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the tungsten and
methods mclude the use of selective solid absorbants such as zinc oxide and

barg iron ore. However, in general, these solid absorbants are not regener-
able to their original form and must be discarded when they have become
completely sulfided. |

US Patent 4,371,728 discloses a composition comprisiﬁg zine, tita-

U/ nium and at least one metal promoter which is an effective absording {
composition for hydrogen sulfide and which possesses the property of being
regenerable to the original absorbing composition state in the presence of
oxygen when fully sulfided. Although the composition disclosed by US
Patent 4,371,728 is an effective absorbing composition for hydrogen sulfide,
it has now been found that the addition of alumina to the composition
provides a more effective sulfide-absorbing composition.

Thus, in accordance with one aspect of the present invention, there is
provided a sulfide-absorbing composition comprising zine titanate and
alumina, wherein the alumina is present in an amount of ‘from about 10

- weight~% to about 55 weight-%, said composition being promoted with one
or both of tungsten and molybdenum and with at least one metal from Group
VIII of the Periodic Tabie, the promoters, i.e. the tungsten and/or
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20 composition. The absorption period comprises contacting a fluid stream
which contains hydrogeh sulfide with the absorbing composition thereby to
selectively remove hydrogen sulfide from the fluid stream. The absorbing
compesition becomes sulfided during the absorption period. When the
absorbinlg. composition becomes sulfided to the point that regeneration is

\_ 25 desirable, preferably when it is nearly completely sulfided, an oxygen-
'contalmng gas is passed in contact with the absorbing composition to
regenerate the absorbing composition and convert the absorbed sulfur to an
oxide.

The chemical changes that are believed to occur in the abosrbing

30 composition during this cyclic process where sulfur is present are summar-
ized in the following equations: | _

mn ZnyTiO4 + 2H2S —> 2ZnS + TiOz + 2H0

43)) ZnS + Oxygen —> ZnO + SOy
- 2Zn0 + TiOz —> ZmyTiO4
35 The absorbing composition of the present invention may be utilized to

remove hydragen sulfide from any suitable fluid stream. The hydrogen
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present invention may be utilized to renove hydrogen sul fide from any ‘
suitable fluid stream The hydrogen 3 sulfide may be produced by the
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and al um na. The promoters are then added to the hydrogel derived absorbl ng
The absorbing composition of the present invention may be utilized to

reduce the concentration of hydrogen sulfide in a fluid stream to any
suitable amount. The concentration of hydrogen sulfide in a fluid stream
Zb will generally be reduced to below about 100 ppm and will more preferably
be reduced to below about 10 ppm. _ _
| In aecordance with the preferred method of prepara_tion, the absor-
bing composition is prepared by first preparing zinc titanate which is then
reduced to a small size. The resulting material is mixe_d'with a hydrosol of a U
25 suitable acidic material comprising alumina. A suitable base is then added
to the mixture to form a hydrogel. The resulting Hydrdgel is dried slowly
and calcined to form a hydroge!l derived absorbing composition of zine
titanate and alumina.

'The promoters are then added to the hydrogel derived absorbing

30 composition of zinc titanate ‘and’ alumina. The promoters may be added
separately or in the form of a metal tungstate or metal molybdate.

The zinc titanate portion of the absorbing composition may be
prepared by intimately mixing suitable portions of zinc oxide and titanium
dioxide, preferably in a liquid such as water, and calcining the mixture in

35 the presence of free oxygen.at a temperature in the range of about 6509C to
about 1050°C, preferably in the range of about 675°C to about 975°C, to



30 conposition of zinc titanate and alum na. The pronoters may be added
separately,or in the formof a netal tungstate or netal nolybdate. The zinc
titanate portion of the absorbing, conposition may be prepared by intimtely
m xi ng suitable portions of zinc oxide and titaniumdioxide, preferably in
a liquid such as water, and calcining the m xture in 35 t he presence of
free oxygen at a tenperature in the range of about [err] to about [err],
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any suitable netho Such
prepared by coprec1p1tatmn from aqueous solutions of a zinc compound and

20 a titanium compound. The aqueous solutions are mixed together and the
hydroxides are precipitated by the addition of ammonium hydroxide. The
- precipitate is then washed, dried and calcined, as described in the preceding
paragraph, to form zinc titanate.
The resulting zinc titanate is reduced to a suitable size for mixing
\_ 25 with a hydrosol of alumina by any suitable method such as treatement in an
- ultrasonic disrupter. The zinc titanate may be reduced to any suitable size
with a particle size in the range of about 1.0 to about 10 microns being
preferred. '
The resulting zinc titanate, having a fine particle size, is mixed with
30 a hydrosol of alumina. Any suitable form of alumina may be utilized.
Alumina hydrate is particularly prefererd because a hydrosol of alumina
hydrate is readlly converted to a hydrogel and then to the oxide phase after
calcination.
After the zinc titanate has been thoroughly mixed into the hydrosol,
35 a suitable base is added to convert the hydrosol to a hydragel. Any suitable

base such as alkali metal hydroxides, ammonium hydroxide, or urea may be
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ultrasonic disrupter. The zinc titanate nay be reduced to any suitable sjze
with a particle size in the range of about 1.0 td about 10 m c¢rons. bei ng
preferred. The resulting zinc titanate, having a fine particle size, is

m xed with 30 a hydrosol of aluma. Any suitable form of alum na may
be utilized. Alum na hydrate is particularly prefererd because a hydrosol
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more pref§hzkhy with e eI profer¥Ybcause of its availability. Also, any
suitable time and temperature for calcining may be utilized with a preferred
20 time being about two hours and a preferred temperature being in the range
of about 425°C to about 650°C and more preferably in the range of about
480°C to about 600°C. Although the dried zinc titanate and alumina
h.ydrogel can be placed directly into a preheated furnace or kiln for
caleining, it is preferable for the hydrogel to attain its final temperature

25 during a heating period of about two hours. _ o/
In accordance with this invention, the hydrogel derived absorbing
composition of zinc titanate and alumina must contain an amount of alumina
in the range of about 10 weight-% to about 55 weight-% based upon the
combined weight of the zinc titanate and alumina. The amount of alumina
30 present in the hydrogel derived absarbing compasition will more preferably
be in the range of about 30 weight-% to about 50 weight-% based upon the

combined weight of the zinc titanate and alumina.:

The absorbing compaosition of the present invention is promated with
at least one metal selected from tungsten and molybdenum and at least one
35 metal selected from Group VIII of the Periodic Table. Any suitable Group
VIII metal may be used in accordance with this invention.. 'Preferably, the
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[err] to about [err]. Although the dried zinc titanate and al um na
hydr-ogel can be placed directly into a preheated furnace or kiln for
calcining, it is preferable for the hydrogel to attain its final
tenperature 25 during a heating period of about two hours. In accordance
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thereaf, wherein the metals are selected from Group VIII of the Periodic

Table. - , _
The promoting elements can be added to the absorbing composition

20 by any method known in the art. .The tungsten and/or molybdenum and at
least one Group VIII metal may be added individually by impregnating the
hydrogel with a solution, eithér aquéous or organic, that contains a
promoting element. After the promotihg element has been added to the
hydrogel, the hydrogel is dried to remove eésentially all of the solvent.

25 After drying the impregnated hydrogel, a solution of another promo-
ting element may be added by impregnation if the tungsten or molybdenum
and at least one Group VIII metal are not added in one step in the form of a
metal tungstate or metal molybdate. The sequence in which the promoting
eiements are added is mmatemal | _

30 " After the promoters have been added, the absorbing composition is
calcined in the presence of oxygen at a temperature in the range of about
425°C to about 650°C until volatile matter is removed and the promoting
metals are substantlally converted to oxides. The time required for the
calcining step will’ range from about 0.1 to about 10 hours.

35 Any suitable atomic ratio of tungsten and/or molybdenum to Group

VIII metals may be utilized. The atomic ratio of tungsten and/or



Tabl e. The pronoting el ements can be added to the absorbing conposition 20
by any nethod known in the art. The tungsten and/'or "hol ybdenum and at | east-
one Group VIII netal may be added individually by inpregnating the hydr ogel °
with a solution, either aqueous or ogganic, that contains a pronoting

el ement. After the pronoti ng el ement has been added to the hydrogel, the
hydrogel is dried to renove essentially all of the solvent. 25
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absorbing compaosition bed or maoving absorbing compaosition bed. Presently

preferred is a fixed absorbmg composition bed.

20 ' In arder to avoid any casual mixing of the fluid feed stream,
containing the hydrogen sulfide, w1th the oxygen-contalmng gas utlllzed in
the regeneration step, provxsron is preferably made for termmatlng the flow
of the fluid feed stream to the reactar and subsequently injecting an inert
purging fluid such as nitro'.g'en,' carban 'dioxide or steam. Any suitable purge

25 time can be utilized but the purge should be continued until all hydracarbon Y
and/or hydrogen are removed. Any suxtable flow rate of the purge fluid may.
be utilized. Presently preferred is a purge fluid fl_ow rate in the range of
about 800 GHSV ta abut 1200 GHSV. -

Any suitable temperature for the processes of the present invention

30 may be utilized. The temperature will generally be in the range of about
150°C to about 650°C and wnu more preferably be in the range of about
250°C to about 500°C. _ _

Any suitable temperature may be utilized to regen'erateﬂ the absorbing
composmon from lts sulfided form back to the ongmal absorbmg composi-

35 tion form. The temperature wxll generally be in the range of about 370°C to
about 8159C. A temperature of at least 540°C is preferred to effect the



absorbi ng conposition with a gas containing nol ecul ar oxygen which is 15
wtilized to regenerate tie absorbing 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 absorbing conposition bed, fluidized
absor bi ng conposition bed or roving absor®i ng conposition bed. Presently
preferred is a fixed absorbing conposition bed. 20 In order to
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.absor bi ng Corg:%?lsule;['nlt %rl]om(r)lngt Roﬁpiﬁg?ggctllgnvea% 1s wall b%earl\“l}'ldlca%on t-ga? the
absorbing composition should preferably be regenerated. The time required
for the absorbing composition to become completely sulfided will generally

20 be a function of the concentration of sulfur in the feedstock and feed rate
employed. Preferably the process is operated under conditions to reduce the

H2S concentration to less than about 75 ppm, preferably to less than about

50 ppm, in the time taken to load the absorbent with 4.0% by weight of

sulfur.

When the absorbing composition becomes substantially completely
sulfided, the absorbing composition is typically regenerated by terminating
the flow of feed to the reactor and purging with an inert fluid such as
nitrogen to remove any combustibles. A free oxygen-containing gas is then
introduced to oxidize the zinc sulfide in accordance with equation (I). Also
30 at the temperature at which the oxidation of the zinc sulfide is effected,

the zinc oxide thus produced recombines with the titanium dioxide to

resysnthesize the original zinc titanate in accordance with equation (III).

The amount of oxygen supplied during the regeneration step will
generally be in an amount sufficient to at least substantially remove sulfur

35 from ‘the absorbing composition. The regeneration step is conducted at

generally about atmospheric pressure. The temperature for the regenera-



10 residence tinme expressed as volunes of gas at standard tenperature and

pressure per volume of absorbing conposition per houf wll. generally be in ¢
t he range of about 10 to about 10,000 and will nore preferably be in the
range of about 250 to about 2, 500. en the absorbing conposition is

completely sulf ided it will no 15 onger conbine with the hydrogen
sul fide in the manner set forth in equation (1). Wen this condition

occurs, hydrogen.sulf I to e Iowngfrom
the reacti%h sger?d '% Rl'eéega?ly %glngﬁ%eﬁd',ncgfef’g%@%g? ?%é'te‘;o-;dn ng corrposn tion
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ppm in the tine taken to | oad the absorbent with 4. 0% t of sulfur.

25 WT® ﬂ@ﬁagﬁwm@ewﬁ%@wﬁn&'ﬁp B’éc@ﬁﬂ?rsﬁ%@‘iéﬁﬂ‘a ’h)'}h?:onpl etely

sul fi ded,inddticabsor bi ng conposition is typically regenerated by term nating
the flow of feed to the reactor and purging with an inert fluid such as
nitrogen to renove any combustibles. A free oxygen-containing gas is then

i ntroduced to oxidize the zinc sUEXAMPLEN accordance with equation (I1).
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kPa) . Claus tail gas and, when used, water vapor flows were started. The water

vapor was generated by pumping water through a heated line that was

20 connected to the top of the reactor. The composition of the simulated

Claus tail gas was controlled by mixing three feed gases. The compositions

of the feed gases were as follows: (a) H2S blend: 1.03 volume-% H3S, 0.135

valume-% CSp, 0.139 volume-% COS, balance Ng; (b) SO; blend: 1.22
volume-% S0O2, 2.93 volume-% CO, balance Ng; and (c) Hj.

25 The progress of the absorption was followed by measuring the H3S

concentration in the reactor effluent after the water vapor had been con-

densed and removed from the effluent. Hg2S concentrations were measured

with Draeger tubes suited to the concentration ranges encountered.

30 EXAMPLE 11
This example described the sorbent materials which were tested in
accordance with the procedures set forth in Example L. _
Sorbent. A: comprised Co/Ma/ZnyTiO4 with 3.1 weight-% Co (as
CoQ) and 8.3 weight-% Mo (as MoO3), Sorbent A was prepared in the
35 following manner: First, ZnpTiO4 was prepared essentially in accordance
with the procedure set forth in the example of US Patent 4,376,698 (column



The foI l'owi ng exanpl es are presented in further illustration of the
isavention.. EXAMPLE | 10 *° . In this exanple the experinental procedure
f'or the removal of [err] from gas streans by neans of various solid sorbent
materials is described. The tests were carried out in a single reactor unit
conprising a [err] OD. (19 nmm stainl es¥0steel reactor. The reactor, which
was mai ntained at a pressure of about 9 psig (62 kPa), was operated in a

fixed bed do flow e us 20 cc, of - sor bent, n the reactor,
t he sorbent sl“??é;at%‘g t8 P‘ﬁg reat'ﬁ%on ¢ SR UL u?%“?ﬂs'ggst%béanﬁ’ra 5%
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V&;Qﬁ; Fgrf]r 0\%%4%2%?&%&%&5 f 8@1‘%@ sabogé?%@%ﬁ/ I/g%htcoomanr) i ?gg Vo).
Sorbent A was preéamn_@- tqvénwed EolYoldn] iGaieOs Withs2.2 waight-04 Gms

prepared essen Lab) Y14 %F@td«zn% s obls ﬁ@%@@he.%etn{ﬂbt, ghd suhe

exanpl e of US Pat ent col um |1 nes 31). Then
a sol Ubi on MEAPIL-% ﬁé203065°"QP%"n§ was e[%ﬂarfq ["érthf feilewrmmnn%l IFiiFf&kor dt ,

I tng:. . St. tLoqggncgép dsnpx%paréd by &%ixdhg Zirkd bkid@laBFRMaVAFdRUERA, tithdil,
stirring, to
‘g drying ther ?hn;?(tL(l)re Laerrrlalcmmg it, essentially in accordance with the

procedure described in Example 1 of US Patent 4,263,133. Then Zn3TiOy4

was mixed with Al203 in accordance with the following procedure. About

20 80 grams of alpha-alumina monohydrate were dispersed in 1,500 mL of
water with stirring.” 10 mL of nitric acid were added to the suspension so as
to lower the piH to about 1.4. Afﬁer stirring for about 30 minutes, about 150
grams of ZnyTiO4 were added with stirring and the pH of the resulting
slurry was adjusted to about 8.5 by adding, with stirring, 10 mL of NH4GH.

K"?S The formed ZnyTiO4/Al,03 hydrogel was then transferred to an evaporating
dish and dried at a temperature of about 75°C for about 20 hours and then
at a temperature of 125°C for about 24 hours. The thus dried hydrogel was
then calcined in the presence of ‘a free-oxygen containing gas at a
temperature of 1000°F (982°C) for about 2 hours.

30 . The final steps of the preparation of sorbent B were carried out as
follows. 50 grams of (NHg)gMo7024.4H20 were dissolved in 360 mL of
.distilled water with heating and stirring. Then 90 grams of the dried
Zn,TiO4/Alp03 gel were added to the solution. The slurry was intermit-
tently stirred for about 2 hours and then allowed to settle. The supernatant

35 solution was decanted, and the Mo-impregnated sorbent was dried at 120°C
overnight and calcined at 1000°F (982°C) for 3 hours. The calcined material



After 2 hours of intermttent stirring, the Super nat ant sol ution was decan-

5 ted. The wet solid residue was dried on a hot"plate for. about 1 hourz
and then cal cined at about [err] ([err]) for about 3 hours. To the thus

heat treated M-inpregnated [err] was .added a sol ution conprising 272 grans

of Co([err])[err] (lot KHPA Nhlllanﬂodt Inc.) in 2.0 litres of distilled

wat er. After about 2 hours of |ntern1ttent stirring, the supernatant

solution 10 nt ed e wet oLi Si. was, dried on a hot
plate forapdsdeqd o?:rmgﬁﬂmt REA taPEﬁ"ﬂ%d’% ¢ (g% i GF-E?} ]”E'[%éfJ ‘f"btlh about 3
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[err]. sﬁw@mtgm ms Q-red in the foll ow ng manner: First, [err]was
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O
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at a tenpgrstidiewsfe alaewyea% rfbnﬁmz; méwhredhhours and then at a h-/
tenperature of [err] for about 24 The, thus dried hydrogel was t he
calcined in thé&i&c&%\mé‘e MBL@Q%'H‘ QA2 PR & vemiont-Peefrer at ur e
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stl rring. Sorﬁleatl B @Exgepinthatf 160egrmseof [ @lphd/dlemira gednoivwdmatadsmed! 80o t he -
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t hen all o%ved to s nat ant t|on was decant ed, anhd
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[err] ([ecbb) 159 waidHusSmoBe ﬁWléﬁdmﬁgr 2 weight-% TiO, and 71.9 i
20 weight-% Al>03. Sorbent F was prepared by impregnating a Co/Mo-
promoted AlpO3 support with Zn and Ti and then calcining the thus
impregnated Alp O3 support, essentially in accordance with the procedure
~set forth in Example I of US Patent 4,287,050.. -
Sorbent G: comprised Co/Mo/A1203 with 3.2 welght -% Co and 7.8
25 weight -% Mo (BET/NZ surface area: 282 m?/g; marketed as Ketjen
K-124-L.D by Armak Catalyst Division of Akiona, Inc., Pasadena, TX).

EXAMPLEIII

This example illustrates the use of the sorbents described in Example

30 IT within the procedure described in Example I for the removal of FHp$S from
a simulated wet Claus process off-gas (Claus tail gas). For runs 1, 3, 4, 6

and 7 the Claus tail gas comprised 4800 ppm HS, 2820 ppm SOz, 650 pm

COS, about 650 ppm CSp, 0.68 volume-% CO, 27.7 volume-% HpO vapor and

67.8 volume-% Nz. For runs 2 and 5 the Claus tail gas comprised 10,700

35 ppm H2S, 27 volume-% Hp O and 72 volume-% Nz. Due to the differences in

the two feeds, the results are presented as a function of the amount of



was added to a solution of 48.4 grans of Co([err]([err] in 360 nL with
s«tlrrlng The Co, Mo-inpreghatéd Sorbent B was then dried at [err] and

cal ci ned at [err] ([err]) as outlined above. The BET/N2 surface area of
Sorbent B was 88 [err]/g. 5 Sorbent C. conprised N|/I\/b/[err]/[err]
with 2.2 weight-%N (as NiO; 10.8 weight2% M (as [err]), 55.9 weight-
Zn2Ti A4 and 31.1 weight-%([err]. Sorbent C was prepared in the sane manner
as Sorbent B. Sorbent D: gonprlsed Co/l\/b/[err]/[e ] with 2.4 vvelght % Co
(as CoO), 8. osWidiTg fnessured (ass anyesht-%gbasege bttt tBﬁZﬁ%hb@ fathe absorbing
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Co/ Mo/ [err]/[err] with 2.6 weight-% Co (as CoO), 6.5 wei ght-% M (as
MbGB), 35.0 weight-% [err] and 55.9 15 weight-% [err]. Sorbent E was
al so prepared in the same manner as Sorbent B except that 150 gramnms of
al pha-al um na nonohydrate and .80 grans JABARTIi 04 were enployed in form ng
t he hydrogel. Sorbent F. conprised Co/ Mo/[err]/[err] with 5 1 weight-
CoO 15.0 weight-%J[err], 5.2 weight-%.2Zn0O 2.8 weight-%[err] and 71.9 20
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Al 203 support with Zn and Ti dsnenreg@al Ci n; idehe tsiger, | li:egnat edf Al 2 03
support, essenti&Bly in Seebemy dakei wi €8 « BEYpr ur-é"—'s‘@t— i r—isSampl e
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the results are presented as a function of the 23ounté-8} 28 99
320 7.78 130 97

383 9.23 600 88

4 (Iavention} D 54:46 357 2000 30 1.10 0 100

90 3.31 ~4 ~100

130 4.81 42 99

180 6.09 3,015 37

5 (Control) E 38:62 357 1000 30 .71 87 98

. 60 1.42 90 98

105 2.70 468 90

125 3.00 2930 39

S 6 (Control) F 10:90 360-- 1000 25 .63 21 ~1C0
N/ 380 70 1.75 . 310 94
115 2.73 900 81

7 (Control) G 0:100 360 2000 20 1.06 748 84

) 60 2.89 1,082 77

160 1,695 65

350 2,922 39

a) Gas Hourly Space Velocity (ce/cc catalyst/hr)
b) Based upon the weight of thw& absorbizz composition
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12 sul fur (neasured as a wei ght-% based upon the wei ght of the absorbing -
conposi tion) absorbed by the absorbing conposition as of the time of the
readi ng. The test results are summarized in Table |I. TABLE | Zn2Ti O4:

Run Absor bed PPM[err] % RenbV¥al A1203 Tenp Ti me
Sul fur of Run ' Sor bent: Ratlo ([err])
[err]) (mn.) ] r ol A
100: 0 357 In Eéﬁ)@ar/%on wxﬁébun f (Controi riql_alunnmaf runs g% shm)/ fb?)t 90
3.33 the afdifion of alumin&6inl8Qveight ratidrélative to Z3; BitH, of 35:65 ar:{32 2
(Inventlo -
8% Sélor spectﬁlelyl %Joth ébs%?bmg c%i%%031tlo]ng%8|8st§8tlally 1§9re§s%%the g
1 - 1@@301‘9@19 compositjogg) effectiveness il removing] bydregen sulfide fprgd
17 - $O64 ]fégd stream. 4TR@ results of 5@& 5 to 7 hov@e%e@ §how that Ehélo
1200 3 (I'nvention) 65:
38 o addlg@n of alumina ig@eight ratlosglg;.lqtgve to anTlog(;n BXCGSS of GQBUt
99 141  62:38 adMho such beneficldl effect. BaBedUdon these rebult¥) it is believed 16
-100 259 1ot a cdhcaitration of mzlga in the i thiBZO i gm{)%sition in 130
97 383 FB5 68 YRty DRI f D' -
54: 46 87 rang2 @®0about 10 wedght-% to abbul (b5 weight-% is @ritical to @0 90
3.31 inventiofi, with th H—BQt ferred bRing about ht-% g9 180
600 V?? 10 :vx e E! {ere ranP g abou %0 w‘gg §° Bo 357
1000 50 w aht . 71 | 98 60 . 1.42
90 98 105 - 2.70 468. 90 125 3.00
3230 _629 6 (Coht r(2)ll) j EXMLE v 10: 90 360- 1000 \J
~ This example illustrates the removal of HpS from a dry gas compri-
sing 0.7 weight-% (7,000 ppm) H;S, 0.1 weight-% COS, 0.1 weight-% .
CS; and 99.1 weight-% Np. This gas was passed through the sorbent bed at
a GHSV of about 2,000 cc/cc catalyst/hr. The test results are summarized
in Table IL
TABLE II
Run PPM HoS  %-Removal
ZnTi:Al  Temp Time in of
Run Sorbent Ratio (°C) (min.) Product HoS
7 -(Control) A 100:0 357 60 10 99.9 Ny
120 45 99 N\
150 159 98
210 845 88
250 1,246 82
280 1,822 74
8 (Invention) D 54:46 357 30 0 100
85 1 100
120 1 100
165 272 96
175 874 88
203 2,495 64

240 4,460 36



380 70 1.75 310 94 115 2.73

900 ° 817 (Control): G 0:100 360 2000
30 1.06 748 . 84 eg 2.89 . 1,082
77 160 1, 695 4 350 2,922

39 a) Gas Hourly Space Velocity (cc/cc catalyst/hr) b) Based upon t he

wei ght of the abs i !

(Control, no al umq?llg)&guﬁggpgéﬁst‘I%ﬂghsos#?ﬁlg %W@éﬁg?%#r%tptw? u?rll"ﬁa?n i

wei ght rati oStreRm: iSpebent [Dsr epniafinipg: 85weight46atid Ze’qulummml% 46,0 vgds_e
absor big. CORBRséraBHF nm%gf&mh' th FPREERSCHS 0B ROREY 70ed YHROFEN O’
ef fectikveness in rem)V| n ogen_su ul ee eam he
resul ts of rGRARtrel orbent %ov\g\%’lmp%ﬁewqﬁa? P'Pi’r\’étsa‘lfd'“lnﬁ drapd %IWGFH teserpfnei ght

ratios rel at russ 1 @anfi & Whikh af 666 foreh iRlrable ﬁifuaaehasbﬁpquhe herkive al
n these results, it t hat ,a concentration of

effect. Based |eve

alumna in tﬁlésqpﬁvgn??'ygméﬂgfﬁ lﬁrﬁgmeb?rﬁég‘?"ctf"(?n a?rf'emi’é’“?ga hydregen, pigifides o
wei ght - % t o fdoone dr§ feed ghs than froar & wetdeed gag.ne invention, with the nost
preferred range bei ng about 30 weight-%to about 50 wei -ght-% EXAMPLE |V
This exanple illustrates the renoval of [err] froma dry gas conpri- sing
0.7 weight-% (7,000 ppm) [err] ,0.1 weight-% COS, 0.1 weight-% CS2 and
99.1 weight-%[err]. This gas was passed through the sorbent bed at a GHSV
of about 2,000 cc/cc catalyst/hr. The test results are summarized in Table

1. TABLE Il Run =~ PPM H2S 9% Renoval ZnTi:A Tenp Ti me in

of Run Sor bent Rati o ([err]) (mn.) Pr oduct [err] 7
(Control) A 100: 0 357 60 10 99.9 120
45N~ 99 150 159 08



210 845 88 250 1, 246 82 280 1, 822 74 8
(I'nvention) D 54: 46 357 30 ¢ 100 85.

.1 100 120 1 100 165 272 96 175 874

88 205 2,495 64 240 4, 460 |ts of runs 7
and 8 clearly show that in the flrst Lo hour MI ﬂtﬂﬁﬂ nt D,
containing a weight ratio ZnTi:al um na 54: 46, nor e
effective in renoving H2S from a dr&f ed gas than control Sorbent A A
conparison of the results of runs 7 with those of runs .1 and 3, WhICh
are set forth in Table I, further shows that the inventive absorbl n
conpositiqgns ar i ng. hygr I rmadty ,
feed gas (ihan f&; g]gcéeesg\g ;Eﬁé 5¥|%0%1 5@!@3@@&2: Xﬁn%gﬁ'gn'\#yzjrogg uL?ld&LAl VS 1.
A process cootaining fileidmiedannd Whycdr cjoprisas ¢andacting whée Jhid gtneaguivitihde- '
contaknin | S N amwith a
GOt Aty Syl 2k HBEIRaOA Do SRSWRORA Thh ol TN Shik:

sul fi de- alb4?s COHPAY|tion MINrises 7ivd HisARALE AN, #lming amete&nwltm (ﬂ}‘noﬁ%.

pronot ed \yrtbothadf @ORgsREN bﬁdhrrfbﬁytidéHGﬁmt and 2B atakyftdenel hetad seldctad | east
Perlo ic,Ta the concentration

t al | ted f
o oo dRe Gt WLCER e BBeibtich Lottier, i, EPFAs HH TG OF Slybiiaghe Bige
wei ght - % abamb&g;pmmméiaoﬂ:memg:dmﬂmemgmelmm S6fweiblet -2b,nitased iupnaithe and _
L UTLg3.  CARMAI bR, B9 0% DSOSl LS AURALE D, SRORGEL il ! O d°

OCES acco concent ratron of
aI um na present in the absorbing composntmn in oxxde form.

2. A process according to claim 1, wherein the concentration of alumina
in the absorbing composition is in the range 30 to 50 weight-%, based upon

15 the combined weight of the zinc titanate and alumina.

3. A process according to claim 1 or 2, wherein the combined concen-
tration of the promoters (a) and (b), calculated as oxides, in said absorbing
composition is in the range 2 to 25 weight-%, based upon the weight of the :

20 absorbing composition.

4. A process according to c;Iaim 3, wherein said concentration is in the
range 5 to 15 weight-%, based upon the weight of the absorbing
composition.

25
5. A process according to any one of the preceding claims, wherein the
atomic ratio of said tungsten and/or molybdenum to said Group VIII metal(s)
in said absorbing composition is in the range 10:1 to 1:3.

30 6. A process according to claim 5, wherein said atomic ratio is in the
range 2:1 to 10:7.

7. A process according to any one of the preceding claims, wherein the
atomic ratio of zinc to titanium in said zinc titanate is in the range 1:1 to
35 3:1.



i the absorbing conposition is in the range 30 to 50 werght=9%—based—tpon

15 = the conbi,ned wei ght” of the zinc titanate and al um na. 3. A process
according to claim1 .or 2, wherein the corrbr ned conceimw 'uu"c"mmr
pronoters (a) and (b), caI cul ated as oxides, in said tion
is in the range 2 to 25 weight % based on the V\erght of the"20° * _
absorbi ng conposition. 4. A process according to claim3, wherein said

concentrati 08, s ' gxtx{]c%sg %Q%%dg\gt & 2‘% rwef q/mere?n g r?ﬁﬁ Orr]at:[rhe fvg%gg;fs '?Ite

t he absor bi ng" conposSi dcess "act

precedig -cl & Hhe ranigerleBs torbZde oni ¢ rat io of said tungst en and/ or

nol ybdenumto said Group VIII metal (s) in said absorbing conposition is in
the range 10:1 to 1:3. 30 6. A process according to claimb5, wherein
sai d atomi c Pati oA Breggss RECeming:to any (e 1qf: the preceding, glaiguse eheaetiob® ng t o

any one ®f th?ddabéﬁeédﬂﬂge-fébﬁtd’{ﬁmgmmcﬁw cbh@a&&@mﬁhrt@«@ ébsGPbtﬁ né‘orﬁaa-
titaniumin Sa]d zilnc titanate IS |n t

* C L MSigon at @ temperature. in & 56@89%]3?8 &o%l‘%Pﬁ‘F? atvr?te‘Pé"? S%%F'd'
atomi ¢ rati opefssde iR tHesrange tdtmospingec o 3000 hﬂg 212.8MP4). and atfa pesigarne

di t f th ' I he 5 d
2Tl ong U 1S Whe Henbf Sob RSN Gy Pe By ST EE e e PR
t enperat ure standhel temgerdtore pnd @resurg), pert veluret af seysamqnngmrmm-n t he

range ajgosphgh tQuf000 psig (13.8 MPa) and at a residence tine in the
range 1%) EE% (5)%(5 vg umes of said fluid stream (neasured at standard

tenperature and pressure) per volume of said absorbing conposi- 10 tion

per hour. 103g, App 9@&%5 aeesﬂﬁ @s ctrancbawne%mvtrer Sdritabl CerRPBiaRGle is |
tempgerature s [err err the total systempressure is in

the range 15i%t tt'eztﬁs'gss%SQ 1@750(00 3'79 Rraa)svaw PRSSHES jsiBride 7ange 1Psta n t he

range 250 t02d@ psig ?llﬁ)OQo\dgbgnﬂsa)Oéncﬁ@héj réitliérﬂ:eshrrﬁéi"@ i the Wargeds58tt0
standard ter‘r?erature and reseE e/ rIe sai d .absor bi ng. conposition
per hou 500 volumes of said flui st eam alcu ted at standard temperature and

pressure) per volume of said absorbing composition per hour.

11. A process according to any one of the preceding claims, which
includes periodically regenerating the absorbing composition by discon-

20 tinuing the flow of said fluid stream over said absorbing composition and
contacting said absorbing compaosition at an elevated temperature and after

. the flow of said fluid stream .is discontinued, with a molecular oxygen-

containing regenerating fluid.

- 25 12. A process according to claim 11, wherein the regeneration conditions
comprise a feed rate of said molecular oxygen-containing fluid suitable
sufficient to remove substantially all of the sulfur from said absorbing
composition, a temperature in the range 370°C to 815°C, and a pressure in
the range atmospheric to 100 psig (690 kPa)..

30
13. A process according to claim 12, wherein the regeneration process
additionally comprises purging said absorbing composition with an inert fluid
before contacting said absorbing composition with said oxygen-containing
- fluid.
35

14. A process according to any one of the preceding claims which is
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11.. A process according to any one of the-preceding cliains, whi ch '
y includes periodically regenerating the absorbing conposition by. discon- 20

“tinuing the flow of said fluid stream over sa““lm)mm“ B osition and .
contacting said absorbing conposition at an e re and after

the flow of said fluid streamis disco¥tinued, *with a nol écul ar oxygen-
containing regenerating fluid. 25 12. A process according to claim11,

" wherein the regenerati on conditions conprise a feed rate of said nplecul ar
oxygen- cont HeRfIMg $Q Ueduesiithgprencentratiqnesf ysirpesmvlidmdnatrifafliid a1 of

the sul fursireem caidds aheR 8600 750FMASHt ihentim® tAEPCERTOdE the! abBErbimNGe-;.
[err] to [errLb .and a 'Er%zsu&% i% thfe range atnospheric te 100 psig (&ﬁo
kPa). 30 1%°MPOStigp YHIGLWEIgNET BFU YL aim 12, wherein the regeneration -
process additionally conprises purging said absorbing conposition with an
inert £ uig befar i j d of bi pd: GO i L ' [ '
oxygeng- contai ni %‘gsf &1‘%3% caﬁgbbgﬂ'ﬁao_c%l?%r%’g’eg'g'mg‘cg%ggfe%k&?oma%d%%eg& t he
precedi ng ebrgemsratiancef hydrogen puifide in said fluid siyeam teless than aliquscil ve to
reduce t hepeanGeitel BitdeOfhih taYIdaadRe sbbbrbirlfcbmpadtidnivith 4.6 Webghb-4p | ess
t han about 75 ppmin the tine taken to | oad the absorbing conposSition with

4.0 wei ghtSWWal fur. 5  15. A process according to claim 14, which is
effective to reduce the concentration of hydrogen sulfide in said fluid

han..ab 0 in the tinme taken to |oad the absorbi
ompoll t ol t f BAGORGamERoE Camept Shotombghd e Bopitd edimiriE, "

conposi t i oim awapoust o feimAdOttiot 3h9atbg weidht| hased ani theagprabined twedghtf ofom 10 t o
55% b i , i o] 1 e il ani . and_al uni na,
y wei ght @%E%F?IQ%% ;&,}q}@%@'.m I5hS8HiiBh dddibiondity Wil dad! UM N

sai d conpositfon addi cdnprising, as pronoters,

nol ybdenunpramioteangeneeer, betidotimal phdenuaneandtungstén, @nd@tolggst/pne metal he
Periodic T ) i oty sl had e tod i SNIRASaEd on 1N
oxi de for mﬂ@ﬁ-Gr% q/(:I(E)i os|et?Fgﬁlggﬁg?@%hSggopﬂc?mq%%éi%%ﬁaﬁé‘?'é| n @3“‘? G oup -
VI11 ¥t al c¢mposition in oxide form. : : o '

17. .A(eomposition acco'rding to claim 16, wherein said Group VIII metal is

- cobalt or nickel. -

20 18. A composition according to claim 16 or 17, wherein the zinc titanate

comprises a Zn:Ti atomic ratio in the range 1:1 to 3:1.

19. A composition according to claim 18, wherein said Zn:Ti‘atomic ratio

is in the range 1.8:1 to 2.2:1.

25 '
20. A composition according to any one of claims 16 to 19, wherein the
atomic ratio of tungsten and/or molybdenum to Group VIII metal is in the
range 10:1 to 1:3. '

30 21. A compaosition according to claim 20, wherein said ratio of tungsten

and/or molybdenum to Group VIII metal is in the range 2:1 to 10:7.

22. A composition according to any one of claims 16 to 21, wherein the
combined concentration of tungsten and/or molybdenum and the Group VIII
35 metal, calculated as oxides, is in the range 2 to 25% by weight, based on the

weight of the total composition.

1
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cobal 't or nickel. 20 18. A conposition accordi ' r 17,
fWherein the zinc titanate canprises a Zn:Ti atomic ratio in the range 1:1
to 3:1. 19. A conposition accarding to claim18, V\ﬂm [ Il
atomic ratiois in the range 1.8:1 to 233 1. 25 20. muﬂum“m
according to any one of clainms 16 to 19, wherein the &tonmi ¢ r&ti o o

tungsten and/ or nol ybdenumto Goup VIII netal is in the range 10:1 to 1:3.
30 21. A X.onpesidrhgdsi e atdordthd o cladh 122 Wheréiarthe coxitkd akight @f

tungsten and/ or | ybdenum to Group V|| netal is in the range 2: 1 to 10:7.
22. TA;_,QQWD%%P? ﬁ%lc%nyné@%?'g}%béje%ma%f étihrTeGBCf”p(a:Yqu ﬁ’f“‘% ctagc”é%,egvﬁe?’gfiﬁs’t he
conbi ned conisdntthatrange bitolGPgby emeightdiased oo tid detralcoapdsition. G oup VI I 35
metal, calculated as oxides, is in the range 2 to 25% by wei ght, based on
the wei ght of the total conposition. 23. A conposition according to
claim22 whtei nAt ermpesitiph ascardigattooanyt ongyof elaigird] &rtods whersiarhand t he
G oup VI ngtaling GabrddbAt fflaRaninl@F frédm 30Ntd el BN 9RIGht; BadeVbREN¥E! ght
based on the tofal, %OH‘QOSI tion. .5 54. . A conposition according to any
one of clai nP*AWEIgNS 9T ARG IERNYR 28F @S s present in an amount of from
30 to 50% by weight, based on the total weight of zinc, titanium and

al um na. 25. A proce or .the preparati.on_of.. ul £ or bent
conposition 2a55' 10R Prog %‘l frfr%ljc’j”i'en pﬁg argﬁgn&f %Is%\llfff% ?SL%“{%E 4‘?‘9% ?séﬁ}lo%gﬁpri ses
form ngtth hyelatiged i @npranei efyclaime L6 taadét whichdcarhprisesaforaing adrydnegel

hydr ogel , | nagR@asiAL 2k Eab&d%qmta%mamy&ﬁghgrnﬁﬁoastymﬁsoraaﬂ the

calcining the resulTing product to convert- t ronoters I nto oxi

1 26.  /PTHMKERS intOcHied dpigdt Ry Epegimapd, calpiming Ahe Hesultingi eROdYBS &Pbi ng ——-

COMpOsi ti oN ¢dhvRFERW Sbrmdtebintb Bkide fyrml. Xt ure of zinc oxide and titanium
dioxide in the presence of free oxygen at a tenperature in the range [err]

to [err] to formzinc titanate, mxing the thus formed zinc titanate in a
powder exb f orzg.wi t A @rboEss 0a6tora@ingaltd Me@mh 28} alRerieth fthemsal fideRgbdorhingat e-

20 al um na hydr.qsol,, addi ng.a ni um hydr oxi de .t @ convert i.d hydrosol
f0 a hydr ogefomBRSTIAR 14 RIPRATFL 0N FRICKIRG: ShOWFUBRIOT AINF JPAINe: oY o gl

derived dioxide in the presence of free oxygen at a temperature in the range 650°C

to 1050°C to form zinc titanate, mixing the thus formed zinc titanate in a
powdered form with a hydrosol of alumina hydrate to form a zinc titanate-
20 alumina hydrosol, adding ammonium hydroxide to convert said hydrosol to a
hydrogel, drying and calcining said hydrogel to form a hydrogel derived
composition of zinc titanate and alumina, adding the promoters to said
hydrogel derived composition of zinc titanate and alumina, and calcining the
resultant composition to provide said promoters in said composition in oxide
\_ 25  form. '

27. A process according to claim 26, wherein there is used an absorbing
composition prepared by a process as defined and in which said hydrogel of
zinc titanate and alumina is dried for a time in the range 8 hours to 24 hours
30 . and at a temperature in the range 35°C to 150°C prior to the addition of

said promoters.

28. A process according to claim 27, wherein the dried hydrogel of zinc
titanate and alumina is calcined in the presence of free oxygen at a
35 temperature of from 425°C to 650°C for about 2 hours.



conposition of zinc titanate and al um na, adding the pronoters to said
i hydrogel derived conposition of zinc titanate and alum na, and cal ci.ning

“the resultant conposition to provide said pr onposition in:
" oxide 25 form 27. A process accong ng t Iﬁﬂ@gﬁ”ﬂ&lgml n there is

used an absorbing conposrtlon prepared by a pkoce d and in which
said hydrogel of zinc titanate and alumna is dried for a tinme in the range
8 hours t®@®4 haupcdss ac@d’t@uﬁj t@cuam)@s,azwoe 23y viteeeinatigee [ieruskdtap [err]
prior to t?r])e ﬁ%‘d ition of .said og% ers. 28. A%?rﬁ)ro ess acco&dh to claim
27, wher ei 3P "ar‘i"é‘a"%ifd?'bﬁé? Y@ PICHMAR daited B A WRICRATE Rgd™i n
the pr esem@dsmneefczx:)cgenamteaarﬂﬁalumlea:rmervanun eaidf prorantefsehiavie Yeen| e

for_ about %dfﬁ%ufs %alc:\,r\he'd in. t:het Rré‘sen% o$ frrée %?(yg%r% %tpg QG ?grﬂﬁ%) rnﬁ“lﬁ"@ to

cl ai m 26, ere I's use orbin onposi tion prepared
by a ;ﬁrocexsas'gaérzaécumﬁoaﬁ?dfqrra timecin thecrapgerBdsheurafod haune tit anate and

alum na to which said pronoters have been added is calci ned in the presence
of free oxygen at a tenperature in th ange [err] [err] for atine
inthe ra 0. N PROGESS ?6‘3@19'"!&)&953"3/3@‘3 of R%‘F‘lﬁcés@ ]a%c‘d%ﬁel‘fg théreaisy one of

claims 1 t@sedSa sulfedechbibobbidgecdrfipdsitich prepdrbd ds- alreesdsN@laifisidh @8 idryon
pr epar ed bgne mpcloalesis(il %I med in any one of clains 25 to 29.




