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Abstract 

Abstract 

This study determines the effects of UV radiation and heat treatment on many flow and 

mechanical parameters of PEG 4000, including flow time and viscosity (specific, reduced, 

relative, and intrinsic). Solubility time and shore D hardness are among the mechanical 

characteristics. By adjusting the concentrations of solutions in the range (0.01–0.03) g/ml of 

heating and non-heating PEG powders, and examining the polymer's solubility at the same 

time, the flow characteristics of the polymer are explored. Random glass fiber reinforcement 

in the range of 0.1–0.4 wt has also been studied to indicate the effect on shore hardness. After 

exposing the produced plates to ultraviolet light, the efficacy of the plates in purifying the oil 

from contaminants was investigated. The results show that increasing the concentration 

increases all types of viscosity and flow time, with the exception of intrinsic viscosity, which 

decreases as concentrations increase. Other parameters decrease after the first UV ray and 

heat treatment, but increase as the time of UV ray treatment increases. Furthermore, 

increasing the weight ratio of glass fibers from 0.1 to 0.4 wt lowered shore hardness, whereas 

increasing the weight ratio at the same previous range increased it after UV rad. While 

solubility data refers to increasing polymer weight and radiation help increase solubility time. 

The filtration efficacy   of the small particles of the produced filters increased after the 

overlapping plates were exposed to UV radiation, owing to the smaller pore diameters.       
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نفسجية بالأشعة الفوق  ته مع الياف الزجاج تحت تأثيردراسة خواص البولي أثيلين كلايكول ومتراكبا

 لتطبيقات ترشيح الزيوت

 :الخلاصة

والخواص  تدفقعوامل ال من العديد على الحرارية والمعالجة البنفسجية فوق الأشعة الى معرفة تاثير الدراسة هذه تهدف

(. والجوهرية والنسبية، ،ةوالمختزل الذاتية،) واللزوجة زمن الانسياب   ذلك في بما ،4000 اثيلين كلايكول ـ للبولي الميكانيكية

ر ى صلادة شوشعاع عل، كما تشمل دراسة تاثير الاالمشععير غوايضا زمن الانحلال في الماء للبولي اثيلين كلايكول المشعع و

 0.4 – 0.1ين تراوح بالميكانيكية للبولي اثيلين كلايكول ومتراكباته مع الياف الزجاج بنسب وزنية محتلفة ت كمؤشر للخصائص

 وفحص ،المشععة وغير المشععة PEG ساحيقم من مل/  غم( 0.03-0.01) النطاق في المحاليل تراكيز تم اخذ. نسبة وزنية

 باستثناء التدفق، وقتو اللزوجة أنواع جميع من يزيد التركيز زيادة أن النتائج أظهرت. الوقت نفس في البوليمر ذوبان قابلية

 ليل عند درجة، ايضا اظهرت النتائج نقصان اللزوجة مع تسخين المحاالتركيزات زادت كلما تقل التي الجوهرية اللزوجة

 تقليل إلى وزنية نسبة 0.4 إلى 0.1 من الزجاج لالياف الوزنية النسبة زيادة أدت ذلك، على علاوة. درجة مئوية 40حرارية 

 يرتش بينما. لبنفسجيةا فوق بعد التشعيع بالأشعة زيادتها إلى السابق النطاق نفس في الوزن نسبة زيادة أدت بينما ،صلادة شور

 .            الذوبان وقت زيادة في يساعد والإشعاع  البوليمر وزن زيادة إلى الذوبان بيانات

زداد بعد فيه ت العالقةرشيح الزيت من الجسيمات والاتربة الفلتر المتراكب المحضر ان كفاءة ت اثبتت نتائج حساب كفاءة

 لصغيرة ذاتدقائق ابنفسجية، حيث تنقص الدقائق المارة خلال الفلتر ذات الحجوم الكبيرة، ويسمح للالالتعريض للاشعة فوق 

ر ها باستمراكن زيادترة بتغيير ظروف صناعة الفلتر او من المممايكرومتر بالمرور، ويمكن تقليل تلك الدقائق الما 2اقل من 

 مير.التعريض للاشعة الفوق بنفسجية التي تعمل على تقليل حجوم المسامات وزيادة الترابطات العرضية للبولي

 

1. Introduction 

Polyethylene glycol is a resin created during the petroleum thermal cracking process by 

oxidizing ethylene to ethylene oxide and then adding water to it according to the processes below 

[1]                                                                                                        

 

PEG 4000 is a linear polymer whose atoms are linked by single linear chains [2]. It dissolves in 

water and ethanol, has a melting point of 54-58 C) [3], and has a density of 1.1-1.2 g/cm3.  It 

comes in the shape of a white solid with a mild odor and a low vapor pressure. The vapor 

pressure drops as the molecular weight increases, and it is characterized by being stable under 

typical use and storage settings. PEG 4000 is a viscosity modifier and moisturizer in cosmetics 

and the paper industry, as well as a rubber lubricant and packaging material. It has great 

solubility and heat stability. Because of its susceptibility to dissolution and the formation of free 

radicals, which leads to the formation of cross-links, which in turn leads to the conversion of the 
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polymer from a transparent to an opaque state due to the formation of crystalline regions, 

polyethylene glycol is highly affected by radiation, particularly UV radiation of short wavelength 

and high energy [4, 5]. Other properties such as viscosity, density, and flow time are affected 

when exposed to radiation or heating at a certain temperature because these materials bear part of 

the stress applied to them by radiation or heating [6], and other properties such as hardness, 

toughness, and fracture toughness are affected when exposed to radiation or heating at a certain 

temperature because these materials bear part of the stress applied to them by radiation or 

heating at a certain temperature because these materials bear part of the stress applied to them by 

radiation Finding an appropriate substance to defend against hazardous high-energy radiation, 

such as UV rays, and adjusting the molecular weight of the material employed to manage the 

conditions of its use. The relative viscosity was computed using the equation (1).                                                                                                 

Ƞrel = 
𝑡𝑠 

𝑡𝑜
             …(1) 

Ƞrel; Relative viscosity  

ts; Time for the solution to descend 

to; Time for the solution to solvent 

The equation 2 was used to compute the specific viscosity (Ƞsp): 

Ƞrel  - 1     ….(2) Ƞsp = 

Equation 3 was used to compute the reduced viscosity (Ƞred): 

Ƞred  = 
Ƞ𝑠𝑝

𝐶
         … (3) 

C; concentration of solution. 

Composite materials are made up of two phases of materials: the first is a matrix that requires the 

addition of the second phase, known as reinforcement, to improve some of its properties [7-10]. 

A matrix can be made of polymer, ceramic, or metal. Polymer-based composites are useful for a 

number of applications due to their light weight and ease of processing [11] Reinforcement 

materials can be used as fibers, particles, laminated and hybrid reinforcement, and nanomaterials 

[12-17]. All mechanical properties of polymeric materials, such as impact resistance, hardness, 

toughness, tensile strength, and Young's modulus, are improved when they are formed into 

composites [18-24]. The ability of a material to resist deformation is tested by a standard test that 

measures the resistance of the surface to indentation. The shape or kind of indent, the size, and 

the amount of load applied are the most often utilized hardness tests [25-27].                                                                                              
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The purpose of this study is to investigate how various mechanical and flow properties of PEG 

4000 and its composite reinforced with glass fibers are affected by UV radiation and heat 

treatment before employing it for oil filtering.                 

2. Experimental Part 

2.1 Materials and Method 

The hydrophilic glass fibers mat with 0.7 m pore size, 47 mm diameter, and solid powder form 

of PEG 4000 with formula [H(OCH2CH2)nOH] were utilized to make the samples for this 

study. It was purchased from the Sigma-Aldrich company.             

The concentrations of solutions were made by dissolving certain weights of polyethylene glycol 

(1, 2, 3 g) in (100 ml) of distilled water to test various sorts of viscosity and flow-time tests of 

these concentrations, which involved (0.01, 0.02, and 0.03 g/ml) respectively. The same prior 

weights were taken and melted in a metal mold at a temperature of 55°C by an electric furnace 

for 15 minutes and left to complete the melting process, then the molten was poured into a plastic 

mold and left to re-solidify for another 15 minutes, (the hand casting layup method was used to 

prepare the samples [28]. The annealed samples were then dissolved in 100 mL of distilled water 

to achieve the same concentrations as the last one. Shore hardness samples were made in the 

same way that heating samples were made. Random glass fiber reinforcement samples were 

made by melting a 2g polymer and varying weights of glass fibers given in the values (0.1, 0.2, 

0.3, and 0.4) wt., and mixing the weight percentages of the glass fibers with the molten by 

stirring. After that, the sample was left for 15 minutes to complete the solidification process 

before being tested. For the aim of testing its dust filtration ability, Helix low viscosity motor oil 

was combined with dust powder of various particle sizes, The PEG sample was exposed to a UV 

lamp (Blak-Ray B-100AP) with a 365 nm band pass filter for 6 hours.  

2. Tests: 

1- Shore hardness was measured using a Shore digital device, which is a digital instrument with 

a screen and a hardness probe that is pressed down when it comes into touch with the surface to 

be measured. The hardness is determined using the Iraqi standard ASTM (1973-364).                                                                                           

2- The solubility was determined by dissolving the samples in distilled water and using a digital 

clock to calculate the dissolution time.                                             

3- The Ostwald viscosity device was used to calculate the viscosity of solutions. It's a U-shaped 

glass tube with two cylindrical chambers inside. The solution is pumped into the large cylinder, 
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which is then pushed through the little cylinder by a compressor. The liquid is then allowed to 

flow back to the huge cylinder via a capillary tube, where the flow time is determined using two 

specified spots on the capillary tube in accordance with the Iraqi ASTM (1974-587) [The flow of 

thermoplastic fuses] specification.                                                                                 

4- The morphology of manufactured composite filters that were exposed to UV, RAD, and free 

samples were studied using Tescan electro scanning microscopy.    

 

3. Results and Discussions  

Figure (1), shows that relative viscosity increased with increasing concentration, reduced after 

irradiation for the first 24 hours, and then began to increase during the second 48-hour irradiation 

period. This is due to the polymer's pseudo-elasticity, which is the primary source of decreased 

Viscosity values as a result of the effect of external stress on them, resulting in the disintegration 

of polymeric chains.[29] On the other hand, increasing the radiation time to 48 hours resulted in 

an increase in viscosity values due to the crosslinking process in the polymer and the appearance 

of the gel, resulting in an increase in the polymer's molecular weight, which is preferred for 

practical applications requiring high molecular weight. Due to the cohesive forces that diminish 

as temperature rises, heating resulted in a drop in viscosity [30].      

 

Fig. (1): Relative viscosity versus concentration of PEG under different conditions  

Figures (2) and (3) depict the link between reduction and specific viscosity with concentration, 

respectively, where the same behavior of relative viscosity is observed in terms of increase and 

decrease in regard to its tight association with relative viscosity [31].                                                                                                               
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Fig. (2): Specific viscosity versus concentration of PEG under different conditions 

 

 

Fig. (3): Reduced viscosity versus concentration of PEG under different conditions 

 

The relationship of intrinsic viscosity with concentration is illustrated in Figure (4), which shows 

that viscosity decreases with increasing concentration and also decreases with the effect of 

heating and irradiation for the first 24 hours, while irradiation for the second 24 hours results in 

an increase in the viscosity value. This is owing to polyethylene glycol's mild viscosity, which 

increases only slightly with increasing concentration when employed as a viscosity modifier 

[32]. 
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Fig. (4): The relationship between the intrinsic viscosity and concentration of 

polyethylene glycol under different conditions 

 

   Figure (5) depicts the change in flow time with concentration, which increases with increasing 

concentration and decreases after irradiation for the first 24 hours, as well as after heating, due to 

a decrease in friction forces between the polymer molecules and the capillary tube on the one 

hand, and between the polymer molecules on the other. The second session of irradiation, which 

lasted 48 hours, resulted in an increase in flow time due to an increase in concentration caused by 

the crosslinking process, which increased the viscosity of the polymer [33].                                                       

 

Fig. (5): The relationship between the flow time and concentration of polyethylene glycol 

under different conditions 

The solubility is shown in Figure (6). Due to the shift of the polymer from an amorphous to a 

crystalline state and the production of cross-linking between its molecules, we detect a decrease 

in solubility (i.e.) an increase in dissolution time) following heating and re-solidification. In the 
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case of the weighted sample (3 g), it's worth noting that Due to its enormous thickness, the 

sample's solubility has increased greatly (decreasing dissolving time), as the sample retains part 

of the heat that it loses through the exothermic reaction, resulting in an increase in the sample's 

solubility. Irradiation, on the other hand, resulted in a decrease in solubility for the same reason 

as the heating process [34].                                                                                            

 

Fig. (6): The relationship between dissolving time and weight of polyethylene glycol under 

different conditions 

The effect of strengthening on the Shore hardness of PEG is seen in Figure (7). Before 

irradiation with (UV) rays, the Shore D hardness of composites falls as the weight ratio of the 

fibers increases, owing to a loss in cohesiveness between the matrix and the fibers, which creates 

voids between the fibers and the matrix. While adding glass fibers to PEG increases durability, 

because the fibers work to distribute stresses on the composite material between the matrix and 

the reinforcing material, making it a durable material, and the fibers bear the majority of the 

applied stress, in addition to giving it a more aesthetically pleasing appearance. The resulting 

composite material has the ability to stretch before breaking or failing, resulting in a higher 

strength [35-38] . Due to cavities produced in PEG after adding glass fibers and insufficient 

adhesion between the matrix and the glass fibers, the Shore D hardness of pure PEG declined as 

the weight ratio of glass fibers increased. We also note that irradiation increases the value of 

composites' Shore hardness because the radiation breaks secondary bonds between polymer 

chains and allows them to rearrange, allowing the polymer to transform from an amorphous to a 

regular crystalline material, as well as increasing cross-linking and partially filling the cavities 

between the fibers and matrix. [39]. 
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Fig. (7): The relationship between Shore hardness and the weight ratio of glass fibers for 

PEG composites under different conditions 

Thermal analysis and TGA curves for net PEG, PEG+0.6 glass fiber, and PEG + 0.6 glass fibers 

with 48 hours of UV-RAD are shown in Figure 8 We observe that the thermal degradation of 

PEG slightly rises with the addition of glass fibers (0.6 wt), and it continues to increase after 

being exposed to UV-radiation for 48 hours. this is because adding glass fibers prevents polymer 

chains from moving and it absorbed some heat energy, which later caused the PEG chains to 

deteriorate. However, the UV-Rad also causes the temperature of thermal decomposition to rise, 

which may be a result of increased cross-linking between polymer chains as a result of UV-

RAD. [40] 

 

Fig. (8): Thermal analysis by TGA 

Scanning electron microscope images of the (0.4) wt. glass fibers) filter used to purify the oil 

from contaminants and dust are shown in Figures (9A) and (B). Figure a shows the prepared 

filter without being exposed to ultraviolet rays; we can see that the particles stuck in the filter are 
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larger than 5 micrometers, implying that the pores inside the filter are 5 to 6 micrometers in 

diameter, with some small particles stuck in the filter with sizes of 1 to 2 micrometers. Picture B 

shows that the size of suspended particles passing through the filter is much smaller than that 

shown in Figure (9A), as particles larger than 2 micrometers did not pass through the filter, 

indicating a decrease in the diameter of the pores caused by ultraviolet ray exposure, which 

increased the filter's oil filtration efficiency. [41] 

      

 

 

                                                     

 

 

 

 

 

 

 Fig. (9A)                                                                    Fig. (9B) 

Fig. (9): SEM images of prepared filters (0.4wt glass fibers) a. without UV RAD   b. with 

UV RAD 

4. Conclusions: 

The polyethylene glycol 4000 is suitable for the protection of high-energy radiation by the effect 

of these radiations on the cross-links of the polymer, which is the main reason for making the 

material more crystallinity and hardwearing, causing the radiation to scatter rather than 

"permeate," and that irradiation is suitable for obtaining different molecular weights of 

polyethylene glycol, where irradiation leads to an increase in the molecular weight. This was 

demonstrated by raising the viscosity of PEG solutions by increasing the concentrations of these 

solutions. After exposure to ultraviolet rays, the efficiency of oil filtration from suspended 

particles and dust increases, as large particles passing through the filter decrease and small 

particles less than 2 micrometers are allowed to pass through, and those passing particles can be 

reduced by changing the filter industry's conditions, or it can be increased continuously by 

exposure to ultraviolet rays, which reduces the size of the pores.                                                         

  



Journal of Petroleum Research and Studies 

 P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 38, March 2023, pp. 118-131      
  
 

 
128 

References: 

[1] M. Elices, J. Pérez-Rigueiro, G. R. Plaza, and G. V. Guinea,"Finding Inspiration in Argiope 

Trifasciata Spider Silk Fibers”,  The journal of the Minerals, Metals & Materials Society, 

vol.5 , p. 60-66, 2005.  

[2] G. Gisela, H. Bernd, F. Heribert, and  K. Ruprecht, "Clinical use of polyethylene glycols as 

marker substances and determination in urine by liquid chromatography", Journal of 

Chromatography B, vol. 787 , p, 271:279, 2003.  

[3] Z. Jun, W. Chunying, J. Guoqing, W. Xiuli, T. Qian, F. Zhaochi, and L. Can, "The structural 

transition and compaction of human telomeric G-quadruplex induced by excluded volume 

effect under cation-deficient  conditions",  Biophysical Chemistry, vol. 136, 2008.  

[4] H. Mayama, S. M. Nomura, H. Oana, and K. Yoshikawa, “Self-oscillating polymer chain”, 

Chemical Physics Letters, vol. 330, no.  3–4, pp. 361-367, 2000.  

            https://doi.org/10.1016/S0009-2614(00)01076-9 

[5] G. Apsar, Md. Musthak, and J. Ahmed, "Study of Factors Affecting Tape-Wound 

Composite Helical Spring Prepared by E-Glass/Epoxy by Using Taguchi Method and 

Statistical Distributions", International Journal of Composite Materials, vol. 10, pp. 10-17, 

2020. DOI: 10.5923/j.cmaterials.20201001.02 

[6] J. Rajendra, and D. Narain, "Viscometric properties of aqueous solutions of Poly (ethylene) 

glycols at 15o C", Der Pharmacia Lettre, vol. 7, pp.126-133, 2015. 

[7] M. M. Barbooti, B. D. Al-Dabbagh, and R. H. Hilal, "Preparation, characterization and 

utilization of polyacrylic acid–kaolin composite in the removal of heavy metals from 

water", International Journal of Environmental Science and Technology, vol. 16 pp. 4571–

4582, 2019.  

[8] B. Aldabbagh, H. Jawad, and R. Mahdi, "Study of the properties of MgO/ Poly methyl 

methacrylate Nano-composites", Journal of Physics: Conference Series, Vol. 2114, 3rd 

International Conference in Physical Science and Advanced Materials (PAM 2021) 24-28 

September 2021, Istanbul, Turkey, p.  012039. DOI 10.1088/1742-6596/2114/1/012039 

[9] H. J. Kadhim, B. M. Al-Dabbagh, R. M. Salih, and D. S. Ahmed, "Nano composites films 

for food packaging applications", AIP Conference Proceeding., vol. 2372, 2021.  

[10] H. Hassan, M. D. Balqees, and J. F. Qais, "Study the coupling agents of the common effect 

http://www.tms.org/pubs/journals/JOM/0502/Elices-0502.html
http://www.tms.org/pubs/journals/JOM/0502/Elices-0502.html
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X0P-47C48Y7-1&_user=10&_coverDate=04%2F25%2F2003&_rdoc=1&_fmt=high&_orig=article&_cdi=7220&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5755c3c4cfa6ec20a32a4f7863e90069
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X0P-47C48Y7-1&_user=10&_coverDate=04%2F25%2F2003&_rdoc=1&_fmt=high&_orig=article&_cdi=7220&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5755c3c4cfa6ec20a32a4f7863e90069
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6X0P-47C48Y7-1&_user=10&_coverDate=04%2F25%2F2003&_rdoc=1&_fmt=high&_orig=article&_cdi=7220&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=5755c3c4cfa6ec20a32a4f7863e90069
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFB-4SKK22C-1&_user=10&_coverDate=08%2F31%2F2008&_rdoc=1&_fmt=high&_orig=article&_cdi=5222&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8a5041e02227a2a57b4848bfac452219
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFB-4SKK22C-1&_user=10&_coverDate=08%2F31%2F2008&_rdoc=1&_fmt=high&_orig=article&_cdi=5222&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8a5041e02227a2a57b4848bfac452219
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFB-4SKK22C-1&_user=10&_coverDate=08%2F31%2F2008&_rdoc=1&_fmt=high&_orig=article&_cdi=5222&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8a5041e02227a2a57b4848bfac452219
https://doi.org/10.1016/S0009-2614(00)01076-9


Journal of Petroleum Research and Studies 

 P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 38, March 2023, pp. 118-131      
  
 

 
129 

of adding high reactive mineral admixture meta-kaolin and super-plasticizer on the 

mechanical properties of lightweight concrete prepared by LECA aggregate", Journal of Al-

Qadisiyah for computer science and mathematics, vol. 14, pp. 71-87, 2022. 

[11] B. Al dabbagh, M. M. Ismail, L. Q. Ibrhium, Z. Cheng, and L. Zhang, “Dielectric constant 

of nano-CCTO/epoxy composite”, I S O R J Appl. Phys, vol. 5, pp. 49-54, 2013.   

[12] B. M. Dheyaa, W. H. Jassim and N. A. Hameed, "Evaluation of the epoxy/antimony trioxide 

nanocomposites as flame retardant", J. Phys.: Conf. Ser., vol. 1003, 2018. 

[13] B. M. Deya’a, F. M. Hussien, and I. G. Dway, "Studying the Impact Strength of (Epoxy 

with TiO2 and MgO) Composite", Eng. & Tech. Journal, Vol. 29, No.10, p. 1971-1978, 

2011.  

[14] B. M. Al-Dabbagh, and H. J. Al-Shimary, "Comparison Between Some Properties Of Nano 

And Micro Pvc Fibers Reinforced Polyester Composites", Int. J. Metall. Mater. Sci. Eng., 

vol. 6, pp. 33-38, 2016.  

[15] B. Al-Dabbagh, H. Al-Shimari,"Preparation of nano-silver particles by chemical method for 

antibacteria’s applications", Int. J. Nanotechnol. Appl., vol. 3, pp. 21–26, 2013. 

[16] L. Q. Ibrhium, M. M. Ismail, B. M. Aldabbagh, "Dielectric constant of nano-CCTO/epoxy 

composite", J. Appl. Phys., vol. 5, pp. 49–54, 2013.  

[17]  J. K. Hanaa, M. D. Balqees, "Studying the Effect of Kaolin Nano Particles on the 

Hydrophobicity Behavior of Polystyrene Nanofibers Prepared by Electrospinning 

Technique", Journal of University of Babylon for Engineering Sciences, vol. 30, pp.76-90, 

2022. 

[18] T. M. Hameed, M. D. Balqees, and R. K Jasim, "Reinforcement of denture base materials 

with Nano sisal fibers powder", Materials Today: Proceedings, vol.61, p. 1015-1022, 2022. 

[19] Awham M.  Hamid, Sabah S., and Balkees M. Dhyaa, "Studying of the Impact   Strength   

of   Rubber-   Toughened Thermosets", Eng. & Tech. Journal, vol. 27, no.1, pp. 203-216, 

2009. 

[20] B. J. Rashad, and A. H. Al-Falahi, and B. M. Aldabbagh, "Study of Some Mechanical 

Properties and Thermal Conductivity of Epoxy/TiO2-ZnO Hybrid Nano Composites”, 

Journal of university of Anbar for Pure science, vol.11, pp.  30–36, 2007.  

[21] B. M. Deaa, and H. J. Abdel-Hussein, “Wear Resistance for Thermosetting Polymer Blend”, 

Eng. & Tech. Journal, vol. 27, p. 512, 2009.  



Journal of Petroleum Research and Studies 

 P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 38, March 2023, pp. 118-131      
  
 

 
130 

[22] B. M. Deyaa and T. M. Hameed, "A study of nano materials on the Physical properties of 

Epoxy Composites'', Iraqi Journal of Physics, vol. 15, pp. 68-76, 2017. 

[23] Mohammed Jawad H. Kadhim, Balqees M. Al-dabbagh, and Hanaa J. Kadhim, “Study of 

the Mechanical Properties of Polypropylene Composites Reinforced with Alumina 

Microfibers”, Euro.J.Ph.Ch.Ma., vol. 7, pp. 35–41, Jun. 2022. 

[24] Jamal Kh., Balqees M. D., Ahmed A. R., "A study of some mechanical and physical 

properties of the epoxy resin fortified by nanomaterial", Journal of collage of education, 

vol. 1, Part.2, p.1-10, 2022. 

[25] Teba M. Hameed, Balqees M.  AlDabbagh, Ragdaa K. Jasim, "Effect of Natural Sisal Fibers 

on Mechanical Properties of Heat Cured Acrylic Resin", Macromolecular Symposia, vol. 

401, p. 2100345, 2022. https://doi.org/10.1002/masy.202100345 

[26] Muna M. Shalaan, Ahmad H. M. AL-Falahi, and Balkees M., "Study of Mechanical 

Properties and Thermal Conductivity of Polymeric Blend [Epoxy and polysulfide rubber 

(EP+ PSR)] Reinforced by Nano Ceramic Powder ZrO2", Journal of Physics: Conference 

Series, vol. 1892, p. 012013, 2021. 

[27] B. M. Al Dabbagh, H. J. Kadhim, and R. M. Salih, "Studying the effect of Polyamide 6 

Nanofibers on Physical and Chemical Properties of Unsaturated Polyester Reinforced by 

Glass Fibers Composites", IOP Conference Series: Materials Science and Engineering, vol. 

757, p. 012001, 2020.  

[28] Kazi M. Zakir Hossain, Reda M. Felfel, Prince S. Ogbilikana, Dhruma Thakker, David M. 

Grant, Colin A. Scotchford, and Ifty Ahmed, "Single Solvent-Based Film Casting Method 

for the Production of Porous Polymer Films", Macromolecular Materials and Engineering, 

vol.303, no. 4, p.628, 2018. https://doi.org/10.1002/mame.201700628 

[29] S. H. El-Nasrawy, "The effect of gamma rays on some physical properties of high and low 

viscosity carboxyethylcellulose", Master’s thesis -Babylon University - College of Science. 

1998.  

[30] C. Adam, A. Kashif, and A. Hussain, "Technology and Chemistry of Polymers", Book, 

University of Basra, 1983. 

[31] A. Al-Nomani, "Study of the effect of gamma rays - on some physical properties of 

hydroxyethyl cellulose polymer”, Master’s Thesis, University of Babylon, College of 

Science, 2000. 

https://doi.org/10.1002/masy.202100345
https://doi.org/10.1002/mame.201700628


Journal of Petroleum Research and Studies 

 P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 38, March 2023, pp. 118-131      
  
 

 
131 

[32] J. Zhou, C. Wei, G. Jia, X. Wang, Q. Tang, Z. Feng, and C. Li., "The structural transition 

and compaction of human telomeric G-quadruplex induced by excluded volume effect under 

cation-deficient  conditions", Biophysical Chemistry, vol. 136, no. 2-3, 2008. 

https://doi.org/10.1016/j.bpc.2008.05.005 

[33] Khaleda H. Al-Mayali, "The effect of gamma rays - on some physical properties of 

polyisobutylene", Master's Thesis, University of Babylon, College of Science, 2001. 

[34] Muhammad Ezz, "An Introduction to Material Science and Engineering, Part 2, book ,  

Riyadh - Saudi Arabia, 2002. 

[35] Balqees M. D. Al-Dabbagh, "Effect of the percentage of reinforcement with synthetic fibers 

on the physical properties of a composite material of phenolic-novalc resin", Al-Nahrain 

Journal of Science, vol. 11, pp. 22-28, 2008.  

[36] R. A. Abbas, M. A. Sahib, and B. M. Dyaa, "Study of adhesive wear of epoxy reinforced 

with glass fibers composite material", Al-Nahrain Journal of College of Engineering, vol. 

13 , pp. 1-15, 2010. 

[37] B. M. Aldabbagh, H. Sh. Majdi, and M. R. Hussien, "Study the Effect of Ultra Violet Rays 

(UV) on Some Mechanical Properties of Epoxy Composites", Engineering and Technology 

Journal, vol. 27, pp. 524-538, 2009.   

[38] B. M. Aldabbagh and A. R. Ahmmed, "The effect of UV–Radiation on Thermal and 

Mechanical Properties of (PP/LDPE) Blends", Tikrit Journal of Pure Science, vol. 21, Pp. 

71-75, 2018. 

[39] M. Z. Abdullah, A. R. Al-Sarraf, and B. M. Dhiaa, "Studing Effect of Temperature on Some 

Mechanical Properties of Single and Hybrid Composites", Ibn AL-Haitham Journal for 

Pure and Applied Science, vol. 24, 2017. 

[40] Z. Liu, X. Fu, L. Jiang, B. Wu, J. Wang, and J. Lei, "Solvent-free synthesis and properties of 

novel solid–solid phasechange materials with biodegradable castor oil for thermalenergy 

storage", Solar Energy Materials & Solar Cells, vol.147, pp.177-184, 2016.    

[41] S. Botov, "Investigation on Novel Polymer Filter Medium for Filtration of Automotive 

Lubricants", M.sc thesis, University of Sheffield, 2016. 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFB-4SKK22C-1&_user=10&_coverDate=08%2F31%2F2008&_rdoc=1&_fmt=high&_orig=article&_cdi=5222&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8a5041e02227a2a57b4848bfac452219
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFB-4SKK22C-1&_user=10&_coverDate=08%2F31%2F2008&_rdoc=1&_fmt=high&_orig=article&_cdi=5222&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8a5041e02227a2a57b4848bfac452219
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFB-4SKK22C-1&_user=10&_coverDate=08%2F31%2F2008&_rdoc=1&_fmt=high&_orig=article&_cdi=5222&_sort=v&_docanchor=&view=c&_ct=38&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=8a5041e02227a2a57b4848bfac452219
https://doi.org/10.1016/j.bpc.2008.05.005

