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The Effect of Pressure on the Abnormal Grain Growth in Alumina
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Abnormal grain growth in alumina was investizated during sinter-HIP process for better understanding of pressure eflect on
microstructural development. Abnormal grain growth of monolithie alumina was observed near surtace region rather than nterior
region of specimen. Finite elerment analysis was used to estrmale the pressure distribution developed m the specimen. Pressure
distribution analysis was in good agreerment with grain size distribution in the specimen. The results of finife element analysis provided
that abnormal grain growth of monolithic alumina was resulted from the inhomogeneous pressure distribution in the specimen. MgO
addition in alumina was effective for the suppression of abnormal grain growth in alumina under inhomogeneous pressure disiribution

during smter-HIP process.
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Fig. 1. Cross sectional microstructures of alumina, Specimen sintered at 1600°C, 1500 atm, for 0.5 h.
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Fig. 3. Variation of aspect ratios in monolithic alumina from
surface to center.
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Uepach, @Az Banel deeit Ala ] v YAt
BA7 R ) FlEgAER, 2) A sk B+
3 ez 3) Al E4dd YRR 4) PARS e R
dla] SAM0)] FPgel 1 HleE aHA
S AR QF v YAE el AEE Ay 1
a7)2e] HATe] AYs) Brie ARl TR Aofrt
v oz @] B EAEcE Ae 2AE P Ze]th
map, B 283 2 HP #7155 ) @il
olg HjAA gl el ZhsEteld At ARe] S

2wz zlelyt FAsljel fivk 18
1}, HIP #Ed Arad Ame] A 4R 08.8% %2
Fmee Wi vlTEs B2 715 SRl o
= QA FGT e, 2 2

el g WA WA

m
>
ofl

e
I}
M
=
-
1o
™,
ok
i
i
¥



Q] KA QAR BRI e 9% 621

A el ERYT B el Zleo] okehs FlE
LERATY

A, dA EAEE Endd dgEEsE A Azt
e 9 vyEke AL ol oY TR o5 B
AEgen o]z dfuel 22 S hexagonal) A7
2

i

flo

o
Ao =
ZE AV 2gRel mE YA £ Aeolrt & At
OAATE e A ol s AE g
T ol SAA] w-g4d

= =l X 2
= Bl 9 Mé%-l'ﬂl 35 °1W°ﬂ ]
= Adred, ole e o3 A

AR Ao g Bl A ] #EEe 2
T Z3et 7.‘}0] A 3Edel] spEElez HIAA A

P Oe By 9ok

AT EFLS UE FEE AT A RS A
Ao e E TIEAL B AE CHfE’:]D" Laelygo
& st el Pyl e A4 DA < 9
ot ole, aEE7 AFENEE

So) gl AT G0
PE A QA g

mL“‘

= —_—

HE How ef2g 4

-lc»

g ] *] " i
A-7igEelso] vl dadas 24717 "ok WA
A YRR 29l 2 AaE Bl JEEEE A2
2716 £AlIshks 7172 2 £8 Aoz g X128}
Hro| BRdAde AAdz sl ot WA, g5 22
Zo| &8 ALg @A thard agglomerate)”} EA|E 7
T A YAMEE s FeE FREhd A
Evdae dfl gqle oulx] AR g Zlom o

Jaé Qe aOl A= el A3
olglE =H, vk A
Hadz ol Bl ﬂt}b »ud éﬁc} 9 AAAN delami-

O

7hSick. 9, ol B IR WRERE FLA]
33 YAy VY Ee WS R AT B0} Sol
& Z4oiE Fhesich a4} AR A
ke 3%

G MR dAge wase o), gee
At SpEel Bolg 298 VY QAEEE @
A BT 6 G, BT AT HP A2 WA 9
e ln A7 49E Aoz nuHe gou
HIP %24 9% ols) vl gy delolt A7
of g AE 4 olFolA 9lx wrh mEb, B R
A ARE A RN 9 LRI HIP He)

Re= G oF

32 FEIRAHS ARSS Hlx*ét iR s BN
HIP Azld AN Bmfoe cgee] vgagizlse
FE= AP Al R ﬂﬂk E—ﬁw 32 A7} ﬂ&ﬂz
Aoz FE vy Yabgael aqle Al B
TER U A4 A @3] ohd HIP Z%EW 1
WEOE HEE, o) Ao} B4k
AAbddel dlolehs A HIP A2 ol
Axe W@ el acle] wAsteof
ol dwEor wga WA 47&5110161}
ot weEbd, HIP 248 Adiadas v=A g Elw
B Shte] H1ga YabdAe] grle] Ao R Al
]

rﬂ o
[v] ;9’

& Bi e i R deorir rg

1

E,
T

i) r_>.i

FRUT 4 BRI B YR 4010 AW
S gIe kb olele A1 sl B el viAA

YAl Al fEe BEdAS §9haA (FEM:
Finile Element Methodre =%l 44433 48 A)=sfoA}
9o, quasisymmetry wodel2 AA 3 ANSYS™a]
siress analysis module o] £3}31T)

Fig. 5% ftadlel o3 APy S8y A=z
o] Al ZREA] AR ERIFC] W Ro] W

[

ot

l~rlrL
o,
_};!41‘_
9,

7h g A g JRE AEEE HYEE
dadlalnt. 58] Al 2AE FReA FHRE Sold
A WRET 27 sk 2ol MXEaL 3718
X2 7P 2 3Ye| dede FELE 994 WAy AF
o] AE Zlow PO ol Fg 19] vATEA A

AFE ARG 5 wjel B ] 9l Ao T AT ¢
© HIP #e]r] 7185l S8e] Fagtolele AlHe] &
meEl G et AL Ve E des B A 2
A BMEE FALE FHBE
AL vepdr). oj2idt b=
Kwon® Kim™e] ® 73 45} ?H:m')‘qﬁiﬂ o] L. At
§F AEA) MY mRRY B H-2ollA QRG] F

2 F9em A8 Uis 2gE é'%!‘?lﬁol SolA]| 2 7
=t aETE 2ol fASITE el Kwondt Kime
B ARRES) E2 @R ARS (3 22 A%
org E dge fo] g2 gekbdEe] AZdwz)

re,
oo
i
e
He
)
o
o,
it}
Ruh
o Il
pa
flJlD

(
{4
=
S
_,,

_J

=

After HIP

= o= «= Before HIP

Fig. 5. FEM result of stress analysis in the specimen during
HIP process. (Arrow indicates external pressure).

A 37 A A T EZL2000



622 up

08.8%0] =gE A|TZ Tl HIP
th B A7 HAE FEM &

!iC _A_.
_E
I
2

Adzhe AR drde ?3-94%&5'_71- 289 % 9
e A% FNEOE Uehis Ro® i R £4
2 Sfalie HIP #2004) P HRE Ba )

el oﬂ?ﬂ dYsolos ¢ oz ded

Bl s E]WJ A Azl £} A7)
o3 aglurhe reel] os) & P2 whor 150 MPa
olde) agtol B84l B MgEE RoE e gn
e, oje Wre] v iR Adde] B ESES 2
& A0 v QUL 2elel BRI B
= 253 molHolgld g E A7eld fEE AH T
HEe| v)gAF QA Rle] Hos oe o] Bga g3xel 7
< “d7Hq] FEM AFel daepy, Quldoz gl
HIP Az|Aells WAl 7153 Aow vzl Zeiu}, |4
A elAdAre] TRsAle B AAsh Ay B e =24,
& olRkd el gAdA s B, hexagonal Al °‘74]°ﬂ
FEAehs AAE RS oE&g Flos g Klm‘: o
Fa2UE olg HIPY U2 B3940 ols) ¥
A5 wo] dojyrin WIS, olgs ?i%oﬂ&-]f

capsule el 98 HIPL.Z A4 stainless steel A2 =Zu
container®| XpbEsfE ¢lsled B Al duls
o] EadEiAl 2 & Stk BaEtr). Kimee i
T ABAE capsuled AHES10] HIP 4B 3F%7] o&
of B A% zAdMLL o] siner-HIPL R AT TFHR
7b capsule 9L slAEE F, olv] AEErt Ao FE
o] drPdAe] ZAEEE 2P Aolrt ook ey
2 A AT YA ARl FEe) B

FLE ol BeAl B P DAY Dol by
ol EAT.
Fig. 6= HIP A& %39 olyrxs vehls zoz

Fig. 6. SEM micrograph shows subgrains in the monolithic
alumuna grain.

HER LT

v Yabdae] dojuk Al#e] 4 Yapfiela old
H(subgrain)®] <=H]7} HoiE]glom eriEE AlHe A

¢ olFAY L 1]—%5];{] 1__5}}‘-1:]. pgx-]ﬁﬂo] A@H:Eh:}‘:_ #

1— HJbJ-i Hﬁﬁéﬂf ,i_i HIp
4—7521—1«} A2 ol 7l &
—fﬂﬂlﬁ_ ]: Iﬂrﬂ} l. 4= 0] %ﬁ%]"éﬁi ¢ls)

== Be 530113’—1“ /—‘-ﬂbouaf——“4 2 uile] HIp
4 £a QAR 12N AnEE
aziRlen, oz o)
sige A, =
L iﬁ]‘(vacﬂncy)-% Zaks 7
95 He) o|elE

(dislocation loopiE
e g i |
ﬁH{ el %
slod YAl Re] HHREE
o YAel HAE 2 .
HIP 2482 38 F3bolaf ol Roixl= e 5 4
Yog HIP 22775 A8Z Bel(creep model)2 7—“‘1%
o 7lEsirh* 4 ‘ﬂ';ﬂii Azt aAle] ZEze 8]

=

E.
2=

e

G
GH i

EL7F Heng e A]EA S NHY HRER]
Sl Coble HgZe}l §lAE4te] 38 Nabarro-Herring =

Aegstar ol ol d lﬁif—i
Ujr_‘i A=} _rﬂ-)\]vmﬂ
Aok G AT Aol 7
o] Zx=Ee) ogf HY, = 1:?7‘})?:-];{9'% 315
A Q]Z]JJJSI-O] 01011-1* 7}———)\'1
Wl]l%g]' MLCoy

Tf] C’l

':.:_Io 9_?1:1 o]a] =2

o] RiErt

3.3. MgO =710
Fig. 7&

o8t ehR0jLto] HIFA ARMIE oK)
shEmubel et el
RATZE HER Ao MeO7h F718 ASels AlH
FrAela] vl gl gol 3 9A @) wlEhA,
HIP #|2]A] Ajuie] 9efe] Barelde] S4giEels MO

i 2T By Qe EHEoR oY
= ek 2% ekt FA7A] SR 9EIU MeO
7L A7HE Bl A HIP Aol 02 S
glol] €)% gele] el o 4TE P12 A
o 5 WYk Aol AAEe A Q. ol YHl



%‘%EJTL]-E] 2 ¢ X]"K 7l U]"'E

Fig. 7. SEM 1mc1onmphs t-f (1) undoped alumma (b)Y MgO-
doped aluming. Specimens were sinter-HIP treated at
1600°C, 1500 atm, for 0.5 h.

o HIP A7k 2 Adsht 223 el 28 AA
Aoz @7 N Aom AL, WA wae vl
o w= UTAjL} oo s MeOTt AriE A
WEhE ol=i WA 9ASE atel elxn® Q)

S 1 HA

LY

Vel HIP A4 A9 A% 9A A9 olEA] A
Wl 7I7E mEE Aow gEa Gu Tnkte)
S22 A7 MO $AUE WAk AL0E 1]

4 g 9o}, F7RE Mg oL 4FRAve] M:g-r_?g;,v].

e 2gRo] FAS] dALRE AT AoE 1

Ho] ATk wfeba], SFuvbe] HIP #2lAl MgO féﬂ?]«t

A} B0 gl vjs] vl YA A B &

Y Aew wwEch

2 Aol E3de qEPEe A8 YRt 2o

A QAL MO HUIR <lE) gagey, A%

EFA T Mg7r 18 A5 hgriue] Bl abg
35 7hede] alvt ey Mpost #Hobe &

TV RS FUT S5(1600°C)2 YHA1500 atm)
7t

oA HIPAZMS § he= Z7pA7 AL (600°C, 1500
atg, 0.5 hell&]l HIP ==& 1600°CelA 32 h &< €3
23 e viAdlEE A 3 A8 muReA

MgO Hurz <lgh u)AA a9 BEhE)x] ek,

12o] gk 023

=
T
i

GFofe] Al glEo] Hl;ﬁ% Aaga Age vlA]
= 93 ] fEked YRs
H7re AET FrrelA] e AEE AYadFEd =
1600°C, 1500 atme] Z7olAM BIP Asle) g3 7
7_3‘5_-_.,:— O—?O-'h:]_
1. #220 Suuke] g HIP 2] AlE gl el
H% ‘% AR} AH deae] Bk daldag
2 el R e sHE A A
ujellA dAle= kgl o3 Waes B8 4 gy
dlAe] WMo o Hjal & Hoem IFAEYC: weba
%JEDTLI-C’l HZ AR HIP XA ool B
Garel] elgk WHe] Aol I3 FEE o g A
ﬁJ—ﬂ, MgO 7R YA See %%D]L ?EUIOH tﬂﬁ
aazalslend, apebd MgO #71E ¢l &
Z QI fEE nAat GadAE oAE wtﬂ 4—2%01
Sir

2, HAEE A

(subgraimye] EA7} 2

1R ey AplRe] dE Y
folsjgieh, ol HIP Aeld] ke
_l_]o]Ecq Ofl?':ﬂ-_Q _%_o{ v Ar CQ
Aoz A Aemest v
) B 22 205 TEME

JE. O-N
'n

r
!
il
B
M
]
il

O rﬂ

REFERENCES

1. Y. Liv and B. R. Patlerson, “Grain Growth Inhibuion by
Porosity,” Acta metall, mater. 41(9), 2051-36 {1993).

. J. Roedel and A. M. Glaeser, “Production of Controlled-
Morphology Pore Arrays : Implicaticns and Opportunities,”
Jo Am. Ceram. Soc., TO8), T172-C175 (1987

3. M. Sakarcan, C. H. Hsueh and A. G. Evans. “Experimental
Assessment of Pore Breakaway during Sintering,” J. Am.
Ceraiir Soc., 66(6), 456-62 {(1983).

4. 1. W. Roedel, “Application of Controlled Interfacial Pore
Structures 1o Pore Perturbation and Pore Drag in Alumina,”
Ph D. Thesis, Univ. of CALIFORNIA at BERKELEY
(1983).

5. K A. Berry and M. P Harmer, “Elfect of MgQ Solute on
Microstructure Development in AlaO3,” J. Am. Ceram. Spc..
69(2), 143-45 (1986).

6, P. 1. Jorgensen. “Modification of Sintering Kinetics by
Solute Segregation in AlO3.” 7. Am. Ceran. Soc., 48(4),
207-16 {1965).

7. 8-Y. Park. "Influence of a Liquid Phase on the Micro-
structure Developmenl of Al,O,” J. Mat. Sci. Lett.. 15, §78-
80 (1996).

8. W, A. Kaysser, M. Sprissler, C. A. Handwerker and J. E.
Bilendell. “Effect of a Ll(.]l.lld Phase on the Morphology of
Grain Growth in Alumina,” J Anr. Ceramn. Soc., T0{3) 339-

=]

A 37 - A T E 000



624

10.

1L

12,

13,

14.

15.

16,

7.

43 (1987).

. R. Brydson, ef. al., “Microstructure and Chemistry of In-

tergranular Glassy Films in Liquid-Phase-Sintered Alu-
mina,” J. Am, Ceram. Svc., 81(2), 369-79 (1998).

D.-Y. Kim, S. M. Wiederhorn, B. J. Hockey, C. A. Hand-
werker and I, E. Blendell, “Stability and Surface Energies of
Wetted Grain Boundaries in Aluminum Ogide,” J. Am.
Ceram. Soc.. 77, 444-53 (1994).

T.-T. Fang, “Abnormal Grain Growth mn Sintering Powder
Compact,” Scripia Metal., 22, 9-15 (1988).

H. Song and R. L. Coble, “Origin and Growth Kinetics of
Platelike Abnormal Grains in Liguid-Phase-Sintered Alu-
mina.” J. Am. Ceram. Soc., 73(7), 2077 (1990).

M. Hilert, “On the Theory of Normal and Abnormal Grain
Growllh.” Acra. metall., 130 227-32 (1963),

P R. Rios, “Abnormal Grain Growth Development [rom
Uniform Grain Size Distributions,” Acta. mater.. 45(4).
1785-89 (1965).

H. Song and R. L. Coble, *Morphology of Platelike Ab-
pormal Graips in Liguid-Phase-Sintered Alumina.” J. Am.
Ceram. Soc., T37). 2086-90 (1990).

C. A. Hapndwerker, P. A. Morris and R. I.. Coble, “Effect of
Chemical Inhomogenities on Grain Growth and Micro-
structure in Al:Og,” J Am. Ceram. Soc., 72(1), 130-36
(1989).

I. I. Bae and S. G. Baik, “Abnormal Grain Growth of
Alumina,” J. Am. Ceram. Soc., 80(3), 1149-56 (1997).

e BT R

23.

HiAne], «ehEwulel vlAAk el ek AT v
ol EEET| (1992).

olZA0E, “Sinter-HIP 24 23 SiC Whisker-Alumina?]
B el A Aab S2=R, KAIST (1988).
9lEgl, ~Siner plus HIPY 218 AlLO, 2932 A)Zd
ol

2l Zrn Azl w2 wAdlE WEl” AAERRERE, A
ZHE. (1986).

. K. Y. Eun, “The Abnormal Grain Growth and the Effects of

Ni Substitution on Mechamcal Properties in Sintered WC-
Co Alloys,” Ph. D. Thesis. KAIST (1983).

. 5.-D. Shin, C. -5. Son, J. -H. Han and D. -Y, Kim. “Effec(

of Sintering Atmosphere on the Densification and Abnormal
Grain Growth in ZnQ,” J. An. Ceram. Soc.. 79(2), 565-67
(1996).

K. T. Kim, Y. S. Kwon and H. G. Kim, “Near-nel-shape
Forming of Alumina Powder Under Hot Pressing and Hot
Tsostatic Pressing,” Int J. Mech. Sci., 39(9), 1011-22 (1997).

24, 1. Besson and M. Abouaf, “Grain Growth Enhancement in

Alumina during Hot Isostatic Pressing.” Acta. metall., 39
(1), 2225-34 (1991).

. ROR Wills and J. K. McCoy. “Interface-Reaction-Caon-

trolled Kinetics in the Hot Isoslatic Pressing of Sub-
micromeler Alumina Powder.” J. Am. Ceram. Soc., 68(4).
C95-C96 (19835).

. S. Baik, D. E. Fowler, ]. M. Blakely and R. Raj. "Se-

gregation of Mg to the (0001) Surface of Doped Sapphire,”
J. Am. Ceram. Soc., 68(5), 281-86 (1983),



