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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member
technical com

bodies). The work of preparing International Standards is normally carried out through I1ISO
mittees. 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 $tandards 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 Stardards
adopted by the technical committees are circulated to the member bodies for voting.JyPublication fas an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d

rights. ISO shiall not be held responsible for identifying any or all such patent rights:.

ISO 9717 w3

Subcommitte¢ SC 8, Chemical conversion coatings.

This second 6

awn to the possibility that some of the elements of this document may be the subject of patent

s prepared by Technical Committee ISO/TC 107, Metallic and other inorganic coatings,

dition cancels and replaces the first edition (ISO 9747:1990), which has been technically re¢vised.
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Introduction

Phosphate conversion coatings are applied to ferrous metals, aluminium, zinc and their alloys (including
zinc- and zinc-alloy-plated steel, cadmium and their alloys) either as an end finish or as an intermediate layer
for other coatings. They are intended to

a) impart corrosion resistance,

b) improve adhesion to paints and other organic finishes,
c) fgcilitate cold-forming operations, such as wire drawing, tube drawing and extrusion, and

d) modify surface frictional properties so as to facilitate sliding.
Phosphate conversion coatings are produced by treatment with solutions, theé’main constituents of which are
the appropriate dihydrogen orthophosphates. These coatings are applied principally to ferrgus materials,
aluminium, zinc and cadmium and differ in coating mass per unit area.@and-apparent density, depgnding on

a) the construction material and surface condition of the components,
b) previous mechanical and chemical treatment of the components, and

c) pfocessing conditions for phosphating.

All phpsphate conversion coatings are more or less porous but can be sealed substantially by subsequent
sealing processes.

© 1SO 2010 — All rights reserved \"


https://standardsiso.com/api/?name=24fcd9c696b09439429d0dc07f00477c



https://standardsiso.com/api/?name=24fcd9c696b09439429d0dc07f00477c

INTERNATIONAL STANDARD

ISO 9717:2010(E)

Metallic and other inorganic coatings — Phosphate conversion
coating of metals

WARNING — This International Standard may not be compliant with some countries' health, safety

This |
cadm
intend
COIToS
cold-f
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The fi
refere
docun

ISO 1

ISO 2
of thid

ISO 2
Vocal

ISO 2
Revie

ss any health hazards, safety or environmental matters and legislations assog¢iated
he responsibility of the producers, purchasers and/or user of this International
ish appropriate health, safety and environmentally acceptable practices _and take
s to comply with any national, regional and/or international rules and regulations
his International Standard does not in itself confer immunity from legal obligations.

cope
nternational Standard specifies requirements for the processing of ferrous metals, alu
ed to be used in conjunction with supplementary treatments for the protection of the basis

ion and to provide anti-wear properties to sliding surfaces, adhesion to organic finishes
brming operations.

ormative references

bllowing referenced documents aresindispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th
hent (including any amendments) applies.

163, Metallic and oxide ceatings — Measurement of coating thickness — Microscopical me

D64, Metallic and other inorganic coatings — Definitions and conventions concerning the
kness

D80, Metallic,and other inorganic coatings — Surface treatment, metallic and other inorgar
ulary

B19\ Metallic coatings on metallic substrates — Electrodeposited and chemically deposits
W offmethods available for testing adhesion

that may be
rd does not
with its use.
Standard to
appropriate
Compliance

minium, zinc,

um and their alloys to produce coatings consisting essentially of inorganic phosphates, which are

metal against
and ease of

ht. For dated
e referenced

thod

imeasurement

ic coatings —

d coatings —

ISO 2859 (all parts), Sampling procedures for inspection by attributes

ISO 3892, Conversion coatings on metallic materials — Determination of coating mass per unit area —
Gravimetric methods

ISO 4519, Electrodeposited metallic coatings and related finishes — Sampling procedures for inspection by
attributes

ISO 9587, Metallic and other inorganic coatings — Pretreatment of iron or steel to reduce the risk of hydrogen
embrittlement
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ISO 9588, Metallic and other inorganic coatings — Post-coating treatments of iron or steel to reduce the risk

of hydrogen e

mbrittlement

ISO 15724, Metallic and other inorganic coatings — Electrochemical measurement of diffusible hydrogen in
steels — Barnacle electrode method

ISO 27831-1, Metallic and other inorganic coatings — Cleaning and preparation of metal surfaces — Part 1:
Ferrous metals and alloys

ISO 27831-2, Metallic and other inorganic coatings — Cleaning and preparation of metal surfaces — Part 2:
Non-ferrous metals and alloys

3 Terms

For the purp
ISO 2819, IS

3.1

free acid of 4 phosphating solution

number of mi
phosphating s

3.2

pointage
measure of tf
sodium hydr
phenolphthalg

3.3

accelerated process

process wher
such as oxid
formation

3.4

unaccelerateld process

process whe
accelerating 4

3.5

sealing
application of
drying, to forn

3.6

and definitions

pses of this document, the terms and definitions given in 1SO 1463, 1S0O12064, I1SO
D 9587 and ISO 9588 and the following apply.

lilitres of 0,4 % mass fraction of sodium hydroxide solution required to neutralize 10 ml
olution to pH 4, using methyl orange or an equivalent indicator.-system

e total acidity of a phosphating solution, i.e. the nunaber of millilitres of 0,4 % mass frac
bxide solution required to neutralize 10 ml of *the phosphating solution to pH 10
in as an indicator

e the processing solution is of the metal phosphate/phosphoric acid type containing ad
izing agents, e.g. nitroguanidine; nitrate, nitrite, or chlorate, which accelerate the ¢

‘e the processing solution is of the plain metal phosphate/phosphoric acid type a
gents are employed

a supplementary coating to the phosphate surface immediately after phosphating, rinsin
h a complete protective or lubrication system

2080,

of the

ion of
using

jitions
pating

hd no

g and

supplementary coating
covering material, usually of an organic nature

EXAMPLES

oil, grease, lacquer, varnish, paint or dry lubricant
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4 Information to be supplied by the purchaser to the processor

4.1

Essential information

717:2010(E)

When ordering articles to be phosphated in accordance with this International Standard, the purchaser shall
provide the following information in writing, in, for example, the contract or purchase order, or on engineering
drawings:

a) areference to this International Standard, ISO 9717:2010, and the designation (see Clause 5);

b) the nominal composition, specification, nature and metallurgical condition of the basis metal, if they are

c) th
]
d) tH
e) th
tq
f) td
p
g) th
h) th
i) th
e
j)  th
n
k) th
4.2
The fq
a) fq
b) fq
c) fth

ely 10 altecCt the serviceaDbllity and/or the appearance of the coaling,

e significant surfaces, to be indicated on drawings of the parts or by providing su
becimens;

e coating classification code (see 5.4);

e coating mass per unit area, or the coating thickness with any tolerance)limit required, an
st method (see 6.4);

nsile strength of parts and the requirements of heat treatment before and/or after the
focess (see 6.5 and 6.6);

e surface preparation required prior to phosphate conversion coating (see 6.1);
e surface appearance (see 6.1);

e requirements for, and type of, supplementary treatments, e.g. staining, oil, grease, org
c. (see 6.7);

e requirement for a quality-evaluation-test for controlling the quality and continuity of thg
ethod to be used and minimum exposure time (see 6.9);

e sampling methods, acceptance levels and/or any other inspection requirements (see Clg

Additional information

llowing additionalinformation shall also be provided by the purchaser, when appropriate:
r creviced items, the phosphate process and/or nature of accelerator employed;

r high=strength steels, details of any special process requirements;

e-properties of the coating, such as surface profile and crystal size;

tably marked

d the relevant

phosphating

anic coatings,

b coating, test

use 7).

d) any other requirements, such as cascaded process in rinsing or whether removal of supplementary
coatings is needed prior to examination of corroded test specimens (see 6.3.1, 6.8, 6.9 and Annex F).

5 Designation

5.1

General

The designation shall appear on engineering drawings, in the purchase order, in the contract or in the detailed
product specification.

© 1SO 2010 — All rights reserved
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The designation specifies, in the following order, the basis metal, the specific alloy (optional), stress-relief
requirements, the thickness (or mass) and composition of the phosphate coating, heat treatment to reduce
susceptibility to hydrogen embrittilement, and treatments for, including the type of, supplementary coating.

5.2 Designation specifications

The coating designation specifies the basis metal and the types and thickness of coatings appropriate for
each service condition number and comprises the following:

a) the term, “Phosphate conversion coating”, the number of this International Standard, ISO 9717, followed
by a hyphen;

b) the cheniical symbol for the basis metal (or for the principal metal if an alloy) followed by a solidusg (/) as
follows:

— Fe for iron or steel;
— Zn for zinc or zinc alloys;
— Al fof aluminium or aluminium alloys;
— Cd for cadmium;
c) the designhation SR (see 5.3), if necessary, followed by a solidus;

d) a symbol|describing the type of coating;

o

e) anumbef indicating the coating mass per unit area, in grams per square metre, followed by a solidu

f) a symbollindicating additional treatments for supplementary coating of the phosphate layer followefl by a
solidus (g4ee Table E.1);

g) the designation ER (see 5.3), if necessary, fallowed by a solidus;
h) a symbollindicating any additional treatments for supplementary coating of the phosphate layer.

Solidi (/) shall be used to separate~data fields in the designation corresponding to the different sequential
processing steps. Double separators or solidi indicate that a step in the process either is not required pr has
been omitted,

If supplementary treatments other than, or in addition to, sealing are used, the designation shgll be
Fe/ZnMeph23/X/Y, where ZnMeph represents appropriate metal phosphate if zinc remains as the main| metal
constituent of|the coating or phosphate of a double salt with, for example, 25 g/m? coating mass per unit area,
and X and Y fepresent the supplementary coating codes given in Table F.1.

It is recommended—thatthe—specificattoy be—identifred—byits—standard—desigmation—fottowing—the—chemical
symbol of the basis metal; for example, its UNS number, or the national or regional equivalent, may be placed
between the symbols < >. For example, Fe<G43400> is the UNS designation for one high-strength steel. (See
Reference [6] in the Bibliography).

5.3 Designation of heat treatment requirements
The heat treatment requirements shall be in brackets and designated as follows:

a) the letters SR, for stress-relief heat treatment prior to electroplating, and/or the letters ER, for hydrogen-
embrittlement-relief heat treatment after electroplating;

b) in parenthesis, the minimum temperature, in degrees Celsius;

4 © 1SO 2010 — All rights reserved
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c) the duration of the heat treatment, in hours.
For example, [SR(210)1] designates, without square brackets, stress-relief heat treatment at 210 °C for 1 h.

EXAMPLE 1 Designation of a zinc-phosphate-type coating (Class Il) on iron or steel at a mass per unit area of 5 g/m?
with after-treatments of inorganic sealants (T2) and organic coating or varnishes (T1):

Phosphate conversion coating ISO 9717 — Fe/Znph5/T2/T1

EXAMPLE 2 Designation of a zinc phosphate coating of 5 g/m2 on iron or steel (Fe) which is stress relieved at 200 °C
for 3 h prior to phosphate coating, is heat-treated after phosphate coating for hydrogen-embrittlement relief for 8 h at
190 °C [ER(190)8] and has been given an inorganic sealant (T2) and a treatment for supplementary coating, such as an
organi¢ coating (T1):

Phosphate conversion coating ISO 9717 — Fe/SR(200)3/Znph5/ER(190)8/T2/1

5.4 |[Classification of phosphate conversion coating
The ¢
proted
coatin

assification of phosphate coatings for steel parts is used by the purchaser to specify
tion required or where parts are deformed during further fabrication ‘after application of s
SEX

he degree of
upplementary

) M

aximum corrosion protection (not less than 7,5 g/m2)

A coaling consisting essentially of inorganic phosphates of manganese or iron and having a mgss of not less

than

unacg
treatm
recon|

7,5 g/m2 of treated surface. The coating is produced by certain immersion-type a
elerated processes. This class is used normally‘when sealing with oil or grease s
ents is specified, and maximum corrosion protection (or wear resistance) is desif
mended for use under organic coatings, varfish, and lacquer finishes on sheet mater

ccelerated or
upplementary
ed. It is not
als less than

1 mmlthick.

1) Qeneral protective purpose (not less than'4,5 g/m2)
than 4,5 g/m?
This class will
ating may be

A coating consisting essentially of inorganic phosphates of zinc and having a mass of not less
of treated surface. The coating is usually produced by an immersion-type accelerated process.
normglly be used for general protective purposes under organic coating systems. A Class | cg
used When a Class Il coating_is‘called for, except on thin sheet materials.
P

[l) Pretreatment of thip-Sheet-steel sections (1,5 g/m2 to 4,5 g/m?2)

A coating consisting-essentially of inorganic phosphates of zinc or iron and having a mass within the range
ated process.

anic coatings,

1,5 g/in? to 4,5,g/m? of treated surface. The coating is usually produced by a spray-type acceler

A coating consisting essentially of inorganic phosphates of zinc or iron having a mass within the range
0,2 g/m? to 1,5 g/m? of treated surface. This class is normally used where items are to be deformed during
further fabrication after the application of organic coatings, varnish, or lacquer.

Other coating types exist, including zinc phosphate modified with iron and/or nickel and/or manganese. The
modifying metal will normally be present in the form of a double salt such as Zn,Me(P0,),-4H,0, where Me
represents Fe(ll), Ni or Mn., if zinc remains the main metal constituent of these coatings, which, to avoid
confusion, have not been given separate designations. Metal from the substrate material will often be
incorporated in the conversion coating.
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6 Requirements

6.1

Surface preparation

All items shall be prepared in accordance with ISO 27831-1 or ISO 27831-2, as appropriate, to produce a
chemically clean surface, unless otherwise specified by the purchaser. Iltems with folds, seams, or crevices
shall receive special attention to ensure removal of oil, grease, or other foreign matter. The method of removal
shall be chosen with due regard to its effect on the properties of the item and the formation of high-quality
phosphate coatings.

After alkali or acid cleanlng, the |tems shaII be rlnsed thoroughly in cold or hot water to remove all reS|dues of

cleaning mat¢r

solution. Whsg
containing wd
dippinginas

Both acid and
poor quality.

cleaning cong
alkali solution

A conditionin
coatings with
proprietary sq
obviating the
essential.

!

re acid p|ckl|ng has been employed it may be necessary to foIIow the use of p|ckI|ng S0
tting agents or inhibitors by dipping in an acid solution without a wetting agent or iphibitor
hitable alkaline solution in order to remove adsorbed films.

strong alkali treatments can result in the formation of coarse crystalline phesphate coati
Post-cleaning conditioning treatments to prevent such coarse coatings may be used. The
itioning treatments are intended to remove all traces of residual acid ofalkali solution, i.e.
to remove all traces of acid and a mild acid solution to remove all traces of alkali [see 4.1 ¢

rinse is normally used immediately prior to phosphating, tofavour the formation of fing
ut further rinsing. Materials based on titanium salts are alse_used and are widely availabl

need for a separate conditioning rinse. However, in this case, rinsing before phospha

6.2 Phosphate conversion coating

Only process:

Composite ite
normally have
the baths areg
composite ite
constitute mo
phosphating s

bs capable of meeting the requirements of this International Standard shall be used.

ms made up of ferrous and non-fefrous (such as aluminium, magnesium, nickel) items
their ferrous items phosphated before assembly. These can be zinc phosphated, provide
appropriately modified for this type of applications. Exceptions can be allowed in ca
Ms containing zinc-base material or copper-base material (the copper-base material shou
re than about 10 % of the total surface) provided that the joint is unlikely to be penetrated
olution.

For high-strepgth steels of a tensile strength greater than or equal to 1 000 MPa, a normally accele

copper-free p

Normally, pla
plant constru
adversely affg

focess is used.

hts are canstructed of steel and care should be taken to avoid the use of unsuitable mate
Ction, exg» copper or brass heating coils, which will contaminate the phosphating solutig
ct thequality of the phosphate coating.

urces. It is also possible to incorporate such materials innmildly alkaline spray cleanerg,

phating
utions
or by

ngs of
post-
a mild

).

grain
e from
thus
ing is

shall
d that
ses of
Id not
by the

rated,

ials in
n and

The phospha

e tayer statt-beuniformardTmattimappearance; freefromspots; uncoated—areas, sor

tches,

powdery and white residues. Differences in colour or shade in different areas, or from piece to piece, are not
considered as causes for rejection.

Minor variations in the appearance of phosphate coatings caused, for example, by variations in the surface of
the basis material or by contact with racks during phosphating, are common and are not normally indicative of
important fluctuations in performance.

Methods of application and characteristics of phosphate conversion coatings are given in Annex A.

6.3 Processing after phosphating

Following phosphating, components are rinsed, stained, if specified, and dried as follows.
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6.3.1 Rinsing

After phosphating, thorough rinsing with water is necessary in order to remove soluble salts which would
otherwise tend to promote blistering under organic coatings. Parts, especially those with crevices, folds, or
seams, as well as those treated with the accelerated phosphating process, shall be rinsed as follows:

a) After treatment by an accelerated process, items are rinsed thoroughly, first in flowing cold water and
then in hot water at a minimum temperature of 75 °C, and finally washed in the hot dilute “chromic”
solution described below. The accumulation of treatment chemicals in the rinse waters is avoided by
maintaining a sufficient flow of cold water and by periodic renewal of hot water. The acidity of the hot
water shaII not be aIIowed to exceed that correspondlng to 0,75 ml of 0,4 % (mass fractlon) sodium

method.

ised provided

in either hot

bf alkali metal
chromic and
e is not to be
cases, higher
per 100 litres
of water, where such concentrations will give overall beneficial results and where the effect of logal enrichment
or drajnage will not be detrimental under organic-based systems.

WARNING — The repeated handling with bare hands of items that have been given a “chromic” wash
may g¢onstitute a health hazard.

c) The wash waters, hot or cold, used forxunaccelerated and accelerated processes shajl not contain
chloride, calculated as chloride ion, in excess of 0,5 g/l, when determined by the method described in
Annex B.

6.3.2 | Staining

Parts fthat are to be stained by'‘water soluble pigment are dyed at this stage [see 4.1 j)]. Staining by spirit dye
is dyefd after drying.

6.3.3 | Drying

Parts |are dried after thorough rinsing. Forced drying is also used, especially for those with creyices, seams,
etc.

6.3.4 | Identification of type of phosphate conversion coating

Details of the procedures of identification of types of phosphate conversion coatings are described in Annex C.

6.4 Thickness of coating

The coating mass, rather than thickness, is measured in accordance with ISO 3892 and shall be determined
on an item after treatment by phosphating, washing, and drying and before any heat treatment and sealing
(see 5.4).

For quality assurance purposes, instruments which are available and which give a direct reading of coating

mass per unit area may be used. It is, however, essential that they are calibrated against standard coatings
having a coating mass per unit area of the same order as those being inspected.

© 1SO 2010 — All rights reserved 7
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In the case of heavy coatings, the amount of phosphate deposited is sometimes expressed in terms of coating
thickness, particularly for quality-control purposes. The use of this alternative (and selection of a relevant test
method) shall be agreed by the purchaser [see 4.1 e)].

If required, other properties of the coating, such as surface profile and crystal size, may also be specified
[see 4.2 d)].

If proprietary processes are used, dimensional changes resulting from phosphating treatments are normally
within @ maximum increase of 8 pym/surface, depending on the particular process selected and a strict
adherence to the process manufacturer's operating instructions. Deviation from the specified operating
conditions of the phosphating solution can result in excessive attack of the item, with a possible decrease in

dimensions and uneven coatings of inferior properties

The dimensi

s of the finished item shall be those of the item after phosphating and before the applica

any supplemeéntary cover. Where phosphating is used to give anti-wear properties to sliding (surfacg

coating is co
made for pho

solidated during the running-in period, and consequently no machining allowance is no
Ephating.

6.5 Stresstrelief heat treatment before cleaning and phosphating

Steel parts th
stresses caus
heat treatme
treatment shg

When a heat
treatment pro

Steels with o
(equal to or
mechanical ¢
cleaning proc

tion of

s, the
rmally

at have an ultimate tensile strength equal to or greater than 1 000MMPa and that contain {ensile

ed by machining, grinding, straightening or cold-forming operations shall be given a stresg
nt, prior to cleaning and phosphating, and the proceduresyand classes for stress-relig
Il be in accordance with ISO 9587, unless otherwise specified'by the purchaser.

treatment for stress relief prior to phosphating is specified, the time and temperature of th
cess shall be included in the coating designation, asillustrated in 5.3.

Kide or scale have to be cleaned before application of the coatings. For high-strength
greater than 1 000 MPa), non-electrolytic-alkaline and anodic alkaline cleaners, as w
eaning procedures, are preferred to avpidthe risk of producing hydrogen embrittlement
edures.

-relief
f heat

b heat

steels
ell as
during

6.6 Hydrogen-embrittlement-relief heat.treatment after phosphating

Steel parts having an ultimate tensile” strength equal to or greater than 1 000 MPa, as well as syrface-
hardened paris, shall receive hydrogen-embrittlement heat treatment according to the procedures and classes
of ISO 9588, pinless otherwise spetified by the purchaser.

Any heat treatment for the telief of hydrogen embrittlement shall be carried out before application ¢f any
supplementary cover.

When a heat treatment for hydrogen-embrittlement relief after phosphating is specified, the timg and

temperature ¢

The effective

ISO 10587141 and IS

f the Reat treatment process shall be included in the coating designation, as illustrated in 5.

by the purchaser.

O 15724, unless otherwise specified

Embrittlement relief heat treatment at higher temperatures may cause colour changes and dehydration of
phosphate coatings with consequent lowering of corrosion resistance.

6.7 Treatments for supplementary coatings

Where the items are required to be finished by varnish, lacquer, or organic coating systems, and an interval
between the phosphating and the first stage of the treatment for supplementary coating is unavoidable, the
phosphated items shall be kept under conditions which preclude contamination or condensation of moisture
on the surface.
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Immediately after rinsing, drying, and the embrittlement-relief heat treatment where applied, the phosphate
coating is sealed by the application of a supplementary coating (see Table F.1). The type of coating required
(e.g. oil, grease, organic coating, etc.) and, in the case of varnish, lacquer, or organic coatings, the mass or
thickness of the coating, shall be as agreed by the purchaser [see 4.1 €) and 4.1 i)].

When heavily pigmented organic coatings are applied to a Class 1 or Class 2 phosphate coating, complete
impregnation may not be achieved, leading to a serious lack of adhesion, particularly under dynamic

conditions. When such phosphate films are given treatments for supplementary coating, consideration should
be given to using a low-viscosity impregnating coat of clear lacquer compatible with the normal organic

coating system, followed by the normal coating system.

When| the function of the phosphate conversion coating is corrosion resistance, an ancillary
required. Guidance for phosphate conversion coatings to ensure good adhesion of org
es and related finishes, and to improve corrosion resistance of the basis metals.is given in

If phopphated components are to be given organic coating systems, varnishes-or-similar coatirj

treatment is
Bnic coatings,
Annex A.

gs, they shall

first be rinsed in clean tap water and then preferably in deionized water, so as-te’ ensure that the surfaces are

free flom any water-soluble residues from previous processing, etc., which eould give rise to bli
in the|applied film. It is equally important that the phosphated surface inténded to have organic
be frep of additional contamination, such as dust or finger prints.

6.9 |Quality-evaluation test of phosphate conversion coatings

For applications suitable for intense local action rather than~that produced by a continuous mg
film, the salt droplet test (see Annex D and Reference [1]\in the Bibliography) shall be used, unl
speciffed by the purchaser [see 4.1 j)].

For a
movin
the Bi

test method to provide a means of controlling the continuity and quality of the coating by
g moisture film, use the neutral salt spray (Fog) test method (see Annex E and References
bliography), unless otherwise specified-by the purchaser [see 4.1 j)].

cases, the minimum exposure time before the first appearance of the corrosion product of
of assessment and whether-removal of supplementary coatings is needed prior to examin
nens shall be specified bythe purchaser [see 4.1 j)].

In all
mode
Specir

Depending on the compgsition of the material used for supplementary coating, considera
exposure times can occunrbefore the first appearance of corrosion. Therefore, minimum expos
alwayp be specified for'the supplementary coating.

Salt droplet and~neutral salt spray (fog) tests provide means of controlling the continuity and
coatings and.are’not corrosion tests on metals.

The d ratlon and results of these tests may bear little relatlonshlp to the service I|fe of the finishg

ster formation
coatings shall

ving moisture
ess otherwise

a continuous
5 [2] and [7] in

the substrate,
htion of tested

ble scatter of
ure time shall

quality of the

bd article and,

exposure to an

aggresswe atmosphere of the tested coatlngs in all enwronments where these coatlngs may be used.

Additionally, performance of different materials in the test shall not be taken as a direct guide to the relative

resistance to aggressive environments of these materials in service.

7 Sampling

The sampling method shall be selected from the procedures specified in 1ISO 2859 or ISO

4519, unless

otherwise specified by the purchaser [see 4.1 k)]. The purchaser shall specify the acceptance levels.
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A.1 Gener

Phosphate cd

the appropria

can be sealed

A.2 Metho

Phosphating
if necessary,
application m

In the case of
vanadium stgels, the best phosphate coatings are obtained. using accelerated solutions. In the

considerable
of steel partic

The free-acid

of alloy stegls, for example, nickel-chromium-molybdenum and maraging (nickel-cobalt-molybd
titanium)-typel
to obtain accq
treatment. Th
maintained at

steel wool, or

in a vigorous

subside after

The phospha
end-use.

Sludge is forr

with processi

avoided. Filtrg

A.3 Charac

Annex A
(informative)

Methods of application, characteristics and
significance of phosphate conversion coatings

al

nversion coatings are produced by treatment with solutions, the main constituents_of\whi
e dihydrogen orthophosphates. All phosphate conversion coatings are more or less poro
significantly by appropriate sealing and supplementary treatments.

ds of application

s usually carried out by immersing the component in a coating bath;-with agitation of the s
or by copious application or spraying of the component with the coating solution.
by, however, be used in the case of galvanized or ungalvanized-steel strip.

certain low alloy steels, e.g. chromium-molybdenum-vanadium and copper-silicon-molybd

Hifficulties were experienced in obtaining acceptable-phosphate coatings on some of these

concentration of the phosphate solution can markedly affect the quality of the phosphate ¢

steels. It is expected that the pointagé-to the free-acid ratio be maintained at not less than
ptable coatings and prevent unacceptable attack and/or pitting of the steel during the phos
e free-acid level of the phosphate process solution, which tends to increase when the |
the operating temperature pat:is not used, may be reduced by the treatment of clean steel
finely divided iron powder: Addition of iron powder to the phosphate process solution may
reaction. The iron powder should be added in small quantities and the reaction alloy
each addition, before-further iron powder is added.

ed components aré then rinsed with water, dried and after-treated according to their int

ng but-forms of agitation which cause sludge to be deposited on the component sho
tion ‘of the bath prevents sludge deposition on the work pieces.

ch are
us but

blution
Roller

Bnum-
past,
types

Lilarly in the forged form, and it may be necessary:to consider an alternative method of profection.

pating
EnuUM-
6to1
phate
ath is
scrap,
result
ed to

ended

hed as.a.normal by-product of the phosphating reaction. The sludge does not usually inferfere

uld be

teristics of various types of phosphate conversion coatings

The usual appearance, crystallinity, colour and uniformity of phosphate coating of the principal types of

phosphate co

10

nversion coatings, at magnification x6, are given in Table A.1.
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Table A.1 — Characteristics of phosphate conversion coatings

ISO 9717:2010(E)

. . . . 5
Main constltu_ents Coating-type Coating Usual Coating mass per unit area, g/m
of phosphating produced symbol appearance of
bath coating Fe Al Zn cd
Zinc Light grey to
Zn(H,PO,), phosphate Znph dark grey 11030 0,3t0 10 11020
Zn(H,PO,) inc-calci i
27402 Zinc-calcium ZnCaph Light grey to 110 30 . 11010 .
Ca(H,PO,), phosphate dark grey
Manganese Dark grey to
MmtHPO3); phosphate rph black 1030 — — —
Amorphous
coatings of
Phosphate of about 0,1 g/m2
treated metal to 1 g/m2:
(plus oxides iridescent, e.g.
Me(1)(H,PO,),2 of iron in the Feph yellowish to 0,2t0 1,5 <0,5 0,2t0 2 —
case of bluish grey
ferrous
materials) Coatings over
about 1 g/m?2:
grey

)
=

E(l) denotes a cation of alkali metal or (NH,)*.

A4

A.41

Cold forming

Significance and adhesion of phosphate conversion coatings

Zinc ghosphate conversion coatings are-preferred to assist cold forming. Guidance on the coating mass per
unit area for various end-uses is given,in Table A.2.

Zinc phosphate coatings shall bé neutralized, after rinsing, by treatment with a weakly alka

solutign.

Soap Jubrication can be-performed by dipping in a suitable soap solution (tube drawing, cold heg
extrugion, deep drawing) or with dry soap powder (wire drawing). In the case of dip application
react with the zing,phosphate layer, giving rise to zinc stearate on top of the zinc phosphate co
dry-sdap lubrication, wires may be immersed in a strong solution of borax or lime which acts

carrief.

Drming

End-use

Coating mass per unit area

g/m2
Drawing of steel wire 5to 15
Drawing of welded steel tubes 3t0 10
Drawing of steel precision tubes 4t010
Cold heading and cold extrusion 5to 20
Deep drawing without wall-thickness reduction 2t05
Deep drawing with wall-thickness reduction 5t0 15

© 1SO 2010 — All rights reserved
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A.4.2 Sliding action

Manganese phosphate coatings are generally preferred to facilitate sliding action. Table A.3 recommends
coating masses per unit area for various end-uses.

The factors listed below should also be taken into consideration.

a) Although
zinc phos

manganese phosphate coatings are generally preferred, other types of coatings, for example
phate, are also suitable, particularly at lower coating levels. The type of coating selected will

depend on the stresses in the coating involved for the intended end-use.

b) The coa ing level used dnlr_\nnrle on-the dimensional tolerances of the coated components

n the

assembled unit.

Such coatings

are normally used in conjunction with a suitable lubricant.

Table A.3 — Manganese-phosphate-conversion-coating mass per unit area to assist sliding action

Coating mass per unit
End-use area Notes
g/m2

Components with small clearances, e.g. pistons 3to5 Coating of mainly manganese phogphate
of refrigerator fompressors (noiron in bath)
Components with large clearances, e.g. gears, . .
crown wheels Bnd pinions of gear units and 5to 20 g%itln?eg;m?:%aar:ﬁ)se iron phosphates
differentials P

A.4.3 Adhepion of phosphate conversion coatings to improve corrosion resistance

Table A.4 revjews the significance of coating mass per unit area of phosphate conversion coatings to ¢

nsure

good adhesioh of organic coating systems, varnishes and related coatings to improve corrosion resistange.

Table A.4 — Adhesion of phosphate conversion coatings to improve corrosion resistance

Phosphate.coating
. Coating mass Supplementary Typical applications
Basis metgl Preferred fype | per unsi,t area covers and end-uses
of treatment
g/m2
Znph Mnph > 5, but ) ) Corrosion protection in transit during long-
Feph preferably > 10 Protective oils or | term storage.
Ferrous matenjals waxes, as required, PR ;
after dyeing of the Long-term protection in dry environment
ZnCaph >5 coating {no condensation). Temporary protection
outdoors with overhead cover.
F;:g”;mﬁ:ilf’ Znph ZnCaph 11010 Motor-vehicle podies,.refrigerator and
cadmium washing-machine cabinets
Organic coatings,
varnishes and related | Motor-vehicle bodies, sheets and strips
coatings which are formed after application of
Zinc Znph 1,5t04,5 organic coatings and, in particular, where
flexing of an organic after-treatment is
involved.
Feph 0,2t0 1,5 Temporary protection in dry environment
Ferrous materials None (no condensation). Short-term, in-plant
Znph 1,5t04,5 storage of machine components (< 24 h).

12
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Annex B
(informative)

Determination of rinse-water contamination

B.1 Test for carry-over of treatment solution

B.1.1| Solutions required
a) Sodium hydroxide: 0,4 % (mass fraction) sodium hydroxide solution.

b) henolphthalein indicator: dissolve 0,5 g of phenolphthalein in 50 ml of ethapoland dilute fo 100 ml with

stilled water.

Q T

B.1.2| Procedure

Stir tHe contents of the rinsing bath; withdraw about 100 ml of the solution and cool to room| temperature.
Meastire 50 ml of the cooled solution into a 300 ml conical flask ©r other suitable glass container, add a few
drops|of phenolphthalein indicator and titrate with the 0,4 % (mass fraction) sodium hydroxide qolution until a
permanent faint-pink colouration is obtained. The titration value.shall not exceed 0,75 ml.

B.2 [rest for chloride in rinsing water
B.2.1| The following test is designed to determine when the rinsing water has a chloride [concentration
greatgr than 0,5 g/l. Alternative tests may be used, provided that their efficiency and reprodugibility can be
demonstrated.

B.2.2| Solutions required

a) Standard sodium chloride:\solution containing 0,5 g/l of chloride ion. Dissolve 0,825 g of sqdium chloride
rl distilled water and dilute to 1 litre.

b) Agcidic silver nitrateZsolution: 1 % (mass fraction) silver nitrate in 20 % (volume fraction) |of nitric acid.
Dissolve 10 g of silver nitrate in a little distilled water, add 200 ml of nitric acid (p = 1,42 g/cm3) and dilute
tq 1 litre.

B.2.3| Apparatus

Use thefollowing apparatus.

a) Two 100 ml tubes.

b) One 5 ml measuring cylinder.

c) Two glass rods approximately 200 mm long and 5 mm in diameter for stirring the solutions.
B.2.4 Procedure

a) Mark the two 100 ml tubes “S” and “T” respectively, in any convenient way.

b) To the tube marked “S”, add 5 ml of the standard sodium chloride solution and dilute to the 100 ml mark
with water.
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c) To the tube marked “T”, add 5 ml of the rinsing water and dilute to the 100 ml mark with water.

If the rinsing water contains suspended matter, it shall be filtered through a Whatman No. 1 paper?!) (or
equivalent) before using it for the test.

d) To each tube, add 5 ml of the silver nitrate solution. Stir the contents of each tube with the glass rods, and
set aside for 1 min.

e) Compare the turbidities of the two solutions. If the solution in tube “T” is more turbid than that in tube “S”
then the rinse has a chloride concentration greater than 0,5 g/l.

1) Whatman No. 1 paper is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

14 © 1SO 2010 — Al rights reserved
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Annex C
(informative)

Identification of phosphate conversion coating

C.1 General

This 4
coatin
of iron

C.2

C.21
Remo

solutiq
e.g.a

C.2.2

Use s

Durin
equiv

C.23

Use ¢
phosp

C.2.4 Test specimen

Use a

C.2.5

nnex describes methods for identifying the type of phosphate conversion coating. They are
gs containing phosphorus, iron, manganese, zinc and calcium. They are not applicable.to
or zinc if these metals are present in the basis material.

Method 1

Principle
val of the phosphate conversion coating from a test specimen by treatment with sodi

n. Detection of the elements present in the solution by any/suitable instrumental analyti
omic absorption spectrometry.

Reagents
bdium hydroxide solution, 50 g/I.

the analysis, use only reagents of regognized analytical grade and distilled water
lent purity.

Apparatus

rdinary laboratory apparatus’ and any appropriate instrument suitably equipped for the
horus, manganese, zinc and calcium, e.g. an atomic absorption spectrometer for metals.

test specimen. having a total coated surface area of approximately 100 cm?2.

Procedure

applicable to
the detection

Lm hydroxide
cal technique,

or water of

detection of

Imme

séthe test specimen (C.2.4) in 100 ml of the sodium hydroxide solution (C.2.2) m3

intained at a

temperature of 80 °C to 90 °C, until the coating has been removed or has at least undergone obvious attack. If
necessary, remove the coating by rubbing with a rubber squeegee. Using the appropriate analytical
instrument (C.2.3), detect which of the elements, phosphorus, manganese, zinc and calcium, are present in
the test solution.

C.3 Method 2

As an alternative to Method 1 (C.2), a scanning electron microscope equipped for energy dispersive
spectroscopy (EDS) may be used for the direct detection of metal elements in the coating.

© 1SO 2010 — All rights reserved
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C.4 Interpretation of results

Taking account of the elements detected, identify the types of coating in accordance with Table C.1.

Table C.1 — Identification of type of phosphate conversion coating

Elements detected

Coating type

For ferrous b
certainly that

NOTE Th
a) rubbing th
b) scraping
C) scraping 3

Test methods |

Phosphorus Phosphate

Manganese Mnph
Zinc (na calcium) Znph
Zinc and calcium ZnCaph

he coating consists of iron(ll) phosphate (Feph).

e presence of a satisfactory coating can be deduced by

b treated surface with fine steel wool; untreated steel shows a bright burhished appearance, or
he surface once with a blunt knife; coated surfaces show a whitish streak, or
small area with a sharp knife; coated surfaces yield a light grey powder.

) and c) may not give very marked indications of the presence of a Class Ill or IV coating (see 5.4).

psis materials, the absence of manganese or zinc in the conversion coating indicates almost

16
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Annex D
(normative)

Salt droplet test

D.1 Test method

D.1.1l For applications suitable for intense local action rather than that produced by a contifuous moving
moistlire film (see 6.9) the salt droplet test shall be used, unless otherwise specified by the user or purchaser
[see 4.1 k)].

Wherg it is not possible to carry out the test on the actual item, special test panels.¢an-be used.|If special test
specimens are used to represent the coated articles in a test, the specimens shall be of the [same nature,
same [surface condition, and same material and in the same metallurgical condition as the articlg it represents,
and shall be placed in the same production lot of, and be processed along with, the coated article they
repregent.

D.1.2| The test panels shall measure 150 mm x 100 mm (see Figtre D.1). Two holes of diamgter 5 mm and
lightly|countersunk on each side shall be drilled at 6 mm from eachiedge near adjacent corners pt the ends of
a 100[mm side, to enable the specimens to be suspended vertically during the test. All cut edges and corners
shall be lightly rounded off and smoothed.

Dimensiorjs in millimetres

6
\N _(PN\D

150

AN

50

50

10

100

Key
1 scratches

Figure D.1 — Test panel
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D.2 Test solution

The reagents used shall be of analytical quality and deionized water or water of equivalent purity shall be used.
The composition of the solution shall be as follows:

Sodium chloride, NaCl 26,59

Magnesium chloride, MgCl, 2449

Magnesium sulfate, MgSO, 3,3g

Potassium chjoride, KCI 0,73 g

Sodium hydrdgen carbonate, NaHCO4 0,20g

Sodium brom|de, NaBr 0,28

Calcium chlorjde, CaCl, (to be added last) 1,19

Deionized wafer or water of equivalent purity to complete to 1 000 mi

The volume of solution shall be between 1 litre and 1,5 litres per 24 h

D.3 Test procedure

D.3.1 The ifems or panels (see Figure D.1) shall be suspended vertically, by means of hooks of glass or
other non-corrodible insulators passing through the holes\in"two corners, over large dishes partly filled with

water and th¢ whole assembly shall be placed withinca non-metallic container. The distance betweg¢n the

surface of thd
panels shall b
more than 25
each end of ¢

D.3.2 Once
temporarily fr
hand-operate
puffs with the

in turn, at diffgrent parts of the surface. The spraying shall not be so heavy that the droplets coalesce; i

to avoid this i

refrain from applying the(full weight of spray specified below. It is essential to keep the items or

covered with
the rack and
material, to p

water and the lower edge of the items oOr panels shall be 50 mm to 75 mm and the itgms or
e one behind the other and all facing.the same way. They shall be at a convenient distande (not
mm) apart to prevent touching when being moved and a dummy item or panel shall be placed at
ach row.

daily, for five days a week;-all the items or panels, including the dummies, shall be removed

droplets:\Immediately after spraying, the items or panels shall be returned to their positigns on
the, Whole collection shall be covered with a boxlike cover of non-metallic or other suitable
[event the drying of the droplets. Any cover shall be suitably protected on the inside to pfevent

contaminatior

afthe item or panel

The spray may be absorbed by non-glossy paint films; if so, it may be impossible to check that the desired
distribution of droplets has been obtained. The intensity of spraying required is shown in ISO 4536["l. This
difficulty can be overcome by spraying dummy items or panels of a material (on which the droplets can be
seen) in such a way as to produce the standard distribution of droplets and then spraying the test items or
panels in exactly the same way. Steel or glass coated with a hard glossy finish is suitable for this purpose.

D.3.3 The intensity of spraying can be checked by weighing the solution deposited on both sides of a blank
150 mm x 100 mm freshly degreased bare steel panel. The mass should lie between 0,5g and 1,0g. The
temperature throughout the test shall be between 5 °C and 20 °C and the test assembly shall be protected
against external sources of heat tending to produce local variations in temperature. The spray solution shall
be a synthetic sea water prepared as in D.2.
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