Determination of pressure drop in a fixed bed catalytic reactor during
ammonia oxidation on nanostructured catalyst
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Abstract — The effect of the increasing gas velocity on the pressure drop in the fixed beds with a length
of 351072, 45107, 551072, 6510 and 7510°m which were generated in the downflow reactor has been
established by experimental method. Ergan and Darcy-Weisbach equations have been used as the
numerical methods to calculate the pressure drops within the Reynolds number range of 312 <Re <
1177. The difference between experimental and calculated values of pressure drops was found
to be increased with the increase of the Reynolds number. Maximal relative error between
experimental and theoretical values does not exceed £ 3%.
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Introduction

Nowadays, ammonia and methanol synthesis, methane reforming with carbon (IV) oxide,
the ethane, hydrochloric acid and sulfur (IV) oxide oxidation, as well as production of hydrogen
by the rich combustion of heavy fuel oil and waste treatment are carried out in fixed bed catalytic
reactors, also called packed bed catalytic reactors [1-3]. These reactors are the most commonly
used in large-scale production of chemicals. In the reactors the continuous phase is a fluid or gas
and the porous phase consists of catalytic granules which can be loaded into the reactor as single
bed units, multi-bed units, and multi-tube units [4]. Oxidation of ammonia (NHs) in the presence
of catalysts takes place with the formation N, N,O and NO and the resulting product depends on
the process conditions and the catalyst nature [5]. The catalytic oxidation of ammonia to nitrous
oxide (N,O) at low temperatures is an efficient technique and it can be intensified by the
application of new selective catalysts [6].

High activity at low-temperature ammonia oxidation and high selectivity for N,O are
shown by Pt-based catalysts [7]. The technology of obtaining nanostructured catalysts attracts
the special attention of researchers due to the high activity of the catalyts [8]. Therefore,
nanostructured platinum catalysts obtained by electrochemical method are promising and their
application will provide the intensification of the ammonia oxidation process in the fixed bed
reactor.

Results and discussion

The pressure drops were measured for fixed beds with length of 35103, 45107, 55107,
65107, 7510° m and experimental curves are presented in Fig. 1.
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Fig. 1. The pressure drop in fixed beds of different length vs. gas superficial velocity.

In general, Fig. 1 demonstrates that the increase in the gas superficial velocity increases the
pressure drop in fixed beds. The effect of fixed beds' length on the pressure drop is significant
and, as the example, it is evident, that at the actual velocity of 1.78 m/s the pressure drop is
changing from 985 Pa for the length of the fixed bed H = 3510 m to 1530 Pa for the length of
the fixed bed H = 7510° m.

To determine the pressure drop in the fixed beds of different length when passing the gas
flow through them, the Ergan equation (1) and Darcy-Weisbach equation (2) were used.
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So, Ergan equation allows to predict accurately the pressure drop in the fixed bed up to
Reynolds number of 850, but with the increasing of Reynolds number above 850, the error
between experimental and calculated values increases due to increased gas turbulence in the
channels between particles of the catalyst, when the effect of inertial component increases and
the effect of the viscous component decreases.

Since the Euler number includes the velue of the pressure drop, the equation may be

represented as:
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Fig. 2. Pressure drops in the fixed bed of the length H=75-10" m versus actual gas
velocities within the Reynolds number range of 312 < Re <1177



Graphic dependencies in Fig. 2 show that values of the pressure drop obtained by using Eq.
(3) accurately describe the experimental data. The maximal relative error between experimental
and theoretical values does not exceed + 3%. Therefore, the proposed equation (3) allows us to
calculate theoretically with high accuracy the pressure drop in the downflow fixed bed reactor
within Reynolds number range of 312 < Reey, < 1177.

Conclusion

The effect of the increasing gas velocity on the pressure drop in the fixed beds of
nanostructured platinum catalyst with the length of 3510, 4510%, 5510, 6510 and 7510°m
which were generated in the downflow fixed bed reactor has been established by experimental
method. Ergan and Darcy-Weisbach equations have been used as the numerical methods to
calculate the pressure drops and the graphic dependencies have been plotted to compare the
results with experimental data. The error between values of pressure drops was found to be
increased at Reynolds number above 850.

Generalizing the experimental results, the equation AP=49-Reex, ' (H/de)-(dy/D)-p-t? has
been proposed which allows to calculate theoretically with high accuracy the pressure drop in the
downflow fixed bed reactor with new catalyst within Reynolds number range of
312<Re«p<1177. The maximal relative error between experimental and theoretical values does
not exceed + 3%.
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