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Dispersion Characteristics of AIN-Y,0; Powder Mixture by Various Dispersants
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ABSTRACT

The dispersion characteristics of AIN-4.5 wt% Y,0; powder mixture by various dispersants were investigated in ethanol and methy-
ethly-ketone (MEK) solvents. In general, the cationic polymer dispersants demonstrated superior dispersion of the powder as compared
to the non-ionic ester-type dispersants or anionic phosphate-ester-based ones. The dispersion performance of the cationic polymer
dispersants was sensitive to the type of solvent. An anhydric maleic-acid-based graft copolymer dispersant, AFB-1521, demonstrated
a very good dispersion capability in ethanol but exhibited a much inferior dispersion in MEK. On the other hand, the dispersion of
the powder mixture was very good with a phosphate-ester-based block polymer dispersant, BYK-111, in MEK solvent, while

dispersionwas much degraded in ethanol.
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Table 1. Batch Formulations of Aluminum Nitride Slurry for Tape Casting in the Literature
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Ref. 4 Ref. 5
Function Component Content (Wt%) Component Content” (vol%)
)
. 2 AIN® 33.09
Solid AIN 66.14 Y,0; 0.69
Xylene 15.48 66/34 vol% mixture of
Solvent Anhydous ethanol 9.66 MEK"/ethanol 53.25
Binder PVB"/B-98 3.97 PVB 5.61
Dispersant MFO%/blown Z-3 3.31 Phosphate ester/C-213 0.22
. Poly(alkylene glycol) 1.72 50/50 wt% mixture of 3.42
Plasticizer butylbenzyl phthalate 172 PEGY/PHT" 3.68
Ref. 5 Ref. 6
Function Component Content” (vol%) Component Content (vol%)
. AIN? 29.77 N
Solid Y,0; 0.62 AIN 30.0
66/34 vol% mixture of Ethanol 22.0
Solvent MEK/ethanol 3327 Toluene 33.0
Binder PVB 7.14 PVB/B-98 7.0
. Phosphate easter/PS-21A 0.1
Dispersant Phosphate ester/C-213 0.20 PEIY/KD-3 10
PEG 2.0
Plasticizer 50/50 wt% mixture of 433 Dibutyl phthalate 2.0
PEG?/PHT" 4.67 butylbenzyl phthalate 2.0
cyclohexanone 1.0
Ref. 6 Ref. 7
Function Component Content (Wt%) Component Content (Wt%)
. AIN™ 40.90
Solid AN’ 30.0 Y,0, 0.82
Dy,0; 1.23
MEK 27.0 66/34 vol% mixture of
Solvent toluene 27.0 MEK/ethanol 49.08
Binder PPC"/QPAC-40M 10.0 PVB 491
. Phosphate easter/PS-21A 0.1 .
Dispersant Oleate/fish oil 10 Triethyl phosphate 0.61
PEG 2.0 o)
Plasticizer Dibutyl phthalate 2.0 S0/50 Wt/o) mixture of 245
PEG/PHT"
Cyclohexanone 1.0

a) Specific surface area of 5~15m7/g; b) Poly(vinylbutyral); ¢) Menhaden fish oil; d) C,; composition in Ref. 3; e) Mean particle size of
2.0 um; f) Methyl ethyl ketone or 2-butanone; g) Polyethylene glycol; h) Phthalate; i) C,4 composition in Ref. 3; j) Manufactured by Dow
Chemical Co. with specific surface area of 3.1 mz/g and with 3 wt% Y,0O; as a sintering aid; k) Poly(ethylene imine); 1) Poly(propylene
carbonate); m) Mean particle size of 1.7 um.
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Table 2. Type and Manufacturer of Commercial Dispersants Used in This Study

Commercial name Type Manufacturer Notation
Tonet S-80 Non-ionic Sanyo Chem., Japan S-80

SN Dispersant 9228 Non-ionic San Nopco Korea, Korea SN-9228
Beycostat C213 Anionic CECA, France C213

Emphos PS-21A Anionic Witco Corp., USA PS-21A

Malialim AFB-1521 Anionic polymer NOF Corp., Japan AFB-1521

DISPERBYK-111 Anionic polymer BYK-Chemie Japan, Japan BYK-111

Al k81
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Fig. 1. Photographs of a typical sedimentation test: (a) 0 h and
(b) after 1 h.
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Fig. 2. Relative sedimentation height of AIN-4.5 wt% Y,0;
powder/ethanol slurry with various dispersants as a
function of time. Dispersant was excessively added as
1 wt% of powder weight.
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Fig. 3. Relative sedimentation height of AIN-4.5 wt% Y,03
powder/MEK slurry with various dispersants as a

function of time. Dispersant was excessively added as
1 wt% of powder weight.
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Table 3. Relative Sedimentation Height after 18 h and Time Required to Reach to Half of Relative Sedimentation Height

Ethanol MEK
Dispersant Relative Time Dispersant Rrelative Time
Name Type sedimentation height (%) (min) Name Type sedimentation height (%) (min)
AFB-1521 Anionic 89 - BYK-111 Anionic 98 .
polymer polymer
SN-9228 Non-ionic 40 590 C213 Anionic 63 -
S-80 Non-ionic 40 240 PS-21A Anionic 55 -
PS-21A Anionic 37 120 S-80 Non-ionic 26 80
C213 Anionic 35 115 SN-9228 Non-ionic 22 25
BYK-111 Anionic 21 50  AFB-1521 Anionic 27 15
polymer polymer
EHE gujoa s w2 EAHYS UEIIT 14 o ZH] SHH, SolA] ZEA EAHAIE #Hursh 2Ao] ul$-
27 E2HAE BaTiO;, ALO;, TiO, 59 AHatE<] tis) -3 BabdS YepllEd, ol Sulo] AFB-1521
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Table 4. Physical Properties of Ethanol and MEK'®

Solvent Acid/Base ~ Hydrogen bonding index”’  Surface tension (nN/m)  Relative polan'tyb) Dielectric constant
Ethanol Weak acid -17.8 23.1 654 25.7
MEK base 10.5 24.6 32,6 18.0

a) The hydrogen bonding index is defined as Ky where y is the infrared spectroscopic value for the hydrogen bonding and K is a
weighting factor as -1 for simple alcohols and +1 for esters, ketones, and all other solvents; b) The relative polarity is given with respect

to water, which is assigned to a value of 100.

Ef AT}, olebe v = YK-lll A7kt 248 MEK
SrjolA= Aol wlg e vhA, ogke Sujof A
= 7P we Ao 1E YERH ATE. o9} 7ol EH
- Adolgt Axte kA el Enfe] sl ZIls= A

o2 AZtET AA YA-EAA -G = o] Fo ﬁd%%‘
of EAstE 374 HEAE FoA EAA-Ele] ds
282 QAo o st ALy Fol A 9] TAA L} §
o o] x1spg el 'Esﬂﬂf‘fh‘/} Raj¢} Cannona H-AHA]-grf 31
sl ¢ = A& SR ol tisk 4k

6‘___
[eRE=1
9] Balne o, S dy o £ 0o
]
o

;

H
r

| Fo] M=, g g =7t
YUy zom Ak F271eh dxpEm e AeAeS
oFsHA| sted AR S 16Hf&‘:h stk wal, o
=2 83l= 9o &) FHAEH A AR5 (hydrogen
bonding index)7} HAFHS §]r°ﬂ Qg mHG Ak
Raj¢} Cannone| H.i3t v|G5A &ule] &4 B &
oA ole-&3t MEK®] %HS Table 49 YeERASIT. ole
=3 MEK®| 9792 747} 23.1 9 24.6 mN/m= At
g S THRIEE Gufo] wEba Aol Aol A
o glo g H7] oyt o] H]a|A oleE ¥ MEK
o] FaAIAFE 77t -178 2 1052 utdgo=w 7}

FAWIE ¥ FO APIES Y SUE BF
foh =8, FAAFAT B SULSE A B
=, A5 glo] Eom, ol gule] F4o] wrhs
e olvig

o

graftsd F5 A Ql AFB-15218 EAkaFo] 130,00022
A ez 31, A (main chain)®l F4E Q4
717F YAEA o FAsa, FAREC combI 22
FE graft AFEo] PAFNE 0’071 Ao HIY
T} AFB-15212 H71 240] deks gujollx
Xe)

5

4

A

T3 BAS UeE 23253 E AFB-15219] graft A}
&8 FAo] 7ral Lulje} FFAo] =& Zow AztH
o}
=
i

¢

, o2k o 2~H 24 blockd B¢l BYK-111

BAF] 220002 FiHor o, Fdo]

AR 2 A z2A A 8re 2 Yok® BYK-111E H7tst
#4o] MEK §vlelM $-48 2442 Jels da=
FE BYK-1119] Al&S FA o] 7ekx] e guje} 3
o] Eo Aog Helth FI oere gujoa Eik
o] wre Avhs Aol A3 guishe Askyel LR

Fig. 4. Photograph of sedimentation tests after 2 weeks: (a)
AFB-1521/ethanol, (b) BYK-111/ethanol, (¢c) AFB-
1521/MEK, and (d) BYK-111/MEK.

FobA Q3] Aol AstE Zo® A7 9A]
A vl zro] FAMA|ISE guje] zshdo] v st
A 7L YRR GEjEE o2 HIE Q)
! Feng®x kA9 ojol] thet g =7t |+
w e Aol wabge] Astacky masiich”
Hup B AFeA] AREE EARAIQl AFB-1521 2 BYK-
111¢] efg-&olu MEK® thet &al = HolE= of4] B
IE vt glen oz #Ad Ayt dasita Azt
Hoh B3, Paiks HIFAl EufollA o] Algty] e
By el hg e EE U9 o|ge glod,
ol 7HA] Rle] oA o® yrhtes Zlo] dRbA el
2 B3slgh? o] vl Satone5-& IEA} HakAe] &
e, 53] LEAARE] A (MHE) FEE e
Fobdelol 932 vAlE AAE AFsPEA, LEA AF
o] & & ]’\1 25| AGEEE FAIZE ball milling
YTk webd ZEA Bk 9
kAl o] A, PAREH A9
m21shg o] AW Foll ik

'é S}E}l }\371_511:]_11 ,13,29)
ALX

K

¢

N8R

LIHL

E[Olv
2]_1{
Y
% JU
OPO

2‘!“7]' ﬁﬂrﬂ AR A
7343 AKS Fig. 49 b}E}LH?iE}. A7AHe tn=w
UrEMJ‘zi—Etﬂ, A o] $-3lH e AFB-1521/91€He =
YK-111/MEK ZA(d= J7d850] 2 vhd

FE

A 5178 A4$.(2014)



330 7] Al - HRARY- . 3

Fig. 5. SEM images of green sheets prepared by a simple
doctor-blade method from the slurry of (a) AFB-1521/
ethanol, (b) BYK-111/ethanol, (¢) AFB-1521/MEK,
and (d) BYK-111/MEK.
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Fig. 6. Relative sedimentation height of the slurry with AIN-
4.5 wt% Y,0; mixed powder after 18 h (H/Hy) as a
function of dispersant content.
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