Journal of the Korean Ceramic Society
Val. 36, No. 2, pp.210~219, 1999,

HITAIEA A OA B2prAt AHEIIA AIN ¥ Nd,0:.2| 24t

TS - ¥R - THE
Ao Azparasd
cgEAsha T Al S
{1998 109 299 A=)

Dispersion of Silicon Nitride Particles and Sintering Additives of
AIN and Nd;O; in Nonaqueous Suspending Media

Jae-Won Kim, Ungyu Paik and Kyung-Jin Yoon*
Department of Ceramic Science and Enginerring.
Changwon National University, Changwon, 641-773, Korea
"Materials Evaluation Center
Korea Research Institute of Standards and Science, Taejon, 305-340, Korea
(Received October 29. 1998)

Aleohols, hydrocarhons, ketones 18] 2 etherse} & thakgh f7] 4] oA Aabfa P AP R AFSE
= AN, NdQ, 9=le] 22242 dpaigi), Bacbyslr] 7 4 471333 7H oo Az g8 48 9452 =
Fale] WA Aladle] ] An] date] B FEalseh HEee] 24542 A<¥ Hamalker 45 ¥ of
12} electrolimetic sonic amplitude 24 2 F54% oz 85 dojzl £5J4L o] &ato] Hriataith 771
L Wel| 4] 85N, AIN 283 Nd,O, BAlekg ghel] 7lojshe Aw714 232 et e, o) AL #7189
2] g2|E5a B4 o&4E & 4 it

ABSTRACT

The fundamental dispersion property of SisN; and a combination of AIN and NdyO, as sintering additives
in a variely of organic solvents such as alcohols, hydrocarhons, ketones, and ethers was investigated. The
stahilization mechanism and interaction belween organic functional groups of the various organic additives
were studied to clarify the dispersibility of the ceramic parlicles in the nonagueous suspending medinm.
Characterization of the suspensions was based mamly on electrokinetic sonic amplitude{ESA) measurements
and the flow curves obtained from the rheological sludies ag well as estimated Hamalier constants. It was
found that the contribution of electrostatic repulsive forces to the Si,N,;, AIN and NdO, stabilization n or-
ganic media 18 appreciably greater than anticipated and is dependent on the physicochemical properties of or-
ganic solvents
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Table 1. Physical Properties of Powders

Median size | Surface
{um) area(m®g)

Density

Powder (g/cm®

Sihcon nitride | 0.40+0.01 | 10.6+0.2 3.8
AIN 0.98+0.20 - 3.26+0.1
Alnmina 0.15+0.01 65+0.2 |[3.97x0.01
NdyO, 6.67£0.20 - 7.30£0.01

“Value provided by manufacturer
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Table 2. Physical and Chemical Properties of Solvents
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Solvent Dielectri((é )constant Hydro%relélexbonding &%gsig p]g;i%i(%(g: )
Isopropyl alcohol 18.3%° 8.9 2.86'%° 82.4
Prapyl alcohol 21.0%° 89 2.256"" 97.4
Ethyl alcohol 24,37 8.9 1o 78
Octy] alcohal 10.3%° 8.9 10.60™" 1945
Acetone 20.7°° 5.7 0.316""¢ 56.2
MEK 185%° - - 79.6
Ethyl acetate 6.15° 5.2 0.416° 77.06
[sopropyl ether 3.88%° - - 638.5
Water 78.54%" - 0.890°°° 100
Toluene 2.4 - 0.59"" 110.6
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Fig. 1. Scanning electron micrographs(SEM) of (2) S,
(b) alumimum nitride(AIN) and {¢) NdsOs.
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3.2. Dispersion of Silicon Niiride
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Fig. 2. Plots of viscosity versus shear rate for 20 volume
% SigN, suspensions {a) without additives and (b)
with 0.5 weight % phosphate ester in various or-
gamic solvents.

Table 3. Calculated Hamaker Constants for SisN, in

the Liguids
Salvent AL(kT)a AS,‘L,’S(kT)h
Isopropyl! alcohol 86.08 4.108
Propy! alcohol 91.03 4.535
Ethyl alcohal 94.58 5.353
Octyl alcohol 73.82 1.393
Acetone a91.62 4.667
MEEK 89.31 4.157
Ethyl acetate 55.25 0.000
Isopropyl ether 36.08 1.974
Water 107.38 8.708
Toluene 16.95 10853

*Hamaker constants of liquids in vacuum.
*Combined hamaker constants for the SigN, in the ligquids.
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Fig. 3. Electrokinetic mobility of SisN, as a function
of phosphate ester concentration in various or-
ganic solvents.
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Fig. 6. Rheological behavior of 20 volume % AIN pre-
pared in various organic solvents.
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Table 4. Calculated Hamaker Constants for AIN in

the Ligwds
Salvent A kT Agns(KT)E
Isopropyl alcohol 89.08 1.307
Propyl alcohol 91.03 1.552
Ethyl aleohol 94.58 2.045
Octyl aleohal 73.82 0.088
Acetone 91.62 1.630
MEK 39.31 1.335
Ethyl acetate 55.2b 0.743
Isopropyl ether 36.08 5.237
Water 107.38 4.274,
Taluene 16.95 17.457

“Hamaker constants of liquids in vacuum.
"Combined hamaler constants for the AIN in the hquids.
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Fig. 7. Viscosity (2) and ESA (b) for AIN prepared
with KD~1 in various organic solvents.
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Fig. 8. Rheological behavior of 20 volume % NdxDs
prepared in various organic solvents.

Table 5. Calculated Hamaker Constants for Nd:Os 1n

the Liquids
SO]VEIlt A]_(kT)ﬂ As,uL,ts'[kT)h

Isopropyl alcohol 89.08 0531
Propyl alcohol 91.03 0.691
Ethy! alcohol 94.58 1.031
Octyl alcohol 73.82 0.014
Acetone 31.62 0.743
MEK 89.31 0.549
Ethyl acetate 55.25 1.630
Isapropyl ether 36.08 7.307
Water 107.38 273

Toluene 16.55 21.093

*Hamaker constants of liquids in vacuum.
"Combined hamaker constanis for the Nd#; in the li-
quids.
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Fig. 9. Viscosity (a) and ESA (b) for Nd,0; prepared
with KD-1 in various organic solvents.
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