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Unit 2 Corrosion and Its Forms
2.1 What is corrosion?
Corrosion is the gradual destruction of materials (usually metals) by chemical reaction with
their environment.

#H2ztg | 2.2 Forms of corrosion
It is convenient to classify corrosion by the forms in which it manifests itself, the basis for this
classification being the appearance of the corroded metal. Each form can be identified by mere
visual observation. In most cases the naked eye is sufficient, but sometimes magnification is
helpful or required. Valuable information for the solution of a corrosion problem can often be
obtained through careful observation of the corroded test specimens or failed equipment.
Examination before cleaning is particularly desirable. Some of the eight forms of corrosion
are unique, but all of them are more or less interrelated.) Stress corrosion
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Unit 2 Corrosion and Its Forms
2.2 Forms of corrosion
(1) Uniform, or general attack
Uniform corrosion is characterized by corrosive attack proceeding evenly over the entire
surface area, or a large fraction of the total area. General thinning takes place until failure. On
the basis of tonnage wastedwaster, this is the most important form of corrosion.

PN (2) Pitting
Pitting corrosion is a localized form of corrosion by which cavities or "holes" are produced in
the material. Pitting is considered to be more dangerous than uniform corrosion damage
because it is more difficult to detect, predict and design against.
(3) Crevice corrosion
Crevice corrosion is a localized form of corrosion usually associated with a stagnant solution
on the micro-environmental level. Such stagnant microenvironments tend to occur in crevices
(shielded areas) such as those formed under gaskets, washers, insulation material, fastener
heads, surface deposits, disbonded coatings, threads, lap joints and clamps.
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Unit 2 Corrosion and Its Forms
2.2 Forms of corrosion
(4) Galvanic, or two-metal corrosion
Galvanic corrosion (also called ' dissimilar metal corrosion' or wrongly ‘electrolysis') refers to
corrosion damage induced when two dissimilar materials are coupled in a corrosive
electrolyte.

2t (5) Intergranular corrosion
Intergranular corrosion is localized attack along the grain boundaries, or immediately adjacent
to grain boundaries, while the bulk of the grains remain largely unaffected. This form of
corrosion is usually associated with chemical segregation effects (impuritieshave a tendency
to be enriched at grain boundaries) or specific phases precipitated on the grain boundaries.
(6) Dealloying, or selective leaching
Dealloying or selective leaching refers to the selective removal of one element from an alloy
by corrosion processes. A common example is the dezincification of unstabilized brass,
whereby a weakened, porous copper structure is produced.
(7) Erosion corrosion F1 (8) Stress corrosion (H2%)
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(1) Applied coatings
Plating, painting, and the application of enamel are the most common anti-corrosion
treatments.
(2)Reactive coatings
Chemicals that inhibit corrosion include some of the salts in hard water (Roman water
BFE systems are famous for their mineral deposits), chromates, phosphates, polyaniline, other
conducting polymers and a wide range of specially-designed chemicals that resemble
surfactants (i.e. long-chain organic molecules with ionic end groups).
(3)Anodization
(4) Biofilm coatings
BE AL | 542 unit 3 W5 H B ARE
&S HEREGE P REhf) . SR ARBTE SR S R .
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3.2 Cathodic protection
Cathodic protection (CP) is a technique to control the corrosion of a metal surface by making
that surface the cathode of an electrochemical cell. Cathodic protection systems are most
commonly used to protect steel, water, and fuel pipelines and tanks; steel pier piles, ships,
and offshore oil platforms.
(1) Sacrificial anode protection
(2) Impressed current cathodic protection
3.3 Anodic protection
3.4 Inhibitor
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4.2 Measurement methods
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4.1Introduction
One of the most common electrochemical methods in corrosion research and testing is the
determination of the polarization curve —the relationship between the current and the potential,
usually over a relatively wide range (of the order of a volt). It is normally the objective to
#FH i | determine polarization curves under near steady-state conditions (i.e., the measured current at
each potential is essentially that that would be obtained after a long period at a constant
potential).
4.2Measurement methods
Polarization curves can be measured either by controlling the current and measuring the
potential or by controlling the potential and measuring the current.
WA VEN | H42 unit 4 W5 L\ ATE
Rz ) T RBEE N
SERE | RAEM EhS P sEE), P22-26.
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4.3 Interpretation
The simplest approach to the interpretation of polarization curves is to model the curve as the
summation of a series of curves corresponding to the individual electrochemical reactions that
can occur. As activation-controlled reactions exhibit a linear relationship between potential and
log(current density),it is normal to plot potential using linear axes and current density using
log axes (strictly the absolute value of current density, since log(x) does not exist for x<0).
Since the potential is usually the controlled variable and current density the measured variable,
polarization curves should strictly be plotted with potential on the x-axis. However, early
workers controlled current and therefore plotted current density on the x-axis, and many
workers still use this convention.
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5.2 Presentation of EIS data
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5.1 Introduction
Electrochemical impedance spectroscopy, EIS, extendsthe polarization resistance method by
measuring howthe impedance varies with frequency. There are anumber of ways inwhich this
measurement can be made, but in essence the measurement consists in applying a series of ac
#H T | currents and measuring the ac potential response or applying a series of ac potentials and
measuring the current response. The impedance is then calculated by dividing the potential by
the current at each frequency.
5.2 Presentation of EIS data
The EIS measurement produces a set of amplitude and phase values for a range of frequencies,
and there are two main ways of presenting these
5.3 Interpretation of EIS measurements  ( [H%%)
WEE | 542 unit 5 W5 5 I ARE .
Rz H 2% 5.3 Interpretation of EIS measurements.
SEBRL | RNEM B S B5Er9eE), P28-31.
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6.1 What is a scientific paper?
A paper is an organized description of hypotheses, data and conclusions, intended to instruct
the reader. Papers are a central part of research. If your research does not generate papers, it
might just as well not have been done. “Interesting and unpublished” is equivalent to
“non-existent”.
6.2 How should you construct an outline?
When you have written down what you can, start with another piece of paper and tryto
organize the jumble of the first one. Sort all of your ideas into three major heads:
(1) Introduction;  (2) Results and discussion; (3) Conclusions
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7.1The structure of an article
Scientific writing follows a rigid structure. A format developed over hundreds of years and
considered to be the most efficient means for communicating scientific findings to the broader
research community. Moreover, the format has the advantage that it allows the article to be
#FH i | read at several levels. Some people will refer to just the title, others may read only the title and
abstract, while those who want a deeper understanding will read most, if not all, of the article.
Most disciplines use the format of title, authors, abstract, keywords, introduction, methods,
results, discussion, acknowledgments, references and supplementary material. Though the
headings are standard for most journals, there is some variation, so it is essential to read the
guide for authors of the journal you intend to submit your article to prior to writing.
7.2 Title//7.3 Authors/7.4 Abstract/7.5 Keyword list
WEENL | Z62 unit 7 S5 % AR TE
Kz HE %1% Reading Material 7.
SERR | RNEH RS Pk dEiE), P38-39, 41.
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7.6 Introduction

The introduction should be brief, ideally one to two paragraphs long. It should clearly state the
problem being investigated, the background that explains the problem, and the reasons for
conducting the research. You should summarize relevant research to provide context, state how

your work differs from published work and importantly what questions you are answering.

Explain what findings of others, if any, you are challenging or extending. Briefly describe your
experiment, hypothesis (es), research question(s), and general experimental design or method.
Lengthy interpretations should be left until the Discussion.
7.7 Methods/7.8 Results/7.9 Discussion/7.10 Acknowledgments/7.11 References
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Words and Expressions, ..
8.1 Style and language
It is important to refer to the journal’s guide for authors’ notes on style. Some authors write
their article with a specific journal in mind, while others write the article and then adapt it to
fit the style of a journal they subsequently choose. Regardless of your preference, some
fundamentals remain true throughout the process of writing a scientific article. The object is to
report your findings and conclusions clearly, and as concisely as possible; try to avoid
embellishment with unnecessary words or phrases. The use of the active voice will shorten
sentence length. For example, carbon dioxide was consumed by the plant... is in the passive
voice. By changing to the active voice it can be shortened to the plant consumed carbon
dioxide...
8.2 Some points of style. ..

BEENL | 547 unit 8 WG H B ARGE

Kz HE %1% Reading Material 8.

SERRL | KRNEH RSB E 58 ), P53-57,
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95 14 IR BEHR | UHRE. odik
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1 TSSO g, SIS B D IR R S SO EE S AR
2. IR AERMGE ST E I SAERE DT, JFBEAT BT 1Al LA TR SE B PUIL

WA | Part 111 Abstract  (2/6 2£/)
( & E | EX: PR UHZER A LIRS PR,
R XERD | MR BHEOR SO B 0 SRS R SRR .
VRHT A&
BEA T RN A, Il o8 SC - sl L e T By, RO RIBR AR . I T RRHEROR SO B
K H A AH
[N RS DR
RER
CAHHRIE ISR 250 &, AT U
1. HENAR
(1) WF5THY H ¥ (objective or purpose).
(2) WFFTHEFE 5 R H 1% 7772 (process and methods) .
(3) TELh L ul &I (results).
(4) FEiZwEdER (conclusion).
BEIRE
2. REWENELDR
3. WMEBEHT
(1) HAMES
(2) HiEHg g RS
(3) THEMLE IR s
(4) TEARAE
(5) L E/ET EHII.
WEEL
H O N 2eh ORI i SR L, B R AT B T B 1) 2
KzHE
SERR | KNEM OB SBEieiE), P58-61.
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HEAR
(& E
R~ SERD

Part I11 Abstract (4/6 22&})

Reading Material 9: Examples of Abstract
B PGSR AR ARG VIR,
HER: RIS SO E R S B AR

URHTHE &
B Fo At A
RER

PIRRATT IR, JFEE Sy S e TR, BB A . JF T MR8 S 2

N B EES D IR

HipdE

PABHRIE MR 20 1, AT U

Example 1

BUH AR RO B NICrAUTIC 5452 I B0 T A R it i

B 28 B, XldteE, skt ok 2, 5Kk 8

K. EAAeEAR, 2014,24(11): 2805-2812.

Example 2

Title: Duplex-layered Manganese Phosphate Conversion Coating on AZ31 Mg alloy and Its
Initial Formation Mechanism

Author: Xue-jun Cui, Chun-hai Liu, Rui-song Yang, Qing-shan Fu, Xiu-zhou Lin, Min Gong

From: Corrosion Science 76 (2013) 474-485.

IR (4
R

H O MR ORI SC, Tl TP S B R, AR AT A 4 B LT B 1 2

SEBH

KHNEHR RSBk oeE), P62-63.
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¥ BAR

IS, T RS SCRHER SIS KA RS, B IR e AR S R SO S 1R fE

e A B -ia] g A% TR S8 R PUIL

HEAR
(& E
R~ SERD

YIS ) SO, PR RS SO BB L IE g, BRI
FEHERE . (616 2BD)

URHTHE &
B Fo At A
RER

2] Part 11 F1 I 925

HEAE

CAVFRAE AR 21150 1, AT U
WAL URBISC, YRR 2] 9 3207 AT UM, BT T 27 RO SO S35

IESCEMRENA, s R SR RS

IR
) &5l

HARFANTE, HERIIAREK.

SERHR

o
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8. PRIEEK

8.1 A H¥EK

SRV, BRI, VTS A MR R RHBEH
R TR ICEZ LR, R VB S S JREE, [ER TTIZ0
WA E . 1650, Yokl WA, IR D6, 25 DTl
B B R g

8.2 AN E K
IR TV IGERE ), RN B it M K A B PR S
8.3 R ITEER
AU, IR, e T S0 E TN, BaREAERS S, Bk
2RI, TR BB SR
8.4 TRIESCEREK

AURFEAE S )5, AE RV P8 SO BURHAS 2 SCHR B 52« B S A 78 70 Bk, A
R A AR
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9. WEEZ

0.1 HEYHIRA. FiB. 1Rk, MEFHER
(1) HEH5RS, FREER

B JEURIF] 2% 55 3~y DU 1 BE 2 e 2 AR B AR 1 b O 1 Y B (R AR SCBOR RILE
AR KM 00 3 BIORHSse s R [ CRLARBUR AME I 52D, BRI 1
RESKGALESRAN7r, HEANGE. BLAh, ARURRE VR A2 RS 1 IR, (HAAERR T
FRATIE R MR C(WUINBL LA BeA . LR R PS4 ) (2014) RlE, Bt
B NE B TR B AE I 1 20% %, DU AR Z I T

BRHEIR: ERJREABENFESAGEAER], MRS TE B BT B E R [F 2A
Bo EHOEH] 10 208 K& 10 0 Bh AR RIS 1 K. dn2RIE R 15 b L i 1K
ANEEHENTREL

(2) Rk, REEK

PN A AT AR e I TR BAT, AN RVFIRAZ o AENVAH G VR FnvfE i 1

(@ Rk (E D —IRAAE, $1110 4

(b) RN (RS AL (BRI EHME), 115 43

(o) AR CEfst) PR . AR5 (-0): B-RAF (-2); C-&H% (-3);
D-#MZ (-5); E-HIRIERAL (-10); F-HAif.

() Rl CERes) FmA EAS S, s B.

(e) PRIZEARDAE il U IAENY (B ) BRI, W a2 AR L s B 4n
Grak, AL

9.2 RSG5 VP43 3 I 3 B

URAR IR IR 2t IAT 4, P I G R R 5 i S i o e e, P
JRZ AT RS 50%, AR FE RS B S 50%, IS ST R A 100 434l

B SRR R =F I i 4% X 50% -+ A 1 i 4 X 50%

(—) P s

1. VIR sihe) pe

SIS . AMENE, A R IR 2R 4L, 5 100 43 .
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4) PREERILE IS 10 7, L5k, SATRIHLE]

5) M IR LiE 4 50 4, LA g k.

2. PGP 4 B

D Z#H: V-3 (-0); X-B i (-5); ®-RF] (-2); M-FIE (-2); A-iFE (-0).
W REEA R PN AR, S BT RE LA A

2) WAMEN: B A 30%Httek, VR bRIERZ 9.1 (2) #HT.

3) WRAERI: L5 blL, SHIRINE KA 2 4, dlE At

4) WIR AR, JeB I VE bR HEEAT, 195 G RS T .

(D) IR S

WIRFAR, MV brrEEAT, £500 AR IRk HE
9.3 FR B K

S R BB 3 i, IR AR 9 . IR R W HUm S —dril, R
PG WP R ARG AIAE] 60 75, AL T 22 W — Rt T, b
2 USRI FF6 B AT . B A b, IV B E S AR AR
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AR AT PRI T B S A NAF A B 3 DU )1 B 2 e A B i A AR B e
AEEEARUE (IEATD) HIAHSSHE .«

10.2 %R, 15 B
PO . 5 R BLAE
(1) e A A SV D i SRR IR ARSI AR . e AR
(2) SR OO . PO AR SR AT
REA FRAT A, FrREURmRET. 222 RINAE S R, BT R 2 T
TR A IRV, R

10.3 2R B BF kb P &5
R 5 Sl B AR A T, RS G RN A S, H
i

(1 A HM VL BT

(2) BHATHR R I BUR SE IR 2 AR R o

(3) M RAEFHEMI AT RR AR 5 LR S NS 2 AR R A
o

Rk, P SAREA ORI RSN B e AT R 53k
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111 FEaa
(1) AFHEF. R DU, 5L 20 ) O R I 4%
(2) 2 RS A T LA T
(3) AP, BT, AR
(4) BB S, BUERIRERE S, BAZUT R, B
B EATS
(5) fREFE MY, AR, #5120
(6) 2/ TR B M AR
(7) AERIE, GRS O, ML VA ST B P .
11.2 ALY
(1) A HE N HUEE AR B« A5, AN Bl A S P 3 (1 PR A N 05
(2) BENH, HE ARV A BN,
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12.  HERHE

121 M ESHH
AR P
B, ORGP IGE), A5t DUIE LB R, 2015,
wESH.

(1 EH TS, (GBI AJEmyEE) , dbsl: 2z Tk kA, 2009,
(2) FIktE FEgwm, (MRERm IR , dbit: th2x Tk tt, 20011,

12.2 BV RELE

(1) BT, (MHEbRFE S TR s ), Jbnt: 42z Tl ki, 2010.

(2) ZEESE E 9, (MEERFES TREEIEEY, MIRIE: MR TR R
1, 2001.

(3) [FEIYLEEE (William D. Callister, Jr.) 2%, FERFES TR GEEIA,
% 5 hiw) (Fundamentals of Materials Science and Engineering, Fifth Edition), Jbii: fk2%
b RRAE, 2014,

123 T
(D FENEARYT: CPERE SRR (BEAERD) . REak) . ChEA
R m AR BB S TR (GBS A0 Ch B S B i) 45
(2) EAMEARIT]: 7% ScienceDirect. Springer 2540 S 3O B 25 ) LR #1710
TJ: {SCIENCE CHINA Materials). {Advanced Materials). {Nature Materials). {Science
and Technology of Advance Materials). (Materials Letters). {Corrosion Science). (Acta
Materialia » «  Materials Science and Engineering A-Structural Materials Properties

Microstructure and Processing). {Journal of Materials Science) %% .

12.4 MEERERIR
(1) v E KRS T BGRFE: http://www.icourses.cn.
(2) /NARHSIA: http://femuch.net/bbs.

(3) Bl2M:  http://www.sciencenet.cn.

(4) Corrosion Doctors: http://www.corrosion-doctors.org/ -
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