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UNITED STATES PATENT OFFICE 
METHOD OF CATALYTIC DESULFURIZATION 

OF GASES 
Ernest B. Miller, Houston, Tex., assignor to 
Jefferson Lake Sulphur Company, New Orleans, 
La., a corporation of New Jersey 
Application March 12, 1951, Serial No. 215,181 

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 objects of the invention is t0. prO'Vide 

a novel method of recovering elemental sulphur 
from gases containing H2S in which a catalyst 
is used which is able to effect a highly efficient 
conversion of H2S 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 H2S, 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 Wapol' 
is formed, prior to its passage to a scrubbing 
or condensing zone in which the Sulphur Wapor 
is condensed to form liquid Sulphur. 
Another object of the invention is to provide 

a novel method of recovering elemental sulphur 
from gases containing H2S, as characterized 
above, wherein a portion of the liquid Sulphur 
being recovered is returned to a sulphur burner, 
where it is burned to supply the Oxidant re 
quired to oxidize the H2S 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 H2S, 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 advantages of the invention 

will appear in the specification when considered 
in connection with the accompanying 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 55 
scrubbing tower and its appurtenances; 

10. Claims. (CI, 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 is a plan view of a converter; 
Fig. 6 is a side elevation, partly in section, of 

the converter driving mechanism; - - **... : ..., 
Fig. 7 is a Vertical. Sectional VieW of the con 

verter, taken on the line 7-7 of Fig. 5, but 
omitting the driving mechani Sm; 

Fig. 8 is a horizontal sectional view of the con 
verter, taken on the line 8-8 of Fig. 7, but drawn 
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. 7; ... - . . 

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

Fig. 11 is a vertical sectional view taken on the 
line - of Fig. 10; " . 

Fig. 12 is a horizontal sectional view taken on 
the line 2-2 of Fig. 7; 

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 Fig. 
14, and 

Fig. 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 invention. 
will be described in connection with the catalytic 
deSulphurization of sour natural gas and the . 
recovering of elemental Sulphur therefron 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 out the method of this invention. The ap 
paratus shown includes a first three-Stage rotary 
catalytic converter 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; a 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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5; a heat exchanger 7 for heating or cooling the 
Sour gas between the first and Second reaction 
stages of the converter 5; 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 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 for heating or 
cooling the sour gas between the first and second 
reaction stages of the second converter 9; a sec 
ond scrubbing tower 2 for separating the liguid 
Sulphur from the gaseous admixture after its 
passage through the second converter; a heater 
f3 for heating the regenerating medium. prefer 
ablv air; a fan or blower f4 for supplying air 
under pressure to the heater 3: a Sulnhur burn. 
er 5, in which a mixture of liriuid slnhur and 
air is burned to nrnduce a gas of comht stion hav 
ing as high an SO2 content as possible prefer 
ably 19-20% : and a waste heat boiler is which 
utilizes the heat, of the gases of combstion in 
the Sulph11r hirner to generate steam for run 
ning a 11triarv machinery and other nurn?ses. 
The sulphur huyºrner l5 and the WX7aste haat; hobiler 
6 may be of anv s Titahe. us ta tv 7rpe. The burn 

er 5 is shove 7m as havring a, liri ??id sylynhur sup 
nlv pine crnnected to surplv initid siloh 11 r 
from the scryihhing thvrvers an an air sinnlvy 
pine R connerted to the hot, air blower A for 
Sunnving air 11 yn der presesire †n fhp h?rnpr. 
Th a two cnnverters or react?hrs and 9 are 

preferably stirnnrted in an unricht raiser ninsi 
tion bv s'itah'e frarnavark, indicated generally 
at C and 2. respectively. 

"The r?tar???y (P??YYer they's R?? a ????? 9 : a r^cy * ?ev? +????a T irt 
c???st:T???fi??r?l ar???l are crer?era T?vr s???????a r t? f??e ??n 
vertay" s???v???? in ???7 ????er??????r?g a ??r??ipat????. Ser", 
NTo. 7"79 AR24 -fi1ed roctn'matr 1 4. 1 o4.7, frmir TM/Taf-hnri (nf 
anri Annaraºns for Thes??nhrmizo+?rsºn rf f?ases, 
now TT. S. TettArs Patant, TNTn. 2 F61 i Qonn iss11er 
Tv 24, 1951. The retails nf the rinnverter are 
shown in Hios, 5 to 15 inclusive. As there shown. 
earth of the cennwr Arfers refn rynnri CIAs a revº A est trº A vAS.-- 
Se1 2 1 ???????er” a ????1 ??w7er” ?? a ????f????s 2? ?? ??ve??"vr 
miny Tnted Yrithin tha Y7Assal: a cronym na rtm Anti7ed 
ann?lar drum 2ð rofafahlvr ma'nfed wri“hin fhe 
press1re vessa hattyrean and in ?nmm Tiniratinn 
with the manifnirs" and stifahla firiving mecha 
nisr?rt for r*{#ati??er th?e h ???? T??ar (????T1?n. 
The nressure vesse 2 i is nrafa rahv7 fnrm Ari 

in two parts. an unrer fanoer shell nr ran 25 
and a lover fanrrari shell 2A suitahv inin eri to 
gether, as hv briting tr. form a ras-tirrht, inin. 
The annular dry in 24 is fixed liv attached as 

bv means of nates 27. 28. to a central vertial 
shaft 29 suitablv journaled in bearings carried 
by the upper and lower shell members 25. 2. 
The mechanism for rotating the annillar drum is 
supported on a platform 30 mounted on the up 
per shell 25 and includes a shaft 3i connected to 
the upper end of the shaft 29 by a coupling 32 
(see Fig. 6). The shaft 3 f 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, 36, which form 
the side walls; two spaced annular plates 37, 38, 
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4. 
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, 4, 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, 4 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 tubular cata 
lyst containers 46. In the particular embodi 
ment shown, only one such container is shown 
mounted in each compartment. 
The catalyst containers 46 are identical in 

construction and, as shown in Figs. 14 and 15, 
each comprises two concentric tubular wire 
screens 47, 48 held in spaced relation by a plu 
rality of longitudinal radial fins 49. with the an 
nullar 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 
tre is the carrier for the active material. Ox 
ide of copper. nickel, and manganese may be en 
ployed as the active material. However, iron ox 
ide is preferred. In connection with the fore 
going, it mav he pointed out that the annular 
beds of catalvst material are so thin that they 
permit velocities of about from 10 to 25 feet 
per minute through the beds at 60-70 F. and 
atmospheric pressT tre. 
Each of the containers A R is closer at its top by 

means of connentric hoons 5 f. 52 mounted on the 
compremfrio screens 47. 4? and a, cover rilate 53 
detachahliv connecteri to the inner hoop 52. as by 
Screw hots. and havino a denending annlilar 
trogh-shane flange 54 fitting hefvereen the hooos 
51 552. A darpending annular fîn 55 is sec" trefi to 
the flange R.A. and proi acts downward v between 
and het over the hoops 51, 52. and fits in slots 56 
former in the Unper ends of the ra?ial fins 48, 
all as shown in Fig. 15. The construction is such 
that, as the catalyst settles ?own, leaving a Space 
between the trip portion of the wire screens de 
void of catalysts, the fin 55 will prevent gas from 
nassing through the space devoid of catalyst. 
Each container 46 is detachably mounted on a 
nozzle 57 proiecting upwardly from an opening 
58 formed in the plate 45, as clearly shown in 
Fig. 7. The nozzle 5T 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 
ton) 59 and annular side walls 60, 6 (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 
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top and bottom manifolds are held stationary rele. 
ative-totherotation of the drum byl means; herer 
inafter to be described, and, to prevent, the: eS-. 
cape-of-gas between the rotating drum and the 
manifolds, sealing ring gaskets: 64, are placed at 
the junction of the sides walls of the manifolds 
and the drum. The sealing ring: gaskets 64 are 
held in tight sealing engagement. With the top 
and bottom of the drum by means of annular hoops 
65, which encircle the gaskets, and hold then 
against the side-walls of the manifold. The upper 
(or lower) ends of the hoops. 65 are secured to the 
top (or bottom) plate of the manifold, as hy 
welding. The ring gaskets are retained between 
the hoops 65 and the side walls, 30, 6 of the 
manifolds by means; of a plurality of circumfer 
entially spaced threaded bolts 66, 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, 6 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 bottonia) of the ring 
gaskets, allas clearly shown in 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, each 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, 19. and 1. 
Each seal includes a bottom or sealing plate, its 
mounted within the manifold between Spaced 
radial partition walls A, 72. The bottom plate. 
70 is yieldably urged against the top (or botton). 
of the drum and rests on the concentric plates 
37, 38 which form the top of the drum (or plates 
40, 4 which form the bottom of the drum), as 
shown in Fig. 9. The side edges of the plate 78 
are bifurcated, as shown at 13, T4, for the recep 
tion of gasket strips 75, 76, which are yieldably 
pressed outwardly against the partition walls Ti, 
72 of the seal by leaf springs 7, 8, 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 39 engage the top (or bot 
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 80 formed on the plate 70. 
Each radial partition or diaphragm 44 has a , 

portion of its top and bottom edges extending 
upwardly (or downwardly) between the edges of 
the openings in the top and botton of the drum. 
A gasket 82 is secured on these portions and ex 
tends above (or below) their top (or bottom) 
edges and engages the under face of the botton, 
plate.T.C. of the Seal (See Fig, 11). 

EPlates 83 are secured to the tops and bottons 
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. The 
gaskets 82 are confined between the partitions and 
the plates 83, as by means of bolts 86, and are 
pressed upwardly (or downwardly) against the 
under surface of the bottom plates 70 of the Seals 
by means of leaf springs' 87, all as shown in 
Fig. 11. 

5 

O 

5 

20, 

25. 

6. 
In order: to prevent the gaskets 82 from being 

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. 
plates 88, 89 which extend between and are se 
cured to the partition walls of the seal, as shown 
in Fig. 12. The bottom surfaces of the plates. 
88, 89. are in the same horizontal plane, as the 
bottom surfaces of the bottom plates T.O. of 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 9 are: mounted within 

the top: and bottom manifolds. These rollers are 
circumferentially spaced within the manifolds, 
and are 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 drun. These rollers. 
are: identical. in construction, and mounting and 
each, comprises: a threaded studi bolt. 9 screwed. 
into the outer side: wall 60 of the manifold; a. 
ball race; 92 fixedly mounted on the bolt; and a 
wheel 93 mounted on the ball race, all as shows 
in Fig. 13. 
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Three flanged pipes or conduits 94, 95, 96 hay. 
ing threaded ends, project through the cap of 
the vessel 2 and have their threaded ends se 
cured to the top plate of the top manifold, by 
means of lock, nuts. 97 which form gas-tight. 
joints. (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 additionalflanged pipes. 98, 99, 10, hav 

ing threaded ends, project through the bottom. 
of the vessel 21, and have their threaded ends 
secured to the bottom. plate of the bottom mani. 
fold, by means of lock.nuts. 97 which form gas. 
tight joints. These pipes are welded to the bott 
ton. Of the vessel. 2.f. and hold the bottom mani 
fold stationary relative to the rotation of the 
drum. These pipes are circumferentially spaced 
With respect, to the bottom manifold and each. 
is Secured to and Communicates with the mani. 
fold 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 bottom 
plate 70 of the sealin 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 convenience, 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 schematically in Fig. 16; 

75. 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 
pipeline Ol. The gas is heated in the pre-heater 
to an optimum pre-reaction temperature and 
then passes through a pipe line (2 to the first 
converter 5 and enters the top manifold of the 
first reaction stage through pipe 94. 
The oxidant gas, preferably SO2, for the first 

reaction stage of the converter 5, is delivered 
under Suitable pressure, from the Sulphur burner 
5 through a supply pipe line 3 and a branch 
valved pipe line 4 connected to the pipe line 

2. The mixture of Sour gas and SO2 paSSeS 
downwardly from the upper manifold through 
the opening in the top of the drum into the 
various compartments of the drum containing 
the tubular catalyst containers, 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 
SO2 comes into intinate contact With the cata 
lyst an exothermic reaction takes place in Which 
elemental Sulphur is liberated in Wapor form, to 
gether with steam, in accordance with the foll 
lowing equation: 

From the bottom manifold, the treated gase 
ous admixture passes through pipe 98 and pipe 
line 5 into the first heat eXchanger , where 
its temperature, which has risen in the reactor, 
is adjusted to an optimum pre-reaction ten 
perature. From the first heat eXchanger , the 
gaseous admixture passes through pipe lines 66 
and 95 into the top manifold of the Second re 
action stage of the converter 5. 
The oxidant gas, preferably SO2, for the Second 

reaction stage of the converter 5, is delivered 
under suitable pressure through a branch Valved 
pipe line 7 connecting the Supply line 03 and 
the pipe line 6. 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 5, the treated gaseous admixture passes 
through pipe 99 and pipe line 98 into the bot 
ton of the first Scrubbing tower 8. The treated 
gas mixture including the sulphur 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 to Wer 8, 
the partially desulphurized gas paSSes through 
pipeline fog into the second pre-heater G, where 
its temperature is adjusted to an optimum pre 
reaction temperature. From the Second pre 
heater, the gas passes through pipeline 0 and 
pipe 94 of the second converter 9 into the top 
manifold of the first reaction stage of the sec 
Ond converter 9. 
3. The oxidant gas, preferably SO2, for the first 
reaction stage of the converter 9 is delivered 
under suitable pressure through a branch valved 
pipe line fl. connecting the supply line fo3 and 

S 
the pipeline 0. 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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75. 

From the first reaction Stage of the Second 
converter the treated gaseous admixture passes 
through pipe 98 and pipe line 2 into the Sec 
ond heat exchanger f f , where its temperature, 
which has risen in the reactor, is adjusted to an 
optimum pre-reaction temperature. 
From the Second heat exchanger , the treated 

gaseous admixture passages through pipe line 
3 and pipe 95 of the second converter 9 into 

the top manifold of the second reaction stage 
of the second converter 9. 
The Oxidant gas, preferably SO2, for the Second 

reaction stage of the second converter is de 
livered, under suitable pressure, through a branch 
valved pipe line 4 connecting the supply pipe 
line 3 and the pipe line 3. The gaseous 
admixture moves downwardly through the Secondi 
reaction Stage of the Second COWelter in a nan 
ner Similar. to : itS doWinWard 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 
pipeline 5 into the bottom of the second scrub 
bing tower 2. The treated gaseous admixture, 
together with the Stearn and Sulphur Vapor 
formed by the reactions in the second converter, 
rises in the second scrubbing tower against a 
down Ward flow of molten Sulphur, Which con 
denses the Sulphur Wapor into molten Sulphur 
which collects in the botton of the Scrubbing 
tower. From the top of the Second Scrubbing 
tower, the now Sweet gas passes through a pipe 
line S 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 3 by means of the fan or blower 

. The air is heated to a temperature of about 
1000°F. in the heater and, from the heater, passes 
through supply pipe line and branch pipe 
line 8 to the first converter 5 and enters the 
bottom manifold of the activation stage through 
pipe 0. From the bottom manifold, the hot 
air passes through the opening in the botton of 
the drum into the bottOirms Of the Vario US com 
partments of the drun as are at that time con 
tained within the reactor forming the reactiva 
tion stage; thence, upwardly through the open 
ings in the plates 45, 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, upwardiy 
through the opening in the top of the drum into 
the top manifold. As the hot air passes through 
the catalyst material, any inpurities in the for 
Of tars or carbonaceous matter are burned off 
and the catalyst material is reactivated. Fron 
the top manifold of the activation stage, the hot 
air is exhausted to the atmosphere through pipe 
96. 

Hot air for use as the regenerating medium 
for the reactivation stage of the Second converter 
passes from the air supply pipe it and branch 
pipe line 9 to the Second converter and enters 
the bottom manifold of the reactivation stage 
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through pipe if CO of the second converter. The 
hot air passes upward through the reactivation 
stage of the second converter in a manner. Similar 
to its upward passage through the reactivation 
stage of the first converter and, during its pas 
Sage, regenerates the catalyst 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 due to friction. Pres 
sure above this.limitationis not necessary to suc 
rcessful operation. On the other hand, by allow 
ance for the differential pressure, a reasonable 
increase, in the over-all-operating pressures will 
permit handling larger gas Volumes in an siap 
sparatus offixed size. The particular apparatus 
shown is designed to handle gases at high pres 
sures; although it is contemplated that the meth 
... od herein described can he practiced by utilizing 
pressures of from about 5 lbs. to 10 lbs. per square 
Kirch. 

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, aloout:830 F. by adjusting, the temperature 
of the admixture of the gas to be treated and the 
Sulphur liberating gas, illustratively. SO2, 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 
SO2 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 above 
830. F., the efficiency 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 H2S per 
4300 cubic feet at a pressure of 10 lbs, gauge 
and at 100°F. Then, about 30% of the initial 
H2S content of the gas can be converted into 
sulphur Wapor in the first oxidation, stage of the 
first group of reactors by pre-heating the gas 
to about 500°F. and mixing SO2 with the pre 
heated gas at the rate of about 30 lbs. of SO2 
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 about 7209 E. 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 SO2 with the cooled gaseous mixture 
at the rate of about 30 lbs. of SO2 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 71.0° E, 
About 30% of the initial total H2S 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 

10 
500 F. and mixing SO2 with the pre-heated 
igas at the rate: Of about 30 lbs. Of SO2 per 
minute prior to its entry into the reactor in 

: the second group of reactors, in which the first 
Oxidation stage occurs. The temperature in the 

' reactor Will rise to from about 670. F. to about 
700°F. The remaining 10% of the initial total 
H2S content of the gas can be converted into 
'Sulphur vapor in the second oxidation stage of 
the second group of reactors by cooling the 
gaseous admixture delivered from the first 
Oxidation stage to about 500F., then mixing 
SO2 with the cooled gaseous admixture at the 
rate of about 1.1 lbs.'s of SO2 per minute prior 
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is no concentrated Sulphur at any point. 

'to its entry into the reactor of the second group 
of reactors in which the Second Oxidation stage 
Occurs. The temperature in the reactor will 
irise to from about 530 F. to about 560° if. 

Obviously, with a raw gas having sa much 
lesser, H2S content, it will be possible to remove 
(all of the H2S in the first group of reactors 
"Without raising the temperature in either the 
first or ; Second oxidation stages above a per 
missible reaction itemperature of from about 
747 F. to about 830 F. 

. It is always advisable, however, ito do as much 
oxidation as possible in the first stage, con 
Sistent With the above mentioned reaction item 
peratures, So that it has been found advisable, 

: When treating a gas containing about 1.5% 
H2S, 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 38% 
in the last Stage. Since, in the earlier stages, 
:the catalytic conversion can not be completed, 
the reaction in these stages: can be assisted by 
...the presence of an excess of oxidant; gas. Thus, 
"to accomplish the illustrative reactions above, 
it has been found convenient to supply about 
75% of the total oxidant gas in the first stage 
and the remaining 25% in the second stage. 
The excess not used up in either of these stages 
is carried with the gas to be treated, and is 
available as needed in the last two 'stages. 
In connection with the foregoing, it may be 

spointed out that, as the boiling point of sulphur 
'is'.832 F., a pure sulphur vapor would condense 
to liquid if cooled below that temperature. In 
the present method, as above a 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 item 
peratures employed in the process. 
While it is not a necessary feature of the 

sinvention, it may be pointed out that, if the 
liberated: sulphur content of the treated gas be 
cones too high between the first and Second 

: Oxidation stages of either group of reactors, all 
sor part of it may be removed. This is readily 
(accomplished, for example, by suitable adjust 
ment of the heat exchangers 7 - and - . 
The Scrubbing towers 8 and 2 may be of 

any suitable usual type. In the particular em 
bodiment illustrated, molten sulphur is with 

r drawn from the bottom of the scrubbing tower 
8 through pipe line 20 by pump 2 and de 
liveredito a sulphur cooler 122 through a pipe 
line (23. From the sulphur cooler 22, the 
moiten Sulphur passes through pipe line, 24 to 
the top of the Scrubbing tower. 8. The molten 
Sulphur Cascades downwardly through the scrub 
bing tower and is brought into intimate contact 
With the counter-current stream of gas, steam 
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- and elementai 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 
scrubbing tower f2 through a pipe line 25 by 
a pump 26 and delivered to a Sulphur COOler 
27 through a pipe line 28. From the Sulphur 

cooler 27, the molten Sulphur passes through 
a pipe line 29 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 30, 
which is connected to a cross pipe line 3 con 
necting the discharge pipe lines 24 and 28 
from the Sulphur coolers 22 and 27, and de 
livered in its molten state to a Sulphur cooling 
and faking machine (not shown). Pipe line 
17, through which liquid sulphur is supplied to 
the Sulphur burner 5, is shown as being COn 
nected to pipe line 30. 
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 2. It is also considered desirable to 
provide each of the six pipes 94, 95, 96, 98, 99 
and 100 of each of the converters with expan 
Sion joints 33, 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 34 Connected 
to valved conduit 09. 
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 H2S involving the 
contact of a catalyst with the gas containing 
H2S 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 H2S 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 claim 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 
atting 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 H2S 
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 liquid 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 SO2 for use 
as the oxidant. 

5. In the recovery of elemental sulphur in liquid 
form from gases containing H2S involving the 
contact of a catalyst with the gas containing H2S 
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 
succession and substantially 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 with the gas to be treated an amount 
of SO2 sufficient to convert a portion of the H2S 
into sulphur vapor and steam, without raising 
the temperature of reaction in any of the ZOneS 
above about 800 F. 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 to be treated an amount of SO2 sufficient to 
convert a portion of the H2S 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 withdra Wing 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 liquid 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 SO2. 

14 
8. In the recovery of elemental sulphur in liquid 

form from gases containing H2S involving the 
contact of a catalyst with the gas containing 
H2S to form sulphur vapor and the subsequent 

0 

treatment of the catalyst in an oxidizing atmos 
phere to regenerate the catalyst for further con 
tact with the gases containing H2S 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 H2S 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 burning a mixture of sulphur and 
air to make SO2 and supplying the SO: for use 
as the Oxidant. 

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

ERNEST. B. MILLER. 
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