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Abstract
This work describes the weathering effects (UV-Irradiation, and
Rain) on the thermal conductivity of PS, PMMA, PS/PMMA blend
for packaging application. The samples were prepared by cast
method at different ratios (10, 30, 50, 70, and 90 %wt). It was seen
that the thermal conductivity of PMMA (0.145 W/m.K), and for
PS(0.095 W/m.K), which increases by PS ratio increase up to 50%
PS/PMMA blend then decreased that was attributed to increase in
miscibility of the blend involved. By UV-weathering, it was seen that
thermal conductivity for PMMA increased with UV-weathering up to
(30hr) then decreased, that was attributed to rigidity and defect
formation, respectively. For 30%PS/PMMA, there results showed
unsystematic decrease in thermal conductivity, which was attributed
to unsystematic degradation. By Rain-weathering, thermal
conductivity PS, PMMA, and 30 %PS, PMMA, it was seen
systematic decreased in PS and 30 % PS/PMMA thermal
conductivity; and systematic decrease in PMMA thermal
conductivity. That due to the water diffusion in the samples that
created some voids, bubbles, and results in decrease in thermal
conductivity. This result was attributed to the decrease in adhesive
between the components of polymer systems. The results suggested
that the samples involved could be used for packaging application.
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 الغراض انتعبئهPS/PMMAدراسه تبثير انتجويه عهى انخواص انميكبنيكيه نخالئط ال
وانتغهيف
نبهذه جمعه حميذ و هذيم عبذ انرحمن
 الجاهعت الخكٌْلْج٘ت,َ٘لسن العلْم الخطب٘م
انخالصة
,PS  اإلشعاع) عهّ انمُصهية انحسازية نمزيج- ٗصف ُزا العول حأث٘شاث الخجْٗت (األشعة فُق انبىفسجية
ً جم جحضيس انعيىات مه خالل طسيقة انصب في وسب مخحهف. لخطب٘ك الخغل٘فPS / PMMA ,PMMA
PS(0.095) ّ ,PMMA (0.145 W/m.K) ) شُْذث أى الوْصل٘ت الحشاسٗت لوادة01 ،01 ،01 ،01 ,01(
ٖ ّالزٕ ٗعضٓ إلٔ صٗادة ف. ثن اًخفعجPS / PMMA ٪ 01 ٔ الPS  اصدادث بضٗادٍ ًسبت,W/m.K
 صادثPMMA  لْحع أى الوْصل٘ت الحشاسٗت لوادة, عي غشٗك الخجْٗت فْق البٌفسج٘ت.اخخالغ هضٗج الوعٌ٘ت
ّ َيعزِ ذنك إنّ انصالبة َجشكيم انخهم عه، ساعت) ثم اوخفضث01( ٔهع الخجْٗت فْق البٌفسج٘ت لوذة حصل إل
ٕ الز,ظا غ٘ش هٌخظن فٖ الوْصل٘ت الحشاسٗت
ً  أظِشث الٌخائج اًخفا,PS / PMMA ٪01 ٔانحُاني بانىسبة ال
,PS ٪ 01 ّ ,PMMA ,PS  انمُصهية انحسازية، بُاسطة انمطس انحجُية.ٖٗعضٓ حذُْس غ٘ش هٌِج
 الوْصل٘ت الحشاسٗت؛ ّاًخفاض هٌخظنPS / PMMA ٪ 01 ّ PS ٖ فمذ شُْذ اًخفاض هٌخظن ف,PMMA
, ّرلك بسبب اًخشاس الواء فٖ العٌ٘اث الخٖ خلمج بعط الفشاغاث ّالفماعاثPMMA ٕفٖ الخْص٘ل الحشاس
 َعزت ٌري انىحيجة إنّ اوخفاض في الصك بيه مكُوات أوظمة.ّٕٗؤدٕ إلٔ اًخفاض فٖ الخْص٘ل الحشاس
. جشيس انىحائج إنّ أن انعيىات انمعىية يمكه اسحخدامٍا نحطبيك انحغهيف.انبُنيمس
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polymer is called the degree of
polymerization [6].
Packaging design and technology
requires specified information of a
broad range of polymeric properties,
these properties involve: mechanical
properties, physical properties, thermal
characteristics that include the melting
temperature, or chemical properties
which involve weather resistance and
the solubility of a chemical in the
polymer which is being utilized for the
packaging.
Plastics films must be modified to
protect the packaging items against the
environmental factors such as: light
(particularly UV radiation), (rain, dust,
and dirt), temperature, and water vapor.
Also must be protected against physical
protection (protection of the subject
enclosed in the package from shock,
vibration, compression) [7].
Thermal conductivity is the rate at
which a material conducts thermal
energy through itself. It is the quantity
of heat that passes through a unit of the
material in a unit of time when the
temperature variation of two faces is
1 K [8].
Due to thermal energy transports
more efficiently along the polymer
chain; the thermal conductivity of
polymers is highly dependent on
polymer chain orientation. Crystalline
polymers
have
higher
thermal
conductivity than amorphous polymers;
this is because of crystalline polymers
having highly ordered chain segments.
Amorphous polymers may exhibit
anisotropic thermal transport properties,
if polymer chains are partially oriented
with thermal conductivity along the
chains higher than that perpendicular to
the chains.
The type and amount of fillers used,
size, shape, thermal properties of the
filler, and orientation of filler particles
in polymer matrix, these factors are
important to determine thermal
conductivity of filled polymers [9].

Introduction
Polymer blends have become very
important subject for scientific
investigation in recent years because of
their growing commercial acceptance,
and they can possess unusual
combinations of properties [1, 2].
Copolymerization and blending are
alternative routes for modifications of
properties of polymers. Blending is the
less expensive method, but polymer
blends have been successfully used in
an increasing number of applications in
recent years. Such success encourages
more attempts to apply this technique
to a wider range of problems in
polymer- related industries [2].
Polymer materials are made in
different varieties, the polymer blends
are classified as one of those varieties.
Polymer blends are made by physical
mixing of two (or more) different
polymers [3].
Polymer blends and alloys have got
a great interesting due to their
essential specifications, which are
requested in many applications. These
specifications are formulated by
contribution of the properties of each
component that forms the blend [4].
In general, blends are made by
mixing homopolymer or copolymers,
which have different chemical
structures. The blends may be named
as
binary,
ternary,
quaternary
depending on the number of polymeric
components, which comprise them [5].
These materials generally exhibit a
range of properties varying between the
properties of their components.
Moreover, their properties may be
complementary and difficult to be
found together in the case of a single
component [6]. Polymerization is the
process of joining together small
molecules by covalent bonds, usually
three stages are essential for
polymerization;
i.e:
initiation,
propagation, and termination. The
number of repeating units in the
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Thermal conduction mechanism in
polymers is based on agitation or
molecular
movement
across
intramolecular or intermolecular bonds.
In this context, structural changes that
result in a decrease interbond path
lengths, or that increase in the effective
frequency of contact, increase thermal
conductivity.
Conversely,
factors
causing increased disorder or free
volume in polymers usually result
decreases in thermal conductivity. The
presence of crystallinity in polymers
results improving in packing of
molecules and usually increases the
conductivity [10].
Thermal conductivity is measured
by using the equation below [11]

[

]

[

(

)
]

where: K is thermal conductivity
coefficient (W/m.K).
TA, TB, and TC: are the temperatures of
sample (K), respectively.
dA, dB, and dC: are the thicknesses of
sample (m), respectively.
dS: is the thickness of sample (m).
r: is the disk's radius (m).
e: is the quantity of heat flowing
through the cross sectional area of the
specimen per unit time (W/m2. K(,
which is calculated from the following
equation [11].

(

)

where: I is the current through the
heater (A). V is the applied voltage (V).

The thermal conductivity system is
shown in Fig.1.

Fig. 1: Scheme of thermal conductivity instrument [11].

Experimental part
Poly methyl methacrylate (PMMA),
and Polystyrene (PS) of ICI Company
in the form of granules were use as
homo polymer. Methylene chloride,
(or Die chloromethane) supplied by
(GCC) company were used.

Sample preparation
Film casting
The purified polymer were used to
cast films of thicknesses within
(1.98±0.2)
from
different
concentrations solution. (20 g) of
homo polymer was dissolved in
methylene
9
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chloride and handy shaken until a
homogenous solution was obtained,
after which solution was transferred to
clean glass Petri dish of (7cm) in
diameter placed on plate form. The
dried film was then removed easily by
using tweezers clamp.
The best concentration for film
production for casting without

bubbling and can be dismounted easily
from the petri dish was found to be
20%wt/wt. Fig.2 shows the samples of
casted homo polymer. Digital vernier
was used to measure the samples
thickness to be (1.98 mm), (2 mm),
and (1.95) for PMMA and PS,
respectively.

Fig.2: The samples of (PMMA, PS and 30%PS\PMMA).
Table 1: Weight ratios (%) and thickness of polymer blends.
Polymer blend

Weight ratio (%)

Thickness(mm)

PMMA
PS
10%PS
30%PS
50%PS
70%PS
90%PS

100%
100%
90%PMMA
70%PMMA
50%PMMA
30 %PMMA
10%PMMA

1.95
1.98
1.95
1.98
1.96
1.96
1.94

inside an accelerated weathering
system, at different exposure times (30,
60, and 90hr) and (5, 10 and 15hr)
respectively.
Figs.3-8 present the prepared
samples after exposed to (UV radiation
and rain) respective

Accelerated weathering conditions
The prepared film was exposed to
the weatherizing conditions such as
(ultraviolet radiation (UV), rain, and
heat), at different conditions, using
(Accelerated
weathering
tester–
QUV/spray- Q-LAB).
Firstly the films were exposed to
(UV radiation and rain) by placed them

Fig.3: Shows 30hr uv for PMMA, PS, 30%PMMA\PS.
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Fig.4: shows 60hr uv for PMMA, PS, 30%PMMA\PS.

Fig.5: Shows 90hr uv for PMMA, PS, 30%PMMA\PS.

Fig.6: Shows 5hr rain for PMMA, PS, 30%PMMA\PS.

Fig.7: Shows 10hr rain for PMMA, PS, 30%PMMA\PS.

Fig.8: Shows 15hr rain for PMMA, PS, 30%PMMA\PS.

Fig.9 shows the effect of PS,
PMMA and PS/PMMA at different
ratios blends on the thermal
conductivity of PMMA. It was seen
increase in thermal conductivity of
PMMA up to 50% PS/PMMA blend
then decreased that was attributed good
miscibility of the blend involved.

Results and discussion
Thermal conductivity of materials is
an important property, which is
required to decrease the heat transfer
through the material. This property is
essential to any potential application on
the environmental and thermal stability
of the material [11].
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Fig.10 shows the increase of thermal
conductivity
of
PMMA
BY
UV=Weathering up to 30 hr. then
decrease that was attributed to increase
in rigidity of the samples involved then
decrease by defect formation .It was
systematic
decrease
in
thermal
conductivity of PS with time irradiation
that was due to systematic (Chain
depolymerization
involves
the
successive release of monomer unit from
a chain end in a depropagation reaction,
which is essentially the reverse of chain
polymerization (systematic degradation).
photodegration degradation of PS. For
30%PS, the results proved there was
unsystematic changes, which was
attributed to unsystematic (Random
degradation (unsystematic degradation):
is an analysis to the stepwise
polymerizing. Here chain rupture or
scission happens at random points along
the chain, leaving fragments, which are
unusual large compared to monomer
unit.
(Unsystematic
degradation).
Degradation of the samples involved

[11-15]. Polymer chain fragments very
much depends on the physical state of
the polymer. The molecules are almost
frozen in their position; that is strongly
limited therefore free special found by
radiation remains trapped of their
mobility is hindered in the medium [1113].
Fig.11 shows the Rain-weathering
effecting thermal conductivity PS,
PMMA, and 30%PS, PMMA. It was
seen systematic decreased in PS and
30% PS/PMMA thermal conductivity;
and systematic decrease in PMMA
thermal conductivity. That due to the
water diffusion in the samples that
created some voids, bubbles, and result
in decrease in thermal conductivity. This
result was attributed to the decrease in
adhesive between the component of
polymer systems.
Rain- weathering for the samples
involved produces an increase in heat
resistance of the component bond arise
and decrease in the heat transfer of
material [11].

(W/m.K)

(W/m.K)

time
Fig.9: Thermal conductivity for (PMMA and PS) before weathering.
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Fig.10: Thermal conductivity for (PMMA, PS and 30%PS), after UV - weathering for (30,
60, and 90 hr).

Fig.11: Thermal conductivity for (PMMA, PS and 30%PS), after Rain-weathering for (5, 10
and 15 hr).

Conclusions
It was seen increase in thermal
conductivity of PMMA up to 50%
PS/PMMA blend then decreased. It was
seen that thermal conductivity for
PMMA increased with UV-weathering
up to (30hr) then decreased, that was
attributed to crystallinity and defect
formation
respectively.
For
30%PS/PMMA, there results showed
unsystematic decrease in thermal
conductivity, which was attributed to
unsystematic degradation. By Rainweathering, it was systematic decrease
in thermal conductivity with exposure
time for the samples involved. The
results suggested that the samples
involved could be used for packaging
application.
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