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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.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.
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npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
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SYNTHESIS AND CHARACTERIZATION
OF CARBOXYMETHYLATED CORNSTARCH

Abstract. The aim of this study is preparation and characterization of carboxymethylated cornstarch (CMCS)
for potential application as water based drilling fluids. The cornstarch was modified by sodium monochloroacetate.
The structure of cornstarch and CMCS was established by H' NMR and FTIR spectroscopy. The degree of
carboxymethylation of cornstarch determined by H' NMR spectroscopy was equal to 80%. The viscosity-average
molecular weights (M,,) of pristine cornstarch and CMCS calculated from Mark-Kuhn-Houwink equation [1]=K,-M"
are equal to 2.15-10° g-mol™ and 2.75-10° g-mol™ respectively. The temperature dependent viscosity of CMCS was
measured in water by Ubbelohde viscometer, while the rheological properties of CMCS in dependence of polymer
concentration and ionic strength of the solution were evaluated by rheoviscometer. The thermal characteristics of
samples were determined by differential scanning calorimeter (DSC) and thermogravimetric (TGA) and differential
thermal analyzer (DTA). The morphological properties of cornstarch and CMCS were studied by scanning electron
microscopy (SEM). The structural-mechanical, filtration and filter cake forming properties of drilling fluids and fluid
loss indicators of CMCS were found.

Keywords: cornstarch, modification, carboxymethylated cornstarch, degree of substitution, viscosity-average
molecular weight, viscosity, rtheology, drilling fluids.

Introduction

The interest in natural polysaccharides has increased considerably in recent years, as they are
candidates for many commercial applications in different industrial sectors like food, textile, paper,
petroleum, and pharmaceuticals [1]. Products made from starch have attracted the interest of researchers
and companies due to the abundance of starch in nature, its low cost and biodegradability [2-5]. The
carboxymethylation of starch in alkaline solution with sodium monochloroacetate was first carried out in
1924 [6]. Currently many papers concerning the carboxymethylation of starch were published with the
aim to optimize the reaction conditions, to increase the yield of product and to increase the degree of
substitution (DS) [7]. Starch is unique raw material resources due to high biocompatibility and annual
renewability (potatoes (5%), corn (82%), wheat (8|%), etc.) that distinguish it from cellulose derived from
wood, which period of maturing is 18-20 years for fast-growing wood [2, 8-9]. Starch is a carbohydrate
consisting of linear and helical amylose molecules and branched amylopectin molecules with general
chemical formula (C¢H;oOs), [10-12].

Starch was the first polymer reagent used for the drilling muds in 1939 [13]. However, with the
introduction of polymer reagents based on cellulose ethers widespread use of starch started to reduce. This
was primarily due to the need to use bactericides and low thermostable starch reagents [2].

— §f —
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Currently, the natural starch is not used in drilling fluids. Instead of it, the following types of modified
starch such as carboxymethyl, hydroxyethyl, as well as oxidized starch are applied to regulate the filtration
and rheological characteristics of drilling muds. The chemical modification of cornstarch is performed to
overcome the insolubility in water, hardly controlled viscosity after gelatinization, the turbidity of aqueous
solutions [14]. Carboxymethylated starch (CMS) is the most commonly used material among the modified
starch reagents. It is a starch derivative in which the —OH groups is partially substituted by ether group (-
O-CH,COOH) [15]. It is characterized by good resistance to high content of salt, high durability to
thermal and bacteriological affect [16]. The CMS has a wide applicability due to water-solubility, high
viscosity and stability as a fluid loss reducing agent in drilling fluid [10, 17]. The application of CMS in
enhanced oil recovery is also growing [18].

The main objective of this work is to synthesize and characterize CMCS with potential application as
additives in water-based drilling fluids. These materials were also evaluated regarding their thermal
resistance and rheological behavior in the presence of various salts. Starch is a perspective material from
practical point of view because it is non-toxic, contains easily modifiable functional groups and is
ecologically friendly [19].

Experimental part

Materials

Cornstarch was purchased from LLP "Zharkent Starch-Factory". Sodium monochloroacetate (Na-
MCA) CICH,COONa was obtained from Merck-Schuchardt (Hohenbrunn, Germany). The chemical
reagents used in this investigation (NaOH, CH;CH,OH, NaCl, KCl, MgCl,, CaCl,, HCI, LiBr, de-DMSO,
and d;-TFA were purchased from Sigma Aldrich (Finland) and used as received.

Synthesis of carboxymethylated cornstarch (CMCS)

Modification of cornstarchwas carried out in two steps [19]. Firstly, alkalization was performed by
mixing of 0.4 g cornstarch, 1.2 mL ethanol and 0.28 mL aqueous 11.5 M NaOH solution at 25°C, the
mixture was stirred for 20 min. In the second step, 0.28 g Na-MCA was added and the reaction mixture
was heated to 58°C and stirred during 100 min. The precipitated in ethanol CMCS was filtered and dried
under vacuum at 50°C.

Methods

'H NMR of cornstarch and CMCS were recorded on a Bruker Avance III 500 spectrometer at 70°C
according to procedure [20]. The viscosity-average molecular weights of the cornstarch and CMCS were
determined by Mark-Kuhn-Houwink equation, [n]=K,-M® where M, is the viscosity-average molecular
weight and the parameters K, and a are related to local stiffness of the polymer and depend on the nature
of polymer, solvent and temperature. The Fourier Transform Infrared (FTIR) spectra of the starch samples
were registered by FTIR spectrometer Carry 660 (Agilent, USA).The viscosity of cornstarch and CMCS
solutions was measured by Ubbelohde viscometer at 25+0.1 °C. The rheological behavior of CMCS
solutions was monitored with the help of Rheolab QC, Anton Paar (Austria). The thermal characteristics
of samples were determined with the help of DSC 131 EVO Setaram and TGA «Labsys EVO» Setaram
(France). The samples were heated from 25 to 500 °C at heating rate 10°C/min. The size and {-potential of
CMSC was determined with the help of Dynamic Light Scattering (DLS) device Malvern Zetasizer Nano
7590 (UK). Scanning electron micrographs were obtained with the help of SEM (Jeol JSM-6490LA,
Japan). Static shear stress (SSS) measurements after 1 min and 10 min (SSS,; and SSS;,) were performed
by means of the instrument SNS-2 (Russian Federation). Water yield of the drilling muds (W) was
determined by VM-6 instrument (Russian Federation). The thickness of the filter cake (8) was measured
by the instrument WIKA IV-2 (Russian Federation).

Results and Discussion.
Modification of cornstarch
The carboxymethylation of cornstarch proceeds by two steps:
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Figure 1 -Modification of corn starch with sodium monochloroacetate
In the first step (1) the OH groups are transformed to O Na", then on the second step (2) the Na' ions
are eliminated by chlorine of sodium monochloroacetate by the following reaction:

— O™ Na" + CI-CH,COONa — —O-CH,COONa + NaCl
As a result a fully water-soluble carboxymethylated cornstarch (CMCS) with DS = 80% was obtsined.

Identification of the CMCS structure by H' NMR and FTIR spectroscopy
'H NMR spectrum of CMCS registered at 70 °C is shown in Figure 2.
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Figure 2 - '"H NMR spectrum of CMCS in d¢-DMSO
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The substitution degree of CMCS determined from the methylene signal of the carboxymethyl
substituent (4.31 ppm) and the anomeric protons of glucose (5.13 and 5.50 ppm) was equal to 80%.
FTIR spectra of pristine and modified cornstarch are compared in Figure 3.
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Figure 3 - FTIR spectra of cornstarch (a) and CMCS (b)

The broad bands between 3336 and 3291 cm™ is assigned to OH stretching vibrations due to hydrogen
bonding between the hydroxyl groups. The band around of 2928 cm™ belongs to CH, symmetrical
stretching vibrations. A new peak at 1728 cm™ is specific for ester groups, the bands at 1640 and 1400 cm’
'are related to asymmetric and symmetric vibrations of carboxylate ions (COO"). At 1200-1360 cm™ the
vibrations of CH,, CH, and C-OH groups are observed. An absorption band at 1009 cm™ corresponds to
stretching vibrations of ether groups -OCH-O-CH,. Low intensive bands in the range of 860-760 cm™
correspond to out-of-plane vibrations of OH-group of glucopyranose ring. Thus, both H' NMR and FTIR
spectra of CMCS reveal that the modification by Na-MCA takes place to obtain the water-soluble
derivatives of cornstarch.

Viscosity-average molecular weight (M.) of CMCS

The viscosity-average molecular weight (M,) of the CMCS was calculated by the Mark-Kuhn-
Houwink relationship [n]TKn-Ma taking into account that Kn=2.0~10'4 and a=0.75 for a standard starch in
0.1 M aqueous NaCl at 25 C [2].

The viscosity-average molecular weights (M,) of cornstarch and CMCS were found to be 2.1510°
gmol' and 2.75-10° g-mol” respectively. A significant increase in the M, of the cornstarch after
carboxymethylation is due to the presence of bulkier carboxymethyl groups in modified cornstarch.

Viscosity measurements
The influence of temperature on solution behavior of CMCS is shown in Figure 4.
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Figure 4 — Temperature dependent reduced viscosity of aqueous solutions of CMCS
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The reduced viscosity of aqueous solutions of CMCS gradually decreases with increasing of the
temperature. This may be connected with a gradual disaggregation of macromolecular associates due to
destruction of hydrogen bonds.

Rheological characteristics of CMCS solutions

Rheological properties are considered as important parameters to evaluate the applicability of the
CMCS as drilling fluids. The CMCS solutions represent the pseudo plastic liquids and are suitable for the
formulation of drilling fluids.

1

Y, sec”

(1)0.25,(2)0.5,(3) 1,(4) 2, (5) 1.5 wt.%
Figure 5 — Concentration dependent shear stress-shear rate curves of aqueous
solutions of CMCS

As the polymer concentration increases the solution viscosity increases as well. However, increasing
of the polymer concentration higher than 1.5 wt.% is not efficient. Therefore it is expected that the optimal
concentration of CMCS for shear rate is 1.5 wt.%.

Dependences of shear stress on shear rate for CMCS solutions in the presence of NaCl, KCI, MgCl,
and CaCl, are shown in Figure 6.
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Figure 6 - The shear stress-shear rate curves of 0.5% wt.% CMCS solutions
at the ionic strength of p=0.01 adjusted by NaCl (1), KC1 (2), MgCl, (3) and CaCl, (4)
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Aqueous solutions of CMCS behave polyelectrolyte character that is suppressed upon addition of
low-molecular-weight salts. The viscosity resistant behavior of CMCS in saline water provides the

stability of drilling muds in a wide range of salt concentrations.

Thermal characteristics of cornstarch and CMCS
Thermal properties of cornstarch and CMCS derived from DSC are shown in Figure 7. The

appearance of exothermic peaks at 80.2 and 83.3 °C is probably due to removal of residual moisture. The
broad endothermic peaks at the interval of temperature 285.85-392.77 and 251.3-326.87 °C probably
reflect the crystallization of cornstarch and CMCS, respectively.

30
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Figure 7 - DSC curves of cornstarch (1) and CMCS (2)

Mass loss percentages for cornstarch and CMCS were calculated from TGA data (Figure 8). TGA
studies reveal high heat resistance for CMCS as compared to the cornstarch. CMCS loses 38.47 % of the

mass, while cornstarch — 45.83
525
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Figure 8 - TGA curves of cornstarch (1) and CMCS (2)
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DLS measurements

Table 2 shows the average sizes and (-potentials of CMCS. The size distribution of CMCS is varied
from 235 nm to 1034 nm. The negative values of the (-potentials of CMCS in water confirm the
substitution of hydroxyl groups of cornstarch by carboxymethyl moieties.

Table 1 — The average sizes and {-potentials of CMCS in water

C, wt.% Size, nm {-potential, mV
0.1 1034 -85
0.2 633 -60
0.3 235 -56
0.4 487 -50
0.5 552 -53

Morphology of cornstarch and CMCS

The SEM images of cornstarch and the CMCS are compared in Figure 9. SEM showed the
carboxymethylation to change the structure of starch granules, compared with native cornstarch.
Cornstarch granules are smooth, round in shape with sizes ranging from 5 to 15 pm. After
carboxymethylation the granules of cornstarch are bigger in size (400-500 pm) and the granular surface
becomes rough and scaly. Probably these changes are due to modification of cornstarch affected by strong
alkaline environment and heat treatment.
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Figure 9 - SEM images of cornstarch (a) and CMCS (b)

Formulation of drilling fluids

The drilling fluids (DF) composed of gellan, xanthan, CMCS, Polyanionic cellulose (PAC), KCI and
bentonite were formulated to obtain an appropriate DF with optimal solution density (p), relative viscosity
(Mre1), dynamic shear stress (DSS), fluid loss indicator (W), thickness of mud cake (J), and ratio of static
shear stress (SSS;/SSSo).

Properties of drilling fluids

The structural-mechanical, filtration and filter cake forming properties of model system, consisting of
0.1% gellan, 0.2% xanthan, 0.25-0.35% CMCS at the interval of pH 9.2-10.0 are summarized in Table 2.
Analysis shows that all drilling fluids based on CMCS possess good structural-mechanical and filtration
characteristics. The thickness of filter cake may be increased by adding 4 wt.% of bentonite. The
thixotropic characteristics of drilling fluids are improved with increasing of CMCS concentration.
Moreover, the CMCS with high DS due to good water-solubility and high viscosity is more beneficial than
industrial starch that is applied for formulation of drilling fluids.




ISSN 2224-5286 1. 2019

Table 2 — Composition and characteristics of drilling fluids

Ne Ratio DF*, % pH | p, g/cm3 Neet, S€C | DSS, Pa W,3 d, SSS,/SSS;,
= 3 cm mm dPa
E1218 |2 |3 |
T) = = = Y/ =
a0 5 @) 1oy
el
1 0.1 0.2 ] ** 0.5 0 4 10 1.03 54 1.2 5 0.4 8/15
2 0.1 0.2 1** 0.5 1 4 9.8 1.04 52 1.4 5 0.4 7.5/14
3 0.1 0.2 ] ** 0.5 3 4 9.6 1.05 52 1.7 5 0.4 7/13
4 0.1 0.2 0.25 0.5 0 1 9.2 1.02 33.6 1.7 6 0.4 3.3/5.3
5 0.1 0.2 0.25 0.5 0 2 9.4 1.06 35.7 1.7 5.5 0.4 5/7
6 0.1 0.2 0.25 0.5 1 4 9.6 1.08 32.8 1.6 5 0.5 9.8/11.5
7 0.1 0.2 0.35 0.5 2 4 9.7 1.08 35.3 1.5 5 0.5 12.3/13.9

*The rest is water
** Industrial CMCS

Samples No. 6 and 7 containing gellan, xanthan, CMCS and PAC in the presence of 4% bentonite
exhibit the best SSS,/SSS, characteristics that are applicable as drilling fluids [21].

Conclusion

Water-soluble CMCS were prepared by carboxymethylation of cornstarch. The introduction of
carboxymethyl groups into the structure of cornstarch was detected by FTIR and H' NMR spectroscopy.
The viscosity-average molecular weight of CMCS is much higher than unmodified cornstarch. Aqueous
solutions of CMCS show a high viscosity that decreases upon increasing of temperature and salt addition.
The thermal, morphological and rheological properties of CMCS have been evaluated. Water-based
optimal drilling fluids composed of various polysaccharides, salt and bentonite have been formulated and
suggested for application.
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KAPBOKCUMETWIJAEHI'EH )KYTEPI KPAXMAJIBIH
CUHTE3JEY )KOHE CUIIATTAY

AnHOTanmsi. By >kyMbICTBIH MakcaThl KapOokcuMeTwieHreH xyrepi kpaxmansi (KMXKK) amy, cunarray
JKoHe OyIT yaTiepAi cy HerisiHaeri Oyprpuiay epiTiHAiIepiHAe KONIaHy MYMKIHIITiH Oaramay OOJBIT TaOBLIambL.
JKyrepi kpaxmaiblH HATpHA MOHOXJIOpaLeTaTbIMeH Moaudukammsiaasl. JKyrepi kpaxmansr meH KMXKK kypputbIch
SIMP xone UK-cnekrpockonmsi keMeriMeH aHBIKTanabl. SIMP-criekTpockonuschl KeMeTiMeH aHBIKTaJIFaH JKyrepi
KpaxMaJlbIHbIH KapOOKCHMeTIIneHy nopexeci 80% ten Oomusl. Mapk—Kyn—Xaysunk tenneyimen [n]=K, M
TabblIFaH Ta3a xyrepi kpaxmansl MeH KMXKK opramaccansik Monekynanelk Maccackl (M,)) colikeciHiue 2.15:10°
r/monb skoHe 2.75:10° r/monms TeH Gommel. KMXKK TemmepaTypara Toyemdi TYTKBIPIBIFBI cyna YO66emoze
BrcKko3uMeTpi kemerimer enmerni, KMXXK peonorusiisik KacuerTepi moIuMep KOHICHTPALUSCH KoHE ePITIHIIHIH
HMOHJBIK KYIIiHE TOYENIiIIri peOBUCKO3UMETPMEH OaFallaHAbl. Y ITUIepaiH JKbIUTy cHIaTTaManapsl 1uddepeHInaiib
ckanupaneyiui kanopumetpi (JICK), tepmorpaBumerpusuibik (TA) sxoHe quddepeHimanipl TepMUsIIBIK aHATH3aTOPbI
(ATA) apkputer Eva Setaram (®paniust) anbikrangpl. JKyrepi kpaxmansl men KMJXKK mMopdhomorusuisik KacueTrepi
CKaHMpIEYIi 3JIEeKTPOHABIK MUKpockon (COM) apkbuibl 3eprrenai. byprbuiay epiTiHIUIEPiHIH KYPBUIBIMIBIK —
MeXaHHKaNIBIK, GHUIbTPALUIIBIK )KoHE KadaT Ty3y Kacuerrepi, KMIKK dunbrpanus kepcerkinni TaObuigbl.

Tyiiin ce3mep: xyrepi Kkpaxmaibl, Moau(uKauusi, KapOOKCHMETWIIZICHTE€H JXYrepi Kpaxmaibl, OpbiHOacy
JIoperkeci, OpTamMmaccasblk MOJIEKYJIAIbIK Macca, TYTKBIPIIBIK, PEOJIOTHs, OypFbIIay epiTiHaLIepi.
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CHHTE3 U XAPAKTEPUCTHUKA
KAPBOKCUMETHUJIMPOBAHHOI'O KYKYPY3HOI'O KPAXMAJIA

Annoranus. llenpro naHHOH pabOTHl SBISIETCS TOATOTOBKA W HCCIIEAOBaHHE KapOOKCHMETHIMPOBAHHOTO
Kykypy3Horo kpaxmana (KMKK) 11 nmoTeHImanbHOTO IpUMEHEHHUS B Ka4ecTBEe OYPOBBIX pacTBOpOB. KyKypy3HbIi
KpaxMan MOIUGHUIMPOBaIM MOHOXJOpameTaroM Hatpusi. CTpykTypa KykKypy3Horo kpaxmama u KMKK Obiia
ycra”osinieHa ¢ noMotbio AIMP u UK-cniekrpockornnu. CTenieHh KapOOKCUMETHIIMPOBAHUS KYKYPY3HOTO KpaxMmada,
ompeneneHHas ¢ nomouipio SIMP-criektpockonuu, Opiia paBHa 80%. CpeaHEBS3KOCTHBIE MOJEKYJISIPHBIE MacChl
(M,)) amcroro Kykypysnoro kpaxmana 1 KMKK, paccuntannsie o ypasaennto Mapka-Kyna-Xaysunka [1]=K,,-M?,
paubl 2,15-10° t/mome u 2,75-10° r/momnb coorBercTBeHHO. 3aBrcuMocTh BsiskoctH KMKK or Temmeparypbr
H3MepsUIach B BOJIE C MOMOIIBIO BUCKO3UMeTpa Y 00eroze, a peonornueckue cBoiictBa KMKK B 3aBUCHMOCTH OT
KOHIICHTPAIIUH MOJIMMEPa U HOHHOHN CHJIBI PACTBOPA OI[CHUBAIKMCH PEOBUCKOMETPOM. TepMHUUECKUE XapaKTEPUCTHKH
00pa3IoB onpeaessuuch quddepeHraibHbpM cKkaHupymuM kajgopumetpom (JICK) u TepmorpaBuMeTpruecKum
(TTA) u muddepenumanpapiv  TepmudeckuM aHamm3oM (JITA). Mopdonorndeckue cBoWcTBA KyKypy3HOTO
kpaxmasia 1 KMKK ObutH H3y4deHbl CKaHHPYIOIIEH 3JeKTpOHHOM MUKpockonueit (COM). OnpeneneHsl CTPYyKTYpPHO-
MeXaHU4ecKue, (MIBTPAMOHHBIE M KOPKOOOpAa3yroIIHWe CBOWCTBa OYpPOBBIX PACTBOPOB M IIOKA3aTENd IOTEPH
sxuaxkoctu KMKK.

KiroueBsble cjioBa: KyKypy3HBIH Kpaxmall, MOIUGHUKAINS, KapOOKCHMETIIINPOBAHHBIA KYKypY3HBIH Kpaxma,
CTeTIeHb 3aMEIICHHS, CPEIHEBI3KOCTHAS MOJICKYJISIPHAS Macca, BA3KOCTh, PEOJIOTHs, OypOBBIC PACTBOPHL.
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RECYCLING OF WASTES OF PETROLEUM REFINING INDUSTRY
BY USING THEM IN THE MANUFACTURE OF TIRE RUBBERS

Abstract: The important scientific direction of petrochemistry is manufacture of plasticizers, softeners,
vulcanizing agents, fillers on the basis of industrial wastes.This allows expand the raw-material base, use heavy
stocks of refinery wastes, reduce technogenic influence on the environmentand solve the problem of manufacture of
import-substituting softeners for the rubber-processing industry of Kazakhstan. The feature of Kazakhstan petroleum
is high concentration of sulfur compounds, in consequence of which much sulfuric wastes are formed, which are
environmentally hazardous in open storage. Optimization of a receipt for developed rubber compounds for
manufacture of a filler strip for passenger car tire beads was carried out in our work by serial analysis of influence of
content of each of the components separately (sulfur and oil sludge) at the fixed amount of other ingredients on the
rubber properties. In order to identify optimal amount of organic share of the oil sludge in the content of rubber
compounds, rubber compounds with different content of organic share of the oil sludge were gained. Plasticizers and
softeners were substituted to the organic share of the oil sludge. Also polymeric and colloidal sulfur mixture of
Tengiz field was used as a vulcanizing agent in the receipts of rubber compounds. The results of comprehensive tests
showed replaceability of traditionally used in the rubber compounds softeners to the organic share of the oil sludge
and use of Tengiz sulfur as a vulcanizing agent.

Key words:organicshareofoilsludge, oilsludge, softeners, vulcanizingagent, Tengizsulfur, vulcanizing system,
rubber compound, filler strip, bead.

Introduction

The rubber industry in Kazakhstan has very limited assortment of ingredients for rubber compounds.
The important scientific direction of petrochemistry is manufacture of plasticizers, softeners, vulcanizing
agents, fillers on the basis of industrial wastes. This allows expand the raw-material base, use heavy stocks
of refinery wastes, reduce anthropogenic stress on the environment and solve the problem of manufacture
of import-substituting softeners and vulcanizing agents for the rubber-processing industry of Kazakhstan.
The feature of Kazakhstan petroleum is high concentration of sulfur compounds, in consequence of which
much sulfuric wastes are formed [3-6].

Vulcanization plays an important role on rubber industry by offering the rubber products containing
three-dimensional net work of rubber molecules. By this mean, the significant improvement innumerous
properties including tensile and tear properties, set, resilience and abrasion of rubber vulcanizates is
resulted. The vulcanization could generally be divided into 3 main systems, i.e., sulfur, peroxide, and
metal oxide systems. The sulfur vulcanization system is generally preferential because of its superiority in
mechanical properties and ease of cure behavior adjustment [5, 6]. Typically, the sulfur used in rubber
industry originates from 2 main resources, i.c., natural resource and petroleum refinery. Basically, the
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sulfur from natural resource is more prefer able because of its certain chemical structure in conjunction
with its high sulfur content (99 %)[7].

The generally accepted is application of organic and inorganic low-molecular compounds in the
receipts of rubber compounds. By theefficacy, polymers and products of low-molecular compounds are
divided into softeners and plasticizers. The softeners are low-molecular compounds, which reduce yield
temperature and not influence on vitrification temperature of rubber substances. The plasticizers are low-
molecular compounds, which reduce vitrification temperature and yield temperature of the rubber
substances.The important requirement to the plasticizers and softeners is their low cost. The great
significance is also given to the availability of initial raw material used for their manufacture. Different
other requirements to the plasticizers and softeners (absence of leachability by water, oils, etc.) are set by
specific conditions, in which a manufactured product, containing the plasticizer and softener, will operate.

Experimental part. Sulfur is used in the rubber compounds as the vulcanizing agent, therefore in our
work we offer to use refined Tengiz sulfur, gained from the wastes of oil production and refinery wastes,
in the vulcanizing system.

Earlier we carried out experiments of the organic share of the oil sludge, gained from the oil sludge of
“PetroKazakhstanOilProducts” LLP in the receipts of the rubber compounds on the basis of rubber
substances of general assignment as the softeners, with substantiation of traditionally used softeners — oil
PN-6SH and softener ASMG. The results of measurement of processing properties established -that the
organic share of the oil sludge causes the plasticizing effect [8-11].

Optimization of the rubber compounds receipts. Optimization of the developed rubber compounds
for manufacture of a filler strip for passenger car tire beads wascarried out by serial analysis of influence
of content of each of the components separately (sulfur and oil sludge) at the fixed amount of other
ingredients on the rubber properties.

In order to identify optimal amount of the organic share of the oil sludge in the content of rubber
compounds, the rubber compounds with different content of the organic share of the oil sludge were
gained. The plasticizers and softeners were substituted to the organic share of the oil sludge. Also
polymeric and colloidal sulfur mixture of Tengiz field was used as the vulcanizing agent in the receipts of
the rubber compounds.The rubber compounds’ receipts used at the manufacture of the chafer strip are
given in Table 1.

Fine mineral fraction of the oil sludge (1-5 mcm) was used in the receipt of the rubber compound for
rubberizing of thefiller strip for passenger car tire beads.

Table 1 — Receipt of the optimal rubber compound for the rubberizing of thefiller strip for passenger car tire beads

Ingredients Per 100 mass shares of the rubber substance
Coqtrol Studied variant
variant

1 2 3 4 5 6 7
SKI-3 40,0 40,0 40,0 40,0 40,0 40,0
Butyl 60,0 60,0 60,0 60,0 60,0 60,0
Technical sulfur 2.4 - - - - -
Tengizsulfur - 1,2 1,6 2,0 2,2 2.4
Sulfonamide “Ts” 1,2 1,2 1,2 1,2 1,2 1,2
Santogard PVI 0,4 0,4 0,4 0,4 0,4 0,4
Zinc oxide 5,0 5,0 5,0 5,0 5,0 5,0
Stearinic commercial acid 2,0 2,0 2,0 2,0 2,0 2,0
Softener ASMG 4,0 4,0 4,0 4,0 4,0 4,0
Organic share of the oil
sludge - 4,0 5,0 6,0 6,5 7,0
Oil PN-6SH 4,0 - - - - -
Acetone anil R 2,0 2,0 2,0 2,0 2,0 2,0
Diaphene FP 2,0 2,0 2,0 2,0 2,0 2,0
Technical carbon 70,0 60,0 55,0 50,0 45,0 40,0
Mineral share of the oil - 10,0 15,0 20,0 25,0 30,0
sludge
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Methods.Vulcanizing features of the rubber compounds, gained on “Monsanto” rheometer, proved
the fact that different dosages of the organic share of the oil sludge and sulfur have direct influence on the
rubber compounds’ vulcanizing kinetics. Addition of the organic share of the oil sludge into the rubber
compounds results in reduction of minimal viscosity and stiffness of the elastomeric matrix system. This
reduction is directly proportional to the percentage composition of the organic share of the oil
sludge.Application of Tengizsulfur allows preserve duration of the plateau effect, hence preventing over-
vulcanization of the filler striprubber.

Results and their discussion. Optimal ratio of the components, resulting in reduction of the minimal
viscosity and increase in the beginning of vulcanizing, characterizing the best processing properties of the
rubber compounds, is observed at 7 and 8 mass shares of the organic share of the oil sludge for the rubber
compounds, meant for the filler strip. Analysis of the rubber compounds’ vulcanometric curves shows that
the optimal time for attaining the vulcanizing of the rubber compound for the rubber compound of the
filler strip consists 23 minutes.

Physical-mechanical tests of the experimental rubbers have led to the conclusion about the highest
appropriateness of using the organic share of the oil sludge in the receipts of the rubber compounds for the
filler strip of the boardside panels, as when substituting traditionally used softeners to the organic share of
the oil sludge, the rubber properties meet the rates of inspection. The best results are observed at the
dosage of 8-10 mass shares of the organic share of the oil sludge for the rubber compounds, meant for the
filler strip. Dependencies of the main physical-mechanical indicators of thevulcanized rubbers of the filler
strip on the dosage of the organic share of the oil sludge and Tengizsulfurare given in Table 2.

Table 2 — Properties of the vulcanizates on the basis of rubber substances of general assignment for the filler strip with additives
of the organic share of the oil sludge and Tengiz sulfur

Indicators Inspection 1-v 2-v 3-v 4-v 5-v
rates

Nominal tensile strength, kgf/cm?, 92 107 104 109 111 111

at least

Relative tensile elongation, %, at 270 270 300 310 310 295

least

Shorehardness, c.u. 70 75 77 77 78 75

Conclusions

Insignificant reduction in the tensile indicators and increase in the elastic properties of the rubbers
when increasing the organic share of the oil sludge dosage can be explained by plasticization effect
mechanism of the organic share of the oil sludge low-molecular compounds, which permeate between
macromoleculesby the same token reducing the rubber substance macromolecules’ intermolecular
interaction. Insignificantreductioninthestrengthpropertiesofthesidepanelrubbersis not fundamental, as the
main strength for the board side panel structure is given by bead rings from a brass plated wire.
Application of Tengiz sulfur allowed preserve the vulcanizing kinetics, which could be reduced when
using the organic share of the oil sludge.AlsoapplicationofTengiz sulfur allowed increase hardness of the
rubbers which is necessary to increase stiffness of the tire bead.

Thus, the results of the comprehensive tests showed the possibility of substitution of traditionally used
in the rubber compounds softeners to the organic share of the oil sludge and use of Tengiz sulfur as the
vulcanizing agent. The fillers in the receipts of the rubber compounds for formation of the filler strip can
be partially substituted to the mineral share of the oil sludge.
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MYHAIi OHIIPY MEH MYHAW OHJIEY KAJIJIBIKTAPBIH
HINHAJIBIK PE3SUHAJIAP OHIIPICIHJE YTBIMJIbI AVIAJIAHY MYMKIH/IITT

AnHoTaums. TeHrH3 KeH OpHBIHBIH MYHAibIH OHIIPY KOHE OHJICY Ke3iHIe allblK ajaHIapia CaKTalaThIH
KYKIPTTIiH KOl KaJIbIKTaphl Ty3inemi. ATMochepaHbIH ocepiHeH, sSFHH KOFaphl TeMrepaTypa (kasaa 45-50°C neitin)
MeH Oacka nma (akTopiapAbIH OoCEpiHEH, agaM ICHCAYJIBIFRI MEH KOpIIaFaH OpTara 3USHIBI OCEpiH THTI3eTiH
KYKIPTTIH kel Kocmajapbl Ty3ineni. JKyMmbIcTa KYKIpTTi pe3nHa KOCHACHIH BYJIKaHIAyLIbl areH peTiHae KOJTaHy
MYMKIH/IITT KOPCETIITEH.

KoMIOHEHT KYpaMbIHBIH OpKaHCHIChIHA 06JIeK (KYKIPT jKOHE MYHA IITaMbl) Pe3MHA KOCIIAChIHA dCEPIH KYHei
TYpZE 3epTTey apKbUIbl, KEHII IIMHA OOPTBIHBIH TOJIBIKTHIPFBII OayblH NalbIHAAY Ke3IHJE OHJENTIeH pe3uHa
KOCTIaChIHA, TIPKEJIreH 0acKa Ja MHIPEANEHTTEp CaHbIHA OHTAMIAHIBIPY JKYPTi3ii.

Tenrns kykiprin konmaHy, OUH konpmany ke3iHzne KeMyre MYMKIHAIK O€peTiH ByJKaHAAy KHHETHKAChIH
caKTayFa MYMKIHIOIK Oepxi. TeHrm3 KyKipTiH KoinaHy, COHBIMEH KaTap MJOHIeNeKTiH CBIPTKbl OOPTHIHBIH
KepMeKTIKTiH apTThIpy YILiH Ka)XeT pe3NHaHBIH KaTThUIBIFbIH J)KOFapblIaTa bl

KenelTinren chlHAKTapAbIH HOTHOKENEpi, pe3MHa KOCIIAChIHAA KOJJAHBUIATBIH JIOCTYPIi KYMCApPTKBILITAP.IbI
MYHall IIJJaMbl MEH BYJKaHAAyIIbl areHT pEeTiHIe KOJNAAHBUIATHIH TEHTU3 KYKIPTI HE alMacThIpy MYMKIHIITIH
KepceTTi

TonbIKTBIpFeI  Oayzapl JaliblHAAyFa apHalfaH pe3WHa KOCHACBIHBIH PELENTiHAErT TOJIBIKTBIPFBILITAD
MyYHaHIIUIaMBIHBIH MUHEpabl OeJIirite iliHapa aybICTBIPBUTYBI MYMKIH.

Tyiiin ce3mep: KyKipT, MOJMMEpil KYKIPT, ©HEPKACIOIHIE anblHFAH 3aTTap, IIWHAJBIK, PE3CHKE, PE3CHKE
Kocrasnap, BYyJIKaHM3aTTap, BYJIKAHM3aLMWsUlAy areHTi, BYJIKaHAAy >KyHeci, IPOTEKTOPJBIK pPEe3eHKEe Kocraap,
OpeKepIIbIK Pe3eHKe Kocmanap.
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YTUJIM3AIIMS OTXOJ0B HE®TENNEPEPABATBIBAIOIIEN MPOMBIIIJIEHHOCTH ITYTEM
HNCIIOJIb30BAHUS X B ITPON3BO/JCTBE HIMHHBIX PE3HUH.

AHHOTanusi. BakHBIM Hay4YHBIM HarpaBieHHEM He(PTEeXUMHHU SBISETCS NPOW3BOJCTBO IIACTH(UKATOPOB,
MSTYUTENICH, BYJIKAHU3YIOIMX arcHTOB, HANOJHUTEJICH Ha OCHOBE TEXHOICHHBIX OTXOHOB. OJTO MO3BOJISET
pacIIupuTh CBHIPHEBYIO 0a3y, WCIONB30BaTh OONBIINE 3amackl OTXOMOB HedTemepepabOTKH, YMEHBIIHUTH
TEeXHOTCHHOE BO3/ICHCTBHE Ha OKPYXAIOLIYIO CPEly M PELIuTh MpoOlieMy MPOHM3BOJCTBA HMIIOPTO3aMELIAOIINX
MSATYUTENICH O PEe3nHOBOM mNpoMblluleHHOCTH KazaxcraHa. OCOOEHHOCTBIO Ka3aXCTaHCKUXHE(TeH SBISETCS
HOBBIIIEHHOI COfepKaHUe COSANHEHHH CepBhl, BCIEACTBUE Yero 00pa3yeTcsi MHOTO CEPHBIX OTXOIO0B, SBISIOIINMHUC
IKOJIOTHYECKH OIIACHBIMH IIPH OTKPBHITOM XpaHeHHWH. B Hameidl paboTe myTeM MOCIEOBATEIBHOTO H3YYCHUS
BJIMSIHMSL Ha CBOMCTBA PE3WH COJEPIKaHMS KaXIOTO M3 KOMIIOHEHTOB B OTAEIBHOCTH (cepbl M Hedrenuiama) mpu
(MKCHPOBAHHBIX KOJIMYECTBAX JPYrMX WHIPEJMEHTOB ObLIa MPOBEJCHA ONTHMH3ALUS PELENnTyp pa3paboTaHHBIX
PE3NHOBBIX cMecei 1A U3IrOTOBJICHUA HAIIOJIHUTCIIBHOTO IIHYpa 60pTaﬂeFKOBbIX muH, C OCJIBKO BBIABJIICHUSA
ONTHMAJIBHOTO KOJHMYecTBa opraHudeckoil dyactu Hedremmiama(OUYH) B cocraBe pe3MHOBBIX cMeceil Obun
MIOJTy4EeHbI PE3MHOBBIE CMECH ¢ pa3indHbIM coaepxkanneM OUH. ITnactiudukaTopbl u MaryuTeny ObIIM 3aMEHEHBI HA
OYH. Taxxe B peuentypax pe3MHOBBIX CMeCEeH B KaueCTBE BYJKAHHW3YIOIIETO areHTa Oblia MCIOJIB30BaHA CMECh
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MOJMMEPHON U KOJJIOMIHOMN Cephbl TEHTU3CKOI0 MECTOPOXKICHUS. Pe3ybTaThl pACIIMPEHHBIX UCIIBITAHUI MOKA3aIN
BO3MOXKHOCTh 3aMEHBI TPAJAUIHMOHHO HCIOJIb3YEMBIX B PE3WHOBBIX CMECSX MATYHUTENICH HAa OPraHUYECKYIO 4YacTh
HedTelnIaMa U KCIOJIb30BaHUS TEHTH3CKOH Cepbl B BU/IEC BYJIKAHU3YOLIETO areHTa.

KuaroueBble cioBa: opranudeckas 4yacth Hedrenwiama (OUH), HedTeuwaMpl, MIrduTend, BYJIKaHU3YIOMINI
areHT, TEHTU3CKasl cepa, BYJIKAHU3YIOIIasi CUCTEMa, PE3UHOBAsi CMECh, HATIOJIHUTENbHbII LIHYp, OOPT.
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RESEARCH OF THE POSSIBILITY OF THE USING OF WASTES
ENRICHMENT OF GOLD-CONTAINING ORES IN THE PROCESS OF
RECEIVING SILICOPHOSPHATE FERTILIZERS BY
MECHANOCHEMICAL ACTIVATION

Abstract. The material and phase composition of the wastes enrichment of the gold-bearing ore of the
Pustynoye deposit were studied and it was shown that quartz and silicon compounds are their main productive phase,
their content in recalculate on silicon dioxide is 75.13 mass.%. With the using of the mechanochemical activation
(MCA)method by dry process a silicon-phosphate material was obtained with the component ratio of Karatau
phosphorite: enrichment waste = 1: 1. It has been established that mechanically activated phosphorite mixture with
wastes of ore enrichment of "Pustynoye" deposit contains 1.4% of water-soluble form of phosphorus pentoxide and
51.7% of citrate-soluble P,Os. In this case, the product is completely soluble in citric acid. While the original
phosphorus does not contain a water-soluble form of phosphorus pentoxide, and the content of citrate- and citron-
soluble forms of P,Os is (rel. %) 8.6 and 58.5, accordingly. Mechanochemical activation of mixtures of natural
phosphates with waste of enrichment of gold-bearing ore promotes the appearance in the aqueous extract of
assimilable compounds of silicon in the form of monosilicic acid in the amount of 62.5 mg / 1, whereas in the original
phosphorus these compounds are absent. Also it has been shown that in the silicophosphative-containing product
after MCA the fluorine content significantly reduces, from 3.11 to 1.21 wt%. The carried out researches have shown
the possibility of using of wastes enrichment of gold-bearing ore of "Pustynoye" deposit in the processes of obtaining
silicophosphate fertilizers by the method of mechanochemical activation.

Keywords: silicophosphate fertilizers, wastes of enrichment, mechanochemical method.

Introduction

Over the past century, the population of the Earth has increased from 1.5 to 5.5 billion people and it is
expected that by 2020 it will reach 8 milliards. The feed of so many people is the most important problem
that has arisen before humanity [1]. Therefore, recently the priority scientific direction in the whole world
is the intensification of agricultural production with the using of new science intensive technologies of the
application of mineral fertilizers, which are improve the structure of the soil and increasing its fertility and
quality of agricultural products. The existing technologies for the production of mineral fertilizers, in
particular phosphorus fertilizers, lead to the formation of a huge amount of wastes (phosphogypsum, off-
balance ores, waste rock), overphosphating and salinization of soil in the regions of the location of
phosphate plants, which lead not only to the loss of a large number of valuable components that remain in
the waste, but also it worse the environmental conditions of these areas.

In addition, currently produced single- and two-component mineral fertilizers have a relatively low
coefficient of use of nutrients by plants. Thus, the authors of [2-4] showed that the coefficient of nitrogen
using of single-component fertilizers does not exceed 40%, phosphorus pentoxide 20%, and potassium
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dioxide 50-60%. Consequently, from 1000 kilograms of inputed nutrients from 400 to 850 kilograms
pollute the soil, water and atmosphere, and also it increase economic costs for the production of
agricultural products.

It should also be noted that with the existing acid methods of natural phosphate raw materials
processing, the degree of utilization of fluorine compounds in the production of superphosphate does not
exceed 20-50%, and it is even less in the production of complex fertilizers. The content of fluorine in
superphosphate reaches 1-1.5, in ammophos 3-5%. On average, with each ton of necessary for plants
phosphorus about 160 kg of fluorine is fed to the fields [4]. In addition, in fertilizers, unlike natural
phosphate ores, fluorine is in the form of soluble compounds and easily enters the plant. Increased
accumulation of fluorine in plants disrupts metabolism, enzymatic activity (inhibits the effect of
phosphatase, etc.), negatively affects the photo and biosynthesis of the protein, the development of fruits.

Based on the aforesaid, certain scientific and practical interest in this regard is development of
technologies of production of new and effective fertilizers, which are decide question of increasing of soil
fertility and improve of the environmental situation of agricultural regions. In our view, a promising
technological solution for the production of new phosphoric fertilizers is the mechanochemical activation
of natural phosphates with various additives associated with solid-phase reactions in grinding machines
[5-10]. This method contains a huge innovative potential, as it provides a comparative simplicity of the
process and the ability to conduct reactions in the absence of aggressive liquid reagents - mineral acids,
alkalis, which in turn is important from an environmental point of view.

As additives that increase the effectiveness of phosphate fertilizers, we proposed to use silicon-
containing wastes of the enrichment of ore raw materials of Kazakhstan, since it is known that silica-
phosphate fertilizers introduced into the soil significantly improve its structure and increase fertility [12-
15]. It is also known that the presence in the soil of available forms of silicon is very important for plants,
as it enhances the assimilability of phosphorus, potassium, magnesium, influencing the growth and
metabolic processes of the plant, creates conditions for expanding the feeding zone, strengthening drought
resistance, increases resistance to frost, radiation, toxic substances, pest damage [11]. It is also known that
the presence in the soil of available forms of silicon is very important for plants, as it enhances the
assimilability of phosphorus, potassium, magnesium, influencing the growth and metabolic processes of
the plant, creates conditions for expanding the feeding zone, strengthening resistance to frosts, increases
resistance to frost, radiation, toxic substances, pest damage [11].

Methods

The research objects in this work are Karatau phosphorites (phosphate component) and wastes of
enrichment of gold-bearing ore of the “Pustynoye” deposit, which are a light-yellow material without any
inclusions. A study of the material composition of the enrichment wastes and the initial Karatau
phosphorites was carried out by electron-probe analysis with using of electron microscope of JEOL-733
firm with X-ray analyzer. The phase composition was studied by X-ray diffractometric analysis, which
was carried out on an automated diffronometer DRON-3 with CuK, radiation, B-filter. X-ray phase
analysis on the semi-quantitative basis was carried out according to diffractograms of powder samples
using the method of equal weights and artificial mixtures. Quantitative ratios of crystalline phases were
determined. Interpretation of the diffractograms was carried out using the ICDD file data: powder
diffractometry database PDF2 (Powder Diffraction File) and diffractograms of minerals free of impurities.

Results

The average material composition of Karatau phosphorites and ore wastes from the "Pustynoye"
deposit are presented in Tables 1-2, and the results of semi-quantitative X-ray phase analysis of crystalline
phases of the objects of investigation are given in Tables 3-4.

Table 1 — The average material composition of the initial phosphatites of Karatau

Content of component in reculculations on oxides, wt.%
F MgO A1203 SIOZ P205 SO3 Kzo CaO MnO FeO total
3.17 4.14 3.53 20.83 25.17 0.94 1.12 38.58 0.47 2.05 100.00
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From the results it follows that the wastes of the gravity concentration of the ore at the "Pustynoye"
deposit are mainly represented by silicon compounds, whose content in terms of SiO, is 75.13% by
weight. There are no harmful impurities (plumbum, cadmium, arsenic, antimony, barium) in the wastes
studied, which allows us to recommend them as an initial silicon-containing component for the production
of silicophosphate fertilizers.

Table 2 — The average material composition of wastes of gravitational enrichment
of gold-bearing ore of the “Pustynoye” deposit

Content of component in reculculations on oxides, wt.%
NHQO MgO A1203 SIOZ Kzo CaO T102 FeO Total
2.13 0.74 12.22 75.13 3.19 2.11 0.58 3.90 100.00
Table 3 — Results of semi-quantitative X-ray phase analysis of Karatau samples
Phase name Chemical formula Content, wt.%
Fluoropatite Cas(PO,);F 51.6
Quartz SiO, 20.0
Dolomite CaMg(COs3), 22.9
Albite Na(AlSi;0g) 2.0
Muscovite KAIL(AISi;0,0)(OH), 2.1
Calcite CaCO;, 1.3

Table 4 — Results of semi-quantitative X-ray phase analysis
of crystalline phases of wastes of gravity concentration of gold-bearing ore of "Pustynnoe" deposit

Mineral Chemical formula Content, wt.%
Quartz SiO, 79.1
Albite Na(AlSi;Oyg) 9.4
Calcite CaCO; 6.9
Mica KAlz(Alsl3010)(OH)2 4.6

Silicophosphate fertilizers were obtained by the dry process by mechanochemical activation of
mixtures of initial phosphorites with silicon-containing wastes with the ratio of components 1: 1. The
activation was carried out in a planetary ball mill of the "Activator 2S" type for 5 minutes. For
comparison, a known fertilizer, phosphorite flour, was used. The phosphorus content available for plants
(water-soluble, citrate- and citric-soluble P,Os) was carried out in accordance with standard methods [16].
Extraction of the assimilable silicon compounds was carried out with distilled water with stirring and a
ratio S: L = 1: 100. The concentration of monosilicic acids in the filtrates was determined by a known
method [17]. The results are shown in Table 5.

Table 5 — Results of analytical determination of phosphorus and silicon compounds assimilated
by plants in silicophosphate fertilizers, obtained by dry method MCA

The content of assimilable forms of P,Os, rel.% Content of assimilable

Composition of fertilizer

water-soluble citrate-soluble citron-soluble | silicon compounds, mg /1
The initial phosphorite of
Karatau (phosphorus) 0.0 8.6 >8.5 0.0
Mechanoactivated Phosphorite of 12 305 65.8 205
Karatau
Mechanoactivated mixture of
phosphorite w1tl'1‘ wastes of f')re 14 517 100.0 625
enreachment of "Pustynoye
deposit with component ratio 1: 1
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From the obtained results, it follows that the mechanically activated phosphorite mixture with the ore
enreachment wastes of "Pustynoye" deposit at component ratio equal to 1: 1 contains 1.4% by weight of
the water-soluble form of phosphorus pentoxide and 51.7% by weight of citrate-soluble P,Os. In this case,
the product is completely soluble in citric acid. While the original phosphorus does not contain a water-
soluble form of phosphorus pentoxide, the content of citrate- and citron-soluble forms of P,Os is (rel.%)
8.6 and 58.5, respectively. In mechanically activated phosphoryte, a water-soluble form of P,Os (1.2
rel.%) appears, the content of citrate-soluble form increases 3.5 times and the content of citrate-soluble
phosphates slightly increases. The main difference between the mechanically activated phosphorite
mixture and the wastes of ore ereachment of "Pustynoye" deposit from mechanoactivated and initial
phosphorite is the presence of assimilable silicon compounds 62.5 mg/l in the form of monosilicic acid,
whereas in the original phosphate flour these compounds are absent, and after mechanochemical activation
their content in the aqueous extract is 20.5 mg / 1. In addition, as follows from the results of the physical
analysis of the mechanically activated (MCA) mixture of the Karatau phosphorite with wastes of gold-
containing ore enrichment of "Pustynoye" deposit (Table 6), the fluorine content decreased significantly
from 3.11 to 1.21 mass.% in the silicon phosphate product.

Table 6 — The average material composition of mechanically activated (MCA) Karatau phosphorite
and its mixture with wastes of enrichment of gold-bearing ore of "Pustynoye" deposit

Content of component in reculculations on oxides, mass.%

F MgO A1203 8102 P205 503 Kzo CaO MnO | FeO T102
MCA
phosphorite 3.11 3.82 2.53 25.53 24.06 0.90 0.97 36.82 0.39 1.82 | 0.0
MCA
mixture of
phosphorite
with wastes 1.21 2.98 8.84 46.87 12.49 0.51 2.50 10.12 0.27 | 2.28 | 0.36

Thus, the conducted studies showed that the mechanochemical activation of mixtures of Karatau
phosphorites with wastes of gold-containing ore enrichment of "Pustynoye" deposit leads to destruction of
the initial phosphorite, accompanied by defluorination of MCA products and the appearance in the
solution of not only assimilable forms of P,Os, but also the formation of silicon compounds assimilated by
plants. In addition, involving large-tonnage siliceous wastes from the enrichment of ore raw materials into
the production of silicophosphate fertilizers will not only expand the range of phosphate fertilizers, but it
will also solve the problem of solid waste storage and environmental protection.

The results of the research presented in this article were carried out within the framework of a
scientific project funded by the Ministry of Education and Science of the Republic of Kazakhstan under
the targeted financing program Ne BR05236302 "Scientific and technical rationale for the innovation of
the chemical cluster in the development of new materials and technologies for increasing the efficiency
and environmental sustainability of industrial production ", issued by the KazNITU named after K.I.
Satpayev.

Discussion

The carried out researches have shown the possibility of using wastes of enrichment of gold-bearing
ore of "Pustynoye" deposit in the processes of obtaining of silicophosphate fertilizers by the method of
mechanochemical activation. In this process, natural phosphates are degraded, resulting in the reduction in
the fluorine content of the final product. Acid-free method of used ultrafine grinding allows obtaining
completely soluble in citric acid silicophosphate materials containing water (1.4% by weight) and citrate-
soluble (51.7 rel.%) forms of P,Os, as well as plants assimilated by silicon compounds (62.5 mg/l).

—— 4 ——
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MEXAHOXMMSILIBIK AKTUBAIIUAJIAY TOCIIMEH KPEMHE®OC®ATTHI
TBIHAUTKBIIITAP AJTY YPAICIHAE AJITBIH KYPAM/bI KEHJAEPIHIH BAUBITY
KAJIABIKTAPBIH KOJIJAHBLIY MYMKIHJITI'TH 3EPTTEY

Annotanus. bepinren xympicta «[lycThIHHOE» KEHOPBIHBIH alTHIH KYpaMIbl KeHiH OalbITY KaJJIbIKTapbIHBIH
3aTTHIK JKoHE (Pa3alibIK KypaMBbl 3epTTENTeH JKOHE OJapIblH HETi3ri ¢a3achl - KBapIl MeH KPEMHHHA KOCBHUIBICTAPEI
(kpemHUI OWOKcHAiHE Kaita ecentereHae 75.13 macc.% ) OoNBI KeNeTiHI AONeNIeHreH. MeXaHOXUMISITBIK,
aktuBamsuiay omic (MXO) kommanymen Kapartay docdoputi:0aiibiTy KangsIKTapbl KOMIIOHEHTTepAiH 1:1 Tey
KaTblHacTa KpeMHHHKypamzasl (ocdarTblk Matepuan ansiHFaH. Dochoput sxoHe «IlycTBIHHOE» KEHOPBIHAAFHI
ANTBIHKYPaMbl KeHiHIH OalbITy KalJbIKTapblHAH TYpaThiH MexaHoOesceHaipiireH Kocnana Gochop neHTaoCKu I
cyna eputiH Typinge 1.4 cam.% >xoHe mwmrpar epirimm TypiHme 51.7 cam.% P,Os Gap. AnplHFaH 6HIM JHMOH
KBIIIKBUIBIH/IA TOJIBIK epui. Ajaiina 6actankbl (pochopHuT YHI IEHTAOKCHITIH Cy/la ePUMEHTIH Gopmaiap jKOK, aj
P,Os mutparThl- XoHE JIMMOHIBI-epirim Qopmanapsel (can.%) 8,6 xoHe 58,5 colikecinme Kypaiiasl. TaOuru
(ocaTTapsl MEH aNTHIHKYpaM/bl KeHiHIH 0allbITy KaJIbIKTapbIHBIH KOCIIAJIAPbl MEXaHOXUMHMSUIIBIK aKTHBALUsIIAY
Ke31H/Ie CYJIbI CY3iH/Iile MOHOKPEMHHI KBIIIKBUIEL 62,5 M/ MeJepae 0onaThiH KpEMHUIIII CiHIpiMAl KOCBUIBICTAap
maiina Oomamer, an Oacramkbl (ochopuTti yHma Oy KockuteicTap kOK. CoHbIMeH KaTap, MXA-maH KeHiH
kpemHedocharTel eHimueri ¢ropaslH Memmepi aWrtapabiktait — 3,11-men 1,21 wmacc.%-ra gelliH  asasisbl.
Kyprizinren 3eprreynep «IlycTBIHHOE» KEHOPBIHBIH QITBIH Kypamjabl KeHiH OaiblTy  KalIbIKTapblH
MEXaHOXUMHUSIIBIK aKTHBAIUS apKBUTBI KpeMHe(pochHaTThl THIHAUTKEIITAp aly YPpAiCiHAe KOMAAHBLUTY MYMKIHAIKTEpP1
KOPCETIITeH.

B.]. Kanpasosa', IIL.H. Ky6exosa', I'.T. U6panmona’,
M.XK. Kycannosa', A.C. Panmbexona', K.Illapunos®

'HAO Kazaxckuii HallMOHAJIbHBIN UccieoBaTeNbckuil Texunueckui yuupepeuteT uM.K.M. CarnaeBa, AnmMarsl,
Kazaxcran
*KazaxcKuit HALMOHATbHBIH MEHIMHCKUI YHUBEPCUTET HMeHH Achennusaposa, Anmarsl, Kasaxcran

NCCIEJOBAHHUE BO3SMOKHOCTHU UCITOJIB30BAHHUA OTXO10B OBOI'AIIIEHUS
30JI0TOCOJIEPXKAIIUX PY/I B ITPOLIECCE MOJYUYEHUS KPEMHE®OC®ATHHIX YIOBPEHUI
MEXAHOXUMHUYECKHUM CIIOCOBOM

AnHotanusi. B paGore n3yueH BeriecTBeHHbIH U (a30BbIil cOCTAaB OTXOA0B OOOTAILEHUS 30J0TOCOAEpIKALICH
pyabl MectopokaeHus «IlyCThIHHOe» M MOKa3aHO, YTO UX OCHOBHOW INPOAYKTHBHOHM (ha30i SIBISIOTCS KBapll W
COEIUHEHUS KPEMHMUsI, COAEp:KaHHE KOTOPBIX B IepecdyeTe Ha JUOKCHJ KpeMmHHs cocTaBiseT 75.13 macc.%. C
UCIIOJIb30BaHMEM METO/a MeXaHoXMMHueckoi aktuBaiuu (MXA) cyxum crocoboM mosrydeH KpemHedochaTHBINH
MaTepuall C COOTHOLIEHHEM KOMIOHEHTOB Qocdoput Kaparay:orxomsl oboramenuss = 1:1. YcraHoBieHO, 4TO
MEXaHOaKTHBUPOBaHHasl cMech (ocoputa ¢ oTxogamu oboramenns pyas! M. «llycteiHHOE» comepxut 1,4 oTH.%
BOJIOpacTBOpUMON (opmbl nieHTaokcuaa dochopa u 51,7 orH.% murparHopacTBopumoii P,Os. IIpu 3ToM mpoaykr
MOJHOCTBIO PACTBOPUM B JIMMOHHOW KHcioTe. Torma kak ncxofgHas (ocMyKa HE COAEPXKHT BOJOPACTBOPHMON
¢dopmel neHtaokcuaa Gocdopa, a cogeprkaHue HUTPATHO- U TMMOHHOpacTBOpUMOM (opm P,Os coctaBnsier (oTH.%)
8,6 m 58,5 cooTBeTcTBeHHO. MeXaHOXMMHYCCKAss AaKTHBALMSA CMECed NpUpOAHBIX (ocharoB ¢ OTXOmaMH
oOoramieHust 30J0TOCOAEPKALIEH PyAbl CIIOCOOCTBYET IMOSIBICHUIO B BOJHON BBITSDKKE YCBOSIEMBIX COCTHMHEHHN
KPEMHHsI B BHJE MOHOKPEMHHEBOH KHCIIOTHI B KOJIM4ecTBEe 62,5 Mr/im, Toraa Kak B UCXOAHOHW (ocMyke 3TH
coefrHEeHUs] OTCyTCTBYIOT. Takxke moka3aHo, 4ro B KpemHedochaTHOM mpoaykre nocie MXA cyliecTBeHHO
cHIDKaeTcs conepxkanue ¢ropa — ¢ 3,11 mo 1,21 macc.%. [IpoBeneHHbIe HCCICIOBAHUS MOKA3adl BO3MOXKHOCTh
WCIIOJIb30BAaHMs OTXOAOB O0OOTAIlleHHsl 30JI0TOcoepKameid pyasl M. «[lycTelHHOe» B mpolreccax HOIydYeHHs
kpeMHedochaTHbIX ynoOpeHuii crrocoOoM MEXaHOXMMHUYECKOH aKTHBALIIH.
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FEATURES OF HYDROCHEMICAL AND GEOCHEMICAL
INDICATORS OF THE NORTH-EASTERN PART OF THE CASPIAN SEA
(ZONES, OIL AND GAS FIELDS OF THE KAZAKHSTAN SECTOR)

Abstract. Changes in hydrometeorological conditions that play a major role in the life of the Caspian Sea are
combined with the impact on its ecosystem of economic activity, one of the types of which is pollution of the marine
environment. Much attention is paid to environmental safety in the search and exploration of hydrocarbon deposits in
the North Caspian, because without it, neither its high biological productivity, nor the fishery value can be
maintained. The Caspian Sea, and especially its northern shallow part, is a highly productive body of water. Such
extremely high productivity of the Caspian is combined with the relative poverty of the biological diversity of this
reservoir. A significant part of the Caspian hydrobionts is relict. This part of the sea is the richest in biological
productivity. And it is not by chance that the rich nutrients and the organic substrate of the waters of the Northern
Caspian have a great influence on the diversity of the flora and fauna of the entire Caspian. However, at present, the
Caspian Sea and especially the Northern Sea, like the other seas of the world, are experiencing increasing
anthropogenic impact, which is manifested in pollution with oil products and heavy metals, as well as in active
shipping and hydro-construction.

Keywords: heavy metals, concentration, salinity of water, dissolved oxygen, pH, hydro chemical and
geochemical indicators.

INTRODUCTION

The Eastern section of the North Caspian Sea adjacent to the Kazakhstan coast was selected as the
study area. The study area is characterized by a gentle slope of the bottom and a slow increase in the
depths. The soils here are predominantly silty and silty - sandy.

Seasonal fluctuations in the level of the Caspian Sea do not exceed a few dm. For the northeastern
coast of the Caspian Sea, high surge levels are characteristic.

MAIN PART

The study site is unique in its geochemical and hydrological and hydrochemical conditions, as well as
its hydrobiological characteristics. Comprehensive studies of the main geochemical, hydrological and
hydrochemical characteristics were carried out at stations located near the surface and bottom of the sea.

Heavy metals in bottom sediments. The main statistical parameters are shown in table 1.

Associations of chemical elements that form anomalies in areas of oil and gas fields are determined
by the primary presence of mobile elements in soils that can move and concentrate on the corresponding
barriers. Most often they include Pb, Zn, Mn, Cu, Ba, Co, Ni, Cr.
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Table 1 - The main statistical characteristics of the content of heavy metals (mg / kg) in bottom sediments.

parameter maximum average minimum
Cu 9,00 6,80 5,00
Zn 22,00 16,68 10,00
Cd 4,70 2,28 0,80
Fe 8300,00 3468,00 600,00
Mn 421,00 168,48 63,00
Co 19,00 12,84 6,00

Such associations of chemical elements arise from the fact that gaseous products from hydrocarbon
deposits periodically enter the soil. These primarily include the hydrocarbons themselves, hydrogen,
carbon dioxide, and inert gases. Their bacterial decomposition, accompanied by various chemical
reactions, leads to the formation of numerous and diverse geochemical barriers (hydrogen sulfide, acid,
alkaline, sorption, and biogenic) in soils above the deposits. Redox reactions occurring on such sites (with
the participation of bacteria that decompose hydrocarbons) can increase the mobility of the regenerating
elements of variable valence, often leading them to "distillation" from the central parts of the sites. As a
result of all these processes, redistribution anomalies are formed in the soils, accompanying areas of oil
and gas fields.

The observation of the bottom sediments of the eastern part of the Northern Caspian was carried out
in the autumn and spring, and it was found that the concentration of heavy metals in the bottom sediments
in the autumn decreases as compared with the summer period.

From monitoring observations, it follows that the average concentration of zinc and cadmium in
bottom sediments on the Kashagan structure in 2003-2006 turned out to be lower than in 2000-2002.
(Table 2). These changes occurred both on the main test site and on the structure as a whole, but did not
affect manganese, the average concentration of which in the surface layer of bottom sediments increased,
unlike other heavy metals, and more so on the main test site. It is unlikely that the reason for this is to
carry out drilling operations, since when discharging drilling waste the pollution of the marine
environment is complex. Most likely, the difference in the rate of manganese accumulation between the
landfill and the background area as a whole was due to the specific behavior of this microelement in the
bottom sediments, its close connection with redox conditions and the acidity of these sediments, in which
by myself.

Table 2 - The average concentration of heavy metals in the bottom sediments on the Kashagan structure in 2000-2006

Indicator Area observations years
2000-2002 2003-2006
Manganese, polygon 122,5 405,0
mg/ kg background 113,6 175,4
Zinc, polygon 20,74 12,87
mg / kg background 19,28 16,94
Cadmium, polygon 2,07 <1
mg / kg background 2,87 <1

The main sources of iron and copper in the Caspian Sea are surface and underground runoff. In river
water, these elements are usually concentrated in unstable minerals or migrate in the form of solutions. As
a result, after entering the sea, iron and copper are actively involved in biogenic migration and the
formation of various forms of fine mineral and organic matter, which is deposited mainly in deep-sea
halistatic areas.

The concentration of iron in the bottom sediments on the main site was on average slightly higher
than on the Kashagan structure as a whole. However, both of these areas turned out to be very similar in
the dynamics of iron content in bottom sediments, since here and there in 2003-2006. it decreased relative
to 2000-2002. (Table 2). The difference in the level and dynamics of iron content between the studied
water area as a whole and the main landfill may be due to different depths. It is known that the iron

— )8 ——
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content in the bottom sediments of the Caspian Sea increases with depth. At the same time, unlike deep-
water areas, where iron is concentrated in the thin-melt fraction, iron is often found in shallow water and,
especially, near river mouths in aleuritic and larger fractions of the surface layer of bottom sediments.

According to environmental monitoring in 2000-2002. Copper concentration in bottom sediments at
the main test site was on average somewhat higher than on the structure as a whole. However, both of
these areas turned out to be very similar in terms of copper content in bottom sediments, since here and
there it decreased from 2000—2002. (Table 3.). The difference in the level and dynamics of copper content
between the studied water area as a whole and the main range is explained by the greater depth of the
latter, because the copper content (as well as iron) in the bottom sediments of the Caspian Sea increases
with depth. At the same time, unlike deep-water areas, where copper is concentrated in the fine-grained
fraction of bottom sediments, coarse-grained fractions of bottom sediments are not rarely found in the
estuaries of river basins, as confirmed by environmental monitoring data.

Table 3 - Comparative characteristics of the concentration of iron and copper in the bottom sediments
of the Kashagan structure and the background area

Indicator Area Of observations years

2000-2002 2003-2006
Iron, Main polygon 3600 3120
mg / kg background 3340 2490
Copper, Main polygon 13,61 12,20
mg / kg background 14,20 9,36

Salinity of water.

The determination of the salinity of water in the water area of the structure revealed its gradual
increase from the north of the water area to the south throughout the entire water mass. The smallest
salinity (0.37-2.53) in spring was observed in the western and central parts of the water area, the eastern
part of the license area was occupied by salinity up to 5-9.

In the fall in the north of the central part of the structure water area, the minimum salinity of water
was 0.54 in the surface layer, 2.96 - in the bottom layer. The maximum value of salinity (11.89 %o in the
surface layer and 12.00 in the bottom layer) was recorded in the south of the central part of the structure.

Dissolved oxygen. In a large part of the sea area, the surface water layer is saturated with oxygen or is
in a state close to saturation. The exceptions are the western part of the Northern Caspian and local areas
in the central and south-eastern part of the water area, where water saturation in the surface layer from 76
to 95% (in the western part) and from 90 to 98% (in local areas). In the bottom layer, the degree of
saturation of water with oxygen in its value and nature of distribution differed from those in the surface
layer. In the western, central and southern regions of the water area, local areas are registered, in which
oxygen deficiency is noted in the bottom layer. Practically in most of the Northern Caspian water area, the
degree of oxygen saturation in the bottom layer did not exceed 100%, with the exception of local zones in
the southern and northern regions.

Hydrogen indicator (pH).

The values of the pH in the license area in the spring and autumn periods are presented in Table. four.

Table 4 - Hydrogen indicator (pH) of surface and bottom waters of the northeastern part of the Caspian Sea

Horizon Spring Autumn

Surface 8,17-9.44 8,06-8.86
8,48 8,50

Bottom floor 8.20-9.44 8.20-8.84
8,47 8,49

Over the entire water area of the structure, the pH values on the surface and at the bottom are close in
magnitude. The distribution of pH values is homogeneous - a smooth decrease in pH values from
northwest, north to south, southeast is observed throughout the water mass. This distribution of pH is
typical for the water area under consideration in the spring, characterized by the onset of spring flood
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waters of the Volga and Ural rivers, and in the summer-autumn period, characterized by a decrease in the
influence of river runoff and an increase in salinity as one moves south.

In the hydrological and hydrochemical terms, the area is distinguished by extremely unstable salt and
temperature regimes over the seasons.

During the summer period of studies, the water temperature was marked by elevated values and
ranged from 20.95 - 29.03 © C at the bottom and 26.10 - 29.20 ° C on the surface. In the autumn - winter
period, the range of water temperature fluctuations was 6.32 - 12.13 © C at the bottom and 6.10 - 12.00 ° C
at the surface. The temperature values at the surface and at the bottom indicate a uniform heating of water
along the vertical (homothermy), which is associated with the shallowness of the studied water area.

The research zone was distinguished by low and constantly fluctuating salinity (in the summer period
it was 3.84-10.5% o at the bottom and 3.81-10.3% oat the surface with average values of 7.5 and 6.98% o,
respectively; in the winter period - 2.4 - 12.5% o and 2.39 - 12.5% 0, respectively, with average values of
9.85 and 7.49).

One of the most important hydrochemical characteristics is the oxygen content in water. The oxygen
regime in the studied water area, due to hydrological, hydrochemical, and geomorphological features of
individual regions of the structure, was characterized by significant contrast in time and space.

The summer O2 content was 6.86-8.56 mg O2 /1 at the bottom and 6.80 - 8.86 mg at the surface with
average values of 7.75 and 8.04 mg O 2 / |, respectively; autumn-winter period. - 9.89 - 12.0 mg 0 2 /1 and
10.17 - 12.38 mg O2 / 1, respectively, with average values of 10.8 at the bottom and 11.4 mg O2 /1 at the
surface. The oxygen regime was formed under conditions of increased hydrodynamic activity and low
temperature - salinity stratification of water masses. In a large part of the water area, the surface water
layer was saturated with oxygen. The exception was local areas where the oxygen saturation of water in
the surface layer ranged from 89 to 97%. In the bottom layer, the degree of saturation of water with
oxygen in its value and nature of distribution was slightly different from those in the surface layer.

CONCLUSION

Localized areas with relatively low oxygen content, identified by surveying materials, were confined
to lower, deep-water parts of the bottom topography. Apparently, they were carried out by the influx of
oxygen-depleted sea waters from the Middle Caspian, as evidenced by the materials of a synchronous
survey of currents, which revealed in these areas of the water area the total transfer of sea waters to the
north.

VK 330.34
J. K. Kanumanosa, A.Jl.Kanumykamena, K.A.Kybamesa, A.A.Ha:xxeroBa

X. locmyxameZioB aThIHIaFbl AThIpay MEMIIEKETTIK YHHUBEPCUTETI, AThIpay K., Kazakcran

KACIHA TEHI3IHIH, COJTYCTIK-IMIBIFBIC BOJITTHIH T'HIPOXUMUAAIBIK
JKOHE 'EOXUMMUSLIBIK KOPCETKIIITEPIHIH EPEKINETIKTEPI
(KABAKCTAH CEKTOPBIHBIH 30HY, MYHAWH KOHE I'A3 OHAIPICI)

Annoranus. Kacnmif TeHi3iHIH eMipiHIe MaHBI3OBI PONI aTKAPaThIH THAPOMETECOPOIOTHSIBIK JKaFJaiaparsl
e3repicTep OHBIH JKOXYHECiHe acep eTyiMeH OipikTipisieni, omapablH Oipi TEHI3 OpTachIH JacTay OOIBIN TaOBLIAIBL.
Conrycrik Kacrmiine xeMipcyTeri MIMKi3aTBIH i3[€CTipy MEeH Oapiaya SKOJOTHSUIBIK KAyilCi3MiKTi caKTayFa Kem
KOeHUI OeiHeAl OHCHI3 OMOJOTTSUIBIK OHIMIUNIT 1ie, OanmblK aynay KYHIBUIBIFBI Ja cakTanMmanasl. Kacmuil TeHisi,
acipece OHBIH CONTYCTIK KaJIbIH OeJIiri - CyIslH Xorapsl eHimaimiri. Kacnmiinin MyHmal sxorapbl ©HIMIUIITT OCHI
pe3epByapAblH OHOJIOTHSUIBIK OPTYPILIITiHIH CalBICTRIpMalbl Keneiirimen Oipikripinren. Kacnmit ruapo6uoHTTa-
PBIHBIH MaHbI3/1bI OeJIiri penukTi 0onbin TadbuIaabl. TeHi3aiH Oyl Oesiri OMONOTHSIIBIK OHIMALTIKTEr eH Oail. XKone
Kacnnii TeHi3iHiH (iopacel MeH ¢ayHaceiHbIH aidyan Typuitirine Conrycrik Kacrnmiinin cyblHbIH 0ail KOpEKTiK
3aTTap MEH OpraHMKaJBIK CyOcTpaThl acep ernelni. Anaina kasipri yakeirra Kacnmii teHisi, acipece Conrycrik
TEHi3, aJIeMHIH 0acka /Ja TeHi3/epi CHSAKTBI, MyHall OHIMJAEpI MEH ayblp MeTaJAapblH JacTaHybIMEH, COHJail-aK
OerceH 1l )KYK TachIMalay >KoHe THIPOKYPBUIBICTA KOPIHIC TAllKaH aHTPOIIOTEH K dcepai 6acTaH eTKepye.

Tyiiin ce3aep: ayblp Meranjiap, WIOFBIPIaHY, CYABIH TY3ABUIBIFBI, epireH orTeri, pH, THIpOXHMHSIIBIK JKoHE
TFeOXUMUSIIBIK KOPCETKILITEp.
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OCOBEHHOCTH I'HIPOXUMHUYECKHUX U TEOXUMHUYECKHX MOKA3ATEJIEA
CEBEPO-BOCTOYHOHU YACTH KACIIMUCKOT'O MOPsI (3OHBI, HE@TEI'A30BbIX
MECTOPOXJIEHNU KABAXCTAHCKOI'O CEKTOPA)

AHHoTanusl. V3MeHEeHNs TUIPOMETEOPOJOTHYECKUX YCIOBHH, Urparolue ITIaBHYIO posib B JKM3HM Kacmmii-
CKOTO MOpS, COYETAIOTCS ¢ BO3JCHCTBHEM HA €ro 3KOCHUCTEMY XO3SMCTBEHHOW AEATENLHOCTH, OAHMM M3 BHIOB
KOTOPOTO SIBISIETCS 3arpsisHEHHE MOPCKOH cpeabl. bonblioe BHMMaHHE YAENSETCS SKOJOTMYECKOH 0e30macHOCTH
IIpY [IOUCKE U pa3BeaKe MECTOPOXKICHUN YIIeBOJOPOAHOTO chipbsd Ha CeBepHoM Kacnuii, T.k. 6€3 3TOro He ynaercs
COXpaHUTh HHU €ro BBICOKYIO OMOJIOTMYECKYI0 MPOJYKTHBHOCTb, HH PHIOOXO3SMCTBEHHYIO 1IeHHOCTh. Kacmmiickoe
Mope, U ocobeHHO ero CeBepHas MEJKOBOAHAS 4YacCTh, SBISIETCS BBICOKONPOAYKTHBHBIM BojoeMoM. Takas
UCKJIIOYNTENIbHO BBICOKas NMPOJYKTUBHOCTH Kacmusi coderaeTcsi ¢ OTHOCHTENBHOM OEJHOCTHIO OMOJIOTHYECKOro
pasHoO00pa3us 3TOT0 BOAOEMa. 3HAYMTENbHAsh 4acTb rMApoOHoHTOB Kacnms sBisiercss penukroBoil. ViMeHHO 3Ta
4acTb MOps SBISIETCSl caMoil Ooraroll mo OMONOTMYecKOM mNpomyKTHBHOCTH. UM He ciydaiiHo, 4Tto Oorarsie
OHMOTeHHBIMH DJIEMEHTaMH U OpraHHYecKuM cyocTpaToM Boabl CeBepHoro Kacmust oka3piBaoT 00JbLIOE BIMSHUE HA
pasHoobpasue ¢utopsl u paynsl Bcero Kacmus. Ograko B Hactosmee Bpemst Kacnwii 1 ocobenHo CeBepHBIN, Kak U
JpyTrHe MOps 36MHOTO LIapa, UCIBITHIBACT YCHIIMBAIOLIESCs aHTPOIIOTCHHOE BO3JEHCTBHE, KOTOPOE MPOSIBIAETCS B
3arpA3HEHUH He(DTEeNPOAYKTaMHM M TSDKEIbIMH MeTalllaMHM, a TaKkke B aKTHBHOM CYIOXOACTBE |
THAPOCTPOUTENBCTBE.

KaroueBble cioBa: TsDKenble METa/UIbl, KOHIEHTpAIMs, COJIEHOCTh BOJbl, PACTBOPEHHBIN KHCJIOPO/,
BOJIOPO/IHBIN MOKA3aTellb, THAPOXHUMUYECKHE U TEOXUMUYECKUE TOKa3aTeH.
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CHEMICAL CONSTITUENTS OF THE ROOTS
OF FRITILLARIA PALLIDIFLORA

Abstract. The roots of F.pallidiflora collected in Kazakhstan were investigated for chemical constituent. The
quantitative and qualitative analysis of the medicinal plant have been made. Biological active constituents such as
organic acid (1.08%), flavonoids (0.17%) together with moisture content (7.13 %), ash (20.796%), and extractives
(12.85%) of plant F.pallidiflora were determined. By using the method of multi-element atomic emission spectral
analysis in theash of the plantwas found 8 macro-micro elements, in which the main contents were Potassium
(440.420 mcg/ml) and Sodium (33.7475 mcg/ml). In addition, twenty amino and eight fatty acids were identified
from F.pallidiflora. The results showed that the major contents of amino acids were glutamate (2650 mg/100g),
aspartate (1185 mg/100g) and alanine (802 mg/100g), and fatty acids were linoleic (24.2%) and oleic acids (48.4%),
respectively.

Key words: Fritillaria pallidiflora, bioactive constituents, macro-micro elements, amino-, fatty acids.

Introduction

Fritillaria - is a genus of about 130—165 species within the monocot family Liliaceae, and is native to
temperate regions of the Northern Hemisphere. Fritillaria is a botanical source for various
pharmaceutically active components which have been used in traditional Chinese medicine for thousands
of years. Many species (such as F. cirrhosa, F.thunbergii and F. verticillata) are used in traditional
Chinese cough remedies. Increasing interest in Fritillaria medicinal resources has led to additional
discoveries of steroidal alkaloids, saponins, terpenoids, glycosides and many other compounds in various
Fritillaria species, and to investigations on their chemotaxonomy, molecular phylogeny and
pharmacology [1]. Fritillaria pallidiflora Schrenk belongs to the Fritillaria genus of Liliaceae family
widely distributed in Xinjiang province of China and finds widespread applications as antitussive,
antiasthmatic and expectorant medicine [2]. The chemical constituents of F. pallidiflora have been
studied, and steroidal saponins and alkaloids are regarded as their main ingredients [3]. In recent years,
steroidal saponins have attracted more attention for their significant bioactivities, including their anti-
tumor [4], anti-thrombotic [5], anti-inflammatory [6], anti-fungal [7] activities.

In the steppe zones, meadow places, on the slopes of the alpine and subalpine belt of Kazakhstan,
there are 5 species of growing [8]. In addition, the bulbs contain organic acids, terpenoids, phytosterols
and some vitamins. In small doses, the alkaloids contained in the bulbs have a therapeutic effect. Thus, in
Chinese medicine, on the basis of the alkaloids contained in the bulbs, expectorants and soothing agents
are made. In large doses of hazelnut bulbs are dangerous to health [9].

Proteins are large, complex molecules that are critical for the normal functioning of the human body.
They are essential for the structure, function, and regulation of the body’s tissues and organs. Proteins are
made up of hundreds of smaller units called amino acids that are attached to one another by peptide
bonds, forming a long chain. First point of investigation was on amino acids, which is organic (carboxylic)
acids, the molecules of them contain one or more amino groups (NH-groups), the basic structural
elements of protein molecules [10].

It is known that fatty acids - components of lipids exist in plants, animals, and microorganisms. Lipids
are necessary for our body, because without them, metabolism cannot be carried out normally, and toxins
and toxins accumulate in cells and tissues, as purification processes are slowed down. Many of fatty acids
32
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cannot be synthesize in human organism. Those fatty acids are required, however, for cellular processes
and the production of other necessary omega-3 and omega-6 fatty acids. In addition fatty acids have a
wide range of commercial applications, for example, they are used not only in the production of numerous
food products but also in soaps, detergents, and cosmetics. Soaps are the sodium and potassium salts of
fatty acids [11].

In the present study, the quantitative and qualitative analysis of bioactive components such as
moisture, total ash, and extractives contents of F.pallidiflora have been carried out, as well as amino-fatty
acid contents were determined. Determination of main bioactive constituents, macro, micro elemts and
amin-, fatty acid contents of the root of F.pallidiflora which growing in Almaty region of Kazakhstan
were reported for the first time.

Materials and Methods

The root part of plant F.pallidiflora was collected in May 2017 from the piedmont steppe of the
Toraigir Mountains of Almaty region and identified by Dr. AlibekYdyrys. Plant was deposited in the
Herbarium of Laboratory Plant Biomorphology, Faculty of Biology and Biotechnology, Al-Farabi Kazakh
National University, Almaty, Kazakhstan. The air dried roots of F.pallidiflora were cut into small pieces
and stored at room temperature.

Experimental part. The quantitative and qualitative analysis of biologically active constituents of the
plant were made according to methods reported in the State Pharmacopeia XI edition techniques.

In the “Center of Physico-Chemical methods of research and analysis”, Republican State Enterprise
Kazakh National Al-Farabi University, MON RK using the method of multi-element atomic emission
spectral analysis in the ash of F.pallidiflora was analyzed elemental constituents. To determine the
mineral composition of ashes was used Shimadzu 6200 series spectrometer.

Method for the determination of amino acids. 1 g of the analyte, hydrolyzed in 5 ml of 6N
hydrochloric acid at 105°C for 24 hours, in ampoules sealed under a stream of argon. The resulting
hydrolysate is evaporated three times to dryness on a rotary evaporator at a temperature of 40-50°C and a
pressure of 1 atm. The resulting precipitate is dissolved in 5 ml of sulfosalicylic acid. After centrifugation
for 5 minutes, the packed liquid is passed through a column of ion exchange resin at a rate of 1 drop per
second. After this, the resin is washed with 1-2 ml of deionized water and 2 ml of 0.5N acetic acid; then
the resin is washed to neutral pH with deionized water. To elute the amino acids from the column, 3 ml of
a 6N NH4OH solution is passed through it at a rate of 2 drops per second. The eluate is collected in a
round bottom flask together with distilled water, which is used to wash the column to a neutral pH
medium. The contents of the flask are thenevaporated to dryness on a rotary evaporator at a pressure of 1
atm and a temperature of 40-50°C. After adding a drop of freshly prepared 1.5% SnCl2 solution, 1 drop of
2,2-dimethoxypropane and 1-2 ml of propanol saturated with hydrochloric acid, it is heated to 110°C,
keeping 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 acetyl reagent (1 volume of acetic anhydride,
2 volumes of triethyl amine, 5 volumes of acetone) is introduced into the flask and heated at a temperature
of 60°C for 1.5-2 minutes. The sample is again evaporated on a rotary evaporator to dryness and 2 ml of
ethyl acetate and 1 ml of a saturated NaCl solution are added to the flask. The contents of the flask are
thoroughly mixed and as the two layers of liquids are clearly formed, an upper layer (ethyl acetate) is
taken for gas chromatographic analysis.

To determine the amino acids composition was made by using GC/MS device. GC/MS analysis:
amino acid content of the roots part of F.pallidiflora were analyzed by Gas Chromatograph coupled to
Mass Spectrometer using polar mixture of 0.31% carbowax 20 m, 0.28% silar 5 CP and 0.06% lexan in
chromosorb WA-W-120-140 mesh., column (400 x 3 mm). The column temperature was programmed
from 110°C (held for 20 min), at 6°C/min from 110°C to 180°C, at 32°C/min from 185°C to 290°C. When
it reaches to 250°C, it should stay constant till fishing of exit of all amino acids. The chromatogram is
counted according to an external standard.

Results and discussion

The quantitative and qualitative analysis of biologically active constituents together with moisture
content, total ash, extractives contents were determined from the roots of F.pallidiflora. The results shown
in Table-1.
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The ash of plant raw materials is the balance of inorganic substances obtained after burning the raw
material and then calcining the residue to a constant mass. The ash of plants consists of a mixture of
various inorganic substances characteristic of the plant, and mineral impurities that can get into the raw
material during collection and drying. The moisture of plant materials is the loss in the mass due to
hygroscopic moisture and volatile substances detecting when plant material is dried till constant weight.
The moisture content in medicinal plant raw materials serves as one of the numerical indicators
characterizing its quality. Medicinal plant raw materials should not contain moisture above the permissible
standards, because with high humidity, during storage conditions are created that contribute to a decrease
in its quality. For most types of medicinal plant raw materials, the permissible moisture limit is usually 12-
15%.

Table-1 - Quantitative analysis of bioactive constituents of the root F.pallidiflora

Content, %

Moisturecontent Ash Extractives Organicacids Flavonoids
7.13 20.7 12.8 1.08 0.17

In “Center of Physico-Chemical methods of analysis”, Republican State Enterprise Kazakh National
Al-Farabi University, MES RK using the method of multi-element atomic emission spectral analysis in the
ash of F.pallidiflora there were determined eight macro- and micro elements, shown in Table 2 and major
of them are Potassium (440.420 mcg/ml) and Sodium (33.7475 mcg/ml). One of the main factors of
nutrition, affecting health, working capacity and active longevity, are micronutrients - macro- and micro
elements. The body does not produce microcircuits and should receive them in ready form, for example,
with food. The ability to store these substances in the body is absent. Sodium is the maintains the osmotic
pressure and pH of the medium, participates in the formation of gastric juice, activates the enzymes of
saliva and pancreatic juice, together with potassium, forms the electrical potential of cell membranes,
through which a signal is transmitted in nerve cells, muscle cells, etc. Potassium is the most important
component of intracellular fluid, controlling acid-base balance, muscular activity, and synthesis of
proteins and glycogen [12].

Table 2 - Composition of macro-micro elements in the ash of F.pallidiflora ash
Element K Mg Ca Mn Fe Zn Cu Na

mcg/ml 440.4200 25.6850 28.0300 0.4254 3.4152 5.8052 0.1731 33.7475

Determination of fatty acid composition of raw material, and dried plant F.pallidiflora extracted with
a chloroform-methanol mixture (2: 1) for 5 minutes, the extract is filtered through a paper filter and
concentrated to dryness. Then, to taked extract add 10 ml of methanol and 2-3 drops of acetyl chloride and
further methylation at 60-70° C in a special system for 30 minutes. The methanol is removed by rotary
evaporation and the samples are extracted with 5 ml of hexane and analyzed using a gas chromatograph
"CARLO-ERBA-420" allocated the Kazakh Academy of Nutrition for 1 hour. As a result, chromatograms
of methyl esters of fatty acids were obtained. By comparison with reliable samples by the time of exit
from the column, eight fatty acids were identified.

Quantitative composition of fatty acids in F.pallidiflora mostly were linoleic acid (24.2%) and
oleic acid (48.4%). Linoleic acid has received much attention in recent years because of its interesting
biological benefits. The main health effects described for linoleic acid include reduction of carcinogenesis,
atherosclerosis, inflammation, obesity, diabetes, as well as growth promoting and bone formation-
promoting properties [13]. Oleic acid can inhibit the progression of diseases affecting the brain and
adrenal glands, as well as improve memory and reduce blood pressure, but there is evidence that the
substance can provoke cancer, in particular breast cancer [14].

— 34 ——
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Table 3 - Amino acids from the root of F.pallidiflora
Ne Amino acids Molecular formula Structure MW Amount in
plant,
mg/100g
1 2 3 4 5 6
1 Alanine C;H;NO, Q 89 802
HaC QH
NH2
2 Glycine C,HsNO, O 75 326
OH
NHz
3 Leucine C6H13N02 E 131 415
~ o~ i
T
NH;
Isoleucine C¢H15NO, ¢ @ 131 402
MO o
NH;
Valine C5H11N02 o 117 328
)\HLOH
NH;
Glutamate CsHyNO, 0 ] 147 2650
H H
NH,
Threonine C4HoNO; oH O 119 290
H3C*l/“\0H
NH3
8 Proline CsHgNO, O 115 652
C')LDH
NH
9 Methionine C5H11NOzs O 149 75
S
HeC” OH
NH;
10 Serine C;H/NO; 0] 105 480
H O/\HLOH
NH»
11 Aspartate C,H,NO, 0] 133 1185
OY\ ‘Hk oH
OH NH;
12 Cysteine C;H,NO,S Q 121 50
H H
NH;
13 Oxyproline CsHoNO3 NH 131 1
O
HO
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Okonuanue mabnuywl
1 2 3 4 5 6
14 Phenylalanine CoH{;NO, Q 165 303
H
NH2
15 Tyrosine CoH,NO; ﬁ\o 181 348
/@/Y H
NH
HO 2
16 Histidine C6H9N302 (o] 155 200
N
(‘ / "OH
HN NHz
17 Ornithine C5H12N202 G 132 2
NHz
18 Arginine CeH4N4O, ﬁ 0 174 498
HN INI/\/\HLOH
NH,
19 Lysine C6H14N202 NH2 146 160
A__OH
H2N/\/\/Y
O
20 Tryptophan C11H12N202 == O 204 90
\_/ l H
HN NH;
Table 4 - Fatty acids from the root of F. pallidiflora
Ne Fatty acids Molecular Structure MW Amount in
formula plant, %
1 Meristic acid C14:0 C14H2802 Q 228 2.1
/\N\/W\)LOH
2 Pentadecanoic acid C;sy | C;5H300, Q 242 1.2
H3‘:\//'\/'\/’\/\/V\)L
OH
3 Palmitic acid C 16:0 C16H3202 o) 256 18.3
4 Palmitoleic acid C16:l C16H3002 254 0.9
= o+
5 Stearin acid C18:0 C18H3602 0 284 3.8
A/\,/\W\/\)LOH
6 Oleic acid C1g:1 C18H3402 — 282 48.4
H
7 Linoleic acid Cig., C5H3,0, /\m\/\/\i 280 24.2
i1 1 QH
8 Linolenic acid C18:3 C18H3002 \/_\/_\’/Mi 278 1.1
‘OH
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In the composition of amino acids mainly were glutamate (2650 mg/100g), aspartate (1185 mg/100g)
and alanine (802 mg/100g). Glutamate is replaceable amino acid, which plays the role of a
neurotransmitter with high metabolic activity in the brain, stimulates redox processes in the brain, the
exchange of proteins. Normalizes the metabolism, changing the functional state of the nervous and
endocrine systems [15]. Aspartic acid increases immunity, metabolism, deactivates ammonia, participates
in the formation of ribonucleic acids, promotes the removal of chemicals, including drugs, restores
working capacity. Studies conducted by scientists have proved the effectiveness of taking asparaginic acid
preparations for increasing testosterone levels. Aspartic acid is taken as an additive by bodybuilding
athletes to improve strength, increase libido and testosterone in the blood [16]. Alanine plays a significant
role in metabolic processes, as well as to regulate the level of sugar in the bloodstream. This amino acid
protects against the development of cancer of the pancreas and prostate gland, it is an important part of
sports nutrition, increases physical endurance and allows to build muscle mass [17].

Conclusion

Quantitative and qualitative analysis of bioactive constituents and the moisture, total ash and
extractives contents of roots F.pallidiflora were determined. Besides, macro-micro elementsin the ash of
the medicinal plant were investigated, and total eight macro-micro elements were identified by the method
of multi-element atomic emission spectral analysis. Meanwhile, twenty amino and eight fatty acids were
determined from F.pallidiflora. The results showed that the major contents of amino acids were glutamate
(2650 mg/100g), aspartate (1185 mg/100g) and alanine (802 mg/100g), and fatty acids were linoleic
(24.2%) and oleic acid acids (48.4%), respectively.

JLA. Yrerenona', A.K. HprILIGEKOBal, M.A. TiocedaeBa’, 7K. Kenic' *
'8n-d>apa61/1 ateraaarel Kaz¥V, Xumus xone XumusuiblK TexHonmorus ®akynbreti, Anmatsl, Kazakcran
AKIIBIJ CENKIJITYJ TAMBIPBIHBIH XUMUSAJIBIK KYPAMBIH 3EPTTEY

Annoranusi. Kazakcranna sxunanran F. pallidiflora TaMpIpbIHBIH XUMHUSUIBIK Kypambl 3eprrenmi. Jopinmik
OCIMJIIKTIH CaHJBIK JKOHE CamlajblK TajJaybl Xyprizingi. OCiMIIKTIH buFanaAbLIbEb (7,13%), kyanimiri (20,796%)
xoHe skcTpakTuBTiIiri (12,85%),conpiMen Oipre opranukainbik Keiikbul (1,08%), dmaBononarap (0,17%) cusikTs
OMOJIOTHSJIBIK AKTUBTI KOMIIOHEHTTEP KYPaMbl aHBIKTAI/bI. ATOMJIBIK SMHUCCHSI CIIEKTPANIbbI TAJAAY SAICIH KOJJaHa
OTBIPBIIN, OCIMIIKTIH KYJIHIET] 8§ MHUKPO KOHE MaKpoO JJIEMEHTEpl aHbIKTaIJbDKOHE OHBIH HETri3ri Kypambl Kajauid
(440.420 mxr / mu) sxeHe Hatpuit (33.7475 MKr / Mi1) 3JM€MEHTTEpiHEH TYpaTbIHBI aHbIKTalAbl. bynan Oacka,
F.pallidiflora-nan »xuplpMa aMUH JKOHE CETi3 MAailiibl KBIIIKBUT AHBIKTAJABL. AJIBIHFAH HOTHXKENep OOWBIHIIA
AMHMHKBIIIKBUIIAPIBIH HEri3ri Kypamsl riayTamar (2650 mr/ 100 1), acmaprar (1185 mr/ 100 r) sxone ananuH (802 mr
/ 100 T) *xoHe Maii KypambIHAa JTUHOT (24,2 %) 'KoHE OJICHH KBIIKbUIIapH (48,4 %).

Tyiin ce3nep: Fritillaria pallidiflora, 6M0akTHBTI KypammacTap, MaKpO-MHKPO SJIEMEHTTEP, aMHUHO-MAauIbl
KBILIKBLIIAP.

JL.A. Yrerenosa', A.K. Hypnblﬁexonal, M.A. TiocebaeBa’, 7K. Kennc'*

1 o o N
®DakyIbTeT XUMHUH U XUMHUYECKOW TEXHOJIOTHH, Ka3zaxckuii HallMOHANBHBINA YHUBEpCUTET UM. Anb-Dapadw,
Anmartsl, Kazaxcran

NCCIEJOBAHUE XUMHNYECKOI'O COCTABA PABYUKA BJIEJHOINBETKOI'O

Annorauus. beut nccienoBan xumudeckuit cocraB kopHelt F. pallidiflora, cobpannoro B Kazaxcrane. Cuenan
KOJIMYECTBEHHBIH W KAa4EeCTBEHHBIN aHAIM3 JIEKApPCTBEHHOTO pacTeHusA. OnpeneseHbl OMOJIOrMYecKH aKTHBHBIE
KOMITOHEHTBI, Takue Kak opranuueckue kuciaoTsl (1,08%), dmnaBonouasr (0,17%), a Taxke colepkaHHe Bllard
(7,13%), 3ombHOCTB (20,796%) 1 sxcrparentst (12,85%) pacrenust F.pallidiflora. Tlpu ucnonbp3oBaHueM MeTola
MHOT'03JIEMEHTHOI'O aTOMHO-IMUCCHOHHOTO CHEKTPaJIbHOIO aHaji3a B 30JIe PACTeHUs ObUIO HaijeHO 8 Makpo-
MHKPO 3JI€MEHTOB, OCHOBHBIMH BEILIECTBAMHU M3 KOTOPBIX OblH Kanuii (440.420 mxr / min) u Hatpuid (33.7475 Mkr /
min). Kpome toro, u3 kopueit F.pallidiflora Obiin uaeHTUGUIIMPOBAHBI JBAALATH AMUHOKHCIOT M BOCEMb JKHPHBIX
KUCIJIOT. Pe3ypraThl OKa3aJii, YTO OCHOBHBIM COJICp)KaHHEM aMHHOKHCIIOT SIBISIIOTCS riryrtamat (2650 mr / 100 r),
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acmaptar (1185 mr / 100 r) u anmarus (802 mr / 100 1), a cpean KUPHBIX KUCIIOT - THHONEBEIE (24,2%) 1 0J1enHOBEIE
KHUCIOTHI (48,4%) COOTBETCTBEHHO.

KuaroueBsie caoBa: Fritillaria pallidiflora, 0noakTUBHBIE KOMIIOHEHTBI, MaKpO-MHUKPO JJIEMEHTHI, aMHHO-,
KHPHBIE KUCIIOTHI.
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STUDYING THE PROCESS OF OBTAINING PHOSPHATES
OF METALS BASED ON THE PHASE EQUILIBRIA
OF FOUR COMPONENT SYSTEMS

Abstract. In this article the literature data on phase equilibria in four-component reciprocal systems are given
and the solubility in the mutual quaternary systems FeCl,-H;PO4-H,O was determined in the range of concentrations
of phosphoric acid from 5 to 55% H;PO, at temperatures of 25, 60 and 80°C.

The calculated data on the construction of the crystallization fields of salts in the studied system, taking into
account the possible formation of one- and two-substituted iron phosphates, are given. The optimum consumption of
phosphoric acid solution to obtain the desired product is defined. The maximum possible yield of the finished
product in these conditions of the process from a unit mass of ferric chloride is also established.

The consumption of phosphoric acid was determined according to the diagram according to the lever rule as the
ratio of the segments BM5 and M5D. The excess acid ratio over the stoichiometric norm was calculated for the
formation of monosubstituted phosphates for the FeCl,-H;PO4-H,O system.

Keywords: multicomponent system, phase equilibrium, phase diagrams, phosphatizing, isothermal method,
Yeneke diagram.

Introduction

The study of state diagrams of multicomponent systems, depicting the relationship between the
property (temperature) and composition is of scientific interest. The interest and importance of the study
of such state diagrams is not only to establish the presence of phases in the system, but also to clarify the
nature and nature of the interaction between the components of the system, as far as possible, on the basis
of studying the type of obtained diagrams [1].

For complex systems consisting of many phases and components, the construction of a state diagram
is the only method that allows one to determine in practice how many phases and what phases form the
system for given values of state parameters. Each real-life state of a system in a state diagram is depicted
by a so-called figurative point; areas of existence of one phase correspond to sections of space [2-3].

The theoretical basis for the construction and interpretation of state diagrams of equilibrium systems
are phase equilibrium condition, according to which the chemical potentials of each component in all
phases at equilibrium are equal; the condition of chemical equilibrium, according to which the sum of the
chemical potentials of the reacting substances at equilibrium is equal to the same amount for the reaction
products; phases of the Gibbs rule [4-5].

In order to construct state diagrams by calculation, it is necessary to know the dependencies of the
chemical potentials of all components of the system. The study of state diagrams is the main content of
physico-chemical analysis.

Up to date the problem of anticorrosive protection of metals is still extremely topical one, and it
requires fast decision. Herewith one of directions of development of effective phosphate protective
coatings is using waste of chemical-metallurgical productions for that purpose.
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In work [6], the possibility of using the electrochemical method - cyclic voltammetry for determining
the applying the phosphate coatings on brass samples from phosphating solutions was considered.

The proposed voltammetric method is based on measuring the amount of current (amount of
electricity) for cathode maxima of electroreduction of ionization products of disk brass electrodes in the
absence of a phosphate coating and coated with a wide potential range against a background of 0.3 M
Na,S0O,. In work [7], the influence of zinc phosphonat ZnHT® and sodium lingosulphate on speed of a
steel corrosion is studied. It is established, that the greatest inhibitory effect is observed at a ratio 1:1.

Phosphatizing of non-ferrous metals, in particular brass, is used less frequently than phosphatization
of ferrous metals. However, in the case of applying paint coatings, the preliminary application of a
phosphate layer leads to a significant increase in the resistance of the applied coating, which is very
important for non-ferrous metals with low adhesive properties [8-20].

Determining the optimal phosphatizing conditions for brass samples — the composition and nature of
phosphating solutions, temperature, phosphating time, hydrodynamic conditions is associated with
conducting a large number of laborious tests using chemical and physical methods [6, 21-24].

The use of such methods does not always allow to obtain unambiguous information about the
physico-chemical characteristics of phosphate coatings. To establish the optimal conditions for monitoring
and controlling the phosphating process on the samples used, the most informative method may be an
electrochemical method based on fixing cyclic current-voltage curves.

For determination of the reactivity and conditions of applying the phosphate coatings on metals and
alloys of different nature, chemical optical and physicochemical methods are widely used. Among
electrochemical methods, the most widely used method is a method, based on the measurement of the
potential of time. Using this method, the time of formation of phosphate coatings on the studied samples
can be estimated.

It is known that chloride sublimates of oxidizing-chloridizing roasting of lead-zinc ore contain 28.9%
of chloride-ions, including 38.3% of ZnCl, and 6.85% of FeCl, and 6,75% PbCl, [25]. When phosphoric-
acid processing of these sublimates to obtain phosphating anticorrosive coatings four-component
(quaternary) FeCl,-H;PO4-H,O systems is formed. Formation of five-component (quinary) FeCl,-ZnCl,-
H;P0O4-H,0 system is possible as well. Researched processes represent complex chemical-technological
systems, including both chemical and phase transformations in equilibrium conditions. Therefore the
technology of processing of chloride sublimates with a certain composition using phosphoric acid is
impossible to develop without complex physical-chemical analysis of these mutual systems and setting
regularities of phenomena taking place in the systems. The analysis is performed by studying properties of
a heterogeneous system depending on its composition and parameters and imaging these dependences on
state diagrams.

The analysis of the latest news from literature sources for the question of phase equilibrium in pointed
systems testifies that similar investigations weren’t conducted. There are data only about composition and
properties of two-component systems FeCl,-H,O and ZnCl,-H,O in the literature [26], but those don’t
correspond with composition of waste under investigation. Acid-containing ternary systems like FeCl,-
HCI-H,0O and ZnCl,- HCI-H,0, Fe;(PO,),-H3PO4-H,0O and Zn3(PO4),-H3;PO4-H,O aren’t studied. Phase
equilibrium in a system Fe,03;-P,0Os-H,O is established only, and this system has absolutely another
composition with crystallization of iron (III) phosphates.

The system FeO-P,05-H,O0 is researched at temperature 70°C in the interval of diluted solutions only
(less than 5,54% FeO and 15,1% P,0s) forming amorphous products like 2FeO-P,0s5-3H,0 in solid phase.
Hence, information about solubility in the given system is limited and it doesn’t correspond to conditions
of process behavior.

Phase equilibrium in quaternary mutual systems FeCl,-H3PO,4-H,0 and ZnCl,-H;PO,4-H,O, as well as
in quinary system FeCl,-ZnCl,-H;PO4-H,O aren’t studied. There isn’t data about solubility and
crystallization fields in given systems even at standard temperature.

In this connection, it is necessary to study the state diagrams of the above-mentioned four-component
systems, which are the basis for the development of the theoretical foundations of technological processes
occurring during the phosphoric acid processing of chloride sublimates.

— 4) ——
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METHODS

The solubility was studied by an isothermal method, the essence of which is to mix the solution at a
constant temperature with an excess amount of solid phase until equilibrium is established. In the studied
systems, chemical interaction of the initial reagents - a solution of phosphoric acid of a certain
concentration and ferric (II) chloride proceeds until equilibrium is established in accordance with the
reaction equation:

3FCC12 +2H3PO4:FC3(PO4)2+6HC1 (1)

Depending on the degree of saturation of the acid with the cation, one-, two-, or three-substituted
phosphates are formed; however, in order to reach the saturation state and determine the equilibrium
composition of the system at a certain temperature, it is necessary to introduce chlorides in an amount
exceeding the stoichiometric rate for the indicated reactions.

The experiments were carried out in a thermostated reactor, equipped with a refrigerator, a mixer with
a water seal and a thermometer. The temperature was maintained using a contact thermometer with an
accuracy of +/- 0.5 ° C. Due to the release of hydrogen chloride as a result of the reaction, the process was
carried out in a fume hood, and a reflux condenser and an absorber with cold water were used to remove
the formed gas. Removal of gas from the reactor to the absorber is provided by connecting it to a water jet
pump.

In a solution of phosphoric acid (chemical pure) of a certain concentration was added a portion of
ferric chloride in an amount to saturate the solution with salt after the reaction, which is determined by the
remaining excess salt in the solid phase. Upon reaching saturation every half hour using a thermostated
sampler, samples were taken of the liquid phase for analysis on the content of chloride ions. About the
time to reach equilibrium was judged by the constancy of the content of chloride ions in the last two or
three selected samples. The content of chloride ions was determined by argentometric method.

Solubility was calculated on the basis of 3-4 parallel experiments results at allowable discrepancy less
than 0.5% between two parallel analyses of liquid phase in every experiment. It is established
experimentally that equilibrium in systems FeCl,-H;PO,4-H,0 is reached in 2.5 hours at any temperature
[27]. Solubility is studied in phosphoric acid concentration interval from 5 to 55% of H;PO, at
temperatures 25, 60 and 80°C. The last ones correspond to conditions of chloride sublimate processing.

RESULTS AND DISCUSSION

In order to construct solubility isotherms for mutual quaternary systems on flat square Yeneke
diagram the ionic salt composition of the system is expressed in Yeneke indexes, which are determined on
the basis of the equality of the sum of the number of moles of cations and anions. So for the system FeCl,-
H;PO,-H,O the sum of cation moles 3Fe*" (bounded as chlorides and phosphates in the solution) and 6H"
(bounded as phosphoric and hydrochloric acids) is to be equal to the sum of anion moles 6CI" and 2PO,>",
are also in the composition of the corresponding salts and acids. Based on this, the ionic composition of
the system at any point in the diagram is defined as the molar ratio of one of the anions to the sum of
anions and the molar ratio of 6H" to the sum of cations [28].

For this purpose, the data on the composition of the equilibrium system obtained as a result of the
studies carried out are recalculated taking into account the proceeding chemical reaction (1). The content
of chloride ions in the solution takes into account their presence both in the form of ferric chloride and
hydrogen chloride, and the high content of these ions in dilute phosphoric acid solutions (5-15% H;POy4 at
25 °C) indicates that in equilibrium with a stable pair salts of Fe;(PO,),-6HCI is also a salt of FeCl,, and
H;PO, is absent. For higher temperatures, the region of such a composition of the equilibrium system
expands to 20 and 25% H;PO, at 60 and 80 °C, respectively. In the FeCl,-H;PO4-H,O system, the
temperature dependence is traced: with increasing temperature, the solubility increases, and the point of
triple eutonics shifts to the area of higher concentrations.

Recalculation of the content of system components with regard to the reactions taking place shows
that, starting from the inflection point, phosphoric acid is in equilibrium with a stable pair of salts up to the
maximum concentration of this acid, which indicates a wide crystallization range of iron phosphates.
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Next, we calculated the number of moles of compounds and the number of moles of individual ions in
the composition of these compounds, and then the total number of moles of like ions. Based on the
obtained data, the coordinates of the points on the solubility isotherms were calculated in accordance with
the above method. The composition of the solid phase, equilibrium with the solution in the FeCl,-H;PO4-
H,O system is given in table 1.

Table 1 - The composition of the solid phase, equilibrium with the solution in the FeCl,-H;PO4-H,0 system

Composition of Content of P,O5/CI  in solid phase, %, The composition of the equilibrium solid phase
the initial at temperatures of at temperatures of
acid,%
H;PO,4 25°C 60°C 80°C 25°C 60°C 80°C
5 0/37,2 0/39,1 0/42,2 FeCl, H,0O FeCl, H,O FeCl,r H,0
10 0/45,1 0/40,4 0/47,7 FeCl,- H,O FeCl, FeCl,
15 3,0/43,5 0/46,9 0/50,3 FeCly+ Fe3(POy), | FeCl, FeCl,
20 29,2/16,1 0/51,2 0/50,2 FeClL+ Fe;(POy), | FeCly FeCl,
25 38,7/1,3 28,7/12,1 0/48,9 FeCl,+Fe3(POy),+ | FeCly+ FeCl,
FeHPO, Fe;(POy),
30 50,3/0 42,0/0 27,7/10,4 Fe;(POg4),+ Fe;(POy),+ FeCl,+
FCHPO4 FCHPO4 Fe3(PO4)2
35 51,9/0 52,1/0 40,9/0 FG(H2PO4)2 FC(H2PO4)2 Fe3(PO4)2+
FeHPO4
40 54,3/0 55,0/0 50,5/0 Fe(H,PO,), Fe(H,PO,), Fe(H,PO,),
45 53,8/0 53,5/0 53,7/0 Fe(H,PO,), Fe(H,PO,), Fe(H,PO,),
50 53,0/0 53,9/0 54,4/0 FC(H2PO4)2 FC(H2PO4)2 FC(H2PO4)2
55 54,1/0 54,0/0 53,1/0 FG(H2PO4)2 FC(H2PO4)2 Fe(H2PO4)2

Applying certain compositions of saturated solutions (Xpp4, Xy) on the Jeneke diagram, we obtain the
line of solubility isotherms in the studied system at temperatures of 25, 60 and 80°C.

Based on the obtained data, salt crystallization fields were constructed in the studied system, taking
into account the possible formation of one- and two-substituted iron phosphates, which compositions are
indicated by points F; and F», respectively (Fig. 1).
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Figure 1 - Diagram of the FeCl,-H3PO4-H,O phase system
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From Fig. 1 it is seen that in the FeCl,-H;PO4-H,O system, the displacement of triple eutonics, the
increase in solubility and the expansion of the co-crystallization region of Fe;(POy), and FeCl, and FeCl,
salts with increasing temperature are traced. The fields of crystallization of iron phosphate are reduced,
which affects the choice of optimal conditions for obtaining monosubstituted iron phosphates. The points
of the triple eutonic E;, E; and E; are determined by the extreme point in the composition of the saturated
solution at a given temperature and confirmed by the composition of the solid phase determined by the
content of phosphate ions and chloride ions in it (Table 1).

According to the rule, the connecting direct process of the interaction of chlorides with phosphoric
acid is depicted in the diagram by the BD line, connecting the composition points of the initial pure
reagents [29]. At their equimolecular ratio, the figurative point of the composition of system M will be in
the region of the joint crystallization of the Fe;(PO,), and FeCl, salts, which does not allow to obtain the
desired product in the solid phase. In order to achieve the maximum yield of the product, the initial
reagents should be taken in such a ratio that the figurative point of the system composition is on the
crystallization beam, connecting the point of the salt composition, for example, Fe;(PO,),, and the eutonic
point corresponding to the process temperature - E;, E, and E;, determining the composition of the
solutions, saturated simultaneously with three salts, for temperatures of 25, 60 and 80°C, respectively.
These are respectively points M, M, and M. In this case, the crystallization of the production salt occurs
over a longer segment, which makes it possible to isolate the maximum amount of the product in the solid
phase. For the formation of the target product - iron dihydrogen phosphate, the process must be carried out
at such a ratio of initial compounds that the figurative point of the system composition is on the
crystallization line of Fe(H,PQOy), salt connecting the points of their composition F1 and the eutonic point.
In the case of carrying out the process at a temperature of 80 °C, the desired point M5 is located at the
intersection of the line of interaction between the initial reagents and the crystallization beam FE;, which
ensures the maximum yield of the product.

In order to obtain the specified composition of the system, the consumption of phosphoric acid
solution is determined according to the lever rule and, more precisely, by the method of compiling the
material balance of the process [30]. As a result of its decision, the yield of the finished product, the
Fe(H,POy), salt, is also determined.

The consumption of phosphoric acid is determined according to the diagram according to the lever
rule as the ratio of the segments BM; and M;sD. For the FeCl,-H;PO4-H,O system, the excess acid ratio
over the stoichiometric norm for the formation of monosubstituted phosphates is calculated as 98: 43 =
2.28. Then the consumption of a phosphoric acid solution, taking into account its concentration of 45% for
the interaction with the initial 5 grams of chloride in accordance with the equation of reaction (1) is
determined as (5-196:381)-2.28):0.45 = 13.02 g per reaction with iron chloride. Taking into account the
density of the solution of a given concentration, equal to 1.293 g/cm’, the volume flow of the phosphoric
acid solution will be 13.02:1.293 = 10.07 cm’. We will carry out a refined calculation of the optimal
consumption of phosphoric acid for carrying out the reaction by preparing a complete and partial equation
of the material balance of the process per unit mass of the initial chloride. The complete material balance
equation for the process of the interaction of pure ferric chloride and phosphoric acid on the salt mass of
the system is determined as follows:

1 FeCl,+X H3;PO4=Y Fe(H,PO,),*+Z solution E; 2)

Substituting into the equation the composition of the solution E;, calculated when constructing
solubility isotherms for extreme points (table 2-4), we get:

1FeCl,+XH;PO,=YFe(H,PO,),+Z(0,426P0,>+0,574C1+0,772H +0,228F ) 3)
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Table 2 - Results of the recalculation of data by Jeneke at 25 °C

The initial system

The composition of the solution in the

The number of moles of components

25°C equilibrium system, %
H;PO, FeCl, Fe;(PO,), 6HCI 3FeCl, 2H;PO, Fe;(PO,), 6HCI 3FeCl, 2H;PO,
5 29,71 - 5,59 43,43 0 0,0255 0,0255 0,114 -
10 23,54 9,13 11,17 22,67 0 0,0510 0,051 0,0595 -
15 23,54 - 16,76 12,95 0 0,07654 0,07653 0,03399 -
20 21,07 27,40 21,66 0 0,62 0,09891 0,0989 - 0,00316
25 18,58 35,41 19,10 0 7,90 0,08723 0,0872 - 0,04031
30 14,87 24,99 15,29 0 16,32 0,0698 0,0698 - 0,0833
35 12,39 20,82 12,74 0 23,60 0,05816 0,05817 - 0,1204
40 9,91 16,66 10,19 0 30,88 0,04654 0,0465 - 0,1576
45 8,67 14,57 8,92 0 37,02 0,0407 0,0407 - 0,1889
50 6,19 10,41 6,37 0 44,30 0,0291 0,0291 - 0,226
55 2,48 4,16 2,55 0 52,72 0,01162 0,01164 - 0,269

Table 3 - Results of recalculation of data by Jeneke at 60 ° C

The initial system The composition of the solution The number of moles of components
60°C in the equilibrium system, %

H3PO4 FCC12 Fe3(PO4)2 6HCI 3FeC12 2H3PO4 Fe;(PO4)2 6HCI 3F6C12 2H3PO4
5 35,93 9,13 5,59 54,55 - 0,0255 0,0255 0,143 -
10 33,45 18,26 11,17 40,40 - 0,051 0,051 0,106 -
15 28,50 27,40 16,76 21,81 - 0,0765 0,0765 0,0572 -
20 26,02 36,53 22,35 7,66 - 0,102 0,102 0,0201 -
25 22,30 37,48 22,93 - 4,48 0,105 0,105 - 0,0229
30 19,82 33,32 20,38 - 11,76 0,093 0,093 - 0,060
35 16,11 27,07 16,56 - 20,18 0,0756 0,0756 - 0,103
40 13,63 22,91 14,01 - 27,46 0,064 0,064 - 0,140
45 11,20 18,82 11,51 - 34,70 0,0526 0,0526 - 0,177
50 8,68 14,57 8,92 - 42,02 0,0407 0,0407 - 0,214
55 6,19 10,40 6,37 - 49,30 0,0291 0,0291 - 0,252

Table 4 - Results of recalculation of data by Jeneke at 80 ° C

The initial system

The composition of the solution in the

The number of moles of components

80°C equilibrium system, %

H3PO4 FeClz Fe3(PO4)2 6HCI 3FCC12 2H3PO4 FC3(PO4)2 6HCI 3F€C12 2H3PO4
5 39,65 9.13 5,59 61,20 - 0,0255 0,0255 0,161 -
10 37,17 18,26 11,17 47,05 - 0,051 0,051 0,125 -
15 34,69 27,40 16,76 32,90 - 0,0765 0,0765 0,0864 -
20 32,34 36,53 22,35 18,97 - 0,102 0,102 0,0498 -
25 29,74 45,66 27,93 4,59 : 0,128 0,128 0,012 R
30 27,26 45,82 28,03 R 4,92 0,128 0,128 ; 0,025
35 26,12 43,91 26,86 - 10,96 0,123 0,123 - 0,056
40 24,78 41,65 25,48 - 17,20 0,116 0,116 - 0,088
45 23,54 39,57 24,20 - 23,34 0,111 0,111 - 0,119
50 19,82 33,32 20,38 R 31,76 0,093 0,093 ; 0,162
55 17,35 29,16 17,84 R 39,04 0,081 0,081 } 0,199

Next, we compose the partial equations for the individual components - ions, taking into account their
mass fraction in the anhydrous compound, and solve them with respect to the unknowns:

By Fe’: 1-0,441=Y-0,224+7-0,228

By CI': 1-0,559=Z7-0,574

By PO,” : X-0,969=Y-0,776+Z-0,426

Hence the mass of the eutonic solution E; is Z = 0.974; the mass of production dihydrogen phosphate
of iron is Y = 0,977; mass of phosphoric acid is X = 1.210 per unit mass of FeCl,, or 2.69 in terms of 45%
phosphoric acid. On 5 grams of this reagent, the consumption of the acid solution will be 13.44 g, and
taking into account its density, 13.44: 1.293 = 10.4 cm’, which is slightly more than the volume flow,
calculated using the lever rule.

—— Y4 ——
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Conclusion

Thus, the optimal consumption of a phosphoric acid solution to obtain a specified product from a unit
mass (1 kg) of iron chloride — 2.69 kg was determined. The maximum possible yield of the finished
product in these conditions of the process from a unit mass of iron chloride - 0.977 is also established.
Also, the studied phase diagram of the FeCl,-H;PO4-H,O system at temperatures of 25, 60 and 80°C
represents new scientific data on solubility in reciprocal four-component systems, which significantly
expand the area of knowledge in the physico-chemical analysis of multicomponent systems and provide a
theoretical basis for the analysis and justification of the optimal conditions of the processes occurring in
the studied systems.
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TOPT KOMIIOHEHTTI )KYWEJEPIIH ®A3AJBIK TENE-TEHIII'T HETI3IH/IE
TEMIP ®OCPATHBIH AJIY YPAICIH 3EPTTEY

AnHorauus: byn makanana e3apa opeKkeTTeCeTiH TOPT KOMIIOHEHTTI yHenepzeri ¢aszajblk Terne-TeHAIri Typabl
o1eOUeTTIK MATIMETTepAiH Talgaybl KeNTipiareH, COHbIMEH Karap (ocdop KBIIIKBUIBIHBIH MIOFEIPEI 5 skoHe 55% H3PO,
apanbeiFbiHga 25, 60 xone 80°C remneparypanapna FeCly-H;PO4-H,O xyiieciniH epirimriri KapacThIpbUIFaH.

Conpaii-ak 3epTTelin OTBIpFaH JKyheae Oip Hemece eki Herizmi Temip (ochaTbHBIH TY3UIyiH €CKepe OTBIPHII,
TY3/apJIbIH KPUCTAIIaHY alaHAapblH TYPFBI3YbIH €CENTIK MAJIIMETTepl KenTipiireH. ATajaraH eHIM/I any YIIiH KaKeTTi
(dhochop KBIIKBUIBIHBIH THIMJII HIBIFBIHBI aHbIKTaaFaH. COHBIMEH KaTap, YPIICTep.i XYpri3yaiH OepiIreH mapTTapbiHIa
TeMip XJIopuAiHiH Oip GipniriHeH AaibIH OHIMHIH MYMKIH MaKCHMAJIABI IIBIFBIMBI TaFraibIHAQJIFaH.

®docdop KIIIKBUIBIHBIH MIBIFBIHBI AUarpaMMa OoibIHIIA HIHTIpEK epexecine coiikec, BM; xxone MsD kecinainepiHin
KaTbiHacel peTinae asbikrangbl. FeCl,-H;PO,-H,O kyiieci ymiin Oip opblH Oackan QocdaTrapabiH  Ty3ildyiHe
CTEXHOMETPHSUIBIK HOPMAJIaH KOFaphl KBIIIKBUIBIH aPTHIK MOJIIEepiHiH K03 duIuenTi ecenteui.

Tyiiin ce3mep: Ken kommoHeHTTI kyite, (asanblk Tene-TeHIikTep, (asaiblk Auarpammanapsl, ¢ocdarray,
M30TEPMUSIBIK oJIic, VeHeke quarpaMMack!.
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MN3YUYEHUE NPOLHECCA INOJYYEHUS ®OCDPATA KEJIE3A HA OCHOBE ®A30BbIX PABHOBECHUH
YETBIPEXKOMIIOHEHTHBIX CUCTEM

AHHOTanmsA: B [aHHOW cTaThe TpUBENEH AaHANM3 JMTEPATYPHBIX CBeleHHHA 1O ()a30BBIM DPAaBHOBECHSIM B
YETHIPEXKOMIIOHEHTHBIX B3aWMHBIX CHCTEMax, Takke H3ydeHa pacTtBopuMocTs cuctemsl FeCly-H;PO4-H,O B mHTepBane
KOHIeHTpanuil dpocdopHoii kucioTe! 0T 5 10 55% H3PO,4 pu Temmeparypax 25, 60 u 80°C.

IIpuBenensl pacueTHble HAaHHBIE 110 IIOCTPOCHUIO ITOJEH KPUCTAJUIM3alUM CONEHl B M3ydaeMOH CHCTEME C Y4eTOM
BO3MOXKHOrO 00pa30BaHMS OJHO- M JByX3aMelleHHbIX (ocdaToB xene3a. OnpenesieHO ONTHUMAIbHBIA pPacxol pacTBOpa
(ocdopHOIT KUCIOTHI HA MOJNY4YEHHE 33aIaHHOTO IMPOAYKTa. YCTaHOBJEH TAaKXKe MaKCHMAaJbHO BO3MOJKHBIM BBIXOJ T'OTOBOIO
MPOJYKTa B JAHHBIX YCIOBHAX MPOBEICHUS MPOLECCA U3 EANHUIIBI MACChI XJIOPUA JKENe3a.

Pacxon pochopHoii KHCIOTHI ONpeaessUIi [0 JHarpaMMe COTJIaCHO MPaBUITy phlYara Kak OTHOIIeHHe oTpe3koB BMs u M;sD.
PaccunTeBamn Ko>(pUIMEHT H30BITKA KHUCIOTHI CBEPX CTEXMOMETPUYECKOM HOPMBI Ui 00pa3oBaHMs OIHO3aMEMIEHHBIX
tdocdatos mis cucremsl FeCly-H;PO4-H,O.
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Pt- AND Pd-CATALYSTS ON MODIFIED KAOLINITES
IN THE REACTION OF N-HEXANE ISOMERIZATION

Abstract. The article presents the data on synthesis and properties of Pt and Pd catalysts supported on modified
Ti*" and Zr*" kaolinites of two of Kazakhstan fields- Sarymsak, Ermakov (KS and KE), their catalytic activity in n-
hexane isomerization, depending on temperature and composition of the catalyst. The elemental and phase
composition of the synthesized catalysts, as well as their textural properties, are determined. It was indicated that the
studied catalysts showed high activity and selectivity in the reaction isomerization of n-hexane with formation of
mono- and disubstituted isohexanes and isoheptanes. The Pt catalysts supported on modified Zr*" and Ti*" kaolinites
were exhibit higher isomerization activity compared to Pd-catalysts. Maximum conversion of n-hexane, equal to
43.2% and a yield of Cg + C; isomers of 36.0% with selectivity for isomers of 93.3%, was observed on 0.35% Pt/ Zr
(5.0) HKS catalyst at 400 °C which can be recommended for further improvement.

Keywords: kaolinite, platinum, palladium, n-hexane, isomerization, selectivity, isomer yield, mono- and
disubstituted isohexanes.

Introduction. Among the most important minerals are clays, which are widely used in various
industries, agriculture and medicine [1]. It is known that the bentonite clays themselves are natural
catalysts widely used in various refining processes [2, 3]. A characteristic feature of aluminosilicate
catalysts (natural and synthetic) are their acidic properties. It is established that the catalyst activity
increases with increasing the acidity.

Currently, montmorillonite (MM) - a natural layered aluminosilicate, is being successfully used in
matrix of the cracking catalysts in Russia [4]. In addition to participating in formation of porous structure
of the catalyst and primary cracking of hydrocarbon molecules of the raw material, MM provides
mechanical strength of the catalyst and removal of the heat from the zeolite crystals, helping to preserve
its structure and catalytic activity. Modification of MM allows you to optimize its properties for use in the
composition of cracking catalysts. In industrial practice, the ion exchange method is used to remove
sodium from MM, which negatively affects on activity and stability of the catalyst. Intercalation of MM
with oxides of various metals (Al,Os, ZrO,) allows to obtain microporous materials with comparable in
structure and acidity of zeolites [5]. It is possible to use methods of influencing the dispersion of MM, for
example, ultrasonic processing, since dispersity of the components is important for the formation of
porous structure of the catalyst and its mechanical properties [6]. Since indirect indicator of the sorption
and catalytic activity of the minerals is value of their exchange capacity, not only the clay minerals,
montmorillonite, hydromica, kaolinite and others can be catalysts for the process of organic matter
conversion. Clay is a binder in the production of zeolite catalysts, which have found wide application in
petrochemistry and oil refining. In addition to improving the strength properties of the catalyst during its
transportation and operation, clays also affect chemistry of the processes [7]. By changing amount and
composition of the clay binder, you can directly influence selectivity of the contact. It was established that
zeolite Y synthesized from kaolin with modulus 4.9 after exchanging 60% Na™ for H* in it has a high
catalytic activity in the reaction of oligomerization of a-octene [8].
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Kazakhstan has sufficient reserves of bentonite clays [9], which are widely developed in Kazakhstan.
The greatest practical interests are the fields of Southern and Eastern Kazakhstan. In South Kazakhstan,
these are the Darbazin and Kelesk deposits with total reserves of 58 million tons, as well as the Andreev,
Dzerzhin, Ildersay with total reserves of more than 100 million tons. In East Kazakhstan, the Manrak
group of bentonite clay deposits is known with a total estimated resource of about 50 million tons. The
high quality of bentonite is allocated Tagan (10.6 million tons) and Dinosaur (about 4 million tons)
deposits [10]. Of particular importance is the use of bentonite clays and synthetic zeolites as contacts and
carriers for various processes, since they are characterized by a developed surface, porosity and high
adsorption capacity.

Kaolinite - a clay mineral from the group of aqueous aluminum silicates. The chemical composition
of Aly[Si;049] (OH)g contains 39.5% Al,Os, 46.5% SiO, and 14% H,O. Kaolinite is a widespread clay
mineral, the composition of aqueous aluminosilicate (monoclinic), has a layered structure, in nature it
occurs in the form of hexagonal or irregular-shaped scales about 1 micron in size. The crystalline structure
of kaolinite is based on infinite sheets of Si — Oy tetrahedral having three common oxygen and connected
in pairs through free tops with aluminum and hydroxide [11]. Syntheses of highly dispersed and
granulated zeolite types of LTA and FAU without binders, which are based on crystallization of
metakaolin in solutions of sodium hydroxide and sodium silicate, respectively, have been developed [12,
13].

Modification of layered silicates with a rigid structural cell, which kaolinites are attributed due to the
strong hydrogen bonding of individual layers of kaolinite to each other, makes it possible to synthesize a
new generation of three-dimensional microporous structures with high specific surface (up to 240 m%/g)
and a significant increase in acid sites due to surface silanol groups [14]. The introduction of catalytically
active metals (Pt, Pd, Ni) into the layered structure silicates are leads to the formation of redox centers on
the surface, which allows them to act simultaneously as acid and oxidative catalysts [15,16]. Studies
conducted previously at the Institute of Organic Catalysis and Electrochemistry named after D.V.
Sokolsky using Tagan montmorillonite, which pillared with aluminum and zirconium, showed perspective
use of layered clays in the processes of hydrocarbon conversion [17-19]. Previously, with the use of XRD,
IR spectroscopy, EPR, we studied the physicochemical properties of Ermak layered kaolinites (KE) and
Sarymsak (KS) deposits of Kazakhstan [20]. It has been established that the studied clays along with
kaolinite contain montmorillonite, quartz, cristobalite and muscovite impurities. The pore size in the
original kaolinites varies between 12-60A, and most of them are mesopores. Acid treatment of KE and KS
contributes to the expansion of the area of mesopores and the growth of their number.

The purpose of this report is to create isomerization catalysts for light n-alkanes based on the
modified Ti and Zr natural kaolinites of the Ermak and Sarymsak deposits to produce environmentally
friendly high-octane additives to motor fuels.

Experimental part

Methods have been developed for modifying the activated forms of the Sarymsak and Ermak
kaolinites (HKS and HKE) with Zr*", Ti*" cations using ZrOCl, and TiCl,.

Modified kaolinites of the Sarymsak and Ermak deposits were studied by elemental and X-ray phase
analysis (XRF), BET, electron microscopy. Elemental analysis of the samples was performed using an
electronic micro analyzer Superprobe 733, Geol (Japan). The synthesized modified clays were studied by
X-ray diffraction (XRD) using DRON 4 * (0.7 with CoKa radiation. The specific surface area, pore
volume, and pore size distribution were determined by the BET method using low-temperature N,
adsorption at 77 K (ACCUSORB).

Pt (0.35 wt. %) from H,PtCls was supported onto the modified kaolinites by impregnation method,
followed by washing out of chlorine ions, drying and calcining.

The isomerization reaction was carried out in a flow-type installation in a hydrogen atmosphere and
temperatures of 250-400 °C, a molar ratio of H,:C¢H4 = 3.5, and a space velocity of n-hexane - 0.82 h.
Liquid products were analyzed by GLC with a Tsvet chromatograph on a 120-m capillary column. The
analysis of gas phase was carried out with an LHM chromatograph on an alumina-packed column. The
yield of isomers was accepted as activity of the catalysts.

—— 48 ——



ISSN 2224-5286 1. 2019

Result and discussions

The elemental and phase composition of initial, activated and modified kaolinite of Pavlodar deposits
was determined by XRD method. The main reflexes of the Sarymsak and Ermak kaolinites (KS and KE)
are retained when activated by acid and modifying with Zr*" and Ti*", while the content of alkaline
components of clay (Na,O, K,0, MgO) decreases, and reflections of the corresponding oxides appear on
the diffractograms: ZrO,; TiO, (anatase) (Table 1, Figure 1). The amount of ZrO, in Yermak kaolinite
after introduction of ZrO, is 4.30%, in Sarymsak -2.41%.

The modification of titanium and zirconium oxides by kaolinites of the Sarymsak and Ermak deposits
leads to a decrease in the content of not only oxides of alkali and alkaline earth metals, but also oxides of
Fe, 03, Al,O5 and SiO,. The ratio of Si0,/Al,03 with the introduction of TiO, increases from 4.4 to 4.6 in
the case of HKE and from 4.4 to 4.8 for HKS (Table 1). According to the analysis, amount of TiO,
increases from 0.4 and 0.6% in the initial kaolinite KS and KE to 36.65 and 34.54%, respectively, after
treatment with a solution of titanium oxochloride.

Table 1 - Composition of acid-activated and pillared Zr and Ti clays from the Sarymsak and Ermak deposits

Sample Quantity, wt.% 2,%
NaZO MgO A1203 SIOZ CaO F6203 KQO T102 SO3 ZI'OQ

KS 1.0 2.5 27.0 60.0 0.8 5.0 3.0 0.4
HKS 1.11 1.32 16.36 72.08 | 0.33 4.48 3.16 1.07 100
Zr(7.5HKS 1.02 0.98 18.59 68.81 0.26 3.59 3.31 1.04 2.41 100
Ti(7.5HKS 0.61 0.66 10.16 48.54 | 0.55 291 2.02 3454 | - 100
KE 0.8 3.0 15.0 >60.0 | 3.0 6.0 1.5 0.6
HKE 0.60 1.18 16.41 71.91 0.33 5.95 2.39 0.97 0.25 100
Zr(7.5HKE 0.74 0.94 14.93 70.04 | 0.18 5.69 2.29 0.89 430 100
Ti(7.5)HKE 0.33 0.88 9.96 46.02 1.28 3.23 1.66 36.65 | - 100

According to the XRF data, the Sarymsak and Ermak clays are among the kaolinite clays. The
clearest reflexes of the original Sarymsak and Ermak clays belong to the phases: a-quartz,
montmorillonite, kaolinite, and muscovite (Fig. 1). The main reflexes of kaolinites in these two clays are
the same, therefore, Fig. 1 shows the diffraction pattern of Ermak kaolinite, and the XRD of the Sarymsak
kaolinite is shown earlier in [20].

~ Intensity, (o.e.)

ara

Figure 1 - Diffractogram of the original Ermakov kaolinite (KE)

The defining reflexes in kaolinite are: 7.01-7.02; 3.58-3.60; 3.15-3.18A. The content of
montmorillonite in kaolinites is determined by reflexes: 14.2; 4.44; 1.5A. The 3.34A reflex is quartz, and
the low-intensity reflexes are 9.80-9.82A and 4.9A are the admixtures of muscovite. Acid treatment leads
to partial destruction of the structures of kaolinite, muscovite, monorillonite, which is manifested in a
decrease in the intensity of reflexes.

The diffractograms of HKE and HKS kaolinites treated with Ti**, Zr*" ions are almost unchanged
compared with the H — form of kaolinite. For illustration, Fig.2 shows the diffractogram of Zr (2.5) HKE.
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The main reflexes of KS and KE are preserved when activated by acid and modified with Zr**, Ti*" ions,
while the content of alkaline components of clay (Na,O, K,O, CaO) decreases and reflections of the
corresponding oxides appear on the diffraction patterns: ZrO,; TiO, (anatase). The appearance of these
oxides is also confirmed by the results of elemental analysis (Table 1).
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Figure 2 - Diffractogram of modified Zirconium oxide the activated Yermakov kaolinite
Zr (2.5) HKE

Textural characteristics of the Ermak and Sarymsak kaolinites change significantly with the
introduction of ZrO, and TiO, into the composition of kaolinites (Table 2, Figure 3). The total pore
volume and average pore diameter increase with transition from initial to the modified samples. The
original KS sample is characterized by a relatively wide set of pores with radius of 10-80A. The
maximum number of pores has radius of 40-80 A, less than 10-30 A. Acid treatment reduces the number
of micropores, while the number of pores with a diameter of 20 - 80 A increases to 91.6%. In modified
Ti*" samples, the effective pore radius are 12.5-50.0 A. Thus, the modified KS samples are more uniform
and more porous than the original clay.

Table 2 - Changes in specific surface area, pore volume, and pore size distribution with
an increase the content of Zr and Ti in HKE and HKS

Sample S, M1 Total pore volume, cm’ Relative content, pores,%
/g Micro -(<20A) Mezo -(20-80A)
KE 92.1 0.287 10.8 89.2
HKE 177.3 0.240 22.8 77.2
Zr(2.5)HKE 135.7 0.147 14.8 85.2
Zr(5.0)HKE 150.9 0.128 37.1 62.9
Zr(7.5)HKE 127.8 0.120 48.5 51.5
Ti (2.5 HKE 150.7 0.298 16.0 84.0
Ti (5.0) NKE 137.4 0.295 19.0 81.0
Ti (7.5) HKE 136.3 0.318 10.0 90.0
KS 49.1 0.119 25.0 74.9
HKS 73.6 0.345 8.4 91.6
Ti (2.5) HKS 123.6 0.203 18.0 82.0
Ti (5.0) HKS 145.0 0.314 7.0 93.0
Ti (7.5) HKS 156.5 0.288 13.0 87.0

Ermak kaolinite has a stable porous structure. Acid treatment and pillaring lead to a slight increase in
the specific surface area and proportion of mesopores. Acid activation and modification of Zr leads to a
significant increase in the specific surface area of HKE-177.3-127.8 m*/g (Table 2). The relative content
of micropores increases to 48.5% for Zr (7.5) HKE compared to 10.8% for the original kaolinite. The
content of mesopores in the modified Zr catalyst decreases from 89.2 to 51.5%.
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Figure 3 - Pore size distribution in KE kaolinites: a) KE; b) HKE; c¢) Zr (2.5) HKE; d) Zr (5.0) HKE; e) Zr (7.5) HKE

With introduction of TiO, into the composition of kaolinites, a significant change in textural
characteristics of the original clays is observed, which is associated with a significant decrease in number
of micropores and corresponding increase in number of mesopores as compared results on samples
modified with Zr"".

The isomerizing activity of Pt and Pd catalysts supported on Zr pillared kaolinite from the Yermak
field (ZrHKE) are depends on the content of Zr in the carrier and temperature (Table 3). Conversion of n-
hexane on the Pt/Zr (2.5) HKE-catalyst is decreases from 18.7 to 15.1% with an increase in temperature
from 250 to 400 °C. At this catalyst at all temperatures only Cq, C;-isomers are formed. The Cg isomer
selectivity decreases with increasing temperature due to the presence of isobutane in the products. With an
increase in content of Zr in the HKE to 7.5 mmol/g, the conversion of n-hexane in the temperature range
250-350 °C varies a little, but appeared small amounts of gaseous C,-C4 hydrocarbons, which are in the
products of disproportionation and hydrocracking reaction.

Table 3 - Isomerization of n-hexane on the Pt-and Pd-catalysts supported on ZrHKE with different zirconium contents

The amount of | T,°C | 0,% Scar | Sce Products, wt.%
Zr,mmol / g ¥Ci-C; | Iso-C4 | Iso-Cs 2,2- 2- 3- Iso-C;
DMB MPEN MPEN
250 18.7 100 | 87.7 - - - - 13.7 2.7 2.3
300 13.2 100 | 84.1 - - - - 8.7 24 2.1
Pt/2.5 350 16.1 100 | 88.2 11.6 2.6 1.9
400 15.1 100 | 77.5 1.3 2.8 5.1 3.8 2.1
250 14.2 100 | 84.5 - - - - 9.5 2.5 2.2
Pt/7.5 300 124 | 952 | 68.5 0.6 0.9 0.6 1.6 4.7 22 1.8
350 15 94 | 553 0.9 2.0 1.3 1.5 3.5 3.3 2.5
400 34.9 94.8 | 63.3 1.8 3.5 5.2 0.8 16.7 4.6 2.3
250 9.0 100 | 71.1 3.5 2.9 2.6
300 15.7 100 | 77.7 0.9 9.3 2.9 2.6
Pd/2.5 350 154 | 942 | 57.8 0.9 1.4 1.4 1.6 4.1 3.2 2.8
400 22.2 95.5 | 69.4 1.0 1.6 2.4 1.9 8.1 5.4 1.8
250 10.5 100 | 81.0 6.0 2.5 2.0
Pd/75 300 12.0 100 | 70.8 1.3 6.0 2.5 2.2
350 154 | 948 | 62.3 0.8 1.2 1.3 1.4 4.9 3.6 2.2
400 20.2 88.1 | 64.5 2.4 0.2 2.9 0.7 7.3 5.0 1.7
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The maximum conversion of n-hexane on the Pt/Zr (7.5) HKE was observed at 400° C (34.9%).
Under these conditions, the selectivity for C¢ and C,. isomers is 63.3 and 94.8%, respectively. Close
patterns of effect of the temperature and Zr content on the isomerization activity are also observed on the
Pd/Zr (7.5) HKE catalyst at 400 °C (Table 3).

Tests of Pt and Pd catalysts deposited on Zr pillared kaolinite from the Sarymsak deposit (ZrHKS)
showed (Table 4) that the isomerizing activity of these catalysts is significantly higher than Pt and Pd
catalysts on ZrHKE (Table 3).

Table 4 - Isomerization of n-hexane on the Pt catalysts supported on ZrHKS with different zirconium contents

Amount of | T,°C o,% Sca+ Sce The composition of products, wt.%
Zr, Tll:;l ‘e 3C- | Iso-Cy | Iso-Cs 22- 2- 3 Is0-C,
C; DMB MPEN | MPEN

250 14.3 100 88.1 - - - - 10.3 2.3 1.7
Pt/2.5 300 7.7 93.5 72.7 0.5 - - - 3.5 2.1 1.6
350 15.2 934 57.9 1.0 0.9 2.7 0.5 4.9 34 1.8
400 22.7 95.6 61.7 1.0 1.4 3.0 0.5 8.3 5.2 3.3

250 29.0 100 100 - - - - 13.9 15.1
Pt/5.0 300 33.9 100 73.7 - - - - 13.9 11.1 8.9
350 40.5 100 78.0 - 32 - 3.9 7.4 20.3 5.7
400 43.2 93.3 71.1 2.9 5.2 - 3.1 21.6 6.0 4.4
250 9.6 100 78.1 - - - - 5.1 2.4 2.1
PUT5 300 8.9 95.5 71.9 0.4 0.4 - 0.4 4.0 2.0 1.7
’ 350 27.5 94.9 72.7 1.4 3.8 - 1.3 5.3 134 2.3
400 36.9 98.4 70.7 0.6 1.1 4.2 34 7.1 15.6 4.9

On the Pt/ZrHKS catalysts with different Zr content, conversion of n-hexane increases with
increasing temperature, and the selectivity for Cys and C,:. isomers decreases. The best results on
isomerizing activity were obtained on a Pt catalyst supported on ZrHKS with a content of Zr = 5.0 mmol /
g. The conversion of n-hexane on this catalyst at 400 °C is 43.2% with a selectivity for isomers of 93.3%,
and the yield of isohexanes is 30.7%. It should be noted that on the Pt / Zr (5.0) HKS catalyst in the
temperature range 250-350° C, the conversion of n-hexane increases from 29.0% to 40.5% with 100%
selectivity for isomers. The gaseous products of n-hexane hydrocracking on this catalyst appear only at
400 ° C. On Pt catalysts deposited on kaolinites with a large (7.5) Zr content, 100% isomer selectivity is
observed only at 250° C, and at higher temperatures, the isomer selectivity decreases due to the
appearance of gaseous hydrocarbons in the reaction products.

Regularities of effect of the temperature and amount of zirconium modified kaolinite HKS on speed
and direction of the process of isomerization of n-hexane on Pd / ZrHKS catalysts (Table 5) are close to
those found on Pt / ZrHKS catalysts (Table 4), but selectivity of overall isomers and isohexanes are
significantly higher on Pd catalysts compared to results on Pt catalysts. The maximum yield of isohexanes,
equal to 31%, was also obtained on a Pd catalyst supported on Zr (5.0) HKS, at 400 °C. The conversion of
n-hexane on this catalyst is ~ 5% lower than on the Pt catalyst, however, the yield of isohexanes is slightly
higher, due to the higher isomer selectivity. The yield of gaseous C;-C;-hydrocarbons on the Pd-catalyst is
reduced to 0.5% compared with 2.9% in the same conditions on the Pt-catalyst (Table 4). On a Pd catalyst
supported on Zr (7.5) HKS, the conversion of n-hexane varies from 8.3-20.1% depending on the
temperature, while the selectivity for all isomers is 100%, and as a result of the reaction mainly 2- and 3-
methylpentanes and small amounts (1.5-2.3%) of isoheptanes are formed.

Catalysts based on activated titanium-modified kaolin clay were also tested in the isomerization of n-
hexane at various temperatures. For this purpose, catalysts with the composition of 0.35% Pt/Ti (2.5)
HKE, Pt/Ti (2.5) HKS, Pd/Ti (2.5) HKE, Pd/Ti (2.5) HKS were prepared. Data on the activity and
composition of products resulting from the hydroconversion of n-hexane on Pt- and Pd/Ti HKE catalysts
are presented in Table 6 and Fig. 4 and 5.

— 50 ——
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Table 5 - Isomerization of n-hexane on the Pd-catalysts supported on ZrHKS with different zirconium contents

Amount of Zr, | T,°C o,% Sca+ | Sce The composition of products, wt.%
mmol / g clay 5C-C; | Iso-Cy | Iso-Cs | 2.2- 2 3- Tso -
DMB MPEN MPEN C;
250 9.8 100 | 67.3 - 1.3 - - 4.2 2.4 1.9
Pd25 300 10.8 100 | 85.2 - - - 3.2 4.1 1.9 1.6
350 15.2 934 | 77.6 1.0 0.7 - 2.8 6.9 2.1 1.7
400 28.6 | 98.3 | 78.3 0.5 0.5 2.5 1.8 17.5 3.1 2.7
250 12.3 100 | 90.2 - - - 1.3 5.6 4.2 1.2
Pd/5.0 300 19.5 100 | 85.1 - 1.1 - 3.1 8.3 5.2 1.8
350 32.8 100 | 88.4 - 1.3 - 4.7 16.5 7.8 2.5
400 38.3 98.7 | 80.9 0.5 3.2 1.2 5.6 17.1 8.3 2.4
250 10.1 100 | 79.2 - - - - 5.5 2.5 2.1
300 8.3 100 | 78.3 - - - - 44 2.1 1.8
Pd/7.3 350 20.0 100 | 92.5 - - - - 16.7 1.8 1.5
400 20.1 100 | 86.6 - 0.4 - - 15.2 2.2 2.3
Table 6 - Isomerization of n-hexane on Pt- and Pd/Ti (2.5) HKE — catalysts
Catalyst T o, % Sca+s Sce, %0 The yield of reaction products,%
T°,C,°C % C-C; | Iso-C4 | n-Cs | 22- | 2MP | 3MP | Iso-C;
DMB
Pt/Ti(2.5)HKE 250 25.0 99.4 98.1 0.5 0 0.1 - 8.5 10.1 0
300 21.6 99.3 97.8 0 0 0.1 0.1 8.7 12.3 0.1
350 13.0 98.6 95.8 0 0 0.2 0.1 10.0 2.3 0.1
400 10.4 99.7 94.9 0 0 0.1 0.4 8.1 1.4 0.2
Pd/Ti(2.5/HKE 250 25.7 100 85.7 0 0 0 0 18.4 3.6 2.7
300 15.2 81.8 70.9 0 0 2.7 0 4.2 6.6 1.5
350 10.5 82.2 52.4 0.6 0.6 1.2 0 3.1 2.4 1.8
400 15.4 81.5 55.6 0.7 0.7 2.2 0 5.5 3.0 2.0

The n-hexane conversion on Pt/Ti HKE catalyst is decreases with increasing temperature, selectivity
to isomers at all temperatures remains high (98.6 - 99.7%). The maximum conversion of n-hexane is
observed at 250°C and equal to 25.0 %. At 400°C, the conversion is reduced to 10.4% with selectivity for
all isomers of 99.7%. No hydrocracking products were detected on this catalyst in the temperature range
of 350-400 °C. The 2- and 3-methylpentanes and small amounts of 2,2-DMB, n-pentane and isoheptanes
are formed from n-hexane.

On the catalyst Pd/Ti HKE at 250 °C, the conversion of n-hexane is maintained at 25.7% with a
selectivity of 100% for isomers (Table 6). With increasing temperature decrease in the conversion of n-
hexane is observed with a simultaneous decrease in selectivity for all isomers and Cs - isomers (Table 6,
Fig. 5). Thus, the selectivity of Pd/TiHKE-catalyst on C,4: decreases from 100% at 250 °C to 81.5% at
400 °C, while on the Pt/TiHKE catalyst the selectivity for C,4. does not change. A similar pattern was
observed on the effect of temperature on the selectivity of Pt and Pd catalysts for isohexanes (Scs). On
Pt/TiHKE, the isohexane selectivity decreases from 98.1% at 250 °C to 95.0% at 400 °C, while on
Pd/TiHKE, the isomer selectivity decreases from 85.7% at 250 °C to 55.6% at 400 °C (fig. 4 and 5).
Isohexanes, small amounts of isoheptane (2,4-dimethylpentane), n-pentane were detected in the reaction
products, and gaseous C;-C; - hydrocarbons appeared at 350 and 400 °C. The absence of a hydrocracking
process at temperatures of 300—400 °C is noted for the Pt / TiHKE catalyst.
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Figure 4 - Conversion of n-hexane and the selectivity of C4 and C,. - isomers on the catalysts Pt/TiHKE and Pd/TiHKE at
different temperatures

In Table 7 presents the data on isomerization of n-hexane on composite catalysts (Pt/Ti/HKS and
Pd/Ti/ HKS) based on kaolinite from Sarymsak clay at different temperatures.

Table 7 - Isomerization of n-hexane on Pt- and Pd/Ti (2.5) HKS — catalysts

Catalyst T.°C | o, % Sca+s Sce, % The yield of reaction products, %
% Ci-Cs H30-Cy4 H-Cs 2.2- 2MP 3MP Iso-
DMB C,
Pt/Ti(2.5)/HKS 250 9.5 96.1 79.2 0 0 0.4 0 53 2.2 2.4
300 11.1 87.0 50.4 0.5 1.0 0.9 0 3.3 2.3 2.7
350 22.2 89.5 473 0.7 2.7 1.6 0 6.6 3.8 5,2
400 37.1 86.5 40.6 2.4 4.2 2.5 0.4 9.3 5.7 8.4
Pd/Ti(2.5)/HKS 250 15.3 100 89.0 0 0 0 0 11.2 2.4 1.7
300 8.9 100 84.4 0 0 0 0 6.5 1.8 1.5
350 8.4 78.1 53.3 0.4 0.5 1.0 0 2.6 1.9 1.6
400 17.5 84.6 68 0.5 0.5 1.5 0.7 4.0 7.0 1.7
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Figure 5 - Conversion of n-hexane and the selectivity of C4 and Cg, - isomers on the catalysts Pt/ TiHKS
and Pd/TiHKS at different temperatures

From the analysis of the results (Table 7 and Figure 5) it can be seen that the degree of conversion of
— §4 ——
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n-hexane on the Pt/Ti/HKS - catalyst increases from 9.5 to 37.1% with increasing temperature from 250 to
400 °C. The maximum conversion of n-hexane equal to 37.1%, was observed at 400 °C. In contrast to the
catalyst on Ermak clay with Pt / TiHKS, increasing temperature, the selectivity for all isomers and for
isohexanes is significantly reduced (Fig. 5). At this catalyst, at elevated temperatures (300 and 400 °C),
significant amounts of hydrocracking products are formed (Table 7): C,-C; - hydrocarbons (0.5 and
2.4%); isobutane (1.0 and 4.2%); n-pentane (0.9 and 2.5%). In addition to isohexanes, in the reaction
products were found isoheptanes: 2,4-DMP (4.0 and 6.0%) and 3,3-DMP (1.2 and 2.4%) at 350 and 400 °C.

The conversion of n-hexane on the Pd/Ti/HKS catalyst is significantly lower than over the Pt/TiHKS
(Table 7, Figure 5). High selectivity for isomers is maintained only at 250 and 300 °C, and with increasing
temperature, the selectivity for all isomers and isohexanes decreases. Unlike the Pt/Ti HKS catalyst, the
amount of hydrocracking products formed at 350-400 °C is significantly lower on the Pd/TiHKS catalyst
(Table 7). The amount of isoheptanes formed in the process of hydroconversion of n-hexane on Pd
/TiHKS is also lower than over the Pt/Ti/HKS catalyst.

Thus, on the basis of studies performed, it can be concluded that the Pt and Pd catalysts supported on
zirconium or titanium modified activated kaolinite exhibit high isomerization activity.

Analysis of results of the n-hexane isomerization on metal catalysts deposited on pillared clays
showed that the studied catalysts are distinguished by high selectivity for isomers and insignificant yield
of hydrocracking products only at temperatures of 350 and 400 °C. Two of Pt/TiHKE and Pd/TiHKE
catalysts showed high activity (conversion of 25.0 and 25.7%) and selectivity (99.4 and 100%) in the
isomerization of n-hexane at 250° C.

To reduce the conversion of n-hexane (in parentheses) at 400 °C, the studied Pt and Pd catalysts on
modified kaolinites can be arranged in a row: Pt / Zr (5.0) HKS (43.2%)> Pd / Zr (5.0) HKS (38.3% )> Pt
/ TiIHKS (37.1%)> Pt / Zr (7.5) HKE (34.9%). The yield of C6 + C7 isomers in this series of catalysts
decreases in sequence: 36% —33.4% —23.9% —24.4%.

The isomer selectivity for the listed catalysts ranges from 93.3-98.7%. The maximum conversion of
n-hexane is equal to 43.2% with an isomer selectivity of 93.3%, was observed on 0.35% Pt/Zr (5.0) HKS
catalyst at 400° C, which can be recommended for further improvement of process in isomerization of
light n-alkanes with obtaining high-octane additives to motor fuel.

Comparison of isomerization results of the n-hexane on metal-supported catalysts showed that the Pt
catalysts deposited on modified Zr*" and Ti*" kaolinite is exhibit higher isomerization activity compared to Pd.
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"1.B.Cokonbckuit aTeiHOAFH JKaHapMaid, KaTaiau3 jKOHE AIeKTPOXUMUS HHCTUTYTH AK

K-TEKCAHJbI U3OMEPJIEHY PEAKIIUACBIHJIAYBI TYPJIEHAIPIJITEH
KAOJIMHUTTEPAIH Pt- )KOHE Pd-KATAJIU3ATOPJIAPBI

AnnoTtanus. Makanana exi Kazakcranapik — CappiMcak sxoHe EpMakoBCKUIT KeH OpBIHIAPBIHBIH Ti*" xone Zr*
TYPJICHIIPUITeH KaoJNMHUTTEpiHe eHriziireH Pt- men Pd- karanmusaropiiapblHBIH CHHTE3JENyi MKOHE KacHeTTepi
OolibIHIIIa MATIMETTEPI, ONapblH KaTalnu3aTop Kypambl MEH TeMIlepaTypara Toyell K-reKcaH M30MepH3alusChIH-
JTAFbl KaTAJTUTHKAJBIK OeIceHAUTiKTepl KopceTumreH. CHHTE3IENTeH KaTaln3aTOPIIap IbIH AIEMEHTTIK JKOHE (ha3allbIK
Kypambl, COHIal-aK TEKCTYpPalbIK KacHheTTepi aHbIKTaiabl. K-TekcaHIpl M30Mepley peakUMsChIHIAa 3epTTENreH
KaTaau3aTtopiiap MOHO- MOHE KOCOpPBIHOACAPIIBI M30TEKCAHAAp MEH M30TeNTaHap/IblH Maiaa 00Mybl HOTHKECIH/IE
KoFapbl GeIceHIiTiK meH cenektupTinik kopeerti. Tit" xone Zr*" Typnennipinren kaonuuutrepine eHrisinren Pt-
KaTanusaropiapbl Pd-kaTanmsaropiapblHa KaparaHaa JKorapblpak OenceHmimik TaHbITTRL 400°C  KkesiHme
0.35%Pt/Zr(5.0)HKS —xkaranuzaropsinia esniiemaepi 0oitbiniia cenektuBtiniri 93.3% 6onranna CetCr-u3omepiiep
MIBIFBIMBI 36,0% %oHE K-TeKCaHHBIH MaKCUMAaJIABl KOHBEPCHUSCHI 43.2% Gomapl.

Tyiiin ce3mep: KaoNMHWT, IJIATUHA, MMAIaIHiA, K-T€KCaH, U30MEpJey, CEJIEKTHBTLIIK, U30MEpJep MIBIFbIMbI,
MOHO- JK9HE KOCOPBIHOacapJiIbl H30reKCanaap.
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H.A. 3akapuna, H.A. Kopnayxosa, P. Toxtacbin
AO «MHCTHTYT TOIUIMBA, KaTtanu3a u 3nekTpoxumunnM J{.B.Coxomapckoroy, r. AmMaTsl

Pt- U Pd-KATAJIN3ATOPBI HA MOJJU®UNIINPOBAHHbBIX KAOJIMHUTAX
B PEAKIIMU N30OMEPU3ALINN H-TEKCAHA

AnHoTauus. B craTee npencTaBieHsl JaHHBIE 10 CHHTE3Y U cBoWicTBaM Pt- m Pd- katannzaTtopoB, HaHECEHHBIX
Ha MOAU(HUIIMPOBAHHBIE Ti* u Zr*" xaomumuTeI nByx Kazaxcranckux mectopoxiaeHuii - CapbIMCakCKOM H
EpmakoBckom (KS, KE), ux karaauTH4ecKod AakTUBHOCTH B HW30MEPH3AIMM H-TEKCaHa B 3aBUCHUMOCTH OT
TemMmepaTypsl W cocTaBa Karammzaropa. OmpeneneH 3JIeMEHTHBIH M (Da30BBIE COCTaB CHHTE3MPOBAHHBIX
KaTaJln3aTopoB, a TaKKe X TeKCTypHBIE cBoiicTBa. [loka3zaHO, YTO U3y4YEHHBIE KAaTaIU3aTOPHl IPOSIBUIN BBICOKYIO
AKTUBHOCTb MU CCJICKTUBHOCTHL B PCAKIHMKU HU30MEpHU3AIIMKU H-I'CKCaHa C o6pa303aHMeM MOHO- U JU3aMCIICHHBIX
HN30T€KCAaHOB M H30TenTaHoB. boiee BBICOKYIO HM30MEPHU3YIOIIYI0 AaKTHBHOCTh IPOSBIIOT Pt-kaTanmzaTopsl,
HaHeceHHble Ha Momuduuuposannsii Zr' u Ti'" xaommunt mo cpasmenmio ¢ Pd. MakcuManbHas KOHBEPCHS H-
rekcana, paBHas 43,2% u BbixogoMm CgtCr-u3omepoB 36,0% mpu CeNneKTUBHOCTH MO M30MepaMm, paBHOU 93,3%,
Habmonanacs Ha 0,35%Pt/ Zr(5.0)HKS -karanmuszarope npu 400°C.

KiaroueBble cjI0Ba: KAONWHUT, IUIATHHA, NAJUIAMUH, H-TEKCaH, W30MEpHU3AINs, CEJICKTHBHOCTH, BBIXOJ
HW30MEPOB, MOHO- M TU3aMEIICHHBIC H30TCKCaHbI.
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SYNTHESIS AND BIOPROTECTIVE PROPERTIES OF HYBRID
MONTMORILLONITE-POLYSACCHARIDE COMPOSITES

Abstarct. Polysaccharide-silicate composites based on pectin (PC) and Tagansorbent (TS) - montmorillonite of
the Tagansky deposit — have been synthesized. The calculated amount of pectin in the composites was 5, 10, 20, and
40%. Viscosimetric method showed the degree of fixation of pectin on the surface of the inorganic sorbent Samples
of the prepared pectin-containing composites have been studied by various physicochemical methods (IR-
spectroscopy, scanning electron microscopy, X-ray diffraction). The data of IR — spectroscopy and scanning electron
microscopy showed the presence of polysaccharide in the prepared composites. The IRS method has confirmed the
shifting absorption bands of the pectin functional groups in the polymer fixed to Tagansorbent. SEM images has
demonstrated modification of the surface of inorganic sorbent after treatment with pectin.

The adsorption of lead ions (Pb*") on the developed polysaccharide-silicate composites has been studied for
further their testing as enterosorbents. The optimum adsorption activity was observed in the presence of the
composite with a pectin content of 9.4%. The polysaccharide-silicate composites have shown bioprotective
properties at the study of the total proteolytic activity (TPA) of the intestinal walls of lead-intoxicated rats.

Keywords: Pectin, polysaccharides, tagansorbent, organo-inorganic composite, sorption activity, bioprotective
properties.

Introduction

Recently a wide variety of new technologies on syntheses of polymer-inorganic nanocomposites is
being developed. One of the most potentially complementary applications of the hybride composites is the
creation of new materials with improved properties. Polysaccharides as the components of the composites
are in the focus of the researchers [1-6] due to biodegradability, environmental friendliness and
renewability of ssuch kind of polymers [7-14]. Hybrid sorbents consisting of biocompatible components
can be used in medicine (as enterosorbents) for removing toxic substances from living organisms [15-18].

In the present work, pectin and montmorillonite of the Taganskii deposit are used to develop
polysaccharide-silicate composites. It is known [19] that Tagansorbent is an effective detoxicant, which is
used as a preparation for removing toxic substances from the human