INTERNATIONAL ISO
STANDARD 14713-3

First edition
2009-12-15

Zinc coatings — Guidelines.and
recommendations for the'protection
against corrosion of iron and steel in
structures —

Part 3:
Sherardizing

Revétements de zin¢— Lignes directrices et recommandati¢ns pour la
protection contre la corrosion du fer et de I'acier dans les
constructions=

Partie 3: Shérardisation

e Reference number
= — ISO 14713-3:2009(E)

© SO 2009


https://standardsiso.com/api/?name=f78975809306d12a81ca31e020644597

ISO 14713-3:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=f78975809306d12a81ca31e020644597

ISO 14713-3:2009(E)

Contents Page
o T (=312 o T (o iv
8o o 11 e 4 oY v
1 — Scope e —— 1
2 NOIrMAtiVe referENCES.......cciiiiiiieee i s e s s sn s e s e e s nsnasssssreesssnnnnnssnsens (o Saro]ansnnrerrennnnns 1
3 Terms and definNitioNS .......cceeeeiiiiiiiiiie e e s s e e e s s nsns s e e rsse b atnnssns|errerennnnnnnnns 2
4 Design for sherardizing ........cccccciiiicciiemiriiniscc s sssssrs e ee s s ssmnen e e s essfinafonanneesnesnnss fressnsssnssnnne 2
4.1 €= o 1= - | AL A Sl IS 2
4.2 ST o = V=30 o] =T o =T = 4 e o 1 OSSR ISR 2
43 Design considerations..........cccovieiriniinirninsir s e s . 3
44 Clearances of threaded components..............cccoooiiriiiicccissnnnn g e e, 3
5 Storage and transport .........cccccinimr e e ——_— 4
5.1 €= 0 1= - | U U, S R P 4
5.2 Recommendations for storage and transport...............mfnin e 4
6 Effects of article condition on quality of sherardizing...........cooooooomiiinccccicce s 4
6.1 L0747 T X7 1 T o . o SO RFSRD ISR 4
6.2 ST 0 = 1 =3 oY 1o 114 T'o Y U I 5
6.3 Influence of steel surface roughness on the sherardized coating thickness...............Jcccceenee 5
6.4 Internal stresses in the base material ........ ..o e e e e e 5
6.5 Large objects and thick steels ....... ...l e s s s ssnsnnnns 6
7 Effect of sherardizing process on the article ..........ccccccovmiiiiiiccccccecrr e e 6
71 Processing CIrCUMSEANCES ........cove e rmmriiniinrrr i ssss s s ssss s ssssss e s fesssnssssne s 6
7.2 Coating properties influenced-by the sherardizing process ..........ccceeiniinniniisnnniscenn o, 7
8 N = == 11 4 1= ] 7
=11 o FToT e | =T o 3V o Y P 8

© ISO 2009 — All rights reserved iii


https://standardsiso.com/api/?name=f78975809306d12a81ca31e020644597

ISO 14713

-3:2009(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governmentat, In_faison with 1ISO, also take part In the Work. SO collaborates closely with] the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting.. Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting'a vote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. 1ISO ghall not be held responsible for identifying any or all such patent rights.

ISO 147133 was prepared by Technical Committee ISO/TC 107, Metallic and other inorganic coatings,
Subcommitjee SC 4, Hot dip coatings (galvanized, etc.).

This first edition, together with 1SO 14713-1 and 1SO 14713-2, cancels and replaces 1SO 14713:1999, which
has been tgchnically revised.

ISO 14713 | consists of the following parts, under the’;general title Zinc coatings — Guidelines |and
recommendations for the protection against corrosion ofiron and steel in structures:

— Part 1:|General principles of design and corrosion resistance

— Part 2:|Hot dip galvanizing

— Part 3:[Sherardizing

iv © 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=f78975809306d12a81ca31e020644597

ISO 14713-3:2009(E)

Introduction

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

The process is carried out in a slowly rotating closed container at temperatures ranging from about 300 °C to
500[°C.The normal processing temperature Is below the meling point of zinc (419 "C).

During the process, zinc/iron alloys are built up on the surface of the ferrous articles. A ceating rlhickness of
10 ym to 75 um (and higher if required) can be achieved. The coating thickness is accurately controlled by the
ama@unt of zinc dust, the processing time and temperature. The coating closely follows-the confours of the
bas|s material, and uniform coatings are produced on articles, including those of irregular shape.

Aftdr sherardizing, the containers are cooled down. A screening process separates the sherardized articles
fronp the unused sherardizing mixture. The articles, with the zinc/iron-alloyed_layer, are normally post-treated
by phosphating, chromating or another suitable passivation process (conversion coating) resulting in a dust
freel and clean passivated surface.

Most steel and iron articles can be sherardized.

© 1SO 2009 - All rights reserved Vv
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Zinc coatings — Guidelines and recommendations for the
protection against corrosion of iron and steel in structures —

Part 3:

Sherardizing

1 |Scope

Thig part of ISO 14713 provides guidelines and recommendations regarding-the*general principlg
that|are appropriate for articles to be sherardized for corrosion protection.

The| protection afforded by the sherardized coating to the article will depend upon the method of a
the |coating, the design of the article and the specific environmént to which the article is ex

shefardized article can be further protected by application of additional coatings (outside the scopq
of I$0 14713), such as organic coatings (wet paints or powder.coatings). When applied to sherard

this
Ger

The)
this

Spe
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2
The)
refe]
doc

ISO

ISO
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combination of coatings is often known as a “duplex system”.
eral guidance on this subject can be found in ISO 12944-5 and EN 13438.
maintenance of corrosion protection in servicedor steel with sherardized coatings is outside t

part of ISO 14713.

edence over these general recommendations.

Normative references
following referenced:-documents are indispensable for the application of this document,
rences, only the~edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

8044, Corrosion of metals and alloys — Basic terms and definitions

12944=5, Paint and varnishes — Corrosion protection of steel structures by protective paint
5: Protective paint systems

cific product-related requirements (ecg-for sherardized coatings on fasteners or tubes, et¢.

s of design

bplication of
posed. The
of this part
zed articles,

he scope of

) will take

For dated
referenced

systems —

ISO

EN

18265, Metallic materials — Conversion of hardness values

13811, Sherardizing — Zinc diffusion coatings on ferrous products — Specification
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8044 and the following apply.

3.1

sherardizing
thermal diffusion process in which articles are heated in close contact with a sherardizing mixture, consisting

of zinc dust

3.2

with or without an inert material, in a closed container, usually rotated

sherardize
coating cor

H coating
sisting of zinc/iron alloys obtained by the sherardizing process, and normally post-treated

phosphating, chromating or another suitable passivating process (conversion coating)

«

NOTE

4 Desig

Sherardized coating” is referred to in this part of ISO 14713 as “coating”.

n for sherardizing

4.1 Gen

ral

It is essentjal that the design of any article required to be finished should take into account not only|

function of

Sherardizin
corrosion a
with nomin
treat large |

Some inter
this may ca
419 °C.

The purcha

he article and its method of manufacture but also the limitations imposed by the finish.

h is a process developed to protect components of various sizes, but mainly small articles, ag4d
nd wear. No jig marks are visible after sherardizingxNormal sherardizing equipment has contai
bl dimensions of 2 000 mm x 480 mm x 400 mmy\Specialized equipment has been develope
Libes for the gas and oil industry, and large articlés of complex shape for the automotive indust

hal stresses in the articles to be sherardized will be relieved during the sherardizing process
ise deformation of the coated article. Normally, the sherardizing is carried out between 320 °C

ser should seek the advice of.the sherardizer before designing or manufacturing a product th

subsequen
sherardizin
may be lia
design mod

process, especially when/very fragile components are sent for sherardizing. These compon
le to damage and distortion during processing. The sherardizer may be able to recommer
ification.

i;y to be sherardized, as.it_may be necessary to adapt the construction of the article for

4.2 Surface preparation

The design
of a high-qu

and the-materials used should permit good surface preparation. This is essential for the produg
ality €eating. Sherardizing is only effective on surfaces free of oil, grease, and rust, scale or o

surface co
Surfaces s

taminants. It is recommended to avoid

by

the

inst

hers
d to
V.

and
and

At is
the
ents
da

tion
ther
Ngs.

Grit blasting is the preferred surface preparation for sherardizing, because

steels,

the abraded surface responds very well to the sherardizing process, and

is avoided.

the risk of hydrogen embrittlement to spring steels and to high-tensile steels, or damage to free-cutting

In case alkaline degreasing is applied, the articles should be dried before being grit blasted, if necessary, or
before being sherardized.

Sintered materials should be free of oil and resins before they are sent for sherardizing.
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In special cases, e.g. to remove scale, hydrochloric acid pickling can be considered. However,

ISO 14713

castings, grit blasting is essential to remove moulding sand.

-3:2009(E)

it is

recommended to remove scale from articles before the final machining, so that the articles are not damaged in
the pretreatment stage of the sherardizing process to provide a coating of good appearance and serviceability.

The

4.3

purchaser should seek the advice of the sherardizer in case such a pretreatment is required.

Design considerations

Articles to be sherardlzed are limited in size, since most of the contalners used in the sherard|zmg process

havy
can
dim
the

Inte
layg

she
be t

Spri

not be sherardlzed part|ally When Jomted assemblles on fabrlcatlons (not welded assem
ensions larger then the dimensions of the sherardizing containers, it should be considered’ tg
Linassembled parts and assemble the parts after sherardizing.

rs closely follow the contours of the articles to be sherardized. Tubes and hollow artid
rardized. Special measures, for example prefilling the hollow sections withithe sherardizing n
bken to ensure that the inside of these products is coated as well.

ngs and high-tensile steels are also suitable for sherardizing. To" prevent affecting the

properties of such articles, the sherardizing should be carried out at appropriate temperatures, dg

the
una
the
how

Arti
are

We
artidg

On
mat}

For

4.4

Alth
mug

The

hardening and tempering temperatures of these articles. 8prings should preferably be
5sembled in a free and unloaded state. Depending on the héat treatment of these articles befg
sherardizing can be carried out at lower temperatures between 320 °C and 380 °C. The proct
ever, will be extended when sherardizing at lower températures.

les having soft-soldered or resin-bonded joints should not be sent for sherardizing, as joints o
effected by the sherardizing process.

ding is preferable before sherardizing. All welds should be free of slag. Spot welding is possi
les are sherardized; ideally, thinner coatings, less then 15 uym in thickness, are desired.

mating surfaces and holes, extraclearance should be provided to allow for the thickness of
erial specified (see EN 13811).

the clearance recommendations for threaded components, see 4.4.

Clearances of threaded components

t be adequate.clearance between external and internal threads before sheradizing.

recommended clearances are given in Table 1.

a container
blies) have
sherardize

rnal threads or recesses can be cut before the articles are sent for sherardizing. The uniforin zinc alloy

les can be
nixture, can

integrating
pending on
sherardized
re finishing,
bssing time,

f this nature

ble after the

the coating

pbugh sherardizing gives a uniform coating without any significant changes in the profile of thfeads, there

|~ Tahle 1 — Clearances recommended for holts and nuts to be sherardized |

Minimum coating . . ISO metric, UNF and UNC
thickness Coating class according threads
to EN 13811
pm hm
15 Class 15 180
30 Class 30 360
45 Class 45 540
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If only the external thread is to be sherardized and then used with a standard uncoated internal thread (or vice

versa) then

half the clearance shown in Table 1 is required on the thread to be sherardized.

It is recommended to sherardize both bolts and nuts. Whenever possible, nuts and bolts sent for sherardizing
should be forwarded to the sherardizer together, so that the clearance can be checked.

General practice for threaded bolts and nuts to be sherardized is either of the following:

a) the bolts are manufactured to the tolerances laid down in the appropriate specifications, without
allowance being made for sherardizing; the nuts are then tapped up to the oversize mentioned in Table 1,
before sherardizing; or

b) the bolfs are oversized to a level mentioned in Table 1, so that standard threads on sherardized.huts|can
be usef in all cases.

A coating thickness of 10 um is recommended for small threaded articles of dimensions less thah M10.

The purchgser should seek the advice of the sherardizer before designing or manufacturing thredded

materials tg be sherardized.

5 Storage and transport

5.1 Gengral

The coating has a matt grey appearance, the natural colour of the zinc/iron alloy layer of the surface after

sherardizing, and is normally post-treated by phosphating, chromating or another suitable passivation proq

(conversion
humid cond

Due to the
brown patin
change of {

This discold

exposure, t
thickness.

5.2 Recq
If possible,
thus prever
conditions.

Qutdoor tra

coating). This prevents wet-storage stains on the\coating, so-called “white rust’, during storag
itions or during transport, and increases the lifeitime in service.

vinc/iron alloy composition of the coatingyxit’may acquire, during outside exposure, a dark ora
a. This is not to be confused with corrosion of the base material, but results from the initial cg
ne zinc/iron alloy by normal oxidations\when exposed to humid conditions outside.

uration is not detrimental to the.coating properties and the use of the coated article. On contin
he surface becomes darker in~colour and the coating has a normal life depending on the cog

ymmendations for-storage and transport

sherardized tdbes and other hollow articles should be stored vertically and loosely pending the
ting water. or-any other corrosive fluids from being trapped. Bulk articles should be stored in

Special eare should be taken to store (large) threaded materials to avoid damaging the threads|

ess
ein

nge-
lour

ued

ting

use,
dry

bags.

nsport' of bulk articles should be carried out in dry conditions, if possible in (closed) containev|s or

6 Effects of article condition on quality of sherardizing

6.1 Com

position

Unalloyed carbon steels, low-alloy steels, sintered materials, and malleable grey and cast iron are suitable for
sherardizing. Spring steel and high-tensile steel can be satisfactorily sherardized. Depending on the hardening
and tempering temperature of these parts, the sherardizing process is carried out at appropriate temperatures,
ranging from 320 °C to 380 °C.
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The chemical composition of the steel has no practical influence on the composition, or on the thickness of the
coating.

6.2 Surface condition
The surface of the base material should be clean before sherardizing.
Surface contamination that cannot be removed by grit blasting should be removed prior to the mechanical

pretreatment process. The responsibility of removing the contamination should be agreed between the
sherardizer and purchaser.

6.3| Influence of steel surface roughness on the sherardized coating thickness

Surface roughness has no practicable influence on the sherardized coating structure or-the”propegrties of the
coafing.

It isfrecommended that flame-cut, laser-cut and plasma-cut surfaces should be ground off by the fabricator.
6.4| Internal stresses in the base material

6.4/1 General

Thel sherardizing process can be carried out at temperatures ranging from 300 °C to 500 °C. The grticles to be
shefardized are slowly heated up to the processing temperature, normally below 419 °C. The prodessing time
will [pe approximately 1 h to 2 h to form the coating by thermal diffusion. After sherardizing, the |articles are
cooled down slowly to room temperature.

Thig processing does not cause internal stresses ja~the base material, except for steels that have tempering
temperatures that fall within the processing temperature range.

For|these steels, it is necessary to carry.out the sherardizing process at the lower end of the| processing
temperature range (320 °C to 380 °C). However, for steels with a tempering temperature below 820 °C, it is
hard to sherardize without affecting the_properties of these steels.

The| sherardizer cannot be respansible for deformation of the steel work during sherardizing (as the specific
state of stress in the article~at-the time of processing is not within his control) unless the digtortion has
occyirred through faulty proeessing.

6.4. Distortion cracking

Harflened and/er high-tensile steels may contain internal stresses of such a magnitude that sherafdizing may
increase the(risk of cracking of the steel during sherardizing. The risk of cracking can be feduced by
shefardizing-at lower temperatures and/or by stress relieving before sherardizing. Specialist advicg should be
soughtwhen sherardizing such steels.
NOTE—Hightensitesteets feature a yefdstrengthgreater thamor equat to 650 MPa:

A stress-relieving heat treatment should be planned at the design stage and should be executed at the
fabrication stage subsequently to cold-working welding, oxy-cutting or drilling. The reduction of the residual
stresses, inherently associated with cold forming, may be obtained with a stress-relieving heat treatment,
typically at 600 °C.

However, if 600 °C is significantly exceeded due to poor control of the thermal cycle, a lowering of the
mechanical properties of steel might be observed. Therefore, stress-relieving heat treatments should be
based on a specialist's advice.

Residual stresses and hardening are created in the welded areas or the areas affected by oxy-cutting. Their
magnitude depends on different factors, for example, length and thickness of welds and welding procedures.
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Residual stresses and hardening in the fabricated element may be responsible for damage or deformation of
the coated article. Therefore, residual stresses and hardening must be minimized by adequate design and
welding procedures. Critical constructional details may be subjected to an additional heat treatment for
stress-relief. Similar recommendations may also be followed for drilling and stamping processes.

6.4.3 Hydrogen embrittlement

Structural steels are not normally embrittled by the absorption of hydrogen during pickling, and if there is any
hydrogen remaining, it does not, in general, affect structural steels.

If steels ar

harder than appmximatply 34 HRC 340 HV or 325 HB (QPP 1ISO 1876’%) care is necessary to

minimize h
the heat-af]
Therefore,

preparation

During she

320 °C and
developed.

6.5 Larg

The thickne

coating conmposition and the properties of the coating.

7 Effec

7.1 Proc
The coatin
component
coating. Th

High-tensilg
should be t
sherardizer

Sherardizin
(liquid metg
normally no

Materials th
For steels

drogen absorption during surface preparation by pickling with hydrochloric acid. The welds
ected zones (HAZ) of structural steels do not normally exceed a hardness value of<340

rardizing, the articles are slowly heated up to the processing temperature”(normally betw
419 °C). The eventually absorbed hydrogen is available for discharge beforg the coating layer

e objects and thick steels

ss and dimensions of the steel articles have no effect on_the development of the coating,

of sherardizing process on the article

essing circumstances

j follows very closely the contours «of the article to be sherardized. However, for thres
5, a clearance allowance should be made on mating threads to accommodate the thickness of
e recommended clearances are given'in Table 1.

steel articles, such as boltsiand nuts up to class 12.9, are suitable for sherardizing. Special
hken for such products in-the’ pretreatment process. The purchaser should seek the advice of
in case such parts are-sent for sherardizing.

j does not give rise~to hydrogen embrittlement (6.4.3), or liquid metal assisted cracking LN
| embrittlementCME), as the process is a dry thermal diffusion process and the steel articles
t in contact with-molten zinc when sherardizing takes place below 419 °C.

at will beradversely affected by the heat of the sherardizing process should not be sherardi
vhose tempering temperature falls in the processing temperature range of 300 °C to 500 °C,

necessary

However, forsteels with a tempering temperature below 320 °C_it is hard to sherardize these steels wifl

fo~carry out the sherardizing process at the lower end of the processing temperature ra

affecting the properties (see 6.4.1).

these zones should not normally be embrittied by the absorption of hydrogen during” surf

and
HV.
ace

een
has

the

ded
the

bare
the

IAC
are

red.
it is
hge.
hout

Heat treated or cold-worked steels may be tempered by the heat in the sherardizing process and lose some of
any increased strength obtained by heat treatment or cold working. The purchaser should seek the advice of

the sherard

izer, in case such parts are sent for sherardizing.
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