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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 [Pd(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

L 4

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

5OH SOH(BT)
Sample vOH vCH 5C-OH VvAI-O
-~ 1141
BT 3457 ) - o
525
2919 1415
HEC 3424 2973 1386
3620 1042
2925 1422
HEC/BT 3416 5876 1381 796
519
1046
3619 2938
Pd-HEC/BT 243 587 1462 ggé

The slight shift in bands characteristic to -OH and AI-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.

¥ el e 4 .
SElI  20kV WD11mm  S§830 x1,000  10pm  — SEl  20kV WD11mm S§S30 x1,000  10pm
Sample 9069 11 Sep 2018 Sample 9021 11 Sep 2018

da

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

— ] ——
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In order to obtain catalysts, the solution of palladium (1) 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.
?%3 Me™

polymer

— -

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 lons on HEC/BT Composites

. _rn{v[‘?~10'3 in.the mMe.‘lO_S in The degree of adsorption The metal content in
Composite initial solution, solution after .10 o catalvst. %
g sorption, g M 9 0 yst 7o
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%.

-
< ‘O‘L"
1
E 4 F
s T 3 S b
< s
B 5 ¥ 100 nm
» s - —

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

H, +Hy 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=*10-6, mol/s styrene, %
C=C C=C
Pd/BT-HEC (4%) 3.2 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; mc«=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 BETIHAE Pd-2-THAPOKCHUITUWILEJIIOJI03A BAP KOMIIO3UTTEPIIH
CHUHTE3I MEH KATAJIMTUKAJIBIK KACUETTEPI

Annoranusi. JKymcak karnaiiga (eHmIaneTWwIeHIl THIpIeY IPOLECIHJE <Kachl» KaTalu3aTop peTiHjae
naiganany yurs 2-ruapokcuatiiai nesntonosza (I'D11) sxone 6enronut (BT) Herizinae mammamuii ['IL]-cunukaTTsl
KOMIIO3UTTEP CUHTE3ACIII.

Komnosutrep kypambiagarsl ['D11-HeiH ecentik canbl 5, 10 sxone 20% kypazabl. BUCKo3UMETpHUSIIBIK dicrieH
MUHepaJIIsl COPOSHTTIH OeTiHe MOMUMEPAiH OCKITUTY JopeKeci KOpCeTimi.

Kypawmbiaga 4,1, 9,0, 18,9% nonumepi 6ap I'DL/BT xyitenepi anbiaasl. Anbiaran ['DL[-KypaMapl KOMIO3UTTED
UKC, ckaHepleHTiH KoHE KapbhlK TYCIPETiH JJICKTPOHABIK MHUKPOCKOIHMS OIiCTEpIMEH CHNATTalFaH. AJIBIHFAH
MOTIMETTEp TaChIMANIAYIIBIHBIH OeTiHe OIMMEepIiH OCKITIIreHIH pacTaibl.

Pd?* wonpapbla KaThICThl 93ipieHred ['DII-CHUIUKATTH KOMIO3UTTEP/IH COPOLMSIBbIK OENCEH N  3epTTey
OOMBIHINIA KYMBICTAP XKYPTi3iiai. O3ipJeHreH KOMIIO3UTTEPIiH KypaMbIHAa mamianuiiain Kypamsr ['O1] menmepinig
yirrarobiMer asaiaer: 0,9% Pd-TT/ TOC (4%), 0,8% Pd-BT/I'D1 (9%), 0,6% Pd-BT/I'ILI (19%). Kypamsiaaa I'O1]
6ap KOMIO3UTTEP/iH OCNCCHIUTr MEH CEeNeKTHUBTLNIMH CalbICTRIPY YIIiH mamiaauii memmepi Gipmeit (0,6%)
KaTaiu3aTopiap AalblHIaNIbl.

O3ipiieHreH nauiaauii katanuzatopiaapsl 40°C temmepaTypaza )KoHE CYTEriHiH aTtMoc(epalblK KbICHIMBIHAA
(eHUMaNeTUIICH I THIPUPIICY PEAKIUACHIHAA OCICCHIUTIK KopceTTi. EH orapsl ThiMIiTiKke Kypambiaga 9% I'O1]
6ap 0,6% Pd-BT/I'D1] koMITO3KUT W€, OHBIH KATHICHIHIA CyOCTpaTThiH KOHBepcusichl kesinge 92,0% GonraHn cTHPOJ
OolipIHIIA TanFaMIa3abLTEIK 96,4% Kypassl.

Tyiiin ce3mep: 2-THOPOKCHSTIIII LEJUTION03a, IMONUCAXapUATEp, OCHTOHUT, KaTaJHTHKAJBIK OCJICEHILIIK,
rHApIeY, AN KaTalu3aTopIapsl.
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A.K. Kapmaramoerosal, M.M. Ycmanosa?, A.C. Ayesxanosa®,
C.H. Axmetosal, D.T. Taararos’, H.JK. Tymataes’, b.K. Tiocenaaun®

'AO «MHCTUTYT TOMIMBA, KaTanu3a u snekTpoxumuu uM. JI.B. Cokonbckoro», Anmarsl, Kasaxcras;
2MucturyT xumuu U Gpusuku nonumepos AH PY3, Tamkent, Y30ekucTaH;
SHunopanuonHslii Espasuiickuil Yuusepcurer, Ilasnonap, Kasaxcran

CUHTE3 U KATAJJUTUYECKHUE CBOMCTBA KOMITIO3UTOB C Pd-2-
TUJIPOKCARTUIIEJLIIOJI030i HA BEHTOHUTE

AHHOTaN M. CuHTE3upOBaHBI najijlagueBble I'OII-cuukaTHbIC KOMITO3HTHI Ha OCHOBE 2-
ruapokcudTIne U036l (I'JL]) n 6entonuTa (BT) ¢ meipio mpuMeHeHU NX B KAUEeCTBE «3ETEeHBIX) KaTaIH3aToOpOB
JUI TIpollecca THAPUPOBaHMSA (PEHMITAleTHIeHa B MATKHX YCIoBHAX. PacuerHoe kommdectBo ['DL] B coctase
KOMITO3UTOB cocTaBisuio 5, 10 u 20%. Bucko3uMeTpuyeckuM METOJOM IMOKa3aHa CTEIEeHb 3aKpeIyICHHs TMOoJIuMepa
Ha MOBEPXHOCTH MUHepasibHOTO copOenTta. brum momyuens! ['OLl/ BT cucremsr ¢ cogepsxanuem noimmepa 4,1, 9,0,
18,9%. OOpasupl nonydeHHbIX [DI-comepkammx KOMNO3WUTOB ObUTH oxapakTepusoBaHbl Merojgamu UKC,
CKaHMPYIOLIEH M MPOCBEYNBAIONIEH 3JeKTPOHHOW MUKpockonuu. [loiyueHHbIe TaHHBIE TTOATBEPAMIIN 3aKpEIUICHHE
ToJIMMepa Ha MOBEPXHOCTH HOCUTEIISL.

[IpoBeneHsl WccnenoBaHUS 10 W3YYEHUIO COPOIMOHHOW AaKTUBHOCTH paspaboraHHbIX ['Dll-cuamkaTHBIX
KOMIIO3UTOB TI0 OTHOIIEHWIO K uoHam Pd?". Conepkxanue namnaaus B COCTaBE pa3pabOTaHHBIX KOMIIO3UTOB
YMEHBIIIAJOCh ¢ yBeiamdeHueM koiwmdectBa ['IL: 0,9% Pd-BT/ I'OL] (4%), 0,8% Pd-BT/T'3L (9%), 0,6% Pd-
BT/TOI (19%). Ans cpaBHEHNS aKTHBHOCTH M CEJIEKTUBHOCTH KOMIIO3HTOB C PAa3MUUHBIM conepxkanueM 'O Oprmm
IIPUTOTOBIICHBI KaTaJH3aTOPhI C OMMHAKOBEIM cojiepykanueM namianus (0,6%).
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Pa3paboTaHHble Ta/UIaJMEeBBIC  KAaTalM3aTOPhl  MOKA3aJld  aKTHMBHOCTh B  PEAaKIUU  TUAPHUPOBAHUS
¢denmnanerwieHa npu temneparype 40°C u atMocepHOM AaBieHUA Bomopona. Haubonbmield 3pQpeKTHBHOCTBIO U
akTUBHOCTBIO oOnamaer 0,6% Pd-BT/I'DL] xommo3ut ¢ comepxanueM DL 9%, celneKTUBHOCTh Ha KOTOPOM IO
ctupoiy coctaBmia 92,0% mpu 96,4% xoHBepcHuu cyocTpara.

KawueBble ciaoBa. 2-['MIpOKCHITHILEIUIION03a, MOJUCAXAPUIbI, OCHTOHHT, KAaTAJIUTHYCCKas aKTHBHOCTB,
THIPUPOBAHNE, AJUTaIHeBbIe KaTaIH3aTOPHL.
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