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ABSTRACT

Creep densification and grain growth of alumina powder compacts during high temperature processing were
investigated. The creep densification and grain growth of alwmma powder compacts during various sintering
processes were analyzed by employing the consitutive mode] by Kwon and Kim. Theoretical results from the
constitutive model were compared with various experimental data of alumina powder ¢ompacts in the literature
including pressureless sintering, sinter forging and hot pressing. The proposed constitutive equations were
implemented into finite element analysis program (ABAQUS) to simulate densification for more complicated
geometry and loading conditions. The effects of friction between die and powder compact or punch and powder
compact during sinter forging and hot pressing are investigated by using the fimite element method. Also,
high temperature forming processing of alumina compact with complicated shape was simulated.
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Fig. 1. Finite element meshes and boundary conditions for

compact.

3. @Rzl Hu HE

et g EAe] 2y H¥S A daEtr] #ske
Aatdl A Az A7), 1D, 04 2 19§
o] 4% of dz|len padubala el EH oje] A
AFSg pEstelol Ak 4 (M 2] (112 2=
18 F SEaled 298 ABAFEE Addeed oE
fE #4 ASEQ DU DI Helle 502 #& A
S F9ve] Table 1 33

38 AENTES ALt “Fﬂﬂ xR ATE
Ci ko @ k' TFAWAAE-S Coble™o] 4§ 1470~
1675C 2] 2% HelefA]g Abgh
tering)®] 218} 7 9} v]wale] Falgick B3, AAEH 2
wheoll 235 AE Gof k2 oW 7 Gy ke #
I'=} FAHk4] 28 Venkatacharie} Rap®7F 3-8+ 1500
T4 % g=A(sinter forging)2] A=A} v
aEke] Falgl e ojzlge] Ay ARNTES o &
&k o] X & Son 5®e) 15500 of A 7 i AxE(hol
pressing}?] A#A)e} vmH BT

3, 45 (IEada) slekhds JEAs 9 B
297 vl A5 A =W o|efR2 vhaby ok
TeiElr] §)Ele] B e s A A 4 (D),
(1D 9 9= fstesady =xasiqd ABAQUS™E
Abgste] gFaut g AR AL 3 WEEI v

E:hﬂ

-7 (pressureless sin-

];'-o

Aa1d A4 2(1994)

Die wall
N\ N

[
L \ N
3

QOOCO 0000

ey

. ///f/ AN

Die floor

(b}

(a) sinler forging, (b) hot pressing of alumina powder

abA7e HlHsldch Fig 19 @2 (e 28 4%
=4 Flskhd e AHEE SAlel ey
A2 fais FHx D AAZAE Ve of 7] 4
iAol AL fRbad 22| ZFE A4 A
Aag 4ot JPA R ARE dgen dF b5
] h,=20mm, &7 d,=15mme]

A7 d,=

it
1o
ot
4
Gl
A
e
[

Fig. I(a)ﬂ'ﬂ HPJ- Zho] olF ghHads He xr.fﬁr &
Z}7el] Hsted dAelER ga 3 21 /4o o 8| Ak
A siMEtgen slage] Ay & c.-l ekcie] 2]
Eae pEbs A A 1/4e] diF dYgkew
Zrsiz]gt }F deke wpAHe] W7 g 2HFE 9
gk o 2] 7lobAl yEe dlsl AR AR WA =
w2 1/2¢] 3k S #do] Hesleh & =Ee]4
Q83 rhghaHe] AYRe yE& w2l sl
oete] pH=Elgenz Fig 1) o] AA9) 17244
o e sk 4F skEadst riekhad Thabe
el AMEE 24k 384 EHA o4RA 449

AE 100§ A& shoch

3.1, AR AH(pressureless sintering)
Coble™2 #4 dap=zr])7F 03 umel 50 2wt
(Linde A-5175)2 A13l® ol A28 ookt 2504

-351-



—_
Q
T T

Grain Size, um

e | r azanul

el L sranl

107 104

10#

1, min

10!

Fig. 2. Comparison between experimental data (O, O,
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relative density vs time during pressureless si-
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Fig. 4. Comparison between experimental data (J) of
Coble™ and calculated resulis {solid) for rela-
tive density vs time during pressureless simte-
ring at 1350T.

FEL ol a4 (D, A1) 2 QN2 HE T A4
(AAE-& 7t vehilch 7] AAe] APAE 27
AU p=0478) 7 fole] AGAEL AU A
dFat lEs o ¢ ok

Fig. 4% 1550T oll A Akt 274 Azhell b2 AL
= fEte] ARANQ)E} ol TE ABRATE
o) gzte] A (7), (1) 3 (4)2R¥ 78 AQAHA)
et vepfich o714 AFAH(CIE 2] AAEE =
047¢ 73§-0ln AAtA= AdA s} A GASI 3l
o 7 dok

-

=
=N

=
2

=

a9



0.0

Present Model [ p=0)
- - —- - Present Model [ p=0.3)
Experimenial=

=y
L

2.72 MPa

1, min

Fig. 5. Comparison between experimental data (solid)
of Venkatachari and Raj'® and calculated resulis
{dashed, dash-dot) for axial strain vs time du-
ring sinter forging at 1500TC.

UE A=A Hisinter forging)
Venkatachanﬁr Ry w45 5ol Eab(Linde
A, Union Carbide Corp., Indianapelis, IN)Z A3z
b= Ag 1500C o) Ewel4 052~19 MPas) chalat
A& e shel Alghe] EWE g, A
AR =27 55 ESHsigdch AR
JE Ao By A=) G=03 pme)|H
o == 0.420]ch
A (DT A A9 232 AFZAdT G kb o5
b me] Azl Al4kR] ] A5 £Ele] Alal 2
e AR, o7 C=329 k=02% 3}
drb Held g AR Gt 271 AdE=E pE
4 (5ol ddsiw C=245 T8 4 4ok
A (ME (1) =Zel= WEs £xa] Fguka

=9E Zeim AYEE ALY o 2] US4

\_

a

-ﬁi

=
=t

-l

1.41 ©
5=

7hab A AR AedEe] 2713 pst BasH
of #Ee 27| bl FaFe] 270¢ s ok
W A ok 2 4S5 viad e o |
e o ose AdEEs 3vle e HerE 122
MPa ejate] =2 a3l diste] 22 L= &2
717 p2 zhecka A sielen? Adgazae raal
AR L] 2213 p=064c)ct E7, A5 R

APAOLRE Foldl 27 FAHYY 27 G2 &7
ANEE poE FH A SEpFe] Ar)el SAgle] A
G,=0.68 um % p,=042¢c]c},

Fig. 5= 1500T o4 & 94&E4a44] 2714 7=

A 31H A4 5(1994)

0.9

0.8

- Presenl Model { p=0 3)
(1)

0 —— Experimental Dala

0.7 Presanl Modal { p=0}

100
1, min

Fig. 6. Comparison between experimental data {solid}
of Venkatachari and Baj'? and calculated results
{dashed, dash-dot) for relalive density ve time
during sinter forging at 1500T.

(=I5
FH5E

S o] 27+ 272 MPa, 643MPa2 % 122 MPa
A5 Ak “]“— FHRAE end HPA ]%w)(ﬂ’ﬂ)
shestel £

4l

B

“)-.1::0
HATEE

%}1% Gy

_\L
A
\1
)
s}
R
ro;
.,

o} fﬂ}ﬂw °‘%H*4°E EA1E A
AHoZE HaE Al e A =8
ol g-5he] Alab®l B S & Eolck Fig 5el % Ag )9}

A4EEE & dAstz glen] &7 Y55l 272
MPad o =hate] ol AS(LP&)dis) obde] gl=
A AdAs & dAshl &7 45530
Aol akel vhge] ko] AAA s ohate] e
AHQAY D ARAE vl fE A
Aol wlste] A|7kel whe FAW Bl welre o
ik,

Fig.
%"r%

T A7

- D
Jake

Z+
Z+o

4

AZAEAR] zrld 7]
2}z 272 MPa, 643 MPa 12.2 MPasl
1o e AR WSt 42500
(0, (1) 2 Q9228 73 AAd2AGEA, dA4DES
A7} i, oi7lH Rae Gwsh ARA bl
atate] i 7 Folw WAL

15000C o 4] 42

62
Eﬂ_,c:] u_]

nl‘ll.u:&

b=
Eal

A4 d.& vhEe] 9le

A=

-353-



Helad 77

i

S B iy

(b)

(c)

Fig. 7. Relative density contour plots of an alumina po-
wder compact with p=042 during sinter for-
ging under initial axial stress on=12.2 MPa af-
ter {2} t=0min; {b) t=16min; (c} t=83 min.

03)8] AAAE-2 22 viepdirl frtasyg e A4
B AEEy =71 vpde] gl AE A8A We

£ Z7Y AdEsEs 7bH Fu ohabe] 9l A
A e AUEE FA% 291% BA genw
8 Aneeg galo A 429 F2 bE
A 4elg ek Fig 6914 27 Sh5-g@o] 2.72
zhe df wpge) glis A (PHGA)S vhae)

= A (AN ARl Ao Felst glet ghe
edo] AR e} vhgke] «ddko B upAlte] glE A4

]

¢

og DL afi“.. mi
E FO' oft

ki Fr

il

=
]
e
b

a

oY,

2 Aausst 29 ¢ 4 Ak
A% pEAagA A7kl e e Uy
HodE BEE e faidAs gl

-354-

Hydrostatic Pressure

1. 2.9 MPa
2: 57 MPa
3. 8.6 MPa
4:11.4 MPa
5:14.2 MPa i
{a)
4 4 57
1: D.OMPa
2: 29MPa
3. 5.7 MPa
4: 8.6 MPa
5:11.4 MPa
" 6:14.2 MPa

7:17.1 MPa

{b)

Fig. 8. Hydrostatic pressure contour plots of an alu-
mina powder compact with p=042 during sin-
ter forging under initial axial stress on =122
MPa after {a} t=16 mun; (b) t=83 min.
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Fig. 9. Comparison between experimental data {0, O)
of Son et al.*® and calculated results {solid, da-
shed) for relative density vs time during hot
pressing at 15507 .
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Fig. 11. Relative density contour plots of an alumina
powder compact with p=0.42 during hot pres-
sing under axial stress opn=10 MPa after {(a)
t=0min; (h) t=18 min; (c) t=50min.
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Fig. 12. Hydrostatic pressure contour plots of an alu-
mina powder compact wilth p=042 during hot
pressing under axial stress ap =10 MPa after
{a) t=18 min; {b) t=>50 min.
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Fig. 13. Relative density contour plots of an alumina
powder compact with p=042 during hot pres-
sing after (a) t=0min; (h) t=4 min; (c) t=38
min; {d) t=80 min.
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