
nvironmental emission targets 
for ammonium nitrate plants 
are continually evolving and will 
always require reducing. 

At one site, an ammonium nitrate 
producer was aware that their current 
emission limits would need to be 
reduced, and that they needed to 
improve their existing air pollution control 
systems before the introduction of new 
legislation. This producer had two 
operations within their plant which needed 
to be improved: firstly, the exhaust gases 
coming from an ammonium nitrate 
evaporator needed to be reduced; and 
secondly, the particulates emissions coming 

from some of their product driers needed to 
be improved.

These two projects, following 
an international tender process, 
were awarded to a group of companies 
led by Peddie Engineering and 
Begg Cousland Envirotec in 2019. The 
execution of the work was due for early 
2020 and the evaporator project has since 
been successfully completed. However, the 
second project has been delayed due to the 
COVID-19 pandemic and is anticipated to be 
running before the middle of 2021. The focus 
of this article will be on the evaporator case 
study but will also cover the technical 
approach applied for the driers.

Martyn Dean, Begg Cousland Envirotec Ltd, UK, and 
Ronald Peddie, Peddie Engineering Pty Ltd, Australia, 

examine two ways in which emissions were reduced at an 
ammonium nitrate plant.
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Project 1: ammonium nitrate evaporator 
emission reduction
The evaporator emits a mixture of steam and air at 150 – 180˚C, 
with an occasionally high loading of ammonium nitrate 
particulate and ammonia vapour. The design requirement was 
to reduce the loading of particulate and vapour to 
below 50 mg/Nm3 for both components to comply with the 
forthcoming regulations. Figure 1 shows the typical stack exit 
after the change.

The design approach taken was to provide a new scrubbing 
system that would not only effectively reduce the gaseous 
emissions, but also limit the liquid effluent produced. Liquid 
effluent was limited by using another scrubber solution that is 

available on the plant. The project led to a reduction in liquid 
effluent. The system chosen consisted of an inlet water 
quench, first stage ammonia scrubbing with nitric acid and a 
second stage particulate removal.

The installed scrubber was as shown in Figure 2. The 
control of the scrubber gas temperature was critical to prevent 
too much water condensing near the gases’ dew point and 
maintaining enough moisture to dissolve the captured 
ammonium nitrate particulate. The inlet water quench is 
operated to provide a gas temperature in the range of 
70 – 80°C. The anticipated water addition was less than 
expected, as the long duct run from the evaporator to the new 
scrubber’s location contributed to lowering the gases’ 
temperature by natural convection. The spray nozzles used for 
the quench and first stage scrubbing section were fitted to 
spray bars that can be removed through the external flanged 
access ports. 

For the first stage of ammonia vapour removal, a 
conventional counter current packed option was compared 
against an irrigated mesh pad arrangement. It is possible to 
achieve the required ammonia removal with both methods; 
however, the mesh pad option was chosen for this case.

Several factors contributed to this choice. For example, the 
required amount of recirculated liquid was 80% lower with this 
option, and the higher liquid hold up within the mesh pad 
improves the pre-wetting of the ammonium nitrate particles 
prior to their removal in the second stage.

The first stage scrubbing section is irrigated with 
ammonium nitrate solution dosed with nitric acid, maintaining 
a pH of less than 2 to ensure that the ammonia vapour is 
captured by reaction with nitric acid in a fast-irreversible 
chemical reaction producing ammonium nitrate droplets which 
can be captured.

Nitric acid is added by a control valve from a nitric acid 
line. The acid was able to control the pH well by using a 
control loop with a stand pH meter situated on the pump 
suction of the scrubber recirculation line.

Nitric acid is a hazardous chemical. Therefore, the 
nitric acid line was fitted with a robust block valve system 
accordingly. Another hazard identified was low pressure due to 
fan suction. This was countered by a minimum stop of the air 
flow from the evaporator; the valves cannot be fully closed 
and there is no operation which requires these valves to be 
fully closed.

Another benefit of using an irrigated wire mesh pad is a 
reduction in the overall height of the scrubber unit, which was 
required to fit within the existing building’s head space. The 
mesh pad installation design was done so that it could be 
fitted from below. This allowed a reduced head space distance 
beneath the second stage particulate removal. The fitting 
details are given in Figure 3.

The second stage of the scrubber required fibre bed filters 
to eliminate the fine particulates. Filters can be made for 
ammonium nitrate applications using various fibre types such 
as polypropylene, polyester, glass and teflon. The fibre chosen 
for the evaporator duty was a polytetrafluoroethylene (PTFE) 
mat type material. The deciding factor was that the PTFE 
material can chemically resist an alkali environment at higher 
temperatures if there is an ammonia gas upset condition and 
will provide a longer service life compared to other fibres. The 
only slight down side is that the removal efficiency will be 

Figure 1. Condensing water vapour emission from the new 
ground level evaporator scrubber stack.

Figure 2. Evaporator scrubber.

Figure 3. Main stages of demister installation from below, 
between dual support rings, and securing final removable 
ring sections.
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slightly less than with glass fibre. It was known that the PTFE 
fibre would achieve <7 mg/Nm3 compared to <3 mg/Nm3 for 
glass fibre. Figure 4 shows that the filters are configured in a 
standing type arrangement with the gas flowing from the inside 
to the outside.

The standing configuration allows for carried-over liquid 
from the first stage to help keep them fully wetted, which is 
essential to dissolve the captured ammonium nitrate particles. 

Spray nozzles are also fitted in the top of the filters. As part of 
the design philosophy, the filter differential pressure loss is 
monitored and irrigated intermittently with fresh water if this 
exceeds a high set point.

The evaporator scrubber was commissioned in June 2020 
and the results of the performance tests in September 2020 
showed an exit level of 1.21 mg/Nm3 for ammonia vapour and 
4.31 mg/Nm3 for particulate.

It was concluded that the achieved emission rates were 
significantly below the compliance regulations and that the 
plant should be future-proofed for any further reduction. The 
supplied scrubber unit inherently had other key benefits such 
as lower OPEX, a reduction in produced liquid effluent and a 
longer than usual anticipated lifetime due to material selection. 

Project 2: ammonium nitrate drier exhaust 
particulate reduction
The drier’s exhaust gases, after an existing ammonia vapour 
scrubber, consisted of air with a moisture content 
of 2.8% volume/volume moisture content (v/v) and a 
potentially high ammonium nitrate particulate load. The design 
requirement was to reduce the loading of particulate to below 
50 mg/Nm3; however, the particle size distribution was 
unknown. During the tender process it was agreed that the 
design was to target close to 100% removal of 3 micron 
particles. The plant had an existing water wash tower which 
was to be retrofitted. It was a simple open spray chamber with 
no internals. This original tower was a design from the 1960s 
with the advantage of a very low pressure drop but with a very 
poor particle removal capability.

The design approach was to make use of as much of the 
existing system so as to minimise capital spend, and to retrofit 
internals to achieve the required emission limit for particulates. 
However, it quickly became apparent that the existing tower 
diameter was too small for the duty and instead a new tower 
was sized that would re-use the existing fan, duct work and 
stack. The reuse of the equipment was very economical 
compared to a wholly new installation. The design used 
structured pyramidal layers of plastic mesh, as shown in Figure 5, 
arranged in a three-stage system, as shown in Figure 6.

The first stage is designed to remove the larger particulates 
and pre-wet them for removal in the second stage. The second 
stage is designed to remove 99.7% of 3 micron particles, and it 
is constructed using a tailored design of layers with different 
apertures to achieve the target micron size. It is fully expected 
that the current 3 micron approach will be sufficient to achieve 
the target of less than 50 mg/Nm3 particulate. The third stage 
is designed to remove the liquid droplets created in stages one 
and two.

This system is expected to be commissioned in 2021, with 
performance results available in June 2021. If after commissioning 
and performance testing this 3 micron approach does not 
achieve expectations, then there is a quick change option to 
modify the second stage with different layers based on a 
pre-arranged redesign of 99.7% removal of 1.5 micron.

Conclusion
It is possible to reach much lower emission limits by the careful 
and knowledgeable use of technology. The reuse of existing 
structures and process equipment is likely to lead to a highly 
capital favourable plant. 

Figure 5. Bluefil® mesh.

Figure 4. Standing filter (left) and PTFE filter (right).

Figure 6. New washer tower section.


