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Abstract

Commercial polystyrene agregates were purified and grafted with
acrylonitrile using y-irradiation. New copolymer was obtained,
characterized and its properties were investigated. The results indicated that
lhe best grafting percentage ratio could be obtained when the concentration
of the ferrous ammonium sulphate (FAS) is about 0.25% and the monomer
concentration is S0% at 1.5 Mrad dos.

Introduction

The uses of ionizing radiation to graft the macromolecules with
monomeric molecules were the subject of several early studies (1.2).
Special concern was aid by studies to those macromolecules which have
iiulnsirial applications such as polyethylene, polypropylene, polystyrene,
cellulose and others. They have used Y-irradiation in grafting processin the
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presence and sometimes absence of atmospheric oxygen at different
parameters' temperature, solbents, and catalyst variations, was suggested
that the degreee of grafting of monomer increase with the increasing of the
dose and the concentration of the monomer to cetain limits (3.4). It is well
known now that physicrochemical properties of some polymers can be
varified to accomodate certain industrial and other applied demends (5,6).
A mixture of monomers has been grafted on cellulose acetate by
y-irradiation (7), the effect of solvents used (water, methanol, ethanal,
isopropanol and tert-butanol) was discussed in terms of relarive molecular
reactivity and reactivity ratio. In this work the polystyrene obtained by the
purification of industrial polystyrene aggregates was grafted with
acrylonitrile, this was used as a solvent to minimize oxygen effect. The new
grafted copolymer obtained was then studied and characterized.

Experimental

Materials

Industrial polystyrene aggregates foam were purified by dissolution in
bezene and reprecipitated by ethanol after the elemination of the suspended
impurites using sintered glass funnel (No. 2) Precipitantiona was repeated
three times and the resulting precipitant was dried in vacuum dissicater.

A commercial foam acrylonitrile "RIEDEL - DEHAGN AG
SEELZE-HANNOVER" and was used without further purification .

The other chemicals used are of reagent grade and used as received.

Techniques

a. Irradiation procedures were carried out by introducing purified
polystyrene in pyrex tubes with acrylonitrile as monomer and solvent.
The irradiation was performed in the presence of atmospheric air. The
resulting copolymer was dissolved in DMF, precipitated by ethanol
then filtered using funnel (No. 2). Precipitation process was repeated
three times and then the yeild was kept under vacuum in order to ensure
complete removel of solvent and precipitant, y-irradiation was carried
out at a dose rate of 11 KGy/h using gamma cell 220 of 60 Canadian
type. Fig. (1) illustrates the distribution of the dose in the gamma cell.

b. Infrared speetra was run on PYE-UNICAM Spectrophotometer Sp 1100
using KBr-disc.
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Figure (1): The isodose distribution in the irradiation chamber.

c. Viscometry

Measurement of viscosity was performed by a viscometer of the type
Ubelhode. The reduced viscosity values (r\) were calculated and plotted
versus concentration to gine a straight line in accordance with
FLOWRY-HUGGIN'S equation.

tnC
Where :

t() = time fluxing of the solvent

t = time fluxing of the solution

c = Concentration in gm / 100 ml



c. Quantitative determination of grafting yeild :

W2 -W,
% Grafting yeild = x 100 where :

W,

W| = The film weight of polystyrene before grafting

W-, = The film weight of polystyrene after grafting.

Results and Discussion

The result obtained prove that grafting occur of the acrylonitrile onto
polystyrene. It is found that the percent of grafting increased with
increasing certain parameters such as the concentration of the catalyst
"FAS", the monomer and the radiation dose variation. The grafting percent
takes it's higher value the concentration of the catalyst "FAS" is about
0.25% and after this limit, the increasing of the concentration of FAS
reduces the grafting percent (Table - 3).

Table 3 : Variation of % grafting as a function of % FAS at constant dose
(1.5 Mrad) % monomer (% 79.76)

%FAS

0.25

0.50

0.75

% Grafting

54.18

51.20

35.24

Although that at constant y - dose and monomer concentration, the
grafting percent varies from decrease to a critical point of FAS
concentration then start to increase... Such critical points and the
mechanism of the reaction were mentioned (8) and 0.25% FAS was choiced
to be suitable in this work (Fig 4). Through the y-irradiation dose range
from 0.4-1.5 Mrad (Table - 2) it was found that the percent of grafting
increased with increasing the dose of y-irradiation this explain the type of
variation when keeping the concentration of the catalyst "FAS" and the
monomer at 0.25 and 80% respectively.

The highest value of grafting percent at these conditions was 1.5 Mrad.



Table 2 : Variation of % grafting as a function of dose keeping the
concentration of FAS and monomer (0.25, 80% WAV)

Dose (Mrad)

0.40

0.60

0.80

1.25

1.50

% Grafting

21.68

60.70

61.87

68.71

73.63

Another critical value was on served concerning the effect of monomer
concentrations on grafting percent (Fig. 5), which increased on increasing
the monomer concentration until 80% then strated to decrease, at this limit
the grafting peercent reached its highest value about 76% when the y - dose
was 1.5 Mrad and the FAS concentration was 0.25%, this latest value was
choiced to avoid the probable decrease caused by the mechanism
phenomena observed around 0.75 concentration (Fig. 4) .

The characterization of the resulted grafted p'olystyrene by acrylonitrile
was don by infrared spectra (Fig. 2) showed first of all that grafting occur
of the acrylonitrile onto the polystyrene specially when the spectrum of
polystyrene alone has no indication of (-CN) absorption band. This band
(2250 cm"1) appears in the grafted at 2270 cm1). Moreover two band of
(C=N) appeared at 1670 cm1 and 1615 cm1 corresponding to the resonance
of the nitrile group when it was in the acrylonitrile form. However, it
disappeares ,when the group is grafted, the copolymer, and then the very
strong broad band appears in the spectrum of acrylonitrile at 985 which
indicating that C-H of the carbon closed to nitrile group was disappeared in
the grafting copolymer and may prove the side attachment of the monomer.
The detailed information of IR spectra are tabulated in table 1.

The effect of grafted lateral chains was studied by reduced viscosity
factor (P), up to 54.1% grafting value of (P) increased linearly (Fig. 6) with
increasing grafting percent which prove the simple effect of lateral chains
on the original macromolecule of polystyrene and the absent of network
formation.



Table (1) : IR. Assignment of Palystyrene, Acrylonitrile and grafted
copolymer

Copolymer ware

number cm"1

3120(m.)

3095 (S.)

3060 (S.)

2960 (v.s.)

2885 (s.)

2270 (m.)

1965 (w.)

175O(m.)

-

-

1610(m.)

1500 (v.s.)

1488 (w.)

1460 (v.s.)

-

1385

-

915 (w.)

850 (w.)

765 (s.)

680 (s.)

550 (m.)

Polystyrene ware

number cm"1

3120 (m.)

3100 (s.)

3065 (s.)

2960 (v.s.)

2885 (v.s.)

-

1950 (w.)

I75()(w.)

-

-

1610 (v.s.j

1500 (v.s.)

1485 (s.)

1460 (v.s.)

-

1380(m.)

-

915 (s.)

850 (m.)

750 (v.s.b.)

680 (v.s.)

550 (v.s.)

Acrylonitrie ware

number cm"1

3130 (m.)

3100 (s.)

3060 (m.)

-

-

2250 (s.)

1950(m.)

1740(w.j

1670(w.j

1615 (m)

-

-

-

-

1421 (v.s.)

-

985 (v.s.b)

-

-

-

-

-

Assignment

CH2

CH2

CH

CH

CH2

CN

c=c
c=c
C=N

C:=N

c=c
c=c
CH2

CH2

{'Hi

VH?

= {' - II

Aromatie ring

=

= =

-

(s.) Strong, (m.) Medium, (w.) Weak, (v.) Very, (b.) Broad



Figure (2) : Infrared spectra of (a) Grafted polystyrene (b) Acrylonitrile (c)
Polystyrene alone.

Figure (3) : Variation of c/c Grafting as a function of y-dose at constant FAS
concentration 9^0.25 and monomer concentration %80.
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Figure (4) : Variation of % Grafting as a function of FAS concentration of
constant dose 1.5 Mrad and monomer concentration Vr8().
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Fij»ure (5) : Variation of % Grafting as a function of % Monomer
concentration at constant dose 1.5 Mrad and FAS
concentration '/M).25
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Figure (6) : Variation of reduced viscocisties of grafted copolymer as a
function of concentration.

Conclusion

Polystyrene molecule was grafted by acrylonitrile using yirradiation in
the presence of FAS as catalyst. It is found that the best grafting percent
obtained was through the following conditions :

1. The percent of the monomer is about 80%
2. The percent of the catalyst FAS is 0.25%
3. The total gamma dose is 1.5 Mrad.
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