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EFFECT OF AROMATIC COMPOUNDS ON RADIATION RESISTANCE OF POLYMERS

STUDIED BY OPTICAL EMISSION
Shunichi KAWANISHI and Miyuki HAGIWARA®

Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken

(Received September 3, 1987)

To clarify the effects of condensed bromoacenaphthylene (con-BACN) as
a newly developed flame retardant on the radiation resistance of ethylene-
propylene~diene-terpolymer (EPDM), optical emission behavior of aromatic
compounds, acenaphthylene and acenaphthene as model compound of con-BACN was
studied. The energy absorbed in polymer matrix is transferred to the
aromatic molecules very fast within 1 ns, and introduces excited states of
aromatic compound. The flucrescence from naphthalene units of the additives
with peak at 337 and 350 nm (named AT emission band) was observed in EPDM
containing acenaphthene or acenaphthylene. When aromatic peroxide was used
as a crosslinking agent, another emission band (Xn band) was observed at
400 nm. It was found that these emission bands play a role in trapping
sites in which a part of radiation energy release in the form of fluorescence.
The energy level of the excited state was correlated to the radiation
stability measured with coloration and oxidation reaction of the polymer,
Furthermore, acenaphthylene having a reactive vinyl bond forms excimer
emission band Ex whose level is lower than those of AT and Xn bands, and
therefore, enhances radiation stability of matrix polymer by giving effec-

tive routes for energy release.

Keywords: Radiation Resistance, Optical Emission, Energy Transfer,

Trapping Site, Excited State, Excimer, Flame Retardant
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RKah s,
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EPDMHATEARL L > TRE~NOITHEHIET 5720, EAREHABH > FERLEWTH S
TEF7FL rEZRVITETH B,

B - EEERA S U TR ELSREO S, Mkl TtRBERG Lo ny v bick
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T e~ HOMBEEIC VTR, FHRRIEEYOENBEN TS 5T LR L{MeNTEHDE
-9], FrEFflis £ 5010), ZOX I IKESFOMBEREL R 2 BF k>0 TH—BERL
NTRVEY, ZHhoORHEREMFHOBBIC DL TR AFALEALE O, FEAFESEE
WL L, HETFTRIh 3 SHBHENEE N TOEMTRLES THE LT 0L,
TSRO BBRHIEETHREIETH 5,

SR FIHT ZMEROMERE, BEBO AV F 4258 FHRINTEC Eh0tET 5, K
SHErEaFE2EE T8, BRETOBAETLMEFREZEZ L, 2oRBit-TRL KK
1o ohsd, ELRFLHLOLMBE LA TIRBTFICE - THEEFOSFRRIANVFE—4%
HZ, 44 AMEPERENERS D, Zhd AR UERIGHEE (44 v, BRAFE LY
FORBICL>TEEL VAN hOoDRIGOFERE LT, BEEFH AT 3011, 12), &
WA T D& 5 HEIF ORI EAERIGD & T 54 4 wORERED S gL L RIGH,
LB P L AVF BRI DS ERFARATECLABNFORRMGE2HE ETEETH 5,

FBHOR, RELTEFRRBGNCX 2R BB EEFBHE Y VABEICIDRIEL, B9+
hOFFRFNYOERECBET 2HELE2ED TS [13-15), RHEE, con— BACN @
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WINFTHHTeF 77 ETHF7F L EBIAMEROHFRAELR O, FRLALESTF
i, BASRK TAMBorFL vy oLy Y v IESEK (EPDM), RF Ly Ty vy T

4L (SBR)BLU YR —-1, 4-FYTF79Jx> (cis—PB)D3BTH 3,

BINFRETFABROEHI RO FIETIT - /co T EATEREDBEOTMAZE 100 ~ 110
CTO: FvvFa—w (FINEMEF, TEST ROLL MILL 410SHECWED) TEEE L7, &
SiTe —WEEE 0~50CE LT, BREFIZRE, TO® 150CDO® v b 7L 2T 100kg/ cfD
FHTmEER L, 3mED Y — R £E8~,

2.2 REEICKBREARE

FH I X 2 REBL U R <7 b vDRIEITIE, HADREEF P— 550 530G iHAE H
L72(13), TONKEEITE RS 2 Rien, 202 b—HA 5B L, 0

CEICE RO REOREKEE, AEEEORBEOBEKREEAQSNIZHIEST 2, ik
Fiowt L CREHBTRLENE L, HEHIMERCH L ED LB Wi,

B A <2 P VEFERAEREOERICEEL, MEREEETALicE->TER, £
TR <7 b BEEEEEZEEL T, BEHOSRELEAL T, TOFEXETOR A<
v EER, BIlEBSIURLER XS b aid, 220~650 nm OB ERTAE Lz, BEOERE
B BE R, R¥EME ST 50 nm/min & Lic, 2XBOBREDMREETH L v FIBIZBHER %
bnm, FHXHE 10nm& Ui,

2.3 FEFRBEICKLSERAEARTZ MLORE

BFHMEIC L 5FERAR7 P VAIERBORLE AR 21c 73 (13), EFNERZOAETH
MRS HHER 1 SMNES (9 7707 -9 24 b YR OKFEE—aZHi, MESE
P ODETHIIMOBERIKICE > T3 ) A4 bah, SicH LTHEFRIRBRAN S, 28
PODRRF S SISBEHRICEDLNL - ARY Y ITELEENT, K7 74 15—tk - THREE
ADRARBELIEBETCE LN S, COX T AN—FZHOAAEEICXD, SERETHD
B/ A ZXDHFEASI PR LN L, BEANZ b3 1I0mmD /Ny FIRBTRIE L 7zo 724
ERDFEEETETTS50nm /min & L,
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BCTAT 4 v AREFTTHIEL, #EB%L 30Gy /s (3000rad/s) Th- 1z, BEIRERS,
FRTIT -7,

K774 -DRESFI0nTEH 5, MIICIDET 74 ~—DEEBEOHEKELATT,
W7 7 AN DREHAID AGIRICEERE THRERHShE L, L LAAS, SRERS, &
B oDFREXELEHEN S, CTA7 « v ABEATHE L2 DBRER 1Gy/s TH -
Too —MRRNIC, 57 7 A N ICREHRDIRE S B S DERBERET A8, SDBL, B
BEREBEOVC ELEFHEINIEAIBTL —ETHEL End, $7 74 N SETIHE IR
REAEELTOROLEDEEDA S,

FEARER OIS, BRL Y ZBEURT 7 15— O AR EETEC XE BN
END. CNITENT 2RARAHORER RS T By 2 759 v FLELTH LML
WBRIEL, TOBRER 4ICRd, K4 TREHORH@LE N, 2 7590 KRy kbl
EHBDIHICARITR L TV S, TD23y 7 777 % v FORKE 450 nm A0 E LB EL
WEFTEANR T b ER D, CHEARFO-OHREILEL 260 BN 5 (16),

A G RV 300 ~600 nm D RRBEETRE Lichs, FEEoEER 250~ 650 nm DOET,
ME 50 nm/min TIT»7. HIBDHETHEMOMHHIC L 5 ERORELR Lvic, £8E
0EHT->7c, 250~300BELU 600 ~650nm D 7 — ¥ FHEOHLE Sy 77592 FO L~
WOTIEIC RO,

B 4{@ald R ~2 VOB TH D, Tads, HEDRA XY M VEEF L7 DRODIEETT - 12
(132,

O Ny 27590 FARY b EBBORA N P EFNFNEEREEIC L DEEBILT S,

@ 1nmZ&ienNy 7750 FR~<27 bLEFELBC,

® FHEBF MW THTONS, 1BIOHETECNBI0EEE LA b vDI L, B

RToREE 1 (t) OfREE %

1(t) =a-e t/b+ ¢ (1)
t =

ELT, t =0DRORENME 1 (0) % 300~600 nmDEEMEIRT 1 nm T &ickpiz, ¢
DOPRAFRAER 5 T T,
@ &6iC, M7 7 4N - DEEBLEOBERFEGFEEEZR 2 DEE» SHELR,
LN HOMIEMEIE, HHE,LLOF— s OMB LA T Y-V F T E2—5— (SHARP
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3.1 RN EORE

K 6izid, BrORBMBRTONREIZL ZHER <7 v (KTHex EXRR)BLURNAR
7 b (em &R ) D ERL THWS (13, 141,

AE B LT OMKBEURIE SN R Ny FOZR 2% 2 TR T,

Fpoy K ELTRD 5 BEMEES ©vi (141,

BHT/¥¥ Fid 300 nmic ¥ — 7 285, @5 TOBLEERN L L TRNEATH ST F oA
Fody b vy (BHT)ICE 2R K TES, CORKIMBETHD, BT T7TvF 77 V%
OFBEFRLSGUEENT 2 L, TORMBOECFEN S FRBEATLE LERENEL 15,

P=0/¥r i3 380 ~500 nm AW B RILVBRIF N FTH S, OV FRINTORE
THllZh 2D, BMEEBHT ~r FOHUTH b, THFEELEWERM LK, F&
HALBHOFENRDNS LY 2wy - L LTHAISN E, ZROXH KDY FOMERIETHR
BRI L ->THENT S, ZOELLIOP=0REAY FiE, ETHEBEHTERL LEDTO
BILERMICEERANN VY FTEDLLEA LN S, $7, REHFHAETEEY SN DL, MB
BRHEOBLICE DER LD EEZL OGN 5,

TeF 7Ty (At) AEIML7:#, 320, 337 8L U350 nmickEE AR - 7o AT R N B
Hllxh b, CORKERTEF 77 YOREEHE L AULLOENRTH Y, 320, 3BTHLTV 30

nm® =2 &g Ay — RS ICHIGT B, BilERS by, $HHERNARY b
328042 3200nmD 25D Y FHRLH, ThEFNEBEKE'ALORERE L, &1Ly ~OR
ticflig %,

TeF7FLyARNULER, AT Y FOBRlshE, THbbE0REELURIE <Y
RFIZT 2+ 757 vERUEIRKS, ZHETEF 757 L yAEAFIRENENL EFO 0= LES
HEEE (17), T+ 77V ERBEF 7 4 L VBRI COREBBAENE L OB EERLT
Wh, TDTEFIFLYODNYFHAT/ SV F EEES,

Xns¥¥ Fid 370 ~ 450 nm i S T 2 Bl E AT - 1o ETH S, CONY FRTEF 7
FLvhEhidT e+ 77T v EDCP (U7 S e gd: v F) EBEFET AR GICRLN 5,
FHEBAEHTBOEBRTELDBP (P FFus—F £ FYaM0kicid, 2o Xn v F
RER S, 200 oD Xn NV Fid, TEFTIFLYDTFTEFIFT L/ OFTILY
RicDCPORISHERIRIG L 1A LBh oD R EEL S b, XnFl Yy FIZAT RS
YIEFEDRERMIENENS, CHECORIGERYO + 74 v v REDCP O RIBABRYIO
FHRBREOEBREEAPE > TOETEERBLTEYD, TOLHTORENL NV FPBAT NV
FORBEEMIicy7 LD EEDNS,

BT TEeF 7 F Ly ERENTaE, At Sy FRISMC 450 nmAFEic & 2 F 7 1O g
By RHBEBISN B, CORENVFRTEFTIFLYDIF Y7 —ILEB6D7T, TTT
R Ex /Ny FERES, —7F, T+ 77 ViR TRIO ExF/vy FREW Sy, —#F
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Flic % &+ —OEBHBABE L A VvF - OIBOSEL, T+vv—%25¢ 544 O
EEFETH018l, T F 7 FVBMRTHET £ F 7 F VSR FHICEEE— AL TED T +
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LYy ESLBITIRFEER) v -2 THY, T+ v~-2EkPdT0 b0 LEbRs,

3.2 SAFHORMANDIRILE—BE

K7R3EHOSATITEF 77 (At) BEUTwF7F L (Ay) A2FEML, 337 om
DN F (ATNYF ) OXBEEEFEIEORERYE K LA b0 TEHS, LHHED
BRI 200 nm T LRI AT N Y FOBRRE— 7 TH 5,

EMETEY Y v 7 R EULZBRTFOEEIE-TH, BEBERELLL, THaid< Y
v 7 AP RICH LERTH 5720, b - ORI oI Rt ic & 2 BEBER TR
RO REHHIEIRGE S1 DER L, ZORNALHNEELTHRET S, ChicH L TEFRICL S
BT, BABER ) v/ ROBEHICL > TRELBUL-TV B, 20T L2, BATH
PELVBOBHEBT A vF-Z2RINL TS, ZRhEEN3FERILSHORREED L5kt
bV IRATHLESTTOMBEITKELTVWET EERLTVA,

St s TR B 5 IRNEHRILAYO REFHRRE S, 0 4 i E 4+ 7 ViR
BIT/RT . SERHE TIZEE S1 ~DRESEC 5, Thicw L TEFHEBETRE, 527D
BEIEIREE S0 2E L, So A SEIEHEH TREFHERE ST ~REERT2 (SY O i
FEEAL, FIAEE YT FL v DEA, HB8eVERESATVS ), ILIKERMMLEM~ZFD
T & v - BE L, WRIMLEYOSRIEIRES,, 28T, S kT 3, —iicmigss
Bick 2 NERBOEE IR ICEL, 2OEETHII 10%s L ETHa 2, H7oBRE, &
DT oBMA~DHELAVFE -BHOHENENTFOBBTEN - THWAT EARLTYL 5,

K9z, »WivRZ IA Y PAETHELIAT N v FOFEXOHB B8 479, Thit, 20 ps
DA T THERR L RORNEFERLSYORBAERES, Ok (37 EA0MR 1
35 ), BLUWHE (HERS ) BELBMLTH5, RNY@IET €477 Y 5mM~ Y& Y
BROFBRTHB, COBE, M0nmOFELTHbE, T2+ 77 /0O SiOERERIL 5ns 2
BEThy, BRADBAERICUNTELIED, TNRBEESOORET 2 VE—BEY, Bito
BERFETEeF 77y BT EOHRICLAUVEBETEC » TOAL EERLTV S, FhW
ATEF 77D S5 OESEERSFOERHOMTGERICKET 5, — 7, N9bDEKRET
H, BEOBAARERY ohd, BRHEDOABEOLNTVWS, DL ERTEF 77 YO
FRED LRI OB ORI AEED 1ns K VR EHITEVTEERL TS, T71h b, [F
BR TR FORMARICX 2T 2 vF BB TIHEL, Forster O 2o+ —BEHIET -
TWa, TNEESTO S OB THENEEHL TORERRKELFEL T+ OREIRES,
EHEUSELEENTHOFRCL 20T, COBOHEER S X 5HEHIZ10~50A0 Fic
EHLDEEZOLNTLAS (19),

3.3 BTFHBEICEAIRNES
ETHEMEICE BFFERA~7 P vARKIOE L TILTRT (14]), SRR TR, Bl foNsv K72
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S SOREPBR NN, EFEETRV S oRerERicElsns., fiiig, K
10(a)> ATID1 (EPDMiIET 2+ 77 % 1wt BEHEML, 1 wiBODCP LB L-HE, £
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ATFHNANY FOBEREEE L SIRERL TV S, LALEMS, 450 nmffiED Xn vy Ko
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CDAT/NY FORGEEDORDIE, KRBk 268 0 HRo iz »HEBIDE - T
Ao EFEAON D, SN TORMRICL 2B H>OTIZFHIIZ R AN LA, —Hicid
BRI K - TREBEEZY, B3 TRICA 2 VOHIRET, K - FEASORINA R
L, TNIELSHCHRNAEC 5N EZELZONTVE(20], LD &b, SRTOERDE
K, $UHBAT Y FOREDPEIESR TORR BRI+ 2RSHEOREE LTHWEZ AT
%o

RIRD & Hiz, AT /Ny FORNEE O RIERIKFIER, BRSNS ETH 5o 0UL0
DICHRHREOBMKTEI NS, B4OSH TROBYIIFHN v Ficwt L TRLEREORE
ZURIHTRD, BN2RECE > TEH aBLUb AR, ZOHEEF 3 ITRT, B2
HEREREETELTH 5,

337 nmDFEO FER b DfEIE 350 nm D b DEICEREZDTEHT—HL TV B, 2O LEMS,
3 amBLT 30 nmDFRETOFEOEFEEAL DO TH D, poEBIXC OEEHEBICED
S TWAZ Edbhhns,

FADOBBEDOEE T ERDIE, Z35-5ATIBl, ATID], AYIDIDOIEFETKRELHK S
(Tﬂbg,%@LK<<ﬂé)o—ﬁ,P=0NVF®%%ﬁﬁ®ﬁ%K$5%WH3DL
ATIBIOIEFTH L0015, ATIDI BLUAYIDI TRIZEAEP =0vr FRE{LLEH
o7 AR LD, ZOEFEBLP= 0/ Y FOENEES FROBERZtcHY4 5, F
D_>DEREGEEE, TNOSORRTROMEELERIZ, DI< ATIBI< ATIDIC
AYIDIDIEFF &S5, 250, TEF7F L VEEML, DCPTRELAYID] B othT
BB R REECENTO S, FHIEZRTHRRT LM, OMBEBRRZHOIERZ, Findlic
L > TERBRFRICEKT ZEHEIRED 5 b —FE D T A v F— L~ 2B FIEKED LD
S EHFELTOE, $74b5, ATIBITIRRAT(350nm), ATID! TidXn (400 nm), L
TAYIDUHCH L TR Ex (420nm ) TH 5, EOELNY FEBOENFRIEL, ZORHEHE
EHREN TV bbb B,

BE131C 33T nmDATRAENNY DT F 757 v ETF7F Ly ORMBEREYREA TS, R
HHERTERCEMORMBE S & SICHEENICHENT 3, COBEEPEAEESLNT &b
5, 337 nmICIRIEMAID BEICKRTE LIZWMEDFE S v FAEN-TVWAE T Edshir b, Bl -
THBNY FiE300nmice—27 %6 2>2BHT < F LB S,
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SR EBFEMEICL BRAEBEDO SN F< b ) 7 ROERIKEROHIEL S, 9T b
U7 A oG HREIFINBSEE A v F - OBBEEC T Edibh s, KGR LER
B2z o4 Y2OEREZ, COBESFHLRINFIAD 7 0¥ — BEIEE S OB
FRRETH D Ins kDR BEPIEVT EERLTVS, TOIRVF--BEHOBEL, BEETE
CRONBDTED LOBRICL ZILHBIES A 4 vOBERKETREVC E25hh3,

HIBKARLIERDP S, T2+ 77 v 2BNLAES TROETHBEIC L 2FGMEL, 7
P TV F URNROBFREICK DRNEEE, TS 7T EMRLD RSV, —i
i, FERBEE, 2ORNETIMEREDOERIE T OMERED AR TFINEOH HicikES
B TRFIITVE&TEFTIFLUGRIUE/ ==Y FATZBELTHED, BEMEHIFO LD,
SR EXRFBURLBELIRTEOLEEbN S, ThWPA, COBREDOEE, ZHo0FMAS
TOEFTEBI LR FORHREOELRELENTEL, THF 7F L rRESTIRENT
LEf, ZRAEDETENFOEHICT 7 7P EAL TS, FDEH T+ 77 VYiRE~<T, B
ERESRESHER T2 v+ -2t 28180, FLREIENTESBEZ b0 LEbh
5 (BEREORENOYUHSEWAY, BEEHEBILI VB, FEE/CAWIE S Fick
GLTVWS &, ZORIRECISFFOATEHBMOLE L, BHEE L2 3 — 2EE
HERICL - T, RERBOE, TUOEHALL R TFRITHRIEENS ), 72, BEAD
BRE_ODHEMER], DCPLDBP THA~ALZE, AT/ Y FOREBRERIDCPEBOAIHT
PICEES - T d, TNIEDCPAEBRTIE, Xn vy FEERT 240 AT /Y FOBRHVDE
CU>THOAHLEERBLTV S,

WNNVRZ I ) Y RADMEL L/ LN ATRE/N Y F (337 nmD ) OB £ 1412
T, BERBEERETRL TV, BREHEBEREO SR AT 5, Kdhs 7F 7
T YRR RG TS 7 F LV RNFR L b, BTREOFRIFMBIKEL THELT L HH
Wb, LHEF N OSDMERENLETH-T, COEBMD LINIDEOHEN (FIZIFATID]
ZTRXnPP= 0NV R )Rz 2 vF-OBEIIHOTIEAERL TS,

£, TEFIFLVBRMRE T F 77 RO AT HERKEOEGZ MK TEE, TEF 7
FULYROBIPBE O bbb, T, T+ 7F L R TR & 03 — O E
BILL AN T+ 77 v RILOBEICA > TOEEWIFTBOERE T LT 3,
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Tabhle 1 Polymers, additives and Peroxides used for sample preparation.
Polymer Additives Peroxide
EPDM ethylene acenaphthene (At) di-cumyl peroxide (DCF)
propylene CH CH
ENB (19%) ‘ l 3 | 3
D OO
| I
CH; CH;
SBR butadiene acenaphthylene (Ay) di-t-butyl peroxide (DBP)
styrene (23.5%)
_ CH, CH;,
! |
OO CH;—C—0—0—C—CH,
I !
CH; CH;
cis-PB cis-1,4-polybutadiene (95%)

Table 2 List

of abbreviated words used in this paper.

BHT

At

Ex y,
AT1D1
AT1B1
AY1Di

D1

Ei

emission band due to

EPDM contained

/

—

butyl-hydroxytoluene

acenaphthene or acenaphthylene
monomer

cxidation portion of polymer

complex of naphthalene ring and
bCP

excimer of scenaphthylene

f wt% acenapnthene and 1 wt% DCP

1 wt% acenaphthene anéd 1 wi% DRBP

1 wt% acenaphthylene and 1 wtd DCP

1 wtg DCP

1 wi& DBP
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Table 3 Fitting parameters of the emission decrease under

electron irradiation with dose rate of 3000 rad/s.

band a {arb. unit) b (s)

ATTIN 337 0.22 2817 + 261
3590 G.14 2875 + 292

400 —_—
AT1RB] 337 0.25 1904 = 154
350 0.18 2484 = 3453

400 —
AY1D1 350 0.04 3080 + 63
AT.5D1 337 0.13 1784 = 57
= 80

AY . 5D1 380 0.03 1871
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Fig. 3 Absorption loss of the waveguide vs wavelength.
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z ' EPDM At 1%
> DCPI%
10)]
-
iz
< b
- .5"'
o
@
)
0 | 1 1 |
300 400 500 600

Wave length {(nm)
Fig. 4 (a)Background emission spectrum due to the emission
of the waveguide and the quartz lens. (b)Uncorrected

spectrum .

=
-g » EPDM At 10/0
e DCP1°% 337 nm
=~ 0.5
E R=0.48exp(-t/2817)+0.054
O
= i
v
E —
Ll
0 ! ! | ] 1
0 1000 2000 3000 4000 5000
Time (s)

Fig. 5 An example for a time dependence of emission
intensity under electron beam irradiation. The
intensity decrease as the equation shown in the
figure., The sclid line ié reproduced with the

parameters in the equation.
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D1 (DCP1%)
BHT ~ P=0 X10

ex em ex em

! ] ! ! I 1

200 300 400 300 400 500

ATID1 (At1% ,DCP1%)
At X1/5 Xn

200 300 400 300 400 560

AT1B1 (At1% DBP1%)
At xS P=0 x10

L 1 | 1 i
200 300 400 300 400 500

Wave length (nm)

Fig. 6 Exicitation (ex) and emission (em) spectra by

ultraviolet light excitation.
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1.0
S O cisPB(At)
S
S
&
S
g T
0
L
O
= O EPDM(AL)
(&
% e cisPB(Ay)
OSSBR(AL, Ay)
® EPDM(Ay)
0 1 1
0 5

Photo excitation
Fig. 7 A comparison of intensity of the electron beanm
excitation emission and the ultraviclet light
excitation one. Open circles{Q) and closed ones(@®)

shows acenaphthene and acenaphthylene systems,

respectively.
naF A BFT  SmM
Si—— 5,
1N S
§i— B}
T RN — e
Sa :
g i
l! 11 -
5 LBl
mr :
= H
3
t
T
—t—s, 8,
* e
g
WF M mE

Fig. 8 A comparison of emission processes with electron

beam and ultravioclet light.



(mV)

Emission

intensity

JAERI-M 87-155

acenaphthene in benzene,

. ;
1001 |
] 340 nm
200+ i i
N T
300: /Jfr:/"
4,007 <
] \ g
5001 \_T/‘
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Time (ns)
01
5 fﬂr—”’”"ﬁﬂw
] T
1007 fyff”
] ATID1 350 nm
2007
3004
O 10 20 30 40 50 &0 70 80 90 100
Fig. 9 Time profiles of the emission. (&)5 mmol solution of

(b)AT1D1 system.
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Fig. 10 Emission spectra excited by electron beam for

AT1D1 (a) and AT1B1 (b).
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0 I 1
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Fig. 11 Emission spectra excited by electron beam for

AY1D1 (a) and AY1Bl (b).
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.2 ATID

\LL

; ! ,
300 400 500 600
Wave length (nm)
Fig. 12 Time dependence of the emission spectra of ATID!
at 520 s intervals. The electron irradiation was

carried out under constant dose rate of 3000 rad/s.

o= |

~E .3

= - ATIBl A

25

25 2+ AT1D1

L~

c &

Hes g b AY1B1

EQ A

tJ | AYID! @
0 . |

0 0.5 1.0

Concentration of additives (wt®h)

Fig., 13 Plot of emission intensities at 337 nm vs
concentration of arcmatic additives.O : DCP-cured

acenaphthene system; A:AT1Bl; @:AY1Dl; A :AYV1B1,

__20_
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Fig.14 Lifaetimes of the AT band at 337 nm vs concentration
of the aromatic additives, (O : DCP-cured acenaphthene

system; A :DCP-cured acenaphtylene system.

a)

At system

b
) Ay system

Fig. 15 A schematic model of the dispersicn of the aromatic

additives in the polymer matrizx.
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a) AT1B1

Polym?

\,
1 P=0

b) AT1D1

Polym?*

AT

TR

P=0]

c) AY1D1

Polym*
E hd

AN

F)

E X z

|

Fig. 16 Schematic views of process of energy migration for

AT1B1(a), ATID1(b) and AY1D1{c) system.




