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We have used a unique process to develop the first successful anion rubber modified asphalt mixture. Rubber and asphalt are used 
in equal proportions in the mix. Compared with conventional asphalt, the anion rubber modified asphalt show better pavement 
performance, and fully met the relevant specifications. The dynamic stability and failure strain indicators are better than those of 
SBS modified asphalt. Compared with traditional rubber modified asphalt, the amount of waste tires incorporated into this new 
rubber modified asphalt is much greater; the new asphalt also improved the air quality near the road, thus providing great eco-
nomic and social benefits. 
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With the rapid development of the Chinese auto industry 
and increasing quality of life, car ownership is increasing 
and we are facing the problem of dealing with many waste 
tires. The statistics show that the total amount of waste tire 
in China in 2011 is 2.5278 million tons, and by 2012, it is 
expected to reach 2.8451 million tons [1]. Such a huge 
amount represents a heavy social and environmental burden.  

The main measures for dealing with this problem at pre-
sent include stacking (or tamping), burning and recycling. 
The application of crumb rubber in road construction has 
become a focus of research and development globally; it is 
also one of the best choices for dealing with huge numbers 
of waste tires [2,3]. 

1  Anion rubber-modified asphalt 

1.1  Main materials 

100# matrix asphalt was obtained from Asphalt Company, 

Shengli oilfield, Dongying City, Shandong Province. Recy-
cled rubber powder, 20–100 μm diameter was obtained 
from Fangdahuanyu Co, Ltd. Dongguan. Anion additive: 
15–400 nm diameter was obtained from Yanda Qicai 
Technology Limited Company. Cross-linking agent were 
self-prepared. 

1.2  Preparation of anion rubber-modified asphalt 

The matrix asphalt was prepared to the liquation stage, and 
the rubber powder was dehydrated. The two were combined 
in an appropriate ratio (we used a high proportion modified 
adulteration technique, so the proportion of rubber to as-
phalt can reach up to 1:1), and churned until well mixed, 
followed by heating up to 180°C. The mixture was then 
homogenized for 30 min at a temperature of 170–190°C and 
a speed of 4000–6000 r/min using a high shear scattered 
emulsifying machine. Then the required amount of anion 
additive was added, followed by blending for a further 30 
min. The mixture was cooled to 160±10°C, and stood for 30 
min to give the anion rubber-modified asphalt. 
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1.3  Fourier Transform infrared spectroscopy (FTIR) 

Figure 1 shows the FTIR spectra of the anion additive, rub-
ber modified asphalt and anion rubber modified asphalt. 
The characteristic peak at 3425 cm−1 is the stretching vibra-
tion absorption band for O–H, and depends upon the H–OH 
angle. The two peaks characteristic of the anion additive 
appear strongly in the spectrum of anion rubber modified 
asphalt, and are absent in that of rubber modified asphalt. 
This indicates that the anion additive exists stably in the 
anion rubber modified asphalt. No new peaks emerged 
[4,5]. 

The above analysis indicates addition of anion additive 
into rubber-modified asphalt is a physical admixing process. 
There are only Van der Waals forces between the compo-
nents, and new functional groups are not generated. In addi-
tion, because the particle diameter of the anion additive is at 
the nano level, the miscible system is uniform and stable, 
and thus suitable for production. 

2  Anion Rubber modified asphalt performance 
testing 

2.1  Test items, standards and equipment 

Testing of the asphalt, including designing the proportions 
of the mixture, evaluating its properties and evaluating its 
road capability was carried out in accordance with “Stand-
ard Test Methods of Bitumen and Bituminous Mixtures for 
Highway Engineering” (JTJ052-2000) and “Technical 
Specifications for Construction of Highway Asphalt Pave-
ments” (JTG F40-2004). We then evaluated the anion re-
lease performance [6–8]. The equipment used in the exper-
iments is given in Table 1. 

2.2  Anion rubber modified asphalt mixture ratio design 

(1) Grading of mineral aggregate. In this experiment the 
mineral aggregate gradation type is AC13, as shown in 

 

Figure 1  The FTIR spectra of anion additives, rubber modified asphalt 
and anion rubber modified asphalt. 1, Anion additives; 2, rubber modified 
asphalt; 3, anion rubber modified asphalt. 

Table 2. 
(2) Marshall compaction test of anion rubber modified 

asphalt mixture. This test uses the standard Marshall com-
paction method (T0702-2000) to determine the asphalt- 
aggregate ratio of the asphalt mixture. The sample is com-
pacted 75 times on two faces at a compaction temperature 
of 165°C. The gross volume of asphalt mixture is deter-
mined using the “wax seal method”, and the theoretical 
maximum density (dry density) is determined using the 
“vacuum law”. The paraffin density is 0.87 g/cm3, and the 
test water temperature is 20°C.  

Anion rubber modified asphalt mixture Marshall com-
paction test results and compaction curves are shown in 
Table 3 and Figure 2. 

(3) Determining the optimum asphalt-aggregate ratio for 
anion rubber modified asphalt mixture. To determine the 
best asphalt-aggregate ratio for anion rubber modified as-
phalt mixture, a comprehensive analysis was performed to 
find the asphalt-aggregate ratio corresponding to maximum 
density, minimum VMA (voids in mineral aggregate) and 

Table 1  Main Instruments and Equipment 

Serial No. Equipment name Equipment model Instrument manufacturer 

1 Electric blast oven XMTA Shanghai Biaocheng Labroratory 

2 Rut forming apparatus HYCX-1 Zhongdeweiye Equipment Co., Ltd. 

3 Rutting test machine HYCZ-5 Cangzhou Zhongjian Precision Instrument Co., Ltd. 

4 Electronic universal testing machine WDW1020 Instron Co., USA 

5 Air ion detector DLY-6A232 Lianteng Electronic Co., Ltd. Zhangzhou, Fujian 

Table 2  AC13 Gradation 

Sieve mesh (mm) 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075 

Cumulative pass rate (%) 100 97.5 66.7 30 23.5 18.4 14.5 11.4 8.9 7 
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Table 3  Marshall compaction test results for anion rubber modified asphalt mixture 

Asphalt-aggregate ratio Bulk density (g/cm3) Percent of void (%) Dry density (g/cm3) VMA (%) VCA (%) VFA (%) 

5.6 2.4533 5.94 2.3232 15.38 4.087 61.39 

6.0 2.4670 4.84 2.3273 15.23 40.76 68.25 

6.4 2.4825 3.83 2.3332 15.02 40.61 74.51 

6.8 2.4872 2.96 2.3289 15.18 40.72 80.51 

7.2 2.4884 2.42 2.3212 15.46 40.92 84.37 

 

 

Figure 2  Marshall test curves for anion rubber modified asphalt mixture. 

VCA (percent air voids in coarse aggregate). 
Asphalt-aggregate ratio corresponding to the maximum 

dry density: OAC1=6.38%; 
Asphalt-aggregate ratio corresponding to the minimum 

VMA: OAC2=6.38%; 
Asphalt-aggregate ratio corresponding to the minimum 

VCA: OAC3=6.38%; 
Optimum asphalt-aggregate ratio of anion rubber modi-

fied asphalt mixture: 6.38%. 

2.3  Evaluation of anion rubber modified asphalt 
pavement performance 

Evaluation of anion rubber modified asphalt pavement per-
formance was performed under the optimum asphalt-   
aggregate ratio conditions [9–12]. 
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(1) High-temperature rutting test. Under the requirements 
of “Highway engineering asphalt and asphalt testing proce-
dures” (JTJ052-2000), the  wheel grinding method was 
used in making track plate specimens with the size of   
300 mm ×300 mm ×50 mm, after which process their   
dynamic stability were determined. The test results are in 
Table 4. 

Dynamic stability is an indicator which reflects the re-
sistance of the asphalt mixture to permanent deformation at 
high temperature, and is more intuitive than the Marshall 
Stability Index. The higher the asphalt mixture dynamic 
stability, the stronger its rutting resistance and the better its 
stability at high temperature. 

Table 4 shows that anion rubber modified asphalt mix-
ture has a dynamic stability (9533.3 times/mm) much higher 
than that specified in the “Technical Specification for Con-
struction of Asphalt Pavement” (JTG F40-2004) (≥2800 
times/mm), and also higher than that of SBS modified as-
phalt (about 4500 times/mm). This is largely because the 
rubber particles can still maintain a high elastic deformation 
at high temperature (60°C) and therefore show strong re-
covery. From the mechanical viewpoint, compression of the 
rubber particles generates an internal rebound stress; in ef-
fect, the asphalt part of the mixture experiences a smaller 
overall stress, thus improving its ability to resist external 
forces. 

(2) Low temperature trabecular bending test. The low 
temperature trabecular bending test can be used to evaluate 
the low temperature crack resistance of asphalt mixtures. 
The tests were carried out in accordance with the “Highway 
engineering asphalt and asphalt testing procedures” 
(JTJ052-2000), using a WDW1020 electronic universal 
testing machine (Beijing Office of Instron Co., Ltd., Su park 
60921 room, Beijing Friendship Hotel, Haidian District, 
Beijing) at a temperature of −10°C and loading rate of     
1 mm/min. The low temperature damage stiffness modulus 
is an indicator of the crack resistance of the asphalt mixture 
at low temperature. The higher the lower temperature dam-
age stiffness modulus of the asphalt mixtures, the better low 
temperature cracking resistance they have. The result is 

shown in Table 5. 
The anion rubber modified asphalt mixture failure strain 

(7845.9 με) is much higher than that required by the “Tech-
nical Specification for Construction of Asphalt Pavement” 
(JTG F40-2004), (≥2800 με) and is also higher than that of 
SBS modified asphalt (around 3000 με). This is mostly be-
cause of the high waste rubber content in the anion rubber 
modified asphalt mixture which provides good low temper-
ature flexibility. 

(3) Water stability test. The water stability test evaluates 
the resistance to water damage of the anion rubber modified 
asphalt mixture. The parameter determined is the freeze- 
thaw splitting intensity ratio (TSR), which is the ratio of 
splitting tensile strength of the mixture before and after 
freezing and thawing. Larger values of TSR correspond to 
better water stability of the asphalt mixture. The test results 
are shown in Table 6. 

The TSR of the anion rubber modified asphalt mixture 
meets the requirements of the “Technical Specification for 
Construction of Asphalt Pavement” (JTG F40-2004), and 
thus the mixture shows satisfactory water stability. 

2.4  Anion release performance evaluation of the anion 
rubber modified asphalt 

(1) Testing. Using the DLY-6A232 Air Ion Detector 
(Lianteng Electronic Co., Ltd. Jinling Branch Road No. 1, 
Jinfeng Development Zone, Zhangzhou City, Fujian Prov-
ince, China), the anion release behavior of a natural anion 
asphalt pavement (i.e. paved with anion rubber modified 
asphalt) was tested. The test results were compared with the 
laboratory test results and test results from the literature to 
enable conclusions to be drawn [13]. Test results are shown 
in Figures 3–5 and Table 7. 

The air anion concentration of the road asphalt contain-
ing the admixed anion additive is about 3000 anions/cm3 
without sunshine and about 5000–6000 anions/cm3 in the 
sunshine. When vehicles pass by, there is a noticeable 
change in the concentration. The air anion concentration 
average of other road is 100–200 anions/cm3. 

Table 4  Dynamic stability test 

Test items Dynamic stability (times/mm) Technical requirements in construction specification (times/mm) 

Rutting test 9533.3 ≥2800 

Table 5  Bending strain test 

Test items Failure strain (με) Technical requirements in construction specification (με) 

Low temperature bending test 7845.9 ≥2800 

Table 6  Water stability test 

Standard condition splitting intensity (MPa) Freeze-thaw splitting intensity (MPa) TSR (%) 

0.274 0.491 55.9 
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Figure 3  Anion release test in laboratory. 

 

Figure 4  Natural anion asphalt pavement anion release test. 

 

Figure 5  Common road asphalt pavement anion release test. 

Table 7  Anion release test results for laboratory samples and asphalt pavement 

Test location  
Maximum anion  

concentration  
(anions/cm3) 

Minimum anion  
concentration  
(anions/cm3) 

Average anion  
concentration  
(anions/cm3) 

Temperature  
(°C) 

Relative 
humidity (%) 

Laboratory 
Sample 1 −1190 −950 −1076 

20 50 
Sample 2 −1150 −800 −968 

Anion asphalt pavement 
Test point 1 −7300 −6300 −5500 

32.6 55 
Test point 2 −3910 −2700 −2860 

Common asphalt pavement 
Test point 1 −180 −60 −120 

Test point 2 −150 −70 −110 
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In the same test situation, anion concentration released 
from road asphalt with the admixed anion additive is six 
times greater than that for road without admixed anion addi-
tive. The road asphalt containing admixed anion additive 
has shown excellent performance in the anion release test. 

(2) Test summary. Natural anion asphalt pavement has an 
excellent anion release capacity, higher than that expected 
from the results measured in the laboratory. Without sun-
light, natural anion asphalt pavement could release 3000 
anions/cm3; with sunlight, the number of anions released 
could reach 5000–6000 anions/cm3. The number of anions 
released from natural anion asphalt pavement anion is sig-
nificantly higher than that from ordinary asphalt pavement. 
Appropriate air humidity and adequate sunlight is condu-
cive to improve the anion release from natural anion asphalt 
pavement. 

3  Conclusions 

This new technology allows a high percentage of modified 
recycled material to be incorporated (1:1), which is im-
portant for eradication of black pollution; and the large ad-
mixture of waste tire rubber powder reduced the wax con-
tent of domestic asphalt lower than the level of imported 
ones which in turn greatly improved the quality of domestic 
asphalt products. Using the patented technology in modified 
asphalt, so that the road surface can release anions during 
use, effectively improves the environment surrounding the 
road [14,15]. 
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