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I. ABSTRACT 

Four fertilizer plants producing urea amonium phosphate and 

potasium chloride (NPK) situated in dry and ter:ni.de/sea climatic 

conditions have been analysed for external (atmospheric) and 

inte~~al cor~osion failures. 

Steel structures corrosion due to chloride ion deposition and 

tropical deterioration of paint systems have been stated on exposed 

St%Uctures. Metal surface preparation by sand blastinq and water/ 

vapour cleansinq has been adviced followed by t'WO-pack synt.'letic 

J:esile paint systems. Beat exchanqers corrosion, perforation of 

piping system, ccoli.nq waeer treatment have been discussed. 
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II- INTRODUCTION 

A. Project Back7round 

• corrosion losses in India are estimated (Rajac;opalan K.S.) 

~... ~ 4000 crores annually what amounts approximately 3 billion US 

dollars. !n fertilizer industry, accordinq to National Bureau of 

Standards and Battele Memorial Institute (1977), corrosion losses 

are reachinq 2.1 dollars level for eadl 100 dollars output of 

produced material. Additionally very high cost for buildinq protec~ion 

and new steel str~ctures (13.l\}, maintenance of steel st=uctures and 

repair due to corrosion (16.2\) have been estimated. Exploitatioi. cost 

of pumps and pipelines are also very hiqh (ll .4\}, what is illportant 

for fertilizers industry. 

Avoidable costs for corrosion protection, selection of proper 

materials and procedures are estimated to be between 20\ and 40\ 

depending on t."ie skill and technological level of industry. Takinq into 

account 3 billion dollars corrosion losses and 20\ of avoidable cost 

level they amounts to 600 million dollars annually for Indian economy, 

if technical and financial resources will be enqaqed to lower estimated 

costs. 

The most important corrosion problem for fertilizer industries in 

India seems to be external (atmospheric and wet corrosion) of steel and 

concrete structures. It concerns mostly wet humid parts of the country, 

seaside locations and ,,.t process installations and build.inqs. 

To "limit corrosion losses and to 9ive the impact upon technical 

and finAnc:ial activities as well as to upqrade existiaq axpenise, UNICO 

has defined followinq duties for expert. 

l. To assess the corrosion prabl-. in each of the plants 

and study the methods that haw b•n used to c:oncrol corrosion. 

2. To study some specific corrosion problems of t.~• plants and 

11\&ke reco111111endations. 
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3. To assist t.~e fertilizer units in improvinc; and developir:g 

newer tec.~niques of corr~sion monitoring and protection. 

4. To prepare a final report, based on t.~e findings of the 

mission, giving t.lte reco11111endations on furt.l'ier action . 

.. .. 
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B. ?hasinq of t.~e Project 

After arrival to India, t.~e author and his counterpart Or.ff.Ghosh 

of Project and Development India Ltd., visited various fertilizer 

plants to fulfill t.~e requirements of UNCP Project OP/I?JD/85/006/11-03. 

After discussions wit.'1 Mr. lt.1.t<n. and Mr. sat Pal from ONCP Office 

i.~ New Delhi and Mr. J.K. Scndhi G.~ .• Projects ~r.d Cevelc?~e~~ --..;.; -.............. 
Ltd., we have proposed a proqramme of work ar.d basic activities o: a.~ 

expert as a preliminary action plan. The route of visits was realised 

in the followinq way: -

l. Shriram. Fertilizer & Chemic:ais, Kota - 21st Mardi to 26t.~ March 

2. IFFCO, Kancila 

3 • MFL, Madras 

- 23th March to 2nd April 

- 4th April to 9t.~ April 
I/If.A-{.....:..{ ~ I 'f 1~1"1ei 

OUrinq the time of the expert's visit to different factories, 

Dr. H .Ghosh was assistinq in discussi."lq and analysinq corrosion problems. 

The plane authorities present in each plant are qiven in Annex.I. 

The final report has b•n prepa%ed, discussed and handed over to 

UNOP at New Delhi, at the end of the mission • 

. . 



III. SUMMARY OF CONCWSIONS AND R£CO~~AT!ONS 

l. The technical level of plant staff in corrosion measures 

concerninq internal failures of equipment, pipinq systems 

and process equipment is adequate to provide control, 
maintenance and repair. 

2. ?ainting technology of steel st:uctures, which are in several 

3. It is advisable to elaborate a documentary outputs concerr.inq 

steel structures corrosion protection by means of paint 

coatings, metal coatinqs, duplex systems Cmetal-paint) for nrw 
structures and maintenance work. 

4. ~.eliminary quidance for painting steel St-"'llctu ... .,s has been 

elaborated as annex to this report. 

S. Sand blasti.-iq and water/vapour cleaning are the weak points 

in maintenance of steel structures by painting in all visited 
plants. 

6. Baked epoxy-phenolic systelllS for protection heat exchangers 

are reconnended, for replacing stainle~s steel by carbon steel, 
sand blasted and painted. 

7. Reinforced ~lastics and poliefkylene or polipropylene should 

be adopted for tanits and pia>inq systems where applicable, as 

well as for duc:kts, fans and ventilation equipment. 

8. Weather resistant steel according to ISO 5952 scandard should 

be used for wild corrosive environments and liqhc-qauqe st .. l 
st:uctures; 
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1. 

The Fertiliser Unit of .shriram Fertilisers' Clemicals, Kota 

~us commissioned in Feb., 1969. The installed Ammcr.ia plant capacity 

was 450 T/O & Urea plant capacity of 700 T/D. Ourinq Fertiliser 

expansion in Oct., 1974 the plant capacities were i.1creased to 600 

T/0 ~nia & 1000 T/D Urea. 

':he Ammonia pl~~t has been commissioned under t.~e process 

ti \::on_st=uction Co. .; apan as t.~e main plant contractors. 

Urea plant was commissioned under the licence of M/s Stamic:arbon, 

The Netherlands. 

Captive Power Plant : The captive thermal power generation capacity 

at SFC ls 45 MW (Two units, of 35 MW and 10 MW). 

The factory is situated in a central part of India. The claimatic 

conditions are favourable to limit external correction of steel structures 

and ouildinqs. There are practically no wet proceeses in production. 

Ammonia concentration in the air durinq dry season is very low. In wet 

season, activity of ammonia due to ~iqh ~umi=ity is influencinq pai.~t coatinqs 

of steel structures are in qood condition. Aluminium alkyd paint coat is 

covering steel structures without metal corrosion failures. Technoloqical 

process of Urea production is conducted Already for last 20 years. The 

enqineerinq staffs are of qood technical level. The installations are 

maintained properly. 

We have discussed followinq problems concerni.:"J technoloqical process 

of produ~i.on and scme croubles existinq in the plant. 

Additional synthesis water cooler in AmDOnia plant installed in Feb.1985 

after pressure te•tinq &nd cleaninq was perforated (July 1986). T\lbe 

material was SS 304L se&aless. C\loride content was m&intained at 200 pp• 

and ~!:er !irst leAkaqes appear~:-.q t.~• content ~as reduced to SO ppm,but 
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it did .1ot help. The qas temperatare is 200°c at inlet and 10°c on 

outlet. Cooling water from closed circulation syst~. It was reconmended 

to raint wit." epoxy-phenolic·hiqh temper~ture cured sandblasted carbon 

steel, used as replacement material for SS 304L. Two coats of a epoxy

phenolic primer and t."ree coats of enamel should be used. The total 

thickness recomnended is ~inimwn 2'JO milcrons. Heatinq of cooler by means 

of ammonia converter outlet qas at 200°c for l h. ?aint supplier s.~ould qi11e 

results of testinq paint system durability and exaalination report. 5 years 

of coating durability is expectee for t.~is type cf protection saving SS, 

'lii!ter c=~sumptio~. :e;~sit =~:r:::at~on and heat trans=er. Mi=rc~iolog~cal tests 

for bacteria and funqi are recommended and is a :llUSt. 

carbon dioxide compressor cooler in emmonia plant feeded with water from 

open circulation system with carbon dioxide qas temperatures l50-l60°c 

was installed in 1969. During the last two years tube leakages have occured 

in SS 304 steel 2. 4 mm thickness. This qrade of SS should be replaced by 

AISI 316L or urea qrade which will be better ::iaterial to sustain 
c~rrosion. 

Hot potassium carbonate reboilder in ammonia ::>l~ unde.rqoes after one yeu

extensive cor: .ion behind the overlay made from SS 304L. The tubesheet from 

S-25-<: overlayi:iq with SUS 28 was failed. The solution composition was 

potasium carbonate 30\, CEA 3\ and Vanadium pentoxic!e 0.3-0.4\. Process 

qas te:nperature l7o
0 c, solution temperature lls0 c. !-Brite 29-l alloy with 

C-0.001 and Cr.26.0 was reco11111ended and everlay of tube sheet made from 

304L inste.&d of carbon steel (qalvanic corrossion). 

Air water cooler in co111Dressor coamartment (Tosh~) lroi&de from copper pipes 

and baffles was bedly perforated prob&bly due to amnonia content in t.l\e air. 

Hot dip tin co.atinq should be applied by i.Jnmersinq in molten tin into leakaqes 
on joininq surfaces. 
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Almlonia plant coolinq wa!:er closed svstem are conc::olled a~ !ollo""s: 

?H 6.5-a.a, total ~ard~ess - 80-140 ppm, total phcs?-~ate - 20-30 ==~~. tcta: 

solids- 300-600 ppm, free chlorine - not traceable, oloride ion -

l~ss t.'ten 50 ppm. Biological contaminated coolinq ~ater needs organic 

quarternery amines treatment. 

Ammonia plant ocen water sy~tes is controlled as follow: pH 7.0-i.7, 

chloride - 25 to 35 ppm, cond~ctivity - 700-1400, ll'Ohm/cm • 

~rea ~la~~ closec ~acer svs~em is cont::olled as fellows: pn 6.5 !:o 8.0, 

total hardness 80-140 ppm, total phosphate 15-20 ppm, total solids 300 

to 600 ppm, f::ee chlorine not detectable, chloride less t.'tP.n SO ppm, No· 

corrosion problems have been observed du• to water composition variations. 

General status of water treatment level has been referred a.id di~oissed. 

Boilers tor steam generation/power plant are underqoinq atmospheric 

corrosion durinq the shutdown period. The reason is dew condensati0n 

durinq t.'te night, ac~l~tion of corrosive dust and water drainaqe. 

Volatile vapour phase organic inhibitors like cyclohexamine carbonate 

in powder form, gas or. tablets are recommended. 5 qm. of inhibitor is 

recommended per l cubic meter of space. After treat;nent all openinqs 

should be closed by means of stoppers. Hydrazine solution in water for 

flushing, with nitroqen over pressure after-treat::nent, may also be 

adapud. 

Standardisation of corrosion problems have been discussed, some 

usf!ful standards w.re selected and handed over to plant personnel • 

. .. 
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2. I~!AN FARMERS FERT!!.ISER CCOPERA'!'IVE !.TO. ?"~C::.A 

A. ci.""l..-iinqs 

The Indian Farmers Fertiliser Co-operative Ltd., CIFFCO) 

cperatir.q Kandla Unit is mar.ufacturinq NP!< and :JAP fertilisers. 

T?le production amount (Install Capacity) 885 thousand tor.s per 

year or 310 thousand tons per year P-~ O_ 
;:) . 

IFcCO Kandla tinit is contributinq 26\ o! the c:;ountries total 

production of NP!</D~P fertilisers. Raw materials are imported 

(Phosphoric Acid Cor . ..:entrated and Potasn) , Urea and Alllnonia ~re 

supplied by IFFCO KALOL Unit. 

'l'he Plant wac desiqned and supplied by Hindustan Dorr Oliver Ltd., 

AJmlonia Storage Tank has been desiqned by UHDE GinbH, Dortmund, Ger.nany. 

The ?lant is located on the water fron adjacent to Kandla Port Trust 

Oil Jetty. 'l'he plant was built at a cost of about 25 Million Dollars 

(30 Crores Rupees) wi~'l two streams produci.nq 3 qra~es NPK based on 

OAP. Commercial production started in January, 1975. The capacity of 

the plant has been doubled at cost oi 23 Million Dollars, two more 

streams have been added (Kandla Phase -~I' • The commercial production 

started from September, 1981. 

'l'he plant consists of four identical streams. Phosphoric: Acid is 

pumped to a pre-neutralizer and reacted wi~'l ammonia to form a boilinq 

slurry contai."linq 80' solids. This slurry is pumped to t.'le qranulator 

"*1ere it is further A1111DOniated and is miXed with dr-/ urea, potash and 

filler. 

'l't\e dry roUCJh material and a sl.ury CJ•t t.'lros•qhly mixed and qranu.lated 

in c.'le qranulator. 'l't\e qranulated 111&terial c:ont.aininq a.bout 2. S\ moinur. 

is dried in a rotary dryer &nd send for screeni.nq • 

.. 
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A ~umber of cyclones are provided to collect and recover dust 

generated. Dust escaping ~~e cyclones alongwith :u~es from 

pre-neutralizer and granulator are scn:bbed in four sc::ubbers 

~it~ dilute phosphoric acid. 

There are phosphoric acid and ammonia storage tanks and as '411ell 

as urea and filler storage. The corrosive dust is present all over 

t;.,e factory, but the climatic conditions are favourable because cf 

lcw ~umidity, low rainfall and lo!lg dista~ce frC?:t ~~e open sea. !~ 

:-.earby to t;.,e factcry en a large area crystalli::-.e salt is proce.,sed by 

evaporating sea water, storage of rough salt deposit (Nacl) and 

purification of salt by shuffling salt crystals through out tr..e air. 

The followinq are the main areas of corrosion in IFFCO Plant. 

(l) Steel Structures and equipment, pipe,s ducts, chutes and 

instruments. 

(2) R.C.C. Structures 

(3) Insulated ammonia pipes and storage tanks 

(4) Phosphoric acid storage and hydroc.~loric storage tank roofs. 

(5) M.S. Water storage tank. 

Cl) There are a number of steel structures in the plant like 

roof - structures in the N.P.X Plant, Old potash storage, 

struct1.1.res and 9ratinqs for sup~ortinq the equipments in 

sc.ni.bbing area, se.""Uctures i.."1 screen house, structures in b"lqging 

plant etc. They are corroding due to coastal saline environment 

CHPK/CAP), Fertiliser dust, acid fu:nes at selective locations. 

Maintenance pai.~tinq has been used to protect steel structures by 

plaintinq yearly or once in two years with one of the followinq 
plaintinq systems: 

Ca) Sur~.lce prep.trat1on l:>y sand !=lascinq, appl ic.sticn of two coats "! 

epc:xy ~ec- c.x~ce/zi~c phosi=nace prJ-"'8r (40-50 ~icrone per coat) 

~allowed !::ly t·10 coa~s ot coal tar epoxy pai.nt (90-100 Microns per coat). 
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(b) Wherever sand blasting is not possi.ble t."1.e above pai~ti:tg syste~ 

is foilowed after preparing the surface by mech3nical cleaninc; 

and c."1.e:nical cleani:tg. Rust conver-:or cor:ipcund is also a?plied 

structures before application of primer. 

(c) Sur:ace preparation by sand ~lasti:tg, application of two coats of 

zinc riC::: primer (35-40) ~icrone per coat) followed by two c~ats 

of polyurat~ane paint ( 35-40 ~icrons per coat). 

~he surface painted wit.~ e~~xy coal tar system and polyurathance system 

give satisfactory protection against corosion, but due to following 

factors their protection life is found to be low:-

(a) Mechanical damage of pointed surface during handling. 

(b) Dusty enviroru:ient due tc which dust settles on t.~e surfaces 

immediately after sand blasting and also after completion of fi=st 

cost of paint. 

(c) Where ever sand blasting is not feasible, the surface preparation 

becomes t.'ie limitation. 

Wherever new Str'Jctures are erected, t::e surfaces are pai:tted after 

fabrication and ~efore erection at site. The problem in sue...,, cases 

is damage of paint during transporation and erection. Also some of the 

attachments are welded at site. The present practice is to clean sue.~ 

damaged surface mechanically and touc.'i them with the same paints. It 

has been noticed t.~ac paint !ails first at t..'iese places and weakens t..'ie 

whole structures. 

(2) The c~uses of corros1on of R.C.C. Structures are t..'ie same. 

At present there is no effective corrosion protection system 

!or super st.nJctures and su=- soil strJctures but z::co are 

cons1der~nq to apply su1ta.ble procect1ve coating on R.C.C. 

~ct~c~ ~or :educin9/procect.lnc; ~'i• corrosion of suD-soil 
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s~ruc~~res such as piles/raf~ fcu.~c!ation etc .. Also IF'FCO 

are !acing corro~ion problem of exposed reinforcement !>ars 

in concrete structures .. 

3.. The insulativn of ammonia pipe lines anC:: storaqe tanks was 

carried out with T!ler.nocole - slabs and pipe-sections, whic.~ 

have joints and allow the moisture to reach upto t..~e metal sur!ace .. 

:r. order to have better performance of insulation ar.d to avoid corrosion 

r::c: are ?~a:-.. n; .. :-:.q -:o proceed ":oJith t.."'le PL"R insulatic~ system a:lC: 

r.eeds guidelines .. 

4 .. Acid fumes come but of the phosphoric acid tank through vent pipes and 

cause corrosion on the tank roofs .. Presently this is beinq solved by 

frequently washinq of roofs and application of chlorinated paintinq 

system .. 

5 .. IFFCO are still not able to finci a suitable paintinq system for M.S. 

WGter storage tank (drinking water) for application of M.S. surface. 

Presently IFFCO are applying sand blastinq followed by two coats of 

zinc rich primer and four coats "Aspha~tene" finish paint of M/s 

Berqar paints. 

Generally t."'le life time of paint coatings on structural steels in ?hos. 

Acid Storage and handling area is less as compared t~ that on structural 

steels in other areas like ammonia, Baqgi:ig & Shippi~.q, Postash Storage 

etc. 

Any type/quality of paintinq applied so .. on Ammonia unloadi.nq Arm 

(Oil Jetty) tends to cake, r.esultinq into ?e•linq off of the coati.'lq wi~~in 

six mondis. 'nlis allows the exposure of ::ietallic sur!ac:e of the _..;:zi to 

the saline weather. 
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B. ~ecomsnendaticns 

:>urinq the meetinq held at IFFCO - KANOU ( see list of participa..-:~s 

on ANNEX.II) t.~e reco11111endations have been given for all questior.s 

prese::ited in poi.'lt )A. Findi.."'lgs). 

3ecause mcst inte=ested topics were connected with ~e steel 

st:-..:c<c::.lres pair.ti."'lg, (;eneral guidance for IFFCO - Ka."ldla (see 

ANNE..'IC . I II) 

R.C.C. Structures are corroded badly because of traditional desiqn, 

and lack of experience in exploitatior. of such type of industrial 

buildinqs i.'l chemical process industries. Not in each case the 

cistance between concrete surface and reinforcement is adequate (50 mm). 

outside protection should be used by means of epoxy coatinqs (also 

Coal tar epoxy) after cleaning of loose material and by means of 

pressurised washing wit.li vapour. This washinq procedure will prolonq 

t.~e durability of buildinqs after application of resistent anti

corrosive top coatinq (not primer) • ~or repair'.nq the Polymer cement 

concrete (Pee· in critical areas. Specialised enter;>rices should Ferform 

this repairs as soon as possJ;.le. 

Insulated annonia Storaqe tar.ks and Pipes. should be protected by one 

of followinq systems:-

Uret.~ane primer ( 2 coats -iO w:il af~er sandblastinq (see ANNE..'IC.I!!) 

for proper sanc!blasti.'lq recsuirements) , followed by urethane foa::a 

application and final coastinq by :neans of butyl c:autc.~uck composition 

<• .9. ESSO - VA.PAU>NE> in 500 um coat. Isolation thickness should be 

calculated (often About 40 :rm of PUR foaminq with d- lS to SO kq/::Ll >. 
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Anot..'!er way is an aluminium·metal cost sprayed in 200 um 

thi~~r.ess ontc sandblasted to 3 Grade steei surf ace and sealec 

~Y low viscosity (10 s. Fore No.4) urethane primer. Foam appiicat~on 

as qiv~, l:>efore. Metal sprayinq should be performed by one 

experienced e."lterprice in e.:,is i<ind of activities, other.,ise no 

aC:..'lesion ::;f aluminium. coat ;.ioulc !:>e guaranteed. 

s.'lculd be proteaed after carefully washinq with water/vapour jet, 

by mear.s of alky.:! or epoxy ester aluminium paint because of hiqh 

temperatures of roof surfaces and dew formation in t.'le niqht on t.~is 

horizontally situated surfaces. Also when sand blasti.nq is not 

possible, suitable penetratinq primer should be adviced ~ producer of 

top coast and primer suitable for hand cleaned surfaces. T-.lo Cl.lats of 

primer and three coats of aluminium pai."lt are necessary Cmin.150 w:i 

coat system t-'lidtness). one must take into consideration that roof 

temperature may be 30°c hiqher t.'lan air te:nperature durir.c; wind -

free periods. Et-'lyl silicate zinc primer is advices when sand!llastinq would 

be possible durinq dismantli:iq of the roof, follo"'8d by two aluminium 

piqmented urethane coatinqs (150 - 200 um total thickness}. 

M.S. Water Storaqe TarJt. should be protected after sandl::llasti.'iq ~it:. 

zinc primer (two coasts) PUR, £P (amide hardner) or ethyle silicate. 't'he top 

coat should be sele~ed !rem those available in India (non-toxic and tasteless} 

solventless epoxides are also suitable. 

The solution o Al::alonia Cnloadinlj ~ C Oil 3etty> Corrosion problems 

should be per!or:ed a!ter testi.~q rec:)GDended materials Pher.olics, S.S. 316, • 

P~"R coatinc;s on Al sprayed underlayer (200 up) as well as et.~ylsili~te zi.~c 

primer + PUR system of top coat inc;• should be checked. 

The Salt Fields surroundi:v:J ~~e IF'FC'O Plant are one ot the main !ac~ors 

i.nfluenc!nq eorrosior. processes. 
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IFFCJ 

A. Findings 

~e IFFCO KA:DL Unit producing am:aonia and urea and is experienci:'l<J 

scme corrosion problems in ci!!eren~ sec~ion of ~~e plants. They 

::e :-

l. Corrosion of co
2 

lines after the separator anc coolers 

and ~rrosion of inter staqe separators. (Urea Plant) 

2. Hiqh cressure striccers: (urea plant) 

The tubes of t.~e stripper at t."l.e !:>cttom portion and outlet 

line at t.~e bend are getei.-u; corroded. 

Shell side 

~e side 

Steam, 

pressure 18-19 kq/c:n2 

(liquid + gas ) 

Pressure :40 - 150 kq/c:::2 

temperatures - 170 - lao
0
c. 

Material of consc..~c:<:ion - AISI 316 S.S. 

J •. High pressure condensor. (Urea ?lant) 

T?'\e ~SI 316 S.S. tubes a~e qettinq corroded. ~e condition 

cf t.~e condenser are qi•.ten ~low: 

Shell side ste&a (Pressure 3.S. kq) 

TUbe side pressure 140-150 kq/cml 

Te1:1perature - 165 - 170 °c. 

~. Furnace 11de cubes of ~O ac~ seeam bo1ler are qett1:-lq 

cnrroded and leaked. 
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5. Concrete structures of.prillinq tower walls (top and bottom) 

Silo walls, baqqinq plant hoppers and floors are c;etti.nq by 

urea dust. 

6. In secticides plant: 

are heavily c:orroe~d. 

All vessels, columns, pumps and li."les 
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b. Recoaaendation. 

In all the corrosion cases mentioned are without details informations 

pertaining to the corrosion failure such as history of failure, 

material of construction, (in some cases) process parameter, process 

!luctuaticn if any, remedial measures taken and t.~eir evaluation etc. 

I:l v.:..ew of this it is proposec :.~at:. r-UI!. should !:le cont:acted fer eet:ailed 

investiqation of such problems. It is quite likeLy that some metralluq ical 

tests, toqether wit.~ scale/deposit an&iysis will be necessary. A qeneral 

recoaaendation can however be CJ iven: -

Hiqh press strippere and condensers. 

Material equivalent to sandivik 2 ~ 69 cay be tried. 

Interstaqe coolers and seoarators. 

The corrosion mi.qht be from cooolinq water side, and in case of 

Co2 leakaqe the corrosion of steel would be ~~er aqqrava ted. 

FUrnAce tube fail.ue: 

Water quality is to be checked. Failed tube ponion aust be analysed 

tor deposits and metralluqic:al ch&nlJ•· 

Concrete sezuc:tures. 

The probl- n"ds site .'.nspection and alter that suitable coatinq 

My be reco-.nded. Insecticide plant c:a!pOnent. It n•da detailed 

scudy ac site • 
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A. FINDINGS 

~dras Fertilizers Limi.Ced is a Public Sector orqanisation 

si.<:uated at ~nali, !'tadras (Taoilnad-.i). The open sea is only four kilo 

:ie~ers frcm t.'i.e factory. MFL have iSO tor.nes per day anmonia plant and a 885 

t~nnes per day urea plant. MFL also have a t.~ree trains of NPK plant. 

~!. also have a three trains of NPK plar.t wit.'i. a capacity o! !.650 tor.nes 

:e: .::ay. ~e an:mal capi'!.city in terms c! saleable proeucts is 153 ,000 

:onnes of urea and 540,000 tonnes of NPK fertilizers. 

The amnonia plant is of •aiellli.co• desiqn usinq the naphtha- steam reformation 

route. Naphtha is obtained from the Madras Refineries Limited plant located 

near~y. Urea is manufactured by Cllemico total recycle process . All the 

t."lree units of NPK plant are desiqned and built by Dorr Oliver. The 

units ~re identical except that in one TVA qranulation unit, while in others 

blunqer units are ased. The plant has been commissioned in 1970 wit.'loi small 

expansion. The task force report dealinq with :naintenance proceciut"es have 

been prepared in March 1979. TUrn around inspection reports are properly 

documented C1980 - 1982, 1984-1985, 1986-87) • 

.\."M:)'1!A Pt.ANT 

l. Rust is carried over from naphtha tanks (C.S)to refo~er burner 

c:ausi.rlq blockinq of burner '10zzles. 

2. L.T.byepass valve (C.S.) is unde~oinq corrosion cradcinq on 

t.he valve 9Pindles. 

l. Car!)on-di~ide Absorber lat bed is corro~ed on t.'\e shell sic!e 

(C.S.). The incoai119 9as (H2 54\, CD2 20' CD 2.l\, Of4 0.4\, N2 21\ 

H20 CV)) at 202 -217 c., C and 27 Kq/CAJ pressure is absor.bed in 

•cataurb• solution for CD2 removal CVan&diwl pentcacide and borate 

a.re uMd •t presenc) • 

4. ~rbon-cU~ide ove.rhead condenMr shell (C.S.) unde~oe• 9eneral 

corrosion. 
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S. Methanation haat exchanqer (C.S) qet corroded. ~is is 

a qas to qas heat exchanger. The inccminq qas containinq 

C02 and CO at 150 Deq C in t."ie shell side "is exchanqed wit."l 

met."ianator outlet qas at 343 Deq C in the tube side. Most of 

t."ie failures were located at the tube to tube sheet joint. 

6. External corrosion of pipinqs • structures CC .s) by pr ill du~, 

NPK dust, S02 a.'lc! moistu:e are qenerally observed. 

N .!? K PLAN!' 

l Corrosion of st-eel st:uctures by NPlC dust are qenerally observed. 

2 Deterioration/crackinq of c:oncrete structures by NPlC/prill dust 

.> allocated in supportinq strUctures. 

3 Deterioration of concr2te str~ctures, conveyors and elevators 

in !CCl har.dl i::q are observed. 

4 Fans and d\!cts (C.S) tubes qoes erosion/corrosion by NPIC c!ust. 

5. Phosphoric acide corrosion of tanker baffles (SS 316 L) has been 

stated after 10 years of service. 

l Prill t1110•r concrete is deqraded by prill dust 

2 sec of SS piping under insulation by Cl pick up is observed 

PI.Alfr UTILITIES 

l 502 corrosion o! c:.a.cbon st"l structures in the boiler 

vicinity has been stated. 

2 I.D. fan (C.S) bas a deposits/erosion probl ... 

3 r~ reinforced pl•stics used for HCl hancllinq goes on 

crackiftlJ. 

-4 Corrou.on ot C .s. struceu.ral st"l !rem HCl tu.es .are obMrved • 

' ' ., . . 
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5 Carros~~~ of cross country pipeline (C.S) from ccoli:::q 

..,ai:er spra:r from cooolinq tower fan is observed. 

POTASH STORAGE (KCl) 

':he pct.ash storaqe is in very bad condtion. Most of the columns 

have crac.~ed exposir.q reinforcement. The support Ciannels for 

electrical cables have collapsed. '!'!le potash storage nee~s ex~ens~~-e 

UREA PRTLLING TOWER 

Some circumferential cracks on the RCC sti:uctur~ en t.~e outside 

were noticed. The metal structure includinq stairs are badly corroded 

(for replacement). 

CROSS COUNTRY PIPELINE 

C02 Pipeline L.adly pitted. 

The concrete o~ naphtha pipelirw found cracked and broken at number 

of places. Service water pipeline was corroded badly by plate-rust 

2 .0 mm t.~ic.lt under t.~e paint coat. 

tral:A/NPK STEEL STRUCTURES 

Ourinq inspe~ion of external corrosion and paint coatinq failures 

follovinq stru~ures have been found badly c:o~roded and :l•d• replac: .. nt 

or repa.intinq. Vent like silencer supports, platform supports, reactor 

out.let line and supports, platfor:a supports at different elevations, 

platfor.a on east side, &111111C1nia storaqe tank supports, main vertic:£l 

supports in compressor house and cross supports, staircase structures, 

horaontal support• close to eTaporators, leq-valve platform &nqle supports, 

vent st&~ support•, entry plaffor.a to lift, platform at nozzle floors, 

,.ter hnse supports roof supportinq atruecures in storaqes &reas. Ena in .. rinq 

:t~spec:eion staff have prepared suit.U,le d:>cu::ientary ~utput Cinstl' .on 

report) for further action. 
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B. RECOMMENDATIONS 

l. Heat EXc:hanqers 

It is suqgested to paint carbon seel (M.S) exc:hanqer 

tubes replacinq S .s. tubes as well as shell side of 

exchangers using a epoxide-phenolic baked pri.!Der. two 

coats, and 2 top coats baked 180 Deq c. '!'he system is 

(4 coats) of total thickness approximately 200 um. It 

will also control algae qrowt.~ and depositiscale 

formation. It is suggested to cooperate i.~ this subject 

>Jith some petroleum plant (refinery) in Madras. sand 

blastinq to grade 3 (SIS) is necessary. Roughness of 

the surface should be 40 - 60 nm. No sand dust is 

accepted in the abrassive. 

2. Tank Protection 

Red oxide (Fe) epoxy primer should be used after sand 

blastinq of new tank for naphtha feedinq reformer burner. 

The deposits from old tank should be analysed for Zn and Fe, 

do to possibly of low adhesion of zinc epoxy primer and 

transportinq deposits through filter to the burner. Cat.~odic 

protection applied by specialised firms is advised. 

3 • EXternal Corrosion of pipi.Dq " structures 

a) Piping shou.ld be repainted after washinq with water 

(condensate) or water/vapour jet by means of pressurized 

equip•nt. Before paintinq - sand blastinq is necessa.ry for 

synthetic: ~int• like chlorinated rubber, epaxy, coaltar 

epoxy, uret?tane. ror alkyd primers, '111\en penetr•tinq aqent 

is present, .. chuic:al surface cleanin; by pressu.rised tools 

are advi al:lle. 

ror lonq tena protection Al or Zn sprayinq with paint:. 

sealer i• recommended. Before applic:a\~ion of thermal 

insulation, sand blastinq is necessary ~\th urethane primer y 

uretnane top co.t protection of sc .. 1. Co1:rosivity of insulation 
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material (mineral wool) should be checked,what is of 

importance not only in the case of mild steel but also 

s .s CAsno • Urethane foami.nq insulation needs outside 

protection by suitable sealer paint (butyl rubbe::-) of 0 .S. mm 

thickness. Chloride containing insulation materials are prohibit !or 

SS piping. 

Steel struc~ures like tanks ar.d heavy steel gircers are 

washed with water vapour jet. sand blasted with air and 

primed instantly, when painted. On next day water/vapour cieani.nq 

is advised before pri.minq. Ti.'lle of painti.nq is 6.00 - l0.00 a.m. 

and 3.00 - 6.00 p.m. Surface tempera~ure not exceedi.nq 40 Deq C 

durinq sunny weather periods. Surface temperature is about JO Deq 

C higher than air temperature between 10.00 a.m. and 3.00 p.m. 

Fast dryinq of paint coat stops paint flow and adhesion, lowering 

paint system durability. water/vapur cleaning with condensate water 

to make all salt contamination sol~ble. After drying (maxi.num 15 

minutes) pri.mi.nq is necessary. Steel structures made from light 

qauqe steel profiles should be maintained by mec:.'loianical cleanincJ 

with air powered tools followed by water/vapour jet cleaning. 

Penetrating prizner bas~d on alkyd/phenolic resins may be used (2 coats) 

followed by 2 coats of alkyd or c.'loilorinated rul::ber epoxy with top 

coat. Aluminium paints and iron oxide paints should be used. 

'Die essential requirements is freedca of salt/acid/potash impurities 

on steel surface before primi.nq and paintinq of steel stru~ures 

"1en surface te11119ratures are below 40 DtlCJ c. 'the limited temperature 

for exposure chlorinated rubber coats is ~t 70 De<J C. 'the 

radiation is limitin; the use of epoxy coatinrJ as only suit4Dle for 

intern&!. environmnts. 'fti••• 2 pack epoxy paints "1hen exposed out 

doors are loosinl) the protective value very soon C 1-2 year~ ). 

"n\e coat should be protected by •ans of urethane top coat when .applied 

outside esp.:i~tly on roofs as ~~e most suitable for fertilizer plant. 

!thyl Silic•te (2 pac1') primer should be reco-.nded vith ure~~ar.e 

in.~r and top co•ts (300 microns). Electro maqnetic non destructiY9 
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t.'lic.ltness tester for paint coati:iqs on blasted steel should be used. 

4 Deposit of potassium compocnd is often causinq corrosion in t.'le 

installation beyond secondary reformer. Potassium compund from the primary 

refor.ner catalyst alonq with potassium compounds in the temperature of 

300-400 Deq C are causinq corrosive attach on carbon steel components 

towards the lower temperature limits. These compounds would lead to 

alkaline condition during condensation cf ·.tater •rapour prese.'lt ~e gas. 

The hiqhly alkaline condition at the existinq gas tempP.rature can 

cause stress corrosion crackinq of stressed component of t.'le valve, e.q. 

spindle, etc. Duplex stainless steel valve of the type Ferralium Alloy 

255 or equivalent can be tried to avoid s .c .c. 

5 In carbon~i-oxide removal system carbon steel is subjected to 

correosiond attack in pres~nce of hot aquous solution of C02 in K2C03 

and a.rmi.ne. Other absorbants present in the 'catacarb' solution and 

higher stream velocity would accelerate t.'le corrosion rate. Material 

of the type Sandvik 2RE69 cc 0.02, er. 25, Ni 22, Mo 2.1, N 0.12) has 

solved corrosion problem in 002 removal system and the same may be tried 

in the plant. 

6 The corrosion of t.'le overhead condenser may be done to the cor~~~ation 

of C02 in water inakinq the solution acidic to react wit.'l carb~n steel. 

However, detailed indepth investigation is needed to solve the problem. 

7 The corrosion problems faced in the methanation heat exchanqer is due 

to the carry over of •catac:arb• solution alonq vith th• qas stream (at 

150 Dec) C and 26 Kq/Qa.2 pressure) on che shell side. Th• tube to tube 

sh•t joint of the •C-'l&nator outlet C 343 Deq C) beinii the most vulneri!ble 

zone is atuc:hed by the ·ca~urb• solution. Suitable SS 'orrosion 

resiscuc:e uteri.al Mv be a probable solution, but possibility of 

scoppaqe of •c:atacarb• cazry over at the source point would be a t.etter 

proposition. 

Th• corrosiion of n.aphtha pipeline vas oriqinally ot S Cr, l/2 Mo, steel 

whic:h have now b .. n replaced by AlSI 321 SS pipeline and no co&rosion is 

observed at pres•n~. 
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8 Reqardinq preservation of exchanger/condenser tubing 

during shit down, it is recommended t..'lat the exchangers and 

condensers are to be filled up preferably ~ith D.M. water 

with cyclohexylamine or hydrazine as oxyqen scavenqer and the 

system is to be plugged. 

PDI~ has facilities to ~onitor on stream corrosion rate for 

coeling water system. 

. .. 
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REPAim'I~G OF 3ADLY CORRODED STE:EL EU:."'!ENTS 

In case areas and buildings iight gauge steel elements are 

corroded in a very large extent. Rusting is obse~.red with crevices 

and plate rust. There is a danger of hydrogen embrittlement and 

seress corrosion cracking, toilen t.~e girder is under the stress 

(generally horizontally situated profiles). After hammering and 

scrapping followed lby brushing, the designer should decide if 

inspected part is recommended for replace?nent or repainting. 

Gener:lly cadly corroded ele.~ents are ~ct easily cleaned up, even 

by sand blasting, and needs replacement. Paint coat a~rability will not 

be achieved, lasting only 2 to 3 years. Support rails, barriers, steps and 

gratings should be replaced with new, zinc coated hot dip galvanised and 

polyurethane paints, from safety point of view. Bolts and nuts should 

be replaced with hot dip galvanized and epoxy coal tar painted before 
installation. 

Atmospheric corrosion of carbon steel structural quality is highly 

increased by chloride ions (fro~ potassium chloride, sodium chloride and 

magnesium chloride) occuring in MFL as fog, powder or mist. Chloride ions 

are responsible for beta-FeOOH formation leading to magnetite formation, 

crevice corrosion and plate rust. Ernbrittlernent of steel and loss of 

their ductility are t.~e ~ain contributi~g factors of failures during 
windy periods of the year. 

Inspectinq steel elements only be measuri:iq thickness is not adequate, 

because of hydrogen embrittlement of :1.S. when exposed to certain 

enviroNnent e.g. acidic. Cocplete metallurqical testi:iq should be 

perfonned for estimating i.::portant steel parameters in laboratory 

conditions. Steel elements must be cleaned :y sand blasting Cnot 

pickling). Yield strenc;~, of steel and hard.~ess are i:IJ)~rtant paraineters 

for further decisions (repainting or replaceC1ent). 
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NATIJN.\L f'ERTILIZc:RS Lil'llTED 
PA NI ;:>AT. 

Ammonia Plant ~s designed to ~roduce 900 Te/Day 
ammonia based on ~artial oxidati~n or Residual ruel oil/ 
LShS by SHELL Gft~If'lV\TlON process at a pressure or 
SSiw' Cm

2 u. The ?lant is laid out in single stream except 
ror t:1e three gaJirication units. The unreactad carbon 
rrom gasification section equivalent to 1.Sfo or raad

stock is ~btained as carbon water and treated in Carbon 
necovery Secti~n. Carbon is recycled back al~r.guith reed 

stock an~ the rest is burnt i as fuel in "uxil1ary boilers. 
Waste heat from gasitication section is utilisea in gene
rating 105klj/ Cm2 G steam in I.lasts Heat Boilers. 

The raw synthesis gas is further processed ror H
2

3 

and co2 removal in the different stages by low temperature 
RECTISOL PROCESS. Batara co2 removal shift conversion is 

employed using HT catalyst. The waste heat rrom shirt 

conversi~n is used partly in absorption refrigerati~n unit 

tor Rectisol Section and partly tor generating low pressure 
st~am. The co2 removed in this 9ection is sent to Urea Plant. 

Arter co2 removal, decarbonatad gas is sent to Nitrogen 
wash unit where it is scrubbed with liquid nitrogen at 
(-)190°C and 38 "1C.2 G pressure to remove carbmn monixida 
and methane as tail gas. 

Attar purification in nitrogen wash unit, the synthesis 
gas is compressed to 23myCm2G and ammonia synthesis is 
carried out in HALOOR TOP~OE loop employing radial rlow 
convertor. 

The Oxygen requirement ror partial oxidation in gasi
fication process, nitrogen requirement tor synthesis gas and 
utility nitrogen, liquid nitrogen ar• produc•d in an air 

aaparation plant having a capacity ta process 1,34,400 Hta3/hr. · 
or feed air. Air aeparation and nitrog•n wash unit are 

aup;:ilied by ~/s BHPV, lnaia with collaboration of'"-/• Air 
Liquid•,f'ranca • 
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Urea Plant is designed to produce 1550 tonnes/day 
urea, based on l'IITSUI-TOl\SU TOT.'.\L RECYCLE 11 c• IM.:>ROVED 

?RQC£33. ~m111onia ana co2 are compr as sed t:> a pressure 

of' 250 atmosphere ana allowed to react inside a Titanium 
1 ined reactor at ab out -200~C. 305' Urea is produced at the 
exijt of the reactor. The unreactad ammonia and co2 are 
removed in the down stream purif'ication section. The 30~ 

urea solution ob taint d is f'urther concentrated in three 
stages; the last being at - 660nun Hg Vaccum in the crys

tallizer. In the crystal.1.izer about 70~ crystals are 
f'ormed. The arystals are centrifu~ed ana conveyed ta the 

~rilling to.er toj at 3 hei~ht or about 68 me1ars. The 

urea crystals are melted ana sprayed in the prilling 
tower. 

following questions are to be discussed: 

1. How to protect RCC surf'ace in dust chamber or prilling 
tower f'rom urea solution? ,;t pr esont, solution f'ree 

epoxy coating is done every year. This is a tilD8 consuming 
job and due to limited period available during annual turn 
around, the job is not execut3d as per standard specif'ications. 
Ue would like you to suggest a system which can be executed 
in shorter period. 

2r How to protect f'loor in the prilling touer rrom urea 
solution attack? Is there any protective coating material 
which can be executed on wet surf'ace? 

3. Is there any additive which can make the concrat while 
casting, resistance to urea solution? 

4. How to protect asbostos sheets f'rom the urea duet 
attadl on econo•ical coat? ls replacement the only solut.i:>n? 

S. How to protect f'loora of bagging plant when urea is 
stored. 

6. In D.~.Plant the drains carrying reganratad ef'f'luents 

containing dilute sulphuric acid an~ caustic solution get 
cracked/damaged wit~ the result the roundationa and floors 
are getting da•agad or corroded. ls there eny .. terial rar 
coating the drains ror their protection rra• dilute sulphuric 

acid and caustic solution? '-f'ter da•age to the drains we 

have laid HOP pipelines in th• taanch•• alongwith th• troughs 
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mada or PVC sheets, but again due to the leakages 

from the ?VC, ~cid and Alkali is ~etting into the floor. 

7. Is there any moist cnlorina rasistant Pai~t for steel 
structure and tha equ i::>mants? 

3. Erosion/corrosion is occuring in the oipas and pipe

fittings in the ash disposal syste11. Tha •aterial of piping 

ana pipe fittings is mili staal. :s thara any alternate 

material which can be used in place or existing nickl/i hard 
cast iron/~.s. material. 

9. In Gasification secti.Jl'I ;> ipes thickness down stream or 
Waste Heat Boiler got r~ducsd from 12 mm tc 3 mm in a period 

of ai:>out 10 years plant operation. Tha matarial or piping 

is 0.5 "o· Is there any other alternate material which can 

replace the existing material? The gas contains carbon 

particles, H2S ate. The temperature varies from 31a0 c- 144°C. 

The gas analysis is as under: 

co2· s.s2", co 48.12%, H
2 

44.22~, Oi4 a.so", N
2 

o.2e~, 

A2 o.ss~. H2s 0.1~, cos o.o4~. 

10. There is corrosion in "•thanol-water rectifier. This 

tower is part of the Ractisol absorber. The distillation 

or about Jr.3/hr. methanol is carried out to maintain methanol 

purity. Besides water-methanol also contains H S and HCr4 in 
2 small quantities. Tne pH of the bottom product is around s. 

The tower, shall ana trays are of carbon steal. Heavy corrosion 
has been observed at the lower portion of the tower. 

11. Fouling and corrosion in lean/semi-lean methanol heat 

exchangers has bean observed. There ara six nuata•r of heat 
exchangers in series, the process parameters ara as under: 

Process fluid. 

Analysis: 

Shell side. Tuba side. 

Laan "•thanol. •oaded •ethanol. 

"ethanol ~8~ l'lethanol 98" 
"25 LS•g/L. "25 L 10gas/L. 

Total sulphur. 
L1 g•/L. 
n es t IJa t er. 

HCN 1pP•• 

Opera ting Temps.in/aut-0 c. 96/-20 

Rest wa tar. 

-33.5/88 
Operating Pr.i.W'H2 G 25 28 

Materials of construction are carbon steel. 
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Uesign T etnp. ~hell. Tuba. 

H. Exch • .\ -3o0 c -45°C. 

H.~xch.S 1S0°C 0 -11 c. 
ri.Exch.C,D,E,r. 1S0°C 120°c. 

Tuba leakages have been observed in the exchangers 

C,E,f" after about • years or operation. 

12. Corrosion in ~ir Coinpr9ssor inter-cooler. 

Heavy rouling and corrosion has bean observed in 
the ~ir Compressor inter-cooler, on air side. The pressure 
drop ha!! increased from 0.1~Cm2 to 0.7r,/Cm2 ~ithin an 
operation or about 24 months. Both shall and tubas are 
or carbon steel. The rouling is •ostly on the cold aids 
where the water in the air gets condensed. 

13. ls there any anti-corrosive paint which can be used 
for the pipings and valves in order to avoid a corrosion 
due to atmospher containing H257 The temperature in the 
pipelines and pipe rittings is as 101.1 as - 10°c. 
14. Steel structures comin;J in contact 1.1ith urea dust 

are painted with epoxy base paints, but the paints get 
spoiled 1.1ithin 6 aonths. Is there any batter paint or 

protective method. wli_.lch can keep the steal structure in 

good condition? 

15. The ataasphera in the coaling t.01.1ar is always 

hu•id and carry lot or water vapours.. ls there any 

paint 1.1hich can be a used on the steal structures and 

aquip•ants under wet conditiansZ 

16. Corrosion or carbon steal jacket or rirst-stag• 
Kob• Compressor in Urea Plant for carbon dio~ida. The 
steal plates get corroded by cooling 1.1ater after one 
year or service. The gas temperature is 1A0°C. 

17. Thrust-shoe (white aatal) or Kobe Compressor 
gets corroded after one year eervic:a. 
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B-· RECO,.PIEP()ATIONS. 

1. Solvantless epoxy is suitable only after watar/staaa 

hi;tt prassura cleaning ana drying or intact concrete surrace. 
fluorosilicata treatgant is advisaci ror sealing. 

2. The rloor should be •ade by specialised fir•. The ceraaic 

•aterial should be bounded and sealed at surrace. The rloor aust 
be resistant to external ••chanical de•aga. 

J. Good results have bean obtained by means or tluorosilicate 
treatment or oxalic acid{10%) sealing after washing with water/ 
steaa with high pressure jet cleaning equip .. nt. 

~. ~sbestoa sheets shdul~ be replaced by corrogated sheets 
covered with Zn/acrylic coating. 

S. Cera•ic •aterial sealed with synthetic putty(Habenite type) 
should be applied by specialized riras. 

6. The aain prablea in protecting rloars and foundations is 
not only acid resistant •atarial but sealing compound (Habenita 
type) resistant against both alkali and acid. In SOM cases hot 

applied asphaltic aastics with innart pig•ent and PVC sheets ar• 
suitable. 

7. Vinyl coatings{250 ,JJ•) are resistant against chlorine and 
water an steal structures. 

e. r ailure •achlinisllJ should be stud iad on piping ma tar ial 

barore replac .. ent. The racomaendations rrom the supplier or 
the •aterial •ay be adopted. 

Tan r•ara 
9. LI•• operating period should be generally accepted under 
aggresiva corrosive enviro,,..nt. Duplex steel for such services 
can b• tried. 

10. The corroeion is due to the acidic conditions in the ftethanol/ 
water rectifier. Injection or so .. alkaline ••dia is raco•••ndad 
to improve the pH. ftorpholina or iaidom line can be triad. 

11. The corroaion or carbon ateal tubae in l•an/sa•i•laan 
"•thanol heat axchan9are i• due to the corro•iva ingradianta such 
•• H2S, HCN, COS etc. alongwith •oietura preeant in the gaa. So•• 
corro•ion resistant stainless steel can be tried as a suitable 
••t•rial. 
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12. The deposit analysis should be made to estimate ir the 

~ust contains fa ane organic materiallfculing). ~ir filtration 

shoula be cneckaa. ,\pplic-tion of baked phenolic epoxy paint 

(:iakaphana type) 2 .... 0 JJ• at 1ec.0 c Cbaking temperature during one 

hour ror each coat) r•duca uat corrosion accelerated by ~ul~hur 

uioxide. 

13. Urethane paints baked or two-pack, after metal preperation 

by sand blasting are recommended. Aluminiua sprayed metal 

coating or 200 pm thickness with sealer compounds is also 

suitable for valves working in low temperatures. 

14. Painting technology should be improved according to the 

suo:Jlier 's recocmendations and standards (DI i-4, 151). 

15. Shields should be applied during o~inting. Water emulsion 

paints are somatiaes suitable \lhen properly used. 

16. Alumiaiu• metal spray coat thickness 200 aicrons artar 
sand blasting tallowed by apoxide two-pack sealer or lou viscosity 
(10 Sac. on ford cup No.4) uill be suitable. 

17. Tne corrosion of thrust shoe appears to be fretting type 

or selective corrosion. However, further study is advised. 

Retallographical analysis, lubricating oil analysis should be 
carried out. Replacement of oil should be parrormed arter 

sh or tar ill duration. Pas siblr Cd electro-plating { 12 microns) 

on the thrust shoe may reduce corrosion. 

MlT lab. at Panipat is adequately aquippld to tackl• 

all the inspection jobs or the plant. However, insp action by 

f ibroscopa should have camera attachment. Cieaical Lab.is 

doing analysis by corrosion test coupons which is not aurricient 

ror datarminin~ the type or corrosion. It is recommended that 

surrac• profile tasting 1.ethod to be adopted ror detecting the 

rate and type or corrosion. Instrument lik• Proril•••t•r(Taylor

Bobson) would serve the ?urpose. 
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LlST OF PARTICIPANTS FRO" "ADRAS FERTILIZERS LiftITED, 
flANALI, ftADRAS 611 168 

L YASUDEY 

K R KRISHNASWAftI 

K KASTHURI RAN6AN 

K " RAO 

. T C PITCHAPPAN 

Y NAftBIRAYAN 

JACOB EAPEN 

IC V RAJA60PALAN 

8 RANGAIAH 

S RAN6ANATHAN 

P P SUBRAftANIAN 

N E SRIDHARAN 

S KARTHIICEYAN 

D RA&HU 

P ftARAN 

CHAIRflAN l "ANAGING DIRECTOR 

GENERAL tlANAGER 

DY GENERAL l'fANAGER <PROJECTS> 

DY GENERAL l'fANAGER CHAT. fl6i> 

DY GENERAL ftANA.6ER CTECHJ 

DY GENERAL ftANAGER CftECHJ 

DY GENERAL ftANA6ER <OPTNJ 

ftANA&ER - EN&& • INSPN 

flANA&ER - FIELD l'fAlNTENANCE 

PLANT ftAINTENANCE ftANA6ER - PLANNING 

PLANT INSPECTION ftANA&ER 

ASST ftANASER - INSPECTION 

ASST "ANA&ER - INSPECTION 

ASST ftANA&ER - PROCESS 

SR INSPECTION ENGINEER 

SR INSPECTION EN&INEER 

... 

• 



1 • 
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1 a. 
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~N~!(XURE-IV. 

~T!. ·L ~::.~TILIZ::.~s :.:i'l!T~ 
o" ·n ~~ T ·..:~:IT • 

The folloYing ofric~rs par:ici:atao i~ :he 
a is cuss ions: 

Mr. ~.J .Dudha. 

l'lr .S. C.Kashy a?. 

l'lr .v .M .V .Muthu. 

l'lr. M.K.Varsnney. 

M:-.~.L.3harc:yaj. 

f'lr.S.~l.Soneja. 

l'lr.Oilbag Singh. 

l'lr. P.K.Bansal. 

l'lr.~.S.l'lothshara. 

Mr. S.K.Goal. 

l'lr.M.L.Gua. 

l'lr. A .o .Arya. 

General '1anager. 
Manager~ T .3}. 

Manager (Pr cd.). 

Manager(?roject~). 

ikcl.~gr. {Mech). 

0 y .;tlanagar \;:r: j. 
O.y .rt an ager { G~ j. 

Chia f 0-.e•ist. 

Qy. Manager(Civil). 

Asstt.l'lanager(G~). 

Asstt.Manager(PE). 

Asst t. Ci ie r Chemist. 

Engr. (Civil). 

l'lr. I.K.Suri, G.1'1.(Tach) .has provided all the 
inforinations partaining to corrosion control practice 
and other inspection (:~T) method which arg in practi ca 
in Nf'L Units. Ha also hi9hli9nted the inter unit 
technical exchange programme which banifits the process 
and aaintanance personnels. 
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of C.esiQ:l c:...."ld mate::ial. 

?=edicti7e ~ai=.ten::.."1.ce is esse~ti~l to U.:.Ldersta::id the 

le~ding scone= or l~ter to the need for repair a:id repla-

ce~e~t. -~~e ?::-O~le~ does ~ot lie o:tl.y in the actu.~l re,air 

activities. 

Lo!l~ - te!':J. pl.:~1i:"l; is a ::iea!l o: o·re:- - co:iL""l,$ ::i.::.ir..te!'la:tce 

diffi~ties and avoidL~~ co::-:-osion :-elated e.:ier~ncy 

411 2S?ec-:s o! the wo::: L"l70l7ed L-:. ~!le ;:ro-tectio:i o! steel 

str..ict'.i.:-es ag:?i.:lst co::-rosio.:i ::J.st ~e conside:-ed at an early 
stage L'l ti:e development a.."ld pla .. ~L-...; o:i a ~~ject sheet 

!'low - c~arts. This incl~des 3ll the steps !:~, tbe deli7er~ 

~--·e-• ·.13 .... •:·~ ............. c.,• ' -- .,,;·o- •o .... _ .. ·-- """' -··- __ .,, __ -···-c:> ..... ~ .. 
o! t~e wo:O:: :.:i si~c, to~t~er w1~= s.i~se~ent L~~ectio.:i ~nd 
.:iai!ltc:?.:·:.::::.ce ( ta~le 1 3;:d 2 ) • 
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. ·, -·-1 -~ co--... si·-,.e c ... ,,d;·~o~s £~.,e -•..,0~;1e---... ~-w --w . ..., •• _.,_ -· • ,. ~'---~ ...,~ •• ,.. 

Aci:lonia gas. 

I,::.du.st!"i"1l cond.t.tions • 

""-""\_._ --~o 
- J ..,.__ .... ·-

_ .. a......,~1 i' ,...e..,. --- "-------

'"-S ~olluted 

. :ild1y co~Tosi7e conditions. ~i:iist:-~ti·re bu.ildL-:gs 
a.:.1d aec~an.ical workshops a=-e usually located .i:l. ::?.rea 
oe:o:;-;Llg to this categor:r. 

co.-:t •re!licle 2.nd ?i&ne:its. 

De•v ~or.:iation at early ~or:ii::.g on !lat, hcri=o::.t~lly si~~ated 
pnL~ted ~etal. Sllr!~ces leads to solubiliz-atic~ ot corrosi7e 
d~o sits a:id electrod:;:e .!"or.:i:i.~io:i. Thi:l. ::?.::.c! co::.ce:it:-::?.ted 

""-· ,. .oC • 
_., o,; durL~ .lOr:l!.:t~ !"lours. ?.le : :i of t~i3 !' 11.:l estL~ted 
b7 ~e~'..?ls ot i:ldic~tor paper ~ny be all:ali:'.e (7-12) or acidic 
(3-7). 3oth a?-e h:i.!"!:1-"'.l.ll !o~ p~i~t coat ~d aetal • 

. . . . . . . . . . . . 
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a..:.1.d ex;osed co~di tiocs. T~1e::e 1r:..:1 'Je C.i.:.:e:·ences '.Jet:-1ee:1. tI:e 

s.i:ny :;.nd shady sices, or ~et·.;ee!'l :~:-"";s e:~osed :~o!"izo::tally 

and those ths.t are not. lt/J.!ld di:-ectio::. is L"'.lporla.1t •. .,he:1 

sou:-ce, w-ater - fog). 

It_:_ is ad·ris:~ble to obtain all the p2.L1.ts froci the se:ne 

aipplier, froa whoa assire.nces should be obtained. ?inishing 

coats si'lou.ld be highly iape~eable to ~ois~~~e ~nc gases, ~nd 

should have good resista_~ce to the che~ical en7iro!'l.'ne~t. 

Laaello.r piG=lents such as ::Ucaceous iron oxide, and aln::1i niUw":l 

leafL-:g pig:ient reduces the per.:ieabili ty of the film and 

ret;:>;rdL"lg che::iical de~dation. by 91."llight. 3ed iron oxide 

and tita."l.i:uon dioxide are generally accepted tor che~ical 

!or use in che.:Jical enviroments. Zinc - pig::ient is prone 
to acids. 

Cuide values tor dryL"lg tue a:id teoperature !"esista."l.ce in 

table - 3. 

Epoxides Cold - Ou.red ( two ,.-~ck ) 

These ~aints consist o! two separete co=ipo:ie:its :-

C 1) Epoxide re sin, 

(2) ~:oing age..'lt. 

Cold - cu:-:-ed epoxide pai:lts ba~e good acid and al.7.al1(at?11de -

C'J.:-:-ed) resistmce and are hig::.l.:r resistant to sol.,ents. The7 
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Sl!'.i~lietf': 

Cr~o::-i..~~teC. ?-..lb-oer -:lcd.:>.ts $low t;aod ?:"esist~"l.ce to :.l!ra.lies, 

::._:d salt scl:itio:-:s 17..i t ti1e:; :!:"e less sol·re!!.t-:-esist::.n-: than 
e~:::i:ci~:e -~:::.i..!.-:.s ~;1d 2-::-e ~o~ a.f _'ected. by e~o $1.::::-c? -::> ele·r:::te~ 

:.eJ:1e:-.:t-.-;.:.·-es (o:'.1.,7 U.?to 700,:) .:i.~:i: - ~..i:.l:i c~:l'):-:..::-.-:e~ 
r..i",,)·Je::- ~::;:its conta.i:l thixotropic ~gents 2...."ld yields d.:::":f 

fibs of t:.lic?" ..... ~ess 50 to 8C !!!.ic:-o:::.eters i:l one co:::.t. 4fter 

b !Ush an~lic~tion. their C.ryU!; - t.Lle is !l.or::i:ll.17 not less 

than 12 hours. 

Coal tar - epoxy. 

'rl!.ey are jiel<iLlt; f il:ls 100 to 150 um. thick !'er coat. ~i'le drj 

fil.:t develops cor.sider~ole hard~ess ~'!d. water resista.."l.ce. 
~L:.e ~lac!-c colou·= of these pain.ts c~"l. ·oe s!1ielded by :i.e~n.s of 

c.hlo~i:..ated r..ibber pai~t. 

Urethane ""Oein.ts. 

They are si:Lil.iar to e::ioxides, C\.lt ::!.'!"e evatuated as :io?"e 
resistant to sLin - r3diatio~, ~eche.nical de.c.age a:id low 

tc~;:ieratu?"e ed!lesi~n. ?.u.e dur-bili t:r of ureth~..e paL91t s7ste::i 

is ver.Y)SM@t hic;i <u:>to 15 r-~:-s) i:l outdoor co!"..di tions. 

btaylsilicate zi.::c pri::iers \two-pack) 

T'ne1 are reco:i:tenced Qs tae best ,ri:iers !or all top co3te !or 

trop1c.:.l e:i·11r~.!:1e!:t ":of!. th excel!.e~t adhesion ·~nd 3~::"2sio:i resi3t<!::~ 
( 



Silico!le paL'lts. 
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?or te."!?e::-·~-~res ".Jetween 90°c :!=id 2'Jo0 c alU!:li--:iu:i heat 

resist<:..'lt silico~e ~~L~~s sh~..tl.d ~e used to obt~i~ &J:)d li~e 

or th:"ee coats o~ the pcLlts silcr..i.ld be a;::ilied. A. S!Jeci:il 

heat - resisti.??g ?ri::er is ?."et:[llired (2 coats), before 

a":>":ll "l"i:l-:- the cJ.~i-i; :ti.U."l -o:lL!t ( 2 co~tsJ • ~or te:1n_ er-~ta:-es 
-- ~ 0 -

between 110°c and 25ooc , Zinc C-.i.st/ ~~pci te ?abts are 

reco.:i-:?.end.eC.. ~:is :92.L~t is ap~lied i!l sL.1::;1.e he'3.vy co:i.t 

::a1a·st - · cleani.'lg is recomaended for all pai1lt syste!!l.s applie~ 

to import2.?l.t steel stro.ctu.::-es and to structu.res whose location 
or function :-enders access difficult. It should alSl-i ~e used 

for steel work aibjected tc heavy cor?"Osive atmospheres, sudde!l 

variations of te!lperature, alternating stresses and contimlous 

vibration. 3last - clea!li1:1.g roughens steel and it is essential 

that an ade~ate thickness of pri!?J.ing !'ai!lt be applied to 

co•rer the pe.:.ks :J.:J. the su:-i'2ce. 40.•rised steel s:.!"!~ce :;i:-oi'iles 

are gi•Ten in table - 4. • Sand !'articles size silould oe between 

1 - 0 .5 mm and no dust should be present. Sand i'ro.::i the Sea 

mJJst not be used. A hig!:er rate of working ca.'1 be expected 

and an i.aproved degree of clea."lJ.iness can be achieved with 

:echa.'lical method (by .::iea!ls of high pressure I.apact tools) 

than with hand - cleani!l~. ~f'ter s:!Ild blasting ~.nd blowill8 

the sirtace with C04T:Jressed ai:- clea."ling with ta!' water or 

condensed water sh011lC. be !'ertormed-Atter 10-15 oi!lites ot 

ot dr7i!lgJpr.1.:ler coat is ap-l1ed. Under cor~oa1ve co~d1t1ons 

a bare clea..'1 ~etal S1~~ce !lllst be coated 1:1:1ediately.· ~he~ 

)!'ep~red su~!~ces h~ve to Je le!t uncoated tor a lo~ period, 

e.~. over :u;it, the1 shO"..lld 'be inmpected oe!ore pri:li..~ ~~. 

!.! :iece ssar:1 , '::-e;e::-cd a.;a L-i. 
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s;!o-..i.ld oe deter.:i' ned o.,- ::i.e~s of wet ::.>~i i!!C!ic~::o::- ~:-.per. In 
c~se ·.me:!. t~!a :ii of a s.i.=face :1.as the val:::.e dif·:e!"s.n.t -::!en 6, 5 

7 ,5 - it shou1d be :ieutral.ised with diluted !>hOS?hO::::."ic ~cid 

wash (0.5 ~ by vol"U!le) or Ua2 E?04 (O, 1 ~ b;r weight). After 

that the su::'f:?.ce shO'.ll.d be dried and bl::>wn out eS!"ec!.ally 

at joi.:1ts ~d slots. 

•i~1e!'l only :iecl:~ical clean; ng is !JO ssible, i.:l!!leC.iately be.ft.re 

~aL~t is a~Jlied, all du.st, loose pa.i:lt or other loose oateriaJ. 

~!:JU.li ~e clea."l.ed !roa t:ie su?"f~ce by b::US:!i.:'...:; i!lcl:idi:i.g vashing 
,;..,\,- ·-·i· ... .,:~ ~-een •. .,!'\~~- . .,.-:c.· !:"' ~ ... .,.;st1 ~ ·J~l..,:' ·•~ 0 -e ..,aceeo0 a-J·· . .;:::_.,.;..:-.,. ..... v _. .'9 Mo -- ~ • c..e~Y- ·- - ~-- _.._ --~·f "'•••-- -- -- - e ...... ~C 

C.o· .. n -,aL-...ted su!"!::lces ehoulc! ~e do!'le 1 • .rith clea."'l ~~s...~ •.12te!' :.nd 

sc?"U.bbi:l.& b:us!:les followed by a !i!lal. r~s; ... ;; or ~osi.!lg •..ri th clea..'1 

vate!' ar.d O!' wate!'/ vapour :ti.rt.ire by :!lea."l.s ~! b.iah - pressure 

•c_:.i.ip::ie.:it. 

-'a~.:...=.c do·r- is specially ?"eco:i"11l!lded !"O!' su.rl:lces th2t ~ave 

"jee.: ex;o~ec. to ?Olluted ~tooS!'he:-e at a."-:/ t.be be!o~ or 

c!"..i.ri:lc the paL"lti:is process. All washed sir!aces si:1o-.U.d be 

3llo•,.,ied to dr:; be!ore '.>eL"lg :>ai.:lted e:t:ter bl:\sti:lg :i.ot lonc;er 

~=-::!:. 10 - 15 ::U.::utes 'bec:!ll.~e o! co:-:-osio:i). ~~e use :l~ ·.-1::1 ~e 

............. 
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es~!lti::;.l. 
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~-:z:r· .. l~::-~ ~ io::s 
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o:! little 7~lu.e, as cor.t?ared ·.·ri tl! the ;aaJ?li t:ide o.: -~i!e 

:letc:l. coat; "!~s( Zn , 41) with a. :::au~ s:rste.::i o:f t-.;o :;>?"i::U.:ig 

coats =.!!d two .fi.:.1isi1!..:~ coats sb:T.ild oe used. ~!'le s:rste;:i will 

have a li=e ecrial to th:-: :J.aL~te~1=:!':.Ce .L'lterral w·ithou t 2.llowir.g 

is very eas;;. 

I!l Incr.lstrial env iro:-_::ients t::.e:-e ~::-e .::iiv ;>l~ce s me ::-e stea:i, 
solu~i~:i - spl~c, ex!lau~t ~-~es :.::ld !'.:.::es ~:-e present. 
3e,a!!'lti.ng should be ~~e:-:a:.:e.."":. zo~e ti.":les ~er:r ofte:'l or wW. 

is seldo::i Wli~o~ all o"Te:- -:.!e Sl~.:.ce, so ~h~t to,e :'o.rts 

::ia:i need i!lst~t :-enewl ~"l:i otb.era !l:>t. !t he::77 r.isti."lg 

de7elo;la .Jn joi!lts, rep:?.i;-:.t.L"l.g snou.ld be u.:ide~:.:!·:e!l :it o:tce • 

• • • • • • • • • • • • 
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,~efore :repautLic; sir!ace q.iali t;/ s.'io-..tlc! ile ci-iec~ed by 

·raL-i.cr·.~.'ole areas s!lou.lt ·:>e p::-o!=e:!"l] tre~ted o;: h~.::.'ld sc~-,-gers, 

need.1es :;:.r.ci wi:?."e br.is!les. ~';,-:.e :-e:i.ovtl of • . .,reld~ slag or 
spat~e= ~=oa ~he '!'U!lS of ~elds a=.d adjacent steel~ro=k, is 

:i.ece ssary. 

-:o ::re?ared area siio·.U.d be left un!>aL"lted =~= lonr;e:- th~"l tte 
speci.:ieci ti:le. • ti:e sc;:ed'!..~le s..i-ioul~ ;>!'etriou.gl;- b.~:re been 

a&-~ed bet-een the i.:lspector a:id the cont~ctor, so ~s to 

e:isi:?."e tb.i s. 

t·.10 ki!lds o! Sl~ilce c3n be di stingu.i shed : -

nae occurred ~ where there is so~e bliste~L....g :?..".d ristL~. 

Zo.ese areas a!lou.ld be washed- dov:i or neutr.l.ized, ec:-eped, 

wire brusl:.ed, waeiled w1 t.:i water :md dried. P-r!.:li..".g !)a int 

!~llo·..ed 01 ~~o coats o~ ~~e ti.D.tllb..-1.n& ~ei:it ·J'O"~l1 ~e 3~~11ed. 



• • • . 

~~:.is c~ze, ::o:- c~e:iical ~la:i:";s, t ...... -o coats of :;ri:l.e:- are 
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-= ·,r; <:P o-· ---;-~• -.. ~ ...... ~ ... c .......... ,.. .... --oi lo·_,.;, .. ~ 'O•!' 2-'=' co··-c o.,.- to!? -..-·--·-··"""' - __ _.,. __ .. ..& ....... ....._(,,,. .,...,.. ___ - - ··--...; ti _,, _.,._ - --

• 

0 ? ~L:t c~1 :iot 'Je a~~lied to w~.:!":1 s-.:.::"'f::.cez{!lo :1L~:.e::- "tha.!1 4-J C) 

2.:-e ::'a.::ili:.= :ri t.=. tile !lecessar;r ::iodii"i~tio:?.s to e!lSllre 

be a::_J;-lied ·.ri t~! csre. 

?:-olollgi:oed sto?."age of paL"lts ;,.. ~he tro~ics s!:c-.tl.t: be :?·roiC.ed. 

It is &ood ~ractice to a?~l7 a:i extra st?"i;e co~t of ;ai:!t 

by orisb. to ed~es, cor:?.ers, c::-e7ices, ~olt ~e- :s, -:.."li ~iTet 

!le:ic:!s. ~.':.is atri;e CO~t is best :?.!=~lied S:IO!l after t::e 

_ .... ;_C!' ... -~•-.: .... ----w ----- co::t ::::.s C.ried. 

.l..:.rL"lg J2.LPJ.tL~.; tlle at=ected a:-e:=.s snoul~ be pr.:>tected or 

shiel~ed b7 ~e~s of a shelter or a te!lt to ~7oid su_-tace 
co:ita:u:iati.":.6 'Ji th du.st, and S::ould be .:ie-.i tral. ~-:.is :m.st 

be chec~ed be!ore a:;rplication ot :~ top CO:!t. ~st .:..CT..il~ be 

especi~lj c~ec~ed on ~ori:~~~~ll7 si~.i.ated Sl:'!°~cea.Con~:?.."li

nated sir!"::::.ce sho-..ild ~e clei.-:e:. ·.1i !!~ a w:?ter soacked r'!.e/ 
cot~o:i waste. 

The Slit~~le th1ckneaa o! a coati.::g 3jste~ &~o-..i.ld be 1;c-3~0 

:iec="::iete:o depe:uU.,;~ :>n a~-ressi•1i t7 o! e~7!.r:>:i.,e~t,·.r-te:-

c,. ... ,: .... ., .............. "'0"".i.·· ... ,,,.,e., .i,~ ... t ...... , •.• to "'cce,.. "'n.: a'-+ .. 
""···--·----""·• .J _..._ ----·- .. , ·~---'--~"'J - ::..;. - \.4 ~ ---e~·nce. 



PAINTING OF NEW STRUCTURES-FLOW SHEET 
lABL! • 

. 

EMYIRONMEMT SUPllOSED LIF'E SURFACE PREPARATION 
I ACR£SSIVITT TIME OF STEEL CPAIJE A PROTECTIVE 

,START EVALUATIOM - VOid. ESTIMATION 
__.. 

STSTDf EVALUATION I 
. 

I I 
l PAINT I NC- SCHEDULE -

' 

BLAST-CLEANIMC Al'ID PAIH'TING-ALL SCHEME-,....... PRIM.ING IN VOIUtSllOP r---o FINAL CONTROL AND .. 
I TUICIUIESS TESTUIG 

1 

NO~ SllOP PRIMING AHO YES 
STORAGE OF FIJlRICATEn 

STEELVOIUt 
DLAST-CLEANDIG AND I!fTEJUtEDIATE 
SHOP-PRIMING VITH CONTROL AHO .___. 
WELDING PRIHER IN ~ THICKNESS TESTING 

,_ 
VO.IU(SJIOP 

: ' • + ~ 

TR,\NSPORT AND VEATllER CLIMATIC SAFEfY AND FIRE.__ 
ASSEMDl.ING IHPEDIHE!n'S llAZARD 
Il'IPEDUIE~S IMPEDIMENTS 

I 
' 

PR&/ENTI\"E MEASURES 
A."fD STSTE.H RE.GULA-
TlllNS 

COHHE~tCY.?IF.':T TENDER AND DID COSTRACT RE.QUIREHEHTS 
OF' SEl.E.r:T 10'.'I El . .\OOllAT1 "~. AHlfllU:f- l'REQUALIFICACION 

.JOB ~ LETTEll QF INTENIJ ....... CEm;sT .ANll PUBLIC ~ OF' 
NOTICE t:O!lTRACTORS 

I -

l I 
St'RFAC! PREPAAATtor:-

~ 
51£1.L VOHK FINAL COATISGS rrJllCll UP or 

PAlNTIK'i 6' CMlTIClll, t:rc•:t: r lOS ~ Arrt.lCATION A.HD '- ll.CIA!i,.;D CO.A TS .. 
~ COSTJIOJ, A.O:D 11.ASllISG 

, , 

oocnt£ST"' TION 
FOR 

HAINTY.NA.HCE PURPOSES 

I ' 

' ' ' ' 
' ' ' ' ' ' ' ' ' ' " ' ' ' ' ' -

' ' ' 
I 

. 
' ' ' ' ' ' I 
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RE PAINTING OLD STRUCTURES- FLOW SHEET 

LIFE-TIME OF STEEL
WORK EST.IMATION 

SHELTER AllD SCAF-

. 

FOLDING IllSTALLATION .,.-.,_ ___ -' 
PROJECT 

PilNT 
SELECTION 

SC..\f' FOLDlSG 
ISST .U.ATION 

VASllING, CLEANING, 
PAINT REMOVAL, 
DERUSTlNG 

EllY.IROllMENT 
AGRESSIYITT 
EYALUAT.lotf 

CLEANING-MEmODS 
SELECTIOll AND 
PROBES CHECKING 

MAINTENANCE PAilt'TillG 
SCHEMES EST .ABL.ISHED 

DI SHANTI. I ~G 6' REMOVAL 
Of PJPES fJTlNGS, 
sr:PPUll ls ELECTRIC 
CABLES 

PATCH PRIHISG, 
PRlHI);G A!'iD R£PAL'f'Tl!Oi<:J-----..i 

DOCUMENTATION 
ron REPAINTING 

REPAINTI1'C SCHEl'Ul.E 
IJI COlfNECTIOll VIJH 
S1lUT-DOVll PZRiODS 

' 
QU.ALXTT Al'1> EMDURAJft:: 
OF EXISTI1'C SCHEMES 
ESUBLISHED 

P.AIJITIJIG 
PROBES .AJll> CHECUJC 

Df SITE 

CONTROL 

• ICARJUNG 

--

I I 111·----..,..-~--..-''-' --"'!", ..... ,-,---, -,-,-,-----,,--,---,-,---,-,-, ---·-;,..' --------
1 I I II I I I I 
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1r1\ ·a.~; - 3 
~ido v;il11cu l'nr 1lr.'fllll~ t11110 :·n•t to111por· t.urc l'·.~ulnt:.11cc:. ---------- -- -··. 

----------------------------------------------·----------~-- ------- ----------...;;;;~--------------------• - an_ • • -··· .... __ I ht · .• • ... I •1•, •. A •• 1 .. ,...,...,,...,,.. 
• iJPV ;u L I - .. - -~hop prl :wr l'rih1cr co:.it. 

cl ry ln:; time. 
·rap co;11, 1lr;1Ln:~ 

t iri1C • 
llindor typo 

: Coat in~ : llonro! 1\t u cou t..lill,C : --: 
\ thlcltucou• ~ 't.hicl~11oao of lilmu·n:; "I." co:1t

1 

' • I , )uu i I Jlla f 1.1 t.c1·norir. 
t t ' I ' pt1'\ e ----

no t;poxy Nesin ouut.or 25 0 40 - 8 
16 00 16 

t\ II 

~hlorln.i tcd 1'1bllcr llot 0 35 00 8 

Q~ll1-
OU 0 • 

3'i 00 

Ohlorlnatcd 1'1bher -«lo- 16 35 00 16 ':Vi 00 

modified. 

Cyolorubbcr -«lo- 0 40 - 8 "0 -
oycloNbber -<lo- 16 40 - 16 "I) -
utodltied. 

l'ol,yvlnyl 25 
butyrul 

Epoxy rcoln 25 16 50 00 16 50 00 

~olyuroth:111e 

'lar pitch opoxy Hot 16 120 - 1G 1 :~u -
rooin. upoll-
Tur pi toh polyurathE~••:~ Onulc • 
reoln. 
~11100118 resin,~ -do- 6 30 - a 25 -
l::th,yl a1lioute 20 16 80 - - - -

----·-··· -- .... 

rl r:f lng. : r0nif1tniice 

I 

11' I .... 
() t' ; 

I 
I 

• 

Air 

cl r.'/ l 11 {~ 

r:·1nr;o 
oc. 

1 :-?O to 1'30 

--------·----------~------~-------------------
Air 

t\ryl nt.;. 

-rln-

-c\o-

-do-

-do-

C]loin lcn l.Y 

Cl\ r "e1l. 

-do-

-do-
-rtu-

r;o to no 

no to 120 

10f) to 120 

120 to 150 

300 to 400 
1oi1 Lo 400 
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.~_ .. ·::J:. --.,,, ... -:-I -- : _.,-···· _.,,,, ... -:-"""\ ~-\)...,,... ,.,.-"!-"""' v.., .. .._ ... ...,~ ·-·\..--.,j...J ·-..J·-~.-.-1 - .... .. v .. ___ ....,.:>. 

1::-:-e o.: coati!!J t J_.;1 ..... ~:,.;c·--1 
..-.... In•- •• ' 

.:.rco::'.J.::"e ! ~a.de of ~?:-o:'.:!.e 
- I 

C"'"'ci·t:·""~st' clo .... ,, :"":~sc:I (u.~) ,• .. ' 
""~=~-!e!"J ' !:e SS• 1 ..,__ ........ ---- ---- ... . ., 

f adTiced. l ad7ice~. 

vil ".J.::.sec ?.}-50 pi :tild &. 2 1JO :iex. 

Al:~:;C. :~-:>·:.i.: ied. 30-40 p=t ~~~~1 Sa 2 1/2 -~ ~ax t? 

c~!l:.~:.:.~--: ~~~ ~:.. .. :::e:- 2')-4G Jl--:! se-:-e~·e Sa 2 1/2 21-d.0 

~poxy/ i:-0.:.1 o:-ci0.e 20-3J f1"1 Co~:-osive 5a. 3 2.J-30 

..... 
::L""?.C !"iCb. 20-30 Fl severe Sa 3 20-30 .::.~0::.:1 

..... 
co~ tar 100-200 p se7ere, Sa 2 1/2 75 :iax .:.1:>ox•r 

- J corrosi7e 

.le.sh ;::::-uers 10-25 p Sa 3 30 ~ax. 

31ast - cle~~L~ is :iost effective on steel 
t~at h~s ;:ot ~ee~ al~o~ed to r~st. Ahe:-e steel 
h:as ·.J ~e:'!. ::;.llo'.1ed t:> ::-.ist b:?.C.l:;, lon.:e::- t i."":e s 

for "ulast-clea.ri~"lg ~ay ";)e ::-equired. So::ieti;Jes 

hi_;1 cpali t.y st~darc!s ca....._"'lot be eco!l.Oo.ic:?.ll;r 

ac~ieved. It is therefore ~dvisable to blast-

cle2..~ steel as soon as is ?rectic~ble ~tter 
rolli.?:l.g o::- deli7er;,r O:l si~e. 

l 

• 




