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ABSTRACT

In this proposed study, a new emerging shape forming technique Direct Coagulation Casting(DCC) which enables to fabricate
complex-shaped ceramic parts has been investigated using colloid surface chemistry. Various process variables affected by dispersant,
coagulation agent and sintering additives, have been evaluated in order to achieve highly concentrated stabilized silicon nitride
suspensions. A high solid loading of 51 vol% in the dispersed silicon nitride suspension was prepared with 1.0 wt% Tetraethyla-
mmonium Hydroxide (TEAH), which obtained a stable silicon nitride suspension with sintering additives (Al,O; and Y,03) in alkaline
regions. The addition of hydroxyaluminium diacetate into the suspension, which decomposed at elevated temperatures, led to coagulate
of a silicon nitride suspension. In a basic medium, aluminum ions precipitated to aluminum hydroxide (Al(OH);), leading to decreased
OH concentration and, thus, coagulated suspension.
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2.1. E4E3

2 A9 SpNgE YA eE 9y 2ole oSN,
(MI11. H.C Starck, Berlin, Germany & EO03. Ube industries,
Japan)g ARSI AMEZAZE AlOs(Pechiney, France)
9} Y,05(Rhone Poulene, France) ¥2-& 24zt 7kt
), AMRE S EZe] 548 Table 19 8.oFsto] Vel
Ak, ESH BAARE EA1F 600, 10,000, 60,0002 AloF
H Polyethylenimine(PEI, Aldrich Chemical Co) 3 Tetra-
ethylammonium Hydroxid(TEAH, Aldrich Chemical Co),
Trtramethylammonium Hydroxide(TMAH, Aldrich Chemical
Co) Z2]Z Polymethacrylic acid(Darvan-C, R.T. Vanderbit
company. U.S.A) S AR&siglom, EiujAel B2 S/

£ gol A3t A4 (Dl-water, 18 MQ cm)E o831t}

22 B34 &8 & ¥ S45H
A

A (Near-Net-Shape) A FAE Fd3] S8ixe =

& ayRYe) &9 Az BERe)H ol e Al
¥ gue) A0l ¥ito] b Fod fdolch weh
e SN, 29 Az 5 e A1 24
2 Mgt 1 A9E ARG B AN E A=y
BRFRN BALPHE 74 SN, 29 Zole) B
°l §

2l SizNg U] YAREHEAL W] wE AEAS] AFE
#18  Electrokinetic Sonic Amplitude(ESA-8000, Matec
Applied Science, Hopkinton, MA, USA)Z ©o]&3}o o|&

% (mobility)E =431 ct ESAE oldle] 2o 2)&te] ¢
2}e} M)A o) % (electrical mobility)$} A3 RS 5
ek

Table 1. Power Characteristics
Size distribution Density

Powder 490, 450,d10 (um) (gem’) Supplyer
SLNJMID) 12 047 02° 32" HC Starck, Germany
Si,NJE03) 30 1.0 05 3.1 Ube Industrics, Japan

ALO, 10 043 02°  39°
Y,0, 3719 055 47

Pechiney, France
Rhone-Poulenc,
France

*sedigraph 5100, Micromeritics.
bpycnorneter 1305, Micromeritics.
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2.3 H3EME3H

#HE €¥e 9715 I (e=20 mm, h=10 mm)®] H|=
Z(Teflon) =0 €& & )\‘%34' QJE-F7)eke] HEol gl
EE WEIATE 98E E55 60°C QB4 2A17s <t
A-SHEEE AAlstt. AFol Bt ’\]jqo thA] g
A 2N AZE B EEE AA 3 F 60°C 2ENA
M2 AxE AXBITE AlxE AEAY Jlea7] 2
= & 7|3 E 2% 7)(Autoscane-25, 60, Quantachrome
Co US.AYE ARE3l E43150m, ojd 4t o

= 0~60,000 psi® 3ITH ABA S Bxe 2 X3
tj,j(mercury displacement method) & AH8-3t9 24E P9
B2RE ALEA Fig 1ol dshts J838834 &
€ YERASITH

3. &= % O

3.1. Wshragixte| 2AKMEY
3.1.1. 02X} Molld FHyte| &k
Fig. 201X Fdhta 83 AAZAR sole Y7y

W, olElole] A B9 A% pHMstl ueh 2

SizNy Solvent u Dispersant
(With sintering aids) (Water) (1 wt%)
i
Mixing
T

Add coagulation acetate
(0.55 wit% aluminum acetate)
|

Mixing
-

Degassing
|
Moulding
(Sealed Teflon mould)
1

Coagulation
(T:60C, Time : 120min)
L
Drying
(T :25C, Time : 120min)
r
Demoulding and Drying
(T : 60C, Time : 120min)

Fig. 1. Schematic diagram for direct coagulation casting of
silicon nitride.
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Fig. 2. Elecrtokinetic mobility of Si;N,, Al,O; and Y,0; with
variation of suspension pH in 0.01 M NaCl.
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ESA(mPa*M/V)
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Suspension pH
Fig. 3. Electrokinetic titration curves versus suspension pH for

3.5 vol% SizN, suspensions in 0.01 M NaCl with
different polymeric dispersants.

2 FAolle] Aty ko] 79 vigake] EHo| FHFE
HAgsHAl HI 1 o)de] pHAHAME S At
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Fig. 39)X& 3.5vol%®] dsht4 ¥l 1.0 wt% PMAA
(Polymethacrylic Acid), ¥A}% 600, 10,0002 7}A& PEI
(Polyethylenimin)& 37}5le] pH W3lol) w2 ESA 75%
Ueplilth. FoleAl #2491 PEIY A$ 499G (T <
pH <8)llA AANAA ol&F FAolLo] SN, Uxtet 74
s Agste] dsta A 7 e ZRAAATS 9
ANA W 999 pH BHNAM ¥lwd £ olFE 3
YeERRITH pH 8 ol4te] doe YAsE W At
SHABE F43] "HojA oF pH 109] FHolA THHE
YEeR ATt Hom 52 pH29l F9elA PEI2] amine
group®] heF 70% 57 WA proton)d} o SHEE
s =9, pl7t F/VEeE s} ZAadga B
w87 ok B QoAM= PEIE Avler £39 A%
pH Z7toll W} ol5%E ol 7HAsm pH 10.5 HEolA
SRR /e #ERIF £ At YR pHAAM =
W2 9] amine group E°] UAEF Ho] SHEE He
Ashta B FFsle] FAstE FAsA =, pHot
ZFaEE oFAElE FiXE 3Exlel AsgA ¥wWe] o
st 7o) 712 whiEe| ofsia F2E ool ZAsH
=, pH7} S7HE AUk AEApL 2433 HEA %
3HE "WojmdAriy Ala ek
Astae] A pH67 oM 5HEE 79 pH
T olde] Gl Fof AHAEE Yehlen ols &
Shtax W9 silanol 71E°] el Wet SiIOE FAs}
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7] WiZolgt MzrEth. 18y PMAAE VIR Zfdlle
SO pH 6. TR pH4 §ES AMdFdog ol 55
A F ANeH, U] o) k. AFo] pH A 9
E£3H2 & 4 Ut pH 8.89MEE] pH 11.49] P4
= PMAAE 71t €99 ZAHAS Asol AriAle 3
7VeHA] e Ashta Yo Asd dX[sIsien, wehA
o] FlMe MM IEAL Ashtd B F36HA]
28-S UEpiL o]AL PMAASE W34 iRbe] HwHA
37} B5 S33HE HAEe] MEZ ubdEe) 9% Zlew
AEET pH 69 FYAMRE ol 3k FH3] hAs)
o pH4 ol d9oMe FASE FAshesd ole
PMAA®] carboxylate”]9] 5339} free hydroxyl surface
71e] FApstell 1k o2 ALEEY. Hackley 59 972
ol o3t PMAA®] 7% pHOl wiebr] sEzle] e
geditty ByEw gk Ao E gEd 29
o] FeE 7MY o] 23} HE At ¥ pH3.S o4l
A= carboxylic acid(COOH)”7} COO7|& F& 712 2o
2 e} AEA e o]F] FRE Ao eke di2A
o2 47 FE FHE 7L AU o]d Fol el
TR AabrA Gabe] B el A A9E S
AHYE A8A7l= AL Fig 3904 3908 & ok =
dshtie pH6 ol3jllr ElajA] Fo HY) Bl F
Fa o]Ro] Ashtd AR AYFoz FagrozH
AANF o R P34 THANE HIL o, 244 AAE
g PMAA7} YArEHO F2gte) we} Mt 44z
HAEe] 748 o & Qv 1eRE dihtA AR 1o
A AYE A9 FHol Fdol] FAdH At ¢
AgH] F2E S84 Foza HA A7t el
2 et

Fig. 4olX= follA 28 A3KFig. 29} Fig 3)E H
Bog Exj#o] ThZ PEI®} PMAAE 0.1 wi%~2.0 wt%
HAolA H7tE ¥MsE FHA SN ALO; 282
Y,0; #29] olFx & FAS AHE vEx gt
PEI(Mw : 10,000)8] 735 0.1 wt% A7PIE B3l 5o
olFErt AFHACE &, EaikA Feol A AA o] 7}
28 Fao)Le] Si;N, EH| F23t] AFH oz A3
Aske P Aok AR 60,000 PEIY] 79 A7HES
7 e} olFwrt ks AT Bol Stk %
71 0.1 wt% 7 Mzbe vjgaper aBap7k F2ke) o)
UANA whdE(steric repulsion)E F3IXIR HrES 71
el whel FAEA] @Gar gufell Foldle Yo it
oJ3le] o] 2ALEE FUIA YA vhdE g Hojrd o
2R3t olF3=rt A" AzZbEe] Mo} A Y}
oF AgA Zat gujloll EoSlE do TEAEL ol
AEE F7MAA YREE v Ao 2N S99
HEE F7HA ZAH o=z A oL J&kS 1)
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Fig. 4. Electrokinetic titration curves versus polymer concent-
ration behavior for Si;N, (M11) with different poly-
meric dispersants.

Fig. SolX= #H7VEs7te] @& pH¥skE vehliy
oh 2R A7HAS] o] FHEE AAFH o2 pHIE
7}ehe Holx Uth PMAAE H7IE 4% £3e| pHE
oF 7AENN ZAHFY Ut} Y,0,2 A pH6 ©]3lolA
FEsl7] o] 2Ee] Ashts £dS Ax ol Yo
PMAAE A¥sA| vt & 4 ot

Fig. 62 Si;N,9} 2ZAZAZ 20l ALO, 28X Y,0,
Hobo] Bxajgko] T2 PEISF PMAAS 718k ole=Z
43 ZAijolt}. Y,0,9 7% PEI®} PMAAE H7I8ISS
o v e olyk g 7S ¢ F Atk ole IF

ot 3o

104 A
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5y ] /'/
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4
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Fig. 5. Suspension pH variation versus polymer concentration
with different polymeric dispersants.

AR 99 % 995 303
1.0 A/A_. A A A
——A A A
00
—~ —0— Al,O, PMAA
2 054 —t— Al,O, PEI Mw10000
= —#—Y,0, PMAA
S0 W —4—Y,0, PEI Mw10000
£ -
< -15-
a
-2.0 \[]
4 \D —
254 U——————n
T M T T I T T T T
00 05 10 15 20

wt% of polymer

Fig. 6. Electrokinetic titration curves versus polymer concent-
ration for sintering aids.

T HAshth £ AR $ 2ARA Y,0; 7
of7ke] o)k ZIAE VM-S & o = st AA
22l &£3o] Eakg el 43S £ 4 AUtk PMAAS] 7
2 ALO; 2T Y,0, BY BFo] FatA Fawo] 24
32 g4 siAT, PEIE d713 ALOsSH Y,0, €99l ¥
Aol Hlsle] PMAAE H7IsH A9 w23 =& ol
T @ 7o

Aslta EH @5 vol% o T EFpel EAlge] 10,0002
PEIE H7F4e dEiEieA I= 4% A3 Fig 7904
YERATE €92 B 7E-5-3 (Non-Newtonian fluids)
Felne Aokl dohgg o] Wl wel Hxrt ¥

0.30 4

0.25+

Viscosity (Pa.s)
o o
8

[=4

=

o
1

0.051 45v01%Si;N,(M11)+ PEI Mw10000

0.00 — T
10 12 14 16 18 20
Concentration of PE]

Fig. 7. Apparent viscosity behavior versus PEI concentration
measured at a constant shear rate of 159(1/s).
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Al =, W dgSrdA Hre] SHeA Y] el

Yo ol A3 FES AT ATEETF FopAwE e -
SAA7} T E Aekdey o] wolxm| thA] 83

H% thixotropy 715 EIth Fig. 7olME Zzte] &9

o] ARERE A wud Ao 15wi% PR
PEl A71A] 7 we ko] A= 7S ¢ ¢ U
M7k PEIR] S7HdrE H=gle] S7H8 7L 9
A=dl T. Radeva 59 Aol o3td Y=} YAp7he
Aol Eeimrt AYsA BE A= sk FHEY
(depletion flocculation)©] 23t HEZ AFAIZITH. B
T3k3 ok 2 AR 5 o)) Bak HrpA Babg
IE A F U

312 27| 84 Myle| st
Fig. 201 X%E Ashtie] 3¢ 9714 FGola o3k
o] Ax71H v S 7S 81 & AR ool dst

s
T 29 =5 AA7E whiE g Bosly] Qg 7
714 &< (strong basis solution; TMAH, TEAH)S #7}
st} 2 EAS FAsIEY. FACIM e Aalta dxtEd
I H'9 OH o]&7ke] ukg-2 ofe] FF¢] AW uhe-g
o7, silica®} silanols¥e] Wh2 ammonia®} amineZ+o)
Hke S8 5 ofd] 7 Bgtek Adekg-s 7k g
Tl A A olde pH dHdME FE S0,
SiLN, 544 o)3lolM SiOH,", SiNH," ©]& Aoz
Qlele] EHAEE P HH, F714 Fgolxe FA
713 whrEe) Zrl= dAdgrAs ¥R S0 3HE &
Asle] W7} TEAHS TMAHZF 7HAE R-N' 7153 &
Shtd YRR Si-07 7157 BA7H wke-S F710
2E87] wjEol] dr14 JGoM SHH P AxE ¢

A},

0304  —m—45v0l% Si,N,(M11)+TEAH

—O— 45v0l% Si;N,(M11)+TMAH

0.254

o
]
1

Viscosity(pa.s)
o
¢

0.10

0.054

0.00 Lo
08 10

T

1 T T

T T T
12 14 186 1.8 20

Concentration of bases

Fig. 8. Apparent viscosity behavior versus base concentration
measured at a constant shear rate of 159(1/s).
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8i-Our)
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Fig. 9. Neutralization of negative surface charge by TMA" and
TEA".

Fig. 8 #H7}F W3S FHA TEAHS TMAHY| Uigh
9 A=ghe EH Adolt). 71& d7AE =
TMAHE 7l oHd €98 AxE 4 dgx By
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Bk el AR YL Eelslgnt ') 2 o)fi= TMAH
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749 CH;-CH, A% 724 TEAHZ} Bt 71 2%
A IYE Mo EA dshtd B o B2 dhiEg
Hosly] wjZelgtr Azbet. Fig 9o ddhta FdA]
o} TEAH$®} TMAH®| #4b71el tiste] YepSict 28
Asta: €99l NaOHE H71g Aolx Eibolle &3
o]}, Rodrigo 59| WEW NaOHS H713 7% Na'
o] 50| FTYHHA it A3l f)AE FA gt
I BEYEY 9o, olfdt fEde] P4 A0l &
AN 2ZEAC faE 93¢ Foz gEid JupP B
ATelX = 45 vol%d] dshta ¥l PEL, PMAA 59
FEAE HA7HE u Ro® 1.0 wt% TEAH A7) 713
v Axghe /e €3S A & JAd

22AE e £ adFoR &7 sl 712 4
AFE o R sl YRyt OE ASHFA(EN3) E A}
231] AEL JYsIAThFig. 10). FLE ELE03) 2 A
- YEREI}F W HAUAE7E 218" ARG
AstaMily ol Hat Aoz A Y=ERIvt |

>

S Ashta B AT A B 2 YEES 7
R 2=

SHE AT F Jd=dl 2 o= FUR EUA AL
o]o] FRE A YAE0] ALCEA YAZF HY TS
I T 7] eIt} a3tk AAZRAE 2ol=
dFoLtet o|EolE EFE EH(92 wi% SisN, 3.8
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S 0204
¥
N’
2
‘7 0154
=)
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