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Abstract: Effect of crumb rubber modifier (CRM) characteristics on rubber asphalt and rubber

asphalt binder filtered rubber powder was studied based on Brookfield viscosity. These
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characteristics include content, particle size and production method. Large molecular sizes
(LMS) of asphalt were analyzed by high pressure-gel permeation chromatographic experiment.
Based on this, the influence mechanism of the interaction effect (IE) and the particle effect (PE)
on Brookfield viscosity was discussed. The results show that the viscosity, IE, PE and LMS
increase as the crumb rubber content increase for rubber asphalt binder, which is not obvious for
asphalt binder filtered rubber particle size. The viscosity, IE, PE of ambient rubber asphalt
binder are obviously larger than that of cryogenic CRM binders. The viscosity of cryogenic
asphalt binder filtered rubber particle size is larger than that of ambient asphalt binder filtered
rubber particle size when particle size is 80 mesh or high content. The LMS change rule is not
obvious for ambient and cryogenic rubber asphalt binders. The viscosity and PE of 40 mesh
rubber asphalt are larger than that of 30 and 80 mesh asphalt, and the IE of 80 mesh rubber
asphalt is the highest. It is more effective to reduce particle size for the viscosity of cryogenic
asphalt binder filtered rubber particle size. The smaller the particle size of rubber, the larger the
LMS of rubber asphalt. LMS has a significant correlation with viscosity and certain relevance
with IE, but it is poor for PE. There is a significant influence of crumb rubber modifier
characteristics on rubber asphalt binder. Reasonable rubber characteristic is helpful to produce
high efficiency rubber asphalt binder. 5 tabs, 11 figs, 30 refs.
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gel permeation chromatographic; interaction effect; particle effect

0 3

1 TH AR RS 56 1 2 AR A L ST ) E R TR .
SR FH 2 %8 i R 4 g eSO 790 T R e i 2 IR AT
18 3 e TSR R X s DR TR 6 S A o i
P ) A AR 0 7 T AR v R R e B T
YU AT 5 KR MR 07 T 2 A b g
JEVH IR A by il 25 AR B 0 7 1) £ B R M R 2 — 3
AR X AR I HA

H HTB Ry A2 7= T8 A5 Rk 58 %%,
3% 2 b A 7= 25 0 e 98 X A 30 547 12 R 18 5% i e
ANAHTF] . Shen % 3 2 20 50 UE B 5 8 1% 2 77 1 e
BRI VR AE 77 Bk R 1A 2 F% . BRI
TR 5 by 2 T BUEL AT R AT A A OG5 B X
S R TR A I R B AR ) B R R B AR E 4
PR 5 0 N [ 58 o V% R A 7 1 A e M 1
HE LA A5 ASUE A B RO 5 AT K 3R S AR R
B SR el i O S S e e R R 6 V)
Memon & ] H, O, A4k B8 et 5 - & B AL I
Ty RO U 5 0 e Ik RO AR M RE A T R Y s Sha-
tanawi 5545 ] FeSO, AE i 4657 il 28 19 510 R i
Ky etk B WAL R . BRI R T
A A B A B RO AR R I TR 1 BE R
EH B . Jeong AT R WK IHIR K B A T3

T

PRI WRTE B K I3 1 EC 38 T DT S 5 5 W 1 U T
(1) 26 2 A2 DR 71 5 Hossain S5 A S 39K 1H i
Wi FH ek AT LA B AR 10 T 1 B K SR R 0 Kim
R B B R I R IR R A B T 3 v i A T fE
JIRARIRLBAE T s B AR W I A R
IR 4B R 2006 . HETE 20~ 60 I 5 Ay Bk
Vi VEREBAF - 5 W 1 S TE AR Ky 45 ik B —
E R T 15 H BSOS AR I R o B R B Y
PR AR E R R 20 HIRML T 40
H R 60 HIEH  HiR R B 1 18207 s AR I W 45 &
BL A0 AR M W8 RS AR SR B e ) oK P AR
B G F dc oK, 60 H Ik Z .20 H fie /b
Mk AN SR FLRLEE D9 80 H 48 4k 1506 4%
FE A Tl A6 AR S U0 7 G B i () 5 AT 3 T S R
BB B R R 200~250 . BRRE P EHE
A IS8 — B0 R 6l JB A v U By A 4 T
B A P BE B3 5 (HLSC T B IH RS by i e (48 4
O AR T T B R G G S — IR [,
L B TR A B R U 7 AR 22 e B R TR AR
B A A BUAT HLTE RS AR AT 210 T 28 45 B
AR T 4 1 AT R AEAR RS A ] A

g5 LTI L R 1 A 7 L VRLAR RN 3R i R
5 B R AR I U0 7 O 2 2R X SR
AP E F BT B A PERE . (. o E A



28 k& XRFFROGAMFR)

2017 4

M TE I B A 58 427 I8 BB 14 3 S R X AR
HERERY N AERZ A o NI AS SCLARE B O 48 4 - B 5T
S R R A X AR G 100 T 28 R LA B B AR TR A S B U
FHEERY R R R M RE b BRI IRO 5 W B9 RO A
FHIFNAR I JE A58 1) 5 B AR P 0 A5 M 10 7 366 2 1) 2
Wi o %ot e T AR I THL M o8 5 77 114 A 7 AL
FERZ MR DA 3R A 2% BRI T4 ) AT T Y
T RSO B

1 R#8

7RSI H A B S A A PR R
SKOO® i vy - H EZ LIRS WA 1.
£1 BERFELBHAER

Tab.1 Main technical parameters of base asphalt

EEAJE (25 °C .| ZEFE(15 °C, -~ RTFOT(163 C, 85 min)

100 g.5s)/ |5 cm * min~ ') 5 FEt | B A | 25 CHE

0.1 mm /em K/% | W/% | BE/cm
92.2 >100 46. 2 0.07 70 9.0

AR 2 MR A 7= T2 G REE 58 R D
AR Ky W BRAL 22 38 bR W3R 2.4 3. TRl .y 1
T B Ao UKL X 305 7 1 BB 1 5% e s B B A — o GRD
AR IS 43 5l 3k 30,4080 H 14 A i i 4% T
30 HJ& 20~30 HZ AW ik & .40 H & 30~40 H
Z [E i 5. 80 H A& 40~80 H Z IRl By i 4R 1 .

®2 BABERHHVERRER
Tab.2 Physical technical parameters of CRM

jEe RN E] PR/ ARG/ Ve |G R o | Y
(kg *m %)

BARVRME | 260.0~460.0 | <1 <<0. 030 <<1.000

I 305. 6 0 0.011 0.076

B URT: 299.6 0 0.011 0.074

E AR AR A (AR (GB/T 19208-—2008) , F R .
®3 BASKMHULERARIER
Tab.3 Chemical technical parameters of CRM

KBTI | K% I | OEEE | BRBE | BRI
w/% | w/% | BN | ER/%
AR | <8.0 | <1.00 | <22.0 =28 =42
v 7.5 0.75 7.6 29 50
Rk 7.4 0.76 7.5 31 52
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Fig.1 Rubber asphalt binder draining setup
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Fig. 2 Viscosity of rubber asphalt binders
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Tab. 4 Results of ANOVA of rubber asphalt by LSD test

BB | LSD 4341 || #88/ % | LSD 4341 H% | LSD4r4l
gl A 20 A 40 A
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10 C 30 C

EA-RFH 0 BAB R CHaE TR,
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Fig. 3 Viscosity of rubber asphalt binders

filtered rubber particle size
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Tab.5 Results of ANOVA of rubber asphalt filtered by LSD test
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Fig. 4 IE results of rubber asphalt binders
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3.4 PE XS & ER M

Bl 6 Bt/ o B A AR U 75 4 i PE A{E . 7]
LA th 4B B 100009 3 Bl BRI 7 Je B ik 150010
80 H IR IH B oy Bl 0 1 1) 286 186 O B A L D U
(19 285 B A o 3o A B e Y B3 4 B /NI S AU 10 7
R T B R 55 U A SN A T T R T K Y
R AR F) S BB A FH S A 093 75 6 B8 ) BTk A
BRBINE 150005 AR BT BT i R T ug ek
PEV T R L 2R B N = 2006 )5 . R IH K
Hor RO IR AT 00 75 18k 0 9 K SRR I U0 7 26 JEE 3 K Y
SR T A A 3 T By T A R ) ) 52 Bk
TS I L R S A B 03 T 0 B R T B, [
IR A PR S 1) PE 35 R T 9% R KRS B
PEIHE B9 PE; 40 H A BB E /9 PE R T 30
H5 80 H Bk ¥ 75 /Y PE, HAE FIHLEE 5553, 3
TR W T R AL A HLBEAN )

41 [zZ230H
[C140H
| [mm8oH

3

2+

PE

KH

6 MRIEWE I PE 4
Fig. 6 PE results of rubber asphalt binders
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Fig. 8 Contents of LMS of rubber asphalt binders
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rubber asphalt binders

B AR 3 7 2 B R g R A Rl AR T
LMS 5H IE 7 — & A e . LMS 5 PE iy # %
PR 25 BIDRCH 5 0 75 1 B AE T LMS #5 B 3%
PEAE R A WS 5 Hh /N o T e 22 ko 0 75
) LMS SRk, Bk, LMS & &5 IE 2I1EMHK
PELBPIE K LMS & 8 K. 1m0 Wi & ok 17
GPC 3 B 3 ok e A9 S00KE , DR I o e s 0L ) 58 1B
YERI(PE)XT LMS 5 5 (52 W 8/

4 % iF

=H

(1) Bl B H 45 1t 038 0 ARS8 3
TG 5 TR R R T RS ] s TR R
JE A AP U 7 R R s AR R4 iR 40 H 9 R Bl
Wi IR 30 H A 80 H Kk, HL i i B B 5 e
¥ 45 5 1 1 0 A8 A5 B

(2) U Bk A SN e Ao R )i Bl O 7 10 386 B L
IR REA AR MK, WIERES R R
FLZH 30 HEKB & (10%0) 1K 1H Bk 0 4% 12
HLUR I E R ARG EEA MY . HJ2 80 Hul
5 50 ¥ VR IE R WO 0 7 3 DB 7 0 R B K TR IR
Ky eI L B R . TR IR BB SO
HL U R A R 5 5 0 1 n 3 . ik
U T 80 I B AN W L B A VR IR A 4N
XoF T AR D 7 Ao U T A LB 45 i 8
AL

(3) 5 TR I OV 3 7 e 5 U 4 B AR
FHTE 55 0 FH ¥ VR 58 oM AR IS 0 75 19 TE; B &
JEE A SO 3G o A ) 48 8 3 SR APk U 7 R TE
B, Horp, 80 H H R Ry BoPE U 1 TE B K F
40 HY 30 H Bk ot Wi 5 19 TE; b & 1Kk 48 & 1)
B H R 5 R IR R R SO U Y TE R AE B
s TR A 4B N 15 %0 38 i == 20 6 B L AR U
T 0B B AR AR A s 2 TH S 55 0 75 1 A 5
RS 75 70 B A PR 2

() JEE A 48 BB/ NI S AR 5 100 386 B 32 2l Jie
¥ 5 7 09 BNE BT R T I TR 1 R AR X AR S 1
T A DTk A D 5 R A S W R S8 B AR
PE 1 3 K 9% VR SRy S50 W 75 5 40 H SRy o5 1
HACHAE A KT 30 H 5 80 H by iy 38 Bk A
FH 5 0% 1H k3 169 UKL A8 6 AE T PE 548 B8 0 7 19 2
JEAT Ay W3 R e

(5) B 48 1 % W 75 K40 F LMS & 5 52 i i
E.puE . LMS iR (A Y3 aiE 5 20%
BF AR 1 LMS 5 5 B AR R A s I b A2
BN AR LMS 9 i 8K A R 0N AN [
AP T AR M 1 LMS & A W R ARk
A, BRI LMS &8 5886 508 B3 W
MM, SHIEA — @M A2 LMS & i
5 PE MM Mg 2.

C6) A SCHY I B 5 10 75 K A 249 0 R 48 H
F W A AR G0, DU T R R IH R
53 1189 S INE 15 52 X6 A FH XS A 10 75 286 ) 5 o B 7



% 24 FOF R\ RO RS IR R AT A 0 B a 33
Materials Research Innovations.2014,18(S5) :39-41.

S 23K R . . A
LT XUy xldi R, 2T &= Nl RIS SMA ]

References: SRV AR Y 95 L. 08 BUR, 5 36 T LB A

[ 1] PRESTID L. Recycled tyre rubber modified bitumens 2016,33(3) :57-59.
for road asphalt mixtures:a literature review[ ] ]. Con- LIU Li-fang, LIU Zhan-liang. Research on technical
struction and Building Materials,2013,49:863-881. characteristics of asphalt rubber SMA mixture based

[2] % BT M.ETLE BEHEEIRSERE e on laboratory test[ J]. Road Machinery &. Construc-
F e 7w 3 o A LD 0. v [ 2% B 2 4l 2013, 26 tion Mechanization.2016,33(3) :57-59.

(4):16-22. [10] SHEN J N, AMIRKHANIAN S, XIAO F P,et al.
HUANG Ming, WANG Xiang, HUANG Wei-dong. Surface area of crumb rubber modifier and its influ-
Analysis of influencing factors for self-healing of fa- ence on high-temperature viscosity of CRM binders
tigue performance of asphalt rubber mixture [ ] ]. [J]. International Journal of Pavement Engineering.,
China Journal of Highway and Transport, 2013, 26 2009,10(5):375-381.

(4) :16-22. (L] BEISC 2 5 BEAR B ol Ak 0 7 B 1k B 5 i

(37 XT-2%. % S W AR08 K % i D9 46 4 PIERLI .l T 25 5 5 i 2004, 17(4) - 38

L1, SUBEALAR S5t T LA AL - 2011,28(3) . 59-62. 41,49,
LIU Zi-xing, CHANG Li-feng. Performance experi- LIAO Ming-yi, LI Xue. The stability of crumb rubber
ment and analysis of influential factors for rubber as- modified asphalt and the factors of the effect on sta-
phalt[J]. Road Machinery &. Construction Mechani- bility[ J ]. Journal of Petrochemical Universities, 2004,
zation,2011,28(3) :59-62. 17(4):38-41,49.

[4] # BIOF M. TR GRITIRSEEIFEREn (12] AR a6 . fEHR . % T 55 BRSOk ek 0 5 1 g
Bad R R 51 & B A MR, 2013, 26 WFSELT . H DS A 38 K 2 2 e A SR BE 2 Wi, 2009, 28
(4).16-22. (6):1025-1027,1059.

HUANG Ming, WANG Xiang, HUANG Wei-dong. HE Zhao-yi, WEI Jie-lai, WU Hong-yu, et al. Per-
Analysis of influencing factors for self-healing of fa- formance research on crumb rubber modified asphalt
tigue performance of asphalt rubber mixture [ J]. [JJ. Journal of Chongging Jiaotong University: Natu-
China Journal of Highway and Transport, 2013, 26 ral Science,2009,28(6):1025-1027,1059.

(4):16-22. [13] MEMON G M. Activated method for treating rubber

(57 TR R AL e 5 75 15 4 1 1 R M R[] particles: US.5927620[ PJ. 1990-07-27.

S BLAR S it T ALBR AL . 2012,29(4) 1 64-65. [14] SHATANAWI K M, BIRO S,NASER M, et al. Im-
WANG Hui-min. Road performance of rubber asphalt proving the rheological properties of crumb modified
mixture of stress absorbing layers[ ]J]. Road Machin- binder using hydrogen peroxide[J]. Road Materials &
ery & Construction Mechanization, 2012, 29 (4) . Pavement Design.,2013,14(3) :723-734.

64-65. [15] JEONG K D,LEE S J, AMIRKHANIAN S N,et al.

[6] CONGPL,XUNP J,XING M L,et al. Investigation Interaction effects of crumb rubber modified asphalt
of asphalt binder containing various crumb rubbers binders [ ] ]. Construction and Building Materials,
and asphalts[ ] ]. Construction and Building Materials, 2010,24(5) :824-831.
2013,40:632-641. [16] HOSSAIN Z,BAIRGI B, BELSHE M. Investigation

C71 & & B AR I 75 1 Jy W Wi Bt g L) . 5B of moisture damage resistance of GTR-modified as-
PLW 50 TP fk ,2011,28(10) :54-56. phalt binder by static contact angle measurements[ J |.
SHI Xin. Study on design of new rubber asphalt Construction and Building Materials,2015,95:45-53.
stress absorbing layer[ J]. Road Machinery &. Con- [17] KIM H S,LEE S J,AMIRKHANIAN S N. Rheology
struction Mechanization,2011,28(10) ;54-56. investigation of crumb rubber modified asphalt bind-

[8] LI B, SHEN J N, XIE Z X. Influence of trans- ers[ J]. KSCE Journal of Civil Engineering, 2010, 14

polyoctenamer on rheological properties of rubberised

asphalt binders after short term aging procedures[J].

[18]

(6):839-843.
PR AEE K W BB P AR R R e



34 KX FFROARAF B 2017 4

[J]. A # »2013,27(1) 1 1-5. 34(1).7-12.
LUO Yao-fei, LI Zhi-hong, ZHANG Ke. Influence of [24] ZEWéEME.F B VR4, 55 T E AN ik w
mesh on performance of rubber modified asphalt[]]. W P RE I [T ], 3¢ 38 48 Hy TR 22 4R . 2015, 15
Petroleum Asphalt,2013,27(1) :1-5. (1):10-17.

[19] #1 W.RER. K & REHNBERNH BRI LI Xiao-yan, PING Lu, WANG Hai-nian, et al. Per-
TR B2 A2 e AL ERAIF 5T L) . A im0 5, 2011, 25(1) formance test of rubber asphalt based on domestic and
41-43. abroad test methods[ ] ]. Journal of Traffic and Trans-
HU Miao, MI Hai-chen, ZHANG Lei. Mechanism portation Engineering,2015,15(1):10-17.
study of impaction of rubber powder content and the [25] PUTMAN B J, AMIRKHANIAN S N. Characteriza-
mesh on rubber modified asphalt viscosity[J]. Petro- tion of the interaction effect of crumb rubber modified
leum Asphalt,2011,25(1) :41-43. binders using HP-GPC[]]. Journal of Materials in

[20] 2R PROR A AR T 202 BOM LR BE 32 i Y Civil Engineering,2010,22(2) :153-159.

[21]

[22]

(23]

BIGREFE [T . AR g K 2 % i A AL 2% i, 2008, 38
(2):269-273.

CAO Rong-ji, CHEN Rong-sheng. Laboratory study
on process parameters of asphalt rubber and their
effects on performance[ J]. Journal of Southeast Uni-
versity: Natural Science Edition,2008,38(2):269-273.
RESH] Lo AR R IR T R RN T
FEPEDFF LT ] DU H TR 2% 2 i, 2014, 36 (11)
49-52.

XU Ou-ming, HAN Sen, NIU Dong-yu, et al. Investi-
gation of the rutting resistance parameter of rubber
modified asphalt binder mortar[ J]. Journal of Wuhan
University of Technology,2014,36(11):49-52.
Bk, & TR 2 0], 45 IR il % L2 RH
PERERIBEFEL) ], LA K 5 A 40 . T4 R, 2008, 38(5)
10-13.

YANG Yong-shun, CAO Wei-dong, LI Ying-yong,
et al. Preparation process and performance of asphalt-
rubber[J]. Journal of Shandong University: Engineer-
ing Science,2008,38(5):10-13.

SRR ER L L SR R 4 A R PR IE
TR L] K2R BRI 2014,34(1)
7-12.

HE Li-ping,SHEN Ai-qin. XIE Cheng., et al. Orthog-
onal test for rubber asphalt properties[ ]J]. Journal of

Chang’an University; Natural Science Edition, 2014,

[26]

(27]

[28]

[29]

[30]

SHEN J N, AMIRKHANIAN S N, LEE S J. HP-GPC
characterization of rejuvenated aged CRM binders [J].
Journal of Materials in Civil Engingeering, 2007,19(6)
515-522.

FERN ERE G E LB ] K2R
AR FARFIEIR L 2011,31(2) :6-11.
WANG Xiao-feng, CAO Rong-ji. Rubber asphalt
modification mechanism[ ] ]. Journal of Chang’an Uni-
versity: Natural Science Edition,2011,31(2):6-11.
SHEN J N, AMIKHANIAN S N,XIAO F P,et al. In-
{luence of surface area and size of crumb rubber on
high temperature properties of crumb rubber modified
binders [ J ]. Construction and Building Materials,
2009,23(1) :304-310.

KR SRR . 32 8. R IR Kok 9 7 1Y i vk AL 3
L] KR 24 AR RR . 2010,30(4) : 34-38.
WANG Shui-yin, GUO Chao-yang, PENG Feng. Re-
search on modified mechanism of asphalt with crumb
tire rubber[ J]. Journal of Chang’an University: Natu-
ral Science Edition,2010,30(4) :34-38.
GHAVIBAZOO A, ABDELRAHMAN M, RAGAB
M. Changes in composition and molecular structure of
asphalt in mixing with crumb rubber modifier [ J].
Road Materials and Pavement Design, 2016, 17 (4) .
906-919.



