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Abstract 

Rutting is the most common distress that most Iraqi asphalt pavements 

suffer from it. Asphalt binders are modified by using additives and polymers 

to enhance their physical qualities and fulfill the performance demands. 

Polyphosphoric acid (PPA) has been used in many countries to enhance the 

physical and mechanical characteristics of asphalt binders and mixtures that 

can improve the performance of asphalt pavements. In this paper, evaluation 

of the Iraqi asphalt binder and mixtures performance by using three 

percentages of Polyphosphoric acid (PPA) (0.4, 0.8, and 1.2) percent by 

asphalt binder weight and added to (60-70) penetration grade asphalt binder 

to show the applicability and suitability of using PPA in asphalt pavement in 

Iraq. Original asphalt binder and modified are subjected to traditional tests 

which are penetration, ductility, softening point, and viscosity. Results show 

better performance and enhancement of the physical properties of the 

modified binder. Other tests are Marshall Stability and wheel track tests. The 

results of the addition of PPA to the asphalt mixture show increases in the 

Marshall Stability and enhance the performance of the asphalt pavement 

mixtures. The wheel track test is applied to the original and modified mixture 

at two test temperatures 40οC and 50οC and the results show a decrease in 

the rut depth when the percentages of PPA increase. It is concluded that 

%PPA addition will enhance the performance of the Iraqi asphalt pavement 

and the mixture will be more rutting resistant, especially in high-temperature 

weather. 

Keywords: Modified Asphalt Binder; Polyphosphoric Acid; Marshall Stability; 

Rut Depth; Performance. 

  تقييم الرابط الاسفلتي المعدل والخلطات الاسفلتية المعدلة مع حمض البوليفوسفوريك
 يوسف فتاح دمحم،  ميامي محمد هلال

 الخلاصة:

التخدد من العيوب الأكثر ش يوعا التي تعاني منها معظم الأرصفة الإسفلتية العراقية. يتم تعديل الروابط  يعتبر

الأسفلتية باس تخدام المواد المضافة والبوليمرات لتحسين صفاتها الفيزيائية وتلبية متطلبات الأداء. تم اس تخدام حمض البولي 

الخصائص الفيزيائية والميكانيكية لروابط ومخاليط الأسفلت التي يمكن  ( في العديد من البلدان لتعزيزPPAفوسفوريك )

نسب  أأن تحسن أأداء رصيف الأسفلت. في هذا البحث تم تقييم أأداء رابط الأسفلت العراقي والمخاليط باس تخدام ثلاث

لى الأسفلت الذي 1.2، 0.8 ،0.4من حامض البولي فوسفوريك ) ضافته اإ درجة ( % من وزن رابط الإسفلت واإ

في رصف الأسفلت في العراق. مادة رابطة  PPA( لإظهار مدى قابلية تطبيق وملاءمة اس تخدام 70-60اختراقه )

الإسفلت الأصلية والمعدلة تخضع لختبارات تقليدية وهي الاختراق ، الليونة ، نقطة التليين ، واللزوجة. تظهر النتائج 

لمعدل. الاختبارات الأخرى هي اختبارات اس تقرارية مارشال ومسار أأداء أأفضل وتحسين الخواص الفيزيائية للرابط ا

ضافة  لى خليط الأسفلت زيادة في اس تقرار مارشال وتحسين أأداء مخاليط رصف الأسفلت.  PPAالعجلة. تظهر نتائج اإ اإ

درجة  50درجة مئوية و  40يتم تطبيق اختبار مسار العجلة على الخليط الأصلي والمعدل عند درجتي حرارة اختبار 

ضافة PPAمئوية وتظهر النتائج انخفاضًا في عمق الشق عند زيادة نسب  ٪ س تعزز أأداء رصيف PPA. نس تنتج أأن اإ

 .الأسفلت العراقي وس يكون الخليط أأكثر مقاومة للتآ كل ، خاصة في درجات الحرارة العالية
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1. Introduction  
Different vehicle types use roads and highways, 

but large trucks are seen to be the most problematic in 
terms of loading, which leads to pavement distress 
such as rutting, and raises the cost of maintenance and 
restoration [1]. Also, the responses of cyclic loading 
reveal that as deformation occurs, the damage rate 
increases. [2]. So, the performance of asphalt binders 
and mixtures has been improved by many studies over 
the past few decades, particularly in hot climates like 
the summer in Iraq. [3]. Various polymers have been 
used to improve the asphalt mixture's performance [4] 
such as elastomers, plastomers, thermosets, sulfur, and 
mineral acids are frequently used to modify bitumen to 
alter its properties and enhance its performance. Since 
polyphosphoric acid (PPA) enables bitumen to be 
extensively hardened in a manageable manner, it has 
gained a lot of attention recently [5, 6]. Polyphosphoric 
acid (PPA) is commonly applied to asphalt binders to 
enhance and increase their elasticity and stiffness [7]. 

PPA offers advantages including a simple 
processing technique with low cost, and it has positive 
benefits in altering asphalt [8], including the 
improvement of matrix asphalt's temperature 
sensitivity, high-temperature stability, and antiaging 
capabilities. Due to the advantages listed above, PPA 
has received a lot of attention in recent years. 

The first mention of PPA's application in asphalt 
alteration dates back to 1973. Because of how some of 
the components of asphalt react with PPA, it is 
categorized as a chemical modifier [9]. In earlier 
research, phosphorus pentoxide (P2O5) was used as a 
catalyst to oxidize asphalt in the air [10]. Extensive 
experiments on the usage of PPA with polymers to 
modify asphalts since the late 1990s are documented 
in several patents [11, 12]. According to Baumgardner 
[13], the addition of PPA to polymer plus PPA-
modified binders improved their resistance to rutting. 

Rutting, a permanent deformation in the wheel 
path brought on by traffic loads, is more prevalent 
during hotter months [14]. When choosing pavement 
materials, high-performance bitumen with high-
temperature stability should be taken into 
consideration to reduce pavement rutting and extend 
the service life of bitumen pavement [15]. According 
to Liu et al [16], more rutting resistance than the 
original binder can be gained by adding the PPA into 
binders. The benefits of PPA include its low cost and 
straightforward processing method, as well as the fact 
that it has a positive modification effect on asphalt, 
improving the sensitivity to temperature changes, 
high-temperature stability, and anti-aging properties of 
matrix asphalt. 

This research aims to evaluate and produce a 
modified Iraqi asphalt binder by adding selected 
percentages of PPA by the asphalt binder weight and 
showing the modification effect on the asphalt 
binder's physical properties by traditional tests. Also, 
produce modified mixtures to show the stiffness 
enhancement effect on the modified mixtures by the 
Marshall stability test and show the effect on rutting 
resistance by wheel track test to show the PPA effect 
on asphalt pavements performance. 
 

2. Materials and Methods 
2.1 Materials 

The asphalt binder used in this study is the (60 – 
70) penetration grade from the Al-Dura refinery in 
Baghdad City in Iraq. Physical properties are presented 
in Table 1 for the asphalt binder used. 
 

Table (1): Asphalt Binder's Physical Properties 
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Penetration 67.5 mm/10 60-70 D5 

Ductility @ 25 oC 170 cm 100 min. D113 

Softening point 50 oC ------ D36 

Flash point 290 oC 232 min. D92 

Specific gravity 1.03 ---- ------ D70 
 

In this study, three percentages of PPA were 
added to modify the asphalt binder (0.4, 0.8, and 1.2%) 
by the asphalt binder weight. The PPA's physical 
characteristics are presented in Table 2. 

 
Table (2): PPA Physical Characteristics. 
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Appearance Clear 
Vapor pressure 

(hPa), at 20 οC 
2.2 

Physical state Liquid 
Boiling point, 

οC 
158 

Color Colorless 
Specific gravity 

(kg/m3) 
1685 

Solubility 
Soluble in 

ethanol 
Relative density 1.7 

Odor Odorless   

For the wearing layer, the aggregate gradation 
employed in this investigation is 12.5 mm nominal 
maximum aggregate size according to the Iraqi 
specifications [17]. Table 3 lists the physical 
characteristics of the coarse and fine aggregate whereas 
the selected gradation is presented in Table 4 and 
Fig.1. 

Limestone dust is the filler used in preparing the 
modified asphalt mixture. Table 5 presents the mineral 
filler's physical properties. 
2.2 Sample preparation 

A temperature of roughly 150 οC is applied to the 
asphalt binder to ensure the melting and flowing state 
of the binder. Then the PPA is added gradually to the 
binder and mixed for a period time of about 60 
minutes using a shear mixer operating at a speed of 
3000 rad/min at a temperature of 160 οC to ensure a 
full spread of the PPA in the asphalt binder. This 
process is repeated for all three percentages of PPA 
(0.4, 0.8, and 1.2%) by asphalt binder weight. 

Marshall specimens were prepared to measure the 
stability of the wearing layer for the modified asphalt 
mixture. The specified gradation of aggregate was 
placed in the oven, which was preheated to the mixing 
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temperature of around 150 οC; the modified asphalt 
binder was also heated to combine with the aggregate. 
A Marshall compactor device is used to compact the 
specimens. 

A roller compacter device is used for preparing 
the slab specimens to be tested with the wheel track 
test device according to AASHTO T 324. 

 
Table (3): Physical Properties of Coarse and Fine 

Aggregate. 

Property 
ASTM 

specification 

Aggregate 

Result 

Coarse Fine 

Specific 

gravity 

(gm/cm3) 

Bulk C-127 2.62 2.65 

Apparent C-127 2.69 2.72 

%Water absorption C-127 0.45 0.73 

 

Table (4): Aggregate Gradation. 

Sieve size 
Wearing layer 

gradation, %. 

SCRB 

specification 

limit, %. 

in. mm   

¾ 19.0 100 100 

½ 12.5 94 100-90 

3/8 9.5 84 76-90 

No.4 4.75 59 44-74 

No.8 2.36 37 28-58 

No.50 0.3µm 12 5-21 

No.200 0.075 µm 7 4-10 

 

 
Figure (1): Selected aggregate gradation with 

limitations. 

 
Table (5): Mineral Filler's Physical Properties. 

Property Result 

% passing sieve No. 200 97 

Bulk specific gravity, gm/cm3. 2.78 

 
2.3 Measurements of physical properties of 
modified asphalt binder 

The laboratory tests used in this research are the 
traditional tests for asphalt binder which are 
penetration, ductility, viscosity, and softening point. 
Other laboratory tests are Marshall stability, and wheel 
track test for the wearing layer of modified asphalt 
mixture with each percent of PPA. 
 
 
 
 
 
 

3 Results and discussion 
3.1 Effect of %PPA on the penetration of 
modified asphalt binder  

Fig.2 depicts how each percent of PPA addition 
affects the penetration value. The viscosity of the 
modified binder is assessed using this test. The asphalt 
is less viscous when the value of penetration for the 
binder is high. 

 
Figure (2): Effect of %PPA on modified asphalt 

binder penetration at 25 οC. 
 

As presented in Fig.2 the penetration value is 
decreased linearly with the increase in the percent of 
PPA, which indicate that the asphalt binder becomes 
more stiff and viscous because the asphaltene content 
is increased by adding the PPA to the asphalt binder. 
This result is complying with Gau et.al. [14] and Liu 
et.al. [16]. 

3.2 Effect of %PPA on the ductility of 
modified asphalt binder 

The ductility test carried out by ASTM D113 for 
asphalt binder involves determining the extent to 
which it can withstand plastic deformation without 
rupture or the asphalt binder's capacity to stretch 
without breaking. Fig.3 shows the %PPA effect on the 
change in the ductility value for each percent of 
addition at 25 οC which is the standard test 
temperature. The figure depicts that the ductility 
decreases with the increase of %PPA because the PPA 
leads to a decrease in resin content in the asphalt 
binder and the bitumen's resin content has a significant 
impact on how ductile it is. Also, the figure shows that 
when the percent of PPA is 0.4% of asphalt binder 
weight the curve is sharply decreased from 170 cm to 
110 cm this demonstrates how PPA reduces the 
asphalt’s ability to resist cracking at low temperatures. 
However, increasing the amount of PPA in the asphalt 
binder is anticipated to result in worse low-
temperature deformation capacity but the figure shows 
that the ductility didn’t decline sharply between the 
value of PPA from 0.4% to 1.2% by weight of asphalt 
binder.  

It is concluded that the new distinctive peak 
intensities don’t change with the increase of PPA 
content. The result complies with Jaroszek [18] and 
Yan et. al. [19]. 
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Figure (3): Relationship between the ductility and 
%PPA. 

 

3.3 Effect of %PPA on the viscosity of 
modified asphalt binder 

The asphalt binder rotational viscosity test assists 
in making sure that the asphalt binder is adequate fluid 
for mixing and pumping. ASTM D 4402 is the 
standard test specification used for measuring the 
viscosity for each percent of PPA added to the asphalt 
binder. Using a rotational viscometer instrument, 
Figure 4 presents the %PPA influence on the change 
of the viscosity value for each percent of addition at a 
test temperature of 135 οC, which reflects the fluidity 
of the binder. The figure illustrates how the binder of 
asphalt becomes more viscous when the percent of 
PPA increases and becomes stiffer because of the resin 
content decrease and increase in the content of 
asphaltene in the modified asphalt binder. This result 
complies with Jiang et. al. [20]. 
 

 
Figure (4): Relationship between the viscosity and 

%PPA. 
 

3.4 Effect of %PPA on the softening point of 
modified asphalt binder 

Knowing the binder's softening point by ASTM 
D36 enables the material to be heated to the right 
temperature for various uses on roads. Fig.5 presents 
how %PPA affected the change in the softening point 
value for each percent of addition using the ring and 
ball device. As presented in Figure 5 the value of the 
softening point is increased and enhanced with the 
percent of PPA increase. This result complies with 
Kodrat et. al. [21]. 

 
Figure (5): Relationship between the softening point 

and %PPA. 
 

3.5 Effect of %PPA on the Marshall stability 
of modified asphalt mixture  

Fig.6 presents the Marshall stability for each 
percent of %PPA by weight of asphalt binder. 

Figure (6): Marshall Stability for each percent of 
%PPA. 

 
The figure shows that the Marshall Stability 

increased by 4.88%, 9.76%, and 46.34% for 0.4%, 
0.8%, and 1.2% of PPA respectively. As a result, 
adding PPA to the asphalt mixture improves the 
Marshall Stability and the functionality of asphalt 
pavements. 

3.6 Effect of %PPA on rut depth for modified 
asphalt mixture 

The wheel track test is carried out by AASHTO T 
324 at two test temperatures 40 οC and 50 οC. The test 
ended when the number of passes reached 20 mm or 
when the slab failed. 

Fig.7 presents the results of rut depth for 40 οC 
test temperature. As presented in the figure the test 
continues until the number of passes becomes 10000 
passes that have attributed to the test temperature 
which is 40 οC whereas in Fig.8 the number of passes 
doesn't exceed 6500 passes because the test 
temperature is higher which is 50 oC and the slabs 
failed before reaching 10000 passes. 

However, the rut depth decreases with the 
increase of the percent of PPA because the mixture 
becomes stiffer with the addition of the %PPA. The 
rut depth for 0%, 0.4%, 0.8%, and 1.2% PPA is 18.5, 
17.5, 16, and 15.2 mm respectively at a test 
temperature of 40 οC. When the percent of PPA is 0.4 
%, 0.8%, and 1.2% of the weight of asphalt binder the 
rate of decrease is 5.7%, 15.6%, and 21.7% 
respectively at 40 οC test temperature. 

When the temperature test becomes 50 οC, the 
number of passes is increased when PPA is added to 
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the asphalt mixture until the slab specimens failed. As 
illustrated in Figure 8 the number of passes at 0%, 
0.4%, 0.8%, and 1.2% of PPA are 4500, 5000, 6000, 
and 6500 respectively. The rut depth at 4500 passes for 
0%, 0.4%, 0.8%, and 1.2%  is 23, 19.7, 16.8, and  16.1 
mm respectively whereas the rate of decrease is 
16.75%, 36.9%, and 42.85% for 0.4%, 0.8%, and 1.2% 
of PPA respectively. 

It can be said that the performance of the asphalt 
pavement will be improved by the addition of PPA, 
and the mixture will be more rutting resistant, 
especially in high-temperature weather. This result 
complies with Babagoli [22]. 

 

 

 
Figure (7): Rut depth at various percent of PPA at 40 οC. 

 
Figure (8): Rut depth at various percent of PPA at 50 οC. 

 

4. Conclusions 
To assess the improvement of the asphalt binder 

and mixes, three percentages of PPA were applied. As 
a result, the following can be concluded: 
1. When adding the PPA to the binder, the content 

of asphaltene increases while the resin 
concentration decreases.  

2. The asphalt binder penetration value is decreased 
linearly with the increase in the percent of PPA, 
which indicate that the asphalt binder becomes 
more stiff and viscous because the asphaltene 
content is increased by adding the PPA to the 
binder. 

3. Since the PPA causes the asphalt binder's resin 
content to decrease, and since bitumen's resin 
content heavily influences ductility, the asphalt 
binder's ductility decreases as the PPA percentage 
increases. 

4. As the percentage of PPA rises, the softening point 
value increases and improves. 

5. The addition of PPA to the asphalt mixture 
increases the Marshall Stability and enhances the 

performance of the asphalt pavements by 
increasing the stiffness of the mixture. 

6. The rut depth decreases with the increase of 
%PPA. 

7. At 40 οC test temperature, the number of passes is 
10000 and the slab samples are not failed, whereas 
the number of passes at 50 οC varies with the 
percent of PPA. The rut depth for 0%, 0.4%, 0.8%, 
and 1.2% PPA is 18.5, 17.5, 16, and 15.2 mm 
respectively at a test temperature of 40 οC at 10000 
passes. The rut depth at 4500 passes for 0%, 0.4%, 
0.8%, and 1.2% is 23, 19.7, 16.8, and 16.1 mm, 
respectively. 

8. The rut depth rate of decrease is 16.75%, 36.9%, 
and 42.85% for 0.4%, 0.8%, and 1.2% of PPA 
respectively at 50 oC and 4500 passes whereas the 
rate of decrease is 5.7%, 15.6%, and 21.7% 
respectively at a test temperature of 40 oC and 
10000 passes. 

9. The PPA addition will enhance the Iraqi asphalt 
pavement performance and the mixture will be 
more rutting resistant, especially in high-
temperature weather. 
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5. Recommendations 
It is recommended to: 

1. Investigate the performance of the asphalt binder 
at other PPA concentrations. 

2. Evaluate PPA addition to the asphalt mixtures on 
fatigue distress of asphalt pavements. 

3. Studying the chemical composition of the 
modified binder with PPA. 

4. Studying the effect of using different mineral fillers 
with polyphosphoric acid on the performance of 
asphalt pavements. 
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