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ABSTRACT

The UNDP Project “Establishment of Preventive Maintenonce Systems to Inciease
Productivity® (DP/PHI/87/008/D/01/37) has the objective 10 initiote institutionalisation of
preventive maintenance (PM) in Philippine industries by increasing the copabilities for
consuttancy. diagonostic. training and information services at the National Engineering
Centre. The UNIDO short-term expert on Corrosion and Materials Engineering visited
Philippines for three months in October 1989 during which number of activities. e.g. visits to
different industries for study of plant problems. preparation of monuols ond guidelines.
listing of focilities required for field diogonostic and laboratory studies etc. were
performed. Number of lectures were also delivered. It was noted that there is great
owareness ond demand in the Philippine industries for the consuttoncy in the areas of
comosion and materials provided the services are given promptly and professionally.
Final success of the Project objectives will require continuous upgrading of capabiiities of
the NEC engineers. setting up of all recommenaced focilities and concentrated efforts by

NEC manogement to ensure the acceptability of the consultants by the industries in the
iniial stages.




INTRODUCTION

The Medium-Term Philippine Development Pian for 1987-1992 emphasises on
increased efficiency in the allocation and the use of scarce investment resources. This is
to be achieved through govermnmental policies ond direct assistance measures. The
lotter categary includes efficiency-oriented services 10 be made available to Philippine
industries amongst which planned maintenonca has been identified os a priority area for
productivity improvement in industries.

To introduce the objective of pionned inaintenance. specially in medium ond
large-scale operations. the necessity of the institutionalization of preventive maintenance
(PM) was considered a must. Survey comied out by the National Engineerng Centre
(NEC) in 1986 identified the following areas in which assistance is required by the industries:

- maintenance monagement (67% of respondents)
- cormosion control (67%)

- condition monitoring (60%)

- leak prevention (60%)

- ubrication (33%)

- spare parts control and technology (27%)

- instrumentation ond control (13%)

- reconditioning and salvaging (13%)

The NEC is serving os o focal point to pool engineering expertise for
mointenance. To meet the industries requirements. it was deemed n2cessary to further
expand ond improve the quality of technical services rendered by the NEC with the
assistance of United Nations Development Programme. The present Progromme
envisages:

. upgrading of NEC staff copocity

- establishment of o PM Diogonostic Laboratory

- establishment of a PM Information and Promotion Service
- intfroduction of PM Assistance ond Consuttoncy services.

In persuonce of the UNDP gssistance provided in the Project, the first shor-term
UNIDO expert to join was on Corrosion and Materiols Engineering. The expert reached
Monila on Ist Oct 1989 and left on 29th dec ‘89 after completion of 3 month assignment




During the assignment the work was camied out continuously except for 10 days break
from Ist to 10th Dec ‘89 during the attempted coup delot.

Considering the objective of the Project and assignment period of only 3 months,
G detailed work plan was drawnup in consultation with the Chief Technicol Adviser ond
Executive Director NEC. The programme consisted of:

- Visit of selected industries t0o ossess and discuss their corrosion and
materials problems

- preparation of guidelines on specific topics of present and future use in
Phiippines

- preparation of training modules for consultonts and technicians

- selection of instrumental facilities for inspection and field corresion
monitorng

- selection of litergture for the Technical Library

- selection and specification of equipment for failure onalysis ang corrosion
studies pertaining to industrial problems

- conducting/participating in seminars on corrosion and materials.

The work plan envisaged was completed 10 o great extent inspite of stoppage
of work during the attempted coup detot. The latter olso affected the plons to visit some
of the important industries in Philippines e.g.. mining. non-ferrous metallurgy etc.

The original objectives could not be fully ochieved because

- the assignment period of 3 months was t0o short to cover the varied
corrosion and moteridls problems experiencad in different types of
industries. This is primarily because environmentol ccnditions ond
requirements of varied types of industries ore quite different.




no equipment were avaible or could be procured during the short pernod
to train counterpart engineers and technicians.

in-house training of all NEC PM staff could not be completed because of
thex pre-occupdation with other project octivities




RECOMMENDATIONS
1.0  Utilisalion of Services by industries

There is greot awareness and demand in the Philippine indkstries for consuttoncy
in the area of corosion and materials. It was possible during the plont visits of the expert
to highlight the objective and future activities of the PM group being developed in the
NEC. However. success of the Project in terms of benefits 1o the industries wil depend on
acceptonce of NEC consuitonis by the industry and providing consultancy services
promptly and professionally. This will in tum depend on the confidence created by the
consuttants and equipment facilities avaiable with the NEC.

It is recommended thot

Q) All necessary steps should be taken to retain the presently troined
engineers at leost till the activities of the NEC PM group is soundly
established. it is understood that the present staff has been recruited on
temporary basis and this situation may lead to people looking for
alternate jobs.

b) At oppropriate time second line of consultants should be developed to
retain continuty.

C) A senior experienced engineer, having good industrial contact. should
be assigned to look into the activities of PM group and create confidence
of the industries.

2.0 Field ond Laboratory Testing Focilities

For services 10 industries for effective corrosion control ond ensuring sofety of
equipment and piant personnel NEC would have to provide fieid und laboratory testing
facilities. For this purpose equipment 10 be used more frequently wil have to be kept ot
NEC. For the rest, assistance of other organisations like Metals Industry Research ond
Development Centre and Industrial Technology Development Centre in Manilo con be
token




It is recommended that urgent steps should be taken to procure the

recommended facilities on priority basis. Necessary budgetary provision should be
made for this.

3.0 Guidelines and Manuals

Guidelines and Manuails form the backbone of providing services. taking
comective actions and also training. Some of the important guidelines have been
prepored during the assignment period.

It is recommended that

o) these guidelines should be periodically updated based on NEC's own
expernence and information collected from other experience published in
keragture ond by varous technical bodies.

b) guidelines and monuals on other topics. which could not be compieted
due to time constraint should be prepared by NEC in future.

4.0 Assisionce of UNIDO experst

Environment to which materials are exposed vary greatly depending on location
ond type of industries. The orec 10 be covered 1o formulate comosion control megsures
is therefore vast. The period of 3 months for UNDP expert envisaged in the project was
short to meet the 1o1al project requirement. While the exper has tried 10 give maximum
possible inputs. it is recommended that provision may be made in the revised project
document for an odditional expert on corosion and matericls engineering (1 m/m). This
expert will visit before the end of the project ond would give additional inputs based on
the experience of NEC and will oiso help in the sefting up of the field ond laboratory
facikties. It is expected that by this time most of the equipment will be procured ond the
new NEC building wing will be ready.




I PROJECT IMPLEMENTATION
A__Geoeral

To achieve the cbjectives of corrosion and materials engineering within the
overaill objectives of the Project the expert produced various codes and guidelines.
plant visit reports, organisational proposals. troining progrommes ard olso delivered
number of lectures to in-house NEC staff ond personnel from industries ond other
organisations. In addition some proposols on national corrosion test progrommes. and
inter institutional collaboration in the field of comosion and materials were also prepared.

The two assigned counterpart engineers ware all the time associated ond they
were trained in developing consultancy expertise. The Chief Technical Adviser and the
Executive Director of NEC were constontly kept informed about the progress of work.
The work of the expert has been positively received by all concemed.

B__Counterpart Personnel

Of the totol nine engineers working on the project during the assignment period.
two. i.e. Mr Renato B. Golecnz ond Miss Evaonjeline O de Guzman, were assigned to
the subject of comosion and materigls. Both of them had some practical experience
ond speciolly the former who had previously worked in the industry. During the
assignment. emphasis wos given on training the counterpart engineers on varnous
aspects of comosion and materials peraining to different industries and how to tackle
technical problems taking into consideration individuol client's requirements and
resources. Practical aspects of problem solving and techniques of corrosion control,
material selection and inspection were given due ottention. This was achieved by

constont interaction in the office anc! during the plant visit ond also through lectures ond
discussions.

C __Evaluation of Activities

As a first step. the existing stuation in Philippine industries was perceived through
aiscussion with Chief Technical Adviser, Executive Director NEC, counterport engineers
and visits 10 0 few industries. This nelped in deciding on the creas which requirec 10 be
covered during the assignment period. Deterioration of o materiol due to corrosion
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depends primariy on the environment to which it is exposed. As each type of industry
has its own environment the area 1o be covered i quite large ond it was reglised by ol
concemed that duration of 3 montks is inadequate to cover all aspects. In view of the
above most important areas of inputs were identified for implementation within the
general fromework of Project objectives.

1.0 Incluskiol Vislis

A detqil programme of plant visit was drawn up 10 cover textile. metaliurgical.
metalworking. mining. sugar. chemicals, refining and other industries. Of these it was
possible 10 visit eigh: industries in on oround Metro Manila as given in Annexure 1. Visits to
industries quite for away from Maonila. which were progrommed for December. did not
materialise. On the speciol request. problem of preservation of an oncient “all steel
church was also looked into and has been included in this section.

The main objectives of the plant visits were

Q) to assess the type of problems on corrosion and materiols being
experienced in different industries,

b) 10 ocquaint the industries of the PM activities of NEC by direct interaction

C) to train the counterport engineers on-job in problem solving and

a to ossist the industries in few areas within the limited time of assignment.

€ach visit wos followed by a short report and the six of these are attached in
Annexure 2. Copies of these reports were given 10 Chief Technical Adviser, NEC
Executive Director ond the PM project department.

The plant visits indicoted keen demond for consultancy services in the orega of
comosion ond inspection. Both the management and engineers are aware of the losses

due to comosion and wont some organisation to help them in o professional manner 10
combar corrasion problems.
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2.0 Guidelines and Manuais

One of the important activity of the expert consisted of preparation of guidelines
on specific topics of corrosion control, marerials selection and field inspection. These
were prepared keeping in view the overall requirements of Philippine industries. Number
of published codes. standards and guidelines are available but these are of general
nature. The Quidelines prepared were comgrehensive to the needs and based on
expert's own expenence. Thcse will form the basis for the NEC consultants o work out the
line of oction in different areas.

Again the time was a constraint to cover all the oreas. In all six guidelines and
manuals were prepared as listed in Annexure 3. Full texts of two are attached in
Annexure 4.

Guidelines on comosion monitoring and inspection, corosion testing procedures
ond cooling water corrosion control could not be completed within the present term of
the expert.

3.0 HeldTesting Facilities

Inspection ond corrosicn monitoring form the basis on which the effect of
corrosion control measures, extent and noture of corrosion domge and safety and
recidual life (time for replacsment or repair) of equipment and facilities con be
established. These form the most important tools fcr providing services 10 the industries in
the orea of P.M. Many of the industries do not have their own facilities and would like to
have the services from on outside agency like NEC PM group for systematic inspection
ond monitoring. Thus direct instrumental services corr bined with diogonosis of the
problem will hove ¢ considerable demond.

Considering the present and future requirements, list of equipment required was
prepored (Annexure 5). The priorities for procuring these were olso drown up.

The importance of procuring these for effective rendering of consultoncy services
is e phasised as most of the industries would like 10 have G single point responsibility.
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4.C Diagnostic and laboratory Focilities

In considering establishment of Laboratory facilities for diagnostic/fadure analysis
and cormosion test fockities it was suggested that only imited equipment which will be
most frequently used. should be procured by NEC. For special types of studies. which
would be required once in a while. assistance can be taken of other orgonisations in
Manila. The suggestion was accepted by NEC and with this in view the two important
testing institutions in Metro Manilo, i.e. Metals industry Research and Development Centre
ond industrial Technology Development Institute were visited to have an idea about
their facilities. Based on this visit 0 note (Annexure 6) was prepared outlining the
requirements and octivities of the laboratory.

For service 12 industries sefting up ¢f such o facility is absolutely necessary as the
general imgression goined from most of the industries during discussion was that prompt
senvices in such areos is locking in Philippines.

The expert couid not provide any assistance in setting up of the laboratory as
equipmer.! were not ovaoiloble.

5.0 Igining

The consultants at NEC in the orea of corrosion and materials engineering will
cater to the needs of various industries in Phillipines. They will not only provide direct
services but Qs per the objective of the project would also require 10 assist the industries in
troining of industrial managers, front line supervisors, engineers and technicians.
Considering these activities, the effectiveness of engineers and technicians in the NEC wil
depend not only on their quailifications but on the experience, constant updating of
knowledge ond techniques and Interaction with personnel in related fields. This
opprooch is also needed for plant personnels of various levels.

Based on these requirements on-job familiorisation was given the utmost
importance during the plant visits to counterpart engineers. They were also involved in
study of problems, report writing, discussions, etc. 10 give them an understanding of
practical opproach to problems. Lectures on some of the important topics. e.g..
corrosion monitoring, inspection, maoterial selection, stress corrosion cracking ond
infergranular comosion were delivered as and when the time pemitted.
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PM involves numbe: of disciplines oand though each individual in the PM group
has his own area of activities it requires a muiti-disciplinary approach to solve any
problem. Attempts were therefore made to give basic idea about corrosion ond
materials to the whole group but this was partiolly successful because of pre-occupation
of other members of the PM group in activities in their field and prearranged industrial
troining programmes.

On long term basis a we! organised training ond coreer development
programme. tailored to the needs of the individual and tre jobs he is expected to
perform is required. These consist of on-job and in-plont training. porticipation in
maintenance octivities. oftending piont shutdowns, basic ond advance training on
cornasion, materials. inspection and management and attending seminors ond
conferences in related fields. A background paper on training progromme was
therefore prepared ond ks given in Annexure 7.

For training of industry personnel seminars and special lectures were arranged.
Seminar on “Industrial Corrosion Prevention and Control® was orgonised by NEC during
the assignment period which was attended by over 25 porticiponts. Special lectures
were delivered by the consultont at the Philippine Nationa! Association of Corrosion
Engineers ond Philippine Oil Development Corporation. A Seminar-Workshop on

"Metallogrophy and Corosion Failure Analysis® was plonned but could not be orgonised
because of time constraint.

6.0  Acdiional Activities

- The publications on corrosion ond maoterials available in  the technical
library were reviewed and o list of additional books to be procured wos
prepared (Annexure 8).

- Details of test procedures t0 demonstrate the forms of comosion durinbg
training of engineers ond technicians were prepared (Annexure 9).

- A proposal was mode 1o corry out national progromme on atmospheric
conosion to prepare a ‘Corosion Map of Philippines’ (Annexure 10).
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The contents of the packoge of reguiar services oftered by NEC to private
industry wos discussed with NEC Director. The experts opinion on the outiine
of such a packaoge is given in Annexure 11.
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. UTILIZATION OF THE RESULTS OF THE ACTIVITIES

The activities have resulted in focussing the attention of the industries to possibilities
of getting assistance from NEC In solving their commosion and materials probiems. Keen
iterest was shown by aimost all the industries visited. 1o get consultancy in actual problem
solving ond failure analysis. To @ limited extent these couild be looked into by the expert
during the assignment period. but the same will have to be followed up by NEC in future.

The counterpart engineers have been trained and provided technical material
on the basis of which assistance 10 industry con be started. However, this will be more
effective only after recommended inspection and loboratory equipment are procured.
and proposed specialised training in selected foreign institutions is compieted. These
need to be considered on priority basis for due utilisation of project activities.

Successful consultancy requires not only the capability of the consultont but o!so
his acceptance by the user. Time is therefore. an important factor in establishing the
credibility of a consultancy group. Thus it will be only over a period of time that NEC con
play @ magjor role in improving productivity through technically sound PM systems tailored
10 the needs of the individual industries.

The following factors might therefore offect effectieve utilisation of results :

Q) Absence of constant interaction with industries by o senior and
experienced personnel to create confidence between the industries and
young engineers/consultant in PM group. This is very much essentiol during
the first few years.

b) Possibilities of trained personnel leaving before second line of consultants
ore developed.

c) Field and loborotory facilities ore not procured due to budgetory
constrgints.

o) Services ore not provided promptly, professionally and taking into
considergation individual industry's capabilities.
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Emphasis by NEC is not maintoined on Systematic PM Assistance and
Consultancy Services to industries.




ANNEXURE - 1

LIST OF PLANTS VISITED

Lucky Textileg, Meycavuyan, Bulacan
Phiippine Steel Coating Corporation, Mayapu
Geo-Therma! Fower Plant Complex, Mak-Ban

Metropclitan Water Works and Sewerage System, Balara,
Fetro Maniia.

Central Azucarera de San Fedro, Bstangss.

Fhilipinas €hell Fetroleum Corporation, Tabangao
Refinery, Batangss.

Armco Marstee! Alloy Corporation, Taguig, Metroc Maniis.

Noticna! Therma! Flant, Sukst Compiex, Metro Manils.

[{}]

€an ZTebastsin Church, Quiapo, Msnila.




ANNEXURE 2

PLANT VISIT REPORTS

- Lucky Textiles

- Geothermal Power Plant Complex

- Metropoliton Water Works and Sewerage System
- Central Azucarera de San Pedro

- Pilipinas Shell Tabango Refinery

- San Sebastian Church.
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NO. CME/FVR/01
October, 1989

SURVEY OF CORROSION
PROBLEMS IN LUCKY TEXTILES

BACKGROUND

1.1. As a part of the NEC's programme the Lucky
Textiles at Meycauyan, Bulacan was visitied for I days.
The expert’s counterparts were present during the visit
when the vaious corrosion problems being experienced at
the plan were studied at site and discussed with
concerned engineers. The cbservations and the
recommendations are outlined in this note.

1.2. The Lucky Textile was established in 1958, but
during late 70°'s this was closed down. Later it was

taken over by the present management and re-started in
1984.

1.2. The plant has mainly four sechions, i.e.,
spinning, weaving, finishing and wutility. Of these

corrosion is experienced mainly in finishing and boiler
sections.

FROELEMS

2.1. Finishing Section.

2.2. Dyeing Tanks

Dyeing tanks are made of stainless steel
which contains hot solutions of various chemicals
detaile of which are of proprietry in nature. However,
i1t was wmentioned that these are highly corrosive in
nature and contain acetic acid and other salts. Dyeing
is a continuous process and a number of rollers are
welded at the upper and lower portions of the tanks.
Corrosion is experienced near the welds, both of main
tank, and welding of bearing journals to the shell. It
was mentioned that whenever a leaky area is repaired by
welding new lealk appears near the repair weld.




The present condition was examined and at
many locations slight seepage of the red dye and
deposition of salt along the weld was noted. The
failure of stainless steel alloy 316 in the present
case is due to intergranular corrosion of the base
material in the vicinity of the weld. Intergranular
corrsoion is due to precipitation of chromium carbide
near the weld and therefore it is recommerded that
instead of plain 316, AISI 316L grade of wmaterial
should be used.

2.1.2. Structural Supports of Dyeing Tanks

The structural supports of stainless
steel tanks are made of carbon steel channel
sections. In tanks nos. 1 and 2, where the
chemicals are periodically added manually,
heavy corrosion of the structures is
exzperienced. This 1is due to spillage of the
chemicals and presence of hot and humid
atmosphere.

The following remedial measures are
recommended to minimize this problem:

a.) As the site of structural members is
not large, these can be replaced with SS 316L
as already been considered by the company.

b.) The method of addition of chemicals
shovld be modified so that there 1is no
spillage. A bowl with long spout/chute,
mounted on a mobile trolley can be used for
the purpose. The workman will positon the
chute end at the centre of the tank and then
add the chemical through the bowl. As the
acditions are made periodically, the trolley
will be of help in bringing the device when
«ddilione are to be made.

c.) 1f the Management decides to
continue the use of steel structural members
then these will have to be given suitable
protectaive coatings. In the present case the
conditions are quite severe and heavy duty
chemical resistant (resistant to the
chemicals being used) paint system will have
Lo be used. For this purpose repuvted paint
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manufacturers should be consulted.( with the
details of the conditions of exposure)
However, in our opinion, any paint system
will have limited life and periodic painting
will have to be done, which at-site will be
difficult. In the 1long-run it may be
economical to change over to stainless steel
as the weight of structural required is not
high.

2.1.3. Deteriorstion of Drains

The effluent discharge drains in the
vicinity of dyeing were found to be in advance
state of deterioration. Concrete had been eaten
away at wmany places. This requires immediate
attention. The concrete drains will have to be
lined with chemical resistant lining. The
following two alternatives are suggested:

1) Acid resistant ceramic tiles will
have good resistant to attack. In this
case limitations will be the jointing
material. Furane resin can be
considered if the manufacturers
guarantee that it will be suitable for
the present condition of effluent
composition and temperature.

2) The second alternative is to use
monolithic organic coating. As the
effluent contains acids polyester based
coating with silica as filler material
can be used. Manufacturers should be
consulted for its suitability with the
details of chemical composition and
temperature of the effluent and its
recommendations followed for
application. A monolithic 1lining will
be preferred over tile 1lining because
joints are always points of weakness.

3) For any 1lining system used, the
damaged drains will first have to be
repaired. All care wil]l be taken so
that repaired concrete does not fail,
because of improper repair procedure.
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2.1.4. kleaching Section

Eleaching is performed by hot chlorine
gas in a special titanium equipment. All openings
are properly sealed. However, sometimes there is
leakage of chlorine which corrodes the structural
suprorts made of carbon steel beams, angles etc.
One of the affected beam has been replaced by
sltainless steel.

Replacement with stainless steel of the
structures likely to be affected by the leaking
chlorine gas is not economically Jjustified.
Further, in wet chlorine, stainless steel will
also not have very good resistance to corrosion.

Use of a suitably applied heavy duty
paint coating is recommended:

a.) The coating system will consist of:

(1) Brush applied > coat of
chlorinated rubber base paint containing
mineral filler resistant to wet chlorine
gas.

Dry film thickness—minim SO micron/coat

(ii) Brush applied 2 finishing coats of
chlorinated rubber to required colour
finish.

Dry film thickness—minim 30 micron/coat
(Cocating manufactured by M/S Lechler
Chemie, Stuttgard; Trade name I1COSITA
Heavy; other manufacturers can be
contacted for similar products)

(iii)Manufacturer’'s guideline regarding
surface preparation and other
application details will be strictly
followed.

b.) It will be good practice to get the
work done by accrediated paint
contractor of & local reputed paint
manufacturer. Such a system exist in
Fhilippines where guarantee for Jjob is
given. If the supplier has any other
guaranteed paant systemn, the same
should also be considered.
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2.1.9. Mercirising System

Mercirising consists of subjecting the
fabric to a successive treatment of caustic,
stretching, washing, souring (acid), washing and
drying. The treatment is carried-out in series of
open tanks where the solutions/water are heated by
direct injection of steam through specially
designed cast iron no:z:zles. The 2 to 2*/x" diea
noz:xles have number of /4" holes.

In the two washing tanks after caustic
and stretching section following problems are
experienced as per the dept. engineers.

a.) The steam nozzles get choked with
deposit over a period of time and
requires cleaning. However, the
frequency was stated to be once a year.

b.) Whitish deposits form on the
rollers and require cleaning once a

week, thus affecting production. Such
deposits are not observed in the washing
tanks downstream, whe e bath

ter.peratures are 60°C against the 95<C.

The water used is raw water and
depending on its compostion, the pH
existing in the tank water and
temperature deposits are likely to form.
So basically the problem 1is ¢to be
tackled from various angles. The
following line of action is suggested
for a detailed study:

1) Undertake detail analysis of
raw water and the tank water, as because
of evaporation some degree of

concentration is likely to occur.

2) Analyze the deposts formed on
the rolls/jets to establich whether it
is carbonate or sulphate scaling.

) This should be followed by
detail analysis of the problem to find
out the remcdicl measure. On2 remedy
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may be isolation of the two tanks from
the main raw water supply system and use
only treated water which would not leave
any deposits under the operating
condition. However, this would involve
extra cost which would have to be
economically justified.

Utility Section

2.2.1. Corrosion of Underground Fipeline

The plant originally had underground
water supply piping networtk. These developed
leats due to soil side corrosion. The old piping
network has been completely replaced with
overground pipe. This has been a correct step.

2.2
Lo

e Boiler Section

In the boiler section, the following
corrosion and maintenance problems were mentioned.

a.) Corrosion and Sealing of Boiler
Tubes

There are six boilers where process
steam is raised. The pressure is in the
range of 70-100 psi. Originally no water
softener was the-e when lot of scaling
was observed. The boiler had to be
pericdically chemically cleaned.
Subsequently ‘"zecolite" softener was
installed in 1986. Chemical treatment,
e.g. dosing of phosphate and sodium
sulphite was also started. Magnetic
device was also installed in one boiler
but its performance in the long run was
found to be inadequate. At present
"suoftened” water with phosphate and
sulphite dosing is wused for all the
boilers. The feed water consist of B80%
make of water + 20% return condensate.
The temperature of feed water is around
&°C. Of the six boilers, two are wood
fired and four "bunker oil" fired.

In the past two vyears the boilers
have been either fully or partially
retubed. The tubes had euperienced
pitting and thinning.
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The system was examined and the
following comments/recommeadations are
made taking into corsiderations the long
term performance of the boilers.

(i) The present method of
maintaining boiler water quality needs
considerable improvement. The addition
of chemicals should be based on the
maintenance of min amount of PO4 and
sulphite in the boiler water. At present
cer tain norms about periodicity of
addition has been fixed and no reguiar
checks »n quality of water is made. It
was mentioned that this periodicity has
been fixed on the basis of previous
experience, the basis of which is not
clear.

(ii) Similarly blowdown is also
made on the basis of a fixed norm (every
4 hours) instead of T.D.S. level of
boiler water.

(ii1i)The method of chemical additon
needs improvement. A chemical dosing
system shoud be introduced, if possible.

(iv) Chemicals/treatment of a
reputed company 1like Nalco, Betz or any
local company should be followed and
recommendations of supplier for
operations should be strictly adhered
to.

b.) Tube to Tube Sheet Leatks

1t was mentioned that quite
often after shutdown some tube to tube
sheet Jjoints start leaking. This
happens only 1n cases where expanded
joints have been provided. This type of
leakage 1s due to tube sheet holes
developing slight ovality or increase in
their diameter by repeated expansion. In
future it is recommended that tube to
tube sheet Jjoint shoule be seal welded
after expansion.
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No: CME/PCS/02
November 1989

REVIEW OF CORROSION AND MATERIALS

PROBLEMS AT MAK-BAN

GEOTHERMAL POWER PLANT COMPLEX

BACKGROUND

1.1 The geothermal power plant complex of National
Power Corporation at Mak-Ban was visited on 27.10.89.
The materials and corrosion engineers Mr. Renato B.
Golecruz and Miss Evangeline O. De Guzman were present
during the visit. There are three plants A, B and C in
the area with @ total generating capacity of 330 MW
from six 355 MW units.

1.2 The geothermal steam is piped out from deep wells
varying in depth from 2150 ft. ¢to 10,302 ft. The
average depth is 5,893 ft. There are 73 wells in a
total area spread over about 160,000 acres, of which 52
are production wells, The steam requirement is about
420T/hr for plants A and B and 440T/hr for plant C.
The wells are drilled and maintained by the Philippine
Geothtermal, Inc. and the steam supplied to National
Power Corporation. The wvisit was made only to the
NPC’'s power generation station C.

1.3 The flow diagram of the steam system in the plant
is shown 1in Fig. 1 The steam of B0psi (5.65 kg/cm=)
received at the plant contains 4% non condensable gases
by weight; 857 CO2 and 157H=S. The steam coming out of
the turbine goes into a direct contact condeser where
it meets the cooling water entering the top. The
condenser consists of number of trays with holes to
effect good contact between the fal'ing water and
rising steam.

1.4 The warm water from the well is sent to a cooling
tower. While a part of the water is recirculated, the
rest is sent bank ¢to the field for reinjection in the
earth. The non-condensable gases from the condensed
steam is removed by means of 2-stage ejectors.
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2.0 CORROSION PROBLENMS

2.1 It was mentioned that no serious problems due to
corrosion are being experienced in the Complex.
. However, the following two were identified by them:

2.1.1. Corrosion in condensate water
circulating line,

a) The condensate water line to
cooling tower and back have shown considerable
internal corrosion. This is inspite of the fact
that as a control measure cuastic solution is
injected in the water to neutralise acidity. The
steel pipeline from the hot well to the cooling
tower has already been replaced with fibre glass.
There are plans to replace the return lines also
with fibre glass.

b) The non-condensable gases contain
about 857 CO-=. CO:> dissolved in water forms
carbonic acid, which makes it corrosive. Presence
of HzS further increases the corrosivity of water.
Neutralisation is the most commonly used corrosion
control method which has been provided in the
system. However for good performance of
neutralisation system two important points are are
to be kept in view:

(i) Good mixing between caustic
and the water for effective and quick
neutralisation. For this purpose the best
location for injection of caustic is the

inlet of the pump. The mixing is qQuick and
efficient when the water passes through the
pumps .

(ii) Caustic Injection should be
properly controlled and maintained
continuously.

(iii) The pH of the water at outlet
of the pumps and inlet of the cooling tower
should be regularly monitored and caustic
injection adjusted accordingly.

c) Even after replacement with FRP,
the neutralisation should be continued because
- this water is also transported for injection and
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the pipeline outside the power plants boundary
would also need protection against corrosion.

d) It may be mentioned that the water
being steam condensate, it will not have any
tendency for scale formation. The water is
therefore expgected to be corrosive even after
neutralisation, specially in presence of oxygen.
The pH of the water should therefore be maintained
high at 10%0.2,

2.1.2. Corrosion of Steel Structure.

a) The steel structures, pipings, etc.
are subjected to atmospheric corrosion specially
thase in the ejector section and in the vicinity
of cooling tower. In these areas the paint on
columns, pipings, structures does not last more
than 6 months. It was mentioned that some type of
epoxy coating has been used.

b) The area was found to be quite
windy during the visit. Being 1located at high
elevation it is expected that for most of the time
the wind will be moderate to strong. Due to wind
the equipment in the area is constantly exposed to
water spray. The ejectors also release lot of
steam which adds to the wetness on the structure.
The water droplets have dissolved HzS and COx
making the environment corrosive.

c) The paint selected for this
location should be resistant to wet and damp
condition in presence of COz and H2S. A suitable
paint system should be selected in consultation
with reputed paint manufacturers. In our opinion
systems given in Table 1 will give good life.
Before final selection, jt is recommended that
these should be tried in a few areas and
per formance evaluated.

d) Any paint system finally used
should be applied under correct conditions, e.g.,
proper surface preparation, absence of surface
wetness and strict supervision. Unless these are
followed even best of paint will not give g¢good
life.




29

2.1.3. In the steam turbine, one of the blades
on the low pressure section, developed crack at
the root. The blade has been removed and sent for
metallurgical examination. It will be appreciated
if the report on the observations is sent to NEC
to study cause of this tfailure.

GENERAL_COMMENTS

3.1 Geothermal power generation consists of tapping
steam from underground and generating of power from the
same . During the present visit there was no discussion
regarding the corrosion problems experienced ir the
geothermal field. However some information was
available from the Head of the Mak-Ban power plant.

3.2 Tapping of steam consists of drilling hole up to
the reservoir depth. The steam along with hot water
comes out through a pressure reducer and control valve.
Steam and water mixture are collected at gathering
stations where first the steam 1is separated 1in
steam/water separators. The water is drained and the
steam is washed to remove any entrained water droplets
and solids. Washed steam is transported to near the
plant and again spray washed before sending for power
generation.

3.3 1t was informed that all the vessels in the
gathering stations are made of stainless steel and
steam pipings are of externally insulated carbon steel.
Further, no corrosion problems have been experienced
except for the condensate draw off pipings in the steam
line.

3.4. The following corrosion problems are possible in
the system, «hich should be kept in view for future
reference problems.

3.4.1. The water coming out of the wells is hot
and contains large amounts of dissolved solids.
Total analysis of this water should be obtained.
The water is expected to contain large amounts of

chlorides and as temperatures are high,
possibilities of SCC cracking of stainless steel
remain., The intensity of cracking is less in the

absence of oxygen. Oxygen content is therefore
important.
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3.4.2. The steam may have entrained chloride
and as wash water contains dissolved oxygen,
cracking can occur on localised conc™ of chloride,
say during spray water failure.

a) Detail information on grade of
stainless steel being used will be collected with
regards to its resistance to SCC,IGC and pittaing.

b) Shutdown should include visual
inspection of welds, stagnant areas and other
vulnerable points. 1f SCC or 1GC is suscepted the
area should be fluorescent dye penetrant checked
along with field miscroscopy to establish the
nature of corrosion.

c) In case SCC is detected, the area
should be ground till all the cracks are removed.
I1f depth of the crack is less than 25% of wall
thickness and confined to 75mm dia area, the edges
should be ground smooth and left as it is. 1f the
depth is more than 257 the portion should be cut
and a new plate welded.

d) In case of closely spaced pitting
the above procedure should be followed.

e) In case ot IGC, the material is to
be changed to stabilise grade. Temporary weld
repair can be done with lov heat input.

3.4.3. Corrosion of Carton Steel

a) Steam,after washing contains about
47 by weight of non-condensable gases of which 85%
is CO= and 15% H=S. Main corrosive constituent in
this system 1is COz. Corrosion of carbon steel by
CO- is dependent on COz partial pressure and
temperature. In such cases mol % or vol % is more
important than wt percent and this should be found
out. Mol % x system pressure gives the partial
pressure.

b) Corrosion rate increases with
increase in CO: partial pressure and temperature.
Above 80°C, the corrosion rate decreases because
of formation of Fe-Carbonate film on steel
surface. HzS may affect this temperature.
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c) Steam temperature in the present
case is 160°C and that is the reason that no
corrosion of C.S. piping has been observed. At
condensate drain point which are not insulated,
temperature comes down and corrosion took place.

d) In case of CO>/H=S corrosion of CS
steamline, the affected portion should be u/s
tested for wall thickness loss. Based on

inspection results the affected portion would need
replacement.

3.4.4. Wells for gettin out steam uses steel
tubulars. Depending on corrosivity of soil,
corrosion of well pipes can take place resulting
in perforation. As in case of 0il well these may
require cathodic protection.
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TABLE 1

RECOMMENDED FPAINT SYSTEMS IN THE STEAM EJECTOR AREA OF

MAK-BAN GEOTHERMAL POWER PLANT

Wet, steamy due to ejector steam and wind
borne cooling water spray.

Atmosphere contains high amount of COz & HxS

released in the air.

Surtace Freparation

Fraimer

Top Coats

Dry Tilm thiclkness
(min™)

Suriace Freparation
Frimer

Top Coats

bry film thaickness

Near—-white metal
blast (NACE No. 2 or

SSFC No. SF-10)

Une coat Inorganic
zinc

High build vinyl
Frimer - 3 mils
Topcoat— 6 mils
Same as above
Same as above

High buaild
chlorinated rubber

Same as above.
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CrE/FPCS/705
Novesber, 1989

CORROSION AND MATERIALS PROBLEMS EXFERIENCED BY

METROFOLITAN WATER WORES _AND SEWERAGE SYSTENM

INTRODUCT 10N

1.1 The head office of the Metropolitan Waterworks and
Sewerage Systea (MWSS) at Balara was visited on
30.10.89 along with counterpart engineer Mr. Renato B.
6olecruz. - The protlems of saterials and corrosion was
discussed with £ngineer Mangalabran and his other
collegues. The water treatment plant at Balara was
also visited. No discussion on problems in sewerage
system was discussed.

1.2 7The public utility water supply to Metro Manila is
divided into Northern and Southern zones. Water source
is from three water reservoirs known as Messa, lpo and

. Bala dams. These are located at elevation of 76

seters, 101 wmeters and 64 meters. In addition,
groundwater is tapped in same areas to augment the
increase demand.

1.3 wWater from Ipo and Mesa are mainly used to supply
southern part of Metro Manila. The water is brought to
centralised treatment plant by a 2 meter dia concrete
aquaduct. Water is treated to remove suspended solids
by addition of cogulant and floculant followed by
filtration. The water is then chlorinated and supplied
to different parts of the city. Supplys is basically
by gravity flow. The distribution is not the
responsibility of MWSS.

R

JAILS

2.1 The following informations were supplied during
discussion:

2.1.1. Guality of water

pH - 6.9 to 7.2
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Total Hardness - 44-60 mqg/1 as CaCO3

Chloride - 3-8 ppa.

Free Chlorine - V.1 ppm.

2.1.2. Material of construction

Main supply papeline - steel internally
and externally
lined with
concrete

Valves - C.l

FPumps -~ Casing of C.I;

- impel ler of

bronze

Chlorinator -

dry chlorine section — Steel

wet chlorine - blastics

Cheaical tanks - Stainless steel

Water - Plastic lined
steel

Tankages - Concrete
(mainly)

2.1.3. Corrosion problems
i. It was informed that no serious

corrosion problems are being experienced by MWSS.
No information of cases of pipeline leakages was
available. Loss of water in distribution however
is about 30%, a majority of which is considered to
be due to illegal connections. Losses due to
leakage are also suspected during distribution but
details were not available to establish this fact.

ii. Chlorination section has
considerable corrosion problem, specially due to
leakage of chlorine in the enclosure. The

materials for the wet chlorine handing has been
changed to plastic. fProblem is in dry chlorine
handling pipes and other steel structures because
of external corrosion.
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111. KAlum and terraic chiorxde tankse were
ear lier fibre glase lined carbon steel but tailed
1 3-4 years. lhese have been changed to FVC lined
and solid FVL respectively and the performance has
improved.

Recommendations

2.2.1. It was mentioned thet MWSS would latke
advice on paints tu be used an the chlorination
section. They also wanted to lnow it any

alternate cheaper anode can be used 1i1n chlorine
vaporiser as presently these require vyearly
replacement.

1. Chloraination ot water 1is aone by
heating liquid chlorine supplied trom storage
cylinders. Ltiquuid chlorane 15 heated in U
vapourisers, which 1s contained 1n a hot water bath
at abt-nut 160°F (7u~il). 1he liquiad chlorine from
the cylinder to vaporiser and gaseous chlorine to
chlorinator 1is handled 1i1n /4" dia steel pipes.
When any leal age of chlorine occurs heavy
corrosion of pipangs near the leak takes place.
The overall corrosivity of atmosphere in the room
also i1ncreases leadaing to tailure of paints.

Some of the pipes were examined.
At many places leaks occured at the threaded
Joint. Chlorine coming 1n contact with molisture
in air caused heavy grooving type attack.
Following corrective measures are suggested:

(1) All steel pipangs carrying
liquid chloraine have threaded joints. Al)
threaded Jjoints after tightening shoulo be
seal welded. This would avoid leaky thread
joints, main source of chloraine lealage.

(2) The othcer source of chlorane
leakage is from plastic piping joants. The
joints are of welded or mechanical clamping
construction. All Jointang should be
supervised and checked tfor their integrity.
Any leaky Jointe <hould be immediately
attended to.

(2) The paint systems gaven 1n
Table 1 are recommended for steel piping and
structures.
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(4) 1L 15 a good practice to have
a well ventilated chlorination r oOm by
providing suitably located exhaust fans. As

chlorine will be released to outsade
environment, 1ts impact on pollution should
be examined before implementation. .

13. Chlorination is done by heating an
a double walled vessel, with water in the outer
chamber. As chlorane should in no case become
wet, the leakage ot the inner shell, due 1o
corrosion 1s to be avoided. This is achieved by

cathodic protection. Fencil Mg anodes (four nos)

are used, which are connected togehter. The
alternative approaches are:
(1) Use cheaper zinc 1instead of
Mg. This would not give desired protection
as the polaraty of 2i1nc 1s reversed at
temperatures around 65-70°=C. Use of zinc
above 60U=C is not recommended.

(2) Second alternative is the use
of aluminum alloy anodes.Aluminium is likely
to develop passive .oxide/hydroxide layer at
high temperature, reducing 1its protective
efficiency. However, the aluminium anode
supplier can be contacted. These maybe
cheaper but would also require periodic
replacement.

(3) Impressed system can be used
but it would require one time  higher
investment and greater operational control
and chects. This 1is not a recommended
alternative.

GENERAL COMMENTS

3.1 In potable watler of the qualaty being handled by
MWSS, the concrete coated line is expected to have good
life as a as internal corrosion 1s concerned. External
soil side corrosion 1s of importance specially in the
mair.lines where number of branch and subsidiary lines
are connected. Taking long term performance 1into
consideration and the fact that many of the pipes were
laid more than {Tifty vyears back, a detail survey is
necessary. NEC can assist MWSS in thas. It is to be
kept in view that though presently concrete coated
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water mains are being used, the old lines, specially in
Manila, may be of C.I or steel coated with tar or
asphalt. Some of the pipes may be even 70-80 years old.

3.2 Another area of concern is corrosion of
distribution and connection lines. These are not given
same attention as in case main lines, as the work is
carried out in small sections and from time to time.
Becasue of small volume of work the contract valve is
low and therefore supervision of a large project
project lacks. As MWSS suspects considerable loss of
supply water due to leakages, a detail survey on
distribution and supply line leaks is also necessary.

3.3 The following is the broad outline of the surveys
3.3.1.  To collect all available information on:

a.) Routing of wmain and distribution
lines in different areas.

b.) Materaials ot construction and
protective coating <cystem of the above lines;
including supply lines. )

c€c.) Method of ‘connection at branch and
supply lines and materials used both at present
and earlier.

d.) History of failures 1in various
sections along with their nature, wherever
available.

e.) Review 0of all data from (a) to (d)
to conclude the possible state of health of
pipelines in different segments.

f.) Undertake on-the-spot Jjoint study
with MWSS as and when failure occurs ain any of the
lines. Thickness survey, laboratory examination
on failed pipe piece (where available) and other
visual examinations will be carried out during
such investigation. Mostly pitting type of
cerrosion 1s expected.

g.) Areas where the incidence of
leakages and corrosion rates are more, soil
resistivity and soil analysis should be conducted.
For soil resistivity, 4-pin or soil box method
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should be uced. In areas where other- utilities
are present, the former will not give accurate
readings.

h.) Based on the date collected during
Survey, variocus corrective measures can be planned
for long and short term implementation.

3.X.2. It is not possible to predict the
corrective measures, without detail survey of the
problem. In any wmetropolitan area there are

various underground utility lines 1laid near each

other. So more than one methods may have to be

used, depending on location and nature of problems
as given below:

) a.) Change of material; nodular cast
iron, well coated steel, galvanised steel, plastic
pipes, etc. are candidate materials depending on
size, the latter for two smaller diameter
distribution pipes.

b.) Recoating.

c.) Cathodic protection. Interference
from other undergropund lines, foundation
reinforcement of buildings, etc is to be

considered.

d.) In case of (a) and (b),
practibility with respect to the closure of a
section of the road for a considerable time is to
be taken into account. The other important point
is that many water lines must be passing under the
houses and buildings and opening up these areas
may be difficult for any change or replacement.

Problems in sewage treatment plants and sewerage

should also be discussed with MWSS and it necessary, a
survey as outlined above can be taken.
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Table 1

PAINT SYSTEM FOR CHLORINATION ROOM

CONDITION: Indoor with occasional leagkage of chlorine

Paint Systess:

1. (i) Brush applied 2 coats of vinyl based paint containing
mineral filler resistant to wet chlorine gas.

dft - min® 50 micron/coat

(ii) Brush applied 2 finishing coats of vinyl to required
colour finish.

dft - ming 30 micron/coat

2. Alternately use FRP pipe in lieu of steel.
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No. CHE/PCS/04
November 1989

CORROSION AND MATERIAL PROBLENMS
AT
CERTRAIL. AZUCARERA DE SAN PEDRO

1.0 INRODUCTION

1.1 The Central Azucarera de San Pedro (CASP) sugar
fauctory at Batangas was visited on 7.11.89 along with NEC
engineers Renato . b. Golecruz, Primitivo B. Consunji,
Evangeline 0. de Guzman, and Dulce C. Bernardo. There are
two basic units in the plant, i.e., sugar production and
aleohol manufacturing units.

1.2 Various materials and corrosion problems were
discussed along with the corrective measures already taken.
The existing problems on which solutions are still to be
found out were highlighted by the plant personnel and these
were discussed in detail.

2.0 OQUTLINE OF PROCESS AND. PROBLEHS - SUGAR UNIT

2.1 Sugar Production

2.1.1. The basic raw material for production of
sugar is sugar cane. The milling season is of 6-7
months duration, starting 1st or 2nd yeek of December.
The present crushing capacity is about 8000 T/day,
which 1is to be increased to 10,000 T/day after
commissioning of the new unit.

2.1.2. The sugar cane received from field is
mechanically handled, cut and crushed to produce juice.
The separated raw juice is taken for further treatment
to produce sugar while the solid left over, bagasse, is
used as full to generated steam. It was stated that 95%
bagasse is require for generating process stean
requirement.

2.1.3. There are various steps involved which
broadly consists of clarification, filtration follwed
by concentration in quadrepel-effect evaporator system.
The sugar syrup is then chemnically treated with
phosphoric acid and then 1lime. The treated syrup is
heated to produec sugar crystals in vacuum pan.
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2.1.4. Sugur syrup is sacidic in nature and
initially contains lot of solid particles which come
from soil, sand, etc. The juice pH is around 5.5. The
acidity of Jjuice is neutralised but on long holding,
sape acidity again develops. Thus in the whole process
some chances of acidity does remain and material of
construction used in many equipment has been changed
from originul steel to stainless steel.

2.1.5. In equipment like evaporators, puns,
etc., scaling develops, requiring periodic cleaning.
Normally caustic cleaning is performed.

2.2 Problem Areas

2.2.1 The raw Jjuice has both corrosive and
erosive action. The original pumps made of C.I. casing
and bronze impeller had short 1ife. The impeller
required change e¢very 3-4 months. As a corrective
peasure it was decided to change the pusp mpaterial
especially the impeller to stainless steel. This is
being done as and when the SS pumps are procured. At
present there are only 2 pumps of all SS construction.
Vhen not available attempts have been made to use
coated CS casing. The trials are still going on.

Recomwendations: Coatings may not give a
sufficiently long 1life as the ountlet end is subjected
to heavy ero<sior/corrosion. It will be better to change
the whole pump Lo stainless steel.

2.2.2. The CS pipes and bends of raw juice
handling system are subjected to erosion/corrosion. The
schedule of 10" piping has been increased to 80. Bends
are affected more than the straight portion of the
piping.

Recommendations: There are following approaches
to solve this problenm:

1. The metallurgy of bends can be upgraded
to SS 321.

2. The radius of present C.S. bends cana be
increased to 3D (if not already there) provided the
resulting modification in piping layout can be
accomodated in the present overal  set up.

3. The bends can be alternately strip lined
with SS 321 using 3 bead welding.
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4. Az regards the sirmipght portion, prosent
praclice of periodic replacement auppears to be quite
adequate. Replacement with SS wculd however be u more
pernanent solution but this would cost mwmore. This
should be considered by the managenment before taking
final decision.

2.2.2. Phosphoric acid is used ulong with lime
for clarification of filtrate juice. Pumps and pipings
for handling show sign of corrosion. The problems is
more serious with piping joint leaks and deterioration
of concrete floor and drains and the pump base plate.

Recommendation:

(1) The SS pipes have threaded joints.
After some time due to corrosion of thread, it starts
leaking, causing external corrosion of both pipes and
surrounding floor. The pipes should be made of welded
construction or alternately threaded joints should be
seal welded. Stabilised (SS 5321) or low carbon grade
(SS 3046) stainless steel should be used.

(ii) Because of acid leakage from
glands, the SS pump base plate, made of C.S. gets
corroded. The base plate has already been changed to
SS. This is a correct step.

(iii) The 1leaking acid from pump and
piping damage concrete flooring and drains. The present
pump base concrete is in bad stape. The damaged
concrete should be chipped off and the redone. After
fixing the SS base plate, the concrete should be lined
with ceramic tiles or base constructed of acid
resistant dense silica bricks. The drain should be
lined with m®monolithic polyster based 1lining, using

manufacturer’s reconmendation for application
procedure.
2.2.3. It was reported that steel tubes of

pultishape evaporators fail quite frequently. Failure
normally occurs during and after caustic cleaning. The
evaporators require cleaning bi-weekly to remove the
depostis formed. Hot cleaning is practiced. It has been
noted that leakage develops at junction of tube and
tube sheet. No details could be obtained during the
short visit but it is an interesting problem and PHM
group should take up failure analysis.
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Recommendations:
Following lines of action are recommended:

a.) Host 1likely cause of failure 1is caustic
cracking. Details of operatl.ion should be collected and
the sample examined for (i) general corrosion (ii)
cracking (SCC will give intergranular cracking) (iii)
microscopic examination. The cracked area can also be
analysed for presence of caustic on the surface.

2.2.4 Clarifier top plates show sign of
corrosion and are to be replaced after about 10 years.
Filtered juice is heated to about 216-222°F (102°C -
10C) and 1lime added to bring up the pH to 6.8 - 7.2.
After floculator, the juice is fed to clarifiers, where
the solids are removed to get clarified juice.

Sugar Jjuice 1is basically acidic and if
the pH control is not proper it is 1likely to cause
corrosion, specially during the period when pH is low.
On the top of the plates, deposits form and underneath
the deposti corrosion can occur either due to
development of acidity or under deposit corrosion.

Recommendations:

(1) To carryout a thorough inspection of the
plates to see the nature of attack, i.e., localised or
uniform. Uniform attack would indicate more of an acid
attack.

(11) To collect the deposti and find out pH
of the water extract. The pH of the deposit may not be
same as that of the bulk solution.

(111) To have a greater control ever pH.
Possibilities of increasing the pH range to 7-5-8.0
should be examined from the process point of view.

(iv) It is likely that a life of 10 years for
the plates made of C.S. is quite adegquate.

3.0 OUTLINE OF PROCE3S AND PROBLEMS.- ALCOHQL UNIT

3.1 Molasses, a by-product of sugar production is
fermented in closed stainless steel tanks to produce raw
alcohol. The COz is collected, washed, compressed and sold
as CO2 gas. The raw alcohol is distilled in copper columns
to produce industrial and over quality alcohol. Except for
atmospheric corrosion of structures, there are very few
material and corrosion problems in the alcohol unit.
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3.2 Most of the equipment in production of alcohol are made of either
S.S. or copper. It was mentioned that some corrosion of copper trays has been
experienced in the beer rectifying column. The problem is confined mainly in
the beer middle section where 10 Bau. caustic solution is introduced. The
area just below the downcomer pipes thin faster resulting in perforation.

Caustic is added to control pH and remove deposits which form on the
plates. Though the problem was not studied in detail it appears to be a case
of erosion/corrosion. Corrosion of copper is quite low in this environment
but falling liquid disrupts the protective film and probably causes
comparatively accelerated corrosion.

Recommendations:

Detail study of problem should be taken up by PM to establish
the causes of corrosion.

4.0 ATMOSPHERIC CORROSION

4.1 Normal corrosivity of atmosphere in and around the plant is quite
high. The plant is located at higher altitudes with lot of trees and water
streams around making the R.H. quite high all the year around. Further, H)S
and CO; and probably other gaseous chemicals are emitted in the atmosphere and
formed in lagoons of waste water from the sugar plant due to degradation of
organic matters. Further there are member of open tanks containing hot
liquors thus making the area inside the plant ho: and humid. Consequently the
structural steels are heavily affected with corrosion.

It was mentioned that galvanised roofing has only a few years life
and many of the roof structural members were found in advance stage of
deterioration.

Recommendations:

Same protective system will not be suitable in all areas.
Before selection of protective systems, field trials on panels with
some selecred coating systems should be exposed and the most
economical ones should be selected. It should be kept in view that
repainting period should preferably be high for structures inside
the plant than those outside.

As regards roofing, painted galvanised iron sheet should be
used. Further, the zinc coating thickness should be higher
(50-100%2) than normally being produced in the Philippines. The
paint system used on galvanised sheet should be resistant to the
chemicals inside the plant.
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No. CME/PCS/07 *
December 1989

CORROSION AND MATERIAL PROBLEMS IN TAEANGAU REF INERY

1.1 The Tabangao Refinery of Pilipinas Shell Petroleum
Corporation in Batangas was visited on 24.11.89 along
with NEC engineers Mr. Renato B. 6Golecruz and Miss
Evangeline 0. de Guzman. Initially discussions were
held with Mr.Joseph Holden, who gave a bread outline of
the problem and also the system for problee solvings in
the area cof materials and maintenance. He stated that
the problems are studied in—house and where necessary
sent to their head office in The Hague where a
centrzliced cservice group exists to help various Shell
organizations throughout the world.

1.2 It was explained by NEC team that the purpose of
the present visit wes more to learn about various
corrosion problems being experienced and how these are
being sclved.

1.2 Subsequently a visit was made to the plant and
detail discussions were held. The objectives of the PM
group being established in NEC was explained to the
plant personnel.

2.0 DETAILS OF PLANT CORROSION _AND MATERIALS PROBLEMS

2.1 The Tabangao Refinery having total throughput of
about 2 MT/year was commisioned in 1965 and consists of
the following units:

- Crude distillation - 2 (1 of about 1.3
MT/year and 2nd of
abouvt 0.7 MT/year
capacity

- Flatformer - 2

- Meroyx - 1 .

[ - an -
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- Hydrofiner - i
. (for naphtha)

- Hydrodesulp - 1
. uriser (for diesel)

- Utilities

- fPort for water pumping andloading
and unloading facilities

- Propane/Butane

High sulphur middle east crude is being processed.
The refinery has got its owen captive power plant.

2.2 Crude Distillation Unit

2.2.1. Distillation column of the 1=% unit is
made of carbon steel with SS 410 trays and valves.
Cpposite the entry nozzle, impingement plate has
been provided. The original impingement plate has
been replaced with SS 316, because heavy attack of
CS was experienced due to suspected presence of
naphthenic acid in some of the imported crude.
Further, to reduce the high temperature sulphur
attack the inlet temperature of the column is
rectricted to X60°C max™.

The distillation column of 27 unit has
its bottom portion made of SS 410 clad C.S. (up to
diesel draw off) to take care of sulphur attack.
The top portion is made of C.S. The crude iniet
temperature is 3I80-390=C. Internals are of SS
410, Due to corrosion over long period of time a
portion beyond original cladding bhas been strip
lined with SS 410. The last lining Jjob was done
nsing plate lining technique.

Comments: Most probably the 1= unit was
originally designed to process low sulphur “sweet
crude” (Indonesian?) but subsequently high sulphur
crude was processed. In such a situation there
a:'e two approaches.

- reduce crude inlet temperatuer
within a managable corrosion rate and carry out
maintenance, job as and when necessary. The

- product pattern will change in case of low
temperature.
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- Strip line the bottom portion with
SS 410 and use normal operating condition. This
would invelve considerable welding iJob, which is
to be carried out very carefully after proper
cleaning of corroded surface. Any carbon or
sulphur pickt-up from 0il and sulphide scale would
affect integrity of weld. The striplining is
carried using I bead technique with SS I09 welding
€lectrodes. In extreme cases underbead cracking
have lead to cracking of msain column, where the
lining was not done properly.

2.2.2. The crude heater to column transfer line
in both the units are of SCr - 0.5 Mo. This
material is suitable for both low and high sulphur
crudes.

2.2.3. It was wmentioned that to take care of
crudes (received from time to time) having
neutralisation number of more than 0.5 (due to
presence of naphthenic acid) two steps are being
followed:

- Mixing of crudes having low and
high naphthanic acid contents to bring down the
neutralisation number of the mix below 0.5.

- Upgrading of metallurgy of trays
and valves to SS 316 from the present SS 410. The
upgrading is being done in stages and recently in
one of the columns all the trays have been
replaeced with SS 316.

Comments: In the presence of naphthanic acid there
is no marked difference in corrosion rates between
plein C.S. and Cr-Mo alloys. SS 316 1is most
commonly used. However, in such a case not only
the trays and valves, but main column, transfer
line and also heater tubes will be affected and
may have to be changed in future.

Further, SS 316 is liable to chloride
SCC in column tops, where water condensation
occurs, Even in high temperature areas cracking
can occur during start ups and shutdowns, in case
poctets of high chloride concentrations exist.
Chloride can come from the crude, steam (when
steaming is done before opening the column) and
water (used for washing the column prior to
maintenance jobs).
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Careful periodic inspection is necessary
whenever SS 316 is used.

Polythionic acid SCC is also possible.
2.2.4. Overhead Corrosion Control.

Overhead corrosion occurs due to
decomposition of chloride salts into HCl1l at high
temperatures. The reactions are

MgCl=> . Hz0 - MgO + HC1
CaClz . HxO0 - Ca0 + HC1

The HC1l goes to the top of the coluan
being gaseous and dissolves in condensing water,
thus causing acid attack. Condenser tubes,
accumelators, column top and pipings are affected.
Injection of caustic is being praciticed. Caustic
injection point is after the last heat exchanger
and before the heater inlet. The caustic reacts
with MgClz and CaClz to form NaCl, which does not
decompose and thus binds the HCl. NaCl remains in
the column bottom crude. The amount of caustic is
adjusted to maintain the condensed water pH to
6.5. In case of decrease in pH, the final control
is made by injecting ammonia at the colusn top
outlet.

a.) The refinery had earlier
experienced caustic cracking of piping, specially
in the furnace header, where unreacted caustic
tried to collect at dead ends. This bhas been
taken care of by modifying the header and nearby
piping design. If opportunity arises, NEC should
try to study the modification because during the
short visit it was not possible to go into
details.

Comments: In injection of caustic following
additional steps need condideration:

i. Injection point to be located
up-stream of the present position, where the
crude temperature is in the region of 120<C.

ii. Good performance of vortex
mixer should be properly monitored.
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iii. Atteapt should be made to add
sufficient caustic to reduce 80X of HC1 and
final neutralisation carried out by adding
NHs . This may requi'e periodic ‘“Petreco
Steam Distillation test’ to deteraine HC1
potential of crudes being processed. The
procedure is available in Petrolite Testing
Procedures publication.

b.) The overhead condenser and other
coolers and condensers are aade of AlL-brass, the
cooling water used being once-through sea water.
The 0/H condenser tube have average life of 4
years. This is due to process side corrosion,
specially due to acidic or alkaline conditions
prevailing due to improper control of overhead pH
to round about 6.5. High pH results in NHs attack
and low pH acidic attack. Tubes at the inlet end
of shell are affected more because of impingesent
action of corrosive condensed water droplets
inspite of provision of impingement plate. The
plant is proposing to change the tube material to
Sanicro 28. This has UNS number NOB8028 and
contains 26-28Cr, 29.5-32.95Ni, 3I-4Mo, ©0.6—-1.4Cu
and o0.03C max~, This wmaterial has very good
resistance to both pitting and SCC.

Comments: The other possible msaterial; used in sea
water service successfully, is UNS NO83566 (AL-6X)
containing 20-22Cr-23.5-25.5., 4-Mo and 0.035C
max™, Before deciding on the material cost
difference and SCC resistance of AL-6X should be
got confirmed. 1f retubing is to be done, effect
of the new material on existing tube sheet and sea
water side material should be got checked by
consulting the tube manufacture.

c.) Condensate Accumulator

Condensate accumulator bottom
section is subjected to corrosion by water which
is separated from naphtha. Periodically this is
sanblasted and painted with epoxy coating.

Comments: The other alternative is to gunnite line
the bottom section with acid resistance cement.
The water boot is also to be gunnite lined.

d.) Deasalter
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There is no desalter and therefore
no control in amount of salt coming from the crude
tanks.

Comments: Provision of a desalter would not only

improve 0/H corrosion control but also operation
of unit.

e.) Corrosion rate monitoring.

There is no provision for corrosion
monitoring of overhead corrosion which makes the
operation of neutralising system difficult leading
to pH excursions.

Comments: Monitoring system should be introduced.
The probe should be placed in water-boot. Over
and above a closer check of pH should be made (at
site every four hours and in laboratory once every
shift). The chloride content of 0/H water should
also be analysed once evry shift. All the records
should be waintained analysed and changes in
caustic and NH3 injection wmade. The recommended
parameters for 0/H condensed water are

pH

6.520.2 in case of copper
alloy tube materials

7.2%0.2 in case of SS tube
material

Chloride = 20ppm max~
Platformer Unit

2.3.1. There are two platformer units. During
the present visit corrosion problems connected
with HC1l attack during regeneration step only
could be discussed. During regeneration of
catalyst after completion of a run, chloride is
injected to activate the catalyst. In the process
HC1 is formed at high temperature which condenses
on cooling of recirculating gas causing corrosion
of steel piping and equipment in the cooler
sections. Earlier caustic solution was added to
neutralise the acid but it is being planned to
switch over to inhibitor injection.

Comments: Injection of caustic requires great care
as it may cause SCC if there is localised
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concentration and temperatures are high. Normally
soda ash or NazxC0s is preferred in such cases.
NazCOs leaves behind NaCl, which is to be removed
because even 1if neutrelisation is proper chloride
will accelerete normal corrosion rate. Water
injection ups‘ream of cooler 1ic helpful in thas
connection.

Injection of inhibitor is a good
alternative and success of the new system will be
worth watching. :

Fort and Water Intake Pier

2.4.1. Sea water is used as a cooling medium in
the refinery. Sea water is pumped by four pumps
from the pier in cement lined steel pipings. The
standby pump 1is steam driven while the others are
oper ated on electricity. Chlorine 1is injected
directly in sea2 water at intate point to control
organic growth.

The sea water distribution lines in the
plant are also internally cement lined up to 3"
dia pipes. Smeller diameter pipes are galvanised
or carbon steel and replaced periodically. The
experience is not bad with small dia C.S. pipes
and their use ics economically justified.

Comments: Cement lines CS pipes are in wuse for
decades for sea water service. If liniyg is of
good quality (dense and sulphate resistant cement)
and pipes laid and joined properly no problem is
expected.

Smaller diameter pipes used may be of
copper &lloys 1like AL-bronze, though these bhave

elso limited 1life but better than C.S. Other
alloy is 90Cu-10Ni-1.4Ni, which is being
extensively used, specially in off-shore

platforms, where higher reliability and lower
weight are important considerations. In on-shore
Cu-Ni is Jjustified mainly for smaller dia pipes,
instrument lines and exchanger tubings. 1f proper
cement lining facilities are not available, for
larger dia pipes alternate materials, costlier but
not as gonod, are use of epoxy lined nodular cast
iron and Ni-recist in increasing order of their
recistance to corrosion.

T in
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<.4.2. Jetty and the approach road piles for
intake pumping stations are of steel, which are
cathodically protected. The C.P. system is not
working for the last one year, and is planned to
be replaced. The area of piles in the splash zone
and above M.S.L. are affected due to corrosion
though these are periodically painted using coal
tar. From the visual observations, the condition
of the coating was not found to be good.

Comments: The splash zone and area above M.S5.!.
are affected max™ by corrosion. Because this area
is not continuously immersed in water, CF is not
effective. In the severe corrosive condition most
of the coatings fail. The following puints need
to be taken into consideration in such cases:

a.) Provide Monel alloy 400 shezthing.
This has & long history of successful use since
1949 and is &adopted for long service life. 1.5mm
thick Monel sheet is rolled in two halves and then
welded to circular pipes, A 1967 NACE survey
showed that more than, 7006 offshore platforms and
riser pipes is USA were sheathed with Monel alloy
400. Internationzl Nickel! Co (INCO) has developed
technique for Monel sheathing of H-piles also.
They have also developed a technique to fix the
sheathing by "nailing"” instead of welding. It is
claimed that this has as good a performance as

welding. In this procedure monel naile are fixed
using an air—-ogun to give sufficient force to
penetrate the sheath and the steel. Details

should be obtained from International Nickel Co.,
New York .

b.) Where Monel sheathing is not
possible or for spot maintenance repair two pack
epory type splash zone compound has given
evcellent result. There 1is a long experience of
successful use of "Cooke Splash Compound"
manufactured by “Cooke Paint and Varnish Company"”
(FO Bo» IB9, ¥Vansas City, Missoiri 64141). It is
a polymide cured, 1007 solid epoxy and can be
applied on materials made of steel, wood or
conrete, both over and underwater. Similar
product by other companies can be used but its
properties and performance history should be
verified. Enclosed sheet gives the technical data
of the product.
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2.4.3. The jetty and approach road for product
loading and unloading are made of concrete.
Estensive concrete and reinforcement damage led to
& massive restoration job. The work was carried
out by Concrete Repair Incorporated of U.K. about

2 years back. Ferformance of repair work is under
cbeervation.

Commente: It will be interesting to get details
of repair procedure and also observe how it lasts.
Normally repair of concrete, contaminated  with
chloride does not give a long trouble free life.
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No. E-12

TECHNICAL DATA

INFORMATION SHEET

1. DESCRIPTION:

Cook's Splash Zone Compound is a polyamide cured. 100% solids epoxy designed espe-
cially for application to wet and subm rged surfaces. lts unique properties enable it to
displace water on the surface and cure under water regardless of wave action.

Although intended primarily for use on splash zone areas of offshore drilling equipment,
it is recommended in several other areas such as:

8. Conting of underwater pilings and bridge abutments made of steel, wood. or
concrete.

b. Patching of pipes in wet or underwater locations.
c. Patching of cracks in concrete lined ditches, sluices, etc.
d. Equipment which must be coated while wet or submerged.

2. SURFACE PREPARATION:

2.1 The area to be cleaned should extend from approximately 24 inches below the low
tide water level, to the top of the splash 2one. Sandblasting is the recommended
method of preparing the surface. This can be successfully accomplished underwater
as the initial blast of air clears a path for the sand — air mixture.

Where biasl clesning is impossible, all loose rust, slime. and barnacles must be
semoved by scraping. Such surface_is definitely inferior to & blast cleaned surface.

Splash Zone Compound can be used over tight rust to give temporary repair service.
DO NOT use on galvanized surfauces.
2.2 WOOD

Remove all sline, barnacles, and mzrine growth. Splash Zonc Compound protects
effectively against Teredos and other types of marine worms.

2.3 CONCRETE
Remove all slime, barnacles, and marine growth by blast cleaning or other methods.

3. MIXING:
Component A, 920-1.-922, is a dark blue color.
Compunent B, 920-Y.921, is a light yellow color.

Mix components A and B together ... ... 1:1 by volume. We do not recommend mixing
more than 2 gallons total in a batch.
Mixing must be thorough ... ... with a bright green color resulting. DO NOT OVERMIX

as this merely shortens the pot life. (See chart below.)

Any streaks of yellow or blue color denotes improper mixing. A slow air driven or heavy
duty electric mixer is recommended for use.
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POT LIFE is as follows:

Temperature Pot Lifc
1000 F. 15 minutes
90 o F. 20 minutes
800 F. 25 minutes
720" F. 35 — 40 minutes
Do not mix more material than cun be used in this time!'!!
APPLICATION:
Being a very viscous compound, this product must be applied with the hands (protected
with rubber gloves) ... ... or with a trowel, depending on the surface.
Be sure that the rubber gloves are wet before using as this material will stick to dry
rubber gloves.
COVERAGE:

One gallon of Splash Zone Compound mixed as recommended will cover 16 square feet
at a 10Q mil thickness.

Recommended application is 6V to 100 mils.
When estimating requirements, allow an extra 10 — 15% for irregular surfaces and wastage.

CURING PROPERTIES:
The film will he tough and elastic_in 16 hours.
Complete cure requires 7 days

CLEANING OF EQUIPMENT:

Clean equipment at the completion of EACH operation ...... while material is still
UNCURED. using Methyl Ethy] Ketone or Cook's 255-C-5 Reducer.

SAFETY:

DANGER!! Strong sensitizer. Avoid contact with the skin Use rubber gloves during
application.

PHYSICAL DATA:

Total solids by volume 106%
Viscosity Heavy Paste
PRODUCT AVAILABILITY:
PRODUCT CODE PACKRAGE SIZE
Component A, Blue 920-1.-922 One gallon
Component B. Yellow 920-Y-921 One gallon

Splash Zone Compound, consisting of the above 2 components, is available in 2-gallon
kits only.

ORDERING INSTRUCTIONS:

For eauch 32 square feet of surface to be coated to the recommended film thickness of
100 mils. one 2-gallon kit is required. This does aot include an allowance for irregulor
surfaces and wastage.

The information contained in this Jdats sheet is, to rthe best of our knowledge, accrrate No warranty of
guarantee, cxptessed of implied, is made tegaiding the perfom.ance of these cuatirgs, since the manner
of use and application 15 beyond our control

£-12 PAGE 2 0F 2 PAGES
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No. Crit/7FCusz7ug
December 198Y

ESERVATION OF SAN SEBASTIAN CHURCH

1.0 BACKLGROUND

1.1 The National Historaical Instaitute (HHl) 15 charged
wilh the responsibility of restoring and preservaing the
historical—cultural legacies in the Frmlappines. The all-
steel San Sebastian Church in Quiapo, Manila 1s one ot the
unaque churches being maintained by the NHl. The church was
built in 1891 and .was constructed ftrom steel brought Trom
Belgium in parts and built at the sate.

Restoration of this church has  bLetns  taten up.
Recently its interior walls were restered witn the help ot
Italian expertise. NH]I is however finding ptevention and
control of corrosion quite a problem.

1.2 NHI approached NEC for ite help in extending
technical expertise to prevent slow &and steady deterioration
of the historic—-cultural properiy. HEC 1indicated that
preservation of historical iteme 1= highly specialised an
nature, but agreed to have & look at the problen,
considering its national inportance. Accordangly the UNIDO
expert on Materiale and Corrosion, along with NEC engineers
Mr. Renato B. Golecruz and Evangeline 0. de BGuzman vieited
the San Sebastian Church on 15.12.8vG.

R

.0 OESERVATIONS AND RECOMMENDATIONS

2.1 On the basis of observations made and discussions
and study of photographic records, the following salient
features of the problem can be were highlighted.

2.1.1. The four walls and pillars of the church
are of double wall, all steel constructicn. The main
construction features, as explained, are shown in Fig.
1 and 2. From some of the holes drilled in the plates,
the side walls appeared to be about 3.5 - 4 mm thick.
It was not possible to have an idea about the internal
conditions, but it was stated that, from windows cut,
the internal space was found to have considerable
deposit of rust.

2.1.2. The impurtant aspects, from the point of
view of corro<ion control measures, as understood
during the visit were:
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a.) External Wall: The church was painted
externally about 3 years back. As sand blasting
was not considered practical in a crowded location
from the point of view of 1large volume of dust
formed during the process, the surface preparation
consisted of wire brushing only. This was followed
by application of rust converter and then
subsequent paint coatings. (Details of paint
system was not available).

Within this short period of 3 vyears,
paint failure has started, specially at the edges
and corners. The paint was found to peel off along
with earlier rust easily. The surface was also
rough with patches of high points indicating that
earlier rusting had been quite heavy. Though no
records are available it was stated that the
church has been repainted 3-4 times earlier.

It was also observed that at somse
locations wall plates have been replaced because
of excessive thinning due to corrosion.

Recomsendations: The church is
located in densely populated area of Manila, with
heavy traffic all around. The atmosphere is
corrosive and a good painting system should be
applied to preserve the church. The surface should
be grit blasted to white or near white finish,
followed by one coat of inorganic zinc primer (3
mils min™ dft). The primer should be top coated
with 2-coats of high build vinyl (&6 mils wmin~*
dft). For grit blasting vacuum shot biasting will
be used to avoid emission of dust. 1f properly
executed such a system i5 expected to last for
more than 15-20 years before repainting becomes
necessary.

b.) Interior Walls: Intericr walls require
to be maintained in original condition and
restoration work has already been completed by
specialists who came from Italy. It is understood
that the internal surface has been given a
coating of micro-crystalline wax.

c€.) Windows: Windows are of ornamental
design and are of cast iron. Cast iron normally
has higher resistant to atmospheric corrosion.
These were informed to be in comparatively good
condition. The joint between steel plate and
window frames bhave shown gaps. These areas have
been filled with putty to avoid leakage of rain
water in the space between double wall.
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Recommendations: No recossendations can be
given for windows as the design aspects were not
seen. Anyhow, because of tanted-glass art design,
any work on this would require quite different
considerations. Except 1local 1light touching no
other method is recommended at present.

d.) Circular Stairways: These are reported
to be comparatively in better condition, probably
because these are not directly exposed to rains
and external pollution. However, because of
enclose condition these are exposed to relatively
higher humidity conditions, specially the top
sections where the air circulations is restricted.
Material of construction of these were not
enquired..These will be of steel or cast iron.

Recommendations: I1f made of steel these
will be mechanically cleaned of rust (with power
tool 1if sections are thicker). This will be
followed by a system consisting of rust converter,
primer and finishing coats.

A long lasting system cannot be applied
because the items cannot be blast cleaned at site.

However, if these can be brought outside in
sections, painted and reassemabled then the
recommended system will be the same as (a). The
vinyl top coats can be replaced with 2 coats of
chlorinated rubber (min™ 4 wmils dft) or other
chemical resistant paints..

For cast iron the systems will be decided in
consultation with manufacturer. The main
requirement, good adhesion and long life of paint
on cast iron. For surface preparation no power
tool will be used the job will be done in-situ
(preferably) because of brittle nature of cast
iron. .

e.) Roofing: Original roofing galvanised
steel sheets, are still in good condition. This is
because of thicker gauge of steel and zinc coating
used. At some locations white rust has formed.

Recommendations: The roofs should be
painted internally also as white rusting has
started at some locations.

ft.) Steel Structural: 0t greater impor-
tance is the preservation of strength of main load
bearing structural members, ®.g., pillars,
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bracings, etc. Integrity of these will finally
deteraine the life of this unique all-steel
church. Unforturnately design is such that, (i)
all of the angles and channel bracings are inside
the double walls and (ii) vertical H channels of
the pillars are covered all around with circular
and rectangular plates of various design. The
space between the two, it was stated gets filled
with water during rains, due to leakage. Atteapts
hbave been made to seal these leakages (specially
between the window frame and the wall) but the
leaks have not completely stopped. Holes have also
been drilled at some locations to drain out the
water.

It was wmentioned during discussion that
at whenever 1t has been necessary to cut a window
in the outer plate, considerable cellection of
rust has been found inside. This indicates that
the steel is corroding internally also.

Recommendations: Once the San
Sebastian Church has been declared as a historical
sonusent, we have to consider its preservation not
form tens of years but hundreds of years. The
first priority is therefore to establish integrity
of wmain structural wmembers and arrest their
further deterioration. The {o0llowing steps are
suggested:

(1) Open small, say 1° wide x 2°
high windows at locations both horizontally
and at dafferent elevations. Lower areas are
more important because water tends to collect
at the bottom. By using flood 1lights, the
condition of structural members and also
internal surface of outer plates, can be
visually observed. Use of wmirror rotated at
different angles can make a comparatively
larger area available for observation. 1If
necessary boroscope can be used for the
purpose. It may be wmentioned that pillars
inside the church chamber w®say be in good
condition compared to those of four outer
walls because these are not exposed to
external source of rain water (unless there
is any leakage from the roof).

(ii) Approachable sections of the
structural wmembers can then be thickness
gauged using calipers or any other suitable
devices. The data collected should be
reviewed, analysed and compared with original
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thickness. This should be fol lowed by
analysis of structural integrity, (a) as of
present, and (b) max™ additional thickness
available Tor further reduction in wall
thickness in future, i.e., to find out min™
thicknens reguired for the structure to  be
safe.

(iii) Corrosion is due to moist and
high R.M. conditions prevailing inside due to
presence of water. Rust forsmed under such
condition is normally not adherent and has a
tendency to flake off. The flaked off rust
falls down and collects at the bottom. The
area packed with rust retains water collected
for a long period and thus the wet rust
fur ther accelerates corrosion.

(iv) For long term precservation of
internal surface:

1. It will be necessary to remove
the collected rust. This can be done
mechanically by opening windows - at the
bottom. Once the step (1) above is completed,
it will be possible to get an idea about the
extent of rust collected and the amount of
work involved.

2. All points from which water is
likely to 1leak should be identified and
sealed. Possibility of using pressure test to
find out points of leak can be examined. The
details of original design was not studied
and we are not aware if; (A) Walls are
totally sealed or openings bhave been provided
to take care of thermal expansion of air in
the enclosed space and steel members, (B) The
double walls and columns of outer walls are
connected or isolated from inside.

The pressure test 1is therefore only a
suggestion for examination. All visible leaks
including drilled holes will be closed (air
tight) and the double walled interior will be
pressurised to say 0.5 to 1 psi. Points of
leaks can then be checked using soap bubble
or halogen test. In case of larger openings
or gaps escaping air can be detected by feel
or sound.Though considerable efforts and time
will be needed, once it is found practicable,
the resul ts will be of considerable
importance in controlling future corrosion.
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3. Once leal age points are
closed, use of VI (vapor phase inhibitor)
will have to be made to reduce turther
corrosion. VPI  in liquid form can be sprayed
inside the <space. Periodic spraying say once
or twice in a year, if the space is not
completely closed, may be required. This
aspect will be known only after a complete
study ics made.

3.0 RECOMMENDATIONS

.3 Carry out detail ultrasonic thickness survey at
different levels to find out the remaining thickness of
outer steel plates and compare with the original thickness.

3.2 Open windows and examine the condition of internal
structural msembers.

3.3 If study indicates corrosion control necessary
remove collected rust, locate and seal leakages and use VPI
for protection.

3.4 Apply good paint system outside and also inside as
outl)ined earlier. :
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ANNEXURE - 3

LIST OF MANUALS AND GUIDELINES

Manual on Precommissioning Chemical Cleaning of
Industrial Boilers, Suction Piping of Comrressors
and Lube Cil Piping System of Tubro-Generators.
GCuidelines con Survey and Study of Plant Corrosion
and Failures Problenm.

Guidelines on Industrial Painting.

Guidelines in Prevention of Corrosion and
Detericration of Reinfored Concrete.

Consideraticon irr Setection of Materials for
Chemicsi Frocezs and Power Industries.

Gutlines on ldentification of Material Damage by
Fieid Metallography.
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ANNEXURE 4

MANUALS AND GUIDELINES

- Identification of Material Damage

by Field Microscopy

- Guidelines on Industrial Painting
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No. CME/(Q/01
October, 1989

OUTL INES ON

IDENTIFICATION OF MATERIAL DAMAGE

BY FIELD METALLOGRAPHY

INTRODUCTION

1.1 Metallography is one of the meost important tool to
identify the type and extent of material damage
both due to corrosion and metallurgical changes

W
'-’"

occuring during high temperature service.

Normal method 1is to carry out this test in
laboratory which involves cutting a sample under
commonly known “"destructive test” and therefore
can be carried out only on a damaged equipment
which need partial or full replacement or where it
is possible to replace the part after cutting.

For cases where taeking out of sample 1s not
possible, methods have been developed by which on-
site metallographic examinations can be carried
out in the field.

AVAILABLE FIELD METALLOGRAPHY METHODS

Field Microscore

2.1 The first approach had been to develop
portable microscope of low weights which
can be easily carried to the field along
with portable polishing and etching
kits.

2.1.2 The microscope is mounted on a tripod
for positioning on the desired area. To
increase the stability of the system in
some cases the legs are provided with
sufficiently strong magnetic device.
These are suitable for ferrouos
materials.
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The field microscope has many
disadvantages, chief amongst which are:

(i) 1t cannot be placed properly on any
surface other than in horizontal
downward facing position.

(ii) the microstructure in many cases 1S
rot sharp because of lack of level when
the microscope is placed on a corroced
uneven surface.

(111) microphotographs taken
generally out of focus or lack clar’

Dus te the above disadvantages,
microscope did not find much favour wi.
corrosion and inspection engineers.

.2 Replica Microscopy

2.2.1

L I T o]
PR B

METHODOLOGY

The advent of electron—microscopy Saw
rapid growth in replica technology,
where the structured details of th=
surface is transferred on a thin fila
which is then viewed under electron-
microscope. The plastic tape films used
in elctron microscopy was further
modified and made suvitable for field
repl.ica.

In replica microscopy. instead of
viewing the structure in-situ, the
structure is transferred on a tape,
specially made for the purpose. The

lape ie then taken to the laboratory and
thern obse. ve under the microscope for
details. Shadowing similar to electron
microscopy can also be done to get good
contrast.

%.1 Surface Frepsration
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The area to be examined is first ground
with abrasive wheels driven by either
electrical or pneumatic machines.
Fneumatic machines are required where
the safety requirements do not allow the
use of electric driven machines. Small
size (7% — 30 mm dJdia) of different
grits are used to have a reasonably
finished surface.

After grinding the area is polished with
rotating wheels having different grades
of emery papers to a finish to "000"
grade.

Where necessary this can be follcowed by
final polishing with Al Ox polishing
powder using felt wheels or electro
polishing.

Etching is the most critical part of the
whole process. Eteching is preferably
done electrolytically for which a
pertable kit and normal etchants used
for metallographic study of various
metals and alloys are used.

1t has been found from practical
experience that to get good structural
detaile and clarity the area may have to
be alternately etched and polished two
or three times. For different cases the
techniques is to be finalized by a few
trisls.

Microscopic Examination

3.Z7.1

Field Microscope

a) In case of field microscope the
method follow=d is similar to labortaroy
examination. The microscope is placed

over the surface and then viewed under
the microscope at various magrific-
ations. It is a good practice to start
with & magnification of 2% to 50 and
thern raise it further.
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b) At lower magnifications the overall
structure, cracks, etc. are noted and
then specific details examined at higher
magnifications. Field constraints limit
its use to very low magnifications.
Normally, a magnifications up to 230 can
be tried.

Z.3.2 Replica Microscope

a) After polishing, a small length of
tape is taken, one side of which 1is
softened with a suitable solvent, placed
lightly on the surface and then pressed
(starting from one side) as per the
instructions of the tape suppliers.

b) The tape 1s then slowly 1lifted,
preserved properly and then carried in
the laboratory for examination under the
microscope.

DISADVANTAGES OF FIELD MICROSCOPY

4.1

SOME

Field microscopy gives structural details of
surface only. No indications of variatione with
depth can be ascertained by this method.

In case of cracking, while the mode of cracking
can be established, its other details, e.g. depth
ano morpholiogy cannot be determined.

Inspite of these limitations field microscopy is
an i1important tool to identify the nature of
meterial demage, especially when used with other
inepection data e.q. hardness, ultrasonic,
radiography, mnown behavior of the material under
the exposed condition and over and above the
ezperience of the concerned engineers.

CASE STUDIES

—_—

5.1

Cracking of Ammonia Horton Sphere

S.1.1 One ammonia Horton sphere made of
Japanecse steel of Min 60 kg/mm2 strength
was 1nspected after 16 years of
operation. The ammonia was stored at

about 4kg./cm2 and zero degrees Celsius.
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“.1.2 Inspectaion carried out using wet
fluorecscent magnetic particle inspect-
ion (WFMF]I) on and 6 1inches on both
sides of the welds showed extensive
cracking.

I3
.
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o

When originally designed and fabricated
in 19467-68 it was not recognized that
this material is susceptible to stress
corrosion cracking (SCC) in ammonia.
Subsequent e:xperience worldwide showed
the strong SCC susceptibility of this
material.

9.1.4 In the present case 1t was decided to
establish whether the c¢racking is due
io SCC or any other reason. Replica
technique wes used for the study. Due
to the working constraints inside the
sphere it was not possible to get
structural details of very good quality.
However, the observations clearly
indicated the presence of transgranular
cracks, from which it was concluded that
cracringis due to SCC.

5.1.5 The cracks were repaired, hydrotested
and reinspected using WFMFI. Additional
cracks were detected. Considering the
toxity of NHZ and related safety
hazerds the sphere was decommissioned.

ry

. Residus) life of Fluid Catalytic Cracker (FCCj
Reactor

5.2.1. All high temperature, high pressure
equipment are designed for a service
l1fe of 100,000 hrs. However, in normal
practice these are used for much longer
period. In the present case the carbon
stee)l FCC reactor had been in operation
for about 22 years. The decision to run
the reactor for such @ long period was
taktern becsucse the operating temperature
for most of the period was between
420 degrees Celcius-490 degrees Celcius,
ageinst the design temperature of 524
degrees Celcius. Further a large part
of original corrosion allowance still
remained, making the operating hoop
strese also lrower than the design.
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S5.2.2 However to ascertain whether any deter-—
joration 1in material properties has
taken plece, it was decided to carry-
out detailed examination. While the
main studies were carried out on a
sample plate cut from the reactor,

in—-situ metallography was also carried
out for the non-destructive examination.
Replica technique was used to examine
the parent metal and heat affected zone
(HAZ).

n
.
r
L[]
7]

Using alternate etching and polisbhing
three times it was possible to get very
good structural details. Microstructure
showed absence of graphitisation and
partiial spherodisation of the pearlite
No grain boundary voids, which are
observed in case of considerable cegree
of creep was nct cetected. From in-situ
metallography no significant structural
deterioration was observed indicating
that the material is still under good
condition,

L]

")
>

The above conclusions were confirmed
from destructive tests, e.g. hot tensile
R.T. mechanical properties and
accelerated creep rupture tests.

Cracking of LFG Storage Sphere

5.2.1 LFG Storage sphere made of carbon steel
material showed number of transverse and
longitudinal weld cracks after 12 years

operation. The inspection tool used was
WFMFI and cracks were found on second
circumperential welds, HAZ and cleat

and arc strike marks.

N
i
"

Feplica techrnique used to identify the
nature of cracking confirmed the crack
tc be due to H25 . The scale collected
from the metal surface showed presence
of about 127 sulphur. The structure in
the cracked area was martensitic or
upper bainitic. H=S5 entered the system
duve to maloperation of Merox Unit.




73

As other welds were free of cracking it
was decided to change the bottom portion
which wes successfully done. The sphere
was stress relieved &t 610 degrees
Celsius plus or minus 10 degrees Celsius
vsing g&s burners. WFMFl1 after stress
relieving showed absence of any crack
and the sphere suitable for use.
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CME/Q/05
December 19869

GUIDEL INES ON INDUSTRIAL FAINTING

1.0 GENERAL

1.1 The outline describes the painting system, method
of application and other details for protection of
industrial steel structures, pipings, equipment, machinery,
etc., against atmospheric ccorrosion. The protection of
immersed structures and structures subjected to tidal and
splash action in marine environaent are not included in thas
outline.

1.2 A total paint system includes: surface
preparation; pretreatasent ( it needed); application
techniques, coating system and inspection. Various standards
and code of practices are available and these should be
consul ted for detail procedures and requirments. Some of the
important ones are: -

- Steel Structures Painting Council, USA
- British Standards (BS 5493), U.K.
- National Association of Corrosion Engineers, -

usa

2.0 FAINT APPLICATION

2.1 Surface Proparation

2.1.1. Depending on particular requirement
surface preparation prior to painting will be by:

- hand tool or power tool cleaning
- blast cleaning

SSPC surface preparation specifications
is given in Table 1.

2.1.2,. For total repainting jJob or new Jjobs
only blast cleaning will be used. For localised
maintenance repair of failed paint coating or items
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which have been supplied with shop primser coating,
whose condition in general is good, mechanical cleaning
can be used. Mechanical cleaning can also be used in
areas where the blast cleaning is not permitted. Life
of coating on mechanical cleaned surface is lower than
that on blast cleaned surface and therefore where heavy
duty or long life paints are used blast cleaning is
preferred.

2.1.3. Mechanical cleaning:

For mechanical cleaning striking tools,
chipping hammers or rotating steel wire brush will be
used. Excessive burnishing of surface shall be avoided
as it can reduce paint adhesion. On cospletion of
cleaning, the, loose material shall be removed from the
surface by clean rags and blown off with compressed
air. If absolutely necessary, water or steam washing
will be done but the surface will be immediately dried
with compressed air before any superficial rusting
develops.

2.1.4. Blast _cleaning

The surface shall be blast cleaned at 7
kg/cm® pressure using sand or chilled iron abrassives.
Use of sand for blast cleaning should be followed only
in case where the total dft (dry film thickness) is
below 200 micron (8 mils) or where grit blasting is not
economically feasible. For heavier coatings grit
blasting should be specified to get the best life out
of paints. .

A uniform anchor pattern without peak
and valleys is vitally important to adhesion of paint.
Thus a clean well graded and sized abrasive should be
used.

On completion of blast cleaning, all
loose material from the surface will be removed by
wiping and use of compressed air. Vacuum cleaning can
also be used. Use of water to clean the surface after
blasting will be avoided.

2.1.5. Temperature and humidity

Surface cleaning will not be done during
rains, mist and where temperature and relative humidity
are such as to cause dew to form on the surface. For
practical puposes the limit can be taken as 807 RH.
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Further, the surface once cleaned will be applied with
the 1=t coat as soon as possible. Thus the area to be
cleaned at any time shall be preplanned in conjunction
with painting schedule. As a rule of thumb surface
preparation time can be taken as 3I-4 times that of
painting.

2.1.6. Shop coated surface

In case of shop coated surfaces, surface
preparation shall consist of rubbing down thoroughly
with emery paper to remove all foreign matters, washing
with degreasing solvent (white spirit) to completely
remove grease, etc., followed by cleaning with ware
fresh water and then air dried. In case degreasing with
white spirit is not fully effective, the surface should
be finally wiped clean with an aromatic solvent like
xylol or light naphtha. If alkaline detergents are used
in the cleaning process, it should be followed by clear
steam rinse. The distilled water should be applied on
surfare and suitable pH paper brought into contact with
the distilled water. If this paper indicates that
surface is alkaline, the steam rinsaing should be
repeated till the surface is free of alkalinity. Where
the shop coat has peeled off or damaged, the affected
area will in addition be cleaned and coated with the
original paint.

2.1.7. Equipment, e.g9., pumps, valves, etc.,
supplied with primer and finishing coat will not be
repainted unless the paint is damaged. The procedure in
this case will be same as given under 2.1.6.

3.0 PROTECTIVE SCHEMES

3.1 Selection of protective scheme is the 1%t step in
corrosion control of any structures, pipings, etc., and due
attention is to be given to this aspect at the beginning of
any project. In selection of appropriate scheme the
important points are: nature of environment, severity of
exposure conditions, nature of the structure and its
critically, expected life and maintenance schedule or
repainting interval. In general the following three criteria
based on time to first maintenance should be used:

Grade A schame: This will consist of an
initial protective scheme to last for a period of 10
years or more before first wmaintenance becomes
necessary.
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Grade B scheme: This consists of the initial coating to last
for a minimum period of 5 years, before repainting becomes due.

Grade C scheme: This consists of an initial protective
scheme applied to last for less than 5 years but not less than
3 years.

For industrial painting the present practice is to prefer
Grade A and B schemes because of cost of repainting and difficulties in
carrying out a good job in an operating plant. Grade A scheme can be used
under some conditions where either the conditions are very severe or frequent
repainting is difficult, e.g., inside a plant.

3.2 It is rather difficult to predict the performance of a protective
scheme and accumulated experience plays an important part in the selection.
Perjiodic inspection, field trials, etc., from the basis of accumulating the
experience. Systematically recorded data are not always available and at this
stage stindardisation of the s;stem can be based primarily on life expectancy
under more or less similar conditions. While this outline will form for NEC
the basis of selection at this stage, the same should be modified and made
nmore specific in future as field experience is collected and reviewed.

3.3 Industrial paint systems are exposed to varied environments in a
plant and have to perform under specific conditions. The paint system should
therefore be resistant to industrial atmosphere, marine and industrial
atmosphere, various acidic and alkaline chemical fumes and spillages,
solvents, humid and continuously wet conditions, etc. depending on the
location and type of industry.

A plant system consists of primer, intermediate and finishing coats
and among the best and most widely used are vinyl, vinylesters, phenolic
epoxies, chlorinated rubber, epoxies, coaltars, silicome and inorganic and
organic zincs. In addition there are special paints based on neoprene, saran,
etc. for specific end use (especially corrosive chemicals).

3.3.1 Before selecting a coating the first step is tc survey the
environmental conditions for humidity, temperature, sunlight, chemical
constituents, presence of dust or solids in air, spillage conditionms,
etc. Various generic paints have different resistance as given in
Table 2 and 3. The most important criteria to be considered in a
particular case will decide the candidate formulations.




78

3.3.2. For large jobs, the economics 0f systems
should be compared before selection of schemes to get,
the predetermined ain™ life of various grades given
under 3.1. Basically vinyl, chlorinated rubber and
epoxy based paints and organic and inorganic zinc
primers should be considered for painting in various
industries, specially those in the vicinity or inside
the working areas. For those outside the working area
and quite away for the atmosphere to be heavily
polluted, other systems based on coal tar, alkyd and
phenolics should be considered.

3.3.3. BS 5493 of UK and SSPC of USA have
recommended varicus systems to be used under different
environmental conditions. Of these, BS 5493 is
considered as a monumental guide. In Section Two of
this code of practice series of tables provide
information for: typical periods to first wmaintenance
for a wide range of protective systems. Systems are
tabulated for ten main environments and notes are
provided for a further nine. Table 4 BS indicates how
these tables are compiled. For comparison some typical
recommendations of SSPC is given in Table 6 CE.

3.3.4. In practice one will come across many
cases where paint systems tried earlier have not
. performed well. In such cases details of the systess,
applization, inspection, etc. should be studied. If one
or more system is thought to be necessary, it is better
to 1=* conduct field trials with candirate systems by
exposing painted panels or painting parts of structure
and evaluating their performance for about a year
before finalisation.

3.3.5. Table 6 gives the repainting quidelines.

4.0 INSPECTION AND SUPERVISION

4,1 It is said that any paint system is as good as it
is "applied”. Unless proper steps are taken and recommended
procedures followed. even best of paint will fail miserably.
Proper supervision and inspection are therefore necessary.
Improper surface preparation, mixing or stirring of paint,
addition of more thinner to increase speed of application,
application of below min™ paint thickness, 1less than
recommended time gap in between different coatings, adverse
weather conditions during application, etc. affect the
performance of paint.
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4.2. Inspection
4.2.1. For surface preparation, there are three
important factors to be considered:

a.) Cleanliness: Swedish Standards
Institution in Stockhola originally developed
cleanliness standards which is now mcre or less
universally accepted. These are available as
photographic standards from SSPC. NACEsells
plastic encapsulated blast cleaned wmetal coupons
cleaned to white, near-white, commercial and
brush-off degree of cleanliness.

b.) Surface profile: Surface profile is also
important from the point of view of achoring of
paint. Three methods are available:

(1) Depth micrometers which uses a
penetrating needle dial wmicrometer with a
flat base. The wmicrometer is placed at
different locations where it rests on the
peaks. The depth penetration below the plane
of the base is recorded on the dial face of
the instrument. The study of all readings
give the range of depth.

(ii) Surface—-profile comparator
consists of blast cleaned surface discs or
coupons with a known profile depth. Three
discs of sand, shot and grit abrasives are
available. The KeaneTator (KTA-Tator
Association Inc., Coraopolis, Fenn., USA)
surface profile comporators disc has been
accurately measured by SSFPC and who can be
contacted for advice. The other is the
Clemtex Anchor FPattern Standards (CAFS)
marketted by Clemtex Ltd., Houston, Texas.
The comparator is placed on the blasted
surface and a8 visual comparison is made.

(ii1i) Replica tape method determines
the anchor pattern profile by compressing a
foam like tape into the blast cleaned
surface. The replica of the anchor pattern is
used to measure the profile height using a
spring micrometer.

The method (ii) is more
popular as it can be easily used.
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c.) Freedoa from oil/grease: In case where
it is necessary to remove o0il and grease freedom
from their presence shall be determined by lettang
water flow overs the surface. The water should
completely wet the steel without beading, crawling
or breaking.

It alkali detergents are used for
degreasing, freedom from left over alkalinity
should be checked using a pH or litums paper after
applying distilled water to the surface.

4.2.2. For paint system, the thickness of each
coat and total file thickness are very important.
Finally it 1is dry film thickness which determines the
life of the paint but it is to be ascertained that each
coat of primer, intermediate and finishing coats are of
specified thickness. Two methods being followed during
paint inspection are:

a.) Wet—film thickness measurements:
Standard gages are available which are used after
completion of each coat. The desired dry film
thickness is obtained by multiplying wet—-film
thickness with Z solids by volume in the paint.

b.) Dry-filme thickness measurements: Dry
film thickness is measured after the drying of the
paint. For steel surfaces the instruments are of
magnetic type and the wmost popular ones are

“Elcometers”. For non—-ferrous substrate
instruments based on eddy—-current principle are
available.

4.3 Supervision

4.3.1., Supervision during painting is the most
important part of assuring that correct procedure has
been followed during painting. The responsibility of
supervision may either be with the 1inspection or
maintenance personnel depending on the organisational
responsibility in the respective organisations.

4.3.2. Surface preparation:

- All weld spatter, slivers, sharp or
rough edges are removed and/or ground smooth

- In case of brush or other mechanical
cleaning, all 1loose rust, oil, grease and, dirt
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and damaged paint are properly removed to make the
surface suitable to receive the paint.

- For blast cleaning proper air pressure
and size of abrasives is being used as per the
recommendation. The operation of oil/wmater

separator in the air line will be ensured.

- Once the blast cleaned surface is
approved for painting, it sust be ensured that it
is coated before any rust visible under a 5x
magnification forms on the surface. As a guide the
following may be considered for the total elapsed
time from start of bilast cleaning to application
of coatings.

Max™ time gplapsed Relative Husidity Range

(hrs.) (%)

8 73.1 - 80
8 67.1 - 73
12 60.1 - 70
18 " s5.1 - 60
20 50.1 - 55
24 _ 42.1 - 50

Thus the blast cleaning and painting should
be planned depending on the climatic condition.

b.) Paint Application

- To ensure that specified paints are
being used by the contractor.

- To ensure that clean brushes or spray
guns or rollers are being used.

- To ensure the paints are properly
stirred and/or mixed in proper
proportion for more than one pachk
systems.
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Manufacturer’s reconmendéd time in
between the coats are followed.

Proper safety precautions are taken
against solvent fumes, e.g., use of
mask, maintaining ventilation in close
space.
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TABLE |
TYPICAL SURFACE PREPARAGTION SPECIFICATIONS

CLEANING METHOD

Fhoto References SIS 03 59 00 &
INITIAL CONDITIONS

A B C D
Rualityss SSPCs2s Intact Rusting Rusted
dS 4232 Spec Millscale [Millscale [Rustedj& Pitted
Solvent SP 1
cleaning
Hand tool Sp 2 B St 2 C St 2|D st 2
cleaning
Power tool SP 3 BSt3 C St 3{b st 3
cleaning
Blast cleaning
Brush-off SP 7 B Saltl €C Sa 1}]D Sa 1
Commercial Xrd SP & B Sa 2 C Sa 2|D Sa 2
Near—-white 2nd SP 10 A Sa 2 1/2|B Sa 2 1/2|C Sa D Sa
- : 2 1/2 {2 1/2
White metal ist SP 5 A Sa X B Sa 3 €C Sa 3D Sa 3
Pickling SP 8

32 Same as SSFC - Vis 1
-Paanting Steel Surfaces”

“Pictorial Surface Preparation Standards for

8% Approximate equivalent in British Standard 4232 "Surface Finish of

Blast-Cleaned Steel for Painting”

838 Surface Freparation Specifications of the Steel Structures Painting

Council
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TABRLE 1
COMPARAT IVE RESISTANCE VALUE OF TYPICAL COMMERCIAL COATING FORMULATIONS

Generic type

Chlori- Styrene
Condation Keo- nated copolyeer 0il
prene  Vinyl  Saran  Epoxy “rubber  blends furan Phenolic Albyd Asphalt based

Sunlight and xater 8 10 7 9 ? 6 g8 9 10 7 10
Stress and 1spact 10 8 1 R} ] b 1 2 4 3 4
Abrasion 10 1 7 [} ] 7 3 3 6 3 ¢
Heat 10 1 7 9 5 6 9 10 8, [ 1
uater i0 10 HY HJ 10 10 10 10 8 10 1
Salts 10 10 e 10 1 10 10 i¢ 8 10 6
Solvents 4 $ S 8 3 4 10 10 4 2 2
&iralies 10 i e 9 10 10 10 2 & ) 1
#cids 1¢ 10 10 1y 16 10 1e 10 6 10 i
Ox3dation & 10 10 i) B 8 2 a1 2 2 1

Total 88 87 61 80 L 11 13 13 63 & LM
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TABLE 3

OUTLINE OF SSPC PAINT SYSTEMS

No. SSPC SYSTEMS GENERIC USES
1 PS 1.00-1.05 0il base For wei.ther—exposed wire-brushed steel
2 PS 2.00-1.05 Alkyd For we ther exposure
3 PS X.00 Phenolic For hich humidity, condensation or fresh
water I:wmersion
4 PS 4.00-4.05 Vinyl For ima2rsion, industrial or chemical
exposura
I3 PS 6.00-6.03 For vessels|Bottoas, bootopping, topside, super-
structures
7 PS 7.00-7.01 Shop paints|For non-corrosive interior or short-
term exterior
8 PS 8.01 Rust Prev. |For temaorary protection or sheltered
compounds locations
9 FS 9.01 Asphalt For weather and corrosive atmospheres
10 FS 10.00-10.01]Coal tar For underwater, underground or corrosive
environments
11 PS 11.01 Coal tar For fresh or salt water, chemicals,
epoxy underground
12 PS 12.00-12.01]2inc-rich For marine, abrasion, immersion,
chemicals
13 PS 13.00-13.01|Epoxy For water iemersion, chemical,
industrial, or marine use
14 PS 14.01 Alkyd or For steel joints, for interior use
asphalt
15 PS 15.04 Chlorinated|For chemical, marine, moisture
rubber
16 PS 16.01 Silicone- For gloss and color retention,
alkyd chalk resistance .
17 PS 17.04 Water-nase [For air pollution control areas;
weather-exposed
18 PS 18.00 Urethane For weathering, chemical resistance,

low temperature curing, high-build
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4

iRkl

2a0cea2d non-potluted cozxstal

Typical time [Gen2r.l descriptioniSycstam 112831 newpzial NoTes
to tirst referance ithickness tse2 the ena
wmaintenance ttatle 4) ispm) of thlis tacls)
(years) !
! f
[ 1
Very long Galvanize SR2 1140 a, b, <, 2
(20 or more) |Unsealed spraved SUC2h JA9G a, ¥
aluminium {
Unsealed sprayed |anl? ,250 2, €4 9, ¥
z1inc
Sealed sprayed SCeh 150 d, 2, 7
aluminium
Sealed sprayeu SC6i 150 g, e, 7
Zinc
Long Galvanize SKH1 B man.) 2, D, c, d
(10 to 20) Galvanize plus SHY (65 min. h, 1
paint +60 win)
Unsezled sprayed SCd 150 A, C, 9, ¢
zinc
Sealed sprayed SC5A 100 3, e, f
alwninium
Sealed sprayed SCS2 100 A, =, f
zing
Sprayed aluminium SCTA 100 +{30tclGu}l] e, 1
plus paint
Sprayed zinc S9! 100 # (20Ot ion) ] &,
plus paint
Organic zinc-rich SD3 1040 ]
Inorganic zinc-rich] SE2 100 9
Drying oil-type SF8 190 to 270
Silicone alkyd over} SG1 245
two-pact chemicail
resistant
One-pack chemical-~- SH6 270
resistant
One-pack chemical-— eL> 295

resistant over
two-pack chemircal
resistant
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Typical time [Beneral descripticn System Total nominal Notss
to fTirst reference |thickness {see the end
maintenance (tabiz= 4) |i(pm) o7 this tabie)
(years) :
Medium Unsealed soprayea sC12 140 a, C, O, ¢
(S to 10O) zinc
Organic zinC-rico 5D 75 3
Inorganac zainc-rach SE1 73 -
Drying-o1l type SF7 165 to 190
One—-pack chemical- SHZ 15D
resistant
Short . Organic zinc-rich SD1 S0 g
(less than 5)|Drying-oil type SF2 120 to 150 J
Drying-oil type SFS 85% to 1035
One—-pack chemical SH1 160 3
resistaoct

NOTE: Treatments listed for thes longer lives will always protect for

shorter—period requirewments and are frequently econamical also for
these shorter lives.
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TABLE 5

SOME TYPICAL RECOMMENDATIONS FOR COATING STRUCTURAL STEEL

Zone § Environment Preferred system Alternates
1A Interior, normally One coat of fast-drying (1) Other one—coat
dry (or temporary shop paint (example: primers (example:
protection) SSPC Paint 13) over TT-P-636)
Unusual in hwy. nominally hand-cleaned (2) Rust proofing
work, very mild steel. Finish coat (SSPC-PS B8.01) or
(oil base paints optional (see SSPC-PS (3) More durable
would last 10 yrs 7.01) systems as per
or more) Zone 1B, or
(4) Approved
proprietary paint
1B Exterior, normally Apply 2 coats of oil (1) Blast clean
dry (includes most base (example: SSPC- (S7PC-SP 6) and
highway areas Paint 14) over wire- use same paints
where oil base brushed steel. 1-2 or shorter oil
paints now last finish coats of long alkyds.
b6 yrs or more) oi! alkyd (SSPC-Paint (2) Alternate
103 aluminum or SSPC- primers (SSPC-
Paint 104 -.:ite, gray Paint 2; TT-P-57,
or green) 4.0 mils or Type 1; AASHO
more .bickuess (3.0 mils M72-57, Type 1 or
for 4 coats) (See SSPC- I1; or YT-P-615,
PS 1.01, 1.6 or 1.03) Type V) or
(3) Alternate
intermediate TT-
P-86, Type 11 or
non-leafing
aluminum, or
(4) Equivalent state
system, or
(S) Same systems as
Zone 2A or 2B, or
(6) Proven prop-
rietary system.
2A Frequently wet by Near white blast clean (1) Pickle (SSPC-SP

fresh water
involves conden-—
sation, splash,
spray, or frequent
immersion. (0il
base paints now
last 5 yrs or less)

surface; 4 coats

(4.5 mils) of vinyl
(example: SSPC-Paints
8 or 7) (See SSPC-PS
4.04 or 4.02)

8) instead of
blast cleaning.
(2) Alternate vinyls
are VR 3 or

approved
propietaries
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cencann)

S (Continuation

lone ¢ Environment Preferred system Alternates
2B Frequently wet by Near white blast clean (1) Use finish coats
salt water surface; apply zinc-— with same vehicle
involves conden— vich primer (example: as zinc-rich
sation, splash, SSPC-PS 12.00 or MyYL-P- primer (in-
spray, or frequent 23236 or California organic, epoxy,
immersion. (01l Highway Spec. 66-6-55) chlorinated
base now last) followed by approved rubber, vinyl,
3 yrs or less) wash primer and finish etc).
coat. (Example: SSPC-PT [(2) Use vinyl paint
3 plus SSPC-Vinyl Paint system with wash
8 or 9, 3+ ails.) coat and in-—
Assure satisfactory hibitive primer
adhesion of finish (example: SSPC-PS
cocats. 4.01 OR 4.03)

(3) Use as alter-
nate finish
coats or by
themselves, coal
tar epoxy (SSPC-
PS 11.01), epoxy
(guide SSPC-PS
13.00), or
approved chlori-
nated rubber
system, or other
proven prop-
rietary sytem.

3 Chemical exposures Same as for Zone 2B, but |Same choices as

(Acidic, alkaline,
oxidizing, sol-
vents, etc)

with chemically resis-
tant finish coat system
specially chosen to
protect primer and base
metal against specific
chemical agent. (Zinc-
rich unsatisfactory for
very acid or very
alkaline conditions)
Assure satisfactory
adhevion of finish
Coats.

for Zone 2B but
with special
finish coats.

(1) Coal tar epoxy
(SSPC-PS 11.01)
(at least
165 mils).

(2) Straight vinyls
for acid and
alkali (SSPC-PS
4.01 or 4.03)

(3) Epoxies for
alkalies, salts,
alipbhatics, acid
splash, not for
strong solvents.
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TABLE 5 (Continuation ......) .
Zone & Environment Preferred system Al ternates
(4) Neoprenes and
other proven
proprietary
systems to
resist specific
conditions.
4 SPECIAL CONDITIONS
Painting galvanized |Solvent clean to remove (1) Chemical pre-
steel cil and grease. Wire treatment of new
brush to remove any work by com-
rust. Apply zinc dust- mercial hot
zinc oxide paint TT-P- phosphate or
641 (Type 1] for new wash primer.
steel, Type i for old, (?) Zinc-rich
as per SSPC-PS 2.05 and prime (example:
1.04). Somewhat better Guide SSPC-PS
adhesion if surface is 12.00).
weathered before (3) Prime with
painting. SSPC-Paint S.
Mildew After surface preparationfAlternate mildew-
wash mildewer surface cides and fungi-—
with trisodium phosphate cides include
and dry. Add mildewcide copper naph-
to each coat of paint thenate, chiori-
(example: B-quinoli- nated phenols,
noleate). Vinyl, chlori- phenyl mercuric
nated rubber resins, and dodecylsuelnate,
baxton metaborate and proprietary
zinc-rich pigmentations agents. Add in
tend to resist mildew. amount recom-
manded by the
manufacturer.
Temporary protec- See system on Zone 11\, Soft, heavy or hard
tion and rust- Also see SSPC, PS B8.01 film compounds
proofing "Rust Preventive Com- as per 52-MA-602
pounds® (thick non- Type B, C, or
hardening films over D, or use prop-
minimum surface rietary rurt-
surface preparation proofing
compounds .
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TABLE 5 (Continuation ......)

Ione 8 Environment Preferred system Alternates
Painting welds Before welding, do not Chip and wire brush
paint within some 1" of weld thoroughly.
edges. Blast clean after Wash with 5%
welding, See SSPC-PA 1 phosphoric acid
Sections 3.5.2.4 and rinse. See
SSPC-SP-1,
Section 3.1.6

% These are intended as specific exposure zones of the portion of the
structure under consideration rather than geograpic zones. Severity of
exposure can change sharply over very short distances due to such factors
as wind, spray, condensation, and use of de-icing chemicals.
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TABLE 6

REPAINTING GUIDELINE

PRIORITY NO. 1 IMMEDIATE RECOAT:

showing ASTM Ru=zt 1-4

(A} Areas
with underfilm corrosicn with

(E) Areas
adhezion.

NO. 2 RECOAT WITH 12 TO 24 MONTHS

loss in

PRIORITY

(A) Areas showing ASTM Rust 6-%
{EY Localized rusting
(Cy [elsmination of top coat
PRIORITY NO. 3 RECOAT MAY BE DELAYED OVER 24 MONTHS
tA7i Areas showing ASTM Rust ©-10
(B: Minor local spot rusting
(C: Chalking or erosion of ccating

REFER ASTM D610-68/SSPC-Vis FOR RUST GRADING
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ANNEXURE - 5

No. CME/CIE/O1
October 19ES

CORROSION MONITORING AND INSPECTION FACILITIES

To tackel the problem of maintenance on a national basis, &

centralised group to assist the Philippine Industry is
being set up at National Enrgineering Centre with the
assistance of UNIDO. The role of «corrosion, corrosion
monitoring, materials and inspection specialists in the

group has been recognised.

Correosior. anc inspection both aszsess the state of heal!th and
reliakility of any equipment, structure, piping, etc. based
on which preventive m-intenance activities are planned. The
Centre should therefore have <corrosion monitoring and
inspection &sids which will be mnecessary to assist the
Philippine industry. Some of the larger industries, e.g.
refineries, power plants etc. may have their own in-hovse
fsciiities or can affeord to take the assistance of outside
ccntrsctors. However there will be many others who would
need the help cY the Centre’s equipment. The following
inspection and corrosion monitoring equipments are being
recommended for procurement. The items requiring immediate
procurement have been marked(#)
»i. Portabie Digita! type Ulirasonic/thickness gauge
‘D' meter with minimum accuracy of +/- O.lmm and
rarnge of up tc 100mm in multiple =cales. The
instrument must be battery operated (Facility of
Laving & built in data storage will have an &added
sdvantage)
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tanufacturers :

3.) M,/s. Kraut Krammer Branscn
250, Long Beach Boulevard
. Strafford, Ccnnecticut 06487
U.S.A.

b.) Wells Kraut Kramer
Elack Horse Road
Letohwarth

Herts, S£G6& 1HF

1R SO
2% Fortabie Hardness Tester Based on Jitracsonic
principle Kraut Kramer Model BHV-10, direc!*

reacding, digital type.
Manufacturer:

M/s Kraut Krammer Eranson
U.S.A.

3. Yoke type fluorescent Msgnetic Farticte Tester,
- Hand bteld Yoke type electromagnet conforming
to ASYM E 70. Magnet Modei M.ZE of Peny

Industries, Japan or eguivslent.

- Biack light suitable for abcocve alengwith Z
cpare buibhs

- Trasformer 200V/100V preferabiy with variatle
magnetic field indicator

Manufaciurers:

a.) M/s Magnaflux

U.S.A.

bh.) M/3 Pony Industries
Japan

¥4 Dve-penetrant kit consisting of cleaner, deveioper
and dye.

»5 Fluorescent Dye Penetrant test kit with

cleaner, fluorescent dye, black lamp and asczociated
accessories.
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+6 Portable Allcy Analyser, for in-situ non-
. dectructive chemical composition Metallurgist-XR
¢ Alloy Analyser Direct reading type alorng with

standard sample

Manufscturer:
Texas Nuclesr
F.0. Box 8267
Austin, Texas 78766, USA
»7 Pcrtable Crackdepth meter Kraut Krammer Model X-RT
705 or eguival!ent. Crackdepth range 0.1 tc 120mm.

Battery operated.

Manufacturer:

M7z Kraut trammer Branson
11 C
. <

* & Uitrazonic Fiaw Detector. Prcgrammatle anc
facilities fcr storage of dats and cigital
disglay. Fresuency range 1 - 3£ MHI Power suppiy

i '

Ni Cd ceiis. Straight end &ngular przbes
disameter Bmm to 25mm. Kraut Krarmer Model USD - 1
or eguivalent.

]

tiarufacturer:

Ms/s Kraut Krammer Branson

A
7

Pcrtable Corrosien Ra‘e Meonitoring Irnstrument for
ircdustrial use.

£azed con poiariszaticn resistance princigle. Multi

range selecticn switch with corrosion rate
measuring range varying from 0.05 to 200 miles per
YEar.

Battery operatec.

Probes of mild stee! and admirslily brase-6 each.




)

(%)

Instrument.

Fertable Corrosion Rate

electrical resistance
with facilities to measure
.1 mils to 200 mils per year.

Based on
Multirange
rate from

Probe -

Carbon Stee 6 nos

Manufactuiers for items 9 and 10

3. Petrclite Ecuipment and Instruments
F.0. Box 2546, Houston, Tx 772%2

principle.
corrosion

+.) Ccrmen Ltd., Cormon House, South Street,
Lancing, West Succex BN15, BAJ, U.K.

¢c.' Fchrcack Cossasco 4669, f-uthwest Freeway
Suite #250, Henston, Tx 27, UEA.

(Nste : Instrumernt 10 is very useful for cil and

gas Industries. For clean colutions, e.g. cooling

water, boiler water, etc. instrument (9) will Dbe

zuitatle and this is an immediate requirements.)

Vizus!l Inspecticn Kit tc 3e carried by engineers

consizting of =

- €ma!i Fermarnert Magnel 1

- Magnifying Lens x10 1

- Caliper 1

- Measuring Tape, 2 meters 1

- F¥nife, 3" iong blade 1

(These can be purchased separately)

® » B 5 = @
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No. CHME/CIE/O1-A1
November 1989

CORROSION HONITORING AND INSPECTIOR FACILITIES

Additional information on note Ne. CHME/CIE/01, October,1989.

1.) Item No. 6 (of CHME/CIE/O1) Portable Alloy Analyzer
Hodel B~366, Texas Nuclear, Series 9266.

Source:

Price :

2.) Set up

H/S Ramsey Engineering Pvt. Ltd.
20 Base Road, Taren Point
N.S.¥W., Australia

US$25,000. (December °81)

for Replica Microscopy along with

Accessories

a.) Portable Microscope - 1

b.) Reflective Replica Set - 2
(containing 100 Replicas)

¢c.) Portable Grinder - 1

(with grinding wheels - 3 of each grade)
d.) Portable Electrolyte Polisher
and Etcher - 1

Source:

Price :

M/S Struers A/S
Valhojs Alle 176

DK - 2610, Rodovre
Kobenharm, Denmark

6,850 DKr (Sept. '88)
250 DKr per set (June'84)
14,140 DKr (June ‘86

a
b.
c
d 11,100 DKr (June '84)

- . .
N W N N




ANNEXURE 6

No. CHME/TF/0Q3
December 1989

LABORATORY CORROSION AND MATERIALS

TESTING FACILITIES AT NATIONAL ENGINEERING CENTRE

1.0 BACKGROUND

1.1 The PM Group in the National Engineering Centre at
University of the Philippines is being set up with UNDF
assictance to assist Philippines in increasing productivity
through a well organised preventive maintenance system.
Freventive Maintenance’'s primary objective is to avoid
breatdowns of equipment both static and rotating and it
requires a multi-disciplinary approach is getting the
desired results.

1.2 Materials and corrosion engineering form important
part of preventive maintenance and ti>se have been given due
importance in drawing the programme. During the 3 months
stay of UNIDO Corrosion & Materials Engineering Consultant,
it was noticed that in the above area some other
organisations in the Fhilippines bhave built wup testing
facilities to assisst the industry, in their requirements.
In any consultancy job it 1is absolutely necessary that
adviced is given in shortest possible time. Therefore, where
testing ic to be performed the same is to be carried out
quickly as poscible. To assess how the facilities of various
crganisations can be utilised with advantage. the two main
orgenisations, 1.e., Materials Industrila Research and
Development Centre and Industrial and Yechnological
Development Centre were visited. Annexures A and E give the
list of facilities available with these organisations.

2.0 AVAILABLE FACILI

I1ES

2.1 To give consultancy to industries in the field of
materials and corrosion, two main areas of studies required
will bes

a.) Field testing and inspection

b.) Laboratory testing
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Field testing facilities are already being built
up in the NEC, because that will form a part of the day to
day activities of the consultant. For this a list has
already been drawn up and action is being taken on the same.
In this report the requirements for laboratory studies at
the NEC have been detailed:

2.2 The laboratory facilities are needed in the
following areas:

1. Chemical Analysis of Materials and Corrosion
Products
2. Metallurgical Froperties

a.) Mechanical properties
b.) Micro-structural analysis

c.) Crystallinity of material

A

Corrocsion Studies

The quantum of both qualitative and
quantitative chemical analysis to be carried out will
be considerable. However, building up of total
facilities at NEC is not justified and assistance of
outside organisations will become necessary. MIDC will
be ihe best organisation to have an organisation for
this purpcse. However, MIDC is already loaded with
routine chemical analysis services ¢t0o the industries
though not from the point of view of corrosion and
materials failure. Therefore its services will be used
only a5 and when necessary.

At NEC analysis of metallic elements in
metals and alloys can be carried out using the
recommended field testing equipment. For carbon and
more precise analysis of metals (specially where
alloying element 7% is quite small) or water and
quantitative analysis of corrosion or scaling products,
the samples can be sent to MIDC.

Qualitative analysis facilities, which
would require min™ facilities, can be built up at the
centre. This would require some chemicals, glass wares,
heaters, filtering arrangements, etc. Theses are parts
of the 1list given in Annexure C. Procedures for
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qualitative analysis are available in standard
analytical bootks.

2.2.2. Metallurgical Examination

a.) Mechanical Properties

The quantum of mechanical testing
jobs will not be large,m except perhaps the
hardness testing. These tests can be carried out
at the Metallurgy Department of UP (situated in
NEC building itself) failing which facilities of
MIDC will have to be used. For preparation of
standard test samples on a priority basis, which
takes the max™ time, NEC will have to have a
contract with one or more private workshops in
Manila.

b.) Micro-structural Analysis

Micro-structural study will form an
important part of failure analysis, both corrosion
and mechanical. The followings are the
requirements for micro-structural studies:

1.) Opticl Microscopy - The NEC
will have to have its own optical microscope,
because it is one of the most important tool
of investigztion. One bench microscope along
with specimen cutting and polishing
facilities will be required for the purpose.
The particulars are given in Annexure D. It

" is possible that the microscope ordered as a
part of “field micrsocopy” requirements will
serve the immediate purpose.

For more detail observations
facilities at MIDC or 1TDC can be used.

2.) Scanning-Electron Microscope

For some special studies it
may become necessary to carry out SEM & EDAX
studies. SEM is avialable at Metallurgy
Dept., MIDC and ITDi. EDAX arrangement 1s
however, only available eith ITDI. Facilities
at any of these institutes can be used, when
required depending on availability.
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J.) X-ray Diffraction

X-ray diffraction Analysis
will be required when it becomes necessary
to establish the phases present in a material
or to identify the type of corrosion product.
Both MIDC & ITDI have these facilities, which
can be used as and when required. Requirement
for such study will be quite rare.

2.2.%. Corrosion Studies

a.) Facilities for testing corrosion
resistance coatings, paints. etc. are avialable
with MIDC. But in none of the organisations
laboratory corrosion testing facilities are
available. The PM group will therefore have to be
provided with those corrosion testing facilities
for which will be required to be used more
frequently for the local industries.

b.) The following testing facilities are
recommended as min™ requirment:

1.) Facilities to carry out electro-
chemical measurements, e€e.g., porentiodynamic
peclarisation plots, tafel plots,polarisation
resistance plots, potentiostatic
measurements, galvanic corrosion
measurements, sensitisation tests, pitting
scans, etc. For this purpose micro—processor
based system Model 350-1, manufactured by EG
& 6 Frinceton Applied Research (F.0. Box
2565, Frinceton, NJ 08540, USA) is most
suited.

2.) Six 1 litre pyrex glass conical
flastk with reflex condenser arrangement to
carry out intergranular, stress corrosion
cracking and high temperature chemical
corrosion tests on stainless and other
steels,

Z.) Facilities to carry out immersion
tests on various materials, using beatkers,
hot water bath and other glass equipment.
Static test for inhibitor evaluation can also
be carried ouvt with this arrangement.
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4.) Laboratory evaluation of cooling
water treatment chemicals by setting up a
circulating system using pumps, Jjars, glass
tubings. metallic tubings and also electrical
resistance and polarisation resistance
probes. This set up should be considered at a
future date if projects are sponsored by the
industries. NACE and ASTM have standards for
carrying ocut these tests.

5.) For accelerated tests on metallic

and paint coatings facilities available at
MIDC should be used.




FACILITIES AVAILABLE IN MIRDC FOR LABORATORY TESTS

Physical and Mechanical Metallurgy

Metallography

Scanning Electron Microscopy (without EDAX facility)

Tensile Test

Bend Test

Hardness Test

Impact Test (charpy)

Chemical Analysis

- Instrumental and wet analysis for various metallic elements

- Water Analysis

- Carbton Analysis

Corrosion Tests

- Salt spray test for metallic and non-metallic coating evaluation
- CASS Test for above

- Thickness and uniformity of zinc, tin and other coatings.

Non-destructive Testing

Radiography

Magnetic Particle Inspection

Liquid Penetrant Testing (or DP Test)

Ultrasonic Testing




LABORATORY FACILITIES AVAILABLE AT ITDI

ANNEXURE B

(Most of these are under installation)

Physical and Mechanical Metallurgy

- Scanning Electron Microscopy (with EDAX)

- X-ray Deffractometer

- Metallurgical Microscope

Chemical Analysis

- UV-VIS Spectrophotometer

- FT-IR Spectrophotometer

- Ion-Chromoatograph

Corrosion Testing

- Combined Cyclic Corrosion Tester

- Surface Roughness Tester (for blast cleaned surface)
- Atmospheric Corrosion Testing Facilities

- Automatic Polarisation System for Corrosion Study
- Impedence Testing for Organic Coatings

- Paint Adhesion Testing Facilities
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ANREXURE C

LARORATORY FACILITIES AT NEC

Hetaliurgical Evaluation

- Ketallurgicazl Hicroscope; (1 Ne) Bench typoe with
napnification renge of 50 to 12060 along with
arrangemnentys Tor taking microphotographs.

- Sanple culting machine along with cutting wheels
(1 No)

Te cut samples fror reond rectaengivlar or any other
chape upto a thickness of 100mm waxx. Suitable for
operat.ion at 720V, 61 cycles.

- Sarple rounting machine slong with press and
cylindrical heaters of cize 12.5mp to 27.5

- Yheel grinding rachine for rcugh polishing (1 Ne).
Moter driver. To be operzted ut 220V, 60 cycles.

- 1 Ne Pelishing pzchine with twe horizental wheelc.
Edjustehle mueltispeed drive. Mctor te be cperatod at
2720V, 680 eycles.

Stereo Kicroscope for racro exsrination aleng with
photepgrephic arrengerent.

Alusina powder for polishing.

¥orking bench with ceramic or other currosion recistant.

. tep. 4 Bos

One for electrocherical corrosioen ctudiec

- One for imrersion corrcsion stud:ice

One for chemicezl analyesis

- Oner for Metallurgical studiec

l.aboratory Facilities

- j No Water Bath with heeting and temperature
control arrengement and o stirrer. Size of the bath -
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24"x18"x16" deep. For immersion test. To be opersated at
220V, 60 cycles.

1 No Water Bath as ubove but of size 187x12"x12"
deep for electroechemical studies

- Hot. plate 18"x12" with Ltemperature vontrol
arrangesent. 2 Nos

- Gluss wares:

o Pyrex Beakers
250 cc - 6 Nes
530 cc - 12 Nos
1090 cc - 12 Moo
2000 cc - 6 Nous
o Conical Flaesks (Pyrex)
2L0 cc - 12 Neos
H00 ce - 12 Nos
1000 cc - 1Z Nes
e Test Tebes (Pyrex)
25 cc - 24 Nee
50 ce - 24 Nos
1LY cc - 24 Nus
0 M her glues accessories like tubings,
pippets, ctendard gluace jeinte, 2 and 3 wayco

stop conke, etc.

- Gze burners with tripedc, wire gsure, etc. 6 Nes.

- Flectric MHot Qven, Terp range 100 - 1290eC.
Corplete with terp contreller, temp irndicztor. Cven
heating chzmber size 8724"x318" depth. To be used for
hezt treateent., loss en ignition, ete.
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ANNEXURE 7

No. CME/TP/01
October, 1988

TRAINIRG _PROGRAMME FOR CORROSION ARD MATERIALS
ENGINEERS AND TECHNICIANS

INTRODUCTION

1.1. The PH Consultancy Group 1in NEC, being set up to
assist the Philippine Industries, will have a strong
team for corrosion control materials and inspection.
The effectiveness of this group will depend not only on
the qualifications of the personnel, but also on their
experience, constant updating of knowledge and
techniques and interaction with personnel in related
fields.

1.2. The group dealing with corrosion and inspection
would include engineers and technicians, having
different levels of expertise and would therefore
require different types of inputs. Well organized
training will form an important part of the constant
development.

1.3. While the final training programme will depend on
the overall needs of the P¥ group, for the corrosion
and inspection engineers and technicians an outline of
the same is recommended. This takes into account
future growth of the group by way of induction of new
staff members and growing activities.

IYPE OF TRAINING

2.1. Type of training is to be tailored to the needs of
the persons of various levels and experience. The
activities of corrosion and inspection consultants and
technicians wuold include investigation of problens,
failure analysis, preparation of standards and codes,
corrosion monitoring and laboratory stuies, etc. Each
individual in his own area would require a multi-
disciplinary approach and for this training will play
an important role. For example, a technician may have
to perforn duties connected with laboratory tests,
corrosion monitoring and plant inspection. Similarly
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an engineer will have to guide the technician in his
duties and over and sbove plan, implement and interpret
test data.

2.2. Considering the above, the training has to be
broadly divided into following categories:

1. For Senior Engineers

i) Persons with more than two years experience
and having speicialisation in corrosion and inspection.

a.) Attending advance and refresher courses
on corrosion, inspection and maintenance.

b.) Attending seminars and conferences
related to corrosion and inspection.

¢c.) Inm plant training in different
industries and reputed corrosion laboratories
outside and inside the country.

d.) Visiting various fabricators, material
panufacturers and corrosion control and inspection
equipment manufacturers for technica; discussions.

ii) For the fresh engineers having no
specialisation in corrosion and inspection.

a.) Attending in-house corrosion, inspection
and monitoring courses.

b.) Attending basic corrosion and inspection
courses conducted by reputed organisations.

¢c.) Participating in plant shutdowns.

2. For technician

i) For experienced technicians (min. 3 years
experience)

a.) In-plant training on sorrosion
monitoring and inspection.
b.) Participating in plant shutdowns.

¢c.) Attending basic technical courses on
corrosion, monitoring and inspection.

d.) Attending advance in-house corrosion,
inspection and monitorign courses.
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ii) For fresh technicians

a.) Attending in-house corrosion and
inspection courses.

b.) Participating in plant shutdowns.

3.0. TRAINING PROGRAMME

3.1. Training will be of continuing nature and every
year an outline of programme for training will be drawn
up. Where there are posssibilities of arranging group
training programme, consultations will be held with
other organisations in the Philippines.

It is essential that training programme is
primarily drawn up taking into account the impediate
and future activities of the group.

3.2. Except for in-house training, planning would
require contacting organisations outside the NEC. For
in-plant training the assistance of industries in the
Philippines will have to be taken. The programme for
particiaption in shutdown will have to be drawn
depending on planned shutdowns in different industries.
In-plant training outside the Philippines can be
arranged in important industries through UNIDO or under
other Official Exchange Programmes.

Short visits to operating industries,
pmanufacturers and laboratories outside Philippines for
engineers will have to be arranged by direct contacts.
Such visits can be arranged during participation in
senminars and conferences abroad to minimise travel
costs.

Training in the use of various instruments can be
organised through “e equipment suppliers either in the
Centre or in the asanufacturers’ organisations. Such
training can also be organised in Philippines as group
training in consultation with other organisations. For
advance training of this nature training at specialised
institutions is prefereed.

Specialised courses on corrosion and inspection
are provided by many organisations and institutions.
Both short (up to 1 week) and medium terms (3-4 months)
courses are available. There are different courses
tailored to the needs of the engineers and technicians.
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In-house training (both basic and advance) will
formn an important part of the overall training
progranmne. In eddition to lectures this will involve
series of corrosion experiments and use of monitoring
and inspection equipment. Suitable text will be
prepared by the engineers assigned for the particular
presentation. The engineers will first practice thea
in "dry runs” in which they will take turns in
“teaching” the other lecturers. This will give an
opportunity to each lecturer to modify the text and to
make the presentation more practical oriented. The
content of the lecture will vary with 1level of
participants. For example to fresh technicians the
presentation will be less theoritical so that their
interest and attention would be aroused and maintained.

Seminars and conferences will form an important
forum for exchange of ideas, specially for senior
staff. Participation in gatherings organised by
important organisations in topics of group’s interest
will be encouraged.
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TRAINING CHART FOR CORROSION AND MATERIALS
TEAM IN NEC

INDUSTRIAL /7 LABORATORY VISITS

SEMINARS / CONFERENCES

OONSULTANT REFRESHER COURSES

ADVANCE TRAINING

ADVANCE COURSES

BASIC TRAINING / COURSES

IN- PLANT TRAINING

TECHNICIAN

PARTICIPATION IN PLANT
SHUTDOWNS

IN-HOUSE COURSES

A - Engineers with specialisation ond minimum 3 yeors experience in
Corrosion, Moterials and Inspection.

B - Fresh Engineers

C — Technicions with minimum 3 yeors experlence in corrosion monitoring

and inspection .
D - Fresh Technicians.




SEMINARS AND CONFERENCES

Important Institutions and Organisations arranging

seminars and conferences related to corrosion and
inspection.

National Association of Corrosion Engineers, P.O. Box
218340, Houston, 77218, (U.S.A.)

American Society of Testing Materials, 1916 Race Street,
Philadelphia, PA 19103, (U.S.A.)

Society of Chemical Industry, 14 Belgrave Sq., London SWIX
8PS

European Federation of Corrosion, Society de Chimie
Industrielle, 80 Route de St-Cloud, 92 Rueit-Malmaisen,
Paris

Centre Francais de la Corrosion (Cefracor), 28 rue Saint-
Dominique, Paris (7 eme)

Institute of Corrosion Science and Technology, 14 Belgrave
Square, London SWIX 8 PS

Central Electrochemical Research Institute,
Karaikudi, India

Kerrsionscentralen ATV, Park Alle, 345, DK 2600,
Clostrup, Denmark

Centre Belge d Etude de la Corrosion (CE BELCOR),
Avenue Paul Heger, Grille 2, B-1050, Brussels

Singapore Institute of Standards and Industrial Research,
179 River Valley Road, P.0. Box 2611, Singapore 0617
swedish Corrosion Institute, Box 43037, S10072, Stockholm

43.

Dechema - Institute, Frankfurt on Meine, W. Germany

Japan Association of Corrosion Central, Kikai - Shinki-
Kaikan, Rm 204, 21-1-5 Shiba-Koon, Minate-Ku, Tokyo.
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STUDY AND TRAINING COURSES

SUBJECT COUKSE ORGANISERS /VENUE PARTICIPANTS/  DURATION
LANGUAGE
Corrosion Corrosion and Centre Belge d'Etude Engineers, 2 semester
corrosion la corrosion, CEBELCOR, with 2 years of 3 mos.
control Avenue Paul Rogar, experience.
Grille 2, B-1050 English.
Brussels, (Belgium).
Corrosion Corrosion Study Centre, Engineers. 45 days
science and "A Dacce” Faculty of Italian.
technology Science, University of
Ferrara, Via L Borsari 46,
1-44100 Ferrara, (Italy)
NACE Basic National Association of Engineers & 5 days
and Advance Corrosion Engineers, technicians
Course P.0. Box 218-340, Houston with minm.
Texas 77218 (U.S.A.) 3 yrs. experience
English.
Corrosion - do - Engineers & S days
Prevention by technicians
cathodic with basic
protection corrosion course.
English.
Corrosion control - do - - do - 5 days
in oil & gas
production
Corrosion - do - - do - 5 days
prevention
by coatings
Cathodic Institution of Corrosion - do - 7 days
protection Science and Technology,

14 Belgrave Sq., London
SWIX 8PS. (Also arranges
courses in collaboration
with NACE).
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COURSE CREANTSES . VENUE FARTICIFANTS/ DURATION
LANGUASE
Corrosion sonrte- Corresion Monitoring Consul- Enag:neers & ¢ days
ring and Measure- tancy, °S7 Farans. technicians (Course
ment Doncheor th Road, Wantage with mine. tailorec
O:an. OX12 $AU, (U.FK.) 3 years to clients
experience. NeEecs
English. Trainming
1S provi-—
dec¢ at
ciient
premises.)
Corrosior. protec- Corr Ocean Encineering R.S - 0o - 7 days

t:on

Narm-zeeiructive

Cethod:c P-otec-
sior, .nspector
certification

+.0. Bos Ko. Eib, N. 7001
Trondheis (Norway)

Autorztion Incdustries, !
Ssarry School of NDT, L00CG
t ackbourne Roed. Cciuntus
i £2207

S:ngapere nstitue of
Srancards a2t lnoustriz
Xesearch, 79 niver Va..gv
Azad. F.O.Bon 2600,
Singenore 0417

nsl.tution ©

C2:8NCE &aNG TEChRGICIY,
.4 Pelcrave 5o

SKIX eFS

Engineers %
technic:an
wWith mimn.
I years
erper sence.
Encl:isn.

-C::—

wiih minm.
2 years
e:perience.
English.

_do—

—:o-

n
(a8
N

~
i

J0 tave

1D Cey:
¢ Jaye
S ceys
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OSCANISER/VENUE

FARTICIFANTS/
LANGUARGE

LURATION

Aan TEEIrUCLIVE Scettish School of N.D.7. tnic:neer e Var:ove
Testing *aitiey Col.ece, Migh technic: ane cour cec
Streer, Faisiey. FE! JFt minm, - years eare
HE €:FErI1enceE. avarleh:e.
Encl:en,
nTernsiional NaT:Cnel Respc:i:etion of - 0o - 3 touvrses
CRETInG, CERPECLO” srrcelon Engineers, 1.e. 3asic
Irarnung anc F.Q.box T1840, Heousicon, 1nterme-
ce-~:1f:cation Tw 772:E e Ciate
ecvancec
trogramrec
oi 7 cays
eack.
WS DR Wl VE boogeiorn Folytestaic, Znginee  s. Short anc
Teality Te -t Rpac, YMorgeston- tnelzeh mEson
oo~ -Tharee VT OIZED (GLKEL) terr.
NeIlICTEI Y eCer Var-eiing Eoutetion cno:neere & S to 7 dey
Qest.. DBOCEn-iCLE cane, tecnricians
“erieteac., metts  JLVL) with mirom,
T years
e~ne-_ence.
Ergl:sh,
Noo-Dcel LltivE asitfore Irterretics Lic. - £c - - o -
“ext.2 A 227070 MousE. Ciayion
w20l Cl0sE, WEEt TEri,
VEEZs. wlEl YLrrETlrE
LT Y S R S B
I EELT I VI vE ‘e Lhyt lrerercioe Lomnaty Yno . nFeT e =t wee-©
eevics Sretvy Fal.. SweTsEe,
SEL Bos (Ul L)
LSO -
a. Inciuces mate 1als @ Gineering tasicE
t.r lorros:o Entireemirg Peenciitior

A o

Gol o

Sereel,

(Lot o)

G.oaiciurc., Sor ey
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The following additional books are recommended for
procurement: ‘ -
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books dealing with corrosion and materials
received in the Centre or are under order. The
been received and found to be quite comprehensive.

Corrésion Handbool. by H.H. Unlig,
Published by John Wiley and Sone, London

Corrosion and Frevention in Waters by 6. Butler

and HC ¥ Ison.

Fublished by Leonsro Hill Books, B8-10 King Street
London W.G. .

Corrcsion Resistance of Metals & Alloys by F.L.
Laguee & H. R. Cop=son.

Fublished by FReinhold Fublicshing Corporation.
New Yort..

Corrosicn Frevention by Fractising £ngineercs by
J. Eosich
Ffubliehed by Earnecs & Noties, lew Yorid

Frotection of Iror. . Steel Structures from

Corrosion . B 5 I 1L908B
Fuebiisteg by Braitish Ctandard Instituticons. Loracn

Stee) Structures Fainting tenual Vel. 1 & 11
Fubklished by Steel Structures Fainting Council,
Ffatteburgh, Fa. U.E.5,

Cricride Ceorrosion of Steel in Concrete ASik S°F
£7%. Ediled by L.E. Tonir: ane S.W. Dezn
Fueoiizh=d by kmerican Scciety for Testing
*iateriels, 193¢ Rece Street, Fhiladelphie, Fe
15107, U.S.A.

Fcollowing potlaicetions bv Net:omnal Asscociation ot
Corrosion Engine=sre,

8.1. Cozling Hater Treatment Menuval
€.2. NACE Coatings and Linings Handbook.

8.2. Electrochemical Techiniques for Corrosion

8.4. Atmospheric Corrosion of Metals




10,

11.

1=.

1<,

l6.

17.
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8.5. Stress Corrosion Crecking Control Measures
8.6. Corrosion Data Survey, Metals and Non-metals

8.7. Control of Internal Corrosion in Steel Fipe
Lines and Fiping System

8.8. High Voltage Electrical Inspection of
Fipeline Coatings Frior to Installation

8.9. Forms of Corrocsion, Recognition an
Frevention .

8.10.Corrosion Inhibition

Ultrasonic Testing ot Materials - English Edition
by J.U.K. bkrautkremer

Fublished by krautkremer GMEH, Robert Bosch -
Siracece 3. 503ICG Hurth &, West Bermany

RHarndtook on the Mon-destructive Testing of
Materiale - Englieh Edcition by E A W HMuller

Fubriish=d by Verdag Oldenbourg, Munchen, west
Bermeny

Stress Corrosion of lelsle by Logan
Fublished by John Willey £ Sons

Failure Analveare sna Metzllography — Macre-
Structursl Science Vol. 1S5, oy Mitchel E. Blum
Fublsished by Americen Scc:etly of FMetels
Internationzl Ferl Chio 44973, U.S.A.

Fipeline Corrosicn & Cathodic Frotection Ly
Marchall E. Farkers.
Fubliehed by G.:11 Fubklish:ns, UJ.5.A.

Applicetion Manuel for Feint &nd Frctective
Coatino by W.F. Bress
Fublished by McGraw Hill

Corrosion VYol. 1 & 2 by Shreir.
Fublished by Newnes Eutterworths, London

Dewpoint Corrosion by D.R. Holmes
Published by Ellis Henevard

Defects and Failures in Fressure Vessels and

Pipings by Thielsch
fublished by Reinhold Fublishing Company
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18. Failure Analycsics -~ Case Histories and Methodology
by Naumann
*Fublaished by A & M, U.5.A.

19. ASME Section VIII Div 1 and 2 (Fressure Vessle
Code), ASME Section 11 A and B (Material Code).
Published by American Society of Mechanical
Engineers, U.S.A.
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JEST PROGRAMME FOR
BASIC TRAINING ON CORROSION

INTRUDUCTION

1.1, Training of engineers and technicians at the
National Engineering Centre and also from industries in
the field of corrosion will be an important activity of
the PM Group developed at NEC. The training programme
of consultants and technicians is detailed in report
No. CME/TF/01. The programme includes "basic training
on corrosion” for fresh engineers and technicians. The
same programme can also be used for training and in
workshop programmes for plant personnel in future.

1.2. The basic training programme would include series
of corrosion lectures, video programmes and simple
laboratory tests to demonstrate various corrosion
phenomenon. The present report gives details of
demonstration tests.

FIRST SERIES OF TESTS - ELECTRO-CHEMICAL ASFECTS

2.1. Electrode Fotential

Whenever a metal is immersed in an electrolyte it
develops a potential with respect to the medium. The
potential developed depends on the envirocnment and tne
metal concerned.

2.1.1. Test No. 2 (1)

Take a mild steel sample of SOmm x 50mm
size and immerse in distilled water after
polishing to a finish by "0"” size emery paper and
degreasing. The sample will be weighed before
test. Place th luggin capillary near the specimen
with connection to saturated calome) electrode.
Make electrical connection to a potential
measuring device as shown if Fig. 1. Measure




potential
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initally at intervals of 3 minutes till

the potential stabilises and subsequently once

every day
specimen
corrosion
available

till 10 days. After 10 days clean the
and determine loss in weight and
rate. (Note: If luggin capillary is not
dip the electrode in the beaker for

initial experiments).

HCl. Time

indicate

TJest No. 2 (2)

—

Repeat the test No. 2 (1) with Sea

Test No. 2 (3)

Repeat the test No. 2 (1) with N/71000
of test will be &6 Hrs.

The above test 2 (1) to 2 (3) will
how the potential changes with the

environment.

2.1.4.

2.1.5.

Test No. 2 (4)

Repeat test 1 (2) with Stainless Steel.

Jest No. 2 (5)

Repeat test 2 (3) with Stainless Steel.

Time of test will be 24 Hrs.

2.1.6.

2.1.7.

2.1.8.

swaller

est No. 2 (6)

Repeat test 2 (2) with Aluminum.

Test No. 2 (7)

Repeat test 2 (3) with Aluminum.

Test No. 2 (8B)

Repeat test 2 (2) with Cu-Ni Alloy. (Use

size specimen , 25mm X 29mm, if

necessary).

2.1‘9'

Test No. 2 (9)

Repeat test 2 (2) with Zinc (use smaller

size specimen, 25mm x 25mm, if necessary).
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2.1.10, TJest No. 2 (10)

”~

Repeat test 2 (3) with Zinc (use smaller
size specimen, if necessary).

Above test, 2 (4) to 2 (10 would
establish that corrosion potential and rate vary
with material and environment. Compare potential
with standard electrode potential series.

M

. Balvanic Effect

3

Frevious tests indicate that metals develop
potential in an electrolyte and the potential developed
depends on material and medium.

Corrosion being an electrochemical process the
corrosion rate or kinetics of corrosion is governed by
the amount of current flowing between anode and
cathode. The flow of current would, as in any
electrical circuit, depend on:

(i) Difference in potential, i.e. AV

{I1) Resistance of the circuit, R

AV/I = R or I =A4V/R

In addition to the above two factors, in the

corrosion process, the polarisation characteristics of

anodes and cathodes also play important role.

2.2.1. Difference in Fotential

a.) Test No. 2 (11)

Put a weighed mild steel and brass
specimen of 50 x 5SOmm in a beaker containing Z%
NaCl water. The specimens will be polished and
degreased. FPlace capillaries facing both the
specimens as shown in Fig. 2. If luggin capillary
is not available pli e the calomel electrode in
the centre of the two specimens). Measure the
potential of individual specimen periodically till
the potential stabilises.

Now connect the two specimens
externally through a multi-range ammeter of zero
resistance. Measure the current at periodic




122

intervals and also potential of both brass and
steel once every day. Note change in direction of
potential in both electrodes. Continue the test
for 10 days. Weigh the specimen after removing
all corrosion product. Only steel will show
weight loss.

Determine corrosion rate in mils
per year from weight loss and corrosion current
and compare the results. The test will show that
in the above system steel is anode and brass
cathode. It will also show that corrosion is
dependent on the flow of current.

b.) Test No. 2 (12)

Repeat test No. Z (11) with brass
and stainless steel samples.

The test will show that corrosion
rate 1is small because of low difference in
potential between stainless steel and brass and
the inherent low corrosion rates of two alloys.

c.) TYest No. 2 (13)

Repeat test 2 (11) with mild steel
and zinc.

The test will show that =zinc is
corroded and acts as anode while mild steel fully
protected, if the potential of the system is more
negative than-8350 mV.

2.2.2. Electrical Resistance of Circuit

a.) Test No. 2 (14)

Repeat the test No. 2 (11), but by
placing a variable resistance in the «circuit.
(arrangement is shown in Fig. 3).
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SECOND SERIES OF TESTS - FORMS OF CORROSION

3.1. Corrosion causes deterioration and there are many
forms in which effect of corrosion is observed. These
have been explained in short. Forms of corrosion which
can be reproduced by simple experiments have been
given.

3.2. General Corrosion

The corrosion causes uniform loss of metal all
around. The resulting surface is for all practical
purposes smooth. In such a situation it is easier to

predict life once the corrosion rate is established.

I.2.1. Test No. 3 (1)

Repeat tests 2 (1), 2 (2) & 2 (3) with
mild steel and 2 (7) with aluminum. E:amine the
samples after test. These were found to have
uniform corrosion.

3.%3. Fitting Corrosion

tocalised high corrosion at some points compared
to overall surface results in piting type of corrosion.
Fits may be broad and shallow or small and deep.
Greater the penetration rate of pits lower the life of
equipment specially those which contain liquid or
gases. Fitting rate is higher in metals and alloys
which show active/passive bebhaviour.

Z.3.1. Test No. 2 (2)

Take 2.5 % 2.5 cm AISI 304 stainless
steel sample and polish to a finish by 00" emery
paper (fine finish) degrease and weigh. Frepare
250 c.c. of 10.87Z FeCly, 6H20 solution in 0.05 N
HC1. Dip the sample for four hours. Test
temperature will be 40<C.

After test wash the sample carefully and
weigh. Count number of pits and measure pit depth
using a sharp pin needle (e.g. dental probe).

FeDele Yest No. 3 ()

Repeat the test 3 (2) with AISI 410
stainless steel.




3.3.3. Iest No, 3 (4)

Repeat test 3 (2) with AISI 316
stainless steel.

The above tests, 3 (2) to 3 (4) will
show that the three stainless steels bhave the
following decreasing order of pitting
susceptibiltiy. ss 410, ss 304 and ss 316.

3.3.4. Jest No. 3 (5)

Repeat test 3 (2) with maild steel.

Mild steel will corrode uniformly
without pitting.

3.3.5. Test No. 3 (6)

Take a sample of 100 x 50 cm AISI 304
stainless steel and polish to a finish by 00’
emery paper and degrease. Dip the sample in sea
water for S minutes, withdraw it and allow the
film of water to dry by placing the sample flat on
a filter paper. The top surface of the sample
will have randomly distributed salt crystals.

Flace the specimen on the dessicator
plate with a layer of water in the bottom of the
dessicator and cover. Run the test for 15 days,
remove the sample and clean under running water.
Examine the surface.

3.3.6. Jest No. 3 (7)

Repeat the test 3 (6) with mild steel.

3.3.7. Test No. 3 (8

Repeat the test 3 (6) with aluminum.

The tests 3 (6), 3 (7) and 3 (B) will
show that stainless steel and aluminum are more
liktely to pit them mild steel.

3.3.8. Test No. (9

Repeat test No. I (&) with 10%Z solution
of NaxS0s in distilled water.
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After the potentials of the two
electrodes stabilise {still not electrically
connected) connect the two electrodes through a
multi range zero resistance ammeter. In between
the ammeter and one of the electrode the variable
resistance will be at "0’ position to start with.
After the current stabilises (few hrs to 24 hrs
generally) increase the resistance so that the
current is reduced by half. Continue the te-t for
10 days with daily wmseasurements of potentials of
two electrodes.

Determine loss in weight and
calculate corrosion rate from weight 1loss and
current and compare.

b.) TYest No. 2 (15)

Repeat test No. 2 (13) with same
arrangement as in test No. 2 (14). Compare the
results of test Nos. 2 (11), 2 (13), 2 (14) and 2
(15).
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Compare with test 3 (&), X (7) and 3
(8). The test will show that chloride is a much
sore stronger pitting prosoter than sulphate.

3.4. Intergranular Corrosion

Some alloys like stainless steels and aluminum
alloys are susceptible to intergranular corrosion. In
intergranular corrosion the grain boundaries of alloys
are attacked in preference to the grains. Though
extent of weight loss and apparent attack are less, the
alloy looses strength and leaks where intergranular
attack occurs (generally near the welds in what is
known as heat affected zone - HAZ).

3.4.1. Test No. 3 (10)

Take one 10 mm x 50 mm sample from AISI]
304 stainless steel sheet (preferably about 2-3 mm
thick) polish to '00° emery finish, degrease and
weigh. Before polishing the sample will be heated
at 650°C for 1 hour.

Take a solution containing 47 cc per
litre of concentrated sSulphuric acid and 13
gms/litre of CuS04.9Hz0 in a pyrex flask fitted
with a reflux condenser. Immerse the stainless
steel specimen in the above boiling solution for
72 hours. Take out the specimen and subject to a
bend of 180°C over a radius of 5 mm.

Appearance of crack on the surface would
indicate intergranular corrosion. Mount the bent
portion of specimen and examine for the nature of
attack along the cross section under optical
microscope both before and after etching.

Note: If no cracks are visible on bending repeat
with three consecutive test of 72 hours period
each on a fresh sample before bending.

3.4.2. Jest No. 3 1

Repeat test 3 (10) but with AISI 304 L
or 321 stainless steel. No or little intergranular
cracking would be observed.

The tests No. 3 (10) and (11) would show
that while 3I04 is susceptible to intergranular
attack, 304 L or 321 are not.




- 3.5. Cavitation Erosion

Whenever in a aoving liquid fluid there is

. creation of low pressure areas, the material is
subjected to conjoint action of corrosion and impact
resulting in cavitation erosion. Pump impellers and

ship propellers are generally subjected to this type of
attack. The affected area has a mottled appearance
with closely spaced pits.

No simple tests are available to reproduce this
phenomenon. Some failed pump impeller can be collected
from industry as an exhibit.

3.6. Stress Corrosion Cracking

Some alloys are susceptible to cracking when
subjected to tensile stress in a specific environment.
Some common instances are:

- mild steel in caustic and nitrate
- stainless steel in chloride

- copper alloys in ammonia

- Aluminum alloys in chloride

Cracking is either intergranular or transgranular,
depending on the type of alloy and environment.

3.6.1. Test No. 3 (12)

-

Take a Z cm wide and 10 cm long 1.5 to 2
mm thick annealed brass sample with 3 mm dia holes
at two ends along the lenght.

Folish to a finish by °"00° emery paper.
Bend at the centre around 2 cm rod to form "U’.
Put a steel nut and bolt through the hole and
tighten with nut till the two legs of "U° are
parallel.

Prepare similar specimens from pure
copper and AISI 304 or 216 stainless steel.

Fut 5%Z NHL4OH solution at the bottom of a
dessicator. Flace the bent brass, copper and
stainless steel specimens over the dessicator
plate and cover the dessicator.
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Take out the three specimens every 2
hours for first six hours and examine outer bend
for surface, crack under a low powe aicroscope or
with a magnifying lens. Note for number and
length of cracks. Continue the test for 24 hours
with copper and brass specimens and 10 days with
stainless steel. Mount the specimen and examine
microscopically after polishing, with and without
etching.

The test 3 (12) would show that while
brass cracks in asmonia atmosphere, copper does
not. The test would also show that brass cracks
intergranularly. (Note: 1f brass is in cold rolled
condition there »iil be mixed mode of cracking,
i.e., both inter and transgranular). Stainless
steel would also show no cracking.

3.6.2. Yest No. 3 (13)

Prepare AISI 304 stainless steel as
above. Take 427 solution of MgClz2.6H20 in a 500
cc. flask fitted with a reflux condensor. Hang
the U bent specimen in the boiling solution.
Examing the outer bend of the specimen every 2
hours for first 6 hours under 1low magnification
for number and length of cracks. Continue test
for 48 hours.

Mount the specimen and examine
microscopically after polishing, with and without
etching.

The test no. 3 (13) would show that
stainless steel is susceptible to cracking in
chloride solution and that cracking is branching
type and transgranular.

No cracxs will be starting from the
indise surface of U-bend which is under
compression.

3.7. Fatique Corrosion

Metals and alloys are susceptible to cracking
under alternate stresses due to phenomenon known as
fatigue cracking. In presence of corrosive environment
the susceptibility to cracking is increased.




129

Fump shafts, piston rods, etc, fail due to
corrosion fatigue.

There are no simple tests to reproduce these
failures. Some failed pump shaft can be collected from
industry as an exhibit.

3.8. Impingesent Corrosion

When high velocity liquid fluid containing
entrained air bubbles strikes against a msetal surface,
highly localised corrosion takes place at the point of
impingement leading to perforation. Similar effect is
observed when at any point during change in the
direction the fluid directly impinges on the metal
surface.

Failure of copper alloy exchanger tubes at tube
inlet, failure at bends, etc., are instances of
impingement corrosion.

Reproduction of impingement corrosion in
laboratoru requires elaborate arrangement bur for
explaining some failed copper alloy exchanger tubes can
be collected from industry.

3.9. De—-alloying

Alloys which are mixture of two or more metals,
sometimes fail due to corrosion of one metal in the
alloy in preference to the other (generally major). The
phenomenon is known as de—-alloying and examples are
desincification, dealuminification and
denickelification. These occur under ceratin specific
conditions of alloy and environment.

3.9.1. Test No. 3 (14)

Take a 20 mm wide and 100 mm long brass
(preferably 60% Cu - 40% In) specimen. FPolish to
a finish by "00 emery paper.

Take 500 cc of solution containing 10
gms of cupric chloride per litre to which 35 drops
of concentrated HCl have been added. Continue the
test at room temperature for six weeks. Take out
the sample and bend it. Note for surface colour
and any cracks, Observe the cross section
microscopically. Spongy coppery rec¢ layer will be
visible on outer surface. Determine depth of this
layer.
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Test 3 (14) would show that brass 1is
susceptible to dezincification.
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4.0. TJHIRD SERIES OF TESTS — CORROSION FROTECTION

4.1. Corrosion can be controlled by various methods,
e.g., painting, inhibition and cathodic protection. The
etfectiveness of the various wasethods are given in the
next series of tests.

4.2. Corrosion Inhibition

4.2.1. Test No. 4 (1)

Take two 3500 cc beakers, one containing
400 cc of tap water and the other 400 cc of tap
water with 0.1%Z of sodium chromate. Take two 50
mm x 100 mm of mild steel specimen polished to a
finishe by '0° size emery paper and degrease.
Weigh the specimens and place one specimen in each
beaker. Observe the surface condition of the two
specimens for 3I days, take them out, remove the
rust by scrubbing with bhandbrush and reweigh.
From the loss in weight and area (both sides)
calculate corros:on rate in mgm/dm=/day (mdd).

The test will show that chromate
inhibits corrosion of mild steel in water.

Painting
Test No. 4 (2)

Take two 100 mm x 100 mm mild steel
plate and pickle them in acid to remove all the
mill scle. Take one plate and expose it to
atmosphere for a few weeks till it develops a
sufficient thick coating of rust. Lightly clean
the loose rust with a brush (so as not to remove
all the rust). Paint the rusted sample with one
coat each, of primer (red lead or chromate) and
compatible finishing coat. Put a 50 mm 1long
scribe mark (scratch) at the centre of the plate
s0 as to expose the steel below the paint. Spray
the surface with 37 NaCl solution droplets and put
the sample in a dessicator containing a layer of
water. Repeat the same painting and exposure
procedure with pickled mild steel without rust.

Observe the specimens for 1-2 weeks. It will
be demonstrated ¢that the paint on pickled surface
gives better life than rusted surface. If a grit
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or said blasted plate is also included in the
test, superiority of it over the other two will be
evident. The degree of protective property will
be judged on the basis of rust spots and rusting
on both sides of the scratch mark.

Cathodic Froiection

4.3.1. Test No. 4 (3)

Repeat Test No. 2 (13) to show that zinc
protects steel cathodically.
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ANNEXURE 10

ATHOSPHERIC CORROSION STUDIES IN THE PHILIPPINES

INTRO! TION

The setallic structures and outdoor equipsent , roofing
and facilities in industries and husan dwellings are
exposed to the local atmospheric environsent and need
protection against external corrosion. Steel, the most
commoOnly used material, is protected by paint, msetallic
coating like galvanising or both. The protective
system used for any particualr case depends on

- corroéiv{;y of environment
- periodicity of repainting
- economics

In addition to the above, in the long run it is
desirable to standardise the paint syste-s to reduce
inventory and make the procuremnt easy.

As discussed above, corrosivity of environment plays a
major role in the selection of protective system and as
the former is primarily dependent on the environmsental
factors, it is essential that aggresiveness of the
atmospheric environment is known. While in a micro-
scale environment varies from location to location, for
general purpose the overall corrosivity of geographic
locations in a country on a wmacro scale becomes
important.

Taking long term perspective it is therefore essential
that a well planned study on atmospheric corrosion is
initiated in the Philippines based on which a corrosion
map can be drawn, as has beenh done in many countries.

CONTROLL ING_FACTORS

2.1 Factors affecting atmospheric corrosion are:

i. Climatic - temperature, husidity, wetting
and drying period, rainfall,
etc.
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ii1. Cheaical - presence of SOz, acidic gases,
chlorides and other salts in
the air.

iii. Physical - erosive action of sand and

solid particles in the air.

2.2 The climatic conditions in the Philippines varies
tc some extent in different regions. Further,
Philippines has a long coastal line and most of the
regions are subjected to high winds which tend to
increase the chloride level in the atmosphere and thus
its aggresiveness. In areas where industries are also
located the atmosphere is further polluted with gases
emitted by these industries. Urban areas, on the other
hand are pollyted from exhaust of vehicular traffic and
domestic fuels.

OBJECTIVE OF STUDY

3.1 The atmospheric corrosion basically involves the
fol lowing steps. '

a.) Formation of a thin layer of moisture on the
metal surface either due to condensation during change
in ambient temperature and humidity or rains. In case
of hygroscopic solids deposited on the surface, as in
case of sarine and industrial environment, condensation
occurs sore readily.

b.) The thin film of moisture absorbs the water
soluble gases or solids in the air or dissolves the
soluble solids deposited on the metal surface forming a
thin layer of corrosive electrolyte.

c.) The corrosion occurs due to this fila of
electrolyte forming solid corrosion products.

d.) Once a layer of rust is formed further
corrosion takes place by the electrolyte reaching the
metal surface through the pores or Qaps in the layer.
In such a case the corrosion rate diminishes with time.

3.2 Due to number of factors involved in controlling
atmospheric corrosion and the interaction of many of
them being more complex it has been found difficult to
predict the corro-ivity of a given area by accelerated
laboratory tests. In development of protective
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systemas, atmospheric corrosion studies have therefore
played a major role in all the countries and such a
study is felt essential in the FPhilippines also.

3.3 The objectives ot the study will be:

First Phase: Establish corrosivity of atmosphere
in difterent areas and corelate with atmospheric
pollution and climatic conditions. For the
studies mild steel and zinc as reference will be
used and exposed at some selected centres decided
on the basis of location and facilities for
conducting the tests. Effect of proximity to sea
and also the splash zone will be included in the
study which will be important for the harbour
installations and other dwellings and industries
along - the cost.

In selection of location
meteoroligical and climatic conditions throughout
the Fhilippines will be reviewed. Urban, rural,
marine, industrial and industrial + marine areas
will be identified. And finally typical 15-20
sites will be selected. As the project would
require exposure and remqQval of panels, collection
of climatic and pollution data, more than one
organizations will have to be involved in the
study. The selection of test sites would
therefore have to be based on local organizations
who are agreeable to be associated with the
project.

Second Fhase: Once the corrosivity in different
areas are established studies will be undertaken
to evaluate some selected coating systems in
consultation and association with local paint
manufacturers.

TEST PROCEDURE

4.1 For atmospheric corrosion studies it is essential
to carryout field test as it is difficult to simulate
the variables in laboratory.

4.2 The tests on mild steel will be conducted by
exposing 150 x 100 x 2.5mm mild steel sheet panels and
at the end of the test period, the loss in weight and
nature of attack will be determined. The 1loss in
weight will be corelated with changes in humidity,
temperature, level of pollutant e.g. S0a, Clz, HaS,
chloride, NOz dust particles, etc.
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Two series of sasples will be exposed, one in the
beginning of sumeer i.e. May/June and the second in
the beginning of winter, i.e. October/November. The
test periods will be of 3 months, 6 months and 1 year
for bare metals. The panels will be facing NW direction
except in case of sea shore, where it will be facing
the coast.

The details of the procedure to be followed for
the tests are given in Annexure ‘A°.

4.3 The tests on protective coatings will be carried

out for two years on galvanized and painted panels. -

The size of the panels will be 150 x 100 x 2.5a%. The
evaluation of painting will be by visual observation.

The detail procedure is given in Annexure ‘B’

FACILITIES REQUIRED

The following facilities will be required.

- Monel, galvanized or wooden racks “for fixing
specimsens.

- Specimens for exposure.

- Weighing balance of 2.0 Kg. capacity with accuracy

up to 1.0 mqg.

- Arrangement for chemical cleaning (details are in
Annexures).

- Arrangement for collecting wmeteorological and
pollution data, e.g. continuous RH and temperature
recorder, rainfall gauge, wind direction and
velocity recorder, SO02 and chloride candles, etc.
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Annexure A’

PROCEDURE FOR CONDUCTING_STUDIES ON_AYMOSFHERIC

CORRAS 10N METAL

Introduction.

1.1 This procedure gaives details for conducting
studies on atsospheric corraosion of setals. The
objective of the tests is to establish the eftects of -
various pollutants in the air and variations in
climatic condition on corrosion of different metals.
1t is envisaged that these tests will help in preparing
Corrosion Map of the Fhilippines.

2.1 The test specimens to be exposed shall be waild
steel and zinc for determining corrosivity of
atmosphere. Mild steel and zanc will conform to ASTM

" specifications A-7 and B-69 Type 1 or 11 respectively.

2.2 Size of mild steel and zinc specimens will]l be 150
x 100 x 2.5mam and 150 x 100 x 1.5ma respectively.

2.3 Nusbering for identification of specimens shall be
made by drilling holes on left and bottom horizontal
sides of specimens as specified for the master plate,
the sketch of which is given in Fig. 1. The station
number will similarly be identified by drilling holes
on right hand vertical side of the specimens. The
reference hole at top centre will be partly drilled.

ration _and Cleas .of Test Specimens.

3.1 The test specimens shall be free from surface
scale and surface contaminants like grease and oily
matter. The surface will also be given uniform finish
tor reproducable results.

3.2 Mild steel specimens shall be grit blasted or
pickled in inhibited acid for removal of mill scale.
After pickling, the surface shall be finished with
emery paper No. O and degreased with suitable solvent.




141

3.3 The zinc specimens shall be finished with emery
paper No.0O and then degreased with suitable solvent.
Light rubbing will] be used to avoid deep scratching or
embedding of grit on the metal surface.

3.4 Al) specimens shall be stored in dissicator and
weighed before the exposure. Weighing up to an
accuracy of 10 mg. for mild steel and 1 mg. for zinc
shall be sufficient.

Exposure of Test Specisens.

4.1 Specimens shall be exposed in racks fitted at
suitable locations within e meter of the ground level.
While exposure, it is to be ensured that corrosion
product of mild steel does not fall on zinc or vice
versa. Further the specimens shall be electrically
insulated from each other.

4.2 The test racks shall be as per the sketch given in
Fig. 2.

4.3 Three sets of sasples in duplicate or triplicate
will be exposed, one seried in May/June and the second
in Dctober/Novesber.

3.1 The specimens shall be visually examined once
every month for nature of corrosion, i.e. nature,
distribution and colour of corrosion product. The
observations will be recorded.

5.2 Dne set of specimens from each series will]l be
removed after three, six and twelve months of exposure.

5.3 The specimens after removal will be examined for
nature of corrosion product and weighed to determsine
the change in weight with the corrosion product intact.

5.4 Mild steel specimens shall be cleaned in inhibited
S4Z sulphuric acid at 60°C with periodic scrubbing under
running water with stiff steel wire brush.

Zinc specimens shall be cleaned in 207 chromic
acid solution at 80°C or in a 107 trisodium phosphate
solution at 85<C. The specimens during cleaning will
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be periodically taken out and scrubbed under running
water with cotton swab.

5.5 After removal ot corrosion products, the test
specimens shall be weighed and loss in weigh recorded.
The rate of corrosion of various samples shall be
calculated in m.ma. penetration per year as given below:

Original weight (before test) = Wy in gas.
Final weight {after cleaning) = Wz in gms.
Loss in weight, Wx = Wy — Nz in gas.
Area of sample = A in ca=
Period of tesl = p in days
Density of sample = d

Corrosion rate in sm penetration per year (am) =

Ws x 365
————————————— b 10
A xpxd
Note: d for Zinc = 7.87
d for mild steel = 7.14

5.6 Specimens will also be examined for any localised
corrosion i.e., pitting and the number of large pits
and maximum pit depths shall be recorded. The pit
depth measurement shall be carried out with the help of
travelling mwmicroscope or a micrometer with a least
count of 0.025mm or a pit depth gauge.

6.1 For the period ot the test, climatic conditions,
e.g. daily relative humidity (maximum and minimum),
temperature (maximum and minimum) and average wind
direction and monthly rainfall will be recorded in the
area. Any storms in each month will also be recorded.

6.2 The pollution data recorded at each site will be
for level of chloride, S0a, HzS, NHs and any other
chemicals suspected to be present due to the type of
industries in any particualr locality.
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Annexure 'B°

FROCEDURE FOR CUNDUCI ING STUDIES ON FERFORMANCE

OF FAINI ARGAINS) ATMUSPHER1C COKKOS 10N

Introduction.

1.1 This procedure gi1ves details for conduc ting
studies on protective systems to prevent deterioratiaon
of msetals due “to atmospheric corrosion. The objective
of the tests is to evaluate perforamance ot ditferent
protective systems to help in the selection ot paints.

2.1 The test specisens to be éxposed shall. be painted
mild steel panels. Any other msetal or alloy will be
used only in special cases where such evaluations are
needed. In thas procedure details of mild steel have
been given. For other materials the same procedure
will in general be applicable except for some special
steps, particular for that system and recomsmended by
the paint manutacturer.

2.2 Size of mild steel, specimens shall be 150 x 100 x
2.5mm.

2.3 Numbering for identitication of Specaimens shall be
made by drilling holes on left and bottom horizontal
side of specimens as specified for master plate (Fig. 1
in Annexure 1). The station number shall similarly be
identified by drilling holes on right hand vertical
side of the specimens. All holes will be partially
drilled.

Freparation of_ Test _Specimens.

3.1 The test Specimens shail be free from surface
scale and surface contaminants like grease and oaly
matter. The surtace will be given a uniform coating
with specimen edges well covered up to avoid initiation
of failure at these points.
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I.2 Specimens shall be grit/sand blasted as a sinimum
to NACE No. 2 finish, unless otherwise recomsended by
the coating wsanufacturer in which case manufacturer’s
recommendation will be followed.

The NACE Standard is designated as TM-01-70.

3.3 After sand blasting the specisens shall be blown
with air (without entrained water droplets) and rubbed
with cotton swab to remove any adhering solid
particles.

3.4 The specimens shall then be given primser and -
finishing coats as per sanufacturer’'s recomsendations,
which will be strictly followed.

3.5 The dry thickness of primer and total paint systeas
will be recorded using elcometer.

3.6 Paint coatings on specimens will be locally
damaged using a scriber to determine their passivation
characteristic or resistance to underfila attack. The
scribe will be in the fore of two 50mma. long scratches
to expose the base wmetal. The position are shown in
Fig.B1.

3.7 Half the numbers of specimens will be scribed at
the beginning of the test and rest after &6 months
exposure.

3.8 All specimens shall be stored in shelter (i.e. in

a room) and weighed before exposure. Weighing up to an
accuracy of 10 mg. shall be sufficient.

Exposure of Test Specimens.

4.1 Specimens shall exposed in racks fTitted at
suitable locations within a meters of the ground level.
While exposing it is to ensured that corrosion product
of one does not fall on the other. Further the
specimens shall be electrically insulated from each
other.

4.2 The test racks shall be as per the sketch given in
Fig.2 of Annexure A.

4.3 Two sets of samples in quadriplicate will be
exposed, one series in May/June and the second in
Oc tober /November .
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Assessment ot Corrosaon.

9.1 1lThe specamens shall be visually examined once
every month for condition of paint, 21.e. degree of
rusting, blisterarj) and chalking using guidelines given
in.ASTM D&10, D714 and D1654 respectively.

5.2 One sel of specimens trom each series will be
removed atter one and two years ot exposure.

5.3 The specimens wi1ll then be examined for the
following:

a.) Degree of rusting (ASIM D&610)

b.) Degree ot blisteraing (ASTM D 714)

c.) 6égree ot chalking (ASTM D14654)

d.) Extent ot unoerfilm attack

e.) Condation ot finishing/primer paint.

f.) Adhesion of paint film around scribe mark.

Note: Any rusting within 1 ca. of edges will be
ignorecu.

9.4 The specimenes shall then be washed under running
water and wiped with cotten swab and weighed to
determine change in weight.

nvironmental Records.
6.1 For the period of the test, climatic conditions,
e.g. daily relative humidity (maximum and minimum)
temperature (maximum and msinimum) and average wind
direction and monthly rainfall wall be recorded in the
Area. Any storms in each month will also be recorded.

6.2 The pollutlion data recorded at each site will be
level of Chloride, SO2, H=2S5, NH:, etc.
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ANNEXURE 11
OUTLINE OF SCOPE OF SERVICES OF PM GROUP

1.0 BREAMBLE

1

1.

.1

(O]

The Preventive Maintenance group o1 the National
Engineering Centre of University of the
Philirpines has been sit up with UNDEP aid Lo pive
cuonsultancy services to Lhe Philippines imduziries
in various aspectis of plant maintenance. The
objectives of the services are:

- optimizing maintenance cost

- increasing on-stream efficiency

- ensuring continuous improvement in
maintenance practices

Maintenance has many facets and include areas like
tribology, materials and corrosion. repair and
welding techniques, vibration snalysic. mechanical
design, plant operation, system and organizational
approach, etc. Many of the problems are i1nter-
related and the uniqueness of the services
provided by NEC is its mwmultidisciplinary and
pultipersonnel approach through groun of
consulta~ts having srcecialization in dirferent
areas.

To make the services practical oriented and to
neet the reguirements of the industries, the PM
group has been egquipped with its own field
equipnent in the areas of inspection, corrosion
nonitoring, field netallography. vibration
analysis, laboratory testing facilities, etc..
NEC is also planning to establish cooperative
linkages with ITDI and MIRDC to wutilized their
facilities as and when required.

The consultants have undergone extensive training
in local industries and abroad and have worked
with local and overseas specialists under UNDP
assistance. By blending specialist knowledge and
experience and through continuous interaction
amongst themselves, attending scientific and
technical institutions and variovs in-house
groups, the PM group has developed the necessary
expertise on maintenance technology to provide
intergrated services to Philippine industries.
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v 2.0 SCOPE OF SERVICES

The scope of services will be the fellowing but not
necessarily limited Lo it only.

b

L

2.

N

[

2.8

2.8

.1

2

n

Failure Analysis

Selection and upgrading of construction materials,
metallic and non-metallic, to meet the special
requirements c¢f the environment.

Providing details of heat treatment, welding and
repair techniques for stationary equipment

Corrosion control and prevention in

Industrial coouling water treatment
Boiler water treatment

Corrcsion inhibition

Painting coating and linings
Cathodic and anodic protection
Corrosion monitoring

R

Inspection

* NDT services
* Plant inspection
*+ Inspection system and organization

Mechanical Maintenance

System and organization

Preventive and predictive maintenance
Vibration and stress analysis

Repair technigues

Spare parts standardization and inventory
control procedures

* Tribology

M W ok M

Training of plant personnel in the various areas
of material maintenance

Undertake long ternm development projects in
association with other organizations in the field
of materials maintenance as and when required by
the clients

Build up data bank in the area of materials
naintenance
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3.0_HANNER OF RENDERING SERVICES

3

3.

(&

.1

2

The PH group provides consultancy services either
(i) through a long term contract or (ii) through a
specific job contract

Under long term contract, the PM group will visat
the plant on & planned basis-once in 3 months for
72-3 days for a periodic review of problems and
give recommendations. For any inmediate problems,
the clients can approach the group by telephone or
letter with the descripticen of the problem. The
consultants will be sent &t the carliest as
receiving the information.

The specific Jjob contract will be taken up after
the problem is referred and the scope of work and
financial terms and conditions are approved.






