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[57] ABSTRACT

In the recovery of sulfur from hydrogen sulfide-
containing gases wherein the first of a series of reac-
tors is operated under conventional Claus conditions,
one or more of the remaining catalytic reactors in the
sulfur plant are operated at temperatures of the order
of from about 250° to about 400°F. whereby free sul-
fur is deposited on the catalyst, regeneration of such
catalyst is effected by heating a portion of the first
reactor-condenser effluent to 500°~700°F. and flowing
the resultant hot gas through the deactivated catalyst
bed to vaporize free sulfur therefrom and regenerate
the catalyst. Before placing the freshly regenerated
catalyst bed back on stream, it is cooled with un-
heated first reactor-condenser effluent to a tempera-
ture of from about 250° to about 400° F. Thereafter

the above cycle is repeated.
4 Claims, 1 Drawing Figure
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METHOD FOR REDUCING SULFUR COMPOUNDS
IN SULFUR PLANT EFFLUENT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

INTRODUCTION

The present invention relates to the recovery of free
sulfur from gases containing hydrogen sulfide. More
particularly, it is concerned with the cleanup of the
effluent from a plant producing free sulfur from hydro-
gen sulfide and prior to the discharge of such etfluent
into the atmosphere.

BACKGROUND OF THE INVENTION

Air pollution is a problem that must be solved in the
near future; sulfur recovery plants reduce air pollution
by converting hydrogen sulfide to a useful product.
However, these plants discharge from 5-10% of the
hydrogen sulfide in the acid gas feed to the atmosphere
after incineration to convert the sulfur compounds in
the plant tail gas to sulfur dioxide. For example, in the
case of a 1500 t./d. sulfur plant this can amount to 150
tons per day of sulfur dioxide being exhausted into the
atmosphere. Current sulfur recovery technology is un-
able to significantly reduce these figures.

BRIEF DESCRIPTION OF THE INVENTION

We have found, however, that by the process of our
invention the sulfur compounds discharged to the at-
mosphere which normally are equivalent to about 5-10
mol percent of the hydrogen sulfide in the acid gas, can
be decreased to a value of no more than about 1 mol
percent, permitting 99% or higher sulfur recovery. This
advance in the art of sulfur recovery is accomplished by
the use of at least three reactors. The vapor effluent
from the sulfur condenser following the first of these
reactors is fed alternately to the two remaining reactors
at a temperature generally below 400° F_, for example,
within a temperature range of from about 250-350°F ,
preferably from about 250°-300° F. At such tempera-
ture the reaction of hydrogen sulfide with sulfur diox-
ide tends to go substantially to completion in the pres-
ence of a suitable catalyst. As a result, the produced
sulfur is deposited on the catalyst, giving tail gas con-
taining not more than about .02 to 0.2 mol percent
hydrogen sulfide and sulfur dioxide. When the second
reactor effluent exceeds a predetermined hydrogen
sulfide and sulfur dioxide content, the third reactor
becomes the cleanup reactor, operating on first reac-
tor-condenser vapor effluent, and the second reactor is
regenerated. Similarly, in the case of a four-reactor
plant, the cleanup and catalytic regeneration cycles
alternate between the third and fourth reactors. This
process can be continued indefinitely.

The practice in the past has been to maintain catalyst
beds in Claus type sulfur recovery plants at a tempera-
ture of not less than about 400°-450° F. because the
catalyst became deactivated at lower temperatures. It
has been recognized that a higher conversion to sulfur
would be obtained by using lower temperatures if suit-
able catalyst activity could be maintained at these tem-
peratures. We have discovered a method which enables
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us to operate at temperatures below about 400° F. and
still maintain satisfactory activity. In our process the
sulfur which deposits on the catalyst at low tempera-
ture and tends to reduce its activity is periodically de-
sorbed to maintain satisfactory catalyst activity. The
average catalyst activity is thereby maintained at a
much higher level than had been expected at the oper-
ating temperature. We have further observed that the
catalyst can retain as much as about half its weight of
sulfur before it loses significant activity. Our invention
and contribution to the operation of sulfur recovery
plants capable of discharging exceptionally low content
sulfur condenser streams to the atmosphere is based on
the novel manner in which the sulfur-ladened catalyst
referred to above—which has lost a substantial amount
of activity—can be regenerated. By the process of our
invention we accomplish this improvement through the
recycling of a separate hot (450° to 700° F.) gas stream,
formed in the plant itself.

The process of our invention will be more clearly
understood by reference to the accompanying flow
diagram wherein the last two reactors of a three-reac-
tor sulfur recovery unit are diagrammatically shown.
Upstream of reactor 2 are, in succession, a furnace, a
condenser, the first reactor and the condenser handling
the product effluent from the first reactor, none of
which are illustrated. The vapor effluent from the first
reactor-condenser is taken through line 4 and intro-
duced into reactor 2 via line 5 at an inlet temperature
of 250°-300° F. Here, substantially all of the hydrogen
sulfide and sulfur dioxide present in said effluent 1s
removed therefrom in the form of free sulfur which 1s
deposited on the catalyst in bed 6, yielding an effluent
in line 8 containing not more than about .2 mol percent
of hydrogen sulfide and sulfur dioxide. This stream 1s
then discharged to the atmosphere via line 10. The
cleanup of the gas in line 4 in this manner is continued
until the hydrogen sulfide and sulfur dioxide content in
the effluent in line 8 exceeds a predetermined level,
indicating the catalyst is becoming deactivated owing
to excessive amounts of sulfur deposited thereon. At
this point the valves in lines 5§ and 8 are closed and the
ones in lines 12 and 44 opened so that reactor 14 now

‘becomes the cleanup reactor. Regeneration of reactor

2 is effected by introduction of hot (500°-600° F.)
gas—prepared as described below—into bed 6 via
valved line 16 and line 18.

Under these temperature conditions free sulfur is
vaporized off the catalysts and is removed from reactor
2 by means of valved line 20 and line 22, the latter
entering condenser 24. The sulfur removal step 1s con-
tinued unti} the activity of the catalyst has been re-
stored, i.e., until there is a substantial absence of sulfur
in line 20. Product sulfur is withdrawn through line 26
while gas at about 250°-300° F. is taken off by means of
line 28, introduced into blower 30 and discharged
therefrom through line 32, valve 52, heater 34 and line
38. Heater 34 may be a direct fired heater, an indirect
heat exchanger or an in-line heater. In the latter case
we prefer to use acid gas as a fuel, burning it with suffi-
cient air to yield a product gas having hydrogen sulfide
and sulfur dioxide in a molar ratio of about 2:1. The
excess gas introduced into the recycle system in this

"~ manner leaves the system through line 40 and passes

65

through the cleanup reactor 14 before being dis-
charged through lines 44 and 10. Cooling of catalyst
bed 6 after regeneration is effected by passing the gas
in line 32 around heater 34 via valved line 36 and into
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ine 38. From there the cool gas flows through valved
line 16 and line 18 into hot catalyst 6. Effluent from
reactor 2 during the cooling step is taken through
valved line 20, hne 22, and introduced into condenser
24 which removes the heat extracted from catalyst bed
6. Cool gas is taken off through line 28 and recycled as
before until catalyst bed 6 decreases in temperature to
250°-300° F. With this decreased temperature the gas
volume in the system will shrink to some extent. The
resulting volume decrease in the recycling system is
made up by tlow through the pressure equalizing line
40 which supplies gas from line 4. In a similar manner,
there 1s a volume increase during regeneration resulting
in flow out of the recycle system through the pressure
equalizing line 40 and through valved line § if reactor 2
18 on cleanup or valved line 12 if reactor 14 is on
cleanup.

In connection with the so-called cleanup, regenera-
tion, and cooling cycles of our invention, it should be
pointed out that the cleanup period is usually of the
order of 4-12 hours, while the regeneration and cool-
ing cycles each generally require from about 2-6 hours.
Thus, for example, while reactor 14 is on cleanup,
reactor 2 can be regencrated and cooled so that it is
available for cleanup duty when reactor becomes deac-
tivated.

Continuing now with the description of the flow dia-
gram, when reactor 2 is switched from the cleanup to
the regeneration cycle, valved hne § i1s closed and
valved line 12 opened, causing first reactor condenser
vapor effluent in line 4 to be fed into reactor 14 via line
12 at an inlet temperature of about 250°-300° F. Free
sulfur is deposited on catalyst bed 42 and the effluent
therefrom, containing less than 0.2 mol percent hydro-
gen sulfide and sulfur dioxide, is discharged from the
system via lines 44 and 10. This operation i1s continued
until catalyst bed 42 becomes substantially deactivated
as indicated by the increase of hydrogen sulfide and
sulfur dioxide in line 44. To regenerate catalyst bed 42
the gas in discharge line 32 is elevated in temperature
in heater 34 to from about 500°-600° F. and the result-
ing hot gas transferred to reactor 14 via lines 38, 46 and
43. Under these conditions free sulfur 1s vaporized off

catalyst bed 42, removed from reactor 14 through
valved line 80, line 22, and introduced into condenser

24 where liquid sulfur 1s withdrawn from the system
through line 26. Uncondensed gases are taken off
through line 23, reheated in heater 34 and returned to
catalyst bed 42 as previously described until the cata-
lyst has been reactivated. Thereafter the gas in line 32
1s diverted around heater 34 through line 36. This gas
then flows through lines 38, 46 and 48 into catalyst bed
42 where the latter is ultimately brought down to a
temperature of about 250°-300° F. In the meantime the
effluent from reactor 14 during this cooling cycle is
taken through lines 50 and 22 into condenser 24 where
the heat extracted from catalyst bed 42 is removed.

From the foregoing description it will be apparent

that we have provided a process for the recovery of
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[ 1. In a process for removing hydrogen sulfide and
sulfur dioxide 1in the condenser effluent from a Claus
catalytic reaction zone wherein said effluent is con-
tacted with a catalyst in a second reaction zone, said
catalyst being capable of promoting the reaction be-
tween hydrogen sulfide and sulfur dioxide at a tempera-
ture at which the sulfur formed is deposited on said
catalyst and 1n subsequent steps the catalyst 1s regener-
ated by the use of hot gas at a temperature of about
450°-700° F. to remove the deposited sulfur, the im-
provement comprising:

( 1) condensing said sulfur from the sulfur-containing

regenerating gas by cooling said gas,

(2) recycling said cooled gas to cool the thus regen-
erated catalyst,

(3) reheating said cooled gas for use in regenerating
additional catalyst,

(4) repeating steps | to 3 while equalizing the pres-
sure between said regenerating and cooled gas and
the hydrogen sulfide-sulfur dioxide feed to said
second reaction zone by transfer of gas between
said regenerating or cooled gas and said feed.

[ 2. The process of claim 1 in which the cooled gas
in step 2 is a temperature of from about 250° to about
350°F. ]

[ 3. The process of claim 1 wherein a plant is em-
ployed having three catalytic reaction zones and
wherein the second and third reactors thereof are alter-
nately operated as cleanup reactors for the first reac-
tor-condenser vapor effluent, the catalyst in said sec-
ond and third reactors likewise being alternately regen-
erated and cooled and the above cycle repeated. J

4. In a process for removing hydrogen sulfide and

sulfur dioxide in the condenser effluent from a Claus

catalytic reaction zone, the improvement comprising.

(1) introducing said effluent into a second catalytic
reaction zone at an inlet temperature of about 250°
to 400°F whereby sulfur is deposited on the surface
of the catalyst in said second zone and continuing the
deposition of sulfur on the catalyst in said second
zone until the amount of hydrogen sulfide and sulfur
dioxide in the effluent from said second zone reaches
a preset allowable limit,

(2) effecting removal of said deposit from the catalyst
in said second zone by contacting the catalyst therein
at a temperature from about 450° to 700°F with gas
stream (1) produced in Step (4),

(3) withdrawing from said second zone a mixture (1) of
sulfur vapors and gas stream (1),

(4) cooling mixture (1) to produce liquid sulfur and
cooled gas stream (1),

(5) recycling gas stream (1) cooled in Step (4) to cool
the catalyst in said second zone, and repeating Steps
(1) ro (5) while equalizing the system pressure in
Steps (1) through (5) by transfer of gas between
cooled gas stream (1) and said effluent.

5. In a process for removing hydrogen sulfide and

sulfur dioxide in the condenser effluent from a Claus

sulfur from hydrogen sulfide and sulfur dioxide 0 catalytic reaction zone, the improvement comprising:

whereby a minimum of unreacted sulfur compounds 1s
discharged to the atmosphere via the plant effluent.

The process of our invention further provides a novel
means of catalyst regeneration and plant effluent

cleanup, the regeneration step being effected with a gas 65

stream that can be recycled indefinitely within the
system.
We claim:

(1) introducing said condenser effluent into one of two
catalytic reaction zones at an inlet temperature of

250° to 400°F whereby free sulfur is deposited on the
surface of the catalyst therein, and continuing the
deposition of sulfur on the catalyst until the amount
of hydrogen sulfide and sulfur dioxide in the effluent
from said one of said zones reaches a preset allowable
limit,
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(2) thereafter switching the flow of said condenser (6) and thereafter subjecting the catalyst in said other
effluent to the other of said catalytic reaction zones of said zones to the conditions of Steps (3) through
under the conditions of Step (1), (5) in sequence while equalizing the system pressure
(3) effecting removal of said deposit from the catalyst in Steps (1) through (6) by transfer of gas between
in said one of said zones by contacting the catalyst . cooled gas stream (1) and said effluent.
therein at a temperature of from about 450° to 6. Process of claim 5 in which the hot, freshly regener-
700°F with gas stream (1) produced in Step (4), ated catalyst is cooled with gas stream ([) at a tempera-
(4) cooling the effluent from said one of said zones to ture of from about 250° to about 350°F.
obtain liquid sulfur and gas stream (1), ‘0 7. The process of claim 5 in which the hot, freshly
(5) cooling the hot, freshly regenerated catalyst in said regenerated catalyst is cooled with gas stream (1) at a
one of said zones by flowing gas stream (1) there- temperature of from about 250° to about 300°F.
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