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Abstract: The influence of shear temperature on waste bio-oil ( WBO) modified crumb rubber asphalt was investigated.
Pen50 and Pen70 neat asphalts were chosen as base binders in this research. The WBO-modified crumb rubber asphalt sam-
ples were prepared at different shear temperatures for the same shear time and with the same contents of WBO and crumb rub-
ber. Rheological properties of asphalt samples were then evaluated through viscosity test, dynamic shear rheometer test and
bending beam rheometer test, respectively. And the properties of the aged asphalts were investigated after the asphalt samples
were aged with laboratory short-term and long-term aging methods. Moreover, the microscopic mechanism of shear tempera-
ture was analyzed by studying the functional groups of the asphalt samples in Fourier transform infrared spectrum. The experi-
mental results indicate that with the increase of shear temperature, the viscosity, high-temperature performance, medium-
temperature performance, as well as the low-temperature performance of the modified asphalts were improved firstly, then de-
clined. And the modified asphalts present aging resistance. It is also found that WBO enhances the rubber swelling. In addi-

tion, aging of asphalt is distinct and devulcanization as well as degradation happens of crumb rubber at high shear tempera-

Y5 H#B.2018-01-22

E&WE . R ARFBFEELWE (51778140) s LI 7S KA W R E R A BRI 00 H (12-007 ) 5 VLIRS BF 58 A BHIF 5 52 B
JH135 H (SJLX16_0069 )

PEE BN M (1968-) , &, B8, Wit WA 00, BF5E 7 100 S e PEREBK T A BHE AR . E-mail : yangjun@ seu. edu. cn,



4245 %3# #

O W yin st AW RO B R - 163 -

ture, which causes the degradation of asphalt performance. On the basis of the experiment the optimum shear temperature of

WBO-modified crumb rubber asphalt is from 145 C to 155 °C.

Keywords: waste bio-oil; shear temperature; rheological properties; microscopic mechanism
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Fig.1 Viscosity of bio-modified crumb rubber 1ﬁﬁ ﬂ*f%]o
asphalt under different shear temperatures
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Fig.2 Complex modulus( G~ ), phase angle(8) , rutting resistance factor(G " /sin 8) of
bio-modified crumb rubber asphalt ( Pen 50)

FRA T 6™ /sin & Al RALPI T BIHRPLK AL
JERE ML ARk RE . LR W IR U 7 09 4 I 1
G /sin & B3 VIR Fﬂﬁﬂ%%iﬁﬂﬁﬁﬂﬂi R

B e IR AZSIE RS T Jeit m e AR, i nY By
YIREE 4351k 145 F 155 °CHT,€E%H§UHJ/}_EJE'J|HJ
IRYTASTE e ) A

4 9 A= IR I R 2 AR5 (TROT) B 4%

AT 6" /sin &, W UAE N, mE G Y ek
W I 2 D9 2 B 5 D0 B 1 T v S
Ja AR, HAS b A S R 2 Fnlal 3 3R 6 45 R — K,
IR EE 4y 9 M 145 F1 155 C I, 22 8N 1 3k )
K,

Wi KA S P 55 PERE 2 PPN I 7
PEBER EHBLE bR . XS A A Y ok W 7 R



B4k H3H MR F U bR B A M Rk BOB R T 8RR - 165 -
s AT R ENAS B U AR g, A O s 67 M A 6 RIS G sin 8 A3 UL 5 FE 6,
—~135 CEIIR BT —~155 CEIYIREHE —~175 CHYREHE
145 CEIREHE ~165 CHIUIREHH
8 76
74
B T2
o < 70
21 \\ < 68
2 s 66
: 64
T 62
64 70 76 82 88
RE/CT RE/CT RE/T
(a) REUEE ¢ (b) AL A 6 (c) EHEAF6/sins
B3 70 SHBFHEMRHHENEREE G MR 6 MEREF G /sin b
Fig.3 Complex modulus(G~ ), phase angle(8) , rutting resistance factor(G " /sin §)
of bio-modified crumb rubber asphalt ( Pen 70)
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Fig.5 Dynamic shear rheometer test results under medium temperature of bio-modified crumb rubber asphalt (Pen 50)
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Fig.6 Dynamic shear rheometer test results under medium temperature of bio-modified crumb rubber asphalt ( Pen 70)
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Fig.7 Bending beam rheometer test results of bio-modified crumb rubber asphalt (Pen 50)

O k240 O k240
gz ums g sz hms
500 - KR E LR 5. KR E AR
L 207 M 047 - [
& 200 =3
S &K 0.3f SR = B :
4 150 | ﬁ
R 0.2/
@ 100 T .
- % 0.1}
0 : : : : 0.0 : : : :
135 145 155 165 175 135 145 155 165 175
EEE/C BEEE/C
() FEES (b) h -0} (] T R R

E8 70 SHBFMEYMRMITHEHRRTANER
Fig.8 Bending beam rheometer test results of bio-modified crumb rubber asphalt ( Pen 70)
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Table 2 Bending beam rheometer test results of asphalts

WA BARE SAESNE S/MPa #hE-mE M m
K&k 274 0. 304
50 SE EHEk 355 0.243
ISP A 469 0.191
K&k 194 0. 330
70 SWHHE EiEL 284 0.287
Kt 375 0.221

SHRP i i 45 1 0 B 22, 75 i 445 BHIGIR
YU PERET I R UG AE N S <300 MPa FlZh At
[ ZE AR m=0.3, MK 7 A& 8 nl%n, J6 &4k
FH 1 A S5 A5 A 0 J0 00 W0 1 1 20 At 14
S -1 T] il Ze LR B, R AR T AR TR e 24
g, (HJE,76-18 CF, it Mt iE it 2K
WAL, HARAR SN B S HIA KT 300 MPa, £h
~B A R m WAERAS/NT 0. 3, R BE YRR
TR BRI E IS5 R REXE - 18 C A K
PUIRIRTF A9 HE 5 32 2 w50 S F A 70 50 F
(725 R AR IR 45 R R W] B i St

Lo, — 505 W¥E
; - T0SHE
Lol i R R
: 1 —— 0.425 nmiR ¥
h
0.8} i
” 4
£ 0.6} liy
= i}FF: )
0.4 '
0.2 f
0 e ,,»'

4000 3000 2000 1000
¥/ cn?

PUAPEREZIR , 0 id W AR 4 b3 0 7 AR 4 T 3 T U
HHA R EE

2 AN ) 35 5 30 75 114 A 40 JBE 93 0 755 1) v PG T
P S 5 L 3R %) 2 A S BRAH ) A A8 TR 5 B 4
TLEE N 145 ~ 155 CHE, ARk I 10 i P AR TR
ek Bt X E—2 R BY DR AR wI ] IR
JEMERTHEIE T AE W Bk 5T X = A T
MEAER B30 T Wi vERE IR R 8 — 2
FREERT , =3 2Z (B AV Ak SR A, A 0 26 260 75
T SS R B, U 5 PR e 1k B ; T 4k sed
FER S =F W AER, SiRAET, Ko & &
T | Aot B I, A 0 IS 5 W 7 At A O, X
S 2 T 3 WA I T R BRI TR
2.4 HEMAIMIERE

R VR ST 28 A= 1 2 9 0. 425 mm K 22
H LA GRERE i, I8 T FHIR 24 NEXUS70 AU
B ARRLT AN EREAL, B9 R 50 S Wi E .70 5
H AEYEW L 0,425 mm JBEH B 2140 G 15 R I
FEAE I X [R] 6 RE A

0.4
bt
ES
2]

0.2

0.0 ===

2000 1600 1200 800
¥/ cn?

B9 50 SiHE.70 SHE EWEHK 0.425 mm BB EEE
Fig.9 Infrared spectra of Pen 50 asphalt, Pen 70 asphalt, waste bio-oil and 0. 425 mm crumb rubber
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Fig.10 Infrared spectra of bio-modified crumb rubber asphalt under different shear temperatures

x3 EYIRMBERREREH.T ZEEERE
TN EE
Table 3 Carbonyl index, butadiene index and sulfoxide

index of bio-modified crumb rubber asphalt

57 70 S AWK Wi T
T/
OC [C:O
135
145
155
165

175

50 S AR Wi

IC:C IS:O IC:O [C:C [S:O

0.00844 0.0202
0.00836 0.0198
0.00865 0.0192
0.00862 0.0178
0.00910 0.0162

AFE 3 AL XA W T A B 5T D)
TEIE R TE R PR IEFE EO a5 kN5 B 3, 2
Wi AE 5T VIR B AR, A A 43 5 i i I v
i, HA FTREAR B3 s 0 AT P A R R D B )
T B AT, W 7 1) SR Ak R AN BH s Q) R
Ji WS T A R R R T 2R . B UDIRL R
B, S A2 A3 DO B Sl 14, A B o 1 B U 3
SR E A, T IR ER 5N ah A ] A8
b, MR T, T 0 S B )N, R By
FRCCE W 7 R A A 2 2 T D S ) OO o e, 0 2
FEOE R YRR, LA Y DI B T
AN IS Bz i T =, (8 00 bR R LS BT ) o
ANBH S, U BH B DT AR R i R s I AN
Ui, C—S 1 S—S BRI BEWT 2498 s I RS ; Bt 5 R
JEHE— 2T AR RO AR K U B = i e
TIH BT, C—S F1 S—S b 24 5 35 5 B o) 4%
PR | B2 i i il T By U005 75 e (IR PR g

0.0122
0.0123
0.0125
0.0136
0.0140

0.00606 0.0122 0.00795
0.00585 0.0123 0.00808
0.00580 0.0121 0.00810
0.00670 0.0111 0.00822
0.00681 0.0110 0.00857

WIS, A SEINTRET & (X TR
TS, R FLRR R 2 00 PP ROk ) S B ) 24
v T B DDA A e 0 7 e ) S A

3 &

=A

(1) bt B VIR L B4 v, 2R W R 0 B
R BT ROERE | PR 57 Pk AR RV IR S 2k
RE AR (LR AR 38 Ry S 08 I R AIG, BY U0 IR 3 K 145
~ 155 CHF, Wi AT AR M RE PR AR R AR

(2) SHEELTW ARG, ALY R I A —E
OE T i

(3) TESTYUNGR FEBARET (/NT 145 C) 42 m 5y
DR , WOt A6 W I I S # 5 10 75 =2 1) 1) A B AR
FH AR 93 B4 5 Bk 52 I, el 3 A4 4y e A 10 i 1
fE; TE 3T U B B R I (R T 155 °C) , dh 84 i 5y
YIREE Wi e 0 B Ak B 7, e #93 J A I A e fit S
N A A R R RE R A

(4) BY YR BE 5 IR, B 648 B0/ N R R A
J 1 P R XTI A v kA IR A 0 P T R A O
IRUINR OB el

SENW:

P BRSO T S TR T O R s ()] B
VLA E R ,2014(2) :65-66.

SHI Lei. Research on the promotion of crumb rubber

%

(1]

modified asphalt pavement[ J]. Communications Science
and Technology Heilongjiang,2014(2) :65-66.

(2] TRIGARE, S8, JU G, 2. AR I 7 B s ot i



H42 % H34 ¥R iR s A W R ok B R T 6 R

- 169 -

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

(1], DU TR, 2014,36 (7) :55-60.
WANG Hainian, GAO Junfeng, YOU Zhanping, et al.
Advances in bio-binder application on road pavement[ J].
Journal of Wuhan University of Technology,2014,36(7) .
55-60.
FINI E H, OLDHAM D J, ABU-LEBDEH T. Synthesis
and characterization of biomodified rubber asphalt; sus-
tainable waste management solution for scrap tire and
swine manure[ J|. Journal of Environmental Engineering,
2013,139(12) :1454-1461.
BOCOUM A, HOSSEINNEZHAD S, FINI E H. Investi-
gating effect of amine based additives on asphalt rubber
theological properties| J ]. Proceedings of 12th ISAP In-
ternational Conference on Asphalt Pavements,2014 (1) ;
921-931.
Wil & . AR T PR RESE R K R 5 ML FSE [ D ]
Pi2E AR, 2010.
LU Jingjing. Performance influence factors and mecha-
nism of rubber asphalt[ D]. Xi'an: Chang'an University,
2010.
PINVEERN. IR A WO 0 7 A P RE ML (D] K
DL iBURHE R 27,2014,
SUN Jiangang. Research on performance and mechanism
of waste rubber powder modified asphalts[ D]. Wuhan:.
Wuhan University of Science and Technology,2014.
XHE S XURHRE , 5K T 0T, AR SOk 9 7 S 0 o i L
LI, P E Al R 2 4 (B AR B R) L 2017, 41
(3) :154-160.
LIU Yanjun, LIU Chaohui, ZHANG Yuzhen. Reaction
rules of crumb rubber modified asphalt [ J]. Journal of
China University of Petroleum ( Edition of Natural Sci-
ence) ,2017,41(3) :154-160.
American Society for Testing and Materials. Standard test
method for viscosity determination of asphalt at elevated
temperatures using a rotational viscometer: D4402-02
[S]. West Conshohocken; ASTM,2002.
American Society for Testing and Materials. Standard test
method for determining the complex shear modulus( G* )
of bituminous mixtures using dynamic shear rheometer:
D7552-09[ S]. West Conshohocken: ASTM,2009.
American Society for Testing and Materials. Standard
test method for determining the flexural creep stiffness
of asphalt binder using the bending beam rheometer
(BBR) :D6648-01[S]. West Conshohocken; ASTM,
2001.
ACIE B R B WS BE. Bk TR K E
RARSE AL S]. dbat: NRAZH i, 2011.
SR/NGE  ARABAS 5K 0T BT DR BE X AR RN - 75 1A

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

FRIEE RS [ )], AR 5461, 2010,41
(1):55-58.
ZHANG Xiaoying, XU Chuanjie, ZHANG Yuzhen.
Effect of shearing temperature on the thermal repolymer-
ization of crumb rubber-asphalt system[ J]. Petroleum
Processing and Petrochemicals, 2010,41(1) ;55-58.
ESEN, ERE AREAT RSN ) ], KRRy
FA(HIRRERT) ,2011,31(2) :6-11.
WANG Xiaofeng, CAO Rongji. Rubber asphalt modifi-
cation mechanism [ J]. Journal of Chang'an University
(Edition of Natural Science) ,2011,31(2) :6-11.
FRE T, £, A AR SR SRR R RE
WFFEHE R T]. A8%,2016,61(1) :181-187.
WANG Wei, HE Liang, WANG Dawei, et al. Progress
of research on rubber asphalt and mixture in low-temper-
ature performance [ J]. Highway, 2016,61 (1) :181-
187.
Tz, BN, 5KkE T S MR AR ST A E B
W AR TERELJ]. PR i ( A AR
JZ) , 2009,33(1) :150-153.
WANG Lizhi, WEI Jianming, ZHANG Yuzhen. Evalua-
tion on low temperature performance of paving asphalt u-
sing bending beam rheometer[ J|. Journal of China Uni-
versity of Petroleum ( Edition of Natural Science ),
2009,33(1) :150-153.
OUYANG C F, WANG S F, ZHANG Y, et al. Impro-
ving the ageing resistance of asphalt by addition of Zinc
dialkyldithiophosphate[ J ]. Fuel, 2006,85 (7) : 1060-
1066.
NIVITHA M R, PRASAD E, KRISHNAN J M. Ageing
in modified bitumen using FTIR spectroscopy[ J]. Inter-
national Journal of Pavement Engineering, 2016, 17
(7) :565-5717.
fif 5, ShF, BOHE B 45 A M oo 90 7 A i A LR
WESHTSE [ 0], H SR R4 42, 2012, 15 (2) 1 227-
231.
HE Liang, MA Yu, HUANG Xiaoming, et al. Research
on performance and microstructure of desulfurized rubber
asphalt[ J]. Journal of Building Materials, 2012, 15
(2):227-231.
MILLS-BEALE J, YOU Z, FINI E, et al. Aging influ-
ence on rheology properties of petroleum-based asphalt
modified with bio-binder [ J]. Journal of Materials in
Civil Engineering, 2012,26(2) :358-366.
ZHANG F, HU C. The research for crumb rubber/waste
plastic compound modified asphalt[ J]. Journal of Ther-
mal Analysis & Calorimetry, 2016,124(2) :729-741.
(thiE 2 HF)





