2.1 [4-7]
21 22
M- b Mz + ze 2.1
Mzt + zg'-— M 22

1 (d.c. power supply)
2 (electrical conductor)
3 (electrolyte)
4 (cathode)
5 (anode)
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(cations)

(Nonfaradaic process)
(Nonfaradaic current)

(anions)

22()

(Faradaic current)
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(Faradaic process)
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electrode electrolyte

44— Red

MO

DM

MUY

\
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2,
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(M)

(M z+) 2

(crystal lattice)

qm
05

> ox'

() Faradaic process
Red = Ox++ e

(b) Nonfaradaic process
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2.2

(Az)

2.3
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AG)M, )= M- () (24)
Adm, )
(1
(s
MzHze'--—) M (2.5)
o 2HH28 —) 2 E°=0 V/SHE (2.6)
2HD +2¢ 20H +H2 E°=-083 VISHE (2.7)



MzH € —mv » M @I+ (2.8)

02+2H,0 +4g - ) 40H E°=040VISHE (29)

[ —V/ (2.10)
COHD —) 0Z4HH4e  E°=-1229 VISHE (210)

. 40H —) 02 2HD +4e  E°=0.40V/SHE (2.12)

(dipole)

(electrostatic attraction) electric double layer 2.4
(hydrated metal) (double layer)
(dehydration)
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double layer *,  Dillusion layer , Bulk of electrolyte
Metal CLECTROLYTE
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22 | [45, 89]

(Nemst’s equation) 2.13
E,=E0+  Inaz (2.13)

E, (V)
E° (V)
(8,314 JK)
(K)
2 (equiv./mole)
F ' (96,500 c/equiv.)
az

(2.13)

(overpotential )
2.14



2.15

E2=E°+ " Inazt+

£2

i = ;iOeizfrl

f

current density  Alcm?)

(Exchange current density : Alcm?2)
transfer coefficient
FIRT (38.94 V')

10

(2.14)

(2.15)

(2.16)

(Cathodic



1

L (activation polarization 3

hydration  dehydration

a
3=+plog- (2.17)
10
P (Tafel constant : V)
2. (concentration polarization : T|c)
(E) Ch
=N = InCh (2.18)
Ch (mol/ cm3
E) C
e7=6% Rl e (2.19)

ZF
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E2-E,
=— - (2.20)
Zp Cb
Cs
(limiting current density)
TG, o2y
L5
iL (Alcm?)
D (cm2s)
(cm)
: (equiv/imol)
F ' (96,500 c/equiv)
(mass transport)
(resistance polarization : 1)
r =IR (2.22)

R (Ohm)



2.23
Ea, = Hxc- c- 3-IR (2.23)
Eal (V)
Eal (V)
0 (V)
3 (V)
IR
(V)
2.3 (Faraday’s law) [4, 8]
1 ()
Q)
2
QMw _ ItMw (2.24)
ZF ZF
m (gram)
I (Ampere)
t ()
Mw
100

2.25



electron stoichiometry
(Equivalent weight 3
2.26

_ ItWa

F

Wa

AL
f, 12

MWj

" w2 + Ewl

14

() X 100 (2.25)
()

(2.24)

(2.26)

2.21
(2.27)

Mw,
; (2.28)
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[8,10]
= H
. L
E
current density
25 [10]
25
E
D
(deposition potential Eq)
Ed
1
Ed Ed ,
Ed
Ed



Ed

25 [4,11]

2.1
2.2 (complex agent)

e e s —— — — ——— ———

Current density

neg

Single-deposition potential

26 o
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2
2
2.6
M, M V2 w2
2.6 [4,6,121
M+(soin.)—  (lattice) (2.29)
3
1 (Electrical migration or lonic migration)

2. (Convection)



2.1

2.1

18

(Diffusion)

1. perfect flat face (terrace)

2. screw dislocation

3. vacancy in terrace

4. adatom on terrace

5. monoatomic step in surface
(ledge)

6. a vacancy in ledge

7. akink, a step in the ledge

[4]

kink site

kink site
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(Step-edge ion- transfer mechanism)

Kink side
step edge
kink side 2.8
Initial state
% Solution
/0"’0
|
Kink site
final state
2.8 [4]
(Terrace ion - transfer mechanism)
terrace region Kink site
2.9
Solution

@f”o

l /Kmk site

Step edge

2.9

[4]
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(Layer growth mechanism)

2.10 (a)

2.10 (a)

210 ()

(3 D crystallites growth mechanism)

3

[4]

2.10

vacancies, impurities, grain

boundaries, dislocations



I «0 « ailYmi

211
JIIL
1-0+
Powders (poorly odhereat to surfoce)
Nodules, dendrites ond whiskers

Polycrystolline

Bunched layers, ridges

Spirals, layers, blocks (well formed)

-E
211 [12]
21 [4,12-13]

- Non-complexing medium
simple hydration ~ Zn2tNi2t
- Complex ion

[Zn(CN)42, [Zn(OH)J2



(sulfonate group)

3.1 Brightener

3.2 Leveller

3.3 Structure modifiers

3.4 Wetting agent
pitting

(anionic surfactant)

sodium lauryl sulfate, sodium dodecyl sulfate

2



(cationic surfactant)
(ammonium group)  alkyl dimethylamine oxide

28 [5,14]

1. Sacrificial coating
2. Decorative protective coating

3. Engineering coating

4, Minor metal

5. Uncommon metal

(aqueous solution)

(organic electrolytes)

fused-salt electrolytes

6. (Alloy plating)

23
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2.9 [15-19]
2
1 (wet corrosion)
2, (dry corrosion)
(Furnace gas)
(corrosion cell) 3
1
2,
3
2.12
M metal surface
solution
amM/A

metal

2.12 (18]



M ) M+ e

02+ 2HD +4¢" - 40H

102+ 2H+ +4¢ - 20H

Fe +024 HD ~ 2FEH+40H —) Fe(OH)2

[Fe(OH)3 1

2Fe(OH)2+ HAD) + ~ <2 — ) 2Fe(OH)3

25

(230)

(231)

(2.32)

(233)

(2.34)

[Fe(OH)2

(2.35)

(236)



1
f
2
2
J (controlled current test)
(galvanostat)
(controlledpotential test)
(potentiostat)

Potentiostat

@ " Solutionbridge

Jluggin probe]

WE = Working Electrode CE = Counter Electrode

RE = Reference Electrod V = Voltmeter

213 [L7]
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2.13 2
(cathodic polarization) (anodic polarization)

(cathodic polarization)

(anodic polarization)

£
A
-
<
-
z
w
.—
(o]
o

/’ ¥

o, e d g Applied current curves:
l AT 2 = Anodic
PR e e Cathodic
wad
z
log fapp

2.14 [18]



2.10

Ashiru Shirokoff [19]

(additive)

80:20

90:10

Vasantha [20]

(complexant)
(grain refiner)

80:20

(alkaline sodium bath)

(brightener)
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throwing power 95 %
throwing power
An [21]
pH 6 Rotating Disk Electrode
(RDE), Cyclic Votammetric (cV), Hull cell test Y1
Peptone Piperonal RDE
cv
15 Hull cell test
Y-l
Wang [22]
(neutral non-cyanide bath)
(Stabilizer), (Antioxidant)

Scanning Electron
Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), Electrochemical Quartz
Crystal Microbalance (EQCM) 70:30

EQCM
1%
1.1 /
open circuit potential



Guaus

(cyclic voltammograms)

[Zn(1T)]

3]

(sulphate-gluconate bath)
(anodic stripping analysis)

pH
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