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Foreword

ISO (the Inte
bodies (ISO
through ISO

rnational Organization for Standardization) is a worldwide federation of national standards
member bodies). The work of preparing International Standards is normally carried out
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 procedy

described i
different ty
editorial ru

Attention is

- tHS€6 O—6GEYVE1OP b GO CHTEH a11o hose—trtended v, i v e "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the

bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may\be the subj¢ct of

patent rightss. ISO shall not be held responsible for identifying any or all such patént‘rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not

constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information.

The commit
Subcommitt

anation on the meaning of ISO specific terms and\expressions related to conformity
as well as information about ISO’s adherence to*the WTO principles in the Technical

tee responsible for this document is ISO/TFE*107, Metallic and other inorganic coatings,
ee SC 4, Hot dip coatings (galvanized, etc.).
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Introduction

Sherardizing is a thermal diffusion coating process in which ferrous articles are heated in the presence
of a sherardizing mixture consisting of zinc dust with or without an inert material.

The process is commonly performed in closed, slowly rotating or fixed containers at temperatures
ranging from around 300 °C to 500 °C. The normal processing temperature is below the melting point
of zinc (419 °C).

During the process, zinc reacts with the surface to form inter-metallic layers on ferrous articles.
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ting thickness of 10 um to 75 um (and higher if required) can be achieved. The coating
Fately controlled by the amount of zinc dust, processing time and temperature. Thé\co
vs the contours of the base material and uniform coating thicknesses are produced,

sherardizing, the container load is cooled down. A screening process, Separates the
es from the unused sherardizing mixture. The articles, with the zinc-iron inter-metall
fually post-treated (by phosphating, chromating or another suitable passivation proce
lean and passivated surface.

common to use articles coated with zinc-iron inter-metallie layers as a primer or b
PX-Systems.

ndditional information about the sherardizing process and the application pog
irdized articles, see Reference [12] and Reference [13].

hrdizing (thermal diffusion coating) is also known as the following:

hermal diffusion coating (Russia);
hermal diffusion galvanizing (Ukgsaine);
rapour galvanizing (UK);

inc diffusion coating (USA);

inc inter-metallic.¢eating (Russia);

inc thermo diffusion galvanizing (Israel).

hina, Eurepe and the USA, the common name for the thermal diffusion coating
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INTERNATIONAL STANDARD ISO 17668:2016(E)

Zinc diffusion coatings on ferrous products — Sherardizing
— Specification

1 Scope
This International Standard specifies minimum thickness requirements for six classes of zinc diffusion

layefmﬁwmﬂmw-drsmmmmtion against
corrgsion and wear.

This|International Standard does not specify any requirements for the surface conditidn (finish or
roughness) of the basis material before sherardizing.

Postitreatments (conversion coatings), after-treatments or organic over-coatings [Duplex) of
sherardized articles are not in the scope of this International Standard.

NOTE1  For general information about post-treatments, see Annex C and:Ahnex D.

This|International Standard does not apply to sherardized proddicts (e.g. fasteners, tubep) for which
specific standards exist and which might include additionalaequirements or requirements which are
diffefrent from those of this International Standard.

NOTH 2  Individual product standards can incorporate this, International Standard for the coatimg by quoting
its nymber, or can incorporate it with modification specifi¢.to the product.

2 Normative references

The following documents, in whole or ihlpart, are normatively referenced in this docunjent and are
indigpensable for its application. For\dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced document (including any amendments) applies.

ISO [1460, Metallic coatings ~~Hot dip galvanized coatings on ferrous materials — |Gravimetric
detetmination of the mass pet unit area

ISO |2064, Metallic and-dther inorganic coatings — Definitions and conventions corlcerning the
meadurement of thickiniess

ISO R178, Non-magnetic coatings on magnetic substrates — Measurement of coating thickness —
Magnetic methed

ISO 4808, Baints and varnishes — Determination of film thickness

ISO 10474, Steel and steel products — Inspection documents

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2064 and the following apply.

3.1

sherardizing process

zinc diffusion coating process in which articles are heated in close contact with a sherardizing mixture
(3.3), commonly performed in a closed slowly rotating container or a fixed (non-rotating) container, to
form sherardized layers (3.2)

© IS0 2016 - All rights reserved 1
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sherardized layer
zinc diffusion layer
zinc diffusion coating consisting of zinc-iron alloy layers obtained by sherardizing

Note 1 to entry: The “sherardized layer” is referred to in this International Standard as “coating”.

Note 2 to entry: The sherardized layer may subsequently be post-treated by phosphating, chromating or another
suitable passivation process (guidance for these post-treatments are given in Annex C and Annex D).

3.3

sherardizing mixture

mixture con
Note 1 to ent

3.4
mass of the|

sisting of mainly zinc dust, with or without other process-supporting ingredients

"y: Zinc dust is also known as zinc powder.

zinc diffusion layer

total mass of zinc/iron alloys per unit area of surface

Note 1 to ent

3.5
thickness @
total zinc di

Note 1 to ent

3.6
significant

Fy: The mass of the zinc diffusion layer is expressed in grams per square metre (g/m?2).
f the zinc diffusion layer
ffusion layer thickness consisting of zinc/iron alloys

Fy: The thickness of the zinc diffusion layer is expressed ih ' micrometre (um).

surface

part of the article covered or to be covered by the zinc_ diffusion layer (3.2) and for which these coat

essential for

3.7

serviceability and /or appearance and where the layer will meet all the specified requiren

control sample

article, or gi

3.8

oup of articles, from a lot which is selected for testing

reference area

area within

39

which a specified number of single measurements is required to be made

local thickness of the zinc-diffusion layer

mean value
a reference (

Note 1 to en
6.2.2 and An

pf zinc diffusion layer thickness obtained from the specific number of measurements wj
rea (3.8)for a magnetic or electro-magnetic test or the single value of a gravimetric te

try<\Guidance for the methods of measurement of the zinc diffusion layer thickness is giy
nexB.

ng is
nents

ithin
st

en in

3.10

mean thickness of the zinc diffusion layer
average value of the local zinc diffusion layer thicknesses of different reference areas (3.8)

Note 1 to entry: In case there is only one reference area (3.8), the mean zinc diffusion layer thickness is the same
as the local zinc diffusion layer thickness.

3.11

inspection lot
one or more articles of the same type and size comprising either a single order, a single delivery load or

the number

of articles identified as a lot by the sherardizer

© ISO 2016 - All rights reserved
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3.12
acceptance inspection
inspection of an inspection lot (3.11) at the sherardizer’s works (unless otherwise specified)

4 General requirements

4.1 Surface condition base material

The surface of the base material should be clean before sherardizing.

Surfgce contamination that cannot be removed by prit blasting should be removed prior to the
mechanical pre-treatment process. The responsibility of removing the contamination should be agreed
upon between the sherardizer and purchaser.

The $urface condition of the base material, the mass of the parts and the sherardizing conditions can
affedt the appearance, the thickness, surface roughness and the physical andimechanical groperties of
the cpating. This International Standard does not define any requirements regarding these|properties.

NOTH Guidance on these parameters can be found in ISO 14713-3:2009, Clause 4.

4.2 | Information to be supplied by the purchaser

Inforjmation shall be supplied by the purchaser in accordance'with A.1 and A.2.

5 Acceptance inspection and sampling

Acceptance inspection shall be undertaken before the products leave the sherardizer’s cugtody, unless
otherwise specified at the time of ordering by the purchaser.

Acceptance inspection involves the assessment of appearance of the coated article and) testing the
thickness. The results of other tests of\the coated article are normally not provided. Othpr tests will
only be carried out by agreement between purchaser and sherardizer made at the time of grdering.

A coptrol sample for thickness-festing shall be taken randomly from each inspection lot|selected for
testing. The minimum number’/of articles to form the control sample shall be taken in|accordance
with|Table 1.

Alternatively, samplingprocedures selected from ISO 2859-1, ISO 2859-2, and ISO 2859-3 chn be used.

Table 1 — Control sample size related to batch size

Number of articles in the| Minimum number of
batch articles in the control
sample
Tto3 All
410 500
501to 1200
1201 to 3200
3201to 10000 13
Above 10 000 20

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=64b32a06413afa9ecd23362b81526bc7

ISO 17668

:2016(E)

6 Coating properties

6.1 Appearance

The surface of the coating has a grey (matt or lustrous) appearance and might show scratches resulting
from normal contact with other articles, during processing or storage. Such scratches are superficial
and not detrimental to the corrosion resistance of the sherardized articles.

The coating shows a certain surface roughness which is characteristic for the zinc-iron alloy type of

coating.

NOTE It
appearance |
not possible {

Areas withd
ordering by

Rejected ar
agreement

The develoq
zinc oxide d

[tis not pery
unless other

Rejected arf
agreement

6.2 Thic}

is noted that “grey (matt or lustrous) appearance” and “surface roughness” are relative terms.
roperties can be influenced by the composition of and surface conditions of the base materia
o0 establish a definition of appearance and finish of the coating covering all requirements‘in pra

ut a zinc diffusion layer shall not be allowed, unless otherwise specified-at the tiy
the purchaser and agreed upon with the sherardizer.

Ficles, regarding these areas, shall be re-sherardized and resubmitted for inspecti
vith the purchaser.

ment of (grey-) white corrosion products (white staining), the’formation of mainly
iring storage in humid conditions after sherardizing, shallmot be cause for rejection.

hitted for the sherardized articles to have an orange-brown colouring at the time of delj
wise specified at the time of ordering by the purchasérand agreed upon with the sherar

icles, regarding this discolouring, shall be re-sherardized and resubmitted for inspecti
vith the purchaser.

(Ness

6.2.1 General

Coatings ap
The service
thickness (s

6.2.2 Tes

Thickness 1
passivation

The local ¢
ISO 2178 or

blied by sherardizing are designed to protect ferrous products against corrosion and \
life of such coatings in a(given environment is approximately proportional to the co
pe [SO 14713-1).

F methods

neasurements._shall only be made on clean, washed surfaces. In case cleaning af
is not part ofthe coating process, samples for thickness testing shall be cleaned separ4

ating_thickness shall be determined in accordance with the magnetic method giv
the‘electro-magnetic method given in ISO 2808, also described in ISO 3882.

hese
Ctis
ctice.

he of
bn in
basic
very,

lizer.

on in

vear.
ating

1d /or
itely.

PN in

These two methods are generally most appropriate for routine quality control within works.

The gravimetric method according to ISO 1460 can be used to determine the coating mass. The coating
thickness can be calculated by dividing the coating mass per unit area by the nominal coating density of
the coating 7,2 g/cm3 (see B.2).

If a sufficient number of measurements is made within the reference area (see 6.2.3), effectively the
same coating thickness will be determined by the magnetic method, the electro-magnetic method as
the gravimetric method.

For articles with a complex shape, in which no suitable reference area can be determined for
measuring the thickness by the magnetic method, the electro-magnetic method, the gravimetric
method shall be used.

© ISO 2016 - All rights reserved
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The microscopic cross-section method according to ISO 1463 is less appropriate for routine use because
it is destructive and relates only to a single line. However, this method can be used for special quality
control operations for articles with a complex shape, agreed upon by the purchaser and the sherardizer
at the time of ordering.

NOTE

6.2.3 Reference areas

Annex B provides additional information and guidance on the measurement of thickness.

The number and position of reference areas and their sizes for the magnetic, electro-magnetic,
micrometre method or gravimetric test shall be chosen with regard to the shape and size of the

artic
unit

The
purc

For 4
refer

For 4
toget
of ar
by tH
artic

Alter

6.2.4

A mi
area
figur
only
thel

Whe

€e(s)1n order to obtain a result as representative as possible of mean coating thiCKness
hrea as applicable.

Feference areas shall be within the significant surfaces, unless otherwise agreeéd up
haser and sherardizer.

rticles with a significant surface area greater than or equal to 10 cm2)\there shall be
ence area on each article in the control sample. Control sample sizes(are given in Table

rticles with a significant surface area of less than 10 cm?2, theré shall be enough artig
her to provide at least 10 cm?2 significant surface for one reference area. Hence, the t
ticles tested shall equal the number of articles required to provide one reference are
e total number of articles in a control sample, in accordance with Table 1 (or the totz
les sherardized, if that is less).

natively, sampling procedures selected from SO 2859-1, ISO 2859-2, and 1SO 2859-3 ¢

Magnetic method or electro-magnetic method

nimum of five magnetic or electro-magnetic test readings shall be taken within ea
Because the area over which each pleasurement is made in this method is very smal

the average value over the whole-of each reference area is required to be equal to, or g
cal coating thickness minimum value.

h more than five articleS lrdve to be taken to make up a reference area of at least 10 ¢

maginetic measurement shall be taken on each article if a suitable area of significant surf:

such

6.2.53

The
This
coati

Gravimetriemethod

mass of the coating per unit area, expressed in g/cmZ, shall be determined according
mass-value can be converted to a thickness value in pm by dividing the nominal de
ng/A2'g/cms3.

or mass per
on between
at least one

1.

les grouped
btal number
A multiplied
1 number of

hn be used.

'h reference
I, individual

es can be lower (typically up to 15:9%) than the values for the local thickness. This is irrelevant as

reater than,

m2, a single
hce exists. If

a suitable area dogsmot exist, the gravimetric method according to ISO 1460 shall be ysed.

to ISO 1460.
nsity of the

NOTE

See B.Z

6.2.6 Thickness requirements

The thickness requirements for six classes are given in Table 2.
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Table 2 — Coating thickness

Class of coating Local coating
thickness minimum

pum

Local coating
mass minimum

g/m?2

Class 10 10 72

Class 15 15 108

Class 30 30 216

Class 45 45 324

Class 60 a0 432

Class 75 75 540

NOTE Fort

ypical application fields of the coating with different coating thicknesses, see C.7.

6.3 Acce

When teste
local coating

If thelocal c
of articles (
this larger (
larger contr
batch. If the

6.4 Addit

Although sh|
there shall
purchaser s

Guidance orn

|

erardizing gives a uniform coating without'any significant changes in the profile of thr

tance criteria

in accordance with 6.2.2, for the appropriate number of reference areas given in 6.2.
y thickness shall be not less than the values given in Table 2.

pating thickness on a control sample does not conform to Table 2; twice the original nu
br all the articles, if that is the lower number) shall be takenfrom the batch and test
ontrol sample conforms to Table 2, the batch shall be deemed to conform. Failure g
ol sample to meet the thickness requirements shall caenstitute grounds for rejection
batch is rejected, individual articles may be submitted for re-testing.

ional clearances for threaded componeiits

be adequate clearance between external and internal threads before sherardizing
hall discuss the additional thread clearance requirement with the sherardizer, see A.2

the adequate clearances can be feund in ISO 14713-3.

7 Ceriti

When required by the purchaSer; the sherardizer shall provide a certificate of compliance witl

requiremen
shall be mad

Tcate of compliance

[s of this International Standard according to ISO 10474. A request for such a certif
le at the time.Of ordering, see A.2 i).

B, the

mber
ed. If
f the
f the

pads,
The

e).

h the
icate
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Annex A
(normative)

Information to be supplied by the purchaser to the sherardizer

A.1 Essential information

The purchaser shall provide the following information on all relevant documents:
a) mumber of this International Standard, i.e. ISO 17668;

b) ¢lass of coating or, alternatively, the minimum coating thickness requiredy(see Table 2)

A.2 | Additional information

Where the following information is required for particular purpdses by the sherardizet, it shall be
specified by the purchaser at the time of ordering:

a) fype of material to be sherardized;

b) any likely effects on the metallurgical properties” of the basis material caused|by heating
temperatures of up to 500 °C, and if the parts are heat-treated;

c) durface area and weight of the articles to be shiérardized, in case different articles are parf of the same
rder the surface area and weight from each*group of articles of the same kind shall be provided;

d) identification of significant surfacestand reference areas, for example, by drawings or by the
rovision of suitably marked samples;

e) thread clearances, dependingion-the class of coating thickness specified, to be stated on[the product
drawing or on the order deciiment;

f) 4ny special pre-treatment requirements;

g) any post-treatments;after-treatments or over-coating to be applied to the sherardized|coating (see
€.7);

h) 4ny requirenrents for inspection;

i) yhethera certificate of compliance is required in accordance with ISO 10474.

© IS0 2016 - All rights reserved 7
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Annex B
(informative)

Determination of thickness

B.1 General

The most g¢g
according td
commonly y

Destructive
area conver

Careful con
the magneti
obtained by
area, effect
magnetic m

Another nor
the thickne;
(gauge). Thq
the coating.
increases w
magnetic m
method can

B.2 Calculation of thickness from mass per unit area

The gravim
expressed i
nominal der]

The mean th

neral non-destructive methods of determining coating thickness are the magneticunég
[SO 2178 and the electro-magnetic method according to ISO 2808. These two method
sed for in-works quality control procedures.

methods include the gravimetric method according to ISO 1460, determihation of mas
fed to thickness (see B.2) and microscopic cross-section method (see B.3).

bideration should be made of the relationship between local and\average thickness w
c method or the electro-magnetic method is used and the results.are compared with {
the gravimetric method. If a sufficient number of measureménts’is made within a refet
vely the same coating thickness will be determined by: the magnetic method, ele
bthod as by the gravimetric method.

s of an article, before and after applying the coating, with a precision micrometre d
e local coating thickness is half of the increase in thickness of the article after app
This method, however, is not standardizedzThis method is less precise, but the accy
ith the coating thickness. The method is useful in case the magnetic method or the ele
ethod cannot be applied, such upon agreéement between purchaser and sherardizer.
successfully be used for small produgts such as rivets and washers.

btric method accordingt9-1SO 1460 provides a result for the coating mass per unit
n g/m2. This value can be converted to local thickness in micrometre by dividing b
sity of the coating#2 g/cm3.

ickness L is given by Formula (B.1):

thod
s are

S per

there
hose
ence
ctro-

-destructive method, which can be used for routine quality control purposes, is measuring

bvice
lying
[racy
ctro-
This

area
y the

(B.1)

L= AM{(p- A)
where
L is mean thickness of the coating, in pm;

AM is the weight difference between a coated and an uncoated part, in g;

A

p
NOTE

is the surface area of the part, in m2;
is the nominal density of the coating, 7,2 g/cm3.

7,2 g/cm3 is equal to 7,2 g/(um x m2)

For equivalent values of coating thickness and coating mass, see Table 2.

© ISO 2016 - All rights reserved
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B.3 Microscopic cross section method

The microscopic cross section method according to ISO 1463 can be used for special quality control
procedures for articles with a complex shape with recesses or with hollow parts, such as tubes, agreed
upon between purchaser and sherardizer at the time of ordering. Careful attention is required to
prepare the cross-section and a skilled personnel is required to analyse the results of the test procedure.
The method can also be used for analysing the structure of the zinc-iron alloy layers. The microscopic
cross-section method is less appropriate for routine quality control, because it is a destructive method
and relates only to a single line.

© IS0 2016 - All rights reserved 9
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Annex C
(informative)

General information

C.1 Sherardizing process

Sherardizin
materials. T

The coating

b is a thermal diffusion coating process which forms zinc-iron diffusion layers on.fey
he articles are heated in the presence of a sherardizing mixture.

closely follows the contours of the base material, and uniform coatings are-producg

articles, including those of complex shape.

The coating
processes, r

C.2 Base

Unalloyed ¢
malleable g
heat treated

The process
material (al
mechanical
should be fr

Itis essentia
of this natu
has taken pl

C.3 Post{

Post-treatm
articles are
by these prd

may subsequently be post-treated by phosphating, chromating or otliey suitable passiv
esulting in a clean passivated surface.

material

arbon steels, low alloy steels, heat treated steels, high tensile steels, sintered mat
ey and cast iron are suitable for sherardizing. The’influence on mechanical propert
steel articles is considerably low.

does not give rise to hydrogen embrittlement. However, when pre-cleaning high t¢
ove 1 000 N/mm?2), cathodic cleaning should not be employed. Pre-treatment by an
pr any other processes which do not affect the base material are recommended. The su
pe from any contamination prior to processing.

1 that parts having soft-soldered(oyresin bonded joints are not sent for sherardizing as j

ace.

treatments

not in the scapeof this International Standard. The service life can be significantly exte
cesses (seeAnnex D).

The adhesion of paints and organic overcoats can be improved by a post-treatment.

rous

d on

htion

erial,
es of

nsile
odic,
rface

pints

Fe are affected by the process: Any such jointing should be carried out after sherardjizing

ents (passivation), after-treatments or organic over-coatings (Duplex) of sherardized

nded

C.4 After

-treatments

After-treatments by oils, stains, sealants or special lubricants can subsequently be applied to the coating
or to the passivated coating to enhance the corrosion resistance, to provide colour or to regulate the
coefficient of friction of the coating.

Overcoats such as paints or organic coatings can be supplied to the eventual passivated zinc diffusion
coating to increase corrosion resistance and/or decorative appearance.

Guidance on these after-treatments can be found in ISO 14713-3 and ISO 12944-5.

10

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=64b32a06413afa9ecd23362b81526bc7

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	General requirements
	4.1	Surface condition base material
	4.2	Information to be supplied by the purchaser
	5	Acceptance inspection and sampling
	6	Coating properties
	6.1	Appearance
	6.2	Thickness
	6.2.1	General
	6.2.2	Test methods
	6.2.3	Reference areas
	6.2.4	Magnetic method or electro-magnetic method
	6.2.5	Gravimetric method
	6.2.6	Thickness requirements
	6.3	Acceptance criteria
	6.4	Additional clearances for threaded components
	7	Ceritificate of compliance
	Annex A (normative)  Information to be supplied by the purchaser to the sherardizer
	Annex B (informative)  Determination of thickness
	Annex C (informative)  General information
	Annex D (informative)  Corrosion resistance of sherardized layers
	Bibliography

