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Graft-copolymerization onto Carbon Black.
A % *%
Yoshiaki NAKASE, Masanobu NISHII, Toshiyuki KIJIMA and Hiroshi KATO
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Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Neyagawa-shi, Osaka-fu
{(Received June 20, 1988)

Radiation-induced graft copolymerization of vinyl monomer cnto
carbon black was performed. During the y-ray- and electron beam—induced
polymerization (In-source), or the electron beam post-polymerization,
the graft-copolymerization behavior was affected by the kinds of both
carbon blacks and monomers, i.e. the smaller the size of carbon black
particies, the higher the apparent grafted fraction.

Homopolymer in the grafted carbon black samples was washed out by
the solvent of the polymer, and the extracted polymer seemed to be
dimer or trimer of the used monomer.

In the case of the post-pelymerization with the pre-irradiation
doses of 50Mrad, homopolymer was hardly observed.

The polymer sheets of plastics or rubbers with grafted carbon
black had an electrical conductivity unalterable considerably by the
heating cycles,

The particles of grafted carbon black in the sheet might be kept

much more at the surface layer within 100 nm depth than at the inner

layer.

Keywords: Carbon Black, Radiaticn-induced Graft-Copolymerization,

Electrical Conductivity, Surface Analysis, Contact Angle
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BMLAbDTHE (G=~17%, #1100g ., :AKNo 54 ~58) , &> — b DN, HRZMH%
R Trd, BRTRURINLEEALZE—TH S,

WEs— F OPEE, RUMB A4 7 0% 1~ 3RS X EASOFEELE 16 1LRT,

Ch S DOREEOERBEEG Kl FBEECHKE LTIl icRd, LDPE, EPDMOME
BT, GKBAE#H LA e i3, KB EBHERXHOELZDPPRE VD, TOMEOEAY
47tk 528G, 20, 3EHEEEAER—ELLIENTE S, THhL, MEF1 7
WEMABLC LD, BREE(EDS - Thoe BTN EEE,

LDPERUEPDMY -+ (I1mmE) OME L 2BEREIERI2ICRY, CITE, B
BesmmoBREICAE 38 A, TOBRIHELS LD TERKBIRAHE L/ &L 5 0XAEZ
N, BB - P RMEIKE D FDOR EMEAT I, 2T, COBDICHT SRR
ahishot, LM77, B127TE, ET4E, REBEFLTSA, BESHIEFZETS
&, IEIC &L AERE L, HEHDETVWEFZLSNDL,

H=—RT 7y 7~DE/) =Dy RESGDEHE, /L LTF4PMAZHOIKB ~O7
57 FEATHE, Bine/ ~0iid 100 35BS L, ETRELOEHAICLARD/ 77 HES
DT E H720, BILACEE (01~ 15Mrad JTOEGEIT-1, #ERER 13 I1TRT, BINE
2O T0~80 BHESL, REAEMLTLY 57 PEEAELS G (HHEN6L~T72, 78),
Lasl, THE T (Vo2 AV —8) §5&7 537 PEENI/5ITERTLAZ. COFERD
13 mR L, SERVT@GEME, vD 80 ~ 0 %I ->T0 b,
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T, COFERY vDBMER S5, GPCHESRT-71, BREK 4 IKRT, £/~
(FAPMA) OHFEIF200THYD . HIDOP St #HENTRELEFEF KL TS, Lih-T
F4PMAD2, 3, 4 BESHERT S 6D EE IS,

COEREAEFET S0, FAPMAL St DRSWMAKBRENLTES L, BRE
#1TITRT,

—WDREFE N 76, 77) 13, BEMT/<BLD, ZRORY wERL T LAY, Nl
WmEER DR o EBhi, Bild s, THF fhdmic>nT, GPCRIE.IT-71, €O
BAK 15 ICTT,

St DAAERMULTES LABESOMEEY N 00) OGP CELBDLHITR LN, HmOH
B, $4HL, Bas/ =a2@HLEERICY 0 TE, ZSHELGERBOS FEOMBICE —7
HHIRT 5, 3BRACEMIE, M4 EE—T&20, Hl4dD2BECHYST I -2, HI1b5
D15 BKICENT AT 5, GPCOREFRFOENTHRETSEELNLHDT, T
T2 BETHALEZL S, T2, 2DDE—Z7E20WTED5E (WEE) OHEET -,
BRI LR Sty

FRO LT, FAPMADKB~OY 57 MEGKBVT, £/ vORMNELDEZERECE)Y
= HERTACEARB LA, CORRNAEHOHICT 5709 St BT MLE T TOMHREZT O,
LOERELERE L. KB (20g) ICF4PMA (F92.5g) 2&ML, =T 5Mrad (035
Mrad A X lds) FBE L7, #@%, St OfFfZEShicElE N62odh) ZREL/ELA
24h #%1T10%, 120h BT 20 BOEEEMEH -7, THHE, ©/ <HRMRICHRT L&
120h ®%icid, KB 20g ieL, 72g 0E/ wa2BEMLILiKisd, —FHOEE MNo63)
i3 St BRUCIIEE S 71 -7,

ﬁc,mﬁﬂ%ﬁ&$ﬁmU?MhW%LT§EME%ﬁvt&C6KB (20g) ITHL,

757 EI18% No62) BLU1T4% (N 63) 8B oNI, 27T, FHOBRNE, =02
B 7 LEBEDS 7 7 PRI 126 %BTHLE,0, M0 %A St HIF Micsds Bing T
HU, o, St BRKEMELEh 72 Ms3) 8FA—D7 77 M EERTCEPL, B
JETF 50 Cic 0T, St OBE) (N 62 N 63) BENE D EEhILS,

WICHR )~ —ORBEH S hics A, THF RUMeCH ThERU <ZMAULGP
CHIEATT - 12,

B L AMEEBERO /5 7 FRER 18IORT, BEBHsGER ) =id, EpkS
)70 BLILEEEDTOE L &b 5,

M EAfcFEE) OGP CAIEHEAR 16 N62), RUK 17T NM63) TRd. WEE
bla—otEmERL, B TFREAlC-2 a8 TEA Y- 7O ok (19) » 5, MeOH
M EDIESFRFER) < ASEBENII, %72, THF b d, COL5ERE, KB L
ICF 4 PMA B 2w ESL 0 LA OASVWTHELLRELHT LD 77 +ThHE EHET
23, —/Tik, KB L T3BEMSIEBNESICERT 2 LHETE 5,

WICREFSET /w20 T, CBOZ7 77 PESEMET L7,

KBRHLTUDABICKHT B4 57 rHAOMBER0CRT, £/, HEDHC7 o WITH
e/ vEFERLUCEEOHEEST Ui,
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KBADY 357 FEAKENT, F8PeMAXHOIIEE%RROT, BFHROBKRMRS £
AWhLNE0, KBOBED/ 7 FERE, ABOEAOEON2ETHD, KENHBRERE
SrEpbh, HIC7 y(MOPBREEETERVD, BOTHWAE, F4, Fb5, FalLawns
B MR E5 2 5,

cDLHie, €/ vDCBETOREAESPHETEZLOTKE, KUGKB (N68, F4
PMA : G=104%) ~® St DREEZRA A, BBES, &2ML T 7 —FRICAN, £
DIFEFEER (ZiR) KB, GKB OEEMMEH 18 TT5d.

CTNOEE G REHN S L GITEREEINL, M5 HBTH - Th, EABEMNREICE T
LT, W20 L BOFNFhoREERET 0 CT2h M LIZEC A, KBD
EEREMZ156%, CKBOEREMIZ45HBTH -1, KB DA St ARE L BAERES
O 0 %HES L, GKB DEAEN0%0EGNETH S, CHEKB ODBEY 1 b RO
737 FTESNTO A, GKB TERESNENS O E, FBINCE COREFETA M IT
BHAE®SESGFEST A EMEETE D,

3.4 EFERYMEERS (Post — polymerization )

KB ~D®/ ORERECHLUEIIEL E -7, CCT, BEGHEBRAEKEB D524
WEHTEL, 203 S ANBEAZLLLHICKB 2BHL, 20%ke/ <20 L TRHRE
BFITat,

kBH, RUBHKB (1Mrad=0.35Mrad /s x30s , ERIKE 67h) i, St&ELAL,
50 °C, 3h HHETREHR 0 CTHRAEE (91h) Lz (N 112~ 129), EEERETRK
N B '

WENDIESE 777 VRS BRIRELD, AIBHOMERIF L ST,

iz, KB %10Mrad & L, F4PMA, H3id, StESRT (Fvi—-sA) \ZEERTK
BL, WEMKMEIRER (ENEe /KB &) . dFwkBoERENELZ QLMK 19,
20 ITRT,

St ORER L, FAPMADWEELDE Y, £/, 777 1 Eb St DHEDQLIBKE 0
KB ORBMOBEODER D, wFLOT/ 220 TodEHLNE, LirL, BH (10Mrad)
OFBIREEAERDLNEG (144h MEE) , CLEDGKB DT, THF @FHET-
FrE A, 149 BEMAKORETE, 757 bEY <@ 1/4 BEBRET 505, 2N
BeE, sy vOL2EMNEN L,

wic, KB ~OFIIBEES (50°C) %20, 50Mrad & LT, FAPMADY 57 +EH%ZEIT
af, BERER 2R T,

90 Mrad EEHAIDIES S BESGRITIZEAERD LAMKL, —F, 50 Mrag BHOKE, <
;= DRESC L7 7 PR OEEMESBO SN,

SOMrad BEOASEORMICL D, 777 FPRCBHTRANESHEIKEOLOL L0
Hhip-toe '

%EDOGCB(50Mrad B& KD >0 TTHF KL b+ TR v DM AET - 70 557
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FRICEFOETRELN (4% 3%, 9% 8%, 14%—13%) , RESOLEE) 7
CB FicwEIfAEL T AEEL SN S,

3.5 GCBRE—bSOXKEIW

GCBE, #VzF Ly, EP TLEKRBELTHEREN S, B v— rF0 GCBOSAIREE
COWTHIREE SRy — FOFRESITEIT -7, .

FISIRLAER Y- (GCP~8, RUFGCE~8) k20T, XEEBEBFLE (X
PS)ickh, CEENOGCBOFERY, FRUOBEMCTF4PMADEABERD,

B 223, GCP~-8 (0~3), GCE-8 (0~3) oFNZhiL20T, R16 R LE
LA E — A 7oV (- 0,018 (1), 20 (-2) RT3 (-3) fT-/bD (74 F
Ay V) Thb, W8, 0’1k, 0OFREEAC THIamESETTR Ny & Lk, HEL
FERTHB, $/. M3 (A, B, C) i, THENOERDC, O, FELICMTE 2~<2 b
W AFo—2Fp ) THb,

Bl23 A (Cis )iz, @B THUD vy —»TH 255, K23B (04s) Tif, O ©&
M, EFCBE -7 2RTLN, B0y - THa L, —HR23C (Fis) T, GCP -
8 -0&GCE-8—- 3 IR — 2 2m3 LS, FIRRNEELUTORBETH 2, GC
P-8-0'M0is, Rg BT A A~RZ bavipd, By — AL 4mOFICIEF4 PMADHE

HERABFFIT LN &hhip 5.
iz, M23(A, B, Ot s e—y DR, RUSSEAEL, 2 LH EHTRLIS

ODCitntd 2EFEH I, ER (0,8/Cis) % 174 THID, FORTFHEIbE, EFEL (B
/Cis® 2.5 TE - TR,

F4 PMAD/IKEREERTE, H:C:0:F=8:17: 2 40RFHETHL, Lih-
T, FigOQD 2 THAENER 2 T, FORLBINIBETHE /O 3HBOICRS O L7
=T, COTHRESNAZORSLTLHEFAPMAKERTSELDOTHIAVEEDN S,

#HFINo 1 D Crs OEMIESMOBMEHCE~NTRPARE D (1L 8eV) A5, ZhughExE (~
CHy—) MADEL =7 ufs (—¢ = 0-) BHBHE (T b Bbh A,

O, DY — i@ (954eV ) (2, 2BBILEDO s DME (956eV ) L0 2eV/NEl, 7
Noo1l MG (L 9~2.6eV ) BHENAKSCDE, T—FTwe TI—LH%R0Og ETRTIL
s b RO, ETHNTHONSE D TED, FAPMADRMHEAS L EMTE S, &
LT, B2D74F2+ 5 YAg b D55, GCP-8-0&GCE-8-3 TH 4 VFHT
MBOTESMBEIN T AR EE, EAOHENCEILSLDOEEONS,

COLEHNFERPL, XPS ORTHNTS -1 E&mDGCBRUF 4 PMADHEGERIL, E
BTELh-1, ZCT, BEOLDZO2RA 4 VEESE (SIMS)RLEZEZEBE AT
»t. i, FRFREBRMEEZICLDFAPMA®Depfth profile #&#BGCP-8-3RUG
CE~8-3{t20TiTntce 1AAYELTO; (10.5kV, ca 3.1 g A)ER W, Wi EOS
FrR&E, 60 umod THbH, TR, ARPSHREETSH 2O TENICERICEEES
(ca. B0nm) L 7.
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2%y 8 Y UESE, SIMSRHESREMM S TAE L], CCPDBE 4.02m, GO
ERREEGERO-OERLCAERATETH LM, K 3.6 pmdBochis

2WAFEF v CT EFT monToRIEMEEN 24 (GCP-8-3) RUK 25 (GCE-8-3)kk
N B

WEROFEE (GCP, GCE) ek Tsd, C @EEO 2 #mPICEEOEKSH 2.
20T, REH (0~12m) ©C’, F™ ®Depth profile %K 26A (GCP-8-3).%
UM 27T (GCE-8-3) i, &7z, C BEA—E & LAEEDOF ODepth profile 2K 26 B
(GCP—8—-3), RUM2TB(GCE-8-3) {LRY

GCP D4, M £@ (~0.02 #m) LF BESS, —F, GCEDES, #8015 #m
DEFICERA DS 205, TNLDABNMTE, FEERIESC—ETH S,

cnoDOERE, 100 CETOMEAS A 7 0% 30EBRLIZbDTH BN, 22 7T, hoiEdE
EREDEVIXPS HREPBONTVWALEEZETLHE, MBICLDFICFET (F4PMA
757 hCB) HEARKBE L sxEAH O,

Lichi->T, FAPMA 75 7 FCBOER v — +rORBEHICHLT S LT K Y
IF L EBOBEHETH L EMBHEICT -,
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=3 TEFLYT Iy (AB)Y ~DARF LSt
ATy (1IP)Y 737 bES

LR ES AB /% /% — woay 757 B
B g™
No. (g /g) (MR ) (%)
2 30287203 (IP) 9.5 THF 0.9
3 5.029.72.18 (1P) 11.0 | ” 11
4 3025232 (IP) |~ EtOH 1.7
5 02,93 (1P) v . a0
6 30300 ” ” 03
7 3023.,/200 (St) 7.3 THF 2.9
8 3024302 (5t) | v EtOH 17.8
9 3.017,73.77 (St ) ” THF 5.6
10 3.028,/407 (S¢) 3.0 | " 2.6
11| 1516/587(St) | 73 - 5.4

EARE: 41°C No2~6), KU 40°C (No7~11)

1) #WEE: 80kR. h, in vacuum,

) THF (7 h3EFDT75y (£/2—, Reklz—HH)
EtOH : =%/~ (/<)
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4 RBEH-FEVT5. 7 (CB) ~DAF L I(St)

NI 7HES
HERES CB ./ St w gy | 757 b
% AL
No. (g /g) (MR ) (%)
12 3.039 (AB) 2.72 2 8.0 B 78 & 4R 17.2
13 3.035 (AB)/2.72 ’ | THF #ei 5.3
14 3.053 (KB ) 3.62 " HERR 124
15 3.061 (KB )/262 ” THF #i& 13.4
16 6.052 (MT)/2.72 6.1 B R 0.2

1) 40°C, 60kR.h, EHZRE®R

DY AB i PEFLYTI Y
KB:# wFzv7 797
MT [ =275 7

E£5 HFoF2vT7y9 (KB)~DAFL(St)
Dy 57 NEE (ZEEHE)

ERE S KB /St moml EFAY: 2
Yo (g/g) (MR) (%)
18 17.67 /16,30 5.2 144
19 1812 /16,30 : 145
20 | 18121630 , 14.6
i
22 | 18201630
| . L 142
23 | 17581630

1) 40°C, 45kR/h 50mmOD, 100mg7 ¥ 7
gt i el
2) WEHBRBROY ST M E




#E6 FITIFEETEF LY TI o 7 DA
(r =00036cm& LTHE

JAERI-M 88-135

ho 1 9
R £l i E A A
(em) (B)
No12 AB./St ~E 14.0 27
G=1712% R 0.2 90
No13 AB /St ~NEA Y 9.2 54
G=53% K 0.2 990
AB NFap 6.2 54
(Btakkh 7k 40 84
757 74k K — 60~84 2
B RFL Y ~NEA Y — 1%
(R DE)
7k — 91 2

1) El1icEidat=0~ONEE

2) bfEE
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=T

AFVLYTII I F 2T 5y 7 (GKB)
B v — + OFESH

HEYVLFL Y- b (phr )
E S =
GCP-2 { GCP-3 1 GCP—4
LDPE (ZF-30) 100
DCP (Dicumyl peroxide) 2.0
Nocrac # 300 0.5
Ketjen black (KBJ 30 0
GKB (G =14 %) No18~23 a 30
* a7 VT EN 180°C, 30 min
THFLYFOE YT LY — b (phr
# KB &F 5
GCE-2 ' GCE-3 J GCE—4
EPDM 100
DCP 2.7
Nocrac # 224 1.0
Zn0 5.0
Stearic acid 1.0
Processing oil 30 30
KB 30 0
GKB (G=14%) No18~23 -0 30
FaT ) VRN 165°C, 30 min
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%8 HHEvy—-—bPOoEZWHEE
EiKf® xH OE X tan 9
ZEFE (Ohm +cm ) (%)
| 245°C 80°C 24.5°C 80°C 24.5°C 80°C
GCP -2 | 37%10"7 | 6.0x10? 2.33 218 0.069 0.027
GCP - 3 i 6.0 8.6 — — — —
GCP - 4 9.0 1.2 — — — —
GCE-2 | 65x10'®| 21x10" 240 223 0213 0.227
GCE- 3 580 91 — — — —
GCE — 4 235 50 — — i — —
i
£9 2AFLUVITFTTIEETEFLVYI 59 7 (GAB)
Ry y F2v75%7 (GKB) DEREZE{LIC
& A AFEEE KD EAL
) EEBHEAES (L2-cm)
=, £ .
RT(23°C)— 60°C +> 100°C + RT
GKB (G =243%)
1.9 2.0 2.1 2.3
No. 24 ~ 28
GAB (G =16%)
2.8 3.2 3.4 2.8
No.30 ~ 34 (31 3/%)
GAB (G=14%)
2.1 2.2 2.3 2.1
No.36 ~ 40
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£10 ®YyxFrv (LDPE) RUzFL v 7oy a4 (EPDM)
DOGCRIBHMEEERST

LDPE ¥ — b (phr}
GCP -5 GCP-6 GCP- T

LDPE (ZF - 30) 100

DCP 2.0

Nocrac # 300 0.5

AB 60 — -

GKB (243%) - — 30

GAB ( 1.6%) — 60 —

F a7V TEMN 180°C, 30 min

EPDM¥—t (phr )
GCE-5 GCE-6 GCE-T7

EPDM (EP- 213 100

DCP 2.7

Nocrac # 224 L0

Zn0 5.0

Stearic acid L0

Sansen 4240 30

AB 60 —

GKB (243%) — — 30

GAB ( 14%) - 60 —

FaT )V IEE 165°C, 30min
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#11 RJxzFLry LDPE) RUTFLYZarL /T A
(EPDM) OGCBEMARDOIMBY 4 7 i L 56
EIESERTAAL -
FEREEELKRL (2ecm)
RT ] 40°C 60 °C 80°C | 100°C 80°C 60°C RT
1st cycle
(19°C»H (23°CH
GCE-5 | 55E 2”} 91E2; 22E2 | 29E3 | 28E3 | 1L4E4 | 26E 4 | 49E 4
-6 | 1.BE4 | 30E 4| 44E 4 50E3! 3C0E3 | L2ZES | 63E5 | 31ES
-7 | 66E1 | 85E1 | 1LZE1l + 92E1| 42E1 | 1LO0E2 | 39E2: 20E4
GCP-5 ' 20E1 | 94EQ | 20E1  34E1| 77E1 | 2¢E1 | 20E1 | L6E1
-6 1 21E1 | 22E1 31E1 | 39E1 LTE1 . 47E1 | 32E1 | 1.6E1
-7 | LZELl | L7E1} LSE1 | 18E1| 1L3E1| L7E1 | L4E1  LOE1
2nd cycle
{(19°C ) (265°C)
GCE—-5 | 24E 5 | 1L1E 5 1 LOE4 37E 4
-6 | 84E5 L9E 6 1L3E5 | 23E5
-7 | 1L4E 4 B.2E 3 58E 1 6.9E 2
GCpP-5 | 14E1 1L.5E 1 46E 1 L7E1
-6 | 1.bE1 17E 1 7.5E 1 L6E 1
-7 | 98E 0 L4E 1 2.3E 1 9.5E 0
3rd cycle
(20.5°C> 27°C)H
GCE-5 | 89E4 35E 4 1.5E 4 8.5E 4
-6 | 33E5H LEE 6 34E 4 37E 5
-1 ;3.8E3 1.5E 3 T.3E 1 L5E 3
GCP—-5 | 1L6E 1 1.5E 1 4 1E 1 20E 1
-6 | 19E1 2.5E 1 8.4E 1 2.2E 1
-7 1 1L1E1 L5E1 24E 1 8T7E D

1) 55E2=55x10?
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%12 BITEBRTEFLY 7592 (AB) ~O
ZF LY (St) OF7 7 VES
AEES A B St 757 b
No. (g) (m 4) (%)
41 255 13.8 1.3
42 25.6 % 0.9
43 25.6 o i 1.0
44 25.5 ” 1.2
45 25.6 " | 1.4

FELHEM T AB (50°C,

1200, <10 ° Torr ) &5t &%

HFsr7vrvicHAL, BELEHGEE (40°C,
45kR  h x 1205h =55MR) L7

%13 St 7 o LRBRIBKED T £ F L Y
F 552 (AB) ~D7 357 FES
B ¥ 757 bR
No. ® /) v - wINE | ®1)=—8 | As—prepared After MeOH !
46 18 28 2 5mz 02, g L0%
0.2 %

a7 " 2 0.2 09 |
18 F4PMA S| 5 5.1 20.4 11.7
35 St 13.8 0.3, 1.2 : 0.9

|

EHEH D AB D 25g

45kR,h x122h=55MR, 40°C

EEMIIE=~v—&8

% OB RET H0°C,
1) A4/ —n (MeOH) i kB w7 2Vt 24h

2) 1B 2B :

24h,

1—Bromg 2-

butene

3) F4PMA : Tetrafluoro propyl

me thacrylate

Ay,
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14 FT!-TEI77PES (1L.5MeV, 50 pA)

Na cBl £ e 2) #) 7 | s RS
49 AB St (9msg) 0.05g 0.6 %

50 KB ” L2 13,1 (LoHY
51 AB” LP(10mg) | 02 ¢ 10

52 AB ™ St (10m4) 02 0.9

53 AB™ St (10mg) 0.2 , 1.1

59 AB 'St (5mg) 0.2 16 %

80 ” - 0.2 1.7 ©

51 ” v l 0.2 157

BHASEM D 035Mrad. s, SMrad, £1)8y—n

1) CB . #-FY7Fvr, AB 7 FLVIFTu7
KB 4 wF=v77v7
AB™ 1 120°C, 24h &M AB
AB** 1 1B 2B 757 FAB (No.47)

2) St AFLry Sg=068), [P:4v 7Ly Sg=108)

3% 50°C, 24h (HHET)

4y THF Teeid Eig24h )

5) 10 Mrad
6) 15 Mrad
7) 20 Mrad
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#15 RYVTFLY, RUzFLyTolLryTa~di
(Fy PMA) KB EEZE OIFRREGEH

LDPE & b (rph)
GCP -8 GCP -9
LDPE (ZF - 30) 100
DCP 2.0
Nocrac & 300 05
KB — 30
GKB (17 %) 30 —
FaT VY IEH 180°C, 30min 248
EPDM& — b (ph)
GCE -8 GCE-9
EPDM (EP-21> 100
DCP 2.7
Nocrac 3 224 1.0
Zn0 5
Stearic acid 1
Processing (Oil 30
KB — 30
GKB (17 %) 30 —
F 5, T v 165°C, 30min, W&
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7516 GKB {B8ENE >~ — b On# £ 7 i
LEBHEOEN (n=5)

LDPE & —
GCP -8 GCP -9
Heat cycle ! 0 1 2 3 0 1 2 3
100 % modul us
1.€9 1.67 1.71 .79 1.85 1.84 1.89 1.69
(kg /mm?*)
Tensile Strength
2.04 1.95 194 1.92 202 1.97 1.9¢9 1.92
(kg mm*)
Elongation (%) 235 225 230 160 180 1840 180 220
EPDMY—+§
GCE - 8 GCE -9
Heat cycle ! 0 1 2 3 0 1 2 3
200 % modulus
0.14 .22 0.27 0.18 0.35 0.25 0.37 027
(kg mm?*)
Tensile Strength
0.39 0.49 0.93 0.¢1 0.81 0.b8 0.74 077
(kg mm?®)
Elongation (%) 800 915 9c 0 920 735 665 725 745

Hardness (Shore A)] 50 — — — 57 — —

1) 0 EEME, 1 10°C +40°C > 60°C >80°C —100°C —-80°C
—=80°C —~10°C, 2: 10 —>60T —>100°C—>15°C,
3 2D#%—60°C >100°C = 10°C
KR TAC DRNE
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#1T HyFaV7T7 97 ~DFPMA &5t
DREYMo T 7 VES
i F4PMA St G G (THF washed)
#H¥El Mo
(m#) (m#) % %
73 1.0 (1.27g) 0.5 (0.40g 3| 151 9.3
74 1.0 1.0 16.3 103
75 1.0 2.0 16.3 10.7
i
76 0.5 10 159 10.8
77 01 1.0 15.8 10.6
78 1.0 0 10.3 —
00 0 20 1.5 11.5
KB =10g
D =0.35 Mrad, s
D=10Mrad , Z& FVEv—wn
%18 F4aPMA 757 b KB OFHRIMEBERIE
Wt A 75 7 FBEOEN
. MR E® (Vo2 21—, 24h)
o | W 17 .
~ ) ) Dr57 b E (%)
% 5 VAV <
THF #% MeOH #
No. (%) THF Me OH
MeQH THF
62 181 1.75 1.1, 077 0.7
63 174 1.3, 0.97 0.4, 0.4¢

THF : Fr2k Fo7 35 vtk bd

MeOH © 2 % / — it £ BHIE
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#19 GCrHioEr—7 otk (16, 17i
B b -7 SEEERD

E o /-
o —

EF 5 Ko TEA R =
—1 THF 10 80
-2 Me OH 97 3

THF %
62— 3 ! 16 93
i MeOH i
MeOH %
—4 20 74
THF ?
|
-1 THF 10 83
-2 MeOH r a8 0
' THF #%
63— 3 15 86
Me OH
Me OH #
—4 16 72
THEF

THF (5 b7k Fo7 32k 5B
MeQH @ A%/ — e X 5HH




JAERI -

M 88—-135

£20 BE7o{Le/w—0OKBERFABIHTE7 5 7 b
E&(035Mrad. s, E#, 50°C, bdays,@E THnEy
A &S €7 ﬁmf(é% 7 7;5 " ﬁﬁMrad%
79 51 1
80 F3Et MA 1.0 (11 ) 5.5
81 6.5 0
82 0.9
83 F5St 1.0 (1.4 78
84 F4PMA 1.0 (1.2: ) 83 {
85 | 143
86 KB F8PeMA | 10(14) 14.3
87 108 0
ream ISULTY =
89 EMA 1.0 (09 ) 5.9 {
90 5.7 0
91 6.6
92 BMA 6.3 !
93 6.4 0
95 7.6
96 F3E1MA Lo(Lls) | 28
97 2.8
98 F4PMA 10(125) 26
99 | ! 2.7
100 F8PeMA 1.0 (140 2.4
101 2.2 1
102 2.1
103 A5 EMA L 1.0(0.90) 2.2
—— (100g) 1 -
105 | 21
1086 BMA L 10(0.90) 2.2
107 2.3
108 F3EtMA 10 (116 2.8
109 F8c MA 1.0 (140 ) 2.3
110 EMA 10 (0 90 ) 2.8 °
111 BMA 1.0 (09, 2.7

KB : Ketjen Biack

AB I Acetylene Black

F 3EtMA Trifluoroethyl Methacrylate
F4P MA Tetrafluaropropye Methacrylate

FsSt ! Pentafluoro Stylene
F8PeMA : Octaflucropentyl Methacrylate
EMA Ethyl Methacrylate

BMA :n—Butyl Methacrylate
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£21 BURISI7IPELSHCIAEH-—B
T INDATF L YEODEE(S 7 T MER)

St & : lmg ( 0.82g)
F4P MA B 0 01ms (0.16g) 0.4ms4 (0.64g)
= 8 Mrad 1 0 1 0 1 0
7.4 7.3 82 78 8.3 7.9
75 7 b
75 7.3 9.2 81 97 | 90
(%) _
7.9 86 80 83 86 89
av. 76 7.4 84 81 86 8.6
e T = 112+ 121 113 122 114 123
1
|
No s 124 116 125 117 126
118 i 127 119 128 120 129

4PMA 67h at RT & St 91h at 50°C
3h at 50°C

Tw\,—>( KB — Stored — Irrad KB — Dry
&F
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£99 ST RA—KY Ty 7 REEY 7D KE
HEFHIERRY b vDEE
NQE.%E %f:f]wm e— 7 Cr1s Ors Frs
GCP -8 FEMEV) A 1.8 2.6 —
" mfE (kb)) B | 73074 (1) 18713 (0.25) | 488(0.007
0 BT C*? 1 015 0.003
GCP -8 i A L€ - B
, B | 90643 (1) 487 (0.005) 71(<0.01D)
-0 ~ QM 1lpm
IS C 1 0.004 —
A 16 74 —
Cep -8 1 E B | 83469 (1) 7023(0.084) | 194 (0.002)
- C! | 0.05 —
A 1.6 2.2 -
Gep-® 2 @ B | 87173 (1) 5389(0.064) | 95(0.001)
e C 1 0.04 —
A 1.5 9.2 —
Gep -8 3 [ B| 87512 (1) 2379(0.027) 7 (0]
-2 c 1 0.02 —
A 15 1.9 —
GCE:? e B | 86376 (1] 3258 (0 038) 0
c 1 0.02 —
CCE-8 AE 1.5 2.1 -
. 1l B 87060 (1) 2358 (0.027) | 148(0.002)
C | 0.02 —
CCE -8 A 15 1.9 —
., 2[a] B| 86457 (1) 2567 (0.03) 0
C | 0.02 —
A L6 2.0 —
GCE- 8
. 3 B | 84755 (1) 5318 (0.063) | 535(0.006)
C 1 0036 0.002

* 1 1[E=10°C —=40°C —60°C —80°C —100°C —80°C —60°C

RIBET 40 DEHE
OIS @E?ri:t=013 /ClS X 1174
FIS OETL=F 18 /Clg X 1725

- 10°C —
L 60°C — 100°C - 15°C —L

60°C — 100°C — 10°C
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X1

time (hrs)

2RFLYTITNH KT Sy 2 DEE FRERE D EMAALE,
Wik - ~FY Y RBK (FEESHR)
H—Rr TS50 0 TFLYTI9 7 (AB)
T2 - TI59 9 Nl12:AB+2FL VY (G=17.2%)
Nool3: (AB+zFL ) ®THF
mEE (G = 5.3%)

grafted carbon(No.12)/Hexane
| g —— . 5
T o g_]_:a‘_i_ted c L’/M
o e T _ D Acetylene black/Hexane
B i epmutg
| D=___=_-:':_'_---"' A
o 4 ©
o 5 & o Acetylene black/Water
T
W gee O
N
grafted carbons (No.l12 and No.13)/Water
1B | BA | WA | B ] A 1
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
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Volume resistivity (§*cm)

100°C 80°C  60°C 40°C  25°C 19°C
11 L] 1 1 L1
2.6 2.8 3.0 3.2 3.4

1/T

10%

BM5A H—FKvT35,% (CB), AFLYY 357 hCBEMY - ORER
LRI RETEEOEE (RboHESEE 11 DAY A 7 VBTG

T 4)
ITFLYeTOEL YT L -TEFLYTIy2 (AB) 773

7HFAB (G=14%)—— GCE—5, :GCE— 6



Volume registivity (Q-cm)
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(b

el 7

b))

5B £VIFLY-TwFLVY7F3.4 (AB) /%57 FAB
(G=1.6%)

{a)

fGCP-5, (b))
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Volume resistivity (Q-cm)
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I T | T T T
104
10%
102_
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1
1
10| 3
2
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1 - Ll ! | [
2.6 2.8 3.0 3,2 3.4
1/T

M5C TFLyeFoaolLryIde  FNVIFLYy-TI37 0850 F2 v
77w (G 24.3%)
(a) :GCP—-7, (b)) :GCE -7
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ac 103
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PRESSURE (KGr/CMZ)
Ko REHRETICET2HREEEEIEEIOME 257 Ly /AT LYy
T3 ETRFLYT T 0
A BEXATTORE - HKEESHLIT
B : BN AEEEEM a c MEGE (120°C, 24h) okE
TEeFLry7syy (ABL b AV 7 Lv7 57 MAB,
cIAFLYI ST RAB

A
! j%h+ﬂ_"_“_“—+*——~+—n_qn_hﬁﬁ
B.5kag I ' ' ' {
1. Bky , . ]
1.5kg -~ f i y t } i }
| 2. Bky X ) .
2.5kyg ' i i t f t +
3.08ky t H ! t + —_— y
‘g-gﬁg ------ . : : ' E i
.Okg N . X : . : '
-8 . Bkg t 3 ! I : } —
4] e 48 5] 1=1%) 194 128 148 161
TEMPERRTURE(® C)
5] 2 4 B 8 12 12



RESISTIVITY (Q-cm)
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101
o
: +++"++;4i‘
.—-—+/ /x./
g/
1 00 9 E’ng:x/ .,
[ /Cl’/).(/
/ﬂ/i//*
-1 —t ' A 2 1
‘101.1 1.2 1.8 1.4 1.6
A

B0 &S 7bTeFLryT7 7y OHERESGBEEFGRILORKR
O:7eFLy75+7 (AB), X : 2FL Y757 FAB
Gz 1% (No52), @:4V7Lvvs37bAB G=1% (Ns51),
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1000
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3rd al 2ndg

A

Volume resistivity (p/Q-cm)

A SN
X 2nd Tot
\ st
rd 2nd
Increase Decrease
1 | |
0] 50 100 50 0

Temperature (T/°C)

Bill £ 57 bA—-HYT 5 7 EEY - OFRBEFRNCERITTIIEY 4
s DB (%15, 16ER) '
FVzFLr¥ (PE), =TFL Y7ol Ta (EPDM)
AGCP-8, Q:GCE-8, 157 KB (G=17%)
(H8) AGCP-9, @:GCE-~-9 KOy F2v7 7
2 (KB)
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4,0 d4.0
EPDM
3.0 4 3.0
2.0F 42.0
-
—~ 1 cycle &
\ A
o, 7
~ 1,010 41.0
B
g ..
Bo300f
9
~a 0.9
200
100 100
0 0

Pressure (P/kg/cm?)

Bz #37r5+5F=zv7%592 (GKB) By - roBKBINEE/D
M (F 15, 16 &)
F 1) z- GKBil#f# KBiBbR (i)
#)TFL vy (PE) O:GCP-8-1 @:CCP-8-3 (xGCP-9-0
IFLYeTorLrdn (EPDM) AGCE-8-1 MAGCE-8-3 AGCE-9-0



Intensity (arbit)
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Polymer yield (Y/%)

20

JAERI-M 88-135
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N ° o o
o __9 O © 15
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X % Komeem X —_|
- X %X % 10
X % ?
~5
Fa¥
[ S— = a
| ] | I 1 | J ! 0
0.1 0.2 0.3 0.5 1.0 5.0 10 15

Dose (D/Mrad)
Bll3 #vF=v7 35y 7~DFPMA OBTHES (0.35Mrad s, EiR)
O R = - (£/<v-0OEBRE) X :&HUDS7 7 ME
AN THF ko s 7 2 + &

Apparent graft yield (G/%)

12 -

10 +

I l [
200 400 600 800

j- | Mn Mw Mw/Mn
fﬂyjf | 433, 497, 1.2
/

/

l N S N O S I | I N I

103
Molecular Weight (PSt)

El1a 757,70 Fev752OTHF HIHRSOSTEBST (No.64~6T)
Mn : ¥3E¥STE Mw : EBEHESTE



Intensity (arbit)
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No. P1/Ps
P Py

oo : 0.68
— —e— 73 : 0.52
—_———— 74 i 1,02
[\ _____ 75 : 0.54

1
I'\ /“ ——— 76 : 0.51
'\ — — 77 : 0.44

1
ol L bt rrroald l L1t

102 103 104

Molecular Weight

BIls FePMA 757 b4 F=2v7592OTHF BHEKSOSTEST

(& 17, N73~177, 00)
B/ P 2E-20EE (PRUPR) O
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Py Py Py /Ps
THF : 0.13
— = MeQOH & <«
| e T&Me : 0,17
_____ Me&T ': 0,27
BEEEE Loy bt
102 103 1ot

Molecular Weight

16 FaPMA 7275 v T 2773 27OTHF /4% /- (MeOH)

Mk a0 T BA7E (R 18, Nou62)
P/ P 2-7D&EGX (P, B) Dtk
THF, MeOH : Bdhiagic L 2l
T&Me : THF @ #OMOHAIER D
Me & T : MeOHZEBH DT BF MibRks:
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10,22
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B17 FoaPMAZ S 2 45 w52 v 75w 7 OBEEREHOSTESH
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— 45 —
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Increment (wt/o)
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