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Foreword

[SO (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 procedures used to develop this document and those intended for 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 document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di

[SO draws
patent(s).

rights in r¢
patent(s) ¢
this may n
WWW.iS0.0

fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of any”clairy

fhich may be required to implement this document. However, implementers are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

Any trade
constitute

For an exp
related to
Organizati

This docun

Any feedb{
complete li

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had notreceived nfotice of (a)

fijoned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

nent was prepared by Technical Committee TC107, Metallic and other inorganic coating

ick or questions on this document should\be directed to the user’s national standar
sting of these bodies can be found at www.iso.org/members.html.

S.

ds body. A

© IS0 2025 - All rights reserved
iv


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=ea1936f744c0db92b3c6005d73bb0e87

ISO 21452:2025(en)

Introduction

Thermal power generation is the main form of power generation in the world. As an important part of the
thermal power plant, the safe and stable operation of the boiler is very important for the thermal power
plant. However, the four tubes of the boiler (water wall, superheater, reheater and economizer) are in
contact with the flame or high-temperature flue gas for a long time, and the working environment is harsh.
During operation, the tubes are affected by wear, high-temperature oxidative corrosion, high-temperature
operation and other factors, which lead to leakage and directly threaten the safe operation of the thermal
power plant. Thermally sprayed technology is an effective technology to improve the surface quality and
prolong the service life of boiler tubes. So far, thermal spraying technology and metal and metal ceramic
coatings have been widely used in the protection of various boilers (such as circulating fluidized bed boilers
and biomass boilers) in the global energy industry. In the process of power plant operation, the type of

coating is ¢

This docur
promotes

letermined by the specific working conditions of various boiler tubes.

hent provides guidance for the application of thermal sprayed coatings on fourboilej
echnical progress in the energy industry.
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International Standard

ISO 21452:

2025(en)

Specification and requirements of thermal spray coatings for
power plant boiler tubes

1 Scope

This document specifies the procedure and requirements of thermal sprayed coatings for water walls and

superheat
12/15CrM
evaluation

2 Norm

The follow
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the latest ¢
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Method usi
Archimedef

[SO 11357
capacity
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ceramic co
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3.1
coal-fired

V steel substrate preparation and post-treatment as well as the quality and ‘P4
of the coatings.

ative references

ng documents are referred to in the text in such a way that some or all'of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments)-applies.

, Paints and varnishes — Determination of percentage volume of non-volatile matter
ng a coated test panel to determine non-volatile matter<and to determine dry-film de
"principle

Metallic and other inorganic coatings — Determination of thermal diffusivity of thermd
itings by laser flash method

Thermal spraying — Qualification testing of thermal sprayers

s and definitions
pose of this document, the following terms and definitions shall apply.
[ maintain terminglegy databases for use in standardization at the following addresse

line browsing{platform: available at https://www.iso.org/obp

ctropedja:'available at https://www.electropedia.org/
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references,
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4, Plastics — Differential scanning calorimetry (PSC) — Part 4: Determination of specific heat

lly sprayed
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eleased by

equipment

that produces steam or hot water thrm]gh heat erhangp between the heat eNergy 1

the combustion of coal

3.2
biomass b

oiler

equipment that produces steam or hot water through heat exchange between the heat energy released by
the combustion of biomass

3.3

water wall
wall mainly used to absorb the radiant heat emitted by the flame and high-temperature flue gas in the furnace

Note 1 to entry: Usually laid on the inner wall of the furnace, the water wall has the role of cooling and protecting the

furnace wal

L.
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3.4
superheat

ISO 21452:2025(en)

er

component of a boiler system that heats the steam above its saturation temperature, also known as a steam
superheater

4 Recommended thermal spray coating materials for boiler tubes

This document recommends the appropriate coatings for the following boiler tubes:

a) water wall of a coal-fired boiler;

b) superheater of a coal-fired boiler;

c¢) water wall of a biomass boiler;

d) superheater of a biomass boiler.

Generally, flamage to tubes includes corrosion, wear, coking and so on. Therefore, onthe ‘basis of|the failure

type, the cpating materials outlined in Table 1 are recommended.

Table 1 — Failures and recommended coating materials for variable boiler tubeg
Failures
Rollers . . . Tube materials Rec.om mend(?d
Corrosion  Wear Fatigue Coking coatingmaterials
Wat o NiCrTi
ater waljora .
coal-fired Hoiler / V v V 12/15 Cr1MoV steel NiCr-B,C
NiCrCr3C,
Superheater
of a coal-fired / v / V 12Cr1MoV steel FE_}CI BMoC
boiler NiCrr-Cr3C,
Water wall of a Ni(rBSi
biomass bbiler v v v v 15 Cr1MoV steel NiCIMoND
Superheatgr of v v / v 12/15 CriMoV steel NiCMoNb

a biomass Hoiler

NOTE In thi{ table, “v” means “possessing this-failure form” and “/” means “there is no such failure form”.

5 Preparation of thermalspray coatings for variable boiler tubes

5.1 Pre-treatment of variable boiler tubes

The surfade of the tubes shall be inspected and reviewed to ensure their suitability before spraying. The

following gurfacepreparation procedure is recommended:

a) Surfacp eleaning: Remove all kinds of impurities on the surface of the object, such as grease,dirt, oxide
scale dnd“rust _especially the welding part at the root of the pipe No oxide scale and atherlimpurities
that hinder the coating or coating adhesion are allowed. The suggested steps are as follows:

1) Alkali washing: The boiler tube is cleaned with alkaline solution and the temperature is heated to
70 °C to 80 °C for 48 h. Among them, the mass concentration of Na,CO; is 0,5 % to 1 % and the mass
concentration of NaOH is 0,3 % to 0,5 %.

2) After alkali washing, clean the boiler tube with water until the pH value is 7 to 8.

3) Acid pickling: The boiler tube is cleaned with acid solution and the temperature is heated to 70 °C

to 80 °C for 48 h. Among them, the mass concentration of hydrochloric acid is 6 % and the mass
concentration of corrosion inhibitor is 0,3 %.

© IS0 2025 - All rights reserved
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b)

5.2

ISO 21452:2025(en)

4) After pickling, rinse boiler tube surface with water to neutral.

Surface roughening: Dry sandblasting is recommended. Quartz sand with nominal grain size 1,00 mm
to 1,40 mm or corundum sand shall be used as an abrasive for sandblasting, and 0,83 to 1,00 mm
quartz sand, nominal grain size 0,85 mm to 1,18 mm, is preferred for sandblasting in the furnace. The
compressed air pressure used while sandblasting should be greater than 0,4 MPa and 0,1 MPa for a
suction blast system and a pressure blast system, respectively. Compressed air shall be free of oil and
water. The sandblasting distance is 100 mm to200 mm and the included angle is 45° to 70°. The final
surface roughness, Ra, shall be 5,4 um to 6,0 um after sandblasting. After sandblasting, the surface of
the pipe that passes the inspection shall be protected from secondary oil contamination. The workpiece
storage time shall not exceed 4 h before thermal spraying. When the humidity is greater than 85 %, the
storage time shall be reduced to 2 h.

Thermal spraying

Thermal spraying should be operated according to ISO 14918 and ISO 14921. For the spraying of bpiler tubes,

the followihg points shall be taken into consideration:

a)

Key

b)

)

d)

5.3

Spray the edge chamfer or arc part (see Figure 1) first, then spray the middle part.

edge clamfer
arc parf
middle|part

Figure’l — Schematic diagram of boiler tubes

When ppraying, the spfay gun should swing back and forth to ensure uniform spraying. The number of
each swing is determined by the temperature of the matrix.

The temperatureyof the substrate in the spraying process should not exceed 200 °C. If the temperature is
likely o exceed this figure, the substrate should be cooled to a maximum of 80 °C before sprgying.

In the ¢aoling process, dust or other debris on the surface is brushed clean with an air gun or wire brush

pa | las des 1 4 1
to ensure=a gooa Combiiratioir oetweer rayers:

Post-process of thermal sprayed coatings

The post-process of thermal sprayed coatings in boiler tubes includes sealing of pores and heat treatment.

a)

b)

Coating inspection: After thermal spraying, the coating inspection should be performed by measuring
coating thickness, roughness, microhardness and bonding strength.

Sealing: Thermal sprayed coatings for all boiler tube types should undergo a sealing process. Once
the spraying is finished, sealing the pores as soon as possible is recommended. For sealing, a range of
different sealants and procedures are available, which should follow the supplier's instructions. The
sealing agent shall withstand the high temperature of 400 °C to 600 °C.

© IS0 2025 - All rights reserved
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6 Coating quality and performance evaluation

The performance of a coating determines its service life; therefore, it is required to evaluate the coating
quality and performance.

6.1 Coating quality

Coating quality shall be inspected in accordance with ISO 14918. However, thermal spray coating on different
boiler tubes shall possess the qualities outlined in Table 2.

Table 2 — Recommended performance indicators for variable boiler tubes

Performance-indicators
Microhard- | Thermal con- Hl?iilzcgfgg(s)ﬁn Erosive wear
ness ductivity Porosity stant rdte
HV, 3 W/(m-K) mg?/(cm*-h) mg/(cm2-h)
<5 % for as-
Waterwallofa |/ g 25 sprayed; <1 % <1,5 20-35
coal-fired boiler ;
after sealing
Superheater ofa| 4 76 >15 <1% <15 15-30
coal-fired boiler
Waterwallofa | 5, 6 >20 <1% <1 20-30
biomass boiler
Superheaterofa) 5, >15 1% <1 10-20
biomass boiler

6.2 Performance evaluation of coatings

6.2.1 Microhardness

The hardness of the coating is related not only to the hardness of the material itself but also to
structure, pore distribution and oxide content. The difference in spraying methods or conditions
to the diffefrence in the above factors, resulting in the difference in the coating hardness of the sam
entation is deeper than thé:Knoop’s under the same load; therefore, the Vickers mici

Vickers ind

test is morg suitable for the thermal sprayed coatings, which can be tested according to ISO 6507

The following should be considered for the hardness measurement for thermal sprayed coatings on b

a)

b)

The load selection forthe'test depends on the thickness and hardness range of the test piece. ]
all be used within the allowable range of the thickness of the test piece to obtain the ]
indentption, thus veducing the relative error of measurement. It is therefore recommended t
load for which'the diagonal of the obtained indentation shall not be less than 10 micrometreg.

load sh

The dwell'holding time shall be between 10 s and 30 s.

the coating
often leads
e material.
rohardness
1.

oiler tubes:

'he highest
argest size
b select the

At least ten points shall be measured on the same test piece, and the average value of the ten points shall
be taken as the hardness value of the tested piece. The distance between the indentation centre and the
edge of the test piece and between the two adjacent indentation centres shall not be less than 2,5 times
the diagonal indentation length. For metallic coatings, the distance shall not be less than five times the
diagonal length of the indentation.

6.2.2 Bonding strength

The bonding strength of the coating should be measured according to ISO 14916.

© IS0 2025 - All rights reserved
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6.2.3 Po

ISO 21452:2025(en)

rosity

The evaluation of the porosity of coatings is covered by should follow the steps given in ISO/TR 26946.

6.2.4 Thermal conductivity

The laser flash method uses a pulsed laser to irradiate one surface of the sample and then monitors the
temperature change of the other surface through an infrared thermometer. The thermal conductivity of the
material can be calculated by measuring the thermal diffusivity of the coating by laser flash method and
then combining the specific heat capacity and bulk density of the material. The specific calculation is given
in Formula (1):

(D

A=a-p-Cy
where
A is|the thermal conductivity, expressed in W/(m-K);

a is
p s
ClD is
For the me
recommen
a) Theth
of the
b) The dq
ISO 32
c¢) Thesp
The sa
6.2.5 Hij

of (15

High-t
white

the thermal diffusivity, expressed in m?2/s;
the bulk density of the coating, expressed in Kg/m3;
the specific heat capacity, expressed in ]J/(Kg-K).

psurement of the thermal conductivity of thermal sprayéd coatings on boiler tubes, th
dations should be considered:

ermal conductivity of the coating shall be tested int@ccordance with ISO 13826 and the
sample shall be @ 10 mm x 1,5 mm.

ensity of the coating shall be obtained by“Archimedes drainage method in accorg
33-1.

ecific heat capacity shall be measured by the specific heat tester in accordance with IS
imple diameter shall be (5,5 + 0,1) tam, and the coating thickness shall be 0,4 mm to 0,7

ch-temperature corrosion test

0 20) mm x (15 to 20}-mm x (5 to 10) mm by electric discharge wire cutting method. T

bmperat

e following

dimension

lance with

0 11357-4.
mm.

Specimen preparation: Substrate materials were prepared with square matrix sampleshaving dimensions

he samples
Icohol and
ction blast
to 60°, and
nto 6,0 um

cally pure,

ure corrosion: Grind the mixed or single salt (salt: NaCl, KCl or Na,SO,, analyt

conditions.

The salt shall be evenly coated on the upper surface of the specimen with a brush. The total amount
of salt coated shall be controlled within 5 mg/cm?2 to 6 mg/cm? and the salt coating error shall be
controlled within +0,3 mg/cm?2. Measure the mass of the coated specimen and crucible separately before
the experiment. Place the salt-coated specimen in an alumina crucible. The hot corrosion test shall be
carried out in a tubular furnace at 500 °C to 700 °C with an accuracy of £5 °C (see Figure 2). Put the
salt-coated specimen into the tubular furnace together with the alumina crucible. Take the crucible and
specimen out from the furnace every 10 h, measure the mass and then put it back into the furnace to
continue the hot corrosion test. Repeat the cumulative hot corrosion cycle (10 to 20) times.

© IS0 2025 - All rights reserved
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Key

air
cotton
hot are

alumin

Ul s W N

vent

For the hot]

, O I
2
g
3 P2 [ T
b — |
P 6 7
LT 38
4 \
1
6  condensate
nsulation brick 7  scrubbers
h of a tubular furnace 8  quartz tube
h crucibles 9  ground salt powder upon the surface
10 fully coated specimen

Figure 2 — Diagram of a high-temperature corrosion test device

corrosion test, the following points should be considered:

a) Specimen requirement: The size of the specimen shall be (15 to 20) mm x (15 to 20) mm x (5

and th
b) Inthe
c¢) The hg
d) Tempe

e) Corros
by the

1) Mi
se

of

e specimens shall be chamfered!

process of spraying, six surfaces of square samples shall be treated with full coating sj
t corrosive medium: A mixture of NaCl, KCl, and Na,S0O,, and the molar ratio is 1:1:1.
rature: 600 °C to 860 °C.

ion kinetics: Since the corrosion is not uniform on the surface, the corrosion kinetics
following twé methods:

croscopicvinspection: The corrosion degree of the coating is evaluated by observin
Ction \of the sample. In order to test the thickness of corrosion layer and inner oxid

to 10) mm,

raying.

s analysed

b the cross
ation layer

thie,coating accurately, the specimens should be cut, cleaned, mounted and polished.

A scanning

b . - . 4] H | 4]
elt.,L LITUITIIIICTUSCUPT 15 USTU LU TTITASUT T LT LUT TUSIUIT UT YL

2)

Mass method: The corrosion dynamics are understood by plotting thermogravimetric measurements

of mass change per unit surface area as a function of the number of cycles. In addition, plot the mass
change per unit surface area squared with the number of cycles to obtain the thermal corrosion
mass gain kinetic constant (see Annex A). The fitting formula is given in Formula (2):

(

Aw

2

© IS0 2025 - All rights reserved
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where

Aw is

A is

kp

t

is

is

ISO 21452:2025(en)

the mass increment, expressed in mg;
the coating area, expressed in cm?;
the kinetic constant of mass gain in hot corrosion, expressed in mg2/(cm*-h);

the corrosion time, expressed in h.

6.2.6 High-temperature erosion wear test

High-temperature erosion wear properties of thermal-sprayed coatings determine their performances on

boiler tubd

s. Referring to the ASTM G211, it is possible to test the erosion experiment of the ¢og
les at high temperatures. However, for the thermal sprayed coating on boiler tubes,th

lc-:lkuirements shall be followed:

en preparation (see 6.2.5).

bmperature erosion system: As shown in Figure 3, the sample is heated directly by
and the rotary plate is driven by a high-speed motor for high-speedrotation movement
wer required for erosion. Sand particles fall from the drop bucket-above the rotary j
eparator. The sand particles are thrown out at high speed and hijt the sample surface
plate under the action of centrifugal force.

process of spraying, six surfaces of square samples shall be treated with full coatin
al surface roughness, Ra, shall be 1 um to 2 um after polishing.

articles: The sand particles should be sharp-edged-brown corundum sand with a 0,5 m
er.

mperature: The test temperature should\be selected in accordance with the specif
ons of the tubes. The recommended tesDtemperatures are 400 °C to 700 °C for tubes
hnd 600 °C to 800 °C for tubes of a codl-fired boiler.

angle: 0 <6 <90°
speed: 10 <v <100 m/s
h distance: 40 <L < 60.mm

ate measurement;iSgiven in Formula (3):
1y —mg ) /(SA)

the wear rate, expressed in mg/cm?;

iting hit by
e following

the power
to provide
late to the
hround the

b spraying.

mto1lmm

ic working
of biomass

(3

solid parti
special re
a) Speci
b) High-t
supply
the po
sand s
rotary
c¢) In the
The fix
d) Sandp
diame
e) Test tg
condit
boiler
f) Impacf
g) Impacf
h) Erosio
i) Wearr
W =(n
where
W i
my
m
S
h

is the mass after wear, expressed in mg;
is the mass before wear, expressed in mg;
is the surface area, expressed in cm?;

is the erosion time, expressed in h.
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5 sand gralins 11 specimen 17 sand outlet
6 shakeouf tank 12  electrode

Figure 3 — Schematic diagram of a highstemperature erosion wear test device
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