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Coloration Mechanism of the CTA Film Dosimeter

Koji MATSUDA and Siro NAGAI
Osaka Laboratory for Radiation Chemistry, JAERI

{Recelved September 7, 1979)

It has been studied what species are responsible for
the optical density change (AOD) at 280 nm before and after
irradiation of the CTA film dosimeter. The AOD{280) vs.
storage time after irradiation curve, when irradiated in
air at room temperature, indicates that the coleoration
occurs not only during irradiation (in situ coloration) but
also after irradiation (post coloration), the former
consisting of unstable and stable components. The species
responsible for the unstable component of the in situ
coloration are ascribed to the CTA radicals on the basis
of decay characteristics of the UV and ESR spectra. The
stable component, on the other hand, is due to the radiolysis
products from both CTA and triphenyl phosphate (TPP)

contained in the dosimeter.
The post coloratiocn, observed in the dosimeter

irradiated in air, does not occur when the dosimeter is
irradiated in 02, N2, or vacuo, whereas it proéeeds in
additive~free CTA film irradiated in air. Therefore, the
post coloration may arise from the reaction of NO2 produced
by irradiation of air with CTA and TPP. Evidence for this
view is provided by an adsorption experiment of NO2 on

the CTA film dosimeter.

Keywords; CTA Film Dosimeter, Coloration Mechanism, Optical
Density, Ultra-Viclet Spectra, Electron Spin
Resonance Spectra, Product Analysis, Nitrogen

Dioxide
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CTA {(cellulese triacetate } 7 4 L AR EET 13, BEBHEICLIAH0E (E¥EEEELE
HIRBHRE S ERMIEICH L C EARMA L THRNBO RERFELTY 5 v 20 CEAY T
RENLDTHL, COBREFTOMTBRSRL, BILHAEBIO-RELTIST2 ELS FICH
%Hﬁ%Kﬁw(ﬁb%nfméﬁw%%ﬁ%ﬁﬁm3gm,ﬁﬁ%mc@%%ﬁ@%ﬁiﬁé
4 Numelec Co. #i8lE A Lzt &ds, EXEET7 + vi ) OBIDS EICEELLD
MELAEDHSNTEYD, OCERBCRBELTE S,

CTA 7 + o BEMEZACEBEAER, BHERIREI LA EFEEL/LLE (AOD Y O
L ->TiIThidd, COBBICIZ A0DNREOL D NHREHGRILECHDOTHLD
RELEDH>TORODEBERTHS, FEHEAMAT L LE, CTA 7 4 v LBEFORE
BARAKZANICHLTERE TH LD TR, BRECEOWTHLVEETEHEET 2EMNKC
HLTHEENMBZERT L LEZoh s, cOBab oL, 39, AODORERE S
LTHED 280 nmABEWTH L C LaxigEnigk, TELTELEE7 q v Bk THEHfEx R
7218%DTPP #46{ L CTA 7 40 05H0T, AQD(280) OB HEGHCERIZTE A
OEEABIF L, TPP 245 CTA 7 4 v Bl cellulese 7 4 v Li020THEB
FHick 50D (280 ) OEAZMEL, CTA 7+ vaBEBHOERLIB L, ChoBYE
¥tk DR ERERS S, AOD (280) WB54 2 species 2 H 2 BEHE T 20 EHTHRETHO,
UVIERE <2 b @iy, ESR W35V ANDEIE, BLUF R I b8 7710555
FERPOITOERE HEIC LT, CTA 74N LBE8HDERLEZ L species DEE T

e 7‘3.0

1)  Commissariat a | Energie Atomigue .
21  J. Laizier et al., private communication .

3> R.Tanaka et al,, private communication ,
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2. CTA7 4N LERFOHEREIZDWT

RE, EMo@znT s CTA 740 v ABETE, 74 NVLOTEEEHNELTIY 7=
wHEAZ 2k (TPP) 21 6%EGATVA, ZOMEEES LTIE 280 umesHE s h T
Bh, CNIICOERCET ZAFEEE(AE (A0D) HNREECH L TERE, OEBEM%D
BTN EEF LTINS THL, FROBER, 74 Vv ADEBRELTHLT T
¥ 2D Nunelec #HOHRETIHEETHO, RBHOLFBENES, B¥FEELECEH %
RKELENBLEDIHETH S, Lo LA, COWBEZRROENBE T, 10 DK
DR P AGERCH LT PR DEBEELE R TOTHEDOTICHT 2R ELLE L 2T
WEVDIRAENH L, TPP OBBRBICDWTIL, TOEHNETNETEIBHIIL 2H56R
BAAECHEMSHB A0 LmenTEMYCTA & OBRMBDT 1 4 A L& & DBIF
B, Flexibility SOHMtE4£ET4& TPP SHEIZ16 wt % BENEELEZ AT
x 7o, |

Ligai~tfo ki, CTA 7 4 v LB ORERORTERE £ 280 nm 0 D0 TIZE AR L3
HO, COBREFHEZHOTIOELCBREBEEZT > onicld, MERECHRBRH T 2 MEED
BEEEZOND, COBOALL, LOBUNRERED BRI S YT T 0 %
BEeud LT, 74l &ENn2 TPP OBZ/ 74 —FUELTREAOEEILEY 2 ICL
5 AQD ORMEET - 12, ‘ '

2.1 HAMBRURBRE

CTA (BALEE60T %, WE1330g /)3 B LIBET 4o (H) poRftshiso
THa, PUT2onhzT e — b (TPP) ¥FHFE B BA Y — v A u bEIC LD ER
BEd it b DA T, R ORI v X F 4 v I (BHERE) KL -1, 27,
CTAMKE~FEDOTPP (1~20%) 2BAL, “Hifts 5Ly (CHyCLs ) 8 5%,
A%/ —n (CH3OH) | 5%RAHICHESL LTERE Lic. BRBEIRS W% & Li, O
WA Fig 1CRTLINRHERBIEAL, —BROLPUTEHEZER S, COBBEELKE
KR LA 7 AR ECH 7 AN v 2OE, 2OLEAREB T 7 ARTERZ L4 5K
LIcbDTHb, L DAEDOKIICY » THADEREFE L BE L/, FRLET L LDES
F40~120 pmTH - 72,

BEIREHIE Y F 77— 7 AR S OBFHRAETE L 7o, BHESIMEET 15 MeV, &
FTEASOLA, AF v =27 M30cm, £ -LWREBEEHLCDERHT Ocm Thd, & DORME
CHIBHERIZ TS X104 rad S wcTho 1o, BHREIBEERICL O MK Lo BEIC
LEAEDRELREAMAZ b Rg 2R E20RE LT 77U D WK CTA Y 120
LR TRIET 7, CTA 7 4 nn B UEEE bo it — € 7 <viC & 5 BEAIE
EiTF 7R, COFECLOKE (200 +5CUFOREIEDT EMTE 2T EH4 -

_2_
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ff_o T ﬁ i) “"Hj%)ﬁb‘?ﬁ@ﬂi, CTA T oA i &kﬂg% bb\@%aﬁ%’{‘%jfb\éc & &&?%‘&
EATIBEORIEHNSCEUEZ —ERXED LD TH S,
$NEBOZ 7 PLOHERBREUV —210 A BB MEEES AV,

22 EERERIEE

Fig. 3ICTPP £ 1%~2 0% BALALT2tmEEDCTA 7 4 v 2 DENAR T Frgin
Fo 260nmMITOBRINE I TPP O~y &y Y v OrE1EE BEIE KL240TH
L, EBIUHEBTRLLORBERICH VA CH2CLy & CH3OHD 27 P AT HS, TH
SOEHIZEEE lcm ODARVICANTHZELLSOTHS, A7 P OB O HER
DT 4 APIBEMIBAEE - TORNEERZTELZI,

TPP 28U CTA 7 4 VADARY P55 5 L )CBEREICHG SN AT R ORANE R
E280mm B rETFEFCLAPNEOTZICABE LT D, nBFEBICKIRIUE ORI
EOEBEAEETHS 250nm, 26inm, 267nmid, TPP OSHFEHDL T 4 0 LITHNT
CREBDCEEE L LTRAST Y, BHROASTELLRLREEEOSL | FIRICE 57
W AESTHE, —F, A7 DR EH/ET 28 ER 240~ 250nm, 257pm,
265nmTHY, TDIL240~250nm DEHELET EXEFERREHFOES L TIIHEXNT
$ 2, COBOWEERFE3INGDEL I TPP OBEK L THIOD Y7 b otibd,

Fig. 413 TPP 5% a6 CTA 7 4 VA KB T#HZ 16 Mrad BH L& 2D 243nm il
M EEEEIE (A0D (243) )2 BE4HE 3 minOBEICHT M6 & L THEEZOESR
BRI LT Lich OTH S, AQD (243) ORDHRFHIIIEOCEX 48 sm, 98 pm,
121 gm D7 4w A 3TRHETHO, BHEN2 05 T THEFCEL L, £O®EKRE
&gk, 2 ABMEBEEBOTIEMER NSNS, MOERIZODHT &MU ORI RESIE
DER XL, DECAETRZAOD DEL L THEHEE 2 IRHEBEOEEZRETEC LT L,

F9TTPP 2#5%80CTA 7 4 LA DVTHE 243nm OBHBEBRICL-T Y7 +T
B EIDEENLLBIC, £RE, 1 0Mrad BH, 2 0Mrad BRO2 <2 b2 RIELT,
T A at98 umDEREHN, #24Fig. 5077, 20Mrad UTOBEHBMICELT
[3243nm ORHERTHD, BAEYT b LIEVL E60h - 72,

Fig.6 (1 TPP 0aH &2 L2 BEDCTA 7 + L 2R AOD A EDER S LT LES
DTHL, BFHREHIT 1 6Mrad —F& L, /220D OFEAMEIL Numelec #DCTA 7 «
N ADEE 125 pm AT ACHEE Lo, BBOMRE -7 BLUGDURICET SET
HbH, AODBEERERMEAE, T TPP 0EEBOEZ VVBEATHAC &b d,

Fig.7 {2 Fig. 6 ©F —24H0OTAY MAD3IDORCHET 2HELEROHERET
FH5280nmitEt 5A0D % TPP BEOMELILTCRELILEDTHS,

TPP BE5%0OA0D ®243nm I K0 A1Ei1280nm OED 3 1 EARL, BEOLTY
CHTWEI Eaibhind, $HRg. TCEHED S Numelee 3@ TPP 2 1 5% &AL 7 4
A LD 280nmiICET AAEESF LD, FOMEL0 8 LIHBRENS T Eabh i,
TPP OBELECHELALBRG, BEOMEEES T2 0NABHORTFEELECREDT

_3_
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(Fig. 32 F) AEBENEL nd, REBEERERS LY 1A 20 ENRLUTCFEDE
LEAREZALIAEFESLSLT243nmARBE T 2581 TPP BEESRHELLEZ LN
5,

Fig.8 1%, TPP #5% 8 A ZCTA7 s v 2 DRBHEE L AQOD LOMAFRLER LI SDTH
5, ZOWE243nm, 257nm, 265nmicd LTRANTHADBVTINGRERERILEL
THEY, L0243 nm OFE Numelee OB EHBLO EBENGEHEBE LS - TV
e 257nmBLU265nm OHERITO s BRELSEL, ARBAYEEE LSOO TEMNICIZEEX
s lbnsd,

PLEOCTA 7 40 MBEF ORAIEERICET 2BE/ZRP S, BEA27 b rOFEEEHD
wicHiingd A 243nm (TPP 5% %25 & CTA T 4 v a2 T) #BFEERICESC &I
x@,%ﬂgfﬁ%wﬁ%ﬁac&ﬂﬂ%@%%c&mﬁénto@ﬁm ZOERICEOTE
FKEHT7 4 VLD FERELRENIHIC, SREARCOREAFICEFEEL O EERENT,
ik,Eﬁﬁﬂﬁﬁéﬁ%%ﬁ@ﬂﬁﬁ74»A@%ﬂ®m%%iﬁﬁw EVHBALH B,

fE#wE LT, 243nm 2AEHSICENE, BREHBTLOERECRBNENFIRTH S

Bl TR SR OB HEICA LT 280nm K B AHEHERTHE, BEBEHLOC &
BREBEMECEIARGEENMHEOC -2TEHD, MEHEE 280nm &9 52 LITRTTICH
NPz LA O OBELF 0, MOERIIBELT280mBEGEVNTHL LR
%,

B R

1) J.Laizier et al., private communication.
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Fig. 1 Apparatus for preparation of CTA films,
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Fig. 2 Apparatus for irradiation of CTA films.
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Fig. 4 Optical density change at 243 nm before and aftexr
irradiation of the CTA film containing 5 % TPF,
relative tc the value 3 min after irradiation, as
a functiod of steorage .time.
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Fig. 5 Ultraviclet spectra of the irradiated CTA

film containing 5 % TFP,.
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. Fig. 6
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Optical density change (AOD) before and
after irradiation of CTA films containing
different amounts of TPP to a dose of 16
Mrad. The AOD is normalized to that of
125 uym thickness.
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AOD

16 Mrad

Normalized to 125 thickness

1 Il L

012345 0 5
Concentration of TPP (%)

Fig. 7 Optical density change (AOD) at different wavelengths
before and after irradiation of CTA films to 16 Mrad
as a function of TPP content in the films. The AOD is
normalized to that of 125 um thickness. The closed
circle shows the value obtained from the CTA film
dosimeter of Numelec Co.

243 nnm
LO Y 257 nm
265nm

T TTTTT]

AOD
T

0.1

TR

L [l 1 I

| 2 4 8 I6
Absorbed dose ( Mrad)

Fig. 8. Optical density change {AOD) before and after
; irradiation of the CTA film containing 5 % TFP as a
; function of absorbed dose. The AQOD is normalised to
that of 125 pum thickness, The broken line shows the
AOD at 280 nm for the CTA film dosimeter of Numelec Co.
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3. CTA7 4 NAEEFTD RS

CTA74niZRAVARERANEL, BHAZO-—EZORMEERICET 2 AEFEEELE
(AQD) CENEILE » THHNE, BIEREZSDOTIHTITIC2ETEHEAL 2, e D
MERErS S, HEDO280mmBE BN THI LV IBERBEB SN, TLENHCOOTIE,
Laizier 512403 Lugstssfi Y Numelee O CTA 7 4 v LB BHO EERNYT S
b7 2znmiERT7 2 —F (TPP) HEETHALENT VS, BEEE/LLBED SO TH
ECTA 7 4 Vo BBHIEITPP 21 6% 30 6DENWATETCHE,

TPP 284 CTA 7 40 L8, TN 2hOfERTEEORBHNEICA LS
T adh, BEICLIIAFEERMLS QLS NHENBLIULFNEIICE IS EDTHALD
B ERMONTHRVORBEIRTHE, CORFICLL2BZEORKNLME CLI1d, EEICHEEN
HEAT OB, &/, SBEFLVREBHAMRETSANICH LTLERKERTHLEIELS
N2, BeQCOBFBHERAAEMT L0, T CTA 7 A VA BRBHOBE®RIIET 28T
REFMICHT 2BHBLPAEOLAHTOYRETRE Lc, COftl, BMREHCEELE5Z
BLEZONARIHE, BHEELIEAOHRICHOCTHEHETORTEMA L, ZHoDF
B0 TRHARAERCECTHE LVWARSEDL o TW 5, RiC, EREHTLCTA 7 4
L RBE AT A CTA BLU TPP OFE5£HohiCT 57HIC, TPP 28 %70 CTA
T oty XOICEANT —RT 4 VA DOT HEGEEN AT L, BREE L, AN T
oo OBETEB AR, BEICHES TS species DWW T OERIZLETIT O, LLTiCRA
BN HERLRIBN AR O, BEEE280nmBLT7 4 v LES 125 gm L2000 TD
LEDTHOAQOD (280) L8557 5,

31 CTA 74 JLLREETOERMDBRH

3L HMEBIUAEDSABEIOES

Bl icA L CTA 7 4+ v 0GB (VI CTA (TPPYE®) 1, FELTE+FHEET 40
L (B hoBEINFEX100em , M8 mm®d7 4 LT, TPP %16 wt % BATL
b, T OfiC, Numelectt®®D CTA (TPP) B LU 2 1 Tl /c FEX I OER LT 4 0L
B, TPP DEEER VTS 1 6% THb,

AOD (280) i A BHABLIUOHEPTOLABRS OB LB L bICHD I BHEORY
AEEfE L 7o,

(A) ERPORE  BELTIREABHET A7 CTA (TPP )L EYHBSHETH LA
MR ECREZEZ O 0 TER L, 2hEBFEE, BRASOEGEL2 - FLT3HThHb,
(B) EZEdoEE ABE Imm OAXEVICEEY 7 28428 LTEARE L L, COh
CRE A AN, HEIA VLD -BERRAT %10 4 Tor TH L, REHIBEY
2ETTY, FOBAE L VITERRTEH >TETHRBHINTOL2IC LA, X EEENEDOE

_9_
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HEBALEAVRCREL, EAZBE L TEHDOL ABS S H UIRETERRL LR LI,

(C) Ng hoRE: B) LHULRETCRBEAN, HF7 /4 v iC#ER L TERERAT -7,
HEHRAFEITT60 Tor & L7, BHEIUAEEEOHET (B)DEE LR UFETIT -7,
(D) Oy hdikkl @ (B) S UEEEICARAAN, EX¥ 54 vicko 1 07 Toar THak
SART -k, KT A -2 AROTEE 150 Tor 28A Ui, COEMTEIPORRRME
HAEMBETHE, BEBLUOXFEEOMEIB) DHELMLTESL,

WEEBREI N 725 7 nEBER TR AL F — 15 MeV, BFEIRS 0 A, RE
75%x10%rad ‘sec TH o/, REEHEIERUV — 210A R LEE £ A0 TH
SE L7,

Fig, 1 {3, Z=&h, ERTEFHE 1 0 Mrad M4 L7 CTA (TPP 2T AQD (280)
DOBSEICET ZRBE/{E R LEEDTHL, AOD (280 ) BEHEZ Omin FTHRBI
BB d A, OB ICEAEERE LR CEiT 4, BAE 100 min fETHREIC
B, LligE sicie icEintes 5, RIGREMSES BE41CE, A0D(280) HREMECE
THEBBMELEAOD (280) OEEN IRIUREICKE L TETENLT S0, BEEMHIE
(>2 Omin ) 75VEYD, ZEPTHEH L7 CTA (TPP)®AOD (280 ) iHFig.1 L@
BHBREH AT, COBRMESE AT IRHEREOPRICHOVTIZIL 2TENS,

%7, Fig.1 »5, CTA(TPP) @A 0D (280) O, 3 HHLHERBRHAPICEES
BICHEZCEBEDTHD, 2510, BHPUELIBZCEREENSEAETEEILONLL &
23455, AQD (280) OFE{HBCAS IBOES R A2 ik, CTA(TPP ) 2B&%

OD (280) OEBEREATO>CLLOMBICES, Fig. 213, T OEHFAEOHERZR LI
HDTHD, OD(280) HEEEERTHRETEANTIZELZECDALENIHEELL
TNAC EDiss, K, BEDICESEMRE in situ coleration , BERICATIELE
post coloration & &SV TERELED S,

ﬁgSH,%?ﬁ%lOMmdE%bk%é@@&@&&ﬁﬁ¢K£W5AOD(%D)®%
HEBHELTR LI6DTHL, ZRTOERIIFg, LITRLLGDERLTHE, AERTIT,
O SABRSHIZENTAOD (280) 2584 0% mMEEZRL TS, TOFg 3ICRLKT
AQD (280) ORIEMEARBHE Imin DECHT ZHENALESHDOEE (%) TrT &Fig 4
WESHE, COEPLSS LI, EERTIEAOD (280) OEMEFERH DFEICHNT
FEWICRIONITRLTAOATSH D, WIREILHELNTL, O FRAOD OHBICA
LR BHEANE, BETOBASL0 D K&, BEEDRHNE 3 mn OECHENTT 3 %N
X, BEBCELABOEMRIDOTLTHS, N hicsy 2A0D (280) 2, HEEHIH
DELBLUZ0BOENOEELRT Y, FOE{BEIERDTENTHESY, CAOEE
5, in situ coloration VT OLAEITOEMICL - THEE LS, £ORELFLLT,
FZah ok O EORIGICLOERTT A ENMBENE, —F, EZKHTES post
coloration [FEXH T A BRI INT, O hBEIU Ny ITIHARERL TV &G, ER
DEHICL -TESTEZ 4 VLA DERY, 8752 NOx #ESLTVAO0THLVWHREE
A onB, 21 32TlNB LI, TPP 2B EHOCTA 7 v aic 80T &7 O post
coloration @£ AA0D (280) OEMsAESN S0, CTA 7 4 v ABBAHICH S EDT0,
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LD tips, post coloration HFEE LT, NOx LCTABLUTPP LOREKLE D
ThbAhHIEHAZN L,

312 BiREOEE

ZARTHRHLLCTA 7 4 WLRBEHLSBAENELA0D (280) BRI,
RTRAE LTZEALT % in situ coloration DAL EHE4T & post coloration F S LT 4, L
oo THREEBEARLGNEBERCEI RN 2 Z0REECEOBET L I8 TEENS,
INTREEEL—FICL, RUKBT U HLEEHBEHLEICBEOERMDRFELFH 1,

8L Tl ZRER, BRth, ZETETRBHAT -7, HERIZT5x1 04 rad
Ssec L, BNEE4L, 8, 16, BLUF3 2 Mrad, BEELEICLTENEH, 53, 106,
212, $LU 424 sec 20 TAQD (280) OBBREEHEZH I,

Fig, s icflERFE4EA TS, A0D (280) ORI UCEGEORPIREKRFEI 20T
3.4 T#H$ 5, Fig. 612, Fig. 5@A0D (280) O#EIFEMEA B 3 min OECHT 2H 50
EFMOES (%) T ey PLEBLAEEDTCHE, TOFg ok i, BEHE
BIELEEAOD (280) QEHIC BT BIENMLESES kx>, —f, AOD(280) 2
B ET AR, RBENE LR EH 05, $7, REEIGELLRICE2BNIIR
WRBESE LV EEETH L, CHHA0D (280) CHIFEHEICH T2 RIEROMFRIL
in situ coloration OALFERSDFEREASBHABICHHET LTED, BEHNGVIHE ICITRER
B, TORBHBEOICAWOHKRT L, BERHE#RTT TiCpost coloration 2342750
BEASIRBECEDE LTHRT X5,

313 BMBEODE

SEEIICTA 7 ( VA BEFDOAOD (280) KEEBLEZ S EnmonTi 42 ceT
i3, B Sh5A0D (280) OMMHERUEOBRDHBEEEICH T IRELDRELNELC EEH
FIELT, 1852 HETREHLZCTA 744 LBEFTOAOD(280) DEIEAIT R
BA B L ’
EEBICHO . ROBEBEITA 1 X1 02%2rad sec , BETHROBEEII0O =103 rad
sec HBMITE X1 04rad/ sec & L1, Fig, 713, 78, BETHRESIC4 Mrad ORI
BAEEZ 18450 A0D (280) OBHREGHLRLELEOCTH S, £/, Fig. 8471 6 Mrad
BH OB RERT,
mg7ckwé2v@ﬁéﬁégv;5%%ﬁﬁ%®&%%ﬁﬁ%mﬁié& 58 s L
B&izid, AOD (280) OPIDEENE H60F, AOD(280) OMIEKHOBAL L
WRAICIENT 22 035 %, CORRR rRBERICLAZEHLEIFALTHD, COBRDRFHET
W EMBREOGRE, 3 L2 TRNTBHEMOBRICRT T EMTE S, 16 Mrad s L
s (Fig.8) 4EULTH S,
rﬁ%;0@¥ﬁ%E%LL%A®AOD(%0)@ﬁ%%ﬁ?%& ST & BB 4
Mrad , | 6 Mrad WTFNOEHICL - TLE TR CLOIBRICE~HI25~3 0%miE
ERLTGOR, COMELARHEEOE S REEL SERT 20RKETH S,
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314 BEAEOES

CTA 7 4 v nREEH OFSERE 5 L CRE% ORARE, BHESN2A0D (280) ¥
BAGALCLERESCTEANG, BHRECELTE, BIHRHOBECRASEORRR
Thtd, BEBESE R CRE LRE BT THIAOD (280) DRl HEICIIEE L
BoEERTOEY OB, MEE I NMICEIEHECLILL0THY, BRESRSHE
BRICH ABRGRELICDNTOFT —FIEHB ST,

BT®EMHE, CTA 74 v a@BHET o U AMA LIZi20O0 4 BHETHiEVEE,
21 TH~t BT LTI 0 D0 KBAT » 1188, BLUKS &L bICHEREIC LD R AT
D P IBAE DR TIT 1, MBERIZT 5 %1 0% rad /sec, BUBEDZ 1 6 Mrad & L1z, #
—E TR AR BEREOBREICL L, KEETORVEEOREOSRSEE 6 0,
B KA o 1 BEDREBRERL 3 TCTH - 12, BEEOEFRESL00D MEHORE
TR & Ui, ]

AOD (280) DS 3 min DIEICHT 2 MMOREHOBE (%) £HEOBKE LT
Fig. 9 (R T, ¢ D, CEHEEMSENEEAOD (280) OHIEOHREAVRICE bbb C
E, g1, BEEESSCIESAOD (280) »BEEICHET MG LT L2 5,
ch o DEBIE, AOD (280) ORHFEREICH T 2BHESREOBE (3 1.2) SAULTS
D, BHEESEEAICH post coloration HBNERICEVOT bHNLEAFRECSS &
LTHBTX 2,

315 BEEOEE

CTA 7 4 W ABBHZEE O 5 ROEREETC—BERE LD, BEF5 0% OERE
BICHE Lic @, BLUKCRBELLGDELEF L2, BFRBEEL, LinoRes £y
F Ly OBEHEALTITV, BEEOCEBEARRUAZZNENOREBCREL 2, BTH
BEIHEE T 5x1 0% rad /fec T _TREBHEETL, BIERE]D 6 Mrad & Lz, 2
TREZT - 0ld, BIBE4ERCRABCSEZELHTHL,

Fig, 10 i€, BEI5%ELT5 0%, BLOKDICRE L7CTA 7 10 ngiath o HlE
L7-AQ0D (280) ORYEREML RT, SREZHNL LD 2T ODEHE AT - 2, BE
0 5% ICRIE L7 4 v b S DBEHC N THIS % &L AOD (280) A7 L7, Fig. 1112,
$is 2 MBS 3min Kk 5 A0D (280) HT AMENBERE (%) TRLELLDOTHE,
BB EICH T AREEOHRREDSAL, T, KPKBELTRE LRI 2NTS,
BES 020ZAREOCABLENTHEEZEIF D LN,

32 pure CTA 74 )LLdEshBiEH

TR L HIICCTA 7 4 VL BEHICE TPP 81 6% 4z TH, EOKLHLT
CTAHLUTPP 2FOBEOCES4* 204 Borict 20 E80ndHs, ¢ OHHNT, TPP %
GFNOCTA 7 o vi (Bligoure CTA EBET E) K20 TAQOD (280 ) OFHELE~

CTA 7 4 VLB ORBR L LBBH ET - 70,
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321 HEEIUERK

WECENCTA 7 40202 2 LIRS NEIC LOER Lin, 7 4 v DE XIZ 60~
100 #m Th-toe 74 NVeDERBATHTHLE, BRIZNALA0D (280) 2545 K<
A A SN DT, 3AEFT vy 2RI T ORERET - o, HETICET LRBEE
T OmEOFEIZS LR FEERLTH B,

3222 ERERLEE

Fig.12 1€, B ORNRBEICET 5 pure CTA ORHEBUETT, A0D (280) OfF

, EHEEE1 6%DTPP 261125 gm B0 CTA 7 v ARBHICEZNECTA D

BXdgrs (103 pm) BEBICRE L SDTHEL, T TdoraB3RRAILEORDI,
084

p
daoy = 125 x = 016‘”A —, = 108 um

+
pTPP 'OOTA

772U, Pppp (TPP OEE) = 1208 g cm?

Pora (CTA OFE) = 1329 g/ cm?
Fig. 12 O#EEZHALHIC BEHICEDAOD (280) oEsENT 40L&, ME T2, CTA
HCTA 7 4 VABEBHOBERICESEA4 620 2R LTHE, COCTADEEL2HTE
3.4THTEN, CTA 7 4 v oBBHOERICHTEZCTAOFEHFIL( KBHBERICENT
KE{, MI50%THD,

Fig,12 ©AQD (280) OEZMEME 3 mn OFICH T 5EFHOBE TR LFig.13 DL

S8t M OERIZ, LBEOD Cuire?z 1 0 Mrad BB L1727 4 v LBREFT DA
TLbOTHAE, Fig. 13 e, SREOBVELSHHOECRB IS, FLREEIGETS
EOREET &5,

mg13@ﬁ@%ﬁE%CTA74»Aﬁ%ﬁ@#%(mgs)awﬁﬁaa,mmCTAf
R 540D (280) OFDEHNCTA 7 4 W2 BEFITH~TELI RS, L2
i1 6 Mrad BETIE, pure CTAWZEI BHDEBE 4 3% THLDIHT L CTA 7 4 v L83 E
HieBWTRbIL KL BEBICT XN, 20T &3, CTA7 4 VLRETOERERS TS
A in situ coloration @A ER S, TEMDT BLU post coloration D 3 WS D S5 L, ALE
A DEGs pure CTATIZECRAS VW EEBHRL TS, F70, BEHDOAOD (280)
O#n, T bt post coloration (2 pure CTA THE LM, ZOFEILCTA 7 1 v 2B B5
DBEFICERNTHI T EBT 5,

Fig.14 {2, AOD (280) OBRHERER T LARFE LOHEDSABIOMRE, ER
HEBETHIEONVTHRELAZLDTHE, BFRICET 240D (280) OPBERZESDCE
WEEIE T 2ETHE, 20T &2, pure CTA @in situ coloration s E 2 TIi2h
YB3, BRI TREHEE,CBHE IMn T TODREEE LNCLEERTLDESERS
hz, BEFEGHTHREBESASNLNC EGFE 14 o UL THEL, AILAKICAOD
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(280) DA 7oy b LIFig. 15 DoL0ohTHES, HZEDTEAQOD (280) (24
AP T ADATEH D post coloration 22 AGRNITL, T OREIT, HERdickd 3
CTA 7 4w 2R BT OBRIBEGME (3 11) L2 —H LTS,

Wbk~ trpure CTA ODEELZFEHEL, CTA 74 v L OEBEHICLOBASBICAQD
(280)DsMind 5 < &, in situ coloration A T73< post coloration &#f74 32 &, in
situ coloration OARZTEESFOHFS L XK EINT &, —F post coloration HE 5
CTA 74 nafBastich~Thd e &, Tha,

3.3 Cellulose 7. )L LDEShREH

pure CTA 7 4 Vv a@DEHICEDOD (280) HENT AT LT TILI 2Tk~ #
DEBEZZBEST S L7 cellulese 7 4 VA DNTOAQOD (280) THT20E4B2
LIXEETHRS,

331 HEEIUERE _
Mo, #0077 YBOBEX36~38BumD7 4 iv2THbD, BEHICL S 280
nm ICET ERFEELEMLAOD(280) £#HFDERICEOTHIEL 12,

332 ERBHRLIEE

Fig. 16 i, ®RhZEHTHEHHELA 7 s+ 40A0D (280) OEsHESEMLRT., A0D

(280) iz, pure CTA 7 4 Vv adHB0IICTA 7 4 VLB L DRELEAT 720,
FEREA 7 4+ v L REFT DR 125 pm KBEELLZ, CORL S, cellulose 7 4 /L LT BEIC
LD0OD (280) My 27 &, /220D (280) OEIRIRE & HcEind 22 L85
THL, AOD (280) OUIEEMIET 2 pure CTA 7 4 LA DEEDEEIT 41 2 TR
~ AN, RIGRE 2 0 Mrad HTFTHBE L -FHLTHE,

Fig.17 {3, A0D (280) #MH% 3min OB ICHT ALEBHDESTRELE-Z DT, BEHE
NSRS D Th L, C DS, cellulose 7 4 A DAOD (280) 3, CTA 7 4 /v LS
BkUpure CTA 7 4 A2 KBSNEOBEOSMEHELTE S, VENOBREICE VT &
HICWL0PCEET 5, CORBEREIERERMOESI L AE{,  OEMIZ pure CTA
7 ANWATRONNER (Fig 13) &KL TWE, 27, BEE24hrilBTEREOMHE
FAERLTED, CORRBEETERICEY 2 pure CTA 7 10 OB SESH (Fig. 14) &%
ULTE, CHGDEFEL, LICAR~NIAQOD (280) OFIED cellulose & pure CTAT
WE—FT EC Hi3, cellulwe DEEHICL2Z 280nm D OD, 9745 in situ coloration 5
Z % species WCTADBEERUTHLZLEERET Z260THY, TOBREHOMBIZE
2, T A A~ DBREOESHOEY KL bDEELEN B,
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34 CTA 74 L oGBETOXEEERLICHTSCTAKEIUGTPP OFSICONT

Tk S5, pure CTA 7 4 L2 QBEICEIDAQD (280) ¥ind 5 C 435
A, Liti-TCTAMBERIZCTA 7 4 VARBHOBEBIHEETETILBHLTE L,
CsTRCOHSOEELER S S,

Fig. 18 (&, CTA 7 4+ w83 (CTA (TPP)), LU pure CTA 7 4 v 2ilow
T, 280nmitHv A FEEE (AOD (280) ) OEHE 3Imn DESIUEMNINT
BEMEARIVEZECH L TGRLAELDTSHS, pure CTA 7 4 v2DA0D (280) DA,
CTA (TPP)®E X125 pm fic 52 pure CTA OEF 2 103 pm HMHAECHELTS
%

Fig. 18 o,k 5, A0D (280) OEEFCTA (TPP), pure CTA WFhics
WThBB LI ERNICENLTVE, £/, CTA (TPP) OFERCE LT CTA 887110
DHTAEEDC EHWLHTHL, X540, A0D (280) OYMEOREELDELACTA
(TPP) HBLUpure CTA THAET S &L, BECHEHIEBCESEERSL, 20T &,
CTA (TPP)OERIZEFST % in situ coloration @xfﬁﬁfﬁ.ﬁi\iﬁCTA oA AEED
DI ERLEETT HDTH D,

pure CTA oFF4ERMC RS wic, CTA (TPP)DAQOD (280) oG ICH L
CFig. 18 OF - 2 BLUAQD (280) OEM% 2 4 hr DEEFT & Fig. 19 BBons,
COEpLSAELSIL, CTA7 4o BEHOBEBCHT 2CTADFEEE, AKEELLLE
KE I AERICH D, £BHEBICITS 0%EE, BHENZ2 0mn LETIRI0~40%
BETHLIEERTS B,

25 X
1) J. Lagier et a ., private communication .
2) R. Tanaka et d ., private canmunication ,

3) Polymer Handbook ,ed. by J.Brandrup and E. H. Immergut, Interscience CNew Yok (1966).
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Post coloration

ADD (280)

In situ coloraticn
6.5 Stable component
Unstable component
0.4 ! I | | J |

3 10 30 100 300 10060 3000

Time after irradiation (min}

Fig. 1 Optical density change at 280 nm before and after irradiation
of the CTA film dosimeter in air at room temperature to 10 Mrad,
as a function of storage time.

0.30F

0,291
o R
&
N

0,281
o ——
o N

0,27}

0.26

' 0 3 10 20 30

Time after irradiation {(min)
Fig. 2 A trace of continuous reccording of the optical density at

280 nm after dirradiation of the CTA film dosimeter in air at
room temperature to 4 Mrad.
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1.0
in vacuo

o—o——o—o—o——0—0—0—~&/ -0

s ==
X
o 0.5--D _
a
&)
<
in N2 in 02
okl | ] | ] I
3 10 30 100 300 1000 3000

Time after irradiation (min)

Fig. 3 Effect of atmospheres during and after irradiation of the CTA

film dosimeter on the optical density change at 280 nm,

)]
0
e
=
_-
=)
o8]
=
o =10 |- . .
e in air N
o R R KX e K Xmm X
Y © in wvacuo i;(-‘)’“—ﬁ-x—%—“;(”'
E o
3 o in N
F'—l I3
pan x in 02
-20 1 | [ . | |
3 10 30 100 300 1000

Time after irradiation (min)

Fig. 4 Optical density change at 280 nm, relative to the value 3 min

after irradiation, at different atmospheres.

obtained from those in Fig. 3.

The data are
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mﬁ__*‘-‘“*“—ohh‘__ o . s - A - ~*
32 Mrad
1.5+
2 1.0]
S 16 Mrad .
B — - o - F Y L J
a — . -
o "
<
0.5 [~ ——— 8 Mr:'ad _ - P -
. R . 4 Mrad R . . .
0 ! l | | 1 I :
3 10 30 1.00 300 1000 3000

for the CTA film

dosimeter.

Time after irradiation (min)

CTA (TPP)

Fig. 5> Effect of absorbed dose on the optical density change at 280 nm

32 Mrad

Relative AOD (280) in %

[

Time after irradiation (min)

30 100

300

1000

3000

Fig. 6 Optical density change at 280 nm for the CTA film dosimeter,
relative to the value 3 min after irradiation, at different

absorption doses,
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- y-rays (4.l><102 rad/sec)
0.30F o : .

o
electron beams (3><103 rad/sec)

AOD (280)
o

[

0.25
o]
electron beams (7.5X104 rad/sec)

0.20[-

i | ! i | L
3 10 30 100 300 1000 3000

Time after irradiation (min)

Fig. 7 Effect of dose rate on the optical density change at 280 nom

for the CTA film dosimeter irradiated to 4 Mrad,

CTA (TPP) 16 Mrad

1.310
1.2} ‘ .
Y-rays (4.lXI02 rad/sec)
~ 1.1} |
[
o0
o
§ 1.0}
electron beams (7.5><10L+ rad/sec)
0.9}
0.8}F
] L i ! 1 ]
3 10 30 100 300 - 1000 3000

Fig. 8 Effect of dose rate on the optical density change at 280 nm

for the CTA film dosimeter irradiated to 16 Mrad.
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CTACTPP)

16 Mrad D//—Cl

==

£ no cooling

S

E O —— — — —f—— __7[ ___________

jal D/U/D .

a _F"N_cooling

< O——n

2

s -5

s

2 . ventilation and
cooling

-10 : _
3 /0 30 j00 300 1000 3000

Time after irradiation (min)

Fig. 9 Effect of irradiation temperature on the relative
optical density change at 280 nm for the CTA film
dosimeter irradiated to 16 Mrad.

05+ o Slored at 95% humidity
s Stored at ca. 50 % humidity
&  immersed in water
0 1 i 1 1 | 1

3 10 30 100 300 1000 3000
W’avelength (nm) '

Fig. 10 Effect of moisture on the optical density change
at 280 nm for the CTA film dosimeter irradiated

to 16 Mrad.
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~—
<

Relative A0D (280) in %
'~

1
e
<

W

10 30 {00 300 1000 3000
Wavelength (nm)

Fig. 11 Effect of moisture on the relative optical density
change at 280 nm for the CTA film dosimeter irradiated
to 16 Mrad. The data were obtained from those in Fig. 10.

ure CTA
2.0 ’
15} 64 Mrad .
g *—
o
8 .
a 1O} '
O
D5F
\‘ /6 Mrad .
O h i 1 1 1 1 *
3 /0 30 100 300 j00G 3000

Time after jrradiation (rﬁin)

Fig. 12 Optical density change at 280 for additive-free CTA
films irradiated in air to different doses as a
function of time after irradiation.
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™
£ emmm T
g o
3 ="\ CTA(TPP) /OMrad
Q —0F NN\ ]
s ! N
< 64 Mre
o 20
":\
¥
5 -30F
&

~40 ¢ _gMrod

v pwrad
_5'0 3 '] L 'l L L
3 10 30 100 300 1000 3000

Time after irradiation (min)

Fig. 13 Relative optical density change at- 280 nm for
additive-free CTA films, The data were obtained from
those in Fig. 12. The broken line shows the result
for the CTA film dosimeter irradiated in air to 10 Mrad.

pure CTA I0Mrad

0.6 N T T 1 1 ) T
0.5F 0——0—0—0—0—0—0__0__0__0_0 -~ 7
—)
invacug
~~ L ..
S 0.4 i
Qo
N
Q 0‘3 [~ R -
° in air
q 0.2 | ‘\\ o . _ . -
0.1F T
0 1 L [ ] 1 L ] L
3 /O 30 100 300 {000 3000

Time after jrradiation (min)

Fig. 14 Optical density change at 280 nm for additive-free

CTA films dirradiated in air and in wvacuo.
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= pure CTA (0 Mrad
X 0 & o, 1 T T
~ --‘o"‘-o...o o
) o0
® ; -
N [0 in vacuo
a -
o
q
o -20F -
3
5.
g
D
o 2 ]
-30r -
_#0 L 1 1 L | L
3 {0 30 100 300 1000 3000
Time after irradiation (min)
Fig, 15 Relative optical demsity change at 280 nm for
additive-free CTA films irradiated in air and in
vacuo. The data were obtained from those in Fig. 14,
1 I k | 1 T
10 -
32 Mrad
- — *———0 09— 00— "
-~
)
& .
™~ 16 Mrad
o i .‘—.__._——4—0—0—0._._.__.___‘_\._. B
a 0.5 )
[}
< ~— - — o - o o oo SiMrad
S T
4 Mrad
o 1 L i 1 1 I
3 10 30 100 300 1000 3000

Time after irradiation (min)

Fig. 16 Optical density change at 280 mm for cellulecse

films irradiated in air to different doses.
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~30 | 1 1 | ] - 4
3 10 30 100 300 1000 3000
Time after irradiation ( min)
Fig. 17 Relative coptical density change at 280 nm for
cellulose films. The data were obtained from
those in Fig. 16.
20
| / Imin
g ] minimum
P L CTACTPP) -
o~
~ O i
Q | < Smin
o
< - -
| minimum
s
D - pl’ 1 i ] i 1 i
0 /e 20 30 40
Dose (Mrad)
Fig. 18 Optical density change (AOD) at 280 nm for the

CTA film dosimeter and additive-free CTA films
irradiated in air as a function of absorbed dose.
The values of the AOD shown are those observed

3 nin after irradiation and the minimum values.
The data for additive-free CTA films are
corrected to those of 103 um thickness which
corresponds to the thickness of CTA contained

in the 125 um thick CTA film dosimeter.
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___a#3min
A — e
// /»24hr
v _——— e
bk gttty U
| S0P E T\m:mmum
* --~CTA
1 1 1 | 1 ] 1
10 20 30 40

Dose (Mrad)

Optical density change at 280 mm for the CTA film
dosimeter and additive-free CTA films, relative to
the value 3 min after irradiation of the CTA film
dosimeter.
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4. CTA7 4N LBEFDE B %E 5 2 5 Species

I TTE~ LS, BELAZCTA 7 v ABEHOODHAELS 280nmit Bt 5
ECEBHETOAL S FHERICLETT A2 EBHDTHD, CSAEENFHIn situ
coloration , post coloration &E&L 72, 20 2% in situ coloration (£, HEE#ESH ~CBE
THALEKS &, BELZ R RESBORERAM PO NAC R R, ARTRINSE
HiCfE 59 5 species & ESR , A7 u= b3 780 UVEBNALS briaB0 Tl L
refE R AR NS,

41 in situ coloration #5 % 5 species

411 FEEHRMCDNT — CTA 7 4 VBB OENRT L7 hn

Fig, 1 (F&7echEE T 1 0 Mrad 85 U CTA (TPP) &L T pure CTA 7 4 v DR
WET AESR 27 PAARBLAZEDTH 5, Moo il S EmMEOR LT FITH
FRILTHD, L1zdi-T, ¢ ho ESR 227 bva 5257 vhnid CTA 3+ ok T
Bt niEERmTas, TPP hohlid s 7 ohvOHFGHE/NET LiE, TPP OO fi#Es
SFHENZCLETHEELE, TPP ot 2 7 v OFEL+ R 2807, TPP BALHH
LTESR =227 b ZRE L, BIEZAAART b VI 2HEO7 DAVDEEAR LTED,
BELESEFg 2 WRT L DICHEENa; =126, a = 6GA&D2HDIEHEKLELT
HRTx2, ChoDEE, BEDKEFTZ7 2/ Fv 70807 —4 {a1=104G,
Ay = 66G)) Lx<—HLTHD, TPP OESHN»SELLP ~ORADIMICLET o /
U OAN(TIMERT ELEDEERTEL. 707 - /20 F 0 hNILLH AR bovbit

as: (1)
WIEDS OO T NEEOHN A7 P EAISh, 2OR7 wig~ vy v CHE T
BEMUTHER LAy 7 o~sd v = nBO v anicMEsnsg, 2o TPP o AT
57U Hult, BAR, BRCEOTLLKINERTHD, MH%1000minic s 5T AN
BEZOMEOHT 0% TH-1, LIcs-T, e 7 ohrnfic 280nm ©OD CHS§
5-L7TH, £ &b in situ coloration DAL ER I EEHFE THL LA D,

— %, m5dm, EETCTA (TPP) X pure CTA 7 4 0 oaBELcESICE, #@A
EBRRT P ENTAEED, ERTHELGDEELTH SH5, R8T V@ LR &
Eh I EBCELT b, Fig.3 GCTA(TPP) &0 pure CTA 7 4 v L i DWNT 7 F
MEOESN I UES NI BT AREELA R L0 THESLE, CTA (TPP) TUTARKL
Fohn (LB CTA 7 oA EF3D) 4, pure CTA micth-~<T H7%E ), Eiadighidk
WTHOS AEFETH L, COMBS CTA (TPPIRERLAECTA 7 PR g, 2
AT BT ZEMIBE LTH L 20800, © OMIBEICE~ ODHIEK £ 5 in situ
coloration OALEES OERM L EY ~H L T4, UEoBEDL S, in situ coloration @
AEERAE, CTAZ D ANCLBEBRTES,

— 26 —
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CTA 7 vhnid, kicik~te kHwHzER, BRTEEETH S0, AP E S, I
E59 23, chREMLIZCTA 72 AviERPO Oz ERIELTHKRT S tod ERE AN D,
CDC EEEND DD, BAYN, BETRH LAREHABRMER -186C KRWLT
—19§°C HoBBE LS ESR AHET EE -3 0 CHAT EICHE~ACTA 7 I H I &
%X&7Fw&ﬁﬁ%Qﬁﬂ%MK%Pmmwyffwﬁﬁﬁbﬁ(ﬁg4moﬁﬂ%—30T
TR, AT P OERBEMABETAE, H9 0mnBICECTA 7V AMICLE YT T
P LT Fig.dc KRT LU —F 307 IHNEEOHEMNER L7 ForEREiE L,
Dt F T OANTERCTEIALETENICHET 5,

CTA 5 70 OEEZ unambiguous IKFET 2D REETH D0, WIGE~DHML v
Ao —27 40 A0 ESR DEEHSCy pOHETORMICLET vhn (1D HELELS
Bah i,

?HZOAC

C5—0
B3O\,
—c; Cr—0— (1)
OA
\{ cg/
3 g2
5 onc

Fig.5 ¢, BB L CTA 7 qvndb2rn —X7 4060 ESR =4 a2 LILHO
THA, aliEmd, BRTBHLILCTA 74060, 7, b, ¢, BENTHAZED, Z
SHEATRELIzELE A7 4 VADBRICEFT S ESR 27 v THL, AT Forb
SEFe 12 Baugh 52 K0T TICHESNTLALDEREALTHE, b DT b
ERd T 4 M LA KESRCEMIEL L DAY PVICEILT 2, 8T, 85D, ¢ DA
S RAAEGF BEEALD —RT 4 WA DOVTT 4 L LEEBIEEDBRTHELENSET ESR
22y P AAETSE, b DRI PV EEETHE LS, ¢c DR PAREFRELDC
aﬁﬁménﬁcb@z&ﬁrwmmsz&arWQ%%m%mgnéﬁ,@%g@ﬁm@¢
CREL-LDICl 6GHB L2 ABTSHD, BAUERENOCEDLS, CTO2RBANT L
nEERAES UhmtaTo b vEFLT BT O FUlADAEEDRDEEL LGNS, D
~ 2R FOC; POHEFORMBICLL 7 A DAERCOBELLEE L,

LA HETREBICLEZ T v H (1) UV RS A RRER SR TORVY, B
ﬁ?wn—wbéHﬁ%®%%K;of$ﬂ?5~émniﬂ@ayﬁwm22m~%0mn®
UV %<7 bR C &V nmsnTib,

412 HERIC DT

in situ coloration @EEFMCOLTIE, ODMIECHER,» 5, CTA, TPP O@ELMA
Ednc bpnant., 2FCTA DS DHHESRICL ALBHEEL S, CTADS
CHsCOOH #i5 5 LT & 280nm @0 D K ZHE LA 45 (Fig. 788 , 280nmDOD
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5z 57087 PICBLTIRCTA & cellulosel3[@A L THAD & FHAEN L, Fig, 6 ik, ER,
TEHRPICBTLBE LS pure CTA 7 s tcellulose 7 4 DA QD (280 LRIV
RMECEAFRLZRLIZSDTHS, T>TAOD (280) DFEIZEHE 3min DERABLBEIIC
E4NHCTADES 103 um MHEICHE L, GHEILNEECTADHHLOEES
FTALEETLTHAEN, 20 Mrad fEZTCDAQOD (280) BHREEALTHD LT &
FELHBL, Philips 8% i@, 7o -2, v v/ 2ZORKIHKEELRE TS 270
nm FACREBRAA & DUV 2 <7 P s8Rl &N, D227 it rductone , enediol
SHEOENMDHAGTT LA EE2TB LTS, CTA BLU cellulme 75 DHOHEERY &
AQD (280) &OEFEICODWTIRELAFADERLT - T a8, collulose DBE» S 2 H
WEZ L, BOERTECENAOHIIATED, cho®F 04 FHAOD (280)
B scsidt+aFREis,

74 in situ coloration OEFH 7T 2 TPP o Oo@BERHOS52E2 %, ODH
EORERL G, (OFHERHS 0% THLELER S, RxOMEROTHE TPP @
radiolysis (CEIF & M2 00k 5 TH B9, trialkyl phosphate OISERA R ICH T 2 5% O
kU, EELEEM alkane & dialkyl phosphate THS EZh TV S, ¢ DML S
TPP # &3 benzene & diphenyl phosphate #FiWhmid 2 -EZ2 003, 4, ok
Bz EB40D (280) 25 HNTHREFTICEZINS TPP 459 ~7T benzene LU
diphenyl phosphate A LA EREBELTER DL D LRITEETT - 2.

M8mm, EX20125mm, 82 100mm DREFT7 v L OHEEHR, RESTT 4 v OF
4130 (gecm ™) 9 8L01300g)THD, COSLETPP (216 (wt%J 2 5H3
oT, TPP OEEH,

0130 Cg3J % 016 = 0021 Lg )
&b, T@TPP 283 T benzene , 8L U dipheny! phosphate i #8 Li-iES0EE (2
Table 1 iZRT LIENE, COREE 1 0mL D2EAMAF L yEFCEML, £ lecm ,
Mlem OAFELALVEANTOD ZAETHNEESREFSERECOD A HZ A0 LIt b, #
R4 Fig. T 8 LU Fig. 8 icrd, W

Table 1 Weights* of benzene and diphenyl phosphate to be produced from

0021g TPP in 013g CTA film dosimeter

Molecular weight Weight in g

TPP (CeH50 )3 PO 32628 -

Benzene Cs Hs 7811 0.005
Diphenyl phosphate (CgHsO j2 PO2H 25019 00186

* estimated by assuming 100 % conversion.

TS DOWIY 227 b o Bl ST X S IEBER T O TPP 419~ T benzene BLU
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diphenyl phosphate 2R LT &AL 0D (280) DEMICBIBALFFLENT b L,

—%, 411 TRNEHICTPP 2T 5&7 2 /F 07 SHNHERT 52 &0 ESR
Z) PATE D BH RN, 2D ESRERM L LT phenol HFEZ o HLEDT, £D
HE A RN IHIH R o bS5 7L DM ET 12, RBRIBAGC -TAZ, #1270
-} 457 ®A 5 LT phenol SHTICHMTE Tenax GC #H /e, TPP O¥ A4 100
Mrad B4t L7t # 4/ —VICHEBELCHR I 0w V75 7 DKL L, ofTDFFR%E Table
9% 7. phenol & biphenyl 2t &h, 1g @ TPP %100 Mrad & L 258 OARE
HERFR112x 10 40gl, 73 x10 4 (gl Thate CHLDERGEZINAT SL
FhEh0lz, 0046 &£175 5, phenol & biphenyl {328 0nm iU VBN A 62T & 03
HOSNTNEDT, CASERBESEICLT CHaCLBEWD OD PELETT - oo BRE
Table 3%, 100 Mrad B# L7=CTA 7 4 v B85 013g (h8mm, E& 0.125mm,
EX100mm, p=1300gecm3))%10mLDCHC Ly BRITEML, tBEE Icm ©
LEEATHRELIZEEOAOD (280) 2 279 Th-7T, #KIC100 Mrad & L 72 pure
CTA 7 44 £0109g (MBEPCaEnsd pure CTA OEBRIHEBIHOE4ERRTHE)
'@ CHyCL21 OmLBERDAOD (280) i3 145 Tdh -1, 134 (279 — 1.45) 23R
BHHPOTPP Wb &P EEZoNHA0D (280) THa,

HICCTA 7 4 VA BRBEH0130g @ TPP O&EE00208g (01300glx 0160wt
% 1) $#5i2100 Mrad MREIC LY phenol 2 3 #g & biphenyl 15 ggSiERT 5, D
fEA10me O CHa CLoERK E LAQOD (280) ZRMELLEIA 01T ThHot e, THE
O#R12, TPP ®5M#iC & 4 phenol & biphenyl 2iCTA #&5t@ in situ coloration %
JEBRERSIFETELLEELTRLT NS,

4.2 Post coloration #5 % % species

31 Tk~ & Hie, CTA 74 ABBHEEATTRELLBECSSNLHERDOER
( post coloration) (2, MEBHAEED THHEBRFLSABATRAE LR iciied@ilah
W, f£1r, CORHEBLEUCHEDSABRS N, hh 5003 0 FOHEIII, post
coloration (25a A EHEFF L 13ty — K, pure CTA 74nnic20Tit (32), EZXHRH
DIBA TS 555, FORERCTA 7+ LML BREOESCERLTLnn, HERREL
7 pure CTA 7 4 /v 4% 503 post coloration (34:< MAIZNIL ZHoDBEEL S, post
coloration 22 Fic, EROBEICE > TS5 species & CTA $2 2 TPP & ONIGHE
HLTa LEZLORESETHS.

ELEOBRICED, +/ v (03) BLUZEXBY (NOx )BERT A LEE LRGN
Td, CDIH 03 3 EICR~EEDLS post coloration [Tz EB LW LABLHTHS.
%, WEAOLETENOg ICIINOz , NOHXU N20 #8FhTEY, CDIHNOy
DEFEHBLEL 5T, NOz ENOx 03 BTHRSREMLEAETHO,
post coloration & MEAEZE~ZCEABNELT, CTA 7 « v LB &L U pureCTA
T4 b Em—EEONOy LMY, UVERNZRRZ P AVOHEET - 7

_29.._
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Fig. 9i¢, NO2 LOERMBERICAE LN CTA 7 1 v aBEFTOUV IR 27 b LART,
DALY ricld, CTA 7 4 v aBEF DA <7 b Lific, 350nm AT CRIZEEA % &
DEEOHMBENS L LIBINEEITA00nm LBORBREERICET 25 OBHEED» S
AR FEMNES LTS, BEHEORWER, 77 v 7EBRLLTHELZEMENO, OR 27
Fov (Fig,10)& k< —FK L&,

NO2 & OEMISRHMSECTEZ2E, [MDONO, DAY FABBENREICHD LT, Hic
350nm A OWPEE L, FBIC280nm B 2 ¥ HEE (OD) $MINd 52 &b
Ravxhre, EUOEE M, pure CTA 7 4 wAll 20T B SR, Th o NO2 SEH
Z#ACTA 7 s+ voBE LT pure CTA 7 4 v A SGEA L7 280nm XU 354nm
WWHE T SEEREENL, AQD (280) BLUAQOD (354) ~EMiFROEE L THg, 11
iRl 7?7, Z>xTpure CTA 7 40 6DA0QD DR, CTA 7 4 VoBBHICETNS
CTADEZ (103nm) HEYEIBRELLLOTHE,

Fig.11 e ddiic, CTAZ7 + v iai&st, pure CTA 74T hiEEHLTH
OD (280) &0D (350) OEMEFLICMIELTHD, 25D ERERERNKS00 mn
TIIWEDT 4 VL THAE-B LTS, 350nm DREFAE 5% % species IV T (2HEE
SRS TGS, TPP 283 Hvpure CTATHEAIZN A S, CTAIZREL
72NCz, 8 MICTA ENOp EDEREBATHADELEELONS,

XTCCZONO #4HVWA2EBLASBONALEETHRIE, NO2 FOEACLZ0D (280)
DEMBTR & CETT S ETHD, CTAT 4 v L EREET OREEICE S post coleration @
s —KLTWVA, CNTEAEXN7Z0D (280) oM, bl k>iCpure CTA 7
AW LEDOT HEUOERENFGoNEC 5, NOz DCTA~DEEHEHLANEF I OE
CREIEEDHDEEBZSNE, COBRFREEQOTHEHE Lzpure CTA 7 a0t b
post coloration MEFEIZNEBEHRLFEHLLL, AERBI O, CTA7 4 L LAREFICE R
s TPP &, NOz &OREGEDLTOEEALIERZE STV, NOz RFEARLLEGY
R LT = bBMAERT 570 & B5A ‘BMTL\Z‘;OBJ TPP = rufb&8HOUV 2 <27
PEE XN TN NESTH B4, HEOMEP L m—nitrophenyl phosphate & XU
p — nitrophenyl phosphate DUV A2 bz, £ORNEAHZINENL2T75nm, 310
Nm K HB T EHB>TOE Litsi-T, L N0z EDRIEICELD =t ot TPP sk
THIZOD (280) oML LT Tl BifFTE 3,

NOx @325 NORIEHDOHWRETHD, post coloration EDBEEEF L zHIC LD
NOz OEBEEMLAEET -1, Bon#RE, NOy L5660 EEND, NOKKLS
OD (280) o¥mMmize #Eh ohiiih- o,

fEE L LT, CTA 7 4 L85 D post coloration (2, TROMEEIZL - TEKT ANO2
DHMBH~OEE, A5 I N0z &CTA :«BJZU;TPP_ EOEERBE L 2GRN TCES
THELOTHLEELSNE, |
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Table 2 Product Yields for Irradiated Triphenyl Phosphate

JAERI-M 8471

1)

10" 4g/g-TPP G value

phenol 11.2 0.12
6

biphenyl 7.3 0.04

1)

The analysis was carried out for irradiated triphenyl
phosphate (100 Mrad) by a gaschromatograph (Shimadzu
GC 7A) equipped with Tenax GC columns,

Table 3 Optical Density in CH,Cl,

A OD (280)
Irradiated CTA film dosimeter!) 2.79
Irradiated pure CTA filml’ 1.45
phenol 23 ug + biphenyl 15 ugz) 0.17

1)

Irradiation was carried out in air at room temperature
to a dose of 100 Mrad. Irradiated samples (0,13 g)
were dissolved into 10 ml CH,Cl,.

Corresponds to the yilelds from TPP contained in 0.13 g
of CTA film dosimeter, determined by GC analysis. The

mixture was dissolved into 10 ml CH,Cl,.
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Fig. 1 ESR spectra of the CTA film dosimeter, broken line, and
additive-free CTA films, full line, after irradiation in vacuo
at room temperature to 10 Mrad.

]

a4

.
L

126 6¢G

3
r

Fig, 2 The ESR spectrum of phenoxy radicals produced in irradiated

triphenyl phosphate.
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1.0

0.5

Relative Intensity of ESR Signals

30 60 90 120 150
Time (min) '

Fig. 3 Decay curves of radicals produced in the CTA film
dosimeter, circles, and additive-free CTA films,
triangles, after irradiation in vacuo, closed
symbols, and in air, open symbols, at room temper-
ature to 20 Mrad.

-30°C
qo min later

T
gy = 2.032

Fig. 4 ESR spectra at low temperatures of the CTA film
dosimeter irradiated.in air at room temperature.
Tha value shown on the right hand side of each
spectrum indicates the microwave power employed
in recording the spectrum.
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Fig. 5 ESR spectra of additive-free CTA films irradiated
in vacuo (a), and cellulose films irradiated in
vacuo (b), and in air (c).
25}
20}

15 ¢

1.0}

A0D (280)

05t

1 L .

jo 20 30 40 550 60 TO
Dose (Mrad)

Fig. 6 Optical density change at 280 nm for additive-
free CTA films (o) and celluleose films (A)
irradiated in air as a function of absorbed dose.
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360

1.0
CH,C1
Cglg, Sul1/CHpClp, 10ml
ODb (280) = 0.002
0.5
CH3COOH, 23ul
/CHyC1l,, 10ml
0 J ! ) } 1 | !
210 220 230 240 250 260 270 280 290
Wavelength (nm)
Fig. 7 Ultraviolet spectrum of benzene in CHzCl;.
1.0
TPP, 2.1lmg/CH,Cl,, 10ml TP?, 21mg/CH,CLy, 10mL
0D (280)=0.032
0.5 .
DPP, 1l.6mg/CH;Cly, 10ml DPP,l6mg
/CH5C1l,,10ml
0D(280)=0.016
0 | i l i ] 1
210 220 230 240 250 260 270 280 290 300

Wavelength (nm)

Fig, 8 Ultraviolef spectrum of diphenyl phosphate in CH,Cl,.
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0.4
0.374 (280nm)

0.3} 7
[
S

CTA (TPP), NO,, 19 Torr
0.2+
0.1 . ' :

3006 350 400 450
Wavelength (nm)

Fig. 9 Ultraviolet spectrum of the CIA film dosimeter

immediately after contact with 19 Torr NOC;.

NO,, 7 Torr
—h— —_——— e M’\_
Quartz cell
0 .
200 300 400 500 600 700

Wavelength (mm)

Fig. 10 Ultraviolet spectrum of NO; in gas phase.
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5. CTA7Z74ANLABEHOEOEBCET 2
F XL HES

CTA7 4+ W WBBHOEEREHIBERETH L L, 4 I TUERHERTT LT X 4o
REEDLOETHEINI, A Ed, BEOREANTECEBIIMHEETHLERR « ZHT
BETHREHLUACTA 7 4 v BEFTDOCEM XN 540D (280) OBBREMHCEEL,
CTA 7 4+ v L BEFOEOHEHPICESEF® (in situ coloration ) QAL ER G £ &L O%
EHA, BLUBHEOED (post coloration ) @ 3L S EEELAELRE DRTOWL
FEia & L,

CTA 7 4w afBEFHCEBH 2A0D (280) DHHEFMICHS 2 R BRI ODH
EDSHABLKOYREZRIFT LIz, TOERD S, in situ coloation BEFNTHERTHL,
O MTREFF IO X SICALETHAC &, —J post coloration L EZF T4 T
Hd, F£70 MHBZNII Ny PICEBOTHEHBAERS T EMBES T - o,

CTA 7 4w BBHOEDIHT2 CTA BLURNHTH L TPP OFELHSHICT S
wit, TPP 4&%+/~CTA 7 1,4 (pure CTA) OBEHICL 20D (280) OFEALA M5
L#ze pure CTA &, BEohiclBHICIVER T L CEMBAMEN, 2D pure CTA OEMRIT
BOTFE I, in situ coloration DAL EM P DF FHRE T Ebisr- 1o F7, pure
CTAZZERDTHE LIZES IR0 post coloration 524 C R M I N1, 01K
Bi2CTA 7 4V A REBFNCREL THhEINE WO ERBE SN, 2D pure CTA S EHM
ENiAQOD (280) OEEZCTA7 + V2 BEFOBREMET 5 &1Ly, CTA7 40
LBBHOEEICNT A CTADESE, L KBHERBICAE 5 0% ECETLIC L, &
fo, BURBIE N AR ERS (LT EBHEHITR S /2,

pure CTA TAONLBZEROEHRHAZFEE ST 2705HC Cellulose 7 4 WA DWTHEEHIZES
0D (280) (ks EL, pure CTA OFEBLEE L, ZORRRELS, QD (280) %
52z % species (2 CTA, cellulese@ETRILTHADIEEZ N,

PEDCTA 7 40 28E8H, pure CTA 7 4 v BhUcellulee 7 4 A LIC20VTD
AOD (280) OREERD S, CTA 7 4 Vo BBIOBELHA S species %55 BETH
TAC EDIAEEICIL - 1o, In situ coloration DAEERSHCEE T S species 21X & LT
CTALGART 26DTHY, TOAEEHFTEKHEEZTD 0, KRHNT 2ETTHE, In
situ coloration DZEMNTIECTA, TPP MEBOBRSFMROW LI ILELEBYTH S D, 17,
post coloration (2F & LTHEXHOBEICL - THNKT % species ECTABXUTPP &+ DR
L AERBICL 26 DTHAD EHRIX LI

In situ coloration O FAEEBST %5 25 species 12, CTA»LERTEI vAniL LD
L ESR HIEICE OB Sl be bosTar, 7 IANDEAEICONTER, &HTEHKD
ESR 27 b zRBIZLADTHD, ETOHEEGEINT L4, CTAZFOC 5
HIET OBBEC L - THERTET U ANBEOEDP THEEELSND,

In situ coloration DEEMTECTA BLU TPP DREBSBENRMICILIEZHDTHES,
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LoHECTARODERBIEDNTHE, BELUALT (RO FREMAERET 20L&
W1z, TPP 6 DHRERMIT DT, HRAZa<w b7 I TICLBMTERT, 72/ -0
BLUE7 2l d 52BN LI. choDhEWm0oD (280) KFEEST L&,
ELS T VEBOOHD 2 CEHTE fo,

Pest coloration 2 5 2. 4 species 20T, ¥E LT NO: PHETAXLAEKRATEHEA D
TEHMAQD (280) ORHFEFEILSHA S, CTA 7 4L BEH A N0 LEMREL
CEZLDHSHICOD (280) DUBINT 2 C & &7z, EROBHFICL » THEK L7 NO2
WCTA 7 4w BB ICREL, NOy CTA BLUTPP coREMEAICEL C &0
post coloraticn @SHEETHEA D EELLNE

HEo~ifHic, CTA7 4+ V2B OFRHABRIERCHEETHY, RAOHRITL-
THEEQEBEAFOMCTEC S EATFRETH - 72, &< IT, in situ coloration OF EE 7 ICH
L4 2 CTA OBHEBSHEERSEBL U post coloration %5 4 % species {2 T ERNIC
LAFTHTHO, PUFTOIBEINS, CRODEEL 2O TRISKEELVAELSLETH
b, FOWMBICLIORBLHT, KX THORICTENLD 140D (280) Cxnd 2REEEHR
BEUBHBEOHROBEN NGB LEBATEAIEELLNE,

BB, KMEEBBLARBAICEY aEFHET —~ T ZRNMDOLHDOCTA 7 4 iV LBRE
HOER]| OPLECEEI AL GOTEEZLEEZNET 5,

#HOOH

A L TRE-NEEMFE, ERRESBFENE, AEBHZHARRRE, HA
TEFITHAEELOBREBBEZEN, SRAERMABEREOCANERERE, AhE—-KIC
EEBBRCOVCTOERRICM- THO I, BPME ) OFAE-—RICECTA 7 1 v 4@
B OHBIC NOp SE5 7T AU A B LTHEN, ChodfRICHELRT S, 72, &
FHRECACKCTA 2B LCHWLELER Y 40 4 (BR) WWEHET 5,
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ZOHE CTADSDERBICOOTIE, BEBLU I AR = (LW THEM A BT BT - &
B1:e TPP o ONRERBICDNTIE, HRIZOT b7 70 XE0FET, 72/ —
BLUOET e 2 v T 3 EARM LI, Ao De®WdoD (280) KBES S L,
BELTINVERDLSHED B ENTE

Post coloration % 5 2 % species 20 Tid, FELTNQOs OEETARNERBTHAD
TENAQOD (280) ORFPRFELCHEAMEN, CTA 7 40 4 BEBFHENO LEMIXEE
ZECEDHECOD (280) HHEINT 5 C Lo S, EROBHEICE - THEE L2NO,
WCTA 7 4 v LBEFHICEREFL, NO2 LCTA BLUTPP (DREHtRa Il C &bt
post coloration @CHEEATHAIEELZ NS,

HMEo~icg i, CTA7 40 biRBHOERRABIELZCEMETHO, B2 DPRRIC L
ThEDEFEAPCHICETEC SI3AAETH - 12, &<, in situ coloration DFEER T ICE
E4 23 CTA OEHSSELSESEL U post coloration %5 %25 species 20 CHERNIC
bARTSTHO, HLIVEIBEINT, CRCDEBZ2OTHISKELOIAESSLETS
b, #ORBICLDIZUENHT, RFRTHSLILTELDG 72400 (280) KHT 2BHEEE
BEURNEEODROBEBENILEBETEHEAILEALND,

Rk, AMFEBELHARBLICET 5 RHET -~ TEHCOLHDCTA 7 1 VL HE
OB OLLEEEI AN GOTEHEELEZMNET 5,

E

A L THRE-NEERFER, ERREGRAENE, ABHZDARVARE, HE
TEITHEEL oBELHMELEV I, SEARTEMNEEECAMNE=RE, AdhE—KIC
REBBRECOVTDERICM-» THV I, RPME B OFARE-RITEHCTA 7 1 v 6l
B OEEI NOy MEST IFERARE L CHV, CHoBRKEELET S, /2, &
RO CTA #82H LTHEWIELERE 7 1 v 4 (BR) CRET 5,



