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Abstract

A method for the synthesis of polymeric film based on a copolymer of styrene and maleic anhydride (stiromal) and
oligodiol was suggested. Block copolymer of ethylene glycol and propylene glycol was used as oligodiol. It was shown
that synthesized materials have moderate water swelling capacity in and ion-exchange properties. Static exchange
capacity in 0.1 mol/L NaOH aqueous solution is within the interval of 1.44-1.76 mmol/g. At air-dry state films have a
tensile strength of 4-6.6 MPa and an elongation at break tensile 38-61 %. The effect of stiromal molecular weight
and oligodiol type, and conditions of film formation on ion-exchange and physical-mechanical properties of the films
was studied. The synthesized material appeared to be able to sorb Cu2+-ions from neutral and acidic solutions. The
distribution coefficient in case of sorption from slightly acidic solution with Cu2+ concentration of 50 mg/L was
48-50. Composite material with a metal submicroparticles uniformly distributed in the polymeric matrix was
obtained by chemical reduction of copper ions sorbed. It was found that the film acquires electric conductivity, as a
result of filling of metal particles, which allows copper electrodeposition on the film surface.

Keywords: polymeric composite material; polymeric matrix; styromal; oligodiol; static exchange capacity; sorption of
CuZ*-ions; copper microparticles; electroplating.

INOJIIMEPHI IIVIIBKH HA OCHOBI CTUPOMAJIIO,
MOJAUPIKOBAHI MIKPOYACTUHKAMMU MIAI

BikTop ®. Bapraniok, KoctsauTuHs €. Bapsiah, Bonogumup A. [lonoHcbkui, AHaToaii 1. Hlykin®
/JlHinponemposcbkull HayioHabHUll yHigepcumem imeHi Oaecsi [oHuapa, npocn. I'azapiua, 72,
JlHinponemposcek, 49010, Ykpaina

AHoTalif

3anponoHOBaHA MeTOJMKa CHHTe3y MNoOJIiMepHUX IUIIBKOBMX MaTepiajiB Ha OCHOBiI KomoJjiiMepy ctupoay i
MaJieiHOBOro aHripuay (crupomasiio) Ta oJjiroaiosny. B skocti oJsirofiosy BUKOpUCTOBYBaJM GJIOKKOMOJIiMep
e€THJIEHIJIIKOJII0 Ta nponijieHrikosi. [lokaszaHo, 10 CHHTe30BaHi MaTepia/ i IOMipHO HAGPAKAIOTh y BOAi Ta MAOTh
ioHOoO6MiHHI BslacTuBOCTi. CTaTuyHa o6MiHHA €eMHicTh B 0.1 N BogaHomy pa3yuHi NaOH mae 3HayeHHa 1.44-
1.76 MeKkB/T. Y NOBITPAHO-CyXOMYy CTaHi IUIIBKM MalOTh PO3pPHMBHY MinHicTh 4-6.6 MIla Ta BiJHOCHe pO3pHUBHe
Mo 0BKeHHA npu po3tary 38-61 %. locaig)keHO BIVIUB MOJIEKYJISIPHOI MacH CTUPOMAJII0, TUIY OJIIiroJuoJjy Ta yMoB
IJIiIBKOYyTBOPEeHHSI HAa 10HOOOMiHHI 1 (isuko-mexaHiuHi BiacTuBocti MiaiBok. CHMHTe30BaHUII MaTepias BHUABUB
3aaTHicTb copGyBaTH ioHMm Cu2+ 3 HeWTpa/JbHMX i KHMcIMX po3umHiB. KoedinmieHT posmoainy mpu cop6unii 3i
C/IaGOKUC/IOTO0 PO3YMHY 3 KOHLeHTpaui€w #HoHiB Cu2Z*50mMr/n MaB 3HayeHHda 48-50. Ilisxom ximiyHoro
BiAHOBJIEHHsA cOpGoBaHUX ioHIB Kympymy oTpuMaHO KOMNO3MULilHUII MaTepiasn 3 cy6MikpoyacTKaMHM MeTaJy,
piBHOMipHO po3MOJi/leHUMHU B MOJIiMepHiil MaTpuni. BusiBieHo, mo B pe3y/bTaTi HAIOBHEHHsA YaCTKaMHM MeTaJly
IUIiBKOBi MaTepia/iu HaGyBalOTh €J1€KTPONPOBiJHOCTI, AOCTAaTHBOI JJI1 HAHECEHHA Ha iX NOBEPXHIO0 raJbBaHi4YHOTrO
MiJJTHOTO NOKPUTTS.

Kawuosi csnoea: mosiMepHUH KOMNO3WTHUN MaTepias; mosiMepHa MaTpHIs; CTUPOMaJb; OJIrofioJ; craTUYHa OOMiHHa
€MHIicTb; cop61is ioHiB Cu?*; MiKpOYAaCTUHKH MiZi; rajbBaHiuHe MOKPUTTS.
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INOJIMMEPHBIE IVTIEHKHX HA OCHOBE CTUPOMA/JIA,
MOJAUPUIIUPOBAHHBIE MUKPOYACTULIAMU MEJIU

BukTtop ©. Baprasntok, KoncranTuH E. Bapsan, Bnagumup A. [losionckut, AHaTosiuit U. Hykun*
/JlHenponemposckull HayuoHabHbI yHUsepcumem umeHu Oaecsi ['oHuapa, npocn. ['azapuHa, 72,
/Ilnenponemposck, 49010, YkpauHa

AHHoTanuga

IlpeasioxkeHa MeTOAUMKA CHMHTe3a MNOJMMEPHBIX NJIEHOYHBIX MaTepHa/JioB HAa OCHOBe CONOJIMMepa CTHpoJa H
MaJ/IeMHOBOTO aHTHApUAA (cTMpOMaJA) M 0JMIroAuo/a. B kadyecTBe 0/1Mroguosia MCloJib30Balu GJIOKCONMOJIUMED
3TWIEHIVIUKOJIA M NpONM/IeHrauko/isa. I[loka3aHo, 4YTO CHHTe3MPOBaHHble MaTepHa/bl HMMEKT YMepeHHYI0
HaGyxaeMoCThb B BOJe U 00/1aal0T HOHOOGMEHHBbIMHU CBOlicTBaMHU. CTaTH4YecKasa o6MeHHaA éMKocTb B 0.1 N BogHOM
pactBope NaOH umeer 3HauyeHusi 1.44-1.76 M3kB/r. B BO3JyIIIHO-CYyXOM COCTOSIHUM IUIEHKU MMEKT Pa3pbIBHYIO
NMPOYHOCTH 4-6.6 MIla U OTHOCUTEJIBHOE Pa3pbiBHOE yYAJIUHEHHe NIpU pacTsKeHUH 38-61 %. HccaeaoBaHo BaUAHME
MOJIEKY/IAPHOH Macchl CTUPOMaJIA, TUIIA 0JIUT0AH0J1a U YCJI0BUI NJIEHKOOGpa3oBaHHA HA HOHOOGMeHHbIe U PU3UKO-
MexaHU4YecKue CBOiCTBa MIEHOK. CHHTe3MpPOBaHHbBIN MaTepHaJl OKa3asl ClIOCOGHOCTh COPGUPOBATh HOHBI Cu2+ U3
HeHTpaJbHBIX M KHC/IBIX pacTBOpoB. KoagduuneHT pacnpesesieHuss Npu cOpoIUM U3 CI1a6GOKHUCIAOr0 pacTBopa c
KOHIeHTpanuei Cu2+ 50 mr/s1 umes 3HauyeHus 48-50. [IyTém XuMHU4eCKOro BOCCTAHOBJI€HUSI COPGUPOBAHHbIX NIOHOB
MeAU MoJydYeH KOMIIO3MIJMOHHBIN MaTepuasl ¢ CyGMHUKPOYaCTHLLAMU MeTa/l/la, pABHOMEPHO pacnpejeleHHbIMH B
NoJIMMepHoii MaTpulie. OGHApPYKEHO, YTO B pe3yJibTaTe HallO/IHeHHsA YacTHL[AMU MeTa/l/la JIEHOYHbIEe MaTepHaJIbl
NPUOGPETAIOT 3/IEKTPONPOBOAHOCTD, JOCTATOYHYIO AJIsI HAHECEHUA Ha UX NOBEPXHOCTb rajilbBaHNYE€CKOro MeJAHOT0
NOKPBITHA.

Karouesvle c108a: TOJUMEPHBIA KOMIIO3UIIMOHHBIM MaTepyas; MOJUMePHasi MaTPUIIA; CTUPOMaJIb; OJIUTOJJUOJI; CTATUYeCKast
06MeHHasi eMKOCTb; cOpOLHs HOHOB CuZ*; MUKPOYaCTULbl Me/Iy; raJibBAHUYECKOE [TOKPBITHE.

The aim of this investigation was to ascertain
the possibility of creation a composite material
based on styromal that filled with submicron

Introduction

Conductive polymers are perspective type of

modern composite materials. They consist of
polymeric matrix and conductive filler
distributed therein. Metal, technical carbon,
conductive fibers etc. are usually used as
conductive filler [1-3]. These compositions can
be used as antistatic materials, flexible heaters,
contact materials for electronic equipment, cable
sheathing, electromagnetic shielding, conductive
adhesives etc. [4-6]. Despite intensive research in
the field of polymeric materials with different
forms of conduction, many problems need to be
solved. Specifically, it is of interest to reveal the
effect of chemical structure, polymeric matrix
topology and nature of the filler as well as mixing
procedure on material properties.

The polymeric matrixes based on copolymers
of styrene with maleic anhydride (styromals) are
worth noticing. The presence of reactive
anhydride cycles in the macromolecular chains
offers extensive opportunities for chemical
modification of the polymer [7; 8]. Particularly,
branched and crosslinked structures can be
obtained basing on styromals as well as
functional groups, such as ion exchange groups,
can be added to the structure of copolymers.

Electrical conductivity is usually provided to
polymeric materials by injection of dispersed
metal fillers using advanced chemical and
electrochemical techniques when dispersed
phase is formed directly in the polymer [9-12].

copper submicron particles, which has electrical
conductivity and acceptable physical and
mechanical properties. The main approach
includes sorption of Cu?*-ions on ion-exchange
polimeric matrix and their consequent reduction
with formation of metal microparticles.

Experimental Section
The following chemicals were used for the

synthesis of polymeric matrixes:

- styrole and maleic anhydride copolymers
SMA 3000 and SMA 1000 produced by
ATOFINA ChemicalsIinc and also synthesized
by the method mentioned below (SM-1 and
SM-2);

- oligodiols produced by BASF: block-
copolymers of ethylene glycol and propylene
glycol of Pluronic PE brand, and oligoethylene
glycol Pluriol P900.

Styromal synthesis was carried out using
styrole produced by Dow Chemical Company
maleic anhydride according to State Standard
11153-75 and benzoyl peroxide Luperox A75
produced by Arkema. Styrole was used after
preliminary distillation under vacuum. Maleic
anhydride was re-crystallized from acetone.
Benzoyl peroxide was preliminarily dried on
filter paper during 24 h at room temperature.
Solvents (benzene and ehtylacetate AR) were
used without preliminary conditioning. 9.8 g of
maleic anhydride and 200mL of solvent
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(benzene or benzene and ethyl-acetate mixed 3:1
by volume) were loaded into laboratory glass
reactor equipped with stirring unit with
hydrolock and thermometer. The mass was
heated to 40-45 °C and stirred until anhydride
completely dissolves. Next, 0.2g of benzoyl
peroxide and 10.4 g of styrene were added. The
mass was brought to a boil and was stirred
during 2 h. White polymer sediment was formed.
After cooling down the product was separated
from stock solution using Nutsche filter and dried
in vacuum oven at 50 °C up to constant mass.
Polymeric matrixes were synthesized with
their simultaneous forming as elastic transparent
films using curtain coating method. In order to do
this, separated solutions of styromal and
oligodiol in ethyl-acetate, tetrahydrofuran,
acetone, and their mixes were made. Next,
correspond  solutions were mixed and
thermostated in a closed container during 1 h at
40°C, and poured on horizontal abhesive
underlying. Reaction mass was applied in the way
to receive a film of 0.30-0.35 mm thick. Applied
layer was kept in usual conditions for 24 h, and
next it was subjected to thermal processing in the
interval of 70-110 °C, raising temperature for

10 °C by every hour.

Viscosity-average  molecular  weight of
styromale samples was calculated using
Mark-Kuhn-Kuvink formula:

(1)

Value of characteristic viscosity [n] was
defined for diluted acetone solutions at
304£0.05°C using Ostwald viscosimeter with
0.63mm diameter of the -capillary. Formula
coefficients were taken from [8]: K=8.69-10-5, a = 0.7.

In order to determine the statistic volume
capacity (SVC) analytic sample of the polymeric
film (approximately 0.5 g) was immerged into
100 mL 0.1N KOH, and kept for 24 h. Then
aliquote of was titrated using 0.1 mol/L HCI.

’\J\I\IHCHZ—CHW HO
\ O=<
= O H2C_C|12

Swelling ratio (W) of film material was
determined by the relative surface increasing for
the 15x15 mm sample after keeping it in distilled
water for 24 h at 23 °C.

Sorption capacity of polymer films by Cu2+
ions (SCcy) was determined in aqueous CuSO4
solution that contains 50 mg/liter of Cu2+*-ions
and 1 mol/L of H>SOs4. Samples of film material
with the size of 10x20 mm were dipped into
10 mL of the solution and kept there for 12 h.
Amount of sorbed ions was detected by
spectrophotometric analysis using
photocolorimeter KFK-3 [13].

Tensile strength (o) and specific fracture
elongation under the tension (g) ware
determined using tensile machine FP 10
according to State Standard 14236-81.

Filling of polymeric matrix with copper
nucleus was carried out using two methods.
According to the first method films were kept for
24 h in the solution of copper salt (acetate, sulfate
or pyrophosphate) with monoethanolamine or
diethanolamine as reducing agent with
afterbaking at 90-120 °C during 5 h. According to
the second method films were kept sequentially
in saturated copper salt solution (acetate or
sulfate) and solution of sodium boronhydride.

Electrical resistance of polymer films was
measured using digital multimeter DT 9208A on
the length 1 cm. Copper electroplating on the
surface of film samples was carried out in the
solution of 0.1 mol/L CuSO4 and 1 mol/L H,S0, at
current density 1-2 mA/cm2.

Microstructure of obtained composite material
was studied using metallographic microscope
MIM-7 at 500x optical zoom.

Results and Discussion

Spatially structured polymeric matrix from
styromal and oligodiol formed according to the
principle circuit:

o) OH

vvvv*Cl:l
CH-CH,—CHww e

0 O—H,C—CH,
§ —> Ovv v O
o H,C—H,C—0O
O
e CH—CH, CH
HC v

HO
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Search for optimal composition of reaction
mixture was carried out to ascertain probability
and conditions of obtaining of the films with
acceptable physical-mechanical properties. Type

of styromal, oligodiol and solvent as well as their
ratio were selected.

Characteristics of used derivative compounds
are shown in the Table 1.

Table 1
Characteristics of derivative components for film synthesis
Styromal Oligodiol
Viscosity by
[n], cm3/g Acid Mass of polyoxy- Brookfield
Label (acetone, number, Label ’ propylene block, (23 °C,
30 °C) mg KOH/g g/mol g/mol 60 rev./min),
mPa-s
SMA 1000 2.6 2300 480 PE 6400 2900 1750 1000
SMA 3000 43 4400 285 PE 9200 3650 2750 900
SM-1* 37.7 83000 525 PE 10100 3500 3250 800
SM-2* 58.5 150000 513 P 900 900 - 170

* Product SM-1 was obtained in benzene; product SM-2 was obtained in mixture benzene/ethyl acetate

Setting the anhydride/hydroxyl ratio of 1:0.5
and using ethyl-acetate as a solvent was
discovered as the most appropriate option for
condensation of SMA 1000, CM-1 and CM-2 with
PE 6400. Transparent elastic films with moderate
swelling degree (in water) were obtained. Usage
of SMA 3000 and P 900 in different combinations
together and with other reagents results with
fragile product. Applying PE 9200 and PE 10100
yields sticky rubbery materials that become jelly
in the water media. Increasing or decreasing the
styromal/oligodiol ratio in relation to mentioned
above leads to increasing of rigidity or stickiness
correspondingly.

Increasing of styromal molecular mass has
positive effect on the mechanical strength
characteristics of the films as well as on swelling
degree (Table 2). SVC values of P-1 and P-2 film
materials slightly exceed estimated value
(1.62mEq/g) on the assumption of full
conversion of olygodiol hydroxyl groups during
polycondensation. Except incomplete conversion
it could be attributed to the presence of
polyoxyalkene chains in the structure.
Nevertheless, sufficient decreasing of SVC value
appears for the P-3 sample. It could be explained
by the formation of sterically inhibited
conformations with the increasing of molecular
mass of the initial styromal.

Table 2
Characteristics of the films based on styromal and
PE 6400
Key Type of g, % o SVC, w, \S/gftfilec
, % 0 )
styromal MPa mEq/g % cm3/g

P-1 SMA 1000 583 4.0 1.71 32 2.24
P-2 CM-1 60.8 5.7 1.76 62 1.76
P-3 CM-2 383 6.6 1.44 44 1.48

Examination of sorption capacity of the films
with relation to Cu?* ions shows that sorbtion
efficiency stays significantly high even in case of
low sorbate concentration (50 pg/mL). This is
evidenced from the calculations of distribution
factor (K) that shows ratio between sorbed ion in
sorbent and sorbate at equilibrium condition.
After 70 hours of experiment this factor becomes
21.5 for P-1, 41 for P-2 and 48 for P-3. Volumetric
coloring of the films also was also clearly
observed. Nevertheless, sorption rate was low.
Furthermore, acidic media sufficiently inhibits
ion exchanging process between polymer matrix
and solution as shown on Fig. 1. During 70 h of
sorbtion K values become 4.5-11 for samples P-
1-P-3 that is several times less than in case of
moderate acidity.

Films saturated with Cu?*-ions were found
deficient in conductivity to be further modified
galvanically. So, modification was obtained with
the application of chemical reduction of Cu2+-ions
directly within polymer matrix. Depending on
total determined properties the film P-3 was used
to obtain metal-polymer composition.

Method that includes exposing the sample in
0.5 mol/L CuSOs and NaBH. solutions was
discovered as the most appropriate among all
tested methods of chemical modification to
obtain copper particles within the polymer
matrix. Final copper-containing compositions
have the form of dark-brown films. Their
electrical impedance is 120-150 MOhm/cm.
Copper microparticles could be seen by
microscopic investigation (Fig. 2).

The possibility of galvanic metallization of
obtained compositions was examined by
electrodeposition of copper layer from sulphate
electrolyte that contains 0.1 mol/L CuSOs,
1 mol/L H,SO4.. Whilst current contact jaw
matched width of the sample and the current
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density was set minimal (1-2 mA/cm?2). It was
found that copper coating was formed on the

surface as well as within the volume of the film
during the electrolysis.

3.0
2.5 /A
/
2.0 4/ 1
% o —_—2
3 1.0 - . —0—14
. p—
et o=
0.0 ¢ .
0 20 40 60 80
7, h

Fig. 1. Sorbtion capacity by CuZ+-ions (SCcu) versus time of sorbtion for films P-1 (1, 4), P-2 (2, 5), P-3 (3, 6)
aqueous 50 pg/mL CuSO4 solution (1-3) and with the presence of 1.0 mol/L H2S04 (4-6)

a

Fig. 2. Samples micrographs (500x): a - polymer matrix, b - obtained composite material

Conclusions

Therefore, methods of obtaining polymeric
films that could be used as a matrix for
production of electroactive composite materials
was developed. It was shown that synthesized
ionogenic polymer film materials based on
styromal and block copolymer of ethyleneglycol
and propyleneglycol can sorb Cu?*-ions from
water solutions. It was found that after reduction
of sorbed Cu?*-ions obtained polymeric materials
characterized by conductivity that is enough to
electrodeposition of copper coating.
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