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Needs for ultrafine and homogenesus ceramic powders have increased and many nonconventional
powder preparation techniques have been developed. In the preparation of powders, it is impor-
tant to control bath chemical and physical characteristics of the powders to meet the requirements
in their applications. An example of requirements for the startieg powders for sintering is that
the powders are consisted of small, spherical, and unaggregated particles with a narrow size dis-
tribution and to have a uniform and controlled chemical composition. In the present paper, the
some of the recent preparation techniques of ceramic powders from solution and vapor phases
will be described.

Preparation of ceramic powders from solution can be classified into preecipitation and solvent-
evaporation techniques. Among precipitation methods, the alkoxide process is receiving an increas-
ing attention as a method to produce fine menosized and monodispersed spherical oxide particles.
There are two methods for the powder preparation from vapor phase: evaporation-condensation
(PVD) and vapor phase reaction (CVD)., The application of PVD method is limited because of
less volatile nature of refractory materials. CVD method as powder preparation technique can be
characterized by: (1) highly discrete particles; (2) ultrafine powders with narrow particle size
distribution ; and {2) direct preparation of powders of metals and nonoxides in addition te oxides.
In CVD method, applications of plasma and laser to the powder production Is also recieving an
increasing attention.
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Fig. 1 Preparation of zirconia by coprecipita-
tion method.
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Fig. 4 Preparation of oxide powders from solu-
tion of metal compound by solvent-evapora-
tion method.
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Fig. 6§ Type of solid deposits from vapor phase.



—320 - REHS B8R 55 (1987

Table I Equilibrium constants for the deposition of solid from gasecus systems and
powder formation!. (Equilibrium constant based on 1 mcle of metal source.)

Equilibrium constant
Reaction systm Product log & Formation of powder
1000°C  1400°C
SiCla-0e 510; T 7.0 O
TiCla~Oe Ti0:(A) 4.8 2.5 O
TiCle-HaO Ti0: (A) 5.5 5.2 O
AlCIs-O2 AlCa 7.8 4.2 O

& | FeCla-Os Fe:Os 2.5 0.3 O

CND FeClz-0O2 Fe:0s 5.0 1.3 O
ZrCla-Oy ZrQOs 8.1 4.7 O
Ni1ae-On NiQ) 0.2 N
CoCls—0O2 l CoQ ‘L —0.7 “
SnCls-Os2 ‘ Sn02 E 1.0 ! o

1000°C 1500°C < 1600°C  Plasma
SiChi-He-N; SisNs ' 1.1 1.4 X
SiCl-NHs SisNy 6.3 7. O
SiHa- NHe SiaNy 15.7 18.5 O
SiCls-CHa SiC 1.3 47 % 'S
CHsSiCls SiC 4.5 (6.8 % O
8iH, CHa sic 10,7 10.7 O

g | (CHajSi SiC 1.1 10.8 @)

E TiCly-Hp-N2 TiN 0.7 1.2 X

§ | TiCL-NHs-H: TIN 4.5 5.8 O

g | TiCl-CH TiC 0.7 4.1 % O

%} Til,~CH, TiC 0.8 42 | O

& | Til- G- | TiC 16 3.8 | @)

Z | 2rCla-Ho-No b ozeN -7 —1.2 %

Z | Z+Cli-NHs-Hs ZrN 1.2 3.3 O
ZrCle-CHs ZeC —5.3 1.2 %
NBClL-NHs-Hz NbN 8.2 8.1 9
NbCle-HzNe NbN 4.3 5.7 O
MoCle-CHa-He Mol 16.7 18. 1 O
MoOsCHy-He Mo2C 11.¢ (8. 0} O
WCls- CHy-Hs . WC 22,5 220 O
SiHs L si ' 6.0 59 | O

3 chwﬁz W | 155 155 e

= l MoOs-He Mo 10.0 5.7 | @
NbCls-Hs . Nb -0.7 Le ! O

O powders were formed, X : powders were ont formed.

SR X AA—-Kr 77y, BEELACBI LA SNTHE, LT CVD JERDNTDNEL,

ZnQ, 2RERAOBRESED L DI & 3.1 MTFHEROEHE

% TiOz, 5i0s; AlOs, MEOBIHEMELIS S, T TR B AT 2 B ORISR O, TG
BOERT, AIRETER SIC P SbNa XDl ok - TAS (DS (Fig. 6), GBS & 5 KL
ORALIOE OISR O ML & UTHIEE Rl SMTOR AR L CORRED T,
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GV, FAERSIE & - TEEDIFE T 58 E 0mEaf0m
Wi, WIERISOEM TR T 50T, BHELET
BEEERORSOEIERPLETH S, EE, SHE
ST & ALY, BIYE X UIRILE IR R O SR I 1
WA 100~10° Pl b (2BH I =AY 0) ORIEER
HETH L (Table 1) ' L, {EBEEHa TR
SOTHIGHEOMESS b, FUFEERAT LR
FAGEETRD BMRRGECE 2ARTAR TR, B
JRBEE LRGSR K THT © K & & BETs
Do & LT, SEEEEHTE, S—EFERRE s LT
Wiclec v, RESTOROBFEMEEN S,

3.2 & B &

CVD ghild, R ACEZREORVE k- T
I A v, BRIEE, bEsEsb i, &
SRR ORERE IR FIS00C BT T E 3, Chinh
L, 75 X=EPLr—YETHEBKETEDSETR
RDTA &,

FHRIGHEI E » TR T s RFoEEE, RIS
YRR O E T, ISR oS, ekl &
CHEESR, FIGH A OTES & UE ISR~ OELA M
IEEREERTF L BRI TS,

3.2.1 FR{biMERNFOAH

SARFICE L X S R TOERE, R 30k
PN OE i i N SR I

1) ERUESEECS ORI E ks

TiClilg)+ O2fg) — Tils(s)+ 2 Clalg)

SiCla(g)+ 2 HaO(g) —+ SiCyls)+4 HClg)
2) &EHAOEE

Znlgy+ 12 Oalg) ——s ZnOis)
) RSB TR

Zr{ORa){g} — ZrOuls)+ 2 ROH{g) -+ Olefinlg)
afiic s 3 HeO oo i, EEgkd CO-
H: — COA-H20, Ha Oz — H20, CoHy+ 0O — HoO+
CO: R EORICER T 2 M & ME 5, £EE
HR O SREIGEERARFE IS X DR s {,
S DA B R TR S R B,

Takle 1 [t& A5 5 & 9 10, BILHIOERRIED
2 < 1 1000°C BERE TR R S I TR A B, %
B, 1000°C i TR RS TS CHT 2 AR T2 2,
T, BxoBHEFOSRICESIPEAR N D
N5,

ISR R S B e ki s LTI S 15
EHME, HeO 460 CoHpOn 4810 1 A5 MSR
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e e GO FERE T~16om O S0, H~
S50nm @ TiDs, Al:Os 750 & KRR LA T D AT
BH D, COLILAEEES R TS A BB
Th, BAOBEIRETOERITMNES, Lhs%EE
e, SORENTMCEN & BT ERR
ERETHERT 20 THEE I EA BRI F &7 5,

8.2.2 BESEEMELURIEDBEHETOER

S B & o BR bR R, T
& LTEEPeBE/ A ERRIETARINTHS
7, SUREISTES 2 0 RS R RTINS 28
Do

GEE LS NHs 50w 8 (L5 % 5 Table 1
HLNA LIRS EHEREL B, ILBREET
BB THERTE 5, —HE&RILEBESDORSG
& BREARIC DT, BHEHORSOERT
THIB00°C BT mIR{b Ak AR T & 5 2% Bfe
B~ TRAANS <, $REREEL NSO T
BRI XERNNETE S, TOidh, RIHRE
DEBICIT 5 X< &R LizGEmss 0,

Table 2 | G IGHTR & 11 3 S0 S £ 08
PG F oD R AR L7, SUREISTE T
MFWERENE T Edhhb, 2060y
ORFAERAER, 2¥03 20 SETE 4,

A FUSRADH Inah T O RR & 2 088 {kind 2 L

PR AR~ D B iR

Tabie 2 Particle sizes of nitrides and carbides
obtained by CVD method!,

Reaction R?‘:‘;ntﬁr;a‘ ! Product Particle size
system tare (°C) (pm)
SiCli-NHs 1000~1500 | SiN.I* 0.01~0. 15
SiH«+NHs 500~ 900 | SiN.Hy* <0.2
TiCli-NHs 600~1500 TiN 0, 01~0, 4
ZrCla-NHs 1000~1500 ZrN <0.01

VCl-NHe T00~1200 VN 0.01~0, 1
Si(CHs)a 900~1400 SiC 0.01~0.2
Si{CHz)Cia plasma SiC <0.03

SiH4-CH4 1300~1400 SiC (. 01~0. 1
TiCl-CHq plasma TiC C.01~0.2
Tils-CHa 1200~1400 TiC 0,01~0, 15
NbCls-CHa plasma NbC 0,01~0.1
MoCls-CHa 1200~1400 MoeC 0,02~0. 4
WCls-CHy 1300~1400 WC 0.02~0, 3

* Produet is non-crystalline compound contain-
ing N and H in excess of stoichiometric SisNu
and crystallizes into SisN« above 1300°C form-
ing a compound of SisNu.
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B gibinh 2 iiR{tigoRiiEm e £ OlRkR
D AT O& & OELH B VR

B— 0 mHET SRR A ORGE YRGS~ 0% AR
X - TRPERBENED . RT-AENBE R
ORI L AR 5, 20 —flE D FITR
Ta

TiCls & NH: F@EHHEmicE 5 TIN BRgosd
oS, TiCl & NH: ORARET X - TRTEER
ISR, BSRE 25000 UTold, 3 TiCk
L NHs oI T2 L, 48 500°C IO
BT TiN ~8E T 5 GRIEA), —7F, EARES
800°C DI b4, TiCL & NHs o&GHFEIGICL »T
TiN EMER L, £ ORERIE S T TiN RT0ERT
3 (BIEB), 2BE/MET vE=TRE LIEET,
WERERCMAEEERT 50T, BAEECILE
BEEOE ML, &E o os ikl NH: R bk
M oA IR BT M TH S, TICL-NHs
ZaLo TN BT, ARATHETWEORRS R
HWET, Wik 0.01~0.4 um &IED, BEBICL 5
&, BT REEERTREISEG L > TE 0.1 gm B
TRTED,

e S L S R R G L Ao RBERE LD
BT B

3.2 EEFE
WHFHETE, ENE (GEF3 2, 540, &5
BT v FEERE) EERF T L, BRA AT
EEETRISET . BRPHTREED R PR ERE
s 20T, RN A &SR & ORSTY
b b OERES~ 0TRSO BAC BEEET 5. &
P, FISIC & - T, EEAORE e L B
MHESNC T » CHRAOERMETT 2 L dEEL
WANRBE LWL, BT 375 Ak LT
RESEEEIELCE2CERTE S, LhL, B
=R M TR BB TTE, L D oL
(TiOz 5i0s, Al:Q: 758 MoMAOERIE W THRT
BEC RN T A HETH L, BEFERZOER
LOEREE R G LT TR D S THE O LB RMER T
DERIKH LTV, #i-T, 322115, 3.2.2 TS
Mt kS e OB BN T o4, TYye=TH
AR EHRET O, FrIAFAIY T Y
AEE L) ¥ 3 v EoERy 1 Bbahioga i
(750~1100°C) i & & A-SIC R FOARICERICE
AEhi,

TBEFEICL 5, SRBREORARERIC X S S0,
AlQs, TiOz ZrOs, Fe:Oe, EOHE L ym DT OE—
ELARAN TS £ O 2 A b ORI TO&

FERLE 158

4152 (1987)

Y, BB OREBREMET v T EOSHEEINIC
L5 TiN, ZrN, SiN.He* (Table 2 &), VN 0
i, By vibE A 2 vy EOSIEEISIKE S
MozC, WC, SIC & o {tdsEfh Toai™ ko
DT, EEE ek ORE, iR, BRISOH
B DNTE L OWESTEN TS,

3.2.4 TSR wES

P ATETCRILLTHRS T A~El0 s, 77X
v HBITFESH A2 BA L, B A 2 O REEE&E O
L, EHEEOEOET (BPaF A4y, FYAR
8 BEDHRL, FNLOEBIE > TERNDLEH
BART B, 73 AwENE, T 73 RwRHND
Fik S ERERS S 2 X ER O HEND B,

T F 3 R HENT SIC H Bt SisNe i
FHRETE D, THHBLY U h & RPOEAREER
ELTT ATy A RS 5 & B-5IC Bk
FPUHERT Z, £ 5 A7 ¥ o w b ifn CHsSiCla-Hz
HAREA LBMSERISETY C Lok » T, WiEHE
10~20 nm @ SiC WP T HER T 2, <@ SiC ol
B 00% 7, HLo 0% BRI LEETH 5, BE
et S R AL, SiCls, Na NHe, /003 He %
[ERH 2 & LT 10~50 nm ¢ SibNs BRTEH
TE 5,

PlEokawry—7 73 Avafinic SiC 2 Sl
DEBFE L Dnd B, RO RIZEL, B8
O CRREHMMELEEHRICSATED BHEO SOOI
BENTIT, $hT—2 73 A THEREA NS
O TERGC BB b OTMYORALE L, TLCT,
v, MERRETHAERRAENH T 7 AR
DB DSTERIT L » T B,

EEESEMES s A @ T -7 Al
(175 X=@EMKED, (2)GROFETE RT
B, (3)RERECEL O TERBICEEL C DR
i, (SYEmMEEkOEMDRICERTH S, H0EE
MHBo T, BERHADERPEARDEITS > T
75 A ORETRARC 2R L ORENE B,

Fig. T I @HiEBELNE 77 X £ 5 SiH-CH
FAZPED SIC EHBHOSREETH B, FA
HAMBZEEWEIE > TED, e Ar v =24
=, PE Ar 705 XA, SRR R D
Ao FISEBEROTESN ARE & EEEHE T
M2, MET (2 18101 Pa) TEELH % A 10000 K
DT Ty P e ORLENTEAT S L, ERERT
G AT L— A BHEEE S TIFE L, T2 LT

* SuN, O{ERHLE D SBEIC N & He S iR
B4e
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Reactant gases I Cocling Reactant gases :
{ water ' 1

1
Piasma gas i ‘L L:l ’ ;
! ; ¥ |
Sheath gas Water l| £ Quartz ;
H ! T tuba |
.'""lm"m: I i I
13 J%z__ ! Work |
L9 i H O O-‘/ coil |
et i 1
CGooling water | '
di| dp| @3 ¢ i O Plasma O :
] i O flame O !
| ¥
) t
. =0 ! !
L) 1 : & :
— AR |
RN B
a &z M3 b : Fine particle E
i b e e e e e 2
Exhaust
Tig. 7 RF-plasma reactor.
d: Flow meter e: Mass flow controller g: Alumina plate
h: RF-power source i: Pressure gauge j: Valve
e 2, BEA RO ¢S s e 3~d 90k,

ﬁ&cmémﬁr?5o%®ﬂT@m~%%f i
ETO7 9 A~ I ®moe, £ L7 Sic
DREG 5~10nm T, FRT 20 CfSi =ik
SHBLNEIED, WFEOBHEKRTES, SN @
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