1 0 7 DEC 2004 PROCESS FOR THE PREPARATI ON OF MOLECULAR S| EVE AD: ENT
FOR SELECTI VE ADSORPTI ON OF NI TROGEN AND ARGON TECHNI CAL FIEUpP (5 2004
.present invention relates to a process for the preparation of a nol ecul ar
si eve adsorbent for selectively adsorbing nitrogen and argon from a
gaseous m xture with oxygen. BACKGROUND ART Adsorption processes for the

separ ati on pPROGESSPORCHE EREPRRATION OFMOIEGELAR SIEVE ADSGRBENTY used
for conmercial Py PRSES.HETVEIRDSHHPTINE® BGEIONIPARGAN rements in

sewage treatnment, fermentation, cutting and wel ding, fish breeding,
el ectric furnaces, pulp bleaching, glass blow ng, nedical purposes and in
the steel TEAENICAB HIBLDI cul arly when the required oxygen purity is 90 to
95% is being largely nmet by adsorption based pressure swing or vacuum sw ng
processes. [ Dreserlsqvaritaadrelaies tate prosesnfor the gygrsFationeol R5MRlCrigr $1€¥ky gen
~demand is | S Fati air_. er, ' :

at t ai nabl eméhrrgl%%(g/ yg)eg%tgl‘éérﬁgt%dgﬁr%bnr%togg%g% S aégééﬁ‘ﬁﬁﬁbgwg%#t Sng?é}gg}rég%v iltgn of
0. 934 nol eoxyencent argon present in the air being a limting factor to
achi eve 100%) oxygen purity. Furthernore, the adsorption-based production
of oxygen B\A&#Qﬁ%weﬁ%ﬁom cally not conpetitive to cryogenic .
fractionat| - oAl r ct.l % e n en
e a4 e T e L A b S R

pr oces#ks, incteasisglyastd fomtedmetid! puapisésaor theddst dfrecedpeagasekygandepowarents
consunption are the two gta or factors i nél uepnci ng,t he (Pverell It .cgl?t wi th
their shar B B&13%5 EGRDhASHRAAIO0, SUENG 3RS Wel1BHIR PP HeS P ARt S LGP e
process anguleyﬁ&wm@eglag@blo%,%Hécﬁm?ﬁmpds& iheikey gemenaniss phiiefkrgan
bring down the cost of oxygen production by adsorption. The adsorbent
sel ecti vi t hahdhe pguicehewicey parly isrffoior ¥t ipbeiagdaraely mesrbyiadserntioni 1ged he
size of th rQtd | S, | . It _do
dest rabl e P8 Rave art BqYERRE foinf BRCERRORIs Snf @R HL B ERS e PRl as
wel | ass sekecldisvoxygeh demand isogenby adyuapted deparatiygeh air THewe erp theveagmuri n
t hese propert.i of .the adsorbent directly res s in lowerin
adsor bent Fﬁ%}gﬁi%rp)}mgﬁ‘ b’éagﬁ?ﬁﬁt@ﬁ %rﬂaesﬁeé“n‘ée%?‘ﬁ’é &si%oie“”éthaepﬁ\é\%é’? %o@‘gﬁmoll%n of
the air coppicestsffor hredbht IR UMY BUHR: a KHAACTOR G0 20RISOE NBOY, Hd)seRPuatyhi gh
nitrogen capacity and selectivity can also be used to produce reasonably
pure nitrofBrhamenRy e taHswRYerebrshy ravdistion iof pxyeen Hoge BradseopeRiahy ek
adsor bent . r ; - havd o, ni
sel ectivi tf/g%%éet?g{%z?ge Ogggﬁo%%%g}sl% %!)ﬂr ﬂgrf%d%@f‘%‘!g&"ﬁﬂgﬁa%g‘% ;g%ggééoo/éong?(ygen
from a@r. oxy@n per day. Of the total cost of the oxygen production by adsorption processes, it is

e

estimated that capital cost of equipment and power consumption are the two major factors
inﬂueﬁcing the overall cost with their sharev being 50% and 40% respectively. Along with
the factors like process and system design, the adsorbent is the key component, which can
oring down the cost of oxygen production by adsorption. The adsorbent selectivity and‘\
25  capacity are important parameters for determining the size of the adsorptign vessels,
coxﬁpressors er vacuum pumps. [t is desirable to have an adsorbent, which shows a high
adsorption capacity as well as selectivity for nitrogen compared to oxygen. The
irﬁprovement in these properties of the adsorbent directly results in lowering the adsorbent
inveﬁtory 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%) oxyg'en'from

air. ”



0 7 DEC 2004 It is, therefore, highly desirable, for an adsorbent to have

good adsorption capacity and adsorption selectivity for a pargi}:m 2004
conmponent sought to be separated. Adsorption capacity of the adso t p@

‘defined as the anount in terns of volune or weight of the desired
conponent adsorbed per unit volune or weight of the adsorbent. The 5
hi gher the adsqrbent's capaci t%/1 for the desired conponents the better is

the adsor béhtS HET¢iAw. highhedestabladionap aiembei adiavs sord adsgmtionqapagity and
adsor bent : . f [ned to separate a
schi fic aﬁgiﬁu%?sie%ggﬁg%%gﬁ? &wgﬁoﬁﬁniﬁg’?géhg?%ep% ?’%ﬂ %:eﬁll ar CO?\ant ration.

Such a r edudalsbpiion ncapatsgr dfethe aiu@btnttiy definddl SPER ih6untdd e bORolupteosess
bri ngs down t eroiost of a separation process. 10 The adsorption selectivity

of a conpor&Hntoédis desired eompopentiadsarbeginsr ynis vielwmgr theesht af teadabay- The t he
size and s hat. lL.ecul es; equilibrium eff. i en
t he ads%r p?l ?égﬁr ?Jseo%cﬁgl}b%gts%ftﬁg%ﬁbgggéﬁ églesbr d 30%3%ner?1%x grbgt‘?g i/I? ? ltéer adaSBg"reé‘@?Sam Y;

ki netic ef flecincreapdiemisbipeior oaone bt & phacelas udstbvat hélbs Yo gidhéeteninount of
adsorption rates. 1t is generally observed that for a process to be

commer ci al I ERBHOTAGEY © FPAFA 2niReFilie Srauior 9 s Cempeisar franar? SeXBEs Phity
for the degiafrd)£UBRAAE o i L QS elaeGhlivd t Yy
is |less tha?r% 2, it is di f?‘dl' ?3@?9#%d‘§3§?glnxé%§%§w§%%n§§fHggé %ﬁ?%ﬁgﬁgﬁgss.
I n the pri @rocgss brivgisiomineint coshoftdseparetieeprectsive for nitrogen fromits

m xture w th _oxygen. and argon have been reported wherein the zeolites of
type A?OX ;}213 'Flr%sr%ﬁée}}ﬁnt éaﬁcé’\)'gyb R CURRApeR f‘g}l{t? pq?ior%x%ﬁ%%gfiﬂﬁr.saf%gl s atﬁfc'i / or
al kal i ne eafiffdreidk ah theOdige anblQWENLHS, the A oRARORBICAIBs; H4uaBLART éffdct Y.of amest ed
for the co rcially used zeolite A based adsorbents for this purpose

varies frorfi®24s9rmsioaspthems opermponeapafiataps mivmradifesappegcipbdy; kissicaifagt and -
30C. The egffQritscdRpERARMG I Pdel gﬁgﬁ nd ' selectivity have
been reported by fnc?easﬁ?llg‘ee %Jﬁgtaﬁtgﬁ gﬁlﬁé&?ﬁggc n%&e%tt) e cations into the
zeol i te st rluist ganerdbly aboelivéd thag farhepoberite &k comanpasliy Eanonfical hibe 2saimire.

The adsor pti.on legtivity for. nitrogen has al so been. 25 substanti.all
enhanczg by Cg?é%g% ﬁﬁodp?ﬂﬁsﬁg%’lvi‘tﬁ' Ow%e% desiref orrEnpangRt fs; i?tiﬂuﬁlr)ﬁ ARy yhegy the
cal ci um i nds@fEor eMddtivey isBRThan/E M ik HETIAINR\HeBign an SRSt hsoRpRIA Pro&dss.
cal ci um ha;nbeen comercially used for oxygen production fromair b

sel ect i vel YR BRBY 46 adiseroerenbichemesetactive fasanoge Temdisaabdusarith Oh)!wnt he
comor of 3 15 eal SR oeherpef! AHAGHhE FRRACLDY ATATBH §Ord B b oen
oxygen wit hlS@Chﬁﬁtefgﬁﬁ/@mtlgiugrﬁkkah iahd /or alkSENS edrihvinkidl ioﬁs.rﬁ)c'bxsémr,ahe adsorption
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 ‘selecti\vify have been reported by increasing .
the number of exchangeable cations into the zeolite structure ty 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
tn some zeolite types.
Zeolite A having a specific amount of calcium has been commercially used for oxygen
p?roductior_l from air by selectively adsorbing ﬁitrogen. However, presently used adsorbent
‘has the following limitations:
30 e Low a&somtion capacity compared to other commercially used adsorbents.
e Low adsorption selectivity.
. It gives oxygen with only 95% maximum purity.

* Sensitivity to moisture.



3 0 7 DEC 2004 It needs multiple exchange with calciumsalt. The
activation of the adsorbent requires much care, in order to pr n h
hydroxyl ation. R V. Jasra et at. revi ewed the recent status om\/Zr@gguZﬂM
'SWi ng adsorption as a process for 5 separating. multi conponent gas

m xture in "Separation of gases by pressure swng adsorption"; Separation
Sci ence and Technol ogy, 26(7), pp. 885-930, 1991, The application of a new
generation of acts&msedstmulliplecxglanee MrBgalFMTgBttai | . I n "Adsorption of a

Ni trogen- Oxygen i xture.in Na zeolites b | ytio 0, r ot »thd Nd.
Eng. Chem Res. 135%,%%‘2“0%@%?%89{#6@?3 r8§&‘§‘tr°§} é;a[r ’aFl. (qg&erg%r ?rgestttkrllée
influence of cal ci upardQyle@st.ent on adsorption of nitrogen and oxygen is
studi ed on various NaCaA zeolite sanples. N V. Choudary et al. desctibes
t he adsor ptRo¥. &aser eedoeypiewoh thef repint stele ©f PrersHe AVIRNMISAPHER 27 A PRSFHNT t e
type zealite havin .fferent Si /Al _ratios..n —Sorpti f i Nywino
oxygen and SPORNRE il cERFPEnt ot el FRs bbbt Hednal Sz
Vol . 38A JaRu@t¥nL9%8parom3Bciice ThEl MRainotfgyadswrpt ppn 885-9801 riégkn Tand
argon in nordenite, NaA 15 and NaX were conpared to revels the sorbat

i nt er act i onaPPHCEEPNEOEar eV EeRERtiRD Ok 2ésothenimwerpiescrizedys) details I a‘quPB’é‘OBQ?/Qen
atons. Refe 1 ; t. Ji. i . i t ). Eneg.
3, 973, 931( 1@%%%%%%%’#?‘2&%&% rlgsli%%arAatZ?@h‘L’w?aeg‘g%@ptqhg%ﬁogﬁfé%f r%n e
adi abati ¢ p€hsmuRes. IPhPBRP48ES3, NoW. Ghoudasepadl addsoribéyths ehfbsheesef calcium

adsorption in atleast twp zeqlitic nolecular sie eds i n whj ir 20 is
int roguh:%d :C;ﬁmﬂgl %vaéﬁﬂﬂ,’“?”ﬁ@?dgﬁrlﬂ%eé‘t ar{j’ag%fgéf‘rp‘élr%%/‘ﬁ?g h Vlfnﬂ%usi Hﬁg%ﬁ ;Zﬁaﬁ%sl :
35F, delta Jam@ts heasichbelar) Beall MselibeS Mt daSorhEad St 4 oo o hitrokBE ogfgenat

maxi mum of at 1east 20F warner than w thout heating, but bel ow 175F. The
mai n dr anbaend prgon tin pegdanée et denltednuingtdaffpentadiffleraion ity Glomtipnt i @itEpsen.
separation ss.y C G. Coe et at. in LS,pat (H984%k A
entitled " POFTRCE) B, 2tegn in A r&%‘&é"dbp%&%‘é{gsor kil g{?méﬁ’ﬁg“ﬁglgsg? i on'
descri bes t heuasel 10, gp BHSONEhE Yea aff iataigtbnad] nitvedearind aypon exmbaiaged NaA

fauj asite-contaj nj ng conpositions with selectivity 3.4 to 6.7 at 30C.for
the separ aﬁiﬁlég W ierCOF‘?PlaE?dc}R)fa\éeﬁs g’ﬁdo’fs?iaierlﬁijéﬁﬁlo%n@m&remg e WPk PR

thernmal act igtatak QR1 RIRGESSLEHMoRRS Very sl ow heating to prevent
hydroxyl ati on and the selectivity of the adsorbent is onl

30C. 30 S. Sefarenceanaybe mpdei$ dat e@ollinpet a, 15575 pawny N98§)97éﬁg iéPt&% e?léﬁﬁgﬁ y
o erehanged,d ageoy G0 LSR8 DBl o BFRILETALE auphyamapoppen
avai | abl e i e¢pasiticashyaseecaoe ipogdion)in atida61 twn &otitic Ge@SFstve bhds awdiithabk e
hon sit %(S) aIis(:"inct)rco(ghliI eidea{:ti b%YOWS 56‘%{1ttli1eu£lcilesét ga'lssetgm];)grratutrg] ?n t%si?l'[e?teing i ?§°F, delta T
o 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
temperaturc control in the air separaticn process.
C. G. Coe et al. in US patent No.,4,481,018 (1984) entitled “Polyvalent ion exchanged
25  adsorbent for air separaﬁon”, 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
p'rocess 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



nitrogen froman air stream at superanbi ent pressure to produce an oxygen
rich product 0 7 DEC 2004 streem The majn drawback is the preﬁg}rMn @6

t he adsorbent requires nultistage cation- exchange process. S. 2 4JS
patent No. 4,756,723 (1988) entitled "Preparation of high purity oxygen",
describes the use of a single stage pressure swi ng adsorption method for

t he production ofT 5 approxi mately 95% pure_oxygen. The main qra\/\/oack IS
the maxi muniEETailhEE1A0 graydask sphs preparadon af (e ggegroeat require MUIGAGESARN ont
No. 4, "059,g,g€¥1a1¢é&tljrgge§? (1989) "Process for separating nitrogen from

m xtures thereof - wth [ ess pol ar substances”, wherein highly lithium
exchanged | Bwireir fin U8 facemiriNof 4, 786713 € 9XR canitlad hPregaramsreot Ingh priityedxygee’ cent
| ithium cati,ons, ar usedf for 10 the sel ective, adsorption {)f nit ra‘ge.n fr.om

| ess pol ar GREBESS BTG BATSPIREIE §3¥iBpAdsaPtionyn9thacthion HeRCRYGR G
with 4-12 f@ép@oﬁﬁﬁﬁéf’f 5%_cau§e §7§Jg%.'ﬂﬂ: mﬂﬁedrg@bi?:hgg F}\:@?ﬂ%ﬁ‘luﬁ{ &utdifMble oxygen

9
.adsorbents are highly noi'sture~sensitive and t I um exchange requires
4-12 fold pxugssodly@%. solution. C. G :Coe et al. in US patent No.

4,943,304 (1990).entit]ed "Process for the purification of 15 bulk (ggses
by using chabizita” adsoy BEREDN Ao Tomeiird6988) proeess £OF s7Paratae JAFEER| ve

adsor ption gbmoA&REs MRESE Wi ShbdaRES Dkl KitBRE Sidhedgriuskng a
chabazite. -Trrrlle mai nS drgﬁtf)goclz qiésgcpf[&Eaz Sk%%ﬁmﬁkié%gﬁlsna?gwyp}tepari ng = :

commer ci al | siligas &frol ofszeotitveX icontamivaampie tsn ainetynpdreant Hdtinwadationnare uspd for
suffer from,lo i.el d oor .produc rit | on crystallization tines
and ar €°di f |eés\é\qe¥m|'efad?§8$paf)?r'8fg‘&rf)g%’a{rm?‘ esg,ﬁéilaég 9 %S%fiésﬁrb 20 T w58
patent No. By UAuBERCcRBIH)wid i 1D B ex38dseGiOlLVRIABEOTRE rdth @RwWbLABGNES tiem
containing clinoptilites”, in which gases having nol ecul ar di nensi ons equal

to or smal PSPrREREnRi gkyeRoisiue sersEivei ansl healithiib sychange Jeparest &d2 ffPdm
ot her gaseschavi Ngi, s’B‘ﬂ]\tﬁ)‘ﬁU' ar di mensions higher than nitrogen. The nain .
drawback is the particle size of the comercial clinoptilolite varies and
the particle- i Zee of alt mdJS patampiad. MI4i31304 (il $90) afititbecit* Prdvess 5 teppatficanch of
conpl et enes f the. ion.exchange reactiaon. G, Reiss in US patent No, .
S 114, 470 (1985 EnbY RisE P RE TG v g s piaRret Big5en oo BHAER of
air wth maxdsorpionfofCaleCdrufivrd @bt €ortifRhBCRImRR KillE¥es ByeaEaisg Qf chaB&Ailgm
SW ng adsorﬁéi on", which gives a process for oxygen enrichnent of air by
means of  vaEwdAS WPk do st knewnusiehgdedar pspatng eammprsiadly qssful gyt ks

of this adsg{Rentesare n§Ppﬂlat9t‘£¥agisiB%e°ﬁq%9i sg?f%Prﬁ%H %@vngﬁpf;%&&é’r pJoﬁ?ﬂ\étsﬁrﬁftlb jty

of nitrogen over oxygen, repara n- needs age” cal ci'um€xchange
and its acté¢wvseilieatipr omesasdregdifficst if eotyingraticdleasdalegup.o  prevent

hydroxyjarien.c CouGy Copeet al \0 USOBRLAM Ry Sk (289 Zhofbht b
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 pacticle size of the
commercial clinoptilolite varies and the particle size of the clinoptilolite will affect the

25  speedand completeness of the ion exchange reaction.
G. Reiss in US pateﬁt 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 ex.change 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 “Nitrogen adsorption with a Ca

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



.and / or Sr exchanged lithium X zeolite", which is directed to a process
for separating 5 0 7 DEC 2004 nitrogen from gas m xtures cont aignt X ,
hydrogen, argon or heliumby use of an a? |east binary exchangezrgggeggﬁ?e
-having lithiumand calciumand / or strontiumions in ratio of preferably
5% to 50% calciumand / or strontiumand 50%to 95% Ilithium The main
drawbacks are the _preparation of the adsorbent requires nulti stage catl on
exchange, nl“ioge%éfpfrk/%&s|r@ﬁ%?we@wlmga@fmbﬁe@y\dwymﬁ g prelaliupyby Bsefcaneatt

hydr oxyt at i Us
al.in US pagg?\@ga@deégg%g%%%@%vyn ff%(lglﬁg‘?%%& gﬁgﬁ%‘;\m‘eg %Sﬁflt es
and pr ocesse?siofcofrpreﬁambuséf’/ot ﬁoeS‘O%Ealmmg:ﬁﬁl /S@ps'ﬂzroﬁﬁinﬂfh%'c'i soher e5% l[thituhi e /

al kaline earth | X zeotites in which the lithium alkaline earth netal
equi val ent F¥{} aW agks g Y- FSCRaﬁat@Bé’étthel@S%elgce%GsIflil‘%lmt&%ﬁ gatign jexfhange,
earth al &\ gte\glt um,  al ka

equi valn?ht ;atal io |1gﬁ I?%%#l’é\@g%g b&}lﬁgéﬁ e r’ft h&nﬁ?ﬁgrﬁp H?%@Of%elt 18

separation bighlysepgéve andoisiutd. ogen from a gas mxture- The main drawbacks
are the preparatjon of the adsorbent ?UI res nmultistage cation exchange,
ni trogen se eCt MUY § 3141 P pgtent Mo, aSnH”ﬁ?@ 13303 enttadt ‘Mig ehigHIXGhIAERS ERAlEES

sensitive, im Jroc@ses%f‘ Fh@ﬁsﬂhe?eloﬁd %E y%apﬁ o%g't Wreir? 1%9.9'8 &gﬁ&eg%% %

entitled "Oxygen VSA process Wt oW ‘oxygen’cap aC| ents
adsor bents W zdolites die which the tithhge: nellcdine edrtly o eqt&vaﬂtlghaﬁ(e Isefebrn \Bi5tSytol @oms ed

for th VSA Th dr awback th
a1 ai nl o auyBenepUby BEBRT Gonetha arGeORnt A Ch PGUNHI EkegE Ay

capacity wagtdlsqgivhient 06 i$&RA F:00R MRES630ardGoind GseABP tHeebRafidH @ﬂ"t
No. 5, 454, 857 (1995) entitled "Air separation process”, wherein 60 to 89

equi val ent PEYEEANddHiregann &R ¢heen geidtufeo rThs odin devttiacks Menhvupr@amtlpméthe

I d f
50°C (o - 20" Cou b uedPaf e sloh Y Eptbeb onilSEth np Rl S Ul B L ATHE ©

dr awbacks aadsorteat prmgiﬂyatdimwénsntvlee adsorbent requires nulti st age cation

exchang an t ctiy process requirs; very slow heatln to
prevent hyd?o yﬁﬁ coft glFm ?ﬁef"cﬁ cs[ L 02{1998) satided “Reyees v pg)g?ss(vygig)

entitled Aﬂﬁﬂb}pﬁgeﬁeaﬁﬁﬂWaéidr@Jht@f whéteinl QR068e s AL NRLat8 3fRTen c)ﬁﬁi‘%ftg ahd)
type X zeol ites whose charge conpénsating cafions are conposed

50% | i t hi un® hvsselestivisy s0usedforghe smaramn@yo‘ffselpmnem;rﬁheaealnmwdehmtamahmm
and m xed | ﬁﬁkﬁ'ﬁ’tﬂh §1n§lﬂg 0 y%]?lxpfb%(o %fO.F?P’teago angnag%:ga%ks 0? { O{trosgeer|1 %z%)ﬁa%%ﬁ![ y

30 adsorb nitrogen rom gas ads
are its highas afedifor thy sepnmraﬂlsprms:sture and its preparation requires

multistage Akl PR S BRNG NTs A5k 357 1005 eatitlad A v T ot oot Y-
60 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 requlrs very slow heating to |

25  prevent hydroxylatlon
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, cerjum,
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 solutlons
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



C. C. Chao et al. in US patent US 5,698,013 (1997) entitled "N trogen

sel ective zeolitic adsorbent for use in air separation procgss"ng rn
using 60 to 89 equival ent percent 6 0 7DEC 2004 cal ci um exc aﬁwzp% of
-zeolite X having Si 02 /A1203 ratio with in the range of 2.0 to 2.4, as

sel ective adsorption for nitrogen in air separation process by pressure

SwWi ng adsorption. The main drawbacks of this adsorbent are its high
affinity tSHgrEs exdiasgadrfermaefazeptic phapag §10:dhLPe o wih py theirapgsgd <hioci um

exchange a i t.S j i on..proce requires 5 yvery i -
revent hyds i sy U SR BLIFERRRA o sen B S S RS 5Rine
(1998) ent iadbeptiodSEheahaizaRdwiRBs anchiahdsofant 48 iBASEH Ry Pracksaeistire

wherei n descri bes a process for the purification of air by adsorption. The
mai n dr anb&8# 15 TePATASon dBpemtltisgee sutium eaphapgt and tSRCtiNEET PROFEH [WIESar bon
di oxi de s nd nitrogen oxides fromthe gas m xtures. to
N. Ogawg \é\?,te;{Slogﬁqa%?%gg’g%?n%gqgoxg@ggw (1999) entitled "Adsorbents for

ai r separ atT.¢h Golgenodut tin U8 prehhNg. $,h’€9,75637f%l9%)@nﬁﬂld’d-‘i%é&ff&kbl@ﬁs aet ftodnasi ng
it", describes the use of crystalline zeolite X having an _Si Q2/ A 2G3 nol ar
rati o of nob IEAPHEPTtMAFESESD, Wipiceh dcebhesal nsoesss feadhe QUIIHBIWRM Pt BITuPY

catlons Werfsdip@th Mk hdlf iRlbaSERHiSLABRRY i REGRMIL forIHE RRARAIIRLABE,  The

mai n drawbacks o sorbent are Its préparati require
mul ti st age datidgrwaterchphigartond and nittegén glilles foengietghymittoresmal | anount  of

noi sture. J. T. Mill hau et al . i tent US 5,945,079 (1999) entitled
"Oxyge r}%s eh‘c@%%a Sty B Ratent JL ggpgg %é)glﬁs?)rﬁi’éﬁ?‘? o‘gﬁ%\‘ﬁﬂl? éogsmr *Boi®ss
for air sepaba@lction msthbd tRFYEEAnd SEI-RphlaMEn SRHRRAINLsiME tifr, @RB@Meedhe use of
selectivity, |oading capacities and oxg%en upt ake rates have a transition

net al conpl EXHNG GRolife 36 rhavisgppo Si@dAbR: andligtrtiouef aefe laageathen sy r whish 20
The drawba i S 1L, -are . (- [.on i : ] :
adsorpt i on(\dgﬁgmshgetrr:lg%ti t ?‘épﬁgﬁhl%n%al@%‘se%%r gs\%g(r)%f)mee?lr (S %?ﬁgﬁ%rp;qﬁ%%?%? ion
and handl i myind adb@phds oflizentain drawbacks df ftiis cidkdrba@ndarg cits phepatesion akqiitess

adsorbent is not commercially economgcal. N V. udr a t 2.1 in No.US
Ro. | BubSeS S st e € e peinstive 1 ol ool S REEtEon of 4

pat ent

nol ecul ar sji. epevmdisQieentall or Usebgetd Vsl ¥ oasleny i 9v9) nintifle@emfypeMsalectd®
gaseous mxture", describes the preparation of nolecular sieve adsorbents
cont ai ni ng SPEReAtsunassabal Ralipveation comprisgskalprasessefer tair fenasitipnaysing Oxysenr a -
framewor k exehang t o f the s lon of o d/
or it oger T an gy P rRaR shifite SEEhHn! MadhCcpRRB e DT
requires sewar altrayiticesnttal @htphdéxnint dodid fdso slygpotted an iartgghisgifacendirea agsmate.

selectiyity, 30 N V. udr et at j S patent No. 6,087, 28 2000
entitl&d " PHSc rggbﬁ%i? ?qﬂ 15 #é?ﬁ?'a?‘ieod‘?pg ea{ldﬁ%P%?thsaPOtsP@(?é’agﬁg éoﬁltgnrdor
sel ecti vel yheatts D1iDhOGHEER EVRALR, 0 SThe Prédatti@®n an %%ﬁdniirtge& e RAQEBSES isf Or

the preparation of a zeolte based adsorbent cont ai ni ntlg’ )
very difficult and (c) the use of this adsorbent is not commercially economical.

N. V. Chdudray 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 alkali and / or alkaline earth metals as the extra framework exchangeablej
cations, useful for the separation of oxygen and / or nitrogen from air. The main drawback
is 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 éelectively 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



ceriumcations are used for the selective adsorption of oxygen from a gas
m xture. The 7 0 7 DEC 2004 mai n drawbacks of this adsorbent ZeDEEszt(ﬁ\z
oxygen capacity (around 3cc/g at 30'Canid t atn) and the ox;@ n 0
selectivity is only in the tow pressure region. M Butow et al.in US patent
No. 6,143,057 (2000) entitled "Adsorbents and adsorptive separation
process", describes the use of an adsorbent conposites conposed of 5

ni cropai - t i meinatreviaeks pf his-adsorbedste B0y hoseapyr @iand3cHgab3@ C and 1

characteri St{gﬁ g@rti cl e di pensjan rQot g{e?at er than crabnout 06 mcrons and a
macropor e i HEY £ M5 ey SFEP S SREBar B RG PR T OB or car bon di oxi de from
air. A m Xt @uddw Y BEinAUS §ehi Ro. 8185857 €000} entitlddyRedsdrbeg@tdndeadibgtivy pe Y
zeotite in which the available cation sites are occupied by a m xture of

cati ons wassepsmtiomsprobess’addeortienst teorust hef sel edsorhent aepsanopitdsoomPpREdn®f n 10
drawbacks of .this adsorbent are its preparation.involves sey . cycl of
cation exchIHGRPay %fészggléfﬁsdatt %&Stagz)s}groge“ﬁ?%? soaﬂ}céﬁ?l lg,avgeangll? rflc‘\?/tée t§ %ﬁ@?ure.
R Jain et @menfioWSioRakemdr den aBod 3l Gfittrdnd 0Rd)a @cidpbfd ineAi bindepaseat foon

using nonolith adsorbent bed", describes the use of nonolith bed for,
separati ng $Ephiatisg sfagenuscaonpdinedt fiofir omiampsurendhiyesr & zeokisr fehhgealie

first gaseouys ent ,and second gasequs 1 onpoene I.S4:
passing t he%%l?ggg@ﬂﬁiagi?g s ?rﬁe_f}htﬁﬁn a%ggl} g}ei a&'ﬁﬁ%bg%regg t gEeﬁa%?%BEg&éﬂg%ﬁs of
thi s adsor bemttur 6f tétonkiveR &bd iaRithy atiBdnd SomBiesidkiceivandsdrptsorpr dfar mtinon

requires nultistage i on exchange _Pr ocess, N. V. Choudary et al. i n)bc:hndi an
patent Mo. d8t®agksofdis pdwseant predis DR R EEIBVIHTS sekaal picks Af SR P anee

mol ecul ar - sj 1%\5@55%13?x{eba%%rbiﬂ'ﬁ?%ﬁikhlg@eﬁs%e SY@RuRNri chrent of air®, = 20

descri bes the use of a zeoll ased adsorbent containing clay binders
were used tB. prinduckin8ES9Bnp itoe 633 Héh (230 1preetded BAB\Sepayatiis BYIpE meaRolithhe

mai n dr awbacks .of 1 hij, adsorbent are t I nitrogen se Vi

oxygen (3- Sanstorl?fﬁt% n‘aesf:g%etsﬁl}‘? USESW™ oF&&ﬁgﬁ/orcsgB%{%ﬁ?%/a ?%Slrt ggskgﬂlééé%ﬁ%n%gtt
30T and | afwin ai g& hiighratdhpiidiyg tvales gaeost vérBpaitdt ant Sa peepslr gbseous
requires nultistage cal ci.um exchange process. 25 OBJECTS OQF THE IJ#%/EI\IT[CJ\I
The nai b5 obfBPORSA CHBPPTIBS BATSINENRE HAPEOS iTaixXfuse prrtexﬁndaéisarpa%éegg- T e
preparat| Ond{')afwb%ckﬁ?f REY 28O e ﬁg_sh(?%lpgﬂfnit ObwifdsembisHed ¥n@d&opRbadtion
nitrogen and argon froma gaseous m xture wth oxygen, which obviates the
dr awbacks ascquetaimubitagh caneexdhatgheroceds ect of the present invention is to

Dot her obj Bt oF MR pFetemt TRVEREF BT S EE2prd0T He B gon S afElys BE we"™
adsor bent  preparation of a molecular sieve adsorbent useful in the oxygen enrichment of air”,
20  describes the use of a zeolite A based adsorbent containing clay binders were used to
produce-85-95% pure oxygen b)} pressure swing adsorption. The main drawbacks of this
adsorbent are the low ﬁitrogen selectivity over oxygen (3-5 at 30°C and 1 atm), low
nitrogen capacity (aronnd 15cc/g at 30°C and 1 atm), its high affinity towards moistuic 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 presént 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.



(conmpared to oxygen) based on synthetic zeolite. Still another object of
the present invention is to provide an adsorbent that can vi sigblyygzgf 004
the decay in adsorption capacity and selgectivity due to noistdre by its
ctol our change 8 0 7 DEC 2004 Further object of the present invention is to
provi de an adsorbent with increased adsorption selectivity and capacity

for nitrogen fromits mxture with oxygen and / or argon.. Still, another
obj ect of tH&Eths eyeofithpmpenbRvenionss ‘Brpé‘?ﬁi”éfe?‘“aﬁ‘fls%‘iﬁ’%taﬁ@h{nfr%?dc sqrgtion

sel ective ts%lecﬂl;/ité}{t] Q%f&g?@@ fgf %ﬁggé?lvﬁ‘&ﬁ%‘mﬁﬁre%@l GAeRandsGchremer Ci al |y

for the separati et “anot her object of the present invention is
to provide Sl adslosrvdiect ofthd plesenainvbstionps epacede by adsogient edhicht iagtedeton
exchange process. SUWARY OF THE | NVENTI ON Accor dj gl ,, the E.esept.

i nvention p?‘Hﬁ?g?i’e@daﬁfgqj’r%Véé%’SY&%?nqﬁaé‘t&‘]é%‘?oé‘im?fﬁ‘aﬁ féf %F@éfﬁ 18Pt ¢feve

adsor be f t] LOG: R : n QMS b
. gét %r%tlt@é‘y%%%tyof?ﬁ? g)ag'eﬁgm%ﬁtfoﬂgi@]ﬂo jﬁ'gwﬁé 9QNadsh @BhE vEREe e

mxture wt conprises o nol ecul ar - si eve adsor bent
r epr esent edpropartthby gaimateadtagefecationdx@hagdga©pss. ( M2i nO)

. (A1203) 6. (S, )12, W20 where the values of x varies from4.8 to 6.0, vy
fromO0.0 to"?ﬁ%‘oé’(@*@h@*‘ﬁ%ﬁ%é‘l’r‘of nol es of water and Mis any netal

ion having x_@é&@ﬁgmthel e Qe AV LR nDESERE P Db &F fHEe bNYEMTILANE Aceedirgl v,

the present inventi’on provides a single stage process for the preparation
of cryst al $itveeadsotteoufarselsitovly aldedmigemtrogep asil lavgan from aegasrus gaixtuge éthf or

sel ectiyely adsojbi. nitrogen.and argon from.a gase L xit cqptaini ng
oxygen, Yos ai W%r%c’eg’gggomqrg%naf tahlélc’%g?%"'pgle%? :ad%&ing)@ﬁ%%%'ﬁ'ﬁ@ga %g]ﬁ tbgﬁ eiéllvx,i th
an aqueous S&ihutd, on of silver salt; (b) refluxing the solution at 30-90 C
for 4-8 hours in dark to obtain a residue; (c) filtering and washing the .

resi due wi t A &eMei@l-(Ahes)sEdPae™HeOt ree from silver ions; and (d)
drying bel own8RGhE Nafilel oFQ!4088¢ me@%r%ryeﬁe&e@!o%qsgtw @ el @OLAINBerl b

25 crystalline nolecular sieve adsorbent having a chemcal conposition (A
g20) x. (Mun®@pyes qf A€ aB)1 M is(8y in@RI 1on W@ vataneybodi ment of the present

Fol 1 ovi n s PEoETeD TR CREron e AR RRpERHAR". dunt “of “sitver sl
sol ution; 3@cthHidpeRtthe Grebdie imbektith proatded at SRPiErsaigdpRodess fdiahe aregaratdn of
500-575 Ci I<‘:]ryéslpalliinne:erglJc[>lecular sieve adsorbent by silver ion exchange, used for selectively 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 °C for 4-8 hours in vdark 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 crystailine molecular sieve adsorbent having a chemical composition
(A220).(M24,0)y.(A1303)6.(S102)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 fhe 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.



at nosphere; (c) washing the residue with water till the residue is free
fromsilver ions; and (d) drying the mxture at an anbi ent tenperature
under reduced pressure to obtain the cr¥stalline nolecul ar sﬁe?v@EC 2004
‘adsorbent. 9 0 7 DEC 2004 Yet another enbodi nent of the present invention,
wherein the value of -x varies from1l.2 to 6.0 noles. Still another
enmbodi nent the present invention, wherein the values of y varies from
0.0 to 4.8t &othes epbodiseat sidhe arpadinTapionoWhelsi the ¥dumel X M%Fe%%tfj[%!z to
wherein wiggygfer of noles of water. Still another embodiment of the
present invention, wherein Mis a cation selected fromthe group

consi sting Stillsndihenembadigentrof tipojrasat innemiod, Whédinuhe aaidesmist vapree firemabDy
sodium  Sti I£ an?t her enbodi ment of the present invention, wherein the
zeolite is fh*€RCSorm of granule, powder or pellets. to Yet another

embodi meat - gfe _smhalre%t%ggneﬁmﬂg pfé@emm%t% Jhgﬁg@g?ﬁw&g% Hlol bt Hatei | ver

salt solution Is selec romsflver per chlora silver acetate

and sil ver Btitlraabher ¢ADNDBEnt oftiid predeneibadionprnhereih NMhea patemesetecied \femt then,

wherein the concentration of silver salt ‘'solution is in the range,of 025%

-15% by yvei éﬁtfp/COVUFﬁ@fdeIE’@qulfié{nAPo@SmSt Y 1ialet "Hé‘_r"“‘é’r‘rBE?d‘?rﬁlé‘ﬁitW‘b‘f““t he

present i nvegiil AdthetMaHSHhDEE &ﬁgjr&eg{)ing&%ﬂu %vhél%krﬁme%om‘e is Sh ItN& formbtt
enbo

with zeolite Ais 1:80. Yet another rment of the present invention,
wher ei n sai grampleepotvder ssipelags.has a hi gh nitrogen adsorption capacity upto

22.3 cc/g a QC and 765.mm Hg., Furt her enpodi nent. of the present :
Cnvent: 50, Ve Ao ROC s cpu BTl s D Rg RO e TR i SRl TR o sy
over oxygensilssdufidn & slec@GonYGilveapert dhedraR BRI OB Nilvef adebie PEESIBRE nitrate

i nvention, wherein said nol ecul ar sieve has argon adsorption capacity upto

6.5 cc/g at (48%Cahd 765 mm Hg. Further enbodi ment of the present invention,
wherein sai @uﬁﬁéﬁ&ﬂbééinéh@gﬁt Z%gegk rqm&\he![nﬁ%z%;y\?/aérg{n BEAMceiatibE JraREEr it

1.2-2A at 30C. 25 Yet another e present invention, wherein
sai d nol ecubelntign évie thersnge ¢fd25%ydroky haidho hvalhee ebyeopiteekent i ng t he

necessi ot..gl.ow,. heating. Further enbodi nent of th resent i nventi.on,
nhor o niL ar gRPRE Bhbameht S R RV phetn B M bR of
great er t hasil®a%alt ¥eth RERERers 1eghodi nent of the present invention, wherein

10 to 100 eg](ui val ent . ) S . .
et another 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.



-30 percentages of silver ions is |loaded into zeolite in a single step using
any water soluble silver salt selected fromsilver nitrate, silver
perchlorate and silver acetate. Still anéther embodiment of tHe7ppEEe)04
invention, wherein the zeolite is ion exchanged with 80 to 100 equi val ent
percent silver ions and the nol ecul ar sieve adsorbent is orange red /
brick red coloured. 10 O | DEC 2004 Yet another enbodi nent of the present

i nvention, Wiskmsitker embodipieatefithe proseay invantinor wherein the mglecelgr sievaadsepgelriat ur e
in the rangg.: 0¢C t 0C. .The invepbhlon,ics, further explained in the form
of the foll gmgil%t%etngg%a%éen&n@e 783 ?@s,&%‘?@h are mcroporous crystalline.

al uma- si | | Tat asenddreis fhiids BeblAiReT iRaBeHmP el feRdWiaBsmdsdiatanr bent s for
separating m xtures of closely related conmpounds. Zeolites _have a three
di mensi onal ZA&{iRbr Khish Bessinticopergu warsitalling taduremsnsilieatsnprsi Dadipg gingreased

t et r ahedr.on t (o) 1 .other by.sharing api,cal., ¢ n i licon
and al um“nurgﬁ)él!'f'za gﬁ% %Si aé@ (?rﬁg%t%tgorég%at%t}ngo@_ nﬁgs P e(fl gleggrf%/{?&cq:ﬁégregu t"il‘lﬁ"g
al um no-si | heat @ thtdeuditieheiondMietlork Sof BBREstAIhMalNLGR] YorRBEAE SSiOpand eslkRS
t hr ee- di nensi onal pores the access to which is through 10 nol ecul ar sized
wi ndows. | nteAraAgPag bekedos ppol HE<prefaringdpisalopistzes afpms. geitep gnflyluminum

represent ed a{lﬁgrﬁ:t lEE:ilnftHé LG of Otreg%ﬁeﬁral.l\'ﬁge r%t@?égﬁgm%ﬁ&%il te Qrongsien 18

a cation, wh ances the el ectroval ence etrahedral and is
general |y gedealhebighly psowexposaestesamaatikesichbpgeatieaceat towhich is poedent s

t he val apcy of the catjon 15 and nd wrepresents the.noples of Si02 and
water re pee{ql?félﬁ]agf. Slﬁ"ﬁ;e “ﬂﬁquﬁnalﬂfa?)ﬂﬁ' ray; fo%‘heg‘ﬁf p’ie?Fé’eHuFrﬁ‘rt%s 8 eSS,
which w |l ‘hgrejenrbitbgthdRIgeae thReds i N detail. The attributes which makes
the zeolites attractive for separation include, an unusually high thermal -

and hydr ot h&fad)-AbPaBPiG4WthQini f orm pore structure, easy pore aperture
Gt ont it ( . .
nodiTicatl Othet?eEgI SUPSkaR! Jv}i%!:l% ggﬁgéfgftﬁeoae%%%%h%yoﬁgg petﬁ#ﬁ%?%@?%ﬁﬁ%‘&

pressures. Furthernore, Zeo can be produced syn
rel ativel y mfdeedteahydndrdmewok exdadgdablenationr @yrepongiée vdlahty at theeatidat a

was col | ect ed, usi PH LI PS X pert D.sysiem equi ppe ith XRK 90

P ot oo e &rands KEeeehS 4 BRles obomay K Sater Py vl b, Crfaray B am.
ray data cheakedtte@nbeisdfahtdndl WicRivill ha-Rdaa Rt id 8di@g. The X-ray
diffraction at "d" values 12.1925, 5.489, 4.086, 3.2818, 2.9773 and 2.7215

were used fOreAURPaIeE ¥ifh makeTHe zeelies aiErasiya fposaration include, an unusually high
T8t o e SRR T FRRIE IR JIE oA O B b S melyion
The zeol it e andlaubsiasiahidserptinh tchpaaity peai &t lod aisrbamiprastiren ofithagueoreobics ver
AL NIRRT R e R N
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 [Naj3(AlO2)12 (Si02)12.-wH,0] 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



-with hot distilled water, until the washings were free fromsilver ions
(tested with sodium 30 chloride solution) and dried at roomt rature to
80C in air and al so under vacuum condiltli ons as specified i ) ﬁmﬁgiaﬁ{ﬂ%s
*The silver exchange conpletes in a single step since the equilibrium of

t he cation exchange reaction favors the easy formation of the 11 0 7 DEC
2004 product. The extent of silver exchange was determ ned by Atom c

Absor pt i on pré&hect Tascepynt OFfygibrr dxchanggewaar delerarigah wdsbopid oAdWIPIOBC and
30C was neasured using a static volunetric system (Mcroneritics ASAP
2010), aft SPCHEWFWIL i ng the sanple at 350C to 5 450C under vacuum for 4
hours as d I Lo-th I : I tdopn, Of 2 do € udas anasidrade
at vol ums%h@f@gb%@ 2@%?@@5%}(@2&1 ge%n(ao%d gfggésjﬁf%ggﬁ% angi?l fromO0.5
to 850mi | groludnetiinisyatem e@ylitionirtitick TASAP Q0N 8), affer Bcetiogdbe wirnple at 620&1 fve

target tolerapce of 5.0%of the targeted pressure and an.absol ute target
tol erande SPUE: poder varymderet hawsas @%CW@W%EX@HW?-i Ry ?fgt}‘e asoRte

measur enentgaﬁgsjag'tmadyl? VAR Q%ciu%d ANGndes ArRLLRR S8 & pkssGREPARIR fom 0.5

reversi bl e, hence It is possible to renove the adsorbed gases by sinple
evacuat i on.icBE@uhdnt sohiraseor @uilbnumdsterval ¢fid sdcendsusiting relireveftaigbtaniergce

equation Heat of ~adsorption, AadH = R {[8l np]/ 1/ T) ere Ris e

uni ver sal d%fgoc/gﬁgﬁ‘éﬁ%{ge@dipées?‘ﬁ%a‘éj@kﬁ%d tl“@%%t %&éﬁ}csghgg{)%%ﬁ%gg{ﬁg&% and
15 tenper atifylRielmir® RufliorRin kRaa0RN M ennl psOUIE RBomptiohH Al dblorptidhearef
sl ope AadH' R The selectivity of two gases A'and B is given by the equation,

ct vs=[ VI B]complerelyheaversiple, abrhcw/Bt ay @ossinde vio| igmege ghe fasorReh #3sE BYSHFDEd at
any given pgvgausa%re P and tenperature T. 20 The inportant inventive steps
€

. . OIl. . . .
involved in't present invention are that the nol ecul ar sieve adsorbent

obt ai ned, (The lieat §f RI96dpEdn Myas aalsilaed asisd thg €olloningxqlraioge process using
aqueous solution of any silver salt in a tenperature range of room

t enper at ur ete33 odadsorgtion) Al stBabiokr iiHTAget he activation process,

hydroxyl ati &Her? RANGE. |,5i LRLY a!spc\)é/n %‘[j’ PERLE ax&;gl?nt?%tg'aygttﬁo%bd # Q%%ﬁeqpﬁﬁ not
require very sl ow heat | ng, (%II as a brick red /7 orange red col our afer

the 25 actiteaipeture iAGKloCHTARS @ittt LT sHe@abeafstialptit Aatsof PpgeonddRaci ty and
selectivity due to the presence of noisture in the feed gas m xture, (iv)
has adsor pt TehselsspaLy of tvanensseAcad Bup giyen pyihefquatefen i s naxi mum report ed

for any zeolite ed adsorbent so-far and (v) has argon selectivity
over oxygengwaﬁﬂ be useful for the production of oxygen with purity

hi gher t hanwQ&%\30 aitRiVEFarDHRCR T &k AARDIFPANLIRd Rl GhiRigBen pressure P and
temperature T. '

20 The important inventive stéps 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 nitrolgen. 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.



-Figure 1 represents the adsorption isotherms of nitrogen, argon and oxygen
at 30C on the adsorbent obtained from exanple-4. Figure 2 Qe?r@%@]?ﬁ &he
ni trogen adsorption isothernms on zeolitks NaA, CaA and AgA &t g
"DEC 2004 Figure 3 represents the oxygen adsorption isotherns on zeolites
NaA, AgA and CaA at 30C. Figure 4 represents the argon adsorption
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adsorption 35§asuremants were carried out as described earlier. The
adsor pti on €a aC|ty for nitrogen is only 7.5 cc/g at 30C and 765mHg and
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range studi e are VEN eat adsor ption
val ues, gi wenstrurtddabllieri@thasebpt beths papentahiveddsor ption curve shows that the
adsorption is physisorption and conpletely reversible. 15 Exanple-2 The
zeol i te NaA“Fdweter [ Nal2( Al 02) 12. (Si O2) 12. wHZO] was used as the starting
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that the mater 'y crys l i'ne nown anount of the sanple
was acti vataeidor@tloﬂfsqmysinmpnon/ammmplaﬂqra\c&mhslpti on measurenents were
carried _out,.as described earlier. The adsorption capacity for nitrogen is
15.5 cclsg a]f3 P}e;’hd 765mrHg and selectivity for nitrogen over oxygen is 3
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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 calcium ions. The residue is filtered,
washed with hot distilled water, until the washings are free from chioride (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.(Na20)02.(A1,03)6.(S102)12.wH,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 vachum
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 [Naj3(AlO;)12.(Si02)12.wH20] was used as the starting material.
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
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activating at ad or pt.d t her are |ve in.fi
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sel ecti vity di@illeliv#AQIBMIIONE fwaOMU B fre fﬁee5§omtsﬁvé-14w§s l(t@sttedil Bvifl e8isi ehlogidge
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mat er i alz(')’ sample was activated at 380°C under vacuum and adsorption measurements were carried
out as 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 ard 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 [Naj2(AlO,)12.(Si04)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 (Ag,0)5.4.Nay0) 06.(AlO3)6 (S102)12.WwH0.  X-ray
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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 th= adsorption is physisorption and completely reversible.
Example-7 .

25 The zeolite NaA granules [Naj2(Al0;)12.(Si02)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 (Agy0)s.7.(N220) 03.(ALO3) 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

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
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cheni cal, co%%ﬂ i®n of the adsorbent is (Ag20)s.4.(Na20O o, 6. (A1203)

6. (Si 02)12. ;1 X- ray diffraction data shows that the material is highly
cryst al | i neThézéaiosVaangramtlesNai448102)12.(Si02)12.wH,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 recidue 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.(N2;0) ¢6.(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 measureménts 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.
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capacity for nitrogenis at 3 _
sodium chloride solution) and dned in vacuum oven at 80°C. Elemental analysis shows the

chemical composition of the adsorbent is (Ag20)42.(N220)15.(Al203)6.(S102)12.WH20. X-
ray diffraction data shows that the matetal 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 [Na)2(Al02)12.(S102)12.wH,O was used as the starting.material‘
10.0g of the molecular sieve NaA powder was mixed with AgNO; solutions containing
6.0g 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



'selectivity for nitrogen over oxygen is only around 3.5 in the pressure
range studi.ed, the values are given in #abl e-1. The heat of adsor tion
values, given in table-2 and the shape 1) desorption curve é)h%ﬂw he
adsorption is physisorption and conpletely reversible. 30 Ex Ie 12 The
zeolite NaA powder [Na] 2(Al 02)r2.(Si02)12. w20 was used as the starting

mat eri al . f .t he nol ecul si eve NaA po i
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heat of adsorption values, given in table-2 and the shape of deslg{F ption
e

curve showsdeshmtiontsarvadbowphiiche a@omﬁlygul%mymsp@ﬁoaﬁ@ﬂ CIMRIF LRIy S BYer si bl e.
lo Exanm % B %Seollte NaA powder [Nal2(Al 02)12.(Si O2)12- wHZQ was used
as the starting nmaterial 10.0g of the nol ecular sieve NaA powder was m xed
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shows that the material is hly cr%stal | i ne. El enental_ analysis ghovvs
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was activat er ‘vacuum an sorption measu ements were carried
out as descthabdst matetalas highhecrgahltine. Eiémerdal zﬁmmpiseshbws:&twecmrraM@Ome@lﬂmrt er

activating at 20 n f.or rogen i s 8. 7cc
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as the starting nma
selectivity for nitrogen over oxygen is only around 3.7 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.
Example-14

25 The zeolite NaA powder [Naj; (Al02)12.(S102)12.wH,O] 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 (AgzO)1_2.(NazQ)4,3.(AlgO3)5.(SiOz)|2.WH20- 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



10 Qg of the nolecul ar sieve NaA powder was m xed with AgNOG3 sol utions
containing 2.0y AgNGB8, in the ratio 1:89 and refluxed at 80C for 4 hours.
The residue is filtered, washed with hot distilled water, gnfiDEEh@004
washings are free fromsilver ions (tested with sodium chI or| de sol ution)
and dried in vacuum oven at 80C. El enental anal y5| s shows the 30 chem cal
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X- ray diffractiaon I'y crystalline.
known anopuntalefs arhgiversmnpble- IWake heit bivatsegtion vﬁﬁ&Cowani&rtablanJm theghape of
adsor pti on peasurenents were Cﬁll’l’l ed  out as described earlier. @e col our
of the sanpﬁleéowgeﬁﬁ‘érvﬁﬁh%’ks thaldhe pdsaptige 15 Ry pisergtion andmpletglydeiubifpt i on
capacity for nitrogen is 5.9cc/g at 30C and 765nmHg and 18 0 7 DEC 2004
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brick red after activating at 350C. T sorption capaC|ty 15 for nitrogen
i s 22.1cc/ gedeuragfGha sainyle Sienddge hrick @dl@&ct aativiaying et 3 ¥1°Cr 6gendmlér0n0>aygefr¥ is
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adsorbent. Theolea inche peSOPtdmRs studRldY@duesGiry @veh fin tid-; Rhidhdrd hey sipmpe
of desorption cugcile shows that the adsorption is physisorption _and

conpl et el y FUURAES 1 &° SPESSIRPY esing 2ovHis 2eured adsRErnpolifehedf RA ASTomRE 12.
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si eve NaA powder was m xed sol uti‘ons contai ni ng ,
the ratio 1pl®@189mlon@ﬁdgmgle@dywersfb@f 4. hours. '!lie residue is filtered,
25 washed with hot distilled water, until the washings are free fromsilver

ions (test eﬁanbfé—lG

- The zeolite NaA powder [Naj2(AlO2)2. (Si0,)12.wH,0] was used as the starting material.
10.0g of the molecular sieve NaA powder was mixed with AgNO; solutions containing
12.05 AgNOs3, in the ratio 1:80 and refluxed at 80°C for 4 hours. ‘i he 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 (Ag;0)s7.(N220)03.(A1,03)5.(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 outas 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.



sodi um chl oride solution) and dried in hot air oven at 120C. El enent al

anal ysis shows the chem cal conpositiongof the adsorbent is )
(Ag20)5.7. (Na20 0. 3. (Al 203) 6. (Si 02)i 2. wHZO. X- ray diffractifof BECa 2§04ws
that the material is highly crystalline. A known anobunt of the sanple was
activated at 350C under vacuum and adsorption nmeasurenents were carried 30
out as descEkhagleepr|ier. The col our of the sanple becane greenish bl ack
after activating at 350C. The adsorption capacity for nitrogen is 14.5cc/g
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the pressure range studied, values are given in table-1, which are ver

hi gh conpar ¥dY gl Kempersdee dchalcpymgrsially wseng peaditaAbbesed adsiwbemsedhe tepeotheat
of adsorpt] gi | | e- 2 .and t he shape..of desorpti o ve
shows t hat étlc%gq%%é a %egf éﬁgn&in%&g%yg?agg}equ%ﬁ °;§an Sclg%rg)?ectga geyglgoevseglglgﬁee.
Exanpl e4318 adehmptoacs piysishipliop andlesmpidalyzeMréR)el2. (Si O2) 1 2. wH2G was used as
the starting materjal. 5.0g of the nol ecul ar sieve NaA powder was m xed

t hor oughl y ?rﬂpge.' AgNO3 and heated up to 575C under heliumin a
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- chloride solution) and dried in air at room temperature (28°C). Elemental analysis shows
~ the chemical composition of the adsorbcrt is (_AgZO)_S‘S.(N 2;0) .5.(A1,05).(S105)12.WwH,O.
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(AlO2)12.(Si05)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



25 sanple was activated at 350C under vacuum and adsorpti on neasurenents
were carried out as described earlier.pgfhe col our of the b
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A based adsorbent. The heat of adsorption values, given in table-2 and the
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conpletely reversible. The adsorpt.i on [of a I RN EY. the
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given in Tabl e-2. ADVANTAGES OF THE | NVENTI ON The adsorption capacity
towards ni t3°9gEEPT e EHGA L#Plé- 22. 3cc/ g at 30C and 765 nmHg, which is.
the maxi mum HeRNTREFCOFINEIRENPIdNDased adsorbent so far. 20 The
adsorption selectivity towards nitrogen is found to be 5.3 tol4.6 at 30C in
pressures TFlenaisomptiodicephcityiéwards sittolgen irefeimlin heeforockmiatf Y Cang 72edmids A -
based adsorbent .s@ far. The adsorbent 0 ar go ectivity (around 2 at
300 over onganis Axiflimp a8 Rty ar Py ARt SRR BEITRLELL LY of

zeol i t edbasEk adiseptantkctivitydowiatds digogeads tdunkias be 1563 to14.6 at 30°C in pressures

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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EXAMPLE-1 | 75 2.5 2.4 30 |34 |090 {30 |32 [093

EXAMPLE2 | 155 |49 4.0 56 |68 1081 |32 |39 1079
EXAMPLE-3 | 214 a4 63 103 64 16 49 3.4 14
EXAMPLE-4 | 223 43 6.5 14.6 73 2.0 52 34 L5
EXAMPLE-5 | 207 a4 5.0 120 {107 |'LL 18 4.1 12
EXAMPLE-6 | 20.1 43 a6 127 1.6 L1 47 14 L1
EXAMPLE-7 | 22.1 42 50 144 | 129 1.1 53 44 12
EXAMPLE-§ | 223 43 59 142 15 1.4 52 3.8 1.4
EXAMPLE-9 | 213 43 58 138 111 1.4 19 3.7 13
EXAMPLE-10 | 18.8 39 43 134 12.2 L1 438 44 11
EXAMPLE-11 | 9.1 29 3.1 3.5 33 10 |32 |29 L1
EXAMPLE-12 | 88 2.8 27 31 33 094 |31 33 0.95
EXAMPLE-13 | 87 2.7 25 36 37 097 |33 35 | 094
EXAMPLE-14 | 59 2.5 23 3.1 34 |os2 |23 26 091
EXAMPLE-15 | 2.1 43 52 | 142 1.9 1.2 5.1 43 12
EXAMPLE-16 | 145 48 6.5 49 37 1.3 3.0 22 14
EXAMPLE-17 | 19.7 4.1 46 131|121 1.2 18 43 L1
EXAMPLE-18 | 21.3 43 49 12.8 1.0 1.2 5.0 43 12
EXAMPLE-19 | 21.9 43 5.0 13.1 s 1.2 51 43 12
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(-) kJ nolf~—Sanpte NamgCot our af ter actiyvatri onN2O2Ar
EXAMPLE- 1\ist 2001 847 014l EXAVPLE- 2Wi t 2% 018. 115, 16.8
EXAMPLE- 3Backrsh-browp36: 1-- EXAVPLE-4BrTck 17ed40[ 018.416. 8| EXAMPLE- 5Bri ck
red37. 418. @@AﬁnggNPLﬁngg@@ge red34. 716;H615. 4 EXAMPLE- 7Bri ¢ke s
red32.416.415.6 _

EXAMPLE-6 Orange red 34.7 16.6 15.4

EXAMPLE-7 Brick red 324 16.4 15.6

EXAMPLE-8 Yellow orange 33.8 16.7 16.0

EXAMPLE-9 Orange red 343 15.8 16.1

EXAMPLE-10 Yellqw 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 5.5

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—W Brownish black 352 16.0 16.2

EXAMPLE-18 | Brick red 34.4 15.3 17.1

EXAMPLE-19 Brick red 36.8 16.0 16.0




EXAMPLE- 8Yel | ow or ange33. 816. 716. 0 EXAMPLE- 9Or ange red34. 315. 816. 1

EXAMPLE- 10Yel | ow or ange30. 815. 816. 1 EXAMPLE-I 1Orange red21.115.716.4

- EXAMPLE- 12Yel | ow oran20.9 -15.415.1 EXAMPLE- 13' Orange red19.616.415.5
EXAMPLE- 14Bri ck red19. 916. 115. 3 EXAMPLE- 15Bri ck red35. 1"16{]27.5{]@{: 200

_ EXAMPLE- 16G eeni sh bl ack37. 215. 516. 1 EXAMPLE- 17Br owni sh bl ack35. 216. 016. 2
"EXAMPLE- 18Bri ck red34.415.317.1 EXAVPLE- 19Brick red36.816.016.0 5 0 1 DEC
2004 - 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 ng @tA@gen and argon from a gaseous m xture containing oxygen,
said process conprising the steps of: (a) mxing Zeolite A with an aqueous
sol ution ofl. shIsingle stagetprodesy foreht prepagtioef ewitaiiine mokicuB sBPe Glfasbent by
hours in dark.to obtain a resjdue, (c) fiJtering and wgshing.the residue.
Wt vt er -t 1O B CRUBR G ST ¥ ratEb AP TOE T A A T R ARG el ow
85C in air fohixawedokYiniRdss, SoTheRi idp-the crystalline
mol ecul ar si eve adsor bent ha§§ﬁgﬁg%g%§ﬁl§Cal rgg%%‘g% Oc?}f (Ag20 ) x. (MmO
y. (Al 208) 6. (@5 medgZeoitbdwith aaqueocewmiitmoobsilliongalt,o ¢l ai m 1 wherein the

silver ion exghange .can be, perf j lid state by, follow,g steps: °
(a) nixing Ze@PifFﬁ”’ﬂ“%aﬂ‘teﬁOB‘g‘ﬁa|a?é¢}§ﬂﬁ&%fff'gihf’%ﬂn darfo é%‘iali‘c%?}&d“ b) heating
the mxture ak) altepipedhatwidsBirgthk Hesil@NGahafat&O AdreSiduB iffrek RIth silver

at nosphere; (c) washing the residue with water till the residue is free

fromsilver iondons@Aad(d) drying the mixture at an anbi ent tenperature

under reduce ressur ajn_t L1in sj e :
adsor bent . S.d(d,g (Ig?@gekgesl&gc%lgéd%nnéu {}gug‘%ﬁ/%&ﬁlm\%ﬁlé?%%gcﬁﬂwéﬁgmc%t ?{gtr? msé ‘ect ed
fromthe group wcwndlisti aplailaodiad wsdbentmhaphigassi uimemical | ¢dohpasiticand

most preferably S0 M,0),. (AL O (Si02) 1 WH:O.
2. A process according to claim 1 wherein the silver ion exchange can be performed in
solid state by following steps:
(a) mixing Zeolite A with equal amount of silver salt solﬁtion;
(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. |
3. A process aécording to claim 1 wherein M is a cation selected from the group
consisting of sodium, calcium, potassium and lithium and most preferably s_odiﬁm.
4. A process according to claim 1 wherein the zeolite is in the form of granule, powder -
6r pellets. '
5. A process according to claim 1 wherein the aqueous solution of silver salt solution is
selected from silver per chlorate (AgClOy), silver acetate énd silver nitrate (AgNO:;‘).
6. A process accordi-ng to claim 1 wherein the concentration of silver salt sovlutio_n'is m -
the range of 0.25% -15% by weight / volume of zeolite A. _
7. A process according to claim 1 wherein the ratio of aqueous solution of silver salt

with zeolite A is 1:80.



4. A process according to claim|l wherein the zeolite is in the form of
granul e, powder or pellets. 5. A process according to claiml _wherein the
aqueous solution of silver salt solution is selected fror‘rﬂs"{l@bﬁb QQM .
chlorate (AgC1O4), silver acetate and silver nitrate (AgNG3). 6- A process
according to claim1 wherein the concentration of silver salt solution is
in the range of 0.25% -15% by weight / volune of zeolite A 7. A process
according t t t I f I | t
W ih zeoli1e A Peor g ogre GedRahd it AR EONRE T o ek b
wherein said n@sloemlspha:apmtg\n@tohﬁﬁ oc/pigi)’Biand G2 mm Hgsor pti on capacity upto

22.3 cclg 0C and 765 0Gess. .acc to.cla

sai d nol ec?ﬁ ?‘ BIO&GS %&grdé%a &FIaIfPtﬁ“fq’&Fem ﬁ?‘@r%@ﬁ‘%ﬁ{/gw’?)w&éﬁfnfé lg] %ﬂr 6 at
30C, 10. A pram®gén @@&@&?gé}gsgq4@ &i3aPd. wherein said nol ecul ar sieve has
argon adsorption  capaci upto 6.5 cc/g at 30C and 765 nmHg. 11. A

process acclk di prgcese a@ttadmgl towheemel rwissiia sad|ecledar Seevkashmgosefisseption ty
for argon in the ran A process according to claim

| wherein sai &PRBE yelénggr %#%?thea%h(g@éﬁ?ﬁw %Tl fication capacity of oxygen
greater thapn. g%ce%ﬁacc@rcﬂﬁ@ﬁﬁcﬂ&nﬁ? weﬂéuﬂgm& tholdcalafkibviiey RIdetiHly Fét ak&h
equi val ent percentages of Iver ions is loaded into zeolite i'n a single

step using anvlth/afaéltge96ﬂ{3b2 @3%30 Cer sal t selected fromsilver nitrate,

%LYﬁfnpr?% d?f Seggco%amg%ca%tlat ereltn agxgmgg O Sief Cﬁgsrgpggtpm erc&w 1

I'S 1 on°exchang ed equiva
silver ions ampamh,eomygemg&memlﬁn@6&@sorbent is orange red / brl ck red
col our ed. %3 process gccordlng to claim1 wherein the nDIecuIar {eve

[

adsor bent 115 AriBEFssacser P&rpetaityt vherrin 18 1P Qg anrvalmpppigenipgss of silver

ions is loaded into zeolite in & single step using any water soluble silver salt selected
from silver nitrate, silver perchlorate and silver acetate.

14. A process according to claiml 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.

15.A procéss according to claim 1 wherein the molecular sieve adsorbent is dried at a

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



