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ABSTRACT 

The UNOP Pr()ject "EstObllshment of Preventive Maintenance Systems to lnereose 

Productivity" <DP/PHl/87/008/D/Ol/3n hoS the objective to initiate institutiOnolisation or 
preventive maintenance <PM> in PhilippW\e industries by increasing the capabilities for 

consultancy. diagonostic. training and information services at the Notional Engineering 

Centre. The UNIOO short-term expert on Corrosion and Materials Engineering visited 

Philippines for three months in October 1989 d\.ling which number of octivitieS. e.g. visits to 

different industries for study of plant prOblems. preparation of manuals and guidelines. 

listing of facilities required for field diogonostic and laboratory studies etc. were 

performed. Number of lectures were also delivered. It was noted that there is great 

awareness and demand in the Philippine industries for the consultancy in the areas of 

corrosion and materials provided the services ore given promptly and professiOnanv. 

Final success of the Project objectives wil reqlJre continuous upgrading of capobilities of 

the NEC engineers. setting up of Oii recommenoed facilities and concentrated efforts b'>· 

NEC management to ensure the acceptability of the consultants by the industries in the 

iniiiol stoges . 
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INTRODUCTION 

The Medium-Term Philippine Development Pion for 1987-1992 emphosiSes on 

inCreosed efficiency In the oloeotiOn and the use of scarce Investment resources. This iS 

to be achieved through goverrvnentol pollcles and direct assistance measures. The 

lotter cotegt:>ry ineludes eff.cieney-oriented serviees to be mode ovolloble to Philippine 

industries amongst wtl;;;h plon"'8d mointenonc~ has been iderltified as a priority area for 

prOductivity improvement in industries. 

To introduce the objective of planned inointenance. specially in medium and 

large-scale operations. the necessity of the instttlJtionaliZotion o~ preventive maintenance 

<PM> was considered a must. Survey conied out by the Notional Engineering Centre 

(NEC) in 1986 identified the fOllowing areas in whiCh assistance is reQUred by the ildustries: 

maintenance management (674' of respondents) 

corrosion contrOI (674'> 

condition monitoring (604') 

leak prevention C~> 

lubrication (334') 

spore ports control ond technology C274') 

instrumentation and contrOI C 134'> 

reconditiOnng and salvaging (134'} 

The NEC is serving os o focal point to pool engineering expertise for 

maintenance. To meet the industries requirements. it was deemed n·~essory to further 

expand and improve the quality of technical servic.es rendered by fl'le NEC witn the 

ass~tance of United Notions Development Programme. The present Programme 

envisages: 

upgrading of NEC staff capacity 

establishment of a PM Oiogonostic Lot>orotory 

establishment of a PM Information and Promotion Serviee 

introduction of PM Assistance and Consuttoncy serviees. 

In persuonce of the UNOP aSSistance provided in the Project. the first short-term 

UNIDO expert to join was on Corrosion and Materials Engineering. The expert reached 

Monilo on 1st Oct 1989 and left on 29th dee '89 otter completion of 3 month assignment 

• 

• 

• 
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During the assignment the work was carried out continuoUSly except tor 10 days breok 

from 1st to 10th Dec ·99 d...tng the attempted coup delot . 

Considerilg the objective of the Project and assignment periOd of or.ly 3 monthS . 

a detailed work plan was drownup in consultation with the Chief T ectVlical Adviser and 

Executive C>Wector NEC. The programme consisted of: 

Visit of selected industries to assess and diseuss their corrosion and 

materiolS problems 

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

Phllppines 

prepaatiOn of training modules for consultants and technicians 

selection of instrumental facilities for inspection and field corrcsion 

monitoring 

selection of literature for the T echnieol library 

selection and specification of equipment for failure analysis and corrosion 

studies pertaining to industrial problems 

conducting/participating in seminars on corrosion and materials. 

The work pion envisaged was completed to o great extent inspite of stoppage 

ot work during the attempted coup detat. The lotter olsO affected the plans to viSit some 

of the important industries in Philippines e.g .. mining. no~ferrous metallurgy etc. 

The original objectives could not be fuUy achieved beco• Jse 

the assignment period of 3 months was too short to cover the varied 

corrosion and materials problems experienced in different types of 

industries. This is primarily because environmentoi ccnditions and 

req~irement' of varied types of industries ore quite different. 
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no &QUipment were ovoible or coUd be procured during the short period 

to trcin counterpart enginee~ and technidonS. 

in-house training of al NEC PM staff could not be completed beeause of 

their pre-occupatiOn with other projeet activities 

• 

• 

• 
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RECOMMENDATIONS 

1 . 0 U.ICllon ol Ser..1c• by lncluslrles 

Thera is great awareness and demand in the Phiippine indiJSfries tor consultancy 

in the area of c<>fl0$i0n and motertolS. It was posst>le during the plant visits of the expert 

to highlight the Objective and fut\M'e activities of the PM group being developed In the 

NEC. However. success of the Project in terms of benefits to the industries wil depend on 

acceptance of NEC consultants by the industry and providing consultancy services 

promptly and professionoly. This will in tum depend on the confidence created by the 

consultants and equipment focities ovOiloble with the NEC. 

It is recommended that 

a> All nece»orv steps should be token to retain the presently trained 

engineers ot least till the activities of the NEC PM group is soundly 

established. It is understoOd thof the present staff has been recruited on 

temporary basis and this situation may lead to people looking tor 

alternate jObs. 

b) At appropriate timEt second line of consultants should be develOped to 

retain continUty. 

c> A senior experienced engineer. having good industrial contact. Should 

be assigned to IOok into the activities of PM group and create confidence 

of the industries. 

2 . 0 Field and Laboratory Testing Facllities 

For services to Industries for effective corrosion control and ensuring sotety ot 

eQuipment and plant persomel NEC would hove to provide field CJnd lobOrotory testing 

facilities. For this purpose eQuipment to be used more freQuently wm hove to be kept at 

NEC. For the rest. assistance of other organisations like Metals Industry Research and 

Development Centre and Industrial Technology DevelOpment Centre in Manila con be 

foken 
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It iS recommended that urgent steps should be token to procure the 

recommended facilities on priOrity b<JsiS_ Necessary budgetary provisiOn shOuld be 

mode for this. 

3. o Guidelines and Manuals 

Guidelines and Manuals form the bockbOne of providing services. toking 

corrective actions and also training. Some of the important guidelines hove been 

prepared during the assignment period. 

It is recommended that 

o> these guidelif\es should be periodically updated based on NEC-s own 

experience and information cOllected from other experience published in 

lieroture and by various technical bodies. 

b) guidelines and manuals on other topics. whiCh could not be completed 

due to time constraint should be prepored by NEC in future 

4 _ Q Asliltanc• d UNIDO expert 

Envronment to whleh materials ore exposed vary greatly depending on IOCotiOn 

and type of induStries. The area to be covered to f orrnulote corrosion control measures 

iS therefore vast. The periOd of 3 months for UNDP expert enviSoged in the project was 

Short to meet the total prOjeet requirement. While the expert hos tried to give maximum 

possible inputs. it is recommended that provision may be mode in the reviSed project 

dOCument for on additional expert on corrosion and motertols engineering Cl m/m). This 

expert will visit before the end of the project and would give additional Inputs based on 

the experience of NEC and will olSo help in the setting up of the field ond laboratory 

facilities. It Is expected that by tl"lls time most of the equipment wtl be procured Ond the 

new NEC buUding wing wil be ready. 

• 

• 

• 

• 
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PROJECT IMPLEMENTATION 

A Citrwql 

To achieve the ®jectives of corroSiOn and moteriolS engineering within the 

overan objectives of the Project the expert pro~uced voriOus codes and guidelines. 

plant viSit reparts. orgoniSotionol proposolS. training programmes orc::J alSo delivered 

number of lectures to in-house NEC staff and personnel from industries and other 

orconiSOtiOns. In addition some proposolS on notional corrosion test programmes. and 

inter institutiOnol cOlloborotiOn in the field of corrosion and materials were also prepared. 

The two assigned counterpart engineers \\'~re al the time associated and they 

were trained in developing consultancy expertiSe. The Chief Technical Adviser and the 

Executive Di'ector of NEC were constantly kept informed about the progress of work. 

The work of the expert hos beP.n positively received by al concerned. 

8 Countemqt hHJoonel 

Of the total nine engineers working on the project during the assignment period. 

two. i.e. Mr Renato B. Golecruz and Miss Evan~eline O de Guzman. were assigned to 

the subject of corrosion and moteriolS. Both of them hod some practical experience 

and specially the former who hod previously worked in the industry. During the 

assignment. emphasis was given on training the counterpart engineers on various 

aspects of corroSion and moteriOIS periaining to different Industries and how to tackle 

technical problems toking into consideration individual client's requirements and 

resources. Practical aspects of problem soMng and techniques of corrosion control. 

material selection and Inspection were given due attention. This was achieved by 

constant interaction in the office and during the plant visit and also through lectures and 

discussions . 

As o firSt step. the existing situation in Philippine industries was perceived through 

Oiscussion witn Chief Technical Adviser. Executive Director NEC. counterpart engineers 

and visits to o few industries. This nelped in deciding on the areas which requirec to be 

covered during the assignment period. Deterioration of a material due to corrosion 
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depends primori!y on the environment to whieh ii is exposed. As each ty~ of industry 

hos Its own envlrorvnent the oreo to be covered Is qUte large and it was realised by au 

concerned that duration of 3 montt·.s is Inadequate to cover al aspects. In view of the 

obOve most impartont areas of inputs were identified for implementation within the 

general tromewOlk of Projeet objeciives. 

1.0 M .... Yi* 

A detail programme of plant viSit was drown up to cover textile. metallurgical. 

metalworking. mining. sugar. ChemicolS. refining and other industries. Of these it was 

PoSSi:>le to visit eigt.t Industries in on orOUnd Metro Manila as given in Amexure 1. VISits to 

industries quite for away from Manila. which were programmed for ~ember. did not 

materialise. On the special request. problem of preservation of on ancient ·011 steer 

Ch'-WCh was olsO IOOked into and hos ~en included in this section. 

The main objectives of the plant visits were 

a> to assess the type of problems on corrosion and materiols being 

experienced in different industries. 

b) to acquaint the industries of the PM activities of NEC by direct interaction 

c> to train tt\6 counterpart engineers orrjob in problem solving and 

d) to assist ttie industries in few areas within the limitf'.'d time of ~nment. 

Each visit was followad by a short report and the six of these are attached in 

Annexure 2. Copies of these reports were given to Chief Technical Adviser. NEC 

Executive Director and the PM project department. 

The plant visits indicated keen demand for consultancy services in the area of 

corrosion and inspeetion. Both the management and engineers ore aware of the losses 

due to corrc,sion and wont some organisation to help them in a professional manner to 

combOT corr::>sion problems. 
• 

• 
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2 _ 0 Guidtlo• md Mq>yols 

One of the Important activity of the expert consisted of preparation of guidelines 

on specific topies of corrosion control. mcJTeriOls selection and field inspection. These 

were prepared keeping in view the overol requirements of Philippine industries. Number 

of published codes. standards and guidelines ate available but these ore of general 

nature. The guidelines prepared were comprehensive to the needs and based on 

expert's own experience. These wil form the basis for the NEC consunonts to work out the 

line of octiOn in different areas. 

Again the time was o constraint to cover all the areas. In on six guidelines and 

monuolS were prepared as listed in Annexure 3. Fun texts of two ore ottoched in 

Annexure4. 

Guidelines on corrosion monitoring and inspection. corrosion testing procedures 

and cooling water corroSion control could not be completed within the present term of 

the expert. 

3 0 field Jesting Facjlties 

Inspection and corrosion monitoring form the basis on which the effect of 

corrosion control measures. extent and nature of corrosion domge and safety and 

reciduol life (time for replocr.1ment or repair) of eQuipment and facilities con be 

established. These form the most important tools fer providing services 10 the industries in 

the oreo of P.M. Many of the industries do not hove their own focmties and would like to 

hove the serviees from on outside agency like NEC PM group for systematic inspectiOn 

and monitoring. Thus direct instrumental services COIT bined with diogonosis of the 

problem will hove a considerable demand. 

Considering the present and future requirements. list of equipment required was 

prepared (Annexure 5). The priorities tor procuring these were also drown up . 

The importance of procuring these for effective rendering of consultancy services 

is errphosised as most of the industries would like to hove a single point responsibility. 
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4 . C Piognostk; q>d lgMrgkKy Fqclutjes 

In considering fifobllshment of Laboratory facilities for diagnostic/failure analysis 

and corrosion test toeCities It was suggested that onlv imlted equipment which wm be 

most frequently used. should be procured by NEC. For special types of studies. whieh 

would be required once in o while. o.~ance con be token of other organisations in 

Manila. The suggestion was accepted by NEC and with this in view the two Important 

testing institutions in Metro Manila. i.e. Metals Industry Research and DevelOpment Centre 

and Industrial TechnolOgy Development Institute were visited to have on Idea about 

their focil!ties. S..."'IS8d on this visit o note CAonexure 6) was prepored outlining the 

requirements and activities of the laboratory. 

For se!Viee to industries setting up of such a focHity is absolutely necessary as the 

general impressian gained from most of the industries during diScussion was that prompt 

services in such areo\ Is lacking in Philippines. 

The e~rt could not provide any assistance in setting up of the laboratory as 

equipmer.r were not available. 

5.0 Jr'**>g 

The consultants ot NtC in the area of corrosion and materials engineering will 

cater to the needs of various Industries In Phillipines. They will not only provide direct 

services but as per the objective of the project would also require to assist the industries in 

training of industrial managers. front line supervisors. engineers and technicians. 

ConSidering these activities. the effectiveness of engineers and technicians in the NEC will 

depend not only on their Quolificotlons but on the experience. constant updating of 

knowledge and technlQues and Interaction with personnel in related fields. This 

approach is also needed for plant personnels of various levels. 

Based on these requirements on-job familiarisation was given the utmost 

importance during the plant visits to counterpart engineers. They were also involved in 

study of problems. report writing. discussions. etc. to give them on understanding of 

practical opprooch to problems. Lectures on some of the important topics. e.g .. 

corrosion monitoring. inspection. material selection. stress corrosion crocking and 

intergronular corrosion were delivered os and when the time permitted. 

• 

• 
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PM invOlvH numb6: of disciplines and though each individual in the PM group 

has hiS own area of actMtles It requires a mutti-disclplinory approach to solve any 

problem. Attempts were therefore mode to give basic Idea about corrosion and 

moteriolS to the whOle group but this was partialy successtU because of pr.occupation 

of other members of the PM g.'oup In activities In their field and prearranged Industrial 

training programmes. 

On long term basis a w£i! organised training and career development 

programme. tailored to the needs of the individual and tt.a jobs he iS expected to 

perform is required. These consist of on-job and in-plant training. participation in 

maintenance activities. attending plant Shutdowns. basic and advance training on 

corrosion. materials. Inspection and management and attending seminars and 

conferences in related fields. A tJockground paper on training programme was 

therefore prepared and is given in Amexure 7. 

For training of industry personnel seminars and special lectures were arranged. 

Seminar on "Industrial Corrosion Prevention and Control" was organised by NEC during 

the assignment period which was attended by over 25 participants. Special lectures 

were delivered by the consultant at the Philippine Notional Association of Corrosion 

Engineers and Philippine Oil Development Corporation. A Seminar-Workshop on 

"Metallography and Corrosion failure Analysis" was planned but could not be orgoniSed 

because of time constraint. 

6. 0 Adr8gngl Ac;Min 

The publications on corrosion and materials available In the technical 

library were reviewed and o list of odditlonol books to be procured was 

prepared CAnnexure t\). 

Details of test procedures to demonstrate the forms of corrosion durinbg 

training of engineers and technicians were prepared CAmexure 9). 

A proposal was mode to carry out notional programme on atmospherie 

corrosion to prepare o "Corrosion Mop of PhHippines· (Annexure 10>. 
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The contents of the package of regulOr services offered by NEC to private 

industry was dscussed with NEC Director. The experts opiniOn on the outline 

of such o pockoge is given in Annexure 11. 

• 
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II. UTIUZATION OF THE RESULTS OF THE ACTIVITIES 

The activities hCJYe resulted in focussng the attentiOn of the Industries to l)OSSbities 

of getting assistance from NEC In soMng their corrosion and moterlolS problems. Keen 

iterest was shown by almost al the Industries visited. to get conutoncy in actual problem 

solving and failure anolysiS. To a limited extent these couild be IOoked Into bv the expert 

during the assignment period. but the some wil hove to be fellowed up by NEC in future. 

The counterpart engineers hove been trained and provided technical material 

on the boSis of whieh assistance to industry con be started. However. this wiU be more 

effective only ofter recommended Inspection oncl laboratory equipment ore procured. 

and proposed specialised training In selected foreign institutions is completed. These 

need to be considered on priority basis for due utilsotion of projeet activities. 

Successtul consultancy requires not only the capability of the consultant but o:so 
his acceptance by the user. Time is therefore. on important factor in establishing the 

credibility of a consultancy group. Thus It will be only over o period of time that NEC con 

ploy o major rote in improving prOductivity through technically sound PM systems tailored 

to the needs of the individual industries. 

The following factors might therefore affect effectieve utilisation of results : 

a> Absence of constant Interaction with Industries by a senior and 

experienced personnel to create confidence between the Industries and 

yoi.ng engineers/consultant in PM group. This Is very much essential during 

the fist few years. 

b) Possibilities of trained personnel leaving before second line of consultants 

ore developed. 

c> Field and laboratory facilities ore not procured due to budgetary 

constraints. 

d) Services ore not provided promptly. professionally and toking Into 

consideration individual Industry's capabilities. 
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e> Emphasis by NEC iS not maintained on Sys1ematic PM Assistance and 

Consultancy Serviees to industries. 

• 
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ANNEXURE - 1 

IJll DE PLANTS YISITEP 

1. Lucky TExtileE, Heycauyan, Bulacan 

2. Phiippine Steel Coatinc Corporation, nayapu 

3. Geo-Theraal Power Plant Co•Flex, "•k-Ban 

~. MEtropclitan Water Works and Severoge 5y5te•, B•l~ra. 
Y.E' t r o Mao n i i a • 

~. Central Azucarera de San Pedro. Ba.tanc•s. 

f .. Fhi!ipinas Shell Fetroleu• 
Refinery. B•tangas. 

Corporation, 

7. Armco Marsteel Alloy Corporation, Taiuig, Metro Manii•. 

e. Nc.ticna! ihe~r.a! Flar.t, Sukat Compiex. Metro ft•nilo. 

San ~eb~~t~in Church. Quiapo. Manila. 
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ANNEXURE 2 

PLOT VISIT UPOtTS 

Lucky Textiles 

Geothermal Power Plant Complex 

Metropoliton Water Works and Sewerage System 

Central Asucarera de San Pedro 

Pilipinas Shell Tabango Refinery 

San Sebastian Church. 
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Ml. Ct'IE/PVR/01 
October,1989 

SUNEY OF CORROSION 
PROBLEl'IS IN LUCKY TEXTILES 

1.1. As a part of the NEc·s progra•me the Lucky 
Textiles at Meycauyan, Bulacan was visitied for 3 days. 
The expert·s counterparts were present during the visit 
when the vaiaus corrosion proble.s being experienced at 
the plan were studied at site and discussed with 
concerned engineers. The observations and the 
recommendations are outlined in this note. 

1.2. The Luc.,..y Te:<tile was established in 1958, but 
during late 7o·s this was closed down. Later it was 
ta~en over by the present management and re-started in 
1984. 

1.3. The plant has mainly four sechions, i.e., 
spinning, weaving, finishing and utility. Of these 
corrosion is experienced mainly in finishing and boiler 
sectJ.ons. 

2. 0. PRO BL El"IS 

2.1. Finishing Section. 

,., '? 
'-•-· Dyeing Tanlt'.s 

Dyeing tanks are made of stainless steel 
which contains hot solutions of various chemicals 
details of which are of proprietry in nature. However, 
it was mentioned that these are highly corrosive in 
nature and contain ocetic 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 e}:perienced near the welds, both of main 
tonk, and welding of bearing journals to the shell. It 
was mentioned that whenever a leaky •rea is repaired by 
welding new leak appears near the rep•ir weld. 
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The present condition was examined •nd at 
many locations slight seepage of the red dye •nd 
deposition of salt along the weld was noted. The 
failt1re 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 chromiu• carbide 
near the weld and therefore it is recCMMter.ded that 
instead of plain 316, AISI 316L grade of material 
should be used. 

2.1.2. Structural Suoports of Dveing Tanks 

The structural supports of stainless 
steel tanl<..s are 111ade of carbon steel channel 
sections. In tanks nos. 1 and 2, where the 
chemicals ar·e periodically added •anual ly, 
heavy corrosion of the structures is 
e::per iencPd. T~"\is is due to spillage of the 
chemicals and presence of hot and humid 
almospt1ere. 

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 
shot..•ld be 111odified so that there is 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 
additions are made periodically, the trolley 
will be of help in bringing the device when 
~dditions are to be made. 

c.) If the Management decides to 
continue the use of steel structural members 
then these will have to be given suitable 
protective coatings. In the present case the 
conditions are quite severe and heavy duty 
chemical resi5tant (resistant to the 
chemicals bein~ used) paint system will have 
lv be used. For this purpose reputed paint 

.. 
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manufacturers should be consulted.( with the 
details of the conditions of exposure) 
However, in our opinion, any paint syste• 
will have limited life and periodic painting 
will have to be done, which at-site will be 
difficult. In the long-run it •ay be 
economical to change over to stainless steel 
as the weight of structural required is not 
high. 

2.1.3. Deterior~tion 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 •any places. This requires i..ediate 
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 
~ffluent 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 lining will 
be preferred over tile lining because 
joints are always points of weakness. 

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

Bleaching 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 
suprorls made of carbon steel bea~s, angles etc. 
One of the affected beam has been replaced by 
slainles~ steel. 

Replacement with stainless steel of the 
structures l H~el y to be affected by the lealt.ing 
chlorine gas is not econo~ically justified. 
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: 

(i) Brush applied 3 coat of 
chlorinated rubber base paint containing 
mineral filler resistant to wet chlorine 
gas. 

Dry film thickness-minim 50 micron/coat 

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

Dry film thickness-minim 30 micron/coat 
(Coating manufactured by MIS Lechler 
Chemie, Stuttgard; Trade name ICOSITA 
Heavy; other manufacturers can be 
contacted for similar products) 

(iii)Manufacturer·s guideline 
surface preparation and 
application details will be 
followed. 

regarding 
other 

strictly 

b.) It will be good practice to get the 
work done by accrediated paint 
contractor of a local reputed paint 
manufacturer. Such a system exist in 
Ph1Jjppine~ where guarantee for job is 
given. If the supplier has any other 
guar~nte~d p~1nt systemn, the same 
should also be considered. 
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2.1.5. Mercirising System 

Mercirising consists of subjecting the 
fabric to a successive treat~ent of caustic, 
stretching, washing, souring (acid), w~shing and 
drying. The treatment is carried-out in series of 
open tanks where the solutions/water ar~ heated by 
direct injection of steam through specially 
designed cast iron nozzles. The 2 to 2&/2" dia 
nozzles 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 one~ a year. 

ba) Whitish deposi~s 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 
te~peratures are 60°C against the 9S°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 is to be 
tackled from various angles. The 
following line of action is suggested 
for a detailed study: 

1) Undertake detail analysis uf 
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 est~bli~h whether it 
is carbonate or sulphate scaling. 

3) This should be followed by 
detail analyAis of the probl~m to find 
CJut. the rem;>di2l me.'isure. One remedy 
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may be isolation of the two tanks from 
the main raw wate~ 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. 

2.2. Utility Section 

2.2.1. Cor-r·osion of Underground f'ipel ine 

The plant origi1usl ly had underground 
water supply piping network. These developed 
leaks due to soil side corrosion. The old piping 
network has been completely replaced with 
overground pipe. This has been a correct step. 

Boiler Section 

In the boiler section, the following 
corrosion and mainten~nce 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 
w~s observed. The boiler had to be 
periodically chemica~ly cleaned. 
Subsequently "zeolite" 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 lo be inadequate. At presRnt 
"softened" water with phosphate and 
sulphite dosing is used for all the 
boilers. The feed water consist of 80% 
make of water + 20% return condensate. 
The temperature of feed water is around 
6U°C. Of the six boilers, two are wood 
fired and four "bun~er oil" fired. 

In the 
have been 
retL1bed. 

past two years the boilers 
either fully or partially 
The tubes had experienced 

pitting and thinning. ... 
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The system was examined and 
fol lowing comments/reco~'Tle.idations 

made taking into corsiderations the 
term performance of the boilers. 

the 
are 

long 

(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 PQ4 and 
sulphite in the boiler water. At.prese~t 
certain norms about periodicity of 
addition has been fixed and no regular 
c~ecks ,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. 

(iii)The method of chemical additon 
needs improvement. A chemical dosing 
~ystem shoud be introduced, if possible. 

(iv) Chemicals/treatment of a 
reputed company like Nalco, Betz or any 
local company should be followed and 
reconimendations 
operations should 
to. 

of supplier for 
be strictly adhered 

b.) Tube to Tube Sheet Leaks 

It was mentioned that quite 
often after shutdown some tube to tube 
sheet joints start leaking. This 
happens only in cases where expanded 
joints have been provided. This type of 
leakage is 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 joint shoule be seal welded 
after expansion. 
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Nos Cf1E/PCS/02 
November 1989 

REVIEW OF CORROSION AND MTERIALS 

PROBLEttS AT MK-BAN 

GEOTHERl'IAL POWER PLANT COtPLEX 

1.0 BACKGROUND 

1.1 The geothermal power plant complex of N•tional 
Power Corporation •t Mak-Ban was visited on 27.10.89. 
The materials and corrosion engineers f1r. 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 a total generating capacity of 330 MW 
from six 55 MW units. 

1.2 The geothermal stedm 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 visit was made only to the 
NPC's power generation station C. 

1.3 The flow diagram of the steam system in thP. plant 
is shown in Fig. 1 The steam of 80psi (5.65 kg/cm2 ) 
received at the plant contains 4% non condensable gases 
by weight; 85% C02 and 15%H2S. 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 ~OSION PBOELE1:25 

2.1 It was mentioned that no serious proble•s due to 
corrosion are being experienced in the Complex. 
However, the following two were identified by thems 

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 olass. 

about 851. 
b) The non-condensable 

COz. C02 dissolved 
9ases contain 

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 oood 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 quick and 
efficient when the water passes throuoh the 
pumps. 

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

(iii) The pH of the water at outlet 
of the pump& and inlet of the cooling tower 
should be reoularly monitored and caustic 
injection adjusted accordinoly. 

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 pl•nts bound•ry 
would •lso need protection •Q•inst corrosion. 

d > It ••Y be •entioned thAt the Nater 
beinQ steam condensate, it Nill not have any 
tendency for scale for••tion. The N•ter is 
therefore eMpected to be corrosive even after 
neutr•lis•tion, speci•lly in presence of oxygen. 
The pH of the Nater should therefore be ••intained 
hi9h at 10±0.2. 

2.1.2. Corrosion of Steel Structure. 

•> The steel structures, pipings, etc. 
•re subjected to •t.aspheric corrosion specially 
those in the ejector section •nd in the vicinity 
of cooling tower. In these areas the P•int on 
columns, pipin9s, structures does not last IM>re 
than 6 months. It was mentioned that sotne type of 
epoxy coating has been used. 

b) The area was found to be quite 
windy during the visit. Being located •t high 
elevation it is expected that for ..est of the time 
the wind will be •oder•te 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 COz 
making the environment corrosive. 

c) The paint selected for this 
location should be resistant to wet and damp 
condition in presence of C02 and HzS. A suitable 
p•int 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 
performance evaluated. 

d) Any paint system finally used 
should be applied under correct conditions, e.9., 
proper surface preparation, absence of surface 
wetness and strict supervision. Unless these are 
followed even best of paint will not give good 
life. 
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2.1.3. ln 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. lt will be appreciated 
if the report on the observations is sent to NEC 
to study cause of this failure. 

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 lapping 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 is separated in 
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 It 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 condensa~e 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 sec cra~king 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 cone~ 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 pitting. 

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

should be 
If depth 
thickness 
should be 
depth is 
and a new 

c) In case SCC is detected, the area 
ground till all t~e cracks are removed. 

of the crack is less than 25% of wall 
and confined to 75mm dia area, the edges 
ground smooth and left as it is. If the 
more than 25% the portion should be cut 
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 lo'' heat input. 

3.4.3. Corrosion of Carton Steel 

a) Steam,after wa~hing contains about 
4% by weight of non-condensable gases of which 85% 
is CO: and 15'l. H:S. Main corrosive constituent in 
this system is C02 • Corrosion of carbon steel by 
C0

2 
is dependent on CO: partial pressure and 

temperature. In such cases mol 'l. or vol 'l. is more 
important than wt percent and this should be found 
out. Mel 'l. x 5ystem pressure gives the partial 
pressure. 

b) Corrosion rate increases with 
increase in C02 partial pressure and temperature. 
Above SO•C, the corrosion rate decreases because 
of formation of Fe-Carbonate film on steel 
surface. H:S may affect this temperature. 
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c) Steam temperature in the present 
case is 160°C •nd that is the re•son that no 
corrosion of C.S. piping has been observed. At 
condensate drain point which •re not jnsul•ted. 
te•perature CD9es down and corrosion took place. 

d) Jn case of C02/H2S corrosion of CS 
stea•line. the aff..:ted portion should be u/s 
tested for wall thickness loss. Based on 
inspection results the affected portion NOUld need 
replace.ent. 

3.4.4. Wells for vettin out stea• uses steel 
tubulars. Depending on corrosivity of soil, 
corrosion of well pipes can take place resulting 
in perforation. As in case of oil well these •ay 
require cathodic protection. 
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TABLE 1 

REC01'111ENDED PAINT SYSTEJ1S IN TIE STEM EJECTOR AREA OF 
MK-BAN 6EOTl£Rt'IAL POWER PLANT 

CONDITION 

SYSTEPI 1 

SYSTEM 2 

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

Atmosphere contains high amount of COz & HzS 
released in the air. 

&urtace Preparation 

t-·r 1 mer 

Dry film thic•.ness 
(mi r.'") 

Sur~ace Preparation 

·1 op C.oe<ts 

l>ry f i 1 m tt.i c •·.ness 

Near-white metal 
blast (NACE No. 2 or 
ssF-·c No. SP-10 > 

Une coat Inorganic 
zinc 

High build vinyl 

Primer - 3 mils 
lopcoat- 6 mils 

Same as above 

Same as above 

High bui.ld 
chlorinated rubber 

Same as cibove. 
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O'IE/f-'CS/O!> 
Nove•ber, 1989 

CORRQ$.!~ .. ~~L~l!;fclAL§_ffi1lBLl;'1S. EXPEf<IENCED 9Y 

l'ETROf1ll.. I TAN -~TER WOfi•~s AND SEWERAGE s_ySTE" 

1.0 INTRODUCTI~ 

1.1 The head office of the l'letropolitan WaterNOrks and 
SeNerage Syst~ (f'llilSS) at 8.alara was visited on 
30.10.89 alOf)Q with counterpart engineer "r. Renato 8. 
6olecru:z. -The prot:le9s of aaterials and corrosion was 
discussed with Engineer "angalabran and hi~ other 
col legues. The water treatment plant at Balara was 
also visited. No discussion on proble.s in sewerage 
systea ...as discussed. 

1.2 The public utility water supply to l'le~ro ~ila is 
divided into Northern and Southern zones. Water source 
is froa three water reservoirs t.nown as Plessa, Jpo and 
Bala dams. These are located at elevation of 76 
aeters, 101 aeters and 64 -.eters. In addition, 
groundwater is tapped in saae areas to augaent the 
increase de.and. 

1.3 Water from Ipo and t'lesa are •ainly used to supply 
southern part of Metro Manila. The water is brought to 
centralised treataent plant by a 2 aeter dia concrete 
aquaduct. Water is treated to re.ave suspended solids 
by addition of cogulant and f loculant fol lONed 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 tlWSS. 

2.1 The fol lowing inforaations were supplied during 
di5CUSSion: 

2.1.1. Guality of water 

pH 6.9 to 7.2 
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2.1.2. 

2.1.3. 
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lot.al Hardness 44-bO -.g/l as CaCO~ 

Chloride 3-8 ppa. 

Free Chlorine 0.1 ppa. 

ttaterial of construction 

ttain supply pipeline - steel internally 
.nd externally 
lined Nith 
concrete 

Valves 

Pu•ps 

Chlorinat.or 

C. I 

Casino of C.I; 
i•peller of 
bronze 

dry chlorine section Steel 

wet chlorine 

Cheaical tanls 

Water 

Tankages 

Corrosion problems 

. 
Plastics 

Stainless steel 

Plastic lined 
steel 

Concrete 
(•ainly) 

i. It was infor.-ed that no serious 
corrosion probleas are being experienced by t1WSS. 
No infor•ation of cases of pipeline leakaoe• was 
available. Loss of Nater in distribution however 
is about 307., a •ajority of Nhich 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 taection has 
considerable corrosion proble•, specially due to 
leakage of chlorine in the enclosure. The 
•aterials for the Net chlorine handinQ h•s been 
changed to plastic. Problem is in dry chlorine 
handling pipes and other steel &tructures because 
of external corrosion. 
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111. Alum dn~ 1~rrJc chJorl.dt litn•~ w~r~ 
parl1cr 11brc gl.:.~~ ll.r1t~d cc.rbon slE:-tl but 1.aailt:.-d 
J 11 3-4 years. l hese: have bt:.-e.-n change.-d to f-"VC 1 ined 
and solid t-·vt: 1·t:.-~pecli.vc:·ly and the perforaance ha!":. 
i n1pr OVE.-d • 

2. :! • l. l l Wit::. .. .:-nlJ.orot=tJ lhal MW!.JS wou Id 11 •.e 
c.dv.ice on painl.s lo ~ us&:d .in t.he chlorinat.ior1 
sec ti on. l hey ea 1 so wa·,, ted to i.. now it any 
al ternat.e cheaper anode can be used .in chlori.n.:. 
vaµor.1.ser as pn:~sently tt1es~ requi.re yearly 
replace~nl. 

1. ChJ or.inat.ion o1 water is 
ht:aling liquid chlor·1n~ '!:>Upj.Jll~d tram 
cylinders. L1qu1d chlor1r1e .is heated 

oone by 
stur·agt 
in the 

Vdpuri.~~r·:., whict1 l~ c:orile.int:d 111 c. hot wattr bath 
at c.!..·r•ul ll.•.•cof. l -;._,•~c i. 11.e liquid ctilorine fro•• 
ti~ cylinder to ~apor1~e.-r and gdseous chlorine to 
chlorinator is handl~d J.n 3/4'• dia steel p.ipes. 
When any leai..a9e- of c.tilorine or;:cun:> heavy 
corrosion of pipings ne.-ar the leai..· tc.".es place.-. 
lhe overc:slJ corrosivity of atmosphere in the room 
also increases leading lo tc.ilure of paints. 

Some of the pipes wPre exa111u.ned. 
At many places leal<.s occured at the threaded 
Joint. Chlorine coming l.n contact with moisture 
in air caused heavy groov.ing type attaci.:. 
following correct..ive m~asures ar~ suggestE:d: 

( 1) All steel p.ipings carrying 
liquid chlor·1nt:c' hc.v~ threadt-d Joint!.>. All 
threcide.-d joints aft tor- l1ghtt::n1ng shou 1 d be 
seal welded. This WOLIJd avoid leal<_y thread 
joints, mau·, !Elource of chlcrJ.ne lea.,age. 

(2) rt1e otht.·r source of chlor1nl: 
leak.C1ge is fron. plastic pipinl) JOl.nt!E.. lhe 
joint~ ar·e of welded or mect.c.n1cal clamping 
construct.J.on. Al 1 .Joint1r1g should be 
supervised and checked for their integrity. 
Ar1y le:al<_y Joint!. ~hould bf'-:' immediately 
atter1ded tCJ. 

(3) lhe p~1nt !:oyst~m~ 

Table 1 cire rE:c:ommended 1ur ~te~l 

st rue ture!:>. 

g1 ven l.f• 

piping and 

• 
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(4) ll l.~ a good practice lo have 
a wt:-l 1 ventl. J ated chlor 1natJ.oo l'ooa. by 
provid1ng suitably located e~hausl fans. As 
chlorin~ '"'ill be released to outsi.de 
environ ... e-nt, its i•pact on pollution should 
be ~:<aa.1r111~d before ia1ple•entat1on. 

ii. C:hlor inat.ion is done by heating J.n 
a double Nial led vessel, Ni lt1 waler i.n the out.er 
cha .. ~r. As chlorine should in no case bec00te 
wet, the leai..ag~ D1 t.he ·inner shell, due lo 
corrosion i.s to be avoided. lhis i~ achieved by 
cathodic prolE-ction. f"enci l t1g anodes (four nos) 
are used, which are connected t.ogehter. The 
alternativ~ approaches are: 

( 1) Use cheaper zinc instead of 
Hg. This would ncL give d~sired protect.ion 
as the poJarity of 21nc is reversed at 
te-9per·atures ilround 65-70-C. Use of zinc 
above b0°C is not recomn1ended. 

(2) Second alternativ~ is the use 
of alu~inum alloy anodes.Alual.nium is likely 
to deve-lop passive- .o::ide/hydro>eide layer at 
hi.gh temperature, reducing its protective 
efficiency. However, lt.e aluminium anode 
supplier can be contacted. These maybe 
cheaper but would also require periodic 
replacement. 

( 3) Impressed 
but it would requ1 re 
investment and greater 
and chec~s. lhis is 
alternative. 

system can be used 
one time higher 

operational control 
not ii recomn1endt-d 

3.1 Jn pot.able wc.ler of the queall.ly be:ing handJt-d by 
11WSS, the concrete coated line is e;;pec ted tc, t1ave good 
life as a as ir1terr1i1l corrosior1 .is c.onc:~rned. E~terna l 
soil side corrosion is of .imporlanc~ spcci~lJy in the 
inair.l ines where number of branc:h and ~ub5id.iary lines 
are connected. 1 ale. ing long ter111 pEfrfor11cance i.nto 
consideration and the fact that many of the pipes were 
laid more than fifty years bac•:, a dl!'toil survey is 
necessary. NEC can assist 11WS5 in th1s. lt is to be 
kept in view that though presently concrel~ coated 
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water aains are being used, the old lines, specially in 
t1an1la, ~ay be of C.I or steel coated with tar or 
asphalt. So.e of the pipes •ay be even 70-90 years old. 

3.2 Another area of concern is corrosion of 
distribution and connection lines. These are not given 
sa•e at lent ion as in case ••ain lines, as the NC>rk is 
corried out in s•all sections and fro. time to ti•e. 
Becasue of s•al l volu.e of wor•. the contract valve is 
low and therefore supervision of a large project 
project lacks. As l"IWSS suspects considerable loss of 
supply wdter due to lea~ages, a detail survey on 
distribution and supply line leaks is also necessary. 

3.3 Tt~ following is the broad outline of the surveys 

3.3.1. To collect all available inforaation on: 

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

b.) t1ater1als 
protective coating ~ystem 

including supply lines. 

of 
of 

construction and 
the above lines; 

c.) 
supply lines 
and earlier. 

Method of connection at branch and 
and materials used both at present 

d.) History 
sections along with 
available. 

of failures in 
their nature, 

various 
wherever 

e.) Review o1 all data from (a) to (d) 
to conclude the possiblP state of health of 
pipelines in different ~egm~nts. 

f.) Undertake on-the-spot joint study 
with HWSS as and when failure occurs u1 any of the 
1 ines. Thic•:.ness survey, laboratory examination 
on failed pipe piece (where available) and other 
visual examinations will be carried out during 
such inveslig•tion. Mostly pitting type of 
c1•.-rosion .is expected. 

g.) Areas where the incidence of 
leakages and corrosion r~tes are more, soil 
resistivity and soil analyf:>is t:.hould be conducted. 
For soil resistivity, 4-pin or s.oil box ft'1ethod 

• 
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should be u~ed. Jn areas where other utilities 
are present, the former will not give accurate 
readinc;,s. 

h.) Based on the date collected during 
survey, various corrective ~asure~ can be planned 
for long and st--ort tera iapl~•entation. 

3.3.2. It is not possible to predict the 
corrective ..easures, without detail survey of the 
problea. In any •etropolitan area there are 
various underground utilitv lines laid near each 
other. So .-ore t.han one •ethods aay have to be· 
used, depending on location and nature of prob!e.s 
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 dia•eter 
distribution pipes. 

b.) f<ecoating. 

c.) 
fron1 other 
reinforce111ent 
co.-.sidered. 

Cathodic protection. 
undergropund lines, 

of buildings, etc 

Interference 
foundation 

is to be 

d.) Jn case of (a) and (b), 
practibility with respect to the closure of a 
section of the road for a considerable time i~ to 
be taken into account. The other important point 
is that inany water lines 111ust be pa~sing unoer the 
houses and buildings and opening up these areas 
may be difficult for any change or replacement. 

3.4 Probleins in sewage treatment plants and sewerage 
should also be discussed with t1WSS and if nece::1sary, a 
survey as outlined above can be taken. 
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Table 1 

PAINT SYSTEM FOR CHLORINATION ROOM 

cotlDITIOR: Indoor with occasional leagkage of chlorine 

Paint Systems: 

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

dft - minm 50 micron/coat 

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

dft - minro 30 micron/coat 

2. Alternately use FRP pipe in lieu of steel. 
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No. CHIVPCS/IJli 
November HJtm 

CORROSION AHP KAT£lUAL f ROBLEHS 

AT 

CEHTRAJ •. AZUCARERA _ l>E .SAii PEDRO 

1.0 IHROOUCTlOH 

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

1.2 Various aaterials and corrosion problems were 
discussed along vith the corrective aeasures 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. O O.U.T.LIHE .OF -.eBOCE.SS .ABD. _P~OBLEKS - SUGAR JIHIT 

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 l•t or 2nd veek or December. 
The present crushing capacity is about 8000 T/day, 
which is 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 steam 
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 chemically treated vith 
phosphoric acid and then lime. The treated syrup is 
heated to produec sugar crystals in vacuum pan. 
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2. 1. 4. Sugur syrup is acidic iu 1111t.ure and 
initially contains lot of solid part.icles which coae 
fro• soil. sand. etc. The juice pH is around 5.5. The 
acidity of Juice is neutralised but on long holding. 
same acidit.y again develops. Thus in the whole process 
soae chances of acidity does remain and aaterial of 
construction used in many equipaent has been changed 
fro• original steel to stainless steel. 

2.1.5. In equipaent like evaporat.ors. P•ns, 
etc., scaling develops, requiring periodic cleaning. 
Normally caustic cleaning is performed. 

2.2 Problem Areas 

2.2.1 The rav Juice has both corrosive and 
erosive action. The original pumps aade of C.I. casing 
and bronze impeller had short life. The impeller 
required change every 3-4 aonths. As a corrective 
measure it vas decided to change the puap aaterial 
especially the impeller to stainless steel. This is 
being done as and vhen the SS pumps are procured. At 
present there are only 2 pumps of all SS construct.ion. 
When not available attempts have been made to use 
coated CS casing. The trials are still going on. 

~ecommendations: Coatings may 
sufficiently long life as the outlet 
to heavy ero~ior./corrosion. It vill be 
the whole pump t.o stainless steel. 

not give a 
end is subjected 
better to change 

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. 

RecOJJaendations: 
to solve this problem: 

There are f olloving approaches 

1. 
to SS 321. 

The metallurgy of bends can be upgraded 

2. The radius of present C.S. bends cana be 
increased to 30 (if not elready there) provided the 
resulting aodif ication in piping layout can be 
accoaodated 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. Aa regards the slr111~hl portion. procuul 
practice of periodic replaceaenl uppenrs to be quite 
adequate. Replacement with SS WC\uld however be 11 more 
permanent solution but this would cost aore. This 
should be considered by the management before laking 
final decision. 

2.2.2. Phosphoric acid is used 11Jonr. with lime 
for clarification of filtrate juice. Pumps and pipings 
for handling shov sign of corrosion. The problems is 
aore serious with piping joint leaks and det~rioration 
of concrete floor and drains and the pump base plate. 

Recoll9endation: 

(i) The SS pipes have threaded joints. 
After some time duP 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 
glands, the SS pump base plate, made 
corroded. The base plate has already 
SS. This is a correct step. 

leakage from 
of C.S. gets 

been changed to 

(iii) The leaking 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 cerB.llic tiles or base constructed of acid 
resistant dense silica bricks. The drain should be 
lined with monolithic ~olyster based lining, using 
manufacturer's recommendation for application 
procedure. 

2.2.3. It was reported that steel tubes of 
multishape 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. Ho details could be obtained during the 
short visit but it is an interesting problem and PM 
group should take up failure analysis . 



44 

Recoll.llendations: 

Following lines of action are recommended: 

a.) Host likely cause of failure is caustic 
cracking. Details of operation should be collected and 
the sample examined for (i) general corrosion (ii) 
cracking (SCC will give intergranular cracking) (iii) 
aicroscopic 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 (102oC -
lOoC) and liae added to bring up the pH to 6.8 - 7.2. 
After f loculator. the juice is fed to clarifiers. where 
the solids are removed to get clarified juice. 

Sugar juice is basically acidic and if 
the pH control is not proper it is likely 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: 

(i) 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. 

(ii) 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. 

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

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

3. 0 OUTLIJtE. OF .P.BOCE:iS ... AIU> PROBLEKS . - .ALCOHOL UN 1 T 

3.1 Molasses. a by-product of sugar production is 
fermented in closed stainless steel tanks to produce raw 
alcohol. The C02 is collected, washed, compressed and sold 
as C02 gas. The raw alcohol is distilled in copper columns 
to produce industrial and over quality alcohol. £xcept for 
3tmospheric corrosion of structures, there are very few 
material and corrosion problems in the alcohol unit. 
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3.2 Kost of the equipaent in production of alcohol are .. de of either 
S.S. or copper. It was mentioned that some corrosion of copper trays bas been 
experienced in the beer rectifying column. The problea is confiTted aainly in 
the beer aiddle section where 10 Bau. caustic solution is introduced. The 
area just below the dovncoaer pipes thin faster resulting in perforation. 

Caustic is added to control pH and remove deposits which fora on the 
plates. Though the probl~• was not studied in detail it appears to be a case 
of erosion/corrosion. Corrosion of copper is quite l?w in this environaent 
but falling liquid disrupts the protective fila and probably causes 
coaparatively accelerated corrosion. 

Recomaendations: 

Detail s~udy 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. H2S 
and C02 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 bot 
liquors thus making the area inside the plant hot 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 selected 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 hither 
(50-100%) 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. D'IE/PCS/07 
Deceaber 1989 

CORROSION AND MTERIAL PROBLE"S IN TABANGAO REFINERY 

1.1 The Tabangao Refinery of Pilipinas Shell Petroleu• 
Corporation in Batangas Nas visited on 24.11.89 along 
with NEC engineers "r. Renato 8. Golecruz and "iss 
Evangeline 0. de Guz•an. Initially discussions were 
held with "r.Joseph Holden, Nho gave a broad outline of 
the probletn and also the systeta for proble• solvings in 
the e1rea of inater·ials and 1naintenance. He stated that 
the- probletris are studied in-house and Nhere necessary 
sent to their head office in The Hague Nhere a 
centr.:oli5ed service group exists to help various Shell 
organizations throughout the world. 

1.2 It was explained b~· NEC tea• that the purpose of 
the present visit was more to learn about various 
corrosion proble~s being experienced and how these are 
being solved. 

1.3 Subsequently a visit was inade to the plant and 
detail discussions were held. The objectives of the P" 
group being established in NEC was explained to the 
plant personnel. 

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 

Platfor,.er 

l'lerox 

2 

l 

2 (1 of about 1.3 
"T/year and 2nd of 
about 0.7 "T/year 
capacity 

• 
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Hydrofiner 1 
(for naphtha) 

Hydrodesulp 1 
uriser (for diesel) 

Utilities 

Port for Mater pu•ping andloading 
and unloading facilities 

Propane/Butane 

High sulphur •iddle east crude is being processed. 
The refinery has got its ONen captive potter plant. 

2.2 Crude Distillation Unit 

2.2.1. Distillation colu•n of the l•t unit is 
•ade of carbon steel Mith SS 410 trays and valves. 
Opposite the entry nozzle, i•pingeflM!flt plate has 
been provided. The original i•pinge.ent plate has 
been replaced ~ith SS 31b, because heavy attack of 
CS was experienced due to suspected presence of 
naphthenic acid in s0tne of the i•ported crude. 
Further, to reduce the high te.perature sulphur 
at. tact. the inlet te•perature of the colu.n is 
re5tricted to 360-C max•. 

The distillation colu•n of 2"~ unit has 
its bottom portion •ade of SS 410 clad C.S. (up to 
diesel draw off) to take care of sulphur attack. 
The top portion is •ade of C.S. The crude inlet 
temperature is 380-390DC. Internals are of SS 
410. Due to corrosion over long period of thte a 
portion beyond original cladding has been strip 
lined with SS 410. The last lining job was done 
rising plate lining technique. 

Co1Jrir1ents: Most probably the 1•t unit was 
originally designed to process low sulphur •sweet 
c ... ude .. (Indonesian?) but subsequently high sulphur 
crude was processed. In such a situation there 
C'~·e two approaches. 

reduce crude 
within a managable corrosion 
maintenance, job as •nd when 
product pattern will change 
temperature. 

inlet te•peratuer 
rate and carry out 

necessary. The 
in case of low 



48 

Strip line the bottom portion with 
SS 410 and use nor•al operating condition. This 
would inv~lve considerable welding job, which is 
to be carried out very carefully after proper 
cleaning of corroded surface. Any carbon or 
sulphur pic.-.-up from oil and sulphide scale tteuld 
affect integrity of weld. The striplining is 
carried using 3 bead technique with SS 309 welding 
electrodes. In exlrl!9e cases underbead cracking 
have lead to cracking of •ain colu11n, where the 
lining was not done properly. 

2.2.2. The crude-heater to colUWl transfer line 
in both the units are of 5Cr 0.5 t1o. This 
•aterial is suitable for both low and high sulphur 
crudes. 

2.2.3. It was .entioned that to take care of 
crudes (received fra. timae 
neutralisation number of .are 
presence of naphthenic acid) 
followed: 

to ti.e) having 
than 0.5 (due to 

two steps are being 

"ixing of crudes having low and 
high naphthanic acid contents to bring down the 
neutralisation nu•ber of the •ix belDN 0.5. 

and valves to 
upgrading is 
one of the 
repleoced with 

Upgrading of Metallurgy of trays 
SS 316 from the present SS 410. The 
being done in stages and recently in 
columns all the trays have been 
SS 316. 

~~mm~n~s: Jn the presence of naphthanic acid there 
is no marked difference in corrosion rates between 
plr.in C.S. and Cr-l"lo alloys. SS 316 is most 
commonly used. However, in such a case not only 
the trays and valves, but •ain colu ....... , transfer 
line and also heater tubes will be affected and 
may have to be changed in future. 

Further, SS 316 is liable to chloride 
sec in column tops, where water condensation 
occurs. Even in high temperature areas cracking 
can occur during start ups and shutdowns, in case 
pod-.ets 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 neces~ry 
Nhenever SS 316 is used. 

Polythionic acid SCC is also possible • 

2.2.4. Overhead Corrosion Control. 

Overhead corrosion 
deco.position of chloride salts 
teaperatures. The reactions are 

occurs due to 
into HCl at hiQh 

tlgCl:z 
CaCl:z 

H:zO 
H:z() 

ttgO + HCl 
eao + tel 

The tel goes to the t.op of the column 
being vaseous and dissolves in candensino ..ater, 
thu~ causing acid attack. Condenser tubes, 
accu.elators, column top and pipings are affect.eel. 
Injection of caustic is beinv praciticed. Caustic 
injection point is after the last heat exchanger 
and before the heater inlet. The caustic reacts 
Nith tlgCl:z and CaClz to fora NaCl, Nhich does not 
decOfltpose and thus binds the HCl. NaCl reaains in 
the colu.n botto. crude. The aaount of caustic is 
adjusted to •aintain the condensed Nater pH to 
6.5. In case of decrease in pH, the final control 
is made by injecting a..ania at the colu.n top 
outlet. 

a.) The refinery ~d earlier 
experienced caustic cracking of p1p1ng, specially 
in the furnace header, Nhere unreacted caustic 
tried to collect at dead ends. This has been 
taken care of by llKXlifyinQ the header and nearby 
piping design. If opportunity arises, NEC should 
try to study the llK>dification because during the 
short visit it Nas not possible to go into 
details. 

Comments: In injection of caustic 
additional steps need condiderations 

followinQ 

i. Injection point to be located 
up-strea• of the present position, Nhere the 
crude te.perature is in the region of 120-C. 

11. Good perforaance of vortex 
•ixer should be properly .anitored. 
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111. Atte.pt should be .. de to add 
sufficient caustic to reduce BOX of HCl and 
final neutralisation carried out by adding 
NH:s. This ... y requi•e periodic "Pet.reco 
Stea• Distillation test.• t.o deteraine HCl 
potential of crudes being processed. The 
procedure is available in Petrolite Testing 
Procedures publication. 

b.) The overhead condenser and other 
coolers and condensers are .. de of AL-brass, the 
cooling water used being once-through sea water. 
The O/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 i•proper control of overhead pH 
to round about 6.5. High pH results in Nis attack 
and lDM pH acidic attack. Tubes at. t.he inlet end 
of shell are affected more because of i•pingeaent 
action of corrosive condensed water droplets 
inspite of provision of i•pingement plate. The 
plant is proposing t.o change the tube aaterial to 
Sanicro 29. This has UNS nu•ber ND8028 and 
contains 26-28Cr, 29.5-32.5Ni, 3-4"o, 0.6-1.4Cu 
and o.03C •aX-. This •aterial has very good 
resistance to both Ditt.ing .and SCC. 

Comments: The other possible material; used in sea 
water service successfully, is UNS N08366 (AL-6X) 
containing 20-22Cr-23.5-25.5., 6-7tto and 0.035C 
•ax-. Before deciding on the .aterial cost 
difference and sec resistance of AL-6X should be 
got confir-.ed. If ret.ubing is to be done, effect 
of the new •aterial on existing tube sheet and sea 
water side material should be got checked by 
consulting the tube manufacture. 

c.) Condensate Accu•ulator 

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

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

d.) Deasalter 

• 
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There is no desalter and therefore 
no control in a1K>Unt of salt ca.ing frot1 the crude 
tanks. 

Co.-ents: Provision of a desalter NDUld not only 
i•prove O/H corrosion control but also operation 
of unit. 

e.) Corrosion rate .anitoring. 

There is no provision for corr04Sion 
.anitoring of overhead corrosion which .akes the 
operation of neutralising system difficult: leading 
to pH excursions. 

Comments: ttonitoring system should be introduced. 
The probe should be placed in water-boot:. Over 
and above a closer check of pH should be •ade (at: 
site every four hours and in laboratory once every 
shift). The chloride content: of O/H water should 
also be analysed once evry shift. All the records 
should be •aintained analysed and changes in 
caustic and Mf;s injection •ade. The reca...ended 
para•eters for O/H condensed water are 

2.3 Platformer Unit 

pH = 6.5±0.2 in case of copper 
alloy tube •aterials 

= 7.2±0.2 in case of SS ~ube 
•aterial 

Chloride = 20ppn •aX-

2.3.1. There are two platformer units. During 
the present visit corrosion problems connected 
with HCJ 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 
HCJ 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 sec if there is localised 
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concentration and temperatures are high. Nor•a1ly 
soda ash or Na:::zC03 is preferred in such cases. 
Na::zCQ3 leaves behind NaCl, which is to be removed 
because even if neutralisation is proper chloride 
will accelercite normal corrosion rate. Water 
injection up~~ream cf cooler i~ helpful in this 
connection. 

Injection of 
alternative and success 
wcwth watching. 

inhibitor is a good 
of the new system will be 

2.4 Port and Water Inta~e Pier 

2.4.1. Sea water is used as a cooling medium in 
the refinery. Sea water is pumped by four pumps 
fro!l1 the pier in cement 1 ined steel pipings. The 
standby pump is steam driven whiJe the others are 
operated on electricity. Chlorine is injected 
directly in sea water at inta•:.e point to control 
orgcinic growth. 

The se.:o water distrib\..1tion lines in the 
plant are also internally cement lined up to 3" 
dia pipes. Smaller diameter pipes are galvanised 
or carbon steel and replaced periodically. The 
experience is not bad with small dia C.S. pipe~ 
and their use i~ econoll'1ic:al l y justified. 

Comments: Cement lines CS pipes are in use for 
dec~des for sea water service. If linj lg is of 
good quality (dense and sulphate resistant cement) 
and pipes laid and joined properly no proble• is 
expected. 

Smaller diameter pipes used may be of 
copper alloys like AL-bronze, though these have 
,:.Jso li~ited life 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 im~·ortont considerations. In on-shore 
Cu-Ni is justified mainly for smaller dia pipes, 
instrument lines and exchanger tubings. If proper 
cement lining facilities are not available, for 
leorger dia pipes alternate tnaterials, costlier but 
not as good, are use of epoxy lined nodulor cast 
iron and Ni-resist in increasing or·dP.r of their 
resistance to corrosion. 

• 
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Z.4.2. Jetty and the approach road piles for 
intake pumping stations are of steel, which are 
cathodically protected. The C.P. syste• is not 
wor•:.ing for the last one year, and is planned to 
be replaced. The erea of piles in the splash zone 
end ebove M.S.L. are affected due to corrosion 
tt1ol•gh these t're periodically painted using coal 
ter. From the visu~l observt'tions, the condition 
of the coating was not found to be good. 

~Q~~~n~~= The splash zone and area above M.S.L. 
are affected •"-'x• by corrosion. Because this area 
is not continuously i-.ersed in water, CP is not 
effective. In the severe corrosive condition .ast 
of the coatings fail. The following points need 
to be taken into consideration in such cases: 

a.) Provide Monel alloy 400 she6thing. 
This has ~ long history of successful use since 
1949 and is adopted for long service life. 1.5fltm 
thick Monel sheet is rolled in two halves and then 
welded to circular pipes. A 1967 NACE survey 
showed that more than, 70(; offshore platforms and 
riser pipes is USA were sheathed with Monel alloy 
400. Interriational Nic•:.el Co ( It.ICO) has developed 
technique for Monel sheathing of H-piles al~o. 
They have also developed a technique to fix the 
sheathing b) "nailing" instead of welding. It is 
clai~ed that this ha~ as qood a performance as 
welding. In this procedure monel nail5 are fixed 
using an air-gun to give sufficient force to 
penetrate the sheath and the steel. Details 
should be obtained from International Nickel Co., 
New Yor~:. 

b.) Where Monel sheathing is not 
possible or for spot maintenance repair two pack 
epoyy type splash zone compound has given 
e~cellent result. There is a long experience of 
SL•ccessful use of "Cooke Splash Compound" 
manufactured by "Cook.e Paint and Varnish Cofftpany" 
(PO B~~ 389, Yi.'~sas 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 oives the technical data 
of the product. 
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~.4.3. The jetty and ~pproach road for product 
loading and unloading are made of concrete. 
Estensive concrete and reinforcement damage led to 
a massive restoration job. The wDrk was carried 
out by Concrete Repair Incorporated of U.K. about 
2 years bacf.:.. Performance of repair wor~. is under 
c·b~ervalion. 

Co'!_lment~: 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 

T E C H N I C A L DATA 

I N F 0 R M A T I 0 N SHEET 

1. DESCRIPTION: 
Cook's Splash Zone Compound is a polyamidt? cured, 100':0 solids epoxy dt•signed e:.pc
cially for application to wet and subm rged surfaces. Its unique properties enable it to 
displace y,·ater on the surface and cure under water regardless of wa\'e action. 

Althouch intended primarily for use on splash zone areas of offshore drilling equipment, 
it is rl.?commended in several other areas such as: 

as. Coating of llnd~rwater pilings and bridge abutments made of stt.-el. 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 coatt:d while wet or submerge"d. 

2. SURFACE PREPARATION: 
2.1 The area to be cleaned should extend from approximately ~4 inche.; below the low 

tide water level, to the top of the splash zone. 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 blad cleaning jg impos&ible. all loose tust . .slia.112. and barnades must be 
re,"QOi.:ed..bf---£ci.aping. Such surface.is .definitely inferior.to a blitst deane.4 s~rf.a.c.e, 

Splash Zone Compound can be u!ted over tight rust to give temporary repair sen·ice. 

DO NOT use on gal\'8nized surfoccs. 

2.2 WOOD 

Remove all slu-.:e, bunacles, and m::riric growth. Splash Zone Compound protects 
effectively against Teredos and other types of marine worms. 

2.3 CONCRETE 

Remove all slime, barnacles, and marin~ growth by blast cleaning or other methods. 

3. MIXING: 
Component A, 920-L-922. is a dark blue color. 

Component B, 920-Y·921, is a light yellow color. 

Mix components A and B log<>tht>r . . . . . . 1:1 by volume. We do not recommend mixing 
more than 2 gallon£ 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 belCJw.) 

Any streaks of yellow or blue color denotes improper mixing. A slow air driven or h~·11vy 
dut)' electric mixer is recommended for use. 

' ----



PClT LIFE is as rollows: 
Temperature 
-100° F. 

90° F. 
80° F. 
70° F. 

Pot Life· 

15 minutl•:. 
20 minutes 
25 minute& 
35 - 40 minutes 

Do not mix more material than c•n be used in this time ! ! ! 

4. APPLICATION: 
Being a very viscous compound. this product aaust be applied with the bands (protected 
with rubber glo,·es) ...... or with a trowel. depending on the surface. 

Be sure that the rubber gloves are wet before using as this material will slick to dry 
rubber clove&. 

S. COVERAGE: 
One gallon of Splash Zone Compound mixed as recommended will cover 16 square feet 
at a 100 mil thickness. 
Recommended application is tiU to II.JO mils. 
When estimating requirements. allow an extra 10-15~ for irregular surface• aad wastage. 

6. CURING PROPERTIES: 
DieILlm will be....lwl&~d..i'laslic_ip J.6 l)qqr_s, 

Ct'!llpltte :utt r~quires 7 days 

1. CLEANING OF EQUIPMENT: 
Clean equipment at the completion of EACH operation . . . . . . while material is still 
UNCURED. using Mt>thyl Ethyl Ketone or Cook's 255-C-5 Reducer. 

8. SAFETY: 
DAt\GER ! ! Strong sensitizer. Avoid contact with the skin.· Use rubber gloves durin~ 
application. 

9. PHYSICAL DATA: 
Total solids by volume 

\'iscosity 

10. PRODUCT AVAILABILITY: 
PRO DC CT 
Component A. Blue 

1003 

Hea\·y Paste 

CODE 
9:!0-L-922 
920- \' -921 

PACKAGE SJZF. 
One gal1011 
One gallor. 

Comp\rni:nt B. \"ellow 
Splash Zone Compound. consisting of lht: abo\·e 2 components, 1s a\"ailablc in 2-gallon 
kits onb. 

11. ORDERING INSTRUCTIONS: 
F'or euch :J2 square feet of surfac~ to bl· cuau:d to the rel·omm~nd<:J film thicknc·s~ of 
100 mils. one 2-gallon kit is required. This does itot induJc an allowance for irregular 
:.urfac{'S and lo\astage. 

Thr rnform.aoun cun1.un•·d in 1hi• Ja1• sh~r1 is, 10 1hr brii.1 ol 011r k'lo .. lrditr. ace• ra1r So •.arrar11y ur 
1111.ar•nlrc, cxprrHrd or impl1rd, ill> madr 1r1.ud1n1 1hr prrfom •• ncr ol 1hc ii..- ,.,,uir g11, uncr 1hc: m.uinrr 

ul U$<" •nJ applica1ion " i:!<')onJ 011r conuol 

C:-12 P"'GE. 2 O~ 2 PAGE.!. 

• 
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1.0 ~ACt.GROUNQ 

r"o. CMI:. I f·C~ / 1.1B 

l.h:c-c~••Lt-r l '1ll"I 

1.1 The Nat.ior1c.l Hi.st.or-iced Ins ti lute (NHl) i.s chc.rgt-d 
wi. th t.he responsi.bi l i ty of re~tor i.ng and pr~ser-vi.ng lht 
historical-cultural legaciE-s in t.t1e f"t11.!1.ppines. lt1e all
st~l San Sebastian Church in Guiapo. Manila i.s one ot the 
unique churches being 1t1aintc.ined by t.ht:.- NHl. l hL- church was 
bui It in 1891 and .was construe ted t1·0A1 stf!t-1 brought "from 
Ecelgiuaa in parts and built dt t.hE: site. 

Restorati.01-, of this churc.h h<.~~ l.ltt1.-11 ta.ten up. 
Recently its int.erior wcills weri· rt:~\.L•rt:"a wit.ti th£- help of 
It.al 1an expertise. NHI is however find i.r1<.J pr cv~nt.ion arid 
control of corrosion quite a probl~•·· 

1.2 NHI approached NEC for it.s h~lp in E»:tencling 
technical expertise to prevent slow ~nd steady d~terior~tion 
of "the historic-cultural properly. HEC ind1cated that 
preservat.ion of hist.orical items l.~ highly sp~cialised in 
natur~, but a~reed to hav~ " loo._ at the problem, 
considering its national inportanc.e. Accordingly the UNIDO 
expert on Materials and Corrosion, c.lo11g with NEC engineers 
Mr. Renato Et. Golecru;;: and Evangeliri~ O. de Guzman vi£-ited 
the San Sebastian Church on 15.12.098. 

2 .o O~SERVATIONS ANP _RF;COM!:1~N~~TICJ!"S 

2.1 On the basis of observat~ons made and discus5ions 
and study of photogresphic records, tli!: fol lo.-dng s.:d ient 
featur·es of the problem can be wL-re lt.ighl ight~d. 

2.1.1. The four walls and pillar$ of thL ct"1urch 
are of double wall, all steel cori~truct1on. Tt1e me.tin 
cor1struction features, as explained, ar·e shown in Fig. 
1 and 2. From some of the holes drilled in the plates, 
th& side wc.lls appeared to b~ about 3.S - 4 mm t.tiic• .• 
It was not possible to have an id~a about the .internal 
conditions, but it was stated that., from windows cut, 
the internal space was found to have con~iderat1lE

deposit of rust. 

2.1.2. The important a~pPc:t~, from the poir1t of 
view of corrosion control m~~sures, a~ understood 
during the visit were: 
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•.) External Walls The church was painted 
externally about 3 years back. As sand blastinQ 
was not considered practical in a crowded location 
fr09 the point of viett of large volu.e of dust 
for.ed during the process, the surface preparation 
consisted of wire brushing onJy. This was follDNed 
by application of rust converter and then 
subsequent paint coatings. (Details of paint 
syste. was not available). 

Within this short period of 3 years, 
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 ru~ting had been quite heavy. Though no 
records are available it was stated that the 
church has been repainted 3-4 tiaes earlier. 

It was also observed that at s09e 
locations wall plates have been replaced because 
of excessive thinning due to corrosion. 

Reco-endations: The chUrch is 
located in densely populated area of "anila, with 
heavy traffic all around. The atmosphere is 
corrosive and a good painting syste• 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 pri•er (3 
ails •in• dft). The primer 5hould be top coated 
with 2-coats of high build vinyl (6 mils •in• 
dft). For grit blasting vacuu• 5hot blasting will 
be used to avoid emission of dust. If properly 
executed such a system is eKpected to last for 
more than 15-20 years before repainting becomes 
necessary. 

b.) Interior Walls: Interior walls require 
to be •aintained in original condition and 
restoration work has already been co•pleted by 
specialists who came frOM Italy. It is understood 
that the internal surface has been given • 
coating of micro-crystalline wax. 

c.) Windows: Windows are of ornamental 
desiQn and are of cast iron. Cast iron normally 
has hiQher resistant to •tmospheric corrosion. 
These were informed to be in comparatively good 
condition. The joint between steel plate and 
window frames have 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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Recowndati9!.'J?.: No reco-endations can be 
given for windows as the desion aspects were not 
seen. Anyhow, because of tinted41lass art design, 
any work on this would require quite different 
considerations. Except local light touchino no 
other -.ethod is reca..ended at present. • 

d.) Circular Stairway~: These are reported 
to be ca.paratively 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 hl.midity conditions, specially the top 
sections where the air circulations is restricted. 
"aterial of construction of these were not 
enquired •• These will be of st.eel or cost iron. 

Reco-.nendatic;.>n~: If •ade of steel these 
will be •echanically cleaned of rust (with power 
tool if sectit>ns are thicker). This will be 
followed by a syste• consisting of rust converter, 
primer and finishing coats. 

A long lasting systet11 cannot be applied 
because the ite.s cannot be blast cleaned at site. 

However, if these can be brought outside in 
sections, painted and reasse9bled then the 
recmNDended system will be the same as (a). The 
vinyl top coats can be replaced with 2 coats of 
chlorinated rubber (•in• 4 •ils dft) or other 
c~ical resistant paints •• 

For cast iron the syste•s Ni 11 be decided in 
consultation with manufacturer. The Main 
require.ent, 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.) Roofina: Origin~l roofing galvanised 
steel sheets, are still in QOOd condition. This is 
because of thicker gauge of steel and zinc coating 
used. At sotfte locations white rust has formed. 

Reca...endation..§.: The 
painted internally also as 
started at sa.e locations. 

roofs 
white 

should 
rustinQ 

be 
has 

f.) St~el Structural: Of greater impor
tance is the preservation of ~trength of •ain load 
bearing structural •embers, e.9., pillars, 
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bracinQs. etc. Jnt~Qrity of these will finally 
deter•ine the life of this unique all-steel 
church. Unforturnately desi9n 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 tNO, it. was stated gets filled 
with water during rains, due to leakage. Attet11pts 
have been •ade to seal these leakages (specially 
between the window fra.e and the Mall) but the 
leaks have not ca.pletely stopped. Holes have also 
been drilled at some locations to drain out the 
..at.er. 

It was .ent.ioned during discussion that 
at whenever it has been necessary to cut a windOM 
in the outer plate, considerable coll~ction of 
rust has been found inside. This indicates that 
the st.eel is corroding in~ernally also. 

Rece>aMM!Odations: Once the San 
Sebastian Church has ~ declared as a historical 
.onu9eflt, we have to consider its preservation not 
for• tens of years but hundr~s of years. The 
first. priority is therefore to establish integrity 
of •ain structural .embers 60d arrest their 
further deterioration. The following steps are 
suggested: 

( i ) Open sma 11 , fiay 1 • wide >: 2 · 
high windows at locations both horizontally 
and at different elevations. Lower areas are 
•ore important because water tends to collect 
at the bottom. By using flood lights, the 
condition of structural .embers and also 
internal surface of outer plat.es, can be 
visually observed. UsP. of mirror rotated at 
different angles can make a comparatively 
larger area available for observation. If 
necessary horoscope can be used for the 
purpose. It •ay be •entioned that pillars 
inside the church chamber •ay 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 members can then be thickness 
gauged using caliper5 or any other suitable 
devices. The data collected should be 
reviewed, analysed and compared with original 

• 

• 
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thickness. This should be followed by 
analysis of structural integrity. (a) as of 
present 9 and (b) •ax- additional thickness 
available tor further reduction in Nall 
thickness in future. i.e •• to find out •iO
t.t.icHu~~.~ r-L-q•_11 r-t:d for· ti.~ st rue tun~ t.o b~ 

~Ct it.·. 

(iii) Corrosion is due to •oist and 
high R-"· conditions prevailing inside due to 
presence of water. Rust for-.ed under such 
conditian is nor•ally not adherent and has a 
tendency to flake off. ~he flaked off rust 
falls down and collects •t the botta.. The 
area packed with rust retains water collected 
for a long period and thus thE: wet rust 
further accelerates corrosion. 

(iv) For long te~m pre~~rvation of 
internal surf ace: 

1. It will be necessary to reeove 
the collected rust. This can be done 
•echanically by opening windows at the 
bottoaa. Once the step (i) above is ca.pleted 9 

it will be possible to get an idea about the 
extent of rust collected and the a.aunt of 
work involved. 

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

The pressure test is therefore only a 
suggestion for examination. All visible leaks 
including drilled hole~ 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 c•n be detected by feel 
or sound.Though considerAble ~fforts and time 
will be needed, once it is found practicable, 
the results will be of considerable 
importance in controlling future corrosion. 
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3. Once leaf .. age points are 
closed, use ot VPI (vapor phase inhibitor) 
will have to be •ade to reduce further 
corrosion. VPI in liquid form can be sprayed 
in~ide the space. Periodic spraying say once 
or· twice in a year, if the space is not 
completely closed, •ay be required. This 
aspect will be knowr1 only after a co•plete 
study i!: •ade. 

3.0 REC01'11'1ENDATIONS 

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

3.2 Open windows and exaaine the condition of internal 
structural •embers. 

3.3 If study indicates corrosion control necessary 
retnave collected rust, locate and seal leakage~ and use VPI 
for protection. 

3.4 Apply good paint system outside and also inside as 
outJined earlier. 

• 
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$TRUCTURAL ANGLES 

• 
ff6+-- PILLER - BEAM 

• 
OUTER CASING 

ELEVATION 

/
PILLER BEAM r-C0 OUTER WALL ~ 

~,...._---------t~ DOUBLE WALL 

PLAN 

PILLERING HALE 

SCt4EMATIC ARRANGEMENT OF .DOUBLEWALL 

PILLER ANO OUTER WALL 

( NOT TO SCALE) 
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STRUCTURAL ANGLES 

• 

' 
OUTER CASING 

ELEVATION 

PLAN 

PILL ERIN G HALE 

SCHEMATIC ARRANGEMENT OF .DOUBLEWALL 

PILLER ANO OUTER WALL 

( NOT TO SCALE I 
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ANNEXURE - 3 

~ Qf. MANUALS ~GUIDELINES 

1. Manu~l un Precommissionin~ Chemical Gleaning of 
[ndustrial Boilers. Suction Piping of Comrressors 
and Lube Oil Piping System of Tubro-Ge•1Prators. 

2. Guidelines en Survey and Study of Plant Corrosion 
and Failures Problem. 

3. Guidelines on Industrial Painting. 

Guidelines in Prevention of Corrosion and 

Deterioration of Reinfored Concrete. 

Consideration i~ Selection of Materials fer 
Chemi~oi Frocess and Power Industries. 

6. Outlines on ldentificatior. of Material Damage ty 
Fieid r.etallography. 
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ANNEXURE 4 

MAllUALS DD GUID&LIRBS 

ldentif ~cation of Material Damage 

by Field Microscopy 

Guidelines on Industrial Painting 

• 

• 
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OUTLINES ON 

No. CME/0/01 
October, 1989 

IDENTIFICATION OF ttATERIAL DAl'IA6E 

BY FIELD l'IETALLOGRAPHY 

1 • O INTRODUCTION 

1.1 Metallography is one of the most important tool to 
identify the type and extent of material damage 
both due to corrosion and metallurgical changes 
occuring during high temperature service. 

1.2 Normal method is 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. 

1.3 For cases where taking out of sample is not 
possible, methods have been developed by which on
si te met~llographic. examinations can be carried 
out in the field. 

2. (• t\VAILABLE FIELD METALLOGRAPHY ttETHODS 

2.1 Field MicrosropE 

2.l.1 

2. l.. 2 

The first approach h~d been to develop 
portable microscope of low weights which 
ran be e~sjly carried to the field alung 
with portable polishing and etching 
kits. 

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 suitdble for ferrouos 
m~terials. 

------

I 
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lhe f1eld microscope has many 
disadvantages, chief amongst which are: 

(j) it cannot be placed properly on any 
surface other than in horizontal 
downward f~cing po~ition. 

(ii) the microstructure in many cases is 
not ~harp because of lack of level when 
the microscope is placed on a corroded 
l.lne\'Pn surface. 

(iii) microphotographs taken 
generally out of focus or lack clar· 

Due le the above disadvantages, 
microscope did not find much favour wi~ 
corrosion and inspection engineers. 

2.2 Replica Microscopv 

2.2.1 

,.~ ,.., r, 
.. :. . .. . ..:: 

: .• 0 l'IETHODOLOGY 

The advent of electron-microscopy saw 
rapid growth in replica technology, 
where the structured details of th~ 
surface is transferred on a thin fil~ 
whic.t. js then viewed under electron
microscope. The plastic tape films used 
j11 1:::-lctror1 microscopy was fL1rther 
modified and made suitable for field 
n=-pl~l.a. 

In rPplica microscopy. instead of 
vj~wing the structure in-situ, the 
!::tructure is trc.nsferred on a tape, 
specially made for the purpose. The 
lap~ is then ta~en to the laboratory and 
then obse. ve under the microscope for 
d~t~jls. Shadowing sjmilar to electron 
microscopy can also be done to get good 
contreist. 

3.1 Surface Preparation 

• 
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3.1.1 

3.1.2 

3.1.3 

3.2 Etching 

3.2.1 

~ .• 2. 2 
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The area to be examined is fir~t ground 
with abrasive wheels driven by either 
electrjcal or pneumatic machines. 
Pneumatic machines are required where 
the safety requir·ements do not al low the 
use of electric driven machines. Small 
size (.75 - 50 mm dia) 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 followed by 
final polishing with Al:z O::s pol ist1ing 
powder using felt wheels or electro 
polishing. 

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

lt has been found from practical 
experience that to get good structural 
detajl$ and clarity the area may have to 
be alternately etched and polished two 
cw thrt-e times. For different cases the 
techniques is to be finalized by a few 
tr i.sls. 

3. 3 Mic rose- opic E;-:amination 

3.3.1 Field Microscope 

a) In case of field microscope the 
method follow~d is similar to labortaroy 
~xamination. The microscope is placed 
over the surface and then viewed under 
the microscope at various magr.i f ic
ations. It is a good practice to start 
wlth a magnifjcation of 25 to 50 and 
then raise it further. 
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b) At lower magnifications the over~ll 
structure, cracks, etc. are noted and 
then specific details examined at higher 
magnifications. Fiel~ constraints limit 
its use to very low magnifications. 
Normally, a magnifications up to 250 can 
be tried. 

Replica Microscope 

a) After polishing, a small length of 
tape is taken, one side of which is 
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 is then slowly lifted, 
preserved properly and then carried i~ 
the laboratory for examination under the 
microscope. 

4.0 DISADVANTAGES OF FIELD "ICROSCOPY 

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

4.2 In case of cracking, while the mode of cracking 
can be established, its other details, e.g. depth 
a116 mor- phology car.not be determined. 

4.3 Inspite of these limitations field microscopy is 
an jmportant tool to identify the nature of 
m~terial damage, especially when used with other 
in$pection data e.g. hardness, ultrasonic, 
r-adiography, ~nown behavior of the material under 
l he e::posed condi lion and over and above the 
e~perience of the concerned engineers. 

:: .• 0 SOME CASE STUD I ES 

5.1 Cracking of Ammonia Horton Sphere 

5.1.1 One ammonia Horton sphere made of 
Japanese steel of Min 60 kg/mm2 strength 
was inspected after 16 years of 
operation. The ammonia was stored at 
about 4kg./cm2 and zero degrees Celsius. 

• 

• 
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Inspe~tion carried 
fluoroscent magnetic 
ic;n (WFMPI) on and b 
sides of the welds 
er ac•:.ing • 

out using wet 
particle inspect
inches on both 

showed extensive 

When originally designed and fabricated 
in 1967-68 it was not recognized that 
this material is susceptible to stress 
corrosion cracking (SCC) in ammonia. 
Subsequent experience worldwide showed 
the strong sec susceptibility of this 
n1c.terial. 

In the present case it was decided to 
establish whether the cracking is due 
lo SCC or any other reason. Replica 
technique w~s used for the study. Due 
to the wor~ing constraints inside the 
sphere it was not possible to get 
struct~1ral dE<-tails of very good quality. 
However, the observations clearly 
indi~ated the presence of transgranular 
cracks, from which it was concluded that 
crackingis due to sec. 

The cracks were repaired, hydrotested 
and reinspected using WFMPI. Additional 
cracks were detected. Considering the 
t~~ity of NH3 and related safety 
hazards the sphere was decommissioned. 

~ .. :·. Resid!_•c-1 ljfe c;f Fluid Catalytic Cracker (FCC; 
Reactor 

5.2.1. All high temperature, high pressure 
eqt•ipm~nt are designed for a servicP 
life of 100,000 hrs. However, in normal 
practice these are used for much longer 
p~r1od. In the present case the carbon 
steel FCC reactor had been in operation 
for about 32 years. The decision to run 
ttie rei'tctor for such a long period was 
taken because the operating temperature 
for ~ost of the period was between 
480 degrees Celcius-490 degrees Celcius, 
C1gC:1ir1!<t tt.e des.igr1 temperature of 524 
degrees Celcius. Further a large part 
of Driginal corrosion allowance still 
remained, making the operating hoop 
stre~~ also lcw~r than the design. 
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However to ascertain whether any deter
ioration in material properties has 
taken place, 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 e1nd heat affected zone 
(HAZ). 

Using alternate etching and polishing 
three times it was possible to get very 
good structural details. Microstructure 
showed absence of graphitisation and 
partial ~pherodisation of the pearlite 
No grain boundary voids, which are 
observed in case of considerable degree 
of creep was not ~elected. From !n-situ 
metallography no significant structural 
deterioration was observed indicating 
tl1.:.i the n.aterial is still under good 
condition. 

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

5.3 Cracking of LPG Storage Sphere 

5. : .• 1 LPG Storage sphere made of carbon st~el 
material showed number of transverse and 
longitudinal weld cracks after 12 years 
operation. The inspection tool used was 
WFMF'I and cracks were fou11d on second 
circumper·er1tial welds, HAZ and cleat 
and arc strike marks. 

Replica technique used to identify the 
nature of cracking confirmed the crack 
lo be due lo H2S • The scale collected 
from the metal surface showed presence 
of abo•-•t 12'l. SL•lphur. The structure in 
the cracked area was martensitic or 
upper bainitic. H2S entered the system 
due to m~loper~tion of Merox Unit. 

• 

• 
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As other welds were free of cracking it 
was decided to change the bottom portion 
which was successfully done. The sphere 
was stress relieved at blO degrees 
Celsius plus or minus 10 degrees Celsius 
using g~s burners. WFMPl after stress 
relieving showed absence of any crack 
and the ~phere suitable for use. 
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Cl"IE/0/05 
December 19&9 

GUIDELINES ON INDUSTRIAL f"tUNTING 

1.1 The outline describes the pain~ing system, •ethod 
of application and other details for protection of 
industrial steel structures, pipings, equipment, •achinery, 
etc., against: at.ospheric ccrrosion. The protection of 
i~rsed structures and struc~ures subjected to tidal and 
splash action in •arine environ9ent are not included in this 
outline. 

1.2 A total paint systen1 includ~s: surface 
preparation; pretreat•ent ( if needed); application 
techniques, coating syst:e. and inspection. Various standards 
and code of practices are available and these should be 
consulted for detail procedures and requirments. So•e of the 
important: ones are: 

Steel Structures Painting Council, USA 

British Standards (BS 5493), U.K. 

National Association of Corrosion Engineers, · 
USA 

2.0 PAINT APPLICATION 

2.1 Surface Pr~paration 

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 job or 
only blast cleaning will be used. For 
maintenance repair of failed paint coating 

new jobs 
localised 
or ite•s 

• 

• 
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which have been supplied with shop pri•~r coating, 
whose condition in general is good, •echanical cleaning 
can be used. 1'1echanical cleaning can also be used in 
areas where the blast cleaning is not per•itted. Life 
of coating on .echanical 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. l'lechanical cleaning· 

For .echanical cleaning striking tools, 
chipping tw..ers or rotating steel wire brush will be 
used. Excessive burnishing of surface shall be avoided 
as it can reduce paint adhesion. On ca.pletion of 
cleaning, the .• loose •aterial sheal 1 be re90ved fro. t.he 
surface by clean rags and blown off with compressea 
air. If absolutely necessary, water or st.ea• washing 
will be done but the surface will be i••aediately dried 
with ca.pressed air before any superficial rusting 
develops. 

2.1.4. Blast cleaning 

The surface sh~ll be bla5t cleaned at 7 
kg/c•2 pressure using sand or chilled iron abrassives. 
Use of sand for blast cleaning should be followed only 
in case where the total dft (dry fil• thickness) is 
below 200 •icron (8 ails) or where grit blasting is not 
econa.ically 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 i•portant to adhesion of paint. 
Thus a clean well graded and sized abrasive should be 
used. 

On completion of blast cleaning, all 
loose •aterial fro• the surface will be removed by 
wiping aod 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 humidj~ 

Surface cleaning will not be done during 
rains, •ist and where temperature and relat+ve humidity 
are such as to cause dew to for• an the surface. For 
practical puposes the limit can be taken as 80% RH. 
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Further, the surface once cleaned will be applied with 
the 1-~ coat as soon as possible. Thus the area to be 
cleaned at any tiine shall be preplanned in conjunction 
with painting schedule. As a rule of thu•b surface 
preparation ti.e can be taken as 3-4 ti.es that of 
painting. 

2.1.6. Shop coated surf ace 

In case of shop coated surfaces, surface 
preparation shall consist of rubbino down thon>ughly 
with etDery paper to reraove all foreign •atters, washing 
with degreasing solvent (white spirit) to co.pletely 
re.ove grea$e, etc., followed by cleaning with war• 
fresh water and then air dried. In case degreasing with 
white spirit ~s not fully effective, the surface should 
be finally wiped clean with an aroaaatic solvent like 
xylol or light naphtha. If alkaline detergents ar~ used 
in the cleaning process, it should be followed by clear 
stea• rinse. The distilled water should be applied on 
surface and suitable pH paper brought into contact with 
the distilled water. If this paper indicates that 
surface is alkaline, the steam rinsing 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 Mith the 
original paint. 

2.1.7. Equipnaent~ e.g., 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.b. 

3.0 PROTECTIVE SCHEMES 

3.1 Selection of protective scheme is the 1-~ step in 
corro5ion 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 
i•portant points are: nature of environment, severity of 
exposure conditions, nature of the structure and its 
critically, expected life and •aintenance 5chedule or 
repainting interval. In general the following three criteria 
based on time to first maintenance should be u5eds 

Grade A sch~me: Thi5 will consist of an 
initial protective scheme to last for a period of 10 
years or more before first •aintenance becomes 
necessary. 

• 

• 
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Grade B scheme: This consists of the initial coating to last 
for a minimwa 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 pref er 
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. 
Periodic inspection, field trials, etc., from the basis of accuaulating the 
experience. Systematically recorded data are not always available and at this 
stage stLndardisation 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 
more 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 und~r 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, silicone 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.l Before selecting a coating the first step is to survey the 
environmental conditions for humidity, temperature, sunlight, chemical 
constituents, presence of dust or solids in air, spillage conditions, 
etc. Various generic paints !lave 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 . 
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3.3.2. For large jobs, the economics ot systems 
should be cotnpared before selectiDf'l of schemes to get. 
the predeter•ined •in- life of various grades given 
under 3.1. Basically vinyl, chlorinated rubber and 
epoxy based paints and organic and inorganic zinc 
priaers should be considered for paintino in various 
industries, specially those in the vicinity or inside 
the working areas. For those outside the wor~ing area 
and quite away for the atlllOsphere to be heavily 
polluted, other syste•s based or1 coal tar, alkyd and 
phenolics should be considered. 

3.3.3. BS 5493 of UK and SSPC of USA have 
recommended varicus syste•s to be used under different 
environaental conditions. Of these, BS 5493 is 
considered as a monu•ental guide. In Section Two of 
this code of practice series of tables provide 
infor•ation for· typical periods to first maintenance 
for a wide range of p~otective systems. Syste•s are 
tabulated for ten •ain environments and notes are 
provided for a further nine. Table 4 BS indicates how 
these tables are c0tnpiled. For comparison some typical 
recCHM9endations of SSPC is given in Table 6 CE. 

3.3.4. In practice one will come across •any 
~ases where paint systems tried earlier have not 

• perfor•ed well. In such cases details of the systems, 
appli=ation, inspection, etc. should be studied. If one 
or more syste• is thought to be necessary, it is better 
to 1·~ conduct field trials with candi~ate 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 th~ repainting quidelines. 

4.0 !rfSPECTION ANP SUPERVISIO~ 

4.1 It is said that any paint syste• 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, miY.ing or stirring of paiot, 
addition of aore thinner to increase speed of application, 
application of below •in• paint thickness, less than 
recommended ti•e gap in between different coating&, adverse 
weather conditions during application, etc. affect the 
performance of paint. 

• 
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4.2.1. For surface pr·eparatl.on, there are three 
important factors to be considered: 

a.) Clednlin~ss: Swedish Standards 
Institution in Stockhol• originally developed 
cleanliness standards which is now ..ere or less 
universally accepted. These are available as 
photographic standards from SSPC. NACEsells 
plastic encapsulated blast cleaned metal coupons 
cleaned to white, near-white, ~a..ercial and 
brush-off degree of cleanliness. 

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

.• 
(i) Depth •icrometers which uses a 

penetrating needle dial micrometer with a 
flat base. The •icrometer 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 (•:TA-Tator 
Association Inc., Coraopolis, Penn., USA) 
surface profile comparators disc has been 
accurately •easured by SSPC and who can be 
contacted for advice. The other is the 
Clemtex Anchor Pattern Standards (CAPS) 
marketted by Clemtex Ltd., Houston, Texas. 
The comparator is placed on the blasted 
surf ace and a visual COtftparison is made. 

(iii) Replica tape •ethod determines 
the anchor pattern profile by compressing a 
foa• like tape into the blast cleaned 
surface. The replica of the anchor pattern is 

"used to measure the profile height using a 
spring micro•eter. 

The naethod (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 relftOve oil and grease freedom 
from their pr~sence shall ~ d~termine-d by letting 
water flow overs the surface. The water should 
completely wet the steel without beading, crawling 
or brealo..ing. 

If alkali detergents are used for 
degreasing, freeda. free left over alkalinity 
should be chec..._ed using a pH or litu•s paper after 
applying distilled water to the surfac~. 

4.2.2. For paint syste9, the thickness of each 
coat and total fil• thickness are very i•portant. 
Finally it is dry fil• thickness which deter•ines the 
life of the paint but it is to ~ ascertained that each 
coat of pri•aer, intermediate and finishing coats are of 
specified thickness. Two .ethods being followed during 
paint inspection are: 

a.) Wet-fil111 thickness measurenaents: 
Standard gages are available which are used after 
completion of each coat. The desired dry fil• 
thickness is obtained by multiplying wet-film 
thickness with % solids by volu•e in the paint. 

b.) Dry-fil• thickness measurements: Dry 
film thickness is •easured after the drying of the 
paint. For steel surfaces the instruments are of 
magnetic type and the most popular ones are 
"Elco.eters". For non-ferrous substrate 
instruments based on eddy-cur·rent principle are 
available. 

4.3 Supervision 

4.3.1. Supervision during painting is the most 
i•portant part of assuring that correct procedure has 
been followed during painting. The responsibility of 
supervision •ay either be with the inspection or 
maintenance personnel depending on the organisational 
responsibility in the respective organisa~ions. 

4.3.2. Sur1ace preparation: 

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

In case o1 brush 
cleaning, all loose rust, 

or other mechanical 
oil, grea~e &nd, dirt 
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and da•aged pain~ are properly re11K>ved to •a~e the 
surface suitable to receive the paint. 

For blast cleaning proper air pressure 
and size of abrasives is beinq used as per the 
reca..endation. The operation of oil/•ater 
separator in the air line will be ensured. 

Once the blast cleaned surf•ce is 
approved for painting, it Mist be ensured that it 
is coated before any rust visible under a 5x 
a~gnification for•s on the surface. As a guide the 
following •ay be considered fer the total elapsed 
time fro. start of blast cleaning

0

to application 
of coatings. 

Max• time ~lapsed 
(hrs.) 

Relative Huaidity Range 
(%) 

4 73.1 80 

e 67.1 73 

12 60.1 70 

18 55.1 bO 

20 50.1 55 

24 42.1 50 

Thus the blast cl~aning and paintinq should 
be planned depending on the climatic condition. 

b.) Paint Applicatior• 

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 
stirred and/or 
proportion for 
systems. 

paints are 
mixed in 

more than 

properly 
proper 

one pack 
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Manufactur~r·s recoc.mended time in 
between the coats are followed. 

Proper safety 
against solvent 
ruask, maintaining 
space. 

precautions are ta~en 
fumes, e.g., use of 
ventilation in close ' 

• 

• 
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TABLE I 
TYPICAL SURFACE Pf<E.PAR~TION SPECIFIC~TIONS 

Photo References SIS 05 59 00 • 
CLEANING METHOD INITIAL CONDITIONS 

A B c D 
Qualityt• SSPCUt Intact Rusting Rusted 
dS 4232 s~ 11illscale 11il I scale Rusted & Pitted 

Solvent SP 1 
cleaning 

Hand tool SP 2 B St 2 C St 2 D St 2 
cleaning 

Power tool SP 3 B St 3 C St 3 D St 3 
cleaning 

Blast cleaning 
Brush-off SP 7 B Sa 1 c Sa 1 D Sa 1 
Ca.mercial 3rd SP 6 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 1st SP 5 A Sa 3 B Sa 3 C Sa 3 D Sa 3 

Pick ling SP 8 

* Same as SSPC - Vis 1 "Pictorial Surface Preparation Standards for 
Painting Steel Surf acesu 

** Approximate equivalent in British Standard 4232 "Surface Finish of 
Blast-Cleaned Steel for Painting" 

*'* Surface PrEparat1on Specifications of the Steel Structures Painting 
Council 
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TABLE 1 
COl1PARATIVE RESISTANCE VALUE OF TYPICAL C0191ERCIAL COATING FORl"IULATIONS 

tifllffl[ ty" 

Clllori- Styrffte 

C011d1hon Meo- nit rd copoly1er Oil 

prene Vinyl Suiln Epoxy rubber blends Funn Plletlolic All yd Aspbilll ksed 

Sunlight 1nd Kiltr 8 10 1 ' 1 6 8 ' 10 1 10 

Strtss 111d 11pi1Ct 10 8 7 3 1 6 2 4 5 4 

At1ru1on 10 7 6 7 1 5 5 6 l 4 

Heit H• ' ~ 6 ' 10 8 . 4 1 

111ter Ill ltl 1(1 10 !O 10 10 10 8 10 1 

Silh j(l IC• ll! 10 J(t 1(1 10 10 8 10 6 

Solver.ts 4 ~ ~ 8 3 4 10 10 4 2 2 

4ikillf!i 10 Ill 8 '1 10 HJ 10 2 6 7 

Acids 10 JO 10 1~ Hi 10 1(1 10 6 10 

Dodihon _£ .!.Q l(t ..! ' .1 .1 2 .1 .1 .l 

lotil 88 87 61 80 7@ 77 7~ 75 63 60 43 

• 



• No. 

1 

2 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

• 

SSPC SYSTENS 

PS 1. 00-1. 05 

PS 2 .00-1.05 

PS 3.00 

PS 4 .c)0-4 .05 

PS 6.00-6.03 

PS 7.00-7.01 

PS B.01 

PS 9.01 

GENERIC 

Oil base 

Alkyd 

Phenolic 

Vinyl 
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TABLE 3 
OUTLINE OF SSPC PAINT SVSTEMS 

USES 

For we~ther-exposed wire-brushed steel 

For we. ther exposure 

For hi~h humidity, condensation or fresh 
water ~ .:..ers ion 

For i11U1:?rsion, industrial or che•ical 
exposur~ 

For vessels Botta.s, bootopping, topside, super
structures 

Shop paints For non-corrosive interior or short
ter• exterior 

Rust Prev. For tem~orary protection or sheltered 
co.pounds locations 

Asphalt For weather and corrosive atmospheres 

PS 10.00-10.01 Coal tar For underwater, underground or corrosive 
environ1111ents 

PS 11.01 Coa' tar 
epoxy 

For fresh or salt water, chemicals, 
underground 

PS 12.00-12.01 Zinc-rich For •arine, abrasion, immersion, 
che1nicals 

PS 13.00-13.01 Epoxy For water iQmersion, che•ical, 
industrial, or marine use 

PS 14.01 

PS 15.01 

PS 16.01 

PS 17.01 

PS 18.00 

Alkyd or 
asphalt 

For steel joints, for interior use 

Chlorinated For chemical, •arine, .aisture 
rubber 

Silicone
aUr.yd 

For gloss and color ~etention, 
chalk resistance 

Water-oase For air pollution contr·ol areas; 
weather-exposed 

Urethane For weathering, chemical resistance, 
low temperature curing, high-build 



Typi.ca l t: ione 
to "'iirst 
111ain ten.;,nce 
(years) 

Very long 
( 2<) or more, 

Long 
( 10 to 20) 

Sb 

-----., ______ : ______ -------.------ ----
I 13.:.r.er-,. l 
I 

oescr1pt1on jSyo:te11'1 i'·~t.:ol n._,.~.;..-.,;1 [ ;.i.:..::°""s 

I ~::~_·r1-~_nL4-e) \i, 
1
•_Ph•1nc) ~:_nes;;. \I {see t:t-1c- ~P·.J i 

I 
I 

IGalvan.Lze 
unsealed spraye~ 

a lLlin.Ln .L•_am 
Unsealed spr-.;,yed 

zinc 

, ... ~-'-' ~ ot' t.r1.Ls ?:.ac:.1c;., 

I I I . I 

SB2 I 14(• ! a • b, •.: , ·J 

5•..::2A i .l 5(i I •::!. T 

SC'.:.Z i -I ~s1_. a, c, 

Sealed sprayed SC6A \1=·(• 
alum1~.Lum 1 

d. e, i 

zinc Sealed spr .ayed ---+--s--c-6--Z----~\_1_5_1_:. _____ -E _ _. e. 

SC5A 

SC5l 

SC9A 

SC9l 

503 
SE2 
SF8 
SGl 

SHb 

SL3 

1 (11) 

1(11) 

j i 1'.11~ + ( _31) to l (;i_;} 

f 1,_10 +-( :.•)tol(••)) 

1(11) 

100 
190 to 2-::1:. 
245 

27() 

295 

.j. .;:- ' t 

e, 1 

""'. 
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- I 
- I Typical ti1ne General oescr1pt1un Syste~ T.:;t.~l ilu111111.;.i. Nut~s 

to iirst reierence thi.cf.:.nesc; I tset? tr-1e er.o 

maintenance (t.abl~ 4) l pt11) I i:)T this tat> Le 

(years) ) 
I 

i 
t1edium unsee.led sell I -. I 

spray ell 

) 
\ l•)(I 

l 
3. c, u, T 

tS t.o lC)J zinc 
Organic z1nc-r1cn SD~: I 7'5 q 

lnorgani.~ zi.nc-rich) SEl ]j -
Orying-01 l t.ypE SF7 to~· to 19•) I 

One-pac~ chemic~!- SH3 l::'.·•) 

-+--resi.stant. 

Short Organic ::i.nc-ri.ct1 Sf>l ~.o g 

(less than SJ Drying-oil type SF2 120 to l~··=- J 

Drying-oil type SF5 BS t.o 105 

One-pac._,_ chemi.cal SHl 160 J 

resistaot l 
NOTE: Treatments listed for the longer lives will always protec~ tor 

shorter-period require>1r1ents and are frequently economical also for 

these shorter lives. 
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TABLE 5 

SOME. lVPICAL RECOMl'IENDAllQt.IS FOR COATING STHUCTURAL STEEL 

Environ•ent 

Interior. nor•ally 
dry (or te•porary 
protection) 
Unusual in hwy. 
work 9 very •ild 
(oil base paints 
would last 10 yrs 
or 1nore) 

Exterior, normally 
dry (includes •ost 
highway areas 
wt~re oi 1 base 
paints now last 
b yrs or fROre) 

Frequent.I) wet by 
fresh water 
involves conden
sation, splash, 
spray, or frequent 
immersion. (Qi 1 
base paints now 
last 5 yrs or less) 

Preferred syste111 

One coat of fast-drying 
shop paint (example: 
SSPC Paint 13) over 
netninally hand-cleaned 
steel. Finish coat 
optional (see SSPC-PS 
7.01) 

Apply 2 coats of oil 
base (example: SSPC
Paint 14) over wire
brLshed steel. 1-2 
finish coats of long 
oi! alkyd (SSPC-Paint 

( 101 alumin~m or SSPC-
J Pa1r.1: \04 · ·:i te, gray 
~r green) 4.0 mil~ or 
more ~~ick11ess (5.0 mils 
for 4 coats} (See SSPC
PS 1.01, 1.0: or 1.03) 

Near white blast clea., 
surf ace; 4 coats 
(4.5 mils) of vinyl 
(example: SSPC-Paints 
8 or 9) (See SSPC-PS 
4.04 or 4.02) 

Alternates 

(1) Other one-coat 
primers (~xample: 
Tl-P-636) 

(2) Rust proofing 
(SSPC-PS B.01) or 

(3) l'lore durable 
systems as per 
Zone 18, or 

(4) Approved 
proprietary paint 

(1) Blast clean 
(S~PC-SP 6) and 
u!...~ same paints 
or shorter oil 
alkyds. 

(2) Alternate 
primers (SSPC
Paint 2; TT-P-57 
Type I ; AASHO 
H72-57, Type I or 
11; or TT-P-615, 
Type \r) or 

( 3) Al ternat.e 
intermediate TT
P-86, Type II or 
non-leafing 
aluminum, or 

(4) Equivalent state 
system, or 

(5) Same systems as 
Zone 2A or 28, or 

(6) Proven prop
rietary system. 

(1) Pickle (SSPC-SP 
8) instead of 
blast cleaning. 

(2) ~lternate vinyls 
are VR 3 or 
approved 
propietaries 

• 
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TABLE~ (Continuation •••••• ) 

Envirom•ent 

Frequently wet by 
salt water 
involves conden
sation, splash, 
spray, or frequent 
i•mersion. (Oil 
base now last) 
3 yrs or less) 

Preferred syste• 

Near white blast cleo~ 
surface; apply zinc-
t ich priiaer (exa•ple: 
SSPC-PS 12.00 or ttYL-P-
23236 or California 
Highway S~ec. bb-G-55) 
followed by approved 
wash primer and finish 
coat. (Example: SSPC-PT 
3 plus SSPC-Yinyl Paint 
9 or Y, 3+ ails.) 
Assure satisfactory 
adhesion of finish 
coats. 

Alternates 

(1) Use finish coats 
with saiae vehicle 
as zinc-rich 
pri•er (in
organic, epoxy, 
chlorinated 
rubber, vinyl, 
etc). 

(2) Use vinyl paint 
syste• with wash 
coat and in
hibitive primer 
(example: SSPC-PS 
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. 

----·- -----------~------------------1------------
3 Ch~mical ~xposures 

(Acidic, alkaline, 
oxidizing, sol
,:ents, etc) 

Same a~ for Zone 28, but 
with c~.emically 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) 
As$ure satisfactory 
adhe~ion of finish 
coc.ts. 

Same choices as 
for Zone 28 but 
wl.th special 
finish coats. 

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

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

(3) Epoxies for 
alkalies, salts, 
aliphatics, acid 
splash, not for 

( strong solvents. 

·-----··-----------~·-'---·------·-~-----L----------·---



90 

TABLE 5 (Continuation •••••• ) 

lone • Environinent 

4 SPEC!AL CONDITIONS 

Painting galvanized 
steel 

Mildew 

Temporary protec
tion and rust·
proof ing 

Preferred syste• 

Solv~nt clean to remove 
oil and grease. Wire 
br~sh to remove any 
ru~t. Apply zinc dust
zinc oxide pair.t TT-P-
641 (fype IJ for new 
steelv Type l for old, 
as per SSPC-PS 2.05 and 
1.04). Somewhat better 
adhesion if surface is 
weathered befor~ 
painting. 

After surface preparation 
wash mildewe~ surface 
with trisodium phosphate 
and dry. Add mildewcidP 
to each coat of paint 
(e~omple: B-quinoli
noleate). Vinyl, chlori
natrd rubber resins, and 
baxton metaborate and 
zinc-rich pigmentations 
tend to resist mildew. 

See system on Zone 1 \. 
Also se~ SSPC, PS B.01 
"Rust Preventive Com
pounos" (thi~k non
hardening films over 
minimum surface 
surface preparat.iDO 

Alternates 

(4) Neoprenes and 
other proven 
proprietary 
systems to 
resist specific 
conditions. 

(1) Chemical pre
treatment of new 
work by com
mercial hot 
phosphate or 
wash primer. 

(7) Zinc-rich 
prime (example: 
Guide SSPC-PS 
12.00). 

(3) Prime with 
SSPC-Paint 5. 

Alternate mildew
cides and fungi
cides include 
copper ndph
thena te, chlori
nated phenols, 
phenyl mercuric 
dodecylsuelnate. 
proprietary 
agents. Add in 
amount recom
mended by the 
manufacturer. 

Soft, heavy or hard 
film compounds 
as per 52--MA-602 
Type B, C, or 
D, or use prop
,. ietary rw-.t
proof in;J 
compounds. 
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TABLE 5 (Continuation •••••• ) 

Zone • Envi,-on111ent P,-eferred syste• Alternates 

Painting welds Befo,-e welding, do not Chip and wi,.e brush 
paint within some 1" of weld t.ho,.oughly. 
edges. Blast clean af te,. Wash with sx 
welding, See SSPC-PA 1 phospho,-ic acid 
Sections 3.5.2.4 and ,-inse. See 

SSPC-SP-1, 
Section 3.1.6 

• These a,-e intended as specific exposure zones of the port.ion of the 
structu,-e unde,- conside,-ation ,-ather than geograpic zones. Severity of 
exposure can change sharply ove,. ver~ short distances due to such facto,-s 
as wind, spray, condensation, and use of de-icing chemicals. 
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TABLE 6 

REPAINTING GUIDELINE 

PRIORITY NO. 1 IHHEDIATE RECOAT: 

<AJ Ar~as showing ASTM Ru:::t 1-4 
CEJ Areas with underfilm cor1osiGr. ~ith los~ in 

;;.dhe:::ion. 

PRIORITY NO. 2 RECOAT WITH 12 TO 24 HONTHS 

<Al Areas showing ASTM Rust 6-B 
<Bl Lccali=~d rusting 
<Cl Delamination of top coat 

PRIORITY NO. 3 RECOAT HAY BE DELAYED OVER 24 MONTHS 

<A} Areas showing AS7M Rust 9-10 
!P.: Minc•r local spot rusting 
!C; ChalKinE or erosion of ccating 

REFER ASTM 0610-66/SSPC-Vis FOR RUST GRADING 
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ANNEXURE - ~ 

No. CME!CIE/01 
October 1989 

CORROSION MONITORING ~ INSPECTION FACILITIES 

To tackel the problem of maintenance on a national basis, c. 
centrolised group to assist the Philippine Industry is 
Leing set up at National Engineering Centre with th£ 
assistance of UNIDO. The role of corrosion, corrosion 
monitoring, materio!s and inspection specialists in the 
group has been recognised. 

Corrosion and inspection both assess the state uf health and 
relic.bility of any equipment, structure, piping, etc. based 
on which preventive m~intenance activities are Flanned. The 
Centre should therefore have corrosion monitorin~ and 
inspection aids which will be necessary to assist the 
Phi I ifpine industry. Some of the larger industries, e.g. 
refineries, power plants etc. moy have their own in-ho1:se 
faciiities or can afford to take the assistance of outside 
ccntr~ctors. However there wil I be many others who would 
neec the help c"! the Centre's equipment. The following 
inzpection and corrosion monitoring equipment~ are being 
recommended fer procurement. The items requiring immediate 
procurement have been mar~edC•) 

*1. ?ortab;~ Digital type Ultrasonic/thickness gaure 
"D' meter with minimum accuracy of +/- O.lmm and 
range of up tc 100mm in multiple scales. The 
in~trument must be battery operated <Facility of 
i-.civing ci bi...:ilt in d3ta storage will h.:ive .1n eiddEd 
advantagel 
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Manufocturers 

a.> M:s. Kraut Krammer Branson 
250, Long Beach Boulevard 
Strafford, Ccnnecticut 06487 
U.S.A. 

b.> \Jells Kraut. Kramer 
Black Horse Road 
Le-t ::hw-:>r th 
He-rts, SG6 lHF 
tJ. K. 

Fcrtabie Hardness Tester Based 
principle Kraut Kramer Model 
reading, digital type. 

Mc.nufacturer: 

Mis Kraut Kraffimer Branson 
U.S. A. 

on Ultrasc·nic 
BHV-10, direc+. 

3. Yoke type fluoresce~t Magnetic Porticle Tester, 

Hand beld YckE typ~ electromagnet con!or~ing 
to ASYM E 70. Magnet Model M.2E of ?cny 
Industries, Jap~n or ~quiv~lent. 

Blc.ck lig~t suitable for abcve alcngwith -::. ·-· 
spare bulbs 

Trasformer 2oov11oov preferabiy with variable 
magnetic field indicator 

Marwfc:ic~.1Jrers: 

ci.> Mis Mainaflux 
U.S.A. 

b.) J":/s Pony lndustrie-s 
Japan 

,4 Dye-penetrant kit consisting of cleaner, developer 
and dye. 

Fluorescent Dye Penetrant 
cleaner,f luorescent dye, black 
accessor i i::s. 

test kit with 
lamp and associated 
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Portable Al Icy Analyser, for in-situ non
deztrvctive chemical composition Metallur@ist-XR 
& Alloy Analyser Direct re~ding type alor.g with 
standard sample 

Manufcict\.irer: 

Texcas N•Jcle;;:r 
P.O. Box 9267 
Austin. Texcas 76766, USA 

•7 Portab!e Crackdepth meter Kraut Krammer Model X-RT 
705 or eGuivalent. Crackdepth range 0.1 tc 120mm. 
Battery operated. 

Manufacturer: 

M/:: •~raut •:r;:omr.ier Branson 
II C ....... 

•e Ul~ra::cnic Fla~ Detector. Prcgrammat!e an~ 
fcicilities fer storagE of data and djgit;:.I 
disflay. Frequency ran{e 1 - 3~ M~: Power SU?flY 
Ni Cd cEl ls. Str;;:ight and angul~r r·~bes cf 
diameter 8mm to 25mm. Kraut Kra~mer Model USD - 10 
or eq•..:ivaler.t .• 

M!s ~rout ~ram~er Branson 
!.! 2, l. 

P~rtcibl~ Corrosion Ra~e Mcnitoring l~strument 

ir.d:Jstrial use. 

Ba::e~ en polarisation resistance p:incifle. ~u!ti 

range selection switch with corrosion rate 
mea~uring range varying from 0.05 to 200 miles per 
year. 

Battery operated. 

Probes of mild steel and admirality brass-6 each. 



*10. Fort~ble Corrosion Rate Instrument. 

Based on electrical resistance principle. 
~ultirange with facilities to measure corrosion 
rate from .1 mils to 200 mils per year. 

C~rbon Steel Probe - 6 nos 

Monufactuiers for iter.s 9 and 10 

a.~ Fetrolite E~uipme~t and Instruments 
F.O. Box 2546. Houston, Tx 77252 

t. Ccrm~r. Ltd., Cor~on House, South Street, 
Loncing, ~est Su=se~ SN15, BAJ, U.K. 

c. Rchrtack Ccssasco 4669, ~-uthwest Freeway 
S~ite 1250, Hcnston, Tx - 27, USA. 

i~~te Instrument 10 is very useful for oil and 
{as Industries. ror clean solutions, e.g. cooling 
\i:e&tf?r, bci ler wat£r. etc.. instrurner.t C9> wi 11 bE' 
suitatle and this is an immediate requiremEnts.> 

·~:. \'i::,.1c:! l:ispect:.c:-: ~:it tc be ccirried by engineers 
cor.si:::~ing of 

Sma!i Fer~a~~~t M~g~et 

~agnifying Lens xlO 
C~ l i ;;Er 
Measuring Tape. 2 meters 
~~ ;-, i f E • 3" : or. g b l cad e 

<These can be furchased separately> 

• • •••• 

1 
1 
1 
1 
1 

• 
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Mo. CHE/CIE/01-Al 
November 1989 

CORROSION HONITORIHG ARD IMSPICTIOM f ACILITIIS 

Additional information on note N~. CHE/CIE/01, October,1989. 

1.) Item Ho. 6 (Of CME/CIE/01) Portable Alloy Analyzer 
Model 8-366, Texas Nuclear, Series 9266. 

2.) 

Source: H/5 Ramsey Engineerina Pvt. Ltd. 
20 Base Road, Taren Point 
N.S.V., Australia 

Price : USS25,000. (December ·81) 

Set up for Replica Microscopy 
Accessories 

a.> Portable Microscope 1 
b.) Reflective Replica Set 2 

(containing 100 Replicas) 
c.) Portable Grinder 1 

(with grinding wheels - 3 of each 
d.) Portable Electrolyte Polisher 

and Etcher 

Source: H/S Struers A/S 
Valhojs Alle 176 
DK 2610, Rodovre 
Kobenharm, Denmark 

Price a.) 6,850 DKr (Sept .. 89) 

1 

along 

grade) 

b.) 250 DKr per set (June'84) 
c.) 14,140 Dir (June.86) 
d.) 11,100 Dlr (June.84) 

with 
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ANNEXURE 6 

No. Cr'IE/TP/03 
Decetnber 1989 

'=.l'.\~~~T_~Y --~Q8RO~ ION -~N!> _~.T~fU_~S 

JE~T_l~G_fA~!LITIES AT NATIONAL ENGINEERING_gNT~ 

1.1 The PM Group in the National Engineering Centre at 
University of the Philippines is being set up with UNDP 
assistance to assist Philippines in increasing productivity 
through a well organised preventive •aintenance system. 
Preventive Maintenance's pritnary objective is to avoid 
brea•:.downs 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 Philippines have built up testing 
facilities to assi~st the industry, in their requirements. 
In any consultancy job it is absolutely necessary that 
adviced is given in 5ho~test possible time. Th~refore, where 
testing i!: to be performed the same is to be cc.rried out 
quickly as pos~ible. To assess how the facilities of various 
organisations can be utili~ed with advantage~ the two main 
organisations, i.e., Materials lndustrila Research and 
Development Centre and Industrial and Technoloqical 
Development Centre were visited. Annexures A and Ec give the 
list of facilities available with these organisations. 

2.1 To give consultancy to industries in the field of 
m~teri~ls and corrosion, two main areas of studies required 
will be: 

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 drc-wn up and action is being ta•:en on the saine. 
In this report the requirem~nts for laboratory studies at 
the NEC h~ve been detailed: 

2.2 The laboratory 
following areas: 

facilities are needed in the 

1. Chemical Analysis of "aterials ~nd Corrosion 
Products 

2. Metallurgical Properties 

a.) "echanical properties 

b.) "icro-structural analysis 

c.) Crystallinity of material 

3. Corrosion Studies 

2.2.1. 

The quantum of both qualitative and 
quC'ntitative 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 
thi~ purpose. However, MIDC is already loaded with 
routir.e chemical ana 1 ysis services i:o the industries 
though not from the point of view of corrosion and 
materials failure. Therefore its services will be used 
only as 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 ~ sent to MIDC. 

Oualitati~e analysis facilities, which 
would require min- facilities, can be built up at the 
centre. This would r·equire S'.>me chemicals, glass wares, 
heaters, filtering arrangeir.ents, Ptc. lheses are parts 
of the list given in Annexure C. Procedures for 
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qualitative analysis 
analytical boo~s. 

are available in standard 

2.2.2. Metal~urgical Examination 

a.) Mechanical Properties 

The quantum of mechanical testing 
jobs will not be large,• 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 
ta•-.es the max• time, NEC wi 11 have to have a 
contract with one or .are private "°rkshops in 
Manila. 

b.) Micro-structural Analysis 

Micro-structural study will for• 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 investig~tion. 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 ITDC 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 ITDl. EDAX arrangement is 
however, only available eith ITDI. Facilities 
at any of these institutes can be used, when 
required depending on availability. 

• 
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3.) 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 HJDC & ITDI have these facilities, which 
can be used as and when required. Requirement 
for such study will be quite rare. 

2.2.3. Corrosion Studies 

a.) Facilities for testing corrosion 
resistance coatings, paints. etc. are avialable 
with "JDC. But in none of the organisations 
laboratory corrosion testing facilities are 
available. The Pt1 group will therefore have to be 
provided with those corrosion testing facilities 
for which will be required to be used •ore 
frequently for the local industries. 

b.) The following testing facilities are 
recnmmended as min• requirment: 

1.) Facilities to carry out electro
chemical measurements, e.g., po~entiodynamic 
polarisation 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 Princeton Applied Research (P.O. Box 
2565, Princeton, NJ 08540, USA) is most 
suited. 

2.) Six 1 litre pyrex glass conical 
flas~ with reflex condenser arrangement to 
carry out intergranular, stress corrosion 
crac•:.ing and high temperature chemic :ill 
corrosion tests on stainless and other 
steels. 

3.) Facilities to carry out immersion 
tests on various materials, using beak~rs, 

hot water bath and other glass equipment. 
Static test for inhibitor evaluation can also 
be carried out with this arrangement. 
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4.) Laboratory evaluation of cooling 
water treatment chemicals by setting up a 
circulating syste~ using puaps, jars, 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 ASTl'I have standards for 
carrying out these tests. 

5.) For accelerated tests on 1netallic 
and paint coatings facilities available at 
MIDC should be used. 
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ANNEXURE A 

FACILITIES AVAILABLE IN MIRDC FOR ~RATORY TESTS 

1. Physical and Mechanical Metallurgy 

- Metallography 

- Scanning Electron Microscopy (without EDAX facility) 

- Tensile Test 

- Be:td Test 

- Hardness Test 

- Impact Test (charpy) 

2. Chemical Analysis 

Instrumental and wet analysis for various metallic elements 

- Water Analysis 

- Cart.on Analysis 

3. 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. 

4. Non-destructive Testing 

- Radiography 

- Magnetic Particle Inspection 

- Liquid Penetrant Testing (or DP Test) 

- Ultrasonic Testing 
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LABORATORY FACILITIES AVAIIABLE AT ITDI 
(Most of these are under installation) 

1. Physical and Mechanical Metallurgy 

- Scanning Electron Microscopy (with EDAX) 

- X-ray Deffractometer 

- Metallurgical Microscope 

2. Chemical Analysis 

- UV-VIS Spectrophotometer 

- FT-IR Spectrophotometer 

- Ion-Chromoatograph 

3. Corrosion Testing 

- Combined Cyclic Corrosion Tester 

ANNEXURE B 

- Surface Roughness Tester (for blast cleaned surface) 

- Atmospheric Corrosion Testing Facilities 

- Automatic Polarisation System for Corrosion Study 

- Impedence Testing for Organi~ Coatings 

- Paint Adhesion Testing Facilities 

• 
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ANHt:XUtn-: C 

LA~ORATORY FACJLlTJES AT H~C 

Hetal~urgical Evaluation 

tle1.allurrica1 Hicro~copf'=; {l No) ~er.eh typoe with 
riar.nific:ation TP.JIP-f' of ·!>O to 17.0(J a1ong wit.ts 
arrcmecrirr11.~' fr·r t.akjng •!ir:rupl1ot.or,rapt?~-

Sa11p]P. ~ut.t.irrf machine alor1g wlt.h cutting vt1r-=el~ 
(l N0) 

1'<' c:nt. !:a!!lplP-!: froi: round rc~~t.u11r,1•lf1r or any othn.r· 
~hape ur·to a thiclmP.~s of 100wi!1 l":axa.. Suit.able for 
opf' r (j t. i "" at. /.~·OV. 611 cy t: l P.~; . 

Sc;rplf: 1:otrnf.ing 
cylindrical laea1.ers of 

11act.ir1e a lon~ with 
~lZC 12.~~ll t.O 37.~ 

p:tess and 

Whe1:l grindir.l! l!lac:hirie tor rough p(ll ishing (1 No). 
thtnr rlr.i\•er!. To Le opt~re:tcrl ul ?.20V, 60 cycles. 

l No Poli~liir:r, !!~!(:t,jnc witl1 twn hori?.ont.al wt.e1:l:;. 
/..dju:;t<:!>lt~ l!':ult.is1 . .oeP.d drive. He.tor t.o lie operatc:d al 
?7.CV, Sf; r:yc le~;. 

Stereo tt:icrr.sr:ope for r·:H:To exardnat.jon alcng w:it.ti 
ptint.o~raJ:t.ic arre11fl1:11cril. 

Alu!!:i11a powrler for polh;ltirir:. 

7.. \.l:H~lllf bf:flct. With Cf:t":.!l:jc OT OU1t~T CoT?C1SlCJTI rF:~istar1t 
l:!ni!:(. t.np. 4 Nu~: 

Orie fC!! e lectro(·t.t!n::) c::1 l corrosion ~tuct i c~ 

011e for imr:ersio:'l corrcs.ion ~tud1c~ 

On? for chemical analysis 

Onf:r for Hetallurg:ic::.il studif:Z 

I.ahoratory Faci Ji t ief: 

l No Weiter Bat.ta wit.11 t1ei!ti11g and u~mr.•f·rfJture 
co11trrd arrangr:11ent. tind a ~t.irrer. Size of U1e tntti -
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24 .. x16'"xl6 .. det~P- For iS111crsion te~l. To be operated at 
220V, 60 cycles. 

1 No Wut.cr Batta as above l1ut. of si?.e l~"x12"x12 .. 
deep for elect.roctiemical studie!~ 

Hot plate 1B .. x12.. with 
arrRnge~ent. 2 Hos 

Gla~n wares: 

o Pyrex Bea~~rs 

2!iU cc 

~'.JO cc 12 Nos 

1000 cc !2 No~: 

2000 cc 6 Nos 

P Cor1ical Flasks (Pyr<:}'.) 

12 Nn~ 

12 ?fo~ 

lfJ(l(I Ct: 

24 He~ 

1 l.J CJ cc: 

r:onlrol 

o 0 t h-:: r t.; l :..! ~ !~ a c c !"~ ~ ~:en J c ~ J :i h: t. u ! .. i n ~ ~ , 
r:i1•1.·~tf;, ~·t.;;nd::nrl fh!~;£ jofr1l!;, 2 a~1d 3 '"ay~ 
~top c-o•.:k~·, ctr. 

G~!' hurrier~ wilt. tripod~. wire g~ur.e, etc. 6 Nos. 

F.1 cc ti i c llot. Oven, T<!l!:P ran~t: 
Cor:.plete with u~i.p c:ontrcdl<:r, U:l!f-' 
trt:aUnr. ch)'!1rtbe1' !.~i?E~ 8"Y.4"x18" dept.ti. 
l1~~:t t.re<ltlrt·rit, loss cr1 ir,ri.it.jor1, etc. 

1 UO l 20('o: . 
i~dic~tur. Ovon 

To be: u~c:d for 

• 
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ANNEXURE 7 

No. CHE/TP/01 
Octob.?r. 1989 

TBAIBIBG PRQGRAllB FOR CQRRQSIOB AID IATBRIALS 

BIGIBBIBS AID TBCHIICIAIS 

1.0. INTRODUCTION 

1.1. The PK Consultancy Group in NEC, beine set up to 
assist the Philippine Industries, will have a strone 
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 updatina 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 ex~ertise 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 PM group, for the corrosion 
and inspection engineers and technicians an outline of 
the same is recommended. This takes into account 
future growth of the aroup by way of induction of new 
staff members and growing activities. 

2.0. TYPE 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 i.nvestigation of problems," 
failure analysis, preparation of standards and codes, 
corrosion monitorina and laboratory stuies, etc. Each 
individual in his own area would require a multi
disciplinary approach and for this trainine will play 
an important role. For example, a technician may have 
to perform duties connected with laboratory tests, 
corrosion monitorina and ~lant inspection. Similarly 
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an engineer will have to guide the technician in his 
duties and over and above plan, implement and interpret 
test data. 

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

1. For Senior Engineers 

i) Persons with more than two years experience 
and having speiciali~ation in corrosion and inspection. 

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

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

c.) In plant training in 
industries and reputed corrosion 
outside and inside the country. 

conferences 

different 
laboratories 

d.) Visiting various fabricators, material 
manufacturers 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 trainina on ~orrosion 
monitorina and inspection. 

b.) Participating in plant shutdowns. 

c.) Attendina basic technical courses on 
corrosion, monitorina and inspection. 

d.) Attendina advance in-house corrosion, 
inspection and monitorian courses. 

• 

• 
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ii) For rresh technicians 

a.) Attending 
inspection courses . 

in-house corrosion 

b.) Participating in plant shutdo1111s. 

3.0. TBAINING PROGRAMME 

3.1. Trainina will be of continuing nature and 
year an outline of proaraame for trainina will be 
up. Where there are posssibilities of arranaina 
training programme, consultations will be held 
other organisations in the Philippines. 

and 

every 
drawn 
aroup 
with 

It is essential that training programae is 
primarily drawn up taking into account the iamediate 
and future activities of the aroup. 

3.2. Except for in-house training, plannina would 
require contacting organisations outside the HEC. For 
in-plant trainina 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 Excha~ge Programmes. 

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

Training in the use of various instruments can be 
organised throuah ·,e equipment suppliers either in the 
Centre or in the aanufacturers' oraanisations. Such 
trainina can also be oraanised in Philippines as aroup 
trainina in consultation with other oraanisations. For 
advance training of this nature training at specialised 
institutions is prefereed. 

Specialised courses on corrosion and inspection 
are provided by many oraanisations 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 enaineers and technicians . 
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ln-houae trainine (both basic and advance) will 
form an important part of the overall trainina 
proaramme. In addition to lectures this will involve 
series of corrosion experiments and use of aonitorina 
and inspection equipment. Suitable text will be 
prepared by the enaineers assianed 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 aive 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 level 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 fora an important 
forum for exchange of ideas, specially for senior 
staff. Participation in gatherings organised by 
important organisations in topics of aroup"s interest 
will be encouraged. 

• 

• 
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TRAINING CHART FOR CORROSION AND MATERIALS 

TEAM IN NEC 

ECHNICIAN 

INDUSTRIAL I LABORATORY VISITS 

SEMINARS I CONFERENCES 

REFRESHER COURSES 

ADVANCE TRAINING 

ADVANCE COURSES 

BASIC TRAINING I COURSES 

IN- PLANT TRAINING 

PARTICIPATION IN PLANT 
SHUTDOWNS 

IN - HO USE COURSES 

A - Engineers wifh specialisation and minimum 3 years experience In 

Corrosion, Materials and Inspection . 

B - Fresh E"91neers · 

C - Technicians with minimum ! years experience In corrosion monlforlno 

and inspection . 

D - Fresh Technicians. 



SEttlNARS MD COtiFERENCES 

Japort•nt Institutions 
se•in•rs •nd conferences 
inspection. 
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•nd o~ganisations arr•nging 
related to corrosion •nd 

- National Associ•tion of Corrosion Engine•~s, P.O. Box 
218340, Houston, 77218, (U.S.A.) 

Aaeric•n Society of Testing "ateri•ls, 1916 Race Street, 
Philadelphia, PA 19103, (U.S.A.) 

- Society of Che•ical Industry, 14 Belgrave Sq., London SWIX 
BPS 

- European Federation of Corrosion, Society de Chi•ie 
Jndustrielle, 80 Route de St-Cloud, 92 Rueit-"al•aisen, 
Paris 

- Centre Francais de la Corrosion (Cefracor), 28 rue Saint
DOtllinique, Paris (7 e'9e) 

- Institute of Corrosion Science and Technology, 14 Belgrave 
Square, London SWJX B PS 

- Central Electroche•ical Research Institute, 
Karaikudi, India 

- Kerrsionscentralen ATV, Park Al le, 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 Rese•rch, 
179 River Valley Road, P.O. Box 2611, Singapore 0617 

- Swedish Corrosion Institute, Box 43037, S10072, Stockholm 
43. 

- Dechema - Institute, Frankfurt on Meine, w. Germany 

- Jap•n Association of Corrosion Central, kikai - Shinki
Kaik•n, Rm 204, 21-1-5 Shiba-Koon, Min•te-ku, Tokyo. 

.. 

• 

• 
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SUBJECT 

Corrosion 

• 

• 

COU&.SE 

Corrosion and 
corrosion 
control 

Corrosion 
science and 
technology 

NACE Basic 
and Advance 
Course 

Corrosion 
Prevention by 
cathodic 
protection 
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STUDY AND TRAINING COURSES 

ORGANISERS/VENUE 

Centre Belge d'Etude 
la corrosion, CEBELCOR., 
Avenue Paul Rogar, 
Grille 2. B-1050 
.Brussels, (.Belgiua) . 

Corrosion Study Centre, 
•A Dacce• Faculty of 
Science, University of 
Ferrara, Via L .Borsari 46, 
1-44100 Ferrara, (Italy) 

National Association of 
Corrosion Engineers, 
P.O . .Box 218-340, Houston 
Texas 77218 (U.S.A.) 

- do -

Corrosion control 
in oil &: gas 
production 

- do -

Corrosion 
prevention 
by coatings 

Cathodic 
protection 

- do -

Institution of Corrosion 
Science and Technology, 
14 Belgrave Sq . , London 
SWIX 8PS. (Also arranges 
courses in collaboration 
with NACE) . 

PARTICIPANTS/ 
LANGUAGE 

Engineers, 
with 2 years 
experience. 
English. 

Engineers. 
Italian. 

Engineers & 
technicians 
with ainm. 

DURATION 

2 seMster 
of 3 aos. 

45 days 

5 days 

3 yrs. experience 
English. 

Engineers & 
technicians 

5 days 

with basic 
corrosion course. 
English. 

- do - 5 days 

- do - 5 days 

- do - 7 days 
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Corrcs1or. r.on1tor1ng Consul
tancy, '51 F·1rans. 
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ANNEXURE 8 

No. CME/L/(11 
October, 1989 

Number of bool<:s dealing with corrosion and materials 
have been received in the Centre or are under order. The 
list has been received and fO\.~nd to be quite comprehensive. 
The following additional books are recommended for 
procurement: ~ 

1. 

-._ ... 

4. 

Corrosion Handboo~: by H.H. Unlig, 
Published by John Wiley and Sons, London 

Corrosion and Prevention in Waters by G. Ecutler 
and H C K Ison. 
Published by Leon.;;rd Hill Books, 6-10 King Stre~t 

London W.G. 

Cor-rc·sion Resistcince ;f Metals(~ Alloys by F.L. 
Laque· & H. R. Copson. 
P~~lished by Reinhold Publishin~ Corporation. 
New York. 

Ccrr·osion 
.J. f:os1ct-• 

Pre~ention by Pr~ctising Engin~er~ by 

F-ublist-ied by f.c.rr1e~ ''. Noi:le:. fJe ..... Yc·r' 

5. Protection of lror. ~: Steel Stn.•ctures from 
Corrosion ! B S I 1~008 

P~bl1shed by British ~tandar~ Institutions. Lonaon 

6. Ste~) £.trL•Cb.•res P.;;_iroting Mio"'lL~CIJ. \-'c.0 1. 1 l'. 11 
Published by Steel Structure~ Painting Council. 
;:-· l t t 'E· b:..~ ... 9 h ' F-·"" • u • ~; • ,'.:; • 

7. Ct-.:i.c·r- ide Cc.0 rr-osior, oi St~e-1 .;.n Concre-i:e H:-; h 5·; F-" 
c::·=J. Ecijle

0

d b, IJ.F. lc•r1ir,l c;~-.~ S.llJ. :_;e-:..-, 
F'o.•i:.i.i:r.?ci t•)' Hl"er1c.o;.r, Se:·=ietv for Test.?.ng 
~i.:.te!·i.:.ls~ 1c;·lc, R<-.c~ Etre~t, r·t1il.r.del~·hic-. F·c. 
19103, U.S.A. 

e. Fe! }C•Wlr1g ~·L•t-l1cetlOr1~ b ... · N.:.t.:.or1&1l A~~oc1atio:-1 of 
Corrosion Engineers. 

6.1. Co:il ing l·J.;.ter Tre-.:.tme-r,t Meonva l 

e.2. NACE Coe.tings c.nd Linings H.a.ndboo•~ 

8.3. Electrochemical Techiniques for Corrosion 

8.4. Atmospheric Corrosion of Metals 

• 

• 

• 
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8.5. Stress Corrosion Crc;c~ing Control Measures 

8.6. Corrosion Data Survey, Metals and Non-metals 

8.7. Control of Internal Corrosion in Steel Pipe 
Lines and Piping System 

B.8. High Voltage Electrical Inspection of 
Pipeline Coatings Prior to Installation 

8.9. Forms of Corro~ion, Recognition and 
Prevention 

B.lCJ.Corrosion Inhibition 

Ultrasonic Testin~ of Materials English Edition 
by J.U.H. fr.,.~ttrc;mer 

F'ubl ist.ed b·y Kri'uU:rc-;er GMBH, Robert Bo::c:h -
Stra~se 3~ ~030 ~urth 5, West Germany 

10. Handbook on the Non-destructive Testing of 
Material!. - Er1gl ist. Eoi ti on by E A W r1ul ler 
Pub:i. ish:.-ci by \'erdag Oldei}bo1Jrg, 111.mchen, Ooie::t 
GE-r-mc- ny 

11. 

1 --.:. . 

Str~•s Corrosjon of Met~ls by Log~n 
Put•lished by John Wille} 1_: Saris 

F.;.ilL•rt:- A;,_:,_lys1~ anti f-iet.:.llogrdphy - M1crc·
Structurc-l Science Vol. 15, by Mitchel E. Blum 
F1.,1Jlj~t1ed t•y Aruericc-n Scc:ety of Met"'l~ 
lntern~tional Pc-rk Ohio 44073, U.S.A. 

13. Pipeline Corr~sicn & Cathodic FrotEction ty 
Marshall E. P~rter-~. 

Published 'by G· __ ,}1 f·1..•blist-1:n;, U.S.A. 

1~. Appli~ation Manual for P~int ~nd Prctective 
CoBti~Q b/ W.F. Gress 
Published by McGra~ H~ll 

)~. Corrosion Vol. 1 t 2 by Shr~ir. 
Publishe:-d by r.:e-wne-s Sutterwo~u-.s, Londo:i 

lo. Dewpoint GorrosJon by D.fi. Holmes 
Published by Ellis Henev«rd 

17. Defects and F~ilures in Pressure Vessels and 
Pipings by Thielsch 
Published by Reinhold Publishing Company 
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18. Failure Analy~i5 - Case Histories and Methodology 
by N~umann 
•Publi~hed by A 5 M, U.S.A. 

19. ASME Section VIII Div 1 and 2 (Pressure Vessle 
Code), ASME Section 11 A and B (Material Code). 
Published by American Society of Mechanical 
Engineers, U.S.A • . 

• 

• 
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TEST PROGRAl9IE FOR 

ANNEXURE 9 

No. CME/TP/02 
October 1989 

BASIC TRAINING CJtt CORRQSI~ 

1.0. INTRUDUCTION 

1.1. Traini.1g 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/TP/01. The programme includes "basic training 
on corrosion" for fresh engineers and technicians. The 
same programme can also be used for training dnd in 
work~hop programmes for plant personnel in futurP., 

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. 

2.0. FIRST SERIES OF TESTS - ELECTRO-CHEMICAL ASPECTS 

2.1. Electrode Potential 

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

2.1.1. Test No. 2 (1) 

Take a mild steel sample of 50mm 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 calomel electrode. 
Make electrical connection to a potential 
measuring device as shown if Fig. 1. Measure 
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potential initally at intervals of 5 minutes till 
the potential stabilises and subsequently once 
every day till 10 days. After 10 days clean the 
specimen and determine loss in weight and 
corrosion rate. (Note: If luggin capillary is not 
available dip the electrode in the beaker for 
initi9l experiments). 

2.1.2. Test No. 2 (2) 

Repeat the test No. 2 (1) with Sea 
Water. 

2.1.3. Test No. 2 (3) 

Repeat the test No. 2 (1) with N/1000 
HCl. Time of test will be 6 Hrs. 

The above test 2 (1) to 2 (3) will 
indicate how the potential chan~es with the 
environment. 

2.1.4. Test No. 2 (4) 

Repeat test 1 (2) with Stainless Steel. 

2.1.5. Test No. 2 (5} 

Repeat test 2 (3) with Stainless Steel. 
Time of test will be 24 Hrs. 

2.1.6. Test No. 2 (6) 

Repeat test 2 (2) with Aluminum. 

2.1.7. Test No • 2 ( 7) 

Repeat test 2 (3) with Aluminum. 

2.1.8. Test No. 2 (8) 

Repeat test 2 (2) with Cu-Ni Alloy. (Use 
S.ulal ler size specimen 25mm x 25mm, 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. Test 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. 

2.2. Galvanic Effect 

Previous 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. 6V 

(II) Resistance of the circuit, R 

6V II = R or I = 6 V /R 

In addition to the ~bove two factors, in the 
corrosion process, the polarisation characteristics of 
anodes and cathodes also play important role. 

2.2.1. Difference in Potential 

a.) Test No. 2 Cll) 

Put a weighed mild steel and brass 
specimen of SO x SOmm in a beaker containing 31. 
NaCl water. The specimens will be polished and 
degreased. Place capillaries facing both the 
specimens as shown in Fig. 2. If luggin capillary 
is not available pl< 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 •mmeter cf zero 
resistance. Measure the current at periodic 
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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. 2 (11) with brass 
and stainless steel samples. 

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

c.) Test 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-050 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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• 3.0. SECOND SERIES OF TESTS - FOfd15 OF CORROSION 

• 

3.1. Corrosion causes deterioration and there are •any 
forms in which effect of corrosion is observed. These 
have been explained in short. For•s of corrosion which 
can be reproduced by simple experi•ents have been 
given. 

3.2. General Corrosion 

The corrosion causes uniform loss of 11tetal 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. 

3.2.1. Test No. 3 (1) 

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

3.3. Pitting Corrosion 

Localised high corrosion at some points compared 
to overall surface results in piling type of corrosion. 
Pits 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. Pitting rate is higher in metals and alloys 
which show active/passive behaviour. 

3.3.1. Test No. 3 (2) 

Take 2.5 x 2.5 cm AISI 304 stainless 
steel sample and polish to a finish by ·oo· emery 
paper (fine finish) degrease and weigh. Prepare 
250 c.c. of 10.8% FeCl3, bH20 solution in 0.05 N 
HCl. 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). 

3.3.2 • Test No. 3 <3> 

Repeat the test 3 (2) with AISI 410 
stainless steel. 
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3.3.3. Jest No. 3 <4> 

Repeat test 
stainless steel. 

3 (2) with AISI 316 

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

3.3.4. Test No. 3 (5j 

Repeat test 3 (2) with •ild steel. 

Mild steel 
without pitting. 

will corrode uni fonnly 

3.3..5. Jest No. 3 (6) 

Take a sample of 100 x 50 cm AISI 304 
stainless steel and polish to a finish by ·oo· 
emery paper and degrease. Dip the sample in sea 
water for 5 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. 

Place 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. Test 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 (8) will 
show that stainless steel and aluminum are more 
likely to pit them mild steel. 

3.3.8. Test No. (9 > 

Repeat test No. 3 (6) with 10% solution 
of Na2so. 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 a,..eter. In between 
the a ... eter and one of the electrode the variable 
resistance will be at ·o· position to start with. 
After the current stabilises (few hrs to 24 hrs 
generally) increase the resistance so tha+ the 
current is reduced by half. Continue the te~t for 
10 days with daily -.easurement.s of potentials of 
two electrodes. 

Detenaine 
calculate corrosion rate 
current and compare. 

loss 
frata 

b.) Test No. 2 (15) 

in Neight 
weight loss 

and 
and 

Repeat test No. 2 (13) with saae 
arrangement as in test No. 2 (14). COfftpare the 
results of test Nos. 2 (11), 2 (13), 2 (14) and 2 
( 15) • 



126 

Compare with test 3 (6), 3 (7) and 3 
(8). The test will show that chloride is a much 
.are stronger pitting pr090ter than sulphate. 

3.4. Interaranular Corrosion 

Sa.e alloys like stainless steels and alu•inu• 
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 Nhere intergranular 
attack occurs (generally near the Melds in Nhat is 
known as heat affected zone - HAZ). 

3.4.1. Test No. 3 (10) 

Take one 10 .,. x 50 ... sa•ple fr0tn AlSI 
304 stainless steel sheet (preferably about 2-3 .
thick) polish to ·oo· ~ry finish, degrease and 
weigh. Before polishing the sa•ple will be heated 
at b50°C for 1 hour. 

Take a solution containing 47 cc per 
litre of concentrated ~ulphuric acid and 13 
gms/litre of Cu504.5H20 in a pyrex flask fitted 
with a reflux condenser. I..erse the stainless 
steel specimen in the above boiling solution for 
72 hours. Take out the specimen and subject to a 
bend of 1SO•C over a radius of 5 •m. 

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: Jf 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. Test No. 3 C11) 

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 304 is •usceptible to intergranular 
attac~, 304 L or 321 are not. 

• 

• 
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3.5. Cavitation Erosion 

Whenever in a 1n<>ving liquid fluid there is 
creation of low pressure •reas, the •aterial is 
subjected to conjoint action of corrosion and i•pact 
resulting in cavitation erosion. Pu•p i•pellers and 
ship propellers are generally subjected to this type of 
attack. The affected area has a .attled appearance 
with closely spaced pits. 

No simple tests are available to reproduce this 
phena.enon. Saate failed pu•p i•pel ler can be collected 
from industry as an exhibit. 

3.6. Stress Corrosion Cracking 

So•e alloys are susceptible to cracking when 
subjected to tensile stress in a specific environ11tent. 
Some coamon 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 2 c• 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. 

Polish to a finish by ·oo· 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 316 stainless steel. 

Put 51. NH-OH solution at the bottom of a 
dessicator. Place the bent brass, copper and 
stainless steel specimens over the dessicator 
plate and cover the dessicator. 
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Take out the three speci.-ens every 2 
hours for first six hours and exa•ine outer bend 
for surface, crack under a low po...e •icroscope or 
with a Magnifying lens. Note for nueber and 
length of cracks. Continue the test for 24 hours 
with copper and brass speci.ens and 10 days with 
stainless steel. "°'-tnt the specimen and exa•ine 
•icroscopically after polishing, Nith and Nithout 
etching. 

The test 3 (12) would show that Nhile 
brass cracks in a .. onia at.asphere, copper does 
not. The test would also shoN that brass cracks 
intergranularly. (Note: If brass is in cold rolled 
condition there ~iil be Mixed .ode of cracking, 
i.e., both inter and transgranular). Stainless 
steel Nould also show no cracking. 

3.6.2. Test No. 3 (13) 

Prepare AISI 304 stainless steel as 
above. Take 42% solution of MgCl2.6H20 in a 500 
cc. flask fitted with a reflux condenser. Hang 
the U bent specimen in the boiling solution. 
Examing the outer bend of the specimen every 2 
hours for first 6 hours under low magnification 
for number and length of cracks. Continue test 
tor 48 hours. 

Mount the 
microscopically after 
etching. 

specimen and examine 
polishing, with and without 

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. 

indise 
No cracKs 

surface of 
will be 

U-bend 
starting 

which 
from the 

is under 
compression. 

3.7. Fatigue Corrosion 

Metals and alloys are 
under alternate stresses due 
fatigue cracking. In presence 
the susceptibility to cracking 

susceptible to cracking 
to phenomenon known as 
of corrosive environ•ent 
is increased. 

• 

• 
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Pu•p shafts, 
corrosion fatigue. 

piston rods, etc, fail due to 

There are no si•ple tests to reproduce these 
failures. Sa.e failed pu•p shaft can be collected fro• 
industry as an exhibit. 

3.8. l•pinge.ent Corrosion 

When high velocity liquid fluid containing 
entrained air bubbles strikes against a metal surface, 
highly localised corrosion takes place at the point of 
i•pinge.ent leading to perforation. Si•ilar effect is 
observed when at any point during change in the 
direction the fluid directly i•pinges on the metal 
surface. 

Failure of copper alloy 
inlet, failure at bends, 
impingement corrosion. 

e:~changer tubes at tube 
etc., are instances of 

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

3.9. De-alloying 

Alloys which are mixture of two or more •etals, 
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 allny and environment. 

3.9.1. Test No. 3 (14) 

Take a 20 mm wide and 100 mm long brass 
(preferably 60% Cu - 40% Zn) specimen. Polish to 
a finish by ·oo emery paper. 

Take 500 cc of solution containing 10 
oms of cupric chloride per litre to which 5 drops 
of concentrated HCl have been added. Continue the 
test at room temperature for six weeks. T•ke out 
the sample and bend it. Note for surface colour 
and any cracks. Observe the cross section 
microscopically. Spongy coppery reG layer will be 
visible on outer surface. Determine depth of this 
layer. 
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Test ~ (14) would show that brass is 
susceptible to dezincific3tion. 

• 

• 
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4.0. THIRD SERIES OF TESTS - CORROSION PROTECTION 

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

4.2. Corrosion Inhibition 

4.2.1. Test No. 4 (1) 

Take two 500 cc beakers, one containing 
400 cc of tap water and the other 400 cc of tap 
water with O.lX of sodiu• chratnate. Take two 50 
mm x 100 •m of •ild steel speci•en polished to a 
finishe by ·o· size e•ery paper and degrease. 
Weigh the specimens and place one specimen in each 
beaker. Observe the surface condition of the two 
specimens for 3 days, take them out, remove the 
rust by scrubbing with handbrush and reweigh. 
F~om the loss in weight and area (both sides) 
colculate corros~on rate in mgm/dm2 /day (add). 

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

4.3. Painting 

4.3.1. 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 long 
scribe mark (scratch) at the centre of the plate 
so 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 tha 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. 

4.3. Cathodic Protection 

4.3.1. Test No. 4 (3) 

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

• 

• 
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FIGURE- 3 

(SAME AS FIGURE- 2 BUT WITH A VARIABLE 

RESISTANCE IN CIRCUIT AT CIRCLE IN FIG.2 
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ANNEXURE 10 

ATt'IOSPHERIC CORROSION STUDIES IN THE PHILIPPUES 

1.0- INTROPUCTI<»I 

The metallic structures and outdoor 9C1Uipment , roofina 
And facilitie5 in industries And hu..n dMellinas are 
exposed to the local abmspheric enviran.ent and need 
protection aQainst external corrosion. Steel, the M>St 
co .. Dilly used aaterial, is protected by p.int~ metallic 
coating like QalvAnising or both. The protective 
syste.9 used for any particualr case depends on 

corrosivity of environMent 
,/ 

. 
periodicity of repainting 

econoaics 

In addition to the above, in the lanc;a run it is 
desirable to standardise the paint systees ta reduce 
inventory and INlke the procure.it easy. 

As discussed above, corrosivity of environlM!f'lt plays a 
i!Njor role in the selection of prot.:tive syst .. and as 
the for.er is pri.arily dependent an the enviran.ental 
factors, it is essential that aggresiveness of the 
at.aspheric environment is knDNn. Nhile in a •icro
scale environ.ent varies fra. location to location, for 
general purpose the overall corrosivity of geGQraphic 
locations in a country on • •aero scale beca.es 
i•portant. 

Taking long ter• perspective it is therefore essential 
that a well planned study an at.aspheric corrosion is 
initiated in the Philippines ba•ed on Nhich a corrosion 
.ap can be drawn, as has been done in .. ny countries. 

2.0 CONTRQLLING FACTORS 

2.1 Factors affecting at.aspheric corro5ion ares 

i. Cli•atic - tetitperature, hwlidity, Netting 
and dryinQ .,_riod, rainfall, 
•tc. 

... 

l 

, 
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presence of 50z, •cidic ga&es, 
chlorides and other ~Its in 
the air. 

erosive act:ion of sand •nd 
solid .,.rticles in the •ir. 

2.2 The cliaatic condi t:.ions in the Philippines varies 
to sa.e extent in different regions. Further, 
Philippines has a long c~stal line -.d .ast: of t.he 
regions are subjected to high Minds Nhich t.end to 
increa&e the chloride level in the at.osphere and th.as 
its aggresiveness. In areas Nhere industries •re al50 
lacat:ed t:he at.osphere is further pol luted Ni th gases 
-it:t:ed by these industries. Urban areas, on t.he at.her 
~nd •re poll~ted fro. exhAust of vehicular traffic •nd 
da.estic fuels. 

3.0 QB.JECTIVE OF STUDY 

3.1 The at.aspheric corrosion basically involves the 
follDNing steps. 

•.) Foraation of a thin· .layer of aoisture on the 
_.et.al surface either due t:o condensation during change 
in a.bient. te.perature and hu•idity or rains. In case 
of hygroscopic solids deposited on the 5urface, a& in 
ca~e of 11arine and industrial environment, condensation 
occurs .ore readily. 

b.) The t.hin fil• of .aist.ure absorbs t.he Nater 
soluble gases or solids in the air or dissolves the 
soluble 50lids deposited on the •et.al surface.for•ing a 
thin layer of corrosive electrolyte. 

c.) The corrosion occurs due t.o this fil• of 
electrolyte forming solid corrosion products. 

d.) Once a layer of rust is foraed further 
corrosion takes place by the electrolyte reaching the 
-t.•l surface through the pores or gaps in t.he layer. 
In such a catae the corrosion rate di•inishes with t.i..e. 

3.2 Due to nu•ber of factors involved in cont.rolling 
ataospher ic corrosion and t.he interaction of many of 
them being .are complex it h•& been found difficult. to 
prltdict the corro~ivity of a given area by accelerated 
labor•tory testla. In developnaent of protective 

·----~~~~~~----------------~--~~-~-· 
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taysteas, atmospheric corrosion studies have therefore 
played a aajor role in all the countries and such a 
study is felt essential 1n the Philippines also. 

3.3 The objectives of the study will be: 

First Phase: Establish corrosivity of at•osphere 
in different areas and core late wi t.h at..aspheric 
pollution and climatic cond1t.ions. For the 
studies •ild steel and zinc as reference will be 
used and exposed at some selected centres decided 
on t.he basis of location and facilities for 
conducting the tests. Effect of proxi•ity to sea· 
•md also the splash zone will be included in the 
study Nhich will be i•portant. for the harbour 
inst.al 1-..tions and other dwellings and industries 
along-the cost. 

In selection of location 
•eteoroligical and cli•atic conditions throughout 
the Philippines will be reviewed. Urban, rural, 
•arine, industrial and industrial + aarine areas 
Nill be identified. And finally typical 15-20 
sites Nill be selected. As the project. would 
require exposure and re•Qval of panels, collection 
of climatic and pollution data, •ore 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. 

~~ond_f_tt.:as~: Once the corrosivi ty in different 
areas are established studies wi 11 be undertaken 
to evaluate some selected coating systems in 
consul ta ti on and association with local paint 
inanufacturers. 

4.0 TEST P~QCEDUk~ 

4.1 For at•ospher1c 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 >< l<JO >< 2. 5mm •ti l d steel sheet panels and 
at the end of the test period, the loss in weight and 
nature of attacla. will be detennined. The loss in 
weight will be corelated with char1ges in humidity, 
temperature, level of pol lutiilnt e.g. S02, Cl2, H2S, 
chloride, N02 dust particles, etc. 

' 
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Two !.eries of sa•ples •ill be exposed, one in the 
beginning of su.-er i.e. ttay/.June .nd the second in 
the beginning of_ Minter, i.e. Oct.ober/Nove.ber. The 
test. periods will be of 3 .ant.hs, 6 .anths and 1 year 
for bare .etals. The panels Nill be facing Ml direction 
except in case of sea shore, •here it will be facing 
t~ coast. 

The details of ~he procedure to be follDtoll!d for 
the tests are given in Annexure ·A·. 

4.3 The tests on protective coatinos •ill be carried 
out. for tNO years on galvanized and painted panels. 
The size of t.he panels Nill be 150 x 100 x 2.:;... The 
evaluation of painting Nill be by visual observation. 

The detail procedure is given in Annexure •9• 

5.0 FACILITIES REOUJ_~Q 

The follDNing facilities will be required. 

ttonel, oalvanized or NODden racks "for fixing 
specimens. 

Speci.-ens for exposure. 

Weighing balance of 2.0 Kg. capacity with accuracy 
up to l.O .ag. 

Arranoe•ent for che•ical cleaning (details are in 
Annexures). 

Arrange•ent. for collecting .eteorological and 
pollution data, e.g. continuous RH and te•perature 
recorder, rainfall gauge, wind direction and 
velocity recorder, 502 and chloride candles, etc. 
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Annexure ·A· 

1.0 Jn_troductiDf!. 

1.1 This procedure gives details for conducting 
studies on at.ospheric corrosion of metals. The 
objective of the tests is to establish the effects of 
various pollutants in the air and variations in 
climatic condition on corrosion of different metals. 
It is envisag~ that these tests will help in preparing 
Corrosion ttap of the Philippines. 

2.0 Jest Sp~imen~. 

2.1 The t.e!:tt speci~s to bt=- expose<J shal 1 be aild 
steel and zinc for determining corrosivi ty of 
ataosphere. Hild steel and zinc will confora to ASTM 
specifications A-7 and B-b9 Type J or 11 respectively. 

2.2 Size of •ild steel and zinc speci.ens will be 150 
x 100 x 2.5-a and 150 x 100 x 1.:>nwn respec~ively. 

2.3 Nuabering for identification of spec1aens shall be 
•ade by drilling holes on left and bott.oa horizontal 
sides of speciaens as specified for the •aster plate, 
the sketch of which is given in Fig. 1. The station 
nu1nber will si•ilarly be identified by drilling holes 
on right hand vert.ical side of the speci.ens. The 
reference hole at. top cent.re will be partly drilled. 

3.1 The test speci•ens shall be free fro.a surface 
scale and surface conta•inant.s like grease and oily 
•atter. The surface will al5o be given unifor1n finish 
tor reproducable results. 

3.2 Hild steel specimens sh•ll be grit blasted or 
pickled in inhibited acid for re•oval of •ill scale. 
After pickling, the surface shall be finished with 
eaery paper No. 0 and degreased with ~uitable solvent. 

' 
• 



f 

I 

141 

3.3 The zinc speci.ens shall be finished Mith e.ery 
paper No.00 and then detJreased with suitable sol vent. 
Light rubbing will be used to avoid deep scratching or 
e9bedding of grit on the .etal surfa~e. 

3.4 All speci-.ens shall be stored in dissicator and 
weighed before the exposure. Weighing up to an 
accuracy of 10 mg. for •ild steel and 1 91J• for zinc 
shal 1 be sufficient. 

4.0 Exposure of Test Specieens. 

4.1 Speci.ens 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 .•ild steel does not fall on zinc or vice 
versa. Further the speci.ens shall be electrically 
insulated fro. each other. 

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

4.3 Three sets of sa•ples in duplicate or triplicate 
will be exposed. one seried in "ay/.June and the second 
in October/Nov~ber. 

5.1 The speci~s shall be visually exaained once 
every .a11th for nature of corrosion. i.e. nature. 
distribution and colour of corrosion product. The 
observations will be recorded. 

5.2 One set of speci•ens froaa each series Nil) be 
re.oved after three 9 six and twelve •onths of exposure. 

5.3 The speci.-ens after reaoval will be exaeined for 
nature of corrosion product and weiQhed to deter•ine 
the change in weight with the corrosion product intact. 

~.4 "ild steel specimens shall be cleaned in inhibited 
SX sulphuric acid at bOOC with periodic scrubbing under 
running water with stiff steel wire brush. 

Zinc s.peciMens st1al 1 be cleaned in 207. chrDMic 
acid solution at eo•c or in a 107. tri&odiua phosphate 
solution at 85oC. The specieens during cleaning will 
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be periodically t.alr.en out and scrubbed under running 
water with cotton swab. 

5.5 After re90val of corrosion product.s, t.he lest 
s.peciaens shall be weighed and loss in weigh recorded. 
1·he rate of corrosion of various saaples shall be 
calculated in •·•· penetration per year as given below: 

Original weight (before test) = W.& in g•S· 

Final weight. '(after cleaning) = Wz in gas. 

Loss in weight, W3 = W.& Wz in 

Area of sa•ple = A in c•:z 
.• 

Period of test = p in days 

Density of sa•ple = d 

Corrosion rate in .,. penetration per year <-> = 

w3 x 365 

A >e p ~ d 

Note: d for Zinc 
d for •ild steel 

.. .. 

= 
= 

10 

7.87 
7.14 

gas. 

~.b Specimens w111 also be 1:-xea•1ined for any localised 
corrosion i.e. , pit ting and the nuaber of large pi ts 
and •a)(i1DU111 pit depths shall be recorded. The pit 
depth tneasure•ent shall be carried out with the help of 
travelling 1nicroscope or a •icro11neter with a least 
count of O.<J251DR1 or a pit depth gauge. 

b.1 For the period of the test, cli•at1c conditions, 
e.g. daily releative humidity (maxi•u• and •ini•u•>, 
temperature (aaxinaum and mini•u•) and average wind 
direction and aonthly rainfall will be recorded in the 
area. Any storms in each lhOnth will also be recorded. 

6.2 lhe pollution data recorded at each site will be 
for level of chloride, SO:a, H:aS, NH~ and any other 
chemicals suspected to be present due t.o the type of 
industries in any particualr locality. 

• 
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Annexure ·,&· 

ffiOCEDUh"E FOR CONDUCl ING SlUDlES Of.I f'Ef\"FOHl'IANCE 

OF PA I Nl A6A 1 NSl Al t1C.JSPHER 1 (; COkf<CJS 1 ON 

1.1 This procedure gi.ves details for conducting 
studies on protecti.ve systeas to prevent deteriorati.on 
of -.etals due -~o at-.ospheric corrosion. The objective 
of the tests is to evaluate perforaance ot dl.fferent 
prot~tive systems to help in the selection of paints. 

2.1 The test specimen!:. to be exposed shal L be painted 
•ild steel panels. Any other -.etal or alloy will be 
used only in special cases Nhere such evaluations are 
needed. In this procedure details of •ild steel have 
been given. For other aaterials the sa.-e proc1a-dure 
will in general be a~plicable except for some special 
steps, particular for that syste• and reco•ir.ended by 
the paint •anutacturer. 

2.2 Size of mild steel, speciMens shall be l~O x 100 x 
2.S-. 

2.3 Nu~bering for identification of specim~ns shall be 
•ade by drilling hole5 on left and bottom horizontal 
side of speci-.ens as specified for •aster plate (Fig. 1 
in Annexure 1). The ~tation number shall similarly bE' 
identified by drilling holes or1 right hand vertical 
side of the speciaens. All holes w.ill be partially 
drilled. 

3.1 The test specimens shaJ l be? free from surface 
scale and surface contaminant~ l H.e orease and OJ. I y 
•atter. The surface Ni.1 l be QJ.ven a uni.for• coating 
with specimen edges well covered up to ~void initiation 
of failure at these pojnts. 
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3.2 Specimens shall be grit/sand blasted as a •ini9LJ• 
to NACE No. 2 finish, unless othen.ise reca..ended by 
the coating •anufacturer in Nhich case aanufacturer·s 
reco-endat.ion will be follONed. 

The NACE Standard is designated as T"-01-70. 

3.3 After sand blasting the speci.ens shall be blDMn 
with air (without entrained water droplets) And rubbed 
with cotton swab to re.ave any adhering solid 
particles. 

3.4 The speci.-ens shall then be given primer and 
finishing coats as per .anufacturer•s reco .. endations, 
which Nill be strictly follONed. 

3.5 The dry thickness of priaer and total paint syst.~ 
will be recorded using elco.eter. 

3.6 Paint coatings on speci.ens will be locally 
da..aged using a scriber to deter•ine their passivation 
characteristic or resistance to underfil• attack. The 
scribe will be in the for• of two :;o... long scratches 
to expose the base 1aetal. The position are shown in 
Fig.Bl. 

3.7 Half the 
the beginning 
exposure. 

nu•bers of speci•ens will be scribed at 
of the test and rest after 6 .anths 

3.8 All speci•ens shall be stored in shelter (i.e. in 
a rooa) and weighed before exposure. Weighing up to an 
accuracy of 10 ing. st.all be sufficient.. 

4.1 Speci•ens shall exposed in racks fitted at 
suitable locations within a •eters of the grouod level. 
While exposing it is to ensured that corrosion product 
of one does not 1aJl on the other. Further the 
speci•ens shall be electrically insul•ted frCHa each 
other. 

4.2 The test r•cks ~hall be as per the sketch oiven in 
Fig.2 o1 Annexure A. 

4.3 Two sets of saMples in quadriplicate will be 
exposed, one series in "ay/June and the second in 
October/NoveMber. 

' 
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~.1 1~ ~peci~n~ shall be visually exa•ined once 
every •onth for condition of paint:, l. .~. degree of 
rusting, blist~rl.r~ and chalking using guidelines given 
in-ASHt DblO, D7J4 and D1654 re~pectively. 

5.2 One ~l of specia.ens troa each series 111ul 1 be 
re.aved after one and two years of exposure. 

5.3 The speci•ens will tilt..~ be exa•ined for the 
following: 

a.) Degre-e of rusi:ing (ASIH DblOJ 

b.) Degre...:- ot blistering (ASH1 D "i 14) 

c.) Degre@ ot chaU..ing ( ASl l'I D1b~4) 

d.) Extent of unaertil• attack 

e.) Condition of finishing/pri•er paint. 

f.) Adhesion of paint film around scribe mark. 

Note: Any rusting within 1 c•. of edges will ~ 
ignorec;. 

5.4 The speciaene:s st.all then be washed unde:r running 
water and wiped with cotton swab and weighed to 
deter•ine chang~ in weight. 

b.1 For the period of the te!:lt., climatic condit.ior1s, 
e.g. daily relative hu•idity (ma~imum and minimum) 
temperature (maximum and 111inimum) and a"Verage wind 
direction and •onthly rainfall w.ill be recorded in the 
Area. Any storms in each month will •lso be recorded. 

6.2 The pollution data rer.ord~d at each site will be 
level of Chloride, S02, H2S, NH~, etc. 
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All dimensions in mm. 
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ANNEXURE 11 

OUTLINE OF SCOPE OF SERVICES OF PH GROUP 

1.0 PREAHBLt: 

1.1 The l"rc-ventive tlair1lt•1H1race group o1 ttair: N&tional 
Engineering Centre of University of the 
Philippines l1::1c bec:n ::;i:l UI• witl1 urmr <tid tu r,ivf! 
c~..n~ultancy :--;c:1·vict::; l.o tht: l'hi lipvi11c!.i i11du~Lrj•·!; 
in various 1tspecls of plant 11aintenance. 'flie 
objectives of the services &re: 

- opti~izing maintenance cost 
- increasing on-stream efficiency 

en~uring continuous i~provement in 
maintenance practices 

Haintenance h&s many facets &nd inc!ude areas li~e 
tribology, nateri&ls and corrosion. repai~ and 
welding techniques, vibration &nalysi~. ~echanic~l 
design, plant operation, system and organizational 
approach, etc. Hany of th~ proble~s are inter
related and the uniqueness of the services 
provided by NEC is its multidisciplinary and 
multipersonnel approach through grou~ of 
consultants having specialization in ditferent 
areas. 

1.2 To make the services practical oriented and to 
meet the requirements of the industries, the PH 
group has been equipped with its own field 
equipment in the &reils of inspection, corrosion 
monitoring, field metallography. vibration 
analysis, labor&tory testing fsciliti~s. etc .. 
NEC is also planning to e~tablh;l1 cooper&tivE:' 
linkages with ITO! and HIRDC to utilized their 
facilities as and when required. 

1. 3 The consu 1 tauts have undergone ext en~ i ve tr<t in ing 
in local industries and abroad and have worked 
with local and overseas ~pecialists under UNDP 
assistance. By blending specialist knowledg~ ~nd 
experience and through continuou~ inter&ction 
amongst themselves, attending scientific and 
technical institutions and vnriovs in-house 
groups, the PH group has deve lop~d thP. J1ec·essary 
expertise on mainten~nce technology to provide 
intergrated services to Philippine industrie$. 

' 

I 
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2.0 ~cue..~_OF SERVICE~ 

The scope of s~rvi~~s will ~e the foJlowing ~ut not 
necessarily limited to it only. 

2.1 Failure Analysis 

2.2 Selection &nd upgrading of construction ~&terials, 
metallic and non-metallic, to ~eet the special 
requirements of the environment. 

2.3 Providing details of heat treatment, welding and 
repair techniques for stationary equip~ent 

2.4 Corrosion control and prevention in 

.t. Irid11strial cooling Wl:iter treatn1ent 
* Boiler water treatment 
* CorrcJion inhibition 
* Painting coating and linings 
~ Cathodic and anodic protection 
* Corrosion nonitoring 

2.5 Inspection 

Jt. ND'f services 
* Plant inspection 
~ Inspection system and organization 

2.6 Mechanical Maintenance 

* System and organization 
* Preventive and predictive ~aintcnance 
* Vibration and stress analysis 
* Repair techniques 
* Spare parts standardization and inventory 

control procedures 
it- Tribology 

2.7 Training of plant personnel in the variou~ jreas 
of material maintenance 

2.8 Undertake long term develop~ent projects in 
association with other organizations in the field 
of ~aterials maintenance as and when required by 
the clients 

2.9 Build up data bank in the area of ~&terials 
11aintenance 
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3.1 The PH group provides consultancy services either 
(i> through a long term contract or <ii) through & 

specific job contract 

3.2 Under long ter~ contr&ct, the PH group will v1s1t 
the plant on & planned basis-once in ~ months for 
2-3 days for a periodic review of proble~s and 
give recommendations. For any immediate problems, 
the clients can approach the group by telephone or 
letter with the description of the probleb. The 
consultants will be sent &t the earliest as 
receiving the information. 

3.3. The specific job contract will be taken up after 
the proble~ is referred &nd the scope of work and 
financial terms and conditions are approved. 
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