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Fig. 1. Typical microstructures observed during (a) sol-
id state sintering (AL;O;) and (b) liquid phase sintering
(98W-1Ni-1Fe(wt%)).
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Table 1. Variables affecting sinterability and microstructure

Variables related with raw materials
(material variables)

powder: shape, size, size distribution, agglomeration, mixedness, etc,
chemistry: composition, impurity, nonstoichiometry, homogeneity, etc.

Variables related with sintering condition
(process variables)

temperature, time, pressure, atmosphcre, heating and cooling rates, etc.

71850l 249 7] dA 37| F Aol 3=
A& BoFErt o 3T dAle FEe] A
+ AT F A7k Bk AFE EE3A
1, I]758 Ade] AlA 287k v EL
AR 5HA] Hoh

242 BAL Y= A EAL Zhs A9HE A
Z3= o) BnE o]F AL vlAZAH dE
vl X A YRt o8z} el 2 Ay
AL 2AH £2AZAE AAE T8 HFEL
AA YBrEEe) el 2AFAANY] Haeg U
%= 9let. Table 1.2 o] & H4E Ae|@ 7le g U=
Bt AR A2 PA stz 7 3
%] =), B}, =) Ex, B S E Sl
vk o] F2 B AP A3 A9 28 (X3}
o qlAAd AN A S v A 53] MR oS £
& 5 A% £330 744 (homogeneity)e] 5]
Fasich FUdAE A7) S e 7)A
] 2% (mechanical milling) ¥ ohj=} 3peha] 2t
7V, A€ S solgelfot F3H (coprecipita-
tion) 5-0] A, o] $H 1 it} £E-FTAAY] e
AR TA WpRA] 2%, A7), 22 E-9)7], 2,
27X 7tAMAERE S slrh. Sl A Gl
A T2 22w A7) 38| tigt A7) o
Fo|dw Aol wrele] & Toll= 279 27
= ol tigl A7t Wel o] FAaL glon o]& ¥
T5 A= A2 FHS0] AEEe 9ok

A4S HelA7lE 4R 2258k (hot
isostatic pressing)® 727} (hot pressing)e]
244 ABE AL 7)=d dE o)L= 3 gt}

&7 #9171 B AH XLete} wlAlea) Walw

H2o] Pd A7HT Yok AR S 2
28 27)E e AU gAE o2
& A7k dod, A1) A9 24 8907] W
shata gk Al 3 iAle) Bl A3t A7AH
Fol WEHT gl &AL AUskeh ZeRF} 54
ol obiz g B2k} Ao =2 ofm W8T of

DA A sktel Wb 2dis) BEH7E S
Ashrl Az % Do) weby ek o)z
2 917] 99 AP WS TASE UL ojyne
Z9g odo] A},

2. AL

2.1 DAAZO| X|U5 De

wpae) AYshe BE 7], 371, §719) 39
Az vhre] Az 271 dRAtole] Z(acck)
o] YYHE WARA, olfg 5L wlnlshe] 2~
3% HE2) $&0] Aot} F7)E 1 o F3e) 4
g xr} o 93% o)Akel 1 7F AR, Fole
Y7 F AN HH ADEE wAR)E D
o]%] 3A e ] 2 2A-E g Ho] 2]
9] F ajx} =dl(two particle model),” Z7)9] sd
(channel)d 7]3 a2, F7)9] 7|3 mdVe|c}
ol RdFe EAAT AuUsle] 9leja] BT glx}
QA T83kA] dgtthe EA1Ae] 9lont, 243
‘g o] BH LR BT RN SAA ) XS
gt S0 Wre] dgs B 5 QA gkl 1
o)z} alet.

211 £7(AH DH: FIX} B

AR Y] PEEE g o 2= Bl 2142
EAUAE Bolx Ao|AW, HEEAOZE A
2 92 296 sle 4RSS 3 FelEa B
T girt. o] FEL Aol kxR 2AHE wE
o A7) Zolch. ZA9 25l g 2ABH ol
7} sl A 8552 3}o]y= Gibbs-Thompson
Aeow T}

[a,ga,, 22 ﬂ o

Yol. 5, No. 1, 1998



4 1G4 AAY - BAF

(a) (b)

Fig. 2. Two particle model for initial stage sintering (a)
without shrinkage and (b) with shrinkage.
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Table 2. Summary of kinetic equations for varions mechanisms of initial stage sintering
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Fig. 3. Pore channel model for intermediate stage of
sintering: pore channels at tetrakaidecahedrom grain
edges.

9] V;=8\2P| 2 7| 343 V,=12n'l0]| B2 7158
P=3mz/2\2Po] Xt} olw $AAl2(atomic flux)S-
Ze)7} 21l Fld® dAlold 7% Fog Ferhe
A% (heat flux)s} bz wed A"t 7179 QA
AR Zh24e) 7ol date] A7kell whE HEE A
Abald 4 olvh 1Ak=7 )& G st

o] A}, 61714 D2 A &AL AlS, Dy JAIZAL Al
4, & Falo] ded g A FA, G= dA=
71011, pe AdELEe]d, Pt 71FEe|t} A (3)
9} Al 9)E BR xtzr]el W& AYsge] &
Ao Z7] F4AF Bl B4R S EAF
FUFE o = 9l

2.1.3. EJ|AZH24

Coble & Fig. 49} 7+ tetrakaidecabedron®] 7+
A F 6l ¥k 1,8l 7)3-0] vk 7P sl FAl |
A}&F4l 2 9 (concentric sphere model)yS o]-8-8le] A
A% g A4kstdct o] mxlelA Bl 12, 1
& 1200 v] & wf$- Ak 7P s L 7 FE R v}
B AR FAle] wb el F38HA dAsas

D
Jatom = const. = _4MZR_’;_" c}—df )
2%
dp _ 290DWa ©
de G°RT

Vol. 5, No. 1, 1998



6 olgg-Hag A

- pr

Fig. 4. Isolated pore model for final stage of sintering:
pores are tetrahedral inclusions at corners where four
tetrakaidecahedra meet.
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Fig. 5. Schematic of pore shrinkage during sintering. (a)
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theoretical value.
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and Theory)
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Fig. 9. TMustration of the process of pore filling and shape accommodation during the final stage of liquid-phase sint-
ering: (a) just before the liquid filling of small pores (P,) (at a critical condition), (b) right after the filling of small
pores, (c) grain shape accommodation by grain growth, and homogenization of microstructure around the liquid
pockets formed at the pore sites during prolonged sintering, and (d) just before the liquid filling of a large pore (P).
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Fig. 11. Calculated sintering time to 99.5% relative
density with various liquid and pore volume fractions.
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