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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.

The proced

e are

described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Attention is firawn to the possibility that some of the elements of this document may,be the subject of

on the ISO lis

Any trade ng
constitute ar

For an expl
assessment,
to Trade (TB

ISO 4528 w4
ISO Technica

This second
revised.

4. ISO shall not be held responsible for identifying any or all such patentrights. Details of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and dogs not
endorsement.

ination on the meaning of ISO specific terms and <expressions related to conformity
s well as information about ISO’s adherence to the WTO principles in the Technical Bafriers

T) see the following URL: Foreword - Supplementafry information

s prepared by the European Committee for;Standardization (CEN) in collaboration with
1 Committee ISO/TC 107, Metallic and other inorganic coatings, in accordance with the
Agreement on technical cooperation between ISO andCEN (Vienna Agreement).

edition cancels and replaces the firStedition (ISO 4528:2000), which has been techitically
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Introduction

Standard test methods are required for measuring and controlling the properties and hence also the
quality of vitreous and porcelain enamelled finishes.

To ensure that these finishes meet the requirements of various applications, test methods have to be
chosen to measure the properties that are important to the function of a specific enamelled article.

© ISO 2015 - All rights reserved v
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INTE

RNATIONAL STANDARD

ISO 4528:2015(E)

Vitreous and porcelain enamel finishes — Guide to
selection of test methods for vitreous and porcelain
enamelled areas of articles

WARNING — This International Standard might not be compliant with some countries’ health and
safety legislation and calls for the use of substances and/or procedures that can be injurious to
health if adequate safety measures are not taken. This International Standard does not address
any health hazards, safety, or environmental matters and legislations associated with its use. It
is the responsibility of the user of this International Standard to establish apprepriate health,
safety, and environmentally acceptable practices and take suitable actions to, comply with any

nati
itselfi

al and international regulations. Compliance with this International Standar
confer immunity from legal obligations.

1 Sicope

This |
of vit
availdg
requi

Itisli
and d

nternational Standard is a guide to the selection of test methods for evaluating the
reous and porcelain enamelled finishes in different applications. It references the {
ble for measuring the properties of these finishes _ahd correlates these prope
rements of specific enamelled articles.

mited for the most partto test methods thatare des¢ribed in ISO International/Europe
pes not provide acceptance criteria or performance limits for the properties.

This International Standard applies to all enameélled articles irrespective of their basis me

2 Selection of test methods

Thep

operties of enamelled surfaces are listed in Table 1, along with the numbers of the ISO

by which they may be measurediThe table identifies the tests that should be performed

perfo
speci

Fmance of 30 specific enamelled articles. Suitable standard test methods are selected
ic tests recommended.in‘the column for each of the enamelled articles.

The fpllowing symbols-are used in Table 1.

+ testing inraceordance with the method given is suitable;

+) the téspmethod that is cited may need to be modified to take into account special
ments of a specific application;

does not of

performance
est methods
rties to the

hn Standards

tals.

test methods

to assess the
by noting the

require-

-“7he test is not applicable and/or the test method is not suitable.
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Table 1 — Test methods for assessing the properties of enamelled articles

Number and description of enamelled article

1 2 3 4
Cookers Cookers Cookers Room
ISO or EN (top plate) (baking com- [other heating
No. Property test method partmenta, components | equipment
grills, burner (excluding
caps, pan cookware)]
supports, acces-
sories)
Methods of assessing resistance to chemical attack in various solutions
1 Cold citr|c acid IS0 28706-1:2008, Clause 9 + + + <t
>
2 Cold sulfuric acid 1S0 28706-1:2008, Clause 10 - - +b C\'\ b
NJ
3 |Boiling cftric acid 1SO 28706-2:2008, Clause 10 - - 'n_‘(l/ -
4 Boiling splfuric acid ISO 28706-2:2008, Clause 11 - - o O -
v
5 Condens|ng hydrochloric acid IS0 28706-2:2008, Clause 12 } } b(')_ )
vapour ('3
6 Condens|ng products of com- EN 18561 Annex A } } \ ) )
bustion yapour ! s\
O
7 Hot sodiyim hydroxide ISO 28706-4, Clause 9 - - -
A3
8 Boiling water IS0 28706-2:2008, Clause 13 - OQ - - -
9 Water vapour ISO 28706-2:2008, Clause 13 - \\\‘ - - -
10 |Hotstanglard detergent IS0 28706-3:2008, Clause 9 - As\\ - - -
11 |Liquid clpaners c Q{\‘C) + + +
12 |Weather|ng resistance d $ - - - -
13 | Special cprrosive substances 1SO 28706-4 ‘\\‘0 - - - -
14 |Special cprrosive substances 1SO 28706-5 \O - - - -
15 |Release ¢flead and cadmiume 1SO 4531-1/EN 13{}3‘&2’ - + - -
Methods of assess(ﬁ}hﬁckness and other properties
16 |Thicknegs ISO 217&1&0 2360 + + + +
17 | Reflectiyity and gloss 813 - - - -
=
18 |Wavinesp C) ¢ - - - -
19 |Colour 1;99.951103/150 7724 (all parts) + + + +
20 |Defects (jvisual inspection) C,‘\J c + + + +
-
21 Coll}[tmu; aytand porosity (@@ 1SO 8289 ) . ) )
voltage tpst) ?‘
Continuify and poro<::> high . . . .
22 voltage tpst) é EN 14430
23 | Resistanfe to(h%nal shock 1SO 2747 - - - -
24 Resistan:e‘@thermal shock ISO 28763:2008, Annex A + + - +
25 |Resistance to thermal shock 1SO 13807 - - - -
26 |Resistance to heat ISO 4530 + + + +
27 |Temperature class EN 1859, 4.6 - - - -
28 |Resistance to impact ISO 4532 + + + +
29 |[Adhesion EN 10209:2013, Annex C + + + +
30 |Abrasion resistance c + + + -
31 |[Subsurface abrasion resistance 1SO 6370-2 - - - -
32 |Scratchresistance [SO 15695 - - - -
33 |Scratch hardness EN 15771 - - - -
2 © IS0 2015 - All rights reserved
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Table 1 — (continued)

ISO 4528:2015(E)

Number and description of enamelled article

5 6 7 8
No. Property IS0 or iNd Cookware Cookware Chimneys | Tableware
test metho (inside (outside sur- and
surfaces and faces) flue pipes
utensils)
Methods of assessing resistance to chemical attack in various solutions
1 |[Cold citric acid ISO 28706-1:2008, Clause 9 + + - +
2 | Cold sulfuric acid ISO 28706-1:2008, Clause 10 - - -
3 | Hoiling citric acid IS0 28706-2:2008, Clause 10 + - -‘Q’ -
L)
4 | Hoiling sulfuric acid IS0 28706-2:2008, Clause 11 - - AQ\ -
) — N2
5 (Jondensing hydrochloric acid 1SO 28706-2:2008, Clause 12 ) ) % J )
viapour P (] o
: - \®)
6 (Jondensing products of combus EN 18561, Annex A ) ) b‘ o) )
tlon vapour N\
7 |Hot sodium hydroxide ISO 28706-4:2008, Clause 9 - \%\J - -
N
8 |Hoiling water ISO 28706-2:2008, Clause 13 + (-s\\ - - -
9 | Water vapour ISO 28706-2:2008, Clause 13 + /\Q - - -
10 |[Hotstandard detergent IS0 28706-3:2008, Clause 9 O\) - - -
\ N
11 |Uiquid cleaners c ) \\ + - +
N4
12 |Weathering resistance d | - - - -
13 |Special corrosive substances ISO 28706-4 \\9 + + - +
14 |Special corrosive substances 1SO 28706-5 n& - - - -
\ %
15 |Helease of lead and cadmiume [SO 4531-1/EN 133\8—2 + - - +
Methods of asses thickness and other properties
16 |Tfhickness ISO\Z\]\@HSO 2360 + + + +
17 |Reflectivity and gloss C)}SO 2813 - - - -
18 |Waviness k\ ¢ c - - - -
\ ¥
19 |dolour _ @105—]03/150 7724 (all parts) + + - +
20 |Defects (visual inspection) A&-’ c + + ) +
(ontinuity and porosity (1 N 1SO 8289 - - - -
21
vpltage test) {-A\
2o | gontinuity and por(@’({nigh EN 14430 - - - -
vpltage test) Q~
23 |Hesistance t(ﬁ‘mal shock 1SO 2747 + + - -
. N
24 Femsta@thermal shock [SO 28763:2008, Annex A - - - -
25 | Hesisfante to thermal shock 1S0 13807 : : : :
7
26 P:QHH(‘P to heat IS0 4530 - - - -
27 |Temperature class EN 1859, 4.6 - - + -
28 |Resistance to impact 1SO 4532 + + - +
29 |Adhesion EN 10209:2013, Annex C + + ) +
30 |Abrasion resistance c + + - +
31 |Subsurface abrasion resistance 1SO 6370-2 - - - -
32 |Scratch resistance ISO 15695 - - - -
33 |Scratch hardness EN 15771 - - - -

© ISO 2015 - All rights reserved
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Table 1 — (continued)

Number and description of enamelled article

ISO or EN 9 10 11 12
No. Property test method Sinks | Refrigerators | Refrigerators Washing
(inside surfaces) | (outside sur- machines
faces) (drum)
Methods of assessing resistance to chemical attack in various solutions
1 |[Cold citric acid 1SO 28706-1:2008, Clause 9 + + + +
2 |Cold sulfuric acid 1S0 28706-1:2008, Clause 10 + - - -
3 |Boiling cityteaetd 156-28766-22068Ctause 16 —
4 |Boiling sulfuric acid ISO 28706-2:2008, Clause 11 - - - y\(o
5 Condensing hydrochloric acid 1SO 28706-2:2008, Clause 12 ) ) . ‘q/
vapour O~
Condensing products of combus- (I/V
6 [C g produ u EN 1856-1, Annex A - . %)
tion vapouf b‘
7 |Hotsodiunp hydroxide IS0 28706-4:2008, Clause 9 - - ,-O -
8 |Boiling wafer 1S0 28706-2:2008, Clause 13 ¥ - N
9 |Water vappur IS0 28706-2:2008, Clause 13 - -y O -
10 |Hotdetergpnt IS0 28706-3:2008, Clause 9 + —<§< -
A
11 |Liquid cledners c + \% +
‘ N
12 |Weathering resistance d - k\} - -
13 |Special Corlrosive substances 1SO 28706-4 - \n@ - -
14 |Special Corlrosive substances 1SO 28706-5 ;\\) - -
15 |Release of Jead and cadmiume 1SO 4531-1/EN 1388-2 \Q) - - -
Methods of assessing thickws nd other properties
N4
16 |Thickness ISO 2178, 1SO 236QL\ + + +
N A
17 |Reflectivity and gloss ISO 281,3,\\() + - -
18 |Waviness c, \J - - -
19 |Colour ISO 105-]0}@7724 (all parts) + + +
20 |Defects (visual inspection) ('p c + + +
N
Continuityjand porosity (low . ) ) )
21 | Coltage tod) Op IS0 8289
L . . Cf\"
22 Continuityland porosity (high 9) EN 14430 . ) )
voltage tedt) U
23 |Resistancqto thermal sh 1SO 2747 - - -
. \
24 |Resistancdqto therma@ck IS0 28763:2008, Annex A - - -
25 |Resistancdtot \Ihock ISO 13807 - - -
3
26 |Resistancd tm} ISO 4530 - - -
27 |Temperature class EN 1859, 4.6 - - - -
28 |Resistance to impact 1SO 4532 + + + +
29 |Adhesion EN 10209:2013, Annex C + + + +
30 |Abrasion resistance c + - - +
31 |Subsurface abrasion resistance 1SO 6370-2 - - - -
32 |Scratch resistance 1SO 15695 + - - -
33 |Scratch hardness EN 15771 + - - -
4 © IS0 2015 - All rights reserved
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Table 1 — (continued)

Number and description of enamelled article
13 14 15 16
No. Property IS0 or EN Washing | Dishwasher | Dishwasher | Bathtubs and
test method machines [rinsing [box (out- articles for
[box (out- container side)] sanitary use
side)] (inside)] (households)
Methods of assessing resistance to chemical attack in various solutions
1 |[Cold citric acid ISO 28706-1:2008, Clause 9 + + + +
2 | Cold sulfuric acid IS0 28706-1:2008, Clause 10 - - - +
3 |Hoiling citric acid ISO 28706-2:2008, Clause 10 - - - ‘Q’ +
L)
4 | Hoiling sulfuric acid ISO 28706-2:2008, Clause 11 - - Q\ -
47
5 (ondensing hydrochloric acid 1SO 28706-2:2008, Clause 12 ) ) % Ny )
vlapour )
(Jondensi ducts of bus- pr
6 ondensing products of combus EN 1856-1, Annex A ) ) b‘ ) )
tlon vapour N\
7 |Hot sodium hydroxide IS0 28706-4:2008, Clause 9 - \%\J - -
N
8 | Hoiling water 1SO 28706-2:2008, Clause 13 - (%\ + - )
9 |Water vapour IS0 28706-2:2008, Clause 13 PN + - -
10 |[Hotstandard detergent IS0 28706-3:2008, Clause 9 O\) + - )
L \ N
11 |liquid cleaners c ) ‘\\ - + +
. . a\d
12 |Weathering resistance d d - - - -
=
13 |Ypecial corrosive substances IS0 28706-4 \\S\ - + - +
14 | Ypecial corrosive substances ISO 28706-5 n& - - - -
\Z/
15 |Helease of lead and cadmiume ISO 4531-1/EN 13&%—2 - - - -
Methods of asses thickness and other properties
16 |Thickness ISO 2.1@%0 2360 + + + +
N
17 |Heflectivity and gloss @O 2813 - - - -
18 |Waviness k& ¢ c - - - -
19 |dolour ”@\105-103/150 7724 (all parts) + - + +
20 |Defects (visual inspection) A&.) c + + + +
- o (17D
21 |{ontinuity and porosity (1% 1SO 8289 ) + ) +
Voltage test) (-.A\
(ontinuity and poro{}"{fxigh . . )
22 Voltage test) Q~ EN 14430 *
23 |Hesistance t(ﬁ‘%nal shock 1SO 2747 - - - -
. N4
24 |R emsta@thermal shock IS0 28763:2008, Annex A - - - -
25 | esi!&)‘{e‘to thermal shock IS0 13807 - - - -
V.ol
26 |R ance to heat IS0 4530 - - - -
27 |Temperature class EN 1859, 4.6 - - - -
28 |Resistance to impact 1SO 4532 + + + )
29 |Adhesion EN 10209:2013, Annex C + + + +
30 |Abrasion resistance c - - - +
31 |Subsurface abrasion resistance ISO 6370-2 - - - -
32 |Scratch resistance ISO 15695 - - - -
33 |Scratch hardness EN 15771 - - - +

© IS0 2015 - All rights reserved 5
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Table 1 — (continued)

Number and description of enamelled article

17 18 19 20
Bathtubs; Hot water Traffic and Building
No. Property I1SO or EN articles for tanks other signs, | panels, light
test method sanitary posters reflectors,
use/ furniture for
medical indoor use
uses
Methods of assessing resistance to chemical attack in various solutions
1 |Cold citric acid 1S0 28706-1:2008, Clause 9 + (+) + +
2 | Cold sulfuyic acid IS0 28706-1:2008, Clause 10 + + - ,\@
N
3 |Boiling citfic acid ISO 28706-2:2008, Clause 10 + - - Q -
4 |Boiling sulfuric acid ISO 28706-2:2008, Clause 11 - - - v -
AJ
5 Condensing hydrochloric acid 1SO 28706-2:2008, Clause 12 ) ) b(‘gl/ )
vapour
6 |Condensing products of combus- EN 1856-1, Annex A ) ) é.) ) )
tion vapouf L\
7 |Hotsodiunp hydroxide IS0 28706-4:2008, Clause 9 - - O)\ - -
8 |Boiling water 1S0 28706-2:2008, Clause 13 ® A - -
9 |Water vappur IS0 28706-2:2008, Clause 13 L Q\/- - -
N
10 |Hotstanddrd detergent ISO 28706-3:2008, Clause 9 ) QQ\\ - - -
11 |Liquid cledners ¢ + Q@ N + +
- N
12 |Weatherin resistance d \\-, - + -
13 |Special corlrosive substances 1SO 28706-4 . 0)® + - - -
14 |Special cmlrosive substances ISO 28706-5 ,\A - - - -
15 |Release of Jead and cadmiume ISO 4531-1/EN 138\8|—2\\.) - + - -
Methods of assessinﬁ kness and other properties
N\
16 |Thickness 1S0 2178, }M360 + + + +
17 |Reflectivity and gloss 1582813 . ; + +
\)
18 |Waviness ,.O c - - + +
19 |Colour ISO(lQ%?]‘63/ISO 7724 (all parts) + - + +
20 |Defects (visual inspection) \%\J ¢ + + + +
L . \S
21 Continuityjand porosity (low 9 1SO 8289 + ) . )
voltage tedt) N
Continuityland porosity (ti ) }
22 | Joltage tod) EN 14430 + +
23 |Resistancgto the@hock 1SO 2747 - - - -
24 |Resistancd t?{}}r}nal shock 1SO 28763:2008, Annex A - - - -
25 |Resistanc Luﬂ’lcl tratshock 156-1386% = = = =
26 |Resistance to heat ISO 4530 - - - -
27 |Temperature class EN 1859, 4.6 - - - -
28 |Resistance to impact ISO 4532 ) + + +
29 |Adhesion EN 10209:2013, Annex C + + + +
30 |Abrasion resistance c + - + +
31 |Subsurface abrasion resistance 1SO 6370-2 - - - -
32 |Scratch resistance 1SO 15695 - - - -
33 |Scratch hardness EN 15771 + - - -
6 © IS0 2015 - All rights reserved
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Table 1 — (continued)

Number and description of enamelled article
21 22 23 24
Building Petrol Exhaust pipe Apparatus
ISO or EN panels, light pump silencers and containers
No. Property test method reflectors, panels and heat for chemicals,
furniture exchangers | pharmaceuti-
for exterior cal, and food
use industry
(outside)
Methods of assessing resistance to chemical attack in various solutions
1 |dold citric acid IS0 28706-1:2008, Clause 9 + + - <k -
=
2 | (dold sulfuric acid IS0 28706-1:2008, Clause 10 - - - '\ -
3 |Hoiling citric aci )
oiling citric acid ISO 28706-2:2008, Clause 10 + - A -
4 | Hoiling sulfuric acid ISO 28706-2:2008, Clause 11 - - (IT/Q -
. L vJ
5 (ondensing hydrochloric acid 1SO 28706-2:2008, Clause 12 ) } ‘x } .
viapour 0
6 (ondensing products of combus- EN 18561, Annex A ) \(O } )
tlon vapour ,i\
7 |Hot sodium hydroxide IS0 28706-4:2008, Clause 9 - Q ~J - - +
N
8 |Hoiling water 1SO 28706-2:2008, Clause 13 OQ - - )
N\
9 |Water vapour IS0 28706-2:2008, Clause 13 \\\ - + +
10 [Hotstandard detergent IS0 28706-3:2008, Clause 9 3\\) - - - -
V
11 |liquid cleaners c Q(\\J + + - -
12 |Weathering resistance d $ + + - -
13 | Ypecial corrosive substances ISO 28706-4\\\w - - ) +
14 |Ypecial corrosive substances ISO 28ZQ@S - - + +
15 |Helease of lead and cadmiume IS0 453 N 1388-2 - - - -
Methods@%sessing thickness and other properties
16 |Thickness “]SO 2178,1S0 2360 + + + +
17 |Heflectivity and gloss (‘& 1SO 2813 + + - -
o
18 |Waviness ) < + + - -
19 |{olour (;\O 1150 105-J03/1S0O 7724 (all parts) + + - -
20 |Defects (visual inspec@"} c + + + +
- @“’
21 (ontinuity and po (low 1SO 8289 . . ® )
Vpltage test) Q‘
S
22 |9 ontinui?@Xrosuy (high EN 14430 . ) N N
Vpltage t
23 |HesistanCe to thermal shock 1S0 2747 - - “ -
24 | R egﬁance to thermal shock 1S0O 28763:2008, Annex A + + + -
25 |Resistance to thermal shock 1SO 13807 - - - +
26 |Resistance to heat ISO 4530 - - Q)] -
27 |Temperature class EN 1859, 4.6 - - - -
28 |Resistance to impact ISO 4532 + + +) )
29 |Adhesion EN 10209:2013, Annex C + + ) Q)]
30 |Abrasion resistance c + + ) -
31 |Subsurface abrasion resistance IS0 6370-2 - - - )
32 |Scratch resistance ISO 15695 + - - -
33 |Scratch hardness EN 15771 + - - -

© IS0 2015 - All rights reserved 7


https://standardsiso.com/api/?name=4f4cbc41ffdbc5ac51e66810d3a7f674

ISO 4528:2015(E)

Table 1 — (con

tinued)

Number and description of enamelled article

25 26 27 28
Tanks Tanks for more | Tanks for |Agricultural
for less demanding general slurry tanks
1SO or EN demanding industrial/ industrial
No. Property industrial/ municipal dry bulk
test method L .
municipal treatment liq- storage
treatment | uid application | application
liquid appli-
cation
LI H e 1O 2Q7 0
Fer-moreinformationseet56-287653
Methods of assessing resistance to chemical attack in various solutions ,\V.)
1 |[Cold citricpcid ISO 28706-1:2008, Clause 9 + + + )
2 | Cold sulfuyfic acid IS0 28706-1:2008, Clause 10 - + -n% N
3 |Boiling citgic acid 1SO 28706-2:2008, Clause 10 + + ‘\'(@V
ve
4 |Boiling sulfuric acid IS0 28706-2:2008, Clause 11 - - -
5 Condensinp hydrochloric acid 1SO 28706-2:2008, Clause 12 } " \_) }
vapour ,i\
. |\
6 C_ondensm b products of combus- EN 1856-1, Annex A } Q }
tion vapouf ‘0
\ 4
7 |Hot sodiunm hydroxide IS0 28706-4:2008, Clause 9 + . + +
)
8 |Boiling wafer IS0 28706-2:2008, Clause 13 + k\~} + +
9 | Water vapur IS0 28706-2:2008, Clause 13 \r\@ + -
10 |Hotstanddrd detergent IS0 28706-3:2008, Clause 9 k\\) + -
11 |Liquid clegners c ~\‘® - - -
12 |Weathering resistance d (\\ - - -
. . N7
13 |Special conjrosive substances IS0 28706-4 e - + -
A
14 |Special cofrosive substances ISO 28709;&\() - - -
15 |Release of Jead and cadmiume ISO 4531—1/EI\M88—2 + + +
Methods (@ssing thickness and other properties
16 |Thickness l?ﬁ%-l)]& 1SO 2360 + + +
A4
17 |Reflectivitly and gloss n + IS0 2813 - - -
18 |Waviness ('\'% c - - -
19 |Colour :?SO 105-J03/1S0O 7724 (all parts) - - -
N
20 |Defects (visual inspectiog)g‘ c + + +
Continuityjand porosi w . . .
21 voltage tesf) éqy 1SO 8289
Continuityjan o%;ity (high
22 voltage tegt) } IK EN 14430 + + +
—
23 |Resistance to thermal shock ISO 2747 - - - -
24 |Resistance to thermal shock 1SO 28763:2008, Annex A - + - -
25 |Resistance to thermal shock ISO 13807 - - - -
26 |Resistance to heat ISO 4530 - - - -
27 |Temperature class EN 1859, 4.6 - - - -
28 |Resistance to impact ISO 4532 + + + +
29 | Adhesion EN 10209:2013, Annex C + + + +
30 [Abrasion resistance c + + + +
31 |Subsurface abrasion resistance ISO 6370-2 - + - -
32 |Scratch resistance ISO 15695 - - - -
33 |Scratch hardness EN 15771 + + + +
8 © IS0 2015 - All rights reserved
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