kokshetau 49.8 n.i. 03 | 13.1 | 229 | 0.2 0.3 n.i. 1.3 03 | 11.7 | 0.1
*n.i. = non identified

The surface morphologies of the natural clays and of the synthesized PILCs were observed by
transmission electron microscopy (TEM). The micrographs obtained with the natural clays are shown in
figure 1. The TEM images of the pillared clays obtained in dark field mode (not shown) put in evidence
the defects of the structure, as well as fine particles present in the material, as dark-colored spots.

a) Akzhar b) Karatau

250 nm
———

c¢) Kokshetau

Figure 1 - TEM micrographs obtained for the natural clays
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Since the objective of this work was to obtain a method to prodcuce catalysts based on natural clays
modified with Fe/Cu/Zr for application in the treatment of wastewaters containing organic pollutants by
catalytic wet peroxide oxidation, the trimetallic pillared clays were assessed in the CWPO of 4-NP,
following simultaneously the removal of TOC. From the results obtained in figures 2 and 3, it has been

placed in evidence that the trimetallic Fe/Cu/Zr pillared clays have high catalytic activity for the oxidation
of organic pollutants.

—=&— Fe/Cu/Zr-Akzhar
—e— Fe/Cu/Zr-Karatau
—&— Fe/Cu/Zr-Kokshetau

. Pl
T T

4 6 8

Time of reaction (h)

Figure 2 - Catalytic wet peroxide oxidation of 4-NP using the trimetallic PILCs.
Operating conditions: Canpo =5 g/L, Chy0,0 = 17.8 g/L, catalyst load = 2.5 g/L, initial pH 3.0 and T = 50 °C

1,0 5
] —&— Fe/Cu/Zr-Akzhar
0.8 —e— Fe/Cu/Zr-Karatau
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o
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Figure 3 - Removal of TOC during the catalytic wet peroxide oxidation
of 4-NP using the trimetallic PILCs

— 1§ ——
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Operating conditions: Canpo = 5 g/, Cimy0,0 = 17.8 g/L, catalysts load = 2.5 g/L, initial pH 3.0 and
T =50 °C.

Comparing the results obtained in the experiments performed with the 3 different Fe/Cu/Zr-PILCs, it
is observed that the catalysts Fe/Cu/Zr-Karatau performs better than Fe/Cu/Zr-Akzhar and Fe/Cu/Zr-
Kokshetau materials. Regarding the removal of 4-NP, Fe/Cu/Zr-Karatau was able to remove completely
4-NP in just 30 min of reaction, while with Fe/Cu/Zr-Akzhar and with Fe/Cu/Zr-Kokshetau, 1 h an 2 h
were needed, respectively, to achieve the same complete conversion.

The oxidation of 4-NP with Fe/Cu/Zr-Karatau increased rather rapidly with the increase of contact
time. When the TOC removal results (figure 3) are compared with the 4-NP conversions (figure 2), it is
concluded that the conversion of 4-NP results in various intermediate products, since the initial
4-NP molecules is not completely mineralized until the final oxidation products CO, + H»O. The
maximum TOC removal reaches 78% after 24 h in the case of Fe/Cu/Zr-Karatau, 74% with
Fe/Cu/Zr-Akzhar, while with Fe/Cu/Zr-Kokshetau, 72% of TOC removal was obtained.

4. Conclusions

A method to produce catalysts based on pillared clays with Fe/Cu/Zr polyoxocations with high
catalytic activity for the CWPO of 4-NP was developed with success A distinctive feature of the method is
the preliminary acid washing of the original natural clays to remove unbounded impurities. High
conversion of TOC (78%) and complete conversion of 4-NP (100%) was obtained with the pillared clay
Fe/Cu/Zr-Karatau. Trimetallic pillared clays revealed higher catalytic activity in the catalytic wet peroxide
oxidation of 4-NP than that in natural clays.
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KA3AKCTAHHBIH EJIII MEKEHJIEPIHIH TABUT'U CA3BAJIIBIKTAPBIHAH AJIBIHFAH
KAHA Fe/Cu/Zr BAFAHAJIbI CA3BAJIIIBIKTAPABIH HET'I3IHAE
BIIFAJIIBI KATAJIUTHUKAJIBIK CYTEI'T ACKBIHTOTBIFBIMEH TOTBIKTBIPY

AHHoTauus. Makana Taburn jxoHe OaraHayIbl ca30aIIIBIKTapIbIH HETi31H/e albIHFaH MaTepuangapabl OHIeyTe
apHaJFaH. AFBIHABI CYyJapAbIH KypaMmblHAA Ke3[eCeTiH KayilTi 3KOJOTHSIBIK KOCBUIBICTApABI OHICY Ke3iHae
KOJIIaHBUIATHIH KaTalin3aTopiap MEH afcOpOEHTTEpiH calachlH apTThIPy MaKCaThIHIA, TaOWUFU Ca30aIIbIKTap (bl
LIUPKOHUI, MBIPBIII, TEMip HOHIAPHIMEH MOJAM(UKAIMANIAY apKbUIbl OJApAbIH KYPBUIBIMIBIK KAaCHETTEPiH
XKakcapTyra MYMKiHIIK Oepeni. TaOuru ca3banmbIKTap HEri3iHAe aJbIHFAH MaTepHalaap op TYpJi mpouecTepae,
COHBIH 1IIIH/IE CYJIbI OPTa/ia MOAENB/IIK JIACTAFBIIITHI KOJAaHa OTBIPBII, aFbIHIBI CYJIAp/bl Ta3apTyFa KOJIaHbUIA/IbI.
Taburu cazdanmbikTap 4-HUTPOGEHOIABI KOJIAMIIbI JKaFAalila KaTaluTHKAJIBIK CYTerl aCKbIH TOTBIFBIMEH TOTHIKTHIPY
apKplUTbl TekcepinreH. Keitbip ca3gapaslH MaHBI3ABI KacHeTTepiHiH Oipi oJapJplH KOFaphl aacoOpOIMSITBIK
Kabinerrepi OONBIN TaObUIA/BL, ONAp Mal/bl Ta3apTyAa, MaTajgap/bl arapTy/a, COHBIMEH KaTap KOpIIaFaH OPTaHBIH
TEXHOTEH/IIK JIACTaHYbIHA KapChl TAOUFH SKOJOTHSIBIK KOPFaHBIII PETiH/AE KOJJIaHbLIA bl BalllIbIKTapIbIH )KOFaphl
aZICOPONMSITBIK KAaCHUETTepl OJapIblH KPUCTANIbl KYPBUIBIMBIHBIH €peKIIeNirine OailaHbICTBl OOJIBIN  KeNe.
MOHTMOPHJUIOHUT CHSKTHI ca3 OaJIIbIKTap KEHEHTINeTIH KpHUCTaiabl KypbulbiMFa ue. OChlHIAll MUHEpaigapAblH
THpaTAMIChl Ke3IHIe Cy MOJIEKYJIajJapbl MEH ajMacy KaTHOHAApbI ca3 OaJIlbIKTap/blH apachlHAAFbl KEHICTIKKE
€HiN, aacopOIHs MOTEHIINATIBIHBIH €0Yip apTybIHa ceber Oomasl.

Fe/Cu/Zr ymmeranapl Oarananbl ca3danmbikrap Ka3akcTaHHBIH €111 MEKEHACPHIH TaOuFu ca30abIKTapblHAH
OHJICTIJII JKOHE KaTaJM3aTOp PETiH/E KATAIUTHUKAIBIK BUIFAN/bl CYTEri aCKbIH TOTBIFBIMEH TOTHIKTHIPYFa KOJIIAHBIII,
398 K Temneparypana 4-uutpodeHonapi, HoO; xoHe Kalllbl OPraHUKaNIbIK KOMIPTEKTIH MeJIepi aHbIKTaJ/bl.
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1 carar yakeiT iminge 50 °© C Temmneparypana koHe 5 r / 1 xouuentpauusina Fe/Cu/Zr-Kaparay Oaranaib
ca30aNIbIFbIH KOJIJAHy apKbuibl 4-HUTpOQeHO b KoHBepcusichl 100% >KoHE Kaslbl OPraHUKAIIbIK KOMIPTEKTI
X010 78% KepcerTi.

Tyiiin ce3aep: Taburu ca30aiiubik, 6GaraHanbl ca30aIlIbIK, KATATUTUKAIBIK TOTBIFY, 4-HUTPO(EHON, aFbIHIbI
Cy, KaTanu3aTop.
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KATAJIMTHYECKOE MOKPOE INIEPOKCHUJTHOE OKUCJIEHUE C HOBBIMMU Fe/Cu/Zr
CTOJIBYATBIMU I'NIMHAMMU, PA3PABOTAHHBIMU U3 ITPUPOIHBIX I''IMH
MECTOPOXKJIEHNHU KABAXCTAHA

AnHortanusi. CtaThsi MOCBsILEHAa pa3pabOTKe MaTepUalioB Ha OCHOBE IMPHPOAHBIX W CTOJOYATBHIX TJIHH.
Mopudukanusi NPUPOAHBIX TJIMH HOHAMH METAUIOB IMPKOHHS, IMHKA, jKeje3a I03BOJSIET pa3BUBaTh OoJiee
MOJIXOJSIIIMEe TEKCTYPHbIE CBOMCTBA, MOBHIIAs UX 3(p(EeKTHBHOCTh B KadecTBe aJcopOeHTa MM KaTaau3aropa mpu
00paboTKe IKOJIOTHUECKH OMACHBIX COEJMHEHHIA, COEPKAIIMXCSA B CTOUHBIX BoJax. MaTeprasbl HA OCHOBE TJIMHbBI
pa3palaThIBAIOTCSl W3 MPHUPOAHBIX T[IIMH U IMPOBEPSIOTCS B PA3IMYHBIX IMPOLECCAaX, HAMPABICHHBIX Ha OYHUCTKY
CTOYHBIX BOJl C HCIIOJb30BAaHHEM MOJICNIBHBIX 3arps3HUTENCH B BOJAHBIX pacTBopax. [IpHpojHble TIMHBI ObUIN
MCIIBITAHbI B KATAJUTHYECKOM OKUCIIEHUU 4-HUTPO(EHOIa C MEPOKCHIOM BOAOPOa B MATKHX yCiIoBHUiX. OJIHUM U3
YHHUKaJIbHBIX CBOWMCTB HEKOTOPBIX TJIMH SIBISIETCS MX BBICOKAs aJCOPOIMOHHAS CIIOCOOHOCTh, 4YTO YCIIEIIHO
MCIIONIB3YETCS JUIsi OYMCTKH Macesl, OTOeJIMBaHMs TKaHeH, a TaKKe KaK €CTECTBEHHBIH 3KOJOTHYECKHH Oapbep st
GOpr0OBI C TEXHOTEHHBIM 3arpsA3HEHHEM OKpY’Karomel cpeapl. Bricokas ancopOIMoHHas CHOCOOHOCTh TUNIMH
00ycioBlieHa 0COOEHHOCTBIO X KPUCTALUIMYECKOTO CTPOCHUs. TaKkue rITMHUCTbIe MUHEPAJbl, KAK MOHTMOPUJJIOHHUT
MMEIOT Pa3ABMKHYIO KPHCTAJUIMYECKYIO CTPYKTYypy. lIpu rugpatanuu Takux MHHEPAJOB MOJIEKYJIbl BOJBI U
OOMEHHbBIE KaTHOHBbI MOTYT HNPOHHKATh B MEXKCIOEBOE IPOCTPAHCTBO M CYLIECTBEHHO YBEJIMYHBATH MEKCIOEBOE
paccTosiHie, oOyCJIOBIMBAsE 3THM CYIIECTBEHHOE YBEIMYCHHE aJCOPOLMOHHOTO MOTeHIMaNa. TpUMeTauInuecKue
rnuabl Fe/Cu/Zr ObutM NOJydeHbl M3 MPHUPOJAHBIX TIIMH Ka3aXCTAHCKUX MECTOPOXKICHUIH M HCIOJIb30BAJIHCH Kak
KaTaJIM3aTopbl KATATUTHYECKOTO MOKPOTO TEPOKCHIIHOIO OKHCIIEHHs ¢ mocienyromum usmepennem 4-H®, H,O, u
obmero opranngeckoro yriepoma mpu 398 K. Komeepcus 4-H® cocraBmma 100% wu ynamenume obmiero
opranudeckoro yriepona 78% npu konuentpauuu 5 r / i u temneparype 50 ° C ¢ Fe / Cu / Zr-Kaparay npu
JUTUTENTLHOCTH TIporiecca 1 Jac.

KaroueBble cioBa: NpHPOJHBIC TIHMHBI, CTOJOYATHIE TIIMHBI, KATATUTHYECKOE OKHUCIeHUE, 4-HUTPOoGeHOI,
CTOYHBIE BOJIbI, KaTaIn3aTop.
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GETTING HUMATE IN A COAL OXIDATION PROCESS

Abstract. During last decades the problems of increasing the soil fertility, usage of organic additives to increase
the crops yield is becoming more and more relevant. One kind of such additives are humates - sodium and potassium
salts of humic acids. Humates and humic acids — chemical basis of soil humus, it’s concentrate. And humus — is a
basis of activity and stability of the most biochemical soil processes. Raw materials for the production of sodium
humates are easily obtainable - these are brown coals, peat, oxidized hard coal, a production technology is complex
with low production costs. Especially relevant for the production of humates is the use of oxidized coal. Oxidized
coals have a wide range of macro- and microelements, a large number of humic acids, which are similar in
composition to soil. The coal oxidized in the seams is practically not used in the national economy and goes to
dumps together with overburden. The proposed method allows to improve the cost of the finished product. A method
of producing humate by oxidation of coal is known. To study the costs of humic acids, as well as to study the
qualitative and quantitative composition of humic acids, alkaline solutions of various concentrations were used.
Tasks set during the study: a review of the scientific literature on the properties of HA, their composition and method
of production; a technique was developed for conducting an experiment on the effect of alkali concentration,
temperature and extraction time on the degree of extraction of HA from the coals of Central Kazakhstan; the
regression equations were obtained during mathematical processing of the experimental results, which made it
possible to establish the influence of each of these factors on the output of HA; Qualitative and quantitative
composition of HA obtained by extraction with alkali of various concentrations was carried out.

Key words: humates, coal oxidation, alkali solutions, brown coal, NaOH, qualitative and quantitative
composition.

Introduction. The relevance of this work is associated with the growing tendency to use coal not only
as a fuel, but also as a valuable chemical raw material. Specifically, one of the products of the chemical
processing of coal is humic compounds, which are widely used in various sectors of national economy.

Humic acids are capable of ion exchange reactions, form soluble and insoluble humates. Humic acids
are a powerful geochemical agent that contributes to the decomposition of rocks and minerals, the
concentration, dispersion and redeposition of elements in the earth's crust. Humic acids is the main part of
the organic matter of the soil (humus), which determines its fertility [1].

All humic acids are soluble in alkalis, humates (salts of humic acids) of alkali metals are soluble in
water, humates of other metals are insoluble. Humic acids are thermally unstable, in the temperature range
of 100-200° C they are decarboxylated and lose their solubility. With an increase in the degree of
coalification (the conversion of peat sequentially to brown, hard coal and anthracite) in the composition of
humic acids, the proportion of carbon bound in aromatic cycles increases, which form condensed
structures including a large number of rings.

Humic acids are completely cleaved by metallic sodium in liquid ammonia to form ether-soluble
products, which, according to T. A. Kukharenko, is evidence of the presence of simple ether bonds in the
humic acid molecule, which are the main type of bonds.
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The chemical composition of humic acids depends mainly on the acidity of the aquatic environment
and the degree of decomposition of plant material.

Of the physical properties of humic acids, we should mention their developed surface, which
determines a number of their qualities as biologically active substances and collectors of heavy metals.
The specific surface area is estimated to be approximately 900 m* / g, which is comparable to the specific
surface area, for example, of activated carbon. These properties of humic acids are enhanced by the
presence in their molecules of functional groups characteristic of effective complexing agents. The
structure of humic acids suggests that their presence in the composition of coals and peats leads to the
concentration of heavy metal ions by the latter, which is caused by complexation, sorption and ion
exchange.

Humic acids are used in the production of lead-acid accumulators, to stabilize clay slurries during
well drilling, as plant growth stimulants and components of organomineral (humic) fertilizers [2].

In recent years, humic acids and humates are increasingly used in various sectors of national
economy. They are used as peptizing additives (viscosity reducers) to clay solutions used in well drilling,
antiscale to soften water in steam columns, in the ceramic and cement industries, as a means to reduce the
permeability of soils.

Due to the presence of active functional groups and a highly developed surface, humic acids are good
sorbents (absorbers) and surface active agents. Carbon-alkali extraction of brown coals is used as a
pickling material for wood finishing. In known doses, humic acids are antiseptics and can be used, in
particular, for the healing of damaged skin of animals. Humic acids also have tanning and coloring
properties and are used for the preparation of adhesive and oil paints, as skin tanning agents, for
emulsification of bitumen and asphalts, as binders [3-4].

Figure 1 - Hypothetical model of soil humic acid structure

Experimental part. The brown coal from the “Kumyskuduk” open pit mine of the Verkhne-
Sokurskoye deposit and the commercial preparation of sodium humate from “Asia COMPOGUM” LLP
were used as HA sources according to the following procedure.

When conducting studies on the release of HA, brown coal was chosen as the object of research. For
the experiment, a fraction no larger than 50 mm was used. Then, the initial brown coal was crushed on a
jaw crusher to a size of 0.5 mm. After that, the crushed brown coal was abraded on VKMD 6 with a size
of not more than 0.2 mm. Next, brown coal is placed in a plastic bucket and closed with a lid so that it
does not oxidize. Then, for each experiment, the required mass of ground brown coal was taken and
experiments were carried out [5].
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A portion of crushed brown coal weighing 10 g was embathed with 100 ml of a NaOH solution of a
given concentration (2%, 4%, 6%) and thoroughly mixed for a certain time (10 minutes, 25 minutes, 30
minutes). In this case, humic compounds pass into a soluble form in the form of sodium humate. After
this, the undissolved brown coal precipitate was filtered off. The filtrate was neutralized with a
hydrochloric acid solution until acidic (pH = 2 ... 3), while humic acids insoluble in water and acidic
solutions precipitated. The precipitate HA is separated by centrifugation, then washed with distilled water
and dried at a temperature of 105° C to constant weight.

The yield of humic acids is determined by next formula:

N = (my/m;)x100%, )

where m; — mass of brown coal; m; - mass of humic acids.

Table 1- Calculated data for building a dependency Y= f(C)

C,% Xo=-1 X2=0 Xo=+1
2.0 4,680 7,034 4712
2,5 4,044 6,461 4,201
3,0 3,546 6,025 3,828
3,5 3,188 5,729 3,595
4,0 2,968 5,572 3,500
45 2,887 5,554 3,544
5,0 2,946 5,675 3,728
5,5 3,143 5,934 4,050
6.0 3.480 6,334 4512

Graphical dependences Y = f (C) of the HA output at fixed concentration values (X>) are presented in
figure 1.

From Figure 1 it follows that the dependence of the HA yield on alkali concentration has a nonlinear
dependence. So for an average extraction time of 20 min with an increase in alkali concentration from 2%
to 4%, the yield of HA decreases from 7% to 5.6%, and with a further increase in alkali concentration to
6%, the yield of HA increases to 6.5%. With an increase in extraction time of 30 min with an increase in
alkali concentration from 2% to 4%, the yield of HA decreases from 4.7% to 3.5%, and with a further
increase in alkali concentration to 6%, the yield of HA increases to 4.5%. With a decrease in extraction
time of 10 min with an increase in alkali concentration from 2% to 4%, the yield of HA decreases from
4% to 2.9%, and with a further increase in alkali concentration to 6%, the yield of HA increases to 3,5%

[6].

Comanon oo Coroaran Gouoaon Coroaran Qoncaron Corcanon Conoaran Oonomnon

Figure 2 — Dependency diagram of the yield of humic acids
on alkali concentration (-1 = 10 min, 0 =20 min, + 1 = 30 min).
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Similarly, to construct the graphical dependencies Y = f (T), equations (2.39-2.41) were used, with
the help of which the HA output was calculated for fixed time values. The calculated data are presented in

table 2.

Table 2 - The calculated data for constructing the dependence Y = f (1)

T Xi=-1 X1=0 Xi=+1
10 4.72 3.008 3.52
12.5 5.769 4.119 4.694
15 6.53 4.943 5.58
17.5 7.004 5.479 6.179
20 7.19 5.728 6.49
22.5 7.089 5.689 6.514
25 6.7 5.363 6.25
27.5 6.024 4.749 5.699
30 5.06 3.848 4.86

The graphical dependences Y = f (1) of the HA output at fixed concentration values (X;) are presented
in figure 3.

Figure 3 - Dependency diagram of the yield of humic acids on the processing time (-1= 2%, 0= 4%, +1= 6%)

The graphical dependences of the HA yield on the time of processing the coal with NaOH solutions
show the presence of a maximum. The maximum value, that is, the time at which the maximum yield of
HA can be determined by analyzing equations. The maximum point corresponds to the derivative
dy/dt=0.

Qualitative and quantitative composition of humic compounds extracted from coal.

The qualitative and quantitative composition of the organic matter extracted from coal by extraction
with alkali solutions was determined using an Agilent 7890A gas chromatograph with an Agilent 5975C
mass selective detector. Results are processed automatically using the GS-MSDDataAnalysis program.

From the presented data it follows that the qualitative and quantitative composition of the obtained
humic acids depends on the concentration of the alkali extractant. This is evidenced by different peak
heights corresponding to individual organic compounds. Differences in the number of peaks
corresponding to individual chemical compounds can also be noted. Identification of individual organic
compounds showed that the composition of the obtained humic compounds is complex and
multicomponent. Thus, the qualitative and quantitative composition of HA obtained by extraction of coal
with alkali solutions depends on many factors, primarily on the concentration of alkalis. It is likely that in
this case various chemical compounds with different degrees of solubility in water and alkalis are formed.
This explains the dependence of the HA yield on alkali concentration [7].
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Figure 4 — Dependency diagram of the yield of humic acids in the presence of a maximum

The goal is a financial justification for the extraction of humic acid from brown coal.

The implementation of the process of obtaining the product involves extraction of humic acid by
acidifying an aqueous solution of the preparation of sodium humate with hydrochloric acid to pH = 2 and
preliminary preparation of humic acid for reactions (centrifugation, washing, drying). During the
experiment, Kumyskuduksky coal was selected. The work was carried out in classical conditions.

The methodology of the experiment: 10 grams of brown coal are placed in a beaker (flask), the
required volume of extractant is added and the resulting system is mixed for a given time (the volume of
extractant and mixing time are selected in accordance with the experimental design matrix for a specific
experiment). After mixing, the mixture is settled; filtered; dried. The calculations performed on the
experiment planning matrix made it possible to reduce the total number of experiments to 9. Based on the
dependence of the yield of the substance on time and the ratio of solvents, optimal synthesis conditions
were calculated [8].

The experimental part consisted of 9 experiments. Each experiment was conducted separately. Thus,
the total number of experiments was 18.

Qualitative and quantitative composition of the civil code. The alkalis obtained by extraction of coals
with solutions of alkalis depend on many factors, primarily on the concentration of alkalis. It is likely that
various chemical compounds are formed that have different degrees of solubility in water and alkalis. This
explains the dependence of the GC yield on the alkali concentration.
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Figure 5 — Chromatogram of humic compounds after coal extraction with 2% alkali solution
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Figure 6 - Chromatogram of humic compounds after coal extraction with 4% alkali solution
Composition of humic compounds obtained during coal extraction with 4% alkali solutions

No Chemical compounds Chemipal compound content
in the sample, %

1 Trichloromethane 45.24

2 | O-xylene 14.26

3 | Naphthalene 10.27

4 | Tetracosane 0.93

5 | Dodecane, 2-methyl-6-propyl-eicosan 1.72

6 | Sulphurous acid 1.65

7 | Pentadecan 8.45

8 | Tridecane 15.34

9 | Dodecane, 2,6,11-trimethyl-Heptadecane 2.13

Conclusion. The essence of the method involves a single extraction of humic acids from an analytical
coal sample with a dilute sodium hydroxide solution when heated, followed by their precipitation with an
excess of hydrochloric acid. After processing the initial coal with water vapor in the reactor, the yield of
humic acids from them increased. The obtained data shows the possibility of efficient production of
humates from oxidized coal. The yield of humic acids depends on alkali concentration, extraction time and
process temperature.
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KOMIPII TOTBIKTBIPY IPOLECCIHAE 'YMAT AJIY

Annoranusi. COHFbI OHXXBUIIBIKTA TOMBIPAKTHIH KYHAPJBUIBIFBIH — apTThIPY, aybUl  [IAPYalllbUIbIFbI
JAKBUIAAPBIHBIH, OHIMAUIITIH apTTHIPY YIIiH OPTaHUKAIBIK KOCMANIapabl KOIJaHy IMpoOIeMachl ©3€KTi OOJIBII OTHIP.
MyHpait KocmanapplH Oipi-rymMaTTap-HaTpuil jkOHe T'YMHH KbIIIKbUIIAPBIHBIH Kajdud Ty3iapbl. ['ymarrap meH
TYMHH KBILIKBUIIAPbI-TONBIPAK T'YMYCBIHBIH XUMHSUIBIK HETi31, OHbIH KOHIIEHTPAThL. ['yMyc-KenTereH OHOXUMHUSIIBIK
TOIBIPAK MPOLECTEPiHIH OENCEHALTIr MEH TYPaKThUIBIFBIHBIH Heri3i. Hatpuii rymarTapbiH anyFa apHaifaH HIHKi3aT
OHal KOJI JKETIMJIi-OyJ1 KOHBIP KOMIp, IIBIMTE3€K, TOTHIKKAH Tac KOMIp, OHIIPICKe TOMEH IIBIFBIHMEH KCIICH/II ary
TEXHOJOTUSIChl. TOTBIKKaH Tac KeMip TyMaTTapblH OHJIpY YIUIH mnaiijanaHy epekiie o3ekTi. TOThIKKaH
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OYpBIITAPIBIH MAKPO - )KOHE MHUKPOIJIEMEHTTEPAIH KEH XXUBIHTBIFbI, KypaMbl OOHBIHIIA TOMBIPAKKA XKAKbIH I'yMUH
KBIIIKBUIIAPBIHBIH Koml MeJmepi Oap. Kabarrapparbl TOTBIKKAH KOMIp XalblK IIApyalllbUIBIFBIHAA IC XKY3iHIE
naijanaHbplIMaiibl JKOHE apllly JKbIHBICTApbIMEH Oipre yHiHaiiepre Tyceai. ¥CHIHBUIFAH dJiC JNalblH OHIMHIH
O3IHIIK KYHBIH KaKcapTyFa MyMKIiHIIK Oepeni. KeMipli TOTBIKTBIpY apKbUIbI TyMaTThl any opici Oenrimi. ['ymun
KBIIIKBUIAPBIHBIH IIBIFBIHIAPBIH 3€PTTEY YLIIH, COHAal-aKk T'YMUH KBIIIKBULIAPBIHBIH CalajiblK OHE CaHIbIK
KYpPaMbIH 3€pTTey YILUiH SpTYpJi KOHIEHTPAUMsIAAFrbl CUITLI epiTiHAUIep KOMMAHbULABL. ['yMUH KBIIIKBUIBIH OHAIPY
OolibIHIIa ToXKipUOe KYpri3y Ke3iHzae 3epTTey HbICaHbl peTiHAe KOHBIP KoMip anbiHabl. Taxipude yurin 50 MM-aeH
acralThIH (pakiys KOJNAaHBULABL. Apbl Kapail KOHBIp kemip 0,5 MM OonaThlH JKakKTayJbl YaTKBILTA YCaKTaJJbl.
Oman keitiH ycakranrad KoHbIp kemipai kememi 0,2 mm YKIIT/] 6-ma pickpuiagsik. ComaH COH KOHBIp KOMip
TOTBIFBII KETIIEC YIIiH OHBI IDTACTUKANBIK MIETICKKE CANIBII, OCTiH KAYBIT KOSMBI3. OpOip SKCIIEPUMEHT YIIiH KOHBIP
KOMIp/i TeK KepeKTi MeJIep/e FaHa KOJIIaHbII, TOKIpHOeIep Xypri3aik. A erep maiinanany yaksITeH 30 MUHYTKa
apThIpCaK, TYMUH KBIIIKBIIBIHBIH O6eitinyi 4,6%-1b1 Kypalapl. DKCTpakIus TeMuepaTypacsiH 65C°-Ka KOFapbUIaTHIIL,
9KCTpakuus yakbIThH 10 MuHyTTaH 20 MUHYTKA apTTHIPCaK, TyMHUH KBIIIKBUIBIHBIH Oominyi 3,9%-nau 4,7%-ra eceni.
Okcrpakius yakbIThiH 30 MHHYTKa JEWiH apTThIpcak, T'yMHUH KbIIIKBUIBIHBIH Oeminyi 4,7%-Ipl  Kypaiasl.
Okcrpakius Temreparypackin 20C°-ka TOMEHICTKEHIC TYMHH KBIIKBUIBIHBIH Oominyi 4,1%-1an 5%-ra apTajsl
Okcrpakiusa yakbIThiH 30 MHHYTKa JEWiH apTThIpcak, T'yMUH KBIIKBUIBIHBIH Oeiinyl 5,3%-fa neiiH apraisl.
OKCHEpUMEHT HOTKIKEJIEPIH MaTeMaTHUKAIBIK OHJEY Ke3iHIe perpeccHst TeHJEyJiepi ajblHAbL, OyJl KepCceTuIreH
(hakTopiapabeiH opKaiicbichinblH 'K HIBIFYBIHA ocepiH aHBIKTayFa MYMKIHIIK Oepi; apTypJli KOHLEHTpaLUSIarsl
cuitilepMer aKcTpakuusay ansiaFaH 'K canmanmblk skoHe caHIBIK Kypambl >Kyprizingi. Kemipaen anbiHran
OpraHUKAaIBIK MacCaHBIH CaNalbIK KoHE CaHABIK KypambH Agilent 5975C macc-cenekTHBTI getekTopsl O6ap Agilent
7890A a3 xpomarorpadbIHBIH KOMETiMEH aHBIKTAIIbl. [ yMUH KHIIIKBULAAPBIHBIH CaraiblK KOHE CaHIIBIK KYpaMbl
CUITIHIH KOHIIEHTpPAIUACHIHA OaHIaHBICTHI, OJ1 Typallbl aJIbIHFaH XPOMAaTOTrpaMMIbI AoJeHeNiHeai. MaTeMaTHKaIIbIK
OHJICY 3epTTelNeTiH (pakTopIapAbIH I'yMUH KbIIIKbIIIAPBIH aTyAbIH THIMALTICIHE 9CEpiH aHbIKTayFa MyMKIHJIK Oepi.

Tyiiin ce3nep: rymarTap, KOMIip/IiH TOTBIFYbI, CUITLI epiTiHAiiIep, KOHbIp kemip, NaOH, cananbIk jxoHe CaHAbIK
KYpaMBl.
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MHNOJYYEHME I'YMATA B IPOOECCE OKUCJIEHUA YTJISA

AHHoTauus. B mocnenHne mecATHNETHS BCEe OOJBINYIO aKTyalbHOCTh IMpHOOpeTaeT mpobiieMa HMOBBIIICHHS
IUIOJIOPOANS TIOYB, MPUMEHEHUS OPraHMYECKUX J00aBOK AJISI MOBBILIICHUS yPOXKAHHOCTH CENbXO3KyIbTyp. OnHUMHU
U3 TaKUX J100ABOK SIBJISIIOTCA I'yMaThl — HATPHEBBIC U KAJMHHBIC COJM T'YMHHOBBIX KHUCJIOT. ['yMaThl U TyMHUHOBBIE
KHCJIOThI — XMUMHWYECKasA OCHOBA rymyca mno4B, €ro KOHICHTpAT. A ryMmycC — OCHOBa aKTUBHOCTHU U CTaOMIIbHOCTHU
OoJBIIMHCTBA OMOXMMHYECKHUX MTOYBEHHBIX MporeccoB. ChIpbe IS TOJyYSHUS] TYMaTOB HaTPUsl JIETKOJOCTYITHO —
3T0 Oypble yriM, TOp(BI, OKUCICHHbIE KaMEHHBIC YTJIM, TEXHOJIOTWS MOJYyYEHHsS — KOMIUICKCHAs C HHU3KHUMHU
3aTpaTaMy Ha NPOU3BOACTBO. OKHCIIEHHBIE YINIM MMEIOT MIMPOKHH HabOp Makpo- ¥ MHKPO3JIEMEHTOB, OOJbIIOE
KOJINYECTBO TYMHUHOBBIX KHCJIOT, KOTOpPBIE [0 CBOEMY COCTaBy OJIM3KM K IMOYBeHHBIM. OKHCIIEHHBIE B IIacTax yrin
MPAaKTHYECKH HE UCTIONB3YIOTCS B HAPOAHOM XO3SIHCTBE M IIOCTYNAIOT B OTBAJIBI BMECTE CO BCKPBIIIHBIMU TIOPOJIaMHU.
[Tpeanaraemsiii cnoco® MO3BONISET YIYUIINTh CEOECTOMMOCTh TOTOBOTO MPOAYKTa. V3BecTeH crocod mosrydeHus
rymara ImyTeM OKHCIeHHs yrius. s wmcciemoBaHUWs 3aTpaT TYMHUHOBBIX KHCIIOT, a TaKXKe Ul HCCIEIOBaHMSA
Ka4eCTBEHHOTO M KOJHMYECTBEHHOI'O COCTaBa T'YMHHOBBIX KHCIOT OBUIM HCIIOIB30BaHbI IIETOYHBIE PACTBOPHI
pa3nmuuHOi KoHIeHTpauuu. [lpu npoBenennn uccnenoBanuii no Berxogy 'K o6bexToM mccienoBanuii ObU1 BEIOpaH
Oypsrit yroms. Jlns sKCHepUMeHTa MCHOdb30Bajachk (pakius He kpymHee 50 mM. Jlanee mcxonHbI OyphIid yroian
MOJIBEPTaJiCsl TPOOJICHUIO Ha MICKOBOH apodmike no0 pasmepa 0,5 mm. [locne yero m3aMeNnbyYeHHBIH OYpbIH yroib
uctupanii Ha BKM/J] 6 pasmepom He Gosiee 0,2 mm. [lanmee Oypblif yrojib HOMeIIacM B IIACTUKOBOE BEIPO U
3aKpBIBAEM KPBILIKOH, JUIS TOro 4TOOBI OH He okuciwics. [locie yero Juist Kaxoro SKCepuMenTa Opai Hy KHYIO
Maccy M3MeNbYeHHOT0 Oyporo yriisi U MPOBOJMIIN OIBITHL. A €CIM BpeMs NCIIOJIb30BaHus NpeBbimaeT 30 MUHYT, TO
BBIJICIICHUE TYMHHOBOU KHCIOTBI cocTaBisieT 4,6%. Eciau noBeicuTh TeMmnepaTypy dkcTpakuuu Ha 65C, yBenuuus
BpeMst 3kcTpakuuu ¢ 10 MmuHyT Ha 20 MUHYT, BbIAENIEHHE T'YMUHOBOM KUCIOTHI Bo3pacteT ¢ 3,9% no 4,7%. Ecimn
YBEIMYUTH BpeMs SKCTpakIuK 10 30 MUHYT, TO BBIJEICHNE TYMUHOBON KUCIOTHI cocTaBisieT 4,7%. Ilpn cHmkeHnn
TEMIIEpaTypbl SKCTpakyuy Ha BenumunHy 20C BbIIeIeHHe TYMHHOBOW KHCIIOTHI yBenuuuBaercs ¢ 4,1% no 5%. Ecim
YBEIMYUTh BpeMs 3KCTpakimu 10 30 MHUHYT, TO BBIJEJICHHE TYMHHOBOW KHCIOTHI yBenmuuTcs a0 5,3%. 3amauw,
IIOCTaBJICHHBIE B XOZI€ HCCIIEJOBAHU: IIPOBENIEH 0030p HAy4HOI JUTepaTypsl 1o Bonpocy coiicts 'K, nx cocrasa u
crocoba IoMydeHusi; pa3paboTaHa METOAMKA NPOBEACHHS SKCIEPUMEHTA IO BIMSHUIO KOHIEHTPAIMH ILIEeNIOYH,
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TeMIepaTypbl M BpEMEHHU dKCTpakuuu Ha crerneHb m3BnedeHus ['K u3 yrueit LentpansHoro Kasaxcrana; morydeHsl
YpaBHEHHS PErPEeCcCHH IPH MaTeMaTHIeCcKOi 00paboTKe pe3ylbTaToOB IKCIEPUMEHTA, YTO MO3BOJMIO yCTAaHOBHUTH
BIIMSIHME KaXJI0T0 U3 yKa3aHHBIX (hakTopoB Ha Beixoxa ['K; nmpoBeneH kauecTBEHHBIH U KoJaM4YecTBeHHBIH coctaB ['K,
MOJYYEHHBIX OSKCTPAKIMU IIeIoYaMH PA3IUYHOM KOHLEHTpanuu. KauecTBeHHBIH M KOJMYECTBEHHBIH COCTaB
OpPraHMYecKOil Macchl, U3BJICUEHHON U3 YIJIEH IMyTeM 3KCTPaKIMKU PACTBOPAMH IEJI0Yel ONpenesscs ¢ MOMOLIbIO
razoBoro xpomarorpada Agilent 7890A ¢ macc-cenmektuBHBIM nerekropom Agilent 5975C. KavecTBeHHBIN U
KOJIMYECTBEHHBIII COCTaB TyMHMHOBBIX KHCIOT 3aBUCUT OT KOHLEHTPAlUM IIEJIOYH, O YEM CBHIECTEIbCTBYIOT
NOJy4eHHbIe XpoMmarorpammbl. Maremarndyeckas o0pabOoTKa pe3yJbTaToB SKCIIEPHMEHTA II03BOJIMIIA ONPEIEIUTh
BIIMSTHAE FICCIIETyEeMBIX (PaKTOPOB Ha 3PPEKTHBHOCTD W3BJICUCHHSI TYMUHOBBIX KHCIIOT.

KiroueBble €10Ba: TyMaThbl, OKACICHUE YIIIA, MIETOYHBIE PacTBOPHI, Oyphlid yromb, NaOH, kauecTBeHHBIH U
KOJIMYECTBEHHBIN COCTaB.
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PRODUCTION OF NITROCELLULOSE
FROM CELLULOSE CULTIVATED IN SOUTH KAZAKHSTAN
UNDER SUPERCRITICAL CONDITIONS

Abstract. This article presents the results of a study of the process of producing nitrocellulose from Kazakhstani
cellulose raw materials using supercritical technology.

Nitration can be carried out both directly and indirectly. Direct nitration processes include the reactions of
replacing a hydrogen atom by a nitro group or the addition of nitrating agents via a multiple bond, and indirect
nitration involves replacing other atoms or groups of atoms with a nitro group (for example, halogens, sulfo groups).
Indirect nitration methods include oxidation reactions of nitrogen-containing substances to nitro compounds, as well
as condensation reactions leading to nitro compounds.

At the same time, the traditional method of nitration of cellulose is quite “dirty” from an environmental point of
view, since it spends a huge (several thousand times more than the volume of nitrocellulose obtained) amount of
water for the subsequent stage of washing nitrocellulose from nitration mixture residues after nitration.

This factor significantly increases the cost of water decontamination and links production to large reservoirs,
which is not always possible, especially in arid regions.

In addition, due to the relatively small conversion of the nitration process using a nitrating mixture, the
production of nitrocellulose requires the construction of large-scale production workshops. Which is also not always
justified.

Associations with the above are of great interest to alternative nitration technologies, in particular nitration
under supercritical conditions.

The aim of this work is to study the processes of nitration of cellulose in a supercritical static reactor.

For the experiment, the nitration method was chosen in a static supercritical reactor in a carbon dioxide medium
using nitric oxide V as a nitrating agent.

As a raw material, cotton pulp of the 1st grade was used.

The initial reagent for producing nitric oxide V was nitric acid with a concentration of 65%

The process was carried out in a static reactor.

As aresult, a white fibrous mass was obtained, similar in appearance to cellulose, readily soluble in acetone and
insoluble in water, the density was 1.63 g / cm?, based on the density, analysis of the melting temperature and the
nature of the combustion, we can conclude pyroxylin with a nitrogen content of 12.05 - 12.4%.

Keywords: cellulose, nitration, supercritical conditions, nitrocellulose.

Introduction. Nitration is one of the most important reactions of organic synthesis and is widely used
in laboratory practice and production [1-3].

Nitration can be carried out both directly and indirectly. Direct nitration processes include the
reactions of replacing a hydrogen atom by a nitro group or the addition of nitrating agents via a multiple
bond, and indirect nitration involves replacing other atoms or groups of atoms with a nitro group (for
example, halogens, sulfo groups). Indirect nitration methods include oxidation reactions of nitrogen-
containing substances to nitro compounds, as well as condensation reactions leading to nitro compounds.
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The nitration processes are well studied and mastered by industry, and with their help a large number
of highly demanded products are obtained, in particular cellulose nitrates, which are one of the most
widely used cellulose ethers, the industrial production of which began back in the 19th century. Different
applications of cellulose nitrates are determined by their specific properties. High mechanical strength and
the ability to transfer to a plasticized state, good solubility and compatibility with available plasticizers -
all this provided high volumes of production of cellulose nitrates for the manufacture of gunpowder,
rocket fuel, varnishes, paints [4-9].

At the same time, the traditional method of nitration of cellulose is quite “dirty” from an
environmental point of view, since it spends a huge (several thousand times more than the volume of
nitrocellulose obtained) amount of water for the subsequent stage of washing nitrocellulose from nitration
mixture residues after nitration [10-14].

This factor significantly increases the cost of water decontamination and links production to large
reservoirs, which is not always possible, especially in arid regions.

In addition, due to the relatively small conversion of the nitration process using a nitrating mixture,
the production of nitrocellulose requires the construction of large-scale production workshops. Which is
also not always justified [15-17].

Associations with the above are of great interest to alternative nitration technologies, in particular
nitration under supercritical conditions.

The current environmental and social environment urgently requires new approaches to the synthesis
of organic substances. In particular, there is a shortage of energy and water resources, which puts the issue
of rational use in the forefront. One of the solutions to this problem is the use of carbon dioxide in the
supercritical state as a reaction medium [18].

At a pressure of more than 74 atmospheres and a temperature of more than 30 ° C, carbon dioxide
passes into a supercritical state, in which its density is like that of a liquid, and its viscosity and surface
tension are like that of a gas. Such properties make supercritical carbon dioxide an effective non-polar
solvent [19-25].

Carbon dioxide, used in a supercritical state as a reaction medium, has a number of properties
inherent in gases. Moreover, it has a number of attractive properties that provide additional benefits when
using this gas as an aid in extraction.

- universal dissolving ability with respect to organic compounds, physiologically does not cause
concern, because is the final product of the metabolism of a number of living organisms, including
humans.

- In relation to the conditions of supercritical fluid extraction, carbon dioxide is chemically inert and
does not enter into chemical interactions with reagents.

- CO; is relatively safe for the environment, which suggests the possibility of creating an
environmentally friendly type of production.

- Carbon dioxide is one of the most accessible and widely used gases in the food industry.

The aim of this work is to study the processes of nitration of cellulose in a supercritical static reactor.

Materials and Methods. For the experiment, the nitration method was chosen in a static supercritical
reactor in a carbon dioxide medium using nitric oxide V as a nitrating agent.

The raw materials used were cotton pulp of the 1st grade according to GOST 3818.0 produced by
Khlopkoprom-Cellulose LLP in 2019.

The initial reagent for producing nitric oxide V was nitric acid GOST 4461-77 with a concentration of
65% (requires additional strengthening by distillation with oleum).

Results and discussion. The synthesis of pyroxylin under supercritical conditions involves several
stages

1 Preparation of nitric acid and bring it, but a sufficient concentration.

Since nitric acid is manufactured industrially and delivered to the market, it has a concentration of not
more than 62%, which is insufficient for the nitration reaction and the production of nitrogen pentoxide, it
is necessary to strengthen it.

The strengthening process consists in the distillation of nitric acid in a mixture with oleum in a ratio
of 1: 3 at atmospheric pressure without access to atmospheric water. As a result, nitric acid with a strength
of more than 80% was obtained.

2 getting nitric oxide.
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Since the nitration process was selected under supercritical conditions, nitric pentoxide (Nitric Oxide
V, N»Os) was used instead of the traditional nitrating mixture.

To obtain it, it is necessary to add phosphorus V (P.Os, phosphorus pentoxide, phosphoric anhydride,
phosphorus pentoxide) to frozen concentrated nitric acid (melting point —41.59 °C, recommended process
temperature -78.5 °C).

The reaction must be carried out in the environment of ozone O3z for which an ozonizer is introduced
into the installation.

After addition of phosphorus oxide V, the reaction proceeds at a temperature of 28.0 °C. Under these
conditions, nitrogen pentoxide is sublimated and transferred to a collection tank, which is also
recommended to be cooled to sub-zero temperatures (from -20 to -40 °C). At the same time, ozone must
circulate in the system throughout the process.

The reaction proceeds according to the formula:

2HNO;3 + P,Os— 2HPO;3; + N,Os
And in parallel with the reaction:
2NO;+ O3 — N20s5 + O

Figure with the image of the installation for laboratory synthesis of nitrogen pentoxide is shown in
figure 1.

fo) 6L 3L Natron
2 4

Figure 1 - apparatus for the synthesis of nitrogen pentoxide

Concentrated nitric acid (concentration of more than 75%) is loaded into the reactor 1 and cooled to
the freezing point using a refrigerator 2, then phosphorus oxide V is introduced into the reactor 1 in a ratio
of 1/1, after which ozone is obtained by passing oxygen from the cylinder 6 through the ozonizer 5, during
the reaction, the resulting nitrogen pentoxide is sublimated and condensed in the receiver 2 through the
refrigerator 3, while the receiver 2 is also cooled by the refrigerator 8 to stabilize the nitric oxide V, the
released and unreacted oxide nitrogen IV is neutralized in tank 4.

As a result, white nitric pentoxide crystals (figure 2) and nitric oxide IV vapors as a by-product will
be obtained in the collection.

The reaction yield is 53% based on 100% nitric acid.

Figure 2 - Nitrogen Pentoxide Crystals
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It should be noted that the crystals of nitrogen pentoxide are extremely unstable and their long-term
storage is impractical; for this reason, the obtained pentoxide should immediately go to the 3-stage
cellulose nitration.

3 Cellulose nitration

Cellulose nitration is carried out using nitrogen pentoxide in a ratio of cellulose / pentoxide, 1/6

The process takes 15 minutes

Temperature - 32 ° C

Pressure - not less than 72 atm.

The process was carried out in a static reactor (a reactor with an intensification mixer or a circulation
pump for process intensification is recommended)

The reaction yield is almost 100% for cellulose.

The reaction was carried out according to the formula:
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As a result, a white loose fibrous mass was obtained, similar in appearance to cellulose, readily
soluble in acetone and insoluble in water, the density was 1.63 g / cm?, based on the density, analysis of
the melting temperature and the nature of the combustion, we can conclude that pyroxylin with a nitrogen
content of 12.05 - 12.4%.

Conclusion. As a result, the first synthesis of pyroxylin from Kazakhstani cellulosic raw materials
using supercritical technology was carried out.

The advantages of the process are

-Small water consumption

-Fast reaction

High process selectivity

-High conversion process

-Lack of sulfur compounds in contrast to the traditional nitration method

We continue to work on this process in order to optimize and scale it.

E.C. Uxcanos, H.A, Meiip6exoB, K.M. [llanmaramoeron

On-Dapabu aTeiHIaFE Ka3ak YITTHIK YHHBEPCHUTETI;
OU3UKAIBIK-XUMHSIIBIK 3€PTTEYIIEp KIHE TaIIay oliCTepl OPTAIIBIFEL,
Anmarsl, Kazakcran

OHTYCTIK KABAKCTAHJIA KUbIH JKAFJJANJIA OCIPLIETIH LEJLTIOJIO3AJJAH
HUTPOLEJIIOJO3A OHJIIPY

Annotanusi. byl Makananga cynepKpUTHKAIBIK TEXHOJIOTHSIHBI KOJIIaHA OTBIPHIIN, Ka3aKCTaHIBIK LEJUTI0N03a
IIMKI3aThIHAH HATPOLIEILTION03a ajly MPOLECIH 3ePTTEeY HATHXKEIEepi KeATipiIreH.

Hutpuzamus Ttikene#t ne, kaHama TypAe A€ XKYprizinyi MyMmkiH. Tikenedl HUTpaTTay IMpOIECTEepiHE CyTeTi
aTOMBIH HUTPO TOOBIHA aybICTHIPY HeMece OipHelne OaillaHBIC apKBUIBI HUTPATTay areHTTEPiH KOCY PEaKIIsICHI
Kipemi, ax kaHaMa HUTpamnus Oacka aToMaapIsl HeMece aToMIap TOOBIH HHUTPO TOOBIMEH alMacThIPYIBI KaMTHIBI
(MmbIcanpl, ramoreHzaep, cynbpo TomTapsl). JKaHama HHUTpIEY oIiCTepiHE a30T KOCBUIBICTAPBIHBIH a30TTHI
KOCBUIBICTapFa TOTBIFY pPEaKUMsUIapbl, COHIAaW-aK HHUTPOKOCBHUIBICTAPFA amapaTbhlH KOHAEHCALUS peaKLUsIaphl
KaTaJbl.

CoHbIMEH Karap, LEJUTION03aHbl HUTpPATTAyAbIH JSCTYPJl SAiCi DKOJNOTHSUIBIK TYPFBIIAH <JI1ac» OOJIBII
TaObLIa b, OUTKEHI OJI HUTPOLEIUTIONI03aHbIH HUTPATTAIFaH KOCIaAaH KeHIHT KalbIKTapblHaH KeHIHT1 Kyy Ke3eHi
YILIH CYJbIH YJIKSH MOJIIICPiH ajia/ibl (aJIbIHFaH HUTPOLIEILIION03a1aH OipHelle MbIH ece Kell).

By dakrop cyapl 3apapchl3IaHAblpy KYHBIH €0ylp apTTBIpaabl XKoHE OHAIpicTi ipl Cy KoHWMajapbIMEH
OaiimaHBICTBIpaIbl, Oy OpAalibIM MYMKIH €eMec, acipece Kyprak aiiMakrapa.
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CoHbIMEH KaTap, HUTpPJIEY KOCIAChIH KOJIAAHBII HUTPATTAy MPOLECIHIH CaJbICTHIPMANbl TYPIE a3 e3repyiHe
0aiinaHbICThl HUTPOIIEJUIIONIO3a OHAIPIC Ipi OHAIPIC LIEXTAPbIH CATyAbl KXKET eTe/li, Oy opaiibiM akTamIManibl.

)Korapbma aTajlraH KaybIMJIaCTbIKTap aﬂbTepHaTI/IBTi HUTPpUTAIUAJIBIK TEXHOJIOTUAIapra, acipece KPUTHUKAJIBIK
mafuaﬁnapua HUTpU3alydara YIKCH KbI3bIFYHIBUIBIK TYAbIPpAabl.

ByJ1 J)KYMBICTBIH MaKCaThl - ©6T¢ KPUTHUKAIBIK CTATHKAJIBIK PEAKTOPAAFhl LEJLIFOIO3aHbl HUTPIICY MPOIECTEPiH
3eprrey.

OKcHepyMEHT YLIIH HUTpJIEY 9JicCi peTiHIe a30T OKCHIIH V KOJJaHa OTBIPBIN, KOMIpTeri IMOKCHII OpTaaarbl
CTATHUKAJIBIK CHIHFBIII PEAKTOP/Ia HUTPIICY O/1ici TAHJAIIBL.

Mukizat periage 1-mri KjIaccTarsl MaKTa MEJUTION03a TalaTaHbUIIbL.

A30T okcuai V aiy YIIIiH ajFaliKbl peareHT KOHIICHTPAUACH 65% a30T KBIIIKBUTBI OOJIIBI

[Iporecc cTaTuKaIbIK peakTopaa Ky pri3iimi.

Hotmxkecinne nesuiono3ara ykcac ak 00pIbUIIaK TaIIIBIKThl Macca ajbIHbI, alleTOHIa OHAH epul koHe cyaa
epiMeii/ii, THIFBI3/IbIFbI, OAJIKy TeMIlepaTypachl MEH JKaHy CHIIaThIH TallAay HerisiHae, 1,63 r/cM® 001/1bl, KOPBITHIHbI
*acayra 0oJaibl. MMPOKCUIIMH KypambIH/a a30T meutepi 12,05 - 12,4%.

TyiiiH ce3aep:. 1eIIII0103a, HUTPIEY, ChIHU aFdaiiap, HUTPOLEIUTI0N03a.

E.C. Uxcanos, H.A, Meiip6exoB, K.M. [llanmaramoeron

Kazaxckuit HanoHaNBHBIN YHUBEPCUTET UMEHH alib-Dapadu
LenTp Qu3NKO-XMMHYIECKHX METOAOB UCCIIENOBAHUS U aHaIM3a, Ka3axcraH, AnMaTsl

MOJYYEHUE HATPOLEJLIIOJIO3bI U3 HEJLIIOJ03bI, KYJIbTUBUPYEMOM
B IO’ KHOM KA3AXCTAHE B CBEPXKPUTHYECKHUX YCJIIOBUAX

AnHOTauMsA. B naHHOM cTaThe mpeacTaBieHbl Pe3yJIbTaThl H3yUEHUS Mpoliecca MOTyYeHHs] HUTPOUEIIO3bl U3
Ka3aXCTaHCKOTO LEJLTIOJIO3HOTO CHIPhS C HCIIOJIB30BAHUEM CBEPXKPUTHUCCKHIX TEXHOJIOTHH.

HutpoBanme MOXET OCYIIECTBIATHECA KakK MPSIMBIM, TaK W HENpsMbIM myTeM. K mpomeccam mpsmoro
HUTPOBAHUS OTHOCAT PEAKIMU 3aMEIICHUS aToMa BOJOPOAA HAa HUTPOTPYIITY I HPUCOCIMHEHHE HUTPYIOMINX
areHTOB 10 KpPaTHOH CBS3M, K HENPSIMOMY HHUTPOBAHWIO — 3aMEHy JPYTHX aTOMOB WM TPYII aTOMOB Ha
HUTPOTPYNITy (HAIpUMEp, TaJIOreHOB, Cynmbdorpymmbl). K MeromamM HENpsSMOro HHUTPOBAaHHUS MOXKHO OTHECTH
peaknuy OKHCIEHHUS a30TCOIEpXKAlIMX BEIIECTB JO HUTPOCOSAWHEHWH, a TakKe pEeaklud KOHJIESHCAIUH,
MIPUBOIAIINE K HUTPOCOEAMHEHUSM.

B TO0 Xe BpeMs TpaAMIIMOHHBIA METOJ HHUTPOBAaHHWS IEJUTIONO3BI SBIISETCA IOCTATOYHO “TPSI3HBIM~ C
9KOJIOTHYECKOW TOYKHM 3PCHHUS, TaK KaK 3aTpayMBaeT OTPOMHOE (B HECKOJIBKO THICSY pa3 Ooiiblie oObeMa
MOJIy4aeMON HUTPOLIEIUIIONIO3bI) KOJMYECTBO BOJABI HA TMOCIEAYIOUIYIO IOCJIE€ HUTPOBAHUS CTAUI0 MPOMBIBKU
HUTPOLEIUTIONO3bI OT OCTATKOB HUTPYIOIIEH CMECH.

JlaHHBI (haKTOp 3HAYHUTENHEHO TOBBIMIACT 3aTPAThl HA JC3AKTHUBAIMIO BOJBI M MPUBS3EIBACT IPOU3BOACTBO K
KPYITHBIM BOJIOEMaM, YTO HE BCETJ]a BO3MOXKHO, OCOOCHHO B 3aCYIIUIHBBIX PErHOHAX.

Kpome Toro, mo mpuuMHE OTHOCHTEIBHO HEOOJIBIIOW KOHBEPCHH IPOIECCA HUTPOBAHHS C UCIIOJIBE30BAHHEM
HUTPYIOIIEH CMeCH, MPOMU3BOACTBO HHUTPOLEILIIOIIO3BI TPEOyeT CTPOUTENBCTBA MACIITAOHBIX IPOM3BOJCTBEHHBIX
[IEXOB, YTO TOXKE HE BCETIa OMPaBIaHO.

CBsi3U C BHIIICNICPEUNCICHHBIM, BBICOKHIA WHTEPEC BBI3BIBAIOT ANBTEPHATHBHBIC TEXHOJIOTUH HHUTPOBAHHA, B
YaCTHOCTH HUTPOBAHHE B CBEPXKPUTHUECKUX YCIOBHUSIX.

Lenpto manHOW paboOTH SBISETCA WM3YYEHHE MPOIECCOB HHUTPOBAHUS IEJUTIOJIO3BI B CBEPXKPUTHYECKOM
CTaTHYIHOM PEaKTOPE.

Jlyis ipoBeieHus OMbITa ObLI BHIOPAH METOJ HUTPOBAHUS B CTATHYSCKOM CBEPXKPUTHYECKOM PEAKTOPE B Cpeiie
JIMOKCHUA yTiiepoa ¢ MPUMEHEHNE OKCHIa a30Ta V B Ka4eCTBE HUTPYIOUIETO areHTa.

B kaudecTBe ChIpbsl UCTIOIB30BAIACH XJIOMKOBAs 1eJITI0I03a 1 copTa.

HcxoaHBIM peareHToM TS TIOTYYeHUs OKCHIa a30Ta V ObLIa a30THAs KUCIIOTa KOHIIEHTparmen 65%.

IIpouecc mpoBoAMIICS B CTATHYHOM PEAKTOPE.

B pesynmeTate monydeHa BOJIOKHHCTAas pHIXJIasg Macca Oeloro IBeTa, MO BHEIIHEMY BHIY IIOXOXas Ha
[EJUTI0NIO3Y, XOPOIIO PAacTBOpPHMAsi B alleTOHE M HEPacTBOPHMAas B BOAE, IUIOTHOCTh cocTaBmia 1,63 r/cM®, Ha
OCHOBaHHMHU IUIOTHOCTH, aHAlN3a TEMIIEPATyphl IUIABIICHHUS W XapakTepa TOPEHHs MOKHO CIENaTh BBIBOA, UTO
MOJTyYeH MUPOKCIIINH ¢ cojiepkanueM azota 12,05-12.4 %.

Ki1roueBble cji0Ba: [IEIUTI0I032, HUTPOBAHNE, CBEPXKPUTUIECKHE YCIOBHUS, HUTPOIIEIUIIOI03a.
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STUDY OF THE EFFECT OF AIR CONSUMPTION,
LIQUID LAYER HEIGHT AND TEMPERATURE ON THE PROCESS
OF FLOTATION SEPARATION OF GROUND PLASTICS

Abstract. For separation of plastic wastes (polyamide (PA), acrylonitrile butadiene styrene (ABS) and
polystyrene (PS)), a flotation method is proposed. Using this method, the effect of air consumption, liquid layer
height and temperature were studied. As surface-active substances (surfactants), polidocanol, sulphanole and a
mixture of surfactants containing sodium laureth sulfate and diethanolamide were used.

To analyze the research results of flotation separation of a mixture of ground plastic wastes, the extraction of the
floating component € and the purity of the concentrate § were calculated.

The research results on the extraction of polystyrene from the air consumption at various concentrations of a
mixture of surfactants show that the extraction has a maximum at a certain air consumption. At low air consumption,
the process is inefficient, since the working volume of the liquid is not saturated enough with gas bubbles. If the
optimum value of air consumption is exceeded, many gas bubbles are formed that are not involved in the flotation
process. Such bubbles, moving through a liquid, can create turbulent flows that impede flotation of particles. When
moving in a turbulent liquid flow, the bubble-particle complex is prone to destruction, as particles and bubbles have
different inertia (mass). In addition, it may be concluded that the air consumption value at which the maximum
extraction of the floating component is achieved depends on the type of polymer and surfactant. The air consumption
effect nature at different concentrations of surfactants is not changed — only the floating component extraction
changes.

The research results on the extraction of polystyrene from the aerated liquid layer height at various
concentrations of a mixture of surfactants indicate that at a low height of the aerated liquid layer the probability of
collision of a plastic particle with an air bubble is low and some potentially floating particles sink to the bottom of
the device, without having time to collide with an air bubble. The optimum height of the processed liquid layer
corresponds to a certain air consumption. When the liquid layer height is less than optimal, the achievement of the
required extraction degree of the dispersed phase is possible, for example, with an increase in air consumption.

When assessing the effect of liquid temperature on the flotation process, it was found that increasing the liquid
temperature above 20°C leads to a sharp decrease in the ABS and PS extraction. This is possibly due to the fact that
the dependence of the foaming capacity of surfactants on temperature is characterized by solubility curves and for
most surfactants they have an extremum. Probably, an increase in the solution temperature leads to the dehydration
of the dissolved surfactant molecules. Moreover, they separate as an independent macrophase, which leads to a
decrease in the number of surfactant molecules involved in the flotation process.

Key words: flotation, plastic wastes, surfactants, concentration, air consumption, liquid layer height,
temperature.

Introduction. In the world there is a constant increase in the consumption of polymer materials (PM)
[1, 2], which occupy a leading position in terms of production of raw materials.

The accelerated growth in the production of polymer materials and the expansion of their applications
in various industries is explained by their manufacturability, ease, convenience, cost-effectiveness, safety,
a set of valuable operational properties and high aesthetics. Plastics are serious competitors to glass,
ceramics and metal [3].

At the same time, the use of products from polymer materials certainly causes waste formation. The
increase in PM production and consumption inevitably entails an increase in the amount of their wastes.
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In recent years, the problem of processing plastic wastes has become to take an important place in the
world, since the bulk of wastes is destroyed by inefficient methods [4-8].

Promising processes for the PM separation are flotation based on different wettability, since they are
quite simple in hardware and reliable. The flotation process is close to the sedimentation process in
flotation baths, which is widely used in the world. The flotation process may allow to separate plastics
with fairly similar or equal densities. This requires the presence of surfactants and gas bubbles in the
working volume of the device [9, 11].

Research methods. The methodology for experimental research of the flotation process of separation
of plastics is as follows. It is necessary to prepare in advance a charge of the investigated ground plastics
with a mass mu. Due to the complexity of further manual sorting of the concentrate in a multilateral
research of the flotation process, it is recommended to feed a charge of a mixture of ground plastics
weighing about 10 g. In a laboratory setup, it is possible to study the dependences of the extraction of
certain types of plastics on physical and operational factors, while the charge with a mass mucx containing
one type of ground plastic is fed to the flotation. It is also possible to study the separation of a mixture of
several types of ground plastics. In the second case, the charge with a mass mucx should contain particles of
ground hydrophobic plastic with a mass mg)fx and particles of ground hydrophilic plastic with a mass
mye,. When studying the separation of plastics, it is recommended to feed a mixture of plastics to the
flotation in a 1:1 ratio.

Research results. In [12], the authors presented the research results of the effect of the concentration
of surface-active substances (surfactants) on the process of separation of plastic wastes. The tables with
experimental data presented in this work contain the results obtained by changing the air consumption, the
liquid layer height and its temperature. When conducting the research, the plastic wastes were polyamide,
acrylonitrile butadiene styrene and polystyrene. As surface-active substances, polidocanol, sulphanole and
a mixture of surfactants containing sodium laureth sulfate and diethanolamide were used [13-15].

To analyze the research results of the flotation separation of a mixture of ground plastic wastes, the
extraction of the floating component € and the purity of the concentrate § were calculated by the formulas
[16]:

m®

g = om . 1009, @.1)

mHCX

¢
B = xom . 100%, (4.2)

Myonn

where mfgﬂu — a mass of the floating component (the particles of the ground hydrophilic plastic in the

concentrate, kg; mg’fx — a mass of the floating component (the particles of the ground hydrophilic plastic in
the initial charge, kg; m,,, —a mass of the concentrate, kg.

According to the calculation results of the extraction of the floating component € and the purity of the
concentrate B from the air consumption during the flotation separation of the mixture of the ground
polyamide and acrylonitrile butadiene styrene using various surfactants, the dependences were obtained

which are shown in figures 1-3.
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Figure 1 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of sulphanole 11.56 - 107 kg/m?
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Figure 2 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of polidocanol 8.89 - 107 kg/m?
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Figure 3 — Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of the mixture of surfactants 2.7 - 10~ kg/m?

Further, according to the results given in [12], the dependences of the PS extraction on the air
consumption are presented, obtained at the concentration of the mixture of surfactants of 5.41 - 10~ and
16.22 - 107 kg/m’ (figure 4.).
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Figure 4 - Dependences of the PS extraction on the air consumption
at various concentrations of the mixture of surfactants
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As is seen from figures 1-4, the extraction has a maximum at a certain air consumption. The presence
of the maximum extraction of the floating component in these figures suggests a characteristic effect of
the air consumption on the flotation process of polymers. At low air consumptions, the process is
inefficient, since the working volume of the liquid is not saturated enough with gas bubbles. If the
optimum value of the air consumption is exceeded, many gas bubbles are formed that are not involved in
the flotation process. Such bubbles, moving through a liquid, can create turbulent flows that impede the
flotation of particles. When moving in the turbulent liquid flow, the bubble-particle complex is prone to
destruction, as particles and bubbles have different inertia (mass) [17].

Also, from the above dependences, it may be concluded that the air consumption value at which the
maximum extraction of the floating component is achieved depends on the type of polymer and surfactant.
The air consumption effect nature at different concentrations of surfactants is not changed — only the
floating component extraction changes.

When using polidocanol, the maximum extraction of ABS is 17% higher than when using sulphanole,
and reaches 70.5%. However, the purity of the concentrate in this case is reduced by 2.5%, namely, to
93.5% [18]. When using the mixture of surfactants containing sodium laureth sulfate and diethanolamide,
the ABS extraction reaches 95%, and the purity of the concentrate is 98.7%. And when using the same
mixture of surfactants during the PS flotation, its extraction reaches 99%.

To determine the optimal height of the aerated working liquid layer from the experimental data
presented in [12], the dependences of the PS extraction on the concentration of surfactants were
determined at different heights of the aerated liquid layer, which are shown in figure 5.
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Figure 5 - Dependences of the PS extraction on the concentrations
of surfactants at various heights of the aerated liquid layer

As is seen from figure 5, the PS extraction has a maximum at a low concentration of surfactants,
namely 5.41 - 10~} kg/m®, and reaches 99% with a sufficient height of the aerated liquid layer.

At a low height of the aerated liquid layer, the probability of collision of a plastic particle with an air
bubble is low and some potentially floating particles sink to the bottom of the device, without having time
to collide with an air bubble. The optimum height of the processed liquid layer H, corresponds to a certain
air consumption. When the liquid layer height is less than optimal (H. < H,) the achievement of the
required extraction degree of the dispersed phase is possible, for example, with an increase in the air
consumption [19].

In order to more clearly display the effect of the aerated liquid layer height on the PS extraction, the
corresponding dependences were obtained at the concentration of surfactants of 2.16-10 and 5.41-10~° kg/m’,
shown in figure 6.
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Figure 6 - Dependences of the PS extraction on the aerated liquid layer height
at various concentrations of surfactants

As is seen from figure 6, a sufficient height of the aerated liquid layer is 0.5-0.6 m, its further increase
does not have a strong effect on the PS extraction. Exceeding the optimum height of the aerated liquid
layer leads to an increase in the material consumption of the device and an increased consumption of the
working liquid and surfactant, as well as to an increase in the length of the movement of the bubble-
particle complexes, which can increase the probability of their destruction [19].

The graphical dependences given above, as well as in [12], were obtained without additional heating
of the working liquid (about 10-15°C). In assessing the effect of the liquid temperature on the flotation
process, the experimental research was conducted, the results of which are reflected in [12]. After
processing the results of this experimental research, the dependences of the ABS and PS flotation indices
on the liquid temperature ¢ were plotted, shown in figure 7, 8.
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Figure 7 - Dependences of the purity of the concentrate and the ABS extraction on the liquid temperature
at the concentration of the mixture of surfactants, containing sodium laureth sulfate and diethanolamide,
2.7-1073 kg/m? and at the air consumption of 0.104 m*/min-m?
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Figure 8 — Dependence of the PS extraction on the liquid temperature at the aerated liquid layer height of 0.17 m,
the concentration of the mixture of surfactants of 5.41 - 10-3 kg/m? and the air consumption of 0.072 m3/h-m?
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As is seen from figures 7 and 8, an increase in the liquid temperature above 20°C leads to a sharp
decrease in the ABS and PS extraction. It should be noted that in Figures 7 and 8 there is a pattern of the
liquid temperature effect on the extraction of floating components. This is possibly due to the fact that the
dependence of the foaming capacity of surfactants on the temperature is characterized by the solubility
curves and for most surfactants they have an extremum [20, 21]. Probably, an increase in the solution
temperature leads to the dehydration of the dissolved surfactant molecules. Moreover, they separate as an
independent macrophase, which leads to a decrease in the number of surfactant molecules involved in the
flotation process.

Conclusions. For separation of plastic wastes (polyamide, acrylonitrile butadiene styrene and
polystyrene), the flotation method is proposed using surfactants (polidocanol, sulphanole and the mixture
of surfactants containing sodium laureth sulfate and diethanolamide). When conducting this method, the
effect of the air consumption, the liquid layer height and the temperature were studied.

The research results on the extraction of the floating component from the air consumption show that
its maximum extraction depends on the type of polymer and surfactant. The air consumption effect nature
at different concentrations of surfactants is not changed — only the floating component extraction changes.

The research results on the extraction of the floating component from the aerated liquid layer height
show that the optimum height of the processed liquid layer corresponds to a certain air consumption, and
when the liquid layer height is less than optimal, the achievement of the required extraction degree of the
dispersed phase is possible, for example, with an increase in the air consumption.

When assessing the effect of the liquid temperature on the flotation process, it was found that
increasing the liquid temperature above 20°C leads to the sharp decrease in the ABS and PS extraction.
This is due to the fact that the dependence of the foaming capacity of surfactants on the temperature is
characterized by the solubility curves and for most surfactants they have an extremum.

A. Jlespancknii', E. Onumax', A. Bonnenxo?, 1. Kymangysiaes?
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¥YcakraaraH miacTMmaccaaapabl GpiaoTanusuibIK 0071y yaepiciHin
aya IIbIFbIHBI, CYHBIKTHIK KA0ATHIHBIH OUIKTIri
JK9He TeMIepaTypa JcepiH 3epTrey

Annoranus. [Inactmacca KamabIkTapeia Oeny yiiiH (noauamuz (ITA), akpunonutpundyTtaguenctupoi (ABC)
xone nosnuctupod (I1C) duoTanusibik 91ic YCHIHBUIABI. ATaJFaH 9liCTI KOJJaHy apKbUIbI aya IIBIFbIHBI, CYHBIKTBIK
KaOaThIHBIH OMIKTIT XXoHE TeMIeparypaHblH acepi 3eprrengi. berrik-O6encenni 3arrap (I1B3) perinne cunranou,
cyibdaHoI )KaHe KypaMbIHa HaTpUi JlayypeTcynbgarsl xkaHe quaTanoiaamu 6ap I163 xocnackl KoiaHBUIABL.

[TracTMaccaHbIH ycaKTalFaH KaJlbIKTapbl KOCIIACHIHBIH (MIOTALMSIIBIK O6JIiHYiH 3epTTey HOTHXKEJEPIiH Tainay
YIIiH (IIoTanusUIaHATRIH KOMIIOHEHTTI 06Ty JKoHe [J KOHIICHTPATHIHBIH Ta3aJIbIFbl €CETITEII.

B3 KocmackIHBIH op TYpPJi KOHIEHTPAIWSICH Ke3iHAe TOJIMCTHUPONABl aya INBIFBIHBIHAH Oerim  amy
3epTTeyJIepiHiH HOTIKEIepi ayaHbIH KeWOip IIBIFBIHBIHIA €H KONl MIBIFapbuly Oap eKeHiH Kepceremi. AyaHBIH a3
MIBIFBIHBIHAA TPOIECC THUIMCI3 OTeMdi, OMTKEeHI CYHBIKTBHIKTHIH YKYMBIC KoJieMi ra3 KeIipIIiKTepiMeH >KETKITIKCi3
KaHBIFaJbl. Aya INBIFBICBIHBIH OHTAWIBI MOHIHEH acKaH Ke3fe (UIoTanusi MpoIeciHe KATBICIIANTBIH KOIl ra3
KOIpIIKTepi naiima Oomambl. MyHOal KeMipIIIKTEp CYMBIKTHIK apKbUIBI KO3Faja OTBIPHIN, OeJeKTep i
(ioTanusACHIHA KEACPTi KEATIPETIH TypOyYJICHTTI aFbIHAAP bl JKacai anapl. CYHBIKTHIKTBIH TYpOYJICHTTIK aFbIHbIHIA
Ko3FanraHaa "Kemipiiik — Oesmiekrep" KelleHi Kupayra Oeidim, ceOebi OesiekTep MEH KOIipLIIKTEp SpTypii
HHEePIUOHIBI (Macca) 6onansl. COHbIMEH KaTap, (oTalisulaHaTBIH KOMIIOHEHTTI OaphIHINA ajyFa KOJ JKETKI3eTiH
aya IIBIFBIHBIHBIH MoHI mostuMep MeH [1b3 Typine GalaHbICTBI €KeHAIr Typajibl KOPBITHIHABI XKacayra 6osaabl. 1163
OPTYPJIi IOFBIPIIaHYHI KE31HE aya IIBIFBIHBIHBIH 9CEp €Ty CHITaThl ©3repMeiai-(uroTalysiaHaTEIH KOMIIOHEHTTI ajty
FaHa e3repe/i.

Homuctuponner 163 KocmacklHBIH Op TYpJi KOHICHTPALMACHL Ke3iHAE CYHBIKTHIKTBIH adpHPIICHETiH
KaOaThIHBIH OWiKTITiHEH OeIim amyIsl 3epTTey HOTIDKENEPi CYWBIKTHIKTBIH a’pUpJICHETIH KaOaTHIHBIH a3 OWIKTIri
Ke3iH[e IUTacTMacca OOJIIEeKTiH aya KeOIlipIIriMeH COKTBIFBICY BIKTHMAIIBIFBI TOMEH JXOHE KehOip omeyerTi
(rioTanusIaHATBIH OEJIIEKTEp alnapaTThiH TYOIHE TyCipiie/i, COHBIMEH KaTap aya KeMipIIiriMeH COKTHIFbICIIai-akK.
OHJIENEeTIH CYHBIKTBIK Ka0aThIHBIH OHTAilbl OWIKTIriHE ayaHblH Oenriii Oip IIBIFBIHBI COMKec Kenelmi. A CYyHbIK
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KaOaThIHBIH OMIKTIrl JTUCTIEPCHSIIBIK (ha3aHbl ATy IblH KKETTI JACHreiiHe OHTAMIIbl )KETYCH a3blpaK, MbICANBI, aya
IIBIFBIHBI )KOFapbUIaFaH Ke3/1€ MYMKIH.

®rnoranus npouecciHe CYHBIKTHIK TEMIIEpaTypachlHbIH dCepiH Oaraiiay Ke3iHAe CYWBIKTBIK TeMIIepPaTypachIHbIH
20 ° C-ran xorapbl kerepityi ABC »xone KC mblrybiHbIH KypT TeMeHeyiHe okenenai. byn I1b3-HbiH keOikTey
KaOUICTIHIH TeMIeparypara TOYCJJIUIIr epirimTiH KUCBIFBIMEH cumatTaiansl skoHe [1B3-HbIH Kkemmriiiri ymriH
9KCTpEMyMMeH TyciHuipineni. EpiTiHAiHIH TeMmepaTypachlHBIH JKOFapbulaybl 0a3 epiTuIreH MOJEKyJaJIapbIHBIH
JIeTHIpaTalusIChIHA 9KEIl COKTHIPYbl MYMKiH. byn perre omap sxkexe Makpodas Typinae OesniHeni, 6y duoraums
npouecine KarbicaTbia [163 MoieKyianapbIHbIH CaHBIHBIH TOMEHJICYiHE OKeIe .

Tyiiin ce3mep: ¢uoTanms, macTMacca KalABIKTaphl, OCTTIK OelCeHi 3arTap, KOHICHTPANWs, aya IIBIFBIHEL,
CYWBIKTHIK KaOATHIHBIH OHIKTITi, TEMIIEpaTypa.

A. Jlesnancknii', E. Onmumax', A. Bonnenxo?, 1. Kymangysiaes?

'Benopycckuii rocyIapCTBEHHBIN TEXHOIOTHIECKHI YHUBEPCUTET, MUHCK, Benapycs;
2I0sxn0-KazaxcTaHcKuil ToCyJapCTBEHHEIN yHHBEPCHTET HM. M. Aya3oBa, lllsiMkent, Kazaxcran

MN3YYEHUE BJIMSAHUA PACXOJA BO3AYXA,
BBICOTHBI CJI10A ’KUAKOCTHU U TEMIIEPATYPBI HA ITPOLECC
DJIOTAIUMOHHOI'O PA3AEJEHUA U3MEJIBYEHHBIX ITVTACTMACC

Annotanus. J{ns pa3nenenus orxonos miactmace (mosmamuaa (ITA), akpunonurpundyranuencrupoina (ABC)
n nomuctupona (IIC)) npemnoxeH ¢uotanuoHHsld crocod. C HCIONB30BaHMEM YKa3aHHOTO criocoba H3ydeHO
BJIMSIHHE PAcX0Jia BO3yXa, BEICOTHI CIIOSI XKMKOCTH U TeMIepaTypsl. B kauecTBe MOBEpXHOCTHO-aKTUBHBIX BEILECTB
(ITAB) wucmoms30BaNMCh CHHTAHON, cyiab(aHon u cmeck I[IAB, comepxkamas mnaypercynbdar HATpus U
JIM3TaHOJIAMU.

Jns aHanmu3a pe3ysbTaTOB HCCIEAOBaHMI (DIOTAMOHHOTO pA3NE]CHUs] CMECH M3MENIbYEHHBIX OTXOZIOB
IUIacTMAacc ObLIM PACCUUTAHBI U3BIEUEHUE (DIIOTHPYEMOro KOMIIOHEHTA € M YUCTOTa KOHIIEHTpara [3.

PesynbTaThl mcciaeqoBaHWN W3BICUEHHs IMOJIUCTHUPOIA OT Pacxoja BO3AyXa MPU PA3IHMYHOM KOHICHTpAaIUU
cmecu [TAB moka3slBaloT, 4TO H3BJICYEHHE HMEET MAKCHUMYyM IIPH HEKOTOPOM pacxone Bosmyxa. Ilpm mambix
pacxojax BO3AyXa Ipolecc IMporekaeT Hed(p(dEeKTUBHO, Tak Kak pabounii 00bEM JKUIKOCTH HEJOCTATOYHO
HacChIIaeTcs Iy3blpbKaMK ra3a. [Ipyu NmpeBbIIEHUH ONTUMAaJIbHOTO 3HAYEHHs pacxoia Bo3ayxa o0pa3yercs MHOTO
ra30BbIX Iy3bIPHKOB, HE YYacTBYIOUIMX B npouecce duoTanuu. Takue my3bIpbKy, IBUTAsCh Yepe3 HKHUIKOCThb, MOTYT
co3/1aBaTh TYpOYJIEHTHBIE TIOTOKH, MpEnsTCTByIomue (uotanuu yactun. [Ipy nBrkeHHH B TypOYJIEHTHOM HOTOKE
JKHJIKOCTH KOMIIJIEKC «ITy3BIpEK — YaCTHIA» CKJIOHEH K pPa3pyLIeHHIO, IOCKOJIBKY YaCTHIBI W Iy3bIPHKH HUMEIOT
pas3IMuHyI0 MHEPIHOHHOCTS (Maccy). Kpome Toro, MOXKHO clienaTh BBIBOJ O TOM, YTO 3Ha4E€HHE pacxoja BO3IyXa,
IIPU KOTOPOM AOCTUTAETCS MAaKCHMAIBbHOE M3BJICUCHHE (PIOTHPYEMOTO KOMITIOHEHTa, 3aBUCHUT OT THIIA IOJMMepa 1
[TAB. XapakTep BIHSHHUS pacxola BO3AyXa NPH pa3inyHON KoHUeHTparmu [IAB He m3MeHseTcs — M3MEHSETCS
JIMIIb W3BJICYEHHE (IIOTHPYEMOTO KOMITOHEHTA.

PesynbTaThl Hccie10BaHUH U3BJICUEHNS TIOUCTUPOIIA OT BBICOTHI a9PUPYEMOTO CIIOS KUIKOCTH MPHU Pa3InIHON
KOHLeHTparuu cMmecu ITAB cBuaeTenbCTBYIOT O TOM, YTO HPU Majoil BBICOTE a’pHPYEMOro CIOS KUAKOCTH
BEPOSITHOCTh CTOJIKHOBEHUSI IIJIACTMACCOBOW YaCTHIBI C My3bIPHKOM BO3[yXa HHU3Kasi U HEKOTOPHIE MMOTEHIUAIBLHO
(roTHpyeMble HacTHIIBI OIyCKAaIOTCS HA JHO arlapara, TaKk U HE YCIEB CTOJIKHYThCS C Iy3BIPHKOM BO3IyXa.
OnTuManbHOM BBICOTE ClIoS 00pabaThIBA€MOM KHIKOCTH COOTBETCTBYET OIpEAEICHHBIH pacxoj] Bo3ayxa. A mpu
BBICOTE CJIOS JKHJIKOCTH MEHBIIE ONTHMAJILHOHM JOCTH)KEHHE HEOOXOANMOM CTENEHN W3BJICYEHHsI TUCTIEPCHOH (a3bl
BO3MOJKHO, HallpUMeD, TIPH NOBBIIEHHH Pacxo/ia BO31yXa.

[Ipn oueHKe BIMSHUS TeMIIEpaTyphbl >KHIKOCTH Ha MpoLEcC (IIOTalWM YCTaHOBJIEHO, YTO IIOBBIILICHHE
TemnepaTypsl xunkoctd Beime 20°C mpuBoautT K peskoMy cHikeHHIO u3BiedeHns ABC u TIC. 310, BO3MOXKHO,
OOBSICHSIETCS TeM, YTO 3aBUCHUMOCTH IeHooOpasyromeil crmocobnoctn [TAB oT TemmepaTypbl XapaKTepH3yeTcs
KPHUBBIMH PACTBOPUMOCTH U Aist OonbimnHCTBa [IAB OHM MMEIOT 3KcTpeMyM. BeposiTHO, MOBBIICHNE TEMIEpaTyphl
pacTBOpa IMIPUBOIUT K JETHIpaTalli pacTBOpeHHbIX MoJeKyJ ITAB. IIpu 3ToM OHM BBIIENSIOTCS B BUZE OTAEIBHON
Makpodasbl, 4TO NPUBOINUT K CHIKEHUIO KosmdecTBa MoJieky [TAB, yuacTByromux B mpouecce ¢uoTanum.

KnroueBble cioBa: ¢ioranus, OTXOIbl IUIACTMAcC, MOBEPXHOCTHO-aKTHBHBIE BEIIECTBA, KOHIEHTPALHS,
pacxoj] BO34yXa, BBICOTA CJIOSI )KUIAKOCTH, TEMIIepaTypa.
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BIOLOGICALLY ACTIVE SUBSTANCES OF COMPOSITIONS
BASED ON PLANTS OF THE GENUS HAPLOPHYLLUM

Abstract. The article presents the results of research of biologically active substances of compositions based on
the plant of the genus Haplophyllum (Tuberculatum), which grows in the Bakanas district of Almaty region, Bidens
(Frondosa), collected in the Enbekshikazakh district and Polygonum (Aviculare) from the territory of Tashtykara
district of Almaty region. The mineral composition was studied, and the article also provides data on vitamin, amino
and fatty acid compositions.

Medicinal raw materials contain many compounds that are potentially harmful to the human body, these can be
both mineral components, for example, salts of heavy metals, and various organic substances, both being natural
metabolites of the plant and trapped in raw materials from the environment (pesticides used in agriculture or
industrial emissions).

The study of mineral composition was carried out using atomic absorption analysis on the basis of the center of
physico-chemical methods of research and analysis (cthma). As a result, information was obtained about the micro-
and macronutrient composition of compositions based on a plant of the genus Haplophyllum (Tuberculatum).

The content of fatty acids was determined by the GVC method and using the following chromatography
conditions: carrier gas-helium, flame ionization detector, carrier gas speed 30ml / min, detector temperature 188°C,
furnace temperature 230°C, analysis time 1 hour, steel column 0.4x3mm filled with polyethylene glycoladipinate
(20%) on cellulite-545.

Studies of amino acids were carried out on the amino acid analyzer "Carlo Erba", using the gzhx method,
chromatography conditions: carrier gas-helium, flame ionization detector 300°C, evaporator temperature 250°C, on
the WAW chromosome.

The content of vitamins a (retinol) and (tocopherol) was determined by the fluorimetric method on the
spectrofluorimeter device. Vitamin C in biological samples was determined by titrimetric method.

Keywords: Haplophyllum (Tuberculatum), Bidens (Frondosa),Polygonum (aviculare), mineral composition,
amino acids, fatty acids.

Introduction. Minerals are of great importance for the normal existence of organisms. They are
classified as macro-and microelements. Macronutrients include potassium, sodium, calcium, magnesium,
phosphorus, chlorine, and sulfur. Comparatively, they come in large quantities.

Trace elements are a group of chemical elements that are contained in the human body and animals in
very small amounts, within the range of 10-3-10-12 mg %, these include Nickel, cadmium, lead,
chromium, mercury and other d - elements [1].

In ecologically unfavorable areas, a very large number of heavy metals, such as lead, Nickel,
chromium, mercury, and any changes in the optimal ratios of trace elements in their composition can lead
to unforeseen consequences [2].

In an acidic environment, the movement of molybdenum decreases, but the movement of copper,
manganese, zinc, and cobalt increases. Trace elements such as chalk, fluorine, and iodine also move in
acidic and alkaline environments. Some trace elements, for example, form compounds that are soluble
with organic matter, while others (iodine and copper) are fixed and become inaccessible to plants. The
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lack or excess of trace elements in the soil leads to their deficiency or excess in the plant and animal body.
At the same time, changes in the nature of accumulation (deposition), weakening or strengthening the
synthesis of biologically active substances, repeated violation of the processes of interline exchange,
creating a new adaptation or violations that lead to endemic diseases of humans and animals develop [3].

Thus, the mineral composition of plants is directly affected by natural and anthropogenic factors. All
this should be taken into account when preparing vegetable raw materials.

Currently, there are 14 trace elements necessary for life: iron, copper, manganese, zinc, cobalt, iodine,
fluorine, molybdenum, vanadium, Nickel, strontium, silicon and selenium. They increase the activity of
enzymes, catalyze biochemical procedures, and promote the synthesis of carbohydrates, proteins, and
vitamins. It also participates in metabolism. Trace elements are part of plant preparations and influence
their activity[4].

Most studies of Haplophyllum tuberculatum evaluated medicinal and phytochemical properties,
analysis of some of which produced two alkaloids called alkaloids, lignans, glycosides and flavonoids, etc.
in the phytochemical study of Haplophyllum tuberculatum, alkaloids such as acutifolium, halilofitin were
obtained [5]. The chemical composition of Polygonum aviculare is rich and varied. It is a natural
storehouse of vegetable protein (17 %), biologically active substances (44%), vegetable fiber (27%), ash
compounds (8.9%), simple and complex sugars (2.5%), resin, wax, and tannins. Useful trace elements
such as calcium, phosphorus, zinc, and silicon were also found in it [6]. Bidens frondosa contains organic
acids, essential oil, tannins, polysaccharides, coumarins (umbelliferon, skoletin), triterpenoids, vitamin C
(up to 0.9%), carotenoids (0.05 %), carotenes, a large amount of vitamin C (up to 1000 mg%), manganese
salts, polyacetylenes, and aromatic acids containing derivatives and thiophenes, flavonoids - (glycosides
luteolin, Butin, sulfuretin, Auron) [7-12].

Fatty acids are the basis of metabolic processes in the body, an integral part of the biological synthesis
of the body's processes along with the components of lipids. Several fatty acids that have essential
properties have vitamin-like effectiveness: olein, arachidone, linol, linolene. Essential fatty acids have
cardioprotective properties, improving blood circulation and the cardiovascular system.

Amino acids are organic compounds whose molecules simultaneously contain carboxyl and amine
groups. These are substances of primary synthesis, they are present in all organs of all plants. Amino acids
are divided into a, B, v, o, and others. amino acids, depending on the location of the amino and carboxyl
groups. Of these, the most common are o, B and y. a - I-configuration amino acids are the most important
components of peptides and proteins. Also, plants may contain monobasic diamino-and dibasic
monoaminoacids.

Vitamin A and E occur in pairs. They improve the condition of the skin, vision, and bones, helping to
assimilate each other, increase resistance to infections, and protect the mucous membrane. Retinol is one
of the vital vitamins necessary and vital for our body, which belong to the fat-soluble group. The
usefulness of vitamin A for health is invaluable: it participates in redox processes, affects protein
synthesis, and cell membranes. Retinol interacts well with another fat-soluble vitamin-tocopherol (vitamin
E). if the body lacks vitamin E, the absorption of retinol is absorbed, so it is optimal to take these vitamins
together.

Ascorbic acid is an organic compound similar to glucose, the sour taste is found in the form of a white
crystalline powder. It performs the biological functions of a coenzyme and a reducing agent of certain
metabolic processes, and is an antioxidant. Vitamin C strengthens the immune system and protects it from
viruses and bacteria, accelerates the healing process, promotes the synthesis of several hormones,
regulates the processes of the circulatory system and normalizes capillary permeability, participates in the
synthesis of collagen protein. This is necessary for the growth of tissue cells, bones and cartilage of the
body, regulates metabolism, improves bile secretion, and restores the external function of the pancreas and
thyroid gland.

Materials and methods. Determination of mineral composition. The objects of the study were plants
of the genus Haplophyllum (Tuberculatum) growing in the Bakanas district of Almaty region, Bidens
(Frondosa) collected in the Enbekshikazakh district and Polygonum (aviculare) from the territory of
Tashtykara district of Almaty region, harvesting was carried out in compliance with sanitary requirements
and the requirements Of the state Pharmacopoeia of the Republic of Kazakhstan. The quantitative content
of micro-and macronutrients was determined from ash residues obtained by the following method.
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About 1 g of the drug or 3-5 g of crushed medicinal plant raw materials (exact weight) is placed in a
pre-calcined and precisely weighted porcelain, quartz or platinum crucible, evenly distributing the
substance along the bottom of the crucible.

Then the crucible is carefully heated, allowing the substance to burn or evaporate at the lowest
possible temperature. The burning of the remaining coal particles must also be carried out at a lower
temperature as possible; after the coal has burned almost completely, the flame is increased. In case of
incomplete combustion of coal particles, the residue is cooled, moistened with water or a saturated
solution of ammonium nitrate, evaporated in a water bath and the residue is calcined. If necessary, repeat
this operation several times.

Calcination is carried out at low red heat (about 500°C) to a constant mass, avoiding fusing the ash
and sintering with the walls of the crucible. At the end of calcination, the crucible is cooled in a desiccator
and then the resulting ash is burned again at 600°C until a uniform gray color is obtained.

If the result is not achieved, the remainder is dissolved in concentrated nitric acid, after which it is
heated on a tile removing the nitric acid and then in a muffle at 400°C for 30 minutes.

Finally, the precipitate is dissolved in 5 ml of HNO; (1:1) when heated. The resulting solution must
be heated on the tile to wet salts. The result is dissolved in 10-15 ml of 1H HCI or 1H HNOs3 (the Second
option is preferable) and transferred to a 25ml volumetric flask, bringing the volume to the label.

In parallel, a single experiment is carried out, which consists in preparing a solution of the same
concentration from the same acid using the same utensils.

Then the finished samples were transferred to the center for physical and chemical methods of
research and analysis to determine the mineral composition by atomic adsorption spectroscopy on the
ASSIN device of the Karl Zeiss company.

The results obtained are presented below [13,14].

It was revealed that the amount of heavy metals does not exceed the permissible norms of their
presence in medicinal raw materials.

Study of the fatty acid composition of the obtained extracts by the GLC method. The content of fatty
acids was determined using the GLC method using the following chromatography conditions: carrier gas-
helium; flame ionization detector; carrier gas speed 30ml / min; detector temperature 188°C; furnace
temperature 230°C; analysis time 1H; steel column 0.4 m x 3mm filled with polyethylene glycoladipinate
(20%) on cellulite-545.

Sample preparation: 10ml of methanol, 2-3 drops of acetyl chloride are added To the chloroform
extracts of the test samples, and then methylation is performed at 60-70°C in a special system for 30
minutes. Methanol is removed using a rotary evaporator, and samples are extracted with 5Sml of hexane
and analyzed in a Carlo-Erbo-4200 gas chromatograph[15].

Study of the amino acid composition of the obtained extracts by the GLC method. 1 g of the analyte is
hydrolyzed in 5Sml of 6h hydrochloric acid at 105°C for 24 hours, in ampoules sealed under a jet of argon.
The resulting hydrolysate is evaporated three times to dry on a rotary evaporator at a temperature of
40-50°C. The resulting precipitate is dissolved in 5ml of sulfosalicylic acid. After centrifugation for
5 minutes, the supernatant is passed through a column with an ion-exchange resin Daux 50, with a speed
of 1 drop per second. After that, the resin is washed to a neutral pH.

For elution of amino acids from the column, 3ml of 6h NH4OH co solution is passed through it at a
rate of 2 drops per second. The eluate is collected in a round-bottomed flask with distilled water, which is
used to wash the column to a neutral pH. Then the contents of the flask are evaporated dry on a rotary
evaporator at a pressure of 1 atm. and a temperature of 40-50°C.

After adding to this flask, 1 drop of freshly prepared 1.5 % SnCl, solution, 1 drop of
2.2-dimethoxypropane and 1-2ml of hydrochloric acid-saturated propanol, ee is heated to 110 °C,
maintaining this temperature, for 20 minutes, and then the contents are again evaporated from the flask on
a rotary evaporator.

In the next step, 1 ml of freshly prepared acelizing reagent (1 volume of acetic anhydride, 2 volumes
of triethylamine, 5 volumes of acetone) is injected into the flask and heated at a temperature of 60 °C for
1.5-2min. Then the sample is again evaporated on a rotary evaporator to dry and 2ml of ethyl acetate and
Iml of saturated NaCl solution is added to the flask. The contents of the flask are thoroughly mixed and,
as 2 layers of liquids are clearly formed, the upper one (etiacetate) is taken for gas chromatographic
analysis, which was performed on the gas-liquid chromatograph "Carlo-Erba-4200" (Italy-USA) [16].
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Study of vitamins A, E, and C. 0.2 ml of the sample, 1ml of alcohol and 1ml of distilled water are
placed in centrifuge tubes, tightly closed with lids and mixed with careful shaking. Add 5ml of hexane and
shake again. The contents are centrifuged for 10 minutes at 1500rpm. the Separated hexane layer (3 ml) is
used for measurements at wavelengths of 292-310 nm (for tocopherol) and 335-430 nm (for retinol),
respectively [17-22].

The content of vitamin C in biological samples was determined by titrimetric method. A sample of at
least 0.3 ml is taken in a centrifuge tube, the walls of which are covered with sodium citrate powder. After
centrifuging the sample for 30 minutes at 3000 rpm, it is transferred to another test tube and an equal
amount of bidistilled water and double the amount of freshly prepared 5% metaphosphoric acid solution is
added. The protein precipitate is stirred with a stick and centrifuged for 10 minutes at 3000 rpm. The
nadosadochnuyu liquid in an amount (0.1-0.5 ml) is introduced into porcelain titration cuvettes (2 parallel
samples) and titrated 0.001 n-0.0005 n with a solution of the sodium salt of 2.6 dichlorophenolindophenol
from a special micropipette with a capacity of 0.1 ml.

Results and discussion. To create complexes, first of all, the composite correspondence of plant raw
materials to each other was studied and the ratio was chosen. Depending on which ones show up, they
were obtained in three types. The percentage of components in the complexes is theoretically justified by
taking into account the contribution of each component to the last therapeutic effect and evaluating the
activity of plant components. This takes into account the phenomenon of interaction of plant components
(interference), since some types of plant raw materials show the greatest activity in an individual or a
mixture, and when it changes, there is a decrease in the influence of the participating components. The
plant complex was obtained in different ratios. The results are presented in table 1.

Table 1 - plant ratio

Ne complex
1 1:1:3
2 2:1:1
3 2:3:1

Based on the data from table 1, the mineral composition of plant complexes was studied in 3 different
ratios.

Data on the mineral composition were obtained by atomic absorption analysis conducted at the
material and technical base of the center for physical and chemical analysis methods. The results are
presented in tables 2 and 3.

Table 2 - Quantitative content of trace elements

Element | Zn | Cu | Pb | Cd | Fe | Ni | Mn

1:1:3

Content in the sample, % | 0.0004892 | 0.0002358 | 0.00009821 | 0.00001683 | 0.01304 | 0.00006447 | 0.001113

2:1:1

Content in the sample, % | 0.0006301 | 0.0002323 | 0.00006677 | 0.00001795 | 0.01558 | 0.00006005 | 0.001059

2:3:1

Content in the sample, % | 0.0007055 | 0.0004068 | 0.0001103 [ 0.00002102 | 0.01162 | 0.00008746 | 0.001415

Table 3 - Quantitative content of macronutrients

Element | K | Na | Ca | Mg
1:1:3
Content in the sample, % | 0.6040 | 0.01851 | 0.4576 | 0.07897
2:1:1
Content in the sample, % | 0.5823 | 0.02051 | 0.3448 | 0.08191
2:3:1
Content in the sample, % | 0.6166 | 0.02578 | 0.3786 | 0.06799
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Comparing the data given in table 2, we can conclude that the quantitative content of iron dominates
all samples of plant complexes in 3 different ratios. Iron is a part of herbal preparations and affects their
activity. It is also known that iron increases the activity of enzymes and catalyzes biochemical processes.
Promotes the synthesis of carbohydrates, proteins and vitamins.

Among the macro elements presented in table 3 and figure 2, the largest number of elements are K,
Ca. They are part of the cell nucleus. Calcium plays an important role in the growth and action of cells. It
has a significant impact on the exchange process and contributes to the full digestion of food substances.
By strengthening the body's protective function, it increases resistance to external adverse conditions,
especially infections.

The content of fatty acids was determined by the GZHC method. The results are presented in table 4.

Table 4 - Quantitative analysis of fatty acids

Ne Fatty acids %
1 Ci4:0 Miristin (C14H250z) 0,8
2 Ciso Pentadecan (Ci6H3002) 1,2
3 Ci6:0 Palmitin (C16H3202) 4,6
4 Cie: Palmitalein (C16H300z2) 0,4
5 Ciso Stearin (C18H3602) 2,3
6 Cis:l Olein (Ci1sH3402) 36,5
7 Cis2 Linol (CisH3202) 53,9
8 Cis:3 Linolene (Ci1sH3002) 0,3

From the data obtained, it follows that 8 fatty acids were detected. In terms of quantitative content,
the dominant fatty acids were oleic and linoleic acids, relatively palmitic and stearic acids. Linolenic acid,
which showed the lowest index, plays a large role in the body. Fatty acid, most necessary for the
functioning of cell and subcellular membranes.

Amino acids were identified from the plant complex. Studies of amino acids were carried out on the
amino acid analyzer "Carlo Erba", using the gzhx method. The data is presented in table 5.

Table 5 - Quantitative analysis of the amino acid composition of aqueous extracts of compositions

Name of amino acids Amino acids, mg/ 100 g
1 Ala Alanine 612
2 Gly Glycine 234
3 Val Valine. 195
4 Leu Leucine. 370
5 Ile Isoleucine 334
6 Thr Threonine 177
7 Ser Serine 317
8 Pro Proline 415
9 Met Methionine 51
10 Asp Asparate 1360
11 Cys Cystine 22
12 O-Prp Oxyproline 1
13 Phe Phenylalanine 264
14 Glu Glutamate 2546
15 Orn Ornithine 1
16 Tyr Tyrosine 288
17 His Arginine 370
18 Arg Lysine 318
19 Lys Histidine 189
20 Trp Tryptophan 72

—— 4] ——
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The analysis revealed their qualitative identity and insignificant quantitative relationships, and also
found that the dominant amino acids are asparate, glutamate, alanine: 1360 mg / 100g, 2546 mg/100g,
612 mg / 100g.

The content of vitamins a (retinol) and (tocopherol) was determined by the fluorimetric method on the
spectrofluorimeter device . Vitamin C in biological samples was determined by titrimetric method. The
data is presented in table 6.

Table 6 - Quantitative content of vitamins A, E and C

Vitamins mg/100g
A 0,09
E 2,8
C 22

Comparing the data shown in table 6 and figure 2, we can conclude that the quantitative content of
vitamin C dominates.

Conclusion

1. For the first time, biologically active substances were studied, including mineral composition,
vitamins, amino and fatty acids of compositions based on a plant of the genus Haplophyllum
(Tuberculatum) growing in the Bakanas district of Almaty region, Bidens (Frondosa) collected in the
Enbekshikazakh district and Polygonum (aviculare) from the territory of the Tashtykara district of Almaty
region.

2. It was found that the level of heavy metal content in the studied samples does not exceed the
maximum permissible norm.

E.C. UxcaHnoB, A.K. Ym0eToBa, A.T. AManra3uesa, I'.Ill. Bypaumesa

an-®dapabu ateiHaarel Kazak YITTHIK YHUBEPCUTETI,
“Kana TexHonorusiap MeH MaTepuaiiap FhlUIbIMU-3epTTey HHCTUTYTHI, KasakcraHn, AIMaTs

HAPLOPHYLLUM TEKTEC ©CIMIAIKTEP HETI3IH/IET'T
KOMITO3NIUAJAPABIH BUOJIOT UAJIBIK BEJICEH/I 3ATTAPBI

AnHoTanusi. Makanana Anmarel oOnbIchiHbIH bakanac ayaanbiHna ecerin Haplophyllum (Tuberculatum)
TYBICBIHBIH ecimziri jxoHe EnOexinikazak ayjaHeinaa sxuHanrad Bidens (Frondosa) sxone AyiMathl OOJIBICBIHBIH
TamTeiKapa aynaHBIHBIH ayMarbiHaH Polygonum (aviculare) eciMzitep Heri3iHae KOMIIO3UIISIIAPIBIH ONOTOTHSITBIK
OeJiCeH Tl 3aTTaphIH 3ePTTEy HOTHIKENepl Kenrtipiemi. MuUHepamabl KypaMm 3epTTelii, Makajiaaa BUTAMUAH/IIK, aMUH
MKOHE MaMJIbl KBIIIKBUIIBIK KypaM Typasibl MAJIIMETTEP KeTipiIreH.

Jopinik muKi3aT KypaMbIHIA aJlaM aF3achblHa 3UsSH KEITIPETiH KOINTereH KOCBUIBICTap 0ap, ojap MUHEPAIIBI
KOMIOHEHTTEP OOJYbI MYMKiH, MBICAJIBI, aybIp METAIIAPIBIH TY3Japhl, COHIA-aK op TYpJi OpraHUKAIBIK 3aTTap,
onmap eciMaiKTepAiH Taburu MeraboiuTTepi OOJNBIN TaOBLIAJBI KOHE KOpIIAFaH OpTafaH UIMKI3aTKa Tyceni
(KOoNmIaHBUIATHIH MECTHIUATED) aybUI MAPyalTbUTHIFEIHIA HEMECE OHEPKCIITIK IIBIFaphIHABLIAPA).

MuHepangslk KypaMabl 3epTTey (HU3UKa - XUMHUSIIBIK 3epTTey KoHe Tanmay omictepi oprambirel (LIOXMA)
0azacpiHIa aTOMIBIK - aOCOPOIMAIBIK Tanmay oficiMeH xyprizimmi. Hotmkecinme haplophyllum (Tuberculatum)
TYKBIMBIHBIH HETi3iHIeriT KOMIO3HIMSIAPABIH MHKPO - JKOHE MAaKpOdJIEMEHTTIK KypaMbl Typasibl MOJIMETTep
AJBIH/BI.

Maii KbIIKbUIIAPBIHBIH KypambiH [ KX oziciMeH jxoHe XxpomarorpadusiiayablH Kejeci NIapTTapblH KOJIaHy
APKbUIbl aHBIKTAABIK: I'a3-TaCbIFbIIl — Feﬂﬂﬁ, KAJIBIHABI-MOHAAYIIBI JCTEKTOP, I'a3 TAaCbIFBIIITBHIH KbUIAaMIbIFbI
30mu/mMuH, nerexTopAbiH Temneparypackl 188°C, mewriy Ttemmepatypacsl 230°C, Tanpay yakeitel lc, bonar
baraHachl 0.4x3MM, [E/UIUT-545 MOIMATUIICHIIIMKOIbAAUITUHATIICH TONTHIpbUFaH (20%).

AMuHKBIIKBUIIAPEH 3eprTey "Kapmo DOp6a" aMuHKeIIKeUIABI Tammarbimra [OKX omiciMeH Kypri3uumi,
xpomarorpadusiiay MIapTTapbl: ra3-TachiFbim — reiuid, 3000¢ sKanbIHIB-HOHIAY JSTEKTOPHI, OyiIay TeMIepaTypachl
250°C, WAW xpomMocopOachkIH/Ia KYPTi3iii.

A (perunon) xone E (TOoKOdeponm) BUTaMuHAEPi CHEKTPO(IyOpUMETp acmadbiHAa (IyOpUMETPIIK SIiCTICH
anbIKTaFad. C BUTaMHUHI OMOJIOTHSUTBIK YITLIEp/ie TUTPUMETPHUSUIBIK O/TICTICH aHBIKTAIIIBI.

Tyiiin ce3mep: Haplophyllum (Tuberculatum), Bidens (Frondosa), Polygonum (aviculare), munepammst
KypaMbl, aMHUH KbIIIKbLIIAPbI, MAHIIbI KbIIKBUIAAP.
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Kazaxckuil HaMOHABHBIH YHUBEPCUTET UMEHH alib-Dapaduy,
HayuHo-uccnenoBarenbCkuii HHCTUTYT HOBBIX TEXHOJIOTHII M MaTepHUajoB
Pecnyonuka Kazaxcran, AimMate

BUOJIOTHYECKHN AKTUBHBIE BEIIIECTBA KOMITIO3UIIUIA
HA OCHOBE PACTEHUSA POJA HAPLOPHYLLUM

AHHOTanus. B cratee npuBoasTCS pe3yabTaThl HCCIEIOBAHMS OMOMOTMYECKN aKTUBHBIX BEIECTB KOMIO3UIMN
Ha ocHOBe pacteHus poxa Haplophyllum (Tuberculatum), mpouspacratomero B bakanacckom paiione AnMaTHHCKOM
obnactu, Bidens (Frondosa), coopannbiii B EHOekinkazaxckom paiione u Polygonum (aviculare) u3 teppuropuun
Tamreikapackoro paiioHa AJMATHHCKOW oO0yiacTd. bbud ucciemoBaHbl MUHEPATBHBIM COCTaB, B CTaThe TaKKe
MIPUBEICHBI JAHHBIC [0 BUTAMHHHOMY, AMHUHO- U )XUPHOKHCIIOTHOMY COCTaBaM.

B JICKAPCTBECHHOM CBIPbC COACPIKUTCA MHOKECTBO COCHHHeHMﬁ, MNOTCHIUAJIBHO CHOC06HbIX HaHECTHU BpPE
OpraHusMy 4e€JI0BC€Ka, 9TO MOTYT 6I)ITI) KaK MUHCPAJIbHbIE KOMIIOHCHTBI, HAIPUMEDP, COJIN TSHKEIIBIX MCTaJIJIOB, TaK U
Ppa3JIMIHbIC OPraHNYCCKUE BCIIECTBA, KaK ABJIAIOMINECSA €CTCCTBCHHBIMU MeTa6OHI/lTaMl/I pacCTCHusd, TaK U MomnaBIIne
B CHIpE M3 OKpyXaromed cpeapl (MECTUIHIbI, NPUMEHSEMble B CEJILCKOM XO3SHCTBE, WM BBIOPOCHI
MPOMBIIUICHHBIX MPEATIPUATHH).

HccnenoBanus MUHEPaIbHOTO COCTaBa MPOBOAMINCH METOJOM aTOMHO- abCOpOIIMOHHOrO aHaiuW3a Ha Oase
HeHTpa (PU3UKO- XUMHUIECKUX METONO0B uccienoBanusa U aHamm3a (UOXMA). B pesynbraTe mOIydeHBI CBEACHUS O
MHKpPO- I MaKpO3JIEMEHTHOM COCTaBe KOMIIO3UITHI Ha OCHOBE pacTeHus poaa Haplophyllum (Tuberculatum).

ConepxxaHue XHUPHBIX KHCIOT omnpenessiin MmerogoM KX u mcronb3oBaHMEM CIEIYIOMIMX YCIOBHH
XpoMaTorpaupoOBaHUs: Ta3-HOCUTENb — TENHH, MIaMEHHO-MOHM3ALUOHHBIH JETEKTOp, CKOPOCTh Ta30-HOCHTEI
30mu/mun, Temmeparypa gerektopa 188°C, temmeparypa meum 230°C, Bpems amamusa 14, cTambHas KOJIOHKA
0.4X3MM, 3amoTHEHHAS TTONHATIIICHIIHKOIbagumnHaTOM (20%) Ha nemmte-545.

HccnenoBanuss aMUHOKKCIIOT HPOBOJIMIIM HA aMHMHOKHMCIIOTHOM aHanu3arope «Kapio Dpba» meromom KX,
YCIIOBHSL XpOMATOrpa)MpOBaHus: Ta3-HOCUTEIb — e, IIIaMEHHO-MOHM3aMOHHBIH netektop 300°C, Temneparypa
ucnaputens 250°C, na xpomocopbe WAW.

Conep:xaHrie BATaMHHOB A (peTuHOI) 1 (TOKO(hepos) onpearnmiy (IyopuMeTpUIecKUM METOJIOM Ha pudope
cnektpodryopumeTp. Buramun C B Ononorndeckux odpasmax onpeaesiii TATPOMETPIHIECKAM METOIOM.

KuaroueBsie cinoBa: Haplophyllum (Tuberculatum), Bidens (Frondosa), Polygonum (aviculare), MuHepanbHBIHA
COCTaB, aMUHOKHCIIOTBI, )KHPHBIE KHCIOTHI.
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EXPERIMENTAL RESEARCH OF A MULTISTAGE
GRAVITATIONAL CLASSIFIER

Abstract. The classification of polydisperse materials is widely used in many industries. Of the wide range of
classification equipment, the most promising are multistage gravitational classifiers. The classification process in
multistage gravitational classifiers is quite complicated and requires the necessary experimental research to ensure
the given efficiency. To receive reliable information allowing to obtain the most effective recommendations for their
structure and use, a set of experimental research was carried out. The research results showed that multistage
classifiers of small sizes provide a consistently high quality of separation, however their performance, for an
apparatus with a cross section of 80x80 mm no more than 100 kg/h, is insignificant, as a result of which they cannot
be used for most production processes. Classifiers with higher performance must have significant sizes. It is
advisable to use multistage shelf classifiers with boundary separation sizes of 0.5-2 mm. With a boundary size of less
than 0.5 mm, a steady decrease in the separation efficiency is observed, and with a boundary size of the order of
0.05-0.1 mm, the classification efficiency decreases sharply. With an increase in the boundary separation grain of
more than 2 mm, a decrease in the classification efficiency is also observed (figure 1). The experiments to determine
the separation efficiency in the modernized and conventional structures of classifiers in the separation of quartz sand
with particle sizes of 0-2 mm relative to the boundary separation size of ¢, = 1 mm showed the following. The
mutual arrangement of the efficiency curves shows that an increase in the separation efficiency for the modernized
classifier is up to 10% when the optimum, providing the highest quality separation, air velocity per section of the
apparatus is achieved. Similar results were obtained for other materials (sylvinite, meal, gypsum) for various
boundary separation sizes (from 0.5 to 2 mm). In general, the separation efficiency in the modernized structure of the
shelf classifier for various materials was 5-10% higher than in a conventional one. The experimental research of the
modernized classifier structure showed that the proposed structural additions, ceteris paribus, contribute to a more
uniform distribution of material over the working volume of the apparatus, which, of course, leads to an increase in
the quality of separation.

Key words: experimental research, gravitational classifier, multistage, separation efficiency, boundary sizes,
section, holes.

Introduction. The grinding and fractionation processes are widely used in many industries.
Currently, there are major trends in the development of milling equipment combining grinding and
fractionation [1-11]. It should be noted in advance that many researchers [12-18] were involved in the
development and research of multistage gravitational classifiers, monographs were written on this subject,
and several dissertations were performed. The available data describe in detail the effect of technological
and structural factors on the separation process. Thus, it was established that multistage classifiers work
quite efficiently with boundary separation sizes from 0.2 to 2-3 mm, while the concentration of the solid
phase should not exceed 2-2.5 kg/m® of the carrier medium (air). There are empirical dependencies for
calculating the air consumption for classification depending on the size of the apparatus and the boundary
separation grain. The number of overflow shelves is usually taken 6-10, while the shelves are located at an
angle of 45° to the horizon, overlap the classifier section to its middle and the height step between the
shelves is taken equal to the width of the apparatus section. Compliance with these recommendations
allows achieving separation efficiency in laboratory models up to 90% [12-17]. At the same time, as
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already noted above, in industrial tests, the separation efficiency of multistage classifiers is significantly
decreased, which shows a significant influence on the separation process of the scale factor during the
transition from laboratory to industrial plants. In well-known and previously noted works, this factor is
practically not paid attention to, only some of them [12, 13] indicate that with an increase in the size of the
classifier, its efficiency decreases, however there is no quantitative assessment of this phenomenon.

Research methods. When determining the hydrodynamic parameters and the distribution of
dispersed particles of classification substances, standard methods of physicochemical research were used.

The experimental research of a gas-centrifugal classifier was carried out with the aim of:

a) testing the obtained mathematical model of the motion of a single particle in a swirling gas
medium;

b) determination of excess pressure on the inner wall of the perforated element;

c¢) determining the boundary size of the particles passing through the perforation holes.

To study the scale factor influence on the separation of polydisperse materials in a gravitational
multistage classifier, several geometrically similar apparatuses with cross-section sizes of 80x80 mm,
140x140 mm, 200x200 mm, 300x300 mm were designed and manufactured. The results of these
experimental research on quartz sand with a particle size of 0-5 mm are presented in figure 1.

Research results. The obtained experimental data are presented in figure 1, 3.
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Figure 1 — Separation efficiency depending on the cross-sectional size of the classifier

Visual observations of the separation process carried out during the experiments showed the
following. When a coarse fraction was unloaded from the classifier, the material from the last inclined
shelf did not flow uniformly over the entire width of the shelf, however it was largely concentrated at its
edges, i.e. at the side walls of the apparatus. And the larger the cross-sectional sizes of the classifier, the
more this phenomenon manifested itself. This indicates that the material in the classifier’s working
volume is distributed unevenly, and as it moves down it may be pushed aside by the air flow to the
apparatus walls. In addition, the pulsating nature of the descent of the material flow from the last shelf was
observed. The material was unloaded into the tank not by a uniform flow, but by pulsating, with sharp
discharge fluctuations. Naturally, with these phenomena, part of the starting material does not have time to
contact with the air, but simply falls down, as a result of which the large product is contaminated with
fines and the separation efficiency decreases.

Thus, it can be seen from the series of experiments that multistage classifiers of small sizes provide a
consistently high separation quality, however their performance, for an apparatus with a cross section of
80x80 mm no more than 100 kg/h, is insignificant, as a result of which they cannot be used for most
production processes. Classifiers with higher performance must have significant sizes, and, therefore, as
the above research has shown, the separation efficiency will be low, which again complicates their
implementation in production.
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To solve this problem, in order to more evenly distribute the material over the cross section of the
apparatus, which should increase the quality of separation, some structural additions were made to the
existing classifier structure (figure 2).

The essence of these structural additions is as follows. After the rotary feeder, the perforated sheet
(item 2, figure 2) with the hole of d, size 2 times larger than the maximum particle size in the material to
be separated was installed in the feeding tube of the classifier, which follows from the condition to prevent
clogging of the holes. Such a structural feature will allow to smooth out the pulsating nature of the
movement of the starting material supplied from the feeder. In addition, in order to more evenly distribute
the material already in the classifier’s working volume and prevent the material accumulation at the
apparatus walls, the inclined shelves located below the feeder were made with longitudinal slides (item 3,
figure 2). These slides prevent the material from moving in the cross direction of the inclined shelves.

To study the efficiency of structural changes introduced into the classifier apparatus, a series of
experiments was carried out to determine the separation efficiency of the polydisperse material into
fractions in the modernized structure, the results of which were compared with the separation efficiency in
the conventional classifier structure. Classifiers with cross-sectional sizes of 200x200 mm were used as
model classifiers, providing a feed capacity of 300 kg/h.

Figure 3 shows the results of experiments to determine the separation efficiency in the modernized
and conventional structures of classifiers in the separation of quartz sand with particle sizes of 0-2 mm
relative to the boundary separation size of d,,=1 mm.

The mutual arrangement of the efficiency curves (figure 3) shows that an increase in the separation
efficiency for the modernized classifier is up to 10% when the optimum, providing the highest quality
separation, air velocity per section of the apparatus is achieved. Similar results were obtained for other
materials (sylvinite, meal, gypsum) for various boundary separation sizes (from 0.5 to 2 mm). In general,
the separation efficiency in the modernized structure of the shelf classifier for various materials was
5-10% higher than in the conventional one.
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1 — feeder; 2 — perforated sheet; 3 — slides of the inclined shelves

Figure 2 — Structural additions made to the classifier apparatus

Thus, these facts confirm the opinion of many researchers that the separation quality in gravitational
classifiers largely depends on the uniform distribution of the starting material over the entire working
volume of the apparatus. Naturally, the larger the classifier, the more difficult it is to ensure uniform flow
of the medium and material, which, as shown by the above experimental data (figure 3), to a decrease in
the separation efficiency. Therefore, at high performance it is more expedient not to increase the size of
the classifier, but to partition several relatively small apparatuses into spacer blocks. This will allow to
achieve the required performance by setting the required number of sections, and the separation efficiency
will be as high as for single classifiers of small sizes.
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Figure 3 — Separation efficiency of classifiers

At the same time, visual observations of the separation process in the modernized classifier structure
showed that although it was possible to achieve a more uniform distribution of the material across the
width of the apparatus, however, there was still a pulsating character of the large fraction descent from the
last shelf, as in the case with the conventional classifier structure. The material from the feeder was
supplied in a uniform flow, due to the installation of the perforated sheet behind the feeder (item 2,
figure 2), and already at the exit from the classifier the material consumption was uneven, pulsating.

To study the causes of this phenomenon, windows were made in the side walls of the apparatus.
During the experimental installation operation, these windows were hermetically sealed with organic glass
plates, which allowed to visually observe the material movement during the classification process.

The observation of the classification process allowed to establish the following mechanism for the
distribution of the material to be separated in the working volume of the classifier, shown in figure 4.
Quartz sand with a particle size of 0-2 mm was used as a model material, the separation was carried out
relative to the boundary size of §.,=1 mm.

When the classifier is working, the starting material, falling down from the inclined shelf, experiences
the effect of an ascending air flow. Small particles, with a size smaller than the boundary, are picked up by
the air flow and carried upward (items 1, 2, figure 4). Large particles, with a size larger than the boundary,
overcome the resistance of the air flow and fall down (items 3-5, figure 4). Boundary-sized particles with
the same probability can be carried up into a small product, and fall down into a large one, depending on
the influence of many unaccounted or random factors (items 2, 3, figure 4).

Therefore, as can be seen from figure 4, there is a kind of “bombing” by large particles of the shelf
attachment area to the classifier wall. Moreover, the velocity vector of large particles is often directed
almost perpendicular to the surface of the next shelf (item 4). As a result of this, as the visual observations
have shown, a large fraction accumulates here, which was further confirmed by analysis of samples from
the material residues in the corners between the shelves and the classifier case taken when the
experimental setup was stopped. Upon reaching a certain amount of the material, this accumulation
abruptly breaks down, which explains the pulsating nature of the movement of a large fraction at the
classifier exit.

(1 —5) — various size particle movement trajectories
Figure 4 — Various size particle movement in the working volume of the classifier
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It would seem that the inclination angle of the shelves is large enough (45°) so that the material slides
down, in fact the friction coefficient of various materials on steel is lower than unity for most materials
(from the condition that the body is at rest on an inclined surface, it follows that the friction coefficient
should be equal to the tangent of the inclination angle of the surface). However, it should be appreciated
that the fact that particles falling into the angle between the shelf and the classifier wall are pressed to
some extent by the ascending air flow and, in addition, are pressed to the shelf by the following layers of
material. All this complicates the movement of the material down, therefore, its accumulation occurs
despite the structural conditions of unhindered sliding down the inclined shelf.

The processing of the experimental data for the group of materials studied allowed to obtain a
dependence for determining the air velocity over the classifier cross section, which provides the most high
quality separation

W=053v_-p* (1)

where v~ — particle staying velocity, m/s; p  — density of the material to be separated, kg/m’.

The dependence (1) is in good agreement with the methods for calculating the air velocity proposed
by other researchers [2, 6], which are based on the choice of gas velocity W in the apparatus within
W, <W<Ww,_, )

xpl
s

where WKP1 — velocity of the required fraction pneumatic transport start, m/s; W velocity, the

kp 2
excess of which leads to a sharp increase in the intensity of the removal of a large fraction into a small
product, m/s.

Conclusions. The obtained experimental data (figure 1) allow to draw some conclusions:

1. It is advisable to use the multistage shelf classifiers with the boundary separation sizes of
0.5-2 mm. With the boundary size of less than 0.5 mm, a steady decrease in the separation efficiency is
observed, and with the boundary size of the order of 0.05-0.1 mm, the classification efficiency decreases
sharply. With the increase in the boundary separation grain of more than 2 mm, the decrease in the
classification efficiency is also observed. The reason for this is that in order to rise sufficiently large
particles into a small product, significant air velocities in the classifier are required (in order to rise into a
small product particles of quartz sand with a size of 2 mm and a density of 2000 kg/m’, the air velocity per
section of the apparatus is 7.8 m/s). At high air velocities, the hydrodynamics of the flow of medium and
material are disturbed, random turbulent pulsations and turbulences occur, which negatively affect the
separation performance. In addition, large particles moving down into a large product can entrain smaller
particles, which also reduces the separation efficiency.

2. With the increase in the size of the classifier’s cross section, ceteris paribus, the separation
efficiency decreases. If a laboratory classifier with the cross section size of 80x80 mm provides
the separation efficiency of up to 90-92%, then for an industrial sample with the cross section size of
300x300 mm, it does not exceed 65%. The reasons for this, according to many researchers [12, 13, 20, 21,
22], is that in multistage classifiers (as, indeed, in any other gravitational apparatuses) with significant
geometric sizes it is very difficult to uniformly distribute the material over the entire volume of the
apparatus and also organize a stable air flow velocity field, avoiding various random pulsations, vortices,
circulations, and other similar phenomena that occur during the movement of gases or liquids.

Thus, the experimental research of the modernized classifier structure showed that the proposed
structural additions (figure 2), ceteris paribus, contribute to a more uniform distribution of the material
over the working volume of the apparatus, which, of course, leads to the increase in the quality of
separation.

The material accumulations falling down from the inclined shelves violate the classifier’s
hydrodynamics, limit the contact of particles with the air flow, as a result of which the quality of
separation in industrial installations is reduced in comparison with laboratory models, where the above
phenomenon manifests itself to a lesser extent.

In order to improve the quality of separation, theoretical research of particle movement in the working
volume of the classifier were carried out, aimed at studying the mechanism of accumulation of material
particles on the inclined shelf and eliminating the causes of this phenomenon.
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KOIl KACKAJTBI TPABUTALIMSLIBIK
KJACCH®UKATOP/IbI DKCIIEPUMEHTAJIIBIK 3EPTTEY

AnHotanus. IlomuaucnepcTi MarepuaniapAblH OKIKTETyl ©HEpPKOCINTIH KONTEreH calajapblHAa KEeHIHEeH
KongaHbuIagsl. KimaccuuKkanusiblk xKaOIbIKTHH YIKEH IIeHOepiHeH Kell KacKaJAThl IPaBUTAIMSIBIK KiIaccH(HKaTOpIap
HEFYPJIBIM TIEPCIEKTUBANBI OOk TaObl1aabl. Ken KackaAThl TpaBUTALMSUIBIK KIACCU(HUKATOPIAPAAFbl XKIKTEY Mpoleci
eTe Kypueni OoJbIll TaObUIAIBI KOHE OepiireH THIMIUIIKTI KaMTaMachl3 eTy YlIiH KaxerTi Toxipubemnik 3eprreyiep
KYprizyai Tanan ereni. Onapabl KypacThIpy XoHE NaiiganaHy OOMBIHIIA HEFYpJIBIM TUIMJI YCBHIHBICTAap alyFa MYMKIHIIK
OepeTiH IIbIHAKBI aKIapaT ajly MaKCaThIHJa SKCIICPUMEHTTIK 3epTTeyliep KelleHi OTKI3UIIl. 3epTTey HOTHKENepl MaFbiH
OJIIEeMl KOIKACKaAThl XKIKTerimrep OeuliHyAiH TYpaKTbl >KOFapbl CallachlH KaMTaMachl3 €TETiHIH KepceTTi, anaina
onappiy eHiMaiiri 80x80 MM kuMack! anmapar yiuid 100 Kr/car apThIK eMec, O0JIMAIIIbI, OCBIHBIH CajllapblHAH KONTEreH
OHMIpICTIK yaepicTep YIUIH onapipl maiifanaHyra OonMaiinbel. ©OHIMAUIN aHAFYpJbIM XKOFaphbl XKIKTEriITEPAIH enayip
Menmiepaepi 6omysl THic. KenkackaaTbl cepenik KikTerimrepai OedyniH miekapanblk enmemi 0,5-2 MM OonraH Kesze
naianany OpbIHIbL. Iiekapa Menmepi 0,5 MM-IeH keM OonFaH ke3ze Oeily THIMIUITIHIH OYDKBITIAK TeMEHeyi
Gaiikanazsl, an wmekri Menmepi 0,05-0,1 MM OonraH Ke3ie XiKTey THIMALIIrL KYpT TeMeHaeini. beninyniH mexapaibik
acTBIFBI 2 MM-JICH apThIK YIFaiiFaH Ke3Jlle XiKTey THIMALIIriHiH TeMeHzaeyi Oalikanansl (1-cyper). d; = 1 MM Oenyniy
HIeKapalblK ejlleMiHe KaTbicThl 0—2 MM Oemmexrepi Oap KBapl KyMblH Oelly Ke3iHIe Kiaaccu(UKaTOpiapabIH
JKAHFBIPTBUIFAH JKOHE KOAIMIT KOHCTPYKUUSUIAPBIHIAFbl 06y THUIMALIITIH aHbIKTay OOWBIHIIA SKCIIEPUMEHTTEP MBIHAHBI
kepceTTi. THIMIiNIK KUCBIFBIHBIH ©3apa OpHAJIacybl XKaHFbIPTHUIFAH JKIKTEYyIIITEp YIIiH 06y THIMILUIIriHIH 6CiMi OHTaNIbL,
HEFYPIIBIM camansl 0ely/li KaMTaMachl3 €TeTiH ammapaTTslH KIMacklHa aya JKbUITaMJIBIFBIHA XKeTKeH ke3ae 10 %-ra meifin
KYpaWTBIHBIH KepceTeli. ¥Kcac HOTIKeNep 0acka MaTepuaiiap YLIiH aablHIbl (CHIBBUHUT, ipi TapThUIFAH YH, TUIIC) dp
Typ:ni mektik 6eny mesnmepi kesinae (0,5-ten 2 Mm-re neitin). TyracTail anrania, op TYpJi Marepuangap YIUIiH Copelik
JKIKTETIITIH JKaHFBIPTHUIFAaH KOHCTPYKIMACHIHA 06y TUIMJILIIT ofieTTeri MaTepuaniapra Kaparanaa 5-10 % — ra xorapsl
6omnapl. JKiKTeyilTiH KaHFBIPTHUIFAH KOHCTPYKLHUSICHIHBIH JKCIIEPHUMEHTTIK 3€pTTEYyJiepl YCBHIHBUIFAH KOHCTPYKTHBTIK
TOJBIKTBIPYJIAp e3re J& TEH JKarjaaiaapia anmnapaTThlH KyMbIC KejleMi OoiblHIIA MaTepuanabl Oipkenki Oelyre bIKma
€TeTIHIH KepceTTi, OyJ1, opuHe, O6JIiHY CanachlHbIH apTybIHA AJIbIN KeeIi.

Tyiiin ce3mep: sKcIEepUMEHTANbl 3€pTTEyJIep, IPaBUTALMSIBIK Kl1acCU(UKATOP, KOIKACKAATHI, 06y TUiMJILIIri,
MIeKapanbIK eNmeMaep, KuMa, TeCiKTep.

A. Jlepaanckuii', JI. Unpkyn', B. Toay6es?, 1. Capcendexy.anl’, 1. Kymaayiaes?

'Benopycckuii rocyjapcTBeHHbIi TEXHOMOrMUECKUi yHUBEpCUTET, MuHCK, benapych;
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IKCHHEPUMEHTAJIBHBIE UCCJIEJJOBAHUS
MHOI'OKACKAJTHOI'O ITPABUTAIIMOHHOI'O KIIACCUD®UKATOPA

AnHotamus. Kiaccupukanuss NONMHANCIEPCHBIX MaTEPHANOB IIMPOKO HCIONB3yeTCss BO MHOTHX OTpPaciisix
MPOMBIIIIEHHOCTH. M3 OosbiIoro kpyra KiacCH(pHUKAIMOHHOTO 00OpYIOBaHHs K HauboJjiee MEepCIEeKTUBHBIM OTHOCSTCS
MHOTOKaCKaJHble TpaBUTAIlMOHHBIE KiaccudukaTophl. [Ipornecc kinaccmpUKanuy B MHOTOKACKAIHBIX TPaBUTAILIMOHHBIX
KIaccu(uKaTopax sBISETCS JOCTaTOYHO CIOXKHBIM U TpeOyeT IpOBeACHMS HEOOXOAUMBIX OKCIIEPUMEHTAIbHBIX
WCCIIeOBaHUi, 4TOOBl obecreunTh 3agaHHylo 3¢dektuBHOCTh. C LENBI0 IMOTYyYeHHs NOCTOBEPHOH WH(pOpMaluH,
MO3BOJISIIONIEH MOMY4YUTh Haubosiee >PPEKTUBHbIE PEKOMEHIAIMU 10 HUX KOHCTPYHPOBAHMIO M HCIIOIb30BAHUIO OBLI
IPOBEAEH KOMILIEKC 3KCIEPHMEHTAlbHBIX UCCIEJOBaHUN. Pe3ynbTaTel MccilefoBaHUM IOKa3aad, YTO MHOIOKACKaJHbIE
KJ1acCU(UKATOPbl HEOONBIINX Pa3MEPOB OO0ECHEUMBAIOT CTAOMIILHO BBICOKOE KauyeCTBO pa3/ICiCHUs, OJHAKO HX
MPOU3BOIUTENFHOCTE JUIsl ammapara cedeHneM 80x80 MM He Oonee 100 Kr/4 He3HAUMTENbHA, BCIEICTBUE YEro UL
OOJIBIIMHCTBA NMPOM3BOACTBEHHBIX IIPOLIECCOB OHM HE MOTYT OBITh HCIIONB30BaHBEL Kiaccudukartopsl ¢ Gomee BBICOKOH
[POU3BOJUTENILHOCTBIO JIODKHBI HMMETh 3HAUMTENbHbIE pa3Mepbl. MHOrokackaJHble IOJOYHBIE KIACCU(DUKATOPHI
1es1eco00pa3HO UCIIONIb30BATh NP TPAHUYHBIX pasMepax pasaencHus 0,5 —2 mwm. [Ipu rpanudnom paszmepe menee 0,5 MM
HaOJIIOaeTCsl HEYKIOHHOE CHIDKEHHE 3(G(EKTUBHOCTH pas3leleHus, a MpU rpaHUYHOM pasmepe nopsaxa 0,05 —0,1 MM
3G PEeKTUBHOCTh KiacCH(UKAIMKM pe3Ko majaer. [Ipu yBeNMUYCHHH T'PAaHMYHOTO 3€pHA paslesieHust Oojiee 2 MM TaKxke
HaOonaercs (pUCyHoK 1) cHixeHHe 3()(HEKTUBHOCTU KiIaCCU(PUKALMU. DKCIEPUMEHTBI 110 ONpeAenIeHHI0 3G HeKTUBHOCTH
paszeneHusl B MOJCPHU3UPOBAHHON M OOBIYHON KOHCTPYKIMAX KIacCH(UKATOPOB IPH Pa3/ielICHHH KBapIEBOIO IECKa C
pa3mepamu yactul] 0 — 2 MM OTHOCHTEIILHO TPAaHUYHOTO pa3Mepa pasziesieHus o, = | MM MoKa3anu ciefnyloiee. Bzanmuoe
pacroyio)keHue  KpuBbIX  3(P(EKTHBHOCTH  IMOKa3bIBAaeT, 4YTO NPUPOCT AOGEKTUBHOCTH  pa3leNiCHUS  JUIs
MOJIEPHU3UPOBAHHOrO Kiaccupukaropa cocraBiaser A0 10 % mnpu JoCTHKEHMM ONTUMAbHOM, obecreduBarolei
Hanbosiee KayeCTBEHHOE paslelicHHe, CKOPOCTHM BO3AyXa Ha CEYeHHE ammaparta. AHAIOTHYHBIE Pe3ylIbTaThl ObLIH
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HOJIy4YeHbI ISl IPYTHX MaTepuaioB (CHIBBMHUT, MyKa Ipy0Oro 1omoja, TMIC) NPH Pa3inYHbIX IPaHUYHBIX pa3Mepax
paznenenus (ot 0,5 mo 2 mM). B nenom, 3¢ dekTuBHOCTS pa3fencHuss B MOJEPHU3UPOBAHHOM KOHCTPYKIMU MOJOYHOTO
KnaccuukaTropa OIS PasIMYHBIX MaTepranoB Obuta Ha 5—10 % Bbimle, WeM B OOBIYHON. OKCIICpHMEHTANBHBIC
HCCJICIOBAaHUS MOJICPHU3MPOBAHHON KOHCTPYKIMH KIACCH(HUKATOpPa IOKA3AIM, YTO INPEAIOKCHHBIE KOHCTPYKTHBHBIC
JIOTIONHEHUSI TIPU IPOYMX PABHBIX YCIOBHSX CIIOCOOCTBYIOT Oojiee PaBHOMEPHOMY pACIPEICNCHHIO MaTepHaia 1o
pabouemy oOBbeMy ammapara, 4To, eCTECTBEHHO, IIPUBOAUT K ITOBBIIICHUIO KAYeCTBA PA3ACICHUSL.

KiioueBble cJI0Ba: DKCIEPUMEHTAIbHBIE HCCIIEIOBAHMUS, TPABUTALMOHHBIA KiIacCH(pUKATOpP, MHOTrOKacKaJHBIH,
3¢ (heKTHBHOCTE pa3jeieHus], T PaHUYHbIC Pa3MepBl, CEYCHHE, OTBEPCTHSL.
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COMPARATIVE ANALYSIS OF THE NICOTINE EXTRACTION
PROCESS FROM NICOTIANA TABACUM L. IN SUPERCRITICAL
CONDITIONS UNDER VARIOUS EXTRACTANT FLOWS

Abstract. In this paper, we present a comparative analysis of various methods and conditions for extraction
from the plant Nicotiana tabacum L., harvested in the Almaty region of the Republic of Kazakhstan in 2019.
Extraction was carried out at various temperatures at during the extraction process while maintaining pressure in the
system 120 bar and a flow of 100 ml/min and 4000 ml/min with the subsequent development of the technology for
producing nicotinic acid by oxidation in an aqueous medium.

The supercritical extraction method was carried out on a CO; extraction unit under the following conditions: the
temperature range in the reactor 40-80 °C, the pressure 120 bar, a gas flow of 100 ml / min. Extraction was also
carried out on the installation which was developed jointly with LLC «Superhydrophobic Coatings» (Nizhny Tagil,
Russia) at similar temperatures and pressure but with a 40-fold increase in flow (4000 ml/min).

The obtained extracts were studied on a gas chromatograph with a mass selective detector Agilent Technologies
7890N / 5973N GC / MS. Data processing included determining retention times, peak areas and processing of
spectral information obtained by using a mass spectrometric detector. The libraries Wiley 7th edition and NIST*02
were used for evaluation of mass spectra.

As a result, an almost two-fold increase in the efficiency of the extraction process was achieved while
maintaining the previous parameters.

In addition, the maximum selectivity of the process is achieved at 120 bar and a temperature 70 °C. The nicotine
content in the final extract increased significantly with reducing the quantitative and qualitative content of impurities
which are represented in most higher hydrocarbons and alcohols, which do not have special biological activity and,
as a consequence, do not affect the quality of the final product.

Our comparative analysis with previously published data shows that a temperature change significantly
increases the selectivity of the extraction process, while the highest nicotine content was noted in the extract obtained
at 70 °C. Also under these conditions the smallest impurity content was noted. In addition, only 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol (11.31%) and Tetratetracontane (4.70%) were identified in the extract with nicotine.

Natural nicotine is in demand in the production of alternative methods of tobacco consumption, such as e-
cigarette. Nicotine can also be potentially used in medicine as an anesthetic and in the treatment of Alzheimer's
disease. In addition, nicotine is used as an insecticide to protect plants. For these purposes, nicotine was used in the
form of a pure substance, its sulfate, tobacco dust, and the pure substance was the most active.

Keywords: Nicotiana tabacum L, SFE extraction, nicotine, high flows.

Introduction. Extraction is the main technological process that allows extracting biologically active
substances from plant materials

Classical extraction of plant materials is a process of extraction plant raw material with a solvent
(extractant).




News of the Academy of sciences of the Republic of Kazakhstan

Moreover, the solvent used often cannot be completely removed from the obtained extract, in
addition, the feedstock undergoes a number of changes due to the use of chemical solvents, which casts
doubt on the “nativeness” of such extracts. In addition, solvents are not able to provide extraction of a full
range of biologically active substances [1].

The prevailing actual environmental and social conditions in the world urgently require new
approaches to the extraction of biological components.

The use of a number of extractants with a toxic or mutagenic effect in the pharmaceutical industry is
prohibited. One of the solutions to this problem is the use of supercritical carbon dioxide as an extractant.
And the technology itself is called supercritical fluid carbon dioxide extraction of plant raw material [2].

Most organic solvents are highly toxic compounds and exhibit an accumulation effect which requires
the introduction of additional purification stages for the drug substance and additional quality control
methods for such preparations. These measures lead to the inevitable rise in price of the final product. In
addition, a significant portion of organic solvents are one way or another petrochemical products and their
price will inevitably increase in the future [4].

In this regard, in recent decades, new methods for the extraction of biologically active substances
complexes from plant materials have been actively studied and developed.

Superecritical extraction methods have several effective advantages.

Superecritical fluids have been investigated since the last century and at first the greatest commercial
interest was the use of supercritical toluene in the processes of shale oil processing in the 1970s.
Supercritical water is also being investigated as a means of destroying toxic waste and as an exotic
synthesis medium [5].

Supercritical carbon dioxide, the critical temperature 31 °C. and a pressure of 71 bar has great interest
in the field of chemistry of natural compounds. Biological materials can be processed at 35 © C which
contributes to their preservation from thermal degradation. The density of supercritical CO2 at a pressure
of about 200 bar is close in efficiency to hexane and the solvation characteristics during extraction are also
similar to hexane [6].

The main advantages of supercritical carbon dioxide are:

- universal dissolving ability of organic compounds. It does not cause concern physiologically
because is the final product of the metabolism of a number of living organisms, including humans;

- carbon dioxide is chemically inert and does not with with recoverable substances;

- CO; is relatively safe for the environment which suggests the possibility of creating an
environmentally friendly type of production;

- carbon dioxide is one of the most accessible and widely used gases in the food industry.

A large number of industrial products are obtained using supercritical technologies (decaffeinated
coffee, cholesterol-free oil, lean meat, rose oil, etc.).

The solvation characteristics of supercritical CO, can be modified by the addition of a co-solvent such
as ethanol which can significantly increase the extraction efficiency. However, the solvent residue in the
product somewhat eliminates the main advantage of the process which consists in the complete absence of
impurities in the final extract [7, 8].

In connection with the foregoing, the development of the scientific foundations and the development
of extraction processes and techniques that will allow the operation of extraction plants using carbon
dioxide in the liquefied and compressed state to be switched on to a high-performance and energy-saving
mode are necessary, while it is necessary to reduce the pressure level in the apparatuses, create conditions
of steady and safe work.

The improvement of the technique and technology for the extraction of plant materials with carbon
dioxide is possible on the basis of deepening research on both the extraction process itself and the
operation of the entire complex of apparatuses of the extraction plant.

In earlier articles, we determined the optimal pressure for the process of extraction of nicotine from
the plant Nicotiana tabacum L. [9-17].

In this article we show transfer factor and its effect on the efficiency of the extraction process in more
detail the mass.

Materials and methods. Plant raw material (Nicotiana tabacum L.) for the extraction was harvested
in the Almaty region in 2019. The tobacco was dried and crushed in a cutting mill to an average particle
size 3 mm for increasing the specific area and the efficiency of the extraction process accordingly.
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Prepared plant raw material was divided into 6 samples weighing 500 g to determine the
completeness of extraction based on the loss in mass [18-20].

Then, samples numbered 1-3 were extracted on a extraction unit Thar SFE-1000 under the following
conditions: temperature 40—70 ° C; CO; pressure 120 bar; a gas flow of 100 ml/min.

Samples 4-6 were extracted with the installation developed jointly with LLC “Superhydrophobic
Coatings” (Nizhny Tagil, Russia) under the Target Financing Program BR05236420 “Angry Technologies
Based on Supercritical Media” at similar temperatures (40-80°C) and a CO, pressure 120 bar but with a
flow of carbon dioxide of 4000 ml/ min) [21-22].

The obtained extracts were studied by gas chromatography with a mass selective detector. The
analysis was performed on a gas chromatograph with a mass spectrometric detector 6890N/5973C
(Agilent, USA) equipped with a autosampler Combi-PAL (CTC Analytics, Switzerland). 1.00 pl of the
sample was injected into the gas chromatograph injector using an autosampler at an injector temperature
250 °C for GC-MS analysis. Chromatography was performed using an HP-5ms capillary column (Agilent,
USA): a length 30 m, an inner diameter 0.25 mm, a film thickness 0.25 pm at a constant carrier gas
velocity 1.0 ml/min (helium> 99.995%, Orenburg-Tekhgaz, Russia). The program for heating the
chromatographic column: holding 5 min at 40 ° C, heating at a speed 10 °C / min to 280 ° C, holding for 5
min. The total chromatographic time was 34 minutes. The temperatures of the quadrupole and the detector
ion source were 150 and 230 °C, respectively.

Mass spectrometric detection was carried out in the ion scanning mode in the m/z range 40 to 550
with a solvent delay of 5 min. The peaks found in the chromatograms were identified using the NIST 11
and Wiley 10 mass spectral libraries [23-25].

Results and discussion. We found that increasing the flow almost 2 times increases the efficiency of
the extraction process, in addition, the duration of the process is significantly reduced from 2 hours to 15
minutes, with a relatively small increase in energy consumption.

The results are presented in table 1.

Table 1 — Results of the effectiveness of the process
of extraction of nicotine from the plant Nicotiana tabacum L.

Ne Flow T, °C Duration extraction, min Mass, g Loss in mass relative P, bar
ml/min to plant raw material, %

1 100 40 120 500 0,43 120
2 100 50 120 500 0,5 120
3 100 70 120 500 1,05 120
4 4000 40 15 500 1,54 120
5 4000 50 15 500 1,8 120
6 4000 70 15 500 2,1 120

It is possible to achieve an extremely high yield of nicotine, which is 46.40% at a flow of 100 ml/ min
and 83.9% at a flow of 4000 ml/min, and this is a very high rate for alkaloids under the conditions of
supercritical fluid CO, extraction at a pressure 120 bar and the temperature 70 °C. At lower temperatures,
and specifically 40 °C, the yield is 18.2% with a smaller and 68.2% with a larger flow, and at 50 °C 25.9%
with a lower and 71.1%, respectively.

The data on the nicotine content in the extracts are presented in figure 1.

The indicated changes in the composition are explained by the fact that during supercritical processes,
pressure and temperature are crucial not only for the completeness of extraction but also for the properties
of the extractant [26—35].

Comparative analysis of the chemical composition with previously published data shows that a
change in temperature significantly increases the selectivity of the extraction process while the highest
nicotine content was observed in the extract obtained at 70 °C and under these conditions the smallest
quantity of impurities was noted, in addition, 3,7,11,15-Tetramethyl-2-hexadecen-1-o0l (11.31%) and
Tetratetracontane (4.70%) were identified.
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Figure 1 — Nicotine content in supercritical extracts obtained from spreading Nicotiana tabacum L. at different flows

Conclusion. As a result, an almost two-fold increase in the efficiency of the extraction process was
achieved with maintaining the previous parameters.

That can significantly improve the environmental friendliness and energy efficiency of the extraction
process.

In addition, the maximum selectivity of the process was achieved at 120 bar and a temperature 70 °C.
The nicotine content in the final extract increased significantly with reducing the quantitative and
qualitative content of impurities. These impurities are represented in most higher hydrocarbons and
alcohols which do not have special biological activity and, as a result, do not affect the quality of the final
product.

E.C. Uxcanos, H.T. Angacosa, A.C. llleBuenxo, M.K. Haypri3oaes

On-dapabdu areinaarel Ka3ak YITTBIK YHUBEPCUTETI
OU3MKaNBIK-XUMUSIIBIK 3ePTTEYJIEP JKOHE TaJay SJiCTepi OPTaIbIFbI
Anmarsl, Kazakcran

3KCTPATEHTTIH TYPJI AFBIMJIAPBI KE3IHJIE ACA ChIHM KA JAMJIAPJIA
NICOTIANA TABACUM L 6CIMAITTHEH HUKOTUH/I DKCTPAKIIUAJIAY NPOLECIH
CAJIBICTBIPMAJIBI TAJIIAY

Annoranus. byn makamama 6i3 2019 xeuter Kazakcran PecryOnmkacsHBIH AnMaThl OOJBICHIHAA JKAHAIFAH
Nicotiana tabacum L. eciMairiHeH aiy/blH SpPTYPIi SAICTEpl MEH MIAPTTAPbIHA CAJBICTHIPMAJbl TAlAAy YChIHAMBI3.
OKcTpakiys Ke3iHAe op TYpil Temmeparypaja jKyhene KbIChbIMIbl ycram Typy kedinme 100 Oap / MuH ixoHe
4000 mn/mMuH. Cynibl OpTafa TOTBHIFY apKbUIbI HUKOTHH KBIIIKBUIBIH aTy TEXHOJIOTHSACHIH OZIaH op1 JaMbITa OTBIPBIIL.

OkceTpakiuoHapl dKeTpakuus onici CO, amy KOHIBIPFBICBIHIA Kelleci yKaraaiiapa >KYpri3iii: peakTopaarbl
temreparypa auanazonsl - 40-80°C, CO2 kpickiMbl - 120 Oap, ra3 mbiFsiHbl 100 Mi / muH. Superhydrophobic
Coatings LLC-men (Hwxkuuit Tarun, Peceit) Oipnecken KoHABIpFBIAA YKcac Temmnepatypana (40-80°C) sxone CO;
KbICBIMBI - 120 6ap, Oipak arsiHHBIH 40 ece yiratobiveH (4000 mut / MuH).

Anpiaran ceirbiHAbUIap Agilent Technologies 7890N / 5973N GC / MS maccanblK ipikTey AeTeKTOpBIMEH
ra3ziel Xpomarorpadra 3eprrenii. MamiMeTTepl eHIeyAiH KypaMblHa YCTall Typy Mep3iMIepiH, MIbIH ayAaHAapbiH
JKOHE Macc-CIEeKTPOMETPHSUIBIK IETEKTOPABIH KOMETIMEH alblHFAH CHEKTPIIK aKMapaTThl eHAey Kipemi. AJBIHFaH
Macc-cekTpiepaiH mudpseH anry yiria Wiley 7 6acsurbivel meH NIST'02 kiTarmxaHanapsl maigaaaHbUIIBL.

Hormxkecinnme, anabHFB TapaMeTPIIEpi CaKTail OTBHIPHIN, OHAIPY MPOIECIHIH THIMILTIT €Ki ecere apTTHI.

ConbimMen kartap, 120 Gapma xoHe 70 °C Temneparypaja MpOLECTIH MaKCHMaJIbl CEJNEKTUBTUIINIHE KOJ
xetkizizeni. COHFbI CBHIFBIHIbIAa HUKOTHHHIH MOJIIepi alTapibIKTail Korapbuiaibl, OYJ KOMIpCYTeKTep MeH
CHMPTTEPAIH KOIIIUIriHAe Ke3Zece/li, ojlap apHaibl OWOJIOTHSUIIBIK OEJNCEHJUIIKKE He €MEeC JXOHE HOTHXKECiHIe
OHIMHIH CarachlHa dCep CTHCH/I.

bypblH >KapuslaHFaH MOJIIMETTEPMEH CAJBICTBHIPMAIIbl Taljgay KOPCETKEHJEW, TeMIlepaTypaHblH e3repyi
9KCTPaKIMs NPOLECIHIH CENEKTUBTLIIMH e19yip apTThIpaasl, an 70 HUKeJIbCH aJIbIHFaH CHIFBIH/IbIIa HUKOTHHHIH €H
JKOFapbl MeJepi GalKaiabl, COHBIMEH KaTap Oyl jkaraaiija HUKOTUHHEH 0acKa SKCTPAaKLHUsIA TeK 3 aHBIKTAIIBL
7,11,15-tetpamernn-2-oH anrasun-1-oi (11,31%) xxoHe TeTpa-TeTpakoHTaH (4,70%).
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TaOury MKKI3aTTaH ajJbIHFAH HUKOTWH TEMEKiHI TYTBIHYIBIH Oanama diCTepiH, MbICANbI, 3JEKTPOH/IbI TEMEKI
OHIMJIEPIH OHAIPY/AE CYpaHbICKA M€, HUKOTUH COHBIMEH KaTap MEIMILMHAJa aHeCTe3Ms PETIHIe XoHe AJblreimep
aypybIH eMmJeyle Kojjanyra Oonanasl. COHBIMEH KaTtap, HUKOTHH MHCEKTHIIUI PETIHAE OCIMIIKTEp/i KOpray YIIiH
KoJIIaHbUIazbl. Bysl MakcaTTap/a HUKOTHH Ta3a 3aT TYPIHIE KOJAAHBUIIbI, OHBIH CyJb(aThl, TEMEKI IIAHBI, a1 Ta3a
3ar eH OenceH i 0obl.

Tyiiin ce3nep:. Nicotiana tabacum L, CK®-3kcTpakius, HUIKOTHH, KOFapbl aFbIHIAP.

E.C. UxcanoB, H.T. Augacosa, A.C. llleBuenko, M.K. Haypri36aeB

Kazaxckuit HanoHATBHBIN YHUBEPCUTET UMEHH alib-Dapadu
LenTp HU3NKO-XUMUYECKUX METOIO0B MCCIICIOBAHMS U aHAIN3a
Pecny6mnmka Kazaxcran, AnMaTs

CPABHUTEJIbHBII AHAJIN3 ITPOLIECCA YKCTPAKIIUA HUKOTUHA
N3 PACTEHUSA NICOTIANA TABACUM L B CBEPXKPUTUYECKHUX YCJIOBUAX
ITPU PA3JIMYHBIX IOTOKAX SKCTPAT'EHTA

AnHOTanusi. B 1aHHOI cTaTbe HaMM TIpeICTaBJICH CPaBHUTEIBHBIA aHAM3 Pa3JIMYHBIX METONOB M YCIOBHH
SKCTPaKIWHU U3 pacTeHus Nicotiana tabacum L., 3aroTOBICHHOTO B ATMaTHHCKOU oOnmactu PecryOmmkn Kazaxcran
B 2019 roxy. Ilpu pasnuyHBIX TeMIepaTypax IPOBEACHHUS IpoIecca SKCTPAKIUN C COXPAaHCHWEM [aBJICHUSA B
cucreme 1206ap u moroka 100 miu/mue n 4000 MiI/MHH, ¢ TOCHenyOUmIeH OTPAOOTKOW TEXHOJOTHH ITONYICHUS
HUKOTHMHOBOM KHCJIOTHI IIyTEM OKUCIIEHMS B BOJHOM cpezie.

Metoll CBEpXKPUTHYECKOW SKCTpakiuu Obul mpoBenéH Ha ycTaHoBKe CO,-3KCTpaKUUU MPU CIEAYIOIINX
YCIIOBHSIX: TeMIIepaTypHbeId auama3oH B peakrtope — 40-80°C, maBnenme CO; — 120 Gap, mpu motoke raza 100
mi/muH. 1 Ha ycTaHoBKe, paspaboranHoi coBmecTHO ¢ OO0 “Cynepruapodobnsie mokpeitus” (Hwkuuii Tarm,
Poccust), npu ananornysbsix temmeparypax (40-80°C) u naienuss CO; — 120 Oap, HO ¢ yBenudeHHbIM B 40 pa3
notokoMm (4000 mi1/MuH).

[Nomy4eHHbBIE HKCTPAKTHI UCCIIEIOBAIN METOIOM T'a30BOI XxpoMaTorpaduu Ha ra3oBoM Xxpomarorpade ¢ macc-
cenekTuBHBIM JeTekTopoM Agilent Technologies 7890N/5973N GC/MS. O06paboTka JaHHBIX BKIIOYana B ceOs
OlpeJieJIeHne BpEMEH YAEpXKMBaHMS, IUIOLIaJed IMKOB, a Takke 00pabdOTKy, CIEKTpaJIbHOH HH(pOpMAaIHH,
MOJYYEHHOH € MOMOIIBI0 MacC-CIEKTPOMETPHIECKOTO IeTekTopa. s pacimm@poBKY MOTYISHHBIX MAacC-CIIEKTPOB
ucnoxp3oBanu onbmmorexn Wiley 7th edition u NIST’02.

B pesynpTare HJOCTHTHYTO MPaKTHYECKH ABYKPATHOE MOBBIIMICHHE d((EKTUBHOCTH IpOIecca IKCTPAKIHHA MPH
COXpaHEHHUH MPEKHUX IMapaMeTpPOB.

Kpome Toro, mpu 120 G6ap u temmeparype 70 °C mocturaercs MakCHMajbHas CEIEKTHBHOCTH IpoIiecca.
CopmepkaHne HHKOTHHA B KOHEYHOM JKCTPaKTe 3HAYUTEIHHO BO3POCIO, OJHOBPEMEHHO C YMCEHBIICHHE
KOJIMYCCTBCHHOI'O M KAa4Y€CTBEHHOI'O COACPIKaAHUA an/lMecef/i, KOTOPbLIC NPECACTAaBJICHBI B 6OJ'II)IJJI/IHCTB6 BbICHINMH
YIJICBOJOPOJAAMUA M CIHUPTAMH, HE HMEIOIIMMHU OCO00H OHOJIOrMYecKOH aKTHBHOCTH M, KaK CICIACTBUE, HE
BJIMSIIOIIMMH Ha Ka4€CTBO KOHEYHOT'O IPOJIYKTa.

[IpoBenéHHBII HaMHM CpaBHUTEJBHBI aHalM3 C paHee OINyOJIMKOBAaHHBIMU JAHHBIMU IIOKa3bIBAeT, YTO
M3MEHEHHE TEMIIEPaTypbl 3HAYMTEJIFHO IMOBBIIIAET CEJIEKTHMBHOCTH IpOIecca IKCTPAKLUM, NPH 3TOM HauOoJblIee
collepKaHWe HUKOTHHA OTMEYEHO B IKCTpakTe, momydeHHoM mpu 70 °C, Taxke NMpH AaHHBIX YCIOBHSIX OTMEUCHO
HaMMEHBIIIEEe COJACp)KaHWE MpUMeced, B AKCTpaKTe MOMHMO HHKOTHHA HICHTHU(UIHPOBAHBI TONbko 3,7,11,15-
TeTpameTi-2-rexcanenes-1-om (11,31%) u rerparerpakonras (4,70%).

HukoTnH, monMy4eHHBI M3 HATypalbHOTO CHIPBSl, BOCTPEOOBAaH B NMPOW3BOJACTBE AIBTEPHATHBHBIX CIIOCOOOB
notpediaeHus Tabaka, TaKUX Kak e-cigarette, TAK)Ke HUKOTHUH MOTEHIMAIBHO MOXET ObITh MCIOJIB30BaH B MEAMIMHE
B KayecTBE aHECTETHKa W B Tepanmuu Oome3HH Admbrreiimepa. Kpome TOro, HUKOTHH NPHUMEHSETCS B KadecTBE
HHCCEKTHUIMAa AJId 3allUuThl paCTeHMﬁ. I[J'lﬂ 3TUX ueﬂeﬁ HCIIOJI30BaJIM HUKOTHUH B BHJC YHUCTOIO BCIICCTBA, €TI0
cynbdat, TabauHyO MbLUTb, MPUYEM HAHOOJIBIICH AKTUBHOCTBIO 00J1a/1aJI0 YHCTOE BEIIECTRO.

Kiarwuesnie cioBa: Nicotiana tabacum L, CK®-3kcTpakifysi, HHKOTHH, BEICOKHE MTOTOKH.
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JUSTIFYING THE OPTIMALITY OF ESTABLISHED REGIMES
FOR SWISS CHEESE DOUBLE- SIDED PRESSING

Abstract. The article discusses conditions when, under the established regime of double-sided pressing, which
results in a more equally dimensioned distribution of moisture in Swiss cheese, the prerequisites for microbiological
processes flowing are improved, as evidenced by the results of biochemical investigations. A new constructive
solution is also proposed for double-sided cheese pressing molds with the possibility of fully automating the
processes of molding and pressing, using mechanisms of step pressing of the cheese mass with a reduction in the
number of pneumatic cylinders, with the automatic controlling valve of cheese grain filling and cheese removal by a
telescopic pneumatic cylinder.

Keywords. Anisotropy, soluble and non-protein nitrogen, valve, ruler, tooth, shell, telescopic, perforated,
corrugated, clamps.

Introduction. One of the most important problems of the dairy industry is to increase the efficiency
of production and the quality of products, by using perfect high-productivity equipment and technology. In
cheese making, the least perfect and rather labor - intensive technological processes are molding,
wrapping the cheese mass in tissues, pressing and removing cheese from the mold. At the same time, the
processes of cheese mass molding and pressing are the most important in cheese making, since they
provide the cheese type features and the necessary quality of cheese. The imperfection of these
technological processes leads to unequally dimensioned distribution of moisture and hardness in the
cheese mass, and consequently to unequally dimensioned distribution and development of microflora, as
well as the non-intensive flow of biochemical processes in the cheese mass, as a result of which the
quality of the cheese reduces. The sources of flavoring and aromatic substances of cheese are all
macronutrients: fats, proteins, carbohydrates. The hydrolysis of these macronutrients is carried out by
microorganisms, which means that without microorganisms it is impossible to produce cheese [1], [2], [3].
Thus, it is extremely necessary to create conditions (moisture, temperature and PH) in order to produce
cheese of the required quality. It is more important to distribute moisture in the cheese mass, which
depends on the wrapping of the tissue, the repressing, the optimal regimes (pressure and duration), the
pressing method and non- combining of technological processes (assembly of molds, filling of cheese,
cheese shaping, pressing and removal of cheese from the mold), which lead to increased anisotropy of the
cheese mass. In this area, a technological analysis of the review literature has been carried out to
determine the influence of each of these technological processes, anisotropy change (unequally
dimensioned distribution of moisture) in the cheese mass. Technological analysis shows that abroad, as
well in CIS, two methods of cheese making have been used: self-pressing and single-sided pressing of
cheese mass.

In case of self-pressing, the upper layers of the cheese mass press the lower ones. During single-sided
pressing from top to bottom, in the direction of the being pressed side, the pressure, of course, drops. In
both methods, repressing of the cheese mass is required for the equation of moisture distribution and
density in the upper and lower layers of cheese mass. If the pressure on the cheese mass in the
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technological regime is higher than the norm, then draining of tissue is more than pressing which leads to
quick drying and hence to the closing of the capillaries holes and finally to the settling of whey in the
capillaries. In addition, pressed cheese pieces can be cut off from pressed cheese during the removal from
the mold. Unwanted microorganisms can enter these places, which later degrade the quality of the cheese.
If the pressure is less, then the cheese is non-pressed up, i.e. again leads to settling of whey in the
capillaries. These operations increase the cheese cost, reduce the productivity, interfere with the
implementation of linear production, make difficult the integrated mechanization and automation of
cheese making production [4].

Theory of anisotropy formation. When cheese grains are displaced by suppressing of the pressing
force, capillaries are formed in the inter-granular space, through which whey leaks in different directions
to the surface of the cheese mass. Wherein, the repressing and the tissue result in the correspondence of
the holes of cheese press cloth with the pressing, as a result of which, the sizes of the pressed cheese are
increased and the holes are quickly dried and closed, leading to the settling of the whey in the capillaries.
Whey can exit through other capillaries if the pressure is higher than in neighboring capillaries, but the
pressing duration is prolonged. And, if the whey remains in the capillaries, the humidity will be greater
than in those capillaries which holes have not been closed. As a result, anisotropy, which is so undesirable
in cheese making, is increased. In addition, with single-sided pressing, the pressure from the side being
pressed towards the lower layers decreases, hence the density in the upper and lower canvas is not the
same, for which they are exposed to repressing [4].

The above-mentioned factors negatively affect the intensity of the biochemical and microbiological
processes. In this regard, the most important problem of cheese making production is the development and
widespread industrial implementation of new progressive technologies and technical means, that is the
non-tissue pressing of cheese.

Thus, the above-mentioned technological processes increase the anisotropy of the cheese mass,
reducing the quality of the cheese.

Technical analysis. In the last decade, many processes of natural cheese making production are
mechanized and automated. Several semi-industrial and industrial methods of continuous cheese mass
making, its molding and pressing and various periodical and continuous operating apparatus are used.
Molding - dosing devices, presses (lever, screw and pneumatic, horizontal, tunnel) are used to make high-
quality cheese mass. Until now, ways, constructions of molds and devices, which are applied in cheese-
making production, are mainly used for single-sided pressing of cheese. Among them, tunnel presses
occupy a special place, in which two types of devices are used as power elements that develop the
pressing force: [5], [6].

1. Pneumatic cylinders - a separate pneumatic cylinder presses on each cheese block. Wherein, the
difference in height of each of the cheese block is not important, presses with pneumatic cylinders have a
large working space height, which simplify loading. In addition, their construction provides parallelism of
the upper and lower planes at any loading and any way of molding. This positive property makes such
presses attractive to many cheese manufacturers. This press construction is very expensive and material-
intensive, but it is considered the best and is used in the production of large mass cheese.

2. Flexible inflatable force elements. The disadvantage of such elements is the small size of the
working stroke (with large differences in the height of the cheese blocks, the quality of the cheese can
deteriorate), advantage - in high specific pressure, provided by the specificity of the press construction
using of flexible power elements. At the same time, the main way to create a pressuring is the energy of
compressed air and in most often a separate pneumatic cylinder presses on each cheese block in them.
Wherein, the consolidation of the cheese mass in the direction from the pressed side to down anyway
drops, and in order to get the same density of the upper and lower sides, the cheese is repressed. This is a
very labor-intensive process, leading to unequally dimensioned distribution of moisture and hardness in
the cheese mass, therefore, to unequally dimensioned distribution and development of microflora and to
non-intensive flow of biochemical processes in the cheese mass, as a result of which the quality of the
cheese decreases. Therefore, the current way of single-sided pressing of cheese with repressing and using
tissues leads to anisotropy of cheese [5], [6].
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Highly automated presses manufactured by the Press Pallet company are distinguished from existing
types of tunnel presses. Press pallets are combined into blocks, having a common compressed air supply
system, as well as a system of lifting and transporting devices for loading and unloading presses (press
section equipped with Shalon Megar press pallets [7]).

Analysis of existing pressing systems allows us to conclude that they are constantly being improved,
but the main way to create pressure is to use the energy of compressed air. Improvements relate to the
automation of loading and unloading systems but not the constructions of molds, pressing molds and
equipment [5], [6].

Thus, to produce high-quality cheese, it is necessary to get a cheese mass with a more equally
dimensioned distribution of moisture and hardness during pressing. Consequently, the improvement and
development of high-productive continuously operating technical means, techniques and technology for
natural cheese production, especially the processes of getting the cheese mass, its molding and pressing,
was and is an urgent task of science and practice.

Thus, until now, the ways and constructions of molds and devices used for the establishing of single-
sided pressing are distinguished by a number of disadvantages (turning, wrapping the cheese mass in
molding tissues, pressing, removing of pressed cheese, assembling and disassembling the molds, non-
combining of these processes, manual labor, the large area occupied by the equipment), and the cheese
produced by these ways are characterized by anisotropy [4]. The above-mentioned disadvantages interfere
with the establishment of linear production, complicate the complex mechanization and automation of
cheese making production. Therefore, in order to produce high-quality cheese, it is necessary to get cheese
mass with increased homogeneity during pressing. To achieve this, it is necessary to develop new ways
and technical means for cheese pressing and combining processes of cheese grain filling, molding and
pressing of cheese mass and the removal of the pressed cheese from molds, which is still very actual and
significant. The aim of the work is to develop a technology that combines the technological processes of
cheese making (filling cheese grain, molding and pressing of cheese mass and removing pressed cheese
from the molds), their automation with a reduction in the number pneumatic cylinders and replacing the
energy of compressed air with electromagnetic forces, as well as the development of technical means for
the implementation of pressing cheese without repressing and the use of tissues.

We offer three ways of double-sided pressing: double-sided, non-tissue pressing; double-sided, non-
tissue step pressing (with less number of pneumatic cylinders) and double-sided, non-tissue pressing using
electromagnetic forces (without pneumatic cylinders).

To solve this goal, we have formulated the following tasks:

1. To develop technological foundations and technical means for double-sided, non-tissue pressing of
natural branded cheese and to improve the developed technical means.

a) to reconstruct the pressing mold of the French line of the company Pierre Cuerin for double-sided
pressing of Swiss cheese.

b) to develop a device for determining the hardness of cheese.

2. To set the optimal regime (pressure and duration) of double-sided pressing for Swiss cheese
depending on the height and mass [8].

3. To study the effect of double-sided pressing (the first method) on the quality of the Swiss cheese.

Materials and Methods. Based on the above, we offer 2 ways of double-sided pressing: double-sided
non-tissue pressing; double-sided, step non-tissue pressing(with a less number of pneumatic cylinders).

The method of doing the research. Experimental studies were carried out according to standard and
generally accepted methods based on the GOST. Determination of nitrogenous substances in Swiss cheese
by Kjeldahl method GOST 23327 -1978 was made at the Gorelovsky cheese factory of the Bogdanovsky
district in Georgian SSR. The moisture content in the cheese was made by express method (GOST 3625-
75). The hardness of the cheese was determined by using the constructed and made device. The essence of
the work is the fact that the necessary cone inclination of 20 degrees is achieved by penetrating the device
into the cheese mass in a matter of seconds. (Fig. 1). In the control experiment, Swiss cheeses were
exerted to double-sided pressing in reconstructed mold of the French line by Pierre Cuerin, which is
intended for single-sided pressing of large cheese [9] [10].
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Figure 1 - Device for determining the cheese hardness:
1- weight, 2,4 —discs, 3 —rod, 5 — local screw, 6 —legs, 7 — ledge, 8 — cone, 9 — supports, 10 — cheese

The aim of the work was to study a new method of double-sided, non-tissue pressing to reduce the
anisotropy of cheese by excluding its repressing and shortening the pressing duration, which should lead
to an increase in the cheese quality, as well as the design of molds for its implementation. The study of the
effect of double-sided pressing on the quality of Swiss cheese is determined by the establishment of the
technological regime (pressure duration). To justify the optimality of the established regime, rheological
and biochemical investigations were carried out.

Research Results. The results of rheological investigations have shown that cheese exerted to
double-sided pressing differ in a more constant distribution of hardness and moisture, however according
to the average data, the moisture content in both pressing methods slightly differs from each other
(experimental 39.82% and control 39.47%), but in samples of control cheese taken from 5 different points,
the fluctuation in moisture content in the cheese mass is slightly greater (1.9% versus 0.5% in
experimental). The hardness of the cheese mass in the upper and lower canvases of the experimental fresh
Swiss cheese is 12.7 and 11.5 sec, already then, as in the control cheese, it is correspondingly 61 and 60.6
sec, which is 5 times more than in the experimental cheese, due to the crust forming, which occurs due to
repressing and the usage of tissue. In the latter, the layer becomes less consolidated, consequently, the
edible portion of the cheese increases. The hardness fluctuation is more for control cheese. They are more
constant in the cheese which is made by double-sided pressing. The hardness of the surface layer (30 mm
deep) of fresh and mature cheese is determined by using a special device that we have constructed.

The effect of double-sided pressing on the content of nitrogenous substance in fresh and 5.5
months aged Swiss cheese. Nitrogen forms were determined in samples of the same cheese. The research
results are presented on table.

From the data on Table 1, it can be seen that the soluble forms of nitrogenous substances in fresh
Swiss experimental cheese during double-sided pressing, account to 11.604-12.319% of the total nitrogen,
and non-protein - 9.544-9.802%, or correspondingly 0.572% (11,604-11,032) -1,03 (12,319-11,289) and
0,377% (9,802-9,425) -1,252 (9,544-8,292) more than in control cheese with repressing, and according to
average data, the content of soluble forms of nitrogenous substances is more than 0.835% (12.018-
11.183%), and the content of non-protein nitrogenous substances is more than 0.732% (9.666-8.934%).

Thus, the content of total and soluble nitrogen in experimental and control 5.5months aged cheese is
almost at the same level, and from the aspect of non-protein nitrogen content, types of cheese differ from
each other in favor of experimental cheese. So, the content of soluble nitrogen in 5.5 months aged
experimental cheese was on average 22.42% of the total nitrogen, i.e. 0.68% more than in control cheese
(21.74%). The content of non-protein nitrogen in experimental cheeses was on average of 14.21% of the
total nitrogen, which is more, compared to control cheese with repressing (3.40%) by 0.81% (table 1).

With double-sided pressing, as a result of a more equally dimensioned distribution of moisture in the
cheese, the conditions for microbiological processes are also improved. This is evidenced by data from
biochemical studies, i.e. the established regime of double-sided pressing is optimal (rational).
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The content of nitrogenous substance in fresh and 5.5 months aged Swiss cheese

Cheese Total nitrogen, % Nitrogen Type, % . In relation to the total nitrogen,.%
soluble | non-protein soluble | non-protein

Fresh cheese

I 4,432 0,546 0,423 12,319 9,544
Experimental 11 4,438 0,515 0,435 11,604 9,802

I 4,435 0,538 0,428 12,131 9,651
Average 4,435 0,533 0,429 12,018 9,666

I 4,061 0,448 0,369 11,032 9,086
Control 11 4,004 0,452 0,332 11,289 8,292

I 4,106 0,461 0,387 11,227 9,425
Average 4,057 0,454 0,363 11,183 8,934
5,5months aged cheese

I 4,49 1,011 0,648 22,52 14,43
Experimental 11 4,48 1,010 0,650 22,54 14,51

I 4,46 0,990 0,610 22,20 13,68
Average 4,48 1,004 0,636 22,42 14,21

I 4,30 0,912 0,580 22,21 13,49
Control 11 4,52 0,980 0,610 21,68 13,50

I 4,53 0,966 0,598 21,32 13,20
Average 4,45 0,9531 0,596 21,74 13,40

Discussions. For the first time, double-sided, non-tissue pressing was proposed which excludes the
repressing, with a decrease in the anisotropy of Swiss cheese and a reduction of pressing duration.

1. A pressing mold of the French company Pierre Cuerin was reconstructed for the experiment.

2. A device for measuring the density of cheese mass was designed and made.

3. The technological regime of double-sided, non- tissue pressing was determined, which excludes
repressing and reduces the duration Swiss cheese pressing.

4. The optimality of proposed new regime for double-sided pressing of Swiss cheese was
investigated.

5. Rheological and biochemical investigations were also carried out in order to justify the optimality
of the proposed regime of double-sided pressing of Swiss cheese.

6. Schemes of mold for double-sided pressing of Swiss cheese, which have to be automated, were
developed.

Conclusion. The results of the experiments and research fully justify the optimality of the proposed
above regime for double-sided pressing of Swiss cheese.

According to the research results, we can conclude that the proposed technological regime of double-
sided pressing of Swiss cheese is optimal.

Conclusion. Based on the above-mentioned research results, we can conclude that it is appropriate to
continue further research of the effect of double-sided pressing on the quality of Swiss cheese with a
justified technological regime.

According to the above-mentioned research results, it can be seen that this technological solution of
the first method of double-sided pressing, positively affects the quality of Swiss cheese. It is appropriate to
give a further technical solution for the implementation of the proposed double-sided pressing.

The purpose of the technical solution is to develop a technology that combines the technological
processes of cheese making (mold assembly, cheese grain filling, molding and pressing of the cheese
mass, disassembling the molds and removal of the pressed cheese from the molds, their automation with a
reduction in the number of pneumatic cylinders, as well as the development of technical means for
implementing cheese pressing without repressing and without using tissues.

CamBes MaHyksH
ApMeHHs MEMIIEKETTIK arpapiiblK yHUBepcuTeTi, [ oMpu, ApMeHus

IIBEMLIAPYSA IPIMIIITTH EKIDKAKTHI IPECTEY YIIIH
BEJII'VIEHI'EH PEXKUM/JIEPITH OHTAUWJIBLIBIF BIH HET'I3AEY
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CamBesa MaHyKsAH
I'ocynapcTBeHHBIN arpapHbIil yHUBepcuTeT ApMeHuH, ['tompu, Apmenus

OBOCHOBAHHME OIITUMAJIBHOCTH YCTAHOBJIEHHBIX PEXKUMOB
JIJISI ABYXCTOPOHHEI'O ITIPECCOBAHMS HIBEMITAPCKOI'O ChIPA

AnHotanusi. B crarbe paccMaTpuBaeTcs BIepBbIe IPEUIOKEHHBIN HOBBIN CIIOCO0O IByXCTOPOHHEro Oeccaide-
TOYHOTO, O€3 MepenpecCOBOK IIPECCOBAHMA CHIPOB. ETo nCmbITaHNE NPOBEAECHO Ha MIBEWIIAPCKHUX ChIpax, pEKOHCTPY-
pupoBanreM Hamu Tpeccopmbl ¢upmel Pierre-Gurie (®pannms), npemHa3HAYEHHOW [UII OJXHOCTOPOHHETO
Oeccanderounoro, 06e3 mepenpeccoBOK Ha mpecchopMy ABYXCTOPOHHETO IpeccoBaHus. OXumaeMble pe3yIbTaThl —
3HAYUTEIIbHOE COKPAIIEHUE MPOAODKUTEIBHOCTH MPECCOBAHUSI C YMEHBIICHUEM AHW3OTPONNHU U C UCKIIOYEHUEM
HEePenpecCOBKU IPUMEHEHHEM Cal(peTKH.

[Ipu ucnbplTaHUM TaKkKe BIEPBBIE ONPEEIICH TEXHOJIOTUYECKHH ONTUMANBHBIN PEXUM (aBICHHUE IPOJOIIKH-
TENBHOCTH) JABYXCTOPOHHETO IPECCOBAHMs IIBEHIIAPCKOTO ChIpa, KOTOPBIA Juicst 8 dacoB 20 MUHYT, OTBECOM
rojoBku 50-65 kr, BeIcoTOM 12-15 cM, quamerpom 70 cM, 4TO MO3BOJUT 3HAYUTEIBHO COKPATUTh IPOIOJIKHUTEINb-
HOCTB ITOYTH B 2 pa3a M0 CPaBHEHHIO C CYLIECTBYIOIIUM OJJHOCTOPOHHUM IpeccoBaHHEM uexckoil nuuuu (16-18 u),
HE BJIMSIS Ha KQUeCTBO.

[Ipeccyromee ycrmmie MOCTENCHHO YBEIIMIUBAIOCH (4 ATama), or 0784-2,744 u/cM2 wm 7980-31920 Iac.

Ilocne cospeBaHMs 3TH CHIPHI TNPOLUIM Aerycramuio (Bolcommi copT). Okaszajgoch, dYTO 1O J@HHBIM
OPTaHOJIENTUYECKUM IIOKa3aTeNsiM, OHM HHU YeM HE OTIMYAINCh OT Ka4eCTBa M aHAJIM30B CTAaHIAPTHBIX TpeOOBaHHUN
(omeHKa B OainIax — OMBITHBIE — 89, KOHTPOJBHEIC - 88 MOYTH OWHAKOBEIE) .

Jns 0o00ocHOBaHMS ONTHMATbHOCTH TEXHOJIOTHYECKOTO pPEXHMa [BYXCTOPOHHETO IPECCOBAHUS ObUIM
IPOBEJICHBI PEOJIOTHYECKHE OMOXMMHUYECKUE HCCIeJOBaHUS.

PesynbTaThl 3THX MCCIENOBaHMUIN MOKA3aIM, YTO MPOOBL, B3SATHIE C 5 Pa3HBIX TOYEK IO COICPKAHUIO BIIArH, IO
CpPeIHUM JaHHBIM, COCTABMWJIO B CBEXUX ONBITHBIX M KOHTPOJBHBIX HIBeHIapckux ceipax 39.82% u 39,4%, T.e.
MOYTH OJIMHAKOBBIC, a KOJICOAHWE COJEP)KAHMs BJArd COCTABIIOT, COOTBeTcTBeHHO, 0,5% u 1,9%. Huskoe
konebanue (0,5%) y chIpoB BbIpaOOTaHHBIM JBYXCTOPOHHUM IIPECCOBAHUEM SIBIISIETCSI PABHOMEPHOE pacIpelielieHue
BJIaru B CBIPHOH Macce.

TBEpAOCTh CHIPHOW MacChl CBEXKHUX OIBITHBIX MIBEHIIAPCKUX CBIPOB cocTaBiseT 12,7 BepxHux u 11,5 HmkHUX
MOJIOTHAX, @ y KOHTPOJBHBIX C NPUMEHEHHEM CalI(eTOK C IepernpeccoBaHUEM, H3-3a 00pasyloleics KOpKH,
cooTBeTcTBeHHO, 60 m 60,6 cek, 4To B 5 pa3 Ooblne OMBITHBEIX CHIpoB. KomeOaHne TBEpHOCTH HAMHOTO BHIIIE
KOHTPOJIBHBIX CHIPOB, B ONBITHBIX — 00JIe€ TIOCTOSIHHA. TBEPIOCTH ChIPa OIPENEIIIIOCh HAMH CKOHTPYPHPOBAHHOTO U
W3TOTOBJIEHHOTO YCTPOHCTBA. PacTBOPMMBIH a30T B CBE)XMX ONBITHBIX HIBEHIIAPCKHUX CBHIPAX, IO CPETHUM JaHHBIM,
ooubie Ha 0,835%, a HeOenkoBwIX Ha 0, 732%.

B 5,5 MecSYHBIX OMBITHBIX ChIpax COJIEpKaHHE PACTBOPHUMOTO a30Ta, IO CPEAHUM HaHHBIM, 22,42% ot obmiero
azora, 4to Ha 0,68% OosbIlie, 4eM B KOHTPOJIbHBIX chipax — 21,74%. Conepkanue HeOEIKOBOTO a30Ta B OIBITHBIX,
MO CpeaHUM JAaHHbIM, 14,21% oT 00Iero a3ora, 4To OOJbIIC MO0 CPABHEHHUIO C KOHTPOJIbHBIMU chipamu 13,40% Ha
0,81%.

Hcxons w3 BblIEYKa3aHHBIX pPE3yJbTATOB HCCIEIOBAaHWN MOXKHO 3aKJIIOYUTh, YTO MpeAaraeMblii crioco0
TEXHOJOTUYECKOTO PEeKMMa JIByXCTOPOHHHUM IIPECCOBAHHMEM (aBJICHHS IPOJODKUTEIFHOCTH) MIBEHIIAPCKOTO ChIpa
SBISIETCSl  ONTHMAIBHBIM. BbBIBOA  AByXCTOpoHHero OeccayneTouHOro 0e€3 IIEepernpeccoBOK —IPECCOBAHMS
obecrieunBaeT Oosee paBHOMEPHBIN W CTAOMIIBHBIN COBHUT CHIPHBIX 3€PEH I0JI JIABJICHHEM IPECCYIOIIEro YCHIHS C
OJTHOBPEMEHHBIM YIUIOTHEHHEM C 00EMX CTOPOH CHIPHOW Macchl. BeiencTeue 3Toro Biara pacipesnensercs 1Mo BCeM
CJIOSIM CHIPHOW Macchl 0oJiee paBHOMEPHO. B pe3ynmpTare 3TOr0 YIUTOTHSIOMIMKA CIIOH TMoydaeTcs: Oojiee TOHKHM, a
3TO MPUBOJAUT K HEOTCTAaMBAaHHMIO CHIBOPOTKM B KaISULIAPaX, 0OpasylOIIMX MEXK3EpHOBOE MPOCTpaHCTBO. Teuka
CBIBOPOTKH OCYIIECTBISIETCSI Yepe3 KamMUIIPhl 10 BCEMY HANpAaBICHUIO HApPYXKHOW CBIDHOM MAacchl, a TaKke
YMEHBILICHNUIO OHU30TPOINH, T.€. K MOBBIIIEHUIO OJHOPOJHOCTH CHIPHON Macchl. Ha ocHOBaHMM 3TOrO paBHOMEPHO
Pa3BUBAIOTCS U PACTIPEACNIAIOTCS MUKPOOPTaHU3Mbl M1 OMOXMMHUYECKUE MPOILECCHl MPOTEKAIOT UHTEHCUBHO. A 3TO,
T.€. ONTUMAJIBHOCTh, 00OCHYIOT PE3yJIbTaThl UCCIICAOBAHUSI.

CoBMmeriasi BbILIEYKa3aHHbIE PE3yJIbTaThl MOXKHO 3aKJIIOYUTh, YTO JBYXCTOpOHHee OeccaierouHoe 6e3
MIepeTPECcOBOK TPECCOBAHME IIOJIOKHUTEIBHO BIHMSIET Ha KAadeCTBO IIBEHIAPCKOTO Chipa M JIAa€T BO3MOXHOCTh
MIPOBOANTD AAJbHEHIINE UCCIICTOBAHUSL.
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ACTIVATION METHOD OF CLEANING PROCESS GAS

Abstract. This article presents the results of joint research of "ABsalut Ecology" LLP with Karstu of industrial
electrochemical aeroion plants B30-500 and AP-21, capable of cleaning technological gas emissions from toxic
impurities SO; (at least 90%), NOy (at least 80%), CO, (at least 90%) and dust particles (99.9%); with the return to
production of part of the burned carbon (in the form of fine soot).

It was found that in the discharge zone of the V30-500 and AP-21 installations, the active factors affecting the
chemical process are: high voltage of the electric field ; secondary ionization of substances; polarization of
molecules; high temperature; photoionization; microwave radiation; shock wave. Two processes take place
simultaneously in the reaction zone of the plants: activation and reduction of CO,, CO, NOy, and SO, oxides to
elementary substances in the core of the electronic injector.

Reduction of CO,, CO, NOy, and SO, oxides in the reaction zone proceeds simultaneously by various
mechanisms: catalytic reduction and dissociation. It is established that the catalytic system in the installation is an
electronic injector, which serves as a source of active particles that determine the rate of chemical reactions.
Reducing agents CO, NH3 are present in the gas to be treated , and are also formed in the reaction zone of the plant.

As a result of the reactions, elementary substances are formed. The speed constants of elementary processes in a
discharge strongly depend on the electric field strength, and the speed of individual processes may depend in a non-
linear way on the current density, so by changing these parameters, you can change the selectivity and speed of
recovery processes in the installation.

It is shown that ionization and dissociative processes with the formation of various radicals and ions are feasible
in non-equilibrium weakly ionized plasma. The degree of capture of aerosols and dust increases with a decrease in
the size of dust-like particles, and in dry electric filters, on the contrary, falls to zero.

The ways of increasing the efficiency of technological gas treatment plants (geometric parameters of new
plants, increasing their productivity, using new high-voltage power sources, flotation and filtration devices, and
dispatching control systems) were determined.

The efficiency of the gas treatment plant does not decrease when the particle size of the captured aerosols
decreases, starting from the size of about 5 microns and lower, the cleaning efficiency approaches 100%.

The research results are shown as graphs that show the concentration of gas before and after treatment. The
degree of air purification from dust particles and aerosol impurities ranges from 60% to 99%.

Keywords: soot, activation, electrochemical installations, air ionization, atmospheric pollution, ecology,
initiation, carbon conversion, aeroionizers, cyclones, scrubbers, electrofilters.

Introduction. Nowadays the issue of solving environmental problems is acute throughout the world.
The scientific and technological revolution, the intensive growth of production are the basis of negative
changes in the environment, these include: air pollution; destruction of the fertile layer of the earth;
poisoning and pollution of the rivers, lakes, oceans, etc. As a result of human and industrial activities of
the people more than 200 million tons of carbon monoxide, 151 million tons of sulfur (IV) oxide, and over
50 million tons of oxides nitrogen, more than 50 million tons of various hydrocarbons, more than 250
million tons of fine aerosols are annually emitted into the Earth’s atmosphere [1].
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The relevance of this article is caused by the alarming situation in the ecology of the Republic of
Kazakhstan. The highest level of air pollution is observed in the cities of Ust-Kamenogorsk, Shymkent,
Aktobe, Balkhash, Temirtau.

This problem makes the young generation think about how to return the human environment, our
Earth, to that perfect natural balance that existed earlier. By lowering the air pollution levels, countries can
reduce the burden of diseases such as stroke, heart disease, and lung cancer, as well as chronic and acute
respiratory diseases, including asthma. In 2012, an estimated 3.7 million premature deaths occurred in
urban and rural areas worldwide due to the air pollution. According to the recent WHO estimates of the
total global burden of disease, approximately 7 million cases of premature death are caused by the air
pollution and the indoor air [2].

The main causes of the high level of air pollution in the cities of Kazakhstan are as follows:

- outdated production technologies,

- inefficient gas cleaning equipment,

- mismatch of coal fuel to boiler units,

- a huge amount of accumulated and new dumped waste (billions of tons).

From the above-said it follows that the enterprises of Kazakhstan need comprehensive purification,
which will not only clean up gas emissions, but also make it possible to obtain carbon black products in
the form of environmentally friendly compounds.

A scientific-engineering group of the ABsalut Ecology LLP headed by A. Borissenko, Doctor of
Chemistry, Professor, Academician, developed and introduced into production new electrochemical plants
of the B30-500 and AP-21 models that not only clean technological gas emissions from toxic impurities
(COx, NOy, SO,, H3S, etc.), return to production a part of the burned carbon (in the form of fine soot), but
also purify the air in residential premises saturating it with negative air ions and enriching it with oxygen.

In the discharge zone of the B 30-500 and AP-21 plants, the active factors affecting the chemical
process are as follows:

- high voltage of the electric field;

- secondary ionization of substances;

- polarization of molecules, excitation of molecules and atoms;

- high temperature;

- photoionization;

- microwave radiation (electromagnetic waves);

- shock wave.

Process gases entering the B 30-500 and AP-21 units have the following component composition:
CO,, CO, SO, CHa, N», O3, H20.

Experimental part. In the reaction (discharge) zone, in the presence of the active factors described
above, there can take place the reactions of all components with the formation of elementary substances
and various compounds, i.e. taking into account the experimental data obtained in the laboratory of the
ABsalut Ecology LLP, it follows that in the near-cathode unipolar charged region of the B 30-500 and AP-
21 plants, in the conditions of a non-equilibrium weakly ionized plasma, ionization and dissociative
processes can occur with the formation of various radicals and ions [3].

In the aggregate, all these processes can lead to the reduction of carbon oxides (CO,), sulfur dioxide
(S0O,) and nitrogen oxides (I, IV).

- CO,
a) occurrence of complete or partial dissociation of carbon oxides:
CO,—»C+0,
CO— CO+ %4 0,
CO—C+'5 0,

CO +CO" < C+CO,
CO2"( + Ciny = C(o) + COy

— 7y ——
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b) processes of reducing by atomic hydrogen:

CO;+H — C+HO;
CO+2H—-C+HO

¢) carbon oxides interaction with atomic oxygen:

CO;"+0 < CO+ 0,

d) carbon oxides interaction with forming methane, other hydrocarbons and elemental carbon:

8H +CO, — CH4 + 2H,0O
CO + 3H; « CH4 + H,O

CH4 — C;H,, C;Ha4, C;H3 and others — solid products.

Thus, in the unipolar (negative) charged zone, carbon dioxide dissociation and reduction reactions are
possible.

- SO; . the mechanism of electrochemical transformations is also possible, leading to the reduction of
sulfur dioxide molecules to elemental sulfur in the dark discharge zone in the solid needle electrode — gas
— liquid anode system [4].

a) complete or partial dissociation of sulfur dioxide molecules

SO, — S| + 0,

b) reducing sulfur dioxide by atomic hydrogen
SO,+4H" =S| + 2H,0

¢) reducing by hydrogen sulfide with forming elemental sulfur (hydrogen sulfide is one of the
intermediate products that are formed when reducing sulfur dioxide):

6H" + SO,=H,S + 2H,0
SO, + H,S=3S| + 2H,0

d) in the reducing gas discharge medium there is also possible the reaction of hydrogen sulfide H,S
dissociation to free sulfur:
H,S — S + H,[5]

- NxOy — here there are also possible electrochemical transformations of nitrogen oxides to the
elemental composition (nitrogen).

N+NO—->N+O
N+ NO; — 2NO
N+ NO; —» N2+ 20
O+ NOz-0,+NO
N>O — 2N2 + Oy
INO, — N +20; [6]

Today, as a result of tremendous work, the industrial unit B 30-500 provides the degree of
purification of process gases of at least: an integrated one 99.7%; from carbon monoxide (CO) 97%; from
sulfur dioxide (SO.) 95%; from nitric oxide (NO,) 80%; from dust and aerosol particles 99.5%. The data
has been repeatedly confirmed:

1) by specialists of the ABsalut Ecology LLP company on German Testo 350 instruments. Using this
device, there can be monitored the operation of an industrial gas treatment plant and recorded the cleaning
changes in real time.
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Figure 1 - Gas measurements in the reaction zone of the industrial
gas cleaning plant
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Figure 2 - Gas measurements in the reaction zone of the industrial gas cleaning plant

The graphs are plotted using two Testo 350 instruments: one instrument measures gas at the inlet to
the gas treatment plant, the other one at the outlet. The graphs show 4 lines of different colors:

- CO (20) - red line, CO2IK (20) - dark green line show the amount of gas at the inlet to the gas
treatment plant, i.e. gas concentration before cleaning;

- CO (17) - pink line, COIK (17) - light green line show the amount of gas at the outlet of the gas
treatment plant, i.e. gas concentration after cleaning.

To the left and right of the graphs there are scales of the CO; range in percent and CO in ppm.

1) Results obtained by the independent laboratory of the Tsentrgeolanalit LLP.

Minutes No. EC050517/1. Meteorological conditions: T +3°C, pressure 718 mm Hg, humidity 70%.
Sampling equipment: Aspirator ABA-180, Gas analyzer DAG-500.
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Figure 3 - Gas measurements in the process of operation of the industrial gas cleaning plant. Minutes No. EC050517/1

Minutes No. EC061117/1. Meteorological conditions: T +24°C, pressure 707 mm Hg, humidity 20%.
Sampling equipment: Aspirator ABA-180, Gas analyzer DAG-500.
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Figure 4 - Gas measurements in the process of operation of the industrial gas cleaning plant. Minutes No. EC061117/1

The introduction and use of the results of these studies allows preparing for the implementation of an
integrated quality and environmental management system (ISO 9001: 2015, ISO 14001: 2015) at the
ABsalut Ecology LLP, increasing the efficiency of process gas purification processes, as well as preparing
a draft program for the use of the materials, obtained as related materials (fullerenes, carbon black, etc.)
during the operation of the plants. Based on the results of these studies, measures were prepared to further
improving the plant for cleaning process gases and atmospheric air, and the technology of cleaning and
reducing the purification products.

The plant by A.V. Borissenko is intended not only for purifying nature, but also for obtaining useful
substances from harmful wastes.

From all the above-said it follows that the scientific and engineering group of the ABsalut Ecology
LLP headed by Dr. of Chemistry, Professor, Academician A.V. Borissenko, has developed and introduced
the technology that uses a new activation method of cleaning industrial and utility gases in the unipolar
ionized region when exposed to a strong electric field. This technology is patented and has no analogues in
the world. With its help there can be solved one of the vital problems of the mankind: atmospheric air
pollution.




News of the Academy of sciences of the Republic of Kazakhstan

K.B. Paxumbepaunosal, A.T. Takuoaesa!, O.I'. Hazaposa!,
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'KaparaHipl MEMJIEKETTIK TEXHUKANBIK yHUBepcuteTi, Kaparannsl, Kasakcran;
’TioMeHb MeMIEKeTTiK yHuBepcuTeTi, Tiomenn, Peceit

TEXHOJIOTUSLIIBIK T'A3/IbI TA3AJIAYIBIH AKTUBALIASLIBIK DICI

AnHoTanus. by Makanana TEXHOJIOTHSUIBIK ra3 mbFapeiHasuiapeiH SO2 (keminge 90%), NOx (keminzge 80%), CO2
(xeminne 90%) xoHe mwaH Topizmec OemmekrepacH (99,9%) tazapryra kaGimerti B30-500 xone AII-21 enepkocinTik
3JIEKTPOXUMHUSIIBIK a3pOUOHIBIK KOHABIPFeuIapasiH, KapMTV-men "ABsalut Ecology" XIIIC 6ipneckeH 3epTreyniepiHi
HOTIDKEIeP] KEeNTipiireH.

B30-500 xone AII-21 KOHIBIPFBUIAPBIHBIH Pa3PSAATHIK aliMarbHIA XUMHSJIBIK IMPOIECKEe dcep eTeTiH OenceHi
(akropnap MplHaNap OonbIn  TaObLIAABL: AJIEKTP OPICIHIH KOFapbl KepHEyi; 3aTTaplblH KaiiTagama HOHAAIYbI;
MOJIEKyJIaJapIblH MOJSIPH3aLUSIChL; )KOFaphl TemIieparypa; porononmsanust; CBU-coyneneny; COKKbI TOTKBIHEIL.

KoHABIpFBIHBIH peakuusUIbIK aiiMarbiHga Oip yaxeiTTa eki mpomecc ertemi- COz, CO, NOx, SO: oxcuarepin
AKTHBTCHIIPY JKOHE OJIICKTPOHIBIK HH)KEKTOPIBIH OCNICeHl alMaFblHIAFbl DJIEMEHTApIbIK 3aTTapfFa JeHiH KaJblHa
kenrtipy. Peakuusuieik aiimakrta COz, CO, NOx, SOz okcuaTepiH KalIblHA KENTipy op TYpJi TeTikTep OoiibiHIIA Oip
ME3Tijie oTe/i: KaTATUTUKATBIK KAJIbIHA KETIPY XKoHe JUccolralus. KatanuTHKamibIK jKyiHe KOHIBIPFBICBIHIA XUMUSITBIK
peaKIMsIapAbIH KbUIIAM/IBIFBIH aHBIKTAWTBIH OeJceH 1l OenmeKTep/IiH Ko31 OO TaObLIATHIH AJNEKTPOH/IBIK HHKEKTOP
6oubin Tadbbutaapl. CO, NH3 KannbiHa KeATiprimrep Ta3apThlIaThiH ra3a 00saabl, COHIai-aK KOHIBIPFBIHBIH PEaKIHsIIbIK
aliMarbIHA KYpbUIaIbl.

PeaxkuusnapablH ©Tyl HOTHXKECIHIE KapalailblM 3aTTap Haiiga Oonaibl. DNEKTp epICiHIH KepHeyJiriHe, cOHOaii-ak
KEKeJIereH MPOLECTEP/IiH JKbIIIAMIBIFBIHA DJIEKTP OPICIHIH KEpHEYJIriHe KaTThl OaiIaHbICThI, TOKTBIH THIFBI3/IBIFbIHA
OaiinaHpICTH 0OYBl MYMKIH, COHIBIKTaH OCHI MapaMeTpIIep/ii ©3repTe OTHIPHIIN, CEICKTUBTLTIKTI, KOHIBIPFBIIAFl KAIIbIHA
KEJITipy MPOLECTEPiHIH KbULAAMIBIFBIH ©3repTyre 001aIbl.

Op TYpJli paauKailaap MEeH MOHIApAbIH Maiina 00JybIMEH HOHM3ALMSUIIBIK JKOHE JMCCOLMATHBTIK MPOLIECTEPAIH OTYyi
XY3eTe achlpblla OTBHIPBHIN, AJICI3 MOHM3MPJICHTEH IUIa3Ma JKardalblHIa KepCeTIIreH. Adpo30ibap MEH INaHIbl YCTay
Jlopekeci 1aH Topizaec OellleKTep MeNIIEPiHIH a3alobIMEH apTaibl, all KypFaK 3JEKTp Cy3TilepiHjae KepiciHIle Helre
JeiiH TOMeHICH .

TexHONIOrUsUIBIK ra3faapbl Ta3apTy OOMBIHIIA KOHIBIPFBUIAPABIH TUIMALTITIH apTTHIPY >KOJJAaphl aHBIKTANLAbl (3KaHa
KOHIBIPFBIIAPIBIH TEOMETPHSUIBIK TapaMeTpiepi, OJapIblH OHIMAUIIIH apTTHIPY, XaHAa JXOFapbl BOJBTTHl KOPEKTEHY
Ke3JlepiH, (UIOTalUsUIBIK-CY3Y KYPBUIFBUIAPbIH, JUCHETUEpIiK OaKblIay XKyienepin naiiaanany xoHe T.0.).

I'a3 TazapTy KOHIBIPFBICHIHBIH THIMIIIITT 5 MHUKPOH Y9HE OJJaH TOMEH MeIIIepAeH OacTall ayJaHaThIH adpo30JIbaep
GeulteKTepiHiH MoJIIIepiH a3aiTKaH Ke3/1e TOMeHAeTiIMeNH i, TazapTy Tuimainiri 100%- ra skakbpIHIaI Kene.

3epTTey HOTIKENEpi Ta3zapTKaHFa IEHIH >KoHE KeHiH Tra3 KOHLEHTPAIlMsACHIH KOpCeTeTiH rpadukrep TypiHme
KENTipiireH. AyaHbl IIaH Topi3lec OeNIIEKTeplIeH KOHE a’po30Jib KOocHalapblHaH Ta3apTy aopexeci 60%-man 99%-ra
JIeliH aybITKU/IBL.

TyiiliH ce3aep: 3NEKTPOXUMHSAIBIK KOHABIPFBUIAP, ayaHbl MOHZAAY, aTMOC(EpaHblH JacCTaHybl, 3KOJIOTHS,
OacTaMalIbUIBIK JKacay, KOMIPTEKTI KOHBEPCHSIIAY, a9pOUOHH3ATOPIIap, IUKIOHIAp, CKpyOoepiep, JeKTp cy3riiepi.

K.B. Paxumbepaunosal, A.T. Takuoaesa!, O.I'. Hazaposa!,
A. P. Uckakos!, I'.H. Mycuna', U.B. Kynakos?

"KaparanuHckuii Tocy1apcTBEHHBIN TeXHUYECKUH yHuBepcuteT, Kaparanaa, Kazaxcran;
TioMeHCKHil Tocy1apCcTBEHHBIH yHuBepcuTeT, TromeHs, Poccus

AKTUBAIIMOHHBIN METOJ OYUCTKH! TEXHOJOTMYECKOI'O T'A3A

AHHoTauus. B naHHOW craTbe NMpHBEACHBI pe3yibTaThl coBMecTHbIX uccienoBanuii TOO «ABsalut Ecology» c
KapI'TY OpOMBINIIEHHBIX 3IEKTPOXUMUYECKUX a3pOMOHHBIX ycTaHoBok B30-500 u AII-21, crnocoGHBIX ouduiaTh
TEXHOJIOTHYECKHUE Ta30Bble BEIOPOCH OT TOKCHUHBIX puMecedt SOz (He Menee 90%), NOx (ne menee 80%), CO2 (He meHee
90%) u neuteBuaHbIX uactul (99,9%) ¢ Bo3BpalleHMEM B IPOU3BOJACTBO 4YacThb COXOKEHHOIO yriepoja (B Buie
MEJIKOAUCIIEPCHOM CaxH).

YcraHOBIIEHO, UTO B pa3psaaHOU 30He ycraHOBOK B30-500 u AII-21 aktuBHbIMU (akTOpaMu, BO3AEUCTBYIOLIMMYU Ha
XMMHYECKUI Tpolecc, SBISMIOTCSA: BBICOKOE HANPSDKEHHE JJICKTPHUYECKOTO IOJIsl; BTOPWYHAs HMOHM3AIMS BEIIECTB;
HONApU3alMs MOJIEKYIT; BBICOKas TeMieparypa; ¢horononusanus; CBYU-uznyueHue; ynapHas BoJIHa.

B peakunoHHOM 30HE yCTaHOBOK INPOTEKAIOT OJJHOBPEMEHHO J[Ba MPOLECCa — aKTHBAIMSA U BOCCTAHOBICHUE OKCHIIOB
COz, CO, NOx, SO2 10 »neMEeHTapHBIX BEIIECTB aKTHBHOI 30HE 3JIEKTPOHHOI'O MHXEKTOpa. BoccraHoBieHHe OKCHIOB
CO2, CO, NOx, SO2 B peaknMOHHOW 30HE NPOTEKAIOT OJHOBPEMEHHO IO Pa3IMYHBIM MEXaHM3MaM: KaTaJuTHYECKOoe
BOCCTAaHOBJIEHHE U AUCCOLMANUS. YCTAaHOBJIEHO, B YCTAaHOBKE KaTAIUTUYECKOW CHCTEMOH SBIAETCA 3IICKTPOHHBIN
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HHKEKTOP, KOTODPBIA CIIy)KMUT HCTOYHMKOM aKTHBHBIX YACTHIl, ONPEAEISIONINX CKOPOCTh XMMHUYECKHX pEaKInii.
Boccranosutenu CO, NHs npucyTCTBYIOT B OUMIIIAEMOM Ta3e, a TAKKE 00pa3yroTcsi B pEaKIIMOHHOM 30HE YCTaHOBKHU.

B pesynbrare MpoTEeKaHWS peakimii 00pasyroTcs dJIeMEeHTapHbIe BeliecTBa. KOHCTAHTBI CKOPOCTEN dIIeMEHTAPHBIX
MPOIIECCOB B Pa3psiie Pe3KO 3aBHUCAT OT HAMPSHKEHHOCTH JIEKTPUUECKOTO IMOJIsI, & TAKXKE CKOPOCTH OTIEIBbHBIX MPOLECCOB,
MOTYT HEJIMHEWHBIM 00pa30oM 3aBHCETh OT IUIOTHOCTH TOKA, MOITOMY H3MEHSS OTH TMapaMeTpbl MOXXHO H3MEHSTH
CENIEKTUBHOCTh, CKOPOCTh BOCCTAHOBUTEIBHBIX MPOIIECCOB B YCTAHOBKE.

Tloka3aHbl B YCIIOBHAX HEPABHOBECHOM CITA00MOHU3HPOBAHHOM IIIA3MBI, OCYIECTBHMO MPOTEKAHHE HOHU3AIIMOHHBIX
U UCCOIMATHBHBIX TPOIECCOB C 00pa30BaHMEM PA3NUYHBIX PAJUKAIOB M HOHOB. CTEMEeHb YJIABIUBAHUS a’po30jed U
TIBUIN YBETMYMBACTCS ¢ YMEHBIIIEHHEM Pa3MePOB MBUIEBHIHBIX YACTHIL, & B CYXHUX JIEKTPOQHIBTpax, Ha000pOT, MagaeT 10
HYJISL.

OmnpeeneHsl MyTH MOBBIMIEHUS 3(P()EKTUBHOCTH YCTAHOBOK IO OYMCTKE TEXHOJIOTHUECKHMX Ta30B (T€OMETPHUECKHE
mapaMeTpbl HOBBIX YCTAHOBOK, YBEIHYCHHE WX MPOU3BOAUTEIBHOCTH, HCIONB30BAHHE HOBBIX BBICOKOBOJIBTHBIX
MCTOYHHUKOB MUTAHU, (IIOTAIIMOHHO-(QUIBTPAIIHOHHBIX YCTPOUCTB, CHCTEM JUCIETIEPCKOTO KOHTPOIIS | TIp. ).

D¢ HEeKTHBHOCT TA300YMCTHOW YCTAHOBKM HE CHIDKACTCS NPU YMEHBIICHHH pa3Mepa YacTHUIl YyJIaBIHBAEMbIX
a’po3o0Iieii, HaYMHAs ¢ pa3Mepa OKOJIO 5 MUKPOH M HUXE, 3()()EeKTHBHOCTh OYMCTKU Tpudmkaercs k 100%.

PesynbTaThl MCCIENOBaHUIA MPHUBEACHBI B BHIC TPA(UKOB, KOTOPHIC MOKA3bIBAIOT KOHIIEHTPAIMS Ta3a 70 U MOCie
ounctku. CTeneHb OYUCTKHU BO3yXa OT IbUICBUIHBIX YaCTHUI] X a3PO30JIbHBIX IpuMecelt konebercst ot 60% 1o 99%.

KiaroueBble cioBa: caxka, aKTHBAIWs, 3JEKTPOXMMHUYCCKHE YCTAHOBKH, WOHH3AIM BO3/AyXa, 3arps3HEHHE
aTMoc(epbl, OJKOJOTWs, WHHIMHPOBAHWE, KOHBEPCHs  YIJEpOAa, adpOUOHHU3ATOPBI, IHUKIOHBI,  CKpyOOEepsl,
ANEKTPOPHIBTPHI.
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HYDROGENATION OF AROMATIC HYDROCARBONS
ON MODIFIED METAL CATALYSTS SUPPORTED
ON CARBON CARRIER

Abstract. The catalyst of the selection hydrogenation of benzene in engine fuels is developed. Methods of
drawing low-percentage rhodium catalysts on the basis of natural and synthetic carriers are developed for
hydrogenation of benzene in main products. It is established the optimum modes of carrying out hydrogenation of
benzene on rhodium catalysts applied on zeolite and clay with the given structural characteristics. It is defined that
1 % the rhodium catalysts supported on zeolite increases selectivity on cyclohexane. Results showed that carrying
out reaction of hydrogenation of benzene on the developed rhodium catalyst allows to receive pollution-free motor
fuel with the low maintenance of aromatics.

Keywords: hydrogenation, aromatic hydrocarbons, benzene, catalysts, clay, zeolite.

Introduction. The rapid growth of road transport in the developed countries where car density has
reached 10-20 km’ resulted in severe contamination of the environment and especially emissions of
harmful air basin exhaust gases [1]. A huge amount of pollutants produced during the combustion of
motor gasoline, results in the fact that environmentally requirements are deduced in first place among all
the requirements for gasoline. Ecological Problems of associated with environmental pollution at the
expense exhaust emissions requires improving the quality of motor fuels. Aromatic hydrocarbons are
subjected to catalytic hydrogenation to transfer them to naphthene for reduce the amount of them. The
study of the process of catalytic hydrogenation of aromatic hydrocarbons and suitable catalysts
improvement are an important task. The structure of aromatic hydrocarbons has a significant effect on
carbon formation in combustion chambers and valves on engines, which impairs their performance
indicators such as power, economic and environmental characteristics. Under the influence of high
temperatures, aromatic hydrocarbons undergo oxidative conversion and are the main source of fouling [2].
Among the aromatic hydrocarbons the most low-boiling aromatic compound is benzene. Benzene
damages many organs and vital systems, but, in general considering he is a poison blood [3]. Petrol
fraction has to have several properties for using them as a component of engine fuel. So, for example,
there is the extreme content of aromatic hydrocarbons and sulfur compounds above which the fraction
cannot be used. This extreme content is caused by the fact that the considered fraction in termination
products contains in particular quantity, and the compounding will not allow to receive the marketable
products answering on aromatic and sulfur content are gray to requirements of standards [4].

Mainly, various hydrogenation processes are applied to decrease in content of sulfur and aromatic
compounds in petrol fractions. Hydrotreating, hydroupgrading, hydro-dearomatization are considered to
them. The specified processes are carried out with use of sulfidic Ni-W and Co-Mo. Processes are carried
out in flowing system at temperatures 350-450 °C at feed rate of raw materials 1-3 of the 1/hour and
pressure of hydrogen, as a rule, to 50 atm. (sometimes even to 70-100 atm.) Reactions of catalytic
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hydrogenation of benzene and dehydrogenation of cyclohexane can go only on the transitional metals
having face-centered cubic structure or hexagonal structure and besides atomic radiuses of strictly
particular sizes [5-6]. Palladium, platinum, iridium, rhodium, osmium are active catalysts of
hydrogenation of benzene and a dehydrogenation to cyclohexane and meets the above requirements [7].
At the beginning of our century, Sabatye and Sanderan found that benzene is easily hydrogenated into
cyclohexane in the presence of nickel catalysts. Hydrogenation carried out at T= 120-250 °C and
P=2-6 MPas and rate of volume flow on benzene 0.5-2 p'. Conversion level reaches 95 %. On platinum
catalysts hydrogenation of benzene proceeds under the same conditions, as on nickel, and the almost
complete conversion at selectivity is reached, by the close to 100 % [8-9]. The advantages of platinum
catalysts are necessary to carry them a little smaller sensitivity to sulfur compounds and a possibility of
reactivation of the catalyst, than at nickel. The disadvantages are sensitivity to presence of moisture at raw
materials that causes the necessity carefully to drain benzene [10].

Selective hydrogenation of benzene to cyclohexane (SHBC) has attracted many attentions during the
past decades [11-12], due to its simplicity, high yields and costs compared with other cyclohexane
production methods. Hydrogenation of benzene in cyclohexane is the main method of receiving
cyclohexane. Cyclohexane is used for production of caprolactam in the industry of synfils, for receiving
hexane diacid and cyclohexanol. Clear benzene, free of sulfur compounds, hydrogenate in a liquid phase
over the nickel or platinum catalyst at 4 MPas, 200 °C and rate of volume flow of supply of raw materials
1-3p™". The benzene containing sulfur and nitrogen compounds is hydrogenated over the nickel tungsten
sulphide catalyst at 24 MPs, 300 °C and rate of volume flow 0.5 p'. At hydrogenation of benzene in
cyclohexane light-end and other by-products are practically not formed [13-14]. Nickel catalysts on
carriers are most often used: alumina, chromium oxide, etc. The nickel-chrome catalyst, as well as other
nickel contacts, easily gets poisoned with sulfur compounds. Poisoning is bound to strong, irreversible
adsorption of the last, i.e. to blocking of the fissile surface, and at elevated temperatures and to formation
of chemical combinations [15].

Catalysis using nanoscale materials has been one of the most active research areas in recent years
because of its relevance to chemical and energy related applications. Recently, several excellent review
articles have shown that nanocatalysts with high dispersion and narrow size distributions stabilized by
appropriate supports or capping materials can work under milder conditions with higher activity and
selectivity as compared to conventional heterogeneous catalysts [16-17]. It is known that transition metal
nanoparticles are effective catalysts, and the catalytic activity depends on their shape, size, and surface
structure of the solid supports [18-20]. Modifying of natural zeolites becomes particularly important in
connection with a possibility of creation of catalysts on their basis for process of thermocatalytic
transfomation of low-quality hydrocarbon raw materials in alicyclic rings. It is established that the greatest
positive effect gives modifying of zeolites platinum, palladium and rhodium.

In the real work optimum conditions of a dearomatization on the basis of benzene hydrogenation
reaction, for receiving cyclohexane are picked up. Rhodium catalysts operate in more weak conditions and
have more selectivity than the traditional systems based on other metals. Kazakhstan possesses huge
reserves of natural zeolite and clay which can be used as catalysts of hydrogenation of aromatic
hydrocarbons for receiving an ecological straight product — cyclohexane. The aims of the work were
synthesis of new rhodium nanosized catalysts on the carbon carrier with the increased efficiency and
having high selectivity at hydrogenation of aromatic hydrocarbons for receiving pollution-free engine fuel.

Experimental. Red clay, Tonkeris clay, zeolite are used, as a basis for body height and formation of
nanocarbon composites. The choice of Tonkeris clay is caused by the fact that as a part of this clay oxides
Fe304, TiO2, MgO, Cr,03 which have to promote education in the course of a carbonization of fibrous
carbon and nanostructures were found. This catalytic carbon causes increase in a specific surface area and
porosity that leads to formation of a transport time of system [21].

Rhodium catalysts on the basis of zeolite are prepared by an impregnation method with the
subsequent calcination. The impregnated zeolite is exposed to process of a carbonization during
3-5 clocks. The received catalyst containing 0.5-2 % of thodium is used for hydrogenation.

Carbon materials were prepared by a carbonization and activation at a temperature 400 °C for the
carrier. Argon current is passed for increase in a specific surface area to exemplars during a carbonization.
Carbonization was carried out at temperatures of 650-750 °C at an interval of 25°C. Propane is used as a
source of carbon.
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The research of activity of the synthesized catalysts was conducted in laboratory flowing installation
of high pressure in the range of temperatures of 50-300 °C, pressure of 0.1-3.0 MPs, rate of volume flow
1.0-4.0 hour™. Feed rate of hydrogen made 30-60 ml/min.

Hydrocarbon part was analyzed on a chromatograph «Chromatec Cristall 5000». The detector is

flame and ionization. Gas carrier is nitrogen, temperature from 90°C to 180°C, a stainless steel column
(long 3m, diameter 3mm).

Electronic and microscopic studying of exemplars was carried out on the JEM-100CX device at the
accelerating voltage of 100 kV. The device allows study objects at high-res (3.0E).

Results and discussion. The rhodium and cobalt carbon catalysts supported on various carriers were
prepared and tested. Also low-percentage rhodium carbon catalysts on the carbonized apricot stones were
synthesized. Different concentration of rhodium supported on a series of carriers: AlLOs, zeolite, clay.
Cobalt contained carbon catalysts were prepared for comparison of catalytic activities.

At researches of clay breeds from various regions of Kazakhstan for production of catalysts, us it is
established what the kaolinit of clays is inexpedient to use additives for carriers of carbon catalysts.
Carbonization of clays in the range of temperatures 700-750 °C well develops a specific surface area.
Chemical composition of clays is presented in table 1.

Studying chemical composition of clays and a research of process of a carbonization it is possible to
tell all clays can be used as carriers of rhodium carbon catalysts. As a part of clays as appears from table 8,
there are ion-exchange cations: Na®, K*, Ca**, Mg*" which decrease almost twice at processing. Also the
increased content of iron in TC is observed.

Table 1 — Chemical composition of clays

Clay Mass %

SIOZ A1203 FC304 T102 NaZO Kzo CaO MgO Cr203 Hzo others
TC 52.4 15.6 8.2 1.7 1.3 3.22 1.2 4.4 0.08 8.3 3.6
RC 65.3 21.7 0.8 1.7 0.21 0.83 0.7 0.3 - 4.9 5.8
WC 56.8 15.6 8.9 0.9 0.7 2.9 0.5 32 0.1 7.5 2.9

Physical and chemical characteristics of the synthesized catalysts are shown in table 2. Rhodium
salts apllied on zeolites for creation of bifunctional catalysts of hydrogenation. The metal centers allow to
maintain low equilibrium concentration of olefins in a reaction mixture and prevent coking up of a surface
of the catalyst.

Table 2 — Main physical and chemical characteristics
of the synthesized rhodium carbon catalysts on different carriers

Indicatores Zeolite Zeolite Clay Zeolite+Clay AlOs
Content of Rh, mass, % - 0.5 0.5 0.5 0.5
Content of C. mass. % - 5.0 15.0 12.0 9.0
Surface area. m%/g 112.0 122.0 106.0 156.0 96.0
Carbonization. Hour 1.0 3.0 1.0 3.0 2.0

Results of hydrogenation of benzene on cobalt and rhodium catalysts at a temperature of 450 °C and
25 atm are shown in table 3. The composition of hydrogenates of benzene depends not only on a catalytic
activity and also from conditions of supply of hydrogen and benzene. Follows from the received
experimental results that with increase in supply of benzene in an original stock. a cyclohexane exit
gradually decreases because of shortage of hydrogen. On cobalt catalysts conversion of benzene contains
51 % at temperature of 430 °C.

Table 3 — Conversion of benzene on different catalysts (CAS)

T.5C Conversion of benzene %
0.5 % Rh 5% Co 7 % Co

350 47 24 27
380 49 29 32
400 59 33 35
430 64 41 42
450 65 42 45
480 65 45 48
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From all tested exemplars, the rhodium catalyst on zeolite differed in the highest activity. It is
considered that for efficient operation of bifunctional catalysts the metal centers have to be as it is possible
closer to the acid centers therefore most often the metal component is applied immediately on the surface
of zeolite.

Further synthesized rhodium catalysts applied on clay. Their catalytic activity in benzene
hydrogenation reaction was checked. It is by practical consideration defined that at a research of activity
of 0.5-2 % of the rhodium put catalyst formation of methylcyclopentane, methylcyclopentane,
cyclohexane is observed.

Figure 1 shows the graphical dependence of benzene conversion on temperature. It can be seen from
the figure that among all the modified catalysts, the catalyst based on clay containing 0.5 % rhodium
exhibits the least catalytic activity.

35 4

1 ———
50 - /- e
e 45 /
S 1 -
2 40 < / -— ®
g i - /,_,’.
£ 35+ "
2 -
"'5 o i —MB—  Rh + zeclite
S 7 pd 8- FRh#+day
= 254 L 1% Rh clay + zeolite
2] /
L
2 20 /
5 ’
-
D 154 e
R
10 4
T r T T T T T T T T )
240 260 280 300 320 340 360 380 400 420 440

Temperature, °C

Figure 1 — Dependence of benzene conversion on temperature on different catalyst
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Figure 2 — Dependence of the yield of cyclohexane on various catalysts

Dependence of yield of cyclohexane on amount rhodium in catalysts are shown in Figure 2. The
catalytic activity increases in the benzene hydrogenation reactions, when the zeolite is modified with 1 %
rhodium. According to data figure 2, Rh 1% catalyst supported on zeolite is the most active catalysts. As
noted above, the zeolite modified with 0.5 rhodium allows one to obtain dimethylbutane (2,2-DMB),
methylcyclopentane and cyclohexane in the mixture of isomers. A comparative physicochemical analysis
of the carbonized modified rhodium zeolite showed that catalytic hydrogenation of benzene catalyzed in
the reactions for obtaining valuable by-products.
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The obtained results showed that in the study of the catalytic activity of thodium catalysts, active and
selective catalyst was 1% rhodium supported on zeolite, the maximum amount of the desired products was
observed in the reaction mixture.

Catalysts with a different ratio of components of the fissile phase were prepared and investigated in
the course of benzene hydrogenation. The catalyst synthesized rhodium 0.5 % worked within 20 hours in
an interval of temperatures 400-420 °C under pressure hydrogen of 18 atm. before activity loss.

Catalysts with a different ratio of components of the fissile phase were prepared and investigated in
the course of benzene hydrogenation. The catalyst synthesized rhodium 0.5 % worked within 20 clocks in
an interval of temperatures 400-420 °C under pressure hydrogen of 18 atm. before activity loss. The
deactivated catalyst was investigated by physical and chemical methods of the analysis. Comparisons of
specific surface areas and activity of prepared, the deactivated and regenirated exemplars shows, that at
thermal regenerations in the atmosphere of hydrogen catalytic activity is restored (table 4).

After regeneration in argon current at temperatures of 650 °C on rhodium catalysts activity for 50 %
allowed to restore catalytic carbon. And regeneration of rhodium catalysts in the atmosphere of hydrogen
restored catalytic activity for 80 %.

Table 4 — Characteristics of synthesized Rh catalysts

Catalysts Surface area. m*/g
0.5 % Rh on carbon 535
0.5 % Rh on deactivated carbon 180
0.5 % Rh on deactivated carbon (in argon flow) 322
0.5 % Rh on regenerated carbon (in hydrogen flow) 480

a b
a) — 1% of Rh/zeolite b) — 0.5% of Rh/zeolite
Figure 3 — SEM pictures of catalysts

The synthesized rhodium catalysts were investigated by method by an electronic and microscopic
method. It is shown in Figure 3, that exemplars of the rhodium catalyst put zeolite are in an amorphous
crystalline state, and amorphous is understood as an amorphous state, i.c. in this state there can be also
crystal ultra-dispersible particles with sizes less than 500 nanometers. Rhodium the applied zeolite with
clay raises dispersion of a surface. Apparently from the figure 3 (b), rhodium catalysts nanoparticles of 50
nanometers in size, and were formed less.

Conclusion. The catalyst of the selection hydrogenation of benzene in engine fuels is developed.
Methods of drawing low-percentage rhodium catalysts on the basis of natural and synthetic carriers are
developed for hydrogenation of benzene in main products.

It is established the optimum modes of carrying out hydrogenation of benzene on rhodium catalysts
applied on zeolite and clay with the given structural characteristics. It is defined that 1% the rhodium
catalysts supported on zeolite increases selectivity on cyclohexane.

— g4 ——
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Influence of the rhodium catalyst on effectiveness in reactions of hydrogenation of benzene in
cyclohexane and main products is defined. Conversion of 1 % the rhodium catalyst makes 75-80 %, with
ultimate yield of isomers of 65 % (methyl cyclohexane, methylcyclopentane).

Results showed that carrying out reaction of hydrogenation of benzene on the developed rhodium
catalyst allows to receive pollution-free motor fuel with the low maintenance of aromatics.

As a result it is possible to improve significantly ecological characteristics of engine fuel for
achievement of parameters, conditioned Euros-4.

A.H. Aiityran', C.K. Tonip6eprenosa?, E. Tineyoepai'?,
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APOMATTBI KOMIPCYTEKTI KOMIPTEK TACBIMAJIJIAFBILITAFBI
MOINPULNHAPJIEHI'EH METAJIJI KATAJIM3ATOPBIHJIA TUAPJIEY

AnnoTauusa. COHFBl XKbUIJAphl KOI €1 MOTOpP OTBIHBIH camachblHa KaThICThI KaTaH Tajam Kokwoja. Mortop
OTBIHBIHA KOWBLIFaH TalanTap aBTOMOOWIIBAI OCH3MH KypaMbIHIAFbl KYKIPT MeJuepi, OyJIaHFBIIUTBHIFEI MEH
OCH3MHHIH KOMIPTEKTI KOCHAChl: apoMaTThl XoHE OJeHHAI KOMIpCYTeKTep MeIIIEepiH a3alTyFa Herizueneni.
KeMipKBIIIKBLUT Ta3bl, KYKIPT THOKCHI, KYHE CHIHABI 3USHABI 3aTTap OJapblH JKaHybl OapbICHIHIA KO3FAJITKBIIIKA
ken Memmiepae Tyceni. COHBIMEH KaTap, KONTETeH apoMaTThl KOMIpCYTEKTEep aca yIIbl 3aT OOJIBIN CaHaJIa bl

OcpiraH 0aiiIaHBICTEI MOTOP OTHIHBI KYPaMBIHIAFBl apOMATTHl KOMIPCYTEKTiH, acipece, OCH30JIIbIH MOJIIEPiH
azafTy Mocelneci e3eKTi 0ombIn ecenreneai. beH30s koHe OHBIH IIaNa aHy ©HIMi OCH30IHMpEH-KAHIEPOTeH i 3aT,
ajiaM JKOHE JKaHyap eMipiHe Kayill TyIbIpajbl. ApOMaTThl KOMIPCYTEKTI KaTalIWTHKAIBIK THAPIIEYl 3epTTey JKOHE
Ka3ipri TaHOa HapBIKTaFbl KaTaIM3aTOPJIAPIbIH CallachlH apTTHIPY Ja MAaHbBI3Abl. beH3071bI KaTATUTHKAJIBIK THAPIEY
peakLusIChl TEK KaHa aTOMJBIK paJnyChl HAKTHI OIp eJemaepre ue, TyHipiikTeareH KyOTik HeMece reKcaroHasibl
KYpBUIBIMFa M€ ayblcrainbl Metanaapna xypeai. [lamraauii, nnarnHa, upuauid, poanii, ocMui OEH30JABI TUAPIIEY
YZEPICiHIH aKTHBTI KaTaJIM3aTOPHI )KOHE JKOFAPBIIaFbl ATAJIFAH TaJalTapra TOJIBIKTAaN cail Keei.

L{ukiorekcanapl OEH30J/1bI THAPIEY PEAKLMIChl apKbUIbl allyFa HETI3[eNreH JeapoMarTay YpAICIHIH THIMII
mIapTTapsl OChl JKYMbBICTA TaHJAJBIHIBL ©O3re MeTalapFa HETI3AeNreH JICTYpIl JKyHelepieH repi, poauid
KaTallM3aTopiiapbl JKOFapbl CEJIEKTHBTI JXOHE KEHUI >Karhaiijia KbI3MET aTrKapaabl. OKOJOTHSUIBIK Ta3a ©HIM
LUKJIOTEKCaH/Abl ~ ajyFa apHaJFaH apoMarThl KeMIpCYTEeKTepAli THIpJiey YpZIici  KaTalu3aTopJIapbIHBIH
TacCBIMANJAFBIIIBI PETIHAE KONJAaHBUIA aaThIH ca3 OCH IEONMHTTIH YIKeH Kopbl Kazakcranma 6ap. DKOJIOTHAIBIK Ta3a
MOTOp KaHApMaHBIH ally YIIiH apoMaTThl KeMipCyTeKTepli TUApIEyTe apHaIFaH JKOFaphl CEJCKTHBTI KOMIPTEKTi
TaCBIMANJAFBIIITA OHIMI KOFaphl OTaHIBIK PO KaTadH3aTOPIBl aTyIbIH JKaHA QMICTEPi >KYMBICTHIH MaKCaThI
6OJIBIT caHaAJIAdbI.

KapOonpay yzepici ke3iH/ie TalllbIKTallFaH KOMIpTeri MeH HaHOKYPBUIBIMHBIH Taiiia 0osybiHa ceben 00aaThiH
Fe;04, TiO2, MgO Cry0s, okcuarepi OosraHasikTaH TeHkep TiMHACHl TaHmannel. Lleomut Herisimmeri poaui
KaTaJM3aToOPJIapblH OTBIPFBI3Y OicCi apKbUIbl anaasl. CHHTE3ICITeH KaTalu3aToOpJIapAblH OCICeHAUIINT >KOFaphl
KBICBIMJIaFbl 3epTXaHalbIK KOHABIPFBAA, 50-300° C Temnepartypa skone 0,1-3,0 MIla kbIchbIM Auamna3oHbIHIA
3epTTEeNli, KOJIEMIIK aFbIM KbUTIaMIbFs! 1,0-4,0 carl.

MoTop OTBIH KypaMmblHIAFbl OEH30JJII CEJEKTHBTI THApJEYyre KOJIJaHBIIATHIH KaTallM3aTop JaibIHIAJIbI.
BeH3omnnpl MakcaTThl OHIMIe THApIIEY VIIIH TaOWFH >KOHE CHHTETHKANBIK TaChIMAJIArbIIITap HEri3iHAE TOMEHTI
MOJIIIepIeri pOAui OTHIPFBIZY OficI KOJMAHBUINBL. KYPBUIBIMIBIK CHITaTTamajapbl OENTiNi IEONUT TeH TIMHAFa
OTHIPFBI3BUIFAH POIMH KaTadu3aTopiaphiHAa OEH30NMABl THAPJCYHIH THIMII peXuMi aHBIKTanAbl. lleommTie
OTBIPFBI3bUTFAH 1% poamii KaTaau3aTopbl LUKIOTEKCaH OOMBIHINA CENEKTUBTLIIKTI apTTHIPATHIHBI AHBIKTAJJIBL.
beH30s11bl LUKIIOTEKCAaHFa AEHIH THApIeY peakUuuschiHbIH 3()(EKTUBTININIHE POANI KaTalnn3aTopiIapbIHbIH dcepi
aHbIKTANOBl. 1% pommii KaTaim3aTop  KaThICBIHAA, YIepic HoTwkeciHme 65%  (METHIIMKIOTEKCaH,
METUIILUKIIOTIEHTaH ) H30MepJIep IIbIFbIMBI OOJIFaH jkaraaiiaa kousepcus 75-80% kepcerTi.

Hotmxenepre colikec, KacalblHFAaH POAUIN KaTaJu3aTOPbIHAA OCH30JIIbI THAPJCYII JKYpPri3y KypambIHIa
apoMaTTbl KOMIPCYTEKTIH MeJIepi TOMEH HKOJIOTHSUIBIK Ta3a MOTOP OTBIHBIH allyFa MYMKIHIIK OepeTiHIiriH
kepcerti. Hormwkecinae Eypo-4 cranmaprrapsiHa cail mapameTpiiepre »eTeTiH JopeKelle MOTOP OTBIHAAPhIHBIH
9KOJIOTHSUIBIK CHITaTTaMajlapblH apTThIpyFa O0Jaibl.

Tyiiin ce3nep: ruapiiey, apoMaTThl KOMIpCyTeKTep, OEH3011, KaTaJlM3aTopJiap, cas, EOJIUT
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IT'naAPUPOBAHUE APOMATUYECKHUX YIJIEBOJOPOJOB
HA MOAN®UIINPOBAHHBIX METAJIJI-KATAJIM3ATOPAX
HA YIVIEPOJHOM HOCHUTEJIE

AnHoTauus. B nocnemHue romsr Bce 6osee y:KecTo4aroTcsl TpeOOBaHUSA K Ka4eCTBY MOTOPHOTO TOIUIMBA BO
Bcex crpaHax. CTporue yciaoBUS Ha aBTOMOOMJIBHBIA OCH3MH OTPaHHMYUBAIOT COJCp)KaHUE CEephI, NCHApSEMOCTh U
YIJICBOJIOPOIHBIN COCTaB OCH3MHA: apOMATUYECKUX U OJIChMHOBBIX YIJIEBOAOPOIOB. BpenHbie BeliecTBa, TakKHe Kak
OKHUCh yIJIepOJa, IBYOKHCh CEPhI, Caka MOMAJa0T B IBUTATS)IM B OOJBIINX KOJIMYSCTBAX MPU MX cropanuu. Kpome
TOI'0, MHOTHC apOMATHYCCKUEC YTJTICBOAOPOAbl TAKKE ABJIAIOTCA BBICOKOTOKCUYHBIMHA BEHICCTBAMMU.

B cBs3u ¢ 3TUM, YMCHBIICHAE KOJIMYECTBA apOMATHYCCKUX YTICBOAOPOAOB, OCOOCHHO OEH30JIa, B MOTOPHBIX
TOIUTUBAX SIBJISICTCS aKTYyaJIbHOW M HEOTJIOXKHOM 3amadeil. BeH30)1 U MPOIYKT HEMOIHOTO OKUCICHHUS OCH30MUpPEH —
KaHIIEPOTEHHOE BEIECTBO, HAKAIUIMBAIOIIEECS B OKPYXAMOMIEH cpene, OKa3bIBaeT HEraTWBHOE BIHMSHUAE Ha
0e30MacHOCTh JKM3HU JIONEH W KUBOTHBIX. BaKHOW 3amaueil sBIsIETCS W3ydYEHHE IpOLecca KaTaJUTHIECKOTO
TUAPUPOBAHUS aPOMATHUYECKUX YTIIEBOJOPONOB W YIYUIICHHE COOTBETCTBYIOIIMX KaTalU3aTopoB. Peakunu
KaTaJIMTUYECKOTO THAPUPOBaHMSI OEH30J1a MOTYT IPOTEKaTh TOJBKO Ha MEPEeXOJHbIX MeTajlulaX, HMEIOIIUX
TPaHEIEHTPUPOBAHHYIO KYyOHMUYECKYI0 MIIM TeKCaroHaJbHYIO0 CTPYKTYpYy M, KpOME TOTO, aTOMHBIE PAIIyChl CTPOTO
OIpe/ieNIeHHbIX pa3MepoB. llammanuii, miatuHa, UPUAHUM, POIMNA, OCMHI ABJISIIOTCA AKTMBHBIMHU KaTalu3aTopamu
TUApUPOBAHUA 66H30ﬂa HUKJIOIr€KCaHa U OTBEYAIOT BbIIICYKA3aHHBIM TpeGOBaHI/lﬂM.

B nanHoit pabore monoOpaHbl ONTHUMabHBIE YCIIOBHS JieapOMaTH3allid Ha OCHOBE PEaKLUU THIPUPOBAHUS
OcH30s1a TS TOJTyYeHHsI IIUKJIOTeKcana. PoiueBbie KaTalu3aTopbl padoTaroT B 00Jiee MITKUX YCIOBUSX U 001a1at0T
0OJIBIIEH CENeKTUBHOCTRIO, YeM TPAUIIMOHHBIC CHCTEMBI, OCHOBAHHBIC Ha Npyrux Mertayuiax. Kasaxcran obmamaeT
OTPOMHBIMH 3arIacaM¥ IPUPOTHOTO I[EOJIUTA U TIHHBI, KOTOPBIE MOTYT OBITh UCIIOJIE30BaHBI B KAY€CTBE HOCHTEIS
KaTaJIn3aTOPOB TUAPUPOBAHUS apOMATHUECKUX YTICBOJOPOAOB JUIS TOIYYCHUS YKOJIOTHUECKOTO YUCTOTO MPOAYKTa
— nuKiIorekcana. 1{enpro paboThI SBIIOTCS HOBBIE METOJIBI MTOMYUYCHHST POAMEBBIX HAHOPAa3MEPHBIX KaTaln3aToOpPOB C
MOBBIIIEHHONH TIPOAYKTUBHOCTBIO Ha YIIIEPOAHOM HOCHTeNe, OONagarolieM BBICOKOH CEIEKTUBHOCTBIO IIPH
THUIPUPOBAHUU APOMATHUECKUX YTIIEBOIOPOIOB IS OTYYCHHUS SKOJIOTUIECKH YHCTOTO MOTOPHOTO TOILTHBA.

Br160op TOHKEpCKO# TIMHBI BEI3BAaH TE€M, UTO B cocTaBe onpeneneHsl okcuIsl Fe;0y4, Ti02, MgO Cr,0s, koTOphIe
CHOCOOCTBOBYIOT 00pa30BaHMIO BOJIOKHHCTOTO yIJIepoJia MU HaHOCTPYKTYP B Ipoliecce kapOoHuzauuu. Ponuesbie
KaTaln3aTophl HA OCHOBE LIEOJINTA MOIYYar0T METOOM MIPOIHUTKH € MOCIEIYIONINM MpoKaanBaHueM. MccnenoBanue
AKTUBHOCTH CHHTE3MPYEMBIX KaTaJH3aTOPOB MPOBOJIMIOCH B JIAOOPATOPHON YCTAHOBKE BBICOKOTO JaBJICHHS B
auanasone temneparyp 50-300° C, napnenus 0,1-3,0 MIla, ckopoctn 06beMHoro noroka 1,0-4,0 uac!.

Pa3paboTaH kaTamu3aTop CEIEKTUBHOTO THAPUPOBAHUS OCH301a B MOTOPHBIX TOILIHBAX. Pa3paboTaHbl ciocoOBI
HAHECEHUS HU3KOIPOIICHTHBIX POJUEBBIX KAaTAIM3aTOPOB HA OCHOBE NPUPOJHBIX M CHHTCTUYCCKUX HOCHTEICH s
TUIPUPOBaHUS OCH30J1a B IIETICBBIC MPOAYKTHL Y CTAHOBJICHBI ONTHMAJIBHEIC PEKUMBI MIPOBEACHUS THIPHUPOBAHUS
OeH307a Ha pONMEBBIX KATalNM3aTOpaX, HAHECEHHBIX HAa IEONUT W TIUHY C 3aJaHHBIMH CTPYKTYPHBIMH
xapakrepuctikamu. OmnpezneneHo, uto 1% pOIMEBBIX KaTadM3aTOPOB, HAHECEHHBIX HA IIEOJIUT, YBEINIUBACT
CEJICKTUBHOCTH TI0 IUKJIOTeKcaHy. BiusHne poameBoro katanm3aTopa Ha 3QQEKTHBHOCTD PEaKIMU THAPUPOBAHUIL
OeH301a B MUKIOTEKCaH M B OCHOBHBIE MPOAYKTHI OblIH ompexneneHbl. Koneepcust 1% ponmmeBoro karammsaTopa
cocraBisieT 75-80% mpu KOHEYHOM BBIXO/I€ H30MEPOB 65% (METHIIMKIOTEKCaH, METHIIUKIIONIEHTAH).

PesynpraTel TOKa3ajgw, 4TO TNPOBEACHHWE PpEakIMH THIPUPOBaHUS OeH307a Ha pa3pabOTaHHOM PpOIHUEBOM
KaTaJn3aTope IMO3BOJSET MOJAYy4YaTh 3KOJOTMYECKH YHCTOE MOTOPHOE TOIUIMBO C HH3KHM COJCPKAHUEM
apoOMaTHYECKHUX YTIIEBOIOPOJOB. B pe3ynbraTe MOXKHO 3HAYUTEIBHO YIYYIIUTh JKOJOTHUCCKUE XAPaKTEPUCTHKH
MOTOPHOT'O TOIIJIUBA JIA JOCTUKCHUA MMapaMETPOB, COOTBETCTBYIOINX CTaHAapTaM EBpO-4.

KiroueBbie cJioBa: rTUAPUPOBAHUE, APOMATHUYCCKIE YTIIEBOIOPOIBI, OCH30II, KaTaH3aTOPkI, TIUHA, IICOJIUT.
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SYNTHESIS AND STRUCTURE
OF HYDRAZONE DERIVATIVES OF HARMINE

Abstract. The present paper deals with chemical synthesis based on 8-acetylharmine. It was established that
interaction of 8-acetylharmine with hydrazine hydrate produces (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b]indole in a yield of 69%. It was shown, that reaction of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-
9H-pyrido[3,4-b]indole with functionally substituted aromatic aldehydes (anisaldehyde, 2-fluorobenzaldehyde,
2,4- dimethoxybenzaldehyde) by boiling in methanol leads to the formation of the corresponding N-
arylidenehydrazones with 56-82% yields. The structure of the synthesized compounds was characterized on the basis
of one-dimensional 'H, 3C and DEPT NMR methods, as well as data from two-dimensional COSY, HMQC, and
HMBC spectra, elemental analysis and mass spectra. Correlation spectroscopic methods provided information for
identification of three bond protons-protons and one bond protons-carbons correlations COSY ('H -'H) and HMQC
('H-3C, 'H-'>N). Homo- and heteronuclear interactions, confirming the structures of new derivatives of harmine, are
determined. The use of modern physicochemical and spectroscopic research methods in the present work allowed
reliable and unambiguous characterization of the structure and properties of the obtained compounds.

Key words: harmine, hydrazone derivative of 8-acetylharmine, N-arylidenehydrazones, 'H-, ?*C-NMR spectra,
two-dimensional NMR spectra.

Introduction. It is well known that modification of alkaloids gives a wide opportunity to obtain
compounds whose biological activity spectrum is significantly expanded and modified in comparison with
the starting substance.

In order to search for new synthons and biologically active compounds and to find effective drugs of a
given spectrum of activity, a chemical modification of the alkaloid harmine was carried out [1]. Alkaloid
of B-carboline type harmine 1 is contained in the plant Peganum harmala L., widely distributed on the
territory of Republic of Kazakhstan.

According to the literature data, the indole alkaloid harmine 1 has a wide spectrum of
pharmacological activity. Harmine affects the central nervous system, showing neuroprotective activity in
neurological diseases. Derivatives of harmine have neurotropic activity, and its water-soluble form,
harmine hydrochloride, has antidepressant, antihypoxic (hypobaric hypoxia) and anti-Parkinson effects
[1-6].

Moreover, it should be noted that in recent years, the synthesis of hydrazones has attracted great
attention not only because of the significant biological activity of the target compounds, but also because
the possible synthesis of various heterocycles based on them, including energy-intensive materials.

In this regard, our aim was to continue research on the transformation of the available alkaloid
harmine in order to obtain new biologically active compounds.

Experimental part. Earlier, we published effective methods for the synthesis of derivatives of
B-carboline alkaloids 8-formylharmine and 8-acetylharmine. By the condensation of 8-acetylharmine 2
with aromatic aldehydes the corresponding chalcones were synthesized, the reaction of which with
hydrazine hydrate in acetic acid resulted in 3-substituted 1-acetylpyrazolines [7-11].
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In continuation of our work, new derivatives of the alkaloid harmine 1 were synthesized; on the basis
of 8-acetylharmine 2, 8-acetylhydrazone harmine 3 was synthesized and a number of
N-arylidenehydrazones harmine 4-6 were obtained with a yield of 56-82% (scheme 1).
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The structure of the synthesized compounds was characterized by the complex of physicochemical
methods: IR, UV, one-dimensional NMR 'H, "*C and DEPT and two-dimensional COSY spectroscopy
(‘H -'"H), HMQC, HMBC ('H-"C, and 'H-"°N), mass spectrometry and elemental analysis data.

Materials and research methods. The 'H and '*C NMR spectra were recorded on a JEOL JNM-
ECZR 500 MHz spectrometer (500 MHz 'H and 125 MHz "*C). The "F NMR spectrum of compound
5 was recorded on a JEOL JNM-ECZR 500 MHz spectrometer (282 MHz) in CDCl;. The "N NMR
spectra were obtained on a JEOL JNM-ECZR 500 MHz (60.84 MHz) in CD;OD using CH3NO, as
monitor sample ox 167,6 ppm.

Different types of proton-proton and carbon-proton correlation spectroscopy were used to assign
signals in the NMR spectra (COSY, DEPT, HMBC, HMQC). High-resolution mass spectra were recorded
on a DFS Thermo Scientific mass spectrometer, evaporator's temperature 150-240 °C, EI ionization
(70 eV). Melting points were determined on Opti Melt apparatus. The reaction progress was monitored by
TLC method on Silufol UV-254 plates. For the detection of alkaloids derivatives the Dragendorff's reagent
was used. The reaction products were isolated by column chromatography on Al,Os (stage II act.).

Results of the study. We have established that the interaction of 8-acetylharmine 2 with an excessive
amount of hydrazine hydrate in ethanol leads to the formation of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-
methyl-9H-pyrido[3,4-blindole 3, yield 69%, composition CisHisN4O, melting point 207-209 “C, [a]*p -
187.5 (¢ 0.16; CHCIl5).

N-arylidenehydrazones of harmine 4-6 were prepared (yield 65-83%) starting from
(E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3.,4-b]indole 3 which easily reacted with
functionally substituted aromatic aldehydes (anisaldehyde, 2-fluorobenzaldehyde,
2,4-dimethoxybenzaldehyde).

The IR-spectrum of compounds 3—6 contain intense stretching bands at 3327-3220 cm’, which
belong to the (-NH) group, and at 3178-2827 cm™' (C—H aromatic and methoxy groups). In the spectra of
all compounds, a set of absorption bands was observed in the region of 1617-1606, and 1569—1418 cm',
corresponding to the presence of aromatic groups in the structure (C=N) and (C=C). The bending
vibrations of the C=N-N groups correspond to bands 1293-1202 and 1113 cm".
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In the '"H NMR spectrum of (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole 3,
singlet signals were observed in the region of 6 2.71 and 2.12 ppm, corresponding to proton signals of the
methyl groups at C-1 and C-12. Signals of protons of the methoxy group at C-7 were observed in the
region of 6 3.86 ppm in a form of singlet. The proton signals H-3, H-4, H-5, H-6 of the B-carboline core
appear at o 8.15, 7.81, 8.12 and 7.04 ppm, with coupling of 5.8; 5.8; 8.2; 8.2 Hz, respectively. The
characteristic signal of NH, groups was observed in the low field in the region of & 8.03 and 8.05 ppm.
The proton signal of the N-H group of the pyrrole ring was observed in the low magnetic field at
6 10.51 ppm.

The *C NMR spectrum of compound 3 contained 6 singlet signals at 116.47, 123.36, 135.64, 138.67,
141.58, 156.81 ppm, characteristic for carbon atoms C-4a and C-4b, C-9a, C-8a, C- 1, C-7, as well as
5 doublet signals at & 105.00, 105.82, 129.02, 137.24 ppm related to carbon atoms C-6, C-8, C-4, C-5,
C-3, respectively. The signals of carbon atoms related to CH3CN, -CH3, -OCH3, were observed at 6 18.51,
21.94, 55.55 ppm, in the form of quartets. The carbon atom C=N appears as a singlet at d 145.95 ppm.

For assignment of all 'H and '*C NMR signals, a number of two-dimensional spectroscopic methods
were used: 'H-'"H COSY, 'H-"*C HSQC, 'H-"*C HMBC, and 'H-'°N HMBC.

The 'H and "*C NMR spectra of synthesized derivatives of harmine 4-6 contained a set of
characteristic signals of protons and carbon atoms of the p-carboline core and the corresponding
substituent. The proton CH= of side chain in the '"H NMR spectrum of compounds 4-6 resonated as a
broadened singlet in the region of 6 8.73-8.32 ppm. Signals, characteristic for the protons of the aromatic
ring H-3'-5' appeared at & 6.18-8.69 ppm, respectively. The characteristic signals of carbon atoms in the
BC NMR spectra belonging to -CH3;C=N, -CHs, (-OCH;), (-OCH;), groups occurred in the regions of
0 19.84-19.94, 20.21-20.42, 55.56-56.43 ppm, respectively, as quartets. Doublet (d) signal related to the
CH=N substituent was observed at 6 150.43-157.20 ppm. The singlet signal of the -C=N group in the C-8
substituent shifted to the low magnetic field relative to the location in the spectrum of hydrazone 3 and
were detected at 6 163.59-167.68 ppm.

The correct assignment of signals in the '"H NMR spectrum of compound 3 confirm the two-
dimensional '"H-"H COSY correlation spectra (Fig. 1).

For compound 3, the '"H-'"H COSY spectrum shows the spin-spin correlation between the protons of
methine groups: H-3 and H-4 of the pyridine ring with a cross peak of 8.15, 7.81 ppm (doublets with
J = 5.8 Hz) and between H-5 and H-6 of the aromatic ring with the correlation of signals at & 8.12, 7.04
ppm (J coupling of 8.2 Hz).
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Figure 1 - Two-dimensional 'H-"H COSY spectrum of compound 3

. , CDiW0D
[0 pOCHn S i ,CHs

o f A

Figure 2 - Two-dimensional spectrum HMBC ('H-'3C) of compound 3
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Figure 3 - Two-dimensional spectrum HMBC ('H-'"N) of compound 3

The assignment of signals in the "N NMR spectra was carried out according to the two-dimensional
spectrum of the inverse correlation of '"H-"’N on the long-range interactions (HMBC). To assign the
chemical shifts of carbon atoms that are not related to hydrogen atoms, heteronuclear correlation methods
for long-range bonds were applied: "H-"*C HMBC (Fig. 2) and '"H-">’N HMBC (Fig. 3) [19]. With the help
of the correlation spectra for long-range bonds all carbon atoms that are not connected with hydrogen
atoms in the molecule were uniquely determined, thereby completely confirming the structure of the
obtained compounds 3-6.

The 'H-"*C HMBC showed correlation peaks of the CH; protons (C-13) with C-8 and C=N atoms.
CHj3 protons (C-10) interacted with atoms C-1 and C-3. Protons of OCHs (C-11) correlated with the
C-7 atom. This experiment confirmed the assignment of the methyl groups.

An analysis of the "H-"’N HMBC spectra showed that the CH; proton (C-13) (5 2.12 ppm), showed
correlation with the nitrogen atom of the group C=N at 310 ppm. Proton H-3 (doublet, & 8.15 ppm), and
the CH3 protons (C-10) (6 2.71 ppm), showed interaction with a nitrogen atom in position 2 of the
pyridine ring (dx 280 ppm).

All of these data suggest that the synthesized compound has the following structure (figure 4).

7.81,d.,J=5.8 Hz

’/—%‘\d., J=8.2 Hz
H
H H

7.09,d., J=8.2 Hz

H

8.15,d., J=5.8 Hz

N
H T H
805, c. 8.03, c.

Figure 4 - The main correlations in the 'H-'3C and 'H-'>N HMBC spectra of compound 3

Experimental part. (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole (3).
Solution of 0.5 g (1.96 mol) 8-acetylharmine 2 in 25 ml of ethanol was stirred, and meanwhile 2.94 g
(0.06 mol) of hydrazine hydrate was added dropwise in excess. The reaction mixture was stirred for
7-8 hours at a temperature of 60 °C. The precipitate formed was filtered and recrystallized from EtOH.
Yield 69%, yellow paurocrystalline powder, melting point 207-209 °C, [a]*p -187.5 (c 0.16; CHCI;).
UV-spectrum (EtOH), Amax/nm (log €): 213 (2.85), 243 (2.99), 302 (2.66), 328 (2.22), 341 (2.17). IR-
spectrum (KBr, v, cm™): 3327, 3220, (-NH), 3170, 3096, 2890, 2827 (-C-H), 2983, 2927, 2915, (-OCH3 of
phenyl fragment), 1617 (-C=N), 1569, 1446, 1418 (-C-C), 1293, 1222, 1202 (-C=N-N), 1113 (-N-N).
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'"H NMR spectrum (500 MHz, DMSO, §, ppm, J/Hz): 2.12 (3H, s, CH3CN), 2.71 (3H, s, CH3), 3.86 (3H,
s, OCH3), 7.04 (1H, d, /=8.2, H-6), 7.81 (1H, d, J=5.8, H-4), 8.03, 8.05 (2H, s, NH,), 8.12 (1H, d, J=8.2,
H-5), 8.15 (1H, d, J=5.8, H-3), 10.51 (1H, br. s, NH). *C NMR spectrum (125 MHz, CDCl;, &, ppm):
s. 141.58 (C-1); d. 137.24 (C-3); d. 112.1 (C-4); s. 116.47 (C-4a); s. 129.02 (C-4b); d. 123.31 (C-5);
d. 105.0 (C-6); s. 156.81 (C-7); s. 105.82 (C-8); s. 138.67 (C-8a); s. 135.64 (C-9a); q. 18.51 (CH3C=N);
g. 55.55 (-OCH3); q. 21.94 (-CH3); s. 145.95 (C=N). Mass-spectrum, m/z (I, %): 277 (100), 308 (37),
237 (22), 278 (18), 236 (15). Found, m/z: 268.1319 [M]". CisHi¢N4O. Calculated, m/z: 268.1298.
Elemental analysis: found, %: C 69.10; H 7.17; N 17.8. C;sHisN4O. Calculated, %: C 67.16; H 7.00;
N 17.87.

7-Methoxy-8-((E)-1-((E)-(4-methoxybenzylidene)hydrazono)ethyl)-1-methyl-9 H-pyrido|3,4
blindole (4). To a solution of 0.1 g (0.37 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b]Jindole 3 in 10 ml of methanol, while stirring 0.151 g (1.12 mol) of anisaldehyde was added
dropwise in 5 ml of methanol. The reaction mixture was stirred for 4 hours at 60-65 °C. The precipitate
formed was filtered off and recrystallized from ethanol. C23H2:N4O,, yield 56%, melting point 171-172 °C,
[0]**p 4250 (¢ 0.16; CHCIl3). UV-spectrum (EtOH, Ama/nm (log €): 215 (2.78), 238 (2.82), 305 (2.74).
IR-spectrum (KBr, v, cm™): 3235 (-NH), 3006, 2841 (-C-H), 2964, 2927, (-OCH; of phenyl fragment),
1618, 1605 (-C=N), 1572, 1513, 1462, 1424 (-C-C), 1293, 1249 (-C=N-N), 1175 (-N-N).

"H NMR spectrum (500 MHz, CDCls, §, ppm, J/Hz): 2.72, (3H, s, CH;CN), 2.79 (3H, s, -CH3), 3.89
(3H, s, -OCHz3), 4,00 (3H, s, -OCH3), 6,96 (1H, d, J=8.7, H-6), 6.99 (1H, q, J=6.8, H-3"), 7.01 (1H, q,
J=6.8, H-5"), 7.73 ppm (1H, d, J=5.3, H-4), 7.84 (1H, q, J=8.8, H-2"), 7.86 (1H, q, J=8.8, H-6"), 8.07 (1H,
d, J=8.7, H-5), 8.32 (1H, d, J=5.3, H-3), 8.32 (1H, br. s, H-16), 10.51 (1H, br. s, NH). *C NMR spectrum
(125 MHz, CDCls, 9, ppm): s. 141.6 (C-1); d. 139.0 (C-3); d. 112.3 (C-4); s. 116.9 (C-4a); s. 128.14
(C-4b); d. 124.29 (C-5); d. 105.44 (C-6); 5.162.05 (C-7); s. 110.22 (C-8); s. 140.33 (C-8a); s. 134.86 (C-
9a); q. 19.84 (CH3CN); q. 55.56 (OCH3); q. 56.44 (OCH3); q. 20.42 (CHs); s. 167.24 (C=N); d. 157.2
(CH=N); s. 128.1 (C-1"); d. 114.40 (C-3',5"); d. 130.27 (C-2',6"). Mass-spectrum, m/z (I, %): 355 (100),
356 (22), 386 (20), 387 (8). Found, m/z: 386.1739 [M]". C3H:N4O,. Calculated, m/z: 386.1737.
Elemental analysis: found, %: C 71.07; H 6.13; N 14.32. Cy3H2:N4O,. Calculated, %: C 71.45; H 5.72;
N 14.51.

8-((E)-1-((E)-(2-fluorobenzylidene)hydrazono)ethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-
blindole (5). To a solution of 0.1 g (0.37 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b]indole 3 in 10 ml of methanol, while stirring 0.092 g (2 mol) of 2-fluorobenzaldehyde was
added dropwise in 5 ml of methanol. The reaction mixture was stirred for 4 hours at 60-65 °C. The
precipitate formed was filtered and recrystallized from ethanol. Yield 82%, C»Hi9N4OF, melting point
166-168 °C, [a]*'p +62.5 (c 0.16; chloroform). UV-spectrum (EtOH), Ama/nm (log €): 209 (3.03), 245
(3.08), 300 (2.87), 342 (2.69) nm. IR-spectrum (KBr, v, cm™): 3274 (-NH), 3044, 2840 (-C-H), 2997, 2977
(-OCH3 of phenyl fragment), 1622, 1604 (-C=N), 1577, 1484, 1459 (-C-C), 1295, 1283 (-C=N-N), 1236
(-C-F), 1170 (-N-N). '"H NMR spectrum (500 MHz, CDCl;, 8, ppm, J/Hz): 2.72, (3H, s, CH;CN), 2.81
(3H, s, CH3), 4,01 (3H, s, OCH3), 6,97 (1H, d, J=8.7, H-6), 7.16 (1H, ddd, J=10.3, 8.4, 0.9, H-3"), 7.27
(1H, td, /=7.6, 0.9, H-5"), 7.46 (1H, dddd, J=8.4, 7.6, 5.4, 1.6, H-4"), 7.74 (1H, d, J=5.4, H-4), 8.09 (1H, d,
J=8.7, H-5), 8.19 (1H, td, J=7.6, 1.6, H-6"), 8.34 (1H, d, J=5.4, H-3), 8.73 (1H, br.s, H-16), 10.53 (1H,
br.s, NH). *C NMR spectrum (125 MHz, CDCls, 8, ppm): s.141.6 (C-1); d. 139.0 (C-3); d. 112.3 (C-4);
s. 116.97 (C-4a); s. 128.20 (C-4b); d. 124.61 (C-5); d. 105.47 (C-6); s. 160.10 (C-7); s. 109.94 (C-8);
s. 140.40 (C-8a); s. 134.86 (C-9a); q. 19.94 (CH3CN); q. 20.21 (CH3); q. 56.43 (OCHz3); s. 167.68 (C=N);
d. 150.43 (CH=N); s. 122.49 (C-1', JF=9.8); s. 162.16 (C-2', J;=5.2), d. 116.14 (C-3', Ji=2.1); d. 132.60
(C-4', J7=8.5); d. 124.56 (C-5', J;=3.8); d. 127.77 (C-6', J;=2.5). In the '°F NMR spectrum, the only signal
of the fluorine phenyl fragment of the compound (E)-1-(2-fluorophenyl)hydrazone)ethyl)-7-methoxy-1-
methyl-9H-pyrido[3,4-b]indole-8-yl 5 was observed. Mass spectrum, m/z (I, %): 343 (100), 374 (58),
344 (23), 237 (21), 375 (15). Found, m/z: 374.1537 [M]". C»H9FN4O. Calculated, m/z: 374.1535.
Elemental analysis: found, %: C 69.61; H 5.61; N 14.40. C»H19FN4O. Calculated, %: C 70.47; H 5.11;
N 14.96.

8-((E)-1-((E)-(2,4-dimethoxybenzylidene)hydrazono)ethyl)-7-methoxy-1-methyl-9H-pyrido|[3,4-
blindole (6). To a solution of 0.15 g (0.56 mol) of (£)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-
pyrido[3,4-b] indole 3 in 20 ml of methanol 0.186 g (1.12 mol) of 2,4-dimethoxybenzaldehyde was added
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dropwise with stirring in 5 ml of methanol. The reaction mixture was stirred for 4 hours at a temperature
of 60-65 °C. The precipitate formed was filtered and recrystallized from ethanol. Yield 75%, C24H24N4O3,
[0]**p +125 (c 0.16; chloroform). UV-spectrum (EtOH, Ama/nm (log €): 216 (2.78), 236 (3.26), 293 (2.26),
317 (2.17). IR-spectrum (KBr, v, cm™): 3220 (-NH), 3178, 3107, 3004, 2851, 2837 (-C-H), 2970, 2926
(-OCHj3 of phenyl fragment), 1623, 1606 (-C=N), 1570, 1462, 1421 (-C-C), 1290, 1271, 1226 (-C=N-N),
1173 (-N-N).

"H NMR spectrum (500 MHz, CDCls, 8, ppm, J/Hz): 2.54, (3H, s, CH;CN); 2.68 (3H, s, -CH3); 3.70
(3H, s, -OCHa»); 3.71 (3H, s, -OCH3); 3.95 (3H, s, OCHa3); 6.18 (1H, dd, J = 8.7, H-3"), 6.32 (1H, d,
J=28.8, H-6"), 6,94 (1H, d, J=8.7, H-6); 7.73 (1H, d, /= 5.3, H-4), 8.04 (1H, d, /= 8.7, H-5), 8.32 (1H, d,
J=15.3,H-3),8.69 (1H, d, J= 6.8, H-5"), 8.76 (1H, br. s, H-16), 10.56 (1H, br. s, NH). *C NMR spectrum
(125 MHz, CDCls, 8, ppm): s.129.1 (C-1"); d.139.28 (C-3); d.112.43 (C-4); s.115.49 (C-4a); s.117.07
(C-4b); d.123.31 (C-5); d.105.34 (C-6); 5.162.34 (C-7); 5.110.60 (C-8); s.141.73 (C-8a); 5.135.65 (C-9a);
q.24.33 (CH;CN); q.56.40 (OCHs); q.55.57 (OCH3); q.56.52 (OCH3); q.20.31 (CHs); d.98.39 (C-6');
d.28.52 (C-3',5"); d.155.01 (CH=N); s.163.59 (C=N). Mass spectrum, m/z (I, %): 385 (100), 416 (32),
386 (26), 237 (11), 417 (9). Found, m/z: 416.1843 [M]". C,sHxuN4Os. Calculated, m/z: 416.1840.
Elemental analysis: found, %: C 68.99; H 6.34; N 13.03. Cy4H24N4O;. Calculated, %: C 69.21; H 5.82;
N 13.45.

In conclusion, new methods for the preparation of harmine derivatives substituted at position C-8
were elaborated which allow subsequent modification of §-acetylharmine to new N-arylidenehydrazones
of harmine, the molecular structure of which was established on the basis of elemental analysis and
spectral data (IR-, UV-, 'H-, °C-, F-, "'N- NMR).

The authors thank the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan for financial support of grant project No. AR05135304, as well as the Chemical Service
Center for Collective Use of the NIOC SB RAS for spectral studies.
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T'APMUH I'MIPA30OH TYBIHABIJIAPBIHBIH CUHTE3I )KOHE KY¥PbILJIBIChI

AHHOTanMsi. AJIKQTOMITAPIBIH MOJEKYyJIalapblH TYPICHIIPY OHONOTHSIIBIK OCNCEHMINIK CHEeKTpl OacTamksl
3aTIeH CANBICTHIPFaHAa alTapibIKTall KeHEHETIH opi TYpi ©3repeTiH KOCBUIBICTApAbI aTyFa KeH MYMKIHIIK OepeTiHi
Genrimi.

Kana cMHTOHIIAp MEH OMOJIOTHSUIBIK O€JICeH i KOChUIBICTApAbI 13/1ey JKOHE OJIap.IblH HEri3iHAe acep eTy CIIEKTpi
OenrineHreH THIMAI ASPUIIK Kypangapabl 134ecTipy MakcaTbIHa TapMUH AJIKaJTOHIBIHBIH XUMHSJIBIK TYPJICHIIPLTYl
KYprizingi. B-kap6onuH THITeC rapMuH ankaouasl OHTYCTIK Ka3zakcTaHma KeHIHEH TapalFaH KOIIMIi aJblpaciiaH
(Peganum harmala L.) IUKi3aTBIHBIH KYpaMbIH/Ia KE3/IECE/I.

Onebu nepekTepre ColKec rapMHH WHIOJIBI AIKaJOUABl KeH (apMaKoJOTHsUIBIK OEICEHIUIIK CIIEKTpiHE He.
lapMuH HEHPONOTHAIIBIK aypyiap Ke3iHAe HEeHpOIPOTEKTOPIBIK OeICEHAUTIK TaHBITHII, OPTANBIK KYHKe JKyieciHe
acep erexmi, A MOHOAMHUHOKCHIA3aHbI Texkeini. [[apMuH TyBIHABUIAPEI MUKPOOKA KapChl OCICEHIUTIKKE Ue, all OHBIH
Cyla epHUTiH Typi — TapMUH THIPOXJIOPHIIHIH [CIpEecCHsra, THIIOKCHSFa (THIIOOAPHSIIBIK THIIOKCHS) JKOHE
MapKUHCOHMU3MIE KapChl acepi 6ap.

CoHFBl OKBUIZAphl THAPA3OHAAD CHHTE31 HBICAHAIBI KOCBUIBICTAPIBIH  aWTapibIKTall  OHOJOTHSIIBIK
OeJICeHIUTITIMEH FaHa €MecC, OJapIbIH HETi3iHAE OpTYpJl TeTePOIMKIAEPAi, OHBIH INIHAE DHEPTHS CHIABIMIBI
MaTepualapisl CHHTE3/ley MyMKIHJITIMEH Jie Ha3ap ay/apTaThIHbIH aTall 6TKEH JKOH.

Oceblran OaiiaHbICTBl OI31H TapanbIMbI3[aH jKaHa OHMOJIOTHSIIBIK OENCeHl KOCBhUIbBICTap ajly MakcaThIHIA
KOJDKETIM/TI TapMUH aJIKAJIOUIBIH TPAaHC(POPMAIUSIIAY KOHIHACT] 3epTTEyIIep KalFacyia.

KympicTa §-aneTHITapMUH MOJIEKYJAchl HETi31HJETi CHHTE3/IIH HOTHXKeJepl YChIHBUIFaH. §-alleTHIIrapMUHHIH
THIpa3uH I'HPaThIMEH 63apa SpeKeTTecyi Ke3iHe WbIFbIMbI 69% (E)-8-(1-ruapa3onosTui)-7-MeTokcu- 1 -metnn-9H-
nmupuno[3,4-bluanon aneHIe.. MeTaHonna KaHaTKaH kesne (£)-8-(1-rmmpa3oHOITHIN)-7-MeTOKCH-1-MeTmin-9H-
mupuno[3,4-bluHnonaplH  QYHKIMOHANABIK TYypAe aJIMAacTHIPBUIFAH apOMATHKANBIK —ajbICTHATCPMEH (aHUC
anpreruni, 2-¢TopOeH3ampaeruna, 2,4-ITAMETOKCHOCH3ANBIETH) pPEAKIUSICHl IIBFBIMAAPBL  56-82%  THicTi
N-apunnneHruapa3oHIapAbIH TYBIHAAYBIHA bl KeseTiHl kepceTinai. CHHTe3eNTeH KOCBUIBICTAPIBIH KYPBUIBICHI
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6ip emmemai 'H, '*C sxome DEPT SIMP onicrepimen, conpaii-ax COSY, HMQC, HMBC eki emnmemai
CIIEKTPJICPiHIH, 2JIEMEHTTIK TanJay >KoHe Macc-CIIeKTpJIepIiH IepeKTepiMeH cumarTaiaFad. IIpoToHmapibIH yII
Gaiinanpic apKBUIBI MPOTOHAAPMEH KOPpEIsMs cxemanaphbl xone nporongapasy COSY (‘H-'H) sxome HMQC
('H-3C, 'H-'>N) 6ip GaiinaHbic apKbLIbl KOMIPTEKTI aTOMJApMEH KOPPENSIHUS CXEMallapbl YChIHBUIFAH, FApMHUHHIH
’KaHa TYbIHABUIAPBIHBIH KYPBUIBIMIAPBIH PACTAUTBIH TOMO JKOHE TETEPOSIPOJIBIK ©3apa PEKETTECYJIep aHBIKTAJJIbI.
Kympicta 3amaHayn (QU3HMKa-XUMUSUIBIK JKOHE CHEKTPOCKONMSIBIK 3€pPTTEY OMICTEpiH KOJNJaHy albIHFaH
KOCBUIBICTAP/IbIH KYPBIIBICH MEH KaCHETTEPiH CeHIMII 9pi OipMarbIHAJIbI CUITaTTayFa MYMKIHAIK Oepi.

Ty#in cesmep: rapMuH, 8-alleTWIITAPMHUH TUAPA3OHTYBIHJBICHL, N-apWIMACHIHIPA30H TybIHIbLIapsl, SIMP
CHEKTpIIep, €Ki OIIIeM/Ii CIIeKTpIIepi.

A. Amamxkan!, IL2K. JKansimxanosa', B. Aiinanyasr’,
2.9. Wyasu?, A.JK. Typmyxamberos' , C.M. Anexenos'

' AO «MeXIyHapOaHBIM HayIHO-TIPON3BOACTBEHHBIN XommuHr «Duroxumusy», Kaparanma, Kazaxcran;
2 HoBocuOUpCKuii MHCTUTYT opranndeckoi xumuu uM. H.H. Boposxiosa CO PAH, Hoocubupck, Poccus;

CHUHTE3 U CTPOEHME I'MJIPASOHITPOU3BO/JIHBIX TAPMHUHA

AunnoTtanusi. VI3BeCTHO, 4TO MOAM(HKALUS MOJIEKYJ aJKAJIOWAOB JaeT IIHPOKYI BO3MOXXHOCTH IOJIyYEHHUS
COEIMHEHUH, CHEeKTp OMOJIOTHYECKOH aKTUBHOCTM KOTOPBIX 3HAYUTENBHO PACIIUPSETCS W BHIOU3MEHSETCS II0
CPaBHEHUIO C MCXO/IHBIM BEIIECTBOM.

C menpl0 MOMCKA HOBBIX CHHTOHOB M OWMOJIOTHYECKH AKTHBHBIX COCIWHEHHWN M W3BICKAHUS Ha MX OCHOBE
3 QEeKTUBHBIX JIEKAPCTBEHHBIX CPEICTB 3aJIaHHOTO CIIEKTpa JEHCTBHS MNpPOBEJCHA XHMHYECKas MoAudUKaIus
ajKanouga rapMuHa. ANKanoua [-kapOOJMHOBOTO THIIA TAPMHH COIEPKUTCS B CHIPhE TapMasibl OOBIKHOBEHHOM
(Peganum harmala L.), mmpoxo pacnpoctpanénHoM B FOxxaoMm Kazaxcrane.

CormnacHo JIATEPATYPHBIM  TaHHBIM, HH}IOHbeIﬂ AJIKaJIouJ TrapMUuH 06J1az[aeT IIUPOKHUM  CIICKTPOM
(hapMaKoIOrnuecKol aKTHUBHOCTH. ['apMHMH OKa3bIBaeT BIMSHHE HA LIEHTPAJIbHYIO HEPBHYIO CHCTEMY, IPOSBIISS
HEUPOIPOTEKTOPHYIO aKTHBHOCTh IPH HEWUPOJOrMYECKUX 3a00JIeBAaHMSIX, WHTHOMPYEeT MOHOAMHMHOKCHIA3y A.
[TpousBosHBIE TapMUHA 00JIaIAI0T AaHTUMUKPOOHOH aKTHBHOCTBIO, @ €r0 BOJOPAacTBOpUMasl (hopMa —THIPOXJIOPHT
rapMuHa  Oo0JajaeT  aHTUJICNPECCHUBHBIM,  IPOTHUBOIMIOKCHYECKMM  (THroOapuyeckas  THIOKCHS) U
AQHTUIIAPKUHCOHUYECKHUM JICHCTBUEM.

Crnemyer OTMETHTh, YTO B TIOCIEOHHE TONBI CHHTE3 THIPA30HOB TIIPHUBIEKAET BHHUMAaHHE HE TOJIBKO
3HAYUTEIHHON OMOIIOTHYECKON aKTHBHOCTBIO IENIEBBIX COCTUHEHHI, HO M BO3MOXXKHOCTBIO CHHTE3a HAa MX OCHOBE
pa3Ho00Opa3HBIX TETEPOIUKIIOB, B TOM YHCIIE YJHEPTOEMKHX MaTEPHAIIOB.

B cBsi3u € 3TUM HaMM MPOJIODKAFOTCS MCCIIEAOBAHUS 110 TPAHC(HOPMAIIMU JOCTYITHOTO aJKaJoWa TrapMUHA C
LEJTBI0 TTOJYYCHUSI HOBBIX OMOJIOTHYECKH aKTUBHBIX COSTMHECHUH.

B pabote npencrasieHbl pe3ysibTaThl CHHTE3a HA OCHOBE MOJIEKYI bl 8-anetuiarapmuna. [Ipu B3aumoaenicTBun
8-ameTwiarapmMuHa ¢ TUApasdH rHApatoM nonyudeHo (E)-8-(1-rumpazoHo3THII)-7-MeTOKCH-1-MeTnin-9H-nupuno
[3,4-blurnon ¢ BeixogoM 69%. Ilokazano, uto peakuus (E)-8-(1-ruapa3ono3tui)-7-mertokcu-1-metuia-9H-
nupuno[3,4-bJurnona ¢ (QYHKIMOHATHHO 3aMEIIEHHBIMU apOMATHYCCKAMHU albJCTHAaMU (aHHUCOBBIM allbICTHI,
2-¢ropOenzanpaeruy, 2,4-IMMETOKCHOCH3aIbICTHI) IPH KUIITYCHUH B METaHOJIE NPUBOJAWT K OOpa3oBaHHUIO
COOTBETCTBYIOMINX N-apuWiIHIEHIHIpa3oHOB ¢ BbIxogaMu 56-82%. CTpoeHue CHHTE3UPOBAHHBIX COEAMHEHUU
oxapakTepu30BaHbl MeTogamu SIMP oxromepnoii 'H, 3C u DEPT, a Taxke JaHHBIMA IBYMepHBIX criekTpoB COSY,
HMQC, HMBC, »srmeMeHTHOro aHaiM3a W Macc-CIIeKTpoB. [IpeicTaBieHBI CXEMBI KOPPEISNUN IMPOTOHOB C
MPOTOHAMH Yepe3 TPU CBSA3U U CXEMBI KOPPEISIHUHA MPOTOHOB C YIIIEPOAHBIMH aToMaMH depe3 oaHy cBs3u COSY
(‘H -'H) » HMQC ('H-'3C, 'H-'>N), yCTaHOBIEHBI TOMO- U TE€TEPOSIEPHBIE B3aMMOICHCTBHS, MOATBEPIKIAFOIINE
CTPYKTYpbl HOBBIX MpPOM3BOJHBIX TapMuHa. [IpumeHeHune B paboTe COBPEMEHHBIX (UIUKO-XUMUYECKUX U
CHEKTPOCKOITMYECKUX METOJIOB MCCIIEIOBAHMS MTO3BOJMIN HAJCKHO W OJHO3HAYHO OXapaKTEPH30BaTh CTPOCHUE U
CBOMCTBA MOJYYEHHBIX COSAMHEHUN.

KiroueBble cjoBa: TrapMuH, THIPa30HIPOM3BOAHOE 8-ameTwirapMuHa, N-apuiuieHruapa3onsi, SAMP
CIIEKTPBI, ABYMEPHBIE CIIEKTPBI.
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SELECTIVE CATALYTIC OXIDATION AND STEAM OXYGEN
CONVERSION OF METHANE INTO SYNTHESIS GAS

Abstract. The results of the stability study of the developed dispersed optimal composition Pt-Ru = 1 : 1
(Pt: Ru = 0.7 : 0.3, at.% ) of the catalyst in the reaction of selective catalytic oxidation (SCO) and steam oxygen
conversion (SOC) of methane into synthesis gas at millisecond contact times are presented. Methods of catalyst
regeneration were determined. During the study of the stability of a low-percentage granular sample of 1.0%
Pt-Ru/2% Ce/(6+a)AL,O3 catalytic system in the process of oxidation of methane, regeneration methods were found
that allow stable conduct of the process of SCO and SOC of methane for 410 hours. As a result of the process, a
synthesis gas was obtained with a ratio of Ho/CO = 2.0 without the formation of CO,, which is most suitable for its
use in the Fischer-Tropsch synthesis of methanol and hydrocarbons. It is assumed that the reaction of SCO of CHy
proceeds by a direct mechanism involving reduced Pt’, Ru® and Pt-Ru nanoclusters detected by TEM research after
testing the stability of the developed Pt: Ru (1:1) catalyst on a carrier.

Keywords: Pt-Ru catalyst, selective catalytic oxidation, steam oxygen conversion, methane, synthesis gas.

Introduction. Synthesis gas is the main raw material for producing a wide range of petrochemical
products. Correlation of the ratio of H, and CO in the composition of synthesis gas makes it possible to
obtain liquid hydrocarbons or oxygenates, CH;OH, CH;COOH, CH,0O and C,H¢O. The process of SCO of
methane which proceeds with a molar ratio of hydrogen to carbon monoxide equal to 2.0, could become a
reaction, an alternative reaction of steam reforming of methane for the production of synthesis gas. An
alternative reaction of steam reforming of methane to obtain syngas can be the process SCO of methane
which proceeds with an optimal molar ratio of hydrogen to carbon oxide equal to 2.0.

The creation of large-scale production in natural gas production areas would significantly reduce the
cost of target products and reduce environmental pollution. Obtaining a synthesis gas by direct oxidation
of CH4 with a lack of oxygen and millisecond contact times is a relatively new reaction, first performed by
M. Pretre, which plays an important role in petrochemical syntheses. Researchers returned to the study of
this process in the 90 years thanks to the use of a reactor with block porous catalysts during the process in
a micro-reactor when secondary reactions are prevented.

In 1992, Schmidt investigated reduced Pt, Pd, and Rh catalysts in selective catalytic oxidation at an
excess of methane, high temperature, and a contact time of 0.01 - 0.004 s to form a synthesis gas with high
selectivity for hydrogen and carbon monoxide. Among the studied compositions, the best results were
shown on Rh catalysts carried to Al,O3 [1-3].

It is known that platinum group metals are more active than Fe, Co, Ni, and are less prone to carbon
deposition. Most of the known compositions of catalysts for SCO of methane include noble metals with a
content of >1% of metals in the active phase. To achieve high performance in the production of synthesis
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gas in the process of methane co-production at high volume velocity without the formation of CO, with a
ratio of hydrogen to carbon monoxide equal to 2, the catalyst must provide both a high conversion of
methane and selectivity for the target product [4-15].

We studied Pt, Ru, and Pt-Ru/2%Ce/(0+a)-Al>O; catalytic systems with varying Pt to Ru ratios in the
reaction of SCO of methane into synthesis gas at millisecond contact times [16-20]. Determined that at
contact times of 3.0 - 4.0 millisecond the conversion of methane at 1173K varies from 96 to 100%, the
selectivity for hydrogen is 100% and for CO is 95-100%. It was found that 100% conversion of methane
by direct mechanism into synthesis gas with 100% selectivity for hydrogen and carbon monoxide was
achieved at the atomic ratio Pt : Ru=2:1or 1:1(32.4 and 45.3 at.% Ru in a mixture of Pt-Ru) and the
contact time is 4.0 millisecond. Physical and chemical methods determined that the introduction of
ruthenium in a platinum catalytic system with a ratio of metals Pt : Ru=2: 1 (0.68 Pt: 0.32 Ru. weight.%
) increases oxygen adsorption in the second temperature region, and the surface is stabilized in a uniform
state. It is assumed that on Pt: Ru (2:1. 1:1) catalysts, the reaction of SCO of CH4 proceeds by a direct
mechanism with the participation of reduced Pt-Ru clusters that have the greatest ability to absorb atomic
hydrogen.

This paper presents data on the stability of the developed Pt-Ru =1 : 1 (Pt : Ru = 0.7 : 0.3 at.%)
catalyst. The activity of the catalyst was studied in the reactions of SCO and SOC of methane into
synthesis gas at low contact times. As a result of the conducted research, the methods of catalyst
regeneration were determined.

Experimental

Catalyst preparation

Pt-Ru catalysts supported on 2%Ce/(8+0a)-Al,O3; have been prepared by incipient wetness on (0+a)-
ALO; (100-200 um, S = 57.7 m*/g) from water solutions of salts with subsequent heating and reduction
with Hy+Ar at 623-1023 K. Tests were carried out in a continuous flow quartz micro reactor by a literature
technique.

The activity of the developed catalytic systems in the process SCO of methane was determined in a
catalytic flow unit at atmospheric pressure in a quartz microreactor with an internal diameter of 0.45 cm.
10 mg of the catalyst suspension was thoroughly mixed with quartz powder (particle size 0.2 mm in a ratio
of 1: 43, height 20 mm). Then, larger quartz particles (1+2 mm) were added to the reactor from above to a
total layer height of 70 mm. After that, the initial reaction mixture was fed under the following conditions:
CH4:O02:Ar = 2.0 : 1.0 : 97.0. (%) T = 1173K, V = 9-10° h'!, T = 0.004 s. In the process the SOC of
methane: CHs: O5: HO : Ar=2.0:1.0:2.0:95.0,%, T=1073-1173 K, V=1:10°-9-10°h"".

Characterization techniques

Analysis of the initial mixture and the reaction products was performed using "Chromos GC-1000"
(Russia) chromatograph, which was equipped with packed and capillary columns. The packed column is
used for the analysis of H», Oz, N2, CHs, CoHg, C2Hy4, C3-Cs hydrocarbons, CO and CO,. A capillary
column is used to analyze of liquid organic substances, such as alcohols, acids, aldehydes, ketones and
aromatic hydrocarbons. Temperature of the detector by thermal conductivity — 200°C, evaporator
temperature — 280°C, column temperature — 40°C. The speed of the carrier gas Ar is 10 ml / min. The
chromatographic peaks were calculated from the calibration curves plotted for the respective products
using the "Chromos" software for pure substances. Based on the measured areas of the peaks
corresponding to the amount of the introduced substance, a calibration curve V = f (S) was constructed,
where V - amount of substance in ml, S - peak area in cm®. Concentrations of the obtained products were
determined on the basis of the obtained calibration curves. The balance of regulatory substances and
products was + 3.0%.

Physico-chemical research

Electron microscopic characteristics of the catalysts were obtained using the EMK-125 K microscope
(1990, USSR) at an accelerating voltage of 75 kV. The morphology, particle size and their chemical
composition was investigated by increasing to 120,000 times by using the replica technique with
extraction with the use of microdiffraction of electrons. Carbon replicas were sprayed in a vacuum
universal post, then the catalyst carrier was dissolved in HF. Identification of micro-diffraction patterns
was carried out using the jspds card file of 1986.
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Results and discussion. A priori, it is known that the addition of water vapor to the reaction mixture
reduces the formation of carbon on the surface of the catalysts. In modern installations at a pressure of
2 MPa or higher, the residual content of CHy after steam conversion is 8-10%. In order to achieve a
residual content of methane within 0.5% the conversion is usually carried out in 2 stages. Stage 1: under
pressure and stage 2: steam-air conversion in the presence of air oxygen. This results in a sin gas of
stoichiometric composition and eliminates the need for separation of products after the reaction.

To study the activity of catalytic systems synthesized by capillary impregnation in the SOC reaction
the effect of the concentration of added water vapor in the initial reaction mixture in the SOC was first
performed by 2.0% CHs+ 1.0% O2+ Ar+ H,O at V=9-10°h"", t = 4,0 ms. It was found that when adding
small amounts of water vapor to the reaction system with a ratio of CH4: H,O = 1: 0.5 with an increase in
temperature from 1023 to 1173 K, there was a gradual increase in the conversion of methane from 70 to
90%, S for H, from 23.8 at 1023 K to the maximum 100% value at 1173 K, without the formation by-
product of a CO,. The ratio of hydrogen to carbon monoxide vary from 3.3 to 5.0. At higher ratio of CHy:
H,O =1 : 1 with increasing the temperature of reaction from 1023 to 1123 and 1173 K was also observed
an increase conversion of methane and selectivity of H, respectively, from 97.5% and 18.8 to maximum
100% of the values without the formation of CO, with a ratio of H»/CO from 3.0 to 3.6.

When the added water vapors increased to the ratio CH4 : H,O = 1: 2, as the temperature increased
from 1023 to 1123 K, all parameters of process also increased. The conversion of methane and selectivity
of hydrogen increased from 62.5 and 26.6 to the maximum 100% values, and the selectivity for CO ranged
from 88.8 — 98.2% with the appearance of small amounts of CO; in the reaction system (0.013 — 0.023%).
As the temperature increased, the H,/CO ratio decreased from 10.0 to 4.6.

Thus, determined that the preferred process for converting of methane is SOC of CH4 with a ratio of
CHs: H O =1 : 1. The addition of 2.0% water to the reaction system increases to the maximum values
conversion of methane, selectivity for H, and CO (100%) at a temperature 50°C lower than at the SCO of
methane to produce a synthesis gas with a ratio of Ho/CO = 3.0 without the formation of CO..

A study of the effect of changes the volume velocity and temperature of the process SOC of methane
CHs: O2: H;O: Ar=2.0:1.0:2.0:95.0,% on the conversion of methane, the concentration of H, and
CO by the catalytic system 1.0%Pt-Ru (1:1)/2%Ce/(6+0a)—AlLOs at T = 1073 — 1173 K, V = 1-10°- 9-10° h™".
As can be seen from figure 1, the reaction of SOC of methane at 1073 K with an increase the volume
velocity from 1-10° h™' to 9-10° h™! Xcpa, the concentration of H, and CO decreases. However, when the
temperature of process increases to 1123 and 1173 K, all the parameters of process increase again to the
initial maximum values. The ratio H»/CO was 3.0-4.5.
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Figure 1 - Influence of the volume velocity on change of Xcns, [H2], [CO] in the SOC
of methane by 1.0%Pt-Ru (1:1)/ 2%Ce/(0+a)-AL203
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Thus, determined that the process of SOC of methane with the optimum ratio of CHs: H,O =1 : 1
proceeds with complete conversion of the initial methane and maximum selectivity for the main products
of the reaction without formation of CO, at 1123 K and volume velocity of 9-10° h' and decreasing the
temperature of the reaction to 1073 K and volume velocity of 1:10°h™ on 1.0%Pt-Ru (1:1)/ 2%Ce/(0+a)-
AlOjs catalyst.

It is known that one of the most important characteristics of catalysts is their stability. We tested the
stability of the developed optimal composition of Pt-Ru =1 : 1 of the catalytic system in the processes of
SCO and SOC of methane in synthesis gas at low contact times. From the data in figure 2 shows that up to
225 hours the developed catalyst does not lose its activity in the reaction of methane SCO. Then the
conversion of methane was gradually reduced and the test was performed with a change in the
concentration of the initial reaction mixture at CH4 : O, =3 : 1 and CH4:0,=4: 1.
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Condition the process of SCO of methane: CH4: O2: Ar=2.0:1.0:97.0, %,
and SOC of methane CHs4: O2: H2O : Ar=2.0:1.0:2.0:95.0, %,

T=1173K,V=9-10°h"!,1=0.004 s
T=1073K,V=1-10°h",t=0.036's

Figure 2 — Change conversion of methane, selectivity of H2 and CO, ratio of H2/CO on
1.0 % Pt-Ru (1:1)/2%Ce/(6+a)AL2O3 catalyst in time

After that updating of catalyst was performed by regeneration in mixture of Ho+Ar. Determined that
the most optimal is adding in the reaction mixture of water vapors. Then only the activity returned to its
starting value. Next, the process of SOC of CH4 was conducted at the concentration of water vapors found
experimentally, which was optimal. It should be noted that in these processes use only 10 milligrams of a
catalyst diluted four hundred times with quartz.

Thus, it is established that the developed catalytic system 1.0%Pt-Ru(at. %)/2%Ce/(6+a)-Al>O3
selectively works without losing its activity for 414 hours in the reaction of SCO and SOC of methane into
synthesis gas.

The following data are presented for 1.0% Pt-Ru catalyst, which is the most active with a ratio of 1 : 1
at a regeneration temperature of 573 K (figure 3). It can be seen that the catalyst contains from phases of
both platinum and ruthenium, as well as their oxides, but also with adsorbed platinum and ruthenium by
diffractograms, it was determined that bimetallic Pt-Ru nanoclusters are formed. These data indicate that
the active catalyst among the compositions studied by us differs in that separate adsorption occurs on the
detected Pt-Ru clusters. It is assumed that dissociation of methane can occur on one side of the platinum
cluster, and oxygen activation can occur on the other side of the ruthenium cluster.




News of the Academy of sciences of the Republic of Kazakhstan

-

a)Pt"'—7.5-15nm. bB)Ru’—6- 10 nm.

- -

2000 o ‘m

c)AlRu, AEgCei-Pt-Rm Pt;sRuzy — 10nm. d) Ru, PtO, B-PtO;, AlPts, Pt:Ce, —5 - 10nm.

IZDOUHM L
el AlsRu, Al.Pt, - 20 - 30 nm. f) CeAlOs; —3-10 nm, CegOq1 — 5 nm

Figure 3 - Electron microscopic photos of various phases reduced in Hz at 573 K
1.0% Pt-Ru/2%Ce/(6+a)-ALl20s (a, b, c, d, e, f) catalysts

Conclusion. During the study of the stability of a low-percentage granular sample of 1.0% Pt-Ru/2%
Ce/(0+a)Al>O; catalytic system in the process of oxidation of methane, regeneration methods were found
that allow stable conduct of the process of SCO and SOC of methane for 410 hours. As a result of the
process, a synthesis gas was obtained with a ratio of Ho/CO = 2.0 without the formation of CO,, which is
most suitable for its use in the Fischer-Tropsch synthesis of methanol and hydrocarbons. It is assumed that
the reaction of SCO of CH4 proceeds by a direct mechanism involving reduced Pt’, Ru’ and Pt-Ru
nanoclusters detected by TEM research after testing the stability of the developed Pt: Ru (1:1) catalyst on
a carrier.
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METAHHBIH CUHTE3-T'A3FA JEAIH CEJTEKTUBTI
KATAJIUTUKAJIBIK TOTBIFYbI )KOHE BY OTTEKTI KOHBEPCHUSAJIAHYBI

AnHorauusi. CHHTE3-ra3 MyHaW-XHMHS OHIMAEPIHIH KeH CIEKTPIH OHAIPY VIINIH HEri3ri MIMKi3aT OOJIBII
canananpl. CuHTe3-ra3 KypambiHgarsl Hy sxoHe CO apakaThIHACBIHBIH KOPPEJSILMSCH CYHBIK KOMipCyTeKTepi
nemece CH30OH oxcurenarrapein, CHCOOH, CH,O xone C;H¢O. CuHTe3-ra3fapl aayMeH METaHHBIH Oy
pUGOPMHHTIHIH OajlaMalibl PEeaKIMIChl CyTeri OKCHJIHE OHTAWIbl MOJSPJBIK KaThiHAchiHa 2,0 TeH OoJaThiH
METaHHBIH 0eJliHy yzaepici 00Iybl MYMKiH.

Taburu ra3z eHaipy ayaaHaapblHIa ipi ayKbIMABI OHIIpiC KYpY MakKcaTThl ©HIMHIH ©31H/IK KYHBIH aiTapibIKTai
TOMEHJIETyre >KOHE KOpILIaraH OpTAaHBIH JIACTaHYBIH TOMEHJIETyre MYMKIHIIK Oepep eni. OTTeriHiH xericreyi
OapbICBIH/A KOHE KOHTAKTIHIH MUJUTMCEKYH YaKpIThIHIA CHy4 Tikelel TOTBIFY JKOJIBIMEH CHHTE3-Ta3]bl Ay MYHai-
XHMMHUS CHHTE31He MaHbI3/bI pen atkapaTtbiH M. [Iperpe anrar per xKy3ere achIpFaH CalbICTHIPMAIIBI KaHA PeaKus
0osbin caHamanel. 3eprreyiriiep 90-xpumapel Oyir yaepicTi 3eprreyre OJ0K KEyeKTi Karajau3aTtopiapsl Oap
PEaKTOpABl MUKPOPEAKTOpP YAepici GapbIChIHAA eKIHIII peaKnusIIapIblH ajlabH aly OapbIChIHAA NaliallaHy apKbUIbI
Hazapra ajFaH 00JaThIH.

3eprrey oxkyprizy ywin 2%Ce/(0+a)—Al,O3; TaceiManiarbinibiHa  KoHAbIppuUFaH Pt-, Ru xone Pt-Ru
KaTaJIMTUKAIIBIK JKYHENIEpAiH cepusichl NalblHAanpl. KaranuTuKaiblK KyiHenep 3JIeMEHTTEpl TachIMallAarbIlIKa
/(6+a)—ALO3 (100 — 200 MxM, Syn = 57,7 M?/r) MeTal Ty3JapbIHbIH aljblH ajda JalbIHAAIFaH Cy epiTiHainepi
Heriziagme Ce(NOs3)3-6H,O, Ru(OH)Cl; xone H,PtCle-:6H>O apKpuIbI ayaHBIH BUFall CHIABIMIBUIBIFEI OOWBIHIIA
KanuuBipibl CiHIIpy oxiciMeH xysere acwin, 873 K 3 carar Ooiibl ayana OipTiHAen KenTipiiin, ayana OipTiHzen
KbI3IBIPbUIaAbL. 10 M KaTaau3aTopblH YJTICI KBAapl YHTaFrbIMEH MYKHAT apalacThIpbuiaabl (Oeimexrep esmeMi
1:43 xarpHaceiHaa 0,2 MM, kabat Omikriri 20 mMM). ComaH KeliH JKOFapbliaH peakTopFa KOChUIFaH OeliiekTep ipi
kBapI (12 M) geiinri xKanmel OUiKTIri KabaTeHBIH 70 MM. OOJAaTHIH YHTAKICH XKa0bLUTa b,

CopaH KeliH MUKpOPEaKTOpFa METaHHBIH TAIFaMIbl KATAIUTHKAIBIK TOTBIFY YACPICiHIH OacTalKbl peaKIHsITBIK
KOCIIACHl MBIHajal »xarmainapaa xidepinemi: CHa:Ox:Ar = 2,0 : 1,0 : 97,0, (%), T = 1173K, V = 9-10° car’!, 1 =
0,004 c. MeranHbIH Oy OTTEKTI KOHBepcus mpoliecid xkyprizy kesinae: CHs: Oz : H,O : Ar=2,0:1,0:2,0 : 95,0, %,
T=1073-1173 K, V=1:10°- 9-10° car".

bactankpl peakuusUIBIK KOCIAHBI JKOHE albIHFaH ylepic eHiMiaepiH tangay «Xpomardk Kpucramt 5000.1»
XxpoMmarorpadblH MaijganaHa OTBIPBIN, «XpOMaTdK AHAJIUTUK 2,5» OarjapiamMajblK KaMTamachl3 €Ty apKbLIbl
xyprizingi. JKeily eTKi3rimriri OoibIHIIA AETEKTOphl 0ap AMATOMHTTI TachIMalJarbluTa rentagekanHbiH 20%
KypaMbIHbIH (Da3acbIMEH TOJITHIPbUIFAH KalnWUIApJIbl OaraH mnakjananeuinsl. ChlHaMaiapibl ipiKTe€y peakuus
OacranmraH coTTeH, | MMHYTTaH KeHiH aBTOMATTHI TYpJE >KYPTi3iiami. AJIBIHFaH O©HIMJAEPIH KOHIEHTPAIHMICH KOJI
JKETKI3UIreH Kannopiiey rpaduKTepi Heri3iHAe aHbIKTaJIbL.

Karanuzaropnap/pIH 3JI€KTPOHABI-MUKPOCKOIUSUIBIK, cUraTTamanapsl 75 kV ynerkim kepuey kesinne DMK —
125 K (1990, KCPO) mukpockombiHIa anbHIEL. Mop(hoIoTHiICH, OeIeKTep oJIIIeMi KOHe OJapAbIH XUMHUSIIBIK
KYpaMBbI 3JIEKTPOHIAPIBIH MUKPOAH(PPAKISICEIH KOJIIaHa OTBIPHII, SKCTPaKIUsAMeH perntk oxicimer 120000 ecere
neitin yrFato OapeIckIHAA 3epTTenmi. Kemip pemnmukamapbl BaKyyMABIK omMOeOam mocTra IIaHABI, COAaH KeWiH
KaTanu3aTtopiapsiy TackiManaayisickl HF-na epitingi. Mukpoaudpakiusuislk KapTHHAIAPIBl HACHTH(OUKALAIAY
1996 . JSPDS kaproTexacsl OOMBIHINA JKYPIi3iii.

Pt-Ru=1:1 (Pt : Ru = 0,7 : 0,3, ar.%) xatanu3zaTOpAblH TanFamIsl KataauTuKanblK TOTeFy (TKT)
peakuuscbiHIa >koHEe Oy otTekTi KoHBepcuschiHAa (BOK) MeTaHHBIH CcHHTE3-Ta3Fa jKaHAcCy YyaKbITBIHBIH
MWUIMCEKYHJl KE3IHJErl 3epTTey HOTWXKenepi KepceTuireH. TeMmeH mnailbI3AbIK TYHIPUIKTENreH YJITiHIH
TYPaKTBUIBIFBIH 3epTTey Oapbichinaa 1,0% Pt-Ru/2%Ce/(6+a)ALOs kaTanurukanbik xyienin MmetaHHblH TKT xone
BOK ynepicinne 410 carar imiHAe TypakThl XKyprisyre MyMKIHIIK OepeTiH pereHepanysuiay Tacuiaepi aHbIKTaJ bl
Yaepic Hotmxkecinge Ho/CO = 2,0 apaxarsiHaceiMeH CO, Ty3iunMmed cuHTe3-ra3 ajbHAbl, Oyi1 Pumep-Tpormm
OOHBIHIIIA METAaHONI MEH KOMipCyTeKTep CHHTE3iHIe NHaijamaHyda aca Konaimel ekeHi Oenrimi. CHs-mpIH TKT
peakmmsicel Pt:Ru (1:1) xaranm3aTopaplH TYPaKTBUIBIFBIH CHIHAYIAH Keifin OM 3epTrey OapbIChIHIA alKBIHOATFaH
HaHOKJIAcTepaepain Kammbina kenripimren Pt’, Ru® sxome Pt-Ru KaTeICybIMEH TiKelell MeXaHH3M OOMBIHINA ©TEmi
Jiered 00JDKaM JKacasbl.

Tyiiin ce3mep: Pt-Ru karanu3aTopsl, TalramIbl KaTATATHKAIBIK TOTBIKTBIPY, Oy OTTEKTI KOHBEPCHS, METaH,
CHHTE3-Ta3.
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CEJIEKTUBHOE KATAJIMTUYECKOE OKUCJIEHUE
N MMAPOKHCJIIOPOJHASI KOHBEPCHUSI METAHA B CUHTE3-T'A3

AHHoTanus. CHHTE3-Ta3 SBISIETCS OCHOBHBIM CBHIPHEM JUI IIPOM3BOACTBA IMHPOKOTO CHEKTpa HEePTEXMMHUIECKOt
npoayknuu. Koppemsnns cootnomenuss Hx u CO B cocTaBe CHHTE3-Ta3a MO3BOISIET IOMYYaTh XKUIKHE YTIEBOJOPOIBI MIIH
oxcurenatsl CH3OH, CH;COOH, CH20 u C:HeO. IIponecc nomydeHus MeTaHa, IPOTEKAIOMUI IPH MOISIPHOM COOTHOIICHUH
BOJIOpOJa K MOHOOKCHIY yriepoaa, paBHOM 2,0, MOXET CTaTh peakiieil, albTepHaTUBHOW peakIuy MapoBOro pudopMuHra
MeTaHa JUIsl TIOJyYeHMs] CHHTE3-ra3a. AJIPTEpPHAaTUBHOM peakmuell mapoBoro pudopMuHra MeTaHa ¢ IOJy4YeHHEM CHHTE3-Tasa
MOXET OBITH IIPOLIECC BBIACICHUS METaHa, NMPOTEKAIOMIMI C ONTHMAaJbHBIM MOJISIPHBIM OTHOIIEHHMEM BOJIOPOIA K OKCHIY
yriepona, paBaeiM 2,0. Co3naHue KpyImHOMAcIITaOHOTO IPOW3BOACTBA B paioHax MOOBIYM IPUPOIHOIO ra3a MO3BOJIHIO OB
3HAUUTENBHO CHU3UTh CEO0ECTOMMOCTh LIENIEBOM MPOAYKIMU M CHU3UTh 3arps3HEHue OoKpykaromeil cpeapl. IlomydeHue cuHTes-
raza mytem mpsmoro okucinenus CH4 mpu HemocTaTke KHCIOpPOAAa M MMIIMCEKYHIHOM BpPEMEHHM KOHTAKTa SIBIISETCS
OTHOCHTETIFHO HOBOW peakiyeil, BIepBbie ocymiecTBIeHHOW M. IIpeTpe, KOTOpas WrpaeT BaKHYIO pojb B HEQTEXUMHUECKOM
cunTe3e. MccmemoBaTenn BepHYNHCh K H3YyYeHHIO 3Toro mporecca B 90-e romsl Omaromapst MCHONB30BAaHHIO PEaKTOpa C
OJIOYHBIMHY ITOPHCTHIMHA KaTaJIM3aTOpPaMH BO BpeMsI Ipoliecca B MUKPOPEaKTope, KOTrja BTOPHYHbIE PEaKIHH IIPEJOTBPAIIAIOTCSI.

Jlns mpoBeneHns McciIenoBaHHi Obuta IpHroToBiIeHA cepus Pt-, Ru- m Pt-Ru karanmmTnueckux cucTeM, HaHECEHHBIX Ha
2%Ce/(0+0)—Al203. KaTanutuueckue CHCTEMbI OBLIM MPHUIOTOBJICHBI METOAOM IOCIEIOBATEILHOIO BHECCHUS 3JICMCHTOB Ha
nocutens (0+a)~AlOs (100 — 200 mkm, Sy, = 57,7 M?*/r) u3 3apaHee NPUIOTOBIEHHBIX BOJHBIX PACTBOPOB COJIEH METAIOB
Ce(NOs3)3:6H20, Ru(OH)Cl3 n H2PtCle:6H20 MeTooM KanmimIsipHOH MPONMUTKK Ha BO3JYXE IO BIATOEMKOCTH C ITOCIIEAYIONINM
MOCTEIIEHHBIM TPOrpeBoM Ha Bo3xyxe mpu 873 K 3 4. AKTHBHOCTH pa3pabOTaHHBIX KaTalMTHYeckux cucteM B mporecce CKO
MeTaHa ONpENeNsad B KaTaJMTHYECKON NMPOTOYHON YCTAHOBKE MPH aTMOC(HEPHOM JaBIEHHM B KBAapLEBOM MHKPOPEAKTOPE C
BHyTpeHHHM auameTrpoM 0,45 cm. 10 Mr HaBecka KaTaim3aTopa TIIATENbHO IEPEMENINBajach C MOPOLIKOM KBapua (pa3mep
gactun 0,2 MM B cooTtHomieHnu 1:43, BricoTa cios 20 MM). 3aTeM CBEpXy B PEaKkTOp AOOABISIIMCH YaCTHLHI 0ojiee KPYITHOTO
kBapua (1+2 mm) mo oOmeii BeicoThl cnos 70 mM. [locie sToro momaBanach MCXOAHAS PEAKLMOHHAS CMECh MPU CIEAYIOIINUX
yemousix: CHa:02:Ar = 2,0 : 1,0 : 97,0, (%), mpu T = 1173K, V.= 9:10° a’!, 1 = 0,004 c. IIpu npouecce IIKK merana: CHs: Oz :
H20 : Ar=2,0:1,0:2,0:950, %, T=1073 — 1173 K, V = 1-10° - 9-10° u'!. AHanu3 ncxomHON PEaKIMOHHON CMECH M
MONYyYeHHBIX IIPOAYKTOB IMpollecca MpPOBOJWIM C HCIOJIB30BaHMEM Xxpomatorpada «Xpomatdk Kpucramr 5000.1» ¢
IpOrpaMMHEIM ~ obecriedyeHHeM «XpoMaTdK AHAIMTHK  2,5», CHA0KEHHOTO aBTOMAaTHYECKHM Ta30BBIM  J[03aTOPOM,
MOAKJIFOYSHHBIM HETIOCPEICTBEHHO K YCTAHOBKE 10 OKHCIICHHIO METaHa B CHHTe3-Ta3. lMcrmonb3oBaiach KanmuULIpHAsh KOJIOHKA,
3anonHeHHas ¢asoli coctaBa 20% renTangekaHa Ha AUATOMHUTOBOM HOCHUTEJIE C AETEKTOPOM IO TEILIONpoBoaHOCTH. OT6Op 1Mpod
MPOBOJUJICS aBTOMATHUECKM uepe3 | MUHYTy Hocie Hayana peakuuu. KoHLEHTpanuy moTyueHHBIX MPOAYKTOB OMpEAEIIsId Ha
OCHOBE TOJIy4E€HHBIX KaTHOPOBOYHBIX IPaHKOB. DIEKTPOHHO - MUKPOCKONUYECKNE XapaKTEPUCTUKH KAaTaIH3aTOPOB MOIY4EHbI
Ha mukpockorie DMK — 125 K (1990, CCCP) mpu yckopsiromeMm HamnpspbkeHnn 75 kV. Mopdonorus, pasMep dacTull H UX
XUMHUYECKUI COCTaB HCCIeAOoBalUCh mpH yBennueHnn 10 120000 pa3 METOIOM peIUIMK C AOKCTPAKIUEH C MPUMEHCHHEM
MHUKpPOAN(PAKIUKN ICKTPOHOB. YTONBHBIE PEIUIMKM HANbULUINCE B BaKyyMHOM YHUBEPCAIBHOM IIOCTYy, 3aTe€M HOCHTEIb
KaTanu3aTopoB pactBopsuics B HF. Vnentudukanns MUkpoanpaknroHHEIX KapTHH IIPoBoAMIack 1Mo kaproteke JSPDS 1986 .

B npencrasnenHoi paboTe NpUBEIEHB! JaHHBIE [0 U3YYEHHIO cTaOMiIbHON paboThl paspaboranHoii Pt-Ru = 1:1 (Pt:Ru =
0,7:0,3, ar.%) KaTaIUTHYCCKON CUCTEMBbI. AKTHBHOCTh KaTalM3aTOpa HUCCICIOBAHA B PEAKIMH CEIICKTHBHOTO KATAIUTHYCCKOTO
okucienus (CKO) u mapokucnoponnoii konsepcun (IIKK) metana B cuHTe3-ra3 mpu MajbIX BpeMeHax KOHTakTa. B mpouecce
HCCIIEA0BaHMs CTaOMIPHOCTH HU3KOIPOLICHTHOTO rpanyiupoBaHHoro obpasua 1,0%Pt-Ru/2%Ce/(0+a)Al203 katanuTudeckoit
CHCTEMBI B IPOLIECCE OKHUCICHHIS METaHa HAalIEHBI CIIOCOOBI pereHepaliiy, MO3BOoJISIoIUe cTabmibHO mpoBoaAnTs nporece CKO u
[IKK metana B Teuenue 410 gacoB. B pe3ynbrate mporecca momydeH cuaTtes3-ra3 ¢ cootHomenuem Hz/CO = 2,0 6e3 oOpa3zoBaHus
CO2, 4to Hamboyiee IOAXOOWT UL €r0 HCIIONb30BaHUS B CHHTE3aX MeTaHola W yrieBomopomoB mno dumepy-Tpommry.
[penmnonarercs, uro peakuus CKO CH4 mporekaer mo npsaMoMy MexaHusMmy ¢ yuactueMm BoccraHoBieHHbix Pt?, Ru® u Pt-Ru
HAHOKJIACTEPOB, OOHapyXXEHHbIX OM HccleoBaHMEM IIOCNIE WCHBITaHHWs CcTadwibHOCTH pas3paboranHoro Pt:Ru (1:1)
KaTaJIM3aTopa Ha HOCUTEIIE.

KinroueBble cioBa: Pt-Ru HaHeceHHBIN KaTanu3aTop, CENEKTHBHOE KaTaUTHUECKOE OKHCIEHHE, MapOKHUCIOPOIHAs
KOHBEPCHSI, METaH, CUHTa3.
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PRODUCTION OF SULFOCATIONITE BY MODIFICATION
OF NATURAL COAL WITH CONCENTRATED SULFURIC ACID

Abstract. Monitoring the content of rare metals in environmental objects at the level of their maximum
permissible concentrations is an important environmental task. The widely used physicochemical methods do not
always provide a direct solution to this problem because of the influence of the matrix composition of the sample on
the results of the determinations, as well as low concentrations of the determined elements. This article proposes a
new modified sulfonated charcoal based on coal from the Shubarkul deposit for sorption of rare metal ions from
water bodies. Concentrated sulfuric acid (H,SO4) is used as a modifier. The synthesis of new highly permeable cross-
linked, sulfonated cation exchangers and their composition, structure by chemical and physical methods was
investigated. The static exchange capacity (SEC) of sulfonated coal was calculated. The article shows an increase in
SEC from the concentration used in the modification of H,SO4. During the synthesis, the static exchange capacity of
sulfonated coal increases at 240 min. heating up. The temperature stability of sulfonated coal is higher to (100-120 °)
C. Sulfonated coal refers to medium acid cation exchangers, which work effectively at pH 2-14. The resulting
sorption materials are recommended for use in treatment plants for the removal of rare metal ions.

Key words: natural coal, modified coal, sorption, rare metal ion, sulfonated coal, water purification.

Introduction. The extraction of rare metals is possible from ash and slag dumps of energy
enterprises. In the scientific works of Krasnov, O.S. and Salikhova V.A. It is noted that the processing of
ash and slag waste in industrial production can produce from one to several tens of tons of rare metals per
year. Thus, the associated beneficial components in the processing of coal can be considered a promising
mineral resource base for a number of rare metals [1]. The global problem of effective and cheap
treatment of wastewater and drinking water from rare metal ions is of great importance. Common methods
of water purification are various sorption options based on the absorption of harmful substances by
various sorbents [2-6,7]. The ion-exchange method using natural and synthetic ion-exchange materials,
which makes it possible to extract these metals from wastewater, attracts much attention [8, 9]. Most
sorbents that have not been used yet are very expensive and have a limited exposure with a relatively
narrow range of effects. The method of manufacturing these sorbents is complex and takes more time
[10,11]. In this regard, a promising direction is the creation of new effective types of sulfocationionites
from cheap local raw materials of fossil coals [12,13]. The large-scale use of sorbents based on carbon raw
materials for the sorption of rare and rare-earth metal ions requires the targeted modification of cheap
types of organic raw materials: fossil solid fuels, natural and industrial organic waste [14].

New sulfocationionite was obtained by chemical modification of coal from the Tengiz field with
concentrated sulfuric acid [15]. The sorption and kinetic properties of V> *, Mo *, and W? * ions were
studied. Sulfonation of brown coals and modification of sulfonated coal, which can be used for chemical
treatment of water, are proposed. For example, there is a known method for producing sulfonated coal, in
which coal grits are treated with oleum in solfatar at a temperature of 110-140 ° C [16]. Several
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technologies for coal sulfonation are also available for chemical treatment of water [17-20]. The method
of acid activation is most effective for the preparation of sorbents from this natural material.

This article describes sulfonated coal as a simple way to purify rare metal ions from drinking and
wastewater. The method is based on the modification by sulfuric acid of a carbon carrier, which is coal
from the Shubarkul basin deposit, as a cheap local carbon sorbent. The presence on the altered carbon
surface of sulfo groups will enhance the selectivity of the extraction of rare metal ions.

Experimental part. Coal Sulphonation. Heat treatment of coal of the Shubarkul deposit was carried
out at a temperature of 110 © C for 2 hours in an oven until the moisture content was not more than 1%.
After heat treatment, the coal was treated with concentrated 96% sulfuric acid, with different ratios of
solid and liquid phases (Table 1.).

Table 1 - Conditions for sulfonation of coal

No Mass ratio, Coal: H2SO4 T °C t, min
1 1:3

2 [125 60 30
3 1:2 - -

4 | 115 180 6

5 1:1

6 1:0.5

After coal modification, a loose black product was formed, which was washed in a 5% NaOH
solution in order to remove unreacted substances.

Results and its discussion. According to laboratory results, the static exchange capacity (SEC) was
calculated according to the method [21]. In figure 1. shows an increase in SEC from the concentration
used in the modification of H,SO4. An increase in acid concentration above 2.5 mol does not affect a
further increase in SEC. With an increase in temperature to 120 © C, SEC is the highest (Fig.2.), With a
further increase in temperature its value decreases. During synthesis, a heating time of up to 240 min (Fig.
3.) Increases the SEC of sulfonated coal.

SECmg. eq/g
4,5 4
4 -
3,5
3
2,5
2
1,5
1 -
05
]

4
C, H;50; mole

Figure 1 - Dependence of static exchange capacity of sulfonated coal
on the concentration of sulfonating agent

SECmg. eq'g
45 7
4
35 A
3 4
25 A
2 4
15
1 4
05
o

T=C

Figure 2 - Dependence of static exchange capacity
of coal-based sulfocationite on the temperature of heating
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The temperature stability of sulfonated coal is higher up to (100-120) °© C. Moreover, as a rule, the H
form of ion exchangers is less stable than salt form.

SEC mg-eq'g
45 7
4
3,5
3 4
25 A
2 4
15
14
05
0

a 100 200 300 400
t, min.

Figure 3 - Dependence of the static exchange capacity of sulfonated coal on heating time

Static exchange capacity — the number of milliequivalents of an ion absorbed over a given time of 1 g
of dry ion exchange. As can be seen from figure 4, sulfocationionite absorbs 3.90 mg-eq/g in
240 minutes.

Sulfonated coal refers to medium acid cation exchangers, which work effectively at pH 2-14.

Conclusion. In this study, a new modified sorbent is available that is effective with sorption capacity
for rare metal ions based on sulfonated Shubarkul coal. The article shows an increase in SEC from the
concentration used in the modification of H>SOs. During the synthesis, the SEC of sulfonated coal
increases at 240 min. heating up. The temperature stability of sulfonated coal is higher to (100-120°) C.
Sulfonated coal refers to medium acid cation exchangers, which work effectively at pH 2-14. The
resulting sorption materials are recommended for use in treatment plants for the removal of rare metal
ions.

H.O. Bekrenor!, H.C. Myp3akacbiMoBa?,
M.A. I'appuienko’, A.H. Hypabioaesa?

! AGaii ateinmarel Kasaxk WITTHIK yHHBEpCHTETI, AnMatsl, Kasakcran;
’M.X. Iynatu aTbIHgarsl Tapas MEMIIEKETTIK yHUBepcHTeT, Tapas, Kazakcram;
3ToMCK IOJUTEXHUKAIBIK yHHBEpCHTETI, ToMck, Peceit

TABUT'H KOMIPJI KOHHEHTPJII KYKIPT KbIIIKbIJIBIMEH
MOJUPUKALNUAJIAY APKBUIBI CYJIB®@OKATHOHUT AJTY

Annoranusi. Kopiuaran opra HbICaHAApBIHIAFbl CUPEK KE3JECETiH MeTalJapAblH MYMKIHAIr IIeKTeyi
KOHLICHTPALMSICBIHBIH JIeHreliH OaKbl1ay SKOJOTHSUIBIK MaHbI3/IbI Macesenepain Oipi caHanaabsl. ChIHAKKA albIHFaH
3aTTBIH MaTPHLAIBIK KYpPaMbl HOTH)KEre Cep ETETIHIINHEeH oHE aHBIKTANATBIH 3JIEMEHTTEPIiH KOHIEHTPALMICH
TeMeH OONFaHJBIKTaH KEHIHEH KOJIIAHBLIATHIH (DM3MKO-XHUMUSUIBIK 9JicTep KeOiHece MOCceNeHIH Typii MIeHIiMiH
aliKpIHOal amMaiinel. Byn Makamaga cy HBICaHOApbIHAH CHPEK Ke3[EeCEeTiH MeTaJI MOHIAPBIH COPBIN aily YIIiH
[Ilybapken KeH OpHBIHAAFBI KOMipre HETI3IeNTeH jkaHa MOAU(HUIMPIICHTeH KeMip YCHIHBUIIamel. MoaudukaTop
peTiHae KOHIEHTpaIrsuanFal KyKipT KelKeUTBl (H>SO4) KodmmaHBUTaARL. OTKISTINI XKaHA, Cynb(haTTadraH KaTHOH
QIMACTBIPFBILUTAPABIH CHHTE31 XKOHE OJIapIblH KYpaMbl, KYPBUIBIMBI XUMHSJIBIK JKOHE (HM3MKAIbBIK oIiCTepMEH
3eprrenai. Lllybapkes keH OpHBIHBIH KOMIPIH TEPMUSUIBIK OHJIEY, bUIFAJIIbLIBIFEI 1%-1aH acKaHra JediH mneire 2
carat 110°C temmnepatypana xyprizingi. TepMusUIbIK OHICYAeH KeiliH KeMip KOHLEHTpalusianFraH 96% Kykipt
KBIIIKBUIBIMEH, KaTThI )KOHE CYHBIK (hazayiapAbIH TYPJli KaTbIHACHI Herizinae exuenai. Kemipai Moandukanusiayaan
KeliH OOpIbUIIaK Kapa eHIM maiaa 60iabl, MOAU(UIMPICHTeH KOMIp/IeH peaklusuIaHOaraH 3aTTap/bl KeTipy YIIiH
5% NaOH epirtinaicimen xybuiibl. CTaTHKaIBIK aIMacy ChIMBIMIIBUIBIFBI — O€PUIreH yakhIT inriHie 1 r Kyprak HoH
AJIMaCTBIPFBIIKA CIHI'€H MOHHBIH caHbl. CynbdaTranraH KeMip[iH CTaTUKAJIBIK aIMacy ChIHBIMABUIBIFEI €CEeNTeNIl.
Maxkanana H>SO4 MogudukanmsceiHia KOJIAaHbUIATHIH KOHIEHTPAXsAaH CTATHKAJIBIK alIMacy ChIABIMIBIIBIFBIHBIH
JKOFapbulay jaeHreili kepceriiren. CuHTe3ney KesiHae cCynbdaTTanraH KeMIipIiH CTaTHKanblK meimepi 240 MuH.
skorapeuaiinel. CynmegaTranrad KeMipaiH TemreparypanslK TypakTeuibiFsl (100-120°C) sxorapel. CynbdarranraHn
keMip pH 2-14 apanbiFeiHAa THIMII )KYMBIC iCTEHTIH OpTaia KpIIIKBUIIBIK KATHOH aIMACTBIPFBIIIITAPFa JKaTa bl

— 106 ——




ISSN 2224-5286 Series chemistry and technology. 3. 2020

DHepreTHKajblK KOCINOPBIHAAPABIH KYJI MEH KOXK (LIaK) YHIHIUIEpPIHEH CHpPEK MeTaniapibl anyra 0oajbl.
0O.C. Kpachos nieH B.A. CannxoBaHbBIH FBUIBIMU €HOCKTEPIHE KOPCETINTSHEH, KYJI MEH KOXK (IIIJ1aK) KaJABIKTaphIH
OHEPKACINTIK OHAIpicTe KaliTa eHJeYy KbUIbIHA Oip TOHHaAaH OipHelle OHJaraH TOHHAra JEWiH CUPEK MeTaiap.ibl
mipiFapa ananasl. COHBIMEH, KOMIpIi KaiTa eHaeyre OailaHbICThI MaiJajibl KOMIIOHCHTTEp OipKaTap CHPEK
KE3JICCeTIH MEeTaIap YIIIH MEePCIeKTUBTI MUHEPAJIIbI-IIMKI3aT 0a3achl JeM caHayFa 00aasl. AFBIHIBI )KOHE aybI3
CyJapibl CUPEK Ke3JIeCeTiH MeTall HOHAApbIHAH THIMJI JKOHE ap3aH Ta3apTyAbIH >kahaHIBIK Maceseci YIKeH MOHTe
ne Gonbin otelp. Cynsl Ta3apTyIblH KEH TapajFaH oAIiCTepl — TYpJli COPOEHTTEpPMEH 3MSHABI 3aTTapibl CiHIpyre
HETi3IeTreH TYpil copOIMsIbIK HycKanap. TaOuFy skoHe CHHTETHKAIBIK HOH alIMacy MaTepHalJapblH KOJAaHAaThIH
HOH ajMacy oici OyJI MeTanasl aFblHABI CyJlapAaH alyFa MYMKIHIIK Oepemi. O KOMAaHBIIMaraH cOpOeHTTEpIiH
KONIILIIri 6Te KpIMOAT JKOHE MIEKTEYIi dcepre ue, ONapIblH ocep eTy THIMALTiri ete a3. byn copbenTrepni eHIipy
dmici KypJei )KoHe KOl yaKbITTHI KakeT erei. OchiFaH OaiIaHBICTHI ap3aH KEePTiTiKTI Ka30aIpl KeMip MINKi3aThIHAH
CyJ1b(haTOKMOHUTTEP/IIH JKaHa THIMI TYPJEpiH Kypy MEepCleKTHBabl OarbiT 00MbIN caHatabl. CHpEK KOHE CHUpEeK
KE3[IECEeTIH MeTallll MOHAAPbIH CcOpOLMsiIay YIIiH KeMIpTeri IIHMKi3aThlHAa HEri3JeNireH COpOEHTTepAl KeHIHEeH
KOJIJIaHy OpraHUKAaJIbIK IHMKI3aTTHIH ap3aH TYPJIEPiH MaKCaTThl TYPICHAIPYIl Tajnamn eTeai: Ka30aasl KaTThl OThIHIAP,
TaOWFU JKOHE OHEPKICINTIK OpraHuKaNbIK Kaiaslkrap. Cynbl XUMHUSJIBIK Ta3apTyla KeMip CyJb(paHH3alusIChIHbIH
OipHewie TexHoJIorHsIaph! 1a Oap. KplIKbUIIaHIBIpyY 9/1iCi OChI TAOUFU MaTepHaiiaH COpOSHTTEp I AaibIHIAY YIIiH
THIMII caHanaabl. by makanana cynbdarTanraH KeMip CUPEK Ke3/IeCEeTiH MEeTall HOHJapblH aybI3Cy MEH aFbIHJIbI
CyJapliaH Ta3apTyAbIH KaparaibIM afici peTiae cunarrtanansl. by anic ap3an xeprinikti lllydapken OacceiiiHineH
QJIBIHFaH KOMIpJi KYKIPT KBIIIKbUIBIMEH MOJU(HIMpIIEYTe HeTi3[enreH. ©3repTiren keMipreri Oeringe cyiab(o
TONTap.IBIH OOTybIHA OATaHBICTHI CHPEK KE3IECETiH METAUT HOHAAPBIH COPBIIT ATy CeJICKTHBTLIITIH apTTHIPAIbI.

Tyilin ce3mep: Taburum KeMip, MOTUPHKANMSIAHFAH KOMip, COpOLHMsS, CHPEK KEe3[IeCEeTiH MeTajul HOHBI,
cynbdaTTanFad KeMip, CyIbl Ta3apTy.
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HOJYYEHHUE CYJb®OKATHOHUTA IIYTEM MOJUPUKALIUU IPUPOJHOTI'O YTJIsA
KOHIEHTPUPOBAHHOU CEPHOU KHCJIOTOU

AnHoTauus. KoHTponb conepKaHHS PEOKMX METalIOB B OOBEKTaX OKPYXKAromled cpempl Ha YPOBHE HX
MIPEAETIBHO JOMYCTUMBIX KOHLEHTPAaLUUN SIBJISETCA BaXHOM 3Kojorumueckod 3amaueil. IIupoko ucnonwszyemsle
(U3UKO-XMMUYECKHE METOBI HE BCETAa 00ECIIeUnBAIOT NPSIMOE PEIICHHE 3TON 3aaul U3-3a BIUSHUSA MaTPHIHOTO
cocraBa IpoObI HA PE3yJILTATHI OMPECIICHHM, a TAK)KE HU3KUX KOHIICHTPAIUI ONpeeasIeMbIX 2JIEMEHTOB. B nanHo#
CTaThe MPEJIOKEH HOBBIH MOAM(MULMPOBAaHHBII Cynb(poyronb Ha ocHoBe yriis Llly0apKyiabCKOro MeCTOpOXKICHUS
JUIl COpOLIMM HMOHOB PEAKHX METAUIOB W3 BOJHBIX OOBEKTOB. B KaudecTBe MomuQuKaTOopa HCIOIB3YeTCs
KOHLIEHTpHUpoBaHHas cepHasi kuciora (H,SOs). Beut mccnenoBan CHHTE3 HOBBIX BBICOKOIIPOHUIAEMBIX CIIUTBIX,
cynbdoconepKammx KaTHOHUTOB U MX COCTaB, CTPYKTypa XMMUYECKUMHU U (PU3NIECKUMH METOJIaMH. TepMUUECKYIO
00pabotky yris LlybapkysCkoro MecTOpoXkIeHHs mpoBomwmid npu temmeparype 110 °C B TeueHne 2 4acoB B
CyHImiIbHOM mikady 10 Tex mop, IMoka cojepkaHue Biaru coctaBmwio He 6onee 1 %. Ilocie TepmMooOpabOTKH yrosb
00pabaThIBaJIM KOHIIEHTPUPOBAHHON 96% CepHON KHUCIOTOH NP Pa3lINdHOM COOTHOIIEHWH TBEPAOM M KHUIKOH
¢azer. Ilocne mMomndukanuu yriast oOpa3oBayICs PHIXJIBIA HNPOIYKT YEPHOTO LBETA, KOTOPHI NMpOMbIBAIN B 5 %
pactBope NaOH c 1menpio ynaieHuss He TmpopearnpoBaBmIMX BemiecTB. Crartmueckas OOMEHHAs €MKOCTh —
KOJIMYECTBO MHJUIM3KBHBAJIEHTOB MOHA, MOTJIOIIEHHOE 3a ONpeleNIeHHoe BpeMst | T' cyxoro moHuTa. PaccuurtsiBanu
CTaTH4ECKyI0 OOMEHHYIO eMKOCTb Cynbdoyriis. B craThe noka3aHo yBenH4eHHE CTaTHYECKOH 0OMEHHONH eMKOCTH OT
KOHIIGHTPAIMK HCIONb30BaHHON pu MoauduiupoBanuu HoSO4. Bo BpeMs cuHTe3a yBenMUMBAeTCs CTaTHYECKas
oOMeHHast eMKOCTb cyibdoyris npu 240 MuH. HarpeBaHuu. TemreparypHas YCTOHUMBOCTD Cyib(OYIIS BbILIE 10
(100-120")C. Cynb(hoyronb OTHOCAT K CPEIHEKMCIOTHBIM KATHOHUTAM, KOTOpble 3(Q(EKTHBHO pabOTalOT IIpU
nokasaremsx pH 2-14.

W3BneyeHne penkux METAIIOB BO3MOXKHO M3 30JI0-LIUIAKOBBIX OTBAJIOB JHEPreTHUYECKUX MPEANpHATHH. B
HayuHbIX paborax Kpacuoa O.C. n CanmuxoBa B.A. oTMmeuaercs, 4To mepepaboTKa 30J10-IIUTAKOBBIX OTXOJOB Ha
MIPOMBIIIJICHHOM TIPOM3BOACTBE MOXET 1aTh OT OJHOTO JI0 HECKOJBKHMX IECATKOB TOHH PEIKHX METAIIOB B TOZ.
TakuM 00pa3om, IOITyTHBIC IOJIE3HBIE KOMIIOHEHTHI IPH IEpepaboTKe YIiIeH MOXHO CYHTaTh HEPCIICKTHBHON
MHHEpAIEHO-CBIPhEBOI 0a30i psma peaxkux MetamwioB. BcemmpHas mpobnema 3h(QeKTHBHONW W AEUICBON OYHUCTKH
CTOYHBIX M MHUTHEBBIX BOJA OT MOHOB PEAKHX METAJIOB UMEET OOJbIIOE 3HaUCHUE. PaclpocTpaHEHHBIME METOJAMHU
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OUYMCTKH BOJbI SIBISIIOTCS Pa3iUyYHble BapHaHTbl COPOLIMHM, OCHOBAaHHbIE HAa TMOIJIOIIEHHH BPEIHBIX BEIECTB
pa3nuuHbIME cOpOeHTaMu. Bosbliioe BHUMaHUe MPUBIEKAET HOHOOOMEHHBII METO]] C UCTIOIb30BAHUEM HMPUPOTHBIX
U CHHTCTHYCCKHX I/IOHOO6MCHH}JIX MaTepuaiosB, HO3BOHHIOH1Mﬁ HU3BJICKATh JOTU MCTAJIbl M3 CTOYHBIX BOJ.
BosbpmmHCTBO COp6eHTOB, KOTOpPbIC OO0 CHUX IIOp HE HCHOJb30BAJIMChb, OUYCHb AOPOrve€ MU HMMCHOT OIrpaHUYCHHYIO
9KCIO3MIUIO C OTHOCHUTEIBHO y3KUM auamna3oHoM 3¢ ¢extoB. Crocod M3roTOBICHHS 3THX COPOCHTOB CIOXKEH U
3aHMMaeT OoJiblle BpeMeHH. B 3Tol CBS3M TEPCHEKTHBHBIM HAINPABICHUEM SBISICTCS CO3JaHUE HOBBIX
5 PEKTUBHBIX BHJIOB CYJIb(OKaTHOHUTOB M3 JICIIEBOIO MECTHOTO CHIPBSl MCKONaeMbIX yriei. KpymHomacmradbHoe
UCIIOJIb30BaHNE COPOEHTOB HA OCHOBE YIJIEPOJHOTO CHIPHS B LENSAX COPOLMH MOHOB PEAKHX M PEIKO3EMENIbHBIX
METAJJIOB TPeOYyeT LeNICHANPABICHHOT0 MOJU(DHUIUPOBAHKS JEIIEBHIX BUIOB OPraHHMYECKOTO ChIPhsI: HCKOMAEMbIX
TBEP/IbIX TOILIUB, IPUPOJIHBIX U TEXHOTCHHBIX OPTaHMYECKUX O0TXO0/10B. HECKOIbKO TEXHOMOTUH [UIsl CYJIb(GUPOBAHHMS
YIJIsl TAK)KE JOCTYMHO MPUMEHSIETCS JUIs XMMHYECKOHW OYMCTKH BOJbL. CHOCOO KHMCIOTHOW aKTHBAIMU SIBIISETCS
HaunOosee 3 HEeKTUBHBIM ISl IPUTOTOBJIEHHS COPOSHTOB M3 TAHHOT'O NPUPOJHOTO MaTepuana. B HacTosiueit crarbe
onucaH Cynb()UPOBaHHBIA Yroib Kak MPOCTOM CHOCOO OYUCTKU THTHEBBIX M CTOYHBIX BOJ OT MOHOB PEIKUX
MmeTaiioB. Criocod ocHOBaH Ha MOIU(UIMPOBAHUU CEPHOI KHCIOTOH YIJIEpOAHOrO HOCHTENs, MPEICTABISIONIEro
coboit yromp u3 mectopoxxaeHus lllyOapkynbckoro OacceliHa, B KauecTBe JELIEBOTO MECTHOTO YIJIEPOJHOIO
copbenra. IlpucyrcTBue Ha HW3MEHEHHOH YIJIEPOJAHOW TOBEPXHOCTH CYJb(GOIPYNI IO3BOJIUT  YCHIIUTH
CCJICKTUBHOCTD U3BJICUCHUA NOHOB PEAKHUX METAJIJIOB.

KiioueBble ca0Ba: INpHUPOAHBINA yrojb, MOAW(PHUIMPOBAHHBIM Yroib, COpOLMs, HOH pEAKOro MeTaya,
Cyb(UPOBAaHHBII yrojb, OYUCTKA BOJBI.
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CATALYTIC PROCESSING OF PROPANE
INTO IMPORTANT PETROCHEMICAL PRODUCTS

Abstract. In the Republic of Kazakhstan, despite the huge reserves of hydrocarbon raw materials, it is mainly
consumed in the form of domestic, industrial and motor fuels, remains are burned as part of the exhaust gases, or
again driven into the oil-bearing strata. Propane, which is in the composition of associated gases and formed in
petrochemical, in the first case, either burned or used as fuel after separation. In the second case, it is partially used in
petrochemicals, as well as municipal or motor fuel, the rest is exported. In order to identify the ability of the
developed catalysts to regeneration or reoxidation and determine the energy characteristics of hydrogen and oxygen,
the study was carried out by the methods TPR and TPO, as well as by TEM, XRD and BET for determine the
morphology, particle size and their chemical composition. In the present work it is shown that on the developed
5%V/(6+a)Al,O3 catalyst the process of oxidative conversion of propane passes with the formation of 24.5%
ethylene and 27.5% hydrogen under the optimal conditions: 66.5% Cs;Hs + 33.5% CO,, T = 700°C, W = 1000 h'! and
C3H8 . C02=2 o 1.

Key words: catalytic oxidation, propane, ethylene, hydrogen, carbon dioxide.

Introduction. The world's oil reserves are decreasing every day due to the continuous production and
their processing using the most modern technologies. Scientists all over the world are looking for various
raw materials and methods to use the vast resources of natural gas as a substitute for petrochemicals. In
this regard, considerable attention is drawn to natural gas as an alternative source of raw materials for
petrochemical industries.

According to the annual Statistical Review of World Energy — 2018, published by British Petroleum
(BP) at the end of 2017, proven natural gas reserves in the world are estimated at 193.5 trillion cubic
meters. Kazakhstan ranks 15th in the world and 4th in the CIS of natural gas reserves. The prospects for
the development of the global gas processing industry are associated with the creation and introduction of
new catalytic environmentally friendly technologies for producing of olefins, based on production of
polymers, alcohols and motor fuels. Gas processing plants in Kazakhstan are currently engaged mainly in
the purification of gases from water, impurities of carbon dioxide and hydrogen sulfide for their use for
domestic purposes. This situation is associated with the lack or absence of new catalytic technologies for
the directed processing of light C;-C4 alkanes. There are no production facilities for the production of
olefins, plastics, motor fuels and other products whose demand is met by imports. Therefore, an important
task is the intensive development of the industrial processing of light hydrocarbon raw materials, the
reserves of which far exceed oil reserves.
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It is known that vanadium compounds [1-4] are widely used for homogeneous and heterogeneous
catalysis, especially in selective oxidation of light alkanes, which are one of the most effective catalysts.

Thus, the authors of [1] investigated the activity of vanadium catalysts deposited in the oxidation of
propane. It was determined that the yield of propylene was 10% with 30% conversion of propane.

In [2], V20s5/SiO; catalysts promoted by a fluoride anion and obtained by successive addition of
different amounts of F-were investigated. The performance and structure of the catalysts were greatly
influenced by the sequence of fluoride impregnation and the method of obtaining catalysts. Oxidative
dehydrogenation of propane was carried out in a reactor with a fixed bed with a continuous flow at
atmospheric pressure, a temperature range of 400 - 600°C and a ratio of gases supplied: 10% CsHg : 5% O, :
85% Ar.

The total flow rate of the reaction gas mixture was 50 ml/min, the mass of the catalyst was 200 mg,
the volume velocity was 9000 h'. For VOC-F catalyst at 540°C selectivity of propene amounted to
64.16% in the conversion of propane of 14.76%. Compared to the V-Si-O catalyst, propene selectivity
increased by 9.89% and a small increase in C3sHg conversion was found.

Increasing atmospheric CO; levels have a negative impact on the environment. The chemical use of
CO,, one of the main greenhouse gases, is an important step towards green chemistry. The main problem
associated with the use of CO; is the thermodynamic stability of this molecule. One of the technologies
that is gaining strength and importance in the scientific world is the use of CO; as an oxidizer for catalytic
oxidative transformation at high temperatures [5-8].

Previously, we investigated the process of oxidative conversion of light alkanes into olefins in the
presence of oxygen on different types of catalysts [9-18].

The paper presents the data of the activity of the developed deposited catalyst based on vanadium,
capable of conducting the process of oxidative conversion of propane into ethylene and hydrogen, using
CO; as an oxidizer.

Experimental

Catalyst preparation

The catalytic systems were synthesized by the method of impregnation in air. The developed
compositions of catalysts were prepared by capillary impregnation of mixed aqueous solutions of metal
salts supported on carriers by moisture capacity, followed by drying at T = 200°C for 2 h. Calcinations of
samples at T = 500°C for 2 h in air was carried out for decomposition of supported metal salts and
corresponding volatilization of nitrates from the catalyst surface.

Characterization techniques

Analysis of the initial mixture and the reaction products was performed using "Chromos GC-1000"
(Russia) chromatograph, which was equipped with packed and capillary columns. The packed column is
used for the analysis of H,, O,, N2, CHs, C;Hg, C2Hy4, C3-Cs hydrocarbons, CO and CO,. A capillary
column is used to analyze of liquid organic substances, such as alcohols, acids, aldehydes, ketones and
aromatic hydrocarbons. Temperature of the detector by thermal conductivity — 200°C, evaporator
temperature — 280°C, column temperature — 40°C. The speed of the carrier gas Ar is 10 ml / min. The
chromatographic peaks were calculated from the calibration curves plotted for the respective products
using the "Chromos" software for pure substances. Based on the measured areas of the peaks
corresponding to the amount of the introduced substance, a calibration curve V = f (S) was constructed,
where V - amount of substance in ml, S - peak area in cm”. Concentrations of the obtained products were
determined on the basis of the obtained calibration curves. The balance of regulatory substances and
products was + 3.0%.

Physico-chemical research

The specific surface area and measurement of the pore distribution of the developed catalysts were
studied by the BET method (Bronauer-Emmett-Teller) on a GAPP V-Sorb 2800 analyzer (China).
Nitrogen with helium was used as carrier gas. BET method was carried out at Advanced Ceramics and
Composites Laboratory, Institute of Nanoscience and Nanotechnology NCSR “Demokritos” (Athens,
Greece). Nitrogen with helium was used as carrier gas.

XRD analysis was performed on a Siemens Spellman DF3 diffractometer using CuKal (A = 1,5406
A) radiation by powder method in the angle range 26 = 5 — 100°.
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Thermoprogrammed oxidation (TPO) and thermoprogrammed regeneration (TPR) of the developed
catalysts was investigated on the analyzer "Chemosorb".

Morphology, particles size, chemical composition of initial and worked out catalysts were performed
on transmission electron microscope TEM-125K with enlargement up to 66000 times by replica method
with extraction and micro diffraction. Carbonic replicas were sputtered in universal vacuum station, and
carrier of catalysts was dissolved in HF. Identification of micro diffraction patterns was carried out by
means of ASTM cart index (Ukraine).

Results and discussion. The methods for synthesis of the developed catalysts were determined and
the physicochemical characteristics of the catalysts were established. Developed 5% V/(©+a)Al,O3
catalyst was studied by the BET, XRD, TEM, TPR and TPO methods.

The results of the studies on the determination of the surface area of the developed catalysts it is
established that with increasing percentage of vanadium on the carrier equally increases the surface area of
the catalytic system (figure 1).

It is known that the larger the specific surface area of the catalyst, the greater the number of active
centers are on the surface, the greater the activity of the catalyst. It is assumed that this dependence is
associated with the activity of 5% V/(©+a)AlOs catalyst in the oxidative conversion of propane to
ethylene and hydrogen under optimal reaction conditions.
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Figure 1 - Change in the specific surface area of vanadium
in the composition of catalysts deposited on the carrier

Before the x-ray phase analysis of the samples, the literature sources were analyzed and the
mechanisms of thermal decomposition of ammonium metavanadate and possible phases formed were
determined [19.20].
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Figure 2 - XRD analysis of 5% V/(©+0)ALO3 catalyst

XRD analysis of 5% V/(©6+a)Al,Os catalyst (figure 2) revealed the following phases: AIVO4 (JSPDS,
11-0130), ALO3 (JSPDS, 42-1468) and V,0s5 (JSPDS, 41 -1426). It should be noted that the phase AIVO4
(JSPDS, 11-0130) was detected only on a single-component vanadium catalyst. It is assumed that this
detected phase of the aluminum-vanadium bond promotes the formation of ethylene and hydrogen during
the oxidative transformation of propane.
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This conclusion is also confirmed by electron microscopic studies of catalysts. The sample is
presented mainly by aggregates of translucent particles of plate type, filling a significant part of the
surface of the carrier. In figure 3a shows aggregates of translucent particles, the sizes of which vary from
50-70 nm to 100-200 nm. The microdiffraction pattern is represented by a large set of symmetrical and
separate reflexes and can be attributed to a mixture of phases: V¢Oi1 (JCPDS, 18-1451), V,0s (JCPDS,
19-1391), AIVO4 (JCPDS, 25-26).

Figure 3b shows the units of the large semi-transparent particles with a size of 100-200 nm. The
microdiffraction pattern is represented by a series of reflexes and individual reflexes and can be attributed
to a mixture of phases: V.05 (JCPDS, 19-1391), VOOH (JCPDS, 27-1366), VOo, (JCPDS, 10-313).

Figure 3 - TEM images of 5% V/(©+a)Al20s catalysts

Figure 3c shows a translucent particle size of 50-100 nm, filling the surface of the carrier. The
microdiffraction pattern is represented by reflexes and can be attributed to a mixture of phases: VO,
(JCPDS, 31-1439), VO, -H,0 (JCPDS, 18-445), VsO13 (JCPDS, 27-1332), V304 (34-615).

Figure 3d shows the area of dense settlement of the carrier by small particles of 20-50 nm in size.
There are several large particles exceeding 150 nm. Microdiffraction pattern is represented by reflexes,
located on the rings, and individual reflexes, and can be attributed to a mixture of phases: V7017 - H,O
(JCPDS, 15-247) n y-VO, (JCPDS, 35-361).

Figure 4 shows the TPR spectrum of the vanadium catalyst. Regeneration of hydrogen was carried out
in the region of 400-1000°C with four clearly defined maxima, which on the basis of TEM and literature
data can be associated with successive transitions V,0s in VO3 (Tmax'=700°C), V¢Oi3 in VO,
(Tmax ' =840°C), VO, in V3O;s5 (Tmax""=920°C) and then VO;s in V203 (Tmax'V=980°C); shoulder 550°C
corresponds to the regeneration weakly bound adsorbed oxygen. Theoretical calculations have shown that
the amount of hydrogen absorbed in different peaks correlates well with the data of chromatographic
analyses.
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Figure 4 - TPR spectrum of 5%V/(0+a)Al203 catalyst
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It is known that the stable activity of the catalyst is ensured by the reversibility of the reduction and
reoxidation processes in the surface deposited structures of vanadium oxide, so we studied the ability of
the reduced catalysts to reoxidation under the influence of oxygen.

When treated with a mixture of 6% O,+He catalyst oxygen absorption is starting from 100°C.
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Figure 5 - TPO spectrum of 5%V/(6+a)Al2Os catalyst

It is assumed that the oxidation of reduced, coordination unsaturated vanadium oxides V** is with the
formation of weakly adsorbed forms of oxygen and V,Os, as evidenced by the presence of several peaks
of Oy absorption:

0, (gas) — (003 (surface oxide) —™ Oy (ion in the lattice)

From figure 5 it is seen that 5,0%V/(0+0)ALOs the catalyst absorbs O, at maximum: Tma' =270,
Tmax =560 and Timax' " =750°C.

The paper presents data of activity of the developed 5% V/(6+a)ALOs catalyst in the oxidation
reaction of propane at W = 1000 h"' with a change in T = 500 - 800°C and the ratio of the initial gases in
the reaction mixture C;Hg : CO;=1:1,2:1and5:1.
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Figure 6 - Investigation of activity of 5%V/(6+a)Al20; catalyst
in the oxidation of propane at W = 1000 h!

It was found that the optimal ratio for the conversion of propane is CsHg : CO, =1 : 1 and CsHsg : CO, =
=2:1.
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The study of the activity of the developed 5% V/(6+a)AlO; catalyst in the reaction of oxidative
conversion of propane at W = 1000 h-1, CsHg : CO, =2 : 1 showed that with an increase of the reaction
temperature, the yield of ethylene increases which reaches 24.5% at T = 700°C (figure 7).
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Figure 7 - Investigation of 5% V/(6+a)ALOs catalyst activity
in the reaction of propane oxidation at W = 1000 h™', C3Hs : CO2=2: 1

As the reaction temperature increases, the yield of ethane decreases from 4.9% to 1.0%. It is assumed
that the product of the reaction of catalytic oxidation of propane - ethane during the reaction has time to
oxidize to ethylene. For the formation of 27.5% hydrogen, the optimum temperature is 800°C.

Conclusion

Thus, in the present work it is shown that on the developed 5% V/(©6+a)Al,Os catalyst using the
methods of BET, XRD, TEM, TPR and TPO certain characteristics were found, namely, an increase in the
specific surface area and the connection of the carrier with the active phase. It was found that the process
of oxidative conversion of propane on the catalyst developed by 5% V/(0+a)Al,Os passes with the
formation of 24.5% ethylene and 27.5% hydrogen under the optimal conditions found by the experimental
method: 66.5% C3Hs + 33.5% CO, (C3Hg : CO,=2: 1), T =700°C, W = 1000 h™'.
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TIIPOITAH/IBI MAHBI3IbI MYHAW-XUMWA OHIMIEPTHE
KATAJIMTUKAJIBIK OHIAEY

AHHOTanMsl. OJeM/IK MyHail KOpbl KYH CailblH 3aMaHayHl TEXHOJIOTHsUIApAbl MaiilajiaHa OTBIPBII, Y3.IIKCi3
OHJIIpY JKOHE OJlap/bl KalTa eHJuey eceOiHeH aszaiibin Oapanbl. Bykinm onem franpiMaapbl MyHail XHMHSCHIH
QIMACTBHIPYILIBI PeTiHAe TAaOUFH ra3lblH opacaH 30p pecypcTapblH NaipanaHy YIIiH TYpJi LIMKi3aT MaTepHangapbl
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MeH oficTepiH i3aeiai. OckiraH OaiylaHBICTBI MYHal-XUMHUSI OHEPKACiOl YIIIH HIMKI3aTTHIH OajgaMaliel Ke3i peTiHue
TaOWFH ra3ra aTapiblKTail KOHLT OOiHII.

2017 xbuiapiH coHbiHna «British Petroleum» (BP) kommanwmsicel sxapustmaran World Energy-2018  xbun
CallBIHFBI CTaTUCTHUKAJBIK IIOJTyBIHA COMKeEC, oNieMeri AOJeNAeHTeH TaOuFu ra3 Kopel 193.5 TpmH. Texkme merpre
Oaramannpl. Kazakcran onmemue 15-opeiHzma skoHe TaOurm ra3 Kopbel OoitprHma TM/I-ma 4-opeiHOa. OneMIik ras
OHJIEY OHEPKICIOIH HaMBITY MEPCIEKTUBAIAPhl MOJIMMEp, CIHUPT KOHE MOTOpP OTHIHIAPHIH OHAIPYTe HEri3leireH
oneduHAEpAl alyIblH OSKOJIOTHSJIBIK Ta3a KaTaINTHKAIBIK JKaHa TEXHOJOTHMSUIAPBIH KYpy OJKOHE eHrisyre
OaiinanbicThl. KazakcTaHHBIH Ta3 OHJEY 3aybITTapbl Ka3ipri yakbITTa Ta3[bl CyJaH, KOMIPKBILKbLT Ta3bl MEH
KYKIpTCyTeri KocnajapblHaH, OjlapAbl TYPMBICTBIK MakcaTTa MaijanaHy YIIiH Ta3apTyMeH aifHanbicaabl. MyHuai
warmaii C1-C4 >xeHinm ankaHgapApl Kaiita eHAeyre OaFpITTalfaH >KaHA KaTaJUTHUKAIBIK TEXHOJOTHSIApABIH
JKETiCTIeYIILUTITiHEe HeMece JKOKTHIFbIHA OaitnaHpicThl. MyHIa oneduHIep, mracTMaccaitap, MOTOpP OTHIHIAPHIH KOHE
UMIOPT eceOiHeH KaHaraTTaHATHIH OacKa Jda eHIMAepHAi oHAipy OOMBIHIIA eHAIpIiCTIK KyaT koK. COHABIKTaH MyHai
KOpJIapblHAH €Joyip acaThblH KCHUI KOeMIpCyTeK IIHMKi3aThIH OHEPKICINTIK KaWTa OHIEYIl KApKBIHIBI JTaMBITy
MaHBI3/(bl MIHJICT CaHAJIAIbI.

Kazakcran PecrnyOnukacbiHia KeMipcyTeK IIHMKI3aThIHBIH OpacaH 30p KOpblHA KapamMacTaH, OJI Heri3iHeH
TYPMBICTBIK, OHEPKACINTIK XOHE MOTOPJIBI OTBIH TYPIHAE TYTHIHBUIAJBI, KaJABIKTap MaiifajaHbUIFaH rastapibly
KypaMBIH[a JKaFbUIaIbl HeMece MyHall KysThIH KabaTTapra Kaiita aiinananpl. linecrie ra3napIslH KypaMbIHA KipeTiH
JKOHE MyHall XuMmuschiHAa Ty3ineTiH [lpoman OipiHmn >karmaiima JKareiansl HEMECE CemapanusgaH KeliH OTHIH
perinzie maijananbuiaabl. EXiHON okarnaiiga on imriHapa MyHal XHMHSCBIH/IQA, COHIAl-aK KOMMYHAUIIBIK HeEMece
MOTOPJIbI OThIHFa naf/iaanaﬂbma)lm, KaJIFaHbI 3KCIIOPTKA HIbIFaJibl.

JKyMpICTa TIPOIIAHHBIH 3THIICHTE JKOHE CYTEKKE TOTBIFY YJAEpICiH JKypri3yre KaOiieTTi BaHaauil HeriziHje
JIAbIHIaFaH KaTannu3aTopbH O0exceHainiri Typasisl ManiMertep CO2 TOTHIKTHIPFBIII KATHICHIH/A KYPETIH peakiusra
HeriznenreH. KaTanmuTukanslk Kylenep ayana ciHAipy omiciMeH cuHTe3xenni. KaTammsatopiapablH HaibIHIaIFaH
Kypambl ayama T=200°C ke3iHme kenripe OTHIpHIT 2 carar, omaH keiiH T=500°C xe3iHme yATiaepAi KbI3ABIPY
apKbUIBl BIIFAJl CHIMBIMIBUIBIFEI OOMBIHIIA TachIMaJaFbllITapFa OTBHIPFBI3BIIFAH METAUT TY3IAaphIHBIH apanac cy
SPITIHAIEPIH KaIMWUISAPJIbI CIHAIPY SAICIMEH NaibIHAAIIbL.

Havieinnanran karanuzaropnap Gapp V-Sorb 2800 (Kpirait) tanpareimbiana bBOT omicimen 3eprrenmi. a3
TachIMajayllbl PeTiHAe TeMuid MeH a30T rasJapbHbIH Kocmachkl KonpaHeuiael. BOT oxmici HaHorbuibIM skoHE
HAHOTEXHOJOTHSIAD ~ MHCTUTYTBIHBIH  IEPCIIEKTHBAJIBl  KEPAaMUKAJBIK JKOHE  KOMIIO3UTTIK — Marepuaijap
3epTxaHaceiHa «Jlemokpurocy (Adunsl, ['penms) eTkizinmi. PeHTreHKYprIIbIMABIK Tangay Siemens Spellman DF3
nudpakromerpinne CuKal (A = 1,5406 A) coynenenyin konnany apkpuisl 20 = 5 — 100° GypblmTap AMana3oHbIHAA
yHTaK oniciMeH okyprizingi. TepmoOarjgapiamananraH TOTBIFY JKOHE JalbIHAQIFaH —KaTaln3aTopiaplibl
TepMoOarapIaMaliaHFaH KallblHa KeITipy (TOTHIKCBHI3AaHABIPY) «XeMocopO» TalaarbIbiHAa 3epTTenyi. bacranke
’KOHE OHJIENTeH KaTaau3aTopiapAblH MOP(OIOTHACHH, OeJIeKTep MOIIIEPiH, XUMHUSIIBIK KYPaMblH 9KCTPAKIIUACE]
JKOHEe MHUKpoIudpakuuscel Oap permuk axicimen 66000 ecere neitin yiraiita oTeipein, TOM-125k kapbIK TycipeTiH
AIIEKTPOHABIK MUKPOCKOIIIIEH XYPrizai. MuKpomupakuusuIbIK KapTHHAIApABI coiikecteHAipy ASTM cart index
(VkpanHa) MHIIEKCIHIH KOMETIMEH JXYPri3iuii.

JKyMpICTa TPOINIAHHBIH 3THIICHTE JKOHE CYTEKKE TOTBIFY YJAEpICiH JKypri3yre KaOineTTi BaHauuil HerisiHje
O3IpJICHI'eH KaTaJM3aTOPAbIH OeiiceHaimiri Typansl MoamiMertep CO; TOTBHIKTBIPFBINI PETIHAE KOJIAHBLIAIbI.
O3IpJICHIeH KaTaln3aTopJapblH pereHepalusra HeMece TOThIFyFa KaOUIeTiH aHbIKTay JKOHE CyTeri MeH OTTeriHiH
SHEPTreTUKANBIK CHIATTaMaNapbhlH aHBIKTay MakcaThlHAa Tia skoHe TIIO omicrepiMeH, coHmaii-ak OemiexTep
MOp(OJOTHSICHIH, MOJIIEPiH XOHE OJAapAbIH XUMIIBIK KypaMblH aHbiktay ymiH TOM, BOT xome POA
azicTepiMeH 3epTTeynep XKyprizuui.

Ocpnl xymbicTa 5% V/(O+0)AlLO; kaTamu3aTopsyla MPOMAHHBIH TOTHIFY KOHBEPCHSCH! yiaepici 24,5% stuieH
KoHe 27,5% cyTeri Ty3inyiMeH OHTalIbI skaFgaiinapaa ereni: 66,5% C;Hg + 33,5% CO,, T =700°C, W = 1000 car’!
wone C3Hg : CO,=2: 1.

Tyiiin ce31ep: KaTaJUTHKAIBIK TOTBIFY, IIPOIaH, 3THJICH, CyTeri, KOMiPKBILIKbBLI I'a3.
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"MuctuTyT TOnMBa, Katanusza u aekTpoxumun uM. J[.B. Cokonbckoro, Aamarsr;
’Ka3axCKuii HallMOHAILHBIH YHUBEPCHUTET UM. alb-Dapabdu, Anmarsl, Kazaxcran;
3TMaBnonapckuii rocy1apCTBEHHbIN Nearorndeckuii yausepcurer, [asnonap, Kasaxcran;
“Tapasckuii roCy1apCTBEHHBIN TIearoruueckuii yausepeuret, Tapas, Kasaxcran

KATAJIMTHYECKASI IEPEPABOTKA ITPOITAHA
B BA’KHBIE HE@TEXUMUNYECKHUE TPOAYKTbI

AnHoTanusi. MupoBble 3amachl HeTH ¢ KaXIbIM JHEM COKpAILIalOTCS 332 CHYET HENPEpBIBHON MOOBIMM M MX
nepepaboTKU C HCIIOJIb30BAaHMEM CaMbIX COBPEMEHHBIX TEXHOJIOTHH. YYeHbIe BCErO MHpa HILYT pa3lindHble
CBIPbEBBIE MAaTEPHAIbI X METOJBI JUIS UCIIOIb30BaHNS OTPOMHBIX PECYPCOB IIPHUPOJHOTO Ia3a B KAUECTBE 3aMEHUTENS
Herexumun. B 3TOll CBsI3M 3HAYMTENPHOE BHHMAHME YJENACTCS MHPUPOJHOMY ra3y Kak aJbTepPHATUBHOMY
WCTOYHHKY CHIPbsI AJIs1 HEPTEXUMHUIECKOH MPOMBIIIICHHOCTH.

CornacHo exerogHomy cratuctudeckomy o03opy World Energy-2018, omybOnukoBanHOMy kommanued British
Petroleum (BP) B xonne 2017 ropa, qoka3aHHBIE 3amachl MPUPOAHOIO rasda B MHpe oleHHBaroTcs B 193,5 TpnH
kyOoometpoB. Kazaxcran 3anmmaer 15-¢ mecro B Mupe u 4-¢ mecro B CHI mo 3amacamM mpHpOIHOIO rasa.
ITepcriekTHBBI pa3BUTUSI MUPOBOH rasomnepepadaThIBaOLICH IPOMBIIITIEHHOCTH CBSI3aHBI C CO31aHUEM U BHEIPEHHEM
HOBBIX KAaTaJIMTHYECKHX, KOJIOTHYECKH YUCTBIX TEXHOJOTUH IMOMy4eHns 0J1e()MHOB, OCHOBAHHBIX Ha IIPOHU3BOJICTBE
MOJIMMEPOB, CIIUPTOB M MOTOPHBIX TOIUIMB. ['azomepepabatsiBaromiuie 3aBoabl KaszaxcTaHa B HacTosIiee BpeMs
3aHMMAlOTCS] B OCHOBHOM OYHCTKOM TIa30B OT BOJBI, NPUMECEH YIJIEKUCIOro rasa M CEepoBONOPOAA JUIL HX
UCIIONIb30BaHM B OBITOBBIX LEJsiX. Takas cUTyanusi CBsA3aHa C HEJOCTaTKOM WJIM OTCYTCTBHEM HOBBIX
KaTaJIMTUYECKMX TEXHOJOTWI HampaBieHHOW mepepaboTku Jerkux ankaHoB C1-C4. 3pmech OTCYTCTBYIOT
MIPOMU3BO/ICTBEHHBIE MOIIHOCTH IO MPOU3BOJACTBY ONE€(HHOB, [IACTMACC, MOTOPHBIX TOIUIMB WU APYTUX MPOLYKTOB,
CIPOC Ha KOTOPbIE yIOBIETBOPSIETCS 3a cueT umnopra. [1oaToMy BakHOI 3aa4eil sSBJISCTCS HHTEHCUBHOE Pa3BUTHE
MPOMBIIICHHONH MepepabOTKN JIETKOTO YIIIEBOAOPOJHOTO CHIPhS, 3amachl KOTOPOTO 3HAYUTENBHO IPEBBIIIAIOT
3anackl HeTH.

B Pecny6muke Kazaxcran, HeCMOTpsi Ha OTpPOMHBIE 3amachl YIJIEBOAOPOJHOIO CHIPbS, OHO B OCHOBHOM
notpedssiercs B BHUIE OBITOBOTO, MPOMBIIUICHHOTO W MOTOPHOTO TOIUIMBA, OCTATKH CXKHMIAIOTCSI B COCTaBe
0TpaOOTaHHBIX Ta30B WMJIM BHOBb 3aroHSIOTCS B HE(TEHOCHBIC IUIacThl. [IpomaH, KOTOPBIM BXOXUT B COCTaB
MOy THBIX Ta30B M 00pa3yeTcs B HE(pTEXUMHUH, B TIEPBOM CiTydae OO CxKHUraercs, TM00 MCHOIB3YeTCsl B Ka4eCcTBE
TOIUIMBA TIOCIE Cemapaiud. Bo BTOpOM cilydyae OH YacTHYHO HCIIONb3yeTcs B HE(PTEXUMHH, a TaKkKe B
KOMMYHJIFHOM HMJIM MOTOPHOM TOIUIMBE, OCTaJIbHOE WAET Ha 3KCIIOPT. MI3BECTHO, YTO COEMHEHNUS BaHAANS IIUPOKO
NPUMEHSIOTCS 11 TOMOTEHHOTO M TeTEPOTeHHOrO KaTajiu3a, OCOOCHHO NPH CEJIEKTUBHOM OKHCICHUH JIETKHX
aJIKAaHOB, KOTOPBIE SIBJIAFOTCS OJHUM U3 HanOosee 3 PEeKTUBHBIX KaTaTHU3aTOPOB.

B pabore mpezncraBieHbl AaHHbIE 00 AKTUBHOCTH pa3pabOTAHHOIO KaTalu3aTopa Ha OCHOBE BaHAIWs,
CIOCOOHOTO TPOBOJIUTH IPOLECC OKUCIUTEIBHOIO IPEBPAICHUS TPOIaHAa B STHIEH M BOAOPO, HCIOIb3Ys B
kagectBe okuciurens CO,. Katanutudeckwe cucTeMbl ObUIM CHHTE3MPOBAHBI METOJOM IIPONUTKH Ha BO3IyXE.
Pa3paboTanHble COCTAaBHl KaTaJM3aTOPOB IOMYYald METOIOM KaIlWUIIPHOW IIPONMTKH CMEIIAHHBIX BOJHBIX
pPacTBOPOB COJIEH METAIJIOB, HAHECEHHBIX Ha HOCUTENH II0 BIarOEMKOCTH, ¢ nociueayromen cymkoit npu T=200°C B
TedeHHe 2 4yacoB MpoKamBaHueM oopasioB npu T=500°c B TeyeHue 2 4acoB Ha BO3IyXe.

YaenbHyI0 IUIOIAAb MOBEPXHOCTH W HW3MEPEHHE pacIpeleNieHuss HOop pa3paboTaHHBIX KaTalH3aTOpPOB
nccinenoBamm MeronoM bBOT Ha anammzatope GAPP V-Sorb 2800 (Kwurtaif). B kauecTBe Tra3a-HOCHUTEIS
ucnoip3oBaics azor ¢ remmeM. Merox BOT mpoBommics B Jlabopatopuu MepCIIEKTUBHBIX KEPaAMHUYECKUX M
KOMITO3UTHBIX MarepuanoB MHcTuTyra HaHOHaykd M HaHoTexHojoruit "Jlemokpurtoc" (Adwunbl, I'penus).
PenrtrenoctpykrypHblii aHanu3 nposomwics Ha gudpaxromerpe Siemens Spellman DF3 ¢ ucnons3zoBanHmem
wsnyyenuss CuKal (A = 1,5406 A) mnopomkoBsM MeTogoM B auamasoHe yriaos 20 = 5 — 100°
TepmomnporpammupoBannoe  okucienne (TIIO) wu  TepmomporpamMmMmupoBanHoe BocctaHoBienue (TIIB)
pa3paboTaHHBIX KaTaJIM3aTOPOB HCCICIOBAIMCh, Ha aHaim3atope '"Xemocop6". Mopdomoruto, pasMep HacTHIl,
XMUMHYECKHH COCTaB MCXOIHBIX M OTPAaOOTAaHHBIX KaTalM3aTOPOB MPOBOJMIM HA MPOCBEUMBAIOUIEM 3JIEKTPOHHOM
Mukpockorie TOM-125kx ¢ yBenmuuenuem no 66000 pa3 METOAOM PEIUIMK C JKCTPAKIHEH U MHUKpOAU(paKIHEH.
Wnentndukanns MUKpoanpakMOHHBIX KapTHH MPOBOAMIACH ¢ ToMomIbio nHaekca ASTM cart index (YkpauHa).

C uenplo BBISBIEGHHS CHOCOOHOCTH pa3pabOTaHHBIX KaTalM3aTOPOB K pEreHepalud WM OKUCICHUIO |
OTIPENENICHNS] SHEPTeTHIECKUX XapaKTEPUCTHK BOAOPOJA U KHCIOpoJa ObUIM NMPOBEIEHBI NCCIEIOBAHUSA METOJaMU
TIIJI u TIIO, a takke meromamu TOM, PDA u BIT mis ompenencHus MOpQOIOrHy, pasMepa 4YacTUI] U HX
XHUMHYECKOTO COCTaBa.
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B HacTosmieli paboTe moOKa3aHO, 4YTO Ha paspaboraHHoM 5%V/(O+0)AlLO; katanmzaTope mpolecc
OKHUCITUTECIbHON KOHBEPCHH IMIpOIaHa IMpoTeKaeT ¢ obOpasoBanueMm 24,5% ostuminena u 27,5% Bomopoma mpu
ONTUMAIIBHBIX yCIOBHUAX: 66,5% C3Hg + 33,5% CO,, T =700°C, W = 1000 u™' u CsHg : CO,=2: 1.

KaroueBble ci10Ba: KaTaIMTHYECKOE OKUCIICHUE, IPOTIaH, 3TUIICH, BOJAOPO/I, YIIIEKUCIIBIH ra3.
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PRODUCTION OF CARBON COMPOSITE NANOFIBERS BASED
ON COAL TAR AND TEXTILE CORD

Abstract. The article conducted experiments on the production of carbon nanofibers based on coal tar and
textile cord by method electrospinning in a laboratory setup. Carbon nanofibers (CNFs) were obtained from textile
cord carbonizate (TC) and coal tar (CT) from the Shubarkol deposit, and polymethylmethacrylate (PMMA) was used
as a binder. The elemental composition was determined and the surface morphology of the samples was studied. As a
result of energy dispersive X-ray spectroscopy and SEM microscopy, the chemical compositions of the CNF based
on TC + PMMA were determined, which amounted to C-82.69%, O-1.72%, Si-0.46%, Al-15.14%, TC + CT +
PMMA: C-88.43%, 0-4.06%, Al-7.32%, S-0.19%, the diameter of carbon nanofibers ranged from 64.2 nm to
539.3 nm.

Keywords: carbon nanofiber, coal tar, nanocomposites, electrospinning, textile cord, polymethylmethacrylate.

Introduction. In recent decades, the unique properties of carbon fibers have expanded the scientific
base and technology of composite materials [1]. Carbon may exist in the form of tubular microstructures
called filaments or fibers. Carbon nanofibers are a class of materials in which curved graphene layers or
nanoconuses are folded in the form of a quasi-one-dimensional filament, whose internal structure can be
characterized by the angle a between the graphene layers and the fiber axis [2]. Due to their exceptional
thermal, electrical, shielding and mechanical properties [3], they have found application in science-
intensive industries: mechanical engineering, nuclear energy, aviation and astronautics, the military-
industrial complex, construction, in addition, carbon fibers have the potential to be used in various new
applications, such as electrodes, catalyst substrates, adsorbents, composites, etc. Composites based on
CNFs can be used as promising materials in many fields, such as electrical devices, electrode materials for
batteries and supercapacitors, as well as sensors and others because of their large surface area and
relatively high electrical conductivity [4].

Carbon fibers have high atmospheric resistance, resistance to light and penetrating radiation. Carbon
fibers are bio-resistant and bio-inert, heat resistant and difficult to combust. Of the properties of carbon
fibers, a special place is occupied by a high modulus of elasticity and strength, low density, low
coefficient of friction, and also high resistance to atmospheric influence and chemical reagents. In addition
to high strength properties and low weight, carbon fibers and composites from them (carbon plastics) are
black and conduct electricity well. In addition, carbon fibers have a very low, almost zero coefficient of
linear expansion, which makes them indispensable in some special applications [5,6].

The global market for carbon fibers and materials based on them has been growing steadily in recent
decades, and only in the last eight years has it grown five times in physical terms. Most carbon fiber is
produced in a complex and multi-stage process from specially prepared polymer raw materials, mainly
polyacrylonitrile or from viscose. As the feedstock, we used coal tar from the coal of the Shubarkol
deposit, which are formed during the pyrolysis of the feedstock, as well as textile cord - waste from the
processing of car tires, and polymethylmethacrylate was used as a binder.
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The initial coal tar has the following characteristics: density at 20 °C - 1070 kg / m’; viscosity at
80 °C - 2.9-3.3 conventional degrees; coking ability - 2.0-3.5%; flash point - 110-120 °C; softening
temperature - 60-70 °C; the yield of volatiles is 83.0%, which are formed during the pyrolysis of raw
materials. It is not electrically conductive and insoluble in water, it is soluble only in organic solvents
(pyridine, benzene, etc.), and is resistant to acids [7].

Textile cord — is a filament of cord fiber with rubber particles. It is obtained by processing automobile
tires into rubber crumb. A car wheel consists of rubber, metal cord (wire) and textile material to give the
wheel strength and wear resistance. Textile cord consists of polyester — 60%, polyamide — 37%, viscose —
3.0%, the density of which is 0.1 g/ cm’.

One of the methods for producing chemical fibers is the formation of fibers from solutions under the
influence of an electrostatic field (electrospinning of fibers). An electrical voltage of 10 to 30 kV is
applied to the solution using a pump syringe. High voltage induces in the solution the same electric
charges, which, as a result of the Coulomb electrostatic interaction, lead to the drawing of the solution into
a thin stream [8]. The resulting jets are cured by evaporation of the solvent or as a result of cooling,
turning into fibers, and drift to a grounded substrate under the action of electrostatic forces [9-11].
Electrospinning is a universal and effective method for producing continuous nanofibers from submicron
diameters to nanometer diameters using a high-potential electric field [12,13]. The technology can be
easily used in the laboratory and can be scaled to an industrial process [14]. The electrical conversion of
nanofibers from polymer solutions or melts is of practical interest, since they have many potential
applications [15].

Based on the foregoing, the goal of the forthcoming work was formulated, which is to obtain carbon
fibers based on coal tar and textile cord by the method of electrospinning and the study of
physicochemical properties.

Research methodology. CNF samples were obtained at the “Institute of Coal Chemistry and
Technology” LLP (Nur-Sultan) by the method electrospinning under laboratory conditions.

As feedstock were used coal tar which was obtained from the coal «Shubarkol» deposit, textile cord
and PMMA. Samples of textile cord were provided by «Kazakhstan Rubber Recycling» LLP (Nur-
Sultan).

We have chosen the electrospinning method for obtaining CNFs, since this method is acceptable in
the laboratory, and thin fibers are formed. Electrospinning is good in that, unlike the usual mechanical
drawing of fibers from a solution, it does not impose high requirements on the chemistry of the process,
does not require high temperatures for the fiber to solidify, which means that it allows the creation of
fibers from long and complex molecules as a result of capillary and electrostatic forces. Also, the
processes inside the solution, the charged drop itself lengthens, thins, and dries in flight.

The technology for producing carbon nanofibers includes the following stages: preparation of raw
materials, formation, oxidation (to remove low molecular weight degradation products and the formation
of crosslinked and cyclic structures), carbonization (to remove hydrogen and heteroatoms in the form of
volatile compounds, the final formation of carbon fibers occurs).

To obtain nanofibers based on textile cord, the sample was carbonized at 400 °C in a rotary tube
furnace in argon (figure 1).

h

Figure 1 - High-temperature rotary tube furnace BR-12NRT
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a) b)
Figure 2 — Samples of textile cord: a- initial, b-carbonized (400°C)

The obtained carbonized textile cord is crushed and dissolved in 1,2-dichloroethane in an ultrasonic
bath at 35 °C for 30 minutes, the frequency is 35 kHz. Polymethylmethacrylate is also soluble in
1,2-dichloroethane (mass fraction of 3%) in an ultrasonic bath under similar conditions. The prepared
solutions obtained in the previous stages are mixed in 1:1 ratios in an ultrasonic bath at 35 °C for 40
minutes until a homogeneous mass is obtained. To obtain a nanofiber, dies are used in the form of a needle
with a diameter of 0.6 mm. A pulsed high voltage voltage of 20-25 kV is applied to the die. A solution
with a solvent is squeezed out of the die with a speed of 5-10 ml / h and precipitated onto a substrate. The
distance between the substrate and the syringe was 20 - 30 cm. Next, the finished solutions are formed in
the laboratory electrospinning unit [16]. For this the finished mixture is drawn into the syringe and
installed on the pump motor, a charge is supplied to the tip of the syringe. Next, the engine turns on, and
with the appearance of the first drop, the opposite charge is turned on. The charge of the same name is
attracted to the substrate with the opposite charge and nanofibers are formed. Nanofibers are cured by
evaporation of the solvent. High voltage is the basis of electroforming.

To obtain composite carbon nanofibers, coal tar and carbonized textile cord (1:1) are used, and
polymethyl methacrylate is used as a binder, 1,2-dichloroethane is used as a solvent, the mixture of the
starting products is dispersed in an ultrasonic bath at a temperature of 35 °C, frequency — 35 kHz, holding
time 30 min, the prepared solution is placed in an electrospinning unit with a syringe, the set voltage is
20-25 kV.

The elemental composition, structure, and dimension of the CNF were studied by energy dispersive
X-ray spectroscopy on an SEM instrument (Quanta 3D 200i) with an attachment for energy dispersive
analysis from EDAX. For the study, the samples were mounted on a copper holder using conductive
adhesive paper. The energy of the exciting electron beam in the analysis was 15 keV, and the working
distance was 15 mm. Humidity, ash content and volatility of the samples were determined on a
thermogravimetric analyzer « Thermoster Eltra» (according to ASTM D7582-12).

Results and its discussion. The results of the elemental analysis, presented in table 1, show that after
carbonization of the textile cord, most of the volatile components are removed in the form of gaseous
products, respectively, the concentration of mineral components increases.

Table 1 — The chemical composition and physico-chemical characteristics of the initial, carbonized textile cord

Denomination (W*),n (A", (VY), The content of elements, %

ene © % % % C [ zn [ S 0 Na | Al Si_ [ Cu | K | Ca | Fe
Initial Textile - | 500 | 7582 [ 679 | 38 |03 ] 139 | 04 [ 09 | 07 | a4a | - | M| 6O
Cord

Carbonized

Textile Cord 075 | 18,73 | 3638 | 695 | 43 | 13| 36 - 04 | 1.1 - 05 | 13 | 49
(400°C)

The results of a scanning electron microscope of the initial textile cord, also obtained by CNF based
on TC + PMMA and TC + CT + PMMA, are shown in figure 2.
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Figure 2 — Electron-microscopic images of the samples: a) initial TC:
b) CNF based on TC + PMMA; ¢) TC + CT + PMMA

In Figure 2 (a), the fibers of the initial textile cord with a diameter size of 14.42-24.00 pm are clearly
visible. In SEM images of CNFs obtained on the basis of TC + PMMA (figure 2(b)), the fiber diameter
ranged from 64.2 nm to 516.4 nm, and in Figure 2 (c) CNFs with a diameter slightly higher from 241.3 nm
to 539.3 nm are visible. The structural elements of nanofibers take the form of fibrils - filamentary
formations, the length of which exceeds their diameter by more than one order. The cylindrical surface of
the fibers is formed by hexagons. Due to the existence of penta- and heptagons, structural defects, the
formation of bridges and the curvature of the cylindrical surface are observed (Fig. 3 (c)). The CNF
obtained on the basis of TC + PMMA compared with TC + CT+PMMA turned out to be more even.

The results of the elemental analysis of the CNF are presented in table 2.
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Table 2 - The elemental composition of CNF from TC + PMMA and TC +CT + PMMA

CNF C, % 0, % Si, % Al, % S, %
TC + PMMA 82,69 1,72 0,46 15,14 -
TC +CT + PMMA 88,43 4,06 - 7,32 0,19

As can be seen from the obtained data, CNF based on TC + CT + PMMA has 5.74% more carbon.

Thus, we obtained carbon nanofibers based on textile cord and “Shubarkul” coal tar using the
electrospinning method.

The environmental effect of the study is to create an environmentally friendly technology based on
the processing of secondary raw materials (coal tar and other coal wastes) to produce carbon fibers and
composites based on them. The creation of this technology will help to solve the environmental aspect of
the disposal of this type of waste with obtaining an economically viable product.

The proposed method is unique in that the raw materials that we use to produce carbon fibers are a
renewable resource, compared with the technology for producing fibers from many other precursors
(nylon, polyester, acrylic, polypropylene, etc.). The prospect of these studies lies in the possibility of
large-scale production of carbon fibers from textile cord and coal tar, which will lead to the appearance on
the Kazakhstan market of materials and composites based on them of domestic production.

Acknowledgement. This work was carried out as part of the scientific and technical program No.
IRN BR05236359 «Scientific and technological support for coal processing and production of high-value
coal products» and project No. IRN AP05130707 on the theme «Development of technology and creation
of production of carbon nanocomposite materials based on domestic mineral raw materials for gas phase
purification and wastewater», funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan.

B.T. Epmaramber, M.K. Kazankanosa, A.T. Haypsi30aeBa
«Kemip xumusicel xone TexHoxorust uHetuty T JKIIC, Hyp-Cynran, Kazakcran

TACKOMIP INAUBIPBI MEH TOKBIMA KOP/l HETT3IH/IE
KOMITO3UTTI KOMIPTEKTI HAHOTAJIIIBIK AJTY

AHHOTanusl. Makanajga SICKTPOCIMHHUHI OAICI apKbUIBl 3€PTXaHANBIK KOHIBIPFBIAA TOKBIMA KOPIBIHAH
KOMIPTEKTI HAaHOTAJIIBIKTap ajly OolbiHIIa TaKIpudenep kepceriiredn. KHT anyaa TokpiMa KOpABIHBIH KapOOHHU3AThI
(TK), «Illybapken» keH opHbl keMip mmaiibipsl (KIII) sxone nonumernnmeraakpunat (IIMMA) konpansiinsl. KHT
ajly YIIH 3epTXaHAIbIK JKaFfaiga KOJAWIBUIBIFBl CEOCNTi 3JCKTPOCIUHHHMHT Ofici KOMAaHbUIAbL OHBIH
MEXaHHKaJIBIK CO3y 9IICIHEH apTHIKUIBUIBIFBI YAEPICTIH XUMHSChIHA KaTaH Tajlal KOMBIIMANIbl, TAJIIIBIKTHIH KeOyl
YILIH JKOFaphl TeMIIepaTypa KaKeT eTneini. SIFHH, KanmuIspiiblK KaHE IEKTPOCTATUKAIIBIK KYIIiHIH HOTHKECIHAE
Y3BIH XKOHE KYpAeii MoJIeKyJiajap/iaH TajllllbIK ajlyFa MyMKiHIIK O0epeni. TokpIMa KOpJ HETi3iHAe HaHOTAJIIIBIK ajly
yurin yirini 400 °C temnepatypana aliHanManbl TYTIK MENITe aproH OpTAchIHAa KapOoHjaay yIepici sKyprisimii.
AnbIHFaH KapOGoHIAIFaH TOKBIMA KOPIBI YTITilliI, yIbTpaubIObICTHIK BanHana 35 °C temmepaTypana 30 MuH. GOMBI
35 xI'l] xwmmikre 1,2-nuxnopstanma epitingi. Ilonmmmermnmeraakpuinar (Maccanblk yieci 3 %) epitinaici ne
1,2-muxop Tanna yibTPagbIOBICTRIK BaHHAIAFBIFa YKcac JKarmaiima maderHganael. [aiemH epitigminep 1:1
KaTBIHACTA aPaJaCTHIPBUIBIN, YIBTPAIbIOLICTEHIK BanHama 35 °C temmeparypama 40 mmu Golibl GipbIHFail Macca
aNbIHFaHIIA ycTanbl. HaHOTaNMIBIKTEL ally YLIH apHaibl MHE Topi3al (uiuiep KoijaHbuiaael, auamerpi 0,6 M.
OraH xorapbl BOJbTTI kepHey 20-25 kB Oepineni. ®unbepaen epitinai 5-10 mur/car KbUIAAMIBIKTA IIBIFBII,
KaObULAaFrpIITa KOHa Oactaiiapl. duibep MeH KoJulekTop apachiHgarbl KambIKTHIK 200-6eH 300 MM apachiH
KaMTHIbl. ApbIKapai epiTiH/i AIeKTPOCIMHHHHT arnmaparbiHa Oepijie/ii, OH/a epiTIH/l INPUIIKE KUHANBII, COPFBIII
KO3FAJITKBIIIKA (IBUTATENIb) OPHATACTHIPBUIAIBI, IIIPHUI] YIIBIHA 3apsa Oepilim, JBUTATEeNh KOCBUIAABI, OipiHIIi
TaMIIBIHBIH Naliaa 0oyblHa Kapama-Kapchl 3apsii KOochUlaapl. bipaed 3apsarap Kapchl 3apsATanyaH KOJJIEKTOPFa
TapTHUIBIN, HAHOTANIIBIK Ty3eli. EpiTKiln yIIKaH Ke3[e HAaHOTANIIBIK TY3UTI, KOFaphl KePHEY SJIEKTPOTY3LTyIIiH
Heri3i Oompn caHananel. KOMIO3WTTI HAHOTANIIBIK aly VINIH TacKeMip MIaWbIphl MeH TOKbiMa kopabl (1:1),
0aiIaHBICTHIPFRINI PETiHIC MONUMETHIMETAKPIIAT, ajl epITKIM peTiHme 1,2-auximopITaH KOJIMAHBUIABI, ATBIHFAH
KOCIIa yJIBTPambIOBICTEIK, BanHama 35 °C temmeparypama, 35 kIl xwiikre, 30 MuH. GOHBI YCTAIABI, AIBIHFaH
epITIHAIIEH SJEKTOCIMHHUHT dJiCIMEH HAaHOTAIIIBIK AIBIHABI. DHEPrOAUCIICPCHSIIBIK PEHTTEHAI CIEKTPOCKOIHS
tannay Hotmkecinae xone COM kemerimen KHT kypamer meH mopgomnorusics! ansiktanasl, TK+-IIMMA wHerisinme
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anptarad KHT kypamsr C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, an TK+KIO+IIMMA: C-88,43%, 0-4,06%,
Al-7,32%, S-0,19 % xepcerri, KHT mumamerpi 64,2-539,3 um. TK+HIIMMA HerisiHae aiablHFaH KOMIPTEKTI
HaHoTtanuwbIKThiH TK+ KII+IIMMA HerisiHge Ty3UI'€H HaHOTAINIBIKKA KaparaHaa Auamerpi Kimr, OipblHFal
HAHOTAJIIIBIK TY31JII.

Tyiiin ce3mep: xemiprekti HanotanumbK (KHT), TackeMip miaibIpbl, HAHOKOMIIO3UTTED, JIEKTPOCIMHHUHT,
TOKBIMa KOP/IbI, ITOJIMMETHIIMETaKPHIIAT.

B.T. Epmaram6er, M.K. Kazankanosa, A.T. Haypb136aeBa
TOO «MHCTUTYT XUMHH YTIIA ¥ TexHONMorum», Hyp-Cynran, Kazaxcran

NOJYYEHHE YIJIEPOJHBIX KOMIIO3UTHBIX HAHOBOJIOKOH HA OCHOBE
KAMEHHOYT'OJIbBHOU CMOJIbI U TEKCTHJIBHOI'O KOPJA

AHHoOTanus. B craThe mpuBeneHB! pe3yibTaThl SKCIEPUMEHTA IO MOJYYSHHUIO YIJIEPOIHBIX HAHOBOJOKOH Ha
OCHOBE TEKCTHJIBHOTO KOpJa METOJOM OJJIEKTPOCIHMHHHMHIA Ha J1abopaTopHO ycraHOBKe. BbUIM MOMy4eHb
yriepoansle HanoBosiokHa (YHB) m3 kapOonmsara tekcrminbHOoro xopna (TK), kamenHoyromsHoi cmonsl (KC)
mecropoxaenus «llly6apkonas» u nommmernamerakpwiata (IMMA). Hamu BeIOpaH MeTOJ JIEKTPOCIIMHHHUHTA JUISI
noxydeHnss YHB, Tak Kak 3TOT MeTO[ SBISETCS NMPHEMJIEMBIM B JJADOPATOPHBIX YCIOBHSAX: €TO NMPEUMYILECTBO B
TOM, YTO, B OTIMYHE OT OOBIYHOTO, MEXaHMYECKOTO BBITSATHMBAHWS BOJIOKOH M3 PacTBOPA, OH HE IPEIbSBISET
BBICOKHX TPEeOOBaHMI K XHMHHM TIpoLiecca, He TpeOyeT OOIBbIINX TeMIIepaTyp U1 3aTBEpACBaHNs BOJIOKHA, a, 3HAUUT,
NO3BOJIAET CO3JaBaTh BOJOKHA W3 IJIMHHBIX M CJIOXKHBIX MOJEKyl B pe3yibTare OOpbObl KalMULIPHBIX |
NIEKTPOCTATUYECKUX CHI. [l MONydeHHs HAHOBOJIOKOH HAa OCHOBE TEKCTHJIBHOTO KOpJa IPOBOJMICS IIPOLIECC
kapOonmzamun obpasna mpu 400°C Bo Bpamaromeiics TpyOuaTol IeuM, B Cpele aprona. IloaydeHHBINR
KapOOHM30BaHHBIN TEKCTHIBHBIN KOPJ M3MENIbYaeTcsl U pacTBopsAeTrcs B 1,2-AUXJIOpITaHE B yIbTPa3BYKOBON BaHHE
npu 35 °C B teuenue 30 mun, yactora — 35 k['L]. I[TonMMETHIMETAKPUIAT TAKKE PACTBOPAETCA B 1,2-IUXIOpaTaHe
(maccoBast monst 3 %) B yJAbTPa3ByKOBOW BaHHE B aHAJIIOTMYHBIX YCIOBHUSX. ['OTOBBIE pacTBOpHI, MOITYYEHHBIE B
IPEBITYIMX CTAMAX, CMENIMBAIOTCS B COOTHOIEHUsX 1:1 B ynbTpassykosoii Banne npu 35 °C B Teuenune 40 Mun
JIO TIOJTy4EHHsI OTHOPOJHON Macchl. J[iis moydeHns HaHOBOJIOKHA MCIIONIb30BaJICs (DMIIbep B BUJIE UIJIBI TUAMETPOM
0,6 mM. K ¢unbepy npuKiIampBajJoOCh HMIYJIBCHOE BBICOKOBONIBTHOE HampspkeHue 20-25 kB. U3 ¢umbeps
BBIJABJIMBAIM PACTBOP C PAaCTBOPHUTENIEM CO CKOPOCTHIO 5 - 10 Mi/4ac W ocakaand Ha MOJUIOKKY. Jlanee roToBbie
pacTBOpHI (popMHUPYIOTCS B J1a0OPAaTOPHOI yCTAaHOBKE 3JIEKTPOCITMHHUHTA, JJISI TOTO FOTOBasi cMech HaOMpaeTcs B
IINTPUL] ¥ YCTAHABIMBAETCA HAa HACOCHBIM JBHArareslb, Hda KOHYMK INNPHLA HOAACTCS 3apsl, Jajiee BKIHOYACTCS
JBUraTenb, W C MOSABIEHHEM IE€PBOM KaIUIM BKIIOYACTCSl IPOTUBOIOIOXKHBINA 3apsin. ORHOMMEHHBIN 3apsin
NPUTSTUBAETCA HA MOIJIOKKY C IPOTHBONOJOXKHBIM 3apsoM U 00pa3yloTcs HaHOBOJIOKHA. HaHOBOJIOKHA
OTBEPXKJAIOTCS 3a CYET HCIApEHUsl pacTBopuTelsl. PaccTosHMe MEXIy NPHUEMHHKOM M IIIPHIEM COCTaBHIIO
20-30 cMm. Bsicokoe HampshKeHHE SBSUIIETCS OCHOBOH siekTpodopMoBaHus. [l mosydeHuss KOMITO3MTHBIX
YIJIEPOJIHBIX HAHOBOJOKOH MCIOJIB30BAJIMCh KAMEHHOYTOJIbHAs CMOJIa M TeKCTWIbHbIN kopa (1:1), a B kadecTBe
CBA3YIOIIEr0 — MOJMMETWIMETAKpUIAT, B KauecTBE PacTBOpUTENs — 1,2-AMXJIOp3TaH, CMECh NMPOAYKTOB TaKKE
TOJIBEPTAlOT JMCIIEPTUPOBAHUIO B YJILTPa3BYKOBOW BamHe npu Temreparype 35 °C, wactora — 35 xI'Ll, Bpems
BbIiepKKM — 30 MUH, IPUTOTOBIEHHBIM pPAcTBOP MOMEIIAIOT B YCTAHOBKY 3JIEKTPOCIMHHHMHIA CO MINPHLEM,
ycTaHOBIIeHHOE HampsbkeHune — 20-25 xB. OnpeneneH 3MeMEHTHBIA COCTaB M M3ydeHa MOP(HOIOTHS MOBEPXHOCTH
HCCIIEAyeMBIX 00pa3loB. B pesymbraTe »HEPrOAMCHEPCHOHHONH PEHTICHOBCKOW crekTpockormmu u  COM-
MHUKPOCKOTIHM OBLTH ompeneneHsl xuMudeckne coctaBbl YHB Ha ocHoBe TK+IIMMA, KOTOpBIA COCTaBHI
C-82,69%, O-1,72%, Si-0,46%, Al-15,14%, TK+KC+IIMMA: C-88,43%, 0-4,06%, Al-7,32%, S-0,19 %, nnametp
YIJIEPOIHBIX HAHOBOJIOKOH coctaBmi oT 64,2 M 1o 539,3 um. YHB, momydennsie Ha ocHoBe TK+IIMMA, mo
cpaBaenuio TK+ KC +IIMMA, nomy4rmince 60jee pOBHBIMHU B C MEHBIIIMM AHaMETPOM HAaHOBOJIOKOH.

KiroueBble cjioBa: yriepoaHble HAHOBOJIOKHO, KAMEHHOYTOJIbHAS! CMOJIa, HAHOKOMITO3UTHI, 3JIEKTPOCITUHHUHT,
TEKCTHJIBHBIN KOPJ, TOTUMETHIMETaKpHIIaT.
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PREPARATION OF PHTHALONITRILE
MONOMER WITH LOW MELTING POINT

Abstract. This article presents the results of the synthesis of para — and meta-hydroxyphenoxyphalonitrile,
phosphorus-containing chlorangidrides with various substituents in phosphorus and 4-(3-propargyloxyphenoxy)
phthalonitrile, the introduction of which into the binder, allowed to achieve the necessary viscosity indicators without
loss of heat resistance. At the first stage, it was proposed to obtain a monomer with a phenoxy group in phosphorus.
For this purpose, we proposed the use of dimethylacetamide (DMAA) with K,COs, but the product was
hydrolytically unstable in the main medium, so it was impossible to isolate the desired monomer. To solve this
problem, we conducted a number of experiments on the selection of synthesis conditions using various solvents.
Comparing the Tg of the obtained monomers, we found higher values for para-oriented phthalonitriles, which is
probably due to higher structure symmetry, as well as an increase in glass transition temperature (Tg) for
phosphonate-based monomers. Due to the equally high thermal properties of the cured matrices, we decided to use
4-(3-hydroxyphenoxy) phthalonitrile as the main precursor, as well as phosphate chlorangidrides. Based on the
calculated data, a pattern was identified that consists in a decrease in the Ty of phosphorus-containing phthalonitriles
when switching to aliphatic substituents in phosphorus. A decrease in the Tg of monomers was found with an
increase in the size of the aliphatic substituent. As a result of the experiment, we obtained 9 new phosphorus-
containing phthalonitrile monomers with high yield that are resistant to hydrolysis, which is confirmed by the fact
that the products were isolated by flash chromatography on silica gel, as well as two-dimensional TLC. The
synthesized substances were glassy masses with Ty = - 5-58 °C. The consistency of the approach involving the
introduction of phosphate bridges into the structure of phthalonitriles was shown.

Key words: thermosetting polymers, temperature-time-transformation diagrams, isothermal transformation
diagrams, thermal stability, thermal analysis, polymer composite materials (PCM).

Introduction. Intensive industrial development is impossible without progress in the field of
materials science [1,2]. Recently, significant progress in its development has been achieved due to the use
of qualitatively new special-purpose materials for the manufacture of machine parts and mechanisms that
operate at a high level of loads, temperatures and sliding speeds, in aggressive and abrasive environments
when using lubricants and cooling liquids and without them [3,4].

The most promising special-purpose materials are polymers and PCM based on them [3]. The
presence of a wide range of polymer matrices, fillers and modifying systems allows us to obtain materials
with the necessary level of properties, which vary in a wide range depending on the composition and
technology of their production. Modern polymers and PCM based on them approach such structural
materials as metals and their alloys by their physical and mechanical properties, while having a number of
significant advantages: low cost of manufacturing products, a high level of chemical resistance, low
weight, the ability to work in friction units without lubrication, and so on [4,5].
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The paper considers a literature review on the scientific basis of obtaining composite materials in
Kazakhstan, which shows the principal possibility of creating new composite films from alicyclic
polyimide and polyethylene glycol with improved physical and mechanical properties [6]. For example,
the authors point out that the resulting nanocomposites are tin dioxide nanoparticles immobilized in an
inorganic polymer mesh of silicon dioxide and deposited carbon. At the same time, silicon dioxide
provides high adhesive properties and prevents crystallization of the composite, while nano — and
microparticles of tin and carbon dioxide determine gas-sensitive properties. The film-forming solutions
obtained by Sol-gel technology contain tetracthoxysilane, tin salts (SnCI2:2H20), silicic acid
(Si02-nH20) and sodium silicic acid (Na2SiO3-9H20). The resulting solutions were applied to metal
substrates with subsequent heat treatment. Additional introduction of tetracthoxysilane into Sol solutions
as a source of SiO2 allowed to obtain xerogels of oxide compositions of 5% wt. Sn02-95% wt. Si02, 30%
wt. Sn02-70 % wt. SiO2. The change in the content of elements shows that the microstructure of the
obtained compounds changes as carbon nanoparticles build up [7].

The synthesis of phthalonitrile monomers is well studied and described in the literature and includes
the stages of nucleophilic aromatic substitution between 4-nitrophthalonitrile and aromatic amides. To
obtain a phthalonitrile monomer with a low melting point, it was proposed to introduce phosphate
fragments into the structure of the monomer [8-10].

Experimental part and results. To obtain a phthalonitrile monomer with a low melting point, it was
proposed to introduce phosphate fragments into the structure of the monomer [11-13] . For this purpose,
we synthesized para — and meta-hydroxyphenoxyphalonitrile, phosphorus-containing chlorangidrides with
various substituents in phosphorus, and 4-(3-propargyloxyphenoxy) phthalonitrile, the introduction of
which into the binder, presumably, would allow to achieve the necessary viscosity indicators without loss
of heat resistance. The scheme of synthesis proposed in this paper is shown in figure 1 [14].
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Figure 1 — Scheme of synthesis of phthalonitrile monomers
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At the first stage, it was proposed to obtain monomer 1 with a phenoxy group in phosphorus. For this
purpose, we proposed the use of dimethylacetamide (DMAA) with K,COs, but the product was
hydrolytically unstable in the main medium, so it was impossible to isolate the desired monomer. To solve
this problem, we conducted a number of experiments on the selection of synthesis conditions using
various solvents (table 1) [15].

Table 1 - Selection of optimal synthesis conditions

Solvent Synthesis Condition Result
DMA K2COs, 70 °C Monomer hydrolysis
Toluene A°C The desired monomer (yield 81%)
Dichloroethane A°C 4- (3-hydroxyphenoxy) phthalonitrile, insoluble
Bu0O A°C A large number of by-products

Addition of acid chloride to | A large number of by-products
the precursor melt
Pyridine A°C The desired monomer (yield 67%)
THF (Tetrahydrofuran) A°C A large number of by-products

Thus, the desired monomer was obtained only when using toluene and pyridine as solvents, but the
main disadvantage of pyridine is its high toxicity (LD, = 500 mg / kg), whereas when using toluene, the
reaction time is about a week. Since it is necessary to remove the released HCI to shift the equilibrium of
the reaction, we proposed using toluene as a solvent with an equimolar amount of pyridine acid. Thus, it
was possible to reduce the amount of pyridine used and reduce the reaction time to 24 hours.

Comparing the Ty of the obtained monomers 1-4 (table 2), we found higher values for para-oriented
phthalonitriles, which is probably due to higher structure symmetry, as well as an increase in Ty for
phosphonate-based monomers. Due to the equally high thermal properties of the cured matrices, we
decided to use 4-(3-hydroxyphenoxy) phthalonitrile as the main precursor, as well as phosphate
chlorangidrides.

To study the General regularities, researchers from the laboratory of A. R. Khokhlov performed
calculations that allow predicting the glass transition temperature of phosphorus-containing phthalonitriles
[16]. Based on the calculated data, the expected pattern was revealed, which consists in a decrease in the
T, of phosphorus-containing phthalonitriles when switching to aliphatic substituents in phosphorus. In
addition, a decrease in the Ty of monomers was found with an increase in the size of the aliphatic
substituent.

In order to confirm the calculated model, as well as to study the changes in the properties of
monomers and cured matrices depending on the size of the substituent in phosphorus, we attempted to
obtain monomers 5-9 (table 2), using a similar scheme, but only monomer 5 (table 2) was obtained in this
way. In other cases, after the addition of pyridine, a resin began to form in the reaction mixture, which
makes it impossible to isolate the desired product. To solve this problem, we have tested batch addition of
pyridine to the reaction mixture (10%), but the ultimate is the addition of 50% of a given amount of
pyridine, then is quite fast (~ 10 minutes) formation of resin; in addition, the selection of the desired
monomer difficult (yield ~5%). We also proposed the use of Et3N (triethylamine) instead of pyridine and
THF as a solvent, as well as various combinations, but it was not possible to isolate the desired monomer
in any of the cases. As a result, to obtain monomers 6-9(table 2), and study them, THF with NaH was used
as a base with further isolation by flash chromatography. After studying the properties of monomers
6-9(table 2), it can be found that the lowest glass transition temperature is monomer 8(table 2), with a
butyl group at phosphorus (T, = -5 °C), while monomer 6 (table 2), turns out to be crystalline, having a
melting point of T, = 116 °C.

Discussion of results. As a result of the experiment, we obtained 9 new phosphorus-containing
phthalonitrile monomers with a high yield, which are shown in table 6. they are resistant to hydrolysis,
which is confirmed by the fact that the products were isolated by flash chromatography on silica gel, as
well as two-dimensional Thin layer chromatography (TLC). The synthesized substances were glassy
masses with Ty = - 5-58 °C, which is significantly lower than for classical phthalonitriles[17,18] and
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lower than for oligomers [19,20]. In addition, monomer 6 was a crystalline substance with a T, = 116 °C,
so the developed calculation method is not applicable. Thus, the consistency of the approach involving the
introduction of phosphate bridges into the structure of phthalonitriles was shown. The thermal properties
of the resulting monomers are shown in table 2.

Table 2 - Thermal properties of the obtained phthalonitrile monomers

Ne Structure Tgt/ Tmp (exp.), Tgt/Tmp (calculated AT, °C
°C value), °C
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Conclusion. The introduction of phosphate fragments into the structure of the monomer is proposed
to obtain a phthalonitrile monomer with a low melting point. Para - and meta-
hydroxyphenoxyphthalonitrile, phosphorus-containing chlorangidrides with various substituents in
phosphorus and 4-(3-proparhyloxyphenoxy) phthalonitrile were synthesized, the introduction of which
into the binder allowed to achieve the necessary viscosity indices without loss of heat resistance. 9 new
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phosphorus-containing phthalonitrile monomers resistant to hydrolysis were obtained. The synthesized
substances were glassy masses with Ty = - 5-58 °C. In addition, monomer 6 was a crystalline substance
with Tmp = 116 °C, in connection with which the developed calculation method is not applicable. Thus, the
consistency of the approach implying the introduction of phosphate bridges into the structure of
phthalonitriles was shown.

B.M. Kaaanioaesa', A.E.Xycanos!, A.3. O6inmarkanos?,
B.H. Kopran6aes!, I.E. Xycanos!, C.A. Boaabipes®

'M. Oys08 areigarsl OHTyCTiK Kazakcran memiekerTik yauepceuteTti, Hlsivkent, Kasakcran;
2J1.COKOMBCKUI aTBIHAAFHI JKaHAPMali, KaTaan3 yKoHe 2JIEKTPOXUMHU HHCTUTYTHL, AMatel, KasakcTaw;
3DHepreTHKANEIK, Cy KOHE SKOIOTHAILIK JKYHeaep il TYPaKThl 1aMy OpTaJIbIFbI, MAIINHA KACAy
KOHE 9CKEPHU-TEHI3 apXUTEKTypachl (akynbreTi, 3arped yHuBepcureri, 3arped, XopBaTus

BAJIKY TEMITIEPATYPACBI TOMEH ®TAJTOHUTPUJIbAI MOHOMEP AJTY

AHHOTanMs. OHEpKacill HaMybIHIAFEl JKOFAphl TAOBICKA XKOFaphl AEHrelle KYKTeMeMeH KbI3MET aTKapaThIH
MalliHa MEH MeXaHW3M OeJlIeKTepiH JaliblHaay OapbICHIHAA apHaibl MakcaTTa Calajibl jKaHa MaTepHasaapibl
naiijanany Herizinae Ko xeTki3ingi. OHbIH KaTapblHa MOJIMMED JKOHE COHbIH Herizinze xacanran [IKM xaTkbpizyra
OoJamsl.

[Momumepmik MaTpHIa, TONTBHIPFBINI JKOHE TYPICHIIPTIM >KyHelepaiH KeH CHEeKTpi OONyBl THIC KACHETKE He
MaTepHaldbl alyFa MYMKiHAIK Oepenmi. Omap KypaMbl MEH NaWBIHIANy TEXHOJOTHACBIHA Opall TypIimie KeJemi.
Kasipri 3amanrbl nomumepiep MeH [IKM ¢u3uKaibK-MeXaHUKAIBIK KacHETiHE COWKeC, MEeTall MEH KOpBITIa
CHUSIKTBI KOHCTPYKIMSJIBIK MaTepualjiapra >KakblH Keleli, OyJ1 peTre eHAipic eHIMiHIH TeMEH KYHBI, XUMHUSJIBIK
TO3IMIUTIKTIH JKOFaphl JICHreHi, a3 calMak, MailanOaraH yiKeJic KOHABIPFBIIAPBIHIA )KYMBIC aTKapy MYMKIHIIri
CBIH/IBI €JICYJTi apTHIKIIBLIBIFEL 0ap.

DranoHUTPUIIBI MOHOMEpJIEP CHHTE31 3E€PTTEreH o/leOueTTep/e JKeTe TYCIHIIPUITeH opi CUIATTajJFaH JKOHE
KypambIHaa 4-HUTPO(TATIOHUTPHIIII KOHE XOII WICTI JHOJIAAP apachbIHIArbl HYKJICO(QMIbIl XOM WICTi alMacThIpy
cateulapel 0ap. banky Temmeparypackl TeMeH (GTaJOHMTPHILI MOHOMEp aily YIIiH MOHOMEp KYpbUIbIMBIHA
(hocharTsl hparMeHT eHri3y YChIHBULABL. byl yiIiH napa »oHe MeTa-ruApoKcH(peHOKCUTanoHnTpuiai, Gocdop MeH
4- (3-mponapruiOKCU(PEHOKCH) (TATOHUTPUIIACTI TYpJIi aIMacTBIPFBINBI 0ap (ochOopibl KBIIKBUT XJIOPHIATEP
CHHTE3IeN[Ii J)KOHE OHBI OalIaHBICTHIPYIIBI KYpaMFa €HTi3y JKbUTyFa TO3IMAUTIKTI JKOFAITIACTAH TYTKBIPIIBIKKA KOJ
JKETKi3yre MyYMKIHIIK Oepei.

Bipinmri ke3erne pocdoprarsl peHOKCH TOOBI Oap MOHOMED ATy Typabl YCHIHBIM jkacanasl. O ymmin 6i3 k2co3
6ap mumernnaneramuy (JJMAA) naligananypl YCIHIBIK, aaiiia @HIM HEri3ri oprajga TMAPOIMTHKAJIBIK TYPaKChI3
OonranapIKTaH, 013 i37]ereH MOHOMEpIiH OelliHyl MyMKiH eMec eni. OCbl MaceseHi ienry YIIiH TYpil epiTKimTepai
naiijajgana OTHIPBIN, CHHTE3/IEY IApTTapbIH TaHAay OOMbIHIIA OipKaTap TaXiprOe KYpri3uik.

AnbiaraH MoHoMepaiH TcT-iH cajbICThIpa OTBHIPBIN, Napa-OarbITTaNFaH (TATOHUTPWITE apHAIFaH J>KOFaphl
MOH[I alKbIHIAIBIK. BYJl KYpBUIBIMHBIH JKOFapbl CUMMETPHSChIMEH, coHaai-ak ¢ocdonaT HeriziHgeri MoHOMepre
apHasirad Tst-HiH )KoFapbUIayblHa OaiIaHbICThl 00JTybl BIKTUMaI. KaThIpbUIFaH MaTpULIAHBIH TEPMHSUIBIK KAaCHETIHIH
Oipaeit )KOFapbUIBIFBIH €CKEPE OTHIPBII, HEri3ri mpeKypcop xkoHe Gocdat xiopuai perinae 4- (3-ruapokcupeHoKCH)
(raToOHUTPUIIII KOJIJAaHFaH KOH JeM TalThIK.

Ecentenren momiMertep Herizinae ¢ocdop kKypambiHgarsl annarTsl aJMacThIPFBILITAPFA OTYAE KypambIHIa
tdochoper Oap ramonuTprnaepain Tst azaro yIepiciH KepceTeTiH 3aHABUIBIK aHBIKTANAsl. COHBIMEH KaTap,
anndaTTHl ATMACTHIPFHINI MeJIIepi YiFaitFanaa Tct MOHOMEpIiH TOMEHICHTIHI aHBIKTAIBI.

ToxipuOe HOTIKECIHAe THAPOIM3re To3iMai 9 kaHa Gocopiel HTATOHUTPHUIINI MOHOMEPIIED albIHIBL, aTallFaH
OHIMJIEp cWIMKarenbae ¢uen-xpomarorpadus omiciMeH, coHmaii-ak ekiemmemai TCX Heri3iHae aHBIKTAJIBL.
Cunresnenren 3arrap — Tst = -5-58 © C GonarblH oifHeK Maccanap, Oy KJIACCUKAIBIK (TATOHUTPUIITE, OJIUTOMepre
KaparaHaa aiTapieikTaii TomeH. COHbIMEH KaTtap, MOoHOMep TIl = 116 °C kpucTanasl 3aT OOJFaHIBIKTaH ECENTIK
ozlic KoJaaHbuIMai b, DTaJOHUTPHUIT KYpbUIbIMBbIHA (hochaT KemipiH eHri3yai OUIAipeTiH TOCUIMIH ayKbIM/IbUIBIFbI
KepceTii.

Tyiiin ce3mep: TepMOpPEaKTUBTI IMOJUMEp, «TEMIIEpaTypa-aliHally yaKbIThD» JAHarpaMmachl, H30TEPMHSUIBIK
TYpJIEHY IMarpaMMachl, TePMISIBIK TYPaKTBUIBIK, TEPMHSIBIK Talfay, ITOJMMEPIiK KOMIIO3ULHMSIIBIK MaTepuai
(IIKM).

— 131 ——



News of the Academy of sciences of the Republic of Kazakhstan

B.M. Kaaanioaesa!, A.E.Xycanos!, A.3. AGuibmMarkanos?,
B.H. Kopran6aes!, I.LE. Xycanos!, C.A. Boaabipes®

TOsxH0-Kasaxcranckuii rocy1apcTBeHHbINH yHUBEPCHTET UM. M. Aye3oga, [lIbivMkenT, Kazaxcran;
2MHCTUTYT TOTIMBA, KaTanm3a u snektpoxumun um. J[.Coxonbckoro, Kasaxcran;
SLleHTp yCTOMYMBOTO pa3BUTHS SHEPTETHYECKHUX, BOJHBIX M OKOJOTUIECKUX CHCTEM, (PaKyJIbTET MAIIUHOCTPOEHHUS
1 BOCHHO-MOPCKOH apXHUTEKTYPHI, 3arpeOCKuii yHHBEpCHUTET, 3arped, XopBaTHs

IOJIYYEHMSI ®TAJIOHATPHJIBHOI'O MOHOMEPA
C HU3KOU TEMIIEPATYPOM IIJIABJIEHUSA

AHHOTanusl. 3HaYWTENbHBIE YCIIEXW B PA3BUTHUU IPOMBIIUIEHHOCTH JOCTUTHYTHI 32 CYET HCIOJIb30BaHMUS
Ka4eCTBEHHO HOBBIX MaTEepHAaJIOB CHELUAIbHOTO HAa3HAYEHWs JUIS U3TOTOBJICHUS JEeTayeil MallMiH U MEXaHU3MOB,
paboTarouyxX Mpy BHICOKOM YPOBHE Harpy3o0K, B YHCJIO KOTOPBIX MOKHO oTHecTH noiumeps! 1 [TKM Ha ux ocHoBe.

Hanmuue mmpokoro criekTpa HMONIMMEPHBIX MaTpHL, HANOJHUTENeH W MOJU(UIMPYIOMINX CUCTEM IO3BOJISIET
MOJy4aTh MaTe€pHanbl C HEOOXOAWMBIM YPOBHEM CBOMCTB, KOTOpbIE H3MEHSIOTCS B LIMPOKOM HWHTEpBaJle B
3aBUCHMOCTH OT COCTaBa M TEXHOJIOTHH MX nosydeHuns. CoBpemenHble nonumMepsl u [IKM Ha nx ocHoBe 1o ¢uzuko-
MEXaHWYECKUM CBOMCTBAM MPUOIMKAIOTCS K TAaKUM KOHCTPYKIHOHHBIM MaTepuallaM, Kak METaljbl M MX CIUIABBI,
uMes TIPH 3TOM DSl CYIIECTBEHHBIX MPEHMYIIECTB: HEBBICOKasl CEOECTOMMOCTh M3TOTOBJICHHS H3IEIHHA, BBICOKHI
YPOBEHb XMMHYECKON CTOHKOCTH, HEBBICOKAsl Macca, BO3MOKHOCTb pabOThI B y3/1aX TpeHHs 0€3 cMa3bIBaHMUS.

CuHTe3 (TaJOHUTPUIBHBIX MOHOMEPOB JOCTATOYHO XOPOIIO W3y4YeH M OIHCAH B JINTEPAType M BKIIOYAET B
celst ctanuy HyKJI€O(QUIBHOTO apoMaTHYECKOTO 3aMELICHUs] MEeXAy 4-HUTPOPTAIOHUTPUIOM M apOMaTH4eCKUMU
quonamu. J{ist monmydeHust pralloOHUTPUILHOTO MOHOMEpPA C HU3KOW TeMIlepaTypol TUIaBJIEHHsT OBUIO MPEJIOKEHO
BBeieHHe (ocdaTtHbIX (parMeHTOB B CTPYKTYpy MoHOMepa. /Iyt 3Toro ObLIM CHHTE3MPOBAHbI Mapa- U MeTa-
runpokcupeHoKCuGTanoHUTpHI, (ochopcosepKaue XJIOPAHTHAPUABl C PasIMYHBIMM 3aMECTHTEISIMH  IIpU
dochope u  4-(3-mpomapruioKCUPEHOKCH) (PTAJTOHUTPHI, BBEACHHE KOTOPOIO B COCTaB  CBS3YIOIIETO,
MPEATIOI0KUTEIBHO, TTO3BOJIMIIO OBl JOCTHYb HEOOXOJMMBIX ITOKa3aTelNel BI3KOCTH Oe3 MOTepH TepMOCTOHKOCTH.

Ha mepBom stame ObIIO TpeIIOKEHO MONy4YeHHE MOHOMepa ¢ (heHokcu-Tpynmnoi mpu ¢ocdope. dns sToro
HaMH OBUIO TpeIoskeHo ucmonb3oBaHue amMerminaneramuna (IMAA) ¢ K,COs;, ogHako MpOIyKT OKa3ajics
THIPOJUTHYECKH HecTaOWIIeH B OCHOBHOM Cpefe, B CBS3M C YEM BBIICIEHHE MCKOMOTO MOHOMEpa ObLIO
HEBO3MOXHO. I pemeHus 3ToH mpoOieMbl HaMK OBLT MPOBEIEH PSR AKCIEPUMEHTOB 1O NMOAOOpY YCIOBHH
CHHTE3a C MCHOIb30BAHUEM PA3IMIHBIX PACTBOPUTEICH.

CpaBuB T TOJNy4eHHBIX MOHOMEPOB, Mbl OOHAapyXWwid Oojiee BBICOKME 3HA4YEHMS Ui Iapa-
OPHEHTHPOBAHHBIX (PTAJIOHUTPHUIIOB, YTO, BEPOSTHO, CBSI3aHO C OoJiee BBHICOKOW CHMMETPHEH CTPYKTYpBI, a TaKxke
Bo3pactaHue T JUII MOHOMEPOB Ha OCHOBE (ocoHATOB. BBHUIY OIMHAKOBO BBICOKHX TEPMHYECKHUX CBOMCTB
OTBEP)KICHHBIX MATPHIl, HAMUA OBUIO PEIICHO HCIOJb30BaTh 4-(3-Tuapokcu(eHOKcH) (TaJOHUTPWI B KadeCTBE
OCHOBHOT'O TIPEKypcopa, a Taxke hochaTHbIE XITOPaHTHIPUIBL.

Ha ocHoBe pacdeTHBIX MJaHHBIX OblIa BBISABJICHA 3aKOHOMEPHOCTbH, 3aKJIIOYAIOIIASCS B CHIDKEHUH T
thochopconepxkamux GTATOHUTPUWIIOB NIPH nepexojie K anudaTudeckuM 3amecturessiM mpu ¢ocdope. Kpome toro,
6bUT0 OOHAPYKEHO CHIDKEHHE T¢r MOHOMEPOB IIPH YBEIWYEHHH pazMepa annpaTndecKoro 3aMeCTUTENI.

B pesynpraTe skcnepuMeHTa HaMH OBUIM TOJYYEHBI C BBICOKHM BBIXOAOM 9 HOBBIX, (ocdopconepkaiiux
(pTaTOHUTPUIBHBIX MOHOMEPOB, YCTOHUYHMBBIX K THIPOJIN3Y, YTO MOATBEP)KIACHO TEM, YTO MPOAYKTHI OBLIN BBIACICHBI
MeronoM ¢uienm-xpomaTorpagu Ha cuiaukarene, a Taike IBymMepHod TCX. CuHTe3HMpOBaHHBIE BEIECTBA
MpeacTaBiIsu co00i cTekmoo0pasHpie Macchl ¢ Ter = -5-58 °C, 4T0O 3HAYNTENBHO HIDKE, YeM JUIS KIACCUYECKHX
(TaNOHUTPHUIOB M HWXKE, YeM Ul oluromepoB. Kpome TOro, MOHOMEp MpeACTaBIsUT COOOH KpPUCTAJLIMYECKOe
BewecTBo ¢ Ty = 116 °C, B cBsi3u ¢ 4ueM pa3paboTaHHBI pacueTHBIH METO]| HenmpuMeHUM. Takum oOpazoM Obuia
MOKa3aHa COCTOSATENLHOCTh MOAXOZa, NOApa3yMeBalolIero BBeleHHEe (OChaTHBIX MOCTHKOB B CTPYKTYPY
(TaTOHUTPUIIOB.

KiroueBble cjIOBa: TEpMOPEAKTHBHBIE IIOJIMMEPHI, JHarpaMMbl — «TEMIIEpaTypa-BpeMs-IIPEBPAILCHUS,
JarpaMMbl  M30TEPMHUYECKUX IIPEBpALICHUH, TepMHUUYEcKas CTAOWIBHOCTh, TEPMHUYCCKMH aHalM3, IOJMMEpHbIE
KoMno3umoHHbIe Matepuansl ([TIKM).
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CALCULATION OF HYDRAULIC RESISTANCE
DURING FILTRATION DRYING OF RAW COTTON

Abstract. Textile, non-woven and other fiber materials have a great importance in the modern world economy.
Cotton is one of the most valuable raw materials for the production of various industrial, food and household
products. The movement of a gas stream through a porous structure of a material is a mixed problem of
hydrodynamics. However, there are no theoretical foundations for the mixed hydrodynamic problem today. In this
article, we propose the use of a filtration method for drying raw cotton and calculating the hydraulic resistance. To
describe the hydrodynamics of gas movement through the porous structure of the material in scientific articles, the
authors use theoretical dependencies of internal or external problems. Given that the intensity of heat and mass
transfer determines the speed of movement of the heat agent relative to the elements of the porous layer, this paper
presents the results of studies of pressure losses in the layer of cotton fiber from the point of view of the internal
problem of hydrodynamics. Experimental studies on filtration of a heat agent through a stationary layer of cotton
were conducted. due to the difference in bulk weight and different heights of the layer, they were represented as a
functional dependence AP= f(v,). The results obtained in dimensionless form allow us to predict the energy costs of
creating a pressure drop (under the same hydrodynamic conditions) when designing a new drying equipment.

Keywords:cotton fiber, hydrodynamics, filtration drying, hydraulic resistance, porosity, active specific surface
of the layer.

Introduction.According to the State program of industrial-innovative development of Kazakhstan for
2020 - 2025, a stable growth and competitiveness of the manufacturing sector will be achieved by creating
a technologically advanced industry, the transformation and digitalization of the basic assets of
functioning enterprises, focused on the creation of medium-and high-tech products with subsequent access
to the global markets [1]. By 2021, the acreage of cotton in South Kazakhstan region is expected to
increase by 100 thousand hectares, yield — 3000 kg/ha, and cotton production to 300 thousand tone/year.
Therefore, high-quality storage and processing of raw cotton are the main factors. When processing raw
cotton to obtain a more efficient and high-quality fiber, its humidity should be in the range of 8-9% [2,3].
In order to boost the cotton and textile industries of Kazakhstan, The law «on the development of the
cotton industry» was adopted, and the free economic zone «Ontustik» was created for 2005-2030, which
will contribute to the revival and development of the textile industry in Kazakhstan [4] .

At the present, the properties of raw materials deteriorate in cotton processing plants when using
drying drums of type 2SB-10, SBT, SBO. As a result of subsequent technological processes, the fiber
grade is reduced by 25% through mechanical action, a lot of energy is spent, the color of the fiber is lost,
and the fiber twists, and the fiber microstructure deteriorates [5].

In the cotton-growing regions of Central Asia and Kazakhstan, drying drums of type 2SB-10, SBT,
and SBO are mainly used for drying raw cotton, and various methods and drying devices are used for
drying food and vegetable raw materials [6-8], which are not acceptable for drying raw cotton.
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For this reason, experimental and theoretical studies of cotton drying, reducing the cost of
technological processes for processing cotton fiber and improving their quality characteristics are of
urgent importance for the economy of Kazakhstan. The integration of new highly efficient and resource-
saving technologies for processing cotton raw materials into a finished product of high quality will be
competitive not only in the domestic but also in foreign markets.

Analysis of literature sources [9-13] allows us to conclude that there is no comprehensive and
systematic approach to the intensification of drying processes of wet cotton fiber, given that it contains
mainly bound moisture, is a thermolabile material, and the drying process takes place in the second period.

Choosing the drying mode for raw cotton depends on the following parameters: color, fiber length,
type of mechanical damage, and so on. During drying of raw cotton, it is important to choose the optimum
mode of drying, since inadequate drying parameters, there is a fiber breakage, reducing its length,
resulting in reduced fiber quality [2,3].

Experimental part and description of the installation.Theoretical analysis and design of drying
systems are complicated by a number of factors, in particular, simultaneous heat and mass transfer to the
surface and inside the material, moisture transfer within the material, while there are more than twenty
different types of mechanisms for transferring moisture in a solid. Changes in the moisture content and
temperature of the material are determined by heat and mass transfer between the surface of the body, the
environment and the interior of the material to be dried.

To realize the process of drying raw cotton, as noted above, the industry uses drum type dryers and
fluidized bed dryers, which are energy-consuming and expensive. Therefore, we had the task to develop a
new type of dryer that will reduce the energy costs of the drying process.

Generalization of the results of experimental and theoretical studies of hydrodynamics and heat and
mass transfer during filtration drying of raw cotton allowed us to propose a design of a drying plant that
takes into account the physical and mechanical properties of raw cotton, improve the method for
calculating the main structural dimensions of this installation and calculate the optimal technological
parameters of the thermal agent.

We suggest using the concept of a drum-type filtration drying device for drying raw cotton
(figure 1) [14].

Figure 1 — The installation of the filtration drying of drum-type:
1 — bunker, 2 — proportioner, 3 — vibrator, 4 — springs, 5 — drying chamber, 6 — perforated drums, 7 — partition wall,
8 — perforated sheets, 9 — brushes, 10 — spring-loaded lid, 11 — perforated sleeves, 12 — warming system, 13 — container
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Installation for the filtration drying of raw cotton consists of a bunker 1 which serves to feed a raw
and in the lower part it includes a proportioner 2 and the vibrator 3, and the bunker 1 is mounted on a
spring 4. The lower part of the hopper 1 is attached to the drying chamber 5 in which is placed parallel to
the perforated drums 6 with a perforated sleeve 11. The perforated drums 6 with a partition 7. Warming
system of heating agent 12 is located inside drying chamber 5. The outside of the perforated drum is
equipped with 8 removable perforated sheets. Brushes 9 are installed on the drum 6 in the dry material
discharge zone. In the lower part of the drying chamber 5, a spring-loaded lid 10 is installed, which serves
for automatic unloading of dry material into the container 13. The Perforated drums are connected to the
vacuum line through perforated sleeves 11. Container 13 is intended for dry material.

The installation works as follows. Include a vibrator 3 and a vacuum line, so that the heat agent passes
through the perforated sheets 8, which ensure uniform drying of the material and facilitate the changeover
of the installation for a different type of material, or for a different humidity. The air is heated directly in
the drying chamber 5 by the warming system 12, which is placed directly in the drying chamber, which
makes it possible to reduce heat loss to the environment. Due to the fact that the perforated sheets are
washed by the ambient air, their temperatures are approximately equal to the ambient temperature.

Turn both the reels 6 and brush 9. The wet material enters the hopper 1 and with a dispenser 2 is fed
to the drying chamber 5 into two of the perforated drum 6, between which the partition wall 7 and which
rotate in opposite directions. Partition 7 serves to form a uniform layer of dispersed material. Due to the
rarefaction, the wet material is firmly pressed against the perforated surface of the drum and rotates along
with it in the direction shown in figure 1. 9 Brushes are used to clean the perforated partition from dry
material particles. To prevent the hanging of wet material due to caking or compaction, and the formation
of a so-called funnel, a vibrator 3 is installed on the hopper 1. The Amplitude and frequency of vibration
of the vibrator 3 is set experimentally depending on the humidity and adhesive properties of the material
being dried. Container 13 is intended for unloading dry material from the drying zone [14].

Theoretical part and discussion of results. One of the high-intensity methods of removing both free
and bound moisture is the method of filtration drying of materials. This is due to the fact that during
filtration drying, the heat agent is filtered through the porous structure of the wet material, which is placed
on the perforated partition in the direction «wet material — perforated partition». The speed of movement
of the heat agent in the pores and channels of a stationary layer of wet material determines the thickness of
the boundary layer (hydrodynamic, thermal and diffusion) and, accordingly, the values of the heat and
mass transfer coefficients. In addition, the surface of heat and mass transfer is the total surface of the pores
and channels through which the heat agent is filtered. The filtration rate of the heat agent is determined
based on technical and economic considerations, taking into account that its increase affects the growth of
pressure loss. Moreover, the actual speed of movement of the heat agent relative to the layer elements is
significantly higher than in the case of drying by any other methods (in the fluidized bed, during drying in
pneumatic transport dryers, etc.). The large surface of heat and mass transfer and the speed of the heat
agent in the pores and channels of the stationary layer of wet material provide high coefficients of heat and
mass transfer and, accordingly, the intensity of the filtration method of drying [15].

At the same time, the total energy consumption for the filtration drying process consists of pressure
losses in the stationary layer and heating of the heat agent (air) to a set temperature. Given the above, it is
important to establish the dependence of pressure losses in a stationary layer of wet cotton fiber on the
fictitious filtration rate of the heat agent, as an important factor determining the intensity and economic
efficiency of filtration drying.

The movement of a gas flow through a porous structure of a material is a mixed problem of
hydrodynamics. However, there are no theoretical foundations for a mixed problem of hydrodynamics
today. to describe the hydrodynamics of gas movement through a porous structure of a material in
scientific articles [9-13], the authors use theoretical dependencies of the internal or external
problem.Given that the intensity of heat and mass transfer determines the speed of movement of a heat
agent relative to the elements of a porous layer, in this paper we present the results of theoretical studies of
pressure losses in a layer of cotton fiber from the point of view of the internal problem of
hydrodynamics.The movement of a gas stream through a porous structure of a material is a mixed problem
of hydrodynamics. However, there are no theoretical foundations for the mixed hydrodynamic problem
today. To describe the hydrodynamics of gas movement through the porous structure of the material in
scientific articles [9-13], the authors use theoretical dependencies of the internal or external problem.
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Given that the intensity of heat and mass transfer determines the speed of movement of the heat agent
relative to the elements of the porous layer, in this paper we present the results of theoretical studies of
pressure losses in the cotton fiber layer from the point of view of the internal problem of hydrodynamics.

As shown by the researches, the stationary layer of cotton fiber during the application of a pressure
drop, to ensure the appropriate filtration rate of the heat agent, due to the slight stiffness of individual
randomly placed fibers in the experimental container, changes its height. This leads to a change in the
equivalent diameter of the channels through which the heat agent moves, the porosity of the layer and,
accordingly, the actual speed.Changing the actual filtration speed of the gas flow leads to an increase in
the pressure loss in the layer AP and the height of the cotton fiber layer H-to an increase in the volume
densityp;. Thatis:H = f(AP); d, = f(AP); € = f(AP); p; = f(AP); AP = f(v). At the same time, the
only constant values are the weight of the fiber attachment and G,, = const,, and the outer surface of all
cotton fibers F = const.

The pressure loss in a porous stationary layer is determined based on the well-known Darcy-
Weisbach dependence, because it takes into account all possible experimental variables [15,16]:
H pv?

AP:Ald_ P

(M

where A; — is the coefficient of hydraulic resistance of the layer; AP — pressure loss in the material layer,
Pa; H — layer height, m; d. — equivalent diameter, m; p — the density of the gas flow, kg / m’; v — the
actual speed of the gas flow, m/s.

dp =2, @

where ¢, — isthe porosity of the layer, m*/m’; a — active specific surface of the layer, m*/m’; We define the
initial specific surface of the fiberay, which depends on the initial height of the stationary layer of cotton
fiber and its volume:

F

A =73 (3)

where H, — is starting height of the cotton fiber layer, m; S — cross-sectional area of the experimental
container, m>.

To define the starting specific surface area of all cotton fibersagassume that there are N identical

fibers of lengthL,in the experimental container. Then the outer surface of all particles can be represent as:
F=2-(a+b)-L,"N, 4)

where a and b — the middle width and thickness of the cotton lint, respectively,m.
Knowing the specific density of the cotton fiberp, and the weight of the hitch G, we find the volume of
the cotton fiber:

V=%=wblfN, (5)
where we define number of lints N:
Gy
N = ooab Ly (6)
so the surface of all the cotton lints:
-, . Gy _ 2:(ath)Gy
F=2-(a+b) L, abl, — poab @)

We define the starting and current specific surfaces of a conditionally stationary layer of cotton fiber,
which is located in the experimental container, as the ratio of the total surface to the volume:

F _ 2:(at+b)Gy

Qo = S'Hy  pyab-SHy ®)
and the active specific surface of the cotton fiber is represented as:
—q.-Ho
a=a, ©)




News of the Academy of sciences of the Republic of Kazakhstan

where a,, a — starting and active specific surfaces of the fiber layer, m*/m*; H, — starting height of the fiber
layer, m; H — current height of the fiber layer, depending on the pressure loss, m.

So:

Hy _ 2:(a+b)-Gy Hy _ 2:(a+b)-Gy (10)
H ~ pyabSHy H  pyabSH

a= ao -
Let's express the weight of the cotton fiber attachment in terms of its volume and specific density:
Gy =V p,=H, S py (11)

where H,, —isthe height of the fiber layer with densityp,,, m.
Then the active specific surface of a conditionally stationary layer of cotton fiber can be represented

as:
__ 2/(a+b)Gy, _ 2:(a+b)HyS'py, _ 2:(ath) LHy (12)
" ppabSH  pyabSH  ab H’
and then equation (2) can be written as:
_ra _zabeg H
€™ a = (atb) H, (13)
and equations (1) using (13) can be represented as:
AP=7\1-£-ﬁ= l.m.ﬁ: I.M.ﬂ (14)
de 2 2:a-b-H-¢g; 2 2-a-b-g; 2

It is known that the coefficient of hydraulic resistance of the porous layer & is defined as a part of the
speed pressure, that is, equation (14) can be represented as [17-20]:

192 172
AP =§-Em=800 (15)

(a+b)-Hy
2:a-b-g;

where & — is the coefficient of hydraulic resistance of the porous layeré = A, - , Vg— fictitious heat

agent filtration ratevy = v - €, Mmlc.
Approximation of experimental information by a power function allowed us to receive the following
calculated dependence:
£ =gy 1202 (16)

The absolute value of the maximum relative error between the experimental data and the theoretically
calculated data does not exceed 5.6%.

Generalization of experimental data on the hydrodynamics of filtering a thermal agent through a
stationary layer of cotton was carried out in the form of dimensionless complexesEu = f(Re.), and
dependence of the hydraulic resistance coefficient of the layer é = f(Re,)as functions of the Reynolds
number:

Eu = 84000 - Reg 118, (17)
where Re, — is the equivalent value of the Reynolds number.
“de-
Ree = Vile? " p’

where 1 — is coefficient of dynamic viscosity of the gas flow, Pa-s ;

The coefficient of hydraulic resistance of the cotton fiber layer was calculated based on experimental
data from equation (15). Approximation of experimental information by a power function allowed us to
receive the following calculated dependence:

£ = 160000 - Reg 116 (18)

Comparing the proportion of experimentally determined values of pressure losses in a conditionally
stationary layer of cotton fiber to those theoretically calculated based on the dependence (17) on the
Reynolds number, the absolute value of the relative error does not exceed 14.2%, which is explained by
the complex structure and spontaneity of the formation of a stationary layer of cotton fiber, as well as the
impact of the pressure drop on the height of the layer.
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Conclusion.Received in dimensionless form, the calculated dependence (17) makes it possible to
predict the energy costs of creating a pressure drop (under the same hydrodynamic conditions) when
designing a new drying equipment, and the dependence (18) is convenient to use during the operation of
the drying plant when it is necessary to change the technological parameters of the process, that is, to
change the height of the cotton fiber layer or the filtration rate of the thermal agent. The Error between the
theoretically calculated values and experimental data does not exceed 14.2%, which is quite acceptable for
the design calculations of new drying equipment.Obtained in dimensionless form the calculated
dependence (17) gives the possibility to predict the energy cost of creating the pressure differential (with
the same hydrodynamic conditions) when designing new drying equipment, and the dependence (18) it is
convenient to use during operation of the dryer when you need to change the process parameters, that is,
change the height of the layer of cotton fibers or the filtration rate of the heat agent.The error between the
theoretically calculated values and experimental data does not exceed 14.2%, which is quite acceptable for
design calculations of new drying equipment.
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HIIUTTI MAKTAHBI CY3III KEIITIPY BAPBICBIHJA
I'NAPABJIMKAJIBIK KEAEPT'THI ECENITEY

AnHotaums. Kazipri 3aMaHFbl oleMIiK 9KOHOMHKaJa TOKbIMa, TOKbIJIMaraH jkoHEe 0acka Ja TaIIBIKTBI MaTepuaiapbl
YJIKeH MaHBI3Fa He. MakTa — TYpJli ©HEPKACil, a3bIK-TYJIIK JKOHE TYPMBICTHIK OHIMAEPIi OHAIPY YIIiH IUKI3aTTHIH KYH/IBI TYPiHIH
6ipi. IIuTTi MaxkTaHBl KeNTipy pEKUMIH TaHJAy TYCi, TAIIIBIKTHIH Y3BIHJIBIFBI, MEXaHHUKAJIBIK 3aKbIMIAHy TYpi *koHe T.O.
KepceTKimTepre OaitmanelcTel Oosbin Kenendi. IInTTi MakraHel KenTipy OapbICBIHIA KENTIpYyAiH OHTAMIBI PEXHUMIH TaHmaraH
MaHBI3/Ibl, OMTKEHI KEeNTipyAiH HapaMeTpiHe CalKec KelMece TaIIbIK Y31JIil, Y3bIHABIFBI KICKapabl, HOTHKECIHE TAIIBIKTBIH
carachel TOMEHICHI].

OHepkacinTe MKUTTI MaKTaHbl KENTIpy YAepiCiH icke aceipyaa GapabaH TYpiHAEri KeNTipriluTep MEH SHEPrHsi LIBIFBIHBI,
KaifHaraH KabaTThIH KpIMOAT kenTiprimi koiamanbuiazbl. COHOBIKTAH KENTIPrilITiH jkKaHa TYPiH 93ipieylai MIHAET eTim ajbIk,
eliTkeHi ox1 Kenripy yaepiciHe SHepreTHKAaIbIK IIBIFBIHAAPABI a3aiiTyFa MyMKIHIIK Oepexi.

IIutTi MakTaHBl CY3il KENTipy Ke3iHIe TUAPOAMHAMHKA MEH JKBUIy JXOHE Macca amMacyIblH JKCIEPUMEHTTIK KOHE
TEOPHSUIBIK 3EPTTEYJCPiHIH HOTIIKEICPIH KOPHITY WIMTTI MaKTaHbIH (U3MKAIBIK-MEXaHUKAIBIK KAaCHETTEepiHE cail Kenripy
KOH/IBIPFBICBIHBIH KYPBUIBIMBIH YCHIHYFa, OCBI KOHJBIPFBIHBIH HETi3ri KOHCTPYKTHBTIK OJIILIEMJEPIH ecenTey oicTeMeciH
KETLAIpyTe )KoHE JKbUTy areHTiHiH OHTaHJIbl TEXHOJIOTHSUIBIK TapaMeTpiH ecenTeyre MyMKiHIIK Oepi.

bi3 mmTTi MakTaHb! KenTipyre apHanraH Oapaban ThnTi Cy3rill KenTiprill OpHATYJbIH IPUHIHIITI CXEMACHIH MaiIanaHy Ibl
YChIHAMBI3, OJ1 €PKiH opi OallaHBICKAH BUIFAIIBIH JKOFApbl MHCEHCHUBTI dfici Gounbin canamansl. byn Cysrimn kentipy kesinzae
XKBUIy areHTi «BbUIFAJIBI MaTepual-nepdopalysianFral Kajlka «OarbIThiHIa NepdopalusiiaHFaH KaJKa OPHAIACKAH BUIFAJIIBI
MaTepHAaIIBIH KE€YEKTi KYphUIBIMBI apKbUTBI cy3ineni. blranmer MaTepranaslH CTallOHAPIIBIK KabaT Teciri MEH KaHAIJapBhIHAAFbI
JKBUTy areHTIHIH KO3FAJIBIC JKBULIAMJBIFBI IICKAPAIBIK KaOaTThIH KaJbIHABIFBIH JKOHE THICIHIIE >KbUTY JKOHE MacaifHaJIbIM
koo urrenTTepiHiH MOHIH aHBIKTaiinbl. COHBIMEH KaTap, JKbUIy JKOHE Macca aiMacy OeTi JKbUIy areHTi CY3eTiH TECIKTep MEH
KaHaJIap/IbIH JKUBIHTBIK OeTi Gouibin caHananbl. JKbLTy areHTiH CY3y JKbUIaMJIBIFBl OHBIH YJIFAIOBbl KbICHIMHBIH JKOFaJIybIHa dCep
CTCTiHIH €CKepe OTHIPHIN, TEXHHKAIBIK-DKOHOMHKAIBIK IaiibiMapra CylieHe OThIpbIN aHbIKTadanbl. COHBIMEH KaTap, Kabar
9JIEMEHTIHEe KaTBICTBI JXKbUTYy arcHTiHIH HaKThl KO3FaJbIC JKBUINAMIBIFBI Ke3 KelreH Oacka oJicTepMeH KeNTipy jKarnaiblHa
KaparaHja adTapiblKTail jxorapsl. JKbpUTy jKoHE Macca aaMacyAblH YJIKEeH OeTi »oHe BUIFalibl MaTepHaIbIH CTAallOHAPIIBIK
KaOaThIHBIH IOpajapbl MEH KaHAJIapbIHAAFbl JKbULy AareHTiHIH JKbUIZAMIbBIFbI JKbUIy JKOHE Macca OepyaAiH KOrapsl
K02 GUIHEHTIH XKoHE THICIHIIIE KENTIPYAiH CY3y TOCUTiHIH KapKbIHIBUIBIFBIH KAMTaMacChI3 STE/Ii.

MartepuaniblH KeyeKTi KypbUIBIMBI apKbUIbI Ta3 arbIHBIHBIH KO3FaJbIChl T'MIPOAMHAMUKAHBIH apajac MiHIETi OoJbIn
TaObUTaAbl. AJaiila THAPOJMHAMUKAHBIH apanac eceOiHiH TeOpHsUIBIK Heri3aepi Oyrinae >kokK. bynm Makamaga IIUTTI MaKTaHBI
KENTIpyIiH CY3riley oficiH maljanaHy >KoHE THIPABIUKAJbIK KeIepriHi ecentey YCHIHbUIaAbl. FhUIBIME Makanaiapia
MaTepuasIblH KEYCeKTI KYpBUIBIMBI apKbUIbl T'a3 KO3FaJbICBIHBIH THIPOAMHAMHKACHIH CHIATTAy YIIiH aBTOpJap iIIKi Hemece
CBIPTKBI €CEITIH TEOPWSUIBIK TOYeNAUNIiH mainananagsl. JKbUly jkoHe Macca ajaMacy KapKbIHABUIBIFBI KeyeKTi KaOaTThIH
SIIEMEHTTEPiHEe KATHICTBl JKbUIYy ArcHTIHIH KO3FaJbIC IKbUIIAMIBIFBIH aHBIKTAWTHIHBIH €CKEepPe OTHIPHIN, Oy JKYMbICTa
TH/IPOJMHAMUKAHBIH 1IIKI MIHAETI TYPFBICBIHAH MAaKTa TaJILIbIFbIHBIH KAaOaThIHIAFbl KbICBIM ILIBIFBIHBIH 3€PTTEY HOTHXKENepi
YChIHBUIFaH. JKblly areHTiH MaKTaHbIH CTAallMOHAPibl KaOaThl apKbUIbI CY3Y YIUIiH 3KCICPHMMEHTAJIBIK 3epTTeyiep XKyprisiiui,
OWTKeHI YHIH/IHIH canMarsl MeH KaOaTThIH TYpIi OMIKTIriHiH apTypiinirine 6ainanbictsl AP= f(v() QpyHKIHOHANIBIK TOYSIAITIK
TYpiHIE KOpCeTLIal. ATIBIHFAH HOTIDKEINEP OJIIIEMCI3 jkaHa KeNTipy jKaOabIFbIH K00aay Ke3iHAe KbICBIMHBIH ayBITKYBIH JKacayra
(bipzeit ruapOIMHAMUKAIIBIK KaFIaiiia) apHaAIIFaH SHEPreTHKAIBIK MIBIFBIHAAPIB! O0JDKayFa MYMKIHAIK Oepei.

Tyiiin ce3aep: MaKTa TAIIBFL, THAPOANHAMHKA, CY3ill KENTipy, 'HAPABIUKANIBIK KeAepri, KeyeKTUIK, KabaTThIH Oelcenai
OeTki KabaThl.
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PACYET 'MIPABJIMYECKOI'O CONTPOTUBJIEHUS TIPU
OUJIBTPAIIMOHHOMH CYHIKE XJIOIIKA-CBIPIIA

AHHoTaums. TeKCTUIIb, HETKAaHbIC U IPYTHe BOJIOKOHHBIE MaTepUalbl HMEIOT OOJIBIIOE 3HAYCHHE B COBPEMEHHOW MUPOBOIt
SKOHOMHMKE. XJIONOK SBIISIETCS OJHHMM M3 HauOojee IEHHBIX BHIOB CHIPhS UL IIPOM3BOJCTBA PA3IMUYHBIX IPOMBIIUICHHBIX,
MUIIEBBIX ¥ OBITOBBIX NMPOXYKTOB. BHIOOp pekmMMa CYIIKM XJIOIKA-ChIPIla 3aBUCUT OT CIEIYIOIUX MOKa3aTeNiel: LBET, JJIMHA
BOJIOKHA, TUIIa MEXaHHYECKOTO ITOBPEXKCHUS U TOMY Iogo0HOe. Bo Bpems CyIIKy XJIOIKa-ChIpIa BaKHO BEIOPATh ONTHMAJIbHBIIH
PEeXKHMM CYIIKH, MOCKOJIBKY IPH HECOOTBETCTBYIOIIMX IapameTpax CYIIKH HaOmomaeTcsi oOphIB BOJIOKHA, YMEHBILICHHE €ro
JUIMHBI, B PE3YJIbTATE YEro CHIXKACTCS Ka4eCTBO BOJIOKHA.

Jns peanmsanuu mponecca CYIIKH XJIONKa-ChIplia B IMPOMBILIIEHHOCTH MCIONB3YIOT CYIIMJIKH 06apaOaHHOrO THHA W
CYIIMJIKU KHISIIEro CJIOs, KOTOpbIE SBIISIOTCS OSHEPro3aTPaTHBIMU M JOPOTHMH. Il03TOMY Iepel HaMM CTOsUIa 3aj1ada
pa3paboTaTh HOBBIi THI CYIIMJIKH, KOTOPBIH MO3BOJIUT CHU3UTh YHEPIeTUYECKHE 3aTPAThl Ha MPOLECC CYLIKH.

O06o0muienne pe3ynbTaToB 3KCIEPUMEHTAIBHBIX H TEOPETHUECKUX HCCISJOBAHUH THAPOIMHAMUKY 1 TEIUIO - ¥ MacCOOOMeHa
npH GUIBTPAIIOHHOI CYIIKE XJIOMKa-ChIPIa MO3BOIMIIN ITPEATIOKUTE KOHCTPYKIHIO CYIIMIBHONX YCTaHOBKH, KOTOpAst yIUTHIBACT
(hU3MKO-MEXaHMYECKUE CBOWCTBA XJIONKA-ChIPLA, YCOBEPIIEHCTBOBATh METOANKY paciyeTa OCHOBHBIX KOHCTPYKTHBHBIX pPa3MepOB
JTAaHHOI yCTaHOBKY U PacCUUTaTh ONTUMAIBHBIC TEXHOJIOTHUECKUE TapaMeTphl TEIUIOBOIO areHTa.

Hamu npensaraercs UCHOIb30BaHUE MPUHIMINAIEHOW CXEMBbl YCTAHOBKH (DMIIBTPALIMOHHON CyIIKH 6apabaHHOTO THNA IS
CYILIKH XJIOIKa-ChIPLIA, KOTOPas SABISETCS OAHUM U3 BHICOKOMHTEHCHUBHBIX METOJOB YIaJEHHS KaK CBOOOIHOM, TaK U CBA3aHHOM
BIard. OT0 OOYCJIOBJIEHO TEM, YTO BO BpeMs (DMIBTPALMOHHOHW CYIIKHM TEIUIOBOH areHT (HIBTPYETCS CKBO3b HOPHCTYIO
CTPYKTYpY BJIQXXHOT'O MaTepHaia, KOTOPBIil pa3MellieH Ha nepGOopupOBaHHON IIEPEropoaKke B HAIPABICHUH «BJIAKHBIN MaTepHal
— nepdopupoBanHas neperoposka». CKOpoCTb JBMKEHHS TEIUIOBOTO areHTa B IOpax U KaHaJlaX CTAIIMOHAPHOTO CJIOS BIAXKHOTO
MaTepuaia OIpeAesieT TONIIUHY IOTPAaHWYHOTO CJIOS M COOTBETCTBEHHO 3HAYEHMS KOI(QQUIMEHTOB TEIUIO- U MAaCOOTAAYH.
Kpome 3TOro, mOBEpXHOCTBIO TEIUIO- M MaccooOMeHa SBISIETCS CyMMapHasi IOBEPXHOCTh IIOp M KaHAJIOB, CKBO3b KOTOpBIE
¢unbTpyercst TemoBoi areHT. CKOpocTh (MIBTPAlMHM TEIUIOBOIO areHTa OIPENeISIOT MCXOAS M3 TEXHHKO-IKOHOMHYECKHX
COOOpa)XCHUH, YYMTbIBasg TO, YTO €€ YBEIMYCHHE BIMSAET HAa POCT NOTEpPU JaBieHUs. [IpudeM, NeHCTBUTENbHAs CKOPOCTh
JBH)KCHUS TEIUIOBOTO areHTa OTHOCHUTENBHO BJIEMEHTOB CJIOSl 3HAYMTENBHO BBIIIE, YEM B CIy4yae CYLIKH JIFOOBIMH JPYTHMH
MertoziaMu. boblas NOBEPXHOCTh TEIUIO- M MaccOOOMEHa M CKOPOCTh TEIUIOBOTO arcHTa B IIOpAaX M KaHalaX CTAlMOHAPHOrO
CJIOS1 BIIAYKHOTO MaTepHajia 00ecleYnBaloT BEICOKHE KOI(QOHUIMEHTHI TEIUIO - U MaCCOOTAAa4YH H COOTBETCTBEHHO HHTEHCHBHOCTH
(DUITBTPAIIMOHHOTO CIOC00a CYIIKH.

JIBmkeHHe Ta30BOTO IIOTOKA CKBO3b IIOPHCTYIO CTPYKTYypy MaTepHayla IpeACTaBIseT co00i CMelIaHHyIo 3amady
rugpoarHaMuky. OJJHAKO TEOPETHUECKNX OCHOB CMENIAHHOW 3a/1auyl THAPOANHAMUKY Ha CETOMHS HE CyIecTByeT. B aToif craThe
HpeUIaraeTcsi MCHoJIb30BaHNue (UIBTPALIMOHHOIO CHOCO0A CYIIKM XJIONKAa-ChIpLa M pacyeT I'MAPAaBIMYECKOrO COIPOTUBIICHUS.
Jlns onmcaHWsl THIPOJWHAMHUKH [JBIDKEHHMS TIa3a CKBO3b IIOPUCTYIO CTPYKTypy Marepuaia B Hay4YHbIX CTaThsX aBTOPHI
HCHOJIL3YIOT TEOPETHYECKHE 3aBUCUMOCTH BHYTPCHHEIl MJIM BHELIHEW 3ajauyd. YUYHUThIBas TO, YTO MHTEHCHBHOCTb TEILIO- M
MaccooOMeHa ONpe/eNsieT CKOPOCTh ABMKEHHS TEIUIOBOTO areHTa OTHOCUTENILHO JIEMEHTOB IIOPUCTOTO CJI0s, B JaHHOH paboTe
HPECTABICHBl PE3YJIBTAThl UCCIECIOBAHUII MOTEPh NaBJICHHS B CJIOC BOJIOKHA XJIONKA C TOYKH 3PEHHs BHYTPEHHEW 3agadn
THAPOIMHAMHKH. IIpOBEACHBI HKCIEPHMEHTAIBHBIC HUCCIENOBaHUS 10 (HIBTPALMH TEIUIOBOIO areHTa CKBO3b CTAI[MOHAPHBIH
CJION XJIONKa, W3-332 Pa3HOCTH HACHIITHOTO BECa M PA3IMYHBIX BBICOT CJIOS MIPEACTABIISUIN B BUAE (DYHKIIMOHAIBHON 3aBUCHMOCTH
AP= {(v,). [lomyueHHBIE pe3yNbTaTH B O€3pa3MepHOil opMe MO3BOISIOT IPOTHO3UPOBATH YHEPTETUIECKUE 3aTPATHl Ha CO3aHNe
meperafia JaBICHUWH (P OJWHAKOBBIX T'MAPOAMHAMHYECKHX YCJIOBHSIX) IIPH IPOEKTHPOBAHHUM HOBOTO CYIIMIIEHOTO
000pyIOBaHUS.

KnioueBble ci10Ba: BOJIOKHO XJIONKA, THAPOAMHAMHKA, (HIBTPAlMOHHAS CYIIKA, THIPABIMYECKOE COIPOTHBICHHE,
HOPHCTOCTb, AKTUBHAS Y/IeJIbHAS [IOBEPXHOCTD CIIOS.
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INVESTIGATION OF Ni-CONTAINING CATALYSTS
FOR THE PURIFICATION OF EXHAUST GASES

Abstract. Results of the development of multicomponent oxide catalysts for the purification of exhaust gases
based on Ni, Cu, and Cr supported on 2% Ce/0-Al,0;3 by varying the concentration of the active phase of catalyst are
presented in paper. It was found that the highest degree of toluene conversion (up to 98.8 %) is observed on the
three-component Ni-Cu-Cr/2% Ce/0-Al,0O3 catalyst with optimal metal ratio Ni : Cu : Cr = 1.0 : 3.0 : 0.1 at
GHSV = 5410° h'! and a temperature of 723 - 773 K. The presence of CeQ, crystals, X-ray amorphous clusters
(d =20 — 100 E) of variable valence metal oxides NiO and CuO as well as solid metal solutions CuO (NiO) and
aluminates was detected on the surface of optimum catalyst calcined at 873 K using XRD and transition electron
microscopy methods. Preparation of polyoxide supported catalysts as well as study the influence of catalyst
composition and modified additives on deep oxidation of toluene - a major component of toxic organic gaseous
industry emissions, is the goal of research.

Key words: catalytic oxidation, toluene, purification, nickel, copper.

Introduction. The problem of chemical safety and sanitary air protection is particularly relevant due
to the increase of harmful emissions of industrial enterprises, which have a strong toxic effect. Many
chemical compounds (toluene, xylene, styrene, phenol, tricresol, mineral spirits, CO, etc.), which
negatively affect the living organisms and flora are harmful toxic emissions from industrial plants. Under
the Paris agreement, adopted on December 12, 2015 and signed on April 22, 2016, in addition to the
United Nations Framework Convention on Climate Change (UNFCCC), developed countries and
countries with economies in transition have to reduce or stabilize greenhouse gas emissions [1]. The
content of harmful emissions above the MPC in industrial workshops and atmospheric air in the cities
cause a negative impact on living organisms and lead to various diseases thereby creates a threat to the
safety of the environment [2]. Toluene, xylene and ethyl-benzene are major part of the solvents used in
various industries, which are present in gaseous emissions [3]. Toxic and adverse effect of harmful
emissions on a living organism can be traced on the example of toluene - a major component of toxic
organic gaseous emissions that are present in the emissions of furniture, paint, cable, printing and other
industries. For example, the inhalation of toluene with a concentration of 250 mg m™ for 2 h leads to a
decrease in heart rate, disturbance of speech, movement coordination [4]. Prolonged inhalation of toluene,
which is present in the composition of glue, varnishes, paints, etc., causes neurotoxic deviations that lead
to clinical consequences - hallucinations, somnolence, suicide attempts, visual disturbances and seizures.

From the literature data [5] on the methods and apparatuses for neutralization of toxic emissions
follows that deep catalytic oxidation is the most economical way for cleaning of gases from the emissions
of complex composition [6]. Typically, the catalysts based on noble metals (Pt, Pd) [7], which have high
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activity (95-100 %) in complete oxidation of organic substances [8], are used mainly for cleaning of waste
gas of industrial enterprises [9]. Catalysts based on Pt group metals have high activity at low temperatures,
durability, heat resistance and ability to operate stably at high space velocities. Conditions of deficit and
high cost of platinum group metals lead to the need to develop new approaches to the creation of highly
effective polyoxide catalysts that do not contain noble metals capable exhibit a high thermal stability and
poison-resistance and sustainable in the long term operation [10-15]. Creation of catalysts for gas
purification, which do not contain noble metals or contain them in small amounts [16], is an important
goal. In this context, the development of high-performance polyoxide catalysts, which do not contain
precious metals, and technology for deep oxidation of toxic organic gaseous emissions from industry are
relevant.

Experimental. Purification of exhaust gases from harmful organic impurities, in particular from
toluene, was carried out on a flow installation, the implementation conditions of which are close to real
conditions.

The granulated 0-Al,Os (S = 100 m? g, particle size between 40 and 50 um) modified by Ce, which
forms resistant surface CeAlO; perovskite up to 1,373 K was used as a carrier. Polyoxide catalysts were
prepared by capillary impregnation of alumina modified with cerium by mixed aqueous solution of Ni, Cu
and Cr nitrates by incipient wetness, followed by drying at 453 - 473 K (4 - 5 h) and calcination at 873 K
(1 - 1.5 h) in air. The prepared oxide catalysts have been promoted with Pt and Pd (0.05%) to improve the
activity and thermal stability.

Deep oxidation of toluene was carried out on the flow type PKU-2VD catalytic installation intended
for testing of catalysts at pressures from atmospheric pressure up to 3.4 MPa in tubular reactor with fixed
catalyst bed. Catalytic activity of catalysts was determined in flow installation at deep oxidation of toluene
in air at various temperatures (523 — 773 K), space velocities (5 — 15410° h™") and toluene concentration
(320 mg m™) in the initial mixture.

Analysis of the initial mixture and reaction products were carried out using CHROMOS GC-1000
chromatograph. The rate of carrier gas (Ar) - 10 ml min™".

The phase composition of catalysts was determined by X-ray diffractometer DRON-4.7, Co — anode,
25 kV, 25 mA, 20 — 5 — 80° (XRD). The morphology, particle size and chemical composition of the Ni-
Cu-Cr catalysts were investigated using transmission electron microscope EM-125K at 80,000 times
magnification by the replica method with extraction using microdiffraction (TEM). The surface of
catalysts was determined by the BET method on the low temperature N, adsorption using the Accusorb
apparatus (Micromeritics, USA).

Determination of the amount of adsorbed oxygen by catalysts, its characteristics, as well as the ability
to interact with a reducing agent (H,) were carried out by methods of temperature-programmed desorption
of oxygen (TPD) and temperature-programmed reduction (TPR). Temperature-programmed reduction of
catalysts after the formation in air at 873 K were carried out by passing a mixture of H, (10%) and
He (90%) at 20 ml min™' and the temperature rises at speeds of 8 K min” from 293 to 1,173 K (at 1,173 K
temperature was stabilized).

Results and discussion. Investigation of the activity of polyoxide catalysts in the reaction of deep
oxidation of toluene at 723 K and space velocity SU10° h' is presented. The conversion of toluene
increased with the complexity of the composition of catalysts. The lowest 57.0 % degree of toluene
oxidation was observed on the 5% Ni/2% Ce/8-AlLO; catalyst, and the greatest 98.5% degree was
observed on the three-component 9% Ni-Cu-Cr/2% Ce/0-Al;O3 catalyst. The following series by activity
in the reaction of deep oxidation of toluene was determined: Ni-Cu-Cr/2% Ce/8-Al,O3 (98.5%) > Ni-Cu-
Cr/8-AL,03 (92.0%) > Ni-Cu/2% Ce/6-Al20; (84.0%) > Ni-Cr/2% Ce/0-Al,O3 (75.0%) > Ni/2% Ce/0-
ALO; (57.0%). The largest conversion of toluene is observed on three-component Ni-Cu-Cr/2% Ce/0-
Al>,O3 catalyst with an optimal ratio of metals Ni: Cu : Cr = 1.0 : 3.0 : 0.1 at T = 723 K. The degree of
toluene oxidation reduces from 98.5 to 89.3% with the increase of space velocity from 5410° to 15410° h’',
respectively.

Increasing the concentration of toluene from 100 to 320 mg m™ in the initial mixture with air leads to
a slight decrease in the degree of conversion of toluene on the two component Ni-Cu/2% Ce/8-Al,O3; and
Cu-Cr/2% Ce/8-Al>O; catalysts. A noticeable decrease in activity between two component oxide catalysts
was found on the Ni-Cr-containing catalyst from 76.6 to 73.0%. Ni-Cu-Cr/2% Cr/8-Al,Os catalyst was the
most stable.
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Thus, the optimal conditions of deep oxidation of toluene on oxide Ni-, Cu- and Cr-containing
catalysts over 2% Ce/8-Al,O3 were determined. Degree of conversion of toluene reaches 98.5 — 98.8% on
the Ni-Cu-Cr/2% Ce/0-AL,O; catalyst at temperatures of 723 - 773 K, GHSV - 5410’ h'' and the
concentration of toluene in the initial mixture with air — 100 - 320 mg m>.

The intensive reflections from CuO and less intensive from NiO, CeO,, and 6-Al,0; are observed in
roentgenograms of the Ni-Cu-C1/2% Ce/0-Al>O; catalyst heated at 873 K. Not only CeO; crystallization,
but a sharp increase in the content of 0-Al,O; starting from 1,273 K is a result of heating of the Ni-Cu-
Cr/2% Ce/0-Al,0s catalyst. Significant reduction of the total surface area of catalysts is due to heating.
CeO; crystallization occurs to a lesser extent due to the small (2%) of Ce content (in carrier only).
According to XRD the presence of CeO; crystals and X-ray amorphous clusters with diameters from 20 to
100 E, metal oxides of variable valence NiO, CuO, and solid solutions of metals CuO (NiO) is fixed on
the surface of carrier in the process of catalyst synthesis after heating at 873 K. Phase transformations
occur in the Ni-Cu-Cr catalyst upon heating in air above 1,273 K. Metal oxides react with alumina to form
the Me-Al,O4 type aluminates with diameter from 200 to 1,000 E and the surface decreases sharply to 2 -
5 m?. Reflexes from the 0-A1,03, a-Al,Os, and CeO; are presented in the 2% Ce/0-AL,Os, as well as in the
carrier (quantification was performed by reflections 2.31 E, 1.74 E, 1.91 E, respectively). The intensity of
CeO; reflexes increases slightly with increasing the Ce content in catalyst, and especially after the heating
consistently at 873, 1,073, 1,273, 1,373 and 1,473 K. This indicates that crystallization of the amorphous
cerium oxides happens as a result of heating. The same process is characteristic for supported on the 2%
Ce/0-AlL,0s catalysts, but to different degrees.

Thus, the use of X-ray diffraction analysis to study of polyoxide catalysts supported on 2% Ce/0-
Al,O3 showed that the active components are mainly in amorphous state in the initial catalysts; part of Ni
and Cu is represented by Ni and Cu oxides [17].

The morphology and particle size of the developed catalysts were examined by transmission electron
microscope on the EM-125K at magnification 80,000 times by the replica method with extraction using
electron microdiffraction. It was found that single, double and triple metal oxides, the particle size of
which are decreased from 50-80 E (Ce/Al;O3) to 20-30 E (Ni-Cu-Cr) are formed at complication the
composition of three-component catalyst. The nanoparticles of metal oxides or their mixtures are formed
after decomposition of nitrates of initial oxide Ni-Cu-Cr catalyst at 873 K according to electron
microscopy and microdiffraction. Interaction of elements with 6-Al,Os3 carrier with formation of larger
copper and nickel aluminates of the AB,O4 and ABOs3 type occurs when the temperature rises [18].

Figure 1 shows the spectra of thermal desorption of oxygen from the oxide Ni-Cu-Cr/6-Al,O; after
oxygen adsorption at 873 K. It is seen that the amount of oxygen released upon heating to 1,173 K
(stabilizing temperature) increases with the complexity of the composition of mixed catalyst. Desorption
curve has bends at 773 K and 923 K as well as maximum at 1,023 K, which is caused by desorption of the
adsorbed oxygen (673 — 873 K) and decomposition (873-1,073 K) of copper and nickel oxides (up to
Cuz0, Ni,0) and then mixed oxides (> 1,070 K).
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Figure 1 — Thermal desorption of oxygen from the catalysts on A120s3 after heating in air:
1-5% Ni, 2-5% Cu, 3-5% Cr, 4-5% (Ni + Cr), 5-5% (Cu + Cr), 6-8-10% Ni-Cu-Cr at varying the deposition methods of catalysts:
6 - NH4HCOs3, 7 - AI(NO3)3, 8 - NH4HCO; + AI(NO3);, T—-873 K, 1 h
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The total amount of released oxygen (9.7 mmol from the 1.0 g of active phase) exceeds the probable
sorption at each of oxides. This is obviously connected with the dissolving of oxides of
superstoichiometric oxygen in formed solid solutions, which are released at lower temperatures [19]. The
total amount of released oxygen (mainly due to weak adsorbed oxygen) from the Ni-Cu-Cr catalyst
depends on the conditions of preparation of mixed carbonates and their decomposition. It is increased by
2 times when using NH4sHCO3 + AI(NOs3); in the precipitation of mixture.

Calculation of activation energy release of oxygen from the catalyst showed that it is 88 - 89 kJ/mol.
Desorption energy from single copper oxides is 128 kJ/mol; from nickel oxides - 120 kJ/mol and from
mixed oxides — 140 - 144 kJ/mol.

Heating of Ni-Cu-Cr/2% Ce/0-Al,O3 catalyst at 1,473 K sharply reduces the release of oxygen in the
area of decomposition of metal oxides for the initial and promoted contacts (Figure 2). The area of
adsorbed oxygen completely disappears in the spectrum of Ni-Cu-Cr and Ni-Cu-Cr + Pt catalysts. The
observed phenomenon can be explained by the fact that most of the metal oxides reacts with the carrier to
form large (200 — 1,000 A) Ni(Cu)AlyO4 aluminates (XRD and TEM), because of which the total surface
area of contacts is reduced from 60 to 5 m* g”' [20].
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Figure 2 — Thermal desorption of oxygen from the Ni-Cu-Cr/2 % Ce/A 1205 catalyst heated in oxygen and promoted with Pd
and Pt: 1 - Ni-Cu-Cr/2 % Ce/A 1203, 2 - Ni-Cu-Cr/2 % Ce/A1203 + Pd, 3 - Ni-Cu-Cr/2 % Ce/A1205 + Pt. 1!, 21, 3! - catalysts
after heating at 1,473 K, T - 873 K

The study of temperature-programmed reduction of Ni-Cu-Cr/2% Ce/6-Al,O3 catalysts allowed to
make one more step in understanding of reduction mechanism and elimination of oxygen from oxides, and
to assess the ability of catalyst to absorb oxygen from gas phase.

Figure 3a shows that the TPR curve has four hydrogen absorption peaks: T, = 523 K, T, = 573 K,
T3 =673 K and T4 = 1,073 K corresponding to reduction of CuO (T)), mixed oxides CuO-NiO (T), NiO
(T3) and formed partially Ni or Cu aluminates.
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Figure 3 — TPR and TPO spectra of the initial Ni-Cu-Cr/Ce/0-A1203 catalyst:
a - TPR of the initial catalyst, b - TPO after TPR up to 1,225 K
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Temperature-programmed oxidation (TPO) of catalyst after its reduction up to 1,225 K (figure 3b)
showed that oxygen is adsorbed easily, starting from 357 — 373 K, as a broad peak with T',, = 523 K,
T?m = 673 K and T, = 800 — 810 K, which corresponds to adsorption of it on surface (T',) and formation
of Ni and Cu oxides. Ni-Cu-Cr/Ce/0-Al,O3 catalyst has undergone profound changes in the phase
composition after heat treatment at 1,473 K 5 h (Figure 4a).
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Figure 4 - TPR and TPO spectra of the Ni-Cu-Cr/Ce/0-A1203 catalyst:
a - TPR of the initial catalyst, b - TPO of catalyst reduced up to 1,223 K,
¢ - TPR of catalyst after treatment in oxygen to 973 K, T - 1,473 K, 5h

Weak bending of curve at 473 K is available in TPR spectrum. The main absorption of H, occurs at
Tm = 773 and 1,073 K when Cu (Ni) aluminates are reduced. Cu(Ni)Al,O4 crystals (2,42 reflex) is also
fixed according to XRD. If the reduction temperature of catalyst reaches 1,223 K, the adsorption of
oxygen in the initial Ni-Cu-Cr catalyst is carried out at a temperature above than 373 K (figure 4b).

Subsequent temperature-programmed reduction of catalyst indicates on absorption of H; only as a
single peak (Figure 4c). This indicates that a mixture of Ni(Cu) oxides, which are reduced at 523 K, is
synthesized from aluminates.

Thus, Ni-Cu-Cr catalyst is a solid solution of copper and nickel oxides with chromium, included in it,
according to the TPD and TPR results. Superstoichiometric surface oxygen with Eges = 88 - 89 kJ mol™,
which reacts easily with reducing agents is adsorbed onto its surface. TPD curves and TPO data indicate
on its presence in catalyst. Besides mixed oxides the less active Ni and Co aluminates are formed in the
oxidation process at high temperatures in catalyst in an oxidizing atmosphere.

Conclusion. As a result of studies, it was found that the highest degree of toluene conversion (to 98.8
%) is observed on three-component Ni-Cu-Cr/2% Ce/8-Al,O3 catalyst with optimal ratio Ni: Cu: Cr= 1.0
: 3.0 : 0.1 at space velocity of 5U10° h™' and temperature 723 - 773 K. The binding energy of oxygen with
surface and its reactivity on polyoxide catalysts were determined by the TPD, TPO and TPR methods. It
was shown that formed Ni and Cu aluminates can be reduced to the initial oxides or their mixtures under
the influence of H, at 973 - 1,223 K. Again, oxygen adsorption on Ni-Cu-Cr catalysts after decomposition
of oxides occurs at low temperature (325 K). This point to high reactivity of adsorbed O, O, and lattice
oxygen of dispersed oxides, as well as mixtures thereof, and its ability to easy reactivation.
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HIBbIFAPBIUIFAH TA3JIAPABI TASAPTY YIIIH
Ni-KYPAM/IbI KATAJIM3ATOPJIAPbBI 3EPTTEY

AHHoTanms. XUMUSUIBIK KayilCi3iK JKOHE ayaHbl CaHUTApIBIK KOpFayZJa KAaTThl YBITTBI ocep eTeTiH
OHEPKACINTIK KOCIMOPBIHAAPAAH IIBIFAPhIIATHIH 3MAHIBI KAIIBIKTBIH apTybl ©3€KTiI Maceie OOJBIl CaHAJabl.
OHIIPICTIK KOCIMOPBIHAAPAaH MIBIFATHIH 3USHIBI YJIbl KAJIIBIKTAp, SIFHM KOINTETeH XHUMUSUIBIK KOChUIbICTap (TOJYOII,
KCHJION, CTUPOJI, ()EHOJ, TPUKpPEe30J, MuHepayasl cnuptrep, CO xoHe T.0.) Tipi opraHu3mep MeH (jopara Tepic
acep turizeni. Kimmarteia e3repyi xeningeri 2015 xbuibl 12 skenTokcanna Kadbuiganrad [Taprok kemiciMiHe jKoHe
2016 >xpuibl 22 coyiple Kon KoiburraH bipikkeH Yurrap ¥WBIMBIHBIH KOHBCHIIMSACHIHA COWKEC NAMBIFAH JKOHE
SKOHOMHKAChl JlaMyIIbl eJAeple IapHUKTIK Ta3fgaplblH IOBIFBIHIBICHIH  a3alThIN, TYPaKTaHIBIPY KaXeT.
OHEPKOCINTIK MeXTapAaH IMIBFAPBUTFAH 3USHIB Ta3qapIblH KYpaMbl Kallalarel atMochepalblK ayama MIeKTi pyKcaT
eTUITeH KOHIICHTPALUAAaH KOFaphl 00JIca, 071 KOpIIaFaH OPTaHBIH KayilcCi3dirine, cCoHnai-ak Tipi opraHu3Mre Tepic
dCepiH THTi3eldi JKOHE TYpIJi aypyllapra oKejleldi. OPTYpili OHIIPICTIK calamapliaH IIBFApBUFaH Ta3Jarbl TOIYOIL,
KCHJIOJ KOHE THIIOCH30J1 HETI3r1 epiTKImTepTepAiH 06tiri O0JIBIT cCaHaIa bl

OHIIpICTIK OHEepKacinTepAeH, Mbicanbl xuhas, 0osy, Jak, kabenb, nonurpadus cajagapblHaH HIBIFAPBUIATHIH
yJIbl Ta3 KaJJIbIKTaphl Tipi ar3anapra Tepic ocep turizeni. OcblHAail OpraHUKaHbIH HEri3ri KOMIIOHEHTI — TOJYOJI.
Mpicansl, 2 carar iminge 250 Mr M KOHIIEHTpaLACchl 6ap TOdyOoJ bl )KYTKAH/A KYPEK >KMiIri ToMeneiii, coilney
OY3bLIIBII, KO3FaJIbIC Oastyaipl.

Kenim, nak, 605y IbIH KOHE T.0. KypaMbIHIa OOJAThIH TOIYOJIMEH Y3aK JIeM ajaThiH 00Jica, HEHPOTOKCUKAIIBIK
ayBITKy KIMHUKAIBIK CalJapra, SFHU TaJUTIONMHALNS, YHKBIIIBUIIBIK, ©3-631He KOJ KyYMcay MeH Kepy KaOuleTiHiH
Oy3bIITyBbIHA KOHE KYPBICYFa SKeJe/i.

OpraHuKaibIK 3aTTapAblH TOJBIK TOTHIFYBI Ke3iHze Korapsl Oencenaitikke ne (95 - 100%) Garanbsl Metanaap
Heriziameri (Pt, Pd) xaTtanmm3aTtopimap ©HEpKOCINTIK OHIIpiCTEpAeH MIBIFAPBUFAH Ta3dapAbl Ta3apTy YIIiH
KongaHputanpl. [lnmaTinHa TOOBI METaNIapBIHBIH KOJDKETIMIUTIT MEH OarachIHBIH JKOFaphl OONYBI KypamMbIHAA achLl
MeTangapsl OOJMaWTBIH, TEPMOTYPAKTBUIBIFBI JKOFaphl, YIaHyFa Kapchl JKOHE Y3aK YaKbIT apajbIFbIHIa
9KCIUTyaTalMsUIaHyFa TYPaKThl, THIMALTII JKOFapbl IOJMOKCHUATI KaTalU3aTOpiapibl jKacayFa JereH KaXKeTTiliK
Tyablpanpl. llpFapeiiFran ra3gapisl TasanayFa Oaraibl METalJapchl3 JKOHE KypaMblHAA Oaraibl MeTangap as
KaTann3aTopiapbl xKacay 0acTbl MaKcaT OOJIBIN CaHAIAIbI.

OHJIIPICTIK OHEPKSCINTEPJCH WIBIFAPbUIFAH YJIbl OPraHUKAJIBIK Ia3lapAbl TOJNBIK TOTBIFY TEXHOJIOTHSIApbIH
JlaMbITyJ1a KypambIHJa 0arajibl MeTajlapbl )KOK KOFapbl THIM/I MOIMOKCHUAITI KaTalnu3aTopiiap/bl )acay Jia 03€KTi.

Konemuik sxbupiamabsiEsl SU10° ¢! Men Temmeparypacet 723 K- TOTyONIbIH TOJIBIK TOTHIFY PEAKIMACHIHIA
TIOJIMOKCHATI KaTaju3aTopilapAblH OeJICeHAUIIrH 3epTTey Koygapbl KepceTiireH. Kartamusaroprnap KypaMbIHBIH
Ke0erol apKbUIbl TOJXYOJIBIH KOHBepcHschl sxorapbutanbl. 5 Ni/2% Ce/6-Al,O3 karannzaTopblHIA TOJNYOJABIH €H
TeMeHri TOTeIFy Kepcerkimi 57.0% Oonca, am kepiciHme ym komMnoHeHTTI 9% Ni-Cu-Cr/2% Ce/6-AlO3
Katanuzaropza 98.5% eH >Korapbl TOTBIFY JIoperkeci OalKaiabl.

BacTanksl KocIagarkl aya MEH TONYOIIBIH KOHIeHTpanusachH 100-gen 320 Mr-xe melin xorapbuIaTKaHaa exi
komroHeHTTI Ni-Cu/2%Ce/0-Al,03 xone Cu-Cr/2%Ce/0-Al,0; karanuzaTopa TOIyoJl KOHBEPCHSCHIHBIH J9pexKeci
TOMEHACH .

3eprrey HoTmkeci OapbichiHaa yimr  kommoHeHTTI Ni-Cu-Cr/2% Ce/0-AlL,Os kartanu3zaropia OHTaWIbI
Ni:Cu:Cr=1,0:3,0:0,] xareiHaceHaa, SU10° car!' kenemaik KbUIIaMABIKTa sKkoHe 723 - 773 K Temneparypana
TOJNYABIH aliHaJbIM aspexeci aHarypibiM (98.8%- neitin) >korapbuiaiiabl. OTrekTiH OeTTik KabaTneH OaitnaHbic
SHEPTHSICHI JKOHE MOJIMOKCHATI Katanu3aropaarbl peakuusuiblk Kadinerriniri TBJ, TBT xone TBT smictepi apkbuib
anpIKTaael. Tysinren Ni xone Cu amromuHarTapsl 973-1223 K apansirsiana Ho ocepiHeH okcuarepre Hemece
OJIap/IbIH KOcHajiapblHa AeHiH TOTHIKCHI3aHATBIHBIFbI aHBIKTAJIbI.

Ni-Cu-Cr xaranuzaTopiapblHaa OTTETiHIH aacopOIHsICchl OKCHITEPiH bIAbIpayblHaH KeiiH eH Temenri (325 K)
TemmepaTypana xypeni. byn nucnepcti okcunrepaid agcopomusimanrad Oy, O )kKoHE OTTETi TOPIapBIHBIH KOFAPHI
KaliTa OEJCEeHIUIIriH, COHIaii-ak OJapAbIH KOCIATAaphIH OHBIH JKEHUI JKOIMEH KaifTa KOCBUIyFa KaOimeTTLTiriH
KepceTe/ti.

Tyiiin ce3qep: KaTalUTHKAIBIK TOTBIFY, TOIYOJI, Ta3ajay, HUKEJb, MBIC.
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WCCJEJIOBAHUE Ni-COAEPKAIIUX KATAJTU3ATOPOB
JIJIS1 OUUCTKHU OTXOSIIIUX F'A30B

Annoranus. [IpoGiema xuMudeckold 6€30IIaCHOCTH W CAaHWTAPHOM 3alMTHI BO3AyXa OCOOEHHO aKTyalbHa B
CBSI3M C YBEIMYEHHEM BPEIHBIX BBIOPOCOB MPOMBIIUICHHBIX NPEANPUSATHH, KOTOPHIE OKa3bIBAIOT CHIIBHOE
TOKCHYECKOe BO3JeHcTBHE. MHOIrMe XMMHYECKHE COEAMHEHHUS (TONyoJ, KCHJION, CTUPOJ, (DEHOJ, TPHUKPE3OI,
muHepanbHble crnupThl, CO W T.A.), KOTOpble HETaTUBHO BIMSIOT Ha JXMBbIE OPTaHM3MBI U (IIOPY, SIBISIOTCS
BpPEOHBIMH TOKCHYHBIMH BBIOpOCAMH OT TIPOMBIIUICHHBIX mpennpustuii. B coorBerctBum ¢ Ilapmxckum
coramenrneM, MpuHATEHIM 12 nexadps 2015 rona u nognmucanaeM 22 anpens 2016 roga B gononHeHne K Pamodnoit
koHBeHIIMM Opranmsannn OObenanHeHHBIX Harmit 00 W3MEHEHHMM KiIMMarta, pa3BUTHIE CTPAaHbl M CTPaHBI C
MEPEXOJHON APKOHOMHKOHM JOJDKHBI COKPATUTh WIIM CTaOMIM3MPOBAaTh BBHIOPOCH! MApHHUKOBBIX razoB. ConeprkaHue
BpeaHbIX BbIOpocoB Bbimre [I/IK B NpOMBINUICHHBIX LeXax W aTMOC(HEPHOM BO3AyXe B TOpPOAAX OKa3bIBAaET
HEraTuBHOC BO3HeﬁCTBHe Ha JXMBBIC OPraHM3Mbl U MPUBOAUT K PA3JTIMYHBIM SaGOHQBaHI/IHM, TEM CaMbIM CO31ac€T
yrpo3dy 0€30IacHOCTH OKpYy»Karomied cpenbl. Toiyosd, KCHIION M OTWIOSH30JI SIBJISIOTCS OCHOBHOW YacTbIO
paCTBOpHTeJ’ICﬁ, HCIOJIB3YEMBIX B PA3JIMYHBIX OTpaACiIAX MPOMBINIJICHHOCTH, KOTOPLIC MPUCYTCTBYIOT B
ra3000pa3HbIX BbIOpocax. TOKCHUHOE M BpeIHOE BO3JEHCTBHE BPEIHBIX BHIOPOCOB Ha XKHMBBIE OPraHM3MbI MOXKHO
MPOCJIEIUTh Ha MPHMEpPE TOJIYOJa - OCHOBHOTO KOMIIOHEHTa TOKCHYHBIX OPraHWYECKHX Ia3000pa3HBIX BBIOPOCOB,
KOTOpBIE TPUCYTCTBYIOT B BBIOpOCax MeOEIbHOMW, JIAKOKpacOyHOH, KaOelabHOW, MOIMrpaduueckod M Ipyrux
OTpaciIeil IPOMBINUICHHOCTH. Hanpumep, BABIXaHHE TOIyoIa ¢ KOHIeHTpanuei 250 Mr M~ B TedeHue 2 9 IPUBOIUT
K CHI)KEHHMIO YacTOThl CEpJCYHBIX COKpAICHWH, HAPYIICHWIO pEeYd, KOOPAWHALIMKM ABMXEHHH. JlmuTenbHoe
BIBIXaHUE TOJyOJa, KOTOPBIM NMPHUCYTCTBYET B COCTaBE KJIEs, JIAKOB, KPACOK U T.I., BBI3BIBAET HEHPOTOKCHUYECKHE
OTKJIOHEHUsI, KOTOPBIE MPUBOIAT K KIMHUYECKUM MOCJIEACTBHAM - TaJUTIOLUHALMAM, COHJIMBOCTH, IIOIBITKAM
caMoyOHMHCTBa, HAPYLIEHHUM 3PESHHS U CYA0POTaM.

Kak npaBuiio, KaTaau3aTopbl Ha OCHOBe Omaropomnbix MetauioB (Pt, Pd), xoropeie 001amar0T BBICOKOM
akTUBHOCTBIO (95 - 100%) mpu HOJTHOM OKHCIEHHH OpPraHWYECKHX BELIECTB, HCIIOJIB3YIOTCS B OCHOBHOM IS
OYHMCTKHU OTXOJAAIIUX T'a30B IMPOMBINIJICHHBIX HpeﬂHpHHTHﬁ. VcnoBus Jle(l)I/ILIl/ITa 1 BBICOKAass CTOUMOCTH METAJIJIOB
TUIATMHOBOM TPYMITBI MPUBOJST K HEOOXOIMMOCTH pa3padOTKH HOBBIX MOJXO0J0B K CO3/IaHHIO BBICOKOA((EKTUBHBIX
MOJMOKCHIHBIX KaTajlM3aTOpPOB, HE COAEpKAallMX OJIarOpOAHBIX METAJUIOB, CIIOCOOHBIX IIPOSIBIATH BBICOKYIO
TEPMOCTOHKOCTh M CTOMKOCTH K OTPaBJICHUIO M YCTOWYMBBIX B TEUEHHE JUIMTEIHLHOTO CPOKa SKCIUTyaTallUH.
Co3/1aHne KaTainn3aTopoB Ul OYHUCTKH T'a30B, KOTOPBIE HE COJEPXKAT OJIArOPOAHBIX METAUIOB MM COJEP)KaT UX B
HEOONBIINX KOJWYECTBAX, SBISETCS BAKHOW LENBI0. B 3TOM KOHTEKCTe aKTyaJdbHBI Pa3pabOTKH BBICOKOA((eK-
TUBHBIX TOJHOKCHIHBIX KaTaJIN3aTOPOB, KOTOPbIE HE COAEPXkAT JPAaroleHHBIX METAIOB, a TAaKXe TEXHOJOTHH
ITyOOKOTO OKHCIICHNS! TOKCHYHBIX OPraHMUYECKUX I'a3000pa3HbIX BEIOPOCOB ITPOMBIILUIEHHOCTH.

[IpencraBneHo nccIe0BaHUE AKTUBHOCTU IMOJHOKCHIHBIX KAaTaJIW3aTOPOB B PEAKIUH TNTyOOKOrO OKHCICHUS
tonyona npu 723 K u o6wemuoii ckopoctn 5U10° al. KonBepcus Tomyona BospacTaga ¢ yCIOKHEHHEM COCTAaBA
karanu3aropoB. CaMasi HU3Kas CTEIECHb OKHCIICHHUs Toyoia 57.0% Habmromanacek Ha karainuzarope 5% Ni/2% Ce/0-
AlOs, a wnambonbmias creneHb 98.5% HaOmogamace Ha TpexkoMmmoHeHTHOM 9% Ni-Cu-Cr/2% Ce/0-Al,03
KarajausaTope. YBeludeHue KoHIeHTpauy Toiryona ot 100 1o 320 Mr M~ B HCXOJIHOI CMeCH ¢ BO3yXOM IPHBOIUT
K HE3HAYMTEJIFHOMY CHIDKCHHUIO CTEICHH IpPEeBpAIeHUs] ToJTyosla Ha NBYXKOMIOHEHTHBIX Ni-Cu/2% Ce/6-AlO3 n
Cu-Cr/2% Ce/6-Al,0O;3 xarannzaTopax.

B pesynbrare rccienoBaHuii ObIIO YCTaHOBJIEHO, YTO HAMOOJIBIIAS CTENEHb IpeBpalieHus Toiryona (10 98.8%)
HaOmoaercst Ha TpexkoMmroHeHTHoM Kartanm3aTope Ni-Cu-Cr/2% Ce/8-Al,O3 ¢ onTHMalbHBIM COOTHOIIEHHEM
Ni:Cu:Cr=1,0:3,0:0,] npu o6bemuoli ckopoct 5410° u! u Temmeparype 723 - 773 K. DHepruio cBsasu
KHCJIOPOAA C TOBEPXHOCTBIO M €ro PEakIMOHHYIO CIIOCOOHOCTh Ha MOJMOKCHAHBIX KaTaln3aTopax OMpeNelisuin
meronamu TTII, TTIO u TTIB. beiio nokazano, uro obpasyromiuecs aaroMuHaTel Ni 1 Cu MOT'yT BOCCTaHABINBATHCS
JI0 MCXOJTHBIX OKCHJOB WM WX cMeced moj BosumedictBueM Hy mpu 973 - 1223 K. Axcopbuus kuciopoja Ha
karanmmzaropax Ni-Cu-Cr mocie pas3yiokeHHs OKCHIOB IMPOUCXOIUT mpu Hu3koi Ttemmeparype (325 K). Orto
YKa3bIBaeT Ha BHICOKYIO PEaKIIMOHHYIO CIIOCOOHOCTH ajicopOrpoBaHHOro Oy’, O M KHCIIOpO/ia PELIeTKH TUCTIEPCHBIX
OKCHJIOB, & TAaK)Ke UX CMECEH U ero CrloCOOHOCTb K JIEIKOI peaKkTHBAIMH.

KaioueBble ci10Ba: KaTaIMTHYECKOE OKUCIIEHUE, TOIYOJI, OYUCTKA, HUKEIb, MEJIb.
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INTERACTION OF THE Fe/y-ALLbO; CATALYTIC SYSTEM
WITH PROBE MOLECULES III. STUDY OF THE INTERACTION
OF AMMONIA WITH 7-ALLO3; OXIDE AND THE Fe/y-AL, O3 SYSTEM

Abstract. The work is devoted to the study of the interaction of heterogeneous catalytic systems with adsorbed
molecules. It presents the results of the interaction of the initial y-Al,O3 oxide and the Fe/y-Al,O3; system with
ammonia obtained using IR spectroscopy and the method of temperature programmed desorption.

Lewis and Bronsted acid centers were detected on the surface of both y-Al,O; oxide and the Fe/y-Al,Os3 system
during their interaction with ammonia in the temperature range 293-773K using IR spectroscopy. The relative
intensity of the absorption bands corresponding to these centers depends on the temperature of interaction with
ammonia.

It was found by ammonia TPD that adsorbed NHj3 is desorbed in the form of five peaks from the y-Al,O3 surface
on a temperature scale, and in the form of seven peaks from the surface of the Fe/y-Al,O3 system. It was shown that
the total amount of desorbed ammonia decreases markedly with increasing adsorption temperature. Moreover, for
individual temperature peaks, the amount of adsorbed ammonia can either decrease, pass through an extremum, or
remain approximately constant. The appearance of additional desorption peaks for the Fe/y-AlOs; system is
associated with iron deposited on alumina.

Proceeding from the temperature range of existence of desorption peaks for y-Al,Os3 oxide and the Fe/y-Al,Os
system it was established that they contain weak acid centers (desorption temperature up to 523K), acidic centers of
medium strength (desorption temperature from 523 to 613K) and strong acid sites (desorption temperature above
613K). The volume of desorbed ammonia in the indicated temperature ranges can serve as a quantitative measure of
various types of acid sites.

Key words: heterogeneous catalysis, physicochemical research methods, adsorbed molecules.

Introduction. One of the most common and highly effective methods for studying acid-base centers
on the surfaces of supports and heterogeneous catalysts are infrared spectroscopy [1-5] and temperature
programmed desorption of ammonia [6, 7].

The use of IR spectroscopy for studying the donor-acceptor surface properties is based on the spectral
probing method. The properties of adsorption centers are judged by the absorption spectra of the adsorbed
molecules, as well as by the change in the position of the absorption bands observed during adsorption.

The position of the peak in the TPD method on the temperature scale and activation energy of the
probe molecule give the possibility to assess the strength of the center that its area can serve as a
measurement of the quantity of the various acid centers of various types.

This work is a continuation of studies on the interaction of a heterogeneous catalytic system with
adsorbed molecules [8, 9].
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Experimental. Fe/y-Al,O3 system with an iron content of 3; 13 wt.% was prepared by impregnating
[10-13] the initial y-Al,Os oxide with an aqueous solution of iron acetate, followed by drying and
calcination in air.

IR spectroscopy

Sample preparation and obtaining IR spectra took place in several stages. At the first stage, the
sample (a tablet with KBr filler) was placed in a sealed quartz cell and heated to 523K with simultaneous
evacuation for 2 hours. Then, the temperature decreased to 293K. Next, ammonia purging began at the
required temperature (from a given temperature range of 293-773 K) for 150 minutes. After that, a
temperature of 293K was established then the cell was purged with an inert gas for 30 minutes and after
that the IR spectrum was taken.

Equipment - Nicolet iS5 IR spectrometer, Thermo Scientific, USA. Operation mode: resolution 1 cm™,
number of scans - 200.

Ammonia TPD

A chromatographic version of temperature programmed desorption was used. The sample with the
molecules of the probe substance preliminarily adsorbed on it was subjected to heating at a certain
constant speed in the flow of the carrier gas. During desorption, the substance in the gas phase passed
through the cell of the thermal conductivity detector (TCD), and the resulting signal was recorded.

Conditions for preparing samples for ammonia adsorption:

- vacuum treatment 30 minutes;

- sample dehydration in a stream of dry argon (5 ml/min) at a temperature of 623K for 120 minutes.

Ammonia adsorption:

- ammonia feed rate 5 ml/min;

- adsorption duration one hour; temperature range 293-773K.

Programmed desorption of ammonia:

- temperature variation range from 293 to 773K;

- speed - 12K/min; carrier gas velocity (argon) - 75 ml/min;

- detector sensitivity 1:8.

Desorbed ammonia was detected by chromatograph's TCD and was recorded as a TPD spectrum. At
certain temperatures, the TPD spectrum had maxima that characterized the adsorption sites of the sample.
The amount of ammonia desorbed in the corresponding temperature range was determined by peak areas,
having previously established how much NHj3 corresponds to the area unit.

Equipment - "CETARAM" thermo analyzer, France.

Results and discussion

Investigation of the Fe/y-Al;0; system by FTIR spectroscopy during NH; adsorption.

In the beginning, the interaction of y-Al,O3 with NH3 was studied in the range of 293-773K. The data
obtained for y-Al,Os; oxide were necessary as reference and comparison points when studying the
Fe/y-AlL,O3 system. Figures 1-7 show the IR spectra of y-Al,O3 oxide when interacting with ammonia at
different temperatures and table 1 shows the results of their interpretation. In the initial y-Al,O3 oxide and
even after interaction with ammonia, the IR spectra contain absorption bands corresponding to
-OH groups bound on the surface by hydrogen bonds, absorption bands from Al-O bonds, and also
vibrations of CH bonds in the -CH, -CH,, -CH3 groups (in trace amounts). A small amount of
hydrocarbons, apparently, remained in the y-Al,O3 oxide after synthesis.
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Figure 3 - IR spectrum of y-Al2Os oxide after adsorption of ammonia at 373K
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Table 1 - Interpreted data of the IR spectra of y-Al2O3 oxide
and the Fe/y-AL2O3 system in the initial states,
and after their interaction with NH3 in the range 293-773K
Absorption bands, cm!
T,K Sample Assignment of absorption bands
y-Al0s Fe/y-AlLOs3
1 2 3 4
Initial states
3699 3702 Stretching vibrations of bridging groups -OH bound to aluminum ions in
octahedral and (or) tetrahedral coordination
3453, 3250 3452, 3212 Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds
Stretching vibrations of -OH groups bound on the surface of aluminum
3404, 3301, .
hydroxides by hydrogen bonds
1633, 1571, 1632, 1584, Bending vibrations of -OH groups bonded to the surface by hydrogen bonds
293 1524, 645 1526, 623
1468, 1400, Bending vibrations of C-H bonds in -CH, -CHz, -CHs groups (traces)
1457, 1391 1358
1088, 1048 1068, Stretchlng vibrations in -Al-O- groups in a tetrahedral and (or) octahedral
coordination
Bending vibrations in -Al-O- groups in tetrahedral and (or) octahedral
818, 753 804, 728 coordination, possibly, in Al-O-Fe groups in the Fe/y-Al203 system
565 550 The stretching vibrations of the M-O bonds (M = Al; Fe)
Interaction of ammonia
3482, 3216 3475, 3236 Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds
1627, 1585, . L
1629, 1579, 594 631 Bending vibrations of -OH groups bound on the surface by hydrogen bonds
3389 3389 S.tretchlng vibrations related to -NH groups of ammonia bound to Lewis acid
293 sites
1276 1692, 1270 Bendmg Vlbrat{ons .relgted to -NH groups of ammonia linked by a coordination
bond with Lewis acid sites
3178 Stretching vibrations of N-H groups in ammonium ions NH4* - Bronsted centers
1496, 1463, 1463. 1406 Bending vibrations of N-H groups in NH4" ions - Bronsted centers (on the
1410, 1350 ’ background of bending vibrations of C-H bonds in -CH, -CH», -CH3 groups)
1065 1066 Stretching vibrations related to Al-O bonds in -Al-O- groups
790 834 Bending vibrations of -Al-O bonds in tetrahedra
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Continuation of the table 1
1 2 3 4
Stretching vibrations related to the -OH groups bound on the surface by
3494, 3245 3479, 3229 hydrogen bonds
Bending vibrations of -OH groups bound on the surface by hydrogen bonds
1627, 1584,
1631, 1580, 615
611
Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
3386 3383 sites
Bending vibrations related to -NH groups of ammonia linked by a coordination
1679, 1281 1695, 1280 bond with Lewis acid sites
373
Stretching vibrations of N-H groups in ammonium ions NH4" - Bronsted centers
3173
Bending vibrations of N-H groups in NHa4" ions - Bronsted centers (on the
1464, 1408, 1463, 1405, background of bending vibrations of C-H bonds in -CH, -CHaz, -CH3 groups)
1345 1351
1025 1077 Stretching vibrations related to Al-O bonds in -Al-O- groups
800 814 Bending vibrations of -Al-O bonds in tetrahedra
Stretching vibrations related to the -OH groups bound on the surface by
3498, 3242 3472, 3224 hydrogen bonds
Bending vibrations of -OH groups bound on the surface by hydrogen bonds
1631, 1577, 597 1626, 1576,
’ ’ 617
Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
3382 3392 sites
Bending vibrations related to -NH groups of ammonia linked by a coordination
473 1673, 1234 1674, 1273 bond with Lewis acid sites
Stretching vibrations of N-H groups in ammonium ions NH4" - Bronsted centers
3163
Bending vibrations of N-H groups in NHs4" ions - Bronsted centers (on the
1464, 1416 1462, 1405 background of bending vibrations of C-H bonds in -CH, -CHz, -CH3 groups)
1063 1069 Stretching vibrations related to Al-O bonds in -Al-O- groups
823 813 Bending vibrations of -Al-O bonds in tetrahedra
Stretching vibrations related to the -OH groups bound on the surface by
3489, 3227 3472, 3250,
5 3221 hydrogen bonds
1629, 1571. 504 1619, 1564, Bending vibrations of -OH groups bound on the surface by hydrogen bonds
’ ’ 1543, 629
Stretching vibrations related to -NH groups of ammonia bound to Lewis acid
3399 3361,3310 | gites
3 1673, 1652, Bending vibrations related to -NH groups of ammonia linked by a coordination
57 1685, 1281 1269 bond with Lewis acid sites
3154 Stretching vibrations of N-H groups in ammonium ions NHs4" - Bronsted centers
1498,1468, 1498, 1458, Bending vibrations of N-H groups in NH4" ions - Bronsted centers (on the
1408 1408 background of bending vibrations of C-H bonds in -CH, -CHz, -CH3 groups)
1061 1058 Stretching vibrations related to Al-O bonds in -Al-O- groups
807 812 Bending vibrations of -Al-O bonds in tetrahedra
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Continuation of the table 1

1 2 3 4
3504, 3224 3481, 3239 Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds
1631, 1567, 579 é?go, 1548, Bending vibrations of -OH groups bound on the surface by hydrogen bonds
3385 3374, 3310 SSittreestchmg vibrations related to -NH groups of ammonia bound to Lewis acid
673 1699, 1649, Bending vibrations related to -NH groups of ammonia linked by a coordination
1679, 1280 - P
1245 bond with Lewis acid sites
3166 Stretching vibrations of N-H groups in ammonium ions NHs" - Bronsted centers
Bending vibrations of N-H groups in NH4" ions - Bronsted centers (on the
1500, 1470 1490, 1463 background of bending vibrations of C-H bonds in -CH, -CHz, -CH3 groups)
1060 1074 Stretching vibrations related to Al-O bonds in -Al-O- groups
806 856 Bending vibrations of -Al-O bonds in tetrahedra
3493, 3206 3472, 3233 Stretching vibrations related to the -OH groups bound on the surface by
hydrogen bonds
1639, 598 1624 Bending vibrations of -OH groups bound on the surface by hydrogen bonds
3385 3328 s?i'f[reestchlng vibrations related to -NH groups of ammonia bound to Lewis acid
Bending vibrations related to -NH groups of ammonia linked by a coordination
773 1698 1698, 1266 bond with Lewis acid sites

3153 Stretching vibrations of N-H groups in ammonium ions NH4" - Bronsted centers
Bending vibrations of N-H groups in NH4" ions - Bronsted centers (on the
1499, 1306 1479, 1306 background of bending vibrations of C-H bonds in -CH, -CHz, -CH3 groups)
1080 Stretching vibrations related to Al-O bonds in -Al-O- groups
393 924, 853, 804 Bending vibrations of -Al-O bonds in tetrahedra and, possibly, bonds in Al-O-Fe
groups (for Fe/y-Al2O3)

Absorption band related to the bridging -OH groups bound to aluminum ions in an octahedral
coordination is also observed. However, upon interaction with ammonia, this absorption band disappears.

Absorption bands associated with the Lewis acid sites and with ammonium ions NH," (Bronsted sites)
appear while interacting with ammonia. An increase in temperature causes noticeable decrease in the
relative intensity of the absorption bands corresponding to the Lewis and Bronsted centers.

Further, the interaction of the 13%Fe/y-Al,O3 system with NH3 in the temperature range 293-773K
was also studied using the Fourier-transform IR spectroscopy in the “In Situ” mode.

Figures 8-14 show the IR spectra of the Fe/y-Al,O3 system interacting with ammonia and table 1
shows the results of their interpretation.

There are absorption bands related to -OH bridge groups bonded to aluminum ions in octahedral
coordination, and absorption bands related to -OH groups bound on the surface by hydrogen bonds ,
absorption bands related to Al-O bonds in the initial Fe/y-Al,O3; system, as well as in the initial y-Al,O3
oxide. In addition, an absorption band related to Fe-O bonds is observed in the initial Fe/y-Al,O3 system.
This band disappears when interacting with ammonia.

It should be noted that in the Fe/y-Al,O; system (initial state) there are absorption bands belonging to
the -OH groups on the surface of aluminum hydroxides. This is in good agreement with the data presented
in our works [8, 9]. In that works were noted that during the synthesis of the Fe/y-Al,O; system by
impregnation partial hydrolysis of aluminum oxide can occur as a result of which a certain amount of
aluminum hydroxide is formed.

Absorption bands associated with the Lewis acid centers and with ammonium ions NH4" (Bronsted
centers) appear when the Fe/y-Al,Os system interacts with ammonia as in the case of the initial alumina.
An increase in temperature, similarly to what was observed for y-Al,O3 oxide, also leads to the decrease of
the relative intensity of the absorption bands corresponding to the Lewis and Bronsted centers.
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Figure 9 - IR spectrum of 13%Fe/y-Al2O3 system after adsorption of ammonia at 293K
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Figure 11 - IR spectrum of 13%Fe/y-Al2O3 system after ammonia adsorption at 473K
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Figure 14 - IR spectrum of 13%Fe/y-Al.O3 system after ammonia adsorption at 773K

At the same time, there are noticeable differences, in particular, the number of absorption bands
corresponding to -OH groups bound on the surface by hydrogen bonds and absorption bands
corresponding to Lewis centers increases, a band corresponding to stretching vibrations of N-H groups in
ammonium ions NH4" appears - Bronsted centers (table 1). In the case of alumina, only bending vibrations
were observed. In addition, at 773 K, absorption bands are present in the long-wavelength region of the IR
spectra, which can be attributed to bonds in the Al-O-Fe groups.

Study of the Fe/y-Al,0s3 system using temperature programmed desorption during ammonia
adsorption

As it was already noted, the catalytic characteristics of heterogeneous systems correlate with the
presence of acid centers of various nature on their surface and an important criterion is the quantity and
strength of acid centers.

The properties of the surface of y-Al,O3 oxide (as a reference point) and the Fe/y-Al,O; system were
studied by temperature programmed desorption (TPD) in the temperature range 293-773K using an
ammonia as a probe molecule.

The results of ammonia TPD for y-Al,O; oxide are shown in Figure 15(1) and are shown in table 2.

Adsorbed NHj is desorbed from the surface of y-Al,O3 on a temperature scale in the form of five
peaks, and the high-temperature peak E is much smaller in quantitative terms than the lower-temperature
peak and, as the adsorption temperature rises its position practically does not shift (table 2). Peaks A and C
are observed only at ammonia adsorption temperatures of 293, 373K. Peaks B and D appear starting from
an adsorption temperature of 423K.
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Table 2 - The results of the study of TPD-NHj3 for y-Al203 oxide

NH; adsorption The highest temperatures Amount of desorbed NHs, The total amount
Sample temperature, K of the desorption peaks, K 10* mol/g of desorbed NH3,
’ A B C D E A B C D E 10* mol/g
293 423 - 493 - 733 | 4.82 6.00 0.78 11.60
373 423 - 493 - 723 | 4.80 5.47 0.89 11.16
423 - 383 - 453 | 723 - 4.03 - 4.71 | 0.96 9.60
v-ALO;3 473 - 383 - 458 | 723 - 3.79 - 4.06 | 1.17 9.02
573 - 383 - 453 | 723 - 3.71 - 4.02 | 098 8.71
673 - 383 - 453 | 723 - 3.47 - 3.04 | 0.72 7.23
773 - 383 - 443 | 723 - 2.73 - 2.67 | 0.67 6.07

For A, B, C, D peaks the amount of desorbed ammonia decreases with increasing adsorption
temperature. For peak E this dependence has an extremal character with a maximum position at an
adsorption temperature of 473 K.

It should be noted that with an increase in the adsorption temperature the total amount of desorbed
ammonia decreases significantly (table 2).

The results of ammonia TPD for the Fe/y-AlL,O; system with different iron contents are shown in
Figure 15 (11, III) and in tables 3-4.

For the 3%Fe/y-Al,O3 system (Figure 15 (II), table 3) the ammonia adsorbed in the temperature range
293-773K is desorbed on the temperature scale in the form of seven peaks (A’, B, C', D', E', F', G').
Desorption temperature range for A’, B’, D', E’ peaks is close to that observed for y-Al,O3 oxide (peaks A,
B, D, E) and the amount of desorbed ammonia also decreases with increasing adsorption temperature.

There are some peculiarities, in particular, the peak B" appears at a higher adsorption temperature, and
the peak D'- at a lower temperature, the peak E’ is observed only at adsorption temperatures of 293, 373K.
Nevertheless, based on the obtained data, with a high degree of probability, it can be assumed that the
adsorption of ammonia (A’, B’, D', E' desorption peaks) in the 3%Fe/y-Al,O3; system occurs at the centers
which are close in nature to adsorption characteristics of the y-Al,O3 oxide centers.

At the same time, it should be paid attention to significant differences in the TPD spectra of y-Al,O3
oxide and the 3%Fe/y-Al,O3 system. In particular, the adsorption center to which the C' peak corresponds
has a noticeable temperature shift with respect to the C peaks and is present only at an adsorption
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temperature of 293K. In addition, in the TPD spectrum for the 3%Fe/y-Al,O3 system F' and G’ peaks
appear in the temperature range of ammonia adsorption 423-773K (peak F') and 673 - 773K (peak G').
Peaks F’ and G’ are located at desorption temperatures of 643 and 558K, respectively. Apparently, these
desorption peaks can be associated with iron deposited on alumina.

Ammonia adsorbed in the temperature range 293-773K is also desorbed in the form of seven peaks
(A", B", C", D", E", F", G") in case of the 13%Fe/y-Al,Os system (figure 18 (III), table 4). The desorption
peaks of B”, D", E” are in the same temperature range as the of B, D, E peaks for y-ALl,Os oxide, as well as
B’, D', E' peaks in the case of the 3% Fe/y-Al>O; system. The F”, G” and F', G’ peaks are identical for the
13%Fe/y-Al,O3; and 3%Fe/y-AlO; systems.

The position on the temperature scale of peak A” is significantly shifted to the high-temperature
region. In addition, when ammonia is adsorbed in the range 423-573K the C" desorption peak appears at
478K in the 13%Fe/y-Al,O3 system, and the amount of desorbed ammonia for the D" peak is extreme with
a minimum position in the temperature range 473-573K. At the same time, for the 3%Fe/y-AL,O3 system
the amount of desorbed ammonia at the D’ peak decreases with increasing adsorption temperature.

Table 3 - TPD-NHj3 study results for y-Al203 oxide

NH; adsorption The highest temperatures Amount of desorbed NHs, The total amount

Sample temperature, K of the desorption peaks, K 10* mol/g of desorbed NH3,

’ A B C D E A B C D E 10* mol/g
293 423 - 493 - 733 | 4.82 6.00 0.78 11.60
373 423 - 493 - 723 | 4.80 5.47 0.89 11.16
423 - 383 - 453 | 723 - 4.03 - 4.71 ] 0.96 9.60
v-Al03 473 - 383 - 458 | 723 - 3.79 - 4.06 | 1.17 9.02
573 - 383 - 453 | 723 - 3.71 - 4.02 |1 0.98 8.71
673 - 383 - 453 | 723 - 3.47 - 3.04 | 0.72 7.23
773 - 383 - 443 | 723 - 2.73 - 2.67 | 0.67 6.07
Table 4 - TPD-NHj3 study results for Fe/y-Al2Os system
2 o
5~ i
% % % The highest temperatures of the desorption peaks, K Amount of desorbed NH3, 10 mol/g g é ﬁg
£5 23
A’ B’ (o4 D’ E’ F' G’ A’ B’ (o4 D’ E’ F' G’

i 293 438 - 508 733 - - 5.20 - 6.59 - 0.80 - - 12.59
QL 373 408 - - 468 733 - - 391 - - 5.81 | 0.82 - - 10.54
:.: 423 403 - - 463 - 643 - 3.66 - - 5.71 - 0.81 - 10.18
> 473 - 393 - 468 - 643 - - 2.53 - 5.70 - 1.01 - 9.24
o 573 - 389 - 458 - 643 - - 2.44 - 5.70 - 1.01 - 9.15
§ 673 - 383 - 458 - 643 558 - 2.00 - 5.30 - 0.96 | 0.86 9.12

773 - 373 - 458 - 643 558 - 1.85 - 5.19 - 0.97 | 0.88 8.79

A | B" | ¢ | D" | E" | P | G" | A" | B” | ¢ | D | B | F | G
Sl 293 | 538 | 388 - - 733 - - [ 810 [ 501 - - 162 | - - 14.73
:2' 373 388 - 468 733 - - - 2.90 - 7.06 1.20 - - 11.16

‘| 423 388 478 463 - 643 - - 1.31 4.37 | 4.16 - 1.10 - 10.94
E 473 388 478 463 - 643 - - 1.25 3.86 | 3.38 - 1.15 - 9.64
§ 573 383 478 458 - 643 - - 1.25 | 3.37 | 3.32 - 1.17 - 9.11
—| 673 - - - 448 - 643 558 - - - 6.82 - 1.05 | 0.88 8.75

773 - - - 433 - 643 558 - - - 6.78 - 1.04 | 0.84 8.66

Conclusion. Investigations of the Fe/y-Al,O3 system in the temperature range 273-773K using IR
spectroscopy and the ammonia TPD method showed that its surface is inhomogeneous and represents a set
of adsorption centers that differ in their characteristics.

On the surface of both y-Al,Os oxide (support) and the Fe/y-Al,O3 system Lewis and Bronsted acid
centers were detected using IR spectroscopy during their interaction with ammonia in the temperature
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range 293-773K. The relative intensity of the absorption bands corresponding to these centers depends on
the temperature of interaction with ammonia and with its growth decreases both for y-Al,O3 and for the
Fe/y-AlbOj3 system.

However, significant differences were identified. So, in the case of the Fe/y-Al,Os system:

- an increase in the number of absorption bands related to -OH groups joined on the surface by
hydrogen bonds;

- an increase in the number of absorption bands related to Lewis acid centers;

- the appearance of a band corresponding to stretching vibrations of N-H groups in ammonium ions
NH4" - Bronsted centers (no stretching vibrations were observed in the case of alumina).

The observed features can be associated with the presence of an iron-containing component on the
surface of the support. This statement is justified because the absorption band related to Fe-O bonds is
observed in the initial Fe/y-Al,O3 system, and when the Fe/y-Al,O; system interacts with ammonia at
773K, absorption bands are present in the long-wavelength region of the IR spectra, which are most likely
relate to bonds in Al-O-Fe groups. In addition, the shift of the absorption bands corresponding to the
Lewis acid centers in the frequency range also testifies to the effect of the iron-containing component on
the adsorption centers.

As a result of studies of y-Al,O3 oxide and 13%Fe/y-Al,Os systems using ammonia TPD, it was found
that adsorbed NHj3 is desorbed in the form of five peaks from the y-Al,Os surface on a temperature scale,
and from the surface of 3%Fe/y-Al,O3; and 13%Fe/y-Al>O;3 systems - in the form of seven peaks. For all
the samples studied the total amount of adsorbed ammonia decreases markedly with an increase in the
adsorption temperature, and for individual temperature peaks the amount of adsorbed ammonia can
decrease (peaks B, C, D, A’, B’, D', B", C", E"), and pass through the extremum (peaks E, F', D", F") or
remain approximately constant (peaks A, E', G, G").

As the adsorption temperature increases the desorption temperature for some of the peaks of y-Al,O3
oxide and 13%Fe/y-Al,O; systems remains almost constant (peaks A, B, C, E’, F', G', B, C", E”, F", G")
and for the other part of the peaks there is some tendency to lower the desorption temperature.

The appearance of additional desorption peaks (F', G, F", G") in the 3%Fe/y-Al,O3 and 13%Fe/y-
AlOs systems, as well as a change in the position on the temperature scale of desorption peaks A", C’, C"
can be associated with iron deposited on alumina. In particular, C', F', F” peaks, possibly, relate to the
adsorption of ammonia on -Al-O-Fe- type fragments, and the C” peak on -Fe-O-Fe- type fragments, since
the last peak is attributed to the 13%Fe/y-Al,Os system with a significantly higher iron content.

Investigations of the Fe/y-Al,O3 system using Mdssbauer spectroscopy [14] showed that the system
depending on conditions can contain various forms of iron. The presence of several forms of iron in the
system indicates the potential for the formation of catalytically active centers with different electronic
characteristics and as a result different catalytic properties. Thus, each form of the iron cation on the
support can be a specific active (adsorption) center.

Based on the temperature range for the existence of desorption peaks for y-AlO; oxide and
3%Fe/y-Al,O3, 13%Fe/y-AlLO; systems, it follows that weak acid centers (desorption temperature up to
523K), acidic centers of medium strength (desorption temperature from 523 to 613K) and strong acid sites
(desorption temperature above 613K) are present in them [15-17].

The volume of desorbed ammonia in the indicated temperature ranges can serve as a quantitative
measure of various types of acid sites.

It should be noted that the total amount of adsorbed ammonia decreases markedly with increasing
adsorption temperature and this is in good agreement with the data of IR spectroscopy, according to which
the relative intensity of the absorption bands corresponding to the Lewis and Bronsted centers also
depends on the temperature of interaction with ammonia and decreases with its growth.

This work was financially supported by the State Institution “Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan” under grant the AP05130654.
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J.B. Coxonbckuii aThIHIIAFBI )KaHApMai, KaTanu3 xKoHe dIeKTpoxuMus HHCTUTYThl AK, Anmatsl, Kazakcran

Fe/y-Al2 03 KATAJIMTUKAJIBIK )KYHUEHIH 30HITHI MOJEKYJIAJTAPMEH
O3APA KATBIHACHI I11. y-ALL O3 OKCH/II 7)KOHE Fe/y-ALO3 )KYUECIHIH
AMMMUAKIIEH ©3APA KATBIHACBIH 3EPTTEY

AnHotanusi. JKyMmbic reTeporeHii KaTaIMTHUKANBIK OKYHeJIepAiH ajcopOLusUlaHFaH —MOJIEKyJlajJapMeH
opekerrecyiH 3eprreyre apHanraH. Onma WK CHEKTpOCKONMSICHI MEH TEPMOIIPOTPaMMAIIBIK IecOpOIus omiciMeH
aneraFal y-AlO3 okcuni meH Fe/y-AlLOs xkyiieciHiH aMMHaKIIEH 9PEKETTECY HOTHKeNepi KeNTipire .

v-AlLOs okcuai men Fe/y-AlLb,Os ikylieciHiH aMMHaKIeH OpeKeTTecy Ke3iHlne eKkeyiHiH Jne Oerinueri
UK cnekrpockommsaceiH 293-773K Temmeparypa apajibiFbHIA KOJNJaHy apKbUIbl JIbrowc jkoHe bpeHcTen KBIIIKbIT
OpPTaNBIKTaphl aHBIKTAIABL. OCBI OpTaNBIKTapFa COMKEC KeJNeTiH CiHIpY JKOJAKTapBIHBIH —CaJbICTHIPMAIIbI
KapKbIH/bUIBIFBl aMMHAKIIEH SPEKETTECY TeMIIepaTypachiHa OalIaHbICThI.

Amnaiifa aliTapibIKTal alflbIpMaIIBbUIBIKTap aHBIKTAIAbL.

Fe / y-Al,O3 xyiieciHe KaTbICThI:

— cyreri 6ainanbicTapeiMeH OipikkeH —OH TonTapbiHa )KaTaThlH CIHIPY OJIAKTapBIHBIH CAHBIHBIH OCYi;

— JIbronc KBIMIKBUTB OpTANIBIKTapbIHA OaliIaHBICTHI CiHIPY >KOJIAKTAPBIHBIH CAHBIHBIH apTYBI;

— NH4" ammonuii nonmapeiagarsl N-H TOOBIHBIH TepOemiciHe ColKec KENETiH >KONAKThIH Maiga 0oybl —
Bpencren opranbiKTaps! (aJFOMHHUH OKCHI KaFAalbIHIA BaJICHTTIK Aipin OalKaaIMasr).

Baiikanran epekmenikrep Tipek oerinae (y-Al,Osz) TeMip Ke3meceTiH KOMIIOHEHTTIH OoybIHa OaimaHbICTEL. byt
TY)XBIPBIM Heri3nenreH, eiTkeHi Fe-O OaiimanpicTapbiHa Kapait ciHipy auamnazonsl Fe/y-Al,Os; Oactankel xyhecinme
Oaiikananpl xoHe Fe/y-AlLOs xyiteci ammuaknen 773K opekerreckenne ciHipy »xonakrapsl MK criekTpiHiH y3bIH
TONIKBIHIApP aiiMarsiHga Oosamel, oaap Al-O-Fe tonrapeiHmarbl OaiiaHbICTapFa KaTBICTI 00k Keaemi. COHbIMEH
Kartap, )KALTIK Irana3oHbHAA JIPIOC KBIIIKBUTEI OPTABIKTaphIHA COHKEC KEeJIETiH CiHIpy KOJaKTapBIHBIH BIFBICYHI Ja
KypaMbIH/a TeMip 0ap KOMIOHEHTTIH aJICOPOLIMS OPTAJIBIKTAPhIHA 9CEeP €TYIH TJIESIICH/II.

Amromuanit  okeuai  y-AlLO; xone 3%Fe/y-AlLOs,  13%Fe/y-Al,Os  xyiienepin 3epTTey HOTHXKECIHJIE
TeMIIepaTypaiblK mkana oowbiHma 293-773K temnepatypanbik nHTepBaibiHga ammuaktiy TIT/] kemerimen y-AlO3
Oerinen agcopOuwsianran NH3 - OerTik mkana GoliblHIIA Oec MIBIH TYPiHIE JecopOanysiaHaThIHBI aHBIKTAIIBI, all
3% Fely-Al,Os xxone 13%Fe/y-Al,O3 xyite 6eTiHeH — eTi WbIH TYpiHJe AecopOanysIaHaThIHbBl aHBIKTAJIIbL.

JecopOrusiiaHFad  aMMHUAKTBIH KaJlIIBl MOJIIIepi aacopOIus TeMIlepaTypachHBIH >KOFapbUIaybl HETi3iHze
afitapibIkTail  a3asATHIHABIFBI  KepceTundi. COHBIMEH KaTap, TEMIIEpaTypaHbIH JKEKEJereH IIbIHBl  YIIiH
azcopOIMsIaHFaH aMMHaK MeJIIIepi a3aifbIll, SKCTpeMyMHAH 6Tyl HeMece IMIaMaMeH e3repmeyi MyMkiH. Fe/y-Al O3
JKYHeci YIIiH KOChIMIIA eCOPOIHs IIBIHBIHBIH IMaliaa O0Iyhl aTFOMUHUIN OKCUAIHIH OeTiHxeri Temipre 6alIaHbICTHL.

v-AlLOs okcuai Men Fe/y-AlbOs sxyiieci yuriH necopOLusi MIBIHBIHBIH TEMIIEPAaTypaJbIK JUANa30HbIH €CKepe
OTBIPHIN, OJAPABIH KYpPaMmbIHIA OJICi3 KBIIKBUI OPTANBIKTApHl (IecopOrmst TemnepaTypackl 523K neiiin), oprama
KYIITIK KBIIKBUI OpTaJbIKTaphl (aecopOumsi Temneparypackl 523-ten 613K geiiiH) oHe KYIUTI KBIIKBUI
OpTaJIBIKTaphI (IecopOumsi Temneparypacbl 613K-taH >xorapbl) Oap ekeHi aHbIKTanasl. KepceriireH temmeparypa
JIMaIa3oHbIH/Ia JecopOLUsiIaHFaH aMMUAKTBIH MOJIIIEPi TYPJli KBIIIKbII OPTAJIBIKTAPbIHBIH CaHIBIK OJIILEM] peTiHae
KbI3MET €Te ayaipbl.

Tyiiin ce3mep: reTeporenai KaTains, GU3NKa-XUMUSUIBIK 3€pTTeY dJicTepi, aacopOIsIaHFaH MOJIeKyJIaiap.

A.P. bpoackuid, B.IL. I'puropsesa, JI.B. Komamko, E.E. HypmakaHos,
N.C. Yanbimena, A.A.lllanosanos, . A.lllibiruna, B.A.SIckeBuu

AO «MHuCTHTYT TOTUMBA, KaTtanu3a u >nekTpoxumun uM. J1.B.Cokomnbckoro», Anmater, Kazaxcran

B3AUMOJIEMCTBUE KATAJIMTUYECKOM CUCTEMBI Fe/y-ALO3
C MOJIEKYJIAMHU-30HJAMU
III. UCCJIEJOBAHUE B3AUMOJEVCTBUSI AMMHAKA
C OKCHJIOM y-Al:O3 U CACTEMOM Fe/y-ALO;

Annotanusi. PaboTa mocBsiieHa MCCIEJOBAHHUIO B3aMMOJICHCTBHS T€TEPOTEHHBIX KATaJMTUYECKHX CHCTEM C
a71copOMpPOBaHHBIMH MOJIEKYJIaMH. B Hell mpencraBiieHbl pe3yabTaThl 10 B3aUMOJICHCTBHIO ¢ aMMHAKOM HCXO/IHOTO
okcuna y-Al,Os u cuctemsl Fe/y-Al,O3, monxydenssie ¢ momompo MK-criekTpockonuu 1 MeToa TepMOIIpOrpaMMH-
POBaHHOU AecopOnuy.
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C nomoripio MK-CeKTpoCKOnuy Ha MOBEPXHOCTH KakK OKcHaa amoMuHus Y-Al,O3 (HOCHTENb), TaK B CHCTEMBI
Fe/y-Al,O3; mpu ux B3aMMOJCUCTBHM C aMMHAaKoM B TemreparypHoMm uHTepBasie 293—773K Obuin 0OHapy KeHbI
KucIOoTHBIE TIeHTpH! JIptonca u bpercrena. OTHOCHTENbHAS HHTEHCUBHOCTH MOJIOC MOTJIOMIECHHSI, OTBEYAIOIINX 3TUM
LEHTPaM, 3aBUCUT OT TeMIepaTypbl B3aUMOJICUCTBUSI C aMMHAKOM U C €€ POCTOM MajaeT Kak ajst okcuaa y-AlLOs,
TaK u st cucremsl Fe/y-AlOs.

Bwmecre ¢ Tem, BBIABICHBI U CYIIECTBEHHBIE Pa3IHYIHS.

s cucremsl Fe/y-Al,O3 umeer mecto:

- yBelIWYCHHE KOJMYECTBA IIOJIOC TMOTJIOMEHHs, oOTHocammxcs K rpynnaMm —OH, oO0bpenmHEHHBIX Ha
MTOBEPXHOCTH BOJOPOIHBIMHE CBS3SIMU;

- YBEIWYECHNE KOJIMYECTBA MOJIOC TOTJIONICHNUS, OTHOCSIINXCA K JIBIONCOBCKIM KHCIOTHBIM LIEHTPaM;

- TOSIBJICHHE TIOJIOCHI, OTBEYAOIIeH BaleHTHBIM KoieOanusm rpyrnn N-H B nonax ammonust NHs', - teHTphI
Bpencrena (B ciaydyae okcuaa aqIOMHHHNS BAJICHTHBIX KOJIEOaHU HE HaOIII0JaI0Ch).

Habmonaromuecss 0COOEHHOCTH CBSI3aHBI ¢ MPHUCYTCTBHEM Ha IOBEPXHOCTH HOCHTENS (OKCHIA ATIOMUHHS
v-ALLO3) xene3ocojepkalleii KOMIIOHEHTbI. Takoe yTBep)kKIeHHE OOOCHOBaHO, IMOCKOJIbKY B HCXOJHOW CHCTEME
Fe/y-Al,O3; nHabmogaercst mojoca IOTJIONMICHHS, OTHOCSAMAsICS K CBsi3siM Fe-O, a mpu B3aMMOAEHCTBHHM CHCTEMBI
Fe/y-Al,O3; ¢ ammuakom nipu 773K B uinHHOBOJIHOBOM 06siacti K-cieKTpoB MPUCYTCTBYIOT MOJIOCHI HIOTJIOIICHHS,
KOTOpbIE, BEPOSTHEH BCEro, OTHOCATCS K cBsizsM B rpynmnax Al-O-Fe. Kpome Toro, o BIMsIHUY *keje30coaepxaiien
KOMIIOHEHTHI Ha IEHTPHI aCOPOINH CBHICTEIBCTBYET H CMEIIEHHE TI0 YaCTOTHOMY AMANa30HY I0JIOC TOTJIOMICHNS,
OTBEYAIOIINX JHIOMCOBCKUM KHCJIOTHBIM IICHTPAM.

B pesynbrare uccnenoBanuii okcuna amomunus y-Al,Os u cucrem 3%Fe/y-Al O3, 13%Fe/y-Al,O3 ¢ momomipio
TIIJI ammuaka B TtemmeparypHoMm wunrepBanie 293 — 773K ycraHoBieHo, uyTo ¢ mnoBepxHocTH Y-AlO3
ajcopoupoBantbiii NH3 1o temmepaTypHO# Ikane aecopOUpyeTcs B BHAE ISTH MHKOB, & C MOBEPXHOCTU CHUCTEM
3%Fe/y-Al,03 u 13%Fe/y-Al,O3 — B Bue cemu.

IToka3zaHo, 9TO CyMMapHOE KOJHYECTBO JECOPOMPOBAHHOTO aMMHaKa 3aMETHO YMEHBIIAeTCS C POCTOM
TeMmrepatypbl aacopouuu. [Ipu STOM AjIs OTHAENBHBIX TEMIEpaTypHBIX ITHUKOB KOJMYECTBO aJICOPOMPOBAHHOTO
aMMHaKa MOXET KaK yMEHBINAThCS, TaK M IPOXOJUTH UYepe3 3KCTPEMyM WM OCTaBaThCS MHPUOIH3UTEIHHO
MOCTOSIHHBIM. [1OsIBJIEHHE TOMOJHUTEIBHBIX MUKOB AecopOuu s cucteMbl Fe/y-Al,O3 cBs3aHO ¢ HaHECEHHOM Ha
OKCH/JI aJTFOMUHUS KEJIe30CoIepKaIleil KOMITOHEHTO.

Hcxonst 3 TeMmepaTypHOTO WHTEpBAlia CYIIECTBOBAHUS IECOPOIMOHHBIX IHMKOB JJIsI OKCHIA AaJFOMHHUS
v-ALOs u cucrem 3%Fe/y-AlL,O3, 13%Fe/y-Al,O3 caenan BBIBOA, 4TO B HHMX IPUCYTCTBYIOT cliaOble KHCIOTHBIC
HeHTpH! (Temmnepatypa aecopommu 1o 523K), KHCIOTHBIE IEHTPHI CpelHel CHIIbl (Temreparypa aecopOuun ot 523
mo 613 K) u cuinpHBIE KHUCIIOTHBIE HEHTPHI (TemmepaTypa aecop6rmu cBeimie 613K). O6bem mecopbupoBaHHOTO
aMMHaKa B YKa3aHHBIX TEMIEpPaTyPHBIX HHTEPBAIAX MOXKET CIYKHTh KOJIMYECTBEHHOW MEpPOW KHCIIOTHBIX IIEHTPOB
Pa3IMYHOTO THIIA.

KaroueBble cjioBa: reteporeHHbIil Kartanu3, GU3NKO-XUMHUYECKHE METO/bl MCCIIEIOBAaHUs, al1cOpOUpOBaHHbIE
MOJIEKYJIBI.
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CHUHTE3 HAHOYACTUIL MEJIU

AHHoTanus. B xpaTkoMm cooOlieHnN paccMaTpUBaeTCs BO3MOXKHOCTh CHHTE3a HAHOYACTHIl MEJH OCaXJICHHEM
B BOJHBIX Cp€aax. Hamu HCCJICAOBAHBI HAHOYACTHUIBI ME/IU, IMOJTYUYCHHBIC CHOC060M XHUMHYCCKOI'O BOCCTaAaHOBJICHUS
HOHOB W3 pacTBOpa IOJ NCHCTBHEM BOCCTAHOBHTENSI - OOPrHApPUIA HATPHUS, a TAKKE MBI O0CCICUMIH YCUICHUE
CTaOMIM3alK HAHOYACTHIL ITyTEM BBEICHHS MOIU(PHUIHMPYIONIEH T0OaBKN — MOJIMOKCUATUIEHCOPOUTAaHMOHOOJIeaTa
(Tween 80), koTopsle 3((HEKTUBHO MEUIAIOT arperanyy HAaHOYACTHI[ B pacTBope. PasMepsl u cBoiicTBa qucnepcuit
HAHOYACTUI] MEIM HCCIEOBaIN pPa3IM4YHbIMU crocobamu. Pa3mep HaHOWAacTHII M CTENEHb WX arperanuu
HCCIIEIOBAIA C WCIIONIb30BaHHEM aHaimu3aTopa pasmepa Malvern Zetasizer Nano. Y@ u BHIONMEBIE CIIEKTPHI
TIOTJIOIIEHUS OBUIH MOJYYEeHBI Ha IBYXIIy4eBOM criekTpodoromerprueckom UV-1800.

KiroueBbie cioBa: mHanodactuiel (HY), Menp, cuHTe3, MOBEPXHOCTHO-aKTHBHEIE BemecTBa (ITAB), yacTuipl,
pacTBOPEL.

[Ipu cunTe3e Hanouactunr (HY) ocaxaeHrneM B BOAHBIX cpelaX, 00pa3yrOTCs KPYIHbBIE YacTHIHI (10
HECKOIIbKHX MHUKPOMETPOB), KOTOPBIE arperupyroT U ocaxnarorcs. [ 3ameniennst pocta 1 00pa3oBaHUs
YaCTHI[ HAHOMETPOBOTO pa3Mepa YacTO HCIOIB3YIOT JO00aBKH PA3THUHBIX MMOBEPXHOCTHO-aKTHBHBIX
Beniects (ITAB).

Jia momydeHusl HAaHOYACTHUI] MEIU HCIIONB30BaM PEaKIUI0 XUMHUYECKOTO BOCCTAHOBIICHWS MOHOB
Cu*" u3 pacTBOpa 1O AEHCTBHEM BOCCTAHOBHTEIS — OOPOTHIPUIA HATPHSL.

OO6pazoBaHue 3apoJbIIIel KPUCTAUIM3AINN MEIW B BOJIHBIX Cpelax IIPOUCXOIUT MPAKTHICCKH
MTHOBEHHO TIOCJ€ CMeIIWBaHUs peareHToB. OJHAKO MadbHEWIIMH POCT YaCTHIl, WX arperamus |
cpacTaHme MPOTEKAOT Oojee mmTeasHoe Bpems. Ctabmmmsupyromas crmocoornocts HU ycunmmBaercs npu
BBeaeuuu [TAB.

Jus crabunmmzaru HY meam mcnonbs3oBaiiv HenoHoreHHoe [IAB — MoOHOOIEaT MOJMOKCHUATUIICH-
copourana (Tween 80). Monekynsl HenoHoreHHbIX [IAB, ancopOupysch Ha MOBEPXHOCTH CHHTE3H-
pyeMmbix HY, skpanupyroT ux 3apsja. B To xe BpeMst MosieKyJibl HenoHOreHHbIX [IAB conepxat nmossipabie
TPYIIIBI, YTO NMPUBOAUT K BO3HUKHOBEHHUIO OMpEICIeHHOro 3apsaa nosepxHoctu HY. Kpome toro, mpu
ancopOiuu mosekyn [IAB co3nmaercs crepuueckuii 6aprep, IPersITCTBYOMUIN COMMKEHUI0 HAHOYACTHUIL U
WX arperamuy.

HccnenoBanue pazMepa u cBoicTB nucnepcuiit HY Menu npoBOAMIM ¢ UCTOIb30BAHUEM Pa3IMYHbBIX
MeTo/10B. Pa3mepsl HaHOYACTHII, CTENIEHb UX arperaluy UCCICAOBAIN C MTOMOIIBI0 aHATU3AaTOpa pa3MePOB
Malvern Zetasizer Nano (Bemukooputanus). CriekTpsl oryiomeHus B Y® u BUAUMON 00J1aCTH TOITyJaIn
Ha JIByXJIy4eBOM cKaHupytomiem crekrpodoromerpe UV-1800 (Snonus).

s u3ydenus ckopoctu obOpazoBanus HYU menu ObUIM MOJMYYEHBI CIIEKTPBI MoOTIONieHUus B Y@ u
BUJIMMOHN OOJIAaCTH B 3aBUCHMOCTH OT BPEMEHU CHHTe3a. B TeueHne nepBoil MUHYTHI CHHTE3a 00pa3yeTcs
Ooompmass wacte HY wmemm. llpum nmanpHeWmeMm BBLAEP)KUBAHWW CHCTEMBI OINTHYECKas IUIOTHOCTh
YBEIUYHMBACTCS, HO B MeHbIeH cteneHu. [Ipu mpoBeaeHnn mpoiecca cuHTe3a Oonee 20 MHH CIEKTPHI
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MOTJIOMICHUSI TIPAKTHUYECKH HE HW3MEHSAIOTCA. OTO CBHJETENBCTBYET 00 YCTaHOBJICHMH B CHCTEME
KBa3HUpPaBHOBECHS.

Tak ke OBLIO HCCIENOBAHO BIMSHUE KOHIICHTPAIUK MAHHBIX KOMIIOHEHTOB [UIS OMpEelIeHUs
COCTaBOB, YCTOMYHUBBIX K celuMeHTanuu aucnepcuit HY menu.

Uem Oombllle KOHIIGHTpAIWs HOHOB MEIM B HCXOJHOM pacTBOpe, TeM OoJiblliee KOJIUYECTBO
3apobIlIel KpucTamu3anuu obpa3yercss mpu 100aBIeHHH B pacTBOpP BoccTaHoBUTeNs. OMHaKO TpU
BBICOKOM KOHIIEHTPAIIMKU MOXET MPOUCXOJAUTH HEKOHTPOJIUpYyeMbIi pocT HY, mpuBoAsAIui K MOTyYEHUIO
JTUCTIEpCUH JOCTaTOYHO KPYMHBIX YacTHUI[ C IIUPOKHUM paclpeieleHHueM I0 pa3MepaMm, KOTOpble
HEYCTOHYMBBI K arperalyy U ceAMMEHTAlNH. Y cToiuuBas K arperanuu nucnepcuss HY mean obpasyercs
MIpH KOHIICHTPAIMH NOHOB MeJid, He TpeBbItatomnieii 0,3 MoIb/m.

YBenuueHne CpeAHero pasMepa OJUHOYHBIX YacCTHI[ CBS3aHO C TeM, YTO COepKaHWE MEId B
CHCTEMe YBEINYHIIOCh, a KoiaudecTBO I1IAB octanocs Hem3meHnHbIM. [ToaTomy HY Beipocin 1o Gombiiero
pa3mepa, jo npeaensHoi agcopoimu [1AB Ha Bceit moBepxHOCTH 00pa3zoBasmmxcs HY.

JKCcNepUMeHTANIbHANL YacTh. [ omnpeneneHus KoJIM4ecTBa OOpOTruaApHIa HaTpusi, HEOOXOJIMOTO
JUISL BOCCTAHOBJICHHS MEIH, MCIOiIb30Baimy pacTBop CuSOs ¢ xonmeHTpanuelr nonos Meau 0,3 Mois/m.
Konrnentparust Tween 80 B pacTBope cocTapisiia 2 MOJb/JI COOTBETCTBEHHO. 3aTEM B JaHHBIN pacTBOP
nobasinsi o 3,6 MII BOIHOTO pacTBopa Ooporuapuaa Hatpust ¢ koHueHtpanueid 0,3 mons/n. Cucremy
WHTEHCHBHO TEPEMENINBAIN M C MHTEPBAIIOM | MUH M3MEpSIIA ONTUYECKYIO TUIOTHOCTh PACTBOPOB IPHU
400 HM. 3HaueHHUs] ONTUYECKOW TUIOTHOCTH BO3pPAcCTalld MPHU YBEJIWYCHUU BPEMEHH TMEepeMEeNIMBaHUA 10
20 MUH W Janiee TMPAKTUYSCKH HE M3MEHUIUCh. PaccMaTpuBalii 3aBUCHMOCTH PaBHOBECHOM ONTHUYECKOH
TUIOTHOCTH pacTBOpoB mpu 400 HM OT MOJBHOTO COOTHOIICHUS OOPOTHIpHA HATPUS M MOHOB MEIH.
TToHOE BOCCTAHOBJIGHHE MEIH MPOUCXOIHIO TIPH MOJIbHOM cooTHomennn NaBH,/Cu®’, npeBsrmaromem
15-18.

Hns ompenenenust pasmepoB oOpasyrommxcss HYU Meam ObuM moydeHBl CHHUMKHA 0OpPasLoB ¢
MTOMOIIEI0 HaHOcai3epa — Malvern Zetasizer Nano (BenmnkoOpuranus).

HazoyacTHIpl MeH, TIONydeHHbIEe IyTeM XMMHYEeCKOro BoccTaHoBneHHs uoHoB Cu’’ m3 pacTsopa
1oJ 1efiCTBUEM BOCCTaHOBUTEIS — OOpPOTUAPHUIA HATPHS, Aajee Mbl 00eCIICUNIIH yCUIeHUE CTaObUIN3aluu
HAHOYACTHI[ TyTeM BBeleHHs Momuduuupyromeir mnob6asku — Tween 80, KOTOpBIE MPEMSITCTBYIOT
arperaruy HaHOUYAcTHI] B pacTBope. Cpemnuii pazmep dacturl 345,1 HM, caMblii HAMMEHBIIHA pa3Mep
gactur cocraBun 70,33 um. Cpemuuit pazmep HU memu 6e3 ywyactus Tween 80 B cucreme coctaBui
429 uM. Haumenpmii pasmep yactui coctaBui 384,4 Hm.

AX. Kakuna!, A.E. Ainbic6aeBa?

! «Ka3zakcTan OpraHMKajIbIK CHHTE3 JKoHE KoMip xumus uHCTHTYTED JKILC, Kasakcran, Kaparanmsr,
2 KaparaH ibl MEMJIEKETTIK TEXHUKAJILIK yHUBEpCHTETI, Kaparanbl, Kasakcran

MbIC HAHOBOJIEKTEPIHIH CUHTE3I

Annoranus. Kpickama xabapiaMana cy opTachlHAa IIEI'YMEH MBIC HAaHOOOIIEKTepiH CHHTE3eY MYMKIHIIT1
KapacThIpbUIajibl. bi3 KanmblHa KenTipyun — HaTpUid OOPTHAPHUIIHIH ocepiMeH epiTiHIIACH MOHIAPIbl XUMHUSIBIK
KaJIIIbIHA KEJTIPY TOCUTIMEH aJIbIHFaH MbIC HAHOOOIIIIEKTEPIH 3epTTeiMi3, COHal-aK 0i3 epiTiHAiAer] HaHOOeIIeK-
TEPIiH arperamusChbliHa THIMII KeOepri KeATIpeTiH moimokcudTHiIeHcopouTanmonoosear (Tween 80) moauduka-
LUSUIBIK KOCIIACHIH €HTi3y KOJIBIMEH HaHOOOJIIEKTEep/IiH TypaKTaHYbIH KYIIEHTYAl KaMTaMachl3 eTTiK. MbIC HaHO-
OeJmIeKkTepi AUCTIIEPCUSCHIHBIH OJIIIeMIepl MEH KacueTTepi apTyp:i TaciauepMmeH 3eprreini. HaHoOemmekrepaiy
MeJIIepl JKoHe oyapblH arperaims aspexeci Malvern Zetasizer Nano ennieMiHiH aHaJM3aTOPBIMEH 3€PTTEI.
VK xoHe KepiHeTiH CiHipy CHeKTpiepi eki cayneni cnekrpodoromerprsuisik UV-1800 anbiaraH.

Hano6emmexrepni (HB) cy opraceiHma merymeH cuHTE3Aey Ke3iHIE arperandsulaiiThlH KoHE LIOTeTiH ipi
OemmekTep (OipHEIIE MUKpOMETpIIepre AeiiH) maiina 6omansl. HaHoMmeTp enmmemi OemmexTepiHiy ocyi MeH Ty3UTyiH
Oastynmaty ymiH opTypii Oertik-6encenni 3atrapabH (bb3) KocmanapsiH sxui KOITaHAIEL.

Mpsic HaHOOOMIIEKTEPiH CYIBI OPTaia apaNacThIpFaHIa peareHTTep Jie3e AePIliK KeiiH maima 6omamsl. Amaiina
arperamysuiayJad CoH, TYHipJIepAiH OJaH 9pi ecyi KeIl yaKbIT alxajbl.

TypaxkTanraH HAaHOOONIIEKTEPAIH XUMHUSIIBIK 3aTTap/Ibl €Hri3yTe KabineTi Kymenesmi.

Amnaiifna jxoFapbl OFBIPIIaHy Ke31HJe arperanusara »KoHe [Ieryre TYPaKCchl3 eymeMaepi O0HbIHIIA KeH TapaFaH
KETKUTIKTI ipi OeJIIeKTepAiH AUCIeprupieyre dKeJIeTiH HaHOOeIIeKTepAiH OaKplIaHOANTBIH 6cyi 00JIybl MYMKIH.

Tyiiin ce3nep: Hanobemmekrep (HB), Mbic, cunres, 6errik-0encenai 3arrap (bb3), Oemiiekrep, epitinaiiep.
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SYNTHESIS OF COPPER NANOPARTICLES

Abstract. The summary report considers the possibility of synthesis of copper nanoparticles by precipitation in
aqueous media. Copper nanoparticles obtained by the method of chemical reduction of ions from solution under
action of reducing agent — sodium borohydride have been studied, and also provided for strengthening stabilization
of nanoparticles by introduction of modifying additive — polyoxyethylene sorbitan monooleate (Tween 80), which
effectively interfere with aggregation of nanoparticles in solution. The size and properties of the copper nanoparticles
dispersions were investigated in various ways. The size of the nanoparticles and their degree of aggregation were
examined using a Malvern Zetasizer Nano (UK) size analyzer. UV and visible absorption spectra were obtained on a
two-beam scanning spectrophotometric UV-1800 (Japan).

In the synthesis of nanoparticles by precipitation in aqueous media, quite large particles (up to a few
micrometers) are formed, which aggregate and precipitate. Additives of various surfactants are often used to slow
growth and form nanometer-sized particles.

Nucleation of copper in aqueous media occurs almost instantaneously after mixing of the reactants. However,
further particle growth, aggregation, and growth take longer.

The stabilizing ability of the nanoparticles is enhanced by the introduction of surfactants.

The effect of the concentration of these components for determining compositions resistant to sedimentation of
copper nanoparticles dispersions has also been investigated.

During the first minute of synthesis, most of the copper nanoparticles are formed. When the system is further
held, the optical density increases, but to a lesser extent. When the synthesis process is carried out for more than 20
minutes, the absorption spectra are practically unchanged. This indicates the establishment of quasi-equilibrium in
the system. In the system, at a high concentration of nanoparticles, aggregation of the aggregates and their
subsequent sedimentation may occur.

The effect of the concentration of these components for determining compositions resistant to sedimentation of
copper nanoparticles dispersions has also been investigated.

The greater the concentration of copper ions in the feed solution, the greater the amount of crystallization nuclei
formed by adding a reducing agent to the solution. However, at a high concentration, uncontrolled growth of
nanoparticles can occur, resulting in a dispersion of sufficiently large particles with a wide size distribution that are
unstable to aggregation and sedimentation.
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