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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,Sy, (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: H,O, / FeCl; / HCI, H,0, / FeSO, / H,SO,4 and K,Cr,0; (H,0,) / 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.

Key words: Tengiz sulfur, lithium-sulfur batteries, copolymerization, aniline, sulfur.

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
modern 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" technologies
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

— 5 —
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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 electrochemically 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:
HzOz / FGC13 / HCl, HzOz/ FCSO4 / HzSO4 (Scheme 1)

Scheme 1

Na,S -9H,O + Sy —> H,Sy + NaOH

HzOz/FCCl3/HC1
NH, + H,S, 5
X = 3-8 H202/F6$O4/HQSO4
Q% “‘ E{%N@” LS
// \
NH cr (HSO4) { > )

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,0O,) / HCI (Scheme 2).

Scheme 2
NH;
Oxidant + v
e T N, e e N
HCVH,0 1 " H n m é 1
mwS—Q S—Smw \
Xl X Syws-
0] (@)

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).

— §f —
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Table 1 - Element composition and melting temperature of polymers based on aniline and elemental sulfur

. Elemental analysis
Ne Sample cipher Tnetting, °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 4.7 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 (8, C=C-H); 1301 (v, O=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 (o) and thermogravimetric analysis data of high-sulfur aniline-based polymers

No Sample cipher S content, The onset t?mperature qf the c,
% thermooxidative degradation, °C S/cm

1 An-Kz-1 80.39 ~210 8.1-10°
2 An-Kz-2 82.58 ~230 7.4-10°
3 An-Kz-3 79.47 ~220 9.1-10°
4 An-Kz-4 89.20 ~210 1.2:10-7
5 An-Kz-5 80.19 ~230 23107
6 An-Kz-6 80.23 ~220 2.5-107"
7 An-Kz-7 89.35 ~230 42107
8 An-Kz-8 87.59 ~230 5.6-10™"2
9 An-Kz-9 84.93 ~220 4810
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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Temneparypa, °C

An-Kz-10

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 5.

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 pm. 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 IOJIMMEPOB, OCHOBAHHBIN
HA COINIOJIMMEPU3AIIMN TEHI'M3KOU CEPBI C AHUWJINMHOM

AnHoTanusi. B crathe omuchiBaercst pa3paboTaHHash aBTOpaMH METOJMKAa CHHTE3a BBICOKOCEPHHCTBIX
MOJIMMEPOB, OCHOBaHHAsi Ha COMOJMMEpU3aluu TeHru3ckoi cepbl ¢ aHWIMHOM. Cepy BBOJAWIM B PEaKLMOHHYIO
cMech B KoJuoumHo# ¢opme. KommonaHyro akTHBHPOBaHHYIO cepy IONMydald in situ M3 MOMUCYNb()HUIOB HATPHSA
Na,Sx, (x=4.0-4.5), nonmyuennoro u3 Na,S-9H20. CuHTEe3 HOBBIX COIOJMMEPOB CEPhl M aHWJIMHA OCYIIECTBISIIN B
MPUCYTCTBUN OKuciUTeNbHBIX cucteM: H,0,/FeCl;/HCl, H,0,/FeSO4/H,SO; u K,Cr,0; (H,0,)/HCL. B
3aBUCHMOCTH OT YCJIOBHH DEaKIMH, MPHPOIBI OKHUCIUTEIBHOW CHCTEMBI, 100aBICHUS B PEAKIHOHHYIO CMECh
xenmatuHa WiH [IAB moirydeHsl cepo-aHIIIMHOBBIE MOJIMMEPHI C BRICOKAM COZIep)KaHueM cepbl: oT 63.8 mo 89.4%.
HaiineHel ycioBHsi MpPOBENCHUS pPEaKLUM, IO3BOJISIOIINE BapbHPOBAaTh COAEPKAHUE CEPBI B IIOJyYEHHBIX
Marepuanax. bpumm  Takke u3ydeHbl (U3MKO-XMMHYECKHE CBOWCTBA M MHKPOCTPYKTYPBI IIOJyYEHHBIX
BBICOKOCEPHUCTBIX IMOJMMEPOB HAa OCHOBE aHWJIMHA. yCTaHOBJ’leHO, YTO CHUHTE3UPOBAHHBIC BbLICOKOCCPHUCTHIC
MOJHMMEpPBl  00JaJal0T  TEPMOCTOHKOCTBIO, IOJYNPOBOJAHUKOBBIMU CBOWCTBaMH, pa3BUTOH IOBEPXHOCTHOU
MOp(bOJ'lOFMeﬁ H SABJIAKOTCA NEPCHEKTUBHBIMU JJIA pa3pa60TKM AKTHUBHBIX KAaTOJHBIX MAaTCpUaJIOB COBPEMEHHLIX
nepe3apspKaeMbIX JIMTHEBBIX HCTOYHUKOB TOKA.

KiroueBbie ciioBa: TeHruskas cepa, TMTHH-cepHbIe OaTapei, ConoIuMepHu3anus, cepa, aHminH
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’Kop:xosa C.A., *M.B. Massip, A.M. 'Hann6aera, 'Y.0. Kniabip6aeBa

1,I[.B. Coxonbckuil aTeiHAars! XKanapmai, KaTaiau3 jKoHe AMeKTpoxuMus HHCTUTYTH AK, AnMartsr K., Kasakcran;
? Peceii FoutbIM akaneMusichiabH Cibip Gemimureciniy A.E. ®aBopckuii aThIHIAFbI WpKyTCK XUMUS HHCTHTYTHI,
Hpxkyrck K., Peceit

TEHI3 KYKIPTI MEH AHUJIMHI COIIOJIMMEPJIEY HET'T3IHJE
KOFAPBIKYKIPTTI HOJIMMEPJIEPAI CHHTE3JIEY

Annotanusi. byn makanana aBTopiapiblH KypacTbIpraH, TeHi3 KYKIpTI MEH aHWJIMHHIH COIOJUMEpIeyiHe
HETI3[IeNTeH, JKOFapBIKYKIPTTI TONUMEpIEpAl CHHTE3ACY omicTepi cyperreneni. KyKipTTi peakmmsiblK KocIara
KOJUIOMATHI TYplle eHrizezi. Kommonarsl akTHBTEHT€H KYKIPTTI in situ axici apkpuisl Na,S-9H20 anbsiaran HaTpuid
nomucynbduniner Na,Sx, (x=4.0-4.5) angpl. AHUIMH MEH KYKIPTTiH JKaHa COTOJHMMEpIIepiH axyAarbl CHHTE3iH
KeJleciiell KBIMKBUIIBIK Kyhene icke acwipusr: H,O,/FeCl;/HCl, H,O,/FeSO4,/H,S0, xone K,Cr,0; (H,0,)/HCL
Peakmus mrapTTapsl MeH KBIIIKBUIABIK JKYHEHIH TaOWFaTBIHA Kapai, peakmusIIbIK Kocmara jxenaTnH Hemece [1AB
KOCY apKBUIBI KOFaphl KypaMabl KYKIpTi 6ap KyKipT-aHHIHHIAI moiauMepiep anbiHabel: 63.8% Oactan 89.4% neifin.
AnbIHFaH MaTepHangapAaH KYKIpT KypaMblH PETTEN OTBIPATHIH PEaKIMAHBIH KYpy IIApTTapbl aHBIKTAJIIBI.
CoHBIMEH KaTap, aHWINH HET131HET] aJbIHFaH )KOFAPBIKYKIPTTI MOJMMEPIIEPAIH PU3NKA-XUMISUIBIK KACHETTEPI MEH
MUKPOKYPBUIBICHI 3epTTeiai. CHHTE3[eNreH >KOFapbhIKYKIPTTI MOJMMEpJep KbUIyFa TO3IMIUIIK IIeH »KapThliai
OTKI3TIIITIK KacuerTepre, JamblFaH OETTIK MOp(OJIOTusFa He eKeHi, jkoHe OeCeHJi KaToAThl MaTepHajapbiH -
JKaHa 3aMaHFbI KaiTa 3apsITay bl TUTHHII TOK KO3/IepiH KYpacThIpyFa KeJleleri 30pbl aHBIKTaJI/IbL.
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