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Highlights
 Implications of ozone:Elimination of pollution control and recovery of total reactive nitrogen.
 Increased complexities due to N2O5 generation, elimination of formation and desorption of

NO due to ozone.
 Sensitivity analysis of the effects of practically all the process parameters.
 Procedures for the estimation of design parameters with R2 values better than 0.98 and

standard deviations within 10%.
1. Introduction

In the manufacture of nitric acid, the absorption column occupies a dominant place. The inlet gases to the
absorber (cooled gases from NH3 oxidiser) consist of NO, NO2, N2O3, N2O4, HNO3, HNO2, H2O, O2, N2. The
principal step which governs the column dimensions is the oxidation of NO. The oxidation rates are low
when the NO concentration is less than 5000 ppm and very low when the NO concentration is less than 100
ppm. It was thought desirable to investigate the economic advantage of using enriched oxygen. It was also
thought desirable to investigate the use of ozone when NOx levels are below 5000 ppm. This can result into
substantial reduction in column volume and/or the operating pressure. If the latter advantage is realized, the
compression cost can considerably be reduced. Further, in practically all the performance models published
in the literature the kinetics of oxidation as well as decomposition of HNO2 have not been considered.
Therefore, it was thought desirable to include these steps. The enriched oxidation by ozone is expected to
enhance the rate of HNO2 oxidation (to HNO3) and hence the HNO2 available for decomposition reduces.
This means that lesser quantities of nitric oxide are desorbed to the gas phase. This feature has crucial
implication because the need for the enormous volumes for the gas phase oxidation of NO reduces and hence
the absorption columns can become compact. Thus, the use of ozone/ enriched oxygen plays an important
role in process intensification. The use of ozone has two more important implications. First is the possible
elimination of pollution control system which has been an integral part of classical nitric acid plants.
Secondly, ozone is expected to recover all the reactive nitrogen in the form of nitric acid.

2. Mathematical Model

The introduction of ozone in the absorption section incorporates few additional features to the
absorption process which already has following complexities: (i) NOx gases consist of several
components NO, NO2, N2O3, N2O4, HNO2, HNO3, etc. and the liquid phase contains two oxyacids
(i.e. nitric acid and nitrous acid), (ii) several reversible and irreversible reactions occur both in gas
and liquid phases, (iii) absorption of multiple gases is accompanied by multiple chemical reactions,
(iv) desorption of gases occur preceded by chemical reaction, (v) heterogeneous equilibria prevail
between the gas and the liquid phase components, (vi) heat effects are associated with absorptions
and the chemical reactions. In addition to the above mentioned complexities already present in the
conventional absorption column, the newly proposed mathematical model takes into account (a) the
enhanced rates of NO oxidation due to ozone/enriched oxygen (b) the presence of ozone also results
in the formation of one more NOX gas (N2O5) which incorporates additional gas phase equilibriums



and also subsequent absorption N2O5 into water (c) it also enhances the rates of liquid phase
oxidation as well as decomposition of nitrous acid(d) the use of ozone fully eliminates the
formation and desorption of NO thereby reducing the column volume significantly.

3. Results and discussion

The foregoing discussion brings out the substantial advantages of the use of ozone/ enriched oxygen
in terms of reduction in column volume (even by a factor of 4), elimination of pollution control
system and the recovery of reactive nitrogen into the formation of additional nitric acid which
otherwise demands the additional system for pollution abatement . However, the use of
ozone/enriched oxygen has cost implications. Therefore, it was thought desirable to understand the
cost effectiveness of using ozone/enriched oxygen as an oxidizing agent, to achieve the outlet NOx

(as per statutory standards) in substantially reducing the column volume and hence the capital and
the operating costs and also recovering the reactive nitrogen. It is also possible to use
ozone/enriched oxygen in ongoing operating plants for increasing the capacity by even a factor of
two.

Figure 1. Parity plot for Gas-Hold up in Gas- Liquid Sparged Contactors: Comparision between experimental data and 14 empirical
correlations.

4. Conclusions

In addition to providing process intensification with ozone or enriched oxygen; the proposed paper
provides one more useful feature of providing reliable estimates of design parameters of plate
columns such as gas and liquid side mass transfer coefficients, effective interfacial area, heat
transfer coefficient, height of dispersion on plate, etc. This feature is very important because the
published empirical correlations give estimates which vary by even 1000% which is shown in
Figure 1 for gas hold-up. Such an enormous scatter of data is known to get reduced by the
techniques of artificial intelligence such as support vector regression (SVR), genetic algorithm
(GA), random forest model (RFM), etc. Using these techniques, procedures will be proposed for the
estimation of design parameters with R2 values better than 0.98 and standard deviations within 10%.
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