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ASSESSMENT OF INHIBITIVE PROPERTY OF SULFUR
AS A FILLER OF POLYMER MATERIALS WITH A VIEW
TO REDUCE TECHNOGENIC IMPACT ON ECOLOGY

Abstract. According to modern representations bitumen polymer compositions (BPC) are dispersions of poly-
mers with bitumens. The important stage of creation of durable insulating materials is their inhibition in consequence
of oxidation processes in conditions of their application. In this connection the most acceptable substance is sulfur-
containing compounds, which effectively performs this role. Currently sulfur production is sharply marked from the
number of other extractive industries that from the ecological point of view the most important problem is not
achievement of sustained development condition by the sulfur production, but solution of problems of safe storage or
even disposal of extracted sulfur. As against other extractive industries, which main efforts are focused on the search
of more effective methods of production of required component against its decreasing world reserves, leading
companies in sulfur industries worried first of all by the search of new ways for safe management by extracted by
them resource.
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Introduction. According to modern representations bitumen polymer compositions (BPC) are
solution of polymer in bitumen. On this basis, large, branched polymer molecules, equally distributing
along the mass of bitumen, as if reinforce it, give bitumen elasticity and resilience, as well as thermal
resistance, which appear only at some optimal amount of polymer molecules, apparently when their
concentration forms continuous net structure.

Preparation of the film-former [1-3], i.e. combination of special bitumen with components was
carried out in two stages: a) preparation of polymer solution consisting of thermal polymer resins (TPR)
sample, polymer plasticizer and aromatic solvent (o-xylene); b) combination of polymer solution with
sample of special bitumen.

Research methods. Bitumen-insulating materials (BIM) were prepared for evaluation of protective
properties of such polymers as divinyl-styrene thermoplastic elastomers (DSTE), low molecular sevilenes
(LMS), polycyclopentadienes (PCPD), atactic polypropylenes (APP) [4]. It should be noted that the
polymers were introduced in amount from 2 to 6 mass percent, after their distribution in the solvent they
were applied to the substrates. Electrochemical studies, given in Table 1, were carried out on the fifth day.

Data of Table 1 show that LMS and DSTE polymers with critical concentration of structuring (CCS)
2 and 2-2,5 mass percent respectively have the most effective inhibiting characteristics. Special attention
should be paid to the protective barrier that occurs when introducing 8 mass percent TPR, namely at 5 and
7 hour exposure in the electrolyte solution, when passivation of the substrate surface, isolated by bitumen-
polymer film-former, occurs.
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Table 1 — Change in the metal potential towards standard hydrogen electrode from time

Polymers / mass concentration 0 point 1 hour 3 hours 5 hours 7 hours

DSTE 2% -325 =252 -178 =273 -169
4% -178 -153 -50 -148 -150

LMS 2% -358 -283 -78 -103 -68
4% -313 -188 -62 -88 -158

PCPD 2% -130 -138 -53 -118 -91
4% -178 -205 -120 -161 -148

APP 2% -220 -194 -155 -168 -161
4% 228 -228 -168 -253 -252

TPR 2% 214 -188 -133 -146 -129
TPR 4% =225 -158 -160 -178 -158
6% -338 -183 -146 -123 -119

Research results

Influence of elemental sulfur as a plasticizer on inhibition of the bitumen-polymer film-former.
When studying physical and mechanical properties of the bitumen-insulating materials (BIM), namely
their adhesion-strength properties, it is possible to conclude about the need for their physicochemical
modification for the purpose of plasticization and elimination of oxidative degradation, i.c. premature
aging. Plasticizers introduced into the composition of BIM weaken the energies of intermolecular inter-
actions in macroassociates of bitumen, significant part of which is destroyed and included according to the
principle of intramicellar or supramycellular solubilization into the micellar structure of the inhibitor.
Introduction of plasticizer into the composition of BIM, as a rule, slightly reduces strength and hardness of
the film, but considerably improves its uniformity and elasticity, increases its elongation at break, in-
creases its frost-resistance, i.¢. reduces brittleness at low temperatures, but the main thing is that it
improves insulation properties of polymer compounds. Mechanism of action of plasticizers consists in
increasing the mobility of individual molecules or segments of macromolecules of polymers which are in
the stable state of static, semi-rolled coil, by weakening their molecular interactions, or by increasing the
mobility of associates (packets) of macromolecules due to weakening of interphase interactions or
lowering the degree of crystallinity.

When choosing BIM's modifying component, we based on the fact that the agent should have both
plasticizing effect and should stand against thermal oxidative breakdown, i.c. function as inhibitor-ageing
retarder in exploitation of the bitumen material filled with a pigment. Elemental sulfur has these properties
and requirements which correspond to GOST 126-79.

Sulfur content may form spatial structures in its certain, conjugated with available particles of the
dispersed phase, due to formation of complex structural units (CSU) [5]. In this case, BIM’s properties
will be determined by this new spatial conjugate structure. Already at low concentrations this additive can
have a structuring effect, and at large — plasticizing and vice versa; at low concentrations the effect will be
plasticizing, and at large — the structuring effect. In the first case, obviously, this should be due to the fact
that if the content is higher than the determined one, the additive cannot be distributed in the dispersion
medium, and it will play the role of hinges in the shear. In the second case, with its certain content, it will
be sufficient to form independent or spatial structure conjugate with the particles of the dispersed phase of
the given system.

According to studies [4], it was shown that sulfur-containing compounds capable to decompose
hydroperoxides are introduced to exclude the oxidative degradation of bitumen-polymer compositions
(BPC). This leads to plasticization of BPC. Increase in the interplanar distance, characterized by the
packing density of the condensed aromatic structures, was detected by X-ray diffraction analysis. Thus,
the use of sulfur as a plasticizing agent of bitumen-polymer BIM significantly expands possibilities of
their use under different conditions. It is well known that in aromatic and paraffin-naphthenic
hydrocarbons, aromatic components oxidize much faster. Thermo-oxidative transformations of sulphurous
oil residues proceed in the inhibited oxidation regime. The role of the inhibitor of oxidation of aromatic
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hydrocarbons is performed by sulphide-type sulfide compounds, which destroy the intermediate oxidation
products — hydroperoxides, and the oxidation process proceeds along the degenerate branching
mechanism. Confirmation of the elemental sulfur’s inhibitory effect is study of iodine numbers (Table 2).

It should be noted that the iodine number is the number of grams of iodine joining to 100 grams of
the product. The procedure to determine the iodine number is given.

Table 2 — Polymer solutions iodine numbers indicators

Polymer solution composition Todine number, ml/g
1 OPR-8%, APP-2% 19,05
OPR-8%, APP -2% + Sulfur 1,5% 28713
5 OPR-8%, DSTE-2% 19,177
OPR-8%, DSTE-2% + Sulfur 2% 5,9266
3 OPR-8%, LMS-2% 20,701
OPR-8%, LMS-2% + Sulfur 2,5% 2.8575
4 OPR-8%, LMS-4% 17,5683
OPR-8%, LMS-4% + Sulfur 2 % 2,7214
5 OPR-8%, PCPD-2% 18,542
OPR-8%, PCPD-2%+ Sulfur 2 % 1,1641
6 OPR-8%, PCPD-2% 18,542
OPR-8%, PCPD-2%+ Sulfur 1% 2,6554

Analysis of Table 2 shows effect of the elemental sulfur on the iodine numbers indications in the
polymer solutions. Thus, the sulfur interacts with double bonds of polymers, and will also interact with
free bonds and radicals, contained in the bitumen and formed during thermal and solar irradiation, under
chemical and mechanical action.

Coatings were prepared to evaluate protective properties that the sulfur impacts when combined with
BIM. It should be noted that the sulfur was introduced in amount of 0,5 to 3 mass percent. After its
distribution in the polymer solution, it was applied to the substrates, then electrochemical studies were
carried out on the 5 day, their results are given in Table 3.

Table 3 — Change in the metal potential towards the standard hydrogen electrode from time

Name 0 point 1 hour 3 hours 5 hours 7 hours

DSTE S-0,5% -208 -167 -43 -18 -58
S-1% -124 -265 -103 -58 225

S-1,5% -213 -103 -93 -10 =71

S-2% -288 -128 -83 -18 -48

S-2,5% -204 -175 -88 -78 -95

S-3% -148 -98 -98 -53 -93

APP S-0,5% -155 -68 -158 -115 -126
S-1% -138 -53 -63 -118 -162

S-1,5% -171 -143 -88 -158 -165

S-2% -198 -148 -188 -195 -176

S-2,5% -224 -118 -118 -142 -133

S-3% -170 -185 -148 -110 -105

LMS S-0,5% -313 -178 -53 -87 -88
S-1% =223 -158 -163 -153 -150

S-1,5% -108 -228 -203 -193 -191

S-2% -268 -157 -101 -163 -146

S-2,5% -228 -68 -138 -128 -133

S-3% -123 -63 -168 -168 -167

PCPD S-0,5% -338 -168 -158 -147 -131
S-1% -243 -128 -168 -158 -143

S-1,5% -308 -163 -158 -126 -145

S-2% -288 -152 -126 -126 -188

S-2,5% -218 -133 -108 -156 -103

S-3% -215 -151 -198 -174 -160
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Based on the carried out complex studies, the most optimal concentration of the elemental sulfur in
the film-forming agents is 2,5 mass percent.

Development of physical and chemical technology of pigmentation of bitumen-polymer mate-
rials. Presence of pigments and fillers in organic polymer compounds causes significant change in
deformation-strength properties. Thus pigmentation of BIM along with increase in optical properties of the
polymer compounds leads to increase in the insulating capacity, internal stresses, modulus of elasticity,
and also adhesion-strength properties. Thus, we prepare composition of the pigmented BIM of the
modified DSTE, which include estimated amount of worked chromium-containing pigment IM-2201 and
film former.

Amount of the pigment and film former is calculated by method [6].

The prepared suspensions are pigmented in a dispersant, reaching dispersion value of 30 um.
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Figure 1 — Time — dispersion relationship graph (suspension 2)
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Figure 2 — Time — dispersion relationship graph (suspension 3)

Analysis of the physical and mechanical properties, pigmented BIM is presented in Tables 4-6.
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Tables 4 — Analysis of the physical and mechanical properties, pigmented BIM of the modified DSTE (curing time is 3 days)

OPC Hardness according to ME-3, Bending, Hardness according to ISO 15184, Adhesion,
c.u. points points points
0,69 02626 2 0 1
0,56 0,2953 1 1 1
04 0,3209 1 2 1
0,24 0,3256 1 2 1
0,12 03674 1 25 1
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Figure 3 — Change in the coating hardness on the pigment content in it

Tables 5 — Analysis of the physical and mechanical properties, pigmented BIM of the modified DSTE (curing time is 7 days)

OPC Hardness according to ME-3, Adhesion according Hardness according Adhesion,
c.u. to ISO 4624, kgf/em® to ISO 15184, points points
0,69 0,3050 2 0 1
0,56 0,3125 3 1 1
04 0,3546 5 2 1
024 03121 7 2 1
0,12 0,3807 9 2,5 1

Tables 6 — Analysis of the physical and mechanical properties, pigmented BIM of the modified LMS (curing time is 3 days)

OPC Hardness according to ME-3, Bending, Hardness according to ISO 15184, Adhesion,
c.u. points points points
0,69 0,3659 3 0 1
0,59 0,5193 2 1 1
0,46 0,5080 1 2 1
0,31 04625 1 2 1
02 02920 1 3 1

Conclusions. It should be noted that the smaller the pigment, metal-containing powder of high
aggregative resistance to fracture during dispersion and, thus, the smaller the OPC, the lower the hardness
and the higher the adhesion-plastic properties of the polymer compounds.

According to the physical and mechanical studies of the pigmented BIM modified by the polymers, it
can be seen that the polymers are important component of the bituminous film former, as the hardness and
adhesion of the coatings increase significantly.



H3zeecmus Hayuonanvhoti akademuu nayx Pecny6auxu Kazaxcman

REFERENCES

[1] Kemalov, R.A. Pigmentirovannyye bitumnyye izolyatsionnyye lakokrasochnyye materialy: sostav, svoystva, prime-
neniye (stat’ya) / Kemalov R.A., Kemalov A F. Ekspozitsiya Neft” Gaz, 6/N (80) noyabr® 2008 g.

[2] Kemalov, A F. Issledovaniye dispersnogo sostoyaniya polimernykh sistem s tsel’yu polucheniya vysokokachestvennykh
bitum-polimernykh materialov / Kemalov A.F., Kemalov R.A. // Khimiya tekhnologiya topliv i masel. 2012. N 5. P. 3-7.

[3] Kemalov, A.F. Relationship Between the Structural-Group Composition and Physicochemical Properties of Insulating
Primers for the Protection of Oil and Gas Equipment / A.F. Kemalov, R.A. Kemalov World Applied Sciences Journal 23 (7): 892-
897,2013.

[4] Kemalov, R.A. Modifitsirovannyye spetsial’nyye bitumy i lakokrasochnyye materialy na ikh osnove: Avtoref. diss.
kand.tekh.nauk. Kazan, 2003, 20 p.

[5] Kemalov, A.F. Nauchno-prakticheskiye osnovy fiziko-khimicheskoy mekhaniki i statisticheskogo analiza dispersnykh
sistem: Uchebnoye posobiye / Kemalov A F., Kemalov R.A. KGTU. Kazan, 2008. 472 p.

[6] Kemalov, R.A. Zashchitnyye lakokrasochnyye pokrytiya na osnove produktov neftekhimicheskogo syr’ya: Uchebnoye
posobiye / Kemalov R.A., Kemalov A .F. Kazan: Izd-vo Kazan. gos. tekhnol. un-ta, 2008. 178 p.

K. Y. Muipxansicos', T. C. Baxupos’, A. ®. Kemasios?,
P. A. Kemanos?, JI. X. ®oxeena’, K. K. Cripmanosa’, E. T. Borames’

"M. Oyesos atbiarst OHTycTik Kazakcran MemiekerTik yuusepeureti, [svkent, Kazakcran,
Y y
*Kasan denepanasik yHHBepcHTETI, Peceit

IKOJOI'UsAFrA TEXHOI'EHAIK 9OCEPIH TOMEHAETY MAKCATBIHJIA NOJIAMEPJIT
MATEPHAJJAPABI TOJBIKTHIPTBIII POJTHAEIT KYKIPTTIH BAAYJIATKBIII
KABUIETTLUIIT'TH BAFAJIAY

AnHoTanus. 3aMaHyH TYCiHikTe OuTyM mommmepii kommo3unus (BITK) — momuvepnepain OuTyMMeH auchep-
cuschel. Te3IMIi OKIIaygay MaTCpHAITAPBIH JKACcAyJAFbl MAHBI3IBI KS3CH OJIAPIBI KOJIJAHY JKAFAAMBIHAA aFbIMAAFBI
TOTBIFY MPOLECTEPI CanAapbHAH onapAsl Oasynary O0osbin Tadeiiaasl. OChiFaH OafIaHBICTHI XKAPAMABI 3aT OOJIBII
TaObLIAaTBIH Oy penai THIMAI aTKapyIobl, KYKIPT Kypamasl OaimaHbICTapAbl KOJIJAHY THIMII OOJBIN TaOBLIAIBL
Kasipri yaksITTa KYKIpT 6HIipiCiHiH 0acka KCH HIepy CajajapblHAH, HKOJOTHSIBIK KO3KAPACTA MAHBI3IBI MOCEIC
KYKIpT 6HAIPICIH TYPAKThI JAMBITYFa KOJI JKETKI3y €MeC, OHAIPIICTIH KYKIPTTi Kayilci3 cakray HEMeCe KOMill TacTay
Mocereepin memyae 0o TaObLIATBIHBIMCHEPEKIIEICHEAl. JIYHHESKY3UTIK KOPIAPAbIH a3ar0bl AAChIHAA HETi3ri
KYIITEPIH KAKCT KOMIIOHCHTTEPAl Ay IbIH THIMII OJiCTepiH i3aeyre OarpiTTanFaH, 0acKa KCH HIepy cajlajapbIHaH,
KYKIPT OHIIpPY CANaChIHIAAFHI ANIBIHFBI KATAPAAFbl KOMIAHMAIAD CH ANABIMCH OJIAPMCH ANBIHFAH PECYpPCTapIbI
KayiIci3 KOJJaHy IbIH JKaHA JKOJIIAPBIH 131CYMEH CPEKIICICHE ]

Tyiiin ce3aep: MyHai aucnepctik xyienepi (M/DK), kaOpIpimak Ty3y1i 3aTTap, MYHAH XHMHUACHI, TCPMOILIAC-
tukajbIK maiteipaap (TIIL), kykipT, TUTMEHTTED, KAOBIHAAPABIH (PH3HKA-MEXaHUKAIBIK, OKLIAY JTAFbIII KACHETTEPI.
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OIIEHKA WHT'HBUAPYIOINEN CITIOCOBHOCTHU CEPBI B POJIH HATIOJTHATEJIS
IMOJHUMEPHBIX MATEPHAJIOB C IIEJIBIO YMEHBIIIEHHSA
TEXHOI'EHHOI'O BJIMAHHA HA 3KOJOI'HIO

Annotamus. COTJIaCHO COBPEMECHHBIM HMPEACTABICHIAM OUTYM mosmMepHble kommosunud (BITK) — aucmep-
CHH TIOJIMMEPOB C OMTYMaMH. BaskHBIM 3TamoM CO3AHMS JOJTOBSYHBIX H3O/IMHOHHBIX MATEPHAJTIOB SIBIICTCS HX
HHTHOMPOBAHME B CIICACTBHE MPOTEKAFOIIMX OKHCIMTEIBHBIX MPOIECCOB B YCIOBHAX MX MPUMEHEHHA. B 3TOH BA3M
HAWOOJIee MPUEMIICMBIM BEINECTBOM SBJLIETCS CEPOCOACPIKAIINE COCTHHCHUSA, KOTOPHIC 3(D(DEKTHBHO BBIOTHSIOT
3Ty poib. B HacTosmee BpeMs MPOW3BOACTBO CEPBI PE3KO BBIACTACTCSA M3 YHCIA APYTHX JOOBIBAIOIIMX OTPACIICH
TEM, YTO C JKOJOTHICCKOH TOUKH 3pCHHA 00Jiee BAYKHOW MPOOIEMOH SBIACTCSA HE AOCTHIKCHHE CEPHOM IMPOMBIII-
JICHHOCTBIO COCTOSIHHSI YCTOWYIHMBOTO PA3BHUTHA, 4 PEHICHHE BONMPOCOB OC30MACHOTO XPAHCHHSA WM JAKE 3aX0PO-
HCHHS TOOBIBACMOM CEpbl. B OTIIHYKE OT APYTHX OTpACICH JOOBIBAIOMICH MPOMBIILIICHHOCTH, TA¢ OCHOBHBIC YCHITHS
HAMPABICHBI HA MOHMCK OoNice 3(P(PCKTHBHBIX METOJOB MOIYUYCHHSA TPEOYEMOro KOMIOHCHTA Ha (DOHE COKpPALIAI0-
IIMXCSA €T0 MHPOBBIX 3aIacoB, BEAYINHEC KOMIIAHHU CEPHOM OTPacid 03a00YCHBI, IMPEXKIE BCEr0 MOUCKOM HOBBIX
myTeH 0€30macHOTo 00pameHHs ¢ JOOBITHIM HMH PECYPCOM.
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tepmoriactuunble cMoibl (TTIC), cepa, mUrMeHTHL, (PU3HKO- MEXAHHYECCKHE, H30JIUPYIOIHIE XapaKTCPUCTHKH I10-
KPBITHH.




