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ABSTRACT

The effects of compositions of binders on the rheological properties of mixtures and the preparation conditions on the formation of
defects and the debinding characteristics of compacts for the injection molding of ceramic powders (65 wt% alumina 35 wt% feldspar)
were studied. Ceramic powders were coated with 2 wt% of stearic acid and then mixed with 15, 20, and 25 wt% of Paraffin Wax (PW)
and High Density Polyethylene (HDPE) as binders at 160°C for 2 h. Rheological properties were investigated by using capillary
rheometer. Apparent viscosities of mixtures were 80~300 Pa-s at 1,000 ™! of a shear rate, it was good for the injection molding and
depending on the compositions of binders. Short shot was formed at 1SHSPS (the ratio of HDPE : PW=5:5 in 15 wt% of binders)
compacts without injection pressures and any noticeable defects were not formed at 45 kgf/cm2 in 20H5P5 compacts. PW and HDPE
were removed by the solvent extraction and thermal debinding method. Thermal debinding of HDPE at 450°C for 5 h, which followed
the extraction of PW was using n-heptane solvent at 70°C for 5 h. Continuous pores in compacts, which facilitate the removal of HDPE
by the thermal debinding, were found to form in the compacts when PW was removed by the solvent extraction. The optimum
composition of binder at which binder was removed by thermal debinding without defects while maintaining the compact strength was
20H5PS. Bulk density, porosity and 3-point bending strength of 20H5P5 compact sintered at 1,300°C for 5 h were 2.8, < 3%, and 2,400
kgf/cmz, respectively, and can be used as a structural materials.
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Table 1. Chemical Composition and Thermal Properties of Buyeo Feldspar

Table 2. Compositions of Starting Materials (Unit : wt%)

- - -
Specimens g:;iggs ?I?ItSlPEbTS\?;i HDPE PW
20H6P4 12 8
20H5P5 80 20 10 10
20H4P6 8 12
15H5P5 85 15 7.5 75

25H5PS 75 25 12.5 125

*65 wt% alumina and 35 wt% feldspar mixed with 2 wt%
SA.

Table 3. Preparation Conditions of Injection Molding

Injection pressure (kgf/cmz) 40, 45, and 50
Barrel temperature (°C) (feed to nozzle) 150-160-170
Mould temperature (°C) 70
Cooling time (sec) 25

stearic acid (Samkwang Gohachem Co., Korea, SA)E A}
2389” 2 wt%e] SAZ tolueneC 2 £3AA Aty
Eo £3519 24417F ball millingdt 5, 80°CollA 244]
7+ AzsAY 160°CE AEAIZ corating screwd &3
71l high density polyethylene (Hyundai Petrochemical
Co. Lid., grade 5,200B, Korea, HDPE) 2} paraffin  wax
(Serio Co., Japan, PW)Z Table 29} 7o] #H7tsle] &5«
gt &5 - £3F AFA ] SAZR A E Ay
a8 &3] €] 160°ColA 2417 313tk
Ao A|Z= Table 39 2SR screwd 9] ALEATSY
7]1(Hyunjin Chemcal, MFG-88314, Korea)S AF&-5F Tt
TG Ao 25E AFA Y] &3l /A 2Ee TRE2ES
ZAste] YA Fo AgA ex]z2A1E AA s
APANA o FHE PWE 70°Ce n-heptane (C;Hq,
Kanto Chemical, Japan)oll 5A17t A3t F&F3)= &0l
FEHE o83t e, HDPEE GAAHE o]&st A
Azt EAAES 1,100~1,400°Coll A SA1ZF A5
AlHE Az

22 54EY

AetE] EEe] dAtar]eE A=EA7](Shimazu, SA-CP3,
A1) PWSF HDPE®)
[2oll g3t pseudopla-
stic 7%5& 8137l 915k capillary theometer (Gottfert
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(Unit : wt%)

Contents i, ALO, Fe,0;

Sample

MgO K,O Na,O LOI SK

Feldspar 73.25 15.6 0.05

0.01 3.82 6.82 045 8
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320 AdEnd wa ARy st ARy A Shear rate (s”)

+39) W Fig. 1] JERIAT Fig. 1@9 2ol (b)

3R 9) 7o) Zr18e) wet AE7) ek 7AHY Fig. 1. Variation of apparent viscosity (1) and shear stress (7) of

vedo] Ak ATEEr}t 218 weh AR the mix.tlllres With. (a) amoungs of total binder and (b)

e Rare] oale) ek Ackele] Take] o A compositions of binder at 160°C.

—Eﬁ ;g—. Eiheflr e thlnnnﬁgﬁ:;"jo]«]zﬂ DPEL%T;—T%% jo}j Table 4. Flow Behavior Indices of M%xtu‘res

=4 B fg 109 20l A54E B SR e

PWQ] 47}3&0] Zy}.aLAi 7‘;37] 1459} 7&57]

184.32 0.43 0.45 0.58 044 0.45
368.64 043 0.45 0.59 0.45 0.45
737.28 0.43 0.45 0.58 0.45 0.44
1474.6 0.42 0.44 0.57 043 0.44
2949.1 0.42 0.43 0.56 0.42 0.43
5898.2 0.41 0.42 0.54 0.40 043
11797 0.38 0.39 0.52 0.39 0.39
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Table 5. Defects of Specimens with Injection Pressures

PN 1S

80~300 Pa - s¢] %2 UERNQY O, Table 49} 7o) Specimen Injection pressure (kgf/cmz) Defect

E 249 no) ghol 1 Brh Zo} AEAYE EHE 0

Aoz A&ad} 15H5P5 45 Short shot
B2 AEdE-e AFA ] short shot, flash, weld 50

line, void ¥ warp¥ 7+ A3HE LAAIITE ARESHE S 40 Void

40, 45 = 50 kgflem 2 Ws}ste] AlEged W2 4P 20H5P5 45 None

o] W3S Table 5o EAISAT. 15w AFA7F 3 50 Flash

A 418 A5 52004)
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Fig. 2. The appearance of 20H5PS specimens. (a) after molding,
(b) after extraction of PW, and (c) sintered at 1300°C.
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Fig, 3. (a) extractions of paraffin wax of 20H5P5 specimen and
(b) different compositions of specimens with extraction
time and extraction temperatures used z-heptane solution.
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Fig. 4. TG curves of PW and HDPE.
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Fig. 5. Heating schedules for specimens.
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Fig. 9. SEM photographs of 20H5P5 specimen sintered at
(a) 1200°C and (b) 1300°C for 5 h.
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