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Corrosion-Resistance for ZTA-Cr,0; Sintered Bodies in Molten Fluoride Salts

Eiji KOGURE, Hiroyoshi HIRATSUKA, Chikara NOGUCHI, Toshiyuki MORI*,
Fumio NOGUCHI, Takeaki IIDA and Takashi MITAMURA

Department of Applied Chemistry, Faculty of Engineering, Saitama University
Shimo-ohkubo, Urawa-shi 338
* Present address : Advanced Materials Research Laboratory, Toyo Soda Mfg. Co., Ltd.

The stability of tetragonal ZrO, in ZTA-Cr,O, sintered bodies fabricated by an impregnation method was investigated in
NaF, KF, Na,SiF, and K,SiFy at 900° and 1000°C. ZTA-Cr,0, having relative density above 99%, flexural strength of
about 450 MPa and hardness of about 1600 kg/mm? at R. T. was used for the corrosion test. ZTA-Cr,0, exhibited higher
corrosion-resistance in carbonate and sulfate salts than in fluoride salts. The corrosion-resistance of ZTA-Cr,O, in molten
[fluoride salts increased with an increase in the addition of ZrO, to Al,O,. ZTA-Cr,0, formed a reaction layer (on the sin-
tered body) in molten fluoride salts. The reaction layer formed in KF consisted of K,AlF, and Al,O,-Cr,0, solid solution,
and protected the t-ZrO, phase beneath the reaction layer. The stability of tZrO, phase was dependent on the thickness of the
reaction layer. Three mol% Y,0,ZTA-Cr,0, was superior to the other ZTA with respect to the corrosion-resistance in mol-

ten fluoride salts.
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(3Y-ZrO, ¥y kK % 10wt % &4, HIHE 99 % UL,
BB )58 B 500~ 600 MPa) % {EBU L 72, [REIERIC Z1O,
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WRUNBEBOR-LVINVTShERBELURELLS
KEBMBLI, 2H5L0LTEBEMEEI A —FTL 2 (1
t/em?) K VRRIEL, Thdh SEEN (4X5X50 mm)
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FBERAR DR %2 X BB IC & 0 IE L 72,

BROBEREZBERBROMKECE D, ¥I<v 7 2
(PERt LR 2 HOTHEBHE 4°C/min ¢ 1600°C %
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B U 72 ZTA-Cr,0, RREREE D 5 (LI & 5 Ny
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FEAEARCIIEREEIC 95% LI Eo t iR n,
BREEXWERKS5um EBOTEL- 2. BB
Na,S50, X Na,CO, 2 E DIt H 1T LA E BRI N T,
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Mo 3Y-ZTA K T3 200 um E s 512, 0Y RO¥3
YROWThIIBVTH Cr,0, FINIC £V EREX
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Fig.1. Effect of ion radius of univalent cations on

corrosion depth for various sintered bodies,
Holding temperature, 1000°C ; Dipping time, 30 min
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BETSLTEE L& 512, —F Cr,0; IO 3
Y-ZTA gtk T3, WIRT & L2 ICHHE 2T HRE(L
EESTWVE, b5 7 veicxtL, Zr0, dEshn
KEOREEEm LT s (K12E) »Cr0, &R
& o THEIZBEEARZLFEMICLREICT 2R N H - 12,
IO &, OY REEMEE 7 v kHICBEE LIZS
ERICHETHY, Cr,0, MO 0Y-ZTA 3E LW
BHEZEODBUWEREAZJ 125, 0Y-ZTA-Cr,0, g
BERTRIBBEREIRKIVLODOTEELIZAONL
P,

318, 3Y-ZTA-Cr,0, Zffe#sth%# KF ic@¢ = L
RBEORY XREEBRES DMK E Z1I0, NiNB 2%
ZTHRY. ZiO, IRMBOBWINICHEY, BRES 1%L
BoTWah, Ik, RELSOEOBAIXL, KfE
WAL TWS ZIO, NFZ2 0 ODREHDOZRIM
BaxhitzosEELONSE., 2 UEEHIMDO T vk
MicBWTHRBRICR o N,

3Y-ZTA-Cr,0, f itk % KF ICB ¢ X 4 5RED
B A REOERRE FHRME (SEM) & 2R 4 12R9.

Fig.2. Photographs of Al,0,-Cr,0;, 3Y-ZTA and 3 Y-ZTA-Cr,0, before and after corrosion tests in KF.

Holding temperature : 1000°C, ZrO, content : 10 wt%
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200 K4 (a) & Z10, & A 15 wt%, B4 (b) 1% 20
wt% TH 0, BRIABRA T ZO0, iRiNE 0BT -
TALO, RIEEMS/NX L 512, Zhig, ALO, & Zr0,
BT I B R 2 FERR U 75 W 72 DA SRINIC Zr0, W7 136
BUICTFEL, 4D ALO KT ORBE#ME 3 5 120
LExOLND. BRARKRKOD SEM & L0, ALO KT
DEULINBELTHY, Zr0, KT I3 MR X h KRS
DFEXE LN R0H B ENHBEBRIEFIDRFED ST
U, ZOBEZO, NFIIBORSH~NEHT D ER

Corrosion depth ( pm)

05 30 60 120 200 bha., £, K4 (b) ¥4 (a) & ALO K F
Dipping time (min) PRERLTELSY, KNEOT X LN &0 5.
Zr0; content; V:5wt% Nz, 3IBNT Z10, BB EINT 5120 3
O 10wt Y-ZTA-Cr,0; RptEGOMEBES M EL TS & &
0 : 15wt % ST 5.
A 20wt

Zr0, IRINE# 10~20 wt% 2 x 12 3Y kSR %
Fig.3. Corrosion depth as a function of dipping time 5 kU120 min, KF @4 & U2, £l oD 210,
for 3 Y-ZTA—Crzos. DEPEANOHEROHE 25 IR, BEABRD
900°C, in KF BERETR R I R VIO RISE AR 3 h, X REH
AR DEM DI DRER KAIF, & ALO,-Cr,0, Bisk T

(a) (b)

Before corrosion test

Atter corrosion test B 2um
—

Fig.4. Scanning electron micrographs of thermally etched surface of 3 Y-ZTA-Cr,0, before and after corrosion
tests. ZrO, content : (a) 15wt%, (b) 20 wt% ; Corrosion test in KF at 900°C for 30 min.
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Fig.5. Volume fraction of m-ZrO, as a function of

corrosion depth for 3 Y-ZTA-Cr,0,. 900°C, in KF
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120min I2§ % L RISEOE 3 38mL, ZrO, 0k
BHOIEE 5 AL BAR80% 5 50% ~NE®A L.
T OLEEROH S ERICEBOE S ITKFLTHY,
Z10, DLEMIRICBOERIC L VI THE L
HEbhb, 1784 28M 120 min ¢, Z10, DEM
BICEoTHMENS0% OEL S Z10, DHERE »E]
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7 ZBEASRE X A 170 wum BRE F TEWV. Zhid,
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EHAPSDES EZFDFEI BT HBEBOEHE2EE
XA E2CRAT7ICRY. KFiigux Ugaeq
BICESAERCIRISEPE L, ZOoRIGE R X #
EF BRI & B EESHTOKR KAIF; & AlL,O,-Cr,0,
BatkTcd -1, BE XRFEOEMNICHE-> TRIGEDE
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Fig.6. SEM photograph and X-ray line analysis of

0Y-ZTA-Cr,0, after corrosion test in KF. Holding
temperature . 1000°C, Dipping time : 30 min, ZrO, con-
tent : 15 wt%
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F .\ Reaction layer containing K3AlFg

S
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Volume fraction ot m-ZrO; (%)

Dipping time : O:0min, A :Smin, [J:30 min, V :60min,
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Fig.7. Volume fraction of m-ZrO, as a function of
corrosion depth for 3 Y-ZTA-Cr,0;. 900°C, in K,SiF;

ErgEExhTWV, $4bb, KR79{EHic k3
BRIKIGEBTH 5 KAIF, & Al0,-Cr,0; BEAEDE
AR O Cr 5y OBEREAR R LB AN DBHIC & » TRD
B DODBABIMZ SNz EEZEZONS.
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40pum

Zr La Y La

Fig.8. Scanning electron micrograph and electron probe microanalyses of 3 Y-ZTA-Cr,0, in K,SiF,. Zr0,
content : 15 wt%, Holding temperature : 1000°C, Dipping time : 30 min
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DBIEOBAZNFILTVWEZ Mg, 5. B9, 0Y 0 200 400 600
KO 3Y-ZTA-Cr,0, i ikti{k % NaF @4 2 LIt Corrosion depth { pm)
DEEN 5 DRSS & Z10, DI D& % B X B O OV-ZTA=Cri0s
o> el 4 : , " 0; 3v-2TA-Cr,03
ERATRLEGDTHS. ReRIRRIE D 5 Zroz D ( 202 contenlzi 15wt )
3 3}5‘ ’ 0) C Z. e i . .
REVHES N, He ORIGH LRl . RISHH Fig.9. Volume fraction of m-ZrO, as a function of

X B ErRBROEE ST O R NaALLO, TH-72. 0
Y-ZTA-Cr,0, ZhE&E A ¢ 138 & % %8 5 min T 430 um
LOBBEXIELIZOIIH LT, 3Y-ZTA-Cr,0, %
Beft{k T3 120 min T3 220 um o1z, F 12, 3
Y-ZTA-Cr,0, REEAEAKR TIZEE X R 0 min 20 5 120
min 29 5 L BARAMOBEROHE L mH 0% »5H
65% ~E®A UL, Thb ERRIGY &EEBEED S
BARIGBICEAHREEZEZ OGNS, o2 Ens,
3Y ZBEERTRBELELTE tHEHERFLTND)
TH 5 L0, NFPRBICHFREL TS 20, MBED
KR, LDOBRICHT S Z10, 7O L DDA O E
ECRLO,ERBICLEVERINARICBOHRICE-T
MEtsmELzEEXONS.

0Y R0 3Y-ZTA-Cr,0, ZUELEIA % Na,SiF, icig ¢
X URBELELBRRE L S Z10, OHER ST S
h, R ant., Kb X SRR oE
MR OER, Na,AlLSi,Op & Na,AlF, T& - 7.
BERZOBKED SEM BIC L5883, HO
5T DBV & > TS E >t < RT > TR,
BekER A KF 12 1000°C, 30 min B4 % L7124, 0Y-

corrosion depth for 3Y-ZTA-Cr,0, and 0Y-ZTA-
Cr,0,. 1000°C, in NaF

ZTA-Cr,0, R CIIEBXRE D H 60 um F THEAS AL
PEEIhTWH DI L, 3Y-ZTA-Cr,0, 2O MK
OEIZ 15 m BEEE/NEI»o. —F, 0Y-ZTA-
Cr,0, RBEAEEZ NaF 1024 & U254, 1200 um L)
LOBRBRZZI P FNEENTEKIEEIh O
»ot.

0 Y-ZTA-Cr,O; R fsthk % NaF 1024 X L 12354,
HBA WO EPMA OB ORER» 5 Na dRISE
DB ETELBALTBY, ZIONEBEIZITEL >
TWVB I EDHSMBHRIIRMICTFES 5 210, DZE T &
WER LS SBEBLTWEEZH5NS. KF OF&
LREZVBARRE,» SO ZI DBHIEENEEEHE TR
otz i, FABHREEARBICZEBEAEFELT
Wzt

3.4 EEEBREOZIE

BARBROBE 2R X BONMEECHREI S
it kY, BEERERIRSOBHERA. BRER

Table 1. Chemical analysis of residual salts after corrosion test,
Component |3Y-ZTA-Cr,0, JOY-ZTA-Cr,03 (3Y-ZTA-Cr,03 |0Y-ZTA-Cr,04

(wi%) (dipped in NaF) " | (dipped in NaF) | (dipped in Na;SiFg)(dipped in Na,SiFg)
Na 54.8 (54.8) S4.8 (54.8) [ 44,7 (44.7) | 42.4 (44.D)
Si 0.56 (0.62) | 0.92 (0.62)
F 44,9 (44.8) | L4499  (44.8) | 43.9  (43.0) | 415 (43.0)
A|203 0.19 (0418) 0.20 (0a48) 10.7 (11.6) 15.0 (11.6)
Cry0; 0.022 (—) 0.050 (—) 0.061 (—) 0.069 (—)
Zr0, 0.010 (—) 0.020 (—) 0.053 (—) 0.059 (—)
Y03 0.0028(—) 0.0059 (—)

Zr0; content : 15wt % , Holding temperature : 1000°C

Holding time : 30min (

). Blank test results
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IR . 5B+2T7 I v 7 AESTE, IXTEIEMELT
EBLUI. BBIX0Y RU3Y RBEst{Ak % NaF &
Na,SiF, 2B ¢ 2 U1z b DT, BiEA DD A TR

LtHRELELOEREW. 12, BERBIIT L3I
FTEDEORTIT>TVAIHIZEDEFRHOEHRLE
ZA6NBDT, 773 78BEULTHEDAE S DIFITI
OTRRICHEBETOBIEAIVHB LT T 7 7fiE L
tz. ZTA-Cr,0, RlEsEE T, ST vtz LT
BRERICRIEYSBRHE I, Ui L Cr0, b
OILEME s <, T ALO, EIEED{LEMTH - 1.
120 CrRUOZIBODIEHRDBHONDEZ ED D,
RMEREETHEHR S D[ A Y S IC LY Cr RO Zr 5%
SWEH L, Cr I Uz I IC AR RE 75 ALO, Xt
FEEPRGTHERDNS., O lid, BARRRRE
DET Iy 7 AOKRTER (#5F% ; hexagonal, ¥
Qo, bo, Co THERELT D) ZHAEL KR, HEAT ao=
bo=4.811 A, ¢,=13.128A THsDIzx L, REEIX
av=bo=4.816 A, ¢,=13.138A TCHU XXV FATL
BIENLHBRBRINS.

FEXH9 12 3Y-ZTA-Cr,0; 2D /545 0Y-ZTA-Cr,0,
FBHERICEANBHEN D s ALFERIZEETH » 12,
0Y REEAEARIIE LLEREZZ I LARRAIKRICBNT
SEELIERSNT, HELAHLZVI &M S Cr0,

500 RERTE SLAALALESAMSEAR RN ‘\'\“\‘\v
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Fig.10. Bending strength for 0Y- and 3Y-

ZTA-Cr,0,, showing decrease in bending strength with
dipping time. Holding temperature ; 900°C
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BRICE VR ABIREsh s EZ O NS $ 1,
Na,SiF iz & L 126 D3 ALO, DS HHEASA X 5@
ERUID, T30 7@h 552 FRSOBHIZES S
DT H VBEREE D> 5 DBEHIE VN E g m ot
3.5 BEREBREOM S

BERERE, 3 A RERBRTY > TV EFHEL 2.
FBREFI0ICRT. Y TS D 0T DREEIC
PEODESDENHELNEY, BERBITOMTRE
BIZ0Y RTFH 470 MPaT©H 0, 3Y RIEKEED T
430 MPa iICEXBR TV 505, RBRBECIXBY XF
i 120 min TR F¥5HDOF 250 MPa & e 572, 3Y
R TRIEBERBIIRICBNTFNEERES (LI L,
ABELEFTHICHVHT SV BREROXBA ZET 5
EHEEMELTHhBEVEEEEDN S,

4. # B

AKHFETE, SBELEVLVIHADHEIC L1 Cr,0,
=0 L T ZTA-Cr,0, % EEEZ &L, 7 v
{LYRRIE T D t-Zr0, DZEEM IOV TRE L 17,
BRELTICELED .

(1) 7vieHllsormE st L, ZTA-Cr,0,
fEERIE ZTA F0EZNICBO TRETH 5.

(2) 7v{tPRBERICSVTZTAR S5 I 92
AT Z10, DEIMEEHN S 5 20 wt % ~EHEINT 510
- TimRtxmEU .

(3) CrO, 2R UIBIEETIIK R 7 vt
&0, KAlF, & AlLO,-Cr,0, &S 5K 5 KIS ED
EBIC &> T, RISB&OAANICELET 5 t-Z210, 131
BRREICFEL. 12, RISBOE X 3B+ =%
B ZeO, BN KT U 12,

(4) 3Y-ZTA-Cr,0, B#EK (R.D. 99% LI t)
37 v Emicx U, o ZTA Sk oh o b i &t
BN T,

#HOOB HNXBRHOWAECEHEHEO - HEER T X
) 7V —TOHRE—-KICERBOBELERLES.
i, OY-ZTABEEORB 2R L THOW SR ETE
(BR) O ZBRRICESEHOI-UET.
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