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The present lovention relates to a prosess for the producticn
cf hydrogen apd carbon dicxide by passing a mixture of guses containing

carbon wonoccide and steam gver & catalyat at eleveied temperatures.

Mere partienlarly, It relates to such & process whereln the setslyst 1s

o]

maintained as a floldized bed of finely divided aplid pariioles.

SINLIT AR AL TR
LT AR
Ty

Tt 13 well known that hytrogen acd carbom dloxide may be

produced by contecting a gaseous mixturs comtaining carbon monczide and j

ateam with a catalyst at elevated temperatares in the renge of 6009F. 4o ;
[

o

J0KETF. This 1s commonly referred fo sz the Pehifi" reaction and pro-

e

10 ceedn secording to the following equetiont {

TR A e
YAl £ R

co+ EEG = Gﬂz-l-‘ﬂz

*%'ﬁ‘.—

The earbon woncride for the feed paz used in thds process ia

comnonly derived from & synihemis gas which mey be preduced by the

- partial cowbustlen at slevated prassures of hydrocarbons with oxygen.
15 Deteils of a Typicel partisl combustion process of thls type are azed
Torth in-&: 3v Fatent 2,491,518 whieh is cwned by applicantts sazienes.

Ties partiel combustion process prndunn-g_a .a;,rnthnais gez oontainlap prim-
u.'l."il;i" a nixture of Lydrogen aod u.arl:nrf momiﬂ.a along with mimor ameunta
of carbon dicxide, methane, heavy haﬂrpica;-bnna, sifer-contalnlog ool
< | pounda and ofher materlials which mey b-a ;reaent in t:ha raactants, suoh
&g nltrogen,

| Becsuge of fhu presence of saﬁe of theee substanses In synthe-

I ui_s gas, it hme herefofors been necesssry Yo wash the gan prier to Its
I sotry inte the shift reastion scoe, Without suck serubbing, csrbon wonld)
28 1 ﬂépuai’t‘- on the ca.t-nﬁst- in ‘-‘.;ha-ahift reavtlon zene. With the ostalyet,
N | whieh hss beretofors bewn nsed du the form of a fixed bed of swall part-
il ieles, meoumalating earbon or other nontaninants, the bed mot only lopes
| catalytic activity but alse bacomss plugged so that it 1s then neceasary
to Inferrupt the shift reacticn in order to replace or regemerate Lhe

30 | catalyst bed.
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Slnes it bas been Importent to Keep soy saterdiel out of the

shift remction zome which mey tend fo accomulate on or desctlvate the

catalyst, it hes been necespary, rot enly to serub the aynthesie gag

before 1t enters the ghift zone, bot alme to restriet the type of hydre-

carbon faed uged in maklng synthesis gas.
& major problem and economio disadventage In the sorubblng

cperabion 1s Lhat eynbherie gau, which 1a heot as producged, 1z eogled

ard et be pehested befors entoring the shif't regetlon gone. Thus, &

oonsiderable amwount of semelble heat in the symthesiz gas loeving the

10 pvartial ocmbuetion zome 1s 1ot do the scrubbing cpersbion,

Aecordingly, zm object of this ivveniion ds Lo provide e prn-
oess for the ocuoverzien of carben monnxide wi":.h lesn tn carpnn ﬂim:iﬂer
arnd hydrogen whersin the rescting geses ms;r umﬂ;m appreciable amcunts
of oarbon and other impuritles which would normal],}r deagtdvate and plug
15 & fMxed bed of shift cetalyst.

- #ngther chjeet 1s to provide a process for the conwersicn of

carbon mongcide and pteam o carhion dloxlde and hydrogen which takes

wimt.nge of the gansible hest In hot gases conteluing cerbon momcwide.

5t51) ancther eblact im 4o provide & contimecus procsss for the

20 conversion of oarbon monoxide mnd stéam loto carben dlsxlde and pydrogen
vhereln the shift catalyst woy be econtinocuely regensrgied, Lhua aﬁl&-—
Ing pluga.‘iﬁg of the gatalyet bed apd shubtdos down of the shift reactor.

Thege snd cther objects and adveniages of the invemidon will
become epparent froam the descripiion H*h.‘l.nh .Iullnua.

o I . Essentlally, the present invention Involves the catalytie
'.'Ehi_fth sonversico ol earben ionaxide znd steam into carbon dicxide and

hydrogen at elevated temperatures by puuing the gasepoa Tepctants u@
through & fluldized bed of Finaly dividad shift catalyat. The catalyat

An the fluldized bed msy be continmoumly or perlodically withdrawn and

.
S
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ratyurned after regeneration. Therefore, the shift reaster nesd nct be :
st down in order to effeet catalyst rﬁa.ct_.i.';ration. Moreover, An oparge |
tion In which the shift eatalyst may he resdlly regencrated, frequentiy
or continoously, peralts the econemic utdlization of feed pases contein~
Ing corhen monexide admixzed wilih nermally treublesone amctunts of carbon,
sulfor and obber contaminsting or deectivetlng meterdialsa. Tt i1s, there-
fore, not necezsary to serub the Feed pases befere they snter the shifi

resction sone and the sensible heat of such geses, uowslly gewersted at

high temperatures, le utllized rather than wasted,

Heferring mow Lo the appended dra.uin.g, Flgure 1 abpws dlsgram-
maticelly cne preferred embodiment of the Lovention. & hydronarbon fuel

gtresam end an exygen—ocnbalning gas are supplied by lines 10 and 31, re-
spectiwl;r, to 4 partiel coluatlon gome 12 wherels aynthezin gas oon—
‘t-nihing relatively lerge smounts of carbun ‘monexids amd Iydrogen Is gemer=
kted. The wffInent mixtars of ecarbon munnxiﬁe and hydregan containing
cerbin particles, unconsrmed Hydrocarbons m.‘l gulfur compounds flewa Lrem
zonre 12 through line 14 and disterlbubor 14 into resctlon smome 20,

Sieam supplisd by way of lines 17 and 44 snters heater 18
through ‘tine 135 and thers it 1s heated 6 the depired shift reactipo
toppearature bafore pamelng threugh ldne 15 to mix with the syntbesia gas.
The mixed reactants then discherge Inte reactdon sone 20 conteining
Tlnidized bed 21 of finely divided water-gas ehift catalyat. chift
catalysts are well kmowe in the art and oay, for example, comprise =
mixture of & major amewnt of iren exlde amﬂn winer wpount, ususlly 1 bo
35% by weight, of chromium cxide. Catalyata of thias type ers desoribed
in detall in D. 5, Patenta E,EQE,DEQ end 2,631,086,

The satelyst in mainiatned in the Iluldtued state by the
vpvardly fleving pases in contmet therewith while atsam or other irana—
port gus pesssd up LErough 1line 23 from line 24 sonveya satelyat frem
regeneratlon sune 25 to reactlon sone 20 separated by partition 26 from
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~ hot potasslmm csrbonets, agetons or methanel. Resldval hpdrogen—eonbadnd

sone 20, Tius, waber Tron Line 43 may be pertially heated in condenser

604020
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rogenergtor 25, Flpidiged catslyst flows from bed 21 through veived
pipe 22 to ted 27 to oomplete the cyclic flow of catal¥el between thess
two beds, An oxyger—oontaixdeg pas such ag alr enterz a deama, filvdd-
ized catalyst bed Z7 1n regenerator 25 through dnlet 28 and regeneraticn
product gaser Imave through cutlet 30.

Entrained catalyet particles sre aepapated from the shifs Te=
acticn gaszes leaving hed Z1 by cyclone coparater 32 &nd are returned to
thst bed tkrough standpipe 33, The gases pase frem separator 32 through
1ine 35 to condenmtr 38 which sondensges water vapor pressnt in the re—
achion gapea. Ooodepped water 1s ¢limineted at ceparator 39 whils the
gapea flow threugh 1llne 40 imte serubblug system 41 wherein carben dioz-
ide iz removed Crom the gawes. Any koown sorubblog medivs fer abocrbing

earbon diexide may be uveed in scrubblog system 41, sush as diethanolanine,

irg pes leaves sovebber 41 through lipe 42 snd msy go to sterags or te
& further porification stage prior o utilization.

Condenser 32 mar be oged ga a heat exchatiger 5 hent the water
whish iz 4o *brnv:lﬂa g portlon of the ptesm gupplled te phift reastion

3%, passed threugh line 44 and thence combined with atesm sdded threagh
ine 13, S

Figare 2 showe a fortr of pnitan:_apparatua sortaining a phifd
resction a;::na and a regeneraticn zone, Hhi&sh is alternptive to the yni-
tary apparatos contedning reactica um..g_ﬁ.hnd reganar:atim zZone 25 of
Pigmre 1. Gompering he sppsratus of Figare 2 vith that of Figwe 1,
1t will be abawwﬂ.that reaction mﬁu 50 --15 separated from smbjacent
rogexeration zone 53 only by perforated plate 52, Tiug, the regenera=
tion produst gases flow up from zone 51 thﬁmgh perforated plata 52 into
sone S50 whers they booome miwed with the synthesis gas whieh ia bedng
reacted with stesm. &l)l of the nlxad gaaes emecge froam the flaldiued
bed 53 of ahift catalyst, pmsz through sereen o filter 54 which prevents
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sitrained eatalyst particles from leaving the epparatus, and exit tlrough

Adr, oxygen-enriched air or exygen iz supplied to regemeration
zone 51 by way of inlet 56 to burn eff the inpurities depomited on the

gcatalyat pacticlea by the synthesis gas which sdmixed with steam iz in-
trodaced ivte sklft remcilon acne 50 through line 57 and distriioteor 53. i
Eepenerpted cotalyst flows frem the flutdized mass in zene 51 throwgh :
velved draw-off llne 59 into transport Iine 60 vhemes it ds ceoaveyed to
reaction zeme 59 by A gas stream ent.eriné &t inlet £l. The fInidized
catalyst moves deszwardly through sone 50 and perfarsted plate 52 Into
regenerstion sone 51 to complete the circulation of the catalyst through
the opparatus.

4 very Daportent difference belween reaciion zone 50 of Figura
2 and resctlon sons 20 of Flgura 1 lp that zons 50 centelng a fixed bed
62 of packing materisl such a2 Reschig rings and Berl seddies. Fixed
hed &2 1imita the ramdom wovemwentz of the catalyat partieles permeatling
bad £2 sc thet & restralved {Iunidlsstlon uf. the catalyst is effentad in
gone 0. Surprisingly emough, higher am:_n;m:rainna of aarbon moncxids Ty
resction with steam to oarbon dicxide l.nd iﬁﬂrngm gre aphisved with re=
si;.rnina.aﬂ flutdiestion of the ahift calalyst 1n packed =one 50 then with
freoly fluldized cutslyet in unpacked 55;1‘!._2{3 of Figure 1, "

A1tbeugh the ahift resctlen temperatore roange may be broadly
betusen 700 and 1000¢7., & tempurature in the Tange of 800 ta 950°F. is
generally preferred. | While the sguilitriuvm congtsnt of the shift re-
acticn irecresaca with decrsasing tewperatars, the rebe of remotlon Talls
aff. Ascordingly, the atlected reaction bemperature shevlid teke doto
ncneu:lzt both Tactsrs. Beocmes of tha nuna;ltiﬂta' of iren cxide—ohroniom
gide na.tnly%tn to exoeaslve Lerperaturea, .it is ﬁas_irahlﬂ te malntein
the temparaturs in the regemeration .Iﬂnﬂ betwoen G900 and 1200°F. and
preferebly not above I100°F. The p«t.-eaé{?;;': ia preferably in the range of

200 to 400 poumde per squara Inch gange -{p:!iig}, elthopgh 1t may wmry
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frow atmospherle pressure to BOO paig. The space welaclty of the carbon
moncelde-containing gam, en s dry baslg, SB d.e-sira.hly' between 4 and 40
and preferably between 6 snd 20 cuble feeb of pus (measured at standard
eonditions} per houwr per pound of catelyet. .The puperfleial veloeity of
thiz gas together with sdded pbesm through the fluidized catalyst bed 1a
meaally in the rasge of Q.2 to 2 feel per secomd and la preferably be—
fween Guf end 1.2 feet per zenond.

The voluma of stesm fed to the shift reaction zene i prefer-
ably in the range of 3 to 10 tines the velime of cerbon wmenoxide io the
foed gus. IFf too mech plean 18 added, the prooess becomer more costly,
while keeping the stesm teo cerbon monoedds ratic below the preferred
ranga tends to diminish tHe extent of the shift reaction.

FAAMETES |

Several runs Were made in & pllot-scele fluidlzlng fractor

“usdng as feed stook -aynbhegin - gaf prodocad by the partial copbuation of

mgthanf_z with bhigh-purity cxygen. The a5 WAS Fod Airactly inte the
fluidizicg reactor withoni scrubbdog or .f:-th!e.xlr rretreatment .

The fluidized bed in the resctor wan m mazg of Finely divided
partipla.ls of a Girdler ehift catalyst. Thiz 48 8 matsrlsl combaining a
ajor smennt of lron axide and a minor m&ﬁnt (ef the order of 1 to 158
by weight) of chromivm eeide, The eatalyst may be Formed frem o mivioes
of the metal oxides comtaining smell smounta of Iubriceants and waber,
ez sot forth, for oxample, In T, 5. Fabent 2,602,020, A3 used ln cmrry-
ing out these examples of the Invention, the catalyst wes in a finsly
E_i':ridad form, all pasaing threugh an 80-mesh sorecn and abovt 708 by
wolght peseing through a 100-mesh sc;'aaﬁ.:_ ::{;halyuia of the uetalyst
shwed, v a refsture-fras basis, iron n:ifle and ohrosiun exida contente
of 83.2% and 10,23 by welght, ruapectivai;v‘;'-

The results of four runs mede '-.!.it-h thils catalysat are noted in
the table below. Hech colunn shwws the dste averaged for & four-hom

!
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pericd of cperatlon, Run Nos. I and 3 were conduched with the phift

catalyet in m freely fluidized state, whiles In run Hos. 2 and L restrain-

el finddization of the estalyst wes effected in a fixed ted of Hawchip
rings (1=-1/2 ineh size).

i
]
[ .
b Fam No, 1 Fi 3 &
Shift Temperature, 9F, £52 905 o500 23
Shift Preseure, pelg g 3FFs 0 ans shY

Spaoe Teloelty of Synihesis Gas
{6ry Dasis), standard cubic fest

W L per howr per pound of cakelyst 19,2 13.82 14.0 13.%
E VYolume Ratio of Stesm to Sarbon Monerdide S B.B B3 4.6
Superficiel Gus Velcelby, fect par -
aacprﬂ 0,59 0,37 D.59 042
7. |l Symthesis Ges Analyeis (dry basis),
Ay R | |
B 814 Bl.5 60,8 61,0
co - 35.6 3.4 359 35.8
002 24 204 2.4 2.4
OH, 0.5 0.6 07 0.6
o0 || : s Ay gtu. 0l 0,1 02 0,2
!
- Shifted Gme insiyais [ary basis),
i nolk
B 6.9 0.7 6.0 69,8
co 4e 2.3 26 24
. 25 : - 00, 40 26,0 2y  26ud
wy N CH 04 04 07 0.

y

v By eto. 2.8 0.6 2.8 1.0
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l move gubstentlally sll of the carbom dlexide present. Where a hydrogen-

. pazaed throvgh a shift resctlon aone parswant to this inventien to con-
vers mpproxisately 902 of {the residusl, wnoemverted cerbon momexids to
" additlone]l hydrogen and cerhon dlexide, the latter heing sMiminghed by

j _xt.r.- effoct. further converalon of rea:lﬂ.unl m‘ben weneride to hyurogen.

‘g as little as 2 to 5% by volume of m}:nn menoxids end the shifted

604020

Fyom the phdfted gas snalyses, it i evident that on the crder
of 90% of the carbon monexids passed through the shift reasction mone was
vonveried to hydrogesn and carbon diocide in every run U;ZEEp‘t- ran Neo 1
where a lower oonveralon resulted from & higher space valocliy. It will
also be noted in the table that at couperable space velasities, rasiz-ai.u«-f
ed flpidigation runs Nee. 2 and 4 gave somewhed Pigher oonversions wsiog
Iowexr Semperaturez than $he copversion of freely fluldized rum Koo 3

regquiring g higher temperature.
The zhifted gad mey, as already indiceted, be acrubbed to re-

cﬂntniniﬁg gag of very low carbon tenckide content ls desired, the shift-

a1 gg8, #fLer being sorybbed for cerhon dlowlde remaval, My ageln he

a sscond worvbbisg operation, it deslrsd. . _
While symthesls gem produced by the pertial combusilon of hydro-
carbons with ocygen will, on:a dry basla, nsually conbaln over 30% by
wiime of carbon mongxide, synthesis gaa mede by othar metheds w11 gen—
erally have osrbon monoxide contents in the approximate rasge of 25 %o
505. by 'vn11lmn. 411 auch gaser are suitabln .,ueri atocks for this inwven-
tion. The shifted product gasea, ni‘ter ramavirg the tallk of the eerbon

dioxide therein, may sgaln be praoauaa:‘l in aunnrdanca with the invoniion
lcmﬂingly, the process of the imrlntion 1: sultatle For gapez ocontain-

gamgg will have only a fracticnal percentage of residusl cerbon monexids
To regenerating the sbif't catalyst by burning ters, acot,

gulfur ccmpounds znd bther comteminants which are introduced inbo the

floidised mams by the untreated syntheals ges, not only fa the catmlyst
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maintaioed o a state of bigh activity, but alsec the heal of the regen-
eration may be utilimed in the prooess, Thus, hest ecchange tubea may
be dispoped In the regenerator in centaot with the flpddized catalysth.
Sisan may be generzied in these tubes for the duel purpowe of controll-
ing the temperaturs of regeneration below that tegperature at which the
catalyst 1s thermally demctdvated amd of supplying at lesst part of the
ateam required in the shift regotion scoe,

In view of the varions modifications of the Invention which

| will eccur to thome skilled in tbe art upon consideration of the fore—

golng dizclosure without departing frow the epirit or scope thereof,
only such limitatione shovld be imposed as are Indicatsd by the appended
clniun, '
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i The embedlments of the lnventlon in which an exelusive properir

re-

i

o rrivliepe 1= claimed are deflned as followe:

1, The process of preoducing hydrogen, which eomprises produc-
ing syethesis gas contmlning large ampimts of carbon moncxdide and bydro-
gon alorg with & megr amount of contaminent of the cloms eomprising
doot pertleles, hydrocarbons and sulfur compounds, pezeing eeld eynthesls
gas 1ata o fluddAized bed of shift catalyst, reacting stesn with the pgr—
bon menoxide ef zald synthesle gas while said syuthesis pas is flewing

through ssld flutdized ted, and withdrswing fram the tor of said flnid~

i1z2d bed z hydrogen—enriched geaeous produst.

2, The proceas of claim 1 uhez-sin satd enift ocetalyst with
t¢rid contaminent sssoolated tharwith iy u-.':thdrann from sadd fIuidized
§ bed, the withdrawn shift ca;ta:l;rst is raganaratad by conbuetion of said
conteminart assoclated therewith, ard the repensrated shift eatglyst ia
returned to seld fleidized bed.

3, The procsss of olaim 1 wvhersin sald stoam i In the wolume
proportion in the rangs of 3 to 10 timer the carbon moncecdde of sald
synthesis gme, and eadd syntheeim zas, oo & dry basls, is paseed up
through said fluvidized bed at a space veloolty in the range of & 4o 20
cuble feet of pald aynthesls gas maaﬁurad at standerd eonditlone per

henr per pound of asld shifd ca‘i:alyat.

4. The process of any of cleims 1, 2 and 3 wherein fized

pucking materdel is diezpeeed in said ﬂuidi:.:ad ad.

5. The proceas of olalm 2 wheredn the gesepus producta of

[| combustleon from the regeneration of sald shift eatalyei flow up through E
sald floniddzed bad, F




e
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6. The prosess of cleim 5 wherein fixed pecking uaterisi im
dispesmd in eald fluidized bed.

7T« The procees of any of clelms 2, 5 and € whersin sald
ahift satalyst Iz meintained in a fluidlesd state during regonersticn,

2. The proceas of ary of claims 1, 2 and & wherein satd
syntheszle gas is preduced Wy the pertlsl conbustion of = hydrosarbon
fusl,

604020 °
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