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ABSTRACT

Radiation graft copolymerization of comonomer mixtures of acrylic acid (AAc) and

styrene (S) onto polypropylene (PP) films by the mutual method has been investigated.

The effect of different factors that may affect the grafting yield such as inhibitor

concentration ( Mohr's salt), solvent composition (MeOH and H2O), radiation dose and

dose rate was studied. It was found that the role of Mohr's salt is very effective when the

ratio of AAc in the comonomer mixtures was at low extents. However, the addition of

1.25 wt% of Mohr's salt reduced the homopolymer formation and enhances the grafting

process. Graft copolymerization in presence of solvent mixture composed of methanol

and water was found to affored higher grafting yield than in pure methanol regardless of

the composition of the used comonomer mixture. However, the highest degree of

grafting was obtained at a solvent composition of 20% H2O : 80% MeOH for the

comonomer mixture of 20% AAc : 80% S. An attempt was made to determine each

PAAc and PS fractions in the obtained graft copolymer. Elemental analysis indicated that

PAAc fraction with respect to PS in the graft copolymer decreases with increasing AAc

ratio in the comonomer feed solution. The roughly assessment of these fractions by IR

spectroscopy showed similar trends. The determined reactivity ratio of AAc and S



monomers in the present graft copolymerization system was found to be 0.5 and 2,

respectively.

INTRODUCTION

Grafting of polymers with mixtures of vinyl monomers is important since

different types of polymer chains containing various functional groups can be introduced

in the polymer structure. Thus graft copolymers of dual properties can be obtained by

controlling the conditions of grafting and selecting the appropriate pair or more of vinyl

monomers. Grafting mixtures of acrylic acid with acrylamide or methacrylic acid onto

polypropylene fibers by radiation method was reported(1). It was found that the graft

yield when pure acrylamide was used is smaller than if used in mixtures with acrylic acid

and decreases when acrylic acid / methacrylic acid mixtures are used. Comonomer

mixtures of acrylamide and styrene were also grafted onto polypropylene by radiation

method in presence of different solvents(2). The suitable diluent for the comonomer,

different factors that affect the cografting process and some properties of the grafted

material such as electrical conductivity were investigated. The present work was

undertaken to study the effect of different factors affecting the graft copolymerization of

comonomer mixtures of acrylic acid and styrene onto polypropylene films by direct

radiation method. Moreover, an attempt was made to characterize the obtained graft

copolymers by IR spectroscopy, elemental analysis and reactivity ratio.

EXPERIMENTAL

Materials

Polypropylene film: It is an isotatic polymer of homogeneous thickness(20 \xm) was

kindly supplied by Tecno Back Company, Cairo, Egypt.

Monomers and chemicals : Acrylic acid ( Prolabo, France) and styrene (Koch Light

Ltd, England) are of pure grade and used without further purification. The used solvents
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methanol and benzene are of pure grade. Ferrous ammonium sulphate (Mohr's salt),

British Drug House, England, was used to reduce the homopolymer formation.

METHODS AND TECHNIQUES

Graft copolymerization: Strips of polypropylene films (PP) of known weight were

immersed in different grafting solutions in glass quick-fit tubes. The grafting solutions

were composed of mixtures of acrylic acid (AAc) and styrene (S) monomers at different

ratios that dissolved in different solvent compositions of methanol and water. Mohr's salt

of certain concentration was added to the grafting solution, the contents of the glass

tubes were deaeriated by bubbling nitrogen gas for 5 minutes and then subjected to

gamma irradiations. Irradiation to the required doses was carried out in the cobalt-60

gamma rays at dose rate source of the National Center of Radiation Research and

Technology, Cairo.Egypt. The grafted PP samples were removed and throughly washed

and extracted with benzene to get rid of the unreacted monomers and homopolymer

untill constant weight is reached. The total degree of grafting (TDG) was determined by

the percentage increase in weight as follows :-

TDG(%) - Wg - Wo / Wo) x 100 [1]

where Wo and Wg represent the weights of the initial and grafted samples, respectively.

IR Sperctroscopy: AFTIR Spectrophotometer, model Mattson 1000, Unicam was used

over the range 400-6000 cm"1 of wave number.

Elemental analysis: The grafted PP films with the comonomer mixture under

investigation were analyzed by elemental analysis of carbon and hydrogen at a heating

rate of 10 °C/mn. University. The oxygen weight in the samples was determined by

substracting the sum of weights of carbon and hydrogen elements weights from the

initial weight of the sample.
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RESULTS AND DISCUSSION

Effect of Inhibitor ( Mohr's salt)

Figure 1 shows the effect of Mohr's salt concentration on the total degree of

grafting for the comonomer mixtures of 20% AAc:80% S and 50% AAc:50% S,onto PP

films. The grafting conditions are kept constant at solvent composition of (20%

H2O:80% MeOH), comonomer mixture concentration 10 wt.% and radiation dose of 2

Mrad. It can be seen that the total degree of grafting increases with increasing Mohr's

salt concentration to reach a maximum at about 1.25wt.%. Further increase of the

Mohr's salt concentration cause a sharp decrease in the TDG. This behaviour was found

to occur regardless of the composition comonomer mixture. However, the TDG in the

case of the comonomer composition of (20% AAc : 80% S) is much higher than that in

the case of (50% AAc: 50% S) comonomer mixture. Thus it can be said that, increasing

styrene content in the comonomer mixture is found to increase the TDG. Also, the role

of Mohr's salt as a homopolymer inhibitor is very effective when AAc content in the

comonomer mixture is a minimum.

The above findings may be explained on the basis of chain transfer to the

backbone polymer from the growing acrylic acid ends and not from styrene ends in the

presence of Fe2+ ions. In a similar system delt with the grafting of individual acrylic

acid and its mixtures with acrylamide instead of styrene onto pp in presence of Fe2+ ions ,

opposite trends were observed(1). It was reported that the graft yield in the case of using

acrylic acid in grafting is much higher than using mixtures with acrylamide even at equal

ratios of the two monomers. Also, it was suggested that the end chains of acrylamide is

scavengered by Fe2+ very effectively and decreased the total graft yield. Generally, the

grafting process of comonomer mixtures is critically controlled by other factors than the

interaction of the formed radical species with the Fe2+ ions present in the grafting

medium. The reactivity ratio of each monomer in the comonomer mixture may be one of

these factors. The proposed mechamism for the inhibition of homopolymer formation

and thus increasing the grafting yield in presence of Fe2+ ions may be outlined as follows

taking acrylic acid as an example:
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Figure. 1 Effect of Mohr's salt concentration on the

grafting yield (TDG) of different acrylic acid

(AAc)/styrcne (S) comonomer mixtures onto

polypropylene films (PP). ( ) 20% AAc : 80% S.

( ) 50% AAc : 50% S. Grafting conditions :

comonomers mixture cone. 10% solvent

composition: 20% H20 : 80% MeOH. radiation

dose: 2Mrads.
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Figure.2 Effect of varied concentrations

of comonomer mixture composed of 20%

AAc and 80% S (v/v) on the grafting

yield on PP films. Grafting conditions :

solvent composition : 20% H20 : 80%

MeOH (v/v). radiation dose : 2 Mrads.

Mohr's salt cone. 1.23 \vt.%.
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Figure. 3 Effect of radiation dose on the degree

of grafting comonomer mixture of 20%AAc and

80%S onto PP films at different dose rates.

Grafting conditions : solvent composition and

Mohr's salt cone, are the same as in Fig.2.
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P + CH2 = C- COOH -> P.- CH2 - C- COOH (graft copolymer)

H

where P represents the macromolecular radical of polypropylene polymer as a result of

the interaction of gamma radiation.

H H H H

C H 2 - C + CH2 = C -> CH2-C-CH2-C (homopolymer)
I ( I

COOH COOH COOH COOH

Termination by the metal cation Fe2+ proceeds as follows :

Fe2+ + M -» Fe3+ + M (Inhibition of hompolymer)

H

Fe2f + H + + P-CH2-C-» Fe3* + P-CH2-CH2-COOH (Termination of graft chains)

COOH

The sharp decrease in graft yield observed at relatively higher concentration of Mohr's

salt may be due to the difflision of the the inhibitor itself into the interior regions of the

PP film. Thus the inhibitor may interact with the free radicals formed during irradiation

and therefore decrease the graft yield.

EFFECT OF SOLVENT AND COMONOMER COMPOSITION

Table. 1 shows the effect of different solvent compositions of water and

methanol on the total degree of grafting of comonomer mixtures of varied acrylic acid

and styrene ratios onto polypropylene film. It is to be noted that the comonomer mixture

concentration is kept constant at 10% while the radiation dose and dose rate were kept

constant at 2 Mrad and 0.45 Mrad/hr, respectively. Also, every data given in this table is

the average of three experiments.

In general, regardless of the used comonomer mixture, the variation in the degree

of grafting undergoes similar trends. It increases with increasing water ratios in the

grafting solution to reach a maximum value at a certain solvent composition and then
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Table. 1 Effect of Difference Solvent Compositions of Water and Methonal on the Total Degree of Grafting Comonomer
Mixtures of Vaned Acrylic acid and Styrene Ratios Onto Polypropylene.

Solvent

Composition

H;O

(v%)

0

10

20

30

40

50

60

70

MeOH

(y%)

100

90

SO

70

60

50

40

30

10:90

14.9

35.6

106.2

110.0

106.6

75

80.4

70.3

20:80

51

104.9

301.5

292.5

270.0

198.0

87.6

39.2

Total Degree Grating ( %

Comonomer Mixture ( AAc : S

30:70

54.0

111.5

114.0

150.0

135.2

131.3

117.3

. 72.3

40:60

46.3

74.8

S2.6

153.2

134.2

123.2

103.5

90.0

50:50

35.3

56.4

71.2

109.5

129.0

103.5

94.5

83.6

)

v/v%)

60:40

10.5

12.6

33.5

S5.5

120.0

81.5

80.4

62.2

70:30

7.2

9.3

27.5

49.7

69.5

73.0

70.7

49.4

80:20

5.3

7.5

10.5

32.5

35.4

36.2

28.2

1S.5

Grafting conditions: comononier mixture cone, with respect to total graftina solution. 10v% Mohrs cone 1 ̂
radiation dose. 2 Mrads. " "



tends to decrease. For the comonomer mixture containing 10% AAc, the maximum TDG

has no difinite value but it lies between range of solvent compositions. However, the

maximum TDG for the comonomer mixtures having 20% and 30% AAc can be observed

at solvent compositions of 20% H2O: 80% MeOH and 30% H20:10% MeOH,

respectively. Also, it Can be seen that the maximum TDG value increases with increasing

AAc ratio in the comonomer mixture up to 20% and then tends to decrease irrespective

of the used solvent composition.

Based on the above findings several points may be addressed :

1. Overall the studied comonomer mixtures, it is evident that solvent composition

displays an essential role on the TDG.

2. In pure methanol, it can be seen that increasing AAc ratios in the comonomer

mixtures from 10% to 30% is accompanied with a rapid increase in the TDG from

15% up to 54%. Further increase in AAc contents seems to cause a gradual decrease

in TDG. The observed increase in TDG at first may be explained on the basis of the

respective solubility parameters of the used species in the grafting bath. In this regard,

acrylic acid is more soluble in methanol than styrene to some extent due to the close

values of their solubility parameters. Also, polypropylene polymer radical may

undergo maximum swelling in this mixture which facilitate the diffusion of the

comonomer solution to the active sites. At higher ratio of AAc monomer in the

comonomer mixture, it seems that the synergietic effect arised from the difference in

reactivity ratio of each monomer contribute in the grafting reaction. This is in turn

may lead to the decrease in TDG. This is beside the swelling of polypropylene

polymer in styrene monomer is much higher than that in acrylic acid due to the closer

solubility parameters(3): the solubility parameter for styrene is 9.3 and for acrylic acid

is 12.0 (cal/cm')1/2 ,while for polypropylene is 9.2(cal/cm?)I/2 . This may give an

account for the obtained high TDG at higher styrene ratios in the comonomer

mixture.

3. In the case of using solvent compositions containing different proportions of

water and methanol, the solubility parameter character still has a great effect on the
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TDG, depending on the comonomer mixture: the steady decrease in the maximum TDG

values observed by increasing AAc ratios over 20% may be attributed to the tendency of

AAc monomer to homopolymerize rather than inducing grafting reactions. Accordingly,

the viscosity of the comonomer mixture solution will increase and results in decreasing

the diffusion into the polymer matrix. For this reason, the effect of comonomer mixture

concentration on the degree of grafting comonomer mixture composed of 20% AAc and

80% S. is studied and shown in Fig.2. It is clear that the TDG increases with increasing

comonomer mixture concentration up to 10% and then tends to level off. This

observation also indicates that, above this concentration the viscosity of the comononer

mixture will increase and hindered the grafting reaction .

EFFECT OF RADIATION DOSE AND DOSE RATE.

Figure 3 shows the effect of radiation dose on the degree of grafting of

comonomer mixture of acrylic acid and styrene at a ratio of 20% and 80% respectively,

onto PP films at different radiation dose rates. It can be seen that the grafting yield

increases rapidly with increasing radiation dose from lMrad to 3 Mrad and then tends to

level off. Also, the lower the dose rate the higher the grafting yield is obtained.

In the direct grafting method , the number of graft chains formed and their

lengths are influenced by radiation dose and dose rate. The dose rate, which evidently

determines the rate for initiation of polymerization, will therefore affect the kinetics of

the grafting reaction and consequently the length of the grafted chains(4). Therefore, the

increased TDG may be attributed to the increased number of the formed free radicals on

both the polymer backbone and monomers. However, the levelling off of TDG above 3

Mrad may be due to the difference in the G-value of the PP polymer and the monomer

species. In this case, the monomer macroradicals tend to recombine to form

homopolymer and thus the grafting reaction stopped. Moreover, at lower dose rates, the

rate of grafting reaction is low whereas the homopolymer formation is minimum.
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CHARACTERIZATION OF PP/PAAC/PS GRAFT COPOLYMER.

There is no available scheme in the literature describing the acurate relationship

between the ratio of contents of the comonomer mixutres in the feed grafting solution

and their fractions in the resulted graft copolymer in the case of hydrophobic polymers.

However, there are some methods based on the identification of the graft copolymer

during grafting of binary mixtures of acrylamide - acrylic acid and acrylonitrile- acrylic

acid onto polyester fiber using nitrogen-estimation(5). Others are based on the

comparison between the composition of the grafted chains determined accroding to the

calculated reactivity ratios and those reported in literature(6). Spectroscopic analysis such

as IR was also used to confirm and identify the grafted chains(7).

In the present work, tries have been made to give an information about the

PP/PAAc/PS graft copolymer in order to have a better understanding for the synergism

during this graft copolymerization system.

IR spectroscopic analysis

Figure 4 shows IR spectra of PP films having different TDG by changing AAc

ratio in the comonomer mixture. It is obvious that the intensity of the characterstic band

of the carbonyl groups is shown to decrease with increasing the AAc contents in the

comonomer mixture.

Elemental Analysis of PP Graft Copolymer

Table 2 presents the elemental analysis of PP graft copolymer having different

TDG obtained by using different comonomer mixtures. It is noted that the oxygen weight

percent, based on the sample weight, was determined as the difference between the total

weight and the sum of carbon and hydrogen weights.
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Figure.4 JR Spectra of different PP graft copolymers
having ;m equal TDG of Ca 200% prepared byusing
different comonomer mixtures (A)10% AAc : 90%S.
(B) 20%AAc :80%S. (c) 30% AAc : 70% S. Graftirg
conditions : solvent composition: 20%H2O :
•^""i.MeOn. radiation dose: 2Mrads. dose rate: 0.45
Mrad'h. Mohr's salt cone. 1.25wt.%.

Figure.5 Determination of the reactivity ratios of acrylic

and styrene monomers by applying equation 3.



Table i : Elemental Analysis of PoKpropyiene (PP) Graft Copoiymers with Poiyacryiic Acid and Polystyrene.

ON

Comonom
er mixture

(AAC
(ty.)

10:90

20:30

50:"0

40:60

50:50

60:40

"0:50

80.20

Weight of
PP before

grafting

(mg)

75.2

74.6

89.S

^0.2

S3.5
— "» -\
/ J .J.

86.5

SO."

Weight of

PP after

grafting

(mg)

151.1

299.5

191.5

128.4

142.6

97.7

110.0

S9.0

Weight of
graft

copolymer

(PAAc -
Psty.)

"7 9

2249

101.7

58.1

59.5

24.5

S.5

Total
degree of
grafting

(%)

106.5

501.5

115.2

S2.6

"1.2

^ •>

2" 5

10.5

Oxygen
from

analysis

(%)

-IS

6.55

5.25

2.65

1.S5

0.69

1.64

1.20

Weight of
Oxygen

(mg)

9 8496

19.61"2

6.2257

54026

2.63S1

0.6765

1.30

1.06S

Wen gin of

P.AAc

(mg)

22.47

45.40

14.19

7.76

6018

1.543

4.115

2.436

Graft yield
of

PAAc

(°'o)

50.69

58.18

15.80

" 11.04

2.11

4."56

5.02

Graft yield
of PSy

(°/o)

"2.81

245.30

97.40

71.56

63.97

51.59

- I T — ̂

7.2S

Graftinc conditions are the same as in Table 2



A close examination of the results, few points may be indicated. By increasing

AAc content in the comonomer mixture from 20% up to 60%, 10% each time, the ratio

between PS and PAAc graft fractions in the graft copolymer was found to be 4,6.6,5,9

and 15, respectively. It follows that the PAAc fraction decreases by increasing AAc

monomer ratio in the comonomer mixture. This result is in accordance with what

observed through IR spectroscopy (Fig.4). When two monomers are copolymerized, the

copolymerization equation in terms of mole fractions which is related to their

concentrations in the feed grafting solution (fiand f2) and their fractions in the copolymer

(F| and F2) is given by :

r ,fVf.f2

+ 2f,6 +

where x\ and r2 are the reactivity ratios of the two monomers, respectively, and

F 2 = 1-Fi.

For determination of n and r2for the two monomers under investigation, equation 2 can

be put in the following modified form:

F,) f,(F2-l)

- r2 + r, (3)

Fi(l-fi) F,(l-f2)2

If the left side of this equation is drawn against the coefficient of n, the slope gives n and

the interception gives r2. An attempt was made to estimate vx and r2 from the

experimental results shown in Table 2.as shown in Fig.4. The mole fraction of PAAc (Fj)

was calculated by using the data on the fourth and eighth columns in Table 2. The

calculated slope is found to be 0.5, whereas the interception is 2 which referes to

rj(AAc) and r2(S), respectively. These values is reflect the experimental results obtained

by elemental analysis.

266



Electrical Properties of PP Graft Copolymer

The electrical conductivity of PP films grafted with different comonomer

mixtures of AAc and S determined and the results are given in Table 3. In general, the

electrical conductivity increases with increasing TDG and it decreases with increasing

AAc proportions in the comonomer mixture. The observed decrease in electrical

conductivity with increasing acrylic acid ratio in the comonomer mixture and with the

decrease in the degree of grafting may give account for :(a) At the comonomer mixture

20% acrylic acid 80% styrene (maximum degree of grafting), the highest electrical

conductivity value was obtained. This means that the PAAc graft copolymer constitutes

the majority of the degree of grafting because there is no reason that PS grafts to

develop electrical conductivity. In this case the resulted electrical conductivity is due to

the migration of the negative charges of PAAc grafts.

(b) The decrease in electrical conductivity noticed by increasing AAc ratio in the

comonomer mixture indicates that PAAc fraction in the graft copolymer decreases and

PS fraction increases. These results are in accordance with those obtained with IR

spectroscopy and elemental analysis.
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Table 3 l-lcctrieal Conductivity o( Polypropylene Minis (nulled with
DiK'cient Comonomer Mixlurcs ol Acrylic acid Styicnc as a
I'unclioti of Total Degree oT (Halting

Total degree of grafting

(%)

ungi a Red

106.5

301.5

113.2

82.6

71.2

33.5

27.5

10.5

Comonomci mixtures
( AAc : S )

( V % )

-

IO:CW

20:80

30:70

'10:60

5050

MHO

70:30

80:20

I'ilcctrica! conductivity
(ohm ' c m 1 ) lr<

0.26

26.00

'11.00

20.00

12.80

10.00

'1.80

3.20

2.60

conditions ;nc (lie sninc in I nl>lc
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