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A study on formation mechanism of a microstructure and on
morphological stability of a Ni-Cr anode improved creep resistance
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Fdo 2 Cr0s; €707} 227 E X3+ anode(Anode Sintered in Partial oxidation -
Reduction atmosphere; ASPR)E A X319 29, creep WHEC] 28%EA "jAFZd W&
creep 49 ¥lZE 98 7]&€9 HAELY7IAMT 422 A3 anode(Anode Sintered in
Reduction atmosphere only; ASR)9] 11%X.t} 943t creep A¥4E& HEtYT Cr03 &
74017t EAE mAFRE REAS A Crd Ni9] 4sé&x @ a5 3pol2 Qs 3
AEEe Aoz A8HH, creep M - F ASPR AHUe9 SEM 2 7|¥F £42% g 944,
Aoz 10 g 4L F2RE AL A+ 9 F AUk £ ASPR AHY HAV|AE
EE % 15X10° S/m2A 7]1& ASR A9 AVAZES fARS & F AUt

1. A&
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g3 FA +F L 71FTRY WY Yo7 E creep wAIF FutdY

welr B Apd A= Ni-10wt.%Cr green sheetE HE43 2 S9dX g Agozn &
& Crz03 &7o)7} nn=2A E4d vAF=E e ANEE Axso 1§33 2 #i3s
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2 sk w=e A A AAE Azstd TR BE creep AFAHL H L
312, creep A - F9 FXF AAAAN AVIHEES BEx FPIJ

2. 4399y

B Agd e Ni-10wt.%Cr green sheetZ Fig. 19 Jebd 34 4] u}a} tape casting'd
of o3 A=A} Green sheet AXo] ALEE CrEEe &4 2348 T8 Ni £29 =
719 AR 3~4me) 2712 BAE T gtk 22FHL FEAS F 5N Hp 29
ZlolA P A A7lE A 7oz dPon, nAzAYd WE creep 549 HUE ¢
A 7] $AEH7I(6N Ar/dyt He = 90/10 vol.%)olA gt 243t TAE Al=soh
FEAEE Fall e CrOs ¢80 24 EAHESE 317] YdlA= Crol Nidl 2849
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2o A3l doJUEE o & Aoz ABZHo] green sheetE F#AFSE X2 9007
A 6N Ar 9712 $&AIRAL, Puo/Pro=107 ¢t A A 2547
Pt

AL XA i]é“"“'(Geigerﬂex DMAX-TA)S 539 &91stg 5, FE-SEM(Hitachi
6300022 mAFZ2E #FRIY. 124 F4Hd 11]2’2}° A EM 7 4A3} mechanism$
A3t YA AES(Physmal Electronics PHI-680) £4& <3833 £ A=9 713
£  Archimedes(ASTM, C373-72)& oj&8s ZA}AR, 7IFEEE  mercury
porosimeter{(Autopore I 9410)E A8 A3l Creep 7']%—9: MCFC9 #&&%2l
650CS FA2EY7] stoljA F7] A9 100psie) #H-& FAFAA 10041 T F4
9. ARe T4 WsE A9 (Marposs, AH250)S AHE3te SA3ATH A A
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3. 3274 2 E9

7 ulAzF 4 2 ¥4 mechanism

HA ojATzd B2 creep 49 HZE Y& 7€ FALAT|NAT 1AL T &
Z A7l anode(Anode Sintered in Reduction atmosphere only; ASR)E AZsQ3, XRD 2
SEM M Z3E Fig: 2% Fig. 39} Jetdidth. 2 27 o] A= Ni-Cr &A% &4
Cr:057t A8, Ni-Cr &4 71X FHd CroO0:2 AZEHE & ¢80 5454 £
T3 AL A F ok Cre AsE 2 Ao A dwt Hool EA3HE 1 F9
H0 2 O 93] dold RAYS & 5 AUTHI]L Yt o2 Cro] #7HE anoded] 737,
2 ¢73019 Cro0s7t BAE Aol e creep Ao wopd Bt opyet daijdx wg-3
d LiCrO-& A=A mAZTE ARANIE Rl 713 & EA=Z <84 Jded,
ASR Al#e] 7$ olad AL A&d & U Aoz AzZtddh. bty CrOsoll 4%
creep AFARL FASHEA nA7|F AL AAGY] H8 F2 Eol RIS CrO:E
P A7)z AT

94 Ni-Cr ZEAE 9312 900C7HA EZA £97]2 6N Ar #9472 A7), ©
go02 900TCHA 2547 B REASFE A F, 1100CAM 34 F¢ FAAHT
anode(Anode Sintered in Partial oxidation - Reduction atmosphere; ASPR)E A 23} 3]t
o] AlHe9 XRD ¥ SEM ¥XZd7#E Fig. 4% Fig. 59 YeErdRA=d Ni-Cr & A<}
Crz2037F 87 £A43tA% ASR AAFHE €8 CroO:2 AZHE 22 ¢7clE°] Ni-Cr 2
£33 712 o) nEA BEEdda e ZES BFY F U FAL 2015 FPEHE
&) AES EUEANS Agstgy, Fig. 69 24232 vehddd Ni-Cr &4 7] A9
7ge)7t YAHA Fe FE@OH AH)F Ni-Cr 244 71X &7/t HE F2(®
W QA g AR BNFd Ad @AME Crg 27 JehdA ey AFH @
AE Crd 09 Hazt asdnk 7Aoo Ni-Cr 2&A 71A¢ #4450 e 2L
Aol 50 Cr0sS A + JUTH
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A9 A 4 2 vAzAY gig AES 48 35 dY. 24 AHE 26/ B¢ ¥
EASE A7 AT 39 £ A5 43S wASHY] 98 6N Ar E97|2 &EE %
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Cr0; €74017F 22383 ¥ FEAA 71A] IR Z s o] YA 4387} He Ao
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Fig. 99 Y, 4D AA 2 IS 48 F ANUh AES 9 2 o
TAZ2AE 2AZ Fig. 109 WAz F4 ZAEE /MR8 29 F 2843 A 34
HE &AL CrO; ¢ol8L 248 AT AEA 18R gL o] &AsA 4 A
o2 AR 53] Cr03 €7olEol 22 AHE AHL Ni-Cr 244 networkd]
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Wol mgow EAY NiOZFo] NiZ FAHEA FE Cr0s €70jE0] FHAAE &
°o]7] f13fl o= AE o] dojd Aoz gAY F Jou, NiOZFo] I¥E gau U
A9 dAAE Fo R FARA EAY Crz03 E78olE] ¥-2 xFo] dojuA
HA g FAAsE BojA SFAAZEQ 327 kol = HE $Fo] Yojyr] 4R ¢& HO
2 A4 ¢ Ao FAA-YrE Bd AW nAzA AH4E FFEEA Cr0s E70lE0l
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4o A4 5 o F 9 HEe 7He 98 s 93-S wiAS FejdA A24A0
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A71el A 3AIZE Fr A} Fo dAolo] BFA Er2 LFANE 2% AH 9 SEM AR
& Fig. 119 AASFAEd, 2BATE F/AHNLFE CrOs €70159 &3 dAto] 713t
AL A F AUk
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W) Creep 54 2 7% AN

ASR A|E9 7§ creep B Eo] &Aoo/t AM 11%E JEG O} ASPR AH9 A$
2.8%9] creep MEEE Yelo] $53 creep AFAS 713S ¢ F AAT 9 AHEY
creep HE F4E& 27 Fig. 129Fig. 139 Y Uideh =3 creep A - 39 njA7TRE
#&3 SEM AHE Fig. 14 9 Fig. 159 AAIsH=d ASPR A #H 9 A$ Aol aga
FAEJ ey ASR AEY AS-E 7T TR AFHAS S 39 £ Y Creep A -
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48 & 43 ASPR AAY A5 7ITEY 97t 1% "ol et ASR
dold oz 71380l FEAE BT creep T 2% 7T E 7L A

o ZEHoZ FEAS-BANAES T AL Vo9 CrOvt 1A LEY BATE
g YRANYoRA creep ATAE 2 FIAY 4 YT TEE IPHASE FAEL L
& g

) AZIAERE 4 7T &R

ASR A1#3 ASPR A1® 2% ¢ 15X10° S/me] A7|AE=S Yetdrh. £3 Fig. 169
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1. BQEA7ANAT 28 A2 Ni-10wt.%Cr anode®] A5 & €780 249 Cr0s9 3
doz A3 creep WAEOl 11%Z A et o, creep FAE F 2% 715 & Fa7t
dojstth.

2. BENZ-AAXFE A2 Ni-10wt.%Cr anoded] 2% 2 ¢73°] FHY Cr07}
AE oATZRE 4 F dNeH, olgdd nAFRE CrF Nig AsEE 2 &k
g3o 2 Aoj= = mechanismo] & JAHE Ao Atgdr;

3. RBEAS-FUXAE A7) Ni-10wt.%Cr anode®} 79 creep WHEO] 28%Z 53
creep AL GEINATH E3 creep TlE 1%7 79 713 F 749 creep A9 nAF
2% 292 fAgeczN FRHoEE F ¢ dAZHYS & F IALL

4. B AYAA Az ANBE AVAEEE ¢ 15x10° S/mol &, 3~6me) 71F 27
g /17 BAd UM ES F4sn IA goemE MCFC anodeZA ARES & +
A AT
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Fig. 4 XRD patten for a Ni-10wt.%Cr anode
sintered at 900C for 2.5 hours in the atmosphere of
Pu/Pro = 1077 subsequently at 1100T for 3 hours
in H atmosphere and then cooled down to room
temperature in H; atmosphere.(ASFR)

Anode Green Sheet

Fig. 1. The procedure for fabrication of a Ni-10wt.%Cr anode green
sheet by tape casting.

. ®  Ni-Cr solid solution
.o

— Fig. 5 SEM micrograph of a Ni-10wt%Cr
£ anode sintered at 900T for 25 howrs in the
€ atmosphere of Puo/Puo = 107, subsequently at
z . 1100 for 3 hours in Hy atmosphere and then
g : cooled down to room temperature in Ko
- ‘ N atmosphere.(ASPR)
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Fig. 2. XRD pattern for a Ni-10wt.%Cr anode sintered at
900T for 1 hour in the atmosphere of SN Ar/common H, =
90/10 vol%.{ASR)
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Fig. 6. Auger surface amalysis of a Ni-10wt.%Cr
anode sintered at 900C for 25 hours in the
atmosphere of Pi/Pio = 10 subsequently at 1100T
for 3 hours in H: atmosphere and then coaled down
to roam temperature in Hz atmosphere.(ASPR)

Fig. 3. SEM micrograph of a Ni-10wt.%Cr anode
sintered at 900C for 1 hour in the atmosphere of
5N Ar/cammon Hz = 90/10 vol%.(ASR)
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Fig. 7. XRD pattern for a Ni-10wt%Cr anode
sintered at 900T far 2.5 hours in the atmosphere of
Puy/Pazo = 107 and then cooled down to room
temperature in Ar atmosphere.
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Fig. 8. Auger surface analysis of a Ni-10wt.%Cr anode
sintered at 900T for 25 hours in the atmosphere of
Pu/Puxo = 10° and then cooled down to room
temperature in Ar atmosphere.
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Fig. 9. Auger depth profiles for (a) matrix and (b) lump of
a Ni-10wt.%Cr anode sintered at 90T for 2.5 hours in the
atmosphere of Puz/Pax = 107 and then cooled down to
roqin temperature in Ar atmosphere.
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Ni - Cr solid selution

#) After partial oxidation

Ni - Cr selid solutien

b) After partial oxidation-reduction

Fig. 10. A schematic diagram of a Ni-10wt.%Cr specimen
after (a) partial oxidation and (b)  partial
oxidation-reduction.

Fig. 11. SEM micrograph of a Ni-10wt.%Cr
anode sintered at 900C for 25 hours in the
atmosphere of Pu/Pwo = 107 subsequently at
1100C for 3 howrs in H; atmosphere,
additionally (a) 0 hours, (b) 3 hows, and (c) 6
hours in Ar atmosphere and then cooled down
to room temperature in He atmosphere, (ASPR)
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Fig. 12. Creep strain curve of a Ni-10wt.%Cr anode
sintered at 900T for 1 hour in the atmosphere of 5N
Ar/common Hs = 90/10 vol%.(ASR)
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Fig. 13. Creep strain curve of a Ni-10wt.%Cr anode
sintered at 800C for 25 hours in the atmosphere of
Pr/Puwo = 107 subsequently at 1100T for 3 hows in
H> atmosphere and then cooled down to room
temperature in H; atmosphere.(ASPR)
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Fig. 14. SEM micrograph of a Ni-10wt.%Cr a3
anode sintered at 900TC for 2.5 hours in the ot
atmosphere of Pu/Pao = 107, subsequently o T m %
at 1100T for 3 hours in Hy atmosphere and Pore Diameter ()

then cooled down to room temperature in He
atmosphere; {a} before and (b} after

Fig. 16. Pore size distributions for the Ni-10wt.%Cr anodes
creep test.(ASPR)

prepared by partial oxidation-reduction and by reduction only.

Fig. 15. SEM micrograph of a Ni-10wt.%Cr
anode sintered at 900C for 1 hour in the
atmosphere of SN Ar/common H. = 90/10
vol%; (a) before and (b) after creep
test.(ASR)}
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