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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD ISO 28721-5:2016(E)

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

Part 5:
Presentation and characterization of defects

1 (Scope

Thip part of ISO 28721 establishes a system for the cataloguing of defects in enamellings for chemical
seryice and vessels. In addition, it describes some types of areas in which defects have bgen treated
and which can easily be confounded with enamelling defects. It serves fora ‘consistent lajguage use
conferning the designation and characterization of enamelling defects.

Thip part of ISO 28721 is limited to detectable defects and does<hot purport to fully take into
conpideration all occurring types of defects. It does not evaluate erfamelling defects; the classification
cartied out is based on experience and corresponds, as far as passible, to ISO 28721-1.

NOTE Regarding the acceptance of glass lined equipment for fige in process engineering, [ISO 28721-1 applies.

2 |Normative references

The following documents, in whole or in part, ate normatively referenced in this documgnt and are
indispensable for its application. For dated_re€ferences, only the edition cited applies. For undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

wn

[S0|28721-1, Vitreous and porcelain enamels — Glass-lined apparatus for process plants — Paift 1: Quality
reqliirements for apparatus, componénts, appliances and accessories

3 |Terms and definitions

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

31
enamelling defect
defect arising during the enamelling of equipment and pipelines to be used in process engingering

3.2
reparable enamelling defect
en[a,pelling defect that can be remedied without thermal post-treatment

EXAMPLE Defect that can be remedied by polishing.

3.3
non-reparable enamelling defect
defect in the enamel coating that renders a component unfit for its respective intended use

3.4
refiring
further enamel firing (also local), with or without another application

3.5
re-enamelling
complete new creation of the enamel coating

© IS0 2016 - All rights reserved 1
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4 Enamelling defects

4.1 Colour lines

4.1.1 General

The enamelling defects strain lines (4.1.2), tearings (4.1.3) and pearl lines (4.1.4) are closely related to
one another. The causes of their development and their appearances are similar.

Strainlines

4.1.2

41.2.1 K
Merged st
41.2.2 I

Strain line
white glass
single line

a) Whi

4.1.2.3

urther designations

ain lines, linearly upward fused ground coat and hairlines.

pescription

(

'@\

detectable strain lines up dark ground coat

Figure 1 — Strain lines

Jrigin and causes

5 are lines that are always dark and running parallel, or concentrically in the usually blug or
cover coat (see Figure 1). In a severe case of strain lines, a numbéx ef bubbles or blisters
can appear, forming a pearl line (4.1.4).

ina

Le cover coat withimacroscopically  b) Lateral view, white cover coat exploring ldapt

Strain lines arise during enamelling due to thermally or mechanically induced stress in the component.
When heating up, the ground coat and the covering bisque cracks open. During firing, parts of the
ground coat penetrate into the cover coat.

Possible causes are the following:

— awrong combination of steel/ground coat/cover coat;

— weld seam made from non-suitable filler material;

— mixing zones in the weld metal;

— non-adapted temperature control during enamelling of constructively unfavourable components,
e.g. components showing mass accumulation;

© ISO 2016 - All rights reserved
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plastic deformation of the component during enamelling.

4.1.2.4 Classification

Non-reparable enamelling defect.

4.1.2.5 Suggestions for defect treatment

Re-enamelling, taking into consideration the causes mentioned in 4.1.2.3.

4.1

4.1
Hai

4.1

Tea
alw]
to
4.1,

4.1

3~ Tearings

Q°
3.1 Further designations (oq,
rlines. q/'\'
3.2 Description (f/b

Fings are mostly dark lines, running parallel or concentrically i @Qcover coat, i.e. lin
ays dark in blue enamel and either dark or light and transparent in white enamel. In co
earl lines (see 4.1.4), the lines do not show large blisters anééa closely related to strai
D). Unlike strain lines, however, these lines are recessed S@ igure 2).

&
Y
<
3 %rigin and causes

Figure 2 — Tearings

es that are
htradiction
h lines (see

Tearings arise during enamelling due to thermally or mechanically induced stress in the component.
When heating up, the enamel bisque and/or the enamel coating crack(s) open. These cracks merge again
during firing. If only the cover coat is affected, dark lines appear. If the crack runs through to the metal
surface, blisters in the form of pearl lines also (see 4.1.4) arise along the crack (for causes, see 4.1.2.3).

4.1.

3.4 Classification

Non-reparable enamelling defect. As, without carrying out destructive testing, it cannot be determined
whether parts of the ground coat leap up, toleration is generally not possible for safety reasons.

4.1.

3.5 Suggestions for defect treatment

Re-enamelling, taking into consideration the causes mentioned in 4.1.3.3.

© ISO 2016 - All rights reserved
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4.1.4 Pearllines

4.1.4.1 Further designations

Bubble lines and blister lines.

4.1.4.2 Description

Pearl lines are blisters lying behind each other in a line, often combined with strain lines (see 4.1.1) or
tearings (see 4.1.2 and Figure 3).

Figure

4.1.4.3 (

Pearl lines
component
During firi

B — Pearl lines, i.e. series of blisters in lin€, in zones showing strain lines (see 4.1.2

Jrigin and causes

arise during enamelling due, to thermally or mechanically induced restraints in
. When heating up, the enammel'bisque and the enamel coating crack open through to the sf
ng, the metal oxidizes,-a\process accompanied by gas-forming reactions in the bound

the
eel.
ary

layer. The lines run to form strajn lines (see 4.1.2), along which blisters and pores are positioned as if on

a string of

4.1.4.4 (

Non-repar:

4145 S

beads (for causes, see-4.1.2.3).

lassification

hble defect:

uggestions for defect treatment

Re-enamel

g, taking into consideration the causes mentioned 1n 4.1.4.3.

4.1.5 Shore lines

4.1.5.1 Further designations

None.

4.1.5.2 Description

Shore lines are a group of parallel or nearly parallel lines appearing as a deviation in colour (darker
in blue enamel and more transparent in white enamel). These lines, that are usually a few millimetres
wide and at least one centimetre long, can be positioned anywhere on the enamel surface (see Figure 4).

4

© ISO 2016 - All rights reserved
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Shore lines are usually wider than strain lines (see 4.1.2), due to a greater width and irregular edges in
the longitudinal direction.

4.1

Following the drying of the bisque, the smaller enamel particles concentrate on the surface

thiy
dar
If, i
foll

4.1

Shofre lines are a colour defect and-affect neither the resistance nor the mechanical strength

4.1

Not|

4.1

4.1

Cro

Figure 4 — Dark blue shore lines on a blue enamel surface

5.3 Origin and causes

and lighter-coloured upper layer following enamielling. Therefore, the defects of this la
ker. In order to remove dust before firing, the.enamel bisque is cleaned by means of a h:
1 doing so, the surface of the bisque is slightly damaged, these scratch marks appear as
wing firing.

5.4 Classification

5.5 Suggestions for defect treatment

necessary.
6 Drying cracks

6.1 Further designations

codiling.

and form a
yer appear
ind broom.
dark lines

negatively.

4.1.6.2 Description

Drying cracks are wide and often netlike lines in the enamel, that are in most cases slightly recessed.
Typical of these defects is the irregular, wound course of the lines. In the line itself, usually no blisters
appear in the enamel. In the areas of mass accumulations of the steel, the lines can also be arranged
orderly, similar to strain lines (see 4.1.2). The overall irregular course, however, stays unchanged. The

ena

©IS

mel coating under drying cracks is usually free of defects (see Figure 5).

02016 - All rights reserved
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Figure

4.1.6.3

As a result
homogenegus coating during firing. The underlying enamel layer, that is mlostly darker, becomes vis

Due to the

proportion

cracks are
— knock
firing
unfavd

intens

4.1.6.4 (

Drying crg
are surface

deepest pajints of the line, the agreed minimum coating thickness is maintained, and there are no Iz

blisters to
distinct de
the enamel

4.1.6.5 S

In the case

a)L

(

1-5:2016(E)

uer ig ca

5 — Drying cracks of different distinctness, as well as with underlying defect-free
enamel coating

Jrigin and causes

of cracks in the enamel bisque, in the respective areas the enamel cannot merge to for

Contraction of the liquid enamel, the edges are in most cases-slightly raised and have a hig
of fine blisters, visible in the form of a lighter colour. UnliKe strain lines (see 4.1.2), dry
not caused by construction. There are four major causes.for the origin of these lines:

ng of the coated component before firing;
fan incompletely dried bisque;
urable bisque structure of the applied enamel slip layer, due to application mistakes;

ve mechanical damage to the bisque:

lassification

cks are classified by their)degree of distinctness. If they are only slightly distinct, {
 features which affect neither the chemical resistance nor the mechanical strength: at

be seen at the edges of the lines. The defect may be kept unremedied. In the case of n

fects, those which-extend over large areas, blisters in the edges or an intensive brightenin
, the defect iSanon-reparable enamelling defect.

uggestions for defect treatment

of distinct defects, repair by grinding and subsequent refiring.

m a
ble.
her
ring

hey
the
rge
ore
g of

4.2 Boiling defect

4.2.1 Fu

rther designations

Full penetration of the ground coat.

4.2.2 De

scription

A boiling defect is a dark, greenish spot on the surface of the enamel, possibly combined with a small

depression

(see Figure 6).
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Se)
Figure 6 — Boiling defect Oq/

N
S

4.2{3 Origin and causes

A 13rge blister in the ground coat rises to the surface of namel and draws the ground coat up
behfind it. The blister opens and partly or completely merges again. The ground coat lays pynctiformly
exppsed in the otherwise intact enamel coating. In most'cases, the reason for the gas-formipg reaction
is a|contamination of the steel surface or an insuffig't@ adaptation between the surface ter|sion of the

gropind coating and that of the cover coat. $‘\,,
. . ’\Q)
4.2}4 Classification R\
xO
Reparable defect. N~
QS

N
4.2]5 Suggestions for defect tre:g-lhent
Ins¢rtion of a tantalum plug, @missible, or refiring.

4.3| Rough enamel@face
)
4.311 Underfir@ reas

43111 F er designations

orle; esignation orange peel is not correct for this defect.
N &designat ge peel t t for this defect

4.3.1.2 Description

Underfired surfaces are rough, not smoothly fused areas in the cover coat affecting parts of the
component (e.g. at mass accumulations, at the contact surfaces, at the collar) or the whole component
(see Figure 7). Macroscopically rough, inadequately fused areas can easily be confounded with
devitrified microscopically rough areas (see 4.3.2 and Figure 8).

© IS0 2016 - All rights reserved 7


https://standardsiso.com/api/?name=b3523f5e6c1d378fdcabeac81417441b

ISO 28721-5:2016(E)

Figure 7

4.3.1.3 (

As a result
completely

4.3.1.4 (

Non-repar
4.3.1.5 S
Refiring.

432 Eg

4.3.2.1 K

Crystallize

4.3.22 1

— Rough enamel surface, caused by inadequately fused enamel with a glossy surface

Jrigin and causes

of too low a firing temperature and/or too short a soaking time, the enamel is not fysed

lassification

hble enamelling defect.

uggestions for defect treatment

sshell

urther designations

d enamel.

Jescription

Eggshell emamel aievareas in the cover coat affecting parts of or the whole component and appeafing

not to be s
felt to be c

early rough. In these areas, the enamel can be of a lighter colour. This defect occurs on

glass ena

moothly fused. In these areas, the enamel is only slightly glossy. Possibly, the surface calpbe

coa liciivn

in
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4.3
The

4.3
Nor

4.3
Ref

Figure 8 — Eggshell or crystallized enamel with a matt {llfough surface

s\\%

2.3 Origin and causes

defect is caused by semi-crystallization. Causes promol{?@rystalhzatlon can be the fol
too high a number of cycles; ;\Q

too long a holding time in the kiln at crystallizag'@gfemperature, thus too long a period of
and/or crystal growth; $

the composition of the enamel; OA’\Q)

contaminations in the enamel; \{‘
O

surface crystallization by dust; C)\
poorly fused frit; @

an application mlstakeC)

2.4 Class1f1catt-g@
-reparable @elhng defect.

2.5 ézestions for defect treatment

r@X; re-enamelling.

4.4

4.4.

Dimple

1 Further designations

Glass eye.

©IS

02016 - All rights reserved
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4.4.2 Description

A dimple is a more or less recessed dent with underlying closed blister, or funnel-shaped indentation
with underlying open blister. At these points, no discharge can be detected in the high-voltage test

(see Figure 9).

a) Thre

4.4.3 Or

This defec
are various

444 Cle

Reparable
445 Su
Grinding o
4.5 Pink

4.5.1 Fu

None.

500 pm
——e

ground ple (metal particles, here glossy white)

Figure 9 — Closed dimples\QQ
N
QO
jgin and causes \Q@

can be ascribed to a local, strongly gas-forining reaction. The reasons for these react
; it is possible that parts of the ground coat have been drawn up with a blister (see also 4
xO
ssification C\){‘

>
enamelling defect, if admissible.

pgestions for defect tr@ent
- polishing, inserti%rg@ a tantalum plug, if admissible, or refiring with local application.
2

rther @ations

R

joles

e closed dimples, two of which are b) Cross-grinding, sh%sw%ﬁ the cause of the dim-

)

4.5.2 Description

ons

.2).

Pinholes are fine, pinhole-like indentations in the mostly smooth enamel surface. Pinholes can occur

individuall

10

y or in groups (see Figure 10).
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Figure 10 — Pinholes, small crater-shaped indentations-in the cover coat

3 Origin and causes

holes are the results of gas emissions occurring during)the final firing of the cover
ing down, the blisters contract, resulting in pinhole-like indentations.

particular cause. Possible reasons are the following:
a closed firing atmosphere;
a thick enamel application;

enamel slip that had been stored-for too long (excessive addition of electrolytic salts dy
set of aged enamel slurry);

applied slip that had been-fnsufficiently dried;

surface contaminations:

4 Classification

face defect 6pposed to the generally required smooth surface. The chemical resistan
hanical properties are not affected negatively, as long as the minimum coating thicknessis

5 ASuggestions for defect treatment

oat. When

re can be different reasons for the origin of pinholes; in most cases, it is difficult to assign them to

e to loss of

re and the
haintained.

Not

4.6

- 1
TeqUITEU.

Contamination

4.6.1 Chamotte/refractory clay

4.6.1.1 Further designations

None.

© ISO 2016 - All rights reserved
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4.6.1.2 Description

Chamotte, or refractory clay particles, are small white or yellow particles, about 1 mm long or less, that
have superficially merged into the enamel surface (see Figure 11).

Figure 11 — Refractory clay particles in an enamel surface

4.6.1.3 Origin and causes

Refractory| clay particles originate from the refractory,material of the fusing or enamelling kilns.
During thelfiring of the enamel, they merge into the surface.

4.6.1.4 (lassification

Reparable pnamelling defect.

4.6.1.5 Yuggestions for defect treatment

Grinding ajnd polishing in order te-remove larger particles. Dust-fine contaminations on the surface
may be acdgepted in accordance with ISO 28721-1.

4.6.2 Scale

4.6.2.1 Hurther designations

None.

4.6.2.2 Description

Scale particles are small black, sharp-edged discs of ferrous oxides merged into the enamel surface. The
discs can be oriented parallel or not parallel to the enamel surface (see Figure 12).

12 © IS0 2016 - All rights reserved
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4.6/2.3 Origin and causes O

Scale particles are contaminations in the firing chamber. VQj the kiln is opened, these p:

irticles are

swifled due to convection, fall down onto the componen \gn get stuck on the enamel. Prifnarily, this

enajmelling defect occurs in the vicinity of the large con er openings.
%
4.62.4 Classification S\‘S\

Reparable enamelling defect. A’\Q’

xO
4.6J2.5 Suggestions for defect treat&(@nt

In accordance with ISO 28721-1, or @Jmng with local application.
4.6{3 Ceramic fibres O®

4.6{3.1 Further des@t’ions
N\
Norle. %

4.6/3.2 D ptlon

Cer am&?ﬁes are thin white fibres, merged into the surface of the enamel (see Figure 13).

© ISO 2016 - All rights reserved
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4.6.3.3 (

Jrigin and causes

Figure 13 — Ceramic fibres in an enamel surface

Ceramic filhres are part of the insulating material of the enamellingkilns and occur loosely scattered in

the firing c
4.6.3.4 (

Reparable

4.6.3.5 S

In accorda
4.7 Cola
4,71

4.7.1.1 K

Water stail

4.7.1.2 1

Water marks

1S.

pescription

Water mar

lassification

enamelling defect.

uggestions for defect treatment

hce with ISO 28721-1, or refiring witH local application.

ur deviations

urther designations

k's~are individual or several stains in the enamel surface with light-coloured borders

hamber in the form of contaminations. During enamel firing, they can merge into the surfpace.

see

Figure 14).

14
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4.7
Wat

Figure 14 — Water stains on an enamel surface

1.3 Origin and causes

er marks are caused by drops of water or sweat on the.énamel bisque. Here, due to

migration

professes, salts are mobilized and transported to the edges.of the drops. There, they crystalliize and are

subkequently fired in.

4.7

Opt
affd

4.7

Notl
4.7

4.7
Nor

4.7

1.4 Classification

ical enamelling defect; the chemical resistance and the mechanical properties of the ena
cted negatively.

1.5 Suggestions for defect treatment

required.
2 Colour stains

2.1 Further designations

€.

2.2 Description

glod

the

©IS

mel are not

mooth and

Colgur stalns are punctlform colour dev1at10n in the cover coat. These spots or stams are g
— - 7 c as chamotte
(4.6.1), ceramic flbres (4. 6 3) from the klln flakes of the mill br1ck cover coat or the mllllng balls. Often,

stains are milky and transparent (white spots on blue enamel; see Figure 15).
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