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An influence of radiation and natural aging on scintillating characteristics of polystyrene scintillators (PS) pro-
duced by different technologies is studied. Influence of molecular-mass distribution on PS radiation hardness is also
studied. It is shown that with increasing of polydispersion a radiation hardness decreases, which is connected with a
change in a free volume of polymer and ultimately with amount of dissolved oxygen. By results of accelerated tests
on radiation and thermal aging, assessed operation times are presented for PS of different types. Recommendations
are proposed regarding PS selection for different operation conditions.

PACS: 29.40.Mc

INTRODUCTION

In modern high energy physics experiments (LHCb,
SSC, CDF, OPERA) in the complex detecting systems
with cell or plane structure, PS are often used in a tile,
strip or bar shape, their weight being up to several ton.
For detector satisfactory working during long time
(~10 year) and continuous radiation impacts (~10...
50 kGy) PS must have rather high level of operational
reliability. Light yield changing during the whole opera-
tional time must not exceed 20%, and light attenuation
length — 50%. Severe requirements to PS long stability
stimulate designing of scintillating materials resisting to
long-term action of external factors (ionizing radiation,
air oxygen exposure, humidity and temperature varia-
tion).

In the present work we studied influence of techno-
logical factors of PS manufacturing on the degree of
their natural and radiation aging.

EXPERIMENTAL TECHNIQUE

Scintillators of UPS series were produced on indus-
trial equipment by styrene bulk polymerization in alu-
minum ampoule (UPS-923A) and in a glass mold (UPS-
97GC), as well as by injection molding (UPS-96M).
The content of PS was: PST+1.5%p-TP+0.02%POPOP.
Some samples were produced with introducing different
diffuse enhancers and stabilizers. Produced PS samples
were tested on radiation and thermal aging. Samples ir-
radiation was made on a Co-60 unit up to 10...40 kGy
under different dose rates. Thermal aging of PS was
made in two air thermostats under 60 and 80°C during
3000 hours. At each stage of tests — before, immediately
after irradiation and during post-irradiation period, light
yield and light attenuation length in PS were measured
[1]. Mean weight M,, molecular mass was measured by
viscosimetry method. Besides, mean weight M, and
mean number M, molecular masses were calculated ac-
cording to thermal regimes of polymerization. On the
base of temperature-temporal superposition with the re-
sults of thermal aging tests, estimated operational time
of PS was calculated.

EXPERIMENTAL RESULTS

Fig.1-3 present the results of PS scintillating charac-
teristics in the process of radiation aging. Immediately
after irradiation, significant decreasing was observed of

light attenuation length Lx/L (more than 50%) and light
yield Ir/I (up to 25%) (Fig.1,a,b).

After the termination of irradiation, a gradual recov-
ering of samples characteristics is observed. The recov-
ering time is about 80-300 hours dependent on sample
content and cumulated dose. When dose rate is de-
creased from 0.25 kGy/h to 0.1 kGy/h, a partial recover-
ing of samples characteristics is observed during irradia-
tion time (100...400 hours). By transparency changing
pattern, one can see (Fig.1,c) that designed composition
can be used in such an environment, where the irradia-
tion rate does not exceed 0.1 kGy. In the other case, a
significant (more 50%) change in the attenuation length
will be observed.

As experimental data show, the dose, which causes
up to 20% of the light yield change, slightly depends on
the production method and for PS of UPS is 57...
65 kGy. The dose, under which the light attenuation
length is decreased by 50% is 18...50 kGy and is a
maximum tolerance dose.

It is to be note that the radiation hardness rather strong-
ly depends on regimes and methods of compositions ob-
tained. The compositions with a high polydispersion
(Mw/M,=4.5...6.0) and a low mean weight molecular mass
M,, =0.600° do not possess the high radiation hardness
(14...20 kGy). PS produced by a specially chosen temper-
ature regime allows reducing the residual monomer con-
centration, quantity of end groups and obtaining PS with
more high molecular weight and with much less polydis-
persion (M, =(2...4)00°, M,/M,=(2.2...3.2).

Samples with improving molecular-mass character-
istics with significant increasing of the radiation hard-
ness — up to 30 kGy are observed (Fig.2).

Plasticizers introduced promote increasing of molec-
ular mobility and provide an active diffusion of oxygen
and favor recombination of radiolysis products. The
compositions with the plasticizers have the highest radi-
ation hardness (40...50 kGy), their concentrations being
from 5 to15% (Fig.2).

According to the results of accelerated tests on a
long-term stability, the operational times of different PS
were estimated (see Table). These results have good
agreement with natural aging data of UPS-923A scintil-
lator in a shape of a long plate of 200%30x2 cm. As can
be seen in Fig.3, during four year storage, attenuation of
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this plate was change by 7/8%, whereas analogous plate
made of foreign scintillator NE 114 — by 25.8%.
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Fig.1. Change of characteristics of UPS-97GC samples
irradiated by doses: 1...10 kGy, 2...40 kGy on recover-

ing time: a) light yield Ip/I; b) technical attenuation
length L/L; c) technical attenuation length Ly/L as a
function of dose d and dose rate P=0.1...0.25 kGy/h
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Fig.2. Dependence of half attenuation dose d,» on pro-
duction methods of polystyrene compositions producing

and their molecular-mass characteristics: () — poly-
merization in thin glass molds; (o) — polymerization in
an aluminum ampoule; (4) — injection molding. Sam-
ples with plasticizers: 3 —C,= 5%, 4—C,=15%. (x) —
polymerization, (+) — injection molding

The Table presents the operational parameters, radi-
ation hardness and estimated operational times of differ-
ent scintillators of UPS series and their foreign ana-
logues. One can see in the Table that scintillators of
UPS series, obtained at optimal conditions have high
transparency (TAL up to 150 cm, BAL to 400 cm) and
high radiation hardness (50 kGy), and also meet the re-
quirements for long-term stability.

Main parameters of plastic scintillators of UPS (Amcrys-H), BC (“Bicron”) and SCSN-81 (“Kuraray”)

Light attenuation . Dose of halve at-
Estimated .
. length, cm . tenuation di,
Scint, operational
PS type . kGy
eff,% BAL TAL time,
(BAL) | (TAL) year BAL | TAL
UPS-89 100 150 75
UPS-923A 100 280...400 120 5 25
UPS-97GC 108 150...250 | 135...150 8...10 7 25
UPS-98GC 108 180...250 | 135...150 7 25
UPS-98RH 92 110 75...85 50 50
UPS-97M 95 30...60 30...60 11 6 25
UPS-98M 95 40...70 50...70 11 6 25
BC-408 130 370 130...150 5 18 30
SCSN-81T 80 110 70...85 10 5.5 30
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Fig.3. Light yield of PS (UPS 9234, top) and PVT
based scintillator (NE 114, bottom) versus distance
from the front end of bar. Measurements were done

in 1992 and 1996

HNCCIIEJOBAHUE PAJJUAIIMOHHOI'O U ECTECTBEHHOI'O CTAPEHUSA NVIACTMACCOBBIX
CIHUHTUJLIIIATOPOB

H.II. Xnanosea, B.I'. Cenuuwiun, B.H. /leoedes, A.D. Adadypos

N3ydeHo BIMsHHE paJUalliOHHOTO U €CTECTBEHHOTO CTAPEHMS Ha CHUHTHILIALUOHHBIE XapaKTEPUCTHKH IOJIH-
CcTHPONIBHBIX cHUHTIILIATOPOB (IIC), momyueHHBIX O Pa3IMYHBIM TEXHOJIOTHAM. 3y4eHO BIHMSHUE MOJIEKYIISIPHO-
MaccOBOT0 paclpeeseHus Ha paananuoHHyto croiikocts [IC. Tloka3aHo, 4TO ¢ yBeNMYEHHEM MOIUAUCHEPCHOCTH
pazuanvoHHas CTOMKOCTB I1aaeT, YTO CBSI3aHO C M3MEHEHHEM CBOOOTHOTO 00beMa IOJIMMeEpa U, B KOHEYHOM CUETe,
C KOJIMYECTBOM PAaCTBOPEHHOTr0 Kuciopoja. Ilo pe3ynpTaTaM yCKOPEHHBIX UCHBITAHUIN Ha paJUalliOHHOE M TEPMO-
CTapeHUe MPHUBOIATCS IIPOTHO3UpPYEMBbIE CPOKH CiyXObI paznnuublx THHOB [1C. TlpemiokeHbl peKkoMeHJanum 1o
BbIOOpY THNa I1C 1151 KOHKPETHBIX YCIOBUH SKCILUTyaTaIliH.

JOCJIJIKEHHSA PATIAIIMHOIO I TPUPOJTHOI'O CTAPIHHA IJIACTMACOBHMX
CHUHTUJISITOPIB

H.II. Xnanoesa, B.I'. Cenuuwun, B.H. /lebeoces, O.D. Adadypos

JlociipKeHo BILIMB palialliiHOTO 1 MPUPOIHOTO CTAPiHHS HA CHUHTHIISIIIHHI XapaKTePUCTUKH TTOJIICTUPOIbHHUX
cuuaTwistopie  (IIC), orpumanmx 3a pI3HUMH TEXHOJIOTISIMH. BHUBUEHO BIUIMB MOJIEKYJIIPHO-MacOBOTO
posmnoxinenHs Ha paxianiiiey cridikicte [1C. IlokasaHo, mo 3 MiABHIIEHHSM NOJIAUCIEPCHOCTI pamiamiiiHa
CTIMKICTh TMajae, MO0 MOB’SA3aHO 31 3MIHOIO BUIBHOTO 00’€My TONIMEpY i, B 3araJlbHOMY MiJICYMKY, 3 KUIBKIiCTIO
PO3YMHEHOTO KHCHIO. 3a pe3yibTaTaMH MNPUIIBUANICHUX TECTIB Ha pamialiifHe 1 TepMOCTapiHHS MPUBOISITHCS
MIPOTHO3y€eMi CTpokH ciyxOm pisaux tumis [IC. 3amponoHoBaHo pexomeHpanii mo BubOopy tumy I[IC ms
KOHKPETHHX YMOB €KCILTyaTallii.
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