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The company
HUGO PETERSEN GmbH located in Wiesbaden, origins from the renowned engineering
company Hugo Petersen, founded in 1906, in Berlin. HUGO PETERSEN is part of the
Chemieanlagenbau Chemnitz (CAC) group and as such, can provide full support and security
for the development and implementation of small to large scale installations.
Initially, using the expertise gained in the classical production of sulphuric acid, from off-gases
generated in the refining of metallurgical ores, the company HUGO PETERSEN specialized in
the field of manufacture of sulphuric acid, hydrochloric acid and gas cleaning.
Figure 1:
Hugo Petersen 1906

HUGO PETERSEN has more than 110 years of experience in the design and operation of
sulphuric acid plants and their equipment. Today, HUGO PETERSEN offers a vast range of technology, to this industry.
The design, whilst incorporating HUGO PETERSEN’s extensive experience, has been developed and optimised through a
comprehensive research program, conducted using HUGO PETERSEN´S own pilot plant facilities. This, together with its
50 years know-how in the design and operation of Gas Cleaning Equipment and Plants processes, offers further
advantages, through the experience from both worlds.

1972 Dr. Gerd Petersen invented the most innovative technology for the oxidation of sulphur and protected this idea in
the patent, “Process and furnace for burning sulphur”.

In the beginning, pressurized sulphur injection was used for the combustion process, but over the decades, ultra-sonicburners, were developed. Today, HUGO PETERSEN offers several burner concepts, tailor-made to clients’ needs.
About 50 well trained process technologists and engineers, contribute their knowledge and expertise, in the fields of
mechanical and electronic engineering, as well as material science, to their design work.

Accurate Planning - the basis for our work

The scope of the tender, for a custom designed plant, is solely defined by the task, operating requirements and the
requirements of our customer.
The thorough evaluation of the ecological and economic factors, ensures the best plant specific solution. Proven
technology, combined with HUGO PETERSEN´s site specific developments, leads to the construction of a plant suitable
for the respective application.
HUGO PETERSEN has installed more than 400 turnkey plants and plant components for the manufacture of sulphuric
acid, oleum and SO2/SO3.
Every plant is unique and all plant components have to be finely adjusted. Hence, it is of great advantage, when a single
company designs all components.
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As plant designer and constructor, we assume the full responsibility for the reliability and performance of our plant
design. Individual fabrication and selection of the right materials are a matter of course, as well as the timely supply,
erection and commissioning of the plant.
Qualified personnel supervise the erection of our plants, down to the last detail, prepare the final documentation and
provide long-term post-implementation support to our clients.

OXY-Technology
OXY-Reactor and OXY-Injector
In the beginning of the 1970s, the industry demanded an ever greater product scope
from the plant builders, so HUGO PETERSEN added, not only, Raschka and Dorr-Oliver
fluidised bed furnaces, but also, incinerators for spent acid and H2S gases, to its
portfolio.

But, inevitably, changes occur and it became
apparent that Pyrite would be replaced by
elemental sulphur as a source of sulphur for
sulphuric acid production, because of the
significant
environmental problems caused by
Figure 2:
Dr. Gerd Petersen
FeO burning. Large amounts of the yellow substance
accrued from the 'sweetening' of petroleum based fuels,
so Hugo Petersen decided to develop a sulphur furnace, which boasts minimised
NOx emissions. A patent was sought for the combustion chamber, which had
been developed through elaborate tests and calculations, in 1970. The design,
made at that time, is still in use today. The staged combustion was the
inspiration for burners and furnaces, for many years to come.
Figure 3: Patent "Process and furnace
for burning sulphur" DE2063021
(1972)
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Physical-Chemical Basics
For a more comprehensive understanding of the task involved i.e.: the operation and innovation of the technology, one
will find, in the following, some physical-chemical information.
Sulphur is a chemical element, with symbol S and an atomic number of 16. It is abundant, multivalent, and non-metallic.
Under normal conditions, sulphur atoms form cyclic octatomic molecules, with a chemical formula, S8. Elemental
sulphur is a bright yellow crystalline solid, at room temperature.

Physical properties
Sulphur forms polyatomic molecules with different chemical formulas, the
best-known allotrope being octasulphur, cyclo-S8. The point group of cyclo-S8
is D4d and its dipole moment is 0 D.[2] Octasulphur is a soft, bright-yellow solid
that is odorless, but impure samples have an odor similar to that of matches.
It melts at 115.21 °C (239.38 °F), boils at 444.6 °C (832.3 °F) and sublimes
easily.[1] At 95.2 °C (203.4 °F), below its melting temperature, cyclooctasulphur changes from α-octasulphur to the β-polymorph.[3] The structure
of the S8 ring is virtually unchanged by this phase change, which affects the
intermolecular interactions. Between its melting and boiling temperatures,
octasulphur changes its allotrope again, turning from β-octasulphur to γsulphur, again accompanied by a lower density but increased viscosity due to
the formation of polymers.[3] At higher temperatures, the viscosity decreases
as depolymerization occurs. Molten sulphur assumes a dark red colour above
200 °C (392 °F). The density of sulphur is about 2 g·/ cm³, depending on the
allotrope; all of the stable allotropes are excellent electrical insulators.

Chemical properties

Figure 4: When burned, sulphur melts
to a blood-red liquid and emits a blue flame,
best observed in the dark.

Sulphur burns with a blue flame, resulting in the formation of sulphur dioxide, which has a suffocating and irritating
odor. Sulphur is insoluble in water, but soluble in carbon disulfide and to a lesser extent, in other nonpolar organic
solvents, such as benzene and toluene. The first and second ionization energies of sulphur are 999.6 and 2,252 kJ/mol,
respectively. Despite such figures, the +2 oxidation state is rare, with +4 and +6 being more common. Sulphur reacts
with nearly all other elements with the exception of gold, platinum, iridium, nitrogen, tellurium, iodine and the noble
gases. Some of these reactions need elevated temperatures.[4]

Basis of development
In the 1960´s and 1970´s, the known furnaces were based on the belief, that combustion of sulphur would require time
and consequently the furnaces, large volume units. It was considered, that the sulphur needed long retention time at
high temperatures, which caused high NOx-amounts in the leaving gases. The consequence of this was purple acid.
Most furnaces were equipped with post-burning walls and the focus was mainly on the complete combustion of sulphur
to SO2.
Dr. Gerd Petersen proved that it is possible to design a combustion chamber and its burners, which assures a complete
reaction of the sulphur, in the oxygen containing gases, while keeping control of NOx-formation.
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The combination of the injection of sulphur, together with
under-stoichiometric air injection and several lateral air
feedings was almost the solution.
He then discovered, that the lowest NOx value can be
achieved, if the droplets of the injected sulphur are as small as
possible, so he developed a pressurized gun for sulphur
injection and completed his achievement.
Today, HUGO PETERSEN has developed and advanced on the
original idea and nowadays the burners, themselves, have a
reduced NOx-formation.

Figure 5: Sketch extracted from Patent "Process and furnace
for burning sulphur" DE2063021 (1972)

The principles are similar to those of Dr. Gerd Petersen:
Original Idea

Improvement

Fine spray pattern of sulphur injection
by pressurized sulphur gun
Under-stoichiometric air feeding
lateral at the chamber
Sulphur air-mixing by cycloid-chamber

Extremely fine spray pattern of sulphur injection
by ultra-sonic burners
Air management includes the burner as well
The cycloid-chamber was down-sized and the burner
also works as a cycloid burner.

Today, HP’s Oxy-Reactor is equipment boasting extremely high performance, in the most compact form.
As sulphur is not a fossil fuel, like oil or natural gas, the term, combustion, is avoided. It´s clearly an oxidation, from a
chemical view, therefore HUGO PETERSEN named its technology the PETERSEN OXY-REACTOR and PETERSEN-OXYINJECTOR.
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OXY-REACTOR
Cycloid-reactors are the basis of all sulphur reaction chambers (reactors), HP
have developed, since the 1970s.
Under a cycloid firing is understood to mean a reactor, where sulphur is
combusted with the air, as a swirl flow.
FLUENT simulations show the system in a comprehensive manner.
The example shows a reactor designed for 14 to 15 Vol.% SO2-generation in
one pass through. The unit is equipped, evenly, with 4 areas of air injection,
guaranteeing lowest NOx-values. The cycloid manner of the air/gas flow
passing an orifice, the first lateral air injection in the chamber and the latest
air injection, showed excellent results in the homogeneous mixing of sulphur,
air and reacted gases.
One of the features of the reactor is the complete reaction of sulphur to SO2
and the homogeneous temperature distribution at the outlet of the reactor.

Figure 6: CFD-Simulation of air- and gasstreams in the OXY-REACTOR

The areas of air injection are shown in the figure on the left.
These air-inlets are only potential areas. The reactor can be
designed with two, three or even four inlets, as shown here. The
indicated orifice has the task to accelerate the gas to homogenise
the air, S, vapour and SO2-gases.

tangential
inlet 3
tangential
tangential inlet 2
inlet 1

Gasflow

The problematic formation of thermal NOx, is a phenomena that
can be reduced by multi-stage burning, as in a lot of low-NOxburners in the power generating industry.

Central inlet

Figure 7: Schematic of the OXY-REACTOR with its
possible air-inlets

Thermal NOx-Formation[5]
So-called thermal NO arises from the Oatoms which are omnipresent in flame
exhaust gases, by the elementary
reactions O + N2 à NO + N with the fast
following reaction
N + O2 -> NO + O. The typical
concentration of this thermal NO in
exhaust gases, from combustion, is
about 0.1 percent. Simulations showed
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clearly how the areas of strong NO formation are linked to regions of high temperature.
Knowledge of the pathway of formation of thermal NO, allows the minimization of NO, by minimizing the rate of the
first reaction (that is, decreasing the temperature), reducing the oxygen concentration in the flame front (also by
decreasing the temperature) or the reduction of the concentration of the air nitrogen N2 (for example, by combustion
with oxygen instead of air).
Together with the OXY-Injector, the thermal NOx and the auto-oxidation is significantly reduced, as Figure 8 clearly
demonstrates.
Figure 8: SO3 and NOx-Formation in the OXY-REACTOR

issue in the reaction of S and O2, using air.

OXY-INJECTOR
As already mentioned, the NOx-formation is a key-

The technology, of first choice, has to be optimised for low NOx, wide range of operation, defined particle size for best
burn-out and long-life operation.
As the chosen technology, is for both new and existing
installations, the solution will mostly be, a tailor-made one.
Together with the PETERSEN-OXY-REACTOR and the
PETERSEN-OXY-INJECTOR, the system is complete.
In various applications, the PETERSEN-OXY-INJECTOR is
successfully in use.
Figure 9: Model of a PETERSEN-OXY-INJECTOR
The technology is optimised in the handling of the
equipment and produces the lowest NOx-values, at elevated
oxidation temperatures.

The technology is adaptable to almost all furnaces, in existing installations.
In new installations, the PETERSEN-OXY-INJECTOR, can be used to its full advantage, resulting in small furnaces
(reactors).
Gas-Retention-times of less than 1 second, in the combustion chamber, are easily achievable with complete burn-out of
the sulphur.

Principle
The PETERSEN-OXY-INJECTOR is based on the
idea of having the best atomisation
independent of the sulphur pressure.
The internal mixing guarantees a high
atomisation with lowest use of atomising air.
Factors Affecting Nozzle Performance
Liquid Properties
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The effect of liquid properties should be understood and taken into account when selecting the right nozzle design, for a
process that is drop size sensitive.
Temperature
The liquid temperature affects, drastically, the viscosity of the sulphur, which in turn, influences the spray nozzle
performance.

Viscosity
Dynamic viscosity is defined as, the property of a liquid that resists change in the shape or arrangement of its elements,
during flow. Liquid viscosity primarily affects spray pattern formation and drop size. Liquids with a high viscosity require
a higher minimum pressure, to begin spray pattern formation and yield narrower spray angles, compared to water.

Surface Tension
The surface tension of a liquid tends to assume the smallest possible size, acting as a membrane under tension. Any
portion of the liquid surface, exerts a tension upon adjacent portions or upon other objects that it contacts. This force is
in the plane of the surface and its amount, per unit of length, is surface tension. A higher surface tension reduces the
spray angle. Low surface tensions can allow nozzles to be operated at lower pressures.

Nozzle Wear
Nozzle wear is indicated by an increase in nozzle capacity and by a change in the spray pattern, in which the distribution
(uniformity of spray pattern) deteriorates and drop size, increases. The correct choice of a wear resistant material for
construction increases nozzle life.
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Material of construction
The material of construction is selected, based on the fluid properties of the sulphur. Additional factors which have to
be considered, are: including erosive wear, chemical attack, and the effects of high temperature.
Inherently safe materials are chosen for nozzle, lance and casing.
Considering these factors, the PETERSEN-OXY-INJECTOR is the ideal equipment to use:
Low pressure of sulphur needed
Influence of viscosity and surface tension is reduced
Material selection, from corrosion resistant till high temperature resistant austenitic, highly heat-resistant ironnickel-chromium alloys with controlled contents of carbon, aluminum and titanium.
Atomising Air
Steam

Sulphur

Condensate
Figure 11: Schematic
of an OXY-INJECTOR-Lance

Wear and tear is minimised, due to the avoidance of high velocities in the lance and at the nozzle.

Swirling Device
Flange to Furnace

Condnsate/
Steam

Atomizing Air

Schematics

Sulphur Lance

Flange for Swirl-Air
Figure 12: Schematic of assembled PETERSEN-OXY-INJECTOR
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The Unit has an outer casing, in which, the lance is incorporated. This casing provides, together with the Swirl-Air and
the Swirling-Device, a rotating flame, which insures that the lance is perfectly cooled and the flame has a stabilized
shape in the chamber.
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Selected References:

Figure 13: 500 t/d Mh Sulphur Burning DESIGN
1970

Figure 15: 550 t/d Mh Sulphur
Burning DESIGN 1975

Figure 14: MoS2-Roasting and SulphurCombustion in Combination
DESIGN 1978
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Figure 18: 200 t/d Mh Sulphur Burning DESIGN 1980

Figure 17: 700 t/d Sulphur Burning as add-on to
pyrite- and pyrrhotite-roasting 2007

Figure 16: 2000 t/d Mh Sulphur Burning / Total HeatRecovery 2012
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Figure 21: 1500 t/d Mh largest Oleum Plant world-wide

Figure 20: OXY-INJECTOR and OXY-REACTOR

Figure 19: OXY-REACTOR
with 15 Vol.% SO2
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