GAS PURI FI CATI ON PROCESS BACKGROUND OF THE | NVENTI ON
[0001] The invention relates to a process for the
w@osflissag i on of hydrogen based gas m xtures PCT/US2006/011409
contami nated by various inpurities, including carbon
nonoxi de and at | east one other inpurity chosen from
carbon di oxide, nitrogen and Cl-C8 hydrocarbons.
[ 0002] The proce f j [ | es the
i mprovenent of cmgrﬁlﬁ-@]ﬁéngxﬁg%e@ggéﬁsgr t he
separation and purification of hydrogen using pressure
sw ng adsorption (PSA) processes utilizing a zeolite
possessi ng chapACKEFROUNI® OWiITHE dRVIENTION e
unexpected results. [0003] The production of

hi gh-purity hydrogen is of great interest
[0001]ndudthe insehijon relpées|te o peqcessefors gromugisicgtiond hysiegambaped gas

i SRR 7 U B AS Be c Bieb Pattlast o over
impukifCeHREdZRbrh @AbBH BloREREHitropGOAM]C, LO; Hydeocarboas. art, PSA

processes have proved to be very efficient in the
[0002]e pa Tt provessfof gassinmention eaablesthie inpprpvaneent of egnvertiangk processes for

e B o S B ROGA E BR ES r BARBs ) proceses
utiliz; BRpokRESn AU ARBECONhibR QleABaarnd iRRpetddebulis ty
of” a given adsorbent for one or a nunber of the

[0003)ont ditiepacdustjors abkighmpuety lyfdrogen igafguentinisrest inslupfeially, the latter
. purjfied. .[]O005] The choice of,the.adsorbent is
bein il e MO ARG e oAb E S S PR gfom gfanetbanol, he
prod&&ﬂl‘ﬂ'f%xt)élcmﬁ 5RBMSSbm A aBodpibREREs. F Ul €, the
adsorbents are selected according to their ability to
sorb ,and.to d r i fi . P .
o00Bf'S2'R B B RaRSRRE}S b PR, e e Rfhaion o

gas BixhiréSindil PaRiculdd en AdgR6RREDN bﬁﬁure dparogtesr atydesd®in gas
one constituent of the mi xture by adsorption of this

mixtyres sentemenateddry Yatiouaimpyiiast PHAdTosesses takesivantagaelthe

t he adsorbent. is regenera ' e S LLE
sl ftu EREB el REORER il ob ol DHSELBSA ARSI
subsHASA TihOFhsindixRe 6f bd iredd. and conpl ete, so that there

is an identical regenerated state at each new cycle.

[OOOFE \éﬁ o chbice lof tHfe! £188rbERAL Rf(mle?nﬁﬁ'ﬂeb whe 'itheggﬁ(ﬁro@l t8@8ature of the

esorb a specific cohstituent of a gaS mxture iIs
mixtare to e tieated OfA stagenspenilé,ithe ajsertehismage wbevtkidt dcoosling totther ability
PSA process envi saged and in_particuyl ar of the .
to adseypradde deworha épfi‘f‘ﬂfg"s%‘{]’fll%o“@én I fch FSA PIOBRE]S inBekys he operation of

pres%%%%}c s, 31 %Dtdr'l}gt ﬂtﬁhég,] 't’l%eﬁaeds&bgﬁt WUk SdrRds SAB4KE Bhd Yonstituent of the

I Sés
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
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impurity, it is desirable for the adsorbent to be able
to adsorb and then desorb not one al onebut a nunber of
wo b@saijenpurities. In point of fact, the adsorptT/082006/011409
profile and selectivity for a given constituent are
often influenced by the presence, in the gas m xture,
of other inpurities, this being due, for exanple, to

but o} IeP bPHE RGO NTrOfoihtb AR SRR b&%rﬁgornt L{}ﬁgﬁdﬁ’lﬁ 'sBRBvity for a

ese various consi derations account
giverr conptitent yre ofteh ireflupncdal lynthe prestree pipttherpasarhixtire O3 JBA impurities,

by i t of t d bent. | NFORVATI ON
tis 5 s ORI I Bl B8 AU Qb pasorbert. These

v TR W USRS G L BRI por
proc&ses3y, o panmant d€thetadsorbantbi nat i on of two types of

adsorbent, the first, which is an acti ve charcoal,
renoving CH4, CO2 and water and the second, which is a

zeolite of type L ni ' ki ng possible
t he renoval of tﬁﬁﬁﬁmﬂﬁMon nonoxi de.
[ 0008] The i nprovenent of performance characteristics

[0009f PIArPaRERSHE Prdddbtid6f INIRTHA HoRDa ﬁifdﬂa&%{e ?i&g‘? gaPibkture

in particular with a view'to obtaining a

contdigidg Y3 rCQ4, €1HY, NiheHpl iNbemd avedertds émpurni tesg B84 3041 & prevides the
adsor bent beds qperating, i arall el have been varied
com ety gy p Aoy o Aioept Jha M gviiplBrsjactice shasgosl Jamoving CHL,

coSha g RROLLLR. il gL el RhmpBthER g
possiblatbe semévad of themrirogen@aR the canbon hyebxdden ri ch gaseous
m xture using zeolite X. [0011] US 6,5 14,3 17 B2

[0008] S CIThSeHpRoVRRONDS el EmbifdetHadBerstZR A IPRA }1BY¥ds8& Br the
silicalalumna ratio of 1.9 - 2.1 including

prodpgienet didiegen.gindhn particalar wich avigw @eotdsidingre, bateohRirogsd yield, the

477..267 disclgs a PSA process using zeolite X with.
s 41 e R oo S8 P Mehtleb hischp i as
illustedté€in0ge 9, 3®1prgocess for synthesizing a variety of

nol ecul ar sieves wherein a slurry of seed crystals is

[000?]r OW@J§2’,8§@,§4@ggl:fo%é%@e%te% Eﬁdd @Q*I%s Mat %ﬁ?ﬁfs%gl%{:t?‘;eclrsﬁ Q(?sorbed

ramework, e.g., alumnumand siTicon. erate

thereaddi tion of the nutrients is controlledsuch that it is
substantially the same as the crystal growth rate and

[0012]:J C 25{3‘%@7 8,899 isbRsSUDRbAIRS FéHrbMotifg TS, Bh 'R dRfeeR 8 gaseous

mixture):lsing zeolite X.

[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
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
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SUMVARY OF THE | NVENTI ON [ 0014] The present invention

i s based on the discovery that the use of an X zeolite
wa@dwenissmt having a particular particle size PCT/US2006/011409

distribution in a process for the separation and

purification of hydrogen and particularly in a PSA

process results in an unexpected and significant

increase in t|V|t and [ecov of h en.  The
suctytB 8 it T B e o A S SHEh fifers
subsPHEAIROS I QWA O nBRTcrieuld, and per vol urre or wei ght of
adsorbent. The termrecovery denotes the ratio of the

hydr ogen produced and the hydrogen in the feed gas.
[0015] More speC|f|caII%, the invention relates to a
process for the SEMMARYoRPFaAEEINVENIAONon of
hydr ogen contained in a gas m xture contam nated by
(001}[P p bt ey TR L AR S SN ACHER Ak 088 fUSK Yl e
nan adsorption regi‘on contalning

adsoﬂiéﬁolﬂeblﬁ{g a patiplilaspaiicle se @lis‘trﬁlﬁlt%n\ldil emheddesd foe t}maereparahm and
size distribution of the zealite X powder has a

purifgesEipp iOEhié(HPg@f andd?airmqlw inadmA B%CF%" regyts in e wegxpected and
Slgn@‘l%%ﬁt élg%gaes FtlY% gr}g%d\%%'ecﬁyyﬁéb geﬁ 1o {e%eﬁgdl{c%/lty denotes

n a gas "'mix

the re@NbBME R}am% cﬁ}hyki[’ﬂ%h Ipwcﬁ@ed/\f%rmbuﬁmdr YRS e ghing
the gas mixture to purified in an adsorption region

adsothent. al' b tegm awoaqtgfdemetw thegaiie pEtha éyérog%pliosi@cgd and the hydrogen in
th fs%dwt hesi zed by providing a slurry of seed crystals at
©IPERY on condltlons adding to the sl urry nutrients,

to pravide fra k elements of the se rystal s
[0015her é‘ﬂwegSPS%ﬁﬁaF » ﬂ@ 1Byeiop ?%?%F%a Prp?&?%‘g%?“rﬁ%ﬁ §eRagon and

purlﬁ‘&ﬁbﬁ PRy @beédh d;ﬁ]?ﬁn&pﬁt ?J#@Hn)farﬁﬁ%h% Oglg)uﬁﬁ F';]'\R'ﬁll()h

ratecand for a t icient to cet
compﬁ@b Ictn&aé(ufg thy gas M}ﬁﬁré]to BAa ptuhﬁdfd mrdncxdsasrptlbn edgidrhéntaining an
invention . is a process for_ conductjng.the contactin
adsoghfent pRIMpFAENG? %@W@X whereigdhe pastigle sigdistbytion of dhg welite X

pOWh&sf?%%%S%@ o 1 e TS ehbod et o

j ects, enbodi nents

f thi
00 oy AEherriockied s Brortlingh 2 prose O R RBR ERingt bydrogen
Contm &) galsq"}ix%e Ibiﬁaﬁl%\&!d‘@ﬁn{&%% wﬁicﬂl&) ises contacting the gas

|agrannat|ca y represents a lant for the operatlon

mixinfe ta berpasifiad én swedwgrEBnoegdn omntélﬁﬁxg)anmdsmbsm doprprishng a zeolite X

f
syntl?gs,gzled Ibg:f%trcl)xggln%%dsh? ! od# scetecll grr;/st%{s at e(:jarctq ne Qonlfitltlons acpcﬁng tonthe 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 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

adsorption (PSA) system.

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

apparent from the detailed description of the invention.
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adsor bent beds. [0020] Figure 2 is a graph of particle
size distribution of a prior art zeolite X and two
wex@apl®ss of zeolite X in accordance with the PCEESI6/011409
invention. [0021] Figure 3 denonstrates the
unexpectedly inproved hydrogen recovery in a PSA
systemutilizing adsorbent made from zeolite X having
a particle si ' ' ' it ff1.gLent of
variation f Sgﬁgﬁlgga}oi@gn%rﬁ}éﬁmﬁgﬁwg art
zeolite X having a different particle size
| St I ' i %@s@ﬂ RITh 16N f6FthE IdperdabiMELT A BN ssure swin,
[001?]002%%1%@5@%@@&%@%ﬂ onjfeS elﬂbodi. ment ng t he gg ¢
adsonpties €M A) proesss farthe phdficationrad prmdugton ¢fdydyeses géitizing ten
ontained in a gaseous m xture contam nated by carbon
adso‘%’ﬁﬂt(ﬁﬁdﬁ‘e and containing at |east one other inpurity

chosen fromthe gr Qup consi st i ng of carbon di oxf,d%( ancFI
[002611 - CEigwyel? svhetph ot patiplesizedivupytianqtapriop artgaelite X and two

b X W | th. at f hent sel ective
examPI o ot 0y Bo AR I b SenBRRARR 3
drocarbgns and a second adsarbent c Lising zeolite
o0 e S R Pl A BUBLEL b4 s
185 e BT h BhrkieR shZeQidtiBbHidPOwith a
Sy e B ]
coefiiden odivagation feorpr 6¥ctor3®d esrhpatedreith privhart geglitenXxhaying a different
.cont ai hs . car bon nonoxi de, carbon di oxi de, nethane,
parti¢le sizg fSHIBI@ hy dr ogen. A source for such a gas nixture
is a methane steamreformng unit. O her gas m xtures
whi ch are suitable gas m xtures originate from coke
oven uni t SpETAThARNC DEYCRIPFION! ©F | THE! BNWENangNanmoni a
plants. [0024] Preferred operating conditions in an

adsorption region include a pressure from790 kPa to |
[0022D00 Ih efeordange avithemsenzodinertt pbthe@resenioingemion, tegrrgration of the

v SRR B RAAEE5, Tl ) A e Bt
leastRIn@dthel MMFRIYRASsch RIS PSR colBRtihd bSéarbBhitldivridendd C;-Cq

adsorbent's are arranged in the adsorption region so )
hydroérabortsteempeisesiontagting feesese snixturowith at lsashoon éird fadearber gelective

for 5o 5D GBS B3 BBy et g st O

isi ek QR (eESHrBle sizB @isAHRALR VP theSRLBEIX Ys @koefficient of
com é%é Eefogi?é%g%on di oxi deegnd %‘Sor C1- C hydrocar bonss °

variaiod fromt 15%eo 0% fot cathdn afonpkide aud vitypgemrenragl.on, t he
adsor bent nade from zeolite X having a particle size
[0023]  According to a preferred embodiment, the gas mixture contains carbon monoxide,

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
affect the purification but are generally avoided to save energy and to minimize plant

investment costs.
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distribution with a coefficient of variation from 15%
to 30% This result can be explained by the fact that
wo b@eaiforei ency of the adsorption of the zeol i PET/KS2006/011409
adsorbent is increased once the inpurities O Cl-C8
hydr ocar bon and carbon di oxi de have been renoved by
the first adsorbent. [0026] Use nmay be nade, as

[002$gs 02@1 %r %e}%ie se% aocf%érbe 33fe Jr%tilgg lrélbtgﬁ g?sogétlon rgglon so that the

gas Rh@relphses ﬂﬁ@lﬁgiﬂﬂbm che ikl 8 ok, Rhadbdnbii®thaf theReS@ency of
various adsorbents in any proportion. Wen such a

the mpa(@mrecq%d bé @B’féﬁlzed by mbcmgeatethgml@t off @%adsglm@@ntrwon the
ar|o he adsor

adsoFbeélt% ﬁc‘uivF1 # %18?52? g{lcﬁ Cﬁ e?%hysd% ctaﬁbcps taH aé & outlet

end BT thb 'elﬂét){_hﬁtﬂﬁﬁ@Fioﬂt the @@m@&ﬁ nydde H‘roﬁﬁﬁé@lﬂteﬁx%vin@ alp le 51ze
[.0027 sili caoge s whi ch can be used accor

dlstrﬂ:mélon rw@m ¢asificiens of Waaticndigm i 6% taS@fe.i hhis h@suhrctan %e explained by
the (AR B8 P BR RGO o S B Riaahtafilng nkieediy apoe the

lmp@mds\é@ cq@n@qﬁioarmh allH 9hrbBR URXideVhadh @eérpﬁé(rrfo%@tay VR first
density he active charcoals and prefilter charcoals

adsoghest. for exanple, sold by Norit, Calgon, Ceca, Pica or
Chenviron. [0028] The use of zeolite X has | ong been

[0026howUsendaybé iade s hasorbdie sclegibiat least fanchrbon dibkiziRtandfor C;-Cy
of hydrogen contained in a _gas m xture, However, until

hydrp@%bm of aneetive &b@rtw%n%preﬁﬂﬁwé@mﬁl Brsﬂlfa(gﬁh@ wpsitieef these

V&rl&%%? : rR%rﬁ? 1r{)§1 aPéOIB%{l] otW]h B%ﬁé}?#né:&?fe i90n 8'1(1: Zig iZE' eﬁ%?f%faéale to

arrangebswiaiotl @Bndteaaind dthd asiufe) undie aﬂﬁbr%)ﬁorﬁ%gﬁﬁll fedle fdrm of
US 6,773,694 Bl. The '694 patent discloses a process

sepafase laygissh dhat shegps smiiure eoes iy ewnfachwith gaelylager indua.
crystals is grown by the addition of nutrients or
[002Fpur cBe silica deds Whiaheambk psed. ageordamiguaritelinvanidnsird thossicommonly

The rate _of addition of the nutrients i.s controll ed
useddp dhe qth aThese gp Wﬁ@}aﬁwwaiﬁ% i prrtigalay Bem fofeyASorbead

gel). QTH%J%ﬁIt@J (ﬁla?&(éllssa&‘é; Qctfda%pafc!?% 6f tugg }Hpa%tg Bhd f ¥ 188 density.

ation of new crystals teac
The tetiviclvharcdels and preditidr cheirdvatisaraffopesapmlé, solddsaNodite C)ﬂgon, Ceca,
and_is [ ncorporated herein by reference.[0029] The
Pica pg Ghem¥irfnonder having a particle size distribution
with a coefficient of variation from15%to 30% and
[0028} odubedise iof zealise Haras dong haen tkhewh 69d ufplizedrfor theseparation and

.unexpectedl y been d cover ed oduce super i .
pur R RE by ot GueT SoA 1 TR P PG SO ety the traditional
metHHTPBKHe @hﬂ%@@ pbWdé 138 SedH Bt biéh cr}&@llﬂ%on of admixed starting

synt hesi zed X zeol ite powder preferab

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
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.
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mean di anmeter in the range from4 to 12 m crons and
nore preferably in the range from6 to 10 mcrons. The
waewbili®w78 powder preferably have a silicalal uPETiES2006/011409
ratio from2.0 to 2.5. According to the invention, the
zeolite X can be in the formof crystalline powder or
of aggl onerates. Zeolite X aggl onerates are obtai ned
nV 0 . . ol o
0028 el ARG X B £ R0k <2k M oI E Lo of
varidtonpfr@nd sBto30%rhxd pdacedriy atwbddnoe witahd t694nawaehas
W th ter and a binder (generally in the powder form )
une%atef“g@we% gissgyesed torradyse SHpRTIOT Bestls S g separation and purification
.25 .Gt | . ' - DUr | th
o B O R A e R 2Bt by by has o
mean dianictet in g itangdifromed e mithins aadmdie predihily e teyrange from 6 to

pl aci n% the aggl onmerates in a reactor rotating about
10 nyipxomp- The Zrakide e nogitdst pistrarbly ks 2 silen/plyrand gha froax?.§ to 2.5.
Al L BRSSP o

agglameranys. "Zzobiwtlabpgloplentaste okaigkd oRmivahesnally typalifg tRedf standard
bal | s, are obtained. The aggl onerates thus obtained are

agglomerptionprecessss L be pgglomerated zgolite wprrion enasple, bserepsesd by mixing

£ OX] e . 70 .preferably.at, a
o PRSP R AR R BBAY Bl g e and e
spraying lthid enixfudd orey 2816 ag@lombiYes adtifdaPdpckdérafion Sdelll Riring the
or alumna. A zeolite crystal powder typically has no

spragiaps the zelitn gegpmetatesarapantingoesdy wotasphaenut ihenpekybsr Bk gan be

N rpgrated therewith to be shaped into.beads, .
st AR OA A Pl EIoBIEbP gt O RG e PO GGG g aggptiona
axis e BRtatBSROAES Ploferdb beRYlihélthed ARG ect ® tRE QEMCAR]Nction. By

formed into aggl onerated particles having a nom nal

this piogefs: eammpnly densted dn themm byRegewbH @gsowss, mgglometrdiedindhe form of

reparati,on, the aggl onerated particles, used . in the
bR ey Tog pR B WD e iR ed e o,
tempERAMuRQfBeRAtRh B P Rxintkely 508 hid ﬂﬂ)@ggl‘éfé}%ﬁ/ af AtAbSLRTe in the
zeolite X preferably has a bul k crush strength greater
regiarhefrp0960. Sufehle bG8G]indluds fali axgmple, tlkayi suchnas kaslin, siliea or

stunfii 1 A 2SR b ok Bisaibbiiocis lfdie piopotnagd knte a binder is
prefREB SRRt atRl BRAEGEN tdbd Jl‘ﬁ}é%ﬁ%}d{‘iﬁ@a?ﬁ [g'glletg I'E@{ttru;k:létes b\§ther forms

cations which are associ at zeol 1t
for ihdustrialoskascaneads obientm ThetZeelite Capovodes isrprefdrablp dornerll ihtp

or conpletely ion exchanged with the_ sodi umform
gl GBI PPaiqles VA SPUTPRULEBARTPEAL S S mm, BReedieropihe
[ 3 . r
met R0 BFerildkibh . o obtiR A ParlbChtllin MY LR Bt e
incorpesated Wit attdmder oahay de basietless. iThe assultingr svedemt contidifg zeolite X

urification of the gas m xture containi ng hydrogen
prefegﬁlay ihas @.fq]él?( crush strengt% greater than 960 kPa. g J

[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

displace the sodium cations. Such cations may be lithium, barium and calcium, for example.
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overal | productivity when the second adsorbent is a
zeolite X having a particle size distribution with a
weobfiisrent of variation from15%to 30% It PET/KRIME)11409
so as to produce hydrogen continuously, to arrange in
parallel a nmultiplicity of adsorbent beds, which are
alternately subjected to a cycle of adsorption with
ia
007 ooy e e PR AL Rt o RERISBICRR dhidlbed pereipappve roules
in am mﬁ&ﬁemer&mﬂre@wnﬁca@oraﬁﬁhé pds roixtype 0oeta sy hydi6ézen and in the
nt Cyﬁﬁf to which each adsorbent bed is

overgﬁ N ﬂ@égconéi) adﬁcgggqt A2 yq@@}@@@mmclg aige

t b ont ai njn
dlStIIi'BLfE]]Bg gig’%}f:aggﬁee@g%lﬁﬁt ﬁ%aﬂé‘tuﬁfﬁ&g E 82?%%?)/2 ?nlt?% %v% 5R s Id toduce
hydmgetsccmtmngusxbj te afrbmge 1dlp@r‘dlldl&u mnﬂlpﬁﬂ:rtﬁoﬁa!di;be BaRswhich are

adsor ptl on reglon corrprl sing at | east one
alterPP‘Fb/t sibiscishgency et é&?ﬂé}%d’vlﬁif adjalialic spmpepssiopend of desorption

T Ty
adsompt[qmqﬁecbssﬁs d’he eeatmiend dpels RewbicBidhhdeomead bed ig Sttjddidd

X having a particle size distribution with a
comprigesy ﬁ}cp%sﬁlﬂlg@th\déﬁgeathaéﬁd gaﬁ srxtBRsantrngiogted by sarhon manoxide and

confIRAE 188030 AHRA0 BRI HS B0l BBt bRt ioice e

Ci- G%)hydﬁﬁ:@ﬂbbh@ﬁlté Be adsdEfn raBI6R ¥oMPridng at 1885t 8h& BFst adsorbent bed
npurity or urities adsorbed on the first and

comg@@é Réa @aﬁ@dw%@rg sglyctewaﬂﬁastsﬁqr pagben gioisteunirogematidsfor Ci-Cy

hydl’a%gb&{soagld%ﬁg 'sc\;(c%l ﬁ adgog L) r%?%t he %&;g IQ%# %gcoga Iaam{bent which contains

sorption regio

zeolNOR Mg a@ﬂﬁitlélb 8iz8 dRBibutidA Witht é’c&fﬁélﬁﬁlﬂf‘vﬁhﬁfonvﬁ&ntllﬁ% to 30%
inlet of the adsorption region; and c) raising t

in orderde gempeve af lmé wbg@mmmde toe«gjntmn alpprifiet hyduwgen stmea:rrt atean outlet

ot i EFRMLHLE o SHED el Seresrdsan e pfpgimpuricy or
1mp1§iti%b ﬁ@:io@l@’edt&l fhe T §ahAREdonE Y8 LGB ¢ és‘félﬂ%hfﬂﬁ 'SﬂrésfsPre gradient and

phase of production of hydrogen, a secon
progirseiyely lewesingitha presaure in the qdkmp‘eorofegrcm; soTpE I8¢aver the carbon

mon%)gﬁa fn{;c} %ﬁ é)ﬁ?ﬁt C%{%lgréigtog)%tnpw1 Q§ t | ntg%t tgﬁ ﬁqﬁ@ﬁfd rgglon and c)
raisiRg Bk QidsSste e R @&?ﬁén (SH l‘)}bﬁg' oftaréﬁreélﬁ%lf lee lﬁrdrogen via

an i fmpr ovenent he yield  an pro uct|V|t as
the cugletzof thmgﬂsolqmmrreglom Thes, paohi ddgorbénttted uhstﬂbg@mho a treatment cycle

comp R TP SR PEEIE AEIisa FoombPIH Of dwmzssgion and o

thlrd%gwdﬁéwnﬁ}b§schgen met hane, CO and CO2 as inpurities
wi Il preferably be opted for, which mxture will be

[003%??3@%0 gir‘ glggl%m ﬁ}su\r’l\/‘g I(he opera?igg (()D(r)l‘l?(? H(t)nsboef%ta%%n? n accordfance with

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
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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of an adsorbent nmade from zeolite X having a particle

size distribution with a coefficient of variation from
wasties639% The adsorption region is preferabP@r/US2006/011409

mai ntai ned at a tenperaturefromOC to 80C . The

capacity of an adsorbent bed is limted by the maxi num

Si ze which can conveniently be used, either because of

ni : [.AGi ¥ sorbent . .

fronh D% FRCE" Pt b8k th fieorb O Mol MRy SRR g iz whih
can oaednieatly béugmd, eighdr becaueddBihe @icshMtical eB&RItS o£hatiaditidas

t he adsor ben%s. For these reasons, the operation of 4
adsorpent pargiclesoF Becrysoriyhe magisamm size ahi@ucanegised farshipping the

rd.d . I i B .

conirBRR ik pBBIRL 1 D RRE 18 BB Bty Bbporaion ofg 0 100

more hddoligeny Bedsemsn getbiarpaedile] Bedmdadan sheahrianird@do optimif PSA
particul arly advantageous to introduce stages of
procgssesdhe Bhases off ommresstonad deermprgesioniefche saiousedsorbenideds are

-hes . hel ' Ci si.on se and the .
syndBiouhia T BRARIAB N A SR RORIBE RS PRARR A palfation
betwash ywd Bésopbepebedshomdigihthvdeivells ot ROBB deddripresti@Sphadd asd the

gi ven nonent, have been represented. Mire
Otheéﬁbfélpﬁc@mplf%ﬁ?loatphﬁm nmonent under consi deration,
adsorbent beds 1 to 3 are in the production phase,
[00334is orIndiig. hedly the pipesthmowghi whith by dtegempiredaesat ppase moment,
dsor bent beds . 7 and. re in the regenperation phase,
hav e ey MURSPeieARY Y the BOE Weler GRSl aiorbent beds

: : : I e .
Lo B A ora g s 40 o ol phase,
adsorlesyp bedsi Valdy8 ar€iip & rédeneiRioaptask3aat ®lseeht s ventidd are in the
to a .souilce of gas m xture 14 via pipe 15. The
TECORRFTSPIOBAP3Pdr ogen is recovered at the outlet of
adsorbent beds 1 to 3 via pipes 16, 17 and 18. [0035]
[0034] | tMdsoebent bedsel foi pars fadswith thieGzas mixiune ® b peified whpipks 11, 12

nveys. the purifi h ogen,, com rom pi pes 16,. .
wa SERRAT 0% G PEAR P S50 SO0 L OB Set B 14 v
ipeAQ! tieBudfied BRdOY¥eH RISHVRIAMERGubIS: WiabiQsbatbelis P 3 via pi
PP i pe 19 via pl?%eg 23 ana, 52 and (l:lonve;led to agsor bentVlalplpes
16, Beand1l®, which is then at the end of the reconpression
phase. During this sanme period, adsorbent bed 4 is

[0038] ar t Alhghredief tte piep 636 1 ® FurPiRBSEIpO Y9 PhediSdbnReys the purified
equal i zation with adsorbent bed 10 via pipes 24 and .
hydrogen, spraia arin Pireg 14, 1 Gand 18 itqpievagp chamlhar @ 1tviapipe 19. A portion of

. ' ¢] in . the cycl.e.so
R TN T T H—
adsottsent b&t ERSec R tRISARREEd dTake Alomp¥ebdbn phfe PTRSDY s same

.equal i zation step, adsorbent bed 1
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
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

out. To do this, the respective outlets of adsorbent beds 5 and 9 are in communication via
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continues to receive product H2 gas from pipe 19 via
lines 23 and 22 until its pressure equalizes with
wadwenissmt beds 1, 2, and 3 to conplete the  PCT/US2006/011409
reconpression step. [0036] During this same period,
pressure .equal i zation of adsorbent beds 5 and 9 is
carried out. To do this, the respective outlets of

oS, T A B et i
hy diIgexs presduse, Witihea AdS bent bed af wivieh ¥ R it bdpyeiingenthe recompression

pressure, whereas adsorbent bed 9, which is at the
phasgelgiah A Highdeweruessiieo gy 280l al tha asessure diffarencerpyisting between

Sy S o T
contéibintée B the @EBoAGHESRRANT aBREbént bed 8 daQ tPMB coR@ihithnt Wbdoftpression of

contributes to the reconpression of adsorbent bed 9
adsogpent bed 8he conconitant deconpression of adsorbent bed

5. [0037] In the sanme way, adsorbent beds 6 and 8 are
[00371 ac elh the samermani adsdrbeanrt bads 6 and & asepiadedrin comnuinatid® with one

dsqrbent_bed. 6 is in its final, phase of cocurrent ., |
anotﬁ%rp‘ﬁ%g%r%z AdBFPeRHREH By s SophRERh FOsuHgE dgRsssurization and

provids qlggrrciggfﬁ Pg%%%rap BB % i agis%ljg@)t%ga %2 il-géer% E%a?h?,fi%ofgtsatsg?@ pressure

pres Ing wt rbent I’'sgrea
prevatimg witidn pdesbant bed6 tyv@ehtenBanitepressadtgpedilig within&dsorbent bed
t he hydraogen flows from adsor bent t o_adsor bent

bed 6
8, thg iy xp Eem S BF P adseEbopt posl 60 RRTPBISY 8. phdsosgmbbechiis at the

o BE PR PLAPEL Yyl B AR AR5 PRRRMEEE Pl gmprssiono
adsorbgn bed 6.6 Thadesontydriagaritiéd mll 19idtogrs flodt but@is $aif sBMrddh PiHe 28.
28. [0038] Adsorbent bed 7 is in the countercurrent

003§ C ONRAKTH . : 1 _
[ d |?s ch a?ﬁ?ﬁééﬁ {B ﬁg ’ ﬁs;%rtg% gﬂlﬁﬁgﬁ?ﬁﬁp Eﬁ‘ﬁ??ﬂé gyﬁngqgl?% gngre?s\ﬁre is

lowdred smapdis by disabarpiag the hydrogen aatl ilmpindtickede pipe@9sran adsorbent bed 7.
. stage.that the desorption of the |ppurities adsorbed
It s g s Ao HoR Saae ot e dleSapligicot (B HuBIritar Gdgtba on the

adsdPb&s o Bfled a{;:é'.g. 2 were obtained in the follow ng
manner. A zeolite X powder was produced by the

003 A pRER e e AR a A S ol Bl pyfeotice X
powd€Okas frodudea@ W ehe {rhdl8Oidl fnletithdasT tRAPAEIE cridtallBati 6t the @dmixed
for particle size distribution and was found to have a

startinganatgrialsi & sanplaekthe resolting zsolite & powsdarislentified arSasnple A) was
fr ency.. The results fromthe particle size . .

anal gt BB Rl 2y b YOG Bararh o Frog Biglpiameter of 3.5

microBS BAseH BH nek Gl @dncy N The Reurdrbiake b8 cRiBRIB Hbytion analysis are
devi ation and the coefficient of variation were 1.49

presented ¥0ligoZ andmselting ealcylatiGimeshe tvad that thedtandatd deviatma and the

coefficient of variation were 1.49 and 42.9%, respectively. The standard deviation was

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

maintained during the batch crystallization.
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cal cul ated in accordance with the principles of
statistical analysis. The coefficient of variation was
wealeulswsred by di viding the standard devi ati onP@YUS1086/011409
mean di ameter and nul tiplying the quotient by 100 and
the result is expressed as a percentage. Although the
mean particle dianmeter of Sanple A was 3.5 mcrons, it
004gpul Ak isG) -
et D, it B xRk ac [ARAR 91 AR A AR SElrile ) are widely
scattoredtwieh teepast td particlediantesérn ddhischbsenvgtiorhia rb@dotdl by the calculations

ctystal li.zatj on..[0040] . Fr Fi 2, It can be seen
wheiftsl e HapdfBide g 5 hao il B codiofht efapmBontsAzesve.

wi dely scattered with respect to particle dianeter.
[0043}; s %%@maﬁ POVder svas pradaeectly the conténusas eddition ofisutrients in

sl MU e O SRR B S rreosn. o
samypleofithis MmsitIX QBuEIeH(ilntifbe as SathpR %%s&@@iy&g&%r Qhrticle size

. phutrients in accordance with the nmethods an
distributinp ped e8s foid te brvee meatpartield diameys of A77@jGeus Bised oMmass
I ' lite X po . (identified as Sanpl e,

rea ! Pn8feshil AoRap) b PRI oSl s 5 e i 2 ne

resultip oglctiatib@yshod B R drdatdedH AR LAY cOdrridieht &7 \%Eigﬁ?ch were
based on mass frequency. The results fromthe particle

1.04 pg @5 @Ps resppetivelln anal ysis are presented in Fig. 2 and
resulting cal cul ati ons showed that the standard

[0042vi dromFigrd] icamfeisedethbt thé padiciedin SanpRPark-104 wAlsly scattered

.. 25. 2% respectively. [0042] FromFig. 2, it can be
with gespretitn Rarticleelipmeier eqrarared,with ﬁamleaga &1 abservafieteisyeflected and
b § L G |_amet ar .
spn 38 BEUE Lok SREEh 00y AR 6 PSR it o
variatiopisi23.2%. by the cal cul ati ons wherein the standard
deviation is 1.04 and the coefficient of variationis
[00425 - 2%ndkiRP4331it8X0p ffder 279 :pkécﬁcéa ?M%ﬁ)ﬂ%ﬁ)u@ Eg(giﬁglg df Rfrients in

the conti nuous addition of nutrients in accor
accorgiande witle theanétbdd desdbedimdJ$ 6,703,604 B13,4 94k of s zeolite X

ampl e.of this zeqglite X powder (i.dentified as Sanple
o it sy rButs Oy Wonraaliied 16k pActicls S Fishubmn and vaa dound to
| NeTNTeYal ; Gl i r 0
B e bt T oA B RS et ARSI lioty? THETER rom the
partige zige dissritnitiontanalysiansd prsjeatedrie Fiy. @3 tleschesultifty galcwlaBév showed
th bhe r(g:s Iti.ng cal cul gfgi_ons showed that the standard
at the dteadard Aewaton gt sqeklicdent obyanjation gyare i Sheind 22.3%4, respgctively.
' : ' it ican _be.seen that .
Frome g Yt RSP R M I el € ale o iHey iR RE Rl v

respeed totparted@diameted cpaiphied vathdSangle @ TIOODeehtioh idrefodiRd By the

,10\. . This qbservatjon_ is reflected by the
calculation wherein the standard deviation is 1.34 and the coefficient of variation is 22.3%.

EXAMPLE

[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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cal cul ati on wherein the standard deviation is 1.34 and
the coefficient of variation is 22.3% EXAVPLE [ 0044]
wab@edateas presented in Fig. 3 were obtai ned i nP€TES2006/011409
foll ow ng manner. A pressure sw ng adsorption (PSA)
pilot plant was selected and used to sinulate a |arge
comerci al hydrogen purification systemutilizing
: t. S : . [ it of .
e B S Th e e e b W GANT B Beiahtof
3048veme used to store gas fromthedifferent cycle steps.
The cylindrical adsorbent bed had a dianeter of 38 mm
[0043]d aAhirBd: paiticBRASWATPrepREFROmARRR LRERE IR Pb&&@rqsanple A)
was prepared fromprior art zeolite X powder {Sanple
having theaartigle distriprionipegsentdd st Figh2 andbwaploadeshinguitheradftirent bed of

the R Afint"Fhe GRS 65 Buhehd e dss it R0 the top 35%
wasd6Hded RiRdhé A0 Aitd RESARPle 30 PVt ﬁéjﬁﬁ’% Whbhhida Qiameter of

prior art zeolite X (Sanple A) ‘particulate having a
145w rdie adberhentded ofas bpaBtedhin al hpflew stnbendurbedheadsorption step

ond SR8 AT Emeda et Retafie AP AR, (helsoetend s 25RGHBE 73 Fplume percent
hydﬁé)ggﬂ, 0 2eslumd peRRi BirBEsh, oM PBRcREEA O mdYO%iR8 S volume percent

_7 vol ume pércent nitrogen, 2 volume percent carbon
methangord 4@.3 volwnd pereersearben tioxiteh Afhe feetipreFuse wad maitained at

cent.carbon digxide. .The feed pressure was
2200, i i ottt A REs G RS S o156 i &R and the purge or
regefl@RA QS FEduER b O NSPKES STEE Was nﬁa&@ at'fRfeeld} el o %61‘9 fe.,3.57
regeneration pressure was 159 kPa. Tests were "nade a
and {hmesutel. f Tagalgnnhe forcheh eyobelss fouramajoBstbps (Adsorphidnd cocurrent
Total tine for each cycle has four mj

m nut es. ! I maj or
deprgisaﬁéﬁlpad%eamfﬂ%% andresspttionk pHhsséne disiiusion, expressed as
>t . o) : .
re RS AGHE RS PAETAN A3 A0 T Bl e o s
The fiéedeate fuams cohieoliaito ankipos 1 Gpmpsabas naiokidedn steaptbddt hydrogen.
[ a:glgree cycle tinmes. The feed rate was controlled to
The Jopy SOMPOFHRN SisFhBRATHERORT the Tt prrsluph andifail gas streams, and then
Lt . u for «. o
e 948509803k QRS EPIRISLIL M NG R bl o i 5
drogen ,recover s calcul ated fot ch test. The
(0048 ¢ PR ReP S B ol s Erble e gfite S ptutsda the resen
inveASSiOISRRMe @?ﬁé\}iﬁgﬂlﬁtp%rti’@@diﬁ’tﬁrij%ﬁﬁ&? b 1%)% 14 Shd*was tested in the
_ powder of the present invention (Sanple C) having tshe
pilofrdant i exactly she samet mammep pedasotilewd heneifatpve 2 Tha gantiaslate adsorbent
tested. in.the.pilot plant in_ exact]l. he sa manner. . .
bad g gorgihel paigls e bof i Besar b ot are pisyPBRHed in Fig. 3

I [ j 1 1 :
SR s R} ST i i o 06 micons. 1

contrast, Sample A (prior art) had a mean particle diameter of 3.5 microns. Generally a

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.

At a cycle time of 7 minutes, the hydrogen recovery was 0.7% greater while using the present
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Sanmple C (invention), as noted above, had a nean

particle dianmeter of 6.0 mcrons. In contrast, Sanple
wa\2qopnissrs art) had a mean particle dianeter of PGI/65S2006/011409

m crons. Generally a snmaller particle size would be

nore efficient because the diffusion distance is

small er. Despite the larger particle dianmeter of
inveRAOR! At & r r 0 -

denonst r g}t’éelg ﬁﬂ%ﬁgéﬁ? d t%f ?llg ?Pgﬁgtiﬁ %g%wag rlgbné g ter yith the
presgnt ingantion. Searvotdaate withaheyresent nivemtionf, tHedniproMedes drdel® recovery
. ]ggq@Oﬂeniﬁgpov%%ylmas 0 19%gjeater while utilizing the
nabips G RYC oL RhaHes GisledBRpHhergbiovrring dhgsizeandgapitalgxpgnse of a PSA
unit §Gh€ sdn fon'd i Si r
e e PR IRl B By W fecdstrcam
is reegneirasl, ismellef hySlrégeni phart éssthetefoee nyired @prodeddVLdcYecWdhydrogen

.0%greater with the present invention. In accordance

pro ??P%%% present invention, the inproved hydrogen

recovery enables the use of shorter cycle tines
[0048h e edYhqugimot mishingtodiehound by empiheaty, évipbeliwed thanteSalative
olnl roducti.on, capaci ty. Since a higher
ity 3OS RATEBEER B G305 L o SESealifon o
15%st080YE¢nabled KRR GG ddSorbBafRued ﬁﬁbﬁh&%dchflgg to achieve
produce_a sel ected hydrogen production rate. 3
unexgeetpd athsupstionpdshrbeyt chardsteristicaas deymoastyatedberein, it i s
believed that the relative uniformty of the particle
[0048] anetterforfgoingalestriptinpdraeiiiigs\ahd bxamsle efchilg i@RtraRithe advantages
variagion from15% to 30% enabl es the formation of
encompagier by the,Brocess of Hieaprpyestiinyerfionraddhe benefits tabriablonled with the
use Hog¥pect ed and superior adsorbent characteristics as
denonstrated herein. [0049] The foregoi ng description,
drawi ngs and exanple clearly illustrate the advant ages
enconpassed by the process of the present invention
and the benefits to be afforded with the use
t hereof . CLAIMS: 1. A process for the separation and
purification of hydrogen contained in a gas m xture
contanmi nated by inpurities which conprises contacting
the gas m xture to be purified in an adsorption region
cont ai ni ng an adsorbent conprising a zeolite X powder
wherein the particle size distribution of the zeolite
X powder has a coefficient of variation from15%to
30% 2. The process of claim1l wherein the gas m xture
to be purified contains nore than 50 percent of
gaseous hydrogen. 3. The process of any one of clains
1 and 2 wherein the adsorption region is maintained

-12-



10

156

20

25

under a pressure from 790 kPa to 7000 kPa. 4. The

process of any one of clains 1 to 3 wherein the
wa@Rloeaadeas um na rati o of the zeolite X powder PGT/US2006/011409

between 2.0 and 2.5. 5. The process of any one of

claims 1 to 4 wherein the nean dianeter of the zeolite

X particles range from4 to 12 mcrons. 6. The process
CLA@%@”V one of claims 1 to 5 wherein the nean di ameter

of the zeolite X particles range from6 to 10 m crons.

7. The process of any one of clains 1 to 6 wherein a
1. pr dspiocess $ui the sepasasionent poyifitaioniof hydiogez edhtaified Thegas mixture

f V. .of claj 1tq 7 wherei.n the . .
contyimaletEby A Which.SpRRERSE] ABiACEYS Heckrr R iodeified in an
. . r . Q - -
wsfUSERBRI AR 8 0S8R AR LOI R 00 e i

size slgstribugiop of Hieszepliter 6 ippwyevds ng ot fieiene efivariayisn ditos 15% to 30%.
performng the addition at a rate that essentially

2. eqUakprddass dffcysinal wheR the pad @ixand tb B parifiedBontains more than 50
sufficient to produce the zeolite X powder. 9. The

percgnif@ascoys hydragen-7 wherein the pressure swing
adsorbent systemis maintai ned under a pressure from
3. 790hkPeocess ofGOY one Phclaiifs 1 Tink2 pherasthe aflsaptomregionfis maintained

clains 1 to reip t adsorbent has a bul k crush
undeopis thin JoB kPR Fo Dot \Gse Lt pe.

4, The process of any one of claims 1 to 3 wherein the silica/alumina ratio of the zeolite

X powder is between 2.0 and 2.5.

5. The process of any one of claims 1 to 4 wherein the mean diameter of the zeolite X

particles range from 4 to 12 microns.

0. The process of any one of claims 1 to 5 wherein the mean diameter of the zeolite X

particles range from 6 to 10 microns.

7. The process of any one of claims 1 to 6 wherein a pressure swing adsorbent system is
utilized.
8. The process of any one of claims 1 to 7 wherein the zeolite X powder is 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.

9. The process of claim 7 wherein the pressure swing adsorbent system is maintained

under a pressure from 790 kPa to 7000 kPa.

10.  The process of any one of claims 1 to 9 wherein the adsorbent has a bulk crush

strength of greater than 960 kPa.
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