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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.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyze KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicebl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke Kabbinday maceneci
kapacmbipyOa. Webof Science 3epmmeywinep, asmopnap, béacrnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHOiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusickl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK yYWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobiFbiMbi30bI 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bir
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHolu eepcuu Web of Science.
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akmyasnibHOMY U 8/IUSIMEesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam Ol Hauleeo coobuecmea.
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SYNTHESIS AND CATALYTIC PROPERTIES OF COMPOSITES
WITH Pd-2-HYDROXYETHYL CELLULOSE) ON BENTONITE

Abstract. Palladium composites based on 2-hydroxyethylcellulose (HEC) and bentonite (BT) have been
synthesized to use them as “green” catalysts for the process of phenylacetylene hydrogenation under mild conditions.
The introduced amount of HEC in the composites was 5, 10, and 20%. Viscometer method shows the degree of
polymer fixation on the surface of the mineral sorbent. The HEC/BT systems with polymer content of 4.1; 9.0;
18.9% have been obtained. Samples of the obtained HEC-containing composites were characterized by X-ray,
scanning and transmission electron microscopy. The data obtained have confirmed the fixing of the polymer on the
surface of support.

The sorption capacity of the developed HEC-bentonite composites to Pd*" ions has been studied. The content
of palladium in the prepared composites desreased with the increasing of HEC amount in the [PA(HEC)BT] systems
and were : 0.9% Pd-BT/HEC (4%), 0.8% Pd-BT / HEC (9%, 0.6% Pd-BT / HEC (19%). To compare the activity
and selectivity of composites with different content of HEC in phenylacetylene hydrogenation, the catalysts with the
equal palladium content (0.6%) have were prepared. The developed catalysts showed high activity in the
hydrogenation at 40°C and atmospheric pressure of hydrogen. The most effective was 0.6% Pd-BT/HEC composite
with a HEC content of 9%, the selectivity to styrene was 92.0% with 96.4% conversion of the phenylacetylene.

Keywords. 2-Hydroxyethylcellulose, polysaccharides, bentonite, catalytic activity, hydrogenation, palladium
catalysts.

Introduction

Recently, the design of catalytic systems with the natural plant components is in the focus of scientific
interests [1-19] as renewable and environmentally friendly raw materials for chemical syntheses [20].
Polysaccharides, such as cellulose, chitosan, pectin, containing of various functional groups in their
structures are able to form complexes with metal ions [21, 22]. Cellulose is one of the most promising
polysaccharides for developing catalytic systems [15-17] due to its hydrophilicity, chirality,
biodegradability, wide chemical modifying ability, and a large surface area. The disadvantage of cellulose
in the synthesis of complex compounds with metal ions is its insolubility in water. Therefore, in this work,
hydroxyethylcellulose (HEC), was used as a soluble cellulose modification for catalyst preparation.

Catalytic properties of the developed palladium catalysts supported on HEC-modified bentonite have
been tested in hydrogenation of phenylacetylene under mild conditions.

Experimental part

The method of sequential adsorption of polymer and metal salt from water solutions was used for the
preparation of palladium catalysts [23].

A natural sorbent - bentonite (BT) was used as a support. A cellulose derivative, 2-
hydroxyethylcellulose, was chosen as the nanoparticle stabilizer. The polymer amount was chosen to
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obtain composites of support with 5%, 10% and 20wt.% of the polysaccharide. Palladium chloride was
used to prepare the catalysts with 1 wt. % of Pd. The metal ion concentration in the catalyst after
adsorption was determined on an SF-2000 spectrophotometer (Russia, 2015) using calibration curves.
Calibration was based on the measure of concentration of series of standard palladium solutions.

IR spectra were obtained on Karl Zeiss Specord-IR-75 spectrometer in the range of 4000-400 cm’™.

The morphology and structure of the initial bentonite and bentonite-based HEC-containing
composites as well as sizes of metal nanoparticles were examined by scanning and transition electron
microscopy.

The phenylacetylene hydrogenation reaction was carried out in thermostatic reactor in ethanol (25
ml) at 40°C and atmospheric hydrogen pressure. Before the reaction the catalyst was saturated with
hydrogen for 30 minutes and the tested substrate was injected to the reactor. Hydrogen uptake was
measured and reaction products were detected by chromatographic analysis (“Khromos”, Russia). The
catalyst selectivity was calculated as the proportion of the target product to the sum of all reaction
products at a given conversion.

Results and discussion

Synthesis of polysaccharide-silicate composites (PSC) was carried out at room temperature and
included the following stages:

a) adding of a polymer solution to an aqueous suspension of bentonite;

b) stirring the PSC for 2 hours;

c) precipitation of the polymer in suspension of the support for 24 hours;

d) washing and drying the PSC at room temperature.

The scheme of catalysts’ preparation is presented on the Figure 1.

Synthesis of Polysaccharide-Silicate (PSC)
Composites

|

Addition of a polymer solution to an
aqueous suspension of bentonite

|

PSC stirring

w

Precipitation of the polymer in
suspension of the support

|

‘Washing and drying

Figure 1 — The scheme for production of polysaccharide-inorganic composites

The concentration of the polymer in the mother liquor of composite was determined using a viscosity
calibration curve. The amount of adsorbed polymer was determined by the difference in mass of polymer
in the mother liquor before and after sorption. Calculated results of actual content of the polymer in
composites are presented in Table 1. It has been shown that the degree of HEC adsorption increases from
81.7 to 94.6% with an increase in the amount of polymer introduced.
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Table 1 - Adsorption of HEC on BT

The amount of entered HEC, % % precipitated HEC from the entered The content of HEC in the HEC/BT,
initial amount %
5.0 81.7 4.1
10.0 90.2 9.0
20.0 94.6 18.9

The presence of polysaccharides in the composites also demonstrated by IR spectroscopic data,
according to which the absorption bands of asymmetric and symmetric stretching vibrations of -CH
groups of HEC in the range of 2950-2800 cm™ were appeared in the spectra of composites (Table 2). In
addition, a shift in the absorption bands of the deformation vibrations of polysaccharide -OH groups in the
range of 1450— 1350 cm™ was observed. These changes can be explained by the formation of hydrogen
bonds between the oxygen-containing groups of the polymer and OH-centers of bentonite confirming
chemisorption of HEC on the surface of the aluminosilicate.

Table 2 — IR spectroscopy data of the studied samples

30H SOH(BT)
Sample vOH vCH 5C-OH vAI-O
1141
BT o -
- 525
2919 1415
HEC 3424 2973 1386
3620 1042
2925 1422
HEC/BT 3416 2876 1381 7o
519
1046
3619 2938
Pd-HEC/BT 43 5870 1462 ggé

The slight shift in bands characteristic to -OH and Al-O groups indicates the participation of BT
hydroxy groups in the binding of polymer (Table 2).

According to scanning microscopy testing, an enlargement and aggregating of HEC-bentonite species
(Figure 2, a) to compared with initial bentonite (Figure 2, b) were observed due apparently to the coating
of the alumosilicate with the polysaccharide.

o
2B &
NP

S~ L

oa : e y . ;
SElI  20kV WD11mm  S830 x1,000  10pm  — SElI  20kV WD11imm S§S30 x1,000  10pm
Sample 9069 11 Sep 2018 Sample 9021 11 Sep 2018

Figure 2 — SEM images of HEC(9%)/BT (a) and Bentonite (b)

—— 4 ——
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In order to obtain catalysts, the solution of palladium (II) salt was dropwise added into the suspension
of HEC-bentonite composite in the amount corresponding to the formation of 1%Pd-HEC/bentonite
system. Figure 3 provides a general scheme for the preparation of the supported polymer-modified

catalysts.
% Me"™

polymer

co——— rd

—
BENTONITE BENTONITE
BENTONITE

Figure 3 — Scheme of the formation of HEC-based catalysts

The content of metal immobilized on the polymer-modified surface of inorganic material was
determined from the change in the concentration of metal ions in the mother liquor before and after
sorption. Data on sorption are presented in the Table 4.

It is shown that the degree of deposition of palladium ions on the HEC modified bentonite decreases
with an increase in the content of polysaccharide on the composites (Table 4).

Table 4 - Sorption of Palladium Ions on HEC/BT Composites

07 03 :
. My, 10 1n.the My 10™ in The degree of adsorption The metal content in
Composite initial solution, solution after 3 o
. my- 107, g % catalyst, %
g sorption, g

4% HEC/BT 1.91 0.28 1.63 85.30 0.85
9% HEC/BT 1.91 0.30 1.61 84.30 0.84
19% HEC/BT 1.91 0.86 1.05 55.00 0.55

The IR spectroscopy data (Table 2) showed the shifts of the absorption bands of the HEC functional -
OH and -C-OH groups in the in the region of 1450-1350 cm™ of the in spectrum of three-component Pd-
HEC/BT composites. The shift in the absorption bands of the -CH-group valence vibration indicates
change in the conformation of the polysaccharide and interaction of palladium ions with the polymer
layers of HEC/BT.

According to TEM images, the obtained Pd-HEC/BT composites are characterized by agglomerates
consisting of nanosized (4-10 nm) palladium particles (Figure 4).

Thus, palladium containing composites based on natural materials like modified cellulose and
bentonite have been prepared. Interaction of the components was confirmed be IR-spectroscopy and
electrom microscopy. The polysaccharide contributes to the formation of uniform palladium nanoparticles,
which form clusters on the surface of bentonite coated with a polymer. The amount of Pd in the
composites depends on the quontity of the HEC in the composite. The smallest amount of Pd (0.6wt.%)
was detected on the HEC/BT with the content of the polymer of 19%.

100 nm
—

Figure 4 — TEM images of Pd-HEC/BT
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To compare catalytic properties of the composites with different HEC content, the catalysts with 0.6
wt.% of palladium was prepared.

The liquid phase hydrogenation of phenylacetylene was chosen as a model reaction.

Phenylacetylene is hydrogenated with formation of styrene (1) which then reduced to ethylbenzene

(2):

CH=CH2
P
= " oH, C2Hs
cat cat
1 2

The hydrogenation rate is increased with the increasing of polymer content in the catalysts from 4%
to 9% (Table 5). The further increase of the polysaccaride percentage in the catalyst lead to a desrease in
its effectiveness. The optimal palladium catalyst contained 9% HEC and was characterized with the
selectivity to styrene of 92% at 96.4% conversion of the substrate (Table 5).

It can be assumed that the reason of low hydrogenation selectivity on the catalyst with a low HEC
content (4%) was incomplete coating of the surface of bentonite with a polymer, and part of the palladium
was adsorbed directly on the bentonite, and as a result the catalytic centers can be heterogeneous. In the
case of an excess amount of polymer in the catalyst (19%), the reason for the low selectivity may be the
difficulty of transporting the substrate to the active palladium centers located inside the macromolecular
network.

To prove this assumption, it is necessary to conduct additional studies of synthesized catalysts. At the
same time, the obtained results confirm the possibility and prospectiveness of using natural materials, such
as cellulose and bentonite, to produce complex three-component polymer-inorganic composites with fixed
transition metal nanoparticles and to use them as catalysts.

Table 5 — Results of the Hydrogenation of Phenylacetylene on 0.6% Pd/BT-HEC catalysts with different polymer content

Catalyst Reaction rate, Selectivity to Conversion, %
W#*10, mol/s styrene, %
C=C C=C
Pd/BT-HEC (4%) 32 2.7 82.2 70.3
Pd/BT-HEC (9%) 3.2 3.7 92.1 96.4
Pd/BT-HEC (19%) 3.1 3.1 87.2 90.5

Note — Experimental conditions: T=40°C; P=1 atm; m,=0.05g; solvent — ethanol.

Conclusions

A HEC-based polysaccharide-silicate composite with varying amounts of polymer (5%, 10%, and
19%) has been obtained by the adsorption method. The preparation method of composites eliminates high-
temperature calcination and recovery. By the viscometer method, it was found that the degree of
adsorption of HEC varies within 81.7-94.6%. The presence of polysaccharides in the composition of the
obtained composites was confirmed by IR spectroscopy, TEM and SEM. It was established that a change
in the amount of polymer in the composition of the catalyst affects the selectivity of the hydrogenation
process. The prospects of using polysaccharide-silicate composites as components of hydrogenation and
oxidation catalysts are shown. Such systems can be attributed to a new generation of "green" catalysts.

The optimal catalyst for the hydrogenation of phenylacetylene is a palladium HEC/BT catalyst with a
HEC content of 9%, the selectivity of which for styrene was 92% at 96.4% conversion of the substrate.

This work was supported by the State Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (grant AP05133114).
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BEHTOHUTTIH BETIH/IE Pd-2-THJIPOKCUITUJ/INEJIJIIOJIO3A BAP KOMIIO3UTTEPAIH
CHUHTE3I MEH KATAJINTUKAJIBIK KACUETTEPI

Annoranus. JKymcak >karjaiina (QeHWTaleTHICHII THUAPIEY MPOIECiHIe <KACBUDY KaTallM3aTop peTiHAe
naiinanany ymiH 2-ruapoxkcmyTiiai nemtono3a (I'DL) xone 6enronut (BT) Herizinme mammaguit I'OL]-cumukaTTh
KOMIIO3UTTEP CHHTE3IEII.

Komnosurrep kypamsingarsl [ D11-Hb1H ecenTik cansl 5, 10 sxone 20% Kypanpl. BUCKO3UMETPHSITBIK 9IiCTIEH
MHUHepaIsl COPOSHTTIH OeTiHe MOTUMEPAiH OEKITITYy Aopekeci KopceTiai.

Kypambmana 4,1, 9,0, 18,9% mommmepi 6ap I'DL/BT xyiienepi ansiaapl. Ansiarad I'O1-KypamMabl KOMIO3HTTED
HKC, ckaHepieHTiH »OHE JKapbhIK TYCIPETIH JJICKTPOHMBIK MHKPOCKOINHWS OICTEPIMEH CHUMATTAFaH. AJIBIHFAH
MOJIIMETTEp TaChIMaJayIIbIHBIH OeTiHEe MOJIMMEPAiH OEKITUIeHIH pacTaibl.

Pd*" mompapsina KaThicThl o3ipienren [ DL[-CHINKATTEI KOMIIO3HTTEP/IH COpPOLMSIBIK OENCEH TN 3epTTey
OOMbIHIIA KYMBICTAp KYPri3iial. O3ipiaeHreH KOMIO3UTTEPAIH KypaMbIHa naJutaauiiain Kypamel ['O1] menmepinin
yrrarobiMeH azaiasl: 0,9% Pd-I1/ I'9C (4%), 0,8% Pd-BT/T'3L (9%), 0,6% Pd-BT/T'3L] (19%). Kypambeana 'IL]
6ap KOMHO3WTTEpAiH OCNCEHAITIri MEH CEeNEeKTHBTUIrH CalbICTRIpy YIIH nauraauii memmepi Oipneit (0,6%)
KaTanu3aTopiap JaibIHIAIbL.

O3ipiIeHTeH nawtaguii kartanmzaropiapsl 40°C Temrmeparypaia oHE CyTeTiHiH arMocdepalblK KbBICHIMBIHIA
(heHMIIATIETWIICH ] THAPHUPIEY PEaKIMACHIHIA OenceHaumiK kepcerTi. EH xorapsl TriMainikke KypambiHaa 9% ['OL]
6ap 0,6% Pd-BT/I'OL] koMmo3uT Me, OHbIH KATBIChIHIA CyOCTPaTThIH KOHBEpCHUsChl ke3inae 92,0% OonraH cTUpos
OoHBIHIIA TaMFaMIIa3abLIBIK 96,4% Kypasl.

Tyiiin ce3mep: 2-THIPOKCUITWIII LEJUIION03a, MOJUCAXAPUATEP, OCHTOHUT, KATAJTUTHUKAJIBIK OCICeHIUTIK,
ruzpiiey, Najulaui KaTalu3aTopilapsl.
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AK. )KapMaraMGeTOBal, M.M. YCMaHOBaz, A.C. AyesxaHOBal,
C.H. Axmerogra’, 3.T. Taararos', H.JK. Tyma6aes', B.K. liocenamun’

'AO «HCTHTYT TOIMBa, KaTanu3a u anekTpoxuMui uM. J[.B. Cokonbckoro», Anmarsl, Kazaxcran;
ZI/IHCTI/ITyT xuMud ¥ pusukn noaumepoB AH PY3, Tamkent, Y30ekucraH;
*VIHHOBAIMOHHBIIT EBpasuiickuit YHusepcurer, IlaBnonap, Kazaxcran

CHHTE3 U KATAJIMTUYECKHE CBOI‘/‘ICTuBA KOMITO3HUTOB C Pd-2-
I'MAPOKCHITWILEJLIIOJI0O30U HA BEHTOHUTE

Annorauus.  CunrtesupoBanbl  namwiaaueBble [ Oll-cuinMkaTHble  KOMIO3UTHL  Ha  OCHOBE  2-
ruapokcuyTIeuono3sl (I'211) u 6errornta (BT) ¢ mensio IpUMEHEHHS X B KAUECTBE «3EJICHBIX» KaTaIHn3aTOpOB
JUIS TIpoliecca THUAPUPOBAHUSA (EHHJIACTHIIEHA B MATKMX YCIoBUsAX. PacuerHoe kommuectBo 'Ol B cocraBe
KOMITO3UTOB cocTaBisiio 5, 10 u 20%. Bucko3nMeTprueckuM METOAOM MOKa3aHa CTENEHb 3aKpEIICHUs MoauMepa
Ha MOBEPXHOCTH MUHepaiibHOro copoenTa. beun nmomy4ensr I'D1l/ BT cucremsl ¢ conepxkannem nonumepa 4,1, 9,0,
18,9%. O6pasupl nonyuenHsix [ Dll-copepikampx KOMIO3UTOB ObulM oxapaktepu3oBanbl Mertomamu WKC,
CKAHMPYIOIIEH U MPOCBEYMBAIOIIECH JIEKTPOHHON MHMKpOockonuu. IlonydeHHble naHHble TOATBEPAWIN 3aKPEIICHUE
MoJIMepa Ha MOBEPXHOCTU HOCUTEJIS.

[IpoBeneHbl HUCCICHOBAHHUS IO HW3YyYCHHIO COPOIIMOHHOW aKTUBHOCTH pa3paboTaHHbIX [ DIl-criMKaTHBIX
KOMITO3HTOB 110 OTHOImeHMI0 k moHam Pd*’. Comeprkanme mamnamms B cocTaBe pa3pabOTAHHBIX KOMIO3HTOB
yMeHbImanock ¢ ypemudeHuem kommuectBa D1 0,9% Pd-BT/ I'OL (4%), 0,8% Pd-BT/I'IL (9%), 0,6% Pd-
BT/T21 (19%). s cpaBHEHUS! aKTHBHOCTH M CEJICKTUBHOCTH KOMIIO3HTOB C PA3IMYHBIM coaepxkanneM [ DL Obutn
MIPUTOTOBJICHBI KAaTAIH3aTOPHI C OJJMHAKOBBIM cojiepkanueM namanus (0,6%).
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Pa3zpaboTaHHble NAUIQAMEBbIE  KATANM3aTOPbl  IMOKA3aJM AaKTUBHOCTh B  PEaKUUH  THAPUPOBAHUS
(ermnanermwiena npu Temmeparype 40°C u atmochepHoM naBieHuM Bomopoxa. Hambombimeit 3¢dekTuBHOCTRIO 1
aktuBHOCTRIO oOmamaer 0,6% Pd-BT/I'OL] xommo3ut ¢ comepxkanmeMm 'Ol 9%, ceneKTHBHOCTh HA KOTOPOM IIO
ctupony coctaBuia 92,0% npu 96,4% koHBepcuu cyocTpara.

KaroueBble cioBa. 2-I'MapOKCHITHILIEIUIIONO03a, MOJKCAXapubl, OCHTOHUT, KaTaluTHYeCKass aKTUBHOCTH,
THJPUPOBaHKE, MaJlJIaJeBbIe KAaTaIN3aTOPBL.
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