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An experiment was conducted with reactivity of
ZrSiO, sintered bodies fabricated from synthesized
high-purity ZrSiO, powders for alkaline glass (2Na,0O
- 8i0s) melts and change of their microstructure at
900°-1400°C. As evaluation of corrosion, comparison of
the change of the weight loss and the corrosion depth
of the ZrSiQ, sintered bodies with high-purity was
made with zirconsand sintered bodies and ZrSiO, sin-
tered bodies with which treatment was performed by
means of HIP. The corrosion reaction of three kinds of
sintered bodies was liable to be governed by the melt-
erosion mechanism, and it was known that the corro-
sion rate was dependent upon both purity and density
of the ZrSiO, sintered bodies. From the result of the
comparison of TZP bodies with mullite sintered bo-
dies, it was explained that the TZP bodies were corrod-
ed very hard. With respect to the mullite sintered bo-
dies, 2Na,0 - SiO; melts severely dissolved them. It
was ascertained that it was very important to heighten
the density of the ZrSiQ, sintered bodies and to lower
the reactivity with 2Na,0 - SiQ; melts in order to
heighten the stability in the 2Na,0 - SiO; melts. It was
ascertained that it was likewise very important to
heighten the stability of the ZrSiQ, at high tempera-
tures by augmenting the purity of the ZrSiO,.

Key-words : ZrSiOy sintered body, ZrSiO4 powder, Alkaline
glass, Corrosion resistance, Zirconsand sintered body, Mullite
sintered body, TZP sintered body
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Fig. 1. SEM images of uncorroded sample. (a) zirconsand, (b)
zircon.
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Fig. 2. Weight loss as a function of corrosion temperature.
@ zirconsand, O zircon. Holding time : 1 h.
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Fig. 3. X-ray diffraction patterns of corroded sample.

(a) zirconsand, (b) zircon.

Corrosion temperature : 1100°C, Holding time : 1 h.

O: t-Zr0,, @: m-ZrO,, [I: zircon, M: NayZr,Sis016, /\: NaySiy0s,
A: unknown peak.

i, BERERORE A B2, 900°~1300°CO#iF
DBEOMPA~FHic oW IR EZM2 5T L& L
7=.

B8 iz1100°CTlh KIS R/ EOVINa VYV F
(@) RUvivay (b) BEEEREOBEERYD X HiE
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SisO16 DFEEDB A LNz, L L, VIVavBREaETci

Table 1. Chemical analysis value of zirconsand and zircon pow-
der.

As-received zirconsand powder (wt}%)

Zr0; Si0 Fe Ti Ca Mg S

66.0 32.9 0.10 0.07 <0.005 -<0.002 <0.02

in | Na Cr P Al loss

0.001 <0.001 - <0.003 0.04 0.26 0.7
Synthesized zircon powder (wt%)

Zr0, Si0 2 Fe Ti Ca | 4 S

65.4 32.0 <0.01 0.006 <0.005 <0.002 -

Mn v Na Cr P Al loss

<0.001 <0.001 0.044 - - 0.03 2.0

CORIGHDOERIIDTHTH - 7. VIV VBEEAEID,
Bl 2Nag0 - Si0; L RIGT 594 FROBAIC LD, ¥
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Si0; & ORIGHEIC DWW TR A BEREE L &, RIGEH & &
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DEBLRLTHS LIRSS, '
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BHAE LBAREOBGRERET AT L & L.

1600°C, 1h 7 v/ A Az 5\ C HIP B ZHE L,
R E.O% £ THREL LB E L, Bt
2Na0 - SiO; IL L A BB EDEE KT I RS %
RAFEREZE S (@), D) IZRT. K5 (2)iCid1100°C, 1
h KGR HBEOBARBR ZHO X REH /S —v
%, B5 (b)ICid%mE 2Na0 - Si0; I X B BAICR T 5
BEEEOBEERVEOERE R, HIP B % i L /258
EAEEICIXE R VIV o v iS4 R NayZreSisOse
PR INI-BE—T7BERNIVHDOTHD, TN
5 ()2 HEARIC L AERERA R HIP B DFTOM (K
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FZm L.
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Fig. 4. Weight loss as a function of holding time.

(a) zirconsand, (b) zircon.

A :950°C, A :1000°C, @ : 1050°C, O : 1100°C.
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Fig. 5.(a) X-ray diffraction patterns of corroded HIP zircon.

Corrosion temperature : 1100°C, Holding time : 1 h.

O: t-Zr0,, @ : m-ZrO,, [ : zircon, I : Na,Zr,SisOys,
(b) Weight loss as a function of holding time for HIP zircon.

A :950°C, A :1000°C, @ :1050°C, O:1100°C.
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B 6 12 @k 2Nag0 - Si0; O RICH T 5V a vy v
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ZRY . BEREEOHREE ORI VBRSO B A
KD+ AEAREDONL T G, SEEOVILaY
BERAEOBERICOBEIT QRO n=11CHY4 LA
RAEBIHEEINS. ¥R TIC, VIVavidvE, I
aVRUCHIP B %M LY a v EIC W TR 4
RUKS D) DERZHNTCT V—o X /0y F LD
D%7RT. WEL2Nag0 - Si0p I2 &k 5 BRE AR IGHRI
B 5 AT OBV —2EBH LA, VI
VYV PR CIX154 kI /mol, VLo BEEA TR
187 kJ/mol, HIP LB % #fi L 7= )L = v/ RS 14 T 11326
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Fig. 6. Weight loss as a function of relative density.
(O : zirconsand, @ : zircon, /\ : HIP zircon.
Corrosion temperature : 1100°C, Holding time : 1 h.
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Fig. 7. Log K as a function of 1/7.
(O : zirconsand, @ : zircon, /\ : HIP zircon.
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Fig. 8. Corrosion depth as a function of holding time. (a) zirconsand, (b) zircon, (c¢) HIP zircon.

A :950°C, /\ : 1000°C, @ : 1050°C, O :1100°C.
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Fig. 11. EDS analysis of corroded sample for 3Y-TZP sintered
body. Corrosion temperature : 1100°C, Holding time : 2 h.
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Fig. 12. EPMA analysis of corroded 3Y-TZP sintered body.
(a) SEM image and Si Ka mapping of before corrosion.

(b) SEM image and Si Ka mapping of after corrosion.
Corrosion temperature : 1100°C, Holding time : 2 h.

(c)

Izig). 9. SEM im(ag)es of corr(()(%ed sample. BEZLIDL, BELTWIRVWRABRFICH LTSI OME
a zir'consand, b) zircon, c'c HIP 'ZiI'COTl. BEAEL s TNWD T SRR LTx.
Corrosion temperature : 1100°C, Holding time : 2 h. T, UL R, BRI B R O A
B LBARREOBGRLZHE L. B8 (ICiIEERY
B L REREOMRE, K13 b)) ICITEAES & AR
MO RT. 3Y-TZP BEfs 4 T, ¥ #h2Naz0 -
SO Lk 2EEBAREIPEVIC 225, BB
2Naz0 - SiO; FLsr D FERENE N OIRHAE LT &5
3 GhA. FE14(2) K id B A 2Nag0 - Si0, H4C1100°C
T1lh, BERBREIT - CBEOFRKAREO X #EH /S
i X —/ %, X14(b) it @k 2Nag0 - SiOp 2 T1100°CC
2h O AAEBREIR OBEREHEEE O SEM ZH %R Y. BE
FEAREICIT ZrO; OFERMEAHER S NS S OD, Bk
EEIWM L BREZZT T, DX, 3Y-TZP Bt
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Corrosion temperature () TWZEhD, Zr0 REOBE LB ARIGHERITRZD,
Fig. 10. Weight loss as a function of corrosion temperature for # i 2Naz0 - Si0p D ZrO; DM TR L <, EICH
3Y-TZP sintered body. Holding time : 1 h. Fh 2Nas0 - SiO, F4r T 5 Si BEEEAORN A Zm L TH
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Fig. 13(a) Weight loss as a function of holding time for corrod-
ed 3Y-TZP sintered body.

A :950°C, A :1000°C, @ : 1050°C, O :1100°C.

(b) Corrosion depth as a function of holding time for corroded
3Y-TZP sintered body:

A :950°C, A :1000°C, @ : 1050°C, O : 1100°C.

HABHE LTI L TCREVPETTADDEE LA
%.

3.3 Ui — MEHREEDOREMD LB

1000°CLL OB R EKIC B W T, BROME I FE
INBERALTA FERBEICOWT, Vo vk sF
BOBEABRATVWHEL:. RI5Q@IKREERIE L
BREEOBGR%, K150)ICREERE L EEREO
Bth%E, HIS(QICHBERES L RFRHOBRY, K
15(d)12131100°C, 1 h CTHERBR AT - /RO FRE
OXBEIT N Z — /RO () ICT B RRBRITR T
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F. F7-, K150 12iE, 1100°CT 2 h ARG Z1T -
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Fig. 14.(a) X-ray diffraction pattern of corroded 3Y-TZP sin-
tered body. Corrosion temperature : 1100°C, Holding time : 1 h.
O : t-ZrOy, @ : m-ZrO;, V/ : NayZrOs, A : unknown peak.
(b) SEM images of uncorroded and corroded 3Y-TZP sintered
body. Corrosion temperature : 1100°C, Holding time : 2 h.
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DERICHCVBREIZAZ VLD ER o7 A5 MEE
REEE, Vo vEEREE S R, BRERICE VL TLEE
TH 578, 3Y-TZP BEREHRIC R O N7z k S In B tpIis
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7o. AR THW-ASA MEEEEIBME CREETH
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Fig. 15.(a) Weight loss as a function of corrosion temperature for mullite.
(b) Weight loss as a function of holding time for mullite.

A :950°C, /\ :1000°C, @ : 1050°C, O :1100°C.

(c) Corrosion depth as a function of holding time for mullite.

A :950°C, A :1000°C, @ :1050°C, O:1100°C.

(d) X-ray diffraction pattern of corroded mullite. Corrosion tem-

perature : 1100°C, Holding time : 1 h, © : mullite.

(e) SEM images of uncorroded and corroded mullite. Corrosion
temperature : 1100°C, Holding time : 2 h.

(f) EDS analysis of corroded sample for mullite. Corrosion tem-

perature : 1100°C, Holding time : 2 h.

OB I <, RIS@IR Lz & 5 ICBESARmIC
bATA FiERERREIN TV, LeAL, H1bE)D
SEMEE»IGLHLMELDIC, LS4 MERAREIL
LOFERBHEREOBIERR (K9 RUMI14(M)) KL T
FRIC L WO TFRBEIhS. LichoT, A4
BERE R OB RE 2Nas0 - Si0y FADOBRINEE DO EH I
PENERICHET 7-0IC, VIV VEBEICE LT, KA

SBREVERE LT DL HEINS.

4. #&

VIV a VBERE R O B 2Nay0 - SiOq IZ %t 3 5 BE M

%, OV VERSGROBBERTY IV VB ROME

DOEE, QL0 &HLAawEOkE, @YV r— Mk
e OREROIEE, O=ZD>08 N> bREE L7z,

if
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1) VI3 vBEREE O ERE 2Nag0 - Si0; & DRIET
i3, BREREEATENCHLLEZLN, BRRAED
HEE VNV A VBROME L FEEROBEIKRFET S b
Dotz DIVaVBROEME(ICED, YvavA
FOSREER LR T 5 & & I, ¥k 2Na0 - Si0; &
DR IGHEIET L7,

Tz, VVavVEREREREBEETASILICL> TLE
Bl 2Nag0 - Si0; & DRIGHITET Lz, HICEEE DIV
VBRI HIP U % L, [ ZIESHAKRE 0 & LAY
U BERE AR OBsEE 2Nag0 - SiOq I L A B ERIGOE X
i, Vvavyy FEEEOMEOL/7EY, BB
UBEELOEREHREICL D, %Rl 2Na0 - Si0p ITx3
HERIEHEDTHITEL B B Gtz

BiZ, BEORKL S IBMEOBEMEEK, Yoy R
EEEVVaVRUCHIPAEZE LYoy Oy
2Naz0 - SiO; IZ & 2 BER ERISHINC 51 5 RO
EHEAL T RV F—id, Zh % n154k]/mol, 187 kJ/mol
T U326 k] /mol T&H - 7=.

(2) 3Y-TZP Befsk Cid, ¥Hk2Nag0 - Si0, i~
ZrO; B5 DT A 70\ b O O ¥EREE 2Nag0 - SiOp B4
i, BEREROPLMNTEE CTRAL, BARFES1E1100°C,
2h OBAERIGRBRTIE, VL3 VERED 6 5ORAE
JLE LTV, CORARIT, EICHHE 2Na0 - SiO, &
G OBEREAERAR %M L COMBIC & 5 & DT, 3Y-TZP 5
RAEOBRRIC BT ARELDENC ICSER T 5 L HEE
Ihab.

(3) ATA FEEREIETIE, 3Y-TZP Btk L 5 10l
Bl 2Nag0 - Si0; 7 DEEEERAT~DRAITIT LA EFR
BHoNZr-72. L L, #Rk2Na0 - SiO; FAD LS
A MEREROBMIELL, VIV VERBRICELT B
BEIFBENDD L 5T, TOT Eh b, IR 2Na0 -
SiOp TR VIV VBRSO T BT A FEEEEICH L

TRERBB LD LEEZONS.

4) VIvavBEREORERE 2Nay0 - Si0, 1 TOERE
HEHBO LI, (@ VIV avEEEOBBEIC &
D BRh 2Naz0 - Si0p & ORIEHEET IS, (b)Y
AVEFOEMEIC LD, VIvavOERicisd 550
EL, VIVavEESETAERIRICET AREREE X
HICM LEIRB T EREETHS I ERGh- 7.
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