CORROSION SCIENCE AND TECHNOLOGY, Vol.22, No.3(2023), pp.201~213 pISSN 1598-6462 / eISSN 2288-6524
[Research Paper] DOIL: https://doi.org/10.14773/cst.2023.22.3.201

A= 7|8Fst =% & = (Chloride and Sulfate lons)2|
|

FEME FA Yy D&

LOHEE wEE - ZEN olRY

FE 352 AFA S 304-1505

ok
N
o iy
re
-
b
u)
-
o
12
>
o offt
dim
©

Effects of Chloride and Sulfate Ions on Corrosion Behaviors of
Structural Materials Based on Design of Experiment

Dong-In Lim', Heng-Su Noh', Hyeok-Jun Kwon?, Sung-Ryul Park’,
Man-Sik Jo', Doo-Youl Lee*'

"dero Technology Research Institute, Republic of Korea Air Force, 352 Ayang-ro PO. Box 304-150, Dong-gu, Daegu, 41052, Korea
’Department of Materials Science and Engineering, Yonsei University, 50, Yonsei-ro, Seodaemun-gu, Seoul, 03722, Korea
*Department of Defense Science, Korea National Defense University, 1040 Hwangsanbeol-ro, Yangchon-myeon, Nonsan,

Chungcheongnam-do, 33021, Korea

(Received December 01, 2022; Revised April 13, 2023; Accepted April 13, 2023)

Corrosion management of an aircraft and its engine relies on rinsing and cleaning using tap water. Few
studies have reported effects of tap water species on corrosion behaviors of structural materials. In this
study, a series of experiments were conducted based on the design of experiment. Solutions with different
levels of chloride and sulfate ions were prepared using a full factorial design. Two structural materials (alu-
minum alloy and steel) were used for an alternate immersion test. Weight loss was then measured. In addi-
tion, a silver specimen was utilized as a sensor for chloride deposition measurement. The silver specimen
was examined using the electrochemical reduction method, XPS, and SEM-EDS. Surface analysis revealed
that levels of chloride and sulfate ions were sufficient for the formation of silver chloride and silver sur-
face. Statistical analysis of weight loss and chloride deposition rate showed significant differences in mea-
sured values. Concentration of chloride ions greatly affected corrosion behaviors of structural materials.
Sulfate ion hindered the adsorption reaction. These results emphasize the importance of controlling ion
concentration of tap water used for cleaning and rinsing an aircraft.
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Table 1. Two level factorial design

Factor Interaction
Test
A (CD) B (SO,») AB
1 - - +
2 - + -
3 + - -
4 + + +
Table 2. Factor levels
Level (unit)
Factor
-/1 +/2
A (CI) 77.6 ppm 4.0 ppm
B (SO, 86.0 ppm 3.0 ppm
Table 3. Solution arrangement
Solution |\ 5 A,B, AB, A,B,
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Ag AB,/Ag | AB,/Ag | A,B,/Ag | A,B,/ Ag
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Table 4. Chemical composition of specimens (wt%)

Si Mg Cu Mn Fe Cr Zn Ti Al
Aluminum Alloy
(AA6061) 0.5 1.0 0.28 0.04 0.5 0.2 0.05 0.03 Rem.
C S P Mn Fe Ag
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(AISI1006) 0.04 0.003 0.009 0.21 Rem Silver 99.9
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Table 5. Standard reduction potential of various silver corrosion compounds [14]

Reduction reaction Free energy change AG®, kcal/mol E°, V vs. MSE E jutea ¥ VS. MSE
Ag,S0, +2¢" = Ag+S0,” —=30.17 0.01 —0.08
H,0 + Ag,0 +2¢ — 2Ag +20H" —15.92 —-0.18 —0.15
H,0 + AgO +2e — 2Ag + 20H" —21.11 —-0.29 —-0.15
AgCl+e — Ag+Cl” =5.13 —0.42 —-0.28
Ag,S +2e — 2Ag + S 29.62 -1.28 -1.15
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(c) (d)

Fig. 2. Surface morphologies of carbon steel specimens by OM after exposure (x5); (a) Solution 1 (A,B,), (b) Solution 2 (A,B,),
(c) Solution 3 (A,B,) and (d) Solution 4 (A,B,)

(c) (d)

Fig. 3. Surface morphologies of aluminum alloy specimens by OM after exposure (x5); (a) Solution 1 (A,B,), (b) Solution 2
(A;B,), (¢) Solution 3 (A,B,) and (d) Solution 4 (A,B,)
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Fig. 4. Surface morphologies of silver specimens by EDS/SEM after exposure; (a) Solution 1 (A,B,), (b) Solution 2 (A,B,), (¢)

Solution 3 (A,B,), and (d) Solution 4 (A,B,)

Table 6. Results of SEM-EDS area analysis with each Ag
specimens

unit : wt%
Solution Area Ag Cl S (0}
1 96.20 2.81 0.13 0.87
AB, 2 94.83 2.96 0.30 1.90
3 95.69 3.68 0.30 0.33
1 96.82 3.17 0.01 -
AB, 2 97.04 2.95 0.01 -
3 96.25 2.82 0.21 0.72
1 98.77 0.47 0.04 0.72
A,B, 2 98.49 0.51 0.12 0.88
3 98.8 0.36 0.06 0.77
1 99.55 0.25 0.07 0.14
A,B, 2 98.7 0.15 0.47 0.68
3 99.16 0.29 - 0.54
HaL, 53] AB,, ABeIM B2 dstEo] ¥EHS
o B ABS X BE AWeld Ag AEEg
o FRE U BHE YREY 0] MBI WA
Ax B &HolA o5 xdel JstEy FeES A
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Fig. 5. XPS results of Ag specimen for A B, showing (a)
CI2p and (b) S2p
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