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Foreword

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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Conimittee ISO/TC 67, Materials, equipment and offshore
strudtures for petroleum, petrochemical and natural gas industries.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Unprotected carbon steel in insulated service with the presence of water and concentrating
contaminants from the atmosphere or surrounding sources can cause accelerated corrosion and lead
to severe metal loss. Additionally, unprotected austenitic and duplex stainless steels can suffer external
chloride-induced stress corrosion cracking if contaminates, such as chlorides from the atmosphere
and or the insulation, are present at the steel surface. Therefore, steel structures under insulation are
normally protected to prevent corrosion-related damage during the operational life required of the

equipment.
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s. Further, this document focuses on accelerated testing protocols and acceptance crif

otection by use of coating when used as part of a system, including insulat
hich can work together to prevent corrosion under insulation (CUI). All componénts ¢

evention system are important in achieving adequate corrosion protection. Thisdocu

ested parties can make informed decisions.

ensure effective corrosion protection of steel structures and equipment, it is necessar]
uch structures, planners, consultants, companies carrying out-gorrosion protection ¥
f protective coatings and manufacturers of coating materials’to have at their disposal s
formation in a concise form on corrosion protection by céating systems. Such inform
5 complete as possible, unambiguous and easily understandable to avoid difficultieq
Indings between the interested parties with the practicalimplementation of protection Y

bf coatings and the process operations of the equipment. It is assumed that the user o
b familiar with other relevant International,Standards, in particular those dealing
aration, inspection/testing of coatings, and relevant regulations.
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Petroleum, petrochemical and natural gas industries —
Qualification testing and acceptance criteria for protective
coating systems under insulation

1 Scope

This
othe
oper

document describes various corrosion under insulation (CUI) environments in ®e
" related industries and environments, and establishes CUI environmental categori
hting temperature ranges from —45 °C to 204 °C for topside and aboveground |servig

fineries and
es including
e only. This

document specifies both established and other test methods for the assessment ‘of coatings used for

prev
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Normative references

ention of CUI for each given environment. This document also provides acdeptance crit
nvironment.

The test results and acceptance criteria can be considered an aiddnythe selection of su
Ims. For service or peak temperatures below -45 °C an optional cryogenic test can be incorpo
P04 °C testing acceptance criteria can be agreed between interested)parties. Additional or g

h CUI service. This document does not cover testing afsacrificial coatings, such as inorg
e coatings can be consumed quickly in wet environments. Developing accelerated corr(
hat can be continuous wet service with sacrificial coatings is beyond the scope of this

-through porosity” thermal spray aluminiutf¥coatings with greater than 250 um dry fil
e tested and qualified in accordance with-this document. This document does not coj
f applied products for use in preventing.CUI.

document does not deal with ,ether aspects of coating degradation, such as thos
sion, erosion, ultraviolet degradation or other methods that can exist given specific ¢
onstruction methods.

following docunierits are referred to in the text in such a way that some or all of t
fitutes requiréments of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

54, Standard atmospheres for conditioning and/or testing — Specifications

513,\Coatings and varnishes — Examination and preparation of samples for testing

tance measures are possible, but require particular agreement between the interested parties.

bria for each

table coating
rated and for
ther test and

document covers spray-applied coatings applied on new‘carbon and austenitic stainless steel for

anic zingc, as
sion testing
document.

m thickness
er tape and

e caused by
nvironment

heir content
applies. For
hts) applies.

[SO 2409, Coatings and varnishes — Cross-cut test

ISO 2812-2, Coatings and varnishes — Determination of resistance to liquids — Part 2: Water
immersion method

ISO 4624, Coatings and varnishes — Pull-off test for adhesion

ISO 4628-2, Coatings and varnishes — Evaluation of degradation of coating coatings — Designation of
intensity, quantity and size of common types of defect — Part 2: Designation of degree of blistering

ISO 4628-3, Coatings and varnishes — Evaluation of degradation of coating coatings — Designation of
intensity, quantity and size of common types of defect — Part 3: Designation of degree of rusting
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ISO 4628-4, Coatings and varnishes — Evaluation of degradation of coating coatings — Designation of
intensity, quantity and size of common types of defect — Part 4: Designation of degree of cracking

ISO 4628-5, Coatings and varnishes — Evaluation of degradation of coating coatings — Designation of
intensity, quantity and size of common types of defect — Part 5: Designation of degree of flaking

ISO 4628-8, Paints and varnishes — Evaluation of degradation of coatings — Designation of quantity
and size of defects, and of intensity of uniform changes in appearance — Part 8: Assessment of degree of
delamination and corrosion around a scribe

ISO 7384, Corrosion tests in artificial atmospheres — General requirements

[SO 9227, Cgrrosion tests in artificial atmospheres — Salt spray tests

ISO 12944-4§, Paints and varnishes — Corrosion protection of steel structures by protective paintsystefns —
Part 6: Labofatory performance test methods and associated assessment criteria

[SO 15528, Raints, varnishes and raw materials for paints and varnishes — Sampling

[SO 19840, Paints and varnishes — Corrosion protection of steel structures by protegtive paint systems —
Measurements of, and acceptance criteria for, the thickness of dry films on rough.strfaces

3 Termsand definitions
For the purposes of this document, the following terms and definitions apply.

ISO and [EC|maintain terminological databases for use in standardization at the following addressgs:

— ISO Online browsing platform: available at https://wwWw.iso.org/obp

— IEC Eleqtropedia: available at https://www.electropedia.org/

31
artificial ageing
procedure designed to accelerate the ageing'ef a coating system, i.e. to reduce the corrosion-protective
efficiency mlore rapidly than by natural.weathering

[SOURCE: IS0 12944-6:1998, 3.1, médified — ‘paint system’ has been changed to ‘coating system’.]

3.2
corrosion ynder insulation
CUI
corrosion that is a result éfthe effect of moisture and contaminants, on the steel surfaces under thgrmal
insulation

3.3
dry film thickness
DFT
thickness of a coating remaining on the surface when the coating has hardened

3.4
durability
expected life of a protective coating system to the first major maintenance coating

[SOURCE: ISO 12944-8:2017, 3.3, modified — ‘paint system’ has been changed to ‘coating system’ and
‘maintenance painting’ has been changed to ‘maintenance coating’.]

3.5

nominal dry film thickness

NDFT

dry film thickness specified for each coat or for the whole coating system

2 © ISO 2018 - All rights reserved
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peak temperature
maximum temperature for the designed system, including possible upsets and temperature reached as

ares

3.7

ult of maintenance efforts such as steam cleaning

sacrificial coating
coating that provides corrosion protection by sacrificing or being consumed in the act of protecting the
substrate

4 1
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As Cl
coati

thermal performance, boiling water, thermal shock, thermal cycling, peak temperature p
and [ong term\isothermal conditions. In addition, these coating products shall provid
protéction forlong periods of time at ambient conditions, and in possibly wet condition
initigl ceatinig application prior to process start up, time associated with process shutdowr

ter

Relationship between artificial testing and natural exposure

election of a coating system for specific conditions should preferably be based on exp¢
se of the system in similar cases. The reason is that the durability of a CUl\¢oating syst

veather proofing (cladding), the surface preparation, the application/drying procedy
erature, thermal shock, thermal cycling, peak temperature, amount of moisture, cc

Hurability is also linked to the chemical and physical characteristics of the system, ¢
hder, the dry film thickness. These CUI related performance characteristics can be 4

m, thermal exposure, thermal shock, and thermal cycling are of primary interest.

brience from
em depends

any external factors, such as the environment, the design of the structure, the insulation material,

res, service
ntaminants

e.g. the type
valuated by

cial tests. Resistance to water or moisture, boiling water, steam interface, electrdlytes in the

icial tests and durations specified in this document have been selected to help ensure t

in the laboratory, it is not possible to-accelerate all of them using the most effective
fore difficult to make a reliable ranking of coating systems of very different compo
cial tests in the laboratory. This can sometimes lead to efficient protective coating sy
ted because they cannot passithese tests.

Laboratory tests

J] environmentsaare very specific and have special requirements, several tests are incl
ng products cdnexhibit performance in harsh environments typical of CUI exposure. T

mothballing of the facility.

at potential

ng systems will have the characteristics needed for the durability required in the interlded service.
ts from artificial tests should be used with caution, because artificial testing will nof necessarily
the same effect as natural exposure. Many factors have an influence on the progress of degradation

ethod. It is
sitions from
stems being

uded so that
hese include
erformance,
e corrosion
s related to
s, and short

Standard weathering testing procedures shall be used to establish ambient related corrosion control
test procedures and acceptance criteria. Both air dried and conditioned test samples and heat conditions
test samples shall be evaluated.

Additional CUI and high temperature related tests shall also be used in order to verify the ability of a
coating to work under insulation at the prescribed conditions.

Inorganic zinc primers or other sacrificial coatings are no longer recommended in CUI environments
due to the accelerated corrosion related to wet environments. If testing and acceptance is required,
additional testing, as agreed between the interested parties, can be performed. However, long term
wet environments are difficult to accelerate and as such the specifier/owner should be careful with any
acceptance criteria for sacrificial coatings.
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4.3 Additional laboratory tests

Other test methods may also be used by agreement between interested parties.

5 CUI classification environments

Table 1 provides a list of CUI classification environments including the minimum and maximum
temperatures for all environments. These descriptions include both isothermal and cyclic conditions.

Table 1 — CUI classification environments

Classification Minimum temperature Peak temperature
CUI-1 -45°C to 60 °C
CUI-2 -45°C 60 °C to 150, °C
CUI-3 -45°C 150 °C+0]204 °C

Further, eag
be used. A

the require
classificatio
testing som

For insulate
interested p

An optiona
classificatio|
classificatio

h coating should be qualified for each specific CUI classification where it is intend

coating that meets the requirements of a CUI-1 classification dageshot necessarily
ments of a CUI-3 classification, and a coating that meets thé requirements of a
h does not necessarily meet the requirements of a CUI-1 classification. By consolid
 tests can be used for more than one classification.

d service for temperatures above 204 °C, additional testing may be performed as agre

arties.

classification for cryogenic cycling exposure(“-Cryo”) may be added to each o

hs in Table 1, when cryogenic testing and-aeceptance are included. In such case
hs as presented in Table 2 are appropriate.

Table 2 — CUI classification cryogenic environments

bd to
meet
LUI-3
ating

ed by

f the
E the

Classification Minimum temperature Peak temperature
CUI-1-Cryo -196 °C to 60 °C
CUI-2-Cryo -196 °C 60 °Cto 150 °C
CUI-3-Cryo -196 °C 150 °Cto 204 °C
6 Testsamples

6.1 Test panels

This docum
shapes typig

entrequires the use of test panels and other testing surfaces that are available as stan
ally available on the market place. Both A-36 or S275 carbon steel and 316 (316L) austg

dard
nitic

stainless steettest parnetssiatt beincorporated i testing and atso shapes as described im 6.2 to 6-7.

6.2 Steel

substrates

Test panels will be as follows unless otherwise agreed to and documented.

6.2.1 Carbon steel test panels shall be made of A-36 or S275 carbon steel. The minimum panel size
shall be 3 mm x 150 mm x 70 mm or as agreed and documented by the parties. The thickness of the test
panels shall not allow for bending as a result of heating and quenching. Unless otherwise agreed, the
panel surface shall be prepared by abrasive blast-cleaning to meet the requirements of the corresponding
technical product data sheet as per the coating manufacturer’s instructions. In all other respects, test

panels shall

comply with ISO 7384.
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6.2.2 Austenitic stainless steel test panels shall be used when stainless steel panels are specified. The
grade shall be 316 or 316L stainless steel or as agreed and documented by the parties. The minimum
panel size shall be 3 mm x 150 mm x 75 mm. Unless otherwise agreed, the panel surface shall be prepared
by abrasive blast-cleaning to meet the requirements of the corresponding technical product data sheet as
per the coating manufacturer’s instructions. In all other respects, test panels shall comply with ISO 7384.

6.2.3 Square carbon steel tubing (A-36, ASTM A-500, or S275) ASIC standard shape HSS4X4X1/4
measuring approximately 101,4 mm by 101,4 mm, 406,3 mm long with a wall thickness of 6,35 mm shall
be used for the multi-phase CUI cyclic test. Each coating sample area shall be a minimum of 101,4 mm
long, on all four 51des of the square tube with just the front face scribed w1th an X-cut Each tube shall
nnector. The
1 down from
do not leak.
irfaces shall
ical product

lvith 50 mm

A standard black carbon steel pipe (A-36 or S275), approximately’ 600 mm long,

6.5.1

The
prioy
test |
with

ide diameter with typical wall thickness of 5 mm shall be used for the optional vertic
test. Unless otherwise agreed, the test surface shall be prepared by abrasive blast]
ce preparation to meet the requirements of the corresponding technical product data
pating manufacturer’s instructions.

Sampling of coatings
presentative sample of the product to be tested'(or of each product in the case of

hred in accordance with ISO 1513.

Number of test panels

hst three panels shall be prepared for each test, unless otherwise specified. Each tuh
pating applied three times with the fourth space for a control coating.

Coating systems

Coating applieation
est panels/surfaces shall be dry and free of dust, grease and any other foreign matter,

banels/surfaces shall be coated (preferably by spraying), air dried and cured in strict
the coating manufacturer's recommendations. Each coat shall be homogenous in th

appe

atance and free from runs, sags, misses, pinholes, wrinkling, gloss variation, ciss

hl insulation
-cleaning to
sheet as per

h multi-coat

m) shall be taken in accordance with ISO 15528. Each sample for testing shall be examined and

e shall have

mmediately

to coatingfapplication and in keeping with the coating manufacturer’s recommendations. The

accordance
ickness and
ng, particle

inclu

stons, dry overspray and biistering. If the manufacturer s drying requirements ar

in conflict

with 6.5.4, the requirements of 6.5.4 shall take precedence, unless agreed to by all parties. Appropriate
protection shall be applied to the edges and back side of test panels.

6.5.2 Dry film thickness

The method and procedure for checking dry film thickness shall be in accordance with ISO 19840 for
rough surfaces. After each coat is sufficiently hardened, the dry film thickness of the applied coating
shall be measured on the test surface of the test panel/surface at five locations (in the centre and
each corner, at least 15 mm to 20 mm from the panel edge or rounded surface of the square tube) and
these measurements shall be recorded as the minimum, arithmetic mean and maximum. The dry film
thickness shall be within the range of the manufacturer’s specifications and shall not exceed 20 % of
the specified value.

© ISO 2018 - All rights reserved
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rcoating interval

For each layer of coating application, the overcoating interval shall comply with the coating
manufacturer's recommendations.

6.5.4 Con

ditioning

Unless otherwise agreed, the coated test samples shall be conditioned for three weeks in a standard
atmosphere of 23 °C = 2 °C with 50 % % 5 % relative humidity or 20 °C = 2 °C with 65 % *= 5 % relative
humidity, as defined in ISO 554, before testing, and in accordance with the requirements of the

correspondi

ng technical product data sheet as per the coating manufacturer’s recommendations.

6.5.5 Heat conditioning

Heat conditjoning of the test samples shall be performed on applied and conditioned test’samples.
conditioning shall consist of heating the conditioned test panels to the maximum temperature d
classificatiop for 20 h in a muffler oven or other similar device. The test panels shall’then be rem
and air cooled for 4 h. This process shall be repeated a total of 5 times, providing for a total of 1

exposure at

6.6 Scrib

If a scribe is
ISO 12944-4
not affect th

e

maximum temperature of the classification and 20 h of air coolingtinte.

required for testing of coatings on steel substrates, the‘scribe shall be in accordance

Heat
f the
oved
00 h

with

. Special care should be taken to ensure that potentially hot and small metal fragmenits do

e sample. Individual test procedures will indicate the-heed of a scribe for testing.

6.7 Reference system

It is recommnpended to use a coating system that has been in successful use for years on site and W

performanc
shall be as s

e as indicated by laboratory testing is-well known, as a reference system. This sy
imilar as possible in composition andyor generic type and dry film thickness to the co

system beinig tested.

7 Testp

7.1 Asses

All tests sh
requiremen
separate tul
three separ;

7.2 Asses

rocedures and assessnient

sment and acceptance

all be condueted” in triplicate. At least two of the three tests shall comply with
[s specified 4n-this document. Triplicate for the multiphase CUI cycle test shall be f{
pes run imthtee separate test cycles. Triplicate for the optional vertical pipe test shg
ite tubes.

sment of adhesion and artificial ageing

hose
stem
ating

1 the
hree
11 be

7.2.1 Adhesion testing before artificial ageing

The applied and conditioned coating sample panels and the heat conditioned coating sample panels
shall be tested for adhesion. This includes both the carbon steel test panels and the stainless steel test
panels. Table 3 provides list of testing and acceptance criteria.
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Table 3 — Adhesion assessment before artificial ageing for carbon steel and stainless steel

test panels

Assessment Requirement Conditions
method
1SO 2409 Classification 0 to 2 If the dry film thickness of the coating system is
less than or equal to 250 pm.
In case of cross cut value of 2, a pull-off test in
accordance with ISO 4624 shall be conducted
ISO 4624 No adhesive break between steel and the
primer (fir‘cf (‘n:af) (III"IIPQQ pn]l-nff\m]npc are
5 MPa or more)
7.2.1 Artificial ageing

Tabl¢ 4 provides test methods and durations as required for each classifi¢ation. Table
acceptance criteria for these tests. Annex A provides a rationale for the tésting of ambie

condjiitioned test panels.

Table 4 — Ambient test methods and duration for carbon steel test panels

| 5 provides
nt and heat

IS0 9227 I1SO 2812-2
(neutral salt spray) (water immersion)
Classification Duration Duration
Scribed Scribed
Appll_e_d and Heat conditioned Appll_e_d and Heat copditioned
conditioned conditioned
CUI-1 720 hours 480 hours 3000 hours 2 000 hours
CUI-2 720 hours 480 hours 3000 hours 2 000 hours
CUI-3 720 hours 480 hours 3000 hours 2000 hours
Table 5 =Ambient corrosion test acceptance criteria
Test method Classifications ISO 4628-2 IS0 4628-3 | 1SO04628-4 | 1SO4628-5 | [ISO4628-8
ISO 9227 CUI-1 CUL2 CUI-3 0 (S0) Ri 0 0 (S0) 0 (S0) 2/3
1SO 2812-2 CUI-1 R CUI-2 | CUI-3 0 (S0) RiO 0 (S0) 0 (S0) 2/3
Tlime of assessment. (after end of test) Immediately <8h

7.2.3

Adhesion testing after artificial ageing

The prtificially aged test panels shall be tested for adhesion after the prescribed duratjon (time of
assessment) in the standard atmosphere in accordance with ISO 554. This includes only the carbon

steel test panels. Table 6 provides a list of testing and acceptance criteria.
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Table 6 — Adhesion assessment after ambient corrosion testing for carbon steel test panels

Assessment Requirements Time of assessment Conditions/Remarks
method
ISO 2409 Classification 0 to 2 Assessment after 12 d in If the dry film thickness of the

standard atmosphere as de-
fined in ISO 554

coating system is less than or
equal to 250 um.

In case of cross cut value of 2, a
pull-off test in accordance with
ISO 4624 shall be conducted

ISO 4624

No adhesive break between

Assessment after 12d in

steel and the primer (first
coat) (unless pull-off values
are 5 MPa or more)

standard atmosphere as de-
fined in ISO 554

7.3 Thermal cycling test

The test pa|

el is then placed in the oven and heated. When the test panel reaches the maximum
temperatur¢ of the classification, it shall immediately be dipped/quenched into ice water coveripg at
least 3/4 of the test panel and left immersed until the temperature of the testisample metal temperature
is reduced tp <15 °C. This shall be repeated for the number of cycles required. The coated surface|shall

then be evaluated. Minimum and maximum thermal cycling temperatures and the number of cycles are
provided for each CUI classification in Table 7. Acceptance criteria afe provided in Table 8.
Table 7 — Thermal cycling test for carbons steel test panels
Classiffication Minimum temperature | Maximuin temperature Cycles
CUI-1 5°C 60 °C 20
CUI-2 5°C 150 °C 20
CUI-3 5°C 204 °C 20
Table 8 — Thermal cycling acceptance criteria
Classifications ISO 4628-2 IS0 4628-3 ISO 4628-4 I1SO 4628-%
cpI-1 0.(50) Ri 0 0 (S0) 0 (S0)
cpI1-2 0S0) Ri 0 0 (S0) 0 (S0)
cpI1-3 0 (S0) Ri 0 0 (S0) 0 (S0)
7.4 Multi-phase CUI'cyclic corrosion test
7.4.1 Description of test
The multi-phase-CH-eyeliccorrestentestprocessisusedto-testtheability of theeoatingte-work in

typical environments where CUI occurs. This test process includes dry heat, thermal shock, immersion,
boiling water, steam interface, and shut down time. This test takes six weeks and does not consider the
effect related to individual insulation materials. This test process is used for CUI-2 and CUI 3, as these
CUI coatings extend into the boiling water range.

7.4.2 Test equipment-apparatus

The multi-phase cyclic CUI test method is designed to provide an overall test procedure for coatings
for elevated temperature insulated service. It includes cyclic testing methods providing dry heat,
intermittent boiling water for an extended period of time, a steam interface, and an ambient state
where there is no heating.
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This test process does not take into account the effect of any possible detrimental chemicals given off
by specific insulation materials. The immersion and boiling water portion of this test utilizes water
with 5 % NaCl (m/v).

To understand the effect of any chemicals associated with the use of any particular insulation, a specific
solution can be agreed between the interested parties. Any change of solution shall be documented in
the final report.

Figure 1 provides an overall schematic diagram of the equipment and guidance as to the test set up.

s’ /\

1 7 N - S )

T S D

8
é | u
5 6

: ] -
Key
1 dample tube 6  solution chamber
2 dteam port 7  auxiliary heater
3  yiew port 8  peristaltic pump
4  d¢hamber lid 9  solution chamber
5 dlosed loop oil heater or other alternate heating mechanism

Figure 1 — Schematic presentation of multi-phase CUI cyclic corrosion tesf

The gpparatus includes the following items.

a) Closed-loop oil heater with piping of approximately 2,54 mm internal diameter connecting to the
CUI sample tube. The heating unit should be capable of keeping the circulating heating oil at the
specified testing temperature. The heater is typically three phase with 6 kW heating capacity.
Alternate heating systems are acceptable, if the temperature of the surface of the sample tubes is
maintained with +5 °C.

b) Closed-loop heat transfer fluid/oil for operating to the maximum temperature of the test in the
range of 150 °C to 175 °C can be used.

c) CUI sample tube, coatings applied and conditioned in accordance with 6.5.4. Figure 2 provides a
schematic presentation of the CUI sample tube. Each coating tested shall have a least a 100 mm
wide continuous application on all four sides of the tube.
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d) Solution chamber and lid with view port and with four 6,35 mm ports: three for steam release and
one for tubing connection from the peristaltic pump. Figure 3 provides a schematic presentation of
the solution chamber.

e) Peristaltic pump for pumping the solution to the solution chamber with tubing for transfer of the
solution.

f) Auxiliary hot plate heater typically two heater 220 V - 240 V, 5 kW, with approximate dimension
375 mm x 625 mm.

253 mm 7<
| A
ARCAL

75 mm

——

101,2 mm?

Key
a Centred.

Figure 2 — Schematic presentation of sample tube (square pipe)
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NOTH
test g

7.4.3

The :
of th
The

flexil

The
the s
will
bott
of th

The

457 mm

126 mmto 152 mm

pose fit hole for 25,4 mm (1 inch) pipe fitting centred on both ends
olution chamber lid weldment
olution chamber weldment

abs for centring lid on chamber

Components are weldments made using 3,175 mm non-rusting material suitable for te
rotocol. Water tight welds with loose fit between solutiomi¢chamber and lid.

Figure 3 — Schematic presentation of solution chamber

Test set-up and preparation

pplied and conditioned CUI sample‘coated tube shall be scribed in accordance with 6.¢

“UI sample tube should be piped to the closed-loop oil heater using a section of flexih
ble for ease of assembly)-stainless tubing to each side of the CUI sample tube.

solution chamber shall)be placed on the auxiliary heater. The CUI sample tube should
olution chamber.with the offset hanging down, so that during the immersion phase
reach the midpoeint of the scribe face/side. The CUI sample tube should not be in cont
m or sides oftop of the solution chamber. The solution chamber lid shall be placed wit
e solutiop-chiamber.

beristaltic pump shall be connected with one of the four steam vents to allow a pr¢

mperature of

b on the face

b square tube as depicted in Figure 2. Note that the pipe fittings are welded offset in one direction.

le (typically

be placed in
the solution
act with the
hin the clips

determined

amO\Imt of solution into the solution chamber.

7.4.4 Testprocedure

The test procedure shall be in accordance with the following cycle.

1) The tube shall be heated, internally, to the test temperature by heating the oil in the closed-loop
oil heater to a temperature that results in the surface of the coated tube reaching 150 °C £ 5 °C or
177 °C = 5 °C, depending on requirement. The surface temperature of the coatings samples on the
square tube will reach test temperature within 30 min to 60 min.

2) The oil temperature shall remain at set temperature throughout the heating process, which shall
last for 120 h each week. The initial heating process each week will take 30 min to 40 min depending
on test temperature requirements. The oil heater will be initially set to 93 °C and once it comes to
temperature, left to stabilize for 10 min. The temperature setting is then increased to 150 °C and
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left to develop steady state for 10 min. The heater will then be adjusted to 175 °C as can be required
for CUI-3.

3) After 4 h of the initial dry cycle, the predetermined amount of liquid test media [distilled or
deionized water with 5 % NaCl (m/v)] shall be pumped into the enclosure to height where the
bottom of the tube is covered on the bottom and up to a height of 50 mm. The peristaltic pump
setting and tube selection shall be selected to deliver the solution within 3 min to 4 min. Actual
fluid pump rate and volume should be established for each solution chamber size and assemble
before the first actual test cycle. This is the initial immersion boiling water cycle.

4) With the heat supplied by the heated tube sample as well as the auxiliary heater below the

enclosu
and 3 h
that tyy
point te

5) The chamber shall then be left to run dry and hot for 4 h.

6) This sh
boiling
the con

7) These 8
wet cyc

8) The oil
shutdoy
tubes sl
visible {
for 48 h
6 times

9) After 6
immedi

Table 9 proy

Ta

mperature can be required to adjust the evaporation time frame.

1l be followed by a wet cycle using distilled water only for 4 h. Theremaining imme
vater cycles within the 120 h period shall be with distilled water. 6nly, so as not to bui

and 45 min. The water will boil vigorously and the water level will evaporate quick
ically the tube is no longer immersed after one hour. Adjustment of auxiliary fheatg

fentration over 5 % NaCl (m/v).

h cycles shall be repeated for the duration of 120 h or 5 d,The last of these cycles wil
e that shall finish dry.

heater and the auxiliary heater are shut off for 48.h, representing a standard pr
n. The tube should be removed and the interiortof the chamber and the exterior g
nould be rinsed with tap water (squirt bottle, faucet, and/or garden hose) to removy
alts, rust or other materials from the chamber. The tube and chamber are left unhe
. The processes in steps 1) to 8) run again\for the next 7 d, and then repeated for a to

weeks of testing is completed, the;tube shall be thoroughly cleaned and prepare
hte evaluation within 24 h of completion of the test.

ides the criteria for the multizphase cyclic CUI test setup.

ble 9 — Multi-phase.-cyeclic CUI test criteria for carbon steel tube test samples

+lo 4 L 1d ol A | i 1 £ L. L. A | Lot 2 1 Jd.1LC
C, LIIT Vvvadaltll Slivulu UVUIl dallu CVG}JUI dlU ariu 1cadavi L11IT LiidIllTyuTl Lll_y UCTLVWLCUIT O 11T dllu 1 4

min
ly so
r set

rsion

[d up

be a

cess
f the
b any
pated
tal of

d for

Classificati

Multi-phase cyclic CUI

pn | Duration{ \Temperature Cycles

Carbon steel with scribe on vertical side

As applied and conditioned

CUI-2

15 cycles consisting of 4 h hot dry environment, 4 h hot aj
1008h 150 °C wet environment, followed by 48 h ambient environment, ¢

hd
rith

entire cycle repeated a total of 6 times

CUI-3

entire cycle repeated a total of 6 times

15 cycles consisting of 4 h hot dry environment, 4 h hot and
1008h 175 °C wet environment, followed by 48 h ambient environment, with

7.4.5 Acceptance

The sample surface shall be evaluated as soon as possible on the top face (condensation face), scribe face
(immersion and steam interface) and the bottom, including the curved corners (intermittent immersion
surface). Edges that are 15 mm from the end of the tube, or adjacent to other coatings applications, shall
be disregarded. Table 10 provides the acceptance criteria for the multi-phase cyclic test.

12
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Table 10 — Acceptance criteria for multi-phase cyclic test

Multi-phase
Classification cyclic CUI test | I1SO 4628-2 | 1SO 4628-3 | I1SO 4628-4 | I1SO 4628-5 | I1SO 4628-8
temperature
CUI-2 150 °C 0 (S0) RiO 0 (S0) 0 (S0) 2/2
CUI-3 175 °C 0 (S0) RiO 0 (S0) 0 (S0) 2/2

8 Optional tests

8.1

8.1.1

Coat

acceptance for use in cryogenic cyclic service. Maximum warm temperature.shall be as a
CUI ¢

the
serv

8.1.2

Prep
cond

water immersion service for 24 hours, then into the eryogenic freezer or bath at =190 °C * }
and then placed immediately into to water at themaximum of the CUI classification with
water being boiling water at 100 °C for 1 min. Thi§’cycle should be repeated 5 times. Table 1
temperatures and cycles and Table 12 provides the acceptance criteria. This test may be pe

othe

Optional cryogenic cycling testing

General

ngs meeting the requirements of the classification CUI-1 and CUI-2 may/betested add

pating not only passed the requirements of the CUI classification, bt also those of cyc]
ce.

Cryogenic test

pred 316 or 316L stainless steel test panels or as agreed by the parties shall have coa
itioned and heat conditioned in accordance with 6.5.4. Test panels shall be placed iJ

" maximum temperature ranges as agreed between the parties.

Table 11 — Cryogeiic cycling test of stainless steel test panels

itionally for
result of the

lassification and the “-Cryo” suffix can be added to the original CUI classification to indicate that

ic cryogenic

Ling applied,
h de-ionized
b0 °C for 1 h,
the hottest
11 shows the
rformed for

Minimum temperature Water temperature Cycles
Clagsification 316 or 316L stainless steel or as agreed on by the parties
Conditioned and heat conditioned
CYI-1-Cryo -196 °C 60 °C
CUI-2-Cryo -196 °C 100 °C (boiling water)
CUI-3-Cryo -196 °C 100 °C (boiling water)
Table 12 — Cryogenic test acceptance criteria
Classification | Cryogenic test ISO 4628-2 I1SO 4628-3 I1SO 4628-4 ISP 4628-5
CUI-1-Cryo -196 °C to 60 °C 0 (S0) RiO 0(S0) 0 (S0)
CUI-2-Cryo | =196 °Cto 150 °C 0 (S0) RiO 0(S0) 0 (S0)
CUI-3-Cryo | =196 °Cto 204 °C 0(S0) RiO 0(S0) 0 (S0)

8.1.3 Adhesion testing after cryogenic test aging

The artificially aged test panels shall be tested for adhesion after the prescribed duration (time of
assessment) in the standard atmosphere in accordance with ISO 554. Table 13 provides list of testing

and acceptance

criteria.
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Table 13 — Adhesion assessment after cryogenic testing of carbon steel test panels

Assessment Requirements Time of assessment Conditions/remarks
method
ISO 2409 Classification 0 to 2 Assessment after 12 d in If the dry film thickness of the
standard atmosphere as de- coating system is less than or
fined in ISO 554 equal to 250 um.
In case of cross cut value of 2, a
pull-off test in accordance with
ISO 4624 shall be conducted
ISO 4624 No adhesive break between Assessmentafter 12 din
steel and the primer (first standard atmosphere as de-
coat) (unless pull-off values are |fined in ISO 554
5 MPa or more)

8.2 Optignal vertical pipe test

8.2.1 Application

The optiona

8.2.2 Des

The optiong
conditions i

cription of test

hcluding ingress of salt solution into the insulatiom;, temperature cycling to high oper

temperatur¢s as well as periods of “shutdown” where the pipe‘cools to ambient temperature.

8.2.3 Test equipment — Apparatus

Figure 4 prgvides an overall schematic diagram otf'the equipment and guidance as to the test set

general layout of the equipment needed for setting up the vertical pipe/insulation test is as followsg:

a) coated ¢arbon steel pipe: length 600 mm, diameter 60 mm and wall thickness 5 mm;

b) hotplatg¢ for temperatures up to 500 °C;

c) insulati

pn material (600 mmx)50 mm inside diameter x 50 mm deep) with aluminium foil cov

to prevent drying out durihgtest;

d) thermo
pipe du

14

meter compatible with thermocouples to measure the surface temperature profile g
Fing testing.

| vertical pipe test can be performed in addition to the other testsrequired by this document.

| vertical pipe test has been designed to test the resistance of coatings to accelerated CUI

ating

up. A

bring

f the

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5c06ff4eab0349db7f06bd09738318ce

Key
1
2

IS0 19277:2018(E)

doated steel pipe 3 aluminium foil

I Y 4

insulation

4 hot plate at desired operating temperature

Figure 4 — Schematic presentation of vertical pipe test

Table 14 provides cycles and hot plate set temperature for the optional vertical pipe test.
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Table 14 — Optional vertical pipe insulation test for carbon steel pipe or tube samples

Optional vertical pipe insulation test cycles and settings
Classification As applied and conditioned
Cycles Hot plate setting
CUI-2 30 500°C
CUI-3 30 500°C

8.2.4 Test process scope

Testing shall be carried out on a coated carbon steel pipe of length 600 mm, diameter 60 mm and wall

thickness 5

shall be insfilated with a specific insulation material and then covered with a waterproofouter

to prevent {
an appropri
layer of wat

he insulation from drying out during the test. The outer cover should be héld-in pla

erproof outer covering already in place.

8.2.5 Temperature profile calibration

The profile
regular inte
200 mm, 25

8.2.6 Tes{
The pipe sh

1) Placein|
insulati

s determined by measuring the temperature using thermocouples attached to the pi
rvals. Temperature measurements shall be done at distances of 50 mm, 100 mm, 150
D mm, 300 mm, 350 mm, 400 mm, 450 mm, 500 mm and<$550 mm from the hotplate.

L equipment — Procedure
uld be evaluated as follows.

sulated pipe in a vessel (typically a 10 1 tin)'and pour 11 of 1 % NaCl (m/v) solution in]
pn. Allow it to stand for 10 min.

2) Place the pipe onto a hotplate (using fume cupboard when necessary), set it to the de

temper}
that the
100 mm

3) Heat thg
of 1% N

4) Repeat

5) Evaluat
50 mm

Table 15 prd

iture and switch on to the desired temperature. The desired temperature would er
pipe with insulation installed will reach the maximum temperature of the category at
above the hotplate.

e pipe for 8 h. Removethe-pipe from the hotplate and place in an appropriate vessel, po
[aCl (m/v) and distitled water solution into the insulation then leave overnight to cool.

the cycle abovefor'5 d per week for 6 weeks (total 30 cycles).

p coating degradation at 11 regular intervals around the pipe/tube ignoring the bo
[due to damage resulting from the method of pipe termination).

vides‘the acceptance criteria.

Imm. The applied dry film thickness shall be recorded using the sheets in Annex D./The pipe

fover
Ce by

hte method to keep the insulation in position. Suppliers will often supply insulation with a

pe at
mm,

o the

sired
sure
least

ur 11

ittom

Table 15 — Optional vertical pipe insulation test acceptance criteria

Classification ISO 4628-2 ISO 4628-3 ISO 4628-4 ISO 4628-5
CUI-2 0 (S0) Ri 0 0 (S0) 0 (S0)
CUI-3 0 (S0) Ri 0 0 (S0) 0 (S0)

8.3 Additional performance tests

Additional tests are recommended, if it is considered necessary to assess the ability of a coating system
to provide corrosion protection, and as agreed between the parties. If more information is needed
on corrosion protection behaviour, and/or the service conditions are outside of those established by
the category or classification, additional test methods may also be used by agreement between the
interested parties.

16
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9 Testreport

The test report shall contain at least the following information:

a) the testlaboratory (name and address);

b) the date of each test;

c) adescription of the substrate and substrate surface preparation;

d) all details necessary to identify the protective coating system (manufacturer, names or reference
numbers of the products, batch numbers, numbers of coats, dry-film thickness for each coat);

e) 4ll details necessary to identify the reference system;

f) the duration and conditions of drying/curing and conditioning;

g) the classification of the coating system according to the test results obtained;
h) the tests carried out and the duration of each test;

i) the results for each test panel;

j)  any deviation from the test methods specified.

The fest report shall explicitly state that the test equipment.aiid procedure were in accordapce with the
relevant [SO standard.

The fest report shall be signed by the person perforiming the tests and by the laboratory|manager or
by apother authorized representative of the laboratory. Examples of test report forms are given in
Annegxes B to D.
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Annex A
(informative)

Corrosion testing of conditioned and heat conditioned test samples

The rationale behind selection of corrosion testing methods, duration and acceptance criteria is taken
in part from ISO 12944-1, ISO 12944-2 and ISO 12944-6. The ISO 12944 series describes test methods,
durations and acceptance criteria for coatings for typical atmospheric service. ISO 12944-1 desc
three durabjlity ranges based in years until first maintenance. ISO 12944-2 describes classificatigns of
environmenjts based on various ambient environments based on typical corrosion rates. [S0-12944-6
describes tejsting and acceptance criteria.

ribes

For corrosidn testing within this document, two conditions for the coating exist as a fesult of the heated
and insulatgd environment.

— Conditi¢n 1

This condition would be that the coatings are as applied and have net gone through a heating ¢ycle.

This co
at some
a short
and sizg

A C5-M
evaluat

dition would be found as part of a new construction project,where the coatings are ap

to extended period of time, depending on the construction schedule. With the compl
of modern construction this could extend to multiple years.

environment and IM-3 (for immersion risk) \with high durability life were selecte
ng coating performance for this condition.

— Conditi¢pn 2

This col
the the
be typid
essence|
month S

A C5-M
evaluat

NOTE Fq

1dition would be that the coatings ave been applied and put into service\heated and
al of a temporary shutdown, outage, and even a short term mothballing of the facili

hutdown and possibly ashort term mothballing of up to several months.

environment and IM-3 (for immersion risk) with medium durability life was selecte
ng coating performance for this condition.

r both conditigns condensation testing was omitted as immersion service was being used.

plied

stage of fabrication and construction of the facility and then may not be put into servige for

exity

d for

then

mal conditions are changed or teduced to where a corrosion cell can develop. This would

Ly. In

this is a much shorter time requirement typically represented by a one month tg two

d for

18
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Example of test report for CUI coating acceptance

[SO XXXXX

Testlug taborator y

Al 1
AUUILcCSS

Labmanager

Labftech 1

Labtech 2

Datd

of test start

Date of test completion

Marfufacture

Address

CUI classification (select one)

CU

[

Classification

CUI1

CUI-2

CUI-3

Optional CUI and
crydgenic Testing

CUI-1-Cryo

CUI-2-Cryo

CUI-3-Cryo

Opttional vertical pipe and spe-

cific insulation

Specific insulation product and

brand

CU]

coating system

Generic type

Trade name

Batch # NDFT a

1st coat

2nd coat

3rd coat

4th coat

Total NDFT

Reference system (if used)

Generic type

Trade name

Batch # NDFTa

1st coat

2nd codt

3rdscoat

4th coat

Total NDFT

a  NDFT =nominal (specified) dry film thickness.
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Table of DFT measurement, use as many pages as necessary

break,

If ISO 2409 testresultina 2
then also record results of
ISO 4624

Panel # or face # | Top | Bottom | Leftside | Right Side | Center | Minimum | Maximum | Mean
"
o
AV
X
N
D
N
. O
X
~V
N
QO
s‘Q‘Q)
a\\
‘.\‘@
N
4
A\ P

N

(O

)

O
N
7
o
©
L
Assessment @\ore corrosion testing — Adhesion testing
ISO 2409 or ISO 4624 | <2 or 5 MPa with cohesive Panel 1 Panel 2 Panel 3 Pass/Fail

Panel number

less steel

Carbon steel or Stain-

Conditioned

Heat conditioned

20

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5c06ff4eab0349db7f06bd09738318ce

IS0 19277:2018(E)

For CUI-1, CUI-2, CUI-3, Neutral salt spray
Corrosion testing | Requirement Panel 1 Panel 2 Panel 3 | Pass/Fail
Panel number
[S0 9227 [SO 4628-2 Blistering — 0(S0)
Neutral salt spray | 1SO 4628-3 Rusting - Ri 0
[SO 4628-4 Cracking - 0 (S0)
[SO 4628-5 Flaking - 0 (S0)
ISO 4628-8 Delamination and cor-
rosion around a scribe - 2/2
ISO 2409 after ISO 9227 - <2
For CUI-1, CUI-2, CUI -3, -Immersion testing
Cortjosion testing | Requirement 3 000 or 500 hours Panel 1 Panel 2 Panel 3 | Pass/Fail
Panel number
ISO p812-2 ISO 4628-2 Blistering - 0(S0)
ISO 4628-3 Rusting - Ri 1
ISO 4628-4 Cracking - 0 (S0)
ISO 4628-5 Flaking - 0 (S0)
Ass¢ssment after corrosion testing — Adhesion testifig— After standard environment
ISO 409 or <2 or 5 MPa with cohesive breadk, Panel 1 Panel 2 Panel 3 Pass/Fail
150 #624 IfISO 2409 test result in a 2'then
also record results of [SQ.4624
Panel number
Carbon steel or  |Conditioned
Staifless steel Heat conditiofted
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