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.~ We, SHELL INTERNATIONALE RESEARCH

MaATscHAPPI) N.V., a company organised

under the laws of The Netherlands, of 30.
Carel van Bylandtlaan, The Hague, The -

‘Netherlands, do hereby declare the invention,
for which we pray that a patent may be
method by which it is
'to be performed, to be particularly described
in and by the following statement:—

" The invention relates to a process for re-

. ‘moving sulphur oxides. from.a free oxygen-
. containing gas mixture by contacting the said
" "mixture with a solid acceptor.

. As a consequence of increasing industrial-
ization the prevention of air pollution is re-
ceiving more and morc attention. The re-

_ moval of sulphur oxides from gas mixtures, in
! - particular from hot waste gases with relatively
_Tow. content of sulphur oxides—such as flue
~gases and gases originating from roasting pro-
cesses—has therefore in the past few years -
. become a technical problem.

Although various processes for the purifi-
cation of gases have been proposed; it 15 for
reasons of heat economy that only a few of

.these are eligible for the present purpose.
“Processes aiming at the removal of sulphur
oxides at relatively low temperatures are hardly
" attractive for treating hot waste gases. For
“these gases which are produced in enormous

quantities would then have to be cooled down
first and, after removal of the sulphur oxides,
‘heated again in order that they may be re-
‘moved in a suitable way via a stack. An

example of such a low-temperaturé process is

one in which the gas to be purified is washed -

with a liquid. Another example is a process

. described in British patent Specification

1,045,045 in which process sulphur compounds
are removed by first adsorbing the said com-
pounds at a temperature varying from ambient
temperature to about 150°C on a catalyst
consisting of vanadium- pentoxide.  and
potassium oxide on alumina, and then desorb-

[Price 4s. 6d.]

-

ing and oxidizing the said compounds 10" sul-
phur dioxide and sulphur trioxide by means
of e.g. air, at a temperature of from 400 to
500°C. ' ' :

In view of these drawbacks, investigations -
have been carried out to arrive at a process that
is realized at flue-gas temperatures, i.c. at
temperatures in the range of about 300—
450°C, The purified gases can then be re-’
moved via the stack without having to be
heated.

A process is known in which the removal

" or acceptance of sulphur dioxide from hot

waste gases is effccted at temperaturcs of
about 120—340°C by contacting the said gases

‘with.a solid acceptor consisting of an alkali
metal oxide supported on alumina or the like

as a carrier. A drawback of this known
process is that the regeneration of the loaded

acceptor—with a reducing gas such as a light '

aliphatic hydrocarbon—must be effected at a

600°C. :

Surprisingly, it has now been found that
the presence of vanadium in an acceptor con-
sisting of an alkali metal compound on a
preferably porous carrier material, consider-
ably lowers the témperature required for re-

are shown in Table}
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_considerably higher temperature of about

70

generation of the loaded acceptor. As a conse-

_quence a loaded acceptor containing a com-

bipation of an alkali metal compound and a
vanadium compound can be regenerated-with
the aid of a reducing gas or gas mixture at
the temperatures used for accepting the sulphur
oxides from a flue gas or at slightly higher
temperatures. . '

15

The present invention accordingly provides .
a process for the removal of sulphur oxides

from a gas mixture comprising sulphur oxides

and oxygen, in which the said gas mixture

is contacted at a temperature above 200°C
with a solid acceptor consisting of a solid
refractory. carrier material comprising a

8

vanadium compound and-4n alkali metal com- °
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2 WA ~a high degree of loading of the acce SerGonel Bhc\iiitioh atchrding [t which et 51 - :
95 is desirable that the carrier material has a carrier material is impregnated- with an aque= al ~com 25 -
relatively large specific surface area; the sur- OuUS solution of alkali metal hydroxide or car- 90 -
face area has preferably to be at least 50 m*/g bonate and a vanadium sait, and subsequently °
4nd more preferably at least 100 m?/g. Sur- dried and calcined. The impregnating and
. face areas of 150 to 300 m?/g are particu- calcining steps may be repeated as many
30 larly preferred. Commercial y-Al.Os grades’ times as required in order 10 reach the de- . 30
- . having an average pore diameter of 65—100 . sired concentrations of yanadium pentoxide 95 .
A, !lporc volume of 0.30—0.60 ml/g and a and alkali metal oxide. Another possibility is
specific surface area of 160—230 m?/g arc mixing the metal compounds ‘and the carrier

particularly suitable. - material intimately through . coprecipitation, C
35 . :The acceptor of the invention should con- with subsequent drying and calcining. - - .35
" tain both” an alkali metal compound and a As already observed in the foregoing, the 100

.vanadium compourid. Preferably, the alkali present acceptor has a great advantage 1n
rhetal compound is potassium oxide ot sodium that, when loaded with sulphur oxides, it
_ oxide and the vanadium compound is a- may be regenerated by treatment with a re- "~ oo
. 40 vanadium oxide and, more preferably, "ducing gas or gas mhixture at temperatures - 40
' - vanadium pentoxide. An acceptor only con- similar to or slightly higher than those at 105
" faining a vanadium_oxide has a very limited which the acceptor was loaded. Since the
" capacity for accepting sulphur oxides, whilst acceptance of sulphur oxides proceeds at tem- -
- dn acceptor with only alkali metal oxide has ~ peratures of from 300 to 450°G, regeneration

. 45. 1o be regenerated at temperatures of about is as a rule effected at temperatures of from . 45
E 600°C or higher. 300 to 500°C. _ 110 g
" The total metal content’ of the acceptor Operating at acceptance and regencration
may vary within wide limits, again depending tempcrathtcs'which differ only slightly is not
. on the specific surface area of the carricr only of advantage from the point of view _ .
‘50 material. As a rulc it is at least 3%w - of heat cconomy but -is--also- very -important - 50
S 'and-prcfcrably.3.5——15°/,,w, calculated on the for the lifetime of the acceptor. When, - for- 115 ' '
carrier material. In general the metal content instance, sulphur ‘dioxide has to be removed -
o will not excced 30%w. Preferably the acceptor from fluc gases, an conomically justifiable
. contains from 2.5 to 15%w of alkali metal operation of the process will as a rule re- ' .
: 85 and from 1 to 10%Ww of vanadium, based on quire that thc acceptor scrves in thc process o 55
™" the carricr material. for a long time, This means that it should be 120 - C

The optimum alkali metal content of the possible to regencrate the acceptor preferably
acceptor is determined by the nature of the several hundred times without its activity de- . = %
. - carrier material; when the alkali metal con- clining too much. A life-time of such a length i
. 60 “tent exceeds a certain limit, part of the alkali will not be easy t0 realize with acceptors that ... ’ 60
) - metal present apparently does not take part must be heated overa relatively wide tem- 125
in the reaction with sulphur oxides. As re- °perature range for every -regeneration and-
gards the ‘vapadium content, 'there seems to subsequently be cooled down again for the
. exist a lower -and an upper limit. With an . next. “acceptance ~ step. The chemical. and

65
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por OCL €rf] . foN prdss@re} ecd miximg of such hydrogaghons; o gon %&Pmi aceeptor, whitst 18 addit [esr] in }
oh, A5 1 i may alg be very conveniently ap?&:‘ . As tyst /AtritibH 'ard QfitOdropf\ae apichr !
will ‘aceeptor ex?mg:_s may lcalg mentiongd low-fblecular _lower. B Particle size of :
jes, © i i ' . hydrocarbons such as methkheDethane, pro- 3  The efuét gas from ghe regenggation of 3
stor & . i . pane, butanc and the like, or technical mix- the loaded acceptor, which is considerably 9
ep-t - 15 tures, such as natural gas or tops such as richer in sulphur compounds than the original 80
cral 80 | _ obtained, for instance, in the straight-run dis- : oxygen-containing gas mixture, may be worked
ibly cg tillation of petrolcum. ‘up in a known manncr, either to elementary
kali S . - If it is desirable to effect the regeneration  sulphur or to sulphuric acid. _ '
bly- S of the loaded acceptor at a slightly higher *. As stated hereinbefore, the said effluent gas I
: . i . 20 temperature than that at which the accept- may also comprise sulphur dioxide. In order 85 . . S
wd- ‘85 . ance takes place, this higher temperature is to avoid solid sulphur deposits being formed, = - S |
by  easily attained by subjecting part of the re- it may be desirable to conduct the regeneration
be . ducing gas used to partial eombustion in the effluent gas through a medium which catalyses
the s regeneration reactor. the reaction of the said oxide and. the xeduc—- -
ue- I 25 The acceptance-regeneration cycle described ing " gas used to give hydrogen sulphide. 90 °
car- 90 in the foregoing is particularly suitable for a According to British patent Specification .
mly continuous embodiment of the process. Use 1,116,129, vanadium pentoxide is a suitable
and . ¢ . may be made of the various techniques known = catalyst for this purpose.
any =~ v for the continuous contacting of a gas with The invention is further elucidated by '.
de- - . 30 a-solid. ~ means of the following examples describing 95 i
gide 95 ' In one embodiment of the invention the acceptors consisting ' of potassium oxide and o
yis . ‘Joaded acceptor is continuously removed from vanadium pentoxide on v-alumina as ' the !
A a reactor in which the sulphur oxides are carrier. ' :
sion, e accepted from the gas mixture to be purified, ExampLE I _
S t '35 and passed into a second reactor where the - In order to study the influence of the 100
the 100° | Joaded acceptor is contacted with- a reducing vanadium-potassium atomic ratio of the
: in b gas, whereupon the acceptor thus treated is acceptor on its capacity for accepting sulphur
, it : recycled to the first reactor. The dimensions dioxide from waste gascs, a number of accep- "
e- ! of the contact apparatus are so chosen that . tors having varying-V/p- ratios were prepared. \'l
ures .40 sufficient loading, or regeneration, of the All - acceptors contained ' a_fixed amount of 105 -
. at-105 | . -. - @acceptors is realized and a gas that is sub- potassium, viz. 3%w on carrier material, and
“the I . stantially free from sulphur oxides is obtained. had different amounts of vanadium, varying
em- This continuous purification is by preference. from 1 to 10%,w. The acceptors were prepared
ition . conducted in a fluidized acceptor bed, such. as follows: oo . -
‘rom e . 45 : that the gas to be purified is passed through * ~ - A “commercial y*alumina with grain sizes 110
1mo oo \3 vertical reactor either upwards or cross- varying between 0.5 and 1.9 mm (35—10
wion® - \currently, meanwhile being contacted with _mesh, U.S. Sieve Series), an average pore dia-
not * acceptor passed through in a downward direc- meter of 67 A, a pore volume of 0.34 ml/g
view - tion. The purified gases are removed at the and a specific surface area of 162 m*/g, was
sant  ° 50 top or the side of the reactor, and the loaded impregnated at room temperature with an 115
for 115 acceptor is discharged at the bottom of the aqueous solution of potassium hydroxide and ~
oved reactor and continuously passed into a second vanadyl oxalate, subsequently dried at 120°C
iable . ~ reactor, where it is contacted countercurrently and then calcined at 500°C for three hours.
Cree - . with a reducing gas, whereupon the acceptor The acceptors thus prepared were. tested B
5cess - 55 'thus treated is recycled continuously to the for their capacity for the removal of SO, from 120 -
4 be -120 o first reactor. . a synthetic flue gas of the following com- .- =
rably ERERT - In another embodiment of the invention position: CO, 13.5%V; 0, 6.1%v; N
r de- . acceptance and. regeneration are performed in  74.5%V; . H,0 5.5%v; SO; 03%v. The
ngth ~ ' . a gauzé tube reactor. According to this acceptor to be tested was placed in a tubular - .
that . 60 embodiment a gas mixture comprising sulphur reactor and the above gas mixture was: passed -125
tem- 125 oxides and oxygen is conducted through.a over it at a temperature of 300°C for 3
“and . reactor comprising one or more open gas hours. with a space velocity of 2000 litres
- the _ channels running parallel or substantially of gas per litre of acceptor per hour. The
“and . ‘parallel and having walls designed and built sulphur dioxide load. of the acceptor at the - o
T ' 65 - such that the solid acceptor present on, in moment of breakthrough of 10% of the sul- 130
i
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L __ _15 load of the acceptors amounts 10 about 4%w

tureof —fTom300{®err] to 450[err]C

prepared by impregnating - ‘60 - grams of
v~AL O, of Example I at room tcmperature
with 60 ml of a liquid comprising 4.48 grams’

"~ of KOH, 2.99 grams of V,0, and 6 grams

NI _. .. “the feed gas; the sulphur-dioxide load of the

[ for the above example. This implies that at of oxalic acid. The 1mpregnatcd alumina was 30
i - a vanadium content of more than 4%w sul~ left for 15 minutes and then dried at 120°C
4 L phur oxides are apparently bound by -other and calcined for 3 hours at a tempcrature of
: - components of the acceptor as well. 500°C.
R ' : 20 ml of this acceptor was tested under .. -
: 20 ExampLg II the same conditions as described in Example 35
; To assess the lifetime of the acceptors of 1. Regeneration of the loaded acceptor was,
! the invention an acceptor containing 5.2%w however, done at 400°C with propane in- :
: of potassium and 2.8%w of vanadium on y- stead of methane (space velocity of 100 htres :
'f : -alumina was tested in a series of 32 accepi- per litre of acceptor per hour) :
25 .'ancc-regeneratlon cycles The acceptor  was
\- . TasLE II
Cycle number 24 512 ~13=—=15" | -, 16—32 :
. | 8O,~load at the moment
-1 of breakthrough of 10%, of NI . :
P SO, in feed gas, %w on o .- ) LI L -~
4! _acceptor _ 4.1 —_ 3.4—4.0 3.0 . :
41 Regeneration in hours 5 5. 16 5 :
; From the results given it is evident that = acceptor with 10.4%w of potassium (V/K
: .. after 32 cycles hardly any decline of the atomic ratio 0.2) amounts to 4.0%w, as com~ 55 -
- performance of the acceptor occurs. During pared with 3.5%w for the acceptor contain-
j " regeneratxon no coke deposited on the acceptor 'ing) 5.2%w of potassium (V/K atomic ratio
| . 0d. : - -
45 ExaMPLE 11T ' - o
Test results with an acceptor prepared as ExaMrLE IV , :
.. described in Example II but having twice  In order to study the influence of the pro- 60
{ -~ .. the quantity of potassium (104%w on - perties of the alumina carrier, experiments .
i -+~ alumina) showed that an increase of the - were performed with two acceptors on carriers -
41 50 potassium content of the acceptor has only having different properties, both acceptors -
! ‘little effect on acceptance propertics. At the comprising -5.2%,w of- potassium and 2.8%w . -
i ~ -moment of breakthrough of 10%, of SO: in of vanadium, based on alumina. Acceptor A 65
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flue gases at a tenperature of 300[err]C. Simlar _
claimed in any one of experiments at higher tenperatures, e.g. at claims 1
to 3, in which the solid carrier. mat- 65 450[err]C, showed no significant
differepces ex- erial is alumna, silica,.silica-al um na and/or /K
30: ceptifor a hi gher "rate of acceptance, as could silica- magnesi-a. 55
be expected. ' : 5. Aprocess as clainmed in
etarm 4, :in 1n our British patent application ¢Serial No. which the salid
¢Byrier material is [err]-alumina, 1, 194°6%8) 53 141/66. a process aml
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was, . 10 For comparison acceptors containing ex- - 1. A process for the removal of sulphur
in-. 2 - clusively potassium or vanadium were also oxides from a gas mixture comprising sulphur
itres ] . tested according to the procedure of Example oxides and free oxygen, in which the said
. . gas mixture is contacted at a temperature 50
- An acceptor containing 10%,w of potassium. above 200°C with a solid acceptor consisting
15 on y-alumina showed an excellent performance of a solid refractory carrier material compris-
during acceptance, but regeneration could only ing a vanadium compound and an alkali
N .be effected at very high temperatures, viz. in - metal compound, said acceptor being capable
: the ‘range of from 600 to 700°C, of taking up sulphur oxides. o 55
2_ o The performance of an acceptor containing 2. A process as claimed in claim 1, in
20 2.8%w of vanadium on the same carrier mat- which the gas mixture comprising sulphur
erial was very poor; already at the very oxides and oxygen is a hot waste gas, such.
; outset of an experiment conducted at 400°C, as a flue gas. )
60 to 80% of the sulphur dioxide intake 3. A process as claimed in claim 1.or 2, 60
g appeared in the 'off-gas. : : " in which the gas“miixture as defined is con-
K 25 In all experiments described hereinbefore tacted with the solid acceptor at a tempera-
. : the sulphur oxides were removed from the 'ture of from 300° to 450°C. '
o X - flue gases at a temperature of 300°C, Similar ~ 4. A process as claimed in any one of
L 4 experiments at higher temperatures, e.g. at claims 1 to 3, in which the solid carrier mat- 65
' ' 450°C, showed no significant differences ex- erial is alumina, silica, silica-alumina and/or
V/K - [ . -30 ceptfor a higher rate of acceptance, as could silica-magnesia. :
om- 5% i be expected. : " 5. A process as claimed in claim 4, in
tain- : - In our British patent application (Serial No. which the solid carrier material is y-alumina.
ratio 1,154,008) 53,141/66, a process and appa- 6. A process as claimed in any one of 70
- ~ .- ratus as described and claimed for the re- claims 1 to 5, in which the carrier material '
' 35 moval of sulphur oxides from a gaseous mix~- has a specific surface area of at least 50 m3/g.
: L ture comprising sulphur oxides and oxygen 7. A process as claimed in any one of
pro- 60 by means of a solid acceptor suitable for claims 1 to 6, in which the alkali metal com- '
aents - accepting sulphur oxides. In the process, the pound is potassium oxide. S | T
criers .+ .gaseous mixture comprising sulphur- oxides 8. A process as- claimed in any one of -
ptors - . .40 and oxygen i conducted through one or more claims 1 to 7, in which the vanadium com- |
3w : open gas channels running parallel or sub- pound is a -vanadium. oxide, preferably
or A 65 . stantially parallel and having walls designed ~ vanadium pentoxide, I .
mple .+ -and built such that acceptor material present .~ 9. :A process as claimed in- any one of 80
' ' on, in and/or behind said channel walls is - claims—1 to 8, in which the solid acceptor '
' 45 freely accessible to said gas mixture. comprises from 2.5 to 15%w of alkali metal
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le 35 EXAMPLE V' WHAT WE CLAIM IS:—
1s, 10 For comparison accepiors containing ex- - 1. A process for the removal of sulphur
n- clusively potassium or vanadium were also oxides from a gas mixture comprising sulphur
‘s tested according to the procedure of Example oxides and free oxygen, in which the said
I gas mixture is contacted at a temperature 50
" An acceptor containing 10%,w of potassium above 200°C with a solid acceptor consisting
15 on y-alumina showed an excellent performance of a solid refractory carrier material compris-
during acceptance, but regeneration could only ing a vanadium compound and an alkali
_be effected at very high temperatures, viz. in - metal compound, said acceptor being capable
the ‘range of from 600 to 700°C, . of taking up sulphur oxides. ' 55
The performance of an acceptor containing 2. A process as claimed in claim 1, in
20 2:8%w of vanadium on the same carrier mat- which the gas mixture comprising sulphur
erial was very poor;- already at the very oxides and oxygen is a hot waste gas, such
outset of an experiment conducted at 400°C, as a flue gas.
60 to 80% of the sulphur dioxide 'intake 3. A process as claimed in claim 1 or 2, 60
appeared in the off-gas. in which the gas mixture as defined is con-
25 In all experiments described hereinbefore tacted with the solid acceptor at a tempera-
the sulphur oxides were removed from the ture of from 300° to 450°C.
flue gases at a temperature of 300°C, Similar 4. A process as claimed in any one of
experiments at higher temperatures, e.g. at claims 1 to 3, in which the solid carrier mat- 65
450°C, showed no significant differences ex- erial is alumina, silica, silica-alumina and/or
/K 30 cept for a higher rate of acceptance, as could silica-magnesia.
'm- 55 be expected. : 5. A process as claimed in claim 4, in
\in- In our British patent application (Serial No. which the solid carrier material is v-alumina.
1tio 1,154,008) 53,141/66, a process and appa- 6. A process as claimed in any one of 70
. ratus as described and claimed for the re- claims 1 to 5, in which the carrier material
35 moval of sulphur oxides from a gaseous mix- has a specific surface area of at least 50 m*/g.
ture comprising sulphur oxides and oxygen 7. A process as claimed in any one of
»yro- 60 by means of a solid acceptor suitable for claims 1 to 6, in which the alkali metal com-
ants accepting sulphur oxides. In the process, the pound is potassium oxide. 75 .
~iers gaseous mixtyure comprising sulphur oxides 8. A process as claimed in any onc of
tors 40 and oxygen if conducted through one or more claims 1 to 7, in which the vanadium com-
Yow open gas channels running parallel of sub- pound is a vanadium_ oxide, preferably
rA 65 stantially parallel and having walls designed vanadium pentoxide. L i
iple and built such that acceptor material present 9. A process as claimed in any one of 80
on, in and/or behind said channel walls is claims-1 to 8, in which the solid acceptor
42 freely accessible to said gas mixture.
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_ ably from 0.2 to 0.6.
- 11, A process as claimed in any one of

" claims 1 to 10, in which after acceptance the
_sulphur oxide-loaded acceptor is regenerated

by treatment with a reducing gas or gas mix-

12. A pfocess as claimed in claim 11, in
which the loaded acceptor is regenerated at
temperaturcs similar to or slightly higher than

those at which the solid acceptor was loaded. -
-13. ‘A process as claimed in claim 11 or.
12, in which the loaded acceptor is regenerated

at a temperature in the range of from 300
to 500°C.

14. " A process as claimed in any one of
claims 11 to 13, in which the reducing gas

or ‘gas mixture is hydrogen, and/or carbon .
-monoxide, and/or a low-molecular hydro-

carbon or mixture of such hydrocarbons.
15. A process as claimed in claim 14, in
the low-molecular hydrocarbon is

‘thereof:

- -.16. A-process according to any one of the
preceding claims, in which the loaded acceptor

is continuously removed from a reactor in

which the sulphur oxides are accepted from -

the gas. mlxture to be puuﬁed, and passed

.C;?gx‘r]xg sul;r)%l.léu?l notz’n es an

LI
mto a sccond reactor where t e

contacted with a redycing gas
aecepror thus trca%ngif v
Saidlfmd rQB6Y. Y

Ollbrl I

ére

oxygen is”con-
ducted through a reactor comprising one or

more open gas channels running parallel or.

substantially parallel and having walls de-
signed and built such that the solid acceptor
prescnt on, in and/or behind the said channel
walls is freely accessible to the said gas mix-~
ture, whilst regeneration of the loaded accep-
tor is effected in situ by conducting a reduc-
ing gas or gas mlxture through the said gas
channels.

18. A process as clanned in any one of
‘the preceding claims, substantially as herein-
before described with special reference to any
of the Examples I 1o IV.
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19. A gas which has been subjected to a -
‘process according to any one of the preceding

claims. -

20. A gas comprising hydrogen sulphide -

‘and/or_sulphur oxides and obtained by re-

generation of the $olid acceptor employed in

a process according to any one of claims .

1—18.
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