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Study on Relationship between Microstructure Properties and Macro-mechanical
Characteristics of Rubber Asphalt at Different Activation Temperatures

ZHANG Guang-tai, YI Bao, ZHANG Xiao-xu, ZHANG Jin-peng
(School of Architectural Engineering, Xinjiang University, Urumqi Xinjiang 830047, China)

Abstract: In order to explore the relationship between the microstructure properties and the macro-
mechanical characteristics of rubber modified asphalt at different activation temperatures, on the basis of
conventional performance testing, dynamic shear rheological test and multi-stress creep recovery test, the
change rules of microstructure and macro-mechanical characteristics of rubber modified asphalt are obtained
and the relationship between them is established through infrared spectrum test. The correlation degree of
different activation temperatures with macro-mechanical characteristics and micro-structural indicators of
rubber modified asphalt is obtained through grey correlation analysis. The result shows that (1) Under the
infrared spectrum, the activation of the rubber powder mainly changed the strength of the stretching vibration
zone of the sulfoxide group and the butadienyl group at 1 030 ¢cm ™" and 1 600 ¢cm ™" of the rubber modified
asphalt respectively. (2) With the increase of activation temperature, the indicators of sulfoxide group (S =
0) and butadienyl group (C =C) gradually decrease, the anti-rutting factor G*/sin § and the creep recovery

rate R3.2 show the gradual decrease trend, while the loss factor tan § and the non-recoverable creep
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compliance Jnr3. 2 show the gradually increase trend. (3) From the relationship model between micro and

macro indicators, it can be seen that the S = O indicator of rubber modified asphalt has a good correlation with

the macro mechanical characteristics, among them, S = O shows the best linear correlation with the ductility,

and the determination coefficient R* is 0. 888 0. The C = C indicator shows a best linear correlation with

Brookfield viscosity at 135 °C , and the determination coefficient R* is 0. 990 9. It has a poor correlation with

the penetration degree. (3) The gray correlation analysis shows that the comprehensive mechanical properties

of rubber modified asphalt are the best when the activation temperature is 70 “C. The S = O indicator has the

best correlation with the Brookfield viscosity at 135 °C, and the C = C indicator has the best correlation with

the softening point.
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Tab.1 Technical criterion for AH —50 heavy traffic road

petroleum asphalt

R H WA BOREOR
FEABE (25 C, 100 g, 55)/(0.1 mm) 49 40 ~60
B/ C 47 =45
FEEE (5 em/min, 10 °C) /em 20. 6 =10
B (135 °C)/(Pa-s) 0.726 B
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Tab.2 Performance parameters of waste oil

B/ I/
e f R) ( L | REER/% FEC
mra * s g cm
25 56
10 o1 0. 906 0. 36 230

R3 BRBEEULZERS

Tab.3 Main chemical composition of rubber powder

% IR BRIE »ern Ry
JEEH U % 4.7 54.8 28.6 11.9
1.2 H&EITZE

B oy 30 1 By R A6 Bk 5 AL 5873
RakE, ETRESR 70, 100, 130 CHIBEFEN
L hiftA7isfl, B s A5 AR L) 20% 2R 218 A
F B O 170 ~ 180 °C Y AL i ¥ 7 ( BA, Base
Asphalt) v, JEIETH)HLEE 3 2 3 000 ~4 000 1/min,
FEEEYI 1 b, PRSI

I B ARG AR B X R4, /I FR RA
(Rubberizd Asphalt) ,

1.3 RB¥AE

LIAMGIEAY . B TENSOR 27 fdf B84 21 4
AL, EESMHT2 000 ~600 em ™Y IX 8, A [REE
R RV R AL, 4% GB/T 0625—2000 iz,
WP 2T, PN 12.5 g, H# 20 r - min ', B
SRS 78 AR-1500ex i 24X kAT, &
JH 8 mm F125 mm {65, 7R DSR Je B T PATHR
FRESH 1 mm, DSRRER ARSI (0.1 ~30 Hz),
X Ry 5 ~75 C, 20 )RR WA 5. 78
AR —1500ex Ji 284X E#EAT, HilAEAE 0. 1 kPa Ji )
KT s JREIE, IR EEY 9 s, fEER 10 I
5, RIGAE 3.2 kPa i Jp/KF- REH 10 YO, 2
AN 1 Z A e

2 REERSHH
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FHR IS E I I FTIR EG A8 e e, sl 1
AR, AN TR RE T AR B v U B RE A1 A2 Ak
FE LA 030 em A1 1600 em AL, TR B AL 4y
S AN T g BEBL AT 4 PR Bl X

R P B A5 4% FR AR g T AR, 4R RO

AR

0.35 BA ——~RA —70°C --100°C --130 C
03
- =

0.25 X EX

o S5 gt

P 02 %E

= 015 ﬁl
0.1 \
0.05 Frssme————= \__._\\,,fv‘ ’ -

3600 3100 2600 2100 1600 1100 600
PoH/om™!
1 BEMERHS FTIR Eif
Fig.1 FTIR spectrum of rubber modified asphalt
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Tab.4 Peak indicators of S=0 and C=C

o

FRIE GG 41 BA RA 70 °C 100 °C 130 C

S=048%/ x10~* 20.16 27.35 25.39 11.70 7.78

C=CH%/ x107* 19.13 21.44 19. 96 19.27 18.58
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HAHLL, S=0 fl C=C 8% e, & B ARk
AR B Je v it 78 10 77 ) A8 2 AR I i AR B S g, A8
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Tab.5 Conventional properties of rubber modified asphalt

TR RA 70 °C 100 C 130 C

BFABE (25°C, 100 g, 558)/
40.0 41.5 53.2  50.2

(0.1 mm)
Ak A/ C 60.2 58.2 55.2  56.1
FEFE (5 em/min, 10 C)/cm 113 135 154 182
135 CAFREE/(Pa - 5) 6.38 4.14 2.44 1.39
180 °C #i FRZh 5/ (Pa - s) 0.944 0.732 0.572 0.516

HIZE S al 0, BORTEALMBIREED S, W1k
Je BAR MBS SO 0 75 A JRE R EE R 25 5 T 7, 0k A
AT G 286 B 0% ot IR B3 16 A 3 BE 18 AN W T
AL BUCHE IR D8NS, 7E 100 °C i ik 31
R BACREIEI NGRS, 7Eim AR

100 CHHEFIEAL, #55.2 °C; T 135 CH1180 C A
P 285 32 ) 552 BB 0 T Uk 32 T v B i BRI A e o 3k
PG AE N T 5 R AL 4y, AR
S5 R N T, TS AR T TR
K BRIAEAR , MTREAR T e Z [l A 32 1/

6 3 S=0F1C=CHEH5HMIERRTE R Z A
MKFR. HERATH, FE S=0F C=C 5%
fn, B AREFIGE BE 2 AR, Ak, 135 C
F180 CATIRHLE 2T E i aH, Hrp s =0 #54
SRR A e f i, AT R 0.888 05 C =C
BES 135 C A [RBHE LA M ey, AT RECH
0.990 9; T 55 ABEM TP RECH 0.676 4, XA HE
2 T A S PR A 4 AR I 5 - A 22 5

®6 S=0, C=CiEHSEMMRZEIXR

Tab. 6 Relationship between indicators of S =0 or C =C and conventional performance

TRIE (S=0) B/ (x107%)

TRk (C=0) 88/ (x107%)

ek
e KR M RRH (R2) S F b TRRH (R2)
£ AJE/(0.1 mm) y= —0.620 8x +57.433 0.878 9 y=-4.350 4x + 132. 41 0.676 4
#Ak s/ C y =0.206 9x +53. 689 0.816 8 y=1.666 4x +24. 411 0.829 5
HERE/cm y= —2.823 4x +196. 98 0.888 0 y = —23.197x +605. 58 0.938 7
135 CAFCELE/ (Pa » s) y=0.209 2x - 0. 1894 0.879 3 y=1.774 6x -31.571 0.990 9
180 CHi &/ (Pa - s) y=0.018 2x +0. 3626 0.857 4 y=0.155 7x -2.3935 0.983 7
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Fig. 2 Principal curves of complex shear modulus and phase angle
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T, WHBEERGTBOR, 95 Sk vk Be 4 32 i
T BTHR, HOH G /sin 8 B, tan 8 BN

KT BEMIERS G /siné 5 tand

Tab.7 G~ /siné and tan § of rubber modified asphalt

RA 70 C 100 C 130 C
G- sing~'/Pa 54798.95 40839.73 34592.61 23 245.41
tan §/Pa 1. 64 1. 89 2.21 2.73

X8 NS=0fMC=CH%5 G /sind, tand Z
BICHR . H#8 A, FiE S =0 M C=C 8w
Wi, G*/sing E2IBH T E B, tan § EIZE
WA % S=0 M1 C=C 58525 C, 10 Hz
INEIE T BRI EPFHY G /sin 6, tan § Z [A] 1
ABUFRRA, HP S =0 48805 tan § 1al Pk R AL
$0.887 6, C=CH5%5 G"/sin & (AT P REE 2
0.981 2,

%8 S=0, C=CiEH5 G /sins. tans ZHEMXER
Tab.8 Relationship of indicators of S =0 and C = C with
G /sin 6 and tan &

HIZ€ 9 WA, BEE WAL R T, BRI A
FROR3.2 BB/ e, ANl [n] 0 A T
Jnr3. 2 BB T A, X2 R B R
PRI TE il T AR A%, S B0svE I ek R
PEREZHT I o

10 HS=0MC=CHEE 5 R3.2, Jn3.2 2
IR, 10 i1, B S =0 1 C=C 5%
W, WEASI AR R3. 2 BB A S, Aal s
AR AR J3. 2 BEPREARAEH. S=0 1 C=C 15
BH R3. 2 FHAFRZMEASENE, 5 Jnr3. 2 HHHEF
WRBOCR . HH S =0 4585 70 CHERg Jur3. 2 A
KPEfchy, PTRARBCO 0.875 05 C=CH5%5 70 C
PR R3. 2 AHSCTERAE, nTRAKCN 0.973 2,

®10 S=0, C=CHEH5 Jnm3d.2, R3.2 ZEMXR
Tab. 10 Relationship of indicators of S =0 and C = C with
Jnr3.2 and R3.2

W (S=0) 8/ T M#E (C=C) #HE/

(x107%) (x107)
" AR A " R A
kRMm T kmmm
B (RY) (R
y=0.852x + y=7.5519x -
64 C R3.2 0.776 9 0.955 8
0.8817 133.35
y=0.444 2x - ¥ =3.9394x -
70 °C R3.2 0.790 2 0.973 2
0. 191 70.218

64 C Ju3.2 y=36.739x "% 0.8640 y=2E+15x"""% 0.8757

70 °C Jnr3.2 y=61.253x""14  0.8750 y=1E+14x"0% 0.8557

WA (S=0) %y T ME (C=0) 4V

(x107%) (x107%)
- AR R KR AT
K Z MY " o
B (R2) sl % (R2)
y=1223.5x + ¥ =10 658x —
G-sind~'/Pa 0.8258 0.9812
16 279 172 788
y=—0.0455x + y=-0.3612x+
tan & 0.8876 0.874 8

2.9382 9.2725

2.4 BZEAREEERR
&4 AASHTO MP19 - 10 43 G bpif ™ 1y B2k,
KT 3. 2 kPa (RS 7K, LAAS AT [B] 5205 A2 22 4 Jnr
P AE 152 38 R AR PRS8BT, TR PRI I0 I Ny
64 CHI70 C, FRNAIRERINGE 9 Frs,
R BRMMERAER Jard. 2, R3.2
Tab.9 Jnr3.2 and R3. 2 of rubber modified asphalt

PEH RS RA 70 C 100 C 130 C
64 C R3.2 27.82 17. 61 14.77 4.86
70 C R3.2 13.95 8.49 6.74 2.14
64 °C Jni3.2 0.56 0.77 1.48 3.21
70 C Jnr3.2 1.47 1.83 3.46 6.78

3 RBXEDMN

IR FR GG AR e T 1982 448 I i) —Fif
B TRRGEINE ™, © RS ST 5 i R R R
Giorhir, REKEERRIEMANHY R E, KK
RIRIIHTiE I — P BT

(1) BHESHES %o = {xg(k) | k=1, 2,--, n},

(2) ¥ b 3R B9 A B 08 Ak Ak 3 i LG K9]

xi:%xi(k)lkzlaza“" Tl} <i:1’ 2’a'“s n),
%%}!ﬁﬁuyozgx()(k)/xo' k:]7 2"“’ n%,
Hﬁﬁﬁﬁuy():;xo(k)/xol k:I, 2,0, n}(L:

1, 2’...’ n)g
(3) RGEKAREK

min minA; (k) +p max E?XAi(k)

fi(k> — |i=l,nk=1,n
A;(k) + p max maxA, (k)
(1)
A(k) = ‘xo(k) - x,(k) " (2)
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(4) sREHLE v, Tab. 11 Performance indicators of asphalt
Lo Jebr RA 70 C 100 °C 130 C  #ifk
Yi = 7,;5"(“ ’ (3) ’ir)/]\i‘i ()25 T, 108, 55 0 aLs 2 502 Py (mem)
v, = Ui Sy = mjmu""o ¥, = min {u;,u(0) | it/ C 60.2 582 552 56.1 P (mem)
maxt; Ui max {u;,u(0) | W (5 em/min. 10°C)/em 113 135 154 182 Py (mem)
(4) 135 CAi[CEHRE/ (Pa - s) 6.33 414 244 1.39 Py (mem)
(5) KBEERK/NED) . 180 CAFRANIE/ (Pa - 5) 0.944 0.732 0.572 0.516 Py (mem)
x; 5wy WREREE 5, K, TR v, 5 x, ERE tan 8 164 1.89 221 273 Py (min)
BB, W x, X x, AR IR 70 C R3.2 13.95 849 674 214 Py (max)
3.1 ,}j"].sﬁfi B4R E 5 E A7k B X B AT 70 °C Jur3.2 147 183 3.46 6.78 Py (min)
W FRBT A RE RN AL 5 RT L S0l SR AE U 75 7 212 HENEE
EEAFEE AR AR E M, 48 BE AT DATE E U 7 1 8 Tab. 12 Effect measurement table
135 °C . 180 °C \¥ A7 Q2G4 4 W 75 VR 4 bt T o RA  70°C 100°C 130 C
AU E I TR MEZ FERE; G /sin & F tan & 7] D FFAJE (25°C, 100, 55)/(0.1 mm) 0.865 0.898 0.8 0.921
W R R PERE, B tan & K A SCHER 434 b/ C 0.9 0.987 0.961 0.977
WEAR [A] 47 %6 R3. 2 A] AL T B T K 52 558 R 2% I 1) FERE (5 em/min, 10 °C)/cm 0.774 0.925 0.98 0.802
B0, AR EIEEEA B T3, 2 B8 i35 1Pk 135 CATICHE/ (Pa - s) 0.562 0.867 0.680 0.387
ANABRES o JHUL EARFRORVEM W75 AR WS4 180 CHIEREREE/ (Pa - 5) 0.72 094 0.88 0.747
fiE, WA SIS B P AR LI RS B wno Lo 08 0702 0.6
HITEALIREE . £ RA, 70, 100, 130 CiHALIEET 70 °C R3.2 1000 0.609 0.483 0.153
MR LS T R PRI R FE SR, y, 0 CUR2 Low 03 005 o020

xy, xy, WL AR AR OB, W2 % 75
%, = {46.2, 57.4, 146, 3.59, 0.691, 1.64, 13.95,
L4714, FISCRIN BE G — Rt o
HAR (4) PERCRINEEAS#e, Wk 12 frox,
LG RORIME, vy, =0.8615 v, =0.862; vy, =
0.742; v, =0.601 By, = max{y;, o, vs, Val
P3RBT AR, BIETS AL IR EE Dy 70 C
BHL, B IE W E G 1 PERE R AL o

3.2 MM SR E R R E XKD

LLS=0 Fl C=CHREChSHEHI ,, UEA
JEL AR RERE, 135 CARIRANEE . 180 CHi LA
. G /sin §, tan §, 64 C R3.2, 70 C R3.2,
64 °C Jnr3.2, 70 C Jnr3.2 3R NS L EI) «,, «,,
/AN
(1), (2) 155 S=0, C=CHE 55 MIEbrZ A
PRI R, Wk 13, % 14 Fors,

X35 X4, X5, Xg, X7, Xg, X9, Xig, Xjo

R13 S=0EHSRENERZEHXEKRY

Tab. 13 Correlation coefficient between S = O indicator and each macro indicator

SEB  HAKE  BLA - 135 C 180 C C ins s 64 C 70 C 64 C 70 C
MR RN R3.2 R3.2 Jni3.2 Jni3.2

RA 0. 589 0. 670 0. 555 0.792 0. 883 0.942 0. 555 0. 844 0.790 0. 443 0. 457

70 C 0. 650 0.710 0. 663 0. 800 0.737 0. 740 0. 647 0.752 0.753 0. 506 0.514
100 °C 0. 652 0.759 0.702 1. 000 0. 857 0. 800 0.708 0.795 0. 830 0.744 0.721
130 C 0. 586 0. 632 0. 530 0. 987 0.757 0. 861 0.517 0. 898 0.876 0. 346 0. 364

& 13 A7 g, MRIEA (3) K S=04%5
KBRS Z (B AR L B R E R .y, =0.619; 1y, =
0.693; v, =0.612; v, =0.895; y, =0.809; v, =
0.836; v, =0.607; v, =0.822; 7, =0.812; v, =

0.510; y,, =0.514, B B H Vi > Ve > Vg >
Yo >Ys > V2 >V >V > Y7 > Yy > Yo HIKEKFH ]
M, 5SS =0 HECCHRE R AF A 135 CA R R,
ORI PE fe 22 () AN A] [l SR AR e 6 Jnr3. 2
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Tab. 14 Correlation coefficient between C = C indicator and each macro indicator
wh A B om0 0 0 s s 0T 0T e 0%
WIREHE AT RAE R3.2 R3.2 Jni3.2 Jni3.2
RA 0.741 0. 956 0. 666 0. 467 0. 685 0. 640 0. 667 0. 492 0. 465 0. 462 0. 485
70 C 0. 853 1. 000 0. 887 0.811 0.929 0.922 0. 847 0. 897 0. 895 0. 552 0. 567
100 <C 0.778 0.991 0. 888 0.678 0. 813 0.903 0.903 0.912 0. 851 0.992 0.933
130 C 0. 809 0.948 0. 666 0.526 0.765 0. 649 0. 636 0. 488 0.478 0.337 0.363

Hie 14 P, MRIE AN (3) K C=C Ik
5% 5 WAR AR Z [ AH BL A SCHR BE .y, = 0.796;
v, =0.974; v, =0.777; y, =0.620; y; =0.798;
v6=0.7719; v, =0.763; vy, =0.697; vy, =0.672;
Y10 =0.586; vy, =0.587, KHELEEMIT J: v, >ys >
Yi>Ve > Vs > Y7 > Vs > Yo > Ve > Yu > Yo HIREKF
FIRTH, 5 C = C RO i f b, Rk
JE 22 1) AN A [l S MR AR S A Jnr3. 2,

4 #Fig

(1) ZEAMERHA R, Bk 285 e i 0 T
B, SCHKGREE C -SMS-S W, EMS=0MC=
C IR, [RBIE eI FTIR B35 B T A 0%
FRnaE Bl I Al B A T, TR P B e A S
TSR, AR 7 R e A BN A AR 4 4R Bl DX BEHE K
R APERS L&Y, 15 S =01 C=C e
AR S

(2) Xt S=0HC=CIREGEMWSAPERETR bR
PEATRIK, FH2] S = O H5 805 %E B2 (9 LM AH S 1
4, PTRAKN 0.888 05 C=C 4555 135 CHfAi
BB IR MR G By, T BR AR K 0. 990 9,

(3) iy KA SRR AT BIETTALIRE S 70 °C
ARV ED T B 1A PERE R I . 15 S = O 4R BRIk
JERAF R 135 CAREE, 5 C=CHR0HRE iy
SRR, AR AR SR Jnr3.2 5 S =0,
C = C 18 SRR BE P 022 o

S &3k :
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