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Abstract

Interdiffusion investigations were carried out at 700C for 200 hours for the diffusion
couples assembled with the U-Zr-Mo ternary fuel versus austenitic stainless steel D9
and the U-Zr-Mo ternary fuel versus martensitic stainless steel HT9 respectively to
investigate the fuel-cladding compatibility. SEM-EDS analysis was utilized to determine
the composition and the penetration depths of the reaction layers. In the case of Fuel/D9
couple, (Fe, Cr, Ni) of the cladding elements formed the precipitates with the Zr, Mo
and diminished the U concentration upto 800um length from the fuel side. Composition
of the precipitates was varied with the penetrated elements. In Fuel/HT9 couple, reaction

layer was smaller than that of D9 couples and was less affected by cladding elements.

The eutectic reaction appeared partially in the Fuel/HT9 diffusion couple.
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Table 1. Composition of the specimens. (&9 - wt¥% )

U | Zr | Mo| Fe | Cr | Ni | Si C 0] Mn| W VvV | Co |Ti
Fuel 884 | 75 4 - - - - |10ppm|147ppm
D9 - - | 206 bal | 127|155 0.94 | 0.026 - 1.95/0.016|0.015|0.014 |0.24
HT9 - - - | bal [12.09]| 065 | 042 | 0.21 - 061] 046 10219 - 1]0.015
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(a)

TFig. 1 Back-scattered electron images of Fuel/D9 reaction zone after annealing at 700°C
for 200h ; (a) and (b) are at different magnifications with (a) taken near the
cladding, D9.
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Table 2. Approximate compositions and band width of the respective phases.

Layer Approximate composition(at.%) Approximate width(gm)

A Uss-asFez0-34Crop-33Ni7-9Si3 (matrix) 3

5 UsoZrsFesNixSio (matrix) 4
Ulg-24Zr39-50Mo0s-7Fes-5S1a0-o7

C UsgoZrsFegNiaSis (matrix) 2
Uss-g7Zro-1Feir-12Ni1 2 (matrix)

D Ur-34Zr2-32Mo7-12F €12-14Cr17-31Ni1-3 23
Usi-60Z117-18MO07-9F €9-11Cre-10N11
Uzs-95Zr2-16Mog-gleo-oCro-1Nig-» (matrix)
Uz-137r32-3sMogr-soFea—

Usg-8Zr35-49Mo0ss-44Fes-oCro-17Nig-

E 2-87135-12M03z-uFes-g 0.17 0-4 800
Us-15Z141-5:M021-31Feg-16Ni1-3
Uto-20Z1r10-6aMoz-oFe10-21Ni12-17
UiZrgsMos

Fuel matrix & Zr rich, ZrMogz ppt <




A% CHe NEEC] EARA %a BAEo] WS ke wAY Foln 1 e w
FoEYzsk @A ol HEdEel EA4sE dolth SEMEDSS dit AFe BT
drt UR AEH % rgiet.

U%FesoCrsoNisgl 48 A AR
ZoA cladding oz 4t
9)\‘:}.

B&e W& #EHA FEZ CHFH Aol Hl=d U-rich ¥9o= Hd A2
UsoZrsFenNiaZrso) 3L Cr FA1ed Ao 2 ¢uto] AEHAY BYAY AEE9] =2
71 2~3um BERH. o] A& FH AW Kol FxxHdA vEus 43 B
Fo] SiZro pptet L ASlE & F AATH6L olE FANEE ARS WEZ AW Zri
claddingW ol "= gF5Ho] = Sivlt IFste AAE Aoz 1l

CEY #& 2m AEo]3L FAEL Ut Fe ol o] FolAs AEAde] HolA &
A5 A Zr2 A% A WEY 2y = Zro] cladding% o2 o]EFdte] BF

EEAAME 6~10%Y Cre sk g, D
UsZrisMosFeisCriaNize] ™ Fe<} Cr& H]5z38k ¢kol
EalM AEHY Cre A9 AEHA &5 Ao

Py
X
T F4 0] UsZrsMoFesCraoNizo]l ¥ #HaL 31%9) Cro] ai% AEE5% Auh 1w 279
] =
(e}

FAAT Qo &+ AT
EZ¢ SHubsZ e of S0mAER w9 FAX vE2Y AT AAZTH A
weh Foksta NERS AYRY A Fed Fo] BL4F 3PS F/5m JuHo
2 Mo®) & Z2rh ® Ni€ 300m FE7H4 AFH ) gl Aoz Fesck,
Cladding 4

] 0] B A9 JEFS wkx] o FEAAE Zr rich &5 ZrMod &
o

Fig. 2 8/D9 #ibge] HE=” 2 gigt 5% profilec|t}, ZL#EAA H%o] oF 800um

A= WEHAY 9 $-2u dFEFE Azl Zada Zr, Mos 271skadd. WEZAY Zr,

Mo #atHo]e& Fe, Cr, Ni 53 MEE& FAste] WEH AYdE U w571 ZopA A

Hid ol AAA HolAeE EatE o] cladding ¥47F A7 Fﬂ% ojt}, HWlEY Y

Fe, Cr, Ni9] w%& gabAg o] FastA vlsgh o] EAst=d &4 54 Fe, Cr, Ni
o=

& SgtE WEYAYY &HA & Zr, Mot AEES A5 rﬂ%%i— AzrET,
Fig. 32 A8/D9 &A4t4e] HE=o g 5= profileclth. A=&d st QW E A
st 43} EH 2o 1859 AW Zr, Mo+ claddmg*l*ﬂ HAEgd el vekst 3
o] NEES FAA 53 Feﬂ Foll we} MEEo EASE Zr ol Mo 240 E EA
g F AU Fes T/t 3%AEY Wl ZrMoF H el HEE0] FAHY 9%AEY wl ZrMo,
15%Y W ZroMo FEY d=Eo] AAHHJY FiAver HEY 100um F29 4&F =

e Nizk 10%°17d &f5ol AN ohE MEEd 98] Moo o] wlg- Ak =9
1000gm B E ol M= Zr rich A EEE0] =43 A



100 4
8
<
02
)
o
Q.
£
o
O
T T T T T T T T T
0 500 1000 1500 2000
Distance(¥im)
Fig. 2 Concentration profiles of the matrix fuel(U-Zr-Mo)
and D9 cladding(Fe, Cr, Ni) couple.
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Fig. 3 Concentration profiles of the precipitates in the Fuel/D9 couples.
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TFig 4. Back-scattered electron images of Fuel/HT9 reaction zone after annealing at
700C for 200h ; (a) and (b) are at different magnifications with (b) taken near
the cladding, HT9.
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Table 3. Approximate compositions and layer width of the phases respectively

Laver Approximate composition(at.%) Approximate width(gm)
A Us-11Zr1-oMo1-2Fess-5Cr13-15 1-2
B Usz-3Zrgo-ooMo2-sFes—4 1-2
Urs-g7Zr6-12Mo4 7Feo-1 (matrix)
C Ugz-287ru-ssMozz-soFes-s 300
Uy-7Zres-73Mo12-16Fer-3
Fuel matrix & Zr rich, ZrMoz ppt <
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Fig. 5 Concentration profiles of the matrix in the Fuel/HT9 couples.

Fig. 6= HT/FueldlA velsE Fbitss EEdoz AdE vs5S 255 Qo
oldl ZZL FEAHoZ YelAR wtgFo] 10meldoewr Hdds A &
UssZroMosFessCriz e &, ko] w24 23 B2t} o)== cladding™ A&7 H

2 A %)

RAow FTAULS oA dio] AlA ZbeElth, FANLo] AAE =

[4_1

ek exol NEAE fgeas dow o me A1y #aste e By

Fig. 6 Back-scattered images of partially reacted region of eutectic reaction in the
TFuel/HT9 couples
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