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ABSTRACT 
An investigation was conducted to analyze the impact of incorporating Dioctyl Phthalate (DOP)  at different 
weight ratios (5, 10, 15, 25, and 35) on the mechanical properties of the polyurethane polymer. The 
mechanical properties of the tensile and bending strengths were measured using a universal machine. The 
results indicated that increasing the Dioctyl Phthalate (DOP)  ratio leads to an increase in tensile strength 
at a ratio of 7 wt.%, with values equal to 2.81 MPa. The obtained results showed that the addition of Dioctyl 
Phthalate (DOP) led to a reduction in the spaces between the polymer chains, which reflects the high ability 
of the polymer against the applied stress. The degree of homogeneity is high between polymer and additives, 
also the results indicate an increase in bending resistance at a percentage of 7 wt.% DOP, reaching 29 MPa. 
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INTRODUCTION 
Polyurethane is one of the important polymers in 
many applications, and Tritosil Polyurethane is one 
component with highly resistant to seawater-diluted 
acids and alkalis, odorless, Non-sag, moisture-cure 
polyurethane sealant designed to skin and cure 
rapidly, outstanding UV resistance, and long-term 
durability. The PU is widely used in several industries, 
including construction, packaging, and furniture. The 
remainder of the polyol chain, which is flexible, and 
hydrogen bonds, which are rigid, make up 
polyurethane [1-2]. Since the Inflexible PU foam's 
hardness rises with density, foam with better 
properties is produced. More specifically, an 
increase in density of (1000 g/cm3) suggests an 
increase in hardness of approximately (100 Pa), 
adding fillers to polymers is a rapid and inexpensive 
approach to changing the properties of basic 
materials; as a result, the mixture (polymers with 
fillers) was and still is of interest to interest of 
researchers in the field of scientific research, 
particularly in the industry [3-4]. Fillers are solid 
materials added to polymers to improve mechanical 
properties and reduce cost, and they have the 
opposite effect of plasticizers in that they minimize 
ductility and elongation rate while increasing tensile 
strength and Young modulus, or know that they are 
organic or inorganic materials added to the polymer. 
It can either be used to increase the volume of the 
plastic material, lowering the cost of usage (inert 
fillers), or it can be used to improve mechanical 
qualities (effective fillers) [5-7].  

When certain fillers are added to polymers or a 
mixture of similar polymers to form a new polymer, a 
new system is formed that differs in its attributes and 
characteristics in terms of performance and has an 
appropriate and relatively low cost, but when 
chemically different polymers are mixed, the final 
product lacks integration and compatibility and does 
not have good characteristics [8-10]. The choice of 
filler and compatibility with the polyurethane 
matrix play an important role in determining the 
success of the material for a particular application. 
As research progresses, new fillers and processing 
methods continue to emerge that increase the 
potential of polyurethane-based composites in 
various industries, from automotive to construction.   
 
EXPERIMENTAL 
Materials and Methods  
The trimethylamine (TEA) was used as a catalyst in 
the reaction of 1:1 weight percent isocyanate and 
polyol provided by Sigma-Aldrich Company. The raw 
materials for preparing polyurethane (isocyanide and 
commercial polyester polyol) were dissolved in a 
commercial organic solvent to prevent the 
materials from hardening and to increase the time 
required for manufacturing different ratios of 
Dioctyl Phthalate (DOP) waste from (General 
Company for Petrochemical Industries)  (0,1,3,5,7) 
were added to the reaction mixture of 1:1 
(polyester polyol: isocyanides) and mixed well for 15 
minutes until complete homogeneity was achieved, 
after which the miture is poured into moulds for  
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measuring mechanical properties[11-12]. Samples 
of a polyurethane mixture with Dioctyl Phthalate 
(DOP)  were prepared at laboratory temperature. 
Different weight percentages of powder of coal (1, 3, 
5, and 7) wt.%, were added to the polyurethane to 
form a mixture of polymer and fillers. After that, the 
final product of the mixture was placed in a 
rectangular mold, and Figure 1 displays the 
measurements of the dimensions of the sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

FIGURE 1: The rectangular sample for the 
compressive strength, tensile strength test. 

 
Mechanical and thermal properties measuring 
devices 
A tensile instrument (Zwick Rell) manufactured in 
Germany, which measures the mechanical properties 
(tensile strength, compression resistance, and 
bending resistance), was used to test the polymer 
models shown a Figure 2. The mechanical properties 
measuring device (Tensile). Using the equation 
below, the tensile strength (Q) of the materials can 
be calculated: 
 

𝑄 =
𝐹(𝑁)

𝐴 (𝑚𝑚2)
 

 
Where, F – cutting strength (Newton), A – sample 
area (mm2).  
 
The relationship (elasticity modulus) Y=Stress/ 
Strain (MPa) was used to compute the Young 
modulus. 

 

 
 

FIGURE 2: Mechanical properties measuring device 
(Tensile). 

 
RESULTS AND DISCUSSION 
The empirical results indicate a decrease in the 
tensile strength behavior at the 0 % percentage, with 
a value of 2.56 MPa [13], which indicates that the 
polymer mixture at this percentage has high 
elasticity. While the polymer at a percentage of 1 %, 
the tensile strength is high, reaching 2.77 MPa, as 
shown in Figure 3. Whilst the practical results 
indicate that the maximum tensile strength was at 7 
%, with a value of 2.81 MPa. This showed that DOP 
at this percentage improves the rigidity through 
homogeneous distribution between the polymer 
chains in this mixture, thus enhancing strength. The 
tensile strength has a direct relationship with the 
percentage of fillings, especially at weight 
percentages of 1 % and 7 %. Experimental results 
indicate a direct relationship between the weight 
percentages of DOP and tensile strength behavior, 
indicating that increasing the weight percentages of 
fillers enhances the hardness of the mixture [14-16]. 

 
 

FIGURE 3: The relationship between tensile strength 
and weight ratios DOP additive to the polyurethane 
polymer.
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Figure 4 presents the relationship between 
elongation (%) and filler content (%) for 
polyurethane polymer incorporating various weight 
ratios of the plasticizer dioctyl phthalate (DOP). The 
results indicate a gradual increase in elongation 
from 0% to 4% filler content, followed by a sharp 
rise between 6% and 8%, where elongation reaches 
approximately 30%. This behavior can be attributed 
to the action of DOP as a plasticizer, which reduces 
intermolecular attractions between polyurethane 
chains, increases free volume, and enhances chain 
mobility, thereby improving flexibility and ductility. 
At low filler contents (≤4%), the plasticizer amount 
is insufficient to produce substantial structural 
changes, leading to only minor improvements in 
elongation. In contrast, higher filler contents (6–8%) 
provide enough DOP to significantly separate 
polymer chains and reduce secondary bonding 
forces, resulting in a marked increase in elongation. 
It should be noted that in typical polymer–
plasticizer systems, excessive plasticizer may lead to 
a decline in tensile strength due to overly weakened 
intermolecular interactions [17]. However, in the 
present study, such deterioration is not observed up 
to 8% filler content, indicating that the investigated 
range remains within the optimal enhancement 
zone for flexibility. 
 

 
 

FIGURE 4: The relationship between elongation and 
weight ratios DOP additive to the polyurethane 
polymer. 

 
Figure 5 depicts the effect of DOP on the Young 
modulus (elastic modulus). The modulus of elasticity 
is the maximum stress to maximum elongation. The 
experimental results showed the largest value of the 
Young modulus at the percentage (0 %), which is 
(0.38) MPa, while the lowest value of the Young 
modulus at the ratio (7 %) is (0.09) MPa. There is a 
negative effect on the modulus of elasticity when the 
filler (DOP) content is increased, because the filler 
decreases the hardness of the polymer, and therefore 
its elasticity increases [18]. 
 

 

FIGURE 5: The relationship between Young modules 
and weight ratios DOP additive to the polymer. 

 
Figure 6 illustrates the relationship between 
bending resistance (MPa) and the filler content of 
Dop incorporated into polyurethane polymer. The 
results indicate that adding a small amount of filler 
(up to approximately 1%) leads to a noticeable 
increase in bending resistance, which can be 
attributed to the improved stress transfer within the 
polymer matrix due to the uniform dispersion of fine 
DOP particles acting as micro-reinforcements. When 
the filler content increases to around 2–3%, the 
bending resistance decreases significantly. This 
drop may be caused by particle agglomeration and 
poor interfacial adhesion between the filler and 
polymer matrix, leading to stress concentration 
points and premature mechanical failure. However, 
at higher filler loadings (>3%), the resistance 
increases again, reaching its peak at around 7%. This 
enhancement could be attributed to the formation of 
a continuous supporting network of rigid filler 
particles within the matrix, which improves stiffness 
and bending resistance[15,19]. 
 

 
 

FIGURE 6: The relationship between bending 
resistance and weight ratios of DOP added to 
polyurethane polymer. 
 
CONCLUSION 
The values of the mechanical properties of the 
tensile and bending strengths increase with the 
increase in the weight percentage of the materials 
added to the polymer, special at the ratios (3,7) 
wt.%. The results indicated that increasing the 
Dioctyl Phthalate ( DOP)  ratio leads to an 
improvement in tensile strength increase at a ratio 
of 7 wt.%, with values equal to 2.81 MPa. The 
obtained results showed that the addition of Dioctyl 
Phthalate ( DOP) led to a reduction in the spaces 
between the polymer chains, which reflects the high 
ability of the polymer against the applied stress. The 
degree of homogeneity is high between polymer and 
additives, also the results indicate an increase in 
bending resistance at a percentage of 7 wt.%, 
reaching 29 MPa. 
 
REFERENCES 
[1] Sara Sarra, Małgorzata Szymiczek, Tomasz 

Machoczek and Maciej Mrówka.(2021). 
“Evaluation of the Impact of Organic Fillers on 
Selected Properties of Organosilicon Polymer”, 
Polymers  13, 1103:2-16,  
https://doi.org/10.3390/polym13071103.

0
5

10
15
20
25
30
35
40

0 2 4 6 8

E
lo

n
ga

ti
o

n
 (

%
)

Filler content %

0

0.5

1

0 5 10

Y
o

u
n

g 
M

o
d

u
le

s(
M

P
a)

Filler content%

0

10

20

30

40

0 5 10

R
es

is
ta

n
ce

 o
f 

b
en

d
in

g 
(M

P
a

 )

Filler content %

http://www.ijscia.com/


829 Available Online at www.ijscia.com | Volume 6 | Issue 4 | Jul - Aug  2025  
 

International Journal of Scientific Advances                                                                                                 ISSN: 2708-7972 
    

 

[2]     H. P. S. Abdul Khalil, E. W. N. Chong, F. A. T. 
Owolabi, M. Asniza,1Y. Y. Tye, S. Rizal,3M. R. 
Nurul Fazita, M. K. Mohamad Haafiz, Z. 
Nurmiati, and M. T. Paridah. (2018). 
Enhancement of basic properties of 
polysaccharide-based composites with organic 
and inorganic fillers: A review. Journal of 
Applied Polymer, 47251:1-21,  
DOI:10.1002/APP.47251 
 

[3] Husseinsyah Salmah, A. Siti Rohana, Hussin 
Kamarudin.(2013). “Effect Maleic Anhydride 
Polypropylene on Properties of Calcium 
Carbonate Filled Polypropylene/Ethylene 
Propylene Diene Terpolymer Composites” Key 
Engineering Materials, 594: 770-774,  
doi.org/10.4028/www.scientific.net/kem.594
%2D595.770. 
 

[4] A.S. Luyt, V.G. Geethamma. (2007). “Effect of 
oxidized paraffin wax on the thermal and 
mechanical properties of linear low-density 
polyethylene–layered silicate nanocomposites”, 
Polymer Testing 26(4):461-470,  
DOI:10.1016/j.polymertesting.2006.12.015. 
 

[5] Josef Jancar, E. Fekete, P. R. Hornsby, J. Jancar, 
B. Pukánszky, R. N. Rothon, (1999). “Mineral 
fillers in thermoplastics I”, Advances in 
Polymer Science. Vol. 139, Springer, Berlin / 
Heidelberg. PP.109–153.  
https://doi.org/10.1007/3-540-69220-7. 
 

[6] Mikko Tuominen, M. Ek, P. Saloranta, M. 
Toivakka, J. Kuusipalo (2012). “The Effect of 
Flame Treatment on Surface Properties and 
Heat Sealability of Low-Density Polyethylene 
Coating," Packaging Technology and Science, 
an international journal, 2012  
https://doi.org/10.1002/pts.1975. 
 

[7] Ahmed J. Mohammed, Abdullah A. Hussein, and 
Ibrahim K. Ibrahim. (2018). “Effect of adding 
Aluminium powder on the bending resistance 
properties and fire retardant for unsaturated 
polyester”, Journal of Aden University of 
Natural and Applied Sciences, 22: 367-382, 
https://doi.org/10.47372/uajnas.2018.n2.a11 
 

[8] Areej Riad Said, Nur al-Din Companion. (2011). 
“Studying mechanical properties for 
polyethylene composites reinforced by fish shell 
particles” Department of Applied Sciences, 
University of Technology, Baghdad, Journal of 
Engineering and Technology, 29: 607-620. 
https://doi.org/10.30684/etj.29.15.18. 

 

[9] M. Micusik, M. Omastova, Z. Nogellova, P. 
Fedorko, K. Olejnikova, M. Trchova, I. Chodak, 
(2006). “Effect of crosslinking on the properties 
of composites based on LDPE and conducting 
organic filler”, European Polymer 
Journal  42(10):2379-2388,  
DOI:10.1016/j.eurpolymj.2006.05.024. 
 

[10] A.O. Maged, A. Ayman, W.S. Ulrich. (2004). 
“Influence of excessive filler coating on the 
tensile properties of LDPE–calcium carbonate 
composites”, Polymer 45(4):1177–1183, 
DOI:10.1016/j.polymer.2003.12.020. 
 

[11] Designation: (2015). ASTM Standard D638 - 14 
Standard Test Method for Tensile Properties of 
Plastics March D638 - 10.  
https://doi:10.1520/D0638-14. 

 

[12] John F. Cochran and Mapother D. E. (1958) 
"Superconducting Transition in Aluminum". 
Physical Review. 111 (1): 132–142. 
 

[13] Khalil, C., Barbachi, M., El Biriane, M. (2023). The 
Effect of Mussel Shell Additions on the Mechanical 
and Thermal Properties of Compressed Earth 
Blocks. Revue Des Composites et Des Matériaux 
Avancés, 33 (3), 201–210.  
https://doi.org/10.18280/rcma.330308  
 

[14] Jasim, S. H., Alhassan, W. A. R., Almalki, Z. T. 
(2020). Egg Shell Powder Reinforced 
Polypropylene (PP)Composite: Effect of 
Mechanical and Heat Capacity. Al-Qadisiyah 
Journal of Pure Science, 25 (3), 16–27. 
https://doi.org/10.29350/qjps.2020.25.3.1109  
 

[15] Ahmed J. Mohammed, Abdullah A. Hussein, and 
Ibrahim K. Ibrahim. (2018). “Effect of adding 
Aluminium powder on the bending resistance 
properties and fire retardant for unsaturated 
polyester”, Journal of Aden University of 
Natural and Applied Sciences, 22: 367-382, 
https://doi.org/10.47372/uajnas.2018.n2.a11 

 

[16] Zainab J. Sweah, Ahmed J. Mohammed, Fatima H. 
Malik, and Ibrahim Kadim. A. 2023. “Preparation 
and Study of Mechanical properties of Polymer 
Blends from Recycled Materials - 
Polymethylmethacrylate with Different Ratios of 
polyester and Shilajit”, Egypt. Journal Chem. 
66:109-113, 
https://doi:10.21608/EJCHEM.2022.140686.6
162. 

 
[17] Zia, K. M., et al. (2015). Plasticization and 

properties of polyurethane composites: A 
review. Journal of Industrial and Engineering 
Chemistry, 23, 1–11. 

 
[18] Lejano, B. A. (2019). Compressed earth blocks 

with powdered green mussel shell as partial 
binder and pig hair as fiber reinforcement. 
International Journal of GEOMATE, 16 (57). 
https://doi.org/10.21660/2019.57.8138  

 
[19] Mansour, M. B., Jelidi, A., Cherif, A. S., Jabrallah, S. 

B. (2016). Optimizing thermal and mechanical 
performance of compressed earth blocks (CEB). 
Construction and Building Materials, 104, 44–51.  
https://doi.org/10.1016/j.conbuildmat.2015.
12.024  

 

http://www.ijscia.com/
http://dx.doi.org/10.1016/j.polymertesting.2006.12.015
https://doi.org/10.1007/3-540-69220-7.
https://doi.org/10.1002/pts.1975
https://doi.org/10.47372/uajnas.2018.n2.a11
https://doi.org/10.30684/etj.29.15.18
http://dx.doi.org/10.1016/j.eurpolymj.2006.05.024
http://dx.doi.org/10.1016/j.polymer.2003.12.020
https://doi:10.1520/D0638-14
https://doi.org/10.18280/rcma.330308 
https://doi.org/10.29350/qjps.2020.25.3.1109
https://doi.org/10.47372/uajnas.2018.n2.a11
https://doi:10.21608/EJCHEM.2022.140686.6162
https://doi:10.21608/EJCHEM.2022.140686.6162

