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Sulfur Plant
Tail Gases

By DAVID K. BEAVON, Director of Process Operations
Ralph M. Parsons Co., Los Angeles, Calif.

A newly developed process can easily reduce the
amount of sulfur in sulfur plant tail gases to 250 parts
per miilion or less. This is a 60-fold reduction from
current typical values, and means an increase in sulfur
recovery frcm 95 to 99.9 percent or higher. Using the
new process, the estimated sulfur dioxide emission of
sulfur plants worldwide might be reduced from the
present estimated 3,000-6,000 tons per day to about
12 tons per day.

Today, plants producing elemental suifur from hy-
drogen sulfide by the modified Claus process have
an output above 30,000 long tons daily, and within
two years the total cutput will exceed 40,000 long tons.
Sulfur plants typically recover 90 to 95 percent of
the entering suifur: 5 to 10 percent is lost to the atmos-
phere as suifur dioxide. Large units of the latest de-
sign will recover about 97 per cent of the sulfur, and
lose about 3 percent.

The composition of the Claus plant tail gas typically
contains about one-third SO. and H.S, one-third COS
and CS;, and one third elemental sulfur. The total
quantity of sulfur corresponds to about 15.000 parts
per million of SO, in a typical incinerated tail gas
(dry basis). The concentration of equivalent SO, in
the tail gas before incineraticn is about 50 percent
higher. Consistent with trends observed in many loca-
tions, a reasonable goal for concentration of SO in
the incinerated gas appears to be 250 parts per million
or less. This sixty-fold reduction corresponds to in-
creasing sulfur recovery from 95 percent to 99.9 per-
cent or higher.

The new Beavon sulfur recovery process is best de-
scribed by reference to the modified Claus process.
Claus discovered in about 1880 that hydrogen sulfide
produces good-yields of sulfur when mixed with air and
passed over iron or bauxite catalyst at elevated tem-
perature. The reaction is highly exothermic but com-
pletion is opposed by high temperature. so conversion
in a fixed bed of uncooled catalyst is relatively low.

I. G. Farbenindustrie, about 1937, approached the
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problem of heat removal by first burning one-third of
the hydrogen sulfide with air in a pressurized boiler,
in which about four-fifths of the over-all heat of re-
action is removed by generating steam, and some of
the sulfur is produced.

After condensed sulfur is separated from the cooled
gases, the chemical reaction is carried further toward
completion by heating the gases to 400-500 F and
passing them over a Claus catalyst (bauxite or alumina,
usually). This process of free-flame reaction followed
by one or more catalytic conversion steps is known
as the modified Claus process. The operating pressure
is usually 1.0 to 1.5 atmosphere absoiute.

The reaction is exothermic and equilibrium favors
formation of elemental sulfur at lower temperatures.
It is customary to carry out the reaction in a series
of two or three catalyst beds. with cooling, condensa-
tion and removal of produced sulfur after each bed.
The lower practical temperature limit in the condens-
ing steps is set at 260 F by sotlidification of the sulfur
product, and plugging of the apparatus. A further
barrier is set, when water condenses, by the formation
of a solution of sulfurous acid and polythionic acids
H>5:0;, known as Wackenroder's solution. This solu-
tion is very corrosive to the common construction
metals, with the possible exception of titanium.

Ultimate conversion in the modified-Claus sulfur
plant is set by the reverse of the chemical reactios
in which water (mostly that formed from hydroger
sulfide) reacts with sulfur to produce gaseous hydro-
gen sulfide and sulfur dioxide. In_general, plants with
two catalytic stages can recover 92-95 percent of the
potentfal "sulfur; three stages, 95-96 percent: four.
96-97 percent. In addition to losses in the form of un-
converted hydrogen suifide and sulfur dioxide. some
elemental sulfur is lost as vapor, and some as en-
trained sulfur mist or droplets.

Further losses—0.25-2.5 percent of the hydrogen
sulfide fed—are experienced in the form cf carbonyl
sulfide (COS) and carbon disulfide (CS,). These gases

JANUARY/FEBRUARY 1972


EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



Beavon Sulfur Removal Brocess

FUEL GAS -——a’]

£ ]

E AIR
SULFUR PLANT TAIL

:YDHOGENATED COOLED TAIL GAS TO H>S RECOVERY

BOOSTER

GAS COOLER f—-
X BLOWER

‘ REACTOR

LIQUOR RETURN

AIR i
SULFUR SCUM R SULFUR
Fig. 1 Flow diagram of processes FILTER MELTER
to eliminate air pollutants » OR CENTRIFUGE ‘
from tail gases of sulfur SULFUR

plants.

Stretford Process

are formed in the flame zone where hydrogen sulfide
is burried with air {(generally at a temperature in the
range of 1500 to 2500 F) when carbon dioxide or
other carbon compounds are present. The carbon-
sulfur compounds react slowly under the conditions
of the sulfur plant, thus often comprise 30 to 40 per-
cent c¢r the sulfur values lost in the tail gas leaving
the suifur plant.

Tail gas leaving the sulfur plant then contains 1-3
percert of a mixture of hydrogen sulfide, sulfur diox-
ide, carbonyl sulfide, carbon disulfide, and elementat
sulfur vapor and liquid. This mixture is usually incin-
eratea at about 1000-1200 F in an oxidizing atmo-
sphere to convert all the sulfur compounds to sulifur
dioxide, their least obnoxious form. The resulting flue
gas flows into the atmosphere from a stack.

The new process, Fig. 1, starts by converting all the
sulfur in the tail gas into hydrcgen sulfide, then cools
the gas to condense out water, removing it from the
reacticn zone. Conversion to hydrogen sulfide is by
both hydrolysis and hydrogenation reactions. Tail gas
contains about 30 percent water vapor and conse-
quentiy the hydrolysis reactions are virtually complete
at temperatures of 600-700 F when a suitable catalyst
is used.

Hyarogenation of sulfur and its compounds proceeds
completing according to the following equations:
80. + 2H.->S ' 2H.0
S + H—>HS
Enough hydrogen is usually present in the tail gas
to effect the reactions, since both hydrogen and car-
bon monoxide are formed in the flame zone and per-
sist through the Claus plant. The same catalyst is
effective for the hydrolysis of carbon monoxide (the
water-gas shift reaction). This reaction proceeds com-
pletely and produces more hydrogen. In addition, the
supply of hydrogen may be augmented by the partial
oxidation of natural gas with air in a simple line burner.

Following the catalytic reactions which convert es-
sentially all the sulfur compounds in the tail gas to
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hydrogen sulfide, the gas mixture is cooled to as low
a temperature as is economic, and condensed water
is removed.

Next, hydrogen sulfide is extracted from the hydro-
genated, cooled tail gas using the Stretford process.
This process is capable of treating the gas to about
one part per million hydrogen sulfide content.

The Stretford process uses a sodium carbonate so-
lution which reacts with hydrogen sulfide to form
sodium hydrosulfide. The hydrosulfide is oxidized to
sulfur by sodium vanadate also in solution. Subse-
quently the vanadium is oxidized back to the pentava-
lent state by blowing with air, with sodium anthra-
quinone disfulonate (also contained) working as an
oxidation catalyst. Finely-divided sulfur appears as a
froth which is skimmed off, washed, dried by centri-
fuging or filtration, and added to the product from
the parent sulfur plant.

Effluent gas from the Stretford plant contains less
than one part per million hydrogen sulfide and small
traces of carbonyl sulfide, and does not require in-
cineration. Recovery of sulfur is virtually complete,
and the sulfur plant is no longer an air poliution
problem.

The law of mass action requires that, for one rea-
gent in a chemical reaction to be consumed essen-
tially completely, there must be an excess of another

agent. For example, the Claus reaction must have
an excess of SO, to consume all the H-S, or con-
versely: either condition is undesirable because it
means a loss of sulfur to the atmosphere. In the new
process, an excess of hydrogen is supplied, driving
reactions to completion. The hydrogen is not an air
pollutant, hence the use of a small excess is not harm-
ful. Similarly, the Stretford step applies a very large
excess oxidation potential at the top of the absorber
column, allowing the conversion of H.S to be driven
virtually to completion. ==
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