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Abstract . Mixing characteristics and rheological properties of two polymer binder systems for the in-
jection molding of silicon nitride powders were investigated. Based on the thermal analyses and the
flow behavior of the melt, polypropylene and poly(vinyl butyral)/poly(butyl methacrylate} were used
as two binders. The binder system was then prepared by mixing polymeric binder with additives such
as stearic acid and paraffin wax. Each binder system was mixed with submicron silicon nitride pow-
ders in a twin-screw Brabender mixer. Mixtures of silicon nitride and polymer binder systems, con-
taining ceramic powders of 50%, 55% and 60% by volume, were pelletized. Their rheological proper-
ties were determined by using a capillary rheometer and the injection molding characteristics was
determined by a spiral flow mold attached to the injection molding machine. Apparent melt viscosities
of the mixtures were 80~700 Pa-s at a shear rate of 1500 s, depending on the ceramics content.
Spiral flow lengths for the mixtures were 10~ 15 cm, which suggests the above-mentioned mixtures

could be injection-molded using the appropriate apparatus.
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Fig. 1. Particle size distribution of silicon nitride pow-
ders(powders were dispersed in distilled water).
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Table 1. Properties of a-SiN; Powders

Properties Specification
BET Specific Surface Area 13~ 16m%/g
Apparent Density 0.3~0.5g/cm*
Green Density 1.7~1.9¢/cm?
839, &3 :!69.6C), 7}2AQ dioctylphthalate
(DOP)+= 494+, paraffin waxs 98 27 §%

9] Celnar NE-119 ¥ A& HH(§H :
AL a2 AFR3FHTE.
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DSC d¥& 3ot TGAS 2% Alg 10~20mg
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71gtell M &3tk DSCel 9+ 20mgH E¢
Al E 10C/mine] &g Adstygrt.
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AA BE GRS v)o]Ao) R wwkste 13 £
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twin screw type 3710} ¥olx g3t &
719] 3 H 4= 60rpm, £ 2T ARS8k AR
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o wi} G&3tY 2.y, Rosand*}e] Precision Capi-
llary Rheometer Model RH7-2C& o] &3l t}.
Spiral Flow Length &H
Spiral flow lengthi= ASTM D-3123ef 1t & 5|of
LY kel w¥ S ARVl HAsld, F

o) ra
AT

560

&4

o3 HERDAA AEAFstd Dol YA E
AHEEO] Zolg Ui, olE E oz A}
EYo A¥EAS 3ud 5 . ¥ AgdHE d
Shtae R84 A A2 EHES Ry
T AZAA, oF lkgA=9 AJRE hopperd] Wi
AP AEGoR AEdt Y AEE9 Hol

ojmie] BYLEL AT EE A

79 T F‘FE}’H w3t ) AR s A)E &
2ko] 10z9] =< Doctor BoyAFe] Boy 155 A}&3}
Ak
R

TEX} LS| AlAEIo| B8 EM

SX, B2 2APZ 2gla, Mates AlE:A
el vz AFAE Pol ALEF 1, vl A
e 4 gle d7lAA nBEAS Musin, oS
TGA 2 &x ¥isle) 2 &FJ= WBsS 53
3tk o] EtE PP, PVB/PBMA, EVA/

PBMA, atactic PP(APP), EVA/APP 128]31 waxZ
A Z 3kl of 7]o) stearic acid®} 7FAHFL
2o g} Abgslel AR A2RE P
Zzte] AgA AAWS Ashith Pad £8s9
=d), HabiaE R 50, 55, 60%2] Al7HR)
2 destgot, ol AEA Aladls Fdshtiet
EEslEA, BRI ol e EQ A9 4@
BAE zAPsIY T Fig, 2+ PPATA] Al 2H-S 50
%9 Ashitash EYY o ARbo) e o=l
MalE ekl olu}, o] AnE] Alxee] A
g4 9 Bus At 22458 ¢ £ 3o
Z Azl gted EQ =7t Al Aedhe

ol vl AgAe) Yol 337
Mo) NaHAl AFdhe BT T
Aojc), R AL, feedingd mWe} EQ
#213] Z7keke, ARATL SowWA FUE

Al ok Bu Erio] Bow Ee Al AAd 7t
shof. oleh ghda) A S Akl whe o o)
Qo Wslrt gl B o) mdalA s=d o]

=,

Polymer(Korea) Vol. 14, No. 5, October 1990



skt el A4, 1

7b iz gHs] g€ A)vleldh. Fig. 2004 A3}
Ta B2n PP AR Al2"E 180TaA), wut
£% 60rpmoZ EFSA o 58F PP EQ Fo
=g2¥8e ¢ 5 Atk E=H o] 2PN A3} F4
Eoo] 298 A3, oo expAs} ULL B
% 91t} Fig. 3& PVB/PBMA A A 282 50
%9 AaFrel ERHAM, BH EQ ol £
3 ENMEE(E A5 E gAHo R FAATHA
Ade EQ 0] W3S YEM Rolth, olnf 3)H4

BY B FAWAS UYehd A7} Fig, 40]
o o] 2YL A A2y} Metes Bue] &

T B4 dehia Qul, 2w 459 By Bo
2 gols g3t B BANL ST 5 g2

log(D) = log(a) + mlog(S)

80

60

Temp, =180C

Torque(N-m)

Time(min)
Fig. 2. Mixing of silicon nitride and PP binder system
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Fig. 3. Mixing of silicon nitride and PVB/PBMA bin-
der system(ceramics content=50v/o).
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Fig. 4. Plot of torque vs. rotor speed for mixtures of
silicon nitride and PVB/PBMA binder system.

Table 2. Apparent Viscosity Coefficient(a) and Struc-
tural Viscosity Index(m) of Mixtures of Silicon Nitride
and Polymer Binder Systems

Binder m a
Systems 50v/o* 55v/o 60v/o 50v/o 55v/o 60v/o
PP 175 217 228 461 273 248

PVB/ 513 457 561 109x10° 1.33X10" 4.06X10*"
PBMA

APP 277 245 219 003 009 025

EVA/ 333 394 328 578X10° 1.00X10° 152%10*
APP

EVA/ 331 482 429 397x10° 293X10" 992X 10
PBMA

*Content of Silicon Nitride by Volume
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(a)

Fig. 5. Scanning electron micrographs of mixtures of silicon nitride and PVB/PBMA binder system. Ceramics

content : (a) 50 v/o, (b) 55v/0 and (c) 60 v/o.
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Fig. 6. TGA thermograms of mixtures of silicon nit-
ride and PVB/PBMA binder system : (a) in Air, (b) in
Nitrogen.

TGA thermogram%<1d], £971o] wela] 2olsh
A Aes Holi ot Fig, 72 50% 2 Azt
v AshtA-PPAG A Alag W A
3f 4~ PVB/PBMA 2184 Al 8o DSC 2

MEolth of7[H §1 % curvers AR E S8HHA

aE xEsl

Polymer(Korea) Vol. 14, No. 5, October 1990



2t AAEAY, 1

Ade Zoln o} % curver YT 200To =g
AEE JAEHEA de AHoloh o|FA FozH
L scandlXe EFE Fol ETFE P59
T, To5%. FHA scanclie T(2AHS £2)F
& 9% & Aok Fig. 7(a)olA 59CoA wax ]
T,. 152.5Co)A PPe] T o] Yeh}z, o|& Wz
A1719 100.5To) A PPe] T 9} 38Col A waxe] T.7}
yvehdtl, @38, Fshta §30] 55,60% 2 5718
of w2} waxst PPe} T, T 5ol 254 w3}3}
Ak, oAl A9 Beke 2oteh ' PPo} e AW
nEe Tz AHEAEA molde] 258§ AYshe
71%o] gt} Fig. 7(b)e] PVB/PBMA ZgA| A~
® 320 49+, PVB9 PBMA7L vjA4A B
Aolmz, waxel T, T.gro] FHAG. Waxe] T,
& 59T, Tz 35CoA debton], Ashfih &3

0.0
—o. 59.03C 152.54C
)
< 0.2
3z ol
2
803 100.46¢C
38.21¢C
~0.4 N N A A .
—100 -50 0 50 100 150 200
Temperature(TC)
(@
0.0
58.09TC
. —0.F
2
z
2
2 -0.2f
© 34.98C
[
T
~0.3 N N N )
—100 —-50 0 50 100 150 200
Temperature(C)
(b)

Fig. 7. DSC curves of mixtures containing 50% silicon
nitride powders : (a) PP binder system, (b) PVB/
PBMA binder system.
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Table 3. Flow Behavior Indices of Mixtures of Silicon
Nitride and Binder Systems

Shear Flow Behavior Index(n)
Rate Silicon Nitride-PP Silicon Nitride-PVB/
System PBMA System
(sH 50v/o  55v/o  60v/o 50v/o 60v/o
1500 041 038 042 0.29 0.03
3000 041 039 043 0.29 011
6000 042 0.40 0.43 0.30 0.20
15000 043 042 044 0.31 0.31
24000 043 043 0.44 0.31 0.37
30000 044 0.43 (.45 0.31 0.39
60000 044 043 045 0.32 0.40
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