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Effects of magnesium and pH on corrosion of aluminum galvanically coupled to iron have studied by using
potentio- dynamic and static tests for polarization curves, Mott-Schottky test for analysis of semiconductor
property, and GD-AES and XPS for film analysis. Pitting potential was sensitive to magnesium as an alloying
element but not to pH, while passive current was sensitive to pH but not to magnesium. It was explained
with, instead of point defect model (PDM), surface charge model describing that the ingression of chloride
depends on the state of surface charge and passive film at film/solution interface is affected by pH. In
addition, galvanic current of aluminum electrically coupled to iron was not affected by magnesium in pH
8.4, 0.2M citrate solution but was increased by magnesium at the solution of pH 9.1. The galvanic current
at pH 9.1 increased with time at the initial stage and after the exposure of about 200 minute, decreased
and stabilized. The behavior of the galvanic current was related with the concentration of magnesium at
the surface. It agreed with the depletion of magnesium at the oxide surface by using glow discharge atomic
emission spectroscopy (GD-AES). In addition, pitting potential of pure aluminum was reduced in neutral
pH solution where chloride ion maybe are competitively adsorbed on pure aluminum. It was confirmed
by the exponential decrease of pitting potential with log of [CI] around 0.025 M of [CI] and linear decrease
of the pitting potential. From the above results, unlike magnesium, alloying elements with higher electron
negativity, lowering isoelectric point (ISE), are recommended to be added to improve pitting corrosion resistance
of aluminum and its alloys in neutral solutions as well as their galvanic corrosion resistance in weakly

basic solutions.

Keywords : Al-Mg alloys, galvanic corrosion, glow discharge atomic emission spectroscopy, high field model,
point defect model, surface charge model
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EFFECTS OF MG ON CORROSION RESISTANCE OF AL GALVANICALLY COUPLED TO FE
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Table 1. Thickness of passive film of AlI1Mg calculated using
eq. (2) and intensities of Al 2p peak from oxide

No addition of CI' | Addition of 0.0025M [CI ]

Thickness

(nm) 4.7 6.1
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Fig. 1. Apparatus of the cell for a galvanic test consisting of
(1) Fe electrode and (2) Al electrode which are apart by 2cm.
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Fig. 2. Galvanic potential-to-time curves and galvanic current density-to-time curves of Al and AllMg exposed to 0.2M citrate
solution containing 0.0025M chloride with (a) pH=8.4 and (b) pH=9.1.
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Fig. 3. Polarization curves of (a) Al and AllMg and (b) Fe exposed to 0.2M citrate solution containing 0.0025M chloride.

CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.1, 2013

43



YOUNGMIN HYUN AND HEESAN KIM

= 7212} 700V, 20mAE Alo= et Zlo) Hof‘gkol?v_ A
flste] A1F 4mme] WA o] thete] 29 20nme] £
o] %S 3tAA RF modeZ Ho =9 100 point7h4] #4]
shoivk B3k 2] (2) 9F angle resolved XPSE o] g35}o]
Fsd 2o FAE F74357] 98k 0.3 #m diamond
suspension® ARE3I] 2F ke AllMg APRES = A3
of| ARg-¥ 8-l (pH 8.4) oA 1AIZFsF —0.4VecrolA F-A1A]
7 A% Fseeol thsle] Al-monochromator (1486.8eV)
£ 0]g-3}o] take—off angle (30, 50, 70) = WH3}A|7]HA Al
2p ¥|A9] HAeE SIStk

IOXNOXAOX
Zoale
IMeNMe/IMe
o714 I, N, A+ 217} Al 2p9] intensity, intensity,

atomic density, inelastic mean free path©]il 6+ take—
off angle®]t}. Z12]a1 9] 2ol vehdt ofell HA} ox9} Met=

mlo

d, =24,sin0 1n( op
@

747} bRy AbskE ARu)E 245 on)di
3. 24t ¥ F
3.1 ZHI= Al 0kl pHet 0fIu|&e| P&k

Fest Zhbs 324 stol] gl elire] Faof v A
ohll4re] 93 2ARBLA pH (8.4, 9.1) Wate] upe
Zukd A9 9 4K WsE 19 20 Lrehigleh pH 8.4
o4 QPgshE vl AR oF 25 pAlmiOE §F €

2 vhdlgrel] w2 Apel= 19 QISith pH 9.1 <H4

shel Zdhbe AR o Al9 49 pH 8. 4?% AFEE gk
0.8%2] ntavlso] H71E AllMge] A9 10w A/em? &

S7FE ek 53] &4 Alelv} pH 8.4¢] g9ef A
AllMg ©] 2wt Afe= A3 27] ZHE Al MJ_t A
o] Y7det AFE Bl ¥ pH 9.19] gollef] =&¥ A
© AllMg= 27]0l B 4-9-9F w8 w53] A58k
Tk A 2003 ©)F- Ak AR7F Sk ] Altske] &
110  Alem®7HA) F7bek o] % FHashdA st 1
& 20 vehd 2k dR7E 571291 9las dabd AR

5 5484 & A9 SHE SHYskA TS Aol
A5 Anpy Aol vx)= pH 9 el s A
staxl 579 A Z*%ié’% ‘%P Ei Aojzl &4 Al

2 F AlE _L—roﬂ’ﬂ A48 4 J active—passive &F
© = pH7} 7kl whet maulEe] H7kel FehAl

FH AwG) 9 243 dA ARG & S7HE HERAISL
ok v wtadlge] ke g A A9 (E),
2 AL (B, 2813 S8 A A7 (o) 2 B33}
A Aol A Eoi) & AR H-5H 72
W= iAo A Msha7)1A] ket pH 9 vk
Foll w2 F= F= A2 el tigtei= 3.2004 AHA
5] ohFQlch 11 39 (b) ofl ekt vl o] pHE| ¥t

w2 Aol S5 AFo] §-2 AelTA oA AskE Alelst

7o) FdstEE 19 2] yeRd vkel o] pH 9.1
SN A w2 HItel wE dnbd AR FUhst
Zne 9o AE 19 39 (a) el YERdt T = A

ul

[‘

™

i

R =
o

-0.6 r ——— . —
0.2M trisodium citrate with 0.0025M CI
Polarization after 1000 min. immersion ]
—a— Al (pH=8.4)
—0— Al (pH=.1)
09 —eo— AllMg (pH=8.4) |
8 —0— AllMg (pH=9.1)
e N N
g
g
£ 12} .
-1.5 L L

10°

Current density/Acm'2

Fig. 4. Polarization curves of Al and Al1Mg exposed to 0.2M citrate solution containing 0.0025M chloride by using of potentiostatic

test and potentiodynamic test (Fig. 3).
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Fig. 8. Pitting potential-vs.-concentration of chloride plot of Al in 0.2M citrate solution (pH=7.0).
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