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ABSTRACT In the modern sulfuric acid industry, vanadium catalysts play an important role in the oxidation of sulfur dioxide (SO,)
to sulfur trioxide (SO;z). However, the efficiency of these catalysts can be significantly reduced by the presence of impurities such as
calcium and iron. In this article, we will consider the effect of these impurities on the operation of the first layer of vanadium catalyst
and try to identify the optimal conditions for ensuring stable operation of the process, starting from the feedstock and ending with the
compounds formed as a result of combustion in furnaces. Special attention is paid to the requirements for the feedstock, because they
can significantly affect first the heat transfer, and then the activity of the catalyst and its hydraulic resistance. It has been shown that
factors such as the origin of sulfur, the method of its transportation and the combustion temperature can be the main sources of
calcium impurities, while the temperature of the sulfur combustion process, corrosion products of metal parts of the furnace and
boiler recycler are the main sources of iron impurities. In addition, attention should be paid to the influence of the physicochemical
properties of the starting material on the process of formation of calcium and iron compounds. It is important to consider not only
the composition of the raw material, but also the conditions of its extraction, transportation and storage, since this can significantly
affect the quality of the final product and the efficiency of the production process. It should be noted that controlling and minimizing
the level of calcium and iron impurities is important for ensuring the stability of sulfuric acid production and preventing possible
technological failures. For this, it is necessary to develop effective methods for monitoring and regulating the content of these
elements at different stages of production. Studies show that calcium and iron impurities can lead to the formation of precipitates on
the catalyst surface, which complicates the accessibility of active reaction centers and reduces its activity. This negatively affects the
conversion of SO, to SO3 and, accordingly, the product yield. Understanding the mechanisms of action of these impurities will help
optimize the composition of vanadium catalysts and develop methods to prevent possible negative consequences of their use.
Keywords: vanadium catalyst; combustion, sulfur; sulfuric acid; impurities; calcium compounds, iron compounds

JOCJAIKEHHSA BILIUBY AKOCTI BUXIJTHOI CHPOBUHHU HA ITPOIIEC
KATAITUYHOI'O OKUCJIEHHA SO, 10 SO; B KOHTAKTHOMY AITAPATI J1JIA
BHUPOBHUIITBA CIPYAHOI KUCJIOTH
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Kageopa ximiunoi mexmonocii neopeaniunux peuoeuw, kamanizy ma exonoeii, Hayionanenuti mexniunuil yHigepcumem
«Xapxiecokuu noaimexuiunutl incmumymy, M. Xapkis, YKPAIHA
2 oL . . . -
Kagheopa 300posoco cnocoby sicumms, mexnonozii ma 6esnexu scummeoisnvhocmi XHEY im. C. Kysneys, YKPAIHA

AHOTALIA Y cyuacniti npomucnog8ocmi 6upoOHUymea Cipyanoi KUCIOmMU 8adCIUgy poib 6idigpaiomsv 6aHAdI€6i Kamanizamopu, uwjo
BUKOPUCMOBYIOMbCA O OKUCTEHHSA cipku diokcudy (SO,) 0o mpuoxucy cipku (SO3). Oonax, egpexmugHicnms pobomu yux Kamaiizamopie
MOd#Ce 3HAUHO SHUNCYBAMUCS Yepe3 HAABHICMb OOMIUOK, MAKUX AK Kalbyill ma 3aai30. Y yiti cmammi Mu po3enaHemo 6Nnue yux OOMiuox
Ha eKCHAyamayilo nepuioco wapy Kamanizamopa 6anadic602o i NOCMAPAEMOCA SUABUMU ONMUMATbHI YMOBU O 3a0e3nedeHHs
cmaobinbHoi pobomu npoyecy, NOYUHAIOUY 3 GUXIOHOI CUPOBUHU | 3AKIHYYIOYU CHOJYKAMU, WO YMBOPIOIOMbC 68 Pe3VIbImami 2OPiHHSA 6
neyax. Ocobauea ysaea NPUOINACMbCA BUMO2AM 00 GUXIOHOI CUPOBUHU, TMOMY WO BOHU MOJICYMb CYMMEBO GNAUBAMU CNOYAMKY HA
MEenosidoawy, a nomiMm aKmusHiCmsy Kamanizamopa ma tio2o 2iopaeniunuil onip. byno noxazamo, wo maxi ¢pakmopu, K noxo0iceHHs
CIpKU, cnocib it mpancnopmyeants. ma memMnepamypa 20PiHHsL MOJNCYNb Oymu OCHOBHUMU OJIcepelami YIMGOPEHHs! KalbYi€eux OOMIUOK,
6 MOl Yac AK memnepamypa npoyecy CHAamo8aHHsi CipKu, NPOOYKmu Kopo3ii memanegux Oemaneil nedi ma ymunizamopa KOmia €
OCHOBHUMU OJicepelamil YMGOPeHHs. 3ali3Hux Oomiutok. Kpim moeo, cnio 3e6epnymu yeazy na 6naug Qisuko-XiMiuHux e1acmueocmei
BUXIOHOI CUPOBUHU HA NpOYec YMBOPEHHsl CROIVK Kaavyilo ma 3aaiza. Basicaueo epaxosysamu ne nuuie cKiao cuposumu, a u ymogu it
BUOOOYMKY, MPAHCROPMYBAHHSL Ma 30epieanisl, OCKIIbKU ye MOdice CYMMESO 6NIUHYMU HA SKICMb KiHYegoi npodyKyii ma egpexmugHicms
8upobHuyo2o npoyecy. Cnio 3asmayumu, wjo KOHMPOIb mMa MIHIMI3ayif pPieHA KATbYIEBUX MA 3ANI3HUX OOMIUOK MArOms 8ANCIUGE
SHAUeHHs 0N 3a0e3neueHHs: CmaditbHOCMi BUPOOHUYMBA CYTbPAMHOT KUCIOMU A 3aN00I2AHHS MONCIUBUM MEXHON02TUHUM 30iam. [[ns
Yb020 HEOOXIOHO pO3POOUMU edeKmUBHI MemoOU MOHIMOPUHZY MA pezyI08aHHs 3MICmy OAHUX eNleMeHmI6 HA pI3HUX emanax
B8UpOOHUYMEA. JJ0CTIONCEHH NOKA3YIOMb, WO OOMIWKU KATbYII0 Ma 3a1i3d MONCYMb NPU3800Un 00 YMEOPEHHs Onadié Ha NOBEPXHI
Kamanizamopa, wjo YCKIAOHIOE OOCHYNHICIb AKMUGHUX YeHMpI8 peaxyii ma 3meHulye to2o akmusnicmy. Lle neecamueno éniusac ma
xonsepcito SO, 6 SOj; i, i0nogiono, na 6uxio npodykmy. Po3yminns mexanizmie Oii yux OoMiuwiox 0OnoModice ONMuUMIzyeamu cKkiao
BAHAOIEBUX KAMANI3AMOPI8 MA PO3POOUMU MEMOOU 3AN00I2AHHS MONCTUBUM HE2AMUSHUM HACTIOKAM IX 6UKOPUCIAHHSL.

Knrouogi cnosa: sanadiesuii Kamanizamop, 20pinHs, CipKa; CyibGamua Kucioma, OOMIWKU, CROIYKU KATbYilo; CROLYKU 3a1i3a

Introduction SOj; in the production of sulfuric acid is the rapid growth
of hydraulic resistance of the catalyst due to the influx of

One of th i bl in th ti f th
ne ot tie mmalfl proemiis 1n the operation o the solid impurities (ash) in the form of dust [1-4]. This is

first layer of vanadium catalyst for oxidation of SO, to
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especially true after starting operations and after reloading
the catalyst.

According to some authors [5,6], a component of
this "ash" is a combination of calcium compounds in the
form of CaO and iron in the form of sulfate salts such as
FeSO, and Fe,(SOy);. The main way to remove such "ash"
from the technology is the use of filters - settling tanks and
liquid sulfur filters, which are installed in the supply of liquid
sulfur at the entrance to the sulfur combustion furnace. But
these methods only solve the consequences of the presence
of undesirable impurities in production and do not solve the
problem of their occurrence.

Purpose of work

The main purpose of this work was to address the
origin of these calcium and iron compounds, so that in the
future it was possible to take measures to eliminate them.
Let us first consider the question of the nature of the
occurrence of calcium compounds in reaction gases.

Presentation of the main material

Considering the possible sources of calcium during
sulfur combustion, it can be assumed that it may arise either
from sulfur itself, or from the destruction products of the
lining of the sulfur combustion furnace and cement mortar
used to bind this lining, or introduced into the furnace by
some other means in the form of various impurities.

Sulfuric acid companies typically use lump sulfur
grade 9950, which is a product of natural gas purification,
and high-quality sulfur with a low carbon content of
grades 9990 and 9998 as raw materials.

According to the technology, when sulfur enters the
furnace through the nozzles, it must be liquid and free of
ash and iron, not only to prevent clogging of the nozzles,
but also, mainly to reduce dusting of the gas stream by
solid particles that are deposited in the boiler. reducing its
heat transfer parameters, and then planted on the catalyst,
reduce its activity and increase hydraulic resistance.

Therefore, for liquid sulfur there are the following
requirements:

- ash content not more than 0.003%;

- the content of organic impurities is not more than
0.06%.

When transporting lump sulfur, as a rule, open
gondola cars are used, where the hatches are fixed with
iron wire, the gaps are sealed with boards and plugged
with paper. And all these impurities get into the sulfur,
which, in turn, leads to difficulties in the operation of
sulfur smelters and filters.

In addition to ash and organic impurities, the
operation of the raw material preparation unit is complicated
by corrosion of the equipment. One of the factors that can
cause corrosion is the use of sulfur as a raw material, which
is used in acid treatment, which takes place in some
industries in other countries. The content of sulfuric acid in
the sulfur obtained in this way is up to 0.1%, and the content
of chloride ions up to 0.01 to 0.04%. An example is the use

of sulfur a few years ago at the Sumykhimprom plant, which
was purified using AICl;. When such sulfur got into the
smelting furnace, which was made of ferrous metal, intense
corrosion of the metal was observed.

In addition to ash and organic impurities, the
operation of the raw material preparation unit is complicated
by corrosion of the equipment. One of the factors that can
cause corrosion is the use of sulfur as a raw material, which
is used in acid treatment, which takes place in some
industries in other countries. The content of sulfuric acid in
the sulfur obtained in this way is up to 0.1%, and the content
of chloride ions up to 0.01 to 0.04%. An example is the use
of sulfur a few years ago at the Sumykhimprom plant, which
was purified using AlCl;. When such sulfur got into the
smelting furnace, which was made of ferrous metal, intense
corrosion of the metal was observed.

The process of sulfur combustion has been
sufficiently studied [7-9] and we should only note that at
high temperatures the rate of the chemical reaction of sulfur
oxidation is greater than the rate of physical processes
occurring in the furnace. Therefore, the speed of the sulfur
combustion process will be limited by the processes of mass
and heat transfer, ie it takes place in the diffusion mode.

In the study of burning sulfur droplets using
kinograms and oscillograms, it was confirmed together
with the authors [8,9] that the process has an "explosive"
nature, and the evaporation time of sulfur droplets is less
than their time in the combustion chamber. In addition, it
was found that the process of combustion in the flare
mode is much faster than from the surface of the droplets,
due to the lack of products of interaction of impurities
with sulfur in the reaction gases.

In the course of research, the quality of granulated
sulfur of Kazakh origin, obtained from oil and gas raw
materials, was analyzed for the presence of calcium and
iron compounds in sulfur.

According to the results of research it can be
concluded that a significant amount of calcium and iron in
the samples of granular sulfur was not found, their content
was less than 0.015% of the mass.

It is known from the literature [2,8,10] that solid
and organic impurities are separated from the molten
sulfur in the process of its settling, and, in addition, before
feeding into the furnace, the melt is filtered. Lime (0.15
kg / t of sulfur) is sometimes added to sulfur to neutralize
acidic impurities and prevent corrosion, and this may be
one of the sources of calcium introduced into the study.

Another object of study was the lining of the sulfur
combustion furnace. An analysis of the literature on the
theory of the use of refractory materials for thermal
insulation of thermal technological units revealed that
there are no special materials for lining in the sulfuric acid
industry, namely sulfur combustion furnaces.

All proposals in this regard are based only on
theoretical considerations about the critical combustion
temperature of sulfur 1200 - 1300 °C and the provisions
that at temperatures above 1300 °C the lining loses
performance [11,12]. There are almost no research results
on the processes that occur in the materials used for
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lining, taking into account their physicochemical
properties. It is not clear the nature of the processes
occurring in the thermal insulation material in the
conditions of operation of the furnace for burning sulfur,
due to which processes is the destruction of the lining.

It can be assumed that for the metallurgical (steel,
blast furnace), cement, construction, glass industry, as
well as coke production, it is not particularly important,
but for the chemical industry (production of sulfuric and
nitric acids, etc.), where there are catalysts that react to
the presence of foreign substances and catalytic poisons,
it is very important.

It should also be noted that the specified
temperature of 1300 °C is not critical for refractory
materials, in the above-mentioned metallurgical
processes, materials are widely used at operating
temperatures of 1500 - 1850 °C. As a rule, refractory
products are used for lining for stabilizing chambers of
gas burners of the SHA and MLSG-62 brands, in which
only the content of Al,O; (62% by weight) and Fe,O5 (not
more than 1.5% by weight) is normalized.

On the other hand, the clay used for the installation
of refractory fireclay bricks contains:

- silicon oxide SiO, 60 - 80%;

- alumina Al,O5 5 - 20%;

- iron oxide Fe,O3 and FeO; - 10%;

- calcium oxide CaO 0 - 25%;

- magnesium oxide MgO 0 - 3%.

The presence of chalk particles (CaCOj;) with a size
of 1 - 2 mm leads to the formation of CaO during firing.

Studies of MSh (marl-chamotte) bricks and
chrome-magnesia bricks of the Slavic plant and cement,
which were used in the lining of the sulfur combustion
furnace at RPE “Zarya” Ltd. in May 2021, showed that
the CaO content is insignificant.

The studies were performed by X-ray diffraction
analysis of the phase composition of the samples on an X-
ray diffractometer. X-ray structural studies of the phase
composition of the samples showed that the samples have
the following phases:

- cement: quartz (Si0,), kaolinite (Al,O3 ¢ 2Si0O, *
H,0), calcite (CaCOs), feldspars, mica;

- marl-fireclay brick: mullite (3 ALO; * 2Si0,),
quartz (SiO,), tridymite (SiO,), cristobalite (SiO,);

- chrome-magnesia brick: periclase
magnesia-chrome spinel (MgO ¢ Cr,0;).

It should also be noted another possible source of
calcium in the system. Since Soviet times, it has been
recommended to place a so-called substrate on the lattice
of the catalyst bed, which usually consisted of pieces of
quartz, which was necessary to maintain the heat capacity
of the catalyst.

Thus, in [12] it is noted that this quartz was not
specially made for the production of sulfuric acid, there were
no regulations for its production and the characteristics to
which it must meet were not regulated. All this led to the fact
that there were cases when sulfate plants were supplied with
quartz not only different in size, but also with different
chemical composition, including different amounts of

(Mg0),

calcium salts. Sometimes instead of ground quartz used the
so-called fireclay crumb, which was obtained by crushing
fireclay bricks and which may also contain calcium salts.

Some instructions recommended laying quartz on
the surface of the catalyst bed. It is obvious that quartz can
be used only after a special wash, which would eliminate
the formation of dust and dirt on the quartz itself.

In modern Western technologies, such as BASF
systems, it is recommended to use as the first layer special
"support ceramic balls" type C167, article number BASF
54641770, which are inert ceramic balls with a diameter
of about 20 - 25 mm and have a high degree of thermal
resistance. and mechanical impact. The operating
temperature is above 980 °C, and the low porosity and
hygroscopicity do not lead to interaction with the reaction
gases. These beads have the following chemical
composition,% wt.: 64 - 75 SiO,; 19-26 Al,O3; <1.5 TiO,;
<0.5 Ca0; <1.5 Fe,0s.

Let us now consider the problem of iron
compounds entering the first catalyst bed. It is known that
at relatively low temperatures in the presence of
potassium and iron can form iron-potassium alum [13],
which can cause a change in the chemical composition of
the active substance of the oxidation catalyst SO, to SO;
by reducing the potassium content in the mass. To
confirm this, an X-ray phase analysis of spent vanadium
catalysts was performed, which resulted in the presence of
KFe(SO,) and [K(Fe, A1)SOy], salts, both on the surface
and in the depth of the granules.

One of the possible sources of iron may be pyrite
FeS, [13], which can be formed at the initial stage of melt
sulfur, as well as in stagnant areas of the kiln due to contact
of sulfur with metal parts of the equipment. Also, the
corrosion products of metal parts of the equipment of the kiln
and the boiler-utilizer can be a source of iron compounds,
which through the pipeline is on the catalyst layer.

In [14] it is shown that per 1 m* of the surface of
the first layer of the catalyst is sometimes delayed about
250 - 300 g of iron oxides, if we assume that the mass of
1 cm? of iron oxides is 0.28 g. It can be argued that under
such conditions the layer will be damaged by about 3% of
the surface of the catalyst layer.

The causes of corrosion can be a violation of the
temperature regime in the furnace, because it is known
that at temperatures of 350 - 400 °C the formation of SO;
(up to 35%), and at temperatures of 1200 °C and above
nitrogen oxides are formed [2,8,11].

Conclusions

To reduce the impact of contamination of the layers
of vanadium catalysts, especially I and IV, in the DK / DA
system, we propose to take the following measures:

- to organize storage of lump sulfur in warehouses,
excluding its pollution by dust, lime, corrosion products;

- to improve the filtration stage of liquid sulfur,
excluding impurities that may contain lime;

- maintain the norms of the technological mode of
operation of the sulfur combustion furnace, excluding the
operation of the furnace at temperatures below 500 °C and
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above 1200 °C, understanding that at such temperatures
can be reproduced acid-forming oxides SO; and NO,,
which can lead to equipment corrosion;

- before each start-up of the system to carry out

thorough cleaning of the inner surface of the furnace from
dust, corrosion products and dirt;

- install filters on the gas path of the reaction gases

after the boiler-utilizer;

- carefully follow the provisions for laying and

starting vanadium catalysts, especially the first layer;

- load as the first layer of the upper part of the catalyst

or an annular tubular catalyst with a diameter of 10 - 15 mm,
or ceramic refractory balls on a sample from BASF;

- to develop refractory elements (bricks and cement)

exclusively for the sulfuric acid industry for lining, which
would not contain calcium and iron compounds.
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