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Abstract: By optimizing conditions experiments of styrene-butadiene-styrene block copoly-
mer (SBS) content, cosolvent type and dosage, processing temperature, processing time,
the radiation dose rate and absorbed dose, the preparation methods of SBS modified asphalt,
%Co irradiated SBS and irradiation SBS modified asphalt have been studied; by testing the
performance index of modified asphalt cement it is to evaluate the preparation methods. The
experimental results show that the mass fraction of SBS is 15%-20% , the mass fraction of
cosolvent is 15%-30%, blending, then at 100-165 °C, 100-200 r/min mechanical agitation 20-
30 min, at 180-210 °C, 100-200 r/min mechanical agitation 90-140 min; or at 120-160 °C,
100-200 r/min mechanical agitation 80-100 min., in these conditions the modified asphalt
cement is better; the asphalt cement modified by SBS which was irradiated by gamma rays

from a *Co source in vacuum at 0. 75 kGy/h, 30 kGy have good performance.
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Table 1  Choice experiments of the hydrocarbon oil amount at 6 % SBS
Y& /SBS F & L AR A )
, , . S JE IR ZE B (Low A A5 O
(Content ratio of (Softening (Penetration) /
(Ductility) /cm temperature (Dissolve
hydrocarbon oil and point) /°C 0.1 mm
(5C.n=2) flexibility) /°C situation)
SBS) (n=2) (25 °C.,n=6)
1.0 69.540.1 44.9+1.0 31.543.6 24.8 ¥ (Undissolved)
1.1 70.740.9 47.0+0.9 38.1+1.0 25.2 A ¥ (Undissolved)
1.3 T4.74+2.2 50.6+0.8 42.0+£6.6 0 A% (Undissolved)
1.5 75.24+0.1 71.8+0.8 68.0+5.1 —5 % it (Dissolved)
2.0 75.74+0.1 81.8+1.6 75.2+3.6 —5 % fi# (Dissolved)
F 2 2000SBS & Rk I TR R SE
Table 2 Choice experiments of the hydrocarbon oil amount at 20 % SBS
eSS i3S Bt HENT)
Rl j SUET
SR A NS HEJE N L T,
. i o (Low O RER S EWER R
(Content (Softening  (Penetration)/  (Ductility) / (Heat (Segregation
temperature (Elastic (Soluble (Dissolve
ratio of point) /°C 0.1 mm cm resistance)/ resistance)/
flexibility) / recovery  content of  situation)
hydrocarbon (n=2) (25 °C,n=6) ((C,n=2) C %
‘C rate)/ % xylene)/ %
oil and SBS)
<1.0 K
(Undissolved)
1.0 109.1+2.1 35.8+1.7 6.840.0 —43 90 0.65 100 99 5 it
B (Dissolved)
(Demoulding)
1.2 109.0+0.0 37.540.4 7.240.0 —43 90 0. 81 100 98 5 it
ik (Dissolved)
(Demoulding)
1.5 106.9+2.8 42.14+0.5 5.5+0.0 —43 90 0. 84 100 99 s i
i 5 (Dissolved)
(Demoulding)
F 3 InTEFE] 3.5 hAS R0 T R R T 5L
Table 3 Modified asphalt experiments of different reaction temperature at t=3.5 h
A AR .
Jin R _ : S JEE IR R 1 L
(Softening (Penetration) /
(Processing (Ductility) /cm (Low temperature (Dissolve
point) /°C 0.1 mm
temperature) /°C (5C,n=2) flexibility) /°C situation)
(n=2) (25 °C.n=6)
155~165 80.6+0.3 73.8+1.9 72.7+2.1 —7 %5 fi#t (Dissolved)
165~175 82.2+1.7 59.14£0.9 62.2+1.1 —7 ¥ fi (Dissolved)
175~185 85.6+0.0 56.0+1.1 45.24+2.1 —7 %5 fi# (Dissolved)
185~195 80.5+1.7 42.6+0.6 35.54+2.3 0 ¥ fi# (Dissolved)
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Table 4 Modified asphalt experiments of different reaction time at 185-195 C

‘ Hefl o EF AJE \ e
Jon 2 i ] , ) I fE IR 22 B Vi i 1 L
(Softening (Penetration) /
(Processing (Ductility) /cm (Low temperature (Dissolve
point) /°C 0.1 mm
time) /h (5C.n=2) flexibility) /°C situation)
(n=2) (25 °C.,n=6)
1.5 F 1 (Undissolved)
2.0 98.2+1.2 63.940.5 49. 040. 1 fiif% (Demoulding) —25 1% fi# (Dissolved)
2.5 87.240. 4 67.9+1.4 61. 9 3. 6 it (Demoulding) —10 7 fi# (Dissolved)
3.5 80.5+1.7 42.640.6 35.542.3 0 %% (Dissolved)
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Table 5 Modified asphalt experiments at the different content of SBS
e HALE s TE,
w(SBS) /% (Softening point) /°C (Penetration) /0. 1 mm (Ductility) /cm (Low temperature
(n=2) (25 °C,n=6) (5C.n=2) flexibility) /°C
0 50.5+0. 4 62.5+1.3 5.5+0.1 24.5
1 53.8+1.9 58.5+1.1 9.440.7 24.2
3 53.2+1.1 59.8+1.5 22.5+0.7 —1
4 63.2+0.4 67.5+1.1 25.5+0.0 —2
5 74.440.0 75.8+0.9 48.8+1.9 —3
6 79.1+0.0 64.2+1.1 40.4+1.7 —5
7 98.2+1.2 63.940.5 49.040. 1 B4 (Demoulding) —25
9 101.2+2.0 64.4+0.7 33. 1+4. 1 i (Demoulding) —31
11 102.14+0.9 62.5+0.5 23.6+0. 7 i (Demoulding) —35
15 108.2+7.2 52.3+1.2 5.57+0. 0 i # (Demoulding) —43
20 108.942.8 42.140.5 5.540. 0 A% (Demoulding) —43
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Table 6 Sulfide modified asphalt experiments at the different content of SBS
A s A — R 22
(Softening  (Penetration) / o (Low S i O
w(SBS)/ % (Heat
point) /°C 0.1 mm temperature (Dissolve situation)
resistance) /°C
(n=2) (25 °C,n=6) flexibility) /°C
7 96.2+0.3 59.841.0 70 —20 %5 it (Dissolved)
70 98.7+0. 1 - 50 -7 % i (Dissolved)
9 101.2+2.0 64.440.7 75 —31 i (Dissolved)
9D 96.8+1.0 - 85 —18 % it (Dissolved)
11 102.1+0.9 62.5+0.5 85 —35 %5 fi#t (Dissolved)
11 103.6+0.9 85 —20 JC 1% #E (Not for making samples)
15 108.2+7.2 52.3+1.2 90 —43 1 fi# (Dissolved)
150 137.74+3.5 - 95 - J6 1 BE (Not for making samples)
20 108.9+2.8 42.1%£0.5 90 —43 % i (Dissolved)
201 160. 8+ 1.1 - 100 - TG il #E (Not for making samples)

7 (Note) : 1) Il A#ALF] (Adding sulfiding agent)
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Table 7 Influence of cosolvent on the modified asphalt experiments
By AL s (Softening £ A J& (Penetration) / ifi 4P R 2L (Low 1 i g s
ey
§ point) /°C 0.1 mm (Heat resistance)/  temperature (Poor quality before
(Cosolvents) )

(n=2) (25 °C.n=6) T flexibility) /°C and after reaction) /g

#ih (Hydrocarbon oil) 99.640.7 49.8+1.0 75 —25 1.0

A% (Demoulding)
T H 2R (Xylene) 115.5+1.3 19.8+1.1 90 —15 27.7

J 45 ( Demoulding)
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Table 8 Modified asphalt experiment at the different ratio of cosolvent
ZHIZR/ AR 5 \ R
o Wis A it i b - LR
i L i _ = (Low 2k o W) i
(Softening (Penetration)/ (Ductility)/ (Heat (Elastic
(Content ratio temperature (Segregation (Soluble
point) /°C 0.1 mm cm resistance) / recovery
of xylene and flexibility) / resistance) /% content of
(n=2) 25°C,n=6) (5C.n=2) C rate) /%
hydrocarbon oil) C xylene) / %
0%/15% 108.2+7.2 52.3+1.2 5.540.0 it —43 90 0. 86 100 99
(Demoulding)
2%/15% 113.9+2.4  23.94+0.8 7.2+0.0 fifst —37 100 0.88 100 99
(Demoulding)
8%/14% 118.7+2.0 23.240.3 7.5+0.0 ik —40 100 0. 86 100 99
(Demoulding)
30%/15% 108.240.6  30.94+0.6 13.840.0 itk —42 90 0.78 100 99
(Demoulding)
30%/12% 117.842.3 20.8+1.7 7.840.0 it —40 105 0.78 100 100

(Demoulding)
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Table 9 Modified asphalt of SBS which vacuum irradiated by different dose
" - (IR E; S ‘ — %]
- o Ak [N 3 S JE 1 £ 1 BT sEwER
A R 7 o . i N (Low ] ) B E
(Softening (Penetration) / (Ductility) / (Heat (Segregation (Elastic
(Absorbed temperature (Soluble
point) /°C 0.1 mm cm resistance)/  resistance)/ recovery
dose) /kGy flexibility) / content
(n=2) (25 °C,n=6) (5C,n=2) C % rate)/ %
C of xylene)/ %
0 107.2+0.0 15.040.6 10. 240. 0 g —43 95 0. 89 100 99
(Demoulding)
1 117.241.0  24.040.4  11.040.0 A —42 100 0.82 100 99
(Demoulding)
3 111.7£1.6  23.3%0.6 11. 640. 0 Ji s —42 100 0. 80 100 99
(Demoulding)
6 115.1+0.1 23.1£0.7 16. 740. 0 Ji g —42 95 0.78 100 99
(Demoulding)
10 111.940.7 25.840.8 17. 740. 0 g5 —42 95 0. 81 100 99
(Demoulding)
30 113.140.4 23.8+0.7 11. 040. 0 Ji A —42 100 0. 83 100 98

(Demoulding)
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2.2.2  ARREFIER .30 kGy E 2545 IR SBS sk i
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PRTERE B4 5 5. 00 kGy/h 7] £ %, 30 kGy i M )
SBS Bk I T 45 AR I A AR AR B R A B
PRPERE R . 254 AH DG SCHRT . 7T e 2 DR O A7) 4
FRR o BA7 S 8] PSS 2415 U BB L 1 (9 7
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Table 10 Modified asphalt of SBS which vacuum irradiated by different dose rate of 30 kGy

e . . e N T ik
R Ak R AR I fE (Low Tt £ 1 BT PR AT R TV S
(Radiation (Softening (Penetration) / (Ductility) / B (Heat (Segregation (Elastic SR
K . temperature : N (Soluble
dose rate)/ point) /°C 0.1 mm cm flexibility) / resistance) / resistance) / recovery tent
(kGy+-h™)  (=2)  (25C.n=6)  (5C.n=2) iy C % rate) /% conten
C of xylene)/%
0.25 119.7+2.1 21.7+1.6 11. 740. 0 Ji i —40 90 0. 88 100 98
(Demoulding)
0.75 116.1+£0.4 23.84+0.7 11.00. 0 frifs —42 100 0. 85 100 98
(Demoulding)
2. 00 115.140.1 27.04+1.2 9.040. 0 it —40 90 0.77 100 98
(Demoulding)
3. 00 114.5+1.6  14.14+0.4 10. 440. 0 Ji A —40 100 0. 90 100 98
(Demoulding)
5.00 111.0£2.1 15.9%0.4 11. 440. 0 s —40 90 0.93 100 98
(Demoulding)
. 2005, 6. 1153-1167.
3 & it

X SBS K4 B SBS Wb Y il A LA
T AL 5256, X ol U 75 45 & R PR Re E T F
BB SR & T ik 119, 7 °C AR 22 B AL T 5k
— 43 °C LB E/NT 0.93% , HERBY & &
KF 98%, 25°C Bf Pk P&k & % K F 97%.
0.75 kGy/h.1 kGy $& I Y SBS. Jii & 050k 15%
8 O 0 ROR BT B BT I 5k | IR
PERE AR E » H A& T A B, B85 75 G/0s » 1l
LA G A — & W HET N T .
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