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Abstract. The purpose of this study was to determine the effect of iron powder as filler material on the 

characteristics of asphalt. The research was begun by testing the physical properties of pure asphalt. 

These tests provided the necessary information needed in order to establish a baseline for further 

research, as well as to produce materials for testing.  The next step was making a specimen of pure 

asphalt by mixing the bitumen, soft aggregate and coarse aggregate to an optimal asphalt content of 

6%. From the specimen, six samples of asphalt were prepared.  No modifications were made to the 

first sample. The remaining samples of asphalt were modified by adding iron powder as a filler in 

increasing percentages, as follows: 0,5%, 1%, 1,5%, 2%, and 2,5%. A Marshall Test was conducted 

on each sample to determine the characteristics of the asphalt samples, including stability, density, 

flow, VIM, VMA, and VFA. Based on the test results, it can be concluded that the addition of iron 

powder affected the physical properties of asphalt. 

 

Keywords: Asphalt Modified, Iron Powder, Marshall Test, Asphalt Characteristics, Physical 

Properties 

 

INTRODUCTION 

 One of the factors affecting the quality of the asphalt mixture is the cavity (pore) of the asphalt 

mixture. Cavities on asphalt and aggregate mixtures are one cause of road damage. Large asphalt 

cavities will cause water to easily enter through the pores of modified asphalt and aggregate which 

causes the bonds of asphalt and aggregate to become weak. The weakness of these asphalt bonds leads 

to rapidly damaged roads (Ghuzlan and Carpenter 2006, Netterberg and De Beer 2012). 

 Various modifications of asphalt are done to reduce asphalt cavity. Some researchers have used 

rubber as a material to modify asphalt (Chiu 2008, Fontes et al. 2010, Liang et al. 2015, Liu et al. 

2009). The addition of rubber aims to improve the quality of asphalt by reducing asphalt cavity in the 

mixture. The addition of resin as a binder is another alternative to improving the quality of asphalt 

(Jeong et al. 2010). Asphalt modification with chemical has also been carried out (Cubuk et al. 2009, 

Ouyang et al. 2005, Song et al. 2006). However, the results showed that there were still weaknesses in 

modified asphalt. 

 A breakthrough in reducing the asphalt cavity has been achieved by putting filler into the asphalt 

mixture and the aggregate (Navarro et al. 2009). The development of modified asphalt currently 

utilizes cement as a filler to improve the quality of the asphalt (Aksoy et al. 2005, Lu et al. 2009). One 

alternative material that has the potential to be filler in modified asphalt is iron powder. A test to 
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determine whether iron powder can efficiently be used as an asphalt filler is required. Chemically, iron 

powder has excellent potential as a filler because it contains carbon element that allows interacting 

with Asphalt which is predominantly composed of also dominated by carbon. The interaction of carbon 

elements in the iron powder and asphalt is expected to produce strong bonds and increase asphalt 

quality. 

METHODOLOGY 

 Materials used in this study include sand, gravel and iron powder as filler materials while the 

equipment included the following: thermometer, water bath, ring (made of brass material), steel ball, 

heater, brass ductility mold, ductility testing machine, pycnometer, glass vessel, Erlenmeyer flask, 

analytical balance, and mixer oven. The first sample is pure asphalt, while samples 2, 3, 4, 5, and 6 are 

mixtures of asphalt and iron powder. The primary methodologies used to test the samples were the 

penetration test and the Marshall test. These tests were conducted by penetration asphalt 60/70 

standard. 

 The addition of filler was carried out from a concentration of 0 - 2.5% by weight of bitumen 

(USDT 2008). The composition of the asphalt, showing the addition of iron powder, can be seen in 

[Insert Table 1] below:  

 

Table 1. Mixed composition of sample 

Sample 
Asphalt Iron Powder 

gr phr % 

1 2000 100 0 

2 2000 100 0,5 

3 2000 100 1 

4 2000 100 1,5 

5 2000 100 2 

6 2000 100 2,5 

 

This research began by testing the physical properties of pure asphalt, the base material under 

investigation. Subsequently, the preparation of each sample was completed by mixing bitumen, 

aggregate and iron powder at optimum bitumen content of 6%. The final stage of the research is 

marshall testing to discover the characteristics of the modified asphalt. All the tests in this study 

referred to American Society for Testing and Materials (ASTM) –D Standards . 

RESULTS AND DISCUSSION 

Testing of physical properties 

 The first phase of this research was testing the physical properties of asphalt (sample 1). The 

physical properties of asphalt included penetration, softening point, ductilit, specific gravity, weight 

reduction, penetration after weight loss and ductility after weight loss (ASTM-D6927–15, ASTM-

D346-14, ASTM-D5/D5M–13, ASTM-D113–17). The results of physical properties test can be seen 

in [Insert Table 2] below: 
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Table 2. Test result of physical properties of pure asphalt 

No Type of Test 

Pure 

Asphalt 

(Sample 1)  

Standard Result 

1 Penetration (mm) 72,50 60-79 Fulfilled 

2 Softening Point (0C),  35,00 30-50 Fulfilled 

3 Ductility (cm) 110,00 Min 100 Fulfilled 

4 Specific Gravity 1,01 Min 1,0 Fulfilled 

6 Weight Reduction (%)  1,00 Min 1,0 Fulfilled 

7 
Penetration After Weight Loss 

(%) 
70,20 Min 45 Fulfilled 

8 Ductility Reduction (%) 55,00 Min 50 Fulfilled 

 [Insert Table 2] shows the tests results across eight criteria. The tests verified that the pure asphalt 

specimen reached standard penetration 60/70. Therefore, the asphalt specimen is a proper base material 

for this research. 

Physical properties of aggregate 

The aggregate is an integral part of asphalt testing. Tests on aggregate included water 

absorption, density, and abrasion with los angles machine. Test results of aggregate physical properties 

can be shown in [Insert Table 3] below. 

Table 3. Physical properties of aggregates testing results 

No Characteristics Conditions Result  Note  

Coarse  Aggregate 

1 Water Absorption max. 3% 0.751 Reached 

2 
Bulk Specific 

Gravity 
min. 2.5 gr/ml 2,669 Reached 

3 Effective density min. 2.5 gr/ml 2,697 Reached 

4 
Abrasion machine 

Los Angels 
max. 40% 15,54 Reached 

Fine Aggregate 

1 Water Absorption max. 3% 3,00 Reached 

2 
Bulk Specific 

Gravity 
min. 2.5 gr/ml 2,502 Reached 

3 Effective density min. 2.5 gr/cc 2,621 Reached 

4 
Abrasion machine 

Los Angles 
max. 40% 15,54 

Reached 

 

From the overall aggregate physical properties, four parameters have been implemented. Based 

on the results, it can be shown that the aggregate has fulfilled the requirements and can be used as a 

mixture of highway construction. 
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Testing of the characterization of modified asphalt 

 The asphalt characterization test was performed by Marshall Method (ASTM-D6927–15, 

Kandhal and Parker 1998). Test results with marshall method resulted in density, stability, flow, VIM, 

VFA and VMA values that describe the quality of asphalt. 

Density test 

 The density value shows the density of a compacted mixture. High-density values are better able 

to withstand heavier loads than low-density mixtures (Altamzwi 2011). [Insert Figure 1] showed that 

the addition of iron powder has an effect on the modified asphalt density value. The effect that occurs 

was the addition of iron powder caused smaller density value. The overall value of modified asphalt 

density reached standard value. 

 
Figure 1. The relation between the addition of iron powder to the density value 

Stability test 

 Stability is the ability of a road to receive a traffic load without permanent form changes such as 

wave, groove, and bleeding (Hicks 1991). [Insert Figure 2] showed that the addition of iron powder 

affected the stability value. The effect occurred was the addition of iron powder caused the greater 

stability value. The overall value of modified asphalt stability reached standard value. 
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Figure 2. The relation between the addition of iron powder to the stability value 

Flow test 

 The flow value was used to measure deformation occurring due to load (Hicks 1991). [Insert 

Figure 3] showed that the addition of iron powder influences the flow value. The effect occurred was 

the addition of iron powder caused the greater flow value. However, the overall value of the modified 

asphalt density reached standard value. 

 
Figure 3. The relation between the addition of iron powder to the flow value 

 

 

VIM (void in the mix) test 

 VIM (void in the mix) is the remaining pore volume after the asphalt concrete mixture is 

compacted. VIM is required for shifting aggregate grains due to additional compaction occurring by 

the repetition of the traffic load or where the asphalt becomes soft / expands due to rising temperatures. 

VIMs that are too big will result in asphalt concrete is less waterproof resulting in increased asphalt 

oxidation process that can accelerate the aging of asphalt and decrease the nature of durability. 

Conversely, too small VIM will result in pavement experiencing bleeding if temperature increases 

(Gaus et al. 2015). 

 [Insert Figure 4] shows that the addition of iron powder has an effect on the modified asphalt 

VIM value. The effect occurred was the addition of iron powder caused the greater VIM value. 

However, the overall value of the modified asphalt VIM reached standard value. 
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Figure 4. The relation between the addition of iron powder to the VIM value 

VMA (void mix asphalt) test 

 VMA is the intergranular space occupied by asphalt and air in a compacted asphalt mixture 

(Hicks 1991). The addition of iron powder affected the VMA value. [Insert Figure 5] showed that the 

addition of iron powder has an effect on the VMA value. However, the overall value of the modified 

asphalt VMA reached standard value. 

 
Figure 5. The relation between the addition of iron powder to the VMA value 

VFA (void filled with asphalt) test 

 The volume filled with asphalt from VMA is named VFA. VFA (Void Filled with Asphalt) is 

the volume of cavities that can be filled by asphalt. Thus the VFA is part of the VMA filled with 

asphalt, not including the asphalt that absorbs into the pores of each aggregate item. Asphalt that fills 

VFAs is asphalt that serves to envelop aggregate grains in solid asphalt concrete into film or asphalt 

blankets (Hicks 1991).  

 The addition of iron powder affected the VFA value. [Insert Figure 6] showed that the addition 

of iron powder has an effect on the VFA value. However, the overall value of the modified asphalt 

VFA reached standard value. 
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Figure 6. The relation between the addition of iron powder to the VFA value 

 

DISCUSSION 

 

 The addition of iron powder to the asphalt mixture affected the asphalt density where the addition 

of iron powder resulted in decreasing asphalt density [Insert Figure 1]. The decrease in density in the 

modified asphalt system was due to the formation of larger chains. The formation of larger chains 

caused the higher the distance between the aggregate molecular chains and the asphalt. 

 The addition of iron powder to the asphalt mixture affected asphalt stability [Insert Figure 2]. 

The addition of iron powder had an impact on the higher its asphalt stability value. It happened due to 

the increase of the hardness of the asphalt (penetration decreased) and the higher softening point. Also, 

it is possible that the iron powder could fill the cavity between the asphalt and the aggregate. The 

results of this study was similiar to the study that the addition of resin can improve the stability of the 

asphalt (Cubuk et al. 2009). 

 The addition of iron powder to the asphalt mixture affected to the asphalt flow value [Insert 

Figure 3]. The addition of iron powder resulted in the more significant value of the asphalt flow. This 

change corresponded to the changes that occur in the penetration value and softening point [Insert 
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mixture to become denser and thicker. 

 The addition of iron powder to the asphalt mixture affected the cavity values (VIM and VFA). 

The addition of iron powder caused the increasing of VIM value [Insert Figure 4]. This change also 

occurred in the VFA. The addition of iron powder to the asphalt mixture results in a smaller VFA value 

[Insert Figure 5]. Thus the addition of iron powder affects VIM and VFA with an almost inversely 

proportional pattern. It was probably due to the change in the heavy density of the asphalt mixture is 

getting bigger if iron powder were added. 

 From the discussion of Marshall properties test results obtained that the addition of iron powder 

decreases the VFA density value, and increases the value of stability, flow, and VIM. The increased 

value of stability and flow was the advantage of the asphalt-aggregate mix system. This excess was 

physically seen with the higher asphalt hardness indicated by decreasing penetration value and 
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increasing softening point [Insert Table 2]. It was likely to be a mixture of two materials that have 

different physical violence. 

 The need for stability is proportional to the function of the road, and the traffic load to be served. 

Roads that serve a high traffic volume and dominantly consist of heavy vehicles require high-stability 

road pavement. Conversely, road pavement intended to serve light vehicle traffic certainly does not 

require high stability value. Therefore, the addition of iron powder as a filler on the asphalt mixture 

and the aggregate results in better quality of asphalt and can withstand heavier loads. 

 The decreasing of density and VFA values and the increasing of VIM value are the weaknesses 

in the asphalt-aggregate system. The higher the concentration of iron powder added in the asphalt-

powder system the density decreases, the VFA decreases, and the VIM increases. The decrease in 

density (density between molecules) in the modified asphalt system is due to the formation of larger 

chains. The formation of larger chains causes the higher the distance between the aggregate molecular 

chains and the asphalt. The occurrence of this bond between the asphalt-Aggregate, on the one hand, 

increases the softening point of the asphalt but causes the enlargement of the pores between the 

chain/molecule shown by the increasing of VIM and the decreasing VFA. 

 

CONCLUSION AND RECOMMENDATIONS 

 Based on the results and discussion of research results, it can show that iron powder was 

potentially used as a filler to modify the mixture of bitumen and aggregate. The addition of iron powder 

can affect the quality of modified asphalt. One of this was the increase of stability and flow rate of 

asphalt. The high value of stability and flow affected that asphalt can withstand heavier loads. Other 

influences that occur were the decrease in the density and VFA values and the decreasing value of 

VIM. This condition affected the presence of cavities in asphalt mixtures and aggregates. It was feared 

that the existing cavity would decrease the quality of modified asphalt. 
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