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Corrosion resistance of Al-Mg coating films
on Steel Sheet prepared by PVD Method

Lim, Kyoung Min

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

The zinc and its alloy coatings for steel have been widely used in various
fields of industries, because of its high corrosion resistance and excellent
sacrificial ability for base steel. These coatings provide anti-corrosive
barrier and offer galvanic protection to steel substrates. However as
severe  corrosive environments issue come with great attention,
development of better corrosion resistant coating method become to be
required. Moreover consumption of zinc rapidly increases and it is reported
that Reserve Production Ratio of zinc is about 22 years only. Also zinc
coated steel is generally produced by electrodeposition or hot-dipping.
These wet coating methods have some problems trying to process: the
thick zinc coating layer, the high cost of production, deterioration in

product quality and ineffective use of resources, environmental pollution



caused by waste water, etc.. As a result, alternative methods of surface
treatment for steel that offers high corrosion resistant properties are
demanded for steel production in compliance with wet process method. For
this reason, physical vapor deposition(PVD) method which produces the
environmentally friendly film is drawing great attention as an alternative to
the conventional coating process. Due to their properties, like high
hardness, corrosion resistance and high temperature stability, PVD coatings
have achieved large industrial application. Also Zn will probably be mined
out in about 22 years. Therefore many research institutes start to study
aluminum to substitute zinc in coating material for steel and magnesium is
considered as an alloying element to add sacrificial ability. Al-Mg alloy is
thought to be a potential candidate for their abundance and electrochemical
properties.

In this experiment, Al-Mg films were prepared onto steel sheet according
to deposition condition by eco-friendly electron beam vacuum evaporation
method and heat treatment was carried out in temperature 400C. It is
presented that the basic guidelines for producing coating films of excellent
corrosion resistant by controlling thickness ratio of Al-Mg films with PVD
method. The changes in thickness ratio of Al-Mg films were investigated
using scanning electron microscope(SEM), respectively. And composition of
the films was determined by glow discharge atomic emission
spectrometer(GDS) and X-ray diffraction(XRD). In addition, the influence of
Al-Mg films on corrosion resistance was evaluated by electrochemical
anodic polarization tests, measuring corrosion potential in 3% NaCl solution
and salt spray test.

Based on the results, among the Al-Mg coating films prepared in various
thickness ratio, the 1.bum Al / 1.5um Mg film showed good corrosion
resistance. In analysis of XRD and GDS, this film has high potential,

enhances the anodic dissolution in active regions and helps to form more



stable passive film. But the interlayer film of Mg is the thicker, the
corrosion resistance is poorer. It may be thought that active magnesium
which could not endure severe corrosion environment by galvanic couple is
corroded. Al-Mg films obviously indicate good corrosion resistance compare
to the 8um electrogalvanizing. Consequently, the structure, composition and
crystallographic orientation of coating films affect on corrosion resistance
of Al-Mg coating films. And the property of Al-Mg coating films can be
improve Dby controlling thickness ratio and uniform distribution of
intermetallic compounds. From the results of this experiments, the basic
guideline for practical application of high corrosion resistance coating films

can be offered.
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Process
Deposition of Al-Mg Films

by PVD(EB) method
(Thickness Ratio of Al and Mg films)
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Basic guideline for the preparation of high corrosion resistance coatings

Fig. 1.1 Flow diagram of this study
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Table 2.1 Various functions of thin film prepared by dry processes

Vacuum evaporation

Physical vapour deposition Sputtering
(PVD) lon plating
Ion beam implantation
Dry process Atmosphere

Thermal spray
Vacuum

Thermal CVD

Chemical vapour deposition
(CVD)

Plasma CVD

Photo CVD
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Table 2.2+ w<0] 4kstet wf o] &&H|olt}. o] gro] 1HT 25 wf= 4kshE Fol
0 JHZ = FEEUS 4Hd] €S S glth o9} Zo] 4tsito)
B35 o] old u atslute] LT FLmHolA o AglS&To) uel AA
ot mebd I LT NE e o] A

dx _
dr

Ase) AYmE AP FFFHE FR5e] DR FFFNE B
s ol wrh 1 gte Aste FAL Fvtol wel meASHEE A8FbES
Wek st ohet gol EAS

A

Table 2.2 The rate of capacity for metal and oxide

Metal Oxide Md/mD Metal Oxide Md/mD
Mg MgO 0.85 Mn Mn,Os 1.75
Al AlyO3 1.38 Fe Fes0q 2.10
Zn Zn0O 141 Fe FeyO5 2.16
Ni NiO 1.64 Mo MoO; 3.01
Cu Cuz0 1.71 W WO, 3.50
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A3 A AD T

3.1 =8 =9 Az

311 A% A=A

2 A= AMg == Mg/Ale] o33 722 I"E A2 & 779
FARC WE WS va-Hrlste] 1WAl Al-Mg wHE H A stet At
st ZHERE AR SEdo] A=k PVD(physical vapor deposition, &
2R WHF Ul JAFFARR Al st AFEJ, Fig 31 & A

Al o] JS=E vt

P%(electron beam) T+= 7 AlZ(electron beam gun)o]zhil
| l= AegA, 7EHor Ed5 12

o2 AR AH A Z%}w Aotk ®E oln) FIE &7 WAHD

3ol At
A= 28 2] 2=7HSUS 304) xl]@«l AEZ 650 me Y5 FHE ZE
A =Z(rotary pump)2} F2~¥] HZ(booster pump) H Y| A4 Efi(trap)o] H2HH
SH4bE Z(diffusion pump)E o] F v 7] Al 2=®l=} Z*X}‘%] SUAE X
Wi A2 e Ao 300 CT7HA e Vs R 713

FAN e =rHY(crucible)oll& SE=ds v 42 &7] o] Uth
ZA(pocket) == 3] 2(hearth)glal F 2= o]A& A Q] 7o wet 4 £
(4-pocket) == 8 XA Z=7FY(8-pocket crucible)o]gtar FEt}, E Aol A
2 AFE 98l ol8H A= 6 32 =7FY(6-hearth crucible)7} &2

o]

[e)
180° - E(bent) WH4le] A Zaeloln], Ar) 10 W0 KV, 1 A2 <
A 5 = WY A7} R@E) .
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Fig. 3.1 Schematic diagram of electron beam evaporation
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3.1.2 A @He FH

2 A 2G-S 98] ]88 7]¥Hsubstrate)e 72 9 AZ7F 742 150 mmol] A7}
0.8 mmQl JA7A(cold rolled steel sheet)S Ar&stH o™, 1 335 =4
(Wt%)-> Table 3.13 ot Al-Mg9 A Ztol| AHEH WaAHHE FABIGE
(NaOH)= o] &3t EX& AAIZ H, oMAEC2 253 AAS 3023 ’é’\l
st AA TS AAF B AF &7)o AE(settingd ¥, 7)o 6 X
10 Torr7bA] A& vi713+ Aol A 6 x 1072 Torr 744 FUE Ar 29 7] 0 A
800 VZ QI7}gk nloloix(bias) MY A4 3083t Zek=r} A7 (bombardment
cleaning)& AAlsle], 7|3 W AHE =& A AT 7B HE9 JtES
AR Fkom, Aol gk5d F vtE IS AZSEATH

Table 3.1 Chemical compositions of substrate specimen

Type C Si Mn P S

SPCC < 0.12 - < 0.50 < 0.04 | < 0.045

3.1.3 2o AF = dAF
AR S o] &3 &2 SHe 9 Yol ZY HYREA HEdH
A2 U RZ =7 (crucible)el]l f&E o] =7y
3t olFoigTh Al-Mg He AlFEtr] flste] Abgd
99.99%2] o%% GFugADH vl EMg)e]l AHE-E AT
A 2nFe dEu Y} =71y gloly(crucible linen)E o] &3
nav5S 5 =71y 2ko|uY(Cu crucible linenE o] &34t =3 dFnHS
o] AY¥E Bt BT 0.1-0.15 w/ming &=

kW o
ntadE2 0.05 kWY HgdA &7 ¢F 0.15 um/minA &2 FE3AT

.

af
o
o|N
(i3
e
flo
N
bone

o= Aojatyet. e 5 x 107 Torr-‘ll XJ-OLEOH/H o] Fo] Htt.
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Table 3.2 £ AgolA A&st= 2o A% 21& YErd, Table 3.3
o] 2ol wet A=7E Al-Mg tHsEte] S/#E ek =, Table 332 <%0+
(AD3} wtavl#Mg) & 22 3m FAY @502 g S xS, EFFE
(ADo] &3 fAAg AlMg =3} mlad5Mg)e] 5ol $1xgk Mg/Al =tel
oisll Z+zb 1 FAIBl(thickness ratio)Es 28t A&gk Al-MgAl ZE &
UERA T

TS A7 = AZE = Uhed I8 24E AAstY AFFA EXEE
el &FrEAbE ntavsMee] FestE AAstAT O Z' el o
dAxg= Ny 971 T 400C %04 2,3 €2 1 '
A st AX AR YER 3, Fig. 3.3004

0

rlr
{1184
oo
N
R
o
c -
o
Y
o

Table 3.2 Preparation conditions of Al-Mg films

Coating Method Electron Beam Evaporation
Substrate Cold Rolled Steel Sheet
Temperature R.T. (No Heating)
Evaporation Material 99.99 % Al 99.99 % Mg
Crucible Liner Alumina Cu
Deposition Beam Current 200 ~ 260 mA 10 ~ 15 mA
Deposition Rate 10 ~ 15 Al/s 15 ~ 20 Afs
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Table 3.3 Deposition method of Al-Mg multi films

Type Process Condition Mg contents (wt %)
Al 3 um Al // CR 0
Mg 3 um Mg // CR 100

ASM1 2.5 m Al /[ 0.5 im Mg // CR 11

A2M1 2.0 um Al // 1.0 ym Mg // CR 24

AIM1 1.5 ym Al // 1.5 ym Mg // CR 39

AIM2 1.0 ym Al // 2.0 ym Mg // CR o6

AIMS 0.5 pm Al // 2.5 ym Mg // CR 76

MIA1 1.5 um Mg // 1.5 um Al // CR 39

MIA2 1.0 ym Mg // 2.0 ym Al // CR 24

MIAS 0.5 um Mg // 2.5 ym Al /| CR 11
EG Electro Galvanizing (8.4 um Zn) -
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Quartz’ Plate

Fig. 3.2 Photographs of vacuum heat treatment for Al-Mg films
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Fig. 3.3 Condition of heat treatment for Al-Mg films
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3.2 A% whe] B4 20 WAy H7}

321 ¥ ¥ o mEZX B4

HZ3H7] [l AAYEETARAA R HFE-SEM, Field emission scanning electron
microscope, MIRA 3, Tescan Czech)& AF&3stHth olw = AJPH2 20 ke

H&RgHe FAse] HA2A e B,

Fig. 3.4 Photograph of FE-SEM(Field emission scanning electron microscope)
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322 2AEX £4

oA7|Me AZE Al-Mg AEEe] RO EHRE Zlo] Wgo g 49
4 dAge] mE i AEE gRlstr] 95t GDS(glow discharge atomic
emission spectrometer) £A1H-& AF8-3A T GDS BE4HS F Fo of=
(Ar) o]&& ZE9% WH(glow discharge)A 7™ of=Z o] 2(Ar)o] AJFH
®Ho FESEY AI3 AUATE AEE TSI A= dAIA AL E

S gule] AR} ol eFo] FE3A Bk 0|9} o] BE Eje] Aol

X

o

Fig. 3.5 Photograph of glow discharge atomic emission spectrometer
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323 AAF= &4

AZHE Al-Mg Z8EHe] A2 9 AuiF e E48] fste aldsls
X-ray 34d E2AA|(high resolution x-ray diffractometer, Smartlap, Rikaku,
Japan)E o] &3ttt X-A Ao ALEH XA Cu ke 2 SAHSIRoH, X
A#X-ray tube)d] At A/F= 22 40 kol 40ma=E AASAh =3 2
Bl= K-4& ol&stden, 209 WMo+ 20~80° 2 sttt Alztd =he
X-ray 3| A4S E3to] FAuo] wE o] ZAxA<=(lattice constant) =

™ 7FA(d-space)?] WH3lel 1 AW A FAHEE YER= EE‘EOﬂLﬂX}
(surface energy)e] #AIE Hln FA3H T

3.2.4 A7|185A YA BT}

D A48T A

B AFolxe e F251 A5E7E AW F vlngd @yt e
YAAS B8 4 dE G5ET AJ™(salt spray tesH)S 28315 ch Table 3.491)
et = vkel o] KS D 95029 o3k i Al Ed2 KS D 9502(==9¢
W28 Ag@i)el o)Aty AFEF Algxe] Wi 25& HTE A5
HoE 5% NaCl 7895 ARg3she 2otk

oA71Me A" 2R £A ZAAeke] Zduiy §2 @S ] $shd
A APAY AT w=EW oo HAE s o] GFEF Aol
o FEEte] WAAE Brte AE F FUIHeR O 7o ¥ FHE ¢
st ARl st AASATE =S B AFodA s SAHES AN
ot BEo] AFEF APHS o83t 3% NaCl &4 Fo A #AA
A9E FAst dFEF AN g FAHAAES] W A5S By
A8ttt Fig. 3.6v EFEFAE A4S vehAth
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Table 3.4 Conditions of salt spray test (KS D 9502)

Item Unit Conditions

Salinity wiv % 5.0
Temp. Range in chamber T 3B+ 2
pH - 6.5 ~ 7.5
Spray pressure kgf/cni 0.8 ~ 1.0
Spray amount ml /80cni/h 1.0 ~ 2.0

Fig. 3.6 Photograph of salt spray test
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2) A715tsta 2= A

A7 A7 AT A BRI 8 Al-Mg IR WiA8 AEFS
Hlwslr] flste] A7)384eh4 of57= 7 s(electrochemical anodic polarization
behavion)& ZAHATE o] AS FA3sH7] 913 A= CMS 100 T F-2A1E
Al 2~€l(Gamry instrument, =P ZEIA]Q ~~El(potentiostat) S AH-&-3FATh.
Fig. 3.7 ¥ 382 & A3 &5 A 4% A" BEAEE Yehdidoh
oA AlgH AF 41(work1ng electrode)?} ¥ At A =(counter electrode)
o] Z}7y = 5522 st VEAFA -9 SFSSCE, silver-silver
chloride electrode; Ag/AgCDOl AZAH 3 AIAZ FAAC olnf = BRI g
Cl7FAdE -0.02 VoA 1.2 V o], 1.0 mV/secd FA&E(scan rate) =
ZA3A T 714 B5 AL AFHS 1.0 X 1.0 e gA HAYN =&
A7l 1 9 FES AAdstAnh o] A AEE 892 3 wt% NaCl

oI, A &EAEEe] FEFE HiAISH] Sste] F=EE=S =4 ol

AT ol=Z2(Ar) 7FAE 308 B9 &7|(deaeration) *E]E SFHTE ESH
BRI =2 I oo &9 = 5CE YA A FASHUTE Table 3.5+

o
oy
2
X
N,
)y o
z
jus}
=)
to
N
N,
o
>
N
o
o
N
o2
ML

= 548 20<& vt
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Table 3.5 Condition of electrochemical anodic polarization test

Item Unit Conditions
Salinity wiv % 3.0
Temp. T RT

Reference Electrode - Ag/AgCl
Counter Electrode - Pt
Scan rate /s 1
Potential Range Vv -0.02 ~ 1.5

f ’ AT
R o Lt A B -

Fig. 3.7 Photograph of polarization test
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(SSCE)
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» /
Z.

Working
| — electrode 390, NaCl

Fig. 3.8 Schematic diagram of electrochemical polarization system
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A4 A 29 2 n &

4.1 AI-Mg o] FAH ¥ Fx9 Y4 &4

4.1.1 Al-Mg 9o BEZEX 4
Fig. 41 2 42% 3 ym A9 LZuHFADF vlad4Mge @3 =elv)
T8]a AI-Mg ool tiste] FAREAAA R A Ol o3k 2 9 T REE ]9
HEAFE Yepdth oA GFEu)EAD) 9% e ZoFE 2K (pebble-like)2)]
FFE ot dRNem EFuEADe] ATl AR Z-Te] A gole
LdFHFAD) TF I AR F4-2 JdERATE AIMS 2He] A g-oll= st
ARG vtavlsM e FAZE BoiA o2 Srkste] AR TR 7tA] B
v M) @] HEEATE B A4 ARG BE o] dHe i
ZlFRFer AAd e F4AF=(columnar structure)E YERHATH
g, rtadlEMg) T2 v P o] Hddisk E+= plate)e] 2o A
FHY ®HS U eH madleMge] A AXT 2o Agde=
A9 ole} FARSE F4S YERTE TS oju mivFM)e] TRV A
oz F7iet wEt mtadlsMg) dAAe] 2717 SUbeks A dEe UERAIH.
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Type

Top surface

ASM1

AIMZ2

Cross section

Fig. 4.1 SEM photographs for top surface and cross section of

Al/Mg films deposited at different thickness ratios
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Type Top surface Cross section

Fig. 4.2 SEM photographs for top surface and cross section of single
and Mg/Al films deposited at different thickness ratios
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412 Al-Mg =to| 32X £4
71X Al-Mg 7o) Zolo] @ 24 BEE SRlsr] 95ke] GDS 4
AASEE T Fig. 4.3 2 4.4+ Al-M Z) b
Uehd Zo®, Haxsh P He EHeARE o] Wgor 7t
AT} plvlEMel 24 BEE Yele, 54 e ZA|(Fe)e 248X
UrEME} —Erulﬁ(ADol Aol $1X13 FEete] Aol dRwHAD tiE
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Diepih (microme ters)

(a) ASM1

Fig. 4.3-1 GDS graphs of Al/Mg coating film: (a) A5SM1
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Fig. 4.3-2 GDS graphs of Al/Mg coating films : (b) A2M1, (c) AIM1
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Fig. 4.3-3 GDS graphs of Al/Mg coating films : (d) AIM2, (e) AIM5
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Fig. 4.4 GDS graphs of Mg/Al coating films : (a) M1A1, (b) M1A2, (c) M1A5
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413 Al-Mg %9 23 7= 2 #HFE &4
71 XA FHE& o] &3t AlMg ts2l FAmlol whel Alztd 2ol o’k
5

A7z} AANFH S BAFACH 412004 A& nlel o] GDSE St
who] ZHET BEA Afgiont &P EY 4 RE AT £
gome oy|qt ARG gEute] FAM 8 ARsH zAy HE A
(phase) & A3ttt Fig. 4.5 AlMg ©&9e] FAH wa X-A 34
W el (pattern) 23S YeEPA Ao 2, AlMg, =& AlpMgrd 28 Al-Mg 543
S S aclEA wakew, esrlE@s vhavlsMg) ARkl w3
H9ich o= AlMg thEutel B AT ] o5td, thEuke] T/} 3
Sre JTFo T Qlshe] AHRE uhe] LTu|H(AD Jlfl_(peak)l_ B2 353 vl

o
£

vl EMg) axE FlH AT . EFuEADY] Afels AldlD®E
AlR00)H o] =7t F=2 FAHSlew, ntauEMg)el EH?'?} &7 E(ADS]
FAZE iAoz S7Hel et GFrEA) A R SUbeke A

o =
et dkdA,) oju] &FujE(ADe] tigk mlausMg) o] At A<l
FANZE S7Fg] mel vladlsMe) d3E - S7ske ¢S YR

o
= A: Al, M: Mg, *: Al;Mg,
Mv &‘ ) 1 A
i A
] A MA M M
5 A MAI\ M A M M A
<
= MM A A
2 {AM \ M M3* M N
s B
9
A=
M A A A
] AM1 MA A /\ N
" A A
A5M1 M k A N
20 ' 40 ' 60 80

20 (degrees)

Fig. 4.5 X-ray diffraction patterns of Al/Mg coating films
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T 2 dAFoAE gy ARAE T dFrE@bd radssMe T
otZ Apolo)] £ FEIIE ARR IV AT Z(crystal structure)e] WHEf ol
gsre wH A

ol =
How =AL o] z+ AAA A A=A <(attice constant)S
v AARFxIHo R FHAo| &olstA Uehde

& 2 dFraADd e vlavE
Mg)®] ALBAHAEE FASH o= 2 HolAe AAAs =, W HA(d-space) €]
kil

A (d-space) #-2 ZAA 9N o]

BB F, o714

442 @ Wt 1 2717} g o R ARE Aol 1§ PES

sele 4 Ao ol& Wwd ABRE Fig 460 YEANUT. =, A0
%

G2 FADH T EMe] EASE ol olA
wl v H0Mgel L8E FEAFAe] Y Bal Bxes oz Azt
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Fig. 4.6 Change of d-value on Al(200) plane of Al/Mg films

deposited at different thickness ratios
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Table 4.2 Change of d-value on Al(200) plane of Al/Mg films deposited
at different thickness ratios

d-Value (R)
Type Plane
ASTM Sample
(200) 2.0248 2.0268
' 0.0023T)
A5M1
(111) 2.3380 2:3404
‘ (0.00)
(200) 2.0248 2:0269
' 0.004 1)
A2M1
(111) 2.3380 2:3431
' (0.00)
(200) 2.0248 20288
' 0.004 1)
AIM1
(111 2.3380 2:3404
' (0.002 1)
(200) 2.0248 20288
' 0.004 1)
AIM2
(111 2.3380 23403
‘ (0.002 1)
(200) 2.0248 20211
‘ (0.002 1)
AIM5
(111) 2.3380 23433
' (0.005 1)
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T3, dFuEADe] AT XS =] mHe AT
o3 LFrFADY Al200) L Al(111) ZAAHol| )3t
UehgE EHoU A 2kS Table 413 22 2o o] A3}
AlQIDH ] EHAUAE 12 A< uf, Al(200)H 2] &<l
11542 AlQ1DW 3 Hlwsle] FRAURA F, AT o W
T AT =3 Ar)A FAECl wE AlMg 2] X-A 31d B4 Ao
9]*8}134 AIM19] oA WU A7 &2 AlR00)H oisl x| A7}
S AlAIDWE S A= doido s £ AFAS & F AU

o
iy

d 0 Z /\gxgo]

%
2

o
o
~
o
X
b

[‘T‘ (o
oo
s
=2 il
L o
N o

juis
filo
do
Lo
et

Table 4.1 Relative value of surface free energy of Al

Crystal face Surface free energy (J/nf)
(11D 1.000
(200) 1.154
(220) 1.223
(31D 1.223
y= PUC/ZN-AS

y @ Surface free energy

N : 6.02x10% number/mol (Avogadro number)
P : Number of the bond

Uc : Cohesive energy

Z : Coordination number

AS : Mean surface area of an atom
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414 Al-Mg =to] AN 8 7z YA EA A
B AFolAEs Al-Mg ZEEY] WA S vlw-H71e7] $s) KS D 9502
710l we} AR A ™(salt spray test)S AAEATE A= WY F7)F
o2 1-23] IHE HH HHE §¢ TF F AREY A Y =
S o] 83t 3% NaCl & Zof HA AAHAENE SH3ATH
TEE 374 T =E3AZ g2 Al-Mg The] 93 HstE Bt
Aot} oo wE Al-Mg o] AAH<Qd F27 f‘@% AW RY ohed 2
B Ago A A2 ZE Al-Mg BHES 3 uim FAYNE B7Eta 7)|E
Hu e 84 mm FAQ AroA=EF FAEGS vlwste 53
AL JERAT E=3 o714 SdEuEADY wtavEMe)e] ©F 2
= AlMg =& Mg/Ale g o] Fofzl thute] YalAde] Fastt agla
ol mtavlEMTY FAV duFoz FrtEel et
AFE Yepdnh o) FolA EFuEADT vl #Mg)e]
1 AIMI BRe] A9l 500 AZMIAE F=o] HAEHZR e
Wads derith 28y etad Mol AdE] T4 7}
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Type 96 h 144 h 168 h 192 h 216 h 264 h 312 h 360 h 408 h

A3

M3

A5M1

A2M1

AIM1

AIM2

AIM5

MI1A1

MI1A2

MIA5

EG 8.4

Fig. 4.7 Salt spray test of Al-Mg coating films prepared by various thickness ratios
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Fig. 4.8 Corrosion potential variation of Al-Mg coating films measured in

salt spray environment according to thickness ratios
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Fig. 49% ol¢} 22 27|58k B9 HlAF digh FA7d 3
EAEE Uehd Zolth o] mALo] o3k Zb ©A ¥H FARAHS AHEY
o5 2t

X 27] @Al Arigstg oz mAl AA(Fe) Rt &4 EFuEAD
1l gMg)o] A A 3o =& Hl(active)dr Az FA3T =,
BARl ZAANFe) 3ol ZRE LdFrlEADH UPZlLﬂv(Mg)Ol AP, Mg* o] o2
77y @02 e (onization)s 32, ol ulojEd A IR EENA
Ao oR AF 4 HOoE olFstd, ZE Y ¢FrwADH mF1vEMg)
A3 7F g 2 }—| H-2l(galvanic corrosion)¥} tj&o] AAHH LdFrlEADI}

ol 2 #Mg)e] F-214 A4 E(corrosion products)o] YA 7IZF FF H2 A&
Apct(barrienNsts 4= 3t RAl= =8 9 AAE HEITHAEA).

ol FEuto] YR AmEo] BA(Fe)7t Ha] Ao =22 Hole ¢FnF
(AD¥} wkadgMg)el A et Znke 2&(galvanic couple)S At oS
dHHow 2REUA ZAFe)t EFALE FAste] Hl(active)d ol Al
FAFe)dl 717k ZA21(-660 nV/SSCE) &k (noble) .2 F5E TH2EA).
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Fig. 4.9 Typical corrosion potential variation of Al-Mg coating film
according to corrosion stage

_57_



I+ Fig. 4.109
YER St 71A = AAFe)Y] o2 <l $hxwk4l #<l(protection potential
of Fe, E/Fe)dl -780 mw/SSCE k3 ZFA(Fe)e] <% AAz<9l(near natural
potential of Fe, Ec)?l 660 mV/SSCE ks TE-A AT o]AS 53l A
Zh AL1gkel mE RS st BH, Fe Ao x4 A (E/Fe)
M A= Al- Mg 2 A A FAE A= o7 WAAEE omgit. =,
oA7Ie ZHE LFuEADd vtavEMge] #4 84 F

FAE FAEAEE0 X}"/‘r(bamer) A EHS ZHen, a3y Aol 9]
FH HEA FFH Abstyuto] R A F o HZ <]
AYPdE HHE ’3}5}} UZH(Fe)Oﬂ <A AAA660 nV/SSCE)
FHolth. o] FHL T AAEF)Y AAAS] Fholl ol27] 7pA &I
&7 1] F(AD “}:LLﬂH(MgH Bl A FS Fe o7 B B4 FF1Hzone
of incomplete anticorrosion)S. & Aol & 4 lom, 9to] F 2 FPAfolL;
g weka AA[Fe)7t F4lEo] A =o] dAE= Ago g Hdr

it _121“

2ol 44

fru

iz *
> o

ol

ol

_58_



Times to Rust (hours)

500 4
450 -
400
350 4
300 -
250 4
200 -
150
100 -
50 J

04

A3

T
M3 ASM1 A2M1 AIM1 AIM2 AIM5 MI1Al1 MIA2 MIAS EG

4

- B
Near natural potential of Fe

; ~660 mV/SSCE

Sacrificial Anode
(SA Centered Effect)

- Protection potential of Fe
; =780 mV/SSCE
Protective Film
(Barrier Centered Effect)

f.--

Fig. 4.10 Time to rust on Al-Mg films at various thickness ratios

_59_




oFNH M st o] AR o] GERF Al T
A%E vigow o ARe] YL Y AR A Jup
she] Al-Mg Bte] FAM 2Aol wE FATHL 1B

4, SEFAD = I HMg BF el F e
A20) = BHO WE5te] 247t ABARHHALDY, FASLTIHAOH
shoh 12U 5(MgO), FAFSHIL1U (MgOH) 9 28 gFe 28] 43}

a8 Ak
Hubs FAst] 7|22 B YEAS 7HXT I8y olw A5EFEE
o] ¥3E dAo] (L AHAo)(0?) EE F4ME0)&(OH) 53 ARHo =

=]
2
2
n:]olr
N
Qﬂ
2
4
W
+
lo
-
-
j=y
<
A
=
2
it
Ah
™
i
-3
R
i)
EQ
rlo
4z
offl
fuj

i)
12
it
)

w(ADH mavsMge]l Bl &&38te] sty eto] JAFHH, o]
S

w3, G2u)FAD] 3o AT FHue] Agde NRHoT 279
RABA e FEoHA) BF ve] Aol fAST. T AR Ruy
(Aol AmHAY FRHow Fao] WGl ga} rl1vHMgo] wE5)

1w vlEMg)e] FABSFFoE Zggo]| wet
-3 LFrlEADe] WAHET. A7) olek e HAolA APE wavE
M)A FAAE =S &FugADA FAM8ET 7 o]F(double-layers) o=
FAE 5 22 Afde FFS ofgA ok olw o & FAo] Y
HHA 2AFe)7t =&=A vtavlEMgeol 343 AREWA ZAl(Fe)e
F2lo] Madnt kA Fd o g FHFe] vtadleMg) FAVE SUMETE
A= o] AAEo] F53 YAge ARE zke= AoE ARHT 18y
ntaulEMe)e] oAl FAVE dFuEAD) Bo 718 e 2
ST FAD AA Q] Ao 9%k xbekbarrier) E37F TAEEA g oz
g9 vtavsMg)el 543 42r7F Aagdd upet 2] yaldo] &
ZAEE Aow dddL

o] ¢} R = wlaug(Mge] F3ol AT e Afels 271 ntavls
MgEte] ARl wel Abstutavg =5 SRStV a9 22 BEH Aks)
vato] FAF ZAA7l REdo Ty mtavlaMY AR7F A&E o

N
ol
i
X

_60_



A ZuFADYo] YR =EHugE vlavaMge] RIS oA %A
AR olF &FrFADTe] F4o] JPHArt. webA oAl
(Mol o)% s\ uka 55 Z7he] A Bo] QbR e

V7
ups wlastel Mg/Al she] wia4el AstEs o2 ARETh o4l v
270 e 2By mAEE Fg 4110 dehigch

_61_



ICollection

Early Stage 15t Stage 21d Stage 31 Stage
) Corrosion Product
E‘ of Al or Mg -
i)
(=T}
=

Corrosion Product of Mg

=T
=
=
=
[ =14]
=

Fig. 4.11 Schematic diagram for corrosion process of Al-Mg coating films according to coating type
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Fig. 4.14 SEM photographs for top surface and cross section of AIMI coating
films according to heat treatment at 400C
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Fig. 4.15 X-ray diffraction pattern of AIMI coating films according to
heat treatment at 400C
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Fig. 4.19 Anodic polarization curves of AIMI1 coating films in deaeraed

3% NaCl solution according to heat treatment at 400C
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