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Abstract The rheology of alumina slurries with maltodextrin was studied with different processing routes using
experimental design and statistical analysis. Different processing routes include maltodextrin addition, different
ultrasonication intensity applied to the slurries before or after adding maltodextrin, and shaking time. Viscosities of the
slurries showed shear thinning behavior and were correlated with the Ostwald-de-Weale model. The viscosities of alumina
slurries decreased with the addition of maltodextrin and increased with ultrasonication intensity. There were little
differences in the viscosities of the slurries depending on whether maltodextrin was added before or after ultrasonication.
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Table 1
Experimental Conditions Generated by CARD Software

Maltodextrin ~ Shaking time  Ultrasonication intensity
: (day) 0 3 6 9
No 0 X [¢] o o
No 1 o X X X
No 2 X X X X
No 3 00 X X 00
Together 0 00 X X X
Together 1 X X 00 X
Together 2 X X X X
Together 3 0 X 0 0
After 0 o 0 o) X
After 1 X X X b
After 2 X o 0 X
After 3 X X X X

*0: one data point (12).

*00: two data points which repeated twice to check the
repeatability of data (4 pairs).

**%*x: no data points (28).
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Fig. 1. Two typical examples of maltodextrin effect with
two different experimental conditions.
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Table 2
Randomly Selected Sample Numbers and Preparation Conditions, and Data (consistency index, K and shear thinning con-
stant, n)
Sample No. Ultra. intensity Shaking time Malto. added togeth. Malto added after K n
X1 (X2) (X3) X4
1 6 2 0 1 3.0 041
2 0 0 1 0 2.0 0.38
3 9 3 0 0 55 0.072
4 3 2 0 1 0.83 0.081
5 9 3 1 0 5.7 0.31
6 0 0 0 1 1.6 0.36
7 0 0 1 0 33 0.18
8 6 1 1 0 2.9 0.32
9 0 1 0 0 51 0.14
10 6 1 1 0 3.2 0.26
11 0 3 0 0 4.7 0.026
12 3 0 0 0 4.9 0.21
13 6 0 0 1 54 0.36
14 9 3 0 0 5.5 0.34
15 0 3 0 0 5.3 0.21
16 6 3 1 0 4.9 0.42
17 0 3 1 0 2.3 0.31
18 9 0 0 0 6.4 0.28
19 6 0 0 0 8.3 0.26
20 3 0 0 1 1.1 0.26
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Table 3

Regression ANOVA Statistics for the Consistency Index, K

2
o

Source of variation Degrees freedom Sum of squares Mean square F-ratio value F-ratio % Conf.

Regress 3 50.7 16.9 11.9 100.0

Residual 16 22.7 1.4

Total 19 73.4

A HEE sEES A9g Wl wal f418 Ax W Table 4

32 Holw Y= A AxAs, KS 2owle] Azz  Model Coefficients

YelE gER2A ARSI Variable ~ Coeff. Coeff. Coeff. ~ Coeff.
Tuble 2= 2 YA AFRE A2 HEsh AUz name value standard error tstatistic Conf., %

A Vehhs ol ol2is dgeMs dws) gysge  nteret 469 055

W, £7) BAE SAxRAE 9% 1% Kb Ag 54 Ultra X1) 023 0.08 291 99.0 %

R A ol e B s | Toget(X3) 214 062 -3.45 99.7 %

85, wh AT Table 29 SN sl FAEN  pporxa) 312 068 457 1000%

< ArEseH olejgt Ao} Tables 3, 4, 59 295
At} Table 3& #-4HEAE(ANOVA : ANalysis Of Vari-
ence) 24 U X, K= YA r(coefficient  of
determination)’} 0.69°1% 2] =Fo] 99.9% o4l
ok olye dxz B u A% X, K 3k ARAGE
a8 =4 9ot fo] £ w9 we sFoE et
ol WHAe] Mok 54 A, nd wl Aol Yo Ao
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AL Bojual YA £3p7] Wi Aoz Ak}

Table 4= 90 % ©1°39] #9] #F& Vel Fe3
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olt}. Table 49M HRo] JE AIZhe &7)o] ¥R
Gobd AFAte] BAF BNEH FesR] @e RAes
Ueldth, Table 55 Table 49 WSS ZoA wWE =
[ w2t $4E e Ao Fo93 ¥y YolMde
9E YAEYS 2E0 Heg & Arlshs Aol AR
7P & L F= A= Ugwth dx A4, K #
o gt olefst BE P Tk thes} o] 8okw)
o] Zr}.

K =4.69 + 0233 A A 45) - 2.14GS1
g d ZE HY2EH F9, then 1, else 0)-3.12(3S

Table 5
Model Term Name

3 A2 & Z' d2E- T, then 1, else 0)

A7 AAAS ' 069018 9] £ 99.9 % o)A}
o]t}

% A, Ke 237 A2 s} vl 2oise
AEE Holal glorm old AxZrhe #2 YAt
FAAAA Bt GRZE EeA olWR)7E STHE7) wEo]
tH1, 10, 11]. A= A, K 3he 2E d2Edo] Arpg
o M} Asiden ol#dt o)t TE HAEe| ¢
St QAR A=) JAE WelE fesh] WE
o|tH[15]. TE HXE™ Hrpdo] B3 AL, K 7t
1] AolE Heldl lon ol#dl o)l UE YiE
o] 32 &g e A 2k =, 229 A A
TE Y2EY] Ko} = AL 227 AR sl &
AAEC] 2 A e dAEE FYYUM NEe
EUS w3AE o A £ A B 2E dAE
d BB 3] WEA o]Fo] X i ¥E WX
Edo| Yol AriEe A% 229 A= 27 A
2 EUS =22 o 2B yAEe) Ariwy] Ao
SRA s dAE AAgE A7 A4t 7] '
olgiz AztEh ol2F wE diEYe] FHe A7l
oEal HHel TRl eiMe YAzl sntEle
AR FFATIe] AE X5, Kol mlAE B3k

Model term name Model term ranking

Coefficient value

Model term effect Model term rank

After (X4) 1 -3.12
Toget (X3) 1 -2.14
Ultra (X1) 9 -0.22

3.12 1.00
-2.14 0.68
-2.04 0.65
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Fig. 2. Response surface plots for the consistency index,

K. a) No maltodextrin. b) Maltodextrin added before

ultrasonication. ¢) Maltodextrin added after ultrasoni-
cation.
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