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Optimisation of tlue gas cleaning
processes by utilisation of the
performance profile of PTFE and
modified PTFE in heat exchanger
and lining applications

Michael Schlipf and Katja Widmann

Kurzfassung

Optimierung des Rauchgasreinigungs-
prozesses durch den Einsatz von PTFE
und modifiziertem PTFE in Wérme-
tauschern und bei Auskleidungen

Wegen ihrer sehr guten Bestdndigkeit gegen-
tiber allen Chemikalien in Rauchgasen sind Po-
Lytetrafluorethylen (PTFE) und modifiziertes
PTFE die Werkstoffe der Wahl fiir vielfaltige An-
wendungen in Rauchgassystemen von kohle-
befeuerten Kraftwerken. Sie sind sowohl unter
trockenen als auch unter feuchten Bedingungen
bestdndig und deshalb sind Konservierungs-
mafinahmen bei Kurz- oder Langzeitabstellung
nicht erforderlich. Die hohe spezifische Wadrme
cp des PTFE, doppelt so hoch wie die von Stahl,
macht es zum idealen Werkstoff fiir korrosions-
bestiandige Wadrmetibertrdgerpakete in Ljungst-
rom” Warmetauschern. Gewichtsreduktion des
beweglichen Rotors und leichtes Reinigen auf
Grund der nicht-haftenden Oberfldche des PTFE
sind weitere Vorteile dieses Kunststoffkonzepts.

Die geringere Permeation des modifizierten
PTFE macht es zum idealen Korrosionsschutz-
werkstoff fiir Auskleidungen im Festverbund
oder eingebracht nach dem ,Lose-Hemd-Verfah-
ren’. Bei Temperaturn bis ca. 120°C bieten die
Festverbundsysteme ausgezeichneten Korrosi-
onsschutz, da sie mit sehr hohen Wandstdrken
ausgelegt werden konnen. Bei hohen Tempera-
turen bis hin zu 200 °C oder mehr wird den
,Lose-Hemd-Systemen" der Vorzug gegeben. Der
Jlose Verbund' der PTFE Schutzschicht mit dem
Stahlsubstrat ermoglicht gegenseitige Bewe-
gungen der individuellen Lagen. Diese Bewe-
gungen entstehen beim Durchlaufen grofser
Temperaturunterschiede als Folge der unter-
schiedlichen Ausdehnungskoeffizienten von
modifiziertem PTFE und Stahl. Die Schweif3-
barkeit von modifiziertem PTFE stellt einen wei-
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teren Vorteil fiir langzeitstabile Korrosions-
schutzsysteme dar. Da eine wirkungsvolle Hin-
terliiftung wichtig ist fiir die Langlebigkeit von
,Lose-Hemd“Auskleidungen, sollte der Anlagen-
betreiber von vorne herein in das Gesamtkon-
zept mit eingebunden werden. Nur so kann der
langfristige Erfolg, die Senkung der Betriebs-
kosten durch Fluorpolymerauskleidungen, si-
chergestellt werden.

Introduction

Increasing focus on environmental aspects
of coal fired power plants gives the flue gas
cleaning processes more importance from
year to year. Different kind of equipment
installed downstream of the boiler ensure
the fulfillment of new environmental regu-
lations. The precipitation of the particles
within the electrostatic precipitator (ESP)
and the reduction of SO, in the flue gas
desulfurisation unit (FGD) can be consid-
ered as standards. Chemical processes such
as selective catalytic reduction (SCR) and
selective non-catalytic reduction (SNCR)

reduce the NO, emissions significantly in
many power plants. New carbon capture
systems to minimise the CO, content in the
exhaust gases, the main product of the
combustion process, are presently under
development. While coal-fired power
plants in general are designed for continu-
ous energy production under full capacity
utilisation, due to the fluctuating feed of
energy from wind and sun into the energy
distribution systems, the coal-fired power
plants have to compensate by changing the
utilisation coefficient permanently. This
generates additional requirements espe-
cially for corrosion protection, as the con-
ditions are changing from wet to dry de-
pending on plant utilisation. Finally, dur-
ing short- or long-term shut down periods,
additional precautions for preservation
have to be undertaken.

The present article, describes, how the ful-
ly fluorinated polymers Polytetrafluoro-
ethylene (PTFE) and modified PTFE can be
used as well for heat displacement systems
as for different kind of linings for corrosion
protection. However, successful system so-
lutions only can be provided in close con-

Molecular weight: up to. 108 g/mol

Contains no Modifier

Molecular weight: appr. 0.2-108 g/mol

Medifier: PPVE (PPVE<content < 1 %]

Fig. 1. In Polyteirafluoroethylene (PTFE] and modified PTFE the carbon chain is effectively
protected against chemical attack. The high bonding energy of the C-F- bond combined
with the excellent steric shielding of the C-C — chain by fluorine atoms makes PTFE and
modified PTFE a resin of excellent chemical resistance.
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nection between material properties, de-
sign of components or systems and opera-
tion conditions.

Polytetrafluoroethylene (PTFE) and modi-
fied PTFE are a fully fluorinated resins,
where fluorine atoms are protecting the
carbon chain efficiently from attacking
chemicals, see Figure 1. With a bonding
energy of 460 lJ/mol the carbon-fluorine
bond is the strongest chemical bond known
in organic chemistry. Therefore this bond
cannot be replaced by any other chemical
bond with winning energy by this substitu-
tion. Furthermore, simply by the size of the
fluorine atom in helical ordering does not
leave unprotected spots along the C-C —
polymer backbone. Both effects are the ori-
gin of the excellent chemical resistance of
PTFE and modified PTFE which makes
them practically resistant to all chemicals
being present in typical flue gas mixtures as
well under try as wet conditions.

With its molecular weight of up to 10% g/
mol for PTFE and 0.2 - 10° g/mol for modi-
fied PTFE both polymers are characterised
by the highest molecular weight of all ther-
moplastic materials. They belong to the
category of semi-crystalline thermoplastics
and after sintering they are composed of
about one third of amorphous region and
two thirds of crystallites. The high crystal-
line part enables a continuous service tem-
perature close to the crystalline melting
temperature, which is in the range of
325°C up to 330°C. Permanent service up
to 260°C will not damage the polymers,
even not in the presence of aggressive
chemicals. During short-term exposure
temperatures up to 300 °C are acceptable.

The amorphous content provides the excel-
lent anchoring of the polymer chains with-
in the polymer matrix. Combined with the
high molecular weight, this is the base for
the good abrasion resistance required for
the many cleaning cycles needed to keep
e.g. ducts and heat exchangers of flue gas
systems under good operating conditions.
Applied as Hetragon™ — combs in Ljun-
gstrom® heat exchangers for example this
becomes visible in the excellent resistance
against polymer erosion during many years
in service when cleaning procedures are
used frequently under standard operation
conditions. In permanent service of a
Ljungstrom*®*-GGH over 12 years in a repre-
sentative application, the erosion of the
comb height measured was less than 5 mil-
limeters and thus extremely small.

The complete covering of the polymer
chains by fluorine atoms is the origin of the
non-polar, anti-adhesive surface. The stick-
ing of deposit formed from fly ash and
aqueous acid mixtures to the surface will
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be reduced by this non-polarity and addi-
tionally it makes cleaning easy at the same
time. The contact angle between water and
the PTFE surface is about 126 degrees. As a
consequence the wetting of the PTFE-sur-
face by water is significantly reduced and,
compared to metal or enamel, adhesion
forces to aqueous media are minimised. In
direct consequence the fouling tendency of
PTFE heat transfer elements in Ljungstom®
rotors compared to enamel coated steel
surfaces is reduced and additionally, the
cleaning behavior is improved. For plant
owners this means enhanced availability of
gas-gas heat exchangers.

The “Limiting Oxygen Index” (LOI) of
PTFE is about 95; that means, it is not flam-
mable under atmospheric conditions (At-
mosphere = Oxygen Index (OI) = 20).
Glowing flue ash particles therefore are not
critical for the ;non-flamable’ resins PTFE
and modified PTFE.

How about ageing behavior of PTFE under
typical service conditions in power plants
at high temperatures and repeating alter-
ing stress, combined with permanent pres-
ence of aggressive chemicals? The ageing
mechanism of polymers is based on two
different chemical reactions: in one respect
the breaking of a polymer chain followed
by its recombination leads to a progressing
cross-linking of the polymer, thus enhanc-
ing brittleness. On the other hand the poly-
mer is chemically degraded by oxidative
attack with substitution of the side chains,
becoming visible through enhanced crack
sensitivity. Both reactions are not possible
at PTFE due to energetic reasons. There-
fore, even in permanent service under ex-
treme conditions, PTFE will not show age-
ing effects and the original property profile
remains constant over many years. Only
abrasion effects, as mentioned earlier are
possible.

The question may arise when it will be ben-
eficial to use PTFE and in which cases the
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application of modified PTFE is advanta-
geous. The answer can be given in the fol-
lowing way: If chemical resistance and sta-
bility under high temperatures are re-
quired, standard PTFE does the job.

In applications where additionally high re-
sistance to permeation is needed and weld-
ability is required for the assembly of parts
and systems, modified PTFE should be the
preferred choice: The lower molecular
weight of modified PTFE makes particle fu-
sion during the sintering of the polymer
material more efficient and, by closing the
gaps perfectly between the material parti-
cles, gives it an enhanced barrier property
to aggressive chemicals and gases. Another
benefit of the lower molecular weight of
modified PTFE is its weldability. Either by
butt welding or hot gas seam welding, films
and parts from modified PTFE can be con-
nected to allow a broad variety of fluoro-
polymer based system solutions. Finally
the reduced cold flow, which gives the ma-
terial more stability especially under high
service temperatures, is the third benefit of
modified PTFE. The enhanced material sta-
bility required around fixation points of
loose lining systems for flue gas ducts is a
typical example where the better perform-
ing modified PTFE is selected preferably.

In order to optimise the flue gas cleaning
systems and operating conditions in coal
fired power plants, nowadays fluoropoly-
mers such as PTFE and modified PTFE are
used in many places. Figure 2 gives an
overview on the different opportunities for
applications: Downstream the electrostatic
precipitator (ESP), fluoropolymer linings
are typically used to protect the duct sys-
tem from corrosion. As a new trend in the
power plant industry fluoropolymer film
lining includes the stack itself. Different
reasons are driving the development for-
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Fig. 2. Downstream the elecirostatic precipitator in a power plant the applications for fluoropoly-
mers begin: Lining of flue gas ducts including stack and heat displacement systems to
run modules like the flue gas desulfurisation unit under optimised conditions.
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ward in this direction: the trend for more
efficient power plants generates lower off-
gas temperatures requiring better protec-
tion of the stack construction due to wet
environment and, as a consequence of dif-
ferent plant utilisation, deposit sticking to
the inside surface of the stack may be
blown out in phases of full power opera-
tion. Both requirements, protection from
wet, aggressive environment and avoiding
deposit formation can be fulfilled by fluo-
ropolymer lining systems.

Inside the heat displacement systems,
which provide the optimal temperature
conditions for e.g. the flue gas desulfurisa-
tion unit, PTFE or modified PTFE can be
used as heat transfer elements in Ljun-
gstrom?® heat exchangers, as tube material
in tube bundle heat exchangers and for the
lining of the modules including their inlet-
and outlet-sections.

Cooling down the flue gas before entering
the FGD and reheating it after cleaning can
be realised by various techniques, e.g. ei-
ther by Ljungstrom® Gas-Gas-Heat Ex-
changer (GGH) or by Fluoropolymer tube
bundle heat exchangers.

The principle of the Ljungstrom?® air pre-
heater works as follows:

The heat transfer surface consists of thin
profiled steel plates, packed in frame bas-
kets and installed inside the rotor. Typical
diameter of a rotor is in the range of 15 to
21 meters. During each revolution of the
rotor, heat is absorbed by the heating sur-
face passing through the hot gas stream
and transferred to the side where the cold
gas is passing the rotor segments. Thus, the
cold gas is heated up while the rotor inserts
are re-cooled again.

In flow direction of the hot gas through
the rotor elements, temperature may fall
below the dew point level Tp and the
chemicals mix starts condensing. Thus a
highly-corrosive environment is generated
at the “cold end” of the heater elements
and steel quickly starts corroding. PTFE is
the material of choice for the heat transfer
elements which will withstand these ag-
gressive conditions with no damage over
years.

In order to explain, why polymers such as
PTFE or modified PTFE are capable for a
similar heat transportation capacity when
installed inside Ljungstrom?® rotors, we can
use the following experiment:

One kilogram of a Hetragon™ PTFE-comb
and a steel plate package of similar weight
are heated by hot air up to 90°C. After im-
mersing the heated components into a wa-
ter basin containing five liters of water, the
temperature is rising by 3,2 °C when heated
with the PTFE comb, but only 1,5°C in case
of the steel plate package.
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Fig. 3. The heat transfer elements inside Ljungstrdm® rotors can be made out of different materials.

With special focus on the cold end side where corrosion attack is harshest, the use of

PTFE combs may be the right measure fo avoid corrosion fotally. Surprisingly, the heat
transportation capacity is on a similar level (400 + 8% ki/m? - K] no matter whether the
heat transfer elements are made from steel, from enamel coated steel or from fluoropolymer

‘plastic’.
1 kg Hetragon™ Heating-up
PTFEcomb to 90 °C

1 kg Steel Package
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Fig. 4. The amount of specific heat to be carried by Hetragon™ PTFE-combs is twice as high
compared fo steel plate package. If PTFE is used as a heat transfer medium, only half of

the weight compared to steel is sufficient for the same amount of heat transfer.

Transferring these results to Ljungstrom®
rotors equipped with either steel plates or
PTFE combs, this means, that only appr.
half of the weight of PTFE combs compared
to steel plates is required in order to trans-
fer the same amount of heat during one
turn of the rotor. In terms of weight loading
inside the rotor this comes pretty close to
the real situation: While the typical specific
weight of PTFE combs is about to be
360 kg/m?, steel plate packages are much
more heavier with a typical load of around
850 kg per cubic meter.

The consequence for the packings of Ljun-
gstrom?® rotors therefore is as follows: If
equipped with PTFE combs, half of the
package weight is sufficient to transfer a
similar amount of heat per revolution com-
pared to the ‘full steel version’.

>>> VGB DIGITAL <<<

The equivalence of heat transfer capacity
of both system solutions leaves it up to the
designer or operator of such GGH to de-
cide, whether to use steel plate packages or
Hetragon™ PTFE combs. From the eco-
nomical point of view, it can be advanta-
geous, to start with the replacement of
steel plate packages by PTFE combs from
the cold end side of the rotor, where the
corrosive attack is highest. As both materi-
als, steel plates as well as PTFE combs can
be placed in one basket, the ratio of steel to
PTFE can be decided totally free. The de-
tails of a representative assembly in so-
called ‘combi-packages’ can be seen in
Figure 5.

Due to the significant differences in weight
of steel plates compared to PTFE, the op-
tions for weight savings are enormous.
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Fig. 5. Replacing steel plates in Ljungstrdm® GGH by Hetragon™ PTFE-combs: Multiple assembly

options, two-materials in the same basket, enable a continuous fransition from steel to

PTFE combs.

Taking a Ljungstrom?® rotor as an example

with twenty meters in diameter and one

meter in height, the total weight of steel

plate packages is about 213 mtons. If only

20% of the height is replaced by PTFE

combs, the weight savings are already 24

mtons. Full replacement of steel plate

packings by Hetragon™ PTFE combs would

end in a total weight reduction of 123

mtons. By this amount, the weight of the

‘moving parts’ of the GGH can be reduced.

Further benefits are:

— Significant load reduction for the bear-
ing system

— Minimise vibration

— Reduce sagging at the outer circumfer-
ence

— Additional reduction of the weight of the
static rotor components

All these advantageous can be generated
without the need for any compromise in
heat transfer capacity of the GGH.

The molecular background of specific

nd thermal conductiv

heat ¢

ity k
and its impact on material selection
Depending on the design of heat exchang-
ers, different properties of the materials
are addressed to be essential for the func-
tion of the ‘thermodynamic machine’.
InLjungstrom® GGH, the specific heat c, of
the rotor packings makes the decision on
the efficiency of the thermodynamic ma-

chine, as it defines the amount of thermal
energy which can be picked up by the ma-
terial and, by rotation, carried ‘to the other
side’. As long as the walls of the packing
materials are thin enough, only a low de-
gree of thermal conductivity k is required
in order to enable a quick pick-up and re-
lease of the thermal energy.

In tube bundle heat exchangers or in pipe
heat exchange constructions, the thermal
conductivity k of the tube or pipe material
is the key to success. When exchanging
heat, the energy has to go through the
walls of the tubes or pipes to enable the en-
ergy tlow from the high-temperature side
to the medium with the lower temperature.

A typical design for tube bundle heat ex-
changers in FGD displacements systems
works in the following way: After leaving
ESP and before entering the scrubber high-
temperature, non-cleaned flue gas flows
along the outside of tubes, heating up the
heat transfer medium inside the tube,
which is typically water. The heated water
then flows through the tube bundles of the
‘heater-side’ of the displacement system,
while the cool, cleaned, flue gas after leav-
ing the scrubber flows along the outside of
the tubes picking up the energy from the
water through the tube walls.

How are the mechanism of specific heat ¢,
and thermal conductivity k in steel and
polymer materials and what does this

Optimisation of flue gas cleaning processes

mean for the usage of both materials in the
different types of heat exchangers?

The explanation is being given in the fol-
lowing Figure 6a and 6b.

The mechanism of specific
heat c,, (Figure 6q)

While in metals the atoms only can per-
form vibrations around the state of equilib-
rium, in polymers, the molecules can carry
high amounts of energy in the activated
degrees of freedom in translation and rota-
tion. The free volume between the mole-
cules in the amorphous regions allows this
high degree of molecular mobility. As a re-
sult, the specific heat ¢, of metals is low
while that of polymers is high.

Therefore, in Ljungstrom?® heat exchangers
where ¢, plays the key role, polymers such
as PTFE can outperform metals in terms of
heat transfer capacity by far.

The mechanism of thermal
conductivity k (Figure 6b)

While in metals the atoms are in close con-
tact to each other, motions of the atoms are
transferred easily with no delay to the
neighbor atoms, thus conducting a heat
impulse quickly through the material. This
is known as the excellent thermal condue-
tivity k typical for metals.

The free volume between the molecular
chains in polymers makes the kinetic im-
pulse transfer to the neighbors difficult and
heat impulses cannot move forward easily.
This is the origin of the low thermal con-
ductivity, which polymers are known for.

As a result, the thermal conductivity k of
metals is high while that of polymers is low.

This has to be taken into consideration
when polymers such as PTFE or mod. PTFE
are applied as tube material in bundle heat
exchangers: the exchange area required is
significantly higher when polymers are
used instead of metals. Manufacturing the
tube walls as thin as possible does not only
help to reduce the material demand, but
also enhances the efficiency of heat trans-
portation through the tube walls. Adding a

Thermal conductivity k [W/m-K]

Specific heat i, [kJ/kg*K]
Polymer
Metal : By
cp_=I?w

Fig. 6a. Thermal energy can be stored and carried on in polymers
through the marz degrees of freedom, the molecular chains

have mainly in the amorphous regions. As a consequence,

po

the specific heat cp of polymers is significantly higher than

that of metals.
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Fig. 6b. Thermal conductivity k of metals is much higher than that of
lymers, as in metals atoms stay in close contact and can
fransform energy pulses easily.
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Tab. 1. Different materials can be used as heat transfer packages in Ljungstrém® heat exchangers. The specific heat cp is the key criteria for the
efficiency of this type of heat exchanger. Thanks to its high specific heat polymer materials such as PTFE can carry a similar quantity of ener-
gy per revolution as the much heavier steel packages.

PTFE unfilled white
PTFE thermally conductive black
Steel black
Nickel alloy black
Enamel glassy
Enamel coated steel glassy

conductive filler to the fluoropolymer is not
recommended in this case, as the full poly-
mer material performance is required in
this application to withstand the pressure
under elevated temperatures over many
years in service. Therefore, reducing the
physical strength of the tube material by
filler addition is not acceptable. The ex-
pected lifetime of these systems can be very
high, as no corrosion will occur even after
many years in application.

Replacing steel by Hetragon™ PTFE
combs - The calorimetric details

When utilising the specific properties c,
and k of PTFE for the optimisation of Ljun-
gstrom® heat exchangers, the benefits can
be significant when replacing steel plates
by PTFE combs. Table 1 shows the calo-
rimetric details.

The different material options for Ljun-
gstrom® heat exchanger packages can be
seen in the listing, together with its values
for specific heat ¢, and thermal conductiv-
ity k. Positioned inside Ljungstrom?® rotors,
¢, describes the capability of the packag-
ings for heat transportation and k stands
for the speed, how quick the energy can be
picked up from the surrounding flue gas
stream and how quick it will be unloaded
again to the cooled, cleaned air coming
from the outlet of the FGD scrubber after a
revolution of the rotor of 180 degree. The
specific weight for steel packages with
about 850 kg/m? is significantly higher
than those for PTFE comb packages made
from either unfilled PTFE or thermally con-
ductive PTFE with its 360 resp. 300 kg/m®.
However, as the specific heat for PTFE with
its 1.01 J/g * Kis more than twice as high as
those of steel, 0.46 J/g - K, the 360 kg of
unfilled PTFE combs can carry nearly the
same amount of thermal energy, as this is
true for a one cubic meter steel package
with its 850 kg (see alsoFigure 3).

The question may arise whether the very
low thermal conductivity k of PTFE (0,35
W/m*K) may negatively influence the
heat transfer capacity of the packed ro-
tors due to nonsufficient heat transfer in
the energy pick-up and unloading sectors
of the rotor. The development engineers
took this into consideration and devel-
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1.01 0.35 2.16
1.24 0.43 213
0.46 40
0.46 15
0.71 1
0.5 8

oped the Hetragon™ PTFE combs with 1.2
mm wall thickness only. As a result, the
contact time with the streaming flue gas
touching the comb walls on both sides is
long enough, to fully heat up and cool
down the heat transfer elements during
each revolution.

The following assumptions had been ma-
de for the calculations summarised in Ta-
ble 1:

The specific weight of profiled steel plate
packages inside the rotor is more than
twice as high as the specific weight of
Hetraon™ PTFE combs. Enamel coating
contributes positively to specific heat c,
and negatively to thermal conductivity k.

Corrosion protection with

fluoropolymers in lining applications

As demonstrated in the Figure 2 —over-

view, the potential area for fluoropolymer

lining applications in the flue gas duct sys-
tem begins immediately downstream ESP.

Depending on the conditions in service,

differentiation is made between the follow-

ing two lining systems:

— Bonded lining systems for service tem-
peratures up to appr. 120 °C for storage &
transportation tanks

— Loose lining systems in applications with
temporary or permanent service tem-
perature higher than 120°C or in areas,
where direct bonding is not possible (e.g.
stack lining)

850 391
850 391
850 425

The two main reasons why differentiation
is made in this way is due to the different
coefficient of thermal expansion of fluoro-
polymers and metals and the limited avail-
ability of high-temperature glues with
chemical resistivity. With an average coef-
ficient of thermal expansion for the tem-
perature range of 0 to 200°C of 12-10° 1/K
for PTFE and modified PTFE, these fluoro-
polymers are expanding or contracting ten
times more than steel under temperature
variations. Therefore, if temperature is
changing too much, high shear forces will
be generated between bonded lining layers
and the bonding layer will be destroyed.

The different techniques applied in repre-
sentative applications in power plants can
beseeninFigure 7.

Corrosion protection with Bonded

Lining Systems using PTFE-Laminates

The selection of an adequate material, es-
pecially the use of modified PTFE laminate
with its reduced tendency of permeation,
combined with the required thickness of
the lining system, provides excellent corro-
sion protection. Low permeability and en-
hanced thickness of the barrier layer does
not enable the chemicals to get in direct
contact with the steel components over the
full lifetime of the system. Therefore, pro-
tective layers of modified PTFE up to 6 mm,
sometimes even more, are typically used in
this kind of corrosion protection system. As
itcanbeseeninFigure 8, the fluoropoly-

Fig. 7. Bonded lining systems using fluoropolymer laminates and loose lining systems in its typical
applications in power plants. Left: Bonded lining system in containers and tanks for storage
of chemicals and aggressive end products such as condensate. Right: Loose lining systems
with mechanically fixed films from modified PTFE in the hot segments of the duct system.
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Fig. 8. Corrosion protection with Bonded Lining
(S:ysfems using mod.-PTFE-Laminates:
hemical bonding of the mod -PTFE
laminates combined with sufficient
thickness protects the steel surface
from coming info direct contact with
aggressive chemicals.

Loose Lining

Steel construction Insulation

Lining

= Ventilation

Chemical
attack

Fig. 9. loose lining systems: Duct lining in
power plants with film from modified
PTFE. Mechanical fixation of the film
leaves a free interspace between film
lining and steel substrate. As long as
back ventilation keeps the interspace
dry, no corrosion can start.
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mer lining is bonded to the steel substrate
by using a chemically and thermally stable
adhesive, which connects the PTFE-lining
laminate with the steel substrate. Either
2-K Epoxy- or Polyurethane-adhesives can
be used in applications up to appr. 120°C.
After the individual sheets are fixed, the
groves between the sheets are closed by the
use of hot gas string bead welding. PFA rod
is the material of choice to weld together
modified PTFE sheets by this method.

In order to avoid damaging by shear forces,
generated by different coefficient of ther-
mal expansion for mod. PTFE and steel, in
the broader service temperatures range
from ambient up to 200°C or more, loose
lining systems are preferred. While bonded
lining systems are designed on the princi-
ple “thick sheet generate lifetime barrier
properties”, loose lining systems can work
with much thinner lining films, as these
systems can perfectly work even with ac-
cepting a small amount of permeation of
chemicals through the lining film. Figure
9 shows the principle in detail: The me-
chanical bonding of the fluoropolymer film
by “fix-points” with no direct adhesion to
the steel construction leaves an interspace
free between the steel substrate and the
protective film. Chemical corrosion only
can start if two assumptions are given: the
presence of a chemical potential, the so-
called “Nernst-potential” and an electro-
lyte, e.g. condensate or liquid water, which
allows the electrons to flow from the oxi-
dised component, the steel substrate, to
the reactive partner which undergoes
chemical reduction. As long as back venti-
lation assures the removal of the permeat-
ed gases and keeps the interspace between
the film lining and steel construction dry,
no corrosion can start due to lack of elec-
trolyte.

While bonded lining systems in general are
vacuum proof, loose lining systems can ac-
cept only limited pressure differences. If
the under-pressure at the side of the film
lining gets too low, bowing of the film will
happen and bending movements will start
around the “fix-points”. By using the venti-
lation openings as vacuum ports, this in-
trinsic limitation of loose bonding system
can be overcome.
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Summary & Outlook

Fully fluorinated polymers such as PTFE
and modified PTFE with its universal
chemical resistance to all chemicals in flue
gases enable various applications along the
flue gas stream in power plants. Heat dis-
placement systems for optimal tempera-
ture conditions within the individual
cleaning modules and lining systems for
corrosion protection is given the main fo-
cus in this article. Hetragon™ PTFE combs
as heat transfer elements in Ljungstrom?®
heat exchangers enable to re-equip and to
upgrade existing plants with no major in-
vestments required and provide significant
lifetime expansion. No reduction of heat
transfer capability in GGH occurs when
steel elements are replaced by PTFE; sig-
nificant weight savings for the rotors allow
even bigger constructions in the future.

Two different systems for corrosion protec-
tion with fluoropolymer linings are pre-
sented in detail: Bonded lining systems for
service temperatures up to appr. 120°C
and loose lining systems for the higher
temperature ranges up to 200°C or more.
While the first one is designed based on the
high barrier principle to avoid direct con-
tact of the aggressive chemicals with the
steel substrate, the latter one also provides
full corrosion protection even under ac-
cepting a permanent flow of a low amount
of permeate. As PTFE and modified PTFE
are resistant to all chemicals present, no
matter whether the system is dry or wet, no
preservation is required for temporary or
long-term shut-down of the plant in all ar-
eas, where fluoropolymers are used for cor-
rosion protection. Furthermore, fluctuat-
ing plant utilisation, as it becomes more
and more state of art in these days as the
varying availability of the renewable ener-
gies have to be compensated by coal fired
power plants, will not generate additional
corrosion problems.

As the main conclusion it can be stated,
that the long lifetime of fluoropolymer sys-
tem solutions improve the Cost-of-Owner-
ship for the owner of power plants. I



