Improving thethermal insulation property of polyester resin
by fiber glass

ISSN-1817 -2695

Safaa A.S. Almtori*, Abdul khaliq A. Hasan®and Maitham Y. Atshan?
Journal of Basrah Researcheg(Science}) Vol. 36, No.2, 15 April ((2010)

Improving thethermal insulation property of polyester resin
by fiber glass

ISSN-1817 -2695

Safaa A.S. Almtori*, Abdul khaliq A. Hasan?and Maitham Y. Atshan?
"Materials Engineering Department, Engineering of College,
University of Basrah

?Mechanical Department/ Technical Institute of Basrah
((Received 26/3/2009, Accepted 2/3/2010))

Abgtract :

The aim of this research is to study the effédiber glass on the thermal insulation propetyolyester
resin . Different amounts of fiber glass were add® the polyester resin with hardener theast cas
sheet of composite material of dimension (20*20y@8¢ with different fiber glass weight percentage : (
0% ,4%,8%,12%, 16 %, 20 % ) of the tetaight. The thermal conductivity was calculatedubing
Lee’'s Disk method . The mean value of five meaments of thermal conductivity ( k ) for each
specimen was measured , also the hardness opd#eerens was measured by using shore method type D
and then sketch the relation between thermal cdiwdycand hardness with the percentage of fidessg
The results showed that the thermal conductifify of polyester decreased (which mean thermal
insulation increased ) with an increase of fibkrsg percentage , and the hardness increasecdtheith
increase of fiber glass percentage due to thaatest movement of the chain end of polymer .
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|ntroduction :

The thermal insulation is one of the importartherefore thermal conductivity coefficient makes
properties in industry. The main uses of mateffials major criteria in a choice of insulations .Thermal
insulation, which is defined as a combination ahsulators are material or combinations of mal®ria
materials to retard the flow of heat [1] . that are used primarily to provide resistance tat he
All insulator materials is porous materialdlow. Most insulators are heterogeneous materials
depending on retardation heat transfer between twwade of Ilow thermal conductivity materials.
surfaces .The reduction heat transfer is the majbieterogeneous materials consist of polymer with
purpose for using thermal insulation material , ehefillers or different material embedded randomlyhwit
the suitable insulation reduce thermal conductioit,in [2].

Materials used :

1.Polyester resins
Polyester resins are thermosetting which mdams t'thermoplastics”, which re-soften with heat).
plastic softens when initially heated , but setBolyester resin is often purchased in liquid foon f
permanently rigid once it has cooled or has be¢he production of glass-reinforced plastic. In this
chemically "cured/set"(as opposed tacase, a catalyst (typically methyl ethyl ketone
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peroxide (MEKP) (also known as butanone Polyester was used as molding or casting
peroxide) is used to initiate the polymerizatiomaterials for a variety of applications and as a
reaction; benzoyl peroxide is a somewhat leswatrix for fiber-reinforced composites. The

hazardous alternative suitable for some purposgmlyester can be either thermo setting or thermo
The process of curing polyester resins using p@astic [ 4]. Polyester resins can be cured at room
catalyst is an exothermic process. The use t#mperature with a hardener or alone at (70-150) °C
excessive catalyst can cause an excess of heagduii was used mostly for glass reinforced plastic
the cure process and thus damage the resin (®RP) molding .In this study commercial polyester
charring or even cause ignition [3]. used with density 1.21 g/ctnat 200 °C .

2.Fiber glass

Fiber glass is a material made of extremelg firSiO, groups which are configured as a tetrahedron
fibers of glass. It is used as a reinforcing agémt with the silicon atom at the center and four oxygen
many polymer products . The resulting compositetoms at the corners. These atoms then form a
material, properly known as fiber-reinforcednetwork bond at the corners by sharing the oxygen
polymer (FRP) or glass-reinforced plastic (GRP), iatoms, which is used for regular fiberglass include
called “fiberglass" in popular usage. The basis ofats, thermal insulation, electrical insulation,
textile-grade glass fibers is silica, SiOn its pure reinforcement of various materials, sound
form it exists as a polymer (SijD. It has no true absorption, heat- and corrosion-resistant fabrics,
melting point but softens at 2000°C. At 1713 °Chigh-strength  fabrics, bows and crossbows,
most of the molecules can move about freely. If theanslucent roofing panels, automobile bodies,
glass is then cooled quickly, they will be unalde telectrical insul-+ation [5] .
form an ordered structure, In the polymer, it forms

Literature Review

Abdulreda [ 6 ] studied the effect of addinghe different chemical treatments on the mechanical
asbestos on the thermal insulation of polyethylersad thermal properties.
and polyester . He found that the thermal insoihati Ogorkiewicz and Turner [10] investigated the
, the impact strength and hardness increased witiechanical characteristics of reinforced
the increase of adding the asbestos . thermoplastics. They showed experimentally that for
Emad S. Al-Hasani [ 7 ] studied the effect of addin(20-40) % by weight, glass fibers. The stiffness
layers of fiber glass on the tensile strength arfdctor is in the range of 2-3.
hardness of the epoxy ( DGEBA) resin . He foundones [11] studied the effect of thickness and
that the sandwich composite of the layers givdemperature on heat transfer through foamed
higher tensile strength , while the compositpolymers . He selected polystyrene with different
reinforced with woven roven fiber has maximundensities . He concluded that the apparent thermal
hardness values . conductivity of still layers of air is a functiorf the
Tavman [8] studied the thermal conductivity otemperature as well as the thickness of the layer .
composite materials for HDPE in poder form witlHollingsworth[12] prepared an experiment to study
filler Al,O; particle. The models predicting thethe effect of insulator thickness on thermal
effective thermal conductivity of composites filledconductivity for some materials . He found that the
with particles . He obtained that materials is irdels thermal conductivity influence in their locationdan
thermal, mechanical and electrical properties. the direction heat transfers in the case of disobnt
Wang et al. [9] studied and determined the effetts density through the thickness of specimen, that
pre-treated flax fibers on the performance of theeans if the upper portion or lower portion is khic
fiber-reinforced composites , these compositdben the change of specimen turns over influence i
consisting of HDPE or LDPE or mixedvalue the of thermal conductivity especially for
HDPE/LDPE, the samples of fiber and additivesnaterial to high absorb radiation .
were prepared by the extrusion process ar@otoh [13] recognized many theoretical expressions,
rotational molding . They investigated the effeots which have been derived for evaluating the effectiv

thermal conductivity of heterogeneous substances.
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These expressions fall into two categories exabtnding system , seven samples of each material
solutions and simplified solutions, and yield goodavas tested by utilizing a Lee’s disk apparatus.
agreement with experimental results on lovibuncan and Mark [15] suggested to study thermal
concentration, while they have not yield goodonductivity of (PTFE) by using apparatus called
agreement in the high concentration. Lee’s disk , and incorporating fillers into a
Peter et al. [14] studied the insulating materiader PTFE/glass fiber . They showed that crystallinity
restorations to protect against thermal shock, aeffected on thermal conductivity and compared
assess that the heat transfer through four liningth different methods , also they found that
materials. thermal conductivity of PTFE with different levels
Zinc oxide eugenol cement , calcium hydroxidef crystallinity was measured at 232 C° increase
paste and two more contemporary material . A resiimearly with this parameter.

modified glass polyalkenoate (RMGP) and dentine

Experimental work

Instrument:
Mechanical instruments :Mechanical properties with their specification: Di punch automatic hello
tests having the instruments used in this study:- supply from CEAST of American company,
* Hydraulic press . Pneumatic jack , Air compressor up to 11 bars ,
« Cutting specimens machine. Electrical motor 5.6 A, 250V, 1100 w, 2830 r.p.m,

The specimens produced from molding process mu3240 k.
cut into the desired shape using cutting machine

Hardness tester (shore D)

usually shore hardness tester was used. The mdsix load =50 N
commonly used type (A) tester for soft material&ive measurements were made for each test
while type (D) tester is used with slightly hardespecimen type , i.e. all prepared of alloy comigssi
materials , with the following specification : MFG with different constituents.
company, Inc., U.S.A. , Indenter diameter = 0.1 +
0.01 mm ,
Thermal conductivity instruments
Thermal conductivity instrument used in this studyy of college of engineering , material Department,
is the Lee’s Disk apparatus , infrared thermometaccording to ASTM-E1225-04 [16].
, Power supply . The general features of Lee’s Disk apparatus are
Lee’s Disk Apparatus shown in Fig (1).
The Lee’s Disk apparatus was fabricated locally in
the laborato

Fig.( 1 ) Lee’s disk apparatus

12

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



I mproving the thermal insulation property of polyester resin
by fiber glass

Safaa A.S.Almtori*, Abdul khaliq A. Hasan?and Maitham Y. Atshan?®

When heat source is switched on and the whole tise first brass plate;Tand outlet temperature on the
left to equilibrate , the first brass plate removedecond brass plate, Tvere measured each 10 min.
carefully and the sample placed onto the seconding infrared thermometer .

Brass plate .Then measured the inlet temperature o

Preparation of alloys:

Several alloys consisting of different petages off the bubbles formed due to the reaction. The
from the hardener and polyester were prepared usipgpducts were cast in the plastic mold and left for
the quantities of 99 % polyester resin + 1 %uring at room temperature overnight with
hardener .The predetermined quantities from tl#mensions ( 20*20*0.3 ) cin
polyester resin and hardener [MEKP] were adddeiber glass adding to these alloys with different
wise portion with continuous mixing for (10 min)percentages [0, 4,8, 12, 16, 20] is as shown
the reaction constituents were left at 60 °C torgdt table (1).

Table (1): composition of polyester with harder and fiber dgass

specimen ( Polyester + Hardener) % Fiber glass %
1 100 0
2 96 4
3 92 8
4 88 12
5 84 16
6 80 20

M easurements of thermal conductivity

Using Lee’s Disk apparatus ( figure 1 ) t&' = = thermal conductivity of stander sample =3.2
measure the thermal conductivity ( K ) . ToN/m.k
calculate the thermal conductivity for every thermad = thickness of sample = 3 mm d =
insulator, we use a standard sample of 6 mthickness of standard sample =6 mm
thickness and 25 mm diameter , and small disk, = ambient temperature = 22 °C o F
specimens of 35 mm diameter were cut from sheeimbient temperature of standard sample = 28 °C
prepared , and using the following equation : T: , T, =inlet and outlet temperature ' TT; =
inlet and outlet temperature of standard
k= k902 = To)(T =T, )A sample = 100 °C , 60 °C
d'(T, =T, (T, -T,)A A = surface area of sample {4 ) D> A =
Where - surface area (_)f standard sample#4)D'?
: D = sample diameter = 25 mm D' =

K = thermal conductivity of checked sample . standard sample  diameter = 35 mm

Result & Discussion
from table ( 2 ) and figure (2) , the result¢K) and fiber glass percentage . Thermal
showed the relation between thermal conductivitgonductivity of the polyester resin decreased with
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the increasing of fiber glass percentage , whiatonductivity is lower by increasing the force
means increasing of the thermal insulation of theetween the molecules while its increase when the
polyester due to the effect of fiber glass whish ibinding force is less leading to heat transfer fianh
used as filler material with the polyester resideat surface to the cold surface [6] , therefore thenté
transfer in solid materials happen due to theonductivity became less gradual by increasing the
vibration and collision of molecules with otherpercentage of fiber glass to 20 % .From figure)( 3
particles until cure the material. The force whish which showed the relation between the hardness
binding atoms by itself inside molecule much morand fiber glass percentage , we saw that the hesdne
from that which connected molecules form foof the composite materials of the polyester reaimd
material that lead to large freedom molecules ifiber glass measured by shore method type D
motion and easy to transfer energy between theningcreased with the increasing of fiber glass
so the fiber glass absorb the vibration of moleculgoercentage . This is due to increasing the ratarda
of polyester , and that causes more difficult imtheof end chains movement and increasing cross
transfer in the polyester . Also , the thermadlinking force .

Table ( 2 ) Thermal conductivity of the polye=r resin and fiber glass percent and hardness

Fiber glass percent Thermal conductivity | Shore hardness D ( kg
% k (w/mk) mm?)
0 0.039 71
4 0.034 84
8 0.028 92
12 0.024 101
16 0.021 108
20 0.0117 118

0.05

0.04
0.03

0.02 \o\‘*

0.01 \°

0 T T T T

0 5 10 15 20 25
fiber glass percent (%)

thermal conductivity K (w/mk)

Figure ( 2) The relation between thermal conductiyty and fiber glass percent
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Figure ( 3 ) The relation between hardness and fibglass percent

Conclusion
From the results , which are obtained in this study 2. hardness increased with the increasing of
the following conclusion can be drawn : fiber glass.

1. increasing fiber glass ratio lead to increase
in thermal insulation .
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