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Optimization of Process Parameters for Mill Scale Recycling Using
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ABSTRACT

With society focusing more and more on environmental issues, the recycling of materials of all types has
become an important concern. In this paper, optimization method is developed for reducing cost and improving
quality in mill scale recycling. An experimental investigation into the process parameter effects is presented to
determine the optimum configuration of parameters for performance, quality and cost. Taguchi's optimization
approach was used to obtain the optimal parameters. The significant parameters were identified and their effects
on mill scale recycling were studied. As a results, a confirmation experiment with the optimal levels of process
parameters was carried out in order to demonstrate the effectiveness of the Taguchi method.
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Table 1 Chemical compositions of mill scale

Component CO;:;EE;US Rolling Desclaer
T-Fe 73.77 % 73.18 % 72.65 %
M-Fe 0.20 % 0.10 % 0.35 %
FeO 64.16 % 63.82 % 59.49 %
Fe,0; 34.19 % 33.56 % 3725 %
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A gk}
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Fig. 1 Universal testing machine

Table 2 Testing case for binder mixing ratio
No. {Bentonite| Molasses Bm(.ier Mill Cokes
ratio scale

1 40 g 0g 15% | 220 g | 46 ¢
2 80 g 0g 30% | 220pg | 46 ¢
3 1133g] 0g 50 % | 220 g | 46 g
4 Og 40g | 15% | 220g | 46 ¢
5 0Og 80g [30% | 220g | 46 g
6 0Og 133 2| 50% | 220g | 46 ¢
7 127g|53g!130%|220g]| 4 ¢g
8 1 53g | 278 (30% |220pg]| 46 ¢
9 1 40g | 40g [ 30% | 220g | 46 g
101 40 g | 93 g | 50% | 220g | 46 ¢
11 1 93 g | 40g | 50% | 220g | 46 ¢
12 1 67g | 67¢g | 50%|220g ]| 46 ¢
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Fig. 2 Compressive strength of cold forming

specimens for binder mixing ratio
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Fig. 3 Relationship between compressive strength and
sintering temperature
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Table 3 Process parameters and their levels

Process Description |Level 1|Level 2|Level 3
parameter
X1 C content 20% | 25 % | 30 %
X2 Thickness 10 mm { 15 mm | 20 mm
X3 Granularity I mm | 2 mm ';3mm
Heat treatment 5 5 o
X4 temperature 1100°C | 1200°C | 1300C

Table 4 Results of 18 array with observational data

No. Cosrtr;g;egsts}ive Tot;il Fe Metalgization
(kg/mm®) (%) (%)
1 12.9 92.6 80.25
2 12.5 92.79 92.01
3 14.6 92.5 91.13
4 10.3 84.82 87.21
5 11.7 90.03 84.25
6 8.6 74.94 61.67
7 15.3 91.35 95.47
8 152 91.85 96.11
9 154 91.77 96.85
10 14.5 92.30 95.13
11 14.7 92.01 95.52
12 124 88.75 85.8
13 13.7 86.27 88.52
14 12.0 87.02 88.34
15 10.4 81.30 64.85
16 12.6 88.87 92.14
17 10.3 78.2 93.02
18 10.9 73.35 88.27
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Table 5 Analysis of variance for metallization

Parameter | Dimension | DOF | Variance | F-ratio ?gzc(t%;:

X 1 1 192.73 | 26.75 12.1
2 1 63.85 8.86 4
1 1 46.17 6.41 29
X2 2 1 12.27 1.70 0.8
X3 1 1 72.70 10.09 4.6
2 1 43.25 6.00 2.7
x4 1 1 936.40 | 129.94 59.1
2 1 218.16 | 3027 13.8

Error 7 64.86
Total 17 | 1650.38 100
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Fig. 4 Pareto chart of the standardized effects for

metallization
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Table 6 Process parameters affecting the metallization

Effect

Level | Level | Level
1 2 3

38.59(38.39(38.85
39.72138.18|39.45
38.71{38.3238.09
36.02138.89|38.94

Percentage
contribution
(%)

Process
parameter

Deyviation Rank

X1
X2
X3

0.46
1.54
0.62
2.92
5.54

83
27.8
11.2
527 1
100

W | N
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Table 7 Comparison between prediction and optimal

results
Optimal Predicted Error
Result value value (%)
SN ratio 38.538 39.722 3.07
Mean 85.62 96.85 13:12

Ao ot

(@ X120 %), X2(15 mm), X3(3 mm),

(© X125 %), . X4(1300C)

ot

(d)X1(30 %),

X2(15 mm), X3(1 mm), X4(1300C)

Fig. 8 SEM photographs of direct
process using orthogonal array

reduced iron

o voen, 98 zdes HA9E Sust
44 Auans ean

AuHERE o] &3 EAHA B9
A Agel s FA}A 2E v) 7 (scanning electromc

94

microscopy) S ©]-&3&o] ©@
gRE daAde & J‘?}i%
924A Aol A&
oz Ye Bio Yt
Helr}, 1:]-@24 AL

é 12000 ol
FHE AU

kS
=
Iz
o]

A A ThA| @}0 & & 92 Fig
8(d)= ‘“a‘i AY Y=7F 1 mm =
S0t} FYeEe 13000?4_ u 2
7JE7} 7bg e sy 292
AU g8 e BAT A
92 %olth olAL AR #Wrt A
5 %9} WEH QA= 53 %E F28HA
*a"l Ijlﬂ"l *Pﬁ}éﬂ ﬂ°ﬂ°1 A

X

e

C¥2 ) el
e
rlo

4 ol o

o~ oo ol &
oL g o

o=
N o
A
rlo[:%ﬂ!ﬁ
B
-lr_tmlm
N
g
L
wﬂ_o;

T
FAF FHol 7bedtA gk A A&7 ﬂ
ZATAE T g gk Y- ET e Uo |
v‘i‘~ a7 v E HA Hrtste S
2 4&1:}:,} AT E A F ]xq
st A3 AddL 23 53
A A 3H3i k.

JA~2 0
T2



A e CRE LR LY

AR

FZALYTAIA A 25 A A2 &

)

10. Park, G.

I

. Sundaresan,

. Ku, K.

x 7

2 47E AAALT AG3A71 2 EA

AF AN E:10024327) 2.2 ATLHY L,

dnes

. Teng, S. C., Chien, Y. T. and Ko, Y. C., “Effect

of Forms of B;0;-Si0; as An Additive on
Magnetic Properties of SrFe;0y Ferrites,” 7.
Materials Science, Vol. 27, No. 10, pp. 2665-2669,
1992.

. Yoon, J. K. and Shin, J. D., “Introduction to

Ferrous Metallurgy,” Daewoong Publishing, pp.
611-619, 2004.

. Phadke, M. S., “Quality Engineering Using Robust

Deisgn,” Prentice Hall, Englewood Cliffs, 1989.

. Peace, G. S., “Taguchi Methods,” Addison-Wesley

Publishing Company, 1993.

. Rao, C. R, “Factorial Experiments Derivable from

Combinatorial Arrangements of Arrays,” Journal of
Royal Statistical Society, Series B, Vol. 9, No. 1,
pp. 128-139, 1954.

. Yokoyama, Y. and Taguchi, G., “Business Data

Analysis:  Experimental
Maruzen, 1975.

S., Ishii, K. D. R,
using Manufacturing Variance to
Design Gears with Minimum Transmission Error,”
ASME J. Mech. Des, Vol. 113, No. 3, pp.
318-324, 1991.

Regression  Analysis,”

and Houser,
“Procedure

. Otto, K. N. and Antonsson, E. K. “Extensions to

the Taguchi Method of Product Design,” ASME .
Mech. Des., Vol. 115, No. 1, pp. 5-13, 1993.

J, Rao, S. S. and Chen, L,
“Taguchi-Aided Search Method for Design
Optimization of Engineering Systems,” Engineering
Optimization, Vol. 30, No. 1, pp. 1-24, 1998.

J, “A Design Methodology with
Orthogonal  Arrays Using Experiments and
Computer Simulations,” Trans. of the KSME (A),
Vol. 28, No. 7, pp. 885-895, 2004.

Ramsey, F. L. and Schafer, D. W. “The
Statistical Sleuth: A Course in Methods of Data

12.

13.

14.

15.

17.

19.

20.

95

. Lenth, R. V.,

Analysis, Second Edition,” Duxbury Press, pp.
10-234, 2001.

Godolphin, J. D., “Reducing the Impact of
Missing Values in Factorial Experiments Arranged
in Blocks,” Quality and Reliability Engineering
International, Vol. 22, No. 6, pp. 669-682, 2006.
Ceylan, Z. and Trabia, M., “Optimization of the
Closure-Weld Region of Cylindrical Containers
for Long-Term Corrosion Resistance Using the
Successive Heuristic Quadratic  Approximation
Technique,” ASME J. Mech. Des., Vol. 125, No.
3, pp. 533-539, 2003.

Gautschi, Ww., “Orthogonal Polynomials:
Application and Computations, Acta Numerica,”
Oxford University Press, pp. 45-119, 1996.

T., M., Yu, Q. and
Kohda, 1., “Structural Optimization Using the
Design  of Experiments and Mathematical
Programming,” Trans. of the JSME (A), Vol. 62,
No. 601, pp. 2180-2185, 1996.

Kashiwamura, Shiratori,

. Baek, S. H,, Hong, S. H,, Cho, S. S. and Joo, W. S.,

“Multi-objective Optimization in Discrete Design
Space using RSM-Based Approximation Method,”
The Third China-Japan-Korea Joint Symposium on
Optimization of Structural and Mechanical Systems
(CIK-OSM3), pp. 125-130, 2004.

Baek, S. H,, Cho, S. S., Kim, H. S. and Joo, W.
S., “Tarde-off Analysis in Multi-objective
Optimization = Using  Chebyshev  Orthogonal
Polynomials,” Journal of Mechanical Science and
Technology, Vol. 20, No. 3, pp. 366-375, 2006.
“Quick and Easy Analysis of
Unreplicated Factorials,” Technometrics, Vol. 31,
pp. 469-473, 1989.

Minitab, “MINITAB User's Guide #2: Data
Analysis and Quality Tools,” Minitab Inc., 2000,
Baek, N. K. and Kim, D. E., “Optimization of
Laser Lithography Micropatterning Technique
Based on Taguchi Method,” J. KSPE, Vol. 19,
No. 7, pp. 59-63, 2002.



