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Development of Plastic Capsule for

Research Reactor Irradiation

Kenji ARIGANE, Shigeo SHIDA, Heita WARAGAT ™
Isao AOYAMA, Tadao SEGUCHT'' and Hidetake TAKAHASHI

Department of Research Reactor
Tokai Research Establishment
" Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 7, 1992)

New irradiation capsule for the research reactor was developed using
a radiation resistant polymer, Polyethylene-2,6-Naphthalate (PEN). This
capsule has several merits such as low activity after irradition, low
price by mass production using injection moulding, and good irradiation
performance for application to 12 hours irradiation in Japan Research
Reactor No.4(JRR-4).

Using this capsule, more efficient irradiation can be done because
the samples can be taken off from the capsule immediately after ir-
radiation, and this PEN capsule can be replaced with ordinary aluminum
capsule for JRR-4 irradiation.

This report describes the development of PEN capsule and the ir-

radiation tests.
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Table 1 Fast and thermal neutron flux, and y-rays dose rate
in JRR-4 irradiation pipes as shown in Fig. 2.

Irradiation Pipe Fast Neu%gon(ElO.lBMeV)* Thermal Neutron ¥ -Rays

(10 n/cmz/s) (1013n/cm2/s) (IOBSv/h)
T(A)** 1.5 6.0 3.2
T(B)** 1.3 5.1 1.9
S 1.2 5.3 2.4
D 1.2 4.2 2.3
L 0.4 2.0 0.7
Pn(Pneumatic Tube) 1.4 2.4 2.1

% Calculation value by SRAC code system
** T-Pipe has two irradiation positions as T{A) and T(B)
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Fig. 3 Molecular structure of PEN
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Fig. 9 Charpy impact energy of PEN test piece
irradiated in JRR-4
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Fig. 8 Tensile strength and elongation of PEN test piece
irradiated in JRR-4
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Table 2 Irradiation time, number of capsules and total y-rays
dose for capsule irradiation test

Capsule Irradiation Pipe Irradiation Time Number of ¥ -Rays Dose
{hr) Capsule (MGy)
T(A) 0 1 0.0
T{4) 1 1 3.2
S-Type T(A) 2 1 8.4
T(A) 4 1 12.8
T(A) 6 1 16.2
S 0 2 0.0
S 6 2 14.4
S 12 2 28.8
L-Type
D 18 2 41.4
D 24 2 55.2

Fig. 10 External appearance of irradiated and un-irradiated
PEN capsules
(un—-irradiated, 6, 12 hours irradiation in S-Pipe,
and 18, 24 hours in D-Pipe from left side to right)
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Fig. 11 Surface gamma dose rate of PEN capsule
vs. irradiation time
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Fig. 13 Capsule compression fracture test
(un-irradiated capsule)

Fig. 14 External appearance of S5-Type PEN capsules
after compression fracture test
(un-irradiated, and 1, 2, 4, & hours
irradiation in T-Pipe from left side to right)
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Fig. 15 External appearance of L-Type PEN capsules
after compression fracture test
{(un-irradiated, 6, 12 hours irradiation
in S-pipe, and 18, 24 hours in D-pipe
from left side to right)
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Fig. 16 Result of PEN capsule compression fracture test

Deformation{mm}



JAERI—M 92078

5. &RF&&D

SEEEEEEAL I ¢ | KBNS AIET . RSO BRI 255 % v T ORREE
ik L. MEBI 0%y TV OEESRBEER L. TORRE., DTIUTTHREREZ.

(1) PENCHEEDH, )7 —BXUFy 7V EERRICEA LR EEDh 275
PEEREALTND . LOLINSTHMICLBF ¥ TENREORBLERT . Sll
STH->THHBSY/hTHD . Thick-> TEHEZOIROBWEMIT S idan,

(2) BEEEOPENOBEHEHELR) =51 Y LIZTAFTH D . PEHBROREEIR) =
FL Yy LD ODES | FI0FTHIT B

(3) ERFEAc E->TPENIZEB@IcES L, 2OREREHNRIISCTENT S, LD
LB IBHOEE TH > T oIy TELOERITRL . Fv v 7TOMFHCOEREZV.

(4) PEN@EERERS B 0080 . TORIEGHD Uz, 5IREEHIREHEF D50
%S B IEE RILFIB 046y THD o

(5) PE NORSELBHICH0%ICED L. FORITDLOPIET L, WEEPR
TBEIS D50 % ICiET 2R BEISHISONGYTH D

(6) ¥ 7 ENOFEREEFAESLUHEE TORIIBHBEL LDITEL LE, PELES5HEE S 0)
IESETR R I 0ke TH D  BEOHARG TRV T HMEEEET D,

DL EOERE L UFy TV OEHES | BRHEEOSHIEZREL ., AFy TtV E THE
Wrgefi s v 72V BRE - SRR | TEDHREEX v SV & LTHENRERICAWS 2D
DEEERS LR . BAREEBEEUTOLS ICERT2 2 2ok D . REPOHERZIRE
PITNED L OsEREBE . _

(1) % FENEFy TRV — CANBEH T2 SELUD /S TITDOWTE, ¥y 7E
WCEHAPDER LRV . JORE0ORERE % FEBRBA RSO0 % & U . BARE
BRE 1B L5, JOROIEEEE | WEBEL. Fig.8, Fig 95BN RKIIIC. £
NZENETEEDIZY% . 8% THD . F¥ TEIVOEFREAEILTIRETHSD .

(2) T34 TKHEHEBTHD . Fv 7/ EVIEKRICE > TR L/ sOFEE TEHNEE
95, COBARESNREXSICEEL . BAGFERRZHAREARHDZ %0 6 Rk
T2, JOBOBEERX . BREL. Fig.8, Fig. 9 SHSPRKDIZ. FhEN ARG
DOL01%, 58%THh . Fv 7V OEHBHERETI00keTHS .



JAERI—M 92—078

FEMEEED D2 | GIHIEEITRBAEETE . JRR—4 TURME TOIESIIBW T
kgD RIERE R oY vy TNV ERSFHMRAPENEHWTERL . FAOBERNZE/R LT,
BEETE DEIRR . [ERIUEGEBRORER . A¥ v 7N ISR OSBRI B W TR TSI
St A BB TEE - GRS L URE LS 2RO C LA SN, BERE . FRAFRGF
ZEERL. F5Fy SEVOBRAERERE SEXLTD ST FIZOoWTIELZEE, T4 7iZon
TIFBEEE Uiz. 45 vy 7N OFEBRGBEE R 257 L 0 LIZEEETH DI LS5 ZOHR
BUBRIIE< . BHEZORHOBMDIRWNIFIETSH S . EX v 70k, SEOR 24
B9 30t TSR ICEMT 200DEFE 50D,

+ E

ﬂ

PEN¥% 7R VOBRICHED ., (1) FAD SHRHOBE RN . T EITSFF)
AR B, THESHOBRICIAHORE | HEHEMIECS CofBEENE. S2K
BHOBERLET .

255 TR

1) NIKKEI NEW MATERIALS, 1990¢F4H16H%, P.77

2) B 2, “WEMEREER”  gTrEeL, P.az7

3) “28MEMPEE K7 A VABRERN" , WA, BEREsH _

4) BBIRE,; “BFLOWI 4V L0bFEE 20OER" . BATERE 7 BRI el
HESE, 1989E2H9H

5) BEERM,; “@FFHRNY v - OBEHEREHR" . BRER, HEMEHESEN, BN
-83-130

6) “TAQTA N LEHMER , A, BBAI6356H

7)) EHIBHE,; “PENATENVROMEAROBELMT | HTHERBREZHEN22T, FHE
2B5H

8) BB, “R) (25 LV -2,8-F+7FL— b)) BEUTR) (zFLr—-FVLT7FL—
R) ORBEFRIEERIE" |, JAERI-M 89-096, 1989.8

9) “FIRFVITENY RT w77 T5RF TR RRE, BT TEETEE,
P.45

— 22_



JAERI—M 92078

FERERED LR | FHHEFRTARAETE, JRR -4 TUBME TORSIZH W THAT
kgDIEIERERE 2T oX vy TNV EBAFHRPENZHWTHRL . FFAOERNZER L7,
BEEE DERER . EHEERBROOFER . Ax v TN EFEBREFOFSHEAIC B W TR FFREICT
it Z 1B AW - WHEHRRE R X UBHEEE RO bR h iz, BHERE . FHRAF
ZEBL . B¥¥ TNV OBRAERERZE S EXTD 51 FICOWTEIZEE, TN/ 7220
Tk BEEE Ui, 2% 7V OBEREEER U F L 2 LIZEEETH I LD STOR
BUBRITEC , BHEZOHERONMOIBNITETSH S . &5 v T)0id. HEEHORR 2L
B9 3BT EOMELLRRT200LEZI5ND,

£ L

PENF¥ U VOERICHED ., () TADSFERS ORI EEN 72 . HEFSIZEs]
FEREER B, mNESOmRKICIEHROBE | BEHEMTFCE <OEBAZENE, 22
BHOBEZRLET,

2555 STHA

1) NIKKEL NEW MATERIALS, 1990fE4RH16H%, P.77

2) B W, “HEMAEEHT  JTEEL, P.227

3) “"2HEMPEEK7 A VLABHEN" . FAKAST, BRIESH

4) BREIKE,; “FLOW I A VLAOMEEZOER" , BoTFE2E 7 B il iaiREss
HESE, 1989FE289H

5) BEEHRM,; “FEFHRAY v - OBEREREIR" | ERFER, EEMRMAsER, EIY
-83-130

6) “TAQTA N LEHMER" , WA, BRI63F6H

7)) FHEHEL; “PENITEAVFROMEBEAROBELAT  HFERBEEH0225, FHE
2A5H

8) HREEEM, “HY (ZFLY-2,6—-F7FL— 1) BEURY (2FL Yy -FLI7FL -
N) ORETERIEE IR , JAERI-M 89-096, 1989.8

9) “ISZAFv TRENY RT v T T RFy TSR EM R SR, BT IR,
P.45



JAERI—M 92—078

FHUERES LR AR CAREETE, JRR -4 TUBME TOESIZH W T
kgDIEMBRIERE R oYy TN EBAFHRPENZHWTEHREL . FFOERZER Lz,
BEEE RS . EHEERERORER . A% v TNV IEFRBREFOFEAIC B W TR FFREICT
M Z 1B D MR - WHEHEB X UBH LM ER O LT hiz, BERE | (THRAF
FEBL. By S ENVOBAEREEZE SBXLTD A FIToWTIFRER . TA4A 720
TIEBMHE Uiz, A% % 7V OFEREHEI RV = F L > LiIZEEETH DI & 5FOFF
BUBRIEL , BHEZORHONRDEWITETH D . 5 v TV, SEHEOBRHZL
B 930 AmEORRICERT 29 DEF 5N,

) =

PENF¥ 7 VOERICHED . () TADSRES ORI EEN 72 . TSR]
FEREER B, mNESOmKICITHROBE | BEHMEMTFICS < ORI EENEZ, Z2
BHOBZERLET,

=5 STRIK

1) NIKKEL NEW MATERIALS, 1990£F4F16H%, P.77

2) B 2, ; “NIRMASER GRS, P.227

3) “"2EBEMPEE K7 A VLABHTEN" . WAGAS, BHIESH

4) REIRE,; “FLO IV LAOMREZOER" , ROTERE 7 B e i
HEEE, 1989F289H

) BEERM,; “FEFHRAY v - OBERERHFIR | ERFR, EEMHMRsEN, EIY
-83-130

6) “WAQTA NLEMER" . WAMIZH, BRIE3F6H

7)) FHEHE,; “PENIT7EAVFOMEAROBELAT  SIFERBREEHHE0225, FHE
2H5H

8) HREELEM, “KY (ZFLY~2,8—-FT7FL— k) BIUKRY (2FLY-FLI7FL—
N ORETEREIEEIER" , JAERI-M 89-096, 1989.8

9} “IS5ZAF v IRENY BT v T RFy B E R SR, AT IR,
P.45



