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Abstract: To prepare graphene oxide (GO) high viscosity modified asphalt, GO and styrene-
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butadiene-styrene (SBS) particles were used as composite modifiers to modify 707 base asphalt.
The properties of the GO modified asphalt were characterized by testing the conventional
performance, rheological performance, and adhesion performance of asphalt binder. Three kinds
of high-viscosity asphalt (GO modified base asphalt., GO/SBS modified asphalt, and Shell high
viscosity asphalt) were used to prepare the open graded friction course (OGFC-13) mixture and
evaluate its pavement performance, and the applicability of GO modified asphalt in the OGFC
mixture was investigated. The results show that the GO can significantly improve the viscosity,
consistency, stiffness, toughness, permanent deformation resistance, thermal storage stability,
and adhesion of asphalt, but has no significant effect on the low-temperature crack resistance of
asphalt. Furthermore, GO has a better modification effect on base asphalt than modified asphalt,
and GO modified asphalt has a good solid-state cross-linking network, which can inhibit the
damage of a colloidal structure and improve the elastic recovery function of asphalt at a high
temperature (60 ‘C). The addition of GO can improve the dispersion and polarity components of
asphalt as well as its surface free energy, thereby improving its adhesion property. GO can
effectively slow down the volatilization of light components in the asphalt aging process, thus
reducing the impact of aging on the stiffness and elastic-plastic properties of OGFC mixtures, it
can improve the aging performance of mixtures in an all-round way and prolong the service life of
pavement. Compared with the Shell high viscosity asphalt binder (mixture), the GO/SBS
modified asphalt binder ( mixture) has excellent high-temperature stability, construction
workability, water stability, low-temperature crack resistance, and aging resistance. It is a high-
performance and high viscosity modified asphalt binder ( mixture) with overall excellent
performance. In the future, the addition of aromatic oil and lignin fiber can be used to further
improve the low-temperature crack resistance and durability of GO modified asphalt binder
(mixture). 5 tabs, 5 figs, 37 refs.

Key words:road engineering; high viscosity modified asphalt; performance evaluation; graphene

oxide; porous asphalt pavement; adhesion performance

T

0 3]

TF 9% B B #E )2 (OGFC) J& — b 5 A HLURE 5 1fi £
PHFIRE B 3% 30 25 PR G 22 LU TR A R e T A
e e B R 375 K [ 1T %) TOUS , EL A HE K L B L R g
IR . OGFC 0] 45 8% fif P 3k i1 4k JF 217 > 1 %
T HE 7K PR AT 2 W 45 ) B0, 22 3] i B 4% [ 3
WAL 7 Bk IR B 2 A . OGFC % 1
U5 T BRI . P T 1960 4F B YR T OGFC IR & B
i ST B B 7 7 PR F S R R 4 R
B R L P PEF T 1980 ~1990 4 M ]
OGFC R AR A L 3X10° m*™, 1970
A 35 [ E R 4N B Ry (FHW A 3 a3 % 8 A7 3 J2 i
& 1 OGFC, B 5 55 L B4 i B 18 M B 1 78 26
B 45 A o S i R A B AT . H AR OGFC
TR AR T AT 52 0 FA 4R T 1976 41 M RR I 51 32F 1)
OGFC B A, 3+ F 1996 440 5 1T CHE K B 11 4

RAE® ). OGFC % i i) 3% 1 it T 82 4t T A b
HES P EXT OGFC 8% 1 i) BIF 9% 2 45 45 M, B B
15— 1 R AR AR Ny ik 2 55 [ Ah L OCHE A
BHE RSO R RSSO . SR B T OG-
FC B 18 25 B 3R 48 K Gl # N 180 ~25%) , 32 #1248
AL BAGEFK G342l 1 TSR R e 3 0 5 B0 1T B &
A A ORI 95 55 L 5 i) 6 T A PR AR R R

5 2% ST VR A R EL L FLA A R A
P OGFC ¥ 1 5 25 5 7= A5 45 A BT e SR 9 PR
OGFC % 181 25 #6) 1 B I F2 7 M 8 AR 0 75 1 Bh 45
RE 7 4E+ BRI R 2E F @ /  AE S OGFC Wi IR Gk
e Ak P A T J TR A 3 R R A ek
PEFI kA U 455 R R BE RIS e M. TR
AT JE B W T (TLA)Y 5 SBS & it ele 4 i 75
& TRV (TS AT HEH OGFC R4 R . %
T E %R B B0 E 1 SINO TPS gt % 55 52 Fi 70
SUIHE ARG G S SR LR E R TR E



42 k& XRFFROGAMFR)

2020 4

(14 e i e P IR B 2 R APET . B AR A A
K B il Bt Rz 7 (SR) 5 SBS & it il £ = 2 i 7
DABR w5 3k 5 W 75 0 A5 D) ) 4% 4 A R Ra o D
Tanzadeh 4§ FBFFESE RR B QUK EER AT 7E4E &
OGFC 1R A BTz s B 11 [l e B AR S Al s
PREESELL 60 “C 2 B Ry S PP 8 0 PRAN T R 6
W5 B R CTPS) X 0 75 26 B s ™), 2 4 R4
Oy M T A TR AR v U 7 5 R B P I AILEER, O
T T AR 75 TR A R s MR RES . NI 2 4%
FR RN = T RE Y LR 4E AR BRE AR
S 2 A R T UL RSN . (O B SR
FH AR ARIURE ] £ 85 505 7 I WF 52 4 0, 0 L2 B A e
KA BHSCE W 75 Bz e OGFC YA R 4 M B B 9% fif
A HROE X TE—E R E R T O e R O U
AR SE 5 0

Gk R H A H BRI RSO A K %
W 5t % T 800 S5 1R P B L AR AR U 45 A R
WO EE A 5 95 H A R 07 2% 3% R Bk
AEN . Pan 45 R H £ BE Bk 44 Kk B MWCNTs, SBS
PLKe MWCNTs/SBS il £ & &6 st & . R B 98 1
H 60 TR IR EW, B —1) MWCNTs Al
SBS W] fif Wi H W sh S B 4y B iRm0 36240
1200% , Wi 52 4 oo M I D) A 48 5 300 %60, Xl
ik OGFC iR & BHF5 T MWCNTs/SBS & &
5 0 SO U T T B R R L 45 R R W B Ot
TR AR R P RE RN BT K 401 M RE R A 2%
MAEESRYY . Hu S50F58 T 0K IR £5 (CaCO,) 5
Superflex KRG 5 A vt = 25 W 7 10 % B2k Rk
CEFABE VERAL AUFIE 2 45, 25 3R B, 91K CaCO,
A i R A M T R L R

AL AT BRI (GO 2 — il T A A8 18 2L ik 40
KA BE Rl A A BRI ETIR . GO FKiH & & H g
Gk S S N DA VR B S P ANE A
BYREMET, FHBERH GO 5RAMHME
JE ] 25 o U0 A A kL BT R R A e v U
55 RIS DURA B4 19 6 A7 A 1 B S AR
Fese Mk K bt & Ae Pk RE AT . Habib %8 F 55 &
LR GOEBE N 0. 1125% 8 0. 225% , i &
SEC R RD AT 4R R 907 BRI 45 AR I BE
e S IR E R RE . Zeng HHFIX T GO
XF 707 R 907 1 Al KL I I T 1 AR Y 52 R L 25 SR 3k B
T 1.0% 8% 3. 0% i GO 7] ok 35 05 5 45 4 B
WA AR E BT AR BT AL AT . W
853 o0 L AR e 217 AP % (FTIR) A1 3l 45 57 D) 3

A I, BF5E T OB AR L 3R (TFOT) F % 4
(UV) AL 1 GO BObE W 7 45 A ki 5t & 1L 1k
RELZE SR EM LB 1. 0% 8k 3. 0% 1y GO n] g 3%
907 3 5T I A SBS Bl W B BT AVR E TR P RE
i UV EALPERE DL S B AG  PE . bAbh, Liu %6
R T GO Sk i SCPEFLEE, & B GO /T 5 3
J Wi AR B R Rk 2E RN TS SBS AL &
A EIER T, [, Zhu %Ok ] AC-13C R4
BCRIZE T il /#8FE GO S U & 8 & 8 i 1k
g, KB GO [ in A R] S5 2 4 = 0 75 TR A R IR
FROEM PR TR 68 )1 Kbt & Atk Be G XHE Ak
KRR P B O ROR A B,

g5 Lk, GO Bk W 45 & R Mk sE A R HL
55 R R R 29 A Dy v 2 O U T R
Rt A 30 GO Jim A KL i 5 75 K SBS Bt #
5 B M A L ORI A A R RO R
(B B AT BRI = KAR bR (A PERE (Bh &
BY VI AR IR 50 L 22 Ny U AR Ik A2 3 6 AN S il i AR S
JE 30 TR BV BE CH2 ik A ) RAE GO BebE s
HIHERE. R 3 MR EDIE (GO Bt 5L 5 0 75
GO/SBS $PEd 5 Mot s 26 0 ) il & OGFC-13
TR A B LB H AR L [ %5 58 GO & 2kt
Wi E OGFCIR AR iy iE F M.y GO et
TE 125 R CPE R T A N B A B A 4l

1 BB 5HE

1.1 a4

SR E R W R s 707 AP . SBS 2K
PERIE B B A AL T 6 42019 SBS Btk
AU B EE T 8 bl 15 SBS s . 2 i
HAFARIEEILZE 1, GO K%M Hummers J5 3
SR N Al 2R AR AR, WK 1, HJZ [ B
HO0.7~1.2 nm, [L RN 2 100~2 600 m?/g,
GO M£LAb it 2 R W E 2, BT CA MR
B AT GO FE SR W7 (707 ) Al SBS 8 1
WHEFNBRAEBRES AR 0.05% /M 0.2%. AT
X OB B R e M R H R AR
RIgPrIL# 2.

1.2 KWAHE
1.2.1 XA H &

FARIE GO TEW T 45 6 kb iR 51k R
HE# s O 2 GO Stk #H . R4 2 Fhin
(707 BLBT i i A SBS Sk I O &R AR L AE
5 BTR G BRI IR BE 25 10 R CRI S5 5 8 2 B2 1



%14 X % E . RN B BOR T FH RN AL OGFC A4 3% A M ft 43
0.15~0.19 Pa = &) il % GO stk & W& 2R Hl& L2 WA 3.
£1 ERFBER SBS MM HEEALAIER
Tab. 1 Basic technical indicators of base asphalt and SBS modified asphalt
80 b 707 S BRI ARk SBS et i 7 AR TR
A BE(25 °C,100 g,5 s)/0. 1 mm 64 60~80 49 40~60
BALS/C 18.0 >44.0 87.5 =>60.0
FERF (5 cm » min~ 1) /cm 24.7(10 C) =10.0(10 C) 34.0(5 C) =>20.0(5 C)
Ji AR AL/ V0 —0.01 —0.80~0. 80 —0.01 —1.00~1. 00
RTFO i % (163 C,
85 min) BB AT AR (25 °C.100 g.5 ) 69. 8 >58.0 76.0 >65.0
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Fig.5 Contact angle test
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Tab.2 Conventional technical properties of asphalt binders

PR bR 707 HE TR T SBS MtEWiH | GO ML W E | GO/SBS Mtk | 7o #i i i

£FAJE (25 °C,100 g.5 $)/0. 1 mm 64 49 51 42 43

#E £ (15 °C .5 cm » min~1) /cm 36 67 38 69 70

Ak g/ C 48.0 87.5 78.5 93. 4 82.6
60 ‘CEI SIFiE/(Pa -« s) 464 24 520 28 620 54 820 37 200
135 CAIIREEEE/ (Pa » s) 0.302 0.437 0.702 1. 206 1. 850
175 CATIREEEE/ (Pa » s) 0.076 0.112 0.357 0.613 0.975
25 CHFFME/ (N« m) 12.1 19.2 18.6 23.8 23.7
25 CHIPE/ (N« m) 11.4 17.6 16. 4 20.5 21.8
BT ri 2 /°C 1.6 1.3 1.5 2.6
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Tab.3 Rheological properties of asphalt binders

ARG IR 707 IR SBS it | GO ML i | GO/SBS stk | e #d
R T (64 °C)/kPa 2.631 6.657 6.018 14. 859 13. 647
W % R(3.2 kPa) /% 1.029 34,945 3.883 51.317 35.326
ANTT WS AE e ik T e (3. 2kPa) /kPa 2. 954 1.638 1. 450 0.596 0. 892
AR 2 B B S(—12 °C)/MPa 236.5 187.3 239.6 191.1 229.8
IEASHEFE m(—12 °C) 0. 306 0.332 0. 302 0.327 0.315

(DGO XF 7 45 A R0 = i P 78 035 250U
. HRIIM GO [y 707 H BT AH . GO Bl
Jii T I GO/ SBS BUHE W 19 430 o il 4 s 1
128. 70080 123. 2% - M T IR R A e . X
FEIZF R GO [ A AT 38 58 5 T K R 0 4548 20
A AT SR BT AR TE RE 5 .

(2) 5% # DSR M AH e, >R ] MSCR $E# 2k
PR T 25 A R R BE TS 2 55 B K v P R
B B A5 S R B e Xt F el Y . Bk, A
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T B B WCEAE T R O 40 B U 75 45 B R 2 A
FRES B E R R MR IR B IG5 T ..

GO MM EHRILE & RAEFMEALA T
. GO B BT 3 53 5 1 SBS s E i & 19 R
B4 B3R5 272, 0% . 46. 9% X B T o A8 0] 43 1]
I 50.9%0.63. 6% . GO U Wi HA M B 3k

HINRERMPLAAEIRE . XEFAWIH R &E B
Z YR BT I3 MR = (60 °C) L IR A I 2
7L A R TR T I 2 8 A 45 A AR A5 T i AA L
GO 1 I AT 23 H0CRT A5 285000 o) B 14 285 449 1) B 3R A1 s
76 725 DX 46 52 Bk DT 4 12 10 7 45 4 Ay s ek

(3) 745 il s A8 2 BE R B0 25 R WL W I GO R4
Xt 7 45 A R A IR T 24 R AR B R, X —
4510 5 Ak FE R 2 R 5

()5 72 i = 35 W 75 A EL . GO/ SBS etk i 75 2
A A R R BTk AR T RE ) AU AL IR P 2
PERE.
2.3 hESERHEMERES T

WiE MR B B e Cl B & RO P 43 i 4
JO R FH T FAE W5 T 256 R0 BB 8 R Dl 3
A5 A R FE B PR R AT A W A A R B B
REM 2SR L2 4.,
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Tab. 4 Adhesion properties of asphalt binders

AL 707 BRI TH SBS ittt | GO ML Wi | GO/SBS stk | Feh & #h
FEIE K 105. 2 106. 4 95.9 101.8 102. 2
Befilfa/ N = mE 98.5 95.2 86. 3 90. 2 90. 6
P it iz 92.5 88.1 79.5 81.9 81. 2
U/ (m] » m—?) 10. 524 16. 833 17. 392 20. 054 21.015
WPkt /(m] « m™2) 2.632 0.941 3.372 1. 245 1.009
FiHHEAE/(m] » m™ ) 13.156 17.774 20. 765 21. 300 22.024

H1 2% 4 AR T8 A Ak T T O 2 v P L
U B R AR B GO R AT 2
5 U T A€ R 0 R D AR M 23 i () » T
T RPERE . SR GO /iy 707 B BT
AR LE - GO SOk JE T3 T 1 € 85050 8RR 1 43 4
Ay R E T 65. 2% F1 28. 1% .GO/SBS g i 75 N
SRR T 19, 1% A 32, 3%, X & GO By
AR T 3 7 0 5 i A o BRI 084 KT K 3 W B T 0

HaRmpMER g s T HRE A HAE. B
ARSI 4 AR I R A B RE B
W) 307 T TR 5 ARk 1) B AL o R R R o B AL o R L O T 5
M VRS I K B E . B TR GO R R Tt
WE IR AR KA M
2.4 OGFC-13 B & B E% AR

H R E W OGEFC-13 1R &k % FH M R i 1 45
RWFE S, HERS AIHRMTLR.
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Tab.5 Pavement performance of OGFC-13 mixture with high viscosity asphalt
HARFE AR GO Mt 5 1R A GO/SBS B Wi 7 18 Ak SEML B IR AR

HFaERE /(R » mm™) 5 867 7 964 6 880

EEA e 2 455.3 2 649. 1 2703.0
IR R A% /106

LA 2252.2 2531.1 2 365.2

E e 95.3 97.8 94. 5
REREE/%

LA 99. 4 102.3 91.6

E e 94. 7 96. 1 92. 2
R/ %

s 96. 2 97.7 90. 5
BIK A%/ (mL » min™!) 398 425 413

(D3 P EE W OGFC-13 R A R gh BE
Yy LR R B AR B 1 R BI/IMK IR i GO/
SBS gk MEIFIR AR e & = IR Ak GO 22
PEWHIRS K. GO/SBS stk H IR & R s Fa E
JE e R m R R A R R 15, 820, R R 1Y)
o T AR P

()3 P #iWF OGFC-13 8 A R i I8 1 A2
MR B/ IR Sy 7 Wt s 6 0 7 TR 6B GO/SBS 2
PEWIEIR A RGO Btk IR A k. GO/SBS it
PR TR A 5 50 R 28 U0 TR S R A A R A A
SR /N T 2% . 28 GO/SBS B I 5 1R &k
HA R m iRy AR .

(OGO P OGFC-13 184k 1Y 5% BB a8
JRE Rk B 8 R LU A T e M R U TR AORE, R
GO X sE i IR AR KB EEER S, &R
AR K RRUE M 38 2 R B3R . GO/ SBS Bl
HIRAEEA LR KR E .

(D3 P FiWH OGFC-13 1A R HEK M g
MR B IME IR GO/SBS Bl P I 75 16 4k 75 1 25
B IR AR GO MU T IR Ak .

OGO B MW HIR AR AEA R U152tk
Ae. EAbIG 3 B s 260 7 1R A R IR N AR B A i i
TR BN MR SRy 5 i e 66 5 TR A k(12,500 .GO
e TR A B8, 3%0) LGO/SBS Mtk i IR Ak
(4.5%) GO Wy A AT 78— & R BE b 22 & Ak X )
HRARMGREIT ARG ER . Z)E GO
SO U3 T VR R 4 B B AR N A B R EE L R A
T I GO SOk I 7 TR AR 5 B AR B AR
PO LL A AR T 4L 1Y% 1. 5%, GO/SBS it Pk
WA RN A>3 T 4. 5% 1. 6% 4L )5 7%
R e 60 0 TR SR I R B e B R R R 5 R L 430
BEART 2.9% F1 1. 7% . GO kW H IR &K A A
B WP A ] L T 2 K I T 4 Ry, LT
REJR 2 GO Bt W 5 4l 4y ARIND!

AN
(=)

I

(=1

A~ B
b,

GO K7 I3 BT Wi 75 b B 2 Sy o i AT
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