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Abstract. Polyaniline/glauconite-silica (PAn/ GI-Si)
composite were obtained by one-step in situ poly-
merization of aniline in the presence of microdispersion
of natural mineral glauconite-silica. The physico-
chemical properties (phase content, thermal stahility,
conductivity and magnetization) of the produced samples
of composites with different ratio of components have
been studied. It was shown that the polymeric
component stipulates the conductivity for the syn-
thesized composite samples, while the mineral particles
dtipulate their magnetic properties and higher thermal
stability in comparison with individual polyaniline.
Besides, it was determined that participation of the
surface of glauconite-silica microparticles in the process
of aniline polymerization leads to considerable
increasing of ordering of the polymer in the composite.

Keywords. polyaniline, glauconite-silica, composites,
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1. Introduction

Today the materials on the basis of conducting
polymers and natural minerals, namely clays [1- 5] or
mineral mixtures [6- 9] as inorganic components, are
very actively developed. The combination of the
properties of different polymeric binders and inorganic
fillers in the result of making of hybrid micro- and
nanostructurized composite materials enables to produce
the hybrid composites with novel or advanced physico-
chemical properties and extends the confines of their
practical use [10]. Similar composites are promising
particularly as elements of sensors for monitoring of

humidity or presence of noxious gases, as additives of
corrosion-resistant  coatings for the protection of
aluminium, iron and steel hardware [10]. Insertion of
iron-containing mineral glauconite-silica (GI-Si) as a
filler in the polyaniline (PANn) matrix permits to produce
conducting composite with magnetic properties.
Therefore the purpose of this work was synthesis and
study of physico-chemical properties of such material.

2. Experimental

Sample of glauconite-silica was produced by
enriching of natural mineral (Adamivs ke-2 deposit
occurrence, Khmelnytskyi region, Ukraine) [7]. The
chemical composition of the produced sample in oxides
terms was as follows (in mass percent, + 1.0 %): SIO, —
14.5; Al,0O3 — 9.6; Fe,03 — 28.8; FeO — 8.2; MgO —6.0;
NaO - 2.4; K,O - 2.7; CaO —2.8; H,O - 12.7; silica—
12.3. The loss under combustion is 10.5 %. The fraction
of GI-Si dispersion with particles size < 20 nm was used
inthis work.

Aniline (Aldrich, 99.5%) was distilled under
reduced pressure of 4 Torr and stored under argon.
Water was digtilled twice. Other reagents in the work
(analytical grade) were wused without additional
purification.

Samples of PAn/ GI-Si composites with different
weight ratio of components (1:0.125 (sample C-0.125);
1:0.25 (C-0.25); 1:0.5 (C-0.5); 1:1 (C-1); 1:2 (C-2); 1:4
(C-4) and 1:8 (C-8)) were synthesized in compliance
with the technique described in [8]. The synthesis of the
studied samples of PAn and composites was curried out
in the aqueous 0.5M H,SO, medium by chemical
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oxidation of aniline by sodium peroxydisulfate in the
absence or presence of Gl-Si microparticles.

The crydallinity of the produced samples of PAN,
Gl-S and its composites were characterized with the use of
the wide-angle X-ray phase diffraction (XRD) andysis
(DRON-2 diffractometer, Cu Ka radiation, | =1.504 A).
Derivatograph Paulic-Paulic-Erdel Q-1500 D was used
under the thermogravimetric analysis (dynamic mode with
the heating speed of 10Ksmin™* in ar atmosphere,
corundum pot, reference substance - Al;O3). Conductivity
of the samples was measured with use of sandwich-type
cdl. In this case the powders of polymer or composites
were pressed into pellets with the thickness of 2 mm and
diameterl0 mm under pressure of 15.240° Paxm ? and
T=293K over the time of 5 min. Specific magnetization
was measured by Faraday method.

3. Results and Discussion

3.1. Crystallinity

The results of the X-ray diffraction phase analysis
of the synthesized samples are present in Fig. 1. It
indicates that both initial GI-S (diffractogram 1) and
synthesized PAn (form of emeraldine salt PANH,SO,,
diffractogram 7) display crystallinity. A peak at 2q =
25.6° can be assigned to the scattering from PAn chains
at interplanar spacing [4]. A considerably greater number
of peaks on the GI-Si diffractogram (Fig. 1, diffracto-
gram 1) are connected with compound composition of
this mineral. The comparison of diffactograms (Fig. 1)
has shown that it is similar for the synthesized PAN/GI-
S and initial glauconite-silica. The presence of GI-Si
characteristic peaks on the diffractograms of composites
argues that polymer covers the particles of mineral and
last enters into the composition of composite, but that
PAn at the same time has no effect on crystaline
performance of GI-Si. At the same time the peak of PAn
does not emerge in the PANGI-Si composite. The
observation suggests that an interaction may exist at the
interface of polymer and mineral particles, which
restricts aggregation of polyaniline to the form of bulk
polymer. Therefore, the crystallinity degree of
polyaniline decreases and the diffraction peak disappears
gradually. On the other hand, essential increasing of Gl-
Si content in composite leads to decrease of thickness of
PAnN films on the surface of mineral particles and to the
higher ordering of polymeric macromolecules.

3.2. Thermal stability

The difference between the curves of mass loss for
the synthesized samples (Fig. 2) is connected with
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contents of the composites. There are two substantial
competitive processes, namely water evaporation (H-
bound with nitrogen atoms in the PAn links and from the
solvate shell of doping HSO, -anions) and oxidative
destruction of polymer (in air atmosphere). The
contribution of the first process increases with increasing
of mineral content in composite and vice versa, the
contribution of the second process levels. The presented
thermogravimetric curves indicate that increasing of
PAN:GI-Si content from 4:1 to 1:4 ratio leads to the
essential (~ 573 K) shift of the breaking of composite in
the region of higher temperatures (Fig. 2, curves 5- 8).
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Fig. 1. X-ray diffractogramms of initial Gl-Si (1), C-4 (2);
C-2 (3); C-1 (4); C-0.5(5); C-0.25(6)

and PAn (7) samples
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Fig. 2. TG-curves of the studied samples: initial GI-Si (1);
C-0.125 (2); C-0.25 (3); C-0.5 (4); C-1(5); C-2(6); C-4(7);
C-8(8) and PAN (9)
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3.3. Conductivity

The results of measurements of specific
conductivity (s) of the initial GI-Si and synthesized
samples of PAn and PAN/GI-Si composites are shown in
Table. It confirms the tentative assumption that
introduction of small quantities of GI-Si in the reaction
mixture somewhat decrease the specific conductivity of
such samples to the level of undoped PANn. The
conductivity of the samples decrease sharply under the
weight ratio of PAn:GI-S less than 1:0.5, that is
dtipulated by the achievement of the threshold of
percolation for nonconducting mineral particles.

Table
Conductivity of the produced samples
Conductivity s30°+ 5 %,
Samples Smoem
PAN 68.0
C-0.125 51.5
C-0.25 22.2
C-05 8.0
C-1 2.0
C-2 0.2
C-4 0.01
C-8 0.015
Gl-Si 0.0023

3.4. Magnetic Properties

The dependences of specific magnetization of the
studied samples on the strength of imposed magnetic
field are shown inFig. 3. The insertion of the micro-
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Fig. 3. The dependence of specific magnetization of produced
samples on the strength of imposed magnetic field: PAn (1);
C-1(2); C-2(3); C-4 (4); C-8(5) and initial GI-Si (6)
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particles of iron-containing mineral as afiller in the PAn
matrix led to occurrence of magnetic properties of
polymeric samples. The specific magnetization of the
samples practically linearly increases with the increase
of both strength of imposed magnetic field and weight
fraction of GI-Si particles in the composite. Sufficiently
great values of magnetization is reached under the
PAN:GI-Si content more than 1:1.

4. Conclusions

The polymer-mineral composites produced by
one-step in situ polymerization of aniline in the presence
of microdispersed system of glauconite-silica show the
properties which are typical of both initial components
of the material. The presence of polymer (PAN) in the
synthesized samples stipulates their conductivity, while
the particles of mineral component stipulate the
magnetic properties of composites in comparison with
individual polyaniline. The combination of such
characteristics makes PAN/GI-Si composites attractive
for their potential commercial applications as fillers for
electromagnetic shielding materials, conductive coatings
and magnetics materials.

The studied properties of the produced samples
are directly dependent on the GI-Si content in the
composite. Besides, it was determined that participation
of the surface of glauconite-silica microparticles in the
process of PAn polymerization leads to considerable
increasing of ordering of the polymer in the composite
and also to the increasing of the thermal stability of
composite in comparison with individual polyaniline.

References

[1] Vitoratos E., Sakkopoulos S., Ddas E. et a.: Curr. Appl.
Phys., 2007, 7, 578.

[2] SudhaJ. and Reena V.: Macromol. Symp., 2007, 254, 274.

[3] Binitha N. and Sugunan S.: J. Appl. Polym. Sci., 2008, 107,
3367.

[4] Li X., Li X., Dai N. and Wang G.: Appl. Surf. Sci., 2009, 255,
8276.

[5] Hsieh T.-H., Ho K.-S,, Bi X. et al.: Eur. Polym. J., 2009, 45,
613.

[6] Duran N., KarakislaM., Aksu L. and Sacak M.: Mater. Chem.
Phys., 2009, 118, 93.

[7] Yatsyshyn M., Grynda Yu., Kunko A. et al.: Pat. Ukr. 62888,
Publ. Sept. 26, 2011.

[8] Yatsyshyn M., Grynda Yu., Kun'ko A. and Dumanchuk N.:
Visnyk Lviv Univ., Ser. Chem., 2011, 52, 268.

[9] Koval’ chuk E., Yatsyshyn M. and Dumanchuk N.: Praci Nauk.
Tov. Shevchenka, Khemia, Biokhemia. 2008, 21, 108.

[10] Wan M.: Conducting Polymers with Micro or Nanometer
Structure. Springer, Berlin-Heidelberg-New Y ork 2010.



444

I'bPUIHI MIHEPAJI-ITIOJIIMEPHI KOMITO3UTHI
MATEPIAJIM HA OCHOBI IIOJITAHIVIIHY
TA KPEMHE3EM-TJIAYKOHITY

Anomauia. Minepan-nonimepni  Komnosumu — noaia-
HILIH- KpeMHe3eM-21ayKoHim 0depacano in Situ oonocmadiiinor
nonimepuzayiclo  auininy 6 NPUCYMHOCMI  MIKPOOUCHEPCHUX
YACMUHOK — NPUPOOHO20 — MIHEpany — KpeMHe3em-2ayKOHIm.
Hocniooceno  izuxo-ximiuni  enacmusocmi  (¢pasosuil  cxaao,
mepmiuny CMIUKICMb, eNeKmponpoGiOHICMb  MA  HAMAZHIYY-
6AHICMb) OMPUMAHUX 3PA3KI6 KOMRO3UMY Pi3HO20 ckiady. Bema-

Mykhaylo Yatsyshyn et al.

HOBNEHO, WO NONIMepHUli KOMHOHEHM KOMHO3UMy 6U3Ha4ac
elleKmpuiHy npoGiOHICMb 3DA3KI6 CUHINE308aHO20 KOMNO3UMY,
Mool K MIHEepAIbHI YACMUHKU 3YMOGILIOIOMb U020 MASHIMHI
eracmusocmi ma Guwgy mMepmiyHy CmabLIbHICMb NOPIGHIHO 3
nonianininom. OKpiM mozo 6uAGIeHO, WO Y4aCmb HOGEPXHI
MIKPOUACTUHOK 21AYKOHIM-KpemMHesemy y npoyeci noiimepusayii
AMINIHY NPU380OUMB 00 CYMMEBO 3POCMAHHA CMPYKIYPOBAHOCHII
nonimepy 8 KOMNO3Umi.

Knrwuogi cnosa. noniauiniu, kpemHesem-21ayKoHim, Kom-
nosumu, X-npomenesuti pazoeuil awaniz, mepmiyHa cmadiib-
HICMb, MACHIMHI 81ACMUBOCIII.





