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Abstract: Poly (styrene-butadiene-styrene) block copolymer (SBS) is the most common thermoplastic elastomer (TPE)
used for modified asphalt. The unsaturated double bond of its polybutadiene block is prone to crosslinking and aging,
which affects the performance and service life of modified asphalt. To solve this problem, acrylate soft monomers are
used to replace butadiene, and hard monomers with high glass transition temperature (T) are used to replace styrene.
Such new TPEs are designed to improve the chemical stability of the soft segment and improve the modification high
and low temperature properties of asphalt. Firstly, the monomers used for flexible block and rigid block are screened out
based on monomer price and T, and the polymerization method of each monomer is analyzed. Then, the polymerization
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methods and topological structures of block-type TPE prepared by rigid and flexible monomers are summarized and
compared. The most suitable topological structure is linear or comb type. For linear TPE, a living polymerization method
should be used, and each block is selected for copolymerization with monomers to adjust Ty. For comb-type TPE, the
proposed synthetic route is: firstly prepare the telechelic graft chain, and then carry out free radical copolymerization.
Finally, several schemes for the preparation of telechelic graft chains are proposed. A synthesis scheme of polyacrylate
thermoplastic elastomer is proposed by summarizing the existing monomers, polymerization methods and initiator
molecular structures, which provides a guideline for replacing SBS and for improving the comprehensive performance

and service life of modified asphalt.
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Table 1 Monomers of acrylate polymers with low T and their prices
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Table 2 Polymerization methods for flexible monomers

Monomers Polymerization Method References
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Table 3 Monomers of high T, polymers and their prices

No. Monomers Tg (O Prices (34500 mL) Whether soluble in water
1 i 96-125 160.55 F
2 P& 100 55.10 FS
3 R 18 Y B 105-125 52.25 RS
4 IR KA TR UBMAD 110-190 304.00 FB
5 FRJE MG AU T 116 281.20 FR
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No. Monomers Ty (T Prices (3500 mL) Whether soluble in water
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Table 4 Polymerization methods for rigid monomers

Monomers Polymerization Method References
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Table 5 Melting point and T, data for some polymers

T Melting

No. | Polymers E‘T) point

(T)
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Table 6 Synthesis of TPE block polymers

No. | Polymers Polymerization Method Molecular weight References
1 PS-b-PnBA-b-PS ATRP 189 Ji [31, 32]
2 (PMMA-b-PnBA) 3 star ATRP 104 73 [55]

3 PS-b-P2EHA-b-PS RAFT 141/ [37, 38]
4 PS-b-PnBA-b-PS RAFT 199 5 [33]

5 PMMA-b-PnBA-b-PMMA ATRP; BIB 7RG +i6IEM | 123 Ji [44]

6 PMMA-b-PnBA-b-PMMA NMP 5.06 /3 [36]

7 PMMA-b-P2EHA-b-PMMA ATRP 201 A [39]

8 PMMA-b-P2EHA-b-PMMA P 257 5 A+ L B 240 73 [21]

9 (PIBMA-c0-PMMA) -b-PB-b- (PMMA-co-PIBMA) | & TR & 183 Ji [56]
10 PmS-b-PB-b-PmS 7 RE 132 /i [46]
11 PIBA-b-PnBA-b-PIBA RAFT 136 /i [52]
12 PS-b-PBd-g-PmS BT RS 115 Ji [47]
13 PnBA-g-PMMA M5 T A +RAFT 433 7 [34]
14 | PnBA-g-PS HHERG+HBETFERS 58.8 Ji [57]
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Table 7 Strategies for synthesis of terminally polymerizable double-bond polymers

17

No Polvmerization | Initiator Molecular structure of the Functional group Method for connecting
) Y initiator at polymer end double bonds at terminals
4 4B 4 N o 5SS K
1 A B N -COOH i ’ "
) T maﬁ;}*% H TP
he o M
, | BHEERE O loogenake | TN =N NH. 5 P HIBHEER
W —ERERER N NZ LR LR AU S B
Q/NH G CH
H3C CH3 !5‘ hﬁﬁ -
Sy -N_ CN i 5NIGEIREE R 2 SR
3 22-BEZRTIE | N N CN click J5 1
H3C CH3
4-%-2,2,6,6-P0 F1 . 5 (IR IR B0
4 o o- NH -NH2 .
= R 2 P IIAR S T
OH
Kl FLR RS
5 | e AR -OH ERC e T
N
5
R
4-$2%-2,2,6,6-1Y ™
6 HEEIReE 1-542E 5 CHy CHs -COOH [/ 1
F 5 CHg rlu CHs
&
6] o
7 | ATRP RFTELEE | HC o en, -Br ‘i“mg%m%&mﬁ&
Br' CHs
4E-4 (T ke 9
8 RAFT B bR AR D) cwwmﬁmﬁxﬂvkm -COOH FI-CN A 15 3
bR S NG CH,

R ADIR & 27— graft from, graft onto,

graft through = #6770 Hr, graft from et #BEE,

AR R A R IR B RE A1 R 51 A RIREAT i B G P T
REW 731 AR

ArREERERER . A5

B, FIH T8RRI RAE, 5B ATRP S50754K
HikcHE: graft onto J7 ik ZAE BB A 1 224 32
BERIRCBEESE 2k, graft through 75 B4 il 4641 43 oK i
WU R e, SRS A E B 0 Bk — R S IR A [34,
57). e —FhITVERI AL A2 W] DA Bl B AN B ) R L
WORE, A3/ i L, (7 A 3l w] BB T4
AT, EFAFRRE T Hd, & IRhl&
AR A O RE TR R R — 28, (EAE T BRI
SR 2% SF A [57]. ASCHRBIFTT R, Wk 7,

Kz B e 5 A B e, o e s S B AR AR S (A
WIS, LR CIRTREL 1855 Sl b e 4 &
MNTIILE 73T HEAR 3 51N AT AT B XU .

TR LR AR TPE, Nt aRbrR i
K. WUMGREMBUERGRE ), WERS I I
UK AR [58],  BRAE S 24 < B 105 & R WUk Ak A
H[59], il &AWL TPE. LA 28I RN G IR
FaIL WAL, BH LRI (T=-60T) FEkE K (T4=
-40T) « BHELEE (TE=-67T) « BEW. K_H

http://www.chemscieng.com



18 VKN TR R IR AR 558 1 AR A SBS H T etk

FEEALE[60, 61] (Ty= -5T) B #H &Mk SBS (SEBS[62],
Tg= -20°T) SFHAAE X, A EMAE SBS A Tkt
BB TREAPRE,  [R] A I8E S OURER R 1) Bl S B AT 24k
()8 AR X SEAR R PS. PMMA Z5[RI: #% BBk
SEAT TR B — P A

5 &1

ASCAHT TARE SBS T thE i 5 1 TH s BR T
BT RARIE R R A TR . SEA AR AN S A
Tg, W2 T T FMEAm B SO G R 1E T Be A A
JHIR-2- 2,38 OO, I R B0 S O F 3 TR M5 TR
HESF o-FER 0. S0 T HEAaMREN
%o RIGMNEETTE LR INGE R B, KR AR
PEAD R B AR ) 25 R BCRY. TPE W7 HEEAT T 04T A
N H ARSI MO R R B Y . X 2R T S
FWREGTTER: FIHTFE R ERNIPE AR, DL
NMP &N, &FMREBAT LR 5% A Bk T 3 5
VAV Ty A RRHAREAS . w0k B 00 50 7R 0 B s i B
LR SBS T Bt S #86l. XHF A =01
HEFFZ K graft through 777 Seil 4 H R BRG] B4
MBI EE GB TR |, ARFiE | IR
Gro BJEHRH T UMCR AR E 51 KRR G 7 4
TE AR BE I T 2. DL AR 70 45 SR mT kil 4 0 XU B
B TPE #4145 T, HET AR IRA . EtkRE R
PRI IE TPE B8 SBS, 1ENKFH ardfisfa e Rt
BT ORI, 3SR s 14 5 A Ak o

DA bk T et 7 1 a] B4R SBS (1) 2R T 44 IR T
PIBVEFAPEAR A G SCRR AT T RS, TR T Ly
%, HRIFEALET LG . F— DK KL%
TIEX AL G T R AT RS, @ ST PR SELS
SKAW AT S A B RL RE TR AR SBS It =i
(1) FH I RE

[1] Gong Y, Xu J, Yan E. Intrinsic temperature and moisture
sensitive adhesion characters of asphalt-aggregate interface
based on molecular dynamics simulations [J]. Constr. Build.
Mater., 2021, 292: 123462.

[2] Que Y, Wang Y, Xu S, Fan Y. Quantitative detection of

polymer content in styrene-butadiene-styrene modified
asphalt after aging [J]. Polym. Eng. Sci., 2022, 62:
2197-2206.

http://www.chemscieng.com

(3]

(4]

[5]

(6]

(7]

(8]

[0

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Guo M, Liang M, Fu Y, Sreeram A, Bhasin A. Average
molecular structure models of unaged asphalt binder fractions
[J]. Mater. Struct., 2021, 54: 173.

Hassanzadeh M, Abdouss M. A comprehensive review on the
significant tools of asphaltene investigation. Analysis and
characterization techniques and computational methods [J]. J.
Pet. Sci. Eng., 2022, 208: 109611.

Bi F, Fan L, Li Y, Zhou S. Optimization Study on the On-Site
Rapid Detection Method of SBS Modified Asphalt Content
Baseed on Infrared psectroscopic Analysis [J]. Petroleum
Asphalt, 2021, 35: 21-27.

Chen Z, Zhang D, Zhang Y, Zhang H, Zhang S. Influence of
multi-dimensional nanomaterials composite form on thermal
and ultraviolet oxidation aging resistances of SBS modified
asphalt [J]. Constr. Build. Mater., 2021, 273: 122054.

Xu S, Fan Y, Feng Z, Ke Y, Zhang C, Huang H. Comparison
of quantitative determination for SBS content in SBS
modified asphalt [J]. Constr. Build. Mater., 2021, 282:
122733.

Wang W, Lu W, Goodwin A, Wang H, Yin P, Kang N, Hong
K, Mays J W. Recent advances in thermoplastic elastomers
from living polymerizations: Macromolecular architectures
and supramolecular chemistry [J]. Progress in Polymer
Science, 2019, 95: 1-31.

Day D M, Hutchings L R. The self-assembly and
thermoresponsivity of poly(isoprene-b-methyl methacrylate)
copolymers in non-polar solvents [J]. European Polymer
Journal, 2021, 156: 110631.

Mirwald J, Werkovits S, Camargo I, Maschauer D, Hofko B,
Grothe H. Understanding bitumen ageing by investigation of
its polarity fractions [J]. Constr. Build. Mater., 2020, 250:
118809.

Zhang M, Hao P, Dong S, Li Y, Yuan G. Asphalt binder
micro-characterization and testing approaches: A review [J].
Measurement, 2020, 151: 10725.

TR, R/, HEEL AIE I G R IR S TR A B AL
AIEA R [J]. Mo TSR, 2022, 53(09): 1150-1160.

¥, BKFE, RO, TFAEE. 0SSR GIREE IR
il % R MERERF FE[]. TRk lk, 2022, 52(05): 18-23.

PR, BFIE, EWE, AL, TRGTRES S A M i
A [J]. &R Tk, 2003, 26 (03): 129-135.

BemE, BNGR T EH& AR [0 =T, 2020,
47 (04): 109-110.

Sun D, Song Y, Chen F. The Influence of Extractant
Composition on the Asphaltenes Extracted from Asphalt [J].
Coatings, 2022, 12: 1600.



[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

2R 25 TR 2022, 1(1): 12-20 19

Sun D, Song Y. Influences of the Periodicity in Molecular
Architecture on the Phase Diagrams and Microphase
Transitions of the Janus Double-Brush Copolymer with a
Loose Graft [J]. Polymers, 2022, 14: 2847.

TIRMS, Bk, AR, KR, XHN, B, H—%K.
Ui $ 3 RS T (0 ) 4 5 RAE [3]. & Mg Tl
2022, 45: 182-187.

Sun D. A Simple Scheme for Extraction of Asphaltenes from
Asphalt at Room Temperature [J]. Coatings, 2022, 12: 407.

FFE. WHEBMIEIEIIRE (Te) MRiHMmitsE [J].
R E 48, 2008, (10): 52-56.

Tong J D, LecleAre P, Doneux C, BreAdas J L, Lazzaroni R,
JeAroAme R. Morphology and mechanical properties of
poly(methylmethacrylate)-bpoly(alkylacrylate)-b-poly(methyl
methacrylate) [J]. Polymer, 2001, 42: 3503-3514.

Li Z, Li L, Deng X, Lv. A, Wang C, Du F, Li Z
Ethylene-ethyl  acrylate  copolymers via ADMET
polymerization: Effect of sequence distribution on thermal
properties [J]. Journal of Polymer Science Part A: Polymer
Chemistry, 2013, 51: 2900-2909.

Franssen N M G, Reek J N H, de Bruin B. Synthesis of
functional ‘polyolefins’: state of the art and remaining
challenges [J]. Chem. Soc. Rev., 2013, 42: 5809-5832.

R, ZE, RAEE. WHRKRLMES o-fmRIEERNE
B [J]. &g olk, 1986, (01): 25-29.

Liu S, Sen A. Living/Controlled Copolymerization of
Acrylates with Nonactivated Alkenes [J]. J. Polym. Sci., Part
A: Polym. Chem., 2004, 42: 6175.

FkE. RABSWMGIRIETEE IPNs [J]. AL BB KL
1989, (08): 25-28.

HKAE. AMS FLIRVIFERZIERAL X 1 % NBR/PP TPV HH ]
AwE5L [D]. BRI TR, 2017,

FLEEDL, okER, B, gt R o- IR OIE I
RTHE)C 2R A KRS MR [J]. wE Tk, 2012,
42(05): 44-47.

RE, TR, FKE, 500, RER, K AHERT
Be /5 I LR A O MERE R AL [J]. A BT LA AL,
2014, 42(07): 83-86.

N, B, K—B. BA-StMMA & 8BURK: 7 A
Etge [0 AtkEARERH, 2003, 21(01): 15-17.

TR AGET ATRP BHES T 7Ll K & il % 58 COR 208 -b- T )
IR T Hg-b-2K 2.0%) =ik B LRI T [D]. AR,
2015.

50, A, SBH, HUE, XF, 257 AETH

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

T B IR A B &R LIGITRIGIR T ERIZE L6 = R B ER
Y [0]. &Rk, 1998, (06): 360-360.

Yang L, Han Q, Song Q, Li H, Zhao Q, Shen Y, Luo Y.
Control over ABA-type triblock copolymer latex morphology
in RAFT miniemulsion polymerization and mechanical
properties of the latex films [J]. Colloid Polym Sci, 2017,
295:891-902.

Lu W, Goodwin A, Wang Y, Yin P, Wang W, Zhu J.
All-acrylic superelastomers: facile synthesis and exceptional
mechanical behavior [J]. Polym Chem, 2018, 9: 160-168.

Tang C, Kowalewski T, Matyjaszewski K. Preparation of
Polyacrylonitrile-block-poly(n-butyl acrylate) Copolymers
Using Atom Transfer Radical Polymerization and Nitroxide
Mediated Polymerization Processes [J]. Macromolecules,
2003, 36: 1465-1473.

Nicolas J, Charleux B, Guerret O, Magnet S.
Nitroxide-mediated  controlled  free-radical  emulsion
polymerization using a difunctional  water-soluble

alkoxyamine initiator. Toward the control of particle size,
particle size distribution, and the synthesis of triblock
copolymers [J]. Macromolecules, 2005, 38: 9963-9973.

Petreska G S, Arbe A, Auschra C, Paulis M. Mechanical and
Morphological Properties ~ of  Waterborne  ABA
Hard-Soft-Hard Block Copolymers Synthesized by Means of
RAFT Miniemulsion Polymerization [J]. Polymers, 2019, 11:
1259.

Petreska G S, Auschra C, Paulis M. Confinement driven
crystallization of ABA crystalline-soft-crystalline block
copolymers synthesized via RAFT mediated miniemulsion
polymerization [J]. Polymer, 2018, 158: 327-337.

Jeusette M, Lecle're P, Lazzaroni R, Simal F, Vaneecke J,
Lardot T, Roose P. New “All-Acrylate” Block Copolymers:
Synthesis and Influence of the Architecture on the
Morphology and the Mechanical Properties [J].
Macromolecules, 2007, 40: 1055-1065.

Xia C, Luo Y. Modification of bitumen emulsion via
heterocoagulation with SIS triblock copolymer latex [J]. J.
Appl. Polym. Sci., 2017, 134: 45510.

Jones A S, Wright T, Smook M A, Harwood H J.
Enhancement of the High-Temperature Utility of a
Polystyrene-b-Poly(ethylene-co-butylene)-b-Polystyrene
Block Copolymer by Friedel-Crafts Naphthoylation [J].
Journal of Applied Polymer Science, 2003, 88:
1289-1295.

FRF, BER, EFS, WIL AR SBS IR

VA SR TR (9] )k Tk, 1995, (05):
265-268.

http://www.chemscieng.com



20

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

VKN TR R IR AR 558 1 AR A SBS H T etk

T, BEZ, 2, ZLIRMX. SBS-g-MMA/BA F % i&
JERE IR % [3]. t 54 TR, 2007, (05): 54-56.

Leclée P, Moineau G, Minet M, Dubois P, J&@ne R, Bré&las
J L. Direct observation of microdomain morphology in
“all-acrylic” thermoplastic elastomers synthesized via living
radical polymerization [J]. Langmuir, 1999, 15: 3915-3919.

M EdE, R, WS, B, MER. T o-FIEK LM
PImTEA R [J]. R FReRkFE AR, 2012, 46(08): 903-906.

Fetters L J, Morton M. Synthesis and Properties of Block
Polymers. 1. Poly-a-methylstyrene-Polyisoprene-
Poly-o-methylstyrene [J]. Macromolecules, 1969, 2(5):
453-458.

Ambrose R J, Newell J J. Cationic Polymerization of
a-Methylstyrene  from Polydienes. I. Synthesis and
Characterization ~ of  Poly(butadiene-g-a-Methylstyrene)
Copolymer [J]. J. Polym. Sci. Polym. Chem. Ed., 1979, 17:
2129.

Bk, EHl, BRIy, IR, B4 . KO- SRR -
PIAIR T Fe = eI R & O M RE [J]. Y8R Tolk, 2014,
42(12): 98-102.

Batis C, Karanikolopoulos G, Pitsikalis M, Hadjichristidis N.
Metallocene-Catalyzed Copolymerization of MMA with
Anionically Synthesized Methacryloyl Macromonomers [J].
Macromolecules, 2000, 33: 8925-8930.

Engelis N, Anastasaki A, Nurumbetov G.
Sequence-controlled methacrylic multiblock copolymers via
sulfur-free RAFT emulsion polymerization [J]. Nature Chem,
2017,9: 171-178.

Boutillier J M, Disson J P, Havel M, Inoubli R, Magnet S,
Laurichesse C, Lebouvier D. Self-assembling acrylic block
copolymers for enhanced adhesives properties [EB/OL].
(2013-05-01) [2013-05-01].
https://www.adhesivesmag.com/articles/91909-self-assemblin
g-acrylic-block-copolymers-for-enhanced-adhesives-propertie
S.

Jiang F, Fang C, Zhang J, Wang W, Wang Z. Triblock
copolymer elastomers with enhanced mechanical properties
synthesized by raft polymerization and subsequent
quaternization through incorporation of a comonomer with
imidazole groups of about 2.0 mass percentage [J].
Macromolecules, 2017, 50: 6218-6226.

2, sk &R, MRdEz, Ef. moTFUHE GE=R)
[M]. B3 &2 B K2 H R4, 2007: 174-175.

http://www.chemscieng.com

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Min X, Fan X. A New Strategy for the Synthesis of Hydroxyl
Terminated Polystyrene-b-Polybutadiene-b-Polystyrene
Triblock Copolymer with High Cis-1, 4 Content [J]. Polymers,
2019, 11: 598.

XUHT, MU, ZE0R, fEIR, ERRE. L RWNKIR T BE-b-
TR FR A 0 R P T R BEIE TR & R K M RERE T[]
2016, (11): 1529-1537.

Yu J M, Dubois P, J&G&Gme R. Poly [poly(isobornyl
methacrylate-co-methyl methacrylate)
(poly(IBMA-co-MMA))-b-polybutadiene-b-poly(IBMA-co-
MMA)] Copolymers: Synthesis, Morphology, and Properties
[J]. Macromolecules, 1997, 30: 6536-6543.

Wang W, Wang W, Lu X, Bobade S, Chen J, Kang N G.
Synthesis and characterization of comb and centipede
multigraft copolymers pnba-g-ps with high molecular weight
using miniemulsion polymerization [J]. Macromolecules,
2014, 47: 7284-7295.

FEHR BTRBARTRZRIKRM GRS R [ Ak
AR5, 1999, 17(2): 67-70.

FERE. B TR [0 &R Tk, 1996, 19(4):
193-196.

Bellas V, latrou H, Hadjichristidis N. Controlled Anionic
Polymerization of Hexamethylcyclotrisiloxane. Model Linear
and Miktoarm Star Co- and Terpolymers of Dimethylsiloxane
with Styrene and Isoprene [J]. Macromolecules, 2000, 33:
6993-6997.

Muppalla R, Jewrajka S K. Synthesis, morphology and
properties of poly(dimethylsiloxane)/poly(n-butyl acrylate)
mixed soft block-based copolymers: A new class of
thermoplastic elastomer [J]. Polymer, 2012, 53: 1453-1464.

Lin F, Wu C, Cui D. Synthesis and Characterization of
Crystalline Styrene-b-(Ethylene-coButylene)-b-Styrene
Triblock Copolymers [J]. Journal of polymer science, part A:
Polymer Chemistry, 2017, 55: 1243-1249.

((=-aibly

RN
1984 4R, WS T M FAEL, EE M KL
E-mail: sundc@iccas.ac.cn



