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NRCN-547 (full text in Hebrew)

APPLICATION OF REPLICATION TECHNIQUES TQO FRACTOGRAPHY

OF IRRACIATED URANIUM FUEL ELEMENTS

Abraham MUNITZ, Zvi LIVNE, Carlos COTLER, and Uri DAGAN

January 1985

ABSTRACT

Radiation effects in nuclear fuel elements were studied by fractography.

Fuel elements were experimentally irradiated at various doses at the IRR-2.
Irradiated,as well as unirradiated fuel elements,were bent till fracture,

with a bending press. The fractured surfaces were examined by standard
replication techniques. The structures reveal the same morphological

zones as in standard tensile fractures.

The crack origin zone (fibrous zone) apears near the fuel indent. The radial
marks zone starts near the origin and covers about 2/3 of the cross-sectional
area. The third zone (shear rupture zone) has a bump, sometimes 1 cm high.

The crack origin zone is mainly brittle. As the crack propagates in the radial
marks zone it becomes more ductile, It turns entirely ductile at the bump top.

Beyond the bump it turns brittle again.

Received: September 1983
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Sa3ahnb N2 ,N97950 WAON1 Nawn 725 NNYYY AANY ,nepthyn Y Trun pINvan vo ,Nsnd

.h1asehhnn areya by

L07TNYR 0777W5nY ATIaYy MUY RhaY 11X aza 'oenn'h DYRDA prhyna Yayca ovd
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738 Oy ,n1a¥A phaa dorsn L7210 7R DARONA NIN2 IN0IONT YY1 AT1a0 nR¥IA
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510 DEb Nnaw Awonh MYSBRa

37XAY YW Y nywd quwna viadr (1)

3702 20bb58 Y5 nb ANASAT IBVIBIINA MIYYNRA PrAYAR hBYOn (h)

;L) 7y (@) madys by naatnl qoia prayn nash (1)

YA ITPNY PIAYR .A3pA Dpa ANR Opyp 1N L 'Bh'h Khan 3wh prhyna hryin (1)
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SOTTAIN NINIPNA RN PYAYOA DIAT YOV L,NNIYBYN NNINS NATH DY DIAYTA hnd
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. (TEM 1R SEM) p@hybn
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,ANT hasw ba?dy AsTIa1 (evaporator) TYYRAY IDIDIN QIPINYNA DAYLYY LATH prTAD
»75 Lhr5ownh n15°5I0R N Nawd Kin faown T7psnh V50 nm Sw vavya ,nyribe/ant aw
1P AN aLR ?hmenn pTen) 0YYAI8A DONTDPYRAN DAIPL APY onYN ATY DI P1and
NY2IBY DANA D320 DR DX DASwR Q17730 DAdY L (MIPITAN TUNR WORN RYY DY IV0RIRA

LT Minphhapn DYY2120 Rdan 7213981 prhybn Dannhhn Dk
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vab> nYpTAIN howh 730wd, (microscopic slide glass) n?515T 5 1p27T10 02PrYAYNA
@12750/anT DY AbYEn Anpya ad nh L779RNY 103570 NIDADTH DY DYRYIhYAR .hbyn
90% 5w nv111a) DPINYNN SYN PITA NN Rasw naTid L 19m AnRS  L20%-5 Yw npviara
DAPINYNN QITTAN ANRY ,50-70 nm Y »21va R OJphsh paow L (YPHIRD 171¥A DY
JIU8RI NYY % qena onIn. I vNa (3x3 mm-d v Y7133 niyd>1an nisrnnd 1onna
LIP3 1I0¥R2 BTINYYD L@ R hwY ANayIn 1T h2OW .nYDX¥Inn Inhan hasw T3 TRY
LQPPIIB 0MY BNah NASY MayIn YIpTan 3%¢ anaa L7215 5¥n 1990w honh owb
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L9712 AncAn ANBRD H27pY VITIRAY VP AYINTAR INNRD AY ITIRA L NIBTHRN JI0N
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s;radial marks mM9b3 RIpAN L PTON DIKTEPRA MNITIR (Q)

bw 7Y% MRIY N3 AT TR .shear zone 11803 RIPAN L, 79100 M2vR MNTIR ()

JSM-n b RIpa 190Y Lhaow S Yw o amax vramn L [(A)2 1o ard] v
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,93UN Q10 NRIPY = IV 9177R MSH-p xowa = III M7 P70 minTena - II Mo

JM8"-n nenhn

NIYONDAB ATXPITATR BT 135 DAY N1 Lha9phR hya 779857 190a pYT 75 M57TIn 1iisod
N8R0 (B7a¥N 7awa 'MIP'a pYIa AR prIas vbmin L, 179b qana phraw opbrana
1PIn ®RoA YT A2 L5713 pan pMvhanpay jren? auha 1PIn k%0 p5Tn ha LaThn

L0RAD P9 TINY BAYY YY) Mawh Naand 05TaN 1Z2ana L 1POR1 L7179 mas ok

7an 5w 1910M90V3 DITPIB RY PIT horan ¥ Saw 115 mMRYY nra (A)-1 (2)2 Tea
qewn 9ava MSM=R A213 .97hA DNI0NanLa 'Narod Naw' Y Nav vaa (RI2 Ay L YT
®5 Miprsna 0292w 5w parphn anrd L2903 0P 1799 933 MSU-h hovaw Tiya L 51T
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5y nqrwr nISonon MwoRn 50 mm-> SB *31¥a 4173 NOOWY Ryn 15 L, 7N wr
,PIRYNN BY 022770PYRA 7P Y A2INPRIVIGR 2py 0rpTak m1vad vhap panyna

15 mm=> A AN WD ;1:n31ynb .N37 77703 78RR WIS DR A5 DATRY
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.2273YN hY7ph 113y

TEM-% mapraynn Rash 3.3

vab> nYpTAIn howh 730wd, (microscopic slide glass) n»>15T 5 1paTiI0 02PrYAYNA
B12720/30T DY n2Y¥h Anwpa G5 hn L77oRPS 182510 n2IDTA DY DYpYRAYNR .abyn
90% 5w nv111a) DPINYNN SYm P12 NN Rasw naTId L 19m AnRb L 20%-5 Sw npviara
RYPINYNR QIT7IR ANKRY  .50-70 nm 5w 221p3 R mnsn nacw L (YPOARn RN DY
JIU8RI NYY % qena dnIn.ANIv¥A (3x3 mm-d v 51133 MIyd1an nisrnnd 1onna
LIP3 10¥RY 0YINIID S Arenwh ANAyIR 1T Aa5w .nbLYINR IMNen nAdw ATIoa TRY
LQHPIIB 0MY NNah NSV MAYIR YIPpTan 3%¢ Tpaa L7219 5¥n 119w honh owdb
(grid) nemn 2y mibynb WORIY 237 ,qwYhR prhvhn 0Ynh 2w DYaen hnp Yhaa

nR DYIONY AWAR L, ANYUIPY nnaa DY INNOR NIOY DAY ATTa . 07510%) RYY
.0 2¥ D3N hhn DX 729900 ,210155% 0y DWPPITh G Yp hownnb Jphoh hasw
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