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The Properties of Glass Lining

email800
email850P
email250




Elementary Ingredients for
Technical Diiker Enamels

The Ultimate Hardness. Based on Fire, Water, Air and Earth...

The Characteristics of Our Glass Lining

Chemical Resistance
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The Properties of Our Glass Lining

Physical Properties
Thermal shock resistance

The thermal shock resistance of glass lining is
mainly determined by the prestress of the glass.

email800 has a prestress on the steel of about
120 N/mm? at room temperature. This is achieved
by adjusting the expansion coefficient. When tem-
perature increases the prestress decreases until it
disappears at about 350 °C (see stress curve).

The table of the thermal shock resistance of glass
lined parts considers this reduction. Furthermore it
takes into account that the most danger to the hot
glass is when subjected to cold product. Exceeding
the permissible temperatures can result in tearing
and later on in cracking of the enamel on the pipewall.

product:
T,>T,, = hot product
T,>T,,=cold product

I |
¢ Jacket

pipewall

heating/cooling:
T,>T, = heating
T,> Ty = cooling

Application examples

Use the temperature of the enamelled pipewall
(Ty) as the basis. At a given temperature T, (°C)
the temperature of the product should be between

T, and T, and the temperature of the heating/coo-

ling agent should be between T, and T, .

Material data:

¢ Specific weight 2.5g/cm?
e (Coefficient of

thermal conductivity 1.2 W/mK
e Modulus of elasticity 80,000 N/mm?
e (Compressive strength ~ 800 N/mm?
e Tensile strength 80 N/mm?
e Dielectric strength 20-30 kV/mm
e Surface finish of enamel 0.05 pm

Stress curve in the enamel of steel
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cold
product
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heating
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Ty °C

cooling
agent
Ty °C

1. Hot product
The temperature of the pipewall is 50 °C.
Which temperature must be exceeded?

From T,, =50 °C horizontal in the table
toT,=180°C

2. Cold product

The temperature of the pipewall is 200 °C.
Which temperature must the product have
at least?

From T,, =200 °C horizontal to T, =100 °C

3. Heating

The temperature of the pipewall is 20 °C.
Which temperature of the heating agent
must not be exceeded?

From T,, =20 °C horizontal to T, =150 °C

4. Cooling

The temperature of the pipewall is 180 °C.
Which temperature of the cooling agent
must not be fallen below?

From T,, = 180 °C horizontal to T, =50 °C



Industrial Enamel

Technical enamel is gaining a status as an all-round
material, particularly in the chemical and phar-
maceutical industries, but also in water supply and
in special applications in general mechanical engi-
neering, and occupies a firm place between surface
materials with relatively subordinate requirements
and special materials with, at times, very specific
performance data.

Depending upon the area of application enamel
with its generally broad function profile can be
adjusted to meet special demands. Whether for
supplying potable water, textile chemicals or in
the treatment of waste water, in soldering plant
construction and in the pharmaceutical industry
under GMP conditions or to comply with hygienic
design stipulations, enamel fulfils many and varied
demands with different focal points by linking the
structure material with the surface finish determi-
ning grades of enamel.

Typical material properties

The term industrial enamel can be seen to be ana-
logue with industrial ceramic. It would appear sen-
sible to differentiate between commercial enamel
for every day use in the home or for jewellery, etc.,
because as far as industrial enamel is concerned
the technological demands put on the surface
finish are in the foreground. As a consequence,
this term is applied for enamelling in processes
in which physical and chemical stress conditions

Fig. 1: Industrial enamel with extremely smooth surface finish in conjunction with high wear
resistance to abrasive acting media and high resistance to corrosion. Visual counter light
inspection of surface.

The main typical material features of industrial enamel:

High resistance against corrosion attack, more especially in the case
of acidic media even at higher processing temperatures

Higher resistance against wear by abrasive media

Surface smoothness (Fig. 1)

Easy to clean with no tendency towards adhesion

Biological and catalytic inert behaviour

Physiochemical compound material

Enamel as such is outstanding when compared with
other popular surface coatings and finishes such as
wet paint, powder coating, lining with plastic, etc.,
inter alia by the given intensive physical and che-
mical connection with the basic material. This is
marked by diffusion processes from the basic ma-
terial towards the enamel and vice versa. Over and
above this forms a real compounding layer of but
a few but also to some tens of micrometers thick
depending on the material system (Fig. 2).

Optimal morphology by releasing elements close
to the surface and linking the substrate material in
the enamel matrix is initially generated to develop
the mechanical and physical connection.

The increased roughness by releasing the substra-
te surface in connection with the development of
backcuts offers a large number of anchor points for
micromechanical positive connection.

This mechanism is supplemented by generating
integral pressure tension in the enamel in cooled
state which contributes in the further stabilisation
of the mechanical compound.

10um EHT = 15.00kV File Name = D1809_15.tif Date: 21 Sep 2001
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Detector = SE1

Fig. 2: Detail photograph of a compound layer enamel (in this case with grey cast iron (GGG)
electron raster microscope photograph Fraunhofer-Institut ISC, Wirzburg) in approx. 5,000-fold
magnification. Clearly visible is the (micro) roughness of the surface (bright to the bottom) with
back cuts. Following to the top is a thinner homogeneous appearing seam about 2 pm thick

and the actual bonding layer afterwards clearly over 10 um thick with different precipitations
(ferrotitanium crystal in needle and pellet form) and inclusions.

However, if the stress in the enamel layer is too high, this can also lead to incre-
ased sensitivity towards impact where convex surface elements are concerned.

Enlargement of the specific surface supports the development of intermole-
cular bonding apart from this mechanical and physical bonding mechanism.
Considerable effects are achieved through Valenz and Van-der-Waals bonding
but nevertheless, metallic bonding in the bonding layer likewise plays a role in
the iron-silicium-oxygen system.

can be defined and the thus derived demands on  The properties of the enamel are supported by appropriate sophisticated con-
the surface system are the main consideration. structive designs which strengthen the positive properties and overcome exis-
ting limitations as far as possible.



Construction and corrosion resistance

The durability of high acid resistant enamel as used
in chemical plant construction, for example, is
marked to some extent by extremely high Si0,-con-
tent in compound with titanium, zirconium, lithium
and boroxide. Special modifications are possible if
the resistance to lye has to be increased.

Although in theory enamel is considered not to be
stable in the case of watery solutions the wear is
usually so low that it can be assumed that the tech-
nical stability of the system is given but this is not
the case with phosphoric and fluoride acid.

For example, the wear rate for 20% HCI at 110 °C
is 50 um per year (equivalent to 9,000 working
hours). This is to be compared with the typical coat
thickness of surface enamel of about 1,000 ym. As
a rule the respective wear down in the fluid phase
is in a t-2 relationship (t = time).

Basic conditions for high quality

The quality of any enamel depends on a large number of pertinent parameters
and periphery conditions. Of decisive significance is the metallurgical quality
of the basic material, its microstructure the mechanical pre-treatment it has
been subject to and its surface finish.

Only steels with restricted analysis can be given a high quality enamel finish.
Carbon, sulphur and almost all metal accompanying elements must be limited.
Clean ferritic microstructure in the periphery layer facilitates enamelling. Car-
bon inclusions make enamelling more difficult in the same way as micro faults
which can act like hydrogen traps. This applies generally for enamelling iron
foundry materials.

Thermal and mechanical preparation is subject to two main conditions. Clean,
abrasive acting blasting material cleans, activates and enlarges the surface
(Fig. 3). However, any contamination of the surface must be avoided after blas-
ting. From this one can see the demand for a very quick production sequence, i.e.

pre-treatment, application of the enamel slick, drying and firing the enamel.
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Fig. 3: Detail photograph of a corundum-blasted steel surface, approx. 3,000-fold magnifica-
tion (raster electron microscope photograph Fraunhofer-Institut ISC, Wiirzburg). The surface as
a result of the blasting operation is clearly split and eroded. This finish offers an ideal surface
for building up the material compound in the subsequent enamelling process.

Chemical and physical sequences while firing
at 850 °C

During the firing operation (see also Fig. 4) different
chemical and physical processes take place depen-
dent on temperature and time.

Initially the surface of the steel is oxidised further
under the drying slick and is supported by the resi-
dual moisture of the dried slick. Water and hydro-
gen escape. Afterwards the oxide layer is released
step by step by increasing the temperature, yet
again. The chemical adhesion action take place
during this step, this being responsible for the
development of the bonding zone to achieve the
mechanical anchor. To be also considered is that
the enamel does not fuse at a defined temperature
but the fusing process takes place within a fusing
period because the different enamel components
fuse at different temperatures.

The various components have a different effect on
both the dissolving behaviour of the oxide coating
and the viscosity of the melt. Iron oxide escapes in
the over saturated enamel melt and leads to faults
that cannot be repaired (such as copper heads, and
burn through) should the absorpabilty of the ena-
mel be over stressed as a result of too long or too
hot firing. Faults can occur which are also restric-
ted locally in the case of less uniform distribution
of the enamel mass.

The described sequences and effects contribute to
differences in the base enamel (initial or first and
second layer on the component) and the top ena-
mel layer (and the build up of the following layer is
aimed at ensuring the overall layer thickness).

Fig. 4: Components in front of the furnace after completion of the firing operation. Homogene-
ous temperature distribution within the component is the basic requirement to ensure quality
enamelling.

In function the softer less resistant basic enamel is responsible for optimal
bonding to the basic material. The harder, highly resistant top enamel layer
bonds very well with the base enamel and ensures the desired surface crea-
ting properties of the overall compound.

Mastered technology, broad field of application

Industrial enamelling from the material theory point of view, is a clearly defina-
ble and controllable process. The physical and chemical interrelationships are
known and generally offer a broad range of possible optimal adjustments for
the interrelationship between the basic material and the surface determining
enamel within the given limits of the given load conditions.

Apart from the traditional areas of application in chemical plant construction,
pharmaceutical and water supply systems, industrial enamelling is gaining
increasing significance in general plant and machine construction. Industrial
enamelling is a first choice material system in all those applications where
marked resistance towards aggressive media is to be assured in conjunction
with the mechanical strength even in the case of high process temperatures.
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Mechanical Material Behavior in Composites

Seen from a material science point of view, the
enameling process itself can be clearly described
and controlled. The physical and chemical interre-
lationships are known and in general offer a wide
scope of possibilities for aligning the interaction be-
tween the base material and enamel to determine
the surface that provides the best solution for the
load conditions present. The mechanical limits of
the material system are known and reliably calcu-
lable. Any likely fears of the possibility of ,sponta-
neous blistering” are to be attributed to a lack of
knowledge of the overall context.

Mechanical material behavior

The use of enameled components has its limits
in plant and engine construction where a failure
of the material compound of steel or iron with
enamel becomes likely. But in many cases the
use of enameled components is out of the ques-
tion from the beginning which is due to a lack or
insufficient knowledge of the interrelationships of
the materials when it comes to enameled construc-
tion elements.
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Strain-stress curve (tensile test), from left to right.
Reference test base material RT, 100 °C (212 °F),
200 °C (392 °F), glass lined probe 200 °C (392 °F)

In addition to other test parameters, the quality of an enameled product can
be described by its color coating as well as its adhesive strength and impact
resistance on the substrate material. High scores signify a very good material
compound and, as a consequence, a high mechanical load capacity.

The dimensions of plant components are usually laid out versus the yield point
or 0.2% of yield strength of the construction material, also taking the given
safety values into consideration. This method allows a reduced and localized
plastic flow for typical materials with a pronounced ductility, in order to reduce
local stress peaks.

The construction of enameled construction parts cannot draw on the method
above. In theory, the local plastic deformation of the substrate material will
lead to a local failure of the material compound or, in other words, the flaking
off of the enamel. A purely elastic deformation of the substrate material, how-
ever, does have not damaging effect on the enamel layer.

Laboratory samples, results, evaluation

In a series of tests, the relationships described were examined and evaluated
in a practical manner in cooperation with TUV Siid. The tests were initially to
determine the stress-strain curve of

e smooth pipe samples (DN 15) with an outer enameled surface and
¢ non-enameled reference samples

during a tensile test (according to test standard EN 10002). The tensile tests
were carried out in a saline solution with tension applied between the base
material of the sample and a point contact in electrolytes. The damaged enam-
el was detected visually and by way of the current flow between the sample
and point contact.

In addition, tin samples with an enamel layer on one side where tested in a three-
point flexural test. The test temperatures were room temperature and 200 °C
respectively. The test allows the following basic conclusions to be deduced:

Tensile tests

e Failure-free deformation of the entire sample in
the elastic area of the stress-strain curve

e |nitial failure of the enamel upon reaching the
yield point, approx. 250 N/mm?

e Strain-induced failure at the Liiders band of the
base material

e Hardening of the base material following the en-

tire delamination of the enamel

.u!Eln alo - a'

QOuter glass lined pipe probe DN15 (1/2") for the tensile test
(top). Onesided glass lined flat probe for the three-point
bending test (bottom)

Bend tests

e Failure-free deformation in the area of the linear
course of the load-deflection curve

e | ocal enamel failure at the beginning of the plastic
deformation in the area of the maximum bending
moment and thus the maximum tensile strength
(as compared to the centric application of force)

o Failure-free on both sides of the location of max-
imum bending stress (tension side), thus in the
area of non-plastic deformation

Distension reduced failure picture of enamel in the bending
test in the area of the plastic deformation (load transmission).
Outside of the plastic zone, left and right, damage-free enamel.

Construction component tests, results,
evaluation

Original construction components — pipe endings con-
nected by loose flanges DN 50 as used in the con-
struction of chemical plants — were also tested under
tensile and bending load until the point of failure. Re-
gardless of the stress type, this test has also revealed
typical failure patterns which correspond to theo-
retical methods and the laboratory tests carried out.

o The tensile tests results in a tilting of the flange
faces beginning at the outside perimeter (reverse
flanges) when overload occurs. This kind of plastic
deformation leads to a local failure of the enamel in
the area of excess load.

e The three-point flexural test reveals localized
plastic deformations in the area of the application
of force and the points of support. Here, too, and
only here, the enamel layer fails and the enamel
flakes off.

Test arrangement three-point bending test on two flanged tube
ends DN50 (2")

Conclusion

With regard to the usual engineering design of
construction elements which possess a consider-
able reliability regarding plastic deformation, no
restriction as a result of deformation can be initial-
ly ascertained with regard to the use of enameled
components. Only in the case of impermissible
localized plastic deformation, the enamel suffers
strain-induced damage.
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Diiker Email Technologie

- Diiker Email Technologie offers

* Functionality, safety and customer benefits for the chemical
and pharmaceutical industries
* Integrated solutions from a single source

e Highly acid-resistant enameled pipeline parts, fittings and columns

e Comprehensive services

e (Qualification of your employees

e Engineering, procurement, construction, assembly and maintenance
for process plants

Diiker Email Technologie GmbH

HauptstraBe 39-41
D-63846 Laufach

Tel +49 6093 99666-60
Fax +49 6093 99666-69

Internet: www.dueker-emailtechnologie.de
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