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Figure 1. Powder size chart distribution Figure 2. SEM photos of Powder Silica Sand
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Parameter Code Level 1 Level 2 Level  3 Level  4
1. Milling Time [minute] A 30 60 90 120
2. Ball to powder wieght ratio [BPR] B  20 :1  15 :1  10 :1  5 :1
3. Milling Speed [rpm] C 100 160 205 270

1 2 3
1 1 4 1 30 20 : 1 100
2 1 3 2 30 15 : 1 160
3 1 2 3 30 10 : 1 205
4 1 1 4 30 5 : 1 270
5 2 4 1 60 20 : 1 160
6 2 3 2 60 15 : 1 100
7 2 2 3 60 10 : 1 270
8 2 1 4 60 5 : 1 205
9 3 4 1 90 20 : 1 205

10 3 3 2 90 15 : 1 270
11 3 2 3 90 10 : 1 100
12 3 1 4 90 5 : 1 160
13 4 4 1 120 20 : 1 270
14 4 3 2 120 15 : 1 205
15 4 2 3 120 10 : 1 160
16 4 1 4 120 5 : 1 100

Parameter Milling Time
[minute]

Ball to powder
wieght ratio [BPR]

Milling Speed
[rpm]

Experiment
Level 16 array  Actual parameter-levels in L16 array
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mean value of experimental fraction B, etc.
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Time [min] BPR rpm Repetition 1 Repetition 2 Repetition 3 Mean, � ��� ������

1 30 20 : 1 100 42.96 35.85 40.01 39.61 �	
��


2 30 15 : 1 160 33.22 33.83 34.93 33.99 �	���	

3 30 10 : 1 205 80.29 66.96 60.35 69.20 �	��
�

4 30 5 : 1 270 230.51 232.54 212.77 225.27 ������

5 60 20 : 1 160 20.25 22.35 26.72 23.11 ����		

6 60 15 : 1 100 26.39 29.46 28.13 27.99 ��
���

7 60 10 : 1 270 269.74 261.52 245.98 259.08 ��
���

8 60 5 : 1 205 211.50 196.56 204.13 204.06 ������

9 90 20 : 1 205 72.54 78.45 61.59 70.86 �	����

10 90 15 : 1 270 166.73 161.91 155.76 161.47 ����
�

11 90 10 : 1 100 26.31 32.51 28.81 29.21 ����	�

12 90 5 : 1 160 157.78 164.36 166.38 162.84 ������

13 120 20 : 1 270 128.28 125.74 121.97 125.33 ��
���

14 120 15 : 1 205 25.39 27.30 26.15 26.28 ��
���

15 120 10 : 1 160 23.83 26.27 43.75 31.28 �	����

16 120 5 : 1 100 103.46 107.06 97.41 102.64 �����	

Expt
Design Parameter Experiment Produc (y i ) particle size [��� Calculation analysis

Time [min] BPR rpm Time [min] BPR rpm
1 92.02 64.73 49.86 -36.63 -34.58 -32.63
2 128.56 62.43 62.81 -37.69 -33.03 -33.11
3 106.09 97.19 92.60 -38.70 -36.18 -37.13
4 71.38 173.71 192.79 -35.21 -44.43 -45.37

Range, R 57.18 111.27 142.93 3.49 11.40 12.26
Rank 3 2 1 3 2 1

S/N  rasio  response
Level

  Mean  response
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The calculation results obtained by the value is ����� � � �����

Confirmation confidence interval is calculated by the equation (10-11) as :
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The calculations with data equation (8) and r=3 are obtained by the confirmation experiment
value is

����� � � �����

The experiment confirmation value particle size of silica sand can be accepted because the value is in
the range of confidence intervals, figure 6.

Figure 6.Comparison of mean calculation (a) results of confirmation (b) optimization results

Table 5. The size of silica tailing sand powder results from the verification trial
based on optimization parameter analysis
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Number
Eksperiment
Results [µm]

Mean Ratio S/N

1 13.19 13.19 -22.40
2 11.36 11.36 -21.11
3 20.43 20.43 -26.21

14.99 -23.24Average

1+�

1��

��':: 7)

�3'�3 7)
��'�� 7) �:'�5 7)

�4'�� 7) �:'6� 7)
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The calculation results obtained by the value is 	
���� � � 	�����

Confirmation confidence interval is calculated by the equation (14-15) as :
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The calculations with data equation (8) and r=3 are obtained by the confirmation experiment

value is

	����� � � 	�����

The experiment confirmation value particle size of silica sand can be accepted, with reason the value
is in the range of confidence intervals, figure 7.

Figure 7. Comparison of calculation (a) results of confirmation (b) optimization results

The powder size distribution chart of one of the results of the verification trial process using
optimization parameters measured with PSA D50 is shown in Figure 8, while the SEM photo is
shown in Figure 9.

��
��� A' Powder size chart distribution of
verification experiment product Figure 9. Powder Silica Sand SEM photos of

verification experiment
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Research is more efficient because the number of trials can be reduced to 80.25% compared to if this
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experiment had to use the full factorial method. The conclusion of this experiment included three
optimal parameters, consisting of 100 rpm rotate, 15: 1 BPR and 120 minutes milling time. The
confirmation experiment process optimization ball milling was carried out as many as 3 repetitions
with results as shown in table 5, with the mean of powder size produced was 14.99 µm from 267.26
µm.. That's result accepted with reason confirmation experiment process optimization included in the
calculated confidence interval.
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