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This invention relates to the recovery of sul-

phur from gases containing sulphur compounds -

and has more particular reference to a novel
method of recovering elemental sulphur in liquid
form from gases containing hydrogen’sulphide.

The -object of the present invention is.to pro-
vide a novel method of recovering elemental
sulphur from gas containing hydrogen sulphide
by catalytically desulphurizing the ‘gas to ob-
tain liquid sulphur.

Another object of the invention is to.provide
a novel ‘method of recovering elemental sulphur
from gases containing H:S in which g catalyst
is used which is able to effect a highly efficient
conversion of HzS to H2O and sulphur and in
which the catalyst, after it has become spent,
due to chemical reduction of the catalytic agent
or the deposition of carbon or other contamin-
ants from the gas being treated, may: be fully

restored to its initial efficiency by reactivation

with hot air. »

Another object of the invention is to provide
a novel method of recovering elemental sulphur
from gases containing HsS, as characterized
above, wherein the gas to be treated is brought
into contact with the catalyst in at least two
successive reaction zones, in which sulphur vapor
is formed, prior to its passage to a scrubbing
or condensing zone in which the sulphur vapor
is condensed to form' Iiquid sulphur.

Another object of the invention is to provide
a novel method of recovering elemental sulphur
from gases containing H=S, as characterized
above, wherein a portion of the liguid sulphur
being recovered is returned to a sulphur burner,
where it is burned to supply the oxidant re-
quired to oxidize the HaS in the gas being pro-
cessed.

A further object of the invention is to provide -

a novel ‘method of recovering elemental sulphur
from bases containing HsS, as characterized
above, wherein the temperature rise in each re-
action zone is controlled. by controlling the
supply of oxidation gas to- such zones.

Other objects and advarntages of the invention
will appear in the specification when considered
in -connection with the accompanymg drawings,
wherein:

Fig. 1 is a plan view, with: parts omitted, show-
ing one form of apparatus and the arrangement
thereof for carrying out the method of the pres-
ent invention;

Fig. 2'is a side elevational view of the appara-
tus shown in Fig. 1, and showing the second con~
verter and its appurtenances and the second
serubbing tower and its appurtenances;

(ClL, 23—226)
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Fig. 3 is a side elevational view of the first”
converter and its appurtenances, shown in Fig.'1;'
Fig. 4 is a side elevational view of the ‘first
scrubbing tower and 'its appurtenances, shown

in Fig. 1;

Fig. 5 i5 a plan view ‘of a converter; '

Fig. 6 is-a side elevation, partly in section, of”
the converter driving mechanism; y

Fig. T is a vertical sectional view of the con- -
verter, taken on the line ‘T—71 of Fig. 5 but
omitting the driving mechanism;

Fig. 8'is a horizontal sectional view of the con-
verter, taken on the line 8—8 of Flg T, but d1 awn’
to a smaller scale; *

Fig. 9 is an enlarged vertical sectional view of
the seal 'shown in the' right hand side of the -
upper manifold of Fig. 7T: h

Fig. 10is a plan view of the seal shown in-
Fig. 9;

Fig. 11 is a vertical sectional view taken on the
line (1—ii of Fig. 10; o
Fig. 12 is a horizontal sectional view taken on

the line 12—Ii2 of Fig. T;

Fig. 13 is a partial vertical sectional view of a
manifold showing the details of a roller;

Fig: 14 is ‘a plan view of ‘a tubular catalyst
containing unit;

Fig. 15 is a vertical sectional view, with parts
broken away, taken on the line (5[5 of Hig.
14, and

Pig. 16 is a diagrammatic view: showing the
flow of the gas to be desulphurized; the flow of
the-oxidation gas; and the flow of the regenerat-
ing’ 'medium through the system;

In general, the invention comprises a method -
of catalytic desulphurization- of gases containing
hydrogen sulphide, and-the recovery of elemental
sulphur therefrom in liquid form.

For the purpose of illustration, the 1nvent10n~
will be-described in-connection with the catalytic
desulphurization .of sour natural gas and  the.
recovering of elemental “sulphur therefrom  in
liquid form. ‘

Referring now to the drawings, there is shown
in Figs. 1 to 4 inclusive, one embodiment of -ap- -
paratus-and the arrangement thereof for carry-.
ing outthe method of this invention. The ap-
paratus shown includes.a first three-stage rotary
catalytic rconverter or reactor 5, two stages of
which are-used -as reaction chambers .or zones,
in which .the sour gas is brought into intimate
contact with the -catalyst, and the other stage .is .
used as an activation chamber or zone in which .
the -catalyst is regenerated; g first pre~heater
6 for heating the sour gas. prior to its passage
through the first reaction stage of the converter:
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B; a heat exchanger T for heating or cooling the
sour gas between the first and second reaction
stages of the converter 9; a first scrubbing tower
8 for separating the liquid sulphur from the
treated gas; a second three-stage rotary cata-
lytic converter 9, two stages of which are used
as reaction chambers or zones in which the sour
gas is brought into intimate contact with the
catalyst and the other stage is used as an acti-
vation chamber or zone in which the catalyst is
regenerated; a second pre-heater {9 for heating
the sour gas after its passage through the first
scrubbing tower and prior to its passage through
the first reaction stage of the second converter
9; a second heat exchanger Ii. for heating or
cooling the sour gas between the first and second
reaction stages of the second converter 9; a sec-
ond scrubbing tower 12 for separating the liquid
sulphur from the gaseous admixture after its
passage through the second converter; a heater
{3 for heating the resenerating medium. prefer-
ably air; a fan or blower 14 for svpvlying air
under pressure to the heater 13; a sulohur burn-
er 15, in which a mixture of linuid sIrhur and
air is burned to nroduce a zas of combustion hav-
ing as hich an SOz content as vossible. prefer-
ably 19-209%: and a waste heat boiler I8 which
utilizes the heat of the gases of combustion in
the sulphnr hurner to generate steam for run-
ning anviliarv machinery and other nurnnses.
The sulphur burner 15 and the waste heat hoiler
16 may be of anv sritable. usral tvone. The hurn-
er {58 is shown as having a lifnid suInbuy sun-
nlv pine {7 ernnected to sunnlv lnvid splphnr
from the sernhhing towers. and an air suonlv
pire {8 connerted tn the hot air blower 14 for
surnlving air nnder pressiire tn the bhurner.

Tha two eonverters or reactors K and 9 are
preferably strnarted in an-uoricht raiesd nnsi-
tion bv eritahle framework, indicated generally
at 19 and 20 resnectively.

The rotarv ernvertare B anAd 9 ara identiecal in
eonstrietiom and are senerally gimilar tn the ron.
verter chawn in mv enrendine arnlieatinn. Ser,
No, 779 894 filed Netnher 14 1047 fnr Mathad of
and Annaratne for Teeninhnpizotinn af (Gaeceg,
now TT1. Q. Tetters Potent Nn 2 RAT1.000. iesnied
Julv 24. 1951, The Adetails of the eonverter are
shown in Wies, 5 tn 15, inecive,  Ag there chown,
earh of the converters pomnriceg o nyacara vae.
sel 21, ymper and lawer manifalds 29 9% fived'v
mnimied within the veesal: a comnartmentized
annmnlar drum 24 ratatablv mammfed within the
preg§111¢c veasal hatweon and in enmmumnieation
with the manifalfdg: and enitahle Sriving mecha-
nism for rotatine the annnlar drim,

The nressure vessgg! 21 is preferahlv formed
in two parts. an unrer flanced shell or can 25
and a lower flansed shell 2R suitablv inined to-
gether, as hv holting tn form a eas-ticht inint.

The annular drim 24 is fixedlv attached. as
bv means of nlates 27. 2R to a central vertical
shaft 29 suitablv journaled in bearings carried
bv the upver and lower shell members 25. 26,

The mechanism for rotating the annnlar drum is .

supported on a vlatform 30 mounted on the up-
per shell 25 and includes a shaft 3§ connected to
the upper end of the shaft 29 by a coupling 32
(see Fig. 6). The shaft 31 is driven by suitable
reduction gearing mounted in a housing 33, the
reduction gearing being belt-driven by a motor
34 (see Fig. 5). . ’

The rotatable annular drum 24 comprises two
spaced concentric cylinders 35, 3§, which form
the side walls; two spaced annular plates 37, 38,
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each secured to the top of the cylinders 35, 36,
respectively, form the top of the drum, the space
between the annular plates 37, 38 forming an
annular opening 39 in the top of the drum; two
spaced concentric annular plates 40, 41, each se~
cured to the bottom of the cylinders 35, 36, re-
spectively, form the bottom of the drum, the
space between the annular plates 40, 41 forming
an annular opening 42 in the bottom of the drum
(see Fig. 7).

The rotatable annular drum is divided into a
plurality of compartments 43 by radial parti-
tions or diaphragms 44 (see Fig. 8). In each of
the radial compartments 43, near the bottom
thereof, there is provided a plate 45 attached to
the walls of the compartment, as by welding, to
form a gas-tight joint (see Fig. 7). Each plate
45 forms a support for one or more tvbular cata-
lyst containers 46. In the particular embodi-
ment shown, only one such. container is shown
mounted in each compartment.

The catalyst containers 26 are identical in
construction and, as shown in Figs. 14 and 15,

“each comprises two concentric tubular wire

screens 471, 48 held in spaced relation by a plu-
rality of longitudinal radial fins 49. with the an~
nular snace between the screens closed at the bot-
tom. The mesh of the screen is such as to re-
tain a granular catalyst material 50 in the an-
nular space between the screens. Although the
invention is not limited thereto. it is preferred to
employ a catalyst wherein granular silica gel or
a substance having substantially the same stric-
trre is the carrier for the active material. Ox-
ide of copper, nickel, and mangane<e may be em-
ploved as the active material. However, iron ox-
ide is preferred. In connection with the fore-
going, it mav be pointed out that the annular
beds of catalvst material are so thin that they
permit velocities of about from 10 fo 25 feet
per minute throueh the beds at 60°-70° F. -and
atmospheric pressire.

Each of the containers A8 is closed at its tov by
means of coneentric hoons I 52 mounted on the
conrentrie sereens 47. 48 and a cover nlate 53
detachablv connected to the inner hoon §2. as by
serew bolts. and havine a devending annular
tronch-shaned flange 54 fitting hetween the hoovs
51, B2, A depending annular fin B8 is seerred to
the flange 54 and nroiects downwardlv between
and helow the hoops 51, 52. and fits in slots 58
formed in the uvper ends of the radial fins 48,
all as shown in Fig. 15. The construction is such
that. as the catalyst settles fown. leaving a space
between the top portion of the wire screens de-
void of catalysts. the fin §5 will prevent gas from
nassing throveh the space devoid of catalyst.
Each container 26 is detachably mounted on a
nozzle 51 proiecting upwardly from an ovening
58 formed in the plate 45. as clearly shown in
Tig. 7. The nozzle 57 is secured in the opening
58, as by welding, to form a gas-tight joint.

The top and bottom manifolds 22, 23 are
mounted on the top and bottom of the annular
drum 24, in communication with the annular
openings 39, 42 formed in the top and bottom of
the drum. The manifolds are identical in con-
struction and each is formed in the shape of an
annular trough having an annular top (or bot-
tom) 59 and annular side walls 60, 61 (see Fig. 9).

A plurality of compression springs 62, mounted
on brackets 63 suitably secured to the inner walls
of the vessel 2{, yieldably press the top and bot-
tom manifolds against the top and bottom, re-
spectively, of the annular drum. (see Fig. 7). The



2,680,375

.

top-and bottom manifolds are-held stationary-rel:.
ative-to-therotation of the: drum:by:means: heres.

inafter to-be-described, and, to prevent the:es=
cape-ofgas: between: the- rotating drum: and. the
manifolds, sealing ring:gaskets: 64:are placed. at
thHe: junction- of the side: walls- of the manifolds
and the drum. The sealing ring. gaskets 64 are
held in tight sealing: engagement: with. the: top
and:botiomofthe drum: by means.of annularhcops
85 which encirele the gaskets and hold: them

against the side-walls-of the manifold. The upper:

(or-lower): ends of the hoops: 85 are secured:to the.
top (or bottom): plate of the- manifold; as: by
welding. . The ring: gaskets: are retained: between
the: hoops: 85 and: the: side: walls. &0, 64 of the
manifolds by means; of a plurality of circumfer=

entially spaced. threaded:bolts. 88, which engage:

the ring gaskets and the lower portions. of the
hoops and: side walls., .The ring gaskets 64..are
yieldably: held in: engagement. with: the: top and
bottom:  of the:drum- 24 by means of a. plurality
of compression springs: §1: mounted: on-stud bolts
68 secured. to the: top: (or bottom): of the mani-

folds. and: engaging, annular plates: or members:

69 mounted on: the top-(or hottom) of the.ring
gaskets, all as clearly shownin Fig. 9.

At three circumferentially spaced points in the
top and bottom manifolds; there are located seals
which, by reason of the sliding contact of the
radial partitions 44 against the under surface of
the bottoms:of the seals, divide the manifolds-and
drum: into three sectors; eaeh sector: gas-tight
with respect. to the adjacent: sectors.  The. seals
are- identical. in construction- and. the details
thereof are best shown. in- Figs: 9; 10.and 1l.
Each seal includes a- bettom or sealing plate. 78
mounted. within: the manifold between spaced
radial partition walls ¥4, 72.
19 is yieldably urged against; the-top. (or bottom)
of the drum: and rests on the concentric plates
37, 38 which form- the top of the drum. (or plates
49, &1 which form the bottom of the drum), as
shown in Fig. 9. The side edges. of the. plate: T8
are bifurcated, as shown- at 13; 74, for the.recep-
tion: of gasket strips 75, 76, which are yieldably
pressed outwardly against the partition walls 11,

12 of the seal by leaf springs 171, 18, as shown in.

Figs. 10 and 11.

The means for yieldably pressing the. bot-:

tom plate 70 of the  seal between the top (or
bottom) of the drum: comprise a plurality of

compression springs. 79. mounted. on. projections:
80, formed on.the upper surface of the plate.

70. The springs 19 engage the top (or bob-
tom) of the seal and are held in position by
bolts 81. projecting through the top (or. bottom)
of the seal and coiled springs and threaded into
the projections 88 formed on the plate 70.

Each radial partition or. diaphragm 44 has a.

portion of its top. and hottom edges extending
upwardly (or downwardly) between the edges of
the openings in the top and bottom of the drum.
A gasket 82 is secured on thesg portions and-ex-
tends above (or below) their top (or bottom)
edges and engages the under face of the bottom:
plate. 10 of the seal (see Fig, 117

Plates 83 are secured to the tops and bottoms

of the partitions and are held spaced therefrom:

by a spacer strip 84, the plates and spacer strip
being secured to the partitions by bolts 85.
gaskets 82 are confined befween the partitions and
the plates §3, as by means of bolts 36, and are
pressed. upwardly (or downwardly) against the
under surface of the bottom plates T8 of-the seals
by means of leaf springs 87, all as shown in
Pig. 11.

The bottom plate.

The:

10

15

20.

25

30

35

40

50

60

70

75

6

In.order: to prevent:the gaskets:82-from:bheing:
unduly. pressed-upwardly: (or: downwardly).  when-
the: gaskets: are: not: engaging: the -bottoms:of: the
seals; means: are. provided for -spanning the
reaches: of* the. manifolds: between the: seals:
These - means. comprise: spaced: pairs of* curved:
blates 88, 89 which exfiend between and: are se-
cured to.the partition. walls of the seal, as:shown
in Fig. 12. © The bottom: surfaces of the: plates-
83, 89:are in the same horizontal plane: as. the:
botfom surfaces. of the bottom: plates 10.0f the:
seals, so that; as: the gaskets 82:move out:of en-
gagement. with: the: bottom: plate of the seal; they-
immediately engage the plates:88;.89:

A plurality: of rollers 90 are: mounted: within
the: top: and boltom manifolds:. These rollers are
circumferentially spaced: within . the manifolds.
and: arer adapted: to: engage; the: annular plates:
37;:40: which: form parts of the: top: and bottom:;.
respectively, of the rotatable drum; These:rollers:
are adapted: to prevent frictional surface engage=
ment:between the:side walls of the manifolds and:
the top and bottom: of; the: drum. - These rollers:
are:identical. in construction: and mounting:and:
eaclh: compriges:- a threaded. stud' bolt: 94 serewed:
into-the: outer:side: wall 60 of the  manifold;: a.
balli race: 92: ixedly mounted: on; the. bolt;. and a:
wheel- 83 mounted: on the-ball: race;, all. as. show=:
inFig. 13;

Three flanged pipes or conduits:94; 95; 96 hav-.
ing threaded ends, project through the cap of
the vessel 21 and have their-threaded ends se-
cured to the top. plate of the top. manifold. by
means: of lock nuts- 91 which. form. gas~tight..
Jjoints. (see Fig. 7).. The pipes.are.welded to the
cap.and_hold the top manifold, stationary rela-
tive to the rotation of the.drum. The three pipes.
are.circumferentially spaced with respect to.the.
top manifold and, each is. secured: to. and. com.-
municates. with, the manifold at. a. point.located,
between the seals. '

Three additional flanged pipes. 98, 99, 190, hav-
ing threaded ends, project through the hottom.
of the vessel 21. and. have. their threaded ends
secured to.the bottom: plate. of the bottom mani~-
fold. by means. of lock nuts 9T which. form: gas-~
tight joints.. These: pipes are welded to the bot-
tom: of the vessel 21 and hold theé bottom. mani-
fold: stationary relative to the. rotation. of 'the:
drum. These pipes are-circumferentially spaced
with. respeet: to' the; bottom manifold and each:
is secured to and communicates with the-mani=:
foldi at. a: point. located between: the seals, The
width of the seals:with: respect.to. the. radial com--

. partments: 43 containing: the: catalyzing units is:

such:that at all times at. least. one of the par-
titions or diaphragms 44:is: engaging the hottom:
plate 19:0f the seal in gas-tight engagement:

From the foregoing, it will readily:be seen that:
by the: engagement: of the radial partitions: with
the seals, the: manifolds and drum are divided:
into three gas-tight.chambers or sectors, called,
for econvenience; the first reaction stage; the sec-
ond reaction stage; and the:activation: stage.

The drum- carrying- the- tubular catalyst: con-.
tainers: is- rotated counter-clockwise; as- viewed
in: Fig. 5; and, as'it rotates; the tubular catalyst
containers- are successively  moved: through- the
three-stages in the following: order: the second:
reaction- stage; the -first reaction stage, and: the
activation stage.

The flow of the gas to be treated, the flow of
the- oxidant gas, and the flow of the regenera-
tion medium are shown schiematically-in Fig; 16;

The sour: gas: to-be: treated is: delivered; under:
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suitable pressure from a source of supply (not
shown), to the first pre-heater 6, by means of a
pipe line {01. The gas is heated in the pre-heater
to an optimum pre-reaction temperature and
then passes through a pipe line 02 to the first
converter 5 and enters the top manifold of the
first reaction stage through pipe 94.

The oxidant gas, preferably SOs, for the first
reaction stage of the converter 5, is delivered
under suitable pressure, from the sulphur burner
15 through a supply pipe line 163 and a branch
valved pipe line "184 connected to the pipe line
102. The mixture of sour gas and SOz passes
downwardly from the upper manifold through
the opening in the top of the drum into the
various compartments of the drum confaining
the tubular catalyst confainers, as are at that
time contained within the sector forming the
first reaction stage.. The gaseous mixture passes
through the pervious layer of catalyst material
into the hollow interiors of the tubular con-
tainers; thence, downwardly through the open-
ing in the plate 45 into the bottom of the drum,
and through the opening therein into the bot-
tom manifold. When the mixture of sour gas and
SOz comes into intimate contact with the cata-
lyst an exothermic reaction takes place in which
elemental sulphur is liberated in vapor form, to-
gether with steam, in accordance with the fol-
lowing eguation:

2H3S +802=2H20--385

From the bottom manifold, the treated gase-
ous admixture passes through pipe 98 and pipe
line 165 into the first heat exchanger 7, where
its temperature, which has risen in the reactor,
is adjusted to an optimum pre-reaction tem-
perature. From the first heat exchanger 17, the
gaseous admixture passes through pipe lines 166
and 95 into the top manifold of the second re-
action stage of the converter 5.

The oxidant gas, preferably SOsq, for the second
reaction stage of the converter 5, is delivered
under suitable pressure through a branch valved
pipe line 187 connecting the supply line 103 and
the pipe line 186. The gaseous admixture moves
downwardly through the second reaction stage of
the converter 5§, in a manner similar to its down-
ward movement through the first reaction stage

and during its passage further reaction takes

place, liberating more elemental sulphur vapor
and steam.

© From the second reaction stage of the first
converter §, the treated gaseous admixture passes
through pipe 99 and pipe line (98 into the bot-
tom of the first serubbing tower 8. The treated
gas mixture including the suiphur vapor and
steam formed by the reactions in the converter,
rise in the scrubbing tower against a downward
flow of molten  sulphur, which condenses the
sulphur vapor into molten sulphur, which col-
lects in the bottom of the tower.

. From the top of the first scrubbing tower 8,
the partially desulphurized gas passes through
pipe line 189 into the second pre-heater 10, where
its temperature is adjusted to an optimum pre-
reaction temperature. From the second pre-
heater, the gas passes through pipe line 110 and
pipe 94 of the second converter § into the top
manifold of the first reaction stage of the sec-
ond converter 9.
< The oxidant gas, preferably SOz, for the first
reaction stage of the converter 9 is delivered
under suitable pressure through a branch valved
pipe line fi{ connecting the supply line 183 and

8 K
the pipe line 110. The gaseous admixture moves
downwardly through the first reaction stage of
the second converter in a manner similar to its
downward movement through the first reaction
stage of the first converter and during its pas-
sage further reaction takes place, liberating more

. elemental sulphur vapor and steam.
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From the first reaction stage .of the second
converter the treated gaseous admixture passes
through pipe 98 and pipe line 112 into the sec-
ond heat exchanger (i, where its temperature,
which has risen in the reactor, is adjusted to an
optimum pre-reaction temperature.

From the second heat exchanger i1, the treated
gaseous admixfure passages through pipe line
{13 and pipe 95 of the second converter § into
the top manifold of the second reaction stage
of the second converter 9.

The oxidant gas, preferably SOg, for the second
reaction stage of the second converter is de-
livered, under suitable pressure, through a branch
valved pipe line 1{4 connecting the supply pipe
line 183 and the pipe line {{28. The gaseous
admixture moves downwardly through the second
reaction stage of the second converter in a man-
ner similar to its downward movement through
the first reaction stage of the first converter and
during its passage further reaction takes place
and the remaining elemental sulphur is liberated
in vapor form.

From the second reaction stage of the second
converter, the treated gaseous admixture passes
through pipe 99 of the second converter 9 and
pipe line { I into the bottom of the second scrub-
bing tower 12. The treated gaseous admixture,
together with the steam and sulphur vapor
formed by the reactions in the second converter,
rises in the second scrubbing tower against a
downward flow of molten sulphur, which con-
denses the sulphur vapor into moliten sulphur
which collects in the bottom of the serubbing
tower. From the top of the second scrubbing
tower, the now sweet gas passes through a pipe
line 115 to its point of use (not shown).

As schematically shown in Fig. 16, air for use
as the regenerating medium is forced into the
hot air heater 13 by means of the fan or blower
{4. The air is heated to a temperature of about
1000° F. in the heater and, from the heater, passes
through supply pipe line {17 and branch pipe
line 118 to the first converter 5 and enters the
bottom manifold of the activation stage through
pipe 130. From the bottom manifold, the hot
air passes through the opening in the bottom of
the drum into the bottoms of the various com-
partments of the drum as are at that time con-
tained within the reactcr forming the reactiva-
tion stage; thence, upwardly through the open-
ings in the plates 48, and up into the hollow in-
teriors of the tubular catalyst containers, through
the pervious layers of catalyst material into the
compartments of the drum; thence, upwardly
through the opening in the top of the drum into
the top manifold. As the hot air passes through
the catalyst material, any impurities in the form
of tars or carbonaceous matier are burned off
and the catalyst material is reactivated. From
the top manifold of the activation stage, the hot
air is exhausted to the atmosphere through pipe
86. )

Hot air for use as the regenerating medium
for the reactivation stage of the second converter
passes from the air supply pipe i{7 and branch
pipe line {19 to the second converter and enters
the bhottom manifold of the reactivation stage
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~through pipe 1£00-0f the second converter. The
hot air:passesupward through the reactivation
stage of the second converter in a manher:similar
to its upward passage through the reactivation
stageiof -the:first :converter-and,-during its pas-
“sage, regenerates thecatalyst material therein.
‘While the-foregoing description of the -method
‘has :not -been concerned with the utilization -of
:pressurized ‘equipment, ‘this -is not ~a - limitation.
-Some pressure will-be.required-on the .system-to
“overcome-the back pressure dueto friction. Pres-
ssure above this limitation is not necessary.to.suc-
-cessful -operation. -On-the: other hand, by allow-
.ance for the :differential pressure,-a reasenable

increase.in the over-all-operating -pressures will -

permit handling. larger -gas volumes.in an.ap-
-paratus: of fixed size. 'The particular apparatus
shown is. designed-to. handle gases at high pres-
:sures;-although.it is:contemplated that:the meth-
-0d-herein-described can-be practiced by utilizing
pressures of from:about 5-1bs. to 10 1bs. per-square
inch.

The present.method is contrived .to.recover a
‘major portion. of .the -contained sulphur .in .the
-sour-gas in a-multi-stage oxidation process with-
out raising the reaction temperature in.any stage
-above.about:830° . by adjusting the temperature
of the admixture of .the.gas to be treated and the
sulphur liberating gas, illustratively .S0z, to an
optimum . pre-reaction temperature in the range
-of.from.about.375° F..to .about 600° F. prior .to
the:entry of the admixture into.each of the stages
or reaction zones and controlling the amount .of
SOz admitted into:each stage or reaction zone.
However, it is:contemplated that substantial por-
tions of the contained sulphur may be removed
in the respective stages when employing pre-
reaction temperatures up'to.about.800° F., while
controlling the reaction “temperatures in the
stages so that -they do not exceed .about 1000°
F.'in any stage. It will be understood, however,
that at higher reaction temperatures.than gbove
830° 7., the efliciency of the conversion will be
reduced. Therefore, it is highly preferable to
practice the method at relatively low reaction
temperatures.

As a specific example, assume that the .raw
gas to be treated contains 125 ‘lbs. of HaS per
4300 cubic feet at & pressure of 10 Ibs. gauge
and at '100° . Then, about 230% of the initial
H2S content of the gas can be converted into
sulphur vapor in the.first oxidation stage of the
‘first .group of reactors by pre-heating the gas
to about 500° F. and mixing SO: with the pre-
‘hedted gas at the rate of about 30 .1bs. of SO

per  minute prior to the entry .of the gas into °°

the reactor in which the first oxidation stage
occurs. ‘The temperature in. the reactor will rise
to from gahout 720°.F. to about 750° F.

About 30% of the initial H2S content of the
-gas can be. converted into sulphur vapor.in the
second oxidation stage of the first group of re-
-actors by cooling the gaseous admixture delivered
from the first oxidation stage to about 500° F.,
then mixing SOz with the cooled gaseous mixture
at the rate-of .about 30 Ibs. of SOz per minute
prior to its entry into the reactor in which.the
second oxidation stage occurs. ‘The temperature
in the reactor will rise to from about-680° F..to
about 710° P,

About  30% ‘of theinitial total HS content
of the gas -can be converted into sulphur vapor
in the first -oxidation stage.of the.second.group
of reactors by pre-heating the gas after.its pas-
-sage through-the first scrubbing tower to -about
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*.1s.mo ‘concentrated :sulphur at .any point.

:600° /F. -and mixing S0z -with the .pre-heated
:gas «at the rate.of -about .30 -Ibs, of -SQ2 -per
iminute .prior ito :its entry . into -the ‘reactor .in
the second:group ‘of reactors.in which the frst
oxidation stage occurs. . The temperature-in the
reactor «will - rise-to from -about -670° F.to about
f100° F. ~The remaining 10% of .the initial total
:HzS -eontent -of the gas:can :be .converted  into
‘sulphur:vapor -in ‘the:second -oxidation stage -of
the -second -group .of :reactors hy .cooling the
;gaseous -admixture .delivered ..from the first
«0Xidation :stage to about:500° -F.,, .then mixing
S0z with the :cooled -gaseous -admixture -at the
rate ‘of ‘about 11 .1bs..of SOz per minute prior
-to-its entry into:the. reactor of .the.second ;group
rof ;reactors -in -which the second: oxidation-stage
‘oceurs. The -temperature in the reactor -will
‘rise to fromabout 530° F. to.:about 560° 1,

Obviously, “witha raw .gas  having -a ‘much
lesser, HiS content, it -will be: possible:to remove
call ~of the ‘HeS in the .first ;eroup of :reactors
swithout raising the.temperature in -either +the
‘first :or isecond ‘.oxidation - stages .above :a per~
~missible reaction temperature .of -from about
747° F. to about 830° F.

It is:always-advisable, however,:t0-do-as-much
‘oxidation -as -possible in :the -first istage, con-
:sistent’ with the:above mentioned reaction tem-
‘peratures,:so :that it has been.found -advisable,
‘when_treating a igas :containing -about :15%
:Hz28, 'to .supply oxidant .gases ‘to :the - various
:stages:so “as to :accomplish :about-55% :conver-
:sion:in the first.stage, :about;25% in‘the second
stage, :about :12% .in the third -stage, and :8%
:in .the last :stage. Since, ‘in sthe -earlier stages,
:the catalytic cconversion ‘can: not ‘be rcompleted,
:the ‘reaction din these stages:can be assisted by
ithe presence of an excess of oxidant;gas. ~Thus,
o -accomplish the iHlustrative -reactions dhove,
it “has rbeen found .convenient to supply about
5% -of :the total oxidant :gas in the first stage
and -the ;remaining :25% -in -the :second :stage.
The excess not-used-up :An «cither of these stages
s earried “with ‘the :gas to :be -tredted, ~and “is

. -available as needed:in the last:two:stages.

In connection with the foregoing, :it ‘may sbe
spointed-out-that, -asthe boiling ipoint of :sulphur
15:832° F.,-a-pure sulphur vapor would:condense
1o liquid - if seooled :below sthat ‘temperature. :In
the present -method, sas rabove: described, there
In
fact, -the maximum concentration is-about 2%,

at which concentration the :sulphur vapor -will
:remain in vapor form at.the pressures and:tem-
peratures-employed .in the-process.

While it is -not -a necessary feature -of 'the
Jinventien, it ‘may -be pointed -out that, -if the
liberated; sulphur.content.of the treated :gas be-
comes . too ‘high -between .the first .and  second
-oxidation:stages: of -eithergroup of -reactors, -all
~or <part ‘of it :may be rvemoved. This- is ‘readily
-accomplished, ifor example, by -suitable adjust-
ment of -the.heat exchangers .T-and -Hi.

‘The. ;scrubbing -towers 8-and .2 may .be .of
any suitable usual type. -In-the-particular em-
bodiment -illustrated, .molten -sulphur 'is with-
~drawn frem -the:bottom -of the. scrubbing tower
-8 -through pipe line (20 by pump: 121 :and de-
wlvered-$o:a sulphur. cooler 122 through a’pipe
Jdine -128." From -the sulphur ‘cooler 122, :the
molten sulphur passes through :pipe line. 124 to
the-top-of the serubbing:tower 8. The anolten
sulphur cascades downwardly through the:serub-
bing tower and:is:brought into intimate contact
wwith the:counter<current.stream of -gas, 'steam
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" and elemental sulphur vapor rising through the
scrubbing tower and condenses the sulphur
vapor into molten sulphur which collects in the
bottom of the tower. In like manner, molten
sulphur is withdrawn from the bottom of the
serubbing tower {2 through g pipe line 125 by
a pump 126 and delivered to a sulphur cooler
127 through a pipe line 128. From the sulphur
cooler 121, the molten sulphur passes through
a pipe line 129 to the top of the scrubbing tower
{2 and cascades downwardly through the tower
~-in counter-current to the upward flow of gas,
steam-and sulphur vapor therein and condenses
“the sulphur vapor, which collects in the bottom
of the tower.. A portion of the molten sulphur
being recirculated through the two scrubbing
towers, is. withdrawn through a pipe line 139,
which is connected to a cross pipe line {31 con-
‘necting the discharge pipe lines {24 and 128
from the sulphur coolers 122 and {271, and de-
livered in its molten state to a sulphur cooling
and flaking machine (not shown). Pipe line
11, through which liquid sulphur is supplied to
the sulphur burner 15, is shown as being con-
nected to pipe line 130.

By mounting the annular drum and the mani-
folds of the converter within pressure vessels,
the method may be carried out with high. pres-
sure gases and, too, the equalization of pressure
within the drums, manifolds and vessels, per-
mits the drums and manifolds to be made of
lighter weight material, which adds consider-
ably to the efficient and economical operation
of the converters. This equalization is accom-
plished by means of a small opening {32 formed
in that portion of the pipe line 94 within the
vessels 21. It is also considered desirable to
provide each of the six pipes 94, 95, 86, 98, 99
and 100 of each of the converters with expan-

sion joints 133, located a short distance from

their points of connection to the manifolds.
This may be necessary, due to the unequal tem-
peratures of the gases and media as they pass
through the various sectors, thereby resulting in
unequal. expansion of the parts of the drums
and manifolds.

. While two three stage rotary converters have
been . shown, obviously, one converter may be
used, if desired, in which case, the treated gas,

. after passing through the first scrubbing tower _

. 8, would be sent to its further point of use by
means of a valved by pass conduit 134 connected
to valved conduit 169.

From the foregoing, it readily will be seen
that there has been provided a novel method
of recovering elemental sulphur in liquid form
from gases containing H2S, which provides for
carrying out the reaction process in at least
two oxidation stages with control of the tem-
perature rise in each stage, thereby permitting
the reaction process to be effected at tempera-
tures below about 800° F., with resulting in-
crease in efficiency of the process, use of less
expensive apparatus, and permitting the use of
a catalyst carrier such as silica gel.

While the invention has been described in con-
nection with the desulphurization of sour gas,
obviously, it is also -applicable to the desulphuri-
zation of other types of sulphur-containing gases
and vapors which are subject to the action-of
a suitable catalyst.

Obviously, the invention is not restricted to
the particular embodiment thereof herein shown
and described. - Moreover, it is not indispensable
that all of the features of the invention be used
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12
conjointly, since they may be employed advan-
tageously in various combinations and sub-
combinations.

What is claimed is:

1. In the recovery of elemental sulphur in liquid
form from gases containing H=S involving the
contact of a catalyst with the gas containing
H-S to form sulphur vapor and the subsequent
treatment of the catalyst in an oxidizing atmos~
phere to regenerate the catalyst for further con-
tact with the gases containing HeS and the sub-
sequent condensation of the sulphur vapor to
form liquid sulphur, the improvement which com-
prises rotating a series of separated thin beds of
catalyst directly and in succession and substan-
tially continuously relative to and through. a
series of reaction zones and a regenerating zone;
continuously directing the flow of the gas to be
treated in succession and in series through said
reaction zones; subjecting the gas to be treated
to heat exchange to bring its temperature to an
optimum reaction temperature and mixing a pre-
determined amount of oxidant with it prior to its
passage through each of the reaction zones to
convert a portion of the H2S in each of said zones
into sulphur vapor and steam; continuously with-
drawing the treated gas from the last one of the
reaction zones and directing its flow through a
condensing zone and there condensing the sul-
phur vapor to form liquid sulphur; and continu-
ously directing the flow of a hot oxidizing medium
through the regenerating zone to reactivate the
catalyst therein.

2. The method, as set forth in claim 1, wherein
the direction of the series flow of the treated gas
is opposite to the direction of rotation of the
catalyst beds, whereby the treated gas will always
make its last passage through freshly activated
catalyst beds. )

3. The method, as set forth in c¢laim 1, includ-
ing rotating a second series of separated thin
beds of catalyst directly and in succession and
substantially continuously relative to and through
a second series of reaction zones and a regener-
ating zone; continuously withdrawing the treated
gas from said condensing zone and directing the
flow of the withdrawn gas in succession and in
series through said second succession of reaction
zones; subjecting the withdrawn gas to heat ex-
change to bring its temperature to an optimum
reaction temperature and mixing a predeter-
mined amount of oxidant gas with it prior to its
passage through each of said second series of
reaction zones to convert a portion of the H:S
in each of said second series of reaction zones
into sulphur vapor and steam; continuously with-
drawing the treated gas from the last one of the
reaction zones of said second succession of reac-
tion zones and directing its flow through a second
condensing zone and there condensing the sul-
phur vapor to form liguid sulphur; and continu-
ously directing the flow of a hot oxidizing medium
through the regenerating zone of said second
succession of zones to reactivate the catalyst
therein,

4, The method, as set forth in claim 1, includ-
ing the step of burning a mixture of sulphur and
air to make SO2 and supplying the SO: for use
as the oxidant.

5, In the recovery of elemental sulphur in liquid
form from gases containing H:S involving the
contact of a catalyst with the gas containing HzS
to form sulphur vapor, the subsequent treatment
of the catalyst in an oxidizing atmosphere to
regenerate the catalyst for further contact with
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the gas containing H2S and the-subsequent con-
densation of the sulphur vapor to form liquid
sulphur, the improvement which comprises rotat-
ing a series of beds of catalyst directly and in
suceession and substantially continuously relative

to and through a series of reaction zones and a_

regenerating zone; confinuously directing the
flow of the gas to be treated in succession and in
series through said reaction zones; subjecting the
gas to be treated to heat exchange to bring its
temperature to an optimum reaction temperature
and mixing with the gas to be treated an amount
of 802z sufficient to convert a portion of the HaS
into sulphur vapor and steam, without raising
the temperature of reaction in any of the zones
above about 800° P\ prior to its passage through
each of the reaction zones; continuously with-
drawing the treated gas from the last one of
said reaction zones and directing its flow through
a condensing zone and there condensing the sul-
phur vapor to form liquid sulphur; and continu-
ously directing the flow of a hot oxidizing medium
through the regenerating zone to reactivate the
catalyst therein.

6. The method, as set forth in claim 5, includ-
ing rotating a second series of separated thin
beds of catalyst directly and in succession and
substantially continuously relative to and through
a second series of reaction zones and a regener-
ating zone; continuously withdrawing the treated
gas from said condensing zone and directing the
flow of the withdrawn gas in succession and in
series through said second succession of reaction
zones; subjecting the gas to be treated to heat
exchange to bring its temperature to an opti-
mum reaction temperature and mixing with the
gas 1o be treated an amount of SO: sufficient to
convert a portion of the HeS into sulphur vapor
and steam without raising the temperature of
reaction in any of the zones above 800° F. prior
to its passage through each of the reaction zones;
continuously withdrawing the treated gas from
the last one of the reaction zones of said second
succession of reaction zones and directing its flow
through a second condensing zone and there con-
densing the sulphur vapor to form liguid sulphur;
and continuously directing the flow of a hot oxi-
dizing medium through the regenerating zone of
said second succession of zones to reactivate the
catalyst therein.

7. The method, as set forth in claim 5, includ-
ing the step of withdrawing a portion of the
liquid sulphur from the condensing zone and
burning it to supply the SOa.
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8. Inthe recovery of elemental sulphur in liquid
form from gases containing H3:S involving the
contact of a catalyst with the gas containing
H:zS to form sulphur vapor and the subsequent
treatment of the catalyst in an oxidizing atmos-
phere to regenerate the catalyst for further con-
tact with the gases containing HaS and the sub-
sequent condensation of the sulphur vapor to
form liquid sulphur, the improvement which com-
prises rotating a series of separated thin beds of
catalyst directly and in succession and substan-
tially continuously relative to and through a reac-

tion zone and a regenerating zone; mixing a pre-
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determined amount of the gas to be treated with
a predetermined proportion of sulphur-liberating
gas and continuously directing a flow of the
mixed gases at an optimum pre-reaction tem-
perature through said reaction zone to convert
the H:S in said reaction zone into sulphur vapor
and steam; continuously withdrawing the treated
gas mixture from said reaction zone and direct-
ing its flow through a condensing zone and there
condensing the sulphur vapor to form liquid sul-~
phur; and continuously directing the flow of a
hot oxidizing medium through the regenerating
zone to reactivate the catalyst therein.

9. The method, as set forth in claim 8, includ~
ing the step of burhing a mixture of sulphur and
air to make SOz and supplying the SOz for use
as the oxidant.

10. The methed as set forth in claim 9, in
which the sulphur is obtained by recyeling a por-
tion of the recovered liquid sulphur.
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