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A study on the effect of binder properties on feedstock
and micro powder injection molding process
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Abstract: The fabrication process of micro pattern structure with high precision and high aspect ratio using powder
injection molding (PIM) is developed. In the PIM process, the metal powder is mixed with the binder systems and the
mixture is injected into the metal mold. The injection molded green parts are debinded and sintered to reach final shape
and properties. In this method, the optimization of physical properties such as fluidity and strength of the binder system
is essential for perfect filling the high aspect ratio micro-pattern. For this purpose, the correlation between the properties
of the binder system and feedstock and 1 -PIM process was investigated, and a binder system with low viscosity at low
temperature(about 110°C) and high strength after cooling was investigated and applied. Employing this process, high
precision parts with line type micro pattern structure which has pattern size 160um and aspect ratio more than 2 can be
manufactured.
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Fig. 1 Process flow diagram of powder injection molding
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Table 1 Particle size distribution of metal powder
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Table 3 Design of binder systems

Role Flowability Backbone surfactant
Components | Paraffin Wax LDPE Stearic Acid
#1 75 vol.% 15 vol.% 10 vol.%
#2 65 vol.% 25 vol.% 10 vol.%
#3 55 vol.% 35 vol.% 10 vol.%
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Flg. 4 Binder viscosity measurement system
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Flg. 7 Variation of binder viscosity as a function of temperature

32. DEAR Eptsa &Y

Ao FHAEHPNN Fee F R
of Fape wlelElsl wurel 2918 9huls A
A Hejg Buke) el me Aol AFS 344
MEE molu Ut A% R WEE ol ol

o oleldt A B g Adsh: Py
Vg A e Bl g AR F
7F AN EREAE SAste] B WtE
o B ghere] QIAHS B Alolth B o]
M e RS AA 7IE 47%004 2% 57}
A EEAL ATS B4t BEAe] Welkg
of M WIAL QA BT FRPoR Was
SAT}. Fig. 82 ZH7te] vlRlr] A|2glofA] o] 3F
FF bl W EFED WS e Rolt
06 = 'WHA Powder (15vol% LDPE, 75vol% PW, 10vol% SA)
A 'WHA Powder (25vol% LDPE, 65vol% PW, 10vol% SA)
L] 'WHA Powder (35vol% LDPE, 55vol% PW, 10vol% SAL
05F
E ° A
Boal 4
o . £
g 2
go3f . .
L . . «
o . o
gozf . B =
g - : = 0
01% .
C 7 T 5062

5‘(_) 5‘2 54 56
Solid Loading (vol.%)

Flg. 8 Mixing torque value vs. powder solid loading

LDPE 15%%} 25% ®IIGE 483 J=rg
2 sk oF 57%9 JAIREE dER lon),
LDPES] &=Fo] 35%= S7Fshd 23 &= 55%0l
A iaﬁﬂﬂ 57}%01 W 3kE 31 9le] 55% F-<to]
S FQIst & gtk E AfelA e
B ghare] 05‘?‘?}-% HiAlEE7] fste] EE HRRIY

TR 55%2] S FEe

[¢) =4
of B W FYAA nielt] =
Tr}:_l__

pul

3.3, &2hEtA 24

HlIE] A|Zaele] W SEsEe] f5A WS
BA5}7) glatel Bel FokE mate] A&
291 1103014 Bholt) Al 2ele] g} 55 vol% e

=]
-

! ‘l]l::/\El-O] zs:zﬂ; £ v|1sle] LDPE
O

L I’_'l
3= Jekdl 2gfZolt). LDPES o] 71t )
g vl e} I Egre] TREIE X
2 Z7kla o 1 FUt Fdo] ulg- fAket &



4 eI glek o] B4, nieltle] 554
o] yExeo e Tz tehta 98-S sele
& sk,
25¢ 207
20F —O— Binder / i
15F —a—— Feedstock
F —10.6=
E y £
=10F Vi w
w | S 2
g_‘i ] y -O.SE
sl 74 g
2 //ﬁ g
“a V/d 410.40
g 7 =
2 2
$ S
/ -
y 403
PR ST S S S | PRI | Fe—
20 25 30 35
LDPE vol. %

Flg. 9 Binder viscosity & Feedstock mixing torque vs. LDPE vol. %

Fig. 102> LDPE A4 &
RS ZA3}e]t}. LDPE®]
SheFol Skl whet = F7kskaL
sk FEE v frAkskth eu e
7hES vRRIgel Hlste] d=2gro] 2}

<
& = ok

sl e nel gt

L E

;73

&

oo
N
o

I}

m  Feedstock
4 Binder

=)

!
—p—
—

Bending Strength(N/mm?)

5 T T T T T
20 25 30 35

LDPE vol.%
Flg. 10 Bending strength of Binder & Feedstock vs. LDPE vol. %

34. 1&&d| olo|3 2 dHEe| 4¥
w AT WRIE AlAEE S8 29] B
npolA R} Aol 483 A} LDPES] &

HAERs A

t] A28l % LDPE & o]

o]& #-gate] EA U 3EA
sl on F3u] 2 oo npo]a® FHE]
&Aoo Jdsioitt Fig 112 #4919
= el AREAEA B FHE 2EA T vl
5 Yepd Fojtk HF 2% el L 160
um, E3M|E 2,15 ~ 2.050]T},

WA hig 2
Pattern width ; 160+ 1:3m
- Patternspan % 123+ 3.5
% Qspé‘ct ratio  ; 2.45~2.05 .
A ;

(@) Green body

(b) Section of sintered body

Flg. 11 line-pattern micro structure by p—MIM

4. 42 % E9|
B ATE Bol 0o 2 ARL Eaqn.

1) LDPE A A&o] S7kstel wet wielr]e] A
o] A Sk, dEsE ERES A A
FHORE FUFeHE S HolnE uRit AEE
HExE Hed AHA G vHich

2) LDPE7} 57Fstell whe} wiele] o] 27} S7F
ab] w=gre] A Al Frhekal glo 1S
7hE2 vl o] & F7el 50% o] ehE A o
2 At

3) ¥RIE] u] LDPES] ghako] WolxH
HRRITl o] A EAdo] AstE o] el oA ol
aska v =gre] et Frhgheh

4) LDPE 35%, PW 55%, SA 10%2] wlQl] Al
g o] gsto] F2H] 2014, FHE =27] 160me] 1L
T3] wlo] AR FERAE JFHOE AT



Ofo| 52 SSAENEOIA HIoIL S40| TEAE U MBTHo| ojxls Fgoll e 47

%7

B ATE AGEAARE A S

Qo A8 2 g4 2 A vjolaw 7

A RE AEE 9% - F 150mels nEYr]

PuAE 3 2 497180, wle) Aew
(o]

1) German, R. M., Powder Metallurgy Science, Metal
Powder Industrial Federation, Princeton, NJ, 1984.

2) German, R. M., Bose, A., “Injection molding of
metals and ceramics”, Metal Powder Industrial
Federation, Princeton, NJ, 1997.

3) Sasaki, T., Koga, N., Shirai, K., Kobayashi, Y.,
Toyoshima, A., “An experimental study on ejection
forces of injection molding”, Journal of the
International Societies for Precision Engineering and
Nanotechnology, Vol. 24, pp. 270-273, 2000.

4) Worgull, M., He’tu, J. F., Kabanemi, K. K., and
Heckele, M., Hot embossing of microstructures:
characterization of friction during demolding,
Microsyst. Technol., Vol. 14, pp. 767-773, 2008.

5) Bleyan, D., and Hausnerova, B. The Role of
Polymer Binder in Ceramic Injection Moulding, Key
Engineering Materials, Vol. 581, pp. 82-88, 2014.

6) Zauner, R., Binet C., Heaney, D. F., and Piemme
J., Variability of feedstock viscosity and its
correlation with dimensional variability of green
powder injection moulded components, Powder
Metallurgy, Vol .47, No. 1, pp. 1-6, 2004.



