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Abstract— Injection molding of a ceramic material was studied experimentally to determine successful molding
conditions for the net shap manufacturing. Mixtures of fine ceramic powders and binder systems were prepared
using a single screw extruder and pelletized for injection molding. Some important molding conditions including
gate size, injection pressure, filling time, holding time, and barrel temperature were varied when 55% ceramic
mixture was molded. A commercially available flow analysis program, C-MOLD, was employed to predict filling
behavior of the mixture for given molding conditions. Since the ceramic mixture was solidified faster than
pure polymeric melts due to high thermal conductivity and low specific heat, gate size affected injection molding
more significantly than other processing variables. When the gate was enlarged to a proper size, short shots,
defects, volume shrinkage, and jetting phenomenon were avoided resulting in successful molding of tensile
and bending specimens. Results of the flow analysis also predicted that gate size, injection pressure, and barrel
temperature influence the performance of ceramic injection molding. It was found that the satisfactory injection
molding of 55% ceramic mixture was achieved with injection pressure of 105 MPa, barrel temperature of
240C, holding time of 10 sec, and the proper gate size.
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Alte] AFEA Y gL Fig 1o A" 243
WA Hlgbe] F-2(ceramic powder)E Az m, I
%S #7] Z¥A(organic binder) 2} &33ich
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Fig. 1. Ceramic injection molding process.
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2 ot et AR AEAdAlg
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Bw-E A7t FAHNEY Peshek[3]e Ak A
g s o4, 25, A4 % (injection speed)
o] HAs3br} FQespcly sl oy Peltsman[4]e
Al&qbH (injection pressure)L A3 o2 35-140
MPae] HelellA ZAgcta shdek. Esbd 4
(short shot)&- A Fe] e G54 Fe FPew
@2 vjE- &% (barrel temperature) E& W& A}
E4559 Yol oste] Al o] HAFL whA|
317) st FYPLE5 VT Ead HYE
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layer)o] A=, o] Z9 FA7} Frlgtel] e}

Table 1. Defects frequently observed in injection
molded products

Stage Defect type

Mold filling Weld line
Short shot
Abrasive contamination from

molding machine

Solidification Shrinkage-related void
Void caused by poor drying
of feedstock
Shrinkage-related crack
Ejection Ejector pin indentation

Bulk deformation or cracking
Blistering caused by thermal
degradation in the cavity
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Fig. 2. Injection molding machine.

Table 2. Specifications of the injection molding
machine employed for experiment

Clamp Unit

50 ton
324 mm(horizontal)
273 mm(vertical)

Clamping force
Distance between
tie bars

Mazximum daylight 546 mm
clamp stroke 375 mm
Minimum mold height 171 mm
Maximum mold size 321 mm(h) X431 mm
()

Injection Unit
Capacity 350z
Volume 101 cm?®
Injection speed 79 cm®/s
Stroke 127 mm
Pressure 1406 kg/cm?
Screw diameter 31.75 mm
Screw speed 240 RPM
Plasticizing capacity 31.8 kg/hr
Nozzle Open

At &S Erlskdch Aded AH-El A7)
(Jaco III-H-3)&= Fig. 24 e} glesy A3
AbeF(specification)- Table 20 3£A]3}4ic}. Fig 3
of AR A4E e A H FIAHY 2
Aol AMulelE Zhe FE AlFsle] AbE7|d &
zbalol o
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Fig. 3. Geometry of the cavity in the mold made for

experiments(unit ;| mm).
(a) tensile specimen (b) bending specimen

Table 3. Composition of two different ceramic mix-

tures
Volume fraction(%)| Weight fraction(%)
Component
1 2 1 2
SizNy 50.0 55.0 78.26 81.48
Polypropylene|  25.0 225 11.06 9.42
Stearic Acid 15.0 135 6.27 5.34
Paraffin Wax 10.0 9.0 442 3.77

Table 3% EA19 nps} o] Ashits Faalzpel
FIW)7} 50%, 55%<) ARl ERES EAE A
g3fe] WE F b Re AYS Faely

%—@4@2 ANY TH0R EAATAE b

R E 7}73_& 3.0&742 7 %ﬂl%i A
fs}oiu} ojzigt A3 AE4i=-E 35 MPa, 70
MPa, 105MPa, 130 MPaZ WH3}A|7|mA s},
=g} Table 5 Fo1%l uje} 7bo] Ao|E 9] =75
AZMA 2 HEA 7 EA A A sk

FAAES YT F "P—’% g AEEs A
Z37) A AFEAY NS AAE] $ste] At
HEFES AEAYT o TJJJ deha o Abs]
= A& 3} 2984 7H(holding time) & Table 60]]

yj-— ks

Ay A Aol =y A% 127

Table 4. Molding conditions employed to investigate
cavity filling process

Ceramic mixture
vol 50% vol 55% Polypropylene
Barrel temp.
profile(C) | 210-210-220 | 230-240-240 | 195-200-200
(feed-nozzle)
Mold temp.(T) 60 60 60
Injection pressure|35, 70, 105 13035, 70, 105 13035, 70, 105 130
(MPa)
Holding pressure 0 0 0
Cure time(sec) 15 15 15

Table 5. Size of three different gates employed for
each specimen cavity

width(w) [ length(l) [height(h)
bendi
enA ne 3.1 mm 2Zmm | 0.8 mm
specimen
gate |
tensil,
en.s re 3.25 mm 2 mm 1 mm
specimen
bendi
I8 | 495 mm | 2mm | 1.35mm
specimen
gate II
tensile
) 545mm | 2mm | 2mm
specimen
bending
) 725mm | 2mm | 3.25 mm
specimen
gate III
tensil
en§1 © 7.45 mm 2 mm 3 mm
specimen

Fo13 whsk o] WA} FAlo) AolE 27
uhre) A AEAEE AAsch & AEe
Fijol B2 A422ATE LA RO

AlZbe 2%, T3AZHS 25%,

53] A&
FH L= 60T

H o

7] flsled Fda 27604 QoA A
A2 308 HYY) 2 AWSE Fetsjel Euig
WEAe) 3 F FAAAH] 3 (SEM) 02 B
Atk 2eln AASEES 2] sdstel e
2AeA 2oi AR hAE ZoA 2 7
oo 5PUE SAste] AFGHe AHshale),
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Table 6. Molding conditions for ceramic injection
molding

I/M Conditions Value
Filling Time(sec) 2
Holding Time(sec) 3,6,10,15

Injection Pressure(MPa) | 35,70, 105, 130

Mold Temp.(T) 60
Melt Temp.(nozzle-back) () 240-240-230
Cure Time(sec) 25

Holding Pressure(MPa) 25, 60, 95, 120
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=
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Fig. 4. Coordinate system for mold filling analysis.

pe o, ne Hxo|ch
o]z} HHAAl(energy equation) THEALE
FojA|m

pcp<aT +u—§£+ 3’5) k ZZZTZ +nv* ()
o} 74,

n=nly, T) @

AT e

ol pi= fAlY UE, G By Te 2% te
7L ke GAEE, yE AdH PSS = (shear st-
rain rate)ZE viehict

grdol i =gl opgwt o] 7
AcH Ol

v-(Svp)=0 6)
o714,
b z°
S=| — dz
’m
a8l H=(n)E dursE Cross-Carreau 2dl-&
2 28101
ni= - ‘1 — (7)
14+ (=
[+ ]
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t  shear stress
a . dimensionless parameter

n . power-law exponent
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U4, YE olgstel TAS S
P= i ‘I’j Pj (8)

olth. F¥84 A& s A (6)el 7 ARFAY
(WRM)& #838lo] f-3ta4st spd o573 3o,

ﬁc ‘I’,S[ Z (‘I’];x Pj/flx‘{"y,;y P]/ﬁy)] dS
=1

_J'n VY- (S Y V¥P)da=0 (9
j=1
1714,
1, 1, : control volume 7A) o] th&t 29 ] 2]
x, yAE
jiele) Qa(element)d] E3E "A
o Ws

m: 3] S EFE AHA £ S
s . control volume®] ZAA

Q : control volume?] <3<

A (DE &3t fAlolEE #
A A () o] 43l 2ERZE FEAE
Hew st fEaMe] o]Fozc) ML
3t7] A& AHEx2Le AHEeE$ 105 MPa, wjd
2EE 240CE g Mete) 2359 EAL Ta-
ble 7o Foizl & AHEsTh Wxe}l wjde
E3 g2 (rule of mixture)L o|&3le] AAsA T
A =% Hashin#} Shtrikman[11]9] AlAbabs o

Table 7. Physical properties of 55% ceramic mix-

ture
Density | Specific heat ::mtl,aj it
. . conductivity
(g/em?) (erg/g-K) (erg/sec-cm K)
SisN, | 3.185 7.1X10° 1.72X10°
PP| 090 1.932X 107 1.26 X 10*
S. Acid| 0.85
P. Wax| 090
C .
M‘izz‘r‘: 2.15 126X107 | 392X 10°

A HARA ke T Fekgch 2
2]3 Alo]E+= Table 59 7o) Z7|o)| we} AlolE
I Ale|E II, Aol IIIeZ #W3lA71"A A
3todck Fig. 5= 2AFH HEAE o] gsle] U¥H
o2 Je HMA8E UurstEl Cross-Carreau &
ol 2J3}ed curve fittingdl Z1QQd] 1A BEo)
55% A=) EFE-2 A 3-g¢] 100-1,000 sec?
el A Aol 10,000 poise o]stolmz Ao
B AEe] 7hedich

Fig.6& B9 Alo|E [& A3} A% Al=hy
E3HE9] ohd FAAZEE 3.1929S o 5 glon
Fig. 72 siule] WRore] AH(]F, AFG, &
AellA Azbel] W exe) wWsteld), F3AHY
oA 7} e 2 ofF 120C0) 1AA T <)
HA L& 100Ce|t}. F AgA|Ql Felzadae)
4§25 150C - 160Co]BR AlolE [o AL

--------- 200°C
— — - 227°C
——— 253°C
1cf 300°C
10
.Qﬂ) 4§\\:\\;\
é 10 =
3 =~ ~-
S 10 =
2
10
4
10° 100 1 10° 10
7 (Sec™)

Fig. 5. Viscosity vs. shear rate relationship curve fit-
ted by Cross-Carreau model.

MIN. VALUE= 0.00(sec
STEP INCR.= 0.08(sec

MAX. VALUE= 3. lggsecf

Fig. 6. Melt front advancement of the ceramic mix-
ture injection molded using gate I.
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(a) bending specimen (b) tensile specimen
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Fig. 8. Melt front advancement of the ceramic mix-
ture injection molded using gate IL
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during filling of the cavity using gate IL
(a) bending specimen (b) tensile specimen

MIN. VALUE= 0.00(sec

MAX. VALUE= 1.65§sec
STEP INCR.= 0.04(sec

Fig. 10. Melt front advancement of the ceramic mix-
ture injection molded using gate III.
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Fig. 16. Injection molded specimens using gates of
different sizes at the same injection pressure
of 130 MPa.
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Fig. 17. Cross-sectional area of specimens molded at
130 MPa using gates of different sizes.
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Fig. 18. Volume shrinkage vs. hold time when three
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