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Stability of Tetragonal Zirconia in Molten Fluoride Salts
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The phase stability of tetragonal zirconia specimens in various molten salts was studied by a corrosion test. The corrosion test
was examined using 3 mol% Y,O,-partially stabilized ZrO, (3 Y-PSZ) with high thermal phase stability. XRD results in-
dicated that the phase transformation of 3 Y-PSZ from tetragonal (t) to monoclinic (m) phase (t—m transformation) was
observed only in molten fluoride salts. When 3 Y-PSZ was dipped into molten Na,SiFy salt, more than 90% tetragonal
phase on the surface of 3 Y-PSZ transformed into monoclinic one in 5 min-dipping. The corrosion depth accompanied by the t
—»m transformation reached 300 um for 200 min-dipping. From the results of corrosion tests with alkaline metal fluorides,
the rate of t— m transformation on the surface of a sintered body and the rate of depth increase from surface to inside de-
pended on the ionic radius of univalent cations. In the same test with PbI’,, the sintered body was heavily attacked, but no
remarkable t— m transformation was observed on the surface of the sintered body. Raman spectra for the surface of test
samples gave dispersed bands characteristic of the tetragonal phase. The result indicated that Pb restrains tetragonal parti-
cles. The corrosion depth for 3 Y-PSZ-ALO, was the same as that for 3 Y-PSZ. EPMA results indicated that the region en-
riched with Si or Na was equivalent to the t—m transformation range over 90% by XRD analysis. Remarkable t—m trans-
formation is considered to be influenced by these cations. The activation energy was measured to estimate the t—m trans-
formation rate, The activation energies of 3 Y-PSZ, 3 Y-PSZ-ALO, and 3 Y-PSZ-Cr,0, were 12, 44 and 154 kJ/mol, re-
spectively. The t—m transformation depth of 3 Y-PSZ-Cr,O, was the smallest among the three 3 Y-PSZ complexes. 3 Y-
PSZ-Cr,O, had high phase stability in molten fluoride salts. [Received November 2, 1985]
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A7 i Y,0,,PSZ 2ot ¢ b IEH RHEOREMN
NE<, BRAMEII DLW THLEATLEEIATNS
3mol% Y,0;, (LIF3Y &9%) 28 PSZEom &
HRBED L & THERE S 5 D00 % giffiE % duus 3~
tz. HIZ, 3Y-PSZERA ST HREEREDL &
T ALO A=, RFITOA TV VEREIZLVE
MU 72 3Y-PSZ-Cr,0, RBERE AN ED &5 R EH %
REDPLHETHEL O THET 5.

2. EBAE

BRHABRICHOIERNITIRD 3Y-PSZ (FRigHEE
TEH, HIEE 9% LI E, BEWAYHEE 1200 MPa)
D BERER E 3Y-PSZ-ALO, (3Y-PSZ iz 20 wt% Al,O,
an, HIP sk, fA % 99% DLk, #mnsss
2000 MPa) BEft{R, AR AR L 7z 3 Y-PSZ-Cr,0,4
ZpEiE(R (Cr,0,20mol% KU 35mol% &ist O TH
X 93 ~94%, HEWAY R E 700 ~800 MPa), ®iZ
Cr,0, 20 mol % & toiERkiAiIC B,0, # 0.2mol% ¥inL
HEAHBES 98% 1ICja L x etk cd s, EHRY
WaAZTO7 v bYRRERICE I AR EMERL 12
HOBRABRIZIRD LD 1T{T- 2. 3 M B ICY)
DH UL REESEEREZ TV IFT 50 FICBIHEEDE
T, FRHULLEIRZIC TFI T ERIGT S
REF M)A, L= T4 MtRE]OEREREEEICH
WHNAWHEET ~ ) v 4 (Na,SO,) +25 mol% 11k
)L (NaCl), ALO, 28 DFHME L TRV
BAEICBRORREEZ 5N 5 —7, MHD ED
Y- FEYCHHWES ) v 4 (KSO,), Tz
T LAESBORMAIELTHOSONRTWS Y 4 7 vitF b Y
% . (Na,SiFq) +36{t+ b v 4 (NaCl)+1&(k A Y
v 4 (KCl) oZxvEEE, 2085 Tdh 5 Na,SiF,
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EeBELhEBR 2BXBDTILIFT 5D F3ER
5 10 K/min O R BHE TRIERE (900°~1050°C)
FTIEL, FRERRIREEL &2 2% BT H
U, AR A+ IR0 RO TETHICTHRHILE. o
DEIBEGHTOEHETHOBOREEICLVELS
HISTOEE AL HIBEROTICHBR 2TV
I+ B50FIC AN, 900°C, FRERRIEE L BE A
WMOHETEVSTI 7T A MNLBETIT- 2.
BRaERZORERA X X MO RERIC & 0 BRI AE
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FTYr—8 TR E, KELKNELLRD L
O LBKIBRZRE U, R EBRA 135 0ITF
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BHET500°C FTHRB LK. ZOEE T 20 min {£%
L7zfic, FRICBEVWTW AR »iIcR L, 100°C LR
- RICEBRR 2RO B LERETHHAILLZ. Zh
5 4X5X50mm OFRBH 2P0 HL, BIBRERAV
BERR DHEAE % FTE R G VR U 72,
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CrO4
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Sintering
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Fig.1. The flowchart of an experimental procedure.
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3Y-PSZ itk OB A5 2 S ERMIEFR TITL,
BEEARERREOIES &5 5 BRIBANORER 0T %2R/~
RAEREZR 2 IZRT. CORD 59 B &1, Na,CO,,
Na,S0,+NaCl, K,SO, 7z & ORI L T I3RER
M 1h CldEEREROENBENDHERI2<E5N
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KCl & - RBIERE TICH D TR ERA 5 min
IZ U TRERERREIC 90% LI EOBER 2R s h .
%1z, NaCl+KCl oS RET cHER A UL
W &5 3Y-PSZ B REANIE Na,SiFg 10D 7 v
IERRREIC L > T UKIEREZSZ T 5 2 ENRBE X
ns.
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Fig.2. Volume fraction of m-ZrO, as a function of
the dipping time for 3 mol% Y,0; partially stabilized
Zr0, (3 Y-PSZ) in various molten salts.

Holding temperature : 900°C

FEWSIE 94 [9] 1986 963

TORBMEICHT2BREXEZ 70y bUT. IRER
M 5 min 7> % 200 min N EFFRBT HICONHERIC LS
BRIZKEBICFEEARNEAETLCVE, BESmIn T
13 90 gm, 200 min Tid 300 wm BREICE TRA TV

X 4 I & %20 gtk o SEM & 2 hicxd
U REIR 2 WO EPMA 2 & 5 tHEDESHT DGR
#7K%. EPMA & SEM 058, RHETDA v )Y
LATGEDS| 2R 3T o NS, BUNER X BnlirEE
ICEBHBRTHA Y M) LROILEYIIHERE TS
Mot, O EMS, HEBBBEBLTWSA v Y
AAF VHBRIGLTWOWEDTIEENEDERDNS.
F 1, B0 X BEFTHBROBERY > bHERL ZH D
BEIIER &LV 300 um 3 & BB EALAETLTOS
e o, 3YPSZEBEKICR SN S Z0OEL WOIHE
BIEORATHEAA A VDO F ROBA A+ 0 Si K
UNallkdb0ThsEBbNns.

FIT, TWHAVER7 vtHDBA + v OFEZH
~ % H# T LiF, NaF, KF, CsF %330 900°C, 200
min CEERBR 2T &R 2RSS (a) ITRT (2L,
NaF 13 900°C TI3ghfg U 72 L 128 1000°C TEE ).
K5 (b) i3, COREEZBAA DA A/ FEITOD
TFEEDIHLDTHD., CO_ODOHEY, BAA D
A4 VEBROPNINVHDIFE, BIEKREROHEEROH
BlEKEL, BREES LA A VERIUKFELTVS I L
ootz

KF sh e BaER 1% O 3 Y-PSZ #EasRk13 X & al#r it
ERIC k- CHRERSRZREINLY, 2077 AXY b
VEEG (a) IR, R oHnnd&Hic, BERE
BHOBE/SY F (118 RU¥119cem™) HHEIATHE. —
%, 2OF6 (b), (c), RO (d) 1xFh#hn KCI, KBr,
KIh e ERB 2T BEDI TV ANT PVTH
A, INSITIIEMNEBAEOREL Y Y FER NS, Ik

100

Volume fraction of m-Zr0o (%)
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Fig.3. Volume fraction of m-ZrO, as a function
of the corrosion depth for 3 Y-PSZ in Na,SiF,.
Holding temperature : 900°C
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Fig.4. Scanning electron micrographs and electron probe microanalyses of 3 Y-PSZ dipped
in Na,SiF, Holding temperature : 900°C, Holding time : 200 min
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Fig.5. Effect of alkaline fluoride on corrosion (a) and ion radius of univalent cations on
the corrosion depth (b) of 3Y-PSZ,
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Fig.6. Raman spectra of 3 Y-PSZ,

(a) 3Y-PSZ in KF, (b) 3Y-PSZ in KCI,
(¢) 3Y-PSZ in KBr, (d) 3Y-PSZ in KI.
Holding temperature : 900°C, Holding time : 200 min

HRBEOMEL Y Y K (148 RU¥ 264 cm™) R HN B
ZEMH Y, HERBILT v EPICk-TEST B E0y
5.

UL, 7 vt Td PbF, FcOBREOER I
RsbDTHotz. £9, BERERRIKOD 3Y-PSZ
WEWHROBEZE 7 (a) 9. AldEBAETO, Hida
BEOBERTH VB LULBEAZI LTSI DID
nad. M7 (b) ITEERRZ T iR AKEO SEM
BEINITHE LRI OWVTO EPMA 2 358D
EANOHERZTRT. ZOR»PSHA v b LTED
Blxkx 3R oHNT, Pb, F 44 SR NER~GE
SBALTOVBETHONPS, TOLEIITHLOVERS
ZAT 12 BERE R D X RSB OB EL» 51, MK

HIhighrotz, 22T, REMMAOHEBEOFEZ
TRUANRYT NTHEAIZEZA, RTO (¢) ITRT
EHICESTEFEORE S Y FEATH . DILERL
2 & D12 Pb, Filif 4 v & & HEMEENEANECEAL
TWVBIZHrrbod, HEREE U OB, B
KREAMEA L P SIEARIHL TRVIRZ 5 2
TWahHTHAERbNSE. £12, 2D PbF,1zHo0
TOEBRERIIBEE P F OFEDOHIKET HDT
BE2WEWHIREDEBEZAZEMTZ2LDEEDNS. B
H#gorz i1z 3Y-PSZ iz ALLO, # 20wt % ¥inL 721%
HIP ¥ % i L 12 3Y-PSZ-ALO, K>V T
Akk s BRABRZ 1T - 12458, RERFK 200 min TF
BEDRES E THBENILNY > T,

ZTEFAEE 94 [9] 1986 965

B8 (a) iR %212 3Y-PSZ-ALO, EiG &K
D SEM & UG U 1220 T o EPMA 12
FAHTLFEOESIOERERY. 3Y-PSZEMA » b
)7 ATUERORIGRE| R X SR TE a5, [
T ORR F TRV ENIBES EFTRAL TV D
WHnhrh s 3 Na, SigEOmBZRBEmMIEEICR SN
BWIEZE DT TVDLEDICERLTVWBE I EDGh5b.
7o, BUNSE X RO EBIC L S2EBRTEA v )Y
LR{EEMIREER TCE a5 1. 8(b) ix/RL X
BEFRBOBER» 5L, TOEPLTHIERSIC, B
UCWHES PRI N @SS L THY, Fiok
PIAMZREA A4 > OEBRKE N EDBDD 5.

BIZ, CZOMHERBOEE % B X ZABERE OB ARPIER
NOHEITHEG < 12912 3 Y-PSZ-ALO, SABEkEA % L
TEEREZ{T- 12, ‘

22T, 3Y-PSZ Ay u ABEKEKDEEMNEIC
X$ 4 B PURAE B O BEAE R DR EDOEL 2B 9 12K
T, BREROBEATEIL, TIVFAFRAEICLO,»SE
EERAEL, BREEIXHBEEE 208K LY HE
ILkske, 2olE UTEE L. 2088, &R
KOBEMTHOBEREEE IXRE TR ELT0E, &%
m¥ 9| (Cr,0,35mol%) THRAICEL, LB —EE
stz 1z, BEAEEREE L CnO0, oI O RE
IEFRLTWLS 00, Cr,0,35mol% &Eh 2529
BOLHLOTIEHMEEE 4% Ex-7. CrbO, Ak 35
mol% & 3Y-PSZ¥yk#x s /— il CERE
HGL, 5/ - VataicERIEE, 75T A
(3t/cm?) THIE L&D, 1500°C, 2h 5 H
WTEREZIT-o THHEUEEIL60% 1IZ L2755 3 HER
MWEEAEHRTLTO L 1. —#IT Z10,-Cr,0, #
DB LHE U <, BES TIUREN KNP TORLE"Y D
Ry NV AEBBHONEPIRBE S 5.

AKFRTHNEESBEIEC O LD 855k a Rtz 1
W3 3Y-PSZ-Cr,0, Rl KR %= S EENT H5DITH L
TWa, B10 i agsRoEast)kmo SEMg & -
OmEIZ2O2WT D EPMA (BE28ERE) 124k % CrKa
BreROWIHEAMOERERYT. JULBEREVDH
Fa & B I k0 BERERHIC Cr0, it —I12 3/ L
TVWABIENTND. 5L THES N SRR
BELERAMOBFEER I IZRT. CORLO SN
HEBVEEIERAMICEL ST IZIF—ELE LY FOfE
12 700~800MPa TtH 1. £y h— AHELE
BRICERBBICE ST —EDEEE D, DML 15000
MPacdh-7. 2O EIHIZLTAHERKLTI 3Y-PSZ-
Cr,0, 37D F & TBEAREESTHE< LV BE
BARBIIBOTEBULLLBREEZZI . 22T, B
AU BOEBMAR 2 &8s ¢, HBO; »#B,0, i1tk 5
BE®D400°CIzHBVTHEKL, B0, #0.2mol% IR
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SUBBRAEER L, 5l& T EAMAEH 1500°C, 2h
BIEA T 12E CHAHEMHEIL 8% ICE TEREAELL
fr. T OBEAS RO B ARE 1L 600 ~700 MPa T8 -
rh, BERBAT-1-&25, MI1I2ITRT LI I0E
HEOHER OMEITE, HREES S 200 pm & HEE
BEuboLtikzotz, 2hid, Cr,0; & B0 iI2 kb
WICHE M Zm Ex g ThdbsrEBbns.

3Y-PSZ-Cr,0, fE#E K I >\ T & EE D ALO, 58
ERERRIZA v b U Y ATTRO5| & & 2 RISERID L
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T. MORIetal. 40
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Fig.7. (a) Photograph of 3Y-PSZ
before and after corrosion dipped in PbF,.
Holding temperature . 900°C, Holding
time : 200 min

(b) Scanning electron micrograph and
electron probe microanalyses of 3 Y-PSZ
dipped in PbF,. Holding temperature :
900°C, Holding time : 200 min

(c¢) Raman spectrum of 3 Y-PSZ dipped
in PbF,. Holding temperature : 900°C,
Holding time : 200 min

40pm

Re&iuhotzh, TROASHOER F TRIBEL
ERSPELS ETRALTVWSIZLE b 5H3 Na, Si &
W TR EERIMIFEOWIELZ S T TO LB ICEHL
TWBIEDLDL, FILEDENLDBEA A v DEEHS
ITHLEZOLNS.

DEo#ER LV, FLOHEERIBESEANNEAT S
FrufickoTw M) v 7 20HENEFH SN, o
TUTHEORA A v BAL, WEDZHEIZFHS THERE
BEARETR2ICEMEANESHER IS D EEbh
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SEM image
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Fig.8. (a) Scanning electron micrographs and
electron probe microanalyses of 3 Y-PSZ-Al,O,
0 ) ! | dipped in Na,SiF,. Holding temperature :
0 100 200 300 900°C, Holding time : 200 min
Corrosion depth (pm) (b) Volume fraction of m-ZrO, as a function of
the corrosion depth for 3 Y-PSZ-Al,0, dipped in
Dipping; o :5min, 4:30min, 0:60min, 4:120 min e:200 min. Na,SiF,. Holding temperature : 900°C

Volume fraction of m-2ZrO; (%)

5. DIER LY, 3Y-PSZ Ro¥, 3Y-PSZ-ALO, 0tHER
131 L3 BOBEMEKDBREEZ 2T EHTRL ICE S B EMSEE T AL F— 13 12k]/mol KU, 44
tz. ZOMM»SEPFRTERK L LEIBFEIC & B BEERIT kj/mol T & 5 ®iZ%xt L 3 Y-PSZ-Cr,0, <& 152 kJ/

BEOETZMA 2RSS EEDNS. mol & 72 5 77,
14 124F, 900°, 950°, 1000° K 0OF1050°C icHB 5 DR L0, Cn0, siukidamitEh cOIE AR

SHEOBEERAOMERORIZARELTRLUEZ. & OREMNEHL I ENHHL - 1.
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Fig.9. Relative density as a function of the number of

impregnation for 3 Y-PSZ-Cr,0; system.
Sintering temperature and time : 1500°C, 2h
Firing temperature and time : 500°C, 20 min
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Fig.10. Scanning electron micrograph and electron
probe microanalyses of 3 Y-PSZ-Cr,0O, sintering body.
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Fig. 11. Bending strength as a function of the number

of impregnation for 3 Y-PSZ-Cr,0, system.
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Fig.12. Volume fraction of m-ZrO, as a function
of corrosion depth for 3 Y-PSZ dipped in Na,SiF,.
Holding temperature : 900°C
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