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ABSTRACT 
The study was carried out to determine the effect of a commercial wax Sasobit (additive) on the bitumen viscosity. 

The binder consistency and hence ability to sustain and hold its fundamental cementing mechanism changes 

depending on its viscosity. In this study bitumen with penetration grade 60/70 was modified with a commercial wax 

sasobit to improve its performance. The binders mixed with various percentage of the additive 0.5%, 1%, 1.5%, 2%, 

2.5% and 3% were investigated and the trend was the viscosity of the binder decreases at higher temperatures while 

at midrange temperatures the viscosity increases with an increase in the additive. This could be attributed to the 

presence of additive in the binder, which is expected to improve workability and enhance the resistance to 

deformation of the asphalt concrete mixture. The results from the study also indicated increase in softening point 

and the decrease in the binder penetration as the additive hardens the binder.  
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1.    INTRODUCTION 

The increase in traffic volume in Malaysia resulting to intense loading of the pavements across the country with 

severe consequences leading to permanent deformation of the pavement is of utmost consideration. This has 

prompted a strong interest in developing alternative means of enhancing the performance of the bitumen used in the 

production of asphalt concrete. The viscosity of bitumen is its internal resistance to flow and a significant parameter 

in determining the engineering properties of asphalt concrete.It also  influences the workability and resistance of the 

mix by Xiaohu et al. [1]. 

Bitumen is a rheological, thermoplastic and viscoelastic material. Its deformation characteristics vary not only with 

load, but also with time rate of load application and temperature. It is neither elastic nor viscous in behavior.  At low 

temperature it exhibits elastic behavior while at high temperature it exhibits viscous behavior by Gandhi et al. [2]. 

The neat binder lack the proper viscous-elastic balance that usually occurs due to an effective elastic network 
created by molecular association. It is hypothesized that proper visco-elastic balance can be formed by creating 

molecular entanglement in a bitumen through the use of high molecular weight polymeric additive [3]. Although the 

percentage of the binder is relatively small, the binder influences pavement performance more than the aggregate as 

environmental factors, such as high temperature due to solar radiation, and freeze at low temperature affects the 

binder more than the aggregate [2].  

The performance of asphalt pavement is mainly governed by the properties of the binder. Bitumen exhibit’s a visco 

elastic behavior hence in pavement when exposed to high temperature permanent deformation (Rutting) takes place 

along the wheel path of the pavement by Hurley et al. [4]. On the other hand, bitumen in pavement at low 

temperature exhibits brittleness and pavement cracking occurs Gandhi et al. [2]. 

Most of the studies involved in testing the viscosity of modified bitumen where basically using polymer or Crum 

rubber Xiaohu Lu et al. [1]. Much has not been done on the use of Sasobit wax in bitumen. A study by Sasol 
International, 2004 indicated a significant drop in the viscosity of the binder when modified with the additive at high 

temperature [5].Polymers and additives are often used to enhance the performance of bitumen, and experimentation 

with the use of Sasobit in asphalt concrete started in early 1990s and this technology has been claiming to improve 

the engineering properties of bitumen Gandhi et al. [2].  

The additive Sasobit wax is a synthetic long-chain Fischer-Tropsch wax produced from coal gasification. It is 

introduced to warm mix asphalt (WMA) by blending with the binder at the terminal or contractor’s tank. The 

recommended addition rate is 0.8% to 3% by mass of the binder according to Sasol [5]. At high temperatures the 

additive lowers the viscosity of the binder such that working temperatures decrease by 45ºC by Hurley et al. [6]. The 

additive has a congealing temperature of about 100ºC and is completely soluble in binders at temperatures lower 

than 110ºC, at temperatures below its melting point, it forms a crystalline network structure in the binder that is 

reported to provide added stability as the bitumen stiffens at low temperature by NCAT report [7] 
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2.   RESEARCH SCOPE 

The study investigated and compared binders with and without the commercial wax Sasobit, which can be used to 

produce warm mix asphalt (WMA). In this study the neat bitumen 60/70-penetration grade was mixed with 0-3% 

Sasobit wax, with an increase by 0.5% for the six different bitumen content. These percentages were selected 

because the manufacturer of the additive i.e Sasol International recommended a maximum of 3%.  The various 

percentages of Sasobit was added to the bitumen at 130oC mixed and stirred on a shear stirrer for 45minutes to 
ensure the additive is fully dissolved and well dispersed in the binder. 

 

3. EXPERIMENTAL 

3.1 Material 

For this study neat bitumen PEN 60/70 from unknown source and pellets of Sasobit wax supplied by Sasol 

international was used for the study. Some physical-chemical characteristics of the bitumen used in this study can be 

seen in Tables I below; 

Table: 1   Bitumen characteritics 

Test ASTM Bitumen 

Penetration (dmm) D5-97 68 

Softening point (C) D36-95 49 

 

3.2 Viscosity 

The viscosity of the binder was measured using the Brookfield viscometer; the equipment was used to measure the 

viscosity characteristics of the neat and modified binder PEN60/70 (with and without Sasobit). According to Sasol 
the additive wax reduces both mixing and compaction temperatures. This test determined whether the additive 

decreases the viscosity of the binders used in the study, which consequently depends on the test temperatures (in the 

range 75-135oC). The viscosity of each bitumen sample with and without the additive was measured at various test 

temperatures and at a shear rate of 6.8/s. This shear rate was selected because it conforms to the rotational speed of 

20rpm with the Brookfield Spindle 27 recommended for Super pave (SHRP). 

 

3.3 Penetration and softening point 

The penetration grade of the neat bitumen with and without Sasobit wax was investigated using the penetrometer in 

accordance with ASTMD5-97 specification, while the softening point of the various test samples was determined 

using the ring and ball test in accordance to ASTM D36-95 specification. 

 

4.   RESULTS 

The study investigated the penetration and softening points of both modified and unmodified bitumen, and the 

results indicated decrease in penetration with increase in % of S as the binder hardens, and resulted in increase in 

softening point as shown in Table 2 below: 
 

Table 2: bitumen penetration and softening points 
Binder+ Sasobit Specific gravity Penetration  (dmm) Softening point (oC) 

  at 25oC at 10oC  

     B+ 0% 1.030 65 36 49 

B+0.5% 1.030 65 36 50 

B+1.0% 1.030 51 32 53 

B+1.5% 1.030 49 28 55 

B+2.0% 1.031 45 22 58 

B+2.5% 1.031 32 14 65 

B+3.0% 1.031 30 15 69 

Where B is bitumen 60/70 

 

The study investigated the viscosity of bitumen 60/70 with various percentage (%) of Sasobit by the means of the 

Brookfield viscometer. The primary objective of the study was to determine the viscosity and shear stress of the 

bitumen with or without additive. From the study there is a decrease in the viscosity of the binder at high 

temperature as the percentage of additive was increased and this could be attributed to the presence of the additive. 

It can also be seen from Table 3 below that the addition of the additive reduced the viscosities of the various binder 

mixed at 135oC, this is a recommended mixing temperature range for Sasobit and the binder based on the NCAT 
report 05-06 (2005). 
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Table 3 Bitumen 60/70 Viscosity at 135oC 
Descrp. B + 

0% S 

B + 

0.5% S 

B + 

1.0% S 

B + 

1.5% S 

B + 

2.0% S 

B + 

2.5% S 

B + 

3.0% S 

CP 400 400 400 300 300 200 200 

SS 27.4 27.4 27.4 20.4 20.4 13.6 13.6 

SR 6.8 6.8 6.8 6.8 6.8 6.8 6.8 

T % 0.4 0.4 0.4 0.3 0.3 0.2 0.2 

Where B is bitumen 60/70 and S is sasobt wax 

 

The Figure 1 below indicates a reduction in viscosity as the additive content was increased at 135 oC. 
 

 
Figure 1. Viscosity chart for binder with or without S at 135 oC 

 

From the Table 4 below shows that the addition of Sasobit wax at 120oC resulted in a decrease in viscosity of the 

binder. 
 

Table 4 Bitumen 60/70 Viscosity at 120oC 
Descrp. B + 

0% S 

B + 

0.5% S 

B + 

1% S 

B + 

1.5% S 

B + 

2% S 

B + 

2.5% S 

B + 

3% S 

CP 700 700 700 600 600 500 500 

SS 47.6 47.6 47.6 40.8 40.8 34.0 34.0 

SR 6.8 6.8 6.8 6.8 6.8 6.8 6.8 

T % 0.7 0.7 0.7 0.6 0.6 0.5 0.5 

Where B is bitumen 60/70 and S is sasobt wax 
 

From the study the increase in the additive at 120oC temperature indicated a reduction in the viscosity of the binder 

as presented in Figure 2 below;: 
 

 
Figure 2. Viscosity chart for binder with or without Sasobit at 120 ooC 
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From the study the addition of Sasobit to the binder when investigated using the Brookfield viscometer indicated a 

drop in viscosity at 100oC as shown Table 5 below; 
 

Table 5 Bitumen 60/70 Viscosity at 100oC 

Descrp. B + 

0% S 

B + 

0.5% S 

B + 

1% S 

B + 

1.5% S 

B + 

2% S 

B + 

2.5% S 

B + 

3% S 

CP 3700 3700 3500 2900 2900 2600 2600 

SS 251.2 251.2 238.1 193.6 193.6 176.9 176.9 

SR 6.8 6.8 6.8 6.8 6.8 6.8 6.8 

T % 3.7 3.7 3.5 2.9 2.9 2.6 2.6 

Where B is bitumen 60/70 and S is sasobt wax 

 

The viscosity test at 100oC indicated a relative decrease in viscosity as the additive was increased in the binder with 

a slight change between  (0.5-3%S) as illustrated in Figure 3 below; 
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Figure 3.  Viscosity chart for binder with or without S at 100 oC 

 

From the study at midrange temperature of 75oC the Viscosity of the binder increases with an increase in Sasobit as 

shown in Table 6 and Figure 3 below: 

Table 6 Bitumen 60/70 Viscosity at 75oC 

Descrp. B + 

0% S 

B + 

0.5% S 

B + 

1% S 

B + 

1.5% S 

B + 

2% S 

B + 

2.5% S 

B + 

3% S 

CP 27100 27100 27100 29500 29500 31300 31300 

SS 1843.0 1843.0 1843.0 2115.0 2115.0 2129.2 2129.2 

SR 6.8 6.8 6.8 6.8 6.8 6.8 6.8 

T % 27.1 27.1 27.1 29.5 29.5 31.3 31.3 

Where B is bitumen 60/70 and S is sasobt wax 

 

It can also be seen in Figure 4 below that the addition of the additive increased the viscosity of the modified bitumen 

at the midrange temperature of 75oC, it indicated that the viscosity of the binder increases with an increase in the 

quantity of Sasobit wax. 
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Figure 4. Viscosity chart for binder with or without S at 75 oC 

 

5.   CONCLUSION 

 The modification of bitumen with additive significantly reduces the viscosities of the binder at 100oC, 120oC, 135oC 

there by increasing workability. The Sasobit wax (additive) used in this study was to lower the mixing and 

compaction temperatures of the binder, termed as warm mix asphalt (WMA). The effects of the additive on the 

viscosity of the binder guarantees an efficient coating of the aggregate by the binder and a good workability of the 

asphalt mixture at lower temperatures compared to the conventional HMA. Also the addition of Sasobit wax at 

midrange temperature of 75oC indicated an increase in viscosity as the percentage of the additive was increased, this 

conforms to a study by NCAT that Sasobit wax at high temperatures decreases viscosity while at low temperature it 

crystallizes in the binder. The additive is a wax with high melting point, and recrystallizes in the binder on cooling, 

thereby increasing the viscosity of the binder at lower temperature, this enhances the flow of the binder. The 
increase in percentage of Sasobit also increases the stiffness of the binder, with subsequent increase in softening 

point and decrease in penetration 
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