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LOW TEMPERATURE PARTICLE FILTRATION OF WOOD GASWITH LOW TAR CONTENT

C. Hindsgaul*, U. Henriksen* and J. D. Bentzen**
*Danish Tedhndogicd University/Mecdhanicd Engineging
Building 120, DK-2800Lyngby, Denmark
** COWI Engineasand Planners AS
Paralelvgl 15, DK-2800Lyngby, Denmark

ABSTRACT: Baghouse filters and cartridge filters were tested orline with wood gas from a two stage down draft
gasifier. The gas contained soot and very low levels (10-30 mg/Nm3) of tar. Particle wlledion efficiencies were above
95%. Continuous operation with cheg self cleaning baghouse filters were tested for a period o three days with good

results.
Keywords: Gas cleaning, gasificaion, tar removal

1 INTRODUCTION

Gas cleanup from biomass gasifiers generally
have to ded with high levels of tar in the gas gicking to
e.g. pipe walls and movable parts. For low tar gasifiers,
this problem is expeded to be very small - or even
absent. Thus very simple, well known gas cleaiing
devices may be sufficient to read a gas quality suitable
for IC engines and gas turbines.

On the two stage gasifier at DTU[1] pyrolysis
and gasificaion readors are separated by a well defined
hot tar cracking zone. The resulting gas contain 10
30 mg/Nms tar, but approximately 400 mg/Nm? particles.
The vast mgjority of the particle massfrom the two stage
gasifier has been identified as ot with sizes abou 0.1-
0.5 um[2].

Particles of these sizes can na be dficiently
removed by inertial particle separation methods such as
cyclones or scrubber systems. This explains why the
existing venturi scrubber based gas cleaning system never
removed more than 83% of the particle mass despite
several optimisation attempts.

Filtration through fibrous materials or
eledrostatic predpitators have excdlent performance
with submicron particles. Filtration with baghouse filters
and cartridge filters were chosen for evaluation in this
work. Attemptsto test an eledrostatic predpitator fail ed.

1.1 Fibrefilters

In order to identify the important parameters
influencing the wlledion efficiency in fibre filters, a
brief filtration theory study was conducted.

In fibrous filters the particles are wlleded on
the fibres by interception and dffusion. Interception is
when a particle hits a fibre due to inertia dfeds or
because the particle is large enough to touch the fibre &
it pases. Interception is the most important effea for
larger particles (>1 um). Diffusion is when the Brownian
motions of the particle brings it in contad with the filter
material. Diffusion is the major colledion effea for sub-
micron particles (<1 pm).

A theoreticd measure for the dficiency of a
fibre media is its single fibre efficiency, ng. This is the
efficiency of asingle, cylindricd fibre. It is assumed, that
it is surrounced by a g/lindricd gas filled volume. The
volume ratio of fibre and air correspond to that of the
adual filter material. The following theoreticd equation
for ng was propased by Lee ad Liu[4]. They included an
empiricd constant, € = 1.6:
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Where R=D/Dy, a is the fibre packing (ratio of
fibre volume to void volume), D; and D, are the fibre and
particle diameters. The diffusion coefficient, a, can be

approximated assuming sphericd particles:

(Eq. 1)
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V; is the mean thermal speed, Imfp is the mean
freepath, nisthe number of particles per volume.

The relation ketween ng and the overal filter
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Figure 1: Theoreticd singlefibre dficiency plots varying
different parameters.

The plots in Figure 1 show the single fibre
efficiency as functions of different parameters using
eg. 1. The foll owing base values were used: fibre pacing



a = 0,1; gas velocity U=0.02m/s, gas temperature
T=50°C=323K; particle mncentration r=0.03 pm>; and
fibre diameter D=5 pm.

Figure 1c shows that the temperature has only
negligible impad on ng (if the gas velocity is kept
constant). This indicae that the alvantage of faster
Brownian motions in the filter is negligible under these
condtions. In contrast, fig. laindicae that the doice of
materials with small fibres (small D) markedly increases

Ns
For submicron particles Figure 1d shows that
the gas velocity are important to ng. Thus larger area of

the filter not only means a lower presaure drop. It aso
resultsin better removal of submicron particles.

2 METHODS

The filters were tested duing a one week test
programme with the two stage gasifier at DTU fueled
with wood chips. The &isting gas cleaning system based
on a venturi scrubber was replacal by a setup in which
either a baghouse filter or a catridge filter would clean
the full amourt of produced gas (approx. 60 Nm#/h).

A system with two gas codlers was built (see
figure 2). First the gas was coded from 700°C to 9C°C
which is intentionally just above the dew point of water
in the gas in order to avoid liquid water to enter the
filters. Codling reduce gas the volume to be deaned was
reduced and makes wider range of filter materials
possble. After filtration o the gas further hea was
recovered in a @oaling condenser.
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Figure 2: Schematic of the test setup.

2.1 Baghousefilters

DT/DT501  PE/PE501

Material DraonT Polyethylene

Mass 500g/m? 500g/m?

Area  0.92m? 0.92m2

Gasvelocity 18 mmvs 18 mmv's
Thickness 2.3 mm 1.8 mm

Max. temperature 120°C 150°C

Hydrolysisresist. Good Bad

Packing density, a 19% 20%

Table 1. Data for bag filters from data sheds. "Gas
velocity" isthe gas velocity occurring in this work.

Baghouse filt ers made of polyethylene (PE) and
DralonT were tested. Polyethylene was the chegper of

the two and was the more temperature resistant, but could
be subjed to destruction by hydrolysis in the gas, which
could quickly bre& the filter. Two dfferent bag types
were tested (Table 3).

For ead of the two bag materials, a setup with
two bags (1 meter, 0.46 m? ead) were tested. The total
filter areawas 0.92m? correspondng to an average gas
velocity of 0.02nmv/s. The baghouse filters were tested
with cleaning pulses of 50 ms with N, from a presaurised

tank with 3.5 bar gauge.

2.2 Cartridgefilters

Four different cartridges were tested. One of
these were of the membrane type, the others fibrous
(Table 2).

Envi Envi Envi MANN
EN-13 EN-247 EN-712 C23 4401

Material Tetratex Coated Cellulose  4MFN
onPE paper PE paper
Fiber OD; Membr. - - 37-50 um
Mass 200ym? 190y/m? 130g/ne -
Area 2.0m? 4.5 n? 4.5m? 1.7 m?
Velocity 8mm/s  4mm/s 4mm/s  10mm/s
a - - - >18 %

Table 2: Data for cartridge filters from data shees. The
filter areas were measured onthe adual filters. "Velocity"
isthe gas velocity occurring in this work.

3 RESULTS

Figure 3 shows the particle determinations
during the test. The determinations of colleded particles
are averages over the full operation time of ead filter.
These ae shown as verticd lines filli ng the time span o
filter operation. For reasons unrelated to this filter
evaluation the gasifier was operated in three different
operating condtions explaining the different particle
loadsin Figure 3:

e 2111992311.99: No stean, high particle loads.
e 2311.992511.99 With stean, low particle loads.
e 251199-26.11.99: Vortex mode!, medium loads.
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Figure 3: Particle load determinations. The gproximate
particle mlledion efficiencies during the tests are shown
in parenthesis.

The filters apparently colled more particles
than were measured in the gas before the filter. This is
becaise the particle loads increase dramaticdly when the

! Seeposter V2.82.



grate suppating the fixed bed in the gasifier is moved.
This is done & a routine operation to relieve the fixed
bed from excess presare drops. This operation is dore
by the plant personrel but was intentionaly avoided
during particle and tar measurements in the gas before
thefiltersin order to have cnsistent measurements. Thus
the filters colleded these particle "bursts’ while they
were not included in the gas measurements.

Particle measurements after the filters were not
as engtive to grate movements. Partly becaise they
spanned over longer time.

Particle mlledion efficiencies were caculated
from the massof particles colleded by the filters and the
particle measurements after the filters. Inspedions of a
police catridge filter placed after the cndensing cooler
confirmed that virtually no visible anourts of particles
readed thisfilter.

3.1 Baghousefilters

Unfortunately dirty gas lesked pest the Dralon-
T bags due to insufficient fastening of the bags. This
caused a wlledion efficiency of around 5@%6. The police
filter in effed caught considerable anourts of particles
and the condensate was contaminated. Thus the
efficiency evaluation d these filters faled, but the faa
that the mlleded particles were dry and easy to handle
was encouraging.

The PE bags were orredly fastened and
showed no signs of destruction dwe to hydrolyss.
Badkflush cleaning of the baghouse-filters with N,-pulses
were successully demonstrated for 50 hous cleaning
woodgas. The presaure of the badflush N, was 2.5 bar
gauge. Figure 5 shows the pressuure development with
badkflushes approximately every 60 minutes.
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Figure 5: Presarre development for the PE baghouse
filter. The times of two grate movements as well as two
short stops due to external causes areindicated.

The particle load before the filters were 400-
500 mg/Nm? whil e 10-30 mg/Nm? was | eft after filtration.
Pe&ks in the particle load after the filter occurred duing
badflushes. According to the filter producer, this $oud
be avoided if lower the presare of the badflush N,
could be reduced.

3.2 Cartridgefilters

The catridge filters appeaed to work
effedively until they were saturated with particles. The
measured efficiencies of the filters excealed 98%. The
presare developments of the tested cartridges are shown
in Figure 4. The catridge filters are very compad and
would be agood choice for filtering gas greams with

small particle contents or short operation times. E.g. it
would be goodas a"pdlicefilter" after other gas cleaning
comporentsin order to ensure dean gas even if the main
gas cleaning systems shoud fail.
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Figure 4: Presaure development for the tested cartridges.
The legends show the type and average mlleded particle
mases. The results of two isokinetic particle
measurements after the filters are shown.

(*) The EN-712 filter test was interrupted by very high
particle loads due to sudden massve movement of the
gasifier grate.

A similar Danish low tar gasifier have later tested a
simil ar baghouse filter setup with good resultg[6].

3.3 Tar removal
The tar content found in the particle samples
were determined by two dfferent methods:

1. pyrolysing samplesat 600°C.
2. extrading samples with acdone.

The massloss due to pyrolysis tend to overestimate the
tar levels compared to extradion[5].

Figure6 shows a summary of the tar
determinations during the tests. The x axis is the time of
determination. The "pyrolysable” and "aceone solubles®
are cdculated from the determined particle tar mass
These determinations are averages over the full operation
time of ead filter shown as verticd lines filli ng the time
span of filter operation. The sum of tar determinations
dore by the Danish Techndogicd Ingtitute (TI) are
included in the figure.

Tar
100

[ ] —— Pyrolyzable tar on particles
-~ Acetone solubles on particles
75 4 -e—Tar before filter (Tl)

‘E —-Tar after filter (TI)
£
A e Y S NP
= o %
g —>0
[ut al
- A O e - - - e - - - - - - - -
Lo "N N
0 T T T
22.11.99 23.11.99 24.11.99 25.11.99 26.11.99

Date

Figure 6: Tar determinations in the gas measured by
particle axd gas smples. Some of the pyrolysis
determinations were repeaed on particle samples from
the samefilter.

It is een from Figure 6 that the tar content
generaly deaeased from 25-40mg/Nm? to levels not



excealing 5mg/Nmd. Extradions of the particles
colleded by the PE baghouse filter in aceone showed
that the removed amourt of tar was found on the
colleded particles, indicding that most of the tars had
condensed on the particles during cooling. So cold
particle filtration seeamed to remove asignificant fradion
of the tar even though the initial tar levels were very low.
It dso indicate that even though particles in the gas are
generdly depredated, certain levels of particles may
improve tar removal; in the &sence of particles, tar
would instead condense on the inner surfaces of coolers
and piping.

4 CONCLUSIONS

Two dy, cold perticle filter types were
succesdully tested with cooled producer gas from the
two-stage gasifier at DTU: Baghouwse filters and four
different cartridge filters.

It was demonstrated that the bag and cartridge
filters had very good cleaning efficiencies (9599 %
masg. It is sown theoreticdly that larger filter aress
could further improve the mlledion efficiencies of such
filters for submicron particles sich as those foundin the
prodwcer gas. This was confirmed by the fad that the
measured colledion efficiencies of the catridge filters
(with larger filter areas) were the highest. The choice of
filter material will also pdentially improve olledion
efficiencies.

Summarised, baghouse and cartridge filters are
effedive for particle removal from producer gas with low
tar content. Cartridge filters are more cmpad but have
lower particle cgadty and shoud be preferred as a
padicefilter in the dean gas after the primary filter.
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