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PROPANE-PROPYLENE OLIGOMERIZATION OVER MODIFIED
PILLARED CLAY CATALYSTS

Abstract. Metal supported pillared clay catalysts were used in propane-propylene oligomerization. In the article
was shown that the pillaring process has a significant impact on the carrier's nature. That is, specific surface area and
porosity of the pillared clay were significantly increase compared with natural clay. The natural clay has lost its
porosity at a temperature of 140 °C, reduce surface area from 62 to 20 m?*/g. After pillaring this value increased to
110 m?/g. The catalysts exhibited good thermal stability at the calcination of 500 to 600 °C as indicated by its
specific surface area. As well as, all synthesized catalysts showed selectivity to Cs and Cy olefins. The resulting
mixtures of isoolefins provide a high-octane product that can be used as a mixture of environmentally friendly
gasoline, jet and diesel fuel through hydrogenation.

Key words: pillared clay, propane-propylene fraction, fuel blending component, conversion, selectivity.

1. Introduction

According to the British Petroleum outlook report in 2016, the dependence of energy on crude oil will
decrease to 30% by 2035 [1]. This means that in the future, alternative energy sources are more used.
Oligomerization of light olefins is one direction of utilize residual gases from the oil refining processes
(light FCC, Fisher-Tropsch synthesis of naphtha, etc.). In the oligomerization reaction it is more effective
to use acid catalysts, like zeolites, ionic liquids and ion exchange resins. As well as, this reaction is also
possible to perform in clay catalysts. Clay catalysts are natural, low cost and reusable, as well as does not
cause any harm to the environment. Due to these advantages clay catalysts are widely used in oil refining
[2-4].

Although, the most studied light olefin is ethylene, demand for propylene continues to grow.
Propylene is a dissymmetric molecule, double bond on the carbon 1 (C1) or 2 (C2) allows it to obtain
large amounts of dimer in the coordination of olefins to the catalytic metal center (see Fig. 1) [5]. Further,
oligomerization is also developed with this mechanism. In propylene oligomerization products, linear
oligomers are use for in diesel fuel additives, aromatics are use for solvents and detergents precursors.
Recent years, demand for branched olefins is growing. The highly branched olefins (2,6-dimethylheptan-
3, 2,6-dimethylheptan-2, 4,6-dimethylheptan-3, 2-methyloxan-2, 7-methyloctane-3) which obtained from
the trimerization of propylene, are widely demanded for production of polymers. These products can be
used in the production of plasticizers for plastics, especially the development of plastics with specific
properties which will replacement of metal to plastic in aviation, automotive and military industries. And
the tetramers of propylene are used in the production of lubricating oil additives. Research on this subject
is more common in scientific literature of the last century [6-10]. Paul et al. the first reported that
oligomerization of Cs - C,4 olefins on nickel-substituted synthetic mica-montmorillonites (Ni-SMM). The
Ni-SMM catalyst was extremely selective to high-octane products and showed corrosion and sulfur
resistance [11]. Khamzin et al. reported pillared clay based super acidic catalysts use for oligomerization
of propane —propylene fractions. The catalysts which were prepared by intercalation of montmorillonite
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with zirconium, then modified with nickel. The 2.5% nickel modified pillared clay catalyst exhibited the
best activity and selectivity in propylene trimerization[12]. Presently, Ni-exchanged pillared clays used as
selective ethylene oligomerization. Hulea et al. elaborated the synthesis of acid washed (K10) and Al-
pillared clays exchanged with nickel and tested them ethylene oligomerization reaction. They believed that
the obtained results related to the textural and acid characteristics of the catalyst. The catalyst Ni-K10
exhibited superior catalytic behavior and higher selectivity to C4 and Cg liner olefins [13]. However, there
are no publishing data on bimetal supported pillared clay catalysts use for propane-propylene
oligomerizaton. In our previous publication, we reported investigation of the conversion of butane-
butylene fractions on ruthenium and cobalt modified pillared clay catalysts [14]. Therefore, our present
study was aimed to investigating catalytic properties of ruthenium and nickel supported pillared clay
catalysts for propane-propylene oligomerization.
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Figure 1 - Dimerization mechanism of propylene [5](M-H being a metal hydride)

Table 1 - Composition of Feedstock

Component Quantity, %
Ethylene 2.1
Propane 19.2
Propylene 74.8
Total content of C, 3.8

2. Experimental

2.1. Materials

Bentonit (from South Kazakhstan, rich in montmorillonite > 90%). The cation exchange capacity is
66.4 mmol/100.0 g. clay. CrCl; (99%, Sigma-Aldrich), NaCl, Ruthenium (III) chloride (RuCl;-3H,0,
99.99%, Alfa-Aesar) and hexahydrate of nickel (II) nitrate (Ni(NOs),-6H,0). Materials in this experiment
were used without further purification.

2.2. Catalyst preparation

For preparation of RuNi/MMC* catalyst system the aqueous solutions of ruthenium (III) chloride -
RuCl3+3H,0 and hexahydrate of nickel (II) nitrate - Ni (NOs),*6H,0O were used. Pillared clay preparation
carried out by method proposed in [15, 16]. Prior to pillaring process, the clay was saturate with sodium
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ions through exchange with 1M NaCl for 8 h., and then washed with deionized water. The residue NaCl
determined by the solution of AgNOj;. Then 0.1M NaOH solution was added to 0.1M CrCl; solution under
vigorous stirring at room temperature. Concentration of chromium chloride change from 4.0 to 20.0
mmole Cr’* per gram of clay. Then this mixture was added to aqueous clay suspension and stirred 4h.
Obtained mass undergoes to drying in an air at ambient temperature and left for a few days, dryed in air at
80 °C 8 hour, then calcined 450 °C with heating rate of 2 °C/min during 6h. Finally a certain mass of this
sample is impregnated by nickel and ruthenium salts. The obtained mass was dried in the air (2 °C/min) at
80 °C for 8 hour and calcined at 450 °C during 6 h.

2.3. Characterization techniques

Chemical compositions of starting and modified clays were determined by XRF analysis. The textural
properties of the samples were obtained from nitrogen adsorption-desorption isotherm, measured at 77K
using an ASAP 200 Micrometric instrument. The specific surface area and porosity were calculated by
Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) - methods respectively.

2.4. Catalytic tests

The oligomerization of propane-propylene mixture was carried out in a stainless steel continuous flow
fixed-bed reactor (inner diameter 5 mm). The temperature was monitored by using a K-type thermocouple
that was inserted directly into the fixed bed and reaction pressure was controlled digitally using a Tescom
back-pressure regulator. The reaction temperature and gas pressure are 110-170 °C and 4.0 MPa
respectively. The crushed quartz was placed inside the reactor along with the catalyst. Prior to experiment
the catalyst (1g) was pre-treated with stream of hydrogen (50 cm®/min) at 300 °C for 2 h. Then the reactor
was cooled to reaction temperature with a flow of argon (Ar, 50 cm’/min) and the propane-propylene
mixture were fed to the reactor and increasing the pressure to reaction conditions. Determination of
feedstock (Table 1) and reaction products are analyzed by DANI Master GC Fast Gas Chromatograph
equipped with a flame ionization detector (FID).

3. Results and discussion

The chemical compositions of starting and modified clays determined by XRF are listed in Table 2.
The starting clay is composed of (by mass %): 59.15% SiO,, 17.9% Al,O;, 6.41% Fe,0s, 1.03% MgO,
0.07% CaO and 2.56% Na,O. After pillaring treatment, the exchangeable cations (Na") were completely
displaced by polyhydroxy complex of Cr’*, while Mg*" content remained almost constant, not act as
exchangeable cation.

The chemical, structural and textural characteristics of the modified clay and catalysts from its
derived were widely examined in our previously report. They are belonging to type of pillared clay
catalysts, with well ordered pillar and mesopore structure [17]. The main features of the catalysts prepared
on this basis are shown in Table 3. In the table structural and adsorption characteristics of natural
bentonite clay and the clay pillared with polyhydroxy complexes of chromium are summarized. The
polyhydroxy complex of Cr, when modifying the natural clay led to the formation of columnar structures
and give them a thermal stability at temperature of 500-600 °C.

Table 2 - Chemical composition (wt. %) of starting and pillared clays

Samples Bentonite Cr/Bentonite

Si0, 59.15 52.74
Al O, 17.9 15.98
Fe,)0; 6.41 6.30
MgO 1.03 1.0
Ca0O 0.07 -
Na,O 2.56 0.02
Cr0; - 10.63
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Table 3 - Main properties of the starting and pillared clays

Amount of chromium, SSA, doot, Total pore volume, SSA at calcinations
mmol/g clay m?/g nm cm’/g temperature
°C m’/g
- 62 0.9 0.10 140 20

4.0 160 1.82 0.36 300 130

8.0 220 1.96 0.42 450 190

12.0 250 2.38 0.46 500 220

16.0 270 2.6 0.47 600 240

20.0 250 2.15 0.43 600 230

*SSA-specific surface area

In our study, bentonite was modified with polyhydroxy complexes of chromium, which leads to a
change in some physicochemical characteristics of this system. The non modified bentonite clay was loses
its porosity at temperature 140 °C with the surface area reduced from 62 to 20 m*/g. After pillaring, this
value increased to 110 m2/g. The value of specific surface area of chromium pillared clay depends on
amount of the polyhydroxy complex which give them a thermal stability at temperature of 500-600 °C.
specific surface area of samples containing 12-20 mmol Cr*" determined after heat treatment at 180 °C are
250-270 m?/g. The temperature increased 500 to 600°C was observed slightly reduces the value of their
specific surface to 220-240 m*/g, respectively.

Pillared bentonite has a total pore volume of 0.36-0.47 cm’/g and interlayer distances of 1.82-2.6 nm.
Compared with natural bentonite, where these values are - 0.10 cm’/g and 0.9 nm respectively. The
highest values are corresponds to a chromium concentration about 12-16 mmol per gram of clay, where
the polyhydroxy complexes of chromium are located between the layers. An increase in concentration of
chromium above 20 mmol per gram of clay does not lead to further growth of the interlayer distance. This
is probably due to the fact that in the solution non hydrolyzed forms of chromium salt do not affect the
formation of layered-columnar structure.

The dependence of active metals in the catalyst on the product selectivity at different temperatures
range shown in Figure 2. The reaction were conducted with different metal loading catalysts ranging from
0.5 to 2.0 wt.%. As you seen from the figure, almost all synthesized catalysts have shown good selectivity
to C¢ and Cy olefins. When the amount of active metal in the catalyst increases from 0.5 to 2.0% the
selectivity of C4 and Cy decreases and selectivity of C;, and C;s. increases. The highest selectivity catalyst
for Cs (170 °C, 59 %) and C, (150 °C, 35 %) was 1.0%RuNi/MMC and the highest selectivity catalyst for
Ci2 (110 °C, 16 %) and Cys+ (170 °C, 3.1%) was 1.5%RuNi/MMC. Increase in the yield of C;, and C;s.
olefins is due to the increase of the hydrogen spillover by increasing the concentration of nickel and
ruthenium onto the surface of the catalysts, which leads to cracking and other related reactions -
disproportion of seal products. Additionally, taking into account the effect of the temperature to the
product selectivity, in Fig. 2A and 2D can be seen, the increase in temperature was directly proportional to
the formation of Cs and C;s olefins. In Fig. 2B and 2C, the temperature increase from 110 to 150 °C, the
selectivity for Cy increased, and the selectivity for Ci, decreased. Selectivity was opposite when the
temperature continued rise to 170 °C.

The dependence of active metals on the conversion of Cs fractions in various temperature ranges is
shown in Figure 3. While the temperature rises from 110 to 170 °C, the conversion reaches a maximum
value of at 150 °C (Fig. 3). Further increase in temperature had a negative effect on conversion. Also, it
should be noted that the content of ruthenium and nickel is not directly proportional to the catalytic
activity of the catalyst. When the content of ruthenium and nickel were 0.5-1.5 %, occurred an increase in
conversion with increasing temperature, maximum attained with a 1.0 % content. Further increase to
2.0%, there was a decrease in conversion compared to others due to the transition of nanoscale particles to
cluster structures.

— 50 ——



3.2019

ISSN 2224-5286
_ 40 -
70 A B
50 - 35
@ 50 - 30
-
< o 25 -
Z 40 - £ |
= 20
£ 301 £
% 20 - +0.5%RuNiMMC £ +0.5%RuNiMME
= B 1 0%RuNiMIC £ 10 1 m1.0%RuNiMMC
10 41 5%RuNiMMC = 5 - & 1. 3%BEuNUhC
& 2 (%RuNUMC &2 0%RuNiWDIC
a T T T T T T T 1 a T T T T T T T 1
100 110 120 130 140 150 160 170 180 100 110 120 130 140 150 1s0 170 1B0
Temperature (°C) Temperature (°C)
18 - c 35 -
16 - ' 3
14 -+
A -
F 12 g2
e-‘- "
= 10 4 g 1-
Pt=
'E 8 - E 15 -
= 67 40 5%RoNIMMC 2 1 - +0.5%RuMNNMC
= 4 4 ElL0%EaNYMMC B 1.0%RulNyhMC
& 1. 3%EaNiWMC 05 - A 1. 5%RuNiMbIC
27 e2.0%RaNIMMC ' 2.0%RuNiMMC
0 T T T T T T T 1 0 T T T T T T T 1
100 110 120 130 140 150 1e0 170 180 100 110 120 130 140 150 160 170 180
Temperature (°C) Temperature (°C)
Figure 2. Dependence of isoolefin compositions (A — Cg; B — Cy; C— Cyp; D - Cys4)
from the process temperature on the catalyst samples: (0.5 ~ 2.0 % ) RuNi/MMC
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Figure 3 - Dependence of conversion of propane-propylene fractions to isoolefins from the process temperature
on the catalyst samples: (0.5 ~ 2.0 % )RuNi/MMC
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Conclusion

In propane-propylene oligomerization reaction were used metal supported pillared clay catalysts. It
was found that the modified pillared clay catalyst samples had an optimal process temperature of 150 °C.
The nature of the carrier was investigated by the role of pillaring agent and the active metal to be
supported to the carrier. As a result of experiment, the pillaring of natural clay has significantly improved
its textural properties and has shown good thermal stability at high temperatures (500-600 °C). The
catalyst maintained its textural properties when further modified with active metals. As a result,
synthesized all the catalysts were selective to C¢ and Cy olefins. The resulting catalytic systems are of
interest for simplicity of synthesis, the ability to widely vary the textural properties of the catalyst and the
availability of raw materials - deposits of bentonite clay with a high content of montmorillonite exist in
Kazakhstan.

YK 541.128
P. Tokracein, M. Mbip3axanos, E. Mapkaes

XuMusUTHIK HHXKeHepHs Kadenpacsl, Kasak-bpuTan TeXHUKAIBIK YHUBEPCHUTETI,
Tene 6u 59, Anmartsl K., Kazakcran

MOIUPUIINPJIEHI'EH KABATTBIK K¥PbBIJIBIM/IbI CA3 BAJIIIBIKTHI KATAJIN3ATOPJIAPIA
IMPOITAH-ITPOITMJIEHAI OJIMT'OMEPJIEY

AnHoTanus. [IponaH-nponuieH oJuroMepu3anischiHIa MeTalul OTHIPFBI3BUIFAH TIPEK ca3/bl KaTaau3aTopiiap
KOJIaHbUIABL. Makanaga KaOaTTBIK KypbUIBIMIAY HPOLECIHIH TachIMajJayllbl CHIAThIHA aHTapibIKTail ocep
eTeTiHIiri kepceriireH. SlrHu, Taburn ca3 OaiIbIKKa KaparaHla KaOaTTBIK KYPBUIBIMIAHFaH Ca3 OalIbIKTHIH
apHaiipl 0eTi MEH KEyeKTUIri aiTapibikTaii apTThl. Taburum ca3 Oammbik 140 °C Temmeparypana KeYEKTLTIriH
JKOFAJITBII, MEHIIIKTI GeTiHiH aymansl 62-m1eH 20 M*/r-ra ToMeHaeTeni. byl MoH KabGaTThIK KyphUIBIMAAYIAH Keifin
110 M*/r neiiin ocTi. MenmikTi GeTiHiH aynaHbIMeH KepceTirenseii, katamusaropiap 500-600 °C Temneparypana
KaJIbLMHAIMSA KE3IHJE JKaKChl TEPMMSUIBIK TYPaKTBUIBIKTBI KepcerTi. CoHpaii-ak, OapiblK CHHTE3IENTeH
katanuzaropinap Cg xoHe Co oneduupmepiHe Oiprrama CeJNIEKTHBTUIIK KOPCETTI. AJNBIHFaH HM300Je(UH KOCITachl
THIPJIEY apKbUIbl 3KOJOTHSUIBIK Ta3a OCH3WH, PEaKTUBTI JKOHE JW3e]b OTBIHBI KOCIACHl PETiHIE NaiiJallaHbLTybl
MYMKIH OFapbl OKTaHIbl 6HIMMEH KaMTaMachI3 €TeIi.

Tyiiin ce3aep: KaOaTTHIK KYpBUIBIMIAHFAH ca3 OaIBIK, NPONAH-TIPONMICH QPaKIHsCH], OTBIHABI apajacThIpy
KOMITOHEHT1, KOHBEPCHSI, CEJICKTUBTIIK.
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Kadenpa xumudeckoit nmxenepun Kazaxcko-bpuTaHCKOTO TEXHUYECKOTO YHUBEPCHUTETA,
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OJIUTI'OMEPU3ALINA TPOITAH-ITPOIIMJIIEHOBASA ®PAKIIUA HA MOJUO®UITUPOBAHHBIX
TIMHUCTBIX KATAJIM3MAX

AHHoOTanusl. B npomaH-mponuiIeHOBON OJMroMepu3alii NPUMEHSIM KaTalu3aTopbl Ha OCHOBE TJIMHBI,
HaHECEHHBIN MeTajijioM. belio TMOKa3aHO, 4YTO IMpOUECC MUIJIApUPOBAHHEC OKa3bIBACT CYUICCTBCHHOC BJIMWAHUEC Ha
npupoxy Hocutesds. To ecTh yZedbHas IUIOLIaqb IOBEPXHOCTH M IOPUCTOCTb CTOJIOYATOW INIMHBI 3HAYMTEIILHO
YBEIMYIINCH 110 CPaBHEHHWIO C TPHPOAHONW TimHOW. [IpupomHas rimHa mNoOTepsula CBOIO IOPHCTOCTb IPU
temneparype 140 °C, yMeHbIIMIA MIOMAh TOBEPXHOCTH oT 62 0 20 M7/r. Tlocie MILIApUPOBAHHE ITO 3HAUCHHE
yBemmuunock g0 110 m*/r. KaTanmsaTopsl JEMOHCTPHUPOBAIM XOPOIIY) TEPMHUYECKYK CTa0MIBHOCTH IpH
npokamuBanuu ot 500 mo 600 °C, kak yka3aHO ee YAeTbHOH MOBEPXHOCTHI0. Bce CHHTE3MpOBaHHBIE KaTalTU3aTOPHI
MOKa3alli CeJICKTHBHOCTH MO oTHOomeHHto K onepuaaM Cq u Cy. [lomyduerHsie cMecn n3001e(UHOB 00ECTICUUBAIOT
BBICOKOOKTaHOBBIN HPOIYKT, KOTOPBIII MOXKHO HCIIOJIB30BaTh B Ka4eCTBE CMECH JKOJOTMYECKH YHCTOrO OCH3WHA,
PEaKTUBHOTO M JU3EIHHOIO TOILUTMBA OCPEACTBOM IHAPUPOBAHHE.

KnroueBble cioBa: cronOuaras TIVIMHA, IPONAH-NPONWICHOBAS (PaKiys, KOMIOHEHT IJIs CMELIMBaHUA
TOIIINBA, KOHBEPCHSI, CENIEKTUBHOCTb.

— 54 ——



ISSN 2224-5286 3.2019

REFERENCES

[1] https://www.bp.com/.../bp/.../energy.../energy-outlook-2016/

[2] N.A. Zakarina, O. Dolelkhanuly, D.A. Jumadullaev, A.K. Akurpekova, L.S. Djumabaeva. (2018) News of the National
Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology. Volume 5, Number 431 (2018), 117 —
124. https://doi.org/10.32014/2018. 2518-1491.15

[3] B.K.Massalimova, G.D.Jetpisbayeva, D.T.Altynbekova, S.M.Nauruzkulova, A.A.Atakozhaeva, V.A.Sadykov. (2019)
News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology. Volume 2,
Number 434 (2019), 5 — 11. https://doi.org/10.32014/2019.2518-1491.11

[4] M.E. Gyftopoulou, M. Millan , A.V. Bridgwater , D. Dugwell , R. Kandiyoti , J.A. Hriljac. (2005) Applied Catalysis A:
General 282: 205-214. https://doi.org/10.1016/j.apcata.2004.12.012

[5] Anna Paula, Rodrigues Ehlert, Eduardo Miraglia Carvalho, Daniel Thiele, Cristiano Favero, Isabel Vicente, Katia
Bernardo-Gusmao, Rafael Stieler, Roberto Fernando de Souza, Michéle Oberson de Souza (2017) Catalysis Today 296: 272-276.
https://doi.org/10.1016/j.cattod.2017.04.005

[6] M. Kojima, J.C.Q. Fletcher and C.T. O Connor, (1986) Applied Catalysis, 28: 169-179. https://doi.org/10.1016/S0166-

9834(00)82501-4 i
[7] J.C.Q. Fletcher, M. Kojima, C.T. O Connor, (1986) Applied Catalysis, 28: 181-191. https://doi.org/10.1016/S0166-

9834(00)82502-6

[8] C.T. O'Connor, L.L. Jacobs and M. Kojima, (1988) Applied Catalysis, 40: 277-290. https://doi.org/10.1016/S0166-
9834(00)80442-X

[9] A.P. Vogel, C.T. O 'Connor, M. Kojima, (1990) Clay Minerals, 25: 355-362.
DOI: 10.1180/claymin.1990.025.3.10

[10] J.C.Q. Fletcher, AP. Vogel, CT. OConnor, (1992), New Frontiers in Catalysis, 1731-1734.
https://doi.org/10.1016/S0167-2991(08)64521-8

[11] Paul G. Berclk, Kirk J. Metzger and Harold E. Swift, (1978) Ind. Eng. Chem. Prod. Res. Dev., 17(3): 214-219.
DOI: 10.1021/i360067a007

[12] Yu. A. Khamzin, R.R. Shiriyazdanov, A.R. Davletshin, F.Sh. Vil’danov, E.A. Ipatova, M.N. Rakhimov, E.G.
Telyashev, R.R. Abdyushev, and L.S. Doinitsyna, (2015) Chemistry and Technology of Fuel and Oils, Vol. 15, Ne5, 458-463.

[13] Asma Aid, Radu Dorin Andrei, Samira Amokrane, Claudia Cammarano, Djamel Nibou, Vasile Hulea, (2017) Applied
Clay Science 146: 432-438. http://dx.doi.org/10.1016/j.clay.2017.06.034

[14] Utelbaev B.T., Toktassyn R., Michele O. de Souza, Myrzahanov M. Study of the butane-butylene fraction on modified
Ru-Co supported clay catalysts, (2017) News of the National Academy of Sciences of the Republic of Kazakhstan. Series of
chemistry and technology. Volume 1, Number 421 (2017), 5 — 11. https://doi.org/10.32014/2018.2518-1491

[15] Georgescu A., Brabie G., Nistor I. D., Penot C., Nardou F (2015) J Porous Mater 22: 1009-1019.
https://doi.org/10.1007/s10934-015-9975-z

[16]. Korili, S.A., Gill, A., Korili, A., Trujillano, R., Vicente, M. A. Pillared clays and related catalysts. Springer: 2010, p.
225.ISBN: 978-1-4419-6669-8

[17] Toktassyn R., Utelbayev B.T., Michele O. de Souza, Suleymenov E.N (2016) Bulletin of Chemical Reaction
Engineering & Catalysis 11 (3): 431-437. http://dx.doi.org/10.9767/berec.11.3.495.431-437.




News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBuna opopmiieHHst CTaTbU AJIS Ty OJIUKALIIH
B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

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

Penaxropei: M. C. Axmemosa, T. A. Anenoues, Anenos /1.C.
Bepctka Ha xomnbrotepe A.M. Kynveunbaesoii

IMoamucano B mewats 05.06.2019.
®opmar 60x881/8. bymara odcernas. [Ieuats — puzorpad.
5.7 n.. Tupax 300. 3aka3 3.

Hayuonanenas axaoemus nayx PK
050010, Armamu, ya. [llesuenxo, 28, m. 272-13-18, 272-13-19



