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Thermoluminescence Glow Curves of Irradiated
PMMA and Low Density Polyethylene
*
Koji Matsuda, Yoshiaki Nakase, Yasuhito Xumakiri
*
and Yoshio Tsuji

Osaka Laboratory for Radiation Chemistry, JAERIL

{ Received February 18, 1985 )

Light emission from polymeré is observed when polymers
preirradiated with ionizing radiation at low temperature are
heated gradually. The light emission is supposedly resulted
from recombination o¢of electrons with active centers produced
in polymers or from some other processes involving charge
transfer, but no definite explanation has been given at
present on the thermoluminescent centers.

This report describes our studies on the effects of
impurities contained in polymers and pressure of ambient
gases on the thermocluminescent glow curve of PMMA and low
density polyethylene, which are often used for plastic film
dosimeters. In the glow curve of PMMA, only one peak was
observed at 110 K in an H2 or He atmosphere at 760 Torr, but
the intensity of the peak decreased with decreasing the H2
or He gas pressure. At l(J_5 Torr H2 or He atmosphere the
peak disappered, and two sharp peaks appeared in the
temperature range from 200 to 250 K. On the other hand, in
the glow curve of low density polyethylene, three peaks were
observed at 120 K, 180 K and 250 K in the presence of H2 or
He gas at 760 Torr. The effects of pressure of ambient
gases and impurities in the polyethylene on these peaks
indicate that the peak at 120 K is due to luminescent center
produced on the surface or just below the surface of the
matrix by collision of excited atoms or molecules of gases
with polymer molecules, the peak at 120 K is originated from

* Kinki University
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impurities in the matrix, and the peak at 250 K corresponds

to luminescent center produced in polyethylene matrix.
Keywords; Thermoluminescence, Glow Curve, Irradiaticn,

PMMA, Polyethylene, Emission, Plastic, Polymer,

Impurity, Dosimeter
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Experimental apparatus for thermoluminescence

measurement.
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Fig. 2.3 Cross sectional view of the radiation shielding plate.
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Fig. 2.4 Transmission spectrum of quartz window.
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Fig. 2.5 Electromotive force as a function of temperature

for Au(0.07%Fe)-Chromel thermocouple.
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Fig. 2.6 Spectral response of photcmulitiplier

(EMI 6256B)

Cathode to D1 . 300V Max. o g
Recommended cathode to DI voltage |50 V
Cathode 1o anode 2,500 V Max. i3 04
{subject to not exceeding)(5000 A/Im) onlo Onlo2
Qveral! sensitivity I rated 2000A/Mm 03 K
-+ Max. 5000 A/m
Max. anode current {mean) 1 mA DSSho]rtP?:
Max, anode dissipation 1N
Max. tolerable tathode current 3. pA unit 1 mm
Max, operating temperature 333 K-
Min. operating temperature 193 K ) (C5+ 03 3l
Anode pulse rise time 10 'n sec |
Anode pulse f.w.h.m.- 15 n sec (
Transit time 55 n sec l—; sis
(apasitance, anode 1o all dynodes 8 pF <+
Dark current shot noise (1 lumens) 6.3x19™*A [

(I watts) B5xIC'A

-H-T )
"o %

o1 D2 D3 D4 DS D& D7 DB D9 D10 DIT DIz DI3

I

o0 106 j00 100 100 100 100 100 100 100
ls?m 10%&1 wm -K.Q'iKS? K@ K2 K9 KR o KQ xR KR ==

Fig. 2.7 Specification and electrical ratings of

photomultiplier (EMI 6256B)
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A& - RS,

3.1 & 8

Mokl DRSEds BRE77 Ly 22, BS1mm®D7 «vATED, 74w
LBBIELTIVITE B ORI NTHEI LD EAIERTHE, CO7 1 00% 24
mm ¢ TR TR L 7c, —RT7EER % Table 3 LiCRd, £AHBTEHRA —TO &M
WRDIEDICIFAARYy bORBEENEL—EEHZ (10 Torr ) K5 &, BHETEHOH
AEFH LI, H2E LTRRRERRETRALL S v He | H, 207, COBMEEPRHO
Hy O %0, OFEELBRDTEH S, Table 3 2ICH WA A ROEE, AMPEESRT,

3.2 PMMAO#i%

TTK TRHELLZEE,SE, BRERBEYPEISH L, BHE 1 Qcsd 28roRs sl
I0TTAREETH 5. Fig. 3 1 EPMMA OBYOREEH 2R, BEIOF 2 cRE
TEH, W0HLBEARME L SIRLIEEYT 5, Fig. 3 1 OFBRPEFERSTOTLELS
PRI 2 B L EAT 5 b0 L Bbha, BEEOSHIC i Harrison OF% 8 25 Th
D, ORI E D RO ANRDI, Fig. 3 210R T ) KBOREREL (A LT 5,
DECA)DOEENENEE L0 QZ 0L 00ERECEHBIOICE A BHERITEE L
N A G A ET D, BRAIDEEEN—ZF [ OHEEFOELNE L BRI > T
v b L, BEBIA2B5, BIC 20 THADEEEFEURELTY, C485, OREVESRE
HILTLENTEL, CHULOBEIFTE 77 70FM D 0BENREBL0THRETH S, Ll
Lot RLSHBAOBREHBRIILECEE IBOREPLLVE ST B EBbd 5,

Fig. 3 1A 6559, BRHENIODKETAHERER S X 10 ABRETHD, 0
ELREERELE FRET, /o —RICBIBASERLS A0, Lth-T, /o hgoi
AIRBERHET®R DL 0FREME L TT -7,
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Table 3.1 PMMA.D g4t

o
TR {CHZ—(IZ—%-
COOCH3 n

d”® .19 ~ 1.20
Ny  1.482~1.52)
1t & 80 ~125°C
RWIERE 120 160°C
THGEBEE 92 %

il e L OLEAS FR I R W R i
MAMETTH L —BBREMINMS S,
POERBRA T R » TEAB L & HIIEME RIEE T
NOAKFREE RIS

Table 3.2 H, He AR FHDRE

a) He 71X
" Zi#  ZERO-A (BB TE o &)
hH 38 #®

O, | Ar | Np | CO | CO,|THCC, S0 NOxH,O0; PURITI

{2 <10p| <2p|<2p |<Bp| --- | - |<105/>99.995%
Ej]%fgj?g%% YBR’_“_g [8) P : PPm O BS
b)Y H, 7z

%% ZERO-uU (B BRIEFTHE o) #)
B RB

Oz | Ar | Ny | CO | CO,|THCC, SO NOy| H,O | PURITI

<01 o] === KO5p<0.1a<01p <01 5| == [ -7+ [<2p[>99.995 %
JEHFEE YBRI
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331 He ZHGicET L7 o —ihig

Fig. 3 31z 760 Torr ®He it B 5 PMMA @ 7 0 — #hi§ 474, SREEIERZ T 2 &Rl
EAET 1R E2RLEPETCHRENRBO T &sbhh s, Fo -l 110Kt —o 48
Hialsh, 180KMER/NESEENGEHET 5, 110K -2 0REHER 0T ATRETH - 72,

332 HEZFES (107 Torr ) K& 57 o —iHig

Fig. 3 4icEZED (107° Torr ) iCHB 1T 540 —difA R4, 3AOMBRITE - 4K L
BEL B0 RTH 5, He SHSC B THEAZAL IVKOE— 7342 MELT A
HOBR T 20 KARICEWT Lo %2 b /o BePERl sz, Ot 2EY, 3mMBKR
BY—rZ252 5REPEBE-T %, 1HH, BXU 2HEQOMETA NSO D4
Ho L RESMBICLZME TR I ERERD S OXBICERIRS AN S EHEHE Rl
NN ABLELSHHSATH S, He EHRIKBF A 1I0KO L~ 7 BERICEBLTHET S
e ORI He HAMBE SHOETREMOOERICHS LT3 &0 LR X015,

333 7o—digoFEST ke

Fig. 3. 5li He BFHKOENAZESEHEED 7 0 —HigER 4. He FEAX 60T orr
T 0K e— 7B BlS N LD, EABEP TR LAl Thauy, 107°Torr TR
ELBHALTLE TV B, EAM 0 Torr BIFIKA B & 220 K IC8O T LD ORI &
BE—sm 1RGO L 28 Bl aNnG, R LcLSI, CORNREFRTRLATHEL, &
SPHMETRENWC EPOREY - 252 2ENBEHOED & & bicaBilicEs Lo

BV EEZL SN LHFEHNRH S TIRITV,
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2,1 Phosphorescence intensity of PMMA as a function

of time after irradiation.

10 by Harrison's method
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Time after Irradiation (min)

Fig. 3.2 Analysis of phosphorescent species

in PMMA.
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Fig. 3.3 Reproducibility of thermoluminescence
for irradiated PMMA,
1st run
2nd run
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Fig. 3.4 Thermoiuminescence glow curves of PMMA

on repeated irradiation in vacuc.
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100 150 200 250 300
Temperature (K>

Fig. 3.5 Pressure dependence of thermoluminescence

glow curves for irradiated PMMA (Clarex).
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BV IF B REERER Y D TRLEETHY, BEOREREE LT LT LI
EFenTOS O i, MBSO £ DRREIE A AL B AT E, MAKS &SR
HOBBERICTA GHELTNLICbELLRETHL, T AREOSOEFEL) 257 L
YRTIAF y 7HEFELTERARBESL SN TS, R 2F L vyOES 4 PMMA & B
WA EREE TR RER 22 5L (20kGy HE) AR Et L, REL &6 IRET
o BEEA VI FL vOEREICEF BN R~ 7 F vORIEICEL TiEG. C. Meggitt ZD
HE Y Bb B HEENSERIEONADOTEREOEEE AN CAANITFRTHS L
Aohb, |

AR T HEDOESBE R ) = F L v EHO TR 7
o -ERRARE L, SESEAS KRNSO S o — R
CELFTERBIC O VLTHN, EARF YLy, 25/
— ER R D B L TR RERIEENC oV T LRI 2T

'cho

1 & M

Hor @ BRMERD = 3 vy (FERAFEHERG 201F)
Blozpov (ZEMEHE 2F-30R)THE, TD
fBICFRN OEEBAT ALY, ZiHhyEF oL VK
B oBLB b UY v 7R L—HELALLDE
FEREE & L THO A,

411 w7 A LR L A RS

Fig. 4 1icHBicAwWizvy 7 2 L —fhids4rd, H
B SIKTHlRO < v v b (3mmé)EANMBTRELT
BRIA(ZY 7 —) Al EE 215 /7 — nEBRIE
IO RFGHER C THEETD BEDdIck DK
Bl oAy e EL T 4, T ESAKER R A F Y
DVERATHUTO 7720 AlbEd, TOLIKC—FR
DHEFIEFHRSELCECEDE ) 5L v=r .y, o
e AME LA, MR A M AT 24hr , 48 hr, 72 hr,
168 hr D VAREEHOEEEIER L 720

Fig. 4.1

Soxhlet extraction

41,2 HigEe kL RBE

FoLrvigYLFL 2L, (L0EES) AL,
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(5 130°C 1B LTl i S 4, = 5/ —adtie By T F L U ABRE S TR E L

ERFEE= TR,

i)y 2oLV B00mLAHE7 7AIRLAN, =¥ bve— - LDF 130°C M L7,
ZohicHE ) 2F Ly Ly b 5g EANEBRLI
i) BHEL B S TRIERS (F74 v ) Kk AlLc, RRRIEFEALCOIR
EETiCL0R) 2F L VERKPITHTEDOEZESIIDTH L,

i) ) DBfEICE D F YL Y ICREOREIE ARETHEL 2R, 15/ - 300mL &
Zf, BV FLYEEARATHALY /—hit & LT %, 257/ —idEBHI TS
B EDEPICAMAERE  hox L VERSIEST 5, COLI I L TRHY
AEN)LF LY LOEESE, '

V) BABLEE, FEEVESE (54) KNA, $¥L v ET R VCERSE, 2F
IO DIFE A AR ARG TABL, ﬂ%i&éhkd—f Do L vh B EICERD T, T
FUAAOORESEDE A VL VS Y 2 F L PR EA ORI S T
DThHbH, A EICEDLNAHEER) L F L VERRRTHVBEEEATOLDT60°
C. 1072 Torr OBMTHERET-BRERLIS

4.1.3 GAkoORE

HERORY 2 F L vBLOBRE) 7L YRERS 2CEBNRREL T 2OTHRT L AN
RISz L O L BREE S Uiz, A7 Y L 2RO 7 L 28K (FAUFAEE 200 X 200 X 1 mm)

% 150°C ii3 5, Bk 54 O 2 MRIREH 2B A L, 1 2B KifE Ui, S#EBIIC 100 5T
EL. 1AMHRER L, 20, WEOA 77 L AERENK (0 °C) KERALTR®B LS
2 L OREEERRD SRR (TALHTHL, WP LA IlmmBOA#) 2 F LY
— A 2dmm 6 DTS BIC L0 TR THRESE S L, Table 4 112302 v DOEFEE

AL,

Table 4.1 ZZTHEV(G201F) O 555

55 4 0.92 S/%cm
w8 = 52 %
TR IR 21,000
13 EH 4 i >10" uQ-cm
- ION: B 127 KA
1 4 850 %
2507 %X 1760 Kt
# 8 % oo 16 ft-Ib/in
SRR - W -80° C
Bk B = 112°¢C
B B = 2.28

— lgi
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4,2 ([EREARJITFLOEBEL

Fig, 4 202 I/ YO ERBEESIUHEN /o257, »ihibHe ZHRX
760 Tort B TH be A 372 Y OERFIPMMA O LIt~ | FHEERLEE PR BED
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i oi,

43 EEERVIFLOIO-HR

Fig. 432 i vEL U2 Aw v 7o —igEERT, FHEKLTE He 760 Torr ThH %o
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4.3 1 7 o—fic 54 2R I0EE

Fig, 4 A EMSTH 22 e g Eox i A2 vy o —diRERd, Bz 5320
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FrhB e — 2 5 FADRDEEBICHBLTOL TEbhs, —F4 250K oSk e —
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30D/ —E—sDH5E 120K DO — 7 OHEEREPMMA O 110 KO — 7 OHEHRE &
FEiT L MTHEDBERA ZAMEEE — 7 0EEE L THO TV AL EPER o N SR

BF & Triby,

430 Zuo-—dgics i b0 R REREEO 2

R HE v AEThTRHEE, TTK THe # XEFEL THLBEREE 7o —diig 280 L
#oo Fig. 4. 51 107 Torr BEEICHEV THEE 27T, #EPRELCOCBETHe V2 %
ZAE L BAOBNSEOELE T Y, MEtE 3 ORA% 5 Torr B He 2RMET 2 L8KEH
e bR L, FRBEEOMED SRAICHEESED ., 0AFBEBREUHe /X ERHEL L
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Torr BEICT &, HrolbHEER/Dbosmos Ao g sgilsnic, He 7 A3 EIE
ERCELAMEAE L CRBRERER C T TABELTY 20 THABORE EASEE S 335
2o, COMBREEORLY A rHHe HRAEMNOSLORIEERL THEDEFALD
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Fi 200K MHET LHREE LR 5, chEE) ¥ L Y ATFOIEMSERERD SRE, T4
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IR IR bDEEL SN D, CHLDTERNTORELSEE — 7 L OBHERRAED & T
ARHTH S

433 Fo—fificEz 5 REmOEE

BEAS 2 AREDLOROLhOD AR, BT EEN A MY OBE TR 5 LY
2 LG OTENEEI VT Y o —HBOBEET >, Fig. 4 BHERICE T 58HE
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@i, DE D -KBETRIGTS b0 SRET A&, BAHRE, T LHRE, TLOBIRE,
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I BETICED 5HELHRE
[, @ BHBROKEAEE
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Thermoluminescence glow curves and phosphorescence
as a function of time after irradiation, for

irradiated low density polyethylene (Sumikathene).

1 A 1
100 150. 200 250 300
' Temperature (KD

Fig. 4.3 Reproducibility of thermoluminescence glow

curves of low density polyethylene, — ;

Sumikathene, -—— ; Yukalon.
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1Fig. 4.4 Pressure dependence of thermoluminescence

glow curves of low density polyethylene.
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Fig. 4.5 Change of the Phosphorescence intensity by

introducing He gas at different stages of

afterglow decay process.
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Fig. 4.6 Changes of the glow curves of Sumikathene on introducing

He gas at different stages of thermoluminescence process.
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Change of ambient pressure and glow intensity of

Sumikathene during thermecluminescence measurement,

—: glow intensity,
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e
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Fig. 4.8 Effect of impurity on thermoluminescence
glow curves of low density polyethylene

measured at the pressure of 10*5 Torr,
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