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Invitation

| am pleased to invite you to the 19th International Corrosion Congress (ICC)
organized and hosted by the Corrosion Science Society of Korea (CSSK) on behalf of
the International Corrosion Council.

The conference will offeexciting opportunities for sharing and exploring new ideas,
research and issues on the science and technology of corrosion and corrosion
protection. The technical program will include plenary and keynote lectures, oral
presentations and poster presentatiorganized by distinguished experts.

}l

A large exhibition will also be organized in parallel with the technical program and will feature the latest in
corrosion control products and services. Added to the conference program are plenty of socialitggoAun
welcome reception, a banquet, a farewell function, tours and sports programs will be offered for all attendees ar
their spouses.

CSSK will do its best to make the 19th ICC one of the best conferences you have ever attended, and | hope tf
even enables you to contribute much more than any other to the reduction of corrosion costs which currently rang
from 2 to 5 percent of GDP in most industrialized nations. On behalf of the CSSK and the organizing committee o
the 19th ICC, | would like to imk you in advance for your active participation in the congress.

I am looking forward to seeing you on the beautiful island of Jeju, Korea!

Sincerely Yours,

Jong Jip Kim
President, Organizing Committee of the 19th ICC
President, CSSK
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Sunday, November 2, 2014

15:0018:00 Registration (Main Lobby, 3F)
15:3017:00 ICC General Council Meeting (Room 301, 3F)
18:0020:00 Welcome Reception (Delizia, 3F)

Monday, November 3, 2014

08:0017:30 Registration (Main Lobby, 3F)
09:0017:30 Exhibition (Main Lobby, 3F)
08:3009:00 Opening Ceremony (Tamna Hall A, 5F)
Plenary 1 (Tamna Hall A, 5F)
09:0009:45 Degradationof Coatingsand Coating I nterfaceson Steel
Gerald S. Frankel (The Ohio State University, USA)
Plenary 2 (Tamna Hall A, 5F)
09:4510:30 Role of Minor Alloying Elementsand Cu in a Hyper Duplex StainlessSteel
Yong Soo Park (Yonsei University, Korea)
10:3011:00 Mor ning Break (Main Lobby, 3F)
Room Samda Hall A Samda Hall B 301 302 303 401 402A 402B
MA1l MB1 MC1 MD1 ME1 MF1 MG1 MH1
11:0012:30 Coatings 1 Electrochemistry & Corrosion in Corrosion in Corrosion in Light Corrosion in Corrosion Atmospheric
Electrochemical | Oil/Gas/Pipelines 1| Stainless Steels Metals 1 Concrete 1 Monitoring and Corrosion 1
Test Methods 1 Modeling 1
12:3014:00 Lunch (Ocean View, 5F)
MA2 MB2 MC2 MD2 ME2 MF2 MG2 MH2
14:0015:30 Coatings 2 Electrochemistry & Corrosion in Corrosion in Corrosion in Light Corrosion in Corrosion Atmospheric
Electrochemical | Oil/Gas/Pipelines 2| Stainless Steels 2 Metals 2 Concrete 2 Monitoring and Corrosion 2
Test Method® Modeling 2
15:3016:00 Afternoon Break (Main Lobby, 3F)
MA3 MB3 MC3 MD3 ME3 MF3 MG3 MH3
16:0017:30 Coatings 3 Surface Protection Corrosion in Corrosion in Corrosion in Light Corrosion in Corrosion Atmospheric
and Analytical Oil/Gas/Pipelines 3| Stainless Steels 3 Metals 3 Concrete 3 Monitoring and Corrosion 3
Techniques Modeling 3




Tuesday, November 4, 2014

08:0017:30 Registration (Main Lobby, 3F)
09:0017:30 Exhibition (Main Lobby, 3F)

Plenary 3 (Tamna Hall A, 5F)
09:0009:45 ElectrochemicalNoise Realand Imaginary

Bob Cottis (The University of Manchester, UK)

Plenary 4 (Tamna Hall A, 5F)

09:4510:30 InnovativeAlloy Designwith Weak Carbide Formersfor IGC Prevention
Kyoo Young Kim (POSTECH, Korea)
10:3011:00 Morning Break (Main Lobby, 3F)
Room Samda Hall A Samda Hall B 301 302 303 401 402A 402B
TA1 TB1 TC1 TD1 TE1l TF1 TG1 TH1
Coatings 4 Corrosion Problems Corrosion in Corrosion in Corrosion in Light Corrosion in Corrosion Atmospleric
11:0012:30 and Protection | Oil/Gas/Pipelines 4| Stainless Steels 4 Metals 4 Concrete 4 Monitoring and Corrosion 4
Methods in Nuclear, Modeling 4
Industry 1
12:30:14:00 Lunch (Ocean View, 5F)
TA2 TB2 TC2 TD2 TE2 TF2
Coatings 5 Corrosion Problems Corrosion in Corrosion in Corrosion in WCO Session
14:0015:30 and Protection Oil/Gas/Pipelines 5|  Stainless Steels 5 Advanced (14:00-17:30)
Methods in Nuclear| Materials (Nano &
Industry 2 Composite
Materials)
. . Poster Session

15:3017:30 & Afternoon Break (Main Lobby, 3F)
17:3019:30 ICC General Council Meeting (Room 301, 3F)




Wednesday, November 5, 2014

08:0018:30 Registration (Main Lobby, 3F)
09:0017:30 Exhibition (Main Lobby, 3F)
Plenary 5 (Tamna Hall A, 5F)
09:0009:45 Corrosion Modelling of Carbon Steel
Toshio Shibata (Osaka University, Japan)
Plenary 6 (Tamna Hall A, 5F)
09:4510:30 ReverseDevelopingof NewAnti-corrosiveAlloys
Carlos Arroyave (Antonio Narifio University, Colombia)
10:3011:00 Morning Break (Main Lobby, 3F)
Room Samda Hall A Samda Hall B 301 302 303 401 402A 402B
WAL WB1 WC1 WD1 WF1 WG1 WH1
. . Coatings 6 Corrosion Problems Corrosion Corrosion in Integrity and Localized Marine Corrosion 1
11:0012:30 and Protection Inhibitors 1 Energy Systems 1 Lifetime Prediction| Corrosion (Pitting
Methods inNuclear & Crevice) 1
Industry 3
12:3014:00 Lunch (Ocean View, 5F)
WA2 WB2 WC2 WD2 WE2 WF2 WG2 WH2
) ) Coatings 7 Corrosion Problems Corrosion Corrosion in Stress Corrosion Corrosion in Bio Localized Marine Carosion 2
14:0015:30 and Protection Inhibitors 2 Energy Systems 2 Cracking & Materials 1 Corrosion (Pitting
Methods in Nuclear, Hydrogen & Crevice) 2
Industry 4 Embrittlement 1
15:3016:00 Afternoon Break (Main Lobby, 3F)
WAS3 WB3 WC3 WD3 WE3 WEF3 WG3 WH3
) ) Coatings 8 Corrosion Problems Corrosion Corrosion in Stress Corrosion Corrosion in Bio Localized Marine Corrosion 3
16:0017:30 and Protection Inhibitors 3 Energy Systems 3 Cracking& Materials 2 Corrosion (Pitting
Methods in Nuclear, Hydrogen & Crevice) 3
Industry 5 Embrittlement 2
18:00~ Banquet (Tamna Hall B, 5F)




Thursday, November 6, 2014

08:0016:00 Registration (Main Lobby, 3F)
09:0016:00 Exhibition (M ain Lobby, 3F)
Plenary 7 (Tamna Hall A, 5F)
09:3010:15 RecentProgressand Developmenbf Corrosion ResistantSteels
Sungho Park (POSCO, Korea)
10:1511:00 Morning Break (Main Lobby, 3F)
Room Samda Hall A Samda Hall B 301 302 303 401 402A 402B
THA1 THB1 THC1 THD1 THE1 THF1 THG1 THH1
Coatings 9 (Special Session) Passive Films 1 | Erosion Corrosion| Failure Analysis Corrosion in Corrosion in Cathodic Protection
11:0012:30 Asian Forum for &FAC 1 and Industrial Cultural Heritage Industrial
Materials Aging in Services Environments
Nuclear Systems 1
12:3014:00 Lunch (Ocean View, 5F)
THA2 THB2 THC2 THD2
Coatings 10 (Special Session) Passive Films 2 | Erosion Corrosion
14:0615:30 Asian Forum for & FAC 2
Materials Aging in
Nuclear Systems 2
16:00~ Farewell Function (Delizia, 3F)




Floor Map

3F

Poster
Session

Exhibition

Registration Desk
Main Lobby

i
i3
i1
1
431

3
=

Room Use
Samda A
Samda B
301 Oral Session
302
303
304 Secretariat
300 Preview Room
Delizia Welcome Recep_tion /
Farewell Function




Floor Map (cont.)

Use

402 A Oral Session

SF

\’—

IBNREN. /N

Room Use

Opening Ceremony /

Tamna Hall A Plenary Lecture

Tamna Hall B Banquet

Ocean View Lunch

11



General Information

Official Language

The official language of the conferee is English.

Registration Desk

The registration desk on tinainlobby @F) in the venue will be open as follow:
Surday,November 22014 15:00pm-18:00pm

Monday,November 3, 2014 08:00am-17:30pm

Tueslay,November 4, 2014 08:00am-17:30pm

Wedneslay,November 5, 2014 08:00am-18:30pm

Thursday,November 6, 2014  08:00am-16:00pm

Wireless Internet Access
Wireless internet access will be available for all attendees during Conference dates, and this access is free of cha
Those wishing to use this wirake network are required to use their own laptops equipped with wireless LAN card.

Guidelines for Presentation

Oral Presentation

Every room is equipped with LCD projector and Windows Laptop, with PowerPoint and Acrobat PDF reader.
Please make your ket® use the room laptop and upload yB&Tfile on it before the beginning of the session. If

you really need to use your laptop (only in the case you need special software for your presentation or in case
major compatibility problems), check the cewtion with the projector before the session starts. Notice: time lost

in setting up your laptop during the session cannot be recovered: this will end up in a shorter time available fc
yours presentatiorGreet/meet the session chair before the sessatis.sPlease arrive early enough, to find out the
session chair and to tell him/her your name, affiliation and the title of your pEpepresentation time is 20
minutes. This includes speaker transition, the setting of your computer (if needed), stichgieanswers. So

each speaker should finish his/her talk within 15 or 16 minutes to have a time for question & answers.

Time assignment including discussion is as follow:
Keynote Speech: 3@ninutes
Oral Presentation: 20 minutes

Poster Display

Time: 15:30~17:30pm,

Date: Tuesday, November 4 2014

Location: Main Lobby (3F)

Presenters are also responsible for mounting their own poster to the poster board prior to the opening of the pos
session. All presenters must remain by their poster during ther pession.

A. Poster Specification

Posters must be designed to fit a 120cm wide x 180cm tall board. Posters may be prepared as a single poster o
several smaller sections (using A4 or letter sized papers) mounted together. The heading of theplaslist the

paper title, author(s) name(s), and affiliation(s). The content of the poster should include introduction, related work
proposal, development/experimental results, and conclusion.

B. Poster Setup and Removal

Posters may be attached to theards by push pins, which will be provided on site. Posters can be set up by
presenters from Monday, November 3. Posters must be taken down by presenters right after the session is o\
Posters not removed after the session is over will be removedfby sta

12



Social Program

* All registration fees except day registration include welcome recetsoguet, farewell function arldnches.
* If needed, additional ticket(s) can be purchased.
* Required to shovaticketat the doowhen you attend each@al program.

Welcome Reception

Time: 18:00pm ~

Date: Sunday, November 2 2014
Place:Delizia (3F)

Banquet

Time: 18:00pm ~

Date: Wedneglay, November 5 2014
Place: Tamna Hall (5F)

The banquet will offer you a good opportunity to promote friendship wérticipants. Delicious food, arkbrean
traditional performance will be offered at the banquet.

Farewell Function

Time: 16:00pm ~

Date: Thursday, November 6, 2014
Place: Delizia (3F)

Lunches

Time: 12:30pm ~14:00pm

Date: Monday, November 3 ~ Thursda, November 6, 2014
Place: Ocean View (5F)

13



Exhibition

Time: 90:00am~ 17:30pm
Dates:November 3 ~ 62014
Location: Main Lobby (3F)

&I SUNG IL CO.,LTD.(SIM) SUNGIL CO. LTD (SIM)

http://www.sungilsim.com

DY C & DYCE Global
G L O B A L

http://www.dyce.co.kr

. SEALFORLIFE Seal For Life Industries
Industries http:/Aww.sealforlife.com

PART OF THE DERMRY PLASTICS ENGINEERED MATERIAL S DIVISION

@ Thermo-Calc Software AB
Thermo-Calc Software nip:/www.thermocalc.com/start

http:/mww.kcotech.com

(A 302 (= K-COTECH Co., Ltd.
@nl 8 ()

Samwon Instruments Co.
http:/Mmww.samwoninst.com

@ Samwon Instruments Co.

AMR y Gamry Instruments
http://www.gamry.com

INSTRUMENTS

CD-adapco
http:/mww.cdadapco.co.kr

14



Exhibition (cont.)

@ WOOJIN INC. POOIN ING.

http:/Mww.woojininc.com

TRENTON CORPORATION
http:/ivww.trentoncorp.com

IZ40|I[HAED TAE JUNG INDUSTRY
A EH o JE‘I_E' http:/Avww.arccoating.co.kr

ILSHIN AUTOCLAVE
ILSHIN AUTOCLAVE http:/Mmww.suflux.com

AT Frontier Co., LTD

AT FRONTIER oo AT F it com

F&H International
http://www.funnhobby.co.kr

# NeoScience Co.,Ltd

. http:/Mmww.neoscience.co.kr
neoscience

F&H INTERNATIONAL

a4 CorRel Technology Co., Ltd.
Z:‘“ Eé E“EEEKI (.;’I'S) http:// Www.correltecﬁ.)éom

15



Plenary 1

09:00am- 09:45am, Monday, November 32014
Room: Tamna Hall A (B)
Moderator:.Jae Bong ee(Kookmin University, Korea)

Degradation of Coatingsand Coating I nterfaceson Seel

Gerald S. Frankel
The Ohio State University, USA

The degradation of poly(vinyl butyral) (PVB) coatstiel during exposure to various
outdoor and accelerated laboratory environments was studied using a Scanning Kelvin
Probe (SKP), Fouriefransform Infrared (FTR) Spectroscopy, and Electrochemical
Impedance Spectroscopy (EIS). Cathodic delamination EEje PVBcoated steel in

the SKP provided an assessment of the interface stability, EIS indicated the strength of
the barrier properties, and R evaluated chemical changes in the coating. Both
degradation and improvement in the interface stabilityewabserved for different
exposure conditions, and the influences of various factors are discussed.

Biography

Gerald S. Frankel is the DNV Designated Chair in Corrosion, Professor of Materials Science and Engineering, an
Director of the Fontana Carsion Center at the Ohio State University. He earned the Sc.B. degree in Materials
Science Engineering from Brown University and the Sc.D. degree in Materials Science and Engineering from MIT
Prior to joining OSU in 1995, he was a pdsitctoral resear@r at the Swiss Federal Technical Institute in Zurich
and then a Research Staff Member at the IBM Watson Research Center in Yorktown Heights, NY. His primar
research interests are in the passivation and localized corrosion of metals and alloys, codsioon,
protective coatings and atmospheric corrosion. He is a member of the editorial board of The Journal of th
Electrochemical Society, Corrosion, Materials and Corrosion, and Corrosion Reviews. Frankel is a fellow of NACE
International, The Eleatchemical Society, and ASM International. He received the UR Evans Award from the
Institute of Corrosion in 2011, OSU Distinguished Scholar Award in 2010, the 2010 ECS Corrosion Division H.H.
Uhlig Award, the Alexander von Humboldt Foundation Researchrdvia Senior US Scientists in 2004, and the
2007 TP Hoar Prize from the UK Institute of Corrosion. In 2012, he was appointed by President Barak Obama as
member of the Nuclear Waste Technical Review Board.
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Plenary 2

09:45am- 10:30am, Monday, Neember 3, 2014
Room: Tamna Hall A (5F)
Moderator:.Jae Bong ee(Kookmin University, Korea)

Role of Minor Alloying Elementsand Cu in a Hyper- Duplex SainlessSeel

Yong Soo Park
Yonsei University, Korea

Effects of rare earth metals, Ba (REB&) and @ additions on corrosion resistance,
mechanical properties and welding characteristics of hypplex stainless steels
were investigated. The performance of the experimental sall@ye compared with
conventional super duplex stainless steels such as288F and UR52N+ when they

were exposed to solution annealing heat treatment and aging treatment. The corrosion
resistance in Clenvironments and mechanical properties of the experimental alloy
were found superior to those of the commercial super dupkerlets steel. The
addition of Ba and Cu to tHeasealloy retarded the formation of the brittle secondary
phases that were formed in hadfiected zone during the process of gas tungsten arc
welding compared with that of the commercial UR52N+ alloy, theenhancing the
resistance to pitting corrosion. The REM and Ba with larger atomic radii than those of
Cr, Mo and W may fill vacancies inside the matrix and around the grain boundaries,
retarding formation of har mfion,ffine REMBa r me t
oxidesfoxysul fi des (1~3 em) seemed to enhance the retarc
increased due to the phase and grain refinement caused by fine oxides-antfidey.

Biography

Yong Soo Park is 'Pfessor Emeritus' of Yonsei University, Seoul, Korea, where he has spent 33 and half years
since 1981. He is also current 'Honorary President of Corrosion Science Society of Korea'. Before he joined Yons
University, he worked as an Assistant MetallurgisBBrookhaven National Laboratory, New York, U.S.A. from
1977 to 1980, and then returned to Korea for position of Quality Control Manager at Korea Integrated Specialt
Steel Company. He was educated at Seoul National University with B. S. of Metalll&Eggiakering in 1971.

One year later, he went to the Ohio State University for graduate study, and was awarded M. S. and Ph. D. unc
the guidance of Professor R. W. Staehle. He is a recipient of many Technical Awards including Government's med
for scienific contribution, and the author of over 160 papers and books in the fields of metallic corrosion and
development of High Performance Stainless Steels. Two of his invented stainless steels have been designated
listed at ASTMSAE. The first one desigted in 1996 is 'S 32050' (S50DA is the brand name). The alloy has been
produced more than 5,000 tons by Arebliital, Nippon Yakin Kogyo, INCO, SeAH Steel, POSCO, Scana
Stavanger of Norway and some Korean foundry companies. The second one knowdRX''GRHyper Duplex
Stainless) was recently designated as '7A' in the casting section at ASTM. The duplex stainless will be ready ft
massproduction at POSCO.

17



Plenary 3

09:00am- 09:45am, Tuesday, November 4, 2014
Room: Tamna Hall A (5F)
Moderator:Young Sik Kim (Andong National University, Korea)

ElectrochemicalNoise Real and | maginary

R.A. Cottis
The University oManchester, UK

Electrochemical noise has been studied for over 40 vyears, although some
measurements are still being made usiag/éd equipment and techniques. A range of
methods have been used to interpret EN data, including examination of the time
records and various linear and HAorear statistical measures including determining
corrosion rate via the electrochemical noise tasize, shehoise parameters, power
spectra, timdrequency methods such as wavelet analysis and chaos analyses. While
electrochemical noise resistance (and the frequency domain equivalent noise
impedance) are reasonably reliable for the estimation obsiomnr rate, they are
inherently noisy, and more conventional methods are to be preferred. Of the methods
available for the study of type of corrosion, examination of the time records is
probably as effective as any when individual transients can be discékthen many
overlapping transients occur, shot noise analysis, based on the low frequency power
spectral density seems effective, although several of the alternative methods may
prove to offer benefits that are not yet fully apparent.

Biography

Bob Cadtis is Emeritus Professor in the Corrosion and Protection Centre, now part of the School of Materials of the
University of Manchester. He was born and educated in the UK where he graduated M.A. and Ph.D. from th
University of Cambridge. He is the authof over 150 papers and articles, mainly in localized corrosion and
electrochemistry (particularly electrochemical noise), corrosion fatigue, stress corrosion cracking and modeling o
corrosion processes. He is Founding Editor of the open Journal of ©ar&sience and Engineering. His research
interests cover many aspects of corrosion. He has also been active in the development of Corrosion teaching, wh
he led the development of online teaching in Manchester, and is currently leading the introdubtoGarrosion
Passport (a definition of recommended minimum requirements in corrosion for engineering courses) on behalf th
World Corrosion organization. He was awarded the Hull award of NACE in 2005 in recognition of his
contributions in the field of yblications (particularly on the Internet) and he was created a NACE Fellow in 2009.

18



Plenary 4

09:45am- 10:30am, Tuesday, November 4, 2014
Room: Tamna Hall A (5F)
Moderator:Young Sik Kim (Andong National University, Korea)

Innovative Alloy Design with Weak Carbide Formers for IGC Prevention

Kyoo Young Kim
POSTECH, Korea

A new intergranular corrosion (IGC) mechanism has been proposed for IGC occurring
in low-Cr ferritic stainless steel. To confirm the legitimacy of the new IGC mechanism,
an imovative alloy design concept is evaluated by designing the alloys only with weak
carbide formers. Gaddition of weak carbide formers of Mo, Mn and Si to 40w
ferritic stainless steel effectivepyrevens IGC, whereas the alloys with strong carbide
formers of Ti and Nb are attacked severely by IG@nsmission electron microscope
and threedimensional atom probeanalysis suggest that depletion of Cr and
consequent sensitization argreatly suppressedy formation of CMn4MoSi
intergranular intermetallicompounds

Biography

Kyoo Young Kim is Prof. Emeritus of Pohang University of Science and Technology (POSTECH). After his
retirement in 2013, currently, he works at Graduate Institute of Ferrous Technology in POSTECH as a researc
professor. He eardeBS degree from Polytechnic Institute of Brooklyn and MS and Ph. D. degrees from University
of Connecticut. Before he joined POSTECH in 1986, he worked at IIT Research Institute in Chicago for 5 years
and at KelseyHayes R&D Center in Ann Arbor for 3 yearHe has published over 250 papers in the area of
corrosion mechanism study and alloy design for corrosion protection. He has made a significant contribution on th
understanding of hydrogen assisted cracking of carbon steel and intergranular corrssionests steel. Currently,

he works on corrosion of highMn steel for application in energy industry.
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Plenary 5

09:00am- 09:45am, Wednesday, November 5, 2014
Room: Tamna Hall A (5F)
Moderator:Joo Youl Hih (Korea University, Korea)

Corrosion Modeling of Carbon Seel

Toshio Shibata
Osaka University, Japan

Biography

Corrosion modelling of carbon steelin aqueous solution under the atmospheric
environment and the oxygen depleted environment has been review@zlubyngthe
cathodic reaction anthe corrgion film formedon carbon steel imearneutral pH.
Development in the corrosion studies related to oxygen diffusion process by Professor
G. Okamoto in 1950s has been reviewkdthe neutral solution under atmospher
which contains oxygen, the criticaH to form the corrosion film and the precipitation
ratio of dissolved iron ions depending on pH and the parabolic growth rataréaw
discussed. Under oxygen depleted environment, H20 worksidizing agent to
oxidize Fe to producthe Fe304 film withevolution of H2 gas. At high temperatures,
the dissolution process of the Fe304 fdontrok the corrosion rate, whereas, at lower
temperatures, the film growth procesentrols the corrosion rate and a steady
dissolution rate of Fe304 filmr FeCO3 filmdetermines the corrosion rate after long
exposure time.

Toshio Shibata has been Professor Emeritus of Osaka University, Japan, since 2001 after retiring from the sar
university, and has been Professor at Fukui University of Technology, Jagan April, 2001 until March,
2010.He was educated in Hokkaido University, Japan, and given Ph. D. in 1968 by the same Hokkaido Universit)
He has been concerned with the passivity of stainless steels and their breakdown including pitting and stre:
corrogon cracking. He has made an important contribution for understanding the stochastic and statistical nature «
passivity breakdown. In recent years he has been involved in corrosion research for developing the radioacti
waste management program. He igemipient of domestic and international Honors and Awards including
Corrosion Engineering Award, Japan Society of Corrosion Engineering (1985), W. R. Whitney Award, NACE
International, USA (1996), JSCE Award, Japan Society of Corrosion Engineering (MN#@BE Fellow Award,

NACE International, USA (2000) and Electrochemical Society Fellow Award, Electrochemical Society, USA
(2001).He had published more than 300 research and review papers and books on corrosion.
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Plenary 6

09:45am- 10:30am, Wednesdapovember 5, 2014
Room: Tamna Hall A (5F)
Moderator:Joo Youl Hih (Korea University, Korea)

ReverseDevelopingof NewAnti-corrosive Alloys

Carlos Arroyave
Antonio Narifio University, Colombia

Since the nineteenth century, steel has been the prefergiteering material. The
development of many steel alloys, during the last 100 years, had been oriented mainly
to attend demands concerning with corrosion problems. In some cases, solutions have
been related with steels able to produce protective corrpsimhucts in some specific
exposure conditions, such as it happens with stainless steels, weathering steels, etc
Conventional methodologies of new alloys development are supported on empirical
approaches to design new compositions and, then, making stinth tef samples,

under real field conditions of interest, or simulated ones in the lab. Sometimes, the
wholeprocess takes many years and requires very high money investments. Taking
into account that a good behaviour is closely related with some of dhactéristics of

the layer of corrosion products and, considering also, that usually such characteristics
are strongly influenced by the alloy composition, here is presented a novel way of
production of new anticorrosive steels, designing the rust layereheand then
producing the expected engineering material, through an easier, rational and cheaper path

Biography

Carlos Arroyave is titular and emeritus professor of the University of Antioquia, in Medellin, Colombia. He is
author of more than 70 pays, 52 reports on technological, industrial and university solutions, 120 communications,
and 45invited lectures, related with subjects as materials science and engineering; corrosomntoaian;
protective coatings; materials degradation; new nwteriatmospheric corrosion; paints; higher education
administration; science, technology and innovation policy and management; and science and technology parl
management. He was born in Yarumal (Colombia) in 1954, and educated in metallurgical engjuei@engjty of
Antioquia, 1979), M.Sc. on metallurgical engineering and materials science (federal university of Rio de Janeiro
1988), Ph.D. on chemistry (Complutense University of Madrid, 1995), guest researcher (UMIST, Manchester
1995), and pogtioctaal stay (Swedish Corrosion Institute, Stockholm, 28002). He was presidents of the
Colombian Association of Corrosion and Protection (:2001), the IberéAmerican Association of Corrosion and
Protection (200&011). He will be taking on the Presidgnaf the International Corrosion Council (262017).
Currently, he is a Vicehancellor for science, technology and innovation in the Antonio Narifio University
(Colombia), where he is leading research related with atmospheric corrosion aodrrasionmethods under
complex conditions.
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Plenary 7

09:30am- 10:15am, Thursday, November 6, 2014
Room: Tamna Hall A (5F)
Moderator:Seong Min lee(KOGAS, Korea)

RecentProgressand Developmentof Corrosion ResistantSeels

Sungho Park
POSCO, Korea

Corrosion is a major issue in steel industry. Steel makers have been developed
various technologies to retard or even to prevent corrosion occurrence according to
customer demands. Recently, excellent corrosion resistant and environmental friendly
steel prodats enlarge their market shares in global material industry. Among those
steel products, surface treated steels, structural steels, and stainless steels have bee
expirenced most rapid technological development. It also means that corrosion
protection isthe most important issue in these steel products. Surface treated steels
with protective coating layer such as galvanizing or post organic resin coating has
been developed various process and technology to induce high corrosion resistance
and useful fundbnality. Corrosion engineering is also applied to carbon steel
structural steels for shipbuilding applications, smsistant linepipe steels,
weathering steels, and steels for oil sand slurry pipes. Stainless steel which is not
readily corroded differenfrom normal carbon steels tries to develop new grades of product to satisfy cheap and
stable cost requirement. Steel makers continuosly endeavor to improve process and product technology f
advanced corrosion protection, thus it would be a lasting fessteel industry

Biography

Sungho Park is the Executive Vice President of POSCO and Head of Technical Research Laboratories. He we
educated at Seoul National University where he earnedB.S and M.S degree in the Department of Metallurgic:
Engineemg. He got his Ph.D. in Metallurgical Engineering from McGill University in 1991. He has been
elaborated for the R&D of POSCO and has made noticeable accomplishments for technological innovation in ste
industry. He is the Chairman of technical commitié&/orld Steel Association and Director of the Korean Institute

of Metals and Material. In 2001, he also served the duty of Vice Chairman of Manufacturing & Materials Division
of the Koreans Society of Automotive Engineers. In recent years, he hasddhiewutstanding performance as

the manager of steel technology department anddirector of technical research laboratories at POSCO. For t
distinguished contribution, he was awarded the Bronze Tower of Industrial Service Merit from the Ministry of
Know edge Economy in 2012. He is also a recipient
Economy in 2008 and Steel Material Award from the Korean Institute of Metals and Materials in 2007.
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Monday, November 3, 2014 11:50am12:10pm _ _
Samda Hall A (3F) 3. Composite ElectrolessNi-P Coatings Enhanced

MA1: Coatings 1 with CeO, Microparticles

Panayota Vassiligu Jelica Novakovic, Elsa Georgiza
(National Technical University of Athens, Gregce

Chair:Juergen Konys
(Karlsruhe Institute of Technologéermany)

In the present study, electroless-INCeQ, composite

coatings on a steel substrate were prepared fram a
electroless plating bath with an oxide load of 1 g/L. The
non-ionic surfactant Tween 20 (T20) was added in the bath

11:00am11:30am
Keynote Speech
1. Development of Electrochemical Processes for

Aluminum -based Coatings for Fusion Applications in three different concentrations in order to enhance particle
Juergen Konys (Karlsruhe Institute of Technology gispersion. Its effect on the procedure and coating
Germany) characteristics was elmted. The obtained deposits were

L » . studied by means of -Kay diffraction, Scanning Electron
Reduced activation ferritimartensitic steels (RAFM) are Microscope, Atomic Force Microscope, surface roughness
envisaged in future fusion technology as structural materiabng microhardness tests. Furthermore, Tafel electrochemical
which will be in direct contact with a flowing liquid lead gt in 3.5% NaGy, were performed in order tetermine
lithium melt, serving as breeder material. Aluminbased  the corrosion protection of Ce@n the NP matrix system.
coatin_gs hd proven_their ability to p_rotect the_structural A shortterm heat treatment of the deposits at a high
material from corrosion attack in flowing Fb.7Li and ©0  temperature and for different periods of time was also tried
reduce  tritium  permeation into  the  coolant, {5 stydy possible changes in coatings crystallinity, properties
significantly.Coming from scales produced by hot dipping ang ctaracteristics. The results indicate that the surfactant, in
aluminization (HDA), the development of eleahemical a5 optimum concentration, enhances the dispersion of
based processes to produce vaglfined aluminurbased  coramic microparticles in the bath as well as in thePNi
coatings on RAFM steels gained increased attention iNnairix by preventing particle agglomeration. This has an
research during the last years. Two different eIectrochemlcagmpact not only on the surda roughness and microhardness
processes are described in this paper: The first one, referregk e coatings but on their uniformity as well. This
to as ECA proess, is based on th_e electrodeposition Ofimproved dispersion also permits Ge@® maintain its
aluminum from volatile, metadrganic electrolytes. The ,onerty as a corrosion inhibitor when-deposited in an
other process called ECX is based on ionic liquids.All threeg|actroless NP coating, as it is deduced from the positiv
processes exhibit specific characteristics, for example in thgpitt of corrosion potentials. High microhardness values,

field of processability, controbf coating thicknesses (Iow  gimilar to those obtained after 1 hour annealing af 400
activation criteria) and heat treatment behavior. The aim ofyere achieved after the shaerm heat treatment.

this article is to compare these different coating processes

critically, whereby the focus is on the comparison of ECA

and ECX processes. New results for Epxcess W be 12:10pm12:30pm

presented and occurring development needs for the futurgﬁ Effect of Static Electric Field on the

will be discussed Surface/Internal Oxidation during Intercritical
Annealing of FeMn-(Si, Al) TRIP Steel

11:30am11:50 Chiwon Song SeongHwan Kim, JoeYoul Huh (Korea

am am University Korea), JongSang Kim, JaHyun Kawk

2. Influence of Ti Content on Structure and (POSCO, Korea)

Properties of 55%Al-Zn Alloy

Xuegiang Dong Taixiong Guo(Pangang Group Research
Institute Co., Ltd., China)Feng Li (Angang Steel Company
Limited Technology CentreChina)

Transformatiorinduced plasticity (TRIP) steels have high
strength and ductilityvhich make it a suitable material for
automobile applications to meet the demands for improved
. _ . passenger safety and reducing the weight of the vehicle.
A laboratory CGL simulator was used to investigate thery, o ijeal mechanical properties of TRIP steels are due to
effects_of Ti content in hot d|p_ bath on structure andthe transformation of austenite into masié@ during
properties of 55%AEn alloy coatings. The results show deformation. In order to attain a desirable amount of retained

th?t d.;[_he .m|ctr)os|:[]ructl:jrg _otoatcljng IS fﬂ'rl]arz to tr?ats_ of austenite within the microstructure at room temperature, the
solidification bath, and it is made up of-Ath, Zrrrich, Sk TRIP steels contain a few weight percent of alloying

nc;]h phﬂse‘f,r.. The Fich pha%e?"]v;/)?s fr?un_?. in the coating elements, typically manganese and silicon, and they are
when the T content was 0.3436 the Ti content was subjected d intercritical annealing prior to the hdip

mcrt_agsed, the n_umber of spangle cores mcreasc_ed, SO galvanizing for corrosion protection. The selective oxidation
addition can _obwously reduce spangle Size. The Ti contenge e alloying elements during the annealing process
had no _S|gn|f|ca_n_t effect_on the coating formgb;lbjat_the severely deteriorates the galvanizability of the steels.
appropriate ad_dltlon (.)f Ti would be helpful to improving the Extensive studies have been conddctith various
coating corrosion resistance annealing ambient conditions (such as dew point and oxygen
partial pressure) and alloy compositions in order to improve
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the galvanizing quality of TRIP steels. However, the 11:30am11:50am

previous studies showed that it seemed to be difficult to2. Ellipso-microscopic Observation of Titanium
hinder theselective oxidation of the alloy elements on steel Syrface under UV-light Irradiation

surface just by controlling the ambient conditions. In this K. Fushimj K. Kurauchi, T. Nakanishi, Y. Hasegawa, M.
study, we have examined the effect of an externally appliedjeda, T. OhtsukéHokkaido University Jan)

electric field on the external and internal oxidation of Fe
Mn-(Si, Al) TRIP steelsduring intercritical annealing. The  Ellipso-microscopic

observation of titanium surface

intercritical annealing was carried out in a rapid thermal anodizing in 0.05 mol dif H,SO, was conducted. During
annealing chamber with a controlled atmosphere and thgradiation of ultraviolet (UV) light with a wavelength of
electrical potential was applied to the steel samples using 825 nm, the titanium surface allowed to flow a photo

source meter. The surface morphology andnelgal depth

induced current and to show atphlike bright image on an

profile of annealed samples, depending on the polarity of thes|lipso-microscopic view. The brightness and papetitern
applied electrical potential, were examined by means ofin the image changed with flowing pheitwuced current.
field-emission scanning electron microscope and glowThe changes in the brightness and the image corresponded to

discharge optical emission spectroscopy.

Monday, November 3, 2014
Samda Hall B (3F)
MB1: Electrochemistry &
Electrochemical Test Methodsl

Chair:Herman Terryn
(Vrije Universiteit BrusselBelgium)

11:00am11:30am

Keynote Speech

1. Use of Local Electrochemical Methods (SECM,
EC-STM) and AFM to Differeniate Microstructural
Effects (EBSD) onVery Pure Copper

Esther Martined.ombardia, Iris De Graevéderman Terryn
(Vrije Universiteit Brussel Belgium), Linsey Lapeire, Kim
Verbeken, Leo KestengGhent University Belgium),
Vincent Maurice, Lorena Klein, Philippe Marc€NRS
France), Yaiza Gonzalefsarcia, Arjan Mol (Delft
University of TechnologyThe Netherlangs

When aiming for an increased and more sustainable use

formation and/or degradation of titanium oxide doighote
electrochemical reaction of the oxide. Ansitu monitoring
using the ellipsemicroscope revealed that the film change
was dependent on the irradiation light power, and applied
potential, and crystallographic orientation of the substrate.
Breakdavn of the film induced in a solution containing
bromide ions was also monitored using the elkpso
microscope. During  potentiodynamic  polarization,
irradiation of UMlight increases anodic current and results
in pitting initiation at lower potentials compat with non
irradiated condition

11:50am12:10pm

3. An Electrochemical M ethod to Predict Corrosion
Rates inSoils

Matthew DaftefHunter Water Australia Pty Lid\ustralig

Linear Polarisation Resistance (LPR) testing of soils has
been used extensivelyy a number of water utilities across
Australia for many years now to determine the condition of
buried ferrous watermains. The LPR test itself is a relatively
simple, inexpensive test that serves as a substitute for actual
exhumation and physical inspeari of buried watermains to

Sletermine corrosion losses. LPR testing results (and the

metals a thorough knowledge of the corrosion phenomenoiforresponding pit depth estimates) in combination with

as function of the local metal microstructuee of crucial

proprietary pipe failure algorithms can provide a useful

importance. In this work, we bring together the information Prédictive tool in determining the current and future

presented in our last publications-31 to present an

overview of the different local (electrochemical) techniques
that proved to be efficient to study the relation between

condifon of an asset (1). A number of LPR tests have been
developed on soils by various researchers over the years (1),
but few have gained widespread commercial use, partly due

different microstructural variables and their different tO the difficulty in replicating the results.

electrochemical behavior. The Atomic force microscopy

The author has developed an electeounltal cell suitable

(AFM) [1], Scanning electrochemical microscopy (SECM) for LPR testing of soils, and has utilised this cell to test a

[2] and Electrochemical scanning tunneling microscopy

(EC-STM) [3] were used in combination with dgitron
backscatter diffraction (EBSD), consequently,

between grain orientation and grain boundary characteristic
on the one hand, and the electrochemical behavior on thH

other hand, could be identified.
It was concluded that not only dodsetgrain orientation

series of soil samples obtained through an extensive program
of field exhumations. The objective of this testing was to

correlations€Xamine the relationship between skerm electrobemical
{esting and longerm insitu corrosion of buried watermains,

tilising an LPR test that could be robustly replicated. Forty
one soil samples and related corrosion data were obtained
from adhoc condition assessment of buried watermains

itself has an influence on the corrosion behavior but also thaPcated thoughout the Hunter region of NSW, Australia.

the orientations of the neighboring grains seem to play
Regarding to
intergranular corrosion, it was demonstrated that only
coherat twin boundaries seem to be resistant agains

decisive role in the dissolution rate.

corrosion.
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ach sample was subjected to the electrochemical test
developed by the author, and the resulting polarisation data
was compared with lorgerm pitting data obtained from

g€ach watermain. The results of this tegtiprogram have

enabled the author to undertake a comprehensive review of
the LPR technique, as itbds aj
whether correlations can be made between LPR testing
results and longerm field corrosion.



The drying/wetting cycles in CUI associated problems are a

Monday, November 3, 2014 strong accelerator of corrosion damagecsithey provoke
Room 301 (3F) the formation of an increasingly aggressive chemistry that

can lead to the worst corrosion problems possible, e.g. stress
corrosion cracking, and premature catastrophic equipment
failures.This best practice applies to all insulated or
fireproofed items. It describes best design practices forthe
prevention of Corrosion under Insulation (CUI) and

MC1: Corrosion in Oil/Gas/Pipelinesl

Chair:M. YJ Tan(Deakin UniversityAustralig

11:00am11:30am Corrosion under Fireproofing (CUF) onpiping, pressure
Keynote Speech vessels, and tanks. It can also be applied to civil/structural
1. An Overview of New Progresses in assets and rotatingequipment. ThBowing are key subjects

Understanding Pipeline Corrosion in CUl which are addressed in this paper:Corrosion

M. YJ Tan F. Varela, Y. Huo, R. Gupta, D. Abreu, F. mechanisms, Factors affecting vulnerability of carbon and
Mahdavi, B. Hinton M. Forsyth (Deakin University, low-alloy steels to CUI, Factors affecting vulnerability of
Australig stainless steels to stress corrosion cracking, pitting and
crevice corrosion Design improvements, to reduce the
An approach to achieving the ambitious goal of costpossibility of CUI,documentation guidelines,preventative
effectively extending the safe operation life of energy measures, including coating to protect against CUI of carbon
pipeline to 100 years is the application of health monitoringand low alloy steels and stress corrosion cracking, pitting
and life prediction toolshat are able to provide both long and crevice corrosion atainless steel.By understanding the
term remnant pipeline life prediction and-situ pipeline  types of corrosion that can occur under insulation, the proper
condition monitoring. A critical step is the enhancement of materials and construction can be employed to prevent them.
technological capabilities that are required for understandingntruding water is the key problem in CUI. Special care must
and quantifying the effects of key tacs influencing buried  be taken during design not to promocorrosion by
steel pipeline corrosion and environmentally assistedpermitting water to enter a system either directly or
materials degradation, and the development of conditionindirectly by capillary actionmoisture may be external or
monitoring technologies that are able to providesiin may be present in insulation
monitoring and sitespecific warning of pipeline damage.
This par provides an overview of our current research
aimed at developing new sensors and electrochemical cell$1:50am12:10pm
for monitoring, categorising and quantifying the level and 3. An Overview of Seabed Storage Methods for
nature of external pipeline and coating damages under thpipelines and other Oil and Gas Buipment
combined effects of various inteelated variables and M.C. Fatah A. Mills (Wood Group Integrity Management,

processes such as localised corrosion, coating cracking angdonesiy, A. Darwin, C. Selman(Wood Group Integrity
disbondment, cathodic shielding, transit loss of cathodicmanagement, Australja

protection.
In the construction of subsea oil and gas developments, it is
increasingly common that equipment will be instditibsea
11:30am11:50am well before final hookup and production. Installation of
2. Best Practice for Designing and Preventing  wellheads, subsea hardware, pipelines and surface facilities
Corrosion under Insulation and Fireproofing (platforms, FPSO or FLNG or connected terminal or gas

Norman Subekt Ifan Rifandi (PERTAMINA HULU plant) are increasingly driven by independent cost and vessel

ENERGI OFFSHORE NORTH WEST JAVA LTD availability schedules which gives rise to requirements that

Indonesia the subsea facilities must be stored in the seabed for a
specific time. In addition, schedule delays, particularly to

Corrosion under Insulation (CUI) is caused by ingress ofinstallation or startup of the connected platform, FPSO,

water or condensation, resulting in wettingof the surface ofFLNG or onshore plant may givesd to unexpected

unprotected steel causing agueous @om Intruding water  extensions of the intended storage period. Currently, there

is the key problem in CUI. Special care must be taken duringare two methods commonly used to storage subsea facilities

design not to promote corrosion by permitting water to enterin the seabed: dry parking and wet parking. Each method has

a system either directly or indirectly by capillary action. its own risks, challenges and implications for the facllfy

Moisture may be external or may be present in thelation and integrity.

material itself. Corrosion may attack the jacketing, the Corrosion management and preservation method selection is

insulation hardware, or the underlying equipment.For higha crucial factor to be considered in choosing the appropriate

temperature equipment, water entering an insulation materiadtorage method and achieving successful seabed storage. An

and diffusing inward will eventually reach a region of dryout overview of those factors is presented, along with a

at the ho pipe or equipment wall. Next to this dryout region disaussion on the internal corrosion threats and assessments

is a zone in which the pores of the insulation are filled with a

saturated salt solution. When a shutdown or process change

occurs and the metaall temperature falls, the zone of

saturated salt solutio moves into the metal wall. Upon

reheating, the wall will temporarily be in contact with the

saturated solution, and stressrrosion cracking may begin.
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to martensitic transformation induced by cold working at
room temperature, which is callethe formation of
deformationinduced martensite. In addition, crystal defects
such as dislocations were created leading from cold working.
Lastly, during plastic deformation, nemetallic inclusions
formed, therefore, the matrix/inclusion interface cats as
initiation site of microcracks. The passivity and corrosion
behavior of SSs were affected by plastic deformation. The
passive current density in acidic solution is likely to increase
with cold deformation. However the models about the effect
of cold working deformation on localized corrosion of SSs
were highly incongruent. It has been proposed that plastic
deformation decreases the pitting potential of austenitic SSs.
On the other hands, some authors observed that the increase
in pitting potential inwork-hardened SS When SSs are
exposed to the temperature range of 500900 ¢, (i.e.

The susceptibility of AISI316L austenitic stainless alloy to sensitization treated) it leads to a significant reduction in
pitting corrosim was assessed in 3.5% chloride solutionscorrosion resistance of austenitic SSs. Especially; Cr
containing various concentration of thiosulfate ions, amaincarbides easily precipitate at the interface between
sulfide oxidant product, at temperatures varied as 23, 50 andeformationinduced martensite phase and austenite matrix.
80°C. The potentiodyanamic scan results indicated that lowHence, it is necessary to clarify the influence of cold
thiosulfate concentrations proneothe chloride attack and working and sensitization treatment on the pitting corrosion
the aggressiveness of thiosulfate species depend orgsistance. In this study, explores the effects of cold working
thechloride to thiosulfate ratio and test temperature.and sensitizatio treatment on the corrosion behaviors of
Increasing temperature apparently promotes the ionicaustenitic SSs

activity of CI and $Os>.Chloride to thiosulfate ratio plays The induced martensite content shows a monotonous
an essatial role on pitting intensity of the AISI 316 SS alloy. increase with coldolling reduction. The pitting potential
The chloride to thiosulfate ratio, critical for finding the was slightly decreased with cold rolling reduction, but it was
lowest pitting potential occurred at (30;> ratio of 12  significantly decreased ven sensitized. It was found from
regardless of temperature. electrochemical noise tests that cold rolled and sensitized
304 SSs exhibited the maximum susceptibility to meta
stable pitting corrosion, when evaluated by the event density
and peak current density for the matable piting corrosion

of the alloys For sensitized304 SS at650 C that had been
cold worked, anodic polarization curves were shifted in the
right direction with cold reduction, hence anodic corrosion
behavior increased with cold working for 304 SS aged for 30
min at 650 €. For cold worked 304 SSs the degree of
sensitization linearly increased with cold worked% when
aged for30 min at650 ©.

Monday, November 3, 2014
Room 302 (3F)
MDZ1: Corrosion in Stainless Steel&

Chair: Hosni ZubeifUniversity of BahrainBahrair)

11:00am11:30am

Keynote Speech

1. The Role of Thiosulfate on the Susceptibility of
AISI316L Austenitic Stainless Steels to Pitting
Corrosion in 3.5% Sodium Chloridesolutions

Hosni Zubeir, Abdulla Alshater (University of Bahrain
Bahrain

11:30am11:50am

2. Effect of Si on Corrosion of Fe-Cr and Fe-Cr-Ni
Alloys in Wet CO, Gas

T.D. Nguyen J. Zhang, D.J. YoundUniversity of New
South Wales, Austral)a

Model alloys FeCr, Fe20Cr and F&0CF20Ni (wt.%)
with 0.1 and 0.2% Si were exposed toe20CQO,-20H,0 gas
at 818°C. The undoped alloyl®rmed a thick irorrich oxide
scale. The additions of Si reduced scaling rates edGeto
some extent but significantly suppressed the formation ofl2:10pm12:30pm -
iron oxide scales on F20Cr and F&OCEK20N;. 4, AppI|Cat|On LImItS Of Austen|t|c and DUpIeX
Carburisation also occurred in all undoped alloys, btimo  Stainless Steels under Chloride Deposits in
Si-containing FE20Cr and Fe0CF20Ni. Protection against Atmospheic Conditions
carburisation was a result of the formation of an inner scalel. ProsekA. Le Gac, D. ThierryFrench Corrosion Institute,
layer of silca Francg, S. Le Manchet, CLojewski, A. Fanica
(IndusteelCreusotArcelorMittal ~ Group, Frande E.
Johansson, GCanderyd(Outokumpu Stainless, Swedek.

11:50am12:10pm Dupoiron (Total Petroclemicals, Frande T. Snauwaert

3. Effects of Cold Working and Sensitization
Treatment on theCorrosion Behaviors of Austenitic
SainlessSeels

KiMin Jung, SooHoon Ahn, HyukSang KworKAIST,

(Stolt Tankers, The Netherlandd-. Maas, B. Droesbeke
(Belgischinstituut voor lastechniek, Belgiym

The effect of temperature, relative humidity, composition

and amount of chloride deposits on the tendency of duplex
and austenitic stainless steels to stress corrosion cracking
Cold working of stainless steel (SS) is an important way to(SCC), pitting and selective corrosion was studied using pre
produce several industrial components (i.e. pipes headtressed samples with circular weld. The range of conditions
exchanger tubes, springs, containers, etc.) and differenf@ding to SCC was significantly reduced for duplex
levels of cold working were applied to the last stages of stalnless steels c;ompan‘&daustenltlc materials. In presence
manufacturing. Through cold working, a few metallurgical ©f calcium chloride, SCC was observed at temperature as
variables are influenced. At first, austenitic SSs were prond®W @s 20°C in austenitic stainless steel EN 1.4306 (304L)
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whereas ENL.4462 (2205) was prone to SCC only at’@0
Duplex stainless steels with pdeposited chlurides suffered  An in situ sealing porenicro arc oxidation (MAO) film is
selective dissolution of the ferritic phase with at least oneinvestigatedo protect Mg alloys. This filnconsists oMgO,
order lower depth of attack. If miciracks developed in  MgF,, Mg,TiO,4, Ti;Os, and NaMgP,0,. Besides MgO,
austenitic grains, they terminated in the ferrite phase. Theplenty of Ticontaining oxides are otained in the film
initiation of SCC and selective/pitting corrosion was which can improve thechemical stabilityof the film in
govened by the equilibrium chloride concentration in a comparison withthe traditional MAO films. Especially, the
solution formed by contact with chloride containing deposits micropores on the surface of the film are in situ sealed
and with air at a given relative humidity. Sampling in four during the film growth The film formation process is
marine locations showed that soluble deposits formed orinvestigaed by VoltagéTime and CurrefifTime curvesthe
openly exposed stainless altestructures were benign in observation of surface morphologies and analysis of
terms of the SCC initiation. The typical amount of soluble chemical compositionit is found that the concentration of
deposits was 0.2 0.1g/m2 with about 0.01g/m?2 chloride, Ti-containing oxides and the main sealing pore constituent
which was insufficient for neither SCC nor selective/pitting of MgF, play a key role in the fornti@n of in situ sealing
corrosion initiation. Probability that the cadél deposits pores, which can be associated with Hagious solidifying
leading to SCC initiation would form on outdoor stainless points and densities of the film constituents
steel structures is considered negligible because of regular
rinsing with rain and condensate water. However, such
deposits can form under specific Amashing conditions.  11:50am12:10pm
Threshold leels of critical chloride concentrations, critical 3. Influence of Temper Conditions on the
relative humidity in the presence of specific deposits andgxfoliation Corrosion of AA 7085Sheets
maximum temperatures for safe applications of the studiedhjay Krishnan V. S. Raja,(Indian Institute of Technology
grades were established. Bombay, India, A. K. Mukhopadhyay (Defence
Metallurgical Research Laboratory, Inflia

Monday, November 3, 2014 An attempt has been made to understand the exfoliation
Room 303 (3F)  corrosion behaviour of sheets of a relatively new AA 7085
MEZ1: Corrosion in Light Metals 1 alloy under peak aged4), retrogressed and-eged (RRA)
conditions. Potentiodynamic polarization in 3.5 wt.% NacCl
Chair: Guy BerHamu and electrochemical impedance spectroscopy in EXCO

solution were carried out. RRA treatment showed increased
cathodic kinetics. Both samples exhibited a singfgacdive

loop and an inductive loop. The arc radius of the capacitive
loop decreased over a period of time. It was found that RRA
Keynote Speech . alloy provided higher resistance to exfoliation corrosion than
1. Corrosion of Wrought Mg-Zn Alloys T The Role ¢ 'pa alloy. Better exfoliation resistance of RRA alloy was

of Alloying Elements atributed to the enhanced Cu content and discontinuous
G._BenHamu (Sami Shamoon College of Engineering, nature of grain boundary precipitate which was revealed

|Sraeb, D. Eliezer(BenGUrion UniverSity, |Srael K.S. Shin through transmission electron microscopy_
(Seoul National University, Korga

(Sami Shamoon College of Engineeritgrael)

11:00am11:30am

Different amount of silicon and calcium additions have been

carried out on Mg%Zn0.5%Mn alloy and its effect on JETeE MovEioa e, 20
corrosion behaviour is investigated. Ac and DC polarization
and immesion tests were carried out on the extruded rods,
which contain different amounts of silicon and calcium. )
Small amount of Si (0.5 wt.%) forms massive Chinese scriptChair: Hongyao Sun

Mg,Si intermetallics. Addition of 1 wt.% or more Si found (Nanjing Hydraulic Research Institut€hina)

to modify the Chinese script M8i intermetallic into a fine

polygonal shape. However, addition of Ca to -B¥%Zn 11:00am11:30am

0.5Mn-0.5Si found to modify the Chinese script Mg Keynote Speech

intermetallic into a fine polygonal shape. Improved 1. Status andProspect of Test Methods of Silicone
corrosion behaviour is noticed with the alloys containing Cawater Repellent for Protecting Reinforced Concrete
addition. The polygonal Shape MS| intermetallics inhibit Hongyaosun ZongyangYuan ZhengYang Guo”angshan
the corrosion more effectively compared to the Chinesenanjing Hydraulic Research Instte China), Mingxia

script. Shen(Hehai University, China)

Room 401 (4F)
MF1: Corrosion in Concrete 1

Impregnated with silicon water repellent on the concrete
11:30am11:50am . , surface is one method of protecting concrete. Silicon water
2. Growth Process of h Situ Sealing Pores MAO  gpellent has been widely used in many engineering with its
Film on Mg Alloys properties such as waterepel, keeping the concrete

Y.W. Song K.H. Dong, D.Y. Shan, E.H. Harinftitute of  respiratory and keeping the concrete original appearance.
Metd Research, Chinese Academy of Sciences, China)  The companies which can produce silicon water repellents in
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China are listed. The test methods in the specifications oEngineering, Singapoye S.LWijesinghe (SIMTech,
standards about silicon water repellent in Chimasarmmed.  Singaporg D.J. Blackwood (National University of
The test methods of durability of concrete impregnated withSingapore, Singapore
silicon water repellent (such as resistant to chloride ion
penetration, resistant to alkali, resistance to freettiagving Bicarbonate/carbonate and molybdate anions have been
andresistant to UV agingtc.) and the constructive quality characterized for their inhibitive effect on pitting corrosion
(such as water absorption rate, the impregnating depth andf carbon steel in simulated concrete pore solution. It was
the dryng rate coefficient etc.) are compared and analysed.found that bicarbonate/carbonate has a weak inhibitive effect
The results indicate that there are differences among tesin pitting corrosion that is around one order of magnitude
methods in different specifications with the same index andower comparedo hydroxide. Molybdate is effective against
all test methodsexcept Karsten flask methof/s. non pitting corrosion induced by low chloride concentrations and
destructive methodpre coredrilling method or done in increases the safety margin between the pitting potential and
laboratory. Finally the future research works about siliconcorrosion potential by raising the pitting potential and
water repellent while appliecbn concrete surfacere decreasing the corrosion potieh However, a reduction in
proposed corrosion potential occurs only after the formation of a
complete CaMo@film on the carbon steel surface.

11:30am11:50am
2. Cathodic Prevention of Reinforced Concrete Monday, November 3, 2014

Seawater Structures in Industrial Plants (10 Years Room 402A (4F)
Performance CaseHistory) MGL1: Corrosion Monitoring and Modeling 1

Zia Chaudhary Fahad AfMutlag (Saudi Basic Industries

Corporation (SABIC), Saudi Arabja Chair:Alec Groysman

(Israeli Saiety of Chemical Engineers &

Premature failure of reinforced concrete seawater structures Chemists Israe)

was noted due to chloridieduced corrosion of steel
reinforcement in many petrochemical plants located in__. )
coastal cities of Arabian Gulf. Under humid and high 11:00am11:30am

temperature prevailing conditions corrosion of reinforcing K€ynote Speech _

steel in chloride contaminated struetsrwas relatively 1- Corrosion Education: Presentand Future

much higher than other parts of the world. Patch repairdlec_Groysman(israeli Society of Chemical Engineers &
lasted only 23 years, but cathodic protection technique Chemistsisrael)

proved to very effective in controlling corrosion of the ) ) ) o
reinforcing steel. The aim of this work is to show how humanitarian and

Taking this experience into account, two nevinfaced interdsciplinary aspects can help in corrosion education.
concrete seawater structures (Intake structure, 18.85m long,"€  philosophy —of ~my work is establishing of
14.7m wide, and 10.85m deep. Return structure, 8.2m |0ng|,nterrelat|onsh|ps between humanitarian aspects, corrosion
8.2m wide & 14.8m deep) were constructed with binilt ~SCi€nce and engineering, studying new inspirations and
cathodic prevention (CP) systems to prevent corrosion of th&r€ativity in corrosion engineering, in ordéeo show the
steel reinfocement from day one. The anode systemYOUNg generation of scientists, engineers, educators and
consisted of mixed metal oxide coated titanium mesh ribborf@nagers how learning of subject of corrosion can be
and titanium conductor bar. The CP system was split intd@scinating, creative, and productive. The results are

multiple anode zones exposed to 5 different environments U mMmar ized in the books HACor
conditions, i.e. atmospheric, buried, subreergsplash, and 1 €O T r osi on or Tmansgoyptatidn eandsStorge of
humid. Petroleum Products and Biofue

The CP systems were commissioned in June 2000 and now

have a service life of >10 years. The performance of the CP

systems and their compliance to the specified criteria ist1:30amll:50am

described and discussed. The specified criteria were met & Corrosion Monitoring of the PEO-presented

most of the monitoring locations. The current requirementMagnesiumAlloys

for sufficient protection was different in different zones and A.S. _Gnedenkov S.L. Sinebryukhov, D.V. Mashtalyar,

varied between-20 mA/nt of steel current density. Long  S.V.Gnedenkov, V.I. Sergienkdinstitute of Chemistry,

term application of CP have resulted in shifting free Russia

corrosion potentials toards less negative values by some

100 to 300 mV, this provides evidence that CP is effectivelyA greater corrosion stability of the MA8 (system Mgni

controlling or preventing corrosion of the reinforcing steelt 4 ) al l oy as compared 1tZoi t hat

and also maintaining its passivity. ZriY) magnesium alloy in the chlorideontaining solution
has been demonstrated using the Scanning Vibrating
Electrode Technique (SVET) as well as the methods of

11:50am12:10pm optical microscopy, gravimetry, and volumetry. It has been
3. Inhibition of Rebar Corrosion Bycarbonate and established that the crucial factor of the corrosion activity of
M olybdate Anions the samples under study consists in the occurrence of

Y.T. Tan (NUS Graduate School for Integrative Sciences & Microgalvanic couples at the sampleurface. The
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peculiarities of the kinetics and mechanism of the corrosioncalculation, suitable type of rectifier are necessary for
process in the local heterogeneous parts of the magnesiumitigation safety and effectiveness

alloy surface have been investigated by means of the

localized electrochemical techniques. The stages of the

corrosion proess in the artificial defect in the coating 12:10pm12:30pm

obtained by plasma electrolytic oxidation (PEO) method at4, Numerical Simulation of Interactions between
the surface of the magnesium alloy MA8 have been alsaCorrosion Pits for Sainless Seel under Loading
studied. The analysis of the experimental data enabled us teqonditions

suggest that the corrosion process e tdefect zone  pajtap Wang EnHou Han (Institute of Metal Research,
developed predominantly at the magnesium/coatingchinese Academy of Sciences, China
interface. The corrosion rate of the samples with coatings
formed by the plasma electrolytic oxidation and compositeThe interactions between corrosion pits for stainless steel
polymercontaining coatings at the surface of various ynger |oading conditions are studied by cellular automata
magnesium  alloys hasbeen measured. The best po4g coupled with finite element method at a mesoscopic
anticorrosion properties have been manifested by compositg-gle. The cellular auomata model focuses on a
polymercontaining coatings. The corrosion rat¢)(Ralues metai/film/electrolyte system, including anodic dissolution,
for both types of the magnesium alloys (MA8 and VMD10) nassivation, diffusion of hydrogen ions and salt film
were about 0 mm per year upon exposure of the samples tQyqrolysis. The Chopard block algorithm is used to improve
the 3% NaCl solution for 7 days. the diffusion simulation efficiency. The finite element
method is used to calculate the stress concentration on the
pit surface during the pit growth, and the effect of local
11:50am_12:10pm ] ) stress and strain on anodic current is obtained by Gutman
3. Continuous Potential Survey and Modeling for  model, which is used as the boundary conditions of the
High Voltage Direct Current Transmission Line  cellular automata modeThe transient current characteristics

Interference on Buried Pipeline of the interactions between corrosion pits under different
Wuxi Bi, Youwen Jiang, Zhiyuan Xue, Hongyuan Chen, simulation factors including the breakdown of passive film
Lingli Liu (Petrochina Pipatie R&D CenterChina) at the pit mouth and the diffusion of hydrogen ions are

analyzed. The analysis of the pit stabifitypduct shows that
The principle of High Voltage Direction Current (HVDC) the simulation results are close to the experimental
Transmission Line interference on buried pipelines isconclusions
analyzed, then 4 continuous pipe/soil (P/S) potential data
monitoring devices are installed on HVDC interfered
pipeline segbn. Based on 4 months continuous survey data, Monday, November 3, 2014
typical characters of HVDC interference on pipeline are Room 40B (4F)
dlscuss.ed. To.further explpre the influence of.each. factor iNVIH 1: Atmospheric Corrosion 1
controlling seriousness of interference, numerical simulation
with CDEGS, is used to assehe effects of pipeline coating
quality, soil resistivity, monopolar current, distance between
HVDC grounding and interfered pipe, and the resistance of
longitude of pipe. The length of involved pipe in numerical
model is 200km, with HVDC grounding sitedating at the ~ L1:00amll:30am
center the pipe. The study parameters variation range ar§€Ynde Speech _ _
from 3.0E3qm2 to 1.0E6qm2 fl FOUEYSarAfimpgpherie eqrrpsion EXposUe;of ¢ 4 n
10qm to 2000gm for soil r &Nenfarfoysy i Allpys 1k m Trepical 3 oMkapine f o r
distance between HVDC grounding and pipe, and 5.9E Environment in Xisha Islands
3q/ km t @& q/5kich Bigitudinal pipe resistance Zhongyu Cui, Xiaogang Lj Kui Xiao, Chaofang Dong
respectively. For each of modeling factor above, the(University of Science and Technology Beijjirghina)
influence to maximal P/S potential, interference current in
pipe, current density flow in/out of pipe surface and pipe Atmospheric corrosion expoee test of eleven kinds of nen
GPR are given out. Modeling results show thatetfiects of ~ ferrous alloys is conducted in tropical marine environment in
monopolar current and soil resistivity are the same, withXisha islandsi a new typical exposure site of National
maximal P/S potential, interference current in pipe, currentMaterial Environmental Corrosion Platform in China. The
density flow in/out of pipe surface and pipe GPR increasingexposed alloys include aluminum alloys (pure Al:Mg,
lineally with the increase of current and soil resistivity. The Al-Cu, Al-Mg-Si, Al-Zn-Mg-Cu), copper alloys (QSn6G&1,
most important controlling factor is the distance betweenQBe2), AZ31 magnesium alloy and pure zinc. The corrosion
HVDC grounding and pipe, which will increase the Kinetics, corrosion morphology and effect of some
interference seriousness sharply when narrowing theenvironmental parameters are discussed. The results show
distance. The effects of coating and resistance of longitudéhat weight loss as a funeti of the exposure time of these
of pipe are relatively modest. Fingllympressed current alloys follows three different trends: a power law which is
system powered by a potential controlled rectifier + galvanicsuitable for two copper alloys and pure zinc, 4olgarithmic
anode solution is suggested as a practical mitigation solutiofiynction that is adapt for six kinds of aluminum alloys and
but before the mitigation installation, lomgrm continuous  an irregular tendency that is observed AZ31 magnesium
pipe/soil potential survey, maximum drainage eatr and 2B06 aluminum alloys. According to the atmosphere

Chair: Xiaogang Li
(University of Science and Technology Beijinghing
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corrosivity classification method in ISO 9223, most of the is 0.972A and 0.999A (average value)before and after
alloys fall into the C4 and C5, both of which are relatively adsorption respectively. Althoughetfthemical adsorption is
high corrosion degrees. Pitting corrosion is observed on pur@ot observed in the total charge density diagram, the
Al, Al-Mg and AFMg-Si alloys throughout the exposure test, difference charge density diagram show that the electrons
while it occurs on AICu, Al-Zn-Mg-Cu, AZ31 and pure zinc  transfer from O atom of SQo the H atom of NiO surface.
only during the initial exposure periods. As the exposureThe NiFO bond of surface is stretched because of gaining
time extends, pits on AZ31 and pure zinc coalescence witteledrons from SQ@ corresponding to the geometry
each other resulting in niform corrosion, while  configuration. The results of partial density of states(PDOS)
intergranular and exfoliation corrosion are detected on Al which are the occurrence of resonance peaks of O atoms of
Cu and AZn-Mg-Cu alloys, respectively. During the SO, and H atoms of NiO(111) surface can also illustrate the
exposure test Ctontaining particles, which can destroy the interaction between them. Theatéraction between SO
surface film and induce pitting corrosion, play an impdrtan molecule and hydroxylated NiO(111) surface is weak which
role in the corrosion process of these alloys.,Gls0 is different from the real atmosphere corrosion of &@ich
participates the corrosion reactions mainly on AZ31 andis the result of interaction among widest variety of gases at
pure zinc, on which some carbonates exists and exhibitseal environmentemperature. The simulation of adstion
some protectiveness of SO, on the surface of the passive film on nickel can
provide the theoretical foundation of atmosphere corrosion
of SO, at atom scale which is necessary to corrosion
11:30am11:50am research
2. Sudy on Atmospheroc Corrosion of 7B04
Aluminum Alloy in Marine Environments
Xiaoyun Zhang Ming Liu, Feng Lu,Minghui Liu, Zhihua
Sun, Zhihui Tang (Beijing Institute of Aeronautical
Materials China)

Monday, November 3, 2014
Samda Hall A (3F)
MAZ2: Coatings 2

Outdoor exposure tests for atmospheric corrosion of 7BO4Cha|r:ShuL|n Bai (Peking UniversityChina)

aluminum alloy were carried out in Tuandao station, 14:00pm14:30pm
Shandong province (East of China)daM/anning station, Keynote Speech

Hainan ~ province  (South ~ of = China). ~ Corrosion g “gffects of Laser Remelting and Annealing on
samples include plate, tensile and various SCC SampleS'Properties of Febased Amorphous/crystalline

were investigated by mass loss, SEM, mechanical propert)cOmpositeCoating

and SCC susceptibility. The results show that at the m't'aIQin-Ying Wang, ShuLin Bai (Peking University China),

stage, pitting consion emerges on the surface of 7B04 aIon,ZongLDe Liu (North China Electric Power University
and transform into general corrosion later. Both theChina)

corrosion rates in Tuandao and Wanning experience a

process from high to low and the mass losses vary at w=atkea hased amorphous/crystalline composite coating (F1) was

(b<1). The corrosion of 7B04 aluminium alloyVvanning is repared on Q235 mild steel by Nd: YAG pulse laser

more serously than in Tuandao station. SCC susceptibility o ladding technique. In order to investigate the effects of

7B04 aluminium alloy (forging and thick plate) is detected |g5¢r remelting and annealing processes, thesre applied

in marine atmosphere exposure. Higher SCC sensitivity wagg the agprepared coatin§1 and the obtained coatings were

conducted in Wanning than in Tuandao station. SCCdenoted a§2 and F3, respectively. Then the microstructures,

sensitivity is meh more with higher stress level. compositions and anticorrosion properties of three coatings

Intergranular, trangranular or mixture mode of cracking \yere fully studied. The results indicate that-sed

can be observed in different marine exposure amophous/crystalline composite coating is mainly
composed of crystalline structure and adjacent featureless
amorphous structure. The crystalline phases of FeCr, Fe/CrB,

11:50am12:10pm etc. are foundby XRD spectra and the crystallization

3. Density Functional Theory Sudy of the  pecomes bettdrom coatings F2, Fio F3. Besideslaser re

Adsorption of SO, on the Hydroxylated NiO(111) melted coating F2 exhibits more compact and fine

Surface microstructure, while annead coating F3 mainly displays
Xin_Wei, Chaofang Dong, Zhanghua Chen, Kui Xiao, crystalline structure. The electrochemical impedance
Xiaogang Li(University of Science and Technologyhina) spectroscopy (EIS) demonstrates that the radius of

capacitive loops fnm largeto smallis in order of coatings
DFT periodic calculations have been performed to model thd=2, F1 and F3, implying the improvement on coating
adsorption of single Sfholecule on the hydroxylated corrosion resistance by laser-melting. The supported
NiO(111)(2x1) terraces characteristit the surface of the results of polarization curves show the highest corrosion
passive film on nickel. The hydroxylated NiO(111) is the potential 0of-0.150 V and lowest corrosion curredgnsity of
optimized geometry configuration of the adsorption of H and 6.389x 10 Alem? of coating F2. Above studies suggest that
OH on the NiO(111) surface with oxygen vacancies. Theproper laser rénelting can refine the microstructure of-Fe
results evidence that one of the O atoms of ®6lecule based amorphous/crystalline composite coating with higher
trendsto bond with the H atoms of the NiO(111) surface. content of amorphous structure, but annealing process
The average distance betweerOrtescribed above is about usually promees the crystallization of coating and reduces
1.8A . The length of the-B bonds of the NiO(111) surface the corrosion resistance.
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14:30pm14:50pm

2. Corrosion stability and Composition of Corrosion

Products of Zn-Mg, Zn-Al and Zn-Al-Mg Coatings

in M odel Atmospheric Conditions

T. Prosek A. Nazarov, D. Thierry(French Corrosion
Institute, Francg J. Stoulil (Instituteof Chemical
Technology in Prague, Czech RepuplicD. Persson

principles ad international standards is introduced in this
work. According to this methodology, samples were exposed
in an advanced cyclic corrosion test chamber according to
ISO 14993 and were removed at the end of each withdrawal
for respective corrosion and elemthemical characterisation.
Both barrier and galvanic protection properties were
evaluated and compared. Corrosion protection properties of
coatings were evaluated by visual examination according to

ISO10289, mass loss and subsequent corrosion rate
measurements, electrochemical properties together with
advanced electrochemical scanning technigues to investigate
the anodic and cathodic activities. Corrosion protection
It has been shown that alloying of zinc coatings with Properties of a commercial Zinc Rich Coating (ZRC) applied
magnesium and aluminium may strongly improve the©n AISI 1020 mild steel substext were evaluated and
lifetime of coated steel products, particularly in aggressivePenchmarked against hot dip galvanised (HDG) in this study
exposure conditions characterized by high chloride loads. Irflué to a thriving need of Singapore industries. Results were
this study, the kinetics of foration and composition of Ccorrélated and corrosion protection capabilities of two
corrosion products on halip galvanized steel (HDG), zn ~ coatings were compared. The zinc rich coating performed
5Al, Zn-11AI-3Mg-0.2Si, Zrn16Mg and Zal.5Al-1.5Mg better than hot dip galvanised coating in terms of overall

with predeposited NaCl was followed for 28 days in humid corrosion protection properties according to the exposure
air at 20°C. The corrosion products were analysed by and experimental conditions used in this study and proved to

Fouriertransformed infrared spectroscopy (FTIR), glow be suitable canplidate to replace' hot dip galvanised coatings
discharge opticakemission spectroscopy (GDES), xray for desired applid#ons. Results will be discussed in detalil
photoelectron  spectroscopy  (XPS), electrochemical

impedancespectroscopy (EIS), scanning Kelvin probe (SKP),

photoluminescence (PL) and ion chromatograg®y.(The ~ 19:10pm15:30pm _

amount of carbonate was quantitatively analysed afterd- Monitoring of Degradation Process of Inconel600
conversion to carbon dioxide. The alloy coatings showed ardnd Its Aluminide Coatings under Molten Sulfate
improvement in mass loss by a factor of 4 to 7 compared td=ilm with Thermal Cycles by Electrochemical
HDG. The lowest mass loss was obtained forl1BMg. Measurements

Unlike on HDG, sodium ldoride tended to stay dissolved in S, Take, S. Yoshinaga, M. Yanagita, Xoi (National

the surface electrolyte on the alloyed materials. Corrosionnstitute of TechnologyOyama CollegeJapan)

products on the alloyed coatings containetinies more

carbonates than those on HDG. Magnesium dissolvedyith an electrochemical cell designed for conducting
preferentially and aluminiurenriched phases were theost  electrochemical measurements under molten salt thin film
stable. Presence of Al and Mg led to formation of morecondition, the changes in impedance behavior for
compact layers of corrosion products. Due to pH buffering atinconel600 and Al diffusion coatys were monitored by
cathodic sites, formation of zinc oxide was hindered, electrochemical impedance measurements under thermal
electrical conductivity of the layers reduced and oxygencycl i ¢ condition at a temper
reduction less efficientMagnesiurrcontaining products at was found that corrosion resistance for both materials
the metal/corrosion products interface might also have anncreased with temperature decreasing. On the other hand,
inhibiting effect the conditim of molten salt was also monitored successfully
by measuring the changes of impedance at high frequency
area which means generally the resistance of molten salt
itself. After two cycles of thermal test, both Inconel600 and
Al diffusion coatings showed eglient corrosion resistance
and the postal SEM observation and EDX analysis supported
the results of electrochemical impedance measurements. It is
concluded that electrochemical impedance technique is very
useful under molten salt film condition even withermal
cycles.

(SwereaKIMAB, Swedep, J. Oswald(Czech Academy of
Science, CzecRepublig, P. Kriz (University of South
Bohemia, Czech Repubjic

14:50pm15:10pm

3. Benchmarking of Zinc Coatings for Corrosion
Protection: A Detailed Characterisation of
Corrosion and Electrochemical Properties of Zinc
Coatings

Sudesh L WijesingheTan Zixi (Singapore Institute of
Manufacturing Technology, Singapgre

Zinc coatings have been used for many decades for various
applications. These coatings provide a very effective and an
economical way of protéing steel against corrosion.
There are various types of Zn coatings in the market thus, it
is imperative to study and compare the corrosion resistance
properties of some of those. There is a need to establish a
methodical approach based on reliable stadided
exposure conditions together with a set of comprehensive
evaluation techniques and methods for a study. A systematic
methodology for evaluation and validation of corrosion
protection properties of metallic coatings based on scientific
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The anodic dissolution behaviour of copper and brass in the

Monday, November 3, 2014 electrolyte solution of 0.5M NaCl containing 0.5 mM
Samda Hall B (3F) NaHCGQ; was investigated by an electrochemical impedance
MB2: Electrochemistry & spectroscopy (). The Nyquist plots of impedance of the

copper described the small loop in the high frequency range
and the large locus in the low frequency range. On the other
hand, the feature of the impedance spectrum of the brass was

Electrochemical Test Methods?

Chair: Jinshan Pan similar to that of the coppetft indicates that the copper
(Royal Institute of Technologyweden) enriched layer is formed on the brass surface due to the
selective dissolution of the zinc from the surface. In addition,
14:00pm14:30pm the measurements of the rest potential and the anodic
Keynote Speech polarization curve for each sample were carriedimwrder

1. In Situ Sudy of Anodization of AI6060 Ly to discuss the selective dissolution of the zinc from brass
Electrochemical Impedance Spectroscopy and  surface.
Electrochemical AFM
Fan Zhang Jinshan Pan(Royal Institute of Technology
S\Neden) 1450pm1510pm

3. Electrochemical Impedance of Dissolving Metals
Aluminum and its alloys are widely used in a broad range ofDetermined by Wavelet Transformation
everyday products. In air a native oxide layer is Masayuki tagaki Koichiro Isobe Yoshinao Hbshi Isao
spontaneously foned on aluminum surfaces, which Shitanda(Tokyo University of SciencelJapan)
provides some corrosion resistance for the material.
However, many applications require high corrosion Electrochemical impedance spectroscopy (EIS) has been
resistance, which can be achieved by creating a surfacased to investigate the corrosion mechanisms and to monitor
oxide layer with desirable thickness and structure usingthe corrosion rate. Impedance spectrum can be measured
electrotiemical anodization method. Although anodization generally by frequency response analyzer whose prinigiple
has been used in industrial process for a long time, there aren the basis of Fourier transformation. In the present paper,
still questions regarding the initial oxide formation, we focus on a wavelet transformation to determine
especially on aluminum alloys, e.g., under what conditionsimpedance spectra of dissolving metals because the wavelet
the barrier oxide starts to dak, leading to formation of a transformation gives the power spectrum densities with
thick porous oxide layer. In theis study, anodization of recording the time and th@éme variation of the spectra can
aluminum alloy (AI6060) was investigated by be discussed. In the present analysis, we employed complex
electrochemical impedance spectroscopy (EIS) arsitin  Morlet mother wavelet in order to obtain the complex
electrochemical AFM measurements, and combined withnumber data in the frequency domain. We determine the
scanning Kelvin probe force microscopy (SKPFM) time-dependent impedance of the dissolving metals by
characterization of the microstruture of the alloy. The Voltacdculating cross spectrum of the wavelet coefficients of
potential mapping by SKPFM indicates a higher nobility for current and potential signals.
the airformed aluminium oxides, and a certain variations in
relative nobility of some local phases t@mmetallic
particles). EIS measurements were performed at anodizatioh5:10pm15:30pm
potentials, the results obtained show that the thickness ofl. Corrosion and Electrochemical Behavior of Mg-
barrier layer increases linearly with potential. However, 3Gd-5Y Alloys in 3.5% NaCl Solution

Nyquist plots indicate a local anodic dissolution feature,yygin Zhu (Southwest Technology and Engineering
depednig on the anodization potential applied to the sampleresearch Institutehina)

The defect density of the barrier oxide layer calculated from

the MOtt‘SChOttky plOtS, indicates a hlgh denSity of defects The corrosion behaviors of N@;d.SY a"oys were studied

in the anodic oxide, suggesting dopping effect, probalby dugyy using microstructure examination, electrochemical

to incorporation ballylng elements into the the oxide Iayer. impedance spectroscopy (E|S), Scanning electron

In-situ EGAFM imags obtained reavel detailed mjicroscopy(SEM), X-ray photoelectron spectroscopy (XPS)

morporlogical changes, especially related to the intermetallicand for transforminfrared (FI-IR) spectroscopy. Results

particles, during the oxide formation/dissolution processesshow that the corrosion gradually deteriorated with the

of the alloy upon anodization. Moreoverhet EIS  increase of immersion time. The corrosion morphologies of

measurements in the corrosive environment suggest that th@e alloy s were pitting corrosion. Gd and Y improved

anticorrosion properties of the AI6060 can be greatly corrosion resistance of MB15 alloy was that the addition of

enhanced by the anodic oxidation Gd and Y refined the grain, improved the segregation of Al
element structure. The purity of the alloy and the electrode
potential of substrate were improved and the corrosion

14:30pm14:50pm resistance of MB15 alloy was also improved

2. Electrochemical Impedance Study for Selective

Dissolution of Cu-Zn Alloy

Y. Hoshi K. Tabei, I. Shitanda M. Itagaki (Tokyo

University of ScienceJapan)
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the behavior of the system under operating conditions,
15:30pm15:50pm likewise understand the kinetics of the electrochemical
5. Application of Scaming Electrochemical reactions during the corrosion process. This work looks for
Microscopy for Studying Anti-Corrosion to assess the behavior oflIR0 steel_ in aqueous fluids based
Performance of Rare Earth Surface Treatment on o0 EDTA compounds under ftérent temperature and
Magnesium hydronnaml_c regime conditions, in order_ to understanq the
Sina S Jamali Simon E Moulton, Gordon G Wallace COrrosion kinetics of carbon steel in these fluids.

(University of Wollongong Australia), Jan Weber(Boston Elec'grochgmical measurements were conducted using
Scientific GmbH Germany), Maria Forsyth (Deakin rotating disc electrodes manufactured from&1B steel bar.

; ; : The eleatolytes under study were prepared using aqueous
University Australia) compounds of Ethylenediaminetetraacetic Acid (EDTA) like
diammonium salt, disodium salt and tetrasodium salt.
éDOtentiodynamic polarization and  electrochemical
impedance were performed in order to assess dh®sion
kinetic in the electrolytes and corrosion rates were evaluated
rpy both mass lost and electrochemical techniques.

layers has been subject of several studiesrevealing its!Ydrodynamic effects are observed only in the cathodic

potential as a passivating layer. Given the biocompatibility r:;ncz of t'he po_Ianzatllon curves. Itt v%/as Ipro_vedththat
propertiesof such surface treatments, a rare earth conversiJ?'Y rogynamic regime piaysan important role in ine
layer based on Pr(N@ has been studied in thispresent corrosion of the steel mainly in disodium and diammonium

work as surface treatment for AZ80X in simulated biological EDTA. solutions. Two cathodic reactions control the
(buffered)solution. Conversion layer was formed by corrosion process, where the oxygen level and pH of the

immersing Mg coupon in 0.05 M Pr(Njsolution. electrolyte play the most important role in the metal

Morphology and elemental composition of the ConVersioncorrosion. @rrosion rates i_n those fluids fall drastically
layerswerecharacterized by SEEIDXS. when oxygen concentration is reduced

Scanning electrochemical microscope (SECM) wasused to

investigate protective properties and degradation behaviour

of Prconversion layer on a local scale. Surface generation/ti&‘l:30pm_14:5_0pm ) i
collection (SG/TC)mode was used to study theirhgen 2. Monitoring of the Content of Imidazoline-
evolution rate and localization while ACmode was used toContaining Corrosion Inhibitor

resolve  the  resistive/capacitive  behaviour  of Zadorozhny P.A.Sukhoverkhov S.V., Markin A.N., Prokuda
conversionlayerSelthealing properties of the conversion N. A. (Russian Acadeynof Science Russia),Savin K.l.
layer inpresence of Prwas also studied using SECM. (Sakhalin Energy Investment CompaRyssia)

Results have shownthat Pr convens layer improves

corrosion resistance in the short term by producinganQualitative composition of active components of the
electrochemically inert and insulating layer. In the long termgcorrosion inhibitor CGW85567 was studied. It was found
however, conversion layer shows instability in simulated that #18:2 and #18:1 imidazolines and corresponding

biological fluid and tends todegrade locally exposing theimidazolinamides are the major components. The
magresium substrate to corrosive media HPLC/MS technique was developed for their determination

in the water solutions of monoethylene glycol (MEG). Low
value of the partition coefficient (0.04M014) of
imidazolines in the system «water solution of MEG
ol el s Room 301 (3F) (concentration of MEG 685 % v/v)- gas condensate» has
) L . o allowed to pass on from the technology of continuous
MC2: Corrosion in QOil/Gas/Pipelines 2 pumping of the inhibitor into protected pipelines to the
periodic dosing technology. N,-Nimethyldodecanamind

Rapiddissolution of magnesium alloys in biological
solutions limits its successful applicationas a biodegradabl
implant where a controlled dissolution/corrosion
ofmagnesium along with healing of tissue is required.
Treatment of magnesiumsurface with rare earth conversio

Chair: Jorge A. Calderdn o _ and N, Ndimethyttetradecanaminé were identified as
(Universidad de Antioqui&JdeA, Colombig major degradation products of the corrosion inhibitor GGW
85567.

14:00pm14:30pm

Keynote Speech

1. Corrosion in Oil Well Simulation Processes 14:50pm15:10pm

Caused by Different Chelating Agents Based on 3. The Effect of DepositedSulfur on the Corrosion
EDTA Compounds Behavior of X52 Tube Seel in Wet H2S
J. A. CalderénF. A. VasquezL. Arbeldez (Universidad de  Environment

Antioquia UdeA, Colombig) J. A. Carrefio (Instituto Wang Guan Hongying Yu, Hao Niu, Dingbai Sun
Nacional De Tecnologia, Brazil) (University of science and technology Beijir@hina)

Chelating solutions are used in cleaningnfations and well ~ As the dependence on the fossil energy of human society,
stimulation, particularly in the formations that can be the shallow gas source was nearly exhausted, and the deeper
damaged by strong acids during oil production. With the airr gas fields which contain rich sulfelement had to be carried

of to design effective corrosion inhibitors and other out. On this condition, when the source was carried up to the
alternatives to corrosion control it is necessary to understanground, there will be much sulfur separated out because the
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drop of temperature and pressure, and these sulfur wil Monday, November3, 2014
deposit onto tubes and cause huge damage. Ipdpier, it Room 302 (3F)

mainly_ focused on the r(_aaction _mechanisr_n of squerDz: Corrosion in Stainless Steels 2

corrosion. Based on static soaking experiments with

saturated H2S solution, the corrosion behavior of X52 sulfur

resistance steel in the wet H2S environment with different

conditions of deposite sulfur was investigated. The weight

lost results indicated the deposition sulfur will take part into 14:00pm14:30pm

the corrosion as well as the H2S. The UV and regular pH<eynote Speech _ N _

test results suggest the first mainly reaction of the sulfurl. Effects of Annealing Conditiosn on theCorrosion

corrosion is the disproportionateagion, which could raise Resistance of Ferritic Sainless Seels in Salt

the pH of the solution and generates SO#hd with the Environments

corrosion product diffused into the sulfur layer, the mixed Yeong Ho Kim(POSCO, Korea)

layer will block the ions and hydrogen atoms transport,

which makes the corrosion mechanism changed. A group cHighly glossy stainless steels have been used for the exterior

self-made micrepH sensors were used to show the different materials of architecture, home appliances and automobiles

pH values at the different height of the sulfur layer. The because of good appearance, kinge durability, and easy

results suggest the bottom layer near to the substrate wifabrication. For the good exterior brightness and corrosion

very acid while the up layer near to the H2S was alkali. Thisresistance of stainless steels, differenct grades of ferritic

result suggests #ne is another key corrosion reaction with stainless steels have been developed and bright annealing

sulfur element, steel and hydrogen atoms, which controls thprocess has been improved. For the application to the

corrosion process later. By all the experiments above, the automotive exterior molding, the requirement of the

all proved that the deposition sulfur corrosion will cause corrosion resistance of stéss steels was getting more

much more serious damage to tlube steel, compared to strict and it needed to develop the highly corrosiesistant

the regular wet H2S corrosion. steels containg medium chromium level. Recently, specific
grades of ferritic stainless steels with the chromium content
of 19 to 21 wt.% were applicable in thislfle

Chair: Yeong Ho Kim(POSCO, Korea)

15:10pm15:30pm Ferritic stainless steels of 19 wt.% Cr were eallied with

4. Hybrid-biocomposite Material for Corrosion fine finalroll mesh and then annealed in laboratory
Preventionin Pipeline: A Review annealing furnace of different kinds of the reducing gases.
M.J. Suriani W.B. Wan Nik (Universiti Malaysia Their corrosion resistance in laboratory corrosion
Terengganu, MALAYSIA environment were highly gendent on the annealing

environment. When annealed in the pure hydrogen
One of the most challenging issu@s the oil and gas e€nvironment, the passive film on stainless steel was
industry is corrosion assessment and management in subscomposed of the mixture of silica and chromia, and its
structures or equipment. At present, almost all pipelines ar.corrosion resistance was excellent after the combined cyclic
made by steel which is sensitive to corrosion at harstcorrosion testThis corrosion test included the salt spray, dry
working environments, particularly in the presence of saltyPeriod and humidified period. But, annealed in the mixture
water and sulphur ingress media. Nowadays, the mos9dases of nitrogen and hydrogen, the passive film consisted of
practice solution for a damaged steel pipe is to remove th the mixture of chromia and iron oxide with the penetration
pipe entirely or just a localized damaged section and the Of nitrogen which decreas the corrosion resistance. The
replaces it by a new one or cover with a steel patch througsilica in the passive film improved the corrosion resistance
welding, respectively. Weing or fixing the steel patch is a ©0f 19 Cr ferritic stainless steel and can be formed during the
bulky process especially if the location is underground orannealing in the controlled reducing gas environment.
underwater. Numerous literatures have shown that -fiber
reinforced polymebased composites can be effectively
used for steel pipe repairs. Then, a consideraddearch  14:30pm14:50pm
also has been carried out on the repair of corroded an@. Temperature Effect on CondensateCorrosion of
gouged pipes incorporating with hybrid natural fiber Type 409 Sainless Seel in Automotive Muffler
reinforced composite wraps. Currently, with advancementsEnvironments
in knowledge and updated instruments and techniquesf.C. Li, Z.H. Xu, C.P. Wang, R.Y. Ma (Shanghai
available, further research the field may be focused on the University China)
enhanced use of the lesser and highly explored hybrid
biocomposite material for the development of corrosionThe condensate corrosion of 409 stainless steel in
prevention. A hybriebiocomposite material from renewable automotive mufflers was investigated under different
resource based derivatives is eeffective, abundantl  temperature conditions by using the cyclic test of thermal
available, biodegradable, environmentally ~ benign oxidation and condensates immersion and electrochemical
alternatives for corrosion prevention. The aim of this article measurement techniques. Electrochemical impedance
provides a comprehensive review and fulfill the gap by spectroscopy (EIS) results indicate that the temperatures of
develop a new  hybriliocomposite  with a both oxidation and immersion gresses play important role
superhydrophobic surfaces. in condensate corrosion of specimens after 5 times of cyclic
tests. The oxidized specimens have higher corrosion
resistance in the condensate solutions in the 260%@ation
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case than in the 400%Xxidation case. As for 250°C of B316LX, 316L and 317L increased sharply with the
oxidized specimens, the corrosion resistance decreased,SQ, concentration, and the corrosion resistance of
noticeably with increasing the temperature of condensatB316LX with the addition of Sn in boiling 430, increased
solutions from 20 to 80°C. Nevertheless, the corrosionremarkably. Addition of Sn to B316LXafored the pitting
resistance of 400°@xidized specimens decreases slightly corrosion and a significant reduction of corrosion rate;
from 20 to 40°C and then increaso a certain degree from however 316L was a serious general corrosion, with the
40 to 80°C in the condensate solution. These can becorrosion rate an order of magnitude higher than that of
attributed mainly to the change of the thin oxide/corrosionB316LX. In NaCl solutions, B316LX showed a higher CPT
products films on specimen surfaces and the chromiumand higher pting broken potentiak, than 316L. Besides, a
depletion at the surfaces under different temperaturerace of addition of Sn into B316LX promoted the pitting
conditions heals process. The pitting resistance of B316LX was
increased because Sn oxides improved the density and
uniform of the passive film to protect the strhte from
14:50pm15:10pm corrosion susceptibility, and the passive film with $i@d
3. Electrochemical Behaviour of AISI 304L a better repair property in pitting holes.
Implanted with Ruthenium
F. Moyo JW. van der Merwe(University of the
Witwatersrand, South Afriga Monday, November 3, 2014
Room 303 (3F)
This paper presents results of the synergistic benefits o\iE2: Corrosion in Light Metals 2
cathodic modification and surfaedloying in improving the
co_rr(_)sfion re_si_stance_of austeni_tic 3_04L stainlgss steel in _”OnChair:Andrej Atrens
oxidising acidic media. Ruthenium ions were introduced into
the steel by ion implantation technique. The influence of
pre-iimplantation surface preparation, implantatifluence ) )
and energy on the corrosion resistance of the modified aIon:%M"OOpmM'30pm
in 1 M sulphuric acid was considered. Characterisation of<€Ynote Speech ,
the implanted alloys was done usingray diffracion 1 Review of Recent Research on Magnesium
(XRD), scanning electron  microscope  (SEM), Corrosion
potentiodynamic polarisatiorand potentiatime response A. Atrens Z. Shi, F. CadThe University of Queensland
curves. It was revealed that the corrosion resistance ofiustralia)
ruthenium implanted 304L stainless steel was mainly
influenced by surface preparation and fluence. The result§kecent research is reviewed dealing with the measurement
demonstrated that implanting ruthenium on rough surfaces®f Mg corrosion. Measurement methods includiee
a low energy and high fluence significantly shifted the traditional weight loss method and hydrogen evolution, as
corrosion potential to more noble values and increased th&vell as electrochemical methods such as (i) Tafel
passivation efficiency (PE) of the alloy by more than 95%. €xtrapolation of polarization curves (Tafel extrapolation,
The evidence presented here indicates that this approach cddF). (ii) Electrochemical Impedance Spectroscopy (EIS) and
be successfully impteented to improve the corrosion (iii) linear polarization(LP). In recent studies, EIS were
resistance of 304L stainless steel in sulphuric acid and willmeasured at daily intervals, and in one series, there were
be used to draw up the framework for further research OrfnatChing measurements of pOlarization curves. The EIS data
this subject were evaluated by fitting to two different equivalent circuits,
and by a simple fitting that in each eaallowed evaluation
of the corrosion rate. These values were compared with
15:10pm15:30pm corrosion rates evaluated from TE, LP and hydrogen
4. Characteristics of Snaddition Austenitic evolution measurements, which were also validated with
Stainless Seel in Sulfuric Acid Chloride-containing ~ Weight loss measurements. These measurements provide
Solution insights into the fitess of the measurement tec_hnlques.
Min Sun Yiming Jiang, Jin L{Fudan UniversityChina) Furthermore, these measurements fallow evaluation of the
E— ' apparent valence by which Mg dissolved, and thereby

Snraddition stainless steels have attracted more and morgrowde critical insight into the Mg corrosion mechanism

attentions in recent years, because they are added into a trace

o_f tin as an alloy lelement in replacg oﬁm)phromlum anq 14:30pm14:50pm
nickel, and remain a better corrosion resistance but with 32 Eff f . lline Ph he C .

lower price. This work has studied the corrosion behavior of<: e_ct of Quasicystalline ase o the -0rrosion
Snaddition austenitic stainless steel B316LX in acid Behaviour of a Duplex Mg-Li Alloy in NaCl
chloridecontaining solutions. The corrosion resistances ofSolution

the geels were determined by critical pitting temperature Daokui Xu Enhou Han (Institute of Metal Research,
(CPT) test, potentidynamic  polarization  tests, Chinese Academy of Scienceshina)

electrochemical impedance spectroscopy (EIS)

measurements, surface analysis techniques ofayX The corrosion behaviours of the duplex 18%Li alloys
photoelectron spectroscopy (XPS), and scanning electro containing with and without-phase (MgZnsY, icosahedral
microscopy (SEM). The results showed that corrosion rate:quasicrystal structure) have been investigated and compared.
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Electrochemical and weight loss results indicate that thesystematically evaluated avipotentiodynamic polarization
corrosion resistance of the MgJ6Li alloy can be improved and immersion tests. Average corrosion rate decreased by
due to the irsitu formation of {phase. After immersion in addition of Ca and Y, which was well consistent with the
0.1M NagQ solution for 5 days, the corrosion attack to the change of hydrogen evolution rate according to the
surfaces of the alloy withoutghase is very inhomogeneous composition of alloys. Microstructural changes due to
and obviously severe pits and filiform corrosion can occuraddition of Ca and Y were responsible to the change of
on the surfaces. However, the corrosion attack to-fiteabe  corrosion properties. Second phases formed along grain
containing alloy is qué homogeneous and no severe pits boundaries were finer and distributed more continuously in
and filiform corrosion can be formed after the immersion the alloys containing Ca and Y, which resulted in the higher
test. Moreover, the observation to the cross section of theorrosion resistance because gmmtinuous network of the
immersed samples reveals that the interfaces between bkecond phases would act as a barrier to corrosion.

phase and thea-Mg matrix can act as effective birs to

prevent the further corrosion attack. Based on the analyses to

the microstructure and the corrosion morphologies, a mode Monday, November 3, 2014

has been proposed to explain the effect phése/aMg Room 401 (4F)
matrix eutectic pockets on the corrosion resistance of thEMFZ: Corrosion in Concrete 2

duplex MgLi alloy.

Chair:Jin A Jeong (Korea Maritime University, Korea)

14:50pm15:10pm

3. Electrochemical Behaviors of Single Phase MgX ~ 14:00pm14:30pm

- : : Keynote Speech
g)i<e ?ann Agrglrl]%ygé?]gl\l{?ﬁ S;Llﬂ]téogun Yoniversity of 1. Evaluation of Seel Corrosion of GGBS Concrete

Science and Technologiorea) by Half-Cell Potential Method for Marine
Environment
Electrochemical behaviors of single phase-#&n (x=2, B.K. Lee GY. Kim, R.H. Kim (Chungnam National
5wt.%) and MgxAl (x=4, 6, 8wt.%) alloys were University,Korea),B.S.Cho(RIST, Korea)
investigated by electrochemical and immersion tests in NaCl _ _
solution. The cathodic current density) @iecreased with the ~Concrete structures exposed to marine environment are at
increase of Sn content, whilgiricreased with the increase of sk for corrosion bysalt damage, and durability of concrete
Al content. The anodic crent density @ decreased with is different from conditions of p05|t|0n which are SpIaSh
the increase of Sn content. With the increase of Al content, izone, intertidal zone and subtidal zone. When making
decreased before passive film was broken and increasegPncrete structure with ground granulated bfastace slag
after the film was broken. Filiform and pitting dominated the (GGBS) as admixture in marine environmer#it slamage
corrosion process of M§n and MgAl alloys respectively. ~ can be prevented because pore structure becomes dense and
The stability of passive film increased with iherease of ~ body of hardening fix salt penetrated into the concrete.
Sn content and decreased with itherease of Al content, Therefore, this paper presents experimental results of steel
which was proved by the measurement of film brokencorrosion resistance of GGBS concrete considering marine
potential and the macroscopic-situ observation. ay environmenthrough halfcell potential method which is one
photoe|ectr0 Spectroscopy (XPS) showed the existence ofOf the nondestructive teSt EXperlment V-arlables are W/B
SnG in the passive film on M@n a”oys and AD;in the (060, 0.53, and 045) with replacen_]ent ratio of GGBS (0, 40,
passive film on MegAl alloys, which influenced the 70 and 100%). Also, marine environment condition was
corrosion behavior in certain degree. The lower hydrogendivided into splash zone, intertidabne and subtidal zone,
evolution rate and higher protectiveness afsgive film and halfcell potential of specimens was evaluated based on
contributed to higher corrosion resistance of the alloyASTM C 876. Whether specimens are corroded was checked
containing higher Sn content. The higher hydrogen evolutionfrom the experimental test results, and comparison analysis
rate and lower stability of passive film resulted in lower Was conducted by destroying specimens with resultslbf ha
corrosion resistance of the alloy containing higher Al cell potential experiment. As a result of hedll potential
content. Compad with MgSn alloys, the MeAl alloys experiment, it was assumed that every specimen exposed to
have much higher corrosion rates. It seems that hydrogefarine environment was not corroded, and as a result of

evolution rate plays a key role to determine the corrosiondestroying specimens, it was confirmed that there was no
rate of Mg alloys. corrosion in specinres. Henceforward, evaluation on steel

corrosion resistance according to replacement ratio of GGBS
and exposure time of actual marine environment need to be
15:10pm15:30pm cond_ucted by additionally .measuri.ng hedfll potential of
4. Corrosion Behaviors of AZx1 Magnesium Alloys ~ SPecimen exposed to marine environmentsplash zone,
Containing Caand Y intertidal zone and subtidal zane
C.D. Yim, B.S. You (Korea Institute of Materials Science,
Korea), S.K. Woo (University of Science and Technology,
Korea)

The effects of combined addition of Ca and Y on the
corrosion behavior of AZx1 magnesium alloys were
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Monday, November 3, 2014
14:30pm14:50pm Room 402A (4F)
2. Influence of Carbon Fiber on Corrosion Behavior  \G2: Corrosion Monitoring and Modeling 2
of Carbon Steel in Simulated Concrete Pore
Solutions , Chair: JingLi Luo (University of Alberta Canada)
Yuming Tang Yuchao Dun,Guodong Zhang, Xuhui Zhao,
Yu Zuo (Beijing University of Clemical TechnologyChina) 14:00pm14:30pm

Keynote Speech

Galvanic current  measurement, polarization Curves,, “patection of SCC by Electrochemical Noise ral
electrochemical impedance spectroscopy and weight |OS{)

test were used to study the corrosion behavior of carbo ”'ﬂ“? SZD |\Y/|ICrI;OSCBOF;]e iadinaeLi L Uni ity of
steel before and after carbon fibers coupling in simulated aHal Xia, Yashar Behnamiading-Li Luo (University o

concree pore solutions, and the film composition on the AlPerta Canada)Stan Klimas(Atomic Energy of Canada

steel surface was analyzed using XPS method. The resultsid: Canada)
indicated that the passive film on the steel surface ha
excellent protective property in the pore solutions with
different pH values (13.3, 12.5 arid.6). After coupling

dl’he stresgorrosion cracking (SCC) of Alloy 600 and Alloy
800 in 0.5 mol/L thiosulfate solution durir@pnstantstrain
pas investigated using electrochemical noise (EN) combined
with 3-D microscope techniques. The-situ morphology
observation and EN results indicate that the SCC process
could be divided into three stages: passive film stabilization

and the corrosion rate of steel increased. The decreasing d gowth, qrack initiation, and .c.:racl.< 9“"“."“- POV.Ver
the area ration of steel to carbon fiber from 12.3 to 6.15>Pectral Density (PSD) and probability distribution obtained

resulted in the decrease iR, Rnd the increase in corrosion I”_; 0 T EN weDr e use df'l a ts b'I't th € 3 fi
rate. Especially in the pore solution with pH 11.6, the ITerent processes. uring passive Tiim stabilization an

cowling lead carbon steel to corrosion easily growth, the current hoise sign s rese mbled fw
when the crack initiated, many transient peaks could be seen

in the current noise, and the wavelet energy at low frequency
14:50pm15:10pm and the_ noise re_sistance _ also decreas_,ed. After crack
propagation, the noise amplitudes, the white noelow
and high frequencied\{ andW) in the PSDs increased. At
last, detection of metal structure corrosion in simulated sea
splash zone and pipeline corrosion in atmosphere is shown.

fiber was 12.31), the charge transfer resistangeoRthe
steel surface decreased and th&/Fe** value in the passive
film declined. As the result, the stability ofetfilm reduced

3. Resistance to Corrosion of Reinforcement of
High Volume Fly Ash Concrete

S.0. Kwon S.H. Bae, H.J. LeAndong National University,
Koreg, K.M. Lee (Sungkyunkwan University, Kor¢aS.H.
Jung (Korea Confirmity Laboratoriedorea)

14: 14:
Due to the increasing of interest about the -figmdly 2 Sg?frgct Sglf)mLateraI Diffusion on Hydrogen

concrete, it is increased to use concretes containing byP i tinThick Steel 4
products of industry such as fly ash(FA), ground granulated ermeatonmeasurementinThick Seel Jecimens

blast furnace slag(GGBFS), silica furB&), and etc. A. Traidig A'.M' El-Sherik, H. Attay A. Enezi (Saudi
Especially, these are well known for improving the Aramco, Saudi Arabja

resistance to reinforcement corrosiorin concrete and
chloride ion penetration. The purpose of this experimentalA
research is to evaluate the resistance against corrosion
reinforcement ofhigh volume fly ash(HVFA) concrete
which is replaced with high volume fly ash for cement

finite element analysis is proposed to study the effect of
ecimen dimensions on lateral diffusion of hydrogen during
ydrogen permeatio flux measurements. The error of

measurement on thick specimens due to a 1D diffusion

volume. For this purpose, the concrete test specimens we proximation can be as mu_ch as 70%. A critical condition
made for various strength level and replacement ratio of FA Of accurate measurements is to set thearea of the hydrogen

and then the compressive strength and diffusioefficient monitoring/exit surface smaller than the area of th

for chloride ion of them were measured for 28, 91, and 182hydrpgen c_harging/entry surtace area. In_ addition, for thi_n to
days, respectively. Also, corrosion monitoring by half cell medium thickness specimens (ratio of thickness to specimen

potential method was carried out for the made Iollypopradius of 5:10 and below), the charging surface should be

concrete test specimens to detect the time of corrosioﬁn"’lximized "?md the monitoring_surface.minimized. In case of
initiation for reinforcement in concrete. As a result, it was relatively thik specimens (ratio of thickness to specimen

observed from the test results that the compressive strenglrr[?‘d'us above .Of 5:10), theu;e of.a hydrogéfusion barrier
of HVFA concrete was decreased with increasing©" e specimen boundaries is recommended. It would
replacement ratio of FA but lorgrm resistanceagainst completely eliminate lateral losses of hydrogen, but cannot

reinforcement corrosion and chloride ipanetration of that eliminate the deviation towards 2D ft_dnsmon near the side
wereincreased edges. In such a case, thecharging surface should be

maximized and the monitoring surface should be as closerin
dimension as the charging surface.A regression analysis was
carried out and an analytical relationship between the

maximummeasurement error and the specimen dimensions
is proposed
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for the external validation. The methodology of "leave one
14:50pm15:10pm out" crossvalidation was performed leadinp a CVg?
3. Satistical M odel for Predicting Corrosion Trends  greater than 0.90. The percentage of the RoairMgquare
by Naphthenic Acid and Sulfur Compounds in Error, %RMSE, for prediction and validation were 8.3 and

Refining Units 6.3, respectively. %RMSE valuéswer than 10% indicated
Carlos Meja Miranda Dionisio Laverde (Universidad & Very good quality for prediction of corrosion tendency due
Industrial de Samnder Colombig to crude oils and blends. This research evidences the

potential applkation of Nuclear Magnetic Resonance

The depletion in the conventional light sweet crude reservesPectroscopy for the development of tools applicable to
has forced the refining industry to increase the input oféStimate corrosion trends

crudes with higher content in sulfur compounds and

naphthenic acids to the distillation units. These contaminants

cau® corrosion problems mainly in transfer lines between. Monday, November 3, 2014

the heating furnaces and the atmospheric and vacuum Room 402B (4F)
distillation units. The heterogeneity between the molecularMH2: Atmospheric Corrosion 2

structures and the concentration of corrosive species present

in th_e grudes difficult. thelevelopment of accurate c_or.rosion Chair: Young Sik Kim

predlcpon tools.In this wo_rk, two models for pred!ct|_ng the (Andong National University, Korea)

corrosion rate were obtained and compared statistically. In
the Model 1, the corrosion rate was correlated with the TAN14'00pm14'20pm
and %SUL of crude. In model 2, the infaation from crude : ' . .

basic characterization such as the distribution of naphthenic}' Stud_y on Atmospherlc Corrosion and Accelgrated
acids and sulfur compounds in the distillation cuts was used=0rrosion  Evaluation Method ~of ~Aluminum

to determine differentiating factors and then to establishAlloy/Organic Coating

Corrosivity trends. To obtaining the mode|sltweety/en Zhihua SUn(Bel]lng Institute of Aeronautical Materials
tests were performed to evaluate the corrosion on carbofhina)

steel, using crude oil and blends at 350 °C for 12 hours of

reaction. Randomly, twentyvo tests were used to build the In this paper, the atmospheric corrosion and accelerated
statistical models. The information of the remaining five corrosion evaluation method of 7B04 aluminum alloy
tests was used for éhrespective external validations. All /organic coatings are studied, and two 7B04 aluminum alloy
statistical parameters indicated that using the Model 2 :/organic coatings ares the followings (a) 7B04 aluminum
good quality prediction in corrosion rate is obtained, becaus@lloy + sulphate anodizing film +primer,(b)7B04 aluminum
is sensitive to variations in the distribution of acids andalloy + sulphate anodizing film +prime+ topcoating, and
sulfur compounds in crude oils, evéhtwo crude oils  the primer is Zinc yellow polypropylene, the topcoating is

contain the same concentration of these corrosive species. Fluorine polyurethane. The outdoor exposure test is carried
out at tropic marine Wanning station, and the indoor

accelerated test including is carried out. After different
15:10pm15:30pm exposire time and different test cycles, the electrochemical

4. Prediction of Corrosivity of Colombian Crude impedance spectroscof¥IS) are carried out.The results

Qils in Refining Units by 1-NMR Spectroscopy show that the impedance at 0.01Hz}4l,) is confirmed
and Chemometric M ethods as the aging evaluation parameter. Whengglds smaller

Carlos Meja Miranda Dionisio Laverde Daniel Molina than 16 q A (’2 Melso as|Zpowy, is at the same rank with

(Universidad Industrial de Santang€plombig that of |z}, it is |nd|cqted_that_the metal ynder the paint is
corroded and the paint is failure. The indoor accelerated

Naphthenic acids and sulfur compounds in crude oilCOTTosion test methods include three steps as UV

feedstocks entering to refinery distillation units can cause2ding cyclic immersion temperature shock. Relatiship
severe corrosion problems. This is an important issue theOf outdoor exposure and indoor accelerated corrosion test is

directly impacts the réfing margin, mainly because of the achieved and 3.5 months indoor accelerated corrosion test is

associated costs to corrosion control. The heterogeneity ¢edqual to outdoor exposure 36 months, and the accelerated
the molecular structures and the concentration of corrosiv/fatio is about10.3.

species present in the crudes difficult the development of

accurate corrosion prediction tools. Téfare, it is required

to develop fast and reliable methods to assess corrosioh4:20pm14:40pm

trends due those kinds of compounds. In this work, integral. Micro-indentation Techniques and Surface
areas of resonance signals present in 12 chemical shiferactal Analysis

regions of théH-NMR spectra of crude oils and blends was O.V. Startsev, LM. Medvedey S.V. Panin (Akimov
correlated to the corrosion of carbon steel using Partial Leas6elendzhik Climatic Testing CentdRussia)

Square, PLS. Fortfour corrosion tests with crude oils and

blends were performed in autoclave at 350°C for 12 hours ofThe corrosion of B-1461 aerospace aluminium alloy
exposure over rectangular coupons of carbon steel. Thexposed to Russian Black Sea Coast maritime atmosphere
surface treatmentfdhe coupons was performed according was investigated. The expssuwas performed at Akimov

to the ASTM G1 standard. Randomly, forty samples were Gelendzhik  Climatic Testing Center: a branch of the
used for the model calibration and the other four were usedhlllRussian Scientific Research Institute of Aviation
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Materials. Corrosivity of the atmosphere in the area ofwork, oxidation ceramic coatingsere prepared by MAO
testing is classified as C3 according to ISO 9223. The(micro-arc oxidation) technology in phosphate electrolyte on
corrosionof the samples was investigated by digital image Ti6AI4V titanium alloy. The voltage, electrolyte
analysis and indentation hardness measurements. Corrod concentration and duration time were chosen as the coating
area, corrosion depth and fractal dimension were evaluatetprocessing parameters and three levels for each parameter
Image analysis data was compared with mass loss arwere de¢rmined. The optimized processing parameters were
micro-mechanical properties of the rkace. ASTM E2546  conducted through an orthogonal experiment (L9 (3)3). The
indentation testing was used to determine microimechanicamorphology of surface and interface, the phase composition
properties of samples by loaddisplacement diagramswere studied by OM, SEM, XRD respectively. The thermal
Distributions of indentation hardness were fitted usingshock resistances of the coatinggere investigated by
Generalized Lambda Distributions and the parameters of thheating and quenching in the water. The thermal cycling
distribution were estimated to provide additional information oxidation experiment at 650 was carried out to evaluate
about surface hardness. Application of an automated digitéthe oxidation resistance property. The results showed that
image analysis and indentation hardness measurements Mthe optimization oxidation resistance at 65@vas obtained

be used to provide a quantitative description of corrosioryhen voltage, electrolyte concentration and duration time

damage. Fractal dimension tiesation and indentation \yvere 480V, 25min, 0.04 mol/L in phosphate elegti@l
hardness measurements may also be useful tools fCrespectively.

atmospheric corrosion studies.

' . 16:30pm16:50pm
14:40pm15:00pm _ 2. Physical Properties of PolyvinylenenFluoride
3. Correlation betweenCarbon Seel Corrosion and  coating by Baking Temperature as Color Paint
Atmospheric Factorsin Taiwan Coated Steel

C.M. Lo, L.H.Tsai (National Chung Hsing University, Min-yeong JeongHyundaistee| Korea)
Taiwan), M.D. Lin (Ministry of TransportationChina)

hi | f | h There are many kinds of coating materials and methods for
In this study, samples of carbon steel exposeaitwsphere i qtrial use Among of these, coil coating process using

in Taiwan were analyzed to investigate the impacts Ofgnyjicator roll is the most effective one for mass production.
atmospheridactors on carbon steel corrosion. Carbon steelqy, speed of manufacture is over 120 meter per minute and
samples were collectedofn 87 experimental stations during o coated surface have uniform quality than spray, dipping,

2009 ~2012. Statistica_l analysis were employed to asting coating method, andce Many types of coating
investigate the correlations between the carbon steefaierials are using for roll coating, and most of these are

corrosion situations and atmospheric factors such as  groanic or organic/inorganic hybrid materials. In the case of
concentrations of sulfur dioxide or chloridemné of wetness these organic or hybrid coating materials, it composed of
rainfall, etc. The results indicate that for samples fromvarious row materials. Typically, resins or paifits coil-

industrial areas, the sulfur dioxide concentration and Wettingcoating are composed of various organic polymer binders,
time during fall and winter are significantly correlated to the ,y4itives and pigments. These coating materials are
carbon steel corrosion situation. However, for samples from.|5ssified as the type of polymer. There are many kinds of

coastal zong, the significant correlated factors are chloride polymer binders, but polyest&PE), siliconpolyesterSiPE),
concentration and wetting time during winter. The results of olyurethane (PU), polyvinylidene fluoride (PVDF) are

this study are useful for the development of carbon steel,ainly ysed with additives and pigments because of their

corrosionprediction models. proper cost and characteristics. Among these, PVDF coating
have best weatherability so it ususally warranted over 20
years. For this reason, PVDF coated steehore expensive

Monday, November 3, 2014 than others, so we should pay a lot of expense for damage if
Samda Hall A (3F)  that caused problem. Sometimes PVDF coating disbondment
MAZ3: Coatings 3 phenomenons have ocurred in using fields, but immediate
causes have not studied yet. So we have tried various

Chair: Jin Zhang experimentgo know the factors of coating disbondment and

(University of Science and Technology Beijir@hina) crack of PVDF. For this study, we have researched effects on
disbondment and crack by thermal treatment. To confirm the

16:00pm16:30pm change of coating properties, some kind of equipment were
i ' used for analysis such as seang electron microscope

(SEM), fourier transform infrared spectroscqy-IR), and

etc.

Keynote Speech

1. Optimized Micro-arc Oxidation Processing
Parameters for Ti6AlI4V to Combat Oxidation in
PhosphateElectrolyte

Hong Li, Jin Zhang(University d Science and Technology
Beijing, China)

The oxidation of titanium alloy has constrained its wider use
at elevated temperature. Thus the -axidation coating
preparation on titanium alloys attracts the interest. In this
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possible to achieve the same cathodic protection with a

16:50pm17:10pm lower content of zinc dust ?

3. Self-healing Anticorrosion Coatings for Gas The purpose of this paper is to describe the protecting
Pipelinesand Storage Tanks mechanisms of a new generatiohzinc rich primers with
G.E.LuckachanV.Mittal (The Petroleum Institute, UAE enhanced protection and mechanical properties and to set up

the design criteria for a well working system. Results from
In the present tsdy chitosan based Sé‘léa”ng different corrosion tests (ISO 12984,-4NORSOK MSO:E,

anticorrosion coatings were prepared by layer by layer (Ibl)Rev.6) and mechanical experiments are presented.
addition of chitosan (Ch) and poly vinylbutyral (PVB) on

mild carbon steel substrate. Chitosan coatings exhibited

enhanced coating stability and corrosion resisa in Monday, November 3, 2014

aggressive environments by the application of a PVB top Samda Hall B (3F)
layer. Chitosan layer in the Ibl coatings have been modified\IB3: Surface Protection and Analytical Techniques
by using glutaraldehyde (Glu) and silica (9O

Performance of different coatings was tested USingChair:Du—Hwan Jo (POSCO, Korea)

electrochemical impedance spesitopy and immersion test. '
The best anticorrosion performance was observed in case <1f

. ) : ; . . 6:00pMm16:20pm
10%Ch_SiQ PVB coatings, which withstand immersion . . . .
test over 25days in 0.5M salt solution without visible 1. Researchon Electrochemical Migration Behavior

corrosion. 10%Ch _Sigroatings without the PVB top layer Of PCB-CU/ENIG under Dynamic Thin Liquid Film

d i dlasé more than 3days. Application of PVB top layer K. Ding, X. Li, S. Zou, C. Dong, P. Yi, KXiao (University
sealed the defects in the chitosan prelayer and improved it8f Science and Technology Beijinghina)

hydrophobic nature as well. Raman spectra and SEM of steel ) . . .

surfaces after corrosion study and removal of EleCtroc'hem|ca| mlg_ratlo_n (ECM) behaviour and
PVB_Ch/Glu_PVB coatings showed a passiayer of iron mechanism of coppéoll_prlnted_ circuit boards (P'CE:U).
oxide, attributing to the seliealing nature of these coatings. @nd electroless nickel immersion gold processing printed
Conducting particle like graphene reinforcement of chitosanCircuit boads (PCBENIG) under0.1 M NaSQ, thin liquid

in the Ibl coatings enhanced corrosion resistance of chitosaflms with different thickness were investigateResults
coatings showed that under an electrical bias of 12 V, the reverse

migration of ions occurred, and both copper dendrites and
sulphate precipitates were found ween two PCB plates.
17:10pm17:30pm With the increase of relative humidity (equivalent to the

4. Novel Zinc Primers with Enhanced Protection increase of solution film thickness), enrichment of different
ahd MechanicalProperties elements on the two plates separately became more obvious.

Santiago Arias CodolPinturas HempelSpain),Jose Luna SKP results indicated that the surface potential of the
cathode plate was lower than that of the anode plate,
(Hempe|] USA) : . i ; X
showing a higher corrosion tendency, while EIS analysis
reflected the existence of corrosion products had improved
its corrosion resistance to some extent. Overall, the potential
difference between twplates enlarged with the increase of
humidity and PCBENIG had a smaller potential difference

Zinc rich primers are extensively used for corrosion
protection in the marine and protective industry. During the
6 006 s/ 7 0 6epoxy (brgaaic) primerhiwere dominating

the market. Later zinc ethyl silicate (inorganic) primers took and a higher reaction resistance than REB At the end of

over this role but nowadays it looks as if zinc epoxy primers ; o . :
the paper, an electrochemical migration corrosion failure

have. made a comebac_k. Sp_me of the advantages 9f “N%odel of PCB was proposed. Compared to FEDBG, the
epoxies compared to zinc silicatee ahe less demanding

curing conditions (epoxies will cure at low humidity), they accumulation of corrosion products on the anode plate of

are easier to overcoat and they are less demanding tECBCU hindered the migration of €y limiting the

substrate preparation prior to application. The latest trendgg gra(;uro;eg:jsrti?gsce of corrosion products and the growth of
from the Owners and Fabricators is to improve the bp

constructdility and productivity on their works; this is a key
benefit where the organic outperformed the inorganic being, .. .
this translated into improve efficient, throughput and at th%&é?pgﬁl&éolgmf Evaluati Electrical
end of the day savings millions of dollars. Zinc epoxies are”* udy o erformance Evalualionon Electrica

typically formulatedwith high loads of zinc dust. According St€el Insulation Coatings

to ISO 12944 a zinc rich coating contains more than 80% 1:X-Guo, X.Q.Dong, P.Yuan Rangang Group Research
zinc by weight in the dry film. Institute Co.Ltd., China), C.S.Liu Northeastern University
The protecting mechanism of zinc rich coatings is believedChina), C.F.Liu, PanzhihuaSteel ~ VanadiumCo. Ltd.,
mainly to be based on cathodic protection provided by theChina)

zinc dust in the paint. When a coating system containing a

rich primer is exposed, rust creep and blistering arethe moggased on user 0s pr oceumlusagend c
important failure mechanism to be considered. of the products, a series of parallel experiments have been
The increasing demands to the performance of zinc rickdone to explore the suitable test method to evaluate the
primers (low rust creep) has addrassven more focus on index of corrosion resistance, the high temperature
maximizing the utilization of the zinc dust in the paint. Is it resistance and the adhesion of environnfeendly
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insulation coatings of dd rolled non oriented electrical steel penetration of chloride ion determined the protection
sheet. The results shows that, the Neutral Salt Spray (NSS mechanism of the oil. That is, at the initial, the corrosion
according to the chinese national standard GB/T10125 is thresistance was enhanced with the increase of oil content. as
advisable test method to evaluate the corrosion resistance long as the claride ion arrived at the interface of the oil film
environmentafriendly coatings © cold-rolled electrical and the sheet, the oil distribution turned to be the
steel sheet and the suitable evaluation index is that thpredominant factor to the protection of the sheet. The
corrosion area is less than 5% after NSST/6h and thicorrosion mechanism of the steel sheet was dependent on
corrosion area is less than 20% after NSST/12h; the¢thestacking style of the sample. The @®ion product for
appropriate test method of high temperature resistance of ttthe sample open to the air was rust red with the composition
coatirgs is determined as follows :the stacked samples arof F&Os;; while the black product with the main composition
placed in the heating furnace, after the furnace is vacuumeof FeO, was found on the edge of the laminated sheets,
and filled with nitrogen gas, the furnace temperature is risetwhich was resulted from the oxygen concentration cell.

to 75N with a heating rate of about 480h and held for 2

hours, then the samples are furnace cooled toNi5and

discharged, followed by cooling to room temperature in the, Monday, November 3, 2014

air. The coating is qualified to be of good high temperature Room 301 (3F)
resistance if it has no kter, crack, spall and powder after \MC3: Corrosion in Oil/Gas/Pipelines 3

the test; the proper evaluation method of coating adhesion

consists of the following three steps: firstly, coating cracking . ; ; ;
after OT deformation is observed; secondly, the 3M adhesiveChalr'Ygjln Yang(Changzhou UniversinChina)
tape is used to stick on the bendohgformation and then is ) )

tore off to observe the spalling of the coating; finally, the 16.00pm16.20pm_ . .
sample is immersed in the 5%CugSsdlution, and is taken 1. Electrochem'lcal Me(_:hanlsm on Alternatl_ng
out after 5 seconds to observe whether the deformation arégurrent Corrosion of Pipeline Seel in Alkaline
is discolored (if the coating is peeled off, thearobf the Environment

deformation area will change due to the replacement of Curan Yang Chuang Wen, Shuli Wan@hangzhou University
by Fe). The coating adhesion is qualified to be good if theChina)

deformed area has no obvious changes during the above
three step evaluation The dternating current (AC) corrosion is a significant

problem to the metal structures in close proximity to the
alternating current carrying conductors with the rapid
increases of the buried pipelinedectrified railway lines
and high voltage transmission lines in recent years. But it is
a hard work to describe the behavior and mechanism of AC
corrosion, because alternating current can change its
directions periodically with a high frequency. The ation

of the topsoil pH value in the X70 steel surface was studied
under the AC corrosion process. The cyclic voltammetry
technique was employed to investigate the AC action
mechanism on the X70 pipeline steel in a soil environment.

16:40pm17:00pm

3. Study on the Corrosion Resistarce of Rust-

preventative QOil under Shipment and Sorage

Condition

Lin Lu, Minzhen Ding, Xiaogang L{University of Science
and Technology Beijing China), Baiyou Fang(Baosteel

NSC/Arcelor Automotive Steel Sheets Co., L@thina)

In recent decades, autoriva industry has been developed

increasingly, especially in the field of car manufacturing.

Correspondingly the demand of cold rolling steel sheet
the

(RDSS) has swollen remarkably. Generally speaking,
duration for shipment and storage for RDSS is aboat@mn

two years before the sheet is manufactured into a car. |
rusting before the

order to prevent the sheet from
manufacture, a layer of rupteventative oil has to be coated

The results show thahé alternating current has a great
effect on the surface soil PH value. The corrosion
mechanism of a metal suffered AC interference in an
alkaline environment is that the AC changes the polarization

r15)otential and reduces the pH value of the surface sbd. T

coupling potential of the mixed alternating and direct
currents presents a periodic oscillation in the electrode

aurface, which destroys the passivation of the X70 steel. The
electrode surface is covered with a large amount of Fe (OH)
gds, when the patdial is in the range of the active
gissolution potential of the X70 steel. In this condition, the

ydroxides and oxides will form preferentially. In a different
charge transfer process, the hydroxide, as the inhibitor of the
passivation film, has an imp@ant impact on the metal
corrosion. The increase of the corrosion rates is under the
control of the transfer process

on the sheet. In this paper, the environment of shipment an
storage had beeimsulated through salt spray test and damp
heat experiment respectively, the packaging status of th
sheets was imitated by laminated sheet test as well. Th
corrosion resistance and its changing principle of the oil
were thus investigated under the diff#greenvironment
condition and oil contents, with the application of
electrochemical approaches, SEM and XRD.

It was found that chloride ion had more severe attacking
effect on the oil film than that of the hygrothermal condition.
As a result, the sheetstiithe oil content of 0.4, 0.9 and 1.2
g/m’ were corroded too severely to meet the demand of
subsequent processing after four hour salt spraying.
However, the sheets showed satisfied corrosion resistance
after three week dardpeat experiment with the tenmag¢ure

of 49°C and 95%HR. In addition, it was disclosed that the
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the pit number or pit area and AC current density follows the
16:20pm16:40pm power functiony=ai’.
2. Effect of Alloying Elements on Corrosion
Property of High Mn Steels in CO, Environment
Jin Ho Park Hyung Suk Seo,uh Young Park, Kyoo Young 17:00pm17:20pm
Kim (POSTECH, Korea) 4. Hydrodynamic Effect on the Inhibition for the
Flow AcceleratedCorrosion of an Elbow
The high manganese steel, which has very high mechanicdl. Zeng G. A. Zhang, X. P. GuoHuazhong University of
strength and good ductility, can be a candidate for theScience and Technologg€hina)
material used in the oil and gas industRor proper
utilization in oil and gas industry, hower, its corrosion Inhibition effect of thioureido imidazoline inhibito¢TAI)
property should be understood clearly the oil field for the flow accelerated corrosion(FAC) at different
environment.The corrosion behavior is evaluated by the locationsof X65 carbon steel elbowas studiedby array
electrochemical polarization tests and electrochemicalelectrode and computational fluid dynamics (CFD)
impedance spectroscopy. The stability of surface scale isimulation The distribution of inhibition efficiency is in
examined by EM and EDS analysisThe result shows that good accordance with the distribution of hydrodynamic
addition of3 wt.% Cr improves the stability of the corrosion paraneters at the elbowThe inhibition efficiendes at the
productformed on high Mn steel. The barrier effect of scale outer wall are higher than those at the inner wall, wisch
formed on high Mnsteel containing 3 wt.% Cr becomes associated witlthe higher flow velocity, shear streasid
better as the immersion time is inased turbulentkinetic energyat the inner wall of the elbow, as
well as secondaryflow at the elbow. Compared to static
condtion, the inhibition efficiency of TAI for FAC is
16:40pm17:00pm relatively low due tadrasticturbulence flow and high wall
3. Characterization and Experimental Investigation  shearstressiuring the FAC test
on Stray Current Corrosion of Coated Pipeline

Steel
Chuang WenYan Yang, Shuli Wan¢Changzhou University ~ 17:20pm17:40pm _ o
China) 5. Erosion and Corrosion Characteristics of

Wellbore Materials in the Presence of Sand
The risks of stray corrosion on coated pipelines areParticles in CO, Environments Conditions
increasing,due to the increasing cases of installing coatedYuli Panca Asmara (University Malaysia Pahang,
pipelines in proximity to power rail transit systems or high Malaysig
voltage power transmission lines. Whtre direct current
(DC) exists on buried pipeline, there is an industry Enhanced oil recovery (EOR) techniques are used to
agreement on criteria to be used ¢orrosion mitigation and  increase the amount of crude oil from an oil field. The types
international standards have been available for many year of EOR operations are chemical flooding (alkalite®éling),
However, in the case dlternating currentXC) corrosion displacement or carbon dioxide injection (hydrocarbon
or AC+DC corrosion, some different approaches are useiinjection), and thermal recovery (steam flood ofsitu
and some different opinions still exist. Experimental combustion). When solids particles exists, iron carbonate
investigation on coated pipeline steehs performed with and iron sulphide film will be eroded followed mechanical
respect to induced stray current including AC, DC and thedamaged on the maial surface. The research will
superimposed AC+DC sources in ssilnulating conditions.  investigate combination effects of corrosion and erosion rate
Weight loss and electrochemical methods were carried oLin CO, artificial environmental containing H2S, HAc, and
for the exposure period of days. Pipeline steel specimens sands particles in several pH, temperature and rotation speed.
were subjected to surface examinations after treatment wit The Linear Polarization Resistance (LPBghnique is used
various stray curr ent? Sdrages ito measure the polarization resistance (Rp) and to calculate
analysis was conducted by optical microscope and scannincorrosion rate. Experiment with disk cylinder electrode
electron microscope (SEM). The distributiand depth of (DCE) is used to study flow simulating condition of pipeline.
the corrosion pits were analyzed by extracting theSurface characterization is studied by using SEM/EDS,
characteristics of the corrosion images. The result indicate XRD, and XPS. In this research, response surface
that the corrosion potential and rate increases with th¢methodology (RSM) technique is proposed to construct an
increases of stray current density. The extent of corrosiolempirical model that relates effects of HAc, temperature,
was found tobe less in AC when compared to the DC and rotation speed on GQ@orrosion rate simultaneously.
sources. When an alternating current is superimposed on Using RSM lead to investigate effects bétvariables tested
direct current, the corrosion rateas larger than their analytically. Furthermore, observation regarding individual
respective corrosion. AC corrosion on the X70 pipeline steeand combination effects of variables tested can be obtained
presents three classic patterns, inclgdithe uniform  efficiently.
corrosion, ringlike corrosion and pitting corrosion
according to the geometrical shape of the corrosion images.
The corrosion pattern will transfer to local corrosion from
uniform corrosion, when the AC density increases. The
density, quanty and area of the corrosion pits arise with the
increase of the AC current density. The relationship between
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stainless steel after air exposure, while the minimumredness
Monday, November 3, 2014 degree for the samples after chemical passivation illustrates
Room 302 (3F) @ high integrity ofpassive film.In the static conditiotthe
samples subjected to air exposure exhibit high corrosion rate
and preferential dissolution of Fe element. Chemical
passivation inhibited the corrosion rate due to its intrinsic
high structural integrity of passivefilim and high
concentration of Grich oxides. Solution flowaccelerated

MD3: Corrosion in Stainless Steels 3

Chair:Koji Fushimi (Hokkaido University Japah

16:00pm16:30pm corrosionby promoting both anodic dissolution reaction and
Keynote Speech cathodic reaction. Solution flow also changes the
1. Anodic Dissolution Sequence of Super Duplex preferential dissolution to fast uniform dissolution of metal
Stainless Steel in an Acidic Chloride Solution elements

JunSeob LeeKoji Fushimi, Takayuki Nakanishi, Yasuchika
Hasegawa(Hokkaido University Japan),Yong-Soo Park

(Yonsei UniversityKorea) Monday, November 3, 2014

Anodic dissolution of super duplex stainless steel (SDSS) i ) Lo

acidic chloride solution was investigated. PotentiostatichEg' Corrosion in Light Metals 3

polarizations of SDSS at-0.377 and -0.447 Vg . .

corresponded to the selective dissolutioh- a m dphddes, Chair:Kwang Seon Shin

respectively, and were utilized for preparing singtase (Seoul National UniversityKorea)

electrodes. The higher corrosion current density and less

nobl e cor r os ipbase bp galvamin tonnaction 016:000m16:30pm

wi t-hha@se i ndiacnadphesis were functiotdle  Keynote Speech

as the anode and the cathode, respectively, in a generdl. Effect of Extrusion Temperature on Corrosion

corrosion of SDSS Behavior of Pure Magnesium in NaCl Soltion
Arthanari Srinivasan, Hwa Chul Jungwagn Seon Shin
(Seoul National University Korea), Nallaiyan Rajendran

Room 303 (3F)

16:30pm16:50pm (Anna University India)

2. Accelerated SCC Testing of Stainless Steels

According to Corrosion Resistance Classes The effect of extrusion temperature oncorrosion behavior of
M. Borchert G. Mori (Montanuniversitaet LeobeAustria), ~ Pure magnesium in 3.5% NaCl solution saturated withMg

M. Bischof,A. TomandI(Hilti Corporation Liechtensteih (OH), was examined in the present study. Pure Mg plates
were preparedby extrusion at different temperatures.
The German Guideline for stainless steel in buildingsSamples for corrosion tests werepolished using silicon
(Z.30.36) issued by the DIBt (German Institute for Building carbide (SiC) emery sheets and ultrasonicated in acetoneto
Technology) categorizes various stainless steel grades inteemove oxides and impurities adsedb on the surface.
five different corrosion resistaacclasses (CRCs). Only 21 Corrosion behavior ofthese samples was studied using
frequently used grades are approved and assigned to the¥ight loss, hydrogen volume and polarizationstudies. The
CRCs. To assign new or less commonly used materials gorrosion current density {) value was found to
large program of outdoor exposure tests and laboratory testéicreasewith increasing the extrusion temperature of the
need to be done. The present paper shows results os stres2mples. The caosion rate increasedrapidly when the
corrosion cracking (SCC) tests that can distinct betweerfXtrusion temperature increased above the critical
different CRCs. temperature.The increase in corrosion rate is attributed to the
Slow strain rate tests (SSRT) in different media and atchange in microstructureand texture of the extruded samples
various temperatures were done. CRC IV can beat high temperatures. Surface morphologyhefsamples
distinguished from CRC Il and CRC Il with31.3 % Clas  Subjected to corrosion tests was analyzed using optical
MgCl, solutionat 14 °C. CRC Il and CRC IIl can be seen Mmicroscopy(OM) and scanning electron microscopy (SEM)

by testing in 880 % Cl as MgC} solutionat 100 °C. in order to examine the pitformation and propagation during
corrosion

16:50pm17:10pm
3. Effect of Flow on the Corrosion of 304 Stainless 16:30pm16:50pm

Steelirhydrochloric Acid Solution 2. Improvement of Corrosion Resistance of
Jie Zhag Cong Qian @eng Tie Shan @o (Dalian  Aluminum with Wettability Controlled Porous
University of Technology, China) Oxide Films

M. Sakairj V. Goyal(Hokkaido University, Japan
Effect of passive film quality and solution flowing on
corrosion behavior of 304 stainless steel in HCI solutionThe combined process of porous type anodizing and
were investigated by coloration indicator, corrosion weightdesiccatiortreatment was applied to improve wettability of
loss measurement, electrochemical polarization and elemerA1050 aluminum alloy. The water contacigénof anodized
dissolution. A high redness degree examined by colorationsamples increases considerably with desiccation treatment.
indicator suggests a low integrity of passive film for 304 However, there was no considerable effect of polishing and
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anodizing time. The corrosion behavior change with theresistance of magnesium alloy is also briefed. The corrosion
treatments also investigate by electrochemically. With anbehavior of AXJ530 magnesium alloy with different iron
increasan the water contact angle, there is an increase in th@nd manganese contents was investigated in 3.5 wt %
corrosion resistance of the samples in 3.5 mass% NaC$odium chloride solution in order to tailor the tolerarnost!
solutions. Anodized and desiccated samples showed a bettef Fe impurity in the magnesium alloy. Through a
corrosion resistance than-desiccated samples comprehensive phase diagram calculation and corrosion
evaluation, the mechanisms for the tolerance limit of Fe in
magnesium alloys are discussed. The study adds a new
16:50pm17:10pm dimension to controlling the Mg aly impurity in terms of
3. The Effects of Surface Pretreatment Methods on  alloying composition design and casting conditions
Corrosion Resistance ofElectropainted AZ31 Mg

Alloy
Phuong Nguyen VanSungmo Moon(Korea Institute of ~ 17:30pm17:50pm _ _
Materials ScienceKorea) 5. Oxidation and Corrosion Behavior of Non

Flammable Magnesium Alloys Containing Ca and
The importance of magnesium alloys has significantly Y
increased due to their low density, higreagth/weight ratio, Young Min Kim, Chang Dong Yim, Bong Sun YoiKorea
very good electromagnetic shielding features and goodnstitute of Materiad ScienceKorea),Su Mi Jo, Sang Kyu
recyclability. However, unfortunately, Mg alloys are very Woo (University of Science and Technolgd$§orea)
susceptible to corrosion due to their high chemically
activities (E_(Mg"(2+)/Mg)"0=12.356 V vs. NHE at 25 ),  Newly-developed noiilammable Mg alloys containing
hence, most commercial Mg alloys require corrosioncalcium and yttrium have high safety and reliability and
protective coatings. Organic coating such as paintngdondét need to wuse har mful SF
powder coating and electrophoretic deposition of paint (E Working, and machining. Although the addition of only
coating) is typically used in the final stages of the coatingsmall amount of calcium and yttrium may increase material
process of Mg alloys. Irhts study, Ecoating was formed on  cost a little, it can provide better performance and safety and
AZ31 Mg alloy after four different surface pretreatment protect environment so that magnesium alloys can be used in
methods: knifeabraded, SiC papabraded, immersed for Wwider variety of applicabn areas with confidence. The
24 h in DI water and immersed for 24 h in 1 M NaOH combined addition of calcium and yttrium can improve
solution. The effects of the different surface pretreatmentensile properties, neflammability, and corrosion
methods on corrosion resistance eEdated AZ31 samples resistance at the same time, compared to conventional Ca
were studied by optical microscope (OM), energy dispersivecontaining magnesium alloys. The addition of Al in
X-ray spectroscopy (EDS), scanning electron microscopyconjunctionwith calcium and yttrium leads to the formation
(SEM), saltspray test (SST) and water immersed. It wasof multi-layered protective oxide structure on the surface,
found that the corrosion sistance of Ecoated AZ31  resulting in maximizing the efficiency of Ca and Y addition.
decreased in the order: S&Cb r a d e d-abgdedk n DIf ¢Corrosion behavior of calcium and yttrium containing alloys
immersed > NaOH immersed. The corrosion resistance of Ewere also investigated sgshatically, and show that they
coating on AZ31 samples appeared to be primarilyhave better corrosion resistance than the any other
dependent on the film located betweemdating layer and commercial alloys or calcium containing alloys. Detailed
metal andess dependent on the thickness afdating layer. ~ study on the corrosion behavior confirms that there are
E-coating deposited on air formed oxide film covered Az31 optimum amount of calcium and yttrium addition to get best
Mg alloy showed better corrosion resistance than that oicorrosion resistance, and corrosion behavior of these alloys

hydroxide film formed in DI water and NaOH solution. are quite different with other alloys.

17:10pm17:30pm Monday, November 3, 2014

4. Current Status and Challenges of Magnesium Room 401 (4F)
Application in Automotive Industry MF3: Corrosion in Concrete 3

Ming Liu (General MotorsChina)

) _ ) Chair: JaeYeol Cho
Increasing worldwide energy demand, environment (Seoul National Universitykorea)
protection and government regulations is stimulating more

application of lightweight materials. Agpation of
magnesium alloys in the automotive industry is an effective

approach of improving vehicle fuel economy Keynote Spech
However,magnesium implementation in vehicle is facing 1. Evaluation of the Chloride Diffusion Coefficient

challenges, especially its poor corrosion resistance. Thd0 Predict Initiation Time of Steel Corrosion in
intrinsic corrosion resistae of magnesium, the surface Concrete by a New Test _ o
protection of magnesium alloy, and the galvanic corrosionB-S. Park E.J. Choi,JY Cho (Se.oul National Unlversuy
and isolation of magnesium component, are the three majokorea), S.Y. Jang (Korea Railroad Research Institute,
technical barriers for further application of magnesium Korea)

component in harsh environment. o ) ) )
General Motors's efforton improveing the corrosion Chloride ingress is considered as a major cause of steel
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corrosion in concrete structures exposed to marinepotentially can reduce the bostrergth of the
environments. So, prediction of chloride ingress is veryreinforcement with concrete. In the present study, the
important to evaluate initiation time of steel corrosion in mechanism of corrosion of hdip galvanized steel was
concrete. In this study, a new testthm was proposed to studied in detail, as in the model pore solutions and real
determine the chloride ion diffusion coefficient which is a concrete. Calcium cathions play an important role in the
major factor to predict the chloride ion penetration rate incorrosion mechanism preventing formation of passive
concrete. The proposed method is a kind of rapid immersioayers on zinc at elevated alkalinity. The corrosion rate of
test that can be performed with simple equipment irmtsho galvanized steel decreases with exposure time, however, the
duration. To express chloride penetration in concrete reason is not the zinc transition into passivity, but
mathematically Fi ckds 2nd | aw was cansuopidnefless sorrosiongesistant phisesotdip
equation and the concentration change in source solutiogalvanizing in concrete environment. Conclusions of the
was incorporated as a boundary conditiofo obtain electrochemical tests have been confirmed by the -bond
analytical solution that shows elationship between strength test of reinforcement and concrete and the porosity
concentration in source solution addfusion coefficient, evaluation of the cement adjacent to the reinforcement.
chloride binding ratio in concrete was assumed to be linearBond strength ofainforcement in concrete decrease in the
In this study, this assumption was verified incorporating following order: carbon steelgalvanized stedl zinc.
inverse analysis and chloride concentration date measured
by validation test.

17:10pm17:30pm

4. Reinforced Concrete Corrosion Protection with
16:30pm16:50pm EmbededDistributed Galvanic Anodes
2. Reliability Assessment ofReinforced Concrete  HaixueLiao (CORROSION Canada)
Structures  Subjected to  Chloride-induced

Corrosion Using a Two-dimensional Analytical Corrosion of reinforaig steel leading to structural
M odel deterioration and failure of reinforced concrete structures is
Ki Hyun Kim, Seung Yup Jan¢Korea Railroad Research @ serious problem.Recognizing the inadequate monitoring of
Institute,Korea), SooWon Cha(University of UlsanKorea) impressed current cathodic protection that will make 4t in

effective, the Ministry of Transportation,n@rio and Vector

Corrosion of steel reinforcement is one of the major cause$§0rrosion Technologies, conducted a trial using distributed
of deterioration of reinforced concrete structures. The cost ofalvanic anodes in bridge deck overlay to address the global
maintenance and repair of concrete structures damaged USD”'OSiOﬂ issues in the structure in 2003. The trial had been
corrosion is very high and that maké®e prevention of ~monitored for 10 years and was considered a success. Th
corrosion very important_ For this purpose, a numerica|neW|y developed distributed galvanic anode system has been
model for the reliability assessment of RC structuresused in various applications, including abutment overbuild,
subjected to chloridenduced corrosion is proposed. To take concrete deck overlay, concrete jackets for columns, piers
into consideration easily the faster accumulation of chlorideand marine piles around the world, especially in North
jons at the corner of rectangu|ar members’ and theAmerica since its Irﬂ)tlonThls paper introduces different
randomness of the location of the reinforcement steel, a 20evels of corrosion protection and the various galvanic anode
anal ytical solution of Fi ckystemssusesdoif gcongrefey struciurese phel mgnigoeed
corrosion initiation point is also defined and a numerical Performance of the distributed galvanic anodes, and various
method for locating it is prested. A factor considering the applications ~ of ~ the  galvanic ~ systems  are
effect of the corrosion initiation point on the corrosion rate is Presented.Keywords: Anodes, cathodic protection, concrete,
incorporated in the model. As an illustration, the proposedcorrosion, embedded anodes, distributed anodes, reinforcing
model is used to calculate the probafiliof corrosion  Steel, Zinc

initiation of a rectangular beam subjected 2D chloride

ingress

Monday, November 3, 2014

Room 402A (4F)

16:50pm17:10pm MG3: Corrosion Monitoring Modeling 3
3. Corrosion Mechanismand Bond-strength Study
on Galvanized Seelin Concrete Environment Chair:M YJ Tan(Deakin UniversityAustralia)
M. Kouril, P. Pokorny, J. Stouli{Institute of Chemical
Technology, Czech Repubjic 16:00pm16:30pm

. L . . Keynote Speech
Specialist publications have long Imegnder discussion over 1. Monitoring Cathodic Shielding and Corrosion
the appropriateness of the use of galvanized steel aﬁhder Disbonded Coatings

re!nforcement of concrete. Potenpal _ of galvanized E. Varela, M. YJ Tan B. Hinton, M. Forsyth(Deakin
reinforcement use over carbon steel is higher tolerance to; . e

. ; ; (Fvaersny, Australid
chlorides and resistance in carbonated concrete. Conversely
discussd disadvantages are hydrogen evolution
accompanying the corrosion of zinc in the initial activity in
fresh concrete, which leads to the formation of the porou
structure at the reinforcementconcrete interface, which
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This work presents a novel corrosion monitoring probe
designed for simuting the conditions developed under
s, : , "
disbonded coatings and for measuring current densities and



their distribution over a simulated pipeline surface. The are maintained as small as possible.

probeds concept was experimentally evaluated Vi a
immersion tests under Cathodic Protection (CP) in high

resistivity aqueous solution. Under the disbonded area Monday, November 3, 2014

anodic currents as well as cathodic currents were both Room 402B (4F)
measured. Anodic current densities were used to calculatﬁml_:'& Atm%sgheric Corr?sion 3

met al | osses by means of ar a yos aw.
corrosion patterns were comparedthwcorrosion damage

observed at the probeds su pqag:gig Taga](Tplg/Q InsHtutepoéTthquog)q)apan)t est

probeds working principles are explained in terms of si
electrochemistry 16:00pm16:30pm
Keynote Speech

1. Galvanic Corrosion of ZnSteel Couple in

Cal cul ated

16:30pm16:50pm Aqueous MJCl,

2. Current Status and Development Trend of  E. Tada S. Katakami, A Nishikata (Tokyo Institute of
Corrosion Monitoring for Military M ateriel Technology Japan)

Yuqgin _Zhu (Southwest Technology and Engineering . ,

Research InstituteChina) Galvanic corrosion tests of Zn/steel couples were performed

in 1 M NaCl and 1 M MgGCl solutions to investigat¢he

Describes the corrosion and damage of military materiel an@ffeéct of magnesium ion on the cosion behaviour of the
components, corrosion monitoring common techniques andOupPles. Two types of Zn/steebupleswere used for the
development trend. Including polarization resistance Méasurements afpen circuit potential (OCPgnd galvanic
technjue, polarized probe technique, impedance current. From the .results oQCR transient of the Zn/steel
spectroscopy technique, noise analysis technique, thin layefoUples the corrosion potential in 1 M Mgglwas a more
activation technique, coupled mudiectrode array sensor Postive value than that in 1 M NaCl during the sacrificial
technique, image technique and so on. Focuses on thglssolgtlon of Zn. In addition, the sacrificial d|ssolut|[_me
research progress in optical fiber coiomssensor techniqgue ©f Zn in 1 M MgCh was enhanced more than that in 1 M
to monitor humidity, pH, Gl and aluminum corrosion NaCl. These results indicated that cathodic reaction on the
aspects of the latest, conducted a folaw study of its steel surface of th&n/steelcouple was enhanced in 1 M
technical principles, parameters and application performancMgClZ-

It plays a vital role in reduce the risk of corrosion defects,

reduce maintenance costs and so on.Finally, the intelligent

direction of development of military materiel to detect 16:30pm16:50pm

corrosion monitoring techniques is discussed 2. Atmospheric Corrosivity of Carbon Seel in
Bogota
John Rios David Aperador, Carlos ArroyavéAntonio
16:50pm17:10pm Narifio University Colombia)
3. Reference Electrode for Monitoring Cathodic
Protection Potential This study presents the first integral and systematic
Z. Panosian (Institute for Technological Research, Brazil assesment of the atmospheric corrosivity in Bogota.
S.E. Abud(University of S3o PauloBrazil) Significant facts about the study are related with some

special characteristics of the city, including both its
Reference electrodes are used for monitoring cathodiiPopulation (more than eight million inhabitants), and altitude
protection potentials of buried or immersed metallic (2600 m over de sea level). Cliteaparameters, including
structures. In the market, many types of refererieetrodes relative humldlty, temperature and SO2 concentration, were
are available for this purpose, such as saturated calomemeasured. Furthermore, mass loss of AISI/SAE 1006 plain
silver/silver chloride and copper/copper sulfate. TheseSteel coupons, was measured. Coupons were exposed at six
electrodes contain a porous ceramic junction plate located :test sites located across the city, taking into account the
the cylindrical body bottom to permit ionic flux between the characteristic microclimates previously identified. Corrosion
internd electrolyte of the reference electrode and the Products were characterized by RM, XRD, SEM and EDS.
external e|ectro|yte. In this work, the Copperlcopper sulfate Results show that the atmospheric CorrOSiVity is Categorized
reference electrode was modified by replacing the porou:petween low and medium levels, CZ3, according to the
ceramic junction plate for a metallic platinum wire. The 1ISO 9293 standard. Rawulate matter is the main
main purpose of this modificath was to avoid the ion atmospheric pollutant in Bogota. Nevertheless, it was found
copper transport from Coming from the inner referencethat the industrial zone shows the hlghest corrosion rates,
electrode solution into the surrounding electrolyte and tcdirectly associated with the SO2 levels. On the other hand,
mitigate the copper plating on the coupon surfaces. Lab tes'Sites with higher amount of SO2 deposited, shbwe
were performed in order to compare the performance of th(protective corrosion products layer that can be associated to
two mentioned reference electrodes. We verified that thdron phases found on the rust. Finally, some of the stations
experimental errors associated with the measurementShowed deviations from predictions supported on RH values
conducted with developed reference electrode will beOr doseresponse functions.
negligible, since the platinum surface area exposed to the
surrounding electrolyte and/oo tthe reference electrolyte
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16:50pm17:10pm Oxide coatings obtained in the plasma electrolytic oxidation
3. Research on Equivalencef Marine Atmospheric ~ (PEO) are characterized by high mechanical and thermal
Exposure and Multi-factors Combined Accelerated  Pproperties and provide good protection agaotsrosion of

Test substrate. Electrical conditions during PEO have great
Yan Su(Southwest Technology and Engineering ResearcHMPact on course of processes occurring at rwtale-
Institute China) electrolyte interfaces and largely affect the microstructure

and phase composition of the produced oxide layer. Hence

Influencing factors on coating environmental worthiness inVarious typesof current modes are used to improve final
marine atmospheric environment was analyzed. lcated propgrtles of F:oatmgs. In this work, different elec_trl_cal
test spectrum was designed rationally based on naturgfonditions during treatment were compared. Aluminium
environment spectrum. Marine atmospheric exposure and@mples were oxidized in silicate electrolyte using DC,
multi-factors combined environmental test were carried outPulsed and AC, preserving same current dissi Coatings

for comparison. Grey association analysis and accelerate§roWth rates were determined by thickness of layer and mass
switchover factors mbbds were applied to evaluate the grovvt_h of samples. Microstructure and phase composmons
equivalence and equivalent weight accelerated relation. Th@f oxide layers are presented. The AC mode provides the
result showed that the two methods have good equivalencd! | 9hest growth rate eAROsandyer,
the grey association degrBg, between marine atmospheric Detterresistance against corrosion

exposure and muifiactors combined environmaal test

reach 0.7; with prolonging of test time, the acceleration rate

of multi-factors combined environmental test to marine 11:50am12:10pm

atmospheric exposure increases gradua”y_ 3”AntICOrI‘OSIOn CoatlngS on Implant Meta|S and
Alloys
S.L. SinebryukhoyS.V. Gnedenkov, O.A. Khrisanfova, A.V.
Tuesday, November 4, 2014 Puz, V.S. Egorkin, A.G. Zavidnay@dnstitute of Chemistry

Samda Hall A (3F) Russia)

TAL: Coatings 4 . . . . o :
Multifunctional corrosion esistant and bioactive coatings

containing hydroxyapatite G&POy)s(OH), and magnesium

Chair: Sungmo Moon oxide MgO were obtained on Mdn-Ce alloy by plasma

(Korea Institute of Materials Sciendéorea) electrolytic oxidation. The phase and elemental composition,
morphology and antigoosion properties of the coatings
11:00am11:30am were investigated. The PEO layers were fiasited using
Keynote Speech superdispersed polytetrafluoroethylene wger, which
1. Anodic Oxide Coatings Formed on AZ31 Mg caused a considerable reduction of the magnesium alloy
Alloy by PlasmaElectrolytic Oxidation Method corrosion rate (>4 orders of magrde). In particular, the

Sungmo Moor(Korea Institute of Materials Sciend€orea) polarization resistance hascieased, as a result of such
duplex treatment, by five orders of magnitude. The
Anodic oxide coatings were grared on AZ31 Mg alloy by composite coatings are considered promising to induce
PEO (plasma electrolyticoxidation) method in various bioactivity and control corrosion degradation of resorbable
electrolytes and their morphologies were observedby SEMMg implants. We also applied the plasma electrolytic
and CSLM (confocal scanning laser microscope). Theoxidation method for the formation of the composite bioinert
corrosion protective properties of AZ31 Mg alloys treated by coatings at the titanium nickelide surface in ordemnprove
PEO wereexamined by immersion and salt spray test inits electrochemical properties and to change morphological
view of effects of thickness and morphologies of the PEOstructure. It was shown that formed coatings are also
films. The PEO coatings showed a number of pores andignificantly reducing thequantity of nickel ions relemg
some of them were observed to be connected from thénto the organism.
substrate to the air. Cracks were also obseneedsionally
which could be formed by thermal stress during PEO

treatment. Type of anions appeared to determine the growt Tuesday, November 4, 2014
behavior of PEO films, thereby changing the filmthickness Samda Hall B (3F)

and their corrosion protective properties. In this presentationTBl. rrosion Problems and Pr ion Meth
formation and corrosion behavior of PEO fikenated AZ31 ' iﬁoNuocSIeoar In(;)l?s(tar Sla dProtectio ethods
Mg alloy will be presented and the problemsfor practical y

applications of PEO coatings will be discussed ) L
Chair:DongJin Kim (KAERI, Korea)

11:30am11:50am 11:00am11:30am

2. Characteristics of Oxide Coatings Produced on  Keynote Speech _
Aluminium by PEO at Different Electrical 1. Corrosion lIssie for Ni Based Alloy as

Parameters Intermediate Heat Exchanger of Very High
W. GebarowskiS. Pietrzyk(AGH i University of Science ~ Temperature Reactor
and Technology, Polaid DongJin Kim, Su Jin Jung, Byung Hak Moon, Sung Woo

Kim, Hong Pyo Kim (KAERI, Korea)
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A very high temperature reactor (VHTR) among generationThe performance of steels in oxygeontaining flowing

IV nuclear power plants canegerate highly efficient LBE has been investigated for more than ten years in the

electricity and produce massive hydrogen for industrial CORRIDA loop operated at KIT, especially on 9Cr

applications such as vehicle and iron reduction. Howeverferritic/martensitic steels and Type 316 austenitic steels and

material challenge at high temperature should be overcomenainly at 450 and 550°C. The observed phenomena range

for commercial operation of VHTR. In particular, in view of from the formation of a thin Grich oxide layer, over

the performance of structural materials for VHTR, one of accelerated oxidation that results donsiderably thicker

key components is an intermediate heat exchanger (IHX)scales, to local solutiebased corrosion.Subsequently to

which is exposed to high temperature and a coolantsome fundamental considerations on the interplay of

environment of up to 950C. However, the structural oxidation and solution in liquid metals, the important

integrity of the IHX material should bguaranteed for the experimental results are introduced. Possible approaches to

long-term operation of nuclear power plants under VHTR modellingsteel corrosion caused by oxygeontaining LBE

operating conditions. Helium as a coolant inevitably are outlined

includes impurities such as the carbon monoxide, methane,

hydrogen, and water that are formed by the reaction with the

graphitein the core. According to thermodynamic prediction, Tuesday, November 4, 2014

these impurities can induce various surface reactions such as Room 301 (3F)

OX|dat_|on, carburization and decarburlzatl_on that lead tOTc1: Corrosion in Oil/Gas/Pipelines 4

material property changes and hence aging problem over

time. Based on the thermodynics and kinetics determined . . .

by a longterm experiment, finding the range of impurity Chair:Song Chun Choi (Samsung Electronics, Korea)

concentration at which the material is most stable, is very

important to the optimum chemistry control for a life 11:00amll:20am

extension. Another countermeasure is to improve thel. The Effect of Elemental and Mercury Canpound

mateial performance through alloy development. Therefore, Presence in Solution on Corrosion Phenomena of

it is worth making the effort to find an optimum combination Aluminum and Low Carbon Steel

of alloying elements and processing parameters showing thBambang Widyanto Iryanni Dewi Tanto, Secta Ariardi

best performance at 95G. In this work, the mechanical and Aviananto(Bandung Institute of Technologindonesia)

corrosion propertiesat 950 °C for nicketbased alloys

fabricated at a laboratory were evaluated. A corrosion tesSeveral studies have shown that the presence of small

was carried out under air at 95C during 16250 hr. amount ofelemental and mercury compound in raw oil or

Corrosion property for laboratory made alloys was LNG caused a corrosion failure in oil and gas industrial

compared with those for Alloy 617 equipment.This research was undertaken to observe the
effect of the presence of elemental mercury inside the
solution and dissolved mercury compound (HyQ@In the

11:30am11:50am _ _ corrosion phenomena occurred on aluminum and low carbon
2. The Oxidation Behavior of Three Difference steel.
Zones ofWelded Inconel 617 at 956C The immersion test used in this research was based on

Wu Kai, Wei Sheng Chen(National Taiwan Ocean ASTM G 3172 with some variation on HgCtoncentration
University, Taiwan), Jhih Jhong Kai(National Tsing Hua and immersion time. In order to observe the effect of
University, Taiwan) elemental mercurya solution with pH between 3 and 9 and
variation on immersion time were employed. Sample
The oxidation behavior of three different zones ofded characterization was carried out by using an optical
Inconel 617 alloy, containing the substrate (&LTB), the microscope, Scanning Electron Microscopy, -Rdy
heataffected zone (6XHAZ) and the melt zone (6iMZ) Diffraction and FTIR.
was studied at 95C in dry and wetair (Air-50%H,0) The experimental results revealed that theesence of
atmospheres. The oxidation kinetics of the three zoneglemental and mercury compound accelerate corrosion rate.
followed a parabolicate hw in dry air, however, it was The higher the HgGlcontent in the solution increased
complex in wet air, which initially followed a masggin corrosion product significantly. The corrosion rate of
kinetics up to 96 hour, and then, a slightly mass lose preserdluminum was found 8.76 times higher than on low carbon
after a prolong exposure. The scales formed on the thresteel. On aluminuruniform corrosion and also a small scale
zones in both environments were nearly identicahsisting  of exfoliation were observed. On low carbon steel pitting
of Cr,0O3, NiCr,04, MNCr0Q,, and a minor amount of TiO corrosion was observed.The corrosion products were
The internaloxidation precipitates of AD; were also noted  aluminum hydroxide (AI(OH) and iron oxide (F£3)
in all cases. The detail effects of water vapor on therespectively. The presence of elemental mercury idi@ci
oxidation kinetics and scale constitution will be explored.  and basic solution increased the aluminum corrosion rate by
1.47 and 7.25 times respectively. Whereas on low carbon
steel, the corrosion rate in an acidic solution increased 1.4

11:50§1m1_2:10pm ) S ] times and 1.25 times in basic solution. In general, uniform
3. Oxidation and Solution of Steelsin Liquid Lead corrosion wasobserved with a tendency of pitting at the

Bismuth Eutectic (LBE) _ contact edge of elemental mercury and the specimen surface.
Carsten _Schroer (Karlsruhe Institute of Technology In a basic environment a corrosion product of Al(@is
Germany) formed.
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alterrating stray currents and the direct stray currents and

11:20am11:40am the steel pipelinesd corrosic
2. Modelling of Water Dispersionin Stratified Oil- the dynamic laws of currents. The conclusion is that the
Water-GasFlow geomagnetically induced currents must be taken seriously,
M.A. Daas M. Espedal(Saudi Aramce Saudi Arabia)T.B.  While the chaotic phenomen in the geomagnetically
Aydin, E. Pereyra, C. Sari¢@he University of TulsaUSA) induced currents should be controlled and restrained.

A new approach is proposed to predict criteria for the

dispersion of water film in a continuous oil phase in | Tuesday, November 4, 2014

stratified multiphase flow of oWvatergas. For a given Room 302 (3F)

multiphase flowof oil, water and gas, phase distribution iSTD1: Corrosion in Stainless Steels 4

calculated using twphase (gatiquid) models by assuming

the oilwater mixture as the liquid phase.The calculated -

hydraulic' diametgr of the liquid phasg for §tratifiedV\fI Chalr'(ﬁﬁggﬂﬁﬁg%nvs\ﬁz?e of Technologyapan)

patterns is used in twphase (wateoil) dispersion models

to predict critical liquid velocity to disperse the entire water

phase in the oil phase. The corresponding critical ga

velocity at the onset of dispersion is calculated by usingKeynOte Speech . )

predicted crical liquid velocity, from water/oil dispersion 1- Influence of Ultrasound on Pitting Corrosion

models, back in twghase gas/liquid models. A comparison Behaviors of SUS304 Seel in NaCl Aqueous

between calculated critical dispersion velocities andSolution

experimental data in horizontal multiphase stratified flow Rongguang Wang(Hiroshima Institute of Technology,

reveals very good agreement. The gused integrated Japan)

approach takes into account the physical propertiesof fluids,

water cut, flow rates and pipe size in setting criteria for theThe influence of ultrasound (US) with a frequency of 19.5

onset of water dispersion when water is entirely entrained irkHz on the initiation, gpwth and repassivation behaviors of

the oil phase;as a result, water wettability andagion are ~ SUS304 stainless steel in 3.5% NaCl aqueous solution was

minimized, in multiphase oilvatergas stratified flow investigated by applying constant potential and polarization.
As the result, largepitting potential was obtained when
keeping the US from 0 mV (vs. SCE) to thed of the

11:40am12:00pm polarization. The suppression effect of US on either of the

3. Experimental Sudy of Chaotic Geomagnetically ~ initiation, growth and repassivation of corrosion pits of
Induced Cu r r e Bdrrasidn Behavior in Buried ~ SUS304 steel was confirmed

Seel Pipelines

Zhishan LiangPeng WandChina University of Petroleum
China) 11:30am11:50am

2. Evaluation of Dissimilar Metals Weld between

Geomagnetically induced currents in the-gals pipelines  Austanatic SainlessSteeland Carbon Seel

are a manifestation of the solar activity. GeomagneticallyMansour Alelyani Sammy CharfUniversity of New South
induced currents can cont r iWalest dusttalip Jeffeny eAndrawe (Edtexc Australia s i o n
interfere with the cathodic protection equipment and Australia)

electrical surveyf pipelines. As the world long distance

transport pipeline network is taking shape along with theThe current work was carried out to evaluate and
increasing magnetic activity of the sun, the geomagneticallycharacterize the dissimilar welds between 304L/316L
induced currents will become one of the biggest problem ofaustenitic stainless steand AS/NZS 367250 carbon steel.

pi pel i ncareerit cogdsionalijs paper shows that the Gas tungsten arc welding (GTAW) process was used to weld
geomagnetically induced currents have chaotic characteristithis combination with two different filler metals: ER309 and
by studying the measured data obtaining from the Chinesénco82. A composition transition region was clearly noticed
west to east gas transmission pipeline and points out that thieetween the weld metal and the heat aéiézone of carbon
distributing regularity of the geomagnetically imbd  steel. The microstructure, mechanical and corrosion
currents is quite different from the traditional alternating properties of this region differ from the adjacent regions and
stray currents and the direct stray currents. In order to get # had a significant influence on the performance of
further understanding of the corrosion impact brought by thedissimilar metal welds. It shows complex microstructure and
geomagnetically induced currents, a experimental method ifligh hareshess values comparing with adjacent zones. In the
desigred for comparing the corrosion ability of the three tensile tests, all samples failed in the HAZ of the carbon
different stray currents(the direct current, the alternatingsteel within this fusion zone, with obviously ductile fracture.
current and the geomagnetically induced current). TheThe corrosion resistance results also show clear variation
corrosion spools from the experiment are analyzed and théetween this zone andettother regions, due to differences
surface topographies of the gi® are evaluated by the in composition and microstructure

image processing software and the fractal dimensions of the

spools are calculated as the corrosion criteria. The

experimental results show that the geomagnetically induced

currents have higher corrosion ability than both the
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phase, premature failure can happen and this paper seeks to

11:50am12:10pm share knowledge of problems encountered and solutions
3. Influence of Citric Acid on the Metal Release of implemented.

SainlessSeels Pumps and valves are an integral part of theatination

N. Mazinanian I. Odnevall Wallinder, Y.S. HedbefdKTH process and as such a high specification of Stainless Steels
Royal Institute of TechnologyBweden) were chosen to give best whole life cost. Although these

materials have strong case histories in piping systems the

Knowledge on metal release processes from stainless ste¢decision to cast them into complex shapes is one that must
used in food processing applications and cooking utensils ibe enteed into with a complete understanding of the
essential within the framework of human health risk challenges that can be faced. This paper will look at three
assessment. A new European standard test protoco| for me|different cast elements that are in Operation. This including
release testing of foodontact materials made from metals 6 multi stage split casing pumps (SAF 2205), 6 single stage
and alloys has recently been published by the Council oSPlit casing pumps (SAF 2208nd 12 guided plug type
Europe. The major difference to earlier test protocols is thecontrol valve bodies (SAF 2507) This paper seeks to share
use of citric acid as the worst case food simulant. Thethe experience of problems encountered and decisions made
objectives of this study were to assess tHecefof citric to monitor, repair and control corrosion of these elements
acid at acidic, neutral, and alkaline solution pH on the extenWhilst maintaining production in a facility that was iged

of metal release for stainless steel grades AISI 304 and 31:With little to no redundancy.

commonly used as food contact materials. Both grades

released lower amounts of metals compared with specific

releag limits when tested according to test guidelines.| Tuesday, November 4, 2014

Released amounts of metals were assessed by means of Room 303 (3F)
graphite furnace atomic absorption spectroscopy, andrgil: Corrosion in Light Metals 4

changes in the outermost surface compositionwere

determined using Xay photoelectron spectroscopyhe Chair: Srinivasan Raja Vngaranahalli

results demonstrate that both the pH and the complexation ; : .
capacity of the solutions affect the extent of metal release (Indian Institute of Technology Bombalndia)

from stainless steel, findings discussed from a mechanistic _ )

perspective. The outermost surface oxidewas significantlyll:00amll:30am

enriched in chlomium upon exposure to citric acid, Keynote Speech . . .
indicating a rapid passivation by citric acid. This study 1. Precursor Events in Ervironmentally Assisted
elucidates the effect of several possible mechanismsCracking Behaviour of Light Metals

including complexation/liganthduced metal release, which V. S. Raja(Indian Institute of Technology Bombaiydia)
govern the metal release process from stainkissl at

passive conditions in solutions containing citric acid Light metal alloys of Mg, Ti and Al suffer from
environmentally assisted cracking (EAC). Passive film

breakdown and pitting are not onlyetiprecursor events for
12:10pm12:30pm stress corrosion, but can accelerate hydrogen evolution and

4. Corrosion of Duplex & Super Duplex Cast there by become responsible for hydrogen embrittlement.
Elementsin a Desalination Plant This has been clearly demonstrated in the case of Mg and Ti

David Parravicini Tako Heiner (Degremont Australia, a!loys. The So callgd i.nnocuous precipitate;, which do no
Australig directly participate in elther_a!lt_)y_strengthenmg.or EAC can

be effective precursor for initiating EAC. This aspect is
highlighted using high strength aluminium alloys. Such
ehaviours lead to paradigm shift in the way alloys need to
e designed to hathem resistance against EAC.

Commissioned in November 2006 ethPerth Seawater

Desalination Plant was the first large scale desalination pIanE

in Australia. Operated by Degremont Australia in an alliance

partnership with the Water Corporation the plant represents

17% of Perthés drinkingtawat er I and has been a vi
y g 3Oamf1:L!58aR1 y

climate independent water source for the community. psppP-1: s . .
has been heralded as a leader in industry with the plant beir:é- Microstructure and Electrochemical Corrosion

named Desalination Plant of the year (Water Desalinationbehavior of Plasma Electrolytic Oxidized AZ31
Report, 26 November 2012), has contributed over 300Magnesium Alloy in 3.5 % NaCl Solution

gigaliters of potable ater to the Perth community and has Arthanari SrinivasanHwa Chul Jung, Arumugam Madhan
set a high standard in production and safety.(Averageumar, Kwang Seon Shi (Seoul National University,
99.7% Availability, Over 3000 LTI Free Days). Korea),Nallaiyan RjendrarfAnna University India), Young
Desalination plants often operate in harsh conditions with aHee Park (Research Institute of Industrial Science and
majority of large scale plants operating in coastal TechnologyKorea)

envronments. This coupled with the large amounts of

seawater and brine processed by these facilities, means Riasma electrolytic oxide (PE@patings on AZ31 Mg alloy
high standard of materials is chosen to give optimum life.in sodium silicate bath have beafeveloped in orderto
Materials range from composites such as HDPE and GRRontrol the surface and corrosion properties by varying the
piping to high alloy steels and evétanium. Even though processing conditions.The effect of pretreatment condition
materials are given a large amount of respect in the desigan the surface and electrochemicalcorrosion behavior of the
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pretreated and PEO coated AZ31 has been evaluated.Thidisplayed a uniform corrosion profile in which partially
change in surface and PEO film properties was evaluategrotective scale of oxides were formed, namely Cu20 as the
using scanningelectron microscopy (SEM) and atomic forcefirst layer, followed by CuO as the second layer. However,
microscopy (AFM). The informationabout the phase Cu corrosion activity is ideed a very slow process and is
structure of PEO coated AZ31 was studied using X considered not to be corroded as the protective layers exist
raydiffraction (XRD). The pretreatment condiigproduced  on the surface.

significant changes inthe PEO film morphology and

thickness. It was also seen that the hardness ofthe PEO

coated AZ31 was improved and varied as a function 0f12:10pm12:30pm

pretreatmentcondition. The electrochemical corrosion4. Roles of SiC Particulates on the Corrosion
behavior of the coated samples samalyzed using Behaviour of Extruded AZ91/SiCp Composite

potentiodynamic polarization tests in 3.5 wt.% NaCl Tao ZhangChunyan ZhangHarbin Enginegéng Univeristy,
solution.The results showed that, the corrosion rate of PEQching)

coated AZ31 is significantlyless compared to uncoated

samples. It is also interesting to note that thecorrosion rat®oles of SiC particulates (SiCp) in the corrosion process of
was varied with pretreatment condition. A comparison extruded AZ91 magnesium matrix composites {EX
between thesurface morphology and electrochemicalaz91/SiCp MMCs) were investigated by means of weight
corrosion behavior is made in order tounderstand andoss and electrochemical measurements. The results indicate
explain  the variaton in corrosion rate  With that the incease of SiCp volume fraction decreases the
varyingpretreatment condition. corrosion resistance of EXZ91/SiCp MMCs greatly,
which can be explained from the point of view of
microstructure changes, that is the significant refinement of

11:50am12:10pm A b phase accelerates the catho
3. Corrosion Sudy on Telca® Copper Cable for and the preferential recrystallizda on of b phase
RemotePower Application results in the serious micia |l vani ¢ corrosi o

Nabihah HashimMohd Saiful Bahri Ibrahim, Muhammad adjacent to SiCp and further drop of SiCp.
Sayuzi Abdul Rahman, Muhammad Amin Idrus, Mohd
Rezadzudin Hassan, Wan Razli Wan Abduli@®lekom

Malaysia Research & Development Sdn. Bhdalaysig, Tuesday, November 4, 2014
Shaiful Rizam ShamsudinUniversiti Malaysia Perlis, Room 401 (4F)
Malaysia) TF1: Corrosion in Concrete 4

The demand of high power feeding for the purpose of . . TR .
powering up the equipment on network elements at |0ngCha|r.Mar|na Cabrini(University of Bergamoltaly)

distances had become very significant in telecommunication

industries. Remote powieg is a concept of distributing 11:00am11:30am

direct current (DC) power over the existing twisted pairs K€ynote Speech _ _ o

copper network stretching from central offices to remote 1. Study of Chloride Corrosion Organic Inhibitors
cabinets. This concept is typically used in broadbandin Alkaline Pore Solution
applications-baindlwi delw $ési gMECabdnp S.LeranzihT.Pastore, S.Pellegrifiniversity of
VDSL technology. Therefore, corrosion effect over copper Bergamg Italy)

cables is one of the crucial angles to be studied before

adopting the remote powering concept in Telekom MalaysiaThis paper compares the inhibition properties of aspartic and
(TM) 6s access networ k. T h e lactio @cidtsaltscwitlt nitrgesions and tieew effdct anicrgienl o f
copper (Cu) cables due toetimatural environment is usually chloride concentration. The tests were carried out on carbon
located close to the coastal area. Thus in this study, théteel specimens in saturated lime solutions with pH adjusted
environmental testing is carried out at room temperatureén the range 13 to 13.6.The critical chloride
using 3.5 wt. % of NaCl solution as to represent artificial concentrationswere estimatettirough multiple specimen
seawater environment. The effect of corrosiomswiurther  potentiostatic testsat potentials in the usual range for passive
studied under different power feeding magnitudes (60, 100yebar in alkaline concrete of atmospheric structures. During
120, 180 and 200 V) by +DGDC and Alternating Current tests, chloride salt was added every 48huntil all specimens
(AC) scheme. The accelerated plan interval test is studied s&howed localized attacks, obtaining cumuwiatiistribution

200 V power feeding due to variations in the general andcurves, i.e. the fraction of corroded specimens as a function
localised orrosion rates over time as the test progresse®f the chlorides concentration. Furthermore, IR spectra were
especially at the keen voltage magnitude. Stereomicroscoptecorded for evaluating the presence of the organic inhibitors
technique and Xay diffraction (XRD) were used to confirm on the passivity film. The results confirm an inhibgieffect

and analyse oxide layer formation on the cable surface. Iof 0.1M aspartate comparable with nitrite ions, at same
was found that at all tested wer feeding magnitudes, the concentration. The calcium lactate does not increase critical
positively charged (+DC) Cu cable was prone to severechloride concentration. However, the formation of a massive
corrosion, while AC applied cable resulted to a very low ratescalewas observed, containing such substance that could
of corrosion reaction. In contrast, the Cu cable was found tgeduce the arrosion propagatian

be immune to the application afDC power feeding.

However, the exposed Cu cable in artificial seawater
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11:30am11:50am applied CP and are able to additionally increase steel
2. A Reliability -based Durability Design  corrosion resistance. The result is improving the steel
Specification for Chloride Penetration to Prevent surface layer propertieand the steel/cement paste interface
ReinforcementCorrosion in Concrete Sructures properties. The paper will discuss recent work on both
Soo Won ChaSung Geun Ba@University of UlsanKorea), ~ 'elated to the field of corrosion control in civil structures.
Seung Yup Jang, Ki Hin Kim (Korea Railroad Research
Institute Korea)

Tuesday, November 4, 2014
Reinforced concrete bridges in marine environment are Room 402A (4F)
becoming longer and bigger. The corrosion of reinforcementTG1: Corrosion in Monitoring and Modeling 4
in the concrete members due to chloride ion generally plays
an important role in a durgb'&itser_vice life of the structure. Chair:Yong-Moo Cheong
Thu_s, reasonable durabl!lty design for the marine bndges (Korea Atomic Energy Research Instituiorea)
against chloride penetration should be taken. The previous
method of qlurabﬂﬂy defsl.gn. against chloride penetratpn hasll:OOamll:SOam
performed in a deterministic way. Real phgsiproperties Kevnote S h
for chloride penetration, however, have variability around ynote speech -
their means. Therefore a probabilligsed approach of 1.0n—I|_ne Momtorl_ng System for Flow A(_:(:elerat_ed
durability design is required. A reliabiliyased design Corrosion of High- Temperature Pipe with
specification for longspan marine bridges has recently been Ultrasonic Waveguide Technique
proposedThe specification includes a durability design of YongMoo Cheong HongPyo Kim (Korea Aomic Energy
concrete members against chloride penetration to preverfResearch Institutekorea)
reinforcement corrosion. This paper aims the introduction of
the durability design specification. The specification is T0 monitor the corrosion or FAC (Flow Accelerated
composed of presenting limgtate equations, drawing the Corrosion) in a pipe, an accurate measurement of the pipe
statistics for many probability variables, establishing Wall thickness at a high temperature is required. However, it
durability design procedure, and describing a verificationiS not easy to measure the pipe thinning gisionventional
method. A durability design example according to the ultrasonic methods. Conventional piezoelectric transducers
guideline for a prototype marine bridge is explained at thecannot be used at high temperatures because of
end of this paper. The specification can be expanded to thé€epolarization of piezoelectrzeramic at temperature above

durability design for many other types of concrete structureghe Curie temperature, differential thermal expansion of the
under chloride penetration environment substrate, ah inappropriate contact between the transducer

and test piece. For monitoring the FAC phenomena in the
pipe, we developed a higemperature pipe thickness

11:50am12:10pm monitoring system. Based on the analysis of the dispersion
3. Corrosion Control for Civil Sructures via Nano- ~ characteristics, a strip  waveguide is iopred for a

M aterials & Pulse Techndogy maximum acoustic energy transfer in the waveguide. A
D.A. Koleva (Delft University of Technology, The clampmg device with a solid couplant was deS|gr_1ed and
Netherland} fabricated for stable contact between the waveguides and

high-temperature pipe. This dime hightemperature pipe

Durability and service life challenges in civil structures are Fhlckness monitoringystem shows a very stable operation

largely linked to corrosiomnelated phenomena at the surface In-a _robust enwronnlent, such as a frequent tem_perature
of the steel reinforcement. Damage initiation and/or Variation of RT to 300°C for several months of operation.
developmentof structural properties start on nano/micro
l evel . Therefore, modi ficat,i n of t
the nano/micro levels is more likely to effectively deal with 11:§0am11_:50am ) o
durability issues. On the other hand, well known and appliec?- ReaFTime Corrosion Prediction as a Tool for
engineering methodologyhut sometimes endingp with ~ Enhanced Asset Integrity

low efficiency over service life performance, can perform in Amitabh Chatwedi (Honeywel| India), EunKyoung Lee

a more efficient way if a synergetic approach is applied.(Honeywell Korea)

Cathodic protection (CP) for example is the only

electrochemical technique, able to minimize or stop Quantification of corrosion in refinery processes has been
chloride-induced corrosion in reinforced concrete. The found to be difficult due to the complexity of characterizing
conventional CP, however, has various side effects. Thi:underlying processes and developing adequate data to define
paper will discuss a synergetic approach to corrosion contrccorrosion behaer. Further, the subversive nature of

in civil structures by utilising nanparticles and pulse corrosion damage in terms of its impact on equipment health
technology. The pulse cathodiprevention (protection), and performance has often meant the need for corrosion
app“ed at Signiﬁcanﬂy lower current densitieS, is able to quantiﬁcation in real time. To achieve this ObjeCtive there
result in the required level of protection and expected tcare two major requirements that need edidfilled 7

exert minimum or none side effects. On the other handl. Accurate data models to predict the corrosion

pu|Se CP can also provide a desired ion and water t]JHnSp 2. To make these available in real time in any process plant

in the concrete bulk matrix. This is where ngraticles, Honeywell has been spearheading collaborative research for
initially admixed in the system, can also be influenced bylast 20 years in the form of its Joint Industry Programs (JIPs)
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and hassucceeded in developing comprehensive corrosior12:10pm12:30pm
data that have been used to develop refinery process speci 4. Avoiding Common Pitfalls in CO, Corrosion Rate
corrosion prediction models. Assessment for Hydrocarbon Industries
Now, to take these standalone models to-tiea, these  Seyed Mohammad Kazem Hossdi®aipem Limited UK)
models have been integrated with real time data deliven
tools (DCS, Historian) to make corrosion quantification Selection of materials in upstream hydrocarbon industry is
available as a process variable, akin to other key procesoften basecbn prediction of CO2 corrosion rate of carbon
parameters such as pressure, temperature, pH etc. TFsteel materials through using an indusiocepted corrosion
availability of reaitime corrosion and material performance model. Several corrosion models have been developed since
information greatly imprees asset integrity of the unit and 1970s in order to assist engineers to design not only the
overall plant. material of construction, but taletermine the need for
This paper briefly descri bcorosion inhibitor and to establish the corrodioh )
development of prediCtive data mOdelS, throws ||ght on the management ph||osophy In the present study a survey was
newly developed framework for providing corrosion conducted on a number of corrosion studies recently
prediction and quantification in reéime, and enumerates yndertaken in offshore oil and gas projects in order to assess
key benefits such real time corrosion characterization ifthe accuray and soundness of the predicted results. The
expected to bring survey has indicated that the majority of them suffer from
different types of errors, leading to incorrect estimations.
According to the results of survey, four primary types of
11:50am12:10pm pitfall are identified in the arrosion studies: 1) using a
3. New Advancements in Corrosion Monitoring  corrosion model outside of its validity range, 2) using a
TechnologyOn-line, Reaktime  for  Process corrosion model which is known to be inaccurate within the

Correlated Analysis specific service conditions given in a project, 3)using
EunKyoung Lee (Honeywell Korea), Amish Gandhi, inaccurate input data to the model, and 4) failingddress
Amitabh Chaturvedf{Honeywell India) factors which are known to impose significant effects on

corrosion rate. To avoid the aberentioned pitfalls, a
Plant operations can be severely affected by corrosion; thnumber of precautions were recommended. These include
effects may include cost impact such as lost production anguidance on how to pick a right corrosion model, how to
unscheduled downtime, or in the more catastrophic caseproperly use it and howo verify the output of corrosion
issues that impact healtbgfety and the environment. models
To minimize corrosion impacts on process equipments
operators routinely implement corrosion control measures
(for example, dosing of corrosion inhibitor treatments). 12:30pm12:50pm
However there is rarely accurate performance data to hel5. Development of Smulation Program for Anti-
corfirm that the correct treatment type and optimum methoc Chipping in Car-Body
of application are being used. This is particularly seen irH.M. Ahn, S.H. Ahn (Hyundai Automotive R&D Division
chemical treatment where pipeline/equipment systems arKorea)
treated but its performance is ananlyzed with only looking a
general corrosion datalthough most failures actually result The customer field environment includes unpaved roads,
from localized (pitting) corrosion. where corrosion gravel roads,and application of rockalt that causes
measurement or monitoring are implemented, the methodchipping problems of side sill, exterior chrome garnish,
used tend to provide retrospective data rather thaimerin radiator garnish and hood panel. In particular, side sill
reattime. stone chipping can lead to poor appearance and corrosion
This paper describes recent adwes in technology(e.g. issueslt is important to optimize anthipping tape size and
multiple electochemical technique incorporated in singledevelop an optimized design based on compaited
device with direct connection to control systeapabilities)  simulation using design drawing factordlew concept
that have made it possible to apply a much simplifiedsimulation progranis based on field historywehicle design
monitoring solution to industrial applications on a reae shape and usage of aghipping application. A simulation
basis that provide information on corrosion and pitting. This programwasdeveloped that includes factors such as vehicle
automated, online corrosion monitoring has made it possiblispeed and chipping stosée based on geometry CAD data
to actively involve plant personnel on a réiate basis to  of new model. The simulation allows changes of geometry
minimize corrosion, maintenance, failures and associateithrough mapping using CAD data, and CFD simulation
costs. Data ipresented that was analyzed on a-teaé  particlemethod after automatic mesh nvak After CFD
basis and used to quickly assess corrosion and pittinsimulation, we can calculate impact level of stone in
tendencies, correlate shaerm changes/upsets in operation chipping areas of side sill and rear door side. If there is a
enabling troubleshooting, and validating the effectiveness ochipping possibility in field, we can modify design shape to
the existing chemical treatment areinediation programs optimize antichipping. After one loop procedure of asti
chipping prediction, we can repeat with respect to -anti
chipping after changing geometry CAD data, and then
compare with initial chipping results
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11:50am12:10pm

Tuegday, November 4, 2014 3. Reattime Monitoring of Corrosion Rate in
Room 402B (4F)  Atmospheric Environments Using the Electrical
TH1: Atmospheric Corrosion 4 ResistancelTechnique
Masataka Omodairoki Harada, Takashi Kawano, Hiroshi
Chair:Abdullah Almarshad Kajiyama, Mitsuo Kimura (JFE Steel Corporation, Japan)

(Al Imam Muhammad bin Saud Universjtgaudi Arabia ) ] ]
For the evaluation of corrosion resistance of steel sheet

11:00am11:30am exposure tests ina real environment and acce_lerated
corrosion tests are commonly used. In order to estimate the
variations in the corrosion rate due to the effects of
changeable environmental conditions during these tests, a
corrosion monitoring systerasing the electrical resistance
technique was applied. Two kinds of corrosion sensors, an
Fe sensor (250 pum thick) and a Zn sensor (50um thick),
were used. In the accelerated corrosion test (1SO16539
Method B), the corrosion depth as evaluated by the sgnso
displayed a good correlation with that of the exposure test
samples.Thus, he variation in the corrosion rate could be
evaluated by the sensors. It was confirmed that the corrosion
rate increased during the wet stage and decreased during the

Keynote Speech

1. Long Term Atmospheric Corrosion of Carbon
Seelat Marine Sitesin Saudi Arabia

Abdullah 1. Almarshad(Al Imam Muhammad bin Saud
University, Saudi Arabig

Atmospheric corrosion $ts have been carried out at eight
marine sites representing different environmental conditions
Environmental factors such as average temperature, avera
relative humidity and deposition rates of atmospheric
pollutants (Cland S¢) were investigated. Xay diffraction
has been used to' determine the composition of the corrosicdry stagen exposure tests in Okinawa and Kawasaki, the
products. Corrosion rates have been determined for eac

le at h of th it i ] £ weiaht Trvariation of the corrosion rate due to the effects of
sampie at each or the exposure Sites via 10Ss of WeIght. 1T cpangeaple environmental conditions throughout the year

obtaineq .data were used for the classification_of atmogphencould be evaluated by the sensors. The corrosion rate in
aggessivity according to 1ISO 9223. The major constituent 5inawa as evaluated by the Fe sensor graater than that

of the rust formed in marine environment is goethite (a found in Kawasaki. However, the corrosion rate in Okinawa
FeOOI—!). Sampl_es alsc_) show the presence of a Iargas evaluated by the Zn sensor was almost the same as that in
propo_rt|on_ of Iepldocrocne_ tgeOO0H) and small amounts Kawasaki. The corrosion sensors could clarify the difference
offerrihydrite and maghemite {ee;0). in corrosion behavior between Fe and Zn. Furthermore, the
relationship between the corrosion rate and the
environmental factors (temperature, relative humidity,

11:30am11:50am amount of airborne sea salt, etc.) was analyzed

2. Copper Corrosion under Artificial Sweat Droplet
Lei Wen, Litao Yin, Ying Jn, Mengmeng @i (University of
Science and Technology BeijinGhina) 12:10pm12:30pm

4. Corrosion Severity Monitoring in the Global
Area by Trailer Traveling

S.H. Ahn JW. Seo, H.M. Ahn, S.J. Oh, B.H. Min (Hyundai
Automotive R&D Division Korea), W.S. Yang (Hyundai
Steel R&D Division Korea), J.G. Kim (Sungkyunkwan
University, Korea)

Copper and their alloys are widely used in fields of 3C
(computer, communication and @umer electronics)

industry due to their excellent electrical conductivity and
mature manufacturing technology. During the service
process, copper is inevitable to contact with sweat of huma
body. The sweat solution mainly consists of 0.5wt.% lactic
acid, 0.5wt.% NacCl, and 0.1wt.% urea, and pH value ranges
between 4.8 and 5.8 [1]. In this research, the effects of swe:
compositions on corrosion behavior of copper were
investigated by potentiodynamic polarization via traditional
electrode in bulk electrolgt and the galvanic current

distribution tests by means of hommade cross array X ;
) coupons was calculated by weight loss ditaiter exposure.
electrode (CAE) under droplet, respectively. The results o . L
The results from monitoring have been compiled within an

showed that three main compositions of artificial sweat.

; : . : interval of every one year. It was concluded that overall
solution played different roles during corrosion processes 4 o :

. X . . : analysed data of corrosion severity is applicable to make a
Lactic acid was a kind of strong corrosive medium, and

. s . .~ corrosion map and make a condition of environment socking
NaCl can induce pitting corrosion on metal surface, while.

urea acted as a corrosion inhibitor. The corrosion behavior il POV'N9 ground test
the artificial sweat is a coupling result, which is more than

simple accumulatiolof individual composition effect. For a

deeper insight for the synergetic and competitive effects

among different compositions, modeling and simulation

work based on the above experimental results were

performed

Corrosion severity in global area by trailer traveling depends
on overall road environnmé. The designed corrosion test
panels have been mounted on a trailer traveling in global
area. These corrosion test panels have been mounted on the
underbody of the trailers. The corrosion rate of the corrosion
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Tuegday, November 4, 2014
Samda Hall A (3F)
TA2: Coatings 5

Chair:Herman Terryn
(Vrije Universiteit BrusselBelgium)

14:00pm14:30pm

Keynote Speech

1. Combining SelfHealing Polymers and
Encapsulated Inhibitors in Coatingsfor Corrosion
Protection

H. Terryn A. Lutz, Y. GonzalezGarck, H. Simillion, I. De
Graeve(Vrije Universiteit BrusselBelgium)

14:50pm15:10pm

3. Development of Dual Functional Galvanized
Steels for Hane Electronic Appliances

D.-H. Jg J-T. Park, JS. Kim (POSCO, Korea)H.-W. Oh
(Korea Research Institute of Bioscience and Biotechnology,
Korea)

Recently, hashold electronic industries  require
environmetally-friendly and high functional materials to
enhance quality ofiumanlife. Especially customer requires
insectrepelent steels to protect household microwave oven
from damage of insects suchfag ant and cockroaabsin
tropical regions. Thus POSCO have developed new type of
functional steels, which is coated orgaiiorganic
composite on the steel surface, for usage of cover panels in
the microwaveoven and refrigeratoiThe coating composite

Corrosion of metals can best be avoided using a barriesolutionwas prepared by mechaniaispersionof solutiors
coating preventing aggressive species from reaching ththat consists of polymeric resin aadpyrethroidadditive in

metallic substre. However, if the barrier is broken,

agueais media. The composite solution was coated on the

corrosion inhibitors need to foresee the protection of thesteel surface by using roll coatand then cured through
metal. Therefore, corrosion inhibitors are often inCOl’pOl’ateCinduction curing furnace. The new steels evaluated quality

in the coating matri x. But
leach corrosion inhibitors only wherncarrosive attack takes
place, do not offer the same ydang protection of a barrier
coating. In the last decade, shHaling or selrepairing
coatings have been developed, whicteseablish the coating
barrier i either autonomously or based on forample a

performances such as salt spray testorrosion resistange W h

press formability, and blogical testing. The new steels with
this organieinorganic composite coating, extraordinarily,
exhibit excellendual functionalities of both insecépelent
and antimicrobial activitieor short term and long term
tests Detailed discussions of coagin solution and

thermal trigger. However, for the time until the coating is experimental results suggest that molecular level dispersion

repaired or when the repair is insufficient, a corrosion of insectrepelent insecticideon the coating layer plays a
inhibition is desirable. Within this paper the authors presen key role in the dual bi0|ogica| performances

examples for analysing seifaling coatings, corrosion

inhibitor saeening methods and possibilities of combining

inhibitors with selthealing polymer coatings to achieve a 15:10pm15:30pm

multi-action selfhealing coating system

14:30pm14:50pm

2. Microstructures and Properties of Plasma
Sprayed NiCrBSi Coating on 2Cr13 Stainless Std
Li-hui Tian Erlin Lu, Sheng Lu, Jing CherJiangsu
University of Science and Technolggyhina)

NiCrBSi seltfluxing high temperature alloy coatings were

4. Ageing Behavior of Novel Polyurethane Coating:
Influence ofWeathering Environments

Dongdong Song, Jin Gao, Lin Lu, Zhichao Qian, Minzhen
Ding, Xiaogang Li(University of Science and Technology
Beijing, China)

On the basis of polyurethane coating system, the outdoor
insolated test was carried out in Lhaktghe and Wanning

to evaluate the initial aging behavior of coating. Three
exposure sites have different typical climates: frigid climate,

prepared by atmosphic plasma spray on 2Cr13 martensitijow temperature, low humidity, strong ultraviolet ray

stainless steel. Coatings with thicknegd.3mm and 3mm

(Lhasa); North frigid zone type cold forest climate, typical

coatings were prepared with the optimized parameterthagsh low temperature environment condition (Mohe);
respectively. And the remelting process was conducted titropical humid regions, typical tropical ocean climate, high
improve the coating property. The microstructures andtemperature, high humidity, Strong ultraviolet ray (Wanning).
mechanical properties of the coatings were analyzed bCombined surface performance characterizations, mechanics

Scanning electronicmicroscopy(SEM), Xray diffraction

testing and chemical arnais with environment factors, the

(XRD), as well as tensile and hardness tests. The corrosicinfluence of environmental factors on the short term aging
resistance of the coating was investigated by immersion te:pehavior of coating was studied. After one year exposure,

and electrochemical impedance spectroscopy (EIS) at
3.5% NacCl solution. The results show that @hog strength

the coatings in all locations exhibited good protection
performance since no rust, blister, crack orkdlawas

of the original coating reaches 45MPa. After remelting, thephserved. The coating exposed in Lhasa and Mohe showed
porosity of coating declines remarkably with denser petter aging resistance and obvious change can be found by

microstructure and higher bonding strength. The corrosior gjthervisual

inspection or by SEM. The mechanical

resistance of the 3mm Coating is the best with corrosion rat properties of the exposed Coatings were similar to the
of 0.0359® mm/a which is about 1/4 that of 0.3mm coating, Origina| values. However, in Wning, Cha”(ing was visible

while their corrosion currents are 1.6848EA.cmi’ and
6.4475E6 A.cmi’ respectively with few difference.
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on the coating. The mechanical properties including impact
resistance and adhesion decreased significantly. After
removal of the surface dust, serious crack distribution was



observed by SEM compared to the original appearance14:30pm14:50pm

Thus, the results show that the degardation behavior 02, Radiation Induced Corrosion Effects of Copper
coating was slight affected by low temperature, low for Spent Nuclear Fuel

hUmldlty, strong ultraviolet ray environment. Due to the Christofer LeyqrafAsa Bjﬁrkbacka' Saman minpour,

coupling effect of high temperature, high humidity and Magnus Johnson, Mats Jonss@TH Royal Institute of
strong ultraviolet ray, the initiadegradation of coating was Technology Sweden)

aggravating. In order to determine the principal factor,
mathematical methods such as principal component analys Thjs is the second presentation in this session on the effect
were used to quantify the correlation between enVironmentEOf radiation on the corrosion effects of copper for spent
factors and coating degradation nuclear fuel. The aim is to explore the effectatht gamma
dose on the corrosion behavior of copper in pure, anoxic,
water. The total doses used were within the range relevant
Tuesday, November 4 2014 for the Swedish geological deep repository for spent nuclear
Samda Hall B (3F) fuel. Based on characterization of the corrosion products
TB2: Corrosion Problems andProtection Methods  formed onthe copper surface by IRAS, XPS, AFM and
in Nuclear Industry 2 cathodic reduction, and of trace elemental analysis of
dissolved copper by inductively coupled plasma atomic
emission spectroscopy, the overall conclusion is that gamma
radiation causes significantly enhanced csion of copper
in anoxic aqueous solution in comparison to -roadiated
samples. The main corrosion product formed on the copper
surface during gamma irradiation is cuprite (Cu20), while
only a small fraction consists of Cu(ll) compounds. The
thickness bthe oxide layer, after irradiation at dose rates of

Chair: Mats Jonsson
(KTH Royal Institute of Technologysweden)

14:00pm14:30pm
Keynote Speech
1. Impact of Aqueous Radiolysis Products on

Radiation Induced Corrosion of Copper 370 and 770 Gy#l and total doses of 35.5 and 74 kGy, was
Asa Bjorkbacka, Christofer Leygrafflats Jonsson(KTH measured to be 5000 nm.Dissolution of copper during
Royal Institute of Technologysweden) irradiation clearly depends on the total absorbed dose. An

evaluation of the impact of aqaus radiolysis chemistry on
According to the Swedish KBS concept for deep the process of radiation induced corrosion of copper
geological storage of spent nuclear fuel, the spent nuclezrevealed that radiolysis of water only accounts for a very
fuel will be placed in cast ironagisters covered with 5 cm small fraction of the experimentally observed corrosion.
copper to provide corrosion resistance. In recent years, thConsequently, the main part of the observed corrosion must
possible impact of ionizing radiation on the corrosion of pe attributed to other radiation driven processes, presumably

copper has undergone a renewed discussion. Radiolysis 'of electrochemical nature. A closer discussion on possible
water in the vicinity of the copper surface will pume the  mechanisms will be presented

aqueous radiolysigroducts OH, H202, HO2, egH, H2
and H+. Out of these products, OHand H202 are
thermodynamically capable of oxidizing copper and 14:50pm15:10pm

radiation induced corrosion of canister copper is an expecte 3 Corrosion of Copper in Anaerobic Groundwater
process during the initial phasé the repository lifetime. in the Presenceof SRB

Recent experiments on radiatiolduced corrosion of L.Carpén P.Raila. M.Bombera(VTT Technical Research
copper in pure water have shown that the release of copp1—p—c'entre F?nlaln;ﬂ T o
is significantly higher than expected from surface reactions

with aqueous radiolysis products. In addition, veryaloc Copper is used in various applications, which favor the

cor.rosio.n features are observed, despite the f‘."‘Ct that_ thl%rmation of biofilms. Copper has also been the corrosion
radiolysis products are formed homogeneously in solutlon.aflé

rrier choice for the disposal canister in the Finnish nuclear
To better understand the process we have undertaken a stu ste disposal progma The copper canisters should have
on the reactivity of the aqueous radiolytic oxidants towardsIifetimes exceeding 100 000 years to prevent the release of
copper and thexides observed in the experimental study radioactive nuclides to the environment.
me?‘“"’.‘ed above, CU.ZQ. and CuO. While the hydroxylMicrobial biofilm formation on metal surfaces can enhance
rad|cal_ IS capab_le of oxidizing bqth Cu and_CuZO, H202 cang, osion in various conditions. Microbes can generate
react in two dlfferent ways with the oxu_jes. HZQ_Z €an condtions that enhance corrosion through the alteration of
oxidize CUZQ but it als.o un_dergoes patalytlc decosition pH and redox potential, excretion of corrosion inducing
on both oxujes resulting in .formatlon of surfac_e bound metabolites, direct or indirect enzymatic reduction or
hydroxyl ra@_cals. The.formauon of hydro>_<y| rad|ce_1ls_ has oxidation of corrosion products and formation of biofilms
been quantified experlmentqlly. The r.elat|ve reactivity of that create corrosive microen@hments. Corrosion may
O.H and '._'202 towards t.he different OXIdeS_ and metallic Cureduce lifetime of the equipment and structures. Microbial
will be discussedn detail and the overall impact of these

diolvsi duct diation induced _ ; metabolites are known to initiate, facilitate, or accelerate
\r,a”'geyizsirsose‘f S on radiation Induced corrosion of CoPPelyanery| corrosion or localised corrosion, galvanic corrosion,

intergranular corrosion and also enable stressosim
cracking. Sulphate reducing bacteria that produce sulphide
are present in repository environment. Sulphide is known to
be corrosive agent for copper.
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Here we show results from corrosion of copper in anaerobitsolvents) and biofuels. The results are summarized in the
simulated ground water in the presentsuphate reducing book fACorrosi on i n orSapcksStoeages f c
bacteria. of Petroleum Products and Bio
Electrochemical measurements were proven to be useful i
monitoring the initiation and progression of general and
localized corrosion of copper 14:30pm14:50pm
2. Performance of an Amine Based Gas and Gas
Condensate Inhibitor Tested with Two Different
15:10pm15:30pm _ _ High Velocity L aboratory TestRigs
4. Photoelectrochemical Protective Coatlng on 304 A. Prethaler G. Mori (Montanuniverdit Leoben, Austrig
SS and Carlon SteelUsed for Dry Storage System w. Havlik, G. Zehethofer, S. HonigOMV Exploration
Canisters Production GmbH, Laboratory Materials & Corrosion,
ChingHsuan Hung TsungKuang Yeh, MeiYa Wang Austrig), E. RosenbergTechnical University of Vienna,
(National Tsing Hua Universityraiwan),PeterChen(Berlin Austrig)
Co., Ltd, Germany)

An amine based C{xorrosion inhibitors has been tested in
It is well known thatstainless steeland carbon steels are both, a twophase laboratory flow loop system and a jet
susceptible to strescorrosion cracking (SCC) in certain impingement cell under conditions of a mature gas
environments induced bgea saltparticlesand chlorides.  condensate well in Austria.
And the TiO2 coatingcanact as a nosacrificial anodeand After a detailed description of the experimental setups,
protect steel substrate cathaallg under UV illumination. degradation rates of material AP+80 as function of flow
In this study, the photoelectrochemicedhavior of the steel velocity ard inhibitor dosage are presented. Further one the
with TiO2 coating by sebel methodwas investigated to  influence of addition of sand particles on inhibitor
mitigate atmospheric SCC. The result of electrochemicalperformance has been investigated. All results are discussed
analysis revealed that a decrease in electrochemicah respect to the critical micelle concentration, which is of
corrosion potential (ECP) of the TiO&ated onpolished central importance in case iohibitive effect.
304 SS was omparatively significant thmon polished CS  Analysis of inhibitors was done on the one hand with gas
in the presence of UV radiatiom addition, the oxide film  chromatography to determine volatile species and on the
of CS would enhance the pheg¢ffect The oxide structure at other hand with liquid chromatography to characterize- non
the TiO2/carbon steel interface would enhance the ECRolatile species. Inhibitor exhibits as an active ingredient
decrease with UV radiation due the inhibition of other alkylamine dissolved in ethylene glycol and different
metal ionsdiffused into TiO2 coating.In summary, these alcohols.
results indicate that the TiO2 treatment in combination withResults demonstrate that both test rigs deliver comparable
UV radiation would effectively reduce the corrosion rate of results with respect to necessary inhibitor concentration.
304SS and CS in atmospheric environments Independent of superficial flow velocities (tested between 3
and 35 m/s) thellaylamine based inhibitor exhibits a good
performance, as long as dosed above its critical micelle

Tuesday, November 4, 2014 concentration.
Room 301 (3F)

TC2: Corrosion in Qil/Gas/Pipelines 5 14:50pm15:10pm

Chair:Alec Groysman 3. Effects of Chemical Composition on Grooving
(Israeli Society of Chemical Engineers & Corrosion Resistance of ERW Pipes
Chenmists Israel) W.S. Yang CY Lee, S.H. Le_e,_ YD Jung,.B. Moon, E.Y.
Park,(Hyundai Steel R&D DivisigrKorea), S.H. AhnS.J.
) ) Oh,(Hyundai Automotive R&D Division Korea), W.S.
iifr?oﬂzg:)'sgg:n Hwang (Inha University, Korea)

1. Corrosion in Systems for Sorage and  The effects of the post heat treatment and the chemical
Transportation of Petroleum Products and Biofuels composition on two steel grades, HS380AG (diaved by
Alec Groysman(Israeli Society of Chemical Engineers & Hyundai Steel Company for the grooving corrosion
ChemistsIsrael) resistance application, added 0.25%Cu, 0.15%Cr, 0.15%Ni
in SPHT2) and SPHT2 (normal application). Post heat
The aim of this work is to describe chemical content oftreatment of 1 minute at 9000C improves the corrosion
crude oils and fuels, the conditions in which petroleum resistance. The weld zone of HS380A&lded 0.25%Cu,
products (fuels) are corrosive to metals; corrosion.15%Cr, 0.15%Ni in SPHT2) add acts as cathode (mother
mechanisms in fuels; which parts of storage tanks containinimaterial as anode), results in higher corrosion resistance of
crude oils and fuels undergo corrosion; dependence Cthe weld zone. The Grich layer formed on the surface of

corrosion in tanks on type of fuels; biofuels (bioalcohols andthe weld zone is one of the reason of the corrosion resistance
biodiesel); corrosion of metals in biofuels; actirrosion

preventive measurgselecting of coatings for inner surfaces
of tanks containing fuels; polymeric materials and their
resistance to fuels (including oxygenates and aromatic
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Localized electrocleaning method which is mainly used for

15:10pm15:30pm surface treatment afmallsized stainless steels objectives
4. The Coated Seel Corroded by Anaerobic such as semiconductor equipment, medical devices, cooking
Bacteria utensilshas a rapid surface treatment rate by using portable
K.Y. Matagi B. H Akbar (Kuwait Institute for Scientific ~ equipment connected in low voltage DC power source and
ResearchKuwait) wastes a small quantity of electrolyte i.e. phusc acid. In

this paper, we applied electrocleaning as an alternative
Anaerobic bacteria (Ab) can be found in any closed systenmethod of harmful and inefficient acid pickling for large
in the absence of 02, specifically in fuel storaggks which ~ Sized stainless steel objectives such as mega frame structures,
can cause severe problems at local marketing, aviatio Pipes and oufittings in shipbuilding industries. In order to
turbine kerosene (ATK), mogas and diesel refineries. Abtake it into account of the possibility of using, not only
growth and activity can result in the attack of the entire COrrosion resistance in various types of stainless steels was
storage system, including coated steel and ﬂberg|asverified but also essential considerations of equipment were
reinforced plastic taks, tank linings, elastomeric seals and adequateloptimizedin accordance with ship yard working
hOSES, low points in the p|p|ng, leak detectorS, turbine pum'enVironment. Wth this reSUlt, it was confirmed that the
Components and filters and valves, inc|uding overfill localized eleCtrOCIeaning method has a great pOSSlblllty of
prevention devices that lead to excessive maintenance arUSing as an alternative for various stainless steels surface
replacement costs. In the worst casedpnot leaks can also treatment in shipbuilding industries with showing an
cause environmental damage, leading to costly cleanup ar€duivalentcorrosion resistance as agittkling, a safer work
facility downtime and lost business. An examination of the €nvironment as well as a higher productivity.
presence of such Ab in fuel storage tanks was conductet
The isolated Ab generic distribution was found to be
Desulfovbrio desulfricans 14:30pm14:50pm

2. The Kinetics of Anodic Dissolution and

Repassivation on 316L Sainless Seel in Borate

15:30pm15:50pm Buffer Solution Sudied by Abrading Electrode
5. Materials Selection in High CO, Environment: Technique
Performance of Carbon Steel M aterial H.S. Xu, D.B. Sun, H.Y.Yu, H.M. Meng {University of

M.C. Ismail (Universiti Teknologi PETRONAS, Malaygia  Science and Technology BeijinGhina)
A. Nor, F. Suhor, M. Singer, S. Nes{©hio University,
USA) The capacity of passive metal to repassivate ditar
damagedietermines thelevelopment ofocal corrosionand
The challenge talevelop high pressure G@as field lies in  the resistance againstorrosionfailures In this work, the
the performance of the commercial carbon steel linepipe anrepassivatn kinetics of 316L stainless steel (316L SS) were
tubing materials in high and supercritical £€hvironment.  investigated in borate buffer solution (p#1%) by using a
The standard corrosion test of both electrochemical aninew type of abrading electrode technique. The repassivation
weight loss methods were conducteddutoclave at high  kinetics was analyzed in terms of the current density flowing
pressure C@ environment at pressure of 80 bar and from freshly bare 316L § surface measuring by
temperature of 2& and 80C. In a high CQ@ environment  potentiostatic method. Duringarly decay times(t 29),
(pPCO=80 bar, T=2%C), the carbon manganese steels according to Avrami kinetiebased film growth model, the
experienced a corrosion rate of approximately 6.0 mm/yr. Altransient current was separated into anodic dissoluiigd (
higher temperature of 80, the corrosion rate of carbon and film formation i;m) components and analyzed them
manganese material increased and then reduced loww  individually. The film reformed rate and the thickness of
corrosion rate due to the formation of FeGiOn. flm were canpared in different applied potential. It is
shown thatanodic dissolution dominated the repassivation
for a short time in the initial stages, and the amount of

Tuesday, November 4, 2014 dissolution increased with tragplied potential increasing in
Room 302 (3F)  passive regionThe film growthat higher potential occurs
TD2: Corrosion in Stainless Steels 5 more rapidly as compared to lower potential.

Correspondingly, increasing applied potential fronmggMo
0.8Vsce resulted in thicker passive film (0.12AB52nm)
After the monolayer passive film covering the whole bare
surface ¢=1), The electric field strengths through the thin
passive filmcouldreach1.6x10" V/cm.

Chair:Hyang An Hwang
(Samsung Heavy Industries Cbtd., Korea)

14:00pm14:30pm
Keynote Speech
1. Sudy on Surface Treatment of Sainless Seelsin 14:50pm15:10pm

Shipbuilding ~ Industries by Using Localized 3 corrosion Fatigue of Austenitic Stainless Steel in

Electrocleaning _ . Different Hot Chloride Solutions
H.A. Hwang J.T. Yun, C.S.Lim(Samsung Heavy Industries A, visser G. Mori, M. PanzenbockMontanuniversitaet

Co.,Ltd., Korea) Leoben  Austrig, R. Pippan (Austrian Academy of
ScienceAustria)
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An austenitic stainless steel has been investigated under

cyclic loading in electrolytes with different chloride contents Tuesday, November 4, 2014

and pH and at different temperatures. Testing solutions were 14:00pm17:30pm Room 401 (4F)
13.2 % NaC (80,000 ppm C) at 80 °C and 43 % Cagl

(275,000 ppm C) at 120 °C.In addition to 8! curves in TE2: WCO Session

inert and corrosive media, the fracture surfaces were

investigated with the scanning electron microscope (SEM) . . g .
to analysethe type of attack. The experimergaults show 1. The ‘Corrosion PaSSF,’O”- What  Engineers
that a sharp decrease of corrosion fatigue properties can bahould Know About Corrosion

correlated with the occurrence of stress corrosion crackingR-A- Cottis(University of ManchestetUk)

The correlation of occurring types of damage in different

corrosion systems is described It is known that a significant propiiwn of the very high
costs of corrosion (in the region of $1.8 trillion) could be

saved by the application of existing technology. It is
Tuesday, November 4, 2014 believed that a signifi.cant regigction in'these avoidable costs
Room 303 (3F) could be achieved if practising engineers had a greater
) L . awareness of corrosion and its control, and the Corrosion
TE2: Corrosion in Advanced Materials Passport is a proposal by the World Corrosion Organization

(Nano & Composite Materials) (WCO) that is intended to provide guidance to engineering
_ _ _ _ ) professional bodies and educational establishments for the
Chair:Raman SinglfMonash UniversityAustralia) minimum that enginesrshould know about corrosion

14:00pm14:30pm

Keynote Speech 2. Modern Data Bases for Corrosion Protection

1. Ultra -thin Graphene Coating and Willi Meier (Dechema, Germany)

Nanocrystalline Alloy for Remarkable Corrosion

Resistarce The ability to transform the latest results of scientific

R.K. Singh RamafMonash UniversityAustralia) research |nt_o use_ful _mformatlon, gnd thus uIt|maFer into
knowledge, is a criterion fasuccess in research and industry

. ) ) ) . today. More than ever, it is necessary to be able to navigate

This manuscript describes two novel and disruptive e fiood of scientific information by an efficient use of

approaches of nanotechnology for achieving remarkabl€,tormation systems and databases.

corrosion resistance: (a) due to just a monolayer or a feWr,e DECHEMA Corrosion Handbook provides a

atomic layer thick graphene coating, gl hypothesis that  comprehensive collet of knowledge which is unique in

the nanaocrystalline structure can bring about remarkable,,, scope as well as content and reflects the state of the are

improvement  in  oxidation/corrosion  resistance, andi, gcientific research. It covers corrosion data and the

validation of this hypothesis. The manuscript also discussegpemical resistance of all technically important metallic,

the underlying mechanisms of the remarkable improvementﬁonmeta"iq inorganic and organic mates in contact with
aggressive media. It contains information about the
resistance, reliability, durability and sustainability of

14:30pm-14:50pm ) . i . materials in view of corrosion and chemical resistance.
2. Effect of Cerium Addition in Hybrid Sol-gel  Fyrthermore, it describes methods of corrosion protections
Coatingson AA1050 and prevetion. This makes it the prime information source
M. Fede|] E. Callone, M. Fabbian,S. Dire, F. Deflorian worldwide for the selection of materials for equipment in
(University of Trentg Italy) which corrosive media are handled or processed.

Faced with the task of optimising a given environment
In this work, organosilanderived soigel films containing  material system, users of this work will fimthswers to the
different amounts of cerium iorepplied on AA 1050 were  following:
investigated. The salel coatings wereprepared from 3 - s there information available on the behaviour of the
glycidoxypropyltrimethoxysilane XGPS) and material under consideration in a particular medium?
methyltriethoxysilane (MTES)mixtures with the addition of - which materials are out of question for the proposed
cerium nitrate in order to achieve different concentrations of purpose?
Ce ions (from 10 M to 10°M). The effect of the cerium - which materials can be used without hesitation in the
load on the structure of the cured -gel films was medium concerned?
investigated $ means of solid state NMR, HR - what are the conditions under which a less resistant, less
spectroscopy and TGA. The corrosion protection properties cost effective material will give satisfactory service?
of the different sobel layers were investigated mainly by - which material offers best performance for value under the
means of electrochemical techniques such as given circumstances?
potentiodynamic curves and electrochemical impedance what protective measures exist: ipitors, coatings,
spectrascopy (EIS). The comparison between the results of cathodic protection, etc.?
physicatchemical and electrochemical characterization wasThe user can browse through the entire compilation of
exploited to discriminate the effect of cerium ions on the corrosion data. Furthermore, the database features a very
properties of the hybrid layer from their role in the advanced full text search and an index based on key
electrochemical processes occogrion the metal surface concepts. It has a comprehensive table of eustés heavily
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hyperlinked and annotations can be saved throughout thMachine (robots) on waters is project thatuses on design
text. All of these possibilities enhance the dsendliness  and manufacturing robots or human power machine as a
and practical value of the handbook. leisure device for the Dead Sea area.During the project
designer, mechanical engineering, materials engineering and
corrosion engineering were involved to find the key points
3. Corrosion Research, Control and Awareness vs. for design mahine for the Dead Sea area. Thecorrosion

Peoplds Life Quality aspects as well as the materials selection aspects of the
En-Hou Han(Institute of Metal Research, Chinese Academy design stage and the manufacturing of the robots will be
of Sciences, China) describe in details

According to the statistical results in many countries,
corrosion cost is as high as5% of GNP. Especially 5. Corrosion AwarenessEducation; A Key for a
corrosion induced the pipeline explosion, bridge rupture,Better Environment
airplane crash, evenuclearpower plant accident, etc. In A. Eliezer G. Hays, E.H. Han, E. Leining, W. Bur(ié¢/orld
peoplés daily life, drinking water was polluted lmprrosion Corrosion OrganizatigriJSA)
rusts sometimes, grain angegetableswere affected by
heavy ions which comes from corrosion products in soil. Corrosion affects the lives of every person, often
Subsequently, the peofe safety and lifequality were  significantly. If not controlled, the consequences of
strongly affected by corrosion. corrosion can be disastrous for human health and safety and
As corrosion scientist or engineer, in order that we couldthe environmet.The key to addressing corrosion is, in fact,
quantitatively predict the lifetime of engineering structures to increase awareness of the issue. As long as modern life
and components, reduce resources utilization and pollutiordevelops, corrosion costs will exist; therefore, the main
and improve peopts life quality, what we need to do are to challenges are to increase the awareness of corrosion costs
understand  corrosion mechanisms and corrosioramong governments, define intational corrosion
propagatios kinetics, to develop corrosion detection standards, promote corrosion prevention wavide, and
techniques, and to develop corrosion control technologie:incentivise corrosion prevention activities by government
including but not limited to coatings, cathodic protection, agencies, corporations and research organisations.For
corrosion resistance materials, surface treatments, anexampleto achieve longéerm cost savings there has also
inhibitors, and to educate people to have corrosion contrcbeen growig use of assessment tools to predict maintenance
knowledgefrom designer, manufacturer, service maintainer,s c hedul es based on past perfoc
and decommissioimg people. Therefore, corrosion bridges, for example, was automatically done at a set period
awareness is very important for ptople in the world. To of time and all parts were coated. Today, owners are looking
raise thecorrosionawareness should be our duty for all to paint assets on a schigl that prevents significant
corrosion scientists and engineers. corrosion, and if corrosion occurs, to target the repair of only
the sites that require repainting.In order to achieve such
goals corrosion education awareness suggested program
4. Can Robots Walk on the Dead Seai Salts should be applied within high school studentd aspecially

Environment? focus on undergraduate students. The program also suggests
G. BenHamu (Sami Shamoon College of Engineering, including innovative thinking skills and entrepreneurship
Israe) education due to the need of creative innovative tools and

systems in order to apply advanced corrosion prevention

The Dead Sea also Il the Salt Sea, is a salt lake technology

bordering Jordan to the east, and Israel to the west. It

surface and shores are 427 metres (1,401 ft) below sea level,

Earth's lowest elevation on land. The mineral content of the \Wedneslay, November 5, 2014

Dead Sea is very different from that ofemn water. The Samda Hall A (3F)
exact composition of the Dead Sea water varies mainly withwA1: Coatings 6

season, depth and temperature. The total salinity is 276 g/kg.

These results show that the composition of the salt, ahair-Kun Zhang

anhydrous chlorides on a weight percentage basis, was
calcium chloride (CaCJ) 14.4%, potassium chloride (KCI)
4.4%, magnesium chloride (Mgg{l50.8% and sodium

chloride (common salt, NaCl) 30.4%. In comparison, the Salil:gt()amtll:ZOan; High-t ¢ Behavi f Sof
in the water of most oceans and seas is approximately 97¢* ructure and nigh-temperature behavior or 5o

sodium chloride. The concentration ofifate ions (S@ ) is g€l Derived Al203/YSZ Multi -laminated Coatings
very low, and the concentration of bromide ions'JBs the ~ Kun Zhang Qi Hu, Yanfei Guo, Lixin Dong, Jing Han,
highest of all waters on Earffhe salt concentration of the Junwen Zhao (Southwest Jiaotong University, Chjna
Dead Sea fluctuates around 31.5%. This is unusually higlXUébin Zheng (Key Laboratory of Inorganic Coating
and results in a nominal density of 1.24 gicAnyone can  Materials China)

easily float in the Dead Sea because of natural buoyancy.

Due to the chemical composition of the Dead Sea, the ke Al203/YSZ  multHlaminated coatings with  different
points for design machines use in this area are very differerstructure, i.e. permutation and combination oP@8 and
compared to other areas around the globe. YSZ layers, were prepared by a-gell technique. The total

(Southwest Jiaotong University, Chjna
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thickness of the coatings, with smooth surface and uniform Wednegslay, November 5, 2014
thickness, is about 200 nm after 16 cycles of dipping Samda Hall B (3F)
processes. Higlemperature cyclic oxidation test was \yp1: Corrosion Problems andProtection Methods
applied in air aF 910 to e\_/aluate the _effegt of the structure in Nuclear Industry 3
of the multilaminated coatings on their oxidation resistance.
The results show that the -peepared AI203/YSZ mulki
laminated coatings perform better oxidation resistance an
scale spallation than those of AI203 &SZ coatings
derived from the same times of dipping processes. In
addition, hightemperature oxidation resistance of the multi 11:00am11:30am
laminated coatings is also influenced by their structure. For<€ynote Speech _ N
the coatings with the same number of Al203 and YSZ layer:1. The Effect of Zn Nanoparticle Addition on the
the thcker the thickness of oxygen diffusion barrier, the Siress Corrosion Cracking Resistance of the STS
better the highemperature oxidation resistance is. 304 SainlessSeel
SangYul Lee, SeongCheol Kim, SungMin Kim, ChanSu
Kim (Korea Aerospace Universjtiorea),Shimpei Nemoto,

§hair:Sangyul Lee
(Korea Aerospace UniversijtiKorea)

11:20am11:40am Tetsunori MorishitfNagoya UniversityJapan)

2. New M ethod on Coating Survey of Underground

Pipeline Many studies have perted that Zf" injection effectively
Hamidreza EttelajeSiamak SeyfIOPTC, Iran), Fatemeh  mitigates the primary water stress corrosion cracking
Faraji(Armin Sanaatiran) (PWSCC) of 304 stainless steel since composition and

structure of oxide films can be modified by Zn. However,
AbstractCoating survey of underground pipelines is veryother corrosive ions (Otand CQ”) can be generateshen
important to prevention of corrosion. According to NACE Zn injection was conducted by using Zn precursors such as
SP0502 standard, there are 3 famous methods for coatirdimethyl zinc, diethyl zinc, zinc hydroxide, and zinc
survey: DCVG, CIPS and-SCAN. Other methods (ACVG, carbonate. In this study, Zn nanoparticles as protective agent
PEARSON, é¢) a na All methaohave some i of PWSCC were synthesized by the method of plasma
advantages and disadvantages individually that limit theitdischarge in aqueous stGhn. The synthesized Zn
application. Combined method of DCVG and CIPS hasnhanoparticles in solution were applied for the treatment of
developed to distinguish coating defect locations anc304 stainless steel at simulated pressurized water reactor
cathodic protection level. In the beginning , results of the(PWR) environment (300 , 150 bar). To clarify the effect
firstproject (180 km of 300 g aofzinc treatment on the characteristics of the oXithesa b i | i
of one coating survey method and concluded thaiformed on 304 stainless steel, the structures and chemical
disadvantage of method could effect on distinguish ofcompositions of oxide films were investigated usingay
coating defects. There are sever coating damage that onphotoelectron spectroscopy (XPS), anda¥ diffractometry
could be found by €SCAN or some defas that were found (XRD) techniques. Also, the antbrrosive behavior of Zn
by DCVG or CIPS. To find the reasons of these shortage, wtreatment has den confirmed in the presence of etchant
did some tests on high pressure transmition gas pipeline fcsolution containing N& 9HO of 1.0 M and NaOH of 1.0
4 months as well as negotiation with researchers aniM. Based on observations, it appeared that zinc injection to
manufactures. Finally, we concluded that survey by only on¢the simulated primary water enhanced the formation of a
mettod has some mistakes to distinguish coating defecstable and dense oxide film composed opiel structure
locations because of their original recognize procedureof ZnCr0O,. As a result, Zn nanoparticles treated samples
differences. This means that some defects are hidden kexhibited higher corrosion resistance than untreated samples.
magnetic method {scan) or potential method (DCVG & Additional experimental results will be presented
CIPS).Then, the best way is that combima of these 3
methods. These methods were combined together accordir
to Fuzzy logic and a f unct11:30am11:50am ) we
defined to regard each point by a number.Categorization an2, Three Dimensional Computational M odelling
rehabilitation of coating damage and covering of all coatinggnd  Simulation of Intergranular ~ Corrosion
defeptswnh(_)ut any error are some of excell_ent advantages Propagation of SainlessSeel
of this function.At first, this method was applied to 20 km of M. Yamamoto T. Igarashi, A. Komatsu, T. Motooka, F.

pipeline and after excavations, function was corrected b3Ueno Japan Atomic Enerav Age an
some parameters and coefficients. Survey of 350 km of gas .(Jap 9y Agencyapan)

oil and water pipelineand their results show reliability of
this method. Full report has many examples of sever coatin
damage with corrosion signs. Key words: pipeline coating,
corrosion, coating survey, cathodic protection, DCVG, CIPS
C-Scan, Severity Number, Severity Fuoat

It is known that stainless steels in oxidizing nitric acid
solutions present intergranular omsion. The intergranular
corrosion was accompanied by grain dropping and changes
‘in corrosion rate. For safety operating of reprocessing plants,
we should understand mechanism of intergranular corrosion
propagation of stainless steels in oxidizing nitacid
solutions. In this study, we constructed three dimensional
computational model using cellular automata method to
simulate the intergranular corrosion propagation of stainless
steel. In the model, the computational system was
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constructed by three typesf cells: grain (bulk), grain
boundary (GB), and solution cell. By the simulation using
the model, we verified the relationship between surface
roughness during corrosion and dispersion of dissolutior
rate of GB. The relationship was investigated by the
simulation applying constant dissolution rate for GB cells
and distributed dissolution rate of GB cells. The distribution
of dissolution rate for GB cells was derived from
intergranular corrosion depth obtained by corrosion tests
The constant dissolutionate of GB was derived from
average of dissolution rate. Our simulations revealed that th
surface roughness calculated by the model adopte
distributed dissolution rates of GBs was greater than tha
adopted constant dissolution rates of GBs. The e€ross
sectonal images obtained by our simulation were
comparable with that obtained by corrosion tests. Thesi
results indicate that the surface roughness during corrosio
relates the distribution of corrosion rate

Wedneslay, November 5, 2014
Room 301 (3F)
WC1: Corrosion Inhibitors 1

Chair: Guenter SchmitfiIFINKOR, Germany)

11:00am11:30am

Keynote Speech

1. Corrosion Inhibitors and Flow
Guenter SchmitflFINKOR, Germany)

In flowing media corrosion inhibitors can mitigate flow
induced localized corrosion (EC) not only by adsorption
on solid surfaces but also by decreasing the friction (wall
shear stress) elween solid surfaces and the fluid. Due to
the drag reducing properties of some corrosion inhibitors the
critical wall shear stress for the initiatiaf FILC can be
increased. The mechanism of this effect is explainec
by the nfFggpabbeBEsityodo appro
laboratory. It assumes that higlnergy neawall turbulence
elements create freak events which impinge the surfac
vertically with forces higher than the fracture stress of
protective scales. It was proved that corrosion inhibitors car
reduce the impact energy of such freak events below th
fracture stress of scales thus preventing initiation of FILC.
Mechanistically this phenomen is explained by flow
induced concentrating and aggregating of iitbib
molecules in or near the viscous sublayer of the turbulen
boundary layer causing a cushion effect formpinging

galvanic corrosion of the coupled8lu and Al, AjFe and

Al in 0.005 M NaCl in and without the presence of cerium
cinnamte asan inhibitor was studied to simulate the
corrosion of the two types of intermetallic particles in
aluminium alloys. Localized electrochemical techniques,
Scanning Vibrating Electrode Technique (SVET) and
Scanning lorselective Electrode Technique (SIET) reve
used to measure the current densities and pH distribution on
the surface of the coupled electrodes. According to the
results, cerium cinnamate was found to successfully inhibit
the coupling corrosion for both the two coupled systems. It
was also foundhiat cerium cinnamate inhibited tigalvanic
corrosionof AlsFe-Al of by stabilizing pH on the electrodes

in near neutral ranges, thus keeping the corrosion activity on
a very low level

11:50am12:10pm

3. Characterization and Adsorption and
Thermodynamic Studies of Inhibition Products of
Thiophene Methanol on 13Cr L80 Seel in 15%
Hydrochloric Acid

Rajeev P, Surendranathan A O, Murthy Ch S (National
Institute of Technology Karnatakindia)

The inhibitive action of a selected inhibitor, thiophene
methanol (TML) on the corrosion behaviour of 13Cr L80
steel in 15% HCI solution was investigated. Fourier
Transform Infrared Spectroscopic analysis and Nuclear
Magnetic Resonance study were performed on the surface
products deposited on the metal surface inpresence of
optimum concentration of the inhibitor at room temperature
to characterize the inhibition products. Thermal stability of
the inhibitor and the compounds formed on the metal surface
after 6 hour exposure in the acid in the presence of TML at
room temperature was examined. Experimental isotherms of
adsorption equilibrium results were validated by various
adsorptions models. The apparent activation energies,
enthalpies and entropies of the dissolution process and the
free energies and enthalpies the adsorption process were
determined and discussed. The fundamental thermodynamic
functions were used to evaluate important inhibitive
properties of TML.Key words: Inhibitive action; Thiophene
methanol; Characterization; Thermal stability; Adsorption

isotherm

- Wedneglay, November 5, 2014

Room 302 (3F)

nearwall turbulence elements. Demands for the molecularWWD1: Corrosion in Energy Systems 1

structureof drag reducing organic molecules arscdssed

11:30am11:50am

2. Localized Electrochemical Sudy of Corrosion
Inhibition on Al,Cu and Al;Fe Phases byCerium
Cinnamate

Hongwei Shj Fuchun Liu, EAHou Han (Institute of Metal
Research, Chinese AcadewiySciences, China)

In the present work, the pure intermetallic phases in
aluminium alloys, AICu and AjFe, were prepared. The
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11:00am11:30am

Keynote Speech

1. Effect of Heat Treatment on Corrosion of Low
Alloy Seel for Induction Heated Bent Pipes in
Power Plants

H.Y. Chang K.S. Kim, H.B. Park(KEPCO E&C Korea),
Y.S. Kim (Andong National Uniersity, Korea)M.C. Shin
G.H. Sung(Sungil SIM Korea),Y.Y. Jang(ANSCO, Korea)



In many plants including nuclear power plant, pipe line hasThe detrimental effect of sulfur on the cyclic oxidation of
been mostl connected by the fittings such as flanges, chromia and alumina forming binary or ternary alloys has
elbows and etc. Use of fittings increases welding points anibeen studied by many researchers. Although it is well
then the number of inspection also increases. Inductiolacceptedhat sulfur promotes the spallation of oxide scale,
bending process applies high induction heat and slow staithere is controversy in the literature on whether sulfur exists
to pipes. This study focuses on thffect of postbent heat on the metal/oxide interface to reduce the bonding
treatment on corrosion including boric acid corrosion of strengthbetween oxide and metal or on free surface such as
ASME SA335 Gr. P22 after induction heat bending processvoid and crack surface to indeithe formation of void and
Microstructure analysis, hardness measurement, immersiocrack. In this study, the cyclic oxidation behaviour of
corrosion test were performed. Among the induction hea commercial nickel base superalloy GT1 with various
bert areas, the hardness was greatly reduced in the extrad sulfur content was investigated at 1100 °C up to 200 1lh
area of ASME SA335 Gr. P22. Microstructural analysis andcycles to found out the effect of sulfur on the oxidation
postheat treatment showed that the decreased hardness wkinetics and the spallation behaviour. Surface and €ross
induced by locally slow cooling rate in bending process ancsection of oxide scale were observed by SEM to conduct
then the coarsening gfearlitic phase. On the other hand, quantitative analysis on the void fraction and distribution
every area of induction heat bent pipe suffered highand to locate the crack initiation site for spallation. At the
corrosion rate in boric acid corrosion test. This behaviourinitial stage, the oxid#on kinetics was similar in all tested
was due to the enrichment of phosphorous in ferritic phasialloys regardless of their sulfur content. Only spallation area
during induction heat bending process and #retic phase  increased with the sulfur content. However, the oxidation
acted as the corrosion initiation site, but the properties warate constant of the alloys with high sulfur content was more
recovered by r@annealing and rapid cooling. than five times larger than thaf the alloy with low sulfur
content at the later stage. Spallation also increased in the
alloys with high sulfur content. In SEM observation, it was

11:30am11:50am found that the area fraction of void in the oxide scale
2. Corrosion Characteristics of Ferritic -martensitic increases with the sulfur content. Sulfur seemmdtluce the

Heat-resistant Steel Exposed to Supercritical Water ~ formation of void by reducing the surface energy, resulting
Environments in spallation of the oxide scale. Spallation induced the

X.Q. Wy X.Y. Zhong M.C. Sun, E-H. Han W. Ke depletion of Cr, so that the oxidation rate increased at the
(Institute ofMetal ResearchChinese Academgf Sciences  ater stage of the cyclic oxidation.
China)

In the present work, detailed investigation was first 12:10pm12:30pm N _
performed on the oxide scales on aifer-martensitic (FM) 4. Effect of Mixed Addition of Oxygen Active
heatresistant T91 supkeater tube after 12956 h service in Elements on the Microstructure and Electrical
an USC power plant. The oxide scale on inner wall of theProperty of Oxide Scale Formed on the Ferritic
tube was a muHliayer structure with porous outer layer Stainless Steel for SOFC Interconnect
consisting of magnetite and some hematite, and compa(Hyung Suk SeoKyoo Young Kim(POSTECH, Korea)
inner layer consisting of @ich (Fe, Crspinel Cracks and
exfoliation were observed at the interface betweemidfe  Most of the alloy candidates of ferrititagnless steel (FSS)
outer layer and Grich inner layer. Corrosion behavior of a for SOFC interconnects contain rare earth elements such as
F-M P92 steel exposed to SCW up to 500 h was investigate La and Y to improve oxidation resistance of steels through
in temperature range of 4WD600PC by gravimetric  the reactive element effect. However, these candidates are
analysis, SEMEDS, XRD, EPMA and TEM. It was found consi dered fispecialtyo ad |l oys
that the mass gain obeyed a parabolic law, in agreement wilearth element requires extra process such as high vacuum
the Arrhenius equation. The surface morphology of themelting and they are not inexpensive or readily available for
oxide scale changed from dense particles to porous netwoigeneral steel making process. Therefore, new alloying
structure with increasing exposutemperatug ortime in  elements which can play a role similar to rare earth element
SCW. The oxide scale also showed a malyer structure,  without extra procesare necessary. The beneficial effect of
consisting of hematite, magnetite and spinel oxide. Thereactive element on the oxidation behavior of FSS are
exfoliation occurred at the Fi&ch layer/Crrich layer  caused by its segregation behavior near the scale/alloy
interface and the @ich layer/metal interface of the oxide interface. Therefore other oxygen active elements can play a
scale after500°C and 556C SCW exposure. The possible role similar to rare earth elements whereythtend to
growth processes and exfoliation mechanisms are alsconcentrated in specific site of scale. In this study, the
discussed oxidation behavior of FSS with oxygen active elements such
as Nb, Al, Si and Ti has been investigated in terms of
oxidation resistance, Cr evaporation rate and electric
11:50am12:10pm conductivity. Ceaddition of oxygen active elements
3. The Effects of Sulfur on the Oxide interrupt or enhance the accumulation behavior of each
Microstructure of GTD-111 during the Cyclic element in the scale. -Nb co-addition enhances selective

Oxidation at 1100 °C oxidation of Ti at the scale/alloy interface, and improve both
Dae Won Yun Young-Soo Yoo, H-Won Jeong, Seorlfloon the electrical conductivity and Cr evapaoat resistance of
Seo(Korea Institute of Materials Sciendéorea) FSS. On the other hands, the interaction between alloying

elements can have beneficial function to reduce negative
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effect of impurity element such as Si on electric conductivity
Both SiNb and SiAl co-addition suppress the interfacial A Plantwide and systematic Aging and Plant Life
precipitation of SiQ@ and increase electric conductivity of Management is essential for the safe operation and/or
oxide scale. availability of nuclear power plants. The AgiManagement
(AM) has the objective to monitor and control degradation
effects for safety relevant Systems, Structures and
Wedneslay, November 5, 2014 Components (SSCs) which may compromise safety
Room 401 (4F)  functions of the plant. The Plant Life Management (PLM)
methodology also includes agingreeillance for availability
relevant SSCs. AM and PLM cover mechanical components,
electrical and I&C systems and civil structuresAll Aging and
Plant Life Management rules call for a comprehensive
approach, requiring the systematic collection of various
11:00am11:30am aging and safety relevant data on a plaide basis. This

Keynote Speech L _ data needs to be serviced and periodically evaluated. Due to
1. Buried Pipeline Lifetime Assessment with an  he complexity of the process, this activity needs to be

WF1: Integrity and Lifetime Prediction

Chair:Deok Soo Ven (KOGAS, Korea)

Economical Point of View . . supported by a qualified software tool for the management
Deok Soo V@n, Younggeun Kim, Seongnin Lee, Jae  of aging relevant datand associated documents (approx. 30
young Her(KOGAS, Korea) 000 SSCs).In order to support the power plant operators

AREVA has developed the software platform. This software
Every pipeline owners are interested in the remainingplatform with its integrated AM modules enables the design
lifetime of their pipeline as they are getting older. The and setup of a knowleddsmsed power plant met
damage by a failure of pifee will depend on the compatible to the requirements of international and national
transmitting material and the criteria to assess the lifetime orules (e.g. IAEA Safety Guide NG-2.12, KTA 1403). In
a pipeline shall be different with system conditions. If athis process, a key task is to identify and monitor
pipeline is carrying noazardous material such as water, a degradation mechanisms. In case of mechanical components
leak may not be a big deal to maintain pipelimegrity. In degradation models have bedeveloped for 15 different
that case, we can extend the lifetime of pipeline withtypes of corrosion, e.g. flow accelerated corrosion, general
conventional repair and replacement. So the remainecorrosion, fatigue, straimduced corrosion cracking, pitting
lifetime can be estimated by economical point of view with and creep. The probability of occurrence of damage can also
the total repair costs vs. the construction costs.For thibe calculated for various forms of stressrosion cracking
natural gas pidme, however, a leak can cause a serious(IGSCC, TGSCC and PWSCC) and for microbiologically
explosion with enormous damage for lifes and facilities notinduced corrosion. Furthermore, a combination and
to speak of other damages. So accurate estimation of ttinteraction between different corrosion mechanisms can be
status of natural gas pipeline with proper maintenance foevaluated.
integrity is very important. In thisase a lifetime estimation
with economical point of view may not be applicable.
However, if we consider some damages with metal loss a11:50am12:10pm
leak points, the lifetime estimation with economical point of 3. Simulation Based on Cellular Automata for
view can be applicable to natural gas pipeline with safe.Ir yniform Corrosion Process ofCarbon Seel

order to secure pipeline integrity, various survey methodsAnqi Wu, Hongying Yu, Dongbai Sun (University of
are normally applied to detect defects of the pipeline such aggjence a,nd Technology éeijin@hina)

ILI, DCVG and CIPS, etc. Among these survey data, ILI

data for the piggable pipeline were used to assess thypiform corrosion is a common corrosion damage type for
lifetime of a section opipeline. In this study, we analysed .5/hon steel with complexity chemical and physical
ILI data for some section of pipeline and classified processes and random céan position change. A simple
anomalies. If a anomaly is long or deep, so is classified to bcomputational model based on cellular automata (CA)
repaired to secure pipeline integrity. Every defects that Calgpproach is proposed to describe the uniform corrosion
be a threat in the future are basicabpaired before next ILI reaction on the surface of material by using local rules to
survey. Even though there was no leakage in a section (govern the electrochemical reactions, and simulate the
pipeline, we can apply above method to calculate remaine corosion system as a discrete dynamical system. Computer
lifetime of a pipeline, regarding the anomaly as a leak point gimy|ation is a new research approach for corrosion science.
From this study we found that gas pipeline can bedus A simple model is proposed to describe uniform corrosion
several times longer than design life if the pipeline wasp ocess which is a common corrosion failure type for carbon
constructed in sound condition and maintained properly. Thegieel. As a lot of chaical and physical processes take place
economical model to estimate the remained life of a pipelinedurmg corrosion reaction with complexity and random, we
was applicable to natural gas pipeline without any leak. have to simplify the complex process to establish a math
model which is suitable for a simulation calculation. The
computational model based on cellular auttangdCA)

11:30am11:50am _ approach uses local rules to govern the electrochemical
2. AREVA Software Platform for Degradation and reactions, and simulate the corrosion system as a discrete
Corrosion Assessment dynamical system. As a result the simulation computational
André Zande(AREVA GmbH, Germany) solution is compared with experimental data in this work,
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both of which sbw the same characteristics of data result at low temperatures grades 304L and 316L are most
distribution. The results presented the feasibility of thesusceptible to pitting by bromide ions, while at elevated
cellular automata approach to simulate the corrosion procestemperature both stainlessesls were more susceptible to
and to describe change of surface topography in companpitting in by the small chloride anions than the larger
with the increase of corrosion quantity. tdentify the bromide and iodide. Thus increasing temperature appears to
corrosion model is effective and practicable Working on afavour attack by smaller anions. This paper will attempt to
mesoscopic scale, three main influencing factors are mainlrationalise both the above findings in terms of fwnt
considered in the model: material microstructure, solutiondefect model. Initial findings are that qualitatively this
properties and corrosion potential approach can be reasonably successful, but not at the
quantitative level, possibly due to insufficient data on the
mechanical properties of thin passive films

Wedneslay, November 5, 2014

Room 402A (4F) 11:50am12:10
WG1: Localized Corrosion (Pitting & Crevice) 1 ~>Yamlz:10pm
'z lon (Pitting vice) 3. Corrosion Behavior of 316L Sainless Seel in
Chair: Changheui Jan@KAIST, Korea) Simulated Oilfield Produced Water

Yanli Zhang,Min Du (Ocean University of China&China)

11:00am11:30am

Keynote Speech

1. High Temperature Pitting Behavior of Duplex
Stainless Steel for NucleaDesalination Plants

Junho Lee, JonPae Hong, Changheui Jang(KAIST,
Korea) Yongsun Yi (Khalifa University, United Arab
Emirate$

Corrosion behaviour of 316L stainless steel in oilfield
produced water was studied by weight loss, the anode
polarization curve d scanning electron microscope
methods. Effects of temperature, HAc concentration and
CO, partial pressure of 316L stainless steel on the corrosion
behavior were discussed. The results showed that the pitting
corrosion is the main behavior to 316L carlzigel in the
simulated oilfield produced water. Corrosion rate increased
firstly, then decreased with the increasing of temperature,
HAcconcentration and Cpartial pressure. The maximum
depth of pitting corrosion was 0.145 mm atg0n oilfield
produced water, with the addition of 1000 ppm HAc and 0.1

A desalination plant coupled with a nuclear reactor has bee
considered as one of the promising options for the provisiot
of clean water. In nucleatesalination plants éhstructural
integrity of the heat exchangers is a critical issue because ¢
the longer design life and strict safety requirements ol . . .
nuclear reactors. Since sea water flows through one side (Ic\j/IPa an Thf\. l;]re{a;]k potentlalt.be}lr)td ?rote.c;:'lon pq;t_er:_tlal
the heat exchangers, localized corrosion (pitting) caused b. ecreased, whic € susceptibiity o prting initiation
chloride ions in sea water could be a main degr::xdatiorIncreasecj at a certain temperature, however as the

mechanism threatening the integrity of the heat exchanger€mperature was increed further to 8N, the corrosion
operating at temperatures product film with protective function is formed, and the

using one type of duplex stainless steel (UNS s31803 Pitting sensitivity de_crea_lsed._ The Io_vver HAc concentratiqn
which is a strong candidate tesal for the heat exchanger, could damage passivation film easily. The break potential
the effects of chloride ion and temperature on pitting weredecreased firstly, and then increase with thereasing of
investigated. Potentiodynamic polarization tests were JAC concentration. When the GQartial pressure was 0.1
performed in 3.5 wt.% sodium chloride (NaCl) and 49 wt%MP &, the passivation film ap
sodium acetate (CH3COONa) solutions over the temperat and the passivation film was not stable, the corrosion rate
range of 25 ~ 130eC. Aft er hadthemaxnow ce o
were analyzed using SEMDS (scanning electron
microscopyenergy dispersive Xay spectroscopy) and XPS
(X-ray photoelectron spectroscopy). Based on the result:12:10pm12:30pm -
the roles of temperature arghloride ion in the piting 4- Current Transients of MetastablePitting for Al-
phenomenon on the duplex stainless steel are discussed Mg-Si Microelectrodes Associated with the
Cathodic Particles
L. Guan,B. Zhang J.Q. Wang, EH. Han, W. Ke(Institute
11:30am11:50am of Metal Research, Chinese Academy of ScienCéia)
2. Can the Point Defect Model Explain the

Influence of Temperature & Anion Size on Pitting Metastable pitting as a precursor state to stable pitting is
of Stainless Steels usudly characterized by tiny anodic current transgamder

an applied anodic potentialo date, ratastable pitting of
aluminium and its alloyfas beerextensivelyinvestigated.
It has been reported thaty husing a microelectrode, the
individual pitting curent transient can baistinguished from

st

Daniel J. Blackwood(National University ofSingapore,
Singaporg

The pitting behaviours of 304L, 316L stainless steels were g i .
investigated a wide temperature range from 30C to 900C jjthe background current so that pit events can be identified

1 M solutions of NaCl, NaBr and Nal by potentiodynamic However, little attention has been paid tee origin of
polarization. The temperature dependences of the pittinPitting current especially those associated with cathodic
potential are found to vary according to the anion, beingParticles. Herein, wrent transienmeasurementareused to

near linear in bromide but exponential in chloride. As acharacterize the metastable pitting events forMA+Si
microelectrodes (diameter 50 um) in deaerated neutrél 0.5
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NaCl solution. The results are compared with those obtaine reinforcement corrosion and salt erosion. So based on this,
by atom force microscopy and scanning electron micqmsco this paper has put forward some basic and specific measures
The pit number determined by current transient analysis sof corrosion protection. Andt also points out that undereth
constant potential (slightly above OCB)significantly less  condition of current science and technology, it is impossible
than that determined by image analysiat -0.6 V (SCE), to just take one single anticorrosion measure to solve all the
small charge of several pC associated with Aaitethat has  corrosion problems of marine reinforced concrete structure.
not beenidentified by SEM and AFM can be detected by Besides, it presents the significance of complete sets of
current transient measurements. However, for pitting anticorrosbn technology study. Hopefully, it can provide
initiated at the cathodic Fdéch particles, the current references for better argorrosion protection measures
transient measurements do not fully detect the true
metastable pitting charges and events.

11:50am12:10pm

3. Corrosion and Protection on Chloride lons in

Wedneslay, November 5, 2014 M arine Concrete Structures
Room 402B (4F) Xuesong Zhang Jinping Chen (China University of
WH1: Marine Corrosion 1 Petroleum(East China)China)

Premature failure of reinforced concrete structures in marine
environment has become a world common concern and an
11:00am11:30am increasingly prominent disaster. In our country, the corrosion
of reinforced concrete structures that caused by marine
conditions is equally serious. This paper analyses the
hazards of concrete structure under the action of chloride
ions and the pathways, erosion mechanism and factors of
marine concrete structures and limited value of chloride ion
content in concrete strtures, etc. On this basis, with the

current research results, the paper introduces the
corresponding protection methods, and pointed out that the
use of high performance concrete and concrete coating is
more economical and effective measures to extend the

arine concrete .structuresé

Chair:HeesarKim (Hongik University Korea)

Keynote Speech

1. Effects of Chromium and Manganese on
Corrosion Resistanceof Seelsin Chloride Solutions
Youngmin Hyun,Heesan Kim(Hongik University Korea)
Soongi Lee (POSCO, Korea)

Energy crisis and environmental concerns raised by CO
require that steels have increased strength and toughness
automobile and exploitation applications. The improved
mechanical properties can cenfrom incorporating a high
percentage of manganese. However, corrosion properties
these steels have not been researched in varyinyg
environments. The goal of this research is to understand thg
effect of manganese and chromium as alloying elements ol.
corrosion resistance of the highrength steels in chloride )
solutions by using electrochemical tests, prediction of phaseVA2: Coatings 7

stabilities, XRD, and FIBTEM analysis. The corrosion

behaviours of all the steels are parabolic in natureChair:S.V. Gnedenkov

independent of alloying elemts or their concentration, (Institute of Chemistry Far Eastern Branch of
meaning that the corrosion rate is controlled by the transport Russian Academy of Sciencdussia)

of ions across a rust layer. According to the results,

manganese improves corrosion resistance in 3.5% NaCl4:00pm14:20pm

solution only while chromium improves corrosion resiseanc 1. Composite PEQcoatings as Defence against

of steels in both 3.5% chloride solution and synthetic Corrosion and Wear

seawater. The analysis of rust layers make clear that , ttsv. Gnedenkov S.L. Sinebryukhov, V.. Sergienko

effects of alloying elements on corrosive resistance ar¢(institute of Chemistry Far Eastern Branch of Russian
attributed to the change in composition and crystallinity anc Academy of Science®ussia)

thickness of the tist layer. The effect of alloying element

on steel in chloride solution will be described in details on The earlier deve|0ped approaches to the formation of
the presentatian composite  polymecontaining coatings by plasma
electrolytic oxidation (PEO) using various lewolecular
fractions of superdispersed polytetrafluoroethylene (SPTFE)
11:30am11:50am have been summarized. Aigue method for the formation
2. Study of Corrosion Mechanism and Protection  of a composite polymecontaining coatingt the surface of
Measures of Marine Reinforced Concrete Structure  magiesium alloy MA8 has been suggestedhe
Jinping Chen Xuesom Zhang (China University of  improvement in the corrosion and tribological behavior of
Petroleum (East Chinafhina) the polymercontaining coating can be attributed to the
morphology and insulating properties of surface layers and
The corrosion of marine reinforced concrete structure is ésolid lubrication effect of SPTFE partisle Such
very common problem. In this paper, the corrosion multifunctional coatings have high corrosion resistarige (
mechanism of marine reinforced concrete structure is= 3.0x10q &) rand low friction coefficient (0.13) under
analysed in details. It indicatethat the main factors of dry wear conditionsThe effect of dispersity angpotential
corrosion, among which the two major factors are of the nanoscale materials (Zr@nd SiQ) used as an
66
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