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Tab.1 Properties of asphalt binders

A WK R

s Bk EE

B A (25 °C,5 5,100 g)/0. 1 mm 80~100 88.6 T0604
-1.0~

£ N BEFE % PI 410 -0.6 TO0604
FERF (5 em/min, 15 °C)/cm =100 >100 T0605
Ak A5 (R ERE) /€ =45 46 T0606

BWIE(15C)/(grem ™)
RTFOT(163 C, 85 min) ZALJ5

=1.01 1.034 T0603

0.8 -0.065 T0609

Fim Ak %
FREREF A (25 C ) /% =57 61.2 T0604
FREISERF (15 °C ) /em =8  47.3 T0605

R2 KBRS EK

Tab.2 Composition of crumb rubber %

RER R AT

oAUl . ‘ & g%
s WIS W S SR S
IS |
%/If =40 =42 <22 <8 28—38 <0.01 <0.05 <1
ERy
x3 BRISH&EIZSH
Tab.3 Preparation conditions of RA
A 1B = % il £ i/ °C Ab B [E] / min
5, 10, 15, 20, 25 180 90
140, 150, 160,
5,10,15,20,25 90
180, 195
30, 60, 90,
5,10,15,20,25 180
120, 150

K, B3 % 500 1/ min.
1.3 FERE

PR T AG I U0 T ) 286 A, L O
T T U R — i e U AR W R 4 B
FEW A o, [ A0 A R 175,177,190 C
2 U0 T phy 5 5 F 180 °C il it gt i 51 AR 4
KSR 10 T v 9 K B e e e A E R R 45 R
il % RA 9K J5 5% 1 A % 72 3F 4 7% ( Brookfield ) %
it (27 S 51,50 v/min) , $# B8 ASTM D4402.
2012 {3 56 77 B0 AE RA (19180 CEhEE, S 47 A
[e) 1) 46 2% 01 68 I A9 90 75 %66 52 B B2 T O T O /N ik
Wi 2, A4 PR 3 A R AT P AT IR IR R
YU 347 {81 o 5 3 0 ik 4%
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Fig.1 Viscosity change with the increase in

dosage of crumb rubber
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H g g L, 5 g Ak B L FEE R SEE S Kb B I ] A AR —
SE 1Y SRR

W B 5 R BT A48 HOC R
y=y0+a-exp(bx). (1)

Ko BB R (R SPHE R ; v AR
BT I RE B , Passsya b o e ISR L 3
FrrE 24

AT 2 25 1R AR5 1 B 5 Ik 1B
A G R MHEIYE] T2 4 i 3 4 ] AR
W75 B L A A 45 i B2 48 OR R OR M G
By oAb BE E 160 C R A I E 90 min &
Ab PR 180 °C RS W] 30 min Z5 T /9K &
N 23 B A G  k 5 D v i R A
] B9 VE I RCR AT — 2 B9 S8 2k IR & il
180 C iR G M [A] 90 min i, AR 4f5 [ P9 AR B 10 75 119
180 CHFEERIF R ERVER 1.0~4.0 Pa-s, i@
AR 45 - ]9 5 R AT AR i R
PR W7 % B B R ZOR WY A 48 B 2 15. 9% ~
26.3%, A e, A BF 58 @ W B BN
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Tab.4 Relationship of rubber asphalt viscosity with

rubber content

VOELI B X i
LB/ e/ [\l J=1 77 e RHC R
C min R B
140 90 y=-0.389+0. 345exp(8.426x) 0.973 18
150 90 y=-0.413+0. 368exp(8.279x) 0.972 18
160 90 y=-0.257+0. 239exp(10.348x) 0.986 18
180 90 y=-0.169+0. 165exp( 12.265x) 0.991 18
195 90 y=-0.058+0. 078exp(14.755x) 0.986 18
180 30 y=-0.229+0. 215exp(10. 514x) 0.985 18
180 60 y=-0.202+0. 196exp( 11.357x) 0.990 18
180 90 y=-0.169+0. 166exp(12.265x) 0.991 18
180 120  y=-0.092+0. 108exp(13.572x) 0.980 18
180 150  y=-0.017+0. 065exp(15.192x) 0.986 18
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Fig.2 Viscosity changes under the different conditions
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WA TR 1B N 20% \25% BIAR WA L H
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Tab.5 Viscosity value of rubber asphalt Pa-s
Bt/ % JE e RTFOT £4b)5

135 C 160 C 170 «C 180 C 135 C 160 C 170 C 180 C

0 0.343 0.125 0. 105 0. 088 0. 466 0.155 0.125 0. 104

5 0. 640 0.187 0. 150 0.129 0. 890 0.255 0. 185 0. 140

10 1.370 0. 350 0.280 0.210 2.349 0.775 0.525 0. 403
15 4.550 2.317 1.350 0. 825 8.430 3.033 2.100 1.125
20 22. 825 11. 550 9.550 7.502 39. 467 23.716 20. 550 12.300
25 31.501 18. 808 16. 750 15.333 45. 650 29.203 22.250 18.501
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n(T) = Ker.

(2)
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ERMHERG E, WETRITELGE,J-mol ™.

X (2) 5 1 3R X 8, 74

lgn(T)=1gK -

n

2.303RT

(3)

DRI, R 0l 7 AN TRl R T 90 5 B B ()

fH, Lhlgn(T) ~ L/TAER, W& 3 froR , i ek
E

R R 1/T B R B, B (3) - 5 303R i
(B, ST AL SRAS U0 5 4 6L 19 £, R/ AR B 2
A RS AR AR I T R B R TS L RE £,
4 fiow.

JRUE T 1) 66 B S T P ] 14 i R AR 2 Pk 1
T, ELZR R 4 X R g m (T) AR A 81 % 1/ T
AR R AR, EA YRR KB T 2 B I A2 fl
AR BRI T LA S R 286 7 185 AR R 119 22 St
Kl 4 7AW B Bk 18 5 8O, JEUREAR O




2531 T A AR G T R S e A 2 R B A v A 61
oo o5 a1 RTFOT 4k J5 , K 9 75 B i % 1k fig 1 25 4k
25r ):o%-ORTFOT :5%-0RTFOT 210‘%2-RTF0T FEEESN N = =R A A ORIy = 7 N
20 = IVRIFOT  207%RIFOT @ 257-RTFOT S, AH 6T [RGB (R 10% 41 ) , # 4k )G
1S B I AL B A T 080 R TR 2 Ak o AR v B O

S 'or T R BRI A T B R S Y B A
=0sr BN TR W 4 T Bh BT e ik B
T WAL e K.
05 F
1.0 4 %iﬁ
1.5 : ' . )
05 15 25 3s 4s (1) ARG 75 1 B B 15 A 48 1 4 & 46 06

1(7-10%)

B3 mE5Hlgn(T)-1/T XRMLE
Fig.3 Relationship between Ign(7T) and 1/T

6 -
Sl _ -

[ e BJERE
~ 4 = ORTFOT
3
g
27
ot

] -
ot |, . . P 3 I P 5
0 5 10 15 20 25
BB R/ %

B4 RESZUEERIENHRBELESTL
Fig.4 E, changes for original and aged samples
(%6 0 1% AL BE E, JEHE R R /N, R 2
10% ~15% L N F TG AL REAF ARG (. E, 197%
P BRI T AR 75 T An WL 45 48 19 A2 4L, TRk
TE I 71 R 03 A AR I R AL o e A T
A, W - A B v N 1 5 o TR A g
Lo BT Bl A S 5, B Rz 8h w5 2 v Rk i BE 22
s Y B B R D (< 10%) B, 25305 Ak g B
JBE 53 42 ik 9 8 I T K 5 > R 45 e A i O, T
AR AL AR AN AL OBV KA FH 32 2 BR 1
JE R AE 3 7 32 DA B4y BOR S A AE AR I
TR R EE TR R TR A UL 2 fih 55 057 BN
111733 30 73 1 JEE ) 1855 3R SR R AN R R A — E R
JE L8058 T T -JROBS Y 5T R0 X 6 RE BTk B9
FUEE, DRI 005 AR RE AT P sk, AR I 10 7 2o AR
ARG RE I L O 1T S e 1A R I R 4B AR
52 10 7 b B AG) ML B B 22 S el HE R DL, X T ISR
BN 25% R I, FLRE R R oK (R RS
PEREA — & e i, AT L2 I % AL RE R U 7 TR R
REFE AR , SR M B R/NIF A B G &
Y B A5 15 BB ORI i A TR A7 L 200 %L X 286 FE )

TUBRAR K, 5L 26 U0 175 16 BE B 52 R 50/

FARIY T 2 P e Ak Pl RE A K Ak PN () X AR
0 0 7 b HAT — Y A R Ak PR R 0 B
I ) 3 1P 7T RE 5 1 RS AR K - B A B A T 5 AR
B 1 7 1) 26 E R AT

(2) B A B 13K, B S 2R Y
B RS AL RE B, RECR S K5
WOFEI KB B 10% ~ 15% T B 4 26 37 175 1k RE A7
TEVEAE. XS T AH [5] (9 JB by 48 1, 2 A0 260 16 AL g
CEE PN

(3) MNFEBE 52 ) K 286 U e E 00 # L R AR
K345 1 R 15% ~25% ,Ab B 180 °C, 4b 34 i
[&] 90 min.

SE

[1] YU Q X. The recycling and reuse of waste tire world-
wide [ J]. World rubber industry, 2010, 37 (2):
50-54.

[2] ABDELRAHMAN M A, CARPENTER S H. Mecha-
nism of interaction of asphalt cement with crumb
rubber modifier [ J]. Transportation research record,
1999, 1661(1) . 106-113.

(3] #hEiE, o5 B, sk 3B 3 R AR 0 I AL R T Y
BURFN % J& [ 1] 480 Tl , 2003, 50 (12)
760-763.

[4] HEZY, LU Z F, ZHANG W W. Performance study
on rubber powder modified asphalt of waste tire [ C]//
Tecnth International Conference of Chinese Transpor-
tation Professionals.Beijing;: ASCE, 2010 3272-3278.

(5] Tk ARMS, SE . ok 7E ot I 7 Hh i 47
SEHTLIT. B4R ,2017,34(2) :204-210.

[6] HOANG E M, ALLEN N S, LIAUW C M, et al. The
thermo-oxidative degradation of metallocene polyethy-
lenes, Part 1: Long-term thermal oxidation in the solid
state [ J]. Polymer degradation and stability, 2006, 91
(6): 1356-1362.

[7] PUTMAN B J, AMIRKHANIAN S N. Characterization

of the interaction effect of crumb rubber modified bind-



62 MK 2E R (T %% D 2019 4

ers using HP-GPC[ J].Journal of materials in civil en- (6):47-52.
gineering,2010,22(2) :153-159. [13] LIP L, DING Z, ZOU P, et al. Analysis of physico-
(8] PYmHIE ARMEWI G R B AL AR [T ] o B, chemical properties for crumb rubber in process of as-
2013,33(6) :295-297. phalt modification[ J]. Construction and building mate-
[9] LOUGHEED T J, PAPAGIANNAKIS A T. Viscosity rials, 2017,138.418-426.
characteristics of rubber-modified asphalts [ J ]. [14] 3RiMGE B, 50 AL B I 75 25 I3 52 i [ 2 &
Journal of materials in civil engineering, 1996, 8 AN TR [T ). P A A %, 2010,30(5) -
(3):153-156. 301-304.
[10] A5, X0 5, 1 HB2% AR BM BOk  75 Be Ho vk mg o (15] T, SE8E . ks ol Pk I 5 2 5 52 ma IR 3% R T4
Fo I B AR 5 TR ,2013,13(17) :5050 -5053. BEARRFFE 1], A% ,2012(7) :213-216.
[11] fa i, ¥ KL, 55 JE IR IEH 5 HDPE /SBS = [16] Z=AER, A4 h, 2545, R W MOR LB AT 5T K&
BESUMEIE HEREVT [ ] AR I =2 (T2 HARTRENMMLI]. A2 EFHE,2011,28(1)
i) ,2018,39(2) .67-72. 25-30.
[12] ABEE 30, 228 8, I & B, S5 AR IR UT 5 £ AR P e 3T (17] 2200, A% 4% ¥, 5K IE. JLRRAR TR PE I PP B JE /9 6
M o AR [T ] 370 8% LA 5 T MLAR Ak, 2015, 32 s LR SE [ T] .8 46 T, 2008,37 (1) :33-36.

The Influencing Factors Analysis of Viscosity and Viscous Flow

Properties for Rubber Asphalt

DING Zhan', JIANG Xiuming®, ZHAO Junkai', LI Peilong’, CHEN Chong’

(1.Key Laboratory of Subsurface Hydrology and Ecological Effect in Arid Region of Ministry of Education Chang'an University,
Xi’an 710064, China; 2.Key Laboratory of Road Structure & Material Ministry of Transport, Chang’ an University, Xi'an
710064, China)

Abstract: To investigate the influencing factors of viscosity and viscous flow properties of rubber asphalt, rub-
ber asphalt (RA) samples were prepared under different conditions of mixing temperature and processing time
for different rubber dosage. Brookfield viscosity tests were carried out on RA samples, and the effect of these
factors on viscosity of RA was analyzed. The visco-flow activation energy(E, )of RA was calculated using Ar-
rhenius equation according to the viscosity values of asphalt under different temperatures. The changing regu-
larity of E, was analyzed. The results and analysis indicated that the viscosity values of RA increased by the
exponential growth model continuously with the increase of rubber content. There was a certain equivalence for
rubber asphalt viscosity between raising mixing temperature and extending the processing time. But too high
temperature or too much time wishot lead to excessive degradation of rubber molecules, which could cause the
decrease of RA viscosity. With the increase in the dosage of crumb rubber, E, of RA for origin or aged samples
both went up first and then droped down. And peak E, existed in the range of rubber content from 10% to
15%. The E, value of aged RA was bigger than that of original sample for the same rubber dosage. From the
consideration of viscosity factors and viscous flow properties, the processing conditions were recommended that
the dosage of crumb rubber was 15% ~25% , preparation temperature was 180 C and the processing time was
90 min approximately based on this research.

Key words: rubber asphalt( RA) ; viscosity; influencing factors; visco-flow characteristics; visco-flow activa-

tion energy



