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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-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.
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Steel wire and wire products — Non-ferrous metallic
coatings on steel wire —

Part 2:
Zinc or zinc-alloy coating
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3.1
wire
wire

Scope

document specifies the requirements for the coating mass per unit area, for ‘other prg

on.
Normative references
titutes requirements of this document. For dated references, only the edition cited

802, Metallic materials — Wire — Wrapping test

7989-1:2006, Steel wire and wire products — Non-ferrous metallic coatings on steel wil
ral principles

D227, Corrosion tests in artificial atmospheres — Salt spray tests

Terms and definitions
he purposes of this document; the following terms and definitions apply.
ind [EC maintain terminological databases for use in standardization at the following a

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

b with zinc¢ or zinc-alloy coating
wheré the coating has first been applied to protect it against corrosion

Note!

perties and

for testing of zinc or zinc-alloy coatings on steel wire and steel wire prodyuets of circullar or other

following documents are referred to in the text in such a<way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

e — Part 1:

ddresses:

146 anfrw Stoel wzira onr‘ stoal wirg nv'nr]nrfc of f‘Ir‘I‘II]’)Y‘ orother csactions ara nrr\r‘unar] 11—
P

continuously

hot dip coated/galvamzed or continuously electro galvanized process. The coating method may be hot dipping
in a bath of molten zinc, or by means of an aqueous solution of suitable electrolyte. In the hot dipping process,
wiping media may be used to modify the coating mass per unit area.

3.2
zinc

or zinc alloy coating

coating composed of zinc or zinc alloy, where the zinc alloy is zinc to which other elements have been
deliberately added in order to obtain particular characteristics, and in which the quantity of zinc is at
least 50 %

Note 1 to entry: The most common alloy elements are aluminium, tin and nickel, but other elements may also be
considered.

© IS0 2021 - All rights reserved
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3.3

coating mass per unit area
mass of zinc or zinc alloy per unit of surface area of bare wire.

Note 1 to entry: This is expressed in grams per square metre of surface.

3.4

zinc-alu alloy coating

Zn95Al5 or
3.5

an advanced metallic coating

advanced petallic-coating

metallic coa

Note 1 to er
aluminium w

4 Coatir

4.1 Requ

The zinc or

ting which reaches specific requirements

try: Examples of advanced metallic coatings are Zn90 % + 10 % aluminium and Zy95 % +
rith 0,2 % to 0,5 % magnesium.

1g requirements

irements for the coating material

zinc alloy used for the coating shall be specified at the tinie of the enquiry and order

zinc alloys ot mentioned in this document, the alloy shall be specified\at the enquiry and order.

NOTE F

The ingot o
stated in t
electrolysis

4.2 Requ

4.2.1 Cod

br Zn-Al alloy coatings, reference is made to ASTM B997 or ASTM B750.

Fthe material used for the zinc coating shall be of miinimum 99,9 % purity unless other
he relevant product standard or other specification in the order. Coatings applie
shall contain a minimum of 99 % zinc.

irements relating to coating on the wire

ting mass per unit area

The minimyim mass of zinc or zinc-aluminium alloy coatings, per unit of surface area of the wire,

comply wit]

If no class
“regular co

Zinc-coated
is no specif

Coating ma

1 the requirements of Table1.

pf zinc coating or mo-Coating mass per unit area is specified, the coating shall be ¢
ting”.

wire produ€edas “regular coating” shall have the full surface covered with zinc, but
ed minippum weight of coating.

s different to Table 1 is possible in agreement between the manufacturer and the supp

5%

For

wise
1 by

shall

hlled

here

ier.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=f8c0bf4eb10d2351959f345b3a29410c

Table 1 — Coating mass per unit area

ISO 7989-2:2021(E)

Diameter Class
d A AB B C D Eab
mm g/m? g/m? g/m? g/m? g/m?
0,15 <d<0,20 — — 15 — 10
0,20 < d< 0,25 30 20 20 20 15
0,25 <d<0,32 45 30 30 25 15
0,32 <d< 0,40 60 30 30 25 15
0,40 <d< 0,50 85 55 40 30 15
0,50 <d< 0,60 100 70 50 35 20 40
0,60 <d< 0,70 115 80 60 40 20
0,70 < d< 0,80 130 90 60 45 20
0,80 <d< 0,90 145 100 70 50 20
0,90 <d<1,00 155 110 70 55 25
1,00 <£d< 1,20 165 115 80 60 25
1,20 < d< 1,40 180 125 90 65 25
1,40 < d< 1,65 195 135 100 70 30
1,65 < d< 1,85 205 145 100 75 30
1,85 <d< 2,15 215 155 115 80 40
2,15 <d< 2,50 230 170 125 85 45
2,50 < d< 2,80 245 185 125 95 45 60
2,80 < d< 3,20 255 195 135 100 50
3,20 <d< 3,80 265 210 135 105 60
3,80 <d< 4,40 275 220 135 110 60
4,40 <d< 5,20 280 220 150 110 70
5,20 < d< 8,20 290 110 80
8,20 <d < 10,00 300 110 80
a2 The corrosion resistance in saltspray according ISO 9227 of this Class E shall be at least equivalent of the$e from a zinc
coat]ng according Class B.
b bnly for zinc-aluminiufiedatings.
4.2.2 Coating reguirements to salt-spray test
The purface.af the samples of the wires, when tested according ISO 9227, shall not show mojre than 5 %
darK browhrust after the minimum hours defined below.
The ndinimum number of hours of salt spray resistance depends on type of coating, wire dfameter and

specified Tmmnimum coating expiained i Tabie t-

Table 2 is applicable to wires with minimum 1,6 mm diameter and minimum 100 g/m?2 coating weight.

The minimum number of hours will be calculated by multiplying minimum coating in g/m?2 and the

normalised coefficient (h/g/m?2) reported in Table 2.

© IS0 2021 - All rights reserved
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Table 2 — Coating requirementsb

. Normalised coefficient
Coating type
(h/g/m?)
Zinc 2
Standard zinc alu alloy coatings (Zn95AI5) 6
Advanced zinc alu alloy coatings 12

For example:

a  h/g/m2: Multiplied by coating weight = Hours Salt spray before 5 % steel rust according to ISO 9227.

Zinc Class A wire:

— dia 1,65 ¢
— dia 10,00
b The salt

Fith 205 g/m# will stand 410 h;
with 300 g/m?2 will stand 600 h.

pray testresult (e.g. 1 500h ) is the average value of 6 wire samples of each minimum 20 cm length:

4.2.3 Appearance of coating

The coating applied to the wire shall be reasonably smooth and as evenly diStributed as industrial
technology pllows and not show discontinuities such as bare patches, dross cgntamination, etc.
NOTE The zinc-aluminium alloy might show difference in colour and become ‘darker with time. This dogs not
affect the cofrosion protection performance.
4.2.4 Dipping test
Ifagreed atfthe time of the enquiry and order, the dipping (immiétsion) test shall be carried out acconding
to the proc¢dure detailed in 5.3. However, it should be pointed out that there is no direct link between
the number|of dips and the coating mass per unit area and that the result is determined as much by the
conditions ¢f manufacture of the coating as by the uniformity of the coating.
Table 3 givé¢s the minimum number of immersions for coatings of Classes A and AB. The dipping test
does not apply to Classes B, C, D and E.
Table 3%— ‘Minimum number of dips
Nominpl diameter Class A Class AB
d Number of dips Number of dips
mm of 1 min? of 1/2 minb of 1 min? of 1/2 minb

0,40|< d< 0,60 — 1 — —

0,60|< d< 0,90 1 — — 1

0,90|< d< 1,00 1 1 — 1

1,00|< d< 1¥40 1 1 1 —

1,40|<d% 1,65 2 — 1 —

1,65 <d< 1,85 2 — 1 —

1,85 <d< 2,15 2 — 1 1

2,15<d<2,80 2 1 1 1

2,80 <d< 4,40 3 — 2 —

4,40 < d< 5,20 3 1 2 —

5,20 <£d< 8,20 3 1 — —

8,20 <d <10,00 4 — — —

a2  For Zinc-Alu alloy coatings one dip equals 45 s instead of 1 min.
b For Zinc-Alu alloy coatings one dip equals 22 s instead of 1/2 min.

© ISO 2021 - All rights reserved
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4.2.5 Special finishes

If drawing after galvanizing is required, it shall be stipulated at the time of enquiry and order or in the
appropriate product standard. The same also applies for other special finishes such as wax coating, a
polished surface or an exceptionally smooth surface.

4.2.6 Adherence of coating

4.2.6.1 Wrapping test

the test carried out in accordance with 1SQ 7802 the coating shall adhere to the steel when
subjgected to the conditions of wrapping test for adherence. It shall not crack or split to.sugh an extent
that|slivers of coating can be removed by simply rubbing with the bare fingers. The’lposening or
detachment during testing of small particles of zinc resulting from mechanical polishing of|the surface
e zinc or zinc-alloy coating shall not be considered to be a cause for rejection.

The wrapping test shall be carried out according to ISO 7989-1:2006, 5.3.

4.2.6.2 Assessment of adherence

To ajssess the adherence of the coating as may be specified in the)relevant product standard or for
evalpating different conditions of manufacturing, the followingptocedure may be applied.

Comjpare the coiled wire to the reference chart (see Figure:)."Allocate a value of 1 to 5 to the quality of
adhgrence of the coating in accordance with the reference.chart in Figure 1.

© IS0 2021 - All rights reserved 5
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Figure 1 — Assessment of the adherence of the coating

5 Test conditions

5.1 Selection of samples

The number and the basis for the selection of test pieces shall be defined in the product standards.
In the absence of such a standard, the manufacturer and purchaser shall agree between them on the

degree of sampling.

When taking the samples, care shall be taken to avoid damaging the surface. Parts of the wire which
are visibly damaged shall not be used.

6 © IS0 2021 - All rights reserved
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A test piece of wire, which is of a suitable length for the specified tests shall be taken from
ends of each reel selected for sampling.

In the case of coated wire products, the product standard shall specify the length of the
be taken.

5.2 Determination of coating mass per unit area

5.2.1 General

eith¢r by the gravimetric method or the volumetric method. The second offers an accept
of agcuracy and has the advantage of being quick. This is why it is the preferred method
testing of wire of all dimensions which can easily be fitted into the measuring equipment.
of anly dispute, the gravimetric method shall be used as the reference test method,

The test methods in this document do not necessarily include in detail all théprecautions 1
satidfy hygiene and safety requirements in the workplace, etc. Care should be taken to eng
necegssary precautions are taken and procedures are implemented only-by people who ha
suitgble training.

5.2. Gravimetric method

5.2.2.1 General

The method shall be applied in accordance with ISO 72989-1 with the following additional re

5.2.2.2 Reagents

5.2.2.2.1 Hydrochloric acid, used as a-stripping solution, with a concentration of 1,13 g/n
ml by density to which an appropriate-inthibitor is added.

5.2.2.2.2 Inhibitor, added to the.stripping solution.

Dissplve 3,5 g of hexametliylene-tetramine (C;H;,N,) in 500 ml of concentrated hydro
(p =[1,19 g/ml). Dilute this'solution to 1 000 ml with distilled water.

other suitable inhibitor can be used.

It is recommendéd-that preference be given to inhibitors which do not contain antimony.

5.2.2.3 _Calculation of coating mass per unit area

The oating mass of zinc or zinc alloy per unit area shall be calculated according Formulae

one or both

samples to

determined
hble degree
for routine
n the event

ecessary to
ure that all
ve received

juirements.

hlto 1,19 g/

rhloric acid

1) and (2):

m, =2 106
A

where

A is the coated surface of the sample, in square millimetres (mm?) (surface of the stri
Am is the mass loss of the sample by chemical stripping, in grams (g);

m, is the coating mass, in grams per square metre (g/m2).

© IS0 2021 - All rights reserved
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or

m, =1962xdx

where

m,

m, is the mass of the sample after chemical stripping, in grams (g);

is the diameter of (round) wire, in millimetres (mm);

(2)

d
my ist
5224 T

After carefyilly straightening out the wire samples, cut the test pieces accurately to_asuitable le
bn the size of the tube, the diameter of the wire and the assumed mass’ of the coalting.

depending
The lengthg
necessary d

e coating mass, In grams per square metre (g/m#).

pst pieces

given in Table 4 are generally applicable for proper gas release. Different lengths m3
epending on the release of gas.

Table 4 — Recommended length of test piecés

hgth

y be

Dimensions in millimetres
Diameter Length of test piece
d
0,15 <d< 1,00 600
1,00 <d< 1,50 500
1,50 <d< 3,00 300
3,00 <d<5,00 200
5,00=<d<10,00 100

5.2.3 Gas

5.231 P

The volumd
metal disso

i.e. representing the chemical equivalent of the metal in question.

For zinc all

alloy. Only the method for zinc and the “zinc 95 % - aluminium 5 %" alloy is described in detail

eous volumetric method

rinciple

tric method for détermining the mass of the coating depends on the property by wh
lved in an acid releases a quantity of hydrogen proportional to the mass of metal disso

bys, each{Case shall be examined individually on the basis of the metals present in the

By measuri

ng. the volume of hydrogen released by dlssolvmg the coatmg, the quantlty of coatmg (oF:

ch a
ved,

zinc

n be

determine

dissolved, the coating mass per unit area is obtained.

5.2.3.2 Reagents

. D_y I CldLlllg Llllb I CbulL to LllC SUl ldLU dlCd Ul LUC test plCLC, IHICdsSul CU UIILC LllU LUdLlllb haS

5.2.3.2.1 Hydrochloric acid, used to dissolve the coating, with a density between 1,13 g/ml and

1,19 g/ml.

NOTE

produce slightly lower results.

© ISO 2021 - All rights res
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5.2.3.2.2 Inhibitor, added to the stripping solution, to protect the steel base against dissolving.

The inhibitors may be hexamethylene-tetramine (C4H;,N,), formaldehyde (HCHO) or any other suitable
inhibitor.

5.2.3.3 Apparatus
The apparatus used is made up of the following items (see Figure 2).

oy s S

1\

|
|
|
} P2

2

1 / 1

hase
fap B

hose

braduated tube
fap A

hcid reservoir

N O U W

Container

F

.

gure 2 — Apparatus for the determination of the coating mass per unit area by the gaseous
volumetric method

5.2.3.3.1 \'Tube (key item 4), graduated in millimetres, with a tap at each end

5.2.3.3.2 Flask (key item 6), with an opening near the bottom, connected by rubber tube to the opening
near the bottom of the graduated tube.

5.2.3.3.3 Container (key item 7), to hold the test piece once the zinc coating or zinc-alloy coating has
been removed.

5.2.3.4 Test pieces

After carefully straightening out the wire samples, cut the test pieces accurately to a suitable length
depending on the size of the tube, the diameter of the wire and the assumed mass of the coating.
The lengths given in Table 5 are generally applicable for proper gas release. Different lengths may be
necessary depending on the release of gas.

© IS0 2021 - All rights reserved 9
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Table 5 — Recommended length of test pieces

Dimensions in millimetres
Diameter Length of test piece
d
d< 1,00 300
1,00 <d< 1,50 150
1,50 <d< 3,00 100
3,00<d<5,00 50
5.2.3.5 Procedure
With tap B|closed, fill the graduated tube and part of the flask with as reagent a hydrochloric|acid
solution cofjtaining a suitable inhibitor.
Raise the lejel of liquid in the graduated tube to just below A by raising the acid resetvoir. The levgls in
the tube anfl flask shall be identical [see Figure 3 a)].
After placing the test piece in the graduated tube through tap A, close tap A and hydrogen releasgd by
the action of the acid on the coating will accumulate in the upper part of the)graduated tube.
When the release of hydrogen is completed, apart from a few small bubbles, lower the flask|[see
Figure 3 b)] in relation to the graduated tube, in order to bring the‘levels of solution in the tubel and

flask to the

minimum e

When the tg
on a table.

Open tap B
piece is the

The test sh|
maintained
temperatur

Itis notrec

'TOr.

st is completed, open tap A and remove all.the acid reagent from the tube, placing the

so that the test piece can be remoyed from the tube and placed in the container. The
1 washed and carefully wiped before’its diameter is measured.

all be carried out on one tést piece at a time and the temperature in the tube sha
at 20 °C = 2 °C. The laberatory temperature shall be noted and when necessa
e correction shall be applied.

pbmmended that theZvolumetric method be used for wire with a diameter greater than 5

same height. The position of the surface of the liquid'in the tube then shows the volume
of hydrogen released. The volume shall be read from the lower level of the liquid surface to en|

sure

lask

test

1 be
ry a

mim

10
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ST 'T,ut:’ ¥

~

w
S Ea S Tk

st RAUNERS

a)| Arrangement of ratus at start of test b) Arrangement of apparatus when measuring
the volume of hydrogen released

l1(ey fap A ?2-9
fap B %Q

hCl &Ervoir
&

Figure 3 — Apparatus to determine the coating mass per unit area by gaseous volumetric method

5.2.3.6 Expression of results

The result is determined once the test piece has been tested. The coating mass per unit area depends
on the type of alloy. The volume of hydrogen released is directly related to the mass of zinc dissolved
by the acid. For a non-alloy zinc coating, the coating mass of zinc per unit area, expressed in grams per

square meter, is supplied by Formula (3) (T = 20 °C):
2724V
m=———

m-d-1 (3)

© IS0 2021 - All rights reserved 11
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NOTE At 20 °C, 1 mol of hydrogen equals 24,0 | of hydrogen, corresponding to 65,37 g of zinc. A volume V of
hydrogen, expressed in millilitres (ml), corresponds to a mass m of zinc, expressed in grams (g), see Formula (4):

m=M=2,724-V-10—3 (4)
24,0-103

The mass per unit surface (m,), in g/m?2 equals, see Formula (5):

_2,724V-1073 2,724V
n-d-1-107° n-d-1

6)

my

where

d isthe diameter of (round) wire without coating, in millimetres (mm);
I isthe length of the test piece, in millimetres (mm);
V  is the volume of hydrogen released during each of the tests, in millilitres (ml}):

In the case pf shaped wire, 1id is replaced by the circumference of the shape; this'is generally obtalined
from a of thle section of the wire.

If the tempfrature ¢, in degrees Celsius (°C) is very different from 20.°C, a temperature corre¢tion
shall be applied for the volume by multiplying the right side of thé equation above by the factor} see

Formula (6]):

293
T+273

(6)

If the atmosgpheric pressure, p, is not between 987 mbar and 1 040 mbar, the same formula should be
multiplied by, see Formula (7):

p
7
1,014 (7)

In practice, [tables can be used to read-the mass of zinc per square meter of surface of uncoated witle, as
a function df the diameter of the wife,the length of the test piece and the volume of hydrogen relegsed.

In the case pf the alloy Zn95A15,-the mass of the alloy (m,) is supplied by Formula (8):

2405V
m, =— 8
A7 pdil (8)
This formula is only:valid if the mean aluminium content is between 4,5 % and 7,2 %.
This formula s also valid for 4,5 % and 7,2 % aluminium added with 0,2 to 0,5 magnesium
In the case of the alloy Zn90AI10, the mass of the alloy (m,) is supplied by Formula (9):
2151V
m, = 9
47 mdl 9)

This formula is only valid if the mean aluminium content is between 8,4 % and 13,2 %.

The above formula may be used for circular section wire. In the case of shaped wire, the factor id shall
be replaced by the nominal circumference of the shape.

For other zinc alloys, the volumetric method may be applied in so far as a reliable relationship can be
established between the gas released and the coating mass per unit area.
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