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Abstract
Yudee, A.!, Sopadang, A.%, Wirojanupatump, S.* and Jiansirisomboon, S.!
Aluminium-12wt % silicon coating prepared by thermal spraying technique:

Part 1 optimization of spray condition based on a design of experiment
Songklanakarin J. Sci. Technol., 2006, 28(2) : 431-439

At present, thermal spray technology is used for maintenance parts of various machines in many
industries. This technology can be used to improve the surface wear resistance. Therefore, this technology
can significantly reduce cost of manufacturing. Al-12wt%Si alloy is an interesting and popular material
used in the automotive industry. This research studies the suitable condition for spraying of Al-12wt%Si
powder. This powder was sprayed by a flame spray technique onto low carbon steel substrates. The suitable
conditions for spraying can be achieved by a design of experiment (DOE) principle, which provided statis-
tical data defined at 90% confidence. This research used control factors, which were oxygen flow rate,
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acetylene flow rate and spray distance. The satisfaction levels of these factors were set at 3 levels, i.e. low,
medium and high, in order to determine suitable responses, which were hardness, thickness, wear rate and
percentage volume fraction of porosity. It was found that the optimized condition for spraying Al-12wt % Si
powder consisted of 38 ft>/hr (1.026 m*/hr) of oxygen flow rate, 27 ft3/hr (0.729 m’hr) of acetylene flow rate
and 58 mm of spray distance.

Key words : thermal spray, Al-12wt%Si, design of experiment, central composite design,
response surface design
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Table 1. Control factors and their limited values for spraying

Al-12wt % Si powder.

Control factor

Level
Low (-1) Medium (0) High (+1)
Oxygen flow rate (ft*/hr) 30 34 38
Acetylene flow rate (ft*/hr) 30 34 38
Spray distance (mm) 59 64 69

Table 2. Spray conditions for spraying Al-12wt % Si powder, determined
by Central Composite Design of Response Surface Design method.

Spray Oxygen flow rate  Acetylene flow rate Spray distance
condition (ft3/hr) (ft’/hr) (mm)
1 34 27 64
2 34 40 64
3 38 30 59
4 38 38 59
5 34 34 64
6 30 38 59
7 27 34 64
8 34 34 64
9 38 30 69
10 34 34 72
11 34 34 64
12 34 34 56
13 34 34 64
14 34 34 64
15 30 30 59
16 30 30 69
17 34 34 69
18 30 38 69
19 41 34 64
20 38 38 64
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Table 3. Coefficient and P-Value that were analyzed from a design of experiment.

Control Wear resistance Hardness Percentage of Thickness

factor

coating surface area

constant Coef. P-Value Coef. P-Value Coef. P-Value Coef. P-Value

Constant 490.2 0.000  95.571

o -27.5 0.251 -0.221
A 55.2 0.031 -2.862
D -63.2 0.016 0.476
0*0 -5.589
A*A 92.5 0.001 -2.824
D*D -1.583
O*A -73.2 0.029 3.890
O*D -6840
A*D -104.6 0.004 2.320

0.000  70.321 0.000  209.73 0.000
0.951 2346  0.115 8.93 0.251
0.435 -0.414  0.770 1.58 0.835
0.895 0.666  0.639 -13.53 0.092
0.133 -2.417  0.097 -14.11 0.072
3.422 3920 0.012

0.654 2773 0.061 -15.88 0.046
4.593

0.167

0.624 19.75 0.063

Where - Control factors and interaction between control factors are O = Oxygen;

A = Aetylene; D = Spray distance; O*0 =

interaction between oxygen and oxygen;

A*A= interaction between acetylene and acetylene; D*D= interaction between spray distance

and spray distance; O*A = interaction be
O*D= interaction between oxygen and sp
and spray distance

tween oxygen and acetylene;
ray distance; A*D = interaction between acetylene

[ e

k k
- From responded equation: Y =f, +Y.B,x, +2.B,x; +3 3B, X,x; +€
i=1 i=1 i<j

where B, = constant

- Coef. = coefficient of surface of responses' equation
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Figure 4. A character plot between desirability (D) and response where D = 0.1 (consider from

a slop of the graph).
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Table 4. Control factors of optimization for suitable condition for
sprayed Al-12wt % Si powder.

Parameter Lower Target Upper Weight Importance
% of area 78 80 90 0.1 1
Thickness 235 240 300 0.1 1
Wear resistance 600 800 1000 0.1 1
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Table 5. The optimization of control factors and responses of DOE

and desirability.

Control factor Value Response Desirability
Oxygen flow rate ~ 37.9 ft’/hr  coating surface area 85.1% 0.93114
Acetylene flow rate 27.3 ft*/nr  Thickness 235.2 um 0.73641
Spray distance 58.1 mm. Wear rate 620.6 m/mm?* 0.79680

Table 6 Comparison of responded value received from a design of
experiment and a real experiment.

Response Design of experiment Real experiment
coating surface area 85.1% 85£1.6 %
Thickness 235.2 um 236.7£20.5 um
Wear rate 620.6 m/mm?> 902.5+10 m/mm’
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