Il

ASEAN-JAPAN COOPERATION ON IVIATERIALS
SCIENCE AND TECHNOLOGY

2" SEMINAR ON CORROSION
AND PROTECTION

BANGKOK ,THAILAND
30 JUNE-2 JULY 1992

SPONSORED BY: JAPAN INTERNATIONAL COOPERATION
AGENCY (JICA)

ORGANISED BY: THAILAND INSTITUTE OF SCIENTIFIC
AND TECHNOLOGICAL RESEARCH (TISTR)



. 000Uy, C;,)

=) ®,
= [18pasy 2
- RARY 2

<
%

7ISTR >

ol



Date Due

620.193:620,197
sk
c.1

SEMINAR ON CORROSION AND PROTECTION
(2nd : 1992 : BANGKOK).

THE 2nd SEMINAR ON CORROSION AND
PRCTECTION, 30 JUNE - 2 JULY 1992,
SIAM CITY HOTEL, BANGKOK, THAILAND.




General

List of Contents

Information

Welcome address and Report by Deputy Governor of TISTR

Address by the Embassy of Japan

Opening address by Permanent Secretary of MOSTE
List of Speakers
List of participants
Programme
List of papers
1. Introduction to Atmospheric Corrosion Organic-Coatings Project
2. Atmospheric Pollutants and Corrosion Rate
3. Recent Investigation on Anodizing of Aluminium and It’s Alloys
4. Structural Repair to Reinforced Concrete Beam in Tungku Landless
Housing Settlement Scheme, Nagara Brunei Darussalam
5. Application of Potential -~ pH (Pourbaix) Diagram in Aqueous Corrosion
6. Protective Coatings for off shore Structures and Equipment
7. Atmospheric Corrosion of Galvanized Roofing Materials at Makban
Geothermal Power Plant Complex
8. Mechanism of Stress Corrosion Cracking (SCC) of Titanium Alloys in
Nearly Neutral Chloride Aqueous Solution
8. Creep Damage of Catalyst Tube and Pigtail Outlets in Steam Reformer
Furnace of Hydrogen Manufacturing Unit
10. Recent Progress in Scanning Microprobe Systems for Elecﬁrochemical
Corrosion Measurement |
11. Stress Corrosion Cracking on Some Components Used in Oil Industry
12. Corrosion Performance of Deformed Galvanized Coatings
13. Evaluation of Corrosion Protective Properties of Coated Steels after
Chemical Conversion Treatments by AC Impedance Measurement and Scanning
Vibrating Electrode Technique
14. Corrosion Test of Plated , Products for The Study of Service Life
15. The Chlorination of Selected Commercial Alloys at High Temperature
16. Electroplating of Tin from Halogen Baths for Decorative and Corrosion



17.

18.

Present Status of the Metal Protection and Finishing Industries in
Malaysia

The Effect of Ultraviolet Radiation on the Bonding Between Organic
Polymer and Metal Substrate

Bangkok Metropolis and Its Air pollution Problem

Coating for Pipelines and other Underground Structures

Preservation of Ship’s Hull

Corrosion and Protection

Study on the Properties of Organic Paints for Steel Structure

Subjected to Natural Exposure



General Information

Conference Secretarial

The Secretarial will be pleased to handle your enquires (whenever

possible). Please refer to any of the Following Secretarial Personnel:

Mr.Pakomthep Migasena
Mr.Sermkiat Kulkowit
Ms.Siriluck Kewdoknoi
Ms.Naetsail Chulasai

Ms.Korrakoch Meechumnarn

Mr.Wirach Chantra
Ms.Ubolwan Hongcharoensri
Mr.Panya Gatpan
Ms.Vanitsri Goat.petch
Ms.Phensri Nonsrichai

Ms.Wanngam Thanavanitchnam



Alrlines

ii
iii
iv.
vi.
vii.

viii.

Fmbassies

ii.

iii.

iv.

vii.

Royal Brunei Airlines (RJ)
Garuda Indonesia (GA)
Malaysian Airlines (MH)
Philippines Airlines (PR}
Singapore Airlines (SQ)

Thai Airways International (TG)
Qantas Airways (QF)

Japan Airlines (JL)

Other Information

Embassy of Brunei Darussalan

Philippines Embassy

Embassy of the Republic of Indonesia

Embassy of Malaysia

Embassy of Japan

Telephone number

2354764
2330981-2
2365871-5
2332350-2
2360440
2333810
2376268-75
2349111

Telephone number
2605886~7

Fax : 2605884
2590140

Fax : 2597373
2523135-40
Fax : 2551267
2861330-2

Fax : 2872348
2526151-9

Fax : 2534153

Embassy of the Replublic of Singapore 2862111

Fax : 2872578



Welcome Address and Report
to
Mr.Kasem Snidvongs
Permanent Secretary, Ministry of Science, Technology and Environment
by
Mr.Chalermchai Honark

Deputy Governor, Thailand Institute of Scientific and Technological Research

s e e e e - — —

Khun Kasem Snidvongs Permanent Secretary of Ministry of Science,

Technology and Environment,Distinguished Participants, Ladies and Gentlemen.

First and foremost I wish to take this opportunity to welcome our
colleagues from ASEAN, officials from Japan and Thai participants to
this meeting once again and some of you have already visited Thailand
and attended the first seminar and other function of the project in
1990. We are happy and honored to have you all here. I hope that
your deliberations be fruitful and all of you will enjoy a most

pleasant and memorable stay in Thailand.

On behalf of Atmospheric Corrosion : Organic Coatings Project, I
would like to express my deep gratitude to the Permanent Secretary of
the Ministry of Science, Technology and Enviromment for presiding over
the opening ceremony of the seminar on "Corrosion and Protection". I
would also like to extend my appreciation to the Japanese Government
and to all distinguished guests for your kind cooperation in gathering

here.

May I take this opportunity to report to you the objective and

background of this seminar as follows:



Almost  ten years back during the time when His Excellency
Yasuhiro Nakasone, the former Japanese Prime Minister, visited ASEAN
countries in 1983, he advocated meetings of ministerial and expert
levels for the purpose of exchanging views and opinions on technical
cooperation progress in the field of Science in order to share
scientific technology among ASEAN countries. After several such
meetings between Japan and ASEAN countries, the desired fields and
scopes were agreed upon in 1987, and Material Science Technology was
one of them. As to this field, the Japanese Government would provide

project type cooperation toward each ASEAN member country as follows:

- Corrosion of reinforced concrete structures, Project of Brunei

- Characterization of polymeric materials, Project of Indonesia

- Characterization of fine ceramics, Project of Malaysia

- Atmospheric corrosion-metallic coatings, Project of the
Philippines

- Prevention of corrosion in structures, Project of Singapore

- Atmospheric corrosion-organic coatings, Project of Thailand

As for Thailand, in 1987 the Record of Discussion for the ASEAN
Project was signed between the Japanese mission and the authorities of
the Royal Kingdom of Thailand and the project started to be
implemented in August 1988 with the following aims:

1. To evaluate the durability of organic coated metals by
outdoor exposure tests and accelerating tests.

2. To study various methods of the measurement on corrosion of
metals and degradation of organic coatings.

3. To ceontribute to the development of corrosion prevention

technology.



According to the agreement of the joint ASEAN-JAPAN expert
meeting held firstly in Bali, Indonesia, followed by the meetings in
Cha-am, Thailand and Genting Highlands, Malaysia. The fourth Jjoint
meeting was held in Manila, Philippines last year. We are happy to
inform that one of the unique characters of ASEAN-Japan Cooperation
Programme, the multilateral activities such as seminars, training, and
collaborative research work had been commented in each ASEAN member
country succesfully. Moreover, the Japanese mutual consultation team,
were sent to each country to review the progress of the project,
discuss the research and general activities of the prodjects and that
we hope to complete our target to contribute to the development of
corrosion prevention technology to the nation, not only Thailand but
also the regional as the whole. This seminar will summarize all the
results of the activities concerning corrosion in ASEAN countries and
also the presentation of 22 papers from Japan, ASEAN and other local

organizations from both the government and private sectors.

It is now the auspicious moment. May I have the honor of
inviting Permanent Secretary of Ministry of Science, Technology and
Environment to declare open and give blessings to the seminar on

"Corrosion and Protection".



Opening Address
by
Mr.Kasem Snidvongs
Permanent Secretary, Ministry of Science, Technology and Environment
at
The 2™ Seminar on "Corrosion and Protection"
Siam City Hotel, Bangkok Thailand

Tuesday 30 June, 1992

Distinguished Participants:

It .is a privilege and great pleasure for me to have an
opportunity to preside over the opening ceremony of the seminar on
"Corrosion and Protection". This seminar is Jjointly organized by
Japan International Cooperation Agency (JICA) and Thailand Institute

of Scientific and Technological Research.

I am pleased to be at this seminar because I have learned that at
present. many Thai researchers are interested in certain natural
phenomena which creates a great loss. Such phenomenon is the
destruction or the corrosion of materials caused by human unawareness.
The corrosion damage is worth more than one hundred thousand million
baht a year and is going to be greater if we still develop industry
without considering its impact on the environment, or if we utilize
our natural resources without proper management. Although such
concern is still limited among researcher, it is a good start and

would benefit the country in the future.



In Thailand, the loss of corrosion material has not yet been
evaluated. But I could give you some examples which illustrate the
corrosion damage and the cost of protection that is the fast growing
rate of the auto body repair shop in Bangkok and all districts
throughout the country. The circulating sum of capital in this
business is certainly not less than one thousand million baht a year.
The cause of the losses are well known to us and no one could deny
that the damage is still going on as long as we do not have new

materials and proper protection.

However, I am proud that there are a mumber of experts who are
paying attention to this problem and try to find the real cause and
search for the preventive measures. One more important of atmospheric
pollutant is that some corrosive atmosphere such as S0,, NO_, HS is
harmful to human life which is a big campaign for Thailand to

eliminate those pollutant.

On behalf of the Ministry of Science, Technology and Environment,
I wish %o express my sincere appreciation and thank to all of the
guest speakers and distinguished participants to devote your time for
sharing experience and knowledge which will be benificial to your work
and economic deveiépment of the country. I also wish to express a
special thank to the Government of Japan and all Japanese experts for
their support in this project. I do hope that the results of this
seminar shall be further developed and expanded to enhance the

capability of the country in the field of material science.
At this propitious moment, I hereby declare open the seminar on
"Corrosion and Protection:. I do wish all of you a resounding success

in both your work and your private life.

Thank you
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ASEAN-JAPAN COOPERATION PROGRAMME ON MATERTALS SCIENCE AND TECHNOLOGY
2" SEMINAR/WORKSHOP ON CORROSTON AND PROTECTION IN THATLAND 1992
30" JUNE - 2™ JULY 1992
SIAM CITY HOTEL

BANGKOK, THAILAND

PROGRAMME
DAY 1, TUESDAY 30 JUNE 1992

08:30 ~ 08:55 Registration of all participants

09:00 Arrival of Guests of Honour

09:00 - 09:15 Welcome Address and Report by Deputy Governor of
Thailand Institute of Scientific and Technological
Research (TISTR)

09:15 - 09:30 Address by Embassy of Japan

09:30 ~ 09:45 Opening Address by Permanent Secretary for Ministry
of Science, Technology and Environment

09:45 - 10:00 Coffee Break

Session A :

10:00 - 10:30 "Atmospheric Corrosion : Organic-Coatings"
by Dr.Ladawal Chetimongkol, Project Team Leader,
TISTR, Thailand

10:30 - 11:30 "Recent. Investigation on Anodizing of Aluminum

and It’s Alloys" by Associate Prof. Hideaki
Takahashi, Hokkaido University, Japan



11.30 - 12.00

12.00 - 13.30

Session B :

13.30 - 14:00
14:00 - 14:30
14:30 - 15:00
15:00 - 15:20

Session C :

15:20 - 15:50

15:50 - 16:20

16:20

"Structural Repair to Reinforced Concrete Beam in
Tungku Landless Housing Settlement Scheme, Nagara
Brunei Darussalam" by Ak.Menuddin PLW Pg. Hj.
Yussof, Structural Section, Public Works
Department,, Brunei Darussalam

Lunch

"Application of Potential - pH (Pourbaix) Diagram
in Aqueous Corrosion" by Dr.Sunara Purwadaria,
Institute of Technology Bandung, Indonesia
"Protective Coatings for Offshore Structures and
Equipment" by Mr.Azman Bin A. Aziz, Petroleum
Research Institute, Malaysia

"Atmospheric Corrosion of Galvanized Roofing
Materials at Makban Geothermal Power Plant
Complex" by Ms.Cynthia V. Bernas, Industrial
Technology Department Institute, Philippines

Coffee Break

"Mechanism of Stress Corrosion Cracking (SCC) of
Titanium Alloys in Nearly Neutral Chloride Aqueous
Solution" by Dr.Huang Xianya, Singapore Institute
of Standards and Industrial Research, Singapore
"Creep Damage of Catalyst Tube and Pigtail Outlets
in Steam Reformer Furnace of Hydrogen Manufacturing
Unit" by Mr.Narong Sukapaddhi, Thai 0il Co.,Ltd.,
Thailand

Close of Day 1



Day 2, WEDNESDAY 1 JULY 1992

Session D :

09:00 - 10:00 "Recent Progress in Scanning Microprobe Systems
for Electrochemical Corrosion Measurement"
by Prof.Toshio Shibata, Osaka University, Japan

10:00

10:20 "Stress Corrosion Cracking on Some Components Used
in 0il Industry" by Mr. A.D. Wiyono, UPT-Laboratorium
UJI Konstruksi, BPP-Teknologi, Puspiptek Serpong,
Indonesia

10:20 - 11:40 "Corrosion Performance of Deformed Galvanized

Coatings" by Dr.Jamaliah Idris, Universiti
Teknologi Malaysia, Malaysia

10:40 - 11:00 Coffee Break

=
"

Session

11:00

11:20 "Evaluation of Corrosion Protective Properties of
Coated Steels after Chemical Conversion Treatments
by AC Impedance Measurement and Scanning Vibrating
Electrode Technique" by Dr.Lilia Silao, De La Salle
University, Philippines

11:20 - 11:40 "Corrosion Test of Plated Products for The Study

of Service Life" by Dr.Sermkiat Jomjanyong,
Chiangmai University, Thailand

11:40

12:00 "The Chlorination of Selected Commercial Alloys at
High Temperature” by Dr.Somchai Tongtem, Chiangmai

University, Thailand

12:00 13:30 Lunch



Session F :

13:30 - 13:50 "Electroplating of Tin from Halogen Baths for
Decorative and Corrosion Protective Purposes”
by Dr.-Ing Faraz Umar, Institute of Technology
Bandung, Indonesis

13:50 - 14:20 "Present. Status of The Metal Protection and
Finishi g Industries in Malaysia" by Dr.Mustaza
Hj. Ahmadun, Standards & Industrial Research
Institute of Malaysia, Malaysia

14:20 - 14:40 "The Effect of Ultraviolet Radiation on the
Bonding Between Organic Polymer and Metal
Substrate"
by Ms.Ner C. Rodriquez, Industrial Technology

Development Institute, Philippines

14:40 - 15:00 "Bangkok Metropolis and Its Air Pollution Problem"
by Dr.Supat Wangwongwatana, Department of Pollution
Control, Thailand

15:00 - 15:20 Coffee Break

Session G :

15:20 - 15:40 "Coating for Pipelines and Othef Underground
Structures” by Mr.vinij La-Ongsuwan, TOA
Paint (Thailand) Co.,Ltd., Thailand

15:40 - 16:00 "Preservation of Ship’s Hull by CDR. Mana
Naknaewdee, Naval Dockyard Department,
Thailand

16:00 - 16:20 "Corrosion and Protection" by Ms.Taveeporn

Khumthong, Thai Kansai Paint Ceo.,Ltd., Thailand



16:20 - 16:40

16:40

"Study on the Properties of Organic Paints for
Steel Structure Subjected to Natural Exposure"
by Mr.Soravuth Judabong, TISTR, Thailand

Close of Day 2

DAY 3, THURSDAY 2 JULY 1992

Session H ¢

09:00
10:00
10:30
12:00
12:15

10:00
10:30
12:00
12:15
17:00

Panel Discussion : Chairman Session A,B,C,D
Coffee Break
Panel Discussion : Chairman Session E,F,G
Closing
Factory Visit
Note : The visit will be conducted in two
groups, A& B
Lunch box will be servedlon the bus
Group A : Honda Car (Thailand) Co.,Ltd.
(50 persons only)
Group B : Bangkok Container Industry Co., Ltd.

(30 persons only)



Introduction to Atmospheric Corrosion-Organic Coating Project
Ladawal Chotimonghol

Metal and Material Technology Department
Thailand Institute of Scientific and Technological Research

Background Information

ASEAN~Japan Cooperstion Programme on Materials Science and Technology

The former Japanese Prime Minister, Mr.Nakasone, proposed
the cooperation programme on Materials Science aﬁa Technology between
ASEAN countries and Japan in 1983. The chjective of this programme is-
to strengthen the basis and to contribute to the upgrading of reseprch
level on ﬁaterials Science and Technology of ASEAN, becsuse ASEAN
counties are rich in natural resources.

This cooperation programme comprises six national projects
to be implemented in each host country of ASEAN.

They are ¢
(1) Brunei Darussalam -
Project on Corrosion of Reinforced Concrete Strdctﬁres
September 1987 - September 1890
September 1930 - September 1992
(Follow~up)

(2} Indonesia
Project on Characterization of Polymeric Materials
October 1987 - September 1992

(3) Malaysia
Project. on Characterization of Fine Ceramics
November 1987 - November 1991
November 1991 - November 1992
' (Follow-up)



(4) The Philippines
Projact on Atmospheric Corrosion Metallic Ccatings
Outaher 1887 - October 1992

(§) Singapore
Project. on Prevention of Corrosion in Structures
October 1867 - September 1890
éctoher 1880 - September 1992
(Extension)

(8) Thailami
Project on Atmospheric Corrosion-Organic Coatings
November 1987 ~ Novempber 1992

Project. on Atmospheric Corrosion-Organic Coatings
Objectives

1. To evaluate the durability of metals, organic caated metals by

outdoor exposure test and accelerated test.

8, To study wvarious methods of the measurement on corrosion of

metals and degradat.ion of organic coatings.

3. To contribute to the develcpment of corrosion prevenbfon technology.

Study Framework
1. Research on atmospheric corrosion.
2. Acceptance of Thailand researcher to Japan,
3, Dispatch of Japanese researcher to Thailand.
4.  Multilateral wuctivities.
| - . training progrumme

- collshorative research work

- seminar

Duration .
Frow November 30, 1887 to November 28, 1992 (8§ Years)



Chronalogical Record
May 1983

During  the visit of former Japanese Prime Minister,.
Mr.Nekasone, to the ASEAN countriés. a conference at the wministerial
level was proposed, as well as a méeting among sclentists, to discuss
an ASEAN-Japan Cooperation in SGiepce and Technology.

November - December 1983
| A cooference between ministers in chargé of ASEAN~Japan
Cooperat.ion in Science aund Technology was held in Tokyo, Japan

March 1984

At the meeting of the ASEAN Committee on Science and
Technpology (COST) in Baguio, The Philippines, ASEAN oountries
suggested three cooperstion subjects ¢ Biotechnology, Micrpelsectronics
and Makerials Science, '

December 1984
A basic sgreement was achieved st & high level ASEAN-Japan
Meeting held in Jakarta, Indonesis.

~ April 1985

At the twelfth ASEAN COST Meeting in Brunei Darussalam, the
proposal of Jaupun on Cooperation on Materials Science and Technology
was accepted,

Hay 1885 | S

The Ambassador of Japan to Indonesia and the Chairman of
ASEAN COST exchanged notes on the Cooperation Progremme, It included
topica of selected activities in respective ASEAN countries.

August. 1985 ~ Fehruary 1988
Four Japanesa Preliminary Survey Teoms were dispnhched to

the ASEAN countries.



The Japanesé41npiementahion Survey Team visited Thailand for
the prépose of working out the details of the technical cooperation
programme concerning the project on Atmospheric Corrosion-Organie
Coat.ings. i ) |

February 1887

The Japanese Expert Téam and the ASEAN Warking Group on
Materials Science ard Technology (AWGMST) reached sgreement and signed
minutes at the Experts Meeting of ASEAN-Japan Cooperation on Msterisls
Science and Technolegy in Bandung, Indonesis.

Noveaber 1987

br.Krissanspong Kirtikara, Leader of Thailand Delegation,
Ministry of Sclence, Technology and Energy of Thailand and Dr.Tcshiro
Fukushimz, Leader of Implementation Survey Team, JICA, signed the
record of discussions for the ASEAN Project on Atmospheric Corrasion-
Organic Coastings.

August 1883

The first Joint Mesting between the ASEAN Working Group on
Materials- Science and Technology and Japanese Delegation on ASEAN-
Japan Coopersation on Materials Science and Technqlogy' wag beld in
Bali, Indonesia, to discuss the Mulﬁilateral aspects of ASEAN»Japan
Cooperation on Materials Science and Technology.

November 1988 |

_ The Japanrese Mutual Consultation Team was sent te Thailand |
for the purpuse of discussing the smooth and successful implenantation
~of the project

: A@sust 1989 '
"~ The Second Joint Meeting between the ASEAN Working Group and
Japansse Delegation on ASEAN-Japan Cooperation was held in Cha-Am,
Thailand to review projects of each Caantry arl to implement bhe
multilateral activities.



December 1889

The Japanese Advisory survey team was sent to Thailand to
review Lhe progress of the project and discuss further project
activities. %

August 1890

The Third Joint Meetini between the ASEAN Sub~Committee on
Materials Science and Technology (ASCMST) and Japanese Delegation on
ASEAN-Japan Cooperation on materials Science and Technology was held
in Genting Highlands, Malsysia to review projects of each country and
to implement multdilateral activities in 1990-1992.

November 1880

The Japanese Mutual Consultation Tesm wes sent to Thaiiand
to review the progress of the praject and discu%s.the research and
gener#l activities of Lhe project. ‘

Research Activilies

Corruaion research actlvitiss in TISTR as focal point are
concenbrated on the Atmospheric Corrosion Programme which is supported
by JICA. ‘

Long term exposure sites to study the behavior of materials
under different, environments such ss marine, industrial, urben and
rural environments - have been established. This test programme is
undertaken to investigste the effect of environmental factors; such as
solar radietion, temperature, moisture, normal alr constituents, acid.
rain and pollutants upon stmospheric corrosion. There are 4
categories of selected materjals for this progromre.

1, DBare mebal
8. Metallic coated steal
3. Organlc cuated steel
- 4. Plain L coated fibre reinfurcéd plastic,



Accelersted corrosion test aml simulated test are also
included in corrosion research activities. These studies will provide
information ﬁs an estimation of the final result of the Atmospheric
Carrosion Project,

Accelerated Corrasion Test.,

- Combina? cvclic corrosion test,
to accelerate effects of marine enviromment.

=~ _Weathering meber test.
te accelerste effects of sunshine in deteriorating organic
coating. '

- Gas corrogion test.
to study effect of pollution gas on corrosion of materials
in the industrial environments.

Charecterization and Identification
- Characterization and identification of multilayer‘ corrogion
products have been performed by using alectéon probe,
microanalyzer and X-ray diffréctomeher.
-  Study on deterjoration of organic coating
- Study on corrosion mechanism hy electrochemical technigues.
Multilateral Activities |
As one of the'ugique characters: of ASEAN-Japan Cooperstion
Frogramme, Thailand Institute of Scientific and Technological Research
and JICA conduct the multilsteral activities.

" The objectives of ench activity are :
1. btraining programme
2. collaborative resesrch work
3. seminar

See all details in Annex A.



Technical Exchange Team from ASEAN

Indonesia technical exchange team visited Thniland project,
during July 20-21, 1989,

Malaysia technical exchange team visited Thailand project
during March 5-6, 1990. | |
Philippines technical exchange team visited Thailand project
during May 19-24, 1900, |

Singapore technical exchange tesm visited Thailand project

!

during Junc 18-72, 1991, i

Thailand project also visited ASEAN member country during

18 July ~ 1 August 1880,



ORGANIZATION CHART

JICA MOSSTE |
'——-—-‘ R
NRIM TISTR,
(FOCAL POINT)
JICA EXPERTS ~—— JOINT MEETING —— WORKING GROUP

JAPANESE TEAM LEADER

—~ PROJECT COORDINATOR,

~— LONG TERM EXPERT

- SHORT TERM EXPERT

THAI TEAM LEADER

— Thailand Institute of Scientific
and Technological Research '

o !
— Chulalongkorn University

— The Department of Mineral
Resources

- King Mongkut's Institute of
Technology, Thon Buri

- Chiang Mai University

- The National Research Council
of Thailand



Annex A

Multilateral Activities
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WRBER OF wgﬂwmszﬂm-

COUNTRY | TIME/DURATION TITLE PARTICIPANTS FROX THAILAND
FRIREY 5-17 March 2 Jrom each ASEAN cowmysry Study on Corrusion of | 1. ¥r.Pelai Thorgcharoen, DHR
TARUSIALAH 1950 pius others fros host Reinforced Concrete 2. Mr.Panich voottipru.s:, TIETR

- oourhry Structure in Brunei
) { Darussalsn
3-30 November | 1 from each ASEAN country Characterization of | 1. Mr.Wechirapan Pettanachot, CU
INDONESIA 1080 plus others from host . Polymeric Materiais
; country
18 November -1 1 Trom esach ASEAN country Instrumental Analyses| Miss Pornthip Lacprascpwattana, TIETR
© MALAYSIA 15 December plus others {rom host Fine Ceramics .
180 country s

PHILIPPINES

7 Japusry -
Z February
1981

1 From each ASEAN countrs

{ plus others from host

counkry

Atmospheric Corrosion
~Metallic Contings

1. Mr.Supachai Suraps <, DMR

“f~1-28 Februscy

1 f:ua each ASEAN country

Corrosion Measuring

1. Mr.Sa-ard AUrBRArars kb,
Wetervorks sothorits

SINGAPORT 19890 Iﬁé others from host and Fvalaation
country Kethods
A8 October - 1 1 from each ASEAN country Enviromeental Five participants from other AZEAN
THAILAND . | 12 November plus others from host Analyses countries

1930

count.ry




TRAINING PROGRAMME FISCAY. YEAR 1991

.mggg FROH THATLAND

country

COUNIRY TIHME/TIRATION | NUMBER. OF PARTICIPANTS TTIE
BRINET - - - ~
78 Septeaber -! 1 from each ASEAN nag Cheracterization of 1. Mr.Prinya Arocnvisoot,
INDOWESTIA | 27 Octaber plus others from hast Polymeric Materials Prince of Songkhla University
1291 country
- 13 May - 1 from each ASEAN country Characterization of | 1. Mr.Nimit Sriprang, au
MALAYSIA 1i June plus others from host Ceramic Powder T
. 1991 { coumtry
8 July - | From each ASEAN country | Statistical Evaluation| 1. Miss Siripan Nilpairach, CU twaived)
PHILIPPINES 7 August | plus others from host of Corrosion-Multiple | 2. Mr.Wim Nhuapens, CU {waived,
1991 country Regression
- SINGAPORE - - - -
11 November - | 1 from each ASEAN country Instrumental Five participants from other ASEAN
THAILAND & Decenber plus others from host Aralyses countries
1991




TRAINING PROGRAMME -FISCAL YEAR 1992

COUNTRY “TTHE/DURATION NUMBER OF PARTICIPANTS TITLE PARTICIPANTS FROM THAILAND
BRUNEI 22 June - | 2 from each ASEAN country Corrosion of 1. Dr.Somkiat Rungthongbaisuree, KMITT
DARUSSALAM - 4 July | plus others from host Reinforced Concrete 2. Dr.Ekkasit Limsuwan

1992 country : Structures
30 May ~ 1 from each ASEAN country Characterization of 1. Ms.Sirina Puthanarak
INDONESIA - 28 June plus others from host Polymeric Materials
1952 country

MALAYSTA - - Co- -

PHILIPPINES - ) - - -

SINGAPORE May 1992 T
THAILAND - - - -




TRAINING IN JAFPAN

FISCAL YEAR " DURATION TITLE THAT TRAINEE
1998 27 Octaober - Instrumental Analyses Miss Nandb Thavarungkul, RMITT
10 December 1988 _ -
10 Jenuary - Corresion Monitoring Miss Korakoch Meechimnarn, TISIR
18 July 1ises o
16 Jamuary - Instrusental Anslyses ¥r.Sathid Therkisttilul, DMR
1S March 1989 i ,
1983 11 Septemher ~ Instimental Analyses Miss Suthipa Masuthon, TISIR
10 December 1989 =
11 September - Accelarated Test ¥r.Verra Loha, KHMITT
10 Decembezr 1983
20 February - Surfacce Analyses Mr.Pansa Buranswanich, DMR.
19 May 1330
1230 29 November 1990 - Surface Treatzent for pr.Sumalee Wongchan, CU
28 February 1991 orgsnic Costing
10 Janusry - Organic Coating and Evaluating Mr.Sernkiat Kulkowit, TISTR
10 My 1881
1991 24 Septeaber 1991 - Instrumental Analysis for Mr.Choochat Nitipanyswong, KMITT

_ 21 march 1992

28 January =~

Corrosion Monitering and
Testing ‘

Electrochesistry Technique for

Miss Niramon Thamwddbamusilp, TISIR

7 July 1992 Atmospheric Corrosion-Organic
Coat.ings
10 March - | |
7 July 1892 Organic Coatings Technigque Mr.Pradoong Suanpoot, O
1992 3 months Envirensental Analysis Ms.Naetsai Chulasai, TISIR
3 months Polymer /or Organic Conting

Technology

¥s.Waraporn Rmgruangkekokiul, CU




COLLABCORATI VI %ﬂg WORE FISCAL YEAR 18990

- COUNTRY TITLE DURATION PARTICIPANTS FROM THAILAND
Corrosion of steel bar in reinforcad concrete
BRANET . stroctures 10 ¥ay -~
DAMIEREALAM Corresion of reinforced concrete structures 0 E&ﬁ&.
1. Basic Corresion in R.C. Structures 1950
2. Maintenance of R.C. Structures
1. Characterization of Polymers Used in adhesives ,
2. Charucterization of mo.w«.umﬂm ¥enbranes 1 December 50
INDONESTA 3. Comparibility of Binary Polymeric Mixtures - 28 February
4. Characterization of Polymers after Accelerated 1991
Thersal and Mechanical Treatment
1. Preparation of soee rare earth addition glass
2. Properties microstructure relationship of SiC § August -
MALAYSIA or SiN, 2 November Miss Chutima Tantigate, TISTR
Characterization of fine Ceramics 1990
1. Aluminosilicate glasses doped with rare-earth
~ oxides
2. The sicrostructure of silicon carbides
PHILIPPINES | Atmospheric Corrosion-Metallic Coatings 19 November 90| Miss Pakarat Hanvivatvong, DMR
‘ - 9 March 1991 -
1. Corrosion Prevention for Port and Harbour Mr.wWuttipong Muangnoi, KMITT
SINGAPORE Structures 1 January - |-
2. Corrosion Prevention for Dringking Water Storage{ 31 March
~ Tanks 1981
. Accelerated Corrosion Tests on Materials 8 October 90 | Two participants from Brunei
THAILAND Accelerated Corrosion Tests on Steel Structure - 7 January and Indonesia

1891
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RECENT [NVESTIGATION ON ANODIZING
OF ALUMINUM AND" 1TS ALLOYS

‘ »

| I11deak) TAKAHASIL

Faculty of Engineering, Hokknido University,
Sapporo 000, .Jnpan

[: . nbytract

The paper connlnts of thrco pnrts: gencru]. anodizinu of
ANC-12 aluminum die-casting allouy, and unodlzing of nluminum
goverad with thermu] oxide flim.

Tn tho f!rﬂtjpnrl tho npplication and structura of oxldo
Tiln. formad on uluminum arc dascribed. The oxJde [(1lmn formed on
aluminum cun ba classificd Into Il'our Lypes! porous anodic oxtda
111m, barriler anndic oxide film, thermal oxide fiIm, ond hydrox-
ide Film. The change In tho structure of oxide Tilms with the
combinatlon of troptments Iu olso described.

In the middla, the distinctive featurc of the formation
ofporous anodic¢ oxlde t{lms on an aluminum dic-canting ulloy,
ADC-12, which includew ca. 10wl%-S! and 2wlX-Cu as wall as olher
#nlloying G]ONGntSJ ia comparcd with thal of casting and rap)dly
golidiflad alloys. Some tecchniques l'or Jmproving, the dlsudvun—
tagos In Lhe anodiajng of ADC-12 are prUpnued

In the 1ast.\dqur1bed is the formntlon of crystulline
barrier typa unodic oxlde fllms on nluminum covared with tharmn)
oxlde f'Illms, The unodic oxfde fillw has n high elactric -flald
sustalning ability, and much awmount of volds. 7The voild mtructure
of anodia oxido fllms strongly dapends on the pretrcatment:,
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GENERAI,

Anodizing of aluminum and its alloys 1s onc of the important
process in metal finlshing, and has becen developed tor many
yours mainly for the purpose of tha formatjon of oxide films with
anticorrosive and decorative properties. Now a dny, the anodic
oxide f£11ms are usad fn many [lelds, due to their unique morphol -
ogy and propertiaes, nH showa in Tablce 1.

T'able 1 Appllcﬁtiun of anodic oxide films on aluminum
and 1t$ alloys

_________ e e e e
1 h
propertieﬁf J Applicuation '
ek ey
Physical Hardneéu bearing, cylinder

Anti-abrasion gear, bolt/nut

Lubricity lubricating nlumlte

Morphology molecnle scparating membrane,

super grid
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____________ e e e e e o e e o e e —
f
Chemical ( Anticorrosion window/door frama

Adhesion organlc cvonting
Wattablilicty PS-platce
Dye-nffinlty dycing for(decoration)
Cntulyﬁlc cnlnlyzer
pqopcrty *
Diclectric clectrolytic capacitor,
Electric pﬁoperty humldity sensor
& Insuluting printed wiring board, IMST,
Magnetic property alumite cable
Magnuetic memory storage disk, rotary
properly L encoder
Optical E.L. Juminescent diaplay
Absorptlon - solaur-hent. collector. optical
J | wave-gulde J

Aluminum has n strong chemfcnl allinity with oxygen, and
thus is covored with a thin alr-formed oxlde film. Tha air-formed
oxidoe T1i1m I8 too ambiguous to bce uscd as n device in sophlstl]-
cated alectric and opllenl instruments, because It's propertier

.



‘dopond on the preparatlon process of the substrate. By anodizing,
hant troatmont, and hydrothermal trentment, well-defincd surface
filme can be obtained, und these are sultnhle for applying thedr
‘physical, chemical, olectrle, and opticad properiies In the
modern tachnology.. Surface {t§lmsy formed on ajuminum can be
classifled into folir types, as shown In Tablo' 2,

‘Tnble 2 Oxide &nd hydroxjde fllms formed on nluminum

- s ot e S e S e (o o W S . G i Y W o o —— . W Y G e P B TS S W Pt PR s S e e S it e et et e o

type process ‘ medium

v o= —

porous oxido film | | nnodlzing | Hp804, HyCy0,4, HyPU4, NaoOIl

barrier oxide f1lm' | anodizing | ncutral borate, phosphate,
| und cltrate solutions

thbrmal‘nx1dn {11m'| heuting alr, oxygen

boiling hot. wnter
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The porous type oxide fllm, which is formed by anodizing In
acld or alkall solutions, has n Jot of numbher of pores perpendic-
ular to tho metal substrate. The porcs are Iwoluted from tLho
metul substrate by nlthin and hemlsphericul—shupc oxi?c layer, so
¢alled barricer layer. Tho number of pores(N:10 10++/cm®), pore
dlemeter(ND:10 - 100 nm), und barrier layer thickness(é:5 - 100
nm) are functions of | primurlly applied anode potential, E,y und
the total fJlm thickness Is proportional to tha currcnt denslty
and unodizing perlod. A moximum of film thickness Js reached ‘to
bae At most wseveral hundred pum becnnse of the chemlical dlnsolu-
tion of oxide during anodlzing. N

Tha unique morpliology of {he porous type oxide films Js'a
Rey for the applicntion of the fllm to modern technology. By
stripping thoe f{Im from the subutrate, nand removing the barrier
Jayer, a membrane wilth pores, whose number and size aro well-
delined, can be obLitained. . Such a membrane ura suitable for
geparating gas molccules und polymerlzed compounds, and nlso can

.be usod as the "super-grld” for transmission electron miecroscopy.

When alternative current is npplicd to aluminum covored with
porous type oxide fllm in solutions including metal ions such uy
Fe, Ni, and Co, the metn] deposSts In the poros to produce
colored oxide films. ' Thls process Is called the "electrolytic
coloring”, and has bcen establlished in anodizing industry. The
metal deposited In the porcs shows an anisotropy in magnetic
property, and this property can be utilized in elcctromagnetic
devices such as memory storuge disk nnd rotary encoder,

Barrier type oxide fi{lms, which formed by anodizing in
noutrul elcetrolyte solutfons, are thin and compact. The thldk-
_ness, 4, of the oxlde '1I1ms s proportionnl to he anode potdn-
Llal, Eg, showing n proportionulity constant of 1.4 ~ 1.8 nm/V.



fhe value of 6 18 limited to bLe Jess thon 1 gm by the dlelactric
breoakdown phenomera. Thus, the borricer oxide f1lm has less pro-
tective proporty for corrosjon, und urilized ns dielevtric or
insulating 71lm in clectrolytlc capuclitor, humidity sensor, nnd
BO ON. - , . L,
Thermal oxide £ilma formed Ly henting In alr shove 500 . C
.inolude a crystalline oxide of y-olumina und shows a terminnl
thilckness of cu. 80 nm. Anoulzing of therma) oxjde covared
aluminum in a neutlra) solutjon allows the growth of anudic oxlde
f1lms with a crystalline oxlde. ‘The oxlde films thus obtained
‘shows a high electric sustainling ubi)ILy.

Oxyhydroxlde films ohbtalned by Jmmersing aluminum in bolling
pura water are composed of two lnyers: nn outer porous layer und
innar donse layar. ‘The thlickuess of the inner aond outer layers
reaches aboul Y00 nm after 30 min lmmerslon. ‘The hydroxlde film
ghows a crystal siructure of preudo-bochmite and chemical compo-
nition of Al,0 *f2-2.6li,0.  The hydrothermal trentment of ulumi-
num 1s carrfod out as & pretreatment of d¢rgunic’ coating. ‘The
porous outer laydr {4 possibly responsible for the good adheslon
with orgunic coatlngs. Anadlzing of nJum;hnm covercd wijth the
hydroxide f1Ima cuuses the “"composlite oxide film" to grow. The
composite oxide film tncludes, crystiulline oxida and shows n hipgh
ability for sustalning electrlic fleld. The nppllecation of the
vomposite oxido fllms as dlelectr)c mnterjul has lbieen established
in eloctrolytle capac)tor manufactmring industry,

As dascrihbed! above, the morphology, crystnl structure, and
chemical composition of axlde/oxyhydroxide f1lms formed on aluml -
num strongly depand on the f£Jlm formstion conditton., I[ oxlde
11lms are formed on wulumlnum ulloys Instend of pure alumimm,
the growth mochuniam of oxlde would be uaffected consjderubly. by
alloying e]cmentsfhnd microstructure of the substrate., The comb!-
nation of tho four processes described above should he Jnvesti-
gated for further: development of technolopgy with esurface ouxlde
films on uluminum‘und Its nlloys.

In the second section of this pnper, two toples are dc-
geribed In  the tollowing. o :
' |

1)Film formatioh mechunism of porous anodic oxlde f1lms on
“daluminum diae chstlng nlloy, and -

2)Flaeclron microuscopic ytudy of unodie oxJde films on nluminum
with thermal oxldation. N
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ADSTRACT

A commerclal aluminum dic-casting alloy, ADPCI2{B85.5A1-10.7S51-2.1Cu-Fe-Mn-2n-N}-5n)
wag ancdizod galvanostntlicnlly In n sulfurle ncld solutlon Lo exnmine the formatlon
bohavior of porous anodlc oxlde films by potentinl mensurements, chemfcal annly-
scs, ovolved-gas volume mcasurcments, X roy diffraction measurcments and clectron
microscopy. The results were coepnrcd with those from reveral Al-SI-Cu ternary

alloys prepared by casting and raptd solldificatlon,

Durlng anadlzlng, the ﬁnodc potentinl, F,, Incrensed with time, t,. to a steody
value, E.". The value of E.° for ADCI12 wns siallnr to that for Al-10.7S51-3Cu

rapidly éhlldlflcd nlloy. Th% high Eo' value for ADCI2 was found to be elther due
to the hlgh SI- and moderate Cu-content, or the development of cutectle structure
formed by the relatlvely hlgh solldiflcation rate of the speclmen. ADC12 showed n
high partlal current for gas cvolutlion and Jow portlal current for fllm formatlon,
and f{llm dlssolution. Fhls behavior correlated with the effects by trace alloylng

clements In addlition to SI and Cu.

Electron mlcroscopy shoLcd that files formcd on ADC12 have non-unlform thicknesses,
and that Lhec average th‘ckncss Is relotively low. The non-uniformity of fllm thick-
ness was attributed toj the concentratlon of current Into sites where a-alualnum
phaso had developed. The small average thickness wns duc to the low [llm formatlon

rate, which was caused by the high partial current for gas cvolution.

1

INTRODUCTION

The aluminum alloy, ADC12, 1s a Japanesc Industrinl standnrd dle-casting alloy, and
includes about 10%-S1 ahd 2%-Cu os wc}l as olher tracp: nlloying elements. The dic-
casting alluy has good mechanical properties. and Is used In varlous parts of vehl-
cles, alreraft, houscliold artlcles, ond so on.

Anodlzing of ADCL12 in dcld solutlions s not performed due to 1)high clectrlc-power
consumptlon, 2)low fllm-formation cfflciency, 3)fllms with uncven thickness and
graylsh-black color. There n%r scvernl Investigations of the formation of porous
anodlc oxlde fllms on fADClzl' ), but the detalls In }hn fllm formatlon mechanlsn
have not been cstablished yet. In lhe present Investigation, the formatlon of
anodlc oxlde f1lm on ADCI2 was examlned In o sulfuric ncld solution and compared

with AL-S1-Cu ternary allays.

|
|
EXPERIMENTAL

|

,1)Speclimen: a)ADCI2 plﬂln speclnens supplled by the Research Instltute of Aluminum
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Dlec-casting Alloy Finlshing was cut {nto 1xi ca? and cmbedded Into an epoxyl resin.
The chemical composlitlon of ADC12 Is as in Table 1. b)AL-10.7wtXS!-{0-5wtX)Cu
casting alloy(CA) spcclmens were preparcd by melting the mixture In an alumlna
cruclble at 973 K and pourng it on a Cu plate at room temperature. The solldifled
blocks were cut Into 1x1 cm® and embedded In cpoxyl resin. g)Al-10.7wt%Si-(0-5wt%)Cu
rapldly solldiflcd alloy{(RSA) spcclmens were preparced by melting the mixturé by
radio high-frequency heating and dropplng the melt on a Cu roll, rotating at a high
speed in a N2 atmosphere.

Table 1 Chemlcal composition of ADC12(wil%)

Al S1 Cu Fe Mn Mg n Ni Sn

Bal. 10.7 2.05 0.91 0.16 0.10 0.49 0.04 0.01

2)Pretreatment: The ADCI2 and CA speclimens were polished mechanlcally with wet emery
paper and cloth with dlamond pollshing suspension. After removing the outer 100
um layer by pollshling, the speclmens were degreased with acetone. The RSA specimen
was degreased with ucctonciprlor to the experiments.

3)Anodlizing: Prctrgutcd AdClZ and CA speclimens were set in a specimen holder and
anodized in 0.2 dm* of 10 ﬁtx-nzso4 at 293 K by supplying a constant current density
of I, = 100 A/m“. The dethils of the 'asscmbly for anodizing have been described
elscghcre ). The RSA spcclmen was hung by a clip to anodlize In,the sulfuric acid
solution after masking the|backslde and perliphery of specimens. The change in anode
potentlul.ﬁu. with nnodlzl%g tlme, t,, was followed with a recorder.

4)Amount of dissolved A13§ lons: During anodizing an aliquot of the solution was
taken at 5 min Intervals to analyze the amount of .dlssolved A1°* {ons, W4, by colo-
rimetry with the oxinate cﬁtractlon mcthod.

5)Amount of evolved gas: Tﬁe amount of gas evolved on the specimen,V_,, was measurcd
by uslng a gas-collecting tool and an li-shape cell, where anode chamb%r was separat-
ed from cathode chamber with fritted glass.

6)Scannlng electron mlicroscopy(SEM): Before/after anodizing the specimens were
etched llightly and evnporbtcd with gold to examine the structure of the metal
substrate and oxlde [llm by SEM. {

7)X ray diffractlion mcnsuréncnts(XRD): The crystal structure of the metal substrate
was examined by XRD.

RESULTS AND DISCUSSION

1)Structure of the metal substrate: Flg. 1 shows thé scanning electron mlcrographs
of a)ADC12, b)A1-10.7S1-3Cu-CA, and c) Al-10.7S1i-3Cu-RSA specimens. In ADC12, Si
eutectlc particles and SI-(Fe, Mn) eutectic rods are observed In a-aluminum ma-
trix(black part). The A1-10.7Si-3Cu-CA and -RSA specimens show SI eutectic parti-
cles In a-alumlnum matrix.  The SI eutectlic particles become smaller In the order;
CA > ADC12 > RSA speclimen. The RSA speclmen shows a fully developed eutectic struc-
ture because of the high solldification rate. Although the @-Al1,Cu phase could
not be distingulshed by SEM, XRD measurements indicated the exls%ence of trace
amount of 6-Al,Cu phase In ADC12 and both CA and RSA speclimens with more than 3% of

Ceu-
2)Anode potential: Flg.2 shows the éhange fn the anode potential, E_ ., with ancdizing
time, t for ADC12, A1-10.7S[-3Cu-CA, and -RSA as well as pure Al casting specl-

mens, Tﬁc purce Al speclmen shows a rapld Increase In E_ In the very carly stage and
. a steady Ea value, Eu', after the Inftial transition period. All curves except for
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Fig. 1 Scanning clectron micrographs of
a)ADCI2, L)AL-10.751-3Cu casting
alloy, and c)A1-10.7S{-3Cu rapld-
ly solldified alloy.

20 pm
[ SN A—

pure Al show gradual Increascs In E, after the Inltial rapld Increase to reach
almost steady values, E.°. The value of E,* depends strongly elther on the chemlcal”
compositlon or solldiflication rate of the specimen. Flg. 3 shows the relationshlp
between E,* and copper content, Cp.,, in the different types of speclmen. The value’
of E.* for both CA and RSA speclmens Increases with Increasing Cp, to reach a maxl-
mum at C-~, = 3 %, and beyond this IL decreases. The £y values for RSA specimens are
larger than those for CA at all C w e E.* value for purc Al castlng speclmen Is
the lowest and the value for ADCI2 is sllenr to that for Al-10.7S1-3Cu-RSA speci-
men, :

The max{mum fn En' at Ceoo= 3 % for both CA and RSA specimens can be consldered as a
result of the 0-Al,Cu phnsc at Ce, > 3%. The high E.° value for ADC12 correlates
with the high S! and moderate Cu contents and Tully developed eutectlic structure
produced by the relatively high soltdificatlion rate.

3)Film dlssplution and gas evolutlon: Figs. 4-a and -b show the changes in the
amount of dissolved Al®' lons, %,, and the evolved gas volume, V_, with anodlzling
time, tae obtalned for ADC12, Al-10.75{-3Cu-CA and -RSA speclimens. As can be secen
from Flg. 4, LP! and V_ Increase slmost llnecarly with t,, at different rates for
different specimens. 'ﬁu:pnrtlal dlssolution currcnt.ld. and the partial gas evolu-
tion current, 1_, arc cxpressed by the followlng cquations.

g
g = (dWg/de,) (aF/My ) (1)
Ly = (dVg/dty) (n'F/Vg) . (2)

where, n(= 3} and n'{= 4) arc the valence of Al, and 0,, F Is the Faraday constant,
and VO Is the voltme of | mol of 0, gas at the standard temperaturce and pressure.
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Flg. 2 Time varfation In the anode potential, durlng  anodizlng of

a)JADC12,b)A1-10.751-3Cu casting alloy(CA}, c)AT 10.751-3Cu ropldly solld-
(left) Ifled alloy(RSA), and d)pure AL custing specimens.  Anodizing was per-
formed in 10%11,S0,4 at 293 K and 100 A/m“.

Flg. 3 Relatlonshlp between the steady value of anode potential, E,”, and copper

content In  a)ADCI2, b)A1-10.751-(0-5)Cu casting nfloy(CA) and

(right)  c)A1-10.7St-(0-5)Cu rapldly solldificd nlloy(RSA), and d)pure Al casting
specimens. Anodlzlng conditlons are as in Fig. 2.

By neglecting the dissolutlon of alloylng elements other than Al, the partlal oxlde

formation current, lox} Is calculated by;

. 'ox =y - Ly l ) (3)
The changes In 1o . and [, with copper content, C are shown In Fig. 5-n(CA
specimens) and Plg 5- L(RQA sp%clmens) Both CA nnd RSA specimens show that, with

increasing Ce and 1_ Incrcase and lo decreases. In all C u ld for RSA Is
lower than thgt ror CA speclmens, but 1 shows an opposite tcndcncy. The I .. vualues
for RSA are simllar to thosc for CA sgéclmcns In Flg. 5-b, Id g' nnJ’l for
cnstlng pure Al and ADCI2 arec also Indicated. The pure Al shows no ‘gas evoluilon.

{.e. = 0, and relatlvely hlgh lox' while ADC12 shows relatively low jd and lox'
and hlEn Ly N
Flg. 5 hence suggests that the partlal currents of | , and § are strongly

affected by the chemical composition of specimens, an slf%htly ln?iucnced by the
solidification rate, l.c. the development of the eutectlc structure. In CA specl-
mens, the Increase In Sl content, Cqy, causes I, to Inc¢rease, and 14 and I to
decrease. On the other hand, the Increase In Cn. couses ld and i1 _ to chrcnse and

to decrease. The relatlvely high 1 and low 14 and 1, for 'ADCI2 can be ex-
pYalncd as a result of the Influence of qrncc ulloypng elcmcnts in additlon to the
effect of Si and Cu.

4)Fllm structure: Flg. 6 is clectron micrographs of scctions of 40 min anodlzed

specimens of a)ADC12, b)AL1-10.7S1-3Cu-CA, c)A1-10.7S1-3Cu-RSA, and d)pure Al casting
. speclmens. The purc Al and RSA specimens have oxide fflms with uniform thickness of
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Flg. 4 Changes In the nmounts of dissolved A13 and evolved gas, wlth
anodizing time, for a)ADC12, b)Al- 10 7gl 3Cu costing nlloy(CX). and
(left) ¢)A1-10.7S1-3Cu rupfdly solldifled alloy(RSA). Anodizing conditions are as
in Flg. 2.

Flg. 5 Chnngcs In the partial currcnts for Al-dissolution, Id. gas cvolutlion,
,and oxlde formatlon, with copper content In  a)Al-10.781-(0-5)Cu
{right) cﬁstlng alloys(CA) and b)Al 10 751-(0-5)Cu rapidly solidified alloys{RSA).
In Flg. 5-b, the values for ADC12 and purec Al casting specimens are also
Indlcated. Anodlizing condltlgns arc ns In Flg. 2.

1

14 and 11 um., The thlcknesses of oxlde films formed on CA and ADC12 arc non-unl-
form and In average 11 and 7 um. The thin oxide fllm on ADC12 s cvidently due to
the high lg and low lox(scc Fig. 5-b).

The non-unlformity In the thlckness of oxide f1lrs formcd on ADC12 and CA specimen
can bo ecxplalned by the results of the distribution of local current. The current
may concentrate on sltes where a-Al phase develops, because o high electric resist-
ant barrler layer may be produced on sites where the cutectic structure is predoml-
nant. The uniform thickness of oxide flilms on the rapidly solidified alloy lIs
clearly correlated with the fully developed cutectic structure.

CONCLUSION

Anodic oxlde fllm ro}mutlon on ADC12 In a sulfuric acid solution was examlned by
comparing the behavior on Al-SI-Cu ternary nlloys prepared by casting and rapld
soliqification. The followlng Is concluded.

. ‘
1. Hligh anode poténtial observed for ADC12 is causcd by the hlgh S| content and

hoderate Cu content, and by the relatively high solidiflcation rate. Development of
[

-999-



gutcctlc structure {n the metal substrate may cause the formatlon of the hlgh clec-
tric-reslstant barricr layer In the oxlde flla.

2. Durlng anodlzing, ADCL2 shows a hlgh partial current fbr gos cvolutlon and low
partial current for oxlde formatlon. The high gas-evolutlon current Is caused by
trace alloylng clements fn ADCI2 as well as SI ond Cu. .

3. The oxide f1lm formed on ADC12 is relatively thin and has non-uniform thickness.
The non-uniformity In the fllm thickness Is due to the local current distributlion,
which ts caused by the distribution of eutectic particles In the a-Al matrix.

Flg. 6 Scannlng eclectron mlcrographs of/scctions of 40 min anodlzed specimens of
a)ADC12, b)A1-10.7S[-3Cu castlng alloy, c)A1-10.7S1-3Cu rapldly solldlifled
alloy, and d[purc Al castlng. Anodlzing conditlons are as In Fig. 2.
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Electron Microscopic Study of Anodic Oxide Filims Formed on Aluminum

with Thermal Oxidation

Hideakl Takahashi, Chiko lkegami, Masahiro Seo and Ryusaburo Furuichi®*

Electrochentistry Laboratory, and * Analytlenl Chemistry Laboratory. P ultyy of Lngineering. Hokkaldo Unlversiiy,

N13 W8, Kita-ku, Sapparo, ()60 Jupan

The ellects of thermal oxidation on the formation of barrier-type oxide films on aluminum were
investigated by clectron microscopy, gravimelry, and chemica) analysis. Highly pure aluminum
specimens were heated In air at 773-873K for 1-24 hr, and then anodized In a neutral borate
solution at 353K with a constant current density of 50 A/m?, 'I'hcrr‘mxl. oxide films were found
to have a terminal thickness of ca. 30 nm after long heating periods. and to have a crystalline
structure of y-nlumina. Durlng anodizing, the rate of Increase in the anode potential, E,, for
heat-treated spechnens was twlce as high as that for unheated specimens, The formation efil-
clency of anodic oxide lilms was 0.80 for heated specimens and .72 Tor unhested spechnens,
Anodic oxide film formed on heated specimens was a single Jayer including y-nluming, and had
n low thickness/L, ratlo of .77 nm/V. At high I,. amorphous oxtde Islands were formed in the

. anodic oxlde layer through the local breakdown of the crystalline oxide.
Key words:  aluminum, anodic oxide lm, thermat oxidation

Many authors huve reported that anodizing of aluminum
In the presence of thermal oxide lilms causes the formation
of barrier-type oxide films including crystaltine oxide.' '
This phenomenon i§ Important to the electrolytic
capacitor manufacturing industry and also scientitically
Interesting because the oxide crystallization assisted by
electric fleld ucross the oxide is Involved.

The structure of thie anodic oxide filuis appears to
change considerably with conditions of pretreatment.
heating and anodizing. Alwitt and ~ Takei”'  have
investigated anodizing of NaOH-ctched aluminum in
5 g/din’ ammonium citrate solution at 343 K at 50 A/dm?
after heat treatment In alr for 200min atl 7Y8K. They
have reported that anodic oxide film is a single layer
including y'-alumina and Its thickness/vdlitage ratio is
0.90 nm/V for the oxide film formed by mlodizing up to
140V. Shimizu et al.*% have. heated clectropolished

" aluminum In alr for 15min at 773K and then anodized
this in 0.05 mol/dm' ammonium penta-borate solution
at 298K at 50 A/din?, Uslng clectron microscopy, they
found that discrete y-alumina islands arg produced at
the middle part of the amorphous anodic oxide lifm,
Crevecoeur and de Wit”" have heated HE-etched specimeén
for 15 min at 823K and then anodized lhig in 20p/dm?
ammontum penta-borate at 297 K withi &t m'ncminl sweep
technlque. The anodic oxide tilm thus fornied was found
lo conslist of an outer amorphous oxide layer. a middle
crystalline oxide layer, and an inner amorphous oxide
layer; the film thickness/voltage ratio was 1.0 mu/\,
Recently Alwitt et al.” reported that anodic oxide films
formed by anodizing up to 80 V under the same condition

as shown In refl 2, consist of un outer crystalline oxide

layer and an inner amuorphous oxide luyer.
These structural changes n the anadic oxide lilms may
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be explained as o result that the erystallization of
amorphous oxide during anodizing is strongly influenced
by the conditions of pretreatment. heating, and anodizing.
A heating period of 15-20min at 773-823K scems to
result in nucled of y-aluming in the thermal oxlde lilm,
and the s-aluming nuclel may act as seeds for crystals
in the formation of crystalline oxide during anodizing. %!
Henee. higher heating temperature, longer  heating
period. and higher anodizing temperature are expected
to enhance the formation of crystalline anodlc oxlde films.

In the present investigation, the formation of anodic
gaide films a1 353K after relatively long perlods of heat
freatment was investipited by clectron microscopy,
pravimetry, and chemical analysis,

EXPERIMENTAL -

1)y Spevimen
Highly  pure aluminum  foil (99.99%) was clec-
tropulished in an pectic acld/perchlorie actd solutlon and

_ then rinsed with distiled water. After dipping In acclone,

the specimens were kepl in at desiccator prior to the
experiments. The surface area of the specimens was 6 cm?
for all the experiments except for gravimetry, where
specimens with 20 em? were used to obtaln an appreciable
weight gain during thernal oxidation,

2y Thermad oxidation

Specimens were kept inooan electrie furnace In alr for
different periods, 1, ot T, =773, 823, and 873K. In the
furnace the specimens were hung on hooks with a small
hole st the brinch of spechnens in order to nllow the
thermal oxtde il 1o form uniformly on all surfuces of
the specimens, The time varfation In (he welght goln of
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specimens, AW, during heating, t,, les examined with
a micro balance. |

3) Anodizing ‘\

" Specimens with/without heat treatment were anodized
in a 0.5 mol/dm® H,B0,/0.05 mol/dm* Na,B,0, solution
(pH=7.4) by supplying a constant current density of
i,=50A/m?. During anodizing, the solution was stirred
moderately with a magnetic stirring bar. and the solution
temperature was kept at 353.240.2K. The counter
electrode was Pt-plate, and the anode potential. E,. was
measured agalnst an Ag/AgCl referente clectrode. The
change In the amount of dissolved %Al‘*. W,. with
anodizing time, t, was determined by an oxinate
extractlon method.!?

4)  Electron microscopy

Heated and anodized specimens were embedded in an
epoxy resin to make sliced samples by ultra-thin
sectloning technique with a diamond kuife."™" The sliced
samples were placed up on copper grids to observe the
" cross sectlons of specimens under a transmission electron
microscope (Hitachi H700-H) at 200kV. )

Both thermal and anodic oxlde lilms were also removed
from the metal substrate by immersing specimens in a
saturated HgCl, solution to observe the filin structure and
electron diffraction. 1

|
RESULTS AND DISCUSSION

1) Formation of thermal oxide filin

Figure 1 shows the tiine variation in the weight gain,
AW, ol spectmens during heat treatment at different
temperatures, T,. At each T,. 41V incredses with heating
time, t, and reaches a steady value alter a certain .
Higher T, shows a higher rate of increase in AW, and a
shorter pertod Tor attalning a steady value of AW, ‘The
steady values of AW are between 4.0 and 5.0 x 107*
g/dm?, decreasing slightly with increasing T,.

The AW vs. t, curves obtained here show good
agreement with those reported by Dignam et al.'s'"™ and
Eldridge et al.!” Using clectron microscopy in addition
to pravimetry, they showed that y-alumina crystallite
nuclel grow laterally underncath an oliter amorphous
oxlde layer by oxygen fon transport via local channcls
across the outer oxlde layer, and that a termlnal thickness
Is achleved after the crystallite islands coalesce. The
kinetic results in Fig. 1 can be easily understood by their
explanation.!5-17) ‘

Figure 2 shows electron micrographs obtained from
the specimen heated at T,=823 K for t, = 3 hr. Figure 2a
corresponds to the stripped filin and Fig. 2b to the cross
scctlon, It can be seen from Fig. 2 that the thermal oxide
lilm has non-uniform thickness which depends on the
crystal grains, and fully crystallized parts (black parts)
are observed randomly. Eldridge et al.'”" have shown in
the experiments with single-crystal specimens that the
terminal film thickness depends on the erystal orientation

/
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Fig. 1. Change In the welght gning A1, of clectropolished specimens
with heating time, t,.

of the metal substrate and decreases in the order
(L1O)> (100> (111). The non-untform film thickness
observed in the present study may be due to the
dependence of the terminal il thickness on the crystal
grain facet in the metal substrate.

Figure 2b also shows that the average of the terminal
thickness of thermal oxide films is ca. 30nm. Assuming
the density of thermal oxide film to be p=3.5x 107"
g/dm?®, the weight gain data yields an average thickness
of 25-30nm.

The inserted photo in Fig. 2 Is an electron diffraction
pattern obtained from the stripped film, indicating the
evidence of y-alumina (Table 1). This agrees with the
results reported by many authors,'-!1617)

2) Formation of anodic axide film

In order to examine the effects of thermal oxide films
on the formation of oxide during  the subsequent
anodizing, aluminum specimens were heated ot 773K
for 24 hr, 823K for 3hr, and 873K for 1 hr, so that the
entire surface was covered by y-alumina film with
terminal thicknesses. Anodic oxbde tilm formation on such
heavily oxidized specimens will now be deseribed by
comparing it with Hlm formation on unheated (clec-
tropolished) specimens,

Figure 3 shows the chimge in the anode potential, £,
with anodizing time, t,, obtained for heated and unheated
specimens. For the unheated spechmens, E, increases
lincarly from gero with a slope of 40 V/min. For the
heated specimens, B, shows a potential jump of 20V
approximately at the very initial stage of anodizing,
alter which it increases lincarly with a slope of ca.
89 V/min. Above I, =300V, the slope of the curves de-
creases due to diclectrie breakdown of oxide flms, The
curves frequently show abrupt decrease and increase
in L, in the range between 150 and 250V, 1t is clear
that the shape of the curves for heated specimens
climpes little with 7, and 1,. This may be understood
as a result of the development of thermal oxide lihns

] Electron Microse
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Fig. 2. Electron micragraphs of thermal oxide film formed by heat treatment in air at 823K for 3hr.  a) stripped film, b) vertical cross section.
The Inserted phato fs the electron diffraction pattern of the theemal oxide film.

1]
with terminal thicknesses.

The initlal jump of E, for heated specimens is duc to
the high licld sustaining capability of the thermal oxide
lilm. The film thickness/voltage ratio for the thermal oxide
film can be calcutated to be 2-1.7 nmy/V (see Fig. 2b),
Beck et al'™ have reported 2onm/V for the Hilm
thickness/voltuge ratto of thermal oxide filins formed on
NuOH-ctched aluminum. The value obtained iy the
present Investigation Is smaller than their vatue,'™ and

vol. 40, No. 2, 1991

this is due to the different pretreatment,

The slope of the E, vs. 1, curves for heated specimens
is more than twice as steep as that for the unheated
specimens. This significant dilference can be explalned in
terms of the lilm formation efliciency and the high field
sustaining capability of the crystalline oxlde fitm, The
detail will be described in the following sectlons,

The mechantsm of the abrupt decrense und Incrense
in I, during anodizing of heated specimens Is ambiguous.
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A similar behavior has been reported by Yamakawa o
al." during anodizing of aluminum covered  with
hydroxide film. They suggested that this phenomenon is
due to the penctration of clectrolyte into voids in the filin
and to lill the voids with new oxides. :

400 v T —— 1
= ()
=4 Tne 873 k2
g 3001 7 "‘7823 Ko
a //i €3h)
s 773 k
< {24 !\ )
ul’ 3 } i
= 200F / UNHEATED
g |
-
Q [
a 1
(-3}
< 100} 4
£ A
ia = 50 A/m?
1 1 ‘ 1 1
% I 2 3 L 5
Anodlzing time t /min ’

Fig. 3. “Thme varfation in the anode potential, E,. during anodizing.
from heated specimens (077 3K Tor 24 hr, 823K Tor Yhr, and 87 3K Tor
Thr) and unheated specimens.  Anadizing was careied out at a
constunt e, of SO A/ In (L5 molZdm 11,10 /0.05 mol dm? Na, B0,
solution at 353K,
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tlg. 4. Time varfation in the mmount of dissolved AP jons, W,
during snodizing, for heated and unheated spechiens. Conditions of
heating and anodizing arc as In Fig. 3.
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B Vilm tormation efficiency

Fignre -F shows the change in the smount of dissolved
Al donss W with anodizing time, . for heated and
unheated specimens. For each specimen, W, increases
lincarly with 1, The slope of the curves for heated
specimens depends little on Ty and 1, ind it is more pentle
thim that Jor unheated specinens. Assuming that no
side reactions like oxvgen evolution take plice. the film
formation efliciency, . is calculated by the following
cquation:

=N - W W ()

where W s the ot amount of oxidized AL and
calculated from W = (i L mF ALy (0 valeney of ALY s -
Faradoy constant: M atomie weight of A1) The value
ol obtained with Eq. (1) is 0.7 2 for unheated specinens
and 0.80 for heated specimens. The improvement of g
with heat treatment may be explained cither by the
formation of crestalline anodie oxide lilm, where the
clectrochemical dissolution occurs at o slow rate, or by
the decrease in the transport number of A jons during
anodizing.

41 Structure of anedic oxide filn

Figure sta) and 1b) show eleetron micrographs of cross
sections of 2-min- and S-min-anodized specimens without
heat treatment, respectively, Andic oxide lilms formed
on unheated specimens are Tound to consist of a porous
outer laver and o dense noer faver, The thickness of both
outer and nner Javers increases with 1,0 The clectron
diffraction of S-min anodic oxide lilm removed Trom the
metl substrate showed o halo pattern, suggesting
amorphous oxide, '

The morphologpy of these films is very similar Lo that
obtained inoa previous investipation,?" where anodic
oxide fhns were formued potentiostatically ot 293333 K
in the same solution as in this investigation. Under
potentiostatic conditions and at relatively high tempera-
tures. the porous outer layer became thicker with 1. und
the inner fayer thickness remained constant. After long
anodizing, the interface between oxide/metal substrate

Table 1.
lilms,

Difleaction spectra obtained from thermal and simodic oxide

o Spacing tnmi and intensity
Lattice plane ;

i . Stanchnd " hermal® Anmdic**
1t 0456 mf ey f 0455
AR L nose f 0282 :
1R} LIRE L BETIIN [FAR § BTN 0287 m
. A NN on
Hm 120y th19n m 0,202 v«
01 nlsry 0156 m -
110 0140 s (10 B Y 0142 s
583 0 ) 20 m 07 m

© hermal onide was formed by heat treatment wt 823K for 3 hr,
" Anedic ovide was tonmed by anedizing at SO Ajm? for 5 min afier
the heat treatment deseribed above,

| Electron Microse
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Y
i outer layer
i ¢

inner layer

inner layer

Fig. 5. Electron micrographs of crons sections of ) 2-min and b S-min anondic onide Bl fonmdd on unheated specimens, Anodizing condltlons
are as In Flg, 3.

became rounded and the film chimgped to poraus oxide Be precursors of the porous oxide lm and only the Inner
films similar to that formed in acidic solutions. Hence, [y or cinn sustain ahigh field of anode potential. '

the anodic oxide films shown in Fig. 5 are expected to Figwre 6 <hows electron micrographs of the stripped

Vol. 40, No. 2, 1991
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odic oxide films (c and d) formed on specimens
-min anodic oxide film. Anodizing conditions are

5

-min (a and b} and 5-min an

100 nm

pped films and cross sections of 2
Inserted photo is the electron diffraction pattern of the

Electron micrographs of stri
with heat treatment at 823K for 3 hr.

as in Fig. 3.

Fig. 6.

] Eleetron Microse
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films and the cross sections of 2-min- (Fig. 6(a) and (b))
and 5-min-anodized (Fig. 6(c) and (d)) specimens, which
have been heated for 3 hr at $23K. The anodic oxide
films formed after the heat treatment appear to consist
of a single dense oxide layer. Thickness of the oxide lilm
Increases with t,. Electron diffraction obtained from the
removed IHm (inserted photo In Fig. 6a) shows evidence
of a crystalline oxlde ol y-alumina In the anodic oxide
fiims (Table 1). Detatled examination of the structure of
the anodic oxide lilms suggests that the crystallinity of
the oxlde Is not uniform and that there are numerous
small volds In the oxide. The volds can be considered to
be produced by crystallization of amorphous oxide under
a high electric licld, as described later. .

The singie luyer structure Is very stniiar to the structure
reported by Alwitt and Takei,?’ which was obtained by
anodizing In a neutral citrate solution at 343K alter
798K heat treatment for 20 min. At room temperature.

. anodlzing of aluminum covered with crystalline thermal
oxide film has been reported to cause the formation of a
three-layered oxide film, which consists of an outer
amorphous oxide layer, middle crystalline oxide layer.
and inner amorphous oxide layer. 7712 Ihe differences
in the {ilm structure will be described below.

During anodizing, the formation of amorphous oxide
takes place both at the electrolyte/oxide and oxide/metal
Interface by the transport of Al** and 077 jons, In the
middle puart of the oxide lilm, the amorphous oxide
crystallizes under the high electric licld theough contact
with the y-alumina which has been formed by thermal
oxidation. At high anodizing temperatures, the riate of
crystullization can be expected to be high, In addition, a
part of the oxlde formed at the clectrolytefoxide interface
dissolves electrochemically (see Fig. 4). The enhancement
In crystallization of amorphous oxide at high anodizing
temperatures has been observed for the anodic oxide film
formation on aluminum after hydrothermal treatment.*"
The enhancement in crystallization and dissolution of
oxide may result in the formation of the single layer’
structure observed in this investigation. The crystalliza-
tion of amorphous oxide may cause a volume shrinkage
of oxide, and allow the oxide film to produce numerous
voids.

A comparison of Fig. 3 with Figs. S and 6 gives the
relationship between the thickness of abodic oxide flms.
d, and the anode potential. E,. and is shown in Fig. 7.
For anodic oxide films formed on unhbated specimens,
only the inner layer thickness is plotted &is only this layer
sustains the clectric licld. The film thickness. o, is
apparently proportional to E, for both types of anodic
oxide film, and § for heated specimens does not depend
on T, and . The slope of the curves gives the lilm .
thickness/I, ratio as 1.45 nm/V for unheated spechinens
and 0.77nm/V for heated specimens. The value for'
unheated specimens agrees well with that reported for
barrier-type amorphous oxide lilms.>" -

The value obtained for heated specimens. 0.77 nmyV.,
is much smaller than that for unheated specimens. This
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Fig. 7. Relationship between anodic oxide film thickness, 8, and

anode potential, E,. obtained from heated and unhested specimens.

Anodizing conditions are as In Fig. 3. :
i

is beciuse the anodic oxide lilms formed on heated
aluminum have a single layer of y-alumina which can
sustain o higher clectric field. Many authors reported
that wnodic oxide films, formed after the heat treatment
and hydrothermal treatiment, include y-alumina crys-
tals® 2122 and that the anodic oxide Blms have low
values of 0.85-1.25nm/V for the film thickness/I,
ratio, 3B S ST 28 0 yalue obtained In the present
investigation is staller than any of the values reported
in these papers. This can be explained as a resull of the
dilferent erystal structure between them, Longer heat
treatiments may allow y-alumina erystals to develop fully
i the thermal oxide Hlm, and the erystals may act as
seeds for the Tormation of y-alumina in the anodic oxide
lilms during imadizing,

5V Local structure of anedic oxide film

Fipure 8a shows a  law  magnilication  electron
micropraph ol the stripped lm, obtained from the
specimens anodized for Smin after heat trestment for
3hrat 823 K. It can be seen from Fig. 8a that there are
black islands with a diameter of 0.1-1.0 jun. These black
islands may correspond to the amorphous oxide formed
locally in the crystalline oxide layer, and this can be
supported from Fig. 8b, in which a thicker amorphous
oxide ishind is observed.

As these black isliands were not observed in the stripped
lilm obtained by anodizing for 2-min-anodized specimens,
itis considered that the formation of the amorphous oxlde
islinds takes place through the local breakdown of
crystalline oxide layer at the last stage of anodizing.
Possibly, this correliates with the abrupt ncrease and
decrease in the anode potential, I, obscrved during
anodizing for the heated specimens (see Fig. 3). Further
investigation will be necessary to clarify the mechanism
ol the amoerphous oxide islind formation.
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Fig. 8. Electron micrographs of a) the stripped film and b) cross section. obtained from the S-min-anodized specimens with heat treatment at

823K for 3hr. Anodizing conditions are as in Fig. 3.

CONCLUSION

Very pure aluminum was thermally oxidized ot
T,=773-873K for t,=1-2+hr and then anodiztd
galvanostatically in a ncutral borate solution at 353 K.
The influence of heat treatment on anodic oxide film
formation was examined by clectron  microscopy.,
gravimetry, and chemical analysis. The following are the
conclusions. -

1) Thermal oxide films formed by long periods of heat

treatment have a terminal thickness of ca. 30 nm, which
decreases slightly with increasing T),. These films include
s-atuming erystals,

21 During anadizing, the rate of Increase in the anode
potential, I, lor fully oxidized specimen is much higher
than that for unheated specimens, and it does not depend
onT,

3)  The efliciency of anodic oxide ilm formation is
(.80 for heated specimens and .72 for unheated
specimens,

] Electron Microsc
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4) Anodic oxide lilms formed on heated specimen
have a single lnyer structure of crystalline oxide. and
show. 0 low 0.77nm/V film thickness/E, ratio. At high
B, reglon, amorphous oxide Istands are formed through
the local breakdown of crystalline oxide layer.
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ABSTRACT

This paper discussed the repair method used in repairing a
residential structure at Tungky Landless Housing Settlement
Schemes Brunei Daryssalam. The deteriprarion of the structure was
caused by both poar quality of materials used and inadequate
supervision during the construction, It cavers the probleme: the
options of repair method: the method selected: and the facrors
sonsidered in the choice of repair method. The paper alsc
discusses present activities for monitoring the effectiveness of
the repair method employed.

Introduction

The Tungku Housing Settlement Scheme situated at Mukim Gadong,
about 9km from the capital Bandar Seri Begawan. The building was
constructed five years ago but structural cracks were observed
on the face of the beam. The reinforced concrete floor slab was
found to -have spalling concrete.

Problems Encouniered

1) Deep cracks along the simply supported beam and corroded steel
vwere identified.

2) A cantilever beam at the staircase had a similar defect but
the extent of damage was small.

3) Spalling concrete was identified on the reinforced concrete
floor siab near the affected simply supported beam.

Method of Investigation

The method of testing carried out were :

1) Visnal Inspection of the house and its surrounding envirconment

- cracking pattern
- Incation and size of cracks



2) Direct Hacking by using chisel and hammer to :
- remove mortar layer
- expose condition of surface concrete
- expose reifforcement for inspection
- check its concrete cover, bar sizes, arrangement at the
beam<column joint and its corrosion state

3) Estimation of concrete in-situ strength by using Rebound
Hammer. The results obtained were affected by :
~ surface smoothness
- meisfure condition
- cracks and voids within or on the concrete
- types of coarse aggregate used

4) Location, spacing and number of reinforcement within beam and
column by using R-meler, a type af non-destructive testing
equipment,

Besulis of Investigation
The results indicated :-

1Y the shear failure cracking patiern occurring in this house is
most likely to be caused by the bad arrangement o¢f the
reinforcement within -the beam-column joint and the large
spacing between the links. The 1links spacing distance
specified in the structural drawing for the beam is 150mm
while the R-meter readings showed the variation from 130 t{o
230mm. This is an indication of inadequate supervision and
poor workmanship.

2) the badly corroded condition of the expesed beam reinforcement
is likely 1o cause more serious spalling of concrete and
cracking prablem in the future.

3) the thickness of the mortar layer measured ranges from 6mm to
12mm and the cover varies from 10 to 20mm at the hacked
region, which is again an indication of poor workmanship.

4) the rebound hammer vresults showed good stirength, but the
serious cracking problem found on the floor slab and the wall
of the bedroom and the beam surface after hacking the mortar
indicates very clear warning of the danger imposed upon the
occupants of the house. An immediate and appropriate vepair
vork is deemed necessary before it is iloo lale.

Proposals of Repair Method :

Three options were proposed, which are:-

3



i) Demolish the entire structure and construct a new one.
This method is the easiest but very expensive one.

ii)  Surface'Repair - wire brush / sand blast the corroded
steel and plaster the concrete surface using epoxy
cement mortar, This method can be applied only for
structurally sound members. -

i) Structural Repair - Replace the steel bar and weakest
areas. This method is applied only to structurally
unsound members.

Repalr Method

For the actual repair work, a combination of option (ii) and
(iii) was adopted since some members of the structure were
structurally sound and some were unsound. Pressure grouting with
high strength non-shrink cementious materials were used for the
repair of the structurally unsound members. However, for the
floar slabs vwhere the concrete spalled off, epoxy cement mortar
was used to plaster the area.

Repair Procedure

a) Install props and jacks for the beams and shoring for the
columns.

b) Hack the beam and column using chisel and hammer or any

approved method only to expose the main reinforcement and
shear links.

2) Butt weld the beam main reinforcement to shear links and
column reinforcement.

d) Install Hilti HVA M16 adhesive anchor bolts in accordance
with manufacturer’'s specification and as shown on the
drawings.

e} Using a water jet clean the hacked area and apply one c¢nat
of the following bonding agent to the exposed concretle area:
AH P.V.A Bonder
or Hilti CA 420 EP
or any approved equivalent.

£) Apply one coat of Anticorrosion Primer, Araldite CM xh 126AB
or approved equivalent to the exposed reinforcement.

£) Install watertight formwork and greuting inlet and bleeding
pipes. :



h) Pump in the following high sirength non-shrink pressure
grout in an over flowing sequence and maintain the grout
pressure at 30 - 50 psi -

UniStrong Upigrout
or Hilti CM 651 N
or apy approved equivalent

il Remave the formwork after 48 hours.

AR, Paint the affected area to match the existing.

¥

k)  Remove props and shoring after one week.

Conclusion.

The method adopted to repair the work was practical and very much
cheaper than demolishing the structure and re-build a new one,
This method also increased the life time of the structure by
increasing its durability. The test results on the finished
concrete products gave satisfactory results. Further tests are
being carried out to study the following:~

a) Carbonation level
b) Chloride
¢) Corrosion level of rebar

The repair work was completed about a year ago, and there is: no

sign of any further deterioration.. However, the present study
will confirm the durability of the structure.
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ABSTRACT

The thermodynamics information describing the onset of stability
domains of metal, its oxides/hydroxides and predominan areas of its
ions, can be usefully presented in the form of potential-pH isothermal
diagrams. The applications of diagrams for explaining the mechanism of
metal  corrosion and the »methods for corrosion prevention
thermodynamically, are diécussed. The addition of kineticé data to
these diagrams enhances the-practical usefullness of the diagrams.
Construction of experimental potential-pH diagram using the anodic
polarization measurement results are necessary to exhibit the
conditions atwhich a metal is able to be passivated in acids and the

potentials when the passivating film will be breakdown.
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ABSTRACT

Corrosion of offshore steel structures and equipment is an
important and costly problem in the oil and gas industry.
In tropical marine environment such as offshore Malaysia,
corrosion is more severe than 1in temperate countries.
Therefore the corrosion phenomena in offshore environment
have to be understocod and identified before fabrication of
an offshore platform can take place. :

In general, offshore structures can be divided into four
zones based on the conditions they are being exposed to. In -
atmospheric and splash zones, coating is a common method of
protecting the steel from corrosion whereas in immersed and
mud zones, cathodic protection is widely used.

In undertaking a coating project, proper planning and -

coordination is vital since the bulk of cost will be for
the implementation rather than for the coating materials.
Thus, adequate time should be given to these phases of a
coating project. ' '

This paper mainly describes PETRONAS' experiences with
regard to the application of the several types of
protective coatings that are commonly used on offshore
platforms in Malaysia. .



1.0

AN OVERVIEW OF THE OIL AND GAS INDUSTRY IN MALAYSIA

The petroleum industry in Malaysia had its beginning in
the early twentieth century, when o0il was first
discovered onshore Miri, Sarawak in 1909. By the end of
1973, a total of 19 oil fields had been discovered
offshore Malaysia. The oil embarge in 1973 made oil
producing countries realize the importance of
contrelling their own petroleum resources; Malaysia was
no exception. In view of the situaticn, in August 1974,
PETRONAS was formed and vested with the awnershlp and
control of all petroleum resources in Malaysia.

Malaysia is fortunate to have a steady increase in oil
and gas reserves. At present, 31 o0il and gas reserves
and 4 non-associated gas fields are in production in
Malaysxan waters. A total of 174 offshore platforms are
now in operation and these platforms are operated either
by PETRONAS' wholly owned subsidiary PETRONAS Carigali,
or by Shell and Esso through production sharing
contracts. Some of these platforms have been in service
for more than 20 vyears and have undergone much
maintenance work.

CORROSION ENVIRONMENT AND COATING SYSTEMS

The offshore platform environment is divided into
atmospheric, splash, immersed and mud zone according to
the difference in corrosion conditions. = This
categorization of the structure is shown in Fig.1l. In
designing an offshore platform, all four zones have to
be taken into account as each zone reguires different
types of protection techniques. Protective coecating is
used in the atmospheric and splash zone environments
whereas cathodic protection (CP) 1is applied in the
immersed and mud zone environments. However CP will not
be discussed in this paper.

Atmospheric Zone

This zone comprises equipment and structural beams
situated from the sea deck to the helicopter deck. They
are exposed to high relative humidity (i.e RH > 85%),
ultra violet ray, high temperature, rain, salt spray,
contaminants and impact that could contrlbute tc the
corrosion process.

In these areas, a three or four coat system is used to a
total dry film thickness (DFT) of about 200 to 300 um.
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The three coat system normally consists of:

1. Organic zinc rich epoxy 50 um  DFT
2. High build epoxy with or

without micaceous iron oxide (MIO; 150 uym  DFT
3. Polyurethansg 50 um  DFT

The main difference between the three and four cocat
system is the additional primer where the later utilizes
inorganic zinc silicate (10Z). 1In order to improve the
intercoat adhesion properties, the I0Z primer regquires a
layer of a tie coat before any high build coating can be
applied onto it. The system is as follows:

1., Inorganic zinc silicate primer 50 pm DFT
2. Epoxy tie coat 50 um DFT
3. High build epoxy with or

without MIO 125 um DFT
4. Polyurethane 50 gm DFT

With good quality surface preparation and application,
in general, a total service life of between 6 fto '10
years can be expected from both systems. Based on °
PETRONAS' experiences, minor waintenance has to be
carried out from: time to time to prevent severe
deterioration and to prolong the coating's useful life.
Besides the two systems mentioned earlier, there is a

trend now in Malaysia towards environmental friendly .

type of coatings such as isocyanate free polyurethane
and water based coatings. However the performance and
problems associated with these coatings have not been
fully established at this stage. '

For areas exposed to high impact and abrasion such as
the top deck and helicopter deck, glass filled polyester
or glass filled epoxy is used. These coatings can be
applied at higher film thicknesses in one or two layers
(e.g total DFT of 600 um - 1000 um). The glassflakes in
the cured film provide high 1impact and abrasion
resistance and at the same time enhance the bond of the
resin to the substrate to prevent undercutting of the
cured film.

For small and remote platforms, especially offshore
Sarawak where coating is done by workbarges and boats,
it was found to be economical to use glassflake filled
polyester eventhough the materials cost per surface area
is two to three times more than that of a conventional
multiple coat systems. Ssavings by a factor of two to
three are made on the reduction of barge time, rental of
scaffolding and downtime. only primary and secondary
structures are coated with this system whilst small
piping, flowline supports, wellheads, manifolds and
handrails are coated with conventional systems to avoid

-



a high degree of wastage.

2.2 Splask Zone

This is the most aggressive environment of the four
mentioned earlier. As the seawater spray continually wet
the area, it is difficult to maintain in a satisfactory
manner. In this area CP is not effective and a high
oxygen concentration will cause an increase in corrosion
rates. Particular attention is given to the zone from
the mean waterline level to approximately 16 m.

Generally coatings similar to those used for atmospheric

zones are employed in the splash zone (e.g jacket legs,
conductors and boat landing) but at a greater film
thickness. In Malay51a, however a glassflake filled
polyester coating is commonly used due to its toughness
and impact resistant qualltles against waves and floating
objects. This type of coating system has the advantage
of shorter application and curing time; thus it can be
applled in between high tides.,

‘For riser pipes operatlnq at moderate temperature (40 to
80 deg.C) a more superior protective coating is used to
control corrosion. A 25mm vulcanized rubber cladding is
normally selected. This has to be applied wunder
controlled conditions during fabrication. The pipes are
blasted to white metal finish and then coated with a
bonding adhesive before being wrapped with neoprene
rubber. The component is subsequently cured by steam
heating at a temperafure of 150 deg.C and 344 kPa for
about 3 hours. It is claimed that this type of systenm
can last up to 40 years in the splash zone environment.

3.0 PRE~COATING PREPARATION

The planning and coordination phases are the critical
phases in undertaking a coating pro;ect offshore. In a
coating project the cost of the coating materials amount
to roughly 10 to 20 percent of the total cost. The bulk
of the total cost is on the application which includes,
manpower, tools, surface preparation and transportation.
In view of this, it is important to coordinate the
operations of the different parties involved to ensure
efficiency. Some plannlnq steps have to be carried out
before the actual coating job starts.



3.1 Pre~Inspection of the Platform

3.2

An evaluation of the overall condition of the platform
is normally carried out first in order to get a general
picture. This is followed by a detailed inspection of
the structures and eguipment to determine the percentage
of the coating breakdown, area coverage and Jjob scope
for the contractor. Consultation with the platform
operators on the operating routines and equipment set-up
can be helpful in planning the work. The layout of the
platform including crane capacity, living accommodation
for crew and water capacity has to be studied. Equipment
that needs wrapping, drains that need plugging, hot
items that require special attention and life lines that
require platform shutdown need to be ascertained at this
stage.

Coating Schedule

After the necessary information has been gathered,
detailed schedules, 1listing the items and areas to be
coated can be prepared. It serves as a guide for the
job scope and eliminates any ambiguities once the job
starts. It alsoc enables engineers to estimate the cost
of the project. The schedule includes an .itemized
breakdown of the structure members, vessels, and
interceonnecting lines that are to be coated, types of
surface preparation and coating systems.

Work Schedule

The work schedule lists the time frame allotted for the
job. It includes a breakdown of each of the platform
area and an estimated start and completion date for each
area. A copy of tiils schedule is given well in advance
to the inspector and contracter's foreman for them to
plan their work accordingly. The work schedule will be
closely monitored so that the work can be completed on
time.

Pre-jcb Meeting

The objective of the meeting is to familiarize the
respective parties with the coating specifications and
company standards. This is where the organization and
coordination of the team players take place. The team
menbers include management staff, corrosion and field
engineer, coating supplier, coéntractor's foreman, third
party inspector, safety officer and platform supervisor.
In this meeting the emphasis is on the cooperation and

-4 -



communication tendered during the project. Any issues

regarding, safety and Jjob responsibility are also
discussed.

-

4.0 APPLICATION AND INSPECTION

After the ©preliminary work has been completed, the
coating contractor will be informed so that he can
mobilize his eguipment, coating materials and personnel
as scheduled. The work would begin with wrapping and
masking of equipment, erecting the scaffolding and
followed by surface preparation. Extra attention should
be given when masking and wrapping around instrumentation
gadgets, flanges, cables, etc before any blasting or
painting werk is carried out. This is essential because
the overspray and hardening of paint on contaminated
areas can cause operaticnal difficulties later on.

The surface preparation technique commonly used is the
abrasive air blast cleaning. Applying an exotic coating
to a piece of metal without proper surface preparation is
a waste of time and money. All coating systems that had "
been discussed earlier require surface finish equivalent
to Swedish Standard Sa 2.5 minimum. Prior to blasting
the surface they must be completely free from oil and
grease. Weld scars, sharp edges, weld spatter etc also
need to be removed. For the conventional multiple coats
system, a surface profile of 30-40 gm is normally
targetted, whilst 75 to 100 um is required for glassflake
filled polyester in view of its thickness.

Spraylng is the most common method of application being
used in offshore coating. Two types of spray techniques:

conventional spray and airless spray may be applled,
depending on the types of coating. However most coatings
can be used with either one of them except for glassflake
filled polvester which requires an airless spray. The
presence of glassflakes causes high wear rate to the
equipment; thus, a correct size nozzle tip is essential
to prevent overspray.

The prime coat must be applied on the day the surface
preparation is completed. Sufficiently dried film
thickness has to be applied to cover the high peaks of
the surface profile and any coating defects e.g pinholing
or inadeguate thickness, will be marked and recoated
before subsequent coatings are applied.

Inspection is performed to ensure compliance with the
specifications. Inspections in general dc not only cover
the coating proper but also include a check on the type
and condition of the equlpment surface preparatlon,
conditions of application and inspection of the final

-



6.0

job. Normally the inspection is done by a third party
inspector who reports the daily activities to the field
engineer. His responsibility alsc includes submitting a
full report upon completion of the job.

COMPLETION OF THE JOB

After the coating job at a particular area of the
platform is completed, the field engineer together with
the contractor's foreman and inspector will carry out a
final inspection. Any coating defects that are critical
must be repaired before moving to other areas of the
platform. Only after the field engineer and the
inspector are satisfied with the quality of the coating
job can the contractor then proceed with clearing the
work site. All the spent grit has to be collected and
shipped back to shore for disposal. As a matter of fact,
the cleaning of the work site from dust and grit must be
carried out at least 1 to 1 1/2 hours before coating
application. This is to allow sufficient time for the
dust to clear and to prevent it from contaminating newly -
coated surfaces. The removal of masking and wrappers
from the equipment, unpluging of all drains and
dismantling of all scaffoldings are also carried out
during the clearing stage. All the processes that have
been discussed earlier (4.0 and 5.0) are repeated when
the coating job starts at another area of the platform
until the whole job is completed. Sometimes the coating
work has to be stopped temporarily during rainy seasons
which normally falls between October and February. The
time taken to fully complete the coating job offshore
depends mainly on the size of the area that needs to be
coated and the complexity of the platform., It can take
between 4 months to 1 1/2 years to complete the task.

CONCLUSION

The successful execution and completion of an offshore
coating project is a result of many painstaking hours of
preparation and labor-intensive effort. It also depends
on the favourable outcome of a variety of factors,
including those beyond  our control e.g weather
conditions. However, four main facters that need to be
seriously considered in order to obtain an economical and
high quality offshore coating job. They are:

a. Planning
b. Coordination
c. Coating selection



d. Application and inspection

Although the cost of coating materials only amounts to 10
to 20, percent of the total cost, the rest is spent on
application and implementation. Therefore, the trend in
Malaysia now is to use coating systems that are easier to
apply i.e requiring less surface preparation and shorter
application time. At the same time, more environment
friendly systems sre also being looked into. However, as
all these systems are still on the ‘*trial' phase, the
performance and problems associated with them have not
been fully established yet.
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Title : Atmospheric Corrvsion of Galvanized Roofing
Materials at Makbhan Ged;hermal Power Plant Complex

" Cynthia V. Bernas and ITDI Corrosion Staff*

Industrial Technology Development Institute
Gen. Santos Ave., Bicutan, Taguig, Metro Manila

Abstract

Exposure test sites were established within the Makban.
Geothermal Power Plant Complex (MGPPC) to investigate the
corrosivitiy of the atmosphere. Two (2) approaches were
employed, namely, 1) monitoring of environmental factors
(i.e. 80z, H2S, airborne salinity or NaCl, dustfall, and
time of wetness), and 2) corrocsion rate measurement of
sample galvanized roofing material by mass loss method..

Evaluation  according to 150 ﬁropoaed category
classification of the levels of pollution by-50z and NaCl,
and tlme of wetness showed that atmosPheric corrosivity
ranged from C3 (modcrate) to C5 (most "severe). However,
corrosion rates obtained from the mass loss of galvanized
steel speclimens were generally higher than IS0 given or
estimated values. .

Corrosion products of .selected test epecimene were
analyzed by XRD, XRF, and SEM/WDX. Estimatation of the
service life of pgalvanized roofing materiale at the MGPPC
was. madé based on the corrosion rate measurements obtained.
Other roofing materials more suitable to the type of
atmosphere were recommended.

“» - N. Rodriguez, A. Viloria, R;"Laycd,' ﬁ. Vefa Cruz,ﬁ
R. Principe, C. llabana, M. Torre, C. Gayomali, C. Causing,
L. de Guzman, and Dr. E. Luis



Mechanism of Stress Corrosion Cracking (SCC) of
Titdnium Alloys In Nearly Neutral Chloride Aqueous Solution

X. Y. Huang

Metals and Advanced Materials Centre,
Singapore Institute of Standards and Industrial Research,
1 Science Park Drive, Singapore 0511

Abstract

“The pH value of the solution in the crack tip region of Ti-5AI-4V and Ti-5A-2.5Sn under
SCC was measured by microelectrode method and indicator paper method to be
below 2, while the bulk chloride solution was nearly neutral. The undercritical crack
propagation of the SCC in nearly neutral chloride solution was monitored by optical
microscope and it was found that micro-cracks had at first been formed in the plastic
zone in front of the main crack tip. They then extented themself to join each other and
to meset the main crack resulting in discontinuous propagation of the latter. The
hydrogen distribution on the fracture surface of SCC was studied by means of SIMS
and reguiar results agreeing with the prediction by fracture mechanics were obtained.
Hydride precipitates with fct (a,=4.44A, c,=4.18A) and bce (2,=3.30A) structure
were found on the fracture surface of SCC by XRD and TEM. The fracture surface of
SCC was studied by SEM, and it was identified that the fracture surface comprised
three different regions, i.e. an intergranular initiation region, a transgranular steady
extension region and a rapid rupture one. Based upon these experimental results, the
mechanisms of SCC of titanium alloys in nearly neutral chloride aqueous solution,
especially the role of hydrogen in SCC of titanium alloys are discussed.
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L Introduction

Titanium and its alloys have been widely used in aerospace, chemical, marine and
medical industries” because of their high specific strength, corrosion resistance and
thermal stability. In some cases, however, titanium alloys suffer from stress corrosion
cracking (SCC) in chloride aqueous solutions. Different mechanisms were. proposed

for SCC of titanium alloys in chioride aqueous solutions. The most important ones are
as follows :

»

(i) Anode path cracking (APC)[1]-[3] : ‘the major argument is that cathodic
polarization can inhibit the nucleation and propagation of SCC of titanium alloys.

(2}  CI- Attack{4] : It was argued by Beck, that it is CI, but not H*, which can be
enriched in the crack tip region under the potential gradient of the etectric field.

(3)  Hydrogen Embrittlement (HE)[5],[6] : hydrogen evolved from the corrosion

reaction can penetrate into titanium alloys and cause embrittlement of the
materials.

In order to clarify the mechanism of SCC of titanium alloys in chioride aqueous
solutions with direct experimental evidences, in the ;iresent study, the pH value of the
solution in the crack tip region during SCC was measured by two different methods;
the underecritical crack propagation of SCC was monitored by optical microscopy; and
the fracture surfaces of SCC were investigated by SIMS, SEM and other experimental
methods. Based on the experimental results a more comprehensive mechanism for
SCC of titanium alloys in chloride aqueous alloys was proposed and discussed.

I Experimental and Results

Commercially pure titanium, a-type alloy Ti-5A1-2.5Sn and (e + 8)-type alloy Ti-5A-4V

were used in this study. The chemical compaosition of these materials are listed in
Table 1. ‘

Table 1 : Chemical Composition of the experimetal mateérials

. e %
Material Al V Si Fe o] H Ti

HPC‘P.TI - - - 0.090 | 0.0080 | 0.00017 | remalnder
ﬂ Ti-6Al-2.58n 4.26 - 2.33 0.040 | 00145 | 0.00145 | remainder
Ti-5Al-4V 4.56 3.92 - 0.076 0.0183 | 0.00069 | remainder




In this study, wedge-loaded specimens[7] were used. And 3.5% wt NaCl aqueous
solution (pH 6.5) was selected as electrolyte for all experiments. All of Ti-5Al-2.58n and
Ti-5Al-4V sampels-suffered SCC when the applied stress reached a certain level and
after a incubation time of about 5 - 15 hours depending on the applied stress and

temperature, while none of the pure titanium samples cracked no matter how high the
applied stress was. '

a., Measurements of the pH valve ¢7 the solution in SCC crack tip region

The pH value of the solution in SCC crack tip region was measured by two different
methods whils the bulk solution remained nearly neutral.

(1)  Indicator paper method

After the undercritical crack propagatipn of SCC extended over a few mm, a thin piecs
of MERK indicator paper was used to touched the crack tip slightly from the outside
surface of the sample (similar to the arrangement in Fig. 1) that had been polished and
cleaned before the sample was being loaded. At the touch of the crack tip a very littlé
amount of the solution in the crack tip region was absorbed by the indicator paper

owing to capillary effect and this changed the colour of the tip of the indicator paper
stripe.

(2) Microelectrode Method

A Sb/Sb,0, microelectrode (diameter of the head < 0.5mm) was used as working
electrode and a Ag/AgCl electrode was used as the reference electrode. In this
exteriment, a very fine piece of lens tissue was placed in front of the propagating
crack. As the crack tip reached the tissue, a very little volume of solution was
absorbed from the crack tip, and meanwhile the microelectror'ss were placed on the
wet tissue and the poteniial difierence between both electrodes was measured by a
pH-meter (Fig. 1) and recorded. The aE v.s. pH characteristic curve of this electrode
couple was calibrated by using a set of standard solutions. It has been observed that
measurements in bulk solution and on tissue wetted by a small drop of standard
solution gave two aE v.s. pH curves with slightly different slopes. This difference may
be the result of the surface tension of the electrolyte in the latter case and will become
important in measurement for steels because the pH value of the solution in SCC
crack tip region of steels may be about 3 ~4 [8].

The experimentally measured results are compiled in Table 2. Results by two methods
are in good agreement with each other. These results are also in.good agreement with



the results on Ti-8A-1Mo-1V by Brown with fast freezing. method[7].

Table 2: pH values of the solution in the crack tip region of Ti Alloys during SCC

Method | “
Mater
: aterils Indicator ~ Microslectrode
Ti-5A2.55n 20 ' 1.8
Ti-5A1-4V 20 17

b. In situ observation of the undercritical crack propagation of SCC

One suface of the 65 x 45 x Bmm specimens was first polished for metallographic
examination, the specimens were then fatigue-precracked, wedge-loaded and put into
nearly neutral solution of 3.5% wt NaCl with their polished surface remained exposed
to air. Owing to the capillary eifect, the crack tip of the surface layer was still filled with

the solution. The development of the plastic zone and cracking were followed with a
metallograph. : '

As atypical example, Fig. 3 shows the observed undercritical cracking process of SCC
of a Ti-5Al-2.5Sn sample. At the start, a small plastic zone A was formed in front of the
crack tip just after the sample was being loaded (Fig. 3(a)). After 70 hours, the plastic
zone had grown slightly, and near the plastic-elastic border, a fine crack had been
formed at B and another fine crack had been forming at C (Fig. 3(b)). After 120 hours,
crack B propagated backward to mest the main crack at F, and extended forward to
connect with C, and a new crack had been formed at D (Fig. 3 (c)). These processes
were repeated and the SCC was thus advanced.

¢.  Determination of the formation ¢f hydride on SCC fr..cture surface by TEM
and XRD.

Several fine samples were cut from fractured SCC samples, further thinned by double
jet electrolytical polishing with a mixed electrolyte (methyl alcohol : n-butyl alcohol : .
perchloric acid = 10 : 6 : 1) and then investigated with TEM. In all $amples cut from
SCC fracture surface fine precipitates, that could not be seen with any optical
microcope, were observed, Using selected region electron diffraction it was determined
that these fine precipitates were TiH, with fct lattice (a,=4.44 A, C,=4.18A) and
metalstable hydride with bec lattice (a°=3.32i\).7~No hydride precipitate has been found
in samples cut from the parts far from SCC frécture surface.



The characteristic X-ray diffraction peaks of above mentioned fct hydride have been

obtained on relatively smooth area of the SCC fracture surface by carefully selecting
- scanning speed and time constant. |

d. Determination of H distribution on SCC fracture surface by SIMS

Relative hydrogen content on the SCC fracture surface along the longitudinal middie
line was measured by SIMS just after the fracture of a Ti-5Al-2.55n sample. Argon ion
beam with energy of 15 KeV was used. “he beam diameter vvas about 133 um and
the mean distance between measurement points was about 0.6mm. At each point a

pre-sputtering of about 60 seconds was carried out in order to eliminate the
interference from the adsorbed layer.

The measured intensity of the second hydrogen ion tream seemed, however,
unregular from point to point because of the geometry effect of the fracture surface.
The intensity of hycrogen ion siieam was consequently normalized to the intensity of
total second ions stream. The normalized intensity of hydrogen ion stream reflect the -
relative hydrogen content on the fracture surface. These results were shown in Fig. 4.
One can see that there is a peak at the point about 2 mm from the fatigue crack tip
that was about the position of the plastic-elastic border in front of the crack,

e. Fractography of Titanlum Alloys-in SCC by SEM

The SCC fracture surfaces of Ti-5AI-2.5Sn and Ti-5Al-4V were investgated by SEM.
Typical fractographs. are shown in Fig. 5 and Fig. 6 respectively. The SCC
fractographs were brittle in appearance with-many cleavage facets and secondary
cracks, while the fracture surfaces of the same alloys by fast tear in air show typical
ductile fractographs with dimples. What interesting is that there is an intergranular
fracture zone of ca. 100 pm in width between the fatigue-crack and SCC fracture
surfaces, soma corrosion products are visible on the intergrar.ular facets as shown in
Fig. 7. One can also see some small round holes on the corrosion products. These
may be formed through some gas bubbles that arose during the corrasion in the

initiaticn stage of SCC. At the end of this intergranular cracking band many fine
secondary cracks have been observed.

lil. Discussion

a.  Incubation of SCC of Titanium Alloys



At the fatigue-crack tip (or'any other surface microcrack in practical cases) the
concentrated stress caused local plastic deformatcon in front of the crack tip (Fig. 3
(a)). During such p!astnc deformation a great amount of dislocations moved out of the
alloy and formed S[IP steps at the crack tip surface. The surface passive fi film at these
slip steps was damaged and the bare metal was exposed to the electrolyte leading to
local active titanium dissolution. The crack was very narrow and its path was zigzag
so that formed an occluded cell with the crack tip as-the anode and the crack wall
away from crack tip as the cathode. In anode region {(at the crack tip) titanium

dissolved as Ti** and the latter reduced tie pH value of the local solutlon through the
hydrolysis reactnon

T + 3H,0 — Ti(OH),4 + 3H*

This reaction, in fact, led to the measured low pH value of the crack tip electrolyte

and finally controlled it. The hydrogen evolution then occurred locally in the vicinity of
- the crack tip. The cathodic reaction first consumed the dissolved oxygen in the crack
‘electrolyte and this resulted in the hydrogen evolution as cathodic reaction. Increasing
concentration of Ti** and H* at the crack tip region built up a electric field in the crack.
Under the potential gradient of the electric field CI' diffused from outside to the crack
tip and enriched thers. All above mentioned processes taking place in the crack tip
electrolyte (ac:dn‘lcatlon oxygen depletion and Cl-enrichment) inhibited the self-
repairing of the passive film at the crack #p surface and kept the metal to be bare.and
the dissolution of titanium to continue, This is a selfcatalyzed process. The active path
for the anodic dissolution in titanium alloys was proved to be grain boundaries as
shown in Fig. 7. The atomic hydrogen evolved at crack tip has.two ways to go: one
is to combine with each other to form hydrogen molecules and then to escape as
~hydrogen bubbles leaving the traces as can be seen in Fig. 7; another way is to be
absorbed into the metal and to cause local embrittiement so that many fine secondary

cracks were observed at the end of the intergranular incubation band of SCC of
titanium alloys.

In the case of pure titanium the radius of the fatigue-crack tip under load is always too
big (in the magnitude of 0.1~0.5mm)to cause a high stress concentration and to form
occluded cell as a result of its low strength. Therefors, like other pure metals, pure
titanium dose not suffer from SCC.

b.  The role of hydrogen in SCC of titaniura alloys
" After penetrating into the metal, hydrogen di?fused to the region of high, three-axial

stress at the plastic-elastic border in front of the crack tip owing to the stress gradient.
The final hydrogen distribution on the SCC fracture surface shows a very obvious



similarity to the stress distribution in front of the crack according to fracture
mechanics[9](Fig. 4). The enriched hydrogen precipitated out as hydrides on their -
habit planes. in the case of e-titanium alloy they are mainly {0001}[10}. In the case
of (a+ 8)-titanium’ alloy hydrides usually precipitate at the a/8-phase boundaries on the
a-phase side. Titanium hydrides are brittle phases, their fracture strain are only 1~2%
at 150°C[11]. The phase boundary between hydride precipitates and titanium matrix
is an unstable interface with very high energy because of the much higher specific
volume of hydrides. Therefore, both of them are easy to be cleft to initiate microcracks.
Stress was concentrated at such microcrack tip too, and enrivhed hydrogen assisted
the growth of such microcracks at their two tips. This is the reason for the observed
discontinuous undercritical crack propagation of SCC (Fig. 3) and the brittle fracture

morphology with many cleavage facets and secondary cracks of SCC (Fig. 5 and Fig. |
6). ‘

c. Polarisation as a method to distinguish mechanisms of SCC ?

From the discussion above one sees a comprehensive mechanism of SCC of titanium
alloys. In the initiation stage APC mechanism plays a major role and Ci-attack is an
important condition of APC, while HE mechanism plays a very important role in the
undercritical crack propagation of SCC. However, there is a prevalent opinion that one
can use polarization as a method to distinguish mechanisms of SCC: those, which can
be inhibited by anodic polarization, must be HE; while those, which can be inhibited
by cathodic polarization, must be APC[12]. But, in some cases, this principle seems
to be too simple. One should be careful to use the polarization method. For example,
cathodic polarization will certainly evolve hydrogen at the surface of titanium alloys,
but, at the same time; the pH value of the electrolyte near the surface (including the
crack tip electrolyte) will be rapidly raised[13]. The Ci-concentration near the surface
will be rapidly reduced, the surface passive fitm will be then repared. The highly stable
impermeable film[14] on the surface will resist the entrance of hydrogen into titanium
alloy. This is why cathodic polarization ¢z, under some conditions, inhibit the initiation

and undercritical propagation of SCC but this not can be used as a argument to reject
the HE mechanism for SCC of titanium alloys.

IV. Conclusion

SCC of titanium alloys in nearly neutral chiorida 2queous solution is quite a
complicated process. At some fine surface cracks the concentrated stress and the
occluded cell effect can change the chemicat and electrochemical conditions at the
crack tip, including the acidification of the crack tip electrolyte, oxygen depletion and
Cl-enrichment at the crack tip. These changes finally initiate SCC through intergranular



APC. The atomic hydrogen, that is evoived during APC process of the SCC incubation.

stage, will be absorbed into titanium alloy and be enriched through diffusion in the
region of high, three-axial stress in front of the crack tip to form hydride precipitates.

~ The latter consequently leads to the discontinuous undercritical crack propagation of
SCC through HE mechanism.
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Fig. 3 Undercritical crack propagation of SCC of Ti-5Al-2.5Sn in nearly neutral 3.5%wt
NaCl solution. (64x)
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Fig. 4 Hydrogen distribution on the SCC fracture surface of a Ti-bAl-2.55n sample in
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Fig. 5 Miro-morphology'of SCC fracture surface (a) and fast tear fracture surface (b)
of a Ti-5Al-2.55n sample by SEM. (720x)
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Fig. 6 Miro-morphology of SCC fracture surféoe (a) and fast tear fracture surface (b)

(1200x)

of a Ti-5Al-4V sample by SEM.

Fig. 7 Mico-morphology of the incubation band of SCC of a Ti-5A1-4V sample by SEM.
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- CREEP DAMAGE OF CATALYST TUBE ANDlPIGTAIL OUTLETS IN .STEAM 'REFORMER
, FURNACE OF HYDROGEN MANUFACTURING UNIT
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. Abstract

The paper describes the premature failur of a steam reformer
tubes, material HP alloy 25Cr/35Ni Nb 1in a short period of 20,880
hours. The damage is due to creep, leading to eventaul rupture.:-Based -
on the investigation at plant S/D in 1991, failed and not yet failed
tubes were found to have microstructure transformation in the regime
of temperature range of 950-1,000 C. This can: well be attributable to
the accelerated creep damage to the pigtail outlets of material

Incoloy 800 H. The failure analysis will be given and discussed in
more detail.



NARONG SUKAPADDHI

The paper describes the premature failure of a steam reformer tubes, material HP
alloy 25 Cr/35 Ni Nb in a short period of operation of 20,880 hours. The damage is
due to creep, leading to eventual rupture. Based on the investigation at plant 8/D
in 1991, failed and not yet {ailed tubes were found to have microstructure
transformation in the regime of temperature rage of 950—1,000 C. This can well be
attributable to the accelerated creep damage to the pigtail outlets of material
Incoloy 800 I1. The failure analysis will be given and discussed in more detail.

The hydrogen manufa g unit is equiped with a stecam reformer furnace, where
hydrogen gas is produced for hydrocracking unit. The radiant section consists of a
single cell top fired combustion chamber with 4 rows of tubes hanging in vertical by
spring suspension with 32 tubes in each row, total of 128 tubes (¥Fig.1).

Two adjacent rows of catalyst tubes are connected to one of two manifolds
underneath the furnace floor by the so—called pigtails which are made of Incoloy
800 H tube material of 24.3 mm.in ID and 4.7 mm.thick. The two subheadcrs are
centrifugally cast in material grade 20 Cr/33 Ni Nb. -'

Since it was commissioned only a few minor problems were encountered. In
February 1991, the unit was shutdown to repair a leaking drain nozzle on the
boiler, downstream of the reformer. On restart it was noticed that there were some
_ tubes in the reformer which were significantly hotter than the rest (i.e. the skin
temperatures were significantly higher than normal). ICI Catalysts were contacted
to ask their advice as to what action to take. Thai Oil were adviced as to run the
reformer at a very high steam ratio, as it was felt that the cause may be due to
carbon laydown. Thai Qi operated the reformer on steam only & hours, but whean
feed was re~—introduced, the number of hot tubes had increased by 2 or 3 from the
initial apparent two tubes in Janvazy 1991, and there hac been no improvement in
the appearance of the existing bot tubes,

Only onstream skin temperature were measured and observed. As well as pigtails
were seen red hot (Fig.2) through insulation gaps.

On 13rd August 1991 the catalyst tabe C—2 was found leaking and blue flame
impingement at four tubes in the row "B"was observed. The life of the refromer
furnace was 20,880 hours on the day ol eaking, The crack tube was isolated by
nipping infet and outlet pigtails on stream on 14th August 1991. This tube was
remained in leaky condition for about 40 hrs. At the ternaround November-1991,
this tube was removed from pigtails. Their remained pigtails were capped by seal
weld. Up 1o this turnaround, the reformer tube had been in the furnace for about
23,040 operating hours.
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During a mainienance shuidewn of the HMU inspection of the outlet pigiails of
the HMU furnace revealed that bulging had occured in the first section of tube in
a large number of locations as shown in Fig. 1.

Measuremenis indicated that diameters bad mereased by up to 10% but that after
the first weld diameters were nominal.

Microstructual evaluations indicated that the cause of bulging was creep damage.

Further investigation were then undertaken in more detail m article 5.0, since the
furnace had only been in operation ,or approximate 3 yea.s and creep damage
should not have occured.

It was noted here thit the 13~19, one of hot tube (919C) alter completed first weld
joint was broken off at the reducer, which was resulied from excessive beadng to
align it to the second weld preparation. It was then cut and plugged as same as
C~2 (burst tube).

The samples were sectionally cut from D~ 9 at three different locations, including
its reducer for further wetallurgical investigation and future reference. Findings
were given in detail of articles 4.1.4 and 4,1.5.

.

Reformer Tube Materials : ASTM A-297 HP 25 Cr/35 NiNb

Dimensions Outside Dia. o 1238 mm
Inside Dia. ;100 mm.
Minimum Sound Wall thk. : 1.9 mm.
Length : 12260  mm.
Design Condition Temperature ;925
of Catalyst tube Pressure : 272 Barg.
Operating Condition Inlet Temp ¢ 550 ¥
of Gas Pressure ;2695 Bag.
Outle* Temp 875 Barg,
Pressure i 242 Barg

The failure of C~2 occured at about 1/5 of tetal length from the top
(endothermic zone) and it exhibited longitudinal splitting whick pumercus
microcrystalline cracks orfentating in the same direction. Bulging was found
in burst area, resulting in diameter growik or creep damage of 10.2%. The
dimension of tube was 136,60 mm. In CT, 1115 mm, T bored 1D (sce sketch
in Fig.3). Wall thickness at bulging was 12.54 mm. against 13.5 mm. at
opposite side, because of plastic yielding from hoop stress.

jS
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Three sections of burst reformer tube C—2 were investigated. namely the top
part, burst area and the bottom prior to the catalyst screen grid, fo represent
the ditferent thermal gradiants.

The original tube was made of centrifugal casting technique from HP alloy of
{he chemical composition as shown in table 1 which complied with relevant
standard.



4.1

411

TABLE 1 CHEMICAL COMPOSITION OF C-2 TUBE

S =0.0077 | P =0.0085!
| | |
Mn = 1.0269!Ni = 41.161 | Cr = 23.755 ' Mo = 0.0559

! | |
IC = 0.2456|Si = 1.6252
{

|Cu = 0.2005 1Al = 0.0187 INb = 2.14731Ti = 0.0084

V =0.0515|W =0.1285 {B = 0.0008 |

The following paragraphs gave description of metallographic examination of
the sample of crack tube.

The metallographic structure of the base material, in the vicinity of the fracture

surface (Fig.4), was characterised by the presence of interdendritic phase with
some secondary carbide in austenitic matrix.

Fig.4 Microstructure at fracture surface 200x. Marakumi Etchant.



There was an evidence of fusion zone (Fig.5) due to excessive skin temperature,
(local remelting/or plasticization of the material) at rupture surface, I'ig.6
demonstrated severe internal oxidation of metal matrix at crack surface. Fissuring
extending from oxidized surface was observed in Fig.7 having creep voids
developing at eutectic carbides in Fig.8.

& eparc ey

Fig.6 Internal oxidation
6



Fig.8 Oriented cavitation at eutectic carbides, Murakami Etchant. 1000 x.

Microstructure at the proximity of cracked tip (Fig.10) consisted of similar phases
as mentioned above but eutectic carbide coarsening and carbonitride were present
in Fig.11 and 12 at higher magnification, meanwhile secondary carbide in grain was
very few but coalesced as seen in Fig.13 and 14. This was due to the resolution of
carbide at elevated temperature in survice,creep voids were occastonally developed
in the eutectic carbides at the advancement of crack tip.

7



Fig.9 Microstructure at crack tip showed eutectic carbide network and
carbonitride. 200 x Murakami Etchaat.

Tig.10 Carbide coarsening with isclated voids and carbonitrides. 400 x.

8



Fig.12 Crack tip arca showed few secondary carbides. 200 x.

9



Fig.13 Some coalesced carbide and voids surrounded by carbides. 1000 x.

Microstructure at diametrically opposed part to rupture (Fig.14) shows massive

eutectic carbide and coalescence of secondary carbide due to resolution. Sigma

phase could be faintly visible in eutectic carbide patches at higher magnification
in Fig.15 (faint grey).

Fig.14 Microstructure of diametrically opposed to rupture. 400 x.

10



Fig.15 Sigma phase at eutectic. 1000 x.
41.2

Investigation of microstructure at the top part suggested that the skin temperature
had been around 900 C as continuous carbide networks were present (Fig.16),

some eutectic carbides were partially decomposed (Fig.17). The result of nipping
had increased skin temperature of failed tube to this range.

Fig.16 Microsiructure of top part showed continuous carbide netwocis
200 x. Villela Etchant.

11



Fig.17 Same as Fig.16
carbide island.

but at 1000x showed partially decomposed eutectic

413

Fig.18 showed microstructure of reformer tube specimen cut from the bottom part
diametrically opposed to each other. Thick continuous grainboundary carbide
networks were evident and coalesce carbides in austenitic were numerous. But

voidage was not yet developed (Fig.19). This part was assumed to be in the
temperature range at the area opposite to the crack.

©ig.18 Showed microstructure of reformer tube at bottom part diametrically

opposed showed coarscning of cutectic carbide and coalescence of
secondary carbide. 400 x.

12
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B A )
This was one hot tube which was removed from the furnace due to broken reducer
from mechanical adjustment of pigtail welding. Three sections were investigated.

1. At lowest temperature zone of the top section which microstructure consists of
eutectic carbide network and very fine secondary carbide precipitated in the
austenitic matrix (Fig.20). v

2. At the middle section, entering hotter zone, temperature was recorded to be
about 919 C, structure consists of interdendritic carbide network and more
secondary carbide precipitates in the austenitic matrix (Fig.21).

3. Bottom section microstructure was similar to the middle one, but with carbide
agglomeration at grainboundaries more heavily and coalescing in continuous
stretches (Ifig.22).

ﬁg“ vy ot T

5 X,
e

Fig.20 Top seciion of catalyst tube No.D—19 microsiructure. 100 x.
13
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Fig.21 Middle section of catalyst tube No.D—19 microstructure. 100 x.

415

1. Crack around circumferential partially close to weldjoint fracture surface was
brittle.

2. Microstructure revealed crack path was along interdendritic phases which
consisted of sigma, ferrite and carbide. Some isolate creep voids were present
(Fig.23).

100 X 200X

Fig.22 Bottom section of D—19 reformer tube of the hottest zone. Structure
consists of eutectic carbide agglomeration at grainbouadaries with

secondary carbide coalescence in grains.
14



Fig.23

tn

3.1

The bulging was confined to the first 300 mm. section of the tubes which had been
supplied with the catalyst tubes during the construction of the plant, however the
degree of bulging was variable ranging from zero to more than 10% at different

locations in the furnace, the general trend being that the south end had suffered
more.

The remaining pigtail material (immediately below the weld) did not show any
deformation in any of the tubes.

Samples were therefore cut from tubes exhibiting varying degrees of bulging,
from the main pigtail tubing showing no vulging and also from both spare
(unused) tubes from the original supply and from spare tubes purchased from
Kubota prior to the shutdown.

15
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9.2.1

The structures of new tube original material was considered to have grain size too
small, as shown in Fig.24 instead of No.3-5 as specified in ASTM standard.

522

This nipped C—2 tube exhibited a structure as shown in Fig.25, which contained
some carbide precipitation, also at grainboundaries, and was considered normal

for this type of material in this application. The grain size was some what larger
than the straight portion material.

Fig.24 Microstructure of unexposed spare tube pigtail outlet at straight
portion. Original material 800 H. 100 x.
16
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Fig.25 Microstructure of pigtail C—2 straight portion outlet exposed tube.
Which did not yet significantly bulge. 100 x.

In all cases the grain size was consistent with that of the unused original stock
material, however the structure varied from carbide precipitation at
grainboundaries, in tubes that had suffered no distortion, Fig.25, to large carbide
islands in conjuction with creep voiding and surface fissuring, in tubes that had
suffered the most severe bulging (Fig.26).

Fig.26 Microstructure of pigtail No.D—21 which crept about 10.7%. Showed
external intergranular oxidation/fissuring/voids. 400 x.
18



Fig.27 Microstructure of pigtail No.C—2 at bend portion which crept less

thar 1%. Dark—ficld micrograph showed —precipitates. 400 x.

Life assessment according to creep damage accumulation rule was executed at the
period prior to failure, by using Larson—Miller parameter formula, it revealed
that, with tube temperature fluctuation in the range of 875-950 C, and exposure
period as indicated in Table 3, estimate consumed life were only 0.4 and 0.2% for
minimum and average creep strength respectively. It was also demonstrated by the
calculation, theoretically, if the tubes were exposed to temperature beyond the
desion, let us say 1,000 C as shown in Table 4 the life would be shortened by
6~13%, therefore, no crecp failure in this regime of operating temperature, untii
November when the unit is due to be shutdown and the catalvst changed. and aiso
that the reduced life of the tube may not be too much of problem as tic units 1s
likelv 10 be mothballed at the end of next vear.

The appearance of hot tubes in the period prior to tube split had indicated the
malfunction of catalyst. From plant observation not only hot tube developed hu!
there were also giralfe necking tubes. The latier is the term used 1o describe a
tube showing a number of uneven hot 7ones.

At the catalyst renewal, considerable amount of fine and carbon accumulation
were found. Either of both accumulation is exiensive enough to restrict the fow
of gas through the tube. the tube will become overheated as a whole or localised
uneveniy,
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The microstructure feature of failed tube confirmed this because it exhibited high
temperature transformation at different ranges. The most deteriorious effect was
at the rupturg area. Only short period of about 40 hrs, this area was subjected to
cooling when syn gas leak through crack aperture at the surface prior to nipping,
after that it was heated up to a very high temperature far beyond 1,000 C duc to no
more gas flow. The prolongation in service after nipping for more than 2,000 hrs
had changed the microstructure at this zone completely different from the top and
bottom section, by the amount and distribution of secondary carbide coalescence.

It can be explained that at around 1,000 C secondary carbide precipitation was
complete, accompanied by sigma phase transformation, and considerable
coalescence had occured when burst tubes were in service without flow after
pipping for another 2,160 hrs. Thereafier solutiziag of the scoondary carbides in
the austenitic matrix occured, After thousand service hours some precipitated
carbides was completed; the microstructures consisted of only massive eutectic
carbides in an austenitic matrix. The eutectic carbides tended to coarsen quite
rapidly and in many thousand hours had become massive and had takenon a
definite gray cast indicative of conversion to a carbouitride. At the zone near the
rupturing, there was completely solubilized carbide phase (temperature> 1,000 C)
but. in the vicinity adjacent to the crack surface, there was platelet carbonitride,
which is more stable than chromium carbide (Cr 23~06). In conirast to above,
numerous coalesce carbides indicating the lower range of transformation

(1,000 C). The similarlity was the primary carbide or eutectic carbide was massive,
which confers brittleness. This accounted for low creep ductility as measured by
wall thinning of 7.1% only. This alloy can have deformation upto 50%. It has been
fully docurnented in the literature (1) that this type of structure is prone o creep
failure which is characterised by cavities and crack associated with carbide particles
situated along grainboundaries.

Carbide networks at grainboundaries are generally undersivable. They usually
occur in very high.carbou alloys or in those that have cooled slowly through the
high temperature ranges where excess carbon in the austenitie is rejected at
grainboundaries rather than that as dispersed particles. These networks confer
brittleness in proportion to their continuity. Carbide networks aiso provide paths
for oxidation atiack by hot gas. Those remains hot tubes would have similarly -
deteriorated microstructure as exhibited by tube D—19.
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Associated with hot tube development was the extensive bulge was observed w
several pigtail outlets and embrittling effect of sigma phase in reducer as revealed
by microstructure in Fig.23. This had led us to investigate their microstructural
transformation. Micrograph in Fig,24 showed that the original fine grain austenitic
and twinning with fine secondary carbides matrix, revealing material is mill—-
annealed instead of solutiov annealed. Meanwhile the 'pigtail portion beyond the
first weldjoint i.e. at the elbow, grain sizes were larger in Fig.27 and were finely
distributed and homogeneously nucieated Y —precipitates. This microstructure
indicated the proper heat ~treatment and exhibited higher creep resistant than the
straight portion. The solution annealing temperature is ittustrated by Thomas
Anderson (6) that affects the number and distribution of both M23—~C6 and ¥
higher solution temperature resuliing coarse grain size of ailoy 800H and low
creep rate property is gained.

With the chemical composition shown in Table 2, Chromium content of tube No.
C~31 was lower than the specification, and the other tended to have minimum
values which affected the resistance of oxidation and intergranular attack.
Anderson had further pointed out that the second type of phasc; transformation
is the precipitation of the intermetallic compouad a e. Ni3{ALTi) can
have influence on precipitation hardening and thereby lowu Lhc creep ruplure
ductility. The amount of T —precipitation is controlled primarily by the (Ti+Al)
content but is also influenced by the carbon and nickel content as well as by the
heat treatment (7). For  0.050~0.080% and Ni 30—32%, the critical amount
of (Ti+Al) is 0.7% which our pigtails had this amount up to 1% for the case of
less creep damage.

Therefore the following remarks could be drawn as follows.

1. A catalyst tube experienced creep failure due to localized uneven hot zore
because of catalyst was broken and carbon deposit

and 2. ‘The bulging damage of pigtail outlets is considered to be attributable to

accelerated creep rate of inferior creep property resuiting from improper
heat—ireatment,
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Recent Progress in Scanning Microprobe Systems ’
for Electrochemical Corrosion Measurement

T. Shibatas

Department. of Materials Science and Processing,
Faculty of Engineering, Osaka University,
2-1 Yamadaoka, Suita, 565 JAPAN

ABSTRACT

Localized corrosion i8 more important than uniforwm corrosion
in corrosion failure, and the exact information on the rate st
the localized sites and their distribution are necessary for a
quantitative evaluation. However, it is not easy to measura the
exact rate at the localized corrosion sites and distribution,
although electrochemical methods have become popular and used
widely in laboratories or fields.

Then we have developed several scanning microprobe systems,
including a scanning vibrating electrode technique (8VET), 8
scanning pH probe {SPP), a scanning micro impedance probe '(SMIP)
and a scanning laser enhanced elegtrochemical microscopy (SLEEM)
for measuring corrosion rate and its distributien.

SVET which can measure the distribution of corrosion current
dengity at controlled or free corrosion potential, is applied for
mapping 'current distribution at generated pits and at cracks
during corrosion fatigue and SCC.

SPP uses a fine Sb tip for a pH censor and scans over
corroded surface, providing pH distribution which is produced by
reduction of oxygen.

SMIP can measure the distribution of chemical impedance on
the coated steal at the controlled potential pand evaluate
degradation of coatings.

SLEEM is the most recent developed method for detection of.
localized corrosion susceptibility of stainless steals. Focussed
laser irradiation raises ths surfsce temperature which enhanced
electrochemical reaction. Raesponse current to laser irradiation
is different at each site and its scanning image displays a
susceptible corrosion path. ,

Basic principles of each technique and application examples
to localized corrasion will be prasented.



SCANNING MICROPROBE' SYSTEMS FOR
THE ELECTROCHEMICAL CORROSION MEASUREMENT
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ABSTRACT

Scanning micro probe systems, including a scanning vibrating electrode
technique (SVET) and a scanning micro impedance probe (SMIP), have been
developed in order to measure two dimensional distribution of localized
corrosion or defects in corrosion resistant materials in solutions under in-
situ condition. SVET, which can measure the distribution of corrosion
current density, was applied for observation of pitting, stress corrosion
cracking, corrosion fatigue and others under both open circuit end potentio
static conditions.  SMIP displays the distribution of chemical impedance,
with which the corroding surface can be characterized with less damage ~ and
less disturbance for the specimen surface than the potentiostatic SVET. SMIP
has been . applied to observe polymer coated steels for revealing the
distribution of their defects. Characteristics and capability of these micro
probes were examined and discussed.

KEYWORD

‘Scanning vibrating electrode technique, scanning micro impedance probe,
in-situ electrochemical measurement, localized corresion, pitting, stress
corresion cracking, corrosion fatigue, intergranular corrosion,

INTRODUCTICON

There are many electrochemical measurement techniques which provide
information about corrosion behavior of metals and alloys in ‘solutions.
These techniques, however, can not usually give electrochemical parameters
sbout locslized cerrosions, because these provide averaged }?formation about
the materials examined. The scanning micro electrode pﬁabes y several types
of which are now being developed by some authors®?, can measure the
distribution of electrochemical variables. The advantage of these
techniques is the in-situ quantitative local corrosion chsracterization and
the display with a computer assisted visual media. In this study, two types
of scanning micro 3?lectrode techniques will be presented. The scanning
vibrating electrode™, which can measure the distribution of corrosion
current density, is spplied for pitting corrosion and corrosion fatigue of
carbon steel, stress corrosion cracking of stainless steel and intergranular
corrosion. The scanning micro impedance prope, which displays
distribution of chemical impedance, has been applied té characterize a epoxy

w
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I
coated steel to reveal the distribution of localized ~ corrosion,
Characteristics and capability of the scanning vibrating electrode and the
scanning micro impedance probe were examined and discussed.

A
t

SCANNING VIBRATING ELECTRODE
Principle and apparatus

Localized corrosion accompanies local current flow, which causes a potential
gradient, because the solution has a finite conductivitv. In the vibrating
electrode, a sinuscidal vibration is applied mechanicaliy, and the . detected
potential change results in an AC signal related to it. This weak signal
is amplified by a lock-in &?mplifier, being converted to a DC output
proportional to the amplituie ’. = Figure ! shows the block diagram of the
apparatus, The electrode probe tip is made of an electrolytic polished Ag
wire with a few to several hundred um in diameter coated with resin except
the top of the tip. This electrode is attasched to a audio speaker to be
vibreted vertically.  The two dimensional scen is provided by a X-Y stage
driven by pulse motors. A microcomputer controlled the X-Y astage and
recorded the out put of the lock-in amplifier with X-Y stage position. The
details of the probe, the amplitude of vibration, and other experimental

conditions will be given in the following application. ' ’

L’L o Raimence npul |
Oscitasor - amp. | mh;‘;ﬁ

Soeake ‘ AJD0 Cormedt
- ~&f floard

Polengostal

Micra
Computer

lx—v Sage .

1 : Specimem hise Mot

21 Courvier Slectaxie Dﬂv: -~10i/Q board
1 Reference Dectrode

Fig.l Schematic diagram of the scanning vibrating electrode.

Examples of application

Pitting corrosion on a steel --~ Figure 2 shows current density map for - a
high strength steel(HT-50) in synthetic sea water, in which corrosion . pits
are developing. In this experiment, the diameter of electrode is about 500
pm  and the amplitude of vibration 300 ym, the frequency being about. 150 Hz.
This figure shows that positive currents are snodic and negative cathodic.
The anodic peak at the left corner of Fig.Z2(a) corresponds to the geperation

of a pit. This peek is strengthened with time as shown in Fig.2(a) to (f),
and the cathodic current increases sll vver the rest of the specimen. It is
noticeable that a localized cathodic current, in some cases, could be also.
ohserved, as shown in Fig.2(c).
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Fig.2 Changes in the distribution of current density with time,
showing growth of a corrosion pit on high strength steel

in synthetic sea water.
Corrosion  fatigue —~ Corrosion : Zj;/
fatigue tests were conducted for /
high strength stee)l(HT-50) and sl =
ferritic stainless steel(Type4lQ) in —  S——— ]
synthetic sea water. The Schenck =
Lype fatigue testing michioe // "i}(?f'
operating at 1730 rpm was  cwploved, sitco fl/ Specimen
the specimen and corresion coll seatant Cetl
being  shown in Fig.3. The /

distribution of corresion current

wits  measured by  the  sconning
vibrating electrode at intervals of v
30 to 100  min during the
interruption of fatigue test, the

time for the medsurement being about _
S to 6 min, Figs.4 and 5 show the Fig.3 Corrosion fatugue specimen
changes in the distribution of and test cell. o
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2 864x10° cyctes 2 1.81210° cyctes

g 2.4 br,

Hmm
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Fig.4 Changes in the distribution of the current density with
time during Lhe corrosion fatigue test for high strength
steel fo synthetic sea wuler, '
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Fig.5 Changes in the distribution of the current density with time

during corrosivu fatigue test for SUS410 stainless steel
in synthetic sea water.

current density with time during the carrosion fatigue test for HT-50 and
Type4l0, respectively. It is found that local anodic current is observed
around the main fatigue crack. However, wost of anodic current are observed
in the area covered by corrosion products, under which many small pitLs
associated with micro cracks are found for HT-50. On the other hand, the
apparent anodic peak is observed at the fatigue crack for Type4l(, Lhe
extension of the crack with time being observed distinctly. No corrosion
product and no sub-crack were visible on the Type4lD specimen. The
corrosion fatigue behavior of carbon steel and stainless steel are faynd Lo
be different,

SCC ~-~ Stainless steel tepsile test specimens, 0.2 mm thickness, were
sensitized at 750°C for 30 min and 6500C for 24 hr. Constant load SCC Lest
was conducted at 250MPa in 20 wt% MpCl, + 10 ~mol/l Na,$,0, solution aL 80°C.
The distribution of corrosion current “was measured by Sgﬁ%. Figure 6 shows
the change 1in the distribution of current density with time. It is
observed that SCC initiated at the edge of the specimen just after immersion,

{a) Justatler

Immarsion

(C) atter

Just beiore (f)

y Ruplure _Meqsured areq
.Ii’i;&&? 3 b
9 ﬂ%%? Crack
& .

Specimen

Fig.6 Changes in the distribution ofcurrent density with time.
SSC initiates anéSextends fur sepsitized SUS304 at 80oC
in 20% NaCl + 10 "M N325203, 250MPa,

“
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and extended with time. This specimen was rupturéd after 43 hr, when the
SCC crack had been extended to around the center of the specimen, and the
remained part rugtured by a mechanical fracture.
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Fig.7 Current distribution on sensitized SUS304 in O,5M H SO4
+ 0.01M KSCN, showing intergranular.corosion curren%.

Intergranular corrosiocn -~ The scanning vibrating electrode can identify fine
structures of localized corrosion, for example intergranular corresion.
The dimension of micro electrode, the amplitude of vibration, and the
distance between the electrode and the specimen have to be sufficiently small
to distinguish the difference in the current density at the grain boundaries,
the width and interval of which are very narrow. In this study, it was
attempted to detect the intergranular corrosion current of sensitized
stainless steel. Type304 stainless was solution annealed at 1150°C for
200 h, resulting in grain growth to large grains of up to few hundred um, and
then sensitized at 750 ¥ for 30min and 650°C for 24hr. In order ¢to
accelerate the intergranular corrosion, the EPR (Electrochemical
potentiokinetic reactivation) method was applied with some modification. The
specimen was potentiokinetically polarized from corrosion potential to a
passive potential via. an active region, end the applied potential was
returned to a constant potential in the active region, in order to accelerate
selective dissolution at the chromium depleted zone formed by sensitization.
Very fine electrode system was used for this measurement, the diameter of
the tip being about 10 wym, the amplitude of vibration 1Qum, and the distance

between the electrode ~and specimen about Spm, ‘igure 7 sghows  the
distribution of current densirty whicn was obtained by averaging 3 times for
line scanning across the specimen srea. It is confirmed that the position

of current pesks corresponds to the grain boundary by microscopic observation
after the measurement. , _

SCANNING MICRO IMPEDANCE PROBE

Principle and apparatus
R

Isaacs et 316), and Leidheiser et al?) have beeh -reported the idea for

measurement of  impedance distribution :by a scanning micrc electrode. An

~ 85.515 —



electrochemical impedance measursment system was equipped with a micro probe
and X-Y pulse stage, a block diagrem of the system being shown in Fig.8(a).
The micro probe shown in Fig.8(b) is newly designed, which consists of a
small counter electrode and a micro reference electrode contained in a

T Fatsntiostaty, gf!; §E§

SR s R U
. FE Coated
Lock-In Asp. TR A TRt Wire
. R
dgusinen | Wﬁ!:l gt Counter
Electrode

il |

X-Ye§ Pules Stage [

=Capillary

#icro-Conpuiey
Pulss Moter {PC-3001 VX)

Contreller ~ wlg
U | \
(&) . Printer K;t:: (b) LA

Fig.B Schematic drawings of (S)the scanping micro
impedance probe system and (b)the micro probe.

Hicre
Electrode

capillary. The micro reference clectrode is made of platinum wire coated
with PTFE tubing except the top end cross section. The top end of the
electrode tip is located at the center of the open end of the micro probe
capillary. The micro probe, including the reference electrode, is scanned
near the surface. Since ion current flows through the capillary, the
measured impedance corresponds to some restricted area, In the newly
- developed system, the top end of the capillary is contacted directly to the
specimen td limit strictly the measured area, so that the measured value just .
corresponds to the area confined. The examples shown below were. measured
with this system. The electrochemical impedance was measured at a single

Fragwaacy 1 2.8 Mg
Apltisde ¢ B0 &k

o]

P

impedance /10? chm-m?
o

Fregusacy ¢ 1.9 ks
2 Anpiitude ¢ 0.0 u b
r3 F s

.0 1 2 3 o e 20

(a) Distance / mm (%) Time 1 b

Fig.9 (a)Impedance distribution cn epoxy costed zinc galvanized steel
in 12 NaCl efter 20 hours immersign. (b)Impedance changes with
immersion time for (&)no corrosioﬁ‘and {o)localized corosion site.



frequency for one measurement site, because the usual impedance measurement
for wide frequency range need very long time, Both the potential and
current moculation were also tried and the following result were obtained.

4

Y .
Distributiop of impedance on epoxy coated zinc gslvanized steel

A zinc galvanized steel coated with epoxy resin waes immersed in 1 X NaCl
solution, and the distribution of impedance was measured during about 20
hours. An example of the impedance distribution using 2 kHz is shown in
Fig.9(a). Some sites at which impaedance was lower tian the others were
detected end were confirmed to correspond to defects on the coating,
Figure 9(b) shows the change in impedance with time at both the deteriorated
and the not deteriorated sites. Initially, almost a similar equally decrease
in impedance is observed for both sites, that corresponds to the process of
the dinitial uniform degradation, and then the impedance’ at the specified
sites decreased with time due to local degradation.

DISCUSSION

Function of SVET

The sensitivity and the resclution of SVET are affected by the dimension and
function of the probe system. . The higher resolution is attained by
decreasing the magnetude of the next three factors as small as possible ; the
dimension of electrode, the amplitude of vibration, and the distence between
the probe and the specimen. The higher sensitivity, however, is obtained by
the larger amplitude of vibration, and a good S/N ratio is achieved by using
the lsrger electrode tip. Therefore, not only the small electrode, but
also stable vibration driver and precisely controlled scanning stage are
required in order to maintain the small constant vibration and the small and
fixed clearance hetween the probe and the specimen. The examples of pitting,
corrosion fatigue, and SCC, described before, used not so fine probe system.
Measurements in. the solution with such s high conductivity generate small
amplitude of potential, because high conductivity gives small IR drop.
Moreover, these measurement seemed to be not needed such high resolution of
" less than 1 mm, Thus, the dimension of the probe and the amplitude of
vibration used for the examples was order of few hundreds um, Finer probe
system vas needed for measurement of intergranular corrcsion. It seems that
the higher resolution has been attained by using of the smaller electrede tip
and the more stable vibration driver. For the precise measurement, il was
also proved that the electrode vibration must be controlied strictly vertical
direction. Ian currents consist of both vertical apd horizontal components.
Thus, 1if vibration contalns horizontal component, the signals derived from
both vertical and horizontal currents are overlapped resulting in: an
inaccurate current distribution. Therefore, the stable and precise
vibrating driver is needed when the measurement is conducted for ' the high
resalution.



"Change in local impedance

In the scanning micro impedsnce probe, a single high frequency is preferable
for a quick measurgment of impedance map. Thus, it seems that the measured
impedance is moatly contributed by solution resistance, -The deteriorated
sites on high corrosion resistance material, however, can be detected and/or
distinguished by the distance between these sites and. the probe, because
solution resistance proportional to the distance. Therefore, the scanning
impedance probe 1s suitable for detection of locel corrosion sites or defect
of corrosion protection coating on metal or alloys, for example, polymer or
ceramic coating. The advantage of the scanning impedance electrode is that
specimen 18 scarcely damaged during sampling, because only small AC
modulation is applied for the measurement.

CONCLUSTON

The scapning micro probe systems is suitable for characterizing the
distribution of corrpsion and/or defects sites on metals and alloys in-situ
and on real time, the'measured value being displayed in visual media. The
scanning vibrating electrode can indicate the distribution of corrosion
current quantitatively with high lateral resolution under potentio static or
natural immersion condition. Thus, this technique is suitable for
observation of initiation and extension of localized corrosion, for example
pitting, SCC, galvanic corrosion, and others, On the other hand, the
scanning micro impedance probe can detect the localized corrosion or defect
sites with 1little damege on the specimen, and is favorable for
characterizetion of high corrosion resistive coating, like paint, plating or
. ceramic coating,

w
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NEWLY DEVELOPED SCANNING LASER ELECTROCHEMICAL
, MICROSCOPY 'TO DETECT INTERGRANULAR CORROSION

T. Shibata, S. Fujimoto and T. Shono’ 4
(Department of Materials Science and Processing,
Faculty of Engineering, Osaka University,
2-1 Yamadaoka, Suita, 565, Japan.)

. . ABSTRACT
Scanning laser enhanced electrochemical microscopy(SLEEM) has been-
developed in order to.detect intergranular corrosion, A focused

laser beam generated from a semiconductor laser of AlGaAs (wave
length: 830 nm, out put power:40 mW) was scanned across a grain bound-
ary of sensitize?JType 304 stainless steel which was kept at a con-
stant' potential *within the active region in a 1,50,+KSCN solution.
The enhanced dissolution current at the grain bou%dagy due to a tem-
perature rise induced by the laser irradiation was found to produce
the clear boundary image. The scanning operation and data acquisition
ware totally controlled by a microcomputer and integrated into the
system called SLEEM. The details of SLEEM and optimum conditions for
the operatien such as radiation frequency and applied potential were
discussed. :

INTRODUCTION.

various kinds of electrochemical methods have been applied to study
corrosion and proved to be essentially important for evaluating the
corrosion resistance of materials’ or analyzing the corrosion mecha-
nism, but the electrochemical parameters obtained are malinly con-
cerned with an average value over the whole surface area examined,
Localized: corrosion which distributés either uniformly or at random

over the surface needs the more exact evaluation on distributed sites

and their corrosion rate. 1 -

~ Scanning probe techniques including, scanning vibrating electrode,
scanning electrochemical impedance have been proved to be useful to
identify the position and,to measure its corrosion r§t§ guantitatively
in situ for pi; formation , grain boundary corrosion®’”, crack propa-
gation 4in SCC or corrosijion fatigue , ddgradation of coated steel”,
selective corrosion of welded part , and so on. The above methods,
however, have a limit in spatial resolution because spatial distribu-
tion of ionic current induced by corrosion was not sharp, so that -
small corrosion current occurring at a narrow grain boundary region
. was hardly detected.

Then, we had p;oposed a scanning laser enhanced electrochemical mi-
croscopy(SLEEM) for detecting localized corrosicn, especially for
intergranylar corrosion. Laser beam probe does not need any direct
contact on the. specimen and fine spot as small as 1its wave length
will provide an improved spatial resolution for detecting intergranu-
lar corrosion. . '

»

EXPERIMENTAL

1. Scanning laser enhanced electrochemical microscopy
Instrumentation of SLEEM was illustrated in Fig.1. SLEEM consists of

Proc. 7th Asian Paaifiq Corrosion Controll Conference, p.188, 1991.
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Fig.1 Schematic illustration of SLEEM

three main parts; the first is a laser irradiation part including a
laser with power source and optics, the second a small electrolytic
cell integrating small steel specimen with a scanning stage, and the
third a microcomputer which could control the scanning stage, data
acquisition and display a scanning image. As the specimen, the small
square bar having a cross sectional area of 1.5 mm x 1.5mm was used
and molded into epoxy region, The surface of the specimen was cov-
ered with a rubber o-ring of 7.5 mm in inner diameter and a thin
glass plate of 0.15,mm, so that the volume confined over the specimen
surface was 60 mm", The solution which was preliminary deaerated
with purified nitrogen gas was circulated to the confined volume over
the specimen surface through inlet and outlet fine tubes. Another
. two tqbes attached to the cell were connected with a Pt counter elec-
trode and a Ag/AgCl reference electrode, so that potential of the
specimen was controlled by a potentiostat. A semiconductor laser!
type: AlGaAs, output power:40 mW, wave length:830 nm}) was used as a
laser source and is highly possible to cause only thermal effect on
the electrochemical reaction because its wave -length is too long to
produge holes by photochemical excitation. Laser beam emitted from
the laser was focused through the objective lens and irradiated into
the specimen surface. The effective laser power irradiated on the
surface was estimated to be about 10 mW with a focused spot of 10 um
as stated later. The irradiated surface can bé monitored with a CCD
camera as illustrated in Fig.1.

Laser  irradiation with modulated frequency onto the specimen which was
kept at a constant potential at room temperature produced a modulated
current response which was measured by a lockin amplifier, separated
from  the steady current. such laser irradiation was continuously
scanned over the surface of the specimen which was moved by an X-Y
stage operated by the microcomputer, and then the image of the laser
response as a function of the X-Y position was stored in the microcom-
puter and displayed in CRT or a plotter.

2. Specimens and. solutions used
Type ' 304, stainless steels and a series of Fe-Cr alloys were used’ and
their chemical composition was shown in Tabkle 1. In addition to the
above alloys, diffusion bonded alloys were also prepared to- simulate
the boundary. For 304 stainless steel, solution annealing.wifh grain
growth at 1423 K for 100 hrs followed by water quenching was accom-
- plished, and then final heat treatmentiat 773 K for 24 hrs was applied
for ;seng%tization. Almost all solution used in the expsriment was
+

0,5kmolm H,80,, but another solution of 0.5kmolm™" ¥, 50

2774



0.01km91m3 KSCN was used to intensify grain boundary dissolution for
revealing grain boundary image, because it is used for electrochemical
polarization for reactivation{EPR) to measure intergranular corrosion
: susceptibilityggf stainless steels.

Table 1 Chemical composition of alloys

c si Mn p Ni Cr Ti Al N Mo

304 0.0% 0.55 0.98 0.026 0.008 9.38 0.12
Fe-8Cr 0.028 0.28 0.30 0.003 <0.01 8.23 ©€.31 0.14 0.0049
Fef18Cr 0.025 0.30 0.30 0.003 <0,01 18.59 0.30 0.17 0.0064

i

RESULTS AND DISCUSSION

1. Determination of the spot size of the irradiated laser beam
In Fig.2, an example of laser ‘

enhanced current image was S0
demonstrated, which was ob-
tained by line scanning of 1
um steps for 304 stainless

QSkmot-mr3HaSik at room ferrperalive
-U0mN
U530+

A
o

steel maigsained at 1020 mv in ¢
0.5 kmolm -~ H,50, solution at ~30;
room temperatfire] Laser beam g
modulated by 10 Hz frequency = a0l
wag scanned just over the §

boundary between resin and
Type304 steel from the left 10
to the right. As can ., be

seen in Fig.2, no current
increase was observed on resin 0 h
located in the left side, hut
steep increase started at the
boundary, approaching to a Fig.2 Line profile of laser enhanced
steady current in the right _ current across the boundary
side. The width of transi- ‘ between resin and Type304 steel.
tion in the enhanced current ﬂ

profile located at the boundary provides the radius of the laser beam
and was found to be ca. 10 um. Then current density could be . calcu-
lated by dividing observed enbgncag currentp}ycr ase by the area
irradiated, i.e., S= (3.14){5x10 m)“=7.85x10 m*, and the convert-
ed unit for current density was .

20 30 40 50
- : Location/ pm

shown in the right vertical axes in 25t ' T leo

Fig.2. It should be emphasized 5 05kmolm1 50,15

that current density 1is ,rather 20l 0:EPR solulion ~150mY

large in the order of Am . al- '

though observed current 1is quite < Yo g

small in the range of nA. §L5~ 3

e

2. Effect of modulation frequency = P02
on the laser enhanced current glo} g

Fig.2 shows the effect of modula-~ <oy 120

tion frequency - of laser on the o5t

enhanced current which was observed {10

for Typel04 stainless steel kept at

the constant potential indicated ig. 05 T I

the figure both in 0.5 kmclmm3 -Frequency/Hz

1:1280‘1 'solution_gnd in 0.% kmolm v

H550,+0,01kmolm” "KSCN  solution. Fig.3 Effect of modulation fre-

Ffom Fig.3, it is concluded that quency on laser enhanced
the lower the meodulation fregquency, current,



a

the higher enhanced current was observed for both cases. It is rea- '
sonably explained that the longer time exposed to laser irradiation
at the lower frgguency causes the higher temperature increase at the
irradiated surface compared to the shorter time at the higher frequen-
Cy. The higher* temperature at the surface accelerates the anodic
reaction, refulting to the larger enhanced current.

3.Effect of,potgntial and alloy composition on the laser enhanced
current

Fig.4 is the polarigation curves of Fe-BCr, Fe-18Cr, and 304 stainless

stae; in 0.Skmolm ~ H.SO, solution and Fig.5 is the laser enhanced

current density dependigg gn applied potential for the same alloys in
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Fig.4 Polarization curves of Fe-BCr, Fig.5 Laserfénhanced current for
Fe-18§§, and 304 steel in 0.5 the same alloys in the
kmolm “H,50,. sama solution as Fig.d.

the same solution as Fig.d. It is interesting to note that a similar
potential dependence of laser enhanced current density as the polari-

zation curves 1is observed for all alloys axamined. That is, the
higher laser enhanced current was - 20
observed both in the active poten- A
tial region and in the transpas- [ Fe-18Cr__|Fel  Fa-18Cr |
sive region. It should be noticed 7000, T T r
Resin ) Resl 0.5kmat w0 &t room tempaialure
£ : e $000 e 100
[]_Fe-8cr T Fe-3cr |}
goco o.nm;l-mmsn" at voam'ltmgou;uu % 5000,
E‘“” 34000
ko)
Emmo EJ
8 2000 ;
E 5 20
E
3 1000
olé
0

2 3
Location fmm * Location! pm
Fig.6 Line profiles across the bound- Fig.7 Line profiles for the
ary between Fe-8Cr and Fe-13Cr. sandwiched boundary
of Fe, .



-that no laser enhanced current for Type 304 steel and Fs-1BCr was
ad@itted in the passive potential region hetween -100 mV and 800 mV,
~while Fe-8Cr showed the large response to laser irradiation in the
same region, égpecially at around -100 mv. This fact suggests that
the selective response of chromium depleted zone to laser irradiation
will be expected in this potential region,
»

4. Line profiles across the simulated boundary .

Fig.6 shows line profiles of laser enhanced current across the bound-~
ary of Fe-8Cr and Fe-13Cr diffugion bonded joint which was kept at
various potentials in 0.5kmolm H,50, solution. The large laser
enhanced current for Fe-8Cr was rec%rdéd at -390 mv, -200 mV and -50
mV, but the large difference batwgen two alloys was obtained at -50
mV' because Fe-13Cr shows no response at this potential. Another
example of a simulated boundary consisting. of Fe-18Cr/Fe/Fe-18Cr was
shown in Fig.7. 1In this case, the larger laser enhanced current was .
observed at -200 mV at the thin Fe layer of 20 um in, thickness, which
is sandwiched bhetween two Fe-18Cr. Thus, SLEEM can detect easily
composition change in 20 um thickness., It should be emphasized that
the Cr depleted zone could ba detected in the active or the less noble
passive potential region, but a Cx enriched zone could be detected in
. the transpassive potential region .

5. Detection of inter granular corrosion of 304 stainless steel

Fig.8 shows a comparison of laser T AT I T
enhanced current at grain boundary ﬂnwwm'””muwmm" '
and within grain of Type 304 stain- ° © st g beunduy

less sBteel to its polarization
curve in the EPR solution. In
this solution, the large laser
enhanced current was  obsexved
around a potential showing the
critical passivation current densi-
ty in the active region. A defi-
nite difference in laser enhanced
current bhetween grain boundary and
grain itself can be seen in the
whole potential region examined as
shown in Fig.8. Thus, any poten-
tial in this active region can bhe
used for detecting the Cr depleted
zone at grain boundary, but lower :
dissolution current is preferable L P T M
because surface change due to , TR0 lential ] myasen
dissolution should be avoided as

far as possible. Then, -210 mV was Fig.8 Laser enhanced current at

6’.
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within grain

S
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T

Cirrent density JAm-?

polarizalion Curve

chosen - as the setting potential grain boundary and within

for detecting intergranular corro- grain of sensitized Type

sion. Fig.9 is a 1line profile 304 stainless steel with

across grain boundary of sensitized polarization curve in the
304 stainless steel which was kept | EPR solution.

at -210 mV in the EPR solution. :
. Clear peaks at two boundaries were seen and confirmaed to correspond to
boundaries at this position by CCD camera attached in SLEEM.

6. Further development and applications ‘

In this study, the laser beam was enitted from the AlGahAs semiconduc-
tor type laser which is small in shape and low output power, so that -
the laser irradiation system is compact and not so expensive, Fur~-
ther development of the semiconductor: laser to achieve the more high
ocutput power will be expected and then the much higher laser enhanced
current of SLEEM will be attained to provide the higher resolution.
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Fig.9 Line profile of laser enhanced current for sensitized
Type304 stainless steel kept at -210 mV in the EPR
solution, giving the grain boundary image.

The most important factor to achjeve the high resolution, however, is
the laser beam diameter which is pow ca. 10um. The laser beam 1is
possible to be focused theoretically to the same size as 1its wave
length, giving resolution power of the same order.. Now we are plan-
ning to use an Ar laser which emits much higher power beam and 1is
possible to be focused below few um. The high irradiation power .beam
with the fine spot could provide the improved resolution which might
detect the grain boundary image even in passive potential reglon.
The high powar beam with the fin spot could be used for selactive
dissolution and deposition which is another impoxtant application
fields of SLEEM in future. ’ !

CONCLUSION

Laser enhanced electrochemical microscopy(SLEEM) using semiconductor
laser of AlGaAs was proposed to identify intergranular corrosion. The
lower modulation frequency the higher laser enhanced current was
obtained. Spot size of laser was 10 um, which gave & high spatial
resolution, = Two potential regions, active and trans~-passive poten-
tial region, for obtaining the high laser enhanced current were
found. The active potential region was suitable to detect Cr deplet-
ed zone. Line profile of grain boundary was obtained for sensitized
304 stainless steel in 0.5kmolm-3+0,.01kmolm3KSCN solution at -210 mV.

This work was supported by the Grant-in-Aid for Scientific Réseérch
no. 63850153 from the Japanese Ministry of Education, Science and
* Culture. . '
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SCANNING LASER ENHANCED ELECIROCHEMICAL MICROSCOPY
FOR CHARACIERIZING LOCALIZED CORROSION

"

Shinj{ FUJIMOTO, Toshio SHIBATA ond Tomoryo SUONO

+ Department of Materiais Science sud Processing,
Faculty of Engineering, Osaka University
2-1 Yamada-oke, Suita OSAKA 565 Japan

Abstract -- A newly developed Scanning Loser Enlianced Electrochemica)
Microscopy (SLEEM) has been spplied for corrosion studies, A focused
infre-red laser beam was scanned over a metallic «gfecimen which was
polerized at a constant potential. Iucrense in ‘the anodic current
accelerated by & localized temperature rise was detected as a function of
position, The imege of eubanced sanodic current distribution was

successfully obtained for Lhe two phase stainless steel polarized st an
over~passive potentisl,

INTROD?CPION

“In recent years, the electrochemical micro probe techniques with the
scanning focused laser irradlation have been developed by some authors(1-3)
in order to cheracterize passive [ilms as a [unction of position, in terms
of the semicouductive property. In those techniques, the 1laser Jlight '
mainly contributes to excite electrons [rum the velency band to the

conduction band, resulting ‘in the photo current. The other importont
+ -effect of laser is local heating on 8 surface, which may accelerate the
electrochemical reactions including dissolution and deposition(4).. In

this study, an iunfra-red leser has Deen introduced in order' to detect
‘localized corrosion at in-situ condition, ‘he focused infra-red laser beam
was scanned over a specimen polarized at.en anodlc potential, in order to

get 8 mep es the response of anodic current which.is sccelersted by the
temperature lucrease.

APPARNTUS AND EXPERIMENTAL PROCEDURE

A block disgram of the Scanning Leser Enhanced Electrochemical Microscopy
(SLEEM) 1is illustrated in Fig.l. A semi-conductor laser diode (AlGaAs),
wave length and maximum power of which were 830 mm and 40 mW, respectively,
was used as light source, which was [ocused by X20 optical microscope, Lhe
work distance being approximately 10 mm. The laser beam can be focused Lo
"ca,10 ym diameter with 10 mW output power at 0pergtion, so that the puwer
density was calculsted to be approximately 1.3x10° W/em®, The specimen wos
cut into a small bar of lxl mw cross section, mounted in an epoxy resin,
and polished. The mounted specimen was covered with a synthetic rubber O-
ring of 7.5 wm internal diometer, end a glass plate of 0.15 wm thickness
was placed on the O-ring. An electrolyte was [illled in the closed space,
The thickness of the solution 31ayer was 1.85 mm, and hence the volume
of the confined space was 0] wm™, The test solution was stored and
deaersted by .nitrogen gns in another vessel, and waas circulated with [low
rate of 50 mm”/wmin.  ‘The micro cell thug assembled wos provided with an

Corrosion Science, 32, 669(1991).
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Ag/AgCl reference electrode and Pr counter electrode connected through PITE
capillaries. ‘the specimen in the micro cell was scanned by an X-Y stage
driven by stepping motors. 'The surface optical image and reflection of the
laser beam were able to be monitored at the same time by a CCD (Charge
Coupled Device) camera. . The laser could be switched on and off pt 8
frequency of 10 llz.  The small cyclic current synchronizing with Che
modulated laser irradiation was ohserved overlapping on a steady current,
and was separated and emplified with a lock-in amplifier (NF Electric
Instruments, model 5610), ’
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Fig.l Schematic drawing of SLEEM.
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RESULTS AND DISCUSSIOH

The response in the anodic current to leser irradiation was demonstrated in
I'ig.2 for gype30A stainless steel polarized at an over-phssive potential in
0.5 kmol/w™ 1,80, . Laser spot was scanned linearly across the boundary
" between the sﬁec men and the epoxy resin in which the specimen was mounted.
Increase in the current by laser irradistion, which is proportional to the
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Fig.2 Line profile of the laser enhanced current image

' scanned across the boundary hetween resin and Type30
stalnless steel polarized at 1020 aV 1in 0.5 kmol/m
"2SOA at room temperature,
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amplitude of current osclllation synchronlzing with laser modulation, was
plotted versus ppsitlon. As demonstrated in this figure, almost no current
response, 18 obderved for the laser irradiation on the resin, while steep
increase starts as the laser heam irradiates the stainless steel, then
reaches to a steady level. . ‘'The width of the transient region from the
back ground Lo the increased steady level is approximstely 10 um, which
corresponds to the size of the laser beam. Thus, the laser activaled
current can he converted Lo current density by dividing the increased
qurrent by the spot area, as indicated in the figure,

The laser spot was scanned across the diffusion joined boundary of Fe-~8Cr.
and FPen18Cr alloys, which were kept at various applied potentisls in 0.5
kmol/m” [1,80,, as shown in Fig,3. The laser acltivated current was found
to depend on the chromium content and the applied potential. This Ffigure
shows that the larger enhanced current was observed for the lower chromium
content alloy of Fe-8Cr in the active potentials of ~390 and ~200° wV,
whereas the higher chromium alloy of Fe-18Cr shows the larger enhanced
current at the over passive potential of 1600 mV, At the passive polen

tial of 250 mV, however, a glight enhanced current is only observed for the
Fe-8Cr alloy, while not any fur the Fe-18Cr alley. It is concluded that
the laser enhanced current is roughly proportional to the current without
)aser irradiation, which could be measured in polarization curve, with the
factor of sevaeral tens changing as a [unction of the potential and the,
alloy composition, Thus, a difference in the chromium content in the grain
boundary ar in the dJdifferent phase, that are responsible for localized

corrosion attack, could he detected by using SLEEM, 1
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Fig.3 Line profile for the current imaging across the
boundary between Fe-8Cr and Fe-18Cr alloys kept
at various applied potentials,
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Figure 4 shows the scanning laser enhanced electrochemical microscopy image

obtsined for a Lwq phase stainless steel, the chemical composition being ;
Cr:25.35, Ni:7.35, Mo:3.15, C:0.022, Si:0.42 (mass %), and Fe:lal,
Figure 4(a).illustrates the difference,in anodic current - for each grains
of the two phase steel in 0,5kmol/m” 1,80, at the over-passive potential
of 1070 mV, As observed in the figure, theé ferritic phase, which appears

as dark grains in Fig.4(h), exhibits the larger activated current,

The resolution power of SLEEM described here will be im, roved to be up to
few um, bhecause the laser beam is possible Lo he focused theoretically to
the same order as its wave length, Tt has been already achieved that
the intergranular attacl of sensitized Type304 stainless steel is success-
fully detected with SLEEM, which will be described  elsewhere. In
conclusion, the current imaging with laser beam scanning will be promising

technique to evaluate the localized corrosion susceptibility at the in~situ
condition,

Current / nA

0 50 0

' {pm)
(a) '

Fig.4 (e): SLEEM image on iwo phase stainless steel
polarized at the over-passive potentiel of 1070 mV,
and (b): Photograph of the corresponding area, The
square indicates the scanned area shown in (a).
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STRESS CORROSION CRACKING
ON SOME COMPONENTS USED IN OIL INDUSTRY (%)
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ABSTRACT

Stress corrosion cracks (SCC) is a general term describing:
stressed alloy failure that occur by the propagation of cracks in
corrosion environments. The requirement for SCC to occur are the
presence of tensile stress, either residual, applied or s
'Eombination of.both, snd the presence of a specific corrodent.

In the present atudy, two damaged components used in oil
industry were examined which indicated stress corresion cracking
(sCC).

The two components under studied were : 1) weld area between
backing plate and diapraghm, and 2) tube sheet stud-bolt of
recycle combined feed exchanger on the Hydrocracking Plant.

Examination used in this study included metallography,
fractography, chemical composition analysis and mechanical test,

The results of investigation showed that the SCC on the two
mentioned components were caused by chlorides.

(%) Presented for Seminer/Workshop on Corrosion and Protectionm,
held in Thailend, June 30-July &, 1992,



I. INTRODUCTION

The oil indunfry is a major contributor to modern technical
civilization as supplier of energy and raw materials for the
manufacture of many chemical from carbon .black and sammonia
through alcohols and glycol to synthetic rubber, man-made fibers
and plastics. |

A large wvariety of corrosive conditions its encountered in
different facets of this industry from oil production through
transportation to processing and storage of oil and petrochemical
streams.

Streas corrosion cracking is one of several typical corrosion

problems encountered in oil industry.
Stress corrosion cracking {SCC) is an interaction between tensile
stress and corrosion, which results in localized cracking. SCC is
a progressive type of faillure that produces cracking at stress
levels are well below those of a material’s tensile strength;
Therefore, the wrong combination of environment, material and
minimum tensile strength will produce SCC in any metal or alloy :
steel, stainless steel, nickel-based alloy, aluminium and
titanium,. '

S8CC has a characteristic appearance, which in many cases it
easy to identify. One of the most outstanding features is the
black corrosion deposit that exists on the fracture surface. When
viewed from the outside surface, a fracture caused by SCC
generally is Jjagged, which is due to the fact that the origin
results from the combination of a number of cracks that are not
directly in line with each other,

SCC are generally found in cluster; the cracks surrounding the
primary crack are réffered to as secondary cracks. Rather than a
single crack, & whole network of fine, feathery, branched cracks
will form. The break or fracture appears brittle, with no
localized yielding, plastic deformation or elongation,

Pitting is frequently seen, and will often serve as a stress
concentrator to initiate cracking. Oqe or more cracks will grow

from the pit, eventually leading to failure.



Many of these failures occurs only under the most severe
laboratory conditions and in the past were usually not encoun-
tered in the field. However, such conditions now found commer-
cially with greater frequency as oil production, oil refining,
petrochemical-processing, power plants are using higher pressures
and temperatures to increase efficiencies.

This paper discusses are two cases of failures caused by
stfess corrosion cracking (SCC) on some components used in oil
industry, namely : '

1. SCC on backing plate and diapraghm of recycle combhined feed
exchanger,

2., S8SCC on tube sheet stud-bolt of recycle combined feed
exchanger,

In many cases, the cause of failure is not what it appeared to

be, and identifying the actual cause can be very helpful in

determining when the next failure will occur and what additional

measures should be taken to prevent failures.
I1. CASE HISTORY NO.1

Stress corrosion cracking (SCC) of backing plate and
diaphragm of recycle combined feed exchanger in Hydrogen Plant,

2.1. INFORMATION

A.Exchanger Specification Sheet.

Size / type : 31" -240" /D-E-U
Shell per Unit : 4
Surface per Unit s B48,4 n?
Surface per Shell : 212,11 n?
B.Parformance of one Unit
Shell side Tube aide
Fluid circulated HCBN + Hy HCBN + Hjp
Totael fluid entering,Kg/cmé 60,849 60,849
- vapor, Kg/cm® 14,142 37,409
- liquid, Kg/cm? 46,707 23,440



Shell side Tube side

- e o .

Fluid vsporized or

condensed, Kg/cuz 442 16,380

Temperatur in / out, °C 148 / 360 . 405 / 211

Operating pressure, Kg/cmz 191,47 179,01
C.Construction, ,

Design pressure, Kg/cmz 201 188,9

Design temperature, °C 388 427

Material 2% Cr-1Mo 304 S8

Material for other component :
~ Shell cover 2% Cr-1Me
~ Channel 2% Cr-iMo lined w/321 or 347 8S
- Channnel cover 24 Cr-~1Mo
- Backing plate 347 SS
- Diaphragm 347 SS
- Tube sheet~-stationary 304 SS
~ Baffles/Tube Supports 304 SS
During the operation some fluid was leak in the area of
backing plate end diaphragm in the position of bottom side of
exchanger (see figure 1),
At the time of failure, the unit of exchanger had been in service
for about eight years.
The section received for laboratory investigation was removed
from the inner side joint between backing plate and diaphragm
{see figure 2).
Information and detail data on composition of hydrocarbon,
flow-chart of hydpocraking proceasing and maintenance history
were not available. .

2.2. MACROSCOPIC EXAMINATION.
The inside surface of backing plate which is in contact with a

diaphragm and adjacent to welding area was found to reveal a

number of cracks and pitting corrosién {zee figure 3).



Also, the outside surface of backing plate showed the same cracks
and pittting corrosion (figure 4).

The inside aurface of diaphragm which is in contact with a
backing plate revealed a crack and showed no evidence of =&
deformation area (figure 5). On the contrary, the outside surface
of diaphragm revealed 8 crack and showed evidence of a
deformation area (figure 6).

The specimens which were taken in the longitudinal section on
both of backing plate and diaphragm showed cracks starting from
both of the inside surfeace, especially near the circumference of
welding area (figure 7). The cracks exhibit typical branching as
a characteristic appearance of S8SCC. This typical crack were
encountered more on the diaphragm than on a backing plate, and
initiating from the inside surface (figure 8).

2.3. MICROSCOPIC EXAMINATION

The cracks typically exhibit some branching and transgranular
propagated from inside to ocutside surface of diaphragm:(figurea 9
and 10). Microstructure of diaphragm consists of austenite and
showed no evidence of sensitization.

On the backing plate, transgranular 3CC initiated adjacent to
HAZ from inside to outside surface (figures 6 and 11},
Microstructure of backing plate algo consists of austenite and
elongated carbides in direction with rolling orientation is still
clearly distinguished (figure 12).

2.4. BARDNESS TEST

The results of hardness teast of the backing plate and
diaphragm has average value about 164 BHN (85 HRB) and 176 BHN
(88 HRB).

2.5. CHEMICAL COMPOSITION

The qgualitetive result of asnalysis on the sludge which taken



from recycle combined feed exchanger is summariged in Table 1.
Some quantitative analysis on corroded elements caused by SCC was
also carried out, and the results are shown in Table 2.

2.6. DISCUSSION

We conclude from the macroscopic, microscopic observation and
chemical analysis thet the cracks of the backing plate and
diaphragm is typical stress corrosion cracking (SCC) initiated
from inside surface and propagated to outside surface of the both
components,

Based on the some references about SCC on stainless steel could
be occurred as resulting by;
a. Polythionic Acid Cracking 1)

The technological problem encountered in the petroleum

industry is essentially as follows. Stainless steel components

are used at operating temperatures that may be high enough to
sensitize the material. On subsequent shutdown of a refinery
unit, polythionic acid (Hy85,0g, where x = 3, 4 or 5) may form

by the interaction of mulfur compounds, moisture, and air
at low temperatures, and attack the chromium depleted
boundaries.

b, Chloride Cracking 2)
Without doubt, the most common astress corrosion cracking agent
is the aqueous chloride ion (SCC is an electrochemical
process, and water is necessary to =allow electron flow;
completely dry chloride compounds are not normally cracking
agents). Common in brackish river water, sea water and coastal
atmospheres, the chloride ion can cause SCC of austenitic
stainless steel even at extremely low concentrations. Failures
have been reported in steam condensate having as little as 0,5
ppm chlorides. Such low levels are not normally dangerous to
stainless. However, in spots where evaporation and

concentration raise the 1local level of chloride-such as



crevice, deposits and liquid-~vapor interfaces cracking can
8till take place. Under these conditions, the only safe level
of chloridos is zero.,

Chlorides cracking usually adopts a transgranular path, with
some aegmenta of the crack following the slip planes of the
austenite lattice.

C. Caustic cracking 1'2)
Caustic environments many also crack stainless steel, and are
perhaps the second most common cause of unexpected SCC
failures. The austenitic stainless steel find many uses in
such environments at temperaturez below 150°C, Above that
temperature, however, cracking can take-~place,
The use of austenitic alloys in heat exchanger or in
conventional boiler technology that boiling and steam
blanketing at heat transfer surfaces can give rise to very
high local concentrations of caustic. The extent to which‘
caustic can concentrate, at equilibrium conditiona, as a
function of the temperature difference between the bulk
environment and a thin film of liquid at the heat transfer
surfaces.
We conclude that SCC in caustic environment should be occured
more on the tube surfaces.
According to referencez), stainless steel (347 type) has been
found not resistant in environment containing chlorides as showed
in table 3.
Based on the above mentioned discussion in conjunction with
chemical composition of sludge, we suspected that the stress
corrosion cracking agents in recycle combined feed exchanger
which cause of SCC on the material 347 S8S of the backing pléte
and diaphragm is chlorides.

2.7. CONCLUSION

From this failure analysis on stainless sieel 347 {ype for

components of backing plate and diaphragm of recycls combined



feed exchanger, several conclusions can be drawn.

1. Cracks occurred on the backing plate and diaphragm is
typically chlorides stress corrosion cracking.

2. Chlorides as stress cracking agents were contaminated in the
sludges. The chloride can raise their concentration in
crevice between backing plate. and diaphragm.

3. Cracking is observed in the base material of both components
adjacent to weld areas. '

4, Plastic deformation (induced the residual compressive stress)
on the outside surface of diaphragm may give contribution to
the rise of subsurface residual tensile stresses on the inside
surface. However, SCC was found to occur more pronounce on the
diaphragm {(This may be necessary to be proved by X-ray
difraection}).

5. Backing ©plate and diaphragm were made from austenitic Stegl
type 347 which is according to standard ASTM A 213-7913
(They have a Brinell hardness not exceeding 192 or Rockwell
B 90).

I1I. CASE HISTORY NO.2

Stress corrosion cracking (SCC) on tube sheet stud;bolﬁ of
recycle combined feed exchanger.

3.1. INFORMATION

From 36 pieces of stud-bolt as fastener tube-sheet on the
shell exchanger, during inspection were found 6 pieces was
broken. The broken stud-bolts in between to the 5 to 7 o’clock
position of the tube sheet. Stud-bolt has diameter 37,50 mm and
188 mm in length, made of a material according to specification
SA 213 TP304H.

Whe;eas exchanger specification is the same with point 2.1. as

has been described in the case history no.l.



At the tise of fallure, the unit of aschanger had been iwn
service far short eight vesrs. Three frow six  broken stud-boltw

have baen taken for laboratory essmination {mses figuve 13}

information and detall dste on saboul. composition of
hydrocarbor, flowchart of hydrocarbon procwssing end saintenance
history were net svalsible.

3.1 HACROBCOPEC EXAHIMATION

Prow macroscopic szapinstion it was found that some black
corvosion deposit was ewisted on the fracture surfsce st the both
of broken stud-bolt (wee Vigeres 14 and 15).

PThe fracture surfnce generally exhibit jegged or rough fto comrse
groined, conted and no deforsetion.

The crecks ware also found to eppesr in thresd avrface aress of
gtud bolt {(undsr main fractures) that progress limwarcly, branched
with mostly negligible wniform murfsce corvosion {(figures 16 and
7).

3.2, HICROBUOPRIC ERAMIBATION

The cracke generally eoriginete frow ope of the thresd root
{figuve 18} with transgranuler path and a whole network of fine
cracks wes charscterized se streszs corrosion cracking (figure
19}, They often brench off in clusters {figures 20 and 21}.

The micrestructure of stod-bolt consiste of sustenitic with fine

carliides to disperse throughout the microsiructure (Tigure 22).
5.3, DIGOUERTON

Based on the references thet had bean deporibed in polint 2.6.
we concludes from theme wecrpscoplc and sicroscople ohwerpvatione
that the erscke of & stud-balt is typieally chlorides stresy

carraston crecking.



do4. CONCLUBIOR

The result failure analysis on stud-belt of vecyele combined
feed exchanger can be concluded as follows

1. Stud-bolt with materiel 8A 213 TRIVAH is suscepltible to
chloride environtmenisg.

2. Chloride ag cracking agentz wsg found to contain in the
aludge and thess zludge contamineted on the atud-~bolt to the
5 te T ofelock pawition;
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Figure 3. Inner surface of backing plate revealed 2 cracks
adjacent weld area {(teop) and scme pittings corrosicn
(1,5 X).

Lond
%Y

Outer surface of backing wnlate alsc revealed some

cracks and pitting corrosion (1,5 X ).
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Figure 5. Cuter surface of diaphragm vevealed sume cracks close

to.the weld zone and ﬁurf&cm ﬁéf@r@atién {1,4%}.

Figure S, Inney ,3uffa¢e.‘ef ‘diaphragn alée ﬁ&hﬁ%@d some cracks
{1,4%).
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Figure 7. Specimens section was taken through backing plate (left

side) and diaphragm (right side).

Figure 8. Branched cracks initiated from inner surface of the

both components and propagation to the outer surfaces
{12 X)z :
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Figure ¢. Branched cracks with transgranullar propagation as a
characteristic appearance of SCC starting from inner
surface of diaphragm {left side), 100 X magnification,

{alling’s etched.

Figure 10. The end of branched cracks lead to the outer surface
"of diaphragm which it was revealed some pittings

corrosicn (100%, Kalling's etched).
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Figure 11. SCC on the backing plate initiated from inner surface
(right side) and propagated to the outer surface (left

side), 200 X magnification and Kalling's etched.

Figure 12 Microstructurse of backing plate consists of

austenite with elongated carbides (200X, Kalling’s

etched).
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Figure 13. Three from six broken stud~bolt  of tube sheet at re-
eycle combined feed _ exchanger was sent to .the

Claboratory for fallure analyﬁig.
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Figure 14. Fracture surfaces of stud~bolt-B revealed brittle,

jagged and coated with corrosicn deposit (2 X}.

U l 2 3

Figure 15. Fracture surfaces of stud-bolt-C also showed the same

appearance as above (2X).
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Figure 16. Branched cracks also revealed on the thread surface of

stud-bolt~B under the main fractures (12 X).

-

Figure 17. SCC still found at another thread surface of stud-
bolt-B under the main fractures (12 X}.
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Figure 18. Longitudinal section through the stud-bolt-B showing
of branched cracks initiated from one of the thread

root (6 X, Kalling’s etched).

Figure 12, Cross section of stud-~bolt-B also showing 6f branched

crack forms (6 X, Kalling’'s etched).
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Figure 20, ‘Branched cracks as characteristic of = SCC was

prbpagated transgranular (200X, Kalling’s etched).

Figufe 21, 8CC was found in cluster (200 X; Kalling's etched).



Figure 22. Microstructure of. stud-bolt consists of austenite
with spheroidize carbides disperse ‘thronghout of
microstructursas. (500X, XKalling's etched).



CORROSION PERFORMANCE OF DEFORMED
GALVANISED COATINGS

DR. JAMALIAH IDRIS
FACULTY OF MECHANICAL ENGINEERING
UNIVERSITI TELNOLOGI MALAYSIA

Introduction

In most corrosion work reported in the literature, flat sheet
samples have been used. However it should be appreciated that a
larger proportion of galvanised steel sheet is used in the
profiled form. In order toc assess the corrosion performance of
deformed commercial coatings in this study and accelerated salt
spray corrosion test was carried out on three sets of samples.
The samples were chosen as an extension of the study initiated by
a previous worker, Wall (1985). He found worsening corrosion
resistance with increasing bending strain for commercially
galvanised samples. The corrosion performance of flat sheets of
Galfan coatings showed protective actions approximately the same
as the commercially produced minimised spangle coatings.
However, Galfan deformed by bending showed less deterioraticn in
corrosion tests compared with galvanised steel. In the present
work, two sets of commercially produced minimised coatings with
coating weights cof 275 and 350 g/mztogether with a set of
commercial Galfan samples having a coating weight of 280 g/m2
have been salt spray tested. The results of ceating performance
are expressed in terms of time to the appearance of first red
rust for a range of samples of different bend strain. Although
the samples are deformed around a fixed mandrel, for example 20mn
radius, the amount of maximum surface strain will differ slightly
as the samples have different thicknesses. Hence 1t is more
appropriate to assess the first red rust appearance against the

calculated strain value for each sample as shown in Table 1.

»
.



Results

Salt Spray Tests on Deformed Minimised Spangle Samples

The data for deformed sheets of both sets of coatings as
expressed in terms of hours to {irst red rust in the deformed
reglon against bend strain is illustrated in Fig. 1. Both types
of coating from different coating weight show an increase in
protection as the bend strain is reduced. The corrosion
resistance of heavily deformed (1 to 6 mm radius) 275 g/m2

samples was less than that of the 350 g/mamaterial. For example
for a Z2mm bend, red rust was detected after about 250 hours for
the 275 g/mzsheet while the 350 g/mzsheet remained rust-free for
a further 100 hours. Once the red rust formed it spread very

rapidly along the bent area, as seen in Figs. 2 and 3.

At larger bend radii "(up to 16 mm)} the initial red rust appears
at longer times in the range 430 to 500 hours exposure fime. A
small change in bend strain for these radii has little effect in
altering the corrosion protection of both types of coatings.
However, at 18 and 20mm bend radius, the deformed samples with
350 g/mzshow a more resistant nature te salt spray mist that the
275 g/mzcoating. The corrosion attack remained concentrated
arcund the deformed region rather than on the faces. In order to
compare the behaviour of the galvanised coatings with the Galfan
coating, the former were left in the corrosion cabinet for
extended periods beyond the first appearance of rust. After 90b
hours (Fig. 4) it can be seen that the 350 g/mzcoating displays
far less damage for bend radii of 1, 2, 3, 4, S, 6, and 8mm than

the corresponding bends in 275 g/mzmaterial.

Salt Spray Test on Deformed Galfan Samples

The time to first red rust on all deformed Galfan samples is
three times longer than the minimised regular spangles. As shown

in Fig. 5, the rate of corrosion of Galfan samples dropped



sharply as bend radius increased above about 4mm (64 surface
strain).h3further decreases in bend strain produced proportional
increases in corrosion resistance. An example of Galfan samples
expo;ed after 1400 hours is shown in Fig. 6.  The samples show
evidence of red rust on the formed area close to the apex of the

bend.
Discussion

The Effect of Bend Strain on
The Corrosion Performance of Minimised Coating

There is a clear indication that the 3350 g/m2 coating provides
better protection than the 275 g/mzcoating. There are two
factors that might have caused this to happeﬁ. The heavier
coated steel has more zinc metal to protect sacrificially botﬁ
the intermetallic layer and steel beneath it, This layer
corrodes uniformly at a rate‘propcrtional to its thickness and in
this case it favours the coating with 350 g/mzcoating weiéht. It
has alsc been observed during gicroscopic examination of deformed
samples (Figs. 7 to 12) that the 275 g/mzsample showed a greater
tendency to display cracks after bending than the 350 g/mzcoating
has smooth shiny spangles compared with the 275 g/macoatidg for
wﬁich the coating is slightly frosty and grooved. Although both
types of coatings have relatively high basal texture and similar
spangle size, a slightly lower corrosion resistance is expected
on those frosty samples with minor grooves. In other
investigations (Helwig 1988) it is claimed that there is a direct
relationship between corrosion resistance and impurity levels.
The alloying metals on the surface which tend to concentrate at
.~ the frosty spangles, produced galvanic cells that made " the

surface more susceptible to staining and general corrosion.

Apart from the effect of coating compositions and surface
topography the hajor factor in: determining the corrosion
performance of deformed samples is %end strain. With increasing

strain more of the steel substrate will become exposed as a



result of cracking. In the presence of an aggressive
electrolyi@, a corrosion cell will be set up in which the zinc
coating will act anodically (i.e. sacrificially]. The larger the
expoé;d region the larger will be the cell current and thus the

faster will be the rate at which zinc is used up.

The Corrosion Performance of Galfan Coating

The deformed samples of Galfan coating showed protective action
about three times that for minimised galvanised sheet of
relatively similar coating weight. The influence of bend strain
on time to first red rust shows a similar relationship to that
for galvanised samples. That is, there is a steep increase In
time to first rust in the range 10 - 50mm but at smaller bend
radii the reduction in corrosion resistance is not so pronounced.
Undoubtedly the better corrosion resistance of Galfan is the
result of a combination of less cracking and also a smaller
(although still protective) corrosion current. The latter means
that the durability of the coiting will be greater, all other
things (crack size and distribution, for example) being the same.

It should be noted that the relationship between the corrosion
resistance of Galfan and galvanised material found in the current
study is in accordance with work reported elsewhere and detailed
in Table 2 (Galfan Technical Resource Centre, 1988). This data
refers to flat sheet samples and is therefore more directly
comparable to the corrosion performance of the large bend radius
samples tested in this study. However, in general, a durabllity

ratic of about 2:1 or 2.5:1 in favour of Galfan seems to hold.
Conclusion

Corrosion Evaluation

The corrosion tests were carried out to provide answers to a

«

series of simple questions:

(i) does bend severity influence corrosion performance?



(11) does coating welght influence corrosion performance on bent
samples?

(1ii)does Galfan outlast galvanised in tests on deformed samples?

The answer to all these questions, not surprisingly, was ‘yes’,
Increasing bend severity does reduce the time to first red rust
as might be expected from a knowledge of the way in which more
cracks form in more severely bent material. The answer to
question (il) was not so obvious because it was felt that a
thicker coating might crack more than a thinner coating and thus
some of the benefits of increased coating weight might be lost.
This proved not to be the case even though there is some evidence
from the bend tests that cracking is more prevalent when the

coating is thicker (compare Fig. 8 with Fig. 12).

Finally, the tests on Galfan confirmed the claims of the
producers. Its salt spray resistance was approximately three
times that for conventionally galvanised samples with prb rata
reductions after bending. This ;s associated with two factors: a

smaller corrosion current and a lesser tendency to cracking.
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Minimised

R

Coating Minimised Minimised
Type (HDG) (HDG) {Zn-5%A1, Galfan
—
Coating

Weight g/m? 1357275 175/350 140/280
Top side/Total

Sheet 0.60 0.55 0.70
Thickness (mm)

Bend Bend Strain 51
Radius (mm)

20 0.015 0.014 0.017

18 0.016 0.015 0.019

16 0.018 0.017 0.021

14 0.021 0.019 0.024

12 0.024 . 0.022 0.028

10 0.029 0.027 0.034

8 0.036 0.23 0.042

6 0.048 0.044 0.055

5 0.057 0.052 0.065

4 0.070 0.064 0.080

3 0.091 0.084 0.104

2 0.130 0.121 0.149

1 0.231 0.216 0.259

Table 1

in the salt spray cabinet

: Calculated bend strain, &, for samples tested
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Bend radius {(mm)

100 mm

Comparison between red rust formation on minimised sheets
deformed aréund !, 2, 3. 4, 5, 6 and %mm bend mandrels’,
exposed for5900 hours, x '
Top row, maéerials coazing weight 273 z/m’ (both sides).

Bottom row, materials coating weizht 330 a/m’ (both sidesj.



30

25 °

20
<
215, o
2

10 :

o -
T Q
‘5_4 0
.
[} .
Q o o) e
O T B [ I
500 750 1000 1250 1500

Time Lo First red rust in deFormed area (hours)

Figure S @ Results of sall spray tests on deformed

GalFan coating



.~ Sl

.m.\

4
2.
L)

%!

17

“B
”

2

-

S
& .\“\\&NS

-~

tr LS e,
re

50 mm

1fan material deformed around

Ga

1

ed rust appearance on

18 and

R

.0

exposed for 1400 hours.

.

S

mandre

m bend

20m



7:Polarised light micrograph showing cracks in minimised

g
(94
)

spangle material, deformed around a 6mm‘bend'manﬂre1.
- coating weight 175 a/m’- (top side).

/

s2 3:Polarised light micrograph showing cracks in miaimised

#r}

spangle material, deforrmed around a Smm bend mandrel,

coa:1n; weinhs 173 w0’ frop side).

o e .
1en unluss indicated.
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Tig 9: Polarised light micrograph showing cracks in minimised
spangle material, deformed around a 2mm bend mandrel,

material coating weight 175 g/m’ (top side).
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Polarised light micrograph showing extensive cracks in
minimised spancle material, deformed around a imm bend

mandrel, material coaring weicht !75 o/m’ (top side).

sendine axts 1 wast-west f:rectron unless indicared.



Fig 11: Polarised light micrograph showing‘a large increase in crack
width along the bend axis in a minimibed spangle material,
deformed afound a lmm bend mandrel, coating weight 175 g/m’
(top side).

(Fig 12: Polarised light micrograph showihg cracks produced in basal
grains of minimised spangle material, deformed around a 3mm
bend mandrel, coating weight 137 g/m’ (top side). Grain A
shows’near-equilateral triangle crack orientation whilst
cracks in grain B are less evident, but are also paired at

60° to each other.

Bending axis in east-west direction unless indicated.



Salt Spray Test, Hours to Initial Red Rust

Sanmple Cgating wt Galvanised Galfan Sources
g/m
50 100 250 | Nisshinm
100 200 500 ' Steel
150 350 1000 '
260 - 800
(Edge: Sealed) .
260 ' - _800
(Edge: Not Sealed) ‘ Kawasaki
288 330 - . Steel
(Edge: Sealed) Corporation
288 330 -
(Edge: Not Sealed)

Table ) : Comparison of corrosion data reported for Galfan
and galvanised coating (Galfan Technical Resourse

Centre, 1988)
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Abstract

The corrosion protective properties of the steels coated
with various polymer resins aft&r chemical conversion treatment
of molybdate-various ﬁhnmphate systems were evaluated by AC
impedance measurement and scanning vibrating electrode techniqué
(5VET). The steels were chemically treated with Na2MDD4 and
various phosphate cumpoundﬁlsuch as NagP.04,~, NagPx04 09y
CHgP,05 (HEDP), HFPO and HxPO,;, and were coated with epoxy resin
(EP), poly(vinyl chloride) resin (VC) and fluorq resin (F).  The
most efficient solution for the chemical conversion treatment ;f
steel plate was fqund to‘be a0.5M Nazﬂo04—lox NabP4QL3 aguepus
solution with a pH of 10, ‘.and the immersion times were & hours.
" The corrosion protective property of steel plate coated by F
resin paint was most excellent compared with that in a plank {no
treatment) splution or even in a 0.5 M NaZCrD4 agqueous solution.
The file resistance (R;) from AC impedance measurement and
the current density (i) from SVET were correlated with each
other. It was found that the corrosion protective property of-

paint film could be evaluated by SVET.



1.

Introduttion
In previous papers,l—z) the corrosion praotective
properties of various coating films have been evaluated in
acetic acid solution or NaCli solution by AC impedance method
and scanning vibrating electrode technigque ‘fSVET) as the .
electrochemical measurements. However, no detailed study by
such methods has been reported on the effect of chemical
conversion treatment of steel plate before coating.

In this paper, in order to find the most effective
solution for the chemical conversion treatment,
'investigations were done on the film resistance (Rg) obtained
by AC impedance measurement and the current dénsity (i)
obtained by SVET under various conditions of the chemical
conversion treatments. The molybdate sqlufian was chosen as
a solution for the chemical conversion treatment because
%)

molybdate is non-toxic. 1t was reported that the chemical

conversion treatment of molybdate—phosphate (Nazﬂcﬂ4~H3P04)

4-6)

was effective. To find a more effective treatment,

various phosphates were added to the molybdate solution.



2.

Experimental

2.1 Materials and Preparation of Coated Sfeel Plates

The specimen used was cold rolled steel plate (JIS
63141 aﬁPCC/SB, Nippon Test Panel, 7 x 15 x 0.08 cm).
This plate was first polished with emery paper #1200 for
five minutes before 'degreasing ‘by immeréing in
tetrachloro-ethylene for 10 minutes and then in  ethanol
for 10 minutes. The specimens were grouped into two,
according to whether these plates were chemically

treated or not. Those treatments of steels by chemical

" conversion (Table 1) were further classified into those

treated with Nazﬂooé, Na,MoO, and various phosphate
compounds such as NagPg0;z, NagP30,,, CHgPo0; (HEDP),
H3PD3 and H3PD4, and Na26r04 for comparison. Aqﬁenus
solutions used for such chemical conversion treatment
were prepared by adding NaOH tolo.ﬁ M Nazﬂoﬂé with and
without various phcsphaée compounds to make pH 10. - The
polished steels were immersed .in‘ these 1000 cm>
solutions at room temperature for &6 hours. The paints
used were epoxy resin (EP), poly{(vinyl chloride) resin
(VC) and fluoro resin (F) (Fig. 1). Each plate was
coated with paint to & thickness of 0.02 mm by using a
barcoater. The coated steel plate was then baked for 10
minutes at 150°C. The prepared specimens  after
shielding were immersed in various NaCi solutions for
different lengths of time before electrochemical

measurements.



2.2 Electrochemical Measurements

1)

2)

AC Impedance Measursmegnt

The coated plate was further coated all around
(b;%h sides) by paraffin wax except a circular area
of 2.0 cmz which was enclose& by a plastic O-ring.
This area was expaosed to a 3% N;CI solution at 30°C
and became the measurement area of the working
electrode. .The measurement cell was composed of the
counter and reference electrodes togethar with the
warking electrode. The counter electrode was a
platinum plate (40 cmz) and the reference electrode
was a saturated calomel electrode (S5CE).

The AC impedance measurement (Fig. 2) was
conducted at the open circuit potential by the’ use
of a potentiostat (Toho Technical Research, Madel
P/G-2000) and a fregquency response anélyzer {NF
Electronic Instrument, Model S5020) in the frequency
range from 20 kHz to 10 mHz. .Thé reference signal
voltage of the sinusoidal wave was 9 mV (RMS).

SVET

The coated steel plates (7 x 15 x 0.0B cm) in
thickness of 0.02 mm were cut to a size pf Sx 9 cm
for SVET. The edge and reverse side of the specimen
were ;hielded with paraffin wax except for the
measurement area (7.07 cm?: diameter = 3.0 cm) which
was enclosed by a plastic O-ring. Paint films of

the specimens were artificially cut to the length of

0.5 cm at the center of. the meaéﬁrement area by a



cutter in conformity with a method of the cross cut
test regulated by Japanese Industrial Standard (JIS).

'%' The apparatus used for the’scanning vibrating
elec&rnde te#hnique is the NF Electronic Instrument,
SVET-1000 (Fig. 3). The measurements were carried
out for speciments immersed in 100 ppm NaCl solution
at room temperaturé for various times (6 to 100
hours). The.measuremants were also conducted at 441
points on the area of 1 x 1 cm. where both X and Y
coordinates were divided into 20 parts. The
potential gradient produced from a lock—in amplifier
was displayed on a three-dimensional map. The
vibrating electrode was a platinum needle, and ' the
conditions of measurement were as fTollowse th;
vibrating fréquency; 221 Hz, amplitude; 0,15 mmv and
the distance betweer center of amplitude and coated
steel surface; 0.15 mm. ~
Results and Liscussion

In the chemical conversion treatment, the

effective i) immersion time, ii) pH of sclution
and iii) concentration of molybdate were .i) over
ca. & hours, ii) more than 7 and iii) 0.9 N,
respectively. In various chemical conversion
treatments of molybdate systems, the AC impedance
spectra of the steel plates treated chemicaliy were

measured in a 3% NaCl solution at 30°%C. The charge

transfer resistance (Rct) values .of the steel plates



treated chemically were determined by analyzing the
Cole-Cole ﬁlots, equivalent circuit models and their
curve fitting. The Rct valugs were ca. 10 -~ 20
ko;m. The better solutions for chemical cohversion
treatments were Naznu04-Nabé4013 and NaoMoO,-H<PO,.
Figures 4a, b and c show thé loci of‘ typical
complex plane impedanca' plots and eguivalent
circuits for steel plate coated with EP after
chemical conversion treatment in a 0.5 M Na2M004
solution. The curve until 12 héurs at early
immersion time (Fig. 4a) was not described ‘in the
shape of semicircle, but as a part of a large semi-
circle because the paint film resistance (Ry) is
fairly high, After 24 hours immersion, | it
represents a. partial capacitive semicircle. The Ry
value decreases with increasing immersionjtime which
suggests that tﬂé film is wet-swel led or
deteriorated, Specifically, the Ry values reflect
the variation of mobility and concentration of ions
in the paint film, so higher values represent better
isplation. Since these paint films are in a
comparatively good condition, the interfacial model
of coated steel-solution can be represented by an
equivaient circuit (film resistance; Ry, film
capacitance; C; and solution resistance; ‘Rg) as
shown in Fig.‘4a. In the case (Figs. 4b and c¢) of
longer immersion times, the water layer between the

steel and the EP paint is formed. The loci of

7



complex  impedance plane plots. show the double
capacitive semicircles with different tima.constants
be?ause of the degradation of the paint film. It is
th;ught that the semicircles on the higher freguency
side in Figs. 4b and c reflect the Re and Cyp as well,
as shown in Fig. 4a, while those on the low
frequency side in Figs. A4k and ¢ are ascribed to the
charge tr&nsfer resistance (Ry)s double layer
capacitance (C,y) and Warburg impedance (Z,) which
is based on diffusion, at the paint film-metal
substrate interfaace as an eguivalent circuit
shown in Fig. A4c. Therefore, this equivalent
circuit represents the deterioratiqn nf paint film.
The variation of film resistance (Rg) v;.
immersiunv iime for various coated steel ﬁlates
without chemical ‘ctonversion ltreatment of metal
substrate is shown in Fig. 5. It can be seen that
the Ry value is highest for the F coated steel
up to 300 hours but goes down to almost same R¢
values as the EP coated steels at 600 hours
immersion time. Although the EP paint film started
with an R; as high as F paint film, its value
decreased faster than that of F paint film. The VC
paint film showed a resistance lowsr than thétrnf EF
even from the start of its immersion and 'in this
paint film, some blisters appeared after immersion

for 24 hours. Consequently, the Ry values of these



paint films were low in an order of F > EP > VC.

Fidu?e 6 shows the variation of Re with
immersion time of steel plates coated by VL after
Q;rious chemical conversion treatments. The Rf
values of coated steél after 6 hours immersion in a
0.3 M Na,MoO, solution were higher than those of
blank (no chemical conversion treatment), and lower
than those of a 0.5 M NaoMoD,—-10% HzFO, or 0.5 M
N32ﬁ004~101 Na P40y~ type agquecus solution. The
chemical conversion treatment in a b,ﬁ M NagMoQ,-10%
NabP4013 solution was observed to be effective in
the corrosion resistance of paint film. It is
thought +to be ascribed to the prompt formation of
passive film, and the promotion of adhesion bétwe&ﬁ
the paint film and substrate, by the polyphosphats,
N36P4013.7’B) Comparing the effzact of tha =shemical
conversian treatﬁents in a 0.3 ™ NasMol,~10%
Na,P,0;< solution and in a 0.5 M NayCrl, solution,
it was found that the Ry wvalues of wmclybdate-
polyphosphate were higher than those of chromate
(Na26r04) until about 500 hours immersion, but
became lower than *hose of chroms*e (NaoLro,) afrer
500 hours immersion. From these results; th&'
corrosion protective effect of molybdate—
polyphosphate is not as long lasting as  that of
chromate.

Figure 7 exhibiie %th= ~2lation beiwesn the R

values and the immersion time of steel plates coatad

8



by F resin after various chemical conversion
treatments. These Ry values of F resin péint wersa
QQperally further enhan;ed than those by VC resin
pagnt as shown in Fig. &, and the values until about
900 hours were ca. 109 ohm. 'In this case, the
chemical conversion treatment in 0.5 M Naj MoO4—-10%
H:FPO, or C.5 M N32M0b4—101 NayP404z solutions was
was found fo be more effective compared with that in
a 0.5 M Na,Cr0, solution throughout the measuring
times.

Figure B8 shows the typical three-dimensional
SVET maps after immersion for & and 24 hours of
steel plates coated by VC resin paint without
chemical conversion treatment. The artificial cgt
and non~ﬁ§t {coated) parts become a 1aca1.‘anode
{peak part} and "a local cathode (flat part),
respectively. Local corrosion proceeds on a metal
surface when a local anode and a local cathode are
separated from each other, where the ionic current
flows through a solution between two local
electrodes. Tﬁe potential distribution iz
established in the vicinity of a metal surface due
to the ochmic drop in a resistive solution.
Consequently, the measurement of potential
distributions makes it feasible to evaluate the
corrosion behavior of a metal.ql S8ince a potential
gradient (E) corresponds to the.current density (i),

.

10



it is  possible to analyze the local corrosion
behavior by measuring .the two—dimensional
distribution of E on corroding metal surface. To
eééluate the degradation of paint film, the' degree
of growth of the anodic part is given by the
difference of potential gradient (2&E) as follows;
AE = E, - " (3. 1)
where E;, 'is a mean value of the top 3 potential
gradients at anodic (peak) part and E. is a mean of
potential gradients at cathndic (flat)  part. The
AE in Fig. B increased with increasing immersion
time, because the catiicdic area of metal substrate
was enlarged by the deterioration of the paint film.
The variation of current density with immersion
time of steel plates coated by varinusx paints is
shown in Fig. 9, The i values increased with
increasing iemersion time by the wet-swelling of
coating films, and tﬁen becam? constant after about
50 hours. These valussg in steady state décreased in
an order of VC > EP > F reflecting the corrosion
protective property of each paint film. It is
thought that the corrosion resi.tance of the film
incrgases as the i value decreases. The i value of
VC with chemical conversion treatment in a '0.5 M
NaoMoD,~10% Na,Fs04=x solution became smaller

compared tb that of VC without treatment.
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Figure 10 shows the relatiopship_between the R
value by AC impedance measurmént and the i value by
SyET of steel plates coated by various paints after
iA&ersiDn for 72 hours with or withnut chemical
conversion treatments in a 0.3 M NajMoD,—-10%
N36P4013 solution.  These data give an approximately
straight line except the plot of YC with chemical
conversion treatment. From this figure, it can be
seen that the more the i value decreases, the more
the Ry value increases. Since the Ry from AC
impedance and the i from SVET were correlated with

each other, it was found that the carrosion

protective property of paint film could be evaluated

by SVET.
Conclusion

The efficient _solutions for chemical conversion
treatment of steel plate were in?astigated. After
their chemical convefsion treatments, the corrosion
protective property of steel plates cﬁated bf
various paints was evaluated with AC impedance
measurement and SvET, and the following conclusions
were obtained.

1) The most efficient solution for the chemical
conversion treatment of steel plate was fdun& to
be a 0.5 M Na,M0oD,~10% Na,P,0,<
aquaaué solution with a pH of 10 and the

immersion times were 6 hours.

12



.

Since the film resistance (Rg) value for fluoro
resin (F) paint after suchia chemical conversion
treatment was about 107 ohm until ca. 500 hours
after immersion, the corrosion protective
property of steel plate coated by F paint was
most excellent.

2) Both the R¢ from AC impedance measurement and
the current density (i) from SVET ware
correlated with each other. It was found that
the corrosion protective property of paint film

could be evaluated by SVET.
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Table I' Coated steel plates without or with chemlcal
conversion treatment,

No treatment(Blank) + Paints(VC, EP, F)

0.5M NayMoQO4 + Paints(VC,EP, F)

0.5M Na,MoO4 + 10% H3PO, + Paints(VC,EP, F)

0. 5M Na2M004 + 10% NasP4013 + Paints(VC, EP, F)
0.5M Na,CrQ, + Paints(VC,EP,F) 4

Slelelcle)
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Fluoro resin(F)

Fig.1 Structural formulas of various resins.
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Fig.8 SVET maps of steel plate coated by VC in
100ppm NaCl solution at room temperature
without chemical conversion treatment.

AE (potential gradient) o i (Current density)
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CORROSION TEST OF PLATED PRODUCT FOR >
THE §TUDY OF SERVICE LIFE

5

1

A\
SERMKIAT JOMJURYONG
. % * %
M. FUJITA , 5. YOKOYAMA , S, MATSUMOTO
Faculty of Enginesring, CMU Chiang Mai Thailand.

‘Abstract

Steel panele piated with nickel of  various thicknesses
were osubjected to a ovelic oorroston test., Timee to fallure
(service liver) of the panele were anaivzed by using reliabillty
techniques. The testing procedure and analyvtical result showsd
that eservics (ife ¢f the nicke! pinted steels at which =a

specifled portion have falled, st various stress fgvels, could be
qvgntitlt!vcly estimeted.

Jnfroduntion

. in metal finishing research field, there are many
studies on the corrosien of plated prodyggs which are mainlvy on
corroclon rate and corrosieon mechanism, However, In recently
the study on predicting service life of rplatad produgts has come
to an intersst end agqess!tv. Many research works on this tople
had been reported. Result .of the studies, life prediotion.
had been recognized ss essential to the Improvement of products’
quality, meterial selection and systew develorment, In general,
It is sgreed that makinp suantitative service life prediction of
plated products exposed to its intended operating conditions s
a diffieuit taek. Difflculties in makineg the prediction are
probably. due to verlous facters (Flg.1,) which have effects on
the service Ilits of piated producte such as - large number of
environment conditlons, atmospheric pollution constituents.
quality of basis metal, plating procedure and veriation |In
plating quality which vary from factory to factory ..... etoc.

Eaviresssat seaditingg
slinales

biolegleni Jozpsction
“Sesls wets) Seaseas - Laaserature qupspure
furface { srather scoslorsted
suslity < pellutionn tases
anelysie
vleos Sarvjen Jife of
/ aspided Iow plsted produats
: salty astrons
&m iy salatainnace
pestiraatngn xnifergity Krstlcatlon
arlutiea tu‘s?murs
dagrancing 4 ~ wisting
“pratemataand \wrm fensivy

schd dipping sirgulstisg
Hstimg pracadurefyn ity

Fig. ' Cause and Effect dingram }f service {ifes of
rlated products. i

i
* Musashi Institue of Technology, Tokyo Japan.



Becausge of these diffiouities, even though many prediction
technigques such as oceorrelistive anslvals. multi regression
anelveic, estatistic of exirsme ...sto. had been gprlied to the
study on predjcting service fife of plated producte, but the
resuites heve ‘pot besn entirely sstisfactory. Among manY
prodiction technicues . reliability theory ha& baen found widely
used In mary science and snginesring fie!§$ in predicting service
life of matsrials, components and asveten. Reliabllity theory
has an advantape in enalveia wide variation of time to fallure
and representing service }ife as B distribytion rather then 8
mean. Compare to ancther prediction teohnique suoh as correlative
analyels which ig =an insxaet and rafatively incentive.
relisbility analveis seems to be more effective., Howsver., only
few reporte on the predicting service life of plated products by
using rellability technigue have been found. Using reliability
theory and {ife testing ansivsis is a syvetemstic, probabitistic
procedure designed for the purpase of making gquantitative service
fife predictions. As for these repaons, the guthers applied thie
teochnique In the study of predicting service Iife of oplated
products.

Iin this ressarchs religbility thserv and |lfe teating
technlique wers mpplied te the prediction service life of nickel
piated gteels, Artificlasl mes water corvosion teet were designed
and used for life testing methed. Drts obtained figm the test
were  snelyzed by wusing rellisbility technigus, From the
anslvtical resulte, P-5-T diggram (Probablity of failure ~ 8Stress
-~ Time to fallure) wae constructed and used for the prediotion of
servioe fife of nicks! plated a*sa!a,

Anslvaia and mﬁxmaﬁmm ,iu using Reliahilliy
.tanhnlxua‘

Reliebliity 1Is the probability thet a device or e
systam will perform its function adsquately for the period of
time iIntended under the opersting conditiens encountered. Such
probability is nlse referred to ss the probabillty ef survival,

In  general, & rsliabliity prediction ie obtalned by
mathematica!ly combining probsblilatio events, _ :
Sl . .
} -’. Ras [aoa 00
F(ty=1~-R(D [zl

"Filg. 2. Feailure distribution disgram

in Fig.2. probebility dansity funotion f{(t) wae plotted ss
8 functien of timas., Relisbility R{t } is the wprobability of
survival in which a device will not fail prisr to time to-
F to) ie the probebiiity of fallure st tims L gnd BiQ reprosent



the point that 10% of devices ars expected to have failed. _
The prediction of gerviece iife by wusing reliability
techniaque Is sfgrtad froem oconducting a {ife testing. The service

Yife whieh s “definaed 8s the time st which the specimaen has
failed waﬂcénvestiwated=
cosulative probability

L) vesbull curve Weibull distribution
sty F(1) [ o
; -t 5 " ” F—, -
FFCU-5CE ﬁt)m;;(_.;t) gt (g [3)
d seaple 1ife dist ' =0
| R{t)= exp(-(t-¥)/m)® (4]
2
Tine where m = gzhape parameter
Fig.J Schematic diagras of sasple life r.f; : ngitizﬁrﬁ::;;tw
distribution (superiepased with ¥eibull ‘

distributien curve).

Times te fallure of the specimens were arranged in
ordered, In Flg. 3 & samplie life distribution was conatructed by
plotting the ordered time to failure with the cumulative failure

, Pprobability of the specimens. Welbull distribution ocurve weas
superimposed on the gample life dietribution asnd test of fltness
was performed by emploving Kolmegolev~-Smirnov method. Weibull -
share, ecale., locstion parameters were calfoulated by gsiga the
maximum {ikelihood method and iteration technique.”’'"  The
obtained parsmeters were used to estimate failure times or
service [ives of the specimen ingtead of observed failure timee.

In reliability analysis, the maximum service life I8

~defined as the time bevend which a specified portion{ A ) havse
failed. A portion which is designated as 2 service Iife of
produocts (& wusuasliy & function of safety. accessibility and
warranty eoste. Fer @& manufscturer in order to minimize  his
warranty cost a portion of 10X (BIO life) is normally used as a
service life. From the Weibull distribution curve. maximunm
service llves were computed by solving the relitabllity funection
in equation (4}).

by = M- tna-anHmy 4y (6

where t ., = maximum service [|fa
£ - _
. A = 5 gpecified rertion of spacimens

The obtained masximum esrvice lives were plotted as a
function of tempsreture which was referred 8s a F~S-T diagram.
From the P-8-T diagram. service life of plated articles st which
2 specified portion(A) have failed, at various temperature, ocan
bes quantitetiveiv estimated.

Appligation to ths service life prediction of nickel
piated panals were carried out as the followineg

Let ¢t represent sarvice life of nickel plated stael and
t is a function of plating thickness , quality level of plating
and envirconments! conditions. Thite relation c¢sn be simply
expressad as ths fellowing

w



*.

£ = G( d.G.8 ) {6}
where t = ggrvica {i{fs of nicke! plated steel
d = plating thioknees
Q@ = quaiity leve! of plating
& » gtress of all inclueive factors
tn the artificial ses water test, tempsrature was
selected as just an only ong variable stress: since It seenms to
fit with Chemical Reactlion model and can be varied . controlled
sver a wide ranpe in the experimentai process., Thusg, if other
varjables &re consfent life tes.ing time t' ca~ be expressed as
the following : _
t'= g( d.,8.7 } 4 (7}
wheare T = temperature
{f the corvesion modes in service condltions and in the
accelersted corregion test are not much ~ different and
the accelsration facter lg knoewn. then _
t = k tf {8}
where k = ageeleration frotor
By combining exerssglons (6,17} end [Bl.the following
gxpraseion is obtained
afd,Q,8) = k 6(d.0,T) £ 3]
From {8): If thickness and quality level of plating rerrosented
by d, and Q, are constant.

0(d, .Q,.8) = k G{d_.Q,,T} {10}
?gerefcrs & ie 3 funotion of T and In the scpelerated
gorrosion test strese level can he oipseified by temporsture
tevels of the test. : '

Test panele., nickel piated with varicue thiocknesses., were
subjscted to the srtificial se¢n water teat at three different
temparaturee{ 3 lsveis of T). Failure times of the test p2neis

¢

- were investigated and ssmole life distributions wars constructed.

To each sample [ife distribution Welbuil distribution ourves
were fitted. Test of fitness wae conducted and Weibull parameters
were estimated . For each thicknese, at each temperature, maximum
service lives weres caloculated and those calcuiations were plotted
ag 8 function of temperature(P~-S-T diagram). From this diagrem.

quantitative service lives of nicke! plieted steels at which a

sprecified portion has failed, at varlous temverastures. were able
to bs estimated.

in an axposure test .sarvice life (B0} of & pm Ni plated
panel wae datermined. This sarvige |ife was plotted in -
the obtained P-S$-T diaprem and the t{ewperature lavel of
artificiel sea wster wihich corresponding to the same estress levael
¢f exposure test was determined. From this temperature Isvel the
service ltives of nicke! olated stesls for different thioknesses

of nickel plating in exposyre test osn be gsuantitatively
predicted.

Expsriment

Test specimens ware prepared by using low carbon steel
ranels with size of 165mm x 180mm »:0.3mm. Prior to pisting, pre-
traatments of pansle were conducted by 8 precess consiseting of
brushing, electrotvtic cleaning {(anodicaliy) and scid dipping
(10% HCI). Between each stsp pansls were rinsed with tap water

4



and delenized water. Subseeuantiy water-free .braak test was
parformed to aseure that olean surface paneis had been ohtsined.

Watisbath. compositions and pisting condltion se shown
in Table 1., wse Weed for plating., Pannls were pisted with niockel
of 4 different thicknesses 5,10, !5; 20 gn for which plating time.
determined by praliminary test, ware 11, 0,22.0,33.0.44.0 minutes
raspectively. Plating area on gach panel wss 1BO0mm x 100mm. After
rlating, vanels were stored |n desicosteor to prevent from
corroesion.

y The plated penels wers randonly selec.od for ench toet,
Sets af 15 pansels of each thickness were uvased for thicknoes teat.
Pisted area on sach panel was seotioned into 15x10 matrix equare
blocks, thickness &t the nenter of esch block wae measured by
using coulemetric methoed. Besldes measurement of thickness,
vanels were subjected fo farroxy! test for mecasurement of
porosity. The compegsitions of ferroxy! test golution gnd
operating conditions wevra shown In Table 2.

in preparation of the panels far cveliec cearrosion teet.
except tasfing ares of 100mm x H0mm. the back and edges of the
paneis were masked with durable commercial resistance taspe end
coating, The experiment was conducted st thres diffarent
temperatures of 25°C, 40°C, BB*C. Testing hath contelined with 8%
NaCl solution were serated 30 minutes before the immersion of
the test panels in srder to saturete oxveen. The test panels
were immersed in testing bath for & paricd of 18 hours. After ths
immersion, the pansls were rinsed. dried and kept at room
temperature for the tota! of B8 hours. During the ringe vreriod,
eﬁrraféan producte were r@mcvad {proosdure recommanded by
L The test seiution wes renewed when It was ocontominated

by corroslien products., ususlly every cvele at the hepinning and
ohce every twoe or thsa@ evclies |ater on.

The aquantitative avelustiors eof corroded arem  were
performad during the drving periocd by placing & traneparent gorid
ovar each test panel. The grid wee gactionsd Inte 20 x 40 wmatrix
of square blockae. For each evaiustion, number ond size of
protective defects In sach block were investigsted for overy
pansis, The panels ware detesrmined te have failed when their
parcentspge of corroaion araess reach 9.1% and 0.28%. The panels
with peroeriage corrosion mrrea ~xceed 0,2D% were terminated from
tset. ) :

Additional sexperimant of sn cut-dewsr expogure test was
carried out. Panels from the same lfot 88 shove were placed on an
axpesure rack with the sxrosed snple of 45 degree, The test rack
was set fecing to the south on the reof top of Buillding Ne.10 at
Musmeh! institute of Technolosy for conductine the exposure test.

Teble ¥.¥Wette bath constituents Tuble 2. Ferrox! solutton
& osparating ocenditions & orarating oonditions.

Ni8O, THEQ 250 g/i &4raaumas 3Ho0 10 e/t
N&Cfﬂ GHo0 45 g/ &&Fafuw$ 10 gft

853 36 g/t ¢ HsCl &0 gft
ﬁa 4-8 7 NH OH 810 a/i
current denaity 3 ﬁfﬁmg tims 5 m%ns
temperature 55 e “testing Bres *id om

n

o -



Basplis and Rlsosnelan

The iat& i Fleg., 4 showed diatributions of thiecknegs on
pisted pensl *Tha distributione ware Yound to be o Urshape with
comparsative thtﬁk in edes ares ond symmetrically deacresmed to
the center. Plated ares at the gentert00nm x B0nrnt with least
dispersion was uaed 68 ¥ stgnificant ares for corrosion tesl.
From the asnalvsis of varience., the results showsd that there were
no slgnificent nt BEX cenfidence intervael im thiokrness different
of 16 paneis In sach set,

* The resuite of forvoxyl t@si ehigwed that the sversse number
of defsct pointe per unit sree In B 00.018,.20 My NI wlated panels
were 0. 018, 0,008, 0.047, ﬁ gy géa JAom® respectivelv., According
to Japsnege industris] Standard. gll of these figures ware iR
scoepting fimit. For individual parel. mumber of dafect points
per unit srea of thicker panele wore found. gometime, hilghsr than
thinner panels. Thie g prebebliy dus to the varistien In plating
auelilty resulted by unexveotad fmolors in ploting process.

e,
"
% § angd 5.4, of significant
St e E»
| U% ! e sree for each thickness.
o b signiticeny area | © . 3 )
_;}“ ‘g;&': fpr gorroxron fast! é’ cetegories ¥ 5.4
(i E o }
- & % & : B ) .
Sua .8 .t
R & «{é b 15, 1.8
1 '.ﬂn.\, £ v, ) M& ‘d.‘.ol PR
o0y VTURELITAY N
{ s('wnﬂwm w 3{‘&%&5 "~ a ""}E 25 é)ﬁ m § } 'Y l’?§ z G 7
' ‘ Pouw 83,7 4.9
%.80
1. 8 50 Lk

Fig. 4 Qistribution of Bi plating
on test panel & 8.

in Fig.8 change in perasnt aroe of corrosion for each
penel ware elotted ae 2 function of lwmwersion time., Frawm this
figure, % oceutd bes cbeerved thet chenge in pearcent areg of
gorrosion were varied incrersingly wlth the lneresging of
immergsion time., Feor come individun! panels, cohange In percent
corrosion arep somsgtime ghowed & temporary dscressesd. This (s
probebly due to varigtlon In getermnining dafect sizes and type of
defects, Pin hole oorresten, tvpe of doafeot am cothodic  maetallile
coating, were found randemlby on testing sros of esch pens!l.

Evidence in Fle, & slise showed that the panels of the sane
thioknese when sublaected fo the teant a2t diffarent temperatures
times te failure were decreassd with ithe increns o af
temperature. The peneig of dl ?f@r@nf thicknssess when sublectoed
te the teet at same tempersture. times to failure were Incrossed
with the incrossing of Wi &ﬁ§$kﬁﬁﬁ§g These tendencies were @lf
the sams Jor sl thicknesses.

It was obeerved that the varimtion in changs of percent

&



ares of test panets in which some panele with thickar Ni plating
may be found to have shorter failure times than thinner papsls or
tha panets wtgh the same thickness of Ni plating when subjected
ts different <etrese level fallure times at lower stress lovel
were found, sometime. shorter thaw st higher ctresse level . Thie
pocurrencd ocould e axplsined sz tho sawme phernomsnon which wae
found in the ferroxvl test. ‘

Far the seneta In the sane cetewerv. there are always one
or twe panele whieh have fallure rate much greater than the
sthore., Thass can be referrad ae the sarly feilure canees which
may be cgused hy woms dafsotive products.

Sawec'le bifa dlgtribukion of gaoh thicknesse Wele
constructed by pletting the ordered time te failure s shewn In
Tuble I with the cumuiative probhshitity of fallure. To each
sample distributien tife Weibull distribution survé were fitted
and test of fitneas were conducted by wusing Kolmogorev-&mirnov
methed., The raesulte of test in Table 4 ghowed that Wiebull
digtripution ecurva were fitted to atl of the sampie tife
gistributionsg. ‘

Weaibull sprametere ahape, gcabte oand location were
wxstimated and were tabulated in Table . in Fig., 68, T Welbull
sonale snd location paremeters were shown te be raelated nearly

% area %t ares |
I. i Y e A4 e e ene e nenat
25° ¢ 4o 55°C |
B gk dam bum Sum 1
8.1 ff_m”.b¢“”mmMMWNWMNWm" 6.1 B ”mmw
P :- . H ; :
{560 " G0 1000 560
Timelh) Time(h) Timelh}
% ares % BFes |
. t
3'35.‘fu;wu;4wwWWme
ij 25°C [40°C 55°
k4 1o um 04y i
0.1 ¥ IR 10w
' i ..""] A
. N A , N
1506 ) 500 10068 ) _ 500
Timel(by Time(h} - TimelhYy |

"
4 i

Fig. § - Change in percent ares corresion of nichel plated steel
PEBES

subjected to the artificial sea vater test al 25°C,40°C
s BRC

~f



?&F@& & Tiwes to fmilure of niokel nlated atosl perals (10 pmd
sublocted to artiflcinl ses water curresfon tael st 2B° .40% . BE*C
. ‘ Uit @ hour

.,
%

tanporature (°0) 2h* 40 : BB
fatlure oriterion g.8 {3, 2% 0.1 .28 Gt 0.26
(% sras)
ordered tima to
felliure index
N a8. 1 100.8 a8 .2 46 . & 4.7 12 .6
P e an.fn 133.6 51.8 85.53 4.9 13,1
K 126.8 148.0 B2.0 BE.T, B.& 14,5
A e e 137.T 1B4.93 BR.2 24,1 1.2 18,0
o . f3g.4 165,56 B80.3 100.6 T.8B 19,5
B e f44 .8 19R.8 B0 1035 T.6 2.1
T, et e 1B8. ¢t 214,86 .4 10T .Y 2.2 2% .4
2 - Z02.0 218.0 TH.T 1103 2.2 9.8
2 262 .4 321.3 23.8 ttt1.2 14,2 &0 .6
|34 aga.y 4008 4.1 125,56 14.2 B .6
Py e 398, 414.0 BE.S 136.3 16.4 66.6
1 N B04 .98 6413 t0e.4 141.8 21.4 108.0,
PE e AED. B GEY L E 228.3 24B.4 0.6 6.0
T4 L. PR ET4.0 T48.4 343.4 34T.4 BE.BE 116,
| £E28.0 BRY.4 £33.2 &82.0 T4.2 126.0
Ne. of panel test 16 i6 i 18 th 10
Ho, of panel fall 113 16 7 15 15 16 1531

Maxinum Sxpopurs

Ttime  BZB.O BB1.4  833.% 19.2  126.0

2
@
<
ro
Lo

Tabie 4 Results of Kelmogorov-Smirnev test of fitness.

Mkn. x may F(ty~S(t3 )
Tompergture °C 25 40 &6
Cgoteportenl wm} ;

B oo B 0,V 5E 0083 0.07H
............ b f.183 ¢.10% . 063
|14 S B 0.106 .332 0.082
- b G.I8T 0.225 0.210

| T B G.147 0,186 (3,128
,,,,,,,,,, b 0.164 0.206 . 16T
o .. a 0.1568 G188 0.23%
. . b 0,208 D216 0.7222

Crivion!l velue for the Kolmogorav-Emirney test
Dikin 60,ﬁ2$¢i5§ = (1 33THRE

ad fallure oriteria O.1% b)Y failure criterla O.26%




e )
&

hyn

46

bEE L

Pal]

¥+ ]

v

i

[T

ot

3

wos}

15

taenl

18

fail

B9 of panei

LS
L

wuat

.85

(]

tered

[y

o,

e

:
R
¢

&3

78.8

et

27,8 8L.3

476.8

]

81.0 46,3 1]4.8

-
E

453.8

Eaa
[+
v

(2]

143
%

(ren

13.1

j1z.4 E.Q

105.4

5.2 48.%

132.8

<

W

o

54 0
LR

§2"-$

[
(55
«

. failure criieris §

P

gt

“hek
v

st

e
¥

o andel.
7 parasceier

DA

wraw

8 &rfy

i

shainle teupersiurs ¥

» =

e
rin

(2
[

[
Bos

W

reiziion)

8.8
0.38

0,38

Bt
[N
43
ot

r

Srwe

e,

W

&

e

o
L3
[2¢3

N\
L3

[

fpur
Kd

o

-
&

)
et
=t

Oy
B

2.9
1.50

~ 4.0%

)26, 0.1 %

&%
L2
%

5. 5.25%

2}

o e oy &3
BRES
LY ”» L] s
4N O O
v (2R % 65
mEafR
* s I3 «
o o O e
o o
BEEE
Ll L3 * ~
@ Y B
- s
A
w6 B 8
o I d " A
[ Q4 et S S

-
[

2.28

*

2.88

- 7.34

¢.238

B% BT Bl

e

3 kR
]

£, S,

= I A

&

L

B




Limear with the reciproesl shesiyte tempersture. Theno
relationshipe were fitted with Arrheniuve model. The |linsar
tregrecsien cogflicients ware tebuleted in Teble 6. These
relationaghip are probebly implied that the porrosion rate en test
peneis  ware the eswmer st lemat over the ranges of testing
tamparaturae. lh Fig. &, shape rporomebters were pletted with
tewmparature and  they waere found to be alment conetant., Thin
replied that fTeilure rste of f(eet panele #ve wimogt the same.

From Waibull digtribution functionm, the wmaximum gservioe
[ivee for esch thloknees mng ot each siress leve! warn cemwutod
Fer oxamplyg, from table § the senels with & m even thicknesse at
0.1% fellure oriterio n=. 57, v w33, 8, PoiR.2 roplsce these veluws
in eauatien (51 snd the maximum gervice life omn be obtalned

fej@.8 hre

e ~ e
: 4.
g
'r_‘ . M| 5 1
- vw\v-"”“‘"“""wgw ffﬁ'ﬂﬁ’ N &%}"zm
0| AT A 2 P
5 - ot ,.,-«“" st ¢ - : g )
Aﬂ“:\ﬁ'"-«'*%{ e , ﬁw 8
I el "”» Mﬂw 3 3 ‘;::: i ,/‘(/‘A
- : - 5 L ’ "
Fig. 6 Regression Hioe of common foperithm Fig.T Begresston fine of cowmon fogarith
of Beibull scale peremeter ve, reciprooed of Relbull location peresster ve.
shsolyte temparetirs., reciprovsl sbstute fempsreturs,
Be: ~
ﬁ ".eb:m
&)
2
53
g
10
%
ofe
73
mk&m
“h 4 B 100 0
fesperesturs  © service [ife (h}
Fig. & ¥elbnl) shepe parsweter Fte,d Bl thickness vi. service Life
v, temperature Y Fhe,

im Flg., 8, thieknese of nickel were plotted with the.
shtained gervice lifa. From this dingram., the minimum thickness
of mickel which coutd stend with cvt failure for the reésulred
tapting time, 8¢ differant temperanture Jevels . cen be watimated.
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fn Fle. 10, & P-§~T dippram wae constructad by plotting
the nomputetions ol maxiwum service {ives on lepg scoale with
raciprousl abuelute temperature. From the P8~V dispram., servics
Tivea of nickel plated steels st which & serec!fled rortionti) ef
paneles have fuiled » at’ various temparsture , were abhle to be
#stimated. ' '
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The regults of this P-&~T diaprem were ueced to prodiot
service life of nickel plated panels In the expeosure tesl by
obtained sorvice (ife (BYO {ife) of GUENI wltatsd panels from
field date first. For example, the snrvise ife ofbuuall plated
~eangle sublected teo the wsdditional exposure test at Musoshl
inetltute of Technolopy was found te ke 280U hourve. This velus wae
plotted In the above P-8S-T diapram and from the cerrespunding
eurve mtrese [evel of artiflofal sem water at ~B*C wee found to
be oeaulvelent te the wtrese level of wexposure ¢teet. The
extravpelntion wae made to prediat the service 1ife of gur NI
plated pensta which wae 3000 hours end wae Tound to be nenriy the
same as the resulte whioh wae ebtulned directiy from the expesurs
tsat,



The  aeplieation of relinkility sand |ife testing onalveis
technigque to. ths astudv of service lifa prediction of nickel
plated stmel mansls was demonstrated in this pspaer. Rasults of
the atudy were coneluded that plating characteristios of test
ranele  were apprepriate for the corresion teéwst. Sample iifes
distributien of taet panele were found te fit with Weibull
dletribution ourve. Sozle rarsmeter end lecation warameter of
~Weitbull - distribution were found lirnesrly relsted to the
reciprocal abeolute tempersture and were Fittad with Grrheniue
model, Shave prrawator wae found to be almost constant.

» Rervics Fife of nickel plated stesle rubiected te
artificial see wster ot which 8 specified porticne(d y have
tailed, &t varlews tempersiire, ocould be muantitatively
predicted. The minimum thieknese of nickel! plated on steals which
will survive for the required testing time, 8t cach temperature,
Coould be quantitmtivelv dstimated. From the P-$-T disgran. the
predicotien saervice [lfe of nickel plated stesls in eother streas
eondlitions suchk ze exposure streess onuld he mode, '

This tgsting wrovedure and the anplvticsl results
dumanstrated o pogeibiltity of the prediotion service |ife of
plated producte whioh Is penerally sgreed to be a diftieutt
tusk., The oconfidencs In apeplving thie procedure could  be
signtflicantly improved if more experiments are conducted and
more data avellable for further analveis.

- Bafergnsss

I.Tadeusz Blentek.” Comparstive corronion testing of B svetem of
electrodepositead NI/Cr and Cu/i/Or an&tfnw on steel”. Burface
tashnateuv:ﬁl 285%-284 ()OBR4: :

2.Yasuehlite Toguwe "Atmespharic Test of poma Metallto Coatings”
Journa!l of Metel Fiﬂi@hinﬁ Boo. Jepan,32.(T) 33634301081}

3. Reper L . Ssur et at..” Corvelation of EC and CASS  tests to
Bervice Using fuplex hrekal swetem®., Plating, 320-325 March
2315138 ~

4 . Hirowuki Teupe.” Life astinstion of corvodsd wateritales by using
the etztletin of exireme”.dap Sce. of cerresion Ensineer.,
denuary (YBa6) - ‘

& . Yulohl E&h&k&wan”ﬁ probabliilette approsch to pitting carrosion
life progiotien®Jap 8oc. of Correwion Englneer .28,278-284C1GTT)

6."Service Lifs Prediotion of Plent Matertsl- Experlence and

Prectice” eronseding of the T3th Corranlon Enginucring symposlium,

Jap Soa. of Corrosion Englinear Maroh 8,.1688 Tokvo
T Martin.J. W, and Mo Knlpht 8.8, "The Prediotion of the oservice

Lifa of Costing on Stees!l. Perti. 2" dournat of Ceating Teohnolopy.
BL (TR B1-4B(THADY, ‘

i



The Chlorination of Selected Commerninl Alloys at High Temperature

. M.J, McNallen
Faculty pf‘" CEMM, University of Illinois at, Ghipﬁge; U.8.A,
‘ and
8. Thongt.ecm
Faculty of Science, Chieng Mai University, Thalland.

Chlorine contaminated environment can ceuse gorroaion of slloys. st
high temperatuyes by the formation of both velatile and nonvolatile products.
The ﬁ&"ﬂ‘%iéﬂ of the j@.ﬁlmim of cpmpercial ellays in the enviranment
containing chlorine wes studied st Lhe Lempersture of 1000 °C. It wes found
that the susceptibility of each alloy to the corrosion process is controlled by
the tempersture, chlarine potential end the composition of the alloys. |

Int.roduction

The presence of chlorine contemination is a promoting factor to

accelerate the corromion of meterials. in induystrial envirmmw“'z,
| (3,4) and form liquid wetal
(5’6), To
inprove the understanding of high tempersture corrosion in  environment
containing chlorine, the selected alloys were exposed in & g8s mixture of 8,25 ‘

% Cl, - 20 % O, - Ar at the Lewperature range of 700 - 1000 %.

Naturally, chlorine can diffuse into alloy matrix
salt, deposits which are essily volatile even at lov temperature

Apparatus and Pronedures

A furnence consists bf a nichrome, a thermocouple, and 8 fysed quartz |
reck which cen support. four samples in a fused quartz reaction tube. The
samples were approximately 1 cm2 with { to @ mm thick."rh,g coaposition of the
alloys in this study were shown in Table 1.



2

Weight ‘and dimension of the samples were cerefully determined snd
hung on the quertz reck. The semples were heated in ergon gas until the
temperature wes stshilized. The gas was replaced with 9,20 % Glz - 20 % 02 ~ Ar
and the experiment was prolong for 69 hours. At the end of each run, the
-samples were cooled down {0 room tempersture in argon ges for weighing. The

experiment was repested until the total of 480 hours was attained.

Discussion

ﬂei& t Losg

The alloys were exposed in environment containing both oxygen end
chlorine et high temperature and their weight. loss was shown in Figures 1 - 7.
Most of them showed weight loss that fitted to a linear equation of the form

AW = at + b | )
where Aw = weight loss of the samples

t
ad&b

13

- the experimental time
congtant.s

1

For all alloys, the rete of Qeiﬂht loss increased with increesing the
Lest. tLemperalure. According to the experimeht, alloys C~276 apd' 188 which
contained Mo or ¥ showed the highest of weight logs, renging from 160 - 300
ng/cmz at, 1000 ‘. Alloy 608, a nickel base alloy, showed the high rate of
attack at 16¢0 °C but much siower at, low Lemperature, Iron-base alloys like
310 s9, 890H and 556 showed Lhe lower rate of attack with lesg than 109 mglcmz
even at 1098 °C, Alloy 214 which contained alumina forming compound showed the
least of attack with less ‘than 19 nglcnz at. the highest. temperature.



Activation Energy of the System

For this system, nickel oxide iz the thermodynemically stable
condensed phase and nickel chloride is the highest vepor pressure species. Thus
‘the main reaction is

NiO{s) + Cl(g) = NICL(g) ioacg)‘ﬁ""s’

5 (2)

Slope of each line in Figures 1 - 7 is the corrosion rate(kv) of

reaction (2), The value of lnlkvt was then plotted relative to .-ri— a8 shown in

‘Figure 8 and the slope of each line would be the sctivation ehergy(a) of the
" alloy.

Nickel Chlox‘i(}e Controlling Process

.For this experiment, it was sssumed thet the flow of the gases was
laminar across the average length of 1 cm ssmples. Mass transfer of nickel
chloride between the coarroding surface and the gas phase was azsumed Lo be the

controlling process. The theoretical reaction rate is given by‘ )

A

Y 7 Moz wr Puiciz 4
: 2/8
. D 142
andA hmm2 = 0.664 v’*’ﬁ (v) (6)
. where hmcxa = mass transf{er coefficient of Ni(:12 in gus phase (cm/sec)



n

etomic weight of nickel
gas constent (cm>.ata / %K.sole)
temperature (°K)

THRE

11

Pricie

vapor pressure of ﬂi(:lz‘ (atm)
D = diffusivity of N1C12 in' Ar (‘cmzfsw)

v = kinematic viscosity ‘of 2e % 02 - 88 % Ar (cmglaec)

v = velocity of gases (1.5 cm/sec),

By using equalion (4) and (5) with some parameters calculated from
references 15 and 16,’141 can be determined. The values of lmkll were then

plotted against % e85 shown in Figure 8, It was found thet nickel chloride

controlling process agrees very well with all of the alloys in thig experinmert.
Cooclusions

1. The corrosion rate of all alloys was controlled by the test tempertures,
the experimental tire and the composition of the alloys. | _
2. For all alloys studied, ix‘;an based alloys are the most st,ahlé with the
exception of alloy 214 which can form the protective scale to resist the
carrogion,

3. Alloys C-276 and 188 which contained high content of Mo or W are corroded
at. the highestL rate.

4. The nickel chloride controlling process agreea very well with the

calculated values from the weighi. loss result,
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Figure 1. Weight change of alloy 31@ with the experimental time.
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ELECTROPLATING ﬁ? TIN PROM HALOGEN BATHS FOR DEGQR&TI?E
ARD CORROBICH PROTECTIVE BPURPOBES
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Abstract

k serie of experiment had heen conducted in our Laboratory
to study the characteristics of electrolytic tin deposition
from halogen baths containing between 21.0 and 52.5 ¢g/1
gn<*t fas 8nCl,), Bl.4 g/l KP, up te 2 g/l gelatin, and up
to 4 g/1 B-naptheol as additives.

The experiments were carried out at solution temperatures
hetween 323 and 353 X, current denslity between 100 Asn and
700 Asm for 5 - &5 minutes of plating time.

Tast results showed that the best tin plating of 29.7 pm,
66 % reflectivity, and 81 % of current efficiency could be
achieved at certain electroplating conditions.

Since tin itself is corrosion resistant in atmospheric
environment, the guality of the products had bheen examined
by en appropriate porosity test method, which shown that
plated~tin was non-porons.

¥ Pr.-Iing. Faraz Umar is Senior lecturer in Electrometal-
lurgy at the Greduate Program on Metallurgy and Material
Science and Engineering, and <hairman of Technical
Committee of Indonesian Corrosion hsscciation (INDOCOR)

#% How at P.T. Bakrie Brothers Steel Industry, Jakarta,
Indonesia.



I. INTRODUCTION

The most significance development in the electrodepoaition of
tin in last three decades ha#s been the Introduction of
commercial +viable baths ¥or the depesition of bright coating
{Chapmapn, 1983).

Tirn can be depcsited electrolytically from acid as well s
alkaline baths. The acids baths incliude acidic stannous
sulphate, stanncus fluorides and stannous chloride~fluorides
o halogen baths. Tt's well know that the acid baths is
superior cempared with alkaline bath in term of brightness of
the coating (Anonymwous, 1972, Beadle, 1872, Hoare et.al,
1965, and uﬁwenhezm[ 1974} . Anmcng these, the halogen baths
can produce superior bright coatings of excellent appearance
and properties {(Cuthbertscn, 1966, Ralagopalan and Rajam,
1¢78, and Davies, 1874).

Eventhouglh, in Indonesia thisg fleld of resesa rch and
development has not vebt been conducted intensively to support
the industrialization eya in cowming vears. The t}p& of
process can be promoted to support the small-to nmedium -scale
industry, ®0 that some technical data wmust still he
explered. '

Electrolyte composition, temperature, and cathodic current
density determine the physical appearance of deposited-tin,
the current efficiency, and energy con&ump?xen of the tin
deposition process.

Therefore, it is important to understand the characteristics
of some variables affecting the tin deposition process in
halogeén baths.

IT. EXPERIMEWTAL WORKE

puring cur study of tin-plating process in halogen kaths, the
effect of slectrolyte concentratlon, temperature and cathodic
current density on current sfficiency, macrothrowing power,
and surface reflectivity were investigated.

The pure tin vere Jdeposited on low carbon steel cathode in
plating baths at various temperature between %0 - 80 °C,
containing 21.0 =~ 52.5 g/l Sn*% (as SnCly), 51.39 g/l KF as
shown in Table I, denoted as soluntion typa D, € B, and A
respectively at constant pH-value of 2.7.



Table I @ Halogen Baths Composition.

*3 Concentration of -
Solution |° Molar ratio (g/1}

Type of KF/SnCl, "

5nCl, gnet XK¥F .} ¥

A 2 83.87 | 52.5 | 51.39 | 1.8

(stoichiometyric) |

B 3 85,91 35.0 51.3%9 16.8

c 4 | e1.83 | 26.3 51..39 | 16.8

D 5 . 33.54 21.0 51.3¢% 16.8

The cathodic current density wasg vavied from 100 Asm to 700
Asnm as indicated by Hull~Cell (250 ml} test conducted before.
The anode was Banka~tin (9%.85 % Sn) of 48 cm® and the
cathode was low carbon steel (0.2 % ¢) of 4 cw® of effective
area. The chemical analysig of the anods can be seen in
Table II. '

Talzle IX. Chemical Composition of Tin Anods.

"

Element Composition (%)
8n 29.850
Fe ¢.010
Pb 0.042
Cu ~ 0.035
Zn 0.00%
Wi (+Co) 0.005
Al ? 7.001
€d 0.001
AB : 0.027
8b 8.006
Bi 0.0086

The cathode specimens were polisbed, cleaned, and dégreased
in alcohol solution. Thereaft@r, the speciments were washed
in distilled water, pickled in 5 % HCI for 10 minutes, washed
again in distilled water, drxeé an& weighted before being
electroplated. . .



The deposited-tin specimens were washed in alcohol and
distilled water, dried, and then weighted for current
efficiency caloulatien. Thersafter, the sanmples werxe tested
for their. surface reflectivity by using Tovoseiki
Reflectometey. '

Since tin itself is corrosion vesistance in atmospheric
enviraonment, the guality of the products was examined by
sulphur-dioxide poreosity test method. The S0, was produced by
reacting sodiumthiosulphate (10 qg/1} with cerxtain volunme
gulphuric acid 0.1 K. The sanmples were tested in such
environment: for 24 howrs [Carter, 1%82).

To suppsrt the experimental results, the macrothrowing power
of the electrolyte were investigated by using Haring-Blum .
Cell. '

The Hull~Cell test enable an estimate to be wade of the
current density range, overwhich acceptable appearance of
deposited~tin can be produced.

Standard methods for chemical analisis wers used mostly by
using the Atomic Absorption Spectophotometer (AAL).

IXI. RESULT ARD DIGSCUSTON

Az nmentioned before the experimental work were carried out to
examine the effect of some. plating variables on certain
characteristics of electrodeposition tin in halogen haths.
Test results can be seen in Figure 1 te figure 12 throughout
this paper.

h. The ¥ffect of Electrolytes Composition.

A.l. On Magrethrowinag Power.

o Ag can be zseen in Figure 1, by
increasing tin concentration
from 21.0 g/l to 52.5 g/1 in
plating bath, the macrothrowing
power will decrease from 43.3 %
to a value as low as 14 %.

A~

el

in other words to get good

nacrothrowing power the molar

ratio of KF to 8nCl, must be

TR TR TR TR TR T kept at higher value (solution
Tit - Concantonien £ eft) t}"@&“ ;:': ;C}.«rfd D; .

Figure 1, The Effect of Tin Concentration on
Electrolyte ¥ecrathrowing Power

h%oc:mmz-—am Powewr (%)
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- . The effect of f~naphtol on

P macrethrowing power of the
- - e¢lectrolyte can. be seen in
i “, /// Figure 2.
ol | .
// It's clear that the increase of

Macrsmecey
£

ﬁ~naphtcl concentrations fron
g/l to 4.0 g/l can increase
ramarkubly the mavrcthrowing
pmwur mf nlectrolytw in solution
type D from 34.8 % to 54.3 %,

The Effect of 8-Nuphtol Concentretion
on Electrolyte Macrothrowing Powsr

Valris Cordsapatian L9 g
T Comnsrdratish 1 g

LI T B b w4
& - Weprim cmwmw‘lun

Figure 2,

A.2. On Specific Conduchtivity.

Table IIX shows the effect of tin congentration on specific
conductivity of the halogen baths tested.

Tehle IIX. Spaaifichc§uﬂuativihy of Halogan Bath
for variocus Tin Cencentration at 65 °C.

Tin Concentration | Sclution | Specific conductivity
g/1 type { unohe/cm}

i. 21.0 D . 240,000

2. 26.3 161 216,000

3. 38.0 B 180,000

4, 52.5 A 190,000

By derreaslng £in concentration, the specific conductivity
can be increased to a certain level, which has a positive
effect also to the possibility of tin reduvtlan at the
cathode.

A.3. on Tinplate-Suuliace Rellectivily.

Figure 3 shows the effect of tin
concentration on tinplate
w surface reflectivity.

A
E

Tt's clear that at various

E*EQ:M“,7::Z:§?& current density the tendency is
0 almost the same, that the

3 Goanely faveny By B4 RAE
& eiNokr oo tradiis  REG Ahsd
N Batentiz 10 Tauwly AR MY
1§ Cariai Catrsnd Mredy NS AW

increase of tin concentration
can decrease slightly the

e e AN e LefLecthAty in the range of 2 %
e » Cancnneoating \afi} Q‘O 13 % .

The EFffect of Tin Cone. on Tin-Depesit
keflentivity at Several Lathodic
Current Density

Figure 3.
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Figure 4 shows the effsct of B~
naphtol addition on the
reflectivity of deposited tin.

It is clear from that figure

that maximum points of. each

curve at various gelatine
addition are between 1.5 - 2 g/l
8-naphtol concentration. The
maximum combinatien which can be
vsed is at 1.5 ~ 2 B-naphtol and
1.5 g/) gelatine, which resulted
surface reflectivity about 67 %,

4. On gathodic Current Efficiency.
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Fipurc 6. The Effect of B-Naphtol Conc, on
Cathodic Current Efficiency at
Several Current Density, &5 °C
and for 35 Hinutes

cexamined at

The effect of tin concentration
on current efficiency has been
variueos current
density. Test results can be
seen in Figure 5.

As expected before, there is a

tin-concentration which can,
cause a maximum ¢n current
efficiency, namely around 26.3

g/l sn (seolution type Cj, for
all current density tested. At
that condition, due to certain

reasons the possibility of
hydrogen reduction can be
minimized.

The effect of f-naphtol on
cathodic current efficiency is

shown in Figure 6.

The increase of f-naphtol at
all current density can decrease
the cathedic current efficiency
between 10% to 15%. At lower
current density the negative
effect of increasing B-naphtol
concentration is higher. It is
clear from this figure that the
addition of f-naphtol between
1.5 - 2 g/l can decrease sligtly
the cathodic current effigiency.

it has been shown that by
increasing tin concentration, at
65°C, from 21.0 g/) teo 52.5 g/,
the specific conductivity tends



Table IV. The Effect of Tin Concentration on Enerqgy
Consunption at 250 Asn.

Tin-Conc. | Solution | Cell Pot. | Current | Energy Cons.
(9/1) type (volt) ?if (khw/kg Sn)
21.0 D 0.25 B3.6 0.13%
26.3 C 0.53 89.2 0.268
35.0 B 6.27 77.4 0.158"
52.5 A 0.32 75.2 | 0.193

to decrease from 240.000 umhos/cm to 190.000 pmhos/cn, which
means also that cell potential will also decrease. It can be

understood if in the same time, the energy comsumption will
" jncrease to certain extent, since energy consumption (Ec},
calculated using following formula : :

{V)

J

{1}

Ec = (45) - kwh/kg Sn

where : V = cell potential (volt)
f = cathodic current efficiency. (%)

B. The Effect of Cathodic Current Density.

B.1. Qn Surface Reflectivity.

The effect of current density on
the surface reflectivity of

" ///r““\\\\\ plated-tin can be followed in
///#:::::::EE Figure 7. _
. y//r"\k\\“*wm The experiments were done for

2:

:

i all seolution types tested, and

* ol at solution type D (21.0 g/l
o omenanos & tin) the reflectivity values

TR e cord vy B seen to be the hidhest between,

. especially at current density
Figure 7. The Effect of Cathodic Current -
pensity on The Reflectivity of Detween 2350 400 Asm,
Tin-Deposits at Severst Tin ‘
Cancentrations



B.2. On Cathodic Current Efficiency.
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On the otherhand, for current
efficiency, solution type C

//<f/*‘\\ (26.5 g/l tin) shows superior
— \\\\ values but still at the same
’M—“\\\\\\ "range of current density between
) 250 - 400 Asm, as can be seen in
— Figure 8. :
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Figure 8, The Effect of tathodic Current
pensity on Cathodic Current
Efficiency st Several
Yin-Concentration

B.3. On Enexgy Consumption.

The effect of cathodic current density on energy consumption
can be follcowed in Table V.

Table V. The Effect of Cathodic Current Density on
Energy Consumption at 65 °C for Solution
type C and D.

Current Energy Consumption (kwh/kg Sn)
Density

(Asm) Solution type C Solution type D

{26.5 g/1 Sn) (21.0 g/1 Sn)

100 0.076 0.067

250 0.268 0.135

400 0.321 0.224

550 0.351 0.293

700 0.3%1 0.366

The data in Table V show, that the energy consumption tends
to increase hy increasing the current density between 100 -
700 Asm for both solution types tested, since by increasing
the current density will increase also the cell potential.

Lo e



C. The Effect of Baﬁh Temperature.
C.1. On gathodic Curyent Effiengy.

The effect of bath temperature on cathodic current efficiency
is shown by table VI.

[4

Table VI. Data on the Effect of Bath Temperaturs on
Cathodlic Current Efficiancy at 250 Asm
and 400 Asm for Solution type D.

Cathodic Current Efficiency (%)
Bath Temp.
( °C) at 250 Asnm at 460 Asm
50 78.0 79.2
65 80.8 81.6
80 75.0 | 75.8

The data show, that at both cathodic current density the
increase in bath temperature tends to show a maximym at 65 °C
of both current density used.

C.2. On Energy Consumption.

The effect of bath temperature on energy consumption was alse

studied for solution type D at 250 Asm. The experimental
result is shown in table VII, :

.

Table VII. The Effect of Bath Tsmperature on Energy
Consumption for Solution type D at
260 Asm and 409 Asm.

Energy Censumption (kwh/kg Sn)
Bath Temp.
( 'O} at 250 asm at 400 Asm
50 0.214 " 0.336
65 0.168 0,299
80 0.181 0.310




It can be seen, that the lowest energy consumption can be
achieved at 65 °C for both cathodic current density used.:

’3

D. The Effect of Plating Time on Tin-Deposit Thickness

Figure 9 shows the effect of plating time on tin-deposit
thickness resulted in solution type D, at 250 Asm and 65 °C.

¢
[ *
R
¥
i‘l
n/ MUneN TYRL 8
TR TR TR TR T
Mefing Thms (minuiss}
Figure 9. The Effect of Plating Time on

Coating Thickness at 250 Asm

and 65 °C

It is clear that the increase in
plating time tends t¢ increase
the thickness of deposited-tin
on the cathode.

The resulted thickness of
deposited~tin were tested for
their poresity and qualitative
results can be seen in Table
VII.

Table VII. Porosity Test Results and Comparison with
Recommendation from Davis.

Thickness of | Porosity -~ Recommended Thickness VS
Deposited Tin Test Service Condition
{um) Result {(Davis. 1985, p. 27)
4.7 good 3.8 - 7.6 nodetare;
warehouse
atmosphere
20.6 very good 12.7 - 25.4 severe;
industrial
atmosphere
29.7 excellent 25.4 - 127 very severe;
' seacoast
atmosphere
40.0 excellent 25.4 - 127
49,7 excellent 25.4 - 127




intivenced by tin and additive concentrations, as well as
by cathodic current density.

The reflectivity above 65% is good enough in appearance
for deccrative purpose.

2. The resulted thickness of deposited-tin of 29.7 ym is good
enough for atmospheric corr051en protective purpose, since
the porosity of tin-coating is excellent.

3. The best condition for tin electroplating from halogen

he
a.

b.
c.

d.

bath, for decorative and cathodic protective purposes can

summarized as follows.

Sclution type D, containlng 21,0 g/1 tin, at pH-value =
2.7 and for 35 minutes.

Cathodic current density at 250 ~ 400 Asn.

Additives concentration 1.5 ¢g/1 gelatine and 1. 5 - 2.0
g/l B-naphtol.

Bath temperature : 65 °C.

At that conditions, the reflectivity is 67 %, current
efficiency 81 %, energy consumption between 0.21 - 0.30
kwh/kg tin, whereas the thickness of deposited-~tin is

29

'7 #m'
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ABSTRACT

This paper highlights on the present status of the metal
protection and finishing industries in Malaysia,
particularly on the problems gpcountered by the inéustries
and the steps that are planned and implemented to remedy

them in view of the present and future challanges.

1984 Malaysia saw the reversal of its industrialization
trend from that which was predominantly agricultural to
manufacturing. This comes about with the strong emphasis on
heavy industrialization, which marked the start of heavy
industrialization . projects for steelmaking, petrochemicals
and automobile manufacturings. It is here that essentially

the metal protection and finishing industries play important

supportive roles.



INTRODUCTION

By the year 2920, Malaysia can be a united nation, with a-
.confideng society, infused by strong moral and ethical
values, caring, economically just and equitable, progressive
and prosperous, and in full poséession of an economy that is
coﬁpetitive, dynamic, robust ané resilient. There can be no
fully developed Malaysia until we have finally overcome the
nine central strategic challenges that have confronted us
from the moment of our birth as an independent nation. These
are the words and vision of Malaysian Right Honourable Prime
Minister, Dato’ Seri Dr. Mahathir Mohamad at the inaugral
meeting of the Malaysian Business Council in Kuala Luwmpur

last year (1),

Among the nine mentioned is ?he challenge of eséablishing a
scientific and progressive society, a society that is
innovative and forward looking, one that is not only
consumer of technology but also a éontrihutor to the

scientific and technological civilisation of the future.

In 1984 Malaysia diverted its industrialization trend from
that which was predominantly agricultural to the
manufacturing (2); when its manufacturing share in the GDP

overtakes the agricultural sector, Figure 1. This comes
about from the strong emphasis on heavy industrialization
(secondary import substitution} in the Fourth Malaysia

Plan, in 1981. As a result of this unprecedented expansion,



the manufacturing sector currently accounts for about 27%

of GDP; about 60% of total export; and about 18% of total
employment (3):

This signalled the needs of extensive supportive back-up
industries, to feed components and provide services to the
'giants' such as the Heavy Induétry Corporation of Malaysia
(HICOM) and many others; locals and multinationals. Tﬁe
metal protection and finishing industries generally plaf
supportive role, as such they fall into the Small and Medium
Industry (SMI). The importance of the role of the SMI in
Malaysia has been emphasised under the Second Outline
Prospective Plan (1991-2000) as well as in the 6th Malaysia

Plan (1991 - 1995).
THE METAL PROTECTION AND FINISHING INDUSTRY IN MALAYSIA

In the context of this seminar/workshop, the presenter will
confine to the subject of metallic and polymeric coatings
industries in relation to corrosion protection of metals

components and structures.
The Electroplating Industry

Typically there are three types of operation practiged in

Malaysia. The service oriented small scale enterprises,
predominantly family owned; solely dependent on jobbing
works. Their facilities are rather old and poorly

maintained. They do not normally observe any Standards and



/

limits their quality control to casual 'visual checks of
finished pro?ucts; Howéver, with stronger emphasis on
qualitg by ne&ksets of multinational clients who'caﬁ ﬁffer
much largéer volume of works, many are now more willing to
upgrade their facilities and invest on basic in-house
quality control equipments. The government are encouraging
them to adopt the concept of ‘Common Wastewater Treatment’,
which in the long run benefit both the electroplaters and
the public at large. As it is, presently most of them are
operating in premises that are already overcrowded and do
not permit any further expansion to cater for bigger
business ventures. Already, a group of th.em are 1in A'th’e
Iprocess of relocating themselves to a much more conducive

site and a common treatment plant will be a part of the new

venture.

-

The second type comprises of companies cooperating with
foreign partners, in the hope of improving product quality
and to get better access to export markets. They practice
more advanced technigues, have better ﬁaintained and more

modern equipments.

The level of operations of the third type of companies are
close to that of industrialised countries, although with a
lower degree of automation. However, their number aré small.
The second and third types can be found integrated into
metal or plastic components production process flows,

operating under the same management. They have the



K

advantage of firm control over quality, pricing and delivery

of their own products.

¢

-

Protective Coatings Industry

In this paper, only thé high build organic or protective
coatings industry is presented; eventhough the decorative
coatings industry is as important. Under this catagory,
there are four groupings that play major rolg; namely the
paint manufacturers, the paint applicators, the paint
inspectors and the clients. The main clients are mainly
from the o0il and gas industries, the ship building and
repair industries, power generation indusﬁries and the

industries at large.

At the moment, there is concerted efforts by the ’‘Protective
Coatings Task force' to sort out grievences between the four
groups, and to provide the direction and mechanisms for
a healthy future development of the industry. The task
force was formed in 1%91 as a voluntary and independent
body with a representative of the Standards and Industrial
Research Institute of Malaysia as the Chairman, and

representatives from other organisations as the members.

Separate dialogueé with the four groups were held to fully‘
appreciate the problems peculiar to each groups and inter-
groups grievances. Five major problem areas emerged from
the dialogues; (a) quality, (b) classifications, (c)

training, (d) code of practices and ethics, and (e) health,



safety and the environments. At this stage; the task force
and represenﬁatives fromA_the four groups are formulating
strategies an&:programs that will provide impetus for the
strengthening of Malaysian protective coatings industry and

associated industries.
TECHENOLOGY DEVELOPMENT

Essentially, the major players in the prqtective aﬁd
finishing industry are the entrepreneurs themselves, but it
is the clients that actually determine the directions that
the industry has to follow in the short and long terms. As
in the case of the oil and gas industfy the gian;s
multinationals like ESSO, Shell, British Petroleum and
others together with the locals such as PETRONAS douid play
an important role in the setting up of the va;@qgs_égdes of ..
practices and conducts; that are té be adcptéd.Afdr' thé'

Malaysian environments.

The second grouping is the components and finished prbducts
manufacturers; in almost every aspect of the industry, The
needs for quality finished products and the important
‘criteria of corrosion protection of the finished products
during transport, -storage and service are two very important .
factors that ensure product reliability and business
prosperity. The automotive, electronic, electrical,
housing, cosmetic and many other types of industries cannot

run away from the two factors mentioned earlier.

o



The Standards and Industrial Research Instiﬁute of Malaysia
(SIRIM) as thg government agency entrusted with the mission
to spearhead eechnological development of the country, aie
very much® involved in formulating national standards to be
adopted by the industries at large. On top of that, SIRIM
is, also actively involved in industrial research and
development projects specially to cater both the present and
future needs of the industry. Besides these, SIRIM is also
involves in rendering adviswry and consultory services,
testing and evaluation services, training services and many
other services needed by the industry. The linkages with
the industries is provided directly thrbugh frequenﬁ
interactions with various Industrial Consultative Committées o
(ICC); which are made up of representatives .frOm \;ra'rious

sectors of the industries.

CONCLUSION

It cannot be denied that education is an on~-going process
for every individual; especially so now that the world
market is very lucrative and competitive. The emphasis is
on the creation of pools of highly innovative and deligent
blue collar as well as white collar workforce that will make
Malaysia a truel§ industrialised and progressive nation.

With the strong emphasis on the manufacturing sectors, the
protective and finishing industry will have enough

supporting to do for the next decade.
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ABSTRACT

The bonding betwean metal substrate and five (5} different
coatingas, namely, alkyd clear paint, melamine alkyd paint, zinc chromate .
primer, raed lead primer and epoxy primer, as affacted by ultravioclet
radiation was studied. Three (3) methods of surface preparation of
metal substrates were used: phosphating, polishing and deruasting by wire
bruah. Painted specimens wsre subjected to accelerated corrosion using
salt spray and humidity tests. -Half of the total number of the
specimens were asubjected to weathermeter using xenon lamp as source of
UV radiation. The bonding strength of the coatings in ateel was
measured by the pull-off adhesion test msthod. Visual evaluation for
the appearance of rust and blister was noted after every cycle. The
investigation of chemical and morphological change occuring after
subjecting to corrosion tests was performed using FTIR and SEM.

Three types of failure occurred in the coating and metal system
after the pull-off test: adhesion failure, cohesion <failure and
subatrate failure, UV radiation and surface treatment affect the
bonding strength and locus of failure of coating system. It was alsc
found out that UV radiation accelerates the rueting of coated specimens
but net the formation of blister.

INTRODUCTION

A basic cause of degradation of an organic coating is
the chemical breakdown of the organic matrix of the coating.
This is often due to photo-oxidation of the coating polymer
by the mixed action of UV radiation from sunlight (1,2-4),
oxydation from the atmosphere and water (5~11). Ultraviolet
light (wavelength: 40 -~ 400 nm) decomposes some polymer
structure by absorbing its energy. This type of degradation
is dependent on the spectral absorption of coating polymer
(12,13), the pigmentation of the coating, the use of UV



~ absorbers (14), temperature; radiation intensity and: energy
distribugigg;apd humidity (15). B o

.. 'The service life of an organic coating is:-determined by
the durability of the coating itself and its adhesive
abllity on base material. The former is the stability of a
coating Zlayer as exposed to various environmental factors,
and the latter is determined by the condition . of the
interface between the organic film and the -substrate. To
improve the surface condition of substrate, phosphate or
chromate treatment are usually. applied.

Since bond strength is composed of adhesion force and
the dynamic properties of paint film and substrate, the bond
strength measured by a mechanical test method is not the
actual adhesion force of paint film. Accordingly, the value
of bond strength obtained by a mechanical test method are
quite different from those of adhesion force estimated on
the basis of surface chemistry. o I

In this study, bonding strength of five types of
organic coatings in steel were measured by mechanical test
- using the pull-off method after subjecting to corrosion
tests. Visual evaluation and instrumental analysis were
..also performed.

- It -is then expected to determine the effect of
corrosion testing with and without UV radiation and to
observe the phenomena taking place on the bonding and
failure occuring on the interface of organic polymer and
metals with different treatments. ‘

EXPERIMENTAL PROCEDURE
TEST SPECIMEN PREPARATION

Specimens measuring 150 X 50 X 1 mm cut from
commercially produced cold rolled steel sheet were used in
this experiment. These specimens were drilled (0.5 cm
diameter) on the upper center portion for easy handling
during preparation and testing. Specimens' surface were
then polished using emery paper number 400. To remove dirt
and organic impurities such as grease, oil, etc., specimens
were immersed several times and vaporized with
Trichlorocethylene (TCE). After degreasing, specimens were
kept in dessicator.

PRETREATMENT

In this study, three types of preparation for test
specimens were done prior to painting:. polished, zinc
phosphated and derusted. Thus, all the test specimens
polished and degreased previously were divided into three
parts for the following pretreatment:

A. Polished (Treatment A). These specimens would serve

as the untreated samples.



B. Phosphated (Treatment B). Phosphate coatings are
produced by immersion, sepraying, or other
technique with a phosphate solution, and are
secondary barriers consisting of crystalline or
amorphous phosphates of the metal to be coated.

The procedure and reagents recommended by
* Nihon Packerizing Co. Ltd. was used in zinc
phosphating of the specimens. :

C. Derusted (Treatment C). Degreased/polished specimens
were exposed in the atmosphere for about 42 days.
Rust were then remcved partially bv wire brushing.
Collected rust were kept in dessicator for
analysis.

PAINTING

Five types of organic coatings were used:
1. Alkyd Clear Paint (Coating 1)
2. Melamine Alkyd Paint (Coating 2)
3. Zinc Chromate Primer (Coating 3)
4. Red Lead Primer (Coating 4)

5. Epoxy Primer (Coating 5)

All untreated and treated specimens were painted with
five types of paints using bar coater. Test specimens -
painted with Melamine Alkyd Paint were cured for 15 min at
130°C, while all others were dried at room temperature.
Back sides were all sealed by painting with Red Lead Paint
and Alkyd Paint for first and second coating, respectively.
Alkyd Paint was also used for sealing the edges by dipping
the specimen's sides in it. Painted specimens were hang
vertically to dry.

CODING

This study is divided into two parts. The first part
consist of corrosion testing by salt spray method while the
second part made use of the humidity cabinet. Both parts
made use of the weathermeter for UV radiation source.

The specimens were codad using four-digit numbers as
shown in Figure l. The first digit represents the type of
treatment of metal, 20 q%git for the paint used, 3@ digit
for corrosion test and 4% digit for the replication number.

PAINT FILM THICKNESS MEASUREMENRT

When painted specimens were totally dried and cured,
film thickness was measured using the Electromagnetic
thickness meter, model ES8e3KB4 (Fisher (WG)).

CORROSION TESTING

Organic coatings on exterioi\exposure are subjected to
attact by degrading elements of the weather, particularly
ultravioclet light, oxygen and water. Corrosion testing was
used to evaluate the behavior of films exposed in apparatus



that produces ultraviolet radiation, high.temperature, and
water condensation on the films.

To compare the effect of UV radiation on the bonding of
organic polymers and metal, accelerated corrosion equipments
were used. Weathermeter's xenon lamp was used as light
source, ‘having similar spectral distribution through UV to
IR energy to that of the sunlight. Humidity cabinet (CT-3
Suga Test Instrument) controlled at constant temperature and
humidity (49°C, 98% RH) was also used, as well as salt spray
cabinet. .

Salt spray test was performed using the Standard
Practice on ASTM B117, weathering test based on ASTM G26 and
ASTM D3459-87 for humidity test.

Experiment I. Corrosion Testing using Salt Spray
Cabinet and Weathermeter. Painted specimens were
exposed on accelerated tester for several cycles. Each
cycle consists of a total of 48 hour - salt spray
testing for all samples, and 18 hour - UV exposure for
half the number of the samples. Other half was not
exposed to UV.

Experiment II. Corrosion Testing using Humidity -
Cabinet and Weathermeter. Specimens for this test
consist of 96 hour - humidity test and (with and
without) 18 hour - UV exposure per cycle. Testing was
continued for several cycles.

ADHESION TEST

After every cycle, all specimens were measured for
adhesion bond strength using Elcometer 106 Adhesion Tester.
This instrument employs the pull-off method to measure the
lift-off force required to pull a test dolly off a small
area of coating away from the base material. See Figure 2.

A dolly is attached tc the coating of the specimens.
After curing the adhesive, the coating is cut through. The
instrument claw is engaged and the lift force is applied.
The force applied is recorded by means of a dragging
indicator on an engraved scale.

After the adhesion test, the dollies and the test area
of the specimens were examined. Specimens' photographs were
also taken. Delaminated area of the specimens caused by
adhesion testing were then painted to avoid galvanic
contamination during the proceeding test cycles.

RUST AND BLISTER EVALUATION

Test Specimens were observed and rated after every
cycles according to the degree of rust and blister based on
the Standard Method of ASTM D 610-85 and ASTM D 714-87,
respectively.



FTIR SPECTROSCOPY

Infrared spectroscopy has been applied for the
investigation of both the chemical bonding between polymer
and metal surface and the molecular orientation in the
polymer film resulting from its interaction with the
substrate metal.

After all the cycles were completed, representative
samples, including stock specimens, of each painting systems
and treatments, were subjected to FTIR analysis. Deflectance
Infrared Spectroscopy Method was used using JEOL JIR-100
FTIR Spectrophotometer.

This method was used to determine and compare the
changes and effect on the chemical bonding of each paints
before and after accelerated testing.

SEM OBSERVATION

Surface morphology of painted specimens were observed
using the JEOL~T20 Scanning Microscope with 20 KV
accelerating voltage.

RESULTS AND DISCUSSION

PAINT FILM THICKNESS

Table I below shows the summary of coating measurements
of the specimens, using polished-degreased sample as the
base metal standard:

Table I. Coating Thickness (um) of Specimens

Treatment Experiment I Experiment II
A : Polished 4.5 to 15.1 18.3 to 41.8
B : Phosphated 7.1 to 18.4 19.6 to 44.4
C : Derusted 42.5 to 70.0

The coating thickness of painted specimens for
Experiment II were thicker than that of Experiment
I's samples, because a bigger bar coater was used.
Increasing the thickness of the coating was done to insure
that samples would not corrode easily. It was observed from
the previous experiment (Expt. I) that after third cycle,
samples were severely corroded, as will be discuased later.

It can be noticed that derusted specimens (Treatment C)
had thicker coatings, which actually were oxides and rust,
that were not completely removed by wire brushing, adhering
to the metal surface beneath the paint.



CORROSION TEST CYCLE

It was, observed from the salt sprayed specimens
(Experiment 7T) that samples got easily rusted. Thus,
testing was stopped until third cycle. It was then the
basis for designing Experiment I1I, using Humidity cabinet
for corrosion testing and the same weathermeter for UV

radiation. This experiment was continued until seventh
cycle, ‘

BLISTER RATING

Figure 3 showed the graphs of Blister Rating of
specimens on Experiments I and II. From the following
graph, it showed that the appearance of blister on the
specimens, phosphated or nct, is independent of the presence
or absence of UV radiation. However, it was observed that
Epoxy Primer (Coating 5) increased the number and size of
blister formation as the corrosion test continue.

RUST RATING

Figure 4 showed the graphs of Rust Rating of the
specimens. Test specimens exposed in salt spray with and -
without UV (Experiment I) easily got rusted as compared to
specimens exposed in humidity cabinet with and without UV
(Experiment II}, except Red Lead Primer. (Coating 4) which
remained unrusted. It can be accounted for the thicker
. coating of specimens used- in Experiment II than in
Experiment I as shown on Table 1.

Phosphated specimens (Treatment B} were generally less
rusted than polished specimens (Tretment A} after every
cycle. This proves that phosphate coatings provide a good
base for paints. The chemical effects of phosphating on the
surface converted the surface to a non-alkaline condition to
protect against the spread of corrosion (16).

Derusted specimens (Treatment C), generally, were the
most corroded. The old rus: that adhere ‘o the specimens
beneath the paints served as the seed to produce more new
rust.

However, notice the graph of Experiment II for Alkyd
Clear Paint, this showed polished specimens ({Treatment A)
more rusted than the derusted (Treatment C) specimens. This
could be attributed to some difficulty encountered on the
evaluation of derusted specimens (Treatment C). The rust
color of the specimens were still wvisible after painting
with Alkyd Clear Paint, that even after several cycles, the
growth of new rust were not clearly distinguished. See
Figure 4b. :

The significant effect of UV exposure on the early
rusting of specimens were clearly seen in Coatings 2, 3 and
5 of Experiment I. The same result was cbserved in Coating
systems 1 and 5 of Experiment II.



However, the opposite result was obtained on Coating
systems 1, 2, 3 and 5 for derusted specimens (Treatment C);
and for coating system 2 (Melamine Alkyd Paint) -~ polished
and phosphatéd. It showed less rusting on the UV radiated
specimens. For the meantime, the reason for this phenomena
couldn’'t be explained.

ADHESICH TEST RESULT

In adhesion test, if the coating fullv adhered to the
dolly, the test was claimed 100% valid. However, most of
the time, only a portion of the coating was removed and
partial adhesion failure between the adhesive and the dolly
occured. After teking the strength value, observation and
examination was also done to the dolly and specimens so as
allowances were made in cases of partial adhesion failure
occurence.

Types of Failure

There are three types of failure observed on the
specimens after the test: adhesion failure, cohesive coating
failure and substrate failure (17}, Adhesion failure means
that the failure cccured on the metal and coating interface, -
Cohesion failure occured at the bulk of the coating itself
and Substrate failure means that failure occured on the
metal substrate itself. :

As shown in Figure 5a, Alkyd Clear Paint (Coating 1),
Melamine Alkyd Paint (Coating 2) and Epoxy Primer (Coating
5) decreased bonding strength significantly after 3 cycles.
However, Z2inc Chromate (Coating 3) and Red Lead Primer
(Coating 4) showed a small change in the bonding strength.
Based on the observation done on the dollies and test
specimens, Coating systems 1, 2 and 5 had Adhesion failure,
and Coating systems 3 and 4 had Cchesion failure. Thus,
measurement taken in Coatings 1, 2 and 5 were actually
Adhesion Strength, and Cohesion Strength for, Coatings 3 and
4. The same pattern was observed in the failure of the
specimens in Experiment II a: shown in Figure 5b.

The third kind of failure, Substrate failure, was
observed in all.painting systems with Treatment C (rusted,
wire brushed) in Experiment II.

Thus, adhesion strength of organic coating to metal
decreases after every cycle while cchesion strength remains
constant.

Effect of UV Radiatica on Bonding ftrength and Locus of
Failure

It was observed from the Réa Lead Primer (Coating 4)
and Epoxy Primer (Coating 5) specimens that UV radiated
specimens had lower <cohesion and adhesion strength,



respectively, than with no UV radiation, as seen in Figure
5h.

In the. UV radiated specimens, it was observed that

depth of faiflure on the paints' bulk is deeper, near the

base metal. Paints failed in bigger area than that without
ov. ¢

Diagram 1. Cross Section of Specimen After Adhesion Test
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WITHOUT UV RADLATIOR VITH iV RADIATION ‘ ; I
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Epoxy Primer (Coating 5), when observed after every
test cycle showed that failure occured from the center bulk
of the paint to the paint's surface. It showed that this
paint still hardened after corrosion testing. ‘

Diagram 2. Stages of Pallure of Epoxy Primer Palnted in Metal

gubstyate substrate ‘gubstrate

(n (2) 3)

“

This proves that UV radiation affected the locus of
failure of coatings.

Other graphs did not show a good correlation on the
effect of UV on the bonding strength of paints. It was
because most of the tests were not 100% valid, meaning that
only a portion of the coating was removed during the
Adhesion Test. However, the testing of polished Alkyd Clear
Paint (Coating 1 Treatment A) showed a 100% valid test from
cycle 1 to 7. In Figure 5b, non-UV radiated specimens

showed slightly higher adhesive strength than UV radiated
specimens.

Effect of Phosphating on Bonding Strength and Locus of
Faillure

For comparing the effect of varying treatments to the
bonding strength of coating and metal, Coatings 3 and 4 are
good basis of comparison since both had recorded a 100%
cohesion strength from cycle 1 to 7. However, the graphs in
Figure 5b showed only a slight difference of bonding
strength on polished and phosphated specimens. The effect
of treatment was more on the depth of failure, or locus of
failure. The paints' failures on the polished specimens
were near the base metal, however, phosphated specimens'’
paint failure occured near the paint's surface. '



Diagram 3. (ross Section of Spacimens With Differsnt Treatwent After Adhesion Test
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) On the other hand, Alkyd clear paint showed a
significant bonding strength difference between phosphated

and polished specimens. This proves <that phosphating
increases the bonding of the coating and the substrate.

Generally, bonding between coating and substrate
becomes weaker when rust or other corrosion product started
to appear on the paint and substrate interface. However,
when the paint-substrate interface remains intact, the
bonding strength remains constant. In this case, failure
may occur on the paint's bulk itself.

FTIR RESULTS

Alkyd Clear Paint and Melamine Alkyd Paint subjected to
salt spray test, with and without UV radiation, were both
rusted after 3rd cycle. As shown in Figure 6, FTIR spectra
of these test specimens are similar to that of rust sample.
However, spectra of Zinc Chromate Primer, Red Lead Primer
and Epoxy Primer coated specimens after 3rd cycle showed no
new band formation.

On the other hand, spectra of Melamine Alkyd Paint,
zinc Chromate Primer and Epoxy Primer coated specimens
subjected to humidity test showed no new band formation.
Corroded Alkyd Clear Paint coated sample was not analyzed
anymore.

On Figure 7, Red Lead Primer coated sgecimen showed a
band intensity increase at around 1300 cm™* after h¥midity
test and a decrease after UV radiation. At 1170 cm™*, band
intensity decreased more after UV radiation. The absorption
bands in this' region are due to the C-0-C stretching
vibrations of the phthalate ester. New band was also formed
on wavenumbers around 940, 840, 775 and 680 em~1. Exposure
at UV radiation either shifts the band, and increases or
decrease the band intensity.

Increase or decrease of the band intensity in a
particular position means that molecular vibration, either
bending or stretching, of the organic paint was affected by
UV radiation. Visible effect of UV on the deterioration of
Red Lead Primer was seen in SEM photographs showing the
appearance of cracks on the surface. See Figure 8.



STRUCTURAL SURFACE MORPHOLOGY

SEM photographs on Figure 8a showed that UV radiation
increases the pores on the specimens' surface. However,
varying metals substrate preparation, in Figure 8b, shows no
significant difference on the surface morphology of paint.
The formation of pores from the surface contributed to the
decrease on the bonding between paint and metal interface or
to the bonding of the paint bulk itself.

CONCLUSION
From this study, the following were derived:

1. Ultraviolet radiation accelerated the degradation of
coatings as seen in the early appearance of rust.
However, appearance of blister was independent of the
presence of UV radiation.

2. Phosphate coatings provide a good base for paints by
enhancing paint adhesion to metal substrate.

3. Three types of failure occured on the coating and metal
system during the adhesion test: Adhesion failure, -
Cohesion failure and Substrate failure. After corrosion
testing, adhesion bond between coating and metal
substrate decreases, while cchesive bond on the coating
itself remains constant.

4. Ultraviolet radiation decreases the bonding strength
between coating and substrate system. Radiated painted
specimens failed near the substrate, while that without
UV radiation failed near the paint surface. Paint
failure existence on bigger area was also observed on
radiated specimens. UV radiation to Epoxy Primer
painted specimen, however, cause a hardening effect on
the paint itself.

5. FTIR analysis showed that expcsure at UV radiation either
shift, increase or decrease the band intensity of the
spectra, as obviously observed on the Red Lead Primer
coated specimen, which also showed presence of cracks.
SEM photographs showed the increase of pores on
radiated specimens, a factor that may contribute to the
decrease of bonding on paint and metal interface or to
paint itself.

ACKNOWLEDGEMENTS

The authors wish to thank Japan International
Cooperation Agency for spensoring this study through the
National Research Institute for Metals in Tokyo, Japan. The
invaluable assistance of Dr. Hirata and Dr. Fukuda is
gratefully acknowledged.



g B W

10
11
12

13
14
15
16

17

REFERENCES

D.R. Bauer, J. Appl. Polym. Sci., 27(1982)3651.

M. Tsuda and S. Oikawa, Polymer, 17(1979)3759.

S.W, Shalaby, Polymer, 17(1979)419.

P. Cassidy and T. Aminabhavi, J. Macromol. Sci., Rev.
Macromol. Chem., C21 (1), (1981)89.

A.D. English and H.J. Spinelli, J. Coat. Technology,
56(1984)43.

D.R. Bauer, Prog. Org. Coat., 14 (1986) 193.

A.C. Somersall and J.E. Guillet, in A.C. Somersall and
J.E. Guillet (eds.), Polymer Stabilization and
Degradation, ACS Symp. Ser. No. 280, Am. Chem, Soc.,
Washington, DC, 1985, p.211. ,

J.L. Gerlock, H. Van Oene and D.R. Bauer, Eur. Polym.
J., 19(1983)11.

J.L. Gerlock and D.R. Bauer and L.M. Briggs, in S.S.
Labana and R.A. Dickie (eds.), Characterization of
Highly Cross-Linked Polymers, ACS Symp. Ser. No. 243,
Am. Chem. Soc., Washington, DC, 1984, p.285.

J.L Gerlock and D.R. Bauer, J. Polym. Sci., Polym. Lett.
Ed., 22(1984)447.

J.L. Gerlock, D.R. Bauer, L.M. Briggs and R.A. Dickie,
J, Coat. Technol., 57(1985)37. .

G. Kaempf, H.G. Voelz, A. Klaeren and W. Papenroth, in
G.D. Parfitt and A.V. Patsis (eds.), Proc. 6th Int.
Conf. Org. Coat. Sci. Technol., Vol.4, p.239, Technomic
(Lancaster, PA), 1980. .

G. Kaempf J. Coat. Technol., 51(1979)51.

A. Jurgetz, H. Rothbacher and C. Bliefert, Farbe + Lack,
91(1985)921.

G.P. Bierwagen, The Science of Durability of Organic
Coatings: A foreword., Progress in Organic Coatings,
15(1987) pp.183-184.

M.F. Maker and A.M. Pradel. In Metal Finishing Guidebook
and Directory., (N.Hall,ed.}, Metals and Plastic Pub,
Inc., 1987, p.644. _

C.G. Munger, Mat. Perf., 22, 7(1983)33,



' l I3 . Humidicy test
~+180 replicate

with UV radiation

PRETREATHENT .
1. Poitshed Melamine élkyd Paint
2. @n Phosphated POll?hed
3. Rusted

PAINTING SYSTEM
1. Alkyd clear paint
2. Melamine Alkyd paint
3. Zinc Chromate primer
4. Red lead primex
5. Epoxy primer
CORROSICH TEST
Experiment I
1. Salt Spray Test
2. Salt Spray test !
plus UV Radiation
Experiment Il
1. Humidity Test
2. Humidity Test
plus UV Radiatiecn

REFLICATE
1, 2 and S (stock)

R . for Humidity Test
(Expr. 1)

For Salt Spray Test
{Expt. I)

——

Figure 1. Coding System of Specimens

{PSRT Nt CESCRPTION
52 Hondwheel
572 ot - bearing
2901 Barrel
501 1Spedie
8) | Sng
967-3 torybscraw
F) Hosng
8 Bulter
854 Qaw
855 [Doly
[1¥ Socket
240 Sorng Wire
890 _ iHail
1857 AL T
[ Siud
1158 Locatica Pn
33 ICorracton Shm
65  |lam Compersator

RS lindkotorBobbin
1331 10 _Ring

SCALE 2 ADHESION TESTER

4

Bolly =

Adhesive(Two-pack epoxy type}

T IINIZ AT AZD, mteem cOating Film

TEEL

Figure 2. Adhesion Tester



[y

1, Alyd Glear Paint

L ’ ll 1
1 H 3 1 H 3
Oycle Oycia
! B
: 4. Rad Lead Primer 5. Epoxy Primer

------------------

Figure 3a.
Spray Test

1. Alyd Clear Peint

-

2. Melamine Allyd Paint

BESSEEELIRISIRRIZLIEONRSY:
f e e e

\ ]

\EBHHESRGEN!

4. Red Laad Primer

2RI g eananqunanynuan

Figure 3b.
Humidity Test

Blister Rating of Specimens
{(Experiment II)

3, Zinc Chromale Primer

.t...

w

1 2 3
Cyde

LEGEND:
Polished 5 - N - None
— 4-F-Few
Polished wf LV | 8. M - Medium
- "a. edivm De
Phosphaled 2 - MD- Medium Dense
ssaas 1-D - Dense
Phosphated w/ UV

Blister Rating of Specimens Subjected to Salt -
(Experiment I)

3. Zinc Chromats Primer

SrynsyenepravEponmnaYLRL
f s e

Baster Rating

meaee
‘\
\n L L B I = ]
Y2 3 4 & &
Cycle
| LEGEND:
— 5 - N - None
| Pofished 4-F-Few
Srem— a. . 1
' Polished w/ UV M - Miedium
" Phosphated 1-D-Dense
Phosphated w/ UV
Denustod Blister N0.8 -~
Derusted wf Uy

2 - MD- Medlum Dense

Rlister No.6 ~o—-

Subijected 0

. -



1. Alkyd Clear Paint "+ 2 Melamine Alkyd Paint

-
..
L
bl

ﬂdul‘“ﬂﬂ-ﬂa
g
Fust Rating
"
"‘
Ruzst Rating
nﬂ‘-ﬂﬂh’s

*
P4 <
.
¢
R
CA
Q
-
n
-
»
[
: J
.
»
»
4

s:" .y
1 2 3 T a 3 1 H H
Cyde Cycla Cyde
’ !
4. Fed Lead Primer 5. Epoxy Primer LEGEND:
RAASMALAARESALAL o
" ! Polished
’ Pelished w/ LV
? - .-
g b § ’ Phosphated
3 L vens
4 g Phosphated w/ UV
3 ) .
4 ¢
., .
1 H 3 M H |3
Sycle Cycle

Figure 4a. Rust Rating of Specimens Subjected to Salt Spray
Test (Experiment I)

1, Aliyd Cloar Paint 2. Malamine Alkyd Paint ___3. Zinc Chromale Primet

s \ A
’.'...‘..l-.-ﬂln.ll‘.ll AN \.~
~ -~ o

o St S v - o

Rating
!I’l
{
1
4
a4 s
Rurst Pating
Rust Reting

L
[
1
q
~ ~ t--g.-.c---u o -u--—\
E -y, e r \-ﬂ~
e - 3 \ﬁ'
E .
1 WD S P NG W S Y N
I D T T N S M ] Iz 3 4 5 & ¥ Ty 2 3 & 4 & 7
Cyde Cycla ‘ Cyde
: : LEGEND:
4. Red Lesd Frimer 5. Epoxy Primer —
' - ‘ Palished
\\- —:-h-- b “ V“.. -\- ——
1 e Polished wf LUV
] g g ~—ve
§ § 7 SN S Phosphated
: < ~ wene
3 g 8 Phosphated w/ LV
o —
4 Dorusted
a w vy
" : Darusted wf UV
MR 5:3 LR I 1 2 ’c;‘clos s 7

Figure 4b. Rust Rating of Specimens Subjected to Humidity
Test (Experiment II)



1, Alkyd Clear Pairt ) 2. Melamine Alkyd Paint

o~
&

3. Zine Chvomata Primer ) 4. Red Lead Primor

1 TS

pusvonseransnnaPdavansn

% 1 2 3
Cycle
- LEGEND:
o 5. Epoxy Primer
{ Polished N
{ L]
. Polished w/UV
| mewe 3t
! Phosphated &g
4! SaEew g‘
i Phosphated w/ LV g 21
{ N
- A¥uana .‘.' L
% 1 2 3
Cycle

"

Figure 5a. Adhesion Test Results of SpeCLmens Subjected to
Salt Spray Test (Experiment I)



1, Alkyd Clear Paint

- X
.
eet N va o % PRLal 1
-
~Q.,,~:.i.' » Ne,

13 L .
T rn e

N *
PN ",

,k\ L} .,..-Q. o
4:' ~’0‘.“.“._._f::...,..in-:_4

o . et W

- 4
20
o
»
o
o

3. Zinc Chromate Primer

2. Melamine Alkyd Pairt

4. Red Lead Primer

a4

Adhesion (MPa)

o
sggnn-n-n.l" =~

- -
SRmEEFET

Figure 5b. Adhesion Test Results Bf.Specimens Subjected to
(Experiment II)

1 2 3 H
» Cycle

Humidity Test

LEGEND:

e

Polished

Polished wf UV

Phosphated
;;?;;Phated w v
Be-r-usted
Be-r.uslad wilV

w
~



=ﬂﬁkﬁwﬁ~ Alkyd Clear Paint
\l‘*,bh n\\ - //“f,__,» “/\A\F\A ; lL:rty ear Pain

I

I iy
K/-]; \\bj;lami“e Alkyd Paint

N\ \[\/\(/\/\'\\f\/‘/\l Zinc Chromate Primer
A
|
iy \_

\//ﬂ\\JJ/ﬂ/r/J Red Lead Primer
._,.A 4 b .- L‘/\‘ :

v \vw A W{\b Epoxy Primer

!

als 7

TRANSHITTANCE (X))

bu&&_h\

/ . Mmuaf\/\\[\/v\ 'Rust
/

i T . L I T T v g T T ~ 7 T y——
4000 3600 3200 2800 2400 2000 1600 1200 80O
WAVENIIMBERS, (CH-1) -

Figure 6. FTIR Spectra of 5 Types of Coatlngs After 3rd

Cycle of Ssalt Spray and Weathering Test
(Preparation: Polished)



\ ‘;‘}\{ A( - /ﬂ W\Vp“d

polished, no WV

polished, with UV

=
'é\\j%D '
-

hosphated, no UV

TRANSHITTANCE (X3

1

,v.‘ﬁ\/phoaphatad , with vy

derusted, no OV

| & o A derusted, with UV
W

T - T ¥ v ¥ r T
2000 §B00 . €08 l40n iFuo 1000 4] Gao
WAVERUKOERS (CH-1)

Figure 7., FTIR Spectra of Red Lead Primer Coated Specimens

After 7th cycle Humidity Test



HUMIDITY TEST

WITH uv

WITHOUT uUv

\
v

e

-

UNEXPOSED

At
Pk
M S T

,«r»AAW,.\ .l‘r
R,

Red Lead

imer

Pr

Epoxy
Primer

ings

SEM Morphology of Several Types of Coat

Before and After 7th cycle Humidity Test

8a.

Figure



DERUSTED

PHOSPHATED

100 AMm

077 '
3 hfb .
¥ !.‘ N

3 $AIE
‘ !t

(\
>7

”
)

POLISHED

WITHOUT UV

WITH UV

Figure 8b.

of Preparations After 7th Cycle Humidity

SEM Morphology of Red Lead Primer With Different

Types
Test



B&@GKOK METROPCLIS AND ITS AIR POLLUTION PROBLEMS
Dr. Supat Wangwongwatsna

Air Quality and Noise Management Division
Department of Poliution Control
60/1 Soi Phibun Watthana 7
Rama 6 Road, Bangkok 10400
Thatland

ABSTRACT

Bangkok Metropolis which includas Bangkok City and fiva surrounding provincas,
namsly Samut Prakarn, Prathum Thani, Nakorn Prathom, Nonthsburi, and Samut
Sakorn, is suffering from deteriorating afr quality as a result of transportation
exhaust smissions and to some extend from industrialization. Ambient air quality
standard for total suspended particulats matter are violated. Carbon monoxide
concentrations monitored at sevsral tempory curbside stations ware found to be
in axcess of Thai standards which are set less stringent than standards of other
international jurisdiction. Curbside concentrations of ambient lead exceed US
'EPA standards although they are below current Thai standards. Concentrations
of other pollutants such as nitrogen dioxide, ozone and sulfur dioxide are
currently below respective Thai standards, however, annual levels are increasing.

Particulate matter in the ambiant air are mainly from diese} vehicle emissions
and two stroke motorcycles, as well as other sources such as construction dust.
Carbon monoxide, lead, hydrocarbon and benzene emissions are almost entirely from
gasoline driven vehicles. Chronic traffic congestion in Bangkok Matropolis
contributes to exceptionally high levels of pollutants. Poorly maintained
vehicles coupled with maltuning and overfuelling for high power performance
which result in very rich air-to-fusl ratios alsc lead to excessive emissions
of carbon monoxide, unburned hydrocarbon, and smoke.

The Royal Thai Government has placed a high pricrity on improving air quality
of the nation, particularly within Bangkok Metropolitan area. Ssveral measures
have been taken to alleviate air pollution problems, They inciude (i) phasing-.
out of lead in gasoline; (i1} introduction of unleaded gasoline; (111) other
improvement on gasoline quality; (iv) introduction of cataiytic convertars; (v)
improvement of diesel fuel quality; (vi} introduction of compressed natural gas
(CNG) buses; (vi1) introduction of low-smoke lubricating oil for two-stroke
gasoline enginss; (viii) vehicles inspection program; {ix) estabiishment of
emission standards for new vehicles; (x) improvement of traffic condition; (x1}
astablishment of industrial emission standards; (x11) develcpment of green area.



“Air Pollution Préblems in_Bangkok Metropolis

Thatland is gracua]ly transforming from an agrarian to an industrialized economy
and has recorded cne of the highest rates of economic growth in the world in
recent vyears The average rate of ecopomic growth during the 1880s was an
impressive 7,8 percent per annum. This has raised the standard of Yiving of the
Thai people. However, while the country’s economy is flourishing, 1t
envirenmental quality, on the other hend, is receding,

Rangkok City, *he cap1ta? and ¢hicf port c‘ Thailand, bears ancther name o
"Krung-thep” which has a meaning in Thai of "City of Angels”. The city by i tse1
covering an area of EbOat 1,568 square kKilometers and hav*ng population af 5.
miliion paople is in the ctage of rapidly growing urbanization, It 1s expandt
to cover other five surrounding suburban provinces, namely Semut Prakarn, Pra"'"n
Thani, Ngkorn Prathom, MNortheburi, and Samut Sakorn, to form the Banghok
Vetrapo:1 ten Region (BMR) which cover a total area of 6,886 square kilometers
and having pupulation of 8.9 miilion peopie. BMR alone contains almost 75
percent of Thailand's total energy consumption. BMR 1s thus being considered
as one of the world’s largest urban aress or "Maga Ci*‘es“ or “Super Cities”,
cities with populaticn of more than 4 million.

Increasing urban populations and growing levels of industrialization have led
to a series of enviromnmentalily-related problems in many of the world’s cities,
not least of which is worsening of air quality. Bangkok is not exceptional and
so far is the city having the most polluted air in Thailand, typical for many
other ¢ities of the developing werid. The city has been being plagued with air
poliution problems for some time as & result of high concentration of energy-
-intensive activities, such as power generation, transportation and manufacturing.

The problem is escalated and worsening every yesr dus to increasing numbers of
population, industries, and automobiles. Consequently, the health and the
quality of 1ife of the people residing in the city are being jeopardized. Pecple
will likely suffer pulmonary impairments leading to some restricitions on
activity, . Suscantible individusls will have incressad rates of respiratery
i11Iness. '

It is not an unusual scene in Bangkok nowadays to see Bangkokians on the streets,
for exempie policemen, pedestrains, busdrivers and passengers, and motorcyclists,
covering their noses an mouths with simpie surgical masks to protect themselves
from inspiring suspended particulate into their Tungs, while some of them even
wear much more sophisticated respirators to also remove gaseous ajr pollutants
from irspired air.

Alr Pollution from Road Tansport

The tumber of vehicles in Bangkok has soared, from 600,000 in 1980 t0.2.2 million
in 1681, of which about 1 miliifon are motorcycles, more specifically, 2 sircke-
engine motorcycles. All of them are practically uncontrolled vehicles and poorly
maintained. Catalytic converter has not yet baen !tgal1y required for gasoline-
engine vehicles, leaded gasoline is still-being vsed, altheough lcad content has
currently been reduced, thus high 1eva}s of suspended particulate lead are
expected. Not until the first of May of 1921 that unleaded gasoline was first
introduced in Bangkok aqd SJb5¢queru1y in cther provinces. Since the beginning
of 1982, lead content in the gasoline has been reduced nationwide to 0.15 gram



per litre from previously 0.4 gram per 11tre This 1s equivalent to a reduction
of 62.5 percent, *, | : o

Leve's of traffic in Bangkok City exceed the capacity of its road system which
has only 112 main roads with a total length of 524 kilometers and 4,280 smaller
‘roads. It is estimated that the roads occupy just only 9 percent of the city arsa
which 1s very Tow compared to 22 percent in London and 24 percent in New York
C1ty As a consequence, major treffic arteries are ncrmally congested. Cars
travel at an average speed of less than 7 kilometers per hour in the busiress
areas in Bangkok and at an average speed of less than 20 kilometers per hnur
in other areas. Slow speeds, frequent stops, deceleration and acceleration
result in greater incidence of incomplete combustion which causes higher
emissions of carbon monoxide, hydrocarbons and particulate matter.

Diesel vehicles are very popular because diesel fuel is 25 percent cheaper than
gasoline. They are’used primarily for commercial purposes to deliver goods and
meterials rather than being used as passenger cars. Most diesel trucks are
operated in an ovarlcaded condition. Engine is intentionally adjusted to produce
higher power by increasing the amount of fuel injected intec the cylindars. High
level of black smoke emission is the consequence of such tamper1ng which
contributas to high level of particu?ate matter in the. air.

The number of motorcycles incresses sharply in the last two years as a reasult
ef traffic congesticn, Bangkokains switch to use motorcycles in order to go
around Bangkok faster. Motorcycles are currently baing used as public taxis for -
carrying passengers in addition to delivering messages. Due to excessive use
- of poor quality lubricating oil and -poor engine maintenance, they emit targe

quantities of white smoke which contributes greatly to the already high suspended
particulate level 1in the air

Air Pollution from Industry

The Bangkck Metropalis, the most densely populated area in the country, accounts °
for over 50 percent of the 52,000 factories and 23 industrial estates in ths
country and will continue to be so in the foreseeable future. 1In 1990, there
are 19,892 factories registersd in Bangkok City, out of a total of 26,226
factories in the Bangkok Metropclis. Many of them are small scale factories. -
At, present, industries contribute to air pollution problems in Bangkok in 2
lesser degree compared to transport sector. The problems are localized rather
than widespread. However, emissions from industry are expected to grow rapidly
in the next 10 years, at an average rate of 5 to 7 percent per vear.

Air pollution generated by industries is largely a result of industrial erergy
consumption. Air pollutants of major concerns are soot, sulfur dioxide, nitrogen
oxides, and odor. The grcwth in lignite and coal consumption in the industrisl
sector will have a significant impact on air guality.

Ambient Air Quality Standards

The Office of the National Environment Board (ONEB) established the National
Primary Ambient Air Quality Standards (NPAAQ) for six principle critaria air



poliutants since'ﬂpst. They are summarized in details in Table 1. Some of these
standards are quite high in values when they are compared to the respective
- standards of the World Health Organization (WHO). The revision of these NPAAQ
standards taking into account the latest information on their affects on humar
health are thus being in consideration. It 1s expectad that the naw NPAAQ
standards will be much stricter than the current onhes.

Currently, there is no longer the Office of the Hational Environment Board.
Threa new departments, including Office of Environmental Pclicy and Planning,
Department of Polluticn Control and Department of Envircnmental Quatity

promotion, are established under the new Improvement and Conservation of Natioral
;nvirormentaT Quality of 1982 to replace the former ONEB.

|

Table 1 Thailand’'s National Primary Ambient Air Quality Standard
1 hr 8 hr | 24 hr 1 year Methods
Alr average | average | average | average of
Pollutants value value value value Measurement
| (mg/m®) | (mg/m®) | (mg/m®) | (mg/m®) -
Carbon £0 20 - - Non;Dispersive
Monaxide co - Infrarsd Datecticn
Nitrogen 0.32 - - -— Gas Phase
Dioxide (NO,) Chemiluminescence
sulfur - - 0.30 0.10* Pararcsaniline
-1 Dioxide (80,) o -
Total Suspended -- - 0.33 0.10* 'aravfmetric,
Particulate ‘ High Volume Air
Matter (TSP) Sampling
Photochemical 0.20 o - - Ges Phase
Oxidant (0;) Chemiluminescenze
Lead (Pb) —— - 0.01 - Wet Ashing and
: - Atomic Absorpticn
Spectrophotometer
Note: * = Geometric Mean




Ambient Air Quality Monitorina in Bangkok Metropolis

The ONEB has,begun its ambient air monitoring program in Bangkok since 1983,
At present, the Department of Pollution Control taking over the monitoring

activity maintaine 7 permanent continuous ambient air quality monitoring stations

in Bangkok City. These stations are located in arsas representing different
~types of land use, such as residential, industrial, commercial and mix areas.
Charaecteristics of these stations are cummarized in Table 2 and their locations
are shown in Figure 1. Relccatiun and upgrading of these stations are being
carried out by tiie department to better monitor the quality of air in Bangkok.

Recently, ths monitoring nestwork in Bangkok City has been expanded. Four
additional permenent continuous on-1ine curbside air quality monitoring stations
are installed, location of which are also shown in Figure 1. Each of them is
also equipped carbon monoxide and suspended particulats matter monitors and noise
meter with an on-site display board to continuously and instantaneously display
real-time in-situ air quality to the public. :

In addition, the department a1so performs short-term temporary (2 waeks period) =
¢urbside air quality monitoring on a regular basis at 22 most congested streets
- in Bangkok City. Llocations are shown in Figure 2. Two air pollutants, namely
carbon monoxide and suspended particulate matter, and noiss are monitored.

In 1988, five movable parmanent air quality monitoring stations were instelled
in Samut Prakarn province with the assistance from Japanese government,
Locations of these stations are illustrated in Figure 3. Samut Prakarn province
is one of the five satellite provinces surrounding Bangkok City and is
characterised by a large numbe of industries. Sulfur dioxide, nitrogen oxides,
and suspended particulate matter are continuously monitored at these stations.

. The Department of Pollution Contrel is planning to upgrade and expand its ambient
air quality monitoring network to cover the whole area of the Bangkok Metropolis.
Air pollution emission inventory database together with the computerized
simulation system for forcasting air quality in the Bangkok Hetropolis are heing
developed with the technical assistance from the Royal Swedish govarnment.

Current Air Quality in the Banckok Metropolig

The results from the long-term air quality monitoring indicate that the Bangkok
Metropolis is having zir pcllution probiems in an fincreasing magnitude with
resard to suspended particulate matter, carbon monoxide and lead, respectively.
Results are still not conclusive in respect of other sair pollutants, namely
sulfur dioxide, nitrogen oxides and ozone. ‘

Total Suspended Particulate Matter (TSP)

Monitoring resuits show that annual geometric mean concentrations of total
suspended particulate matter (T5P) exceed THailand's NPAAR standards of 0.1 mg/m®
at all ambient air gquality monitoring stations in Bangkok City. Near the main
streets where traffic is heavy, short-term 24-hour average TSP concentrations
range from 0.2 to 0.7 mg/m® which far exceed the daily NPAAQ standard of 0.3
mg/m®. The natural background level of SPM in Thailand as measured in rural



Table 2 Characteristics of Permanent Ambient Afr Quality Monitoring Stations
Located 1in. Bangkok City

*

Station Number | Land Use Classification Pollutant Nonitored

1. Office of the National' | Urban Residential TSP, €O, NO,, O, Pb,
Environment Board (ONEB) 80,, Wind ‘Speed and
Direction
2. Chankasem Teachers’ Suburban Residenttal { TSP, Pb, CO
College ‘
3. Ban Somdet Teachars’ Mixed 18P, Pb, €O, Wind Speed
| ' ’ and Direction
4, Rat Burana Post Office Industrial TSP, Pb, €O, 80,, Wind
Spaad and Direction
5. Queen Saovabha Memor1a1 Commercial TSP, Pb, ND;, 0Oy
Institute -
6. The Meteorological '} Urban Residential TP, Pb, CO -
Department, Sukhumwit : :
7. Bangna Metaorowgtcai Industrial TSP, PB, CO, NO,, SO,,
Office : Wind Speed and Direction

areas is about 0.05 to 0.07 mg/m. The TSP concentraions show an increasing
trend over the past years,” More than 60-percent by weight of TSP was found to
be smaller than 10 micrometer in diameter. The particle size distribution shows
two modes at about 0.4 and 4 micrometer. This obviously indicates potential
adverse health effects to tha people, particulariy those who 1ive or work near
heavily traffic congested areas, : :

Onk study analyzed the composition of TSP and concluded that particulate matter
or black smoke from diesel vehicles contributes to suspended particulate matter
in the air about 40 percent. Another 40 percent is from construction.and
fugitive sources, such as soil dust from road surface and uncovered land, The
remaining 20 percent is from other sources which include’ 1ndustrias, sea, and
other natural sources.

Carbon Monoxide

Ambient 1-hour and 8-hours average carhon monoxide concentrations at all

permanent ambient air guality monitoring sfations satisfy the NPAAQ standards,

Carbon monoxide concentrations in residentisl areas of Bangkok City are generally
« low -around t ppm. )
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"~ However, carbon monoxide concentrations are much higher when get closer to ths
streets, particularly ones which are heavily c¢ongested. Carbon moroxide
accumulation is found in certain locations, typically characterized by
heavy traffdc, parrow streets and tall building on both sides of the g*rect.
The eight~hours average concentrations of carbon monoxide are generslly tloze
to, somelimes exceed, the standard of 20 mg/m®., A concentretion of 30 moin”
was racorded in one of the streets in Rangkok, Although, one-hgur averase
concentrations of carbon monoxide stil) meet the standard of £0 ma/m®. a maxinun
cohcentratior of 43 ma/m® was recorded.

Surprisingly, carbon monoxide levals 1in Bangkok City have not increased
substantially for the past five years although the number of gasoline-driven
vehicles have increased annually at a rate of more than 10 percent in the past
two years. This may be as a result of the proncunced “heat isiand’s effect” in
the city center which produces rapid vertical mixing and thus helps dispersing
carbon moncxide from the street level in seconds.

Lead {(Pb)

Anblent datly average concentrations of lead in Bangxok do not rormaily evczed
the NPAAQ standard for lead of 0.01 mg/m®. In 1935, ambisnt lead COﬂuénLr?t}DTS
ranged from 0,0003 - 0.00086 mg/m®. Concentraticns of lead monitorad in 1525

to 1987 at five out of eight rcadside stations were found to be g”aater Than
0.001 mg/m®. A concentration of 0. 004 mg/m* was reported in 1988 at one roadside
location and as high as 0.006 mg/m® of roadside daily lead concentration was
detected in 1883. The resuits indicate that there is an 1increasing trend of
lead concentration in Bangkok,

Other Alr qu?utants

Measurements of 80,, NO,, and O, takan at the roadside in central Banakob showed
that their ambient concantrat1on= are rejatively low on average, and ¢o not
normally exceed the relevant NPAAQ standards, These measurements do not show
the effect of SO, emissions from industrial plants and power stations, most of
which are located in the outskirts of Bangkok.

Ambient concentraticons of NQ, and O, were not as high as might be expected given

the large number of vehicles 1n the city. The atmospheric photochemical
reactions involving MO, (ND and NO,), HC and O, are very complex and depend on
many factors, one of which 1s the degree of wind dispersion. Wind may carry
polluted air away from the city before RO is Tully converted to NQ, and thus the
" subsequent formation of 0. .

Government Measures Towards Improving Air Quality

The public and the government are v01cinc sarious cencern shout the incresaing’
trend of air pellution problems, particularly in the Bangkok Mafrcp011¢ A
concerted effort is being made by the government to restore the guaiity of the
air togethsr with industries, the public and non-governmental organizatiors
(NG0s). A number of measures adopted by the government to mitigate air pallutian
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problems, particylarly those caused by the transport sector, are aimed not only
at exhaust gas emigsion controls but also at the improvement of fuel and engire
specifications and the improvement of the road network to maintain better tre<f-z
flow., These measyres are summarized bglow.

Phasing-Out of tLead in Gasoline

At “the end of 1929, the government made a decision to reduce Tead content in
gasoline from 0.45 to 0.4 grams ner Titre end targeted to gllcw no more than 0,15
gram per litre by September 1993. The government decided later to phase out
.Teaded gesolipe at an earlier schedule. The maximum allowable lead in gasoline
wes reduced from 0.4 to 0.1% grams per litre 1in January 1992 and the premium
leaded gasoline will be totelly phased out by 1896,

Introduction of Unlcaded Gasoline

On the 13* of May 1991, the government introduced the first time ever in Thaitand
premium unleaded gasoline (ULG) after it was found that more than 80 percent of
existing gasoline~-driven motor vehicles in Thailand can run on ULG. In crder
to encourage the use of UiLG, ULG is currently sold at prices below that of leaded
gasoline by about 0.30 bzht per litre through restructuring gasoline tax and
further subsidizing the incremental cost over 1eaded gasoline. .

The decision to introduce ULG was made for two reasons. The first reason is to

reduce lead in the ambient air as early as rossible and the secend one is to

prepare the gasoline market so that ULG will be available at the gas stations

nation-wida by the time new motor vehicles equipped with catalytic converters

are introduced in 1993, Within five months of 1ts introduction, premium ULG

gained 25 percent of the total premium gasoline consumpt1on 1n Bangkok and are
widely distributed all over the country.

On 4th of February 1992, the Cabinot decided that &1 gcvernment owned gaSQXine-
driven motor vehicles 1n Bangkok which have hard valve seats must use unleaded
gasoline. .

Other Improvement on Gasoline Quality

It is being proposed by the government to set the maximum aromatic and benzene
cantents in both leaded and unleaded gasoline to 50 amd 3 percent by volume,
respectively. These limits if imposed would reduce emissions of carcinagenic
compounds. Currently, there is no maximum limit for aromatic content while the
‘eurrent maximum &}lowable benzene content is set at § percent by volume.

In addition, it 1is alsc being proposed to require both leaded and unleaded
gasolina to contain oxvgen between 1 to 2 percent by volume. The minimum oxygen_
content (1 percent by volume) can be achieved through the use of any ore cf the
fcllowing oxygenated compounds: 5.5 percent by volume of methyl tertiary butyl
ether (MTBE) or 2.75 percent by volume of fuel grade ethapol (E 100). The
addition of oxygenated compounds would curtail carbon monoxide emissions.

~ 11 -



Introduction of Catalytic Converters

To reduze emissicns of air pollutants other than lead, namely carbon monoxide,
nitrogen oxides and hvdrocarbons, all new gasoline-driven motor vehicles whese
engines are larger than 1,600 cc will be requirec¢ to have catalytic converters
by January 1, 1998, Catalytic converters will be required for all new gasolire-
driven motor vehicles whose engines are smaller than 1,600 cc by September 1,
1893, The government has decided to reduce tax on cate’ytic converters to as
Tow as § percent in order to reduce the burdsen on the car bysrs.

Improvement of Diesel Fuesl Quality

The current sulfur content of diesel fuel of not more than 1 percent by weight
will be reduced to not more than 0.5 percent by weight by September 1, 1993,
In the mean time, all oil refineries and distributors are encouraged to
voluntarily sell low-sulfur (0.5%) diesel fuel. 1In addition, all buses owned
hy state enterprises in Bangkok have been required to use low-sulfur diesel fuel
since March of 1991.

To reduce emissions of black smoke from diesel-driven buses and trucks, it is
scheduled to lower the 80 percent distillation temperture of diesel fuel from
370 °C to 357 °C on September 1, 1992, However, low-distillation temperature
(357 °C) diesel fuel is currently available in most gas stations.

-~ To encourage the use of better quality diesel fuels, gas stations are required
to sell low~sulfur and low-distillation temperature diesel fuel at the same price
&s high-sulfur and high-distillation temperature diesel fuel. This 15 made
possible by adopting two measures: first to reduce excise tax for diesel fuel
by 0.11 baht per Titre and second to subsidize diesel importers and refineries
by reducing the o1l fund deduction by 0.3 baht per litre of diesel imported or
" produced; The cost to the country resulting from the improvement of diesel fuel
-quality is more than 1,000 million baht per year.

Introduction of Compressed Natural Gas (CNG) Buses

The Bangkok Mass Transit Authority (BMTA) is purchasing 82 CNG buses at a total
cost of 400 million bahts to replace old diesel buses. This 1s a msasure
designed to reduce bYack smoke on Bangkok's streats. CNG buses will first be
used mainly on streets +in Bangkok which have most polluted air. It is
anticipated that the use of CNG buses would reduce black smoke emissions by a
factor of 7.5 compared to conventional diesel fuel,

Introduction of Low-Smoke Lubricating 011 for Two-Stroke Gasoline Engines

The govermment 1s promulgating a new, mandatory standard for Tlow-smoke .
Tubricating ©il to reduce white smoke ‘emitted by some 900,000 two-stroke

. motorcycles in Bangkok., White smoke is the product of combustion of gascline

“blended with lubricating 011 used in two-stroke engines. Tax on the additives
- being used in the production of low-smoke lubricating o1l will be reduced in
. order toc lower the price of such oil.

- 12 -
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Vehicle anpectionuProgram

The government has ezrmarked an initial budget of 28 million baht for the
implementation of an annusl inspection progrem for vehicle emissions. Initislly,
the program will begin with the inspection of 100,000 government-owned vehicles
in Bangkok.. This is to ensure that a1l government-owned vehicles are in
compliance with the standards. If inspected vehiclas are found to emit air
pollutants exceading the relevant &ijowable limits of emissicn standards,
services are required four Lhose vehicles to bring emission levels down to meet
‘the standards. In the near future, the program will bhe extended to personal
- private vehicies. The establishment of privata inspaction centers will be
encouraged to sufficiently provide services to & large number of vehicles in
. Bangkok. -

On-the-road inspection of emissions from in-used vehicles in Bangkok is baing
carried out citywide by the Police Department and ths Department of Lend
Transport. -Five hundrad baht fine is imposed con vehicles violating the emission
standards. Ths viclating vehicles must meet the standards before they cen be
~driven on the streats again,

Establishment of Emission Standards for New Vehicles

Type-approval and conformity of production emission standards for new vehicles -
are being drafted by the government and will be put into force by 1992, This"
18 to ensure that psople will be furnished with good quality and low polluting

vehic]ea from the beginning.

Improvement of Traffic Condition in Bangkok

Traffic congestion is one of the most important factors, in addition to such
factors as large number of vehicles and poor vehicle maintenance, which
~ contributes to the deteriorating air quality in Bangkok. Carbon monoxide and
hydrocarbons are emitted from vehicles in larger guantities when they are undar
- 1dVing condition, The government is implementing several measures to allevigte
the traffic condition in Bangkok and more actions are being planned for the

future. -
Bk “Several fly-over bridges across major congssted intersections and
”'elevated roadways are being constructed.

- Express-ways &and rinz-road networks are being expanded so that
unnacessary trips passing through the city center can be avoided or reduced.

- Several major mass transit systems are being implemented and some are
~pending for the approval from the govermmept. They include the sky-train system,
. glavated municipal railways, and the electric train system in the central
" business districts.

- Parking is prchibited on major streats,

= Lity truck terminals at thes outskirts of Bangkok are being planred in
order to reduce the number of large trucks entering the city centar.

- Flexible working hours has recently been introduced in government offices
, to solve traffic congestion during rush-hours,

- An unde.g"ound oil pipeline system to transport oil products direstly
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~ from the o1l refjnery and 011 depots in Bangkok to the Don Maung Atrport and to
major industrial’areas is under construction. This would help reducing the
number_of i1 trucks on the roadways. '

»

Estab]ishment of Industrfal Emission Standards

The Department of Industria} Works (DIW) is responsible for isssuing industrizl
emissicn standards which are designed to ensure that the ambient air quaiity
standards are achicved. The DIW has proposed a set of industrial emission
standards which are expected to receive formal Ministerisal notification in the
near future, The new establishment of air-polluting industrias and the burning
of lignite or coal in the inner Bangkok are also prohibited. In addition,
reformulation of fuel o1l which are frequently used by industries, particularly
with respect to its sulfur content, is under investigation its cost-benefit.

Development of Green Areas

One of the government’s major policies to remedy air. pollution in Bangkok is to
conserve and to increase green arcas in the city ss much as possible in order
to provide sinks for air pollutants and at the same time to produce more oxygen
to the air for the people. More public parks will be built in the future and
tres planting are being encouraged. '

- 1mngg;_Qg_Aingg;_&iz_ngQ,goncgntra;iQngﬂfrqm the Eliminstion Lead in Gascline

Efforts that the government has put in to eliminate lead from the gasoline are
baing paid off. Unleadsd gasoline (ULG) was introduced into the market in May
1, 1991 while lead content in the leaded gasol1na has been reduced to 0.15 gram
par 1itre from 0.4 gram per litre.since January 1, 1992, Figure 4 shows the
impact on ambhient air lead concentrations in Bangkok since the introduction of
ULG and low leaded gasoline. The consumption of ULG s quite stable, about 25
percent of total premium gasoline consumption. Although the ambient air
concentrations (monthly mean of daily averags concentration) of lead from Moy
to December of 1981 sti1l show an increasing trend affer the intreduction of ULG
in May of 1991, but the concentrations are lowest whan compared to those of
previous years (from 1966 to 1890) during the same period of time (May -
December), as shown in Figure 5. High level of pollution is typical at the end
of the year, during wintar season. ‘

Monitoring results show a large drop in ambient air concentrations of lead after
the introduction of low lesded gasoline in January 19$2, from more than 0.2
microgram per cubic metre in December 1991 to 0,15 microgram per cubic metre in
February 1992, There is a slight increase in ambient air lead concentratien in
March 1992 but that is probably a result of a correspond?ng increase in the
gasoline consumption. .
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ghipping and stockpiliog are recommended, costings vary in thelr .
e
ability to pasist damege. Qutzide storsge reguires resiglence o

ultrveviotet xays wabd Ltempersture changes. These propertiers mush

be avalueted to  sasure propsry perfovoence.
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Gy Conetadh Flectviesl resbewivity

&

‘@1mu@ correeion bta an eiectruuhemtcal g&nutiwm) g coating
witﬁ o high electrice! reuistonce over the iife ok the eyetem-
tw ?mpurtnnt, Tha p@rﬁawﬁﬂge of fnitiel restatuwone deop be nﬁt-aa
indlcative of the pipe voating gquality av the overall lnvni-uf

alectrical vesiativity.

H)  Resistant to Dishonding

© Bince most pipelines zre  eventuslly vetbodizcelly protected,
it s necessary fov the costing to withetend cethodic disbondmest.
The amaunt of cathodic protection {6 directly propoviiensl to Ehg
gurlity and iﬁﬁagﬁity‘uf the copbing. Cathodic protection éagaAtwb
tﬁings;ﬁ Firet Lt drives water through n costng that wiuld ordinarily
vrestst punetvation. Tt sleo ma; produce hylivogen st the metal surfsce
where -current  vesches Lt, and the hydroges. bregk the bong brtwaen
the coating and metal surfsce. Bo costing ia complately resigtent
o damage by cothodle  pretectvion, but [t i weory importent to

chosae & coslbing that minimizes these effente.

1 Lane of vepair

Wt TS s AR 0 e o e A

Recognizivg  thot some demage may be poovre and  thet thevesld

.
1

&rea mpgt he field costed, compabtible field mateurialy are reguived

te make repuire and cemplete the costing siter welding.
. . :

Munufacturere' recormandstions -should be followed. Varieble iw

condttions InfTuence selegction of meterisls. *
"~

3

ALL wine of these cheracteristive (4-Y) are fmportent when

eealuabing the selectlon af » plpn costing



G .
The follewiny [Lechors should aloo be cosnidered when polectiog

& plpe  caating

i Type of Soll or Backfiil

Soll Conditione sod backfil)l  influence the coaling eyaﬁ&m{

selected end Chivknesy speciflied . Soils sre voted by thiur whriok-
4

ewell  Footer (noll mtrewsl}. Bigh shrinkeswell rolla can damege

'aﬁnveyt{05§£ coatings. Idexlly, tronches should be free of

projections .ané rocke, permltting the coating Lo besr on pmooth

surface. Yhen backfiliing

g, rock and debris  vhould not strike the

pipe coating. ‘ . : .

2 Acvessibility of Pipeline

¥

1
- '
Yhen 1 plpelene is inaccessibie or  in 2 merine avironment .
the bast cystew should be welected with less ewmphasis on initisl
cost. Bxperience wnder similax conditions for at least five years

ey will designed leboratory teste on new producin sre the best
& ¥ ¥

eriterie for osabing wselectlion.

3 Upersting Tempersture of Piping

G A e

Surfsce tempersture  sndt envivrenmental cordiviens must be
conetderedy hecsuse, once burled, = costing axperiénc&a 8 wet héaiu
cdndition, whick ig sore deltimental’ then dry heat and harie coating
effentivensss. & modified disbondment tesi, ¢ Crbhodicv Biahanﬁ&ng

fo Pipeline Costings ' determines: resistance to elevated | -

tﬁmpmrétuze.



LS :
b fbient Temperatuves Duving Construction and Installation.

fempﬁrmtur&a during construction snd ingtalletion ave cfiten
move writical Lhen operaticg temperstere. §For instents, soee
?hermapl&atic syetems . such we mastics, bLepeu, or eripmel o ﬁny
become. brittle %o freszling vewpersture. Ahove recemmended .
operating Lempershures, Irermnptastic systenss wey he cold flow,
Latre care in handling, trasspovi esd storape ig negﬁeq ynéaﬁ

grtrema conditlione.

5 Goeographlcsl and Physical Tocatian

s

Pipe source and coating plant lecation often-determiner Che

corting or ares cost facter in selection. forvere environments, -

suchk as river trossing, pine inside cawings, exceptionally
b
corosive eoile, high soil stvees aves and rocky conditions vequlre

special considerstion. On large projects in remofe aress the

economice may favor @ railhesd or field costing site.

G Randling and Blorege

Bendling shipping and slock piling are important in the selectiun

procesn. Soms cvostings requive mpechal handling snd patding. ALY

require carefol hoamdling.

Moet underground costings sre mot designed for shove ground

vee and sre sffected by erxcessive above grouwd siovepe. Cosdl tar
suphe Tt enseel snd mastic costings sre proteciud from witrpvlolet
daterioration by whitewash or kraft papey. Yo polyribylens, the

£ :

sdddtion of 2.% pevcent earbon bieck fs the wost sstdfuctory

¥



o
*\
deterrent. Stock ehould bp rotated, firet ~ in, first - out, Lo

minimize the potential problem. Long term stoxsge requirement

could determine coating welection.
7 Eosta

Evaloating of piﬁn coating properties with the asbove consldera~
tiona asslof “Yh e PR T moatl mﬁ%ﬁmﬁeretmnd‘f&u%mx je " Conte ”l@m
In plpe coating econamics the cnad taer Lo justifly the mesne. The
added cost of costings mnd cathodie protection hos to pry for Steslf
throngh reduced operationg cesty erd touger Iife. “Trpe® protection
cugte’ include not culy  inbiial conte of coating wnd cathodic
protection but also instsllation, juint costinge antd yepairs. Field
engineering and fﬂciiitiﬂs ta correct poxsible damage to other |

underground facilitive may add coster.

11 Description of Coatling Systems.

A) Enamels

Bituminous ensmelis are formulated from coal tax pttqhaa
or petroleums ésphultu and have been used as protective ;naﬁing‘fef
over elxty five yeers. These bituminous wﬂa%als sre cenl ter ¥namel
and asphalt anamgl. Theve enamele are the corvosion coatipg, cembined
with glass endfar fé?;vtn abtains mechanicel streagth for hantling .
These material should meet the reguirements of the ﬁagioﬂ;l'ka&ociatioﬂ
of Carvosion Englneers. HNationsl kasociation of Pipe Coating
Applicatorvs or The smenican  Hoter Worky Aspocistion. ’Eﬁdm&i

cdostinge have 'been the HWorkhorsa ¢aéting-nf the industry: end provide

efficient leng-life corrwion protection.



.

Bitunindus enamel syptems may be used within & tempersture
’,rl',‘ P < ¢ (] 0 ol 3 - £ ..
raage of JO°F o L80TF (~1.17¢ to 82°c) when Lemperasture fgll
» O o . . :
below 40°F (4.8 c), Precsutiomns should be takes (o prevent
cracking end disbonding dsring field installation. Engmals are
affested by ultrovictet rays and should be protecied by kraft
peper of whitewash. Euwenels alao sffected by hydrpoarbens. A
harrier ceat Le recownended whan contaminabisn oxisb., This ceating

tv evellnble o sll size of pipe. Hecently enamel use hes Seclined

Ffor the following ressong -

«  Reduced suppliers

¢ Enviroomental: and deslth ~Srandard

Increased acceptance of plustic costiog

3

Utilization of vow materisls as feel

Pipe should be bave and free of mill costings {ox tha best sucface
preparation., Prior to blast cleaning, th; piﬁe te heated to drier
off surface malsture and loosen mill seale.Blast cleaning uses
sand, eteel ghot or griv or combination Eeg the éeaired.pteﬁiia
aué-cl&aaédlau:face. Blasting operatfons remove sll ruet, scale and

other fmporities from the surface.

fhe blast clecned surface ie primed snd when dry, coating sad

wrapping 1w performed by hot epplication of bltuminous CoRLINg .

B)  Asphelt Mastic

hephslt-Mzstic pipe tnating ts adense minture of ¢ nwd, crushed

Limstone end fiber buund with s selected aiv~bloun aephalt. These



meterieln erdproportioned to secure meximum denrity  of approxie

v

,mately' i?ﬂ posnda per cuble foort (2.21B Kgs per ltr.} this meside
mateydal s aveilable with various type of amsphblis. SBelestion

6 based on eperation tempcratnre‘ﬁﬁd climatic conditimnsg Yo chtalined
éyximum ii;xibitity and aperaking cheracteristice. Thin coating

{6 5 thick T/2 ® to 578 v (1,27 cm to 1.6 cm), extruded mastic
. . t
resulting ip & soemlere corvoslon coating

t
hephalt maatic systems may be denigned for insteilstion snd van

. G o py gt Tr
within sre operatlng Llempevature range of L0°F to 1807F [4.47¢ to

o . , o : :
BB r). Precautions should be taken shen hendling in freeszing
tempeyatures. Whitewssh protecks $t from ubltrevielet rays, end d

¥
this showld be meintained when e storepe. Thie system fg not for

f

sboveground or tn hydrecarbsa-contaminated soils. This coating s

evalleble on A%I Mgo 66 " (11.6 cin fo 1YE cm)  plpe

The apﬁf{caﬁfun .grocadurﬁ Lz g¢ follows. Prior to hlawt ei&nning,the
pipe le hented (o drive off rurfarce swicture ond Yuseen mill ecole.

A combination af shot and grit resmoves s} rust, scaele end othay
lwpuritfes to the stesodord clesn of SEPC-EP 6 to SSPC-EP 10 . Pipe

1e then epray costed with ssphakt primer prior o mxbtupions .
of the hot maatic mixed to khé'c%ECUmfcranca nf the pipz. Thsa
:ﬁxtrugian formes & seamless coating hounded to the pipe. The
whitewasty ile sppited to reflect the sumn’s vayvs and to fgciiitiem

atotkpiling .



%

t

c) Extruded Flastics - Palyexhylene ond Folypropylene

e L At

*

There &re twod systems avsilable . One ie on extruded pplye
sthylene sleeve, shrunk cver a 10-mil ssphalt mastic. The other is
" a dust vutrueion where & bulyl #dhegivg fe extruded onts the .
blaagoﬁie&ned pipe Following by wultiple fused layer of polyethylenes
The latter utilizee mulifple extruders in proprictsry method,
-which obtaie meximum  boud with micleum stvess. The alpeevel type
te svsilsble an 17 thyrough 267 £1.3 em xbrouge B cm) pipes,

- Wy o - 5 .
uhile the Auel extvusion ig presently avellable on 2 through
‘ B y

N B

103 ¢ (6,35 ewm through 267 cm) pipe. The operating temperature
‘range  for polyethylone eyefem fs from - 0% to 180°%F (-40% 1w
82%¢) snd for polypropylene it fu -5%F te I?ﬂﬁﬂ'{fﬁlqc o 88%).

“ X ) [4)
Polyethylene systems huve been sdecessfully tield bent (1.9 per

t
P

: o 5 2 ;
plpe  Sfameter lemgrh), st-40°F (~40°¢). Swelling mey be ocrur in
hydrocerbea enviromusnts, Polyethylene hes excellent dielectyic

etyength. With proper seluction of polyethylene vesine and pddition

ﬂfz,‘;
&
berm  akove ground storege avd piipve proend user

Application methods (ollow @ Both wathed prebost berve plpe

‘e

prior te grit blakt clesning to a comagreiel  (SEPE-3P6)  blest
flean with eleeve type costing, the adhesive vnder coating Ye
gpplied by flood~ tosbing Uhe hob meterial cvar the ﬂip&-baﬁﬁfﬁ
it raes through an adjustebie wiper ring that control thicknees.
Aftsr mastic fe sppllied, the plipe pags through the centre of the

-~

crogshend. fie where plastlc is extiuded in & cons whape argund
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ﬁ‘,
€

the pipe. Immeédiately the plastic Ls water, yuvenched to whrink
‘ 13

around thg undercoating and pipe. Following electrical £napec£ion,

pipe ends are titwaed foy <ut back, end the costed pipe is stockpiled,

In the dual extusion nyateﬁ, the cleansd plipe fg rotabed at
8 Eﬁlibrataﬁ rate, The firnt of two wxtruders @pﬁilﬁé p £4lm of
butyd aébﬁaiv& of predetwymine width snd thickn%ss¢'fuaing the
i ro the rotating pipe in twa layers. While cthe butyl fe still
molter, high mmlacular‘waight4pélyﬁthyi&nw tu eppliied form the
second extruder in multiple layers of a predetermined thickness.
producing & bounded eosting 50 vo MO0 wili thick. Water guenching,

Celectrical ivepection, and cut bacl in complete prier to atockpaiiﬁg.

Polyethylene sysktems have heen in used in Eurppe for approximately
fifreen yeasrs with both crassh;&& and gide extrugion methods. In
additian to Che butyl sdhestve ~w¢ &asphale gnaﬁic ndhgaiaiva,;ome
system use polypropylene copolymer adhesive. This Bystem xéquire

kigh temperature (200% or 392°F) heoting for application of the

adhusnive.

D, Fusion-Bondad Fhermosetting Powder Reping

Theoe qoatingn are applled to praheaﬁed pipe nqrf&cas 6BQ?F-
to 500°F (204% to 280%) with or without primers. On soms resins
pose-curing ts requirved. Thig cméiing is epplied in . 12 ko 25
whl thickness., The fusion-bonded powder coatings heve good mechanical
and - plyelcal prapertics and may ke uvaed asbove or helow gfﬁuwdn
On &bav&AgrQUnd fnstalintions, (o eitmﬁnate chalking - #nd to

maximize service life, topcost with a wrethane paint. of all the
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5

pipe cnating syeters, the fuslou-bonded thermosstting resin sysiems

are the wosi resistant Yo wydrecarbonr, acids and alkeling

Thesw costinge erve ovalilsable. frm 3/4 ¥ « 43 % (1.8 cm « 27 em)
Glameter pipe.
i

Thermel-bonded powder reeins requive great core o apply Lhew

properly, Pricr to clesning, pipe is heated to remove moleturs

I
1

end locsen mil scale. It s meceessry bto clesn the eurfece to 2

nesr-white metal Finigh es define fn  S5PC-EPF LU
i .
The pipe $a bkested uniferamly to the yecoammended application

temperature (400°F - 500°F/206% - 260%.) If primer Ls required
there are minimum overcoat times. Powder vesin {g applied by

electrostatic deposition te & 12 - 20 wmil thickneses.
i

Certain resines requived post-heat treatment for proper cure
fnppection by a winimus of 100 volte per will of thickanese fe

1

reconsended .

E.) Liguid Epoxy snd Pherclics.’

&

Yhers sre mery Liquid eystems availsble that cure by hest and/
or vhemical ~reaction, some ere solvont types and other ars 100 %
solide. Thetr upe iv mortly in lsrger diaweter pipes where |
copventional eyetéms. wey not be svaiisble or where the mpye of for

. s £y o e PRy
befter resietance Lo operating tempevatures in 20077 (937c) renge.

Cenerally epoxiss have 20 amine or poiysmide curing agent
r 4

and require 2 neor-white blast cleaned sorface S§PC-8P 1D. conl

tar epoxtes have cosl tpy pltch sdded: to the epoxy resin. & cosl



C ¥
*

i "
R4

. . | . .
tar cpory cured with o low woeleculsr woight muine is ppecislily

3
resfetant to an glkaiine envizonmesnt wuch &8 oonure on s cathodically

protected structure some cosl Lor zpoxies hecome brictle when

edpoae  to sanlight,

For @ﬁﬁillzmappli&d éy@ﬁbm bhe pipe Le plece on conting
rallers mauétﬂ& on g trecked daldy Chat &ntam;hiaﬁijg' fewds the
pipe in bto ageit HSlasting mechine. 10 tw cleened inwidaAnndxnut'
Thern £t fg trensivred fnto @ eprey booth when the interioe snd
eeterior rvan be pimulteveously .costed with Twa separste npray cont
to provids a dry Eilm thickeees of 12 mile, sfter which the coated
pipe {e sublected to but air blowers for preper curing prier to

inspection st 100 volts persdll. :

Fe} KilLl #pplied Tape Coating Syalems

Po;‘nmrmal-canatruatian conditione, prelabricsted .&pplied
teper wre applied as o three layevr system coﬁaisting of primer,
corropion praventive tepe (funer leyer) &ﬁd a mechanicnl protective
tape \outer layer) This syetem is evallable on 2 ¥ Threugh 120 @
plpe and ta recommended for temperature up to 150°%r (60%:..)
but there are bape syptems prepently svelleble Jlor tewpexature
wp Lo 2009 {93%).. The primee’s function s to Provide “ bording
vindium baﬁw@en &ﬁe pipe surfsce and the asdhrsalve br pealsnt on
the dnner teyer. The foner fayer igpﬁ:ﬁﬁﬂﬁist of & plastic batking
snd adhuaive. Thiﬁ.IﬁYﬁt profects epinst cerrosion, so it ham Xe
yravide & high clectrical vesistivity ond ifow wseistors nh&oxwt&wn

L}

aind permeabil{ty along with sre effeckive bond e the primed nteel.

.

it be elveye e nhofsur thickrese of 1D mdils, with the fotal
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gystum & mimiﬁ&g of 40 milile. The suter layer tape conedet of

& plegiie Film and edhesive of the seme typee of msterisle used

in the inner layer tepe. The purpose of the suter layer tape is

ko ptnvide{maah&nic&l protectlion ﬂﬁ the fnner Layer tape snd alov

to be rasistant  to the elements during  outdoor storspe. The outer

Tayer tape is slveys & mielouw of 25 mille.

Bare plpe v hested prioe to blset clesning Lo rempvE
'maiﬁture prd Iopuen will scale. &bhrasive biset clesning is wveed
to abtain HSPL-SP 6. A& quickedrying primer fz epplied to the
hlast clesned pipe eurface ot & coversge of apgrmkﬁmately one galion
per sight squexeo of tape applied. The inoer-wrap tape is applled
over dry pyrimer with proper mechani&&i equipment Lhet epplied the
inner 1ayﬁ; to the pipe under tension (10 Ibs per fnch, 0€';idth
winimum), resulting in a Light, wrinble~free cosling. The spirsl
ovexlap ~ should be approximately on fmche The ovber-wrap fape
is stmultamously appllied undey tensaton {&?wlh 1hﬁ, per inch of
width wminimam) to obtain & tight weinkle-free coating. The lape
of the inser and cuter wraps should not be on top of each other,
but. should be sbeggered.

Polyvinyl, polyethylene and cosl tar tape ore widely used
for foint coating ﬁfnt@cufon of for add shapes or bends or milleé-

¥

spplivd applicetions.

Got Wax COostings

Wax comtiops are weed on limited basis. Micvocrystrlline
¥

wax coetinge ave uzushly uged with a plastic over wrsp. Wan
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vaberpronie  Lhe plpe and the weapper protects tie wex corting Irom
. .
% A
eontact with thevnot)l and affoxd some mechsnicel protection.  The
f
mowt  popular use of wax- costing s the wver-the-ditch egpplication

with « wombination wackineg thet cleans, toats wraps and lowere snto

the ditch ik one opevation. .

JB.Y Polyurethane Yoaw Insuletion

v, e,

Thina ip & syptem rontrolilug hest Crenefey  in sbove ground,
balow groung, gnd waving pipelines. While genersily uweed with »
corrosion comting, IT the proper wuleturs vsper bnrriér iw ysnd '
over the wrethané foam, effective corrprion protection in obisined.

This i# & plank spplied procews vhere the corvier plps le ventered
within the ouber jscket, which containe and molde the foam o8

well as provides offective moisture vapoy barvier. Metered quentities
of foem components ave rapidly introduced between the csrrier

pipe ond the outer jacket. The foam is restrained by end ceps and -
riges on & first besis forming & uniform composite urit. when

praperly Jacketed, usuzlly with polyethylene or costed ateel, the
syetem tr melstured and covioelon-reslstance, suf ficiently atrong

to venist crushing, end flexthle engogh to permit allowsble

fieldhending.

3.} Concrete

Bortar lining and coating hes the longest bhirtory of protecting
ptenl or, wrought fyon §rom corrosion when gteel ie encased in
 mmﬁcratﬂ, B protactive Lron mx&de.iilm {Torme. As lobp ap the
alhalinity 4s mainteined and the concrpte la impérmﬂabla to

chlorides unad oxygen, corrvorlon protuction is obtalned.



o
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Today, Concrete ss corvosion coetdng te timSted to {nterrel
. .
Lintnp.  The externs] applicatico fg applied over & corrcefon
cualing for mmnor  protection asngd negative bouyancy in marine
+ownvirenments. A Continvous veinforced concreate veoating has

proved  to be the wmoel affeciively controlled method.

¥ Applicalion Specilication .

A.} Selection of Application

b A melor caouse fo pipelire coating failure is Ywmpropar
capplicstion. A quulity materifal poorly spplled fo of Mttle valve
and the guality of o plpe coating fo oaly xe good es the gquality

of spplicetim. Tr assiet in evaluwstion ol #n epplizaetor, the

following paints should be considered

&
»

1. Experience

2. ‘Reputetion ,

This le an sspet warned by comeistent periormsnce Rot only
good gquellty work but aleo welving problems and covrvecting

mistakes help to develop a repubshion.

3. Reellabiliuy.

There are msny VYarfables in application of cowtings. 4
realishle work force, well mointeined equipment angd consletent

guality perfoveante arve pravequisites for en epplicetor

% Conformante te Coating Mowufacturer'o Spesiiication

The wanufacturer‘s established minfmon gpectfications for

v epplication of waterisls should be mel.
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J+  Modern ', Automated Equipment.

&1

Dopital expendituvre on autometed applicetion sguipment {s an
fmportent pert. of the succens of pipe zostioge. Elimimation of human
ervore through sutomation and .contrels continues to be an

'

tmpartaet fsctor in Improved pipe coativngs.

6. Qualf{ty Contrel

Knnbl&dge of applicator's quality contrel procedurew on
i
‘materiuiag4appli¢atimns and finfvh product fs essentisl in  the

eelection of sn applicetor.

B.} JYuspection Precedures
1
The good {espection Ls on fmportant part of the guality
i 14
instellation. Yrupection ahould begin with stockpile of bave pipe

through caosting operatians,‘kagé ont, ceated pipe wtockpile, field
Inspedtion, jfolint coating procedure and beck £11) of costed pipe.
Knawledga of the costing syetem, plant Eagilitiéx, gvality contrel
methode, whipping reguirements, hendling, jeint costing, [fleld
econditions, field holidey detection and repaly are reguirement

for proper installation. Experienca srd common penne in inter

pretetion of speciffication and anxlysle of test result will

ngntribute Lo obtaining the best posaiblis coating results, .

e Ccﬂtlng: Evaluation

The Americsn Society of Testing and Mate: lole (ASTM), Rational

Aesucistlon of corrnsion Engireers (RACE), erd :he &merican

Vatar Worke Aesoelation {AWUA) haga dewecloped amtandard teat
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3
for plpe costing. Eleven standsrd test methode are ntw

available from  ASTH, which were developed in vonjuction with the

Awevicen Gag Xemocintion. A sumamary of Lhese test procedures

[

.ere & the following:

1e

Physicsl and Mecharical Test.

a, Abresion BRzslatance of Plpeline Coatings,’®

“h.  Bendsbillty of pipeline coating

e Impact kesintonce of Pipeline cpstings (Limestone Drop

?uut)

d. Impact Resistance of Pipeline coatings (Felling welght
Test}

e. Fenetretion Resi{stance of Pipeline Coatings. /

Electrical and Blectrochemical Testin,

a. Gethodfic Disbonding ¢f Pipeline Coaliups
it i an sccellersted test for memesuring the rate of
coating demege and adhesion-losng caveed by the sppliceation

of cethodic prutection to holidays in costed pipe.
b. Water Penchration fante plpeline Coatinga.

It 1e & method £or messuring the rete and spproximate’

depth of waster sbsorption by a coating.

¢. Teat for Joints, Fitting end Patckes in Ooated Pipelinew.

It &8 an adeptgtion of the water Penetration Test Lo

evaluate patch end loint paviormsnce.

d. Disbanrding Characteristics of Pipeline Coating by Direct

301% Buplol.

ot o e
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It ks a method for measusing the cathodic disbording

of pipeline by using soil as the eleét!ciyta.

e Chemical and Atmoﬂtphextc: Teots.

@. Effect of Outdoor Weathering Pipeline Coatings.

t 1t %a s standerd procedure for exporing coated pipe
pamples  to local aimospheric conditions. The Comtyolied
exposure pevicd permits subhsegquenct wsvaluabion for witraviolit

detertaration diebondment, loss of empsct vesislence, or

othey periinent cheracteristicsa.
b. Chemical Resfsternce of Pipelire Costinge

It is a stsndard method for evsluating che det§risratidn'
of coating propertles of ter expoaure to chemical liquide and

thefr wvapors.

»

p.) Summsry

[

It ig not essy to salect the best oeystems to meet any given
environment or soll condition. Enowledge of apératiuntand
inmtallétion conditions fa the bepining of the process. Stes)l source
snd Job. tecation may Limlt the costinge avsllable to each prm}éet.-

'ﬁebectiaﬁ of a dﬁ&iity‘appiia&tar is  the most iwmportant -
consideration and frequently ig the most neglected. Following
¢:;ting end applicator welection, inapection at the coating mitl
and espacially on the job: slite durivg conatroction will go far

in agsuring that a high quality pipe costing 8&&%@m hee heen -

inetalled.



PRESERVATION OF SHIP'S HULL.
BY
COMMANDER NANA NAKNAEWDKE
RTN DOCKYARD PON PRACHUL
THAILAND

ABSTRACT

The operational readiness of a wodern, technologically
 sophisticated fleet is of paramount importance to the defense of our nation.
Preservation of ship’s hull cosprise a key element in the maintenance program
required to achieve and retain this readiness |

The Royal Thai Navy is committed to providing this proteetion.in the
sost. reliable and cost effective manner available. This is being achieved
through an active program (1) pursue paper about'corrosion.nnd’protection
(2) develope procedure ubout'prevenhibn,prohectiun and control ship’s hull
corosion (3) find the principle to assign process that use to repair
the ship®s bull (Painting System Selection). h

This paper mainly describes RTN Dockyard PomPrachul’
experiences with regard to select painting system for fleet of Royal

Thai Navy.
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Acidic Exhquat Fumes

Extreme Temperatures

Intense Sunlight

Thermal Shock

Wind Oriven Sstiwater and Spray

Fool snd Equipmant Traffic

Aircraft Take offs/Landings

Mechanical Abrasion {Lines, Chaing, eic)
Fuel/Chemical Spilly

Humidity
Meat/Fire
Cooking Fumes
Soiling
Abrasion

s Hydrocarbon Fuels *

» Distilted, Potable, and Salt Waters
» Corrosive ond Senmsitive Cargoes

» Chigrination System ’

» Matine Fouling

s Seawater limmersion
» Abrasion '
« Galvanic Corrosion

s Cavilatlon

Environmonts that are destructive to shipboard connqgs.



1. INTRODUCTION

Coated surf;ces on Navy ships are subjected, as shown in figure
f,t0 a varietys of destructive conditions (e.g., a salt 1aden, high
humidity nﬁnosphé}e; total seawnter immersion;s and acidic exhanst gases)
vith teaperatures ranging from those of the tropics to those of the
Arctic., They wmust be resistant to physical damage from such forces as
cavitation, drag (frictiom),impact with waves and mooring structures, and
abrasion by chains.Each costing systes must adhere tigﬁtly to the
particular substrate (ferrcus and nonferrous metals, ,vood,plastics,and
elastometers) to which it is applied, and it must resist deterioration
froe a varitety of cheasicals (e.g., distilled,potable, and salt water,
hydrocarbon fuels and lubricsats; and sanitery wastes) in addition,
antifouling coatings =must prevent the attachmest and groyth of marine
organisms on immersed surfaces. These organisms increase frictioal dfag,-
which results in loss of speed and saneuverability and increased fuel
consumption. Fouling may &also prono@e localized corrosion, damage to

-coatings, reduced buyoyancy, and inoparable gquipnent.Thus,ships of the
Navy require a combination of versatile and speciallzed costings to meel
pany differint requirements to keep thes operational. Many . of these
coatings msy also prove to be as cost effective on commercial ships as on
those of the Navy.

Environsent that are destructiie to shipboard coatings

1, Anbennas and Svrergirucinre
1.1 Acidic Exbaust Fumes
1.2 Extreme Temperature
1.3 Intense Sunlight
1.4 ¥ind Driven Saltwater snd Sprey
2. Deck areas
2.1 Foot and Equipment Traffie
2.2 Aircaft ake offs / Landing

2.3 Mechanical Abrasion (Line,Chains,eto)



2.4 Fuel, Chemical Spills
3. Habitability areas

3.1 Humidsty

3.2 HeatlFi}elConking Fumes

3.3 éoiling

3.4 Abrasion

v 4, Fuel,Water,Ballast and Cargo Tunks

4.1 Hydrocarbon fuel

4.2 Distilled, Palable and Salt waters

4.3 Corrogive and Sensitive Cargnes

4.4 Chiorination System

5. Undervater hull

5.1 Harine Fouling

5.2 Seawater Ismersion

5.3 Abrasion

5.4 Galvanic Corrogion

5.5 Gavitation
2. BACKGROUND

Conting materinis and Lechniques utilized by the Navy have generally

changed in much the same manner as those of the commercial sector. Prior to
World W¥War 2, most of Lhe iaintenance painting vas done by sailors using
chipping bammers and other hand tools to clean steed surfaces and dfushes to
aply drying o0il <e.¢., =2lkyd) paints. Since that time both cleaning and
application techniqueg and coating wmaterials have improved greatly. Ail
shipyard and wmaintenance depot painting is dome by civilisn (civii
service or coniractor) personnel vho clean steel surfaces to a'near vhite
blast (SSPC.SP 10} with automated equlpment wherever pessible to reduce
emission of particulates, and apply costings with sodern spray equipment.
The everyday saintenance peinting i§' gtill aéconplished by less

experienced ship personnel.



In the last fbfﬁy years, paints used on Navy ships have changed
from the drying o0il (alkyd) formulations, such as Na&y Formula 1(1844),
of the early f&n?ies to wvinyls, such as Navy Foraula 119, of the.early
fifties to 9poxieé, such a3 MIL-P-232368 (1882) currently in use today.
The drying oil paints were relatively easy to aply since they did not
require & high not require a high level of surface preparation, but they
had *limited resistance %tc marine service. The vinyl paints were much
gore durable, but hhey required a higher level of surfaée pfépnrgtion and
sore coats to achieve a desired thickness. The epoxies have proved to be
eore cost effective in thet, even though they still require a relatively
high level of sarface preparaticn and should be applied at temperatures
shove 80 ~ F,they provide a very durable barrier in fewer coats.

Maintenance painting of ships in service is covered in zrgah
deteil in Navy Ships Technical Manual, Chapter 8180.% This doculént
provides irformation on when to paint, surface'preparation. frequency of
repainting and thickness of paint filas, coatings to be used, and
application procedures. Touching-up hby currently recommended prac&ices
is emphasized. Strict safely precautions meeting all governmental
reguintions are gspecified for painting oparnhioﬁs. Chapter 9190 also
-provides information on cathodic protection of ships.

3. ENVIRONMENTAL ZONE ‘

General Considerations. Because of the wide ‘diversity of
available systess, ‘the alverce conditions under which they must,
sometimes he applied, environmental testrictioms, and the need fdr'
minimizing waintenance, the choice of & suitable painting system is not
slways an oasy onre. There is, of course, no one "best" painting gystom,
but rether 2 dynasic co:petitian among alternative materials and metheds
whose choice often depende both upon technoiogical factors and polley
considerations. . |

Since environaental factors aré often to dominant ones, they
vill be considered here first, followed by other iaportant considerations

such as cost, sppemrance, and design.



Effects of Environment on Corrosion Rates. Among the
technological factors in the choiue of & painting system, anvircnment is
usually the contrﬁjlxng one. For ' example, one rule of thumb advac&tes
that steel need not be painted st 21) when the corrosion rete is uniform
and below a certain level; when the enviromment. is too éevare. on the
other hand, alternative msterials of construction should be considered
instefd of painiing. ‘

- Environmental Zone Chart. illustrates the "environmental zone"
cchcept of 8sPC. it sugge"*“ painting systems for eonﬁideration in rural,
urban, commercial, and marine enviromments and in several special..
eXposures. Usse of the term “environmental zone" in this éonbext is not
meant. to parallel the -common weaning of the term, which implies'
geographical location but, rather, defines the type of environment

* (atmosphere) to which the coated steel will be exposed. As an example. of
this more spécialized meaning of environmental zone, éonsider a steel’
framed building, part of which is devoted to office space, and another part
of which is devoted to chemical 1abqra£0ry and pilot plant ébace where |
acidic fumes are frequently generabed.h"Each of bbése areas is exposed to a
‘significantly different en#ironment. Another éxampla is the . roadway and
sgperstructure of a bridge located in a geographicél area where freezing
and . roed salt use are common. The upp9r portions of such a bridge to be
protected simply against weather exposure, whereas the roaduay steel and
adjaéent structural components must be protected against de-icing salt in
solution. , ‘ | | s ,

For purposes of classifying environmental exposﬁres according
tor their seéérity., they have been divided into environmental zones from
essentially non-corrosive dry intericrs - Zome 0O - to severe .phgmlcal
exposurérs - Zone 3. Special conditions are listed in Tabie 1. Exposure
conditions may be such as to require little or no protectién by painting:

~ conversely, they may indicated the need for elaburatg surface preparation,
pretreatment., andf properly selected priger, intermediate, and finish

coats, and finish coats.
%



| Table 1. includes‘a concise descriﬁtion of each environmentsl zone
together with bypical painting system(s) recomnended for aivisum performance.
Hore durable syst?@§ ey be used, of course, to achieve better performance
or longer cpnting 1ife wilhin any one envirersmenbal zonoe.

This clessification of environeent is probably Lhe most useful
type of designation, since wmost !ivnilabie data on paint exposures is
defined in these broad Leres, Tﬁe, SSPC  is also invesLigabing o more
precise  environmental classification in Lernﬁ of time-of-welness,
chioride level, sulfur dioxided content, pH, conductiviby, surface

cortamination, ebe.

In Table 1, Painting System numbers have been rounded off to
show the generic class of systems Lhst are satisf&cho;y. For exsmple,
« 8SPC~-PS 4 includes Painting System Quide 4.00 and Painting System
Specifications SSPC-PS 4.01 through 4.05. | '

Such guides as Table 3 arbe intended Lo aidﬁhhe;specifiér in
gelecting 8 painting system (including sdrfuce prepnrahiop.-eouhings. and
. application) but are, of cgurse, no subsbiﬁuhe for the knowledge and
judgment entailed in an intelligent choice.
Influence of Geographical Locations on Environsental Zones:
Inland, rural locatiﬁns, far from coastal salt water, are
free from the corrosive influence of sirborne salt, The presumption that
the abtmospliers in these areas, located far from centers of heavy industry,
are therefore “virtuslly unpolluted, " has been drastically reversed. It
is now seen tLhat e&en. rural locstions, hundreds of miles distant from
‘indnsﬁrial plants and sleckrical power generaling stabions, can ‘sometimes
be subjected to wacid rain generated by sulfur dioxied emissions. Rain %~
vater with 8 pll ms low as 3-4 has been observed nol only in rural, but :
also in wilderness localions. ThjEPEfO{e, prgpaﬁers of painting system"
specifications wust nov ecultivate a tenlistic awarencss of present
w&tméspheric conditions prevailing in  rurel  locations that were

" traditionally considered bening wilh respecl to corrosion of steel.



Feavy industrial environsents, such. as those invelving
coke plants, are severs enough to be classified in the chemical category.
~ These envirenuents'm;e sarked by reduced paint life and high corroaion rahes.

'xarin; stmosphere is typiffied by frequent and relatively
bigh concentrations of salt aist, but it does not inply direct contact
vith salt spray or splashing waves; it coatains & hiﬁﬁ concentration of
chlorides ir contrast to the bigh concentration of sulphur dioxide in the
industrial atmosphere.

Fresh and salt waler immersion have important differences
because of osmotic and electrolytic effects.

Alternative immersion refers to frequent, perhaps fairly
long immersion in water alternated with exposure to the atmosphere above
the water - for exawple, the boottopping ares of a ship's hull, or

steel in the tidal range.

Condensation and high humidity exposure refers to alnosh
continuous condensation; sxposure Lo high humidity alone (vith 1ittle or
infrequent condensation) is mot considered to be in-this class of exposure.

Chemical environments are those in which stroﬁg
concantrationa of highly corrosive geses, fumes, or chemicals - either in
solution, or as concentrated liquids or solids - contact the surface. The
severity of exposure may vary tremendously from mild concentration iﬁ a
yard area to direct ismersion in the chemical substance.

Undsrground refers bto buried surfaces in direct contact
vith the soil, which may be high in salinity or acidity.

It should be understood that surfaces presumed to be e%posed to
the weather are indeed open to the elements. Structures open to pollﬁtion.
but sheltered from rain, sre particulaary vulnerable. |
Specisl Service Requirements. Soms painting systems for special
services, including resistance to abrasioa, fouling; graffiti, mildew,

and skidding are listed in Table 2

%



Table 1

TYPIGAL SSPC PAINTING SYSTENS ¥OR ENVIRONHENTAL ZONES

{Environmental

Zone

Zone Conditions

1A

1B

2A

28

2D
3A
3B
3C

3E

Dry interiors where structural steel is imbedded in concrete,
encased in masonry, or protected by membrane or non-corrosive
contact Lype fireproofing

Interior,noreally dry (or temporary protection) Very mild
(oil bzse paints now last ten years or more).

Exteriors, noreally dry (includes most aress where oil base
paints now last six years or mrore),. ,
Frequently wet by fresh water. involves condensation, splash,
spray or frequent immersion.(pil base paints now last 5 years
or less.) | .
Frequently wet by fresh water. involves condensation, splash,

spray or frequent immersion.(oil base paints now last 3 years
or less.) .

Fresh water immerszion

Salt water iamersion ‘

Chenical exprosure, acidic (pH 2.0 to 5.0)

Chesnical exprosure, acidic (pH 5.0 to 10.0)

Chemical exprosure, neutral (pH 10.0 to 12.0)

Chemical exprosure, presence of mild sdlvents. Intermittent
contact with aliphatic hydrocarbons (mineral spirits, lower
alcohols, glyecols,etc.) |
Chemical exprosure, severe. Includes oxidizing chemicals,
strong solvents,extreme pHs, or combinations of these with

| high temperatures




Table 2

TYPICAL RECOMMENDATIONS FOR SPECIAL SERVICE CONDITIONS

Type of
Service*

Discussion and Recomeendations

Abrasion
Resistant

Ant.i-Sweat,

Urethare coatings probably haQe wsore abrasion resistance per
il than any other gemerie class. These are available as
proprietary asterials. _
Expoxies such as madified SSPC-PS 13 can be specially formul-
ated so that resoval, even by blast cleaning, is diffieult,
especially when they are sand reinforced.
Zinc-rich coatings, such as SSPC-PS 12, especially the ignor-
ganic types, tend to"polish”and not abrade off steel surfaces
Coal tar epoxy paints, such as SSPC-PS 11, or selected propr-
ietary products, especially when reinforced with garnet or
other hard 30 Lo 70 mesh materials.
Sand reinforcesent in SSPC-PS 2,3,4,10,11,0ri13
Oravel, sand, slate granules in SSPC-PS 8§ or 10 ‘
Preforsed plastic and foam spray have superseded paints for
nost anti-sweat funclions,

Anti-fouling These painis are covered in SSPC-PS 19 and in Volume 1 of

Graffiti
Resistant
Skid
Resistant

Mildew
Resistant

Piping

Safety
Colors

the Steel Structures Painting Council Manual.

SEE SSPC-PS 17 and polyester urethane guides with reuonnended

ratios of polyol, isocyanate, and NCO. '

Any type of paint that is suitable for application on floors

can be converted to & specifically skid resistent pain by

incorporation of a finely divided material such as silica,

alurinum oxide, or ground shells.

1. Wash with phosphate-free detergent.

2. Rinse with sodium hypochlorite solution (Hilex, Clorox,
Purex, etc.) snd allow to dry without rinsing.

3. use a paint suitable for specific and exposure.

Color codes for identifying piping are given in ANSI Al13.1

1975, "Piping and Piping Systems.”

Standards for safety colors are given in ANSI 253.1-1879,

"Cnlor Coding."




4. ASSION THE SHIP'S AREA BY ENVIRONMENT ZONE

SHIP "8 AREA ™ ENVIRONMENT ZONES SPECIAL CONDITIONS
1. BOTTOM 2D . FOULING
2. BOOTTOPING 2B ~ FOULING, ABRASION
3. TOP SIDE 2B LIGHT, RAIN, ABRASION
4. DECK 1B | LIGHT,ABRASION,SKID
5. EXTERNAL )

SUPERSTRUCTURE 18 LIGHT, RAIN, COLOR
8. INTERNAL

SUPERSTRUCTURE 1A CLEAN, COLOR




§.. PAINTING BYSTEM

A term ipténded to include, with equal emphasis, not only the
vell accepted cdlponants of a system such es surfaoe preparation and
paint lateriais, bug also the application, inspection, and aafety functions.

Paint.ing System compose of

1. Surface Preparation

d 2. Standard of Surface Preparstiom

3. Primer

4. Anticorrosien

5. Intermediate Coal

8. Topcoat
8. PANIT SPECICATION

A form of standard that 1Is a precise statement of a set of

' requirenents to be satisfied by a material. |
Example:
1. Zine Rich
2. Viryl
3. Chlorinsted Rubber
4. Bituminmus
5. Phenolic
8. Alkyd
7. Epoxy
8. Cool Tar Epoxy
9. Urethane
10. Polyester
11. Miscellaneous
. T.PAINTING SYSTEY SELECTION
Although environment is wusually the primary factor in the
choice of a costing systes, other {fachors such.as'coats. application,
surface preparation, =appearance, desiiﬁ, available facillties, and

w
gvailability of specifications must slso be considerad.



EXAMPLE

Guide for Selecting Painting Systess for Ship Bottoms

N

Surface Primer Anticorrosive Intermedinte ~ Top Coat
Preparstion )
Abrasive ﬂituninns X Bituu&gus Conventional
Blast . Aluminum Antifouling
Cleaned Pignented
Abrasive ¥ash Vvinyl Vinvl Vinyl
Blast Primer 2ors3 Antifouling
Cleaned Coabad
Abrasive Chlorinated Chlerinated Chlorinated
Blast Rubber Rubber Rubber
Cleaned 2 Coated Abtifouling
Abrasive . Coal Tar vinyl Vinyl
Blasted Epoxy Tar Antifouling
Cleaned 2 Coabed or

Self Polishing

Copolymer
Abresive Catalyzed Epoxy Salf Polishing
Blasted Epoxy Tar Copolymer
Cleaned 2 Coated




Conelusion
Today ﬁhl select peint for maintemance our ship will comsiders

painting systes more than each paint. We will consider from, Environment,

Surface Preparation and first coated (Primer) is dosinent



Z.

3.

REFERENCES

Syatems And Specification (Stes] Struckures Psinting Nanual?
Voluae 1 and Volume 2

Contings And Inspection Manual (What, ¥hen and How) 3 Jghun
Harine.éoahiné | |

Vorldwide Harine Maintenance Manual : International Paint

Whatever The Harine Coating Problem, We have got itAcavaEed :
Slgma Coating

Chugoky Product of Quality ,

Safvice Life Perforsance of Harine Coalings aﬁd'Eaint System :
Jdurnﬁl of Costings Technolégs. June 1380, pp. 55»63"

Perforsance of Selected Narine Coalings : 3ournal of Cogtings
Technology, February 1980, pp. 36-45 | '

Coating Systems OGuide for Wull, Deck, snd Superstricture,:
Technicel and Research Bulletin 4-10 Society of Naval

Architecte and Harine Engineers, 1873



CORROSION & PROTECTION
MISS TAVEEPORN KHUMTHONG

Thai Kansai Paint Co.,Ltd.
180 Moo 3, Theparak rd., Amphur Muang, Samutprakarn 10270

Abstract

A number of cars move here and there around every district in the
world, which make much difference of weathering, traffic and driving
conditions.

Under the circumstances, automotive paint film is requested to
protect car body sufficiently from corrosion or to be more upgraded on
corrosion resistance. ‘

Herein, we oversee the current market situation of CED paint,
which is well-known for automotive anti-corrosive primer, and foresee
what .direction it will go toward.

In consequence, the applicability of the CED paint to anti-
corrosive steels is enhanced and the integrated corrosion resistance
of car body can be made dramatically better by not only the paint
resin modification but also chemical treatment improvement and steel
substrate adjustment. i

Presentation of Corrosion Mechanism and Protection Method will be
covered following these subjects :
Classification and its origin of Automotive Rust
Mechanism of Corrosion
Regulation of Automotive Rust
Protection Method
4.t Development of material & film performance

W N e

4.2 Painting process of automobile
4.3 CED Mechanism
4.4 CED in future
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CORROSION AND PROTECTION

CCONTENTS
No. _ITEM PAGE
l. * INTRODUCTION 1
2-1 RUST OF AUTOMOBILE 9

2-2 CLASIFY OF AUTOMOBILE RUST 3
© AND IT'S ORIGIN

3. MECHANISM OF CORROSION 4
4. REGULATION OF AUTOMOBILE 5
RUST -

5. AUTOMOBILE RUST AND PRO- 6

| TECTION METHOD

6. WATERIAL AND PROCESS MODIFY 7

7. IMPROVEMENT OF CAR BODY PRO- 8
TECTION | |

8.  CATHODIC MECHANISH g

9. CATHODIC E.D. IN FUTURE 10



INTRODUCTION

It is greatly re?uirg:d that automotive paints should be provided with not only superb
but also widely applicable quaiities in the motorization age of today. .

Fig.1 shows the briefing on the object of automotive coating. A number of cars. move
here and there around every district in the world,which makes much differenceof weathering,
traffic and driving conditions.

Under the circumstances, autosotive paint film is requested to protect car body suffic-
iently from corrosion or to be more upgradeed on corrosion resistance.

" What is more, we encounter at present the period called the epoch of sense, led by the
requirements of personality.Such an epoch calls for further better filw appearance,
making mantenance of coated film free and R & D of advanced color styling. '

fhat s why the requests for automotive paints-qualities are so diversified.

llerein,we oversee the current market situation of CED paint which is well-knownfor
automotive anticorrosive primer,and foresee what direction it will go toward

—Filn smoothness

. — Mar resistance
— Fine view ——MHaintenance of — '
fine view —  Heathering resistance

Automotive coating—

" LoNew styling —— New sense ——Fashionableness_

~— Retainability —Haintenance free

CORROSION RESISIANCE

Fig.1 Object of application

The automotive paint market asked for superior corrosion resistance of coating fils for
autobody and a CED paint could satisfy this demand thoroughly :

This market has called upon to improve further a variety of the CFD paint qualities since
then, however. 1t is necessary that the first generation CED paint has high anti corrosive
property.and as a result, it huild up tough film. The tough film leads to bigger-internal
stress of film and conscquently it brings out poor film adhesion, i.e.secondary
adhesion after warm water submergence, to zinc-galvanized steel. The adhesion of the CED
paint to the In-galvanized steel has atlracted more considerable concern with the increase
of the use of the In-galvanized steel for car. -

In term of paint quality.it is important to make relaxation of the film internal stress.

The more advantageous manher to do il,is to introduce straight chain nolecule into the
m3in-structure of resin incorporated in CED paint.The fiim defect can be eliminated through
this approach of the paint resin modification. - :

And future trend of CID PAINT ARE DESCRIBED ALSO

CED paint is the most popular for corrosive protection of automotive application.



RUST OF AUTOMOBILE

Dry or haif dry
circumstance

Chipping damage and rust

Rust f}o: reinforce fixing place

Rust from edge

Wet circumstance

Rust from hollow section

Rust from reinforce Tixing place

Rust from clearance

8|0 60l8|8|0

Rust from edge




CLASIFY OF AUTOjMOBILE RUST AND 1TS ORIGIN

BODY PART | KIND OF RUST| ORIGIN

Inner Panel Gravitv‘ Rust from Corrosive )Intémal accugu!ation of
Corrosion | hollow section | Reactant water, salt,aud

Insufficient of pretrsat-
gent and film thickness

1

Quter Panel Surface | Damage hy Damage and Damage by clipping stone
Corrosion | chipping corrosion ,
| reactant

Creepage of rust

Soft dipping | Rust from slightly damage
and corrosion

reactant !
Overall Body Rust from . .| Insufficient| No {reatment and no
clearance corrosion .| coating in clearance
resistant .

Rust from edge | Interface | Insufficient of edge-
' cutting of covering
substrate Creepage from sdge




MECHANISM OF CORROSION

SCAB CORROS. MODEL

Low internal stress film

HIGH intémai stress filn

TTTOU RS OAir o | SOAB corros. 5 N
SCAB corros. ¢ O K s (Due to adhesion failure)
- Y e .A‘ 7 A
Lond ) . B EN
/{:: LMK A BB\ :.)
. Q.."‘.f.. L) ‘:' e c"‘:...o:.:__~ & Cl ! - = "‘l:"l: .'; ’:‘;..‘ K ‘-" P/Sy TQO":oat
i ?."::".‘L'.-:L'J'é:' JRust Rcgiii= R ~
, e —4—1 £D {
7 LN —
SRS Z s | Pre-Creatnent
N . : Fe . : "
Lorrosive Damage of film
Circumstance ’
| l (Water, Oxygen, Salt)
Hany kinds of forrosive reaction
stress / \
r ) )
Reduce of Tg Swelling by A!kahne-
point Fedx circumstance
Loss of adhesion — Accumulate Adhesion is-
between film with . e of stress reduced
substrate

T

<108 OF ADHESTON




‘REGULATION OF AUTONOBILE

RUST

,Corrosive Circumstance

paint film

j/’ _
\\\\
\ Meta! §
anode -
Ha0+1/2 0:+28-—>20H Fe—-sFe?t+20
STEP 1 CIrcunstance of corrosive reaction
Water accumulation belwean fila
with substrate ,
Corelation [ilm and substrate  |——>{ et Adbesion
STEP 2 | Supply corrosion reactant =
Constant supplying of corrosion ———>{ Permeability of-
reactant paint file

- e W o woem e me

~ STEP 3 | Inhibition of corrosive reaction

i

Anticorrosive pigmeen

- e A 4n Em e e We e e A m W e e MR e W e e vm e A N W e e e A e S

(Inhibitive actkmﬂ

H

———————————————

Film properties



AUTOMOBILE RUST & PROTECTION HETHOD

CORROSION

ORIGIN

BODY PART PROTECTION
1 TYPE
-Anticorrosive substrate
Surface Floor Damage of film | -Dipping prbtreatlent type
corrosion | lHood, Fender _
' boor, Roof -CED PAINT APPLICATION
-Anti dipping sealer
Edge Insufficient -Stone guard coating
covering -Sufficient film thickness
-Edge treatment
~-Antl corrosive substrate
Gravity -Clearance Insufficient of- | -Dipping pretreatment type
corrosion | -Hemeing pretreatment
-Hollow section -CED paint applicatién
-Body under
-Rust proof oil,wax apply
-Body shape developaent
‘ . -Dipping pretreatment type
Galvanic Interval Jon inductive -
corrosion |  attached between 2 kind ofH-CED PAINT APPLICATION
portion difference wetal

-Spacer application
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[MPROVEMENT OF CAR BODY PROTECTION

Substrate >4 Anti corrosive p—{ % linc coated substrate
- substrate
% linc alloy coated substrate
% Double layer zinc alloyed sheet
Pretreatnént 1 Dipping type | % fe content
% lense
% crystal s.ize
High corrosive ,
~{ resistance CED - \
CED : maam New type CED PAINT
1 High build filn. : K
CED
AHigh throwing
power '
g kdge covering p—————> Pegulation of |
*High appearance thermal flow
#iton vellowing — ‘
Chipping resis- Physical film
*los baking losq tance . property




THE WECHANISM OF CATRODIC ED

Ol

o
Paint
articla « +Elactrode cell
(CATHODE) (ANODE)
pH UP - Surface of slectrode  2Hy O+2e~20H +H, t
| .
Loss of electrolicity ~ Insaluble |
§ ' "R~NH + OH
Coagulation — Deposit I '?. ............... |
{ ' H i ,
Baking of film - §R-N + Hy O
A i {

?\mv- cAUPNETARRNIT
insoluble resin
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Study on the properties of organic .painté _
for stesl structire subjected to natural exposure
“_ Soravuth Judabong
| Métal and Material Technology department
Thailand Institute of Scientific and Technological Research

ABSTRACT

Painted steel with five types of paints nemely, Long oil
alkyd, Tar epoxy, Chlorinated rubber, Polyurethane and Fluoride were
exposed in different. natural envircmments in Thailand and were
evalusted for their dursbility. After 2 years of exposure,the
properties of chalking, gloss and colour difference (AE) noticeably
.changed but no severe deterioration. Fluoride paint exhibited very
good chalking resistance and gloss retension while the poor one wus -
Tar opoxy. Colour difference varied from 2-10 and was relfatively
‘higher on the non-white colour samples. Polyurethane and 'Long oil
alkyd showed better adhesion. The electrical properties of paint
films were acceptablé.



1. Introduction:

Atmospheric corrosion can lead to the deterioration of
steel structure, many construction materials detériorate much more
rapidly in tropical. environmaent, than in other parts of the world,
this includss’ organic coatings that are used to protect metal. In
this study, different paintings used for heavy steel construction were
evaluated for their durability after 2 years exposure in natural
environments. | |

2. ' Obhjective
- = To evaluate the durability of organic coated metal by outdoor
exposure tests.

3.  Methodology
3.1 Test specimen
There are six painting systems, B1-B8 for this study
as concluded in Table 3.1. The size of specimen was 200x100x3.2 mm,
the steel substrate is shot blast to obtain roughness Rz 60 before
coat.. The coating is done by air spray method.

3.2 Exposure condition
8.2.1 Exposure sites
The exposure locations are selected from typical .
urban  (Bangkok), rural (Chiangmai), Industrial (Prepadang) and
warine (Hushin) as shown in map (fig 3.1). The exposure environmental
factor are given in Teble 3.2
' The ssmples were fixed at the angle of § 1less than
the lattitude of the place. "
3.2.2 The effect of inclined angle
The inclined angle of o'é-L~5'. 30°, 45" and 90 'mre

tested at marine site (50 meters {rom the coast) only.



3.2.3 The effect of distance from the coast
The Specimens sre exposed at the distance of 60,
~ 150 and 1,000 meters from the coast with the inclined angle of a5’

3.3 Test method
The ‘tested samples were collected annually and evalusted
as items listed in Table 3.3 '

4. Results and discussion
4.1 BSurface appearance

The sample increased in chalking up to 20-30% of the surface
area after 2 years, B2 (Tar epoxy) showed the highest chalking which
was around 30% in all en@ironmehts while B5 (Fluoride) chalked lower
than the others. (Fig, 8.2)

Slight blistering of size less than 1 mm in diameter was
found on some samples, No serious checking was observed. However,
pitting was observed by using magnifying lens, on Bi (Long oil alkyd)
from all site. Industrial and marine environment tended to promote
more pitting.

| The specimen inolinéd angle had similaf effect on chalking,
blistering end checking. Pitting revealed §B every saaples and
tended to increase with the increasing of inclined angle.

4.2 Evaluation of weatherability

Colour difference AE) of the samples increased in a ‘wida
.range from 2-10 as shown in Fig 3.3. The non-white colour samples
tended to show higher colcur change more than the white ones. B8
(Polyurethane-green) increased up to 8-9, B2 (Ter epoxy) 4-7, Bi (Long
oil alkyd) 3-8, BS (Fluoride), B3 (Chlorinated rubber) and B4
(Polyurethane) less than 3. Yet, it was difficult to differentiat the -
influence of enviromment on coibur change due to the veriety of test
results (Fig. 3.4, M



The specimen inclined angle had similar effect on A E after
2 year exposure, this was also for distance from the coast.

The gloss property was weasured in term of gloss retension,
BS (Fluoride) showed higher gloss retension than the others while the
lower one was B2 (Tar epoxy). The gloss retension of BS ranged from
60-96%, the lower ones came from urban and industrial atwosphere.
The gloss retension of B2 was less than 10% at all exposure site.
Test results of the other samples are as follow B6 and B4
(Polyurethane) 25-60% , Bl (Long oil alkyd) 10-20% except in rural
40~50%, B3 (Chlorinsted rubber) 10-30% (Fig 3.5). The industrial and
urban environment tended to have more effect on gloss ratansion,
followed by marine and rural environment (Fig 3.8}.

The specimen inclined angle had similar effect on gloss
. . retension and also for distance from the cosst.

4.3 Anticorrosion property '

The electrical properties (impedance) of paint films after 2
‘yeafs exposure were satisfactory. The value of BX, Cx and tan é
slightly differed from that before exposure and were not exceed the
Judgenent standard ss ment.ioned before.

B2 (Tar epoxy! tended to loss the insulating property more
than the other samples. The sambles collected from urban, rural and
industrial area had higher values of tan J which are 0.4-0.8 while
those of the others were less than 0.9 (Tsble 3.6).

The spcsimen inclined sngle and distance from the coast was
found no significant difference on the electrical properties of the
paint samples. | |

4.4 Adhesive property
The adhesion of B4 (Polyurethaue) B8 and Bi1 ’(Long oil
alkyd) was better than those of the others, the flaking area was
around 15% while for Lhe others was fh~35x (Fig. 3.7). The position



that failure occured on the samples are as féllow i Bt (Long oil
alkyd), B2 (Tar epoxy), B3 (Chlorinated rubber) between first coat
and substrate, B4 (Polyurethane) BS (Fluoride) hWetween second coat and
first coat, B6.(Polyurethane) between the first coat and substrate for

sample from marine and in the first coat (cohesive breékdnwn) for

samples from other sites. B2 (Tar‘epoxy) showed somewhat more flaking
despite the good adhesion by nature, it was expected due to the
exceeding of a) retained, shear stress between substrate and paint
film ocaused by different thermel expansion during exposure and/or
b) the shear stress initiated during preparation of cross-cut.

8. Conclusion

The paintéd semples were foﬁnd no severe damege on the
supfaca. Most. chalking was found on B2 (Tar epoiy) with 30% chalked
~ area, while none chalk on B5 (Fluoride). The beginning of pitting
wes observed on Bi (Long oil alkyd) at all enviromments. Industrial
.and marine environment tended to promote more pitting.

The sample colour change (AE) varied from 2—10; The
non-white paint noticeably changed more in AE. For gloss preperty,
the gloss retension of specimen varied from 10-95%, BS (Fluoride) was
conzidered better than others while the poor one was B2 (Tar epoxy).
~ Bt (Long oil alkyd), B3 (Chlorinated rubber) were considerably low
gloss retension, which probably influenced by the environment of
.industrial and urban.

The adhesion of B4, B8 (Polyurethane) and B1 (Long oil
alkyd) were considered better than those of the others. Besides, the
electrical properties of the paint film were acceptable.
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Fig 3.2 chalking of spcimens at different enviromnents

& B-1 : Long oil alkyd (white)

A B-2 : Tar epoxy (hlack)

O B-3 : Chlorinated rubber (white)
@ B-4 : Polyurethane (white) |
;0 B~ : Fluoride twhite)

B B-6 : Polyurethane jgreen)
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',',fig 3.3 Colour difference { AE) of specimens ofter 2 yeurs exposure

B-1,. Long 0il alkyd (white)

B-2 : Tar epoxy (black)

B-3 : Chlorinated rubber (white)
B-4 ! Polyurethane (white)

B-5 : Fluoride (white)

B-6 : Polyurelhane {green)
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Fig 3.4 Colour difference (AE) of specimens ab different environments

A B-1: Long oil alkyd (white)
A B-2 : Ter epoxy (black)

>

Q B-3 : Chlorinated rubber (white)
@ B-4 : Polyurethane (white)
O B-5 : Fluoride (white)

B B-6 : Polyurebhane (green)
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Fig 3.6 gloss retension of variaus pniuL'samples. 2 yeurs expusure

B-1 : Long oil alkyd (white)

B-2 : Tar epoxy (black)

B-3 : Chlorinated rubber (white)
B-4 : Polyurethane (white)

B-5 : Fluoride (white)

B-6 : Polyurethahe (green)
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Fig 3.6 uloss retension of specimens at different environments
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Fig 3.6 uloss retensivn of specimens at different environments

B-1 : Long oil alkyd (white)
B-2 : Tar epoxy (blacl)
B-3 : Chlorinated rubber (white)
B-4
B-5

e

Polyurethane (white)

”

Fluoride (whitie)

B0 OD »

B-6 : Polyurethane (greom
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Fig 3.7 Adhension of specimens after 2 years exposure

B-1 : Long oil alkyd (white}

B~2 : Tar epoxy (black)

B-3 : Chiarinated rubber (white):
B~4 : Polyurethane {(whitwe)

B-9 : Fluoride (whiie)

B~6 : Pulyurethang {(green)
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Table 3.2 Environmental factors of the‘exposurﬁ sites

Environmental factora

Exposure sites

Urban Rural Industriall Marine
Temperature ( C)
Max. 31.4 31,4 30,0 31.4
Min. 25,7 19,5 24.0 22.2
Avg. 28.6 26.3 28.3 27.05
Relative humidity (%)
Max. 84.2 82.7 88.7 94.6
Min. 68.5 51.2 67,7 72.0
Avg. 75.4 1.7 B1.3 82.7
Pollutants
S0, (mg/day/dn°)
Max. 1.01 0.12 1,23/ 0.02
Min. 0.00 0.00 0.28 0.00
Avg, 0.28 0.005 0.52 | <0.001
Nacl (Agcl/daysdn®)
Max. 228.37 58.78 164.68 | 376.12
Min. 0,00 0.00 0.00 0.00
Avg. 45.48 15,34 34.82 119,81
NO, (mg/day/da’) .
Max. 0.32 0.04 - 0.15 0.18
Min. 0.08 0.00 0,03 0.00
Avg. 0.104 0.006 0.078 0,015
“Cl (mg/day/da) |
Max. 16.38 . 0.00 15.70 13.88
Min. 0.00 0.00 0.00 0.00
Avg. 0.00 " 2,48 4.33

1.78
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Table 3.3 Evaluation items for the tested samples.

‘Property

Evaluation Method

1. Specimen appearance

2. Weatherahility

3. Anticorrosion properties

4. Adhesive properties

Chalking (ASTM D 859)
Blistering (ASTM D 714)
Checking (ASTM D 860)

Colour difference (ASTM 2244)
Gloss (ASTM D 523)

Impedance : The impedsnce of
paint film were measured in
term of resistance, statistic
capacity and dielectric loss
factor which related to the
film The test
results were evaluated using
Judgment standard for paint
film degrastation amd judment
standard in a quideline on
for flood
gate steel pipe ss shown in
Table 3.4 and 3.8

Cross - cut tape test

(ASTM 3359)

properties.

repair painting

7




Table 3.4 Judgment Standard In a Guideline -on Repair Painting
for Floodgate Steel Pipe (1959}

g T r——— 0.1.
10 A | | |
5 | ] I ¢ !
Rx 10 Cx b 0,01}
. § B | T - |
AC rasistagce | } Statisttic Vv 0,003
(N./100 cm®) 4 ! ] Capacity | !
10 (uFZ100cm“)}F ~B~ - 0.00}
i i
r"*“*'ﬁ 0.0003
A i
{ - “? 0.0001%
L.
3§§még
Frequency (KHz) Frequency (KHz)
L 1 ¥ 3
| Degrees of | Impedance Value | Condition of |
| Degradation ¢} - : { Paint £ilm b
! 5 Resistance | Capacity | E
! I | A . B i A INo degradation!
] L 1 2
f 1 ’ ¥ T ]
| I t C | B IDegradation ofl
| i i ltop coat only |
[} $ ] 1 i
1 H 1] 3 } L}
| 11X | C ] B ({Corrosion and |
| | ! | blistering g
i 2 ¥ )]
{ L k1 L ¥
| Iv ] D | o Remarkable {
i i | |
[ 1 b 2

ldegradation
! v .

Table 3.5 Judgment Standard for Paint Film Degradation.
o4
i

Resistance (KNI Tan § Fillm Condition

§ 1 1 ‘
| ] i
¢ } {
|l 10 or less | 1.0 or more | Bad 2
i N 1 $

L ] 14
| 10 - 100 ! 0.5 - 1.0 ! Poor i
1 i } ']
t t ) ¥ > i
| 100 - 500 I 0.3 - 0.5 | Fair }
[ 4 ! }
¥ T L] k]
| 500 - 1000 } 0.2 - 0.3 ] Good )
i i 1 }
4 13 L} 1
| 1000 - more i 0.2 or less | Yery Good J
L 2 1 i

Freguency @ 1 KHz
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