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Background of the Invention In one aspect, this invention rel ates !
process for renoving hydrogen sul fide from gases streanms. In anotﬁg@u‘?g C”Pj :
aspect, this invention relates to an effective [err] absorbent nmaterial.

The renoval of sulfur or conmpounds thereof from gases nay be desirable or
necessary for a variety of r.easons. If a gas is to be burned as a fuel or
rel eased into the atnosphere as a waste stream renoval of sulfur conpounds
fromthe gas may be necessary to neet the sul fur em ssion requirenment set

by various air pollution control authorities. |If a gas is to be enployed

as a feed for an industrial process, renoval of sulfur conpounds fromthe
gas is often necessary to prevent the poisoning of sulfur sensitive

catal ysts or to satisfy other process requirements. A variety of processes
enpl oyi ng regenerabl e, solid contact materials are known for renoving

sul fur from gases when the sulfur is present as hydrogen sulfide. uU. S

Pat ents 5,045,522 and 4, 990, 318 2 di scl ose compositions conprising a

zinc conpound, alum na and a nickel conmpound, said conpositions being
effective for hydrogen sul fide absorption. The spent absorbent conpositions
can be regenerated to the '
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Background of the Invention

- In one aspect, this invention relates to & process for
removing hydrogen sulfide frbm gases streams. In another aspect, this
invention relates to an éffective H,S absorbent material.

The rémpval of sulfur or coﬁpounds thereof from gases may be
desirable or necessary for a vériety-of reasons. If a gas is to be
burned as a fuel or released into the atmosphere as a waste streaﬁ,
removal of sulfur compounds from the gas may be necessary to meet the
sulfur emission requiremenf set by various air pollution control
authorities. If a gas_is to be employed as a feed for an industrial

process, removal of sulfur compounds from the gas is often necessary to
prevent the poisoning of sulfur sensitive catalysts or to satisfy other
process requirements. |

| A variéty of processes employing regenerable, solid contact
materials are known for ¥emoving sulfur from gases when thé sulfur is

present as hydrogen sulfide. U.S. Patents 5,045,522 and 4,990,318



ori'gi nal absorbi ng conposition state in the presence of oxygen. Even

_though these conpositions are quite effective as H2S absorbents, there is

“an ever present need to devel op new absorbent conpositions which exhi bit
specific advantages over known comnpositions. Sunmary of the Invention It

an object -of this invention to provide an effective absorbent conposition

wei ght perce

| east one

for renoving hydrogen sulfide fromgases. 1t is another object of this
~invention to provide a process for the rengval of hydrogen sulfide from
gases enpl oyi ng the absorbent conposition 6f this invention. O her

obj ects an vant ages .W. | | be apparent fromth tail ed descriptipn, and
t he append&:}(ﬁ%g X ﬁggp%ﬁgiﬂseggmrpﬁgﬁ%rﬁ 2oRC pro ?‘H’%S g?}u"é”rnfaeg?ifvae r‘[légﬂ
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he remai nder. Preferably, the above-descCri bed absorbent
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oxide (preferably [err]), zinc oxide, A1203 and/or [err], optionally an
effective ¢HougeSthesg @imposidnad st¥f GhliLREfTUBtaDH,8 dbddibenedluatese aci d
solution to prepare a pasty, shapable m xture of the above ingredients;

shapi ng t his alat avere prpaeity nesli apaeyebor tnew ecabshirpeny ¢dwposhtiamsedhtdtaped
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and silica as

particles; calcining the dried, shaped particles at a tenperature of about
600- 900[ eredhdbi®spacifici adivaptagesroves kaown camposdifdons.

Summary of the Invention

It is an object of this invention to providg.an effective
absorbent composition for removing h&drogen éulfide'from gases. It is
another object of this invegtion to providé a process for the removal of
hydrogen sulfide from gases employing the absorbent composition of this
invention. Other objects and advéntageé will be '‘apparent from the
detailed description and the appended claims.

The present invention provides an effective H,S absorbent

~ composition which'consists essentially of (i) more than about 20 weight

percent of a mixed oxide of iron, zinc and nickel, and (ii) and at least
one inorganic binder selected from the'group consisting of alumina.and
silica as the remainder. Preferably, the above-described absorbent

composition is prepared by a method comprising the steps of mixing iron

oxide (preferably Fe,0,), zinc oxide, Al,0; and/or Si0,, optionally an

effective processing aid, and a sufficient amount of a dilute aqueous

acid solution to prepare a pasty, shapable mixture of the above

ingredients; shaping the obtained pasty, shapable mixture; drying the
obtained shaped particles; calcining the dried, shaped particles at a

temperature of about 600-900°C for a period of time of at least about
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3 0.1 hour; | npregnating the cal ci ned shaped particles with an anmount of at
| east one deconposabl e ni ckel conmpound such as to provide the desired
ni ckel content in the final absorbent conposition; drying the

- thus-inpregnated particles; and calcining (in air) the dried,

| npregnated particles at a tenperature of about 600-900[err]C for a period
of at | east about 0.1 hour (so as to obtain the m xed oxide of Fe, Zn and
Ni and the alum na binder). In accordance vth this invention, a process
for renoving hydrogen sulfide froma H2S-containing feed gas conprises the
step of coflt hdwung - (impeésmasbig the caloilned3siaprBOparticdps twidhi ewcamgantiof a
reactor with the above-descri bed absorbent conposition at such conditions
as to obtafh eastoRnscieepmposahieaninkay qospeund sueh £5 thPrPEEE Jhe. desirgdy
preferred enbodi nent of this invention, the process conprises the

addi ti onal Patksds eoptenft ein (e Fgntheaksgrbentt i5egPBYL%iRa: [ e XFiRHNERS ni ng
feed gas with the aboye-described absorbent .conposition.after it has

absor bed [ &PFS ,lmgﬁ%ig“ﬁ\é{'éq i ﬁ%)rctﬂﬁ %s’spe?ﬂJ a'i?g(??’ﬁ BBt i%‘ﬁ \ﬁr’fl‘l?:%’ has
absor bed H | freg; g c LDJ S etasRRe I L s to
substanti aﬁﬁgﬂﬁégﬁggdr £ ag Jjécg)r%eﬁn ﬁzg%%ggérr‘%fq a??sathlép !gdécsoS ?gﬁt%iofr}gdhi ﬁ&ts‘lﬁg .
spent absorkent GREPAHobE O 1t Rodll(E&Tas0%b AshthRA {1 L WhiRed Yox268) o FIS 2n

t hus-regenerat ed absorbent conposition can be re-enployed in the

above- descrahlagli sh&nef alviRY ividdéiAS from the feed gas. Preferably, the
above- descri bed H2S-containing feed gas (nore preferably a tail gas froma

Claus reactor for. Hetkdtdanze N@ithatbialingasdiongnbappscdsa@s fot haemaatiagt 500

ppm of free hydrogen, (i.e., |less than about 500 parts by weight of H2 per

one milliomypacgen bylfidegftomoh Efecbeednims)feed gas comprises the step of

| lcontacting (preferably at about'350-750°C) the feed gas in a reactor

with the above-described absorbent compbsition.at such conditions as to
obtain a product gas containing less H,S than the feed gas. 1In a
preferred embodiment of this invéntion, the process comprises the
additional steps of interrupting the confacting of the H,S-containing
feed gas with the sabove-described absorbént composition after it has
absorbed H,S,” and heating tﬁis spent absorbent composition which has
absorbed ﬁ,s with a free oxygen containing gas under such conditions as
to subsfantially convert absorbed H,S and metal sulfides contained in
the spent absofb;nt composiﬁion to sulfur oxide (particularly 80,). The
thus-regengrated absorbent compésition can be re-employed in the |
above-a;scribed step of removing H,S from’the feed gas. Preferably, the
abo;e-described H,S-containing feed gas (more preferably a tail gas from
a Claus reactor for. desulfurizing nafural gas) contéins less thaﬁ abéut

500 ppm of free hydrogen, (i.e.; less than about 500 parts by weight of

H, pet one million parts by weight of the feed gas).



4-,Dét ail ed Description of -the Invention The sorbent conposition of this
Invention consists essentially of (i) a solid conponent (first solid phase)
consisting essentially of a mxed oxide of iron (in the +3 oxidation state)
zinc and nickel (in the +2 oxidation. state) and (ii) alumna and/or silica
as the binder conponent (second solid phase). The term “m xed oxide of
iron, zinc and nickel"”, as used herein enconpasses any solid conpound
consisting essentially of chenically conmbimed nickel, zinc, iron and
oxygen. This term as used herein, includes, but is not limted to,.

ni ckel -zinc ferrite of thRetajped Desetiptimnerfathef @nvatdtdoNi [err] wherein the
nuneri cal values of both x and y are smaller than 1 and the sum of x and y
is 1 (i.e., x<I, yZhe serhedt) compusitirabf vhiantnvehtidn cbhs tseedsentiauly 20
wei ght-% generally is at |east about 30 wei ght-%nore, and preferably is
about 70- 9% (&P fhs°d4d TREPqnenst (fisstiraodid pPbasq) icpngimtdnaldspensialtlyl efist
about 1 weight-%, and_pr efer'ablg/ i s about 1-30 weight-% The preferred
conmponent T -e? pxids) efningn ((igy £Re) et exidat jom statplaginr Andmminkedutin 4be

boehmi t doboehnite). The preferred atonic ratio of Ni:Zn in
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essentially of chemically cbmbined nickel, zinc, iron and oxygen. This

term, as used herein, includes, but is not limited .to,. nickel-zinc
ferrite of the approximate general formula NixZnyFezoa, wherein the
numerical values of both x and y are smaller than 1 and the sﬁm of x and
y is 1 (i.e., x<1, y<1, xt+y=1).

The relative amount of (i) exceeds about 20 weight-%,
generally is af; least about 30 weight-% mofe, and preferably is about
70-99 weight-%. The relative amount of (ii) generally is at least ébout
1 weight*%, and preferably is about 1-30 weight-%. The preferred
component (ii) is alumina (more prefefably a hydrated alumina such as
boehmite or pseudoboehmite). The preferred atomic ratio of Ni:Zn in
component (i) of the absorbent composition of this invention is in th_e
range of about 1:;0 to about 1:1 (more preferably about 1:3), and thé
preférred atomic ratio of (Ni-FZﬁ):Fe is in the range of about 0.9:2 to
about 1.1:2 (more preferably about 1:2). The absorbent composition may
contain insignificant amounts of separate solid phases of individual
metal oxides (NiO and/or Zn0 and/or Fe,0,), in particular Fe,O0,
(generally present at a level of less than 2 weight-%), which have not

been converted to the mixed metal oxide during_ the preparation of



contain insignificant anounts of separate solid phases of individual netal
oxides (N O and/or ZnO and/or [err]) in particular Fe203 (generally present
at a level of less than 2 weight-9%, which have not been converted to the

m xed netal oxide during the preparation of 5 conponent (i) from ZnQ
[err] and NNO  These m nor anmounts of iron oxide, and possibly also of Ni O
and/ or ZnO, which have not been chem cally_conbined in the m xed oxide are
not expected to significantly affect the HS absorption capacity and

per f or rmnc(e.o@;eoéxten@ @1’?%?9&} Z%enp{)(?szgal oy Hiol hi fhé&vﬁgi%lp rkmogrrx]tes ofbliron

above-descri sor _conpoéi _ can be prepare any sul table et hod.
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anounts of zinc oxide, iron oxide (preferably [err]) and nickel oxide (at

the above- cR&h{c@U1AlORbMmelidin @R, midedd:1A POV GbL dXec Ol kONRghY fichnt 1y
processing aid (such as cellul ose gel or graphite); adding water and an

aci d (sucha@iSedtn thquUEESISalsOkpitiohn cepacit@t afid apdrEbrhgndenofabhy esqubepar ed dry
m xture; and m xing the above solids and liquids at such conditions as to
obtai n a skappdsliti¢n of. ticist fmkabien.or pelletize) pasty m xture. Thi s
pasty mXxture is then shaped by any suitable shaping nmeans (such as
pel l etizing, tabl etThengbovexdesrdiihed sagbgréneerncisigiomgar the prenrared drefeayabl y
by extrusion in _any equi pment commonly used for this operation, followed by
dryi ng (gefgitahbly @ethadout Ove- rebhes rqfc rrsPasatdar tommyimetr 4ry-#1i%i%8§ and
calcinin
9 (dry-blending) desired amounts of zinc oxide, iron oxide (preferably
Fe,0,) and nickel oxide (at the above-recited atomic ratios), alumina
powder and, optionally, a processing aid (such as cellulose gel or
graphite); adding water arnd an acid (such as an aqueous solution of
acetic acid) to the above-prepared dry mixture; and mixing the above
solids and liquids at such conditions as to obtain a shapable (i.e.
extrudable or pelletize) pasty mixture. This pasty mixture is then
.shaped by any suitable shaping means (such as pelletizing, tabletting,
extruding, agglomerating and the like), preferably by extrusion in any
equipment commonly used for this operation, followed by drying
(generally at about 80-120°C for about 1-20 hours in air) and.calcining
(generally at about 600-900°C for about 0.2-5 hours in air).

Another, presently preferred, method of preparation comprises
dry-blending zinc oxide (generally about 7-33 parts by weight Zn0), iron
oxide (generally about 13-66 parts by weight Fe,0;) and alumina
(generélly about 1-80 parts by weight Al,0;); mixing the obtained dry
blend with an aqueous acid solution (as described abbve) so as to obtain

a shapable pasty mixture; followed by shaping the pasty mixture, drying

the obtained shaped particles, and calcining them "(at the



(generally at about 600-900[err]C for about 0.2-5 hours in air). Another,
presently preferred, nethod of preparation conprises dry-blending zinc

oxi de (generally about 7-33 parts by weight ZnO), iron oxide (generally
about 13-66 parts by weight [err]) and alum na (generally about 1-80 parts
by wei ght A1203); m xing the obtained dry blend with an aqueous acid
solution (as descri bed above) so as to obtaign a shapabl e pasty m xture;
foll owed by shaping the pasty m xture, drying the obtained- shaped
particles, abene-desdmibad niyyithemi daltiningecondibidiiz0ye-4hdseRddedpLdgtagngnd
calcining conditions); and then inpregnating these calcined particles wth
a sol ution &hesgt cpéeinedopertdetempdtiatd eoluttiosl of @tpdeast (Oneedecanpbsiblan be
deconposed to Ni_O when heated), such as nickel nitrate (preferred), nickel
car boxyl at e3i¢hgl sewnronpd (ieec, phielt ckelbehfecamposes &0 Milckbén darbetiat epch

ni ckel bisulfate, nickel sulfate, and hydratés thereof; fol |l onwed by

dryi ng and E8IEikehgaitzete Horafrrred he SdFkdle gathory heftesn dNE acsitat g etc.),

conditions).,Th hus- prepared ahsor bent. conposition particles generally
have a surfﬁt‘:é‘egr ééc trl?g {)Fr’eﬂi‘ﬂﬁf t?Fé’tg’BPIteweP*ﬁi‘Glo‘P“Bllﬁﬁ%eP}dEhéﬂf%
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particle diameter OfTﬁabQH%s-¥}§pJP£h'absorbent composition particles generally
have a surface area (measured by the BET method of Brunauer, Emmett and
Teller employing nitrogén) of about 15—25 m?/g and a pore volume
(measured by toluene intrusion at atmospheric pressure) of about
0.15-0.28 cc/g. When fhe gbsorbent particles have been shapéd by
extrusion, they geﬁerally have a cylindrical shape, a particle length of
about 3-5 mm and a particle diameter of about 1-3 mm.

In accordance with the present invention, the absorbing
composition deséribed above is utilized to selectively remove hydrogen -
sﬁlfide from a feed gas which contains hydrogen sulfide. H,S can be
present in the feed gas at any suitable concentration, and generally is
present at a concentration in the range 6f about llppm H,8 (1 part by
weight of H,S per million parts of feed gas) to about 20 weight-% H,S,
and preferably about 0.1-8 weight-Z H,S. Preferably, the feed gas
contains less than about 500 pﬁm of free hydrogen. Once the absofbing
composition of the present invention has been prepared, a feed gas
stream containing hydrogen sulfide is contacted with the absorbing
composition under suitable absorbing conditions so as to substantially

reduce the concentration of hydrogen sulfide in the feed gas stream



I n accordance with the present invention, the absorbing conposition
described above is utilized to selectively renove hydrogen - sulfide froma
feed gas which contains hydrogen sulfide. [err] can be present in the feed
gas at any suitable concentration, and generally.is present at a
concentration in the range of about 1 ppmJ[err] (1 part by weight of [err]
per mllion parts of feed gas) to about 20 weight-%/[err], and preferably
about 0.1-8 weight-%T[err]. Preferably, the feed gas contains |ess than
about 500 ppm of free hydrogen. Once the absorbing conposition of the
present i nvédthat bignifbentpy cparessing theecorgaststtienmcenl firndex fdedingen
sulfide is contacted with the absorbing conposition under suitable

absor bi ng c&heigasoptresn. adtt s babisvadttihak| in thelursesette He® neenta hipirotef,
hydrogen sulfide in the feed gas stream 7 Wi thout significantly

i ncreasi ng CRBTWSACTIELR iisnsHstantimdly #bserhed Pr threakpesbing campositipn
believed that | n.t h re %n%"ei err] renpval procg¢ si, hydrogen sulfide is
substanti al Iy %sos8r€°e'§ Bt 2BsHPBr (RIRE Bikeon Jtowgeen.oseng #PEerheddes
of iron, zi apgd. nic . ver, S0 bsor bed H2 y_be present in an
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scope-of the present invention. The absorption process of this invention is
preferably chertems "absorb", "absorbing", "absorption" or "absorbent", as used
herein, are not intended to limit the scope of the present invention.
The absorption process of this invention is preferably carried
out in cycles comprising an H,S absorption ﬁeridd and & period for the
regeneration of the sulfided absorbing comﬁosition. The absérption
period comprises contacting a gaseous feed streﬁm which contéins
hydrogen sulfide (and preferably léss than about 500 ppm of free
hydrogen) with the absorbing composition to thereby selectively remove
hydrogen sulfide from the" gaseous stream. The absorbing composition
becomes sulfided during the absorption period. When the absorbing
composition becomes sulfided to the poiht that regeneration is
desirable, preferably after it is nearly completely sulfidéd and has
become ineffective as a H,S Absorbent, a free oxygen containing gas
(preferably air) is contacted with the.absorbing composition ét_such
conditions as to regenerate the absorbing composition and to convert the
sulfur compounds'contained thereiﬁ (i.e., H,S and sulfides of Fe, Zn and
Ni) to a sulfur oxide (prefefably 80,).
~ The absorption composition of the present invention can be

utilized to remove hydrogen sulfide from any suitable gaseous stream.



out in cycles conprising an [err] absorption period and a period for the
regeneration of the sulfided absorbing conposition. The absorption period
conprises contacting a gaseous feed stream whi ch contains hydrogen sul fide
(and preferably | ess than about 500 ppm of free hydrogen) with the
absorbi ng conposition to thereby selectively renove hydrogen sul fide from

t he gaseous stream The absorbi ng conposition becones sul fided during the
absorption peri od. When t he absorbing conposition becones sulfided to the
point that regeneration is desirable, prefegably after it is nearly
conpletely sulfided and has becone ineffective as a [err] absorbent, a free

oxygen cont Theihygrogem GpLEfdRr aby Yedipkdducsd COY! eel BgdvbdelBul Af 13PSADICRY
conposition at such conditions as to regenerate the absorbing conposition

and to convéitidshehinhl fontadonpogands swlifuai asgotihdy ,ciok Mhy ebe dr@gidalapd
sulfides of Fe, Zn and Ni) to a sulfur oxide (preferably [err]). The
absorpti on BERS8EI 2§ dwdovgenhsubfidecint thaveasebus starabe RxampYexd ofosteiOVE
hydrogen sulfjde fromany suitabl e gaseous stream 8 The hydrogen

sul fide mayS'b’etab%oﬁfeéa“ﬁoftfﬁ%"swwg'desh#ahﬁr-hchenbcms,f Futhd @svmetteneont ai n

organi ¢ sul fur conmpounds, or may he originall resent as hydrogen sul fide
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from such |1 ght _ )
~ products angndyoRdufdud sAEtiBh€sf (Bl 1M lignite; gases derived from tar sands

and shale oil; coal-derived synthesis gas; gases such as- nitrogen,
carBon monoxide, carbon dioxide and mixtures thereof; steam; inert gases
such_as helium and argon; and product gas streams from other prior
hydrogen sulfide removal processes (such as a Claus process for
oxidatively converting H,S to elemental sulfur) that con£ain residual
hydrogen sulfide due to the incomplete removal of hydrogen sulfide bi
the prior process. Gases that advérsely affect the removal of hydrogen
sulfide and which should be absent from the gaseous.streams being
processed are‘bxidizing“agents, examples of which include molecular
oxygen, air, the halogens, and the oxides of.nitrogen;

Although the absorbing composition of the present invention is
effective in the removal of hydrogen sulfide from all suitable gaseous
streams, it is especiallj effective in the removal of hydrogen sulfide
from gaseous streams that contain less thaﬂ about 500 ppm of free
hydrogen, wherein it is desirable not to promote.the.oxidation of the
b&drogen sulfide contained in such gaseous streams to sulfur dioxide.
Examples of such suitable gaseous streams include acid gas streams
derived from methane, ethane, and natural gas; olefin streams; and

'product gas streams from other hydrogen sulfide removal processes (éuch



- and/or liquefaction of coal and lignite; gases derived fromtar sands and
shale oil; coal-derived synthesis gas; gases such as nitrogen, carbon
“monoxi de, carbon di oxi de and m xtures thereof; steam inert gases such as
hel i um and argon; and product gas streanms from other prior hydrogen sulfide
renoval processes (such as a C aus process for oxidatively converting H2S
to el enmental sulfur) that contain residual hydrogen sulfide due to the
i nconpl ete removal of hydrogen sulfide by the prior process. Gases that

d I ffect I hyd [ fid d whi ch ;should b b t
adversely ol Sl lyremual, o ydtoncn, sl do agd vl ch should be absen
whi ch i | ol T | i f
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~effective ig,d PRideepRyedks Of hydrogen sulfide fromall suitable gaseous
"streans, it is especially effective in the renmoval of hydrogen sulfide from
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wherein it is desirable not to pronote the oxidation of the hydrogen
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such suitabl e gaseous streans include acid gas streans derived from
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from ot her hydrogen sul fide renoval processes (such 9 as a tail gas from
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i nconpl ete renoval of hydrogen sulfide b%
oxygen containing gas which is utilized to regenerate the absorbing
composition. The process is in no way limited to the use of a
particular apparatus. The process of this invention can be carried out
using a fixed bed of the absorbing composition, a fluidized bed of the
absdrbing composition, or a moving bed of the absorbing composifion.
Presently preferred is the use of a fixed bed of the absorbing
compo;ition.

In order to avoid any casual mixing of the gaseous feed stream
containing ﬁydrogen sulfide-with the £ree dxygen containing gas utilized
in the regeneration step, provision is preferably made for terminating
the flow of the gaseous feed stream to the reactor and subsequently
injecting an inert purging fluid such as nitrogen, carbon dioxide or
steam. Any suitable purge time can be utilized but the purge should be
continued until all hydrocarbon and/or hydrogen sulfide are removed.

Any suitable flow rate of the purge fluid may be utilized. Presently
preferred is a purge fluid flow rate in the range of about 800 GHSV to

about 1200 GHSV. After the absorbent regeneration is complete, the

reactor is again purged with an inert gas.



the prior process. The H2S renoval process of this present invention can be
carried out by neans of any apparatus in which there is achieved an
“alternate contact of the absorbing conposition with the gaseous feed stream
and, thereafter, of the spent absorbing conposition with a free oxygen
containing gas which is utilized to regenerate the absorbi ng conposition.
The process is in no way limted to the use of a particul ar apparatus. The
process of this invention can be carried out using a fixed bed of the

- absorbing conposition, a fluidized bed of ithe absorbing conposition, or a

novi ng bed of the absorbing _conposition. Presen%%gagreferred IS the use of
a fixed bed of the A®sSEAFR}ecEIARSErTIZENIoY (Fhey BOLRFAPR 9P ehsthe
m xi ng of the gaseous,feed stream containj hydrogen sul fide with_the
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carbon di oxhelepinist 58 AV oAthd 3Bl oo ok P (6O BRI HEedeluhe

purge should be conti nued unti rocar bon an ydr ogen“su

removed. AnyerawhiBPhe fd @He Iahge Ot hbutPUr g8, talidlol®Y2006 pHigl i 28 the
Presently preferred is a purge fluid flowrate in the range of about 800

GHSV to abogds h30P1yCeRte véfdcaty t(THSRP SR Pad)lccl SGRRBERI/hOEY) SECEHEIfebe, the
reactor is again purged with an inert gas.
gas generally is about 10-10,000 (preferably about 250-2,500).
| Any suitable process conditions in the regeneration period can
be utilized to regenerate the spent absorbing compgsition from its
sulfidéd form back to the original absorbing composition state. The
regeneration temperature will generally be in the range of about 370°C
to about 815°C, and preferably is in the range of about 425°C to about
600°C.- The regeneration is continued until the exiting gas contéins no
or only insignificant amounts of S0,, generally for a time period of
about 1-20 hours. The pressure duriﬁg the regeneration step ié
generally about atmospheriec.

The following examples are presented to further illustr#te the
present invention and are not to be construed as unduly limiting the
scope of this invention.

Example I

This example iliustrates absorbent materials which were tested
for absorbing hydrogén sulfide from gases.

Absorbent A was a compositioﬁ consisting essentially of zinc
oxide, iron oxide and alumina. It was prepared by dr&-blending 28 pafts
by weight of Z2n0, 57 parts by weight of Fe;0,, 15 parts by weight of

Catapal D alumina (provided by Vista Chemical Co., Houston, TX; surface



10" Any suitable tenperature for the H2S absorption step of the process of
this invention can be utilized. The tenperature wll generally be in the
"range of about 150[err]C to about 750[err]C, and will preferably be in the
range of about 300[err]C to about 700[err]C. The pressure generally is in
the range of about O psig to about 2000 psig. And the gas hourly space
velocity (GHSV, cc gas/cc absorbent/hour) of the feed gas generally is
about 10-10, 000 (preferably about 250-2,5 . Any suitabl e process
conditions in the regeneration period can be utilized to regenerate the

.spent absokbédtg 266HH08I hi/QN ALOW bhscsSHY fiedgrk fo?r B PR A 1LDEsO el (2
absorbi ng conposition state. The regeneration tenperature will generally
be in the pasgssihg adidupraddeérby GMCOCaporitidh[ Piilafel1phid, pPaf eorblly is in
t he range of about 4250C to about 600[err]C. The regeneration is continued
until the exhttesgigas Sigm airner.noAomixtyntey dfndifympaits dyt waigbtnes gllacELp,
generally for a tinme period of about 1-20 hours. The pressure during the -
r egener at i @aetiepcid agdny parts diyoweight nof pater vaghadded| towhagahovangtes are
presented to further illustrate the present invention and are not to be
construed ®S“IRTIBLNLUrRwithiy & pericdopd 18f miniites; fipdheyednby Buakipte mixing s
exanple illustrates absorhent materials which were tested for ahsorbing

hydrogen sdPfi tfe WPBHiSgastle PASED UMY AR B OTi PPt LONSiPMAY

iyl endi B TEaP TR R.8 R GEe 7nare SrtpHI Bo by TRt BF FAb3 005

parts by W%'bQJ?{ fpfhours, followed by heating from 200°F to 1500°F at a rate of
15°F/minute, and calcining in air for 1 hour at 1500°F. The Avicel®
cellulose was.cémpletely oxidized to gaseous products (CO,, H,0) during
the calcining step. Absorbent A had an average crush strength (measured
-substantially in accordance with the procedure described in Example I of
U.S. Patent 5,077,261) of about 20-pounds per particle and a.pore volume ‘
(measured by toluene intrusion at atmospheric pressure conditions) of
about 0,22 cc/g.“

Absorbent B was an.absorbent. material consisting essentially
of zinc oxide,.iron oxide, nickel oxide and alumina. Absorbent B was
prepared by dry-blendiﬁg 24.7 parts by weight of Zn0, 56.3 parts by
weight of Fe,0;, 25 parts by weight of alumina and 4 parts by weight of '
Avicel® for 15 minutes in a Sigma mixer. Then a mixture of 2.4 parts by
weight of glacial acetic acid and 21.6 parts by weight of water was
added in accordance with the procedure described for Absorhent-Af The

~ obtained pasty mixture was extruded, dried and calcined in accordance
with the procedure described forlAbsorbent A. &5 g of the calcined
extrudates were impregnated with a solution of 13.4 g Ni(NO;),°6H,0 in

4.9 cc H,0, followed by drying at 200°F for 3 hours and calcining in air

<



Catapal D alum na (provided by Vista Chemi cal Co., Houston, TX; surface
area: 250-300 nferr]/g) and 4 parts by weight of Avicel[err] cellul ose gel
“(a processing aid provided by FMC Corporation, Philadelphia, PA) for 15
mnutes in a Sigm mxer. A mxture of 1.4 parts by weight of gl aci al
acetic acid and 21 parts by weight of water was added to the above dry
powder mxture within a period of 10 m nutes, followed by further m xing
for 15 minutes. The pasty m xture was extruded by neans of a Bonnot
extruder enploying a 1/8" die.. The extrudies were dried at 200[err]F for

about 3 hours, we heat i from200[err]F to JA500[err]F at .a rate
SO tE oy e are ES Ra®dh A3 | AT SaEh drush O RaY (e ritea’eh 2

Avi cel [ o1 o Rk hilaO88oikd %o P! Bl O A EeLs! 0 UBSEMIBLPE UUICLE doBhid)

during the calcining stép. ent A an average cru stren

(measured spliSbapticad ] Ynk mxﬁcgafedaaﬁfe Phiddub b aR" SERIIEE 485¢LY had 4o
Exanple | of U S. Patent 5,077,261) of about 20 pounds per particle and a

pore vol Unecd/gEasy@§ ByffrabtHne sptitrlStdiRadéd AhADSAHWRIbEntPBELERE R ted
conditions) of about 0.22 cc/g. sorbent B was an absorbent material-

consi sti ng eseanidldl| §f @f cahtinuoxs Phase rofnaomixdd, oxidekef ziticjeirord aalium na.
Absorbent B was prepared by dry-blending 24.7 parts by weight of ZnO, 50.3
parts by wenigkelofa péndel, pidsepef Bduinayeinghsmalil epamisfandsepapars phbye

wei ght of Avicel[err] for 15 mnutes in a Signma m xer. Then a m xture of
2.4 parts b9f Bee@ht of glacial acetic acid and. 21.6 parts by wei ght of
wat er was added in accordance with the procedure described for Absorbent A
The : _ Example II

This example illustrates the experimeﬁtai procedure for the
removal of hydrogen sulfide from gas streams containing less than about _
500 ppm of free hydrogen by means of the two solid absorbent materials
described in Example I. |

Ihe tests were carried ocut in a single reactor unit comprising
a 20 mm 0.D. quartz reactor and a 2 mm thermocouple well. The reactor,
which was maintained at a pressure of about 1.7 psig, was operated in a
fixed bed down flow mode using 10 grams of Absorbent A or B. Within the
reactor, the absorbent was heated to the reaction temperature in a
stream of nitrogen. When the desired temperature was attained, the
nitrogen flow was stopped, and the flows of a simulated sulfur plant
feed gas and, when used, of water vapor were started. The water vapor
was generated by pumping water through a heated lime that was connected
to the top éf the reactor. The absorption process was carried out at a
reactor temperature in the range of about 800°F to about 1200°F, and a
gas hourly space velocity of 2050 cc/cc absorbent/hou*. The composition

of the simulated sulfur plant feed gas was as follows: 4.2 volume-%



obt'ai ned pasty m xture was extruded, dried and calcined in accordance with
the procedure described for Absorbent A 45 g of the cal ci ned extrudates
‘were inpregnated with a solution of 13.4 g Ni([err] in 4.9 cc [err],
followed by drying at 200[err]F for 3 hours and calcining in air 12 at
1175[err]F for 2 hours in air. The average crush strength (measured as
descri bed above) of the cal ci ned extrudates of Absorbent B was 16 pounds
per particle, and the pore val ue (nmeasured3as descri bed above) was 0.25
cc/g. X-ray diffraction spectra reveal ed that Absorbent B consisted

essenti al | J’YSF°%“CGHH1HGQU§°19P{&%B"“GT% LaiPeefigkidfe GpdzPHEoseR ofF dihe

" nickel, a rider phase of alunina, and small anounts of a separate phase of
Fe203- Exaﬁﬁ 8799 This exanple illustrates the experinental procedure f or

t he renoval of dr ogen _sul e Q as_stre tapnin SS han about
500 ppmof fre ﬂ%yd’rg reer?sb&rrgtéensa%o &‘1 §n $as %gllEl egbgerﬁe “r(rirna eél aI s

descri bed '&nﬁéﬂm'&od fTﬁ?dxt géﬁ SsulRide C@J "tix@d:e%\t.oihrlaﬁléé:{’cg|a‘i‘t£€ uni t

conprising a 20 nm O. D. quartZ reactor and er nocoupl e wel | . The

reactor, Whiatlr WadpoFBhid aledRUcHdeAsdd Aa& WhoPdd aeN! tHe efB3héht.Washeper at ed
in a flxed bed down fl ow node using 10 grans of Absorbent A or B. Wthin

t he react orcontbftralsa RENhydsagel aal Lillet Gad heaswdadtwith Dedgpeiratubes ithat
stream of nitrogen. Wien the desired tenperature was attai ned, the
were suited to the concentration ranges encountered. Once the
absofbents became fully sulfided, as evidenced by hydrogen sulfide
breakthrough, the flow of the simulated sulfur plant gas to the reactor
was halted and the reactor was purged with nitrogen for a period of
about 45 minutes while being heated to a regeneration temperafure of
about 1100°F. The sulfided absorbent was then regenerated in a stream
of air (flow rate: 200 cc/minute) for about 5 hours. Following
regeneration, the reactor was again purged with nitrogen for aﬁout 40
minutes while being cooled back down to the reaction temperature of the
absorption cycle. The nitrogen purge was then halted and the simulated

sulfur plant gas was fed to the reactor to begin another absorption.

cycle. Pertinent test results are summarized in the table below.



nitrogen flow was stopped, and the flows of a simulated sulfur plant feed
~gas and, when used, of water vapor were started. The water vapor was
generated by punping water through a heated line that was connected to the
top of the reactor. The absorption process was carried out at a reactor
tenperature in the range of about 800[err]F to about 1200[err]F, and a gas
hourly space velocity of 2050 cc/cc absorbgpt/hour. The conposition of the
simul ated sul fur plant feed gas was as follows:- 4.2 vol unme-% 13
‘hydrogen sul fide, 40.0/volune-% carbon gdikxei de, and nitrogen as the
bal ance. The progress of the absorptlon was foll owed by neasuring the
concentration of hydrogen sulfide in the reactor effluent after the water
vapor had been condensed and renoved fromthe effluent. The concentration
of hydrogen subbsadbemtas neasur ek SnAbsprpt ey Fenp.UllBE) t hatWtiekeS simi Aksbrbent he
concentration ranges encountered nce the absorbent s dteHadrBrfegkthrough
sul fided, as eV|denced by hydrogen sul fi de breakthrough, the flow of the
simulated sul fur @ ant gas to|the reactoB%as halted 4nd the ré&c?or was
purged wi t h(4T0{¥eafefid}fr) a pel i od of aboB®0 45 ninutes [while bellﬁg heated to
a regeneration tenperature of J[about 110 rlF. The sylfided a o bent was
then regenerated in a stream ¢f air (fl ate: 200 cc/nlnutéiwz about

t

5 hours. Fol | owi ng regeneration, the tor was aggi n purge
-nitrogen for about 40 m nutes{while bei%g cooled back domn to
tenperature of thg 800 25.7
(Ni0/2n0/Fe,0,/41,0,) 800 _ 21.7
1000 . 28.1
1000 28.8

1200 32.7
1200 32.9

reaction

Test data in the above table clearly show that the absorbent
composition.of this invention, i.e., Absorbent B (containing 25.1
weight-% Zn0, 49.2 weight-% Fe,0,, 7.1 woight percent NiQ and 18.6
weight percent.Alzbg), absorbed considerably more H,S at comparable
absorption conditions than Absorbent A (containing 29.1 weight-% ZnO,
59,2 weight-% Fe,0; and 11.7 woight percent Al,0,). This result is most
‘surprising, because Absorbept B contained more alumina (which does not
absorb H,S) than Absorbent A. |

Reasonable variations, modifications and adaptations for
various usages and conditions can be made within the scope of the
disclosure and the appended claims, without departing from the scope of

this invention.



abSorption cycle. The nitrogen purge was then halted and the simul at ed
- sul fur plant gas was fed to the reactor to begi n angtd ﬁgﬁo IS ycle
"Pertinent_test results are summarized in the table {HENS

Absorbent [err] Absorptron Tenp ([err] F) REQLA

‘ 800
10 8 [err] 10.5 1000
17 7 1000 17 6 1200 . 26. 7

: 800

25 7 [err] 21.7 1000
28.1 1000 28.8 1200 32.7
1200 32.9 Test data in the above table clearly show
that the absorbent conposition of this invention, i.e., Absorbent B

(containing 25.1 wei ght-% ZnO, 49.2 wei ght - %[err], 7.1 weight percent NiO
and 18.6 wei ght percent [err]), absorb€thimsnsi derably nmore H2S at
conpar abl e '
1. A process for removing hydrogen sulfide froth a H,S-containing feed

gas comprising -the step of cbntacting said feed gas in a reactor with

an absorbent composition comprising (i) a mixed oxide of iron, zinc

and nickel being present at a level of above 20 weight percent aﬁd

(ii) at least one inorganic binder selected from alumina and silica as

the remainder, under such contacting conditions to obtain a product

gas containing less H,S than said feed gas.

2. The process of claim 1, wherein the H,S concentration in said feed
gas is in the range of 1 ppm to 20 weight percent.

3. The process of claim 1 or 2, wherein the concentration of molecular

' hydrogen in said feed gas is less than 500 ppm H,.

4. The process of any of claims 1 to 3, wherein said absorbent compo-
sition contains at least 30 weight percent of component (i) and at
least one weight percent of component (ii), preferably 70 to 99

weight percent of component (i) and 1 to 30 wexght percent of
~component (ii).

5. The process of any of the preceding claims, wherein in said compo-
nent (i) the atomic ratio of Ni:Zn is in the range of 1:10 to 1:1
and the atomic ratio of (Ni+Zn):Fe is in the range of 0.9:2 to
1.1:2.

Ll



absorption conditions than Absorbent A (containing 29.1 weight-% ZnOQ, 59.2
weight-% [err] and 11.7 weight percent [err]). This result is nost

“ surprising, because Absorbent: B contained nore alum na (which does not
absorb H2S) than Absorbent A Reasonable variations, nodifications and
adaptations for various usages and condsti ons can be nade within the scope
of the disclosure and the appended clains, w thout departing fromthe scope
of this invention. Substitute sheet - 29 April 1999 Clainms 1. A process
for renoving hydrogen sulfide froma H2S-containing feed gas conprising the
step of contacting said feed gas in a reactor with an absorbent.

conposi ti ong,Cormel proeess( bf afly Bf #RE procddirgy efaimk OWherdiil Gaid cBripymeycl usi on
of Al said m xed oxide and nickel /being present at a |evel of above 20.
wei ght percent (ihds @lyming | east one. inorganic binder selected from
alumna and silica as the remainder, under such contacting conditions to
obtain a product gas containing |less.H2S than said feed gas. 2. The

process of Tl afMhelprodess of ranyhet Hiéspﬁéladﬁ'xgt tlaimg"wherettisdid @absorbesati s in
the range of 1 ppmto 20 weight percent. 3. The process of claiml or 2,
wher ei n t he coSeBPositionohasobeem paenared byyai mertbad i Gomprising abe sjeps PE | ess

than 500 ppm Hotry-Blentfilfy RrRC 6dde, Clroft Wi, £ 'allinthal Préferdbl§’ Ghbretd! d

absor bent conpo-
cellulose gel is present as a processing aid during said dry-blending;

mixing the obtained dry blend with an aqueous acid solution, prefe-
rably an acetic -acid solution, so as to obtain a shapable pasty
mixture; shaping the thus obtained pasty mixture; drying the thus-
obtained shaped particles; calcining the dried shaped particles at a |
temperature of 600 to 900 °C for a period of time of at least 0.
hour; impregnating the thus-obtained calcined particles with a solu-
tion of at least one decomposable nickel compound; drying the thus
impregnated particles; and calcining the dried, impregnated particles
at a temperature of 600 to 900 °C for a period of time of at least
0.1 hour, preferably wherein both calcining steps are carried out in
air for 02 to 5 hours.

8. The process of claim 7, wherein said dry-blending is carried out
with 7 to 33 parts by weight of ZnO, 13 to 66 parts by weight of
Fe,O5 and 1 to 80 parts by weight of ALOs

9. The process of claim 7 or 8, wherein said at least one dissolved
decomposable nickel.compound is selected from nickel nitrate, nickel
carboxylates, nickel bicarbonate, nickel carbonate, nickel bisulfate and
nickel sulfate, preferably nickel nitrate.

10. The process of any of the preceding claims, wherein said contacting -
conditions comprise a temperature of 300 to 700 °C, a pressure of

KA AR O




sition contains at |east 30 weight percent of conponent (i) and at | east
_one wei ght percent of conponent (ii), preferably 70 to 99 wei ght percent of
“conmponent (i) and 1 to 30 wei ght percent of component (ii). 5. The process
of any of the preceding clains, wherein in said conpo- nent (i) the atomc
ratio of Ni:Zn is in the range of 1:10 1o 1:1 and the atomic ratio of (N +
Zn):Fe is in the range of 0.9:2 to 1.1:2. 16 6. The process of any of
the preceding clains, wherein said caonponent (ii) is alumna. 7. The
process of any of the precedi ng cl ai ms, wherein said absorbent conmposi tion
has been prepared by a nethod conprising the steps of dry- bl endi ng zi nc

oxi de, iron oxide, and alunina, preferably wherein cellulose gel is present
as a processing.aid d r|n saj d dr | endi ng;, m x i the obtained dry

bl end with an aaa 34t 06) geﬁnﬂamg&aﬁgﬁ HE $RACE Y %‘EM ution,

so as to obtaingpg aﬂﬁﬁus- aﬁ%?.tﬁ) WO@ ch@@FHHg rﬁeriﬁ ﬁ(fm.s obt ai ned pasty

m xture; drying the t obt ai ne aped rtic Ining the dried
shaped particles at a tenperature of 600 to 900 [err]Cfor a period of time

Wi th a sof u-Thi 3HecPiogess o 9 fotecBEHUSLARIRY GBIOEUABABASIRYT ng { he
t hus i npregnat eﬁap%rté;}sdofsmtét?ﬁlpﬁri’é Ghe figwt §€ sdid GHed | ety eﬁﬁ‘@rﬁ‘gd saffticles
reactor with an inert gas; interrupting the flow of the imert pui'ge
gas; heating the absorbent. composition, which bas absorbed H,S
from said feed gas, with a free oxygen containing gas at a tempera-
ture of 370 to 815 °C for a time period sufficient to obtain a
regenerated absorbent composition in its original absorbing state.

12. The process of claim 11, comprising the additional steps of .inter-
mpting the flow of said free oxygen containing gas; purging said
reactor with an inert gas; interrupting the flow of said inert gas;
and re-employing said regenerated absorbent in the step of contac-
ting with said feed gas under such conditions to remove H,S there-

- from.

: ____,_d————'~”"”“';
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at- a tenperature of 600 to 900 [err]C for a period of tine of at least 0.1
hour, preferably wherein both calcining steps are carried out in air for
0.2 to 5 hours. 8. The process of claim7, wherein said dry-blending is
carried out wwth 7 to 33 parts by wei ght of ZnO 13 to 66 parts by wei ght
of [err] and 1 to 80 parts by wei ght Tépgfﬂ . The process of claim?7
or 8, wherein said at | east one dissolve econposabl e ni ckel conpound is
selected fromnickel nitrate, nickel carboxylates, nickel bicarbonate,

ni ckel carbonate, nickel bisulfate and nickel sulfate, preferably nickel

nitrate. 10. The procesABSORBEION OFHEYBROGEN SYLFBEAND her ei n” sai d

contacting:-conditions co er /00 [err]C, a
pressure of 17 0.1 toq¥éééﬁﬁgah?§&9@ﬁégggogg }EQEE a gas hourly space
velocity of said feed gas of 10 to 10,000 cc/cc absorbent/hour. 11. The
process of any of the preceding clains, conprising the additio- nal steps
of interrupting the flow of said feed gas; purging said reactor with an
inert gas; interrupting the flow of the inert purge gas; heating the

absor bent conposition, which has absorbed H2S from said feed gas, wth a
free oxygen containing gas at a tenpera- ture of 370 to 815 C for a time
period sufficient go@, agﬁuﬂdseﬁer}ewesdffm.sgrgﬂﬂbice&m&mmtl Ridy s

original absorbing state process of claim conprising the
addi ti onagn SAvyetbeit iddhSésition consisting essentially of a mized oxide of

iron, zinc and nickel and an inorganic binder.



rupt.i ng thé flow of said free oxygen containing gas; purgi ng sak I or
with an isnert gas; interrupting the flow of said |ner]'E gas; and gO%%h
re-enploying said regenerated-absorbent in the step of contac- ting wi
sai aneeé ga Q@mﬁ gg{dl {ions to rejpove Bobstitite sheet o9 April 1999

-
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Claims

1. A process for removing hydrogen sulfide from a HZS-co'ntaining feed
gas comprising the step of éontacting said feed gas in a reactor with

an absorbent composition comprising (i) a m1xed oxide of iron, zinc
with the exclusion of A1, said mixed oxide

i and nickel /being present at a level of above 20 we1ght percent and
(ii) at least one inorganic binder selected from alumina and silica as

the remamder under such contacting condmons to obtain a product
gas containing less H,S than sald feed gas.

2. The process of claim 1, wherein the H,S concentration in said feed

gas is in the range of 1 ppm to 20 weight percent.

3. The process of claim 1 or 2, wherein the concentration of molecular
hydrogen in said feed gas is less than 500 ppm H,.

4. The process of any of claims 1 to 3, wherein said absorbent compo-
.sition contains at least 30 weight percent of component (i) and at
least one weight -percent of component (ii), preferably 70 to 99

weight percent of component (i) and 1 to 30 weight percent of
component (ii).

5. The process of any of the preceding claims, wherein in said compo-
nent (i) the atomic ratio of Ni:Zn is in the range of 1:10 to 1:1

and the atomic ratio of (Ni+Zn):Fe is in the range of 0.9:2 to
11:2. |



