
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Note Kinetics of Radiation-Induced Graft Copolymerization of 2-
Hydroxyethyl Methacrylate Onto Silicone Rubber Films
Y. Fanga; T. Y. Shia; W. S. Liua; F. Shia

a Department of Applied Chemistry, University of Science and Technology of China Hefei, Anhui,
People's Republic of China

To cite this Article Fang, Y. , Shi, T. Y. , Liu, W. S. and Shi, F.(1990) 'Note Kinetics of Radiation-Induced Graft
Copolymerization of 2-Hydroxyethyl Methacrylate Onto Silicone Rubber Films', Journal of Macromolecular Science,
Part A, 27: 1, 117 — 123
To link to this Article: DOI: 10.1080/00222339009351490
URL: http://dx.doi.org/10.1080/00222339009351490

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222339009351490
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM.. A27(1), pp. 117-123, (1990) 

NOTE 
KINETICS OF RADIATION-INDUCED GRAFT 
COPOLYMERIZATION OF 2-HY DROXYETHY L 
METHACRYLATE ONTO SILICONE RUBBER FILMS 

Y. FANG, T. Y. SHI, W. S. LIU, and F. SHI 
Department of Applied Chemistry 
University of Science and Technology of China 
Hefei, Anhui, People’s Republic of China 

INTRODUCTION 

Radiation-induced graft polymerization of hydrogels onto polymeric 
substrates has been extensively investigated by several authors [ 1-61. 
Comparatively little attention has been paid to the kinetics of the radi- 
ation-induced graft polymerization of hydrogels onto silcone rubber 
films. 

The purpose of this paper is to probe further into the quantitative 
kinetics of the radiation-induced graft polymerization of 2-hydroxyethyl 
methacrylate (HEMA) onto silicone rubber film. 

EXPERIMENTAL 

Materials 

The silicone rubber (SR) films were supplied by the Anqing Institute of 
Silicone Rubber Products Research. HEMA was manufactured in Ger- 
many. The HEMA content was >98%; it was used without further 
purification. 
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Radiation-Induced Grafting 

The SR films were cut, washed with soap and ethanol, and dried at 60°C 
under vacuum (10 torr) for 7 h, and the intitial weight, W, (g), was 
measured. The sample was then immersed in the HEMA solution in a 
grafting reaction vessel, bubbled with 99.9% nitrogen for 10 min to remove 
oxygen, and irradiated in a 360043 6oCo source under various grafting 
conditions. 

The grafted films were extracted in ethanol at 60°C for 8 h, washed with 
distilled water, and dried at 60°C under vacuum (10 torr). The dry grafted 
weight, W, (g), was determined, and the grafting level G (mg graftlcm’) was 
calculated as follows: 

where A is the film area in cm2. 

RESULTS AND DISCUSSION 

Figure 1 shows how the grafting level and rate increases with increasing 
HEMA concentration ([MI). The initial grafting rates, V, (mg/cm2 - h), ob- 
tained graphically, are shown in Table 1. Plots of In V, vs In [MI, are linear 
with a slop of 2, i.e., the grafting rate vanes as the square of the initial 
HEMA concentration.. 

Figure 2 shows that the rate of grafting increases with the radiation dose 
rate D. Plots of In 5 (obtained graphically from Fig. 2 and shown in Table 
2) vs In D were linear with a slope of 1/2, i.e., the grafting rate varies as the 
square root of the radiation dose. Thus, one can express the grafting rate 
as follows: 

V, = k[M]02D1’2, 

where k is the apparent rate constant. The values of k, calculated accord- 
ing to Eq. (2), are listed in Table 3. 

Arrhenius plots of the rate constants reported above according to 

In k = In Z - E,/RT, (3) 
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FIG. 1. Graft level at varying HEMA concentrations. HEMA concentration: (1) 0.62, (2) 
1.23, (3)  1.99, (4) 2.47 mol/L. Dose rate: 0.57 Mrd/h. Temperature: 24°C. SR film thickness: 
0.45 mm. 

TABLE 1. Effect of H E M  Concentration on the 
Initial Grafting Rate 

Initial HEMA 
concentration, Initial grafting rate, 
M O .  mom Vk mg/(cm*. h) 

0.62 0.88 
1.2 3.7 
1.99 8.4 
2.48 14.8 
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FIG. 2. Graft level at different radiation dose rates. Dose rate: (1) 0.225, (2) 0.439, (3) 0.532, 

(4) 0.904 Mrdh. HEMA concentration: 1.5 mol/L. Grafting temperature: 24°C. Film thick- 
ness: 0.68 mm. 

TABLE 2. Effect of Dose Rate on the Initial Grafting Rate 

Dose rate, 
Mrdh 

Initial grafting rate, 
V, mg/(cm2. h) 

0.227 
0.439 
0.532 
0.904 

2.9 
3.1 
4.9 
5.8 
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TABLE 3. The Apparent Rate Constants for Graft Copolymerization 
at Different Temperatures 

k, mg.cm-2.h-'/2.Mrd-'R.mol-2.L2 
Dose rate, 
M r d h  16°C 37°C 52°C 62°C 

0.227 1.34 3.16 4.97 5.23 
0.313 1.32 3.09 5.15 5.89 
0.439 1.35 2.94 4.80 5.43 
0.532 1.30 3.10 5.59 5.91 
0.904 1.25 3 .21 4.69 5.85 
Average value 1.31 3.10 5.40 5.66 
From plot 1.29 3.24 4.73 5 .71 
of Vg vs [M]@''z 

gave Ea, the apparent activation energies, and Z, the frequency factors, as 
shown in Tables 4 and 5. Thus, the rate constant is given by 

k = 7.54 X lo4 exp (-6200/RT), (4) 

and this leads to an equation that summarizes all the kinetic results: 

Vg = 7.5 X lo4 exp (-6200/T)[M]02D1/2. (5) 

Now, whenever [MI,,, D, and T are known, the grafting rate can be predict- 
ed. (See Fig. 3.) 

TABLE 4. The Apparent Activation Energies 
of Graft Copolymerization 

Dose rate, 
Mrd/h 

Ea 3 

kcal/mol 

0.227 
0.313 
0.439 
0.532 
0.904 
Average value 

6.3 1 
6.21 
6.21 
6.24 
6.24 
6.24 
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TABLE 5. The Collision Frequency Factors Graft 
Copolymerization at Different Temperatures 

289 7.77 
310 7.41 
325 7.56 
335 7.43 
Average value 7.54 
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FIG. 3. Effect of grafting temperature on 5. Dose rate: (1) 0.227, (2) 0.313, (3) 0.440, (4) 

0.532, (5) 0.904 Mrd/h. 
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Further experimental results indicated that 0-5% ethylene glycol di- 
methacrylate (EDMA) has no effect on the grafting rate, but when the ini- 
tial EDMA concentration is above 5%, V,  is reduced, perhaps due to a 
crosslinking reaction. Traces of methacrylic acid in HEMA have no effect 
on Vg. 

Variation of the SR film thickness from 0.4 to 2.20 mm has no obvious 
effect on V, because all the grafting occurs at the surface of the SR 
film. 
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