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─────────────────────────────────────────────────────── 
Abstract: Characteristics of interface between cement asphalt emulsion mastic and aggregate are different from those between cement 
and aggregate or those between asphalt and aggregate. An interfacial splitting test was put forward to evaluate different cement asphalt 
emulsion mastics aggregates interfacial adhesion. Scanning Electron Microscope (SEM), Energy Dispersive X-ray Analysis (EDAX) and 
Electron Probe Micro-analysis (EPMA), were adopted to analyze the microstructures and the compositions. Results indicate that 
interfacial splitting strength tends to increase with the increase of the ratio of mineral filler to asphalt emulsion in mass (MF/AE) and 
reaches a maximum when MF/AE is 1.1, and then decreases. A significant improvement in the interfacial adhesion is achieved by 
increasing cement or mineral filler fineness and by adoption of higher strength cement, but overly fine mineral filler is disadvantageous. 
Limestone aggregate is easier to improve the interfacial splitting strength than granite aggregate. 
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Introduction 12 

 
Asphalt emulsion mixtures have logistical advantages over hot 
asphalt mixtures, in that they can be stockpiled or transported over 
long distances without special precaution. Ordinary asphalt mixtures 
need to be heated to construct, which can pollute the environment 
and consume the energy; and the mixtures can become soft in high 
temperature or brittle in low temperature. Energy savings can also 
be realized through the use of asphalt emulsion mixtures. For these 
reasons, suitable asphalt emulsion mixtures are in great demand but 
at present products are not available for use in all situations. 
However, the use of asphalt emulsion is largely restricted to various 
types of surface treatment (such as slurry surfacing and surface 
dressing) and bond coat [1]. Recently, efforts have been directed to 
the use of emulsion in mixtures used for patching with the cement 
addition [2-4]. Ordinary Portland cement can produce hydrated 
calcium silicate (C-S-H) gel after hydration, which has high strength 
after hardening and has a helpful effect on performance 
improvement of asphalt emulsion mixtures [5-7]. 

In asphalt mixtures, interfacial property between asphalt and 
aggregate has a direct effect on performance of the mixtures. 
However, in China, the Water Boiling Test (ASTM D3652) is the 
only method which is used to measure interfacial adhesion between 
asphalt and aggregate. The boiling condition is difficult to control 
and the result generated by operator’s eyes is inaccurate. As to 
asphalt emulsion, its adhesion to aggregate is only tested by a 
mixing test. The adhesion result is evaluated by distribution degree 
of asphalt emulsion on aggregate surface, which is subjective. 
Therefore, some researchers put forward another method to evaluate 
the interfacial bond. For example, by calculating the work of 

                                                 
1
 
School of Materials Science & Engineering, Chang’an University, 
161# Chang’an Middle Road, Xi’an City, 710061, Shaanxi 
Province, China. 

2
 
School of Highway, Chang’an University, China. 

+ Corresponding Author: E-mail wangzhenjun029@yahoo.com.cn 
Note: Submitted July 25, 2010; Revised January 11, 2011; Accepted 

March 2, 2011. 

adhesion between asphalt and aggregate, Saad [8] calculated that 
between water and asphalt or aggregate. Xiao [9] measured asphalt 
aggregate contact angle to study asphalt and aggregate interface 
bond strength. However, the asphalt in these tests is liquid and the 
method is invalid to the cement asphalt emulsion mastic. In addition, 
binding functions of cement and asphalt emulsion in cement asphalt 
emulsion mixtures are different from those in cement concrete or 
asphalt mixtures [10, 11]. Especially, interfacial adhesion between 
aggregate and cement asphalt emulsion is also different from that 
between aggregate and cement or that between aggregate and 
asphalt [12-14]. 

This study was done in order to solve the problems and to provide 
an improved insight into how to quantify the interfacial adhesion 
ability between aggregate and bonded mastic. Different mastics and 
aggregates were adopted and the interfacial adhesion was evaluated 
with an interfacial splitting test. The change rules of the interfacial 
splitting strength were studied in the paper. The optimal MF/AE and 
fillers were obtained. Some micro apparatuses, such as SEM, 
EDAX, and EPMA, were adopted to study the microstructures and 
to analyze the compositions of the mixtures. 
 
Simplified Interfacial Adhesion Theory 
 
The interaction at the organic phase and inorganic phase interface 
has a direct effect on interfacial adhesion. An emphasis lies on the 
strength to separate the two phases on the ideal contacting condition 
to determine the interfacial adhesion ability between aggregate and 
cement asphalt emulsion mastic. Cherry [15, 16] put forward the 
strength lying in the half infinite parts of the same material, which is 
simplified that 
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Fig. 4. Chart of Interfacial Splitting Strength with Different Fillers’ 
Fineness and Aggregates: a) Cement; b) Mineral Filler. 
 
the cement contacts with water. The hydrates can decrease the 
interfacial distance r12. 

Fig. 4 b) indicates that finer mineral filler can enhance the 
interfacial splitting strength. It is attributed that finer mineral filler 
can easily absorb asphalt emulsion. This makes the asphalt emulsion 
release much water and provide more water for the cement 

hydration. So the interfacial tension 12  is enhanced. However, 
overly fine mineral filler tends to decrease the interfacial splitting 
strength. The reason is that the hydrophilic coefficient and specific 
surface area of the overly fine mineral filler increase to 0.880 and 
0.947 m2·g-1, as shown in Table 3, which make the mastic dry and 
loose. 
 
Effect of Aggregate Lithology 
 
The results of the interfacial splitting strength with different mastics 
and lithologic aggregates are illustrated in Fig. 5. 

Fig. 5 suggests that aggregate lithology also has a remarkable 
influence on the interfacial splitting strength. Limestone is easier to 
improve the strength than granite. In contrast to limestone, granite 
surface is denser and its Zeta potential is -20.060 mV, which is not 
helpful to combine with anionic asphalt binder. In addition, the 
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Fig. 6. EPMA Pictures of the Interface with Different Aggregates: 
a)Limestone; b)Granite. 
 
cement hydrate amounts are also different. The mass percentage of 
Si, Ca, SiO2, and CaO was determined by the EPMA at five testing 
points, as shown in Fig. 6, of the interface between aggregates and 
mastics. It indicates that that mass percentage at the limestone 
aggregate interface is 10.26%, 28.24%, 10.57% and 31.52% 
respectively, while that between granite aggregate interface is 
25.67%, 11.20%, 33.51%, and 11.67%. It shows that mass 
percentage of Ca element at different points in mastics with 
limestone filler is higher than that in mastics with granite filler, 
However, mass percentage of Si element is lower. The results reveal 
that the presence of alkali surrounding is favorable to the existence 
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Fig. 8. Spectrums of Different Mastics: a) with Cement A; b) with 
Cement B. 
 
of cement hydration productions [20], such as C-S-H, which can 
enhance Ca element proportion. Thus interfacial splitting strength is 
higher. However, it should be considered that there is much Ca 
element in limestone, while much Si element is in granite. Therefore, 
it can not show the function of cement hydrates in the strength 
improvement. 
 
Effect of Cement Kinds 

 
The results of the interfacial splitting strength with different cement 
and limestone aggregate are shown in Fig. 7. 

Fig. 7 shows that a significant improvement in the adhesion is 
achieved if the bonded mastic* with cement B is applied. This is 
because the 28 curing-day compression strength of cement B is 52.6 
MPa. It is evidently higher than the 41.8 MPa of cement A. In 
addition, hydrophilic coefficient of cement B is smaller than cement 
A’s 0.57, indicating that cement B has better appetence with asphalt 
than cement A and is easier to cohere to the aggregate surface. It 
indicates that improving cement strength grade is an effective way 
to enhance the interfacial splitting strength. The results analyzed 
with EDAX in Fig. 8 a) indicate mass percentage of C, O, Si and Ca 
in mastic with cement A is 48.10%, 21.95%, 4.11% and 16.70%, 
and atom percentage is 64.91%, 22.17%, 2.37% and 6.14%, 
respectively. Fig. 8 b) shows that mass percentage of C, O, Si and 
Ca in mastic with cement B is 47.12%, 19.66%, 5.58% and 19.95%, 
and atom percentage is 63.40%, 19.92%, 3.21% and 8.66%, 
respectively. The results reveal that asphalt percentage in mastic 
with cement A is higher, which indicates that there is not enough 
cement hydrates wrapping the asphalt binder. The mass percentage 
of Ca and Si are higher in the mastic with cement B and Zeta 
potential of cement B is also higher than those of cement A. These 
can put forward favorable alkaline surroundings for cement hydrates 
existence and a highly positive zeta potential for a strong adsorption 
[21]. It makes the mineral fillers congregate and decreases the 
interfacial distance r12. So this provides evidence that the measures 
of increasing the cement hydrate amounts, such as adoption of high 
strength cement, can distinctly improve the interfacial splitting 
strength. 
 
Conclusions 
 
The conclusions drawn from this study are summarized as follows. 
1. A simple method is put forward to evaluate interfacial adhesion 

between cement asphalt emulsion mastic and aggregate. 
2. Interfacial splitting strength tends to increase with the increase 

of MF/AE and reaches a maximum when MF/AE is 1.1, and 
then decreases. 

3. Characteristics of cement and mineral filler have a marked 
influence on the interfacial splitting strength. Increase of their 
fineness and adoption of high strength cement are effective 
ways to improve the interfacial adhesion. But overly fine 
mineral filler can result in a poor interfacial adhesion. 

4. Lithology of aggregate has a remarkable influence on the 
interfacial splitting strength. Limestone aggregate is 
advantageous to improve the strength than granite aggregate. 
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