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ABSTRACT
Treating acid gas streams at refineries, gas plants, cogeneration facilities and chemical
manufacturing plants is becoming more important as stricter environmental rules are being
developed. Further, removing CO2 for carbon sequestration is also being installed for
greenhouse gas control. One critical aspect of these processes is the solid-liquid filtration
technology that is used to keep the recirculating fluid free of solid contaminant fines.
The need for filtration systems in scrubbing units has been well documented for keeping
downstream equipment functioning properly and ensuring maximum scrubbing / removal
efficiency. This paper discusses thin-cake candle filter technology that is used to remove trace
amounts of solid contaminant fines from the recirculating fluid streams in amine, glycol and
water scrubbers. These contaminants originate from various sources and are generally less than
1 micron (um) in size, which makes their removal very difficult. Candle filter technology and
the process of thin-cake building, is a new approach for high-efficiency and cost-effective fines
removal.
The paper begins with the problem definition and a discussion of the bench-top laboratory tests
that are conducted for problem analysis, technology selection and scale-up. The tests include
pressure, filter media, temperature and viscosity concerns, precoat material and similar process
parameters. The candle filter technology is examined for its ability to filter and dry the
contaminants to meet the standards for solids disposal. Cake washing is also discussed, as, in
some cases, soluble or insoluble components or hazardous solvents must be removed from the
solid cake prior to disposal. The paper concludes with a review of typical case histories and
installation details.
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INTRODUCTION
Sulfur dioxide (SO2) and Carbon dioxide (CO2) removal systems are in many types of
applications such as fluid catalytic cracking (FCC) and Coker units at refineries, coal-fired power
plants, acid plant tail gas, spent acid recovery plants, smelters, pulp mills, natural gas, power
generation, cogeneration, chemical process plants as well as process vent streams in sulfur
plants. While the plant location and type of removal process may vary, there is a need to remove
the fine particulate matter from the recirculating liquid streams for efficient scrubbing
operations. The particulate matter can be catalyst fines and other contaminants in the feedstock.
It is difficult or impossible to remove particles of this size in settling tanks, hydrocyclones or
centrifuges, so the particles must be removed by filtration. The use of thin-cake candle filter
technology has been proven to be a cost-effective and reliable approach to removing the
contaminants, recovering the scrubbing liquids and drying the cake for easy landfill disposal.

PROBLEM DEFINITION
Various catalyst and carbonized particles are carried into the gas and are captured by the
scrubbing fluid. The flow rate of the scrubbing fluid can be as high as 200 m3/hr so the fluid
must be regenerated and reused. The fine particles are less than 1 micron and will accumulate in
the scrubbing system as well as foul the ion-exchange resins that are used to remove the heat
stabilized salts (HSS). The scrubbing fluid can be amines, glycols, water or some other
proprietary fluid. This paper discusses specifically the removal of fines from the scrubbing
fluids and provides four illustrative case histories.
TECHNOLOGY OF CLARIFICATION & RECOVERY OF SLURRIES
Candle Filters are installed for clarification and recovery applications from liquids with low
solids content. They provide clean fluids to 0.5 micron with either a dried cake (no free liquids)
or a concentrated slurry.
Description and Operation of the Candle Filter
The BHS Candle Filter provides for thin-cake pressure filtration, cake washing, drying, reslurry
and automatic discharge in an enclosed, pressure vessel. Candle filter systems are available up
several hundred square meters of filter area.
Filter Candles & Media
The filter candles, as shown in Figure 1 consist of three components: single-piece dip pipe for
filtrates and gas, perforated core with outer support tie rods and filter sock media. The filtrate
pipe is the full length of the candle and ensures high liquid flow as well as maximum distribution
of the gas during cake discharge. The perforated core can be a synthetic material, stainless steel
or alloy and is designed for the full pressure of the vessel. The outer support rods provide for an
annular space between the media and the core for a low pressure drop operation and efficient gas
expansion of the filter sock for cake discharge. Finally, the synthetic filter media has a removal
efficiency to less than 0.5 microns.
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Figure 1: BHS Candle Showing
Cake Discharge

Figure 2: BHS Candle Filter Designed
for Dry Cake Discharge

Filter Vessel & Candle Registers for Dry Cake Discharge
The vessel is constructed of stainless steel, alloy or carbon steel lined. Within the vessel are
candle registers. Each candle is connected to a register with a positive seal to prevent bypass.
Each register may contain from 1-20 candles depending upon the filter size. The registers convey
the liquid filtrate as well as the pressure gas for filter media expansion. Each register is
controlled with automated valves to ensure optimum flow in both directions. Figure 2 illustrates
the candle filter vessel.

Automatic Process Cycles
Filling: The slurry feed enters the bottom of the filter vessel.
Filtration: The slurry is pumped under pressure into the vessel. Cake will deposit on the outside
of the candle; the separated filtrate will flow through the filtrate pipe and the registers. This
process continues to a maximum pressure drop, the maximum cake thickness, or the minimum
flow.
Washing: Displacement washing or recirculation washing.
Drying: Blowing gas, steam or “shock” drying.
Cake Discharge: Gas flows through the register pipes, and down the filtrate pipe. The filter
media gently expands allowing for cake discharge. Alternatively, the cake can be discharged as a
slurry via a tubesheet design shown in Figure 3.
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Figure 3: Tube Sheet Design for Concentrated Slurry Discharge

TESTING TO DETERMINE THE OPTIMUM FILTRATION TECHNOLOGY OF
VERTICAL CANDLE FILTER
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 4.
The testing will analyze cake depths, operating pressures, filter media, washing and drying
efficiencies, cycle times and qualitative cake discharge. The data collection sheets are shown in
Figure 5.
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Test
Number:
Run #

Customer:
Date :
Filter Media
Suspension
Filling

Filtration

Volume of Slurry
Density of Slurry
% Solids in Feed
Temperature
Vacuum or Pressure
Volume of Filtrate
Time for Filtration
% Solids in Filtrate

Wash 1

Wash Material
Pressure
Volume of Filtrate
Time for Filtration

Wash 2

Wash Material
Pressure
Volume of Filtrate
Time for Filtration

Drying

Pressure
Temperature
Flow Rate
Time for Drying
Pressing Pressure

Figure 4: BHS Pocket Leaf Filter (PLF)

Cake

Figure 5:

Weight
Thickness
% Residual Moisture
Dry Cake Weight
Cake Discharge OK?

Data Collection Sheet for BHS
Pocket Leaf Filter
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Theoretical Basis
The following equation is the basic equation that relates the flow rate through a filter for constant
pressure filtration. Various forms of this equation are used to evaluate the lab data gathered and
then to scale up the lab data to the required production system.
dV =
∆P
= Driving Force
Eqn. 1
s
A dt
µ(α'(∆P) {V[ρc/(1-mc)] /A} + r)
Total Resistance
where:

Ref. 1

V = slurry volume
A = filtration area
t = time
∆P = pressure drop across the filter cake and filter media
µ = filtrate viscosity
r = resistance of the filter media
α’ = resistance of the filter cake
s = a compressibility constant and it is 0 for an incompressible cake and it is 1.0 for
very compressible cake.
ρ = filtrate density
c = the mass fraction of the solids in the slurry
m = mass ratio of the wet cake to the dry cake

Equation 1 is integrated and rearranged to determine the amount of time required to filter a
known quantity of material at a given pressure. The results of the integration are shown in
Equation 2.
t=

µα'(∆P)s [ρc/(1-mc)] V2
2∆P
A2

+ rµ
∆P A

V

Eqn. 2

Equation 2 can be further simplified when the cake is incompressible and when the resistance of
the filter media is negligible. Equation 2 then reduces to the following:
t = (b’ / ∆P) * (V/A)2,
where b’ = µα'[ρc/(1-mc)] / 2

Eqn. 3

Equation 3 is the final equation that is used to evaluate the lab data.
Typical Laboratory Tests: Filtration Tests
All filtration and washing tests are conducted in a 400 ml Pocket Leaf Filter that has a filtration
area of 20 cm² and a fill volume of 400 ml. The filter media is varied based upon the particle
size distribution and the type of scrubbing application. In addition, precoat and/or body feed
may also be tested. Finally, the tests are conducted at various pressures (1.0 – 4.0 bars) and
various temperatures.
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Typical Laboratory Tests: Washing Tests
Cake samples are then washed with tap water in a single pass, at various pressures and
temperatures, in the Pocket Leaf Filter to determine the amount of washing required to remove
the amine salts from the cake. Counter-current washing can also be tested.
Typical Laboratory Tests: Drying Tests and Cake Density Measurement
The washed cake samples are then dried in the Pocket Leaf Filter with ambient temperature air at
varying pressures. The drying is accomplished by either continuous blowing or by shock or
pulse drying. Shock or pulse drying is accomplished by pressurizing the Pocket Leaf Filter and
then releasing the pressure through the filtrate valve. The moisture of the cake and density is
measured.
Scale-up for a production Filter
The scale-up to a production system is the sum of the times of each process cycle as follows.
The systems are designed to remove the fines by filtration at a constant flow rate.
Step 1 = Filling the Filter With Slurry
Step 2 = Precoating the Filter (if necessary)
Step 3 = Filtration
Step 4 = Cake Washing (if necessary)
Step 5 = Draining the Filter
Step 6 = Drying the Cake
Step 7 = Discharging the Dry Cake
Alternative Step 7 = Steps 5 – 6 are eliminated for concentrated slurry discharge
Each step requires a certain amount of time and the sum of these times is the total cycle time.
The minimum size for the filter occurs when the time for the Filtration Step is equal to the sum
of the other steps; but in the case of precoat operation, it is also desirable for most operating
plants to load the precoat into the system no more than one time per day. Therefore, the starting
point for sizing the system is to determine what size filter would be required to process the
required flow rate using a 24 hour Filtration Step. The time required for the other steps is then
calculated based on the selected filter.

APPLICATION FOR AMINE SWEETENING AT A REFINERY
Description
In this application, the amine sweetening unit is installed to handle a combined stream from the
coker and FCC units. The candle filter is designed for 11.35 m3/hour (50 gallons/minute) and is
to remove 95% of all particles greater than 0.5 microns. The mass of solids to be filtered will be
1.36 kg/h (3 lb/hr) from 12 m3/hour (26,351 lb/hr) of fluid.
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Testing for Filtration Rate and Sizing
The flowrate of amine fluid through the BHS test filter (0.165 m2 filter area) at a feed pressure of
30 psig and a differential pressure of approximately 15 psig was 1.4 gpm. The filter media is a
proprietary membrane media that does not require the use of precoat to retain particles 0.5
microns and larger. Therefore, the average flow rate per square meter is 8.35 gpm / m2. The
area required for a 50 gpm flow rate of fluid is 50 gpm / [8.35 gpm / m2] = 5.99 m2. The design,
including a safety factor, is for two filter units, each with 10 m2 of filter area. The operation is
that one unit is in operation while the second unit is in the cake drying and discharge mode.
Installation
The installation is shown in Figure 6. It consists of two candle filters, piping, wiring and
complete PLC controls system with communication back to the refinery DCS.

Figure 6: Duplex BHS Candle Filter System for Amine sweetening at a refinery (shown
in the Fabrication Shop
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APPLICATION FOR WATER SCRUBBING DOWNSTREAM OF A CLARIFIER AT A
REFINERY
Description
In this application, the water scrubber and clarifier are installed to handle the stream from the
FCC unit. The candle filter is designed for 83.57 m3/h (368 gallons/minute) and is to remove
particles greater than 0.5 microns to a filtrate clarity of 5 ppm.
Testing for Filtration Rate and Sizing
The flux rate of “water clarifier overflow” slurry through the BHS test filter (20 cm2 filter area)
at a feed pressure of 75 psig and a differential pressure of approximately 35 psig was 0.8 m3/m2 h
(3.6 gpm / m2). The filter media is a polypropylene filter media with the use of precoat to retain
particles to meet the 5 ppm requirement. The design, including a safety factor, is two filter
units, each with 100 m2 of filter area. The operation is that one unit is in operation while the
second unit is in the cake drying and discharge mode. Precoating of the standby unit occurs
when the operating unit begins to approach its design differential pressure.
Installation
The installation is shown in Figure 7. It consists of two candle filters, precoat tank and pumps,
piping, wiring and complete PLC controls system with communication back to the refinery DCS.
The filters, tanks and piping are heat traced and insulated.

Figure 7: Duplex BHS Candle Filter System with Precoat Tank and Pumps for water scrubbing
downstream of a clarifier at a Refinery. Trucks are shown for the dried cake removal.
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APPLICATION FOR GREY WATER AT A COAL GASIFICATION PLANT
Description
In this application, the grey water from the gasifier contains coal fines and catalyst fines. These
fines are sent to the wastewater plant while the clean water, with particles removed to less than
0.5 microns, is returned to the gasifier. The candle filter is designed for 182 m3/h (800
gallons/minute).
In this application, the candle filters produce a concentrated slurry from an initial concentration
of 0.2% solids. The wastewater plant is then only required to treat a much lower rate of the
concentrated slurry every four (4) hours rather than the full 800 gallons/minute.
Testing for Filtration Rate and Sizing
The flux rate of the gasifier grey water slurry through the BHS test filter (20 cm2 filter area) at a
feed pressure of 30 was 6.45 gpm / m2. The filter media is a proprietary PTFE membrane filter
media to retain particles 0.5 microns and smaller. The filter cycle is defined by the time it takes
to build a differential pressure of 25 psi across the filter membrane. For a capacity of 182 m3/h
(800 gpm), the required filter area is approximately 135 m2. The design, including a safety
factor, is three filter units, each with 66 m2 of filter area. The operation is that two units are in
operation while the third unit is in the discharge mode.
Installation
The installation is shown in Figure 8. It consists of three concentrating candle filters, including
piping, wiring to junction boxes. The control system has been designed by BHS and operated by
communication with the coal gasification plant DCS.
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Figure 8: Triplex BHS Candle Filter System for grey water from the gasifier. Candle
filters are manifolded for concentrated slurry discharge. (Shown in the
Fabrication Shop)

REGENERATION OF LEAN AMINE IN A GAS DESULFURIZATION PROCESS
Description:
MDEA is used in an “Amine Sweetening Process” to capture CO2 and H2S in an acid removal
process. The lean amine is to be regenerated via activated carbon adsorbers and pre-coated
candle filters. The candle filters, removing 95% of the suspended solids above 1 micron, prevent
the suspended solids from clogging the adsorber and keep the rate of solids low enough to avoid
foaming in the scrubber. The total flow to the candle filter is 143 m³/h (630 gpm) from which a
slip stream of 43 m³/h (190 gpm) is sent to the activated carbon adsorbers.
Sizing:
The design basis of the lean amine filtration via the precoated candle filter is based upon BHS
experience and a specific rate of 2 m³/m²h, thus resulting in 71.5 m². The candle filter, with 78
m² of filter area, is designed for a maximum operating pressure differential of 8 bar g and is
equipped with a polypropylene filter media. The activated carbon filters are sized based upon a
maximum flux rate of 0.2 cm/sec and a residence time of 20 minutes. The candle filter clean
filtrate stream is then split by 50:50% and feeds two identical activated carbon adsorbers.
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Installation:
As shown in figure 9, the installation consists of one candle filter, one pre-coat tank, two
activated carbon absorbers, one polishing filter, with pumps, agitator, piping and wiring, a
complete PLC control system with communication back to the gas plant DCS.

Figure 9: BHS Candle Filter System for Gas Desulfurization including Precoat Tank, Carbon
Adsorber, and Polishing Filter

SUMMARY
Scrubbing fluid filtration of the particle fines is an important part of the entire process operation
either for environmental requirements or overall efficiencies. The benefits can include improved
HSS removal, reduced foaming tendencies, reduced energy for reboilers and heat exchangers,
reduced corrosion and chemical cleaning, lower chemical treatment costs and reduced scrubbing
liquid losses. Laboratory tests and installation results continue to prove the technical and
economic effectiveness of candle filters for the clarification/purification of scrubbing fluids in
multiple applications such as for amine sweetening, glycol dehydration and extraction, water
scrubbing and grey water, chlor-alkali brines, coal liquefaction for synthetic oils and in the
biodiesel / biochemical industries.

Reference 1 - Transport Processes and Unit Operations, Second Edition by Christie J.
Geankopolis, 1983, pp 750 – 758
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BHS Thin-Cake Pressure and Vacuum Filtration Technologies
For Batch/Continuous Operations
From High Solids to Clarification Applications
BHS-Sonthofen GmbH, founded in 1607, is a leader in technology and innovation. Among other
areas of slurry processing engineering, BHS specializes in thin-cake (3 mm - 180 mm) filtration,
cake washing and drying technologies.

BHS serves three major market segments as follows:
•
•
•

Chemical: Fine, Specialty, Agricultural, and Others
Pharmaceutical: Bulk and Final Products
Energy / Environmental: Refinery, Power Plants, Bioenergy, and Wastewater

Specialized Applications & Centers of Excellence:
BHS is organized both locally and globally. BHS-Filtration Inc., headquartered in Charlotte,
North Carolina is responsible for North America and Mexico.
For specialized applications, BHS is organized globally with centers of excellence. These
centers include, for example, aromatic acids, cellulose derivates, pharmaceuticals, dewatering of
gypsum, refinery and bio-energy applications.

Product Technologies & Capabilities
The BHS technologies and expertise are thin-cake (3 mm – 180 mm) filtration, cake washing and
drying. The five-patented BHS technologies are as follows:
• Rotary Pressure Filter
• Vacuum Belt Filter
• Candle Filter
• Pressure Plate Filters
• Autopress, an Automated/Contained Specialized Filter Press
These technologies are installed for pressure or vacuum filtration, for batch or continuous
operations from high solids slurries (up to 60% solids) to clarification applications with solids to
less than 1% and trace amounts.

Process Lab Testing & On-Site Pilot Testing
BHS conducts preliminary tests in our worldwide laboratories or at your facility. On-site tests
with pilot rental units continue the process. Finally, BHS completes the project with a complete
technical solution. Contact us today.
BHS-Filtration Inc.
9123-115 Monroe Road
Charlotte, NC 28270, USA
Tel: 704.845.1190
Fax: 704.845.1902
E-mail: info@bhs-filtration.com
Website: www.bhs-filtration.com

BHS-Sonthofen GmbH
An der Eisenschmelze 47
87527 Sonthofen / Germany
Tel: +49.8321.6099.0
Fax: +49.8321.6099.220
E-mail:
info@bhs-sonthofen.com
Website: www.bhs-sonthofen.de
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