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The objective of this investigation was to indentify major factors affecting surface roughness among various
parameters of electropolishing process using the design of an experiment method (full factorial design) for UNS
S31603. Factors selected included electrolyte composition ratio, applied current density, and electrolytic polish-
ing time. They were compared through analysis of variance (ANOVA). Results of ANOVA revealed that all
parameters could affect surface roughness, with the influence of electrolyte composition ratio being the highest.
As aresult of surface analysis after electropolishing, the specimen with the deepest surface damage was about 35
times greater than the condition with the smallest surface damage. The largest value of surface roughness after
electropolishing was higher than that of mechanical polishing due to excessive processing. On the other hand,
the smallest value of surface roughness after electropolishing was 0.159 um, which was improved by more than
80% compared to the previous mechanical polishing. Taken all results together, it is the most appropriate to per-
form electrolytic polishing with a sulfuric acid and phosphoric acid ratio of 3:7, an applied current density of 300
mA/cm’®, and anelectrolytic polishing time of 5 minutes.
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IDENTIFYING FACTORS AFFECTING SURFACE ROUGHNESS WITH ELECTROPOLISHING CONDITION USING FULL FACTORIAL

DESIGN FOR UNS S31603
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Table 1. Chemical compositions of UNS S31603 (wt%)
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Ni Cr Mo C Si Mn P S Cu N Fe
10.19 16.7 2.03 0.023 0.60 1.05 0.034 0.0028 0.282 0.012 Bal.
Table 2. Designed factors and their levels for screening design
Level
Factors Unit
Min. (-1) Max. (1)
Electrolyte (A) 95 %/w H,SO,, : 85 %/w H;PO, 3:7 7:3
Current density (B) mA/cm? 100 300
Process time (C) Min 1 5
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AREA Al AHTFEE B Aanlehd 39S &
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Table 3. Designed factors and their levels for screening
design (Principle of Randomization)

Factors
Row |  Electrolyte Curre;nt Prf)cess Rouﬁﬁless’
(H,S0,, 95 %/w) (nii]/s::llyz) (tr;“i‘rf)
1 7 300 1 1.442
2 3 100 5 0.346
3 3 300 1 0.374
4 7 100 5 3.385
5 7 300 1 1.213
6 7 100 1 0.416
7 7 300 5 7.392
8 3 100 1 0.545
9 7 300 1 1.213
10 7 100 1 0.443
11 7 100 5 3.416
12 5 200 3 0.480
13 3 100 1 0.514
14 3 300 1 0.369
15 7 100 1 0.387
16 3 100 5 0.354
17 3 300 1 0.391
18 7 100 5 3.312
19 3 300 5 0.199
20 7 300 5 7.482
21 7 300 5 7.321
22 3. 300 5 0.158
23 3 100 5 0.352
24 3 300 5 0.196
25 3 100 1 0.521
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Table 4. The result of ANOVA in screening design for roughness (Round to 4 decimal places)

Source DF Adj SS Adj MS F-value P-value

Model 8 134.459 16.807 4707.46 0.000

Linear 3 81.898 27.299 7646.05 0.000
A 1 45.659 45.659 12788.21 0.000
B 1 7.888 7.888 2209.27 0.000
C 1 28.351 28.351 7940.66 0.000
AB 1 10.204 10.204 285791 0.000
AC 1 33.377 33.378 9348.46 0.000
BC 1 3.687 3.687 1032.71 0.000

ABC 1 3.771 3.771 1056.11 0.000

Error 16 0.057 0.004

Total 24 134.516

* R*=99.94

(DF: Degree of freedom, Adj SS: Adjusted sums of squares, Adj MS: Adjusted mean of squares, F-value: Fisher-Snedecor distribution, P-

value: Probability value)
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A : Electrolyte
B : Current density
C : Process time

100

80

60

Standarized effect

A AC C AB B ABC BC
Pareto chart of the standarized effects (a=0.05)

Fig. 1. Pareto chart of standardized effect for factors in the
screening design for roughness

Electrolyte(A)

Diffusion layer(B)

Fe + xH,0 > Fe?*exH,0 +ye

Stam ess steeI(E)

Fig. 2. Schematic diagram of the mechanism of the electro-
polishing process (A: Sulfuric acid+Phosphoric acid, B:
H,0+0OH’, C: Phosphates (V), Sulphates (VI), D: Cr,0,, E:
UNS S31603)
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Mean of surface roughness, pm

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
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Electrolyte, Vol%(H,SO,)

Current densitv. mA

200 300 1 3 5

Process time, min

Fig. 3. Interaction effect plot for critical pitting potential in the screening design for roughness
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Fig. 4. Galvanostatic experiment for EP with electrolyte : (a) 3:7, (b) 7:3, (¢) 5:5 [Sulfuric acid(95 %/w H,SO,) : Phosphoric
acid(85 %/w H;PO,)]
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IDENTIFYING FACTORS AFFECTING SURFACE ROUGHNESS WITH ELECTROPOLISHING CONDITION USING FULL FACTORIAL
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