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Study on the Properties of Nano— TiO,/ TLA Composite Modified Asphalt and Mixture
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Abstract: In order to study the effect of nano — TiO, and TLA on the performance of SBS modified asphalt and its mixture, and
determine the optimal combination scheme, the conventional performance and high and low temperature rheological properties of
composite modified asphalt were studied by using penetration, softening point, ductility, viscosity, shear rheology and bending
rtheology tests, and the road performance of composite modified asphalt mixture was evaluated and analyzed. The results show
that the incorporation of TLA or nano — TiO, will reduce the penetration and ductility of SBS modified asphalt, and increase the
softening point and viscosity. Among them, TLA has a great influence, and the content of TLA should not be more than 25% .
Nano — TiO, can improve the high temperature shear deformation resistance of asphalt binder, but at the same time reduce the
low temperature rheological properties of asphalt binder, and its content should not exceed 2% . TLA and nano — TiO, have
significant effects on improving the high temperature rutting resistance and water damage resistance of asphalt mixture, but at the
same time, TLA will significantly reduce its low temperature performance, and nano — TiO, has little effect. Considering the
comprehensive performance, the combination of 2% nano - TiO, and 25% TLA is recommended as the optimal solution.
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1 EMHREESIZT

1.1 JgAtH

R R SBS (1-D #Y) Ktk ¥iT,
HEBHARMERILE 1, 99K Tio,, HAIMNIL B @k
XK, FHEPRAE N 30 nm, HLREFH 20 ~ 80 m*/g,
T 9K TiO, R ENGR, TEdiH HIRE 2 A,
SIHOREE, SRIVRESEEIR A KH - 550 #E4740 2, F
FYk TiO, ZEW T P AE A L W R R
R, HAWmEm =4, MmER. W5
gy, HASWERRZ W YET, Hus X0k i
IR 2, M. WMERCR A KE, 84 1.
1# (0~3 mm), 2# (3~5 mm), 3# (5~10 mm) .,

44 (10~15 mm) , BORCNARCEH B, . 4R
FIFORL 2% TP REH47996 /2 205K o

®1 SBS yEHE R AR
Table 1 Technical performance of SBS modified asphalt

HARSEDR g g R PR
EAEE/ (0.1 mm) 54.3 40 ~ 60
ki 80. 6 =60
FERE/cm 41.8 =20
BEhEE/ (Pa-S) 2.7 <3
SR/ % 92 =75
J 2 AL/ %% -0.35 +1.0
TFOT J5  BREREC AL/ % 79.6 =65
R EH B/ cm 23.9 =15
R2 WHENFEARRBRE RS
Table 2 Analysis of chemical composition and
particle sieve residue of lake asphalt
T I % WURLIR A W7/ %
Si0o, AL O;  Fe,O;  HAth  0.2mm  0.17mm  0.0lmm
70. 4 17.3 7.8 4.5 2.3 8.1 89.6

1.2 pHRAAEAET

P ITIS P H AR ERE A TRR A, H
TR 22 00 25 G B T2 R P A U 2 E AC - 13,
P, W RS EHERE R B R Bt R T AC - 13 1Y
P, W3,

*£3 AC-13 BIfFE%

Table 3 AC -13 gradation table

A AU (mm) W3R/ %
16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
e FFR 100 100 85.0 68.0 50.0 38.0 28.0 20.0 15.0 8.0
KECFFR 100 90.0 68.0 38.0 24.0 15.0 10.0 7.0 5.0 4.0
ZKECHE 100 95.0 76.5 53.0 37.0 26.5 19.0 13.5 10.0 6.0
SRR 100 93.5 75.2 47.1 32.6 21.5 16.8 12.7 8.0 6.2

WAE 2RI 4.0% , 4.5% . 5.0% . 5.5% F
6. 0% T2 A1 b AT S BORIRE:, 75 25 3 4 HxS
BRI A SRR 4, TR A E iR Rl A
Hoh 4.91%
#4 DERRABRYENFESHE

Table 4 Physical and mechanical parameters of Marshall test

TP =B RN R RAEE WM

WA %  Somre  wa gR/e /% AN /mm
4.0 2.345  6.73 143 534 1457 23.3
4.5 2361 5.15 145 633 1555 26.5
5.0 2373 421 146 7.4 1586 29.8
5.5 2.365  3.84 149 739 1522 32.6
6.0 2353 3.81  15.6  75.8 1474 35.5
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2.1 HAHRMWHEFIEE
Xt TLA Fighk TiO, gtk fa W) SBS Bt tE & 4T
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R, WA LR S, 4 TLA 544K TiO, BT,
B TLA si4iK TiO, &3, & A B3 2 AL
#H, TLA 85 ) 0 3] 30% , £ AW /N T
29.5% , 4K TiO, $5 h O BEINE] 3% HFEF ALk
INT 2.9% , BHR TLA B8R0 X F4F AR 2
JERK . X TLA 544K TiO, BB6F, TLA X4t A B
SE A AR BE I K T 400K Ti0, . Bk sl TLA 5i4)
K TiO, BN B WK, TLA XAk 5 A 5
AW, TERBEE B, 5 CREEHREE TLA
BEBINEZEREAUESE, Mgk Tio, it A Jg X} iE
JERWARK, fETERMIE RS X+ 135 CHE,
BE#& TLA L44K TiO, it M 3G, Stk 7B
AR EE R, B TLA X 255 09 5 m ik,
TEHIB TLA B0 30% 1), BhEiA%] T 4.22 Pa - s,
FEERNA TR RS, TLA BEAEKT 25% .
#5 SAMMABEAMERRER

Table 5 Conventional performance test results of
composite modified asphalt

. TLA % 4K Ti0, 25 CH AR %k
/% BR/% / (0.1mm) f/C

5 °CHE 135 CHHE
J&/ecm / (Pa-s)

1 0 0 54.3 75.6 40.3 2.09
2 20 0 46.0 84.3 34.2 2.46
3 25 0 41.9 86.6 32.1 2.93
4 30 0 38.3 88.9 26.8 4.22
5 0 1 53.6 76.2 40.8 1.87
6 0 2 53.1 76.9 41.6 1.91
7 0 3 52.7 77.4 42.5 2.02
8 20 1 46.3 84.1 34.3 2.45
9 20 2 45.9 84.2 34.9 2.51
10 20 3 45.7 84.5 35.3 2.54
11 25 1 42.4 85.9 32.6 2.82
12 25 2 41.9 86. 1 32.3 2.98
13 25 3 41.8 86.6 31.8 3.32
14 30 1 38.5 88.3 26.7 4.16
15 30 2 38.3 88.5 27.0 4.25
16 30 3 38.2 88. 8 27.3 4.32
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Fig. 1 High - temperature rheological test results
of composite modified asphalt

W L E 1) T, R A O T SR KB DA
TEIZHTIEN, AL E TG O, Ul il R R I 10
FAE R RE, B AR/, B AR L A4
W, W FORHR R St RE S A BT U AR IR BE ) T R
TEF—RET, B YK TiO, BErIEm, 5%
(ERVRERINECR -V URvIET 1 )  HVA S N S
K TiO, X BPUSTUIERE B A s AR, HL A
Wi B s 1) PR A AR RRON T BE TR A T
M)y, A6 R — LR R 4K TiO, B E i, 4
TR AW, UIAZEK TiO, 485 T 8hE i 8



124 IR 255 R H

38 &

PUBTUIE L REST,

* 6 AU A RIR AR .
VASTAE SN E S FIHK AR B AR m o PRAN IRl R AL P E
—JRE LT, WS SRS R R, I U M e

HyT A Re sy

PR 2 BT 5 5 G728 1338 m (BRSO, O KA sl E
TR, BEREIT 2L i R e R, AR T
et o MR RIS, A e I T 0% AR 2h
Bk, WA, TR - 18 Ty, EGAZZ)
JERT 300 MPa, BEAZSANT 0.3, FER-—RET,
BEB K TiO, BRI, &6 St In T ik A8 2 2
AW, WA RN, B4k TO, A
JE XS I ARV IR EREA ] o FEWRE S - 12 C I,
P 3% 4K THO, BRSZNFE S 300 MPa, 15725 1 3
/NT0.3, BEIIZK TiO, 85k id R 255 42 5 e
HMGRERE, KB EA R 2% .
*6 EAYHRTRERTINELER
Table 6 Low — temperature rheological test results
of composite modified asphalt
WEAE S/MPa K /m
-6C -12°C -18C -6°C -12°C -18<C
25%T + S 143 225 359  0.416 0.334 0.235
1%N +25%T+S 168 257 403  0.391 0.314 0.218
2%N+25%T+S 184 281 435 0.378 0.305 0.196
3%N+25%T+S 227 328 489 0.364 0.286 0.182
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Fig.2 High temperature rutting test results of
composite modified asphalt mixture
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Table 7 Low temperature trabecular bending test results of
composite modified asphalt mixture

BT EPERE/ MPa A e ZHEATLL MPa
S 11. 08 3503 3162
25%T +$S 11. 25 3135 3615
29%N +25%7T +S 11. 58 3204 3 589
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Fig.3 Water stability test results of composite modified asphalt mixture
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