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Co3oanue HOGBIX (YHKUUOHATbHBIX MAMEPUATIO8 HA OCHO8E MOOUDPUUUDOCAHHBIX WIl-
POKO RPUMEHAEMbBIX OMeYUeCH 86eHHBIX OYymAa0uer-CmupoabHblX O10K-COROIUMEPOB NO3EOIUN NO-
AYYUmMb MAMEPUAIbl C NOBLIUIEHHOU DEH30MACIO0CHOUKOCHIbIO, MENI0CHOUKOCHIbIO, C6emOo-
CMOIIKOCHbIO, 030HOCHIOUKOCHLbIO, @ MAKHCE YYUUEHHbIMU a02e3uoHHbIMU céoticmeamu. I ano-
2EHUPOBAHIE MEPMOITACMONIACIOE Oy0em CROCOOCMBO6aAMb ROGLIUIEHUIO UX COBMECHIUMOCHU
C noaApHLIMU noaumepamu. B dannoii pabome paccmampueanoce éiusnue xXaopnapaguna Ha
C6OlICMEa cmupo-0ymaoueH-cmupoabho2o 010K-conoaumepa. Xnopnapagunot (XII) npeocmas-
JAI0M COOOUL CIOHCHYIO CMECh NOTAUXTIOPUPOSGAHHBIX H-AIKAHOE U MOZYH Oblmb UCNOIb306AHbL 8
Kauecmee 2aino2encooepycauiezo MoOUpuUKamopa mepmonaacmudnozo Inacmomepa 01 noebi-
WieHUA €20 NPOYHOCIMHBIX U mePMUiecKux ceoiicme. Komnozuyuonnslie mamepuansl Ha 0CHOge
cmupo-oymaouen-cmupoibhozo onok-cononumepa (CbC) ¢ paznuunsim Konuuecmeom Xaiopna-
paguna ovl1u ROIYUEHBL C ROMOWBIO MEMOOA PACMEOPHO20 cMeuienuAa. Ananuz cnekmpos
HIIBO/®@ypve-UK ucxoonozo CbC u komnozumoe CEC/XII nokazan nosagnenue HoGvlX Xapax-
mepucmuueckux nooc noziougenus na 1260, 1090, 1020 u 800 cm™. C ysenuuenuem konunecmea
86€0eHH020 XN0phapaguna omHouieHue ONMUYECKUX NI10MHOCH el MecOy NO0COI, C8A3AHHOIL
¢ koneoanusamu ceazu C-Cl, u konebanuamu cmuponvbno2o 610Ka cyuiecmeeHHo yeenusuusaemcsi.
Hccneoosanue nokazano, umo Koauuecmeo XjiopupoeanHozo napapuna cuibHo é1usem Ha KOH-
KpemHble ce0iicmea ucciedyemozo mepmoiiacmoniacma. Ycmanoeneno, umo xaopnapagun no-
evluiaem mepmocmaduIbHocmy Komnosumos. Temnepamypa nauana paznoxicenus yeeaudunach
00 262 °C (ysenuuenue na 57 °C), a mMakxcumanipHaa memnepamypa pasioliceHus HeMHO20 no6bl-
cunace ¢ 463 00 467 °C. Ilpoeedena cpasnumenvHas oueHKa 6IUAHUA KOHUEHMPAUUU Xa0pnapa-
¢una na xumuueckyro cmpyKkmypy u npoUHOCHIHbIE CEOICHEA CIUPOJI-OymMadueH-CMUpoIbHbIX
cononumepos. Ycmanoeneno, umo komnosumsl ChC ¢ 5 m.u. XII xapakmepusyromcsa yayquien-
HBIMU HPOYHOCHIHBIMU CEOIICMEAMU 8 CpasHenue ¢ ucxoonvim oopasyom CHC.

KiroueBbie ciioBa: ctupon-OyranueH-cTupoibHblid 0510k conoiumep (CBC) nmonmuxiiopupoBaHHbIE H-

aJIKaHBbl, XJIopupoBaHble napapunsl, MK-cnekrpockonus, TepMorpaBUMETpUIECKUN aHATIN3, TEPMUYECKHE CBOM-
CTBa, PACTBOPHOE CMELLICHUE
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The development of new functional materials based on modified styrene-butadiene block
copolymers will enable the creation of materials with improved resistance to gasoline, heat, light,
ozone, and enhanced adhesive properties. This study investigates the influence of chlorinated par-
affin on the properties of the styrene-butadiene-styrene triblock copolymer. Chlorinated paraffins
(CP), complex mixtures of polychlorinated n-alkanes, were used as halogen-containing modifiers
for the thermoplastic elastomer to enhance its tensile and adhesive strength and thermal properties.
Composite materials based on styrene-butadiene-styrene copolymer (SBS) with various amounts of
chlorinated paraffin were prepared using a solution mixing method. The analysis of the ATR/FT-
IR spectra of neat SBS and SBS/CP revealed the appearance of new characteristic absorption
bands at 1260, 1090, 1020, and 800 cm™. The study determined that the amount of chlorinated
paraffin strongly influenced specific properties of the examined TPE. It was observed that chlorin-
ated paraffin improved the thermal stability of the composites. The onset temperature of degrada-
tion increased to 262 °C (a rise of 57 °C), while the maximum degradation temperature slightly
increased from 463 to 467 °C. The impact of the concentration of chlorinated paraffin on the chem-
ical structure and tensile properties was evaluated and compared to those of neat styrene-butadi-
ene-styrene. It was estimated that SBS composites with 5 ppm. CPs are characterized by improved
strength properties in comparison with the original SBS sample.

Keywords: styrene-butadiene-styrene triblock copolymer (SBS), polychlorinated n-alkanes, chlorinated
paraffin, FT-IR spectroscopy, thermogravimetric analysis, thermal properties, solution mixing

,Z[.]'IS[ IIHTI/IpOBa]-[l/Iﬁ:
Cyxapesa K.B., bynyuesckas A.Jl., becenuna B.O., I'pomesa FO.B., Jltocosa JI.P., ITornos A.A. BiusHne NoauxJI0pupoBaH-
HBIX H-aJIKAaHOB Ha XMMHUYECKYIO CTPYKTYPY, MEXaHHYECKHE U TEPMUYECKHE CBOICTBA OJIOK-COMIOIMMEPOB CTUpOJIa U OyTaau-
eHa. 136. 6y306. Xumust u xum. mexnonozus. 2024. T. 67. Bein. 6. C. 100-108. DOI: 10.6060/ivkkt.20246706.6973.

For citation:
Sukhareva K.V., Buluchevskaya A.D., Besedina V.O., Grosheva Yu.V., Lyusova L.R., Popov A.A. Effects of polychlorin-
ated n-alkanes on the chemical structure, mechanical and thermal properties of the styrene-butadiene styrene triblock copol-
ymer. ChemChemTech [lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2024. V. 67. N 6. P. 100-108. DOI:
10.6060/ivkkt.20246706.6973.

INTRODUCTION of the global market for thermoplastic elastomers and
over 80% of the domestic market. They find primary

Polymer materials based on styrene and buta- . . i . .
use in producing shoe sole materials, anti-corrosion

diene block copolymers constitute approximately 75%

ChemChemTech. 2024. V. 67.N 6 101



K.B. Cyxapesa u 1p.

coatings, waterproofing mastics, and modifying plas-
tics and road bitumens [1]. The most significant appli-
cation of styrene-butadiene block copolymers is ob-
served in roofing and road asphalt materials. The pri-
mary advantage of thermoplastic elastomers (TPES)
over traditional rubber lies in the elimination of the
need for vulcanization, complex multi-component for-
mulations, as well as their enhanced ease of processing,
secondary processing, and reusability. However, in
comparison to rubber, TPEs have drawbacks, includ-
ing relatively high raw material costs, an inability to be
diluted with inexpensive fillers like carbon black, and
lower chemical and temperature resistance.

Manufacturers produce adhesives based on
these copolymers for various industries such as con-
struction, food and medical product manufacturing,
footwear and furniture adhesives, as well as adhesives
for different types of tapes. The global market is wit-
nessing a rise in special adhesive grades based on these
block copolymers. Replacing polychloroprene with
styrene-butadiene thermoplastic elastomers often en-
counters challenges due to the non-polarity and low ad-
hesive activity of the thermoplastic elastomers. Devel-
oping new functional materials based on modified sty-
rene-butadiene block copolymers will enable the pro-
duction of materials with improved resistance to gasoline,
heat, light, ozone, and enhanced adhesive properties.

Among all known types of produced thermo-
plastic elastomers used as adhesives, butadiene-styrene
or divinyl styrene thermoplastic elastomers are the
most widely used. Compared to polychloroprene, they
have lower tackiness, poorer adhesive properties, and
thermal resistance. However, by correctly selecting the
bonding technological parameters, the properties of ad-
hesive compositions based on butadiene-styrene TPEs
approach the properties of polychloroprene adhesives.

Butadiene-styrene TPEs provide high tensile
strength without fillers and vulcanization, exhibit good
creep resistance, good compatibility with general-pur-
pose rubbers, and other ingredients. They are techno-
logically efficient when processed through solutions:
they do not require plasticization, dissolve with much
less time and energy than rubbers, and allow the crea-
tion of solutions with low viscosity at a high dry resi-
due content.

Modification of thermoplastic elastomers can
be carried out through the introduction of functional
additives. Several studies [2, 3] have focused on rein-
forcing thermoplastic elastomers with carbon fibers.
These fibers possess properties such as a high strength-
to-weight ratio, excellent wear resistance, and stiff-
ness, which give them an advantage over other materi-
als like metals. The influence of technical carbon on
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the electrical conductivity and mechanical properties
of thermoplastic elastomers was also investigated [4].
The addition of technical carbon and ethylene glycidyl
methacrylate to the thermoplastic elastomer matrix af-
fected electrical conductivity, tensile properties, and
impact viscosity. The tensile strength and impact vis-
cosity of the TPE/EGMA blends were significantly im-
proved with the addition of EGMA and modified tech-
nical carbon.

In various studies, the use of different metal-
containing additives for thermoplastic elastomer mod-
ification has been examined. For instance, the inclu-
sion of nano-aluminum oxide powder [5] in a thermo-
plastic polystyrene matrix is advantageous for improv-
ing thermal and mechanical properties. Some addi-
tives, particularly those containing silver nanoparticles
(AgNp, 0.05%), titanium dioxide (TiO2, 4.0%) [6],
copper nanoparticles [7], as well as zinc oxide with col-
loidal dispersion of metallic silver adsorbed on fumed
silica [8], can exhibit antibacterial properties. Several
functionalized nanoparticles can impact the thermal
stability of the polymer matrix through specific inter-
actions, barrier mechanisms, or restricted chain mobil-
ity [9]. A balance between solid filler particles and
elastomer in the polymer matrix creates a multiphase
polymer system with optimal mechanical characteris-
tics [10], making it promising for various applications
[11]. The use of fillers in polymer compositions with
thermoplastic elastomers is driven by key beneficial
properties such as improved processability, increased
modulus of elasticity, and flame resistance. In compo-
sitions requiring flame resistance, aluminum or mag-
nesium hydroxide is often used [12]. Previously, the
enhancement of flame resistance in easily ignitable
SBS was explored through the chemical modification
of the polymer with phosphorus-containing sub-
stances. It was found [13] that phosphorus-modified
SBS undergoes charring, correlating with the reduced
flammability of the modified polymer. The resistance
of polymer composites to ultraviolet radiation is often
improved by introducing UVA and UV stabilizers into
the polymer matrix [14]. The incorporation of fillers
can also contribute to improved tribological properties
of polymers. Fillers can be metallic or ceramic, which
affects the specific electrical resistance of the compo-
sites [15]. Adding nanoparticles such as carbon nano-
tubes, graphene, as well as nanoclays, nanocellulose,
metals, and ceramics [16] to the thermoplastic elasto-
mer matrix leads to changes in the structural and func-
tional properties of polymer compositions. Various
surface modification approaches can be used to modify
the filler dispersion and interface in the polymer ma-
trix. It has been discovered that using hybrid fillers un-
der specific conditions produces a synergistic effect,
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resulting in a high modulus of elasticity in nanocom-
posites [17]. Another common method for modifying
thermoplastic elastomers is blending them with other
polymers. Block copolymers like styrene-butadiene-
styrene are compatible with powdered composites made
from impact-resistant polystyrene/ethylene-vinyl ace-
tate copolymer/recycled rubber tire materials [18].

Halogenating thermoplastic elastomers will
contribute to increasing their compatibility with polar
polymers. The chemical modification of elastomers
plays a crucial role in enhancing the physical proper-
ties of rubbers [19]. Today, the demand for elastomeric
materials with specific properties, ensuring perfor-
mance under extreme conditions, is continually in-
creasing. Among the various types of rubber chemical
modification, halogenation reactions are the most com-
mon and effective, imparting versatile curing possibil-
ities that enhance adhesion, resistance to aging, and re-
sistance to different chemicals.

The first polymer containing halogens that dis-
plays both rubber-like characteristics and the ability to
maintain thermoplasticity is plasticized polyvinyl chlo-
ride (PVC) [20]. However, authentic thermoplastic
elastomers consist of PVC combined with cross-linked
or elastomeric polymers. The pioneering example of
such a material involves blending PVC with acryloni-
trile-butadiene rubber. Furthermore, polyvinyl chlo-
ride demonstrates compatibility with other elastomers,
including copolyester elastomers, as well as thermo-
plastic polyurethanes (TPUs). Chemical post-modifi-
cation of styrene-butadiene copolymers is possible
through hydrochlorination and Stieglitz etherification
reactions to obtain alkynyl-functionalized styrene-bu-
tadiene copolymers [21].

The introduction of halogen-containing adhe-
sion promoters affects the adhesion and bond strength
in adhesive joints, the low values of which are the main
disadvantages of adhesive compositions based on SBS.
Adhesion promoters based on chlorine-containing
compounds also affect resistance to aggressive envi-
ronments and thermal stability. Thus, within the scope
of this study, the effect of introducing a chlorine-con-
taining modifier (chlorinated paraffin) on the changes
in SBS properties for the creation of adhesive compo-
sitions was examined.

MATERIALS AND METHODS

The radial styrene-butadiene styrene triblock
copolymer (SBS) was used as the polymer matrix. SBS
(grade SBS R 3000A) was supplied by Sibur, Russia.
(styrene/butadiene ratio of 30/70, MFR <1 g/10 min
(200 °C, 5 kg). SBS R 3000A is commonly used for
bitumen and plastic modification, shoe compounds,
rubber goods, and protective coatings.

ChemChemTech. 2024. V. 67.N 6
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Industrial chlorinated paraffins (CP) are a
complex mixture of polychlorinated n-alkanes that dif-
fer in chain length composition and degree of chlorin-
ation. Technical CP mixtures (CP-66T) (AO Kaustik,
Volgograd, Russia) with a chlorine content of 69.5 +
+ 0.1 wt.%, yellow-tinged and partly clotted powder.
CPs are produced by chlorination of alkane mixtures,
which leads to complex products of thousands of hom-
ologs and congeners. CP-66T product has on average
one ClI substituent on almost every carbon atom. Ac-
cording to the alkane chain length, CP-66 T was clas-
sified as long-chain chlorinated paraffins. The mean
carbon formula of CP (CH1.30Cl0.82) indicates the
approximate mean number of chlorine/hydrogen atoms
per carbon atom. Based on the mean carbon formula, 1 ¢
of CP contains 0.695 g of CI.

SBS/CP composites were prepared by incorpo-
rating various amounts (2, 5, 10 and 15 phr) of chlorin-
ated paraffin using the solution blending compounding
method according to the recipe from Table 1. The
SBS/CP solutions were cast into a glass Petri dish. The
solvent was then evaporated at room temperature until
a constant weight was obtained.

Table 1
Formulation of chlorine chlorinated paraffin
and thermoplastic elastomer solutions
Tabnuya 1. Penentypa pacTBOPOB XJIOPHMPOBAHHBIX
napaguHOB U TEPMO03JIACTOILIACTA

Mass parts per 100 mass
parts of TPE (phr) Total
SBS | Toluene | CP
SBS-0 100 695 0 | 795
Mass Percentage (w.%)| 12.58 87.42 0 |100%
SBS-2 100 695 2 | 797
Mass Percentage (w.%)| 12.55 87.20 0.25 {100%
SBS-5 100 695 5 | 800
Mass Percentage (w.%)| 12.50 86.88 0.62 |100%
SBS-10 100 695 10 | 805
Mass Percentage (w.%)| 12.42 86.34 1.24 {100%
SBS-15 100 695 15 | 810
Mass Percentage (w.%)| 12.35 85.80 1.85 [100%

For the study of the bond strength of the adhe-
sive joint based on SBS, the basic adhesive formulation
was chosen, which is presented in Table 2.

The examination of tensile properties was con-
ducted using a GOTECH testing machine (Turkey) at
a testing rate of 500 mm/min. Samples were prepared
in the form of strips measuring 7 cmx1 cm. Each data
point was confirmed with five measurements.

The processes of thermo-oxidative degrada-
tion were investigated using the method of thermo-
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gravimetric analysis (TGA) on the TG50 Mettler To-
ledo instrument (Switzerland) with microbalances M3
under an air flow rate of 200 ml/min in dynamic mode
at a rate of 10 °C/min in the temperature range from 25
to 800 °C. The obtained thermograms were processed
using Mettler TC 11 software.

Table 2
Formulation of adhesive composition based on SBS

Taobnuya 2. Peuentypa KjieeBOro COCTaBa Ha OCHOBE
CbC

Dry residue per .
Ingredients 100 parts by Concentration
: (%)
weight of polymer
SBS 100 9.2
Petroleum resin 40 3.7
Glycerol ester of rosin 20 1.84
Dibutyl phthalate 3 0.26
Methylene chloride 924 85
Total 1087 100
|
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Fig. 1. ATR-FTIR spectra of original SBS and SBS/CP compo-
sites with different amount of chlorinated paraffins in the wave-
length range of 3200-600 cm™: 1 — SBS, 2 — SBS-2, 3 — SBS-5,
4 - SBS-10
Puc. 1. UK cnekrps! (Meron HIIBO) ucxonauoro o6paszua CbC u
komno3utoB CBC/XII C pa3nuvHbIM cOEpKaHUEM XJIOPUPOBaH-
Horo napa)MHa B qUana3oHe BoJIHOBLIX yncen 3000-600 cmt:
1-CBC, 2 - CBC-2, 3- CBC-5, 4 - CBC-10

The chemical composition of SBS/CP compo-
sites was studied using an FT-IR Lumos BRUKER
(Berlin, Germany) spectrometer at a temperature of (22 +
+ 2) °C in the range of wavenumbers of 4000 <v <
<600 cm™! using the ATR method (diamond crystal).

The determination of the adhesive bond
strength based on the modified SBS was carried out in
accordance with GOST 6768-75 — Method for deter-
mining the bond strength between layers during delam-
ination. For the test, substrates were cut in the form of
a rectangle measuring 12x2 cm from shoe rubber based
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on SKMS-30 (GOST 7926-75 — Rubber for the sole of
shoes). The rubber substrates were glued with a glue
solution, which was applied as a thin layer to the
sanded and degreased surface. All samples after bond-
ing were subjected to rolling with a roller and kept un-
der a press for 7 days.

RESULTS AND DISCUSSION

Infrared attenuated total reflectance spectros-
copy (ATR-FTIR) analysis allows for the study of the
chemical structure of polymer surfaces. Fig. 1 and 2
show the ATR-FTIR spectra of neat SBS and SBS-2,
SBS-5, SBS-10 and SBS-15.
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Fig. 2. ATR-FTIR spectra of original SBS and SBS/CP compo-
sites with different amount of chlorinated paraffins in the wave-
length range 1600-600 cm-t
Puc. 2. UK cnexkrpsr (Metoq HIIBO) ucxonuoro oopasua CBC u
komno3uToB CBC/XII ¢ pa3nuvHbIM COIEpKAHUEM XJIOPUPOBaH-
HOro napa¥Ha B IManazoHe BOJIHOBBIX uncen 1600-600 cm™:
1-CBC, 2 - CBC-2,3 — CBC-5,4 — CBC-10

Infrared attenuation of total reflectance spec-
troscopy (ATR-FTIR) analysis enables the examina-
tion of the chemical structure of polymer surfaces. Fig.
1 and 2 display the ATR-FTIR spectra of neat SBS as
well as SBS-2, SBS-5, SBS-10, and SBS-15. The
ATR/FT-IR spectra of both neat SBS and SBS/CP
samples exhibit similar elastomer absorption bands.
The FT-IR spectra of SBS block copolymers with var-
ying amounts of chlorinated paraffins reveal distinct
elastomer absorption bands: 690 cm™ for polystyrene,
730 cm for cis-1,4 bonds of polybutadiene, 910 cm™*
for vinyl bonds, and 965 cm™ for trans-1,4 bonds of
polybutadiene. Furthermore, specific bands corre-
sponding to polar groups were observed, particularly
the characteristic absorptions at 800 cm™ correspond-
ing to the C—CI bond, as depicted in Fig. 2. C-Cl ab-
sorbances are commonly found within the range of
600-800 cm [22, 23]. C-O stretching vibrations usu-
ally occur within the range of 1260-1000 cm™*. Fourier
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transform infrared spectroscopy studies revealed a
doublet band in the interval of 1090-1020 cm™, at-
tributed to the vinyl acetate C—O stretching vibration.
This absorption spectrum was observed for all SBS
samples with chlorinated paraffins. The peak near
1265 cm™ in the ATR/FT-IR data represents the -C—O
single bond vibration of the —C—OH group. Table 3
presents the optical densities of the vibrational bands
in the SBS and SBS/CP samples.

Table 3
Relative density of absorption bands in ATR/FT-IR
spectra of original SBS and SBS/CP composites
Tabauya 3. OTHOCUTENbHAS IVIOTHOCTD I0JIOC MOTJI0-
menusi B cnekrtpax HIIBO/UK-®ypbe ucxoanoro CbC
u komno3uToB CHC/XII

K.V. Sukhareva et al.

troduced chlorinated paraffin increases. The appear-
ance of these oxygen-containing functional groups
suggests that oxygen became incorporated into the pol-
ymer chains due to the modification process.

The TGA mass loss curves are presented in
Fig. 3. For each composite material, the mass loss fac-
tors are determined, including Ts, T1o, Tso (temperature
at 5%, 10%, and 50% weight loss, respectively), and
Tmax (temperature of the maximal rate of decomposi-
tion). The measurement data are further summarized in
Table 4.

Table 4
Data on the analysis of TG curves of thermal oxidative
degradation of SBS/CP and the original SBS sample
Tabnuya 4. Jannbie no ananusy TT' kpuBbIX TepMo-

Absorbance Sample OKHCJIUTEILHOM JeCTPYKIMH 3J1ACTOMEPHBIX KOMIIO3H-
Wavenumber (cm™?) |SBS| SBS-2 | SBS-5 |SBS-10|SBS-15 ToB CBC/XII 1 ucxoanoro oopasua C6C

Aso7/ Ages 14| 14 | 14 1.4 1.4 Sample | ITD Tmax | T5/°C | T1/°C | Tso/°C
Asoo/ Asxo - | 0.18 | 1.01 1.26 1.6 SBS 205 463 309 372 453
Au260/A1450 - 1.42 | 3.55 | 5.46 7.95 SBS-2 262 467 376 403 460
SBS-5 255 467 365 399 459
rook= SBS-10 | 248 | 466 | 332 | 370 | 457
SBS-15 222 460 314 350 451

80 The decomposition process of SBS/CP compo-

sites consists of one major stage. Thermal analysis has

o | indicated that the presence of polychlorinated n-al-

) kanes affects the thermal properties of the SBS/CP

= 40T composites. The thermal degradation mechanism of

SBS involves two primary processes: chain scission

20 43 and crosslinking [24]. In the block copolymer exposed

\ /‘ to atmospheric air, initial thermo-oxidative degrada-

of tion occurs through the attack on unsaturated bonds in

100 200 300 400 500 600 700
Temperature, °C

Fig. 3. TG curves of SBS/CP composites: SBS (curve 1), SBS-2
(curve 2), SBS-5 (curve 3), SBS-10 (curve 4), SBS-15 (curve 5)
Puc. 3. TT xpussie kommnozutoB CBC/XIIT: CBC (xpuBas 1), CbC-2
(xpuBas 2), CbC-5 (xpuBas 3), CbC-10 (xpusas 4), CBC-15
(kpuBas 5)

The absorption intensity ratio of the band at
697 cm to the band at 964 cm™ remains consistent
across all SBS samples. In comparison to the spectra of
pure SBS, the peak identified at 800 cm™ corresponds
to the characteristic frequency of C-Cl vibration. As
the amount of introduced chlorinated paraffin in-
creases, the ratio of optical densities between the band
associated with C-Cl bonding vibrations and the vibra-
tions of the styrene block significantly increases. An
increase in the absorption bands ratio of 1260/1450 cm'*
indicates a higher quantity of oxygen-containing
groups in the composite samples as the amount of in-
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polybutadiene. SBS can be completely pyrolyzed in
air. The SBS/CP blend systems exhibit better thermal
stability than neat SBS due to a higher thermal degra-
dation temperature. As observed in the TG plots, the
onset and maximum decomposition temperatures shift
to higher values after the addition of the polychlorin-
ated n-alkanes. The Ts and Tso values of SBS-2 are
higher than those of pure SBS. This is likely due to in-
teractions between SBS and chlorinated paraffin. Pol-
ychlorinated n-alkanes shield SBS from degradation at
higher temperatures, resulting in an improvement in
the thermal stability of SBS composites. Under oxida-
tive degradation conditions, the onset temperature of
degradation increased to 262 °C (an increment of 57 °C),
while the maximum degradation temperature under-
went a slight change (from 463 to 467 °C).

The relationship between the thermal stability
of the four polymers and the content of polychlorinated
n-alkanes is best characterized by Ts, which represents
the temperature at which 5% mass loss occurs. Table
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4 illustrates that, for SBS-0, T1o is 309 °C, while for
SBS-2, Tsis 376 °C. SBS samples with higher chlorine
content are more likely to release HCI at the experi-
mental temperature. Chlorine can create additional sta-
ble crosslinks between the polymer chains in the buta-
diene block, playing a significant role in enhancing the
thermal stability of the elastomeric materials.
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Fig. 4. Effect of chlorinated paraffin content on tensile strength of
SBS/CP composites
Puc. 4. BnusiHue copepkaHus XJIOPUPOBAHHOTO MapaduHa Ha
npodHocTh komro3utoB CBC/XIT

As the content of polychlorinated n-alkanes in-
creases, the tensile strength of SBS/CP composites also
increases. The highest tensile strength value of 28 MPa
was achieved when the chlorine content was 5 phr, which
was twice as high as that of pure SBS (14.2 MPa). From
Fig. 4, it is evident that the tensile strength of films
made from chlorinated SBS initially increases from the
SBS-0 sample to SBS-5, and then gradually decreases
from SBS-5 to SBS-15. This leads to the conclusion
that the highest tensile strength is found in samples
made from styrene-butadiene TPE with low chlorine
content. The optimal result is observed in SBS-5. The
lowest strength values are observed in the original ther-
moplastic elastomer. An increase in the amount of in-
troduced polychlorinated n-alkanes beyond 5 phr
likely leads to an accumulation of excess chlorinated
paraffin in the sample, which acts as a plasticizer for
the elastomer and consequently reduces the strength
properties of the rubber.

The modified SBS presented in the work is
considered for use in the adhesive industry. In this re-
gard, the influence of the amount of chlorinated paraf-
fin introduced into the SBS matrix on the adhesive
characteristics of the adhesive composition based on it
was studied. Fig. 5 shows a graph of the dependence of
the bond strength of the adhesive joint on the amount
of modifier.
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Fig. 5. Effect of chlorinated paraffin content on adhesive strength
of SBS/CP composites
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From the results presented in Fig. 5, the adhe-
sive strength of solutions made from chlorinated SBS
initially increases with the introduction of chlorinated
paraffin from the SBS-0 sample to SBS-5 by 45%
(from 0.20 kN/m to 0.29 kN/m), and then sharply de-
creases from SBS-5 to SBS-20.

A small amount of introduced chloroparaffin
acts as an additive, imparting additional functionality
(polarity property) to the polymer and enhancing its ad-
hesive characteristics. Polar additives containing ac-
tive functional groups, such as synthetic resins with po-
lar groups, are introduced into rubbers and latexes to
increase the bond strength when adhering to various
substrates [25, 26]. Introducing new halogen-contain-
ing polar groups into the elastomer matrix allows the
adhesive based on it to interact with both non-polar
rubber (SKMS) and some polar additives included in
the formulation.

However, an increase in its quantity beyond
5 wt.% leads to the accumulation of low-molecular-
weight chloroparaffin within the polymer matrix. This
modifier functions similarly to a surfactant, adsorbing
at the adhesive interface between the adhesive and rub-
ber and obstructing adhesion. Similar patterns were ob-
served in the work [27] which demonstrated that small
additions of surfactants up to 1% (mixtures of paraf-
finic emulsifiers with fatty acid derivatives), intro-
duced into the adhesive composition formulations, ex-
ert a modifying effect on adhesion characteristics.
However, exceeding the permissible concentration
limit of surfactants leads to changes in the surface ten-
sion of the adhesive film and a decrease in adhesive
strength.
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CONCLUSION

The results demonstrate that chlorinated paraf-
fin can effectively serve as a modifier for the styrene-
butadiene-styrene triblock copolymer. The structure
and morphology of composite materials were exam-
ined using Fourier-transform infrared spectroscopy
(FTIR) in ATR mode. In comparison to neat SBS, new
absorption bands were observed at 1260, 1090, 1020,
and 800 cm™*. The appearance of characteristic absorp-
tions at 800 cm™* was attributed to the C-Cl bond. A
doublet band ranging from 1090 to 1020 cm™ was as-
signed to the vinyl acetate C-O stretching vibration.
The peak around 1260 cm™ corresponds to the —C—O
single bond vibration of the —C—OH group. Thermal
analysis in an oxygen atmosphere showed that the in-
clusion of chlorinated paraffin caused an increase in
the thermal stability of the tested SBS/CP composi-
tions. The tensile properties of the composite materials
increased with an increase in mass fraction of chlorin-
ated paraffins up to 5 phr. However, an increase in the
amount of polychlorinated n-alkanes introduced be-
yond 5 phr led to a drop in tensile properties. This drop
could be attributed to the accumulation of excess chlo-
rinated paraffin in the sample, acting as a plasticizer for
the elastomer and consequently reducing the strength
properties of the rubber. The adhesive strength of solu-
tions made from chlorinated SBS initially increases
with the introduction of chlorinated paraffin from the
SBS-0 sample to SBS-5 by 45% (from 0.20 kKN/m to
0,29 kN/m), and then sharply decreases from SBS-5 to
SBS-20.

The study revealed that polychlorinated n-al-
kanes in the amount of 2-5 phr can be successfully used
in composite materials based on SBS.
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