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I. ABSTRACT

Four fertilizer plants producing urea amonium phosphate and
poetasium chloride (NPK) situated in dry and termide/sea climatic
conditions have been analysed for external (atmospheric) and

internal corrosion failures.

Steel structures corrosion due to chloride ién deposition and
tropical deterioration of paint systems have been stated on exposed
structures. Metal sgrfacg Preparation by sand blasting and water/
vapour cleansing has been adviced followed by two-pack synthetic
zesile paint systems. Heat exchangers corrosion, perforation of

piping system, ccoling water treatment have been discussed.
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II- INTRODUCTION

A. Project Backgrocund

. Corrosion losses in India are estimated (Rajagopalan K.S.)

;h 4000 crores annually what amounts approximately 3 billion US
dollars. In fertilizer industry, according to National Bureau of
Standards and Battele Memorial Institute (1977), corrosion lcsses

are reaching 2.1 dollars level for each 100 dollars output of

produced material. Additjonally very high cost for building protection
and new steel structures (13.1%), maintenance of steel structures and
repair due to corrosion (16.2%) have been estimated. Exploitation cost
of pumps and pipelines are also very high (11.4%), what is important
for fertilizers industry.

Avoidable costs for corrosion protection, selection of proper
materials and procedures are estimated to be between 20% and 40%
depending on the skill and technological level of industry. Taking into
account 3 billion dollars corrosion losses and 208 of avoidable cost
level they amounts to 600 million dollars anmually for Indian economy,

if technical and financial resocurces will be engaged 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,

ssaside locations and wet process installations and buildings.

To 'limit corrosion losses and to give the impact upon technical
and financial activities as well as to upgrade existing expertise, UNIDO
has defined following duties for expert.

1. To assess the corrosion problems in each of the plants

and study the methods that have besn used to control corrosion.

2. To study some specific corrosion problems of the plants and

make recommendations.




To assist the fertilizer units in improving and developirg

newer technigues of corrosion monitoring ané protection.

To prepare a final report, based on the findings of the

mission, giving the recommendations on further action.




B. Phasing of the Project

After arrival to India, the author and his counterpart Dr.H.Ghosh
of Project and Development India Ltd., visited various fertilizer

Plants to fulfill the requirements of UNDP Project DP/IND/8%5/006/11-03.

After discussions with Mr. J¢ /5., and Mr. sat Pal from UNDP Office
in New Delhi and Mr. J.X. Scndhi G.M., Projects 2né Cevelcgmens Iad:is
Ltd., we have proposeé a programme of work ard basic activities o an
expert as a prelimiﬁary action plan. The route of visits was realised

in the following way:-

l. shriram Fertilizer & Chemicals, Kota - 21st Marzh to 26th March

2. IFFCO, Kandla

23th March to 2ad April

3. MFL, Madras 4th April to 9th April

- ) ~ - t: Iy A—'b’iﬂ-—(' lé\gi
Y NFL, /;n'}l\k ',QMM
During the time of the expert's visit to different factories,
Dr. H.Ghosh was assisting in discussing and analysing corrosion problems .
The plant authorities present in each plant are given in Annex.I.

The final report has been prepared, discussed and handed over to
UNDP at New Delhi, at the end of the mission.
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III. SUMMARY QF CONCLUSIONS AND RECOMMENDATYIONS

1.

The technical level of plant staff jn corrosion measures
concerning internal failures of equipment, piping systems
and process equipment is adegquate to provicde control,

maintenance and repair,

Painting technclogy of steel Structures, which are in several

Plants corrcded. nee-s fercher cdevelopment ang training,

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

Preliminary quidance for pPainting steel structures has been
elaborated as annex to this report.

Sand blasting and water/vapour cleaning are the weak pointg

in maintenance of Steel structures by painting in all visited

Baked epoxy-phenolic Systems for protection heat exchangers
are recommended, for replacing stainlecs steel bv carbon Steel,

sand blasted and painted.

Reinforced plastics and poliefkylene or polipropylene shoulgd
be adopted for tanks and piping systems where applicable, as
well as for duckts, fans and ventilation equipment,

Weather resistant steel according to ISO 5952 standard should
be used for wile C€orrosive environments and light—gauge steel
structures .




i. SHRIRAM FERTILISERS & CHEMICALS : XOTA

The Fertiliser Unit of shriram Fertilisers & Chemicals, Kota
was commissioned in Feb., 1969. The installed Ammcria plant capacity
was 450 T/D & Urea plant capacity of 700 T/D. During Fertiliser
expansicn in Oct., 1974 the plant capacities were i.creased to 600

T/D Ammonjia & 1000 T/D Urea.

The Ammonia plant has been commissicned under the process
lizernce of M/e Haldor Toosce 3A/S Denmark with M/g Chiveda Engineering

& Construction Co. Japan as the main plant contractors.

Urea plant was commissioned under the licence of M/s Stamicarbon,
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 buildings. There are practically no wet proceeses in production.

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

season, activity of ammonia due to high humidity is influencing paint coatings
of steel structures are in good condition. Aluminium alkyd paint coat is
covering steel structures without metal corrosion failures. Technological
process of Urea production is conducted already for last 20 years. The
engineering staffs are of good technical level. The installations are

maintained properly.

We have discussed following problems concerning technological process -

of production and scme troubles existing in the plant.

AMditional synthesis water cooler in armonia plant installed in Feb.198%

after pressure testing and cleaning was perforated (July 1986). Tube

naterial was SS 1O4L seamless. Ciloride content was maintained at 200 ppm

and after fZirst leakages appear:ng the content was recduced to SO ppm,but
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it 2id a0t help. The gas temperature is 200°C at inlet ané 70°C on

outlet. Cooling water from closed circulaticn systen. It was recommended

TO raint with epoxy-phenolic-high temper-ture cured sandblasted carbhon
steel, used as replacement materjal for S35 304L. Two coats of a epoxy-
phenolic primer and three coats of enamel should be used. The total
thickness recommended is xzinimum 290 mikrons. Heating of cooler by means

of ammonia converter outlet gas at 200°%¢ for 1 h. Paint supplier should give
results of testing paint system durability and examination report. 5 years
of coating durability is expected for this type cf crctecticon saving SS,

ter consumption, Jezcsit formation ané heat transier. Micresiological tests

]

for bacteria and fungi are recommended and is a xust.

Carbon dioxide compressor cooler in emmonia plant feeded with water from

open circulation system with carbon dioxide gas temperatures 150-160°C

was installed in 1969. During the last two years tube leakages have occured
in SS 304 steel 2.4 mm thickness. This grade of SS should Le replaced by
AISI J16L or urea gracde which will be better material to sustain

carrosion.

Hot potassium carbonate reboilder in ammonia plant undergoes after one year

extensive cor: .ion behind the overlay made from SS 304L. The tubesheet from
§-25-C overlaying with SUS 28 was failed. The solution composition was
potasium carbonate 308, DEA 3% and Vanadium pentoxide 0.3-0.4%. Process

gas temperature 17o°c, solution temperature 118°c. E-Brite 29-l1 alloy with
C-0.001 and Cr.26.0 was recommended and everlay of tube sheet made from

304L instead of carbon steel (galvanic corrossion) .

Air water cooler in compressor compartnent (Toshiba) made from copper Pipes

and baffles was bedly perforated prcbably due to ammonia content in the air,
Hot Qip tin coating should be applied by immersing in molten tin into leakages

on joining surfaces.
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Ammonia plant cooling water closed svstem are concrolled as follows:

PH 6.5-8.0, total hardness - 80-140 ppm, total shesghate - 20-30 gom, total
solids- 300-600 pom, free chlorine - not traceable, chleride ion -
less then 50 pom. Biological contaminated cooling water needs organic

quarternery amines treatment.

Ammonia plant open water svstem is controlled as follow: pH 7.0-7.7,

chloride - 25 to 35 ppm, conductivity - 700-1400, mOhm/cm .

Crea pilaat ciosec water svstem is controllec as fcllows: pd 6.3 =2 8.0,

total hardness 80-140 ppm, total phosphate 15-20 Spm, total solids 300
to 500 ppm, free chlorine not detectable, chloride less then 50 Ppm, No’
corrosion problems have been observed due to water composition variations.

General status of water treatment level has been referred aud discussed.

Boilers for steam generation/power plant are undergoing atmospheric

corrosion during the shutdown periocd. The reason is dew condensation
during the night, accumilation of corrosive dust and water drainage.
Volatile vapour phase organic inhibitors like cyclchexamine carbonate
in powder form, gas or tablets are recommended. 5 gm. of inhikitor is
recommended per 1 cubic meter of space. After treatment all openings
should be closed by means of stoppers. Hydrazine solution in water for
flusning, with nitrzogen over pressure after-treatment, may also be

adapted.

Standardisation of corrosion problems have been discussed, some

useful standards were selected and handed over to plant personnel.
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2. INDIAN FARMERS FERTILISER CQOPERATIVE LTD. XAlD:

A. Findings

The Indian Farmers Fertiliser Co-operative Ltd., (ZFTC0)
cperating Xandla Unit is marufacturing NPX and OAP fertilisers.
The production amount (Install Capacity) 885 thousand tons per

year or 310 thousand tons per year 2, 05

IFFX Kandla Unit is contributing 26% of the countries total

production of NPX/DAF fertilisers. Raw materials are imported

(Phosphoric Acid Corcentrated and Potasn), Urea and Ammonia -~re

supplied by IFFCD KAIOL Unit. T

The Plant wac designed and supplied by Hindustan Dorr Oliver Ltd.,

Ammonia Storage Tank has been designed by UHDE Gmbi, Dortmund, Germany. -

The Plant is located on the water fron adjacent to Kandla Port Trust
0il Jetty. The plant was built at a cost of about 25 Million Dollars
(30 Crores Rupees) with two streams producing 3 gra’es NPK based on
DAP. Commercial production started in January, 1975. The capacity of
the plant has been doubled at cost of 23 Million Dollars, two more
streams have been added (Kandla Phase -II'. The commercial production
started from September, 198l1.

The plant consists of four identical streams. Phosphoric Acid is

pumped to a pre-neutralizer and reacted with ammonia to form a boiling -
slurry containing 80% solids. This slurry is pumped =5 the granulator
where it is further ammoniated and is mixed with dry urea, potash and
filler.

The dry rough material and a slirry get throrghly mixed and gramilaced
in the granulator. The granulated material containing about 2.5¢ moisture

is dried in a rotary dryer and send for screening.
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A number of cyclcnes are provided to collect and reccver cust
jererated. Dust escaping the cyclones alongwith Zfumes from
pre-neutralizer and granulator are scrubbed in four scrubbders

with dilute phosphoric acid.

There are phosphoric acid angé ammonia storage tanks and as well

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

the factory, but the climatic conditions are favourable because cf

lew humidity, low rainfall ané long distance frem =he opern sea. In
neardy to the factery con 2 larce aresz crystalline sait is proce-xsed Sy
evaporating sea water, storage of rough salt deposit (Nacl) angd

purification of salt by shuffling salt crystals through out the air.
The following are the main areas of corrosion in IFFCO Plant.

(1) 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 hydrochloric storage tank roofs.

(5) M.s. Water storage tank.

(1) There are a number of steel structures in the plant like
roof - structures in the N.P.K Plant, 0ld potash storage,
stXuctures and gratings for supporting the equipments in
scrubbing area, structures in screen house, structures in bagging
plant etc. They are corroding due to ccastal saline environment
(NPK/DAP), Fertiliser dust, acid fumes at selective locations.
Maintenance painting has been used =o Protect steel scructures by
plainting yearly or once in two years with cne of the following
plainting systeass:

(a) Surface prep:ration by sand Slasting, applicaticn of two coats »f
epcxy rec- cx.de/zinc ghospnate primer (40-50 Microne per coat)
followed Dy tvo coats of coal tar epcxy paint (90-100 Microns per coat).




(b} Wherever sand blasting is not possible the above Tainting svstem

is foilowed after preparing the surface by mechanical cleaning
anéd chemical cleaning. Rust cenverzor compcundé is alsc azplied cn

structures tefore application of primer.

(¢) surlace preparaticn by sand blasting, application of *wo czats of
zinc rich primer (35-40) Microne per coat) followed by two coats

of polyurathane paint ( 35-40 Microns per coat).

The surface painted with epsxv coal tar system and polyvurathance 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 environment due tc which dust settles on the surfaces
immediately after sand blasting and alsc after completion of first

cost of paint.

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

becomes the limitation.

Wherever new structures are erected, the surfaces are cainted after
fabrication and before erection at site. The probiem in such cases

is damage of paint during transporation and erection. Also scme of the
attachments are welded at site. The present practice is to clean such
damaged surface mechanically and touch them with the same paints. It
has been noticed that paint fails first at these places and weakens the

whole structurces.

(2) The causes of corrosion of R.C.C. Structures are the same.
At present there is no effective corrosion protection system
for super structures and sub- soil structures Sut IFFCD are
considering to apply suitable protective coating on R.C.C.
Pagtoculazly IFFCO are nct vet able to find any suizable remecdial

acticn for reducing/protecting the corros:ion of sud-soil




structures such as piles/raf: fcuncdation etc. Alsc IFFCD -

are facing corrosicn proclem of exrosed reinforcement bars

in ccncrete structures.

The insulatiun of ammonia pipe lines anc storage tanks was

carried out with Thermocole - slabs ané pipe-sections, which

have joints and allow the moisture to reach upto the metal surface.

it order to have better pverformance of insulation and to avoid corrosicn
ITTCC are cianning ¢3o proceed with the PUR insulaticn svstem and

rneeds guicelines.

Acid fumes come but of the phosphoric acid tank through vent pipes and
cause corrosion on the tank roofs. Presently this is being solwved by
frequently washing of roofs and application of chlorinated painting

system,

IFFCO are still not able to find a suitable painting system for M.S.
water storage tank (drinking water) for application of M.S. surface.
Presently IFFCO are applying sand blasting followed by two coats of
zinc rich primer and four ccats "Asphaltene”™ finish paint of M/s

Bergar paints.

Generally the life time of paint coatings on structural steels in Phos.

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

steels in other areas like ammonia, Bagging § Shippirg, Postash Storage

etc.

Any type/quality of painting applied so .. on Ammonia unlcading Arm

(Oil Jetty) tends to cake, resulting into peeling off of the coating within

six months. This allows the exposure of metallic surface of the .:im to

the saline weather.




B. Recocmmendaticons

Juring the meeting held at IFFCO - KANDLA ( see list of participanz
on ANNEX.II) the recommendations have been given for all questiorns

Fresented in point )A. Findings).

3ecause most interested topics were ccnnected with the steel
striuctures protecti:zr problem, an ANNEZX.IIT wag trerared "Stael
structures painting, General guidance for IFFCO - Kandla (see
ANNEX.III)

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

and lack of experience in exploitatior of such type of industrial
buildings in chemical process industries. Not in each case the

distance between concrete surface and reinforcement is adequate (%0 mm).
Cutside protection should be used by means of epoxy coatings (also

Coal tar epoxy) after cleaning of loose material and by means of
pressurised wasiing with vapour. This washing procedure will prolong

the curability of buildings after applicacion of resistent anti-
corrosive top coating (not primer). For repair‘ng the Polymer cement
concrete (PCC' in critical areas. Spec:ialised enterprices should ceriorm

this repairs as soon as possitle.

Insulated ammonia Storage tanks and pipes. should be protected by one

of following systems:-

Urethane primer ( 2 coats ~70 um) after sandhblasting (see ANNEX.IIIX)
for proper sandblasting requirements), followed by urethane foan
application and final coasting by means of butyl cautchuck compositicn
(€.g. ESSO ~ VAPALONE) in 500 um coat. Isolation thickness should be
calculated (often about 40 smn of PUR foaming with d= 35 to 50 kg/al).




Another way is an aluminium-metal cost spraved in 200 um

thickress ontc sandblasted to 3 Grade stee: surface ancd sealed

Dy low viscosity (10 s. Forc No.d) urethane primer, Foam appiicaticn
as given before. Metal spraving should be performed bv one
experienced enterprice in this kind of activities, ctherwise no

achesion 37 aluminium coat woulc be cuaranteed.

3hosgheriz  Acidé  storace ané nvizoschicric acid storage tang Recls

shculd be crotected after carefully wasning with water/vapour jet,

by means of alkyd or epoxy ester aluminium paint because of high
temperatures of roof surfaces and dew formation in the night on this
horizontally situated surfaces. Also when sand blasting is not
possible, suitable penetrating primer should be adviced by droducer of
top coast and primer suitable for hand cleaned surfaces. Two covats of
primer and three coats of aluminium paint are necessary (min.l150 unm
coat system thickness). One must take into consideration that rocof
temperature may be 30°C higher than air temperature during wind -

free periods. Ethyl silicate zinc primer is advices when sandblasting would
be possible during dismantling of the roof, followed by two aluminium

pigmented urethane coatings (150 - 200 um total thickness).

M.S. Water Storage Tank. should be protected after sandblasting with

zinc primer (two coasts) PUR, EP (amide hardner) or ethyle silicate. The top
coat should be selected from those available in India (non-taxic and tasteiess)

solventless epoxides are also suitable.

The solution o Acmonia Unloading Arm ( Cil Jetty) Corzosion problems

should be performed after testing recommended materials Phenolics, $.S. 316, °
PUR coatings on Al sprayed underlayer (200 up) as well as ethylsilicate zinc
primer + PUR system of top coatings should be checked.

The Salt Fields surrounding the IFPCO Plant are one of the main factors

influencing corrosion processes.




The IFFCO KAIQL Unit preoducing ammcnia and urea and
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IFFCY : XAIJL

scme ccrrosion problems in different section of the plants. They

zre

-

&

. High pressure condensor.

Corresion of CD2 lines after the separator ané coclers
and corrosion of inter stage separators. (Urea Plant)

High oressure strippers: (urea plant)

The tubes of the stripoer at the bettom portion and outlet

line at the bend are getting corroded.

Shell side : Steam,
pressure 18-19 kg/cm2
Tukbe side : (liguid + gas )

Pressure 140 - 150 kg/cm2

temperatures - 170 - 180°C.
Material of construction - AISI 316 S.S.
(Uzea Plant)
The AISI 116 S.S. tubes are get:ing c¢orroded. The condizion

ocf the condensor are given bSelow:

Shell side -~
Tube side -

steam (Pressure 1.5. kg)
pressure 140-150 kg/cm2
Tecperacture - 165 - 170 .

Furnace side tudes of 60 ata steam boiler are getting
corroded and leaked.

is experiencing
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S. Concrete structures of prilling tower walls (top and bottom)

Silo walls, bagging plant hoppers and floors are getting by
urea dust.

6. In secticides plant: All vessels, columns, pumps and lines

are heavily corroded.
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b, Recommendation.

In all the corrosion czses mentioned are without details informations
pertaining to the corrosion failure such as history of failure,

material of constructicn, (in some cases) pProcess parameter, process
Zluctuaticn if any, remedial measures taken and their evaluaticn etc.

I view of this it is prcposeé that F-DIL shiould be concacted for Cetailed
investigation of such problems. It is quite likely that some metrallugical
tests, together with scale/deposit analysis will be necessary. A general

recommendation can however be given:-

High press strippere and condensors.

Material equivalent to sandivik 2 RE 69 may be tried.

Interstage coolers and separators.

The corrosion might be from coooling water side, and in case of

Co2 leakage the corrosion of steel would be further aggravated.

Purnace tube fajiluyce:

Water quality is to be checked. Failed tube portion must be analysed
for deposits and metrallugical change.

Concrete structures.

The problem needs site inspection and after that suitable costing
say be recommended. Insecticide plant component. It needs detailed
study ac site.
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AADRAS FERTILIZERS LIMITED N

A. FINDINGS

Madras Fertilizers Limited is a Public Sector organisation

situated at Manali, Madras (Tamilnadu). The cpen sea is only faour kilo
Recers Ircm the factory. MFL have 750 tonnes per day ammonia plant and a 885
tinnes per day urea piant. MFL also have a three trains of NPK plant.

MFL also have a three trains of NPK glant with a cazacity of 1é30 tonnes

LJ)

er lay. The annual capacity in terms cf saleatle croducts is 153,000

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

The ammonia plant is of “Chemico” design using the naphtha- steam reformation
route. Naphtha is obtained from the Madras Refineries Limited plant located
neardy. Urea is manufactured by Chemico total recycle process. All the
three units of NPK plant are designed and built by Dorr Oliver. The

units are identical except that in one TVA granulation unit, while in others
blunger units are used. The plant has been commissioned in 1970 with small
expansion. The task force report dealing with maintenance procedures have
been prepared in March 1979. Turn arocund inspection reports are properly
documented (3980 - 1982, 1984-1985, 1986-87).

AMMCNIA PLANT

1. Rust is carried over from naphtha tanks (C.S)to reformer burner
causing blocking of burner Jo0zzles.

2. L.T.byepass valve (C.S.) is undergoing corrosion cracking on
the valve spindles.

3. Carbon-di-oxide absorber lst bed is corroced on the shell side
(C.S.). The incoming gas (H2 54, CD2 208 OO 2.33, CH4 0.4%, N2 21s )
H20 (V)) at 202 =217 Deg C and 27 Kg/cm2 pressure is absorbed in
“Catacardb” solution for (02 removal (Vanadium pentoxide and borate
are used at present).

4. Carbon-di-axide overhead condenser shell (C.S.) undergoes general

corrosion,




Methanation haat exchanger (C.S) get corrocded. This is

a gas to gas heat exchanger. The inccming gas containing
CO2 and CO at 150 Deg C in the shell side is exchanged with
methanator outlet gas at 343 Deg C in the tube side. Most of

the failures were located at the tube to tube sheet joint.

6. External corrosion of pipings & structures (C.S) by prill &us:,
NPK dust, SO02 ané moisture are generally acbserved.

N P K PLANT

1 Corrosion of steel structures by NPK dust are generally observed.

2 Deterioration/cracking of concrete structures by NPK/prill dust

3 allocated in supporting structures.

3 Deterioration of concrate structures, conveyors and elevators
in XCl handling are observed.

4 Fans and ducts (C.S) tubes goes erosion/corrosion by NPX dust.

S. Phosphoric acide corrosion of tanker baffles (SS 316 L) has been
stated after 10 years of service.

UREA PLANT

1l Prill twoer concrete is degraded by prill dust

2 SCC of SS piping under insulation by Cl pick up is cbserved

PLANT UTILITIES

S02 corrosion of carcbon stqcl structures in the boiler
vicinity has been stated.

I.0. fan (C.S) has a deposits/erosion problea.

Piber reinforced plastics used for HCl handling goes on
cracking.

Corrosion of C.S. structural steel from HCl fumes are ohserved.
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5 Corroswen of cross country pipeline (C.S) fram ccoling

water sprar from coooling tower fan is observed.
PCTASH STORAGE (KCl)

The pctash storage is in verv bad condtion. Most of the columns
have cracked exposing reinforcement. The support channels for
electrical cables have collapsed. The gotash storace needs extensive

regair.

UREA PRTLLING TOWER

Some circumferential cracks on the RCC structure con the outside
were noticed. The metal structure including stairs are badly corroded

(for replacement).

CROSS COUNTRY PIPELINE
CO2 Pipeline Ladly pitted.

The concrete or naphtha pipeline found cracked and broken at number
of places. Service water pipeline was corroded badly by plate-rust
2.0 mm thick under the paint coat,

UREA/NPK STEEL STRUCTURES

During inspection of external corrosion and paint coating failures

following structures have been found badly corroded and needs replacemant
or repainting. Vent like silencer supports, 'platfom sSupports, reactor
outlet line and supports, platform supports at different elevations,
placform on east side, ammonia storage tank supports, main vertical

sugports in compressor house and cross supports, staircase structures,
horizontal supports close to evaporators, leg-valve platform angle supports,
vent stack supports, entry plaffora to lift, platform at nozzle floors,
water hose supports roof supporting structuresin storages areas. EnTineering
Inspection staff have prepared suitable documentary cutput (insp« .on

report) for further action.
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B. RECOMMENDATIONS
1. Heat Exchangers

It is suggested to paint carbon seel (M.S) éxchanqez
tubes replacing S.S. tubes as well as shell side of
exchangers using a epoxide-phenolic baked primer, two
ccats, and 2 top coats baked 180 Deg C. The system is
(4 coats) of total thickness approximately 200 um. It
will also control algae growth and deposit/scale
formation. It is suggested to cooperate in this subject
with some petroleum plant (refinery) in Haéras. Sand
blasting 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
blasting of new tank for naphtha feeding reformer burner.
The deposits from old tank should be analysed for Zn and Fe,
do to possibly of low adhesion of zinc epaxy primer and
transporting deposits through filter to the burner. Cathodic

protection applied by specialised firms is advised.
3. External Corrosion of piping & structures

a) Piping should be repainted after washing with water
(condensate) or water/vapour jet by means of pressurized
equipment. Before painting - sand blasting is necessary for
synthetic paints like chlorinated rubber, epaxy, coaltar
epoxy, urethane. For alkyd primers, when penetrating agent
is present, mechanical surface cleaning by pressurised tools
are advisabls.

For long term protection Al or Zn spraying with painc
sealer is recommended. Before applicacion of thermal
insulation, sand blasting is necessary with urethans primer +

urethane top coat protection of steel. Coirosivity 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 (ASTM) . Urethane foaming insulation needs outside

protection by suitable sealer paint (butyl rubber) of 0.5. mm
thickness. Chloride containing insulation materials are prohibit for

SS piping.

Steel structures like tanks and heavy steel girders are

washed with water vapour jet. sand blasted with air and

primed instantly, when painted. On next day water/vapour cleaning
is advised before priming. Time of painting is 6.00 - 10.00 a.m.
and 3.00 - 6.00 p.m. Surface temperacure not exceeding 40 Deg C
during sunny weather periods. Surface temperature is about 30 Deg

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

Fast drying of paint coat stops paint flow and adhesion, lowering
paint system durability. Water/vapur cleaning with condensate water
to make all salt contamination soluble. After drying (maximum 15
minutes) priming is necessary. Steel structures made from light
gauge steel profiles should be maintained by mechanical cleaning
with air powered tools followed by water/vapour jet cleaning.
Penetrating primer based on alkyd/phenolic resins may be used (2 coats)
followed by 2 coats of alkyd or chlorinated ru:-her epoxy with top
coat. Aluminium paints and iron oxide paints should be used.

The essential requirements is freedom of salt/acid/potash impurities
an steel surface before priming and painting of steel structures

when surface temperatures are below 40 Deg C. The limited tecperature
for exposure chlorinated rubber coats is about 70 Deg C. The
radiation is limiting the use of epoxy coating as only suitable for
intarnal environments. These 2 pack epoxy paints when exposed out
doors are loosing the protective value very soon ( 1-2 yeare ).

The coat should be protected by means of urethane top coat when applied
cutside especially on roofs as the most suitable for fertilizer planc.
Zthyl Silicace (2 pack) primer should be recoomended with urethare
inter and top coats (300 microns). Electro magnetic non destructive
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thickness tester for paint coatings on blasted steel should be used.

4 Deposit of potassium compound is often causing corrosion in the
installation beyond secondary reformer. Potassium compund from the primary
reforrer catalyst along with potassium compounds in the temperature of
300-400 Deg C are causing corrosive attach on carbon steel components
towards the lower temperature limits. These compounds would lead to
alkaline cendition during concensation cf water wagour present the cas.
The highiy alkaline condition at the existing gas temperature can

cause stress corrosion cracking of stressed coﬁponent of the valve, e.g.
spindle, etc. Duplex stainless steel valve of the type Ferralium Alloy
255 or equivalent can be tried to avoid S.C.C.

S In carbon-di-oxide removal system carbon steel is subjected to
correosiond attack in presence of hot agquous solution of CO2 in K2C03
and armine. Other absorbants present in the ‘'catacarb'’ solution and
higher stream velocity would accelerate the corrosion rate. Material

of the type Sandvik 2RE69 (C 0.02, Cr. 25, Ni 22, Mo 2.1, N 0.12) has
solved corrosion problem in (02 removal system and the same may be tried
in the plant.

6 The corrosion of the overhead condenser may be done to the coruicnsation
of 002 in water making the solution acidic to react with carbza steel.

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

7 The corrosion problems faced in the methanation heat exchanger is due
to the carry over of “catacarb” solution along with the gas stream (at
150 Deg C and 26 Kg/Cn2 pressure) on the shell side. The tube to tube
sheet joint of the methanator outlet (343 Deg C) being the most vulnerable
zone is attached by the "catacard” solution. Suitable SS corrosion
resistance material mav be a probable solution, but possibility of
stoppage of "catacarb” carry over at the source point would be a tetter
proposition.

The corrosiion of naphtha pipeline was originally of S Cr, 1/2 Mo, steel
which have now been replaced by AISI 321 SS pipeline and no corrosion is

observed at present,
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8 Regarding preservation of exchanger/condenser tubing
during shit down, it is recommended that the exchangers and
condensers are to be fillegd up preferably with D.M. water
with cyclohexylamine or hydrazine as oxXygen scavenger and the

system is to be plugged.

PDIL has facilities to monitor on Stream corrosion rate for

cooling water system.

-y ' T
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C. REPAINTING OF SADLY CORRODED STTEL ELEMENTS

In case areas and buildings Iight Gauge steel elements are

corroded in a very large extent. Rusting is observed with crevices

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

Stress corrosion cracking, when the girder is under the stress
(generally horizontally situated profiles). After hammering ané
scrapping followed lby brushing, the designer should decide if

inspected part is reccmmended for replacement or regainting.

Generzlly badly corroded elements are nct easily cleaned up, even

by sand blasting, and needs replacement. Paint coat aurability 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 gquality is highly
increased by chloride ions (from potassium chloride, sodium chloride and
magnesium chloride) occuring in MFL as fog, powder or mist. Chloride ions
are responsible for beta-FeOCH formation leading to magnetite formation,
Crevice corrosion and plate rust. Embrittlement of steel and loss of
their ductility are the main contributing factors of failures during

windy periods of the year.

Inspecting steel elements only be measuring thickness is not adequate,
Decause of hydrogen embrittlement of M.S. when exposed to certain
environment e.g. acidic. Complete metallurgical testing should be
performed for estimating important steel parameters in laboratory
conditions. Steel elements must be cleaned Sy sand blasting (not
Pickling). Yield strength of steel and hardrness are important parameters

for further decisions (repainting or replacement).
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.NATIONAL FERTILIZERS LIMITED
PANIPAT.

A, FI'DINGS.

Ammonia Plant is designed to nroduce 90C Te/Day
ammonia based on partial oxidatian of Residual fuel o0il/
LSHS by SHELL GASIFICATIOIN process at a pressure of
SSh/szG. The Plant is laid out in single stream except
for the three gasificatian units. The unreactad carbon
from gasification section equivalent to 1.5% of feed-
stack is obtained as carbon water and treatad in Carbon
Recovery Sectian. Carbon is recycled back alsnguith feed
stock anc the rest is burnt i as fuel in Auxiliary boilsrs.
Waste heat from gasification section is utilisea in gens-
rating 105k/Ca%G steam in Waste Heat Boilers.

The raw synthesis gas is further processed Por H23
and Cﬂz removal in the different stages by low temperature
RECTISOL PROCESS. Before CD2 removal snift conversion is
employed using HT catalyst. The uaste heat from shift
conversion is used partly in ebsorption refrigeratisn unit
for Rectisol Section and partly for generating low pressure
steam. The CO2 removed in this section is sent to Urea Plant.

After CO, removal, decarbonatad gas is sent to Nitrogen
vash unit vhere it is scrubbed with liquid nitrogen at
(-)190°C and 38 h/ans pressure to remove carben monixids
and methane as tail gas.

After purification in nitrogen wash unit, the synthesis
gas is compressed to 230h/CQZG and ammonia synthesis is
carried out in HALDOR TOPSQE loop employing radial flow
convertor.

The Oxygen requirement for partisl oxidation in gasi-
fication process, nitrogen requirement for synthesis gas and
utility nitrogen, liquid nitrogen ars produced in an air
sepsration plant having a capacity to process 1,34,400 N-S/hr.'
of feed air. Air separation and nitrogen wash unit are
supplied by M/s BHPV, India with collaboration of M/s Air
Liquide,france.
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Urea Plant is designed to oroduce 1550 tonnes/day
urea, based on MITSUI-TOASU TJTAL RECYCLE ™ C® IMPROVED

PROCISS. Ammonia ana CUZ are comoressed to a pressure

of 250 atmosphere anc alloued to react inside a Titanium
lined reactor at about -200°C. 30% Urea is produced at the
exijt of the reactor. The unreactad ammonia and COZ are
removed in the doun stream purification section. The 30%
urea solution obtaimed is Purther concentrated in thres
stages; the last being at = 660mm Hg Vaccum in the crys-

tallizer. In the crystallizer about 704 crystals are
formed. The arystals are centrifujed ano caonveyed to the
orilling towuer tos at a height of about 63 metasrs. The
urea crystals are melted ang sprayed in the prilling

towver.

Following questions are to be discussed:

1. Houw to protect RCC surface in dust chamber of prilling
touer from urea solution? At prescnt, soclution frae

epoxy coating 1s done every year. This is a time consuming
Job and due to limitsed period available during annual turn
around, the job is not executad as per standard specifications.
We would like you to suggest a system whidh can be executed

in shorter period,

2y Hou to protect floor in the prilling touer from urea
solution attack? 1Is there any protactive coating material
which can be executed on wet surface?

3. 1ls there any additive uhich can make the concret whilg
casting, resistance to urea solution?

4. How to protect asbostos sheets from the urea dust
attach on economical cost? Is replacsment the only solution?

S. How to protect Ploors of bagging plant whaen urea is
stored.

6. In D.M.Plant the drains carrying regenrated effluents
containing dilute sulphuric acid and caustic solution get
cracked/damaged uwith the result the Poundations and floors
are getting damaged or corroded. Is there sany materisl for
costing the drains for their protection from dilute sulphuric
scid and caustic solution? After damage to the drains we
have laid HOP pipelines in the tsenches alonguwith the troughs
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made of PVC sheets, but again due to the leakages
from the PVC, Acid and Alkali is jetting intoc the floor.

7. 1s there any moist chlorine rasistant saint for steel
structure and the equioments?

3. Erosion/corrosion is 6c:uring in the nipss and pipe-
fittings in the ash disposal system. The material of piping
and pipa Pittings is mild steel, .3 there any alternate
material which can be used in place of existing nick}@ hard
cast iron/M.3. material.

9. In Gasification sectisn pipes thickness down strsam of
Waste Heat Boiler got rzduced from 12 m@ tc 3 mm in 2 period
of about 10 years plant cperation. Tha matarial of piping

is 0.5 Mo. Is there any other alternate datarial which can
replace the existing material? The gas contains carbon
particles, HZS etc. The temperature varies from 318°C- 144°C,
The gas analysis is as under:

€0, 5.52%, CO 48.12%, H, 44.22%, O, 0.S0%, N, 0.28%,

A, 0.55% H,3 0.74, C0S 0.08%.

10. There is corrosion in Methanol-water rectifier. This

tower is part of the Rectisol absorber. The distillation

of about 3ﬂ3/hr. methanol is carried out to maintain methanol
purity. Besides water-methanol also contains H S and HCN in
small quantities. The pH of the bottom product2 is around S.
The tower, shell ana trays are of carbon steel. Heavy corrosion
has been observed at the lower portion of the tower.

11. Fouling and corrosion in lean/semi-lean methanol heat
exchangers has been observed. There are six number of heat
exchangers in series, the process parameters ara as under:

Shel]l sjde. Tube side.

Process Fluid. Lean Methanol. §oaded methanol.
Analysis: Methanol 984 Methanol 984

HyS {5aq/L . M3 L 10gms/L.

Total sulphur. HCN 1ppm.

L1 oa/L.

Rest Water. Rest water.
Operating Temps.in/out="C. 96/=-20 -33.5/88
Cpersting Pr.u/HG 25 28

Materials of constructisn are carbon steesl.




Cesign Temp. Shell. Tube.
H.Exch.A -30°C -as°¢C,

H.Exch.8 15a°cC -11°¢c.
ri.Exeh.C,0,E,F. " 1s0%C 120°¢C.

Tube leakages have been observed in the exchangers
C,E,F after about 4 years of operation.

12. Corrosion in Air Comprassor inter-cooler.

Heavy fouling and corrosion has been observed in

the Air Compressor inter-cocler, on air side. Tha pressure

drope has increased from 0.1k/Ca“ to 0.7%/Cn2 vithin an
operation of about 24 months. Both shell and tubes ars
of carbon steel. The fouling is mostly on the cold ends
where the water in the air gets condensed.

13. 1ls there any anti-corrosive paint which can be used
for the pipings and valves in order to avoid a corrosion
due to atmospher containing HZS? The temperature in the
pipelines and pipe fittings is as lou as =~ 706°C.

14, Steel structures comim in contact with urea dust

are painted with epoxy base paints, but the paints get

spoiled within 6 months. Is there any better paint or

protective method'uhjch can keep the stesel structure in
good condition?

15. The atmosphers in the cooling touwer is aluays
humsid and carry lot of vater vapours. Is there any
paint which can be 3 used on the stsel structures and
equipments under wet conditions?

16. Corrosion of carbon steel jacket of first-stage
Kobs Compressor in Ures Plant Por carbon dioxide. The
steel plates get corroded by cooling water after one
year of service. The gas temperaturs is 140°C.

17. Thrust-shoe (uhite metal) of Kobe Cospressor
gets corroded after one yessr servics.
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8--RECOHHEMJATIONS.

Te Solventless epoxy is suitable only after wvater/stsam
high prassure cleaning ana ¢rying of intact cancrete surfacs.
Fluorosilicate treatment is advised for sealing.

2. The floor should be made by scecialised firm. The ceramic
material should be bounded and sealed at surface. The floor must
be resistant to external mechanical demage.

3. Good results have been obtained by means of Fluorosilicate
treatment or oxalic acid(10%) sealing after washing with water/
steam vith high pressure jet cleaning equipment,

1. Asbestos sheats shduld be replaced by corrogated sheets
covered with Infacrylic coating. |

S. Ceramic material sealed with synthetic putty (Habenite type)
should be applied by specialized Pirms.

6. The main problem in protecting Ploors and foundations is
not only acid resistant material but sealing comoound (Habenite
type) resistant against both alkali and acid. In some cases hot
applied asphaltic mastics uwith innert pigment and PVC sheets are
suitable,

7. Vinyl coatings (250 um) are resistant against chlorine and
vater on steel structures.

8. Failure machénism should be stucied on piping material
before replacement. The recommendations from the supplier of

the material may be adopted.
Ten ¥cars
9. [Ins operating period should be generally accepted under

aggresdve corrosive snvironesnt., Ouplex steel for such services
can be tried,

10. The corrosion is due to the acidic conditions in the Methanol/
vater rectifier. Injection of some alkaline media is recommended
to improve the pH. Morpholine or imidom 1ine cen be tried,

11« The corrosion of csrbon steel tubes in lesn/semi-lean
Methanol hest exchangers is due to the corrosive ingradients such
as st, HCN, COS etc. alonguith mcisture present in the gas. Some
corrosion resistant stainless steel can be tried as a suitable
msaterial,
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12, The deposit an;lysis should be made to estimate if the
sust contains Fs anc organic material(fculing). ~ir filtration
shoulac be cnecked. Applic-tion of baked phenalic epoxy paint
(3akaphene type) 2.0 pa at 18G°C (baking temperature during one
hour for each coat) racduce wet corrosisn acceleratad by 3Sulphur
Uioxide.

13. Urethane paints baked or tuo-pack, after metal preperation
by sand blasting are recommended. Aluminium sprayed metal
coating of 200 pm thickness with sealer compounds is alsc
suitable for valves working in low temperatures.

14. Painting technology should be improved according to the
suoslier's recommendations and standards(DIN, ISI).

15. Shields should S5e applied during oainting. Water emulsion
paints are sometimes suitable uvhen properly used.

16. Alumioium metal spray coat thickness 200 microns after
sand blasting followed by epoxide tuo-pack sealer of lou viscosity
(10 Sec. on ford cup No.4) will be suitable.

17. The corrosion of thrust shoe appears to be fretting type
or selective corrosion. However, further study is advised.
fietallographical analysis, lubricating oil analysis should be
carried out. Replacement of o0il should be performed after
shorter a duration. Possibly Cd electro-plating (12 microns)
on the thrust shoe may reduce corrosion.

NOT 1ab. at Panipat is adequately squipplid to tackle
all the inspection jobs of the plant. However, inspection by
Fibroscope should have camera attachment. Chemical Lab.is
doing analysis by corrosion test coupons which is not sufficient
Por determining the type of corrosion. It is recommended that
surface profile testing sethod to be adopted for detecting the
rate and type of corrosion. Instrument like Profilemeter(Taylor-
Bobson) would serve the purpose.
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ANNEX III

LIST OF PARTICIPANTS FROM MADRAS FERTILIZERS LINITED,

L VASUDEV

K R KRISHNASWAMI
K KASTHURI RANGAN
K N RAQ

.T C PITCHAPPAN
V NAMBIRAYAN
JACOB EAPEN

K V RAJAGOPALAN
B RANSAIAH

K P SUBRAMANIAN
S RANGANATHAN

P P SUBRAMANIAN
N E SRIDHARAN

S KARTHIKEYAN

D RAGHU

P NARAN

MANALI, RADRAS 609 068

CHAIRMAN & MANAGING DIRECTOR
GENERAL MANAGER

DY GENERAL MANAGER (PROJECTS)
DY BENERAL MANAGER (MAT.MET)
DY GENERAL MANABER (TECH)

DY GENERAL MANABER (MECH)

DY GENERAL MANAGER (OPTN)
MANAGER - ENG6 & INSPN
MANAGER - FIELD MAINTENANCE
PLANT MAINTENANCE MANAGER - PLANNING
PLANT INSPECTION MANAGER
ASST MANAGER - INSPECTION
ASST MANAGER - INSPECTION
ASST MANAGER - PROCESS

SR INSPECTION ENGINEER

SR INSPECTION ENGINEER




ANNEXURE~IY.,

NaT] L FZ3TILIZZ33 LImITo0
Sa 31327 uIT.
. The Fallouing of ficars particizatad ia the
giscussians:
1. Mz. Y.K.Taluar. Seneral Manager.
2. Mr.N.J.0udhe, ManageriV.3).
3. Mr.5.C.Kashyap. Manager(Pred. ).
a. Mr.V.M.V.Muthy. Manager (Projects).
S. Mr, M.K.Varsnnay. Accl.Mgor. (Mechj.
S. fir.3.L.3harcuaj. <y."anagar\rFg,.
7. fizre3.N.30neja. Qy.Manager (G2,
8. Mr.Dilbag Singh. Chief Chemist.
9. ~ Mr. P.K.Bansal. y. Manager(Civil).
19, Mr.N.S.Mothshara. Asstt.Manager (GZ). )
11. Mr. S.K.50@l. Asstt,.Manager (PE).
12. Mr.M.L.0ua, Asstt.Chief Chemist,
13. Mr. A.D.Arya, Engr. (Civil).

Mr. I.K.Suri, G.M.(Tech) has provided all the
informations partaining to corrosion control practice
and other inspection('DT) method which are in practice
in ML Units., He also highlignted the inter unit
technical exchange programme uwhich benifits the process
and maintenance personnels.
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saould have good resistance to the chenical environment.

-

lemeller pignents such as micaceous iron oxide, and aluaminiun
leafing pizuent reduces the vermeability of the film and
retarding chemical degradation by sunlignt. Red iron oxide

and titznium dioxide are generally sacceovited for cheaical
eavironnent paints but ziic oxide pigment ig less suitasle

for use in chenical environments. 3Jinc - pignent is prone
to acids.

Guide values or drying tize and temperature resistance in

table - 3.

Zpoxides Cold - Oured ( two nack )

These paints cocsist of two separete conponents :-

(1) Epoxide resin,

(2) OCurring agent.

Cold - curred epoxide paiats have good acid and alvali(amide -

curred) resistance and are ignly resistant to solvents. They




(1]
£
(1]

Jhery a2re resistant to wdrusion und wesr Tut 20t i s oo

-

cariner nnd w2iat snould se earfully zixed e iecns 9 -

stirrer ix recozenced ﬂO“tL01~. Zot lie ig linited =

Ciloriazted radder .

Cnlorinateé rubver paints siow Zood resistonce to 2lkelies,
- (&)

2.8 s2lt scluaticns but they 2re less solrent-resistznt than
e-oxine szints 24 are 2ove 27 7ected Dy exposure Lo elernied
terTer.Tires (only urto 7003) Sih - ild clloriinied
rvder nziats contain thixotrovic zcgents and yielde éry
£ilns of tiickness 50 (o 8C microzeters in one cozi. after

orusa - 2policaiion their drying - tize is nornz2lly not less

than 12 hours.

Coal tar - evoxy.

They are yielding filas 100 to 150 ua thick per coat. ‘he dry
filna develops corisiderzole nardness =2nd waier resistance.
Tie dlack colour of these paints can ve saielded by nezns of

ovier 1igznt- coloureé ciezical - resistant pzint e.g. 2luaiziuna

chlorinated mbter jaint.

Urethane vpeirts.

They are siantliar to epoxides, but 2re evatuated ag aore
resistant to sun - radiation, zechenical depage and low
teaperature edzesion. Iuie dur2bility of urethore paint systen

is veryfigght higzr (upto 15 yez2rs) in outdoor conditions.

BSthylsilicate zinc prizers (iwo-pack)

They are recoanended as the best priners for all top coats for

trozpicil earvirz.me:nt with excellent adhesion 'nd adbresjon reeist

W Vg " RN
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Silicone paints.

[$M]
ck

o o

For temper-tures Jeiween 30°C ang 20000 2luniniua he

.

regiztant silicoae paints stowld ve used o odicia good life .
tines after surface nrepzrztion by dblast cleaning. vo

or three coats o the pziats should be acnlied. 4 specizl

heat - resisting orimer is remuired (2 coats), before

applying the 2luaiaiun paint ( 2 cocts). Jor temperzfures
between 170°C ang 250%; » dinc cdust/grapiite painis are
recoamenéeé. DTiiis paint is apniied in siatle heavy cozt
i:riediziely alter vlast clezuizg.

4, METAL STTaCZ EFalaTI0N.

3last - clezning is recommended for all paint systems apvlied
to immortant steel structures a2nd to structures whose location
or function renders access difficult. It should a2ls. de used

for steel work subjected tc heavy corrosive atmosctheres, sudden
variations of temperature, altermating stresses and contimous
vibration. 3last - cleaning roushens steel and it is essential
that an adegquate tnickness of onriming naint be apnlied to

cover the teaks 72 the surfzce, adrised steel surface profiles
are given in table - 4 . Sand narticles size snould ce between
1 - 0.5 mm and no dust snould be present. Sand froa the Sea
myst not be used. A higher rate of working can be expected
and an improved degree of cleanliness can be achieved with

zecpanical method (by aeans of high pressure impact tools)
than with hand - cleaning, After sand blasting =nd blowing
toe surface with coapressed air cleaning with tan water or
condensed water should te perfomd.‘rtor 10-15 nimtes of
of dry‘.ngjpriaer coat is ap-lied. Under corrosive conditions

a bare clean netal surfice must be coated i:uediately.' Whea

Jrepared surfaces hcve L0 Se left uncoated for a long period,

€.3. over iit, they should be inmpected vefore priiing ~n4d,
if necessary , »repzred a2:2in,
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2ie uze 9 LISt mrestuT2 waler 7Rhour eqxi-ment is =2coended

- - - e e = " - - s, — Y e -
“or cilazasog w2love and after sand olusiisz.

; R - . > ~ . e B - F Y
Scecizl nensires are 1€CeISAT) WO TelOTe e Ll 2l-g, spaiter

~ - . . - R T T -2 -
ol Sl ragiines \iiice T 2000 LLInLL® T nho fels

s - - PR N ST - : e P SN S N Y - fan TIPS

\:—.".:‘.t)’ cetore ~aintins steel in the vieciudly of welis. -uis

. 3 - W S H T S T e
cin e dane 2 woshing wite Sresh walers, Zoilowed ®

s:ou1ld be deterained b neans of wet ni indicnzor nper. In ihre
czse wnen tue 3i of a suriace ntas the val-e difTerent “:en 5,5 -
7,5 - it should be aeutralised with diluted nhosphoric 2cid
wasa (0.5 % by volune) or Naz HPO, (0,1 ¥ by weight). After
that ihe surface should be dried and blown out especially

at joiats znd slois.

dzen only mecianiczl cleaning is possible, igmediztely before
paint is applied, all dust, loose va2int or oiher looze material
should e clezned from the surface by orashing iacluding washing
doum witd frech waier tnd 2 bristie Hrush, vwhere necessaTy. Jdzghing
&own nainied surfaces should e done with clean “resh water 2nd
scrubbing bruzhes followed by 2 final riasizg or hosing with clean
water and or water/vapour nixture by means dof high - pressure

@cuinaent.

wag:ing dowz is specially recoanended Jor surfaces th2% have
seen exsosed to polluted ataosphee at any tize bdefore or
éduring the painting process., 41l waghed surfaces snould dbe

allowed to dry before Jeing paizted a2fter blasting not longer

an 10 - 15 aimtes beczuze o corrosion)., -~ use oI wiite

irit f3r clexning ateel before nainting is oot seco1nended.

e o St
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STEeRLXIVLIOLL EiXRLd oe used 3t gaoleceg a2 T&LIe Tlion .

I o~ ey- $TemT op = . . S - Fve am © -, T W )
T mlilielr 10 De zlective Ansmii~ 13-22 JB Tz nerioad

e ——
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~ A S -3 - - 3 - E= N e - e ey b
=22 o relusively izaccessizle surfices ihci oramgd
Crirzii2 Nl UC renzinisd 2xce-i =% 1527 interrcls,

- - < . ~e T T . - A
Lons - 1i%e -»otection is neceszsaTy 9 iiziolistigng wiis—e

$iam o

'
n
|

eccentizl. i these cireumstances ine initizl cogzt 57

strmctures, lnclading he -eceszary zroteciive systenm, is

ol litile vzlue, us coms&red with the azitude ol ihe

losses incurred during oreakdowm.

sletal coatings(2n , 4l) with a n»2int sysien o %
coais and two finisiing coats should be used. The systea will
have 2 life equal to %h: naintensnce interral without 2llowirg

Zor danage to tize aetzl coating, seneral’y 10 years. Repainting

is very eagy,

5, 3Tal.27.3,

In Industrizl enviro-ments tze—e z-e aany nlaces where stean,
solution - splzez, exhzuet >%zes a4 fumes ore nresent,
2epainting snould be undertzizes some “izes very sftex or will
TETJ Wita the aze of the ziricture., J:e 2ecision i to

Tep2iny nay also be coaplicated 37 the Zfact that brezkdowm

is seldon unifory 211 o7er -.:e surizce, so *hot cone -~arts
327 need instant renewz2l and sihers not, If rexvy rmsting

- Wwr,yy -

develons on joints, Tep2iiting should be undertilzen 2% dnce.
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atiention sitoull ve 22id o clezazing sut ¢l crevices
sai 20llow - seciidas here dast —né dimt here calizcleé.

s crevises with a2stic raste (putty) spould e

considered elore s2inniag.

-~ . - . . e A,
Mooeé saint o sysweas it

snerally weoi 2c:i2sidn do 20t

(]

- - 1y -~ -

p & -~ . T = - - . N - . - - az
sworide & siitzile JTsiT -9% -2-zizting , 2n% ol S€

strizped as so2n 2S nossible to Yare zetzl.

,Pefore repaizting sarface qaality should ve ciaec:zed by
painter. Sparp edges, faging sarfaces and other specially
vulaeraole areas saouls e proterly trezted b7 hend sCTEDIErS,

me
-

pneedleg apd wire bruspes. =i€ -enoval of welding slag oT

spatier Iroa the zuns of welds and adjacent steelwork, is

necesgsary.

lio =recared area sinoild ve 1est unpzinted Jor longer ithan ilbe

o)
speciied tine. & vize sczedule should sreviously 22ve been
ag—eed betiween the inspector aand +he coniractor, so 28 to

engure tnis.

Smoa2dly, two kinds of gir?ace can be distingaisied 3=

are2g waere appreciable but not excessive peiant breakdown
nas occurred and where there igs soze blistering and rasting.

These areas saould be washed- down or neutr:lized, screped,

wire orusked, wasaned with water and dried. P-riaing paint

25110wed by wWo coats ol tie fintsheing peint wo:ld Se applied.



- drees wiere itle =aist has 2elesig=-3zd bidles ~nd h2s loet

e - ~ - .
mxzi2d apprecizil; .

2ese arexs sould De neuirilised |, wizhed wish wmda- znd

2log. i
tals caze, Zor czeaical gplants, two cozts o srizer are
asnlieé wil: suZlicient drying tine z2cco-i idinzg 12 Lle
“.rise ol raint aamfzefurer Jollowinzy by 2-3 conie of o

SRS (832er"iai 250 - 300 an) checied 5y nondest=ictive

“—~al T - v 10:‘-11—18 w.t.

- . o o . o,
£ 213 cxn oY ve apslied to wern surfzcez(no hiies than 43 )

P-aint aamiccturers experienced in tropiccl aprlicazticns

1e necessary 1odificuiions to0 ensure

ck

are faziliz> uit>

satisfactor; results, but calorinzted ravser naints should

oe apnlied witl czre,

Frolonged storage of paints in he tropics shoulsl be zvoided.
I% is good zractice to aszly an exira strize cozt of saixt

Oy orash to edges, corners, crevices, Holt se-:

e

n

y =2 rivet
2eids. Tiis Btrize coz=t is dest Grzlied soon after i
Auring szinting the ailected avezs spouls be rrotected or
ghjelded >y aeang of a snelier or a teat %o aroid sus=face
contaainaving with dust, and skould ze neutral, his st

be ciecked before 2pplication of 2 top eoat. Dust sagal? e
especially czecied on zori=> at2lly situated surfaces.Contzni-

2ted surface snould Ye cleanes wish 2 wetep goacked rz2z/
cotlon wastie.

The suitcble thickmess of a co2tizg 3ysten should be 150-370

3eczeter dependiis on agcressizity of environmnent,water

cdnZengatisn joseitilities, U4 ITLe:lty to 2ccezz nd mait aince,




PAINTING OF NEW STRUCTURES -FLOW SHEET

ENVIRONMENT
AGRESSIVITY
START EVALUATION

IapLe 2

SUPROSED LIFE
TIME OF STEEL
WORK ESTIMATION

SURFACE PREPARATION
GRADE & PROTECTIVE
SYSTEM EVALUATION [

PAINTING-SCIIEDULE

NO SIOP PRIMING AND YES
STORAGE OF FADRICATED
STEELWORK

BLAST-CLEANING AND
PRIMING IN VORKXSIIOP

PAINTING-ALL SCHEME-
FINAL CONTROL AND =
THICKNESS TESTING

BLAST-CLEANING AND
SHOP-PRIMING WITH

VELDING PRIMER IN

VORK SHOP

INTERMEDIATE
CONTROL AND
THICKNESS TESTING =

t

Y

TRANSPORT AND WEATIER CLIMATIC SAFETY AND FIRE__
ASSEMDLING IMPEDIMENTS HAZARD
IMPEDIMENTS IMPEDIMENTS
1
PRENENTIVE MEASURES
AND SYSTEM REGULA-
TIONS
COMMENCEME™ TENDER AND DI1D CONTRACT REQUIREMENTS
oF SELECTION ELANORATINAN, ANROI . PREQUALIFICALINN
JoB -t LETTER OF INTEND CEMENT AN PUDLIC OF
NOTICE CONTRACTORS

SURFACE PREPARATION-
PAINTING & CONTROL

STEEL WNRK
ERMCTION

FINAL COATINGS
APFLICATION AND
CONTROI,

TouCH UP oOF
DAMAGED COATS e
AND WASHISG

DOCUMENTATION
FoR
MAINTENANCE PURPOSES

= it |



RE PAINTING OLD STRUCTURES- FLOW SHEET

TASLE - 2

LIFE-TIME OF STEEL-
 WORK ESTIMATION

ENVIRONMENT
AGRESSIVITY

SHELTER AMD SCAF-
FOLDING INSTALLATION
PROJECT

EVALUATION

CLEANING-METHODS
SELECTION AND

PAINT
SELECTION

PROBES CHECKING

—

REPAINTING SCHEIULE
IN CONNECTION VITH
SHUT-DOWN PERIODS

MAINTENANCE PAINTING
a»| SCHEMES ESTABLISHED

SCAF FOLDING
INSTALATION

DISMANTI.ING & REMOVAL
OF PJIPES FITINGS,
SUPPORIS ELECTRIC

VASHING, CLEANING,

CABLES

PATCH PRIMING,

PAINT REMOVAL,
DERUSTING

PRIMING AND REPAINTING

DOCUMENTATION
FOR REPAINTING

QUALITY AND ENDURANC:
OF EXISTING SCIHEMES
ESTABLISHED

PAINTING
PROBES AND CHECKING
IN SITE

CONTROL
&
MARKING




daido v:ducgy for dryby; time ond tompey tare I@g}ntuucc.

Ta bl - 3

' > ‘ nt e . lr '
v Shop uriacr Yrimer cout Top co:tl dyying v Vypelol | caneretinre
8indor tyno Pl P VARITY
" X drying time. time. : Arylig. , resiatnnce
) . v v -+ rmnge
' Coating lloural At a couting .;10\1 ah i cont et ' oC,
' ' Pt ol donrat 1 - contiag
| thlckuesui s titekuoae of i i Lictnean ot '
)" ! )T I B L :
Epoxy Resin ouster 25 0 40 8 40 - Afy 120 to 150
16 80 16 ﬂo (1!'.71“‘"‘.
Chlorinated mbver ot ] 35 680 8 45 80 Afr
Oilg Q.
Oplorinated mbber  —do- 16 35 a0 16 0 00) ~-An-
modified.
Cyolorubber -do- 8 40 - 8 A0 - -do- A0 to 120
oyclorubber -do- 16 40 - 16 40 - -do-
wodiflied. :
Yolyvinyl 25 -do- 100 to 120
butyrul
Epoxy recoin 25 16 50 80 16 50 80 Chemicioly 170 to 150
POly\«ll‘O thane crred,
Tar pitch epoxy ot 16 120 - 6w - -do-
reulin, appli-
Tar pitch polyurethause;: cable.
reoain.
Silioons resii -do- 8 30 - 8 25 - ~-do- 300 to 400
Ethyl silicute 20 16 80 - - - - ~du- 300 Lo 400

e .
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IR Ins = M- - TPwnads
T:~e 31 cozuing { T34 tn;c;-: “xzosure Eerade 3z £reiile
{ariler) ' ness. ! eonditionsy cleanlinass ()
il dased $3-30 po a2ild 32 2 120 n2x.
Al 6 noiified 30-4C pa noml Sa 2 1/2 75 max
Cnlg»innizd ritler 20-40 pn serere S2 2 1/2 27-40
Spoxy/iroa oxide 20-30 = Corrosive 3a 3 20-30
3roxy =zine rich 20-30 p= severe Sa 3 20-30
3poxy cozl ter 1G0-2CC pa severe, Sa 2 1/2 75 aax

corrosive o

dzgh orijers 10-25 pa severe Sa 3 30 nex.

2enzrks -

niz: quality standaxds cainnot be econonic
acaieved.

clean steel ag soon as is precticatle after

rolling o= delivery on site.

3last - clezning is 10st effective on steel

217

20t bDeen allowed to rast. 4here steel
Jdeer zilowed to rmst ba2ély, lonzer tines
for blast-cleaning asy ve required. Soaeti:ies

t+ is therefore 2dvigable to blast-






