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Abstract; [ Objective] The study investigates the influences of aged asphalt type and content on adhesive

capacity of recycled asphalt and aggregate. [ Method] The matrix asphalt, SBS modified asphalt and rubber

modified asphalt commonly used for asphalt pavement were simulated to be aged. The recycled asphalt
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specimens were made according to the new and aged asphalts ratio of 3 kinds of simulated asphalt with
different aged asphalt contents (30% , 40% , 50% ) and different regeneration systems. The new asphalt in
regeneration system I is the matrix asphalt. The new asphalt in regeneration system II is SBS modified
asphalt. According to the actual application scenario, the specimens of recycled asphalt mixture were
prepared by simulating the asphalt mixture with same aging degree. The adhesive behavior between recycled
asphalt and aggregate was analyzed with boiling method and photoelectric colorimetry method. The adhesive
capacity of reclaimed asphalt mixture was evaluated with freeze-thaw splitting test and Kentucky fort scattering
test. [ Result] The adhesive behavior of reclaimed asphalt and aggregate in asphalt system is ranked from
strong to weak as original asphalt, reclaimed asphalt II, reclaimed asphalt I and aged asphalt. The adhesion
rate of steel slag is better than that of limestone. With the increase of aged asphalt content, the adhesion rate
of reclaimed asphalt and aggregate basically decreases. In regeneration system II, the influence weight of
aged asphalt type on adhesion rate is little. In the mixture system, when the aged asphalt content is less than
40% , the water loss resistance (adhesion) of recycled asphalt mixture is enhanced with the increase of aged
asphalt content. While the Kentucky fort scattering residue is still decreasing with the increase of aged asphalt
content. [ Conclusion] The adhesive capacity of recycled asphalt and aggregate is mainly determined by the
asphalt components that occupy large proportions in recycled asphalt. The modified new asphalt can be used
to reduce the influence weight of aged asphalt on the adhesive capacity of recycled asphalt and aggregate. It is
recommended that the aged asphalt content should not exceed 40%.

Key words: road engineering; adhesive capacity; boiling method; photoelectric colorimetry; recycled
asphalt; steel slag
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Table 1 Technical indicators of new asphalt

e i 5 ZH90 SBSMA ARMA
25 CHFABE/(0. 1 mm) 66.0 65.3 57.5
AR AL —0.81 6. 20 4.0
HAbS/C 49.0 70.5 83.0
5 CHERE/cm — 39.4 28.2
180 CHEs &R/ (Pa - 5) — 0.25 2.20
MRS % — 96.2 98.8

(2) IHIIH (BHUELL)

R T, A A7 25 05 35 RS B9 TH 55 44k
PEREZE S, AHTFER I AT 1L (RTFOT,
300 min) EHNHE LR T 3 FEAD T —F
I TE (A90), &4k SBS MtEWI# (ASBS),
EARI DI (AAR) o IHUI 5 HARFE bRl 3% 2
FioR,

®2 HBBEARER
Table 2 Technical indicators of aged asphalt

Fer a5 H A90 ASBS AAR
25 CEALE/(0. 1 mm) 26.0 35.2 37.4
HAkaS/C 59.5 64.0 67.5
5 CHERE/cm — 7.8 6.2
RRIE/ % 99.5 99. 4 —
180 CHEs:HiE/ (Pa - 5) — 1.61 4.85
(3) %k

T AR R N B 1 K S R, 4k
BHEARTERRUNER 3 PR,
£33 EBERIER
Table 3 Aggregate technical indicators

P 10~15 mm A KA 10~15 mm
FMFEE/ (g cm ) 2.713 3. 484
FEHEAE % 22.4 14.0
FEFE(E % 20.2 15. 4
WK =R/ % 0.51 1. 80
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Table 4 Adhesion grades of different asphalt specimens to
aggregates by using boiling method

. ZH90 SBSMA ARMA
PiERE — - — - — -
ARAE  WiE AKE WE AksE W
s 4.0 4.0 5.0 5.0 5.0 5.0
A 2.5 3 3.5 3.5 3.5 3.5
TR 1-30 4.0 4.0 4.0 4.0 4.0 4.0
TR 1-40 3.0 4.0 4.0 4.0 4.0 4.0
A 1-50 3.0 3.5 3.5 3.5 3.5 3.5

4= 11-30 4.0 4.5 4.5 4.5 4.5 4.5
4= 11-40 4.5 4.0 4.0 4.0 4.0 4.0
4 11-50 3.5 4.0 4.0 4.0 4.0 4.0




72 VS S

ST 5

A2 %

JR 4R (ZH90, SBSMA, ARMA) K2 i)E
AR I SR BT R, B AR
FhIRHPERE R I, EERL A EE BT, AT 1 2 B S
RART AR, HKE LA RE . X o AN R 14
Uit SR FE SRS, & St gL o it
TSR R S I A
2.1.2 FiMiE

S HRL B 3 56 7T A 48 A AT ' R ASORS  {
RPN R T WO, H BRI -
IRWGISO GBI, 2 R Y P W' JE — R B o o
Bk, 0 R b ST PRI RO B T o vk E 43 )
7 0.006 mg/mL, (0.006+0.002) mg/mL, (0.006+
0.004) mg/mL [ B 5 A 21 Yok v 38 31 I e Hom ok
B, B -mot M Ze (WK 1), K1 AR,
T AR 554 nm PR AL FIWOCRE oK, B A i
(B A IR 2 SR A0 ) T3 A 21 7 Y P VR - W B B
ez (WE2),

0.30
—— J5%0.010 mg/mL
0.25 —— #50.008 mg/mL
—— J¢0.006 mg/mL
0.20 —— #£0.004 mg/mL

—— ¥<F£0.002 mg/mL

400 450 500 550 600 650 700
WA /nm
B 1 R E BRI LR R K - TR e BE 2%
Fig.1 Wavelength-absorbance curves of phenosafranine dye

solution with different concentrations
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Fig.3 Adhesive rate of different recycled asphalt to aggregates
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Table 5 Chemical composition of different aggregates (unit: %)

A% AR s
Na,0 0.05 0.15
MgO 1.34 3.78
AL 0, 1.51 8.36
Si0, 3.38 8.50
P,0; 0.01 1.63
S0, 0.10 1.34
cl 0.04 0.04
K,0 0.47 0.08
Ca0 51.07 40. 48
TiO, 0.13 0.83
V,05 0. 00 1.99
MnO 0.05 3.89
Fe, 0, 0.78 26. 60
Nb, 0, 0 0.15
BaO 0 0.16

CaCo, 40. 13 1.92
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Fig. 6 Infrared spectra of asphalt in different states
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Table 6 Functional group index of bitumen in different

aging states

dﬁ?ﬂ:ﬁ% (Jj—]%:%?v; I =0 I S=0 [ C=C
TR 0. 195 0. 566 0
ik 0. 437 1.936 0
ZH90
FE 40%-1 0.264 1.242 0
A 40%-11 0.272 1. 116 1. 260
Jds 0. 196 0. 401 1. 620
EALe 0. 479 0. 655 1.536
SBSMA
A 40%-1 0.292 0. 505 0. 840
A 40%-11 0.284 0. 430 1.572
JR IR 0.306 0.354 1.435
1k 0. 477 0. 463 1.384
ARMA
FE 40%-1 0.334 0. 487 0.982
A 40%-11 0.412 0.412 1.503
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