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Tha presset imventloh ralmtza Lo pufifying hyﬂrqgan.nr o
obtainine hydrogen irom & mbighiurse of gaees conbRiming the dame In a
rcher or mope concentrated gtete then in the crlginal nizture.

In the petrolens industry ee wall ur ln cerfati cthers,
normelly gaascus hywdrocssbops are obitainsd aeg e Dy-produoct. This bydro-
apybeon El,aﬂ often embeins appreclebls quentitisza of hydrogen which, 1F
vooorered 1n relativaly pure foxk, coulf be nasd advantageouely 1n other
proceasss Bush as.hyﬂrngenaticn of hyirocarboha, agmﬁuia ayntheasd, atc.
Beapoed of such"hyﬂrugan-cﬂutainimg gus ave catalytis vresking, bubens I
detydrogenation, “hpdroforming”, thermal ererking, Butune dehflrcgenatlon,
and chhar petrbleﬁ roafinery rrocepses. The hrdrogen :uﬂ;.r_‘ua pregemt in
copcentrations a8 low ag 10-20 per cent by Tcluma [ T hﬁéh aa OG-00
per goent, The pressnt lnventiom m:ﬁpriaen a yrooepa for recovering falo
hpdrogen 1n g move concontratod ord usable forrl.

Tre melr ohjoct of the nressoh iuvantién tharefﬁra le to
recover the hydrogen in n concertrated Form fvom s pource in ¥hlch 1f im
rixed andfor dlnted with other gades, such 28 normally gessous hydro-
carbone. .

fnuther chlect of the pressmt lovemtlon 15 fo reeover hyorsgen
gag in ponpentreted form frow o mixture of f:;fﬂrogm ard other gagsa in a
cootlnucrs operaklon and in a renner $ileh 16 chesper and wow'e oxpeditioun
then the mothode previonely amplcyed.

 Dther and furthar cbjecta of the rresent invention will ap:.peur
from the followlng morp dstailed descripticn emd slaims,

In the macompanmyiog drawing. we have shewn dissvemusticslly a
Torm and a;rangam&nt of spparatne olerents iﬂ}which a prefertel podifi-

catlem of the Iresent invention mey Be carrled into effech.
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I the drawings gimllap yeferencs cheractera refer to gimller
peris, Deferring ic detsil to the draving, we provide twe eylindrical
cagsy (1Y =aad (2] provided with ecniesl basges and a reticuisted merber
(R} which may ba 8 aorecn or grid, Ao will pressntly appest, ihe glst
of the prepent inventicn realdes in cauping s Iydrogen-conteinlog
gua to eontnet, st slevated Lemperatures, o ealld, adngrbent moterisl
which spleclbiwely sdaoprbs bydrogen, end thercatter, lo a separate zone,

- to treat the _aﬂsarbent. material with o condsnsable s28 tn displace the
bydrogen, end Yo form a mlxturs of hydrogen and condenasbie gea, whick
condenesbla gas may be llguefied ond aepsrated Srom She hydrogen, thus
prowliding hydrogen Zn a concentrated or enpiched E"'.'..-:I:"II:I. Toward thie ena,
therefore, the bydrogen-voantuining gas entere the systin throweh liae (2],
g wixed with o powdered eoldd matsrisl dlsckerzed lnto ldne {10} fran
= gtapdnipe [12) controllsd by '.rﬁlw; (1B} to fom & suspenston of the
8ol1d metorlal in ges, which puspenslon la then cm"ruy{.sﬁ te tho boftom
of tyeeter {1)] whers it pneass upwardly throngh grid (R} te form, above
the grid to the level [L}, n dense suspenslon of aelid in goe, cuused
cr effegted by controlllng the lineer welocity of Lhe g2 and the amount
of sollda metordal fed to the adscrpbise zone (1). For inatance, supposes
that t];E s0lld afacrbent materdial is melybdonun cxids {12 veight pew ceat)
eerried on petivated slwwine (88 weight per cér:t} and that thls adacrteai
iz in tha form of & powder Mavlng 3 partiels size of froe 300-BO0 mesh,
by eontrolling the linesr velocity of £he goussn in the sdecrptlon zeoo (1)
within the limits of 1/ to 5 Tt. per uéumd, ﬁr-.f:-rsrablq,r 12 1o B f4. per
gefond, snd supplying aufficifemt cdecrbent go tiaat the denes puFpenaicn
exipting bvetween (R} cnd (1) welgha from 13 to 25 Iba. poi eublc fooi,
then the anid danae anspemaion ia D'tlf-ainad. It 1g imvortant to noto thet
tho gicndplpe (12) 15 in communicetion with eese (2), wileh lattor cass 1=
at 8 point slevsted above aderrotion zoms (1) go thet = neturel fiow of

molid sdeorbent materdsl from zene (2% to geme {1) mey be offected by the

3
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gbatie proseure devslcped by tha elevatsd position of ease (). To

=id in thla free flow, end partiowleriy o prevent bridgzing and plugzing
in sbemdploe {17}, we provide a munber of fsbe (35) 1o oomapmication
Witk standzipe [12), throush wldch taps we forcs 1nio the gsié atandpirs,
a Eldw current of gas, sach as some of the gRa ‘n iinﬂ l:lﬂj, in crder
to malntuln the downflowlng powdered meterdal sctmally fed t:n akecrpticn
zons (1} ia eoutrokled by velve {Lb), and by conlyalling Lhe flow of
ﬁaterial, tkat fu, the smouwnt of powdersd neterisl Tsd Lo sdzorpblon
zome {1}, and the Mlmeay veloolty of the godlform meterial theroin, we
may Tix tha upzer level {L‘,I, ﬂ.f s denes suepeaalon prevlongiy referred
T,

nbowe: (L) there ig o ppeoe (8} 1o which o esopepsion of oo
iyet in ges ile very gubstantinlly lzos then "he.ln’.-: (L}. Henes, ng the
Zee exlta from edacrptiom zome (1) thwough line {20) the ecopceptretion of -
powdered materinl moy be as low aa 0,030 lba. per cublic foob. "This goo
may De pasded through anlld-zos senavatlog devicss auei a8 conbrdfiugeld
aepsrntors, aloebrical pracu.'pltutora, ond the llke, to ggparete tho laat
tracoe of adeorbont 'i'l;utﬂl‘iﬂ].. Wz have coitzed n shiwing of cmyventicnal
appsratua ac as Ho dlrect attentlon o the rosl beurt -of the present
invention. Adao 1t 12 dsalweble o int:lmie-é pluorallity of centpifoesl
ﬁepa:mtors fnot ahosm} within cees 1) I the apnce (2] to cepse ths
apparetivn of sclld from ges by paseagu of the swaponsion thers through,
or to smploy any kncwn g&ﬂ—anﬂﬂ econtaetlng devices for effecting ths
abure phptud gulls peparstion from goa.

T to thls poednt 1t will be Dhn[-i'ﬂl“i"ﬂﬁ.'ri'& hovs docoordbed tle
mathod of fecding edecrbant materlal to an sdaception rono, bogsther
with a hyirogen-contalning ges, Our .;;:ux-pc;sa In to nd:ac::‘b eri fhereby
rernve Teom the bydrogen-containing gad, h;rﬂfogm, eng to procure 4% In
ar sddcrbed fore Dnlm:- within thi vowdered meterial so thet 1.;]29 Z2E lepa-

ing thredgh line (207 will be depleted in hydrogen content. We havs
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found that terperatarea of from S00-2000°¢. but mreferably from 900

1L00*F, give beet reswvlte. The trepsurs 1o Ghe adeorotlon soae moy

= approsdmately atmeapherdy, The um:-unt; GE ocozorbent woterial
cherged to afacrpticon Zona (1} with the gno Torlsa wilth the opture of
tha adacrbent, bat ln the cags of moiybdenve oxlde oo olumine, which
we have mentdonbd, wo Flrd thek good reawite ove chicined by chawglaop
3-30 lbe. ot catelyat per cublc fact of DFdrogen-sontoining goa, mocoured
ot atendard conditlons,
The adacrbent material comtelnicg. the adaorbed krdrogen 1e cone
tlamously withdrawe from sdecrpticn sone (1) shrough o sssond standpipe
{30} slav provided with eustgble tape (31) into whick gng may be bRod bo
rrevent plogging ond 'I:r_riﬂging witidi tha ,EI‘tf:]"‘.f!‘.‘_Di.'_DE, znﬂ..:'.lm:u oarrTirg o
i‘lo‘lr.'. conbrol ralve {f::;E). The lower end of standpipo (50) 1e in ocmEruni-
cutlon with o eteam line {3%) and the ﬂﬂEW‘bE.ﬂt meterial le diesherged
. inte eaid Mne (35} afser which 1t le coreled in the sheam into the
bettom of the otrlpplag zone (2), The flow of obean cnd geantity of
Cadeorbent materdal in atripping Zane {2) iz mointcinesd un&t,r the sane

' eomdfpders sp oxteting in pduorptden geme (1), that 1o ko sey, the
velncit\;r. o the gee Eﬂlﬂfﬂr yooor ie medntolned witihcdn the 1Imdts of from

¢ 1M 5o 5 4. per sucond, and eatolyst la fuwd bo wous {2t euch e rabke
aa to lvlﬁaap the lerel (1) in zoee (2) at the depired helght. The demalty
.:11‘ 1ly Trejdized gace in rops (2 la Ipan B-5C 1pa, pop cuble foob.  The
meesty Ao Mine (35) 1 superhentad to asy 10007 bo 1HCOYF, Tor hosb rosulta,

The eteam serves Lo .pm;-_ga out or disvloee tun hydregen sdeorbed

by the sdeorbent material, and a .nﬂ.xtrura of sheon and hydrogen peosen
froe the stripping zome (&) through Mne [b0). Aa in the coss of iine
{0}, the concentration of adsdrient paterial in gas 1a very 1me, bt
ngverthelees 1t contalpa sufiicient salid ant:l'ﬂineﬂ. mterial to nnke 1t

. - necoapery Lo poAz the mixture through gas-scolid contacting dsvlszez which

Wwill remove the loat tracaa{{uf' eolld moterial, such sa coentrifugal
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sapars Lora [50],_ Twa or more of thess Zenareasorg mey o8 ar_r_nlt':;.rad, nnd
alsc -me of more slectrienl ﬁrecipimtc‘fq, if natesanry, Lo esparuaic
the agaorbent weteris]l from the stesm snd hydrogen.

The zald hwircgen snd sbean in iine (53] pesses througk =
comdenser (703 vhere 1t 18 coolsd auffislently %o condsnes the giee,
and thon the mizlbure of condeneate cnd hpdrcpern le discherged into o
moperator {75) from which the nyérogen-conbalulng ged uafy bo recovered
threozh lina [(76].

Tnatend of soploying relybdenwn oxdds @1 alvminn, whick we
Lovo found 1o capetls of aldscrbiog at locet 7-8 volumoy of hydregsn par
volume of cotzlret, we mesy ups oiier odsorbent oateriels euch es $he motels,
L:-x.'id.ns. pe gulfides of elements having atuomle rmmbers 23-23, 41-47, 'fl’.--'i’F;?J
cnd 52 of €he Perlodic Bystem, TE will be nobed that sll of thees clemerta
arc of the tremaiticn geries. Thco metals, u.xﬂ.&'as oo anifides may be used
plone or eupported on sultable materisl, =vck za zn aeid-treated Bantomltic
alay, ackivated alwolee, pumdes, Attorulgue cim;r, ailicn gel, allles-giumina
gel and the like. Portlcnlarly switable adeorbemts ore cickel en soid-
trested Bentonitle cley omad mnl}r'bﬂaﬁ:;. or aluming, nae provicualy mentdonsd.

To Tecepitwlste, the pressnt inventien le concermed with obisla-
1vgg frow a hydrogan-contalning gee o quentlty o X riroEee-containing goe
rivhar in brdrogen thon the flret meationed gfue. We asecipllsk this
reatrit bF crotactling the criginot hydregen-vontninles @30 with o polid
adpurbest powdsred materdivl in the forr of » fwrtulent, {luldizod mopa of
prwdered alsorbent moterisl carricd Iv donos sugpersiom In = gse 1o £
asdearolicon zome, vemoving hle adsorbsot neerdal craitalmdng adaorled
bydrcgen smd condueting 1t o & stecn stripping zooe whers £% 1a contouted
with steam ia tho form of & bupbulent Fluldized run of pobdsred wmateriel
porided 1n denge suependion in asid stesa vhersby the ateon werves Lo vurmy
hydromen Trom She sdacrbent to provide o goseons mixtore contesindog atoow
and hydrogen, whlch miyture mey ba coclaed to condsnze the weter and to

ronrlie o hydwogoen-enviched goa,
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Wiihous wigking to be boand by any theory of cperation, wo
hetigve thoi our prean=a opsyetes a8 followe:  The aolid adacrbexnsy rmterlal
in sgacrption zome (1), that 1o the metallls, sreforentizliy addcwbe the
hydrogen from the hpdrogen-rich etresm. At .bhe asme time the sdgcrbent
¥ill pe relucsd smewbot, In tho otrlpping gono She sieam wiil be prefer-
ankially sdavrbet thus descrbing the apdrogen fpom the purfaee. A6 leaat
partial reoxldation also oy coour, baws contribuiblog o tha hpdrogen
releagc. Ia the cose of Moly on alwning abous B0% of the hyfraoges obiained
wag adsorbed on the purface of the sclid st 1000°F. and b abmoephere
ayeaEnre .

. Our procesd lo distinguiskehle over the art om the at.aarr-.—.im
prosess for making hydrogen, for exceple, Io tee pertlculera aa Folloug:
{1} Ths tomperstuprss enpleyal in sone {1} of ciy protess ars lowsy; and
{#) in the sbepm-iron proccas oo spprecizble sactnt of jydrogen 1s adgorbod.
Tt i poesstbla to obtolr comuereially pure Ivérogen by ouwr proveds from
geres contalning e miner proporeion of Aydroged.

There will come £ time when the aclld sdacybent materlal magy
becane foulad with I:',a.‘:"?:HZ.InﬂGED‘.lI;J metertsl due Ho tha Teet that ik da in
nmtact with hydrocorbome and, dn warticular, elefing ot relatlvely ‘l‘l&‘l
tempetratured, ead In thet cuwac 1t #ill be necoEdary Lo THMGVE @ atremn of
the makerial 1n line. (12} Sooo thivd fluid’zing some (oot ebown) wheye
it iz comiosted with pir for tie perpcae of Turning off codtamlnsota
mod purdfylng ‘the sdporbhepk matertel, Thila bblrd fleddlzing zooe may

he of the gems ghens and slza as gonca {1) apd [2) andé may be snersted in

ra

1like mavngr ueling, of conrse, an oxygen-combnlaing goe instepd of
hyiTogen-conteining gas, We desm 3t uwnmecsosory to illaatmate s
Faplure of cur inventien for others h\fnre iliaclossd methods Tor raganerelbing
hy Purming pewdeored sdacrbent mﬂts!;'iul whila 1t ia in the form of o detue

gnapernsice i @ regsnermbien gao.

iy
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Fumarous modificstlone of cur investlon w11E adggest thomaesisag
o thoas who are fan?ilar with Tthils ors wltihoub ﬂ.spa.x't-i_ﬁgg From the apirit
therasf .

Vhat we olelm ias

A
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1. I {:m-‘r.inuc:ruﬁ methnd For chieinineg a hydrcees-enpichnd gee

which comprisea chorping a hylrogen-conteinlug ges to an edeorption

zene conbalning o twrbulent, fluldized maee of ulpcrbent moterial corried
in Aence anspension by oaid gna, permlitiing the hydrogen-contelning gus
ke acntmot the solid sdmorbent moterdal 1n the zdacxptica zons ab olevatsd
te:rperaturuu whereby &b leest a portlon of the hydrogen 1o the hydrogen-
conteinityy gee is adsorbed by the sdacrbsnt w:utmdal withiruwling con-
tinuonsly from the wdscrptlon some the edscwbent materinl conteining
nydrogon, Torming 1t loto 2 a.zapmsim nwith ateem, conducilng the ausp-zrn-
Fiocx Lo & stripping zone whepe it la cougad to bo foried Anto a turbelent,
Fluidized mepa of afecrbent mpterdal carrled in Gerse ewspemslon 1o stesn
whershy the steom scrves to dleplace the hydropen Srdam e adzorbent
materlel, withdrowing a gasiforsm stream from tho atripping none contalning
stesm and hdresen, cucling bhe eald stresw to cumdenes the mbssiy, and
therenfter vecovering a hyarogmncsntnLqin{; gen from the condenacd stoon.

2. The metbed of alaim 1 in which the: '.hampamtura in the odectpilon
zone 1w within tho panga of from about S00°F, Jtci- ihO0'F, snd the pressurs
i about 1 etmoephera.

5. The method of elaim 1 in which the sclid ndsorbiat muterial g
molyhdentn edde oo cluminn and 4n which the adsorbendt mberizl has =
paaz't-iele glze smaller then abouk 100 meeh.

k., The methol of elntw I dn widch the Flnidized maps of adaorbent
paterinl in both the ndecrobion zone amd tho sorippiog Zeme 1s obtolned
i}y epuEtng o gaslform weterlal present ia the eoned T.-k'..ﬁ flom amwerdly =t
a Telosity of 1/2 to 3 £, per oecmnd, ond further bo provide within the
pedd sfoprptlon Zome, Trom 5 to 50 lb?. of adeorbant moterlal per cuble

2opt of geedfcont seteplel fed to the smid monea,

il
B
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5, The methed of cisin 1 in which bhe edacrbent materisl 1o
golybidemrn oxlda carrled oh alwming.

5. The nethed of contimaously recoverlng hydrogen from 4 Zaseous
mixtere contolning seld hypdrogen which comprisse conbacting the azid
gagecls wixtore with an adeorbent in tho form of & DowdeT carriad 1a
denge erapenaleon In the suld grascus mixture Iln en adeorntion Bone, She
sald ndeorbent costeining a polyvalent metel capabls of sdsurbing hydrogen
vhereby hydrogen ie proferentlally adsorbad by the adscrhent, wlﬁrﬂw-
irg edscrbent materlel contnlndog kydpogen from the ealé pdacrbeat zons,
treating the scaorbent materlal with ateam to dzeord hydrogen, Iin =
desorphian zone, withirawing o gaseous oirean containing hpfregen end

shenm, coafenaing the stesm end recovoring hydrcgsn fgad.

i0.



B O L T S« Y I

.
Gz_:_thz_ﬂ.tmumw NIDOVOAN .E.uﬁo

(OF

]
) il
WE LY
~~oF
Bl Gl P HOLVEVERES Iﬂ 4
AL IED sl [
< )
7
HASNIAND™Y ——
d[
.J i.u ..}IIN..
| U -
e u - {op
Q9 L Log

- {a¢
Cwnivasg
2¢
e oS
Uy |
= ‘
ol P
vy

ATTOERNEYS

sy bl

wF

s 57 Litppusd oy

1
$3 o
H Y
AN
] 3
fi\



