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A Study on Optimal Preparation Conditions for Higher
Corrosion Resistance of Zn—-Mg Alloy Thin Films
by PVD Application Process

Yeon-Won Kim

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

The zinc coatings have been well known as the effective way to protect steel
product from corrosive environment. There are two reasons why zinc coatied
steel is widely used in various fields of industries. First, When zinc film coated
on steel is exposed to corrosive environment, the active zinc tends to produce
corrosion products like ZnO or Zn(OH),. These low conductive corrosion
products can play a role of anticorrosive barrier against corrosive environment.
Second, the zinc can play a role as sacrificial anode to protect steel even if bare
steel is exposed to corrosive environment when zinc coating is damaged.
However as severe corrosive environments issue came with great attention,
development of better corrosion resistant Zn coating method became to be
required. That is, the Zn coatings have occasionally some limitations which
restrict their applications. Although undamaged Zn coating on steel has a good
corrosion resistance, the good protection can not be expected. Because the

corrosion can occur at an accelerated rate if the coatings are scratched or



otherwise damaged. Thus coatings offering a better galvanic or sacrificial
protection for steel are desired without increasing Zinc coating thickness. To
this end, Zn-Mg alloy coating films were studied.

On the other hand, Zinc-coated steel is usually produced by electrodeposition
or hot-dipping. Both coating methods inevitably lend themselves to high volume
and continuous production. And also that is the preferred reality as it is cheap
producing method. But, in more corrosion-sensitive areas, coatings with superior
corrosion resistance compared to zinc-coated steel came to be issue.
Magnesium-added zinc alloy coatings on steel material have been strongly
recognized as a next generation of anti corrosive coating, offering enhanced
corrosion resistance without increased coating thickness.

In this study, Zn-Mg alloy thin films were prepared by two methods. First
way to prepare Zn-Mg alloy films was to deposit magnesium onto the
EG(electro galvanized Steel) substrate by PVD method and heat treatment was
carried out in temperature range 250 to 330C. and second , depositing both
zinc and magnesium onto steel plate and EG(electro galvanized) steel substrate
with changing magnesium contents. After that their morphology, and
intermetallic compound, depth composition of films were investigated by
scanning electron microscopy(SEM), X-ray diffraction(XRD) and glow discharge
spectroscopy(GDS), respectively. In addition, the influence of Zn-Mg alloy on
corrosion resistance was evaluated by electro-chemical anodic polarization tests,
measuring corrosion potential in 3% NaCl solution and salt spray test.

From the result, Among the Zn-Mg alloy thin film prepared in various heat
treatment temperatures, the film heat-treated in range from 270 to 310C showed
good corrosion resistance. In analysis of XRD and GDS, MgZn, intermeallic
compounds were found out in coated film. It is thought that MgZn,;, which has

high potential, enhance the anodic dissolution in active regions and helps to



form more stable passive film of zinc compared to 250C. But Mg;Zni4 in
addition to ZnMg, were found out at 330C. Such a kind of intermetallic
compound may hinder formation of dense passive film of zinc.

In addition, Zn-Mg alloy thin films prepared on steel plate by changing Mg
contents showed different corrosion resistance according to magnesium contents.
The coating film contained 15~20 wt.% of magnesium showed good corrosion
resistance, however, the film containing magnesium content over 20 wt.%
showed poor corrosion resistance. It may be thought that active magnesium
which could not create Zn-Mg alloy accelerate corrosion by reacting actively in
electrolyte but Zn-Mg alloy thin films prepared on EG(electro galvanized) steel
showed good corrosion resistance at 30 wt.%. It is, therefore, considered that
rich zinc on EG steel substrate can help to create more Zn-Mg alloy easily than
steel substrate.

Consequently, the quantity of Mg elements affects on corrosion resistance of
Zn-Mg alloy coating films. and the property of Zn-Mg alloy thin films can be

improved by controlling Mg content and temperature of heat treatment.
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Physical vapour

deposition (PVD)

Vacuum evaporation

Sputtering

Ion plating

Ion beam implantation

Dry process

Chemical vapour

Thermal CVD

Plasma CVD
deposition (CVD)
Photo CVD
Atmosphere
Thermal spray
Vacuum
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Table 22+ w&o] 43t wjo] gHulo|t}. o] gro] 1HG < w= st=
o g3de Ro| Hol FEEVL $43) Y& St Yok
Table 2.2 The rate of capacity for metal and oxide
Metal Oxide Md/mD Metal Oxide Md/mD
Mg MgO 0.85 Mn MnyOs 1.75
Al ALO; 1.38 Fe Fe304 2.10
Zn ZnO 1.41 Fe Fe;Os 216
Ni NiO 1.64 Mo MoO; 3.01
Cu CuO 1.71 W WO, 3.50

550C°

/

_—"Ts00c°

Oxidation mass (mg/cm?)
[\

/

10 20

30 40 50
Time (hr)

60 70

Fig. 2.6 Oxidation of Mg(atmosphere : O,)
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~dx _ 4 X = A (2.11)

W = A't (2.12)
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Fig. 2.7 Oxidation of metal across the oxide film
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2 29| # d (trichloroethylene)

F 5715 AAs g AW ol A8t
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Vacuum pump

Fig. 3.1 Schematic diagram of vacuum evaporation apparatus
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Table 3.1 Chemical compositions of evaporation metal and substrate specimen

(a) Evaporation metal : 99.99 % Zn

Element Cd Fe Pb Sn /n

PPM <20 <5 <30 <10 Balance

(b) Evaporation metal : 99.99 % Mg

Element| Mn Al [Fe Si Ca Cu Na Mg

PPM <20 <10 <5 <5 <5 <5 <5 |Balance

(c) Substrate specimen : Fe

Element C Si Mn P S

mass % 0.0001 0.001 0.001 0.0001 0.0001

313 Zn-Mg &= 299 AZ 23
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a%oixq 1,]_.9_ o] = z]
2} Zn-Mg = =
A9te 100V,

stAem A=

% 327 FF o

-150V,

= UE A

Table 3.2 Deposition conditions of Zn-Mg alloy thin films

EA}ZM(%AM% WS S sel =

A A3tk Table 3291 Zn-Mg ¥

—~

Mg
Conditions | Deposition Temperature of Schematic
contents Gas | Gas press.
Substrates Material heattreatment(C) diagram
(wt.%)
250
Fe+EG steel 270 g 3
(electro M 0.5um
galvanized | ;3 gm) - 290 Ar 5x10? 24m
steel) ~H £ 0.7mm
(Zn:2.7um)
330
5
10
15 SRR 0 1,
+
Fe Zn+Mg Ar 5x10? "
(1pm) 20 ' 0.7mm
25
30
5
Fe+Zn 10
(electro 7n M e ;gug
galvanized (1:um)g 15 Ar 5x107 i
steel) ]O.Ymm
(Zn:2.7um) 20
30
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Fig. 3.2 Photograph of glow discharge atomic emission spectrometer
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Fig. 3.2 Photograph of scanning electron microscope apparatus
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Fig. 3.3 Photograph of x-ray diffraction apparatus
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S 93 &= %j%(reference electrode)oﬂ—‘E- 2-H3}2 = (silver-silver chloride
electode ; Ag/AgCl, SSCE)o] AF&-E ATt G5
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Fig. 3.6 Schematic diagram of specimen for corrosion potential

measuring in 3% NaCl solution
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Fig. 3.7 Experimental photographs of corrosion potential

measuring in 3% NaCl solution
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70mm

Fig. 3.8 Schematic diagram of Zn-Mg thin film specimen for salt spray test

Table. 3.3 Conditions of Salt spray test (KS D 9502)

30mm

Tmm

Substrate(SPCC)

/Mg—Zn alloy thin film

Items Unit Conditions
Salinity w/v % 5.0
Temp Range
C 35+2
in chamber
pH 6.5~7.5
spray pressure kgf/cm® 0.7~1.8
spray amount ml/80cm’/h 1.0~2.0
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Fig. 4.3 Mg contents on surface of Zn-Mg thin film by GDLS analysis
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Fig. 44 Zn contents on surface of Zn-Mg thin film by GDLS analysis

Fig. 4.5 Depth of Mg penetration before decreasing
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Fig. 4.8 Anodic polarization curve for Zn-Mg thin films

at various heat treatment temperatures
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Table 4.1 Corrosion potential and corrosion current density of Zn-Mg thin films

at various heat treatment temperatures

Items R
Ecorr(V/SSCE) Icorr(uA/cm?)
Heat treat, temp:.
250C -1.29 1.282
270C -1.24 0.623
290C -1.16 0.236
310C -1.11 0.206
330C -1.021 0.802
1.5
-1.00
i _
L 1.08 \
O | —
0 -1.101 \ - -0 8
2 - =
= 115 \ ./ o —
X | / =
- . r j>
i -1.20 . 0.5 —
O ] . / 0
© H 3
L -1.254 - N S — o
| o ¢ N
-1.30 u
I | I I I nu
250 270 2390 310 330

Temperature of heattreatment(C)

Fig. 49 Comparison of corrosion potential(Ecorr) and

corrosion current density(Icorr) of Zn-Mg alloy films

prepared by increasing at various heat treatment temperatures
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Fig. 410 Effect of heat treatment temperature on corrosion resistance of Zn-Mg thin film
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Fig. 417 EDS analysis for Zn-Mg alloy thin films
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Fig. 4.23 Salt stray test of Zn-Mg alloy thin films

prepared by various Mg contents
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Fig. 423 (To be continued)
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Fig. 429 Effect of Zn-Mg alloy intermetallic compounds on corrosion resistance of Zn-Mg alloy thin film
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Fig. 431 (To be continued)




—~ 5| —@— PVYD({Zn+Mg)thin fim

g —A— EG+PYD({Zn+Mg) thin film A

W 7

0

g - A-A

| -

5 5 s-o-o

®

Y 4- e

S

2

o S Ll S

E: A&
1 I I I I I I I
5 0 5 10 15 20 25 30

Mg contents{wt. %)

53

Fig. 4.32 Comparison on corrosion resistance PVD(Zn+Mg) film

and EG+(Zn+Mg) film

_89_



433 A AAFAS] 43 23 vu B4

714 e & AdolM AT HEe g g B 2 vaE Aste] e
E324 9 95 BEAY Azl tio] IA Azt gE AAWe 24 4
=13
-

< STk olo] WE WAA {7 V1FE 412 Ao IA Lxo wE §F
o] RAHY ATy TYsHA vl A Y (active potential)E 2 FAE= A FHo)
U

vlulo] &) A ok A A}l

AW

Al E X
e |

—

r

o] ¢tttz Hrlstdtt. Fig 4332 EG %
MgzAol we 2t §3 uute] RN AT etk d7)NE 29% 2

O

0419 _a_zME 5%
1 —e—ZME_10%
m -0.5 4 — ZME_15%
{ —w—7ZME 1%
€ -0.6 Gl a0 . .
(n .=l~.. TR gy =P — q‘i
(n -
3 -0.7 - IME 5%
LR 1
© -n.a_ IME_ M%
E ] G180
Tt -09-
0] - - g ,
46 -1.0 1 -;:—-l;‘w;fv{v"“f—‘ \71*-"-'_‘_‘_7_‘,
0 ] =
1.1 - hS
| ZME_21%
-1.2 ' T T [ T I T T T

5 10 15 20 25

Time(days)

i —

Fig. 4.33 Corrosion potential variation of Zn-Mg alloy thin films
prepared on EG steel

_90_



A
8

al

@_

sl ¢
=1

o

=
gtk vhE G E LT 270, 290, 310Co.2 =7}
3}

_L

=

bl g

Znd Mgol d# X HE
o

=

T

1

Hol| ool Mgo]

)

"[iJL_

dla}

A Hl&9 Mgo] EA

ko] Zolo] w

Absl B A3 9x8 &% 250C 9 H¢

F87h olFo XA

-
It

=1 RE13
—
o)

Zn-Mg &=

=<

o}

=

T

]2 250 w

A
Ho| EE ¢k 05 ~0.8um ZLo]7}A]

2 PVD && Processdl ¢ 2] Zn-Mg &
RS

(1) EG+PVD(Mg) process

A5 A

=

el

o}

L=

[¢)

ol 4] Mg,Zn1i, FeZnis

q

o Al

Bl ol
58 1]

XRD 244¥ €32 &= 330C d=

]!

T

ol

1™ 7% $l(noble potential) =

7}s

=
o

o §F49

L=

2 A7y, 948 2% 330CoA 243
[}

_91_

94 MgzZnu

oz Az Hh



(2) PVD(Zn+Mg) process
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