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High-Purity Zirconia Powder Produced by Carbothermic
Reduction under Reduced Pressure from Zircon
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Synopsis:

A new production method for high-purity ZrQ. powder has been
developed. Non-stabilized ZrQO; powder with high purity can be pro-
duced by heating a mixture of zircon {ZrQ; - Si0Q,) and carbon pow-
ders under reduced pressure. Stabilized ZrO; powders with high pu-
rity can also be obtained by adding a stabilizer such as CaO or Y04
to the zircon/carbon mixture. The generation of SiO(g) from a zir-
conjcarbon mixture is greatly accelerated by heating under reduced
pressure compared with under atmospheric pressure. The purity of
Zr0O; powder produced by this method is about 99.8%, and the aver-
age grain size is smaller than 5 um. Fine Y3O;-partially-stabilized
ZrQ; powder (<1 g#m) can also be obtained by wet grinding for use
as the raw material for a ZrO, sintered body with high strength and
high toughness. In addition, ultra-fine SiO powder (<50 nm) as a
by-product of this process can be obtained by vapor-phase condensa-
tion of SiO(g).
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Table 1 Main conventional production methods of zirconia powder and their characteristics

‘_\“‘\—\.ﬁ‘i_i_ Outline of production method Characteristics of powder Main uses
) (CaQ) Purity (~999%) Refractories
F\lgﬁix?cmftcho l Zircon+Carban H-LArc fusion] —Non-stabilized ZrO; Coarse Pigments
Dry Baddeleyite —CaO-stabilized ZrO, Cheap
Plasma arc NaOH+H:0 P:.u'ity (~99%) Pigments
method Zircon—-Plasma arc -——— Non-stabilized ZrO, Fine
NaOH H.0, HCL High purity (>>99.5%) | Advanced ceramics
Zircon ‘ l-—LAlkali tusion - »NasZrOs L Ultra ﬁfqe Electrical cera.rr?ics
Alkali Baddeleyite Expensive Glass composition
Wet |}y sion method (YCla)
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—-»ZrOCly - 8H:O———Non-stabilized Zr0,
1—»‘\1203 partially stabilized ZrQ,
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Fig. 1 Thermodynamic calculation
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Fig. 2 Experimental procedure

Hg manometer

Control unit

Carbon heater.
Insulator._|

Carrier gas
Ar~

Fig. 3 Schematic representation of vacuum furnace for heat-
ing under reduced pressure

WE-DNRBLTHED, o2 vBERERERE L DA DREE
% 1500~2 000K iR ET, 10~105Pall SE) DEHO Ar BEL
Tl &G CRESLERIT %, BB Ax—vELTR, B
EEESY 00KMA - L, BEBECEERE 2 BEERL, FA L.
Fig. 3Rt X o R Ar ¥ AREATAY, ZhFHEE
fikavie—aTrinThHy, Ebic, BELRSOE B
vER A BAER L SIO BN A RET S D TH S,

S VvRELRERK L AL D RARBER, BESLE
#, PERO O, ZIC #&E LAERCRVBREROBE 5.
iz, LMK TARPC THARST- CBR{IEAFA 25125,
Zhit, Z0, ZICHBEL T Z0: L4540 T540TH D,
BN EROREELS D VREEL 2 = THEHME bR
5, BEAE I b REAOBRRORIIAGBOBERCE(LT
B

4.1.2 FHERE

HETTOMBERTCLIL vLra=THEOHECRITTSL
o v L RBECRE . BESAELE, KELHORNEOHEY
#HERSY (TCGA), BAXBEN (XRD) k- THS, 26IE,
Bohfrora =7 LREGSORBEHC* + 7 2 5 J £ -
v e vERESN, EESTHEKE (SEM) HZE, ZABTHME
(TEM) $825, ERESHEES 75 X=0%kH# (ICP) 2113
EEARC L DTl

JSMekEE Vol. 19 No. 3 1087

4.2 RBRERBIUVER

42,1 HERAF (TGA)

Fig. 4 cBAERESFHERLTRT, U= vHERFO SO L RE
FoE&oEAk (CS0) MH1.0 0B AT ArFHEHE ST
FEAERET (102Pa) & 15F (10°Pa) o 24k# - L, 10 K/min
OEECHEL, 19 KIEH - oRECEHF L T ERT LY E
MOCHME L. (1) RoRGRC Lz - T 8i0(g) & COg) @
FBAC kb TERRIY RS, Fig 4hblbni L5
ERFOHBEE L, 10PanB & 1T KMETH 2 0 RHL
T10tPa DEAIZ 1623 K fhECh 0, MET 0N NRICHKAERE
DHEET T3 Ebnd, 192K EROEEWRR, 10° Pa
OBE, Rt (1) KoK e b 3 BREREIETHD
37% B0 LT, 1P o &3 1923 K 45 B4 31
% THb, RIGETET L Twiw, HlEOREREL L, MIET&HLRE
KIGHEGEEDRIIALNLTH S,

Fig. 511, WESAEC X sBEERICRETREIE IO B
AEANBERY TR, BABEEAY IT22K £ 1873 Ko 2 k¥ L
L, CaO, Yi05 L~ o e RERAI OGO B L H <7, Fig. 54
LHELMAT L R CA T VD SIO R ASELT EE L kS0
WD 37% Ll B35 fosbicid, 1723 K T2 103 Pa, 1873 K
T 10 Pa L h b BERCTHILEN D Z, HEMP E ol
100 Pa (1 GJE) CHAB LA, WTFhi vz voE2E0RY
DRI IPPa L0 b EETEC 2 L EERPENSIT% K

0 ——  — (.
C/Si0z(molar ratio)= L0
IDﬁHeating rate:1¢ K/min |
s
E
Z 201 ]
[}
2
& 9 T
2 Theoretical valuey . _
- sok- (37wt. %) u
| S S S VS VR U Y R W IS S L1 H I L
273 773 1273 1773 0 15 30 45 60
Temperature (K) Keeping time
at 1923 K

(min)

Fig. 4 Weight change of zircon/carbon mixture during heating
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Fig. 6 Effect of C/SiO:(molar ratio) on SiQ); content in non-
stabilized ZrOs powder after heating under reduced pres-
sure

C/Si02=1.0 C/5i0:=1.3
o o ZrQz (Cubic)
o ZrQz (Monaoclinic) T
s Zr0-ZrC

Alter heating under
reduced pressure

a
5
al a H
—
@ i

After oxidation

Co Ke

L 1 1 1 L

f ; =
200 30 W 50 6 200 30 40 B0 60
28 (deg)
Fig. 7 XRD patterns of CaQ fully stabilized ZrO, powder
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Table 2 Examples of chemical analysis (wt. %)
Materinl SIO_: AI:O,; 'J.‘.IOQ Ff_‘;:o:; Pz()5 Nu-_:o Cé‘l() Yan 2['02 -f— H[O_)
Nen-stabilized Zr(), 0.039 (.033 0.11 0.005 <0.001 < (.001 0.011 — —
CaO-fully stabilized Zr(): 0,092 0.062 0.13 0.011 <0001 <0.001 6.2 — —
Y2Oy-partially stabilized ZrO, 0.047 0.035 0.12 0.007 <0.001 <0.001 0.010 5.3 —
Zircon powder (Zr(Oy-S5i0,)%! 32.5 0.28 0.080 0.072 0.059 0.002 0.007 — 66.3
1 Starting material 7 o
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Photo 1 SEM photograph of Y.Os-partially stabnlized powder
after wet grinding
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Photy 2 TEM photographs of SO ultra fine powder
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Table 3 Characteristics of SiO ultra fine powder

Color tone \ Yellowish-hrown

Particle size | <50 nm

Specific area 160~~300 m?/g
{—Caleulated particle size) (10~24 nim})

Bulk density 40~90 g/l

Purity >09.59% SiOg

* After heat treatment for oxidation at 1073 K in air
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