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ABSTRACT

In this research the intermolecular interaction between polycarbonate

(PC) and polyethyleneglycol (PEG) in tetrahydrofuran (THF) solvent
was studied, at 25°C using a dilute solution viscometry method (DSV).

The reduced viscosity n.Ic and intrinsic viscosity [;7] and viscosity

interaction parameter (b) were experimentally measured, we also discuss
the compatility of a polymer mixture in terms of Ab.: and the effect of

gamma-rays on the reduced viscosity and intrinsic viscosity and Huggins
constant of (PC). The results show that the relation between . and C

is liner within C=(0.9-2)g/dl, and viscometric constant Ky decreases with
irradiation time while [;7] increases with T

Tel:

Introduction

The viscosity studies of the blended polymers is a
very interesting subject, because of its simplicity and
importance in the characterization of the
intermolecular  interactions  between  different
polymers in solution [1-12].

The compatibility between polymer-polymer has
been studied by many techniques, such as, thermal
analysis, neutron scattering, ultrasonic velocity,
differential scanning calorimetry, refractive index,
inverse gas chromatography, dynamic mechanical
measurements, electron microscope, NMR method,
light scattering, optical spectroscopy, but dilute-
solution viscometry (DSV) is the most useful
technique to study the polymer-polymer compatibility
[13-25]. The importance of this method is based on
repulsive or attractive inter molecular interaction
between the two different polymers in solution which
has a great influence on the viscosity of the polymer
solution. Repulsion between the two polymers may
cause shrinkage of the macromolecular coils resulting
in a decrease in intrinsic viscosity, and attraction
may causes swelling of macromolecular coils giving
an increase in intrinsic viscosity.

The effect of radiation on the properties of
polycarbonates was studied extensively using
different types of radiation with different energies
and fluence[26-28]. The primal effect of radiation on
PC is chain scission however, at higher doses, active

site or branching points created by scission may lead
to intermolecular crosslinks.

The goal of the present study was the viscosity
measurements and compatibility of PC,PEG and
PC/PEG blends ,in THF ,and the effect of y -rays on
the viscosity of PC .

Experimental part

The viscometric behavior of polycarbonate (PC) and
polyethyleneglycol (PEG) and their blends solutions

were determined at 25°C + 0.1 by using Cannon-

Fenske type capillary viscometer [29].

Solutions were prepared by mixing the calculated

guantities of polymer solution in different weight

ratios in THF solvent up to concentration (C) of 2.0

g/dl. Five sample solutions of lower concentrations

were prepared by adding appropriate aliquots of

solvent to the solution.

The efflux time of each solution was determined as

the average of several reading. The specific viscosity
was calculated at different concentration. The

p
intrinsic viscosity [;] and viscometric interaction
parameter, b were determined by extrapolation to
infinite dilution and from the slope of the linear plots,

respectively, of Huggin's plot i,e n,ic versus C. In

this work also the PC solutions at the concentration 2
g/dl were irradiated for seven days by gamma-rays
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from CS™' source of activity 1z ci and energy 0.662

MeV.
Results and discussion

The plots of the reduced viscosity . versus C for

n,!
PC, PEG and PC/ PEG blends with weight fractions
of 0.7,0.5,0.3 in THF at 25°C are shown in fig.1. All
the plots are linear in the concentration range (0.9-
2.0) g/dl, while reduced viscosity increases when the
concentration is less than 0.9 g/dl which is due to the
change of polymer solution from the non-Newtonian
flow to Newtonian flow[30].

The specific viscosity of a mixed polymer solution

n was developed by Krigbaum and wall as
sp.m

shown[31].

1n,.,=C +[1.C,+b.C." +2b.C.C.+b,.C,, -
Where [;] and [;], are the intrinsic viscosity of
polymer components 1 and 2, respectivtiely, C, and

C, are the concentrations of components 1 and 2
respectively, and b, b, @ the specific interaction

parameters of components 1 and 2 in the binary
system (polymer-solvent). D., is the specific

interaction parameter of components 1 and 2 in
solution which is expressed as

1
blZ = (bn bzz)2 """"" )
The interaction between polymer 1 and 2 is given by
the equation:

1
Ab =, (D, )7 e ©)
Ab is the intermolecular interaction between polymer
1and 2.
The plot of reduced viscosity versus concentration
gives a straight line, and Huggins proposed the below
equation’®
n.= [7]+ K. [7Fc..... (4)
Where [;] and K. are the intrinsic viscosity and
Huggins constant respectively.
The intrinsic viscosity [;] and vicometric interaction
parameter (b) and the degree of polymer - polymer
compatibility Ab, can be calculated by extrapolating

n.IC to zero concentration, and tabulated in table (1)

and drawn in fig.2 and 3. It is clear from fig. 2 there
is a linear relationship between [;] and weight

fractions of PC/PEG in THF at 25°C.

TJPS

Table 1: Viscometric data i.e [;7], b and Ap, Of PCIPEG

blends in THF at 25°C.

b

Wee | p] @iig) [ b (@i9)” [ Ap,

1 | 0599 0.0857 | 0.02715
0.7 | 0.497 0.0874 | 0.0761
05 | 0.389 0.052 | 0.0407
03 | 0275 0.015 | 0.0037

0 |01165 | 00015 | -0.01855

From fig.3 we show that the plot Ab, and Wie e 1
a linear and intercept at the negative value of Ab..-

When the weight fraction of PC/PEG is more than
0.28 we get positive Ab which indicates that both

polymers are compatible. While when Ab, < 0

indicates that they are incompatible which is in the
range less than 0.28 weight fraction, and this could be
attributed to the strong repulsive intermolecular
interactions between the polymer chains in THF
[6,32].

The gamma-ray effect on the reduced viscosity n.IC
versus concentration C is shown in fig. 4. It is clear
that crosslinking takes places, the explanation for
behaviour appears to be that during irradiation,
radicals are formed in the polycarbonate (PC) and
which reacts with the molecules and leads to an
increase in the reduced viscosity, and so increases the

intrinsic viscosity [;][29] . as shown in fig .5.

The values of Huggin’s viscometric constant K, has

been determined from the slope of n.Ic versus C in

fig. 4 and plotted as a function of irradiation time, fig.
6, from this figure Ky decreases with irradiation time,

while . increases with increasing irradiation time

as shown in fig. 7, which is due to the free radicals

and ions formed during irradiation of (PC) by

gamma-rays which join together to gives large series

of (PC) and this leads to crosslinking.

Conclusion

In this work we concluded that the relation between
,c and C is linear within C = (0.9-2) g/dI while it

increased when C < 0.9 g/dl., and [r] increases with
increasingyy, .The polymers (PC and PEG) are
compatible when Ab. < 0 and incompatible
when Ab. < 0, and viscometric constant Ky decreases
with the irradiation time in the limit of irradiation,

while [;] and n.Ic increases with T..
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Fig.1 Reduced viscosity . versus concentration (C) for PC, PEG and PC/PEG blends .
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Fig.2 Intrinsic viscosity [77] versus weight fractions of PC/PEG in THF.
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Fig.3 Compatibility magnitude versus different weight fractions of PC/PEG blends .
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Fig.4 Reduced viscosity . versus concentration for PC irradiated by gamma-rays from CS™ source.
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Fig.5 Intrinsic viscosity [77] versus time of irradiation for PC.
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Fig.6 Viscometric constant K, Versus time of irradiation for PC.
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Fig.7 Reduced viscosity n.IC versus time of irradiation for PC concentration 2g/dl.
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Guda b (PEG) JsSBS cubd) Asally (PC) gl Asall (a5 goall duadpa
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Ohsts ulalE cude 8 Ll e (PEG) JsSIS culdl Jolls (PC) caisn)l€ ol o Spall el duhs 5 cand) 13a &

-(DSV) daiaa) didlaall dag il &l aladiuls 25° C ghall 42 i (THF)

Jalall Ay adsal) dss 6 2 5eY) Al o5 LS o(b) el daley [7] &8I0 das300 (77 jo) Al g3l Llee Gl o5 Cas
Aag )l o 3D o) coell il L(PC) cuisylS sl (S cully 2013y Alpaall dagilll e LIS Al il ol ‘Ab

- T 82U 3353 [pp] L9I3 dag ) L mamil (g Baliie S Ky s iy « C=(0.9-2)g/dl Loie ddaa 5:llg liidal)
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