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ABSTRACT

The modified Claus processisthe most common method for the conversion
to sulphur of hydrogen sulphide contained in sour oil and natural gas. In
low H,Sfeed concentration, which are usually in gas plants, flame stability
has an important rule in overall plant recovery and thus, special
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consideration for thermal stage should be doneto meet requested efficiency.
The purpose of thiswork was to study different configurationsin low H,S
feed content by using two parameters, feed and air preheating and also
adjusting a bypass around burner (therma stage) to maximize sulphur
recovery. Using PROMAX, a suitable SRU process simulation, shows us
that regarding plant chemical and mechanical constrains, we can enhance

sulphur recovery by adjusting these two items.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Many of thecatalysts used for thetreatment of hy-
drocarbonsinthepetrochemica industry arehighly sus-
ceptibleto poisoning by sulphur compounds. It isthus
essentid to separate hydrogen sulphidefrom feedstocks
such as sour natural gases or crude 6il™. The Claus
process is employed to convert waste H,S of many
industrial processesto eementa sulphur. Thisprocess
was developed by Carl Friedrichin 18832, Several
modificationsweredeve oped ontheprocesstoincrease
theoverdl conversion of sulphur and produceatail gas
which stisfiestheenvironmentd regulaions. All require-
ments to be met by Claus plants are dictated by the
operating conditionsof modern, flexiblerefineriesand
natural gasplantsandincreasingly stringent emission
control regulations®. Therefore, Sulfur recovery units
(SRUs) do not directly increasethe net present value
of therefinery because of low sulfur market price; nev-

ertheless, they are necessary to match all stringent en-
vironmentd regulationg¥.

Themodified Clausprocessconsstsof ahightem-
peraturefront-end reaction furnace, followed by cata-
Iytic reaction stages. This process continuesto bethe
most widely used processfor the conversion of H,Sto
sulfurt®, Generally, Byproduct gases originating from
physical and chemical gasand oil treatment unitsinre-
fineries, natura gasprocessing and gasification plants
area so routed to Clausunit®.

Thereactionsoccurringin thefurnaceare numer-
ous. Several authors have attempted to delineate the
important ones>". Theoveral reaction characterizing
the processisasfollows™:
2H,S+0,=S,+2H,0 )

A key reaction that occursin front-end reaction fur-
naceisatwo step sequence, 1/3 of theacid gasisoxi-
dizedto SO, usingair:
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H,S+3/0,=>50,+H,0 )

Thiscombustion generate alargeamount of hesat. Fur-
ther, the combustion products undergo Clausreaction
between H,Sand SO,
2H,S+S0, = %S,+2H,0 ©)
Reaction 3isareversible exothermicreaction. Thus,
processing under adiabatic condition greatly increases
temperature, which lowersequilibrium conversionto
about 75%. Effluent gasfrom thereaction furnace passes
through awaste heat boiler to recover heat and pro-
ducehigh-pressuresteam. Likewise, alargeamount of
elementa sulphur (S,) are produced during of thermal
decompositionH,S. Infact, Elemental sulfur produced
inthefurnaceisabout 50-60% of thetotal sulfur pro-
duction of theplant.

Some other reactions occur in thefurnace areas
follow®:

H,S+%0,=S +H,0 4
2H,S+S0, = %S, +2H,0 (5)
3H,S+%0,=%S,+3H,0 (6

In the second step or catalytic reaction stage, remain
unreacted H,S are combined with SO,, over an alu-
minacatayst toform elemental sulfur infixed bed reac-
torsby thefollowing reaction™#:

2H ;S5 +SO0,q) = % Shia)

+2H,0 ()
High conversonsfor thisexothermic, equilibrium-lim-
ited reactioncall for low temperatures, theuse of which,
however, leadstolow reaction rates, so that acatalyst
must be employed. Even so, high sulphur yieldsstill
necessitateamultistage process with interstage cooling
and sulphur condensation™.

Although the modified Claus processhasremained
relatively undtered sinceitsintroduction, further modi-
ficationsto the basic process have been introduced in
order toincreasethe plant capacity or efficiency!?,

POSSIBLE CONFIGURATIONS

Processing alean acid gas requires some special
cons deration begiven to the operation of theburner. A
Clausfurnacefeed containing ardatively low concen-
tration (lessthan 50 percent) of H,S may beincapable
of producing astableflame. Al so, incomplete combus-
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tion of hydrocarbonsin thefeed canlead to deteriora-
tion of the catalyst in thereactorsdueto soot or carbon
depositiont®.

Thereare severa configuration availableto treat
lean streams, including afour-bed Clauswith acid gas
preheat and fudl gasburner, theadll-catal ytic Selectox
process, acid gasbypass around thefurnace, and oxy-
gen enrichment of thecombustion air feedto the Claus
plant.

Havingagtableflameintheburner needsusingacid
gas preheated to about 500 °F and fuel gas burned
separately using aspecia burner.

Alternativey, bypassngaportion of thefeed around
thefurnace can solvethe problem of insufficient com-
bustiblesin alean acid gas. The bypassed gasismixed
with the burner effluent prior to thewaste heat boiler.
Theamount of oxygen fed tothe burner isthesameas
theamount that would berequired to burn theentire
stream, resultingin anincreased flametemperature. |de-
aly, aflametemperaturein therangeof 1850-2200 °F
should bemaintained.

One consequence of bypassing gas around the
burner isthat any hydrocarbonsin the bypassed gas
arenot combusted, which may lead to problemsinthe
downstream catalyst beds®9.

OPTIMUM CONDITION OF STRAITE
THROUGH ARRANGMENT WITH PREHEAT

Inorder to obtain feed heating effect on therecov-
ery of the plant, first of all asample SRU plant for gas
refinery isconsidered. Schematic diagram of sucha
modified two stage SRU plantisshowninfigurel.In
design case, feedsand combustion air arefed to plant
without any preheating. Increas ng temperature of feed
and air smultaneoudly has been studied by smulating
the processwith PROMA X simulator and recoveries
obtained areshowedinfigures2 and 3.

Inmorecloserange, it showsheating effect onin-
creasing sul phur recovery. But it should be noticethat
therearesomeimportant constraintswhich limitsfeed
preheating. One of them that should be consideredis
maximum a lowableburner outlet temperature. Itisdi-
rectly affected by thefeed temperature. Other limita-
tionsdictated by the constructors. Variation of Burner
outlet temperatureisshowninfigure4.
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Figure3: SRU processrecovery obtained by feed preheating  Figure4: Burner outlet temper atureviafeed temperature
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OPTIMUM CONDITIONOF SPLIT FLOW
ARRANGEMENT

Partial feed bypassing around the furnace can be
another way to increase sulphur recovery inlow H,S
concentration feeds. To do this, some caseswith dif-
ferent amountsof split flow have been sudied. Bypass
flow have been mixed with burner effluent stream goes
tothewastehest boiler. Inall cases, by fixing feed tem-
perature, plant recovery obtained and compared with
each other. Figure5 showstheresults.

95

. M
) \

80

Recovery %

75

70

0 10 20 30 40 50 60 70

Bypass %
Figure5: SRU processrecovery viasplit flow around furnace
at feed temperature220°C

As mentioned before, there are some important
plants constraints such as burner outl et temperature
which should be attend not to passthe maximum sus-
tainable burner temperature given by vendor. In above
case study, variations of burner outlet temperaturevia
bypass stream percent are shown.
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Figure6: Burner outlet temper atur eviabypassflow per cent
at feed temperature220°C

CONCLUSIONS

By Combination of thesetwo parameterswe can
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reachthebest configuration of SRU. Regarding to maxi-
mum burner outlet temperature and someother chemi-
cal and mechanical constrains such asflame stability
and maximum sustai nabletemperature of feed compo-
sition and burner refractory, optimum feed temperature
and bypassflow can be obtained to achieve maximum
possiblerecovery. Processrecovery viabypassflow in
different feed temperature hasbeen showninfigure?.
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Figure 7 : SRU process recovery bypass flow percent in
different feed temperature
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