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ABSTRACT

In order to produce sulfur and also prevent environmental pollution, out-
put acid gases from oil and gas refineries are converted to sulfur in sulfur
recovery units (SRUs). The conversion of these pollutant gases to sulfur
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hardly exceeds 97% which leads to excessive sulfur dioxide sent to the
flare and hence high pollution around refineries. Thus, with the current
strict environmental regulations, it is necessary to somehow improve the
performance of SRU. Tail gastreatment unitscan achieve overall efficien-
cies of more than 99% by eliminating a certain portion of the acid gases
which are present in thetail gas of sulfur recovery units. In this paper, the
technology of tail gastreatment will beinvestigated. Furthermore, therole
of applying thisunit in reduction of environmental pollutantsisillustrated.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Clausprocessiswiddy used for conversion of hy-
drogen sulfideto elemental sulfide¥. Thisprocessis
used to produce e ementd sulfide from byproducts of
gassweetening processesin refineries, chemica plants
and gas processing units?. Clausprocess consistsof a
reaction furnace, awaste heat boiler (WHB) and ase-
riesof cataytic converters& condensersFigurel. In
literaturelots of reactions have been identified to take
placeinreactionfurnace®d. Theoveral reaction of the
Clausprocessisasfollowing:
2H,S+0, =S, +2H,0 )
Infirst stage, onethird of theinlet hydrogen sulfideto
thereaction furnaceoxidizesto SO,. Themain oxidiza:
tionreactionisasfollows:

H,S+3,0,=80,+H,0 @

About 60% of the SO, resulted from reaction (2) re-
actswith H,Sandisthen converted to elementa sulfur.

2H,S+S0, & %S, +2H ,0 ©)
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Figurel: Theschematic diagram of atypical Clausprocess

Waste heat boiler (WHB) whichislocated after
reaction furnacerecoversheat by cooling the gas prod-
uctd®” and separates the produced sulfur in the fur-
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nacefrom the gas phase after condensation. In second
stagewhichiscatalytic, the un-reacted SO,and H,S
react in afixed bed reactor invicinity of Aluminacata:
lyst according to relation (3) and are converted to wa-
ter and e emental sulfurl®d. Achievement of high con-
versionratefor theabove exothermicreaction requires
operation at low temperaturewhich leadsto low reac-
tion rate and so it will be necessary to use catalyst.
Evenwiththese conditions, toyield high efficiency, it
will be essential to haveamulti-stagereactionwithin-
termediate cooling and condensation®.

To achievethe maximum conversionratein cata-
Iyticreactors, the produced sulfur in different stages of
Clausprocessisliquefied and thenrecovered. Theun-
recovered sulfur either dementd or incompostionslike
H_,S, COSor CS,isburnedintail gasincinerator, con-
verted to SO, and sent to atmosphere!”.

Toincreasethetota recovery of sulfur and decrease
theenvironmental pollutants, tail gastreatment unitis
incorporated beforeincineratort™. In thisunit, the out-
put gas from Claus will be processed to recover as
much of itssulfur content aspossible. Therearelotsof
processes used for treatment of tail gas such as ab-
sorption processeswith amine solvent (e.g. SCOT pro-
cessunder Shell license), dry subdewpoint processes
(e.g. Sulfreen process under Lurgi license), wet
subdewpoint processes (e.g. Clauspol process under
IFPlicense) and Liquid Redux processes(e.g. Sulfiran
processdeveloped in Iranian Research Institute of Pe-
troleum Industry). Among these processes, thefirst and
second ones are more common and have beenindus-
trialized in more places®.
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Figure2: Schematic diagram of atypical SCOT process
In absorption processes with amine solvent, the
outlet sulfur compositionsof Clausunit areconverted
to H,Sinhydrogenation reactor, absorbed intheamine
contactor (amine absorber column) and then stripped
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intheamineregenerator (stripper column). Thestream
enriched with H_Sisthen returned to the beginning of
theClausunit and isconverted to sulfur. Figure2illus-
tratesthe schematic diagram of absorption processes
with amine solvent!101,

Sulfreenisoneof themost important model sof dry
subdewpoint processes. Thisprocesswasfirst intro-
duced by Lurgi and SNPA companiesin 1968. The
firstindustria unit of thisprocesswith afeed capacity
of 1000 tons per day wasdeveloped in 1970. Nowa
daysmorethan 50 industrid unitsof thisprocesswith
different capacities up to 2200 tons per day arework-
ing al around theworld. Thecatadyst usedinthispro-
cesswasoriginadlyActivated carbon whichwasgradu-
aly replaced by Activated dumina. Inthisprocessthe
existing SO,and H,Sinthetail gasare converted to
elementd sulfur in subdewpoint temperatureand cata
Iytic beds. Activated duminaplaystheroleof both cata
lyst and adsorption agent. Aluminahasahigh sulfur
adsorption capacity and easy sulfur desorption capa
bility which hasmadeit the best choicefor thisprocess.
Adsorptionandrecoveryisdternatively achievedintwo
Sulfreen reactors. Switching timefrom onebed toan-
other isadjusted according to the catal yst adsorption
time capacity. After compl eter absorption of sulfur by
catalyst in absorption bed, it will changeitsrolefor de-
sorbing bedinwhich neutra hot gasentered by blower
will causethe adsorbed sulfur to evaporate and leave
thereactor for condensation step. After compl etion of
desorption process, bed temperatureisdecreased mak-
ingit ready for another absorption process. Alternative
absorbing and desorbing in beds has caused Sulfreen
to beidentified as asemi-continuous cyclic process.
Themost important probable problem of thisprocess
ismai ntenance of desorption process blower and gas
bed exchangevaveswhich arediminating by selecting
suitable materid sfor them. Depending ontheexisting
SO,andH_Sinthetail gas, it will bepossibletoreach
arecovery of 99% by Sulfreen process as addressed
inliterature. Figure 3illustratesaschematic diagram of
the Sulfreen process*2.

Inwet subdewpoint processes such as Clauspol 3.
Theoutlet gasof the Clausprocess(i.e. tail gas) isdi-
rectly converted to sulfur in acatalytic reactor. Inthis
method, tail gas comes to a counter-current contact
with catalyst/solvent inacataytic column. SO,andH,S
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areabsorbed by liquid phaseand invicinity of catayst.
Elementa Sulfur isformed according to reaction 3 and
exited from the bottom of the column. Sulfur freecata-
lyst and solutions are then recycled to the top of the
column. Inthisprocess, by injection of steam, the col-
umniskept stableat atemperature higher than solidifi-
cation onetoincreasetheefficiency. Inliteraturethe
efficiency of thisapproach has been addressed to be
morethat 99.3%*4. The schematic diagram of Clauspol
process has been depicted in Figure 4.
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Figure3: Sulfreen processschematic diagram
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Figure4: |FP Caluspol processschematic diagram

Liquid Redux processes providedirect oxidation
of H,Stoelementa sulfur inambient temperaturewith
conversion ratesof nearly 100%. These processesare
highly flexibleand may begpplied for variousfeedswith
different amountsof H_S. High expensesfor chemical
materials, lower produced sulfur quality (lower purity
of produced sulfur in compareto Clausprocess) andin
some casesfaluretotreat high pressuregasesare some
disadvantagesof Liquid Redux processes™™. Sulfiran

process developed and localized in Iranian Research
Institute of Petroleum Industry is based on selective
elimination of hydrogen sulfidefrom thegas mixture
whichwill bein turn converted to e emental sulfur. In
thisprocess, catayst solution of iron chelatein contact
withthetail gas, will directly convert the hydrogen sul-
fidetoeementd sulfur according tothefollowing reac-
tion:

2Fe* (ag)+ H,S— 2H" +S° + 2Fe®* (aq) (%)
Iron chelate catalyst shal be manufactured in amanner
to beresistant against various pressure ranges and dif-
ferent Steconditions. It shal bea so stableat operating
conditionsand shal not result any byproducts. In gen-
eral, thismethod ismore economical than amine pro-
cessfor treatment of low volume gases. The expense
of thisprocesswhen used for dimination of sulfur from
high volumeof gaseswith low sulfur content (lessthan
15tonsper day) isrelatively low. Thisprocessmay be
adsoappliedfor imination of hydrogen sulfideand pro-
duction of gases enriched with carbon dioxidein cases
wherecarbondioxideto hydrogen sulfideratioishigh*d.
Figure 5 depicts schematic diagram of atypica Liquid
Redux process*.
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Figure5: Schematic diagram of tail gastreatment using
liquid redux process

Regarding tothementioned contents, theaminepro-
cess seemsto be more appropriate than the other pro-
cesses. Researchesandindustrial experiencesshow that
amineprocesshasthe highest efficiency amongtheex-
isting processesfor widerange of gasflow ratesand
can increase the conversion rate to an amount more
than 99.6%. In addition, thisprocesscompletely imi-
natestheenvironmental problemsresulted from exhaus-
tionof H,Sinto amosphere. Inthispaper, theresultsof
atypica aminebased TGT unit arepresented and com-
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parewith therecovery of atraditiona Clausunit with-
out tail gastreatment.

SIMULATION OFATYPICAL INDUSTRIAL
TAIL GASTREATMENT (TGT)UNIT

Inthissection atypical SCOT tail gastreatment
unitwill beinvestigated. SCOT processwasfirst de-
veloped by Shell toimprovetheefficiency of sulfur re-
covery unitin SRU. Asillugtrated in Figure 2, outlet tail
gasstream from Clausunit entersthe reduction reactor
inwhichal itssulfur compositionsincluding COS, CS,
and SO, areconverted to H_S. After cooling the gas,
this stream enters the amine absorption column. H,S
enriched stream (rich amine) goestowardstheregen-
eration column from the bottom of absorption column.
Lean amine stream from the bottom of the stripper is
recycled to absorption columnand thestreamwith high
content of H,Sfrom thetop of thecolumnisreturned
totheinput of the SRU ad mixed with Clausfeed. The
stream exiting from thetop of the absorber (the off gas
of SCOT process) which includesanegligibleamount
of H_Sisdirected toincinerator whereisburned with
fuel gas. By incorporation of SCOT processin SRU,
goproximatdy dl of theinput sulfur compoundswill be
converted to elemental sulfur and the environmental
pollutantswill be minimal®. Toinvestigatetherole of
Tail GasTreatment unit in reduction of environmental
pollutants, acommon refinery Clausunit was studied.
Sulfur recovery units have usualy two types of feeds,
acid gasand sour gas coming from amine sweetening
and sour water trestment units, respectively. The speci-
fications of theinput acid gasand sour gasto thisunit
aregiveninTABLE 1and TABLE 2, respectively.

TABLE 1: Specificationsof theinput acid gasto Clausunit

Property Value
Temperature 41°C
Pressure 1.8 bara
Molar Flow 55.84 Kmole/h

Compoaosition (mole %)
H,S 97.9
C2H6 0.35
H20 175
NH3 0

Theresultsachieved fromthesmulation of theClaus
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unit without TGT, show asulfur recovery amount of
42.29 tong/day. Inthiscase, thetotal sulfur recovery
for thisSRU unit will be97.28%. The specifications of
theoutput tail gas of thisunit have been presentedin
TABLE 3. Thisgasfrom the Clausunitisdirected to
incinerator whereisburningwith fuel gasand then sent
totheatmosphere. Theresultsshow theoutput gasfrom
theincinerator flare contains morethan 1700 ppm of
SO, gaswhichis not acceptable from environmental
point of view.

TABLE 2: Specificationsof theinput sour gasto Clausunit

Property Value
Temperature 90 °C
Pressure 1.8 bara
Molar Flow 3.22 Kmole/h

Composition (mole %)
H2S 56.53
CO2 0.03
H20 21.79
NH3 21.65

TABLE 3: Specifications of the Clausoutput tail gas

Property Value
Temperature 130°C
Pressure 1.32 bara
Molar Flow 176 Kmole/h

Composition (mole %)
H2S 0.55
S0O2 0.28
H2 1.77
H20 37.39
N2 59.79
CO 0.03
CO2 0.19

At thenext step, aSCOT TGT Unit wasincorpo-
rated for treetment of ClausUnit output tal gases Smu-
lation results showed that conversion rateincreased to
99.93% and the sulfur production reached 43.44 tong/
day. TABL E 4 showsthe specificationsof the TGT off
gaswhichisdirected toincinerator. Asshowninthis
table, theamounts of SO, and H,Saredragtically de-
creased. Also theresults show that theamount of SO,
intheincinerator flaregaswhichisexhausted to amo-
sphere has decreased to 127 ppm when using TGT
unit. Thisamount of SO, doesn’t violate the environ-
mental regul ationsand avoids pollution problemsre-
sulted from SO, emissionin atmosphere.
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TABLE 4: Specificationsof the TGT off gas

Property Value
Temperature 40.1°C
Pressure 1.07 bara
Molar Flow 135 Kmole/h

Composition (mole %)
H2S 0.01
S02 0
6(02] 19
N2 88.65
H2 29
H20 6.53
CONCLUSIONS

Toavoid environmentd pollution, output acid gases
from oil and gasrefineriesare converted to sulfur in
sulfur recovery units. Theconversion rateof these pol-
lutant gasesto sulfur hardly exceeds 97% whichisin
contrast with the current strict environmental regula-
tionsand soitisnecessary toincreasetheefficiency of
theseunits. Tail Gas Treatment Units provide conver-
sonratesof morethan 99% by diminatingahigh amount
of sulfur recovery unit residua output acid gases. Inthis
paper tail gastreatment technol ogy wasinvestigated
and it was concluded that SCOT processwasthe most
suitableoption. Thenatypical Clausunit wasstudied
and compared with the performance of a Claus unit
equipped with a SCOT TGT section. The results
showedthat TGT unitsplay animportant rolein reduc-
tion of environmentd pollutants.
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