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Synthesis and characteristics of metal-polymer complexes
of p-EGM/AA-Ni"-Co’ and p-PGM/AA-Ni’-Co’

Possibility of using the copolymers of poly-(ethylene)-propylene glycol maleate (p-EGM, p-PGM) with
acrylic acid (AA) as a matrix for obtaining effective metal-polymer complexes of different application was
shown. The compositions, structures and dimensions of particles of nickel and cobalt stabilized in polymeric
matrix were determined using the methods of transmission electron microscopy and scanning microscopy,
infrared spectroscopy, laser-emission spectroscopy, dispersive microscopy and thermogravimetric analysis.
The average size of nanoparticles, which have spherical shape and equal distribution along cross-section of
polymer, was 100-170 nm. Percentage content of nickel and cobalt in the complex was equal to 0.52 and
0.48, respectively, in the p-EGM/AA copolymer, 0.49 and 0.51 in the p-PGM/AA copolymer. The analysis of
electromagnetic force-pictures of p-EGM/AA (14.8:85.2 mass.%) and p-PGM/AA (15.1:84.9 mass.%)
copolymers’ films showed a relatively equal distribution of the filler (Ni°, Co®) along the cross-section of
polymer. The average number of metal particles on 10 microns was 600—700 units for particles of Ni and
550-650 units for particles of Co. Thermal decomposition of metal-polymer complexes occurred in the tem-
perature range of 200-500 °C. The average weight loss on TG — curves was 80 %. Therefore, p-EGM/AA-
Ni’-Co” and p-PGM/AA-Ni’-Co° metal-polymeric complexes obtained can be used as a template for the crea-
tion of catalytically effective composite materials.

Keywords: copolymer, polyethylene glycol maleate, polypropylene glycol maleate, polymeric matrix, nano-
particles, catalyst, metal-polymer complex, matrix.

Introduction

Catalytic hydrogenation is one of the most important processes used in chemical industry. The main
fields of applying such process are the fields of production of synthetic fuel by destructive hydrogenation of
coal, purification and refining of liquid transportation fuel, hydrogenation industry and so on [1]. As it is
known, catalytic reactions are divided into two basic classes, namely, homogeneous and heterogeneous.
Heterogeneous catalysts are chemical compounds insoluble in the reaction medium. According to literature
data nanostructured polymer systems are used as nanoreactors for nanoparticles formation [2] and these
metal-polymeric complexes demonstrate a high level of catalytic activity, stability and selectiveness of
effect. Reducing catalyst particles up to nanometric dimensions lets us broaden polymer surface contacting
with reaction medium and increase the effectiveness of catalysis in several times, and gel matrix preserves
particles against coagulation and oxidation. New type of nanocatalysts based on metal-polymeric matrix and
catalytically effective transition metals based on polymer carriers can be used in many spheres. At the pre-
sent time the search for new catalytic systems, particularly nanocatalysts characterized by high degree of ac-
tivity and selectivity is the relevant task.
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Polymers based on unsaturated polyester resins are economically profitable and these polymers can be
used as obtainable carrier of metals nanoparticles. Comparing hydrophobic polymers with other thermally
active polymers we can see that attractiveness of these hydrophobic polymers is due to their ability to solidi-
fy at room temperature or other relatively low temperature and almost without separation of co-products [3].
The aim of this work is the synthesis of new metal-polymeric complexes with transition metals based on the
«smarty» copolymers of p-EGM/AA, p-PGM/AA obtained by us earlier [4].

Experimental

On the basis of copolymers p-EGM/AA, p-PGM/AA contained (14.8:85.2 mass.%) and
(15.1:84.9 mass.%) metal-polymeric nanocomposites were obtained using the reduction method of salt solu-
tion of transition metals such as nickel and cobalt, namely, p-EGM/AA-Ni’-Co’, p-PGM/AA-Ni’-Co’. Tons
reduction of metals (from Ni"%, Co™ up to Ni’, Co”) was carried out by sodium hypophosphate in the pres-
ence of ammonia solution of silver chloride used as a catalyst according to the following equations (1-2):

Ni*" + H,PO , + H,O — Ni’| + H;PO;+ H (1)
NiCl, + NaH,PO, + H,0 — Ni’| + H;PO; + HCI + NaCl

Co*" + H,PO, + H,0 — Co°| + H;PO; + H )
CoCl, + NaH,PO, + H,0 — Co’| + H;PO;+ HCI + NaCl

Reduction of Ni", Co™ in the volume of p-EGM/AA, p-PGM/AA polymeric matrix is carried out in the
several stages (Fig. 1):
— insertion of ions (Ni", Co™?) in polymeric matrix;
— diffusion of reagents in polymeric matrix;
—reaction between chlorides of nickel, cobalt and sodium hypophosphate leading to the formation of
metals nanoparticles.

o CO0

i COOH (NiCly, CoCl, ) ~

Co?* Nigt  ————

v COOH nnn CO0

reducing agent (NaH,PO,).
catalyst ([agve,)Jcl _

Figure 1. Principle diagram of obtaining the metal-polymeric complex
(formation of metals’ nanoparticles in polymer)

Reaction between chlorides of nickel, cobalt and sodium hypophosphate leading to the formation of
metals nanoparticles was performed during two hours at room temperature. Quantitative content of nickel
and cobalt in a complex was determined by the use of laser-emission spectrometer (Laes matrix spectrometer
produced by «Spectroscopic systems» firm, Russia, 2014). Elementary and phase analysis of nanocomposites
were determined by the method of energy dispersive spectroscopy with the use of highly effective
X-Max80T silicium-drift detector (with superfine window) and X-Max80TLE (without window). Active
area of detectors is 80 mm®. Infrared spectra of copolymer were registered on FSM 1201 infrared Fourier
spectrometer. Thermal properties of copolymer were studied on DTA/DSC differential scanning calorimeter
produced by the «Setaram» firm under dynamic conditions in 0-1500 °C temperature range with the heating
rate 10 degree/minute in a nitrogen atmosphere in an Al,O; crucible. Characteristics of surface relief pattern
were analyzed using scanning electron microscopy (REM) on the instrument MIRA 3, TESCAN «Oxford
Instruments», England.
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Results and discussion

In this work, hydrophilic copolymers based on ethylene-(propylene) glycol maleate with acrylic acid of the
following compositions: p-EGM/AA (14.8:85.2 mass.%), p-PGM/AA (15.1:84.9 mass.%) were used as the
matrix for metals immobilization. These compositions demonstrate «smart» qualities in the course of free
radical copolymerization with varaiation of the initial monomers compound, particularly, reaction ability to
slight changes of environmental conditions, the sharp and reversible change of their volumes, consequently
they can be used as polyfunctional materials in quite diverse fields [4]. The initial task was approvement of
quantitative content of nickel and cobalt in new metal-polymer complexes based on «smart» copolymers of
p-EGM/AA, p-PGM/AA (Fig. 2).

MPC:MNi1%: Co 1%

'; MPC : Hi 0.5% : Co 0.5%
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—
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a — peak intensity of Ni (I) 201.928 b — peak intensity of Co (II) 201.181

Figure 2. Dependence of peaks intensity from the content of metal salts at the variation of metal mass

The spectra given point out (Fig. 2) that percent composition of metals is equal to ~0.4 mass.%, and the
correlation of Ni-Co is 52:48 % for p-EGM/AA copolymer, and 49:51 % for p-PGM/AA copolymer. Results
of MPC (metal-polymeric complex) morphology investigation carried out are given below in the Table.

Table
Morphology of p-EGM/AA-Ni"-Co’, p-PGM/AANi’-Co’ metal-polymer complexes

Content of Dimension Morphology of Distribution of
Sample metal. % Ratio  [of NP (nano- P NP &y NP Average number of metal
P > ® | Ni-Co, % | particles), . (nanoparticles) | particles on 10 microns
(mass.) (nanoparticles) . .
nm in a matrix
. 600—700 units for Ni and
p-% GN{)/AA_ 0.40 52:48 500-700 Spherlcg L Proportional | 550—650 units for particles
Ni-Co rhombic of Co
. 600—700 units for Ni and
p-BGl\/I()/AA- 0.35 49:51 600-800 Spherlcg L Proportional | 550—650 units for particles
Ni-Co rhombic of Co

Consequently, it was interesting to evaluate and compare qualitative and quantity characteristics of

copolymers synthesized. The method of energy dispersive spectroscopy was chosen as the most appropriate
determination method of the content of metal-polymer complexes p-EGM/AA-Ni’-Co’, p-PGM/AANi’-Co’

(Fig. 3a and b).
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Figure 3. Energy-dispersive analysis: elementary composition of p-EGM/AA-Ni’-Co° (@) and p-PGM/AA-Ni’-Co’ (b)

Also, it has been carried out comparison of infrared-spectra, which are presented in the Figure 4a and
4b to explain the results of the study. We can observe troughs due to stretching vibrations of methyl groups
at 2923 cm'; troughs of carbonyl groups are found in the region of 1633—1639 cm'; hydroxyl groups are
detected at 3448 cm ', and troughs detecting nickel and cobalt are found in the region of 513—650 cm ™' of the
IR spectra of p-EGM/AA-Ni’-Co’, p-PGM/AA-Ni’-Co° composites, respectively (Fig. 4a and 4b). Infrared
spectroscopy data were proved by the results of thermal analysis.
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Figure 4. Infrared spectra of bimetal complexes of p-EGM/AA-Ni’-Co’ (@) and p-PGM/AA-Ni’-Co’ (b)

During the work, samples of metal-polymer complexes were studied by the method of
thermogravimetric analysis. Data of thermogravimetric analysis (TGA) of metal-polymer complexes samples
are presented in the Figure 5a and b: p-EGM/AA-Ni’-Co’ and p-PGM/AA-Ni’-Co” with composition
14.8:85.2 mass.% and 15.1:84.9 mass.%.

Cepust «Xumusi». Ne 4(92)/2018 11



M.Zh. Burkeyev, T.O. Khamitova et al.

25+ 05 20
’\ ; \: 15
204 ™ I LR T 0.0
L 10
c >
o 181 £ --0.5 ;_.
E_ ' g’ or5
g = Lok
10 Vv TG er1og
PN e dTG o° ITto
5 i HeatFlow 15
/\/ ¥ r
0 T T T T T T -20 L-10
0 200 400 600 800 1000 1200 1400
25+ -25
L 20
204 %
15
£ > 10
> 151 g 053
S > z g
10} 1S o
! - L
= 104 ' ! O L10% [
! { = o [
\ : © T
{ : -5
54 ~_"" Lo --1.5
L-10
,,,,,,,,,,,,, L
0 T T T T T T -2.0 --15
0 200 400 600 800 1000 1200 1400
T,°C

Figure 5. TG, DTG/HF curves of metal-polymer complexes p-EGM/AA-Ni’-Co° (a) and p-PGM/AA-Ni’-Co’ (b)

Comparing thermogravimetric curves (Fig. 5a, b) obtained by the TG and HF methods, we can make a
conclusion about the rate of thermal decomposition processes in main stages. Preceding slight weight loss on
TG-curves at 95-100 °C temperature can be explained by evaporation of free water from the sample. As it is
seen from Figure 5 (a and b) thermal decomposition of metal-polymer complexes was carried out within the
temperature range of 200-500 °C. Moreover, weight loss on TG-curves is on an average 80 %, and we can
see exothermic peak at 880°C and 915°C on the HF curves for the metal-polymer complexes of
p-EGM/AA-Ni’-Co” and p-PGM/AA-Ni’-Co’, respectively. Therefore, heat aging leads to the development
of competitive structural processes in the material and these processes change the structure of the material
and its resistance to aging. Morphology of the sample obtained as a result of micro-structural experiments
has peculiriaty, which is shown in Figure 6a—d.

We can see that the metal filler was dispersed on certain grains from the pictures presented in Figure 6,
where shape of Ni’ is similar to spherical, and the shape of Co” is similar to rhombic. Also Figure 6 shows
that the particle dimensions of metallic nickel and cobalt dispersed in the volume of gels are range within
500-800 nm. Therefore, stability of these metal-polymer complexes (p-EGM/AA-Ni’-Co’; p-PGM/AA-Ni’-
Co") to aggregating and oxidation was proved. Taking into account the fact that surface morphology is one of
the most important characteristics of nanocatalysts we can approve that the study of the surface morphology
using the method of scanning electron microscopy and its analysis is required to characterize the properties
of metal-polymer complexes, and to plan the fields of their further study, as well as their further practical
application. Results of EMF (electromotive force) analysis of metal particles distributed on matrix of
p-EGM/AA and p-PGM/AA copolymers are presented in Figure 74, b.

Analysis of EMF-pictures of p-EGM/AA (14.8:85.2 mass.%) and p-PGM/AA (15.1:84.9 mass.%)
copolymers films revealed a relatively equal distribution of filler (Ni’, Co") along the cross-section of the
polymer. Average number of metal particles on 10 microns is 600—700 units for Ni and 550-650 units for
particles of Co (Fig. 7a, b).
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Figure 6. Electron micrographs of metal particles in nanocatalysts of p-EGM/AA-Ni’-Co’; p-PGM/AA-Ni’-Co’

a — p-EGM:AA; b — p-PGM:AA

Figure 7. Distribution of metal particles on the copolymer matrices
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Conclusions

Ions of such metals as nickel and cobalt in polymeric matrix on the basis of polyethylene glycol maleate
and polypropylene glycol maleate with acrylic acid were reduced by the method of wet synthesis.
Compositions, structures and dimensions of particles of nickel and cobalt stabilized in polymeric matrix were
determined using the methods of transmission electron microscopy and scanning microscopy, infrared
spectroscopy, laser-emission spectroscopy, dispersive microscopy and thermogravimetric analysis. It was
determined that nanoparticles of metals well-distributed on a whole volume and dimensions and correspond
to 500—700 nanometer for p-EGM/AA-Ni’-Co° bimetal catalyst and 600-900 nanometer for p-PGM/AA-Ni’-
Co’. The shape of nickel nanoparticles is spherical and the shape of cobalt nanoparticles is rhombic.
Therefore, characteristics of obtained p-EGM/AA-Ni’-Co’ and p-PGM/AA-Ni’-Co’ metal-polymeric
complexes can be used as a template for the creation of catalytically effective composite materials.
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n-9I'M/AK-Ni’-Co’ sxone n-IIF'M/AK-Ni’-Co" nerizinaeri metami-nonnmep.ri
KOMILJIEKCTEPAiH CMHTE3i MeH CHIIaTTAPbI

Metau-nonuMepiai KOMIUIEKCTEpIiH CHHTE3iHAE MONHU-(3TUIIEH)-IpOoNuIeHIIHKoIbManenHarTtap (n-0I'M,
n-III'M) meH akpun KeikpUTbl (AK) Heri3inaeri comommMepiepai KOJIaHyIbIH BIKTHMAIIBIFE KOPCETUIL.
XKyprizinren capanraManap apKbUIBI TOJIMMEPIIi MaTpUNANAPFa TYPAKTAaHABIPBUIFAH HUKEJb JKOHE KOOAIbT
OeJIIeKTepiHIH KypaMbl, KOJIEeMIIK CHIIATTaphl, KYPBUIBIMBI TPAaHCMUCCHOHJIBI-OJICKTPOH/IBI KOHE CKaHep-
JeyII MUKPOCKOMIHS, HHPPAKBI3BUI )KOHE JIa3epIli-DMICCHOHABIK CHEKTPOCKOINS, IUCTIEPCHOHIBI MUKPOCKO-
HMS JKOHE TEPMOTPAaBUMETPHSUIBIK TaJllay oicTepiMeH aHbIKTaJAbl. HaHoOesmekTepiiH opraiia Keiemi
100-170 uMm, coHbIMEH KaTap HONMMepii Martpuua OoibiHaa Oipkeski TapairaH, cepa (GopMackiHa He
eKkeHairi kepcerinred. Hukens MeH K0OanbTThIH MPOLEHTTIK MaHI caiikecinme 0,52/0,48 n-OT'M/AK xoHe
0,49/0,51 n-III'M/AK xypazsr. 10 MxM-ne Metann Oemmekrepitin tapaiysl Co yurin 550-650 Gipmik, an Ni
ymin 600-700 OGipimikke TeH. MeTtamn mommMepii KOMIUIEKCTEPIiH TEepMISUIBIK bIabipaysl 200-500 °C
Temrieparypana xkypai. TG-KHCHIFBIHBIH Macca JKOFaITy MoHI opTa ecernmeH 80 %-ab1 Kypaabl. CHHTE3eNTeH
-9 M/AK-Ni’-Co® xone n-IITM/AK-Ni’-Co” Meran-monumepii KOMIUIEKCTED KATATMTHKAIBIK OCICEH
XKyiie peTinze maiganany MYMKIiHJITiHE He.

Kinm ce30ep: conoimMep, MOIMATWICHITIHKOJIBMAIEHHAT, IOJUIPOIMICHITINKOIbMAICHHAT, ITOJMMEpIi
MaTpulla, HaHOOeJIIIEK, KaTalnu3aTop, METAJLI-NONUMEpPITi KOMIUIEKC, MaTPHILIA.

M.X. Bypxkees, T.O. Xamutoa, A.)K. CapcenOexona,
J. XaBmuek, E.M. Taxo6aeB, )K.K. Uman6ekoBa, A.H. bomar6aii

CI’IHTC?. n XapaKTepl/ICTI/IKI/I MeTa.]'I.J'l-l'[O.]'Il/IMeprIX KOMIIJIEKCOB
m1-9I'M/AK-Ni’-Co® u n-IIr'M/AK-Ni’-Co"

[ToxazaHa BO3MOXHOCTb HCIIOJb30BAHUS COINOJMMEPOB  IIOJH-(3THIICH)-IIPONUICHIINKOIbMAICHHATOB
(n-3I'M, n-III'M) ¢ akpunoBoii kucioroit (AK) B kauecTBe MaTpUIbl 1Uisl MOTydeHHUs G PEKTHBHBIX METallI-
HOJIMMEPHBIX KOMIUIEKCOB PAa3IMYHOrO Ha3HAa4eHWs. MeToJaMM MpPOCBEYMBAIONICH M CKaHUPYOIISH
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mukpockonuu, MK-crekrpockonuu, n1a3epHO-3MUCCHOHHOMN CMEKTPOCKOIHHU, AUCTIEPCHOHHON MHKPOCKOIINI
¥ TEPMOTPaBUMETPHUYECKOTO aHAJIN3a YCTAHOBJIIEHBI COCTaB, CTPYKTYpa, pa3Mepbl CTAOUIN30BaHHBIX B MOJIHU-
MEpHO#l MaTpulle 4acTHll HHUKesns W KoOaibra. CpeaHuil pa3Mep HAaHOYACTHL, MMEIOIHUX CHEpHYECcKyIo
(dhopMy U paBHOMEpPHOE pacHpe/eiiCHHE BIOJb IMOMEPEYHOro cedeHus moymmepa, coctaBmwia 100-170 Hm.
IIponieHTHOE CONEpIKaHUE HUKEIS W KOOAIbTa B KOMIUIEKCE COCTaBIsIeT cooTBeTcTBeHHO 0,52, 0,48, B cormo-
mamepe n1-OI'M/AK u 0,49, 0,51 B conmonmmepe n-I1I'M/AK. Anann3 >1eKTpoBIXKYIIEH CHITEI — n300paske-
HUS TIeHOK comoinmepoB I-OI'M:AK (14,8:85,2 mace.%) u n-III'M:AK (15,1:84,9 macc.%) noxasan oTHO-
CHTENBbHOE paBHOMEpHOE pacnpenencuue Hanonuutens (Ni, Co’) BIOMb MONEPEUHOr0 CEUCHHs MOMHMEpA.
Cpennee xoiau4ecTBO dacTull MeTauioB Ha 10 MkMm cocraBmsger 600-700 en. amst Ni u 550-650 en. ans Co.
Tepmuueckast IECTPYKIMs METa/UI-TIOIMMEPHBIX KOMIUIEKCOB MPOMCXOAUIa B HHTepBane TemnepaTyp 200-
500 °C. ITorepst maccel Ha TG-kpuBbIx cocTaBiseT B cpeHeM 80 %. Takum 00pa3om, MOTydYeHHbIE METAILI-
nomuMepubie komrekcs -0 M/AK-Ni’-Co® i n-IITM/AK-Ni’-Co” MoryT 6bITh HCIIONIB30BAHEI B KAUECTBE
OCHOBBI JUIS CO3/IaHUSI KATAINTHYECKH aKTUBHBIX KOMIO3UTHBIX MaTepPHAJIOB.

Knrouegvie cnosa: COIIOJIUMED, MNMOJMITUIICHITIMKOJIbMAJICUHAT, IMOJUIIPOIIUIICHIVIMKOJIbMAJICUHAaT, METaJll-
HOIIHMCprIﬁ KOMIIJICKC, IOJIMMEpHAas MaTpulla, KaTaJlu3aTop, HAaHOYAaCTUIlla, MaTpUIia.
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