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Abstract

Our energy requirements have increased enormously in the
last decades. We can get a significant amount of energy by
the combustion of flammable gas mixtures of hydrocarbons.
Proper gas purification prior to use is essential. A hydrocar-
bon-based gas mixture which contains sulfur compounds is
called sour gas. H S is one of the most problematic compounds
in the transportation and utilization of natural gas or biogas.
H,S is a toxic gas. It is corrosive in the presence of water.
Upon the combustion of natural gas H,S is converted into
SO, which is not only harmful for the environment by causing
acid rain but also constitutes a danger to human health. There
are several methods of reducing the content of H,S in natural
gas. However, the usability of these methods is limited due the
increasingly strict environmental regulations. Our future aim
is to develop a new, efficient and selective method. Selectiv-
ity is important to avoid unnecessary energy and chemicals
consumption. Alkali-based competitive chemisorption method
appears to be a good choice. H,S reacts with NaOH faster than
CO,, which is the basis of the selectivity. Residence time is a
key parameter for the efficiency of the operation. The essence
of the method is the very short contact time, thus intensive con-
tact between the gas and liquid phases has to be ensured along
with rapid phase separation. Using a spray technology such as
in Jet reactor is feasible. The advantage of the application of a
Jet reactor is that various parameters can be changed.
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1 Introduction

The population of Earth and at the same time the demand
for energy has increased in the last decades. These days it is
one of the most important tasks to find a solution to meet this
requirement. However, environmental and economic criteria
also have to be taken into consideration. A significant amount
of energy can be liberated by of the combustion of hydrocarbon
gases. Natural gas is one of the purest fossil energy sources
because it only generates CO, and water. Of course this is only
true if the gas does not contain contaminants such as H,S or
mercaptans. Hydrocarbon gases with sulfur content are called
sour gases. H,S gas is a compound associated with natural gas
production capable of causing great damage. It is toxic gas and
also corrosive for the pipelines in the presence of water. It is
converted into SO, upon the combustion of natural gas which is
not only harmful for the environment by causing acid rain, but
also constitutes a danger to human health [1].

There are several procedures to reduce the content of H,S
in natural gas. However the usability of these procedures is
limited due the increasingly strict environmental regulations.
One of the most widely used and effective method is fixed
bed adsorption but the disposal of the exhausted packings is
problematic. Another important method is absorption in aqueous
alkanolamine solutions which also has its disadvantages, e.g. it
can be corrosive, the regeneration has a high energy demand,
it can produce hazardous by-products, and except for certain
adsorbents it is non-selective. Selectivity is important to
avoid unnecessary energy and chemicals consumption. Other
methods of gas cleaning that should be mentioned include
direct conversion to sulfur, physical or chemical absorption
methods and membrane technology [2-3].

The technique based on competitive chemisorption has been
known for 60 years now. Certain conditions have to be ensured
during the operation for selective and efficient gas purification.
The essence of this method is that the contact time has to be
very short (below 1 s) and the contact has to be very intensive. It
cannot be realized with chemisorbers of classical construction.
Depending on pressure, H,S is absorbed orders of magnitude
faster than CO, at the beginning of the absorption. The reaction
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is strongly pH dependent [1]. The process converts H,S to
NaHS and Na,S, and CO, to Na,CO, [2].

Gas purification by alkaline chemisorptions has already been
implemented in reactors with static mixers, countercurrent
packed absorbers or countercurrent spray scrubber as well
[4-10]. Application of a Jet reactor seems to be an ideal solution.
We can solve the spraying of NaOH solution by the gas to be
treated thus the reaction surface can be increased greatly [1].

The liquid and gas phases get mixed due to the generated
free turbulent jet if the flow and geometric conditions are
ensured. Rapid phase separation is necessary after intensive
mixing and can solved with a classical separator. The Jet
reactor allows changing a number of parameters. Due to the
spraying operation and the design of the reactor measurements
the following factors can be changed: pressure, gas and alkali
flow rate, NaOH concentration, diameter of nozzle, gas phase
and liquid meeting place, the size and geometry of the reactor,
residence time, gas composition [11].

The schematic representation of the spray nozzle is given in
the Fig. 1.

Fig. 1 External mixed pneumatic liquid atomizer [12]

As already mentioned, the free turbulent jet plays an
important role in the intensive contact. We can experiment
that jets are created, if the fluid flows through a narrow vent
with sufficiently high flow rate. The stream of jets can either
be laminar or turbulent. If the jet is generated in a relatively
large space it is called a free jet. Free jets are characterized
by a special flow field, there is a conically narrowing core and
the jet sprawls also conically. The jets cause turbulence in
confined spaces and tubes thereby the substance of the jet gets
mixed with its environment very quickly. For this reason the
confusor-diffuser design is often used in the chemical industry.
The turbulent free jet is shown in Fig. 2 [13].

The particle size of the droplets and their size distribution
are important parameters in the efficiency of the removal. By
using the Nukiyama-Tanasawa equation (Eq. (1)) the droplet
size can be defined.
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where

o = liquid surface tension (dyne-cm™)

p, = liquid density (g-cm™)

p, = liquid viscosity (poise)

Q, = liquid volume flow rate (cm?-s™)

Q,; = gas volume flow rate (cm*s™)

U, = relative velocity between liquid and gas (cm's™) [15].
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Fig. 2 Free turbulent jet [14]

2 Experiments

Pre-experiments were carried out in a batch filled with
Raschig rings absorber. Gas mixtures of H,S (120-140 ppm),
CO, (25-75 v/v%) and nitrogen were used for the experiments.
0.5-6.0 m/m% NaOH solutions were applied as the absorbent.
The same effect was observed during each experiment,
depicted in Fig. 3.
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Fig. 3 Illustration of competitive chemisorption in 370 cm® 1 m/m% NaOH
absorbent with 150 dm?h'!' gas volumetric velocity in a packed absorber

Figure 3 shows that the absorption of H,S was 100% at
the beginning, after which the content of H,S increased on
the output side. The concentration of H,S on the output side
exceeds the original H,S content in the gas mixture. After this
the H,S concentration reaches its peak and it decreases back
to its original level in the output gas. Shortly after this peak
the CO, concentration also reaches its original level in the
output gas. It is also evident from the figure that a higher CO,
content accelerates the saturation of the absorber. Based on
the experience, it can be said that CO, is able to displace the
already bound H,S from the absorbent. The two compounds
are in a competitive reaction.
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We want to avoid this effect by using a Jet reactor. The use
of a Jet reactor provides the opportunity to achieve a continu-
ous operation and to minimize the residence time.

Measurements in a Jet reactor were carried out to examine
the correlation of the efficiency and alkaline specificity while
changing the size of nozzle, the concentration and the mass
flow of NaOH solution.

The effect of four different size of nozzle was examined.
The measurement conditions were as follows: gas volumetric
velocity 350-360 Nm*h'!, alkaline feed 62-124 kg-h!, NaOH
concentration 2.3-2.8 m/m%. The reduction of the nozzle size
improves efficiency as shown in Fig. 4, where D >D>D>D,.
(Based on the results there is no clear correlation regarding
base-specificity.)
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Fig. 4 Effect of alkali concentration and the size of the

nozzle for cleaning efficiency of H,S removal

During the examination of correlation of the efficiency, the
alkali specificity (ratio of NaOH and H_S expressed in moles)
and the NaOH flow, the measured alkali interval was between
1.5-3.5 m/m%. The input of the NaOH flow was ensured with
a double-headed pump. The mass flow of alkali was changed
between 88-189 kg-h'!, which considering the number of revo-
lutions of the pump corresponds to the interval of 1050-2400 s™'.
Meanwhile the volumetric flow of the natural gas was between
230-300 Nm*-h'and its pressure was 3.2-4.2 bar. The size of
the nozzle during these measurements was D,. The diameter of
the droplets was between 30 and 300 mm during all tests.

The results show that it is necessary to use high amounts
of the alkali to reach a relatively high efficiency, namely high
concentration of NaOH with a high mass flow. Nevertheless,
the rate of efficiency improvement is not linear with the con-
centration of NaOH or the number of revolutions of the pump
as it can be seen in Figs. 5 and 6.

Considering the range of NaOH concentration the effect
of increasing the mass flow on the efficiency of purification
is higher when more dilute alkali solutions are applied.
Furthermore, beside low concentration of NaOH the growth of

alkali consumption is relatively smaller when the number of
revolutions is increased in the given range. It appears that the
middle part of the examined range is the optimal in which the
NaOH concentration is 2-2.5 m/m% and the revolutions of the
pump is 1350-1800 1-s°'. The alkali consumption in this range
is below 10 mol NaOH/mol H,S while the efficiency reaches
the minimal value of 50 %.
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Fig. 5 The change of efficiency depending on the
number of revolutions of the pump
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Fig. 6 The change of alkali specific in rev of pump

3 Conclusions

Based on the experimental data it can be stated that the resi-
dence time can be minimized (0.01-0.04 s) by using a Jet reac-
tor. This enables a continuous operation, where the effect of
displacement can be avoided. Using a Jet reactor is effective
and the gas cleaning is specific if the appropriate conditions
are created. An ideal interval was found in the examined range,
where the base concentration is 2-2.5 m/m% and the number of
revolutions per second is between 1350 and 1800 s™'. Moreover,
considering the impact of the nozzle, we experienced that the
reduction of the diameter can achieve significant improvement
in the efficiency.
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