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Corrosion analysis of the duplex aluminum alloys
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Abstract

Corrosion characteristic of the duplex Al-Mg-Si alloys with low, commercial and high solute contents were
studied using an anodic polarization test in 1M NaCl solution at room temperature. Polarization range condition
of the experiment were form —0.3V to —1.3V with a 0.2 mV scanning speed. The exchange current density
means corrosion rate of the low solute alloy was low as about 16.29 pA/cm’, and that of the high solute
alloy was high as 84.92 uA/cm’. The difference was mainly attributed to the inter-granular precipitates Mg,Si
and Si which could make a galvanic corrosion on the aluminum base. The amount of precipitates was greater
in high solute alloy at mainly in grain boundary. While, the extruded alloys had better corrosion resistance

than the cast alloy because the silicon precipitates become coarse during the extrusion process.

Keywords : corrosion analysis, AI-Mg-S! alloy, anodic polarization, polarization resistance, MQg,Si, Si

.M B

FLoFANS B FUE FE F
(M) ThEO.2 7hil g #4591 FAlo] F271 o]
S the 243 4 gREE, 4o 2 Lo
KBt A7), 99l FEAAY 54

o Az AFEE FAHL 9 2 437
NN AFE Gl o Fadel BahEa 9
o), pH 4.5~8.59] B730NM A5} seto] wA
g BEs) g Wyl S, e
o8} A Wio] Fe, Cu, Pb 53} HEaT 4
A FAHE BHol A, ol @ FARE Ada
7 S8l A2 LRolANTe] dEo) A WA

*Corresponding Author : Sang Ho Kim

School of Energy, Materials and Chemical Engineering,
Korea University of Technology and Education
E-mail : shkim@kut.ac.kr

Mg)at A8E6ie T8 94 T2 shtolH,
(Al-Mg-Si, Al6000)A] =S ¥ 74 2 U4
Aol $-481a 250 ~310 MPad] ¢1% ZFEE 71X
3L Qo) Ak B Addube] A W g FE
gz AREE AP, SRR AA71A] 7 Al6000
A a2 A H-3A JHEE o] &t F2&
a3 A -IA 2ATHES ol&ske HAAAR
oA IR @7 EE 5 weba o
et vt e o] MEEe] $ET] 7Rk
o AgHe gFwor Pl 20F0] Y
ATH. TSk AgAke] AA| F Al FFe] Aol
= 71AAQ 7ol aFEE AAAE 487517
wjZoll, AAAR AEFslrt o o= st
AFu) Al Ago] Ak Wil 9lom Al6000
Aol = ¥4 F rtulgMg) A (S



228 g 9)/3=EAT

3] 48 (2015) 227-232

Table 1. Chemical composition of Al-Mg-Si alloys

Element (wt %)
Sample number Mg Si Mn Fe Cu Zn Ti Al
5.0 1.8 0.5 0.2 0.05 0.07 0.2 Bal.
1.4 1.4 0.4 04 1.4 0.7 0.1 Bal.
6.5 2.0 0.4 04 0.5 1.0 0.2 Bal
Mg,Si€] Table 2. Polarization test conditions
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Parameter
Initial potential (V) -13
Final potential (V) -0.3
Scan Rate (mV/s) 0.2
Time (s) 5001
Temperature (C) RT
Reference electrode Saturated calomel electrode
Counter electrode Graphite electrode
Electrolyte NaCl 1M
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Fig. 1. XRD pattern of the Al-Si-Mg alloys (a) sample No. 1, (b) sample No. 2 and (c) sample No. 3.
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Fig. 2. Microstructure of Al-Mg-Si cast alloys (x500) (a) No. 1, (b) No. 2, (c) No. 3.
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Fig. 3. Microstructure of Al-Mg-Si extrusion alloys (x500) (a) No. 1, (b) No. 2, (c) No. 3.
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Table 3. Electrochemical value of Al-Mg-Si alloys derive from polarization in 1M NaCl solution

(a) (b) (©
Element (%) Element (%) Element (%)
Mg Al Si Mg Al Si Mg Al Si
o 4.78 84.01 11.20 3.13 80.95 15.93 3.11 88.08 8.81

Table 4. SEM&EDS analysis on Microstructure of Al-Mg-Si cast alloys (a) No. 1, (b) No. 2, (c) No. 3

(a) (b) (©

Element (%) Element (%) Element (%)

Mg Al Si Mg Al Si Mg Al Si

o 4.82 90.07 5.11 o 1.44 87.47 11.09 o 5.16 88.58 6.26

B 2.07 58.07 39.86 § 0.10 47.80 52.10 B 1.43 57.28 41.29
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Fig. 4. Anodic Polarization curves of Al-Mg-Si cast
alloys in 1M NaCl solution.
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Table 5. SEM&EDS analysis on Microstructure of Al-
Mg-Si extrusion alloys (a) No. 1, (b) No. 2, (c)

No. 3

Parameter Icorr Polarization resistance

Alloy (nA/em?) (Q-cm?)

1 28.81 1.11 x 10°

cast 2 23.88 1.51 x 10

3 84.92 5.49 x 107

1 16.59 4.95 x 10*

extursion 2 16.27 6.54 x 10*

3 53.14 6.43 x 10
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Fig. 6. Schematic diagram of function mechanism of
Mg,Si precipitate in intergranular corrosion of
Al-Mg-Si alloys (a) Mg,Si and Si particles along
grain boundary (b) Mg,Si and Si particles at
corrosion beginning stage (c) Mg,Si and Si
particles at corrosion later stage.

&3 7o) MgSi F%el @} No2 > Nol >
No. 39| =02 WAAe] Fokon, FxA9 4=
Aol WA BlaAl skEAle] WAl o st
AT ole B A& A o8] FxANA o

FolA] REHE sHEHo

=
1%
i
o
ofl
o,
=2
lo,

7] wzell WS 717 En A= Al6000

AGollA A& ko] Sie Mg,Si &S A5k
WAAE S FEA7IAR, B2 &) Sig e Al

e MgSiol e 238 ol MgSid
FH SiEFE
7] flo] Hrh,

[o

4.8 B
F2A} JEANZ Fgo] Fsd FEI2 AL
| v 484, 2§

Mg-Si §=olAl Mg &go
=]



232 ol &]/=EHFEE] 48 (2015) 227-232

WEATRHEH] 9] 2o oste] ATHYL. 6. S. H. Kim, S. S. Kim, Int. J. Precis. Eng. Manuf.
6(2005) 56.
References 7. J. H. Rhee, J. H. Lee, J. Kor. Inst. Surf. Eng.

48(2015) 70.

8. J. R. Davis (Ed.) : Corrosion of Aluminum and
Aluminum Alloys, 2nd cd, ASM International, Ohio,
(1999) 4.

9. Cristian Vargel, Corrosion of Aluminium, Dunod
Paris(Ed.), 1st cd, ELSEVIER Ltd, Amsterdam,
(2004) 116

10. R. Escalera-Lozano, M. 1. Pech-Canul, M. A. Pech-
Canul, M. Montoya-Davila, A. Uribe-Salas : Open.
Corrosion. J. 3 (2010) 75.

11. F. L. Zeng, Z. L. Wei, Trans. Nonferrous Met. Soc.
21(2011) 2565.

1. K. T. Kim, J. Kor . Foundrymen’s Soc. 31(2013) 29.
. J. C. Kim, S. K. Cheong : J. Kor. Trans. Kor. Soc.
Mech. Eng. 36 (2012) 1382.

3. L. Y. Jae, K. W. Guk, E. K. Jun, L. K.Ahn, J.
Kor. Trans. Mater. process. 18(2009) 296.

4. Dietrich Altenpoh 1(Ed.) : Aluminum: Technology,
Applications and Environment: A Profile of a
Modern Metal Aluminum from Within, 6th cd, TMS,
Washington, (1998) 21.

5. European Aluminum Assocation (Ed.) : Aluminium
in Cars-Unlocking the Light-Weighting Potential,
Ist cd, EAA, Brussel, (2012) 15.

o



