WD 2006/ 115678 PCT/ US2006/ 011409 GAS PURI FI CATI ON PROCESS BACKGROUND OF
THE | NVENTI ON [ 0001] The invention relates to a process for the

puri fi catworoef11bgrdr ogen based gas m xtures cont am nat edThys200&80i S
impurities, including carbon nonoxi de and at | east one other inpurity
chosen from carbon di oxide, nitrogen and Cl-C8 hydrocarbons. [0002] The
process of the invention enables the inprovenent of conventional processes

for the separation and purjficat.l f Si ng pressure sw ng

adsorption (PSA) processes b |M&%’I@ﬁg?ﬁgﬂé ssessing characteristics
whi ch denonstrate unexpected results. [0003] The production of high-purity
hydrogen is of great interest industrially, the latter being w dely used

in many processes, such axdwWAROIINDKORITHENBNWENTILONI on of nethanol, the
production of oxoal cohols and in isonerization processes. [0004] In the

prior art, PSA processes have proved to be very efficient in the separation
of  gas[080%} ur ekhednveniion pelates tow ripcesh farrthe purifisgen ofhydrogsnbasedyas ogen or
oxygen fr.om gas , m xtuyres cont.am nat ed .vari.,o i it esses
t ake ad¥¥ 88013?“{%{9635’35"8??)% lgwugﬁ?seg{cij%linfgycagfoa{gn%%% aggglregge?ﬁﬁb P ﬂ(i)lr&cone
or a ”Uﬂﬁﬁﬁ'thh&&?ﬁ@&%%Qﬁéﬂid@ni@gEﬁhﬁl@Fsg Rfdrb&@b@Rs m xture to be

purified.” [0005] The choice of the adsorbent is problematic because it
depends [002} he THetprocesodf théinvention anables thelvmprovemeri@df cogventiorah aredessea i@, t he

adsor bents are. sel ecte accorfﬂi to their abilit to,..ad and g desorb
a speci fi°Sepy PUFHCAIRB, W%%\g?i’r‘@g&@@u’ieﬁ\‘}v&%ags?wg% Rrg%esoeg
pressur %tiﬁ%ﬁ%?§?or1]i|ér}é‘p&sésbih§fchﬁﬁé’c§ﬁstic§ haichdgpidenite beskpeepatates at | east one

consti tuent m xture by adsorption of this constituent on the

adsor bei@008gd. The prodetionaf highspyrity hpdrogersisrof graat inderegsdedustriallydthyatteswer i ng
the pressure. At each new cycle, it is theref retﬁsseogitiéll PFtor thqt
desor pt PERSIVEAeIE uesd 0 AN PrACRISTS &f ydiograp a6 TREFEFSON ’?lﬁtgﬁ'?? ol
regener %%ﬁ&c%é@&%o)?%%ol?ﬂg Bnd B sGAERiSatioiQP6k&des. 1t 15 clear that this

ability“to adsor en desorb a specific constituent of a gas m xture

is afu j.on he .specifdi,C.. Oper atid n it he . PSy :

envi sag E@fdéj:d ?I{I? tb%lp{l?lg‘lfﬁ gf rS Aol? ro? ?iq‘égst }éﬁg & ?o%g rt éb%ﬂ%y %?%éslg&ﬁ[rlgﬁ?osﬁ g{lr? ﬁ@?\éf

[ 0006]  laye&iires af® Bf pHirtidfartil ehdproiltRdntod phre I3 dEddeh@d ogpgearfadh gaconpri ses
more than one |rrpqr|é3/, it is desirable Tpor the adsorbent to be able to
adsor b amigturdseontioynated by vardous ispyrities. PSA processes take advantage of the

adsorption selectivity of a given adsorbent for one or a number of the contaminating

substances of the gas mixture to be purified.

[0005]  The choice of the adsorbent is problematic because it depends on the nature of the
mixture to be treated. As a general rule, the adsorbents are selected according to their ability
to adsorb and to desorb a specific compound. In fact, PSA processes involve the operation of
pressure cycles. In a first phase, the adsorbent bed separates at least one constituent of the
mixture by adsorption of this constituent on the adsorbent bed. In a second phase, the
adsorbent is regenerated by lowering the pressure. At each new cycle, it is therefore essential
for the desorption to be efficient and complete, so that there is an identical regenerated state at
each new cycle. However, it is clear that this ability to adsorb and then desorb a specific
constituent of a gas mixture is a function of the specific operating conditions of the PSA

process envisaged and in particular of the temperature and pressure conditions.

[0006]  However, insofar as the mixture to be purified generally comprises more than one

impurity, it is desirable for the adsorbent to be able to adsorb and then desorb not one alone



WO 2006/ 115678 PCT/ US2006/ 011409 but a nunber of these inpurities. In
point of fact, the adsorption profile and selectivity for a given

consti t uewd 2a0c2118678en i nfl uenced by the presence, in thecgas20entune, of
other inpurities, this being due, for exanple, to possible conpetition or
to poisoning of the adsorbent. These various considerations account for
the conplexity of the problem of the optim zation of PSA 5 processes by

i nprove 3 gﬁ[\/@ﬁ I 007 n,.r rd to
t he pr oggg% ?@ﬁb%r][?) %ﬁ%gg% n iersbkll\jg y r%@%ﬁﬁggﬁﬁoﬁﬁ%ﬁSeeiec%ﬁfgqrﬁ‘i ng
CO, OO givehkondHititent bz fieNAnBurshcvdibe theqsesenigyy ir fhe @gs milbuid, 4B86thddBnpekigieé, des

the conhipation of two types of adsorbent, the first, which is an active
char coaltis pepg dps dorgremple) toppssiiecomapeition ey ta peisendes afithe afscsbents Theseeol i t e

of type,A: L: Rl i i kbl r val.. of .t he .njt,rogen
and { ho Ve AR Ao RALE Ko TG K pI BT LA Rrdtifin o B Bliafeulol oo B
charsact erdcséses by thpidBémpitagesseofbent. t he producti on of hydrogen, and in

particular wwith a view to obtaining a better hydrogen yield, the nunber
and the arrangenent of the adsorbent beds operating in parallel have been

varied as 15 illustrated in 4 9 009] US 2,882, 244 di scl oses
zeolite X and teaches that %ﬁp&@glﬁéﬁl D@%‘&aﬁbgﬁbed t hereon. [0010] US
3,078,639 discloses a process for renoving CO2 from a hydrogen rich gaseous

m xture [gRy7Pd 26abidrg t%hg%god@ﬁﬁég@ru%&%mﬁ% %ggﬁ %8%9%;%%@@% process

using an X zeolite havin na ratro I'ncl udi ng

i on- exchemgiming €0, CO,, Gld,, N3, H3S, Naamhwaténas infpd€itidd, US3,438,278 povidts sied oses
a PSA process .usipng zeolite X with a silica/alumna ratio_ of 2-3. 1in)013]
Us 6, 77898 waﬁoriogﬁ“@c%%se%f_ adsypentedis fryr Whishihasaciva ghercoalr fegioyings Ct,

ol REU! 0,58 Vter afid RLEAT) whidH Ha"AhoRE oP B L LIRARlS daRilh MBaRY e
addition 8f NuUtrients or Solrces of the ramewor K, e.°g., alum nufm and

si | i conposkiide tletremotaladdhd nicoged arddtie Batbon gdhoxitls. control led -2 WO
2006/ 115678 PCT/ US2006/ 011409

[0008] The improvement of performance characteristics of PSA processes for the
production of hydrogen, and in particular with a view to obtaining a better hydrogen yield, the
number and the arrangement of the adsorbent beds operating in parallel have been varied as

15 illustrated in US 4,381,189.

[0009] US 2,882,244 discloses zeolite X and teaches that CO is selectively adsorbed

thereon.

[0010] US 3,078,639 discloses a process for removing CO, from a hydrogen rich gaseous

mixture using zeolite X.

20  [0011] US 6,514,317 B2 discloses a PSA process using an X zeolite having a

silica/alumina ratio of 1.9 — 2.1 including ion-exchange with Li, Na, K, Mg, Ca and Zn.

[0012]  US 4,477,267 discloses a PSA process using zeolite X with a silica/alumina ratio
of 2-3.

[0013]  US 6,773,694 Bl discloses a process for synthesizing a variety of molecular sieves
25  wherein a slurry of seed crystals is grown by the addition of nutrients or sources of the

framework, e.g., aluminum and silicon. The rate of addition of the nutrients is controlled



such that it is substantially the sane as the crystal growmh rate and such
that there is substantially no nucleation of new crystals. SUMWARY OF THE
| NVENTI ONVpQOdetl1567Re present invention is based on the grcyase@cypiiskat the
use of an X zeolite 5 adsorbent having a particular particle size
distribution in a process for the separation and purification of hydrogen
and particularly in a PSA process results in an unexpected and significant

i ncrease i.n, pr.oduciivit d recovery of . hydrogen. The ter roductivity
denot es SU%@EV&% SBE’ﬁ?ntfaﬁé(%g%F%aso € 8?1)%%’??@)?%%%% chéﬁat%%? Sand per
vol ume QLdekiall nhuddsfitiHew dbQalker m recovery denotes the ratio of the
hydr ogen produced and the hydrogen in 10 the feed gas. [0015] More

specifically, the invention relates to a process for the separation and
purification of hydrogen contained in a}ﬂ%s m xt ure contam nated by

i mpurities which conpri seSUMMAEY iR THHe INdENIYNire to be purified in an

adsorption region containing an adsorbent conprising a zeolite X wherein

th teh 4 i .Stri i on. h i . fficient
e i
a procesdsdrbént bieng apafiitile pagicld Wiy digebuticointayiroeds for the ghparation auid e

contam nated by inpurities which conprises contacting the gas mxture to
be pur i fougficationd hydwgen endpartiegpdy itbRPAIDEeess waulidasnpaarpestsdmnisi ng a

| i . hesi zed b ovi di | f . i
Zor & iUt RS e B GAOBeReP RS B P ot O
el enent sphOfaiib BeRRMAE ¥EhRIrSgdmRb@RYd PEOMMUR End P vod@Ee o WERhAbS

performng the addition at" a rate that essentially equals the crystal
growt h radsasbentd Thé tarmereedviery derfotdsgheratio of therhyduegsn pheduged pnd the kydioggein
[0017] Atﬁo{. h(?r enbodi mrent of the invention is a process for conducting the
conthct itAGEf 82 he gas mixture in a series of adsorption regions in
accordance with a pressure swng 25 adsorption (PSA) system, [0018] These
and ot hdPOHj ecMore npstitspieribe 1né'ﬁ@|t1qyerp§qu§o éfpr‘f‘ﬁ?%fgf Fh?eﬁ?f’"i‘réﬂorgz\ﬂql becone

appar en 8)6%1}18%3138 hg/ﬁfo%ieh SOnEERG A R Eésq{lix%re COftam AR B}pi%plfri%iey@h%:@xo 6/115678

PCT/ US2
comprises contacting the gas mixture to be purified in an adsorption region containing an

adsorbent comprising a zeolite X wherein the particle size distribution of the zeolite X

15 powder has a coefficient of variation from 15% to 30%.

[0016]  Another embodiment of the invention is a process for the separation of hydrogen
contained in a gas mixture contaminated by impurities which comprises contacting the gas
mixture to be purified in an adsorption region containing an adsorbent comprising a zeolite X
synthesized by providing a slurry of seed crystals at reaction conditions; adding to the slurry
20  nutrients, to provide framework elements of the seed crystals thereby growing the seed
crystals; performing the addition at a rate that essentially equals the crystal growth rate and

for a time sufficient to produce the zeolite X sieve.

[0017]  Another embodiment of the invention is a process for conducting the contacting of
the gas mixture in a series of adsorption regions in accordance with a pressure swing

25  adsorption (PSA) system.

[0018]  These and other objects, embodiments and details of this invention will become

apparent from the detailed description of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0019] Figure 1 diagrammatically
represents a plant for the operation of a pressure swing adsorption (PSA)
process fwo 2oéve11parsi fi cati on and producti on of hydr ogen putriusc@icngi4oen
adsorbent beds. 5 [0020] Figure 2 is a graph of particle size distribution
of a prior art zeolite X and two exanples of zeolite X in accordance with
the present invention. [0021] Figure 3 denpbnstrates the unexpectedly

i mproved hydrogen rec sorbent nmade from
zeolite X having a par%ﬁﬁ% @]ﬁé‘%‘%pﬁ/gﬁe% \ﬁ%;‘g“c@geffl ci ent of
variation from 15%to 30% conpared with prior art zeolite X having a

di ffer e@&l?g %ﬂéﬁl’eql BagthhghaBlealy feﬁfgsér%‘a plak! ok kfeldgeklehl of hlpkdstde shidis

| NVENTI I n accordance Wi th one enbodi ment "of the present

i nvent i adsoritiva (B8R patcessrfonthetrueificatimir andgmodystion phliirpgeneutgivingtes ni xt ure
cont am n ted by carbon nonoxi de and containing at |east one other inpurity
chosen f Fﬁepﬁé ‘group consi sting of carbon dioxide and ¢ -C8 15

hydr ocar bons conprises contacting the gas_m xture with at | east one first
adsdr bel028k| edtipwe 2 it aerapheolparilatizadisERptihokh BIOTRT ZaeliteaK apd two

hyd b d lite X wh th
oart§ o £anDes h euREE T SRR B AR RS, o (olent of var ati on
from 15% to 30% f b de_and nit | 10023 di

Lo"a pr i) oo e FEHESTHRR GABoHSFd T NG RR BB AT AR 20

carbon gi/s%ﬂl Qﬁhz 5&%%’[ HaliE %ﬁ{‘zé%ﬂ% Rydviag %@artﬁl@ﬁk'é &BtrftRtio Wath 2 9as

m xture ane steamreformng unit. her gas m xtures which are
sui t abl eogféisient oﬂuaﬁetsorofrogl 15846 & 30% compaded vot}qmqn aittzsplitesX haviog a diffareny,
olefin plants.and ammpnia plants. [0024] Preferred operating conditions in
an @dsopﬁlft‘ick?rﬁl?eég?tﬁhmi‘%l ude a pressure from 790 kPa to 7000 kPa and a
tenperature from0O C to 80C. Hi gher pressures do not adversely 25 affect
the purification but are generally avoided to save energy and to mnim ze

plant investment cogisransrDROORIMIBETHFPCHEIRIBNAOMO9 [0025] The

first and second adsorbents are arranged in the adsorption region so that
t he
[0022] In accordance with one embodiment of the present invention, the separation of the

hydrogen contained in a gaseous mixture contaminated by carbon monoxide and containing at
least one other impurity chosen from the group consisting of carbon dioxide and C;-Cg

15 hydrocarbons comprises contacting the gas mixture with at least one first adsorbent selective
for the removal of carbon dioxide and C;-Cg hydrocarbons and a second adsorbent
comprising zeolite X wherein the particle size distribution of the zeolite X has a coefficient of

variation from 15% to 30% for carbon monoxide and nitrogen removal.

[0023]  According to a preferred embodiment, the gas mixture contains carbon monoxide,
20  carbon dioxide, methane, nitrogen and hydrogen. A source for such a gas mixture is a
methane steam reforming unit. Other gas mixtures which are suitable gas mixtures originate

from coke oven units, methanol plants, olefin plants and ammonia plants.

[0024]  Preferred operating conditions in an adsorption region include a pressure from
790 kPa to 7000 kPa and a temperature from 0 °C to 80°C. Higher pressures do not adversely
25  affect the purification but are generally avoided to save energy and to minimize plant

investment costs.



gas m xture passes through themone after the other. It has been found that
the efficiency of the separation could be optim zed by placing, at the

i nl et of wbeoadssspti on regi on, the adsorbent sel ectivecatush@astishor
carbon di oxi de and for Cl-C8 hydrocarbons and, at the outlet 5 end of the
adsorption region, the adsorbent nmade fromzeolite X having a particle size
distribution wwth a coefficient of variation from15%to 30% This result

b i th he effi d f th
oo Tt o AL O Bhtes: 6 stePd adshRicntlFe Rridey S0 cBbarbifn REGERHANEL, bov
and car Qs nfkd $RsdIaNRube Bitnd SIMRA thothdte If hds Bberpfbual MR the eflifichQ06] Use

may be made, as ‘adsorbent selective at |east for carbon di oxide and for
Cl-C8 Hb@lﬁie@@@tlbm aeyld bk Oahﬁmlhmﬂ@mw,@b@le lnlat pith¢ pdsoeptianiragiooathe a silica
gel or a

0 i ot ud R BleBive A B ol bl iR iR H ot e R SR el S VR o ¢

of tdie EanylfiR adsdplibe redan Rl ddesbeRGh&TR frdh zEd1Re KOtV a pAfIERIsBEE | ayers
so that the gas m xture conmes into contact with each layer in turn. 15

[0027] Theributioncwitlye ceeffibicohofcwaniatien fremd! 546 toIWond' htscreﬁui’fecamrbmmp]amdéwe

t hose ¢ |nth art ese.ge rcially ayail a

b ¢+ ot B s 5 FfigiehekSF piagsorb B Ot 5 SRek FREERRF Trkeod Bree Y i ve”
char coallﬁlpaﬁuéy &tc,poy Hﬁrééﬁr@&ﬂaﬂd@ﬂrﬁo@ ca&ma@héi)%rb%bﬁ yemoan%&gﬁé fike ch har coal s
and prefilter charcoal’s are, for exanple, sol Nor it | gon,

Pi ca or a@kwheitr on. 20 [ 0028] The use of zeoli te X has | ong been knovvn and
utilized for the separation and purification of hydrogen contained in a

gas10n xt[0026] HoWey giay bemidde, dsemietibeyt seleetity adédst nahrbofi@idxadt Afd fof afdagi ng
zeolite X powder has been b bat ch créstal i zation of adm xed starting

mat er i allydrosadons of aa eplbe Cth@rcaaba@é@”ﬂ eefareanl. e pldcecrsl onamixeeeef thssebeen
f ound 6, 7 94
b ocese apTsadBRENs 3 dn) Drobbietn” Wnd el ot e Bt belbBB 92001 & 1

grown byaritahge thd dbtib@ copbtitibiits bf theSniRfurs,Gh ufeeems@;%ubﬂ Cegidd, IEITOKN of- J-
alumnum and silicon. The rate of addition of the nutrients is control | ed

such t haeparateilayes gosthatrthe gty mixtire comee inde certect ovilhseagh layepim tarm at e and such
that there is substantially no nucleation of new crystals. The 694 patent
t eathes [0027 her Thesikica gelamhlchrmahfbedlsecbziccpfchpgaﬂoi thginzention @eXhosardminmnly
ncor por ereipn, by reference. -
| P se(f % tﬁe art. Thes}é ge?s are commer01a11y available, in particular from Solvay (Sorbead
gel). The prefilter charcoals are active charcoals of high porosity and low relative density.
The active charcoals and prefilter charcoals are, for example, sold by Norit, Calgon, Ceca,

Pica or Chemviron.

20 [0028] The use of zeolite X has long been known and utilized for the separation and
purification of hydrogen contained in a gas mixture. However, until recently the traditional
method of producing zeolite X powder has been by batch crystallization of admixed starting
materials. Another method to produce zeolite X powder has recently been found and is
described in US 6,773,694 B1. The ‘694 patent discloses a process for synthesizing zeolite X

25  wherein a slurry of seed crystals is grown by the addition of nutrients or sources of the
framework, e.g., aluminum and silicon. The rate of addition of the nutrients is controlled
such that it is substantially the same as the crystal growth rate and such that there is
substantially no nucleation of new crystals. The ‘694 patent teaches further details and

methods of preparing zeolite X, and is incorporated herein by reference.



WD 2006/ 115678 PCT/ US2006/ 011409 [0029] The zeolite X powder having a
particle size distribution with a coefficient of wvariation from15%to 30%
and produwedoecnisarsor dance with the 694 patent has unerpeaiseasy1iaeen

di scovered to produce superior results for the separation and purification
of hydrogen contained in a gas m xture. The as synthesized X zeolite powder
preferably has a 5 nmean dianeter in the range from4 to 12 mcrons and

: r bl i . 1 CF- .The..zeol i . X wder
or et of sy fave Tho 2 SR ALy bl Bl gRpui Gick Rkt Biah B 1 0 e
I nvent i onyiatibreframol 3% e 30%and peoduded inerctatimcefwith thet 694 paentpaywder or of

aggl onerates. Zeolite X agglonerates are obtained conventionally by making
use of sHswRRSEdLY by disparerer npiodBcecypaidor resylis dgjghe senczation and putifieativan, f or

exanpl e, I - xiNg: a L4 | .1 e powder ~wi.t.h. wat er
and a bionfglgg{b glgg‘ér?%fl% I%é%%még\%ggé ?%#ﬁ#ﬂeglggd %{ﬁ%ﬂil%espé’r%ac@? Ry DS S ur e
ont 05 zeahédnaliageeoimhatdge fivn N EBmMIGahOERIAbe PRefSRBE inBh tange Fb 6 to
spraying, the zeolite aggl onerates are continuously rotated about

t hensel vidsmicyiiss Thg geplie Xapowdsy oeeippblyihave A gilicwelumigr ortierfaen 2.0 to 235.r eact or

. . _ _ . ) . o . A
et er ah8RRihe Id GE lnvefiGh 10 2ot 81ch BE o R BBt HEsthPipf baBHfa ey 15
this progghsergiedMsvliye Heipplddteratss i ©bRAlded R¥nvenfionkIB) by mAKAGRSS of standard

aggl onerates in the formo bal I's are obtained. The aggl onerates thus
obt ai necrgglomeration praesseest ddetagglomeratef zeolite canefop example cbeyfrepartdiby mixing

a Xi .500 d _700C .preferably. .at te rature in the  regjon of
5000 sl I UmS Psee nviG R B e i Tt SPBRLE e Ren SR nd bt 11 ca
or  al UngpRFinghth&aRixkire ofifoybile a%gl’éﬂﬁé&atéyﬁti%@ab YgdlameRBion 8dd. Dhwslignge
property and hence a binder is preferably incorporated therewth to be

shaped isprayinge thezeoligldgglomeratrs ara dantigioosly sotated abontrteemgedvesi Atlissanibal use
as an adsprbent. The iﬁolitle Xpowder i S Frefer bl?’/%;ﬁ? med jnto .

aggl omer PSS h Y PlReing G 38EITHCTAeR Jhe 12O felhneabo reundp rtatiopal

Regar dI exss, e rblaondTRkiiQHefRiablf BRAS Rklifdd with RspadtOIR RHRD! BREdibA! %2 used
in the present invention nmay be incorporated wth a binder or may be

bi nd&r | ébis provigss, cemnionlyndenmtislan iemart o fanaivballiipoeessj dgzlom@stepirethe fadod yf has

bul k h th 9601¢cPq. 030], . A ding to the
o, bul . SLiEheSt el o SaLer Lhen Seelces. [o0xal Accprding 1o the T L s
coef fi ciigfperfurd/ G bt @ appr AR Y 5(52)%%8’070@"(9 ?ét@faﬁf[}'e% z\i/’\n{etﬁﬁa@faﬁ&e'iﬂ‘t he

sodiumfor.m that is, thé cations whi are associ a the zeolitic
f r ameworrkgian ef 6@AfiCLirRuitable binders include, for example, a clay, such as kaolin, silica or

alumina. A zeolite crystal powder typically has no self-binding property and hence a binder is
20  preferably incorporated therewith to be shaped into beads, pellets, extrudates or other forms
for industrial use as an adsorbent. The zeolite X powder is preferably formed into
agglomerated particles having a nominal diameter from 0.5 to 3 mm. Regardless of the
method of preparation, the agglomerated particles used in the present invention may be
incorporated with a binder or may be binderless. The resulting adsorbent containing zeolite X

25  preferably has a bulk crush strength greater than 960 kPa.

[0030] According to the invention, the zeolite X powder having a particle size
distribution with a coefficient of variation from 15% to 30% is preferably prepared in the
sodium form, that is, the cations which are associated with the zeolitic framework are sodium.
Other cations may be partially or completely ion exchanged with the sodium form zeolite X to

30  displace the sodium cations. Such cations may be lithium, barium and calcium, for example.



O her cations may be partially or conpletely ion exchanged with the sodi um
formzeolite X to 30 displace the sodiumcations. Such cations may be
l'ithium Wwenrnesmisstd cal cium for exanple. -6 WO 2006/ 1266/82006/011409

PCT/ US2006/ 011409 [00311 The conbination of the first and second

adsor bents descri bed herei nabove results in an inprovenent in the
purification of the gas m xture containing hydrogen and in the overall
product i pg wh > ' ' awvi n article
A R e S R L
known, sio aasmprvpmenitioeh&pinifiacigr of therpks ikt ontaidn@hy &g kil Raral | el a
multiplicity of adsorbent beds, which are alternately subjected to a cycle

of adsorPErdProtuchviiy vdsa thesesonprdseientis argolge Xdbasonge pamiclesizen

deconpr [:Qn: i artol,cul.ar in PSA pressure sw ng
adsor pt ?‘gﬁ*lg@é"é’g‘g@g% %%ﬂg&{l ?éﬁar?feﬁﬁw%?% 165'3/{, go %é%’c ' lékeﬁw‘ans@cﬁsﬁ%m" & is
subj &ct dgdrapenpontiesuslg) topaeapath pardllellh ageipiviyed a8aFbet beay, Shnkan nat ed
by carbon nonoxi de and 10 containing at_|east one other inpurity chosen

from t hetllg subpested toraeyste ofadpntion with adiabatis copresianandaf dednopison nt o an

adsor pti | Il Syl t t fi.k a rbent bed . conposed of
a first \g@qsgér%%gﬁ)?e sgféﬁ};g'[u %ngﬁ alrégrgﬁloy%?ﬁ ar °§‘iﬂdﬁq§§ﬁd¥?ssﬂ$ﬁsrv85%n and for
Cl-C8  huldorption pronsssed) T eeatigentitg clrds Whibrtack 8dkoSUNPBS&EH sBbjegte§ecoNd
adsorbent whjch contains zeolite X having a particle size dl stribution

with a COBILBRS e passingahydipgambasedgasiBdure caUsmirmtdrbyosadieon monmadoasl at

| . ' bt ai n. i £i ed, hyd . | f
t e s B a0 Shg SinErhifel oRifEd bhFin R aerua e erensiogic and
i mpuri t yCeCs h}idﬂ&aﬂbdnis@ﬁo&ﬂ%ﬁé&ﬁﬂo@fbgidﬁ%ofﬂpﬁ%hg?&@%a§ﬁﬁ@qgs@a@§ﬁ‘o%%§ by

establishing a pressure gradient an rogressively lowering the pressure
i n the £98%P#ddn fsigdsatbesiselpstivoatrleasbforicatbon dieride mitragenend e GAGs t he

ther inpur | ' it ia the inlet of th ' egi on;. and
20 1 ai st g rhboff aldB bbbl cPoRordt oy AepgadorhaRcortiaS |
stream kol DEhdWE HP&Fic size diiEIbRSKH With 8 LodHiBieRNSOF Pl N HOROI 24 to IYS

each adsorbent bed is subjected to a treatnment cycle conprising a first
phad® ofin prdstirciemoie of lehst¢adyamormxsledo nbitaphapwiftdd lecegeprsasai anamodtled
third phase of reconpressipon..[0032 t is cl.ear that, by adjusting the
operat r?g%‘leoag‘a?’%’ﬁ%gg’fb% ﬁétcgﬁ%rbhﬁg tﬁ‘?‘nlﬁb‘b‘b’mgﬁ’fﬂ © & the OSSTIRBUEY K er r ed
enbodi MefpSraHassBEd oR BRVEst dd¥seb &Rt dsorbentd By e SRBINARIE brebdtrd SRa¥helf and

progressively lowering the pressure in the adsorption region, so as to recover the carbon

monoxide and the other impurity or impurities via the inlet of the adsorption region; and c)
20  raising the pressure in the adsorption region by introduction of a stream of pure hydrogen via

the outlet of the adsorption region. Thus, each adsorbent bed is subjected to a treatment cycle

comprising a first phase of production of hydrogen, a second phase of decompression and a

third phase of recompression.

[0032] It is clear that, by adjusting the operating conditions of stage a) in accordance with
25 the preferred embodiments described above, the result is an improvement in the yield and
productivity as well as an improvement in the purity of the hydrogen recovered at the outlet.
Thus, the purification of a gas mixture containing more than 70% of hydrogen and
comprising nitrogen, methane, CO and CO, as impurities will preferably be opted for, which
mixture will be brought into contact with an adsorbent bed composed of active charcoal and
30  of an adsorbent made from zeolite X having a particle size distribution with a coefficient of

variation from 15% to 30%. The adsorption region is preferably maintained at a temperature
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productivity as well as an inprovenent in the purity of the hydrogen
recovered at the outlet. Thus, the purification of a gas m xture

cont ai ni ngormece11séran 70% of hydrogen and conpri si ng ni Pcogsegosneisoane, CO
and CO2 as inpurities will preferably be opted for, which mxture will be
brought into contact with an adsorbent bed conposed of active charcoal and
30 of an adsorbent nmade from zeolite X having a particle size distribution

or e o om : é . et ot put 1«
or ot oy anfo et B0, ThY BapeRlcy BF h RAUBNRY b (o ) T8 SRRl 8o 88101 100
from OC daa c8fenientlhdcarlcither tarsd ofdranfpatickletehghldfmd iadivithal he maxi mum

size which can conveniently be used, either because of the nechani cal
st r engt rRdserbemiartipdes\ar pgeause gt themprsimupsahize whiek car byyused fershippingithemaxi num

si ze whi 0 . Shippj th tainers ofF vessels t ai ni ng
the. adscrBaies SReSied Blind ] BOclS, pPRERLRERs the SRS360T EP R LS

ads o5 benhoteedsorbérntdedesringed af pdrhitd] i Sakdapdichahé adtNId blefoloptinllzO&PYEr t O
optim ze PSA processes, the phases of conpression and deconpression of the

vari ous Rigesssasetie Phases obe@mpressiomanshdegerpression of therveriows adsbybentiessaregeous

to int : . O re egualizatio bet ween two adsorbent beds,
one. of | tHEgEoREAE R i AR AR BB B e ver S Fh R G R, e
reconpr essiesh tidadsorbdid be@) 33t of thekd Bbds bein@h thelddBoRbRASIoh BrALGAI WY ch
hydrogen circul ates, at a given nonent, have been represented. Mre

speci fi cdheryn therregamepipssimmphaseider consi deration, adsorbent beds | to 3 are
in the production phase, adsorbent beds 4 to 6 are in the deconpression
phase, [8833r beht Figetisonly thegigsaheuginwhivh hydgess catilates,piagtvenansmadsor bent
beds 9 gnd éo are in.t §¥I recom#'lre si on phase. 15 [0034] Adsorbent beds 1
to 3 ar 4R HoH ERrepFEedy MorR Speeifigalie abibe mrament gpdeyicanyifration, adsorbent heds 13
respectiyvgl 1 . I t rc f gas
moxtar e 1 g B8 prodpridd pARE dedpfEf 0G0 S BARGR R 0B ENERE U
of adsorddsorbertddds 1 ahd8 Arevinahgidgeseratidh phhie, and addrbdn®0ed] 9 Md 10 e eetef the
pipes 16 to 18 run _into pipe 19 which conveys the purified 20 hydrogen,
com ng FEENESER DESE.17 and 18, to storage chanmber 21 via pipe 19. A
portion of the hydrogen produced is withdrawn from pi pe 19 via pipes 23
and122 dA834onvéyleetbers beds 1 to 3 are fed with the gas mixture to be purified via pipes 11, 12

and 13 respectively. Pipes 11, 12 and 13 are each connected to a source of gas mixture 14 via

pipe 15. The purified hydrogen is recovered at the outlet of adsorbent beds 1 to 3 via pipes
16,17 and 18.

[0035] All three of the pipes 16 to 18 run into pipe 19 which conveys the purified

20  hydrogen, coming from pipes 16, 17 and 18, to storage chamber 21 via pipe 19. A portion of
the hydrogen produced is withdrawn from pipe 19 via pipes 23 and 22 and conveyed to
adsorbent bed 10, which is then at the end of the recompression phase. During this same
period, adsorbent bed 4 is starting the decompression phase by pressure equalization with
adsorbent bed 10 via pipes 24 and 22. Adsorbent bed 4 is at higher pressure than adsorbent

25  bed 10 at this point in the cycle so adsorbent bed 4 will depressurize while the pressure is
increased in adsorbent bed 10. After the pressure equalization step, adsorbent bed 10
continues to receive product H2 gas from pipe 19 via lines 23 and 22 until its pressure

equalizes with adsorbent beds 1, 2, and 3 to complete the recompression step.

[0036] During this same period, pressure equalization of adsorbent beds 5 and 9 is carried

30 out. To do this, the respective outlets of adsorbent beds 5 and 9 are in communication via
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adsor bent bed 10, which is then at the end of the reconpression phase.
During this sanme period, adsorbent bed 4 is starting the deconpression
phase by woeaseurnss7equal i zation with adsorbent bed 10 vipeTpisp@s/o2dioand 22.
Adsorbent bed 4 is at higher pressure than adsorbent 25 bed 10 at this
point in the cycle so adsorbent bed 4 will depressurize while the pressure
is increased in adsorbent bed 10. After the pressure equalization step,

adsor be contipues..t.0. recei ve product H2 gas, frao i 19, vi.

[ hes 29 ARgrER LY SpbEis T B SlombRSHE abie Rkl Bt tiBh 4ng
3 to comldedgen pRsureCRRREASRkOBesitiRE.9, [MAREES afE bBginkiAk Df HREcHRRHERbn
pressure equalization of adsorbent beds 5 and 9 is carried 30 out. To do

this, tHbepeipeamyeh lover pressuss. Asls srsplef theatessarealiffergneg existingdwimwieeni cat i on

via -8 [ 2115678 PCT{ US2006/.011409 |.i n . sorbent bed 5. ..which is
0"t he. e el 3 AR udiroRRER e 8 Aokt af e O B0t B ot

pr essur eontMiRkRas tiadeeshpRtsiResr Rlsodbhtrdissandtio teco8sh Mt Qhplefifon of
reconpressi on phase, is at a much | ower pressure. As a result of the

pr essur edgerberirbsdde exi sting between adsorbent beds 5 and 9, hydrogen is
driven from adsorbent bed 5 to adsorbent bed 9, which 5 contributes to the
reconpr 6637n oln tdsambeviy, fixdriBniids bant Bere placatintcenimudcaivprvagsonen of
adsor bent hed 5. _[0037‘% In the sanme way, adsorbent beds 6 and_ 8 are placed
in conmARCHSE YPiNG ¢4 dfordens Bede s ipiits Tahrhase of peruweBdRpIesewiztips and | t 5
final p r ' ' Vi des. gas
needed a0 AqUsrRSHE Rt GEREERT O] RCIRA GO, RLIURECIAL BRR pRUSAS

pr evai | i prevailindwithiadelesibenttbet &ds Greater eHaaliepressnediprehialing esHUl flsprRMebdd Ny
wi thin adsorbent bed 8, the hydrogen flows from adsorbent bed 6 to

adsor berft: thsdeydgogendlasyafaom adeamdent bed Ao adperbenbbpdss. Adsorbentdedfds widhag

pur ged conpressi f _adsorbe bed 6.
e GesonEl Br A DA R Do B GTBRER RS Py AleonfifBRichot. P5E

[0038] Addisebbgirted!BedThé deSorbed iohgurRY Bh®hEdbE@NMloW 0GPINER B8 ROMRIIPSES. I tS
pressure is 15 |l owered sinply by discharging the hydrogen and inpurities

via pi pgogag)f r oMaABeRIRAY R coudtbrchitedideb) S t hat
t he desgr pt i]on of the i npurllp'?l?els cg]élléorrcbegﬂor? %@regg%%gn?&gfe%%g%:s
pl atce. [l0G8&Y sitmdy datdisqhrgienthe tiydrogéi and ithpaeities ofatpdpeZDifrom ddberbétiHedi ng
manner . lA.ze I.iée X . oy . o

t is at this decompression stage that the desorption of the impurities adsorbed on the

adsorbent bed takes place.

[0039] The data presented in Fig. 2 were obtained in the following manner. A zeolite X
powder was produced by the traditional method of the batch crystallization of the admixed

20  starting materials. A sample of the resulting zeolite X powder (identified as Sample A) was
analyzed for particle size distribution and was found to have a mean particle diameter of 3.5
microns based on mass frequency. The results from the particle size distribution analysis are
presented in Fig. 2 and resulting calculations showed that the standard deviation and the
coefficient of variation were 1.49 and 42.9%, respectively. The standard deviation was

25  calculated in accordance with the principles of statistical analysis. The coefficient of
variation was calculated by dividing the standard deviation by the mean diameter and
multiplying the quotient by 100 and the result is expressed as a percentage. Although the
mean particle diameter of Sample A was 3.5 microns, it could be expected that the range of
mean particle diameters could range from 3 to 12 microns depending on the conditions

30  maintained during the batch crystallization.



powder was produced by the traditional nethod of the batch crystallization
of the adm xed 20 starting materials. A sanple of the resulting zeolite X
powder (iwenbediisstsas Sanpl e A) was anal yzed for parti clreTaiSz@e@disiy i buti on
and was found to have a nean particle dianeter of 3.5 mcrons based on
mass frequency. The results fromthe particle size distribution analysis
are presented in Fig. 2 and resulting cal cul ati ons showed that the

st andar doglyi at FRm gnd ot [led! -of i af i r 49 and.42 9%
r espect iqvm. The stF %d:fjr%3%3@%%‘?@%%%@9@?@3’%@@8%f] éec%ra&%lﬁvé i t h
t he pri meitpsrabwish respedtits parttiale diarattysi Bhis Jbseratief is eilested 8 thevaldupitions was

cal cul at ed b%{ di vi 'n(g t he, st,anﬂgrd evi ation bi( t he. mean di aneter and
nul ti pl yYHE? #@%ﬂgllﬂ drvigtipniisd48 3ad fheeopliciant of varigtionds428%as a

per cent age. Al t hough the nean particle dianeter of Sanple A was 3.5

ni cr ons,[0941] c ouPepliteck pewderdvastaeducad by shegontifuoussdditivardfinotrentsiiamet er s

| _ . Ooone | ; pa e e
Guri g SRS Bich b8 pitfndt 50 IR SRR BT dodivel B cbA Bl bo”
[0040]  Fsnmplefdfghis Zeolite XCigdvdee (RBRMTiINB Sampl@B Pihs ¥n¥zeli fﬁg;i REGdL cles 1N

S
Sanple A are widely scattered with respect to particle aneter. This
obser vatdisiibytipnaatveastfeundip harea eae phusiclechiametehef 41 mitioes based damhss

devi at i i . and..the coefficient of .wvariation.is 42.9%  [0041] A

zeol | te(}%q{ﬁ%l\ﬁé'eﬁ%\?\é%sug§ @8%@8 pgxgpclwézeccgﬁpg%@a i are BWS‘?Pftgq‘n’tﬁltFrlg%%d in5s
accor danemltiMot dalduli Kaest i f . i i S
7 oo el QoSN RAMR At S Ul fod Sl AR BE LB e P o)

was 1&inallyfeand2§e2%aestectivelyi ze  di stribution and was found to have a nmean
particle dianmeter of 4.1 m crons based on nmass frequency. The results from

the par {0GR¢ siBendFi 2)ibuid basean day fepattictesih SaBMED atdleld WideR RBkred

resul ting_ cal cul ati ons showed that the standard deviation and coefficient

of vari ér?iihdﬁSRﬁétrf@ ppgficle dismetey comparog Witistraamnle Yol This poenatiorioweflpsted ar] i t
can be | I I are les i d scattered wth
r espect §t thrg?? ?élﬁ%&é@gé%{nglrv& gae%glrégﬁ\(}mgrtdﬁﬁeﬁ I3 fﬂpxmﬁfﬁ%% iRt ?gn is
ref | ect edriatios is 3sppQrted by the cal cul ati ons wherein the standard devi ation
is 1.04 and the coefficient of wvariation is 25.2% 15 [0043] Anot her

zeofq t € [004BpVWIEAn MRS RORUL PHwlY: WiHrGANEN BY AkScABHLS L aon Wb E RS

accordance with the method described in US 6,773,694 B1. A sample of this zeolite X
powder (identified as Sample C) was analyzed for particle size distribution and was found to
have a mean particle diameter of 6.0 microns based on mass frequency. The results from the
particle size distribution analysis are presented in Fig. 2 and the resulting calculations showed

20  that the standard deviation and coefficient of variation were 1.34 and 22.3%, respectively.
From Fig. 2 it can be seen that particles in Sample C are also less widely scattered with
respect to particle diameter compared with Sample A. This observation is reflected by the

calculation wherein the standard deviation is 1.34 and the coefficient of variation is 22.3%.

EXAMPLE

25  [0044]  The data presented in Fig. 3 were obtained in the following manner. A pressure
swing adsorption (PSA) pilot plant was selected and used to simulate a large commercial
hydrogen purification system utilizing multiple adsorber beds. The pilot plant consisted of a

single adsorber and multiple equalization tanks which were used to store gas from the
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accordance with the nethod described in US 6,773,694 B 1. A sanple of this
zeolite X powder (identified as Sanple C) was anal yzed for particle size
di stri butwonoendsevas found to have a nmean particle di ametrars2akb/061409 m cr ons
based on nass frequency. The results fromthe particle size distribution
anal ysis are presented in Fig. 2 and the resulting cal cul ati ons showed 20
that the standard deviation and coefficient of variation were 1.34 and

22.3% r i i &l ! e ticl in_.Sanple C
are al so(ﬁ?fglgfsi{ %?es?{e S's %%%5%%1%?%8&@22%% alat%‘ 0&1%112?@% 8f32§ m@%@el@gﬁg& ed
W th Sanjl48 mdn. Thi s observation is reflected by the calculation wherein
the standard deviation is 1.34 and the coefficient of variation is 22.3%
EXAVPLE [0845][ 00 Adkorbbs: phichlals a8 BleBkell Trofl SriorrV RSt ' A

fol |l ow n[g rra]nner. .(,)Alf pr_eﬁs;.lg%(e SWi ggeﬁag.soroptiﬂ‘(l)% (PSB\) eg?}pg?dagﬁdgﬁ?‘p&é/;@
sel ect echayig the pajticle distribiitianepraseintadge Fig Arand ovaalloadeg dirto gleradsonbied tedtafon

Sl nofe 268G e ndhh bPu RS RIS pofihclonShRLh fh B sy G e 5 seh o
gas fromyid1BadedviOnd PBL Ak 2601fe RABLHBROQPH HEIANR éla%gfa%{gﬁghﬂg?%iﬁeﬁe% feps.

The cylindrical adsorbent bed had a diameter of 38 mm an 3048
i nn. [ 00443 mad s Breasisorheat hadovdsadperatasinpnepioednimendmingtheadtorpiiml stée X
powder (Sanple A). .having the parti.ccl jstribution presented.in Fig. 2 and
was | oaoaé@r{?aﬁtn?)an%‘tﬁ@eg&t% at 6"&?@3 (g ?h%teﬁﬁ qgﬁ‘i 83 comtainerh & Yume RIS, of
the bed WRISodeRaT? Y oMintdhed&ednl o] 9 Lth
the pri olpﬂaréfe zeol iot e eQ; ( Salrtr%?fg%gr)l&;%rt I %ﬁ%}g?{g@ g&?%@@%ﬁ%ﬁ#@ﬂ%ﬂ% er of
1. 4%0 nm mthenezid di7Feviluine gewvast capemati @ddé. nTlanfead pressuraman efaitaintdgt t he

adsorpt i ep nd was mai ntained at a tenperature of 38C. The test feed
gas cont%’rbﬁg a;7he 38&5?@%@?@&%85%1&@%%%%8%%%% e thePHIgaPE r ogen, 2

vol une pes&eRk [ _ e REY . 7. | ue
per cent céar b%nlog?gé%iggg%‘?’ﬁ)gg?ggd@gérfgssur e&\%aagﬂ%? n %ﬁ%g@?tﬂ%‘%&?» %dﬁot he
final coudrifenihugepTetbtimefat ¢aoh cpelehavfoar mapr 2#ps kidsomprion,t dveurpeitge or

regener a&i on lgr essure was 159 kPa. Tests were made at three different cycle
times, idegressusizafions regergration andpregwirizatinny The fmerdiyiribgion, sypesedas f our

naj @& st ' c i Zat ] s l.an. and
T 98 SRS 5Ll SR GBS LA s LERPISIAY AL
The feed rate was controlled to achieve 10 ppm carbon monoxide in the product hydrogen.

The flow and composition were measured for the feed, product and tail gas streams, and then

the hydrogen recovery was calculated for each test. The resulting data are presented in Fig. 3.

[0046]  Adsorbent particulate was prepared from zeolite X powder of the present

20  invention (Sample C) having the particle distribution presented in Fig. 2 and was tested in the
pilot plant in exactly the same manner as described hereinabove. The particulate adsorbent
had a nominal particle diameter of 1.45 mm. The resulting data are also presented in Fig. 3.
Sample C (invention), as noted above, had a mean particle diameter of 6.0 microns. In
contrast, Sample A (prior art) had a mean particle diameter of 3.5 microns. Generally a

25  smaller particle size would be more efficient because the diffusion distance is smaller.
Despite the larger particle diameter of Sample C, the desorbent prepared from Sample C

demonstrated unexpected efficiency.

[0047] From Fig. 3 it can be seen that at a cycle time of 14 minutes, the hydrogen
recovery was 0.1% greater while utilizing the present invention compared with the prior art.

30  Atacycle time of 7 minutes, the hydrogen recovery was 0.7% greater while using the present
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15 percent of total cycle time, for the four major steps was kept constant
at all three cycle tines. The feed rate was controlled to achieve 10 ppm
car bon nowoxbe115678t he product hydrogen. The flow and eomusstsioorroner e
nmeasured for the feed, product and tail gas streans, and then the hydrogen
recovery was calculated for each test. The resulting data are presented in
Fig. 3. [0046] Adsorbent particul ate was prepared from zeolite X powder of

t he presgiéntdf. AR ' seplg ' icle distributi
presented i nl%Fi g. \é%gglr?g&lv\?(as t'e??gﬁéﬁ’% he épe?%{% B{ya‘&%s ]l'ﬁA’eg{S%t?rl ‘(}ltﬁﬂﬁ’ sane
manner agestatioveitizn. Heretaddoe evithlthe preaert: inwehtio, thelEaprbest hy degtndeeiynal
particle dL ter o% 1.45 g\ .The resulting data are also presented in Fig.
3. SanpTEOES fieHSR At Fhler cyrle Hies therbyewveringdths size and panited exnensk efiP®h of

6.0 m crefisk : ' a an,_partic

di ameter_ of ogjfh!g S?nﬁg? %%@?h%%ngr aﬁyﬁgégéh%%gﬁ%%eng%gto?gf%ygf n\ﬁ%ﬁsﬁeaﬁ% nor e
ef fi &i eris riveverad e sniedledhydrogéroplant is tierefereirsquirad!th @roduc®e selkdted hﬁ&o%@{ ger
particle dianeter of Sanple C, the desorbent prepared from Sanpl e

denonst rEPEEIGREBBect ed efficiency. [0047] FromFig. 3 it can be seen that
at a cycle tinme of 14 mnutes, the hydrogen recovery was 0.1 % greater

whi | e utl0P48i ngAltheughy e arishing tebe bamd byrapy texdrwiit is believedrthaithearelative30 At a

cycle ti . hnut es, t.he drogen recovery, was 0,7% greater. while using
the pr esdéﬁﬁo%]ﬁo e?@ﬁg}eﬁlg’@? ?’Eﬁ%@t&%@@f"éiﬁ 8 a cpeifisien variation freg| e
tinme of 39%tod0%eeblesithe fdnaiion 8Nads8ARUE, N tiRSe #r&fﬁb&[ ﬁl%}e?fon)(\tote{&h{egg
present invention. In accordance with the present iInvention, the 1nproved
hy di b geriinesresizdapd sepraior edsorbent gbaadérisionns demensthedtiersis t her eby | oweri ng
the size and capital expense of a PSA wunit for the sane production

capaci t {0043 nceThe foreduing descriptivrn deavdhgd i SURDRABERr S BASH A MR advariages
recovered, a | | er hydrogen plant is therefore re(}w red to produce a

S
sel ect e fRFFAPASEREPY the BERFSES @fribe present [rEaRIn aud the bgrefiivto i affirdeyl wish Be bound
by any Hﬂ@?ﬁ%mﬂit is believed that the relative wuniformty of the particle
di aneter of zeolite X powder with a coefficient of variation from 15%to
30% enabl es the formati on of adsorbent particul ate produced therefromto
achi eve 10 unexpected and superior adsorbent characteristics as
denonstrated herein. [0049] The foregoing description, drawi ngs and exanpl e
clearly illustrate the advantages
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enconpassed by the process of the present invention and the benefits
to be afforded with the wuse thereof. -12 CLAIMS: 1. A process for
the separation and purification of hydrogen contained in a gas

m xture contam nated by inpurities which conprises contacting the
gas mxture to be purified in an adsorption region containing an
adsorbent conprising a zeolite X powder wherein the particle size
distribution of the zeolite X powder has a coefficient of variation
from abouCLATIS® t 0 about 30% 2. The process of claiml1l wherein the
gas mxture to be purified contains nore than about 50 percent of
gaseous hydrogen. 3. The process of claim1 wherein the adsorption
regi on is1mai NAgircees mad@rseparmoe@aa perififatioof hRltbgeiWontsitad (nlDEaspsikthre
to about 7000 kPa ;1000 psig). 4. The process of claim1l wherejn the
si | i ca/ al GoRt#EinAtgd pYy igpurtise “éve,r& qopprisessoniaeling the spranipiEn toobapusitigd m an

5. The pr g@gﬂ AIES; e X
particl esg(?sgﬁgmﬁ ?%?%%dﬂé%ﬁﬁtﬁggﬁ 'Eg %ngybeout ]f%gc? r onsé%ggﬁg%ggﬁgie%% of
cl ai m | whatielerizt distritedion df theetdite Kfpowller e al dotHicknpaf tariati@sroanbeut
from6 to %% nlcrogﬁj-7. The process of claim1l wherein a pressure

SW ng adsd éﬂ?b§? 6mis utilized. 8. A process for the separation
and purification of hydrogen contained in a gas mxture contanm nated
by inpuripies whscdkobPELBES wheRindhé btnixBe 878 Firdfled tonthis BRre than
purified in an adsorption region containing an adsorbent conprising
a zeol|teﬂ%”béﬂﬂ@ﬁﬂﬁyggﬁ@@mﬂ@§ﬂ¥wﬂ providing a slurry of seed
crystals at reaction conditions; adding to the slurry nutrients,
provi de fgrane

eed crystals: ThopbraTBRlnp] YhSH P AR So NEERG BIPY fegfm
equal s t h&omrapsttdi90diPa\it 00 psix) eo abualt TQOO0 kPat(l OGO pség)f fi cient to pr oduce
the zeolite X powder. -13 9. The process of claim8 wherein the gas

m xt ure tg be ?Hrlfled Pqnta

etoll the sﬂaar}alumma ratio of the zeolite X powder is

€ Process o
between 2.0 and 2.5.
5. The process of claim 1 wherein the mean diameter of the zeolite X particles range

from about 4 to about 12 microns.

6. The process of claim 1 wherein the mean diameter of the zeolite X particles range

from 6 to 10 microns.
7. The process of claim 1 wherein a pressure swing adsorbent system is utilized.

8. A process for the separation and purification of hydrogen contained in a gas mixture
contaminated by impurities which comprises contacting the gas mixture to be purified in an
adsorption region containing an adsorbent comprising a zeolite X powder synthesized by
providing a slurry of seed crystals at reaction conditions; adding to the slurry nutrients, to
provide framework elements of the seed crystals thereby growing the seed crystals;
performing the addition at a rate that essentially equals the crystal growth rate and for a time

sufficient to produce the zeolite X powder.
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about 50 percent of gaseous hydrogen. 10. The process of claim8
wherein the adsorption region is maintained under a pressure from
about 790 kPa (100 psig) to about 7000 kPa (1000 psig). 11. The
process of claim8 wherein the silica/alumina ratio of the zeolite X
powder is between 2.0 and 2.5. 12. The process of claim8 wherein
the nean dianeter of the zeolite X powder particles range from about
4 to aboud. 12 Thepross ofldaim® ¥horeRORe SasahixGiréioBedutified eoiiaihBiorE@ih
di aneter of the zeolite X powder particles range from6 to 10

mi crons. abput TP perpens eE&aseess hyfmigar-8 wherein a pressure swng
adsorbent systemis utilized. 15. The process of claim8 wherein the
zeolite Xypowd A i i 1 M Ys nhRSai LGl

of vari at }@n fnr?%er#gﬁegg? p(%%% %{gﬁg gllzjttﬁ © %S&Mﬂfg%gﬁ&&? ocesesl]ﬁ?cgl(rﬁﬁugﬁ feSitte
separ at i ofromrethopnif90fkiPe 41 00qmsig) to dhycat Y rkPadb@imsed. i n a gas m xture
contam nated by inpurities which conprises contacting the gas m xture

adsor bont korpF M fersRoCaRH ExRYRRnRERe il FE AR 08680

di stri but bewe&f2.0lagd 280l i te X powder has a coefficient of variation
from about 15%to about 30% and the nmean di aneter of the zeolite X
powder particles range _from about 6 to about 12 m crqns, and wherein

the cycl el?i meThepmpessof ¢laim fpdereindhemeen diametsr ofihazenlite X neydeiogaieles
recovery %g@ﬁoﬁ%§ﬁt @(gqlg&gqg n\{%}olﬂg_e percent. 17. The process of
a

claim 16 whérein the sorbent has a bulk crush strength of greater
t han about 960 kPa (125 psig). 18. The process of claim 16 wherein
t he gas mlkt ur €ha progess plelaifd @whersin the meamdipmetchakthe agnlite X50wder patinles
of gaseous hé/gf)Othg'c}O'lA 19. The process of claim 16 wherein the

|

si lical al fPH3"Ta SN zeolite X powder is between 2.0 and 2.5.

20. A process for the separation and purification of hydrogen
cont ai nedl4.n aTlsrocdsx biikleim & ahtein aptsdrewinglsoibehtaystediictiilized. _
conprises: (a) passing a hydrogen based gas m xture contam nated by

at | east (I"? ' bo,i]herrlg.gggég gte clz?'uqldS wherein the zeolite X powder has a particle size distribution

has a coefficient of variation from about 15% to about 30%.

16. A process for the separation and purification of hydrogen contained in a gas mixture
contaminated by impurities which comprises contacting the gas mixture to be purified in a
pressure swing adsorbent system containing an adsorbent comprising a zeolite X powder
wherein the particle size distribution of the zeolite X powder has a coefficient of variation
from about 15% to about 30% and the mean diameter of the zeolite X powder particles range
from about 6 to about 12 microns, and wherein the cycle time is less than about 4 minutes to

achieve a hydrogen recovery of at least about 88 volume percent.

17.  The process of claim 16 wherein the adsorbent has a bulk crush strength of greater
than about 960 kPa (125 psig).

18.  The process of claim 16 wherein the gas mixture to be purified contains more than

about 50 percent of gaseous hydrogen.
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containing at |east one other inmpurity selected fromthe group
consi sting of carbon dioxide, nitrogen and C -Cs hydrocarbons into
an adsorption region conprising at |east one first adsorbent bed
containing a first adsorbent selective for at |east carbon dioxide
and O -Cs hydrocarbons, and one second adsorbent bed conposed of a
second adsorbent bed conposed of a second adsorbent conprising a

zeol ite Xipowdghe ﬂﬂU@@E of flatnh €6 RAEfkinGh€sibt ZAudinatritidsf th@feoBite X BBwder is

zeolite X powder

as a coefficient of wvariation from about 15%to

about 30%Pelpssn 4848¢ BiSng t he carbon nonoxi de and the other inpurity

or inpuri
by i nduci
pressure
nonoxi de

ties adsorbed on the at least first and second adsorbents
g a ar . _ ; | ) _

28,2 R By B0l OB Bl USIATR 4 08 v
camtaninhied by frepuritive whidhycoorprisespuri ties via an inlet to the

adsorption region; and.(c ai sing the pressure_jn the adsorption
r egi on. 21, @ﬁeasaa%éégér s%n base B Te e ipHed et RSk Caiba gnggide and

purified

22. The process of c

cont ai:cﬂﬁaiij 8t 13 Bne SROUMpaRHREIcRA Froff tho3RRP !eénéigﬁgg 89&4}bon

Bn
aim 20 wherein the adsorptionregion i

mai nt ai ned unddioxideprizeganraad Gir(arhydivoarborrdatolaradéarpidonrsgigh coroprding at

7000 kPa
silicalal

i na PR 5 M SRRt Bt P e R ' tmtensen

24. The procesgiogide Ghd TR Bydvbedrbdm, 4nd@nsBeudnd bdideat bedl cohfpBssaathi t e

X powder

particles range from about 4 to about 12 microns. 15
second adsorbent bed composed of a second adsorbent comprising a zeolite X powder

wherein the particle size distribution of the zeolite X powder has a coefficient of
variation from about 15% to about 30%;

(b) desorbing the carbon monoxide and the other impurity or impurities adsorbed on the
at least first and second adsorbents by inducing a pressure gradient and progressively
lowering the pressure in the adsorption region, so as to desorb the carbon monoxide
and the other impurity or impurities via an inlet to the adsorption region; and

(c) raising the pressure in the adsorption region.

21.  The process of claim 20 wherein the gas mixture to be purified contains more than

about 50 percent of gaseous hydrogen.

22.  The process of claim 20 wherein the adsorption region is maintained under a pressure

from about 790 kPa (100 psig) to about 7000 kPa (1000 psig).

23.  The process of claim 20 wherein the silica/alumina ratio of the zeolite X powder is

between 2.0 and 2.5.

24.  The process of claim 20 wherein the mean diameter of the zeolite X powder particles
range from about 4 to about 12 microns.
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