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Abstract

In order to meet the requirements of low-temperature performance, aging performance and stor-
age stability of asphalt materials in cold regions, a pre-swelling styrene-butadiene-styrene (SBS)
modifier technology was proposed. In this paper, the pre-swelling SBS particles of aromatic oil were
used to form a pre-swelling SBS modifier (PS-SBS) with uniform flow dynamics. It is mixed with ma-
trix asphalt by simple mechanical mixing process to prepare modified asphalt with excellent per-
formance. The effects of PS-SBS preparation methods and different processing parameters on the
properties of modified asphalt were studied. PS-SBS and traditional SBS modified asphalt were com-
pared and studied, and the aging characteristics and low-temperature rheological properties of PS-
SBS modified asphalt were systematically analyzed. The results showed that the mass ratio of ar-
omatic 0il:SBS was 0.8:1, and PS-SBS reached the best swelling state at 80°C for 60 h. The optimal
preparation process of PS-SBS modified asphalt was 140°C, stirring for 1.0 h at 1000 r/min, and then
maintaining 140°C for 1.0 h. PS-SBS modified asphalt has lower viscosity, better storage stability,
and better low-temperature performance and aging performance, but its high-temperature perfor-
mance is affected to a certain extent. FM and FTIR analysis showed that the pre-swelling process
improved the asphalt compatibility by improving the swelling and dispersion states of SBS, and the
modification mechanism was mainly physical blending. This study provides a theoretical basis and
technical support for the preparation and performance optimization of SBS modified asphaltin cold
regions.
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1. 5]

TEFEYS HIX P2 i 1A S 5 28 B AR R, BT 5 ARE 7R R L% A S IR D e v 5 K R A
PR, X S S MR PR T S R . SBS BRI T AR AR R SR M m KR RE, (HILTESE
A X R AT TR BIPEAS 2 . KIAME BRI S M R . 158, SBS e MEMIfL 4 T2 W 7E il
(%1 170°C~180°C) 5 & B 1) 3% Z(4000~8000 r/min) FEIYIR B MM, AMUBERESE, TSSO K EE
K, ESIEE R LA, S PR I VRS R AR A 1]-[3]; [FIRF, SBS 5idMHAMZE, BT
WG E R, SBS BT maTREY, HEMfA s frh kA7 B [4]-[7]. WNiITE SARA 4
S RAREERI AL 0T, SBS ISR /32 R 415y, HSEN “HEIER” SRS, M
AT 0 TARERE . SR, T W75 A dE LA 78 43 R 8 Hi3t 1) SBS IRKL S W75 i, iz SBS A& 5
I MHAEEAE, SEEDEEARENE N, KBS I B, S se bR H(8]-[10]. Ak
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FHSED T A A S AR e M, BN A2 RIS I 5%, WAy, ke AR
WA SRR 2y, X LT VE B — B RUR, (HESRTED E SR FR N, AR T AR A VKRR
B RMESE R PR [11]-[14].

BT 05 A H IR O SBS 1 RAFIA KSR, AR SCHE H — i i ) FE 4 DCRFAE R8T AL TV K SBS 24
PEPI T (PS-SBS MMM FFAR . 1ZHARLE 80CHIZAE T, KA &%t SBS Bk (SR BEAT K ,
I T HEMRDE I E NI BNAS, W AT TR AR IR (<140 °C) A BY Y (<1200 t/min) F3EHL SBS 7EJI
HHRS A A B DT R M B NAMN S T SBS S5 AV, I R R B AR T o A7 AR 1 SRR AR
MEEER A S5 T2 RIS A E IR . REGWF T PS-SBS B M4 TE . SR 5
HOSHENLEE, HERTHFEA X SBS B tEi i I PERE . B I T T Z AR (b it 7572 5 B Ak 48

2. FiAi&EBK SBS (PS-SBS) B FIEHI&
2.1. B R
SR YT VR 1L 2R ST T AL T PR A A1 A 72 1 A-90 SR T b AT o, BRISRRINE 1 FiR.

Table 1. Matrix asphalt testing indicators
= 1. BEEUHEMIRERR

fabr 5= ) S [ RrS
ENEQ25C, 55, 100 g)/0.1 mm 80~100 89 T 0604-2011
Ak s/ C ANF 45 455 T 0606-2011
10°CHEfE/cm AT 45 48
HEFE T 0605-2011
15°C AL & /cm AT 100 >100
60°C3lI I i/ (Pars) AT 160 170 T 0620-2011
AR R/ Y% AKTF+0.8 0.42 T 0609-2011
RTFOT J5 EFNFEEE/% AT 57 65.2 T 0604-2011
10°C R BE 4E 5 /em AT 8 13 T 0605-2011

Bk L R SR E AL A BV A A S1000855 kel BARTRFR N 2 Bk,

Table 2. Light oil testing indicators
= 2. BEUHMIAIEIR

g 5K =2 i S RIS TV
WITE S RNF 149 152.5
TR/ C GB/T 6536
20 AKF 180 175.5
[N s5/°C ANTF 38 425 GB/T 261
HRE20°C, kg/md 0.861~0.878 0.872 GB/T 1884
T3 IS ' % KF 95 99.68 GB/T 11132
T &/% /NF0.01 0.002 SH/T 0689

ARSI AT AL A mI 2R K YH-792 RELR R 03 1 4544 (1) SBS UKL, SBS UKL HARSR IR U142 3 o
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Table 3. SBS pellet test indicators
% 3. SBS ML 4R

$ir {55 /MPa S/B Lt YEAR IR BN % /(2/10 min) FERAN Y%
23.1 40/60 3.23 0.2

2.2. PS-SBS ¥4 5Ia0HIE

PS-SBS il 4% T & (A% OAE T3 35 M 78 7B N SBS Wiki, FEAERGR IS0 13 SBS ik iA 2y Ak
P, BARNRA . BRG] D R

1) 7 S22 S SRR il i (05 Jai):SBS R EL wt 4 0.8:1. 1418 EL BRI 95 F2i Fl SBS
WKL, K SBS BUKLILEZ S R, EHTE RN T, HEE TR,

2) MIRAWET SOCHIRRA T, (EHIAIENK, BEJGL R BFERI R IE I, BEE VAR AT
B 2% B ) PS-SBS 5 .

2.3, TIARBBIERYE SBS BIBRKBIR

RIR N A2 4R 2 — HOG IR I AR RIS, BT RARRL T RS/ T 1~100 nm 2 [8], BR80T ARG KA
B, AR AT WOEER IR . & L(a)~(d) 7R T 05 J&-SBS TR G WIAE 80°C 2514 T il A [F] IS i
X LT I8 IR RS R o

Horr, fRIRIENK 24 h (91 1(a)F0 48 h [5] 1(b)HIESFHOGEEATEMT, TIA/RIMEETS, Ui Ikr SBS
FIORL ST AT ARIBOR, 5 Il % SBS BIVE MK AN 7843, M4 2 i AT Bife sE B R A4 45 44 o T 25 (R I I 1) () 2
60 h F11E] 1(c) R mT AR S BITE I E SR (IE HHORE, RIZAA R/ T R E R TR RN, R, SBS &
TR IR R AR R, A RIAZRIAE] 1~100 nm JEFE[15].

K (Al P KR 72 h B, RRRIUH BRI T IARILSR, R\ IR E. R
fRthi 2, £ SBS WKW, T &R aeA UM<, SADGEE R S A — T (HbEE
W R HERE, AR IR IR RS, T IR RIS R RN 2 S

23t R EMARIGIE, 758 IH:SBS I =t 0.8:1, 80 CIANK 60 h B wl ik B £ IOIRAS

(2) 0.8:1—IA24 h (b) 0.8:1—fI A48 h (c) 0.8:1—HIA60 h (d) 0.8:1—fIMA72 h

Figure 1. Tyndall effect at different developmental times
1. NEI% BB T ARYE

3. PS-SBS M BHHIZE T ZE 5 ME RS
3.1. PS-SBS ¥4 &Y=
RSO PR IR B B T2 K1 45 PS-SBS Bt H - et FE A, # PS-SBS eitMEFIII AN R
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L BERRIR I RS 0T R S 140°C, DAREARST S W A B 2R, IR ORAIE AR 75 o 0 78 70
RS H5I 0. ARG TESHE T ESHON SR BOR RN, SRR . BRI A R E IR R
BN TE] 4 MR R, B SRS A KEOR TR, #ESEN L LT Z24.

ALl T PS-SBS MU EHIE L EMRBSH, I 545 SBS ekl 5 il 4 T ZHEAT 17X
Hr, AHEC B (170°C~180°C) 55 BY DIl 4 1.2, PS-SBS St il 75 REVR VA #E LA KO 75 i A& A0 7 T
LB o VA MK eSOk ok 30 B2 308 2o e om T P SR 2 e 75 A, RTINS 8 BV 0 R I AT 42 e e
PEDIF BRIRERE, X RIR FE V4 1 X PRI 75 (K AR BE SR T 2 R B8 2 (KR AL 3

Table 4. Comparison of PS-SBS modified asphalt with traditional SBS modified asphalt preparation process
% 4. PS-SBS MM E 515 % SBS BEiHE & L EXTEE

T PS-SBS Bt 1655 SBS L
T2 I PS-SBS el PE AR IR+ R K & LR E O SBS EREIUIE H
PR 140°C 170°C~180°C
RERE #it 130°C. 140°C. 150°C 3 F 150°C~170C
KB WA #%it 0.5h, 1h. 1.5h. 203 Fh lh
k89175 10 Beit-#43# 4 800, 1000, 1200 r/min $HF: 3 Ff 4000~8000 r/min

K2 gyt 1 PS-SBS Sk 5 i - DAL R A AT JR SRR A B

(a) BEFE)E (b) KE+F () KBJA

Figure 2. Preparation process of PS-SBS modified asphalt
2. PS-SBS it E B &idi2

M 2 AT ER R, PS-SBS B H i HE 5 W & A KRB AT, KB IR R H A AR
VAT SBS (4N /INBIRL, IX 32 2 T 75 R I A R SR 1 BN B AR, [FIRF R B SBS 75 LK
BIKERE. EREREREK, SBS FORLRHI/ WK, REENGE, SHEA/NERA K,
Mtk R T AREE, Ui S O AR e R AR 25 1)

3.2. HIWEEDH

HNEARGHT PS-SBS BT il 2% 2 A X FLAE RE FO52 M, ASCIRENEAL . PN (R AE R K
25°CHMEMR E NVEN FRAR[16], THEMFEH R, fisk. R EN AR GIELERIE, ek s LA
3. K4 TS .

B TR PR [ 52 A 140°C2AE T, W FUAS [R5 P 25 e 0 i 1 R il , a6 25 SR a5 5 Fow.
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Table 5. Test results of modified asphalt at different mixing rates

5. NEMRHEREER TR F MR

P PEI# 2 /r/min 800 1000 1200
AT/ C 58.6 62.9 61.4
25°CEF A\ /0.1 mm 44.5 44.1 452
5°CHESE /em 24.3 29.3 27.6
FAEKE /% 80.4 85.9 83.2

HI% 5 TR, SR 0 SOk i P RERL I R . A I HEE A I, PS-SBS 1R A BN T
HEHMISHINER, FBOLAGRE EMFREWRR AL, X208 e X BE i HLARE T RV BE N R it
PR 2 BRI, I T RERIR SBS TERUIIIN 2 4544, AT ASFI T4/ PS-SBS et
HIMCEYERE . L5 A S TUERERRAR, 17 1000 r/min e M B8 5 844k 8% FH PR RE IR PR id 26
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Figure 3. Changes of modified asphalt properties with mixing-development time
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Figure 4. Changes of modified asphalt test indexes with development temperature
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P 4 alsn, ST = K A8 0 S K S ET R IX M NP2, TR EHWNE), RPKBIRE
Sof HE AR PR R, IR FE A I X ST AR IR SE i PR AN S PR R RE JT AR A R . Rk, R A IRE
1E 130°C~150°CYu NI TTIEH ;s 4B IEMERER IS REFE, HEXE 140°C NFEAHLIX PS-SBS e 1430 7 il

#HIRER IR,

CEEPERER R R B LK BRI, A A TS X IR S R A ok, R
5 PS-SBS SPENIT HIE RSN FEHRPHFIMNHEE 140°C, HEIEE 140°C, HEEHEZF 1000

t/min, K EIEE 140°C, PEENTAE] 1.0 he
4. PS-SBS MR B 1E6E 01
4.1. PS-SBS 4B 554 SBS st hE M EXTEL 534

K BRI R E 1) PS-SBS Bt LESH, 44 25 CHENBE. BA s, STCREFE. 135 Cliedi ki
JZ, fEMFRARL SBS BE(3%~5%) F, S5k T2 rhl4 H K srthE AT b tr, g5 R0
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Figure 5. Test results of three major indicators of two types of modified asphalt
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HHIE 5 mrgn, PAP SBS Bt MERE AL R IE AR AR R, 1548 PS-SBS H ) SBS ki af PAXS I i
B EE A 4 PR e A o M AL SR B 5 75 PS-SBS 2 BIUAEAL s AR MBS = T 60°C), IRIRE &,
B NFEAR K, ZRWH PS-SBS BRI AR FMGE B IR IE B, FiESTRERAMKX.

4.1.2. 135°CHICIEEEFRE
N HE— 3 P SO VA R O T AR R, MR T PR B S R 135°C A e B, R EG 45 SR
K6 Fiame

22
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11—— 1L SBSHEUE I H
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Figure 6. Viscosity test results of two types of modified asphalt
B 6. AMIEAERERIEEER

K 6 £, FE%E SBS BRI, WIS 135°C N Hieis 265 530 k. AL S8 SBS 12
PEWIE, PS-SBS ZH RS, XU B A I IR I E B A MR ARALAE R, e N A, AR
o S ANEEFERRAG . 24 SBS BN 4.0%, HeE%EE N 1.7 Pass, HWAEGRIME 1.8 Pas /)N, ELAGIRIF it T
PERE[17].

4.2. PS-SBS BB Bt RE I

SBS R F b — AN E RIS, GREEIE LA SBS IR, W FH EAE R 35
HIL SR AR kA T ARk, TG R T T E AL 18], AL A% PS-SBS AL 4 SBS B i ¥ 32E47 46 14
K2 ARG, X AT AR A etk 9 75 22 AV R R AR R A I TR 3 AT R Gt 72

K i A 2 RIS (RTFOT B 124, % JTG E20-2011 MAFZHAT[19], FFLAELL
RGN s 25 CEP NS A SCIEFEPFIT LRI AL VERE : 64, X4 RTFOT AL P e PR 0 75
17 PAV JE 2RI B K A, RIG &1 A 100°C . 200, RAIM FEHE RPN LK 21k fE. PS-
SBS Ff£4: SBS i H ) RTFOT Ml PAV {3645 Rane 6 fron. (REHT & AR E R R 7% K
ERRH “+7 FRoR. BIRH “—7 £R.)

H# 6 n[%1, PS-SBS MM Ak s57E RTFOT Ml PAV Z4bJ5 7 ili s 2.1°CHl 6.4°C, (K T144:
SBS TR 2.7°CHI 8.4°C; 1M H. 25 CEF ANFEZ3 0 N % 8.7 #113.5 (0.1 mm), H FFEIEEATIANT1%
4t SBS tUMEWI T o X ULEH PS-SBS BRI A S K M2 A /E I IR EE R, B thee I T
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1£4; SBS Ui . FIRS, PS-SBS BgtEiT S CREEFIEN 10.8 cm 1 16.3 cm, FFKT £S5 SBS B
HEPIFHR 109 cm F1 18.4 cm, IXFREHFEEA 5 PS-SBS it I H (K IR M RE LR FFRE 1 TE AL .

Table 6. Comparison of indicators before and after the RTFOT and PAYV tests of the two types of asphalt
% 6. WMHE RTFOT. PAV IR ATRIEFRITLL

R  WEEN gk RIFOTE RTFOTWIURBME PAVIE  PAV BRI

Ak s/ C 63.4 65.5 +2.1 69.8 +6.4

PS-SBS .

by 2 C%F N /0.1 mm 44.5 35.8 -8.7 31.0 -13.5
5°CHESE/cm 27.6 16.8 -10.8 11.3 -16.3
AL A/ C 67.5 70.2 +2.7 75.9 +8.4

b

gris;%f 25°CEF A\ /0.1 mm 422 322 -10.0 26.9 -15.3

5°CHESE/cm 26.2 15.3 -10.9 7.8 -18.4

BARE, SWREEZMEIZEL MR, HE e, ERRTREENENSE. 5
4t SBS HUMEVITAHLL, PS-SBS st 75 (£ F& ¥4 i X F I H S0 4 P B3 PR AN TR G I, A
NJTIZ R TRV 1 X R AT

4.3. PS-SBS B IKIB R RE D Hr

FEG T IEME LA THVAN SO B IGIR DT RME RE . AHELZ R, RIS ih 234 A8 158 (Bending Beam Rhe-
ometer Test, LA NfEFR Ny BBR)IME %248 2 A B (S) RN AR K (m), MITHAt 17 B2 MR TR RV
Wi SAERBLE MPURTLRE )T, [EBK, PRGN, BUEae 12 m (E RSN i
shRE Sy, AEERE, Wi RS )RR TR, A BT R R .

Juxt Lt PS-SBS 5648 SBS et KR ERE . £ PAV 24IKE /5, 73#E-12°C, —18CHI-24C
THEAT BBR SR, JFSEFAEHAT 7. Wliegi ik 7 s,

Table 7. BBR test results of different types of asphalt
# 7. FEIZKEHE BBR IXWLER

-12°C -18C -24°C
]E%%ﬂ d,\%%éb):ﬁp*%a F 7T 2 e L o TR A =N
FRNERR e o IR e o IR e o
S/MPa WA A m S/MPa WA m S/MPa LESS
HERIHE 168 0.262 369 0.225 651 0.191
PS-SBS it 98 0.402 192 0.312 338 0.266
1£4; SBS ittt 104 0.380 221 0.285 379 0.234

e 7 015, BEEREM-12CHEE-24C, —MPiERIGETHIERE S BEZEH A, HTHE m FF
SRIN, RIRARTERE SR . Hrr, ERIE S HH 168 MPa H5% 651 MPa, m {HH 0.262 (&%
0.191, HARMEYERESR 2. MHILZ N, PS-SBS BtV /£ % B R 3R I H AR S B A& i 1) m 1H,
H S48 98, 192 £ 338 MPa, m {73514 0.402. 0.312 1 0.266, 1 T1%% SBS Skl X M ()
104, 221, 379 MPa £ 0.380. 0.285. 0.234. 55 KW, PS-SBS Bt i fEA FHGIR S5 AF T~ HA AR
It e R IR T2 e
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5. PS-SBS i B RNEHH B R

MNAROULES ¥4 £ B H 5 SR FH 9% 6 SR A B (P M) R LI 21 40 6 1% (FTIR) 55 F- B, X PS-SBS K44t SBS
SO 0 75 AR MO S A 5 SOPE WL HEAT R G0 I B PRk 7 R SBS 2RV T 2 BOIR 2
FE G AV, R TR IK 2R et AR SRR AE S e Re 22 R N AEAE AL, W
PERE S BT B HE O
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