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Analysis of Powder Packing for Alumina Using Design of Experiment
with Mixture and Vibration

Sangjun Jeon*, Youngshin Kim**, Daejong Yang****'

ABSTRACT: Alumina powder is one of the widely used materials for industry, but there is a problem that the strength
of the product changes depending on the powder packing state. To solve the above problem, previous studies have
been conducted to increase the particle packing efficiency, but most of the existing studies analyzed the packing
characteristics of millimeter-scale particles, so the physical properties are different from those of the micrometer scale.
It is difficult to apply to the micrometer scale. In this paper, a three-step experiment was performed using a statistical
method to increase packing using micrometer-scale alumina powder. First, a size combination with high packing and
a mixing ratio were selected using the mixture test design method, and an appropriate excitation frequency was
selected by analyzing the height change according to the frequency change in the vibration test apparatus. Finally, an
alumina powder packing experiment was performed based on the experimental results mentioned above. As a result,
it was confirmed that the maximum height variation was 42% higher than the maximum value of the 155
measurements performed when selecting the packing size combination. It is thought that this study will serve as basic
data for processing and packing research using fine powder.
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Fig. 1. Schematic diagram of experimental setup
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Materials Vibrations

7 1 Vibration time, ((90s)

Diameter of sphere, d
Step 1 (10zm, 20¢m, 30¢m, 40, 50pm) Frequency, f{10Hz)

Amplitude, A(0.15mm)

[ 7 1 Vibration time, ((90s
Diameter of sphere. d 19ranon fime, A(205)

(10zm, 20¢m, 50¢m)

Frequency, f{10Hz)
2
Step = Mixing ratios
| (10 type of Mixing ratios ) ! Amplitude, A(0.15mm)
: ) _ ™ Vibration time, {(90s)
Dmmclcr of sinhcrc. d Frequency, f(10~70Hz)
Sth 3 (107, 207, 507am) | Amplitude, A(0.1~0.15mm)|

B Vibration time, t1(90s)
Frequency, f{10~70Hz)
| Amplitude, A(0.1~0.15mm)|

Mixing ratios
(10gm:207m:50zm = 8:1:1)

Fig. 3. Each step of materials and vibration conditions
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Table 1. Height change according to alumina size combination

10 um|20 um|30 pm|40 pm|50 um

dh1 \ dh2 | dh3 \ dh4 \ dhs

No- Mixing Ratio(%) Height Difference (mm)
1020|020 0.2010.201(0.20| 4 4 4 | 4 3
2 0 0251025025025 | 7 3 3 4 7
31 0.25 0 0.25 | 0.25 | 0.25 | 6 5 2 0 4
410251 0.25 0 025|025 | 5 6 6 4 5
51025025 | 0.25 0 025 | 6 6 7 6 5
6 1025|025 0.25 | 0.25 0 4 5 5 6 4
7 0 0 0331033 (033 | 2 3 4 6 5
8 0 0.33 0 033 | 0.33 | 2 3 4 5 4
9 0 0.33 | 0.33 0 033 | 4 4 3 5 5
10 0 0.33 | 0.33 | 0.33 0 4 | -1]-1 1 2
11| 0.33 0 0 033 | 033 | 6 5 3 3 4
12| 0.33 0 0.33 0 033 | 2 4 4 2 4
13| 0.33 0 0.33 | 0.33 0 2 2 3| 4 3
14 0.33 | 0.33 0 0 033 | 6 7 7 6 5
15| 0.33 | 0.33 0 0.33 0 6 5 3 3 4
16| 0.33 | 0.33 | 0.33 0 0 3 3 3 5 4
171 0 0 0 0.50 | 0.50 | 4 6 7|8 5
18 0 0 0.50 0 0.50 | 4 4 5 6 6
19 0 0.50 0 0 050 | 5 4 5 4 6
20| 0.5 0 0 0 0.50 | 3 4 5 2 4
21 0 0 0.50 | 0.50 0 4 3 0-1|2 2
22 0 0.50 0 0.50 0 4 3 4 | 4 3
23| 0.50 0 0 0.50 0 4 3 2 2 2
24 0 0.50 | 0.50 0 0 5 3 1 1 2
25 0.50 0 0.50 0 0 0 9 1 2 4
26| 0.50 | 0.5 0 0 0 3 3 2 4 1
27 1 0 0 0 0 5 8 7 5 5
28 0 1 0 0 0 3 2 3 1 2
29 0 0 1 0 0 3 1 1 3 3
301 0 0 0 1 0 0 0 2 2 -1
31 0 0 0 0 1 4 5 3 3 3
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Fig. 4. Contour plot according to alumina size combination
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Table 2. Height change according to alumina powder mixing ratio

L um‘ZO um‘SO um| dhl | dh2 \ dh3 \ dh4 \ dh5
Mixing Ratio (%) Height Difference (mm)
1 1 1 8 5 5 5 5 3
2 1 8 1 5 5 6 2 9
3 8 1 1 8 7 9 8 8
4 1 4.50 | 4.50 7 5 5 4 5
5 4.50 1 4.50 3 5 4 5 5
6 4.5 4.5 1 9 9 4 6 8
7 2.17 | 2.17 | 5.66 5 4 5 5 7
8 2.17 | 5.66 | 2.17 3 3 7 8 8
9 566 | 2.17 | 2.17 6 6 6 7 6
10 3.30 | 3.30 | 3.40 6 7 7 6 5
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Table 3. Test conditions for mixed powder

No. Frequency (Hz) Amplitude (mm)
1 29 0.100
2 29 0.125
3 28 0.150
4 10 0.100
5 9 0.125
6 9 0.150
7 19 0.100
8 20 0.125
9 20 0.150
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Table 4. The amount of change in packing of the mixed powder
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4 54.60 8.40
5 53.60 9.40 10.20 16.10
6 50.20 12.80
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9 56.60 6.40
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