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ABSTRACT

Substantially higher compaction pressure could be applied during dry compaction by dry pressing surface lubricated nanosize
alumina powders in vacuum, which was responsible for the improved green microstructure with high density, finer pore size and
narrower pore size distribution. Mechanochemical characteristics of the surface lubricants appeared to play a significant role for
controlling capillary phenomena which might be responsible for compaction efficiency and defect generation. The difference in green
density persisted throughout sintering, which indicates that the homogeneity in green microstructure is still important even in nanosize
powders in order to obtain the sintered body with high density and fine grain structure.

Key words : Lubrication, Nanosize, Dry compaction, Capillary phenomena, Green microstructure

1. M =

rfu
dls} l}‘

;

i

Azol| HEle] $48 B opjel MR-
Ithe AMIERE U Bae] $4, A,
T7h s AfE R gleh Y g, vee
AZe) Tk 282 93 wdoE Bkl o UEE
R AFANE AR AZsHe A AT o
FAe] shtolth e AALY] & L—,% A%%@M 27 &
w=E YRy w28 239 5 A BFH AT
Ao ik A A= 047]
3 Qer Y iR i 4
slo] A8 By Lo 23 o
A RS wEe] PAFE SAlskd i
22AE Ae F Y nusiy Yo

aelv), R ge nAe g 27 wE 4 EHE o

2ol dAZE U}-‘Lcﬂ AT PR FAgo] won YA &
Z

e

e 2492 Je B ARe) BYe slolae
{=

]
e
1t
§
eg A { lr
;O

s
‘l{u

:lo

i

1
o [T

i = A

.

l;fo, ‘?1‘

i}

o,

©, oy

1o 19 oo Iy

L
rfhas

¢ ro
Lﬂ'
|

=9l 7
é.

2

By

It

1
o
)
=)

Ao A7 EAPHTRY Bgdast 2

URAA| 7] Qelo = zhaEk o} 5 .16) U
o) AT kg Fol7] AT b %
W“’}” Pechenik S10Me MHDAE o4

2L A
),
e
|

(o3
e
o of¢
Ol I‘EH.,

18
of
N

7
3% (hydrodynamic lubrication) ¥=& %83}
AR 7isled Yimdxbe] 74 AFE Al
U3k TIRMEAE 4 ¢ Ik 2,
L 279 AE AL MRS g &

o W Ao el dojub, Ldikel= oF
20%2] FapEElE Beksly] w2 JH=E 2k A4
& F¢)2 QaFt} Pechenk 5°) 2UGAFE AHL 7
7 6 mm, ¥°| 0.5 mme] ¥|2ZE & F7|EA]
7b w9 R@elr] ool YEEEAN] T 2+
O_]U(ﬂ 0—1_0_ 7}1‘_)._}\_10] l':-ﬂ 10,11,18)

12} =717} elAE R wet REHE
& L= BT TRMZ4 Oﬂfﬁ EAS f?i’es’l

[o3]

_I
1

R do o 1l ofy
1y =
Q
]
It
o

ﬁ.

)
X
]I.O

B
dr
e,
>
5 &
=2
offl
o, -
10 o
¢l
o, x>
_>t,
1_.
|
X o
t
Lﬁ
r'O
ol
Ll
A
e

—1071-



1072 ol - oI - AES - M - T - 2 #

/‘} Atold] ERjek= 7|A7E HAEAE WA hsd dEle e &8s BAE Luist B AgeMs QAR
12+ Yzp =717t Zli%w uel §43] S8, o& E il oe 2285 AHESidt
?jé}cq 7|A AT dAAtele] F5] ;&J—ﬂ 7¥s43e] of 9 Foo] 28 2o S@Ae B9 &84 f71E
% F} o] W Ej—’?—‘ffl Z1Fe 7ol ZHslEE 52 2] F&r& Bolepl 3l7] fleted ol dmeg AAEiA=
mi ZAE 5 Ev BEAT 5L E]E]' A ellA] 3le] 253t Az|ot dy ARE TG, B Al A
o] Fx7F gEAH £H EAYE & 9% uE 5 3l 49 #7] 22A= oleic acid(®]3F 0Az} #7)), stearic
o192 Kelvin A1) wlEw wA#a 0] o) AERE Z8} acid(®|sF SAZ} I£71), poly(vinyl pyrrolidone)(©13} PVPZ}
Z710to] FA ol 4 )tk o) Aes slela L} F7Dhelsed, Ha U7 =% (ZetaPlus, Brookhaven In-
RN HEHe] 7R wAlg e A =, & struments, USAYZ & 1054 A FArtEs AR P
AE &= Yt A2 FEHoz s Hct o OA, SA, PVPY] #HZ FH7lge £ FA 7[ges 7zt
b FERA B4E BEAR 5 e A A 2 4%, 6%, 2%,
alo] ZreRA B ZHesled Q] HELH Ao} A7 4 W7kl f7] €245 xdske SElEdd
SHUE AsE dodle afleg Fad & 9ot o sl /7] 2t A E Bl EURHEL 15%
FHoE FAE FEE Yk HEWHA FEEol o] EElE €S F I W £8HE AMESlY
sk QiR BAE FFeA SREE deR 7 GEF 71Z7)(Pulvis GB22, Yamato, Japan)E AH-5HA
Ao 25 Fapeleloe YA vRe Y Al F Ll Aof|x] Az & Bastd JP4dES I AEe
Ag 5= 9l Zoz ). ofedt 2T fde B Foleteh, S8 A% FHels) sGet 57 4T 2
FAle] B drtel ERgEly BA47ke) =] uhE E7¢ % 2=F 7H7 72°Cef 38°CE FAete] dGle
=7 @A, o, A& Az FYelst oGt TS ARETE 50°C
2 A7 E 8 S85S o4 AW ¥ (boundary 2 frAete 24 A7F dZF & =R fdes 2oL
lubrication) #-&-°] ]-_‘—.;-E—‘?z_]‘ AR T vHE P AFeE Tt 45~200 pm H | &3 1}“"&:—3 =)
43l o FH -S89 38 54 UE AT BT
o] WHEls #ASTE. T3 olF AL £F As) O
slo] 7Fs] =shaA) st 20, i 2=p|ite] ME ol A
7] FelA 9% SG ¥ CG FF/E AESlA 540
2. Mgk MPa7bA] 8] FHstE o2 AXHFEEH & <F 10 mm
=o] oF 34 mme] 23 Fefe] AJWL Azt o))
2.1. Lk 220t -E-m°| =i = Fe] FRE7IS eelA 60°Co] AR EHes
B 230 A]»%L B 09.5%9 FEg 72 AdE HelM A4 7R EE Fsidch @8 AEde Y
7} 3.6 glom’ o]n B Ho] y 2ol BEY7 ok 30 nme A7go=z Ee 01-02 umd a-ALO, ZRAURNE 1-
&Fr} Zu]# (Nanophase Technologies Corporation, 2% WA Hrpelsith. d¥U=s AJH FA B¢ &2
UsApldct. LAzl o] JregEel $HEE HoF S T A 22 TAE A =0l A5 ALt
= TEM AFI-Z Fig. 1¢] Bo@r}, Bl EHA o] & 2| S FHE o] f9led, AEEEE of27Wd 4 Hd]
£ o]&3l d2 = E’”t ws AMgsich 7ETRE
Mg T2 HPEE Ml 2 24E 205 MPa 7HA] A
ot 715 271 oF 7 nm 7k SAgste] E1712 w9
g H7LE st ]H] £2AEE MY UERE A}
F3lo] 29 5°C2 S8 T 1400°C oA 2 A7 Exjelgt
% 2y39d
Fig. 2= v=iye] 714 7193 370 g ofsl&
7F TR k2 BEES U7)5elA] 65
L

Fig. 1. TEM micrograph of nanosize Al,03 powder, ZE 7712 ).
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Fig. 2, SEM micrograph of severe delamination in sintered
Al,0; compact dry pressed at 65 MPa without lubricant
and sintered at 1400°C for 2 h.
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Fig. 3. Compaction behaviors of both spray-dried granules and
crushed granules after slow drying.

| 74 7RIS AT 1073

12 L T

i —o0— VDW (h=0.4nm)
—Q— Griffith (C,=10um)
—4—PB (V,=0.04)

A
~, %W
2t & oé .
10 100 1000 10000
Particle Diameter (nm)

Agglomerate Strength (MPa)

Fig. 4. Plots of estimated agglomerate strength as a function of
patticle diameter calculated from various models.
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Fig. 5. Plots of green density versus compaction pressure for
the samples dry pressed in air using the powders treated
with various lubricating additives. -
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MPa in vacuum with SA treated powders.

Slof WS 2Eule Fig sl wE 2AY 22
el WHoE FAYES 200 MPa O1FOE F7MAIYIA
Rshe ool e, A7) ke BW 833 54
exme) AP o] Jslel HeiFFe) 4PHe AAM

A =ZHE o 075% olsle] FEM MY EE £hY
& &g B

Fig. 9= 72} SA $8A1E FA7he Rue Agsld 7
7] FoA BAelghEE Sl ¥ 2 Z2 glo)
7t 9ls itH FHA 200 MPa 7}o1cz1 de 13%1]-

E¥E H]ﬂ‘é‘l' Zlo|t}. o) 74-753‘011*'1 %@?457} ok 8% A
= 1= 13.5 mmelAd 122
< ¢ Qrh. BE] FE

2 Ae A 7K 49 ABe) AT ¢ 16 im 01@191

0.8

Dry-pressed in air
(200 MPa)

| Dry-pressed in vac.
(360 MPa)

o o
- o
T

Differential Intrusion (cm”fg}
o
[~

o
o

10 15 20 25
Pore Channel Diameter (nm)
Fig. 9. Plots of pore size distributions obtained from the
samples dry-pressed at both 200 MPa in air and 360
MPa in vacunm.

[=]
L1,]

-

Q

(=]
-

w0
[5]
T

w
o
T

-]
[=]

—m—OA (2wt%) |
—e— PVP (4wt%)

Relative Density (%)
]

~
w0

1400°C, 2hr

70 1 1 1
0.0 0.5 1.0 1.5 2.0
Content of o-AL,O, Seed (wt%)
Fig. 10. Plots of sintered density versus 0-Al,O5 seed content
for the samples dry-pressed with the powders con-

taining lubricants of oleic acid and poly(vinyl pyrro-
lidone) and sintered 1400°C for 2 h.

71go] A9l EAFA] FEths AMdelt ol 43 34
ol Wt 715 AAZE AFslE HFHeE F 7Fe
AAZ olelAle FHYS THE o AF FolA HHsg
FA g § LS AlE5o ZW% 3% gde 4
3 vATEE 4L & Yee BoEn?

Fig. 102 QAS} PVP £ %%91 SEAE AFESI 200
MPa 7] o4 71 E st £ 1400°CA] 2 A7+ &4

g AIFe 24 UEE 0-ALOy FAYR Arhek] gE
Blagh 2otk F Al B2F FAYAE 1% o At
S o 22T $AH8] Fvlske UL BILH, 2%
o) FAUAE T 0A A 2ZEEE olBUE

(=3}

j=1
o] 98%°] o|l2x & e B} riwh Fg 30 K9l
747«131 PVP /\HM- OA Al¥Zre] ZHY=E X}o)(3.3%)7}
o= ghgElT

Fig. 112 1.5%] o-AlL,O; AUA} §84 0AZ &
7kt 715 200 MPad F5-5 360 MPaclAl 744 71
WA ANBE AFE AHe] A S Blwd SEM A
ot} 71532717F vlMEta 7|33 1827} vlus &2
A3gelM 360 MPaZ AHE AR w727} WwE
U WY BEL B UE B 5 Ak wE,
Fig. 9] 71%=7] ¥3XA B ZAAE mi$¢ 2k 2o]A]
gk, 7132717 #LE e g aZdudTEs FYsiA

= AFES 3 2=
= TS 1 & gl

FJlJr_.

A 37 A A 11 Z(2000)



1076

81vig

15.8kV ®i15.8kK 8.88rm

Fig. 11. SEM micrographs of fracturc surfaces for the sintered
samples prepared with 1.5% seed addition which were
dry pressed under different conditions: (A) 200 MPa/
air and (B) 360 MPa/vac.
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