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Including data in Appendix A
INTRODUCTION

F

iltration experts, over the years, have
discussed combination filtration and
debated its definition. In the realm of
cartridge filtration, simply defined, a
combination filter is one that does at least
one other processing job at the same time as
filtering a suspension. For example, this could
be carbon canister which removes both
suspended and dissolved components. In
water applications, a combination filter
removes bacteria, sediment, chlorine taste
and odor, and scale. In lubrication oil filtration,
combination filtration refers to full-flow and
by-pass flow filtration. Finally, for small scale
process filtration, combination filtration is
installing bag and cartridge filtration systems
in series.
There is, however, a new definition of
combination filtration that transcends the
standard approach and will assist process
engineers with trouble shooting and “ideageneration.” The approach relies upon the
slurry analysis and testing to uncover the
“process symptom” and then develop a
process solution called “combination
mechanical slurry conditioning and filtration.”
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This article discusses slurry testing and
process analysis and then illustrates seven
case history example installations showing
“combination mechanical slurry conditioning
and filtration” including data in Appendix A.

TESTING TO DETERMINE
“COMBINATION MECHANICAL
SLURRY CONDITIONING AND
FILTRATION”
Overview of Bench Top Testing in the
BHS Laboratory
The BHS bench top testing is conducted
using the BHS Pocket Leaf Filter, as shown in
Figure 1. The testing will analyze cake depths,
operating pressures, filter media, washing and
drying efficiencies and qualitative cake
discharge. The data collection sheets are
shown in Figure 2.
Typical Example of “Combination
Mechanical Slurry Conditioning and
Filtration” from Bench Top Testing in the
BHS Laboratory
The typical testing program is shown in Figure
3. The results and summary of the testing
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Figure 1 – BHS Pocket Leaf Filter (PLF).

illustrated that the most
effective approach for the
process filtration is a two stage
process.
The primary filtration is by
candle filters on a continuous
basis. These filters are able to
retain particles down to 0.5
microns and discharge these
solids as a concentrated
sludge/slurry. In order to
reduce utilities, no drying or
washing is necessary in the
larger candle filters.
The concentrated slurry
will then be filtered on a
secondary pressure plate filter
to recover the remaining
solvent and discharge the dry
solids. The secondary filtration
is a batch process which will
incorporate filtration, counter
current washing, drying, and
dry cake discharge. The overall
result is a very dependable
process with high quality
filtrate and minimal utility air
and water usage. Each of
these processes for the primary and
secondary filtration has been tested
to confirm that the overall design
Figure 3 – Typical testing program.
requirements can be met.

COMBINATION FILTRATION
TECHNOLOGIES OF PRESSURE,
VACUUM AND CLARIFICATION
There are, without doubt, many
technologies that can be applied in
combination, including the use of
chemicals such as flocculants and
coagulants, and which would be the
subject of a filtration-chemical
handbook/textbook. These already exist in
the marketplace. However, from a practical
viewpoint, for the basis of this article, a
brief description of five types of filtration
technologies is presented below based
upon general operating conditions at
chemical plants.

Figure 2 – Data Collection Sheet for BHS
Pocket Leaf Filter (PLF).
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High-Solids Slurries: Continuous
Pressure Operation
The Rotary Pressure Filter technology
provides for thin-cake, continuous
production in a single unit. Filtration is
conducted via pressure of up to 90 psig
(6 rel. bar). Positive displacement washing
or counter-current washing follows
filtration. Of course, multiple washing steps
as well as solvent exchanges, steaming
and extraction can also be accomplished.
Finally, the cake is dried by blowing hot or
ambient-temperature gas through the
cake. The Filter has a uniquely designed
discharge system, which provides for

atmospheric discharge from pressure
filtration. After automatic cake discharge,
the filter cloth is washed; the clean filter
cloth the re-enters the feeding/filtration
zone thereby continuing the process. All
solvent and gas streams can be recovered
separately and reused in the process to
minimize their consumption.
As for the operation, each process
zone (typically 5-7 zones) is isolated by a
separating element. The pressure in the
specific zone can be adjusted to meet the
process parameters. The separating
elements are sealed to the rotating drum
via a gas membrane pressure seal. This
drum is sealed to the outer housing by
drum packing. The drive system with selfsealed roller bearings provides for high
stability and low stress on the drive.
High-Solids Slurries: Continuous
Vacuum Operation
High-solids slurries can be defined as up
to 50-55% solids in the slurry feed. In
some cases, for high solids applications,
the slurries can be better handled using
vacuum filtration rather than pressure
filtration. An example of a continuous, thincake technology is a Continuous-Indexing
Vacuum Belt Filter. This technology
consists of fixed vacuum trays,
continuously feeding slurry system and
indexing or step-wise movement of the
filter media. The filter media is indexed by
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Scheme 1 – Continuous vacuum filtration followed
by candle filtration.

Scheme 2 – Concentrating candle filters followed
by continuous vacuum filtration.

Scheme 3 – Concentrating candle filters followed
by pressure plate batch filtration.

pneumatic cylinders located on the
exterior of the unit. The pneumatic
operation and fixed trays eliminates
a motor and variable speed drive,
there are no rails/rollers, and no
rubber carrier belt.

can be automatically cleaned to less than
1 ppm residual cross contamination.
Process steps can be pressure or vacuum
and cake discharge is automatic using
scraper knives.

Low-Solids Slurries for
Clarification & Recovery: Batch
Pressure Operation
Candle Filters and Pressure Plate
Filters are installed for clarification
and recovery applications from
liquids with low solids content.
These units offer full containment,
fines removal in the 0.5 micron and
finer range, and can be fully
automated. The candle filters are
vertical candles while the pressure
plate filters are horizontal plates. The
major difference between the two
units depends on the cake structure
that is formed. Some cakes are
better handled in the horizontal and
some in the vertical. Cake discharge
is automatic either by gentle gas
expansion of the filter sock in a
candle filter or via plate vibration
with gas-assist for the
pressure plate filter.

CASE HISTORY EXAMPLES
SHOWING “COMBINATION
MECHANICAL SLURRY
CONDITIONING AND FILTRATION”

Scheme 4 – Continuous vacuum filtration (two variations)
followed by contained filter press.

Scheme 5 – Continuous rotary pressure filtration followed
by candle filtration.

Scheme 6 – Continuous vacuum filtration (two variations).

Scheme 7 – Concentrating candle filters followed by
conventional filter press batch filtration.
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Low-Solids Slurries for
Clarification &
Recovery:
Conventional versus
Contained Filter
Presses
Conventional filter
presses are open design
with a series of vertically
mounted plates. The
Filter cloth is hung over
each plate, extending
from top to bottom, and
is held in place by eyelets
that fit over the cloth-pins
on top of the plates. The
plates are compressed by
hydraulic closing
pressure. Cake discharge
can be manual or
automatic.
Contained
filter presses
consist of
circular filter
plates that are
sealed in a
movable
housing. The
housing is sealed to 150 psig
(10.3 rel. bar) and full
vacuum. The housing is then
contained in an outer
enclosure. The filter plate
design allows for forward and
reverse flow operations and

The next sections review various actual
installations showing the benefits of
“combination mechanical slurry
conditioning and filtration.” These
examples are included to illustrate creative
idea-generation when examining a process
problem.
Continuous Vacuum Filtration
Followed by Candle Filtration
In this case, shown in Scheme 1, the slurry
contained a high solids loading but with a
very small particle size distribution.
Continuous vacuum filtration solved the
first part of the process. The cake is very
sticky with a cake thickness of 5-6 mm.
The mother filtrate contained small, very
fine solids. These solids were filtered,
washed, and concentrated in candle filters
and then sent back to the process.
Secondly, as the solids are sticky, the
cloth wash contains solids. These solids, as
above, are filtered and concentrated also
in candle filters and then sent back to the
process.
Candle Filtration Followed by
Continuous Vacuum Filtration
In this case, shown in Scheme 2, the
candle filters operate to mechanically
condition the slurry through thickening and
concentrating up to 10% solids. The
resulting slurry can then be economically
and technically processed on a vacuum
belt filter by vacuum filtration, cake
washing and drying. The drying can be by
vacuum, compression, blowing with hot or
ambient-temperature gas or steaming.
Applications for this approach occur in
chemical plants as well as in coal
gasification plants.
Candle Filtration Followed by
Pressure Plate Filtration
This is the case described in the testing
section “Typical Example of Combination
Mechanical Slurry Conditioning and
Filtration” and shown in Figure 3. The
process flow is shown in Scheme 3.
Continuous Vacuum Filtration
Followed by Contained Filter Press
Filtration
In this process, there are three process
reaction steps occurring which are being
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processed by only two types of filtration
technologies. Scheme 4 illustrates the
process flow.
The first reaction requires vacuum
filtration, cake washing and drying by vacuum
only; the crystals are fragile and cannot be
mechanically pressed. The continuousindexing vacuum belt filter can have the
pressing device installed but not operated.
The second step has more robust
crystals and requires a lower moisture
specification. The cake from the second
reaction is then processed on the same
vacuum belt filter but, in this case, the
cake is mechanically compressed with
blowing for final drying.
The cake from the second step
undergoes further processing, but, in this
case, pressure filtration is the optimum
solution. Due to the nature of the
chemicals and solvents, a contained filter
press for pressure filtration, cake washing
and drying, by both blowing and vacuum
is accomplished.
Continuous Pressure Filtration
Followed by Candle Filtration
For this commodity chemical, with rates up
to 60 tons of dry solids/hour, the initial

mother liquor contains fines in the 1-5
micron size range. The process decision is
to accept fines in the mother liquor rather
than have a reduced rate with a tighter
filter cloth. The fines are then recovered in
the candle filters which can either produce
a dry cake or concentrated slurry. The flow
diagram is shown in Scheme 5.

reduce the volume of slurry that is to be
treated by the filter press. Specialty
chemical, chlor-alkali and coal gasification
plants are typical examples. Scheme 7
shows this flow process; Appendix A
contains data from testing for an
installation.

Continuous Vacuum Filtration (Two
Variations)
In this case, similar to one of the previous
examples, it was more efficient to use the
same vacuum belt filter with two different
variations and to conduct the initial cake
washing in a separate agitated reslurry
tank. Scheme 6 shows this process.

SUMMARY

Candle Filtration Followed by
Conventional Filter Press
In some applications, a conventional filter
press is the correct technology but the
initial slurry feed is the problem. For these
applications, mechanically conditioning of
the slurry by concentrating candle filters is
the optimum approach. The concentrating
candle filters will increase the solids
concentration in the slurry as well as

This article discussed a new definition of
combination filtration that will provide
process engineers a framework for “ideageneration” when analyzing an operating
bottleneck. The approach relies upon the
slurry analysis and testing to uncover the
“process symptom” and then develop a
process solution called “combination
mechanical slurry conditioning and
filtration.” This article illustrated that the
installation and combined use of filtration
technologies, while higher in capital cost,
will result in a more reliable operating
process at the plant. In all cases, however,
only through accurate lab and pilot testing,
will the optimum filter selection be
realized.

APPENDIX A
DATA FOR CONCENTRATING CANDLE FILTERS FOLLOWED BYCONVENTIONAL FILTER PRESS BATCH
FILTRATION
Result: Reduction of Treated Flow Rate to 300 Gallons/3-hour-Cycle at 10% Solids
from 800 gpm at 200 ppm Solids
Pocket Leaf Filtration (PLF) tests were conducted to determine the filter flux for a fines
clarification application. The filter flux of 0.50-0.60 gpm/ft2 of filter area gives cycle times of
approximately 4 hours. A filter cycle is defined by the time it takes to build a differential
pressure of 25 psi (1.7 bar) across the filter membrane. For a capacity of 800 gpm
(3.79 m3/min), the required filter area is approximately 1,455 ft2 (135 m2).
Clarified water (0.5 μm)

RECOMMENDATIONS

For continuous operations, redundancy is recommended for maintenance purposes. This also allows for higher solids capacity in
upset conditions. For this flow rate, the most cost efficient design would be three BHS candle filters-concentrated slurry discharge
each sized for 50% capacity with 62 m2 of filter area per filter.

Fines slurry at 200 ppm.
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BHS Pocket Leaf filter.
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