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Radiation-Induced Polymerization of Methyl Methacrylate

Using °°Kr Source

Tadatoshi YAMAMOTO and Norikatsu OOTSUKA

Division of Research, Takasaki Radiation Chemistry

Research Establishment, JAERI

(Received March 28, 1978)

Polymerization of methyl methacrylate (MMA) was carried
out with a B-irradiation facility using unsealed °°Kr gas
as an internal radiation source. °°Kr gas was dissolved in
the liquid reactanf under pressure. The effects of dose rate
and temperature on the polymerization rate and the degree of
polymerization as well as the molecular weight distribution
of product polymer were studied. The results were compared
with those using °°Co source. Irradiation experiment was
made with 400Ci of °°Kr and 600cc of MMA.

The polymerization rates are same in both sources.
There are significant differences, however, in the degree
of polymerization and the molecular weight distribution,
possibly due to the peculiarity of irradiation method by

85Kr source.

Keywords: Kr-85 Source, Methyl Methacrylate, Radiation-
Induced Polymerization, Kr-85 Irradiation Facility,
Polymerization Rate, Polymerization Degree, Molecular

Weight Distribution
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Table 1 Composition of B3gy radiation source
analyzed by mass spectrometry.

Component gas Content (Vol. %)
Kr | 99,24
(85gr) ( 3.14)°
Ny 0.21

0, 0.007
Ar 0.197
H, ©0.102
co, ' 0.092
H,0 0.073
Hydrocarbon 0.079

Table 2 Measures of the width of molecular
weight distribution calculated from
molecular weight distribution curves.

Absorbed dose (rad) | M, /M,
1.9 x 10% 2.75

85kr | 3.7 x 10 2.36
5.6 x 10" 2.16

2.1 x 10" 2.07

L

60¢o 4.2 % 10 1.99
6.3 x 10" 1.96

8.4 x 10" 1.95
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Table 3 Measures of the width of molecular weight distribution
calculated from moleculdr weight distribution curves
for the samples after fractionating the fraction of
high molecular weight from. the resulting polymer by

85kr source.

Absorbed dose (rad)

M/,

1.9-x 10"
3.7.x 10%
5.6 x 10%

1,99
2:05
1.91

Table 4 Mean LET in MMA for various radiation

sources.
fadiation Mean energy Mean LET (keV/u)
(MeV) in waterlg) in MMA#*
1921 { 0.382 21.5 19.6
137cs v [ 0.662 20.7 18.9
€0co ¥ I 1.23 19.7 18.0
353 8 .0.0495 25,1 22.9
85kr 8 | 0,24 21.5 19.6
2P B 0.693 20.0 18.3

* values calculated from values in water



TAERI-M 76458

Reactants L g{

Cold trap < DG—
—
‘J Yacuum
Bellows pump 1=~~~ | Reactor
X ===
Separator

85Ky storage tank
Condensed pump

Sorption pump

Fig. 1 Schematic diagram of the experimental apparatus
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0 ] 2 3 4 Fig. 3 Relation between absorbed dose rate
) in MMA and irradiation temperature.
Pressure P {kg/cm?) Pressure of 85Kr source: 1.4 kg/cm?.

Fig. 2 Relation between absorbed dose rate
in MMA and pressure of 8°Kr source.
Irradiation temperature: 22°C.
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Fig. 10 Changes in the degree of polymeriza-
tion for the ®9Co y-ray induced
nolymerization of MMA at various dose
rates. Temperature: 22°C.
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Fig. 11 Effect of dose rate on the degree of poly-
merization in the polymerization of MMA.
Temperature: 22°C.
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Fig. 15 Changes in the degree of polymerization for
the samples after fractionating the fraction
of high molecular weight from the resulting
polymer by 8°Kr source. Temperature: 22°C.
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Fig. 16 Effect of dose rate on the degree of noly-
merization for the samples after fraction-
ating the fraction of high molecular weight
from the resulting polymer by 83Kr source.
Temperature: 22°C.
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Fig. 17 Effect of temperature on the degree of
polymerization for the samples after
fractionating the fraction of high
molecular weight from the resulting
polymer by 85Kr source. Dose rate:
2.8x10% rad/h.
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Fig. 18 Molecular weight distribution curve for the sample after fraction-
ating the fraction of high molecular weight from the resuiting
polymer by 8°Kr source. Dose rate: 2 .8x10% rad/h, Temnerature:
22°C.



