1383

THE ACCELERATOR RADIATION FIELDS EFFECTS ON THE COMPOSITE MATERIALS
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hermetic, insulating, lubricant and other acczlerator.,
ones. The radiation lifetimge of such
materials is the ability to preserve their 12
serviceability up to the limiting state, when ﬁ/OO t
the most important factor of the properties Y P —— " e S
gradually changes to the fiwxed level, that is ——-u\\\\
0.5 of the initial value of the tTactor. o8k R o
The radiation weariness is the result cof e
monotonous radiation -—chemical Processes, 08 e e
continuously taking place in polymsrs used in
accelerators [4]. One of the essential L. ‘J
radiation lifetime points is the service 04 ‘
time, 2.g. the time of usags without failure l
in an exact system fros beginning the d2f
operation to the limiting state condition. \ i
Integral radiation doses {absorbed dose), o0 — ! p B
which show service time af the materials are ° 102 D1O4 G 10 10
the factors of radiation resistance snd can ose (Gy)
be defined only by experimental dependence Fig. 2. Bending strength change of the
“oroperty factor - absorbed dose" for the micarta aftter irradiation at the
proton accelerator.
Table 1. Characteristics of the accelerators as radiation source
The kind of Accelerated Energy The basic radistion
accelerators FParticles Before bioclog. After
protecticn protection
Static—field
accelerators, Electrons < 1% Me¥ Bremstrahlung Bramstrahlung
microtrons, < 150 MeV Bremstrahlung Bremstrahlung
betatrons, fast neutrons,
linacs induced activity
Betatrons, Electrons > 150 MaV Bremstrahlung Bremstrahlung ,
synchrotrons, E-50 MeV neutrons,
linacs induced activity
Static—-field Heavy charged < 30 Fast E<20 MeV neutrons,
accelerators, particles MeV - nuc. neutrons induced activity
cyclotrons,
linacs
Linacs, Heavy charged < 10 Hadrons E>50 MeV neutrons
neutrons,
synchrotrons particles GeV nuc. induced activity
Synchrotrons Heavy charged > 10 Hadrons, Hadrons, mesons,
particles GeV.nuc. leptons induced activity
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The materials service time (T) prediction
can be realized on practice only for the
definite radiation field level {(dose power)
by the eupression:

D5.25 (0.5)
T = —————— , hour
P

1 — — i i 41
where DO.ZB(O.S) the factor of radiation
resistance defined

experimentally (Gray)
- 2 — the dose power in the
real geometry of the

atcelerator (Gray/hour)

ars of radiaztion resistance and
is =service time for the different

T3 GeV  proton synchrotron  are
Table 2. Since, the materials
esistance factor depends on  the
type, the dose power  and the

radiation energy, the accuracy cof the service
i definitiaon can be higher by using the

data like presented in Fig.1,2,
E measured  in the carrespondent
tions of irradiastion of real

arcaierators.
The radiation dosss af the materials can
so damage the poliymers. The wmaterisls of
and  kasic equipment of  Yerevan
Inzhtitute accelerstor ring are in the
radi on fiald of complicated
(bremstrahlung, neutrons, nuons
Iin the same *time the materials
by mechanical angd thermical loads,
i magnetic fields, active chemical

10 23 30
numbsr of blocks
Distribution of tha residual activity
s 2n the vacuum chamber walls.

i

The highest level of secondary radiation
act on that part of the accelerator ring,
where the targets, injection devices,

quadrupoles and sextupoles are located. 1In
Fig. 3 the typical distribution of the
residual activity on the vacuum chamber walls
in Yerevan synchrotron is shown. The given
distribution corresponds to extraction of
gamma beam from channel 1 at the accelerated
electran beam energy of 4.5 GeY and beam
current of I mA. It is seen, that the
activity is maximal in the area af 17-19
blocks, where the disturbing magnetic fields
are generated for extracting the beams onto
target, and alsoc on block 1, while injecting
the electrons intoc the ring. The integral
absarbed doses in these points of accelerator
during 20 year of its operation is about 5
MBy. Such level of the radiatien daoses is
enough for some polymers to be damaged. For
this reason lately in some sections of magnet
blocks (17, 19, 20, 21, 24, ...} such
insulating materials as epoxy compound and
micarta have been damaged. In most cases the
full change of damaged materials is
impossible without the magnet blocks
dismantling, and it means out of schedule
shutdown of the accelerator . That's why it

was tried to find such a radiation resistant
material, which could stand for the damaged
materials and allow one to restore the
damaged insulation between the magnet blocks
without their dismantling.

After analyses of more than twenty
possible materials for the complex

investigations there were chosen the manolith
forming compounds on  the polymer cement
base. Their composition is presented in Table
3y, and properties in Table 4.

Table Z. Composition ef polymer cement

The names of Quantities
components in mass parts
Fast hardening cement 100
Quartz sand 100
Water &8
Epoxy resin "o0 & 15
Hardenar 4,
Laproxyde 7037 2.
0Oligoamid 1.

N O Gl & R

i

Table 2. Frediction of service time of materials used in proton accelerators
1
Materials Radiation {Materials service times in different systems, hour
resistance
Gray Vacuume chamber Magnet coils Cable routing
[&~10] P o= 200 GBy/hour P = 50 Gy/hour |P = 185 Gy/hour
Ftoroplast-4 10° 3.3 20 56
Mineral oil 104 A 200 &6O
= 2 4 4
Textolite 2¥107 G.6X10 4%¥10 1.3%10
5 s 2 3 4
Natural 210 G.6%10 4210 1.3%10
rubber
Polyethylene 10° 3 300 20 000 86 000
[=]
Textolite glass 2%10° 6.65%10° 4x10% 1.3%10°
4
Epoxy %1 0° 1.6%10° 10% 3.3%10
compound
Cemepnt base 10 20 year 20 year 20 year
compound




Table 4. Physical and chemical properties

Compression strength, MPa 50-80

Bending strength, MPa 11-12

Adhesive bending strength, MPa 4.1-5.2

Felative tensile deformation, % 0.087-0.00

4

MPa (2.085-2.27>%10

Modulus of elasticity,

4

For getting more adhesion of polymer
cement compound, the damaged surface was
cleaned from oil and abraded, then covered by
adhesive ground, which consisted of: resin -
102 m.p., plasticizer — 10-1% m.p., hardener

12-20 m.p. The monolith formation continued

el

for about 2 hours to get the hard state of
the compound.
there are shown the possibilities of
ations of the radiation doses in
rator irradiation conditions, the
ition cof service time and the use of
golyn=r cement compound as a restoring
terial for the radiation damaged elements
oFf Yerevan electron accelerator,
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