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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
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Determination of resistance to chemicalcorrosion by acids at room temperature
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Corrosion of vitreous and porcelain enamels by aqueous solutions is a dissolution process. The main
component of the enamel, SiO,, forms a three-dimensional silica network. After hydrolysis, it decomposes and
forms silicic acid or silicates. These are released into the attacking medium. Other components, mainly metal
oxides, are hydrolysed as well and form the corresponding hydrated metal ions or hydroxides. All corrosion
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a)

UCLS are maore or Iess solublie In the attacking medium. The whole process results in a loss
area.

some aqueous solutions, the attack on the enamel proceeds linearly during the corrosion tin
bous solutions, the attack on the enamel proceeds in a logarithmic manner during the corrosio
the first series of solutions can a scientifically exact rate of loss in mass per-unit area
ulated as well as a corrosion rate (mm/year).

most important parameters influencing aqueous corrosion of the enamel are the enamel
perature and the pH-value. Inhibition effects resulting from the limited soetubility of silica can als
following list describes different types of enamel attack for different éorrosion conditions:

In aqueous alkali solutions like 0,1 mol/l NaOH (see Clause 9-0fSO 28706-4:2008), the silicd
the enamel is considerably attacked at 80 °C. Silicates anddmost of the other hydrolysed com
soluble in the alkali. Attack proceeds linearly during fegular test times. Therefore, test
expressed in terms of a rate of loss in mass per unit’area (mass loss per unit area and

corrosion rate (millimetres per year).

At room temperature, in weak aqueous acids like=citric acid (see Clause 9 of ISO 28706-1:200
stronger acids like sulfuric acid (see Clause 10 of ISO 28706-1:2008), there is only minor a
silica network of the enamel. Other constituents are leached to some extent from the surl

surface roughening will occur.

In boiling aqueous acids (see 1SO*28706-2), the silica network of the enamel is being attacke
as well as the other enamel components are released into solution. However, the solubility

N mass per

e; for other
h time. Only
g/m2.h) be

quality, the
b contribute.

network of
bonents are
results are
ime) and a

8) or also in
tack on the
ace. Highly

resistant enamels will show no visual change after exposure. On less resistant enamels, somg staining or

4, and silica
of silica in

acids is low. Soon, the attacking solutions will become saturated with dissolved silica and wjll then only

leach the surface. The acid attack is inhibited and the rate of corrosion drops markedly.

NOTE The glass-test equipment also releases silica by acid attack and contributes to the inhjbition of the

corrosion.

Inhibition is €ffectively prevented in vapour phase tests. The condensate formed on the test gpecimen is

free of apy, dissolved enamel constituents.

Examples of enamel corrosion proceeding in a logarithmic manner [see 1)] and linearly [see 2]] are:

1) Boiling citric acid (see Clause 10 of ISO 28706-2:2008) and boiling 30 % sulfurig¢ acid (see
Clause 11 of ISO 28706-2:2008)
Since only minute amounts of these acids are found in their vapours, the test is restricted to the liquid
phase. The attack is influenced by inhibition effects, and corrosion depends on the time of exposure.
Therefore, test results are expressed in terms of loss in mass per unit area; no rate of loss in mass
per unit area is calculated.

2) Boiling 20 % hydrochloric acid (see Clause 12 of ISO 28706-2:2008)

Since this is an azeotropic boiling acid, its concentration in the liquid and the vapour phase are

identical, and liquid phase testing need not be performed. Vigorous boiling supplies an

uninhibited

condensate, and the attack proceeds linearly with time of exposure. Therefore, test results are only
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expressed in terms of rate of loss in mass per unit area (mass loss per unit area and time) and the
corrosion rate (millimetres per year).

d) At high temperatures, with tests in the liquid phase under autoclave conditions (see

ISO 28706-5),

aqueous acid attack is severe. To avoid inhibition, the test time is restricted to 24 h and the ratio of
attacking acid to attacked enamel surface is chosen so that it is comparatively high (similar to that in a
chemical reaction vessel). In addition, only low-silica water is used for the preparation of test solutions.
Under these conditions, attack will proceed linearly with time of exposure. Therefore, test results with
20 % hydrochloric acid (see Clause 8 of ISO 28706-5:2008), artificial test solutions (see Clause 10 of
ISO 28706-5:2008) or process fluids (see Clause 11 of ISO 28706-5:2008) are also expressed in terms of
a rate of loss in mass per unit area (loss in mass per unit area and time).

e) In ball

by the

ename

hg water (see Clause 13 of ISO 28706-2:2008), the silica network is fairly stable. The(endmel
surfacq is leached and silica is dissolved only to a small extent. This type of attack is clearly represe

hted

vapour phase attack. In the liquid phase, some inhibition can be observed with highly residtant
s. However, if the enamel being tested is weak, leached alkali from the emamel can rpise

pH-vallies to alkaline levels, thus increasing the attack by the liquid phase. Both liquidiand vapour phase

testing

f)  Since the attack may or may not be linear, the results are expressed only in terms/of loss in mass per
area, and the test time should be indicated.

g) For sts

linear
COrrosi

h) For other acids (see Clause 14 of ISO 28706-2:2008) and-other alkaline solutions (see Clause 1
ISO 28J706-3:2008 and Clause 10 of ISO 28706-4:2008), it will also not be known if a linear corrosion

will be

reports| of those parts of this International Standard.

For vitreou

can give valuable information.

bn rate is therefore not included in the test report.

reached during the test period. Calculation of thesGorrosion rate is therefore not included in the

5 enamels fired at temperatures below *700 °C, the test parameters (media, temperatures

unit

ndard detergent solution (see Clause 9 of 1ISO 28706-3:2008)it will not be certain whether| the
part of the corrosion curve will be reached during testing for,24 h or 168 h. Calculation of| the

D of
rate
test

and

times) of thls International Standard are not apprepriate. For such enamels, for example aluminium enanels,

other medig, temperatures and/or times should-be used. This can be done following the procedures descr
in the clausgs for “Other test solutions” in Parts1, 2, 3 and 4 of this International Standard.

Vi

bed
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Vitreous and porcelain enamels — Determination of resistance
to chemical corrosion —

Part 1:
Det inati ‘ ist o cl ical ion | ids at

ropm temperature

1 |Scope
Thig part of 1ISO 28706 describes a test method for the determination‘of the resistance of vjtreous and

porg¢elain enamelled articles to attack by an acid at room temperatlre, and also specifies a| method of
classifying the results.

2 [Normative references
The| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[ 1042, Laboratory glassware — One-markvolumetric flasks

ISO| 3696, Water for analytical laboratory tise — Specification and test methods

ISO|4788, Laboratory glassware — Graduated measuring cylinders

ISO| 28764, Vitreous and pofcelain enamels — Production of specimens for testing enamels on [sheet steel,
shegt aluminium and cast(iron

3 |[Principle

Par{ of the stirface of a test specimen is exposed under defined conditions to attack by an agid solution.
Registance-is assessed by methods based on the appearance and cleanability of the enamelled syrface.

4 Reagents
During the determination, use only reagents of recognized analytical grade, unless otherwise specified.

41 Water, conforming to the requirements of grade 3 of ISO 3696, i.e. distilled water or water of equivalent
purity.

4.2 Degreasing solvent, such as ethanol, or water (4.1) containing a few drops of liquid detergent, suitable
for cleaning the test apparatus and test specimens.

4.3 Titanium dioxide, pigment grade.

© 1SO 2008 — All rights reserved 1
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4.4 Citric acid monohydrate, (CgHgO-H,50), crystalline.

4.5 Sulfuric acid, (H,SO,), analytical grade, ¢(H,S0,4) = 0,5 mol/l.

5 Materials and apparatus
5.1 Graduated measuring cylinder, capacity 100 ml, conforming to the requirements of ISO 4788.

5.2 One-mark volumetric flask, capacity 100 ml, conforming to the requirements of ISO 1042.

5.3 Pipette, of a suitable size (see 7.1).
5.4 Towg¢l, of white cotton or linen.

5.5 Filter paper, free from fluoride, thickness less than 0,18 mm, approximately 30 mm in~diameter (only to
be used for|testing of curved surfaces).

5.6 Filtey paper, free from fluoride, thickness greater than 0,38 mm, approximately 25 mm in diameter (pnly
to be used for testing of curved surfaces).

5.7 Filter paper, free from fluoride.
5.8 Pendil, HB hardness or equivalent.

5.9 Capsq (e.g. curved glasses), made of polyethylene or other suitable flexible material, or glass, having an
external digmeter approximately 30 mm.

6 Test specimens

The test spgcimens shall be commercial items, parts thereof, or test pieces especially prepared in accorddnce
with the appropriate standard for that base material.

The produdtion of test specimens for testing vitreous and porcelain enamels for steel sheet, cast iron |and
aluminium i specified in ISO 28764.

Each test gpecimen shall be cleaned with the degreasing solvent (4.2), then rinsed with hot water until the
water spredds evenly on the surface, and then finally dried by dabbing (not rubbing) with a clean towel (5.4).

7 Proceéedure

7.1 Attack by\the test solution

Using the p : 110" ; fen
and keep it at a temperature of 23 °C + 3 °C during the whole period of the test, ensuring that there is a
continuous treatment area, the diameter of which shall be less than that of the cap (5.9). Cover the treatment
area immediately with the cap.

In the case of curved surfaces, place a thin filter paper (5.5) on the area to be treated. On top of this put the
thicker filter paper (5.6). Apply a few drops of the attacking medium (see 9.1, 10.1, 11.1) to the top filter paper
(5.6) until both filters are saturated. Cover the filter papers to prevent evaporation, for example with a cap (5.9),
and keep the specimen at a temperature of 23 °C + 3 °C.

After the predefined test time, remove the cap (5.9) and filter papers (5.5 and 5.6), wash the test specimen
with either water (4.1) or tap water, and then dry it by dabbing (not rubbing) with filter paper (5.7).

2 © 1SO 2008 — All rights reserved
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When using tap water, ensure that a residual film is not allowed to form, otherwise the classification may be

affe

7.2

7.2,

cted.

Determination

1 General

Examine each test specimen within 2 h of completion of the attack by the test solution. For the evaluation,
consider only that part of the surface which has been exposed to the attacking medium as a treatment area.

Bas]

sch

7.2,

Vie
test
the

app
the
the

7.2,

Dra

treated areas. For black and dark coloured enamels, rub ditanium dioxide (4.3) on to the two area
usir

dry

areq.

7.2,

Dra

treated areas. For black and dark coloured enamels, rub titanium dioxide (4.3) on to the two area
usir
thor

test

theevatuatiom o the examimations described i 722, 7-2-3and 724, wihichare i accorda
bme and classification given in Figure 1 and Table 1.

P Visual examination

v, using normal or corrected vision, the different areas at varying angles at a distance of 250 n
specimen, without the aid of a magnifying glass, in order to ascertain whethefithe treated area
non-treated area (e.g. whether the brightness or the colour has changed or whether some
pared). Carry out the examination either in daylight, avoiding direct sunlight, or in artificial lig
atter is uniform and sufficiently intense. Judge the test specimen to have failed the visual ex
reated area differs in any respect from the non-treated area.

B Rubbing test (dry)
v, using a pencil (5.8), a number of approximately parallel lines across both the treated a

g a pencil. Then rub the test specimen with a dry ‘towel (5.4). Judge the test specimen to ha
Fubbing test if the markings on the treated area are more difficult to remove than those on the

#  Rubbing test (moist)
v, using a pencil (5.8), a number_of approximately parallel lines across both the treated a
g a pencil. Then rub the test.specimen with a towel (5.4) which has been moistened with wat

pughly wrung out (do notuse’soap or detergent). Judge the test specimen to have failed the m
if the markings on the treated area are more difficult to remove than those on the non-treated &

1ce with the

m from the
differs from
spots have
ht, provided
amination if

nd the non-
s instead of
e failed the
non-treated

nd the non-
5 instead of
er (4.1) and
oist rubbing
rea.

8 |Classification of results

Degendent on the results of the determinations which have been performed in accordance with §.2, classify
the Vitreous:or porcelain enamel as shown in Table 1.

© 1SO 2008 — All rights reserved 3
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Visual examination

Passed Failed

Rubbing test (dry)

Passed Failed

Rubbing test (moist)

Passed Failed

I I
Class AA Class A+ Class A Unclassified

Figure 1 — Test scheme

Table 1 — Classification

Type of examination Class
Visual examination — passed AA
Rubbing test (dry) — passed A+
Rubbing test (moist) —(assed A
Rubbing test (moist)— failed Unclassified

9 Citriclacid test at room:temperature

9.1 Test|solution

Dissolve 1(Q g of pufe)crystalline citric acid monohydrate (CgHgO7H,0) (4.4) in water (4.1), transfer jo a
100 ml volumetric flask (5.2) and dilute to the mark with water (4.1). A fresh solution, prepared the same flay,
is required for each test.

9.2 Testtime

The test time shall be 15 min + 30 s.

9.3 Test report

The test report shall include the following information:

a) all information necessary for the identification of the sample tested;

b) a reference to Clause 9 of this part of ISO 28706, e.g. “Tested in accordance with Clause 9 of
ISO 28706-1:2008 — citric acid at room temperature”;

4 © 1SO 2008 — All rights reserved
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c)

d)
e)

f)

10

ISO 28706-1:2008(E)

the results, including the results of the individual determinations, giving the classification of the vitreous or

porcelain enamel in accordance with Table 1;
any deviations from the procedure specified;
any unusual features observed during the test;

the date of the test.

Sulfuric acid test at room temperature

10.

Mesd
(5.1

10.

The

| Test solution

sure 41 ml of analytical grade sulfuric acid, ¢(H,SO,4) = 0,5 mol/l (4.5), in a graduated.measufing cylinder

, transfer to a 100 ml volumetric flask (5.2) and dilute to the mark with water (4.1).

P Test time

test time shall be 15 min + 30 s.

10.8 Test report

11

11.

test report shall include the following information:
all information necessary for the identification of the sample tested,;

a reference to Clause 10 of this part of 1ISO.28706, e.g. “Tested in accordance with C
ISO 28706-1:2008 — sulfuric acid at room temperature”;

the results, including the results of the individual determinations, giving the classification of the
porcelain enamel in accordance with Table 1;

any deviations from the procedure. specified;
any unusual features observed during the test;

the date of the test.

Other test sojutions at room temperature

| Test solution

An Tgreed test solution shall be made up using water (4.1) and reagents of analytical grade.

11.2 Test time

The

test time shall be given in the test report.

11.3 Test report

The
a)

b)

test report shall include the following information:

all information necessary for the identification of the sample tested;

ause 10 of

vitreous or

a reference to Clause 11 of this part of ISO 28706, e.g. “Tested in accordance with Clause 11 of

ISO 28706-1:2008 — other acids at room temperature”;
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