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Sunnary 

The experimental procedures, the irradiation 
conditions and the radiation behaviour of a number 
of organic materials at liquid nitrogen temperature 
are reported. 

1 • INTRODUCTION 

The progress made in superconductivl ty and the 
opportunities for reducing electric losse.s provided 
by the use of extremely pure metal conductors at 
very low temperatures has encouraged the develop
ment of superconducting- and cryogenic magnets o A 
new problem has therefore arisen, that of finding 
suitable insulators and structural organic compo
nents. 

Organic materials used in the construction of 
such magnets which have to be operated in high 
energy accelerators must retain good mechanical and 
electrical properties at low temperatures in a 
radiation environment. As these materials are the 
least radiation resistant components used in magnet 
construction, they determine the life-time of the 
magnet. In order to obtain an acceptable life for 
a superconducting accelerator, special care must 
therefore be given to the selection of these 
materials. The paper describes experiments in order 
to determine the radiation behaviour of a number of 
plastics and elastomers at low temperature. The 
experimental procedures, the irradiation conditions 
and the first results are reported o 

2. RADIATION AND CRYOGENIC TESTING FACILITY 

The radiation source used in these tests was 
the "Melusine" reactor (Centre d 1 Etudes Nucleaires 
de Grenoble, CENG - France), a heterogeneous, 
highly enriched, thermal reactor utilizing water as 
neutron moderator and reflector, as radiation 
shielding and coolant0 Maximum power generation is 
4 MWo1 

The cryogenic facility, located at about 10 cm 
from the reactor core, is permanent, being contin
uously filled with liquid nitrogen (LN2) of high 
purity (770 K) during the irradiations0 

2 It 
contains a sample container of aluminium which 
measures 36 = diameter and 300 mm length and in 
which about 16 dumb-bell type specimens of 113 x 22 
x 2 = can be irradiated at the same time. All 
irradiations have been performed under static 
conditions0 

The neutron flux was monitored during the 
irradiations at several material locations along 
the sample container. Measurements were made with 
nickel for fast neutron flux, and cobalt for 
thermal neutron flux. Standard foil techniques 
were used in specifying the neutron field. The 
results of the neutron flux measurements along the 
container are given in Figure 10 The gamma dose 
rate inside the Dewar was measured with a TM type 
calorimeter (Figure 1) using graphite as absorber 
material.1 From this data and knowing the energy 
neutron spectrum in the irradiation position3, the 
chemical composition of the irradiated material and 
their corresponding atomic absorption coefficients, 
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the total absorbed dose rate in the organic material 
in question has been calculated (~ 50 107 rad/hr) 0 

After irradiation, tensile tests are carried 
out using an Instron tensile testing machine on 
which a LN2 cryostat has been fi tted0 Load versus 
extension graphs for test specimens are plotted 
directly by an X-Y recorder0 The load signal is 
taken from an Instron load cell and the strain 
recorded from the output of a displacement trans
ducer. The sensitivity of the system allows strain 
in the specimen to be determined to better than 
10-3 cm. The load may be accurately recorded up to 
5.000 kg0 The rate of crosshead travel is defined 
as 2 mm/min0 

The materials studied are plastics and elasto
mers in sheet form and glass mica laminates. Only 
those which might be of interest in cryogenic magnet 
technology have been chosen. Before innersing in LN2 
and subsequent irradiation the specimens have been 
stored for several days in a dessicator to prevent 
water absorption. Fou� samples have been tested at 
each radiation level0 

3. MATERIAL TEST RESULTS AND CONCLUSIONS 

The effects of radiation on the mechanical 
properties of some plastics at LN2 temperatures are 
given in Figures 2 - 70 In order to facilitate the 
selection of organic materials for cryogenic pur
poses in a radiation field, the relative radiation 
stability at LN2 temperature of a number of organics 
is shown in Figure s. 

From these data and the experience gained 
during this studyprogramma, the following conclu
sions may be derived : 

1. The mechanical properties of organic materials 
irradiated at LN2 temperature degrade. The radiation 
damage thresh::ild value :oerH:1s to dif:fer .trom Lbat 
measured e.t air-arr:bient temperaturEA, e

0
g0 teflon 

and PVC resist better I'aciiation at LN? compared to 
air, whi.le the inverse io valid fer the poly
propylene group. 

20 The first organic :na.:;erial8 that come to mind 
for very low temperatures in a radiation field are 
aromatic based epoxy resins, polyi.mides and poly
styrenes0 Polyacet8.ls, polypropylene and many 
elasto:ners are discoura5ed in these applications 
al thougl:. the;y are already widely used ir. cryogenic 
engineering 0 

3. At 770 K, these solids brittle. The elongation 
at break is often only 1 % of the value at room 
temperature. This brittleness stiJ.l increases with 
radiation, One of the first considerations in 
deciding whether a material is or is not useful for 
cryogenic magnet technology in a radiation environ
ment is the elongation measurement at break 0 

4. If one compares these data with the few data 
reported elsewhere5 on their electrical behaviour 
at LN2 in a radiation field; it can be concluded 
that as long as the material with stands mechanically, 
the electrical properties practically do not alter. 



5. A number of materials showed cracks or con
siderable shrinkage effects when iin.mersed in LN2, 
e.g. some polyethylenes, cyclic based epoxies, 
fluorinated silicones, etc. These materials have 
not been considered further. 

6 0 Irradiations at LN2 t(amperature adversely 
effect laminates, since sue� materials become 
11dela.minated11 under stress. 

7. A general trend was noted in all test speci
men colour changes but less pronounced at the same 
doses as in the air irradiations at 250c (Fig. 9). 

8 0 Humidity and impurities absorbed by organic 
materials show cracks when irradiated at LN2 as a 
result of the forfilation of ice due to water present 
in the free state. Silicone resin used as de
moulding agent gives the same effect as ice. 

The irradiation results discussed have been 
obtained at LN2 temperatures. The experiments are 
being expanded to lower temperatures, already now 
to liquid neon (27° K) and hopefully later to 
liquid helium (4° K) environments. As a preparatory 
part of this we have performed mechanical tests at 
LHe temperatures without radiation. These tests 
also serve to distinguish the effects of cooling 
and radiation. The results indicate that the 
choice of organic materials for magnets to be 
operated in a radiation field is much more limited 
in cryogenic and superconducting temperatures than 
at room temperature. 
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RADIATION RESISTANCE OF PLASTICS AT 77" K 
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