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Migration Behavior of Palladium in U0,

% * %
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Department of Fuels and Materials Research
Tokai Research FEstablishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 18, 199()

:

Palladium (Pd) is one of the interesting fission products in both
HTGR and LWR fuel technologies. It is easily released from UO,
kernels in HTGR coated fuel particles and reacts with SiC coating
layer. Also, Pd is one of the metal fission products composing the
metallic precipitate in irradiated UQ., which is undissclvable residue
in the reprocessing of LWR fuel. The present research is concerning
the Pd migration in UQ,; which was studied as follows. U0z containing
Pd and Pd+Mo was prepared, and heat-treated at 1800°C, followed by an
electron probe microanalysis (EPMA) and a ceramography in order to
observe growth of the Pd precipitates. Furthermore, Pd diffusion in
U0z was studied in the method that Pd was physically vapour—deposited
on the surface of U0, and the diffusion couples of U0, were annealed
at 1400°C, followed by observation by EPMA for determination of Pd
diffusion coefficients, It was concluded in this study that number
density of the Pd precipitate in U0, decreased with heating time,
whereas mean diameter of the precipitate increased., TInfluence of Mo
addition on growth of the precipitate was not recognized. Also, the

composition of Pd and Mo measured in the precipitate was different from
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the equilibrium one of the Pd-Mo phase diagram. In the diffusion
experiment Pd was detected at the point of 400 um depth from the

surface. The diffusion coefficient obtained in this study was about

1071° em?/s.

Keywords: Palladium, Uranium Dioxide, Precipitate, Diffusion, EPMA,

Ceramography
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A B C
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4-HF-* 10vol} metholose® 6g/1
4-Hf-- 10vol ¥
Gelation in ammoniac water ¥hydrooxypropyl
methy!l cellulose
¥ftetrahydrofurfuryl
Drying (120°C,5h in air) alcohol
Reduction (800°C,1h in hydrogen)
Crushing
Press(1.5t/cm?)
Sintering (1800°C,4h in Ar+4%Hz)
Pellet A Pellet B Pellet C
U0 U0z +1ataPd U0z +0.5at¥Pd+0.5attMo
Fig, 2.1 HE~L o r 08ERARE
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Fig, 2.6 PAdEERON 7 AWHOSEIABEES (5% 1000)

Fig, 2.7 Pd¥iEEOEEHMEMSE  1400°C, 250 hr HIEGE
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Table 3.1 O/U k¥ L UERE

X B | W@ W 0/UK & E Mg/ o)
A 3.1335  3.1342 2.0 9.94 - 0.01 (90.6 % TD)
B 00298 29234 2.00 | 10.34 £ 0.01 (843 % TD)
[ 2.8428  2.8431 200 | 1045 -£0.01 (85.3% TD)

Wi mEFIER

Wi TBEHEE

Table 3.2 ¥HbORHYER

T % & B {8 (weight, ppmy
| .. -
¢ Al 16
Co 4
Ca 35
Mo 5
Si 63
Cr, Cu, Fe, Mg, NiZiz <1
Table3.3 EE B, CrhoRYE
) P B i (weight, %)
= O - —
Pd Mo
B 0.753 0
C (0.346 0.23
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Table 3.4 B¥ C o hi# oMK

Pd(cps) Moleps) Mo (%) Pd(cps) Mo{cps) Mo(%>
InEAEI 1800 °C, 9 hr fm#ki%
67 4548 99 48 4952 99
73 4724 98 49 4337 99
56 3946 99 56 4329 99
66 4231 99 37 4396 99
513 619 52 46 3787 99
56 3349 99 24 4886 100
52 3349 99 2% 5272 100
155 3507 96 27 5339 100
32 804 99 15 4099 99
51 3977 99 60 4308 99
64 4242 99
1800 °C, 25 hr hu#hik
1800 °C, 2 hr INEhiE 451 3596 88
146 3624 96 50 3944 99
78 3546 98 a1 3345 99
111 4164 97 51 4387 99
102 3619 97 19 3883 99
102 3565 9 41 4953 99
144 3635 97 52 3815 99
98 4492 98 50 4335 99
4248 10 0 42 4528 99
217 912 81 41 3702 99
96 3625 98 S
111 4348 98
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Table 2.5 (b)  #LEl C 04 BAARMEAIMRITIC X 5ER

| Temp (C) ¢ (be) | B (107 /mm®) (RBEE (10°7) R (107 Tom)

17.0 2.2 3.1

piIEE | 10.0 5.7 6.1
15.5 3.5 3.8

11.7 0.6 5.1

20. 4 3.7 3.4

1800 °C - 14,2 5.1 4.4
2 hr 23.8 4.3 3.9
23. 4 1.8 2.7

14.8 3.0 3.6

2.6 4.9 7.7

8.7 4.3 4.9

1800 °C 4.4 2.3 5.0
9 hr 2.1 5.4 8.5
: 3.7 6.7 7.6

4.4 7.2 7.3

5.0 3.1 5.3

3.9 6.8 7.8

1800 °C 2.8 3.7 7.1
25 hr 3.4 9.0 8.6
2.8 5.4 7.6

3.0 8.0 8.6

2.6 5.6 8.0

4.4 2.3 5.0

1800 °C 5.0 12.8 8.5
81 hr 3.9 8.1 8.2
2.4 18.8 12. 4

2.4 6.6 8.7
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Table 3.6 SEABBFENETHE
— INEHERE O & DS —

K Temp CC) t(hr)  HOE (10°/mm®)  (AREHL (10 °) SEEREER (10 mm)

B 0 0 6.9 2.4 4.4
B 1800 2 6.9 3.3 4.9
B 1800 9 . 4.9 8.1 7.9
B 1800 25 ' 2.7 7.6 8.7
B 1800 81 1.8 8.2 10.9
C 0 0 14. 2 2.1 4.4
C 1800 2 18.1 4.0 3.8
C 1860 9 4.3 5.1 6.8
C 1800 25 3.4 6.0 7.0
C 1800 81 3.4 9.0 8.8

Table 3.7 HFEI B fomnga

2 OB SR (hr) | PAOEERM (weight, %)
B 2 (.809
B 9 0.840
B 25 1.10
B 81 1.36
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o

}(—500(:[]3 full scale for Pd)'

v}

Fig. 3.3 X B B (s
{a) SEM £
(b) EPMA #4471 (Pd @ Lay)
(c) EPMA s (Pd : Lay)

1 Pds0e:14000cps
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Fig 3.4 2 B C Un#eED
(a) SEM £
(b} EPMA E#H (Mo
(¢} EPMA HEHHF (Pd -

Lty
Lay)
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Fig. 3.5 EEC (INAED @ EPMA Ba

Fig. 3.6 ¥ C (JIEAD @ EPMA £

Pds14:13400cps

Moata:2600cps
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Fig 3.7 #HECHOH Y
(a) SEM &
(b) EPMA BiSMF (Mo @ Lay)
(¢) EPMA @47 (Pd : Ley)
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Fig. 3.8 HEBOLBHMWERZ
(a) 2 hr IN&EE
(b} 9 hr INEAE
(¢) 25 hr fnELE
(d) 81 hr &%
mEGERE - 1800
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it
B

Fig. 3.9 H¥COLBHEM
(a) 2 hr MEGE
(b} 9 hr N#E
{c) 25 hr fn&ik
{d) 81 hr fn#k
MEERE : 1800°C
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Fig, 3.10 3% B (1800°C, 81hrfm&i)
(a) SEM#&
(b} EPMA 47 (Pd : Lea)
(c) EPMA &4 (Pd @ Ldid
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(b)

c)

full scale

Pdstq-13400cps

500cps{Pd) and 200cps(Mo)

Hos1 4 - 2600chs

Fig. 311 & C (18007, 81 hr m#EER)
(a) EPMATSF (Mo @ L)

(b} EPMAHEST (Pd : Leay)

(c) EPMA &2 (Pd : Lay)

(Mo : L&)
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Fig. 3.16 Pd##ERIKE D3 EPMASBOITHIERR
(a) 1400°C, 100 hr n#i%
{bl 1400°C, 250 hr fM##E
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Fig, 3.19 PdHLBEER I 817 5 EPMARRSHT (Pd - Lay)
TELAE]
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tkeps(Pd) and 100cps(Si)
full scale

200cps(Pd) and 100cps(Si)
full scale

Fig. 3.20 Pd##EgRIckD, UOi~EEL - #rilt U745 EPMA R HT
1400°C, 100 hr e
(a) g d oy 5 amfhEOH R
(b) a8 #0100 am 8 O A7
F# : Pd—La;, T#HE @ Si—Ka
Pdera= 21500 cps, Sisia=5300cps
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- 200cps(Pd and Si) full scale =

200cps{Pd and Si) full scale

Fig, 3.21 PdEBIERICEY, UOth~ » il L7z Tt o EPMA SR

1400°C, 250 hr MiEE

(a) PLBCH AT O B

Lo} REH T oA

F# o Pd—Lay, TR - Si--Kd;
Pd.g =21500 cps, Siga = 5300 cps
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= 200cps(Pd and Si) fufl scale

200cps(Pd and Si) full scale
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Fig, 321 (&% &)
(c) ikt A 545 100 pm T O H

(d) BB A S8 100 #m T O )
F#g 0 Pd—La;, TH @ Si—Ka;
Pdea=21500cps, Sisa=5300cps
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FAAE O IBGEER T3, AAERE & & & 130K ch OFT ) O B (D L PR 1 Bk
Ut COBEE, IS WIFHPSET 2 2 L ¥ -0V LD, KEVIFHBIADLTL
HE (AZALP7 W FOKE) THLEA OGNS, JOBARE, NEVIFHYHBHEHF L TRKEL
BRI S 1B R A B BRI BV, ORISR L, A A A
THEOIEREERE, MBENCCORBEIFTEL0THE5EEL505,

4.2 UO, ®T Pd OILEIES

Fig. 3. 17 RU Fig. 3. 18 kB3 2 Pd ¥ — 2 0T, £CTORlPOREE, PdEE
ML Tw5, i SEEAMIC 100 um I ICHBRIEL T 5 ¥ — 7 OmE% Table 4.
12k d, CoT, PdE—4 OEEE, SHEEEL TR, 7, Table 4.1 1R L 20,
SHEORLXEITHY, BHHO2EOMETS S, i, HEILOY- 7 OEE (0265
DRE T D 5 OIS LT 70y b Lk b0% Fig. 4. L leRkd, < T, IEKIEIIE
BT & PR (0~ 100 pm OFEMTR, 50 um) & Li, BEC (¥—s @O & P
dBEIEATRTH-T, BEZOLOTHREL, BEAR. PEIEG2VTVE, T
i1, EPMA I & B5HRFIFEAES, F— s 0BBRBELTWVWES T E, T, WHHYO PR
2 (RO UBE I HAT) 0w, SHF s RIAE LY S LR ERENTS 3,

COWMT DT 2 A b, THEFVICHT SEAERL AT L RUT L b BN S
AMOH, FATHEUMBMEHE FAEHVT, BBL7OLMEHENTT 5 &3k
LEbh s, TIT, BBHEEFAVEBOT UO, &T0 Pd OHRECERHT L 72,

AR D B L o —ER i, BEC i, JEEEERE X o L OEGRT L & ]V TR
DEIIFELEND,

dc dc

- N (1)
gt axX*

IT, B OES SEEERCE L TEELE RSBV S, (I ROBMBRO LI
18,
C=a, 27Dt +EXP (—X*,/4Dt) @)

2) XoWa oA & i,
In C=~X*"/4Dt + k (k= 1n (a./2Vz D))

bbb, XPKLTln CE 7oy bdhl, 85— 1 74Dt OEMBEONS, X XL
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T1ln C (T TTH, Wi >0 L4 giHiz, InCvs XPELF) 7o b L& 0% Fig.
4,2 1ZRT. X7, G Lo/ NEET7 £ v ek RwaERb T . COBEBROEE =G
545 100 hr, 250 hr BRI 2VT, FRFREO LI -1,

11 % 10° (em™ ") 100 hr
—9.8 % 10° (cm™?) 250hr

cOiEH S, B OMBERED 2RD 5 LIRDEHITH B

D=6x10"" ((gmz/sec) 100 hr
D=1x10" (cm’/sec) 250 hr
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Pd & SICEBEORIEE, 2 0OBENELLNT S,
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BFEER S ETHETLTIT RGOS, EBEICOHKET 20 (Lauf ')
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NU?&qu@ﬁmmtwpwh@ﬁ%@Pd@ﬁmuiofﬁﬁéntuét%ie
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1%0¢®%ﬁ%ﬁib%6mm$émﬁ,%ﬁ%%deﬁ%Lt%ﬁ@MﬂummLK
ELT%D,:nm%ﬂ&@¥@(%&mum)mﬁdé&kgmoit,%%@%ﬂ&¢
Tm,Pdﬁ%ﬁNbfTr{mﬂMrPdé$¢KﬁELTﬁb,Ch%®i$&@ﬁﬁﬁ
1E4 B O FFKEV, S0 Mo HBHETTOMRERD biF, Pd OHH - kK
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BEICED, SOHLLFARILEND b,

4.3 PAIFHHTO SiRE

Mﬁ%%mﬁmfdeMﬁﬁbeﬁﬁb,ﬁmbtﬁm%®$um,Fgﬁja Figd. 21 i
ﬁﬁxﬁm,K%%&Lfﬁﬂ$tﬁ&ﬁé&ﬁﬂvaﬁayF;b%§<ﬁméntﬁm%
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bAEMELI, ZHSOREHTO S O\MITH, SIE—270A Y v MU, 20WEIATH
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TEE-HIDEEZBZDOPENTHS D,

4.4 SEODEA

1) SHEOEE

AW TiE, PdEREEEE S L T1400 °C T Pd #iiEs ¥, UQ, B TO Pd OEEHO B
BLEoEEBL, §%E, REAEITCURBEEZAEL, £hiciy, dltzivdF -
ARETRETH D, £, BHEHOZ » 7 v IC 2 0T O EET 285 HADRS
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iz, Pd iz, EEoBEBTE, T Mo—Te—Ru—Rh—Pd&2hicfZEE L TEHE D,
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(2) ILEEERD S

46, PdHERORBITICL D E SN EREE, BEOSVLLOTRE L, T ORA
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%) ODBEAESBTONG, BEPMA #RH WA AEIC>VWTR, D E-aBE2EFT
(10 pm) RVEELEERL, Z0&EMTOVPENE PAREERY 5, 2) - A% L
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EPMA OSRHET 12 P B AMET 5 2 & 3 TEH W, 2) OFETR, U0, &1 Pd 11/
Bt L T2 DT, Aot TREENICEL T, 20— oM B HRITEL L5,
COFETEEBAELT 210, FEALBRIT AT 2T 208 0850, SFgleo
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Table4.1 Pd Y— 7 [HFDH

B O Pd ©— 7 ofEDH ()
0 | 100 200 300 400
~100 (uzm) | ~200 (um) | ~300 (gm) | ~400 (um) | ~500 (xm)
100 hr ‘
mERE 7.25 3.38 0.66 0.40 0.67
250 hr :
ik S n el 316 | 048 1.74 0.06 L
B
- 5.—0
B ©
(&
_o c 3
—i
® 2
i 1
1 1 Q | 0 4 | [ ;
0 01 02 03 04 05 0 0.0 010 045 020 025
x2 {mm3) Distance from Interface (un)
-——( t=400 hrs O t=100 hrs
—@® t=250 hrs @ t=250 hrs
Fig. 4.1 #LEEEE S Pd iRIE Fig. 4.2 fLEUEEEO BRE Pd RBE 0L
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5. #5 B

Az cid, Pd#mUO: BLUPd & Mo ML U, OMBEER, 15T U0, th
o Pd BEEBRATY, UTIORTERERT.
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MR IA LT, 7, Pd OEEIcXT 5 Mo O IHE IS > T
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Lkoééu,ﬂﬁ%kﬁlﬁﬁﬁ?rﬁﬂ&%Eﬁ%ﬁﬁ&wmﬁﬁﬁﬁim%%@%§K
OmfﬁﬁiﬂﬁﬁébfwtﬁgibtoCh%@%&ﬁ%<ﬁﬂ$ﬁﬁi?o



JAERI-M 90—113

o
S
o

2

AWgecid, PddmUO: B Pd & Mo &0 L 72 UO: OIMEEER, 756U U0,
=0 Pd HEERETY, UTFRTHERERT

D %maﬂwm%%ﬁmﬁwfymeo%T@ﬁm%®ﬂﬂu,R%Hﬁ%%ﬁéné

I EE IS 3 S e T,

2) ﬁMﬁﬂ@Mﬁ%ﬁmﬁhf,m%ﬁﬁ&&%nﬁﬂ¢®ﬁ&%®ﬁﬁﬁuﬁwt,$ﬁ
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