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The performance of the Ostwald pro-
cess for NO synthesis from NH3 and 
O2 on a Pt alloy gauze catalyst has 

been simulated by applying a model which 
describes the formation of all nitrogen-
containing products, N2, NO and N2O of 
which only nitric oxide (NO) is the target 
product of economic interest. The simula-
tion is based on science-based rate equa-
tions obtained from well-defined surface 
experiments. 

In consideration of thermodynamic 
principles and combined with appropriate 
mathematical models, the modelling pro-
cess simulation allows the prediction of 
product selectivity for the reactions form-
ing N2, NO and N2O under the conditions 
of an industrial ammonia burner.

Applying the individual product selec-
tivity of each nitrogen-containing product 
in the process simulation allows the pre-
cise prediction of the NH3 conversion rate, 
heat generation and temperature at each 
gauze layer in the catalyst pack. Input val-
ues needed for the mathematical iteration 
method only consist of the parameters 
temperature, pressure, flow rate and com-
position of the mixed gas.

When reversing this correlation, the pro-
cess simulation consequentially allows for 
a systematic optimisation of operating con-
ditions with the clear objective to increase 
the process efficiency toward NO.  

In a subsequent step, the dynamic pro-
cess simulation also takes into account 
time-varying conditions by the incorpo-
ration of heat and mass accumulation. 

This allows optimisation of the start-up 
procedure as well as the investigation of 
extreme operating conditions, e.g. for the 
improvement of process safety.

Modelling
In view of the large number of chemi-
cal reactions and species formed on the 
catalyst surface, the full details of which 
are largely unknown, modelling reduces 
the complexity of the model compared to 
reality, by focusing on the essential deter-
mining factors, which are important for the 
process.

There are only a few reaction kinetics 
models which apply reliable surface exami-
nation. The most pragmatic modelling char-
acterises the adsorption and desorption 
of reactants and products, the hydrogen 
stripping of ammonia and the formation of 
surface adsorbed NO (see Fig. 1).

The kinetic model describes the pro-
gress of the chemical reactions by dif-
ferential equations. Here the three levels 
of the reaction network, the reaction-rate 
approaches and parameter estimation, 
must be solved in parallel via mathemati-
cal iterative method.

The results of kinetic modelling are the 
reaction rates and thus the selectivity of 
the nitrogen-containing products under the 
reaction conditions in correlation with the 
reaction temperature.

Figures 2 and 3 illustrate the relative 
formation rates for the three nitrogen-con-
taining products N2, NO and N2O as well 
as the resulting process selectivity accord-
ing to temperature. The modelled process 
data of a medium-pressure process are 
contrasted with the data of a high pressure 
process to illustrate the differences in for-
mation rates and selectivity as a function 
of temperature.

New insights  
into the ammonia 
oxidation process
A new tool for process simulation developed by amoxEXPERT provides unprecedented insight of 

the reactions occurring at the catalyst in the ammonia oxidation process, helping to understand 

and positively adjust the most important yield-determining step. Dr J. Neumann reports on these 

new developments and how they can be used to optimise the ammonia oxidation process.

Fig 1: Reaction steps of ammonia oxidation on the catalyst surface
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Figure 2 shows the shift of the maxima 
of the formation curves to significantly 
higher temperatures in the case of the 
high-pressure process. This is reflected in a 
correspondingly lower NO selectivity of the 
high-pressure process at comparable tem-
peratures to the medium-pressure process.

Process simulation
Process simulation is used for analysis 
and optimisation of chemical plants and 
chemical processes. It is a model-based 
representation of chemical processes 
which introduces approximations and 
assumptions but facilitates the description 
of a property over a wide range of tempera-
tures and pressures which might not be 
covered by real data. 

Based on the reaction rates and product 
selectivities (of all NO products) as a result 
of the modelling, it is now possible to solve 
the mass and energy balance in the pro-
cess simulation to find the stable operating 
points, which are reflected in the ammonia 

conversion rate, temperature and yield at 
each gauze layer in the catalyst package. 
The current operating parameters are used 
as input values for the process simulation 
with respect to mixed-gas flow rate, pres-
sure, temperature and composition.

To illustrate the effects on temperature, 
NH3 conversion and selectivity, the mod-
elled process date of a medium-pressure 
process are contrasted with the data of a 
high-pressure process (Figs 4 and 5).

The high-pressure process reveals a 
significantly higher temperature of each 
catalyst gauze layer and requires a higher 
number of catalyst gauze layers for com-
plete NH3 conversion.

This effect is primarily due to the increased 
flattening of the conversion curve with increas-
ing number of catalyst gauze layers.

Process simulation enables the illus-
tration of different operating and control 
conditions and predicts their impact on 
the productivity and efficiency of the pro-
cess completely and accurately. It allows 
for systematic optimisation of operating 

conditions such as increased efficiency 
toward NO or surveillance of operation 
when expanding the capacity to avoid yield 
declines. In short, it predicts process data 
at varying input parameters.

The dynamic process simulation also 
takes into account time-varying conditions by 
the introduction of heat and mass accumula-
tion. This allows optimisation of the start-up 
procedures as well as the analysis of extreme 
operating conditions for the improvement of 
process reliability and safety.

This process simulation replaces the 
traditional signal processing in which the 
process was subjected to step-like or peak-
like changes. The combination of reaction 
kinetics modelling and process simulation 
makes any intervention in the on-going 
operation redundant in the future.

Steady-state operating points
The ignition point is the first station-
ary point on the heat generation curve 
(Fig. 6). The amount of heat generated  
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corresponds at this point to the heat 
demand of the process gas to be heated 
up to the corresponding temperature.

At all temperatures below the ignition 
point, the heat demand of the process 
gas is higher than the heat generation by 
the reaction. The reaction is unsteady and 
develops slowly, the ignition proceeds with 
much delay and is non-uniform over the 
cross section of the catalyst. The ignition 
of the process below the ignition point can 
cause a negative impact on the catalyst 
activity and a corresponding long time to 
achieve the maximum catalyst activity, 
respectively process yield.

Above the ignition point, the quantity of 
heat generated by the reaction is signifi-
cantly greater than the heat demand of the 
process gas to be heated up to the cor-
responding temperature. Due to the high 
heat generation the reaction rate increases 
and shifts the process temperature 
towards higher values. Only the increasing 
ammonia consumption decreases the heat 
generation despite rising reaction tempera-
ture. The heat generation decreases, and 
runs into a steady state in which it is equal 
to the heat demand of the process gas. 
This state indicates the equilibrium condi-
tion in the first catalyst layer.

Subsequent intersection points charac-
terise the equilibrium points of heat genera-
tion and heat demand of the process gas in 
the other catalyst layers. The last intersec-
tion point characterises the lowermost cata-
lyst layer, thus defining the required number 
of catalyst layers in the catalyst pack for 
complete ammonia conversion. The corre-
sponding process gas temperature defines 
the characteristic gauze temperature and 
thus the process yield and efficiency.

Process optimisation

Solving the mass and energy balances ena-
bles the process simulation to be used to 
identify stable operating points, such as 
temperature, NH3 conversion and selectiv-
ity, respectively yield, as a function of the 
input parameters. Different sets of input 
parameters therefore result in characteristic 
different developments of temperature and 
selectivity in the catalyst pack and in sig-
nificant differences in the overall yield of the 
process. Figure 7 shows the dependence of 
the process selectivity on two different sets 
of input data for a high-pressure process. 
The curves illustrate the lower NO product 
selectivity for the second set of input param-
eters despite higher operating temperatures.

From this overall picture, unfavourable 
or adverse operating conditions can be 
detected and opportunities for process 
optimisation can be derived, correspond-
ing to the boundary conditions of the plant 
and its equipment.

This approach places the plant man-
ager in a position to understand his pro-
cess under the current conditions and 
enables him to relate to the impact of the 
applied process and control parameters on 
the productivity and efficiency of the pro-
cess. This gives rise to various opportuni-
ties to optimise the process according to 
the individual objectives and possibilities.

The scope of amoxEXPERT extends 
from the improvement of the current oper-
ation under the given conditions to the 
development and implementation of opti-
mised start-up, process and control param-
eters with the objective to:
l increase stability and security of the 

process;

l increase efficiency and productivity of 
the process;

l protect resources and equipment;
l overall reduce time, efforts and costs.
Firstly, all data which can be provided by 
the plant management (e.g. flow sheets) 
are analysed. This provides amoxEXPERT 
with a fairly clear overview of the varying 
process behaviour under prevalent frame 
conditions in correlation with input param-
eters and process control.

Secondly, on-site discussions take 
place between amoxEXPERT and the plant 
management: Current operations modes, 
parameters and all relevant frame condi-
tions are looked at and discussed in order 
to attain a clear understanding of the 
objectives of the customer. 

Thirdly, the process is modelled based 
on this analysis which provides the simu-
lation of the prevalent process behaviour. 
The process simulation allows the accurate 
modelling of alternative operation and con-
trol scenarios and can be used to predict 
influences on productivity and efficiency.

In anticipation of the agreed objective of 
the project, the computations of the simula-
tion illustrate in detail the deviation between 
the optimised and the actual process with 
respect to process gas and the individual 
plant aggregates in the flow sheet. 

The plant management is always kept 
in the picture via project reports. This 
allows for spontaneous but safe reaction 
to altered and/or additional production 
objectives or frame conditions any time 
even during a running campaign.

amoxEXPERT accompanies supports and 
monitors the implementation and analyses 
the process behaviour until stable conditions 
of the new, optimised process are reached. n
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