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ZECLITIC»DESULFURING AGENTS AND THEI R APPLI CATI ON I N THE PROCESSI NG OF
GASES CONTAI'NI NG NOTABLE C02 PROPORTI ONS DESCRI PTI ON The invention rel ates
to an adsorbent which may be u (ﬁ% égﬂltlc desul furing agent and its
use in the, purification of hyd b The invention nmay be applied
in the oi.l, gas, and petrochenical |ndustr|es and .in petroleumrefining. -
W despread use is made of adsorbents belonging to the category of type A.
and X nol ecul ar sieves, in order to purifyjgases containing sul furated
conpounds.” As described, for exanpre, in Soviet Patent No. SU'753449, t hey
have t he advant DT IQOBESYUET BND (THEIR WP [ anl TEE | ead
to high purification rates hbvertheless mhen they are used |n conjunctlon
Wi th crude, nat ueR B ASES \CONT2 3 R/iqe ROBORWES

derr] 20 to 100%by voI une 02 0Oto 20%03 0 to 25%04 0 to S% H2S
0.0001 to 0.15% C02 1 to 50% (preferably 1 to 15% the renmainder being
conposed, for xaqple of N2, H2, He, they catalyze the reaction: C02 + H2S
- 008 + H202 part of the [err] is transforned into carbon

gﬁ?!ls?: _Lhdgas\ggl__ct}hl > 1'21(\)}enrt§.to% gr% a gst QS adsoégg&enagdwhzcéoxggg LQ lt.'l.ggd as.

a zeolitic desulfuring ag'ent- and its use in the purification of

hydrocarbon gases. The invention may be applied in the oil,
gas, and petrochemical industries and in petroleum'refining..

'Widespread use is made of adsorbents belonging to the category
of type A and X molecular sieves, in order to purify gases
containing sulfurated compounds. As described, for example, in
Soviet Patent No. SU 753449, they have the advantage of possessing
a good dynamic sulfur capacity and to lead to high purificatidn
rates. Nevertheless, vwhen they are used in conjunction with crude,
natural, or structurally similar gases having the composition:

C, 20 to 100% by volume

C, 0 to 20%

C; 0 to 25%

C, 0 to S%

H,S 0.0001 to 0.15%

CO, 1 to 50% (preferably 1 tc 15%)

the remainder being composed, for example, of N,, H,, He,

they catalyze the reaction:

COZ + st — —» COS + Hzo

and a large part of the H,S is transformed into carbon

oxysulfide, which is not retained on the adsorbent and is found

in the purified gases.



-2- More*precisely, in the case of gases containing nore than 1% by vol une
of .CB2, e.g. 2% and 0.1%of H2S, a SA sieve exchanged at 65-70% and
granul ated by neans of a kaolinite binding agent generates sonme 140 to 220
ng/[err] of COS (see French Patent No. 2,618,085). To express.this '
phenomenon in practical terns, the standard all owed on Russian soil is 35
to 40 [err] According to the invention, there is provided a CaA zeolite
whose mi crocrystal-s have sizes rangi ng betaeen approximately 1 and 2
[err]m whose rate of Ca2[err] ion exchange is between 76 and 90% and
preferably bet Wsre t8regisdpy amdthicase sofrgmseat edntizingng marer than 1%
m neral binding agent, e.g., bentonite, kaolinite, nontnorillonite, '
att apul gi Ry, efumet afsCh Nk 1@ ageht dRANQG- 1 Eqafr HeS t R cHht BLAVLeS¥chppged
0.5%iron (expressed in [err]). and a phosphate content _of 0 tq 3.4%
expressed ¥ gﬂﬁ‘éﬂ% aPOfi FFapREdShied LY aRgans 1R @ akaRdidity RMI 8% a9PRT
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' Cah zeolite whose microcrystals have sizes vranging between
approximately 1 and 2 um, whose rate of ca® ion exchange is between
76 and 90%, and preferably between 78 and 88%, and which is
grénulated using a natural mineral binding agent, e.g., bentonite,
kaolinite, montmorillonite, attapulgite, etc., this binding agent
.being required to contain less than 0.5% iron (expressed in Fe;0;)
and a phosphate content of 0 to 3.4%, expressed in added alumina
phosphate, and to have an acidity (expressed in terms of adsorption
of NH; at 150° C) of less than 0.1 mmole/g, as well as a basicity
(expressed n terms of adsorption of S0, adsorbable at 150° C) of
less than 0.15 mmole/gram.

In particular the invention i:rovides synthetic CaA zeolite-
based adsorbent for the desulfurization of natural and
similarly-strucﬁured gases containing more than 1% CO,,
comprising:

- from 75 to 85% by weight of a type A zeolite whose
microcrystal size is 1 to 2 um and whose rate of exchange by Ca*

ions is between 76 and 90%; and

- from 25 to 15% by weight of a clay containing less than

0.5% by weight of iron expressed as Fe,0,, whose acidity,



lons is Between 76 and 90% and -.from 25 to 15% by weight of a clay . . .
contatning | ess than 0.5% by wei ght of iron expressed -as Fe203, whose
acidity, -3- expressed in ammbni a adsorbabl e at 150[err]C, is less than
0.1 mmol e/ g and whose basicity, expressed in sulfur dioxide adsorbabl e at
150[err]C, is less than 0.15 nmol e/g. The adsorbents according to the

i nvention may be used for- desul furization of high capacity gases, which at
the sane tinme are effective in renoving H2S fromthe gases and have very
limted COS-fornmation catalytic activity; “and, nore specifically, are

dsor bent ith a hj | c_adsqr pid i imately
S0 et S EIGNELL A s Rkl SUPBILG RS MR CBRIE L GhaBPRY 0, TR 1 ¥
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characteristic of the adsorbents according to the invention. To date, only

di ffusion 4dsédPeaB e8! hEC15HV, 06y AedlsS thad 0628 hmkea/gnt 0 account. The
I nventors reveal ed the substantial advantage to be gal ned by consi dering

perneability as THe addbéiNens (pesddEinieiidathed invia tiRiintign Herided fier e
[err], [err], and [err] are the coefficients of diffusion in the

gr anul at e,désnel frigatyshabs, higll ddpacianoares paiaich rats pelod | aealey . tilleey

verified that, by increasing the volune of these secondary pores, and thus
are effective in removing H,8 from the gases and have very
limited COS-formation catalytic activity:; and, more
specifically, are.adsorbents endéwed with a high dynamic
adsorption capacity of approximately 2% by weight, but with
which the level of COS formation remains limited to a maximum of
35 mg/m.

Secondary porosity of the adsorbent is an important
characteristic of the adsorbents according to the invention. To
date, only diffusion in the zeolite microcrystals had been taken
into account. The inventors revealed the substantial advantage to
be gained by considering permeability as an additive property,
defined by the equation 1/D;,, = 1/D, + 1/Dgoc.secr Where Dy, D, and

Dmb;“ are the coefficients of diffusion in the granulate, the
micrpcrystals, and the secondary pores, respectively. They verified
that, by increasing the volume of these secondary pores, and thus
the total permeability of the granulates to the adsorbate, the
contact time betﬁeen the adsorbate and the adsorbent was reduced
while improving the adsorption capacity. This is a new result,
which is confirmed by example 7 below. This secondary porosity_of
the agglomerate is estimated based on the adsorption of hexane at
20° ¢ from 0.18 to 0.95° P/Ps), and is chosen so as to range
preferably between 0.42 and 0.55 cm’/g for pore radii of between 10

and 500 Angstrom units (10.107° m to 500.107° m). This secondary



the-tot.al’ permeability of the granulates to the adsorbate, the contact tine
bet ween the adsorbate and the adsorbent was reduced while inproving the -
adsorption capacity. This is a new result, which is-confirmed by exanple 7
bel ow. This secondary porosity of the agglonerate is estinmated based on the
adsorption of hexane at 20 C from0.18 to 0.95 P/Ps), and is chosen so as
to range preferably between 0.42 and 0.55 cnB/g for pore radii of between
10 and 500 Angstromunits (10.[err] mtq 200:.10[err] m. This secondary
-4- porosity is governed by the judicious choice of-the conditions under
whi ch t he REWAERS af £dqBYaGHEHS By ech@bfuadbedusi choiqear afietéies asiditdmivh
to the spécialist, suc% as the choice of the binding agent, the noisture of
t he pastenrdder Vivhiohesthee afglbreraked shabfluctse avekifrRpricatedhe s/
of gas-form ng additives by thermal deconposition during cooking,, e.g.

nol asses, pazhhgters WLk, knows utd adtarspecialdstas susly |3shdiftg cholice t the
oxyet hyl enated at 40 OF, in quantities ranging fromapproximately 0.5 to
2.5% The bimddmg] /aigeindr,r theamiciistome @ff e KRS SRds dtieiiis RIGTHER o Tk

invention has a direct effect on the catalytic activity of these .ro.ductslj
To reduce nd3ex shafiti obhe t GROREN® Fateyo e (Uss Qﬁwaaz%'cﬁqqn?i&?co?ﬂig‘s“flt‘ﬁﬁw Y

must be lowered to 1.4 ml|iequival ents/g, Lhere@g corres&onding to%ﬁ ene

Ca2/ Na[ er iheswefaAREIMRAS B 1ap pRBXLREL GOPIE: \erg snBPI3SFEs ¢ RN

T e e or, Ryeraceants, Budt "4t Werg AN Ryt ddat a0 o
in quantities ranging from approximately 0.5 to 2.5%.

The ca*/Na® cation content of the adsorbents according to the

invention has a direct éffect on the catalytic activity of these
products. To reduce COS formation, the Na' content of the zeolitic
composition must be lowered to 1.4 milliequivalents/g, thereby
corresponding to a Caz/Na' exchange rate of approximately 80%.
Very small size crystals may nevertheless undergo loss of
structure because of a fairly advanced ion exchange, and during
this stage they may develop new catalytic centers promoting COS
formation. Accordingly, the high exchange rates required by the
present invention may be achieved without compromising the
crystalline structure, provided that only crystals whose size is
restricted to a value of less than 1 pm are selected. Moreover, COS
formation is reduced appreciably only when.small crystals are used,
probably because, in this case, the time during which the CO,
remains in the microcrystals is reduced. In this way, the
functional size of the microcrystals was limited to 1 to 2 pm.
Clays inevitably contain iron and aluminum oxides which play
an active role in the COS-formation reaction. The Fe?* and Fe®' ions
have a strong tendency to travel and to be exchanged within the

solid with alkaline and alkéline—earth cations under the effect of



this stage they may devel op new catal ytic centers pronoting COS formation.
Accordi ngly, the high-exchange rates required by the present invention nmay
be achi eved wi t hout conprom sing the crystalline structure, provided that
only crystals whose size is restricted to a value of less than 1 [err]mare
sel ected. Moreover, COS formation is reduced appreciably only when small
crystals are used, probably because, in-this case, the tine during which
the CO2 remains in the mcrocrystals is reduced. In this way, the
functional size of the mcrocrystals was |limted to 1 to 2 [err]m C ays

i nevi t abl y +e@ifedaturedn AR rd G I M ddefenity G ida)are iaritied Iyolimdotive
the COS-fornmation reaction. The Fe2 and Fe3+ ions have a strong tendency to
travel and also regagdeheogetorhibidh theyispltiad pricducal kabi agtendseveral thermal
al kal i ne-earth cations under the effect of -5- tenperature. Accordingly,
adsor bent s rekjenbratéohncychésy eswedtialdyasinegawdsefObst Somed o?r bieyinrasent
produce COS after several thernal regeneration cycles, especially since -,
wat er is fatmidgbr tesperatene. dtheiigivandriper solves thési pyepltemPs ditidszing
this problemby utilizing only binding agents containing |ow proportions, of
unconbi ned ordyn bipddper figentst qaaimiay dowrsqRaEsians wi =2 iron
inventors al so proved that_the COS-formation reactjon takes plaﬁe at th%
Bronst ed bdSFOPSItdon fAfe IRFHatBRINPNR3h SIPHRFIES ol eF%Qsdir t fRgngIVERTOLS
basicity (agidity expressed in terns of adsorption of N f 1.4 to 1,
mol e/ g, aﬁésﬁa rq¥eA SBREs & | P IEREL sS?BF%&H“g&%&ﬁf p1adeal the
Bronsted basic sites. The gamma-alumina has appreciable acidity and
basicity (acidity expressed in terms of adsorption of NH; of 1.4 to
1.8 mmole/g, and basicity expressed in terms of adsorption of SO,
of from 0.8 to 1 mmole/g). These authors suggest deactivating the
active sites in the clay by phosphatization, an operation which is
simply carried out by mixing the clay with an aqueous solution of
ortho-~ or wmethaphosphoric acid having the appropriate
concentration. One example of the relationship between COS-
formation activity and the basicity.of the clay is given in Example

6‘ ¥

The invention also provides a process for the purification
of a natural or similaily structured gas having the composition
specified above which prodess comprises contacting the gas with
an adsorbent according to the invention and the use of
adsorbents such as those described above in the purification of
natural or similarly-structured gases having the composition
specified above, said processes being carried out under
pressures of from 0.1 to 10-MPa at temperatures of -from 0 to 50°C

and at linear speeds of from 0.01 to 0.2 m/s.



of from0.8 to 1 nmol e/ g). These aut hors. suggest deactivating the active
sitessin the clay by phosphatization, an operation which is sinply carried
out by mxing the clay with an aqueous sol ution of ortho- - or -

met haphosphori c acid havi ng t he appropriate concentration. One
exanpl e of the relationship between COS- formation activity and the _
basicity of the clay is given in Exanple 6. The invention also provides a
process for the purification of a natural or simlarly structured gas
havi ng the conposition specified above WwhiPch process conprises contacting .
the gas.with an adsorbent according to the invention and the use of

adsor bent s suctBEMRBORSe descri bed above in the purification of natural or

simlarly-structured gases having the conposition specified above, sajd
processes bei nFhaafioldeving gramplpsc¥ili ckead 9 om kettern undeystapding of
tenperatures of-from O to 500C and at |inear speeds of from0.01 to 0.2
ms. ' 12yenteldrol | owi ng exanplés will lead to a better understanding
of .the inventiqgn. Exanple 1: Conbi ned influence of crystal size and
exchange rate ERAERIL déanple, the binding agent was Engel hardt ASP 200

e e ol G 55 0 L AL 105, 201 ot QS ©
o In this example, the binding agent was Engelhardt ASP ZOQ
kaolin, whose Fe,0, content wés 0.5% and whose acidity was 0.32
mmole NH,/g. Passivation was carried out by mixing with a mortar
using 0.94% phospﬁoric acid at the rate of 9 grams kaolin per 1
gram of phosphoric solution, and by letting the mass mature for
three hours at 65° C in an oven. Its capacity for generating carbon
oxysulfide was measured by the carbon oxysulfide-formation constant
K(COS), equal to 6.10°° mole.kg™l.s.”.pa.
cOmﬁarison was made between currently used industrial crystals
measuring 1 to 10um having relative low exchange rates and crystals
according to the invention measuring 1 to 2 um and having a higher
exéhange rates and agglomerated with 20% binding agent, as regards

their K(COS) constant expressed in 107° mole.kg™.s.” .pa”l.

Crystals . Industrial According to
Invention
Exchange rate 72% 77%
K(CO0S) 12.2 9.5

These results reveal the decreased rate of COS formed using
the adsorbents according to the invention.
Example 2

In this example, comparison was made between industrial-size



usi ng 0, 94% phosphoric acid at the rate of 9 grans kaolin per 1 gram of
phosphoric solution, and by letting the nass mature for three hours at
65[err] Cin an oven. Its capacity for generating carbon oxysul fide was
measured by the carbon oxysulfide-formati on constant K(COS), equal to
6.10[err] nole.kg[err].s.[err].Pa[err]. Conparison was nmade between
currently used industrial crystals nmeasuring 1 to I|dJerr]mhaving relative

| ow exchange rates.and crystals according to the invention neasuring 1 to 2
[err] m and having a hi gher exchange rates 7Zand aggl onerated wi th 20% bi ndi ng
agent, as regards their K(COS) constant expressed in 10[err]

ol e. kg[ er gl sea ol ef Ldopnfy Béﬁgq'oizerated wz.thnﬂuﬁﬁ.hadlng ageftGopdisag viated or
| nventi on Exchange rate 72% 77% K( COS) _
12.2 not as9r8gibgsethesyl tos-evenhtiba denstantd Theeresul®s folrbached
usi ng the adsorbents according to the invention. In this exanple,
ConparlS0ncﬂéérﬂ?dﬁabéfwegglbﬂéﬁatEbalwithethe passivased bindinggagent.
aggl onerated with a binding agent, passivated or not as regards their
COS-formation constant. The results obtained clearly favor aggl oneration

with the passivated DI ndepgsegest. Crystals — Industrial | ndustrial
Passi vat ed bi ndi ng agent yes no Exchange rate
72% 72%
' Passivated binding agent yes no
Exchange rate - 72% 72%
K(COS) ' 6.2 12.2
Example 3

' The adsorbent was prepared under the conditions in Example 1,
without passivation, using industrial-size crystals (1-10um). The
range of variation of the rates of cation exchénge Na* --> ca® went
from 60.5 to 97%. The activity of the granulated samples was
estimated based on their carbon oxysulfide constant K(C0S),

expressed in 107° mole.kgl.s.l.pa’l.

Sample A-0 A-1 A-2 A-3 A-4 A-5
Exchange rate (%) 60.5 72 78 87 92 97

These results demonstrate that, to ensure that the K(CO0S)
constant does not exceed 10, the exchange rate ;n the adsorbent
must fall within the ranée of 76 to 90%. A rate of exchange of 78
to 88% is preferred, within which a constant of at most 8 is

achieved.



K( CCs) - 6.2 . 12.2 The adsorbent was prepared

under ‘the conditions in Exanple 1, wi thout passivation, using
i ndustrial-size crystals (1-10[err]nm). The range of variation of the rates
of cation exchange Na[err] --> Ca[err] went from60.5 to 97% The activity
of the granul ated sanples was estimated based on their carbon oxysulfide
constant K(COS), expressed in 10-6 nole.kg[err].s.[err].Pa[err]. Sanple
A0 A1l A2 A3 A4 A5 Exchanggz rate (% - 60. 5 72

78 87 92 97 K(COS) 19.6 12.2 8.0 7.4

14.6 16 .Ekaiiielse g4 esul ts denonstrate that, to ensure that the K(COS)

constant does not exceed 10, the exchange rate in the adsorbent must fall

W thin thea rserjesobf7adserdedtsAwaat prafaxed tengingfa Athte 88%ixkshange
preferred, wi thin which a constant of -at nost 8 is achieved. - Exanple 4 A

series of gglsggkentnydasapecndf €dalpYbNd-2 It etk PrtRTIhPleSipléNe but
rate of sanple A-2 in the preceding exanple), but mcrocrystal si ze was

vari ed acoficiagrystaDryaéi vasl vapeedaatsbr@ingt teechbivaditiiohaigspbeialist
spont aneous appearance of seed crystals during gel maturation, or on their

seedi ng b)praeaIme)szcoadjmtedgq‘hhet spomsanéossedppegsaabe oEoseedacp’yetals
crystals neasuring 1 to 2 [err]mwere obtained in operation B-2 by ripening
a gel havidwrine q,einmmr@mcznr\raeo on Mipepr -sgediny byoneaps ©8rcodtholiied

at anbi ent
quantities of seed crystals. For example, crystals measuring 1 to

| 2 um were obtained in operation B-2 by ripeéening a gel having the
composition 2 Na,0 - Al,0; - 2 Si0, - 90 H,0 for 20 hours at ambient
temperature, followed by drystallization at 100° ¢ for three hours;
the same procedure yielded a narrow size-graded distribution
because of the fact that‘ a large number of seed crystals formed
during maturation. Similarly, the crystals in operation B-4 were
obtained from a gel having the same composition, 2 Na,0 ~Al,0, -2
Sio, - 90 H,0, but which was seeded before crystallization with a
suff:.c:.ent quantity of seed crystals (finely-ground zeolite 434), so

that the size of the final crystals ranged from 3 to 4 um.
The results are recorded in the table below. As before, the

carbon oxysulfide constant K(COS) is expressed in (10°° mole.kg™l.s.”

l.pa).
Sample A-2 B-0 B~2 B-3 B~-4 B~5
Sizes (um) ;r;: 1-10 0-2 1-2 2-4 3-4 4-6
K (C0S) , 8.0 12.2 3.1 8.6 8.4 21.9

These results reveal that a narrow distribution and small
microcrystal size are preferable. Optimal size falls between 1 and

2 pm.



tenperature, followed by crystallization at 1000 C for.three hours; the
sane procedure yielded a narrow size-graded distribution because of the
fact that a | arge nunber of seed crystals forned during naturation. -
Simlarly, the crystals in operation B-4 were obtained froma gel having

t he same conposition, 2 Na20 -A1203 -2 SiQ2 - 90 H20, but which was seeded
before crystallization with a sufficient quantity of seed crystals '
(finely-ground zeolite 4A), so that the sbze of the final crystal s ranged
from3 to 4 Am The results are recorded.i’n the table bel ow. As before, the
carbon oxysul fide constant K(-COS) is expressed in (10-6 nole.kg[err] .s.-
[err] Sanmple A-2  B-O B- 2 B-3 B-4 B-5 Sizes
([err]m . Exagple § o 1.2 2.4  3-4  4-6 K(COS)

8.0 12.2 3 lgeri8sbor alibrbentl: BaldeSod Sttidfe rEvLAInt aﬁé éraéEEQWg
distribution and sna m crocrystaln Size are preferable. Optimal size fall

bet ween 1 é’:%%léehhkmprepazgéd ?nﬂ'&n@lﬁﬁ&ﬁ' 8¢ @hertssshitd spowged Qﬁlnq
np

sanple B-2 in the precedi ng exanpl e was prepared by granul ati on of the _
zeol i te poY&STinstaptkanling- ceDags N ditawn ayirdil awarfious v@BDudePoisits and

deposits and characterized by varying iron contents. The clay content was
set at 20%haradterdaees byTlvanydngl isonppestents ¢ Thd allaywicopteats! waswaethat
: 20% in all cases. The results appear in the following table, which
presents both the content by wéight $ of the iron present as Fe®
and _I-‘e"' in the clay and expressed in terms of Fe;0; % and the carbon

oxysulfide-formation constant K(COS) expressed in 10™° mole.kg?.s.”

l.pat.
Sample c-0 c-1 c-2 c-3
Fe,0,% in the clay 0.1 0.44 1.2 3.9
K(COS) 2.6 3.2 10.2 33.0
Example 6

In this test, the variable investigated was the acidity-
basicity according to Bronsted of the binding agent of the
adsorbent. To this end, the series of samples D-1 to D-3 was
p::epared from sample C-1 in tﬁe preceding example. The binding
agent was added to these sainples at the rate of 5% by weight of the
final product of ’)’ -A1,0; or n -Al,0, having varying acidities and
basicities. Acidity was measured by ammonia adsorption at 150° C,
and basicity by sulfur dioxide adsorption at that same temperature.
These values were measured using a McBain balance. To this end, the
samples were first heated to 400° C in a vacuum until reaching

constant weight. Ammonia or sulfur dioxide adsorption was carried



presents. both the content by weight % of the iron present as Fe[err] and
Fe[err] in the clay and expressed in terns of Fe2G3 % and the carbon
oxysul fi de-formation constant K(COS) expressed in 10-6 nole.kg[err].s.-
[err] Sanple C0 C1 C2 C3 Fe2@B%in the clay

0.1 0.44 1.2 3.9 K(CCos) . 2.6 3.2 10.2- 33.0
Exanple 6 In this test, the variable |nvest|gated was the acidity- baS|C|ty
according to Bronsted of the bi ndi ng agent_ of the adsorbent. To this end,
the series of sanples D-1 to D-3 was prepat@d-fromsanple G| in the

precedi.ng exanpl e. The bi ndi ng agent was added to these sanples at the rate-

of 5% by wehghhtofadkibhfeht Ndemperdttireofard®r ihdéd2@3 mredfind oA1203 chamh gt
varying acidities and basicities. Acidity was neasured by anmoni a

adsor pti ometcd:500( €, 6and A3 CkPy) byTihse | entessonddorbdter pasonthent Azt ined
sane tenperature. These val ues were neasured using a MBain bal ance. To
this end, effo Sheplsegpler ghitsr Sreasatdewaso thed0 heateda tead§Oh Gnin| a vacuun
reachi ng constant wei ght. Amoni a or.sul fur di oxide adsorption was _ carried’
- 10 - outfeE enfbihoHTr+ Fhrrrecerded dlosmlct Wotght lexpressed oinrmillinoles
mercury (0.6 to 1.3 kPa). _The excess adsorbate was then drained off. The
sanpl e t hiRE ﬁ”@&tné& R&s s’c‘FrgHrhééP%Hd? Pas &R ]°fCa|dﬁ°&'b9§6uHﬁFFBFeGn%°H3ﬁF¥

The recor ded ' ty V\@f'ltc’eh treeé(g:{gss Saex('je Igr‘]:.vrgrlx | Jj.nno‘tl:he table below.
Sample Cc-1 D-1 D=2 D-3

Basicity SO, (mmole/g) 0.28 0.08 0.15° 0.78

K(COs) . 3.2 1.8 2.9 55.0

Example 7

Five kilograms of each of various samples were loaded into
pilot equipment whose adsorber had a diameﬁer of 50 mm and in which
the height of the adsorbent bed was approximately 3 m. The incoming
natural gas contained 2% €02, 1.1% ethane, 0.03% propane, and 0.08%
H,S, the remainder being methane. The dew point was -55% C at normal
pressure. The flow rate was 18 m’/h, the pressure was 55 bars, and
the temperature, 40° C. For this test the following were prepared
in larger quantities:

- sample A-2 similar to that in Example 3;

- sample B-2 similar to that in Example 4;

- sample C-1 similar to that in example 5;

- samples E-1, E-2, and E~3 having variable secdhdary porosity

prepared from 88% exchanged crystals and a passivated binding

agent, as explained in Example 1, the variation of pore volume



of ahnDﬂié'or sul fur di oxi de per gram of adsor bate measur ed acidity'or
basicity. The results are given in the table bel ow. Sanple

C1 D D2 D-3 Acidity NH3 (nmol e/ g) 0.35 0.11 0.46 1.1
Basicity SO2 (nmol e/ g) 0.28 0.08 0.15 0.78 K(COs) ' :
3.2 1.8 2.9 55.0 Exanple 7 ‘Five kil ograns of each of various
sanpl es were | oaded into pilot equi pment whose adsorber had a di aneter of
50 nmand in which the height of the ad§0{ ent bed was approximately 3 m
The incom ng natural gas contained 2% C02,” 1. 1% et hane, 0.03% propane, and
0. 08% H2S, the remainder being_nethane. The dew point was -55_C at nor nal
pressur e. PehBIf Polirined Brsadging ko the pisddngecaggdtsyapapbleyAyanfdties
tenperature, 40 C. For this test the_following were prepared jn larger
quantiti eSt 2 ROLAsises Ox §Fﬁ%ﬂ%ﬁqﬁahﬂﬁét59ﬁ“ %Fmﬁ%aé%e-P THOETBNS 89 tar
to that in Ex le 4, - sanmple C 1 simlar to.that .in.exanpl 1 - xSanpl.e
E1, B2, and A HARRRE DRI anfte CEREONAAr SRARGEREy MiFhnar SAP S B atpich
exchanged; ¢r ivate i.0di a ajaed,i e
T he vt o et SeBoai: ool a8, TPERho BabkRLINEE 2 27 2R
agent variabl wg&&a@&m&aﬂmw&&ﬂww Q&?ﬁ%&ﬁt&ﬂgﬁ%ﬁﬁﬁe

pore-formng agen a conparison, a test was conducted™with a s
whi ch outflowing gases.

The results are given below.

Samples .A A-2 B-2 Cc-1 E-1 E-2 ‘E-3
Crystals (um) 1-10 1-10 1-2 1-2 1-2 1-2 .1-2
Exchange rate % 72 78 78 78 88 88 88
Fe,0; % 0.81 0.81 0.81 0.44 0.44 0.5 0.5
Basicity :
(mmole/q) 0.21 0.21 0.21 0.28 0.09 0.11 0.11
Pores (cm’/q) 0.26 0.26 0.36 0.41 0.55 0.49 0.44
H,S capacity, & 2.2 1.8 2.35 2.3 3.1 2.8 2.7
outflow of

COS mg/m’ 215 ° 175 165 58 18 26 30

These results confirm the relevance of the choice of the
. adsorbent parameters as regards the capacity for adsorption of H;S

and the minimization of the proportion of outflowing COS.



s a product according to prior art (French Patent No. 2,277,798). The
characteristic nmeasured was the COS and H2S content .of the outfl oW ng
gases The results are given bel ow. Sanples A A—2 B-2
C1 E-1 E-2 E-3 Crystals ([err]m 1-10 1- 1-2
1-2 1-2 1- 2 Exchange rate 72 78 . 78

88 Fe203 % .0.81 0.81 0.81 .0.44 0.44 Hmmm”a"

(rmol e/ g) . 0.21 0.21 0.21 0-282 -0.09 0.11 WH"I
(cnB/ Q) 0. 26 0. 26 0. 36 0.41 0.55 0.-49 0. 44 HSS Capdci fy,* %
2.2 1.8 2.35 2.3 3.1 ZE_LALI'I_a?OthIowofCOSng/nB

215 175 165 58 18 30 These results confirmthe
rel evance of the choi de of ﬁi’@%@ﬁb@ﬂtﬁ gerditecbased apdgarbenthéorasheity
for adsorptlon of H2S and the m ni m zatlon of the proportion of outflow ng
CCs. degnlfurigagign of na% and gt ladywtrmesoresdi gaassht for

t he desul fUI’I za,t i.on of natuyral nd SI m |l arl X structured gases containing
more t han R m‘b"fﬁn#? CO2¢  SAMPELBLREE0, by wei ght of a type-A

E;Olcgf gr\r/\/]hose m Crocrystag SI It%-jsst’sob% Lﬂe:.g]hrp ri:Ld W‘tl.ose zeo 1teex% os%e

microcrystal size is 1 to 2. ym and whose rate of exchange by Ca*
ions is between 76 and 90%; and

- from 25 to 15% by weight of a ciay containing less
than 0.5% by weight of iron expressed as Fe,0,, whose acidity,
expressed in ammonia adsorbable at 150°C, is less than 0.1
mmole/g and whose basicity, expressed in sulfur dioxide
adsorbable at 150°C, is less than 0.15 mmiole/g.

2. Adsorbent according to claim 1, wherein the
said rate of exchange by Ca®** ions is between 78 and 88%.

3. Adsorbent according to claim 1 or 2, wherein
the secondary pores thereof occupy between 0.42 and 0.55 cm® per
gram of granulate.

4. Adsorbent according to any one of the preceding
claims, wherein the radii of the secondary pores range between
10 and 500 Angstrom units (10.10°*° m and 500.107*° m).

5. Adsorbent according to any one of the preceding
claims, wherein the binding agent is a natural clay selected
from the group consisting of montmorillonite, bentonite,
attapulgite, and kaoline, modified by treatment with phosphoric
acid such that its aluminum phosphate content reaches 0.2 to 3%
by weight.

6. A process for the purification of a natural or




ions i s ‘between 76 and 90% and - from25 to 15% by wei ght of a cl ay
contalnlng l ess than 0.5% by weight of iron expressed as Fe203, whose
aci'dity, expressed in ammoni a adsorbable at 150[err]C, is Iess t han 0. 1
mol e/ g and whose basicity, expressed in sulfur dioxide a

150[err]C, is less than 0.15 nmole/g. 2. - Adsorbent accor
wherein the said rate of exchange by Ca[err] ions is bet vvei,lmmm&ﬁﬂﬂmmm
Adsor bent according to claim1 or 2, wheregign_the secondary pores .
occupy between .0.42 and 0.55 cnB per gram of granul ate. 4. Adsor bent
accordi ng simbbyripeseiutbergdcgasi hgvingi the sbmpesitide radii- of the
secondary pores range between 10 and 500 Angstromunits (10.10[err] m and
500. 10[err] m. 5. Adsorbe2 ter ddr0® oy tweolame one of the preceding

clainms, wherein the binding agent is a natural clay selected fromthe group
consi sting of nontnori®d oni t&, tdbeft®nite, attapulgite, and kaoli ne,

nodi fied by treatment with phosphorlc acid such that its al um num phosphate
content reaches 0.2 tocze% vaﬁQ 6. A process for the purification

of a natural or arly structured gas having the

conpositi on Jerr] 20c4t o] 1%%%;?95/0I une
HS 0.0001 to 0.15%

COo, 1 to 50%
the remainder being for example N,, H,, He, which process
comprises contacting the gas with an adsorbent as claimed in any
one of the preceding claims.

7. A process according to claim 6, wherein the gas
cbntains 1 to 15% CO,.

8. A process éccording to claim 6 or 7, wherein

the gas is contacted with the adsorbent under the following

conditions:
- Pressure 0.1 to 10 MPa
- Temperature 0 to 50°C
- Linear Speed _ 0.01 to 0.2 m/s.
9. Gas purified by the process claimed in any one

of claims 1 to 8.

10. Use of the adsorbent as claimed in any one of-
claims 1 to 5, in the purification of a natural or similarly-
structured gas and having the composition:

C, -20 to 100% by volume

c, 0 to 20%

o 0 to 25%

c, 0 to 5%



2 0o 20%C3 O to 25%C4A O to 5%HS 0.0001 to:0.15% CCR 1 =@

to 50%the remai nder being for exanple N2, H2, He, which process conprises "
contacting the gas with an adsorbent as clai med in any of the preceding
clainms. 7. A process according to claim®6, wherein the gas contains

15% CO2. 8. A process according to claim®6 or 7, V\hermﬁ,’ﬂmmngmﬁmﬂ

contacted with the adsorbent under the follow ng condl ti
0.1 to 10 MPa - Tenperature 0-ta456[err]C - Linear® Speed

0.01 to 0.2 nm's. 9. Gas purified by the process clainmed in any one of
claims 1 to 8. 10. B4 of 9HOGYsker KevkS5%s clainmed in any one of clainms 1-
to 5, in the purlflcatlon of a natural or simlarly- structured gas and
havi ng t he corrp05| t| on®O(] er¥ to 5% (rrafrrbiy loitme 3% 0 to 20% C3

0 to 25% C4 g%
he remazn er belng, for example, of N,, H,, He.

12. Use of the adsorbent according to claim 10 or

11, in gas purification under the following'conditioné:

- Pressure: 0.1 to 10 MPa
- - Temperature: 0 to 50°C

- Linear Speed: ' 0.01 to 0.2 m/s.



-14- H2S - 0.0001. to 0.15% CO2 1 to 50% (preferably 1to 15% the remai nd&k:
bei ng, for. exanmple, of N2, H2, He. 12. Use of the adsorbent according to
claim10 or 11, in gas purification under the follow ng conditions: -

Pressure: . _ . 0.1to 10 MPa - Tenperature: 0 to 50C -.
Li near Speed: 0.01 to 0.2 m's. '
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ABSTRACT

ZEOLITIC DESULFURING AGENTS AND THETR APPLICATION IN THE

PROCESSING OF GASES CONTAINING NOIABLE CO? PROPORTIONS

It is now possible to desulfurize gases containing appreciable
carbon 'dioxide proportions by limiting the production of carbon
oxysulfide to a very low level, by treating ﬁheSe gases with
adsorbents composed of very small, par{iially calcic zeolite A
crys.tals agglomerated by clays "containing low levels of iron and
having reduced acidity and basicity. These clays may be obtained by
phosphatization of montmorillonite, bentonite, attapulgite, or

kaolin.




