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ABSTRACT

The effects of silane coupling agents on the injection molding process were invesligated using silicone nitride
nuxtures with a binder system containing polypropylene as a major binder (55 vol% solid loading). The formation
of banding between silicon nitride powder and coupling agents was confirmed through the analyses of powder
surface. The use of coupling agents improved mixmg characleristics judged by the torque change during mixing
process. The coupling agents also reduced molten viscosity of the mixture considerably, which is a main factor
to delermine the flow of the mixture. However, the bonding between coupling agents and polymers had a
negative effect on the debmding process by retarding the thermal decomposition.
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Fig. 1. DRIFT spectra of (a) untreated and (b) treated
silicon nitride powders with 8 wit% A-1120 cou-
pling agent.
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Fig. 2. Ny, spectra of silicone nitride powders: (a} unt-
reated, (b} treated with 8 wt% A-1100, and (c}
treated with 8 wt% A-1120 coupling agent.

Tl N-HE «]2]71%] modes] ¢t s]=S8 x4}
e 2000 cm ™t o] Elel A el #32Ee] Wd A
*4% StA Fatgnh =g ol 2d 2G4 g
g ]J-?ﬂ‘ﬂ B #a2)gl Bube] siloxane 2 THSi-0-Si)
°l A7) S AEE 1000~-1100 cm ! F+9]e] vje}
Z‘z‘@r A ETE) 50 8 SN o] F el o
§H20) H2 B A&7 FEH o] FHe] Erlagd
. waba] DRIFTO ols) AZ=lA= Mg Asfgi
de paE A Eslbgle Fig 18] 43 59
O-Hell 23t =27} glejxie Aczie A&7
At Bud AyE o) Fslss ¢ 5 Tk

Aehia wTEdat AZRAY AEe 23] 9
3 Ny, @22 ESCAR Faleelon 7 Al Fig 29}
Ak AEHAR A=A o LEaay Nod 2

Kt rL Hfﬂ o

fm“

B4 L dw

25887



AL AR Me|® e B2y A
80 —_ 50
. 50 (a}
E
= 404
o 30
=
G 204
'_
101
3 5 10
50 60
50+ (c) 50 (d}
E a0 40
bd
o 307 o]
3 7N
5209 | N, 207
'_ .,
0 ‘W‘L—\ J fﬂ“
0-— v + 0

Time ( min )

Fig. 3. Vanation of lorque with mixing time. Silicon

0 5 10
Time (min}

nilride powders in the mixtures were (a) untreated, (b}

treated with 2 wit% A-1100, (¢} treated with 2 wit@% A-1120, and (d) treated with 1wt% A-1100-+1 wi%

A-1120,

Fhell v A {hindmg energy)=% 394.15 eVl wl<=, A-1100
9 A11208 2 Ae)E Hube] N2} dbaiAs bz}
306.05 2 30603 eVR #FxF 190 B! 278 eV o] =519,
oleiel el A el WEE ATaA e Tl sk
A4 Buke] N o9xe) ArAges] f9g F Ao}
w5} Fig. 29 (by 2 (e)ell 4] 7}2] 399.03 3 400.13 Ve
vl 93252 AEH A2 amino?]#] Niws) Al
A2 oA AFYAS) BAFE 2T ARe] 44
A9 ee weize

4.2. EﬂEA-|
A7) w2 EahEy) EaEte A 230
FAT S A F 450 AdA Aaglol Ay
Feg A we} A8 238 Pt DAt
A FHEIC] 2 EhA duf oA 2] Bl
Eqgelt e FlEeg AeE AEE o, 2y

{ !

o oy

Ale] Ezgsi Eqe Hw SE L
o) golde BesE HEEZ ALY & A B
£ B2 £989 "dicﬂl REEELSE R
@ik 7lgo] @ 4 vk ARE B YA AHE

£UAE Aslel YR 2AAA ¥ BF E£9
Be) E2skE SY A5k FY=A) Pol 20Nm

]

rﬂ

A 307 A2 E(1983)

olatal A4 AtEAEe] Br15d Alg o oAbt
Fig 3& 71Z84e Az)fFel a2 949 =2
Ate welx ‘3’&*4 A&7t e Ade AW
| AEE el AxdAe] BRpel AgE

B Asbgelci43 #AE). Fig 3414 &85
< EdEo] WHEIY Eddhe ATl skas
Algkez Ae), M3Eze] 27 W Bag] 9319 A

FE g 5 A4 % 5 gk 5’1 A7 A5

we BT A Aan ADe e EiE

27 e, JYEIE Pol BT w%q ake) o

ool Ho H5) WyEad mdw FlE w29
Hol A% &

% % qlch o] EREE BY ¥ BRY
1 A G Adad Had 5

dglew, A Aage] A gL A Ea
L)% Frle] mlRe BYEe] J248 el 4

siek
AT A A28 e A 229 d3]e] st
pov BRI 595 § dlle] gelds £ £
th HAEHA L FHel WA £F AFHAE A
§ HEAR it

-135-



Mol AMela| Arleks Wzl 2%
F29 b g o AR Yz HEES el
e, E3HE2 f554E 4] 48 AR A
B8 4= glvh Fig 48] Hale obs 5.0 531 A Z9A 5
AMg-A] Arlabe] 8wthE A Yy nE EFPEEo] A
T 100~ 1000/s2] 4]l A £-5F =7} 1000 Pa-sal
AFETPER AL fiEe Hodsc) Jah) A
A=A o Alzpd 2go] FHSele 42604 £ s}
o] Eg)o]| o]FejA|A] wom, 4§55 Fo HAxR
2 AgEzAqA S| Brlestgdvk A-1100 7)==
AR T o2 FHrlekal 076 withe] HAMH
EdEe Axr e B Aol A 4376 v Yok
Zeh A-1100 AZEIAL) ArlEke] 1wthE Sv)sw
E8EY dxis F49 A Zwi%dA #Highs
Hel F, 2 o]k Avleked dalde Hrlgkd) oe)
FHAmr) Sk A-1120 A S A9] Ao x Hrlskd

2 FH=wgs A11003) b)sd AES Heln, ¥4
Zwthe] W7l 2Aie] ARE ARk 2 A%
HAl 2] A-goie Hrlskel del Hx=r) Fasic Ha
#5 At oA Frlsle AsS FYsh H2e g
agbe] WEle AA Hrleke] 4wihR HE AZw
AEc) Zoh 2] B ASHAL A FHrleke)
wi%edl EG4E2] Jre 4withe] A2k & Aol7t
or, 53] AhHEE 10005 o] e Fd
7yAlel,

A Ae] Arleke] o)A 2] 24} ol o £3
o HEr) Hige Belk: 2L o232 rlske]
HEFA FAle] Alzaie 2 Qs Ay Regs)
Az ube-Es HA35 3232 ki Aele
o abeh ey £ A 22 ESHL A
e FEaEde] vl obd b2 AHERA ERp2
o] FolAe} el o R d4e] Flgdlch 45 B

K

H

3zl

G
2
s
4]
T =

FrelEde A=A AZEAE AR AL A e
AEHA A2 10 WA 2035 5498 o 43

7HY Spdhe ol2rk Aot g EAE-E olE AS
Afde] Fod Hql dakz 9ol B APz F
HAgeto] ol 224 2w olatel ZlozRy E3Ee F
e Ads AZAA7} dEes FAE Al
ehbs dem S5O AAR A2 $93
2E A o) Hrlee] dHeE 1~-3wi%e] ¥4
B0 E ARl s} ddalsie, 4] AFAA o

-136-

100067
1 —=—twi%h ——2w% —e—da%
— | ——6w% —x—3w%
" ]
,5_" J
© e (a)
“i“ 1ooaf- \—ﬂ*\‘
@ E
a I
a 1
@ ]
= |
100 .
100 1000 10000
10000+
] —=—as2wt% 1wt —e—2wi%
4 —a—dw —x—3 wi%
e
[ud
& (b)
—
b 1000
= 1
2 ==
5] ]
n A
=y
100+ :
100 1000 10000
100007
J —e—076+0.82 wi%h —— trTwi% —a— 142w
{—=—1wtts —X—=2H 2 Wit —d— et
[t
as
0. 1 {c)
L -4
g 1000—\\
= ]
) * :\
H . .
5] -
2 r—“‘%!%____\
oo T oo ) " 10000

Shearrate { 1/s)

Fig. 4. Effect of amount of coupling agent on apparent
viscosity as a function of shear rate. Coupling
agents used were {a) A-1100, (b) A-1120, and
(c) A-1100+A-1120.

FHoA Hxe) Yot viehd 5ol
b AEAAL B o) EANE HA
the 494 Hi FAgeE Rd 5
A8 HoVeke) MR gere 2elE %5l
B gE2YE o) ZohetA e Aoke)
$3L fEa AErh F7bske Ao oluHa
s, {

9 AZYA} 95 AZGAur 29E) A=
Fhiol] B3 AsE ofwl wmH v} oy, i
1 Fsh ARTFEI 7957)

A% Aseld BAH AL

g

ArVeke) wgal Aol w1

el Hapbs Ayl Alzwle]

L 5kE A



100 T . ——
[ a

~ w| (@) -
=3 I
2 50 S ecimn 1
_3 [ O Unireated
£ A40- e Treated -
=
4]
< 20 .

0 1 i N 1 L Il

0 100 206 300 400 500 600

Temperature (°C )
100 . : T Sr—t—~
b

= 8o ( ) A
&~
§ BO-  10%%imin 1
] b O Untreated
£ 40| ® Treated 4
o
]
g 201 ]

0 1 5 il

O 100 200 300 400 500 600
Temperature ( °C )

Fig. 5. Effect of coupling agent treatment (2 wt% A-
1100} on weight loss as a function of tempera-
ture. The constant heating rates employed were
(@) 1° and () 10T /min.

GA7 e 4 4l

el glet 2 1—:%21 ol #HFgl A=
] rl5shet

25 gehle Zez g9

44. BX=H

7129 EUEA W@ $ASHL diden Sy
mge] FHAEe NG FAgeA AsA zAE AL,
Z asle) HYAF Ao AT de 94 F 4
P B} BHE WA o] Baela w
AR L WmA 2 2518 7h A o ey

g HAstE] Wl Al gAFAAA g T

ol HAE-E AFY 4 9w ok
Fig. o 7]Zuale] 24 2 Sedvo) wa A5
2] LA iefe|r), Fig 5ef4) Sl nof opi = H} o
S8 Alge sl RAIG ] 3 7

TR A 5
Meha] ok HEEs) Tl me A
NERY PAlEEl DEOE o)ETE B & gtk

2

x8

A 304 =2 £(1993)

} G AvdE 200C olsdde AEY
o W GEEe] G2 Z Aelst ek
o] 718 e o] LETAelAe] A
2ot 2ol Ak g v Akl
et Fallo] g8 sle= Ax DA
0% ik

Fig 5ell4] Wiz nle} zre] #EgAo] 3L 200T
Hrp 58 2RI sdd] viebdd S2%Es
1T /mingl 75 #AZ=A7) A=A ohe A8)AE 2507
~350T o) EEPe)A] o 65%2] FAL Tk
dhbpsidch e} ASHAYE A ddAE o] &
Sgtell A o 12%9) H-& FAG R Bel wbd, Bt
EL g7l 375°~425T &) & HYelA o 60
%=] AR FAAR ] slale) olshite] AL A

°]

™

_\5
qu
ol 4'1

e

o »«u-oﬂ sjeb o 3a g o) T LETTLE o] 55
A AEAAS AT 4299 Agel A4
A ﬂaﬂ}om 54 olF AAANA QP

Aolat w7 "‘]’%"1-41:— A B ok FaA
2 abe) 209 Babete], AZEA R A2t EahEg
FaEe] qlAT HEY AGA Aawle dRye]

viehds e Belx sl 2S5t 10T /mine 2

27ty ALds ASYA| e Ao m iy whgel

LEoE B AL s, AEIAS AL

A4 el AdEAets) dEdr) sk 2 Aele

e 1R

Az Age dEs) LETAI olF Wl of
vgl WAyl 9Rsi eEdE s oAl ASd
A7 g7 e AEA ) AR $edwe v

350° i 450T 7bA] A Els FAY AR ofF
A= 600T 7R mEl £EZ FARke] ASEd. 2
#Hb AZEAr AR A 4% FASE F
@A)zl grE, 4%l 1° 3 100 /ming A%
o] 2l b 425° F 500C )] =yl faEe
227} doldE gl ARda] FelE AR ARl
42451# Hapo 2 B Aadeae AE=dAle] E4
| = ot 8 B2y% FEEEEe] I3
oﬂ e Bl FEo| 4lsA R AEq Hes A
=3
249 AP HEAL iR aje)
2} ¥ (bloating) ® FH(crack)dFe] HHAH G
L4z Frlo upep Zapdde] AstEE 2R
ol AR FFe AL Ao Fe] e}
Aoy et gx| A g whaialr) glallA ofelzkA]
=2 2AZ g AEE 7 230 AL AT AHEE

D ob
Lkl 5= rlr

i Wy oy DN

-137-



i

AE el ME g7 W FAF FAzteko] ukAlal =
Lxofl 4 FEY AAAEE F AT HE A
ddge] H=EIE slsioh o] FIEL AT
A2) Abgo] A} A X Ar)e

G4 JuE s ds Jebio,

=
™
)
K3
o
g_i‘

5.8 &

*—Dlﬂ?%] AZEA 7} AEfas :“L‘?if—l— AdE T
& DRIFT 3 3 #Held 4 sldden,

ﬁi}?m 24 ﬁ{}Zﬂ *]/‘ el £ AEEAR
Aeld B AL BYUED sRid Al Y B3
Age] Fashe At d4skdch =g 23
Ao ARgo] FlEHAArt R ASH Frrg v
EA-elgch o|lshdL EREAe wte digi
el FAE AsHAS DA A
4417 Z2 s Mt

Al gAle] Fxe E9Ee] Achids wE gy
1 HAES S35ty en], A1100 & A-1120 7 =4 2]
A bEFe| 2 wtdhell A, A-11005 A-11208) E8H
14 Aoz A E7E 2~d widee] 4] 747 b2
2ok w5Erle EPAEHAC 4§ A=
bl gles], §3] 7 AZSA7) g ko= s}
Aol #Fg E3AE ok
Arp ALEE Al "EAs AHEA e
HiE) e dEE sl P sk REAle
olFstal e, Heh 4% Frlarkal g
Nt stus sl =5 A2 Abgelfo nje}
daldite] FR= deikdrh
ol2|gh ”é-“]’iiﬁ‘a A o9 PP?#] 23t
Alzdel deA AZHAS ALY Af FAEA 9
A ez E3 W AlETAde 282 g,
2AFAE AZEA ALEA 2 75 vE
AL & ¢ gk Zepd AERAL dE
2] shy] diAde BgEds AdTEs s
719l g et B asic

%7

~

L

ﬁ.

o il L Al el
© oo ot o ot W o B AL e
10;@4 N, uin
}m&oﬁ

r

NEN&HD?EL

of

r

ZALel 2

QA7E B4 BADTF ARALEN0s82) 2]
S em, ol pssrh g A8E =
ASKIST), FRE(QANAAAE G415 =4

i

+ed
&+ A

1,

10

11.

12,

13.

14.

15

16.

17.

-138-

. 1.G. Zhang, M.J. Edirisinghe, and JR.G. Evans,

. RB. Seymour,

. W.D. Harkins and H.K. Livingston,

T B AR

. M.J. Edirisinghe,

. BE.P Plieddemann, “Silane Coupling Agenis,”

REFERENCES

. RM. German, K.F. Hens, and 5.-T.P. Lin, “Key Issues

in Powder Injection Molding,” Awm. Ceram. Sec. Bull,
70 1294 (1991)

FrAd, Aalg, Sk Al A 2

%ﬂ?{.," dlabedats A 4F] Faeld AzAg ¥,
159 (1992).
“The
Use of Silane Coupling Agents in Ceramic Injection
Molding,” [ Maier. Sci, 23, 2115 (1988).
“Additives for Plastics,”
Press, New York, 1978

Academic

. K. Sumiya, T. Tani, K, Nakamae, and T. Matsummio,

“Adhesion of the Vacuum-Deposited Cobalt Thin Fi-
Ims to Polymer Films,” J Adhes. Soc. fpn, 18, 345
{1982)

“Energy Relations
ol the Surfaces of Solids II. Spreading Pressure as
Related to the Work of Adhesion Between a Solid
and a Liquid,” J Chem. Phys, 10, 342 (1942),

£ ke B CsAelY s A%
Y] A7), 1987

“The Use of Silane Couplng Agents
in Ceramic [njection Malding: Effect on Polymer Re-
J. Mater. Sci. Letf, 9, 1039 (1990).

Sl 1=
A" F3,

maoval,”
Plenum
Press, New York, 1982

KI. Mitlal, "Adhesion Aspecis of Polymeric Coati-
ngs,” Plenum Press, New Yorl, 1983.

F5A, “AlEel gt sqdAEe) A8 2NB282, 3
gr]=3. 1992,

M.]. Edirisinghe and J.R.G. Evans,
iion of Engineering Ceramics by Injection Moulding.
I. Material Selection,” fmd [ FHigh Tech. Ceram., 2,
1 (1986).

C.-H. Chiang, H. Ishida, and JL Koemg, "The Struc-
ture of y-Aminopropyltriethoxysilane on Glass Surfa-
es," J Collowd Inferface Sci, 74, 396 (1980).

CD. Wagner, “X-ray Photoeleciron Speciroscopy Da-
tabase,” NIST, MD, 1589.

J. Gregory, “Flocculation by Polymers and Polvelect-
rolytes,” pp. 163-181 in Solid/Liguid Dispersion. Edi-
ted by T.E. Tadros, Academic Press, New Yark, 1987.
K. Lindgvist. E. Carlstrom, M. Persson, and R. Carls-
son, “Organic Silanes and Titanates as Processing Ad-
ditives for Imection Molding of Ceramics,” J Aw. Ce-
ram. Soc, T2 99 (1989).

Y.N. Sun, “Pyrolysis Behavior of Polymeric Binders,”
PhD. Thesis, Univ. of Florida, 1988.

“Review: Fabnca-

BRI



