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Influence of Chlorine Salt F-T Cycles
on Properties of Hydrophobic Nano-
Silica Modified Asphalt
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China; 2. Research Institute of Highway of the Ministry of
Transport, Beijing 100088, China)

Abstract: Based on the basic performance test, i.e., the
(DSR test) , the
and the

dynamic shear rheological test

thermogravimetric analysis test (TGA test) ,
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Fourier transform infrared spectrometer (FTIR test) , the
deterioration characteristics of hydrophobic nano-silica
modified asphalt
systematically studied. The experimental results show that

inchlorine salt F-T cycles were

the incorporation of hydrophobic nano-silica can
effectively inhibit the deterioration process of asphalt
inchlorine salt F-T cycles. The basic performance test and
DSR test indicate that the penetration, softening point and
viscosity of hydrophobic nano-silica modified asphalt
increases by 17.46%, 5.82%, and 7.76%, respectively, and
the rut factor increases by 17% to 54%.Besides, the growth
rate of hydrophobic nano-silica modified asphalt is much
smaller than that of base asphalt, which indicates that the
incorporation of hydrophobic nano-silica could effectively
reduce the sensitivity of asphalt to the chlorine salt F-T
cycle. The TGA test suggests that hydrophobic nano-silica
could improve the thermal stability of asphalt, but the
thermal properties of hydrophobic nano-silica modified
asphaltis significantly affected by chlorine salt F-T cycles,
which may be due to the chemical bond formed between
the hydrophobic nano-silica and asphalt is more easily
destroyed in chlorine salt F-T cycles. The FTIR test
indicates that the chemical reaction of asphalt occurs in
chlorine salt F-T cycles, but no new functional groups
appear. The free hydrocarbon group (3 676 cm™) has the
mostsignificant change, which could effectively describe
the damage process of twoasphalt samplesin chlorine salt
F-T cycles. There is no obvious change in the functional
groups of hydrophobic nano-silica modified asphalt in
chlorine salt F-T cycles, and the distribution is relatively

stable, with a high performance stability.
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AH-90 TAZ T, HALRIPEGEFE AR 3R 1 R .

F1 AH-90 EXHFHEAEREISR
Tab.1 Technical parameters of AH-90 asphalt

Ex ity 25°C £ A /mm Ak 5 /mm 25°C #EFE /mm I/ (geem ™) TR/ % [N/ °C
iR Tk T0604—2011 T0606—2011 T0605—2011 T0603—2011 T0615—2011 T0612—2011
R, 86.9 44.6 =>130 1.003 18 340

1.2 BikMEHXBRE
B K PR A i B KR i T AR
oy a] (R ENAR 356 7= i ok b k), HOA kB (

B R 1 T2 A3 800 o Bk YK PR MR A 5
REENFE 2R,

R2 BAKEAKRBRBRRSH

Tab.2 Technical parameters of hydrophobic nano-silica

R A kAR 105°C )8 2h 2% 7 J
R KA HERR (g R o maasy Py PR
mm U %
RS S Bk 125 + 201 =99.8 5.0~8.0 <0.5
PR K PE 130 = 20 <20 =099.8 3.7~6.5 <3.0
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Fig.1 Averagetemperature change in March in

Changchun in recent ten years

(1) ¥ BA FIHNSMA Wi 5 #4235 sh R & 9F
R 1 5 FE 25 DA AR5 75 380 19 R F 2 6 mm X
250 mm X 250 mm, XFEMY E TR K 73 BE S
SEAB AT L IF H B R BT A R R A SR —

s
(2) & FE M AL T A AR =R T
LB 0. 2g - ml™ Ve B A AL S5 70 K Al S5 500
WM T 7R 2545 BA FINHSMA I iR RE 10 FE 2 |
BRI 5 W =5 A ORI

(3) W2 i & AR O FE A E T i R s AR
TEHGRIEAE  , JE A 15°C A EREE Fh IR I RE 14h, 7
JEHE 2 -15°C BB R UK 10h,

W TR Sy — YR R RLE A, an i R 2 iR AT
10,20 30 R AEFR & , WCAEFE S A7 BN A2 1 B
I , X E R AR BLEREE T B K G0k e 2R vk
FERE R E A TR AT . SR YRR IS A
FREEINIE 2 s .

b 20{RGFRMEIR T

B2 SERREIEMNHEIRE
Fig.2 Asphalt samples before and after chlorine

salt F-T cycles
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Tab.3 Penetration test results of base asphalt and

modified asphalt
, " A
Y == Vi \\/_,
U RS e ne a0 Pl
0 25.3  86.9  142.4  —1.493
A 10 19.3  55.5 109 —1.369
20 18.4 533 97 —1.157
30 18 51 93 —1.074
0 20.8 641 115 —1.357
. 10 15.4  50.5 787 —1.157
FINSMA 20 14.6 486  74.1 —1.147
30 131 46.2 65 —1.120
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Fig.3 Softening point of asphalt in chlorine salt F-T

cycles
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Fig.4 Ductility of asphalt in chlorine salt F-T cycles
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Fig.5 Rotational viscosity and aging index of as-

phalt in chlorine salt F-T cycles
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Fig.6 Complex shear modulus of asphalt and modi-
fied asphalt before F-T cycle
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Fig.7 Ruttingfactor of asphalt and modified asphalt
before F-T cycle
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Fig.8 Rutting factor of base asphalt in chlorine salt
F-T cycles
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Tab.4 Characteristic values of thermogravimetric

test

it ‘Eg‘k L Tw T, T M
0 296.8 350.5 431  494.5 11.87
A 10 2921 346.4 427.8 4941  8.73
20 278.3 336 422.6 493.9  7.77

30 2725 332.8 423.2 4946  6.97
0  322.8 369.3 439 495  13.86
sy 0 2903 36 4296 d9kz 1159
20 2711 333 425.8 494.6 11.57

30 268.5 331  424.7 4947  8.82

R AT SR VR BT, HNSMA f4 23 2 R 15 3
FRRJC IR B AR BA 43l 3 55 T 26°C F18°C, ik 3
BB K MG OK R PR B ATE— SRR L UGEE T
T = RS P |, XS LR BB U 1 Ak s ik
Y2t R —3, HNSMA Fl BA 15 2R 435 5 o0
13.86% F1 11.87% , HNSMA K it 2 ) 4> & A 42
BAHEE T 1. 68%0, REGE TR H B A LLH,
X [ B B A A R

Wit &t Z R ARG IR, T, Tooe T, M,
e if B T EAR R R E . R TUIE 441
SRS 5 Ay BT R I A3 AR 53k
300°C .412°C . 438°C F1472°C , 41 B 35 5 P i 41 2k
LAk BE T W R B At 3 Fh 2 43 S A e il
R, TR W R, iR Y 4 415y
LA A2, BT DA, SR VR ARE K 4K 1 e
NG T =gl o 3t AT TTSGTIE T Bk gk
F1 o 2B A8 A SISO 75 Hh 0 i A0 oy R D5 B 4, 9F
AN B L] . HNSMA B9 TGA S50
B BAA LR I, B HNSMA U & i #: fg
2 FH R IR A PR A Ok 12 0 BT B K A

K AR SAAE OPE I 7 e AR P RS VR PR A 4
FES AR TRRLIAEE T A T BR
3.4 LAIMHIEBRIGERS

J T PRGE EER R AR EE T Bk MG K (R SRk
PRI B REA 2 AL RLAEE, X0, 10, 20, 30 TG 5
(IR AT T L0AMEE RS, 2 i 5 RS T SR 7R
BPEER LT A 10 A& 11 s . i AR
2RI T W IR R SR — 3, HNSMA M3 BA
7E 3 675ecm™ A2 361em™ &b B T 2 - HRAiE 0, X 3
B#E HNSMA H R T P BERAN iR A7 A — 2 1 ik
SERUN o 2 36 Tem b A I AL Sk — SR AR B () AN X R
iR sl , X2 B TR T AE Y DD Ak R rh ok
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F2 I O—H i 8 Wi | 32 f T B K PG K
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Fig.10 Infrared spectra of base asphalt before chlo-

rine salt F-T cycles
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Fig.11 Infrared spectra of HNSMA before chlorine
salt F-T cycles
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*5 SEFREATEEERFIERRTASIT
Tab.5 Peak area of main functional groups in chlorine salt F-T cycles
- ) B e O—H WHIC—H %L CH. c—0 WA S=0
I S E - SR ) o . Y
(3676.cm™ 1) (2852cem™) (1377 cem™) (1250 ecm™") (1032cm™1)
0 0.03 18. 44 1. 468 0.02 0.915
BA 10 1.82 22.63 1.67 0. 565 3. 887
20 6.43 21.71 2.559 2.513 11. 950
30 11.19 25. 39 2. 499 2.311 12.410
0 0.83 20. 87 2.409 0.067 13.720
. 10 3.24 20. 50 1.427 0.677 12.720
FINSMA 20 4.69 23.21 2.132 0.773 14. 480
30 7.28 22.92 1.981 0.924 17. 360
*6 SHFMBEATEIEERAESTLSIT
Tab.6 Peak height of main functional groups in chlorine salt F-T cycles
. . W IR O—H WHH C—H FH 2L CH. c—0O W S=0
T RO o . . . .
(3676cm™ 1) (2852cm™) (1377cm ™) (1250 em™!) (1032cm ™)
0 0.001 0.45 0.076 0.001 0.022
BA 10 0.039 0.50 0.095 0.024 0.052
20 0.120 0.49 0.111 0. 060 0.172
30 0.144 0.53 0.110 0.057 0.179
0 0.023 0.45 0.095 0. 006 0.119
10 0. 064 0.46 0.083 0.021 0.116
HNSMA 20 0. 064 0.51 0. 100 0.026 0.129
30 0.082 0.48 0.131 0.031 0.131

FH 28 5 3R 6 AT LA H | 78 U ER Uk mil 916 34 g
W K PEGK e RO E I AL R i, 5
REHITCH A4, A B e, B B PR RERR
EME . TERILURAALE T, iF 5 )2 5 O—H(3 676
em™) .C—O(1 250 em™) fIF 3 CH,(1 377ecm™) B &
B 3G i g R SR ) R TG 22 0
H T 7K A ZE W7 A8, I T M ELAR ROV
JIT LA 25 R B0 TR W 75 76 AR VRIS N 14
it B EEAER . 1kAh,C—O(1 250 em™) FTH
£ CH,(1 377cm™) 2 P B AR K FR R B
LI TCFPE A DIAE RPN I 7 SR R Al R b
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