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*H.H. Uhlig and W.R. Revie, Corrosion and Corrosion Control: An
Introduction to Corrosion Science and Engineering, 3rd ed., John Wiley

and Sons, Inc., 1985.
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foatilfnsianwiia:
-- UATe eondntdus Zn — Zn2+ +2e

-- §ATen FAnTu: oH' +2e” > H (gas)
H-I-
oxidation reaction

Acid

solution
Adapted from Fig. 17.1, Callister
6e. (Fig. 17.1 is from M.G.
Fontana, Corrosion Engineering,
3rd ed., McGraw-Hill Book
Company, 1986.)
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Zn — Zn% + 2¢
2H* + 2 — H, (gas)

Zn +2H* — Zn?* + H, (gas)
a a < 3’
manaeiuveurnanlui

Fe + % O, + H,0 — Fe?* + 20H- - Fe(OH),
2Fe(OH), + % O, + H,0 — 2Fe(OH),
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0.780 V Ficvne 17.2 An electrochemical cell
consisting of iron and copper electrodes, each
of which is immersed in a 1M solution of its
ion. Iron corrodes while copper

Valtmeter electrodeposits.
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0.323V Fricune 17.3  An electrochemical cell
consisting of iron and zinc electrodes, each of
which is immersed in a 1M solution of its ion.
The iron electrodeposits while the zinc
corrodes.
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. Froene 17,4 The standard hydrogen reference half-cell.

Voltmeter
|
.
|
|
|
|
|
| Pt
|
|
|
|
|
I o
l H* solution s
I ’ o
| 1.0M
| ; Hydrogen gas, 1 atm pressure

!

Membrane

Dr. Tachai Luangvaranunt: ISIT Lecture 17 July 2553

Faculty of ENGINEERING ] Chulalongkom University
Pillar of the Kingdom

minageualea lalasnuuasgiu

A o v .
i Lﬂﬂwﬁﬁwﬂﬂﬁﬂﬂlmﬂ .
"N]ﬁﬂ]@\ﬂﬁﬁ?ﬁﬁﬂai

Iaa%sall

4 &
--ma‘u@ﬂawzmwu

T O

H
H+
H+ Mn+
ions
H-I-
25°C 25°C
IM MN* sol’n|1M H* sol’'n 1M M"* sol’n 1M H* sol’n

—TanzifudenTun (-) —TanzifudianTsa (+)

0 A 4o oo (0] P oo Ao
Vimetal <0 (iledieuiuummiini) Vimetal > 0 (ierfisnivunminiv)

v

dlusdndTihinasguvesTansiiu

Dr. Tachai Luangvaranunt: ISIT Lecture 17 July 2553




Faculty of ENGINEERING [ Chulalongkorn University

Uy

Faculty of ENGINEERING | Chulalongkomn University

oynaudnd ihuasgn minansoulunaoyu
W series _ * Metal with smaller )
metal V neta) E° reduction) V. oq COrrodes. Cathode A;node
Q2  Au #1420V e Ex: Cd-Ni cell Cu
'8 Cu +0.340 Zn
- A+

S Pb -0.126 \/)
8 Sn -0.136
g g:) :82?3 :IAV°= : . ____reduction oxidation
€ Cd -0.403 0.153Vv 250G dNi 2H" +2e > H2 (gaS) H‘|‘

Fe  -0.440 ; O, +4H" +4e~ 5> 2H,0 H* .
2] Cr  -0.744 | | Acid
8 Zn -0.763 1.0M 1.0M H+ H+
c || Al -1.662 Cd2* solutionNi2* solution
et Mg -2.262
g Na -2.714

K -2.924 173 Caisterce.
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« Ex: Cd-Ni cell with « Ex: Cd-Ni cell with vaduauanuhaetjnseuaiveTanzuas Tanzway luimeia
standard 1M solutions non-standard solutions % Platinum
o 0 RT, X o Gold
VNi —VCd = 0.153 VNi — Vcd :Vﬁi —ng —Fln\—( < :’-_7 Graphite
0 Ot 58 pon
Y, Y, [ 0 ilver
o 316 Stainless Steel
1 ! | ; n =#e g Nickel (passive)
3 | 3 | per unit Copper
: L ; . | oxidired Nickel (active)
25°C  (ONi T ONi | reaction o Tin
3 3 (=2 here) 5 Lead
‘ : ‘ . F= oo 316 Stainless Steel
1.0M 1.0M XM YMm Faraday's g > Iron/Steel
Cd2* solution Ni2* solution Cd2* solution| Ni2* solution] constant P "g Aluminum Alloys Based on Table 17.2, Callister
* ani VNi - Ved Tav =96,500 5= Cadmium .G Fontana, Gorroston
--l,‘ﬁiJﬂ'W X C/mol. E Zinc Engineering, 3rd ed.,
. Magnesium McGraw-Hill Book Company,
—aam Y 1 1986.) .
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dasmsfanseunnsnau (Corrosion Penetration Rate (CPR))
CPR = KW/ pAt

CPR fimiedlu mil per year
mil = 0.001 in
W — weight loss

p — density
A —area
t—time

K =534 éwsu mpy, mg, g/cms, in?, h
K = 87.6 dwmsu mm/yr, mg, g/cm3, cm?, h
CPR < 20 mpy w3e 0.5 mm/yr feieensyla

sasimsfanseu (r, mol/m2-s)
r=i/nF ;i=current density (C/m2-s)
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¢ Uniform Attack corrosion
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iamsfansoumMuveLYRINANTaNe

Of ——— n Fig. 17.8, Callister 6e.
corrosion ' W (Fig. 17.8 from M.G.

| Fontana, Corrosion
Engineering, 3rd ed.,
McGraw-Hill Book
Company, 1986.)
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Fig. 17.6, Callister 6e. (Fig.17.6is
courtesy LaQue Center for Corrosion
Technology, Inc.)

419
Fig. 17.9, Callister 6e.
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Graphitic corrosion

From http://www.hghouston.com/ From http://www.andersonmaterials.com/
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Stress Corrosion(2)

Ficune 17,12
Photomicrograph
showing intergranular
siress corrosion
cracking in brass,
(From H. H. Uhlig and
R. W. Revie, Corrosion
and Corrosion Control,
3rd edition, Fig. 5,

p. 335. Copyright 1985
by John Wiley & Sons,
Inc. Reprinted by
permission of John
Wiley & Sons, Inc.)
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Crevice Corrosion

Ficure 17.6 On this ##
plate, which was
immersed in seawater, ¢
crevice corrosion has
occurred at the regions .
that were covered by |
washers. (Photograph J{’
courtesy of LaQue f z
Center for Corrosion
Technology, Inc.)
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Pitting

Crevice Corrosion

Ficune 178 The pitting of a 304 stainless
steel plate by an acid-chloride solution.
(Photograph courtesy of Mars G. Fontana.
From M. G. Fontana, Corrosion Engineering,
- 3rd edition. Copyright © 1986 by McGraw-
~ Hill Book Company. Reproduced with
| permission.)
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Ficewr 17.7  Schematic illustration of the mechanism of crevice corrosion

between two riveted sheets. (From M. G. Fontana, Corrosion Engineering, 3rd

edition. Copyright © 1986 by McGraw-Hill Book Company. Reproduced with 2 23
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Intergranular (2)
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Intergranular (1)
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From: Fontana, Corrosion Engineering 3 edition

From: www.copper.org
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) .
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v E
® wuesguee (inhibitor)
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o q Y (Aana A o 9 A a g a A ERA |
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¢ mstlesiuuuy unlndn Cathodic (or sacrificial) protection
a s "o Ay
-- Aalanziianuidluor Tumnanifu Tangidesmsmaiatles

e.g., zinc-coated nail e.g., Mg Anode
: Adapted from Fig. 17.13(a),
Qg;p;?; CUWIre | Colster 6e. (Fig. 17.13(a) is
1714 steel M92+ from M.G. Fontana, Corrosion
Ca//is,ter ine Engineering, 3rd ed., McGraw-
P pIp a e Hill Book Co., 1986.)
g Earth
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Earth
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(a) (b)
Frovne 1713 Cathodic protection of (a) an underground pipeline using a
magnesium sacrificial anode, and (b) an underground tank using an impressed
current. (From M. G. Fontana, Corrosion Engineering, 3rd edition. Copyright
© 1986 by McGraw-Hill Book Company. Reproduced with permission.)
(a) 1% Sacrificial Anode (b) Funassreih Hdestumsguidedidnasou
‘U’ENLLﬁ\iﬁ
28

Dr. Tachai Luangvaranunt: ISIT Lecture 17 July 2553

Faculty of ENGINEERING ] Chulalongkom University
Pillar of the Kingdom

ﬂWﬁﬂ@QﬁULLUULLﬂIﬂaﬂ

Ficene 17,14 Galvanic protection of steel
as provided by a coating of zinc.

Corrosive environment

Zinc coating
(anode)

W 702+ 702+ Zn2* 702+

Cathode region

LLNIUL“HEﬂLﬂaﬂUﬁJQﬂS’?{
#anzmiu sacrificial anode
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NITLNADDNYLABTU FUAUDITLNA
g N o sasdau Pilling — Bedworth (P-B ration)
P-B ration = Agpym / AuPo

R i Protective \onp.!‘nhv'i'l'f'l'
. Y ., Ce 116 K 045
- ® Ag ihmiinTwanavesoenlyd Al 1.28 Li 0.57
M g Parabalic v Pb 1.40 Na 0.57
Ay, hmtinTuanavesTang Ni |5 cd 191
poa & ' s Be 1.59 Ag 1.59
_ o? ; Logarithmic Po mmwumu'uﬂumaaﬂ'lmw P s T {5
3 Py ANEHUIiUYe Tans Cu 1.68 Ia 233
F Fe 1.77 Sh 235
Mn 1.79 Nb 2.61
P Co 1.99 U 3.05
T Protective =14 2 Cr 1.99 Mo 340
- . Si 2.27 w 340

1 T <1 eonlwatzniu ; ——
G i 1 1 5 v . ey Source: B. Chalmers, Physical Metalfurgy.
M —=M2* 4 26 10, +2e- —0 > 2 sonluasaimnuly il Copyright © 1959 by John Wiley & Sons,

a sda < 3 4 ! MNew York. Reprinted by permission of
nalnmanaeen lodniivesTaney dhimsimasen ladnnudien HANYQADON Jotin Wiley & Sons, T,
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