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SYNTHESIS OF HIGH-SULFUR POLYMERS BASED
ON THE TENGIZ SULFUR COPOLYMERIZATION WITH ANILINE

Abstract. The article describes the technique developed by the authors for the synthesis of high-sulfur
polymers, based on the copolymerization of Tengiz sulfur with aniline. The sulfur was introduced into the reaction
mixture in a colloidal form. Colloidal activated sulfur was prepared in situ from sodium polysulphides Na,S;, (x =
4.0-4.5), obtained from Na,S-9H,O. Synthesis of new sulfur and aniline copolymers was carried out in the presence
of oxidation systems: H,O, / FeCl; / HCl, H,O, / FeSO, / H,SO, and K,Cr,O, (H,O;) / HCl. Depending on the
reaction conditions, the nature of the oxidation system, the addition of gelatin or surfactant to the reaction mixture,
sulfur-aniline polymers with a high sulfur content were obtained: from 63.8 to 89.4%. Conditions for carrying out
the reaction have been found, which make it possible to vary the sulfur content of the obtained materials. The
physico-chemical properties and microstructures of the obtained high-sulfur aniline-based polymers were also
studied. The synthesized polymers have a high sulfur heat resistance, semiconducting properties, a developed surface
morphology and are promising for the development of modern cathode active materials of rechargeable lithium
power sources.
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Introduction

The rapid growth of oil and gas production in the last decades has led to an increase in the production
of petroleum sulfur, as it is a large-scale by-product of oil and gas processing. In Kazakhstan, only at the
Tengiz gas processing plant, 2-3 million tons of sulfur are produced per year as a result of primary oil
refining from associated components, which resulted in the accumulation of more than 10 million sulfur
tons in the Tengiz field at the sulfur storage site. The inevitable consequence of this is the technogenic
impact on environmental objects [1, 2]. From this perspective, the actual task is the development of
modemn utilization ways of Tengiz sulfur into new polymeric sulfur composites, possessing a number of
valuable properties that will increase the world demand for elemental sulfur. The unique properties of
sulfur and its polymer compositions, special properties of which, depending on the modifying conditions
and composition of the polymer composition, led to the search for new "science intensive" technologics
that ensure the economic and environmental feasibility of their application in various industries.

One of the new research areas in polymer sulfur technology is the creation of electroconductive,
electrochemically active polymeric sulfur composites for use as cathode materials for lithium-sulfur
batteries [3-20].

Lithium-sulfur batteries were first shown to the world public by Sion Power company in 2004. Even
then, such batteries were much more efficient than current lithium-ion batteries. The main distinguishing
features of these drives can be called a less expensive production, as well as more than double the
increased capacity compared with the analogue. This type of battery is called Li-S. Prospectivity of
lithium-sulfur current sources is due to high values of their theoretical specific energy (2500 W-h/kg), low
cost and environmental safety. In terms of their energy intensity, they outperform other chemical sources
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of current 2.5-5 times. Overseas work on the creation of lithium-sulfur current sources intensively was
conducted in the United States, South Korea, China, Japan, Russia [14-20].

Experimental

In order to develop original methods for the production of new high-sulfur polymers based on aniline
and elemental sulfur (Tengizchevroil company), the work authors have studied the oxidation-reduction
processes of elemental sulfur copolymerization with aniline, leading to the formation of colloidal cross-
linked polymers. New high-sulfur polymers with thermal stability, electrical conductivity, developed
morphological surface, promising as eclectrochemically active cathode materials of modern lithium
batteries are obtained.

Colloidal cross-linked copolymers were synthesized by redox sulfur copolymerization with aniline.
The sulfur was introduced into the reaction mixture in a colloidal form. The colloid activated sulfur was
prepared by in situ from sodium polysulphides Na,Sx, (x = 4.0-4.5), obtained from Na,S-9H,0.

Synthesis of new sulfur and aniline copolymers was carried out in the presence of oxidation systems:
H202 / FCC13 /HCI, H202/ FCSO4 / HZSO4 (Scheme 1)

Scheme 1

NaS 9H, O + Sy —» H,S, + NaOH

HzOz/FeCIj,/HCl
NH, + HzSx >
~3.8 H>O,/FeSO4/H>SO4
NH cr (HSO4) é . ,

In combination with the use of sodium polysulfides in oxidation-reduction reactions, the synthesis of
high-sulfur aniline-based polymers was carried out directly by oxidation of aniline with powdered sulfur
in the presence of the oxidation system K,Cr,O; (H,0,) / HCI (Scheme 2).

Scheme 2
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As a result of redox copolymerization of aniline with sulfur, sulfur-aniline polymers are synthesized
in the form of powders from light brown to black.

The composition of the obtained copolymers was determined by elemental analysis of the automatic
analyzer « ThermoFinniganFlash EA» 1112 (Table 1).
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Table 1 - Element composition and melting temperature of polymers based on aniline and elemental sulfur

) Elemental analysis
No Sample cipher T metting. °C
C H N S Cl

1 An-Kz-1 9.7 0.4 1.3 80.4 - 190-240
2 An-Kz-2 10.8 0.4 1.5 82.6 1.0 122-240
3 An-Kz-3 6.8 0.4 1.2 79.5 1.1 124-240
4 An-Kz-4 8.5 0.4 1.4 89.2 0.8 165-260
5 An-Kz-5 6.7 0.3 0.7 80.2 - 120-240
6 An-Kz-6 2.1 0.1 0.3 80.2 0.6 125-260
7 An-Kz-7 2.7 0.2 0.2 89.4 - 110-120
8 An-Kz-8 5.8 0.2 0.4 87.6 - 120-220
9 An-Kz-9 47 0.3 0.5 84.9 - 124-230
10 An-Kz-10 2.7 0.1 0.3 63.8 - 123-230
11 An-Kz-11 6.8 0.3 0.9 78.8 7.7 124-230

Depending on the reaction conditions, the nature of the oxidation system, the addition of gelatin or
surfactant to the reaction mixture, sulfur-aniline polymers with a high sulfur content were obtained: from
63.8 to 89.4 %. The physico-chemical properties of the obtained high-sulfur aniline-based polymers were
also studied. The infrared spectra of the samples were recorded on a BrukerVertex 70 spectrometer in the
400-4000 cm™ region (in KBr tablets). Thermogravimetric analysis of the samples was performed on a Q-
1500 derivatograph of the Paulik-Paulik-Erdei system (MOM, Hungary), the sample weight was 50 mg,
the DTA sensitivity was 1/5, and the heating rate was 10 °C / min. The specific electric conductivity of
the copolymers was measured on a direct current using a standard «E6-13A» terameter. The test samples
were prepared in the form of tablets by pressing under a pressure of 700 kg / cm”.

In the IR spectra of high-sulfur aniline-based polymers (Table 2), there are characteristic absorption
bands (cm-1): 1578, 1498 (v, C=C polyaniline chains); 1375 (5, C=C-H); 1301 (v, 0=S=0); 1239 (v, C=S§, v,
C-N); 1145 (v, 0=S=0); 1014 (v, O=S); 883, 826 (5, C=C-H); 618, 582, 506 (v, C-S); 468 (v, S-S).

Table 2 - IR spectra of high-sulfur aniline-based polymers
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When studying the electrical conductivity of the obtained high-sulfur aniline-based polymers, it was
found that they have a specific electrical conductivity of the 10°-10"° S / cm order, corresponding to
high-resistance organic semiconductors (Table 3).

Table 3 - Specific electrical conductivity (c) and thermogravimetric analysis data of high-sulfur aniline-based polymers

No Sample cipher S content, The ons_et t@mperature Qf the o,
% thermooxidative degradation, °C S/em

1 An-Kz-1 80.39 ~210 8.1.10°
2 An-Kz-2 82.58 ~230 7.4-107
3 An-Kz-3 79.47 ~220 9.1.10°8
4 An-Kz-4 89.20 ~210 1.210-7
5 An-Kz-5 80.19 ~230 23.107
6 An-Kz-6 80.23 ~220 2,510
7 An-Kz-7 89.35 ~230 421012
8 An-Kz-8 87.59 ~230 5.6-1012
9 An-Kz-9 84.93 ~220 481071
10 An-Kz-10 63.78 ~220 5.1-107
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According to the results of thermogravimetric analysis, the polymers obtained have a high resistance
to thermal-oxidative degradation (up to 210-230 °C) (Table 3, 4).

Table 4 - Curves of thermogravimetric analysis of high-sulfur aniline-based polymers
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In order to perform comparative studies of the high-synthesized polymers microstructure based on
aniline used X-ray dispersive spectral microanalysis method using an electronic microscope TM 3000

Hitachi.

Typical micrographs of the obtained high-sulfur copolymers are shown in Table 3.

Table 5 - Micrographs of high-sulfur aniline-based polymers
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The obtained results indicate that the synthesized copolymers have a developed microstructure, with
rather small sizes of narrow polydispersity microparticles. The An-Kz-1 copolymer is characterized by the
smallest particle sizes in the range of 587 nm to 1.10 um. Almost the same particle sizes, copolymers An-
Kz-2, An-Kz-3 and An-Kz-7 were obtained. Somewhat larger than the particle (up to 755 nm - 2.36 um)
are formed in the synthesis of an aniline-sulfur An-Kz-4 copolymer using the H,O,/FeCl; /HCI oxidation
system and the addition of gelatin to the reaction mixture.

Conclusion

Technological methods for the synthesis of high-sulfur polymers based on the elemental sulfur redox
copolymerization with aniline have been developed. Conditions for carrying out the reaction have been
found, which make it possible to vary the sulfur content of the obtained materials. It has been established
that synthesized high-sulfur polymers have thermal stability, semiconductor properties, developed surface
morphology and are promising for the development of active cathode materials of modern rechargeable
lithium current sources.
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CHUHTE3 BBICOKOCEPHUCTBIX NIOJIUMEPOB, OCHOBAHHBIM
HA CONNIOJUMEPHU3AIIUU TEHT'H3KOU CEPBI C AHUWJINHOM

Annotammsi. B cratee ommchiBacTcs paspaboTaHHAsT aBTOPAMH METOJMKA CHHTE3a BBICOKOCEPHHUCTBIX
MOJMMEPOB, OCHOBAHHAS HA COMOJIMMEpH3AIMu TEHTHU3CKOH cepbl ¢ aHWIMHOM. Cepy BBOIMIM B PCAKIMOHHYIO
CMECh B KOJIOMIHOH (hopme. KonmonmHyro akTHBHPOBAHHYIO CEPy MOIYyYAIH in Situ W3 MOJUCYIb(HIOB HATPHA
Na,Sx, (x=4.0-4.5), moayueHuoro u3 Na,S-9H20. CuHTE3 HOBBIX COTIOIMMCPOB CCPHI H AHHIIHHA OCYIICCTBIILIH B
MPUCYTCTBHH OKHCIHTETRHBIX cucteM: H,O0,/FeCl;/HCl, H,0,/FeSO4/H,S0, u K,Cr,O; (H,0,)/HCl. B
3aBUCHMOCTH OT VCIIOBHH PEaKIHMH, MPHPOABI OKHCIUTCIHHOM CHCTEMBI, JOOABICHHS B PEAKIHOHHYIO CMEChH
skenaruHa W [TAB mosydeHbl cepo-aHHIMHOBBIC ITOJUMEPBI C BRICOKHM COACpkaHueM cepbl: oT 63.8 1o 89.4%.
Hatinensl ycnoBus NPOBEICHHSA PEAKIHH, ITO3BOJLIIONINE BAPHHPOBATH COJACPIKAHWE CEPhl B MOJIYyYCHHBIX
Marepuanax. bBpimm  Takke WM3y4EHBI (DM3MKO-XMMHYCCKHEC CBOWCTBA W MHKPOCTPYKTYPBI IOJIYUCHHBIX
BBICOKOCCPHHCTBIX ITOJMMEPOB HA OCHOBC AHWIMHA. YCTAHOBJICHO, YTO CHHTC3HPOBAHHBIC BHICOKOCCPHHCTHIC
MOJMMMEPBI  00IIAJAI0T TEPMOCTOHKOCTBIO, IOJIYIIPOBOAHUKOBBIMH CBOWCTBAMH, PpAa3BUTOH IOBEPXHOCTHOM
MOP(OIOTHEH W SBILTIOTCS MEPCTICKTHBHBIMH A Pa3pabOTKH AKTHBHBIX KATOJHBIX MATEPHATIOB COBPEMCHHBIX
Tepe3apsHKACMbIX THTHEBBIX HCTOYHUKOB TOKA.
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TEHI3 KYKIPTI MEH AHWINHAI COTIOJIMMEPJIEY HETT3IHJAE
KOFAPBIKYKIPTTI HOJITMMEPJEPAI CHHTE3AEY

AnnoTtammsi. Byn Makanmaza aBTOpiapAbH KypacThIpraH, TeHi3 KYKIPTI MEH aHWIMHHIH COIIOJMMEpICYiHE
HCTI3ICITCH, >KOFAPBIKYKIPTTI MOIHMCPICPIl CHHTC3ACY omicTepi cypertenemi. KyKipTTi peakumsamslk Kocmara
KOJIJIOMATHI Typae eHrizedi. Kommonarsl akTUBTEHICH KYKIPTTI in situ axici apkeurel Na,S-9H2O anpiaFaH HATPHH
nomucy IbumineH Na,Sx, (x=4.0-4.5) amapl. AHHIHMH MEH KYKIPTTIH >KaHA CONOJHMMEPJICPIH ANyJaFrbl CHHTC3IH
KeTeciaeH KBIMKBLIOBIK skydeae icke aceipael: H,Oo/FeCly/HCl, H,O,/FeSO4/H,S0, wone K,Cr,O; (HO,)/HCL
Peaxims maprrapbl MEH KbINIKBULABIK JKYHCHIH TaOWFaThIHA Kapail, peaKIIUIbIK Kocmara »kelaTtnH Hemece [1AB
KOCY apKBLIBI JKOFApPhl KYpaMABI KYKIpTi 0ap KyKipT-aHHIMHAI TommMepIiep aasHabl 63.8% Oacran 89.4% neitin.
AJNbIHFAaH MaTepHangapAaH KYKIPT KypaMblH PETTCH OTHIPATHIH PEAKUMSHBIH SKYPY INAPTTApbl AHBIKTAIIBL
CoHbpIMEH KaTap, aHWIHH HETI31HACT] alIbIHFAH >KOFAPBIKYKIPTTI IMOTMMEPICPAiH (DH3UKA-XUMISIIBIK KACHETTEPl MCH
MHUKPOKYPBUIBICH 3eprTeiai. CHHTE3AeIreH >KOFAPBIKYKIPTTI IMOJMMEPICp KbUIyFa TO3IMIIMIK IICH »KAPTHUIAH
OTKISTIITIK KACHETTEPIe, JAMBIFAH OCTTIK MOP(OIOTHIFA ME CKCHI, YkoHE OCICCHII KATOATHI MAaTCPHANIAPBIH -
’KaHA 3aMAaHFBI KAHTa 3apsATANy OIbl TUTHHII TOK KO3IEPIH KYPACThIPYFa KENEIIETi 30PbI AHBIKTAIIBL.
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