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Development of Superhigh Radiation-Resistant and
Flame-Retardant Condensed Bromoacenaphthylene

Masashige KUBO
Fumio OKISAKI
Hideo SAKKA
Kiyotaka OYAMA

Retardation of ethylene-propylene-diene rubbers against y-ray radiation degradation and flame has been in-
vestigated using various condensed bromoacenaphthylenes (Con-BACN) as an additive. Although the rubbers
were usually deteriorated by irradiation to a considerable extent to lose their mechanical properties, some con-
densates were found to increase radiation resistance up to 1000 Mrad. Cables of practical size were made us-
ing Con-BACN and subjected to various performance tests according to the standards of nuclear power cable

test, thus their excellent performance was confirmed.
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Table 1 Formulation for EPDM
2. £ B& =
EPDM 100 phr
(1) flEFxFYyT74YVE—a Stearic Acid 1
Con-BACN #%# Hagiwara &®7#5Y Scheme 1 3\ Nocrack #224 1.5
(DICHE» TAR Lice LinL, IERIZIES (<60%), il 0.4
) Zinc Ozxide 5
EMEEE n OFHRREREE (+y) 2RHRHELL Tarc 100
Con-BACN #B 20 IE¥ETH1c, £ TXRQ@)D Antimony Trioxide 11.8
HE 2R L, RQ) ORI, ERILKIGE 3 Dicumyl Peroxide 3
Con-BACN or DBDE varied

DOFRIGICT, FTROGM 2B L2 E LT, PHKE
1~3aBpET 2 L {fTR-T, Bl HBr TETH
ENICIELREBK &, MEOTEEIEEH % & ok Ay — ~OREARFE, THBGHRYE R GBI 2 IE L
KT L, K& otihic X a5EE ¢ Con-BACN 7o
R¥{kE LTH%, Con-BACN & 1~ 3 o#iEi, (1)
H-NMR, TTH#E5#H, GPC %ic X » THHT L1,

FRiEA 1 of (la-le, Fig. 1 £/8) ik, 'H-NMR
TTEE LY, 2& Con-BACN orhZho GPC of
E'— 7 OfEEEX, TH GPC, GC-MS i Ly K1,
(2)  {EEERTE

Tt HSH AR A BB AL T\ B, BT NREFA
fegiEs LTE<AV R TW BT FLosarr ey
x> =24 (EPDM, AA&RM =L EP-21) iz, Con-
-BACN #&EBEEA L EBICRALT, EX 1mm
DY — bk EIER LI, #£ARA%L Table 1 27,

BAHT A ARRF PR St sEfT o =2 80 b 60-7
fRAEM, 8% 0.5 Mrad/hr CZESKHERT, 1000
Mrad % T1T/2 - 72,

A — b0 &, 5iRRE (JIS C3005) T\
it e S 4 4 % AFAME L 7c, ANz €, BRgHcHEZ 5 Con-
-BACN @ 75 7 MEOZ{LE LW EP v — F DEEIEA
DOPDOELEK DT,

777 Me&ix, THF k3 v 7 2 Lv -,
W 44T (355 nm) iz & Y AIE Lie,

BIEE O (r, mol/g) 1%, ¥ — b & 25°C T24RFH

= =
HBr Brys1 Bry
= b |
' Br, KOH/MeOH '
= >_| (
FeCls
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HBr 18
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KB, Br e Bry T wEmRR
1 2

a=0-2a=0-1b=0-1,x=0-2,y=0—4.n=1-10

Scheme 1 Synthetic route of Con-BACN

5o &b &b &

Fig. 1 Intermediates after side chain bromination
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Fig. 2 Construction of tested cables
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Fig. 3 Temperature profile for PWR environmental tests (including HELB simulation)
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Specimen length 1m
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Fig. 4 U-shaped bending test equipment
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Fig. 5 Relation between DC of Con-BACN and
content of side chain monobromide
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Table 2 Synthesized Con-BACN

.__N(;_

1 | 2| 3] 4] s
" Br Content (%) | 62.1 |58.0 | 70.3 | 65.8 | 56.3
" Condensate n=1 | 22.0 | 27.6 | 32.5 | 33.3 | 19.0
Composition 2 |30.8 | 30.7 | 45.9 | 47.1 | 19.5
(HLC Ar %) 3 |23.7|18.8|21.5|10.7 | 18.9
=4 | 23.5|22.9| 5.4 9.0/ 42.7
" DC 9.49 [ 2.37 | 1.94 | 1.96 | 2.86

d]?CZEnXAr(n)
Ar(n); fraction of component n

LD,

Table 2 lc &R L7z Con-BACN o (REHF &=,
(2) WAMGFHRRET SR

B FMEL, ERFTET R X - ORSR &%
5 &, TORMTOBLIIG, WMOREBRIL, 65\
FFEHEBMSIC X » THIE LTI S epHbh T
5o T LT, MHESHREEZT T 2 b~— 0BG, WKk
DT S 4, T OFA AT UB0% & Sh T
5%, AWETE, ZOHEEELZERA LI,

Fig. 6 %, AW L% Con-BACN ¢ L<iERF
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v BB E L OBEFRER LI O TH B, M, blank
ITEBRE AR AR TH B,

1000

_ No Br (%) DC
58.0 2.35
65.8 1.96
57.2 2.61
56.3 2.86

83.3

100+

504

Elongation at breakpoint (%)

10 v
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formulation : Con-BACN,DBDE45phr

Fig. 6 Degradation of EPDM compounds by
y-ray irradiation
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Fig. 7 Plots of crosslink point after 400 Mrad ir-
radiation vs DC of Con-BACN
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DBDE (45%) 0 um

{b) No.5 DC=2.86 (58%)

{¢}] No.5+5-3085* (PPDP)
* (5 phr) (90%)

Fig. 8 XMA micrographs (bromine) of EPDM compound
( ): Elongation after 400 Mrad
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Fig. 9 Change of grafted Con-BACN amount by
y-ray irradiation
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Table 3 Typical Physical Properties
of Con-BACN

RV -BRBY #3205 %15 (1988) 23
2.0 I~ (b)
500 F @ %
;{DSOO—‘ \%01.5— e
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Fig. 10 Radiation resistance of EPDM sheets
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DEofRERKIC, orttx RS L TREL T
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FKMeE&EHERAL, 1000 Mrad T 7 BRE L%
DT BRI 52 R 2500 Lo f5 58 % Fig. 10 TR
R

TN & BT Ea#R 4 EF(fvX, BL A% EPDM E{f
T34 400 Mrad, DBDE 4 €3 200~400 Mrad ©
HB0zxt LT, Con-BACN E & Tit 1000 Mrad &
EPDM D fca##tE & R LS 2T 3, 51
#iEE Tk, BL, DBDE ELAfMA b BEIC L viEA LT
<43, Con-BACN ELA T HEBIHIRE LTV 3,
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Fig. 11 Oxygen index of EPDM compounds
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Fig. 12 Radiation resistance of cables in terms of elongation
0 FR-PH 3Xx5.5 mm?
o FR-CPH-S 10x0.5 mm?

10°
Table 4 Results of environmental tests g o
of Con-BACN added cables e LS
Insulator Sheath s
Original g 105k 0O (23000~26000)
Tensile strength (kg/mm?) 0.75 1.11 =
Elongation (%) 633 507 g
Insulation resistance (MQ.km) 1.5X103 g
Breakdown voltage (kV) 35.0 % |
] — 2 ; |
After thermal aging T S e
Tensile strength (kg/mm?) 0.72 1.02 é
Elongation (%) 470 247 - |
(=]
Insulation resistance (MQ.km) 1.8X%103 5 |
Breakdown voltage (kV) 35.5 g 0k
—— z.
After gamma-ray irradiation (200 Mrad) 8{"}0 zénu »1310 600 860 1000
Tensile strength (kg/mm?) 0.46 1.54
Elongation ( %) 93 93 Absorbed dose (Mrad)
Insulation resistance (MQ.km) 3.9 %103 Fig. 13 Radiation resistance of cables in terms of
Breakdown voltage (kV) 35.0 flexibility ‘
Judgement Acceptable (U-shaped bending test)
Aftor LOCA o FR-PH 3X%5.5 mm?
er
o FR-CPH-S 10x0.5 mm?
1 2
;e nsﬂet.stre(ll/g‘)ch (kg/mm?) 8(7)- 16 12(1). 20 ( ): Number of times of bending leading
ongation (% .
to sheath crackin,
Insulation resistance (MQ.km) 1.3X103 s &
Breakdown voltage (kV) 23
Judgement Acceptable Bz i) oFbi3kx<, Con-BACN 0757 |
* Test cable; FR-PH 3 X5.5 mm? B KEXAR O, LVEVERERELR LI,
(4) A —TIvikgeRBR
ii) EPDM & Con-BACN 0ES#ZEE2ELIL T (1) IRBERER
Lk, EN PWR &#omEsEB~ERE Table 4 1”7,
i) EPDM s CoBtERNEZ &, Thd, TBEEMICOWLTIE, v BIBEE R X OEE LOCA
(24)
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Table 5 Results of Flame Test

FR-PH 3% 5.5 mm? | FR-CPI-S 1005 mn?

Test [nsulator Sheatg Insulator Sheath
EPDM CSM |EPDM CSM
Oxygen index 33.3 39.9 | 33.3 39.9
Vertical wire flame test [Acceptable —  |Acceptable —

Vertical tray flame test
Length of damage (cm) 68 88 70 92
Flaming time (sec) 0 0
Judgement Acceptable Acceptable

g m Rk EERS: (3.5kV, 54D &KL,
ZREETME BDV) & F23» 60T, RIFTH
12,

BRI OV T, ko — 70Tl HdiE,
=R+, B LOCA HICiZhUh50%LLT &7
B0 DK LT, K7 — TN TE100%R1# & B
RErRLI

(2) MEAATERIEEAER

ONE D BRI U722l iRt (Gl m50%) 1, 2
BoOry — Ficihv T, v —z2ouFhd 600
Mrad T#® -~ 7z, (Fig. 12)

F7C, Fig. 13 W3 mEEHIfFEER LS, F—7
DT R 600 Mrad & 289 55,

TERDEIR Y — 7L O WS RIS O AT HEME L, 200
Mrad LAFCHh B, YUr— i, Ok
tE IS ksEL T3,

(3) THAEREIERAER

HAEREERE & Table 5 2R,

TR ER L OBBERBR T, HARH 0 F, fEREDIRE
0%, HEBERZH T 60~65mm TH-7, Fio,
T—T7NoOIEE b LA BREERE Tk, BER 60~90
cm FEHOEETHS 180 cm it LT, +57em
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