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References - Eskom
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Theory of Dry Fabric Filtration
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Filtration Mechanisms

» Sieving
> by fibres
> by dust filter cake, pre-coating of filter bags

» Impaction
> collision with other dust particles and fibres

» Electrostatic charge
» prevents diffusion caused by Brownian movement
» important for the collection of fine particles, smaller than 5 microns

» Agglomeration
» larger particles, gravitational forces , inertia
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Filtration Mechanism

» Sieving, impaction, agglomeration, electrostatic, cake filtration
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Construction of Filtration Materials
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Needlefelt Filtration Materials

Flow direction Surface batt

MEEEEEEN

Inner batt
Support scrim - woven
The Scrim: Needlefelts:
> is the backbone of the filter medium » High filtration efficiency
(supp'ortlng_ scrln_]) . » Lower cloth area in relation to

» provides dimensional stability. volume Flow

» scrims are made from either staple fibre or ] _
» Special coatings / finishes
> All types of fiber materials
» Mechanical / abrasion resistance
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FAaAaBRIC COMNSTRUCTION -
NEEDLE FELT
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Type of Needlefelt Constructions

Symmetric
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Filtration Process
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Dust Cake Characteristi

s

Adhesion to fabric - permanent dust
cake
Dust particle cohesion

Porosity - Good filtration
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Protection of filter material
»Abrasion
»Chemical attack
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Removable dust cake

Permanent dust cake
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Dust Cake Formation - Filtration

»Filtration process — normal needlefelt
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Depth Filtration - Blinding of fabric

»Dust penetration into the fabric - long time process?
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Fibre cross-section comparison

Fibres with different cross sections are used for the manufacturing of
non woven filter materials; multilobal fibres as well as circular fibres

Multilobal fibre cross section Round fibre cross section
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Examples of different fibre cross sections

SEM round fibre image

LM image of multilobal fibres
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Explanation for the differences in the
felt thicknesses

projected fibre S projected fibre
diameter diameter

Multilobal fibres with the same fibre titre show larger
projected fibre diameters (~ + 30%).
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Influence of fibre cross section on
sample thickness

.................

>d

multilobal circular

Due to the larger projected fibre diameters of multilobal fibres
the distances d between fibres are also larger.

=>  Filter materials built of multilobal fibres are more porous
and thicker than felts manufactured of circular
fibres.
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Flow simulations: Comparison of the flow field around circular
and multilobal fibres

. . - d e Lanes of laminar flow
. paths with a d width
’/%\— /\: are considered.
\/— \/ e Agrid of lanes (fibres)
Flow dlrectlon Flow dlrectlon .

results.
d e Filter face velocity 1.5

/—\ m/min (4.92 ft/min)
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Flow simulations: Results

»Comparison of flow fields around multilobal and circular fibres.

circular

Contours of Velocity Magnitude (m/s)

T Start, € © W | Brcemangml [ B A K e

»Multilobal fibres show larger areas with low flow velocity (called: “No”-
Velocity Areas) compared to circular fibres.
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Definition of “No”-Velocity Areas

Areas with flow velocities below five percent of the filter face velocity
are defined as “No”-Velocity Areas.

Flow direction

—>

Flow direction

™

“No“-Velocity Areas

I 0.00e+00
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Observations

» The “No”-Velocity Areas around multilobal fibres are larger
compared to conventionally circular shapes.

» These areas represent extra storage spaces for particles which
are separated within the filter medium during the initial phases
of filtration (pre-coating).
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Simulation sequence of dust separation
In the No”-Velocity Areas

Calculation of the resulting friction force

-

1t ste 29 step dstep S\
g /__’_________...--- ]
Simulation sequence :
1st step Determination of the “No” Velocity Area.
2nd step Filling up the whole “No” Velocity Area with particles.
The fibre cross section changes.
3rd step Another determination of the “No” Velocity Area.
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Pressure drop of a fibre layer

The pressure loss Ap across a filter medium is the sum of fibre
forces divided by the filter face area.

D F n*F
Ap = p-—-p, = =
P A A

pl. P2 =

Flow within filter medium => force on fibres (dust)
The force F on a fibre is a measure for the pressure drop Ap.
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Development of the force F in the simulation sequence for multilobal
and circular fibres (equal air permeability)
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Conclusions

Dust separates in the low velocity zones of the multilobal fibres.
The felt constructed from multilobal fibres - irregular / porous
The dust cake formed by multilobal fibres is irregular — porous

The dust cake formed by multilobal fibres is stable as compared to
the dust cake formed by round fibres.

The dust cake has a labyrinth like configuration derived from the
irregular shape of the multilobal fibres - more dust pockets of
collection.

» Multilobal felts can collect finer dust particles than felts based on
similar titre round fibres.
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»Surface filtration process - fine, multilobal fibres
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»The multilobal permanent dust cake is stable during the pulsing phase preventing
the fine particles to migrate through the felt.

»The round shape of fibres associated with a low friction coefficient (i.e. PTFE)
increases the dust penetration rate.
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Test bags installed for 1 year - FFP Stockholm

Pl PI-PTFE blend PPS
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Test bags installed for 1 year - FFP Stockholm

140 ] P84 —
120 B blended felt—
100 O PPS —

Air Permeability [I/dnm?min]

7 B
(0]

as received pulse
cleaned
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Selection of Filtration Materials
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Selection of the Filtration Material

Type of material; to suit the process environment
Gas temperature: average, maximum, minimum, distribution

Gas chemistry

Dust chemistry

Dust particle size distribution

Dust particle shape

Fibre profile: multilobal or round

Fabric construction - composite

Fabric treatment: singeing, coating, calendering

Electrostatic properties of the fabric; to create a suitable dust cake
Strength, weight, permeability, dimensional stability
Type of cage

Type and amount of pre-coating agent

Type of bag house: design features
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Filter Materials for Coal Fired Boiler Bag Houses

Polyacrylic (PAN): low temperature bag houses
Polyphenylenesulfide (PPS): high temperature bag houses
Polyimide (PI): high and low temperature bag houses
PTFE: high temperature bag houses

YV V VYV

Fibre Blends:

PI+PAN;
P1+PPS;
PI+PTFE
PI1+PPS+PTFE

YV V VYV VY
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Characteristics of Polyphenylenesulfide Fibre

»Developed in 1973 in the USA, is now distributed
as a high grade fibre.

»Production: melt spinning process

»Shape: round and trilobal

» Application: boilers and incinerators.

eThermostability: constant: 190°C (374°F)
maximum: 200°C (392°F)

*Melting Point: 280°C-290°C (536°F- 554°F)

sRecommended continuous

operating temperature: 130 - 160°C (266°F- 320°F)

*Density: 1,37 g/cm=3

*Tensile Strength: 50 cN/tex

»Resistance to hydrolysis: excellent

»Resistance to acids: excellent

»Resistance to alkalis: excellent

»Resistance to oxidation: moderate
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Coal fired boilers:
PPS offers these advantages

»economical solution with long »the use of trilobal Procon on the
term track records for filtering surface improves filtration
flue gases in the largest power performance
stations »a fibre blend of Procon and P84
»can withstand typical gas conditions further more increases filtration
with 6 to 8 % moisture content and up efficiency, keeps low differential
to 2000 mg/m3 SOx pressures and long cleaning cycles
»PPS meets additional requirements »standard 10-12 wire cages can
with regard to chemical resistance be used
such as:

*frequent dew point crossings when plant
is operated for peaks only

echange of coal sources
»good Tfiltration efficiency with air to
cloth ratios up to 1,0 m/min (3.3ft/min)
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Characteristics of Polyimide Fibre

»Developed during 1984, P84 (PI) proved to be very good for filtration.

»The Tibres are produced in a dry spinning process.

»Shape: multilobal

» Applications: Coal fired boilers, steel works, cement plants, waste
incinerators, etc.

eThermostability: constant: 240°C (464°F)
maximum: 260°C (464°F)

eRecommended continuous

operating temperature: 130 - 190°C (266°F-

374°F)

*Melting Point: does not melt

*Density: 1,41 g/cms3

*Tensile Strength: 38 cN/tex

»Resistance to hydrolysis: good

»Resistance to acids: good

»Resistance to alkalis: moderate

»Resistance to oxidation: good
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Generation of multilobal fibres - Pl

Solvent Solvent

Polymer + Solvent

Fabrication: Spinning
By vaporisation of the solvent the fibres shrink during the fabrication
process. Irregular or regular lapped fibre cross sections are generated.
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High temperature filtration;
Pl offers these advantages

>P1 filter media is capable to »soluble salts are not effecting the
build up the required dust cake to filtration efficiency (“chicken
filter the finest particles, effect” with PTFE membranes)
neutralize acidic flue gases, »standard 10 -12 wire cages can be
capture dioxins and heavy metals used

when active carbon is added.
»suitable for a broad range of

flue gas compositions
»can withstand temperature

upsets if scrubbers are off
»good Tfiltration efficiency, air

to cloth ratios up to 4,6 ft/min

(1.4 m/min) require small bag houses
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Guidelines for using PI continued

» short term peaks of 260°C (500°F) do not cause problems for PI, however
longer periods around 260°C (500°F) may lead to fabric shrinkage. Short
peaks of 10 minutes at 260°C (500°F) may be limited to 100 - 400
hours/year to achieve requested bag life.

» proper heat treatment of the needle felt in production is necessary.

» operation at or below the acid- and water - dew point should be avoided at
any time

» condensation as well as operation close to the dew point may result in
problems in case the pH of the dust is extremely acidic (pH < 3)

» zinc coated wire cages under acidic conditions may attack P1 filter bags.
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* Actual application temperature may vary to the shown maximum,
depending on the flue gas composition!

www.P84.com



degussa.

creating essentials

Fibre Surfaces

Pl 2,2 dtex PPS 2,2 dtex round (206 m2/kg) PPS 1,7 dtex trilobal (317 m#/kq)

600 /

Pl

400 _~m-ARAMIDE

//’ PPS
PROCON =
- PROL ///

G

Fibre Surface (m2/kg)

m-Aramide

0
4 3 2 1 0

Fiber Titre (dtex)

INSPEC
m FIBRES www.P84.com




degussa.

creating essentials

Differential Pressure of Filter Fabrics

Typical filter test stand
d
PTFE GL U feader
— =t discharge
’_/_N_’ PPS | tube
— AN T —
_/-A L
Q| photometric
mM-ARAMIDE concentration
monitor
cleaning system
ﬁ:::;ﬂ;:me with blow tube
P84 JT test L[_‘l solute
’, filter | r
Test Results I e | D—%—)
Soil Remediation Dust Y|
Load: 10 grains/acf (23g/Nm3) — testchannel
Velocity: 5 ft/min (1.52m/min) B
I I raw gas
e filter
.0 20 Y 40 60 .1 80 10C
- & 4 Jl'-‘: | - i
Y I Time fhrs]_
#ANSPEC = o
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Clean gas dust concentration of filter media

0.005 B PTFE fibre needle felt

S 22 0zlyd?
S 0.004
o OPTFE/P84 fibre blend
o : 2
g z 0.003 needlefelt, 19,1 oz/yd
O wm
o=

©
= 5 0.002
m N
©
(@))
< 0.001
@
° N

O L T
after 30 cycles after aging + 2 hours

measurement
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Clean gas dust concentration of filter media

—_
™

= 0.003 @ PPS needlefelt

=) standard 16,2 oz/yd?
S

b= O PPS/P84 needlefelt
© 0.002 -

= 16,2 oz/yd?

c
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© 0.001 -

)

-]

©

%))

5 -_|

@ O ~ T 1

% after 30 cycles at 4in. WC after aging + 1 hour

@ measurement at 7,2 in.

&) wWC
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Thanks!
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