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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of, any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not.received

patent(s)

ich may be required to implement this document. However, implemefters are cay

this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade
constitute 3

For an expl
related to
Organizatig

n endorsement.

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

&

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
pword.html.

This docunjent was prepared by Technical Committee 1SO/TC 107, Metallic and other inorga

Subcommitt
Standardiz:
corrosion pi
cooperatior

This fourth
revised.

ee SC 8, Chemical conversion coatings, inCeollaboration with the European Con

ition (CEN) Technical Committee CEN/TC 262, Metallic and other inorganic coatings, 1
otection and corrosion testing of metals‘and alloys, in accordance with the Agreement
between [SO and CEN (Vienna Agreément).

edition cancels and replaces. the third edition (ISO 9717:2017), which has been

The main clhanges are as follows:

the inty

Table C

5.2 and
conversy

oduction has been@larified (1 bracket shifted);

5.1 Table 1 formatted{and for Znph second line added to describe types of Znph; new Table

?

ff.: all ‘terms are uniformed from “phosphate coating” or “conversion coating” to
ion coating” (when applicable);

ic coatings,
hmittee for
ncluding for
bn technical

technically

1 copied on

“phosphate

5.2 and

ff. “after-treatment” was changed to “post treatment”; other definitions and spelli

ng changed

accordi

ng to ISO 2080;

6.3 Table 2: definition of T1 recharged, second sentence deleted (this is content of T2);
6.3: last sentence updated to describe impact of neutral salt spray test;

6.4: revision of 6.4, thickness measurement replaced by area related mass;

Annex B: last sentence of B.1 deleted: Table B.1 updated;

Annex B: Table B.1 and B.3 headlines updated;

Annex B: Table B.4 headline updated;
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— Annex C: the element nickel has been added to C.1, C.2.3, C.2.5 and C.4; ICP was added as method to C.2.3;
XRF was added as method to C.3.

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

Phosphate conversion coatings are produced by treating substrates with appropriate solutions. The main
constituents of these solutions are the appropriate dihydrogen orthophosphates.

They are intended to

impart

corrosion resistance,

improve adhesion to paints and other organic finishes,

facilitate cold-forming operations, such as wire drawing, tube drawing and extrusion, and

modify

Phosphate ¢
the appropi

to ferrous materials and zinc, and differ in coating mass per unit area and apparent density, deps

the con|

previou

process

All phosphg
sealant pro

£ or b 1 — ; £ 5 KPR 11
SUIl'ldLc ITICLIUIIAT PIOPEILICS LU 14dUITILAdLT STTUIIlE.

onversion coatings are produced by treatment with solutions, the main constituents
iate dihydrogen orthophosphates. These phosphate conversion coatings are.applied

struction material and surface condition of the components,
s mechanical and chemical treatment of the components, and
ing conditions for phosphating.

te conversion coatings are crystalline and porous but can’be sealed substantially by
Cesses.

bf which are
principally
ending on

subsequent
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Metallic and other inorganic coatings — Phosphate
conversion coating of metals

WARNING — This document calls for the use of substances and/or procedures that could be injurious
to health if adequate safety measures are not taken. This document does not address any health
hazards, safety or environmental matters associated with its use. It is the responsibility of the
producers, purchasers and/or users of this document to establish appropriate health, safety and

environm

1 Scope

all +alal 3 d ol 1 i 3
lll.ﬂlly a\,\,cptaunc lJl AdUULILTUO dilIvu tdinv CllJlJl Ul.ll IdlT dUULIUIIS.

This document specifies the requirements for phosphate conversion coatings which’are usually

application

2 Norm

The followi
requiremen

on ferrous materials, aluminium, zinc, and their alloys (see Annex B).

htive references

hg documents are referred to in the text in such a way thatSome or all of their content
ts of this document. For dated references, only the editiof cited applies. For undated

the latest edlition of the referenced document (including any amendments) applies.

ISO 2080, M
Vocabulary

ISO 3892,
Gravimetrid

ISO 4519, H
attributes

[S0 9227, C
ISO 9588, M

hydrogen en
3 Terms

For the pur

ISO and [EC

letallic and other inorganic coatings — Surface treatment, metallic and other inorganid

Conversion coatings on metallic materials\>— Determination of coating mass per U
methods

lectrodeposited metallic coatings.ahd related finishes — Sampling procedures for in

rrosion tests in artificial atmeSpheres — Salt spray tests
etallic and other inorganié coatings — Post-coating treatments of iron or steel to redud
hbrittlement
and definitions
boses of this document, the terms and definitions given in ISO 2080 apply.

maintain terminology databases for use in standardization at the following address

Hestined for

constitutes
references,

coatings —

nit area —

spection by

e the risk of

ES:

IEC Electropedia: available at https://www.electropedia.org/

4 Information to be supplied by the purchaser to the processor

The following information shall be provided by the purchaser:

a) adescription of the phosphate conversion coating according to this document, i.e., ISO 9717 (see 5.2);

b)

in cases of phosphating steel parts with tensile strength = 1 000 MPa, also in locally restricted areas

(e.g. for case-hardened or cold-formed structures or in weld seam areas) the safety against brittle
fracture (hydrogen embrittlement) is of primary importance. The phosphating process shall be carried

© IS0 2024 - All rights reserved
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out in such a manner that a risk of hydrogen embrittlement is kept to a minimum. Appropriate measures
to minimize the risk of hydrogen embrittlement shall be specified by the purchaser and applied by the
supplier. Any heat treatment in accordance with specifications or recommendations cannot ensure
complete prevention of hydrogen embrittlement. The effectiveness of a heat treatment, if any, shall be
verified by the supplier;

0 4519;

the surface treatment or phosphating;

the desired appearance of the treated surface;

red corrosion resistance;

9]
from IS
d)
e)
f) thedes
g) the qug
perforn
h) where
the pun
5
5.1 Coat]
The phosph
There are ¢

Coating types and their importance

lity appearance and surface condition of the basis metal, if any, if these propéitie
hance and/or appearance of phosphate conversion coatings;

hpplicable, technical measures to minimize the risk of hydrogen embrittlement as {
chaser.

ng types

ate conversion coating shall be designated in accordance with Table 1.

Table 1 — Designation of phosphate conversion coatings

Elements preS(_ent in ph_osphate con- Coating type
version coating
Iron (1I) Feph
Manganese Mnph
Zinc (no Calciumyj 7noh
Zinc and Mn, Ni, Fe(II), (no Calcium) P
Zinc and Calcium ZnCaph
Zinc, Mn and Ni Triph

arious phosphateé\cenversion coating types of zinc phosphate that are altered bed

the sampling procedure, the acceptable quality limit or any other requirements and tests that deviate

s affect the

pecified by

ause of the

build-in of ijron and/or nickel-and/or manganese. This altered metal is usually present as a doubjle salt, such
04), x 4 H,Q}Whereby ME can be Fe(II), Ni and/or Mn. Zn will continue to be the
those phosphate conversion coatings, which do not have separate markings in org
t should.also be noted that metal taken from the basis material is included in thg
Coatifig:

as Zn,ME(H
element of
confusion.

conversion

Information
methods ca

main metal
ler to avoid
phosphate

n be found in Annex C.

5.2 Designation of phosphate conversion coating

The designation of the phosphate conversion coating shall consist of the following information.

e identification

a) number of this document, i.e., ISO 9717, and the designation “phosphate conversion coating”;

b) followe

d by a hyphen (-);

c¢) designation of the metal layer the phosphate layer will be applied upon: by means of the material
chemical symbol (or the symbol of the primary alloy components);

© IS0 2024 - All rights reserved
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d) followed by a solidus (/);
e) asymbol describing the type of phosphate conversion coating (see Table 1);
f) followed by a solidus (/);
g) asymbol, which indicates the function of the phosphate conversion coating as follows:
1) r=adhesion promoter and/or corrosion protection;
2) 1z =simplification of cold forming;
3) g=reduction of friction;
4) e =electricalinsulation;
h) followeld by a solidus (/);
i) a number, which indicates the surface-related mass per square metre with a meastirement
of +30 %.
If the phosphate conversion coating receives a supplementary treatment, the following informat
added to thg designation:
j)  solidus|(/);
k) asymbpl, which defines the supplementary treatment (see Table 2.
Repeat this[process if necessary.

Solidi (/) shall be used to separate data fields in the designation corresponding to the differen

processing
been omittg

5.3 Example for designation of phosphate conversion coating

A phosphat
to prevent
with a sealg

steps. Double separators or solidi indicate that\a step in the process is either not reqq
d (see ISO 27830).

e conversion coating of zinc phosphate type Znph, which has been applied on a ferrd
forrosion (r), with an area reldated mass of for example (3 + 0,9) g/m? (3) and a pog
nt (T2) and a painting (T ;has the following designation:

Phosphate|conversion coating 1IS0-9717 — Fe/Znph/r/3/T2/T1

6 Requirements

6.1 Appegarance

Zinc phosplate; zinc calcium phosphate and manganese phosphate conversion coatings shall ¢

the metal s

$

uncertainty

ion shall be

[ sequential
hired or has

us material
t treatment

venly cover

rface and shall not show any white stains, corrosion products or fingerprints.

NOTE

Slight fluctuations in the appearance of phosphate conversion coatings because of contact with frames,

local changes in surface roughness, properties of the basis material, or through minor contact inside the drum do not
constitute any reason for claim.

6.2 Coating mass per unit area

The coating mass is measured in accordance with the procedures specified in ISO 3892.

6.3 Post

treatment

Untreated phosphate conversion coatings do not provide a corrosion protection. A suitable post treatment
can affect a temporary protection. Table 2 shows the symbols when post treatments are required.

© IS0 2024 - All rights reserved
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Table 2 — Symbols for post treatment

Symbol Type of treatment
T1 Application of Varr}ishes, electrocoat or organic coatings (as
monolayer or multilayer)
T2 Application of inorganic or organic sealants?
T3 Dyeing
T4 Application of grease or oil or other lubricants
T5 Application of wax
T6 Application of soap
a2 For the purpose of phosphated surfaces usually water-based solutions
containing 7Zr, Ti Crand/or polymersare applied

The corrosipn resistance of the post treated components shall be verified in accordance withth
test specified by the purchaser. If there is no test method prescribed, the components-sha
according tp the neutral salt spray (NSS) test described in ISO 9227 and Annex A. The test durat
agreed on bYetween the contractual parties. The minimum testing periods specified by the custo]

reached be

NOTE1 Z

re the first appearance of corrosion effect.

nc or zinc alloy coated steel substrates and aluminium with a post treatnient according to T1

can be tested according to the acetic acid salt spray (AASS) test described in ISO 9227.

NOTEZ F

NOTE3 T
treatments,

6.4 Corr

Phosphate

thickness n
according t
mass is the

NOTE1 F
layer. A dirg
process, the

NOTE 2
customers.

T

br parts with organic coating according to T1 (see Table 2) the us€ ofithe C classes of ISO 9223 ¢

b find an appropriate corrosion test to test the phosphate ¢oating with or without the above
barties involved can use the guideline ISO/TR 16335.

plation of coating thickness and area related mass

conversion coatings form crystallized, porous layers which cannot be detected 1
heasurement, such as magnetic induetive method according to ISO 2178, dissolv
b ISO 2177 or X-ray spectrometric methods according to ISO 3497. Therefore, the ¢
applicable method to describe phosphate conversion coatings.

e corrosion
1 be tested
ion shall be
mer shall be

(see Table 2)

an be useful.

-named post

y standard
ng method
irea related

br In-process control the layer thickness according to ISO 2178 can be used to characterize the phosphate

ct relationship between layertthickness and area related mass is only possible based on
production line and the compenent.

he listed methods are'‘only applied if a respective agreement is made between (internal) g

7 Heat treatment

Heat treatment after the phosphating process should not be applied because the phosphate |
affected. Otherwise the customer shall provide the parameters for the heat treatment according

the defined

uppliers and

hyer can be
fo 1SO 9588.

NOTE
customers.

Heat treatment 15 only pertformed 1f a respective agreement 1S made between (internal) s

© IS0 2024 - All rights reserved
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Annex A
(normative)

Determination of phosphate conversion coating resistance to neutral

salt spray test

A.1 Determination of corrosion resistance

A neutral splt spray (NSS) test is in accordance with ISO 9227. NSS is the standard test fofydetermining
corrosion resistance. If required, other test methods may be agreed upon between the contracting parties.
The test shquld be performed with the original components.

Where it is|not possible to carry out the test on the actual item, special test panel$\can be used. If special
test panelsjare used to represent the coated articles in a test, the test panels shall be of the sime nature,
same surfafe condition, and same material and in the same metallurgical ,condition as the
represent ajnd shall be placed in the same production lot of and be processed.along with the cgated article
they represent. Original components or test panels can be used for testing the phosphate conver

systems.

hrticle they

bion coating

The salt spray test provides a means of controlling for the quality and continuity of phosphate conversion

coating.

The test papels shall measure 150 mm x 100 mm (see Figuxe'A.1). Two holes with a diameter df 5 mm and
lightly counftersunk on each side shall be drilled at 6 mm from each edge near adjacent corners at the ends of
a 100 mm s}de, to enable the test panels to be suspendedvertically during the test. All cut edges
shall be lightly rounded off and smoothed.

Dimensions i

hnd corners

h millimetres

Key
1  scratches

\%;\5255 _Q\
1
S
tn 50
= A Y,
100

Figure A.1 — Test panel

© IS0 2024 - All rights reserved
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A.2 Determination of resistance of phosphate conversion coatings to neutral salt

spray test without supplementary treatments or organic coatings

Use the neutral salt spray test method (see ISO 9227) to provide a means of controlling the

quality and

continuity of the phosphate conversion coatings by a continuous moving moisture film. The test duration

shall be specified by the user or purchaser.

NOTE
purchaser.

The degree of rusting can be assessed according to 1ISO 4628-3 when agreed between supplier and

A.3 Determination of resistance of phosphate conversion coatings, which have
been subsequently treated with corrosion-preventing medium according to T4 or

T5(Table[Z), to neutral salt spray test

A.3.1 Pripciple

Phosphated
in Table 2)

test (see IS
comparativ
preventing

test panels are treated with an appropriate corrosion-protecting mediuwin (e.g., oil, s

inder specified conditions and these treated test panels are subjected-to the neutrs:
D 9227). The test may be used either to evaluate a specific corrosion-protecting sy
e testing of a range of phosphate conversion coatings in conjunctien with a specifi
medium.

A.3.2 Supplementary treatment

A.3.2.1 Specific treatment

Immerse thie phosphated component or test panel in the corrosion-protecting medium under e
carefully following the appropriate instructions and ensuring that the liquid, semi-solid or waxy
forms on the phosphated surface is free of air bubblesaitd discontinuities.

Before testing, suspend the test panels for at least 24 'h at a temperature of (23 + 5) °C and a relati
not exceeding 65 %, in a dust and draught-freesatmosphere, to allow the surplus of oil to drip
solvents to pvaporate.

A.3.2.2 Comparative testing

Suspend thg phosphated test panels (previously dried at a temperature between 100 °C and
cooled to rgom temperature) from suitable plastic hooks or plastic-coated steel hooks and im
vertically in the oil for 1 min-at a temperature of (25 + 2) °C. During this time, move the test p
back and forth and thenwithdraw them gradually from the oil in about 30 s. The oil film that fi
phosphated surface shall.be free of air bubbles and discontinuities.

Suspend the¢ test pahéls for at least 24 h at a temperature of (23 £ 5) °C and a relative humidity nc
65 %, in a dustand draught-free atmosphere, prior to testing.

ee T4 or T5
|l salt spray
stem or for
[ corrosion-

kamination,
r film which

ve humidity
off and the

120 °C and
merse them
hinels gently
brms on the

t exceeding

A.3.3 Procedure

Subject the oil-treated components or test panels (see A.3.2) to the neutral salt spray test (see SO 9227).

This test determines the exposure times attainable by a specific corrosion-protecting system before the

first evidence of corrosion of metal becomes visible.

For this purpose, take test panels from the test chamber at predetermined intervals and examine them

visually (with corrected vision if necessary) for evidence of corrosion. Whether or not the pos

t treatment

film (or layer) is to be removed before visually examining the components or test panels is subject to

agreement.

For a specific phosphate conversion coating, considerable scatter occurs in the exposure times up to the
first occurrence of corrosion, depending on the composition of the supplementary treatment medium and

© IS0 2024 - All rights reserved
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the coating level. Therefore, minimum exposure times for supplementary-treated phosphate conversion
coatings shall always be referred to a specific product from the category of corrosion-preventing oils,
greases, and waxes, of known coating level, in grams per square metre, as determined by mass difference.

© IS0 2024 - All rights reserved
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Annex B
(informative)

General information

B.1 General

Phosphate conversion coatings are produced by treatment with solutions, the main constituents of which
are specifidd in Table B.I. These phosphate conversion coatings are usually applied on ferrolis material,
aluminium |[and zinc. They differ in the surface related mass and the apparent density deperiding on the

following:

a) the raw material and surface quality of the component;
b) the me¢hanical and chemical pre-treatment of the component;

c) the wotking conditions of phosphating.

Table B.1 — Characteristics of phosphate conversion coating

Usual Area related mass when applied on
Main constjtuents of | Coating-type | Coating 2
appearance [g/m?]
phosphating bath produced symbol f .
of coating Fe Al Zn || cd
Zn(H,H04) Zinc Lightgtey to
and/or Mn(H,P0,), Znph sy 1t030 | 0,3to10 1o 20
) phosphate dark grey
and/or Ni(H,P0,),
Zn(H,R0,), Zinc-calcium Light grey to
Ca(H,10,), phosphate ZnCaph dark grey 1to 30 1to 10
Manganese Dark grey to
D J— R —_
Mn(H,P0,), phosphate Mnph black 1to 30
Amorphous
coatings of
Phosphate/of,
treatgd metal about 0,1 8/
: m?to 1 g/m2:
(p_lus O_dees iridescent, e.g.,
Me(I)H{PO,2 of ifoh 1nfthe Feph yellowish to 0,2to 1,5 <0,5 0,2to 2 —
case o bluish grey
ferrous Coatings over
materials) about 1 g/m?2:
grey
a)  Me(I) depotes a cation of alkali metal or (NH,)*.

B.2 Surface preparation

Prior to the phosphating, the surface of the components shall be cleaned from scale, grease, oil, and corrosion
products by using a suitable pre-treatment.

Phosphating is usually characterized by dipping the components (if necessary, in moving fluids), flooding
or spraying with a phosphating solution. In cases of handling with tape material, it is possible to use the roll

application process.

© IS0 2024 - All rights reserved
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B.3 Application of phosphate conversion coating

B.3.1 Cold forming

Zinc phosphate conversion coatings are preferred to assist with cold forming. Guidance on the coating mass
per unit area for various intended uses is given in Table B.2.

The deform

ation rate is achieved by using an adequate lubricant.

Table B.2 — Area related mass of zinc phosphate conversion coating to assist cold forming

Arearelated mass
Intended use

[g/m?]

Drawing of steel wire 5to 15

Drawing of welded steel tubes 3to 10

Drawing of steel precision tubes 2to 10

Cold heading and cold extrusion 5to 20

Deep drawing without wall-thickness reduction 2to5

Deep drawing with wall-thickness reduction 5to 15

B.3.2 Sliding action

Manganese|phosphate conversion coatings are generally preferred<to ‘facilitate sliding action. Table B.3

recommendg

The factors

a) Althoug
for exa

selecte

b) The co

assemb

Such coatin

s coating masses per unit area for various end-uses.
listed below should also be taken into consideration:

'h manganese phosphate conversion coatings dre generally preferred, other types
mple zinc phosphate, are also suitable, partigularly at lower coating levels. The typ
l will depend on the stresses in the coatingifivolved for the intended end-use.

ating level used depends on the dimensional tolerances of the coated compon
led unit.

ps are normally used in conjunction with a suitable lubricant.

of coatings,
e of coating

ents in the

Table B.3 4+ Area related mass of manganese phosphate conversion coating to influence tribological
properties
A lated
Intended use reareid ez mass Notes
[g/m?]
Compornjents with small clearances, e.g., Coating of mainly manjganese
. . 2to5
piston}s of refrigerator compressors phosphate
Components with large clearances, e.g., gears, Coati .
> . oating of manganesg iron
crown wHeels\and pinions of gear units and 5to 20 . .
) : phosphates (iron presenf in bath)
differentials

B.3.3 Application of phosphate conversion coating to improve corrosion resistance

Table B.4 reviews the significance of coating mass per unit area of phosphate conversion coatings regarding
their application.

© IS0 2024 - All rights reserved
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Table B.4 — Use of phosphate conversion coating to improve corrosion resistance

Phosphate conversion coating

Basis metal Preferred Area related Supplementary Typical applications
type of mass covers and end-uses
treatment [g/m?2]
l\Z/[rr111;)}}11 p:e?éfali)tly Corrosion protection in transit and/or
Feph > 10 Protective oils or storage.
Ferrous waxes, as required, - —

materials after drying of the Corrosion protection in dry
ZnCaph >5 coating environment (no co.ndensatlon).
Temporary protection outdoors

with overhead cover.
matiiir;{)su;inc Znph 1to 10 ) . Motor-vehicle bodies, réfriggrators, and
I ZnCaph organic coatings, washing-machine)cabjinets.
aluminiym varnishes, electro-

coat and related Motor-vehicle.bedies, shpets and

coatings strips that are formed after

Zinc Znph 1,5to 4,5 (as monolayer or applicatien ef organic coafings and,
multilayer) in partieular, where flexing of an
orgahic post treatment isfinvolved.

Temporary protection|in dry
Ferroup Feph 0,2to 1,5 None environment (no conderfsation).
materialls Znph 1,5t0 4,5 Short-term, in-plant stdrage of

machine components (f 24 h).
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