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The Application of Taguchi Method on Aluminum
Electroplating from Fused Chloride Salt
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ABSTRACT

Taguchi Method was applied to explore aluminum electroplating from fused salt. Four electorplating
parameters (i.e. operating temperature, electrolyte concentration, current density and surface roughness of
cathode) were concerned. The results indicated that tensile strength of the coating layer was higher than
45MPa. For the requirement of plating speed and deposit homogeneity, the optimum conditions were
obtained in the following: Electroplating from a bath of 80wt% AlICl,, at 200°C, with a current density of
20mA/cm? on a steel cathode, which had been ground to 1000 mesh SiC emery paper.
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Control factors and levels

JEHIRZR 7KH#E 1 TKHE 2 IKHE3

A EERBE 170 °C 185 °C 200°C

B [EWEE 75% 80% 85%

C |{BREE 10 mA/cm2 20 II’IA/cm2 30 mA/(:m2

#100 #220 #1000
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Table 2 S/N ratio of average thickness of coatings

BETHEE

Bl ym | SN

Test 1
10.4

Test2
194

1111] 20.5 106 229 112} 146 21.8 18.1 13.3] 24.5

22.1 255 253 234 253| 298 154 168 189 21.8

12221 253 199 19.1 197 199 184 189 165 16.0 14.9/2527

19.7 205 189 17.0 21.0[ 19.1 176 186 173 16.0

1333] 85 13.0 13.6 149 122] 112 61 93 69 10.4/20.02

112 130 11,7 120 85 133 112 101 109 9.0

2123( 24.7 303 253 25.0 25.0( 309 30.1 29.0 274 26.1{29.15

29.5 309 23.4 33.0 29.8 335 30.1 324 394 316

2231| 17.0 176 17.8 157 17.6] 354 28.7 29.5 293 26.6(26.78

226 184 18.6 184 21.0; 364 293 258 255 303

2312) 18.6 189 20.5 194 13.6) 242 20.7 19.1 18.6 33.0(26.18

165 231 16.0 197 197) 255 234 340 27.7

3132| 215 19.9 21.8 274 229| 362 26.1 247 277 23.7127.07

17.6 194 21.0 189 191y 253 21.8 247 237 255

3213| 303 27.1 258 269 30.1] 354 303 30.1 306 32.4/2892

293 26.6 245 247 22.3| 23.7 295 29.8 274

33211 29.5 229 202 21.3 263| 35.6 364 340 354 33.8/28.35

28.7 19.1 189 17.8 23.7) 38.0 33.8 34.8 31.1 338
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Table 3 S/N ratio of standard deviation of thickniss of
coatings

EEEEEEE

Bf:pm | SN

Testl
1.54

Test2
335 215 1.06

1111] 4.57 146 3.19 0.64 5.21 1.89|-11.34

1.81 431 335 2.61 3.56] 590 199 231 731 617

1222 1.17 1.68 136 0.53 266 1.76 1.76 136 0.00 1.30| -4.41

295 2.87 098 1.54 098 1.36 1.30 1.89 120 1.46

13331 1.06 229 0.53 098 130 0.64 1.06 085 0.98 0.53} -2.32

0.64 098 130 1.17 0.64] 0.85 1.36 3.22 1.54 098

2123} 543 6.44 559 3.62 867 838

6.44

6.44 330 1.36 1.81/-16.09

3.9911.46 391 8.16 3.54 1.06 4.6513.59 1.76

2231} 1.94 2.29 1.06 1.30 0.98/21.0910.85 697 5.05 9.95|-16.35

237 0.53 1.89 1.76 3.09 7.13 3.03 1.06 3.88 3.99

2312| 3.03 4.49 548 3.03 194 176 2.47 3.11 1.4619.95/-16.32

5.61 6.60 2.53 2.13 6.25| 4.63 1.9914.02 3.54 1.06

3132| 5.13 537 2311016 3.51| 8.14 5.16 106 5.80 2.71|-12.58

1.54 1.36 130 213 1.36] 2.05 3.11 1.06 1.30 4.71

3213| 1.76 1.60 1.06 1.30

0.64

1.99| 1.06 1.30 0.64 1.46 0.64| -1.76

1.68 0.00 1.06 098 1.30 0.53 0.64 1.06 1.68

3321| 2.13 1.94 1.54 1.68 2.13| 229 1.60 136 1.06 2.74| -6.05

391 1.06 053 0.64 130} 1.60 1.60 399 0.64 1.99
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(b)FE SEM B (170 °C,75 %,10mA/cm’, #
100)

The morphologies of aluminum plating under
[1111]condition(170 "C,75 95,10mA/cm’, #100)
(a) OM cross section, (b) SEM surface picture

fig.2
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Fig.3
centration and electroplating temperature in

this study
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Fig.4 The morphologies of aluminum plating under
[2231] condition(185°C,80 9.30mA/cm’ # 100),
(a) OM cross section,(b) SEM surface picture
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Fig.5 The morphologies of aluminum plating under
[3321] condition (200 °C,85 %,20mA/cm®,#100),
(a) OM cross section,(b) SEM surface picture
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Table 4 Analysis of S/N ratio for response

L e | mrmemme T

E%X|lsa B c©c D|lA B Cc B|lA B € D
ki |

1 1326 2691 2653 26.54]|-602 1334 SB1 -11.35|17.24 1357 1672 1529

2 |2737 2699 27.59 2617 -1625 751 B85 -1110[ 1113 1948 1874 1507
3 [B01 2485 2462 3607680 823 1024 672 (3131 1662 1420 1931
ENM |485 2104 297 051 1023 581 137 433 [10R1 591 454 4
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Fig.6 Control factor effects on average thickness coatings
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fig.7 Control factor effects on standard deviation of
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Table 5 Average thickness of coatings and standard

deviation of confirmation experiment

[E5E 3223 Bfigm SN

Fr| 271
R

250 258 432 229 255 274 309 29.8 29.3| 2857

26.6 279 282 255 234 231 338 300 285 295

fHE| 065 155 1.06 053 155 1.00 1.60 1.30 106 0.53| -2.39
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The morphologies of aluminum plating under

#FH SEM

the optimum electroplating condition (200 °C,
80%, 20mA/cm2, #1000), (a) OM cross section,
(b) SEM surface picture
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#F 6 ANOVA 1%
Table 6 Results of ANOVA
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