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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the 'subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12679 was prepared by Technical Committee ISO/TC 107, Metallic and other inokganic coatings.
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Introduction

Thermal spraying encompasses processes used in the production of coatings and free-standing bodies for which
spray materials are surface-melted, melted off or melted and then propelled onto suitably prepared workpiece
surfaces. The workpiece surfaces are not surface-melted. In order to achieve specific coating properties, the
spray coating can undergo additional post-treatment, either thermal or otherwise, for example, sealing.

Thermally sprayed coatings serve to improve the surface properties of a workpiece by manufacturing or repair
operations. This can be done, for example, in relation to wear, corrosion, heat transfer or heat insulation,
electrical conductivity or insulation, appearance and/or for restoring the part to working order. In certain cases,
a spray.coating can render a surface solderable

Chiefly due to their bonding mechanism, thermally sprayed coatings without thermal post—treatL‘uent can be

distinguished from coatings applied with other processes, such as deposition welding, brazing, ph
depogition (PVD) or chemical vapour deposition (CVD).

The advantages of thermal spraying are the following.

Procg¢ss-related disadvantages are as follows:

The workpieces to be coated are only slightly heated so that distortion and any other undesi
¢hanges to the parent material are avoided. This does not apply if the ceatings are thermally tfeated during

or after the spraying process.

gtationary or mobile depending on the spraying process.
Even geometrically complex components can be coated'using the appropriate spray set-up.
The untreated surface of spray coatings generally provides a good bond coat for painting.

Depending on the spraying process and spray“material, different coating thicknesses car
although a coating thickness of approximately 10 um is currently considered to be the lower

the bond strength of thermally sprayed coatings without thermal post-treatment derives fr|
forces only;

I:e bond strength can be(influenced due to an expansion mismatch between the coating &
aterial, especially in the case of a high operation temperature;

gpray coatings are_njicro-porous;

the thicker théspray coating, the higher the residual stresses in the coating, and the degree
gtress thus-increases;

gpray ‘coatings without additional thermal post-treatment are sensitive to edge pressure, |
[lnearloads and to impact stresses;

ysical vapour

ed structural

The application is not dependent on the size of the workpiéce*or component. The opergation can be

be applied,
limit.

bm adhesive

nd substrate

of multi-axial

pcalized and

there are restrictions in relation to the geometric dimensions, for example, for the inner coatings of

workpieces whose inner diameter is too small.
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INTERNATIONAL STANDARD ISO 12679:2011(E)

Thermal spraying — Recommendations for thermal spraying

1 Scope

This International Standard includes general guidelines for the workmanlike production of metallic,
metal-ceramic, oxide-ceramic and plastic coatings, by means of thermal spraying on metallic and non-metallic
parent materials.

This |nternational Standard provides recommendations for an appropriate and practical spray.sef-up, faultless
mandufacturing, monitoring, quality assurance and for non-destructive and destructive tests\on the component
and gccompanying specimen. It describes details about negative effects which can oceur. It also|gives advice
on how to prevent such effects.

Permissible coating loads and evaluation categories for quality are not the subject of this International Standard,
as they are dependent on the operating conditions.

This |nternational Standard can be used for contract purposes.

2 ormative references

The following referenced documents are indispensable fér\the application of this document. For dated
refergnces, only the edition cited applies. For undated referénces, the latest edition of the referenced document
(inclding any amendments) applies.

ISO 3452-1, Non-destructive testing — Penetrant testing — Part 1: General principles
ISO 14231, Thermal spraying — Acceptance inspection of thermal spraying equipment
ISO 14232, Thermal spraying — Powders== Composition and technical supply conditions
ISO 14918, Thermal spraying — Approval testing of thermal sprayers

ISO 14919, Thermal spraying — Wires, rods and cords for flame and arc spraying — Classificatio— Technical
supply conditions

ISO 14920, Thermal spraying — Spraying and fusing of self-fluxing alloys

ISO |14921, Thermal spraying — Procedures for the application of thermally sprayed |coatings for
engifeering components

ISO 14922-1,.Thermal spraying — Quality requirements of thermally sprayed structures — Parfl 1: Guidance
for s¢lection and use

ISO 1492Z-Z, Thermal Spraying— Quality requirements of thermally Sprayed structures— Part 2. Comprehensive
quality requirements

ISO 14922-3, Thermal spraying — Quality requirements of thermally sprayed structures — Part 3: Standard
quality requirements

ISO 14922-4, Thermal spraying — Quality requirements of thermally sprayed structures — Part 4: Elementary
quality requirements

ISO 14923, Thermal spraying — Characterization and testing of thermally sprayed coatings

ISO 14924, Thermal spraying — Post-treatment and finishing of thermally sprayed coatings

© 1SO 2011 — Al rights reserved 1
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3 Terms and definitions

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

341
shot-peenin

g effect

pressure strengthening by grit-blasting

3.2

sound pressure level
mean value of emitted sound

NOTE Sq
3.3

etching
removing of
NOTE Et]
plasma etchin
34
ion-etching
material rem
NOTE TH

coating techng

3.5

corona disc
dielectric dis
generating s

4 Parent

Virtually eve
is suitably pn

material, spraying process and the physical and technological properties of the parent material used. The

strength, am
comparison
hardened ma
limited, dep€]
may leave ga

A variety of g
process and

und pressure level is measured in decibels (dB).

surface material

Ching can be applied using liquid agents (wet chemical etching) or using gases in a‘recipient (dry et
D). The etching agent reacts chemically with the substrate.

bved by shooting the surface with high-energetic particles likedions

e ions cut off material at the impact point. The procedure is usethin plasma technology application (v4
logy).

harge

nort-living ozone

material

y kind of solid-state material.can be coated by means of thermal spraying, provided its su
epared. The achievable bohd strength of the coating to the substrate is dependent on the

bngst other things, is. particularly influenced by the thermal conductivity of the parent mate
o the conductivity.oef-the spray coating and the state of the parent material’'s surface. In ge
terials need a bond coat to give adequate bond strength. The possible coating thickness m
nding on thedohding material being used. Certain surface-hardening processes, e.g. “nitri
seous inclugsions which would prevent proper bonding.

lastics, as well as glass and paper, can be thermally sprayed when using the appropriate spr|
a strface treatment method adapted for the respective material.

Ching,

cuum

charge in air after exceeding the break-dowtfield intensity; air molecules will be ionizg¢d by

rface
spray
bond
fial in
heral,
ny be
Hing”,

aying

As the workpieces to be coated by means of thermal spraying are generally only slightly heated, undesired
structural changes to the parent material and changes to the component’'s geometry due to distortion are
avoided to the greatest possible extent. However, distortions resulting from intensive grit-blasting during
surface preparation, especially with thin-walled parts or as a result of residual compressive stresses on the
surface of the substrate caused by process-related shot-peening effects, can occur. If coatings are thermally
treated during spraying (processes with simultaneous fusing) or subsequently, undesired structural changes
and significant geometric changes can occur.

For purposes of quality assurance during the manufacturing process, the parent materials and components to be
coated should be stored in such a way that damage and/or undesired changes to the shape or surface are avoided.

© 1SO 2011 — All rights reserved
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5 Component geometry

The application of thermal spraying is independent, to the greatest possible extent, of the size of the workpiece
or component to be coated. This is mainly true for flame and arc spraying. For plasma and HVOF (high-velocity
oxygen fuel) spraying, closed-off spray booths are normally required due to the high noise and dust emissions.
As a result, there may be restrictions to size of the component.

Certain prerequisites concerning the practical set-up shall be considered when using thermal spraying. If these
rules are followed, even complex geometric parts can be coated with expertise. The most important rules can
be summarized as follows:

— W@M&M&.&w&m&ﬂkﬂ&ﬂ@mﬂg&comecﬁons,
nd the necessary spray distance and spray angle shall be maintained;

— gharp edges should be avoided; they cannot be covered with a spray coating;

— Earrow radii should be avoided, otherwise turbulence in the spray jet can pceur, which|can lead to
nsatisfactory coatings in terms of bond strength and density;

— problems with turbulence and undesired, loose particles sticking to the walls occur especially when
gpraying in narrow bores or blind holes;

— 1o prevent the coating from spalling, it has proved advantageou$s to pull the coating aroungl rounded or
¢hamfered edges;

— Ile arguments listed for thermal spraying, i.e. accessibility, sharp edges, narrow radii, bofes and blind
oles, also apply to grit-blasting when preparing the surface to be sprayed.

6

on.

ppray materials

6.1 | General

The $pray materials used for thermal spraying cover a wide range of very different materials. (It is virtually
possible to spray any material which .can be produced as a solid wire, cored wire, rod, cord or|powder, and
whicl does not sublimate in the arcler plasma or decompose when passing through the flame. In the special
case|of molten-bath spraying, the material is processed in its liquid state.

Gengrally, the following spray, materials can be used for thermal spraying:

— etals and metal alloys;
— etal ceramicés;
— hard phases embedded in a matrix material;

— oxide.ceramics, plastics, as well as various hybrid materials.

6.2 Selection of spray materials

An important task for the designer and/or person responsible for the spray technology is the selection of the
spray material which is most suited to the application. Fundamental to the selection are the demand’s profile
of the coating, the subsequent operating conditions and the most suitable spraying process. Corrosion and/or
wear loads, for example, can determine the demand’s profile. The operating conditions in a tribological system
can be determined by an increased operating temperature or by operating temperatures which fluctuate in level
and, in some cases, also in speed. The most suitable spraying process distinguishes itself in terms of its ability
to fulfil coating requirements, such as density, bond strength, porosity, purity, etc. Here, the relevant process
data, such as temperature level in the flame, in the arc or in the plasma, the dwell time of the spray particles in
the hot zone and the particle velocity in flight and on impact on the substrate, play a decisive role.

© 1SO 2011 — Al rights reserved 3
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The most important spray materials have been standardized. The following are specified in standards: chemical
composition of the material and its supply form as powder with its special features based on the manufacturing
process, particle shape and particle size distribution, or as wire, rod or cord.

The following International Standards apply:

6.3 Suppl

for powder: ISO 14232;
for wires, rods and cords: ISO 14919.

y, handling and storage

The supply fq
in ensuring &
supply and

concerning §

7 Gases

Industrial gas
their mixture
gas, powder

The physical
from each o
material reqy
The following
— asafuel
as apla
as a cor
as a shr
as a pro
as a pov
for cooli

Depending o
of the gases
user’s premif

rm and its constancy from batch to batch, especially with spray powders, plays a fundamehtg
uniform quality for the finished coating. For this reason, it is recommended that manufact
distribution be assessed and monitored by a suitable quality-management system. D
uch a procedure are described in EN 12074.

for spraying
es are used in all thermal spraying processes. Depending on the spraying process, these gag
feed gas, or for cooling the part to be coated or even the spray-gun.

and chemical characteristics of the industrial gases used for thermal spraying differ quite mar
her. Paying attention to these parameters, a gas or gas mixture, which fulfils the proces;
irements, can be selected for any thermal spray application.

gases are mainly used:
gas: acetylene (C,H,), propane (C3Hjg), propylene (CsHg), ethene (C,H,), hydrogen (Hy), natura
Ema gas: argon (Ar), helium (He), hydrogen (H,), nitrogen (N,) and their mixtures;
nbustion accelerator: oxygen (O,);
pbud gas: argon (Ar), nitrogen{N,);
pelling or atomizing gas: ecompressed air, nitrogen (N,), argon (Ar);
Lder-feed gas: argon<{Ar), nitrogen (N,);
ng: compresseghair, carbon dioxide (CO,).

h the sprayirig process and the purpose of the application, varying high-purity levels are demg

bes, during the filling process, transport and withdrawal, and in the pipeline system.

I role
iring,
etails

esor

5 are employed as a fuel, combustion accelerator, plasma gas, shroad gas, propelling or atonizing

kedly
5 and

I gas;

nded

The gassproducer is responsible for the gas purity whose level shall then be maintained at the

alues

In general, it4

according to
spraying are:

sufficiant ta indicata tha nurity af tha aacac 1icad in tharmal cnravina with numarical
SHHHEHEeH—oHHaicateHe—puHY—-BtHe—gaSeSdSe eSSy Wir—HRdherca—Y

the

— Ethene 3,5
— Oxygen 3,5
— Hydrogen 3,0
— Nitrogen 4,6
— Argon 4.6
—  Helium 4,6

number of “nines” before and after the point (4,6 = 99,996 %). Typical gas purities for thermal
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For plasma spraying in particular, the purity of the gases has a big influence on the lifetime of the nozzle
electrode system.
8 Liquid fuels for spraying

In several applications, the high-velocity flame spraying process is applied using liquid fuels, e.g. kerosene,
N-paraffin, test benzene or petroleum. A low sulfur content has to be kept due to environmental reasons. Flash point,
evaporation point and purity have to be considered, as well as additional instructions from the equipment supplier.

9 Spray equipment

9.1 | General

The thermal spray equipment includes the spray device with all the electrical and gds supply anpd regulating
equigment, possibly the handling system, plus the peripheral installations such as-exhaust and f{lter systems,
spray booth and soundproofing. Modern installations often include additional equipment for morjitoring spray
parameters and motion sequences by means of video cameras.

9.2 |Spray device
The gpray device is defined in ISO 14917 as the equipment required.for thermal spraying.

Guidelines can be found in ISO 14231 for the qualification of.the spraying installation including the transport
system for the spray material. ISO 14231 can also be consulted when monitoring the state of the thermal
spraying installation.

9.3 | Mechanical equipment, rotating devices; handling systems, robots

In addition to the spray parameters for melting and melting off and for the transport of the sgray material,
the djstance, setting angle and relative motion between the gun and workpiece have a decisive|influence on
the guality of the spray coating. In order {o maintain these parameters as closely as possible, al mechanized
spraying process should be used wherever possible rather than a manual one.

A handling system should fulfil thefollowing requirements:
— ¢apable of movements| speed and positioning with accuracy values appropriate to the appligation;
— gufficient static and-dynamic loading capacity;
— gtabilization of¢spray distance;

— non-susceptibility of control and regulation systems to influences from spray operation, for edample, when
igniting’the plasma burner, and in relation to spray dust and heat from the flame, arc or plasma jet;

— simple and straightforward setting and programming of the handling system or rotating devide.

9.4 Essential auxiliary equipment

Auxiliary equipment essential for thermal spraying includes equipment for cooling the burner system and
possibly the energy supply, too, for cooling the workpiece and/or the coating, for detecting, removing by suction
and transporting the spray dust, collecting the spray dust in a suitable filter system which, at the same time,
releases the exhaust air mixed with the combustion or plasma gas residue into the atmosphere, safely and
in compliance with environmental regulations. The spray booth and sound-proof chamber are also essential
components of the auxiliary equipment.

The peripheral equipment, especially for detecting and removing the spray dust, can also influence the quality
of the spray coating by acting upon the spray jet and the safe discharge of rebounded spray particles. For this
reason, this equipment should always be kept in good working order.

© 1SO 2011 — Al rights reserved 5
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Every spraying process produces a typical sound pressure level. During plasma processes and the various
HVOF processes, the A-weighted sound pressure level can reach values of more than 125 dB(A), making
sound-proofing measures with a considerable sound pressure level reduction potential necessary. As a rule,
dust build-up generally occurs in addition to the sound pressure levels; spray booths should offer good sound
absorption/insulation and also be able to prevent dust deposits as far as possible. As these conditions contradict
each other to a certain extent, priorities shall be set concerning the design. For mechanized spraying, non-
absorbing, smooth walls can be used. For manual spraying, sound-absorbing, open-pored inner walls and
ceilings are to be preferred.

During the spraying process, particle-loaded smoke and gas currents result from the spray materials, gases and
ambient air. The dust in this smoke and gas are generally classified as hazardous and should therefore be detected

at their sourcganc bafciy etimimated—Tothisend;= Dybtclll ofdetectiomconductionmanditterit o) 7S |cqui|cu'.
Catching normally takes place directly at the source using exhaust hoods; these should be adapted fo the
geometric prpperties of the workpiece. The catching speed at the source should be measured_in such g way
that depositg and the risk of a dust explosion are avoided.

Wet and dry filters have been proven to be very effective filter systems. Monitoring functions, for example, by
measuring the pressure difference, is absolutely essential. When spraying plastics orwhen toxic gases pccur
during the sgraying process, wet filters are to be preferred.

Particularly, In the case of potentially carcinogenic dust, attention shall be paid t0 special national regulations
when removing any residue from the floor and when disposing of the spray, dust from the filter system.

10 Surface preparation prior to spraying

10.1 General

In order to achieve adequate bond strength of the spray\coating, the substrate surface should be cargefully
prepared anfd coated immediately. The permissible ,intermission time depends on the spray material, the
sensitivity of the parent material and possible influences of dust, vapour and moisture on the prepared surface
due to tempgrature drops below the dew-point orrain while spraying outside.

10.2 General pretreatments, degreasing, cleaning

Before preparing the surface for spraying, rust, scale, dust and similar impurities should be removed
mechanically. Oily and greasy impurities should be removed by degreasing. The latter can be carried out gither
by heating (¢racking the oil or gréase residue), immersion or atomizing methods, with or without addifional
mechanized [support, for exaniple, with ultrasound, brushes or steam-jet cleaning. Aqueous detergernts or
organic solvents are suitable. However, when using solvents, attention shall be paid to environnmental
regulations. ffter degreasing, the prepared surface should be rinsed and dried.

10.3 Grit-bjasting-and other preparation methods

The metallic lsurface should he Inrplnsnrpd insuch a way that a ’rpr‘hnir‘nlly clean hnnding areg results U ually7

the surface to be coated should be roughened. The necessary roughness of the surface to be coated depends
on the particular application. Grit-blasting is a suitable method to achieve an efficient, roughened metallic
surface. In this way, the surface area is also increased.

Preparation by means of grit-blasting depends on the type and the particle size of the abrasive, and also on
the blasting parameters, for example, blasting time per unit area, distance, blasting angle, impact speed of
the abrasive, overlapping of blasting runs, and type of grit-blasting device or grit-blasting method (pressure or
syphon blasting). The wear state of the abrasive influences the quality of the grit-blasted surface significantly
and should therefore be monitored.

Normally, grit-blasted surfaces are assessed according to their appearance. Prior to thermal spraying, these
surfaces should display a spotless and uniform appearance. Even humidity, especially in industrial atmospheres,
can impair the spray result. The “standard of cleanliness Sa 3” according to ISO 8501-1 represents a necessary
but, in many cases, inadequate requirement.

6 © 1SO 2011 — Al rights reserved
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Differences between the desired and actual roughness of the grit-blasted surface can be assessed using
reference samples. Such reference samples are described in ISO 8503-1. When testing the roughness, the
prepared surface shall not be contaminated.

The compressed air used for grit-blasting should be free of oil and moisture. Abrasives can be selected in
accordance with ISO 11126-7 and ISO 11124-2.

Thorough cleaning of the surface after grit-blasting is essential to remove any abrasive residue; this can be done
best by suction or blowing-off using oil-free, dry compressed air. With plastic substrates, dust resulting from
static charging is very difficult to remove from the surface. In this case, special measures, such as blowing-off
with |on|zed air or antistatic baths may be necessary. In partlcular appllcatlons hlgh pressure water blasting
can heapg

Furthier details on the surface preparation of metallic materials are described in EN 13507. 1ISO\14

more;

detailed instructions on the application of thermally sprayed coatings for engineering)comp

For spcondary applications, coarse turning, milling, grinding or brushing are sufficientfor the prep
Howgver, the properties of the parent material should not be impaired in any way. Damage can ocd
are introduced or if the surface is compressed. With plastics, pores may be exposed or fibre inse

Whe

phys
Phys

h preparing the surface of non-metallic materials prior to thermal spraying, a more extensi
cal, thermal or mechanical surface treatment may be necessary after cleaning and
ochemical activation methods include etching or ion-etching. Thermal preparation should d

921 provides
bnents.

aratory work.
ur if stresses
ts damaged.

ve chemical-
degreasing.
ry, clean and

cal-chemically activate the surface. For this purpose, openAlames, radiation heat, low temperatures or
a discharges can be used.

phys
cororn

10.4| Covering, masking of areas not to be coated

Areas of a workpiece which shall not be coated, for example, guide grooves and keyways, or bores, need to be
covered before grit-blasting and spraying. Self-adhesive tapes, hardwood, rubber, silicone or metallic devices
are spitable here. The masking material shouldnot contaminate the surface to be coated.

Further instructions concerning masking, -eSpecially when spraying self-fluxing alloys, are given ip ISO 14920.

11 Thermal spraying procedure

11.1| Spraying procedure specification

A sprfaying procedure specification containing the data for the entire spraying process should be|compiled for
every spray application. The spraying procedure specification should be compiled by the spray|ng specialist
(see [14.2.2) responsible for the spray technology. The thermal spraying specialist is responsible fgr compliance
with {his specification.

Befofle making any changes to the parent material, spray material, auxiliary materials, design, coatjng thickness

or sgraying process, the spraying specialist should be consulted; if necessary, the specificafion shall be
Char\snﬂ orracamnilad

1ISCC—oOTTCComPTCoTT

The basis of the spraying procedure specification are the results from spray specimens and/or empirical values.

If athermal post-treatment is intended for the parts to be coated, the specimens used to compile the specification
should also undergo the post-treatment.

The spraying procedure specification should include the following details:
— manufacturer;
workpiece with a reference number and, if necessary, a sketch of the component showing the part to be coated;

substrate material,

functional task of the coating;

© 1SO 2011 — All rights reserved
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preparation methods;

coating consists of bond and top coat;

thicknes

spraying process;

spray material, including lot number for spray powders if necessary;

s of spray layers;

instructions on preheating, temperature range and, if necessary, preheating range;

coating thickness, if necessary, before and after the finishing process, or each coating thickness if a

instructi

spray pa

type of

A sample-sp|

11.2 Applyjing the spraying process

11.2.1 Preh¢ating

In order to ke

is often recommended. The preheating temperature depends on the type of parent material and spray ma

amongst oth
temperatureq
the substrate]

When sprayi
particles are

bns on cooling when spraying and, if necessary, temperature limits for the workpiece;
Fameters (amperage, voltage, fuel, plasma gases, powder-feeder gas, atomizing compressed air,
urface post-treatment, if necessary, with reference to sealing or thermal post-treatment.

raying-procedure specification form is given in ISO 14921.

Ep the heat-related stresses between the substrate and the.spray coating to a minimum, prehg

er things. The heat input from spraying should bestaken into account, if necessary. Prehq
are often between 80 °C and 150 °C. Preheating\can also help to remove residual moisture
s surface before spraying. In many applicationsgthe bond strength can be increased by prehe

hg plastics, preheating the substrate is of (particular significance. Due to the fact that the p
only surface-melted when passing thréugh the flame, this being only sufficient for the mi

etc.);

ating
erial,
ating
from
ating.

lastic
nimal

bond strength of the particles to the substrate’s'surface, the energy stored in the workpiece should effect a

fusing of the
used and th
the bond str

depolymerizgtion can occur, which is tnade visible by discoloration.

11.2.2 Cooling

The thermal §
For thin-wallg
to spall. For
possibly lead

sprayed plastic particles. The preheating temperatures depend on the plastic spray mat
bir melting point. If the preheating temperature is too low, the coating will be too poroug
pngth to the substrate significantly reduced. If the temperature is too high, a slight oxidati

bpray’s heat inputinto the component or the coating shall be taken into accountin many applica
bd componénts, the heat input can lead to undesirable deformation, which may cause the cq
parent materials with bad heat conduction, a localization of heat can occur in the spray

erials
and
on or

lions.
ating
rone,

ing to:high residual stresses in the coating which can cause cracks in the coating, or even spalling.

In order to aV

old’such problems during the spraying process, a more or less intensive cooling of the comp

bnent

and/or the coafing may be necessary. A number of gases can be used for cooling, depending on the magnitude
of the heat input, the geometry of the component, the heat dissipation and distribution possibilities in the coating
and substrate, and the sensitivity of the coating to residual stresses; a number of gases can be used for cooling.

In the simplest case, air blasting with dry, oil-free compressed air is sufficient. Carbon dioxide achieves the
most intensive cooling.

Whereas cooling with compressed air merely achieves a cooling effect by convection, with carbon dioxide
cooling, after the formation of snow and the sublimation of the snow in the gas phase, the sublimation energy
is withdrawn from the substrate or the coating. This means that the cooling effect is increased considerably.
Moreover, the cold gas flow cools by convection. Due to the intensive cooling effect of carbon dioxide cooling,
special attention should be paid to the type, localization and motion control of the cooling nozzle.
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Appropriate configuration of the cooling nozzle, when air-blasting with compressed air or carbon dioxide, can
facilitate a cleaning effect on the spray zone in addition to cooling.

11.2.3 Spraying of bond coats

In certain applications, depending on the spray material, parent material and spraying process, the bond
strength of the desired coating may be inadequate. In order to improve this a special bond-coat material should
be sprayed onto the prepared surface and the desired top coat should be sprayed after that. Using this method,
the bond strength of the coating system may be markedly increased.

Depending on the application, the following spray materials have proven to be suitable as bond coats:

— Jalloys of nickel, copper or iron combined with aluminium;

ertain nickel-based materials;

q

molybdenum.

Even
bond
8 um

when spraying with plastics, the bond strength can be improved by applying a bonding
ng agents can be applied by immersion or spraying. The thickness of-the’ dry layer should
and 15 ym. Processing specifications from the manufacturer should be-Complied with.

agent. Such
be between

11.2.4 Thermal-spray operating methods

To gdiarantee a good coating quality, the spraying devices and\installations shall be kept in pe
orderl Acceptance criteria for spraying devices are given in 1SO*14231.

rfect working

The pptimum spray distance varies according to the process, spray material and desired coating property.

The i
than
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Whe
parts

mpingement angle of the spray jet to the surfaceef the workpiece should be around 90° an
15°. Attention shall be paid to keep the spray parameters constant. Modern computer-contrg
lations can correct gas volumes and output losses from wear-related changes in the nozzle in

h coating flat surfaces, intersecting spray passes are very effective. When coating rotationa
attention should be paid to adequate*overlapping of the spray passes.

The @chievable thickness of a thermal ‘spray coating is limited due to the effect of shrinking forg

coati
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phys
meas

ng, parallel to the surface ofthe workpiece. This reduces the bond strength. The thickness is
bf spray material, the density of the coating, the energy supply of the respective spraying prg
cal and technological differences between the parent and spray materials. Suitable preheati
ures can decrease\the effect of these differences.

In ordler to preventthe’coating from spalling at the ends and edges, it has proven to be advanta

the c

For i
unwg

pating aroundrounded or chamfered edges.

hner ceatings, particularly blind holes, special blast and spraying methods shall be use
nted deposits of spray particles having insufficient bond strength.

d be not less
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closed loops.
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geous to pull
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y specimens

to assess the spray spot and the degree of surface melting of the particles on the substrate, a bending
specimen to assess the adhesion of the coating to the substrate, or determining the optimal deposition rate
according to ISO 17836.

12 Post-treatment of the coating

The subsequent machining or treatment of a thermally sprayed component is, in many cases, decisive for
the success of its later application. In relation to solid materials, the properties of thermally sprayed coatings
differ considerably, a fact which shall be taken into account, especially when machining such parts. The loads
resulting from machining processes are often the highest which the coating is subjected to.

Details on how to machine or treat sprayed coatings by turning, milling, grinding, shot peening, brushing,
polishing and super-finishing are given in ISO 14924.
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Sealing and organic coating (painting) of thermally sprayed coatings against corrosive attacks, to improve
sliding properties, or to achieve special surface characteristics, are the most important methods to post-treat
spray coatings. For further details see ISO 14920 and ISO 14924.

Post-heat-treatment of spray coatings is always particularly beneficial if a high coating density is required and
if higher demands are placed on the bond strength between the coating and substrate. Consideration should
be given to a possible impairment of the parent material. Bonding can be achieved by fusing self-fluxing alloys.

For further d

etails see 1SO 14920.

In special cases, thermally sprayed coatings can be post-treated using diffusion annealing in a vacuum or in
an inert shroud-gas atmosphere. The diffusion processes in the interface yield a marked increase in the bond

strength bet\

the parent m
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14 Recommendations for quality assurance

14.1 Quality-assurance measures

14.1.1 General

To ensure a maintainable quality of the spray coatings or coated components according to requirements, it is
essential that all the factors involved in the process be monitored and any changes arising be kept to a minimum.

This is especially important for spray coatings, because the use of non-destructive tests is drastically limited in
contrast to welds. This is due to their completely different structure.

10
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To ensure quality, the following factors should be monitored:

t

hermal spraying installations;

spray materials and auxiliary materials;

qualifications of personnel;

tests on the component and the accompanying specimen.

the implementation of the entire process from the preparatory work through to post-treatment;

A qug

14.1.

The availability of a functional quality-management system (e.g. ISO 9001), which fulfilsthe resp

requi

produiced by thermal spraying or components having thermal-spray coatings.
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well as to the repair or maintenance of heavily stressed components;, irrespective of whether th
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14.1.4 Quality assurance measures for spray materials used in thermal spraying
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P Quality management

Fements of the components or coatings, is an important prerequisite for the sustainable quali

14922-1, ISO 14922-2, ISO 14922-3 and ISO 14922-4 include guidelines for the quality
met by the manufacturer of thermally sprayed coatings. The guidglines apply to new cor

busly coated or should be coated for the first time to improve, their function. The guideli
ing operations carried out in workshops and on sites.

4922-2,1SO 14922-3 and ISO 14922-4 have been structured in such a way that they can be
bf component.

standard can also be used to assess the suitability of the manufacturer, as to whether spra
components with thermally sprayed coatings\ean be produced in the prescribed quality acg
fements.

tandard can also serve as a basis fordetermining the requirements between the parties to

B Quality assurance measures for thermal spraying installations

respect to plasma, arc apd™flame spraying installations, ISO 14231 provides details on qus
dures for the acceptapee of new equipment as well as on monitoring the operational stabilit
lations during and/or:after a spraying operation.

5, rods, andycords for thermal spraying are described in ISO 14919.

4232\deals with powders for thermal spraying. In addition to the chemical analysis, partic
le_size distribution of spray powders, the manufacturing method of the powders also plays a si
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ry important

for a uniform coating quality. For more demanding spraying jobs, the powder should first be inspected to
ensure a consistent coating quality. Besides checking the Inspection Certificate, for example, according to or
corresponding to ISO 10474 the inspection can confine itself to flow behaviour and particle fraction analysis. In
some cases, a materialographic investigation of the powder is advisable. In borderline cases, a spray test and,
if necessary, a fusing test should determine the powder’s usability.
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