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[1]Pierre R. Roberge, “Handbook of corrosion engineering”, McGraw- Hill, 2000.

[2] Peabody’s, “Control of pipeline corrosion”, NACE international the corrosion society, 2001.

[3]JAhmad. Zaki, "Principles of corrosion engineering and corrosion control"”, Elsevier science and
technology books, 2006.

[4]Pierre R. Roberge, "Corrosion Engineering Principles and Practice”, McGraw- Hill, 2008.
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Figure 2. Photo showing ozone cracking of a bias ply tire.
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CLASSIFICATIONS OF CORROSION
Corrosion can be classified into three categories based on the environment.

Atmospheric Corrosion: The types of atmospheres are described as rural, industrial, or
marine.

Aqueous Corrosion: Carbon steel pipes are used to transport water and are often
submerged in water. The higher the acidity level of the water, the faster the corrosion
rate of attack.

Soil Corrosion: The rate of soil corrosion on carbon steel varies. Soil with high moisture
content, high acidity, high dissolved salts, and high electrical conductivity are the most
corrosive.
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TYPES OF PITTING CORROS[ON:
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Standards

* ASTM C694-90a(2016)

Standard Test Method for Weight Loss (Mass Loss) of Sheet Steel
During Immersion in Sulfuric Acid Solution

e ASTM D3377 - 04(2018)
Standard Test Method for Weight Loss of Solventless Varnishes

« ASTM G31 -72(2004)
Standard Practice for Laboratory Immersion Corrosion Testing of Metals



Immersion and Partial Immersion
Corrosion Tests

ASTM G-316

Sanded and methanol cleaned metal
panels

Immersed in containers filled with
water-based solutions/electrolytes
with or without added treatment
(‘Control”)

Weight loss was determined or
panels were visually evaluated for
the presence of corrosion after
cleaning according to ASTM G-1.7
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Figure 1. Expenimental scheme for in sifu weight loss measurements during oxide dissolution

of corroded samples in Clatk solution.
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where,

mpy = general corrosion rate, mils/year
W = weight loss i muligrams

D =alloy density, gmfcc

A = exposed coupon area, sq. m.

T = exposure tune, hr

U'mils (1 mil = 0.001 inch) per year (mpy)



IMPORTANCE OF CORROSION
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Weight Loss Testing
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SEM images of corroded surface



S o LS).A..*H' o o



Sl (55,55 s 5 lailinl g, S Sod (6 g S b (g ] Sl S b Sod a5LAS) g0 3T @
D9l oo oolatwl [ F0,95 3l Cailow (slp a8 )15 4 sl idg g 538 olge Cuwglin w)p slp oS

& ool 0ol g slddiges a1y 0ni 93 slales a5 0l oo (59,95 Hee;l &0 oy S S ailadl ¢
5! QLQ); e 3l aa (S0, DY gase .aad oo O jg0 0l od-Lé.’Lw‘ g (BlawslieY gexs) b5, jslaio
42 0 Vgoxo 3,0 a3 4y I3/ idgy Cuoglie 4y (S (gajl o) Do Nigdiso (bl 00l (pns B
392 alys iy Golesl oles sl it I8l iSg Canglie
ABbss (S0, slacige] inpeend g i gl 3l (o Sad wiladl g0

A e VAV Lo o aS ail e S aslasdl  Modlepn ool aiSlil o jlaslinl ik ASTM B117
bl o ASTMGB5 41572371 dSO 9227 550 e (sl laslinl



G oo, 0 i o Joloo QT)OASAASL”GQMAB.EL‘?LQ&.& I i gyl cpl Sl e
e G5l 0gd e 0uedl 00liS (6l (o) 3L &b 5l g oa).&é. Slep S8
bos cpl o a5 Sladiges a5 g abay WS e olou dladse jo o5 T Sad Ol 5l oni 95
odijle @ o alrdze yl > QLS o ), I, Gl oo Ll i J"’)"f@ 8

Sl 813, 55 oS o



LS-o-.' ‘S)Maul bli’bw)






g . ‘SW‘ . o

o le el b)) bsy (! b adlsl se a7 ola b
6lansd zolaw

)_LJT ~S9) LG)lS-.’T 9 S *

&g e ( JSS g, 5T

Moy Jl! 2y 250 Sy a1 45l
S0 slods ol e o JT sla iy

) slagidsg ©













As coat 24 hours exposure 48 hours exposure 72 hours exposure
Degree of corrosion Degree of corrosion Degree of corrosion Degree of corrosion
0% 4.40% 8.95% 27.74%

96 hours exposure 120 hours exposure 144 hours exposure 168 hours exposure

Degree of corrosion Degree of corrosion Degree of corrosion Degree of corrosion
42.05% 50.93% 57.02% 63.05%




Chamber construction, testing procedure and testing parameters are standardized under national and
international standards, such as ASTM B 117 and ISO 9227.

These standards describe the necessary information to carry out this test; testing parameters such as
temperature, air pressure of the sprayed solution, preparation of the spraying solution, concentration, pH.
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ASTM G85 Annex Al — Acetic Acid Salt Spray Test (non-cyclic)

This test can be used to determine the relative resistance to corrosion of decorative chromium plating
on steel and zinc based die casting when exposed to an acetic acid salt spray climate at an elevated
temperature. This test is also referred to as an ASS test. Test specimens are placed in an enclosed
chamber and exposed to a continuous indirect spray of salt water solution, prepared in accordance
with the requirements of the test standard and acidified (pH 3.1-3.3) by the addition of acetic acid.
This spray is set to fall-out on to the specimens at a rate of 1-2 ml/80 cm2/hour, in a chamber
temperature of 35 °C. This climate is maintained under constant steady state conditions. The test

duration is variable.
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ASTM G85 Annex A2 - Acidified Salt Fog Test (cyclic).

This test can be used to test the relative resistance to corrosion of aluminium alloys when exposed
to a changing climate of acetic acid salt spray, followed by air drying, followed by high humidity, all
at an elevated temperature. This test is also referred to as a MASTMAASIS test. Test specimens are
placed in an enclosed chamber, and exposed to a changing climate that comprises the following 3
part repeating cycle. 0.75 hours exposure to a continuous indirect spray of salt water solution,
prepared in accordance with the requirements of the test standard and acidified (pH 2.8-3.0) by the
addition of acetic acid. This spray is set to fall-out on to the specimens at a rate of 1-2 ml/80
cm2/hour. This is followed by a 2 hour exposure to an air drying (purge) climate. This is followed by
3.25 hours exposure to a high humidity climate which gradually rises to between 65% RH and 95%
RH. The entire test cycle is at a constant chamber temperature of 49 °C. The number of cycle

repeats and therefore the test duration is variable.
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ASTM G85 Annex A3 — Seawater Acidified Test (cyclic)

This test can be used to test the relative resistance to corrosion of coated or uncoated aluminium
alloys and other metals, when exposed to a changing climate of acidified synthetic seawater spray,
followed by a high humidity, both at an elevated temperature. This test is also referred to as a SWAAT
test. Test specimens are placed in an enclosed chamber, and exposed to a changing climate that
comprises the following 2 part repeating cycle. First, a 30 minute exposure to a continuous indirect
spray of synthetic seawater solution, prepared in accordance with the requirements of the test
standard and acidified (pH 2.8-3.0) by the addition of acetic acid. This spray is set to fall-out on to the
specimens at a rate of 1-2 ml/80 cm2/hour. This is followed by a 90 minute exposure to a high
humidity climate (above 98% RH). The entire test cycle is at a constant chamber temperature of 49 °C
(may be reduced to 24-35 °C for organically coated specimens). The number of cycle repeats and

therefore the test duration is variable
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ASTM G85 Annex A4 — SO2 Salt Spray Test (cyclic)

This test can be used to test the relative resistance to corrosion of product samples that are
likely to encounter a combined SO2/salt spray/acid rain environment during their usual
service life. Test specimens are placed in an enclosed chamber, and exposed to 1 of 2 possible
changing climate cycles. In either case, the exposure to salt spray may be salt water spray or
synthetic sea water prepared in accordance with the requirements of the test standard. The
most appropriate test cycle and spray solutions are to be agreed between parties.

The first climate cycle comprises a continuous indirect spray of neutral (pH 6.5-7.2) salt
water/synthetic seawater solution, which falls-out on to the specimens at a rate of 1-2 ml/80
cm2/hour. During this spraying, the chamber is dosed with SO2 gas at a rate of 35
cm3/minute/m3 of chamber volume, for 1 hour in every 6 hours of spraying. The entire test
cycle is at a constant chamber temperature of 35 °C. The number of cycle repeats and
therefore the test duration is variable.

The second climate cycle comprises 0.5 hours of continuous indirect spray of neutral (pH 6.5—
7.2) salt water/synthetic seawater solution, which falls-out on to the specimens at a rate of
1-2 ml/80 cm2/hour. This is followed by 0.5 hours of dosing with SO2 gas at a rate of 35
cm3/minute/m3 of chamber volume. This is followed by 2 hours of high humidity soak. The
entire test cycle is at a constant chamber temperature of 35 °C. The number of cycle repeats
and therefore the test duration is variable.



100

Temperature °C

90

80

70

60

50

40

30

20

10

ASTM G85 A5

HEEEEEEEEEEEEEEE.
Note: humidity will be high during salt spray and reduce
during drying, but %RH is not specified in ASTM G85 Annex A5
—T
=" —
ety
0 1.0 1.75 2.0 hours
. = SECRCRRE
salt spray drying repeat

100

90

80

w P U [=)] ~
<o < L] o <
Humidity % RH

L)
o

-’
[e]



ASTM G85 Annex A5 — Dilute Electrolyte Salt Fog/Dry Test (cyclic)

This test can be used to test the relative resistance to corrosion of paints on steel when exposed to a
changing climate of dilute salt spray at ambient temperature, followed by air drying at elevated
temperature. It is a popular test in the surface coatings industry, where it is also referred to as the
PROHESION test. Test specimens are placed in an enclosed chamber, and exposed to a changing
climate with the following 2-part cycle. First, a 1-hour exposure to a continuous indirect spray of salt
water solution, prepared in accordance with the requirements of the test standard and acidified (pH
3.1-3.3) by the addition of acetic acid. This spray is set to fall on the specimens at a rate of 1-2 ml/80
cm2/hour, in an ambient chamber temperature (21-27 °C). This is followed by a 1-hour exposure to

an air drying (purge) climate at 35 °C. The cycle repeats until the desired duration has been achieved



Corrosion Testing -

Salt Spray Testing (ASTM B117) on a white DTM formula with
no anti-corrosive pigments: DFT 1.5-2.0 mils

63 hours SST 184 hours SST 244 hours SST 312 hours SST

Polished CRS Unpolished CRS



Parameter Value
Chamber temperature/°C 35
pH 6.65
Quantity of salt solution collected/(mL-h ") 1.5
Concentration of NaCl solution 3.5%
Air pressure/kPa 96.53—124.11
Component loading in chamber position/(°) 30
Duration of test’h 100



Coated
steel

Stainless
steel
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Simple Salt Spray Corrosion Test Comparison:

Observation up

ER 308L Corrosion Results

EC 409 (K409TiT)

to red rust Corrosion Results
Up to 24 Hrs No white and red rust No white and red rust
observed observed
Up to 48 Hrs No white and red rust No white and red rust
observed observed
Up to 72 Hrs Approximately 15% red rust | Approximately 15% red

observed

rust observed

Salt Spray Corrosion Test
Condition

1.Solution-5% NaCL
2.pH-6.5 to 7.5 (actual 6.8)
3 Temp-35°C

4.RH-95%

5.Duration-72 Hrs

6. Fog Collection-1.7 Ml
Per Hour

Salt Spray Corrosion Test Method-ASTM B117
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Fig. 4. Secondary electron SEM micrographs for the AA-2024-T3 specimens anodized at (a, b)
14V and (¢, d) 7V and sealed with cerium nitrate, after corrosion under immersion (a, ¢) and

salt-spray (b, d).
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ASTM G3-14(2019)

Standard Practice for Conventions Applicable to Electrochemical Measurements in Corrosion Testing
ASTM G5: Potentiodynamic Anodic Polarization Measurements

ASTM G5-14(2021)

Standard Reference Test Method for Making Potentiodynamic Anodic Polarization Measurements

Autolab
Working
electrode
Counter
electrode
Reference
electrode
Computer
Solution

Fig. 2. Schematic of electrochemical cell use.
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Activation Polarization
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Figure 9-13 Activation-polarization
Current density curve of a hydrogen electrode.




Concentration Polarization
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. - - A - 4 Figure 9-15 Concentration polarization curve
log / (reduction process).




Combined Polarization
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Figure 9-17 Combined polarization curve—
activation and concentration polarization.



Electrochemical potential, V

Anodic Polarization Curve -1

V (M/MZH) — —

ig (M/IMZ*)

+ This curve is usually
scanned from 20 mV
below the E_. (open circuit
potential) upward.

*The curve can be used to
identify the following
corrosion regions:

Passive
i passive current density
¥ Paraee - rima ssivation potential
. E,-  primary pa po
. L = critical current density
Active
_— E, . - transpassive potential

Log current density, i
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Potentiodynamic Curves

*An electrochemical test that measures the current response o an
applied potential over a large potential range

+this test is used to analyze the overall behavior of the coating’s

corrosion protection

III:H'

Evan’s Diagram

log i

m

@
k4

net +
current
net -

current

%

III‘AT

logi

Polarization Curve

49



Potential (V) vs. SCE
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Corrosion current density
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linear polarization resistance corrosion test

Remember: during linear polarization measurements we
plot E vs i (not log i) around the corrosion potential:

ey F 17
LA
>
s AE
# —— = polarizati ist
* polarization resistance

s Al

26



Polarization Resistance, Rp

aThis electrochemical technique enables the measurement of the
instantaneous corrosion rate. It quantifies the amount of metal per unit

of area being corroding in a particular instant.

aThe method is based on the observation of the linearity of the
polarization curves near the potential (E_,,). The slope expresses the
value of the polarization resistance (Rp) if the increment is close to

Zero.

aThis Rp value is related to the corrosion current (Icorr) by means of

the expression:

1 BaBc

AE icorr=—
Eal— Rp 2.303(Ba + Bc)
A! A =0

Where A is the area of metal surface evenly polarized and B is a
constant that may vary from 13 to 52 mV. For steel embedded in
concrete, the best fit with parallel gravimetric losses results in B= 26
mV for actively corroding steel , and a value of B= 52 mV, when the
steel is passivated.

- Ba and Bc are the Tafel

Slopes and are
approximated to both be
AV



R. == E — Ba BC
p== —
1 2.303 I¢corr (Ba+BC)

Rearranging of above equation, we get

I _ 1 Ba Bc
COTT — 2303Rp “Ba+Bc)




-— A

el — (‘““ﬂ'l(h
Currend

Ry =QE

40 (mA)

—20 -
TH(uv)

(a)

ATHMIC  —————
Current

Soiution bridgo

el

(D)

REF



These are two different electrochemical techniques to measure the corrosion rate
and investigate the corrosion behavior of a desired working electrode.

1-in LPR ( Linear polarization resistance)you need to polarize the working
electrode from -20 mV to +20 mV with respect to the OCP (open circuit potential
or equilibrium potential) but in Potentiodynamic Polarization resistance(PPR)
method you need to polarize the working electrode from about -250 mV up to
+250 mV with respect to the OCP.

2-in LPR you need to measure the slope of the E-I curve in order to get
polarization resistance and then by using the Stern-Geary equation you can get the
corrosion current density but in potentioodynamic polarization method you can
find the corrosion current on the curve of E-Log i

3-The LPR has minimal sample damage while the PPR has higher damage to
sample.
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Instrument and Electrodes

Electrode setup

Calomel

Reference Electrode (REF) Type: OGROO3

Platinum wire @1mm

Counter Electrode (AUX) Type: OGV005

Working Electrode (WRK) Iron Nail
Electrolyte NaCl 2M
Instrument OrigaFlex OGF500

Figure 13: OrigaFlex OGF500
Software OrigaMaster
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Figure 14: Electrochemical cell
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The Parameter of the Polarization test is shown in figure 1.

Properties
gI Display all [J] Details ~[- Graph
<-- Configure cell S "
‘ before starting =!I Polarization for corrosion
the aperment Waiting time (sec.) 20

Stabilisation time (sec.) 4
Scan rate (mV/sec) 0.1666
Initial potential (mV) free
# Potential 1 (mV) -50, FREE
t+ Potential 2 (mV) 50, FREE
Maximum range Auto
Minimum range Auto
Analog Filter Auto
Open dircuit at end Yes

Figure 1: The sequence Figure 2: The parameters
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ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY

J EIS: Frequency

Response Analyzer
O O O

Working

Counter

Reference

Computer

Electrolyte

EIS

o .
Potentiostat Equivalent
Signal Response

Electrical
Circuit

Barrier performance & Integrity

Corrosion Resistance

Water Uptake

Delamination



ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY.

Advantages.

1. Useful on high resistance materials such as paints and coatings.
2. Time dependent data is available.

3. Non- destructive.

4. Quantitative data available.

5. Use service environments.

Disadvantages.
1. Expensive.
2. Complex data analysis for quantification.



Different types of EIS measurements

«Standard EIS (ISO 16773) measures barrier performance and water
uptake during immersion, and gives relevant results within three
weeks. It can be extended for even longer-term testing.

ISO 16773: Electrochemical impedance spectroscopy (EIS) on coated
and uncoated metallic specimens

*Accelerated EIS (ISO 17463) applies electrical stress to promote
delamination and speed up corrosion processes. This approach is very
useful for barrier performance comparison in only 24 hours.

ISO 17463: Paints and varnishes-Guidelines for the determination of
anticorrosive properties of organic coatings by accelerated cyclic
electrochemical technique.



Sinusoidal Current Response in a Linear System

:\/\/

E

ANV
SRvaRv

phoge-ghift

The excitation signal, expressed as a function of time, has the form of:

E(1) = E, cos(wi)

E(t) is the potential at time t, E, is the amplitude of the signal, and © is the radial
frequency. The relationship between radial frequency o (expressed in radians/second) and
frequency f (expressed in Hertz (1/sec).

o=2xf



AC Circuit Theory and Representation of Complex Impedance Values

Ohm's law defines resistance in terms of the ratio between voltage E and current .
E(t
R EO©
(1)

The relationship is limited to only one circuit element -- the ideal resistor.
An ideal resistor has several simplifying properties:



Complex writing

; . E E sin(wt) sin( 1)
—_— — = Z =—L= L =1L
w=2rf EI EO sin(t) [ =1, sin (ot +¢) I, Isin(wt+¢) ' sin(wf+ @)

!

Using Eulers relationship
exp(j¢) = cos¢g + jsing

It is possible to express the impedance as a complex function.

The potential is described as,
E, =E, exp(jot)

and the current response as, _
[: = ]u exP(J(Ut'@

The impedance is then represented as a complex number,

Z(0)= ’7 = Zyexp(j#) = Z,(cosg + jsing)



Complex writing

_E@)  Ejcos(mr) 7 cos(wt)
- 1) B 1, cos(wt — @) - cos(at — @)

Z(1)

Using Eulers relationship exp(ig) =cos¢ +isin g

It is possible to express the impedance as a complex function.

The potential is described as,
E(t)=E,exp(jot)

and the current response as, . )
1(t) =1, exp(iot —ig)

The impedance is then represented as a complex number,

Z— % =7, exp(ig) = Z,(cos g +ising)



Impedance Modulus
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Table Parameters of the equivalent circuit elements

Element Name Parameters Units

R Resistance R Q

C Capacitance C F=Q

E Inductance L H=Qs

W Warburg element o 3. Rl

BW Bounded Warburg | & g ™"
R, Q

CPE Constant phase q %3

element n 1

52
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Resistance and CPE

R CPE
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Resistor and CPE (capacitor) in parallel

C
11 CPE
|} _< %
R —©° o——| R —o
| E— | L I
80 8
6 4
3 i
? 40 A = 4 1
N N
20 2 1
D T b 1
0 20 40 60 80 100 120 0 5 10
Ze (Q)

Z. (Q)



RL in Series and RL in Parallel

L
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Randles cell

To

Rs
— —

RctOer

1000 T T T T
mag; 109 -
- 1 1 g 2
01 10 100 1000 116°1r10°
freq,
0 T T T
phase; _so—
-y ] | | 1
0l 10 100 1000 rictr
freq,

O
(o))



-1200

Imaginary, - Z*, in ohm- cm? :
8 8 & 8

§

Lm%

(=]

g

|Z) in ohm-cm?
8

10
1

T

C, all
AN—
RI
RD
®,,=1MR:C,)
20
2 I—O’_ h_.f:")
o d \07
s0 7
d s
100 1
f=1.0X10%
N P B P Sl

200 400 600 800 1000 1200
Real, Z', in ohm-cm?

sovmed savned svonued v saved sied seaeed i

Rs+Rp

02 10" 10° 10" 10" 10° 10* 105 108

Angular Frequency, 2nf

O 51395 g (AN) CounaigSli (5l 510903 31 (6l digas —F S

12] of Jolea



Mixed kinetic and diffusion control
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r——— Organic coating

Metal Solution

Metal 4 Solution
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Other circuits

[.
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Figure Two Time Constant Spectrum

This spectrum can be modeled by any of the equivalent circuits shown
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Figure  Equivalent Circuit Models with Two Time Constants
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1- ZView software (Scribner Associates)
2- ZSimpWin software

3- Gamry software

4-Zfit software
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Anodizing process



What is Anodizing?

It is an electrochemical oxidation of the
aluminum surface to produce a stable film
of aluminum oxide (ALQO,).

q Aluminum is “rusted”
artificially and uniformly
q Electricity and Chemicals required

electrical current passes through
aluminum immersed in an acid solution

@ Aluminum Anodizing




ANODIZING

Anodizing Process

O When aluminum is anodized conventionally, direct electrical current (DC) is
passed through a bath of sulphuric acid -- the electrolyte -- while the aluminum
being treated serves as the anode. This produces a clear film of aluminum

oxide on the aluminium's surface.
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Anodic Oxidized
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Anodizing Process
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Electrolyte
Anode
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Anodising
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Anodizing

Cellular oxide laver
with dye/color deposit

Original Barrier type Cellular oxide layer
metal part oxide laver

Metal (aluminum) substrate S sibataal s




<+—— Outer oxide —» |

— Inner oxide

Al

Barrier- type alumina

Porous- type alumina



Hydrate {film)

Anodizing film.

Ancdizing film.

Material is anodized, Dve penetrates countless Sealing generates

ganerating anodizing film. poras in the film's surace. hydrates (film) that lock
the dye in place inside
the pores



—— pore

porous layer | cell wall

barrier layer {

substrate {

Schematic diagram of a porous film, according to [16].
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ANODIZING

Anodizing Process

¥

Degrease, if
required

v

Alkaline clean

’

Deoxidize

v

Anodize

Alkaline etch, if
required

.

Diesmut

Seal, if required

.

Dry

-

DCwye., if required
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ALUMINUM BATCH ANODIZING LINE

PRE-THEATMEMT AMCDEE POST-TREATMERT
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current density

temperature

\ voliage /

process parameters

chemical composition

Qicrosﬂructure /

substrate parameters

geometry of the layer

microstructure of the layer

layer thickness

\

cracks

roughness

properties

N
pores

chemical and phase composition and
distribution ...

e

hardness wear

/ A\

RN

corrosion



Table 1.1: Alumina oxide forms [39]

Name Crystalline form Density (g/cm?) / Crystal system Remark
Corundum a-Aly,04 3.97 / hexagonal found in nature
Boehmite a-Al;05-HyO 3.44 / ortho-rhombic

Gibbsite a-Als05:(Hy0)3 2.42 / monoclinic
Diaspore 3-Al;05-(H,0) 3.4 / ortho-rhombic no occurrence in nature
Bayerite 3-Aly03-(Hy0)3 2.53 / monoclinic

Gamma alumina v-Al, 04 / anhydrous alumina

with 1ll-defined structure




Metal Anodizing ratio (AV~1)

Tantalum 16.0
Niobium 22.0
Zirconium 20 ro 27
Tungsten 18
Silicon 4-8
Aluminum 10.0 in 15 % sulfuric acid

11.8 in 2 % oxalic acid
11.9 in 4 % phosphoric acid
12.5 in 3 % chromic acid
13 ~ 13.7 in barrier-type electrolytes




Anodic Oxidation
AO
V

[ Electrolytic Anodic Oxidation ]

EAO

/EloxiereL (Germ%\

Electrochemical Anodizing Hardanodizing

(low temperature) W/

PAO

Anodic Oxidation by Spark Discharge ) ‘ o
AOSD High Voltage Anodizing

[ Plasma-electrolytic Anodic Oxidation ]

Anodic Spark Deposition Micro-Arc Oxidation

. . ASD MAO
Dielectric Breakdown Process

Anodische Oxidation mit Funkenentladung \
ANOF (Germany)

Plasma-chemical Anodic Oxidation
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Electroplatmg 1 I—I

Copper Plating
Electrochemistry in action cathode

("‘g) Sc*' won ‘ ' I '
. v *

Metal B
anode

Copper anode
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ELECTRODEPOSITION

Electroplating is often also called "electrodeposition®.

It's a process using electrical current to reduce cations of a desired
material from a solution and coat that material as a thin film onto a
conductive substrate surface.

The overall process is also known as electrolysis.

<3 e

CATHODE ANODE
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Components | Concentration
Nickel sulfate 200 -300 g/L
Nickel chloride 50 g/L
Boric acid 40 g/L
pH 4-45




Electroplating Condition

Standard Parameter

Actual parameter

Temperature of electroplating
P.H of electrolyte

Size of bath

Sample size

Period of electroplating
Number of anodes

Area of anodes

Area of the cathode (sample)
The cathodic current efficiencies CCE
Nickel bath type

Range of anode and cathode

50 - 60°C
35-5

Max. 30 min.

At least 2

Double cathodes area at least
Less than anodes area

High

Watts bath

Minimum 2.5¢cm

53°C

4.8

50 liters
20cm x 2cm
0.5-1 min.
2

2 (625 cm?)
40 cm?

89%
Commercial watts bath
25 cm



4 -
Anode Cathode

Ni(s) = N12+(aq) + 2e Niz+ (ag) +2e=Ni(s)



Battery
i

Mickel
— (Anode)
Mail
(Cathode) —— Hickel Sulphate

Solution (Electrolyte)

Fig. 4.12 Electroplating with nickel
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