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Abstract

The current study concerns an investigation of diffusion mechanism of
different kinds of water into thermoplastic materia (typeunplasticised PVC,
(UPVCQ)) that is often used as pipes for healthy draining purposes and other
services.
After preparation of samples from this material, they were immersed in glass
containers which contain (sea water, river water, rain water, distilled water, and
tap water), the weights of these samples are measured at periodic time of soaking.
The am of this work is introducing an idea about the diffusion behavior and the
penetration of water through the material under study, then, the values of diffusion
coefficient (D) are evaluated for each type of water mentioned above.
After comparing the obtained results from these tests, it is found that the distilled
water has the higher value of (Dx) into the (UPVC) material, it is followed by the
sea water and then the rainwater, while each of the river and tap water record the
lowest va ues.
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Introduction by suspension, emulsion, solution, or

Polyvinyl Chloride Polymers bulk polymerization methods [1].
(PVCs), is generdly referred to as The vinyl chlorides are formed from
vinyl resins, are prepared by the hydrochloric acid, limestone and
polymerization of vinyl chloride in a natural gasor cod. The forms of vinyl
free radical addition polymerization chloride are almost unlimited [2].
reaction. This polymer can be made
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PVC can be manufactured in
expanded or cellular form. It is
available in two forms, namely

flexible and rigid. It can be extruded
easily and molded into the desired
form[2]. The flexible types are strong,
tear resistant, and have good aging
properties, while the rigid types have
good dimensiond sability and water
resistance. They are resistant to acids
and alkalies.
Diffusion studies

When a rigid polymer is
brought into contact with water, water
diffuses into the polymer structure,
thus causing it to swell. Analysis of
the mechanism of water diffusion into
a polymeric material has recently
been of increasing interest because of
important application of swellable
polymers in biomedical,
pharmaceutical, agricultural, and
engineering fields.[3]
Water diffusion behavior of the
polymer depends on the nature of the
polymer (i.e. the charge, ion content,
and the cross linking agent content)
and environmental conditions such as
ionic strength, pH, and temperature of
the solution [3].
Seon and others [4] studied the water
sorption behavior of the IPNs at
various temperatures and humidity
levels. They noticed that equilibrium
water uptake increases as humidity
increases and the increase is more
noticeabl e at high humidity.
Tejrg) and others [5] investigated the
sorption  diffusion and sweling
characteristic of Sodium alginate and
its blend membranes with Poly (vinyl
alcohal) in water-acetic acid mixtures
by using gravimetric method at 30
40and 50 °C. The membranes were
characterized by X-ray diffraction and
Fourier transforms technique.
Gabriel and Pearl [6] studied the
behavior of cured FM300 epoxy - a
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structura film adhesive subjected to
partial and full moisture saturation.
The mechanical response of the epoxy
due to increasing moisture contained
was dependent on the testing method.
In stress relaxation testing, they
noticed that the epoxy was plasticized
when partidly saturated with the
moisture, but it became more rigid
when fully saturated.
Keh et a[7] edtimated the diffusion
coefficients and solubility for organic
solvents permeation through high
density polyethylene

They found that the diffusion
coefficients and solubility of these
solvents correlated well with their
molecular weights and dipole
moment, respectively.
Experimental part

The diffusion experiments on

(UPVC) material were performed in
different types of water. Five types of
water were used for this study that
included: (sea water, river water,
rainwater, distilled water and tap
water). Sea water was brought from
Mediterranean Sea from Lattakia
beaches —Syria. River water was
brought from Tigris River. According
to the standard specification (ASTM-
D570), the samples were cut in
rectangular  shapes of certain
dimensions (10, 10) mm? from
(UPVC) pipes, made in K.S.A. by the
national factory for plastic industries
in Jeddah city. Initial masses of these
samples were obtained by using
sensitive  electronic  balance type
(Mettler, model AE160, 4digits).
The dry samples were immersed into
containers that contain (100 ml) of
each type of the five above —
mentioned types of water. At intervas
about (2 weeks) during the immersion
periods, these specimens were
weighted. Before weighing, the
specimens surfaces were wiped by a
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soft tissue, and the samples were
adlowed to stand free at ambient
conditions for one minute.
In this study, the weight gain (%) was
measured as a function of soaking
time for (UPVC) materia that
submerged in different types of water
a room temperature. The rate at
which a polymer materia absorbs
water is expressed by the diffusion
coefficient (DX).
The percentage weight change of the
samples after each period of
immersion was calculated from the
expr+
(weight gain)% =
Weight vl wetspesimen—Weight ol dry spevimen
Weight of dry specimen

100

.. (D
The diffusion coefficient was
evaluated from the rel aionship: [8,9]

D, = (2L e

Where (K) isthe slope of straight line
curves which represent the relations
between weight gain (%) and (time)
2
(t) isthe thickness of the specimen.
(Mm) is the apparent maximum water
content.
It is worth mentioning to show that
the total dissolved salts (ppm) units
and the (pH) measurements of each
type of water were measured and the
dataarelisted in Table (1).
Resaults and discussion

The kinematics of water
penetration into the polymer materia
varies with the nature of polymer
system that is being considered and
the exposure conditions [6].
In the simplest case, water molecules
enter the polymer without interacting
with the molecular segment network.
This case can be represented by
Fick’s Law, which assumes that the
absorption is a diffusion process only
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driven by moisture concentration
gradient. Frequently, however, the
Fickian model does not adequately
represent the absorption process. Such
cae is cdled non-Fickian, or
anomalous diffusion [6].

In the present work, experiments were
performed on (UPVC) material, to
analyze the mechanism of water
transport into the material, to study
the influence of water transport on the
nature of polymer. The diffusivity
tests were continued for about
(5months) of socking in water.

To study the water-absorption
Kinetic, water-uptake or weight
gain(%) curves were obtained as a
function of square root of immersion
time in water.

Figs.(1,2,34 and 5) represent this
relation of each sort of water under
study. From these figures, it can be
recognized that there are two regions
in the curve, the initial part of the
curves is linear and rate of water
uptake (the initial gradient of the
curve) increased with (t)1/2 and then
the behavior becomes non linear in
the second region of the curve as
shown in the Figures (1) to (5).
Although initial absorption is similar
to that predicted by FicKs law, it can
be seen from these figures that
behavior depended greatly on the
nature of water [10].

Apicdla et a [11,12] proposed that
there are three modes of sorption(i)
bulk dissolution of water in the
polymer network; (i) moisture
absorption onto the surface of holes
that define the excess free volume of
the glassy structure, and  (iii)
hydrogen bonding between
hydrophilic groups of the polymer
and water.

From the results obtained from curves
in figures (1-5), it appears the water
absorption behavior into the (UPVC)
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samples can be predicted well by a
Fickian sorption model. It can be
noticed from the relation (weight
gain% - Vt) has some similarity in the
behavior of  diffudvity curves
between the distilled water and tap
water and between river water with
rainwater.

The values of diffusion coefficient

(DX) are listed in Table (1). It can be

noted from this data that the order of

magnitude of (DX) was 10-5(m2/sec-

1) a room temperature. It is also

shown in Table (1) that the values of

(DX) are approximately in the range

(1-12)*10-5 m2.sec-1 of the different

kinds of water under investigation.

This vaue is comparable with

previous reported results [13, 14].

Conclusions

1- The results obtained with this
method show that water diffuses
into the polymer materia in
accordance with FicKs law to
reach  saturation a  room
temperature.

2- Water diffuses into the (UPVC)
polymer between about (0.06 to
0.17) weight % of the specimens
under test and the diffusion
coefficient is about (1-12) *10-5
m2.sec-1 which is close to the
results obtained in  other
investigations.

3- The behavior of water diffusion
through the polymer was found to
be affected by the type of water
depending on the (pH) value and
the percentage of total dissolved
salts (TDS) in each type of water.

4- There are no effects observed on
the shapes, dimensions or color of
(UPVC) material after the
immersion in water for more than
(5months)

5 The existence of microcracks,
voids or any other in-
homogeneity in the polymeric
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material  would enhance the
process of water penetration into
material.
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Table (1) Thevaluesof (TDS), (pH) and (Dy) of each type of water.

Type of water TDS(ppm) pH Dy* 10° m*s*
Sea water mor e than 600 * 7.05 9.71
River water 580 6.9 1.09
Rainwater 103 7.3 6.13
Distilled water 121 7 11.93
Tap water 426 8.1 1.46

*exceed the limit of measurement of instrument.

weight gain %
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Time °° (hour)*®

Figure (1) Weight gain (%) of (UPVC) in the sea water as afunction of
squareroot of immersion time.
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Figure (2) Weight gain (%) of (UPVC) in theriver water asafunction of

squareroot of immersion time.
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Figure (3) Weight gain (%) of (UPVC) in therainwater asa function of
squareroot of immersion time.
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Figure (4) Weight gain (%) of (UPVC) in thedistilled water asa function
of squareroot of immersion time.
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Figure (5) Weight gain (%) of (UPVC) in the normal water asa
function of squareroot of immersion time.
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