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GAMMA RADIATION-INDUCED TEMPLATE 
POLYMERIZATION OF ACRYLIC ACID IN THE 
PRESENCE OF POLYACTRYLAMIDE 

T.Siyam and R.Ayoub 
Nuclear Chemistry Department 
Hot Labs. Centre 
Atomic Energy Authority 
P. 0. Code 13759, Cairo, Egypt 

ABSTRACT 

Poly(acry1amide-acrylic acid) resin p(AM-AA) was prepared by 
gamma radiation-induced polymerization of acrylic acid in the 
presence of polyacrylamide as  a template polymer. The 
polymerization was studied by a free radical mechanism at different 
experimental conditions such as: absorbed dose, monomer 
concentration, polymer/monomer molar ratio and the weight-aver- 
age molecular weight or the swelling degree of added polymer. The 
resin was obtained at dose > l o  KGy and there is no significant 
change in the swelling degree of the resin. The results showed that 
the capacity of the resin increases by increasing the monomer 
concentration, the weight-average molecular weight of the added 
polymer and decreases by increasing polymer/monomer molar ratio 
and the swelling degree of the added polymer. It was also found 
that the capacity of the resin depends on the radiation dose. 

INTRODUCTION 

The polymerization of acrylic acid in the presence of a template polymer by 
a free radical mechanism exhibits, kinetically, characteristics of a template polymeri- 
zation [ 11. In such a process, complexes may be formed between two different type 
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1728 SIYAh4 AND AYOUB 

of polymers under suitable conditions [2-51. It was reported that hydrogen bonds 
are the main factor for complex formation in the polymerization of N-vinyl- 
pyrolidone along polymethacrylic acid as a template [6] and also in the polym- 
erization of acrylic or methacrylic acid along poly-4-vinylpyridine as templates [ 7- 

In this work, the effect of y-radlation dose, the monomer concentration the 
polymer/monomer molar ratio and the weight average molecular weight ( Mw) or 
the swelling degree of added polymer was studied on the polymerization of acrylic 
acid “AA“ in the presence of polymerylamide p( AM) were studied using a template 
polymerization technique for preparation of the resin. The capacity of the obtained 
resin was determined under dfferent experimental conditions. 

91. 

- 

Materials and Experimental Technique 
Acrylic acid “AA” (Merck product) inhibited by hydroquinonemonoethyl- 

ether was distilled under vacuum. Polyacrylamide p(AM) was prepared before by 
y -radiation initiated polymerization of acrylamide monomer solution and the weight 
average molecular weight (Mw) was determined as described previously [ 101. 
Acrylic acid was polymerized in the presence of p(AM) using a template polym- 
erization technique as discussed previously [ 1 11. 

The conversion percent was determined gravimeterically from the weight of 
the obtained copolymer and the original added polymer. The copolymer compo- 
sition was also determined using the data of the conversion and the weight of added 
polymer. 

The swelling degree of the polymer was calculated by the following equa- 
tion: 

Swelling degree (S)= (W, - W)/W 

where Ws and W are the weight of the polymer after and before the polymer 
swelling, respectively. 

The capacity of the resin tower Cu( 11) was determined by the bath technique 
as described previously [ 121 at pH-7 using NaOH and copper sulfate concentration 
of 0.04 MIL at room temperature (25OC). 

RESULTS AND DISCUSSION 

Influence of Radiation Dose 
The influence of radiation dose on the polymerization of AA in the presence 

of p(AM) was studied at the polymer/monomer molar ratio -0.4. This molar ratio is 
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POLYMERIZATION OF ACRYLIC ACID 1729 

Figure 1. 
presence of PAM, 0. The conversion percent (q%) and 0 , The percent of AA 
in the copolymer. 

Influence of the radiation dose on the polymerization of AA in the 

the obtimum condition for the template polymerization of AA in the presence of 
poly(dial1ylethyylamine-hydrochloride) [ 1 I ]  which corresponded to the molar ratio 
of polymer/monomer of 0.5 in the polymerization of methacrylyic acid on poly(4- 
vinylpyridine-co-acrylamide) [ S ] .  The results of polymerization are shown in Figure 
1 which shows that, at the onset of the polymerization the conversion percent (4%) 
increases fast then increases slowly before complete conversion. The great increase 
in the conversion can be attributed to the increase of propagation reactions in the 
presence of the gel-effect [13,14]of such systems and also increasing the association 
between the monomer and the added polymer [ 15-19]. I t  was assumed that in a 
polar solvent such as water, acrylic acid is associated via hydrogen bonds and forms 
"plunmolecular aggregates or molecular association (linear oligomers) [ 1 5, I 91 with 
itself and with many solvents. Such oligomers may also associate with the added 
polymer via hydrogen bonds as represented in Structure 1 .  During the polym- 
erization process the swelling of polymer favors the monomer diffusion to a large 
monomer-polymer association. This increases the conversion percent. 

The conversion percent increases slowly at high doses, and may be due to a 
monomer depletion and chaining propagation reactions into diffusion-controlled 
[20,21]. This is in agreement with the previous finding in the polymerization of AA 
in the presence of poly(diallylethy1amine-hydrochloric) [ 1 1 ] and poly(arnid0- 
amines) [22]. 
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Structure 1. Monomer-polymer association. 

Figure 2. Influence of the monomer concentration on the capacity of the resin. 

The composition of the formed polymer complex is shown also in Figure 1 
which shows that the percent of AA in the copolymer increases by increasing the 
dose. This is due to increasing the conversion percent. 

Also, propagation reactions may occur by the action of the free radicals on 
the monomer, the complex of the monomer with the added polymer or with the 
formed polymer. The propagation process was discussed previously in the polym- 
erization of AA along p(DAEA-HCl) as a template polymer [ 1 11. 

Influence of Monomer Concentration 
The influence of the monomer concentration on the capacity of the obtained 

resin was studied at a radiation dose of 50.4 KGy and p(AM) concentration of 
0.4M/L. The results are shown in Figure 2, which shows that the capacity increases 
by increasing the monomer concentration, On increasing the monomer concern 
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Figure 3. 
resin. 

Influence of the polymer/monomer molar ratio on the capacity of the 

tration, the probability of the association between the monomer and the added poly- 
mer increases which then increases the degree of crosslinking (permanent trapped 
entanglements) between polymer chains of the resin [23,24]. In addition, the 
number of the carboxylic groups increases by increasing the monomer concen- 
tration. These increase the capacity of the obtained resin. 

Influence of the PolymerMonomer Molar Ratio 
The influence of the added polymer on the resin capacity was studied at a 

radiation dose of 50.4 KGy and different polymer/monomer molar ratio. The results 
are shown in Figure 3, which shows that the resin capacity decreases by increasing 
the concentration of the added polymer. On increasing the amount of the added 
polymer, the association between the monomer and the added polymer increases 
which leads to higher increase in the extent of crosslinking between polymer chains 
of the resin. The higher increase in the extent of crosslinking decreases the resin 
capacity. 

Influence of Weight-Average Molecular Weight (M,,,) and Swelling Degree of the 
Added p(AM): 

The influence of Mw and the swelling degree of the added p(AM) on the 
capacity of the resin was studied at different polymer molecular weight and constant 
polymer/monomer molar ratio of 0.4 at different doses. The results are shown in 
Table 1 which shows that the capacity increases by increasing Mw of the added 
p(AM). The higher Mw of the added polymer the higher is the capacity of the resin. 
On increasing Mw the chain length of the added polymer increases and the 
propability for crosslinking formation increases which then increases the capacity of 
the resin. 
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1732 SIYAM AND AYOUB 

TABLE 1 : Influence of Weight-Average Molecular Weight (M,) of the Added 
Soluble p(AM) on the Capacity of the Resin 

C, m mol /g 

- - - Dose, KGy 
Mw = 0.6~105 Mw = l.OxlO5 Mw = 3.0~105 

11.76 2.81 3.9 4.8 
30.24 3.0 3.75 5.4 
42.0 3.2 5.1 3.9 
57.0 3.75 2.7 4.2 
84.0 2.5 2.4 4.35 

TABLE 2: Influence of the Swelling Degree(s) on the Capacity of the Resin 

C, m mol /_em 
Dose, 

s = 4  S = 550 KGY 

11.76 6.3 
30.24 5.1 
42.0 7.5 
57.0 6.15 
84.0 5.48 

3.15 
5.25 
3.45 
-- 
3.60 

The influence of radiation dose on the capacity of the obtained resin is 
shown in Table 1 which shows that the capacity increases then decreases by increas- 
ing the rahation dose. The increase in the capacity may be attributed to the increase 
in the degree of crosslmking between polymer chains of the resin [ 13, 25,261. The 
decrease in the capacity may be attributed to higher increase in the extent of cross- 
linking and decreasing the number of carboxylic groups [27,28]. In addition, the 
number of amide groups decreases due to imidation of amide groups [25,29] This 
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TABLE 3: Influence of Radiation Dose on Swelling Degree of the Resin at 
Different Mw 

Swelling degree of the resin 
Dose, KGy 

- - - 
Mw = 0.6~105 Mw = 1.0~105 Mw = 3.0~105 

1 1.76 6.4 
30.24 6.5 
42.0 8.2 
57.12 5.6 
84.0 4.0 

4.2 3.81 
3.4 3.4 
7.3 6.12 
2.6 3.75 
1.9 4.5 

agrees with the previous findings [ 12, 221 in preparation of cationic and amphoteric 
resins. 

The influence of the swelling degree on the capacity of the resin was studied 
for different p(AM) gels at constant polymer/monomer molar ratio of 0.4 at differ- 
ent doses. The results are shown in Table 2 which shows that the capacity of the 
resin decreases by increasing the swelling degree of the added p(AM) gel. On 
increasing the swelling degree of the added p(AM) gel the degree of crosslinking 
and the association for the added gel decreases which decreases the degree of 
crosslinkings in the formed resin. Consequently, the capacity of the resin decreases. 

The data of Tables 1 and 2 shows that the capacity of the resin which is 
prepared in p(AM) gel is higher than that of soluble p(AM). This may be attributed 
to higher degree of crosslinking for p(AM) gel relative to soluble ones. 

Swelling Behavior 
The swelling degree of the resin are shown in Table 3. The results show 

that the swelling degree varies from 2 to 6 and that there is a little change. The 
swelling degree increases then decreases by increasing the radlation dose. This may 
be due to the increase of crosslinking by increasing the radiation dose which hinders 
the swelling of the formed copolymer. 
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