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ABSTRACT   

Understanding how the physical properties of Nano-silica material affect the ultimate implementation of the 

asphalt binder is an essential study area that has been disregarded previously. The current investigation aims 

to determine whether or not it was possible to change the asphalt binder with Nano-silica (NS) depending on 

the qualities of the asphalt binder under consideration. Using nano-silica (2, 4, and 6 percentage by weight 

of asphalt), a penetration grade asphalt cement with 60/70 was developed. Nano silica and asphalt cement 

were first tested for their qualities. The NS modified asphalt binder was ready for use in the experiment after 

being heated to 160°C and mixed with a shear mixer at 2000 rpm for 60 minutes. The softening point 

temperature and penetration index of the NS modified asphalt binder, as well as the Brookfield rotational 

viscosity and ductility data, were also evaluated. Based on the rheological performance of the NS modified 

asphalt binder, increasing Nano silica content increases stiffness while decreasing temperature sensitivity. 

The addition of 4% Nano silica (NS) asphalt binder improved its basic properties and allowed it to be used 

in hot weather. By adding 4% NS to the hot recycle asphalt mixture, the Marshall stability is increased by 

32.5%, the flow is reduced by 21.4%, the unit weight is maintained, and the amount of air voids in the mix, 

as well as other mix qualities, are kept at acceptable ranges. It'll also boost the ITS by 37.8%. In general, 

adding NS to asphalt mixtures improves their qualities. 
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1. Introduction  

Transportation essentially affects the economic growth of the countries [1-6]. Among transportation modes, 

highways can be considered as the major facility for the movement of the persons and goods [7-11]. Pavement 

of the highway represents the main component as it carries the traffic loads [9, 12-14]. Therefore, design and 

construction of tight and durable pavements is in high demand [15-17]. Tight pavements depend mainly on the 

quality of the asphalt mixture. Hot mix asphalt (HMA) is the most common type used in major highways. The 

properties of the asphalt play a major role in the quality f the mixture. Enhancement of HMA is essential to 

produce tight pavements. Several techniques are available for enhancement. Among these techniques, additives 

are the most popular. Nowadays, there is a high demand on recycling of waste materials in miscellaneous 

domains [17-21]. Therefore, recycling of flexible pavements is in a vital concern due to the huge quantities of 

reclaimed asphalt pavements (RAP) accumulated after removal of old pavements. In addition, the usage of Nano 

materials in enhancement of construction materials greatly increases [22-24]. Mixing between the two 

approaches (using RAP in asphalt mixtures as a waste material and Nano particles as a modifier) is very 

interesting to be investigated. Therefore, this study adopted this hybrid approach. A number of studies were 

implemented in the domain of RAP usage [25, 26] and a number of studies adopted the usage of Nona materials 

to enhance the properties of bitumen or bituminous mixtures [27-31]. However, adoption of hybrid approaches 
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still in high demand. Therefore, this study aims to investigate the effect of Nano silica on the properties of 

asphalt materials. In addition, the study aims to investigate the effects of Nano silica on the properties of the 

asphalt mixtures contain RAP.  

2. Materials used 

The asphalt was purchased from Dora refinery in Baghdad, Iraq with a penetration grade of 60-70. All properties 

of the purchased asphalt conform to the Iraqi standard specifications. The aggregate was purchased from Nibaie 

quarry, north of Baghdad. Table 1 shows the properties of the purchased aggregate. The filler used in this study 

is limestone dust. It was purchased from Karbala lime industry with a specific gravity of 2.77 and particles finer 

than 0.075 mm of 94%. RAP was provided from a road in Yarmouk in Baghdad city. The pavement of the 

mentioned road was removed to a depth of 50 mm. The asphalt content of RAP was determined using extraction 

test according to ASTM D-2172 and its average value was found to be 4.6%. All RAP particles are smaller than 

19 mm and 5.2% of the particles are smaller than 0.075 mm. Nano silica (SiO2) was purchased from local 

markets in a form of powder. It has a white color and a hydrophobic surface. Due to large surface area of NS, it 

may result in an improvement in the viscoelastic properties of asphalt. Table 2 shows the properties of NS used 

in this study. 

Table 1. The properties of the aggregates used 

Property ASTM Designation 
Coarse 

aggregate 

Fine 

aggregate 
Specification 

Bulk Specific Gravity C127, C128 2.625 2.567 - 

Apparent Specific Gravity C127, C128 2.618 2.629 - 

Percent Water Absorption C127, C128 0.91 0.91 - 

Angularity D 5821 98 % - `Min 90 % 

Toughness C535 21.2% - Max. 30% 

Soundness C88 4.1 % - Max 12 % 

Table 2. The properties of the NS used 

Physical Property Value 

Appearance white powder 

Density 24 g/m3 

The average size of the particles 15nm 

Specific gravity 2.2 – 2.4 

Purity ˃ 99.9% 

Loss of ignition ≤ 6 % 

PH value 6.50-7.50 

Specific surface area 100 ± 25 m2/g 

3. Laboratory investigations 

Empirical rheological tests ("penetration grade, Softening Point, penetration index, rotational viscosity, and 

ductility") were performed on virgin and modified asphalt with varying Nano-silica percentages. The tests were 

completed in accordance with industry standards. The softening point test assesses the bitumen binder's 

flowability. The Brookfield rotating viscometer is now commonly used to test asphalt cement viscosity. The 

SP/pen relationship between penetration value and softening point temperature data can be used to determine 

bitumen binder temperature sensitivity. The asphalt binder's homogeneity of bitumen binder utilized in this 

study is demonstrated using a ductility test. 

4. Modification process 

The bitumen binder was changed by Nano-silica (NS) by heating it to 160 degrees Celsius.  Pour the Nano-

silica powder into the asphalt binder in weighted amounts of 2, 4, and 6 percent and blend for 60 minutes with 

a shear mixer at 2000 rpm to achieve a homogenous composition [32].   

The attributes of both modified and controlled asphalt recycled mixtures must be defined by Marshall Test is 

employed. The first set of specimens is made to determine the control mix's parameters,  Marshall Test method 
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as per (ASTM D6926-10)  and  (ASTM D6927 – 15) is used in this research, for the determination of asphalt 

mix characteristics. 

Optimum Asphalt Content (OAC) is calculated by making three HMA sample sets that have been produced at 

4.0%, 4.50%, 5.0%, and 5.50% asphalt content and compacting samples with 75 blows with a  standard hammer. 

Three sample sets are constructed with modified asphalt cement containing varying amounts of NS to achieve 

the appropriate mix characteristics. The aggregates (coarse, fine, and mineral filler) are prepared. From the 

results, it was found that the optimum asphalt content for the control mix is 5%. Each of the combinations had a 

ratio of RAP, with a percentage of 20%, based on the overall weight of the mixture (The amount of asphalt in the 

mixture stayed the same). Table 3 shows the types of aggregate (new and recycled) and asphalt (new and old) in 

each combination. When recycling is included in the combination, a sieve examination of RAP material was 

performed during the manufacturing of asphalt mixes. the RAP components were oven-dried before being 

combined with the dried and warmed new aggregate at the prescribed manufacturing temperatures. For an hour 

before mixing with (AC) to ensure that all material reached the optimum manufacturing temperature.   

Table 3. Percentages of RAP and asphalt in the mixtures 

Mixture 
Aggregate (%) Binder content (%) 

New aggregate RAP New RAP 

HMA - 0% RAP 100 0 5.0 0 

HMA - 20% RAP 80 20 4.08 0.92 

5. Testing program of mixtures 

The testing program includes indirect tensile strength (ITS) and moisture susceptibility evaluation. The indirect 

tensile strength test was adopted to evaluate the resistance of samples (control and modified) against fracture. 

The test is conducted by the method of ASTM D6931. Asphalt mixture samples were prepared in the same 

procedure as the Marshall specimen except that in this test the specimens were placed in a 25oC water bath for 

30 min before the implementation of the tensile strength testing. After that, the specimen was positioned on the 

vertical diametrical level. The ITS test is loaded at a rate of 50.8 mm/min until the sample is cracked. The 

maximum load is recorded at the time of fracture.  

To evaluate the moisture susceptibility of the mixture which refers to mixture damage under moisture effect, 

testing was implemented using ASTM D4867. A group of six specimens for each type of binder were prepared 

in Marshall mold with air voids range of (6-8), Three samples were kept in a water bath at 25℃ for 30 minutes 

to prepare for ITS, and an average value of ITS for these specimens was represented by sdry (ITS for un-

conditioned specimens). The remaining three samples were characterized in a volumetric container (4000 ml) 

full of water at a temperature of 25℃, and a vacuum of (3.74 KPa) was applied for (5 to 10) min, to obtain a 

(55 to 80 %) degree level of saturation. The specimens were placed for (24 hours) in a water bath at (60℃), 

after that, they were translated to (25℃) in a water bath for (1-2 hr.). Finally, they were subjected to an indirect 

tensile strength test. The mixture should have the lowest tensile strength ratio of 80%.  

6. Result and discussion 

6.1 Effect of NS on asphalt 

Figure 1 shows the effects of NS on the properties of asphalt. Figure 1(a) shows the relationship between the 

asphalt penetration values and Nano-silica contents. It is obvious that when the NS content increases, the 

penetration value decreases. Low asphalt penetration values indicate increased hardness and stiffness. Nano-

silica adsorption and diffusion in the asphalt cement binder absorb light volatiles and increases the Asphaltene 

phase [33]. This leads to the Nano-silica particles having a greater stiffness than the asphalt cement binder, 

resulting in a stiffer NS modified asphalt binder than previously. Figure 1(b) shows the effect of NS on softening 

point of asphalt. It is clear that when the NS percent grows, the softening point rises as well. When temperature 

susceptibility decreases, the softening point temperature rises, which indicates that the temperature 

susceptibility has decreased. It is through the Asphaltene section that light asphalt volatiles is absorbed and 

transformed into resin material, which leads to the NS [32, 33] attributable to these outcomes. Furthermore, 

because Nano silica particles have a higher stiffness than asphalt cement binder, the stiffness of NS modified 

asphalt binder is increased, it was determined that Nano-silica influenced the hardness and stiffness of asphalt 

binder material. The temperature susceptibility of the asphalt binder is measured by the penetration index (PI). 

Temperature susceptibility diminishes as penetration index increases, and stiffness increases. In Figure 1(c), the 
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PI fluctuates with NS content can be viewed. The value of PI for NS modified asphalt increases incompatibility 

with the amount of Nano-silica. However, adding NS reduced the temperature sensitivity of the asphalt binder. 

NS modified asphalt can be utilized for highway paving when the temperature is between (+2.0 and -2.0) [33]. 

The cohesiveness of the mixture is determined by the ductility of the asphalt cement binder. Figure 1(d) shows 

the relationship between the ductility of asphalt and the amount of Nano-silica present. The figure illustrates 

that as the amount of Nano-silica raises, the ductility value drops, which is consistent with the findings of prior 

studies [32, 34]. At high temperatures, a rotating viscosity test is performed to determine the asphalt binder 

material's intended workability (throughout the mixing and compacting process). The viscosities of the non-

modified and NS modified asphalt at various NS percentages in a temperature range of 135–165oC, as illustrated 

in Figure 1(e) and Figure 1(f). When NS is added to the NS modified asphalt binder, the viscosity increases. 

Enhanced viscosity values are associated with increased stiffness of NS asphalt and increased NS diffusion and 

adsorption in asphalt binder material [32]. When constructing a road with a high traffic load, it is advised that a 

high viscosity asphalt binder be used. 

 

(a) Effect on NS on penetration 

 

(b) Effect of NS on softening point 

 

(c) Effect of NS on penetration index 

 

(d) Effect of NS on Ductility 

 

(e) Effect of NS on rotational viscosity 

 

(f) Effect of NS on absolute viscosity 

     Figure 1. The effects of NS on the properties of asphalt 
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6.2 Effect of NS on HMA with RAP 

The effects of NS on the properties of HMA mixed with 20% RAP are described in this subsection. Figure 2 

shows the effect of NS on Marshal Stability. Compared to the original hot recycled mixes, it can be seen that 

the stability increases with the increase of NS dose up to 4% of NS. However, increasing the NS dose decreases 

the Marshall Stability. As evidenced by the physical and rheological test findings, this outcome may be 

attributable to the mixture stiffening. Furthermore, the use of recovered asphalt pavement increases Marshall 

Stability and flow properties by improving the mixture bond (cohesion and adhesion) of the NS modified asphalt 

binder as well as the high rigidity and stiffness.  

Figure 3 shows the effect of NS on Marshall Flow values mixtures samples. The results shown in Figure 3 

clarify an obvious reduction in Marshall Flow with the increase in NS dose up to 4%. Afterward, increase in 

NS dose increases the Marshall Flow. This behavior can be attributed to the increment of asphalt mix 

stiffness, which increases Marshall Stability as a consequence of the Silica influence upon the binder 

characteristics. 

 

     Figure 2. The effect of NS on Marshall Stability values of HMA mixed with 20% RAP 

 

     Figure 3. The effect of NS on Marshall Flow values of HMA mixed with 20% RAP 

 

 

Figure 4 shows the effects of NS on ITS values of HMA mixed with 20% RAP for unconditioned and 

conditioned samples. Indirect tensile strength values increase with increase of hot recycled mixes modified with 

NS were increased in comparison to the original mix. This is due to the fact that the mixture, which has been 

changed with NS components, stiffened the binder as the viscosity increased. The tensile strength ratio (TSR) 

was increased compared to the original mix as well, lowering the danger of moisture. This increase in tensile 

strength and TSR is due to the addition of silica, which forms a thick layer of asphalt around the aggregate 

particles and thus prevents water from reducing the bonding strength between the modified asphalt and aggregate 

and increases the cohesion of the mixture. 

Figure 5 shows the tensile strength ratio (TSR). As shown in the figure, the values of ITS increases with the 

increase of the NS dose up to 4%. Afterward, TSR values decreases with increase of NS dose. This increase in 

tensile strength and TSR is due to the addition of silica, which forms a thick layer of asphalt around the aggregate 

particles and thus prevents water from reducing the bonding strength between the modified asphalt and 

aggregate and increases the cohesion of the mixture. 
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     Figure 4. The effect of NS on ITS values of HMA mixed with 20% RAP 

 

     Figure 5. The effect of NS on TSR values of HMA mixed with 20% RAP 

 

7. Conclusions 

1. At moderate temperatures, the penetration value of asphalt binder material decreases as the amount of 

NS in the binder material increases. 

2. Even as Nano-silica % rises, the softening point of asphalt binder material rises, indicating that asphalt 

binder hardness rises as well. 

3. Nano-silica reduces the penetration index of asphalt binder material and hence its temperature 

sensitivity. 

4. The Stiffness of NS-modified asphalt increases as the Nano-silica content and agglomerate of NS 

modified asphalt binder material rises, indicating that its ductility decreases as the Nano-silica 

percentage increases. 

5. The asphalt cement binder's standard properties were improved by adding 4% Nano-silica by weight of 

asphalt. Using a asphalt binder was a better choice as the temperature increased. As measured by a 

higher softening point temperature and a lower viscosity value, penetration values were lower. 

6. Marshall Stability is increased by 32.5 % and flow is reduced by 21.4 % when the asphalt mixture is 

modified with 4% NS. Furthermore, it was discovered that the tensile strength, as well as the ratio of 

the tensile strength of modified asphalt, is improved when compared to non-modified asphalt. The ITS 

value increased by 37.8%. In terms of water sensitivity, all of the mixes that were made with the NS 

modified binders had higher TSR values. 
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