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Model 47S6

Horizontal mounting minimizes space         
requirement on panel

All connections are made to the head 
eliminating the need to break the lines for 
filter changeouts

The only filter available that is mounted at 
an angle to ensure complete removal of all 
liquids

Includes cadmium plated steel mounting 
bracket

The Model 47S6 is designed to filter particulates and 
liquids from a gas sample, protecting on-line process 
analyzers from contamination.  This unique design al-
lows the filter to be mounted horizontally which mini-
mizes the amount of space taken up on the panel.
It is also angled at 10° which ensures all collected 
liquids drain back to the drain port and not carried 
downstream to the analyzer.  The drain port is drilled 
and tapped at an opposing angle eliminating the 
need to bend tubing. 
Additionally, all connections (including the drain con-
nection) are made to the head which eliminates the 
need to break the lines for filter changeouts.  
This is an ideal filter for those applications requiring 
high efficiency filtration with the need for convenient 
filter changes on crowded panels.

Model 47S6
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Horizontally Mounted Sample Filter	
Minimal Panel Space Required
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Sample Filter Functions 

Microfibre Filter Cartridges efficiently separate suspend-
ed liquids from gases.  The micro fibers capture the fine 
liquid droplets suspended in the gas and cause the drop-
lets to run together to form large drops within the depth 
of the filter cartridge.  The large drops, forced by the gas, 
flow to the downstream surface of the filter cartridge, 
from which the liquid drains by gravity.  This process is 
called “coalescing”.  Since the coalesced liquid drains 
from the cartridge at the same rate that liquid droplets 
enter the cartridge, the cartridge has an unlimited life 
when coalescing liquids from relatively clean gases, and 
the filters operate at their initial retention efficiency even 
when wet with liquid (see Figure 1).  Note that the flow 
direction is inside-to-outside, to permit the liquid to drip 
from the outside of the filter to the housing drain.
Since the coalesced liquid drips from the downstream 
surface of the filter cartridge in the presence of filtered 
gas, it is important to avoid carryover, or entrainment, 
of liquid droplets by the gas leaving the filter housing.  
The possibility of entraining coalesced liquid is mini-
mized by using an X-Type filter cartridge.  The X-Type 
filter cartridges are constructed of two layers, an inner 
high-efficiency coalescing layer and an outer layer of 
coarse glass fibers.  The coarse, rapidly-draining outer 
layer ensures that the liquid drips continuously from the 
bottom of the filter cartridge and minimizes the chance 
of liquid carryover.  (The small internal volume of some 
filter housings does not permit use of the thick-wall X-
Type cartridges, and therefore Q-Type cartridges must 
be used.)  Re-entrainment of coalesced liquid is also 
avoided by ensuring that the gas flow rate through the 
housing is safely below the maximum shown in the flow 
charts on page 40.  For most requirements for removing 
liquid from gas samples, Grade DX or DQ filter cartridg-
es should be used.

Coalescing Filtration:  Separating Liquids 
From Gases

Figure 1

Balston Compressed Air Filter

Draining Collected Liquid

If liquid is carried into the filter in slugs rather than dis-
persed as droplets in the gas, a filter which is properly 
sized for steady-state conditions can be flooded and 
permit liquid carryover.  If slugging of liquid is expected, 
a filter with a relatively large bowl should be selected to 
provide adequate liquid holding capacity and provisions 
should be made to drain the liquid automatically from 
the bowl of the housing as fast as it accumulates.  An 
automatic float drain can be used if the pressure is in the 
10-400 psig range.  Above 400 psig, the possibilities are:  
a constant bleed drain, a valve with automatic timed 
actuator (supplied by customer), or an external reservoir 
with manual valves (see Figure 2).  The external reser-
voir can be constructed of pipe or tubing with sufficient 
volume to hold all the liquid which is expected to be col-
lected during any period of unattended operation.
If the filter is under vacuum, the external reservoir is a 
practical method of collecting coalesced liquid for man-
ual draining from time to time.  If an external vacuum 
source, such as an aspirator, is available, the liquid may 
be drained continuously from the housing drain port.

Figure 2

To drain liquid while filter 
is operating at pressure or 
vacuum conditions, close 
valve #1, and open valve #2
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Coalescing Filtration:  
Separating Two Liquid Phases

In principle, Microfibre Filter Cartridges separate sus-
pended droplets of a liquid which is immiscible in anoth-
er liquid by the same process as they separate droplets 
of liquid from a gas.  The liquid droplets suspended in 
the continuous liquid phase are trapped on the fibers 
and run together to form large drops, which are then 
forced through the filter to the downstream surface.  The 
large drops separate from the continuous liquid phase 
by gravity difference, settling if heavier than the continu-
ous phase and rising if lighter.  The coalescing action of 
Balston® filters is effective with aqueous droplets sus-
pended in oil or other hydrocarbons, and also with oil in 
water suspensions.

In practice, liquid-liquid separations are much more dif-
ficult than liquid-gas separations.  The specific gravity 
difference between two liquids is always less than be-
tween a liquid and a gas, and therefore a longer phase 
separation time is needed.  Either the filter housing must 
be oversized or the flow rate greatly reduced to avoid 
carryover of the coalesced phase.  As a rule of thumb, 
flow rate for liquid-liquid separation should be no more 
than one-fifth the flow rate for solid- liquid separation 
shown in the chart on page 39.  Even at low flow rates, 
if the specific gravity difference between the two liquids 
is less than 0.1 units (for example, if an oil suspended 
in water has a specific gravity between 0.9 and 1.1), the 
separation time for the coalesced phase may be imprac-
ticably long.  In that case, if there is only a small quantity 
of suspended liquid, the filter tube can be used until 
saturated with the suspended liquid and then changed.

Another practical problem with liquid-liquid separations is 
that small quantities of impurities can act as surface-ac-
tive agents and interfere with the coalescing action.  For 
that reason it is not possible to predict accurately the 
performance of a liquid-liquid coalescing filter, and each 
system must be tested on site.  The general guidelines 
for the system to start testing are to use Grade DX filter 
cartridges, and flow inside-to-outside at very low flow 
rates.  If the suspended liquid is lighter than the continu-
ous phase, the housing should be oriented so that the 
drain port is up.  In general, Microfibre Filter Cartridges 
should be used for liquid-liquid coalescing in slipstream 
sampling applications only.

Membrane Separation of
Sample Streams

A Coalescer Membrane Combination Filter is de-
signed to remove entrained liquid and particulate in 
gas samples for a wide variety of applications, and to 
prevent contamination or damage to the analyzers and 
sample system components.  Microscopic pores con-
tained within the membrane permit molecules of gas or 
vapor to flow through easily, allowing the composition of 
the sample gas to remain unchanged.  However, even 
the smallest liquid molecules remain trapped and are 
unable to flow through the membrane’s small passages 
under normal operating conditions.  This is due to the 
high surface tension which causes liquid molecules to 
bind tightly together to form a group of molecules, mov-
ing together, which is too large to fit through the pores 
of the membrane.

The membrane is extremely inert, and is recommended 
for most process liquid applications, with the exception 
of hydrofluoric acid.  It is also recommended for use in 
systems designed for PPB, PPM, and “percent level” 
component concentrations, as a result of its very low 
absorption characteristics.  The membrane is strong 
and durable, but also very soft and pliable.  Typically 
located upstream from the analyzer or component it 
is protecting, the Coalescer Membrane Combination 
provides protection even if other sample system com-
ponents fail. 

Removing Gas Bubbles from Liquids

Microfibre Filter Cartridges readily remove suspended 
gas bubbles from liquid, eliminating the need for deaera-
tion tanks, baffles, or other separation devices.  Flow 
direction through the filter is outside-to-inside. The sepa-
rated gas bubbles rise to the top of the housing and are 
vented through the drain port.  If slipstream sampling is 
used, the separated bubbles are swept out of the hous-
ing with the bypassed liquid.  Grade DX or Grade DQ is 
a good choice for gas bubble separation.

Sample Filter Functions 
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Slipstream or Bypass Sampling

Instrument sample use rates are invariably quite low, yet 
it is essential to minimize lag time in the sample system.  
Since analyzers often are located some distance from 
the sampling point, samples are usually  transported to 
the analyzer at a relatively high flow rate to minimize 
lag time.  The sample is divided at the analyzer, with the 
analyzer using the portion it requires (usually a very small 
fraction of the total sample), and the balance recycled to 
the process, or vented.
If the sample filter is located in the low-flow line to the 
analyzer, it will have good life between filter element 
changes because the solids loading rate is very low;  
however, the filter must be carefully selected to avoid 
introducing unacceptable lag time.  If the filter is located 
in the high-flow portion of the sample system, its effect on 
sample lag time can be relatively low, but the life between 
filter changes may be inconveniently short because the 
element is filtering a much greater volume of material 
than the analyzer is using.
Ideally, a filter should be located at the point where the 
low-flow stream is withdrawn to the analyzer (Figure 4).  
This arrangement permits the main volume of the filter to 
be swept continuously by the high flow rate stream, thus 
minimizing lag time; at the same time, only the low-flow 
stream to the analyzer is filtered, thus maximizing filter 
life.
A slipstream filter requires inlet and outlet ports at oppo-
site ends of the filter element to allow the high flow rate of 
the by-passed material to sweep the surface of the filter 
element and the filter reservoir, and a third port connect-
ed to the low flow rate line to the analyzer, which allows 
filtered samples to be withdrawn from the filter reservoir.
The Model 95 housings, 31GCFL, 41GCFL, 48S6, 49S6, 
DFU 8822-11, and DFU 8833-11 are ideal designs for 
slipstream sampling, since the inlet and the bypass ports 
are located at opposite ends of the housing, and the 
bypass port is as large as the inlet port.  Larger housings, 
such as the Model 33S6, Model 45S6, and Model 27/35, 
can also be used for slipstream sampling, but the rela-
tively small size of the drain port may limit the slipstream 
rate in some applications.
If bubble removal from a liquid is a requirement, this func-
tion may be combined with slipstream filtration, since the 
recommended flow direction for bubble removal is out-
side-to-inside, and the separated bubbles will be swept 
out of the housing by the bypass stream.  In this case, 
the liquid feed should enter at the bottom of the housing 
and the bypass liquid exit at the top of the housing.

Figure 3

Filter cartridge and retainer disc of Model 30 
housing may be weighed as a unit for quantita-
tive determination of solids in gases.

Quantitative Measurement of Solids 
in Gas

Quantitative determination of solids in gas, often a 
requirement in stack gas or other exhaust gas sampling, 
is readily accomplished using a Balston® Model 30 filter 
housing.  In the Model 30 housing, the filter cartridge 
is sealed in place by a stainless steel spring acting on 
a lightweight stainless retainer disc (Figure 3).  The re-
tainer disc is pressed firmly into the end of the filter car-
tridge.  When the housing is disassembled, the filter car-
tridge and retainer disc may be easily removed as a unit.  
At the beginning of the run, a tare weight is obtained 
on the filter cartridge-retainer disc assembly.  When 
the filter is in service, flow through the filter cartridge is 
inside-to-outside so that even large solid particles which 
fall off the filter cartridge are held in the cartridge-disc 
assembly.  At the conclusion of the run with a known 
volume of gas, the cartridge-disc assembly is reweighed, 
and the increase in weight can be expressed as solids 
concentration in the gas.  Grade DH Filter Cartridges 
are recommended for high temperature sampling (up to 
900°F/482°C).  If the sampling or oven-drying tempera-
tures do not exceed 300°F (149°C), Grade DQ may be 
used.
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A special problem arises in slipstream sampling if the 
filter is to coalesce and continuously drain suspended 
liquid from a gas stream or to coalesce liquid droplets 
from a liquid stream.  As noted earlier (see page 32), 
the coalesced liquid is removed in the form of large 
drops from the downstream side of the filter.  There-
fore, the coalescing filter requires two outlet ports, one 
for the dry gas and one for the liquid drain.  To com-
bine coalescing and slipstream filtration, a filter hous-
ing would need four ports - two for inlet and bypass 
and two for filtered gas and coalesced liquid - which 
is not a practical design.  Therefore, slipstream-
ing plus coalescing requires two stages of filtration                  
(Figure 5).  The second (coalescing) stage must be 
located in the sample line to the analyzer, and should 
be as small as possible to minimize lag time.  If the 
quantity of suspended liquid is not large, an in-line 
Disposable Filter Unit (9933-05 or 9922-05) may be 
considered as a trap for the suspended liquid, to be 
replaced when saturated.

Figure 5

Slipstream Filtration 
plus coalescing 
filtration

Figure 4

Slipstream or 
bypass filtration

Quantitative determination of nonvolatile liquids sus-
pended in a gas may be accomplished by a procedure 
similar to the solids determination (see page 72).  In 
the case of liquids, the test is designed so that all 
the liquid entering the filter cartridge during the test 
period remains trapped on the fibers;  i.e., the sample 
period is short enough that the filter cartridge does not 
become saturated and begin to drain liquid.

Any convenient filter housing may be used.  The filter 
cartridge should be Grade BQ, to assure quantitative 
retention of aerosols, no matter what droplet size.  
With a known gas flow rate and test duration, the 
increase in weight of the filter cartridge will be a mea-
sure of the weight concentration of aerosol in the gas.

Considerable care must be taken to obtain a repre-
sentative sample of aerosol in gas.  If sampling from 
a large line, the sample probe should enter the pipe 
from above and if possible, extend into the pipe to 
avoid picking up liquid clinging to the wall of the pipe.  
There should be no valves,  reducers, or sharp elbows 
in the sample line upstream from the filter. 

Quantitative Measurement of 
Liquids in Gas

Slipstream Sampling Plus Coalescing 
Filtration

Sample Filter Functions 
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Application Recommendations

A frequently encountered sampling requirement is to 
analyze the gas composition in the exhaust from ab-
sorbers or scrubbers in acid manufacturing plants.  The 
exhaust gas invariably contains droplets of dilute acid, 
which must be removed from the sample before it enters 
the analyzer.  The recommendations are similar to those 
for natural gas sample filtration:  Grade DQ or DX filter 
tube, inside-to-outside flow, and two stages of filtration 
if slipstream sampling is required. Depending upon the 
composition of the suspended liquid, housings may be 
stainless steel, PTFE (Model 95T), Monel (Model 95M), 
or PVDF (DFU 8822-11).

Sampling Ambient Air or Other                     
Atmospheric Pressure Gas

The filtration requirement for ambient air samplers is 
usually to remove solid particles or liquid droplets which 
could deposit on analyzer optical surfaces or cause oth-
er calibration problems.  Grade DX or DQ filter cartridges 
are recommended.  For low flow rate personal samplers, 
the compact and lightweight DFU 9933-05-DQ is often 
used.  For higher flow rates, the Model 90 filter holder 
with Grade DX or DQ filters is recommended. 

Ambient air sampling systems are often under negative 
pressure, induced by the sampling pump.  If it is nec-
essary to drain coalesced liquid from the system, the 
external reservoir is often the most convenient method 
(see Figure 2 on page 70).

Sampling Water

Most water analyzers are well protected against the dam-
age or calibration drift caused by solid contamination if a 
10 micron (LP Grade 30) filter cartridge is used.  If long 
filter life is desired in a system with high solids loading 
(including most tap water, well water, and cooling water), 
a two stage LP cartridge system is recommended:  LP 
Grade 10 followed by LP Grade 30.

Liquid effluent analyzers usually deal with aqueous 
streams having a high solids content.  In addition, the 
analyzers are often located in remote areas of the plant 
and are infrequently serviced.  Therefore, the sample 
filter system must have long life between filter cartridge 
changes, even in a high solids situation.  The general 
recommendation for this requirement is a two stage 
filter system, LP Grade 10 filter cartridge followed by LP 
Grade 30 filter cartridge.  The filters should be oversized 
as much as possible without causing excessive lag time.  
Plastic filter housings are usually a good choice.

Measurements of steam and condensate conductiv-
ity, specific ion concentrations, and feedwater additive 
concentrations are often required in high pressure boiler 
systems.  In a continuous sampling system, the high 
pressure steam or condensate is cooled to below 100°F 
(38°C) and then the pressure is reduced to near atmo-
spheric pressure for metering to the analyzers.  Filtration 
is required upstream from the pressure reducing valves, 
to prevent pitting of the valve seats by suspended 
particles and to eliminate variations in flow rate to the 
analyzers.

A stainless steel filter housing with the appropriate 
pressure rating and Grade DX or DQ filter cartridge is 
recommended.  Since the analyzer system is often lo-
cated some distance from the sampling point, slipstream 
filtration is usually required.  Figure 9 shows a sampling 
system in operation at a nuclear steam generating facil-
ity.

Sampling Liquid Effluent StreamsAcid Plant Stack Gas

Figure 9

Model 27 filter with Grade DX filter cartridge protects pressure 
reducing valves in a steam condensate sampling system.
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On-Line Process Analyzers

The variety of filtration requirements for on-line process 
analyzers precludes making general recommendations 
above for the required filtration functions.  The filter 
housings most frequently used for process analyzer ap-
plications are the Model 95S6 and Model 91S6, which 
provide the corrosion resistance of Model 316 stainless 
steel (complies with NACE specification MR-01-75), a 
pressure rating of 5000 psig, have full slipstream sam-
pling capability, and minimum internal volume.

Figure 6

Model 95S6, 316 
stainless steel with 
5,000 psig pres-
sure rating, is the 
filter housing most 
frequently used in 
process analyzers

Natural Gas Analyzers

To protect gas composition analyzers from liquids and 
solids, Grade DX or DQ filter tubes are recommended, 
with inside-out flow direction.  If both slipstream sampling 
and coalescing are required, a two stage system must 
be used, as described on page 73.

The Model 85 (5000 psig rating) and Model 37 (4000 
psig rating) housings comply with NACE specification 
MR-01-75.  For lower pressure applications, any stain-
less steel housing of appropriate flow capacity may be 
used.

Figure 7

Model 85 (left) or 
Model 37/12 (right) 
are used for natural 
gas sample filtration 
when a housing larger 
than the Model 95S6 
is required

Stack Gas Sampling

The Model 30 housing with Grade DH filter cartridge 
is used for quantitative determination of solids in stack 
gas, as described on page 72.  The Model 30 may 
also be used as a beginning-of-the-line filter at stack 
gas temperature (up to 900°F), to prevent solids from 
entering the gas sample line.  Grade DH is used for 
this purpose.  After the sample is cooled, a coalescing 
filter with Grade DX tube is used to remove suspended 
liquids before the sample goes to the analyzer.  Flow 
direction is inside-to-outside.  Model 33G or 45G hous-
ings are often used in this application to permit a visual 
check on the liquid level in the filter housing.  Since 
there often is a considerable amount of liquid present 
at this point, positive steps must be taken to drain the 
housing  to ensure that liquid does not build up and 
carry downstream to the analyzer.

The coalescing filter should be located as close to the 
analyzer as possible to minimize the chance of con-
densation between the filter and the analyzer.  Addi-
tional precautions which can be taken to avoid down-
stream condensation are to cool the sample below 
ambient temperature upstream from the coalescing 
filter, and to heat the line. 

Figure 8

Stack gas sample lines usually require a high 
temperature solids filter at the sample point 
and a condensate separator immediately 
upstream from the analyzer

Application Recommendations
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Application Notes

Small Scale Laboratory Vacuum Pumps
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Balston Vacuum Pump Exhaust and Inlet 
Filters

Balston Vacuum Pump Exhaust Filters remove 99.9% of 
0.1 micron oil mist and smoke particles.  Balston Grade 
30 Vacuum Pump Inlet Filters remove 90% of all 0.1 mi-
cron particles and droplets.  Balston Grade 102 Vacuum 
Pump Inlet Filters prevent oil backstreaming from the 
pump to the evacuated chamber, and protect the pump 
from damage by submicron particles (at relatively low 
concentrations).  

All Balston filters are available for hazardous and non-
hazardous applications, and offer superior chemical 
and solvent resistance.   Balston Vacuum Pump Filters 
increase productivity by eliminating costly shutdown time 
and maintenance.

Balston Vacuum Pump 
Exhaust and Inlet Filters

Exhaust filters eliminate oil mist and 
smoke from vacuum pump exhaust

Prevent oil backstreaming

Prevent oil accumulation in ductwork

Protect vacuum pumps and reduce  
costly maintenance

Easy to install and maintain

Small Scale Laboratory Vacuum Pumps High Volume Vacuum for Process PackagingSpecialized Vacuum Electronics Manufacturing




