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ABSTRACT

Agglomeration of Y-PSZ and its rclated properiies were stedied. The ulirafine Zr03 powder conlaing 3
mole® YqOs was prepared by a) copreeipitation method, b) hoc petmleum drying method. ¢) sul-gel method,
and the characteristics of calcined powders and the microsiruclures of sintered body were observed.

Powder prepared by the coprecipitation meihod was abour 1254 in crystalhte size and 0. 1~1. Opm of intra-
agglomerate porc size when calcined at 600°C for I hour. Boecanse of small crystaflile size apd weak agglo
merate strength, resultant densification of sintered body was high. But above the lemperature of 1300°C,
ellicrescent phenamena due 1o anions ailached to powder surface was ohserved.

Powder prepared by hol petroleum drving method was 65A in crystallite wize and I~10um of inlraagglome-
rate pore size, and it was observed that the agglemerates were formed during the calcining process. In  this
case despite ol small crystallite size the rate of sintering was slow and the existing Ienticular interagglomerate
pore was nol eliminared to the final stage of sintering,

Powder prepared by scl-gel method showed sclid agglomeretes dus ta  rapid hydrolysis reaction. In  this
powder which involves strong solid agglomerates overall sintering rate®™as determined by the sintering belween

the agglomerates and therelore sinlerability of powders made by sol-gc! method was very poor.
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{a) coprecipilation method {h) hat petroleum drying method.
(c) sal-gel method () powders calcined at 600°C
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Table 1. Mean Parlicle Sizc by TEM and Calculated
from Surface Area by BET at Various
Calcined Temperature

Mﬁ:ﬁis- Calcination ‘ Particle size| Particle sizg
temperature| by TEM by BET

Specimen~.| (O (A (&)
600 125 195
. 800 220 485
1Yz 1000 375 1610
1260 750 4750
600 35 110
800 125 270
PYZ 1000 260 2320
1200 940 0520
600 75 210
) 800 190 3120
SYZ 1000 440 4090
1200 815 5380

2 AEkR AL 00 1pm A To] g A Eer E2AER
st Afraldle] 29 kel Ag A 2
ol A 10pm FE2 #Folel intrasgglomerate pore =
4 Sum AT E BARAAR o4g5]Te A
3o s A 4 ADL
Al Are] 7 Al Dol
Aoz A=, b E4 e AL H4E

goolit 4P HET A FRES 2 E Fes

RN

PE 2SS AEE ¢ 4 s,

f,'\—] u_u 1:1— ﬁ'tﬂo 67301— D _IL o ) a
AR ] [SIRSC IS

A GAL FAATA 2 FHALAOND 5] A
T2 YAE FATE AR A5 1497w
TS AFLEA ASLE D F b ol )
s G $AE] BAE 94¢ WA T ¢

A0 il F2 A9 s
9

wrt FrlE A delds KA 24 9A
¥ FA4=E e goilelr] b 482 es) E51
A ®lTh, ol E §ae &AM AE 37
xS He] vlwd & FHW Lol ¥ g
AA A1E ZA5 Adel 2 eEiaw &
AFo] Actsl 2AW Faba A B4 gal et
Fig.6 & 4% a4 =letwlg SEM = 2 gk A7
L= FAor Az Fo JFAE 2RLA9) =
A7 A FE FHEE PR w]Ee] AF g

el

i o
Zii.

$ 60
=
= T
5 F
e
g =@ o . .
5] _n e
" -
& n -
:‘E{ /i/t - —TA
= ///
= 40 -
L o
- ]
= B
§ —u— Py
Oy o
- 30 —--5YZ
o
T
»
2
600 800 1000 1269
Calematien Temp 'c)
Fig. 4. Plot of green density vs calcination

100

B0

40

Pore volume (%)
'
=

temperalura

Fig. 5. Pore Size distributinn of pawder compact.
(powder ealcined at 600°C {or 1 hour.)

Ce A ehngl Eute] glo]a &4
=% 27 then] 2 @)t Fig ¢4

A rﬂr»}

4 BT F

He 225

AYD =7 FoEE 56 Fig. 7oA =
SRS yele 249 ey} delAm
ek, OIZ{—E— TRYAE gASE 2gd g4
S2b EelA w27 gAY A G YRt
TEEEA /‘j HEE s RE 4708 24 E

YA ATF o] o Es)

off AR EA el =z o0 =5 34
W A 227 22 g3 A% AfFald

223 A 3 & (1985) (13)



%% -4 D-FFE

To0 1300
1c0 | AT TV 1340
g ETalt
e BPZ lggr
- o575t 130
g Y — e .,
.:21 &0 E.
P iﬁ:\" .
& 70 s T
5 -Q\\\_
= - 8-
o 60
i 1—__,“__—_
a e
2 50

200 a0g 1000 1za0

Calcinaticr Temperature (70)

Fig. 7. Plot of relative density vs calcination tempe-
rature, {Compact sinlered al 1300°C and 1500°C
for § hrs.)

(b)

100
—~ 90
[
= &80
mn
2
nTo E
g
Pn 60
o — —a— E¥G
& 50 —¥— pyz
R 17
1200 1300 1500 1700

Smterlirg Tenperature (°C)

Tiz. 8. Plot of relative density vs sintering
temperature

Fip. 6. SEM photographs of fraclure surface <

of powder compacts calcined al 600°C Bgolgld SLEEe] glo] e Axd AL
(a) EXZ () PYZ (o) SYZ oA asR gAY adzle] F=2 A= 4
AZo] FA A =72 TAEe] A =G o] AR
ZAP ez Azd S @Y= 39 o2 BH Exyas ax el s #H4d=
A8 aAr An S4Ee] i FRMeE Axy aBA el g Fame YA AAEE vt F
Bk gy el Asz e Fo] 2 G 43 Ade £ & gled ol $ALAA 22349 7

A A =P 7b =s R AUeE Ll AL zq del=dA L 2w Fe®
A A58 & & Arh Mg 109 SEM Azle 4 §20Hd FRHes a0
Fig. 9% 1300°C 2 4% Age del s SEM e Zol7 Asdefafel a2y #| &% eforescent o] ik
2 e Apdles FAder BER AR 4 T % =




| ik o

mE Y-PSZ £2kd

%.;}(J 1::1 | E}é

Fig. 9 SEM photogmphs of fracture surface of
sintered body (sintered at 1300°C for 5
hrs} (a) EYZ (b PYZ (c) SYZ

T £dzve Add SR 4 9Ad A 22
(diflerentie]l sintering) o] =)4] 25 97 _:_F‘/ﬂ Lt
el B ) e e e - e e i B B )
ol A ] g7l el

WA 2P oz

e Hps s

=

]OL_?.

79 1300°C ojifg] £

Fig. 10 Lenticular voids doe to imra-agclomerates
sintering in FSZ and effiorescent phenomena
due to anions attached to ZrQs powder surlace
in EYZ., (2) PYZ sintered at 1300°C for 3
brs (b) EYZ smered at 1500°C {ar 5 hrs

7FR el 1

o2 A3 ﬂ g o]z =a

AT on o|Eir 0 Fd] 2z
M8 (Fig. 10.6).
A= FAA Cloeol g 714 7

Fziel,

AL 3mol% Yalp HEY
=L o K] = -

M, B0y 9 2aves ]
- P [

o gl SAYAD A%E T4

(1l
fu r—gm ¥2 of

D FEWes Azg FEdAs 0CqAq 14
7 shadt A% AFUR

717k ok 195A0] ¢ o 23]
1

A7 A Az Felal 011 0pn BT E



AFT -7
gasge, odd $he 12044 AAE $4
He| How QA A% 2AA Hel adol

o) A FA TGt 100°C el Y L

| Ax Rare] Eule] mFg Cleld 7 et
= cfflorescent 94 w1 5o wAEY £2AE 2717F
ol ¥ ]}

2 AGEugow Az Bre JidAas]st
o 654 o8 W% RlAsAAR SaTATd 2R Y
Al 7)ol 9F 1~10pm = =2Al AAEke] AR
7} ol fgle] mlgler] ol g Fel A &7
QAN $ABe el 9Fte] 2AFY] FAZ A
wlaE A e A= J e YA dlEd &2
s =97 24948 AAEE sk AAatgle

5 AW gelal FAE AdrE] e TEE
o] 2A-2QYAE F2AF £ TAF 2 Do
w3 o|g] g Boadd A9 &l Fe AT 7
wha] Sl mA-ex] A g9 2 A=

o2 ABS FFsle] L W gl H4E &
AeAe 13944 v 5 adag 24U ES
i) delme]E Fgale] E 8 ey £AAY =
A Fao Aex Fger] A Eo ALGE
AR 283% 47 dalAs AL wAEE A
L 77, =e £A9AC 34 EE SFAEE &
AAe =7 e e A=y, 3497
AATYE Bo T AT des a5 et

distribilion Ao Z&% T4

References

1y R C. Garvie, el al,, “Ceramic Steel?”, INature,
958, 708~704, (1975)

2) K.S. Mazdiyasni, el al.,, “Powder Synthesis from
Melallorgenic Procursars™, Ceram. Inter, B(2),
42~056 (1982)

%) N. Claussen, “Stress-Induced Transformation of
Tetragonal ZrJ; Particles in Ceramic Matrices”,
J. Am. Ceram. Sec., 81 (1~2), 85~86 (1978)

4) K. Haberko, et al., PP-
623~634, Ediled by Elsevier
Secientific Publishing Co, Amsterdam—Qxford-New
Yorl (1983)

5) F.F. Lapge, “Transformation Toughening; Parl

“Ceramic Powdors”.

P. Vincenzini,

{16)

- FwE
. J. Mar. Sei. 17(1) 225~234 (1982)
6) A. Roosen. er al, “Ceramic Powders” pp. 773
~782, Ed by p. Vincenzini, Elsevier Scientific
Publishing Ce, Amsterdam-Oxford-New York
{1983}

73 G, Y. Onnda, et al, “Ceramic Processing befare
Firing”. pp.36~37, John Wiley & Sons, New
York (1978)

8) F.F. Lange, “Transformation Toughening; Part
m=, 7. Mat. Sci. 17(1) 240~246 (1982)

gy S.Y. Fyun, “Fabrication of Stabilized ZrQ: by
Hot Petralewn Drying Methad”, Ceram. Inter.

5(2) 61~G5 (1979)

M A.C.G. van de Graaf and A.J. Burggraal,

“Wet-Chemical Preparation of Zirconia Powders;

19)

Their Microstructure and Behavior, ™ pp. 744~765
Vol. 12, Edited by
A.H. Heuer, American Ceramic Society, Inc.,
(1984)

K.S. Mazdiyasni, et al,, “Cubic Phasc Stabiliz-
ation of Translueeni YUria-Zirconia at Vory Low
Temperatures” J. Am. Ceram. Sec. 50(10), 53
2~537 (1967)

C. Orr.
Edited by G.Y. Onoda pp. 39~59.
& Sons, New York (1978).

D.E. Niesz, et al., “Ceramic Processing before
Firing”, Ldited by G.Y Onoda, pp. 61~64. John
Wiley & Sons New York (1978)

1 B. Cutler. “Ceramic Processing before Firing™
Edited hy G.¥. Quoda. pp.21~26. JohnWiley
& Sons, MNew York (1978)

W.H. Rhodes, “Agglomerate and Particle

in Advances in Ceramics,

113

Processing  before Firing. ™
John Wiley

13 “Ceramic

13)

14)

Size-
Eflects on Sintering Yttria-Stabilized Zirconia.”
J. A Ceram. Soc., 64(1) 19~22. (1981
Edited by P.
Vincenzini pp. 635~630. Elsevier Scicntific publi-
shingCo. Amsterdam- New Yorl-Oxford (1983)
C.E. Scott, et al., “Analysis of Cl- ions Laun-

18) T.T. Lange, “Ceramic Powder”

17
dered from Submicron Zirconia Powders, ” Ceram.
Bufl., 57(8) T41~743 (1978)

M.H. Leipold, et al.,, “Effect of Anions on Hot-
Pressing of MgC,” J. Am. Ceram. Sec., 56(4)
900~203 (1973).

18)

FELEE



