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Keeping Standards up-to-date

Standards are living documents which reflect progress in science, technology and
systems. To maintain their currency, all Standards are periodically reviewed, and
new editions are published. Between editions, amendments may be issued.
Standards may also be withdrawn. It is important that readers assure themselves
they are using a current Standard, which should include any amendments which
may have been published since the Standard was purchased.

Detailed information about Standards can be found by visiting the Standards
Australia web site at www.standards.com.au and looking up the relevant Standard
in the on-line catalogue.

Alternatively, the printed Catalogue provides information current at 1 January each
year, and the monthly magazine, The Global Standard, has a full listing of revisions
and amendments published each month.

We also welcome suggestions for improvement in our Standards, and especially
encourage readers to notify us immediately of any apparent inaccuracies or
ambiguities. Contact us via email at mail@standards.com.au, or write to the Chief
Executive, Standards Australia International Ltd, GPO Box 5420, Sydney, NSW
2001.

This Standard was issued in draft form for comment as DR 03202.
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PREFACE

This Standard was prepared by the Australian members of the Joint Standards
Australia/New Zealand Committee MT-009, Metal Finishing to supersede AS 17890 1984,
Electroplated coatings![] Zinc on iron or steel and AS 17910 1986, Chromate conversion
coatings!] Zinc and cadmium. After consultation with stakeholders in both countries,
Standards Australia and Standards New Zealand decided to develop this Standard as an
Australian Standard rather than as an Australian/New Zealand Standard.

The objective of this Standard is to specify requirements for the electroplating of zinc
(electrogalvanizing) and for the application of supplementary chromate conversion
coatings, on iron and steel articles by batch processing, as opposed to continuous
processing. For this purpose the technical content of AS 1791, Chromate conversion
coatings—Zinc and cadmium, has been incorporated into this revision of AS 1789.
Notwithstanding, passivation systems other than chromate are permissible.

Some manufacturers which zinc-electroplate dedicated articles on a large scale, using
specialized, purpose-built facilities, prefer to describe their products as having been
electrogalvanized. Since the latter term is technically acceptable and is favoured by a
significant section of the marketplace, it has been incorporated into this revision of the
Standard as a valid alternative term to electroplated zinc.

The content of this Standard relates to electrodeposition of zinc by the batch process. For
the continuous process, reference should be made to AS 4750, Electrogalvanized (zinc)
coatings on ferrous hollow and open sections. Hollow and open sections are, in general,
semi-finished products, rather than commodities for use without significant further working
or fabrication, which this Standard (i.e. AS 1789) covers.

This Standard specifies a range of electroplated zinc coatings for the protection of iron and
steel against corrosion under various service conditions. It is a modification of
ISO 2081:1986, Metallic coatings—FElectroplated coatings of zinc on iron or steel and
incorporates parts of ISO 4520, Chromate conversion coatings on electroplated zinc and
cadmium coatings.

It is essential that purchasers state the coating classification code when placing their zinc
coating orders with electroplaters. Likewise, manufacturers are required to state the coating
classification code, when offering zinc plated (electrogalvanized) commodities for sale on
the open market.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the Appendix to which they apply. A ‘normative’ Appendix is an integral
part of a Standard, whereas an ‘informative’ Appendix is only for information and
guidance.

Statements expressed in mandatory terms in footnotes to tables are deemed to be
requirements of this Standard.
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FOREWORD

This Standard specifies requirements for a range of thicknesses of zinc coatings to be
applied to ferrous articles as protection against corrosion, but does not specify the surface
condition, nor other aspects, of the basis metal.

The thickness of the zinc coating to be applied to the ferrous articles should be chosen by
the purchaser, or by the manufacturer if the articles are for sale as a general commodity, to
provide sufficient corrosion protection for the expected or design life of the articles under
the environmental conditions to which they are to be exposed.

Electroplated zinc coatings are normally chromate treated to retard the formation of
corrosion products on surfaces exposed to corrosive atmospheres. The type of chromate
coating to be applied should be appropriate for the expected exposure environment.

Since chromate conversion coatings give additional protection against corrosion, they may
only be omitted at the specific request of the purchaser. Zinc-plated articles intended to be
painted may require a specific treatment, such as phosphating, to provide good paint
adhesion. Other passivation systems may be substituted by agreement between interested
parties.

Zinc-plated items are subject to attack by certain organic materials that release reactive
vapours, such as cardboard, wood and certain electrical insulating materials. Cognizance
should be taken of this when items are packed, stored or transported.
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5 AS 1789—2003

STANDARDS AUSTRALIA

Australian Standard

Electroplated zinc (electrogalvanized) coatings on ferrous articles
(batch process)

1 SCOPE

This Standard specifies requirements for electroplated zinc coatings (or electrogalvanized
coatings, see Note 1) on iron and steel articles by the batch process, except for coatings

applied to—

(a) sheet, strip or wire in the unfabricated form (see Note 2);
(b) threaded fasteners (see Note 3); and

(c¢) close-coiled springs.

The Standard also specifies supplementary coatings, specifically chromate and other
passivation systems, and makes provision for optional organic/inorganic coatings. It
includes requirements for heat treatment, both before and after electroplating.

Appendix A sets out information to be supplied by the purchaser to the electroplater, or
electrogalvanizer.

NOTES:

1 The term ‘electrogalvanize’, as well as its derivatives, is a technically acceptable alternative
to ‘zinc electroplate’, provided that it is not abbreviated to ‘galvanize’, since the latter is the
traditional contraction for ‘hot-dip galvanize’.

2 Electrogalvanized coatings for strip are covered by AS 4750, while those for wire are
incorporated in AS/NZS 4534.

3 The coating thickness that can be applied to threaded components may be limited by
dimensional requirements, including class or fit. For guidance, attention is drawn to AS 1897,
which specifies the maximum thickness that can be applied to standard threads

Specifications for electroplated zinc alloys are beyond the scope of this Standard.

5 Appendix B provides general information on factors that affect the corrosion of zinc-coated
articles with further information being provided in AS/NZS 2312.

6 Recommendations on maintenance and repair procedures for zinc-coated articles are given in
Appendix C

2 REFERENCE DOCUMENTS

The following documents are referred to in this Standard:

AS

1627 Metal finishing—Preparation and pretreatment of surfaces

1627.0 Method 0:  Method selection guide

1897 Electroplated coatings on threaded components (metric coarse series)
2331 Methods of test for metallic and related coatings

2331.1.1  Method 1.1: Local thickness tests—Micrographic examination of cross-sections
2331.1.2  Method 1.2: Local thickness tests —Coulometric method
2331.1.3  Method 1.3: Local thickness tests —Magnetic method
2331.2.1 Method 2.1: Tests for average coating mass per unit area or for thickness—
Dissolution methods—Strip and weigh and analytical
2331.3.1  Method 3.1: Corrosion and related property tests—Neutral salt spray (NSS) test
Documents
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AS
2331.3.8
2331.4.1
2483

4291
4291.1

4750

AS/NZS
2312

3750
3750.9

4534
4680

ISO
4518

9223
12686
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Method 3.8: Corrosion and related property tests—Humidity test—24 h cycle,
damp heat
Method 4.1: Physical tests—Qualitative adhesion tests

Metal finishing—Recommended sampling plans for the inspection and testing
of coatings (ISO 4519:1980, MOD)

Mechanical properties of fasteners made of carbon steel and alloy steel
Part 1: Bolts, screws and studs

Electrogalvanized (zinc) coatings on ferrous hollow and open sections

Guide to the protection of structural steel against atmospheric corrosion by the
use of protective coatings

Paints for steel structures
Part 9: Organic zinc-rich primer

Zinc and zinc/aluminium-alloy coatings on steel wire

Hot-dip galvanized (zinc) coatings on fabricated ferrous articles

Metallic coatings—Measurement of coating thickness—Profilometric method
Corrosion of metals and alloys—Corrosivity of atmospheres—Classification

Metallic and other inorganic coatings—Automated controlled shot-peening of
metallic articles prior to nickel, autocatalytic nickel or chromium plating, or as
a final finish

3 DEFINITIONS
For the purpose of this Standard, the definitions below apply.
3.1 Local thickness

The mean of the thickness measurements, of which a specified number is made within a
reference area.

3.2 Minimum local thickness
The lowest value of the local thickness found on the significant surface of a single article.
3.3 Significant surface

The part of the article covered or to be covered by the coating and for which the coating is
essential for serviceability and/or appearance.

4 BASIS METAL

This Standard does not specify requirements for the surface condition of the basis iron or
steel before electroplating with zinc. However, Appendix A requires that the electroplater
be informed of surface condition requirements. This may be achieved by reference to
AS 1627.0, which provides specifications for surface condition on metals. Other
requirements may be illustrated by provision of acceptable type samples.
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7 AS 1789—2003

5 COATING SYSTEM

5.1 Basic system

A typical coating system for ferrous articles comprises—

(a) a zinc coating applied by a batch electroplating (electrogalvanizing) process;
(b) asupplementary chromate conversion coating or other passivation system; and
(c) an optional organic/inorganic coating.

Table 1 specifies the preferred zinc coatings. However, other coating specifications (zinc
thicknesses) are permitted by negotiation between electroplater and purchaser or, in the
case of ferrous commodities destined to be sold on the open market, at the discretion of the
manufacturer concerned, but with the proviso that in no case shall any coating less than
5 micrometres minimum local thickness be permitted.

Where a zinc coating other than the preferred thicknesses listed in Table 1 is decided upon
and agreed by the interested parties, the coating classification shall be analogous to those
shown, e.g. for a 7 micrometre minimum local thickness, the coating classification becomes
Fe/Zn 7.

A chromate conversion coating, complying with the requirements of Table 2 shall be
applied to the zinc coating. However, the chromate conversion coating may be omitted, or
replaced by another passivation system, but only at the specific request of the purchaser.

5.2 Supplementary system

An organic or inorganic coating, such as a clear lacquer, may be applied for additional
corrosion protection, either by agreement between interested parties or, if the commodity is
offered for general sale, at the manufacturer’s discretion.
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TABLE 1

PREFERRED COATINGS OF ZINC ON IRON OR STEEL—COATING
CLASSIFICATION CODE AND MINIMUM LOCAL THICKNESS

Zinc coating classification Minimum local Minimum equivalent
code thickness coating mass
Hm g/m?
Fe/Zn 5% 5 35
Fe/Zn 8* 8 55
Fe/Zn 12%#7 12 85
Fe/Zn 25%% 25 180

*  Followed by the appropriate symbol for the chromate conversion coating, when
present (see Clause 6 and Table 2). Details of any other conversion coating shall
be given separately.

+  Itis recommended that coatings with classification codes Fe/Zn 25 and Fe/Zn 12
receive a coloured, Class 2, chromate conversion coating (Designation C or D).

NOTES:
1 Other coating classifications are permitted (see Clause 6).

2 In any particular environment, the protective value of a zinc coating is directly
proportional to its mass per unit area (surface density).

3 Two factors influence the relationship between service life and zinc coating mass:
the environmental conditions of usage and the length of time the coating is
required to provide protection. This matter is under investigation.

4 When very long service life is required, as for example on structural steel
components, hot-dip galvanized coatings are recommended (see AS/NZS 4680).

TABLE 2
CLASSIFICATION OF CHROMATE CONVERSION COATINGS (SEE NOTE)
Chrm‘nate Coating Coating . Coating . .
coating Typical appearance mass Corrosion protection
. - class type
designation g/m?
Slight, for example
Transparent clear against staining or
A 1 Clear . PR Upto 0.5 [ handling or against high
sometimes with bluish tinge e .
humidity in mildly
corrosive conditions
C 2 Iridescent | Yellow iridescence 1.0 to 1.5 | Considerable, including
protection against
D ’ Opadue Olive green, black, shading Greater certain organic vapours
paq to brown or bronze than 1.5

NOTE: Where chromate-free surfaces are requested, the letter ‘N’ shall be substituted for ‘c’ (see Clause 6,

Note 2).

6 COATING CLASSIFICATION CODE

The coating classification code comprises:

(a) The chemical symbol, Fe, for the basis metal, iron or steel, followed in sequence by a
solidus (/), the chemical symbol for zinc, Zn, and a number indicating the minimum

local thickness, in micrometres, of the zinc coating (see Table 1).
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9 AS 1789—2003

(b) Symbols indicating the presence and class and designation of the chromate
conversion coating shall be written in the same order as shown in the example in this
Clause, (see Table 2).

NOTES:
I No symbols are required to be shown for the lowest grade of chromate conversion
coating, i.e. A.

2 Where other types of conversion coating are applied, the details should be shown
separately.

A typical example of a coating code is Fe/Zn 25¢2A where, additionally:
(i) ‘¢’ refers to the chromate conversion coating.
(i) ‘2’ is the class of the chromate conversion coating.

(iii) ‘A’ is the designation of the chromate conversion coating.

7 HEAT TREATMENT

Heat treatment, as specified in Appendices D and E, shall be performed on certain grades of
steel to reduce the risk of damage by hydrogen embrittlement.

It is important to note that parts made from steels with maximum specified tensile strengths
greater than 1000 MPa* (corresponding hardness values are approximately 34 HRC,
340 HV and 325 HB) and surface-hardened parts will require heat treatment.

Preparation involving cathodic treatments in alkaline or acidic solutions shall be avoided.

NOTE: The selection of electroplating solutions with high cathodic efficiencies, for example
fluoroboric solutions, is recommended for steel components with tensile strengths greater than
1450 MPa (corresponding hardness values of approximately 45 HRC, 440 HV and 415 HB).

8 ZINC WHISKER GROWTH

Electroplated zinc finishes are susceptible to metallic whisker, or trichite, growth. The
mechanism of whisker formation is neither well understood nor predictable.

Electroplated zinc is commonly used as the protective coat over steel supporting structures
and housings used in electronics equipment. For these applications, zinc whisker growth has
proved to be a significant problem, particularly where low voltage circuits are involved.

It is strongly recommended to purchasers that zinc plating not be used for electronics
equipment, unless zinc whisker growth is perceived to be of no consequence. Where zinc
whiskers may result in equipment malfunction, purchasers are advised to choose an
alternative protective coating.

9 ZINC COATING REQUIREMENTS
9.1 Appearance of zinc coating

Over the significant surface, the electroplated article shall be free from clearly visible
plating defects such as blisters, pits, roughness, cracks or unplated areas other than those
arising from defects in the basis metal. On articles where a contact mark is unavoidable, its
position should be the subject of agreement between the interested parties.

The articles shall be clean and free from damage. However, damaged areas not exceeding
0.5% of the total zinc-coated surface area on an article, with no individual damaged area
exceeding 40 mm’, may be repaired unless specifically declined by the purchaser at the time
of enquiry or order. Renovation methods are specified in Appendix F.
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Unless the purchaser specifies otherwise, the zinc coating shall be bright. If necessary, a
specimen showing the required finish shall be supplied or approved by the purchaser.

9.2 Thickness of zinc coating

The minimum local thickness requirement of the zinc coating, as indicated by the
classification code (see Table 1), or which is otherwise designated, shall apply to those
portions of the significant surface that can be touched with a ball 20 mm in diameter. The
minimum local thickness requirement shall also apply to additional portions of the
significant surface if specified by the purchaser.

The minimum local thickness shall be determined in accordance with Clause 10.1.

In the case of articles having a significant surface area less than 100 mm?, or where the
basis metal is inherently rough (e.g. from shot-peening or abrasive cleaning), the minimum
local thickness shall be deemed to be the minimum value of the average thickness
determined by the method specified in Clause 10.1.

9.3 Adbhesion of zinc coating

The coating shall continue to adhere to the basis metal when subjected to the test specified
in Clause 10.2.

10 TEST METHODS FOR ZINC COATINGS
10.1 Thickness

Methods that are suitable for the measurement of zinc coatings on iron and steel are
specified in AS 2331.1.1, AS 2331.1.2, AS 2331.1.3, AS 2331.2.1 and ISO 4518.

In case of dispute, the method specified in AS 2331.1.1 shall apply, except that, for articles
having a significant surface of less than 100 mm?* or where the basis metal is inherently
rough (e.g. from shot-peening or abrasive cleaning), the method specified in AS 2331.2.1
shall be used.

If agreed between the electroplater and purchaser, test method AS 2331.2.1 may be used in
all cases.

10.2 Adhesion

The adhesion test shall be in accordance with the burnishing test procedure specified in
AS 2331.4.1.

11 CHROMATE CONVERSION COATINGS
11.1 General

Conversion coatings in general, and chromate coatings in particular, enhance the corrosion
resistance of electrodeposited zinc coatings.

Chromate conversion coatings are soft when first produced and harden with age through
gradual dehydration; it is important, therefore, that coatings be handled carefully for the
first 24 h after treatment.

11.2 Classification of chromate conversion coatings

Chromate conversion coatings shall be classified in accordance with their chromate coating
mass per unit area and with their typical appearance, as specified in Table 2.
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