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Abstract: In order to improve properties of asphalt under high and low temperature, retard road
distress caused by hot and cold weather, and prolong service life of asphalt pavement, the
perspective of nano-particles and polymer composite modifier was considered, and the nano-

particles/polymer modification system that could improve properties of asphalt under high and
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low temperature was studied. In order to wake the agglomeration among nano-particles and
improve the compatibility between organic material and inorganic material, nano-CaCO; was
modified with silence coupling agent KH560. Nano-CaCO,/SBR composite modified asphalt was
prepared by high-speed shear and mixing machine. The softening point, penetration and ductility
of nano-CaCO;/SBR composite modified asphalt were measured, and the aging test, dynamic
shear rheometer test and beam bending rheometer test were conducted to study the improvement
of nano-CaCO; and SBR on physical property of base asphalt. Scanning electron microscope
(SEM), fluorescence microscope and Flourier transform infrared spectroscopy (FTIR) were
conducted to study the micro-morphology and modification mechanism of composite modified
asphalt. The results show that when the amounts of nano-CaCO; and SBR are 5% and 4% of
asphalt by weight, respectively, the softening point of nano-CaCQ,/SBR composite modified
asphalt increases by 22.3 ‘C compared to SK-707 base asphalt, the penetration decreases by
1. 25 mm, and the ductility value increases to above 100 cm. The results of aging test, DSR test
and BBR test also show that the properties of nano-CaCQO,/SBR composite modified asphalt under
high and low temperature are excellent, and this asphalt can be used in the area in which the
temperature is very high in summer and very low in winter. Nano-CaCQ, particles can promote
the dispersion of SBR in base asphalt and improve the interface binding ability between SBR and
base asphalt. Modification process of nano-CaCQ,/SBR composite modified asphalt is very
complicated, and physical reaction plays a key role between SBR and asphalt. Both physical and

chemical reactions occur between nano-particles and asphalt. 7 tabs, 4 figs, 25 refs.
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Tab.1 Main technical indicators of base asphalt

Eik BIEIIE | R
EF AR (25 °C,100 g,5 )/0. 1 mm 74.4 60~80
Ak A (AR /C 49.8 =45
FEJE (5 cm » min~!,10 “C)/cm 68.6 =15
FEE (5 em ¢ min~!',5 ‘C)/cm 6.8 =0
AR AL/ Y 0.64 | —0.8~0.8
TFOT | £ ABEH/ % 72.7 =61
FEJF (5 cm » min~ 1,10 “C)/cm 9.6 =6

E: TFOT # 3 B 48 X % (thin film oven test),

1.2  #0K CaCoO;

ik CaCO; |y I AR ¥ 38 20 K Bk R 45 A R 23 )
A7 B A AR [E A P B RLAR S 15 ~40 nm,
R AR T 50 m?* /g, i1 T H e 0 M L) 58 4y
SRR AR 1 RE 8O R A e A8 18R] KH560
X L HEAT A2 TG A . 91k CaCO, 22 I L R
JE RLLAN GG 1 Fras . dr 1 R 3 A T AA
2k CaCOy i 1 466 cm ™' Ab A W i & CO3™
C—O A IR sl il 2 546 em ' ARy COZ
H C—O 25 4R sh Wi s ZE36 AL R 40K CaCO; %
HL B SR LRI K CaCO, 33 X 17 A W ig U b 38 HY
BT BT IS 2 906 em !, 2% W AT I Xt A BB 5]
o YR A 4 4R S AN R Bl . X R B R e (R B
A KHS560 & &3 it fb 2= 8 5] A4k CaCO;
I, Ak CaCO; 218 6 A iy Jo U0 5 PR fE XS L 5%
2N, iE R 2 PSR W ERESE AR AT LLE
o, 9Kk CaCO,; KM i AL 5 AT A R 1 s 1Y
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Fig. 1 IR spectrum of nano-CaCOj surface
before and after modification
F2 HK CaCO; REFE W ATEHREX LK TE
Tab.2 Contrast tests of nano-CaCOj; surface

before and after modification

£ AJE25 C, #Ak | ZEFF (5 cm ¢ min !,
T BLHE R A bR - e
100 g,5 )/0.1 mm| 5 /°C 5 C)/cm
Yk |FRMARFEL 60.7 51.4 5.7
CaCOs |F 18 15 1k 65.3 54.8 6.2

&3 SBRUERESH

Tab.3 Performance parameters of SBR

HRES | Pl hLE/ H TRER/Y% | HEHLE/ %
[oRlESE =R <80 100 17~19

FE ) (GB/T 1040—2006) . ( FLIl B & B %) (GB/T
8658—1998),
2 RS ES MR
2.1 KHEMH&E

H ATt I e ik A AR 2 Bk s Y
PO U RN AN AR SOR B S DB B v By
Y10 J5 vk A7 el P 7 09 ) A BRI & P 3RO
O35 o JE T 0 75 A IR BE R 8 T 145 C Bt 48
W JCE 2 30 min, DL 4 E 0 AL R T Bl A I
HE QW IERRE TS & T8 A AWM E
b R P I AGE #E R G Y SBR RIYH
K CaCOy 5 O P/ 7 I B 160 °C o HI BL B 0 +F 2% LA
2 000 r/min 32 4 P 20 min; @ F & 2 55 P #L LA
4 500 r/minyk # 57 ] 40 min, 18 3] 44 % CaCO,/
SBR & &t .
2.2 tEgedliR
2.2.1 ZRIAFN R

Yok CaCO,/SBR & A vt F W Ak L5
A JE IE A R i 0 44 BRI AR AT
2.2.2 HKARB

SR 82A T 7 i BEEHEAS  Fi LR R AT 2 AR
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Wt oE . BRI A0 PRy AR T AL T i 2l AR A i
W GO D g, L ACE K B % (140 mm X 9. 5 mm)
Hh s IR T LA B I B 163 °C o (B A PR R A BE A
B b T e DABEAR PN R IR B PR GA B 162 CC I
U AN R PR R IR O (1634 1) CLAf[A] 5 h;
Xof VSN AL A TS B U T S 4 RE AT o A R L R
FAER A L B R R 5K, 38 L 3X 3 T A A ok DF- A 4
K CaCO; /SBR & A dtbE Wi i B bt &b EfE .

2.2.3 DSR X3 # BBR X%

DSR & 5 % i AR1500ex 3l 2% 89 Y] 3 48 1% #F
e AR e PERE I, i g0 15 B 3 VA i G LA A
f1 ORI T G /sin(O X 3 NSE, W58 X
250 T AR R 5 L A 40 0K CaCO, /SBR
SEA W R R BE. BBR R 56 R H TE-
BBR 25 iy 3 22 A AT AR Be 20 3 L 3 50 15 ) 25
oy 5 A 2 AR A S NG AR I ZR R R m X 2 SR
AT PR A R E R 44k CaCO, /SBR & & sk Wi
AR BT 2 ERE
2.2.4 BV MR T

K H 25 W4 A, H faf == PHILIPS XI1J30-
ESEM i FH i B B Wk MEAEWE
B BCPEA RHE I T B TR B, DA S5 U A 45
B0 .

SR HE BB RE L A Olympus 45 77 i BX41 %
9 AU WS o X A G PR R A T AKOR
HEAT WLEE, FI A [ B4 RE X 5¢ S 4 B I3 R 1 22 S
11 X3« B B L8 B 50 7 1 R/ SURE L el
I B S BR 43 A 15 D

K R 28 B e & ) 40 A
H] 42 7= [ Nicolet-740 21 4N EAUK & A wie vk i
(1) OV VR LB R A T H0F 5%

3 44 CaCO;/SBR EFHMHHF

E3-1
3.1 EHEsE

FRAT AR 25 T 2553 A 55 g1 ok CaCO, B i
HSBR MM 480k CaCO,/SBR & 4 ek 7% Ui
o6 VR BE HEAT IR B F 5, IR g A R gk 4 By
Ne HHEE TR A4 nTE A GRS W ekt
AT/ R W ol PR 5 1 o5 30 7 LM B L
LT H A T ks (H R w0 B R E L 9ROk e
Wi 1 BB A B = R B LL T 7 /N - A W M Kok
T/ AW CPE W T Pk RE A 4R i B LG B R T OR
Yk CaCO, 5 SBR IR &[40k CaCO, 48 & (i & 4y

BRI SR 5% 10t 442K CaCO, /SBR & A B i 5
AL R 8 8 T 44 22.3 CLEF AEREAR T
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Tab.4 Conventional performance tests of composite modified asphalt

P25 °C,| Rtk | IEREGS C,
EistN 100 g,5 s)/ | (AERIE) /|5 cm » min~!)/

0.1 mm C cm

5% 44k CaCO; 65. 3 54. 8 6.2
4% SBR 68.4 57.6 =>100
, 4 %544 % CaCOs 64.5 68.9 =>100
S;]j+ 5% 45k CaCO; 61.9 72.1 >100
6% 41>k CaCOs 62.3 71.6 =100

E 5% M A CaCO; £ 75 F 5% 8 hk CaCO; B M H354%
SBR+4%CaCO; & F#F 4%SBR 5#F 4% 41k CaCO;
S BRI L R B £ 3
3.2 imEmikae
3.2.1 DSR X% & 5 #F
3 )k T L 480Kk CaCO,/SBR & & st
Wi #EAT DSROGRE R E 25 R K 5 Froas. &S
LA 2 P R BT PR R G MR R BE Y T
T/ s 76 AR )56 T BE R - 492K CaCO, /SBR &2 45
BCPEWI T B G OR T SK-707 K& i 5 . R W] 48 K
CaCO,/SBR & & Bt i 7 76 = i T #8 Pt 2 JE 19 B
1L SK-707 HE 5 i 7 B 58 .
RS K CaCO;/SBR EEMEHBHHYIEE AR EREF
Tab.5 Shear modulus, phase angle and rutting factor of

composite asphalt modified by nano-CaCQO; /SBR

SK-70% 3% | 44k CaCO;3/SBR
B TR/ C o A \
W AV R
64 2.48 14.68
N 70 1.61 8. 26
B P
76 0.87 5. 00
G* /kPa
82 2.98
38 1.77
64 84.32 74.67
70 87.01 75.19
AL 6/ (D 76 87.07 76.78
82 76. 46
38 76. 32
64 2. 49 15.22
EX GsE 70 1.61 8. 54
- 76 0.87 5.14
,(l /kPa
sin(§) 82 3,06
38 1.83




%5

R ERF ok CaCO, /SBR £ At Fikae 5L 19
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PR T 22 0 5 A B ORHRBT BT VI/E . SK-707 %k
J i BIAH AL A o B IR BE T R B A B 2k 1
KL 4k CaCO; /SBR & A ot tE Wi & 19 A0 A7 ff1 O
BT B T = BRI KR R R B, EE R
< B R T L 4ok CaCO, /SBR & A Bt U
2 AR — 43 S L P A BB RG JnL ZRBEN A
PEFf 6 38R AH i R 48 AL ot DR 7 78
T AR ZS 40 A o 24 1 B T v B — e R IS 2
PR X5 0 59 P04 HT 00 53 dk 3 0 75 58 o W W 4
[ B4 B A i S AN K CaCO, /SBR & A P
T 0 R 0 R AN AT AR, £ 0 38 Wi/

M L R 76 °C i, SK-707 BRI 1
BUR T G /sin(8) }0.87 kPa, K T ML ML &
9 1. 0 kPa B3R, gk CaCO, /SBR &4 2
Wit HERMET G /sin(OFEWR N 88 CHE L I
W& T 1.0 kPa, £ B4k CaCO, /SBR 4 4 ik 1k i
HERKET G /sin(O)F BRI E.

3.2.2 DBBR X% & 5 ¥

A3y PNE R 7 #E4T BBR iR % .13 3] —12 C,
—18 °C.—24 “CHRE T 15 il i A 2h BE A i S
IEAR 2R m . S BN W R )G TR SR K 0
A5 2 ARE R m B W T R 5 R IG IR A b M B
U W BTN S R A AR T R IR . 1 4
BN 6 s,

F6 AEBEETHAK CaCO;/SBR EEHIEHER S Fm
Tab.6 S and m of composite asphalt modified by nano-CaCOs /SBR

- AR CCO R g AR B CC) iR A5
e o L
o PR S/ MPa Hh 2R A5 m

i ke

—12 | —18 | —24 | —12 —18 —24

SK-70%

- 117.0 350 701 0. 400 0. 306 0.199
LW
gk CaCO;/
SBR & & 81.8 | 221 | 604 | 0.436 | 0.331 | 0.215
S

i€ 6 RI1. 2 B 10 0% A8 S BB S YR
ok P 686V T 39 K (LR I B A T 25 50X R R
H BT R R 2 R 4B o 25 00 R . 48 K CaCO,/
SBR & & WM I T 1) 15 A2 3 B A i 5 SK-707 3 il
Wi AR 7E—12 °C.—18 C.—24 ‘CF, 44l
WNT 30.1%.36.9%.13. 9% . UiHIB A MR
Jei S BT W E R R EGE T U E 7R RR T AR
St HE T .

2 Rl AU S M AR e X B T B B AR T
P /0N o B AR R Bl ol R0 D S S i 22 0 1
gk CaCO;/SBR & & 2tk & 7E il & — 12 °C,
—18 C.—24 'C I m (H ¥ LL LTI 75 K, 43 £
BT 8.9%.7.6%.7. 4% ., F W44k CaCO,/SBR
S SR AR BT B B bR 5 R R
WA 7 LI g s DT AR T B8 T AT I T B A ]
e .

ZRA A M AR 2 B LR S R AR i 2 AR m
59, T LLE 4k CaCO, /SBR & & e 7 B4
3 G R R RE VR .

3.3 EiLikee

SR B 2 b 1 58 X 4 ok CaCO, /SBR &
B EEI AR AT A 5T I A5 R A TR
TR . AR AE A B W B W LR L) TG
F40-—2004) CLL T f] Fr FL 38D XF 5& 57 1 7 0144 oK
CaCO,/SBR & & el P U5 75 19 & 1k 1 Be 2F 47 P fr .
AR W R R AL 5 RN LR KT
WA, I B AL G BBk &, Rk i %,
KU HBBERE B 2 . 91K CaCO,/SBR & &
PR 5 5 BT AH LG R R BEAIR T 43. 800, %%
M RIFmbiefb g, FEF gk CaCO,/SBR &
BOCHE D B B AR A AR, B S
U TR B A AT D e i B 9 ) S A PR BE

Wil BACIG K A REAL S B2 AR /I DRI 30 T 10 5%
P RE R AT A —E R B b B R AR R L i —
WL T P2 AL R ) M AR S AR TR RE . A
W 59Kk CaCO, /SBR & 4 et I 1 21k
A G & FERT LUE Y, SK-707 BE T il & 19 10 C & JiF
PR e K A IE 10 "CIEFEAL K9, 6 cm. BRI
REA% 786, 01% s 4k CaCO, /SBR &4 0 PE Wi 5 &4k
J& 5 CHEFEME R24. 1 em AR BALIFFRAR T 75. 924,
i3 3 A AR RE S BRI 44K CaCO, /SBR & &
WU T BT AR T S AR R RE

4 41 CaCO,/SBR E5 M S
P

4.1 HBIEA#EIH

X3 T 7 L SBR SCPE YT L 480K CaCO,/SBR
A B E AT B 85 H il (scanning electron mi-
croscope, SEM) , 25 In T WA 2 fian. M 2 7
PLA H, SK-707 e 57 I 75 19 OWIE 30 43 A 1 27 8]
2(b) Bl 2(o) 5Bl 2Ca) M1 1 B A BB i JE SRR 1k .
Wk CaCO,/SBRE & tE W F 5 SK-70% £ i
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R 7T 4K CaCO;/SBR E W EHE R LN IX W EREIE IR
Tab.7 Performance indicators of short-term aging test of composite asphalt modified by nano-CaCOs /SBR
AL A A=
L EFABE25 C, g+ A 25 °C, 133N FEJE/
it /g HEJEE /cm
100 g,5 s)/0.1 mm WL/ % 100 g,5 s)/0. 1 mm B/ % cm
SK-70% & 5T i 50.334 8 74,4 68.6 0. 64 54.1 72.7 9.6
4K CaCO;/SBR E &t H 50. 367 8 61.9 100. 0 0. 36 52.8 85.3 24.1
‘ el <+0.8 >61 >6
LA 2R -
(gl <1.0 >50 >10

i :SK-70% K % FH ¥ 10 “C .5 cm » min~ a9 3E F 4 ; 45 K CaCO; /SBR £ 4% FH 5 °C.5 cm » min~ 149 3E F 14,

(b) SBRE M H

(c) #1kCaCO,/SBRE & ik 1t i &

B2 RS T AN U T R SEM IR
Fig.2 SEM photographs of base asphalt and modified asphalt

Wi SBR BRI A L B SR AR A A B I B .
S WO TR0 B v 5 UL B U0 R D/ 1 R
H1 T SBR S Z fLEE A L al I 75 AP 1 /N 5 A
I+ 3 26 3/ 14 JORE 58 42 95 75 8 2 AL [, 22
1 F G AL g8 ok CaCO, 5 T A HLE oL
Z IR AH 2 P 42 5 7 SBR 5 U & AL w45 A g
J7 - B LAZE WL bR B R B A PR

4.2 KEAERSH

XF 3 BT W 7 L SBR BPE U L 4K CaCO; /SBR
G ORI HEAT 2O WU e UL SR A Bl 0
MO # 25 R R TR 3 frs . NI 3 T LA
t.SBR AL F £ B HE A ST U0 AE T S AR
SBR Rz i — 25 w35 U1 Al G/ UKL {H TR 9 K
CaCO; A il A B 1% 50 F » SBR 4 43 B 8% 51 3 A 2
. M A K CaCO; J5 44K CaCO,/SBR B &
WO T R TROUL A 3 A 45 B W] I 2k . SBR ORI G K
CaCO, TERE BT A 73 BCE W 2 50 5800 R4 T
LR MTE LG 9K CaCO, WIS . B BE 94K 1K)
44 FF AT DL S 28 0% SBR SOrE I 3 B A A IR S
4.3 A5 KRIESH

XL SBR B L 41k CaCO; Bt
Wi AR CaCO, /SBR & 4 Btk W 5 43 B k47 40
ARG 25 R TN R 4 s, B4 AT
H LGk CaCO; B AEIE 5083 700 em ™! &b By W Wig i
PSS T 30K SRR AIE W 1) 3 R U 55 A D A e i R TR
R R A S S RIS AR R R T R
N, SBRSUPE I 0 W I e 5 B O Y W
WO X Fb WA 22 B B N L ARtk i HE ) =5
1) L35 65 A ARLARL 43 B Dt BT T R i 6 5 30 v A
VI SR 5 O R A D A 5 1) 5%l o T At VR S 0 T A
F7 8 AR — B0 IR A B g . R G
YRRV I R T R R BIR G W 5 I el tE i DLy B
WU R T G KB R AR AIE U 1 U6 55 BT 2k 2R B 4 K
KL AEW T BOE T DU ot o £ . & R b
(R A8 KL %o SR 5 W Ok 0 7 64T A elobE T A 4
K/ BEWE AU E & — D AW & 1 Ak
et A B R B AR A R AR A2 OB . SBR 5
WiE EZ AL, MK CaCO;, 5 £ 2
KA R

5 & &

(DK CaCO;/SBR & & B 77 ol A 25 3%
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(a) SK-70"% ¥ 7

(b) SBREG MU

(c) 41KCaCO,/SBRE & S Wi &

3 LT AR U 1 98 o L AR
Fig. 3 Fluorescence microscope images of base

asphalt and modified asphalt

r41KkCaCO/SBRE A M ME  4KCaCOM I H

W HU/10° cm™

P4 LSS RO R LA G
Fig.4 IR spectrum of base asphalt and modified asphalt

SK-707 L i & A% I M 5 0BT & f M RE L 1%
J5 FERE N T B I A TE M X O U PR RE A EER .

()4 K CaCO,/SBR & A it v 71 % 56 5 7 7
)RR R H &2 2% . SBR 5 I 5 Z [8] LA B e Pk
HE K CaCO; 5 EH Z ALK £ T Py As
b s [ B I8 % A T A2 S

Y IMAY K CaCO, 1 B 3% SBR 78 5L T I 7
HR A BOSOR B T SBR 50 A I A 0 45 4 BE
Jy.0k3% T SBR ST e R T A
249,

(DA SCAR X g4 K CaCO, /SBR & A 8CPE W &
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