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Abstract 

The convenient asphalt mastic (CAM) is prepared by the pretreatment process of cationic rapid setting emulsified asphalt 

(CRS-1) with cement. The CAM is then mixed with the aggregate to produce the convenient asphalt concrete (CAC) mixture. 

The pretreatment is to mix sulphonated naphthalene formaldehyde condensates (SNF) with emulsified asphalt evenly. In the 

pretreatment process, the SNF generates a protective barrier outside the electrical double layer on the surface of the emulsified 

asphalt micelles, which can inhibit the demulsification of micelles and improve the stability of CRS-1 in the CAM preparation. 

The residual SNF in the pretreatment proceeding can also be used as a water reducing agent, which can improve the workability 

of CAM and provide a dosage ratio that can increase the cement content. The increase of cement content in CAM can 

significantly improve the mechanical properties of CAC. The results of this study show that as the SNF pretreatment dosage 

increases, CAM viscosity decreases, and the CAC mixture has better workability. The Marshall stability value of the CAC 

obtained by CRS-1 (pretreated with SNF) can reach about six times that of hot mixture asphalt (HMA) at 28 days of age. The 

compressive strength can reach more than three times and the 40°C resilient modulus can reach more than eight times. Clearly,  

the modification effect of the pretreated CAC significantly enhances the mechanical performance. 
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1. Introduction 

CAC is a mixture of CAM and aggregates. CAM contains 

cationic rapid setting emulsified asphalt (CRS-1), sulphonated 

naphthalene formaldehyde condensates (SNF), and Type-1 

Portland cement. 

Because CAC is mixed and constructed at normal temper-

ature, carbon emission can be reduced. In addition, the ag-

gregate and emulsified asphalt mixing process of CAC does 

not use combustion heating, but the emulsified asphalt is 

directly mixed with other dry materials after pretreatment, 

which can greatly reduce the generation of organic pollutants 

(VOC) and dust, avoid air pollution, and enable people to 

protect personnels both mixing plant and on-site construction. 

Reduce the inhalation of harmful substances and avoid heat 

damage caused by high temperature substances and the en-

vironment. 

In addition, CAC improves the previous cement asphalt 

concrete that needs to be divided into two stages of compac-

tion, so that the CAC construction process can be coherent. 

CAC can be compacted at one time, unlike traditional cement 

asphalt concrete, which needs to wait for emulsified asphalt to 
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break and then the first stage of compaction going. Follow by 

the final compression rolling when cement of CAM acting the 

initial setting. 

Convenient asphalt concrete has several times higher me-

chanical strength than hot mix asphalt concrete (HMA), 

which can ensure the stability of road surface structure, extend 

the service life, and reduce the frequency of maintenance. 

Because of CAC’s environmental protection, energy saving, 

safety, easier construction, with strong material strength and 

other benefits, it is named convenient asphalt concrete. 

According to previous experience, the cement asphalt 

mastic is mixed with emulsified asphalt and cement. Unfor-

tunately, the cement will destabilize and break the emulsified 

asphalt micelles, which may cause demulsification. The de-

mulsified emulsified asphalt micelles will then cohere into the 

sticky asphalt glue, as shown in Figure 1. The viscosity of the 

mixture of the emulsified asphalt mixing with cement con-

tributes to emulsified asphalt breaking is much greater than 

that of the originally emulsified state [1, 2]. As shown in 

Figure 2, the emulsified asphalt loses its workability after the 

cement was mixed the demulsification occurred. 

Therefore, in this study, the SNF is uniformly mixed with 

CRS-1 first to increase the stability of the CRS-1 micelle, to 

ensure that the demulsification does not occur when the 

CRS-1 is mixed with the cement. This processing technique is 

called “pretreatment”. 

The stability of SNF to make the micelle comes from two 

aspects. The first aspect is to thicken the electrical double 

layer of the CRS-1’s micelle. When the SNF and CRS-1 are 

mixed, the molecules of the SNF will electrically attach to the 

surface of the micelle of the CRS-1 to form a barrier outside 

the electrical double layer, thicken it, and enhance the micelle 

stability. This double-electric layer can enhance micelle sta-

bility by increasing the mutual repulsive force of the homo-

geneity in the electric field between micelles; and hence, 

decrease the tendency of consolidation and aggregation, as 

shown in Figure 3 [3, 4]. The second aspect is that the SNF 

plays the septum role between the cement grain and the 

emulsified asphalt micelles. The SNF forms a layer on the 

CRS-1 micelles to isolate them from the cement grains, so that 

the emulsified asphalt will not adhere to the cement grains 

during the mixing process. This maintains the workability of 

the CAM mixture due to its low viscosity. Therefore, in ad-

dition to the electrical effect of the same ion mutual exclusion, 

there is also a molecular barrier effect for the overall stabili-

zation mechanism of the pretreated CRS-1 micelles of the 

CAM. These two effects will inhibit the demulsification of 

CRS-1 micelles after SNF pretreatment and will maintain 

good workability for the CAM. 

In this study, pretreated CRS-1 is mixed with the cement to 

produce CAM and then mixed with the aggregate to synthe-

size CAC. This special mixing process of treating the cement 

and the emulsified asphalt is novel and different from other 

similar studies [5-8] in which cement and sand are mixed with 

the cationic slow setting emulsified asphalt (CSS), that con-

tains CSS-1 or CSS-2, after adding the water to wet the ce-

ment or cement-sand mixture to synthesize the cement slurry 

or cement mortar. 

In past studies associated with asphalt concrete, cement 

was used as a modifier (i.e., as a filler, an anti-stripping agent, 

or a strength enhancer). Generally, when cement is applied to 

an emulsified asphalt concrete mixture, there are two different 

mixing processes. One mixing process is to mix first the CSS, 

water, and aggregates together. The other mixing process is to 

mix the cement slurry with aggregates before adding the CSS 

[9-12]. However, mixtures prepared by these two different 

processes require additional mixing water. In fact, the pro-

portion of the cement blended is relatively low about the two 

different mixing processes, that is only 0.4 to 0.75 times when 

the cement/emulsified asphalt ratio is between 1 to 1.2, used 

in this study. Therefore, the CAC contributes to a significant 

enhancement in strength compared to the cement asphalt 

concrete of past studies (hereafter referred to as CAC of the 

past studies) [13-16]. 

At the past studies, during paving and initial compaction, 

the additional water of the CAC must be bleeded after emul-

sified asphalt demulsified. When this free water bled in the 

mixture pores by the compaction process, these pores can be 

reduced, and the pavement is compacted well. Therefore, after 

the initial compaction, there are about four hours of waiting 

time before the middle compaction and the final compaction 

can be carried out; and thus, the pavement compacting process 

cannot be performed continuously [17, 18]. However, the 

CAC prepared in this study does not have this bleeding issue 

during pavement compacting since no additional water is 

required during the mixing process. Moreover, various me-

chanical properties of the CAC prepared in this study are also 

better than those of the cement asphalt concrete of the past 

studies [13-16]. 

As a result, pretreatment of CRS-1 by the SNF inhibits the 

demulsification reaction caused by direct mixing with cement, 

which yields better workability for the CAM and better 

strength for both the CAM and the CAC. 

 
Figure 1. Emulsified Asphalt Demulsification. 
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Figure 2. Emulsified asphalt Blended Directly with Cement for Demulsification and Losing the Workability. 

 
Figure 3. SNF Ions Enhance the Mutual Exclusion of Electric Property between the Emulsified Asphalt Micelles, and Reduce the Tendency of 

Micelle Coalescence. 

2. Experimental Program 

2.1. Materials 

The main materials used in this study meet the ASTM 

specifications shown in below: 

1) ASTM C150 specifications for the material properties of 

the Type I Portland Cement. 

2) ASTM C494 specifications for the sulphonated naph-

thalene formaldehyde condensates (SNF), as a strong 

water reducing agent for cement slurry. 

3) ASTM 2397 specifications for the cationic rapid-setting 

emulsified asphalt (CRS-1), and the main physical 

properties of the experimental results are shown in Table 

1. 

4) The aggregate was granite, and it met the Fuller’s Curve 

grading distribution, as shown in Table 2. 

To select the aggregate gradation, and since the appropri-

ate mixing viscosity of CAM (1000~11000cPs, as shown in 

Figure 8) is greater than that of the typical asphalt viscosity 

in hot-mix asphalt (HMA) mixtures (170±20cPs), and since 

the thickness of the CAC aggregate covered by CAM is 

thicker than that of the aggregate covered by asphalt binder 

in the typical HMA, larger pores are needed to accommodate 

the CAM between the aggregate particles. Therefore, the 

aggregate grading in the CAC mixture is selected following 

the lower limit of the passing percentage of each sieve. Fine 

aggregates below the #200 sieve are removed to make the 

aggregates coarser and the pores between the aggregate par-

ticles larger. 
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Table 1. Results of CRS-1 Physical Property Tests. 

Test Item Standard Value Laboratory Results 

Residue by Distillation Above 60% 57% 

Storage Stability Test, 24 hours, % Below 1 0.32 

Static Stratification Test, 5 days, % Below 5 0.91 

Table 2. Aggregate Particle Size Distribution. 

sieve mesh passing% of specification Measured Passing % 

1” 100 100 

3/4” 90-100 90 

3/8” 56-80 60 

No.4 35-65 40 

No.8 23-49 23 

No.50 5-29 5 

No.200 2-8 2 

Button 0 0 

 

2.2. Pretreatment and Mixing Protocol 

The pretreatment protocol used in this study is to mix first 

the CRS-1 and SNF uniform (at 3%, 4%, and 5% of CRS-1 

by weight). Flocculation will appear at the initial stage of 

mixing, but it will disappear after continuous mixing. The 

cement is then added into pretreated CRS-1 to form the 

CAM, and finally, the CAC mixture is prepared when the 

appropriate amount of aggregate is added to the CAM. Table 

3 shows the mixing dosages (SNF/CRS-1 and cement/CRS-1 

ratios) to prepare the CAC mixture. 

Table 3. Proportion of Material Composition Used in CAM. 

SNF/CRS-1 3% 4% 5% 

Cement/CRS-1 1.0 1.1 1.2 

The mixing protocol to prepare the Convenient Asphalt 

Concrete (CAC) includes three steps, as summarized below: 

1) CRS-1 and SNF are fully mixed until the flocculation 

disappears and then rest for two minutes. 

2) The cement is added to the prepared mixture in step (1) 

and stirred for two minutes to form the CAM. 

3) The coarse and fine aggregates are added to the CAM 

while keep stirring. 

The CAC mixture is loaded into a steel mold and com-

pacted, after aggregates are fully covered by the CAM, fol-

lowing ASTM D 1559 (Marshall test procedures). 

2.3. Experimental Testing 

2.3.1. Viscosity Testing 

CAM viscosity was tested by the Brookfield viscosity 

meter following ASTM D4402, using the #6 spindle in a 60 

RPM. 

2.3.2. Mechanical Strength 

In terms of compressive strength, Marshall stability value 

was measured following ASTM D1074 to assess the me-

chanical strength differences between the CAC of various 

mixtures dosages and the HMA, using specimens of 10 cm in 

diameter and 10 cm in height and aged for 8 hours to 28 days. 

The resilient modulus test was also performed following 

ASTM D4123 at 40°C to compare the mechanical properties 

between the pretreated CAC and the HMA mixture. 

3. Results and Discussions 

The most important procedure of the CAM pretreatment is 

to fully mix the SNF and CRS-1 first, so that CAM is in a 

http://www.sciencepg.com/journal/jccee


Journal of Civil, Construction and Environmental Engineering http://www.sciencepg.com/journal/jccee 

 

85 

stable state due to the thickened electrical double layer on the 

micelle of the CRS-1 formed by the SNF molecules, and the 

formation of a barrier outside of the micelles. The produced 

CAM has good stability and workability due to the electrical 

isolation and physical buffering between CRS-1 micelles and 

cement grains. 

3.1. Relationship Between the Pretreated CRS-1 

and the Zeta Potential 

The electrical double layer is the former of the interfacial 

electric phenomenon of the static and the dynamic phenom-

ena, and the Zeta potential is a dynamic phenomenon. Ac-

cording to the interfacial electric phenomenon, the surface of 

a tiny particle in a polar liquid (or solution) adsorbs the polar 

molecules (or ions) that are suspended in the liquid and they 

form the first (static) layer of charge (stern layer). Clearly, a 

potential difference appears between the solid surface and 

the liquid, as shown in Figure 4. This potential difference 

will attract other particles with opposite polarity to form the 

second (dynamic) layer of charge (dispersion layer) on the 

solid surface, and this concludes the electrical double layer 

of the interface. The overall potential difference is called the 

double-layer potential, where the potential difference is 

shown in Equation (1), and as shown in Figure 4. 

 
Figure 4. Definition and Interpretation of the Electrical double layer 

Outside of the Micelle. 

ξ =
4×𝜋×𝛿×𝜎

𝐸
                   (1) 

where, ξ is the Zeta potential, δ is the electrical double layer 

thickness, σ is the charge density on the particle surface, and 

E is the dielectric constant of the polar liquid. Equation (1) is 

valid when the particle radius is much larger than the thick-

ness of the electrical double layer, and it is consistent with 

this study. 

In this study, the micelles of CRS-1 are in the Brownian 

motion, and the water molecules among the stern layer are 

also in motion, while the ions of the dispersion layer remain 

stationary. The potential difference across the dispersion 

layer is the Zeta potential of the suspended colloid. 

The larger the Zeta potential, the thicker the dispersion 

layer around the colloidal particles. This also means greater 

permissible overlapping thickness of the electrical double 

layer (i.e., the ionic diffusion layer) during the molecular 

collision, and lower probability of coalescence due to colli-

sion contact of micelles. As a result, the thicker the ionic 

diffusion layer, the higher the ionic density of the micelle 

surface, which gives a stronger surface electric field, as 

shown in Equation (2). Hence, the mutual repulsive force of 

the micelle particles is stronger when they collide with each 

other. This means the larger the Zeta potential, the more sta-

ble the dispersed state of the colloid, and the lower probabil-

ity of micelle coalescence when colliding with each other 

[19-21]. Experimental results of this study verified that the 

Zeta potential increases with the increase of SNF dosage. An 

extreme value is obtained when the SNF/CRS-1 ratio reaches 

0.03, as shown in Figure 5. 

𝑉𝑅 =
𝜀×𝑟×𝜑0

2×ln(1+𝑒−𝐾𝐻)

2
            (2) 

where, VR is the electric field intensity between particles, ε 

is the dielectric constant of the medium, r is the radius of the 

particle, ψ0 is the potential of the stern layer on the surface of 

the particle, K is the reciprocal of the thickness of the dif-

fused electrical double layer, and H is the shortest distance 

between the particles’ surfaces. 

As shown in Figure 5, the SNF dosage does affect the Zeta 

potential of micelles in the CRS-1, with the maximum value 

occurring at an SNF/CRS-1 ratio of 0.03. According to Equa-

tion (1), the electrical double layer thickness δ is at its largest 

value at that ratio. Subsequently, as the SNF dosage increases, 

the dispersion layer is neutralized by extra SNF molecules, 

and hence, the Zeta potential decreases. However, the optimal 

SNF dosage selected in this study is not 3% but 5%. The rea-

son is that, in addition to providing stability protection for 

micelles, SNF also needs to offer the workability between 

CRS-1 and cement by providing a barrier on the micelle’s 

surface. Therefore, a higher SNF dosage (more than 3%) is 

required to lubricate the cement slurry in the CAM. 

 

http://www.sciencepg.com/journal/jccee


Journal of Civil, Construction and Environmental Engineering http://www.sciencepg.com/journal/jccee 

 

86 

 
Figure 5. Trend of Zeta Potential of CRS-1’s Micelles after the SNF Pretreats CRS-1. 

3.2. Relationship of the CRS-1 Pretreated by 

SNF and the CAM’s Viscosity 

 
Figure 6. Impact Trend of the SNF Pretreatment on CAM Viscosity. 

After adding the SNF to the cement slurry, and due to the 

negative ions -SO¯ and -COO¯ in the water, the water reducer 

will be adsorbed on the cement grains under the attraction of 

the cement positive charge Ca2+ and forms a electrical double 

layer on the surface. The cement grains are then dispersed 

under the influence of electrostatic repulsion, and the bound 

water in the mixture is released; thus, the cement slurry will 

have better fluidity. Moreover, the SNF is adsorbed on the 

cement grain’s surface, and it is associated with water mole-

cules through the hydrogen bond to form a stable water film 

on the cement grain’s surface. This prevents the cement grains 

from coming into direct contact with each other, and hence, 

increases the sliding ability between the cement grains and 

improves the cement slurry fluidity [22, 23]. In fact, the results 

of this study verified this tendency. As shown in Figure 6, the 

CAM’s viscosity decreases with the increase in SNF dosage. 

Clearly, CRS-1 pretreated by SNF can reduce the CAM’s vis-

cosity and improve the CAC workability. That is, the use of 

SNF not only enhances the stability of CRS-1’s micelles but 

also decreases the CAM’s viscosity. This is beneficial to the 

workability of the CAC mixture. 

3.3. Relationship Between CAM’s Pretreatment 

and CAC’s Strength Performance 

In this study, the pretreatment of CAM is characterized by 

the direct mixing of CRS-1 pretreated by SNF with the ce-

ment but CRS-1not having demulsification and then mixing 

with the aggregate to form the CAC mixture. The advantage 

of this pretreated CAM is that no additional water is required, 

and a large amount of cement can be added to the emulsified 

asphalt. In previous studies [13-16], the amount of cement 

added is approximately in a ratio of 0.4 to 0.75 of emulsified 

asphalt, while the cement to CRS-1 ratio in this study can 

reach 1 to 1.2. Therefore, CAC blending from pretreated 

CAM will have higher strength. 

The CAC mixture shows better overall mechanical proper-

ties due to the proper proportion of material components. 

The strength trend of the Marshall stability value of CAC is 

shown in Figure 7. It is clear that the Marshall stability value 

of the CAC mixture is already higher than that of the HMA 

mixture at 12 hours of age, and it is at least 6 times higher at 

28 days of age. Fang et al. (2016) reported a 20~30kN Mar-

shall stability value of CAC in past studies [24], while the 

result of this study is 2~3 times higher. As shown in Figure 8, 

the compressive strength of the CAC mixture at 1 day of age 

catches up with that of the HMA, and at 28 days, it is three 

times more than the HMA strength. A comparison of the 

resilient modulus is shown in Figure 9, and it is clear that the 

40°C resilient modulus of the CAC mixture after 1 day can 

reach three times that of the HMA mixture, and eight times 
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that of the HMA mixture at 28 days. 

 
Figure 7. Modified Quality Performance of CAC at the Marshall Stability Value. 

 
Figure 8. Modified Quality Performance of CAC at the Compressive Strength. 

 
Figure 9. Modified Quality Performance of Resilient Modulus of CAC at 40°C. 
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4. Conclusions 

The following conclusions can be drawn: 

1) In previous studies [13-16], and during the preparation 

of cement asphalt concrete, the cement slurry was made from 

blending the cement in the emulsified asphalt with the addi-

tion of water. However, this study presented a significantly 

different approach of pretreated CAM, where the SNF mol-

ecules protect the CRS-1 micelles, and the cement can be 

blended directly with the CRS-1 and SNF. The use of SNF 

also reduces the CAM’s viscosity and provides good worka-

bility for the CAC mixture. For those mixtures with the 

slow-setting emulsified asphalt (CSS) blended with the ce-

ment, the gels in the CSS cannot provide good workability, 

and only increase the denseness and viscosity of the mastic. 

Therefore, it is necessary to blend the cement with water to 

synthesize the cement slurry, and then it can be blended with 

the CSS to yield better workability. 

2) In this study, the CAC mixtures construction procedure 

is similar to that of the HMA mixtures. This approach is dif-

ferent from that described in previous literature about cement 

asphalt concrete constructing as Bohdan Dolzycki et al. (2007) 

concluded. The previous cement asphalt concrete construct-

ing of Bohdan Dolzycki needs to be compacted in two stages. 

The first stage is preliminary compaction, and a waiting pe-

riod of about 4 hours is required to allow the water to bleed 

from the cement asphalt concrete of past studies. The final 

compaction can be carried out after this this waiting period. 

However, the compaction procedure of the pretreated CAC 

mixture produced in this study is similar to that of HMA 

mixtures. The preliminary compaction stage, the continuous 

compaction stage, and the final compaction stage are con-

tinuously performed at one time. 

3) Although SNF addition cannot directly increase the 

strength of the CAC mixture, it enhances the workability of 

pretreated CAM, and hence increases the cement proportion 

as well as the mechanical strength. Based on the results of this 

study, using SNF allows CRS-1 to be blended directly with 

cement in a cement/CRS-1 ratio of 1 to 1.2 by weight. This 

breaks the upper limits reported in previous studies [13-16]. 

Finally, the mechanical strength of the manufactured pre-

treated CAC mixture has been significantly improved. 
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