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ABSTRACT

Sulfur is found at the land's surface, in quarries, and as a natural sulfur resource.
However, most of the part sulfur is obtained during the sulfur removal processes from crude
oil or gas. These recovery processes are essential for the global energy resource market.
Approaches to sulfur mining and recovering techniques are discussed and compared during
the literature review and description analysis. Methods that are majorly used in the industry,
their process flow diagrams, and principal of work are explained and compared relative
to the modern methods of sulfur removal processes.
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Hayu4HbI1 0630p

UccnepgoBaHue n CpaBHeHUue TEeXHONOornm u MeTogoB
npoueccoB us3Brie4yeHnAa n npon3BoacTBa cepbl

C.P. KagbipoB
KMI™ UHxuHupuHe, e. AcmaHa, KazaxcmaH

AHHOTALUUA

Cepa BCTpevaeTcs Ha MOBEPXHOCTU 3eMMM, B Kapbepax U B BUAE MPUPOOHBLIX CEPHbIX
pecypcoB. OgHako Gonbluyld 4YacTb Cepbl Mofy4yakT B XOAe MPOLECCOB ydarneHusi cepbl
M3 HEOYULLEHHOM Cbipo HedpTn unu rasa. ITM NpoLeccbl M3BMEYEHUA HeobxoauMmbl
ana  rmobanbHOro pbiHKa 3HepreTMdeckux pecypcoB. [loaxoobl k metogam  [obbium
N N3BMeYeHus cepbl 0OCYXXOalTCa U CpaBHMBAOTCS B xoge ob3opa nuTtepaTtypbl U aHanm3a
XapakTepucTnk. MeToabl, KOTOpble B OCHOBHOM WCMOMb3YKTCS B  MPOMbILLIIEHHOCTH,
X TEXHOMOTMYecKkMe CXembl W MNpUHUMN paboTbl OOBACHAKTCS U CpaBHUBAKOTCSH
C COBPEMEHHbIMW METOAaMU MPOLIECCOB yaareHusi cepbl.

Knroyeenle crioea: cepa, npouecc Knayca, memod ®pewa, kamanusamop, ycmaHosKa,
Hazpesamerib, peakyusi, KOH8EePCUS.
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Fbinbimu wony

KykipT any MeH eHAipyAiH npouecTepiHiH TexHonorusanapbl
MeH apicTepiH 3epTTey XaHe canbICTbIPy

C.P. KagbipoB
KMI™ UHxuHupuHe, AcmaHa Kanacel, KazakcmaH

AHHOTALUUA

KykipT xep GeTiHOe, kapbepriepae xaHe KyKipTTiH Tabufu pecypcbl peTiHae ke3feceqi.
Anariga kykipTTiH ken ©Geniri TasapTbinMaraH WKWK MyHagaH Hemece rasgaH KykipTTi
Tasanay npouecTepi apkbinbl ansiHagbl. byn kannbiHa KenTipy npouecTepi enemaik
3HEeprusa pecypctapbl Hapbifbl YLWiH ©Te MaHbi3fbl. KykipTTi eHAipy eHe any oAiCTepiHiH
Tocingepi opmebuetTepdi Womny XeHe cunatTamanapgbl Tangay KesiHge TankbinaHagpbl
XoHe canbICTbipbliagbl. HerisiHeH eHepkacinTe KeHiHeH KongaHbinatblH aicTep, onapablH
TEXHONOMMANbIK Cbi30anapbl XaHe XXYMbIC NPUHLUMMI TYCIHAIPININ, KyKipTTi XKOK4blH, 3aMaHaym
aficTepiMeH canbiCTbipbinagbl.

Hezizzi cezdep: Kykipm, Knayc npoueci, ®pew oadici, kamanu3amop, KOHObIPFbl,
KbI30bIPFbILW, peakyusi, KOH8ePCUs.
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Introduction

Sulfur is an element that is widely
found in the content of crude oil and raw
petrochemical resources. Usually, considered
an undesirable by-product in the industrial
production of petroleum resources as it is
able to produce sulfur dioxide and affect
the catalytic reaction of the refinery proces-
ses, therefore sulfur removal is one of the cru-
cial processes in petrochemistry [1].

Sulfur can have a ring or chain structure
and can be existed as “Sx”, where x can vary
from 1 up to 8, this relativity is depended
on the temperature.

Figure 1 illustrates the dimensional
structure of octasulfur (S8). Figure 2 shows
the dependence of sulfur vapor species
on the temperature.

Figure 1. Octasulfur, S,
Source: inside.mines.edu
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Figure 2. Sulfur mole fraction species
and temperature dependence
Source: inside.mines.edu

Sulfur is obtained during the pro-
cessing of crude oil; the amount of sulfur
in the content of crude oil directly depends
on the grade and quality. Species of sulfur
remained after the processing is removed

through the conversion processes during
the cracking of hydrocarbon molecular
bonding and formation of H,S. There is also
an approach to sulfur removal by hydrotrea-
ting, where the sulfur is replaced with hydro-
gen atoms in order to release H,S. Combining
processes, listed above, released and for-
med H,S gas is granulated and converted
into elemental solid sulfur. Then it can be sold
in the global market in solid or liquid phases.

Sulfur production processes

There are three main approaches
to sulfur production:

1. Sulfur removal
and gas process plants.

2. Frasch method of sulfur production
from mining wells.

3. Dug out of open quarries.

processes at ol

Claus process description

Claus process is widely used
in the oil and gas industry in the oil refinery
fields where the H,S content is around 25%.
The purpose of the Claus unit is to de-
sulfurize the incoming amounts of sulfur
from the fed stream. There are two major sta-
ges of sulfur removal, thermal and catalytic,
where the catalytic stage helps in 3 steps.
Itis reheating of the reagent, then the catalytic
reaction is performed and the final stage
is cooling and condensation.

The first thermal stage is held
at the temperature level of 850°C, after
the reheating of the reagent catalyst is used
as a surface of the reaction, where remained
H,S enters the reaction with SO, to form
sulfur, this reaction is held at the temperature
range of 200-350°C. After the catalytic
reaction gas is cooled to 100-150°C
and sulfur is condensed and removed from
the process [2].

Figure 3 illustrates the sulfur recovery
unit of the Claus process with 3-stage reactors
where the catalytic reaction has occurred.

The overall equation of Claus reaction
is stated as:

2H,S+0, -2S+2H,0 (1)

The catalytic stage contains a reheater,
catalytic bed, and condenser.

The burning process includes the re-
action of 1/3 of H,S gas with the air
as a result sulfur dioxide is formed. The equa-
tion of this reaction is stated as:
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Figure 3. Claus sulfur removal unit process flow diagram

Source: valcogroup-valves.com

2H,5+30, —»2S0,+2H,0 + heat 2)

The operating conditions of the furnace
are around 1000-1500°C and 70 kPa. Hot
gas released from the bed needs to be extinct
before it enters the condenser. This approach
is crucial for the formation of the generation
of gases at high and medium pressures.
The maijor part of released heat can be used
as a source of energy for the other utilities
of the plant. Formed sulfur at liquid phase
and pumped to the sales pipeline or railcars
for third-party users. Through this process,
almost 60-70% of fed sulfur is removed
and recovered. The rest of the fluid is sent
to catalytic chambers [3].

The remained amount of H,S (2/3 part)
reacts with sulfur dioxide and forms sulfur
through the Claus reaction:

2H,5+S0, ——3S+2H,0 +heat (3)

The operating temperature of this cata-
lytic reaction should be held in the range
of 200-300°C. The reaction is in equilibrium,
therefore, it is impossible to complete
the reaction and convert all H,S to sulfur.
2 and more stages are used to maximize
the recovered amount of produced sulfur.
The regular capacity that can be recovered
during the single stage of the catalytic
reaction is one 2/3 of the fed sulfurous
fluid. Considering equilibrium  reaction
and appropriate quantity of catalytic stages,
after the Claus process 3-5% of entered
sulfur cannot be removed from the stream.

The sources of steam used for reheating
purposes can vary due to the different types
of fuel. for the natural gases and gaseous
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Figure 4. Equilibrium of H,S conversion to sulfur

Source: inside.mines.edu
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substances that are released during
the process, steam is supplied from heat
exchangers and other secondary burners.
Meanwhile, for crude oil refineries, used
steam pressure for steam is normally
in the range of 3500-4200 kPa. Outlet
streams of the Claus process are released

A Sl fr
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BIW Reheater
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* Additional converters condenscrs to
achieve additional recovery off
elemental sulfur are optional a1 this point,

after the final catalytic stage in the form
of tail gas, which contains sulfur, H,S, SO,
other inert gases that do not participate
in the reaction. Therefore, the tail gas clean-
up unit is used in addition to the Claus unit
toachieve the highestrecovery percentage [3].
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Figure 5. Claus reaction step-by step process illustration

Source: epa.gov

During the combustion reaction in the
furnace, the following side reactions may
occur due to the oxidation:

CO,+H,S »COS+H,0 (4)
COS+H,S —CS,+H,0 (5)
2C0OS —CO,+CS, 6)

Sulphur recovery from the mines

The fundamental principle of this method
is the usage of hot water as the initiator
of the mining process for the source of native
sulfur. During the process, the sulfur is melted
and pushed to the surface by the force
of compressed air. The Frasch process
utilizes a steel tube made up of three
concentric pipes that are driven underground
to reach the sulfur deposit. Superheated water
is pumped down under significant pressure
in the outermost pipe to melt the sulfur. Air
pressure from the innermost tube forces
the sulfur up the third pipe to the surface
where it cools and solidifies [4]. The Frasch
process is not applicable in the oil industry as
it is used in the sulfur mines only.

Modern and perspective sulfur
removal technologies

The AECOM “CrystaSulf®” Process
The operating cost of single-use
chemicals for the sulfur removal processes

oY T

is higher and strongly depends on the total
gas streams (amine treatment units and cla-
use process units). During the CrystaSulf
process, SO, is used as an oxidant
by the use of the modified Claus process
occurred at the liquid phase as the elemental
sulfur can be completely soluble. This ap-
proach is used to avoid the formation
of solids in the vessels and pipes that can
cause damage to the equipment. Crystalized
sulfur is solidified and separated at the equ-
ipment designed for solid handling [5].

Hot
compressed

Molten sulphur
and water mixture

~<+—Super heated water
(under pressure)

deposits
Molten sulphur

Frasch process for the extraction of sulphur
(or mining of sulphur).

Figure 6. lllustration of Frasch process
Source: nuroil.com
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Finally, the sulfur is removed from the fe-
ed stream and able to reach the specification
of 4 ppm of H,S at the operating pressure
of 10 bars. Furthermore, CO, has no effect
on the whole process of sulfur removal
and pH measurement is not required.
In addition, CrystaSulf is able to operate
at high and low pressure gas streams
and it is applicable for the sulfur recovery pro-
cess of the gas streams containing 5% wt
of sulfur. Production range varies from 0.2
up to 25 tons per day for the gas streams
with higher concentration of sulfur Claus pro-
cess is recommended. Operating temperatu-
re is between 40-80°C, used solvent does
not form foams or sulfur settling with feed gas
streams containing hydrocarbon groups [6].
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Figure 7. Process flow diagram of Crystalsulf
process
Source: aecomprocesstechnologies.com

The Selectox Process

This approach is applicable for the feed
gas streams with the content of hydrogen
sulfur in the range between 5 molar%
and 40 molar%. The conversion of sulfur can
vary between 90-95%.

Selective amine is used for the hydrogen
sulfur removal in the hydrogenation reactor
(Exxon Flexsorb SE Plus or Union Carbide
UCARSOL HS-103 represented in figure
8). Regeneration of selective amine causes
the formation of reach sulfur gas. The process
contains Selectox reactor and condenser.
The outlet temperature of the reactor should
not exceed 400°C. for the gas streams
with 40 molar% of sulfur content, two staged
Selectox reactor is used. This process is
performed without flames and only catalytic
reactions occur in the reactors. Special
catalyst occupies the surface of the bed
for the oxidation, where the most SO,
is formed, it the remained space of the vessel

Claus process
catalyst [7].

is performed with Claus
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Figure 8. Process flow diagram of two-stage
Selectox process
Source: chempedia.info

Conclusion

It can be seen that there are three
major sulfur production approaches. They
can be defined according to the depth
of natural sulfur resources. Sulfur can be
found at the careers or mined from the surface
of the land. It can be mined using the simple
Frasch method and recovered from the gas
processing plants.

Mainly, the Claus process is the most
widely used process in the petrochemical
industry. However, through the years of ex-
ploitation and usage of Claus units, the pro-
cess of sulfur removal and the types of used
catalysts were modernized in order to re-
duce the cost and increase the efficiency
of the process according to the modern
specification. The latest changes to the Claus
unit give the ability to increase the conversion
rate nearly equal to 100%. for instance,
CrystalSulf process has relatively lower
treatmentand maintenance costs, the solubility
of sulfur is higher, avoids the formation of so-
lid sulfur, etc. Meanwhile, Selectox process
operates at lower temperatures to avoid
burning and combustion, therefore it performs
a catalytic reaction. However, some of these
processes are applicable or the gas streams
with low concentration of sulfur, therefore,
Claus process is used and combined.
In addition, Claus process, tail gas treatment
units and SCOT processes are used
for steam generation due to high heat release.

Considering the fact that sulfur removal
units are mostly used to remove sulfur
from crude oil or natural gas. Therefore,
removal processes are crucial for the global
energy resource market; as the removal
expenses and technologies are directly affect
the price of crude oil and gas.
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