1. MpPUR ABSORBENTS This invention relates to sul fur-absorbent gozse-£ zees
conpositions, the manufacture of sul fur absorbents and their use. The
~renoval of sulfur fromfluid streans can be desirable or necessary for a
variety of reasons. If-the fluid streamis to be released as a waste
stream renoval of sulfur fromthe fluid stream can be necessary to neet
the sul fur em ssion requirenents set by various air pollution control
authorities. Such requirenents are generally in the range of about 10 ppm
to 500 ppm.of sulfur in the fluid stream If the fluid streamis to be
burned as a fuel, renoval of sulfur fromthe fluid stream can be necessary
to prevent enviornnental pollution. If the fluid streamis to be processed,
renoval of the sulfur is often necessary to prevent the poisoning of sulfur
sensitive catalysts or to satisfy other process requirenments. Various
absorption-conpositions have been used to renove sulfur- fromfluid streans
when the sulfur is present as hydrogen sulfide: These absorption
conpositions can be manufactured by a vajiety of nethods which include, for
exanpl e, extrusion production techniques. ‘A problemthat is often
encountered in the production of these absorption conpositions i's equi pnent
wear caused by the abrasive nat ureswbud Bssoabsaspti on material s bei ng

manuf act ur ed. In certain attenpts to produce conmercial quantities of
absor bent conpositions, excessive equi pmrent wear and downti ne caused by the
abrasi ve charact er T davegtiophaeiassor iR | B ftrarkaoreant c 6AfROREICSS hahe, in
effect, renderfeckukfi®fprudturc tbsorbeposnaed cheld yseunvi abl e.

The removal of Sulfur.from fluid streams can be desirable or

necessary for a variety of reasons. If the fluid stream is to be released &s
a waste stream, removal of sulfur from the fluid sfream can be necessary to
meet the sulfur emission requirements set by’ various air pollution control
authorities. Such requirements are generally in the range of about 10 ppm to
500 ppm of. sulfur in the fluid stream. If the fluid stream is to be burmned as
a fuel, removal of sulfur from the fluid stxeam can be necessary tq'prevent
enviornmental pollution. If the fluid stream is to be processed, removal of
the sulfur is often necessary to prevent the poisoning of sulfur sensitive
catalysts or to'satisfy other process-reéuirements. ’
Various absorption compositions have been used to remove sulfur from
fluid streams when the sulfur is present as hydrogen sulfide. These
absorption compositions can be manufactured'by a variety.of methods which
include, for example, extrusion production techniques. A ﬁroblem that is
often encountered in the production of'these dbsorption compositions is
equipment wear caused by the abrasive nature of the absorption materials being
manufactured. In certain attempts to-préduce commercial quantities of
absorbent compositions, excessivé equipment wear and downtime caused by the
abrasive characteristics of the absorption material components have, in

effect, rendered the production commercially unviable.




2:t«is desirabl.e for an absorbent conposition to not only have a high

sul fur-absorption capacity but also to have sufficient nechanical strength
to permit its use as a contact material that is placed -as an absor bent bed
within a contact vessel. A I ow nechanical strength or |ow crush strength
of an absorbent agglonerate can lead to excessive attrition-thereby causing
undesirable operating difficulties in comrercial’ processes which utilize
such absorbent aggl omerates. A further pribperty of whi cg |tb||s desirabl e
for absorption co sitioons to have is eabrlrt t 0o absor arge
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conposi ti onawoganupg h@,,reg@cgg possr ble sul fur |oading capacity. An
addi ti onal property esirab for bsorption conposition is the ability
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This capability to absorb large amounts and maintain high concentrations of
sulfur is sometimes referred to as "sulfur lbading" and is generally reported
in terms of percent sulfur loading:_ The term "percent sulfur loading" is
generally defined as the parts by weight of sulfur absorbed upen the surface
or within the'pores of an absorptiom-composition per parts by weight of the
total absorbent composition multiplied by a.factor of 100. It is desirable to
have an- absorption composition with the largest possible sulfur loading
capacity. _

An additional property desirable for an absorption composition is
the ability to be regenerated to its original absorbing composition state
after the absorbing composition has become spent. An absorbing composition
g'enerally becomes spent when its sulfur loading capacity has essentially been
used up. It is desirable for the absorbing composition to be able to undergo
numerous regeneratlon cycles without losing its sulfur loadlng capacity and
other desirable properties. _

Even though many absorbing compositions can effectively absorb
hydrogen sulfide from fluid streams containinglhydrogen sulfide, it is not
uncommon for many of these absorbing cémpositions to effectively oxidize
significant amounts of hydrogen sulfide to sulfur dioxide when contacted with
such fluid streams. The resulting sulfur dioxide is not removed from the
fluid stream by the absorbent composition and thus passés through the
absorbent material with the contacted fluid stream. This phenomena is
sometimes called "sulfur slippage". It is desirable to have an absorption
materiél that has a high capacity to absorb sulfur from a fluid stream but

which minimizes the amount of sulfur slippage.



general |y becones spent when its sul fur |oading capacity has essentially
been used up. It is desirable for the absorbing conposition to be able to
under go nunmerous regeneration cycles without losing its sulfur |oading
capacity and ot her desirable properties. Even though many absor bi ng
conpositions can effectively absorb hydrogen sulfide fromfluid streans
cont ai ni ng hydrogen sulfide, it is not uncomobn for many of these absorbing
conpositions to effectively oxidize siggificant anounts of hydrogen sul fide
to sul fur dioxi de when contacted with such fluid streans. The resulting
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improved process for the production of such composition.

A still further object of this invention is to provide a method of
manufacturing an absoiption composition that minimizes equipment wear and that
producés an absorption composition having a high mechanical strength.

-In accoraance with one aspect of this invention, there is provided a
composition comprising zinc oxide, silica and a colloidal oxide solution. 1In
accordance with another aépect of this invention, there is provided a method

 for preparing a high crush strength absorption composition comprising the step
of spraying a colloidal oxide solution onto a homogeneous mixture comprising
zinc oxide and silica during tumbling egglomeration to form an agglomerate.
Another aspect of the present invention includes an absorption process wherein
8 fluid stream is contacted under absorption conditions with an sbsorption
composition comprising zinc oxide, silica and a colloidal oxide solution.

Other objects, advantages and features of this invention will become
apparent from a study of this disclosure, the appended claims and the drawings
in which: ) _

FIG. 1 is a schematic ﬁrocess flow diagram illustrating a preferxred
embodiment of the inventive process for removing sulfur compounds from
contaminated fluid streams; and '

FIG. 2 is a schematic representation of the inventive method for
preparation of an absorption composition illustrating certain features of the
present invention. T

The .composition of matter of the present invention can suitably
comprise, consist of, or consist essentially of, zinc oxide, silica and

colloidal oxide solution. It has been found that an absorption composition



for the renoval of sulfur fromfluid streans. Yet another object of the
préesent invention is to provide an absorption conposition characterized by,
excepti onal nechanical strength and an inproved process ‘for the production
ok such conposition. A still further object of this invention is to provide
a nmet hod of manufacturing an absorption conposition that mnimzes _
equi pnent wear and that produces an absorption conposition having a high
mechani cal strength. In accordance with one aspect of this invention, there
is provided a conposition conprising zing oxide, silica and a coll oi dal
oxi de solution. In accordance with another aspect of this invention, there
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causes excessive equipment wear when agglomerates are formed by use of
extrusion equipment. . The excessive equipment wear that results from the
abrasive characteristics of silica components'of the agglomerate materials has
rendered the production of such absorbent agglomerates commercially unviable.
The use of a colloidal oxide solution as a binder material in the manufacture
of the absorbent composition permits the production of the agglomerates by use
of tumbling agglomeration t;chniques, while at the same time, it provides the
- unexpected result of producing an agglomerate material that has a higher crush
. strength than an agglomerate produced by extrusion agglomeration techniques.

In another embodiment of this invention, there is provided a
composition suitably comprising, consisting of, or comsisting essentially of
zinc oxide, silica and colloidal oxide solution wherein the ratio of zinc
oxide to silica in the composition is in the range of from about 0.25 to 1
(0.25:1) to about & to 1 (4:1). Preferably, the ratio of zinc oxide to silica
in the composition of matter of this invention can be in the range of from
about 0.5 to 1 (0.5:1) to about 1.5 to 1 (1.5:1); but, most preferably, the
rafio of zinc oxide to silica should range from 0.75 to 1 (0.75:1) to 1.25 to
1 (1.25:1).

Thg colloidal oxide solution component of the composition of matter
described herein should be ‘present in.an amount which is effectiye for
providing sufficient binding properties to give a final agglomerate of the
components of the composition of this invention, which has been dried or

calcined, or both, having a crush strength'of at least about 3 1bs force



ptresent invention. The conpbsition of matter of the'present I nventi on can
sui tably conprise, consist of, or consist essentially of, zinc oxide,

silica and col |l oidal oxide solution. - It has been found that an absorption
coenposi tion 4 having certain exceptional physical properties can be
produced when a coll oi dal. oxide solution is utilized in the.production of
t he absorption conposition or absorption material. In particular, the

absorption conposition can have inproved nechanical strength, or crush
strength, by the utilization of a colloidal oxide solution when the
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unvi able. The use of a oXi de SO In the
manuf act ur e solution component of the composition of the invention to be such that the

metal oxide compound content of the composition is in the range of from an
.amount effective for providing an agglomerate of said composition having a

crush strength at least about 3 1bf to about 30 weight percent of the total
weight of said composition. Preferably, however, the amount of colloidal

oxide solution component of the composition of matter of this invention is

such that the ‘metal oxide compound content is in the range of from about §
weight percent to about 20 weight percent; but, most preferably, the metall
oxide content shall range from 5 weight percent to 15 weight percent.

- The composition comprising, consisting of, or consistiﬁg essentially
of, zinc oxide, silica and colloidal oxide solution can additionally be dried
to form a dried agglomerate or calcined to form a calcined agglomerate or
alternatively,-both dried and calcined. The drying step is used generally to
remove the liquid medium of the colloidal oxide solution from the composition
of matter of this invention. The drying of the composition can be conducted
at any suitable temperature for reﬁoving the liquid medium of the colioidal
oxide solution; but, preferably, the drying step.should be conducted in the
range of from about 150°F to about 550°F." More preférably, however, the
drying step shall range from about 190°F to about 480°F. Generally, the time
period for such drying shall range from about 0.5 hour to about 4 hours, and
more preferably, the drying time shall range from about 1 hour to about 3
hours.

The composition comprising, éonsisting of, or consisting essentially
of, zinc oxide, silica and colloidal oxide solution can be caléined, after

undergoing a drying step, to form a calcined agglomerate. The calcination of



of- the absorbent conposition permts the production of the agglonerates by
use of tunbling aggloneration techniques, while at the sane tine, it

provi des the unexpected result of producing an aggl omerate. material that
has a higher crush strength than an aggl onerate produced by extrusion _
aggl oner ation techni ques. In another enbodiment of this invention, there is
provided a conposition suitably conprising, consisting of, or consisting
essentially. of zinc oxide, silica and colloidal oxide solution wherein the
ratio of zinc oxide to silica in the conposgtion is in the range of from
about 0.25 to 1 (0.25:1) to about 4 to 1 (4:1). Preferably, the ratio of
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composition. _ ) . .
It can further be desirable to add a Group VIII metal oxide promoter
to the composition comprising, consisting of, or consistipg essentially of,
zinc oxide, silica and colloidal oxide solution, which has previously been
either dried or calcined, or both, to produce the aforementioned dried
_agglomerate or calcined agglomerate. It has been found that the addition of
ceitgin metal promoters provide certain improved physical and chemical
properties tp the absorbent composition. These improved properties include,
for example, the ability of the composition to hydrogenate sulfur oxide
species to hydrogen sulfide and an imprbved ability of the absorbent
composition to easily be regenerated after becoming spent. A ‘further
improvement to the composition resulting from the addition of metal promoters
is in the mechanical strength of the coﬁposition once it has been promoted and
subsequently dried, or calcined, or both. By incorporating a metal oxide
promoter into the composition of matter described herein followed by drying
and/oxr calcininé the material, the resultant agglomerate will have an improved
mechanical strength or crush strength of at least about 5 lbsf. Preferably,
however, the crush strength of the promoted composition shall range from about
6 lbsf to about 14 lbsf, and most perferably, the crush strength shall range
from about 7 lbsf to about 13 lbsf.
An alternative composition of matter of this invention includes a

" composition comprising a mixture comprising, consisting of, or consisting

essentially'of, zinc oxide, silica and colloidal oxide solution that has

undefgone a drying step or a calcining step, or both. The drying of the



herein when referring to the nechanical properties of the absorbent
agglonerates is that which is determ ned by standard ASTM net hod,
D4179-88A, entitled "Standard Test Method For Single Pellet Crush Strength
of- Forned Catal yst Spheres". The Standard Test Method -ASTM D4179-88A i s

I ncorporated herein by reference. Alternatively, it is desirable for the
anount of col.l oi dal oxide sol ution conponent of the conposition of the

i nvention to be such that the nmetal oxide conpound content of the
conposition is in the range of froman anoupt effective for providing an
aggl onerate of said conposition having a crush strength at |east about 3
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however, the crush strength shall range from 7 lhsf to 13 lbsf

.As for the amount of colloidg].. oxide solution utilized in the
mixture comprising, consisting of, or consisting essentially of zinc oﬁide,
silica and colloidal solution, it i§ such that the amount of metal oxide
compound present in the dried mixture will preferably range from about 1
weight percent to about 30 weight percent of the total weight of the dried
mixture., Preferably, however, the amount of colloidal oxide solution utilized
in the the mixture should be such that the metal oxide content of the dried
mixture shall range from about 5 weight percent to about 20 weight percent.
Most preferably, the quantity of colloidal oxide solution present in the
mixture of this invention will be such that the. amount of metal oxide content
in the final dried mixture shall _range from 5 welght percent to 15 weight
percent. . ’ :

The ratio of zinc oxide to silica in the'mixture of th§ absorption
composition can be in the range of from sbout 0.25 to 1 (0.25:1) to about 4 to
1 (4:1). Preferably, the ratio of zinc oxide to silica in the mixture of the
absorption composition can range from about 0.5 to 1 (0.5:1) to about 1.5 to 1
(1.5:1); but, most preferably, the ratio 6f zinc oxide to silica in the
mixture of the absorption composition can raﬁge from 0.75 to 1 (0.75:1) to
about 1.25 to 1 (1.25:1).

The silica component of the compositions described herein can be any

suitable form of silica, including, but not limited to, naturally occuring



drying step shall range from about 190[err]F to about 480[err]F. Generally,
the tinme period for such drying shall range from about 0.5 hour to about 4
hours, and nore preferably, the drying tinme shall range from about 1 hour
to about 3 hours. The conposition conprising, consisting of, or consisting
essentially of, zinc oxide, silica and coll oi dal oxide solutron can be

cal cined, after undergoing a drying step, to forma cal ci ned aggl onerate.
The cal ci nati on of 6 the conposition or aggl onerate can be conducted -
under any suitable cal cination conditions; but, preferably, t he conposition
shal | be calcined in the presence of ejther oxygen or _an oxygen-contai ni ng
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essenti al | pxamples of silicon compounds that are convertible to silica under the
production conditions used in the preparation of the absorption composition
described herein include, silicic acid, "sodium silicate, and ammonium
silicate. . -

Generally, zinc oxide is the primary active component of the
compositions of the invention, and the zinc oxide will be present in the
compositions in an amount suitable for providing the desired absorption

< capacity. The zinc oxide component of the absorption composition can bé
eiéher in the form of zinc oxide or im the form of one or more zinc compounds
that are convertible to zinc oxide under the conditions of preparation
described herein. Examples of such zinc compounds include zinc sulfide, zinc
sulfate, zinc hydroxide, =zinc carbonate, zinc acetate, and zinc nitrate.
Preferably, zinc oxide is in the form of a powdered zinc oxide.

Tﬁe colloidal oxide solution component of the compositions of matter
described herein is generally a chemical sol comprising a metal oxide compound
or material contained in a solution or a liquid medium. It is preferred that
the colloidal oxide solution comprise finely divided, colloidal-size particles
of a metal oxide compound that is uniformly dispersed in a liquid medium. The
finely divided particles are not necessarily in the molecular state, but they
are generally polymolecular particles having a size of which 99 percent of
such particles will be in the size range of from about 10 angstroms to about
10,000 angstroms. It is generally preferred, however, that 99 percent of the
particles have a size iﬁ the range of from about 50 angstroms to about 10,000
angstroms; and, most preferably; 99 percent of the particles sha}l have a size
in the range of from 50 angstroms to 5,000 angstroms. As for the medium

particle size of the colloidal oxide compounds, it is desirable to have a



ziznc oxide, silica and colloidal oxide solution, which has previously been
either dried or calcined, or both, to produce the af orenenti oned dried

aggl onerate or cal ci ned agglonerate It has been found that the addition of
certain netal pronoters provide certain i nproved physical and chem ca
properties to the absorbent conposition. These inproved properties include,
for exanple, -the ability of the conposition to hydrogenate sul fur oxide
speci es "'to hydrogen sul fide and an inpro%pd ability of the absorbent
conmposition to easily be regenerated after becom ng spent. A further
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of the invention use a colloidal oxide solution comprising a metal oxide selected
from the group consisting of aluminé, silica, titania, zirconia, tin oxide,
antimony oxide, cerium oxide, yttrium oxide, copper oxide, iron oxide;
manganese oxide, molybdenum oxide, tungsten oxide, chromium oxide and mixtures
of any two or more thereof. It is presently preferred that the colloidal
oxide solution be one of either a colloidal alumina solution or a colloidal
‘silica solution or some mixture thereof. The solvent or liquid medium is
preferably water which serves as an aqueous solvent.

The compositions described herein can optionally be promoted with
any suitable metal oxide promoter. Examples of such suitable metal oxide
promoters include the oxides of manganese, rhenium, copper, molybdenum,
tungsten, Group VIII metals of the Periodic Table, and any other metal oxide
that is known to have hydrogenation ability of the type necessary to reduce
sﬁlfur oxide species to hydrogen sulfide. Preferably, the metal oxide
promoter is a Group VIII metal oxide promoter with the Group VIII metal being
from the group consisting of irom, cobalt, nickel, ruthenium, rhodium,
palladium, osmium, iridium and platinum In the most preferred embodiment of
the present invention, the absorbing composition is promoted w1th nickel
oxide.

The metal oxide promoter can be added to the absorbing composition
in the form of the elemental ﬁetal, metal oxide, and/or metal-containing
compounds that are conmvertible to metal oxides under the calcining conditions

described herein. Some examples of such metal-containing compounds include



7:m xture results in removing fromthe conposition or m xture, the.liquid
medi um of the colloidal oxide solution to thereby forma dried. mxture; or
in the case where the conposition is either both dried and cal cined or
nerely calcined, the calcining of the conposition or mxture suitably
provi des a cal ci ned aggl onerat e. The dried mxture or the calcined

aggl onerate can optionally be inpregnated with a nmet al oxide pronoter for
t he purposes of inproving perfornmance ofiot he conmposition as an absorbent

and for inproving crush strength of the conposition by producing a pronoted
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and calcined. If the metal oxide promoter is added to the absorbing
composition after it has been dried and calcined, then the now-promoted
composition is dried and calcined a second time to form the promoted absorbing
composition. The now-promoted composition is preferably dried at a
temperature in the range of about 150°F to about 570°F, but more preferably,
the drying temperature will range from 190°F to 480°F, for a period of time
generally in the range of from about 0.5 hour to about 8 hours, more
preferably in the range of from about 1 hours to about 5 hours. The dried,
promoted composition is then calcined in the presence of okygen'or an
oxygen-containing inert gas generally at a temperature in the range of from
about 700°F to about 1400°F, and more preferably in the range of from 930°F to
1330°F, until volatile matter is-removed and the elemental metal and/or the
metal-containing compounds are substantially converted to metal oxides. The
time required for this calcining étep will generally be in the range of from
about 0.5 hour to about 4 hours, and will preferably be in the range of from

- about 1 hour to about 3 hours. . '

The metal oxide promoter will generally be present in the absorbing
composition in an amount in the range of from about 0.1 weight percent to -
about 15 weight percent, and will more preferably be in the range of from
about 2.0 weight percent to about 7.5 weight percent, most preferably in the
range of from 5 to 7 weight percent.



in the final dried mixture shall range from5 weight percent to 15 wei ght
percent. The ratio of zinc oxide to silica in the mixture of the absorption
conposition can be in the range of fromabout 0.25 to 1 (0.25:1) to about 4
0 1 (4:1). Preferably, the ratio of zinc oxide to silica in the m xture of
t he absorption conposition can range fromabout 0.5 to 1 (0.5:1) to about
1.5to 1 (1.5:1); but, nost preferably, the ratio of zinc oxide to silica
in the m xture of the absorption conposjtion can range fromO0.75 to 1
(0.75:1) to about 1.25 to 1 (1.25:1). The silica conponent of the
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the preferably, the drying time shall range from about 1 hour to about 5 hours.

The method and apparatus used for performing the 6ptional drying step are not
critical aspects of this invention and any suitable ﬁethods and apparatuses

known in the art can be used. Examples of manj of the methods and apparatuses
suitable for use in this invention for drying an agglomerate are descrlbed at
length in Perry' s Chemical Engineers' Handbook, pages 20-3 through 20-75 (6éth

edition, 1984).

Molybdenum compounds suitable for use as a source for a promoter
metal are ammonium molybdate, potassium molybdate, molybdenum oxides such as
molybdenum (IV) oxide and molybdenum (VI) oxide and the like and mixtures of
any two or more thereof.

Tungsten compounds suitable for use as a source for a promoter metal
are ammonium tungstate, potassium tungstate, tungsten oxides such as tungsten
(IV) oxide and tungsten (VI) oxide and the like and mixtures of any two or
more thereof. _

Another embodiment of the invention includes a method for preparing
a high crush strength absorption composition which avoids the problems with
excessive equipment wear caused by the abrésive nature of certain absorption
components; such as silica. This novel method eliminates the problems with
high equipment wear by allowing the use of tumbling agglomeration methods to
form agglomerates of the compositions described herein. The use of
tumbling-type or disk-type agglomerators to form agglomerates is well known in
the art. Description of methods and apparatuses used for performing such
tumbling-type agglomeration procedures can be found in various art references,

such as, for example, Perrvy's Chemical Engineer's Handbook (6th edition 1984),




production conditions used in the preparation of the absorption conposition
described herein include, silicic acid, sodiumsilicate, and amoni um
silicate. Generally, zinc oxide is the primary active conponent of the
conpositions of the invention, and the zinc oxide will be present in the
conpositions in an anmount suitable for providing the desired absorption
capacity. The zinc oxide conponent of the absorption conposition can be
either in the formof zinc oxide or in the formof one or nore zinc
conpounds that are convertible to zinc oxide under the conditions of
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herein. The axrt does not teach the use of colloidal oxide solution as a
suitable egent for binding the absorbent compounds of zinc oxide eand silica.
Furthermore, in addition to the unexpected binding properties of-collqidal
oxide solu?ions, tbefe is also the result that the final agglomerates have
unexpectedly good mechanical properties.

In one embodiment of the methods of preparing a high crush strength
absorption composition, & colloidal oxide solution is sprayed, in & spraying
step, onto e homogeneous mixture comprising, consisting of, or consisting
essentielly of, zinc oxide and silica during tumbling sgglomeration of the
homogeneous mixture to form an agglomerate. Any suitable method for forming a

" spray of the colloidal oxide solution can be used in this invention. The
spray can generally be in the form of small droplets or dispersed droplets
which serve to wet the homogeneous. mixture during tumbling agglomeratlon so é&s
to permit the formetion of spheres or balls.

The ratio of zinc oxide to silica in the homogeneous mixture cean

. range from about 0.25:1 to about 4:1. Preferably, the ratioc of zinc oxide to
silica in the homogeneous mixture can be in the range of from 0.5:1 to about
1.5:1; but, most pereferebly, the ratio cean range from 0.75:1 to 1.25:1.
Additionally, the homogeneous mixture csn be a mixfure comprising, consisting
of, or consisting essentielly of, zinc oxide and silica in the form of a fine

powder. This homogeneous powder mixture can suitably be agglomerated by



particle size of the colloidal oxide conpounds, it is desirable to have a

9 nediumsize in the range of from about 50 angstrons to about 10, 000
angstroms. Preferably, the nediumparticle size should range from about 10
angstronms to about 1000 angstrons, and nost preferably, the mediumparticle
size can range from 100 angstrons to 500 angstrons. Typical -solid
concentrations in a colloidal oxide solution can range from about 1 wei ght
percent to about 30 wei ght percent SO|IdS wi th the wei ght percent of
solids belng defined as a fraction of tHé weight of solids to the total
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homogeneous powder mixture is to be such to provide an agglomerate, either in’
a dry form or & calcined form, having a content of the metal oxide compound
from an amount that is effective for providing an agglomerate having a crush
strength of at least 3 1bsf to about 30 weight percent of the total weight of
the agglomerate. Preferably, however, the amount of colloidal oxide solution
utilized in the agglomeration step should be such that the metal oxide content
of either the dried agglomerate or calcined agglomerate shall range from about
5 weight percent to about 20 weight percent. Most preferably, the quantity of
colloidal oxide solution utilized in the agglomeration of the composition will
be such that the amouﬁt of metal oxide content in either the dried agglomerate
or the calcined agglomerate shall range from 5 weight percent to 15 wgight
percent. )

As earlier mentioned, the novel method described herein for
preparing a high crush strength absorption composition gives a final
agglomerate, which has been either dried or calcined, or both, having an
exceedingly high crush strength of at least 3 lbs The final agglomerate can
¢ to about 6 lbsf; but
preferably, the crush strength can range from 3.5 lbsf to 5.5 1bs

preferably have a crush_strength of from about 3f1bs
£

It has further been discovered that by adding a Group VIII metal
compound promoter to a dry agglomerate prepared by the methods described
herein and subsequently calcining the thus promoted agglomerate, an
improvement in the crush strength of an unpromoted calcined agglomerate can be
achieved. This metal oxide promoted agglomerate has substantislly improved
mechanical properties over that of the uﬁpromoted agglomerate in that such a

metal oxide promoted agglomerate, after having undergone a furthex Calcihing



any suitable netal oxide pronoter. Exanpl es of such suitable netal oxide
pronmoters include the oxides of manganese, rhenium copper, nolybdenum
tungsten, Goup VII'l netals of the Periodic Table, and any other netal
oxide that is known to have hydrogenation ability of the type necessary to
reduce sul fur oxide speci es to hydrogen sul fide. Preferably, the netal
oxide pronmoter is a Goup VIII nmetal oxide pronoter with the Goup VIII
netal being fromthe group consisting ofisiron, cobalt, nickel, ruthenium
rhodium palladium osmum iridiumand platinum In the nost preferred
enbodi nent s¢kri lsen hevs @ncrush\armength, oft de ladstod bibRg cBrgfeséttly ortheseqwsbbnot ed
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metal , met alolu%( ion éontammg the desirable amount of promoter metal that has been
diluted with a volume of the aqueous or organic solvent that is equal to the
total pore volume of the absorbent material or thé agglomerate material being
impregnated. Suitable metal oxide promoters have beén earlier described
herein. The amount of metal oxide promoter that can be added to the
agglomerate should be such that the amount in the final calcined or dried
agglomerate is in the range of from about 0.1 weight percent to about 15
weight percent, and will more preferably be in the range of from about 2
weight percent to about 7.5 wéight percent, most preferably, the metal oxide
promoters will be in the range of from 5 to 7 weight pércent.' The operating
conditions for drying and calcining of the agglomerates. has thoroughly been
described hereinabove.

As an additional embodiment of the present method for preparing a
high crush strength absorption composition, a homogeneous powder mixture
prepared by mixing zinc oxide and silica with water to form a mixture,
undergoes a drying step to form a dried mixture, which subsequently is milled
to form a homogeneous mixture. The milled homogeneous mixture can be utilized
in the methods described hereinabove. Any suitable method for mixing the zinc
oxide and silica components with water can be used, and it can be done in a
batch-wise fashion or a continucus fashion, provided that the components are
thoroughly and intimately mixed prior to further processing. Suitable types
of batch mixers include, but are not limited to, change-can mixers,
sfationary-éank mixers, double-armed knéading mixers, having any suitable
agitator or blades, such as sigma blades, dispersion blades, multi-wiping

overlap blades, single curve blades, double-nabin blades and the 1like. -



and/ or metal -contai ni ng conpounds. After the elenental netal, netal oxide,
and/ or et al - contai ni ng conpounds have been added to the absorbing
conposition, the pronoted conposition is dried and cal ci ned, as descri bed
hereinafter. The elenmental netal, nmetal oxide, and/or netal-containing
conpounds can be added to the absorbing conposition as conponents of the
original mxture, or they can be added after the absorbing conposition has
been dried and calcined. If the netal oxide pronoter is added to the

absor bi ng conposition after it has beenlélried and cal cined, then the
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drying step have been earlier described herein.

The dried mixture of zinc oxide and silica can further be reduced in
size preferably to the form of a homogeneous powder mixture'by any-suiteble or
known method of size reduction. Thére are many known methods and apparatuses
for size reduction and reference is hereby made to the examples shown and
described at length in Perry's Chemical Engineer's Handbook, (6th edition
1984), pages 8-20 to B-48. Any of these size reduction methods and

apparatuses can be used for milling purposes and for the purposes of forming a
powder for subsequent use in tumbling agglomeration td form an agglomerate by
the aforementioned methods of spraying a éolloidal oxide solution onto such
powder. _ |
The sulfur removal processes of the preseﬁt invention can be carried
out by means of any apparatus whereby there is acheived an alternate contact
of the absorbing composition with a sulfur-containing gaseous feed stream and,
thereafter, of the absorbing composition with oxygen or an oxygen-containing
gas which is utilized to regenerate the absorbing composition. The sulfur
removal process is in no way limited to the.use of a particular apparatus.
The sulfur removal process of this invention can be carried out using a fixed
' bed of absorbing composition, a fluidized bed of absorbing composition, or a
moving bed of absorbing composition. Presently preferred embodiment is the

use of a fixed bed of absorbing composition.



c_orrpoSition in an anmount in the range of from about 0.1 wei ght percent to

about 15 weight percent, and will nore preferably be in the range of from
about 2.0 weight percent to about 7.5 weight percent, nost preferably in
the range of from5 to 7 wei ght percent. 11 Once the absorbent

conposition conponents are properly m xed and aggl onerated, the m xture can
advant ageously undergo a drying step for renoving certain quantities of the
| i quid nmedium of the coll oidal oxide solution conponent of the conpositions
descri bed herein. The drying of the aggl onmerates can be conducted at any
suitabl e tenperature for renoving excess quantities of |iquid; but '
preferably, the drying tenperature wll range fromabout 150[err]F to about
550[err] F. More preferably, however, t hé® drying tenperature shall range

from about 190[errkf &r@e:.ab:‘auswﬂg%?réalsEal q@ﬁ‘ﬁ{gabf Bkvhetéuz‘se$dsr@etﬂe%{zﬂﬂmf or
such dryin rom a out . 0.5 hour to ab and
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the purge fluid can be utilized. A presently preferred purge fluid flow rate
is one which will give a gaseous hourly space velocity (GHSV) in the range of
from about 800 GHSV to about 1200 GHSV. As used herein, the term "gaseous
hourly space velocity" is defined as the ratio of the gaseous volumetric flow"

' rate, at standard conditions of 60°F and one atmosphere of pressuré, to the
reactor volume, _

The composition of matter of this invention can be ufilizéd to
remove trace quantities of sulfur compounds from any suitable type of gaseous
feed steam containing contaminating quantities of sulfur compounds. Such
gaseous streams can contain sulfur compoﬁnds in thé concentration range
upwardly to about 2 mole percent. The sulfur compounds are_generally'of the
type consisting of hydrogen sulfide, sulfur dioxide, carbonjl sulfide, carbon
disulfide, and mixtures of two or more thereof. One preferred embodiment of
the invention includes the processing of Claus plant tail gas streams. Of
.these Claus plant tail gas streams, they can be frém either a Claus pfocess
operated in a modé for minimizing sulfur dioxide or the tail gas stream can
undexrgo a prior hydrogenation step whereby the sulfur compounds within the
tail gas stream are reduced to hydrogen sulfide. The sulfur dioxide
minimization operating mode of the Claus process is conducted by providiﬁg the '
reaction zone with a slight excess of hydrogen sulfide above the
stoichiometric requirement for the Claus reaction. This slight stoichiometric
excess of hydrogen sulfide results in minimizing the amount of sulfur dioxide
that is present in a Claus tail gas. If the ratio of hydrogen sulfide to
sulfur dioxide in the reaction zone of a Claus plant approximates 2:1, then
the ratio of hydrogen sulfi&e to sulfur dioxide in the Claus tail gas'will
also approximate 2:1. Generally, the concentration of sulfur compounds in a

Claus tail gas stream will be less than 2 mole percent; the carbon dioxide



Mol ybdenum conpounds suitable for use as a source for a pronoter netal are
annnnlunlnnlybdate pot assi um nol ybdat e, nol ybdenum oxi des such as

mol ybdenum (1V) oxi de and nol ybdenum (VI) oxide and the |ike and m xtures
of any two or nore thereof. Tungsten conpounds suitable for use as a source
for a pronoter netal are amoni um tungstate, potassiumtungstate, tungsten
oxi des such as tungsten (1V) oxide and tungsten (VI) oxide and the |Ii ke and
m xtures-of any two or nore thereof. Another enbodi nent of the invention
includes a nethod for preparing a high é¢fush strength absorption
conposition which avoi ds the problens with excessive egyigggnt wear caused
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t hat prcungsgmpounds Preferably, the substantially reduced concentration of the sulfur
compounds in the treated effluent stream can be less than 0.5 mole percent of
the treated effluent stream. Most preferably, the substantially reduced
concentration of sulfur compounds in the treated effluent stream can be less
than 0.02 mol percent of the treated effluent stream.

Any suitable temperature for the sulfur-removal processes of the
present invention can be utilized which W111 achieve the desired removal of
sulfur from a gaseous feed stream. ‘The temperature will generally be in the
range of from about 300°F to about 1110°F and will, more preferably, be in the
range of from about 3%0°F to about 840°F.

Any suitable temperature cah be utiiized which will regenerate the
absorbing composition from its sulfided form back to the original ebsorbing
composition form. . The regeneration temperature will generally be in the range
of from about 700°F to about 1500°F. The regeneration temperature is
preferably in the range of from ébout 800°F to about 1400°F. Most preferably,
the regeneration temperature should range from about 800°F to about 1300°F.

Any suitable pressure can be utilized for phe processes of the
present invention. The pressure of the gaseous feed stream being treated is
not believed to have an important effect on the absorption process of the
present invention, and will generally be in the range of from about
atmospheric pressure to about 2,000 psig during the treéatment.

Any suitable residence time for the sulfur-containing gaseous feed
stream in the presence of the absorbing composition Sf fhé present invention
can be utilized. The residence time expressed as volumes of gas at standard

temperature and pressure per volume of absorbing composition per hour will



whereby smal| particles are gathered together into |larger particles of
rel ati vel y permanent masses. These permanent nmasses can be any suitabl e
shape, such as irregular pellets or balls, but tunbling aggl oneration

met hods general |y provide substantially spherically shaped aggl oner at es.
VWhile the utilization of tunmbling-type aggol neretors is well known in the
art, the use of certain binders to assist in the formation of aggl onerates
and the effects of such binders upon the nmechanical properties of the final
aggl onerates are not al ways general |y kndfn by those in the art. In
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duri ng tunb|heng1naggpmrm:pp§|qeg@ra§aus plants refers to those conversion processes
for recovering elemental sulfur from fluid streams, sometimes referred to as

acid gas streams, containing primarily hydrogen sulfide and carbon dioxide.
These acid gas streams are generally fluid streams having their origin from a
main gas treating system used to remove hydrogen sulfide and carbon dioxide
from fluid streams containing such. The acid gas stream is charged to the
thermal zone of a Claus plant wherein a portion of the hydrogen sulfide is
combusted in the presence of air. In the thermal zone of the Claus plént, the
hydrogen sulfide will generally react with oxygen to form sulfur dioxide and

water by the following reaction equation:
2H,5 + 30, » 250, + 2H,O0.

In order to convert the sulfur compounds contained in the acid gas stream to

elemental sulfur, the effluent from the Claus plant thermal zone will pass to
a Claus plant sulfur recovery zone or reaction zone wherein the sulfur dioxide
is reacted with the unconverted hydrogen sulfide to form elemental sulfur and

water in accordance with the following equation:

2H,S + S0, -» 35 + 2H,0.



to permt the formation of spheres or balls. The ratio of zinc oxide to
Silica in the honbgeneous m xture can range from about 0.25:1 to about 4:1.
Preferably, the ratio of zinc oxide to silica in the honbgeneous m xture
can be in the range of fromO0.5:1 to about 1.5:1; but, nost pereferably,
the ratio can range fromO0.75:1 to 1.25:1. Additionally, the honbgeneous

m xture can be a m xture conprising, consisting of, or consisting
essentially of, zinc oxide and silica;gn the formof a fine powder. This
honobgeneous powder m xture can suitably be aggl onerated by 13 spraying
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effectlve avin
su flde As earller descr1bed the. Claus process can be operated in a-sulfur

dioxide minimization mode or, alternatively, the tail gas can further undergo
a hydrogenation step whereby sulfur compounds are reduced to hydrogen sulfide
prior to downstream processing. Preferably, the concentration of sulfur
compounds can be less than about 2 mole percent of the tail gas stream.

The Claus plant effluent stream or tail gas stream having a
concentration of sulfur compounds is introduced into a vessel defining an
absorption zone containing the novel absorbent compositidn described herein.
Within the absorption zone, at least a portiom of'the concentration of the
sulfur compound contained within the tail gas stream is removed to produce a
treated effluent stream having a substantially reduced concentration of the
sulfur compounds, but, preferably having a concentration of sulfur compounds
of less than about 0.5 mol percent and, most preferably, less than about 0.1
mol percent. The removed sulfur compounds will be absorbed upon fhe surfaces
and within the pores of the absorbent composition to produce a laden absorbent
composition. The chemical changes that are believed to occur in the
absorption composition during the absorption or removal step are summarized in

the following equation:
Zn0 + H,S + ZnS + H,0.

Once the absorbent composition becomes substantially completely
sulfided, it is a laden absorbent requiring a regeneration in order to restore
the composition to its original form. The regeneration is conducted

periodically by terminating the fluid flow to the absorption zone followed by



strength of at least 3 | bs[err] to about 30 wei ght percent of the total

wei ght of the agglonerate Preferably, however, the anmount of coll oidal

oxi de solution utilized in the aggl omeration step shoul d be such that the
netal oxide content of either the dried agglonerate or cal ci ned aggl onerate
shal | range from about 5 weight percent to about 20 weight percent. Mst
preferably, the quantity of colloidal gxide solution utilized in the

aggl oneration of the conposition wll ® such that the anount of netal
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crush strength of from about 3 s[e 0 aboxit 6 I bs[err]; but
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 compound as a ‘reactant with the unconverted H,S to form elemental sulfur and
water in acéordance with the above equations,

Referring now to FIG. 1, there is provided a schematic
representation of process 10 for removing sulfur compounds from contaminated
fluid streams. An acid gas stream having a concentration of hydrogen sulfide
is introduced via conduit 12 to furnace 14, which defines a thermal zone of a
Claus plant, wherein at least a portion of the hydrogen sulfide of the acid
gas stream is combusted with oxygen that is contained within the air that is
introduced into the thermal zone defined by furnace 14 via conduit 16. The
resultant product from the thermal zone is introduced inte reactor 18, which
defines a reactor zone of the Claus plant, wherein elemental sulfur is
recovered through condult 20, and a Claus effluent stream is produced and
passes by way of condu1t 22 to heating means or heat exchanger 24. The Claus
plant effluent stream is, optionally, heated to a desired temperature and then
passes by way of conduit 26 to absorber vessels 28a and 28b, which
respectively definé two separate absorption zones. Contained within the
absorption zones are any of the novel absorbent compositions described herein.
Within the absorption zones, at. least a portion of the sulfur compounds
contained within the Claus plant effluent stream are absorbed by the absorbent
composition or removed from the effluent stream to produce a treated effluent
stream which is conveyed from Absorbef vessel 28a or‘28b, or both, via conduit

30. The treated effluent stream will generally have a substantial reduction



14 step, can have a crush strength of at least 5 Ibs[err]. Preferably, the
crush strength of such netal oxide pronoted absorbent conposition, which
has subsequently been cal cined, can range fromabout 6 | bs[err] to about 14
| bs[err]; nost preferably, however, the crush strength can range from7

| bs[err] to 13 Ibs[err]. The netal oxide pronoters can be added to the

aggl oner ates produced by the nethods herein by any nethod known in the art.
One preferred nethod for adding a pronoter to the aggl onerates descri bed
herein is by the |npregnat|on of the agdﬁonerates by a standard incipient
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effiuvent stream. The oxygen-containing gas is introduced into.absorber vessel
28a or 28b, or both, via conduit 32. Optionally, disposed within conduit 32
is heating means or heat exchanger 34 which, if desired, permits the heating
of the oxygen-containing gas prior to passing the gas into at least one of the
absorption zones. The regeneration effluent stream passes from absorber
vessel 28a or 28b, or both, through conduit 36 to be mixed with the incoming
acid gas stream passing through conduit 12 prior to introducing the thus
formed mixture to the thermal zone.

FIG. 2 is frovided to.illustrate the use of a typical inclined pan
or disk type agglomerator used in the method for preparing.the compositions of
this invention. As shown in FIG. 1, a feeder device 110 is provided so that
material can be charged to pan 112 of the agglomerator. Any suitable feeder
for charging material can be used. That which is shown in FIG. 2, however, is
a belt tyﬁe conveyor on which the agglomerate charge material 114 comprising
the absorbent components is conveyed and discharged to pan 112 by a moving
belt 116. Pan 112 comprises a disk 118 that is equipped with a r1m 120
attached to the outer perimeter edge of disk 118 so as to form an essentially
open-end, cylindrically shaped device. To promote the lifting and cascading
of the material in pan 112, the inside surface of disk 118 can optionally be
provided with a rough surface by any suitable means including, for example,
expanded metal, abrasive coatings or metallized surfaces. Disk 118 can be any
suitable diameter necessary for giving the required capacity and can range

from less than one foot in diameter to more than twenty feet in diameter. The



hi gh crush strength absorption conposition, a honbgeneous- powder m xture
prepared by m xing zinc oxide.and silica with water to form-a m xture,
undergoes a drying step to forma dried m xture, which subsequently is
mlled to forma honbgeneous m xture. The m |l ed honbgeneous m xture can be
utilized in the nethods described herei nabove. Any suitabl.e nethod for

m - xi ng the zinc oxide and silica conponents with water can be used, and it
can be done in a batch-w se fashion or azontinuous fashion, provided that
the conponents are thoroughly and intinmately m xed prior to further
processi ng. dePSuicEaRAne 112 pe sebbybEeche iahk OFf sTimnEi0udeiich sen deesnyosuitabie ed
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of water wi M}e%&e, @J%%Prmgg&t 1Ea°'IP%Q?€'1te§tnca1 motor with linking means 124 being
any suitable device including those devices which can permit variable speed
control of pan 112.

' Pan 112 can be inclined at an angle from the horizontal plane, as
depicted in FIG. 2 and as referred to in FIG. 2 by the Greek letter theta (8),
in the range of from about 15° to about 75°; but, generally, the angle of
inclination will range from about 30° to about 65°. The agglomerate or pellet
size is significantly influenced by the angle of inclination of pan 112,

To treat and agglomerate the absorption composition, the absorbent
component materials or agglomerating charge 114 is fed to pan 112. As diSk
118 is rotated about its axis, the material on disk 118 undergoes-a tumbling
action. A colloidal oxide solution is sprayed through nozzle 128 upon the
materials while disk 118 is rotating. While FIG. 2 illustrgtes spray nozzle
128 as the means by which the colloidal oxide solution is contacted with the
agglomerate material, any suitable method known in the art for spraying or
contacting a liquid onto the dry agglomerate powder can be used. The
agglomerating charge is moistened by the colloidal oxide solution that assists

. in the formation of pellets. The tumbling action of the materials within
rotating pan 112 causes what is sometimes referred to as a "snowballing"
effect whereby the moistened material agglomerates as the dampened particles
come into contact with other particles thereby forming spheroids. The
colloidal oxide solﬁtion used in this process not only provides moisture,
which causes adhesion of the particles by capillary attraction of the particle
surfaces, but it also gives the unexpected result'of'providing a final

absorption composition agglomerate having improved mechanical properties.



conprising, consisting essentially of, or consisting of, zinc oxide and
silica, the thus-formed m xture is dried to renove the water utilized-in
the m xing step. Any suitable nethod for drying can be used and shoul d be
such that a substantially dry mxture is formed. The operating conditions
for the drying step have been earlier described herein. The dried m xture
of zinc oxide and silica can further be reduced in size preferably to the
form of a honbgeneous powder m xture by %y sui tabl e or known nethod of
size reduction. There are nmany known net htds and apparatuses for size
reduction and refer eﬂt%?e 'a?e b@fl%pél oH@q@mrgofatcp@csee(tam‘a%§ngs QMI@Qgi%gig:{ecped
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powder. The su renpva rocesses 0O present inv ntro
carried out SS‘F“‘FrE%Fn§fd‘\‘15%H3} apPafsat st’tQﬁer%'Byg t"t‘i&?féw%rea‘é?léieve‘%ﬂ“awd to
al ternat e coptwdde ghe dheirabsgglonngte onpedidti oizewi th a sul fur-cont a| n| ng
gaseous feed stream fNGord Fﬁﬁfyafltlﬁrsu&t hite +3bgarbL NeL GRAPASEAd:Q
oxygen or an.oxygen- C?’nték owu% as CQ i s *J ti.lized to regenerate the
absor bi ng cofpoar ton" PP BBV 8 51 68ess is in no way linited to
the use of a particular apparatus. The sulfur renoval process of this
invention can be carried out using a figkegbiped of absorbing conposition, a
fluidized bed of absorbing conposition, or a noving bed of absorbing
conposition. Presently preferred enbodinment is the
This calculated Example I provides calculated ranges for the various
operating conditions, process flows and stream compositions in the operation

of one embodiment of the herein-described invention.



use of a fixed bed of absorbingconposition. 16 In order to avoid any
tasual m xing of the gaseous feed stream containing sul fur conpounds with
t he oxygen or oxygen-containing gas utilized in-the regeneration step,
provision is preferably nade for term nating the flow of the gaseous feed
streamto the reactor and subsequently injecting an inert purging fluid
such as nitrogen, carbon dioxide or steam Any suitable purge tine can be
utilized but the purge should be conti,pued until all hydrocarbon and/or
hydrogen sul fide are renoved. Any suitable flow rate of the purge fluid can-
be utilized. A presently preferred pravgeifl uid flow rate is one which will
gi ve a gaseous hourly spac elocity (GHSV) in the f from about 800
GHSV to about IypderlChs 5 Corddfjidnsy dilpws : Seeisuleset)] y space
velocity" is defined as the ratio of the gaseous vol urTEtric flow rate, at
standard conditions of 60[err]F and one atnosphere of p*i@§§sur e, to the
react or vol unescidRs GREPRSLdanOf129f Matter of this invention can be utilized .
to renpve trace QorpbiitibreSndlle pehitdntl orCOfPOaEIdy from any suitable type of
gaseous feed steam clyiredgeni Svdfigient ami nating quantities 1of- 8@l f ur conpounds.
Such gaseous streansCarher Béa¥dds n sul fur conmpounds in th@ ~cdhcentration
range upwardly to ab&\#’“?s fide percent. The sul fur conp q’_nd% are generally
of the type consisti r?'gr?) i °>7drogen sul fide, sulfur dioxlde,” carbonyl
sul fide, carbofir stream ' . o

Ratio of Oxygen-to-Hydrogen Sulfide 1:1 to 2:1

. ) preferably 0.5:1

NTCEAM LT

PIAES

Thermal Zone (14)
Operating Conditions
Temperature (°C) 760 - 1260
Pressure (psig) _ 5 - 30

Reaction Zone (18)
Operating Conditions

Temperature (C°) 150 - 400
Pressure (psig) 5=+30
Claus Plant Effluent Stream (22)
Composition (mole percent)

Sulfur Compounds less than 2
Water . 10 - 40
Hydrogen 0-2
Nitrogen 20 - 50
Carbon Dioxide ' 5 - 60

Total Effluent Stream (30)
Composition (mole percent)
Sulfur Compounds 0.1 - 0.5

Regeneration Effluent Stream (36)

Composition (mole percent)
Sulfur Oxides i 5- 25
Nitrogen ] 70 - 90
Water 1-5




di sul fide, 'and m xtures of two or nore thereof. One preferred enbodi nent of
the invention includes the processing of Claus plant tail gas streams. O

these Claus plant tail gas streans, they can be fromeither a C aus process
Qperated in a node for mnimzing sulfur dioxide or the tail gas stream can
undergo a prior hydrogenation step whereby the sul fur conpounds within the

tail gas streamare reduced to hydrogen sul fide. The sul fur dioxide

m nim zati on operating node of the C aus process i s conducted by providing

the reaction zone with a slight excess of’ hydrogen sul fi de above the

stoi chionetric requirement for the Gguys regction. This slight
stoi chionetric excess of "hydrogen Su|%‘gpe_'l"€5u| ts in mnimzing the anount

of sulfur dioxide that is present in a Claus tail gas. |If the ratio of
hydrogen sul fide t dhdsl|¥xanpldi DiXiddscriibest bigee meetotli o pzepreind the Gbatidest ant

appr oxi.nat eg, oéirtl&l}eﬂlén@ew{tﬂt th Qémpbb/éi’.'&?%ns&# Ebii8s feQol b Mpedi @¥hde N
the Caus t ‘%l g Cenerally, the concentration
of sul fur %Wﬁ&%ﬁd%mf’ﬁrti t‘éd’g &e?l ll"“@)%\? s°t°F'%°§f‘ﬁW“f1 be less than 2 nole.
percent; the car bor’Plipxsri eRwprising abgut| 38 aeight mepeent rcalhee shlicagabowst feam at
a concent I abdight ipRrédhe £mRQ6xi0é (ZhOMaad Gitbutd 1k OwelpPillpe fddntDd 18nAI BT . .

Wt er nor n%ée%rwdl Jis qgllB{;rg Selﬂtrs{: nzﬁd"ﬁﬂ @glqge %Lwc{eg.'g %@QQ.E{eleox”P lp%f_:ﬁ%rgient

to about 40 no er.cent ‘gen W) resent e range, of from
about 20 rmf%’rﬁ’é‘r'“éé‘ﬂ? ‘to"‘%f’b‘&‘ift 5§ TSy &‘E‘P‘i‘f‘t é’ﬁd”aﬁ%rtfigfé’ﬁ“‘\ﬁl FixtBee pidksent
i n the rangtheapdwied| st aotapenstu® pbl|aboyte SRRt for 6 to 12 hours. The dried

material was broken up to a fine powder in a ball mill. The resulting powder
was then sprayed with a colloidal solution of Dispal® 18N4-20 alumina (Vista
Chemicals) in a sufficient amount to incorporate about 5.25 weight percent
alumina in the resultant mixture which was thereafter dried to form a dried

" powder. A portion of this dried powder was placed in a Dravo Corporation
pelletiéing disk or pelletizer for.forming an agglomerate. While the
pelletizing disk was being rotated, an additional amount of the fine powder
was continuously fed to the pelletizer using a powder feed and the mixture in
the disk was continuéusly sprayed with & colloidal solution of Dispal® alumina
in water to effect sphere fcrmation. The amounts of powder feed and colloidal
alumina solution sprayed onto the powder was adjusted to yield spheres w1th
the composition stated above. The disk angle and its revolutlon was
manipulated to yield spheres of desired size. .

The spheres were dried at about 275°F for about 3 hours and then
calcined at about 1175°F for about two hours. The dried and calcined spheres
were impregnated by use of an incipient wetness method with a sufficient
amount of Ni(NO,),+*6H,0 dissolved in water to yield about 7.5 weight percent
nickel oxide in the product. This was followed by another drying and
calcination step as described above. The physical characteristics of the
material before and after nickel impregnation are shown in Table II.
Comparative data are also provided in Table II for a composition similar to
that of the inventive composition but which was prepared by exfrusion methods
instead of disk agglomeration methods and which such éomparative composition
did not utilize a colloidai solution as a binder or binding agent. The data
presented in Table II show ‘that the sphérical product has high mechanical



The gaseous stream containing a concentration of sul fur conpounds is
contacted with the novel absorption conpositions described herein to
produce a treated effluent stream having a substantially reduced
concentration of sulfur conpounds. Preferably, the substantially reduced
concentration of the sulfur conpounds in the treated effluent stream can be
| ess than 0.5 nole percent of the treated eff] uent stream Most
preferably, the substantially reduced cgpcentration of sulfur conpounds in
the treated effluent streamcan be |l ess than 0.02 nol percent of the
treated ef fdeuaigth &h{ﬂaﬁmlmmyn&uiﬁiablperé QEPR@E Hnd @1k Qlend e sinlkfdir td enaeal
processes qfe g,{g o?&, Lcmgg@cg&nmcggteq gautilized which will achieve the
desired renobva sul fur om a gaseous $éed stream The tenmperature will
generally be in the range of from about 300[err]F to about 1110[err]F and

will, nore preferably, be in the ranggstdt ¥ir om about 390[err]F to about
840[err]F. Any suitable te erature can be ut| I | zed V\/m ch witl regenerate
t he absorbi ng conposition ! t2 o the or| gi nal

absor bi ng conposition form The -Ao- ‘ e rat
in the range of from about 700[ St .
regeneration tenperature is pref@afdy nensitbepd&an,geun@f from 8powtx.800[ err] F
to about 1400[err]F. Most preferéblip) tHe/dc@geree/adi on t enpecigpe shoul d
range from about 800[err] Fto abouf._LSOD{_er_L].E._Angusw t abl e pressure can
be utili zedcfo %rgcesses of the present invention. The pressure of the
gaseous fe °|l APPET NG treated is, not peli evegl o have an igportant
effect on t @50’;1 wsmﬂoomopﬁﬁggss of the present i1 nvention, and will

general l'y becentéhaorpalagaewjo,from about at nospheric pressure to about 2,000
psi g during ThepbrteaNi®@nt .

ly be

er N Im 41 L ion

Invention Spheres:

34 mesh 4 0.75 0.38 13
4-5 mesh 5 0.74 0.43 11
5-14 mesh .. 4 0.74 0.42 -7

Example III

This Example III describes the use of the novel material in a-
process for removing H,S from a H,S-contaminated fluid stream and makes a
comparison between the novel material and a control material when both are
utilized in an H,S absorption process. _

The novel absorbent described in Example II above was subjected to
an absorption test in which the absorbent was alternately contacted with a
gaseous stream containing H,S mixed witﬁ an inert gas until the sulfur loading
capacity of the absorbent was reached followed then by a regeneration of the
sulfur-loaded absorbent to its original Zn0 form by contacting the absorbent
with air. The reactor temperaﬁure for the contacting step was maintained at
about 800°F and the regeneration temperature was maintained at about 1100°F.
The sulfur loading capacity of the absorbent was determined to be reached when
hydrogen sulfide was detected in the effluent stream; at which point, the

sulfided material was regenerated in air. The S0, concentration was measured



Any suitable residence time for the sul fur-containing gaseous feed stream
in the presence of the absorbing conposition of the present invention can
be utilized. The residence tinme expressed as vol unes of gas at standard
tenperature and pressure per volune of absorbing conmposition per hour wll
18 generally be in the range of about 10 to about 10,000 and will, nore
preferably, be in the range of about 250 to about 2500. In the preferred
enbodi ment of the invention, the Caus plant effluent stream having a ,
concentration of sulfur conmounds can be_jntroduced into an absorption zone
contai ning any of the novel absorbent- cOnpositions described herein to

renmove at Leastn@ufRritep Al skhe 6ONRERLIALERN Qbp Sk Ml b LaPRRNES (§19.
produce a L eat ed seff

l.uent stream having, a substantjally.redu
concent rat F5h *5F° the &0 1%1]? 15'8??%6‘0% gm“["gitﬁ?'bg‘ﬁc%“cgu‘#egdb’yn T%%‘lgeof? ant e
conposi t i oAPsoPRenitoRli ¢hid ynvepkion| exidbitad sdpHentsud Srrpoiovs oabEldfy 1fe that
regener at eds tyie PGSl OmatBr X Vi@ETe CEHILEE IR NFcH ARpioted ABEMRGICAM dttehdth daden
absor bent. gmgﬁ{a‘:&prﬁt&awﬂdﬁc Rt Nededd GHLDCIGR! é‘b‘lof\fﬁgr&‘ér@egm‘lﬁ@ion "
regeneration effluent stream Claus processes are we nown i'’n the art and
any ref er efi¥8€SherHi A TP oFs 1 SBENE s8B! CPAULY pramrsed-of Biessrbgridtdse
conver si onshapecesS sets pesduredovgriaged| fernhmdrctall dperatioonfdrl aininisdr eANs,

sonetines LefLhi adchifs tﬁ&iiqprga& $EdsS@TBdrop OBl b P e sl B Lokully dggEN
sul fide and, car bog_sr% oxJ d acid - gas streans are generally fluid
[

.. These
streams haVlhd*t K 8?’1°§fﬁb73’§$ﬂta“$ses'

Table III

Hydrogen Sulfide Absorption Test Results

Composition
(weight parts) Cycle Sulfur Loading
Sample Zn0/Celite/A1203/NO Number 10 min. _BT (Wt %)
A (Control) 50/40/10/7.5 1 180 60 10.6
14 - 13.2
. 20 950 630 13.1
Invention 50/38/12/7.5 . 1 30 11.3
: 2 715 470 12.4
15 805 530 12.4
20 845 555 12.7
100 470 11.¢0

BT = Breakthrough

It is understood that the foregoing detailed description is given
merely by way of illustration and that many variations may be made herein

without departing from the spirit of this invention.



mai n WL&DJ used to renobve hydrogen sul fide and carbon di oxi de
fromfluid streans containing such. The acid gas streamis charged to the

t her mal lmm‘lﬂ)mmml&u pl ant wherein a portion of the hydrogen sulfide is
conbus'tm dfce of air. In the thermal zone of the O aus plant,

t he hydr'ogén SulYi de will generally react with oxygen to form sul fur )
di oxi de and water by the foll ow ng reacti_ozrg- equation: 2Herr]S + 30[err]
[err] 2SO err] + [err]Herr]O In order to convert the sulfur conpounds _
contained in the acid gas streamto elenental sulfur, the effluent fromthe
Claus plant thermal zone will pass to a Caus plant sul fur recovery zone or
reacti on zone WrhilEps Petaslesml Cor di oxide is react ed W tJanbdrg 2Mc99sert ed '
hydrogen sulfide to formel emental sulfur and water BRBEPODGHME/M th the
followi ng equation: 2H err]S + SJerr] [err] 3S + 2H err] O 19 For the
optimum recovery of sulfur fromthe hydrogen sulfide in the acid gas
stream it is nost desirable to maintain a ratio of hydrogen sulfide to .
sul fur dioxide in the fluid streamto tdmikd ays reactor zone of about 2:1.
In order to achieve this optinumratio, the anbunt of air charged to the
Claus plant thermal zone will be controlled so as to react a sufficient

amount of H{ errliS vatdonpeyieien suitabler fort ARobeRe faf VedniristhgOkind@ddelhe O aus

| ant effluent stre or tail s will generall have only trace quantities
gf sul fur conpoundst o apd colloi 5 oxide solggon in a l¥quid mcd?umyor said cogn-
10 position wherein said liquid medium has been removed to obtain a

dry composition.

2. The composition of claim 1, wherein the ratio of zinc oxide to silica
is in the range of from 0.25:1 to 4:1
15 '
3. The composition of claim 1 or 2, wherein said colloidal oxide
solution comprises a metal oxide compound that is uniformly dis-
persed in the liquid ‘medium.

20 4. The composition of claim 3, wherein said metal oxide compound is
present in an amount up to 30 weight percent and in a minimum
amount providing a crush strength of at least 133 N (3 Iby).

5. The composition of claim 3 or 4, wherein said metal oxide com-
25 pound is present in an amount of from 1. to 30 weight percent,

based on dry composition.

6. The composition of any of claims 3 to 5, wherein said colloidal
oxide has a medium particle size in th.e range of from 5 to 1,000

30 nm (50 to. 10,000 angstroms) and wherein said liquid medium com-
~ prises water and the concentration of said cc.>lloidal oxide solution is

in the range of from 1 to 30 weight percent.
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i oclude hydrogen sul-fide and sul fur dioxide. Qher possible sulfur
conpounds contained within the tail gas stream can include carbon disulfide
and car bo ﬂ'lmﬂll““ﬁ"mmﬂlﬁarl i er described, the daus process can be
operated i e ninimzation node or, alternatively, the tail
gas can furthér tnder go a hydrogenati on step wher eby sul fur compounds are
reduced to hydrogen sulfide prior to downstream processing. Preferably,
the concentration of sulfur conpounds can be |ess than about 2 nole percent
of the tail gas stream The O aus plant € fluent streamor tail gas stream
havi ng a concentration of sulfur conpounds is introduced into a vessel
defining an absorption zone containing the novel absorbent conposition
descri bed herefn. Tﬂiétddnlposﬂnenadfsmypbi okimoAeto 6t wherait said rmetal axidef the
concentration of the uI fur og ont ai n vy.thi n_.t he. t 1S stream
is removed to pro§PRR %Pdt Pesﬁfeggg& LPg'r\If“q?I F@‘éﬁh H&Wi"‘ma‘%“&?&‘“ S ally
reduced concentr athdmonyf dxide, Seesfurt axidepoyttrilen duide, m@feera&idq frewvi ng a

concentration of sulfur s _than. b ut ercent and,
oot preferanly. . PEOS TREFRES dride polyBRomE SBifE, RHeser oot LT Ly
conpounds wisl | be uabsridbexhdumixtured of sy frvoesr ﬁml:\rshérbmm t he pores of t he
absorbent conposition to produce a | aden absor bént conposi tion. The
cheni cal changes that are believed to occur in the absorption conposition

during the abs8r pﬂhemmpo&ﬁh‘ﬂv@ﬂ aigt o ther presedingiclating] whertinesadidlcbmwi ng
equation: ZnO + H er rr nS + .H 0] He ,absor bent conposition
becomes subst ant i d#rﬂﬂé{‘%l 4558‘]1 r P?%m’éi[ PERIOMeBHfs or bent

requiring a regeneratron in order to restore the conposition to its

ori gi nal form e regengratipn is_conduct
9 10 e co os?tiron otD any of t%e preced(ljng claims, wherein said dry

composition has a crush strength of at least 133 N (3 Ib) and 2
sulfur loading capacity of at least 11 weight percent.

10. The composition of any of the preceding claims, further comprising
15 a Group VIII metal oxide promoter. ' '

11, The comoosition of claim 10, wherein said Group VIII metal oxide
promoter is present in said composition in the range of from 0.1 to
15 weight percent based on dry composition. a
20 _
12. The composition of claim 10 or 11, wherein said Group VIII metal

oxide promoter is nickel oxide.

13. The composition of any of claims 10 to 12, wherein the crush

25 - strength of the dry composition is at least 222 N (5 Iby).

14. A method for preparing a high erush strength absorption composx-
tion of any of the precedmg claims comprising the step of:

-'\'
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periodically by terminating the fluid flow to the absorption zone foll owed
by 2 I an oxygen-containing gas in contact wwth the | aden
absor bent | 1 enerat ed absorbent in-a regeneration effluent
stream ‘wﬁﬂmmw hat the regeneration step occurs by the follow ng
equati on: c+ esr]s[err] ZnO + SO err] The regeneration effluent stream
whi ch contains the sul fur oxide conpounds can, optionally, be recycled to
be m xed with the .acid gas stream bei ng0charged to the C aus plant thernal
zone. This regeneration effluent streamis mxed with the acid gas stream
prior to introducing the acid gas streaminto the Caus plant thermal zone.
The benefit from pdg*{glin r - ald an flu ; lg,za,g\"mmfromthe-
ability to use tﬁg u f&r g%lidl?%él g%r&r%gslr?n iogls og{or g’a%{agnr??gé\nt (he unconverted
H2S to form el emeomprising| fine cxideé ard silich ndusingonurhliog egglomerationbiove
equations. ‘Referrgng ,ﬂpg%él%g;f.&_ 1, there is provided a schematic
representation of process 1 or renoving sul fur conpounds from
contam nated fluid streans. An acid gas stream having a concentration of
hydr ogen sul fi;de + i§&£ ed. Vvl a4C [: : rnac tch defines
a thermal ;!’JoneﬁC)fTh:te au('gsaj|t)i1(fa£nif“,}ﬂ %b%#}%tige%g?&%{ ggrcﬁpéﬁd’alo% e hydrogen
.sul fide of the achidtugesitdizeddmnsaid spraging sted i8isubh dayprovide (said imetalont ai ned
within the air t I Sl duc i nLq.t fjne y furnace
14 Vi s condait 1*6b_§¥dfhgo&1£'&{n‘a HeGH AR5t {5 b "R WRight YPafeeieldndeth .
minimum amount providing a crush strength of at least 13.3 N (3

Ibg).

10 .
16. The method of claim 14 or 15, wherein said tumbling is carried out '
within an inclined rotating disk having a rim to form an agglomer-

ate substantially in the shape of a sphere.

15 17. The method of any of claims 14 to 16, further comprising: drying or
calcining said agglomerate to form a dry agglomerate having a crush
strength of at least 133 N (3 Iby).

18. The method of any of claims 14 to 17, wherein the amount of
20 colloidal oxide mixture utilized is such to provide said dry agglomer-
ate with a metal oxide compound content in the range of from 1 to

30 weight percent of the total weight of said dry composition.

19. The method of any of claims 14 to 18, further comprising: _
25 adding a Group VII metal oxide promoter to the.dry agglomerate
in an amount such as to give a metal oxide compound content in

said dry agglomerate in the range of from 0. to 15 weight percent
to give a promoted agglomerate.

This Sheet Has Been Reﬂlaced




resul tant product fromthe thermal zone is introduced into reactor 18,
whi ch def+nres—a—+eactor—zone of the C aus plant, wherein el enental sulfur

i's recove it 20, and a Claus effluent streamis produced
and passeHi m I@H it 22 to heating.nmeans or heat exchanger 24. The
C aus pla i mis, optionally, heated to a desired tenperature

and then passes by way of conduit 26 to absorber vessels 28a and 28b, which
respectively define two separate absorption zones. Cont ai ned within the
absorption zones are any of the novel- 3lbsorbent conpositions described
herein. Wthin the absorption zones, at |east a portion of the sulfur
conpounds contained within the C aus plant effluent stream are absorbed by
t he absorbent conposition or renoved fromthe effluent streamto produce a
treated effl kbt The rmethodinofc hlairs 1S neompeidingr adding sueksd roxides ae| saiBa or 28b,

or both, via congul t t: | uent streamwill generally have a
Bidp Y P8 ‘iR fllnblet

substantial reducti oncentration of the sul fur conpounds.
Preferably, the amount sul fur conpounds contained within the treated

effluent st re%l(n Thé Im&ﬁo& F S -Oar119 3ot ﬁg.ﬂgser‘@ng,srglﬁ{ cent and, nost

preferably, the concentration sul f'ut “conpoun the treated effl uent
stream wi | § be | edgningasaid.promoted pgglemerate te give gepermdted chsinedbl e to

have at |east g SGPALA G MiQr BLUO AR Se 1 104T%% 4 & peRgA! the

si mul t aneous reg ration o ne absor ption zone WhiTe utllT%Zing anot her
absorption zone for renoving or absorbing sul fur .

22. The method of any of claims 14 to 21, further comprising the steps
prior to said spraying step,
10 - mixing zinc oxide and silica with water to form a mixture;
- drying said mixture to form a dried mixture; and

-  milling said dried mixture to form said homogeneous mixture.

23. The method of any of claims 14 to 22, wherein said agglomerate, or
15 said dry agglomerate, or both, is substantially in the shape of a
'sphere. |

24. Use of an composition of any of claims 1 to 13, for absorbing
sulfur. | '

20
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conpounds fromthe Claus plant tail gas stream Having at |east two
absorbent zones permts the periodic-regeneration of a |aden absorbent
conposition by passing an oxygen or oxygen-containing gas, such as air, in
contact with the | adened absorbent to produce a regenerated absorbent and a
regeneration effluent stream The oxygen-containing gas is introduced into
absor ber vessel 28a or 28b, or both, VI ?onduit 32. Optionally, disposed
within conduit 32 i's heating neans or exchanger B4 which, if depired,
permts the heating of the oxygen- contalnlng gas priofgto passing thh-gas
into at | east one of the absorption zones. The rege
stream passes from absorber vessel 28a or 28b, or bot

prior to introducing the thus formed mixture to the t
provided to illustrate the use of a typi-cal inclined pan or disk typ
aggl onerator used in the nethod for preparing the co iti
i nvention. As shown in FIG 1, a feedergdevice 110 is] provided so that
material can be charged to pan 112 of é%e aggl oner at of . [

for charging material can be used. That ich is sho
is a belt type conveyor on which the/a charlge materi a
conprising the absorbent conponents \|s nv dland di scharged to
by a noving belt}116. Pan 112 conprises a disk 118 tjhat is
rim120 attachedjto the outer perineterQedge of disk {118 so
essentially oﬁ#n end, cylindrically shgyed device. Tol pronot
and cascadi ng si the material in pan 11 t he inside |surface
can optionally bg provided with a ro by .any suita
i ncludi ng, for ekanple,
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expanded netal , abrasive coatings or netallized surfaces. Disk 118 can be
any suitable dianmeter necessary for giving the required. capaci-ty and can
range fromless than one foot in-diameter to nore than twenty feet in
di-ranmeter. The 22 depth of pan 112 is-set by the height of rim 120, which
can be any suitable height that will pronote the desired aggl oneration.
Cenerally, the height of rim2120 w || agggoxinate twenty percent of the
di ameter of disk 118. Provided on disk is rotation means 122 which
permts the rotation of pan 112 about its axis. Rotation neans 112 is
connected by |inking nmeans 124 for transmtting power from power neans 126
to rotation neans 122. Power neans 126 can be any suitabl e device for
inparting the power necessary for rotating pan 112 about its axis and can
include electrical notors of any type, engines of any type or turbines of
any type. Preferably, however, power neans 126 is an electrical notor wth
| i nki ng means 124 bein , i tabl e device including those devices which
can permt variable sp frol of pan 112. Pan 112 can be inclined at an
angle fromthe horizong ne, as depicted in FIG 2 and as referred to
in FIG 2 by the Geek g theta ([err]), in the range of from about 15
to about 75[err]; but, @ gl ly, the anglﬁéff inclination will range from
about 30 to about 65[err¥zfIhe aggl oner d pellet size is significantly

7 inclinationg{‘/pan 11

At 5

_.,2/”4 '/112

120

o
R e A S i BT RS G
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To tréat and aggl onerate the absorption conposition, the absorbent
conponent materials or agglonerating charge 114 is fed to pan 112. As di sk
118 is rotated about its axis, the material on disk 118 undergoes a _
tunmbling action. A colloidal oxide solution is sprayed through nozzle 128
upon the materials while disk 118 is %%§" i VWiile FIG 2 illustrates
spray nozzle 128 as the neans by whic ﬁ | oi dal oxide solution is
contacted with the agglonerate material, any suitable nethod known in the
art for spraying or contacting a liquid onto the dry afigwe)ate powder can
be used. The aggl oner ati ng charSJLFUGR ABSORBENTSy t he col | oi dal oxi de '
solution that assists in the formation of pellets. The tunbling action of
the materials within rotating pan 112 causes what is sonetines referred to
as a "snowbal | i ng" effect whereby the noistened nmaterial aggl onerates as

t he danpened particles cone into contact with other particles thereby
form ng spheroids. The col |l oi dal oxide solution used in this process not
only provides noisture, which causes adhesion of the particles by capillary
attraction of the particle surfaces, but it also gives the unexpected
result of providing a final absorption conposition aggl onerate having

i nproved mechani cal properties. 23 There are various operating factors
of rotating pan 112 which affect the ultimte size of the spheroids forned.
Some of these operating factors can include, but are not limted to, the
rotational speed of pan 112, the ' '

. A composition and method of making a strength enchanced compositiod

are described. The composition comprises zinc oxide, silica and colloidal
oxide solution. The colloidal oxide solution is utilized as a binding agent
to proviée a strength enhanced absorbent composition that can be utilized in -

an absorption process for the purpose of removing sulfur contaminants from

fluid streams.



afngle'of lmm! r]) of pan 112, the location and rate dMB* _‘m:

i At roduc ,If”(ﬁ'r”ﬂld feed and SO|Id feed and the ratio of the height

. of ri'm 120 to tthe”di & of disk 118. These factors, anobng others, are
"to be adjusted to provide the desired a2@l orrerSﬂbesttﬁutq_oslhée!i-_ $82mneTﬂ)99We

~fully illustrate and to assist in u ;r t%ng t he invention, the

- follow ng exanpl es are provided. Exaripre s cal cul ated Exanple |

: provi des calcul ated réﬂgmdsmontdompmamgous operating conditions, process
flows and stream conpgsiti ofs i ta?g ﬂer tiqQn of1 one enbodi nent of the

i herein-described i nveffff §flde, SIS apggpio & 30u8er at i ng Condi ti ons,

Fl.ows and Cpnpositiong &o@ﬂidéiﬁoﬁtaﬁ%mﬁﬁriﬂ%la?ﬁ 1dv@ié§e1+: c%ll&ﬁﬁﬁb{i&@)

Corrpomhonﬁém)l e percent_"on dry basis) rogen Su
.10 - 98 Car $dwtiqn epmprises finely d1v1ded collmdal-sme particles of a metalOo:adeQGorﬁ?pﬂﬂhﬂn

' gu!—f | CZieAi . that is yniformly dispersed in a liquid med1um. - 2 Hydrocarbon

-

3. . A composition as recited in claim 2, wherein the ratio of zinc oxide to
silica is in the range of from about 0.25:1 to about 4:1 and wherein the amount of
colloidal oxide solution present in said composition is such that the metal oxide
compound content of said composition is in the range of from an amount effective for
providing an agglomerate of said composition having a crush strength at least about
3 Ib; to about 30 weight percent of the total weight of said composition.
4, A composition as recited in claim 3, wherein said finely divided,
colloidal-size particles have a medium particle size in the range of from about 50
angstroms to abbut 10,000 angstroms and wherein said liquid medium comprises water
and wherein the concentration of said finely divided, colloidal-size particles in said
colloidal oxide solution is in the range of from about 1 weight percent to about 30
weight percent.
5. A composition as recited in claim 4, wherein said metal oxide compound
is selected from the group consisting of alumina, silica, titania, zirconia, tin oxide,

| antimony oxide, cesium oxide, yttrium oxide, copper oxide, iron oxide, manganese
oxide, molybdenum oxide, tungsten oxide, chromium oxide and mixtures of any two or
more thereof.
6. A composition as recited in claim 5, wherein said composition is in the |
form of a dried agglomerate. | .
7. A composition as recited in claim 6, wherein said composition is in the
form of a calcined agglomerate.
8. A composition as recited in claim 7, further comprising a Group VIII
metal oxide promoter. o
9. A composition as recited in claim 8, wherein said Group VIII metal

~oxide promoter is present in said composition in the range of from about 0.1 weight

P e,
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~Ratio:of Sul fide 1:1 to 2:1 preferably
0.5: 1 Ther mmm I Ilr nratl ng Conditions Tenperature ([err] O
760 - 1260 ressure 5 - 30 Reaction

Zone (18) Operating Oondl tions Tenperat®®9e (CSulsdtitute sheet - 18 J3u0neCI1 997
150 - 400 Prassir | - aus
1§ abbt! %gvelég%%ercent

Plant Efflu nt tream ( osition (nole percent) Sul fur Conpounds

- less than 2184t er A composition as recited in claim 9, wherein said Group MIIF métal
Hydr ogen A .. ) 0 - 2 Nitrogen

20 - 50 Car B¥fe Bromeigeis nickel oxide. 5 - 60 Total

et S 50) SRR A SRR B BpR, of pd
- Sul fur Oxi deqmposmon is at least about 5 Ib,. 5 - 25 Nitrogen
70~ 90 12, An absorption composition comprising a mixture consisting essentially of

zinc oxide, silica, and colloidal oxide solution, said mixture having been dried to
remove the liquid medium of said colloidal oxide solution thereby forming a dried
mixture having a crush strength of at Jeast 3 1b; and a sulfur loading capacity of at least
about 11 weight percent.
13. An absorption composition as recited in claim 12, wherein said colloidal
oxide solution comprises finely divided, colloidal-size particles of a metal oxide
compound selected from the group consisting of alumina, silica, titania, zirconia, tin
oxide, antimony oxide, cesium oxide, yttrium oxide, copper oxide, iron oxide,
manganese oxide, molybdenum oxide, tungsten oxide, chromium oxide and mixtures of
any two or more thereof having a medium particle size in the range of from about 50
angstroms to about 10,000 angstroms uniformly dispersed in an aqueous solvent.
14. An absorption composition as recited in claim 13, wherein the ré.tio of
zinc oxide to silica in said mixture is in the range of from about 0.25:1 to about 4:1
and wherein the amount of said metal oxide compound present in said dried mixture is
present in the range of from about 1 weight percent to about 30 weight percent of the
total weight of said dried mixture.
15. An absorption composition as recited in claim 14, wherein said dried
mixture further consists essentially of a Group VIII metal oxide promoter which is
present in said dried mixture in the range of from about 0.1 weight percent to about 15
weight percent. | '
16. An absorption composition as recited in claim 15, wherein said Group
VIII metal oxide promoter is nickel oxide and wherein said dried mixture is further
cal_cinéd to produce a promoted calcined mixture having a crush strength of at least
about 5 lb,.
17. A method for preparing a high crush strength absorption composition
comprising the step of: '

spraying a colloidal oxide solution onto a homogeneous mixture
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¥_\ﬁllltgrExmlm‘el“I“II““E“HIr“mlas the nethod of prepari nglt oeSabsorzgeE;(am)l el

conposi ttorfs & oflg ™ th the conponents of such conpositions and pertinent

physi cal property data of the prepared gonposi $ipstfutSRRBEES 180 3190F

about 38 wellihrifs ofRla:idd didsifitd dithe dhdlthe ulifleliton AE b 2! NG OXI de
wel g t a € %

- (ZnO) and abou per cent na we rep are ows. First,
:ZnO and cel aggomeratker s were m xed for a period of approxi rratel y 45 m nutes

fficient nt, of ter to. fo a mxture _and.then_ drie
'tgr'rgefgt ulrgllgp aﬁgﬁf é‘oﬁf@}%ﬁ]aﬁr%teden%@mzl%aﬁﬁem therati of @inc eyt thwfaWas
or oken U0+ fh @i HOfoBAMIES miktufe 43 kndTHnke of BET ARML 01301 ROMIRE 410S | hen

sprayed W|t aco ution of Dispal]er 1 - Oalumna (Vista
Chemical s) 9. a suffi cAmeﬂlodrwumteﬂonlctmnrlpsowﬂbmimbaidtcoﬁoﬂﬂ owdde bdlutden cent

alumna in the resuylt tur i ch was. thereaft ried to ma dried
powder. A psoppgwsﬁnefmégﬂ?ﬁ %‘%I\d Rﬂ&gclﬁﬁ@@e@eﬁaﬁogﬂoﬁa%w&s{@a b8t ion
pell eti zi nguﬁif&lﬁﬂgrdl@%}sg&tiﬁ 38iqui®Phediaiym Ng an aggl onerate. Wi l e the
pelletizing di sk was being rot ated, an additional anount of the fine powder

was continudlsly fed tAoHEﬂ'@dpelre@tedZQNIM|h99vmemmd finebyddiaided; ¢ndlondatt ur e
“in the di sk _was nuousl ed with col | oi | u n_of

D spal [ o 1] SEF BATCRIPSIHAYE s i file Hok iy e Fones it Rorribott 56 Andtrams toy
powder feedabsift 109000Qingstroms and whereln said liquid medium comprises water and wherein

the concentration of said finely divided, colloidal-size particles in said colloidal oxide

solution is in the range of from about 1 weight percent to about 30 weight percent.
21. A method as recited in claim 20, wherein the amount of said colloidal
oxide solution utilized in said spraying step is such to provide said agglomerate with a
content of said metal oxide compound of from an amount effective for providing said
agglomerate having a crush strength at least about 3 Ib; to about 30 welght percent of
the total weight of said agglomerate.
22. A method for preparing a high crush strength absorption composition
comprising:
agglomerating a homogeneous powder mixture comprising zinc oxide

and silica by spraying a colloidal oxide solution upon said homogeneous powder
mixture while tumbling said homogeneous powder mixture within a inclined rotating
disk having a rim to form an agglomerate substantially in the shape of a sphere.
23. A method as recited in claim 22, further comprising:

. drying said agglomerate to form a dried agglomerate.
24, A method as recited in claim 23, further comprising:

calcining said dried agglomerate to form a calcined agglomerate having a

crush strength of at least about 3 1b,.
25. A method as recited in claim 24, wherein the ratio of zinc oxide to silica .
in said homogeneous powder mixture is in the range of from about 0.25:1 to about 4:1
and wherein the amount of colloidal oxide mixture utilized is such to provide said
calcined agglomerate with a metal oxide compound content in the range of from about

0.1 weight percent to about 30 weight percent of the total weight of said calcined
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al um ma solution s rayed onto the powder was adjusted to yield spheres with
t he conpo IIH lﬂﬂﬁ“ﬂﬂ;lﬁﬂf The disk angle and its revol ution was

mani pul at es of desired size. The spheres were dried at
about 275[err F %o about 3 hours and tBeén cal suﬁg@tu:eé shbett 18l0ai& o7 f or
about two hgg%\gme;gg@ dried and cal cined spheres were inpregnated by use of
an inci pi ent tness nethod with a sufficient anpunt of

Ni (N err])Rerr]. 6H e hﬂ}nbdsasah&md in relaiat2s; firthey icomprigingut 7. 5 wei ght

percent nickel oxide |§d1t he (% This was foll owe anqt her dryi
C

ng
and cal ci nation step 46%3&& tal oxigp promoter E"a?al‘gﬁﬂ?‘é%@ia%’fa@cgl of
the materia | l. :
Comparat | ve arionie sl tgﬁéevé‘ﬁﬁ%f OAIERORRR pualn SHO Mt et dte . ¢
t hat of thein thealangesef frompabout 1 oveighttperdentcto abest PO eyeight petrgntetot givs aon
methods instead o % di sk Iorreration met hods and whi ch such conparative
conposition Prfjmpet a colloidal solution as a binder or binding

agent. The gata presemﬁﬁtﬂoﬁal_fi@élﬁdhhcﬁiﬁﬂvﬁé Btk BompRlaRy 02l product has

hi gh nechani cal 26 strength while stil frai Nt ai ni pore vol une and bul k
density sinmilar to thegleingig iﬂ@pmqi@d &glmaemterﬂpcgmt & promotedwaleined| . ]'cl'abl e
Il Physi cal s.of HS Ni | npregnation Af ter

N | egna?E@ﬁRl%;atté ﬁavmg a crush e IP g‘fabf

A method for preparing a high crush strength absorption composition
comprising the steps of:

(a) mixing zinc oxide and silica with water to form a mixture;

(b) drying said mixture to form a dried mixture;

(c) milling said dried mixture to form a powder;

(d) spraying said powder with a colloidal oxide solution during tumbling .
agglomeration to form an agglomerate;

(e) drying said agglomerate to form a dried agglomera;ce; and

(f) calcining said dried agglomerate to form a calcined agglomerate.
29. A method as recited in claim 28, wherein said agglomerate or calcined
agglomerate or both, is substantially in the shape of a sphere.
30. ' A method as recited in claim 29, wherein said calcined agglomerate has
a crush strength of at least about 3 1bs.
31. A method as recited in claim 30, wherein said colloidal oxide solution
comprises finely divided, colloidal-size parﬁcles of a metal oxide compound selected
from the group consisting of alumina, silica, titania, zirconia, tin oxide, antimony oxide,
cesium oxide, yttrium oxide, copper oxide, iron oxide, manganese oxide, molybdenum
oxide, tungsten oxide, chromium oxide and mixtures of any two or more thereof that is
uniformly dispersed in a liquid medium.
32. A method as recited in claim 31, wherein said finely divided, colloidal-
size particles have a medium particle size in the range of from about 50 angstroms to
‘about 10,000 angstroms and wherein said liquid medium is water and wherein the
concentration of said finely divided, colloidal-size particles in said colloidal oxide

solution is in the range of from about 1 weight percent to about 30 weight percent.
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Bulk » \Water ‘nkeRa Pore Vol une Cr. Str. (Ib[err]/p)
(g/cc)  (cc/ 9)'_mu“nhiullmﬂmﬂmerr]/p) Control Conposition Extrudates:
3 0.78 «»0.d0L n s = 8 (50 parts ZnO 40 parts Celite, 10
parts Al[err](err], 7.5 parts NiO Invgation Sabsitate sRbet L 8 Wshe 1997
4

0. 7533, 0. 38 A method ff rgc:itfﬂ ]iﬁézgafjlnﬁ ﬁ?merein the ratio of zinc ox&de to sili%\

0.74 0. 43 .74
0.42 utilized in mixingastpp €a)lis in THei rangexofifrom dbolit 0.25drtokdeut 4x¢. use of 1a he
novel material in a procegs . for remvipng Herr]S froma H2S-contam nate
fluid st reahmiand maked me Fhi’érrF%@HqB %éﬂl% phiereiry the ameung of gplleidal oxide

_ I t 41 t L kd ' e r b4 €ss.
The novel " abouion WIEAMIR Prediife i (38 fuckftoTApTiE kil SaRERAl il Ao 3
absor pti on stept(fior sakd diied sgelahbereteefrtepiey watht £ metal ekide contpaahd dontefthina

Poading capl enof e shouh ot estveoh i dbsi G0 orish Hereit of the ol "
- regener at i ofyeqht bR €ithét! hid driPARbARER RN doltindSagilérfird@l ZNO T or m by

contacting the absorbent with air. The reactor tenperature for the
contacting 8%ep was néi methodead regitedin wlaid (] svheiein thedspraying stgp (&) utilizes

tenperatur eaﬁv‘%ﬁwﬁna{ & saaiicp gtghoé}crlal %9:9&ét soi‘ujtl%g[tﬁar,triL Iéffec’cive in producing said calcined
agglc;merate of step (f) having a crush strength of at least about 3 Ibs.
36. A process for absorbing hydrogen sulfide from a fluid stream, said
process comprising: '

(a) mixing zinc oxide and silica to provide a dry homogeneous mixture;

(b) providing said dry homogeneous mixture within a pan of a tumbling
agglomerator;

(c) spraying a colloidal oxide solution, wherein said colloidal oxide
solution comprises particles of a metal oxide compound dispersed in a liquid medium
said metal oxide compound comprises colloidal-size particles having a median particle
size in a range from about 50 angstroms to about 10;000 angstroms upon said dry
homogeneous mixture while rotating said pen to thereby form pellets;

(d) drying said pellets to provide dried pellets; and

(e) contacting said dried pellets with a fluid stream containing hydrogen
sulfide under conditions suitable for absorbing hydrogen sulfide.

37. A process for absorbing hydrogen sulfide from a fluid stream, said

process comprising:
(a) mixing zinc oxide and silica to provide a dry homogeneous mixture;
(b) providing said dry homogeneous mixture within a pan of a tumbling
agglomerétor; | ' '

~ (c) spraying a colloidal oxide solution, wherein said colloidal oxide

solution comprises particles of a metal oxide compound dispersed in a liquid medium
said metal oxide compound comprises colloidal-size particles having a median particle
size in a range from about 50 angstroms to about 10,000 angstroms upon said dry

homogeneous mixture while rotating said pan to thereby form pellets;.

This Sheet Has Been Replac

T




The“mwjmljummmnapaci ty of the absorbent was determined to be reached
whe e was detected in the effluent stream at which point,
the Sulti ded™mafertal was regenerated in air. The SO err] concentration was
measur ed 27 at 10 mnutes after the 8Bart oSubsetutdshest | 98 Il 199F at

br eakt hr ough (BT). Thg@ﬁ%ﬁiﬁﬂg%@idﬂﬁfedtﬂéﬁe{sqg?%\}id'ﬁ?ag@ﬁgcgﬁéﬁeitéj%hs I ncl uded

in Table I'll. The ab ent this i'nventT on ex sim’l"ar sul fur
renoval ability to thé) ohtacting saidicaloinedpelets atithvd fluizl seaimbédnitdiginguch

[ oved mechani cal rength as, denonstrated in Ex le Il above. Even
“after. 100 af}g@fpswhaﬂﬁﬁaup &HE&‘&P%WI_ feter absgrpipe mﬁoaen sylfide in sul fur
renmpval capggity was nOpRdess BGeciRiGh chith FR¥MRredt tHe!Yafio BTQﬂiéC(fxlij%ftr?gsi%iﬁae

preferred for commercial operation for a nufber of reasons Inc
i nproved pr &ssaid drylhomogdnepus mertinetis ¢s thehmbge efsfrbm dboatr0. 264 tosaboaf 4:1 and

hreri cal absorbent masses, Tahl.e 11 drogen .Sul fide Absorptjon Test
SRES(SHS Conpt {egl}g}?%rq\g]xgﬁf cB@qlf@)oxuie I%S@;c,g\}gal peltlets fs such that the sl ur
Loadi ng Sanmgkile content ofZ4Hid pellétd B il the FanbSlof Fokt N@ami)uﬁlué}?&glg% B ﬂpggidiné?’-r

(W % A (Control) 50/ 40/ 10/ 7.5

10.6 14 said dried pellets with a crush stréngth pf at least abgat 3 1t 39 about 30 weight1 3. 1
percent. _ -
39. A process as recited in claim 37, wherein the ratio of zinc oxide to silica

in said dry homogeneous mixture is in the range of from about 0.25:1 to about 4:1 and
wherein the amount of colloidal oxide present in said pellets is such that the metal
oxide content of said pellets is in the range of from an amount effective for providing
said calcined pellets with a crush strength of at least about 3 1b; to about 30 weight
percent.

40. A process as recited in claim 36, wherein said colloidal-size particles in
said colloidal oxide solution are in the range of from about 1 weight percent to about
30 weight percent. |

41. A process as recited in claim 37, wherein said colloidal-size particles in
said colloidal oxide solution are in the range of from about 1 weight percent to about
30 weight percent.

42, A process as recited in claim 40, wherein said metal oxide compound is
selected from the group consisting of alumina, silica, titania, zirconia, tin oxide,
antimony oxide, cesium oxide, yttrium oxide, copper oxide, iron oxide, manganese
oxide, molybdenum oxide, tungsten oxide, chromium oxide and mixtures of any two or
more thereof.

43, A process as recited in claim 41, wherein said metal oxide compound is _
selected from the group consisting of alumina, silica, titania, zirconia, tin oxid¢,
antimony oxide, cesium oxide, yttrium oxide, copper oxide, iron oxide, manganese
oxide, molybdenum oxide, tungsten oxide, chromium oxide and mixtures of any two or
more fhereof.

44, A process as recited in claim 42, wherein said dried pellets further

comprise a Group VIII metal oxide.
_—
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-1's understood that the f oregoi ng det ai | 84 desc8ubstitute ishegt V48 Jiie1PIWY
way of illuggration andsth | S WM : B i1tk \Hiddhut
departing fromthe splgr gs% a?ﬁ?dsite}iﬁéé:ga%ﬂl% el&%@g&rﬁﬁlﬁu%
met hod for pompcsd mg}raumNgli metalsdxidd.r engt h absor pti on conposition

conpri sing 'xing zi ng oxi de and.sil.ic o forma ‘hq eno m Xt
characteri z&8 by spra?? Prgeess as rpgited dn °ga)<1i“d’é Fetsin S‘H‘qg% &;Hdn Fléﬁ,ls
m xture dur pRGedtUftthidtied peueeqmﬁ@,ef Fé O fiofh swu%qnwe@a{ PHRLAUS abdut 15

The method claim 1, wherein the anount of colloidal oxide m xture ut|]I|zed
in said spr&gﬁlghgpstcem is such to provide said nmetal oxide compound in an

amount up tq,30 WEIgh ercent an n a.m i mym anount. proyj.din cr.ush
strength of QZ | east rgc?@s(ag ri"ﬂ%grl}‘]cfml@l mf@rem satd Group \(}fﬂ ﬂ’f}deésf
claiml or Bres¥iighahid @wlﬁbdtpam{sl iAGhé &ngarom% QbﬁutWF%&h@Beﬂc&?t'tb%gut
rotating disk having a rimto forman adgglomerate substantially in th

shape 15 weight percent.

A

48. A process as recited in claim 46, wherein said Group VIII metal oxide is
nickel oxide.

49. A process as recited in claim 47, wherein said Group VIII metal oxide is
nickel oxide.

50. A précess as recited in claim 48, wherein the crush strength of said dried
pellets is at least about 5 Ib,.

51. A process as recited in claim 49, wherein the crush strength of said
calcined pellets is at least about 5 Ib,

52. A high crush strength absorption composition when prepared by a

method according to any one of claims 17-35.
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of a sphere : The nethod of any of clainms 1 to 3, further

conpri si ng—eryi-rg—er—eateining said aggl onerate to forma dry aggl omessed e~
havi ng: a cr | east 15 13.3 N (3 Ib[err]) 5. The
met hod of - a ilﬂ“ Mﬁ“!ﬂ 4, wherein the amount of coll oidal oxide :
m xture util prowde said dry agglorrerate wi th a netal oxide

conpound content in the range of from1l to 30 wei.ght percent of the total
wei ght. ef said dry conposition. 20 6-28 - . The met hod of any of

claims 1 to 5, further conprising: addi ng a Goup VIl netal oxide. :
pronoter to the dry agglonerate in of such as to give a netal

oxi de conpgund cont ent g M.m%gghgg% trl:ﬁ’gtfa oftibse 0.1to
15 wei ght gercent tomgfﬂ\?gm %ld%l%% nmer at s ﬂpo% E]met hod
of cl ai m 6compriging siikgg it mgdm rk glicaotoi ﬁanashmgén@smmﬁ chaidcterizadt al

oxi de pro

h d of . ' é .h
cal ci ni ngngge [aﬁ%f%%lgﬂd’lxb#eﬁp tgn%f ﬁabék%h?r)%egﬁlg{ SI cl gé“‘&%ﬂ Irrzlrgge
havi ng # caggibmetdtiengs fomd aﬁfaggleﬁsﬁateZZ - N (5 Ibferr]). The

met hod of any of clains I o .further_ conprisin este prior to 30
sai d spraylzng step; Lthem LljnU hereipthe amgunt d’°ﬂ ‘Hgaﬁﬂﬁx% er to

forma m Xtied in said spraying step is such to provide said metal oxide compound in an

amount up to 30 weight percent and in a minimwm amount providing a crush strength
of at least 13.3 N (3 1by.

10 3. ' The method of claim 1 or 2, wherein said tumbling is carried out within
| an inclined rotatmg dlSk havmg arimto form an agglomerate substanually in the shape
of a sphere. _
4. The method of any of claims 1 to 3, further compnsmg drying or -

calcxmng said agglomcrate to form a dry agglomerate having a crush sirength of at least
15 13.3 N3 Iby.
2 ' The method of any of claims 1 to 4, wherein the amount of colloidal
. oxzdc mixture utilized is such to provide said dry agglomerate with 2 metal oxide
compound content in the range of front 1 to 30 weight percent. of the total weight of
said dry composmon o _ o .
20 6. | The metliod of any of clainos 1 fo S, further comprising: ‘adding a Group
VIII metal oxide. promoter to the dry agglomerate in an amount of such as to give a

metal onde compound content in said dry agglomerate in the range of from 0.1 to 15
weight percent to give a promoted agglomerate.

7. The method of claim 6, comprising addmg nickel oxide as said Group
VIII metal ox1de promoter.

N
(V1

3. The method of claim 6 or 7, further comprising:

calcining said promoted agglomerate to give a promoted calcined

agglomerate having a crush strength of at least 22.2 N (5 Iby.
9.

30  said spraying step:

[romt

The methed of any of claxrns 1 to 8, furthcr compnsmg the steps pnor to

T 2 hee



dfyisng said nmixture to forma driedmixture; and milling said dried mxture
to formsaid homﬂ?ﬂﬂlﬁm - The nethod of any of clains 1
to 9, wherein sai 'mﬂﬂ MEsal d5 dry agglonerate, or both, is
substantially in the $hape Bf & sphere. 11. A hi gh crush strength
absorption conposition conprising zinc oxide, silica and colloidal oxide
sol ution prepared by .the nethod, of any one of preceding clains 1-10.

. -29 -
. mixing zinc oxide and silica with water to form a mixture;
drying said mixture to form a dried mixture; and
milling said dried mixture to form said homogenous mixture.
10. ' The method of any of claims 1 to 9, wherein said agglomerate, or said
5  dry agglomerate, or both, is substantially in the shape of a sphere.. '
1.1.' : A higﬁ crush strength absorption composition comprising zinc' oxide;
silica and colloidal oxide solution prepared by the method, of any one of precedmg
 claims 1-10. '



