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Preparation of Zinc—Magnesium Alloy Thin Films by PVD

Method and Their Electrochemical Corrosion Resistance

Kyoung—Hee Lee

Department of Marine Engineering, Graduate School,

Korea Maritime University

Abstract

The 7Zn coatings have been well known as the most suitable
surface modification for the corrosion protection metal. Recently,
however, severe corrosive environments issue came with great
attention, hence, development of better corrosion resistant Zn coating
method became to be required. That 1s, the Zn coatings have
occasionally some limitations which restrict its use In certain
applications. Although undamaged Zn coating on steel gives a good
corrosion resistance, the protection is not so good 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 desirable than offering
by pure Zn. To this end, Zn-Mg alloy coating films were studied.

In this study, the Zn and Mg alloy thin films were prepared onto
the cold-rolled steel(SPCC) substrates by vacuum evaporation and ion

plating method. Moreover, the influence of gas pressures and
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substrate bias voltage, on composition ratio, morphology and crystal
orientation of the Zn-Mg alloy thin films were investigated by energy
dispersive X-ray spectroscopy(EDX), scanning electron microscopy(SEM)
and X-ray diffraction(XRD), respectively. From the experimental
results, (100-x)Zn - xMg alloy films are prepared onto cold-rolled steel
substrates ; where x ranged from 0 to about 38 atomic%. The alloy
films show microcrystalline and grain structures respectively in
accordance with preparation conditions such as composition ratio of
Zn and Mg or gas pressures etc.. And X-ray diffraction analysis
indicates not only the presence of the Zn—-Mg thin films with forced
solid solution but also the one of MgZn: alloy films partly.

In addition the influence of Mg in the alloy film, morphology and
crystal orientation of the Zn-Mg alloy films on corrosion behavior is
evaluated by electro-chemical anodic polarization tests in deaerated
3% NaCl solution. From the measured results, all the prepared
Zn-Mg alloy films obviously showed good corrosion resistance
compared with 99.99% Zn and 99.99% Mg ingots for evaporation
metal. It is, therefore, thought that Mg element in the Zn-Mg films,
produces smaller and denser grain structure so that they may
improve the formation of homogeneous passive layer In corrosion

environment.
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Table 2.1 The rate of capacity for metal and oxide
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Corrosion : O Separation of atoms from metal surface

® Reaction with environmental factors

. In order to corrode, atoms must separate

l
Ionization between metal ion and free electron
l
Differential potential (because of internal or external inequality)

!

Movement of free electron
l

Formation of corrosion cell
l

Corrosion current

!

Separation of atoms from metal surface
(Quantity of separation is relate to their equivalent)

(---Faraday’s law)

!
Corrosion

Fig. 2.14 Definition of corrosion

3) %53 S5 (anode and cathode)
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Electrolyte

—
@ Ion @

Oxidation Reduction

Fe—Fe2*+2e 0,+2H,0+4e—40H-"

Anode

Free electron

\/
\/

€ e

Current
Metal
[ Condition of corrosion |
- Anode = Cathode - Electrolyte
- Electric conductor - Closed circuit

Fig. 2.15 Schematic diagram of corrosion reaction
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Electrolyte
Fe ion
EL
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Cathod ‘ ‘ Anode

02 + 2H20 + 4¢ —» 40H Fe — Fe'' + 2e

Fig. 2.16 Anodic and cathodic reaction of steel in the electrolyte

Ec Cathodic

polarization

Ecorr | _ _ _  Corrosion
potential
Corrosion
Anodic current
Ea i . |
polarization !
Current density 1corr

Fig. 2.17 Anodic and cathodic polarization curves
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Erosion Fretting

(a) General corrosion (e) Cavitation

Active Noble
(b) Galvanic corrosion (f) Intergranular corrosion
L 7
—>
(c) Crevice corrosion (g) Dealloying corrosion
Surface cracks
Blister
W :: - =3
Internal voids
(d) Pitting (h) Hydrogen damage
Stress—corrosion Corrosion fatigue Hydrogen-induced cracking

(DS

(i) Environmentally Induced Cracking

Fig. 2.18 Forms of corrosion
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Table 2.2 Classification of material surface coating methods

flo

Wet process

Electro deposit

Cathodic extraction

Anodic oxidation

Electroless

deposit

Reduction

Chemical reaction

Vacuum evaporation

Surface Physical vapour Sputtering
coating deposit(PVD) I lat
techniques on plating

Ion beam implantation
Dry process
v P Atmosphere
Thermal spray
Vacuum
Thermal CVD
Chemical vapour
) Plasma CVD
deposit(CVD)
Photo CVD
2.3.2 CVD
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(d) Hollow Cathode

discharge

I®J |

(b) RF discharge (¢) Micro wave discharge
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(e) Bias Probe (f) Thermo-—electron

activation

(g) Multi Arc discharge (h) Cluster Ion Beam

Fig. 2.19 Schematic equipment composition of ion plating methods
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Fig. 2.20 A form (a) plasma and (b) ion beam
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(a) DC 2 pole (b) DC 4 pole (c) RF
1]
A = | 1]
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(d) Magnetron (e) Counter target (f) Ton beam
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(g) DC bias (h) Unsymmetrical AC (1) Getter

Fig. 2.21 Schematic equipment composition of sputtering methods

(C : Cathode, T : Target, A : Anode, S : Substrate)
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Fig. 2.23 Model of crystal growth of Zn film

under non-adsorption
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Fig. 3.1 Photograph of thermo-electron activated

ion plating apparatus

Gas inlet

Vacuum chamber Valve

®
/ ]
gubstrate
Bias DC __/Shutter
source ® gas
= N e = ® Dehydrater cylinder
== @
lonization_| — ®
DC source T (D Cathode and substrate holder
il @ lonization electrode
AC power supply ‘ ‘ ® lonization filament
for ionization filamen l @ Crucible and anode
Vacuum pump (® Metal to be deposited

AC power supply
for crucible heating

Fig. 3.2 Schematic diagram of thermo-electron activated

ion plating apparatus
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M + e collision

I Y B

— M* + 2e

M + 4o

M*

— M* + 2e

i Planck's constant,

»: Vibration number,

Zn + e collision

Mg + e

collision —

Znt + 2e

* . Excitation symbol

ZN*—

ZNn + 4o

Zn*

Mg™*

Mg

Znt + 2e

+ 2e

Mg + 4o

_69_

Mg+ + 2e



ol 3t T

| S =1 v

g

Ae Bezvist w Ay

T
o

7} &} 7]

o] 2}

v} o] o] ~ (bias)

%

3.1.2 AlgdH ] FH]

o|J
4

oA Zn-Mg &=

<M

P
=]

vl 1)

THE

99.99% 2

P
37/ A

o A

°] &

4 ddtoz dy

1 et B
]

g]

wJIS _G3141) = o)

opel 7 B} 1l 25

=
=1

AEHAY oel, SFHF, T4, 2

193 t}. Table 3.1¢] =

)

(SPCC

)

<o

7} 53

g2yl
oI
N

ﬂo
I

e}

o] &£ ¥ SPCCY

713 o

h=d}
=

1)

7138 dAnbx|(sand paper) #400, #600, #8300,

of A Ab-E-

#1,200, #1,500, #2,000H & o]

G FuE 79 (ALOs) =

I~

Bl

o A 20&3F 59

g 98 obAE

A A

B

el

bl w3

0|

A A

2

e

—

.XE

A5k

i o

_70_



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 : SPCC

Element C Si Mn P S

mass % 0.0001 0.001 0.001 0.0001 0.0001
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Table 3.2 Deposition conditions of Zn-Mg alloy thin films

Condition ) .
Bias V. Gas pressure Deposition

(V) (Torr) time(min)

Gas
Substrate

5x10°"!

0 5x10*

5x10°

5x10°"

Ar -200 5x10*

5x10°

5x10"

~400 5x107

5x10™
SPCC 20
5x10"

0 5x10*

5x107°

5x10°"

N> -200 5x10 2

5x10 "

5x10°"!

~400 5x10 2

5x10 "
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Fig. 3.3 Photograph of scanning electron microscope apparatus

Fig. 3.4 Photograph of X-ray diffraction apparatus

324 A71ss4 NASA 7}
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Fig. 3.5 Schematic diagram of potentio—stat apparatus

Fig. 3.6 Photograph of potentio-stat apparatus
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Fig. 44 SEM photographs for top surface and cross section of Zn-Mg alloy

(a) Bias voltage : 0V

thin films deposited at various Ar gas pressures
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(b) Bias voltage :

Fig. 4.4 To be continued
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(c) Bias voltage :

Fig. 4.4 To be continued
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(a) Top surface

Fig. 4.5 SEM photographs of Zn—-Mg alloy thin films deposited

at various Ar gas pressures and bias voltages
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Fig. 45 To be continued

(b) Cross section
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Fig. 4.6 SEM photographs for top surface and cross section of Zn—- Mg

(a) Bias voltage : OV

alloy thin films deposited at various N> gas pressures
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Fig. 4.6 To be continued
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Fig. 4.6 To be continued
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Fig. 4.7 SEM photographs of Zn—-Mg alloy thin films deposited

at various N2 gas pressures and bias voltages
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Table 4.1 Surface free energy of zinc

Crystal face

Surface free energy, 7 (J/m’)

298 K 3713 K 473 K 573 K 673 K
(002) 0.485 0.611 0.781 0.954 1.13
(100) 0.151 0.190 0.243 0.297 0.352
(101) 0.137 0.172 0.220 0.269 0.319
(110) 0.196 0.247 0.316 0.386 0.457

y= P Uc/Z+N:AS

v @ Surface free energy,

Uc : Cohesive energy,

N : 6.02x10 * number/mol (Avogadro number)

P : Number of the bond

7 : Coordination number

AS : Mean surface area of an atom

- 100 -




]
:{2//

|

)
2

NN

N

(110)plane

(100)plane

.
.
7

.
.

7
7

7

.

o

7

SR
N

(101)plane

002)plane

(

Fig. 4.8 Geometry of crystallographic planes for the

hexagonal Zn lattice

- 101



(101)

(100)

Fig. 4.9 Schematic illustration showing (101), (100) and (002)
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(a) Bias voltage : 0V

Fig 4.10 X-ray diffraction patterns of Zn-Mg alloy thin films

deposited at various Ar gas pressures (Intensity)
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Fig. 420 Anodic polarization curves of Zn-Mg alloy films deposited at
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Classification

Before polarization After polarization

gas press.
5x10 "Torr

Ar 5x10 “Torr

5x10 “Torr

5x10 "Torr

N2 | 5x10 “Torr

5x10 “Torr

(a) Bias voltage : 0V

Fig. 4.26 Digital camera photographs for electro—chemical

polarizationof Zn-Mg alloy thin films
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Classification

Before polarization

After polarization

gas press.
o .
Ar | 5x10 “Torr . s ouy
"3 -
"8 -

No 5x10 *Torr |
o -

(b)

Bias voltage :

-200V

Fig. 4.26 To be continued
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Classification

Before polarization After polarization

gas press.
5x10 "Torr

Ar 5x10 “Torr

5x10 “Torr

5x10 "Torr

N2 | 5x10 “Torr

5x10 “Torr

(c) Bias voltage : -400V

Fig. 4.26 To be continued
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