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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 llalson with 150, alsO take part In the WOrK. 150 cCollaboraies closely Wwiih the

Internationd|

Internationd|

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards

adopted by
Internationd|

the technical committees are circulated to the member bodies for voting., Publication ag an
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. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 287213 was prepared by the European Committee for Standardization (CEN) (as EN 15159-3) and was
adopted, under a special “fast-track procedure”, by Technical Committee ISO/TC 107, Metallic and dther

inorganic c@

ISO 28721

Glass-lined|apparatus for process plants:
— Part 1:|Quality requirements for apparatus, components, appliances and accessories

— Part 2:|Designation and specification of resistafice to chemical attack and thermal shock

—  Part 3:

atings, in parallel with its approval by the ISO member bodies.

consists of the following parts, under the gengeral title Vitreous and porcelain enamels —

Thermal shock resistance
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Vitreous and porcelain enamels — Glass-lined apparatus for
process plants —

Part 3:
Thermal shock resistance

1 |Scope

Thig part of 1SO 28721 specifies requirements for the thermal shock resistance/of, and heating pnd cooling
prog¢edures for, glass-lined apparatus, components, accessories and pipes primarily used for process
equjpment in chemical plants.

It sgecifies the limits of thermal shock resistance using diagrams (see Figure 1 and Figure 2). For glass-lined
steql, a distinction is made between a thermal shock on the~glass-lined side (produced by ¢harging an
apppratus) and a thermal shock on the steel side (produced by heating or cooling an apparatus).

Thig part of ISO 28721 applies to operating temperatures from — 25 °C to + 230 °C.

It islonly applicable to enamelled unalloyed and low-alloy carbon steels.

2 |Terms and definitions
For the purposes of this document, the following terms and definitions apply.

21
glags-lined steel
conjposite material produced by smelting a vitreous and porcelain enamel coat onto a steel substrgte

2.2
shock medium
subgtance (e.g. steam, an aqueous liquid or a solid) having a higher or lower temperature than that of the
enamel and thus causing a sudden temperature change when brought into contact with the| glass-lined
surface

23
thermal-shock
sudden change of temperature, either on the glass-lined side or on the steel side of an enamelled steel item,
resulting from contact with a shock medium

24

wall temperature

Ty

average steel temperature, in degrees Celsius, of the enamel

NOTE The wall temperature is often equivalent to the temperature of the heating or cooling medium entering the
jacket of the apparatus.

© 1SO 2008 — All rights reserved 1
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2.5

product temperature

Tp

temperature, in degrees Celsius, of the product which is inside the apparatus and in contact with the glass-
lined surface or is to be introduced into the apparatus

2.6

temperature of heating or cooling medium

The

temperature, in degrees Celsius, of the medium (e.g. water, steam, heat-transfer oil) which is introduced into
the jacket of an apparatus for heating or cooling purposes

NOTE
temperature

EXAMPLE

at the particular pressure in the jacket of the apparatus.

For saturated steam at an overpressure of 0,6 MPa, T, = 165 °C.

3 Thermal shock diagram

The therma
contact with
the heating

the wall temperature, Ty, and the product temperature, Tp.

NOTE 1

coefficients which are found to be approximately the case with aqueous shock media.

Vhere steam is the heating medium, the temperature of the heating or cooling medium is the condens

| shock diagram (see Figure 1) defines the thermal shock limits for¢a“shock medium brought
the glass-lined surface of an apparatus [e.g. when a product is intfoduced into the apparatus
or cooling medium is in a half-pipe coil (or other) jacket]. Thes€ thermal shock limits depend on

htion

into
and

'he values defined in the diagram were calculated assuming essentially infinitely high heat-trapsfer

Tables 1 apd 2 give examples showing the corresponding.\wall temperature and minimum and maximum
product temperatures.

If the prodd

thermal shdck limits are permitted by agreement withr the manufacturer (see Annex A).

ct (e.g. a gas, solid or highly viscous fluid) has a relatively low heat-transfer coefficient, hi

gjher

© 1SO 2008 — All rights reserved
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Figure 1 — Thermal shock diagram for examples 1 to 8 (see Tables 1 and 2)
(thermal shock on the glass-lined side of the steel)

Table 1 — Introducing a hot product into a cold apparatus

Wall temperature Maximum product temperature
Example Tw (rouﬁiﬂed)
°C °C
1 -20 130
Z U 10U
3 20 165
4 40 180

© 1SO 2008 — All rights reserved
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Table 2 — Introducing a cold product into a hot apparatus

Wall temperature Minimum product temperature
Example Tw (rouﬁiied)
°C °C
5 120 -25
6 140 -5
7 160 20
8 180 50

4 Heatihg/cooling diagram

The heating/cooling diagram (see Figure 2) defines the thermal shock limits for a sheck“medium brought|into
contact with the steel side of the enamelled wall [e.g. when a heating or cooling medium is introduced intd the
half-pipe cqil (or other) jacket of an apparatus filled with a product]. These thermakshock limits depend on the
temperaturg of the heating or cooling medium, T, and of the product, 7p.

NOTE The values defined in the diagram were calculated assuming essentially infinitely high temperature trapsfer
coefficients fpr both the product and the heating or cooling medium. Such coefficients are found to be approximately the
case with aqpeous products, with steam used as a heating medium and with water used as a cooling medium.

If the prodyct (e.g. a gas, solid or highly viscous fluid) has a{relatively low heat-transfer coefficient, higher
thermal shdck limits for heating are permitted by agreement with the manufacturer.

If relatively|low heat-transfer coefficients prevail in the“jacket (e.g. if heat-transfer oil is used as the shock
medium ingtead of condensing steam or water), thermal shock limits wider than those shown in Figure 2| are
permitted by agreement with the manufacturer (seetAnnex A).

Tables 3 a:l:d 4 give examples showing the ‘eorresponding product temperature and maximum heating or
minimum cgoling temperatures.

4 © 1SO 2008 — All rights reserved
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X | product temperature, Tp (°C)
Y |temperature of heating or cooling mediunt, ;¢ (°C)

Figure 2 — Diagram for heating and cooling for examples 9 to 16 (see Tables 3 and|4)
(thermal shock on the steel side of the enamel)

Table 3 — Introducing@a-heating medium into the half-pipe coil (or other) jacket of a cold apparatus

Maximum temperature
Product temperature of heating medium
Example Tp The
(rounded)

°C °C

9 - 20 125

10 0 145

11 20 165

12 40 175
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Table 4 — Introducing a cooling medium into the half-pipe coil (or other) jacket of a hot apparatus

Minimum temperature
Product temperature of cooling medium
Example Tp The
(rounded)

°C °C

13 120 -20
14 140 0

15 160 20

16 180 40

If the intendled temperature change exceeds the limits in the diagram (see Figure 2), this\operation shall be

carried out

EXAMPLE
temperature

—  First stg

— Second

5 Quali

Glass-lined
as follows:

Resistd

n steps.

pf 165 °C:

ty designation

p: Introduce steam at a pressure of 0,3 MPa into the jacket until the producttemperature exceeds 25 °C.

step: Switch to steam at a pressure of 0,6 MPa and heat until the product temperature reaches 165 °C.

nce to thermal shock in accordance with ISO 28721-3.

Heating a cold apparatus containing a product at a temperature of 0 °C~using saturated steam [at a

steel apparatus, components and pipes confopming to this part of ISO 28721 shall be designated

© 1SO 2008 — All rights reserved
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Annex A
(informative)

Explanatory notes

The thermal shock resistance of a glass-lined apparatus depends on several different factors, such as the
phyS|caI properties of the enamel, the material characteristics of the steel, the deS|gn of the apparatus, the

in this part
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of 1$0 28721 apply to most glass-lined apparatus in service, based on the following general condit{ons:

a) |Apparatus design in accordance with I1SO 28721-1; design of flanged pipes and flanged fittings in
accordance with DIN 2873 (a permitted operating pressure from — 0,1 MPa to + 0,6,MPa and|a permitted
operating temperature from — 25 °C to 230 °C inside the apparatus or jacket).

b) |Base material is unalloyed or low-alloy carbon steel which can be glass-lihned with a minimum yield
strength of 210 N/mm2. In many cases, this value determines the thefmal shock limits for heating and
cooling as shown in Figure 2.

c) |The apparatus and the pipe fittings comply with the quality requirements specified in ISO 28721-1.

d) |At the moment of the thermal shock, the pressure in thexapparatus and in the jacket is ip the range
- 0,1 MPa to + 0,6 MPa.

Deviations from these general conditions or from any othér specifications given in this part of 1ISQ 28721 can

restfict or extend the limits in both the thermal shock diagram and the heating/cooling diagram. In such cases,

a special agreement will be necessary betweepn;the manufacturer and the user before thg apparatus

congerned is put into service.
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