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This study aimed to predict the pitting corrosion characteristics of AL-6XN super-austenitic steel using multiple
linear regression. The variables used in the model are degree of sensitization, temperature, and pH. Experiments
were designed and cyclic polarization curve tests were conducted accordingly. The data obtained from the
cyclic polarization curve tests were used as training data for the multiple linear regression model. The significance
of each factor in the response (critical pitting potential, repassivation potential) was analyzed. The multiple
linear regression model was validated using experimental conditions that were not included in the training
data. As a result, the degree of sensitization showed a greater effect than the other variables. Multiple linear
regression showed poor performance for prediction of repassivation potential. On the other hand, the model
showed a considerable degree of predictive performance for critical pitting potential. The coefficient of
determination (R?) was 0.7745. The possibility for pitting potential prediction was confirmed using multiple

linear regression.
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PREDICTION OF PITTING CORROSION CHARACTERISTICS OF AL-6XN STEEL WITH SENSITIZATION AND ENVIRONMENTAL VARIABLES USING MULTIPLE LINEAR REGRESSION METHOD
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Table 1 Designed factors and their levels

Level
Factors Unit
1 2 3 4
Heat-treatment time(DOS): A hours 0(1) 1(3) 3(28) 6(53)
Temperature: B (¢ 25 50 75 -
pH: C 2 4 6 -
Table 2 Experiment design matrix and response for CPDP tests in 3.5% NaCl solution
Input parameter
Row - Epi, V Erp, V
DOS Temp., C pH
1 0 25 2 0.915 0.965
2 0 25 4 0.986 1.038
3 0 25 6 1.023 0.989
4 0 50 2 0.868 0.895
5 0 50 4 1.036 0.967
6 0 50 6 1.022 0.967
7 0 75 2 0.807 0.119
8 0 75 4 0.959 0.995
9 0 75 6 0.795 0.731
10 3 25 2 0.953 0.923
11 3 25 4 1.059 0.997
12 3 25 6 1.049 1.009
13 3 50 2 0.858 0.039
14 3 50 4 0.981 0.0854
15 3 50 6 1.028 0.16
16 3 75 2 0.456 0.085
17 3 75 4 0.497 0.143
18 3 75 6 0.339 0.049
19 28 25 2 0.9357 0.0957
20 28 25 4 1.15 1

21 28 25 6 1.059 0.9978
22 28 50 2 0.572 0.015
23 28 50 4 0.5295 0.0572
24 28 50 6 0.4916 0.0113
25 28 75 2 0.263 0.005
26 28 75 4 0.228 -0.061
27 28 75 6 0.31 -0.038
28 53 25 2 0.95 0.114
29 53 25 4 1.069 0.121
30 53 25 6 1.001 0.006
31 53 50 2 0.4336 0.004
32 53 50 4 0.3945 0.08
33 53 50 6 0.693 0.001
34 53 75 2 0.275 0.093
35 53 75 4 0.306 0.063
36 53 75 6 0.265 0.053
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Fig. 1 CPDP curves with the level variance of specific factors in 3.5% NaCl solution, (a) temperature, (b) Arrhenius plots of
current densities at different potentials from the CPDP curves, (¢) pH at 25 C (d) pH at 75 C: The open dot and closed dot

indicate forward and reverse scan.
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Table 3 The result of ANOVA for all terms in Table 2
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NaCl s=§-ellA, pH7}F Zhaxghel] whe} H-gef A77}F o=k
7 b S UERAch 28 AR 9] o] el A
5 El/2F-5 8 dol7 #Aske] ™, negative hyste—
resis loopE UERde| weh Fast Fae 545 vell
th Wb, 75 ColA pH Wste] whE 5 e ¥&e
2ol & YERTE pH 2 &9 oA oA o= vhe- oF 0.8
V AglelA 4% AREE S7H el on, o] % o
= 7k A positive hysteresis loopE YERITE €49
257t SV pHYF ZEAgel whet g e 9eke] ’
A S AT, o= FEHE ] 7hAst &
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P

w

2 SHH 2

H-E-3k (Epit, Erep) ©l WX
T3t} Table 33 4

o 1__
= Ry
TAREA S vEhd Zlojth kA S 54 9] At

Response: Ep

Source DF /;(éj ;\\/[dSJ F-value P-value
Linear 6 2.65302 0.442171 20.09 0.000
A 1 0.00892 0.008925 0.41 0.529
B 1 0.03856 0.038560 1.75 0.196
C 1 0.02206 0.022055 1.00 0.325
A-B 1 0.21624 0.216245 9.83 0.004
A-C 1 0.00049 0.000488 0.02 0.883
B:C 1 0.01382 0.013824 0.63 0.434
Error 29 0.63818 0.022006
Total 35 3.29120
R? Adjusted-R?
0.8061 0.76
Response: Ep
Source DF ggj f/[dsj F-value P-value
Linear 6 4.35536 0.72589 8.22 0.000
A 1 0.41739 0.41739 4.72 0.038
B 1 0.28393 0.28393 3.21 0.083
C 1 0.07461 0.07461 0.84 0.366
A-B 1 0.25243 0.25243 2.86 0.102
A-C 1 0.03592 0.03592 0.41 0.529
B:C 1 0.01056 0.01056 0.12 0.732
Error 29 2.56239 0.08836
Total 35 6.91775
R? Adjusted-R?
0.6296 0.553
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Table 4 The result of ANOVA for significant terms(confidence level 95%) in Table 2

Response: Ep;

HHE 5 9tk Pgko] 0.05 olstel A% A5 95%¢
A g Ak frelste ol sgelae] £Eo) w3k
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FES ML Wl te dEAgAAAe 4 39
2 s,

k
Y; :ﬂ0+21ﬂj$ij 1=1,2,..,n 3)
A9

Table 3 2] 39] A &l gt Ak
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Source DF /;(éj ;\\/[dSJ F-value P-value
Linear 3 2.61275 0.87092 41.08 0.000
A 1 0.02226 0.02226 1.05 0.313
B 1 0.32983 0.32983 15.56 0.000
A-B 1 0.21624 0.21624 10.20 0.003
Error 32 0.67845 0.02120
Total 35 3.29120
R? Adjusted-R?
0.7939 0.7745
Response: Ey,
Source DF ggj f/[dsj F-value P-value
Linear 2 3.569 1.7843 17.58 0.000
A 1 2.059 2.0594 20.29 0.000
B 1 1.509 1.5093 14.87 0.001
Error 33 3.349 0.1015
Total 35 6.918
R? Adjusted-R?
0.5159 0.4865
EZ A3 (sum of squares, SS) & YER) a1, o] A|F Wl Roe}, zF F oIzl wE ZE-2 Wk B2 Eepoll
e AP B Q=] AlRFoE Fafjste] et gt M5 (SS) & s, e din] s A7) uhet
vl 53] & Js T QAES FohlE Ao FEF I TS iAo Qlrk B Aol Bk
th T A 2 s Bk Al exfel ofgt Ao gt 21 7S 95% (@ =0.05) 2 A7kt 95%
Aoz vhm ¢ Ak F Aaddel g 2k 3dd A FEA FosHA] S A= 7 wistel] wet kg
A ek Ao ME-S (percentage contribution) < | # Ep® Erep®l 12813 F3s YERA] S Z1o R 7
A sbe] g s 3] 7o 25 yERdT Hr, g 8729 A gebr] Slal Al = A
sk, FA M) AlHEH+ (mean of square, MS) 3} 2.3} oo thst waHEA Avl= Table 49} 7t} AF|4 95%
Aol v2 FoE= F g el digt i 37 oA 9] ket wsAg o Y Wkl EHK} s
WHFe TS FAIS P gk o714 Alege 7t AR F= A 49k Ak zF g A QIR = st
Q1219 AlFE-S A= (degree of freedom DF) 2 Wi FAA ALLE $18 A 59 ol Atslelict
Mo gy, AR Mt Tadh 2 Pake
2, 0.06% 7|+ AlFs 95%01%1 OMH o4 Epiv=1.220140.02874 — 0.00694B— 0.001657AB

E;ep=0.985—0.7454—0.6278 4)

(1‘ _mmm)

(xmax ':me )

X=0.1+ %< 0.8 )

A7l M x= Gatste g, o= AarstEA 22w
Ty 2F i = 2E AFE] A H 2 FE0ITE B8 Erep©
T @ 37 4ol gk A A= 2 0.77458) 0.4865
o AEHY vsAdd s T AN AAAT] A7)
PR (AP oF wh-e-3te] R4 Bl =gt =2
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Fig. 2 3D surface plot diagram and actual values vs. predicted values for MLR model with DOS and temperature: (a,b) response

is E, (c,d): response is E,.
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Fig. 3 Pareto chart(a) and interaction effect diagram(b) for significant factors in MLR model for E.
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