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Abstract: In this technical paper, we will discuss polyurethane linings and coatings to ductile iron pipe for transporting corrosive and

abrasive fluids in a sub soil, that is extremely corrosive in nature. The capabilities of ECL (Electrosteel Castings Limited) in this

regard will be discussed.
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1. Polyurethane Linings and Coatings

Two types of “special lining and coatings” process
are implemented at ECL (Electrosteel Castings
Limited) Bansberia Works [1]:

A polyurethane epoxy coating (heavy duty) is
applied to the outside wall of the pipe with a
polyurethane lining (heavy duty) inside.

* ECL-Bansberia plant was built solely for the
purpose of applying “special” types of coatings to
ductile iron pips manufactured at the ECL-Khardah
Works. The “special” coatings are designed to give
greater external corrosion protection for pipes to be
installed in aggressive soil conditions or for greater
internal corrosion protection for pipes transporting
highly corrosive liquids.

* The pipes which undergo the “special” external
coating process are delivered with cement mortar
lining already having been applied at the Khardah
Works but with the external surface of the pipe
uncoated (i.e. no zinc or other external coating on the
pipe). The “special” external coating is applied in
accordance with BS EN 15189.

* The pipes which undergo the “special” internal

lining process are delivered with an external zinc or
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zinc/aluminium coating having previously been
applied at the Khardah Works. The pipes are then
lined with the
polyurethane lining. The “special” Internal Lining is
applied in accordance with BS EN 15655 - 2018.

* The bare pipes which undergo both “special”

internally “special”  standard

internal lining and external coating are hydrostatically
tested at the Khardah Works before being transported
to the Bansberia Plant for the “special” coatings and

linings.

2. Provisions for Polyurethane External
Coating as per BSEN15189-2006

BS ENI15189-2006, this document defines the
requirements and test methods applicable to factory
applied external polyurethane coating (heavy duty)
corrosion protection of ductile iron pipes and fittings
conforming to EN 545, EN 598 and EN 969 [2].

¢ Standard: BS EN 15189:2006 (for PU).

* Brand: PROTEGOL UR COATING 32-49 (for
PU).

* Manufacturer: TIB Chemicals, Germany (for
PU).

3. Testing Sample for Performance Tests

Samples of the following dimensions are cut from
coated pipe for performing [Table 1]:

(A) Impact strength 600 mm x 150 mm
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Table 1 Testing sample for performance tests.
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Test EN 15189 Ref. Clause Test Method Ref. Clause of EN 15189 Sample
I Chemical resistance 6.1 7.2.1 Detached film
1T Impact strength 6.2 7.2.2 Coated pipe sample
I Indentation resistance 6.3 723 Coated pipe sample
v Elongation at break 6.4 7.2.4 Detached film
\' Specific coating resistance 6.5 7.2.5 Coated pipe sample
VI Ratio of coating resistance 6.5 7.2.5 Coated pipe sample

Table 2 Performance tests of PU coating.

SINo. Test Sample Date of test Duration Result
1 Chemical resistance Detached film 15.10.2013 200 days Pass
2 Impact strength Coated pipe sample  05.02.2013 - Pass
3 Indentation resistance Coated pipe sample ~ 30.01.2013 2 days Pass
4 Elongation at break Detached film 05.02.2013 - Pass
5 Specific coating resistance Coated pipe sample  05.02.2013 100 days Pass
6 Ratio of coating resistance Coated pipe sample  05.02.2013 - Pass
Table 3 Performance tests of PU coating with requisite clauses.
;1(') Parameter Requirement Clause  Test method Clause
Less than 15% weight increase after immersion I ion in deionised wat
Less than 2% weight 1 fter drvi mmersion in deionised water
ess than 2% weight loss after drying EN ISO 62 method 2 7.2.1.1
! Chemical resistance Less than 10% weight increase after immersion Immersion in diluted
Less than 4% weight loss after drying sulphuric acid 10% 7.2.1.2
EN ISO 62 method 2
8 J/mm PU-coated pipe barrel Dropping weight
2 Impact strength 5 J/mm EP-coated spigot end (see EN 14901) 6.2 High voltage test 7.2.2
3 Indentation resistance <10% at 10 MPa 6.3 Indentation test 7.2.3
4 Elongation at break >2.5% 6.4 Tensile test 7.2.4
Specific coating 3 2 Resostovotu test towel method
3 resistance in 0.1 M NaCl 107 Qm 6.5 or vessel method 7.25
¢  Ratioofcoating >0.8 6.5 Res. 100 d/res. 70d 7.2.5
resistance
(B) Indentation resistance test 100 mm X 150 mm Works for performance requirements of EN

(C) Specific coating resistance 175 mm % 200 mm
Detached PU film is collected from polymeric sheet
of 100 mm x 500 mm attached to pipe body during
coating for performing chemical resistance and

elongation at break.

4. Performance Tests of PU Coating

Performance tests were conducted at ECL, Khardah
Works for performance requirements of EN
15189:2006 [Table 2, Table 3].

5. Routine Tests of PU Coating

Routine tests were conducted at ECL, Khardah

15189:2006 [Table 4].

6. Type Test Certificates of Polyurethane
Coated DI Pipes

Type Test Certificates for Polyurethane Coated DI
pipes certified by NSF is attached below [Fig. 1].

7. Specifications for the EIL Project on
Effluent Discharge Pipeline

It may be noted that the soil type along the pipe
route is generally silty clay/clay/silty sand/sand/silt.
The chemical characteristics for soil and ground water

is ranging as follows [4].
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Table 4 Routine tests of PU coating.

S1. No. Parameters Requirements Clause Tests Frequency Clause
1 Surface preparation SA 2.5 of EN ISO 8501-1 5.1 Visual 100% 7.1.1
2 Surface roughness Ra>10 pm 5.1 EN ISO 8503-1 min. 1/shift 7.1.1
3 Appearance and continuity Uniform and smooth 521 Visual 100% 7.1.2
4 Minimum coating thickness (x - 20)> 700 microns ~ 5.2.2 o destructiveinstruments L g 7.13
error = 10%
5 Pipe ends painted parts Length depending on type 53 Appropriate measures 10% 7.1.4
of socket
6 Repairs Manufaf: turer’s written 5.4 High voltage test 100% 7.1.5
instructions
7 Marking Legible and durable 5.5 Visual 10% 7.1.6
No electrical break
8 Non-porosity through at required test 5.6 High voltage test instrument 1 per 1,000 pipes 7.1.7
voltage
9 Hardness > 70 Shore D 5.7 Hardness test min. 1/shift 7.1.8
. o Punch separation method acc. .
10 Adhesion > 8 MPa at 23 °C 5.8 EN ISO 4624 1 per 1,000 pipes 7.1.9
C123705/9 Special Coatings Plant Page 2ol B

Addendum to Witness Test
Reports

NSF-WRe¢ Unk 30 Fern Oose, Fen-Y-Fan Ind Est, Oakdale, Newport, Gwent, NP11 JEH, UK

CLI3705/9 Page 10f8

C123705/1, C123705/3, C123705/5 and C123705/7

Chak Barsberia, Bansberla
Adconnagar, Hooghly
West Bengal, Inda
Authorty & date | BS] Service Managament Order Number: 7636349, 7636211, 7636210 and

7987755

Items tested | Special coatings for ductile iron pipes.

Specification | BSEN 15189:2006 Clauses 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 6.1, 6.2,
6.3, 6.4and6.5
Type tests for product certification

Results. - See Summary of Results on page 2

Prepared by | Simon Warburton 5 o, -

Lsboratory Director r
Authorised by | Paul Davis POl
lssue Date | 20/05/2013
Conditions of bsue

Ths test report relates o mma;wwmwu
protection of ductile ron ppes XX the Manufachurers promeses

Company’s Official NSF Listing (www.nsf.on). This test report rolates only o
Shose foms thxt worT st af She manuractuner's promoes oy Bhe vt

D NSF-WRc L2 2013

TESTING, EXAMINATION AND ASSESSMENT OF DUCTILE IRON FITTINGS
SUBMITTED AS AUDIT TEST SAMPLES

INTRODUCTION

For the purposes of product certification the "special coatings” for ductile ron pipes, submitted
©n benalf of Bekirostes), were lested and assessed against e requirements of B5 EN
15189:2006 Clauses 5.1, 5.2, 5.3, 54,55, 56, 57,5.8,6.1, 6.2, 6.3, SQMSSEM
on the following pages of this Report. This
Order.

request was made on a BS] Service

It is emphasised that assessments were not made against the cther dauses of the Specification.

The tists and assessments containgd in this Report were witnissed by Simon Warburton of
NSF-WRC at the Manufacturer's premises on 277 Aprd 2013,

The plant at Hooghly s a new Blextrostesd plant which has been operational for enly a few
months, The plant was bullt solely for the purpose of applying “special”™ types of costings 10
ductie ron pips manufactured at the Elekirostes] Khardsh Works. The “special™ coatings are
designes] 1D give greaster external conmosion protection for pipes to be instaled In spgressive
soll conditions or for grester intemal corrosion protection for pipes transporting highly
conosive Bguids.

Ductiie ron pipes manufactured at the Khardah Werks are transported by road to the “special
coatings™ plant at Hooghly.

Two types of “spedal coatings” process are used at the plant:

* A polyurethane epoxy costing (Heavy duty) i applied 1 the outsioe wall of the pipe
with standard cement mortar lining inside. or

= A ceamic epoxy coating (Heavy duty) is applied inside with standard polyurethane
epoxy coating applied externally.

The pipes which undergo the “spadial” external coating process are deliverad with cement
mortar Ining already having been applied at the Khardah Works but with the exdernal
surface of the pipe uncosted (Le. no Bnc or other extemal coating on e pipe). The
“special® external coating & appled In accordance with BS EN 15189

The pipes which undergo the “spacial” INemal Coatng Process are delivered with an extemal
sn or dnd/aluminium coating having prévicusly been appled at the Khardah Works. The
pipes are then intermnally coated with the "spedal”™ heavy duty ceramic epoxy coating and
externally costed with standard polyurethene epony coasting. There b5 no Qurrent standard
specificaly written for internal ceramic epaxy coating of ductiie iron pipes 5o the "specal™
Iinternal Ceramic epoxy oating was assessed using a combination of the requirements of BS
EN 538, ISO 7186, BS EN 15189 and the manufactures’s own standard,

The pipes are hydrostatically tested at the Khardah Works before being transported 1o the
Haooghly Plant.

Calibration records for &l of the equipment usad to demorstrdate the testing was inspected
and found to be in ordes.

Fig. 1 Type test certificates of polyurethane coated DI pipes [3].

7.1 Soil

* Sulphate (SO3): Nil to 95 (mg/L)
* Chloride: 164-506 mg/L
* pH: 7t0 9

7.2 Ground Water

* Sulphate ((SO3): Nil to 95 (mg/L)
* Chloride: 108-347 mg/L
* pH: 7t0 9
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Table 5 Chemical Resistance Test for PU Lined DI Pipe.

Property Unit Test method Clause Requirement

Mass f hange after 100 days in deionised water % Immersion test Less than 15% weight increase

at 50 °C 7232

Mass change after subsequent drying % EN ISO 62, method 3 Less than 2% weight loss
— -

M?SS chanoge after 100 days in 10% sulphuric % Immersion test Less than 10% weight increase

acid at 50 °C 7232

Mass change after subsequent drying % EN ISO 62, method 3 Less than 4% weight loss

The use of polyurethane coating as per BS EN
15189:2006 has been stipulated having a coating of

1,000 micron.

8. Provisions for Polyurethane Internal

Lining as per BSEN15655-1:2018

BS EN15655-1:2018, this document defines the
requirements and test methods applicable to factory
applied internal polyurethane heavy duty corrosion
protection of ductile iron pipes and fittings
conforming to EN 545, EN 598 and EN 969 [5].

* Chemical resistance (Clause 6.1) [Table 5]

The chemical resistance is determined by the
change in weight of the polyurethane lining in neutral
or acid conditions. When tested in accordance with
7.2.3 the weight increase respectively, weight loss
shall meet the requirements given in Table 3 when
compared to the original weight.

* Indirect impact strength (Clause 6.2)

Due to handling activities, the PU-lined pipes may
fall or get impacts from outside with minor plastic
deformations which can cause damages on the lining.
The minimum impact strength shall be determined in
accordance with the test method defined in 7.2.4 with
an impact energy E of at least 50 J. The lining shall
subsequently show no damage when tested in
accordance with 7.1.8 Water use efficiency, Flood and
Drainage.

* Resistance to ovalization (Clause No. 6.3)

The requirements of EN 545 or EN 598 shall be
applied.

* Elongation at break (Clause No. 6.3)

The elongation at break shall be assessed by testing
in accordance with the test method defined in 7.2.6.

The lining shall have a minimum elongation at break
of 2.5%.

* lass transition temperature (Clause No. 6.3)

The lining material shall conform to the limits of

change in glass transition temperature (A7)
determined by DSC (Differential  Scanning
Calorimetry).

* Specific electrical resistance of the lining (Clause
No. 6.3)

The specific lining resistance of the polyurethane
lining shall be assessed by testing in accordance with
the test method defined in 7.2.7.

The specific lining resistance of the polyurethane
lining after immersion in a 0.1 M NaCl solution for
100 days shall be at least 108 Q m’. The resistance
after 100 days shall not be less than 80% of the value
after 70 days if the surface resistance of the lining
after 100 days is only one decimal power above the
minimum permissible value for 100 days. The test
shall be carried out at room temperature (23 + 2) °C.

* Abrasion resistance (only for waste water
application) (Clause No. 6.7)

When tested in accordance with 7.2.8, the pipes
shall not have an abrasion depth greater than 0.2 mm
after 100,000 movements (50,000 cycles).

Note: In order to test the abrasion resistance of
fittings, straight fittings as flanged pipes, etc. may be
lined as fittings and tested according to 7.2.7.

* Materials in contact with water intended for
human consumption (Clause No. 6.8)

When used under the conditions for which they are
designed, in permanent or in temporary contact with
human consumption, the

water intended for

polyurethane lining applied on ductile iron pipes and
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fittings shall not change the quality of that water to
such an extent that it fails to comply with the
requirements of national regulations.

For this purpose, reference shall be made to the
relevant national regulations and standards,
transposing EN standards when available, dealing
with the influence of materials on water quality and to
the requirements for external systems and components

as given in EN 805.

9. Type Test Certificates of Polyurethane
Lined DI Pipes

Type Test Certificates for Polyurethane Lined DI
pipes certified by Bureau Veritas is attached below
[Fig.2]

Polyurethane Coating and Lining on Ductile Iron Pipes

10. Result of Type Test for Polyurethane
Internal Coating

Details of inspection activities carried out with
respect to scope of work documents reviewed were

mentioned below [Table 6].

11. Specifications for the EIL Project on
Effluent Discharge Pipeline

The characteristics of fluid properties as provided
by EIL for Ankleshwar Facility is provided below
[Table 7].

As per the provided effluent characteristics the use
of polyurethane lining with 1,500 micron thickness

has been stipulated.

Y 1AT,
Industry & Faciliies Division @ Paze 1of3 Industry & Faclliiss Division @ Page2of3
urd
[BusEaul m ]
[vemiTas | O Infsrim O Infenm
- . INSPECTION REPORT N° N Fmal
INSPECTION REFORT N* N Final -
ECL/BVIL-KOL/ARABLAN/3255/TR/001
ECL/BVIL-KOI/ARABIAN/3285/TR/ 001 BVIL Job nr: IND.K.4.16.0366
BVIL Job nr- IND.K.4.16.0366 — - - -
Descripfion of the inspections carried snt
FI?O._.'ECT: Rerie\_\r_ofTestfor P_olyurelhane Intgmal Ref: ¥ Infrodmction
Coating 25 per Ministry of Public Works, Kuwait At the request of M/s Flectrostrel Castings Limited, Kolkata, the undersigned Bureau Veritas
e - — Surveyor have visited the Fhardah works of Hectrostor] Castings Limited, Kolkata for review of test
BV Client: M’s. Electrosteel Castings Limited. E’L?u':’suv mm, w.r.t. Polyurethane Internal Lining on DI Pipes 2 per BVIL Scope of work.
Manufacturer: M/s. Electrostes] Casungs Limied. Plo nr: Na _ -
itient i ECL) » M. Sanfhb Das - Blectroster] Castings Lid.
Inspection reguested by: M/s. Blecrrosteel Casangs Limited. = Mr. Rinjal Banerjer- Burean Veritas (T) Pt Lid.. Kolkata
BVIL Scope of Work:
SUTFLI 505 OF DSFECTION 0 — [y Dalancs Uty BVIL Scope of work is Bmited to review of documents as mentioned in ECL forwarding letter in order
ko confirm Polyurcthane Internal Lining compliance with the requirements of MPW, Kowait
Study of MPW, Kawait test table for Polyurethane Internal Lining and review of test pesformed by specification test table (Red- 151-3258),
Electrosteel Castings Lid (ECL).

DOCUMENTS OF REFERENCE : See confinustion shes? for addffionsl documents[ | Yes [4 No

> Applicable Documents & Status of Approval [Type of documents reviewed & endorsed)
Az mentioned in Details of Inspection below

Tie Refersnes n* Rav. Approved by Datz » Detiils of inspection activities carried ont with respect to scope of work
Review Scope of Work Vide mai - ECL 180616 Dovuments Reviewed as menbioned below:
MPW_ Kuwait Test Table 151-3788 - MPW. Kuwiit 040815 = e o N
= Bropaties LOPW Eagmi Tout Eaualk =
Na Samded -
INSPECTIONS - ‘Pesults of imspecion : 1 Satstactory L] Unsabsaciory 1| Thickmss MPW & | Minimm 1000 micron DO 1105 macnm ——
or F BSENISES DRG0 1070 e Accepied
Eleciostes] Casings Lid, Khardah on 22 | Non Conformities Reports (NCR)- T P s
& 257 Detobear, 2018 LINCR's issued duning reported penod : Ni z Adbwssun BENIS655 | Grester Than & MPa DNSRE 95 MPa Ewciewed i=d
Chaus 718 DN T4 MFa Acoxpend
Smge of i son - DGO 105 MPa
&Bdu‘enwu.ﬂadlrng OList of outstanding NCR's : NIA 5| Hardows ESENI5E55 | Grember Tham 71 Shore D = f——]
a During manufaciuring Clausse 715 Acorped
OFna
[ Facking [ERY [ p——p—— R S R — [}
i on: wifle Table 2 LT — Asenpied
i “ﬁmmﬁ meetng | Main Conslusions & Remarks: (for detsls se= confiusation shest) i = orde. 3% s
[ Document and GC record review e
phe h Liens than 2% veright ke DO 056N decrmen
[ Visual examination, checks Documents reviewed a5 per the requirement of the Miristy of after drying for W0 days | DAL G51K ducresses
Witnessing tests Puublic Work (MPW), Huwait specification test table (Ref- 151-3253) DNHO0 (LAY Secrme
Manufactrng progress SIS |y g wiying with the reqm = of MPW, Kuawat 47 | Chumical reststmrn b | BSENISAE5 | Laws tham 10% wangi DN 4 4% merems Eariswed 1=
L] Vendor assessment Spacificasion. -, imerazse fler immarsian for | DRG0 3.7% meremss Accrpead
[ Final inspection (imamerion @ 10% 100days DN 47% inc o
[0 Packing diluie malfuic ot 3
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Seamping - Mexg wisit scheduled NIA sfter drying for 100 days DNAG 075 derrass
ST - DONGBO (L66% chacrmmses
& MNo EI@ o fy T | Todivect bt BEENISGES | Mo porcaily 2 500] Cr——1 ] - —
Sirem ath Jra——

Fig. 2 Type test certificates of polyurethane lined DI pipes [6].
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S1. No. Properties Reference MPW requirement Test results Document review
standard status
DN200: 1,105 micron .
1 Thickness ls\/gg\s)v & BSEN1 Minimum 1,000 micron DN400: 1,070 micron iz\é;evtvee(;l and
DN800: 1,085 micron P
DN250: 9.5 MPa .
2 Adhesion 2351;175 16595 Greater Than 8 MPa DN400: 9.4 MPa /liz;evtf; and
use .4 DNB800: 10.5 MPa P
DN250: 75 Shore D .
3 Hardness ]élsa iI:el; 615§ Greater Than 70 Shore D DN400: 74 Shore D iz\é;evtvee(;l and
A DN800: 79 Shore D P
Less than 15% weight DN200: 4.1% increase
Chemical resi increase after immersion DN400: 4.0% increase
41 . fﬂ?.lnelrllct: (irrifrlrjzrslic:nt(i)n BSEN15655 for 100 days DNB800: 3.6% increase Reviewed and
’ Table 2 . :0.56Y A ted
DM water at 50 °C) able Less than 2% weight loss DNZOO: 0.56% decrease ceepte
after drvine for 100 davs DN400: 0.51 % decrease
rymng Y DN800: 0.46 % decrease
Less than 10% weight DN200: 4.4% increase
Chemical resistance to increase after immersion DN400: 5.2% increase
. R e .
40 effluents (immersion in BSEN1 5655 for 100 days DNB800: 4.7% increase Reviewed and
10% dilute sulfuric at . DN200: 0.63% decrease Accepted
o Less than 4% weight loss : o
50 °C) aftor drvine for 100 davs  DV400: 0.75% decrease
e S DN800: 0.66% decrease
5 Indirect Impact Strength BSENT1 5655 No porosity at 50.0 J No porosity at 51.5J Reviewed and
Accepted
No damage at minimum No damage at
L . 4% Ovalization for DN200 4.8% for DN200 Reviewed and
6 Ovalization resistance BSEN15655 6% Ovalization for DN400 6.4% for DN400 Accepted
8% Ovalization for DN800 9.0% for DN800
4.2% for DN200 Reviewed and
7 Rlongation at Break BSEN15655 >2.5% 5.2% for DN400 Accepted
4.1% for DNS0O p
Abrasion resistance BSEN15655 & Reviewed and
8 (50,000 cycles) BSEN598 <0.20 mm 0.09 mm Accepted
Light aging resistance DN250: 9.3 MPa Reviewed and
9 (outside Storage for 6 BSEN15655 Adhesion (> 8 MPa) DN400: 8.9 MPa Accepted
months) DN800: 9.3 MPa P
] Manufacturer
10 Elzstleliiglontent of PU MPW 85% minimum More than 85% confirmation was

noted

Table 7 Effluent characteristics from Ankleshwar facility.

S. No. Parameter Unit Value

1 pH mg/L 6.00 to 9.00
2 COD (Chemical Oxygen Demand) mg/L 500

3 BOD; gays, 27 oc (Biochemical Oxygen Demand) — mg/L 100

4 Total dissolved solids mg/L ~10,000
5 Total suspended solids mg/L 100

6 Sulphides, as S mg/L 5

7 Phenolic compounds (as CcHsOH) mg/L 5

8 Oil and grease mg/L 10

9 Total residual chlorine mg/L 1

10 Fluoride mg/L 15

11 Free ammonia mg/L ~

12 Nitrate nitrogen mg/L 50
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Table 7 to be continued

13 Ammonical nitrogen mg/L 50

14 Total Kjeldahl Nitogen mg/L 50

15 Vanadium mg/L 0.2

16 Selenium mg/L 0.05

17 Iron mg/L 3

18 Copper mg/L 3

19 Zinc mg/L 15

20 Chromium 6+ mg/L 0.1

21 Lead mg/L 0.1

22 Cadmium mg/L 0.05

23 Temperature oC Not more than 5 °C above
ambient water

24 Arsenic mg/L 0.2

25 Mercury mg/L 0.01

26 Manganese mg/L 2

27 Nickel mg/L 3

12. IS (Indian Standards Institution)  specified standard.

Marking of DI Pipes

The ISI marking of DI pipes is mandated by the
order of Ministry of Commerce and Industry
(Department of Industrial Policy and Promotion)
dated 25th June 2009.

So, even if a customer does not ask for ISI marked
DI pipes, there is no way but the DI pipe
manufacturers are bound to supply ISI marked DI
pipes as per this order.

In the said Gazette in Sl. No. 3 under heading
“Prohibition regarding manufacture, storage, sale and
distribution etc.” it is written that [7]:

Quote:

(1) No person shall by himself or through any
person on his behalf manufacture or store for sale, sell
or distribute ductile iron pressure pipes and fittings
which do not conform to the specified standard and do
not bear Standard Mark of the Bureau on obtaining
certification marks license:

Provided that nothing in this Order shall apply in
relation to export of ductile iron pressure pipes and
fittings meant for export, which conform to any
specification required by the foreign buyer and such

specification shall not in any case be less than the

(2) The sub-standard or defective ductile iron
pressure pipes and fittings, which do not conform to
the specified standard shall be deformed by the
manufacturer beyond use and disposed off as scrap
within three months.

Unquote :

13. Conclusions

should be
corrosive and abrasive fluids and the thickness should

Polyurethane Lining adopted for

be determined based on fluid properties.
Polyurethane Coating should be adopted for
corrosive sub-soil and the thickness should be

determined based on sub-soil properties.
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