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estimated that capital cost of equipment and power consumption are the two major factors
influencing the overall cost with their share being 50% and 40% respectively. Along with
the factors like process and system design, the adsorbent is the key component, which can
bring down the cost of oxygen production by adsorption. The adsorbent selectivity and
25  capacity are important parameters for determining the size of the adsorption vessels,
compressors or vacuum pumps. It is desirable to have an adsorbent, which shows a high
adsorption capacity as well as selectivity for nitrogen compared to oxygen. The
improvement in these properties of the adsorbent directly results in lowering the adsorbent
inventory of a system and hence the size and power consumption of the air compressor or
30  vacuum pump. Furthermore, adsorbent having a high nitrogen capacity and selectivity can
also be used to produce reasonably pure nitrogen along with oxygen by evacuating
nitrogen adsorbed on the adsorbent. Furthermore, adsorbents having both nitrogen and
argon selectivity over oxygen can be used for producing high purity (>96%) oxygen from

air.
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20  selectivity reported for the commercially used zeolite A based adsorbents for this purpose

varies from 3 to 5 and adsorption capacity from 12-15 cc/g at 765 mmHg and 30°C. The
efforts to enhance the adsorption capacity and selectivity have been reported by increasing
the number of exchangeable cations into the zeolite structure by modifying the chemical
composition of the zeolite. The adsorption selectivity for nitrogen has also been
25  substantially enhanced by exchanging the zeolite with cations like lithium and / or calcium
in some zeolite types.
Zeolite A having a specific amount of calcium has been commercially used for oxygen
production from air by selectively adsorbing nitrogen. However, presently used adsorbent
has the following limitations:
30 e Low adsorption capacity compared to other commercially used adsorbents.
e Low adsorption selectivity.
e It gives oxygen with only 95% maximum purity.

e Sensitivity to moisture.
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atleast 15°F,the inlet end is heated to maintain the gas at maximum of at least 20°F wamer
than without heating, but below 175°F. The main drawback is it requre heating and
temperature control in the air separation process.

C. G. Coe et al. in US patent No. 4,481,018 (1984) entitled “Polyvalent ion exchanged

25 adsorbent for air separation”, describes the use of a thermally activated polyvalent ion
exchanged faujasite-containing compositions with selectivity 3.4 to 6.7 at 30°C for the
separation of air into oxygen and nitrogen. The drawbacks are the thermal activation
‘process requires very slow heating to prevent hydroxylation and the selectivity of the
adsorbent is only 3.4 to 6.7 at 30°C.

30 S. Sircar et al in US patent No. 4,557,736 (1985) entitled “Binary ion exchanged type X
zeolite adsorbent”, describes the use of an adsorbent comprises a binary ion exchanged
type X zeolite, in which 5%-40% of the available ion sites are occupied by calcium and
60%-95% of the available ion sites are occupied by strontium is used for the adsorption of

nitrogen from an air stream at superambient pressure to produce an oxygen rich product
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of nitrogen over oxygen, its preparation needs nultistage calcium exchange

and its agystalkization tme@@é@@rq@ﬁﬁn taEnetamprastiealithecplé vy to  prevent
hydroxyl a1 @0 Chao in US patent No. 4,964,889 (1990) entitled “Selective adsorption on

magnesium containing clinoptilites”, in which gases having molecular dimensions equal to

or smaller than nitrogen are selectively adsorbed and separated from other gases having
molecular dimensions higher than nitrogen. The main drawback is the particle size of the
commercial clinoptilolite varies and the particle size of the clinoptilolite will affect the
25  speed and completeness of the ion exchange reaction.
G. Reiss in US patent No. 5,114,440 (1992) entitled “Process for the adsorptive-oxygen
enrichment of air with mixture of calcium zeolite A molecular sieve by means of vacuum
swing adsorption”, which gives a process for oxygen enrichment of air by means of
vacuum swing adsorption using CaA molecular sieve. The drawbacks of this adsorbent are
30 low nitrogen adsorption capacity, low selectivity of nitrogen over oxygen, its preparation
needs multistage calcium exchange and its activation process requires very slow heating to
prevent hydroxylation.
C. G. Coe et al in US patent No. 5,152,813 (1992) entitled “Nxtrogen adsorption with a Ca

and / or Sr exchanged lithium X zeolite”, which is directed to a process for separating



C G Coe et al in US patent No. 5,152,813 (1992) entitled "N trogen
adsorption with a Ca and / or Sr exchanged lithium X zeolite", which is
di rect ed wo oaopnecess for separati ng WO 03/ 080236 PCT/ | BORC@OB®BA0SG
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from5 t &0 to 89 equivalent percent calcium exchanged forms of zeolite X having silica / alumina

ratio in the range of 2.0 to 2.4 is used in a temperature range of 50°C to -20°C and pressure
range of 0.05 to 5 atmospheres. The main drawbacks are the preparation of the adsorbent
requires multistage cation exchange and its activation process requirs very slow heating to
25  prevent hydroxylation.
F. R. Fitch et al in US patent No. 5,464,467 (995) entitled “Adsorptive separation of
nitrogen from other gases”, where in type X zeolites whose charge compensating cations
are composed of 95 to 50% lithium ions, 4 to 50% of one or more of aluminum, cerium,
lanthanum and mixed lanthanides and 0 to 15% of other ions were used for selectively
30  adsorb nitrogen from gas mixture. The main drawbacks of this adsorbent are its high
affinity towards moisture and its preparation requires multistage cation exchange from 5 to
10 fold lithium chloride solutions.
C. C. Chao et al. in US patent US 5,698,013 (1997) entitled “Nitrogen selective zeolitic

adsorbent for use in air separation process”, wherein using 60 to 89 equivalent percent



10 fold lithiumchloride solutions. C. C. Chao et al. in US patent US
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in air separtos@ac process”, wherein using 60 to 89 equi valremtiBpiiosent WO
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N. V. Choudra in No.US patent "No. 6,030,916 (2000) entitled "Process

for the Jprk hiﬂmﬁ Qﬁfalalmﬁlsemﬂeat US é;9é5é)d§0(rlﬁ%9*)t entd}edseq)exgenv@ﬂq@twe
adsor bin Qg S xture", .describes .the preparation
of nol ecu ogbrethgs’l ’e@eescélégso? émfentl or?t% gll nr“%sgaﬁr?"ref’%rﬁ?ra%‘a Sgp?gﬁﬁl?n ARGE/ %"

al kal i ne eRrttite sstbattswib ehha&xcedtsél%cﬁ\l‘lqﬁﬂMﬂfg exbaRg eall &ygedtubRs ratds ef ul
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pat ent oces
hence it is not completely reversible, (b) The preparation and handling of the adsorbent is

very difficult and (c) the use of this adsorbent is not commercially economical.
N. V. Choudray et al in No.US patent No. 6,030,916 (2000) entitled “Process for the
preparation of a molecular sieve adsorbent for selectively adsorbing nitrogen from a
25  gaseous mixture”, describes the preparation of molecular sieve adsorbents containing
yttrium and alkahi and / or alkaline earth metals as the extra framework exchangeable
cations, useful for the separation of oxygen and / or nitrogen from air. The main drawback
1s the yttrium exchange process requires several cycles to obtain the adsorbent having high
nitrogen selectivity.
30 N. V. Choudray et al in US patent No. 6,087,289 (2000) entitled “Process for the
preparation of a molecular sieve adsorbent for selectively adsorbing oxygen from a gas
mixture”, describes a process for the preparation of a zeolte based adsorbent containing

cerium cations are used for the selective adsorption of oxygen from a gas mixture. The



preparation of a nol ecul ar sieve adsorbent for selectively adsorbing oxygen
froma gas mxture", describes a process for the preparation of a zeolte
based adswolsngo2sent ai ning ceriumcations are used for tPeTABIRZ@SIVE
adsorption of oxygen froma gas m xtuffe. The WD 03/080236 PCT/1B03/00504 7
mai n drawbacks of this adsorbent are its | ow oxygen capacity (around 3cc/g
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adsorption zone. The main drawbacks of this adsorbent are its high
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process. 25 .0BJECTS OF THE .| NVENTI ON The main object of the present
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adsor bentN for c38L&&Y1 of QlLYinEAPnDbent . PEIRN3 AMYYHT Gfifled AR BASRR Ukie
m xture with oxygen; which obviates the drawbacks "as detail ed above.

Anot her ais¢pscationf of Remplesylantsigvavadseibent peefulo ipithyy oypreen ennichogah ofedigct i ve

adsor}?)entdels)éansb%g the?’ (1)1560 of Sayznetoﬁ et Y lahgoei‘rbent containing clay binders were used to

produce 85-95% pure oxygen by pressure swing adsorption. The main drawbacks of this
adsorbent are the low nitrogen selectivity over oxygen (3-5 at 30°C and 1 atm), low
nitrogen capacity (around 15cc/g at 30°C and 1 atm), its high affinity towards moisture and
its preparation requires multistage calcium exchange process.
25  OBJECTS OF THE INVENTION
The main object of the present invention is to provide a process for the preparation of a
molecular sieve adsorbent for selectively adsorbing nitrogen and argon from a gaseous
mixture with oxygen, which obviates the drawbacks as detailed above.
Another object of the present invention is to provide a nitrogen selective adsorbent based
30  on synthetic zeolite.
Yet another object of the present invention is to provide argon selective adsorbent
(compared to oxygen) based on synthetic zeolite.
Still another object of the present invention is to provide an adsorbent that can visibly refer

the decay in adsorption capacity and selectivity due to moisture by its colour change.



Yet anot her object of the present invention is to provide argon selective
adsorbent (conpared to oxygen) based on synthetic zeolite. Still another
obj ect ofwODhg/gnesent i nvention is to provide an adsor benPCrhBe3/@an vi si bly
refer the decay in adsorption capaci8y and selectivity due to noisture by
its colour change. WO 03/080236 PCT/1B03/00504 8 Further object of the
present igygnf l()jlﬂgct'o% the) r%e?ﬁ/lnqgnt% 1§g§Plrog?d%tanvgdts&bE&%lﬁ%@%a%%g&ﬁahw
selectivity and-capacit %/ trogen Fromits mxture wth oxygen and / or
ar gon. Stslelebtmtgoambcrapadaj}eﬁot nivfogedh fropriessenture mlthmxygen argl @ apgavi de an
adsorbent, which is selective to nitrogen an on_over . oxygen and can be
ised comitibimaritey opiset afihe peesent BT S 15 Provids s RERn BISHS STETHE € he
present ifieai Q0 akéont&epf)wgeg%n@@a@geg@o*ea%aﬁxmemhl fo@@ﬁb Q araRb£BRLiEd by a

si ngl e stage cation exchange process. SUMVA | ON Accordingly,
t he presevit anothentdbgect mfcthc d:eeseat inPentias & fooprqvnb ptr @pwrb@ntowhtsﬂl ean be

nol ecul ar S|e adso nt for ectlvel adsorbing nitrogen and argon
froma gdE8BHE ﬁ’(?{?'ﬂg% EFFANAH° XS | ch conprises of a nol ecul ar

si eve adRUPAIARYOFER HEtMENTI(r)N general formula, (Ag(err)Q(err),
(M2/.0O)y,. (AI(err)O(err) )6. (Si CJZ)(erréP wH20O where the val ues of X
T

vari es frawpondisglyothe mmeseht myveniion. myoyigesia SProgesselphthernierasafianeef amolagplaps of
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process faxygédie vwiiepaoaipricss of a mblﬁsmlai kiene amt@drbeml ’@presérayd b&d&ergmatal by
silver ion exchange, used for selectively adsorbing nitrogen and argon
froma gd@@ﬁ@é’nlxture cont ai ni ng oxygen, said process conprising the

steps of gg@)"((ﬁ’)z’"?&’lxﬁu Oﬁg@@@g\ﬁ{%th an aqueous solution of silver salt;

(b) reflu |ngt 90" C for 4-8 hours in dark to obtain a
resi due; v(rlme)re fthd vanesngf mvdrigrmbbinndg 8 ttheb. ¢, g5 frdme0.0i to L. 2yaw doeirtg the nulndber ©§i due

isfreefr | ver d bel ow 85C in air followed by
under redﬁ t) @@569‘&0@83%{“5351 ‘i‘ﬂ@v}/“%‘g ¥Pa| li ne nol ecul ar si eve
adsorllaentnmmmnamb@m FOMOFAHE INVENTIO

(Ag(err)Ox.(M/nOy. (Al (err)(err))6.(Si O(err))(err) wH(err) O An
enmbodi nerccotdingly, thﬁeasgwnt inventioni avideher angle stagp prasys for (thy preparatien of
optlonall a eolihite Awth

equal a rmu¥ﬁt£§?e glor%g%,ar glgm acgsgf%ﬁ{lpboynm ef }o%p xcha(ng% useé for%el%ctlvely adsorbing

nitrogen and argon from a gaseous mixture containing oxygen, said process comprising the
steps of :
20 (a) mixing Zeolite A with an aqueous solution of silver salt;
(b) refluxing the solution at 30-90 OC for 4-8 hours in dark to obtain a residue;
(c) filtering and washing the residue with water till the residue is free from silver ions;
and
(d) drying below 85°C in air followed by under reduced pressure to obtain the
25 crystalline molecular sieve adsorbent having a chemical composition
(Ag20)x.(M2110)y.(A1203)6.(8102)12.wH,0
An embodiment of the present invention, wherein steps (b) — (d) can be optionally
performed in the following steps:
(a) mixing Zeolite A with equal amount of silver salt solution;
30 (b) heating the mixture at a temperature in the range of 500-575 °C in an inert
atmosphere;
(c) washing the residue with water till the residue is free from silver ions; and
(d) drying the mixture at an ambient temperature under reduced pressure to obtain the

crystalline molecular sieve adsorbent.



30 (b) heating the mxture at a tenperature in the range of 500-575 C in an
inert atnosphere; (c) washing the residue with water till the residue is
free fronweioB®enié ons; and (d) drying the m xture at an amoirdne3/tsmper at ure
under reduced pressure to obtain the 9crystalline nolecul ar sieve
adsorbent. WO 03/080236 PCT/1B03/00504 9 Yet another enbodi nent of the

present i?ﬁ%%lh%ge BOGERRD f‘tﬂﬁ ¥R EnRhtidn YHer&a e \\?\cﬁﬁelo]‘%( {ies Broth MBLSS.
Still another embodi nent of t 8 present 1 nventl on, erein the val ues of vy
vari es fr@fnfolé. to 4.8nples. 5 Yet another enbodi nent of the present

invention,.wherein wis nunher of nples of ter. Still another_e i ment
of 'the. pr SulofersathadBRET N houRaseOt InSont oRn B e cteisy of PO ENES PG Qup.
consi sti ng pPgmsiegli um cal cium potassium and |ithiumand nost preferably

sodium Still another enbodi nent of the present invention, wherein the

zeol i te i ¥efanothseembedimsht ofthe present ipsnident vdiergye W is nymbepofyaelesplovaer.

enbodi neng..of the present .i pyention, . i 0 | f.silver
salt sol u%’tlllg ﬁnqtgersegl?beo?fnéé tfo ?\éhne] I;srﬁe\gtelrnw%@%%tﬁllhé&gq gﬂlgig%ﬁ@%lgé%fg}gﬁ tg‘?zet ate
and si | vegrotp téisting CAGNGDE), cditiumhpstasiung ahdithiun® ind festypreferibly sodisnt i on,
wherein the concentratjon of silver salt _solutigon is in the :Ttgn%e of 0.25%
-15% by welilyapother, gnbediment ofthenresent nyentign, (Wheggin thes zeokits, Soinn@atiome of he

present ipventi deVBES&iels t he ratio of aqueous solution of silver salt
with zeol?‘te AiﬁR’gvf: Ol!.5 Yet another enbodiment of the present invention,

wher eitn  s¥edanutiiee culbadingéng wé theapresenhiiglention, twiegein thel squeptis svlut@pat sitver upt o
22.3 ccl/ t 30C and .765 Furt her enhodi nent. of the present .
nvent s onsalaBitEn 1 Selfclon BPBLHIvaF b e A8 eI HOtiNGr agetiis Bhd STVE i en

over oxyg@(g}j;@)_S- 14.6 at 30C; Yet another enbodi nent of the present
invention, wherein said nol ecular sieve has argon adsorption capacity upto
6.5 cc/ g EertlgoGnhedimgs ofmbeigpresent iventiembheraantheofoncentraion sefnsilvienselit i on,

wher ei n sai,d. nol ecul ar_ si b selectivi for.arqgon,in the range of
ST 5 0 RIS SEeRingt B 825 02 SEERT Rblat Dot DEREEREN I L ont | on2 S wher i n
sai d ml estill afotbérevebodafiern olf e prisedl dxstitivh] Gherelrethe bitioosfag@Bdus3elutioe of

necessity of sl ow heat] ngé Furt her enbodi nent of the present invention,
wher ei n sHlver st witlyreglite Adyd:8as a high purification capacity of oxygen

greater t9an36% embodiment of the present invention, wherein said molecular sieve has a high
nitrogen adsorption capacity upto 22.3 cc/g at 30°C and 765 mm Hg.
Further embodiment of the present invention, wherein said molecular sieve has selectivity
20 for nitrogen over oxygen is 5-14.6 at 30°C;
Yet another embodiment of the present invention, wherein said molecular sieve has argon
adsorption capacity upto 6.5 cc/g at 30°C and 765 mm Hg.
Further embodiment of the present invention, wherein said molecular sieve has selectivity
for argon in the range of 1.2-2.0 at 30°C.
25  Yet another embodiment of the present invention, wherein said molecular sieve has a low
hydroxylation thereby preventing the necessity of slow heating.
Further embodiment of the present invention, wherein said molecular sieve has a high
purification capacity of oxygen greater than 96%. *
Yet another embodiment of the present invention, wherein 10 to 100 equivalent
30 percentages of silver ions is loaded into zeolite in a single step using any water soluble
silver salt selected from silver nitrate, silver perchlorate and silver acetate.
Still another embodiment of the present invention, wherein the zeolite is ion exchanged
with 80 to 100 equivalent percent silver ions and the molecular sieve adsorbent is orange

red / brick red coloured.



Yet anot her enbodi nent of the present invention, wherein 10 to 100

equi val ent 30 percentages of silver ions is |loaded into zeolite in a

si ngl e stwp 08980286 any water soluble silver salt sel ect edPCraBvxiosmer
nitrate, silver perchlorate and silver acetate. Still another enbodi nent of
t he present invention, wherein the zeolite is ion exchanged wth 80 to 100
equi val en L J : STe1T1 j I ange
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el ect rovameleceanfsizede wiretomahddr al hydraded Jomgpenéreapteferredefzeolited ato graeralty r a

framewor k_exchangeahl atio n.represents the valancy of the cation 15
and X andreWeF%rﬁ?‘gg%H’te?Oﬁ%‘@mﬁg?%ulﬁf Si 02 and water respectively. The cation

may be any,,Qnd,0fxSiewHiepers of cations, which will hereinafter be
described in detail. The attributes which nmakes the zeolites attractive for
separ at i owwh¢radVlugie cataen, yriueubalances thetelectiozplende efntbie tstephedmabandais gsnemllyity,
uni form p truct r e dification nd suWhstanti al
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conditions. X-ray powder diffraction data was coll ected using PHI LIPS

X pert MPPeSfdhemrabeis pheationsy whichaill psemplics beidsseribgd imbdetail-Conpari ng t he
X-ray dif [ - | ' e leAY. d -
crystall i?\llﬁff/&%@%sﬁghg%ﬁ%%%e#e Eg‘g?‘%‘%ﬁﬁvef eseﬁ?‘tr"‘g?‘? Bll% (ré’a%:r% litllglrs\u%{%y h'léh
val ues 12th¢®28 and hi@ethedmflSEabilzy 281 rmobrsiBicamel eAsy/Rdrb apertiee usdifidadon

COmPar Son 2R uThe Aok bS, A eouer, (Nl A 2L 12 (S 02) o e, e seo
mat ery@l  WRDeHrodickd syMARdtRhI fder T8 veBPoliGateNGAr MBG Al XSfitnkh a
speci fied concentration of aqueous silver salt solutions in the ratio
X-ray powder diffraction data was collected using PHILIPS X’pert MPD system equipped
with XRK 900 reaction chamber. Comparing the X-ray diffraction data with literature X-
ray data checked the crystallinity of the adsorbent particles. The X-ray diffraction at “d”
values 12.1925, 5.489, 4.086, 3.2818, 2.9773 and 2.7215 were used for comparison.
25  The zeolite NaA powder [Naj2(AlO,)12(Si0;)12.wH20] was used as the starting material.
X-ray diffraction data showed that the starting material was highly crystalline. The zeolite
NaA was mixed with a specified concentration of aqueous silver salt solutions in the ratio
1:80 and treated at 30-90°C for 4-8 hours in the dark. The residue was filtered, washed
with hot distilled water, until the washings were free from silver ions (tested with sodium
30  chloride solution) and dried at room temperature to 80°C in air and also under vacuum

conditions as specified in the examples. The silver exchange completes in a single step

since the equilibrium of the cation exchange reaction favors the easy formation of the



1: 80 and treated at 30-90C for 4-8 hours in the dark. The residue was
filtered, washed wth hot distilled water, until the washings were free
from sil vwo oBosm3¢tested with sodi um 30 chl oride sol uti onpcandoxosed at
roomtenperature to 80C in air and al®o under vacuum conditions as
specified in the exanples. The silver exchange conpletes in a single step
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against 1/T should be a straight Iine of slope AadH R The selectivity of
two gasesCVACYHI®NB i s given by the equation, aA/B=[VA/VB] P, T where VA and

VB are thﬂlevlﬁ?éat'%fdsrﬁ%ﬁ?ﬁ%vaécél@&iaéd%Qﬁg&Peef&l%i ghiyien pressure P and

t enperature nportant 1 nventive step iTwolved in the pr esent

i nvent i onHedtof adsakptioheAHI edqul{ flngi1[8U€T)] adsor bent obtained, (i) is prepared
by a single stage ion exchange process using aqueous solution of any

si | ver sawhereR ig thenpaeseligas coasign, ©is the gmorehefegasadsabedatoppresyurs p apd

table during th i vat | . hyd | ati. - | d
hencelt helPHRPRE To PIoh Bobe L I g R LG of SRRty 111 ) has
a brick rﬁsﬂedeléeﬁaimggfmﬂga@@si&_Lahd@f@gi\xeh%yzﬁg&ﬁlhﬁmti on, which changes with

decay of the adsorption capacity and seléctivity due to the presence of
nmoi st ur e axnst[vVe/Yeged gas m xture, (iv) has adsorption capacity and

Sel et v e o A CHTR SIS B oot sl e Abesed,
usef ul fo&n%ggmgquuction of oxygen with
20  The important inventive steps involved in the present invention are that the molecular sieve
adsorbent obtained, (i) is prepared by a single stage ion exchange process using aqueous
solution of any silver salt in a temperature range of room temperature to 90°C, (ii) is stable
during the activation process, hydroxylation chance is very low and hence the activation
process does not require very slow heating, (iii) has a brick red / orange red colour afer the
25  activation, which changes with decay of the adsorption capacity and selectivity due to the
presence of moisture in the feed gas mixture, (iv) has adsorption capacity and selectivity
for nitrogen is maximum reported for any zeolite A based adsorbent so far and (v) has
argon selectivity over oxygen, which will be useful for the production of oxygen with
purity higher than 96%.
30 BRIEF DESCRIPTION OF ACCOMPANIED FIGURES
Figure 1 represents the adsorption isotherms of nitrogen, argon and oxygen at 30°C on the
adsorbent obtained from example-4.
Figure 2 represents the nitrogen adsorption isotherms on zeolites NaA, CaA and AgA at
30°C.



purity higher than 96% 3o BRI EF DESCRI PTI ON OF ACCOVMPANI ED FI GURES Fi gure
1 represents the adsorption isotherns of nitrogen, argon and oxygen at 30C
on the awew®slenss obtai ned from exanple-4. Figure 2 reprePEMIBOFI0804ni t r ogen
adsorption isotherns on zeolites NaA 12CaA and AgA at 30C. WD 03/080236
PCT/ 1 B03/ 00504 12 Figure 3 represents the oxygen adsorption isotherns on

zeolites j e ption
i sot herns ﬁl‘ezg‘gﬁr?%gts%ﬁ,&%ﬁ%?gﬁgrﬂ?ggqgcﬁh%?{ ge%%slﬁ%fl,l é%A%gﬂeg%ﬁ%F es
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mat eri al .3g8cknown anmount of the sanple was activated at 350C under vacuum

and 10 adsorption neasurenments were carried out as described earlier. The
adsor gt i ohhec plowiing ekamplesiare giyen bys wenlof ilugratiohgangt theedorenshonBb not-ge and

selectivity for nitrogen over en is_only around 3 in the pressure
range stu %t&,wt?(ﬁg 1\?3?@‘53%%‘?%“3?%&5?57%1@5%0 "1. The heat of adsorption
val ues, gE¥xffiplell tabl e-2 and the shape of desorption curve shows that the
adsorption i s physisorption and conpletely reversible. 15 Exanple-2 The

zeolite NE® gemitierNgAunoyder oiNaR)s(4eP02(WiPd) WHeOLiskas ssed pe the Harting
ol ut i onamsibfaah RhoRey Rl REVE B Wed At a8 S InBEH RABORAED,
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(tested wt stlver nitrate solution) ried ih air at roomtenperature
(30C). Elaivemptiah vahwb,ygiven isHaebls-2t el theeshapal ofcdaspsioni anmvefshewe tlad sbhe bent

is (Ca0O5, 8. (.Na20).0..2. (A1203)6. (Si 12, O X-ray diffraction data shows
that the ar‘f‘é?‘@f‘f’%ls S‘?%ri’ﬂ%ﬁ‘?%/c?ﬁ(‘égtl%@rﬂ’?{%A known anount of the sanple
was agt i VEgffpRl2 350C under vacuum and adsorption nmeasurenments were
carried out as described earlier. The adsorption capacity for nitrogen is

15.5 cc/ glhetze@bE MHad presianiiaiadddOgel. @i@i)wiwQlovanised agehe stagmg material.
10.0g of the NaA powder was mixed with 0.1M calcium chloride solutions in the ratio 1:80
and refluxed at 80°C for 4 hours. The solution was decanted and the residue was mixed
with fresh calcium chloride and the procedure was repeated four more times to ensure the

20 complete replacement of the sodium ions with calciﬁm ions. The residue is filtered,
washed with hot distilled water, until the washings are free from chloride (tested with
silver nitrate solution) and dried in air at room temperature (30°C). Elemental analysis
shows the chemical composition of the adsorbent is
(Ca0)s.5.(Naz0)0.2.(A1103)6.(S103)12.WwH,0. X-ray diffraction data shows that the material

25  is highly crystalline. A known amount of the sample was activated at 350°C under vacuum
and adsorption measurements were carried out as described earlier. The adsorption
capacity for nitrogen is 15.5 cc/g at 30°C and 765mmHg and selectivity for nitrogen over
oxygen is 3 to 5.5 in the pressure range studied, values are given in table-1. The heat of
adsorption values, given in table-2 and the shape of desorption curve shows that the

30  adsorption is physisorption and completely reversible.

Example-3

The zeolite NaA powder [Na;3(AlO;);2.(Si0,)12.WwH,0] was used as the starting material.
25.0g of the molecular sieve NaA powder was mixed with 0.1M AgNO; solutions in the
ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered, washed with hot



oxygen is 3 to 5.5 in the pressure range studied, values are given in
table-1. The heat of adsorption values, given in table-2 and the shape of
desor pt i owoadns@3dchows that the 30 adsorption is physi somrPaliiBms/e@ack
conpletely reversible. Exanple-3 Thel}eolite NaA powder
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AgNO3 SO|E§4ﬂﬂ?%4 n the 15 ratio 1:80 and refluxed at 80C for 4 hours. The
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is highly crystalline. A known anmount of the 20 sanple was activated at
380C undedistilleduwatermnaitibtheovashings ane froe feome sil werviense(tested el sodium ghloride
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adsor pti asutias described earlier. The colour of the sample became brick red after activating at

380°C. The adsorption isotherms are given in figure-1. The adsorption capacity for
nitrogen is 22.3cc/g at 30°C and 765mmHg and selectivity for nitrogen over oxygen is 5.2
to 14.6 in the pressure range studied, values are given in table-1, which are very high
25  compared to the commercially using zeolite A based adsorbent. The heat of adsorption
values, given in table-2 and the shape of desorption curve shows that the adsorption is
physisorption and completely reversible.
Example-5
The zeolite NaA powder [Na;3(Al07)12.(Si02)12.wH,0] was used as the starting material.
30  25.0g of the molecular sieve NaA powder was mixed with 0.1M AgNOj solutions in the
ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered, washed with hot
distilled water, until the washings are free from silver ions (tested with sodium chloride
solution) and dried in air oven at 60°C. Elemental analysis shows the chemical

composition of the adsorbent is (Ag0)s.4.(N2;0)06.(ALLO3)6 (5102)12.WwH20.  X-ray



physi sorption and conpletely reversible. Exanple-5 The zeolite NaA powder
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mat eri selectwlty for nitrogen over oxygen is 4.6 to 12.7 in the pressure range studied, values are
given in table-1, which are very high compared to the commercially using zeolite A based
adsorbent. The heat of adsorption values, given in table-2 and the shape of desorption
curve shows that the adsorption is physisorption and completely reversible.
Example-7
25  The zeolite NaA granules [Na;2(AlO;)12.(S10)12.wH,0] was used as the starting material.
10.0g of the molecular sieve NaA granules was mixed with AgNO; solutions containing
14.0g AgNOs, in the ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered,
washed with hot distilled water, until the washings are free from silver ions (tested with
sodium chloride solution) and dried in hot air oven at 80°C. Elemental analysis shows the
30 chemical composition of the adsorbent is (Ag;0)s 7.(Nay0) ¢3.(Al203) 6.(S102)12.wH0. X-
ray diffraction data shows that the material is highly crystalline. A known amount of the
sample was activated at 350°C under vacuum and adsorption measurements were carried
out as described earlier. The colour of the sample became brick red after activating at

350°C. The adsorption capacity for nitrogen is 22.lcc/g at 30°C and 765mmHg and



10. 0g of the nol ecul ar sieve NaA granules was m xed with AgNO3 sol utions
containing 14.0g AgNOG3, in the ratio 1:80 and refluxed at 80C for 4 hours.
The resi dwe i3®sd2Bét ered, washed with hot distilled water pcarnsod/oosée
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5.2 to 14.2 in the pressure range studred, values are given in table-1,

whi ch ar eselestiyithfgmittogeparvedoxygen heS 2dortdicingh¢ pressiraitpnge gtudied, ralbessase
adsor bent.. The heat. of .adsorpti.on val ues Lven in tapl e-2 and.the shape of
desor ot 1 vt 9Eesh e T et S8aPiEn of e pieh 8B FiiPe APl SR et el y
rever si bl QisordentEXaRMeat 9f haQrpesl VilgedNadvel mN4bRS2 and the shape of desorption
[Nal2( A1Q2) 12. (Si @2) 12. wH2O was used as the starting material. 10.CQg of

t he zeol i qevexghawgrthatiheadsamsionisqeltysisprtionand epmpletalwrcaesdilet i ons cont ai ni ng
13. 0 sidib\(/ag,(rl 'l%géatate, inthe ratio 1:80 and refluxed at 80C for 4 hours.
The resi dus 18 filtered, washed with hot distilled water, until the

washi ngs BliezdoliGENAA @rariilds\[Da AT L (i€ Rel wi,0) was used as the starting material.

10.0g of the zeolite NaA granules was mixed with silver acetate solutions containing 13.0g

silver acetate, in the ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered,
washed with hot distilled water, until the washings are free from silver ions (tested with
25  sodium chloride solution) and dried in hot air oven at 80°C. Elemental analysis shows the
chemical composition of the adsorbent is (Ag20)s.4.(Na;0) 96.(A1203) 6.(S102)12.WwH,O. X-
ray diffraction data shows that the material is highly crystalline. A known amount of the
sample was activated at 350°C under vacuum and adsorption measurements were carried
out as described earlier. The colour of the sample became Orange red after activating at
30 350°C. The adsorption capacity for nitrogen is 21.3cc/g at 30°C and 765mmHg and
selectivity for nitrogen over oxygen is 4.9 to 13.8 in the pressure range studied, values are
given in table-1, which are very high compared to the commercially using zeolite A based
adsorbent. The heat of adsorption values, given in table-2 and the shape of desorption

curve shows that the adsorption is physisorption and completely reversible.



25 sodium chloride solution) and dried in hot air oven at 80C. El enental
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t he adsog}@i on i s physisorption and conpletely reversible. Exanple-11 The

zeolite r [Nal2( Al 02) 12. (Si 2) 12. w20 was used as the starting
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chemical composition of the adsorbent is (Ag20)42.(N220); 5.(A1,03)6.(S10,)12.WH,0. X-
ray diffraction data shows that the material is highly crystalline. A known amount of the
sample was activated at 350°C under vacuum and adsorption measurements were carried
25  out as described earlier. The colour of the sample became orange red after activating at
350°C. The adsorption capacity for nitrogen is 9.lcc/g at 30°C and 765mmHg and
selectivity for nitrogen over oxygen is only around 3.5 in the pressure range studied, the
values are given in table-1. The heat of adsorption values, given in table-2 and the shape of
desorption curve shows that the adsorption is physisorption and completely reversible.
30 Example-12
The zeolite NaA powder [Naj2(AlO;)12.(Si02)12.wH,0O was used as the starting material.
10.0g of the molecular sieve NaA powder was mixed with AgNO; solutions containing

6.0g AgNO;3, in the ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered,

washed with hot distilled water, until the washings are free from silver ions (tested with
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were carrie out as described earlier. The col our of the sanple becane

orange r et &f wdescribed jspeiernheacolow ofbthe sample breswerargs edpiler pgtivagng at
L R
gi ven i n dekbtieityl for o femadved fox ggknois iniyoarouad 3675sin the \pesssure rhuadel @udedintte t he
shape of values are given in table-1. The heat of adsorption values, given in table-2 and the shape of
desorption curve shows that the adsorption is physisorption and completely reversible.
Example-14
25  The zeolite NaA powder [Naj; (AlO;)12.(Si02)12.wH,0] was used as the starting material.
10.0g of the molecular sieve NaA powder was mixed with AgNO; solutions containing
2.0g AgNOs, in the ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered,
washed with hot distilled water, until the washings are free from silver ions (tested with
sodium chloride solution) and dried in vacuum oven at 80°C. Elemental analysis shows the
30 chemical composition of the adsorbent is (Agy0);.2.(Na;0)s.3.(A1,03)6.(Si07)12.wH,O. X-
ray diffraction data shows that the material is highly crystalline. A known amount of the
sample was activated at 350°C under vacuum and adsorption measurements were carried

out as described earlier. The colour of the sample became brick red after activating at

350°C. The adsorption capacity for nitrogen is 5.9cc/g at 30°C and 765mmHg and



desorption curve shows that the adsorption is physisorption and conpletely
reversi bl e. Exanple-14 25 The zeolite NaA powder

[ Nal2. (AIvER)2ases O2) 12. wH2(Q] was used as the starting naPemimad3/005@0. 0g of
t he nol ecul ar sieve NaA powder was mid¥ed with AgNO3 sol uti ons contai ning
2.0g AgNGB3, in the ratio 1:80 and refluxed at 80C for 4 hours. The residue

is filter o] it h i still , L i re free
from si rvgreiyE Al o on et crREmbEhE 0 0t prdshlie ARTEE M dihe
vacuum owalueatard3§i€en H w@bierit dhe aeatlof adsorstivovwalidapgidéh mhabie Qadndahergape of on  of

t he adsorpent is (Ag20)1.2.(Na20 4.8. (A1203)6. (S Q2) 12. \H2O. X- ray
di ffract i‘%ﬁ‘“&?&?’&c‘i‘wg\ﬁ}ég‘t’%é@t %*ﬁé%?ﬁﬁtm léPEY%g%l?t@ﬁ‘Pl %%&P e4¢ly rqversitlel nown

anount of the sanple was activated at 350C under vacuum and adsor ption
neasursemefanpfRelIG carried out as described earlier. The colour of the

sanpl e becanme brick red after activating at 350C. The adsorption capacity
for nitroberadserbsnthidigediby hemeihed FaBseniedan Exvopz3) pesBehaCvat@ostin0504

range. ot i YoXelRl OhLpREE"WR IR, PRAYE baufRlal BRabha Roths Pt iy ©

val ues, dilweed, whsh@bwith BoedistillddevAerapatilahe wasifgsRire @8e Gohvalvehvns (defiad t he
adsorption is physisorption and conpletely reversible. 5 Ex | e-15 The

adsor bentWigbsadinagciHgrids soltiemandadriede e pir 86 J09mR texvpersiuEe $28v69 cElementaby
treatgd w -O.ld%ngOS | utions. {4 n J0 1: a re at .80C
for 4f%ho\t,1g’rnt§i.}slfhe r%am dueﬂll%g %Pﬁ%%?led, tchgxg{)]%gbr% t hoqrgot ngi st Hsl%gb%q\t/vat elr§
until t hadAgaOhisiya% e (AkhO¢s.{310m); swHyOr Xirap diffrhetidnedhta shdws thatcthel matdriadr i de

S0t T B AL i B0 Ll 28 SISl 1
(Ag20) 5. %ﬁ%@&bﬁo@ n(e%%]&&%):&s Gk Raridd M-Al S¥C Ry 360¢ b a&éc]tieé'% g, Thows

that the materi a iI's highly crystalline. known anmount of the sanple was

act i vat eccokaur 350i3 sanaiple became brickared afts ectintatiog at8 5Q°Gx dilre ralsorpirore caparity ed
out at_ 15C and 30C descrj hed e. .Jhe . col aur of the sanple becane

bri cic’r e S ATRETRG T ThY Caad oot e er sy Sgtifres S8 POERat  ogen
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5.1 to 14.2 in the pressure range studied, values are given in table-1,

whi ch ar ecompegedniogthe conmpereielly tusingrsolitsndvelrasecipiiseripsit-nbhe, bedt i afedsorptierd
adsor be”tValuTle’%i%&tin? b(%%gs%rﬁ%%né gﬁ'cg)e\é?jtls $&3rptidh Vive %}]o Dl e ﬁ}e%‘aféo%ﬁgn shape

of desorption gurve s or ption is yS1 SOr pti o

conpl et elphysiewptich bhdcordPlefelsarepégibled The zeolite NaA powder [Nal2( Al 02)12
(Si O2)y12. wH2OL was used as the starting material.

Example-16
The zeolite NaA powder [Naj2(AlO2)12. (Si02)12.wH>0] was used as the starting material.
10.0g of the molecular sieve NaA powder was mixed with AgNO; solutions containing
12.0g AgNO;3, in the ratio 1:80 and refluxed at 80°C for 4 hours. The residue is filtered,
25  washed with hot distilled water, until the washings are free from silver ions (tested with
sodium chloride solution) and dried in hot air oven at 120°C. Elemental analysis shows the
chemical composition of the adsorbent is (Agx0)s.7.(Na20)03.(A1,03)6.(S102)12.wH,0. X-
ray diffraction data shows that the material is highly crystalline. A known amount of the
sample was activated at 350°C under vacuum and adsorption measurements were carried
30  out as described earlier. The colour of the sample became greenish black after activating at
350°C. The adsorption capacity for nitrogen is 14.5cc/g at 30°C and 765mmHg and
selectivity for nitrogen over oxygen only around 4.9 in the pressure range studied, the
values are given in table-1. The heat of adsorption values, given in table-2 and the shape of

desorption curve shows that the adsorption is physisorption and completely reversible.



10. 0g of the nol ecul ar sieve NaA powder was m xed with AgNO3 sol utions
containing 12.0g AgNG3, in the ratio 1:80 and refluxed at 80C for 4 hours.
The resi dwe i3ssd2Bét ered, 25 washed with hot distilled wat @CI/IBog/d0504 he
washings are free fromsilver ions (t®sted with sodiumchloride solution)
and dried in hot air oven at 120C. El enental analysis shows the chem cal
conposi til?n of tge adsorbent is (Ag20)5.7.(Na20 0. 3. (Al 203)6. (Si O2) 12. wH20O.
X- ray di } lf" n data shows that the nmaterial is highly crystalline. A
known anuru zedlitd NeA sclleR! wasvasedadst thy ataetingiinabal 1000iebf wachioecalad sieve
adsorption neasurenents were carried 30 out as described earljer
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starting materi al ecul ar 'si eve lets was m xed wth
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80C for 4 he The resi | tered, washed wi.t i St. d wat er,
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chenmi cal conposition of the adsorbent is

(Na20) 0. etapﬁtzfcfsy pitrogerrpy 22 1gap et 3KG and ZﬁSI(mngGtainérﬁelfﬁfl‘él% FSIHtrogeRAVet he
mat eri al t; I u f tlyat ed
Tt Casoc SYad ROLY (1Y 2R e Btssuft KABUSARE Mlluh art 35 AR ACSNRG dh
descr i bedveephighecompdted e thmbmmen:liallyhm@nmme e baseel dtsorbehs rThleI lwak oﬁf t er

activating at 450C The adsorpt aci ty for nitrogen is 22.1cc/
30C and 7%19 é/ﬁhleéaeg‘é@‘ﬁl‘(}ltf‘?}e%o?nqia}{) iR vasorRiep gy shavs thay B9 i n
the pfsessyis ﬁ@i‘l‘&%h{?&ﬁ% aﬂ@é&ﬁﬁet@fﬁe@ér&%fb in table-1, which are very

hi gh corrpar to th rcial usi'ng zeolite A based adsorbent. The heat
of adsorkxanppleal8l ues, given in tabl e-2 and the shape of desorptl on curve

shows th t he dso y r pt and c tel rever si bl e.
Exanpl e- 1 Zﬁ‘?Bte;@ ﬂog’df%éhgﬁé‘:ﬁigg (%éqg %%jl A 1§ &glsed as
the startg, OMe:efriofécular 38 10{A G/dBiDlV%? WhiRéd o AVithOSVIETA th<ed
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SRES AT Ags dre FPRE- fiemasrel s,
(test ed Wittt hStOdileIIBd water, until the washings are free from silver ions (tested with sodium

chloride solution) and dried in air at room temperature (28°C). Elemental analysis shows
the chemical composition of the adsorbent is (Ag20)s.5.(Na20) ¢.5.(Al203)6.(Si02)12.wH,0.
X-ray diffraction data shows that the material is highly crystalline. A known amount of the
25  sample was activated at 350°C under vacuum and adsorption measurements were carried
out as described earlier. The colour of the sample became brick red after activating at
350°C. The adsorption capacity for nitrogen is 21.3cc/g at 30°C and 765mmHg and
selectivity for nitrogen over oxygen is 5.0 to 12.8 in the pressure range studied, values are
given in table-1, which are very high compared to the commercially using zeolite A based
30  adsorbent. The heat of adsorption values, given in table-2 and the shape of desorption
curve shows that the adsorption is physisorption and completely reversible.
Example-19 _
The zeolite NaA powder [Naj2(AlO3)12.(S10,)12.wH,0] was used as the starting material.
25.0g of the molecular sieve NaA powder was mixed with 0.05M AgNOj solutions in the



chloride solution) and dried in air at roomtenperature (28C). El enental
anal ysis shows the chem cal conposition of the adsorbent is

(Ag20) 5. 5wONaagR3®©. 5. (Al 233) 6. (SI A2) 12. wH2O.  X-ray di f f r critBes/@aida shows
that the material is highly crystalli2®e. A known anount of the 25 sanple
was activated at 350C under vacuum and adsorption nmeasurenents were carried

out as desgri .en. I 0 i ter
ot vati naigd BogafBiRla 40T AP 4MnCDelalfe PRMAE pRECATE v Gial Bbpl0
30C and T74aintdg easudle theelcompletd ign Brchangd riigeresalner isofilyged) wsashbd Owitlo hb2. 8 i n

t he pressyre range stuydi ed, yalues are iven i.n table-1, which e very

i gh conplt Bl EHie anibHirel st it B o S dos GGE"ah S8t BERELE The
heat of adaRioRy .88 HBIIUES air%itVRB ReniftPlire2(2RPE). tBmMIHAP Gndlysif SBOWR theN
curve shows that the adsorption is physisorption and conpleftely reversible.
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6. (S A2)12wH20O. X- ray diffraction data shows that the material is hi‘?hl y
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adsor pt i onurcaghawis tat tlor adsotptiog ésphiysis@ptidn endycatpld®y mmersibbsnmHg and 10

sel ecti vi for nitrogen over .oxygen.is. 5.1 to 13.1 in the press range
Studi ed. VinasSemlpRCaeguAne gt of ol g 19 seReleS ALy crumieR O DR A b Che
COMEB{sCi adrld}thé! $hIddr gilsfﬂei dafpft Q%&%tivﬁ%%n@%t ofl E&oﬂﬁﬁ% ot nﬁﬂ%@ﬁ,%yl;%@n

val ues, given in table-2 and the shape of desorption curve shows that the
adsor pt i omdiasgqnrare givenpn Table@nd conpl etely reversi bl e. The adsorption

capacity Y1 9 sanples are enunerated in the
Tabl e-1 ‘%@Q’éﬁﬁf‘gﬁ%ﬂ%@mﬁiﬁ‘{%%@ le after activation and heat of
adsor pti OIhef@Iscérllgtibﬁ QgRRtity QWHEHN nitden AN fBORd & 16 22 .3&Ng b30PEANA-755 HVIRINTAGES

OF THE | NVENTI The adsorption capacity towards nitrogen is found to be
22. 3cc/ g whiclpche maxingem yenqited fopanyzeplie hbaspdadserhent epBrt ed for any
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range studied, which is the maximum reported for any zeolite A based adsorbent so far.
The adsorbent shows argon selectivity (around 2 at 30°C) over oxygen, which is not
generally observed in the case of zeolite-based adsorbents, and will be useful for the
production of oxygen with purity higher than 96%.

25  Selectivity of nitrogen as well as argon over oxygen, which is not generally observed in
other commercial molecular sieve adsorbents.
Brick red colour of the activated form of the adsorbent, which is sensitive to moisture, is
helpful to find out easily whether the adsorbent is active.
The preparation of the adsorbent is a very easy single step process compared to multistage

30  cation exchange process commercially used.

Since the chance for the hydroxylation is very low, the activation process of the adsorbent

does not require much care compared to the commercially used ones.
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comer ci al ENMPEEU. [RAnSGR 5 15asC RBbe& L Seleltiit)'ydr oxXylation 1 s very Tow, fhe
activation process |gb°ctehmss 1K)EU7gtSTP@LJ-e§—DQ«I—Leq-U-I—L—% d to
the commefcially used ones. WO 03/ 080238 *PE#§ B03/ 00504 79 P'™FABLE- 1
NI RTOGEN, | OXYGEN ANDi INDAERSORRAIEION [GARACH Tl S | AN, | SELECEAME TYARATA FOR
VARI OQUS APSORBENTS | 8SAMPLE Anmpunt| of gas ads¢rbed|at Segl ectijvity [30C & 7p5
Mg i n cCr g STP at 50nTHg at 7G5 mHg[ NFTrdge Ofygen [Ar gon) aNzZ/[0Z aNZ7 Ar
aATr 02 aNREQQBRR] AT @Ar /|02 n EXAMPLE-4l, 7. E)3a 5206 330 3./40.9¢63.0 3| 2
0.93 EXAMPLE-2 15./5 4.9(4.0 5.4 6.8 0. 81 32 3.9 0.79 EXAWLE-H3 21.4 4.4
6.3 10.3 6 4 1 6 4 9 3.411.4 EXANPIE-Y4 22 3 4 36,5 14.6 4.3 2|05 2 34
1.5 EXAMPL ey 8 T 4.450 12.Q 10.7 1.1 4/8 4.1 1.2 | EXAVPLE-6 20.1 4| 3
4.6 12.7 1&%“%%41754 4491 L - 576 22 1584 0810 B2 48P 9|07 5 3l 4.4
1.2 EXAMPLE-8 22.3.4 3 5.9 14.2 11.51.4 5/2,3.8 1.4 ?XANP E-9.,21.3 43
AR 1 T R Pl X VO T S LT e AL K oy e A i
4.4 1.1 EXAMRWE411251 2.8 3.1 [3.55 3.[3143. 0332 220 1|5 EXAWPLE-32 8.8| 2.8
2.7 3.1 3[30.94 31T 3. 30.95 IXAVPLE- 15 8.7 2. 2.513.6 3.7 0.]97 3.3 B.5
0.94 EXAMPXAMPA-55.992.5 243 3.1/8.4 0,99 2,32, 6'd, 9148 41 12

EXAMPLE-6 20.1 43 4.6 12.7 11.6 1.1 4.7 44 1.1

EXAMPLE-7 221 42 5.0 144 12.9 11 53 44 12

EXAMPLE-8 | 223 43 59 142 115 14 52 38 14

EXAMPLE-9 | 213 43 5.8 13.8 111 14 4.9 3.7 13

EXAMPLE-10 | 18.8 39 43 13.4 122 11 4.8 44 L1

EXAMPLE-11 | 91 29 3.1 35 33 1.0 32 2.9 1.1

EXAMPLE-12 | 88 2.8 2.7 3.1 33 0.94 3.1 33 0.95

EXAMPLE-13 | 87 27 2.5 36 37 097 33 35 0.94

EXAMPLE-14 | 59 25 23 3.1 34 0.92 23 2.6 091

EXAMPLE-15 | 221 43 52 142 119 12 5.1 43 12

EXAMPLE-16 | 14.5 48 6.5 49 37 13 3.0 22 14

EXAMPLE-17 | 197 4.1 4.6 13.1 12.1 12 4.8 43 11

EXAMPLE-18 | 213 43 49 12.8 11.0 12 5.0 43 12

EXAMPLE-19 | 21.9 43 50 13.1 115 1.2 5.1 4.3 12




EXAMPLE-15 22.1 4.3 5.2 14.2 11.9 1.2 5.1 4.3 1.2 EXAMPLE-16 14.5 4.8 6.5
4.9 3.71.33.02.21.4 MPLE-17 19.7 4.1 4.6 13.1 12.1 1.2 4.8 4.3 1.1
EXAMPLE- 1W0233/080246 3 4.9 12.8 11.0 1.2 5.0 4.3 1.2 EXAMPLECTAB&3H00304.3 5.0
13.1 11.5 1.2 5.1 4.3 1.2 5 WO 03/082236 PCT/|1B03/00504 22 TABLE-2

I NI TI AL HEATS OF ADSORPTI ON FOR NI TROGEN, OXYGEN AND ARGON I N VARI ES
ZEOLI TES AND COLOUR AFTER ACTI VATI O\f%{ﬁﬁﬁé?f adsorption at 0.015mvl /g
coverage in SAMPLE (-) kJ nol"1 Sanple me Col our after activation N2 02
Ar  EXAVANETIAWHEATS00B ADSORPTION FORMIERQGEN, tGXYGEN ANIL AIKGON IN
EXAVPLE- 3V EBRIEXKZEOLEFES\VANBGCOLOUR ARKPFERAECTIVRAION red 40.0 18.4 16.8
EXAMPLE-5 Brick red 37.4 18.2 16.8 EXAMPLE-6 Orange red 34.7 16.6 15.4

EXAVPLE-|7 Brick red 32.4 16.4 15.6 EXAWRhtof@dsteptioownt &0 BngeolFoberdgs.in | 16. 0
EXAVPLE-|SAMBOBe red 34.3 15.8 16.1 EXAMRLEmeN'0 Yel | ow orange 30.8 15/8
16.1 EXAdRipke-NdmeOr an@elouedfie? Activatidn. 7 1&N,4 EXAVHLE®:- 12 Yel | par or ange 20. 9
15.4 15.{1 EXAMPLE-13 Orange red 19.6 16.4 15.5 |EXAMPLE-14|Brick red|19.9
16. 1 15.[FEXAMRNPLE- 1% Waiifleck red 35.1 16.28315.1 HBXAMPLE-16 (Gr«eni sh bl ack
37.2 15.5 16.1 EXAMPLE-17 Browni sh black 35.2 16.0 16.2 EXAMPLE-18 Bri ck
red 34. 4 BEXAGPLE-21 EXAMRLE- 19 Brick re@386.8 16.|018116.0 5 W3.€3/ 080286
PCT/ 1 BO3/ 00504

EXAMPLE-3 Blackish-brown 36.1 - -

EXAMPLE-4 Brick red 40.0 18.4 16.8

EXAMPLE-5 Brick red 37.4 18.2 16.8

EXAMPLE-6 Orange red 34.7 16.6 15.4

EXAMPLE-7 Brick red 32.4 16.4 15.6

EXAMPLE-§ Yellow orange 33.8 16.7 16.0

EXAMPLE-9 Orange red 343 15.8 16.1

EXAMPLE-10 Yellow orange 30.8 15.8 16.1

EXAMPLE-11 Orange red 21.1 15.7 16.4

EXAMPLE-12 Yellow orange 20.9 15.4 15.1

EXAMPLE-13 Orange red 19.6 16.4 15.5

EXAMPLE-14 Brick red 19.9 16.1 15.3

EXAMPLE-15 Brick red 35.1 16.2 15.1

EXAMPLE-16 Greenish black 37.2 15.5 16.1

EXAMPLE-17 Brownish black - 1352 16.0 16.2

EXAMPLE-18 Brick red 34.4 15.3 17.1

EXAMPLE-19 Brick red 36.8 16.0 16.0




23 CLAIMS: 1. A single stage process for the preparation of crystalline
nol ecul ar sieve adsorbent by silver ion exchange, used for selectively
adsor bi ngwoiosnegan and argon from a gaseous m xture cont KCATIBE/@RgEN,
sai d process conprising the steps of 235 (a) mxing Zeolite Awth an
aqueous solution of silver salt; (b) refluxing the solution at 30-90 C for
4-8 hours P%‘ .k to obtain a residue; (c) filtering and washing the

resi due w ‘er till the residue is free fromsilver ions; and (d)
dryi ng bel.ow Eiﬁgleism@iprodesi fowiel ptqpamtiderof cedtatlet polesslar sievoadsottannby he
10 crystalliﬂe rmlec ar S|ev g}lorb vi ng. a chem cal conposition
(Ag20) x(M ef yf‘é)l%m egmle%% ey padsesupe itrogen, pRE Aon JEW6 AEHNGYE o

claiml1 Whe"nﬁkﬂlre%&)@a%mﬁgbxyge(nd%al&?fbc@% &H{p‘r@fﬁ@thé’st&%r&for med in the
followi ng steps: (a) mXing Zeolite A wth equal anount of silver salt

sol utison; 1%a)( Wixingadeohy A Mathrinaque@isaolution efipibiensalbe in the range of

500-575 C h i d h N
Che. resi due 08 MBS e SPERSOACIE0 € hor S BOin G Rl hite ™31

anbi ent t enper #itefifg BIREsHIGHtE e€kiMicasBi vatet €110k @bidué RefreeCtrothitsall driiog;
nmol ecul ar sieve adsorbent. 20 3. A process according to claim1l wherein the

val ue of x varit@4 from1.2 to 6.0 noles. 4. A process according to claim1l

wherein t he Cld&ﬁt?ﬁ 1 elol 63PE e Lt %hir?%Qd tbg/f @e?qjegﬁced V\g CSé%rtp égc(g\oﬁacin the

accordi ng t eréein wis nu es process
according to clceysmllina/mmlokicnlawl isteva cagisorbents ehavidgedaf r@mm groappsition

consi sting of Ci ssi u d l'ithiumand nost preferably
sodium 25 7. 5?@ a‘ﬁb&fgmﬁgﬁ)@)w 1 wherein the zeolite is in the
formof g5 aWbl%cedg%\é%Hl grto cRéh! le‘svﬁereﬁl stc%:sm)})g ‘f@scaﬁ%oépﬁifoﬂgllyt Ber$dreid

wherein the aqueous solution of silver salt solution is selected from
silver per dmbﬂawelg(sﬁﬁgﬂ O4), silver acetate and silver nitrate (AgNOB). 9.

A process ag¢gordi.ng,t Q. er ei he co tration of silver salt
sl utton' i o« Prigeidid A S EEEU raBSEEMAR) ol une of zeol i te A
10. Aisprocegs) lna6ifg dhagnikeur€ ladi dntempdpgtiRi h teerdngti of 960-8781€0um gl idékon of
silver salt with zeolite Ais 1:80. 11. A process according to claiml

wher ei n sai d n¥MesrRlieE si eve has a high nitrogen adsorption capacity upto
22.3 cclg at(c)S\Q%hﬁ{kdthz @eéldﬂ@vﬁﬂx water till the residue is free from silver ions; and

(d) drying the mixture at an ambient temperature under reduced pressure to obtain the
crystalline molecular sieve adsorbent.

20 A process according to claim 1 wherein the value of x varies from 1.2 to 6.0 moles.

A process according to claim 1 wherein the values of y varies from 0.0 to 4.8moles.

A process according to claim 1 wherein w is number of moles of water.

A

A process according to claim 1 wherein M is a cation selected from the group
consisting of sodium, calcium, potassium and lithium and most preferably sodium.
25 7. A process according to claim 1 wherein the zeolite is in the form of granule, powder or
pellets.
8. A process according to claim 1 wherein the aqueous solution of silver salt solution is
selected from silver per chlorate (AgClOy), silver acetate and silver nitrate (AgNO3).
9. A process according to claim 1 wherein the concentration of silver salt solution is in
30 the range of 0.25% -15% by weight / volume of zeolite A.
10. A process according to claim 1 wherein the ratio of aqueous solution of silver salt with
zeolite A is 1:80.
11. A process according to claim 1 wherein said molecular sieve has a high nitrogen

adsorption capacity upto 22.3 cc/g at 30°C and 765 mm Hg.



WO 03/ 080236 PCT/I1B03/00504 24 12. A process according to claim1l wherein
sai d nol ecul ar sieve has selectivity for nitrogen over oxygen is 5-14.6 at
30C, 13. womsme®se according to claim1l wherein said nol eedairaBoxiosse has
argon adsorption capacity upto 6.5 c&/ g at 30C and 765 nmmHg. 5 14. A
process according to claim1l wherein said nolecular sieve has selectivity

for argonp, in Jhe B - &agn O Yherfif saPmofbcBlPGESR ﬁ&celéém tgrclaim
1 wherei nls'éépé) rmfge%u g‘rhﬁéiée)veaﬁrés a eow hsf} rglxy catai on t ere{)y prgverrlti ng
t he necessimynqanWawmbgalwd§14dﬁtNﬂCprocess according to claim11 wherein

sai d nol ecyl ar sieve has a high purificatign 10 .capaci of oxygen..greater
Chan 96% LX7% PRS pessang 40 MG, vt R TmaREYE! Heto Mo 3855 LHoPyar ent
per cent ages cgbachy Ry 6.5 08§ at B6°d AIdRs3 rhimtigs. zeol ite in a single step using
any water soluble silver salt selected from silver nitrate, silver
per chlr at4 Anpposss| ageerdingetpplam I grhemimsaid apdecalos sieye hgs sdledtivaty for afigeR ei n
the zeolite.jg i e ) sih 80 to 100 15 equival ent percent silver
i ons and thénﬁgfggﬁvgﬁhg?%3g3§éSOrbent is orange red / brick red col oured.
19. A protgs paresrdbadidgdtodldmm Wwhekeii did niddeulmplskwdlhas adow g dadyhibent is
dried at a tenperature in the ran%e of 20C to 80C.
thereby preventing the necessity of slow heating.
16. A process according to claim 1 wherein said molecular sieve has a high purification
10 capacity of oxygen greater than 96%.
17. A process according to claim 1 wherein 10 to 100 equivalent percentages of silver ions
is loaded into zeolite in a single step using any water soluble silver salt selected from
silver nitrate, silver perchlorate and silver acetate.
18. A process according to claiml wherein the zeolite is ion exchanged with 80 to 100
15 equivalent percent silver ions and the molecular sieve adsorbent is orange red / brick
red coloured.
19. A process according to claim 1 wherein the molecular sieve adsorbent is dried at a

temperature in the range of 20°C to 80°C.



