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Abstract: 

This study is attempt to improve thermal isolation through measuring thermal 

conductivity composite of on polyester resin with fillers of (TiO2, ZnO, Acrylonitril, 

wood flour Coconut (Wf). The grain size of the fillers is 200 µm. The number of 

samples is (16) in addition to the virgin sample; these samples are prepared by cast 

molding method for polyester with filler volume fractions (5%, 10%, 15% and 20%).  

Shore hardness tests were used to measure the hardness and Lee disk method for 

thermal conductivity. The experimental results showed that the (20% ZnO) sample 

has the maximum value of thermal conductivity where (20% w.f) has minimum 

thermal conductivity .on the other hand (15% ZnO) sample give the maximum value 

of hardness where (20% w.f) sample gave the minimum value of hardness. From this 

study there is an important factor that should be observed that is the relationship 

between hardness and thermal conductivity. The study prove that the experimental 

results satisfy the theoretical assumptions in that the additive material (fillers) of 

metals base increase thermal conductivity where the material of cellulose base 

decrease the thermal conductivity and give good thermal isolation but with low 

hardness and all the result above the refry sample . 

 

Key words: Thermal conductivity, Polyester resin, Hardness, Thermal isolation, 

Wood flour coconut. 

 

Introduction: 
        The progress of plastic 

technology lead to make polymers one 

of the competence materials in stead of 

steel, aluminum, wood & other 

installation materials [1].Thus plastic 

& specially plastic composites became 

largely used instead of other materials 

in both aspects agricultural & 

industrial [2].Thermal isolation formed 

one of the important reasons to keep 

energy expenses [3].Also to reduce 

required materials in heating & 

cooling. The heat transfer through 

material achieved by impaction 

operation between molecules or atoms 

which formed the material, these 

phenomena is known as thermal 

conductivity. When direct touching of 

bodies [4]. According to this will 

transfer from hot side to cold side 

through material boundaries which 

isolated both sides. Thus chemical 

construction of molecules & atoms act 

as an important rule to achieve heat 

transfer or isolating [5]. In this study 

we used certain polyester resin which 

can be classified as thermosetting 

plastic which is widely used in all life 

aspects such as high building, ships, 

boats & others. Technical industries 

achieved very good results in 

reinforcement plastic especially with 
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fiber glass [6].On a form of composite 

or blend polymers vinyl monomers 

grafting with other polymers [7], or 

metal salts to produce composite 

laminate which was used in special 

kind of houses, storage tanks for oil or 

water  [8] [9].  

Use of Zinc oxides (ZnO) & titanium 

oxides (TiO2) & other materials will 

give more hardness to composite so as 

to produce laminate or pieces of 

reinforced plastic [10]. Which can be 

resistance for mechanical actions & 

can bear all other hard use conditions, 

but the existence of metals in the 

plastic body will indicate other factors 

of thermal or electrical conduction & 

this due to the existence of transferred 

electrons through atoms orbital 

specially (d) orbital for transferred 

elements [11]. This will led the plastic 

reinforced by metals to have high 

thermal conductivity & hardness than 

unreinforced plastic & also we used 

mixing metal by adding vinyl 

monomer which contain unsaturated 

groups which is able to polymerized & 

cross-link with resin [12], Which will 

increase hardness & give glassy 

specifications.  

Now wood flour plastic composites 

(WPC) is widely used by using of 

other soft powder mixed with 

polymers. 

In this study wood flour coconut is 

used in form of soft powder to give 

good thermal isolation due to being 

isolated cellulose material [13]. 

One of the important studies in thermal 

conductivity field was achieved by the 

researchers ( Elsenbaumer and others) 

[14] on [PET,PC,PVC] polymers, the 

result insisted that crystalline polymers 

give thermal conductivity higher 

amorphous polymers. The Canadian 

research institution was able to 

produce plastic pipes made of certain 

low thermal conductive polymers 

[15][6]. On 2003 (J.C. Hassien) proved 

that thermal conductivity will 

increased with in the increase of 

solidification temperature & they have 

leaner relation [17]. Where as (V. 

Flaingan & his partner J.Z.Hu, 2005), 

found that thermal conductivity of 

polymer mixed with Soya bin Oil & 

other physical properties will increase 

with the increasing of solidification 

temperature spatially when it being 

high, which will give exothermal 

reactions [18]. Same results was 

presented by Shabeer & yadar[19] 

same as previous results. 

            

Materials and Methods: 
Unsaturated polyester used as a 

matrix material for fillers buy from 

Iraqi market (Jordan origin) has normal 

viscosity solute in styrene with 

percentage of (38 ±1%).Cast molding 

used to product the samples by use of 

methyl ethyl ketone peroxides (MEKP) 

and cobalt actuate for solidification 

(BOH company),where the fillers         

(TiO2,ZnO from Hupkon Com. , 

Acrylonitril from GGR Com.  , Wood 

flour coconut from local market).  

Mechanical mixer (Glekaup) kind U.K 

origin was used to mix filler with 

polyester in the 6 degree of speed 

(have 10 degree) for 5 minute, and 

then we add 1% of MEKP & 0.1% of 

actuate. Table (1) illustrate preparation 

percentage of the samples .After 

mixing completed the mixture pot on 

centre fugue ( Heracuse  Christ GMBH 

osterode Germany Origin) for two 

minute  to remove Co babuls that 

created from reactions, then we cast 

the mixture inside the metal molds        

( cylinder of 30mm diameter & 31mm 

high )  after coated with thin player of 

paraffin .After leaving samples to 

solidification at room temperature for 

the next day, then remove the sample 

& pot in the oven (METLER kind 

Germany origin) for 90 minute  to 

complete solidification. Fig (1) 

illustrates sample dimensions.  
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Fig. (1) Sample dimensions 

 

Table(1) Composite Samples for this 

study. 

NO.  % Composite  NO.  % Composite  

1  Virgin  UPE (only)  10  5% Tio2 + UPE  

2  5% ACN + UPE  11  10% Tio2 + UPE  

3  10% ACN + UPE  12  15% Tio2 + UPE  

4  15% ACN + UPE  13  20% Tio2 + UPE  

5  20% ACN + UPE  14  5%  ZnO + UPE  

6  5% W.F. coconut + UPE  15  10%  ZnO + UPE  

7  10% W.F. coconut + UPE  16  15%  ZnO + UPE  

8  15%W.F. coconut + UPE  17  20%  ZnO + UPE  

9  20% W.F. coconut + UPE      

                                                                
Thermal conductivity test :- 

Thermal conductivity measurement 

done by uses this equation: 

 

          Q.L 

K =   ـــــــــــــــــــ 

        Ac (ΔT) 

 

Where Q: quantity of heat (watt) 

            L: thickness of sample  

           Ac: area of specimen  

             K:  conductivity  

 

The kind of thermal equipment 

is (limited Arm field) U.K origin 

.thermal conductivity get by take the 

change in temperature ΔT between 

cold temperature(Tcold) & heat 

temperature (Thot)  

      

        ΔT= Th – Tc 

 

Hardness test:- 

Shore test used to determined 

hardness of the samples by using 

(shore Durometer type D model 

THZ10, Italy origin) hardness test 

depend on the penetration of the needle 

on the spacemen surface. 

 

Results and Discussion: 

Heat transmit through plastic 

occur due to found crystalline spot or 

groups added to transfer the heat as in 

case of electrons in electrical 

conduction .The presence of 

impurities, salts and groups form 

canals that make plastics conduct or 

transmit heat . Plastic essentially 

isolated materials because of its 

chemical structure so that foams is bad 

heat conductive because it hasn't 

crystalline spot .The fillers (fiber, 

metal salts &metal in form of powder) 

have important role in heat 

conductivity [20]. 

So it's important to product composite 

materials have high hardness with high 

thermal isolation [21]. 

         In this study the filler material 

have grain size (200) µm. Table (2) 

illustrate hardness values for the 

samples take by shore test. There is 

relationship between hardness & 

thermal conductivity .The virgin 

sample give the lowest hardness 

(77.12), this identical with the 

theoretical idea in that the polymer has 

weak hardness and ability to fracture. 

Hence the maximum hardness 

value(91.05) gets by the sample (15% 

ZnO).This is because the ZnO fillers 

that contain Zn element how has an 

ability to make coordinated bonds with  

group of C

O

 in resin.  
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Where Zn can receive electrons 

couple that found in Oxygen atom to 

make metallic bond (coordinate) and 

increase cross-links to give high 

hardness. Titanium Oxide who has Ti 

element gives good hardness, hardness 

value increase with increasing volume 

fraction of TiO2 .Sample No.13 

(20%TiO2) gives (90.5) hardness, this 

also because that theTitanium ability to 

make coordinate metallic bonds 

(bridges), also it have sufficient 

surface area help to make good 

adhesive with polymers that increase 

hardness. The lowest value (78.6) is to 

sample No.8 (20% W.F) composite, 

hence unsaturated Acrylonitril vinyl 

monomer gives medium hardness 

value that is because of its ability to 

cross-linked with the unsaturated resin. 

Thermal conductivity value of 

samples study by use heat exchanged 

equipment that makes heat transmit 

through the body of sample under 

investigation. Heat transfer by contact 

between two sides of disk. The values 

obtained from this study give good 

indications about the nature of fillers 

material that added to polymers. 

Maximum value of thermal 

conductivity of composites is 15.245 

w/mc° (20%ZnO). This is from 

metallic properties of Oxides & its 

ability to conductive heat. As we say 

already its ability to product coordinate 

bonds that make filling and structure of 

composite free volume that help to 

increase conductive. Minimum value 

of thermal conductivity is 8.064 w/mc° 

(20% W.F.) because the powder 

particles are cellulose origin that has 

bad thermal conductive, also it has 

alkynes in form of Lingo cellulose 

these material is bad thermal 

conductive, also it hasn’t ability to 

make cross link with polymer chains, 

that generate vacancies from insert 

Wood flour Coconut powder inside 

resin, these vacancies impediment 

thermal Conductive. 

Acrylonitril composite has thermal 

conductivity higher than titanium 

composites this because the 

unsaturated monomers (C=C) react 

with resin that also have unsaturated 

bonds (C=C) make cross-links, these 

cross links help to heat transmit 

through atoms in covalent bonds. We 

expect that TiO2 have ability to 

produce a tunnels or paths. This 

property found in element who have an 

absorpant surface, Titanium is one of 

them . 

The study of thermal 

conductivity and hardness maintaining 

the concentration constant and 

changing the kind of the filler as 

showing in figure (10). The sequence 

of hardness is : 

ZnO < W.F < AcN < TiO2 < Virgin 

Hardness decrease 

 
While the sample 10% represented in 

fig. (11) the order of hardness is: 

ZnO < TiO2 < W.F < AcN < Virgin  

Hardness decrease 

 
 The specimen of 15% as fig (12) 

indicates that: 

ZnO < TiO2 < AcN  <W.F  <  Virgin  

Hardness decrease 

 
The highest 20% graphed in fig. (13) 

the following result obtained : 

  TiO2 < ZnO <  AcN  <W.F  <  Virgin 

Hardness decrease 

 
  Hardness values give the impression 

that showed the highest value of 

hardness except that of 20% TiO2  

which its hardness near to that of ZnO. 

The reason of such behavior may be 

attributed to fact that zinc as 

transitional element coordinates with 

the active groups of resin, leading to 

sectional Cross-linkage. The specimen 
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of 20%  Tio2 is harder than of ZnO due 

to the formation of secondary 

forces(coordination). 

At high percentages of Titanium would 

culminate Zinc which considered more 

metallic than TiO2 lead to high surface 

area of Titanium in the Zinc hardness. 

In the case of W.F 5% gave good 

results of hardness due to that the low 

percentage made the Cross –linking 

more probable to certain extent  on the 

other side increasing the percentage 

lead to hardness decrease, which may 

be because of increase in the Free 

volume. 

It has been found that AcN gave better 

hardness than virgin and wood flour at 

high percents due to AcN has the 

cross-linking ability as acrylic 

monomer having double bond. 

Thermal conductivity study which 

dealt with constant concentration and 

variable filler. Indicated that the 15% 

as the graphed in fig(14) is as 

following. 

 ZnO < AcN < Virgin   < W.F  <  TiO2  

 Thermal conductivity decrease  

   
While the 10% drawn in fig(15) led to: 

ZnO < AcN < Virgin   < TiO2  <  W.F  

 Thermal conductivity decrease  

   
 Fig (16) 15% indicate as: 

 

ZnO < AcN < TiO2  <Virgin < W.F 

 Thermal conductivity decrease  

  
 The highest of 20% gave that: 

 

ZnO < AcN < TiO2  <Virgin < W.F 

 Thermal conductivity decrease  

 
The result of thermal conductivity 

study are is a good agreement with the 

theoretical explanation which reveal 

that the addition of metals increase the 

T.C besides the π-bonds increment. 

This fact has been verified by the 

coconut wood flour specimens which 

gave lowest T.C ,as well known that 

wood is bad thermal conductivity. 

On the other hand in the case of AcN, 

the strong cross-linking of the double 

bond and the other more stronger 

groups decrease the spaces and 

increase the crosslink, thus the heat 

transfer is more rapid due to the free- 

volume diminishing. 

The cheated specimens with Tio2 gave 

higher T.C values at the percentage of 

(15%,20%) while at the lower 

percentage the reference T.C was 

higher than of TiO2 this could 

explained that at higher percentage the 

surface area is large which lead to 

higher adsorption on Titanium surface 

,forming assort of chemo-physical 

linkage between the resin and the 

Titanium surface corresponding in 

higher T.C.  

The lower percentage ( 5% and 10%) 

of  TiO2  couldn't afford the sufficient 

surface area in order to make Titanium 

dominates AcN, thus AcN has higher 

T.C than TiO2 due to the cross-linking 

moreover the Titanium surface 

contains tunnel and gaps crippling the 

heat transfer.    

 

Conclusions: 

We can produce a composite 

hard, strong and thermal isolator by 

use low volume fraction of metallic 

fillers. 

Use material have cellulose 

give composite of bad thermal 

conductivity. 

There is proportional relation between 

hardness and thermal conductivity 

most study before production 

composite materials     
 

Table (2) Hardness value by shore 

test. 
No.  Composite  Hardness  No.  Composite  Hardness  

1    5% CAN  81.2  10    5% TiO2  80.7  

2    10% ACN  82.03  11    10% TiO2  89.62  

3    15%ACN  83.03  12    15% TiO2  89.82  

4    20% ACN  83.06  13    20% TiO2  90.5  

5    5% W.F.  82.9  14    5%   ZnO  88.2  

6    10% W.F.  82.6  15   10%  ZnO  90.3  

7    15% W.F.  82.31  16   15%  ZnO  91. 05  



Baghdad Science Journal  Vol.7(4)2010 
 

1405 

8    20% W.F.  78.16  17   20%  ZnO  90.2  9    Virgin  77.10        

Table (3) Thermal conductivity of Composites 

No.  Composite  
Thermal 

conductivity(w/mc°)  
No.  Composite  

Thermal 

conductivity(w/mc°)  

1  5% CAN  12.7276  10  5% TiO2  10.248  

2  10% CAN  12.663  11  10% TiO2  10.631  

3  15%ACN  13.0138  12  15% TiO2  11.2821  

4  20% CAN  13.1883  13  20% TiO2  12.571  

5  5% W.F.  10.585  14  5%   ZnO  12.7947  

6  10% W.F.  9.9898  15  10%  ZnO  14.12  

7  15% W.F.  8.5221  16  15%  ZnO  14.8777  

8  20% W.F.  8.064  17  20%  ZnO  15.2541  

9  Virgin  11.2521        

  

  

 
Fig (2): Shore hardness test for ACN Composite 

 

 
Fig (3): Shore hardness test of W. F. coconut Composites 

 

 
Fig (4): Shore hardness test of TiO2 Composites 
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Fig (5): Share hardness test for ZnO Composites 

 

            
Fig (6): Thermal Conductivity Test of ACN Composites 

 

 
Fig (7): Thermal Conductivity test of W.F.coconut Composites 

 

 
Fig (8): Thermal conductivity test of TiO2 Composite 

 

12.

6 

12.

7 

12.

8 

12.

9 

1

3 

13.

1 

13.

2 

13.

3 

0 5 1

0 

1

5 

2

0 

2

5 Volume fraction (fillers 

%) 

T
h

er
m

al
 c

o
n

d
u

ct
iv

it
y

  

Series1 

88 

 

 

88.5 

 

 

89 

 

 

89.5 

 

 

90 

90.5 

91 

91.5 

0 10 20 30 

Volume fraction (fillers%) 

H
ar

d
n

es
s 

Series1 

0 

2 

4 

6 

8 

10 

12 

14 

0 5 10 15 20 25 

Volume fraction (fillers%) 

T
h

er
m

al
 c

o
n

d
u

ct
iv

it
y

 

Series1 

0 

2 

4 

6 

8 

10 

12 

0 10 20 30 

volume fraction(fillers%) 

T
h

er
m

al
 c

o
n
d
u

ct
iv

it
y

 

Series1 



Baghdad Science Journal  Vol.7(4)2010 
 

1407 

 
Fig (9): Thermal conductivity test of ZnO Composites 
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ححضير ودراست الصلادة والخىصيليت الحراريت لمخراكباث راحنج البىلي اسخر مع 

 ز الهنذ()ثاني اوكسيذ الخيخانيىم، اوكسيذ السنك، قلفت ثمرة جى
 

 

 *الحذيثي عصمج رمسي   *خليل ثابج حسان      *العاني عبذ الجليل طارق
 

 كهٍح انعهٕو / جايعح الاَثاس*

 

 الخلاصت:
ذًد فً ْزِ انذساعح يحأنح ذحغٍٍ انعضل انحشاسي يٍ خلال قٍاط انرٕصٍم انحشاسي نًرشاكثاخ 

،الاكشٌهَٕاٌرشاٌم،ٔيغحٕق قهفح ثًشج جٕص Filler( ًْ )TiO2,ZnO( يع حشٕج )Matrix) ساَرج انثٕل اعرش 

( عد عششج عٍُح تطشٌقح انقٕنثح 16ار ذى ذحضٍش) (200µm)ٔانحجى انحثٍثً نٓزِ انًٕاد ْٕ   W.Fانُٓذ 

( ٔكاَد َغثح انشاذُج نهثٕنً اعرش  انًضاف انٍّ انحشٕاخ  Hand molding castingتانصة  انٍذٔي )

( ٔانرٕصٍم انحشاسي Shoreد فحٕصاخ انصلادج تطشٌقح شٕس)( ٔاجشٌ%5,%10,%15,%20ترشاكٍض )

 %20( ٔأظٓشخ  انُرائج اٌ اقم ذٕصٍم حشاسي ْٕ الإًَرج رٔ انُغثح )Lee Diskتاعرخذاو قشص نً )

W.F coconut(ٔاٌ أعهى ذٕصٍم حشاسي ْٕ الإًَرج رٔ انُغثح )20% ZnO ًْ ٔاٌ أطا قًٍح نهصلادج )

( ٔذثٍٍ نُا يٍ خلال ْزِ انذساعح إٌ ZnO %15قًٍح صلادج ًْ نلإًَرج )( ٔأعهى W.F %20نلإًَرج )

ُْاك عايم يٓى ٌجة يلاحظرّ ْٕ ٔجٕد علاقح تٍٍ انصلادج ٔانرٕصٍم انحشاسي ٔأثثرد انذساعح إٌ انًعطٍاخ 

صٍم انعًهٍح انرجشٌثٍح ذًاشد يع الافرشاضاخ انُظشٌح فً اٌ انًٕاد انًضافح راخ الأعاط انفهضي ذضٌذ انرٕ

انحشاسي ٔعهى انعكظ فاٌ انًٕاد راخ الأصم انغههٕصي ذقهم يٍ انرٕصٍم انحشاسي ٔذعطً عضلا جٍذا عهى 

 حغاب انصلادج ٔكاَد انقٍى فً جًٍع انفحٕصاخ أفضم يٍ انًشجع نهصلادج ٔانرٕصٍم انحشاسي.

 

 


