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SUMMARY

I. Project Title
A Study on the Improvement of Radiation Resistance for Polymer Materials

II. Objective and Importance of the Project

The objective of this project is to reduce the radiation—induced degradation and to
lengthen the span of life of the polymer materials used in the radiation environment

by means of DLC thin film deposition on the polymer surface.
III. Scope and Contents of Project

DLC(Diamond-like carbon) thin film—deposited polycarbonate specimens were
irradiated by high level gamma-ray and made observation of their irradiation effects.
In order to do that, diamond-like carbon thin films were deposited on polycarbonate
specimens by plasma-enhanced chemical vapor deposition, and then those specimens
were irradiated in the high level irradiation facility in KAERI at the same dose rate
of 10° rad. Relative concentration of free radicals generated during irradiation of the
DLC~deposited and undeposited specimens was determined by the analysis of
EPR(electron paramagnetic resonance) spectrum at the elapsed time of 4 hours and 2

months after irradiation of those specimens.
IV. Results and Proposal for Applications

As a result of the analysis, it was found that the radical concentration in the
DLC~-undeposited specimen at the elapsed time of 2 months reduced rapidly in 4 %
compared with that at the elapsed time of 4 hours, whereas the concentration in the
DLC-deposited specimens decreased slowly in the vicinity of 60 2. Consequently,
DLC thin film—deposited polycarbonate specimens resulted in the increase of
radiation—-oxidation resistance. Therefore, chemically inert DLC thin film deposited on
the surface of polymer materials can be used in a radiation environment such as
nuclear power plants and industrial facilities dealing with radioactive substances or

employing irradiation for various purposes in order to reduce the radiation—-induced

degradation rate.
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H1g M 2

o] 23} WA} (jonizing radiation)S Z# WA T EX}FE(molecular structure) ¥ A
A1 A1 3 A (macroscopic properties)s WAL & Utk Ao RE AL Zgvje Eg
2 JAYIEE JtA e B F4 A4 F(absorbed radiation dose)e -3, Ak
Er 759 F8 WEE dovled &7HE H¥EG 433 wo addx B33
, Be S8¥olA ZIYAEZ A (elasticity), B ZE(ight weight), 7}1&A4
(formability) 53 Z2& o8 712 Zgm EA dEd o]23 TAH B A BAdA
. 23 S e & GAAAG] gle ZEMASE 273 d0. dEg &
$Fd(space vehicles)®} 7%, ZE|wE WA @7A A€} o] Eof $8&2 &
Ho] WALA-FE HEto] E FUAY WS AT 9L gt 9w
© EYu7t AN A4 dHERE AEHE E U8 Zojo A &Rk 9
A3/, A9=, 283 F27 € 7HE7E AHSske dEE AHE FE £
o AHEEE ZEv FA 8 A (polymeric components)E AlolE A ¢ (cable insulation),
A (seals), 7t A (gasket), o] Z(pipes), &=(hoses), WA zH, ¥ (coatings), A 7]

|

boo o

o

3197 (electrical housings), 7% & (structural components) 5 ®< AES ¥ st ¢
o AARRAAA 7S 2IHEA HYs A LHAL H g E(containment buildings)
W dHTAE Auje B2 EYARE Z3 dd 23 A5 A2 2 A g
A7) A -§ 5 x3Hlong-term radiation-induced aging)®l 23 &3} (ongoing effects)
A2 AT AN 2 9a?

WYALAAY ABr 8% g8 $&EkeE +4E Hd(sterilization) ol 3trA ]
(sewage treatment)®} Z& WA EFS FAF3AY e of JHA] HHo2 WA
ZALE 3 APAAES 2 I 2R WAL HVE AT R AES 98 F
2o AAAILE ZYWAEE AME3E EF(encapsulation)olV A& FuksiA @
43 g0d Ry E#¥29 FAL7)(syringes), FH(tubing), Hlo]A(vials) T3 2 ¥
2 Y BAEE AFHERNNE FEIFE AP 258 &7 FHE(autoclaving)
g3 2+3A 2 (ethylene oxide treatment)9} Z2& L#Hld AFI|SEFEH AR 4Ad7)
&2 AFE 3 Yt o] 1R H A (high volume industry)S Z A8 LALA A

rir
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F& MAdst7] st A o7 BHEE A7 ok 98 Be 44 FA (industrial
processes)< IF9] Z3l(vulcanization of rubbers) E=¥ 942 A E(heat-shrinkable
products)®] E3}Z 3} (cross-linking)¥ 2L ZMARY e QFEAE AH37] ¢
dto] o] &3t WIS o] &&th WAL EHI:= o E 48 AT FAAbol HALA
ZAME ZF3e ABAYAA AR AFolY ALEF, ZAFE QUWA TG ol
T e B4Y Hie SFAAA AN Z Y wFoly FA3A € & Yt dne
9 A, 2dvA GANE T e 8§49 EEY Hales A4 EAod. a9
U AE-FE ZEY HIe £ FRE oS AT F, vo|ARARNY A
3 A & 7]% (photoresist technology)o] 18| (high resolution achievable) W& ¢o =
A A (electron beam)olY X-A& 7FA 3 WA A=5-H (radiation patterning)E W&
Hel o] AL&E Aoz U S?

ZYnARE FHAT WA AN S BoFEth WA AL IR ANERATE,
A7HAY EA R §F FAxE 274 9N ZA FFS OA d9. SAEEA A
57t e AEE ZE9ARAA FE2-AFA @A AT olsle ERY d=28EH F
At Aol Fastth 2 28 ol AR ARE 71 EFEY 7 R AE
Z4 Aol AAHoIg. MAMA-FE ZEW 9 HId #d 7] A7E Wf =2 A
FEEZ BEEA BV B A 8 FAL AR ZA FE S BFAEH,
28§ ABAA AsE AAFAS X (oxygen-diffusion rates)oll 21&&A Hv, 2743
o= I FHAAW YoluA Frh AZel ATE FNFAN ANFER 2AFAY
382 god drle AN EFqANFE ZATIE BFdd 2HE 2HFI 3T 97
A Az H3AF, H8&55E 2 5317 F(degradation mechanisms)E A+33} 3} (oxidative
chemistry)dl 9alA ZA e ol#d F /9 FHAAF A3} R H|4A3} AL
E AgHoz g g 23S 39, MZ & &X(end uses)l HE&H

B AFdqdHE ZnA8e E¥wWo DLC ¥¥(thin film)& FAAA WAMIZALES
g #FRYL. )8 BHL AFAA F2 A3 FAAE ALse AN AFE
AR AdeE A8 g A2 Hdolt.
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H2Ed = 2

—

A1E d7HE T

L A EvAge H3t 2 g3piA
VAT 0 B R R R B e

712 A RAA BARA YA A (deposition) & B3HE W3t oS 7
vy )y JAX)AFY 2E& ¥& AuX] Fx= P & (photoelectric effect), 7 Z
EAF & (Compton scattering), A2+ A (pair production)s 37FA] £8]4 7] (physical
mechanisms)ell 9344 ERAe dEdrt. FREFHAME FA7E EQA FFHY ¢
AL AL AR A AjE U E W BHFY AdUAE zte AxAAS $EdT. A
ZEAGAME AAZE HEHI qUATL SolE FAT AT 23 1.022 MeV
o] gol Aol BAR BAAAME %A A positron)-HAHelectron) #o] FAHY, 1% &
AR 2 0511 MeVe Avide 2AAH, AL ¢ 5 71X EEF 73] o
A EAS FIFAEYE £ ok QA AR dyR| ¢ EujRde] £ 9
9 A 7ITFF o= fAENE Z2RATH. dREY B¢, AZELR] §71EY
WA Fo B3 7Tt o= E¥F 777 A&EHET ] FHQUe] A W
At o] Eew A8 FRA o, WAMAELS] Hx A3 (primary event)e FZo] 319

YA AAHhigh energy electron)E W& 3= Aolth
R ~~~~>—> R + ¢

Heol o] ARAAAE W Be JRAE AYHUA 229 o288 HINB & Utk

2 A3} o]23te] IR AHNEL olF s "
e +R— R + 2

2 E 03 (Coulombic attraction)& H A7} %ol (positively charged ions)¥ A2 F3}
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B2 AARE Fol2g FE3] AFgAA @ olRAL AT L AR 97]3E(highly
excited electronic states)E YHE A @t}

R"+e — R

a8a, WA Edde] JEALdA o3 E ofr|AlF 7| BEEEE xR A
Henergy transfer)] A& & AR IR A3 or)|d EXAH7 @t

o 7]3 8 ERHexcited-state molecules)= WA G gle]l 7] Al (ground state) =
Ho|, FAl do] 2= o|RAL WAL (high radiation flux) 24 Y& AE
9 2=5F FoA Y. EAT=xAd =, A7|8H EAE AdFeyd FF
(phosphorescence or fluorescence)® 72 “WHALE 3] (radiative decay)E 3} ®g& dts}
Al dd. & f-&(quantum efficiency)E 3 o]9} Zo] AFdE A= WAMAHAS
(scintillometry) 71% 2 9333 < E(luminescent paints) 7]%5< zZteth T3 o)A
= olg FEIE v FEENEHE d(heterolytic bond cleavage) Ix
E AFddZ(free radicals)d] A S FEIF= TLEAHE A (homolytic bond cleavage)
o oA BAT & A

RX’ > R- +X-

ol L o7 Zel EREo AY FutEe o & JEXFHE, HPEY Fr1E4
oA HALAEFSe] $AE F A E(intermediate) S AR eolth EEHUieA WA
$ =¥t} L (radiation induced radical)e] A& ATFHo Kb =7 HUBAS A4
e MAEFE AfHdE kg e WyoE FA4E Huze e kg
&3tk o9 e WAMRE #HiZge] BiAsA A" oz JAHE Ao ot
233 FZ(tracks)H T EEH(spurs)elA] FH3E AEY Ho= JFAPdvde A
ojt}, oljd EZ FEIE HoF vxE, YW A= HE dgFs £
3 ge #odzd e vus AZEE o FHA 7 5 Ao

Az, oA, FAeE 2L A YA AN charged-particle irradiation)= & 2

- 14 -



WelAl  EArol &3Mmolecular ionization) ¥ A& A&A A (energetic scattered
electrons)E A/33HA dot. FAALT FAAFHY] FEd AN 2F ARE wr|=
5 H 4 (recoil atoms)E HES 0| 23E LAY FHARRAR dog F & #
7 BEFE 220 WANS S FEAITIE Atk o] WANS S C, H 2 09 3%
Ak, S B ClF 22 do] EXF we YAMSE AAE F A 9ok 28y g b
4 H4F (714" € ddEe F= o] 28 EA T4 EH(tracks) & T WA}
A Heel disiA 2o 282 ZAMERIFAE F2 YAMelR3F AHincident ionizing
photons) == YA HFd Faglel 1 EZ AL dAuXFo| g&&A €t o
| Fege WA B ARZRE OE A Fde EZHS AT HEIAE, of
23 AL F71E829 AR 3 didtd w9 ©& AL oldgta FA AT
F&5A 2 Aolth. 1#A FozA, o|F WAMLY F7Hequivalency)?t FL3EHA
At ol ehEle Ag AAdto ok ) T2 RILA] d et} o] 23 EY 9] 2
ol duUA HG FF 2F2 A0 oA B dxe WA e & o]
A& AY oy H<(linear energy transfer : LET) oz AMAidct Zvd(y
-radiation)2 ¥ LETE 2z ¥wd ¢34(e -radiation) "% ¥ LETE ZE
LETE A& SAAES] A E(radiolysis products) & 9&FS WA & drh
CZIAARQ AAE AE e weEl AZ tdEd el 2 X-AL 44 EYvAE
£ Fsle wd, 89 2eAnt HEHAE TAA TS €4S A A4E F
. 2A Ev e A4, AdE F£380] FE(minutes), FY(days), TF(weeks) =& A
LA 2 oA AA E F o=z YLy ol FE(mobility)s AAY ZAFY ol F
= ET Y g

WA 38 (radiation chemistry)¥ 8 3}3F(photochemistry) Ate]l 9] H|Z Y& o] &Y
= Aol S&3FTh B, BEAW BA X (specific sites)o]l YE ZEI AH
(particular chromophores)s £3 A7|Ex FHE wEAqU e A duyAY FAE F
Fo ol# T 7 AAES W weE He Ao JdY F vk o4 w3,
WALA 3151 olF B AL ol HAALE € AVlE EATE EAAA O
BE A dojuy, HH B (direct dissociation) 2 AZ & ZHL WHY 97
7 2o A}, dauke AAREES A5 FHAHA £X XM (relative proportion)
o ZA FS T EFT EFES wEo] W o Eof, e L I Al=F
Wol &A3le £ vl 2 21F (methyl groups) o & F¥S Tk 28y dyx A€

i
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A WE FAMAf =8 8 (radiation-induced chemistry)S ¢A3] B¢ H g AL ot}
Aoz g Ao AgFHoz FAXNAY T WP4 38 (aromatic rings)9}
Zo] o™ 7525 (functional groups)el £ 2, oUXE &L Ao AA ol
T ew, 71AME(ground state)2 E&HQ v|uHEA B3 (efficient nonreactive
decay)E 3}A €t}

=29 9% 3R] WAL F4E AHeed ALHE 22 A2 tE d9(units)
7F Atk 7FE QubE gl Ao] SB=(rad)ol X, AI2E SI @9 23 9)(Gray : Gy)elt).
FL e " 2ol A2 AR

1 Gy =100 rad = 1 J/kg = 624 x 10® eV/g = 10" erg/g

HAOg, 7NABAE, Z2A-YA(cross-links) 5 A e WALA 33 $&
(radiation chemical yields)S ¥33e=d ZYA AHEEHE 99 GER(G value)olth. o]
AL FFdaduA 100 eV 7 AdHE 5 Fd9 EA¥IS(number of molecular
changes)2A4] Ao dd).

(1) A&7 (irradiated polymers)y AHFHd W3-

ZAE Y qridgz BEojd FYZEE 4 (homolytic bond cleavage)<,
T2 X g(main-chain substituents) == 312X g(side~chain substituents)S 3}
v, 2¥dd(bond scission) & AA AFHUZRE TE F Ut A1) EHAdEA
BERAANA FZE 22 (main polymer chain)?] ZAdAdd o8] MAHE= YA 73
+, L ulg9 #AY@go]l 2(2)¢ AEI(recombination) & A(3) BT I
(disproportionation)®l 2J3lA ®Ho 2 € *F(geminate pair)e] B F vt o|AL A &
el F s zIAEER AA Y Z(macroradicals)e] F W R A (surrounding
matrix)el]l o}F HId Xy et AEFL EATFEZUHAA £¥H3H(net
change)E 7FA LA @gon, BEayste I8 E2y g9 £4E 7IA LA doh

4N

(—CH;—CH;—) — (—CH; + CHy—) (1)
(—CH; + CHy—) — (—CHz—CHy—) )
(—CH,—CH; + CHy—) — (—CH = CH: + CHs—) (3)

- 16 -



F31Z(side chain)E& EF3I e 27|ZFA G J84 AL AOge A9, A
49 ZddAedA FodAe} 2 FE HYyZ ZZ(radical fragment)o] Qo] ),
of 2 wgA HUZE FY #HYZ(polymeric radical) HT} © EL olEFEE
(mobility)E 7R, A2 A7 AAZHEH 25 o Az 4d FE Y2
Fol A (excess kinetic energy)E 712 = 3ot o8 d FAL HALdF ARE A (5)9
Aoy =& 26) £FFd A sdrt ey FUlE olFx wEd ¢
< F-E(significant fraction)& F¥ = A g3A YA $2(cage)E T F Q&
o, ol AL 4 AAE e EAF AAEM)E JAsE AN £42F
Z(hydrogen abstraction)® Z<& ©E& W$g & 4 v} RagEdaiRes Jre
AXHAZF B FE(substantial fraction)S He EoA AA=HEH, IAEL F1
HEL AF A= AAAHZNA BgFe R 2ol F4A FE S (immediate
termination reactions) Rt 23|28 £ 38 (separate chemistry) &2 FolEolA 3
1=

flo

(—CH,—CHy"—) — (—CH; + CH—) + H - (4)
H- + (—CH;—CH—) - (—CH,—CH;—) )
H- + (—CH;—CH—) —» (—CH=CH—) + Hp 6)
H- + (—CH,—CHy—) —» (—CH;—CH—) + H; 7

ZAEYHY AeE OB AT(fate)S, 53] €E(allyl) oY =& EFA
(polyene) #r)ze] ois)lA], EPR(electron spin resonance) ¥ UV(ultraviolet) &%+%

o oA FHANA AT7HS $o). T BA(crystalline) R H¥A A (amorphous)
W #HOZL wdE F dvh 2R FIUAA BAHE HAdBLS 2L o] F E(lower
mobility) ¥ 71 49 ( longer lifetimes)S ZAEH, 283 O EL vH|Fd FHo =
XA 3 ol E F Jom, AVGA o tg WEe 4ol 9o #YFd £EE 2%
o AA oE3, A2(room temperature)dlA FAIL = FFdo] E F 9} 5
Hojgsoe] Bdd & glon, oA (E)IIAT HuLse] Agtdd ot () A=
PoZz Agse AL BFY 5 YA Gk A4S £, olab v B(secondary
radicals) —CH,—CH—CHy— ¥ 53 (decay)s}= wrd @2 i (allylic radicals) —
CH;—CH—CH=CH— ©°| Ueldr}. o] & ola Fugo] Be ¥x9 o|FTAFAET T

- 17 -



A LEF4 A2 allylic hydrogen atom)E #jold w dojgd & gt} FPozw 1
HstA EAstE A @3 (radical pairs)S A2 A FAlED {71230 AA-~
Zt-8-(spin-spin interactions)el &4 WEH F Yk o)A AL o) ~@Ee
BEAE TE Z HUF ol% Wi 2%/ Aedd AT AAREAFALS
(macromolecular diffusional movement)o] A ZZHul, 3] A FYRAA d$ =
S 7] w &, )@ 477 (mechanism of radical transport)d] TEAE Fulz
TAZE dojdt}. God o2 AR 2L AEH F2FEWNEY A Yol
F At= Aol A=Y gon, THLL LA T (isotopic exchange studies) =€
ol 179 Fayg Adae FAZ ok

Ho

e

(—CH,—CH,—CH,—CHp—) = (—CHy—CH,—CH—CH,—) =
(—CH,—CH—CH,—CH,—) (—CHy;—CHs—CH;—CH,—)

(—CH,—CH,—CH—CH,—)
(—CH;—CH>;—CH;—CHy—) €))
(—CHp—CHz—CH,—CH,—)

ZALEE tﬂ‘LH A A A)17+E<0]5 A A (time-dependant nature of migration) %
wh-S-(chemical reaction) WAMAE St F23 HE& o & 0], 2 HI}=

49 &4 ZYHU ZAF A3} (postirradiation changes)?] Z94°] € F 3l
2 A4y gugse, 250 EYWe Fx € 4AL vE 9 F2% s
7=, eA YA (reactive sites)Z ©lTH F At ol AL IAAFE FAs=
QA oA 947 o] (&) FHEIA

o
.L?(_L

I
o

ﬂ.

e
fo

I
8

(—CH,—CH—) —(CHz—CH—)
= I (9)

+ (—CH:—CH—) —(CHz—CH—)

- 18 -



WAARE G387 A FAES HVMAE bt 2ol Hu,

(—CH;—CH—) —(CHz—CH—)
+ (—CH=CH—) —(CH—CH—)

a2l A4 -d(chain scission)e] deoldch
(—CHR—CH;—CR—CH;—) = (—CHR*+ CH;/=CR—CH;—)
. F715 WAMA B 3M(radiation degradation in air)

s, FEAE A7t EAUCAA dojd & e AU FUIFAAA, ol 23
AR gl ZA FFE BE F Y 2 B AVl ERAUsE 44 9l £49
A, A

At

7194 dAEE W3t ofF g 5 Ao dEE9 A
dZae Adg olF {FE¥EA ¥k YR XAAA TARAERAE g o nAAEE
S e ARV Atz AME ddo] $AA doh qFRY ARolA, dh EA
H3ol Z7|E A AIANIH, o1E8T AL A&7t MAAZAIFT I AY B A}
Fol EAE W A4 5 gich 2Ysid, dFES Z¢ FYAT &4 EFPzAA
A guglE WsEg dogled 88 AFEY R o ¥ AFqA dojd & 4
oo Bgel A R AR JlEhTxed W ¥ 2 AFeRH, ZAFER B A
A/exe &34 TFFEY] BRE MALER 2
EHELS SHT FAZANA Z7] WAA-HEHA

Ar#}-A) ) ¥ 3}(oxidation-dominated degradation)E BAMAS ¥ Fev) $E&
ofoll A 4333 wo] Yojdr}t. v4k3H(nonoxidizing) EE FE WA (surface-oxidizing) £
Ao A BANEH g ARE ZAZ, $AAFE AsES AT P S HeEH=
AZe &3 W f297te 238 5 Ut (2d2-1-1-1& AL R I7FAA =
e ZE AR R F FaRBA QAP s 4G APat)

(1) ¥AA-4138} 7] F(radiation-oxidation mechanims)
dae PAMAZRAZ SAEE AFdOE g dn. g3nge, 2xdE, A

A M (uv light), 714128 49, ijd 3186k-g 7 Al (chemical initiation) 3 Z& &
#4oA dojte &3 FALS T

ofr

LY
I
o
4
Jo
2
o
N
o
i
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L

0-5 - —

Relative tensile strength, N/mm?

0 l |
104 105 106 107
Absorbed dose, Gy
Fig.2-1-1-1. Relative Tensile Strength of Polystyrene Samples as
a Function of Radiation Dose. @: Irradiation under

Nitrogen(4.7x10° Gy/h), O : Irradiation in Air(13 Gy/h).%°

Y
R —»> Re Initiation

OZ
R - RO,

RIL Propagation
RO,» — RO,H+Re
RH . .

RO —» ROH + Re Chain Branching

RH
«OH —» H,0+R-

Processes leading to

RO.H, RO,*, Re Scission and Cross-Linking

Termination

3
RO,H —> RO~ + *OH }
_)
3

2RO,» — RO,R+O,

w554y E et

fle

3714 RS CHsy- ¥ CH:LCH & 2
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3 &

WHoz Yoz ¥ ke BPEES A4 SFE(peroxidic species) ¥
Trol g A E (ketone), 7}+8 A A carboxylic acid), @715 & A (alcohol
functionalities)® Z& Zg]muje] A A3 E(oxidized structures)ES X383 th
ZNARARAESS BEFAA-E917) SAMAZALS A A Z(AYHEEQdH, 58T 9
nE e AL COy CO, HxO Folth

2](13)9] 4432 #X @A (chain-branching steps)el A #4slE 9] £ 8] (breakdown)
© 0% B2 #ozgs dAA7=Y, o8 AuF@E T g g3 AF A
t dug Y gshibgs gog|A Frt o|AL F e F2F F£HQY v
=t A HAE 2 AsEEo] AUDH AU 2ol wHEA AP ad A (repetitive
propagation steps)E AX FAAFoE Zt HYB2RE FAAE 5 U3, Zrzhe] A3}
B A13)dM 9 2o F A9 MEL duzIE FAPAIERA EE & V] dE
o, o] 71757 (mechanistic feature)> E&/4 ¢ 7|(inert atmosphere) 3ol v
AA EAHE AFaAddzd F59 AYdd 71 7HAE 5 A ol AL Sk A
Z H3ar|g ZA ot ZAHEE 23 Aok F HAER, 4(13)9 AIE R
AAs Fe B4R DH =3 (thermally induced process)Q) ], oA A7k
ex 924 ARRRoR QA Aol AL HFEEH, LXEF © INFE
Hg ¥3std oA AFT el AT A AUE o E F Yok

T #Ygo] ofd o AIIF7E AN EACAAN Jhssit HEE ZFEFA
(sensitizers)7} Q& o, o714 @d A 4d4LE F7]EZWCAA gAAY. A7A
Aot AR 2 98e #§ £E QP gagAE A2 R HA o7)4H
iz o] Fe) A=z WAL AL A HEA He Frw AFdH(long-lived
triplet states)E 2= thF7|ubaEA (polycyclic aromatics)9} 22 Ex1Eojth® gy At
2% #4138k (photooxidation)” H&& 3u], MAN-F & AsteA 139 d¥ge B
A ZAH A gskrh = o]238 WAL di7]9 AAZRE AP LEYAHE
ZzHg § ik o] 2EL AAFHLE HF AR, £, FH U9 eEF¥xEt F42
4 & AFTA(confined areas)olA] WAMAZALE AR EHE AFAIE A94ES
g @ s B &4 A FHEd %S 2] AL Y FHE & EX
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3 23 vxE Zevh dustd, o @ 3 SodE 283 N aF5e gustA A
& 3t7] wf&olrt.
(2) 7Y 43} F I (heterogeneous oxidation effects)
Edd Astes WALAZALE BE Al2Y A F A oxygen diffusion)®] E£XEA|

He FEe EURT It BAAGE 3D B BFE A, EaasDe
AADG PAAEA} solH, AL VAR ASATLHY B sA w2

o WREe) BN, 27 BaALE o AW A8 aTEE AT, A
P 223 319 P& olgnvtm M, 10° Gy(10° rad) Rtk gjuksid
A RE AR gugle Hool 2FHE AFL o Bk WA &7 @EH, 2]
EHA4E TEHT Y= ABZHEY H JldE BE BB o}F 2L AFL E
t FAL NEE THT Yt A9, 27 BedAs o AREE 3 AG oA B
ARz 2 ABWR A2NBE AALA T 4 Aok WS AFEE I
Al MAMAZALE Be AR, 283 ALFASEE R ARFE0] ady dAsHA FA
gz JHEshd, A8 E %ol AAHA AVNA AT AUt FRUVERYH TF
He A2 g BAE F2oA deojdth. ABWF FHAA, HIte Abs FAA
T #4d AL2ExdA4 AP 5 A §F vl U guide Azl 4

=
2
T

f
N

B

¥4 = (oxygen-permeation rate) ¥ FFAFF ALK S E(oxygen—consumption
rate) G(-Ol SJERT. EE Astzlol AHBol AATE &xo] g2, ol
< AFgd vEgd. FR A2 g AFL2 A" F A9 FIAS ASE
e, Aslole we AFLAA o A 2 AL= VAT F Yot ofF ¥ AF
&M, AT e A3 IR ZAE HALA HER ASAA Ao v
3H 27t A4S =E AT g dAd FFE vAY] dEdd, 44
AFZolx SxEBU e AFZIE &t 2edte] A2EAVAAN A9 &9
MARE WY PN A2 TE HEE Be 5 A oA T Fyd
sl AEFA, FAWIF AagY, Age, 2T 254 JEILP

ZE3 & AFEAA, AsE JFH EA(immediate surface)l ATt ot o8&
S, dFE9 ARE 4A A4S doss 714 ZZ(anaerobic conditions)lA =
g dot AAAQA AAWse FTT EEY BAVISAA 2AE A B W@ ¥
grob FAlskH, oldd M9 des ade] A9 AEd & Aok 2Y olv F4 1



HEd AL oYt o8 B9, 93 F A E(glassy materials)oll A AH3}E S gws
(oxidatively degraded surface layer)2 $83loA B2 o ZH(crack)E THEV|7F 4
Ad F o 49 A 283 XL AR5 URVAIKE T4 44 Ask
F JoH, A =(flexural strength)s} 22 A Ao u|dE FAEH vlgdl $ ¢
2 Fdastd Hose ¥ A, FAAHY e 534S (homogeneous-
oxidationlike degradation behaviors)?] &% ZAlsETl 4H3 2 w]ASH(EE k7 A
3) 70l a2 AR FL HES AXNY 9, 2 ARAHES F 79 429 AP B
FE Foz d Fx vk TF, HITLEHIA R AXNF HFALe 7SR BF
A E9715IA HEd AR Alole AR X%t AR ZA AEEE dd N2
OE ARgA, 4E& T B88 2971094 HEEHE A5 42 WA 7
A AP E A8 4P 2oz wgHg >
W2 §&oA AE FA D AFEo] udd A3t AA(E ALY a8,
2 9] $8oA, GEFYAA Y] HIAAFS d
171 $15te = e, o 71tE o]83n FUtd AFEL FF vF

3 FAAAG. AFAF T AYdo2A, % 1 mm FAY XN&7 10°~10°
Gy/h (10°~10° rad/h)9] AFLE F7159A4 2AHE o, dP2E9 34 17 (elastomers)

A SARAEL NFINHE ZEA UETD® 22 ARLEES e 9w
FEARAA, F2FIEFHE B HFE HoldA 71ddd.

(3) A~ & ArstE s A7y (methods‘ for studying radiation-induced

oxidative degradation)

B34 290 WAL E S AF0A A9 WRlo] BF JAEAA Y HE
Aedn EXAE T 2433LE ¥IE RdFE B-E4 ¥ (swelling experiments)
g & 7ol FYA AHgEC] o, ojfyE AL AFAAltensile test) T 71AH
A4 2x3¢& 374 "r}h ESR(electron spin resonance) ¥ UV(ultraviolet)E A}-&3A,
YA ZA A 29 A4AHYL ©@4F A #HZ(carbon-centered radicals)®) 34H3}
Z(peroxy radicals)29] AE(AAD FR)2RE A A7E ¢ J7* 23R4
&% IR(nfrared)e Z8v A58 FRAsted 53 44802 Jusad F 1,725 cm™
Q1 7t¥.du(carbonyl bands)?} olF FZEjR|7] dEoltt dF oz {9 3ty

(chemiluminescence)& 2}3l& % Z(oxidation kinetics)S JT-3led =& §83 7)|¢

i
L
M

H
i
ot
]

A3

oo

907 wE we A
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v
s
o Mo
(o
nV)

4

1

ne
2
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r

o]t} ¥ SR M =82 (gas chromatography) = AZFEAM(mass spectroscopy)d Z-&
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NAZLE PAAAREE FA S AA AF AEET WAL AEE SEAn
AT WZIZ2RE A4 &4 Edtollgt 53] CO; ¥ CO 7AARPAH Eo] duz =
Reg i~

HlEd AN RE AF37] A5t EF Jl&o] ALEH o) uFY Hsld dig
A Z 23U (profiles) WA A=A & (microhardness measurements)l] 2] 3A Ao
A F U, HALA A H3A 759 G (cross-sectional surface)g 7FEX2E 91X 9
g42A  Za9%  FYAF(indentation) AolE EAFEEAN, AAE(relative
hardness) ®=¥ W3 &(modulus) W3 T do] AAYEHD 5792-1-1-2= 27
A FALE "ol F(Viton) A8 g FAx Z29dE BAEH {2 H99 A3}
Aot =2 (edge) THoAA, o] AEE ZH I (scission)’t doiUA o AdA I
ok 4ta glo] 37l dojd ARURAA, 2 AsE Aol ojuA © deksiA
HAo. |

g ZEny 7E2 £F AFH DV (vibratome)E AHEEIA A4H A x7to g ¥
A g HEE a7tk 7 27004 FAE 534 d(given property)S 2A 2 H-¥
WE7R] 2 27459 AR FFEA 2z 3. o] PR FAHE A
Ae WE(density)® EFEZ AEu? o)A Astel W wgss dxTH zY
(density gradient column), £A%F w3l AHAAH FAHAE F Y& L 43 =(solution
biscosity),%*? & %Z(solvent extraction)¥ A2® B &(gel fraction)® IR 2HE
4 a9z saR? 508 44 249 £ At ART=gde AR 2 Ay
Z70 wal Wi Bokx F$, AslEzEad e At g u)ikE 7 Abele] gt
AoPHE HIh dE AL, Az 2Rde FE FRAA B FEAA o ¥ 4
stol] dgsts TEAH RS 2t v adalst 249 Jd&sa AN #wde vt
FEFE FE2H V&S o435y HIA RS dde drstaEA AHE + Ao of
F g2 ASHAE e AR g AR & FEE 7HAY, dutE A2 & 3
A (lusters)E 23, ¥HAFE(reflectivity) Fole  FEAQ oz wulstA Jgdd® (2
NFA 2A Y 2XZF EGdEd ABAAA v FILsE 1Y2-1-1-37 2})

(4) A& &I (dose-rate effects)
ZAYMAEI} ALEAVIAA ZAME W, H3EE 32 B3RS AFEd 9

AN =A 9FS TS 5 Uk Re AL HE 4% L AARAAG £8¢ F7)
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0.20,

015

0.10

Probe penetration, mm

0.05

0 -1 ] |
Edge Center Edge
Position on sample

Fig.2-1-1-2. Hardness Profiles for 7 —-Irradiated Viton Fluorelastomer
Samples, 1.9mm Thick. X: Unirradiated Material, O: 1.8x10°
Gy/h in Air to 1.9x10° Gy, Il 9x10° Gy/h in Vacuum to a
Dose of 1.9x10° Gy.*
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(a) (b) 1{c)
Fig.2-1-1-3. Polished Cross—sections of Cross-linked Polyethylene Cable Instlation
Material, Illustrating Heterogeneous Oxidation at High Dose Rate in
Air. (a) Unirradiated Material, (b) 8.9x10° Gy/h to 12x10° Gy in Air,
(c) 1.1x10* Gy/h to 1.1x10° Gy under Vacuum.

NAH, $AEFAFT o FUAS A=Y} ARE HALT AFEaTE WAL
oA LARE Brx JAHez BAA ARES ARFY soln, gE EFHE
2x o&A @ ZALF 9 (postirradiation effects)o)t). MFLF = Arslslete] 3 o
Al ool BAUE AP RH= ARH E(time scdle)2 &= A F(rate-limiting)
2 v dAY dojun, dqRE AFeEsrHAe A4, H4AsE B-F(peroxide
breakdown), 2}t Z& o] (radical migration)e] 7]<13%tc}.

AFEEFAE 4338 4AHQA Z2FHE 7HAE 5 dh dE B, AEE ZgA
o2 wsold WALAZFAL HolEL}t 4 N/mm*(580 psi)o2 ¢t sdkA|to] &4
go] tg #Fo] ojFe] Hrh TAFELA° Gy/h EE 10° rad/h)E ZAE Fo]Z
A, H@A ZHrupture time)& £71X 100 h(FlEAHEE 2x10° Gy(2x107 rad) o] A
FgoA 10 h 7AA F/HH AT AA T4 Gy/h £ 400 rad/h)2 AR Tho] o
A, FEAZELE 7x10° Gy(7x10° rad) ©1739] AFe)A 1E mHoR "ojgth AR 4
34 (containment room)WAlA A XA ZFEE(0.25 Gy/h B 25 rad/h)E Z717F WhALA ZA}
o =29 AM(power cables)olAl, Zdxl HAAE 25x10° Gy(25x10° rad)e] A
ol el A ¢AE BAAWAG. @77 ZAFE AFH PAMNRAL0 Gyh B 10°
rad/h)ell A, B2L AFZAE d@exddA TLARY 7[AA AAWste 53 &
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fe™, 10° Gy(0® rad) olAoAN 27HE A8 HA (embrittlement) ® 7R &
AATL BAFA 2 (fluorelastomer) Q! BFO1E FFAAAES} 6x10° Gy/h6x10° rad/h)
2 ZAENS W, I ARE Hivl dUEEA FFE g4 Hel BF BAANH
t}. olol W&, T Ho|FEAE A 27t 100 Gy/h(10° rad/h)E ZAIEYLS W, 7 AF
B3yt dojvuzA A3 dstm, AR, 2 44 so)Hh®
AZFEEAE Z3AEE(gel fraction), ¥AZ, AFAF(volume resistivity), &3
Al(elongation at break), TAQE, F4E, VFZE, AL£FF(oxygen uptake), 7]
ETdde B2 AR & AsdFd 34 984 dTrHAYY. AFEERE
ZAL2RE "ug Aoz ¥R 5 gon, o AL ZYWIH € 55
ZA (formulation)d] @e} Z3lA] J3FS ¢A Ao Aot A dAs] of7)
AFEEFA] 45, 2 2 ALAFEANY gnigle ¥37) dojue AFE
At vetdeh. #dAstrt dojue 23 ¥ ol AFEAA, qAw g AF
ERs o o4 dojuR &tk FAMSHA Asrt "I R EI(skin effect)’Z AT
g Y] o] AFEAA, WP ERE AL AFHA ¢S & Yo E¥
mo] WAL & o] B B 7] =84 UEd BELD FAL Bolshy IE dF9

Al e MFE YAAdY WEY A 24 AZES 9T US4 A A

rir

ol rﬁ.

ol
o

o
N
not

>
r-1r:

g

2
R

o
do rlr

rir

& e HIEIITY o= @AY AzFE 712 § i AET)
7T ANA B T (total dose)S ZEA T E A FE(dose rate)i ZAHEE F71
A AFAA, Fe AFE 482 9P Ao ¢ ¥ A, agsd ge A
Fg AFPA, AR ANE A FsE((13~15) FF) 432 f=d A E 27
(peroxide decomposition)®} Z2 A|FESE QA= ¢ 2 AFE WA dojdg. 9
B3 AL e AFFAA S/AFT o AT HHE 2498 & I AaF4e
2 o7|He AFLaHs 2, olAF NIFLEH Fygt A= 53 g o3 AFE
A AEAE Ag 71dE £ foy, dAZ ASIHA B ¥ AFER Ve T4
o] F71% 4 Qloh. AFE EFHE Y oW Jhed A= 71T 7198 F e,
e HEg WY A e Aoz AR gk (1¥2-1-14= JFE 9T
A AdE BAdFEH, (a) PVC AolE 3 EA(acketing material)ol] 3t AZ3HIE S
Ueldt? g8 3 b)e UYE Z(nylon strands)?] UZAEE B D)

0
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1.0 T ‘

Relative elongation at break
o
(§))
{
a9
o
R P B
> /‘
"/
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//°/
0
l

o ! [
0 2 4 6
Absorbed dose, 10° Gy
(a)
£
) o { T ] —]
@ E
o &
§ ~ 0.5 -
> O
2z 5 o
o = °
e " g 1 { 1
Q 20 40 60 80 100
Absorbed dose. kGy
CY

Fig.2-1-1-4. (a) Ultimate Tensile Elongation of PVC Cable Jacketing 7 ~Trradiated
At 60°C at Various Dose Rates.? O: 9.4x10° Gy/h, @:36x10° Gy/h, A

71x10° Gy/h, A: L7x10° Gy/h, [ 35x10° Gy/h. (b) Relative Tensile
Strength of Nylon Wires with a Diameter of 0.4 mm as a Function of

» ~Irradiation in Air with Different Dose Rates.”
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(5) ZALE & I (postirradiation effects)

ZAMA RS Hile I AE7 HAM B8HCEZRE AALD F LAFd AR
JAY Er AHEFIE ALAGH o EHe AXHE AFAULIA A8
(free-radical-mediated oxidation)ol 7191t} o|g]d f-=EH 3= ofd AR E S
AL F o, ¥ALY xEHA FL BuEABAME FAFHA Feo) FAAFAL
F 3hge ZAMAAGA FAE WS4 FHE(reactive intermediates)dl <) diA A ZHE
o 2 9 FF g gg9 ¥Wes ¥ F I BAATYANAN nAATYR A5
g #Aozge o]5® mE: Az #uzd TIE ANFEE FAEE dEs)(thermal
decomposition) & X &3tT U247 Juigls MAMMEAIE ERE $3 EE S
AAA dojd & o, F7FQ RAMEHRHEY ¢ FHAS HIFHE 1AL F
. MALAZALE &3 oW $EEgME FR FAMN 8 £ Uk 98 §9, A
YH o2 25x10° Gy(25x10° rad)e] WAINZALZ AFALEY FA/|9 2e Ezzy
A AFY ANAF AL x7)dE A WA vk 28y 67149 o] AZFE, o
#3 AgE 2283 5 9B A8/ PAARARZ FgHAY 2 alEEHE
FRolN, ZAFEHE £F EARE BB & Aok WAARAE mne] LA
27t AFes Ard dEac ARATA] 9t A% Bx Asje] ruHoz o
A ARE AFEHRE @ ¥HETH
(6) &%= & 7} (temperature effects)

Aa BV, SEE BAMEN JTE NI Y SEETE FU
&, @ogoels, A4, A FIMA Y FAEATTH Zo] 4t dFE WA
F2 A £xwste oA dojd + Utk BIHA AL, FIHI £x JEA
FFE F Jded, oz RS AT 2= Alol9 FAAAQ] FFIHELLEA EHA
gt} 48 So], PVC AEY FadAl(ultimate elongation)S A2dA 44 Gy/h EE
4400 rad/h9) ©]23} WALAGA doixton, 100¢€F oF 20% F4FATh 1008 F¢
80 CTZ §x° ZAEA & PVC ARANE ZAT 4 & oud W doy}
A g&sith, 2y AlE7 80 CToAA 44 Gy/h EE 4400 rad/hE 2AHE o, 4412 100
AE 75% 7A2QTH2 WAAZA F R 39 LEE B0 F o3

(7) MAPA-23 H3bdl gl g A 3)Al(stabilizers for radiation-oxidative

of¥

i

i

degradation)
WAL ALl T3 tIRR ZEYAEY AFAAL A SA A oA 4D A
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Al A5 a3 B84 B2 ZAIA SR E E0ud o 3AY 4 g
A= H1D 2 A12)9 HIZ-FA AHAANEL AdslE BE AU A
(antioxidants), 53] )zt A A=A (radical scavengers)o|th. AFSIHIR A= wIALA ZA}
T R Fo dojve AsEFE ARG AEAA e SR Ah7 QS o
WARY H3tg gAsta, B8 xS, A4, JAF $9, ad3 3egEe o
a2z ANAHE ARAA}E JASE Aoz2EYH 44 ¢ F gk

TFe Fe e AN AA B FHALE o]EF F e FFES ETFA WAL
A At diE ¢S HFHE ez dEA Qo dHE 2 ol (hindered phenols
and amines)e] 7H& &FHolx d AMEEHE A4 @ ¥2-1-1-1& vhFd Hr)
Aol o3 nAdx Zddde AAINE HAFET o] ABE AL HALHZRAIE R
e AT 2@ Awez Zoltd WL F AL UeEtd e, 6817kx] 2] WAL A
g ZF7F 2714 ARz AEHATGE AL & F QY 58 "N AXo)
Z2Y 2 AAZFRAE X3z AR dE £, HALA A3 2As A AEA
5-(vulcanized natural rubber)®} A2 324 & (vield of chain scission)®] th¥3t
. o191 (amine), F & H(quinoline), 283 F X 5 pphe =3+ E(quinone compounds) 2

=

&

m(o

!
fl

2
|

2-1-1-1. AAHSAE Ffsts ZAdEdd disfia JFAPE 2V|A e AMHwle=
Foled a7HE A

Stabilizer, 0.25% Dose, 10° Gy

None 6
2—-Mercaptobenzimidazole 6
Trilauryl Phosphite 6
Tonox 330 8
2-Mercaptobenzothiazole 13
N,N’-di-( 8 ~Naphthyl-p-Phenylenediamine 15
(DPPD)

Santonox R 23
Santowhite powder, refined 24
Phenothiazine, Ionol

50 : 50 32
30 - 70 36

- 30 -



Agoz 2~3u] sk Y EHHY BHHAA N-#¥o| 22 8 AN~ d-p-5]
datielelnle 10M74A dBzePREe #AaAAT. e on BHP
(threshold) 7AAE ABA FES) FFolAT I F= ol FelA bgste o AAHA
gt 2y PHSAE oJn FFATE WoNB 2] WaEd, ddg A

& £% dAA sxo uddch aYste] F BARA FEA B ABN @A

=

E 243 H5iAM Eo A B £ Uk 2/l2-1-1-5% A x4 FFEA

s 3 N
E T
S

O O~

18 10 2.0
Antioxidant concentration, phr

Fig.2-1-1-5. G Values for Oxygen Consumption as a Function of the Antioxidant
Concentration for an Ethylene-Propylene Copolymer Containing Three
Different Additives® O: N,N’-Diphenyl-p-Phenylenediamine, ®:
Nickel Dibutyl Dithiocarbamate, @: Tetrakis—-[Methylene-3(3.5-di-t-
Butyl-4-Hydroxyphenyl)Propionate] Methane (Irganox 1010).
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ded-z=dd FAEZe " (copolymer)?] 2t2EFE(oxygen uptake yield) F4AE B
AZN IY2-1-1-6€ N 9E AshiAA FEE ZE T #4524 Zgdg
At B g H2FFES BAEH? FEF AAFA 2AY W, Asdsx
(oxidation rate)e H7HA7F flewel £x9 o 3%Z Zo|EA4 @t IR} &A%

T 2 AL dojAd, MR AEEE B v £EENOE EolAn)
P etA o] 2" &3A B (dissolved samples)9] 7IAZEZvEzEH o] oA &A=
B, o T AEE 2Y2-1-1-601A A3F7t AXNAR} A2 BHdr.

o
o)

© © o
Ww & W

AO,, mol/kg PEO

O
N

0 25 50 75
Time, h
Fig.2-1-1-6. Oxygen Absorption Rates in Samples of Poly(Ethylene Oxide) (PEO)
Containing Different Amounts of the Stabilizer 2.6-di—t-Butyl-p-Cresol
(in mmol/kg PEO as Noted on the Curves). Samples were irradiated

contineously at 440 Gy/h>?
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AAFA s F4AsE £, G oF, Exe o] sl ojl4d F e tE
=

sl QY W, AFELEAE ZAANGSY B¢ AAAAL PAHEALE

2

ZH(postirradiation oxidation)ol 9&g vl HAFA Y FIe WAAZAGAE &
opol WAl o] glg wio ASMAANE Agdte FHA dHUT. 2Y2-1-1-7&
7)1% 60 TolA HAFAZAIAZHY &424 2x10° Gy (2x10° rad)9] AFgo 2 zAlg &
dz2gY ABe FFAAN WsE vAAEL HHAZGHL Ao AshiAA o

800
. ! [ l
. N \
X 600 o —
3 +
B + o
® 400 . —
5 T~
s
[e'3]
s
w200 g
0 I i |

0 250 500 750 1000
Hours at 60 °C

Fig.2-1-1-7. Postirradiation Oxidation of Polypropylene Film after 7 -irradiation
to 2x10° Gy at 1.4x10° Gy/h."® @: No Additives, A: 8 -(35-di-t-
Butyl-4-Hydroxyphenyl)Propionate, O: 1.2,2.6,6-Pentamethyl-4-
Stearoylpiperidine, +: 2,2.6,6-Tetramethyl-4-Nitrosopiperidine.

A A2s AA=EAG ATt Hdd AHEHIR spectrum)llA FHEd W=

(carbonyl bands)E A HA &AE o, FAHE Ao]Ho] HAZ E H|AZ} AR A
#2359 ®



A e WYL £AG 2ol HIIeE FYSE AAAY Y gHYe
o, =3 54 E2 5 (polymeric host)® ¥ XA (compatibility =+ solubility), 3]g+
o] F2 2% ZHU F7] A (long-term retention) 2 71€F ThE Al &
HYoh AsA Y AHEAE M2 98 ZEviy B FU)RA L @7 2A}, $A4]9)
dojube A ds R AR Abste 22 & 2xEA Zelst & 4 U

Ao A AFentel Zo], HFA 3}13E(aromatic compounds)T ZL Uz A AA
(energy scavengers)’} ILA#HE AL A Sto| ALLHU) o] Feo AZAE
e EA 9 Adaglel WA EAE 7] YAAHE #HUZ £& Iz WA}
A AREE 711"*‘?-_1’ AL Z 7]dE & Jvhe AHdex EF8ta, WA 3ol A
A AHEHR Zeoh Eod AW 1 pphd] ©F7] HEAE SFEY ZREEF¢
el (propylflucroanthene) ¥ &2 (inclusion)& 50 % oA 2 A& wE ZAAHG®
WALA Abslo) A, WA oA A A 3}3HE-(aromatic energy—scavenger compounds)e©ll
A& A3} g APEAA EHEG 2 & £ o AUt HL2 £9 %

71 #@cZoe] 43l e A AHu-§ 54 (branching-chain-reaction character) &
o AF FEAT IS wENE F U] WECY 4T FUAT A AHAE
Az WA 313E (aromatic species)oll &84 FdtA dEFS WAE Feoh AA
2 S WYY FFHES Ze TS EEA BV 2A8AA AR DA AFA
S Ze ZEVWARE 1982-1-1-19 ZAHASR Fo] WAL Adste g W 2
AFAE BHAFR gk AR ETFEAL, ASEAAE FE UF7)

AL9 3%
kA B E (oA B YA (energy deactivator))e] XL #83 WAL AFY EAS

tALE Aeg Jud &£ ok zEyd AL EAA dFV] TR gssa
(hydrocarbons)y W2+ AlA(singlet molecular oxygen) ¥AE T ZFFA
(sensitizers)2A4 HFY & Jed, odE AL EHAR AAE AT 5 do. 7
Z kA o 2] & A ANZEEE 99 ALAFA B3} (siglet-oxygen-mediated
photooxidation)7t @FHel gkom? medx] WAL Bl HFd AFFA EA)
A Ggaart gAdgE Aol AR Yo

WAL G dEjA SRS E Feg #oFY £33, dUd oF=(mobility)E F7t
ANA Q)¢ AN AuAd #oZ@d-dgod F2x-S(termination reactions) X%
FAAezA 9 F Utk o8 AL FAFoE AF AN &F
e ZAAAY AU oFTEE FXZA(molding conditions)E WASFAY =&

s

2

of
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&3 E(polymerization mixture)dl 29 FFEFA(comonomer) EF o2 AAA
(crystallinity) & EYL2A T/ £ AP de wygez JF o)FA
(mobilzers)e} #2715 st 7haAl(plasticizers)’t 1 AR WE THAGF® o) 3317}
Al (mobilizing additives)®] H7F & v]H7lo] wre} ZAAE WA 7 & Zgzedd A
2o @3 ATFE 539 ESR £FEMoz 4z Yy F£u3 WYAHNRAS A3}
Abolel A@aA st £ QG

YA ZEANE B3 AL WA ZAME 57 E43 2 (special treatment) ol
oA Zstdnt. F7|z A28 ESAEAVIAAN ZAARY AR e A B2
47104 A5 Jtde A48 Hdd(@Ee FAAE)E £2EAE F glon, 23" ¢
& T =2HE < AFEAE 29 5 A% 283 B ANASFEe] WA
ZAF E v wEA 23 (reactive species) € AHAY]7] YA AHES o] gttt o
B0, 7% WAMAEALF PHz 71AZ Egdddl =& PVC Al59 AHEes £33
o2 FAESE 2FAA H3E wjA P

o,

i
o

~~
x
Am
o I
i
i)
)
lo
ol
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3;1;
2
o
2
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=
o
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3
(@}
[¢]
O
—h
5
=
(@}
<
8
(¢}
¢

€ YehH, 32 Fd0A4 &8 ¢ dE YA AYRE zZte Ao] " stk 2y
olglg AL BN EHUIselAN 3] &
FFS vX = wiAES W 3 BFeA dot oy vise
g AMEFA L 2%(geometry), B EZA (formulation) 3] ¢ABA, 2%, FARA
ZAME A7 Bolth. dlR-Eo ZEHdA, o] WFE A& ARE W 1
H2-1-1-8< WA AFZA ol Mz e @A F71E o Yelde EFAAE BY
Foh

¥2-1-1-29 AEE, B8 B947) =¥ AFE PAMARALY 84rE =A% ¥n
3, T71FAA HlaE ¥ MFEgo AszAs A g FHARY FaE FAA
AZARE 7hezit Add PAAAE ARE 5~50 Gy/h(G00~5,000 radh) H9 =%

ool gl WA RolR A, AT A AFAATAN 4EHA Y 9
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foh
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Pa—y

BRSO B

<
wn

Relative tensile strength, N/mm?2

ol Ll Rl Ll oy T
1.0 10 100 1000 10.000

Dose, kGy

Fig.2-1-1-8. Changes in Relative Tensile Strength of a Polypropylene Materials
as a Function of Irradiation. A: 0.3mm Sample Thickness, Irradiated
at 5x10° Gy/h under Vacuum, B: 0.3mm Sample Thickness, Irradiated
at 5x10° Gy/h under Vacuum, Followed by Heating 1 Hour at 80C,
C: 0.3mm Sample Thickness, Trradiated in Air at 10* Gy/h, D: 1.0mm
Sample Thickness, Irradiated in Air at 10° Gy/h and Left Standing
Two Months before Testing, E: 1.0mm Sample Thickness, Irradiated
in Air at 4 Gy/h, F: 0.4mm Diameter Wire, Irradiated in Air at 4 Gy/h.
To Convert N/mm’ to psi, Multiply by 145.

F

& Mg Wt Eo-1-1-20] YEHE A¥Ee SALARY 2dAA A&
HALAE ABE 2 AT g AU PAHA 2L REe A B4 2
o HEsu, BE ol L AL TE okt 28 LEe FrFAN WALHEA A3t

a1}
po)
£

£ Yedth ABRSAE 04 mmolA 15 mm7hA WS Zelth AR B4 HARA
ZAHE ZA ZAHYG. A71A B Jle) HQesREY AL A=s} 54 v Fel
A AeEd o875 d dEgs s
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¥2-1-1-2. ¥71F ALdZFE € EEH E971(Ee nAFE) 2HF0A Jdd da
S Z71A 9 50%E FAAII=YH 7Hs A
Dose, Gy
Polymer Type Required at 50~50 Gy/h Required at Very High Dose

in Air Rate and/or Inert Atmosphere

Phenol-Formaldehyde

(55% asbestos fiber, 3 x 10° 5 x 10

9% sawdust)

Phenol-Formaldehyde o

2 x 10 6 x 10°

(47% sawdust)
Polyester

(15% glassfiber, 2 x 10° 5 x 10
56% inorganic filler)
Polystyrene 5x 10° 2 x 10
Chlorosulfonated Polyethylene 5x 10° 8 x 10°
Polystyrene-Butadiene Blend 4 x 10° 2 x 10°
Poly (Etylene-co-Vinylacetate) 4 x 10° 2 x 10°
Poly(Ethlene Terephthalate) 3x10° 3x10°
Ethylene-Propylene Rubber 3 x 10° 7 x 10°
Polychloroprene 3x 10° 5x 10°
Silicon Rubber 2 x 10° 3 x 10°
P iny! Chlorid

oly(-V.my Chloride), 1 9 % 10°
Plasticized
Low Density Polyethylene 1¢° 9 x 10°
Poly(Ethylene-co- 8 x 10° 6 x 10°
Tetrafluoroethylene)
Natural Rubber 7 x 10* 15 x 10°
Polyamide, Aliphatic 2 x 10* 4 x 10°
High Density Polyethylene 15 x 10° 3x10°
Polypropylene 7 x 10° 10°
Polytetrafluoiroethylene 10° 4 x 10°
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284 97 HAAZAZRE FVNF AAFE ZAZ e £23E AR 9
At A EaF(silicone rubber)et Z& X ZHA, Aste EHFH R Za)n
WAL A st Ak HEEolY B ZY2Hdy 22 bE Zdoi, 1 &
Te At F, AR AP L 4087A EolEth F Y N2 g2 dAaE s
2NN H2-1-1-29 o8 AR FAA WP RA A (relative  radiation
resistance) £A = o= HXx Xol7} Ut & Eof, BEEA s A YgEL A
YZnF Ho MAMAGEAstAge] o Flow, od uld HIEiRe YgdE xYg
7% AQRZFE WAMAZALA Aol © Aok WANGEASES ] didte] Nz o
£ A8 AFHTIFEY Hdte AFE, 25, AMAZAE A0S 2 3449
wale] IdezA dojd F gtk ¥2-1-1-29) F 71X 2HNA SFEA Wt o
218 Age did AFLEH) Z7] Aol I Tk

wad f8 22 ZAFET AR P8 ¥ AFLN £84xd TR

+

T71% AL Atolol e ot W3lE HAgFETE AL o83 Are F3) B 4t
A3 F 5AM(oxygen—permeation constants characteristic) #j&o] 48t Z o7t ¥ A {4

g F Qe Aojth. S22 AXYolE ZEdddie §2-1-1-29] e Y& FAHAIF
(elastomers) ¥ F4A3% ZeAgI vlud] At 6NA FEd WA AYAE 3
on, o83 AL FEFoz dFATHE v FHIFY EA WEY £E &, 9
E AR 750l olutA® F ok E2E A HAN APl s A A
A EAEAT, 1 AYAHL H2-1-1-2¢9 T JdEAA @354 FFEA ELH
Ao nE vzE L& AFHS AT olHL & WFAE g WEE(igh
aromatic ring content)?} ¢tAZ Jgol A J|dse R 2ol HEE, TEYEZ=IH,
ndx ZdEas 2 2K 4yt En 9 A AFAE LS T F e AFE3)
NA ofF B FFEoz ZHEA Huh B YFY TR ARE &
AZALE dased d8S @] 4o

®2-1-1-29) E71% AFLG0~10" Gy/h EE 5000~10° rad/h)E A8 WALA
FAE 2¥2-1-1-4 (@9} (b)) PVC 2 YA g Age Zo] 5~50 Gy/h(G00~
5000 rad/h)9) A #FHE2 ZAEE AXT L Fr7HATT &4 A=A A8x e
2 HZ8 A AA AFE ¥ A ME 8 A8 HFE aH}E H¥de
= 2 ¥rF BP0 Yok v2 e Nge F70) BE FRFo] FHRYA

3=, 2-1-1-29) Aol ALHE AFE olste]l AFgo] e YAAHG AR A
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Az EANA ded ®2-1-1-29] BAE £FEG FAHNFY AP o 2
WE-ES AF5AA 5 Gy/h(B00 rad/h) Eoh 22 AFgAA JYeg Fx gt
3 ARAAN HAFgaHe AJ(nature)d] BHIUD HAFE o], A d
(formulation), AEF7, €& % ©& w/AMFE] o7 71 Z9 FHNAN E
2-1-1-29) ARE WAANZE F ke A2 A& FxHe Aol

(9) G WAL -4 3L Al ¥ (accelerated radiation-degradation tests)

g4 4 = Agd A59 AZYH, AEFYF(sample geometry), 2 3L
¢t 7 ¥ 5 (environmental variables)ell ¥k B 552219 Zg 4 v, §4 27F
F8A F7NF EFARY AAAYE d52 BE A¥4  =3HA P (laboratory
aging test)& FRE vk 22T AFL JIE 5 AR @AM ARE AHE)
AN a8l =g FAAQE(ormulations) M-S AN FRdT. 5H FAAE
AN 715 wIHselol s Fad Axd FEomAM A AGHE
(containment buildings)H Al A A& E ZIvAR Y. 7|z o|FAAE $£
A, AEL 7Hee 3 2T $8x1 B 7IRE IdestA SAsE A¥ 44 At
A £FE F vk 28y AA T2 dFEY AR wEE @0 2A Jon, ad
A NDEE x3ABIES BRE T GFAL AEL SEBAGA BT &2
Z(high stress-rate conditions) 3olA LJddd, 2 GEFAIL A
d& 28387 Aste WA st 28 MAESFES HIEE ¥ AFA ZA
FEE WA £ JE wANSFES Y, 2YEE GRAL k343 A R HYLS A

S @A ag?

Ab 434 & T oxygen—diffusion effects) ¥ WAMA Z AL} FAld dojutE 4H3LE
3H(oxidative degradation)E 7133t 48A EAE wEO W @FAIL AFAA
AHESEE A FEA, TA 8TD A7t A2 5 Aded, 0T AL J5PgHFY &
Aol olyrt o] EAE 75T T B2 HAFE, ALLHS7MHelevated oxygen
pressures)® 2 g ARE olg3mEA FHAY & Atk HE AJUFLS AA
$&x70 7AgA B zbzhe ol d WL FAHA FHE ZHedH, YT A
€ vzZH 0 AN, EZT ALLdE  HIE T (oxygen-pressure-dependent
degradation rates)& T80, 2 AEE A ALHE ASE YA & FH
T Z(morphological structure)$} Ze EAL 712 3 9ct® w2 ol g W] A
H $88749 H2& AT AT A=A s, 43sste] Aoy B AILFS

ity
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dA A e AFE e AA wWAHATR ¥ £ it
R7HA A2 & S8EUEY AFEE FYPFE A4

Al B2 AFE EHE TAZ AF8A €k F2 ABHIAL FL4Y F g Aoz
Aod 54 #d AR (failure point) & ZAAI7]7] A8t Q75 A %F-g(dose rate)
9 ME(dose)d) =S 2R, d2A AFAM] 27|zt 2B/%e] =LEE Ao
AgE ok gAY S o8& ALNTFE SEFASNNAN 22 Fx Hild g
37] AsA QaFEE AFE dFEA "o £93] AT 72 AFLo] $8/E
A 7 FESE, AdEE © ¥4 AFE & A €0 BUA Agg =)
Al dig il A, AFEEF A AWUA A = glon, g BEH F
&< 7R & o

o & e gEe) AFgAA A¥S FAsA AFE RS RE JxUt He
LS olsfiste Aot o]E T olsie £ & °&E FE Jv dWy L& MF
9 ARAFTE A&7 4T HEEEA ol&E F v 4E 9, ZE2HY V&
(profiling techniques)?) =€ 22 53 AFE Yo AX F+3yd=E AJAqA HFY
AstE e WA HFE AFLEAAE VAT Aol WH= THEditt T3] 430
FE3 B AFEAA FIE W, 74 U2 HIId AFEEAE ARG A
HY £ gtk 99l #HES WA 4], €2 fFEdE HIHE 3
(therrn?lly induced peroxide decomposition)®} #2, 383  E 37 F(chemical
degradation mechanism)9] A|7FE< & (time-dependent step)dl 9 &A ok7|H &= HAF
€8 FoA == ¥FLAEL AZFEAMY FAE AT} Y3t 12 F
gt EAR AR WAA HEd i@ A-2k &L, d=24 20T ® 70THAA
HAAXNFEE 438 Foz2A, H7HE F Utk A58 254 Fo 3HAT 3
e B AsHANA AZFEDEA dFo ADdFEANAN FoE AZFEEAE AF
A 9o TR oA dE2 gugle Aole, AF vTY A4S dojue ¥4
o) ate] MEgFLNA, AFLEAHI Aot oF drie AL 7M. A9 FFAF T2
AL tge F&3 9nd Qi F, 5F ARAAN GFAL 4ol TLAHE HET)
t FE3 B AN o]FAA, ¥ ol oWy AFE&EAAE YA &E
09, 22 A%F-2& & (equal dose-equal damage)ol W 7HFL A3 2R A%
&AM HIAF d3d 82 5 A

HA3E 2, AUG olFH 2 A% " 2xE LA o opr|HE

filo
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T AFEERE JHFE7 A%t 583 dxd AWl ARFe o o] W
o2, B2 dSATHE] A2 g HFE E 25 =L ol &AM FHsA "o
Arsh4 =8 (oxidation kinetics) 2258 =8 BAA 2 732 (empirical equations)el,
AdFed =93] A8 A5 A 2 AVIR dEE AR A%, AHEEH
TP o2 o, 0.25 Gy/h(25 rad/E 12d =ZHE T IAHAE S84 Do
d PVC A9 Higerl S E8020H f5d WA 3jA d3zez »
A3tE ). o] AS, AFLEAFAE Jdovit 2EYEGA Y BRI} ELFHo R
AR ] WA &5 Pt .

LA YALARALF 33 AZE AFe] A 39 5(aging predictions) °]¥A) &fch
83 AR A, ABE S8 AL} AFoE FAE wou, IF HiE @A A
2 08 A5eRdA FRAE A8 A9 FF2A SFEY. 2 ARE oY x
2l (Arthenius equation) 22 A2 H i, 94e] B SL£AA 2EA HIELEEE 3
74871 8t o] FojArt. o] oAy $2 WL FAHA & AR dF HILEs
g dFa7] A% @A gl g AgHE B vt a2y T9 22 Al
29 B4 Aol HAE BT AL dsin, 4F2x A9 5 ¢ 82
o Zt7Afiok de, aEn HA4E 34 ME & 2EERH 42 A87 4td s
atAl drh.

oh. DLC 9} F3bo) 98 g 3hA]

o' AFe] Aol & I4&E A FHIE, 2 A9 EY-8% ¢ 7AA
Aol A ABI AR QD 2 BEF HolFA ©E HFE A o
FEF L AYA, Urtr, JuAd, B2 AVAQA, 3583 B4, 2AET ARy
AL B g g% we g8d Aotk

1970 dTh0) S.Aisenbergst RChabot™7F ©1&3(ion beam)F3714& AHEsiA g @t
Aphase)®] BAAAZE HusPAAMYE DLC (diamond-like carbon) =+ a-C:H(amorphous
hydrogenated hard carbon) ErHfilm)el th& A77F BAHo=z AFAHUTL 7HAR(visible
light! 2 Z9)X(infra red)e] F3H4, 33 ESAY 23 2 =8 Zes 55% 82 - 3
8 EQoz <15t o-CHY dist #4L AF7HA &3] SuiHgt a-CH 2k ¥4
317) 918t RF(radio frequency) 2 decldirect current) E&k=v} 7|(plasma excitation) ¥ s}
o]2¥(ion beam)WyPFol FEHALH, °l& WHPoE FAHE aCH WL tololE=d+=
Aol F2& Zta goemME tholohE=(diamond) et A FEH - 71414 /3 A (optical and
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mechanical properties) S ZHEths Aol W3Rt &, TEM(transmission electron microscopy)=}
44 3]&(neutron diffraction)’F-& ©]&3 XS Fal olad =] a-CH(amorphous
hydrogenated hard carbon) #Fe Aol W3Ry w2iA o]y &  i-Clhard insulating
carbon), a—C:H(amorphous hydrogenated hard carbon), DLC(diamond-like carbon), hard carbon %
o= FP3A HAch

ool 2=y 2 dAE%(thermal conductivity), 2 A7) A 3Hresistivity), & Z= 181
31513 E8/(chemical stability)Fo2 Q& MHAA AFolth dololZze] oy 535
ARL YrlrdRE L (tibological application) ©19Jo] HA#)7) A (electronic packaging), 5%
el 3Kpassivation), G¥4HA|(thermal heat sink)5oll 101 4% A858F EAL 24 3k AR
7] 2% E P(electromagnetic spectrum)®] 22 PjolA thololg=9] 943 TR A9
A133-8Kinfrared optics)¥} #o|thE{radar-dome:&-371¢] & golo} geg2} EelxE Qi)
& A% B3Ho 2 A tololZ=e] FEUNL Bas YA

ol thal a-CHE ©|¢} ZL gololZze] §AS 31T 253 JouA o 27 o
ololZ ol vl VA3 i, 2 B - HH HAR FHXDE HSAA Fo2A 4T
F glon], E3 tolopr=9] M4 vjE] Kot 6 YW dAS e Agsta By vk
FEE PsARL ol Ao JYSNE B3, a-CHY &80 A= Je olf+=
A BHHAT UiF 4580 A3 FHY Ag WEQ Aoew FeiA glow, o)
FARL dog FHYHE MAFoEA EE 4 & Aot

L2EY AAHT e tololEr vkl FARuriololEs EE HIAA a-CHE o 3lon,
ase) 559 72, o, 7144 2 AAAA 4L ®2-1-1-87% 2ok ®lM & ¢
=o] a-CHE 22 3hikA}l 578 (antireflection coatings) 22 AH§gHl §lo o144< 4
28 z¥Heth TILo] AN 2 FHoxe) F33E 7H a-CH 9] 958 313H, 8784 <t
AL Rlnfrared) L UV(ultraviolet) 33H-E A3 13 IBARA 58 EAS et @
I ¥2-1-1-47% TiolopRE=s$} a-CHoll tisiA o8 Eoke] §-4% 7= 44d e =
9 Pee neiFm Qo

9 22 DLC et £ - 33 & 7AH F4FTAAM U
& ZYASY WANFE 45 9 gHaiAe] 82
B A7gA HLoz AEsA A

I
o

Ard o gekE B
gL Ao2 Bt

¥

- 42 -



¥2-1-1-3. tojolE=, DLC(Diamond-like Carbon) € 9 &

72)
3

ALLOLOPSS | Diamond DLC Graphit
Properties lamon raphite
cubi amorphous with small hexagonal
ic
Crystal Structure 3 567 crystal regions mixed a=2, 47
) with sp® and sp’ bonds =6. 79
Density 3.51 1.8~2.0 2.26

Chemical Stability

inert, inorganic

inert, inmorganic

inert, inorganic

acids solvent, acids acids
Hardness
2 7.000~10, 000 900~3, 000 -
(Vickers, kg/mm’)
_p K [} 30~40
Thermal Conductivity 20 at 20TC -
Kil1~2
Optical Properties 2.15( 0l e)
-Refractive Index 2.42 1.8~2.2 1.80( Lc)
-Transparency UV-vIS-IR VIS-IR opaque
-Optical Gap{eV) 5.5 2.0~3.0 -
Electrical Properties
—Resistivity(Q2cm) >10' 10'%~10" 0.40( |l ¢)
0.20{ L c)
-Dielectric Constant 5.7 4~9 2.60( [l c)
3.28(1c)
-Dielectric Strength(n/cm) >10" 10°~10% -




¥2-1-1-4. thololE = LDLC(Diamond-like Carbon) ®¥tute] .87

Applications

Property Requirement

Available Coating Type

Decorative Coatings

« Hard, Transparent in Visible Range

of the Spectrum

- Diamond-like(i-C), Small Grain

Polycrystalline Diamond Films or
i-C/Diamond Composite Coatings

Tribology:

» Wear Resistant Coatings for Cutting
Tools

» Impact Resistant Coatings for High
Density Computer Disk

>

Hard, Corrosion Resistant, Wear
Resistant, and ‘Chemically Inert
Very Thin Films(~100A) with High
Hardness, Corrosion Resistant, and
Chemical Inertness

- Same as above

+ Same as above

Optics:
« Protective Coatings for IR Optics

« Antireflection Coatings for Ge

- Protective Layer for Solar Cells

Used in Space
+ X~-Ray Windows

+ Hard, Corrosion Resistant and

Chemically Inert, Transparent in IR
region of the EMS Spectrum

- Same as .above, .and Refractive

Index of ~2.0

+ Low Radiation Damage, Transparent

in Visible Range of the Spectrum

+ Self-Standing Films with High

Transmission and Low Damage
Threshold for X-Rays, Smooth
Surface Topography

+ Same as above

+ i~C Coatings

+i-C, Poly Diamond or Composite

i-C/Diamond

+ Fine Graind Polycrystalline Diamond

Film

Electronic and Optoelectronic:

« Protective Layer for Electronic
Devices

- Heat Sinks for High Power Devices

- Printed Circuit Board

- Laser, UV Sensor, etc.

+ Transistors, High Power Devices,
IMPATT Devices, etc.

+ Hard, Chemically Inert, and

Corrosion Resistant, Insulating High
Breakdown Voltage

- Same as above, and Very High

Thermal Conductivity

- Same as above, and Very High

Thermal Conductivity

- Same as above, Stringent

Requirement on Optical Band Gap,
Defects States, Surface Topography,
etc.

- Same as above together with

Stringent Requirement on
Resistivity, Dielectric Constant,
Coefficient of Thermal Expansion,
Mobility, Carrier Concentration, etc.

+ i-C, Poly Diamond or Composite of

i~C/Diamond

+ Poly Diamond

- Poly Diamond

- Large Grain Polycrystalline/Single~

crystal Diamond, Doped Diamond

+ Single-crystal Diamond, Preferably

Epitaxial Diamond, and Doped
Diamond Films




2.4 9
7. ARE)

ZYHARY WHAAEY A3 dEe=2A IR YES A9y AL 543

o7t AAAZE byt ot o] MBI} E2-1-2-13 o] tE Zu AR H|& o}
F 2 FEAY, AL, FEE T& 27| qEoj}. ojHF EA wEd o] A
B 37, 7EE AR, V1A BEIEA, AR, 47K, 47277, EdHolY, 14, #
d ol 38 Algsa gich

#2-1-2-1. F IV o] E(LEXAN)S] 4

Properties Remarks
- 250 times more impact resistant than safety glass

Impact Resistance . .
- 30 times stronger than any other transparent plastic

Transparency - thickness up to 1/2” have the transparency of glass
Tensile Strength - 6,000 psi at 250C (1/8" thickness)
Heat Resistance - recommended operating temperature : 190° F

agn EeItEvo|E AlH DLCE FEAAZ olf+ DLCY EAdo] #2-1-1-3%
Zo] tolol2x g A FAHE zt3 gew, §3] oz BAAYU EAL 1A
B, Be LRAE G40 AsH, TR0 tet 2o - 38 L A 54 A
oA = 7l WEelrt.
(1) DLC &%

Zgstl2vio]E AlHd DLC ®He(diamond-like carbon thin film) %% 1§
2-1-2-13} Z-& A A E] H B(capacitive type) Z&+Zn}3}st7] 42 F(plasma-enhanced
chemical vapor deposition: PECVD) A|2€-& A&t o] AAa"E AFHks7]
(vacuum chamber), 3153240 7]/v] A f-Y E(radio frequency generator/matching unit),
AFHZ(vacuum pump)S L2 FAEHM, WE7]A(reactant gas) THFS ZIAA™Y
(gas cylinder)253¥ %% 7(mass flow controller)E %53l &7z I3€.
ANag 4 vl Elmanometer) 2 AR, £3 SAA2E AFF AT GHS
AH MM} A7) (presure sensor/controller)E AM&-3te] Y3le goz v AAdY
AsH oz frAEA
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[

Manometer

f::l Vent
N

Gas Vacuum

Mixer [0 Reactor % Pump

[ 1

Flow Meter

—O DC Voltmeter
RF Matching
Unit

Q RF Power Meter
RF Generator

N, | ICH,||CO,| Gas Cylinder

Fig.2-1-2-1. Schematic Description of PECVD System for DLC Thin Film Deposition.

FHzAe Fo-1-2-29 gol FANLY H, Az, AHEVIAE DANALH, BA

2 A WA ALY AHY FAE 3 mm oY, 93L& 25 mm x 100 mm
2 #9th 2dn 4 ARAd DIC wot 22%, 2359 AL dATA 234717
Q) 9ohad(Alpha Step)@ AHESHO] ZAAROH, 2 NWR 4 AQE SAs B
Faoz AASA.

#2-1-2-2. DLC #9453 Ee712do|E AH g |4

= u Zg 7V olE A]A (25 mm x 100 mm)
= St Se Ss S4
z | A" &9, mTorr 300 300 300 300
= Hiojoj& A, V 350 400 450 500
=3 21 A &4, (%) CH; (100) | CHs (100) | CH4 (100) | CHas (100)
d Z 2 7F, min 30 30 30 30
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(2) HAFA ZAL
DLC ¥eto] S3d Zesl2dlo|E Al #vhdxAle KAERIS 3EY %
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Fig.2-1-2-2. EPR Spectrum of Pure Polycarbonate (Lexan) Specimen.
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Fig.2-1-2-3. EPR Spectrum of S¢ Specimen in the Elapsed Time of 2 Hours

after Irradiation.
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Fig.2-1-2-4. EPR Spectrum of So Specimen in the Elapsed Time of 2 Months
after Irradiation.
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Fig.2-1-2-5. EPR Spectrum of S; Specimen in the Elapsed Time of 4 Hours

after Irradiation.
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Fig.2-1-2-6. EPR Spectrum of S; Specimen in the Elapsed Time of 2 Months

after Irradiation.

- 49 -



Intensity

600

400

200

200

400

-600

-800

3000

»WWWWWWJ

-center field : 3,500 G
-sweep width : 1,000 G
-sweep fime : 41.94 s

—— T
3100

T T T
3500 3600 3700 3800 3900 400
[G]

T T
32(50 3300 3400

Fig.2-1-2-7. EPR Spectrum of Sz Specimen in the Elapsed Time of 4 Hours

Intensity

300

200

100

-100

<200

-300

3000

L PPN WA AN A A A i s AR AR AN

after Irradiation.

-center field : 3,500 G
-sweep width : 1,000 G
“sweep time : 41.94 s

WMW\WWW\AWW

f

T
3100

1T

T T
3500 3600 3700 3800 3900 400

[l

—— T T
32(;0 3300 3400

Fig.2-1-2-8. EPR Spectrum of S; Specimen in the Elapsed Time of 2 Months

after Irradiation.



Intensity
&0 | -center field : 3,500 G
| -sweep width : 1,000 G
400 | -sweep time : 41.94 s
200

T AT T i e A A A AT N e A ANt ANl P ANt e P S AN AN S
1 ‘
-200 |

400 |
€00 |
-800 |
e P S P A P St P = S s S

(6]

Fig.2~-1-2-9. EPR Spectrum of S3 Specimen in the Elapsed Time of 4 Hours

after Irradiation.
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Fig.2-1-2-10. EPR Spectrum of S; Specimen in the Elapsed Time of 2 Months
after Irradiation.
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Fig.2-1-2-11. EPR Spectrum of S4 Specimen in the Elapsed Time of 4 Hours

[*10~ 3]

1.00

0.75

0.50

0.25

0.00

-0.25

-0.50

-0.75

-1.00

-1.26

after Irradiation.

-center field : 3,500 G
-sweep width : 1,000 G
-sweep time : 41.9 s

T A A e e e e el A = e e Rt e e

3000

LN St B AR B R R ARA BELENLIND RNLERUENL AL RULAL NN IR B WL W DL
31(110 3260 3300 3400 3500 3600 3700 3800 3900 400

[G]

Fig.2-1-2-12. EPR Spectrum of S; Specimen in the Elapsed Time of 2 Months

after Irradiation.
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Fig.2-1-2-13. XPS Spectrum of Irradiated Polycarbonate Specimen(So).
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Fig.2-1-2-14. XPS Spectrum of DLC-undeposited Side on Polycarbonate
Specimen(S:).
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Fig.2-1-2-15. XPS Spectrum of DLC—deposited Side on Polycarbonate

Specimen(Sy).
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Fig.2-1-2-16. XPS Spectrum of of Pure Polycarbonate(Lexan) Specimen.
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Fig.2~1-2-17. XPS Spectrum of DLC-deposited Side on Polycarbonate

Specimen(Sy).
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Fig.2-1-2-18. XPS Spectrum of DLC-deposited and -irradiated
Polycarbonate(Sg).
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Fig.2-2-1-1. Radical Changes of the DLC-deposited Specimens after 7 —irradiation.
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Fig.2-2-1-2. A Model for Radical-Oxygen Reaction and Antioxidation
of DLC Thin Films.
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Fig.2-2-2-1. Oxygen Contents of DL.C-Deposited and Undeposited Polycarbonate
Specimens at the Elapsed Time of 4 Months after Irradiation.
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“and Pure Specimen before and after Irradiation.
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Fig.2-2-2-4. Expanded Peaks of O 1s on the XPS Spectra in Fig.2-2-2-3.
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