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Abstract: A novel warm-mix additive-Siligate with inorganic silica gel as the main ingredient was developed
specifically for cold areas. In order to investigate the influence of this warm-mix additive on asphalts, sty-
rene-butadiene-styrene triblock copolymer (SBS) modified asphalt was selected as the test asphalt. Two
kinds of warm-mix additives that have been widely used in China, Sasobit and Evotherm M1, were used as
the comparison. Rotational plate viscosity test, double edge notched tension test, calculation of critical
cracking temperature at low temperature( T, ), quantitative test of characteristic environmental emissions
were respectively used to test the changes of construction temperature, fatigue resistance, low-temperature
crack resistance and characteristic emissions during mix of SBS-modified asphalt. The results show that
6% Siligate, 3% Sasobit and 0. 8% Evotherm M1 have similar effect in construction temperature decrea-
sing, which can effectively reduce the mixing temperature of asphalt by 13 °C and the compaction tempera-
ture by 14 °C. Based on above dosage, Siligate can significantly reduce the critical cracking temperature at
low temperature(T..) and optimize the low temperature performance of asphalt, which are not available in

traditional products. In addition, Siligate can also improve the fatigue resistance of asphalt and significant-
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ly reduce the emissions of carbon-based compounds.

Key words: asphalt binder; warm-mix additive; cold region; low-temperature crack resistance; energy con-

servation and emission reduction; fatigue performance
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Table 1 Basic performance index of asphalt binders

Asphalt binder

Index Requirement Method
SBS SBSH6 % Siligate SBS=+0. 8% M1  SBSH3 % Sasobit

Penetration(25 C) /(0.1 mm) 61 62 63 36 60 — 80 T0604
Softening point/C 79 74 77 93 =55 T0606
Ductility(5 ‘C)/cm 33 31 35 17 =20 T0605
Flash point/°C 321 329 321 340 =230 To611
Elastic recovery(25 ‘C)/% 95 97 96 65 =90 T0662

Performance grade(PG)/C 82 -22 82 -22 82-22 94 -16 AASHTO M320-05

PG at mid-temperature/C 22 19 22 25 AASTHO M320-05

®2 SMA-13 & RE BHE T RE
Table 2 Gradation of SMA-13 asphalt mixture
Sieve size/mm 16 13.2 9.5 4. 75 2. 36 1.18 0.6 0.3 0.15 0.075
Passing ratio(by mass) /% 100. 0 97.2 58.0 27.2 22.7 19.4 17.2 14.1 12.0 9.8
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Table 3 Seven kinds of wastes and their detection methods

Waste Detection method Standard Test equipment
CO Non spectral infrared analysis GB/T 18204.2—2014(3. 1) GXH-3011A CO infrared analyzer
CO, Non spectral infrared analysis GB/T 18204.2—2014(4. 1) GXH-3010E CO, infrared analyzer

Spectrophotometric determination of para rosaniline

SO, HJ 482—2009 7230G visible spectrophot t
: hydrochloride by formaldehyde absorption ] vistble spectrophotometer
N-(1-napthyl) ethyl diamine dihydrochlorid
NO, napthyl) ethyiene lan.qmc thydrochionde HJ 479—2009 7230G visible spectrophotometer
spectrophotometric method
PM,, Light scattering method GB/T 18204. 2—2014(5. 2) LD-5C(b) laser dust meter
PM, - Light scattering method GB/T 18204. 2—2014(6) LD-5C(b) laser dust meter
BaP High performance liquid chromatography method HJ 956—2018 High performance liquid chromatograph
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Fig. 1 Viscosity-temperature curves of four kinds of

asphalt binders
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Table 4 Test results for four asphalt binders viscosity-temperature curves based on RPV

Mixing temperature

Compaction temperature

Asphalt

binder Fitting formula R? Temperature Median/C Temperature Temperature Median/C Temperature
range/C drop/C range/C drop/C
SBS v=990. 26e """ 0.998 187 -192 189 176 - 181 179
SBS+0. 8 %M1 y=2886. 99¢ """ 0.996 174 - 180 177 12 163 - 169 166 13
SBS+3 % Sasobit y=272.83e *"" 0. 990 173 -178 175 14 163 - 168 165 14
SBS+6 % Siligate y=091.132¢ " 0. 995 173 - 181 176 13 161 - 167 164 15
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p-value of asphalt binders
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Table 5 Low temperature critical cracking temperature of
asphalt binders

Asphalt binder PG T./C AT./C P
SBS 82-22 —21.79
SBS+0. 8 % M1 82-22 —21.50 0.29 0. 250 000
SBS+-3 % Sasobit 94 - 16 —19. 56 2.23 0. 000 023
SBS-+6 % Siligate 82 -22 —23.89 —2.10 0. 000 180

I T, ol LA 18 235 Ak 0 11 L e 284 1 i
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(A BT IR LR SBS Se b 3 19, 1 BH 7 784 IR
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Table 6 Change relation of 7 kinds of emission materials

Emission concentration

Changes in the concentration of emissions/ %

Emission
Unit SBS  SBS+0.8% M1 SBS+3%Sasobit SBS+6%Siligat SBS+0. 8% M1 SBS+ 3% Sasobit SBS+6 % Siligate
CO mge+m * 94.000 23.500 28.900 16. 300 75.000 69. 200 82.600
CO, % 0. 094 0. 059 0. 057 0. 041 37.200 39. 400 56. 400
SO, mgem ° 21.200 6. 100 5. 600 10. 900 71.200 73.500 48.500
NO, mge+m "’ 0.093 0. 059 0.024 0.028 36. 600 74.100 69. 900
PM, ; pgem ° 1. 045 1.011 1. 007 1.012 3. 250 3. 640 3. 160
PM,, pgem ° 1.012 1. 101 0.999 1.013 —8.790 1. 280 —0.001
BaP pg e m- 1. 410 0. 470 0. 410 0. 280 66. 700 70. 900 80. 100
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