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Abstract

The fabrication of ceramic machine components by injection molding(CIM : Ceramic Injection
Molding) is critically dependent on the shaping and binder extraction techniques. Injection

molding is of keen interest to ceramic industries because CIM is suitable for making an intricate

shape and manufacturing cost is lower than other process when production scale is large. The
success of the molding process is dependent on the correct formulation of the organic vehicle and
the achievement of optimum filler loading. Fine alumina powders and polyethylene binder
systems were employed to prepare moldable blend then produce a simple specimen by compres-
sion molding. Flow characteristics of the mixture was evaluated by viscosity measurement.
Optimum binder system and ceramic volume loading for injection molding were determind. A
good debinding technique was utilized to improve the quality of debinded parts and save the
debinding time. The simple ceramic part was successfully sintered after debinding and its

microstructure examined with SEM revealed good consolidation.
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Table 1 Physical Properties of materials used in

experiment
(1) Alumina

TiO, Approx. 0.005
*L.0.1 Approx. 0.7
Composition| Fe203 0.01~0.03
(%) 5i02 <0.1
Na20 Max. 0.1
Al203 <99
Mean particle size {um) 0.5
Specific surfice (BET) 6~10(m?/g)
Bulk Density (kg/m?) Approx. 1000
Density (g/cm?®) Approx. 3.95

% L.0.1. . Loss on Ignition

(2) Low density polyethylene (LDPE)

Melt index (g/10min) 24.0
Density, 23°C (g/cc) 0.915
Tensile strength (kg/cm?) 90.0
Elongation (%) 500.0
Vicat softening point (°C) 82.0
Shrinkage (cm/cm) 0.01~0.025

(3) Polyethylene wax (PE. wax)

Density Softening \}\i/leltir}tg Mean molec-

(25°C) | point (°C) SCOSIY ' jlar weight
(cps)

0.916 105 200 1700
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Table 2 Mixing quality of various mixture for CIM.

Content, volume(cc)/Mass(g)

Ak Total Alumina LDPE PE.Wax g
50: 0:50 80/194.64 40/158 - 40/36.64 O
50:20:30 80/194.62 40/158 16/14.64 24/21.98 A
60:15:25 80/218.9 48/189.6 12/10.98 20/18.32 X
65: 0:35 91.4/263.93 59.4/234.63 - - 32/29.3 A
60 :10: 30 110/301 66/260.7 11/10.07 33/30.23 A
55:15:30 66.87/169.39 35.64/140.78 10.73/9.82 20.5/18.79 A
O : Excellent A : Good X . Impossible to mix

%A : L: W=Alumina : LDPE : PE. Wax (volume fraction)

(1) APASF TN F554

Eedol SR RAAE AAS) Astel TARA
Wolldel EAS TYASE BEY A}
Table 29} ch, PE statre whAMz & %%
£4ol S painl Aokl A E vl

<24 Uitk 28y LDPE #Hrigel #et &
ol o9z gt A 60vol%E 35t
2w LDPE: <k 10vol% Ax=t slestgdsh, =
3 Mgt A e S 50v0l% 2 &t ez LDPE
eke 20vol% 5 22 & gl sl Ea
HollMe] FE & /‘ﬂa}“‘*ﬂz* gl 60vol% o] Akell A
A AAA 27l whA g 4 gl FATA
25vol% A= Z &3 A AAse A
o A]®AZ PE &AL 30vol%olat 27}l
of (B3] YL olE # Mﬁi"% iﬂ} *ﬂ”"
A

1l

ok mY mx 1o pok
32 M o odf

e o

o AYe ES

PAh ol RUHE EUAT AAoe B
ol AA7EL £l T, AetaAvls)
$e7, PEstese] gopo] 2o, =@ o5 3
2 z24% dalger 449 gAY 24 o A
AAe) @eke Table 35 e Fig 5o 4d4o
2 2538 243 AYAEY ADeAL ADHYE
S50 Aatd AB) A+ 2de A5AA

Table 3 Composition of selected binders and

blends
Binder & Binder Blend Ldpe
blend No. content content fraction
*(L:'W) | **(A.L:W)
#1 0:50 50: 0:50 0
#2 10 : 30 60:10: 30 0.25
#3 15:25 60:.15:25 0.375
#4 10 © 40 50:10: 40 0.2
#5 20 230 50:20:30 0.4
Volume of blend =110cc

Stearic acid =4.225¢cc (5g)
Glycerine =2.0cc(2.52g)
Oleic acid =1.0cc(0.89g)

* L:W =LDPE: PE. Wax(volume fraction)

**A:L:W=Alumina : LDPE : PE. Wax(volume

fraction)
sz, 54 sgles A4ws 2de Ag45E
Table 45} ek, A¥AHE ARAYTEEA 2
2 27 ge WA Aserrds fAdes
2 A3 shgten ANl sl AEE AN
Aol Fig. 63 2ch, EYAY H23AAFE 5
A AE Fig 7o =A% e A48T EFA
€557 2PAT

vmA Axrl & blend #1
A:L:W*=50:0:50)3 blend #2 z2eglz =z

—

*A:L:W=Alumina : LDPE : PE Wax(Volume
. Fraction)
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too -1 BINDER#1 (PE WAX)

so -| " Power Law @ 120°(C
A 100°C
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s
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T 1
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T Y T d 1 T T T v T
120 {00 200 240 280 320 360 400 440 40

SHEAR RATE (1/sec)

_| BINDER#2 (L:W=10:30)

50 - " Power Law a 140°(C
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oo | BINDER#4 (L:W-10:40)
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/
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= .
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T es 4 X170°C w 200°C
a 0.7 +
E 0.0
0.8
g 0.4
@
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0.1 —%J’//”"’v

SHEAR RATE (1/sec)
Fig. 5 Shear stress as a function of shear rate

Table 4 Power law constants determined for test-
ed binder systems

Binder type [Temp.(°C) m n
Binder #1 100 0.2260 1.0004
PE. Wax

120 0.0888 1.9938
140 1.3671 0.9250

Binder #2
*LW=10 - 30 170 0.6618 0.9652
200 0.2899 1.0000
140 4.3458 0.9118

Binder #3
LW=15" 25 170 1.9250 0.9412
200 0.9660 0.9522
140 1.1059 0.9372

Binder #4
LW=10 - 40 170 0.4369 0.9845
200 0.2334 1.0009
140 8.9489 0.9143

Binder #5
LW=20" 30 170 3.9650 0.9164
200 1.7259 0.9486

*L : W=LDPE : PE Wax (volume fraction)

Ho2 blend #2-1(A:L:W=60:0:40)S v
st A¥ELA olE EHAY AFe =
(vielding) @-de] F5ishw] 54 o}A oA
blend #13 blend #2-1% ¥ msle] ®m 2o}
o] &ako] 10 vol%utel Aols} vz feds A
Sy WHEEL vl E HolE Mo A
87 2Ashd EFAY ArE ATAY 2o
oEde AgA HxE zdgozd EHA A
25 2AE 4 € ¢ 4 gtk blend#2,
blend #2-1&¢ B £3] 38 Halo] gy, A
E7F ol 52 ngdle EgAeAE gAY A
=A 9 3 A A (rotor)} T FH A B
(separation) 7} LA§3ted A4 FHFAE £
skgich, (blend f1o & ¥eldA4S ¥HT 4 o
Seh) whebd 2 ﬂz}c} A5
o ZANY AxAE
22 dA=s+ blend #2, blend #59t 713 A=}
st blend #1o] w3led A7 A #rb Table 59
%}, Table 540415 LDPE®| &akell ule} g4
o A7 FEEE 4 F doen =g 555 &

,
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Fig. 6 Viscosity of binders according to power
law model
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Fig. 7 Shear stress behavior of various blends
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Table 5 Viscosity measured by capillary
rheometer '
Device . Instron rheometer 3211
Orifice diametc  1.0301 (in)
Orifice length . 1.0066 (in)
L/D ratio 0 33.44
Holding time : 10(m1n)

- Shear rate(1/sec)
thmp. Blend type
(0 : 541 | 1624 | 5444
Blend #1 191 121 (76)
170 Blend #2 459 293 X
Blend #5 478 299 | (195)
Blend #1 57 57 | (46)
200 Blend #2 287 141 (96)
Blend #5 325 204 X

{ ) : Unreliable data (device unstable)
X Impossible to measure

2 4¥29 4=

blend #2, blend #4(A : L : W =50:10: 40),
blend 50 W3k mlo] a2 8lH A 7= fko] Table 6
2 7tch o} 7)ol Al blend #29k blend 58 w] w3
el AR A 2 4% okt A=vh AA

Table 6 Hardness of molded parts and binders
Device . Micro vickers hardness tester
(Frank Co.)
Load : 0.5kg (Molding parts),
0.3kg (Binder) Holding time . 15sec

Blend type

Hardness |Binder type| Hardness
*(AL:W) | (kg/mm?) || **(L:W) | (kg/mm?)
#1 (PE.-Wax) 1.533
LDPE 1.126
#2 3.181 #2(10: 30) 1.529
(60:10:30)
#4 3.204 4(10:40) 1.530
(50:10 : 40)
#5 3.108 #5(20:30) 1:412
(50:20:30)
*A L :W=Alumina : LDPE : PE. Wax (volume
fraction)

**1.: W=LDPE : PE. Wax (volume fraction)

Aol e AT 65
< 4 5 e

LDPE®] 3}&he]
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Fig. 8 TGA. data for blend #2 and blend #5
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Fig. 10 Extraction rate of blend #2 and blend #5 as
a function of temperature

A AFA FZo] 7l Fubsta 480°CA oA
HAEA &0 aHrt, Blend #59 7% 120°CH
oA AgA FFo] Alzbslo] 200~300°C7HA
oj=Ax s AYAst FEHD AR gy
T 350~450°C7-7ko.2 blend #29] A A F
Zgo| vlmAd FYUIH vldle] blend#5e ] F
29| AgA FEEo E FAYE ¢ & Uk
Aol AgA F2EE vimdlel 2l blend #2+=
0.006 (mg/min)e]x blend #5+ 0.019(mg/min) <]
d] blend #29} blend §5¢] TGAA @ Aol A& %
Ytz gom ol FE AUAFNY FIAT
A A& (blend #2+= 1.1mg, blend #5+ 2.6mg)F <
ul-g¢2 Z A5 blend #2&= 0.545(mg/mg.min),
blend #5%= 0.731(mg/mg.min) & blend #52} =]
FA-¢ blend#218c} 1.348) A= oA e &
EAEEEE s oo} ), o4k A ExH
= 180~250°C7-zkell A 7}

o

%

25 A 4] blend #2+

A v LsALES A blend#s
200~350°C7tx] »2Al EAESES ZAJND
350~450°CT71& 255 oS =gA AgA| 7ok

e},



Akl 2o AEAB Ao AY AT

TEMPERATURE HISTORY PLOT

testad

5.2

1o

0.8 -

TEMPERATURE(1,000 °C)

0 T T T T T T T

T
3230 6190 7135

TEMPERATURE HISTORY PLOT

tostad

11 A

0.9 -

08 -

0.7 -

0.3 -

04

TEXPERATURE(1, 000 © C)

0.3 -

0.2 -

0.1

° T T T T T T T T T T T T
0 513 893 1393 1893 2393 2900 3400 3900 4400 5230 6160 6870

° 932 1635 2475 3345 4313
TINE(win) TIME(min)
TEMPERATURE HISTORY PLOT TEMPERATURE HISTORY PLOT
tontss testas
1.2 1.2
11 11
[ 1
0.9 -
s a
o L 08 -
- 08 o
‘c:i 0.7 A § 0.7
o T o8 -
=1 0.6 - Nt
=]
E 05 ;E_ 05
E 0.4 - g 0.4 -
= 03 B o3+
02 - 0.2 -
01 0.1
o T T T T T T v v T T ° T T T T T T T v T
96% 140% 1813 2690 3600 4540 5450 6300 7060 7740 o 920 1693 2370 3570 4070 4690 3940  T440 8453

° 559

TINE(min)

TINECnin)

Fig. 11 Furnace control of debinding

) #AE exza

Fig. 112 &z 2 W4 1150°C7}z] &%
AA FaJAo]l o] FAR 7| 7R 474§ 4
o @& -&xo]# (temperature history) S ZA
Aelet, test#3 &
(187~245°C--Zkefl A4 ok 2~2.3°C/h, 300°C7}=] <k
2.5°C/Mxzdsnr 37 224452 =4
(300~330°C F7kell A4l <F 2.85°C/h, 330~ 390°C+
Zrell Al 2k 3.75°C/h, 420~500°Col| A1 ek 5.7°C/h)
sted B2 % z=Ad9 o test#3o]4 blend #5
= 350°CHZoA  HEZ A (swelling defeat) 0]

]
271, 71 2EATES WA

HAskgleh, whebA] blendisE A whAlol A o2
Fol 3R L5 AleFof u$ ulzhale %“’J%‘

. test #4+ test #30l vidlo] HAHow &
FeEE - walsla(test #39] AL 1150°C71=|

25 AsslEd & A Q24]7k0] 7798min, test #4.2)]
7% 7228min), 53] "@Az7] Lx445EsE w

2] 3} (160 ~195°CF 7o Al ek 3.3°C/h, 195~270°
Cr7kell A <F 2.5°C/h) Fuk, Fubio] 25 Abss
7t =2 A (280~340°CF7kell 4] 2F 2.5°C/h,
340~460°CTF- 7kl A 2k 2.86°C/h) skl A 3ol
ol blend #5+ B2 Z27] 200°CHEZol A & Abo]
Zo] &3tx blend #2+ 190°CH-Zej4 7124
(blistering defect) o] wAls}dch, 340°Co)% &
BsE&EE 42 wejsigloy blend 204 & o
o] ZAdte]l WAs A gkw blend 5+ HE7A
AsiA HA w3k, blend #2249
Fig. 128] AgA FZFolAH 20| &xz7,
71(150~300°C1-2t) o] 2= zdo] 2] A ol
dFE 1AL 4 F 9ok Blend#5 =42 =x

ft ot —!K

It

ol A%

iy ofn



Fig. 12 Defects of debinding
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Table 7 Extractable mass vs. extracted mass by

TGA.
Extractabl
Blend type |Extracted mass m);srsasviihiz
*(ALW) byTGA
blend

Sample mass of TGA| Total mass of blend

#2(60:10:30) 0.153
#5(50 : 20 : 30) 0.220

*A:L:W=Alumina: LDPE: PE. Wax
(volume fraction)

0.157
0.215
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Blond#2,10,000u8

Fig. 13 Scaning electron micrographs of speci-
mens after complete debinding(SEM :
AKASHI ISI-SX30E x 10,000)

Fig. 14 Scaning electron micrograph of specimen
after molding(SEM : AKASHI ISI-SX30E
x10,600)

DN} sintorod Pact(blendss)
7,000 vi

Fig. 15 Scaning electron micrograph of sintered
specimen (SEM : AKASHI ISI-SX30E X7,
000)

Fig. 16 Shape change of specimens trough the
experiment
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Table 8 Predicted maximum shrinkge vs. experi-
mental results

Blend | Blend#2 Blend#5
type (A:L:W =[(A:L:W =
Item 60:10:30) | 50:20:30)
“Predic- t (pm) 0.0182 0.0350
tedma- | g4 0.0677 0.1227
Ximum
shrink- Ss 0.1985 0.1985
age Sp 0.2528 0.2968
Debinding 0.030~0.040 | 0.050~0.060
*Experi- shrinkage
mental | Sintering 0.140~0.150 | 0.150~0.160
result shrinkage
Product shrink{ 0.170~0.186 | 0.200~0.210
age

*Linear shrinkage

O
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b

Ra AA ExFAA A
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