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Abstract 

Customary tests (infiltration, malleability, and relaxing point) and a unique shear rheometer were utilized to describe the physical 

and rheological properties of black-top fastener (DSR). Calcium carbonate nanoparticles (CaCO3) and aluminum hydro oxide 

(Al2O3) nanoparticles were acquainted with the fundamental black-top at groupings of 3, 5, and 7% by weight of black-top, 

separately, in this examination. The expansion of CaCO3 and Al2O3 content to the black-top significantly affects the actual 

properties of the black-top, with infiltration decreased by up to half for CaCO3 changed black-top and 64% for Al2O3 altered 

black-top. When contrasted with the base black-top folio, the conditioning point of altered black-top covers expanded by 11 and 

12 percent for the two modifiers, separately. The outcomes likewise uncovered that the capacity soundness of changed black-

top folios containing CaCO3 and Al2O3 nanoparticles was under 2.5 °C, showing that the black-top fastener and modifiers are 

exceptionally viable. The solidness (G*) of changed black-top covers was improved with the expansion of the two modifiers, 

and the best presentation of black-top fastener was gotten with the expansion of 5% of both nanoparticles. Subsequently, the 

utilization of CaCO3 and Al2O3 nanoparticles as an elective added substance to change black-top folio can be thought of. 
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Introduction 
Black-top is a dim brown to dark cementation material made principally of bitumen, which can be found in nature or fabricated 

through oil handling. Pavements are gooey fluids or solids that are generally comprised of hydrocarbons and subordinates that 

are dissolvable in carbon disulfide [1, 2]. They are generally nonvolatile at room temperature and continuously mellow when 

warmed. Black-top has been used for millennia, and its importance as a significant designing material is developing. Since 

bitumen is regularly used in the development of motorways and street organizations, black-top ought to have the option to endure 

traffic loads and low temperatures [three]. Because of the restrictions of temperature defenselessness, the black-top's low, center, 

and high temperatures, as well as its temperature execution, should be moved along. Subsequently, changing the base black-top 

is expected to expand the material's exhibition. 

Literature Review 

FA is an exceptionally dispersible powder. It contains predominantly alumino silicate and ferriferrous shiny circular particles 

(around 60 - 80%) and unpredictably molded grains of undefined dirt, mullite quartz and unburned transformative fuel (Malhotra 

and Ramezaniarpour, 1994; Diamond, 1986). BA comprises of sporadic particles, which can depend on 10-15 mm in size. The 

compound arrangements of FA and BA remains from a similar power plant are comparative (Yun et al., 2004). Contingent 

upon the cooling conditions, the polished or glasslike stage can be prevailing in BA (Nisnevich et al., 2001).

Generally speaking, BA is dormant and can be utilized as total for delivering development materials like mortar and cement. 

Furthermore, BA can be utilized straightforwardly as total in street development (Bruder-Hubscher et al., 2001).

Fly debris got from coal ignition is often utilized in concrete as a savvy substitute for portland concrete. The pozzolanic 

properties of fly debris work on the strength of cement, and its little circular particles make the substantial combination more 

serviceable (Pei-wei et al., 2007).

Broad innovative work works have been finished on the utilization of fly debris as a part of cement (Aitcin and Laplante, 

1992; Fernández-Jiménez et al., 2006; Chindaprasirt et al., 2007), and on the progressions that its fuse prompts in both 

mechanical (Topcu and Canbaz, 2007) and warm (Demirboga, 2007) properties. Besides, Lingling et al. (2005) found that fly 

debris works on the compressive strength of blocks and makes them more impervious to ice assault. Cicek and Tanriverdi 

(2007) likewise noticed the beneficial outcome of fly debris on the compressive strength of blocks.

A few examinations have been completed in Germany, England, and China to create blocks from fly debris (Guler et al., 1995; 

Kalwa and Grylicki, 1983; Mukherji and Machhoya, 1993; Lingling et al., 2005)

Experimental Design 

Materials 
Materials were used to produce some laboratories mixed; Base bitumen binder used in this study was 60/70 penetration grade 

while the nonmaterial’s were aluminum oxide nanoparticles (Al2O3) and Calcium Carbonate nanoparticles (CaCO3) white 

powder were supplied from China. The physical properties of the base bitumen binder and nanoparticles are shown in (Table 1 

& Figure 1)
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Fig 1: Modifiers of asphalt binder (a) Al2O3 nano particles (b) CaCO3 nano particles. 

Table 1: Physical properties of the base asphalt and nano particles. 

Material Properties Test Method Value 

Specific Gravity ASTM D70 1.03 

Penetration @ 25 ˚C ASTM D5 82 

Bitumen Softening point (˚C) ASTM D36 46 

60/70 Viscosity @ 135 ˚C (Pa.s) ASTM D4402 0.24 

Ductility (cm) @ 25 ˚C ASTM D113 ≥100 

CaCO3 Size nm - 40 

form Powder 

Al2O3 Size nm - 13 

Form Powder 

Preparation of Modified Asphalt Binders 

The base bitumen was heated to 150 °C and stirred for about 10 min, and the temperature was raised up to 170 °C. Three 

percentages of both modifiers (3, 5 and 7% by weight) were added gradually to the base asphalt binder with constant stirring at 

170 °C under the high shear mixture speed of 5000rmp for 90min until it achieves a homogenous asphalt binder blend for each 

percentage respectively. 

Testing Procedures 

Physical Properties 

The conventional physical tests, penetration test at 25 °C, Softening point (Ring and Ball) and ductility were conducted according 

to the American Society for Testing and Materials (ASTM); ASTM D5, ASTM D36, and ASTM D113 respectively. 

Storage Stability Test 

The adjusted black-top concrete stockpiling dependability was estimated as follows. The examples were filled an aluminum foil 

tube; the level of the cylinder is 16cm in with 3cm in measurement. The foil tubes were shut and put away upward at a 

temperature of 163±5 °C in a stove for 48 hours, accordingly cooled at room temperature and isolated evenly into three equivalent 

parts. The examples taken from the upper and lower segments were utilized to survey the capacity soundness of the ASA changed 

black-top concrete by deciding the areas relaxing focuses, assuming the contrast between the top and the base parts was under 

2.5 °C, then the examples were considered to have fantastic high-temperature capacity security. Assuming the conditioning 

focuses varied by more than 2.5 °C, the ASA adjusted black-top fastener was viewed as unsound [12, 13]. 

Dynamic Shear Rheometer (DSR) 

Dynamic Shear Rheometer (DSR) is utilized to decide the rheological properties of black-top folio, including complex shear 

modulus (G*) and stage point (δ), at low, halfway and high temperatures. These boundaries can be utilized to portray both thick 

and flexible way of behaving of black-top. The upsides of G* and for black-top folio are exceptionally reliant upon the test 

temperature and recurrence of stacking. G* is a proportion of the complete opposition of a material to disfigurement when 

presented to a sinusoidal shear pressure load. G* comprises of both versatile and gooey parts. The δ is a mark of the overall 

measures of gooey and flexible components. The DSR utilized researches the rheological properties of CaCO3 and Al2O3 

nanoparticles changed black-top fasteners utilizing a recurrence clear test. The recurrence clear applied was 0.159 to 15 Hz, and 

the temperatures close enough 45+10 to 75 ˚C. One plate was utilized in the test, 25 mm width shaft with a hole of 1 mm. 

http://www.newengineeringjournal.com/
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Results and Discussion 

Physical Properties 

The penetration value was reduced for all modified binders at 25 °C compared with the base asphalt binder. The reduction in the 

penetration value for modified asphalt binders with CaCO3 was 44.8mm to 3%, 35.4 mm for 5% and 42.4 for 7% respectively. 

Meanwhile, it was observed that the reduction in modified binders with Al2O3 nanoparticles was. The maximum decrease in 

the penetration was noted with 5% for both modifiers compared with all asphalt binders. Furthermore, modified asphalt binders 

give a Higher softening temperature compared with base asphalt binder as shown in (Figure 2). Meanwhile, the base asphalt 

binder has the lowest softening point temperature. The decrease in penetration and an increase in the softening point of modified 

asphalt binders are a result of the stiffening effect of nanoparticles. In general, the addition of nanoparticles able to enhance the 

properties of base asphalt up to 5% of modifier, in the meantime concentration of 7% shows different behavior as the penetration 

increase and softening point decreased. It might be due to agglomeration of nanoparticles during the mixing process [14]. 

Fig 2: Penetration and softening point of modified asphalt binders. 

Storage Stability of Modified Asphalt Binders 

The difference in softening point values between the up and down sections of asphalt binders indicates its storage stability. The 

less value of the parts, the better storage stability for the modified asphalt binders [15]. (Figure 3) shows the storage stability of 

the base asphalt binder and modified asphalt binders. It was found that the differences in softening points in modified asphalt 

binders were 1 °C. Therefore, measuring the softening point of the up and bottom sections of each sample, show that the 

differences between the top and bottom pass the required value as it is less than 2.5 °C for all binders, this indicates that the 

nanoparticles modified asphalt binders were quite stable during stored at high temperatures. 

Fig 3: Storage stabilities of modified asphalt binders. Figure 3: Storage stabilities of modified asphalt binders. 

http://www.newengineeringjournal.com/
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The Dynamic Shear Rheometer (DSR) 

Modify of asphalt binder usually perform in two types of the binders, regarding the compatibility between asphalt and the 

modifier; the first one, a heterogeneous blend, the asphalt binder, and modifier are incompatible, and they are separated into two 

phases. The second one is a homogeneous blend, asphalt binder, and the modifier are entirely compatible [16]. The evaluation of 

rheological properties of modified asphalt binder shows a significant improvement in the performance of asphalt binder. (Figure 

4) shows that the addition of modifier increases the stiffness of modified asphalt binders. It was noted that the modified asphalt

binders whit Al2O3 nano particles have the highest complex shear modulus among the binders, which mean the highest 

resistance to deformation at elevated temperatures. Wearase, the base asphalt binder has the lowest complex shear modulus. 

Fig 4: Isochronal plots of modified asphalt binders. 

Conclusion 

The assessment of physical and rheological properties of black-top folio shows that the two modifiers have been effectively 

worked on the physical and rheological properties of adjusted black-top covers contrasted and base black-top. Central matters 

are recorded as:- 

▪ The entrance diminished and relaxing point increment, and that implies the altered bitumen fasteners become more earnestly

contrasted and base black-top, and the hardness of covers prompts lessen the temperature helplessness. Additionally, it was

tracked down that the similarity among black-top and nanoparticles is huge, it could because of the uniform scattering of

nanoparticles in the black-top mixes.

▪ The outcome shows that 5% of the two modifiers of black-top folio can be considered as the best execution of black-top

fastener. From the blending and readiness of nano-and miniature altered black-top fasteners, it is derived that the nano-or

miniature materials might have synthetic responses and actual scattering with the control black-top.

▪ From the DSR results, the expansion of NI.44P, MCF and NMN materials can build the complicated shear modulus of these

altered black-top fasteners comparative with the control black-top folio, and work on the protection from rutting, in any

case, the perplexing shear modulus of PMN changed black-top cover diminishes and the recuperation capacity of PMN

adjusted black-top cover might be improved.

▪ FTIR spectroscopy shows the expansion of nano-or miniature materials in the black-top fastener, the oxidation response

might be debilitated in the changed black-top cover when it is presented to daylight and intensity. In synopsis, the impact

of adjusted black-top fastener on enemy of oxidation is improved when the chose nano-or miniature materials were included

the control black-top.

▪ For future work, the black-top blend tests and model recreation are made arrangements for assessing the full scale properties

of altered black-top combinations.
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