
MATERIAL TECHNOLOGY
AND CHEMISTRY
Martyn Dean, Begg Cousland Envirotec, UK, examines the 

fibre bed filter technology and pH control needed to reduce 
harmful emissions from ammonium nitrate production.

P
rocess gases from the 
production of high-density 
ammonium nitrate (HDAN) and 
ammonium nitrate-based 

fertilizers (as well as explosives grade 
low-density ammonium nitrate [LDAN]) 
are contaminated to differing degrees by 
soluble or insoluble solids and ammonia, 
which means the installation of gas 
scrubbing or gas filtering equipment is 
required to prevent harmful emissions to 
the atmosphere. 

Fibre bed technology has been used 
for decades, and with Brownian Diffusion 
type designs prilled ammonium nitrate 
and ammonia emissions can be 
minimised. A key requirement for using 
fibre bed candle filters is that there are 

no insoluble elements in the exit air, 
which would block the filters. 
Fibre bed candle filters using 
polytetrafluorethylene (PTFE) media can 
sometimes also be used to treat 
the vapour from ammonium nitrate 
neutralisers, capturing ammonium nitrate 
particles and ammonia (NH3).

In a recent case a client had a 
two-stage system installed that needed 
to be upgraded. They had new 
environmental limits to follow that 
entailed the reduction of NH3 vapour 
to below 50 mg/Nm3 and were 
experiencing loss of performance in the 
removal of ammonium nitrate particles 
using glass fibre filters. The revamp 
solution is covered later in this article. 

A MESH OF
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The technology of fibre bed mist 
eliminators
The development of hydrophobic fibre bed technology 
by I.C.I. in the UK began in the late 1950s for Brownian 
Diffusion ‘candle filters’ using glass fibres and was 
patented by the company in 1960.1 In 1963, a commercially 
effective production agreement and licence was 
established with Begg Cousland & Co. Ltd., and some of 
the original methodology is still used, albeit with more 
modern equipment.

A multiplicity of fibres are compressed in bulk, layered 
in mat-form or wound in rope-form to make cylinders of 
different diameters and of varying lengths, supported by 
a structure of metal or synthetic material. When installed, 
according to process and equipment needs, the gas can 
pass from outside the cylinder to the inside and then 
upwards to the filter’s top exit (Figure 1), or from inside to 
outside and then generally upwards to the vessel exit 
(Figure 2).

High efficiency – by Brownian Diffusion
In simple terms, a Brownian Diffusion type mist eliminator 
requires a uniform fibre bed of at least 25 mm thickness 
and a maximum gas velocity of 0.25 m/sec. Below 
that velocity the gas molecules can move in random 
directions and thereby cause the mist particles to move 
equally randomly. The non-uniform arrangement of 
the glass fibres is such that the mist particles will be 
captured on a fibre, drop-wise and film-wise, or between 
fibres and so prevented from flowing onwards with the gas 
stream. There is a correlation between the diameter of the 
fibre and the size of liquid particle it can collect, and the 
technology is capable of capturing sub-micron mists and 
aerosols to leave an optically invisible stack exit.

The density of the fibre bed of such Brownian Diffusion 
mist eliminators is typically more than 192 kg/m3, with a 
fibre diameter of less than 12 μm. The resistance of these 
filters depends on the amount of surface area used and is 

usually designed for a clean pressure loss of 
between 100 – 300 mm H2O.

High capacity – by impaction 
The further development of hydrophobic 
fibre bed filters was in order to serve 
applications where there was less need to 
remove sub-micron mist particles (which 
are generated by chemical or thermal 
reactions) than to remove principally larger 
particles at higher velocities. It meant less 
equipment cost as well. High velocity in a 
mist eliminator can mean up to 2.5 m/sec. 
for capturing droplets larger than 3 μm, 
and there are coarser fibres ranging from 
15 – 25 μm in diameter that can be used 
from 0.3 – 0.6 m/sec. for medium-sized 
particles (1 – 3 μm and above). All of these 
will be ‘standing type’ (Figure 2) to avoid 
the risk of re-entrainment of collected 
liquid from the exit surface of the mist 

Figure 1. Hanging type mist eliminator.

Figure 2. Standing type mist eliminator.

Figure 3. Ammonium nitrate prilling process schematic.
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eliminator, since the gas velocity is slowing down as it 
exits to the remaining volume of the vessel.

The density of impaction filters is not more than 
192 kg/m3, and efficiency is reliant on maintaining sufficient 
velocity to prevent the particles avoiding fibres; otherwise 
they will collide with the fibres and drain away by gravity.

The use of PTFE fibre beds on neutraliser 
and evaporator emissions
As shown in Figure 3, there are neutraliser and evaporator 
stages in advance of the prilling tower in an ammonium 
nitrate plant. NH3 and nitric acid are fed to the neutraliser 
first, which can be operating under pressure, under vacuum 
or at atmospheric pressure, depending on the process 
technology. This is a highly exothermic reaction, which 
produces ammonium nitrate (NH4NO3) and steam. 
While the NH4NO3 solution is then fed to the evaporator 
stage, there is some NH4NO3 entrained by the steam 
flow. The contaminant load (AN) can be up to 
15 000 mg/Nm3 (4 kg/t) and the particle size usually 
3 – 5 μm.

When the steam is treated separately before release to 
the atmosphere, there can be impaction type mist 
eliminators installed made of PTFE fibre with 304L stainless 
steel structures to capture the liquid droplets. The PTFE 
fibre is capable of operating at temperatures above 100˚C, 
which is important. Initially these fibre beds were made 
using long, bulk PTFE fibres, which were compressed into 
rectangular panels. Uniformity was difficult since the fibre 
is very smooth and slippery. Begg Cousland use a specially 
developed PTFE fibre mat (type T80.35) that provides 
better efficiency and life. It also allows filters to be made 
cylindrically as well as in rectangular panel form. 

The technology of packed bed wet 
scrubbing
There are various conventional methods of wet 
scrubbing process gases; each technology and design is 
dependent on factors such as residence time, nature of 
contaminants, presence of soluble or insoluble solids, 
energy requirements and scrubbing solution availability, to 
name only a few.

A simple form of vertical column gas scrubber is the 
wet cyclone, which has no internals other than 
counter-current spray nozzles and perhaps guide vanes, 
which means it is virtually free of the risk of blockage. 
The efficiency is a function of spray volume, sprayed 
droplet size and solubility of contaminants.

A venturi scrubber is used to collect fine and coarse 
particulate and is especially effective in handling particles 
that are sticky or 
wet. Dirty gas 
is forced down 
into an inlet 
section, where 
the scrubbing 
liquor is injected 
and then into the 
throat. The throat 
can be static or 
can be adjusted 

for varying gas volume flows and efficiencies. Here the gas 
mixes intensively with the scrubbing liquor to capture 
particles in the gas flow, typically efficient between 95 
– 99%. The dirty effluent water is discharged into a tank, 
from which it may be re-circulated. Since they are 
continuously wetted, venturis are not prone to plugging. 
They are, however, high-energy consumers due to the 
relatively high pressure loss involved.

Where a random packing – such as saddles, rings or 
other shapes and geometries – is used, the vertical gas 
flow is contacted by the counter-current scrubbing 
solution within the height of the packed bed, which is 
supported on a plate or grid. Efficiency here is mainly a 
function of liquid volume, even liquid distribution, 
packing height/residence time and packing drip points. 
The risk of blockage by insoluble solids and the pressure 
loss of the packing are the usual concerns. If a structured 
packing is used, the same issues apply.

Some types of mesh are also suitable for use as 
scrubber packings in vertical columns and in horizontal 
vessels that are sometimes referred to as ‘cross-flow’ type. 
The layers of mesh, made of knitted wire or pyramidically 
formed plastic monofilament, have a large void space and 
can drain by gravity easily within reason, provided the gas 
velocity and liquid load does not cause flooding. These 
mesh pads are effective solids removers in a vertical 
orientation within a horizontal vessel, so long as there is an 
effective, continuous wash spray. The residence time can 
also be sufficient for absorption of NH3 within multiple 
stages. The mesh pads are easier to remove for washing or 
other maintenance than random packings.

The Bluefil® mesh panels were constructed to allow the 
company to add and remove finer or coarser layers to 
increase solids removal efficiency or reduce the effects of 

Table 1. Typical Bluefil combinations’ removal efficiencies, face velocities and pressure loss

Style Velocity range 
(m/sec.)

Pressure loss range 
(mm H2O)

Efficiency 
> 10

Efficiency 
> 5

Efficiency 
> 3

Efficiency 
> 2

MX 99-10 2 – 3.5 7.5 – 20 99% 70 – 85%

MX 99-5 2 – 3.5 15 – 50 100% 99% 70 – 90%

MX 99-3 2.5 – 4 40 – 150 100% 100% 99% 80 – 85%

MX 99-2 2.5 – 5 60 – 250 100% 100% 100% 99%

Figure 4. Bluefil MX905 mesh.
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blockage (Figure 4). Typical combinations for the mesh are 
given in Table 1.

As the Bluefil is mechanically robust the layers can be 
easily cleaned with a high-pressure washer and re-used.

Revamp project
A client had a previous limit of 300 mg/Nm3 for NH3 
vapour that needed to be reduced to 50 mg/Nm3, and was 
experiencing NH4NO3 particle bypass that was causing a 
visible stack.

The existing system consisted of a four-stage 
cross-flow scrubber with standard metal knitted wire mesh 
panels (Figure 5). The first three stages are irrigated with 
nitric acid for NH3 removal and the final stage is a droplet 
catcher prior to the second stage fibre bed filters required 

to remove the fine 
NH4NO3 particle. 

The key project data 
were:
n Air flow: 

41 700 Nm3/hr at 
100˚C.

n NH4NO3 load: 
1700 mg/Nm3.

n NH3 load: 
3400 mg/Nm3.

It was decided to 
replace, in the first stage, the metal knitted wire mesh 
panels with ethylene tetrafluroethylene (ETFE) pyramidal 
structure mesh to not only improve the material chemical 
resistance but provide a higher active surface area for 
improved mass transfer. The uniform structured mesh 
promotes redistribution of liquid to cover the whole wire 
surface without the problem of dry unwetted areas 
required for gas/liquid interaction. Begg Cousland also 
looked at the required amount of nitric acid required to 
react with the inlet NH3 loading and adjusted the 
operating Ph to 2. The first three stages were panels made 
from layers of Bluefil MX-094H and the last panel MX-040/
MX-094H combination for a cumulative removal of 99.5% > 
2 μm for particulate/droplets (Figure 6). Each of the first 
three stages produced a minimum 1.4 number of transfer 
units (NTUs), giving at least 4.2 NTUs of mass transfer.

For the second stage the Becofil T80.35 style PTFE fibre 
was selected for the mist eliminators with 304L stainless 
steel standing type structures. The existing set of 28 glass 
fibre mist eliminators of 610 mm dia. 
x 3650 mm long would have given a gas velocity below the 
optimum range for this type of impaction fibre size, and it 
was decided to make the mist eliminators shorter to 
improve their efficiency. Finally, a set of 28 mist 
eliminators of 600 mm dia. x 2000 mm long were used 
inside the existing vessel. 

The guaranteed efficiencies were less than 50 mg/Nm3 
of NH3 and less than 10 mg/Nm3 of NH4NO3. The amount 
of NH4NO3 particle was measured at 1 mg/Nm3.

Conclusions
For the reduction of NH3 vapour two key factors are 
required: firstly, the selection of a high active surface 
material (such as a structured pyramidal mesh for increased 
mass transfer) and, secondly, reliable pH control to ensure 
the correct addition of nitric acid to complete the fast 
irreversible chemical reaction.

Teflon PTFE fibre bed filters are the correct material to 
use for lengthy mechanical lifecycles and resistance to 
occasional break though of NH3 vapour, compared to 
standard design glass fibre beds that experience alkali 
corrosion. 
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Figure 5. Four-stage cross-flow scrubber.

Figure 6. Panels used in first-stage cross-flow scrubber.


