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Abstract The gamma radiation induced degradation of glass fiber reinforced plas
tic (GFRP) and polymethylmetacrylate (PMMA) at 77K was examined by flexural 
test and gas analysis after irradiation and compared by the irradiation at room 
temperature. The decrease in flexural strength at break was much less at.77K than 
at RT. The evolution of CH4, CO and C02 was also depressed at 77K. The temper
ature dependence of the degradation closely relates to the local molecular motion of 
matrix resin during irradiation. Polytetrafluoroethylene (PTFE) was also studied by 
irradiation at RT, 77K and 4K in terms of tensile elongation and molecular weight. 
The degradation was much less at 77K and 4K than at RT, and the same between 
77Kand4K. 

INTRODUCTION 

Polymer and organic composite materials are planned to be used as the insu
lators for super conducting magnet in a fusion reactor. The radiation resistance of 
the materials must be evaluated at cryogenic environment. On this view point, low 
temperature gamma rays irradiation effects on glass fiber reinforced plastic(GFRP), 
polymethylmetacrylate(PMMA) and polytetrafluoroethylene(PTFE) were studied 
on mechanical properties, molecular weight and gas evolution, and compared with 
those by irradiation at room temperature(RT). 

EXPERIMENTAL 

Materials used in this work are bis-phenol A type epoxy resin GFRP of 
2mm thick specimen (6mm width, 70mm length), PMMA of 3mm thick and PTFE 
of 0.1mm thick. They were irradiated by Co-60 gamma rays at 77K in liquid nitro
gen and RT in nitrogen gas atmosphere at a dose rate of 30kGy/h at 77K and 
lOkGy/h at RT. PTFE was irradiated also at 4K. The irradiation at 77K and 4K 
was carried out using a low temperature irradiation equipment installed at JAERI 
Takasaki (Kasai et al., 1990, Kudoh et al., 1994). The mechanical properties were 
tested by three point flexural strength measurement at 77K for GFRP and PMMA 
with span length 50mm and crosshead speed 2mm/min and by tensile tests for 
PTFE at RT with a dumbell shaped specimens and crosshead speed 200mm/min. 
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Samples of GFRP and PMMA for gas analysis was irradiated in an evacuated glass 
ampule. Decomposed gas accumulated in the tube was analyzed by gas chromatog
raphy (GC) at RT. 

RESULTS and DISCUSSION 

1. Mechanical properties 
Figure 1 shows the change in flexural 

strength of GFRP measured at 77K as a func
tion of dose. Flexural strength at break of 
GFRP decreased with dose and reached the 
half of the original strength at 25MGy for 
77K irradiation and lMGy for RT (Kudoh et 
al., 1994). For specimens irradiated and 
measured at 77K, the strength scarcely 
changed by the annealing at room te,mpera-
ture after irradiation. These facts indicate 
that the radiation induced reactions is ex
tremely depressed at 77K and almost com
pletes during irradiation. 

Figures 2 and 3 show the change in 
flexural strength of PMMA measured at 77K 
and elongation at break of PTFE measured at 
RT as a function of dose, respectively 
(Kudoh et al., 1994). In both cases large 
difference by irradiation temperature is 
observed; the degradation by 77K irradiation 
is much less than that by RT irradiation. 
Moreover, the degradation by 4K irradiation 
is the same with that by 77K irrdiation for 
PTFE. 
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Fig.l Flexural strength of GFRP at 77K 

irrad. at RT(#),irrad. at 77K and measured 

at 77K without warming( A),irrad. at 77K and 

measured at 77K after annealing(T) 
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Fig.2 Flexural strength of PMMA 

measured at 77K irrad. at RT(«),77K(A) 
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Fig.3 Elongation at break of PTFE 
measured at RT 

irrad. at RT(0),77K(A),4K(D) 
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The degradation of GFRP is mainly 
attributed to destruction of matrix resin. 
Figure 4 shows the change in glass transition 
temperature (Tg) of GFRP determind by 
DSC. Tg of GFRP corresponds to that of 
epoxy resin and decreases with dose indicat
ing the destruction of network structure of 
epoxy resin with chain scission. The bahav-
ior of Tg to the dose is the same with flexural 
strength; the degradation by 77K inadiation 
is much less than that by RT irradiation, 
which means the less probability of the chain 
scission at 77K. 

Figures 5 and 6 shows the number 
average molecular weight of PMMA meas
ured by gel peemeation chromatograophy 
(GPC), and that of PTFE determined by the 
heat of recrystallization measured by DSC 
(Suwa et al., 1973), respectively. Molecular 
weight decreased with dose indicating that 
the chain scission occured. The scission 
probability is less at 77K than at RT for both 
of PMMA and PTFE. Especially for PTFE, 
the probability is the same between 77$C and 
4K. 
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Fig.4 Glass transition temperature 

of GFRP irrad. at RT(0),77K(#) 
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Fig.5 Molecular weight of PMMA 

irrad. at RT(0),77K(A) 
Fig.6 Molecular weight of PTFE 

irrad. at RT(0),77K(£),4K(D) 
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2. Gas evolution (Kudoh et al., 1993) 
Figure 7 shows gas evolution from GFRP, total gas and component gases of 

Hj, CO and C02. Hj evolution is almost the same between 77K and RT irradiation. 
However, CH4, CO and C02 evolutions at 77K are much less than those at RT. It 
means that Hj evolution from the cleavage of C-H bond is less dependent on irradi
ation temperature because the molecular motion of C-H bond is allowed even at 
77K. The formation of CH4, CO and C02 from the clevages of -CH3, >C=0 and 
- C O - bonds depend on the mobility of those bonds in bis-phenol A epoxy resin 
which are closely related to main chain scission. The transition temeperature in 
local molecular motion is around 170K (Sasuga et al., 1991) although glass transi
tion of epoxy resin is around 370K. The local molecular motion is restricted at 77K 
and allowed at RT which reflects to the scission of those chemical bonds. The 
probability of radiation induced degradation of GFRP depends on the molecular 
motion of epoxy resin during irradiation. The transition in molecular motion at 
170K would be related to the large difference in flexural strength change and gas 
evolution between 77K and RT irradiations. 
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Fig.7 Gas evolution from GFRP 

(a)Total,(b)H2,(c)Ca(d)C02 

open symbols denote RT irradiation and 

solid symbols denote 77K irradiation, respectively. 
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Table 1 shows G values of gas evolution from PMMA. H2 evolution is 
almost the same at 77K and RT. CO and C02 evolutions are much less at 77K than 
at RT. The same tendency with the case of GFRP is observed. Since the transition 
temperature of ester side group of PMMA is around 270K (Wundlich, 1989), the 
molecular motion of ester branch is restricted at 77K and allowed at RT. This tran
sition would relate to the large difference in flexural strength and gas evolution 
between 77K and RT irradiations. 

The irradiation temperature dependence would be related to molecular 
motion as decscribed above. The difference between 77K and 4K irradiation is not 
observed for PTFE. Considering that there is no transition in the molecular motion 
related to chain scission between 4K and 77K, the degradation at 4K would be the 
same with that at 77K for other polymers. 

Table 1 G values of evolved gas from irradiated PMMA 

Temperature Total K̂  CH4 CO C02 

RT 1.3 0.27 0.038 0.33 0.047 
77K 0.60 0.25 0.003 0.023 0.011 

CONCLUSION 

The irradiation temperature dependence on the degradation of GFRP, 
PMMA and PTFE was studied by irradiation at RT, 77K and 4K in terms of the 
change in mechanical properies, molecular weight and gas evolution. The degrada
tion of mechanical properties at 77K was much less than at RT. Annealing effect 
up to room teperature after 77K irradiation is scarce for GFRP. The degradation at 
4K is the same with that at 77K for PTFE. The gas evolution of CO and C02 well 
reflected the irradiation temperature dependence of flexural strength for GFRP and 
PMMA. The less degradation at low temperature is attributed to less probability of 
chain scission and relates to the local molecular motion. The probability of scission 
decreases with decreasing molecular motion at lower temperature, but it becomes 
constant below 77K where local molecular motion is restricted. 
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