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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.
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Thermal spraying — Spraying and fusing of self-fluxing

alloys

1 Scope

This document specifies the procedure for thermal spraying of self-fluxing alloys that are simultaneously

or SUI“SEC]UEIIH? fusedtocreatea IlUlllUgEllEUUS diffusiomr-bomded CUatlllg
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Normative references

Terms and definitions

following documents are referred to in the text in such a way that sonie)or all of t
Fitutes requirements of this document. For dated references, only the.edition cited
ted references, the latest edition of the referenced document (including any amendme

3507, Thermal spraying — Pre-treatment of surfaces of metallictparts and components
ing

rms and definitions are listed in this document.
nd IEC maintain terminology databases for use in standardization at the following adc

SO Online browsing platform: available athttps://www.iso.org/obp

EC Electropedia: available at https: /fiwww.electropedia.org/

nfluence on the substrate and design

Substrate

0 the heat transferdnto the substrate metal when fusing the coating, in order to bond
the substrate by diffusion, the following possible effects of such heating on the sub
be considered:

caling;

he need to stress relieve;

heir content
applies. For
hts) applies.

for thermal

Iresses:

the coating
Strate metal
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Martensitic steels are susceptible to stress cracking and alloys containing significant amounts of C, Al,
Ti, Mg, S, sulfides, P and nitrogen can create porosity in the coating and can render the substrate metal
liable to stress cracking.

When “self-fluxing alloys” are utilized with fusing, there are additional restrictions on the coatable
base materials. Austenitic steels (both non-magnetic and stainless as well as chromium-nickel steel)
can be fused without any structural transformation during sintering. Other metals must have melting
points which should be well over 1 200 °C.

Ferritic steels (magnetic) can only be utilized if they are not higher-alloyed heat-treatable steels. This
means that the alloying constituents should not exceed upper limiting values. Empirical values for the

uppe
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4.2 Design

If pre-machining is carried out prior to spraying and fusing of a coating, there will usually be a reduction
of the design dimensions. Consideration shall be given to the effect of such a reduction on the loading
of the component, as the coating does not contribute to the strength of the component. Consideration
shall be given to the fact that the sprayed and fused coating will have differing physical properties to
the substrate material.

The fatigue strength, the deformation resistance and other properties of the component can be affected
by the application of the coating.

At innnt durinag fucing ynaccant hlo daformation ofthg comnanaont can oo Maoaciye
Due to the heatinputduringfus Y es to

TITS St e e oo e o T o e e o Ot - Comp ot et et a T v r SeroTy

prevent distortion or deformation can be used, such as to erect or hang the parts along their cenhtye-of-
gravity axis|or by using supporting jigs.

5 Spray material of the self-fluxing alloy

5.1 Selection

The properties of the coating are determined by the selection of the sprayinaterial and the spray and
fuse procedpire, for example:

a) hardnegs;
b) resistarlce to wear and/or corrosion;
¢) machingbility;

d) suitabilfty for the foreseen application.

5.2 Composition

The chemidal composition of the spray material and the structure of the coating determine its
metallurgical and technological properties as well as its machinability.

For substrate alloys, which can create.a/martensitic structure, see 7.3.5.

Table A.1 coptains reference values for the expected hardness of the fused coating.

6 Preparation of the.component
6.1 Genefal

6.1.1 Surface cleanliness

All components to be coated shall be free from surface contamination such as oil, grease, rust and other
dirt. Particular attention shall be paid to porous components, because oil and grease can exude out of
the pores during the preheating or coating process.

6.1.2 Removal of prior surface treatments

To ensure a quality control of the parts, it is possible to do a dye penetrant inspection operation before
surface preparation, if cracking sensitive alloys are used. It is important to make sure all traces of
penetrant material are removed before further processing.

2 © IS0 2023 - All rights reserved
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6.1.3 Pre-machining requirements

Any prior surface treatments (e.g. nitriding, galvanic or other protective coatings) shall be removed
before the preparation of the surface to be coated.

6.1.4 Surface preparation requirements

If the area to be coated and the bordering areas of the component are to be machined, then this
preparation shall be suitable for the coating process. Recommendations for suitable designs are given
in ISO 12679.

Wherethecoating isTequired to termimate ata point othrer tham theend oredge of thecomponent, the
deprgssion shall be machined to provide an angle of 30° to 40° at each end, blending smoathly with the
adjoining surface. Alternatively, if the coating can be continued around a chamfered ahdjor rounded
edge| the risk of spalling of the coating will be reduced.

Where the coating shall finish to a square edge, the component shall be left longer than the proposed
finished overall size and the excess shall be machined off after finishing the'coating process.

6.2 | Methods of surface preparation

6.2.1 Surface preparation requirements
Surfjce preparation shall be carried out in accordance with:EN 13507.

The |surface to be coated should be grit blasted using suitable angular grit in accordance with
ISO 11124-1 or ISO 11126-1.

The ¢hoice of the grit blasting material can infli¥ence the bond strength of the coating. The preferred
grit hlasting material is sharp-edged steel grit or chilled iron. Ceramic grits can be used, butif a ceramic
grit is used and becomes embedded in the blasted surface, coating defects can occur aftey fusing. The
embe¢dded ceramic can degas at fusingemperatures which will lead to the creation of pores in the
fused coating.

6.2.2 Surface preparation inspection

The grit blasting operation shall be confined to the area to be coated. The adjacent argas shall be
maslked, so that the surfaees will not be damaged and will not be coated later. The maskjng material
shall|resist the grit blasting and shall not contaminate the prepared surface to be sprayed.

6.2.3 Generalunasking of surface preparation

Masking material, intended to prevent the adherence of spray particles, shall be able tp withstand
prehpatifig; spray particle impact and temperatures.

6.2.4 Plug masking for surface preparation

Drilled holes and other orifices, which are required not to be grit blasted and coated, shall be plugged.
Plugs of steel or rubber are recommended for this purpose; they shall be shaped and positioned in such
a manner as not to mask any part of the surface to be prepared. After grit blasting the plugs shall be
replaced with pieces of carbon suitably shaped to prevent ingress of the coating material. They shall
protrude with their top surface to be caught for subsequent machining.

6.3 Cleanliness

After preparation, the surface to be coated shall not be contaminated with oil, grease, water or
fingerprints. In the case of contamination, the surface shall be completely re-prepared.

©1S0 2023 - All rights reserved 3
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nd fusion process

7.1 Spraying with simultaneous fusion

7.1.1 Proc

edure

This operation of spraying with simultaneous fusion is carried out manually using an oxy/acetylene
torch, which is fitted with a hopper for the spray powder.

A suitable self-fluxing powder is fed from the hopper into the gas stream and heated by the flame,

accelerated
Using this c
used.

7.1.2 Par

The suitabld
In order to {
torch suppli

7.1.3 Coa

A limitation
acceptable 11

NOTE Spraying and fusing of thicker coatings demands highexsKill from the executing operator.
7.2 Spraying with subsequent fusion
7.2.1 Proredure

For sprayinfg and subsequent fusion, the ‘procedures of spraying and fusion are separated.

procedures
(PFS), high Y

A suitable s¢
flame and sj

Fusion of the deposit is a“separate operation, which shall be carried out as soon as possible

spraying us

a) manual
b) by indu
c) Dby fusio
d)
e)

and cpraynr‘] to-the anpnnnnf} where it is cn'mn]fannr\nc]y fused - tothe substrate meta]_

pntinuous process a coating is created, whose properties depend on the self-fluxing po

licle size and particle size range of the powder particles

 grain size and the particle size range depend on the design of the powder feed syj{
void powder feed restrictions and blockages, the powder size range recommended b
er shall be used.

king thickness

on deposit thickness is dependent on the chosen alloy,the required coating quality, an
esidual stresses, which will increase with deposit thickness.

can be manual or mechanized, Usually, spraying is carried out using powder flame spr
elocity oxygen fuel (HVOF) flame spraying and wire or cord spraying (WES).

If-fluxing material istransported into the fuel gas oxygen jet, heated and accelerated b
prayed onto the compoenent until the desired coating thickness is achieved.

ng one of théfellowing methods:
y, using.an’ oxy/acetylene torch with suitable capacity;

ctive heating;

wder

tem.
y the

d the

Both
ying

y the

after

n1n a furnace under vacuum or in an inert gas atmosphere;

with a laser beam;

by another heating processes.

7.2.2 Particle size and particle size range of the powder particles

The suitable grain size and the particle size range depend on the design of the powder feed system. To
avoid powder feed restrictions and blockages, the grain size and the powder size range recommended
by the spraying equipment supplier shall be used.

© IS0 2023 - All rights reserved
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7.2.3 Coating thickness

A limitation on deposit thickness is dependent on the chosen alloy, the required coating quality, and
the acceptable residual stresses. Usually, the coating thickness is limited to 1,6 mm with 1 mm being
preferred.

The deposit should be approximately 25 % thicker in the as-sprayed state to allow for shrinkage during
fusion. If the coating needs to be applied onto complex geometries or with thickness limitations, a
preferred application method can be via HVOF spraying. The use of this process tends to reduce the
amount of shrinking allowance detailed in 7.3.3.

7.3 [ Spraying technique — Procedure

7.3.1 General

The thermal spraying of the coating shall be started immediately after the surface pregaration and
before any visible deterioration of the surface has set in (moisture, coat, oxidation, etc.).

7.3.21 Preheating

The [surface to be sprayed shall be pre-heated immediately, béfore spraying. The |pre-heating
temperature depends upon the composition of the substrate. When preheating, contamination or local
overheating of the surface shall be avoided.

7.3.3 Spraying

Spraying shall be continuous until the coating reaches the required thickness including tHe shrinkage
allowance of 20 % to 25 %. After spraying there@hall be no visible evidence of defects, su¢h as cracks,
lifting of the deposit, blisters, spalling on edges‘or at the end of the coating. If defects are detected, the

sprayed coating shall be removed completely, and the preparation and the thermal spray
repefted.

7.3. Fusing the deposit

The ¢leposit shall be heated to'atemperature within the melting range of the selected self-
and fused. The heating shall'be such that the interface between the self-fluxing alloy and t
reaches the fusing temperature to ensure a complete melting of the coating and rapid diffu

Fusing can be perforuied manually or be mechanized using an oxy-acetylene torch, or can be
by induction heatihg; laser beam or in a vacuum or shielding gas furnace.

The heatingfate and the duration within the temperature range depend upon the compo
coating alloy and of the size and complexity of the component. Prolonged heating withi
rangp shall be avoided to prevent excessive diffusion between the coating and the subs

ing shall be

luxing alloy
he substrate
sion.

mechanized
sition of the

h the fusion
trate and to

avoid deformation of the component and/or of the coating.

When the correct fusion temperature is reached, it is indicated by the appearance of the coating,
which exhibits a marked increase in reflectivity, generally known as a “wet shine”, and is visible when
employing manual or partly mechanized fusion. The fusion area of the sprayed surface shall exhibit this
wet shine. If heated by a torch or induction coil, the heat source should be moved progressively over
the surface of the part to continue this wet shine. Usually when melting in a furnace, this wet shine is
not visible. In case of doubt, the suitable fusion temperature shall be determined by tests. Exceeding
the ideal temperature point can lead to dripping of the coating and to damaging the furnace. The
appearance of a local hot spot during fusion indicates a local coating or bonding defect. In this case, the
coating shall be rejected.

© IS0 2023 - All rights reserved
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ling

After fusing, to avoid undue stresses, creating cracks and/or distortion, cooling shall be retarded. This
can be achieved by packing the component in an insulating material or by a controlled cooling in a

furnace.

If substrates are coated, which are subjected to a martensitic change when cooling down from the
fusion temperature, specialized cooling procedures will be necessary. A subsequent heat treatment can
be necessary to restore the technological and mechanical properties of the substrate metal.

8 Final

achining
O

Machinabili
fused coatirn

If the recon
manufactur

Because adj
coating, the
before carry

gs is given in I1SO 14924.

imendations in ISO 14924 are not sufficient to solve the machining task, ladvice fr
br of machining tools should be sought.

hcent areas or the whole component will also be brought to high temperature to fus
coating and fusion process and further heat treatments, if necessary, should be comp
ring out the final machining of other areas.

9 Hardnless testing

9.1 Gene

The spray
the chemic

Table A.1 sh
agreed upof

supply spec
range using
9.2 Stang
9.2.1 Test

9.2.2 Test

The powderj

3

ral

aterial is often selected with respect to the.dachievable hardness rather than accordi
composition.

ows examples of expected hardness values. If necessary, a different alloy not listed m
I between the customer and the supplier, which meets the required hardness and the
ifications. In case of doubt, test{coatings shall be produced to meet the defined harg
the selected powder.

Jard hardness test
piece properties:'50/mm x 50 mm x 6,0 mm to 6,5 mm made out of unalloyed carbon 3

piece preparation: edges of test piece should have a 2 mm chamfer.

sampleshall be representative of chosen batch.

'y depends upon the properties of the self-fluxing alloy. Information regarding machining of

e the

leted

hg to

hy be
valid
ness

teel.

9.2.3 Sprg

y(technique: use spray torch with foreseen parameter setting for the application and 5

pray

a deposit of

TifOr M TNICKNESS of 1,0 Im to 2,0 M.

9.2.4 Fusing technique: fusing shall be carried out using the expected procedure for the application

(see 7.3.4).

9.2.5 Cooling: the test piece shall be cooled by packing in insulation material, by controlled cooling in

a furnace or

in still air to below 500 °C.

9.2.6 Preparation for hardness test:

Level the underside of the test piece first by grinding or linishing (test piece can be deformed).
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— Machine the test face to a smooth and even finish to get a test area of about (20 x 20) mm (grinding
or milling with hard metal tool), so that a minimum coating thickness of 1 mm remains.

A minimum of seven readings, 8 mm apart, shall be taken. Discard the highest and lowest readings and
take an average of the remaining five. The mean value and/or the range can be taken as a requirement
into the supply specification.

©1S0 2023 - All rights reserved 7
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