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Abstract— The main purpose of this paper is to compare 

the physical properties of Micro Bauxite Powder (MBP) 

and Nano Bauxite Powder (NBP) as modifiers of asphalt 

binder. This comparison is to evaluate which modifier has 

a better ability to improve the performance of the asphalt 

binder. The comparisons include the tests such as 

penetration, ring and ball, ductility, and viscosity 

performance. In addition, the evaluation of aging 

conditions noted that micro bauxite powder and nano 

bauxite powder could resist and delay the aging which can 

promote pavement durability. In general, the investigation 

of the performance of micro bauxite powder and nano 

bauxite powder modified asphalt binder showed that NBP 

had a significant impact on binder greater than MBP. The 

best condensation that could be considered as the optimum 

content was 5% for both modifiers. 

  

Keywords—Nano bauxite powder, and Micro Bauxite 

Powder. Physical proprieties of the aging index. Rutting 

I. INTRODUCTION 

THE combined clays are occurring minerals and thus 

subjected to natural difference in their formation. Presently, 

some researches have been conducted to evaluate the effects 

of nano clay particles on the performance of asphalt binders. 

[1] has proven that the modifications of asphalt using nano 

clay could increase the stiffness of the asphalt and delay its 

aging. With only a slight quantity of nano clay, the physical 

and viscoelastic properties of asphalt can be improved. This is 

because the nanoclay materials have a huge surface area and 

their particles are uniform in size and arrangement.   

In another research, [2] reported that the resistance to low-

temperature cracking was improved using nano clay as the 

modifier in the asphalt binder. Furthermore, the addition of 

nano clay in the asphalt binder can increase the complex shear 
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modulus compared to the base asphalt binder and also 

enhances the resistance to rutting [3]. In addition, the results 

of Abdullah et al. [4] study showed that the modified asphalts 

with nano clay had good storage stability, and the ability to 

improve the physical properties of asphalts, where the 

softening point increased and the penetration decreased.   

On the other hand, nano-silica is considered one of the most 

numerous compound materials on the earth, and it is mostly 

used in manufacturing to produce colloidal silica, silica gels, 

and fumed silica [5]. ]. Silica nano-particles have been applied 

in some industries such as in engineering around the world [6].  

In civil engineering, nano-silica particles are used particularly 

in the application of cement composites, the application of 

polymers, and the modification of asphalt binder. Currently, 

silica nanocomposites are one of the common materials in the 

modification of asphalt binder and asphalt mixture due to the 

low manufacturing cost and high-performance structures of 

these nanomaterials [7]. Several studies have been conducted 

on the application of nano-silica modified asphalt binder 

asphalt mixture. In one of these studies, Yao et al. [8] reported 

that the modifications of nano-silica modified asphalt 

improved the physical and rheological properties of the 

asphalt binder. Moreover, the modified asphalt binder with 

nano-silica has good resistance to high-temperature rutting 

compared to the base asphalt binder. Moreover, the dynamic 

elastic modulus of the modified asphalt mixture is 

significantly increased compared to the unmodified asphalt 

mixture, indicating that the nanosilica-modified asphalt 

mixture can improve the rutting resistance of the asphalt 

mixture. A study by Alhamali et al. [9] proved that nano 

silica-modified asphalt binder could enhance the binder's 

physical properties and storage stability. Moreover, it is a 

good modifier in inhibiting oxidization in the asphalt binder. 

At present, modifiers are utilized extensively to improve the 

performance in pavement research, especially on the 

modification of asphalt binder for flexible pavement. Much of 

the work to date in flexible pavement engineering involves the 

modification of base asphalt binder with various types of 

modifiers such as nanomaterial modified asphalt binder and 

mixes. As explained by Mubaraki et al., [10] the Nano 

aluminum oxide modified asphalt binder is less sensitive 
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against stress compared to conventional samples and this 

causes higher resistance against rutting in modified samples 

compared to unmodified samples. 

 

II. MATERIALS PREPARATION  

The raw supplied bauxite was first ground into a specified 

powder size by using the LAAV machine and after that, it was 

sieved using a 75 µm. Then, the powder was dried in a draft 

oven at a temperature of 145 °C in order to get rid of the 

moisture. After that, the material was heated at 125°C in a 

draft oven for 30 min. Subsequently, using a bowl mill 

machine the bauxite powder is ground for 5, 10, and 15 h to 

measure the optimum grinding time. 

The particles size of NBP  

The size of the particle is an important parameter that can 

influence the physical properties of a material [11]. Various 

techniques could be applied to investigate the particle size. 

Then, the particle size determination could be based on direct 

observation of the particles, using transmission electron 

microscopy (TEM) [12]. 

In this study, the morphology (particle size and shape) of the 

NBP was observed using the Transmission Electron 

Microscope (TEM, Hitachi HT7700) with high image 

resolution (1 nm) and magnification as shown in Figure 1.  

 

 

Fig 1: Transmission Electron Microscope (TEM) 

III. ASPHALT BINDER AGING METHODS 

Asphalt binder can be influenced by the presence of oxygen, 

ultraviolet radiation, and alteration in temperatures. In the 

same way,  Menapace  [13] reported that the aging of asphalt 

binder refers to a continued combination of retrogression and 

transformation because of the prolonged exposure to air and 

environmental cases.  

More importantly, binder aging plays a significant role in 

determining the resistance of asphalt mixes (Jung, 2006). 

Therefore, to simulate these kinds of conditions, asphalt 

binder has to be exposed to the artificially short-term aged 

procedures through the Rolling Thin Film Oven (RTFO). 

Rolling Thin Film Oven Test (RTFO) 

RTFO was developed by the California Highway Department 

to simulate aging that occurred through the mixing and 

construction of hot mix asphalt. In this test, specimens of 

about 35g of binders were placed in eight open-mouth jars and 

the jars were placed on their sides in a rotating carriage inside 

an oven. Then, the carriage started to rotate at a rate of 15 rpm 

for 85 minutes in the oven at 163°C. Throughout this time, the 

opening glass bottles containing the binders were exposed to 

the airflow at 4000 ml/min. Finally, the jars were removed, 

and drained the aged binder into a suitable size container.  

The combined effects of heat and air cause oxidative aging of 

the asphalt. Therefore, the purpose of the test is applied to 

simulate short-term aging according to AASHTO T-240 

standards. 

IV. THE RESULTS ANALYSIS 

Asphalt, like many other organic substances, can be 

influenced by the presence of oxygen, ultraviolet radiation, 

and temperature changes.These external results in the 

phenomenon are known as aging which causes changes in the 

chemical composition as well as the rheological and 

mechanical properties of asphalt [14]. The aging index can be 

calculated as maintained by formula [15].  

 

Aging index 
                   

                      
                                                               

Additionally, results related to physical properties 

parameters of the asphalt binder such as penetration, ring and 

ball, and rotational viscosity tests were utilized to evaluate 

asphalt potential of aging resistance of base asphalt binder, 

MBP, and NBP modified-asphalt binders. 

Penetration aging index 

Figure 2 shows the penetration values of unmodified, MBP 

and NBP modified asphalt binder samples before and after 

being exposed to short-term aging. After the analysis of the 

results obtained from RTFO, it can be shown that the 

penetration values for unaged and short-term aged specimens 

constantly decreased as ratios of both modifiers increased. 
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Thus, the values of penetration for short-term aging of base 

asphalt binder had slightly reduced to 44.68% compared to 

46.51% of 3%, 48.81% of 5%, and 46.83% of 7% of the NBP, 

and 44.94% of 3%, 45.98% of 5% and 45.78% of 7% of the 

MBP for modified asphalt binder samples about the unaged 

specimens. Therefore,, it could be concluded that the 

penetration after being exposed to short-term aging caused a 

proportional increase in the hardness of the asphalt binder. 

 

 
Fig 2: Unaged and Short-term aging of Penetration  

 

The aging and hardening index of unmodified and modified 

asphalt binders evaluated by the difference in retaining 

penetration after RTFO are shown in Table 1. From the results 

obtained, it was noted that the penetration aging index values 

decreased with the increase in the addition of both modifiers 

up to 5%. This indicates that asphalts modified with MBP and 

NBP have higher aging resistance compared to base asphalt 

binder and the 5% of NBP shows the best performance to 

reduce the aging amount. 

 The high percentage of modifiers (7%) in the asphalt binders 

shows an increase in penetration aging index for both 

modifiers, due to the decrease of compatibility and phase 

segregation occurs while the reduction in 7% NBP was due to 

the agglomeration occurring among the nanoparticles as 

detected from TEM test. A study conducted by Yero and Rosli 

[16] found that aging depends on time and binder source, and 

the increase in RTFO test time indicated the hardening of the 

asphalt binder.  

TABLE 1: THE PENETRATION AGING INDEX  

Percentages 

(%) 
Unaged RTFO 

Aging Index 

RTFO/Unaged 

Control 94 52 0.553 

3% MBP 89 49 0.550 

5% MBP 87 47 0.540 

7% MBP 83 45 0.548 

3% NBP 86 46 0.535 

5% NBP 84 43 0.512 

7% NBP 79 42 0.532 

Softening point aging index 

The changes in softening point of unmodified binder, MBP, 

and NBP modified asphalt binders after the aging conditions 

are shown in Figure 3. It can be observed that the softening 

point values for unaged samples had lower values compared to 

short-term aged samples, and constantly increased as ratios of 

the modifiers increased. Moreover, it can be recognized that 

from the softening point values, additional hardening was 

detected in the unmodifed and modified binder responding to 

aging. 

 

 

Fig 3: Unaged and short-term aging of Softening point 

 

Aging Index values of base asphalt binder, MBP, and NBP 

modified asphalt binder are listed in Table 2. However, the 

aging hardening index value of base asphalt binder after aging 

is greater than the modified asphalts with MBP and NBP, and 

the lowest value is seen when the concentration of modifiers 

was 5% of the NBP. This is a clear indication that base asphalt 

binders are more affected by aging.  The 5 % of the NBP has 

better performance in reducing the aging amount. Similar 

effects were found for asphalt binder with an addition of nano 

clay [17]. 
TABLE 2: THE SOFTENING POINT AGING INDEX FOR BASE BINDER, AND SHORT-

TERM 

Percentages (%) Unaged RTFO 
Aging Index 

RTFO/Unaged 

Control 46 61 1.326 

3% MBP 47 61 1.298 

5% MBP 48 60 1.250 

7% MBP 49 62 1.265 

3% NBP 49 61 1.245 

5% NBP 50 59 1.180 

7% NBP 51 62 1.216 
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Viscosity at 135°C aging index 

The changes in rotational viscosity values at 135°C of base 

asphalt binder, MBP, and NBP modified asphalt binders after 

the aging conditions are shown in Figure 4. As expected, the 

base asphalt binder had the lowest value compared to modified 

asphalts with MBP and NBP. Among the modified asphalts, it 

is noted that the higher the concentration of modifiers, the 

higher the value of viscosity. However, the various results 

among unaged and short-term aged were due to the increase in 

elasticity and hardness of the asphalt binder. 

  

 

Fig.4. Unaged and short-term aging of Rotational viscosity at 

135°C 

 

The viscosity of aging index values of base asphalt binder, 

MBP, and NBP modified asphalt binder are listed in Table 3. 

It was observed that all the ratios of MBP modified asphalt 

binder had higher values of the aging index compared to the 

controlled specimen. A decrease in aging index values was 

noted with the increase in the addition of NBP up to 5%, 

indicating better resistance to aging. Meanwhile, the result for 

the 7% of NBP showed different behavior. This is due to the 

agglomeration between the nanoparticles with the addition of 

modifiers as detected by TEM images. However, the viscosity 

value according to SHRP specifications should not be more 

than 3 Pa.s at 135 °C to ensure pump ability at the asphalt 

mixes. In general, all asphalt blends passed the requirements 

of SHRP specification regardless of the conditions. Similar 

results were identified with the modification of asphalt by 

palm fruit ash modified bitumen and waste plastics Polyvinyl 

chloride (PVC) [18] [19]. 

 
TABLE 3: THE ROTATIONAL VISCOSITY AGING INDEX FOR UNAGED AND 

SHORT-TERM 

Percentages (%) Unaged RTFO 
Aging Index 

RTFO/Unaged 

Control 0.410 0.631 1.539 

3% MBP 0.462 0.723 1.565 

5% MBP 0.481 0.759 1.578 

7% MBP 0.507 0.808 1.594 

3% NBP 0.477 0.724 1.518 

5% NBP 0.493 0.738 1.497 

7% NBP 0.521 0.819 1.572 

RUTTING RTFO Parameter (G*/sin δ ≥ 2.2kPa) 

The properties of a ideal asphalt binder are more liable to 

permanent deformation at a high service temperature when it 

has a lower viscosity. In the specifications of Superpave 

design, G*/sin δ was utilized as the key factor to define the 

rutting of asphalt binder at high-performance temperature. 

Moreover, for RTFOT aged the required slightest rutting 

parameter is 2.2 kpa. 

 Figures 5 shows G*/sin δ values of short-term aged binder 

versus different ratios of MBP and NBP modified asphalt 

binder. From Figure 6, it can be observed that a higher G*/sin 

δ value was obtained with 5% of MBP at different 

temperatures, with the values of 46ºC (23570.97), 52ºC 

(12788.85), 58ºC (6265.62), 64ºC (3034.66) and 70ºC 

(1506.71) respectively. Meanwhile, G*/sin δ for short-term 

values remarkably increased compared to unaged samples 

which were less susceptible to the oxidation of asphalt binder. 

 

 

Fig. 5. G*/sin δ of short-term aged against various ratios of MBP modified 

asphalt binder 

In the same way, it was observed in unaged samples that 

adding NBP usually led to an improvement in resistance to 

permanent deformation. Figure 4.29 shows that the base 

asphalt binder RTFO aged sample has less than the Superpave 

requires. Whereas, the value of asphalt binder modified with 

5% of NBP is sharper than this value.  It can be concluded that 

the modification of the asphalt binder using NBP was able to 

improve the resistance of rutting at high service temperatures 

under aging conditions. 
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Fig 6: G*/sin δ of short-term aged binder versus different ratios of NBP 

modified asphalt binder 

As explained by Abdullah, Mohd Ezree, et al [20], nano clay 

modification would boost the characteristics of asphalt binder 

and resistance to aging. In general, it is recognized that there 

are increases in the G*/sin δ as the percentages of both 

modifiers increase up to 5%. It is also noted that NBP 

nanoparticles had a significantly higher G* /sin δ value 

compared to MBP. This result showed that the addition of 

NBP nanoparticles to the base asphalt binder increased the 

rutting resistance higher than MBP.  

V. CONCLUSION 

The conclusion is based on the aim and objectives of this 

study. It is important as the achievement of the aim is based on 

the successful completion of the works and fulfilment of the 

objectives. The main objectives of this research were to 

characterize the physical, rheological and mechanical 

properties of modified asphalt binder and mixtures.  

Investigation on the effects of aging condition on the 

asphalt binder modified with Micro and Nano Bauxite powder 

noted that, both modifiers showed great resistance to the aging 

conditions as they delayed the aging of the modified asphalt 

binders compared to base asphalt binder. From the above, it 

can be concluded that the aim of this research work has 

satisfactorily achieve its purpose based on data collected from 

the appropriate laboratory and field assessment. 
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