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Abstract

Effects of Na.S, CuCl. and NaCl on the corrosion of
aluminum

Ju Hee Lee
Advisor: Prof. Heedin Jang, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

A1100 is a pure aluminum with a purity of 99.0% or more and is an industrial
material with excellent corrosion resistance and excellent machinability and
thermal conductivity. Aluminum quickly corrodes in strong acids and strong bases
but is highy resistant to corrosion environments with pH 4-9. However, the
passive film of aluminum is prone to breakdown in the presence of aggressive
ions such as Cl°, causing localized corrosion |like pitting corrosion. In
addition, aluminum is susceptible to galvanic corrosion in contact with metals
such as Fe and Cu since the corrosion potential is lower than that of other
metals. SOx in the atmosphere is known to promote the corrosion , but S0/, a
sulfate, can facilitate the passivation of aluminum.

In this study, the corrosion behavior of aluminum in the agueous solution
containing NasS, CuClp, and NaCl was carried out, and the corrosion potential,
corrosion rate, and pitting potential were measured. The main effect and the
interactions between theions on the corrosio parameters were investigated by
using the statistical analysis, based on the Responses Surface Methodology of
DOE (Design and Experiment).

As a result, the effect of Cu™ ions on E.: was greatest, raising the Egr. IN
the case of I, the three ions contributed slightly to the increase of lcor.
Eoit was affected most significantly by Cl~ concentration . The effect of S* on
the corrosion Eel, icorr. and Epi¢ was small, but the increment of E¢ by Cu®
concentration was higher in the solution with more NasS .
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Table 2.4 Physical properties of pure and commercial Aluminum

. Commercial
&3 Pure Aluminum (99.996%) ,
Aluminum(99.5%)
A HS 13 _
ra NI 26.98 -
2y 3x FCC -
AL Al
0.40494 0.404
(at 293K) [nm]
9l (at 293K)
5 2.698 2.71
[g / cm’]
288 [K] 933.2 ~923
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Table 2.5 Uses according to aluminum alloy element

&= AHg =2 A 42 2T
1000H & Al =% 99.0% &£= 1 0|&t AL, EAIS, &S A
20004 & Al-Cull €20l &3 S2II M, JIH B
30004 & Al-MnHl 220l &2 220l 20 HICI, HA=TH
4000H1<& Al-SiHl 220l &3 2HME, LIAE THE
_ A/ HEME, It0et
500041 & Al-MgH 220l &3 o
SHE
6000H & Al-NG-SiHl £=0ls &2 TEF TV, FEES
70004 & Al-Zn-MgHl £=0ls &2 AZX 25, &2
- 6 -
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F

1 uA/em?
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96485 C/mol, Faraday constant
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number of electrons
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Fig 2.6 Mechanism of Aluminum pitting [30]
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Table 2. 8 Sulphlde levels in polluted waters [31]
Water Levei ppm Lacatwwsource Ref.
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50-100 Anihropogenic pollution 2
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Thermal springs 8-25 Dead Sea 11
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03-18 Steam condensates 13
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Sewage 27 Municipal 5
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Table 2.9 Role of anion
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Table 3.1 Factors for Box—Behnken Design of test solutions

Factor Low limit (mg/L) midium level (mg/L) High limit (mg/L)
cu®* 0 0.946 1.891
Cl™ 36.6 201.3 366
s 0.1 0.35 0.6

Table 3.2 Compositions of test solutions
Solution no. cu?t (mg/L) Cl~ (mg/L) S (mg/L)
1 1.891 201.3 0.1
2 1.891 201.3 0.6
3 0.946 201.3 0.35
4 0.946 36.6 0.6
5 0.946 366 0.6
6 1.891 36.6 0.35
7 0 201.3 0.6
8 0 36.6 0.35
9 0 201.3 0.1
10 0.946 366 0.1
11 1.891 366 0.35
12 0.946 36.6 0.1
13 0 366 0.35
14 0.946 201.3 0.35
15 0.946 201.3 0.35

Collection @ chosun

_32_




|
_.u_

oK

=
Gl

b

43

Al

)
Gl

Kl

Al

Table 4. 101l LIEHHACEH.

o
I

Fig 4.1t &CF.
Tafel

—

—

Z 1
T FAU/AZRH 0.2VALH

-2

=L
=)

=)

pS|
=

l

2

s

4]

P
—

O,

=)

1.

nE

Veee2  LIEFSHL,

Alcm?, ZAIMLI= 0.32 ~ -0.54 Ve OHX

[0

Kl

[0
H

AMECE 8.74x107 ~ 6.93x10°

=
T/

-0.42 ~ -0.81

= [
SAER=

KJ
<l
g
ok
KJ

Mo
0l

00

Ecorr) 2 0.02 ~ 1.13 Vgee2 LIEFRCE.
EXIF Cu** 1t CI- 0l201 Jt

28O 2 Cu** 0I201 1

= Epit =

| (Roit

o
A
o
jo—

00

g

D

Ju
o3

Ul

=
=

c
T

—
& s

oF
s

et &l

:1:]3
=

F

=5

A
A

=AM 7TB10IA

¢

o
ju—

Al
=

0l

KJ

M0

i0J

u
()

w3

el

H
4

I+
i0J
5

=
o

Cu®et CI 2 24240

X

Cu®*et CI~ 0l20l It

—

—

0l

OH,

—
—

0l

0l
Al

ok
RJ

[0

0l
o0
2
o
53

HH

7H EH0IUSH,

[0
oF
Kl

[0

H
4

IF

ok
Kl

<l

IF

nl

-

nl

00
80

Ol
Ul
o

i0J

uy
Rl

ng
o

o3

oI

!
o3

ol
1l

=)
X0
00
=

<r

_33_

Collection @ chosun



0.04
w02
o
S a4
T
o 0.6
o -
N8{—=o
et y
Al e
B
10 10?7 10 W7 10t o10% 10 107 107
Current density(A/cn)
(a)
0E{—®
—
T
— —3
§ 0.2 4 .
> 00]
T 02!
E -0.4 4
(8]
S 8!
-0.8 1
-1.0 1
-1.2 NU—

10° 10° 107 10° 10° 10° 0% 10°
Current density(A/cm®)

(b)

_34_

Collection @ chosun



Fotential (Vg..)

10° 10° 107 10° 10° 10 10°
Current density(A/cm®)

(C)

Fig 4.1 (a) Run order 1 to 5 polarized curve, (b) Run order 6 to 10
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Table 4.1 Ecorr, lcorr, Epit, Roit determined from Fig 4.1 and solution pH before

test
SOInLgt.lon Ecorr (Vsce) (Al/cgfﬁz) Enit (Vsce) Roit (Vsec) Solgl’fllon

1 -0.62 2.71 x10°° -0.47 0.15 5.47
2 -0.42 6.93 x107 -0.21 0.21 5.58
3 -0.59 7.48 x10°° -0.48 0.1 4.96
4 -0.61 4.00 x10® -0.29 0.32 5.40
5 -0.60 2.24 x10°° -0.50 0.10 5.49
6 -0.69 1.62 x10°° -0.35 0.34 5.38
7 -0.73 1.67 x10°° -0.49 0.24 5.88
8 -0.81 4.50 x107 0.32 1.13 5.63
9 -0.75 9.40 x107 -0.43 0.32 5.55
10 -0.64 6.62 x10°° -0.62 0.02 5.45
11 -0.61 6.04 x10°° -0.52 0.09 5.44
12 -0.58 3.35 x10°° 0.02 0.61 5.55
13 -0.76 8.74 x107 -0.53 0.23 5.54
14 -0.56 5.11 x10°° -0.50 0.06 4.97
15 -0.54 4.78 x10° -0.51 0.03 4.95
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Fig 4.3 Residual Graph of Eco
Table 4.2 Egorr Mode!l Summary

S R® R($H) RE(01=)
0.0537538 89.69% 71.14% 0.00%
Table 4.3 Uncoded coefficients and P-values for Eco:

&t H == p-gt
A~ -0.8363 0.000
cu?* 0.00405 0.015
Cl™ 0.000265 0.096

S% -0.0372 0.476

Cut*Cu? -0.00002 0.028

Cl™=CI~ -.000000 0.076

S xS% 0.0220 0.485

Cu?**C1~ 0.000000 0.784

Cu**S? 0.000732 0.162

Cl™*S* 0.000029 0.557
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Fig 4.5 Residual Graph of Icorr
Table 4.4 | Model Summary

S

R2

R (+3)

RE(0il =)

0.0000017

80.88%

46.45%

0.00%

Table 4.5 Uncoded coefficients and P-values for |lcor

g H= P-gt
af = 0.000000 0.883
Cu™ 0.000000 0.073
Cl™ 0.000000 0.288
S 0.000001 0.604
Cu“*Cu™ —0.000000 0.055
CI™xCI~ —0.000000 0.220
SF*S* —0.000000 0.637
Cu*+C 1~ 0.000000 0.304
Cu“+S? 0.000000 0.364
Cl™*S* —0.000000 0.209
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Table 4.6 E,i¢ Model Summary

S R® R(+=3H) RE(OIIZ)
0.163066 82 .88% 52.06% 0.00%
Table 4.7 Uncoded coefficients and P-values for Ept
af H = P-gt
ol 0.306 0.133
Cu®* -0.00544 0.152
Cl™ -0.001178 0.026
s= -0.213 0.189
CuttxCu® 0.000010 0.644
Cl™=Cl~ 0.000000 0.159
S8 0.0157 0.861
Cu**Cl 0.000004 0.092
Cu™**S? 0.00125 0.379
Cl™*S% 0.000189 0.216
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Table 4.8 Ryt Model Summary

S R® R(=3) RE(01=)
0.133279 92.18% 78.11% 0%
Table 4.9 Uncoded coefficients and P-values for Ry
& A= P-gt
Chin 1.415 0.000
Cu?* -0.000780 0.009
Cl”- -0.000006 0.005
§& -0.000586 0.185
Cu” *Cu” 0.000000 0.054
CI™*Cl™ 0.000000 0.031
ST*S” -0.000000 0.882
Cu***C 1~ 0.000000 0.059
Cu™'*S” 0.000000 0.0622
JESS 0.000000 0.224
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Table 4.10 Nonconformities for Ecorr

2= Ecorr ME X SN =3 &X
2 -0.42 -0.51 0.09 2.51
6 -0.69 -0.59 -0.11 -2.04
Table 4.11 Stepwise Regression Summary of Esr Models
S R? RE(+=3H) RE(01=)
0.0245561 88.79% 86.55% 82.97%

Table 4.12 Uncoded Coefficients and P-values of Ecr with Stepwise

Regression
et Hl == P-gt
ot -0.7625 0.000
Cu?* 0.000290 0.000
Cu?t*Cu®* -0.000000 0.000
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Fig 4.13 Residual Graph of Stepwise Regression |lcorr

Table 4.13 Nonconformities for lgorr

2= lcort ESE=IpN PN E=gh &R
5 2.24 5.59 -3.35 -2.21
Table 4.14 Stepwise Regression Summary of |srr Models
S R® RA(%=%) RE(0II=)
0.000010 85.99%% 77 .24% 60.90%

Table 4.15 Uncoded Coefficients and P-values of lgrr With Stepwise Regression

et Hl == P-gt
af = —0.84 0.654
Cu™ 0.00675 0.003
Cl™ 0.000003 0.498
S 0.00350 0.088
Cu*Cu?* —0.000003 0.002
Cu™**Cl 0.000000 0.123
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Table 4.16 Nonconformities for Eyit

2= Ecorr BRI NN HZE3 Xt
8 0.32 —0.1350 0.4550 2.78
12 0.03 —0.2491 0.2729 2.59
Table 4.17 Stepwise Regression Summary of Ep;: Models
S R RR(=3H) R(0I=)
0.0273506 95.2%% 90.57% 57 .85%

Table 4.18 Uncoded Coefficients and P-values of Eyi; with Stepwise Regression

et Hl == P-gt
o= —0.2556 0.000
Cu™ —-0.000193 0.144
Cl™ —0.000001 0.001
s= —0.000583 0.339
Cu?*Cu™ 0.000000 0.031
SF 8= 0.000001 0.062
Cu**S% 0.000000 0.003
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Table 4.19 Stepwise Regression Summary of Ry;¢ Models

S

R2

R(+=3)

RE(OI=)

0.0273506

95.29%

90.57%

57.85%

Table 4.20 Uncoded Coefficients and P-values of Ryt with Stepwise Regression

Collection @ chosun

g Al == P-gt
af = 1.184 0.000
Cu” -0.000729 0.001
Cl™ —0.000006 0.000
Cu*Cu?* 0.000000 0.022
Cl™=CI” 0.000000 0.010
Cu“*CI~ 0.000000 0.026
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