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ABSTRACT

In the current research, polyvinyl alcohol (PVA) and sulfur were applied
in order to improve the rheological performance of asphalt as well as
strengthen its ability toward standing up against severe weathering as well
as repeated heavy loads. The research was done in a number of steps. In the
first step, the best conditions for the reaction process were ascertained by
identifying the favorable temperature as well as the best reaction time. In
the subsequent step, the best quantity of sulfur was ascertained, and it was
discovered that incorporating 0.5% by weight of nano-sulfur yielded the
most desirable outcomes. Then, different ratios of PVA and 0.5% by weight
of nano sulfur were mixed with the asphalt. The use of modified asphalt in
paving was determined based on the measurements conducted (ductility,
penetration, softening point, percentage of separated asphaltene, chemical
immersion, and Marshall test). These measurements revealed good asphalt

models that can be used in paving.

How to cite this article

Jarjees Q. Study of the Rheological Properties of Asphalt Modified with Polymer Additives. JNanostruct, 2026; 16(1):932-937. DOI:

10.22052/JNS.2026.01.082

INTRODUCTION

Asphalt is the most widely used paving material
due toits properties in terms of stability, durability,
and water resistance. Asphalt is produced from
the direct distillation of crude oil. Asphalt is
primarily composed of paraffinic, naphthenic,
and aromatic hydrocarbon compounds, and also
contains cyclic and acyclic compounds containing
nitrogen, oxygen, and sulfur. It is a highly used
material Paving the road is a must to its excellent
adhesion with various metals, acceptable viscosity
properties, and relatively low cost [1,2]. Therefore,
many researchers have been keen on improving
the specifications of asphalt through various
chemical and physical treatments and the use
of numerous additives, particularly polymeric
additives, due to its huge effect on enhancing
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the rheological properties of asphalt and making
it more suitable for different uses, particularly in
paving [3].

The researcher Li et al. (2018) had the possibility
of investigating how a styrene-butadiene-styrene
copolymer with thermochromic powders affects
the physical constant and rheological properties
of asphalt. The thin-film oven test (TFOT) was
performed, indicating how much the asphalt was
affected by the aging conditions. Accordingly,
the study improved the temperature stability of
asphalt and also showed high resistance to the
aging test [4]. Yu.J et al. [5] had the opportunity
to investigate the effect of TPU addition. The study
confirmed that this polymer improves thermal
properties, stabilizes storage at high temperatures.
IR analysis revealed improvement in resistance to
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aging.

Yan et al. (2020) [6] investigated the impact
of the WTR mixture with EVA waste on asphalt
properties through various measurements that
turned out to be improved, manifested by reduced
penetration and increased softening points and
viscosity. Shan et al. (2020) used SBS to modify the
rheological properties of asphalt and observed its
effect on the flow behavior of the asphalt binder
and improved its specifications [7]. Researchers [8]
(Ahmed & Hamdoon, 2020) were able to study the
rheological properties of asphalt modified with a
commercial adhesive composed primarily of [(EVA)
ethylene-vinyl acetate], aerobic oxidation, and the
presence of anhydrous aluminum chloride. The
results showed that samples with specifications
qualify for use in various fields, such as moisture
barriers and surfacing, in addition to their most
important use, paving [8]. Ezzat and Abed, 2020
[9] studied the effect of using a polymer blend
of PVC (Polyvinyl Chloride) and SBS (Styrene
Butadiene Styrene) and evaluated its rheological
properties, taking into account short-term aging.
The results of the study revealed that the modified
asphalt binder had a positive effect on the aging
process compared to the original asphalt [10].
The asphalt-prepared charcoal was used in a
study [11,12] as a raw material for the synthesis
of graphene oxide [13], which introduced several
reactions to prepare new nanocatalysts as a
support material [14]. Many minerals have been
used as nanocatalysts for numerous applications
[15], including environmental [16] and reduction
ratios [17]. Hussein et al., 2022 [18] altered the
rheological characteristics of the asphaltemploying
a polymeric mixture of styrene butadiene rubber
(SBR) with ethylene vinyl acetate (EVA). Many
theoretical studies have confirmed the above
statement [19]. The mixture was applied with
varying weights of both polymeric materials, in
weight as a presence of 0.5% of (AICl,) anhydrous
as catalyst in the treatment with the temperature
being maintained at a constant value. The modified
samples showed good rheological characteristics
based on the readings made.

Table 1. Rheological properties of base asphalt.

MATERIALS AND METHODS

1- Determining the Optimal Ratio of Sulfur to
Treat with Asphalt

Asphalt was treated with changes in
percentages of sulfur in an asphalt treatment
device at a temperature ranging between 160-
170°C to determine the optimal ratio of sulfur that
could be used for modifications with the addition
of polymer.

Treating Asphalt with Polyvinyl Alcohol (PVA)

A sample of asphalt weight was introduced and
set In the asphalt treatment equipment, added
various ratios of polyvinyl alcohol to the given
percentage of sulfur, which was 0.5% by weight.
By mixing the reactants in the temperature of 160-
170°C under continuous agitation for 60 minutes
[20,21], softening point [22], penetration [23],
and asphalt separation [24] were then carried
out, as well as the Marshall stability test [25] and
chemical immersion [26-28].

RESULTS AND DISCUSSION

The researchers have shown rising concerns
to enhance the performance of the pavements
made of asphalt by the addition of various
additive types that enhance its resistance to the
various atmospheric conditions and enhance the
resistance to repetitive loads. In the current work,
an attempt has been made by the authors by using
polyvinyl alcohol with certain percent of sulfur to
enhance the properties of asphalt. The above was
achieved in the following steps.

Determining the rheological specifications of the
base asphalt

The rheological properties of the asphalt in
basic medium were measured as shown in Table 1.

Determining the optimal percentage of nano sulfur
added to asphalt

To determine the best percentage of nano
sulfur added to asphalt under the conditions used
in the reaction, asphalt was treated with changes
in percentages of sulfur, and then the necessary

Properties Results
Ductility +100
Softening point C° 45.3
Penetration 51
Asphaltenes % 20.3
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measurements were performed to determine the
optimal percentage of sulfur. Table 2 shows the
results obtained.

It can be seen from the table that the best ratio
adopted is 0.5% sulfur by weight. By heating the
asphalt with sulfur at 180 °C, the eight rings in the
sulfur get converted into free radicals, which then
get attached to the asphalt, thereby providing
flexibility to the residing in between the chains

[29,30].

Treatment of asphalt with polyvinyl alcohol and
sulfur

Asphalt was treated with different ratios of
polyvinyl alcohol and 0.5% sulfur by weight, as
explained in the practical section. Table 3 and Fig.
2 illustrate the results occur.

From the results obtained in Table 3 and Fig. 2,
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Fig. 1. Rheological properties of asphalt treated with different sulfur contents.

Table 2. Asphalt treated with different percentages of sulfur.

percentage of Softening Penetration
Sample no. sulfur Ductility point Asphaltenes %
% 25 Ce
AS; 0.25 +100 52 44.5 25.4
AS; 0.5 +100 57 43.7 27.3
AS3 1 +100 58 42.6 28.4
ASs 2 94 61 40 35.2
ASs 3 68 64 37.4 39.7

Table 3. Rheological properties of modified asphalt (polyvinyl alcohol and sulfur) with 0.5% sulfur by weight.

Polyvinyl alcohol - Softe_ning Penetration
Sample no. percentage % Ductility cm. point 25 Ce Asphaltenes %
AS6 0.5 +100 53 48.1 20.6
AS7 1 +100 54 46.3 21.4
AS8 2 +100 54 47.3 23.8
AS9 3 +100 57 45 25.5
AS10 4 90 58 41.8 27.8
AS11 5 34 71 38.6 28.4
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we note that the properties of modified asphalt
with the polymer additive were improved through
ductility, ductility, and penetration values. It was
noted that the ductility values were excellent up to
4% of the additive weight, while the penetration
and ductility values were excellent, then began
to deteriorate at 4%. The results also showed
that the asphaltene ratio gradually increased
with increasing additives due to the increased
molecular weight with increasing polymer additive
ratio [31].

Chemical Immersion

This kind of testing shows how resistant asphalt
is to high temperatures and acid rain after being
mixed with gravel. It is a measure or number that
indicates the extent of asphalt’s adhesion to the
aggregate. Table 4 shows the results of asphalt
delamination from the aggregate for the original

asphalt and some modified asphalt models (AS7,
AS8, AS9, AS10, and AS6) [32]. Chemical immersion
measurements were performed and compared
with the base asphalt model to determine the
resistance of the base and core asphalt to acid rain
and high temperatures, by comparing the results
as shown in Table 4.

Analysis of the outcomes from the chemical
immersion test presented in Table 4 indicates
that the asphalt modified with polyvinyl alcohol
and nano sulfur commenced separation from
the aggregate (gravel) at a higher concentration
of (Na,CO,) than the original asphalt, as shown
in Table 4 in detail. The results of this chemical
test for the polymer-modified asphalt and its
comparison with the basic asphalt indicate that
polyvinyl alcohol led to the production of asphalt
that is well resistant to environmental factors,
including acid rain, and thus the polymer-modified
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Fig. 2. Rheological Properties of Modified Asphalt (Polyvinyl Alcohol and Sulfur).

Table 4. Chemical immersion test values.

- Percentage of Na,COs Riedel&Weber R&WNO R&WNO
No. of modified sample - .
gm number Original asphalt Modified samples
0.025 1
ASO 0.041 2 2
AS9 0.082 3
AS10 0.164 4 4
AS6, AS7 0.328 5 5
AS8 0.656 6 6
1.312 7
2.624 8
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Table 5. Marshall test values.

Marshall test values

Percentage of asphalt added to aggregate

Model Stability (KN) Flow (mm) (%)

0
ASo 11.7 5.3
AS6 14.4 3.1

AS7 16.3 2.8 45
AS8 13.6 3.3
AS9 16.7 3.1
AS10 16.2 3.5
AS* 7 Minimum 2-4

AS* Specifications of the Iragi Roads and Bridges Authority

asphalt can be used in road paving [33-35].

Marshall Stability Test

To determine the success of the modified
polyvinyl alcohol samples with a sulfur content
of 0.5% by weight for use in paving, samples AS7,
AS8, AS9, AS10, and AS6 were selected for the
Marshall test (asphalt paving).

It is clear from the results obtained from Table
5 that all modified models are better than the
original model when used as paving asphalt. These
results reinforce the results we obtained in Tables
2 and 3 and confirm the stability of modified
asphalt and its resistance to different conditions,
whether high temperatures or continuous traffic
loads.

CONCLUSION

After completing the study and following up on
the results, the following was demonstrated:

1. Asphalt samples with excellent rheological
properties were obtained by using a mixture of
polyvinyl alcohol and sulfur.

2. The optimum sulfur content used to improve
asphalt properties was 0.5% by weight of sulfur.

3. Asphalt modified with polyvinyl alcohol and
sulfur has higher separation values than original
asphalt, meaning that the modified asphalt is
more resistant than original asphalt to acid rain
and high temperatures. This is a very important
characteristic of asphalt quality, enabling modified
asphalt to adhere better to the aggregate,
providing longer operational life for roads and
greater resistance. Furthermore, modified asphalt
possesses good stability values, making it resistant
to high temperatures and frequent traffic loads.

CONFLICT OF INTEREST
The authors declare that there is no conflict
of interests regarding the publication of this

936

manuscript.

REFERENCES

1. Ahmed S, Hamdoon AA, Abdulla Ma. Residues from The
Mishrag Sulfur Mine and The Nano_Sulfur Derived from
Them as Modifiers for The Mechanical and Thermal
Properties of Iragi Asphalt. Journal of the Turkish Chemical
Society Section A: Chemistry. 2024;11(3):1055-1064.

Shuler TS, Hanson DI, McKeen RG. Design and Construction of
Asphalt Concrete Using Polymer Modified Asphalt Binders.
Polymer Modified Asphalt Binders: ASTM International100
Barr Harbor Drive, PO Box C700, West Conshohocken, PA
19428-2959; 1992. p. 97-128.

3. Vargas X, Afanasjeva N, Alvarez M, Marchal P, Choplin L.
Asphalt rheology evolution through thermo-oxidation
(aging) in a rheo-reactor. Fuel. 2008;87(13-14):3018-3023.

4. Li L, Zhang H, Chen Z, Wei C. Physical and rheological
evaluation of aging behaviors of SBS modified asphalt
with thermochromic powders. Construction and Building
Materials. 2018;193:135-141.

5. Hassan, S. A. D. H., Al Nageeb, N. A., Al-Musawi, M. R.,
Banoon, S. R., Mohammed, M. K., Bilal, M., ... & Abdelzaher,
M. A. (2025). Using artificial intelligence to predict aquatic
pollution: A comprehensive review. International Journal of
Aquatic Biology, 13(5), 50-67.

6. Yan K, Chen J, You L, Tian S. Characteristics of compound
asphalt modified by waste tire rubber (WTR) and ethylene
vinyl acetate (EVA): Conventional, rheological, and
microstructural properties. Journal of Cleaner Production.
2020;258:120732.

7. Shan L, Qi X, Duan X, Liu S, Chen J. Effect of styrene-
butadiene-styrene (SBS) on the rheological behavior of
asphalt binders. Construction and Building Materials.
2020;231:117076.

8. Saad salih a, Ammar AH. The rheological properties of
asphalt modified by commercial adhesive (Ethylene-vinyl
acetate) and air blowing process. Journal of Education and
Science. 2020;29(3):102-118.

9. Hussein AN, FAWZI M, Obaid RF, Banoon S, Abood

E, Ghasemian A. Dual pharmacological targeting of

Mycobacterium tuberculosis (Mtb) PKNA/PKNB: A novel

approach for the selective treatment of TB illness. Egyptian

Journal of Chemistry. 2022;16;0(0):0-0. http://dx.doi.

org/10.21608/ejchem.2022.135419.5981.

Gharehkhani A, Hajjami M, Hazbavi R. Graphene oxide

functionalized tannic acid—trimethylolpropane triglycidyl

ether nanoparticles: a versatile network nanocatalyst for

g

10.

J Nanostruct 16(1): 932-937, Winter 2026
[@)er |


http://dx.doi.org/10.18596/jotcsa.1386031
http://dx.doi.org/10.18596/jotcsa.1386031
http://dx.doi.org/10.18596/jotcsa.1386031
http://dx.doi.org/10.18596/jotcsa.1386031
http://dx.doi.org/10.18596/jotcsa.1386031
http://dx.doi.org/10.1520/stp17829s
http://dx.doi.org/10.1520/stp17829s
http://dx.doi.org/10.1520/stp17829s
http://dx.doi.org/10.1520/stp17829s
http://dx.doi.org/10.1520/stp17829s
http://dx.doi.org/10.1016/j.fuel.2008.04.026
http://dx.doi.org/10.1016/j.fuel.2008.04.026
http://dx.doi.org/10.1016/j.fuel.2008.04.026
http://dx.doi.org/10.1016/j.conbuildmat.2018.10.197
http://dx.doi.org/10.1016/j.conbuildmat.2018.10.197
http://dx.doi.org/10.1016/j.conbuildmat.2018.10.197
http://dx.doi.org/10.1016/j.conbuildmat.2018.10.197
http://ij-aquaticbiology.com/index.php/ijab/article/view/2732
http://ij-aquaticbiology.com/index.php/ijab/article/view/2732
http://ij-aquaticbiology.com/index.php/ijab/article/view/2732
http://ij-aquaticbiology.com/index.php/ijab/article/view/2732
http://ij-aquaticbiology.com/index.php/ijab/article/view/2732
http://dx.doi.org/10.1016/j.jclepro.2020.120732
http://dx.doi.org/10.1016/j.jclepro.2020.120732
http://dx.doi.org/10.1016/j.jclepro.2020.120732
http://dx.doi.org/10.1016/j.jclepro.2020.120732
http://dx.doi.org/10.1016/j.jclepro.2020.120732
http://dx.doi.org/10.1016/j.conbuildmat.2019.117076
http://dx.doi.org/10.1016/j.conbuildmat.2019.117076
http://dx.doi.org/10.1016/j.conbuildmat.2019.117076
http://dx.doi.org/10.1016/j.conbuildmat.2019.117076
http://dx.doi.org/10.33899/edusj.2020.126673.1048
http://dx.doi.org/10.33899/edusj.2020.126673.1048
http://dx.doi.org/10.33899/edusj.2020.126673.1048
http://dx.doi.org/10.33899/edusj.2020.126673.1048
https://ejchem.journals.ekb.eg/article_249371.html
https://ejchem.journals.ekb.eg/article_249371.html
https://ejchem.journals.ekb.eg/article_249371.html
https://ejchem.journals.ekb.eg/article_249371.html
https://ejchem.journals.ekb.eg/article_249371.html
https://ejchem.journals.ekb.eg/article_249371.html
http://dx.doi.org/10.1039/d5ra08633g
http://dx.doi.org/10.1039/d5ra08633g
http://dx.doi.org/10.1039/d5ra08633g

Q. Jarjees / Rheological Properties of Asphalt Modified with Polymer Additives

synthesis of 4-substituted-1,5-benzodiazepine derivatives.
RSC Advances. 2026;16(7):5979-5989.

11. Saleh MY, Aldulaimi AKO, Saeed SM, Adhab AH. Palladium
fabricated on Fe,0, as an organic-inorganic hybrid
nanocatalyst for the Suzuki and Stille coupling reactions. J
Mol Struct. 2025;1321:139597.

12. Mohammed Saleh Al-Jubori H, Saddam Fandi Al-Mathkuri
T, Rabeea Banoon Z, Yakdhan Saleh M. Synthesis of novel
benzo[d] imidazole bearing a-aminophosphonate and
their antimicrobial evaluation. Results in Chemistry.
2024,8:101586.

13. Yakdhan Saleh M, Obaid Aldulaimi AK, Mahmood Saeed
S, Hussein Adhab A. TiFe,0,@Si0,~SO H: A novel and
effective catalyst for esterification reaction. Heliyon.
2024;10(4):€26286.

14. Assad H, Fatma I, Kumar A. lonic Liquid in Phase Transfer
Catalysis. lonic Liquids: Eco-friendly Substitutes for
Surface and Interface Applications: BENTHAM SCIENCE
PUBLISHERS; 2023. p. 302-325.

15. Saeed NHM, Ali RT, Saied SM. Computational study on the
Estramustine (EMCYT) and its active metabolites anticancer
drugs 17-a-estradiol and nornitrogen. Results in Chemistry.
2025;18:102747.

16. Ali AH, Saleh MY, Yaqoob QA, Saied SM, Hasan MS, Owaid
KA, et al. Comprehensive evaluation of antibacterial and
anticancer activities from indole butanoic acid. Journal of
Genetic Engineeringand Biotechnology. 2025;23(1):100452.

17. Benouis K, khane Y, Ahmed T, Albukhaty S, Banoon S.
Valorization of diatomaceous earth as a sustainable
eco-coagulant for wastewater treatment: optimization
by response surface methodology. Egyptian Journal of
Chemistry . 2022;11;0(0):0-0. http://dx.doi.org/10.21608/
ejchem.2022.113005.5965.

18. Hussein A, Hamdoon A, Ahmed S, Mubarak H, Saleh M.
Study of the effect of adding a blend of (ethylene vinyl
acetate: styrene butadiene rubber) on the rheological
properties of asphaltic materials. Egyptian Journal of
Chemistry. 2022;0(0):0-0.

19. Hasb AMA, Saeed Nhm. Chlorination of N-Benzoyl Valine
By Sodium N-Chloro-Para-Toluene Sulfonyl Amide (Cat)
Hydrochloric Acidic: A Kinetic And Mechanism Study.
Chemical Problems. 2025;23(2):239-248.

20. Alaa Ali H, Ammar Ahamed H. Modification of The
Rheological Properties of Asphalt Using Spent Lubricating
Oils and Air Oxidation. Journal of Education and Science.
2019;28(2):40-49.

21. Abson G. The Evolution of Astm Tests and Specifications for

J Nanostruct 16(1): 932-937, Winter 2026
(@)er |

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Asphaltic Paving Materials. Bituminous Paving Materials:
ASTM International100 Barr Harbor Drive, PO Box C700,
West Conshohocken, PA 19428-2959; 1959. p. 135-142.
Test Method for Softening Point of Bitumen (Ring-and-
Ball Apparatus). ASTM International. http://dx.doi.
org/10.1520/d0036_d0036m-14

ASTM D 6560- 17 “ Standard test method for determination
of asphaltens (heptane in soluble) in crude petroleum and
petroleum production.

Wijdan Mohammed S. Air Blowing Oxidation Process for
Improving of Rheological Properties of Sulfur Treated
Asphalt. Journal of Education and Science. 2020;29(1):15-
21.

Test Method for Determination of Asphaltenes (Heptane
Insolubles) in Crude Petroleum and Petroleum Products.
ASTM International.

Speight JG. Asphalt Technology. Asphalt Materials Science
and Technology: Elsevier; 2016. p. 361-408.

Test Method for Resistance to Plastic Flow of Bituminous
Mixtures Using Marshall Apparatus. ASTM International.
Jarjees QS, Mustafa HH, Owaid KA, Hamdoon AA. Polymeric
Mixtures As Modifiers for the Rheological Properties Of
Paving Asphalt. Chemical Problems. 2025;23(4):493-505.
Owaid K, Hamdoon A, Matti R, Saleh M, Abdelzaher
M. Waste Polymer and Lubricating Oil Used as Asphalt
Rheological Modifiers. Materials. 2022;15(11):3744.

Salim Jarjees Q, Nazar Abdlaziz A, Rafaa Qasim A, Ahmed
Hamdoon A. Preparation and characterization of a mixed
catalyst of cobalt and molybdenum carried on aluminum
oxide prepared from bentonite ore. Bull Chem Soc Ethiop.
2024;39(3):473-482.

Saleh A, Saleh M, Chemistry C. Synthesis of heterocyclic
compounds by cyclization of Schiff bases prepared from
capric acid hydrazide and study of biological activity.
Egyptian Journal of Chemistry. 2022.

Saleh, M. Y., Al-barwari, A. S., & Ayoob, A. I. Synthesis of
some novel 1, 8-naphthyridine chalcones as antibacterial
agents. Journal of Nanostructures. 2022; 12(3), 598-606
Chu TY. Control of asphaltic concrete mixtures at hot-mix
plants: lowa State University.

Yamaguchi S. Tribophysical preparation of ALO_;
J Catal. 1977;50(3):541-544.

Salim Jarjees Q, Rafaa Qasim A, Ahmed Hamdoon A.
Synthesis and characterization of nickel and molybdenum
catalysts supported on alumina derived from bauxite. Bull
Chem Soc Ethiop. 2024;38(6):1715-1724.

Pd catalyst.

937


http://dx.doi.org/10.1039/d5ra08633g
http://dx.doi.org/10.1039/d5ra08633g
http://dx.doi.org/10.1016/j.molstruc.2024.139597
http://dx.doi.org/10.1016/j.molstruc.2024.139597
http://dx.doi.org/10.1016/j.molstruc.2024.139597
http://dx.doi.org/10.1016/j.molstruc.2024.139597
http://dx.doi.org/10.1016/j.rechem.2024.101586
http://dx.doi.org/10.1016/j.rechem.2024.101586
http://dx.doi.org/10.1016/j.rechem.2024.101586
http://dx.doi.org/10.1016/j.rechem.2024.101586
http://dx.doi.org/10.1016/j.rechem.2024.101586
http://dx.doi.org/10.1016/j.heliyon.2024.e26286
http://dx.doi.org/10.1016/j.heliyon.2024.e26286
http://dx.doi.org/10.1016/j.heliyon.2024.e26286
http://dx.doi.org/10.1016/j.heliyon.2024.e26286
http://dx.doi.org/10.2174/9789815136234123010017
http://dx.doi.org/10.2174/9789815136234123010017
http://dx.doi.org/10.2174/9789815136234123010017
http://dx.doi.org/10.2174/9789815136234123010017
http://dx.doi.org/10.1016/j.rechem.2025.102747
http://dx.doi.org/10.1016/j.rechem.2025.102747
http://dx.doi.org/10.1016/j.rechem.2025.102747
http://dx.doi.org/10.1016/j.rechem.2025.102747
http://dx.doi.org/10.1016/j.jgeb.2024.100452
http://dx.doi.org/10.1016/j.jgeb.2024.100452
http://dx.doi.org/10.1016/j.jgeb.2024.100452
http://dx.doi.org/10.1016/j.jgeb.2024.100452
https://ejchem.journals.ekb.eg/article_236562_68dde579dfa9e232df2406bc1c916a10.pdf
https://ejchem.journals.ekb.eg/article_236562_68dde579dfa9e232df2406bc1c916a10.pdf
https://ejchem.journals.ekb.eg/article_236562_68dde579dfa9e232df2406bc1c916a10.pdf
https://ejchem.journals.ekb.eg/article_236562_68dde579dfa9e232df2406bc1c916a10.pdf
https://ejchem.journals.ekb.eg/article_236562_68dde579dfa9e232df2406bc1c916a10.pdf
https://ejchem.journals.ekb.eg/article_236562_68dde579dfa9e232df2406bc1c916a10.pdf
http://dx.doi.org/10.21608/ejchem.2022.121325.5440
http://dx.doi.org/10.21608/ejchem.2022.121325.5440
http://dx.doi.org/10.21608/ejchem.2022.121325.5440
http://dx.doi.org/10.21608/ejchem.2022.121325.5440
http://dx.doi.org/10.21608/ejchem.2022.121325.5440
http://dx.doi.org/10.32737/2221-8688-2025-2-239-248
http://dx.doi.org/10.32737/2221-8688-2025-2-239-248
http://dx.doi.org/10.32737/2221-8688-2025-2-239-248
http://dx.doi.org/10.32737/2221-8688-2025-2-239-248
http://dx.doi.org/10.33899/edusj.2019.161176
http://dx.doi.org/10.33899/edusj.2019.161176
http://dx.doi.org/10.33899/edusj.2019.161176
http://dx.doi.org/10.33899/edusj.2019.161176
http://dx.doi.org/10.1520/stp47182s
http://dx.doi.org/10.1520/stp47182s
http://dx.doi.org/10.1520/stp47182s
http://dx.doi.org/10.1520/stp47182s
http://dx.doi.org/10.1520/d0036_d0036m-14
http://dx.doi.org/10.1520/d0036_d0036m-14
http://dx.doi.org/10.1520/d0036_d0036m-14
https://img.antpedia.com/standard/files/pdfs_ora/20200926/ASTM%20D6560-17.pdf
https://img.antpedia.com/standard/files/pdfs_ora/20200926/ASTM%20D6560-17.pdf
https://img.antpedia.com/standard/files/pdfs_ora/20200926/ASTM%20D6560-17.pdf
http://dx.doi.org/10.33899/edusj.2020.164360
http://dx.doi.org/10.33899/edusj.2020.164360
http://dx.doi.org/10.33899/edusj.2020.164360
http://dx.doi.org/10.33899/edusj.2020.164360
http://dx.doi.org/10.1520/d6560
http://dx.doi.org/10.1520/d6560
http://dx.doi.org/10.1520/d6560
http://dx.doi.org/10.1016/b978-0-12-800273-5.00009-x
http://dx.doi.org/10.1016/b978-0-12-800273-5.00009-x
http://dx.doi.org/10.1520/d1559-89
http://dx.doi.org/10.1520/d1559-89
http://dx.doi.org/10.32737/2221-8688-2025-4-493-505
http://dx.doi.org/10.32737/2221-8688-2025-4-493-505
http://dx.doi.org/10.32737/2221-8688-2025-4-493-505
http://dx.doi.org/10.3390/ma15113744
http://dx.doi.org/10.3390/ma15113744
http://dx.doi.org/10.3390/ma15113744
http://dx.doi.org/10.4314/bcse.v39i3.7
http://dx.doi.org/10.4314/bcse.v39i3.7
http://dx.doi.org/10.4314/bcse.v39i3.7
http://dx.doi.org/10.4314/bcse.v39i3.7
http://dx.doi.org/10.4314/bcse.v39i3.7
http://dx.doi.org/10.21608/ejchem.2022.133946.5904
http://dx.doi.org/10.21608/ejchem.2022.133946.5904
http://dx.doi.org/10.21608/ejchem.2022.133946.5904
http://dx.doi.org/10.21608/ejchem.2022.133946.5904
https://jns.kashanu.ac.ir/article_112088.html
https://jns.kashanu.ac.ir/article_112088.html
https://jns.kashanu.ac.ir/article_112088.html
http://dx.doi.org/10.31274/rtd-180813-14835
http://dx.doi.org/10.31274/rtd-180813-14835
http://dx.doi.org/10.1016/0021-9517(77)90065-3
http://dx.doi.org/10.1016/0021-9517(77)90065-3
http://dx.doi.org/10.4314/bcse.v38i6.17
http://dx.doi.org/10.4314/bcse.v38i6.17
http://dx.doi.org/10.4314/bcse.v38i6.17
http://dx.doi.org/10.4314/bcse.v38i6.17

	Study of the Rheological Properties of Asphalt Modified with Polymer Additives
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Treating Asphalt with Polyvinyl Alcohol (PVA)

	RESULTS AND DISCUSSION
	Determining the rheological specifications of the base asphalt 
	Determining the optimal percentage of nano sulfur added to asphalt 
	Treatment of asphalt with polyvinyl alcohol and sulfur 
	Chemical Immersion 
	Marshall Stability Test 

	CONCLUSION 
	REFERENCES

