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SBS/CR o}~ZE Edl=of tjst MAAES] 4t el TFeAIR7 = Aol H2AddS 27 S350t Al
A2A oA SBS o] F7ke)l sebr o dF 5wt % D 10 wt %ellA] WA ES WEEo] Skt —20°C
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SBS/CROIAZE Edl=ofA] sl o] H7k= XS Folshe avE veha, AolA 4RI 71 7
Ao Ae RISkt

Abstract — The main objective of this work was studying the influence of paraffin 0il(PO) on the adhesion properties
at low temperature in styrene-butadiene-styrene(SBS) copolymer and crumb rubber(CR) modified asphalt. The temper-
ature susceptibility of SBS/CR asphalt and PO/SBS/CR/asphalt blends were measured by penetration and softening
point. Adhesion properties at low temperature and dispersion of modifiers in PO/SBS/CR/asphalt blends were evaluated
by universal test machine and florescence microscopy, respectively. The adhesion properties of PO/SBS/CR/asphalt
blends at low temperature increased in the proportion of SBS contents with both 5 and 10 wt % of paraffin oil. Results
showed that the maximum tensile adhesion strength and toughness energy at —20 °C were obtained when PO and SBS
contents were 10 wt % and 6 wt %, respectively. The addition of PO is effective for enhancing the flexibility of SBS/
CR/asphalt blends and leads to the increase of toughness at low temperature.
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Table 1. Mechanical Properties of SBS

Styrene Content, % 30
Tensile Strength, MPa 25
Modulus, 300%, MPa 2.2
Elongation, % 750
Hardness, Shore A 72
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Table 2. Composition of Paraffin Oil modified SBS/CR/Asphalt Blends

Modifier Number ~ Asphalt SBS CR Paraffin Oil
wt %
1 90 0 10 0
2 85 0 10 5
3 87 3 10 0
4 82 3 10 5
5 77 3 10 10
6 86 4 10 0
7 81 4 10 5
8 85 5 10 0
9 80 5 10 5
10 84 6 10 0
11 79 6 10 5
12 74 6 10 10

oA Ese A1) MAAE ARESE vfetd U3 CR 2 SBS
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Table 3. Penetration and Softening Point of Paraffin Oil modified SBS/
CR/Asphalt Blends
Composition (wt %)  Paraffin oil ~ Penetration  Softening PI
SBS CR (Wt %) (0.1 mm) point (°C)

0 0 0 77 51 -0.81

0 10 0 62 63 1.08

0 10 5 175 53 1.68

3 10 0 63 74 2.75

3 10 5 170 68 224

4 10 0 56 76 2.50

4 10 5 135 72 2.79

6 10 0 45 90 3.64

6 10 5 96 84 3.33
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Fig. 1. Tensile adhesion strength for asphalt binders at low temper-
atures.
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) SBS 3% + 011 5%

) SBS 3%

) SBS 3% + CR 10% (d) SBS 3%/CR 10%+oil 5%

) SBS 6% ) SBS 6% + oil 5%

(g) SBS 6% + CR 10% (h) SBS 6%/CR 10% + oil 10%

Fig. 2. Fluorescence mlcrophotographs for SBS/CR/Asphalt blends
with different paraffin oil and SBS contents (wt %): (a) SBS
3 wt %, (b) SBS/oil = 3/5, (c¢) SBS/CR = 3/10, (d) SBS/CR/oil
= 3/5/10, (e) SBS 6 wt %, (f) SBS/oil = 6/5, (g) SBS/CR = 6/
10, (h) SBS/CR/oil = 6/10/10.
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Fig. 3. Tensile adhesion strength for SBS modified asphalt at —20 °C.
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Table 4. Tensile Adhesion Properties of Paraffin Oil modified SBS/

CR/Asphalt Blends at —20 °C

Composition (Wt %)  Paraffin oil Tensile adhesion Toughness energy

SBS CR (wt %) strength (MPa) (N'm)
0 0 0 0.19 1.6x1072
0 10 0 0.28 1.9x1072
0 10 5 0.43 4.5x1072
3 10 0 0.33 1.8x1072
3 10 5 0.43 9.2x1072
3 10 10 0.68 9.9x1072
4 10 0 0.57 42x1072
4 10 5 0.68 10.5x1072
5 10 0 0.56 3.6x1072
5 10 5 0.71 -

6 10 0 0.43 3.0x1072

6 10 5 0.63 7.4x1072

6 10 10 1.17 1.54
1.0

—i— paraffin oil, 0 wt %
—@— paraffin oil, 5 wt %

0.8
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Fig. 4. Tensile adhesion strength for paraffin oil modified SBS/CR/
asphalt blends, CR content 10 wt % at —20 °C.
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Fig. 5. Tensile adhesion force for paraffin oil modified SBS/CR/asphalt
blends, CR content 10 wt % at —20 °C.
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