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The Research Institute of Mineral Fertilizers JSC ‘NIUIF" performed the research and
engineering for upgrading sulfuric acid (SA) production plants to increase their initial
design capacities from 600 000 and 700 000 TPA of H>SO, up to 1 000 000 TPA of H>SO4
each. The purpose of the revamp was to provide the plants with their own (SA) for
processing the increasing volume of apatite raw material supplied.

From an economic point of view, at that stage of development of basic engineering
solutions, an effort was made to keep in operation as much of the existing equipment of
SA systems as possible. As a result of the upgrading, the total capacity of three SA
production plants increased by 1 100 000 TPA of H,SO4, which is equal to the construction
of a new SA plant of similar capacity, with substantially lower capital costs and with no
increase in the number of service personnel. JSC ‘NIUIF" performed calculations of material
and heat balance and hydrodynamic mode, engineering calculations for selection of heat-
exchangers and coolers of the upgraded plants, based on what the original technical
decisions were developed that allowed, upon implementation, to achieve the required
capacity. Due to the revamp, labour efficiency at SA production plants increased by 27%,
and specific consumption of electricity reduced by 7,0 %.

INTRODUCTION

The activities for revamp of sulfuric acid (SA) production plants were carried out by specialists of the
Research Institute for Fertilizers and Insectofungicides named after Professor Yakov Samoilov (JSC
‘NIUIF’), which is the oldest industry-specific institute in the Russian Federation.

NIUIF was founded in 1919 to organise the domestic fertiliser industry. At present, JSC NIUIF is a
leading Russian institute for the development and design of production facilities for SA, mineral
fertilisers, inorganic acids and salts.

In the field of SA, the specialists of the SA department of JSC ‘NIUIF" are elaborating the technologies
of SA from various sulfur-containing raw materials with the production of various grades of products,
including improved oleum and special grades of SA for caprolactam, reactive and high-pure SA and
related processes for off-gas treatment and concentration of weak acid.

The development of technical solutions and their implementation for the revamp of existing SA systems
to increase their production capacity is one of the important activities of the institute. The technical
solutions adopted for the revamp of existing SA units are based on the state-of-the-art SA technology
operating on sulfur by DC-DA process developed at JSC ‘NIUIF [1, 2].

The main implementation stages of such revamp projects are the following:

- inspection of existing SA units with an assessment of the technical condition of operating equipment;
- performance of verification calculations of the operation of all existing process equipment, taking into
account the increase of the production capacity of SA units;
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- development and implementation of the required technical solutions.

While performing these works, the specialists solved the following issues connected with the SA plant
production capacity increase in accordance with the customer's requirement to keep in operation as
much of the existing main machinery and equipment as possible:

- increased pressure drop of the equipment;

- negative impact of vortex gas flows with increased linear velocity on the catalyst grains in the
converter;

- insufficient heat exchange equipment surface;

- specifics of operation of non-lined equipment.

EXPERIMENTAL

When increasing the production capacity of a SA unit, the linear velocities of gas and liquid media in
the equipment and pipelines increase, giving a significant increase in pressure drop [3]. For example,
with an increase in the linear velocity of the gaseous medium in the equipment by 1.5 times, the
calculated pressure drop over the non-packed equipment increases in accordance with equations (1),
(2) by 2.25 times:

AP = (ZC+AxL/D) xpxW2/2xg (1)
AP = ~APo x (W/W0)2,0 )

where: X C - total of local pressure coefficients;
A —friction coefficient;
L -length of the duct, shell, tube, m;
D - diameter of the duct, shell, tube, m;
p - gas density, kg/m3;
W - gas velocity, m/sec.

In packed equipment, the pressure drop increases in accordance with equations (3), (4) by 2.21 times:
AP = \x (S/e3) x(W2xp/2g)  (3)
AP = ~APo x (W/Wo0)1,8 4)

where: \ - friction coefficient per layer height;
S =So*(1- €) - specific surface area of particles in the layer, m2/m?2
So - specific surface area of particles, m?/m?
e - layer void volume, m3/m?3;
W - apparent gas velocity (in empty equipment), m/sec;
p - gas density, kg/m>3;
g- acceleration of gravity, m/sec2.

The catalyst layers on the converter beds are particularly sensitive to such an increase in pressure drop.
Table I shows the calculation data for the increase in the linear velocity of gas flows at the inlet to the
catalyst layers in the operating converter with an increase in production capacity of the SA unit by 1.21

and 1.47 times.
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Table I. Calculation results for existing converters with different gas flow rates
at the inlet to catalyst layers

Production capacity of the existing SA unit

2240 TPD H,SO4 2700 TPD H,SO4 3300 TPD H2SO4
V of gas for W of gas V of gas for W of gas V of gas for W of gas
Layer |Gas he 1 for the he 1 for the he 1 for the
No temp, °C the fayer, layer the fayer, layer the fayer, layer
’ ! thous. nm3/h ! thous. nm3/h ! thous. nm3/h !
m/sec m/sec m/sec
2 450 180 24,9 204 28,3 250 34,7
3 440 176 24,1 200 27,4 244 33,4
4 425 155 24,5 177 28,0 216 34,1
5 425 163 25,8 186 29,4 232 36,7

The bold font in the table highlights the critical values of the linear velocities of gas in the layers of the
converter, at which gas dynamically impacts the catalyst grains to move them. In this case, the catalyst
layer integrity on the converter bed disintegrates, the catalyst grains move and become abrased with a

large amount of catalyst dust appearing, and an increase in the pressure drop over the converter occurs.

ENGINEERING DESIGN

Figure 1 schematically shows the directions of the vortex gas flows after exiting the inlet pipe to the bed.
The possible consequences of the dynamic impact of emerging vortex gas flows on the catalyst bed are

shown.

Fiqure 1. Impact of vortex gas flows on the catalyst layers in the converter.

Figure 2 shows a photograph of the consequences of the actual impact of vortex gas flows on the catalyst
bed in an industrial converter. Traces of movement of large amounts of catalyst over the cross-section

of the catalyst layer with a violation of its integrity are visible.
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Figqure 2. Photo of the catalyst layer after exposure to vortex gas flows.

The simplest way to solve this problem is by creating a hold-down structure on top of the catalyst layer,
which consists of a layer of inert material covered with a stainless steel mesh and pressed by a frame of
metal corners welded together. Such a hold-down structure prevents the impact of vortex gas flows on

the catalyst grains. Figure 3 shows a view of such a hold-down structure.

Fiqure 3. Hold-down structure on top of the catalyst layer in an industrial converter.

If the catalyst layers have a high design pressure drop in cases of insufficient flow cross-section, then
the problem is solved by operation of the layers of the existing converter in parallel with the additional
two or three catalyst layers installed in the form of a separate casing of the required flow cross-section.

Figure 4 shows an industry-implemented scheme of parallel operation of catalyst layers of an existing
converter, which has insufficient flow cross-section to increase its production capacity.
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Fiqure 4. Principal diagram of the implemented revamp option of the existing SA unit converter section.

A similar decision can be applied in the drying-absorption section of the system, if the flow cross-section
of the absorption towers is insufficient when increasing the production capacity of the existing SA plant.
Figure 5 shows the implemented option of the parallel operation of two existing interpass absorption
towers (IAT) as the final absorption tower (FAT) and the construction of two new absorption towers

with the required flow cross-section.

The existing IAT & FAT

/ operating in parallel as one
FAT

A new cycle: DT+ IAT
with a joint circulation
tank
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Fiqure 5. SA equipment layout plan as per the implemented revamp option of the drying-absorption section.
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With a significant increase in the pressure drop over the equipment and pipelines along the gas duct
when increasing the production capacity of existing SA units, it becomes necessary to replace existing
forced draft fans (FDFs) of insufficient capacity and pressure with new FDFs that ensure the required
capacity and pressure for the SA unit revamp. Therefore, as a rule, new FDFs of increased operating
parameters are installed. Figure 6 shows one of the options to apply such blowers able to increase

pressure of up to 62 kPa to ensure the required capacity in terms of gas flow to the SA system.

dischargg.- pipe

gas-sealed casing

oil station

suction pipe

cover at suctl
for replacement of

operating wheel
operating wheel of closed

double bearing casing with rolling
console fixture, welded

bearings, oil damping for high reliability

Energy efficient FDF with Variable Frequency Drive
(VFD) saves energy

Pressure -
62,0 kPa

Rated capacity-
up to 310 thous. nm3/h

Filter elements and a silencer are
installed on the atmospheric air
intake line

Fiqure 6. FDF of increased operating parameters.

The FDF is supplied with a variable speed controller which allows saving electricity consumption for

the blower when the SA unit operates at a reduced capacity.

When replacing converters or absorption towers, JSC ‘NIUIF’ currently accepts the unlined equipment
of lightweight design to be used, which makes it possible to reduce equipment weight compared to
lined equipment, and thereby reduces the cost of foundations to be installed under them, reduces the
time spent for foundations and piping installation, and improves reliability of equipment operation
through the highly corrosion-resistant alloys used to manufacture this equipment.

Figure 7 shows a view and a photograph of the implemented non-lined converter of lightweight design
with gratings for catalyst layers in the form of curved perforated cable-stayed plates [4].
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Fiqure 7. Unlined converter of lightweight design.

Figure 8 shows a view of an unlined absorption tower fabricated from a corrosion-resistant silicon-
containing alloy. This design has the following advantages:

ANANENENEN

does not require of reinforced supporting structures to be installed

takes minimum repair downtime

excludes the ingress of lining particles into acid pumps

simplifies detection and elimination of defects

is of high efficiency with a support grid and an acid distributor made of a corrosion-resistant
silicon-containing alloy.
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Fiqure 8. Absorption tower made of corrosion-resistant alloy.

When operating these absorption towers, the packing bed irrigation of increased density is required. As
per the design of the tower support grids, there shall be no grid areas which remain non-irrigated with
sulfuric acid, otherwise accelerated corrosion of these parts is possible.

When replacing gas heat-exchangers with new ones, the up-to-date heat-exchangers of the ‘disk-ring’
type are used, as shown in Figure 9.
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Fiqure 9. Heat-exchanger of the ‘disk-ring” type.
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The main advantages of heat-exchangers of this type are:

v" minimum stagnant areas, which increases the heat exchange efficiency

v" multi-option position of inlet and outlet nozzles

v'  a special design that allows to optimize the gas flow in the intertubular space and increase the
heat exchange efficiency

v low pressure drop over the intertubular space.

OPERATING RESULTS

Examples of projects successfully implemented by JSC “NIUIF’ for the revamp of existing SA plants to
increase their production capacity are:

JSC ‘Apatit-Cherepovets’ in Cherepovets, Russia:

v" the revamp of three SA units to increase their production capacity from 400 to 620 thousand
TPA of H2SOy4 (in 2003, 2004 and 2007).

v" the revamp of two SA units to increase their production capacity from 750 to 1000 thousand
TPA of H2SO4 (in 2019, 2020).

Balakovo Branch of JSC “Apatite” in Balakovo city, Russia:

v" the revamp of two SA units to increase their production capacity from 450 to 620 thousand
TPA of H,SO4 (in 2003, 2005).

v" the revamp of one SA unit to increase its production capacity from 620 to 1000 thousand TPA
of H,SOy (in 2019).

CONCLUSION

The revamp of existing SA plants to increase their capacity can significantly reduce capital costs
compared to construction of new SA production facilities. The consequent abovementioned activities
require in each specific case a detailed study of the plant condition, performance of process calculations
and modelling of similar processes with the development of technical solutions to be applied.
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