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Abstract:   
This research deals with increasing the hardening and insulating the petroleum pipes against the 

conditions and erosion of different environments. So, basic material of epoxy has been mixed with Ceramic 

Nano Zirconia reinforcement material 35 nm with the percentages  (0,1,2,3,4,5) %, whereas the paint basis of 

broken petroleum pipes was used  to paint on it, then it was cut into dimensions (2 cm. × 2 cm.) and 0.3cm 

high. After the paint and percentages are completed, the samples were immersed into the paint. Then, the 

micro-hardness was checked according to Vickers method and thermal inspection of paint, which contained 

(Thermal conduction, thermal flux and Thermal diffusivity), the density of the painted samples was 

calculated,. The results of the research indicate that the concentration (5%ZrO2) gives the best results that the 

hardness of this concentration reached to (92 Hv). By contrast, the thermal conduction was continued at a 

insulation limit (2.4 W/m.K). The thermal diffusivity was (1.16 mm
2
/sec.), the thermal flux reached to (70.4 

w.s 
1/2

/m
2
.K) and the density at the same percentage was (4.87 g/m

3
). This means that there is a linear 

proportionality and development with increasing in the percentage of Nano Zirconia additive to epoxy. 

 
Key words: Ceramic Material, Petroleum Pipes, Polymer Matrix Material, Thermal Insulation.  

 

Introduction:
 Polymer Matrix Composites have several 

and wide applications, many researchers are 

interested in the field of composite materials 

because of its lightweight, high strength and ease of 

treatment with many available options in this 

system (1). Resin Epoxy is widely used in 

insulation such as electrical machines, electronic 

circuits, switches, batteries, transformers and even 

in making the heat resistant pipes, as well as in 

surface protection operations such as marine ship 

coatings and materials surface covering (2). So, the 

density of reinforcing material has a large effect on 

the characteristics of the resulting composite 

material (3,4). In spite of the large use of different 

reinforcing materials of fiber, bristles and others, 

there are many unknown properties of composite 

materials, whereas the composite materials during 

industrial are random or scattered, so there are 

properties that identify  the characteristics of these 

composites, which is how to mix, an inter-phased 

and reinforcement material (5). One of the effecting 

factors of composite material is the thermal 

conduction whereas the material ability of thermal 

transfer is called the thermal conduction; however 

there is energy thermal in materials indicating that 

itheir electrons have kinetic energy that works on 

increasing the collisions in them (6). Insulations are 

considered very important applications in composite 

materials, which are based on Polymer (EP) and are 

propped by different ceramic materials (7). Labeed 

et.al; have studied the effect of adding alumina 

particles and graphite in order to improve the 

mechanical properties of composites based on 

epoxy. Alumina has been added by mass of (10%-

40%) as reinforcing material, a set of mechanic tests 

have been made such as hardness, friction, 

compressive strength. They found out that the best 

reinforcing percentage of alumina is 20%, they also 

found out that the friction factor can be reduced in 

addition to other properties except hardness, which 
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is considered a superficial property (8). Bello SA et 

al. concluded that the reported decrease in the 

measured properties as %wt of coconut shell 

particle addition increased from 20 to 35 %wt. 

However, the reversed behavior of these 

composites at higher %wt of coconut shell particle 

addition may be attributed to poor bridging effect 

between filler and matrix arising from the fact that 

matrix particle saturation level has been exceeded. 

Also, this review has exposed the possibility of 

using mechanical milling (9). Shiv RK et al.have 

studied the effect of adding different weight fraction 

of Nano zirconia on wear characteristics of resin-

based dental composite The dental composites were 

fabricated by adding (0–3 wt. %) of silane-modified 

Nano zirconia particles into a monomer system 

(50 wt.% biphenyl-A glycidyl methacrylate, 

49 wt.% tri-ethylene glycol methacrylate, 0.2 wt.% 

Camphor Quinone, and 0.8 wt.% ethyl 4 dimethyl 

amino benzoate (10). Noor S M et al. have studied 

the effect of mixing TiO2 nanoparticles with epoxy 

resin. The TiO2 nanoparticles would be synthesized 

and characterized by scanning electron microscopy 

(SEM), XRD FTIR, for two particle sizes of 50 and 

25 nm. The thermal conductivity is measured with 

and without composite epoxy resin; the results 

showed that the thermal conductivity was increased 

as nanoparticle concentration increased too. The 

thermal conductivity was increased as particle size 

decreased (11). Therefore, many of petroleum and 

gas pipes that extend for long-distances through the 

soil suffering from cracks in the external surfaces as 

a result of different weather conditions of acidity 

and humidity,  need to be treated by composites 

materials that included treatment as low cost and 

high durability (11). The aims of research is to 

study the possibility of applying the coating on oil 

pipes and the ability of resistance to titanium oxide 

to different conditions. 

 

Material and Methods: 
The Primary Materials Used in the Research 

Zirconium dioxide (ZrO2) 

Zirconia is considered as one of the most 

important oxides used in the field of thermal 

insulation because it has a very weak thermal 

conductivity, shock resistance and weather-resistant 

materials. So, zirconia that is made in China was 

used as a reinforcing material of epoxy in this study 

with different weight percentages, Nano-sized 35 

nm, density Zirconia is 5.68 g/cm
3
, with a melting 

point of up to 2700°C, which has white colour. 

 

Epoxy 

Epoxy Resin 105 is characterized by the 

pale yellow colour with medium viscosity heated on 

65 °C in order to release its viscosity. Epoxy is also 

characterized by typical physical properties with 

high resistance to humidity, and has a density of 

1.19 g/cm
3
. 

Specimens Preparation  

In this research, paint bases were prepared 

from damaged and decommissioned petroleum 

pipes. So, the samples of pipes were divided by a 

machine CNC with dimensions (2cm×2cm) and 

high 0.3cm, and then they have been cleaned and 

painted with a plain dye of an ordinary colour of 

brown antioxidant whose types are coral with a 

density of 1.2 g/cm
3
. After that, the based epoxy 

was mixed with Zirconium oxide Nano-particles 

(ZrO2) at weight percentage 0, 1, 2, 3, 4, 5%. The 

mixing of the two materials was carried out together 

using magnetic star, which is equipped with a 

thermal and regulated heat and speed of rotation, 

then ultrasonography machine was used in order to 

disperse Nano powder by using epoxy, after that the 

hardener with density 1 g/cm
3
 has been added by a 

ratio 2:3, and then the bases to be painted were 

covered during the paint at different proportions as 

shown in Fig. 1. The models were hardened and left 

outside for five days in order to complete the 

treatment. 

     
Figure 1. Paint Bases (A) After Painting (B) 

Before Painting. 

 

Tests and Measurements 

Physical Density Test 

The ratio between mass and apparent 

magnitude (the material grain size + sealed pores 

size) contains the material and sealed pores, the 

composite density increases or decreases depending 

on several factors such as the density of the 

materials involved in its composition and chemical 

composition, the size and forms of the particles of 

each of the constituent materials. There are several 

test methods to calculate the density by comparing 

its density with common materials such as (water 

and mercury) according to the United States 

Standards (ASTM (C373 – 71)) (12). 

  

Vickers Micro-Hardness Test 

Hardness has been measured according to 

Vickers, METKON kind, which is made in France, 

of the models that have been painted after making 

polish, the effect used is a pyramid-shaped ceramic 

girder with an angle of 136 ° between the two faces 

A B 
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with a load of 100 gm. with time 10 Sec., it is 

automatically raised after the indicator light is 

illuminated by the end of the specified period of 

time. Thus, the effect dimensions are calculated in 

the two axes and in two orthogonal directions and 

taking five analyses and calculating their mean X. 

to obtain the hardness value from the digital screen 

installed directly on the machine. The following 

equation represents Vickers Hardness: (13) 

1            .....................854
𝑃

(𝑑𝑎𝑣.)2 ٠HV = 1 

Were:  

HV: Hardness Vickers 

P: Applied Load (gm.) 

dav: Diameter Average Affect  

 
Thermal Tests 

 The thermal conductivity of a material is a 

measure of its ability to conduct heat. It is 

commonly denoted by w / m.k. In the last few 

years, a great deal of attention has been given to 

thermal conductivity, especially in composite 

materials with thermal insulation, as well as in 

metal-reinforced insulation composites whereas the 

adding of minerals significantly improves the 

thermal, electrical and mechanical properties of 

composites (14, 15). The large difference in the 

values of thermal conductivity by the classification 

of objects into two types; the first one is poor 

thermal conductivity, while the second one is of 

good thermal conductivity. The good one such as 

minerals are used in making walls (EIFS system) 

which lets heat go through it, such as radiators and 

heat exchanger, while the poor thermal conductivity 

are differently and more, which are used to improve 

the thermal conductivity, as it really there is no a 

completely insulating material for heat. 

The thermal conductivity and its variables may be 

calculated by the following (16, 17): 

𝑄 =
dH

dt
  = −

𝜆 𝐴 𝑑𝑇

𝑑𝑥
  ……………. 2 

Were:  

𝑄: Heat Quantity of Midst Unit (watt). 

H: Heat (J). 

t: Time (Sec.). 

𝜆: Thermal Conductivity (w/m.k). 

T: Temperature (K). 

X: Increase the Sample of the Test (m). 

A: Cross Section Area of the Sample (m
2
). 

While, the thermal diffusivity δ (s/ m
2
/) is: 

δ = 
λ

Cp .𝜌
   ………………… 3  

Cp: Specific Heat Capacity (J/ g.k). 

𝜌: The sample Density (g/cm
3
). 

And the Thermal Flux Ɛ (K. m
2 
/ Ws½), which is: 

Ɛ = √λ . ρ . Cp……………….. 4 

 The system that is used to measure the 

thermal conductivity is Mathis TCI (MPTS) made 

in Canada, that measures the conductivity with 0-

100 W/mk,  also it’s used in a large field of 

temperatures (–5℃ to 200℃). 

Discussion of Results: 
The Results of Scanning Electron Microscopy 

Test (SEM) of Zirconium Oxide Nano-Particles 

(ZrO2): 

Scanning Electron Microscopy has a great 

importance in Materials world, as it can be used to 

identify multiple surface structures for many basic 

and reinforcement materials, Fig. 2 explain the 

scanning electron microscopy (SEM) of zirconium 

oxide Nano-particles, which clearly shows the 

spherical structure of the powder. 

 

 
Figure 2. SEM for epoxy resin reinforced with 

Zirconium Nano-Powder. 

 

The Effect of Zirconia on Density  

Figure 3 shows the relationship between the 

Zirconium and density; it is clearly shown through 

the Figure that there is a change, whereas the 

density increases with the increase of Nano 

Zirconium, so this is an emphasized thing, because 

of the Zirconium spreading through Epoxy. 

Zirconium Nano-Oxide is characterized by high 

density comparing with the value of Epoxy density, 

which leads to increase the mixture density (18).  It 

reached its highest value at the strengthening rate 

5% and density rate was 4.87g/cm
3
. 

 

 
Figure 3. The Effect of Zirconia concentration on 

Density of paint. 

 
The Effect of Zirconium on Micro-Hardness 
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Figure 4 shows the relationship between the 

change in the weight ratios of zirconia nanoparticles 

and Vickers' hardness where, as is known, zirconia 

hardness is very high because it is an oxidization, 

when starting with the addition of zirconia, it was 

noted that the increase of hardness to 92Hv at the 

ratio 5%, the high hardness was due to the fact that 

the oxide is characterized by high hardness and low 

porosity, and the homogeneity of the distribution 

between the base material and the strengthening 

particles also has a significant role in increasing the 

hardness, and the rate of increasing of zirconia has 

reduced the liquid phase during the process 

propagation, which in turn helped to bind granules 

with epoxy (18,19).  

 

 
Figure 4. The Relationship between increasing 

Weight ratio of Zirconia and Vickers Hardness. 

 

The Effect of Zirconia Ration on Thermal 

Conductivity 

Figure 5 explains the relationship of the 

effect of the reinforcement content (Nano Zirconia) 

on the thermal conductivity. So, we can notice the 

decrease of thermal conductivity from (0.24w/m.k) 

to (0.11w/ m. k) of the reinforcement ratio 0% to 

%5 respectively, i.e. the reverse proportionality 

between thermal conductivity (λ) and increased 

reinforcement ratio. The resins do not contain 

electrons in its internal structure, which help to 

transfer heat, depending on structural vibrations in 

order to transfer energy thermal (20), by adding 

Nano-Zirconia oxide, which works on inhibits these 

vibrations that bring heat, and the thermal 

conductivity is decreased. Thermal insulation is 

increased as well as oxides characterized by low 

connectivity, which helps to reduce the conductivity 

of the paint and increases the obstruction with 

increased reinforcement ratios of Zirconia (21, 22). 

 

 

 

 

 
Figure 5. The Relationship between Increasing of 

Wight ratio of zirconium and Thermal 

Conductivity. 

 

The Effect of Zirconium ratio on the Thermal 

Flux 

The relationship of reinforcing content 

effect (Zirconium) on thermal flux is explained in 

Fig. 6, it is clear that there is increasing in the 

thermal flux, when the reinforcing ratio be a little, 

but with increasing the reinforcing Ratio from 1% 

to 5%, we can see there is a decrease of thermal flux 

because the structural vibrations of epoxy help to 

increase the streaming, such as thermal 

conductivity, but with the increasing the reinforcing 

ratio of the bad conductive ceramic material, it 

works as barriers to stop the heat spreading through 

the paint (23). 

  

 
Figure 6. the relationship between zirconium 

concentration and the thermal flux. 

 

The Effect of Zirconium on the Thermal 

Diffusivity  
          Figure 7 explains the effect relationship of 

reinforcing content (Zirconium) on the thermal 

diffusivity δ, so it is clearly that there is increase of 

thermal diffusivity of epoxy, whereas there is a 

large effect of structural vibrations on resins, which 

helps thermal diffusivity through painting. But by 

increasing the reinforcing ratio of the ceramic 

material, the structural vibrations will try to reduce 

the spreading and hang the thermal transfer, such as 

thermal flux and thermal diffusivity (20- 23). 
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Figure 7.  The Relationship between 

concentration of Zirconium and Thermal 

Diffusivity. 

 

          Paint protection is used as the best way to 

protect oil pipelines heat and withstand high 

temperatures, which is one of the conditions that 

significantly lead to damage oil pipelines that 

extend for long distances and high economic 

feasibility as compared to the conventional 

methods. It should take into account that the 

application of working conditions accurately 

prevents any leakage of moisture and oxygen to the 

surface of the pipe to be protected Conclusions. 

 

Conclusions: 
         This research has come up with the following 

conclusions: a major increase in hardness and 

density because of the reinforcement of ceramic 

Nano Zirconia; Increase the values of Thermal 

Insulation of paint because of the increased the 

percentage of Nanomaterial, Getting the best 

percentage of reinforcement 5% which gives a good 

hardness (92Hv), density (4.87g/cm
3
), less thermal 

Conductivity (0.11w/m. k), thermal flux 

(15s1
/2
/m

2
.k) and thermal diffusivity (0.05mm

2
/sec). 

 

Authors' declaration: 
- Conflicts of Interest: None. 

- We hereby confirm that all the Figures and 

Tables in the manuscript are mine ours. Besides, 

the Figures and images, which are not mine ours, 

have been given the permission for re-

publication attached with the manuscript. 

- Ethical Clearance: The project was approved by 

the local ethical committee in University of 

Baghdad. 

 

References:  
1. Mohan N, Senthil P, Vinodh S, Jayanth N. A review 

on composite materials and process parameters 

optimisation for the fused deposition modelling 

process, VIRTUAL PHYS PROTOTY. 2017; 12(1): 

47-59.   

2. Larry G, Steve W, John L. Methods and systems for 

abrasive cleaning and barrier coating/sealing of pipes, 

U. S. Patent. 2017; 9,555,453( 31).  

3. Manjunatha G, Raji G, Nagesh SN. Effect of carboxyl 

graphene interface in glass fiber reinforced epoxy 

nanocomposites, AIP Conf. Proc. 2019 ; 2057(1).  

4. Ismael KJ, AbdulSamee FA, Salih YD. Some 

physical and thermal properties of the composite 

(Basalt-Aluminum) prepared by powder technology 

method, A J S R P. 2018;  2(1): 1-14.   

5. Eugene BC, AlChristopher CD, Bryan BP, Rigoberto 

CA. A review on rubber-enhanced polymeric 

materials, Poly Rev. 2017; 57(2): 311-338.  

6. Frank K, Raj MM, Mark SB. Principles of heat 

transfer: shaligram Tiwari. I I T M. Cengage learning: 

2011.   

7. Arthur JR, Gregory MP. Composite structural 

material and method of making the same, U.S. Patent. 

2012 May; 8,181,580( 22 ) . 

8. Labeed KA, Muhammed AM, Hadi SA. The effect of 

adding Alumina and Graphite particles to improve the 

Mechanical properties of composite, Al-Taqani. 

2009; 22(3): 123-131. 

9. Bello SA, Agunsoye JO, Hassan SB, Zebase MG, 

Raheem IA. Epoxy Resin Based Composites, 

Mechanical and Tribological Properties: A Review, 

Tribol. Ind. 2015; 37(4): 500-524. 

10. Shiv RK, Amar P,  Bhat I K. The in vitro wear 

behavior of nanozirconia-filled dental composite in 

food slurry condition. Proceedings of the I Mech. E. 

2017; 231(1): 23-40. 

11.  Noor S M, Shaymaa M S,  Basma A A. Effect of 

nanoparticles on thermal conductivity of epoxy resin 

system, IOP Conference Series. Mat Sci. Eng. 2019; 

518(6): 062006. 

12. Chaouki S, Abderrahman A, Iz-Eddine El. Production 

of porous firebrick from mixtures of clay and 

recycled refractory waste with expanded perlite 

addition, J. Mater. Environ. Sci. 2013; 4(6): 981-986. 

13. Sameen FM, Salih YD. Effect of Thermal Treatment 

on Some Physical and Mechanical Properties of 

Cermet Coating by Flame Spraying Technology, 

JUBPAS. 2018; 26(7): 269-280. 

14. Selvaraj DE. Partial discharge characteristics of 

enamel filled with micro and nano composite of SiO2 

and TiO2, INT J ENG SCI. 2012; 1(2): 95-101.  

15. Selvaraj DE, Vijayaraj R, Pugazhendhi CS. Electrical 

and Thermal Characterization of Organic Varnish 

Filled with ZrO2 Nano Filler Used in Electrical 

Machines, INT J ENG SCI. 2015; 10(4): 1700-1711.  

16. Mateusz B. Carbon Nan tube Networks in Epoxy 

Composites and Aero gels: PhD. Thesis. United 

State: University of Pennsylvania; 2007  

17. Worsley MA, Lewicki JP, Baumann T.F. Carbon 

Nanotube-Based Aerogels as Preformed Porous 

Fibrous Network for Reinforcing Lightweight 

Composites In: Yang Y., Yu J., Xu H., Sun B. (eds) 

Porous lightweight composites reinforced with 

fibrous structures, Springer, Berlin, Heidelberg. 

2017; 245-266.  

18. Haqi IG. Effect  of Particles  from   Magnesium oxide 

in thermal insulation of conbextra epoxy (EP-10) 

resin, I Q J M M E. 2011; 11(4): 784-791. 

19. Nawras AM, Ihab NY. Evaluation the Effect of 

Different Thicknesses Core on the Micro-Hardness of 

https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Kumar%2C+Shiv+Ranjan
https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Patnaik%2C+Amar
https://journals.sagepub.com/action/doSearch?target=default&ContribAuthorStored=Bhat%2C+I+K
https://iopscience.iop.org/journal/1757-899X


Open Access     Baghdad Science Journal                                P-ISSN: 2078-8665 

2020, 17(3):826-831                                                            E-ISSN: 2411-7986 

 

831 

Zirconia Ceramic Material,  N. J. M. S.2019; 1(2): 

223-231.   

20. Teh PL, Jaafar M, Akil HM, Seetharamu KN, 

Wagiman AN, Beh KS. Thermal and mechanical 

properties of particulate fillers filled epoxy 

composites for electronic packaging application, 

Polym. Adv. Technol. 2008; 19(4): 308-315 

21. Rostamiyan Y, Rezaei M. The effect of nano 

Zirconium dioxide and drilling on the buckling 

strength of epoxy based nanocomposites. Mater. 

Chem. Phys. 2018; 212: 523-532.  

22. Ergun GS, Ataol AS. The effects of adding various 

ratios of zirconium oxide nanoparticles to poly 

(methyl methacrylate) on physical and mechanical 

properties. J Oral Sci. 2018; 60(2): 304-315.   

23. Yicheng W, Yannan H, Zhiqiang Y, Xiaoyan L. 

Thermal conductive behavior of zirconium boride 

coated by nanoalumina with different mass 

proportions in epoxy composites, Prog. Nat. Sci. 

2018; 28(3): 345-353.  

 
 تحسين متانة الخدش والعزل الحراري لأنابيب النفط باستخدام نظام طلائي ذو اساس بوليمري

 
صالح يونس درويش

1
   

  
زهير ناجي مجيد

2
اشواق طارق دحام     

3 

 

1
  ، العراق.تكريت، جامعة تكريت ،خورماتو التربية طوزكلية ، قسم الفيزياء 
2

 ، العراق.تكريت، جامعة تكريت ،للعلوم الصرفةكلية التربية ، قسم الفيزياء 
3 

 بغداد، العراق.بغداد، جامعة  ،العلوم للبناتكلية ، قسم الفيزياء

 

 :الخلاصة
تأكل البيئة المختلفة، حيث تم مزج المادة الاساس  زيادة صلادة وعزل الانابيب النفطية ضد ظروف معالبحث الحالي  يتعامل

( حيث تم استخدام قواعد  0، 1، 2، 3، 4، 5( وبنسب تدعيم مئوية %) 35nmالايبوكسي مع مادة التدعيم السيراميكية الزركونيا النانوية)

، وبعد اكمال الطلاء و النسب المئوية يتم  0.3cm( وبارتفاع 2cm×2cmوتم تقطيعها بأبعاد) طلاء من انابيب نفط تالفة لغرض الطلاء عليها

شملت كل  تغطيس العينات خلال الطلاء. تم بعد ذلك اجراء فحص الصلادة المايكروية بطريقة فيكرز وكذلك الفحوص الحرارية للطلاء والتي

الحراري( وكما تم حساب الكثافة للعينات المطلية بالمخلوط. حيث اوضحت النتائج بأن الانتشار  ،التدفق الحراري ،من )التوصيلية الحرارية

بينما كانت التوصيلية الحرارية محافظة عند حد  ،(92Hv( اعطى افضل نتائج حيث بلغت الصلادة عند هذا التركيز )ZrO2)%5التركيز 

mm 1.16)وكان الانتشار الحراري ) ،(W/m.K 2.4عزلي )
2
/sec ، ( والتدفق الحراري وصل الىw.s

1/2
/m

2
.K 70.4 وكانت الكثافة .)

g/m 4.87عند نفس نسبة التدعيم هي )
3

 (. اي هنالك تناسب طردي وتحسن مع زيادة نسب الزركونيا النانوية المضافة الى الايبوكسي. 

 
 العزل الحراري. ،مادة ذات اساس بوليمري ، انابيب النفط،المواد السيراميكية كلمات مفتاحية:ال

 

 

 


