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ABSTRACT

Alumina tapes, having various weight ratios of alumma powsder/(alumina+binder+plasticizer), X, and binder/
(binder-+plasticizer), Y, were prepared and their complex modulus was measured using Micro Fourier Rheomeler.
As the X and Y ratios increased, Transfer function{TF} magnitude and Transfer function(TF) phase mcreased
and decreased, respectively, indicating that the elastic modulus of the tapes depends on the weight ratios. The
temperature dependence of the viscosity of the tapes was visualized by the decreased TF magnitude and the n-
creased TF phase. The Y ratio dependence of the complex modulus related to the glass transition temperature of
the tapes and the modulus change by the Y ratio was higher than that by the X ratio within the composition
range, investigated in the present study. The measurement of the complex modulus of the alumina tapes sug-
gested that the TF phase should be higher that 17" for the tapes to be wtilized for 3-dimensional shaping.
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Fig. 1. Prmciple of complex modulus represented on
complex plane.
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Fig. 2. Flow chart of the preparation of alumina sheets
hy tape casting.

A 36 A A2 3(1999)



124 o1 % - o] H

Holl A A, A FhdA)2) v {B A/ (BEA +7}
2A)=Ye 04442 THANF dRrel] g7 45
A A +7ARA e ) {gR (ERE+E Y
A+71mADN=X} B 22 0.75, 0.775, 0.8, 0.825= A5
A7l He)=el B4, X4 Z 0.8162.8 2FAF 5 YH]
Z 74z} (0.3, 0.4, 0.444, 0.5, 0.6, 0.72 HEAF] Heo|=
g Azsynt.

2.2. Micro Fourier Rheometer® 2|5} complex mo-
dulus 5

ZA ¢]| A8 Micro Fourier Rheometer(MFR) =73
7171 2 2N =F Fig 39 e T d3a Alo]<)
27 2-15 mm¥ AEE FL F harmormic squeezing
technique & AH83l 9% Hute £
3 A28 53 48 49d A2EE motiond £3
sh= MFRe] @& 24o] ] Field Sl 28] A=)
t}.? oluj2] 71k (force)# ¥4 (motion)e] ©HE W4
Z{displacement)= 242} Fast Fourier Transformation
o WgAy|n by 2dEde] 2Ry Wi
(Transfer Function, TF)Z e, o] & obr] 715554
ol TF spring® ¥l @8] equalized TFE A= w714
T8 TFe] =Z7]{magnilude) 2+ 9142Hphage) 2 2 FH

2 amplitude=

TF lprlnq

Stors Reference

Fig. 3. MFR apparatus and schematic principle of
operalion.

EEEEE

A - 2L e -

Michael V. Swam - Bruno Pfister

©
&
g £
Frequancy(Hz) Fragquensy(Hz)
spring squalized magnitude spacimen equalized magritide
(=)
: — 1
a
-
Frespency(Hz) Fraquency(Hz)

spring equalized phase apecimen equalized phase
{b)

Fig. 4. {a) Spring and specimen equalized magnitude
and (b) Spring and specimen equalized phase.

Blo]Z2] complex modulus® 74 = slvh YHH Ale]
2] A Asd)e P15 HAinternal shearing)e| A
i) o) AlRs] B4R w9 Aag Algt g
of The- 9% WRGML) AHE Fourier?® T2 W
Azl osx 7 4 2drh o374 A" TF spring®
a3 @A #2 78 5] magnitude® 12 phased 022
SF A8Elel s HE AR A FeE Teke

S Fig. 401 JehRRic). o5 O] BAsw o vfeh)
9 77l AFFTAAY dynamic viscosityZ storage
modulusE A4 4 vt

Xulgl ve|2 2l AzE g felzd
complex modulus® 1-100 Hz A% T34l 23845
o 23 e85 257C, 35C, 457, 60°CE WA A &
o T complex moduluss] WELE TEsIHETH

a2 pE

3.1, R0 AR0|L+ZEH +7AEDHIO]  THE
complex modulus2| H=}

YHE 0.444% 2N T XHE BEAA A2
d=zuL} go| X5 A Ed wE TF magnitudest
TF phase® ¥ 32 Fig. 5(a)9} Fig. 5(h)el] #42} et
et Xve] 51 =, gleol = Gt B Tkl
Z7)ate Wt Fig 5(a)2] TF magmtudes F718he
AL Hol7 glo™ Fig. 5(b)2] TF phase 7435}
= AE Bk

TF magnitude’s 557} S7Faol ot 4% v



Micro Fourier Rheometers] 2]t abvru} 32 Ho1=2] Complex Modulus S% 123

(a)

0 10 20 30 40 &0 &0 0 W Wit O°

Freguency{Hz}
Vg

6 10 20 30 40 53 86 70 30 60 100
Fraquency{Hz} &
&

Fig. 5. Effect of alumina/(alumina+organics) weight
ratio on (a) TF magnitude and (h) TF phase
of alumina tapes having a fixed binder/
(binder+plasticizer) ratio of 0.444 as a fune-
tion of frequency at 25°C.
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Fig. 9. Effect of binder/(hinder-+plasticizer) weight ra-
tio on (a) TF magnitude and (b} TF phase as
function of frequency at 25°C containing a fixed
weight ratio of zlumina to organics at 0.816.
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