This publication is licensed under a CC BY-NC 4.0

Research Article ISSN 2304-6295
Received: December 13, 2022 Accepted: December 23, 2022 Published: December 28, 2022

Modification of bituminous binders with styrene-butadiene-
styrene copolymer and sulfur
Bulanov, Pavel Efimovich"

Vdovin, Evgeny Anatolievich'
Mavliev, Lenar Fidaesovich’

1 Kazan State University of Architecture and Engineering, Kazan, Russian Federation;
vdovin007@mail.ru (V.E.A.); pavel.bulanov1991@yandex.ru (B.P.E.); lenarmavliev@yandex.ru
(M.L.F.)

Correspondence:* email pavel.bulanov1991@yandex.ru; contact phone +79520444348

Keywords:
Polymer-modified bitumen; Modification; Styrene-butadiene-styrene copolymer; Sulfur; Aging

Abstract:

The object of research is bituminous binders modified with styrene-butadiene-styrene and sulfur.
The purpose of this work is to study the physical and technical properties of polymer-bitumen binders
modified with sulfur. The influence of styrene-butadiene-styrene and sulfur on the physical and technical
properties and short-term aging of the polymer-bitumen binder is considered. Method. Tests of bitumen
and polymer-bitumen binders were carried out according to the following indicators softening point,
dynamic viscosity at 105 °C, 135 °C and 165 °C, penetration at 25 °C, extensibility at 0 °C, Fraas
brittleness temperature, as well as the difference in softening temperature after aging in the RTFOT oven.
Results. The dependences of the influence of sulfur on high-temperature and low-temperature
properties, as well as on the short-term aging of bitumen and polymer-bitumen binder based on styrene-
butadiene-styrene copolymer have been established. It was found that with an increase in the sulfur
content in bitumen, the difference in softening temperature after aging in the RTFOT furnace increases.
However, the modification of the polymer-bitumen binder with sulfur gives the opposite effect, up to
negative values due to the destruction of polysulfide bonds as a result of thermal exposure and dynamic
shear.

Introduction / BBegeHune

Mpn cTpoutenbcTBe acanbToOETOHHbLIX MOKPbITUA 0coboe BHUMaHWE YyAensT BblOoOpy
OuTyMHOro BsxyLero. IMEHHO OT BSXyLLEro, B NepByto odepeab, 3aBUCUT NPOYHOCTb MOKPLITUS U ero
CTOMKOCTb K 0OpasoBaHMi0 pas3HOro poda [AedeKToB: KOMeu MNracTUYHOCTM, YCTanoCTHOro MU
HM3KoTeMnepaTypHoro pacTtpeckmBaHun [1]. OgHako, Harpy3ka Ha aBTOMOOWUNbHbIE AOPOrN OYEHb
CMIbHO BO3pOCNa M3-3a Pes3Koro yBEenuMYeHUs KONMMYecTBa TshKEeNoBeCHbIX yp u obpasoBaHus, Tak
Ha3blBaeMbIXx, «NPoboKy». [103TOMy BO3HMKIIA HEOOXOAMMOCTb NOBLICUTH KAYECTBO OUTYMHbIX BSDKYLLINMX

[2].

MoBbiWweHNe KadecTBa BUTYMHbIX BSXYLLMX 3aknoyaeTca B ux moanduvkaumm [3]. Mo gaHHbIM [4]
cyuiecTByeT 2 cnocoba mogndukaLmm BUTYMHbIX BEXYLUMX: TEXHoNorudeckme [5] u peuentypHele [6].

TexHonornyeckne noapasfensioTca: Ha YCrnoBUSA MNPUroTOBREHUs (daBrieHue, TemnepaTypa,
BCMeHMBaHWe, KOMNayHaAMpoBaHue u T.4.) n dusnyeckne Bos3gencTemsa (ynbTpassykoBasi obpaboTka,
anekTpomarHutHoe uanydenue, VIK-sosgencrtene, CBY-aktnBaums, mexaHoakTnBauns, peHTreHOBCKoe
00ny4yeHue, kaBuTaLmoHHasa obpaboTtka u T.4.) [5]-[8].

[MpuMeHeHne TeXHONOrM4ecknx MeTogoB TpebyeT CMOXHOro annapaTHOro OCHaLLEHUS!, BbICOKOM
TPYAOEMKOCTM, 3aTpaT aHeprun 1 6onblInX KanutanoBroXeHun. B cBs3n ¢ yem, Gonee AOCTYMHbIM,
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3(peKTUBHBIM M MNPOCTbIM Cnocobom mogudukaumm OUTYMOB, ABMSIETCA pPeLenTypHbIA, KOTOPbIV
OCHOBaH Ha BBeJEHWM B COCTaB AOMNOMHUTENbHbIX BUTYMHbIX BSXKYLUMX KOMMOHEHTOB, WU3MEHSIIOLNX
NCXOOHble CTPYKTYPY U CBOMCTBA, Ha Pa3fnyHbIX CTagnsax ux nonydeHunst n nepepadotkm [9].

WccnepoBaHus, HanpaBneHHbIE Ha YNydlleHNe PeosiorM4eckux CBOWCTB BUTYMOB (CTOMKOCTb K
CHWKEHUWIO CTapeHWss W MOBbIWEHUI0 TemnepaTypbl SKChnyatauuMm) 3a CcYeT WUCMNofb30BaHUSA
mMoandukatopos, 66 HavaTel B 1843 rogy [10], [11]. B nocneaHune rogbl ons moandukaumm utymos
4YacTo UCNOSb3YKTCA NoONUMepHble MaTepuarnbl B kadectBe moaudpukatopos [12], [13]. MNMpumeHeHne
CYHTETUYECKUX NONMMEPOB A1 YIyYLIEHM XapakTepucTnk butymos Havanocb ¢ 1970-x ropos [14]. Bo
BCEM MUpe cpeau npuMeHsieMbix JobaBok npubnuauternbHo 75 % coctasnaioT anactomepsl, 15 %
TepmonnacTbl [16].

MpuMeHeHne MoanUUMPOBaHHbIX BUTYMOB nonumepamn B achanbTOOETOHHbLIX MOKPbITUAX
AOPOXHbIX 04X NO3BONSAET NOBLICUTb CTOMKOCTb K 06pa3oBaHuMto Korneu nnacTMYHOCTU, YCTanoCTHbIM
N HU3KOTEMMEepaTypHbIM TpelinHaMm, W3HOCOCTOMKOCTM, a Takke crapeHuo [17-19]. OpHako,
MoaMdUUMPOBaHHble nonumepoMm 6utymbl (MBB), cunbHO 3aBucAT kak OT Tuna Aobaensemoro
nonumMepa, Tak 1 OT ero NPoLEeHTHOro cogepxanus [20], [21].

Cpean npumeHsiemMbix NONMMEPOB B psige cTpaH Ana nonydexus MNMBB npegnoyteHns otgaroT
cTmpon-byTagueH-cTMponbHbiM Kaydykam (SBS), koTopble OTHOCATCA K rpynne anactomepoB [22].
OcHoBHoe npeumyuiecTso BB Ha ocHoBe anacToMepoB B CpaBHEHUN C TPAAULNOHHBIMU AOPOXHBIMU
GuTymMamm — cosgaHue paBHOMEPHOW 3MACTUMHOW MNOMMMEPHOM CETKM B OUTYMHOM BSIKYLLEM,
cnocobBHom K obpaTuMOoN nNnacTuduKkaunm Npyu n3MeHeHnn Temnepatyp [23].

[ns noBbilWeHUs BbICOKOTEMMEpaTYpHbIX cBoncTB 6GutymoB u [BB Ha ocHoBe SBS
pekoMmeHayeTcs BBegeHune cepbl [24]. Mpu nobasnenun cepol B NBEB Ha ocHoBe SBS, B pesynbraTe
ANHAMNYECKOWN BYNKaHM3auun, B GUTymHoON maTpuue obpasyeTcss XMMUYECKU CLUMBaEMasi NonmmMmepHas
cetka. OpHako, HWU3KOTEMMepaTypHble CBOWCTBA HEMPEPbIBHO CHWKAKTCA Npu ganbHenwem
noBbILWEHNN KonuyecTBa cepbl B BB 13-3a yBenn4eHHOro Konnyectaa nonmcynbguaHbixX CBA3€EN, YTO
BEAET K OrpaHNYEHMIO ABWKEHNSI NONIMMEPHbIX Monekyn [25].

B atonm cBsA3W, uenbk paboTbl ABASETCA UccnegoBaHue HU3MKO-TEXHUYECKMX CBOWCTB
NONMMEPHO-BUTYMHbBIX BSXKYLLMX, MOAN(PULMPOBAHHBLIX CEPON.

Ana oocTwkeHns NoCTaBNEHHON LeNn peLllanucb 3apgaYu:

- uccnepoBaHne OU3NKO-TEXHUYECKNX XapaKkTepucTuk butyma, mogmduumpoaHHoro SBS;

- onpegeneHve BIUSHUS Cepbl Ha (U3NKO-TEXHUYECKME CBOWCTBA MNOSIMMEPHO-OUTYMHOro
BSDKYLLIETrO.

- nccrnegosaHune KpaTKOCPOYHOro cTapeHuns NONMMEPHO-OUTYMHbIX BSDKYLLMX,
MOONMLIMPOBAHHbLIX CEPON.

2 Materials and Methods / MaTtepuanbl U MeToAbl

[na npoBefeHns uccnegoBaHUMM B KadecTBe BSXKYLLEro npuMeHeH GuTym, COOTBETCTBYHOLLUIA
mapke BHLO 70/100 no Poccuinckomy rocygapctBeHHoMy cTtaHgapty [OCT 33133-2014 [26]
npoussogctea AO «TAUP-HK» (r. HwxkHekamck, Poccusi). PesynbTaTbl ucnbiTaHun 6uTyma B
cooTBeTCcTBMM ¢ Poccunckum rocygapctBeHHbiM cTaHgaptom TOCT 33133-2014 [26] npencraBneHbl B
Tabnuue 1.

Ons nonydyenus BB ncnonb3osaH nonumep SBS (Kraton D-1192 F). MNMpoussogutens Kraton
Polymers, CLLUA. JaHHbIn nonuvep obnagaeT cneayowmMmm nokasatensamu: cogepxanune ctmpona — 30
%, MOMeKynspHasa CTPyKTypa — NuHenHas, yaenbHasa nnotHocTb — 0.94 T/m3, nokasartenb TekydecTu
pacnnasa 200 °C/5 kr — < 1 /10 MuH, HacbinHasa nnoTHocTb — 0.4 T/m3, TBepaocTb no Lopy A, 30 cek —
70, mogynb ynpyroctu 300 % — 2.9 Mla, yanuHeHne Ha pa3pbiB — 880 %.

[MpuroToBreHne NONIMMEPHO-OUTYMHBIX BSXKYLLIMX OCYLLECTBNANOCHL Ha labopaTopHOM cMecuTene
SILVERSON L5M (Benukobputanusa). Ona pactBopeHns SBS B BB npumeHenHa pgBonHas
nepemewmnBatrowaa Hacagka LOYIJIEKC (Benukobputanusa). Cmewenve [BB ocyuwectBnanocb B
XecTaHbIX 6aHkax o6bemom 1 nuTp. [ns HarpeBa n nogaepxaHusa Tpebyemon paboyern TemnepaTypbl
BO BpeMsi MPUroTOBIEHMS N NpoLecca 4o3peBaHns ncnomnb3oBanacbk macnsiHas 6aHa  Memmert ONE
22 (Fepmanus). B «kayvecTBe TennoHocuTenss MPUMEHSNOCbL Macro cunukoHosoe [MMC-100
npounssoactea OO0 «[NeHTa KOHMop» (r. Mockea, Poccus). XKectsaHasa ©6aHka ¢ 3apaHee B3BELLEHHbLIM
KonnyecTBOM BUTyMa norpyxanacb B MacnsHyto 6aHo, npy 9TOM XUOKOCTb He goxogurna Ao Bepxa
XecTaHom 6aHkm Ha 2-3 cMm.
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Ta6nuua 1. du3uko-TexHn4Yeckme cBoncTea utyma mapkm BHL 70/100
Table 1. Physical and technical properties of BND 70/100 bitumen

Ne EauvH. | ®akTtnyeckue TpeboBaHus MeToni
n/_n HanmeHoBaHue nokasaTens aM ' sHaYeHUS MOCT 33133- NCMbITaHUN
2014 roCT
1 2 3 4 5 6
1 FmybuHa I'IpOoHI/IKaHVIFI Urnbl, Npu MM 74 71-100 FOCT 33136
25 °C, 0.1 mm
p | Temnepatypa pasmsr4eHusino | oo 48 He Hwke 47 | [OCT 33142
konbLy v wapy, Kull
3 Pactsbknmocts, npun 0 °C CcM 3.8 He meHee 3.7 rOCT 33138
M3ameHeHne TemnepaTypbl o FOCT 33140
4 pasMsirYeHns nocrne nporpesa C 6.2 He Gonee 7.0 FOCT 33142
5 Temnepatypa Xpynkoctu °C -19 He Bblwe -18 FOCT 33143
(o]
6 Te"""epaTypﬁME;ﬁg”"“JK” C.He | oo 230 230 FOCT 33141
7 N3meHeHns MaCC(:)bI obpasua o 0.07 06 FOCT 33140
nocne crapexus, %, He 6onee

Moaudvkauuna 6utyma n NBB nponssogunack cepon npomnssoactea AO « TAUD-HK», ocHoBHbIE
CBOWCTBA NpeacTaBneHbl B Tabnuue 2.

Ta6bnuua 2. Pu3nko-TexHM4Yeckne CBOMCTBa cepbl

Table 2. Physical and technical properties of sulfur

Ne HanmeHoBaHMe nokasaTens dakTudecknin TpeboBaHua TY

n/n rnokasarternb 38.1011217-89

1 BHewHun BuAa 98.8 92

2 MaccoBass gons rpaHyn gmnametpom 2.-5.0 ["paHy”nbl xenToro ["paHy”nbl )xenToro
MM, % He MeHee uBeTa uBeTa

3 HacbinHas nnoTHoCTb, r/cm?® 99.99 99.98

4 MaccoBast gons cepbl, %, He MeHee 1.3 1.1-1.3

5 MaccoBas gons 3onbl, %, He bonee 0.007 0.02

6 MaccoBasi gons opraHmyeckux Bewects, %, 0.01 He Bbiwie 36
He bonee

7 MaccoBast gonsi KACMOT B MepecdeTe Ha OTtcyTcTtBME OTtcyTcTBME
CepHyto kucnoty, %, He bonee

8 MaccoBas gons Boabl, %, He 6onee Cneppbl Cneppl

9 MexaHunyeckue 3arpsi3HeHns (6ymara, 0.01 He 6onee 0.01
OepeBo, NecoKk 1 1.4.)

Mpn npurotoeneHmnn BB mn3 SBS wucnonb3oBanca cneaywowun Mmetod. [MpegsaputenbHo
B3BELUEHHOE KOnMyecTBOo Outyma m nnactudukatopa (Npu HeobGXxoauMoCTU) B KecTsaHou OaHke
norpyxanocb B MacnsHyt 6aHio. [MpousBogmnca HarpeB 6utyma [o paboyen TemnepaTypbl
npurotoBneHuna MNBB — 180 °C. Hacagka cmecuTens norpyxanacb B OMTyM, U co3gaBanacb CKOPOCTb
cmelleHnsa 4500 o6/muH. Beogmnucb Heobxoanmble obaBKku cO CKOPOCTbIO 5 r/MUH. MNocne okoHYaHus
BBeAeHna fobaBok cMmelweHne npomssogunochb B TedeHnn 0.5 4 npu temnepatype 180 °C n ckopocTn
BpaweHna 4500 o6/muH. [anee nocneaywowme 2 4 npoussBogurncs npouecc aospesaHus BB npu
ckopocTtyu BpaweHma 1500 o6/MynH n pasHomepHoro oxnaxaeHus co 180 °C go 160 °C.

McnbiTaHnst GUTYMOB M MONMMEPHO-OUTYMHBIX BSXKYLUMX NpoBoauvnuck B cootsetctBum ¢ FOCT
33133-2014 [26] n TOCT P 52056-2003 [27]. NcnbiTaHnA NpOBOAUIUCH MO CIIEAYIOLUM MoKa3aTensm.

MmybuHa npoHukaHusa mmel npu 25 °C no Poccuinckomy rocygapcteeHHomy ctaHgapty FOCT
33136-2014 [28]. B kayecTBe npubopa mncnonb3osaH neHeTpomeTp JlnHTell MNMH-20, nponssogctea AO
«Bbawwknpckoe cneymnanbHoe KOHCTpyKTOpckoe 6opo «HedtexnmasTomaTtukar (r. Yogpa, Poccus).

Temnepatypa pasMar4eHus no Komnbuy M wapy no PoccuinckoMy rocyfapCTBEHHOMY CTaHOapTy
FOCT 33142-2014 [29]. B ka4ecTBe npubopa MCnonb30BaH annapaT aBTOMaTUYECKNA ANS onpeneneHms
Temnepartypbl pasmsirdeHns HedptebutymoB JluHTtell KWMLI-20, npomssoactBa AO «Bbawwkunpckoe
creumanbHoe KOHCTpyKTopckoe 6topo «HedtexnmasTomaTukar (r. Yopa, Poccus).
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PactsxnmocTb (gyktuneHocTb) npu 0 °C no PoccuiickoMy rocygapcteeHHomy ctaHgapty FTOCT
33138-2014 [30]. B kavectBe npubopa ucnonb3oBaH annapaT aBTOMAaTUYeCKU NS onpeneneHust
pacTskMMocTn HepTaHbIX GuTtymoB JInntell 1B-20-100, nponssoactea AO «balukupckoe cneumansHoe
KOHCTpYKTOpCKOe Btopo «HedTexnmaBTomaTukay» (r. Yoa, Poccus).

Temnepatypa xpynkoctu no dpaacy B COOTBETCTBUN PoCCUNCKOMY rocyfapCTBEHHOMY CTaHaapTy
FOCT 33143-2014 [31]. B ka4ecTBe npubopa Mcnonb30BaH annapaT aBTOMaTUYECKNA 4N onpeneneHms
Temnepatypbl HedTaHbIX 6uTymoB JlnHTell ATX-20, npoussoactea AO «balukupckoe cneumanbHoe
KOHCTpYKTOpCKOe Btopo «HedTexnmaBTomaTukay» (r. Yoa, Poccus).

N3meHeHne macchl obpasua n nsmMeHeHne TemnepaTtypbl pasmsaryeHust nocrne ctapeHus B neyu
RTFOT no Poccuiickomy rocyanapcteeHHomy ctaHgapty FTOCT 33140-2014 [32]. B kayectBe npubopa
Ans ctapeHus 6utymos v NBB ncnone3osaHo o6opyaosanue Rolling thin-film BO66N1 (Matest, UTanus).

OuHammnyeckasn Baskoctb npu 105 °C, 135 °C n 165 °C no PoccunckoMmy rocygapCTBEHHOMY
ctaHgapty NOCT 33137-2014 [33]. MeTog MCMbiTaHUN 3akfoYaeTcs B U3MEPEHMM OTHOCUTESIbHOIO
COMNPOTUBIIEHUSA TEYEHUIO, BbI3BAHHOMY CABWIOBbIM BO34EWCTBMEM Ha OMTYM BpallalowmmMucs
anemMeHTamMn KoHdurypauuun. [dnHaMmumyeckylo BSA3KOCTb BbIMUCIAIOT Kak OTHOLWEHWE  MexXAay
NPUMNOXEHHbIM HaMNpsPKEHWEM CABUra U CKOpoCTblo casura. Vicnonb3oBaH BuckosumeTp Bpykdunga
DV2T (Brookfild, CLUA).

3 Results and Discussion / Pe3ynbTatbl U 06CcyxaeHue

YcTaHoBneHO, 4To Npu Mmoandukauum 6utyma cepon ¢ cogepxarHvem 0.05-0.15 %: Temnepatypa
pasmsardeHnsa n guHamudeckas Bsaskoctb npu 105°C, 135 °C u 165 °C ysenuuunacbk Ha 2.7-7.5 %, 9.6-
30.9 %, 13.5-37.8 %, 54.5-172.7 % coOTBETCTBEHHO; NneHeTpauna npu 25 °C ymeHbwmnnacob Ha 1.4-2.7
%; pactskumoctb npu 0 °C cHusunacb Ha 13.2-42.1 %; Temnepatypa xpynkoctn no ®dpaacy
yBenuuunace 10.5-36.8 %.

Mo p[aHHbIM pesynbTaTtoB BWMAHO, YTO Npu Moaudukaumm 6Gutyma cepon, yny4wakTcs
BbICOKOTEMMNEpPATYpPHblE CBOWCTBA, TOrA4a Kak HU3KOTEMMNEPATYPHbIE XapaKTEPUCTUKN YXyOLIAKTCs, YTO
cornacyeTcs Co cnegylowmmmn nccrnegosaHmamm [34].

Mpu mogudukaumm cepon (B konuvectese 0.05-0.15 %) MNBEB Ha ocHoBe SBS (B konuyecTtBe 2-6
%), yCTaHOBNEHO, YTO NOBbLILLIEHNE TEMNEPATYPbl pa3MAryeHnsa n guHammyeckon ssaskoctn npy 105 °C,
135 °C u 165 °C coctaBuno 3.1-24.8 %, 15.1-89.2 %, 13.8-23.5 %, 59.3-64.8 % COOTBETCTBEHHO.
MeneTpaums npu 25 °C ymeHblumnnack Ha 1.4-3.7 %; pactsxumocTtb npu 0 °C ysenuymnnace Ha 15.3-63.4
%; Temnepartypa xpynkoctu no ®paacy ymeHbLumnach Ha 3.6-29.4 %.

Ha ocHoBe HM3KoTeMnepaTypHbIX CBOMCTB (pacTsbkmmocTb npu 0 °C, Temnepartypa XpynkocTtu no
®paacy) MNBB, MognduupoBaHHOro cepor, onpedeneHo ontTumMarnbHoe cogepXxaHue cepbl: npu 4 %
SBS B NBEB - 0.1 % cepbl; npn 6 % SBS B NBB — 0.1 % cepbl 0.05-0.10 % cepbl.

C yBenunyeHnem cogepxaHuns cepbl B GUTymMe NOBbILLAETCA pas3HOCTb TEMMepaTypbl pasMaryeHms
nocrne crtapeHua B neun RTFOT. OgHako, mogudukaumna cepon NBB obycnaenvnBaet obpaTHbin
apeKkT (M3MeHeHne TemnepaTypbl pasmdardyeHus nocrne crapeHuss B neun RTFOT 6utyma,
moamdpuumnpoBaHHoro SBS B konnyectse 6 % u ceponi B konnyectse 0.15 % — -1.6 °C).

BrnivsiHne okncnmntenbHOro CTapeHusl Ha BbicOokoTemnepaTypHble cBonctea BB pasgenstoT Ha
ABa OCHOBHbIX MexaHu3ma. B nepBom, yBenuyeHve KonmyecTsa TBepAbIX KOMMNOHEHTOB BUTyma, Takmx
Kak actanbTeHbl U CMOSbI, B pe3yribTaTe CTapeHus yBenuyMBaeT BbICOKOTEMMNEPATYpPHbIE CBOMCTBA
BSDKYLLIMX M CHUXKAET HU3KOTEMMNepaTypHble XapaKTepucTukn. Bo-BTopbix, paspyLueHne ceTku nonumepa,
ANCcneprmpoBaHHoOro B Gutyme nocne ctapeHus, MOXeT MPMBECTM K NPOTUBOMONOXHOMY addhekTy [35].

O6pa3soBaHHble nonucynbduaHble cBasn —(S)x— (x=4-6) mexagy Monekynamu SBS B [1BB,
MOAMMULNPOBAHHON CEPOM, ABNAIOTCSA OTHOCUTENbHO crnabbiMu. B OBOWHBLIX Yrnepoa-yrnepogHbIxX
cBazax C=C crpyktypa OyTagmeHa UMeeT peakuMOHHOCNOCOOHY n-cBsA3b. [lpy anHamudeckom
BynkaHm3aumm SBS peakunoHHocnocobHasi n-CBA3b pa3pbiBaETCs M NpeBpaLlaeTcs B yrinepoa-CepHyto
ceasb C-S, noatomy obpasyeTtcs clumtas nonmMmepHasa cetka B GUTyMHOM maTtpuue, 4To NpMBOAMUT K
NOBbILLEHWNIO BbICOKOTEMMEPATYPHbIX CBOMCTB [36, 37].

1) 2)
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Puc. 1 — 3aBucnmocTtu BnmuaHusa cepbl U SBS Ha (pM3MKO-TeXHNYECKME XapaKTepPUCTUKHU
MoamncuLMpoBaHHbIX OMTYMOB: 1 — TeMnepaTtypa pa3sMAardYeHus no Konbuy u wapy; 2 — rmyoumHa
NPOHUKaHUA urnbl npu 25 °C; 3 — pacTAXUMOCTb (AYKTUNbHOCTL) npu 0 °C; 4 — guHaMmu4yeckas BA3KOCTb
npu 105 °C; 5 — guHamunyeckas BaskocTb npu 135 °C; 6 — guHamu4yeckasa BA3KocTb npu 165 °C; 7 —
TemMnepatypa Xpynkoctu no ®paacy; 8 — usmeHeHue maccbl obpasua u1 U3MeHeHUe TemnepaTypbl
pasmaryeHus nocne crapeHus B neun RTFOT

Fig. 1 - Dependences of the influence of sulfur and SBS on the physical and technical
characteristics of modified bitumen: 1 - Softening point; 2 — Penetration at 25 °C; 3 - Extensibility at 0 °C;
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4 — Dynamic viscosity at 105 °C (Dv1¢5); 5 — Dynamic viscosity at 105 °C (Dv135); 6 — Dynamic viscosity at
105 °C (Dv1es); 7 - Fraass breaking point; 8 - Softening point change after aging

OpHako gnvHa nonucynbugHon cea3n Gonblle, a ee SHeprust CBA3N Hmxe. MNog Bo3nencTemem
TEeNnnoBOro M MHaAMUYECKOro casura 3Tn cnabble nonucynbuaHble CBA3WM paspbiBalOTCHA, U clunTas
nonuMepHas ceTb paspyLllaeTcs, YTO BEPOSATHO BeAeT K CHWXKEHUIO BbICOKOTEMMNEpPaTYPHbIX CBOUCTB
nocne ctapenus NBB Ha ocHoBe SBS, moguduumnposaHHom cepown [37, 38].

4 Conclusions / 3aknto4yeHue

1) YcraHoBneHo, 4TO npu mMoaudukauum 6Gutyma cepon ¢ cogepxaHumem 0.05-0.15 %:
Temnepartypa pasmsardeHst U1 guHammudeckas BaskocTb npu 105 °C, 135 °C n 165 °C yBenuuunach Ha
4.1-8.9 %, 9.6-30.9 %, 13.5-37.8 %, 54.5-172.7 % COOTBETCTBEHHO; NeHeTpauus npu 25 °C
ymeHbwmnace Ha 1.4-2.7 %; pactsxmmoctb npu 0 °C cHuaunacb Ha 13.2-42.1 %; Temnepatypa
xpynkocTtu no ®paacy ysenunuunacb 10.5-36.8 %.

2) Mpu moandukaumm cepon (B konuvectse 0.05-0.15 %) nonMmepHO-6UTYMHOro BSXyLLEro Ha
ocHoBe SBS (B konuyectBe 2-6 %), YCTaHOBMEHO, YTO MNOBbLILEHWE TemnepaTypbl pasMsArdyeHus u
AnHammnyeckon Baskoctn npu 105°C, 135 °C n 165 °C coctasmno 3.1-24.8 %, 15.1-89.2 %, 13.8-23.5 %,
59.3-64.8 % cootBeTcTBEHHO. [NeHeTpauusa npu 25 °C ymeHblwmnack Ha 1.4-3.7 %; pacTsSXXMMOCTb Mnpu
0 °C yBenuuunacek Ha 15.3-63.4 %; Temnepatypa Xxpynkoctn no dpaacy ymeHowmnnacs Ha 3.6-29.4 %.

3) Ha ocHoBe Hu3koTeMnepaTypHbIX CBOMCTB (pacTskumocTb npu 0 °C 1 Temnepatypa XpynkocTu
no dpaacy) nNOAUMEPHO-OUTYMHOrO BSDKYLIEro, MOAUMULMPOBAHHOIO CEPOW, OonpenerieHo
onTumanbHoe cogepXxaHve mogudukaTopa: npu cogepxaHun 4 % SBS B nonumepHo-6GuTyMHOM
Bsbkywiem criegyet BBoantb 0.1 % cepbl; npu 6 % SBS B nonumepHo-6utymHoM Bsxkywem — 0.05-0.10
% cepbl.

4) BbIiBNEHO, 4YTO C yBENIMYEHMEM CoAep)XaHus cepbl B OUTyMe MOBbIWAETCHA pPasHOCTb
TemnepaTtypbl pasmsiryeHns nocne crtapeHus B nedn RTFOT. OpgHako, mogudumkaums cepon
NONMMEPHO-BUTYMHOMO BAXKYLLLEro faeT 06paTHbIN 3GeEKT, BNNOTb 40 OTpULATENbHbIX 3HAaYEHU N3-3a
paspyLleHns nonucynbMUaHbIX CBA3eW B pesynbTaTe TennoBOro BO3AEWCTBUS U OUHAMUYECKOrO
casura.

References
1) Celauro, C., Teresi, R., Dintcheva, N. (2022) Effect of Short-Term and UV Irradiation Aging on
the Behaviour of SBS-Modified Bitumen. Sustainability, 14(11), 6915,

https://doi.org/10.3390/su14116915.

2) Wei, H., Bai, X., Qian, G., Wang, F., Li, Zh,, Jin, J., Zhang, Y. (2019) Aging Mechanism and
Properties of SBS Modified Bitumen under Complex Environmental Conditions. Materials, 12(7), 1189,
https://doi.org/10.3390/ma12071189.

3) Rasool, R.T., Hongru, Y., Hassan, A A., Wang, S., Zhang, H. (2018) In-Field Aging Process of
High Content SBS Modified Asphalt in Porous Pavement. Polymer Degradation and Stability, 155, 230-
237, https://doi.org/10.1016/j.polymdegradstab.2018.07.023.

4) Diab A., Pais, J., Chen, S., Gupta, A., Li, X, You, L., Hasan, M. (2022) High, Intermediate and
Low Temperature Performance Appraisal of Elastomeric and Plastomeric Asphalt Binders and Mixes.
Journal of Elastomers & Plastics, 54(2), 225-246, https://doi.org/10.1177/00952443211038663.

5) Volkova, G., Morozova, A. (2022) Structural Transformations of Bitumen Asphaltenes after
Ultrasonic Treatment. Solid Fuel Chemistry, 56(2), 133-137,
https://doi.org/10.3103/S0361521922020112.

6) Ben, Zh., Chen, H., Zhang, H., Kuang, D., Wu, J., Zhang, X. A. (2019) Study on Physical and
Rheological Properties of Rubberized Bitumen Modified by Different Methods. Materials, 12(21), 3538,
https://doi.org/10.3390/ma12213538.

7) Fathy, E.S., Khaled, EI-Nemr, F., Youssef, H.A., EI-Shafie, M. (2021) Effect of Gamma Irradiation
and Oxidized Bitumen on the Performance of the Modified Crumb Rubber for Various Applications.
Radiochimica Acta, 109(1), 47-54, https://doi.org/10.1515/ract-2020-0080.

8) Mohapatra, D., Kirpalani, D. (2016) Bitumen Heavy Oil Upgrading by Cavitation Processing:
Effect on Asphaltene Separation, Rheology, and Metal Content. Applied Petrochemical Research, 6(2),
107-115, https://doi.org/10.1007/s13203-016-0146-1.

K Vdovin, E.A.; Bulanov, P.E.; Mavliev, L.F.;
Modification of bituminous binders with styrene-butadiene- styrene copolymer and sulfur;
2022; Construction of Unique Buildings and Structures; 105 Article No 10504. doi: 10.4123/CUBS.105.4


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

This publication is licensed under a CC BY-NC 4.0

9) Ratajczak, M., Babiak, M., Bilski, M., Zielinski, K., Kosno, J. (2018) Innovative Methods of
Bitumen Modification Used in Waterproofing. International Journal of Engineering and Technology, 10(4),
308-314, https://doi.org/10.7763/IJET.2018.V10.1075.

10) Yalgin, E., Celoglu, M.E., Akpolat, M., Erdogan, Y.O., Alatas, T., Kék, B.V., Yilmaz, M. (2019)
Effect of Gilsonite Use on Storage Stability of Styrene-butadiene-styrene Modified Bitumen. Periodica
Polytechnica Civil Engineering, 63(3), 833-844, https://doi.org/10.3311/PPci.12816

11) Xiong, J.P., Xuan, W., Feng, M., Ma, F. (2019) The Performance of SBS Modified Asphalt
Binder Base on the MSCR Test. IOP Conference Series: Materials Science and Engineering, 631,
022018, https://doi.org/10.1088/1757-899X/631/2/022018.

12) Hu, M., Ma, J., Sun, D., Hofko, B., Mirwald, J., Zheng, Y., Xu, L. (2022) Quantifying Weathering-
Aging Test Parameters of High Viscosity—Modified Asphalt by Establishing a Conversion Relationship
with Standard PAV Aging. Journal of Materials in Civil Engineering, 34(6), 04022089,
https://doi.org/10.1061/(ASCE)MT.1943-5533.0004228.

13), Derya, K., Topal, A., McNally, T. (2019) Correlation of Processing Parameters and Ageing with
the Phase Morphology of Styrene-Butadiene-Styrene Block Co-Polymer Modified Bitumen. Materials
Research Express, 6(10), 105309, https://doi.org/10.1088/2053-1591/ab349c.

14) Nivitha, M.R., Devika, R., Murali Krishnan, J., Roy, N. (2022) Influence of Bitumen Type and
Polymer Dosage on the Relaxation Spectrum of Styrene-Butadiene-Styrene (SBS)/Styrene-Butadiene
(SB) Modified Bitumen. Mechanics of Time-Dependent Materials, 1(20), 143,
https://doi.org/10.1007/s11043-021-09531-y.

15) Keyf, S. (2018) The Modification of Bitumen with Styrene—Butadiene—Styrene, Ethylene Vinyl
Acetate and Varying the Amount of Reactive Ethylene Terpolymer. Journal of Elastomers & Plastics,
50(3), 241-255, https://doi.org/10.1177/0095244317708590.

16) Jianhui, X., Tian, X., Li, Zh.,Bo, Y., Mingbo, Y. (2018) Correlation Between Phase Separation
and Rheological Behavior in Bitumen/SBS/PE Blends. RSC Advances, 8(73), 41713-41721,
https://doi.org/10.1039/C8RA08944B.

17) Mandrawalia, A.K., Gaur, A., Mittal, A. (2021) Investigation of Rheological and Performance
Characteristics of Oxidized Polyethylene Polymer Blended with SBS Modified Bitumen. IOP Conference
Series: Materials Science and Engineering, 1017(1), 012030, https://doi.org/10.1088/1757-
899X/1017/1/012030.

18) Kok, B.V., Erkus, Y., Yilmaz, M. (2021) Evaluation of the Cohesive Properties of SBS-Modified
Binders at Low Temperatures. Slovak Journal of Civil Engineering, 29(1), 21-27,
https://doi.org/10.2478/sjce-2021-0005.

19) Zheng, C., Li, G., Xu, Y., Wang, D., LV, D. (2018) Analysis of the Effects of Ageing on the
Cohesive Strength of Polymer-Modified Bitumen at Low Temperatures. The Baltic Journal of Road and
Bridge Engineering, 13(2), 156-164, https://doi.org/10.7250/bjrbe.2018-13.410.

20) Ratajczak, M., Wilmansk, A. (2020) Evaluation of Laboratory Methods of Determination of SBS
Content in Polymer-Modified Bitumens. Materials, 13(22), 5237, https://doi.org/10.3390/ma13225237.

21) Joohairi, I.B., Maniam, S., Giustozzi, F. (2022) Enhancing the Storage Stability of SBS-Plastic
Waste Modified Bitumen Using Reactive Elastomeric Terpolymer. International Journal of Pavement
Research and Technology, 16(4), https://doi.org/10.1007/s42947-021-00132-z.

22) Jiang, Zh.,Hu, Ch., Easa, S.M., Zheng, X., Zhang, Y. (2017) Evaluation of Physical,
Rheological, and Structural Properties of Vulcanized EVA/SBS Modified Bitumen. Journal of Applied
Polymer Science, 134(21), 44850, https://doi.org/10.1002/app.44850.

23) Singh, S.K., Kumar, Y., Ravindranath, S.S. (2018) Thermal Degradation of SBS in Bitumen
During Storage: Influence of Temperature, SBS Concentration, Polymer Type and Base Bitumen.
Polymer Degradation and Stability, 147, 64-75, https://doi.org/10.1016/j.polymdegradstab.2017.11.008.

24) Pang, J., Du, S., Chang, R., Cui, D. (2016) Rheological Properties of SBS-Modified Asphalt in
the Presence of Dithiodimorpholine and Tetraethyl Thiuram Disulfide. Polymer Composites, 37(3), 943-
948, https://doi.org/10.1080/14680629.2015.1082928.

25) Le, H.T., Korolev, E.V., Grishina, A.N., Gladkikh, V.A. (2021) Reasons for Reduced Moisture
Resistance of Sulfur-Extended Asphalt Concrete. Materials, 14, 7218,
https://doi.org/10.3390/ma14237218.

26) GOST 33133-2014 Automobile roads of general use. Viscous road petroleum bitumens.
Technical requirements. https://docs.cntd.ru/document/1200121335?ysclid=Ighjyc7nu4143548187.

K Vdovin, E.A.; Bulanov, P.E.; Mavliev, L.F.;
Modification of bituminous binders with styrene-butadiene- styrene copolymer and sulfur;
2022; Construction of Unique Buildings and Structures; 105 Article No 10504. doi: 10.4123/CUBS.105.4


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

This publication is licensed under a CC BY-NC 4.0

27) GOST R 52056-2003 Polymer-bitumen binders for roads on the basis of block copolymers of
styrene-butadiene-styrene type. Specifications.
https://docs.cntd.ru/document/12000320307?ysclid=Ighjziacf3319234239.

28) GOST 33136-2014 Automobile roads of general use. Viscous road petroleum bitumens.
Method for determination of needle penetration depth.
https://docs.cntd.ru/document/1200122917?ysclid=lghk14k4j9301933849

29) GOST 33142-2014 Automobile roads of general use. Viscous road petroleum bitumens.
Determination of the softening point. Ring and Ball method.
https://docs.cntd.ru/document/1200121056?ysclid=Ighk23modq138640015.

30) GOST 33138-2014 Automobile roads of general use. Viscous road petroleum bitumens.
Method for determination of tensile properties.
https://docs.cntd.ru/document/1200121337?ysclid=lghk2xccpf633879332.

31) GOST 33143-2014 Automobile roads of general use. Viscous petroleum road bitumens.
Method for determining the temperature of brittleness on Fraas.
https://docs.cntd.ru/document/12001213397?ysclid=lghk3uccv6517944676.

32) GOST 33140-2014 Automobile roads of general use. Viscous road petroleum bitumens.
Method for determining the aging under high temperature and air (method RTFOT).
https://docs.cntd.ru/document/1200121504 ?ysclid=Ighk4r3uwq478670714.

33) GOST 33137-2014 Automobile roads of general use. Viscous road petroleum bitumens.
Method for determination of dynamic viscosity by rotational viscometer.
https://docs.cntd.ru/document/1200121503?ysclid=Ighk5u8826632495647.

34) Zhang, F., Hu, C. (2017) Physical and Rheological Properties of Crumb Rubber/Styrene—
Butadiene—-Styrene Compound Modified Asphalts. Polymer Composites, 38(9), 1918-1927,
https://doi.org/10.1002/pc.23762.

35) Singh, S.K., Kumar, Y., Ravindranath, S.S. (2018) Thermal Degradation of SBS in Bitumen
During Storage: Influence of Temperature, SBS Concentration, Polymer Type and Base Bitumen.
Polymer Degradation and Stability, 147, 64-75, https://doi.org/10.1016/j.polymdegradstab.2017.11.008.

36) Zhang, F., Yu, J., Wu, Sh. (2012) Influence of Ageing on Rheology of SBR/Sulfur-Modified
Asphalts. Polymer engineering and science, 52, 71-79, https://doi.org/10.1002/pen.22047.

37) Yang, L., Liu, K., Du, A. (2020) The Effect of Network Structure on Compressive Fatigue
Behavior of Unfilled Styrene-Butadiene Rubber. Advances in Materials Science and Engineering, 20,
6729754, https://doi.org/10.1155/2020/6729754.

38) Entezam, M., Zarei, I., Khonakdar, H.A. (2022) Effect of Accelerator Solubility on the Curing
Characteristics and Physico-mechanical Properties of SBR/NBR Blends: Correlation with Feeding
Sequence and Blend Composition. Polymer Bulletin, 79(3), 1501-1519, https://doi.org/10.1007/s00289-
021-03576-2.

K Vdovin, E.A.; Bulanov, P.E.; Mavliev, L.F.;
Modification of bituminous binders with styrene-butadiene- styrene copolymer and sulfur;
2022; Construction of Unique Buildings and Structures; 105 Article No 10504. doi: 10.4123/CUBS.105.4


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	References

