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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):
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Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
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/iso/foreword.html.
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5 document was prepared by Technical Committee ISO/TC 67, Materials, equipment a
ctures for petroleum, petrochemical and® natural gas industries, Subcommittee SC
sportation systems.

5 second edition cancels and replacesthe first edition (ISO 21809-1:2011), which has been
sed.

main changes compared to the previous edition are as follows:
adoption of qualification’processes (Clause 8);

added prescriptions’ for coating application on pipes made by corrosion resistant alloy
lined/clad internally with a CRA;

cathodic disbondment test conditions revised.

5t of alliparts in the ISO 21809 series can be found on the ISO website.
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Introduction

It is necessary that users of this document be aware that further or differing requirements can be
required for individual applications. This document is not intended to inhibit a vendor from offering,
or the purchaser from accepting, alternative equipment or engineering solutions for the individual
application. This can be particularly applicable where there is innovative or developing technology.
Where an alternative is offered, it is the responsibility of the vendor to identify any variations from this
document and provide details.
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Petroleum and natural gas industries — External coatings
for buried or submerged pipelines used in pipeline
transportation systems —

Part 1:

P¢

1

Thi
polj

Scope

5 document specifies requirements for plant-applied external threeclayer polyeth

trapsportation systems in the petroleum and natural gas industries in aceordance with ISO

NOTI
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ISO
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ISO
har
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ISO

E Pipes coated in accordance with this document are considered Suitable for further pi
ns of cathodic protection.

Normative references

following documents are referred to in the textin“such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

179-1, Plastics — Determination of Charpy+impact properties — Part 1: Non-instrumented
179-2, Plastics — Determination of Charpy impact properties — Part 2: Instrumented impd
306, Plastics — Thermoplastic materials — Determination of Vicat softening temperature
527-1, Plastics — Determingtion of tensile properties — Part 1: General principles

527-2, Plastics — Determination of tensile properties — Part 2: Test conditions for md
usion plastics

868, Plastics gnd_ebonite — Determination of indentation hardness by means of a durom
iness)

1133-1,Llastics — Determination of the melt mass-flow rate (MFR) and melt volume-flow
rermoplastics — Part 1: Standard method

ylene and

'propylene based coatings for corrosion protection of welded and seamless steel pipes for pipeline

13623.

otection by

bir content
pplies. For
[s) applies.

mpact test
ct test
[VST)
ulding and

eter (Shore

rate (MVR)

1483 (all parts), Plastics — Methods for determining the density of non-cellular plastics

ISO
ISO

2808, Paints and varnishes — Determination of film thickness

2811 (all parts), Paint and varnishes — Determination of density

ISO 3183, Petroleum and natural gas industries — Steel pipe for pipeline transportation systems

ISO

3251, Paints, varnishes and plastics — Determination of non-volatile-matter content

[SO 4892-2:2013, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps

ISO 6964, Polyolefin pipes and fittings — Determination of carbon black content by calcination and
pyrolysis — Test method and basic specification
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ISO 8130-2, Coating powders — Part 2: Determination of density by gas comparison pyknometer
(referee method)

ISO 8130-3, Coating powders — Part 3: Determination of density by liquid displacement pyknometer

[SO 8130-7,

Coating powders — Part 7: Determination of loss of mass on stoving

ISO 8501-1:2007, Preparation of steel substrates before application of paints and related products —
Visual assessment of surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel
substrates and of steel substrates after overall removal of previous coatings

ISO 8502-
the assessn
(pressure-s|

ISO 8502-6
the assessn
Bresle met

ISO 8502-9
the assessn
water-solul

ISO 8503-4
roughness
surface pro

ISO 8503-5
roughness
determinat

ISO 10350-
materials

ISO 10474:

[SO 11124
Specificatic

ISO 11126
Specificatid

[SO 11357-
temperatui

ISO 11357
induction
induction t

D £ £t ] | £ |, 1 £ £ Lt 2 Iatrad | 4 Toai
7 11 CPUTUCIoON O] STCCT s uustr utes UCjOT CUpPIICutiort O puttcs—aitd 1 ctateu-prouuc’ts TCST]

hent of surface cleanliness — Part 3: Assessment of dust on steel surfaces prepared for pain
bnsitive tape method)

, Preparation of steel substrates before application of paints and related products™— Tests
hent of surface cleanliness — Part 6: Extraction of soluble contaminants for~analysis —
od

, Preparation of steel substrates before application of paints and related products — Test:s
hent of surface cleanliness — Part 9: Field method for the conductometric determinatio
ple salts

, Preparation of steel substrates before application of paints.and related products — Sur]
rharacteristics of blast-cleaned steel substrates — Part 4: Method for the calibration of]

, Preparation of steel substrates before applicationzof paints and related products — Sur]
characteristics of blast-cleaned steel substratés>— Part 5: Replica tape method for
ion of the surface profile

D013, Steel and steel products — dnspection documents

(all parts), Preparation of steel substrates before application of paints and related product
ns for metallic blast-cleaning‘abrasives

(all parts), Preparation,of steel substrates before application of paints and related product
ns for non-metallic‘blast-cleaning abrasives

D, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of glass transi
e and glass.transition step height

6, Plastics’ — Differential scanning calorimetry (DSC) — Part 6: Determination of oxida
ime, (isothermal OIT) and oxidation induction temperature (dynamic OIT)OIT) and oxida

file comparators and for the determination of surface profile — Stylus instrument procedurg

for
{ing

for
The

for
h of

face
ISO

p

face
the

1, Plastics — Acquisition and presentation of comparable single-point data — Part 1: Mouldling

fion

fion
fion

bmperature (dynamic OIT)

[SO 15512,

Plastics — Determination of water content

[SO 17855-2, Plastics — Polyethylene (PE) moulding and extrusion materials — Part 2: Preparation of test
specimens and determination of properties

ISO 18553, Method for the assessment of the degree of pigment or carbon black dispersion in polyolefin
pipes, fittings and compounds

ISO 19069-2, Plastics — Polypropylene (PP) moulding and extrusion materials — Part 2: Preparation of
test specimens and determination of properties

ISO 21809-2, Petroleum and natural gas industries — External coatings for buried or submerged pipelines
used in pipeline transportation systems — Part 2: Single layer fusion-bonded epoxy coatings
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ISO 80000-1, Quantities and units — Part 1: General
EN 10204:2004, Metallic materials — Types of inspection documents

ASTM D792, Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by
Displacement

ASTM D1505, Standard Test Method for Density of Plastics by the Density-Gradient Technique
ASTM D1693, Standard Test Method for Environmental Stress-Cracking of Ethylene Plastics

ASTM D494.0_ Standard Test Mpfhndfnr Conductimetric Analvsis nf Water Soluble Ionic Contamination of
Bla§t Cleaning Abrasives

SSPIC-AB 1,UMineral and Slag Abrasives

SSPIC-AB 2, Cleanliness of Recycled Ferrous Metallic Abrasives
SSPIC-AB 3, Ferrous Metallic Abrasive

SSPIC-SP 1, Solvent Cleaning

SSPIC-Guide 15, Field Methods for Extraction and Analysis of Soluble*Salts on Steel and Other|Nonporous
Subktrates

3 |Terms and definitions
For|the purposes of this document, the following term§’and definitions apply.

[SO|and [EC maintain terminological databases for‘use in standardization at the following addresses:

— |ISO Online browsing platform: available at'https://www.iso.org/obp

— |IEC Electropedia: available at http://www.electropedia.org/

3.1
adhesion
bon|d between coating and substrate

3.2
applicator
conjpany that underfakes the coating application in accordance with the provisions of this document

Note 1 to entry: ¥f the compounding of the top layer is done prior to or during the application prgcess by the
applicator, then the applicator is regarded as the manufacturer (see 3.16).

3.3
appli€ation procedure specification
APS
document describing procedures, methods, equipment and tools used for coating application

34

batch

quantity of material produced in a continuous manufacturing operation using raw materials of the
same source and grade

3.5
batch certificate
certificate of analysis issued by the manufacturer

1) Society for Protective Coating, 40 24th Street, 6th floor, Pittsburg; PA 15222-4656, USA.

© ISO 2018 - All rights reserved 3
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3.6

certificate of compliance
document issued in accordance with ISO 10474 or EN 10204, stating compliance with the purchase
order for coated pipes, but without mention of any test results, issued in accordance with the purchasing
requirements

3.7

coating material qualification
qualification of the coating materials properties carried out by the manufacturer before the coating
system qualification

3.8

coating s
qualificat
properties

Note 1 to enftry: The coating system qualification is not project dependent.

3.9
cutback
length of p

3.10
design ten
temperatu
transport,

Note 1 to enptry: The design temperature range of the coating canbe narrower than that specified for the 3

pipe materi

3.11

dummy p[i]r)

pipe havi
coated dur]
approved A

3.12
end user
company (i

3.13
holiday
coating dig

3.14

inspection certificate 3.1

document

tem qualification

i)ifn of application method, applied coating system and subsequent inspection/testing of

to confirm that the APS is adequate to produce a coating with the specified properties

pe left uncoated at each end for joining purposes

hperature range
Fe range, including maximum and minimum temperatures, likely to be reached du
storage, handling, installation and operation

hl and/or the pipeline system.

e

o the same outside diameter and wall thickness of the project pipes. Dummy pipes
hmy pipes shall be representative.@f’the production and shall be coated in accordance v
\PS

fompanies) that own(s) and/or operate(s) pipeline(s)
continuity that exhibits electrical conductivity when exposed to a specific voltage
the testin

gther of coated pi

its

ing

teel

and
vith

pes,

supplied a
3.15

n-aceordance with ISO 10474 or EN 1020

4 givin esults of

inspection and testing plan

ITP

document providing an overview of the sequence of inspections and tests, including appropriate
resources and procedures

3.16

manufacturer
company responsible for the manufacture of coating material(s)

© ISO 2018 - All rights reserved
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3.17

manufacturer's specification

document that specifies the characteristics, test requirements and application recommendations for
the coating materials

3.18

operating temperature

temperature that can be endured by a pipeline (component) and/or pipeline system during operation,
within the design temperature range

3.19
pedl strength
forde required for peeling the coating from the substrate

/Jor plants,
ves

, corrosion
of fluids

the APS is
hmediately

the APS is
ific project

chaca
pll CITaSTT

company responsible for providing the purchase order requirements

3.26

start up

coating application activities re-start in case of modification of production parameters or unplanned
stoppage or production interruption exceeding 12 h

3.27

test report

document that provides the quantitative test results for tests conducted in accordance with the
requirements of this document

© IS0 2018 - All rights reserved 5
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3.28

total coating thickness

sum of all three layers, namely epoxy material, adhesive material and top layer, with the exclusion of
rough coat, if applicable

4 Conformance

4.1 Rounding

Unless otherwHse edin-this-documentto-determineconformancewith-the specified reguiremants,
observed

gr calculated values shall be rounded to the nearest unit in the last right-hand place of fig
used in expressing the limiting value, in accordance with ISO 80000-1.

NOTE For the purpose of this provision, the rounding method of ASTM E29 is equivalent to ISO'80000-1

4.2 Compliance with this document

A quality qystem and an environmental management system should be applied to assist complignce
with the rdquirements of this document.

NOTE SO 9001 gives guidance on quality management systems and ASO-14001 gives guidance on| the
selection and use of an environmental management system.

The applicator shall be responsible for complying with all the applicable requirements of this document.
The purchpser shall be allowed to make any investigations hne€essary to ensure compliance by|the
applicator pnd to reject any material and/or coating that doesimot comply.

5 Symbols and abbreviated terms

5.1 Symbbols

Cc percentage conversion of FBE coating

d gffective sample thickness, expressed in millimetres

D qutside diameter of the)pipe, expressed in millimetres

&p flensile strain at Break, expressed in %

Agp difference in tensile strain at break between 2 tests, expressed in %
AH gxothermiC heat of reaction, expressed in Joules per gram

M rrlass, expressed in kilograms or grams

AMFR difference in the MFR between two tests, expressed in %

Pn mass of bare pipe per metre length, expressed in kilograms per metre
dQ/dt differential heat flow, expressed in watts per square metre

r mandrel radius, expressed in millimetres

Tg glass transition temperature, expressed in degrees Celsius

6 © ISO 2018 - All rights reserved
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ATg difference in the glass transition temperature between two successive thermal analysis
scans, expressed in degrees Celsius

Wm mass fraction of moisture, expressed as a percentage

Pp density of the epoxy powder, expressed in grams per cubic centimetre

5.2 Abbreviations

APS application procedure specification

Cr chromium

CRA corrosion resistant alloy

DS differential scanning calorimetry

ESAOR environmental stress cracking resistance
FBH fusion-bonded epoxy

HDPE high-density polyethylene
IR infrared

ITP inspection and testing plan
LDRE low-density polyethylene

MDPE medium-density polyethylene

MFR melt flow rate

N.A not applicable

NPS nominal pipe size

PDI pipe diameter length

PE polyethylené

PP polypropylene

PP pre*production trial

PQT procedure qualification trial
SAW submerged-are-welding

uv ultraviolet

6 Information supplied by the purchaser

6.1 General information
The purchase order shall include the following information:

a) number of this document and year of publication (ISO 21809-1:2018);

© ISO 2018 - All rights reserved 7
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b)

j)

6.2 Addjtional information

pipe quantity, outside diameter, minimum wall thickness, minimum, maximum and nominal length,
grade of steel;

bare pipe standard or specification designation, e.g. ISO 3183;

design temperature range in accordance with 7.2;
operating temperature;
coating class and coating thickness class in accordance with 7.2 and 7.3;

qualification scheme as defined in 8 1;

minimum number of coated pipes to be used for PPT and PQT (if required);
cutbadk configuration and finish (length, angle, visible epoxy, temporary protection, ete.) (See 11.4);

type of certificate of compliance (see 16).

The purchgse order shall specify which of the following provisions apply far the specific item ordergd:

a)
b)

<)

d)
€)
f)
g)
h)
i)
)
k)
D)

pipe trjacking and traceability of pipes to coating materials;
differgnt requirements for coating materials out of classification systems in accordance with Z.p;

repair|procedure qualification requirements and permissiblé number and size of coating repaifs, if
differgnt from the one defined in Clause 13;

marking of pipes (see 14);
handliphg procedures (see 15.1);

storagp procedures (see 15.2);

docunientation and schedule for supplyof documentation;
purchgser approval of APS/ITP;

inspection and testing plan/and/or daily log;

inspecfion of incoming/pipes;

pipe emnd protectiony

use of fHifferenttest methods for soluble salt contamination measurements;

minimum*thickness of epoxy layer and/or total coating thickness required, if exceeding thosg in
Table 9 and Table 2, respectively;

use of dummy pipe for destructive tests;

rough coat application (e.g. prior to concrete weight coating or special laying methods) and
acceptance criteria (see 11.3.5);

surface pre-treatment and method to evaluate its effectiveness (see 11.2.4);

special requirements relative to supply of coating materials (e.g. FBE or liquid, manufacturer-
specific products and certification);

methods, frequency and acceptance criteria for inspection and testing differing from this document;

PQT (see 8.1);

© ISO 2018 - All rights reserved
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t) coating and cutback preservation and protection against adverse ambient conditions during
storage (e.g. UV protection, additional cutback preparation, end-caps) (see 15.2);
u) identification of pipes to be used for PPT (see 8.3).

If further installation processes (e.g. welding processes and field joint coating application) that
envisage the heating of the coated pipe are needed, further testing (e.g. adhesion) may be considered
by the purchaser in order to assess the compatibility of the line pipe coating against the application

parameters of the chosen field joint coating and vice-versa.

7

7.1
The

Thd
exp

7.2

The
coa

Coatimg classification
General

coating class shall be selected based on the design temperature range and expected fiel

coating thickness class shall be selected based on transport, handling)\aying conditig
ected operating and environmental conditions.

Coating classes

coating shall be capable of withstanding the temperaturerdange required, as shown in |
Fing class shall be specified in the purchase order.

Table 1 — Coating classes and design temperature ranges

1 duty.

ns and the

able 1. The

Coating Top layer Design temperature ranges (°C)
class material | 00c  |20c {oc¢ +20°C | +40°C | +60°C | +80°C | +100°C | +14o°C
A LDPE e
| |
MDPE I |
B N\
r
HDPE I | | | |
I I I I I
Ca PP
| | | | | |
2 Installation and transportation at temperatures below 0°C can cause mechanical damage.

Coa:Eng classes B or-C.can be selected because of higher mechanical properties for project|or specific

laying purposes rather than maximum operating temperatures listed in Table 1.

The use of coating classes outside these guidelines is acceptable provided that the applied cdating shall
be tested against the requirements specified in Table 7 for each relevant class (i.e. class B shalll be tested
agajnst, requirements for class B in Table 7, class C shall be tested against requirements fof class C in
Table-7):

Different requirements for coating materials outside these classification systems shall be agreed upon
by the applicator and purchaser.

Use of coating classes outside these guidelines shall be approved by the purchaser or end user.

7.3 Coating thickness classes

The coating thickness class shall be selected by the purchaser or end user based on installation and
service conditions and pipe dimensions. The coating thickness class, as shown in Table 2 as a function
of coating class and pipe weight, shall be specified in the purchase order.

© ISO 2018 - All rights reserved 9
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Table 2 — Minimum total coating thickness

Total coating thickness
Pm mm
kg/m Class | Class | Class | Class | Class | Class | Class | Class | Class
Al A2 A3 B1 B2 B3 Cc1 C2 C3
Pn<15 1,8 2,1 2,6 1,3 1,8 2,3 1,3 1,7 2,1
15< Py <50 2,0 2,4 3,0 1,5 2,1 2,7 1,5 19 2,4
50 <Py <130 2,4 2,8 3,5 1,8 2,5 3,1 1,8 2,3 2,8
130< P, < 300 7,6 32 39 Z,Z 7,8 35 Z,Z Z5 32
P >300 3,2 3,8 4,7 2,5 3,3 4,2 2,5 3,0 3,8
A 10 % total coating thickness reduction is allowed on welds seam for SAW welded pipes.

Use of thickness classes outside these guidelines shall be approved by the purchaser gk end user.

Class 1 or lower thicknesses can be used only for lighter installation/laying conditions (e.g. sandy s
prepared Hackfill with selected materials).

Class 2 thi

coarse materials).

Class 3 thid

8 Qualification processes

8.1 Gen

The qualification process as per this documentihcludes the following qualification steps.

a) Coatin|

Each c

of Tables 3, 4 and 5. The manufagturer shall carry out and report the coating material qualifica
in accqrdance with the requirements of Table 3, 4 and 5 where applicable. The test report issue
the mgnufacturer may bezalso certified by a certification organization.

b) Coatin|

Eachc
for ead
related

The a

kness can be applied for standard conditions (e.g. clay soils, backfill made by native soil,

bral — Qualification scheme

g material qualification, by the manufacturer (9.2).

bating material shall be qualified by the manufacturer in accordance with the requiremd

B system qualification, by the applicator (Clause 10).

h coating.application line. The applicator shall prepare an APS (see 8.2) and ITP (see
| to the-qualification of the specific coating system.

pils,

not

kness or higher can be applied as a minimum for more setéré environments and installatjon/
laying conditions (e.g. offshore, rocky soils).

bnts
fion
| by

pating system'shall be qualified by the applicator. Qualification shall be carried out separaftely
B.4)

pplicator shall carry out and report the coating qualification in accordance with

the

requirements of Table 7. The test report shall contain the results of the qualification tests as per
Table 7 and technical data required in Tables 6, 8 and 9. The test report issued by the applicator
may be also certified by a certification organization.

c) Pre-pr

oduction trial (8.3).

A specific ITP shall be prepared. See 8.4.

d) Procedure qualification trial (8.5).

In case a PQT is requested, a specific ITP shall be prepared. See 8.4.

Steps a), b)

10

and c) are mandatory. Step d) shall be specified by the purchaser [see 6.2, s)].
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Execution of all of the above can be carried out preferably as individual steps, or alternatively in

conjunction with others as indicated in Figure 1.

Figure 1 provides qualification scheme combinations together with the identification of the Tables to be
considered for each phase and tests to be carried out.

Pictogram Applicable Table and tests
Coatin .
E Materiagl Coating
"‘"’_qé Tt Material
E o Q‘;acl();ct?nlon PQT PPT Qualification / PQT RPT
R & & Coating System
= System o
o Qualification Qualification
A/B D C
Tab.3,4,5/
L. . . . 7 8and 9 Tab. 8 and 9 Tab. § and 9
IL. ® () () Tab.3,4,5 7%, 8 and 9 Tab. § and 9
Tab. 3;4,5 /
IIL. . ‘ ‘ 7 8ahd 9 Tab. 8 and 9
| |
| |
V. ® [ ] [ ] Tab.3,4,5 /7, 8and9
I | | |
Note 1 If agreed, test certificates not older‘than three years are considered acceptable to cover requested
tests for Coating Material Qualification and Coating System Qualification test report.

The qualification schemé shall be specified by the purchaser (6.1).

Selgction of the qualification scheme has to be carefully evaluated with respect to the avg
project pipes for BQT and the time frame required for the long-term test results for the coatin
and/or coatingsystem qualification.

Optjion IV is-not applicable for offshore pipelines or when coating Class A3, B3, C3 are selectg

Different pipes, e.g. diameter or type of steel, can be used upon agreement, if adopt
par!; ] ] A o] . : B . et et

since the use of dissimilar pipes can affect the reliability of th

Figure 1 — Qualification schemes

e results.

ilability of
b materials

d.

bd process

r evaluated

PQT or PPT shall be repeated in case of modifications to the coating line, coating materials or application
procedures.

8.2 Application procedure specification

Prior to the selected qualification process (including possible specified PQT) and start of coating
production, the applicator shall prepare an APS, including:

— incoming inspection of pipes and pipe tracking;

© ISO 2018 - All rights reserved
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— manufacturer’s specification (data sheets) for coating materials, including any materials used for
coating repairs;

— manufacturer’s specification (data sheets) for abrasive blasting materials;

— certification, receipt, handling and storage of materials for coating and abrasive blasting;

— cleaning procedure for all application equipment;

— preparation of the steel surface including monitoring of environmental parameters, methods and
tools for inspection, grinding of pipe surface defects and testing of surface preparation;

— coatin
quality

— lay-ou
— metho
— repair
— strippi

— prepa

b application, including tools/equipment for control of process parameters essential foy
r of the coating;

sketch and flow diagram for the coating plant;
s and tools/equipment for inspection and testing of the applied coating;
5 of coating defects and any associated inspection and testing;
ng of defective coating;

ation of coating cutback areas;

— marking and traceability;

— handli
— anysp
— docum

The APS sh
amendmer

The APS, ifcluding any revisions, shall be approved by the purchaser prior to the start of qualifica

and produ

8.3 Pre-
A PPT shal

Requireme
contained

All items i
inspected

hg and storage of pipes;
pcial conditions for dispatch of coated pipes, incliiding protection of pipe ends;
entation.

all cover all items associated with quality control as defined in this document and any agy
ts. It shall be available to the purchaser on request at any time during production.

tion.

production trial (PPT)
be carried out immniediately prior to start of production.

nts for the frequency of testing and inspection, methods and acceptance criteria
n Tables 8and 9.

nh the APS, from surface preparation to preparation of pipe ends shall be performed
tested.

the

eed

—n

on

are

and

The specif

Boo Bararnaatax Lhaolllbao oc oot o ooy 4 ADC o 1TD
CPTroteSSparamCctCT S STralt ot aS peT oot approvea it o O 11 1-

The results from the PPT shall be documented in a report, including the process parameters used, the

APS and th

e coating material certificates.

In cases of orders with different combinations (pipe outside diameter and wall thickness) and where
PPT is not going to be carried out on every combination, pipes to be used at the PPT shall be defined by

the purcha

ser [see 6.2, u)].

8.4 Inspection and testing plan (ITP)

The applicator shall prepare an ITP and a daily log to record quality control data.

An ITP sha

12

1l be prepared for any requested qualification and production acceptance testing.
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Inspection frequencies shall be as per Tables 8 and 9.

The ITP contents shall reflect all the process items, the items to be inspected and tested as described by

the

APS and related frequencies.

As a minimum the following shall be recorded:

description of the activities;

coating system;

inspection points for each of the activities;

applicable reference documents;

applicable check procedures and methods/instruments;
acceptance criteria;

frequency of the checks;

remedial actions;

persons required to be present at the inspections;

reporting.

If specified, a daily log shall be used to record all inspection and testing data, process para

cali

8.5
Ifa
Wh

Req
con

All

brations of equipment for quality control.

Procedure qualification trial (PQT)
PQT is specified, the APS shall be verified during execution of the PQT.
en a PQT is specified, a specific ITP shall be prepared and subjected to purchaser’s appro

uirements for the frequency. of” testing and inspection, methods and acceptance ¢
fained in Tables 8 and 9.

items in the APS, from(surface preparation to preparation of pipe ends, shall be perf

inspected/tested on the(specified number of samples.

Thd
ran
can

Pro
var

specific process-parameters shall be selected to be used during the PQT so that the suital
bes and combinations specified in the APS can be verified (e.g. a maximum value for one
be appliedsinicombination with a minimum value for another, if deemed critical).

cess parameters shall be monitored and recorded. For each of them the set point ang
atians, either in absolute values or percentages, shall be provided.

meters and

val.

riteria are

brmed and

hility of the
parameter

allowable

ma-tha DAOT cLoll Lo Jdo oo oo

Th\, r\,‘)ultﬂ fruxu CIIC I \{1 OIIAdIT UU uULulll\—llt\,d in [<8 r\.purt, incﬁ.h,ﬁng tll\, pru\.\.ao lJ(]l Qlll\,t\,r
APS and the coating material certificates. Any recommendations for revision of the APS that apply for
production shall be highlighted in the report.

9

9.1

Coating material qualification

Composition of the coating system

The three layer coating system comprises:

1st layer: epoxy;

2nd layer: adhesive applied by extrusion and/or by powder spray;

© ISO 2018 - All rights reserved
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3rd layer: PE/PP top layer applied by extrusion.

If required, a rough coat can be applied to increase slip resistance.

9.2 (Qualification of the coating materials

9.2.1 General requirements

The manufacturer shall qualify and issue a report for each type of coating material in compliance with
the requirements of this document. The qualification shall be repeated in case of changes in the material

compositiqr, Tiranges i the production process wiici it tuerce the matertat processing befraviourpnd

change in production facility.
The test report shall contain the results of the qualification tests and the data required in Table 6.

The manufacturer shall carry out and report the material qualification in accordance with
requiremepts of Clause 8 and Tables 3, 4 and 5. The test report shall contain, the results of
dn tests and the data required in Table 6. Test reports shall have three-year validity.

qualificati

The applic

this docun

9.2.2 Ep

The applic

ent.

joxy material

tor shall use epoxy material that is in accordance with-Fable 3.

Table 3 — Requirements for th€ epoxy material

the
the

htor receiving the manufacturer's test report shall verify that it tne¢€ts the requirement of

Properties Unit Test method Requirements
Class A and Class B Class C
Liquid mono-compenenta or bi-component epoxy
Density g/cm3 |1SQ2811 (all parts) Within +0,05 of the manufacturer s specifipd
nominal value
Solid col:tent of base and 0% massSH50 3251 In accordance V\{th manufacturer S
ardener specification
>950 Atleast 5 aboye
Minimurp glass transition o maximum
temperature (7Tg2) °C Annex D and within ' pipeline desigh
(DS[C analysisb) manufacturer's temperature with a
specification minimum of 93,0
Manufacturer's Within the 20 % of the nominal values
Gel timg at 205 °C\&'3 °C S specification specified
P by the manufacturer
Epoxy powder (FBE)
Moisture content % mass | ANNex K <0,06
>950 Atleast 5 °C
Minimum glass transition o above maximum
temperature (Tg2) °C Annex D and within ’ pipeline design
(DSC analysisb) manufacturer’s temperature with a
specification minimum of 95,0

a  Liquid mono-component is limited to Class A only.

b Curing condition (procedure as per manufacturer's specification).

14
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Table 3 (continued)

Properties Unit Test method Requirements
Class A and Class B Class C
3,0 % retained on 150 um sieve
Particle size % ISO 21809-2 <0,2 % retained on 250 um sieve

and within the manufacturer’s specification

Within 20 % of the nominal value specified by

3 o + o
Gel time at 205°C £ 3 °C S Annex the manufacturer
Density g/cm3 | Annex M Within +0,05 of the manufacturer's specified

nominal value

a  |Liquid mono-component is limited to Class A only.

b |Curing condition (procedure as per manufacturer's specification).

9.213 Adhesive material

The applicator shall use adhesive material that is in accordance with Table 4.

Talyle 4 — Requirements for the adhesive material (copolymeric or grafted adhesive ip pellet or
powder form)

Properties Unit Test method Requirements
Class A Class B Class C
Strain at break at 0 [SO 10350-1
23°C+3°Ca % 11s0.527-2 =600 =600 =400
Density g/cm3 :)Sa?é)l% (all Within manufacturer's specifjcation
MFR g/10min | 1SO 1133-1 Within manufacturer's specifjcation
Stress at yield at MPa 150 10350-1 S5 >8 512
23°C+3°Ca 1SO 527-2 - - -
Charpy impact strength, notched kj/m2 ISO 179-1 or . - >3
it minimum class temperature ISO 179-2 B
Vicat softening temperature A/50 °C ISO 306 260 =85 =115
ISO 15512 pellet
or powder
Water content % <0,05 <0,05 <0,05
1SO 8130-7
powder
a  |For testing speed refer to G.1.4.2.

9.2 DF‘I/DD I'np l:\ynr material

The applicator shall use PE/PP material that is in accordance with Table 5.
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Table 5 — Minimum requirements for PE/PP top layer

Properties Unit Test method Requirements
Class A Class B Class C
[SO 1183 (all parts)
Density of black compound g/cm3 or ASTM D792 or 20,930 >0,940 N.A.
ASTM D1505
. . [SO 1183 (all parts)
D(fl‘;iﬁ’a‘;{{t?jrgagﬁ;g‘“ g/cm3  |or ASTM D792 or 20,920 20,930 0,890
P ASTM D1505
Carbon black content % ISO 6964 2-3 2-3 N.A,
Carbon|black dispersion — ISO 18553 Max Grade 3 Max Grade 3 N-A.
MFR g/10 min | 1SO 1133-1 Within manufacturer's specification
ISO 10350-1
Strain at Break at 23°C + 3°Ca % 2600 2600 2400
[SO 527-2
ISO 10350-1
Stress at yfield at 23 °C + 3 °Ca MPa =10 =15 =20
ISO 527-2
Charpylimpact strength, 1SO 179-1
notched at minimum class kJ/m2 — — 23
temperature 150 179-2
Vicat softening temperature oC 1SO 306 ) >110 =130
A/50
ISO 15512 pellet or
Whter content % powder <0,05 <0,05 <0,05
ISO 8130-7 powder:
Harglness Shore D — ISO 868 =50 =55 260
21 000 Cond. B,
10 % Igepal CO630
or
ESCR 2300 if density of black
h ASTM D1693 Cond. A, 10 % | compound >0,955 g/ N.A.
(30 °C, F50) Igepal C0630 cm3
2300 Cond. B,
100 % Igepal
C0630
Oxidati¢n induction time 30 30
(intprceptin the min ISO 11357-6 o 230 at 210 °C oo
at 210 °C at 220 °(
tangent method)
UV resistanceand AMFR <35 AMFR <35
thefmal ageing % Annex G or or N.A.
(not blagk PE'compound) Aep<50% Aep<50%
UVresistance and % Annex G AMFR < 35 AMFR < 35 AMFR <35
thermal ageing - - -
a  For testing speed refer to G.1.4.2.

If the compounding is done during the application process, the applicator shall perform the qualification
tests for the product in accordance with Table 5. The batch certificate, produced in accordance with

Table 6, shall be issued.

The carbon black used in the production of black compound shall be P type.

NOTE The applicator sometimes performs compounding with additives against UV and thermal ageing or
other purposes.
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9.3 Batch certificate

9.3.1 The applicator shall provide batch certificates supplied by the manufacturer of each material
and shall contain the information given in Table 6. The batch certificate shall state test methods and
acceptance criteria (i.e. acceptable ranges or min/max value).

The applicator shall identify the materials and shall confirm that the certificates comply and relate to
the specified materials.

Table 6 — Batch certificate

Coating material
Content Liquid FBE Adhesive PE/ER
epoxy top coat

Identification of the manufacturer X X X X
Product identification X X X X
Batch identification X X X X
Date and place of manufacturing X X X X
Density X X X —
Density of the compound — — — X
Viscosity of base and hardener X e — —
Solid content of base and X — — —
hardener
Melt flow rate — — X X
Gel time X X — —
Particle size — X xa —
Moisture/water content — X X X
carbon black content — — — Only PEa
carbon black dispersion — — — Only PEa
Thermal characteristic X X — —
Reactive site contént(direct or
indirect methods can be proposed — — X —
by the manufacturer)
a  Ifapplicable.

9.3)2 The manufacturer's specification for epoxy materials shall include the following:

— |trade name;

— |geheric type;

— mix ratio (if any);

— maximum thickness, expressed in millimetres or micrometres (Annex A);

— general information about application window;

— maximum and minimum storage temperatures, expressed in degrees Celsius;
— shelf-life at storage temperature, expressed in months;

— physical properties, in accordance with Table 3.
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9.3.3 The manufacturer's specification for adhesive and PE/PP materials shall include the following:
— trade name;

— description of the adhesive (if applicable);

— colour;

— maximum and minimum storage temperatures, expressed in degrees Celsius;

— shelf-life at storage temperature, expressed in months;

— physicpl properties, in accordance with Tables 4 and 5.

9.4 Storpge and handling of coating materials

Storage anfl handling of coating materials shall be in accordance with the manufacturer's’specification.

10 Coatipg system qualification

Each coatimg system shall be qualified by the applicator. Qualification shallbe'carried out separately for
each coating application line and a specific APS and ITP shall be prepared‘by the applicator.

The applicptor shall carry out and report the coating system qualification in accordance with|the
requirements of this document. The test report shall contain the\results of the qualification tests pnd
data required in Tables 6, 7, 8 and 9. The applicator shall apply coating materials qualified in accordgnce
with the rdquirements of 9.2.

Qualificatipn shall be repeated in case of modifications to the coating line, coating material§ or
applicatior] procedures.

Table 7 — Properties of the applied coating

Properties Unit Test method Class A Class B Class @
Free of defects and discontinuities,
Continuity — Annex B delaminations,
separations and holidays
Impact stfength at 23 °C + 3 °C J/mm |AnnexE >5 >7 >10
at23°C+3°C <0,3 <0,2 <0,1
Indentatipn at maxithum mm Annex F
deSign <0,4 <0,4 <0,4
tempeérature
Strain 4t breakof.PE/PP at
b3 oC £3°Ca % ISO 527-2 >400 >400 =400

a For testing speed refer to G.1.4.2.
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Table 7 (continued)
Properties Unit Test method Class A Class B Class C
>10,0
at=23°C
>25,0
>2,0 at =60 °C at =23 °C
No 218,00 26,0
disbonding at 223 °C at =90 °C or
between steel | >5 0 at >80 °C| at maximum
Peel strength N/mm |AnnexC and epoxy . operating
Ifanon- disbgr:ding 3¢ mperatul;e
grafted  |petween steel iFqbove 90 °C
~adhesive and epoxy,~|No|disbonding
is used the befween steel
failure mode dnd epoxy
shall be
cohesive
ATg °C Annex D =3,0°C < ATy < +3,0 °C
forGlasses A and BAMFR £ 20 ;
Product stability during ~  forClass CAMFR < 35
dpplication of the PE/PP top %  [1SO1133-1 (variation between virgin compounded
layer process granulate before application arjd coating
after application of the same batg¢h tested by
the applicator)
at23°C/28d;
1,38V <50
Cathodic at 65°C/24 h;
disbondment -3,38V mm Anne@Hl <4,0
Max Op. temp
(max 90 °C)
/28d; <15,0
-1,38V
Degrees
- per pipe No cracking at an angle of 2,09 per pipe
Flexibility length Anpex | diameter length
diameter
Resistance to hotgrgyer mm  |AnnexL Average <2,0 and maximum <3,0

immersion test

a Fpr testing speedrefer to G.1.4.2.

11

11.0 General

Application of the coating system

The applicator shall apply qualified coating systems in accordance with requirements of Table 9.

Throughout all stages of the coating application process from handling, surface preparation, coating,
quenching, inspection and storage; special attention shall be given to ensure that pipes manufactured
from a solid CRA or lined/clad internally with a CRA do not come into direct contact with carbon steel
or become contaminated with carbon steel residue.

© ISO 2018 - All rights reserved
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11.2 Surface preparation

11.2.1 Initial preparation

All dirt, deleterious matter and contaminants, such as oil and grease, shall be removed from the pipe
prior to coating. If necessary, the pipe shall be cleaned in accordance with the requirements of SSPC-SP 1.

All steel defects and irregularities (e.g. laminations, slivers, scratches) shall be removed in accordance
with the APS. Grinding of steel defects shall not reduce the wall thickness below the specified minimum
wall thickness of the pipe.

All pipes shall be dry prior to entering the abrasive blast cleaning unit(s). The pipe temperature shall be

atleast 3 °C above the dew point immediately prior to abrasive blast cleaning.

11.2.2 Abrasive blast cleaning — Cleanliness and surface roughness

The abrasives used in the coating plant shall be in accordance with the respective requirements of
[SO 11124 |(all parts) or ISO 11126 (all parts). Pipes made of corrosion resistant@lloys such as duplex
stainless steel and 13 % Cr shall be blast cleaned using stainless steel abrdsives or an expendable
abrasive sych as aluminium oxide. For carbon steel pipes lined/clad internallpywith CRA, care shalll be

exercised to prevent contamination by carbon steel abrasives on the insidelof the pipe.

NOTE IIf the pipe being coated is of a high-strength grade, e.g. X80, X¥00"or X120, harder abrasives cah be

required to

The abrasi
in accorda
substrate.

provide the required cleanliness and surface profile.

Pes (including recycled materials) shall be maintainéd-clean, dry and free from contaminz:
nce with SSPC-AB 1, SSPC-AB 2 and SSPC-AB 3 or ASTM D4940 so as not to contaminate

The cleanliness achieved at entry to the application line‘shall be in accordance with the requirement

ints
the

s of

[SO 8501-1}2007, grade Sa 2%2 minimum.
NOTE §imilar requirements are specified by-SSPC and NACE (see Bibliography) with the approxirhate
correspondence given hereafter:
[SO 8501-1 NACE SSPC-SP Designation
Sal3 1 5 White metal blast cleaning

Saj'. 2 10 Near-white metal blast cleaning
The height|of the surfacefprofile attained shall be within 50 pm and 100 pm, as measured in accordgnce
with the r¢quirements 6f 1SO 8503-4 (Stylus method) or ISO 8503-5 (Replica tape method). The Stylus
method shill be used for verification. The Replica tape method may be used when a correlation is
established with the Stylus (Profilometer) method with a cut-off length of 2,5 mm.
If grinding iS~required after final blast cleaning, the maximum allowable area of grinding shal| be
10 cm?2 permretreof pipetengtiror6;5-%of the pipe—surfacearea; whichever s towerHthegrimding

area required exceeds these limits, the pipe shall be reblasted or spot blasted on ground area. The
maximum allowable area of spot blasting shall be less than 5 % of the pipe surface area.

Reclaimed abrasive blast materials shall not be used unless automatic reclaiming equipment is used.
Blasting equipment that includes devices to recycle abrasives shall have equipment that ensures
removal of dust, fines, corrosion products and other contaminants.

11.2.3 Surface dust contamination

The dust level shall be measured in accordance with the requirements of ISO 8502-3. The maximum
dust quantity rating shall be 2 and the maximum dust size class shall be 2.
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11.2.4 Surface pre-treatment and salt contamination

If the applicator chooses a surface pre-treatment (e.g. deionized water, phosphoric acid and/or chromate
pre-treatment), the pre-treatment process shall be agreed with the purchaser.

If surface pre-treatment is used for a PQT, it shall be used for production. Process parameters (e.g.
pressures, concentration, temperatures, etc.) shall be verified and maintained stable along the whole
production.

Testing for the presence of soluble salts on the pipe shall be undertaken in accordance with the
requirements of ISO 8502-6 and ISO 8502-9. Alternatively, if allowed by the pipe temperature, a salt

con|
levd
pre

11.

11.

The
con
pyr
to 1
con|

In
des
coa

Thn
sha
the

valiie used and verified during PPT orPQT if carried out. Variation of the recorded values vel

pre
cutl

Dur
coa

Use

1 shall be 20 mg/m? after blasting. If levels above 20 mg/m?2 of soluble salts are measure
treatment cleaning process shall be agreed upon by the applicator and the purchaser.

3 Coating application

B.1 General

coating shall be applied in accordance with the APS. DuringZthe application of {
ponents, the pre-heating temperature of the pipe shall be monitored and recorded ug
pmeters and checked with contact thermometers. Temperdtutre-measuring crayons m
heasure temperature only if agreed upon prior to coating, and shall be validated for te
frol during qualification and production of the coating syStem.

rder to minimise waste of CRA lined production ‘pipes due to sampling for destru
gnated test pipes with the same characteristics:as-the production pipes can be introdud
[ing line and subsequently removed for destrugctive tests.

oughout production, the blasting line speed, pre-heating temperature and the coating
| be monitored continuously and the.data recorded as per Table 8 unless otherwise a
end user/purchaser. Speed values during production run shall be within a range of +1

heating temperature shall be within a range +5 % along the pipe length with the excey
pack (11.4) lengths.

ing production if the aboye parameters (i.e. blasting line speed, pre-heating temperaty
[ing line speed) require modification from the PPT or PQT values a new PPT shall be pert

of recycled coatingmaterial is not allowed with the exception listed below for FBE.

amination portable instrument can be used, according to S55FC Guide 15. The maximun allowable

1, a surface

he coating
ing optical
hy be used
mperature

Ctive tests,
ed into the

line speed
breed with
0 % of the
sus the set
tion of the

re and the
ormed.

11.8.2 Epoxy.application
Followingsurface preparation, the surface being coated shall not be exposed for a length of tifne that can
res

sha

i
It in flash rust. Between end of surface preparation and start of preheating, under no cirjcumstance
l&he time be more than 4 h and the pipe temperature shall remain at least 3 °C above theldew point.

The pipe temperature prior to and during epoxy application shall be in accordance with the APS.

The thickness of the epoxy layer after curing shall be in accordance with Table 9. The ATg shall be in
accordance with Table 7.

Use of recycled FBE powder is allowed to a maximum of 20 %. Recycled FBE is not allowed if powder

adh

esive is used.

11.3.3 Adhesive application

The elapsed time between epoxy application and adhesive application shall be in accordance with the APS.

©IS
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Adhesive layer shall be continuous. Under no circumstances can the top layer (9.2.4) be in contact with
epoxy (9.2.2).

11.3.4 PE/PP application

The application of the PE/PP layer shall be in accordance with the APS.

The applied coating shall be cooled to a temperature that prevents handling damage during finishing
and final inspection.

The total coating thickness shall be in accordance with Table 2.

11.3.5 Rough coat application

If a rough doat is applied, requirements for its acceptance shall be agreed upon.
Requirements shall be agreed [see 6.2 0)] and specified e.g. rough material consumption per standard
surface andl its distribution.
11.4 Cuthack
The coating at the pipe ends shall be removed to expose a length of-bare metal as specified in|the
purchase drder [see 6.1, i)].
The polyolefin shall be bevelled to an angle not exceeding 30° measured in the direction of the pipe gxis.
For pipes manufactured from solid CRA, all tools used to_remove coating from the pipe ends shall
be manufaftured from a suitable material such as stainléss steel in order to avoid contaminatio by
carbon stegl.
For carbon|steel pipes lined/clad internally with CRA; care shall be exercised to prevent contaminafion
by carbon $teel residues on the inside of the pipe.
NOTE It is advisable that some millimetres 0f FBE protruding from the polyolefin bevel might increasq the
long-term sforage performances. Proper length-shall be managed by purchaser through 6.1. The cutback lefpgth
shall be megsured from the root face of the‘pipe to the beginning of the coating bevel.
12 Insp€ction and testing
12.1 General
Inspection| and testifig-"'shall be carried out in accordance with the APS, and ITP, and meet|the
requirements of Tables 8 and 9.
Table 8 — Requirements for inspection of surface preparation and coating application
Frequency
. . . Coating System | Frequency
Properties Unit Test method Requirements Qualification/ | production
PQT/PPT
Surface condition . . . Free of . .
before blasting o Visual inspection contaminations Each pipe Each pipe
Environmental Calculation and As det_ermmed
o — : at time of Once Every 4 h
conditions direct measurement
measurement
Pipe temperature o Thermal contact | Minimum 3 °C above

before blasting c probe the dew point Once Every4h
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Table 8 (continued)
Frequency
. . . Coating System | Frequency
Properties Unit Test method Requirements Qualification,/ | production
PQT/PPT
Certification
respective Conformity to
Size, shape and requirements certificate
properties of — [SO 11124 (all parts) | and compliance with Once Every batch
virgin abrasive (metallic) manufacturing/
SO TT126 (att parts) TWoTKIng Procedures
(non-metallic)
Water-soluble Conductivity max
conftamination of uS/cm ASTM D4940 150 y ' Once 1/shift
abrasives
Soluble salt IS0 8502-6 or Salt content (as
dontent after mg/m? ISO 8502-9 or NaCl) max. 20 Each pipe 1/shift
blasting SSPC Guide 15 '
Roughness of ISO 8503-4 or 5 pipes to be
blasted surface wm IS0 8503-5 50 to 100 tested Every 1h
B lasstgzgé.me m/min Stopwatch Compliance to APS Each pipe 1/shift
Vispal inspection Grade Sa 2 % . .
of Hlasted surface o 150 8501-1 minimum Each pipe Fach pipe
Presence of Max. quantity 5 bies to b
dist after dust — 1SO 8502-3 rating 2 pltle):i'feg € Every 1h
removal Max. dust size 2
Vispal inspection
ionf—gi)pdeulzzilg; E[(()) — Visual No flash rust Each pipe Each pipe
Coating line
1 frr; gs:sgéze Thermometer or
adhesive and to °C other approved Compliance to APS Once Every 1 h
coat p equipment
re-heating Pyrometer or other
temperature °C y . Compliance to APS Each pipe Fach pipe
bifore coating approved equipment
q oastll)r;geé.me m/min Stopwatch Compliance to APS Each pipe 1/shift
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Table 9 — Minimum frequency and requirements for inspection and testing of applied coating

Frequency
. . . Coating System| Frequency | Frequency
Properties Unit Test method | Requirements Qualification/ PPT production
PQT
Liquid epoxy:
minimum 50 Once th?ry
i FBE: minimum - i two shifts
Epoxy thicknessa pm ISO 2808 iy 1st pipe 1st pipe and at every
start up
i Maximum 400
. Oncejevery
Mlnlm‘ll,m . :
adhesiye pum ISO 2808 150 on pipe 1st pipe 1st pipe tuQyHiffs
. body and.at evgry
thicknessa
start uy
1st
o . : productign
Degree of cure C Annex D Table 7 5 pipes 5 pipes pipe and P
shift
Continyity — Annex B Table 7 5 pipes 5 pipes Each pipe
Total codting . . Every
thickness mm Annex A Table 2 5 pipes 5 pipes 10 pipe
Impact strlength J/mm Annex E Table 7 1 pipe 1 pipe Once per IIE/
PP batch
Peel strehgth
Each pipe shall be
testedat28°Cat |  N/mm |AnnexC Table 7 5 pipes 5 pipes Every 4 h
both ends with an
additional ftest at
high tempdrature
D
Indentation mm Annex F lable 7 Once Once Eacglaffh/ P
D
Strain at preak % 1SO 527-2 Table 7 Once Once Eacglai’th/ P
Cathodic 23°C/28d;
disbondinent mm Annex H -1,38V Once _ _
Max Op.
Cathodic temp (max . o
disbondent m AnncxH 90°C)/28d; Once
-1,38V
Cathodic 65°C/24 h;
disbondipent mm Annex H -3,38V Once Once 1/day
Resistance tg-hot
water immlersion mm Annex] Table 7 Qnce Qnce —
test
Degrees
Flexibility pler PIP€ | Apnex| Table 7 Once — —
ength
diameter
Product 1st pipe per
stability during % ISO 1133-1 Table 7 Once Once Ehri)ftp
application
a  For FBE and adhesive thickness, it is measured on part-coated pipes over the length of pipe partially coated.
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Table 9 (continued)
Frequency
Properties Unit Test method | Requirements C(;):;?f}i;csa}g(t)il;l Fregggncy ;::g:fg 3’1
PQT
. . . Recorded
Cutback mm Measuring | Subclause 11.4 5 pipes 5 pipes once per hour
Residual
Magnetism . . .
after coating Gauss Gaussmeter |As per SO 3183 5 pipes 5 pipes 1/shift
Application
Cqating repairs — Visual/AnnexB| No holidays vglr;Sthioorn — Epch defect
a  |For FBE and adhesive thickness, it is measured on part-coated pipes over the length of pipe partially coated.

12.2 Re-testing

Pipes that fail to meet the requirements of Table 8 shall not be coated until'the cause has been identified
and| corrected. Pipes that have been coated since the last acceptable test shall be accepted if they meet
the[requirements of Table 9.

Pipes that fail to meet the requirements of Table 9 shall be re-tested for the parameter(s) found to be
outlof specification. If the re-test also fails to meet the requirements in Table 9, two pipes in the coating
seqlience prior to the pipe that failed and two pipes in the'sequence after that pipe shall be re-tested.

If tlhe results of all re-tested pipes are satisfactory;(thie coating shall be considered accepfable on all
pip¢s except the pipe that failed. If any of the re-tests also fail, the total production back to the last test
pasped shall be blocked and further testing shail be initiated by the applicator and agreqd with the
purghaser. In the case of confirmed failure, the‘coating shall be rejected.

13|Coating repairs

Defects in the finished coating caused by the application process, transportation, handling dnd storage
in the coating plant or in the“storage area, as well as those that have been subjected to dlestructive
tesfing, shall be repaired.

The defect area shall Hotexceed 10 cm?2 and the total number of defects shall not exceed 1| defect per
mefre length of pipé,Ainless otherwise specified. If the size or number of defects exceeds these limits,
thefaffected pipe-shall be stripped and recoated in accordance with the APS.

Defpcts shall-bé repaired and inspected using materials and procedures in accordance with the APS
and any PQT Repair materials shall be compatible with the applied coating.

If itlistequired to strip a pipe, it shall be carried out in accordance with the APS.

For pipes manufactured from solid CRA, all tools used to strip the coating and remove residual coating
from the pipe surface shall be manufactured from a suitable material such as stainless steel in order to
avoid contamination by carbon steel.

14 Marking

14.1 General

Coated pipes shall be marked in accordance with the requirements of 14.2 and with any additional
markings specified in the purchase order [6.2, d)]. Additional markings, as desired by the applicator,
shall be by agreement.
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14.2 Required markings

Marking shall be carried out using a method such as stencil painting and/or printing to ensure legible
and indelible identification and shall be in accordance with APS.

The marking shall contain the following data:

refere

coatin

maxin

EXAMPLE

specified total coating thickness from 7.3;

applicator's name or code;

marking required by the applicable pipe specification or standard;

. .
I

b thickness class;

um design temperature (for Class C only).

Applicator = I1SO 3183:2012 OD XYZ mm wt XYZ mm L415 - [SO 21809-1:2018 Class B2 -2,5 n

15 Han

15.1 Handling

Coated pi

specified in the purchase order, the applicator shall submit details of the handling procedures [see

e)]; such py

Pipes that
applicable

Coating th
the require

15.2 Stor]

If specified
[see 6.2, f)
for yard
engineeri

Solid CRA
carbon ste

srﬂgrage. Suitability*of’maximum stacking height shall be demonstrated by means of prd

ing and storage in the applicator’s facilities

s shall be handled in a manner that avoids damage'to the pipe, pipe ends and coatin

hre damaged during processing shall be repaired in accordance with the requirements of
pipe specification or standard.

it is damaged after the holiday inspéc¢tion (see Table 9) shall be repaired in accordance v
ments of Clause 13.

age

in the purchase order,'thee applicator shall submit storage and coating preservation def
and 6.2, t)] and shall specify in the APS details of the facilities and the methods being

calculations.

pipes or pipes lined/clad internally with a CRA shall be stored in an area separated f
] pipes and end caps fitted to protect the inner CRA surface from carbon steel contaminat

16 Test féports and certificate of compliance

p. If
6.2

)

ocedures shall include loading requirements wheére the applicator is responsible for loading.

the

vith

ails
sed
per

Ffom
ion.

Unless otherwise specified in the purchase order [see 6.1, j)], an Inspection Certificate of type 3.1 in
accordance with 1SO 10474:2013 (or type 3.1 in accordance with EN 10204:2004) shall be issued by
the applicator, which provides the results from the inspection and testing of the coating materials
and coated pipes in accordance with the requirements of this document and any other requirements
specified in the purchase order. If, however, in the purchase order, the purchaser does waive the
requirement for an inspection certificate, then the applicator should provide a certificate of compliance.
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Annex A
(normative)

Inspection of thickness

General
Fenera:

The
pro

A.2

The

Thd
fery

A3

A3

shimns or plates that are £20 % of the thickness being measured and if necessary, be adjusted.

sha
cleg

NOTI

A3
any
aro
the

Tak
leng

from thewend of the coating.

CESS.

Equipment

1 Magnetic, electromagnetic, eddy-current or ultrasonic thickne§symeasuring instru
% reading accuracy.

instrument shall be calibrated for the range of coating thickness to be measured.

choice of test instrument used shall be appropriate for €he’pipe material, which can haxy
omagnetic properties to carbon steel.

Procedure

1 At the start of each shift verify the instrument reading on a steel pipe surface using

| be carried out at the same temperature as the samples being measured. The surface rou

nliness of the steel pipe surface shall’be representative of the production pipe.
E When measuring thickness‘of more than 1 mm, the surface roughness of the pipe is not re
2 On each pipe to be tested, carry out a total of 12 single readings in accordance with |

of these 12 readings\is'below the minimum coating thickness, carry out an additional fo{

minimum thickness.

e the meastrements at points distributed along four equally spaced longitudinal lines
rth with.three equally circumferential lines on the middle of the pipe at a distance of at lez

test shall consist of measuring the thickness of the applied coating by means of amon-dlestructive

ment, with

re different

calibrated
Calibration
phness and

levant.

SO 2808. If
ir readings

ind this area. The'average of the additional four readings and the initial reading shall be lhigher than

at the pipe
st 300 mm

For

submerged arc welded pipes, four thickness measurements shall be taken on the weld a

ea.

A.4 Results and test reports

The results shall consist of all individual measurements and the calculated arithmetic average of all
measurements

The test reports shall include at least the following:

©IS

identification of test specimens (pipe number);
procedure used;

instruments used;
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— reference to this document;
— ambient temperature and pipe temperature;
— date of test;

— testresults.
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Annex B
(normative)

Holiday detection test

General
Fenera:

hig

defg¢ct accompanied by a sound and/or light signal.

B.2

B.2
vol{]

B.2
sha

B.2

B.3

B.3

B.3
nec

B.3
swi

B.3

B.3
sur
the

Thi‘li test shall consist of detecting any holiday of the coating using a scanning electrode.ene

voltage. Defects shall be detected by a spark occurring between the steel and the €lect

Equipment

1 High-voltage holiday detector, fixed or adjustable, calibrated’to within 10 % of t
age, equipped with a sound and/or light signal.

] conform to the shape of the pipe to ensure full coverage.

3 Conductors, which are used to complete the.gifcuit.

Procedure
1 The test shall be performed only-@n a coating that is free from surface moisture.

2 At the start of each shift, the instrument shall be verified by a certified voltmeter and|
PSsary.

3 The instrument (holiday detector) shall be connected to the pipe, completing the
Fched on.

4 Setthe voltage at 25 kV = 2,5 kV.

5 Theerntire coated surfaces shall be inspected and the scanning electrode shall be pass

Igized by a
rode at the

e required

2 Scanning electrode, in the form of a metal brush, coil spring or conductive rubber. The electrode

adjusted if

Fircuit, and

ed over the

acecofthe coating being inspected with a continuous movement. The rate of the relative m
electrode shall not be limited, but it shall be demonstrated that a defect of 1 mm in diam|

vement of
Fter can be

det

Piogon |
CLCU.

B.4 Results and test reports

The results shall consist of recording the number of holidays detected. Each holiday shall be marked
for repair.

The test reports shall include at least the following:

©IS

identification of test specimens;
procedure used;

instruments used;
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— reference to this document;
— date of test;

— testresults.
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Annex C
(normative)

Peel strength test

General
Fenera:

Thd
of t

C.2

C.2
that

test shall consist of measuring the force required for peeling the coating from thermetq
he pipe at a constant rate of pull.

Equipment

1 Tensile testing machine, capable of recording the peel force(with a 5 % readin
operates at a rate of pull of 10 mm/min, example as shown in Figtite C.1 for small dian

Figlire C.2 for large diameters.

Key

| substrate

b accuracy,
eters or in

BowWw N R

©IS

pipe liug
coating strip
peel force, F
registration unit

Figure C.1 — Peel strength test equipment for a small-diameter pipe

02018 - All rights reserved

31


https://standardsiso.com/api/?name=53c8aa7312a912cc2e04dd5c7a62956b

ISO 21809-1:2018(E)

Key
coated
coatingj

Bw N R

registrg

C2.2 Cu

C.3 Pro

C3.1 Ge

C3.1.1 T

peel testing.

C3.1.2 T

C3.1.3 T
the pipe at

C3.14 T
10 mm/mi

bipe surface
strip

peel foilce, F

tion unit

Figure C.2 — Peel strength test equipment for a large-diameter pipe

[ting tool (e.g. knife).

cedure

neral

he coating thickness may be reduced to the minimum thickness of the coating class to facili

2
p

he peel test shall be performed at the temperatures specified in Table 7.

he temperature shall be measured by means of an adapted probe on the external surfac
the root of thepeeled strip.

he peél force shall be graphically recorded over 140 mm using a constant peeling spee
.

tate

e of

1 of

C.3.2 Small-diameter pipes

C.3.2.1 A pipe ring of 200 mm in length shall be cut from the pipe. Alternatively the test can be

performed

on the pipe end, directly on the pipe, without cutting the ring.

C.3.2.2 A sample coating strip shall be cut in the circumferential direction of the pipe ring, measuring a
minimum of 160 mm long and 20 mm to 50 mm wide.

C.3.2.3 The pipe ring shall be free to rotate about its axis as shown in Figure C.1.

C.3.2.4 The cut end of the coating strip shall be secured to one of the gripping jaws of the testing
machine and peeled perpendicular to the pipe axis.
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.3 Large-diameter pipes

3.1 The pipe shall be supported during the test to prevent movement.

C.3.3.2 A sample coating strip shall be cut in the circumferential direction of the pipe, measuring a
minimum of 160 mm long and 20 mm to 50 mm wide.

C.3.3.3 The cut end of the coating strip shall be secured to one of the gripping jaws of the testing
machine and peeled perpendicular to the pipe axis.

C3

3.4 A pipe ring or a cut sample can be used for measurement at high temperature instead

C.4 Results and test reports

Thd
of 7
reni

The
aut
100

Thd
int

In d
23
tem

Thd

aining data.

bmatically determined, the arithmetic mean may be estimated’from the 20 mm bands
mm length.

he 100 mm length shall be 30 % below the specified ¥alue.

ase of break at 23 °C, the maximum peel force‘shall be recorded. The minimum requi

perature if higher than 90 °C).

test reports shall include at least the following:
identification of test specimens;

procedure used;

instruments used;

reference to this doeument;

temperature of'test;

date of test;

test results.

of the pipe.

results shall be calculated by dividing the peel force data for 140 mm of peeling into seven intervals
0 mm, discarding the first and last intervals. The peel strength shall be calculated from the

average peel strength shall be the arithmetic mean over the 100 mm length. If this alue is not

across the

average peel strength shall meet the requirements of‘Fable 7 and no single recorded peleling value

rements at

C shall be fulfilled and the test shall then beicarried out only at 90 °C (or at maximun} operating
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Thermal analysis of epoxy and cured epoxy coating film with
Tg<115°C

D.1 Genleral

Thermal ahalysis shall be used to characterize the uncured epoxy (powder, one-component’liqui¢l or
two-compg@nent liquid) and the cured coating film.

Differentiall scanning calorimetry (DSC) shall be used. Reference can be made t3-1SO 11357-2( for
a descriptlon of the general procedure and definitions. General handling and [alibration shal] be
performed|as in ISO 11357-2 unless stated otherwise in this document.

For FBE with a glass transition temperature above 115 °C, testing-shall be according to [the
manufactufrer's recommendation.

D.2 Equjipment

D.2.1 Differential scanning calorimeter (DSC), with coalihg accessory.
D.2.2 Balance, accurate to 0,1 mg.

D.2.3 Sample-encapsulating press.

D.2.4 Alyminium pans, with covers.

D.2.5 Nitrogen gas supply, dry, analytical grade.

D.3 Progedure and measurement for epoxy

D.3.1 Procedure

For two-component&poxy liquid, taking into consideration the supplier's recommendations, accuraltely
and separatelyhgmogenize each component before use and mix them together in the exact mixing rgtio;
then contifuesto homogenize completely the mix of base and hardener for about 5 min. The minin}um
quantity tobemmixed s 100 gtoavoid miximg mistakes:

For one-component epoxy liquid, taking into consideration the supplier's recommendations, completely
homogenize 100 g of the sample before use.

D.3.2 Measurement
Perform the following heating cycles, starting with run (a) as the conditioning run for powder epoxy only.

— Run (a): heat the sample from 25 °C + 5 °C to 70 °C £ 5 °C at a rate of 20 °C/min, then immediately
cool the sample to 25 °C = 5 °C.

— Run (b): heat the sample from 25 °C £ 5°Cto 275 °C + 5 °C at a rate of 20 °C/min, then immediately
cool the sample to 25 °C + 5 °C. Hold for 3 min at 25 °C £ 5 °C.
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— Run (¢): heat the sample from 25 °C + 5 °C to Tg + 40 °C (typically 150 °C) at a rate of 20 °C/min, then

immediately cool the sample to 25 °C + 5 °C.

For certain epoxies, different heating cycles can be required according to the instructions of the epoxy
manufacturer.

D.4 Evaluation of results

D.4.1 Glass transition temperature

The
By

D.

Thd

Key

ngf the cured material (powder and liquid) obtained is equal to Tg>.

pvaluating run (b), the Tg of the uncured powder obtained is equal to Tg1. By evaluating

.2 Heat of reaction of the epoxy

exothermic heat of reaction, AH, is obtained by integrating the exothermic peak of the D

do/de A

+

()

run (b)
run{(¢)

|-

glass transition temperature, Tg, is calculated at the point of inflection intersection (see Figure D.1).

run (c), the

SC scan.

Figure D.1 — Examples of thermal scans on epoxy powder

D.5 Procedures and measurement for coating sample

D.5

.1 Sample preparation

D.5.1.1 Two-component epoxy liquid

Accurately and separately homogenize each component before use in accordance with the instructions
of the manufacturer.

© ISO 2018 - All rights reserved

35


https://standardsiso.com/api/?name=53c8aa7312a912cc2e04dd5c7a62956b

ISO 21809-1:2018(E)

Mix them together in the exact ratio and completely homogenize the mix of base and hardener for
about 5 min.

Apply the product at the thickness of 500 um on an aluminium panel that has been completely
degreased. The thickness of the panel is about 1 mm.

Let the film cure for at least 2 h at ambient temperature. Put the panel in a ventilated oven for 15 min at
170 °C, then take it out and let it cool at ambient temperature.

After about 2 h, bend the aluminium panel and take off one or more scales of the film in order to get the
necessary mass of material to put in the test capsule.

As an alterpative, a representative sample of cured film may be taken directly from the pipe.

D.5.1.2 (ne-component epoxy liquid
Homogenize the sample before use in accordance with the instructions of the manufacturer.

Apply the [product at the thickness of 500 um on an aluminium panel that has been complefely
degreased] The thickness of the panel is about 1 mm.

Let the filmp cure for at least 2 h at ambient temperature. Put the panel in a ventilated oven for 15 min at
170 °C, theh take it out and let it cool at ambient temperature.

After abouf 2 h, bend the aluminium panel and take off one or more(scdles of the film in order to gefjthe
necessary mass of material to put in the test capsule.

As an alterpative, a representative sample of cured film may.be taken directly from the pipe.

D.5.1.3 :Ilpoxy powder

A represenftative sample of the cured film shall be taken directly from the pipe using a scraper.

Weigh out [L0 mg + 3 mg to an accuracy of 0,L.mg. The pan is sealed with the cover. Determine the final
mass after|sealing.

Place the sample and the reference sample in the DSC cell and purge with dry, nitrogen gas.

Samples taken from pipes that have been stored or buried shall be dried before testing.

D.5.2 Megasurement

The followjing heating ¢ycles shall be performed, starting with run (a) as the conditioning run for|the
powder samples only.

Liquid epoky samplés shall start with run (b).

— Run (a):heat the sample from 25 °C + 5°Cto 110 °C + 5 °Cat a rate of 20 °C/min and hold for 1,5 pin,
then cool the sample to 25 °C £ 5 °C.

— Run (b): heat the sample from 25°C+5°Cto 275°C = 5 °Catarate of 20 °C/min, then cool the sample
to 25 °C £ 5 °C. Hold for 3 min at 25 °C = 5 °C. If minor decomposition is observed, the test shall be
repeated [Run (a) and (b)] using a new sample with the end point temperature selected just before
the onset of decomposition.

— Run (¢): heat the sample from 25 °C £ 5 °C to Tg + 40 °C (typically 150 °C) at a rate of 20 °C/min, then
cool the sample to 25 °C = 5 °C.

For certain epoxies, different heating cycles can be necessary according to the instructions of the epoxy
manufacturer.

Samples taken from pipes that have been stored or buried shall be dried before testing.
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D.5.3 Evaluation of results

D.5.3.1 Glass transition temperature

The glass transition temperature, Tg, shall be calculated in the same way for the epoxy for run (b) and
run (c) in Figure D.2 where Tg 3 is Tg of run (b) in D.5.2 and Tg 4 is Tg of run (c) in D.5.2, all expressed in
degrees Celsius.

For coatings, determine ATy, the change in Ty value, using Formula (D.1) and the Tg values defined in
paragraph 1.

do/de A

£(°C)
Key
1 [run (b)
2 |run(c)

Figure D.2 — Examples of thermal scans on coating

D.5/3.2, \Residual heat of reaction of cured coating

Thaexothermic heat of reaction AHy shall he obtained hy integrating the exothermic pp:\k of the DSC

scan run (b) in Figure D.2.

In a fully cured coating film, no residual heat of reaction should be observed.
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The degree of conversion, C, expressed as a percentage, can be calculated as given in Formula (D.2):

AH
C=

~AH,

where

x100 (D.2)

AH is the exothermic heat of reaction of the powder; run (b) in D.3.2;

AH7is

D.6 Res

Record the

— reference to this document;

— typeo
— date of
— typeo
— for the
— for the
— for the

Testing of |

rhe exothermic heat of reaction of the powder; run (b) in D.5.2.

1lts and test report

following information on uncured and cured material:

F material and batch number;

test;

 DSC equipment;

epoxy powder: Tg1, T2, AH;

epoxy liquids: Tg2, AH;

cured coating film: Tg3, Tg4, ATg, AHy and G,

production coating shall also require thé pipe number or identification.
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Annex E
(normative)

Impact test

E.1—General

The test shall consist of verifying the strength of the coating by the impact of a punch of deflined shape
falling directly onto the coating from a fixed height and at a fixed temperature. Carry out [the test on
pipes or cut samples. Do not carry out this test on pipes with a diameter of less than'50 mm.

E.2 Equipment

E.2]1 Drop-weight testing machine, consisting of the following:

— |Straight guide made of steel, aluminium or plastic, rigid and non-deformable, of inside diameter
between 40 mm and 60 mm, at least as long as 1,30 m_ang' containing a smooth and ¢ven inside
surface. Provide the guide with

— supportand levelling devices (for example two spirit levels for the horizontal plane ajnd a plumb
line for the vertical plane), and

— graduated rod, which makes it possible to'determine the drop height to an accuracy|of 5 mm.
Other guides may be used by agreement.

— |Hard steel punch, with a hemisphérical head, free from notches, porosity or otHer surface
irregularities and with a diameterof 25 mm + 1 %.

— |Fix a small metal rod of 6 muin diameter perpendicular to the flat face of the head and i its centre,
where this rod shall be lang'enough to hold the additional weights required for the testy. Equip the
punch with a suitable system for raising it to the required height; the mass of the assemply shall be
appropriate to the energy being checked and shall be accurate +2 %.

— |Weights, formedby metal discs (preferably made of stainless steel) with an outside diamjeter fitting
the internal-diameter of the straight guide and incorporating a central hole of a suitabl¢ diameter;
the mass of-each disc shall be accurate to +2 %.

E.3 Procedure

E.3.1 The test shall be carried out at a temperature of 23 °C + 3 °C. If provisions have been made to
perform this test outside this temperature range, adapt the method described, if necessary, to the
agreement between the applicator and the purchaser.

E.3.2 The coated pipe shall be placed on a rigid and stable horizontal support and shall, if necessary,
support the pipe interior to reduce its elastic response.

E.3.3 A holiday detection test shall be carried out prior to the impact test (Annex B) to identify the
defective points and avoid making the impact at these locations.

E.3.4 For each point of impact, the drop-weight testing machine shall be installed perpendicular to the
coating surface so that the loaded punch can fall freely without friction or resistance. Ten impacts shall
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be carried out, allowing the weight corresponding to the specified energy to fall from a height of 1 m.
The points of impact shall be selected to avoid any protruding welds. Furthermore, the distance from the
points of impact to the end of the pipe shall be atleast 1,5 D and at least 50 mm apart between the axes of
the impacts.

E.3.5 The holiday detection test shall be performed at each location (Annex B).

E.3.6 The hard steel punch shall be checked every 30 impacts. If damaged, it shall be replaced.

E.4 Respilts and testreports

If no holiddys are recorded on any of the ten impacts, the impact results are accepted.
The test reports shall include at least the following:

— identiffication of test specimens;

— procedure used;

— instruments used;

— referefce to this document;

— weightlused;

— date of test;

— testrepult.
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Annex F
(normative)

Indentation test

F.1—General

The test consists of measuring the indentation of a punch into the coating under fixed conditions of
temperature, load and time.

F.2| Equipment
F2.1 Chamber, inside ventilated or a circulated bath, thermostatically{ controlled to +2 °C.

F2.2 Penetrometer, comprised of

— Jacylindrical indenter with a diameter of 1,8 mm * 0,05 mun, 0n the top of which is mountgd a weight;
the assembly (indenter plus weight) shall produce a foxce of 25 £ 0,5 N,

— |adial gauge, or

— |another measurement system accurate to +0,01'mm.

F.3| Procedure

F3.1 The test shall be performed three times on a coupon cut from the pipe or on strips of polyolefin
top|coat removed from the pipe surface.

F.3.2 The test sample shall/be held within the penetrometer assembly, in the thermostatically
confrolled chamber and set;to the test temperature. The test assembly shall be kept in the chamber for
1 h|The indenter shall be-oaded with the force of 25 = 0,5 N in total into the equipment. The feadings on
the [dial gauge shall be ¥ecorded within 5 s (first reading).

F.3.8 A test duration of 24 h shall be used. The readings of the dial gauge shall be recorded (second
reagling).

F.4| CResults and test reports

The resultant indentation shall be calculated as the difference between the dial gauge reading before
(first reading) and after the 24 h test duration (second reading). The average of the three samples shall
be recorded.

The test reports shall include at least the following:
— identification of test specimens;

— procedure used;

— instruments used;

— reference to this document;
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— date of test;

— testresults.
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Annex G
(normative)

UV ageing test and thermal ageing test

G.1
The

Ev
floy

G.1

G.1

G.1

G.1

G.1
The

adhlesive residues. Alternatively thetest can also be carried out on a sheet/plate sample ot

spe
PE)

bo

G.1

G.1

lar:E) under given temperature and humidity conditions.

tesrl]ed after UV exposure and_sheets/plates are to be exposed, they shall be big enough s

1\ ageinga
ovageng

.1 General

test shall consist of subjecting PE/PP material test samples to the continuous.irradiatior

uation shall be performed by assessing the change in the material through the variatio
U rate (MFR) or alternatively by assessing the variation in the tensile/strain at break.

.2 Equipment
2.1 Irradiation chamber, equipped with a xenon lamprin.dccordance with ISO 4892-2:
2.2 Melt flow tester (see ISO 1133-1).

2.3 Tensile testing equipment to perform tests in accordance with ISO 527-1 and ISO
.3 Sampling
test shall be carried out on samples-taken from the top layer coating applied on the

Cimens according to ISO 527-2 of 2 mm thickness prepared in accordance with ISO 1]
and ISO 19069-2 (for PP) shall be used for UV exposure. In case the tensile strain at br¢

es according to ISO 527-2/can be prepared from them.
.4 Procedure
4.1 The test sample(s) shall be exposed under the following conditions:

artificial Weathering in accordance with I1SO 4892-2:2013, Table 3, Method A, cycle 1;
irradiance: 60 + 2W/m?2 (300 nm to 400 nm) respectively 0,51 + 0,02 W/m?2 (340 nm) usi

of a xenon

in its melt

P013.

627-2.

ipe free of
on tensile
(855-2 (for
bak is to be
b that dog-

hg daylight

£ larc.
Hrt

©IS

T3

black standard temperature (65 °C + 3 °C);

relative humidity (65 % * 5 %);

spray cycle: 18 min * 0,5 min spray, 102 min #+ 0,5 min dry;
continuous exposure.

total radiant time:

— for class A and B materials: 2 210 h;

— for class C type materials: 1 580 h;
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— the selection of the testing times should correspond to a total radiation (full spectrum from
300 nm to 2450 nm) approximately 7 GJ/m2 for class A and B materials and 5 GJ/m2 for class C

type materials.

G.1.4.2 Three melt-flow-rate measurements according to ISO 1133-1 or five tensile strain at break
measurements according to ISO 527-2 (the testing speed shall be chosen according to ISO 527-1 and in
such a way that the strain rate is as close as possible to the one when testing a 1A or 1B type specimens

according to ISO 527-2 with 50 mm/min) shall be undertaken on the test samples.

G.1.4.3 Calculate the MFR after exposure, MFR1, as the arithmetic mean of at least three results or

the

tensile strdin at break after exposure, £p1,as the arithmetic mean of at least five results.

G.1.4.4 C(Calculate the MFRy in accordance with ISO 1133-1 or g0 in accordance with I1SO 527-2 f
results obtpined from testing samples of the identical shape (and way of preparation) whieh have
been expoded.

G.1.5 Repults and test report

The variatjon of the MFR, AMFR, results, expressed as the percentage variation after exposure, s
be calculatied using Formula (G.1) and the variation of the tensile strain atbreak, Agp, expressed as
percentagd variation after exposure using Formula (G.2):

| MFRy —MFR,
| MFR,

AMFR

where

%100 .

MFRy

MFR;
Agb =

where

&po is
&p1 1s
The testre

— identif

is the melt flow rate measured before exposure;

is the melt flow rate measured after eXposure.

£y — €
b1 =b0 w100
€po

the tensile strain atbreak measured before exposure;
the tensile strain-at break measured after exposure.
ports shalllinclude at least the following:

ication'of the number and type of test specimens;

— proced

ure used;

fom
not

hall
the

— instruments used;

— reference to this document;

— date of test;

— testresults.
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G.2 Thermal ageing

G.2.1 General

The test shall consist of subjecting PE/PP material test samples to the effect of dry heat from a
thermostatically controlled oven.

Evaluation shall assess the change in the material by the variation in its melt flow rate or the variation
in the tensile strain at break.

G.22—Egquipment

G.2{2.1 Oven, thermostatically controlled, with air circulation maintaining a test tegmperature
within +3 °C.

G.2{2.2 Melt-flow tester (see ISO 1133-1).

G.2)2.3 Tensile testing equipment to perform tests in accordance with [SO 527-1 and ISO 547-2.

G.2l3 Sampling

adhesive residues. A sheet/plate sample or tensile specimens.according to ISO 527-2 of 2 mm thickness
prepared in accordance with ISO 17855-2 (for PE) and S0 '19069-2 (for PP) shall be used for thermal
age|ng exposure. In case the tensile strain at break is to be tested after thermal ageing, the|samples to
be gxposed shall be big enough so that dog-bones in:accordance with the recommendations of ISO 527-2,
can|be prepared from it.

The test shall be carried out on samples taken from the applied top layer coating whic'} is free of

G.2l4 Procedure
G.2|4.1 The test temperature and duration shall be in accordance with Table G.1.

Table'G.1 — Temperature and duration of test

Coati Test duration Test temperature
oating class h oC

A 2400 100°C+3°C

B 4800 100°C+3°C

C o o
Design temperature, T < 80 °C 240 150°C+3°C

C o o
Design temperature, T > 80 °C (T=70) x 24 150°C£3°C

G.2.4.2 Three melt-flow-rate measurements according to ISO 1133-1 or five tensile strain at break
measurements according to ISO 527-2 (the testing speed shall be chosen according to SO 527-1 and in
such a way that the strain rate is as close as possible to the one when testing a 1A or 1B type specimens
according to ISO 527-2 with 50 mm/min) shall be undertaken on the test samples.

G.2.4.3 Calculate the MFR after exposure, MFR;, as the arithmetic mean of at least three results or the
tensile strain at break after exposure, €51 as the arithmetic mean of at least five results.

G.2.4.4 Calculate the MFRp in accordance with ISO 1133-1 or &0 in accordance with ISO 527-2 from
results obtained from testing samples of the identical shape (and way of preparation) which have not
been exposed.
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G.2.5 Results and test report

The results shall be expressed as the percentage variation of the melt flow rate, AMFR, after exposure

using Formula (G.1).

The tensile strain at break results shall be determined using Formula (G.2).

The test reports shall include at least the following:

46

identification of the number and type of test specimens;

procedure-used;
instruments used;

type of oven used;
reference to this document;
date of test;

test repults.
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Annex H
(normative)

Cathodic disbondment test

General
Fenera:

Thd
whg

The
holi

Dur

H.?

H.2

H.2

H.2
refd
The
acc

H.2
tita

Thd
gre

H.2
to ¢

H.2

H.2

n exposed to cathodic polarization.

day detection (Annex B), in which an artificial defect of a defined size has®een drilled.

Equipment
1 Potentiostat, accuracy 10 mV.
2 Heating equipment controllable to within 3 °C\(e.g. hotplate with sand bath, oven)

3 Reference electrode. Saturated Ag/AgCleelectrode (Ag/AgCl/sat. KCl) shall be the s
rence in these test method. If other reference electrode is used, applied potential shall b
accuracy of the reference electrode shall be checked prior to use with an approprig
prding to recommendation of the electrode manufacturer.

4 Anode (counter electrode), e.g. platinum wire of 0,8 mm to 1,0 mm nominal diametef
hium.

ratio of the immersed(area of anode to the area of working electrode (drilled holiday]
hter than 2.

5 Test vesseli® plastic or glass cylinder, of 75 to 100 mm internal diameter and suffig
pntain minimmum’ 300 ml of electrolyte.

6 Plastic cover with inlets for reference and counter electrodes.

7~ Sodium chloride solution, 3 mass % in deionized or distilled water (electrolyte).

H.2

H.2

H.2

H.2

H.2

©IS

.8 Material for sealing the test cell (sealant).

test shall consist of assessing the resistance to disbondment of the coating system yith defect
test shall be performed on test specimens taken from the coated pipe p¥éviously syibjected to

ing production, the test may be performed on the coated pipe without cutting test specimnens.

tandard of
e adjusted.
te method

platinised

should be

ient height

.9 Temperature measuring device, accuracy 1 °C (e.g. thermocouple, contact thermometer).

.10 Utility knife.
.11 Drill bit, 6 mm.

.12 Calliper gauge, accuracy 0,1 mm.
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H.3 Test specimens

The test shall be performed on specimens taken from a pipe ring or on tube for smaller than NPS 4
diameter pipe. Specimens from test rings shall be minimum 100 mm x 100 mm x the pipe wall thickness,
three specimens shall be tested for each test condition. Cathodic disbondment for each specimen and
the average of the three specimens tested shall be reported.

During PPT and production, the test may be performed on a coated pipe without cutting the pipe, on one
specimen. If the test is carried out directly on the pipe, the correlation between the results obtained on

the specim

en and on the pipe shall be demonstrated by the applicator.

H.4 Pro

H.4.1 Usqg
described
cathodic di

H.4.2 Dri
the steel s
area of hol

cedure

b only test specimens that are confirmed to be holiday-free using a holiday ‘detector

n Annex B. Measure and record the average coating thickness of the sample-area where
sbondment test shall be carried out.

1 a 6 mm diameter holiday in the centre of the test specimen through’/the coating to exj
bstrate. Ensure the depth of the holiday is minimal and that no, ¢eating is visible within|
day. Avoid excessive penetration into the steel substrate.

H.4.3 Ce

tre the cylinder over the holiday. Apply a sealant to forma Water-resistant seal or by the

of an o-ring and a clamping device.

H.4.4 Fill the cylinder to a height of minimum 70 mm with at least 300 ml of the sodium chlo
solution thpt has been preheated to the test temperature.

H.4.5 Malk the solution level on the cylinder.

H.4.6 Insert the anode into the solution and:¢ennect to the counter electrode lead (positive lead) fi
the potentiostat.
H.4.7 Insert the reference electrodé into the solution within 10 mm above the holiday and 20 mm a

from the anode.

H.4.8 Comnnect the workingelectrode lead (negative lead) from the potentiostat to a bare spot prep3

on the test

H.4.9 For
oven or on

Specimen.

a hotplate/sand bath.

as
the

ose
the

use

Fide

fom

vay

red

test at.glevated temperature, heat the test specimen to the required test temperature in an

H.4.10 On

Ce test temperature has heen reached and temperature of the solution is stable apply vol

ng

(negative with respect to the Ag/AgCl/sat. KCl reference electrode) to the test specimen, and maintain at
a constant temperature under one or more of the following test conditions, as given in Tables 7 and 9.

1,38V

3,38V

1,38V

NOTE 1

+0,15V,23°C+3°C, for 28 d;
+0,15V,65°C+3°C, for 24 h;

+ 0,15 V, maximum operation temperature (maximum of 90 °C, see Table 7), for 28 d.

Cu/CuS04 reading of -1,5 V (at 25 °C).

NOTE 2

AgCl/3M KCl reference electrodes at elevated temperatures.

48

A Ag/AgCl/sat.KCl reading of -1,38 V is equivalent to Ag/AgCl/3M KCl reading of -1,39 V and to sat.

A temperature coefficient of +1 mV/°C might be considered while using Ag/AgCl/sat.KCl and Ag/
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H.4.11 Check the solution level daily and maintain at the marked level by the addition of deionized or
distilled water in the cell as required (see Figures H.1 and H.2).

H.4.12 The test temperature shall be checked on the steel using a thermocouple. The coating shall be
removed on a small area outside the cylinder and the thermocouple shall be installed maximum 70 mm
away from the holiday to make the temperature measurement. A proper contact between thermocouple
and steel shall be ensured.

The temperature in the electrolyte solution shall be checked with a thermometer. The thermometer
shall be inserted into the solution within 10 mm above the holiday and half distance between holiday

andreytinder—wat—The—solutiomrtemperature—shatt remainr—stable—withim+3—€—1the—tgqmperature
devijiation is higher, the test cylinder shall be isolated.

H.4113 Upon test completion, dismantle the test cell and air cool the specimen to 23:°C'% 3 °C

H.4114 Remove the polyolefin layer to the remaining thickness not higher than’l mm by gbrading or
other appropriate method and make 8 radial cuts through the epoxy layey to the substratg using the
utiljty knife. Such cuts shall extend at least 20 mm from the centre of the higliday.

H.4{15 Insert the tip of the blade of the utility knife under the epexy layer at the holiday. ¢hip off the
epoky coating using a levering action. Continue until the coating demonstrates a definite rgsistance to
the [levering action.

H.4116 Measure the disbonded distance from the edge 6f'the original holiday along each radjal cut with
a cdlliper, and average such measured values.
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working electrode (cathode) 9 steel test piece
countet electrode (anode) 10 sealing material
referenfe electrode shielded cable 11 holiday((artificial defect)
referenke electrode 12 sealing material
plastic fover 13 electrical connection to cathode
cylindef (minimum internal @75 mm) 14", anode (counter electrode)
electrolyte = 300 ml 15 potentiostat
coatingj
Figure H.L=~Electrolytic cell for NPS 4 and larger-diameter pipe
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