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ABSTRACT

Several AlsOsbased polyervctalline which

by doping pure Cr20s, ZrDy, HEO..

Single crystalline which had sama composiiion with above polverystaliice were made by means

zone method,

had different dopani ratio in the range of 0. 5mol%

, were prepared

of lleaiting

This study examined the role of each dopant {o1 enhaneing the mechanical properties of Aledy-hased Ceramics.

Optical micrographs (<200) of AlsOg-CraO5 single crystal showing not only rodiad crack (ve) on the specimen

surface but median crack(me) and laternl crack(le) under surface at the edge of indenlalion mark.

Fraclore tonghness of AlsDshased Ceramics was increased wilth Zr0s content,

Alloying effect of CroUp contributed to the hardness of AlsQj based ceramics.

zalel

Alumina = -7 Q3] Al9s =3
Ad o\ 2R d 95 5455
2 A % (dynamic structural materials) =
Fol A= gy
Aluniing 2 = Zﬂ
4R FA2 AAHe g,
AlQxBased Ceramic 8] 777 E4& E£3477
HAAA S dT7F 722 2 dF4E ALD
o) Zr0y HiOs, CrOs%F 0.5m/fo ¥4 =4 7
Aer 2 c-] 31 B AoAe B N maEstd $H]
4 B4 4% Auger, o187 24T =4
2 GRS weq 4 994
14 99884 93 40

47 B,

7 el 2874 2o]
g4 o o EA

A A4 %
A QgL
A BE 8 A ek 2

1,1.

SEEEER R
284

224

‘(I“

=1 A

e

i,
Boo m

i_.,.’_i‘

i

2
mt, i

i

b
=)

e,
=) {J\"

1

rib
el
N
ol
o

. &8 &4

-

I-1 ExQp 24 mat
L0 2xd| oot o g ke 3 wAel Y
& 7HR
~ °C 2370°
AR (- Zr0y) P A g (- Zr0) e
~900°C

97 (T
A7 941

Py A,

gaA g qlela] W 3~5vfo g
it 1) m-ZrQy; monoclinie Zr0s
2y -Zr0y; tetragonal ZrOs
3) eZrOq; cubic ZrOs.
Pansal and A.H. HeuerP%
AL shg i Y 2a)#
RS & A g

o]'i
.T;}Q}Eﬂ ‘—‘[I ?C'] »
242 3]

g ate] m-Zy0y =
AAEr d oz
she Aol 2



Alg0s/ CraQa-Zr0:/HIQ, 7] 2]

AHRA, martensitic Waig] 53 ARA FA
Surface Upheaval & 42 #-absle] Zr(0:9 m~ZrCy
A7 o] = martensitic ¥ ¥ L gl e,

ol gk Zr0z AW el Bgo] 93 ZrOs-conlaining
A 94T FE @7 w944
Al AN 4Gl honl o F e 3
7,

1-1. wl A9 A4 2 32 Microerack Nucleation

8 Extension)

Lange ¥ Davidge %} Green®2-

ceramies 2]

g Goirk

=7 A48 4 oS vk A] gt dew
Ze A4 FEdigl

Dg=efof

Do F4¢ A4 9994 2

ot 9177|253 {(Tensile Matrix Stress)
ek 9771589 (ool FolEkel Fae Q43
£ QAR Dot Faid e 42 4
AT Moy e] 44 St 2k
Fig. 1& Ceramic 3549 43s] Rgeld olul

= Qw948 arﬂm-

D w0 E AR GRS @) a2 B
SERECE :»:A | AR5 Ao (M=, —u)
of A= A5 E AAAA LR 275 Ao,
& 44 sq ) ARz 476 goiT YA

A& 45

ER e

EAsE
1-ZrOp—mn-Zr0s

O 7 e
1 Ao low - o )= Sall tensle matnx siress
Macrocreck (by Coarse oarticle} ; Gy siEe
2) Ao t Phoze Tran= Largs tensile matny stress.
Microcrack { By Fing Particle){Cn slze
De 2 T/0% { Lange's enorgy balonce eq)
G Ds,
Be Cri paticle size
gt Tensile Matrx siress

2 Qther elast'c proper*ies

- . .
Fig. 1. General phenomena ol composiie ceramics

Azl A 6 5(1e85)

7 A%

-H 7,
_%/Jé ™ ZrDz
. T B
Crack == & >/: Ao
—

A ® 7
@ \H Wicra-
l‘ Frocess Zane i !_3‘
b
L ]

\i\a/}

erack

Pa hole size b o size
Tor yhentag Ageni = Misrocrack (mone ZrQz)

Fig. 2. Simplified stress distribution In process zone
at tip of primary crack; &1 elastic-quasiplastic
solution. Intergranular and granular microc-
racks formed al inclusion wiihin process zone.
(Nils Claussen) Ref. (4)

Aalole] ope SR Estel g6 FA A Fal
A7 QA A Aol (el AAA AT AE
AAAALH (¢) BEE G4 F 6T fAAA T
¢ AR & e YA 2% Fadnw,

e A YA Sl AATdL Arfe] FU

Al G g

e AALE ZAZ Clanssen®® 2 Zr0p-hased
composite ] 4] TFig.20]4 2l 2% 7149 Ao 4
Aste A ar] o)A 2Dy ¢ A= W 7A] m-ZrOs,
2% FRel% Qo HATLE AFHA H3 oy
1A gAs TR

o
=
g el A g g o] 952
{crack tip)e] 4280 =
one o1 o A2 HS AATLE A3E 2

2 AR ¥R, F oAfdd sFEd P

AR golse] dAFHe) Feme Aue A
Aol T Adsig s, D0 AP 274

WA 27 Sl B Lel A 70,
7} process zone theof 4] m-ZrOy= o]
8 A4 {microcrack nuclestion)o] 28
Pedein A s,

old] WAlFde FFde=
m-Zr04] §1AtZA] A Az BRI ge] FrAT4E 7
Ad), $Ad g AUAL B4R ZATHR
£ s,

1-2. &% Fx A7e]® W (Stress-Induced Phase

A 20y
o vz 4

SR E

£t

lete

Translormation)
4-Zr0pt] M m-Zrego B o)) ©E
w8 Fig Sof lelilsie,
P3Z 9 ZrOs-containing composite «f 4 sb#] 7 =
W rddEe S U6 g gA] ol 8
FW 20y YA A G wZr0pe E Aol E

a7 F5

{43)



G40 & 714 mari)el WY 20 $4
Az A2 Z1A8 A5 (constraint effect) ] £
o Z0% AEAR GFE AWBWLO)LE E
2o 24 ALOyZ10.48] toughening®] F48 779
=gy el wE Y FAs AN T

o1 A =gk

et Zilest Y8 F2E A LR wE,

Pdriicle sire ( Or1 size Al e E4 a] ZrCys A 103 72 A8 A5, 7
Toughening Agens - Tetrcgona) 7rG: 2R e A 0 ZrDy8) 718 228 A5d x
Stress- Induced Phase Transformation 020 Aol £m b 20,

A2 0 B o)z}l H =

. 2o Homz A9 £ dagste]x EFas H0;
Fig. 8 Simplificd stress dislribulion in process zoune 8] ohol 2 olahim E ZE) 1,.31 T o] w7
at tip of primary crack; b clastic-guasipl- 2] .}-D] ZATFE Iy & (=Zr0g0] @A

agtic solution. Compressive stress occurs

around ZrOs(m) crystallite due to transfor- A2 off A 1 wf i k@ ZrOgET L o o B |
mational volume cxpansion within process A B ‘31”*] w2 0.9 @ A4S 7hnAH

Zone (Nils Clanssen) Ref: (1) . - -
ALOssl A9 3 Al HE FAAA R L0 P

o o 7|49 Cohcrency & A4 de] 29Ag «  wel wE AT A4g HS Gol s s,
VAR Beds B4 Adold wE Aggzs @ A wE S FEH (chemical driving
2 95y sE2E s AR FEe] AL o force) & 27 zhef wlE AR ZeQel 47 w3l
AAR oA AR5 & FAAATE o) gk A 5% sheihA g

welA w)ldelge 23477 Q44 E Ze0e 1A T-3. AleQ-CrpOgl0~17 =3 at
g =& A= FA 2 EAATE (Y08 Cal, Crol0s AlDas} 548 F& (corundum)E ztzo
Mgd) 5-¢ AEY) 245 4009 #2588 5 (ALC)Os 235 2 J Q8] ZrOgr} HIOz2H binary
FFA 7 = Aol dasieh phase & #4417 gom= Zr oq, HIo,cq] 48 ALO;

1-2. Zr0yHEQ; T8 Suptors A F SR b FE FA T CrOpe] T8 A

Ala03 ( corunduri Sb.) cee---.-- -?7 Fro; (M=—2rQy =—=t—2irgs —-@-3t0z)
S
N4

CroCy ( Corundum 5:t.) -'..’__,_A gEps (M-UFO2 -—e o-1I00: — =3 1E0 5]

Ex0; {Stress-inaaced microcracking

loughness & microcrack extension)
ALAD . e i-Sw CacH hRals
el f MEt o

NEO, (1igh ML tems. low o 5171

) \\&O A

i

B Sintering
— .

Hardness
—stlicmr—— ‘
1100 1500 13047

Cry03 [{Strong icnic honding)

i Temparabure {°0
————— S50lid Sclution = ey

4 -------~- Dispersion

Fig. 4. Expected alloying and dispersion effect of each dopants in AlyOsbased ceramics, Dashed
line represents solid solution formation and dotted line indicates dispersion states.

(44) 89 8z



Alg03;"Cl‘gOg*ZlOg;"}[ng AE AFA AF

A1203/Cr203 - Zl‘an/HfOz

{Wet mMilling |

l nyilng j

Sealed
Pre~-Pressin
Rubber Tube _{ I (Ll

300 Kg/émz-hsostatic Pressing J

[ gintering J

Fig. 5. Experimental procedure & batch composition
lor AlOs-based polycrystalline specimen.
Batclh composition of table 2 were preparcd
inlenticnally for examining the solid selution
and dispersion relation of AlQs,  CriOs
Zr(s in eniire composition range.

Table 1. Preparation of Paolyerysialline Specimen

System (m/o) Symbels | Sintering Condition]

C: 0.80%

A: 89.50% o 18500
Z: 0.50%

A 89.50%

C: 0.30% P-3 1850C
Zi 0.20%

A: 99.50%

Z: 0.30% P-4 18350C
H: 0.20%

AT 99.50%

C: 0.80% b 8500
Z:0.10% E 1

H: 0.10%
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Table 3. Preparation of Single-Crystalline Specimen

System (m/o} Symbols Fusing Condition
A: 99, 50% over 2000C
C: 0.50% S-1 Seed Ruby
A: 99.50% over 2000C
Z 0.50% 5-2 Seed Sapphire
A: 90, 50%

C: 0.30% 3-3 o

Z: 0.20%

A 99.50%

Z: 0.30% S-4 i
H: 0.20%

A 99.50%
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Z: 0.10% -5 “
H: 0.10%
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Fiz.10. Optical micrographs {<2000) of AlOs—Cr:0;3 singlecrysials showing crack propagalion at
the edge of indentation mark after Blg load. Above photo showing not only radial cracl
(re) on ike swiface but median crack (mc) and lateral crack (ic) uader surface,
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Fig. 12, Optical micrographs (200 of AlOs-hased singlecrystals showing crack propagation at the edge ol
indentation mark afler 6Kg load.
SEM micrograph showing the segregation of HIOs & Zr(y particle in S—4 systom.
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Tig. 13. Optical micrograph {3200} of AlsDs-based polyerystzls showing crack propagation

indentation mark after 7Kg load.
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