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-}f_ FThe present invention relatas o the synthesis of
hyﬂrﬂéarbﬂns as & reswlt of the catdl y¥ic reductien of carton
ﬂxide wlth hydrogen, and mera ;pecifically is conmeoermed
with the regeneratiocn of bthe catalyvst for the removal of
objéctianable deposiﬁs ircinding elzmental carbon.

In the known procssg of reacting a gagesua mixbure
of hydrugen:and carbon dxidalfar the producstion of bydro-
garpons of wvarying moleeular size, & catalyst comprising a i
metal of the iron group such es pobelt, iron, nickel or
ruphenium, 1=z effective to redquce the carbom oxide with the
dirag¢t desorption and evolution of the hydrocarbons. The
character of the hydrocarpons, as lg known, depends upon the
catalyst employed and the preasure and temperaturs at which
the reaction im éarried aut. The pobalyst in question has
nowever usually been characterlzed by a mors or lazs ranigd.
degeneration, #ccempanied by accumuwlation of elemental carbom
2t ¢onventional oparating temparatures. Homeroua ctreatments
have been proposed for regenersbing or revivifylng the
¢atalyst in order to place it in condition for further use.

Tt iz an objsct of the present dinvention to pro-
yide an improved method of revivification wherein the
patalyst way be readily treated to rempve objzctionable
socumuilationas of elemental carbon and placed im & condition
of good activity suitable for return to the syntheslis
reachor. _

Anpiher objeet of the presesnt inventlon conbeme
plates a revivifying treatment as above which 1s readily
adapted to eontinuoous operatlon without impairing the con-

tinuous use ol catalyst in the reactor.
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Other snd further ecbjects will be apparent from 4
consideration of the folloﬁing disclﬁsﬁra.

In accordance with the present imvention, the cata-
Yyst having sccwmulated an objecticnable eontent of elemen-
tal carbon is the course ol the nurﬁal syebthesis reacticn,
iz subjected to conbact with carbon dioxide at high tsmperas.
tures quite matérially snove the tepperature of the synthe-
‘iz reection and at wilch earbon dioxide and garbon ara
favorably consumed with the preduetion of carben monexide.
The effluant geses are separated from the catalyst at saild
high range of temperajurs and the catalyst cosled and returnsd
to the synthesis resctor 1n revlvified cundition:

I have observed that the fnfmatian.af elemental
garbonr in the svntheals reactlom results primarily from &
condition fepreaented substaﬁtially as followa:

200 = Q0 + G,
At the familiar temperatures at which hydrocarbons are
nguelly synthesized, 45 aforementionsd, the Torsgolng de-
composltion of carbon monoxide procesds readily under
equilibriwn conditions which rendsr 1t impossible, for ail
practical purpeses, to coutrol the reagtlon. That is to
Bay, 1t &ppears that in the presence of an iron catalyst
operzting at sboub H6z25°F. to synthesize essentlally hydrocarbo
beiling in the motor gaseline range, ‘A minimum CO, te CO
rati&yih the order of fromwﬁﬂﬂﬂ—ﬁﬂﬂﬂ tz 1 wWould be necessary
to prevent formation of eigmental'carbuh. it higher seumpera-

tures, howevsr, equilibrium conditichs alter, so that ele-

mextal carbon and carbon dicxide may be consumed with the

Formation of carbosn monoxide.
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The temperatures &t which the carbon dioxids may
be causzed to reach with carbon to form carbon momowide are

advantageoualy substantially above conventional Lemperatures

et hydrbcaf?un syntﬂesia prefa?ahly higher than 1000°F. and

advmntageaualy in the range ol lhﬁﬂﬂF. or lpUG“F, and ahove.
The wpper rimit of the range i3 Cﬂnhrﬂlied Oﬁly b? the adverse
effgcﬁ of high temperatures upon tha-cgtalyat. . Dovionaly,
{ﬁﬁis will vﬁr?_materially depending .upon the character and
ﬁartidularly ﬁha refragtory pruﬁerties of the c&talyst:in
wuestlom. With catalyaﬁs ﬁhiﬁh comprise essentially pure iron
with cnﬁvenpiunal additions of activators and promoters, it
has.been.fﬁunﬂ that bémperﬁtursa materdatly abiwe 1300°F, way
'pepd to'pramnte.sintériug. _ _ '

Whers finely pnwderad catalysts acs deairabla, &4
An uparations ampluylng the tacﬂniaue of fluidizatlﬂn there-
fore highsr temparaturaa nay be Dhaectlonable. With. cata—
1yats, hQWEver, 1nc1uding & highly Tefraghory suppnrt such
B-¥: allica-gel-ar filger cel upon which the actlva-metal iz

P dﬂpasltad, somewhat highér Lemperaturea may he apprﬂpriats.

Ih any avent,*at tamperaturea of 14ﬂD“F. and- ahave, 1t hag:

¥heen 4ﬂﬂnd thak equlllbrium Will ‘be, reached with, fnr exampla,

.,Eﬂ to Qﬂﬁ of carhcn mﬂnﬂxida in the EBE. Therefurﬂ, w*th a

jfeéﬁ ﬂf auhstantially pur& carbun dlmxlda, the - cﬁnﬂersion nf

elamﬂntal Qarnou Q carb'":mnunxide may be dlreuted in g

L i

'cammllad maq;n.a‘r guh'th&t‘_ ny d&airaci pmpnrtmn ma}r ba

_ In- aucarﬂance with the preszent invention, it is
Itharefnre naceaaary to intrnduaa the eatalyat into- the re-

'gsnaratinn znne £l tha ralatlvﬂly high tamperature mentioned.

ﬁtaﬁad in_anuthar wagi thﬂ gasauus prﬂducts of. raactlon must

‘e . Witndrawn Trom tha: ab&’yst while in the selecteﬂ range

,_.+ b -
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'ifﬁ 11 assuciated alr fractlanatiun and rectificaticn- system, &

"Qquaﬂtitias requlrad. Thia axpadiant ohviatea the nec&saity

' for the regeneratiun stap s most 3ﬁvanbagauusl? supplied as

jof regensration tamperature because at lover temperatures thgi
fayorable squilibriwm betwesn carbnn mﬂnuxlde and carbon diuxié
iz upset. Therefore, the catalyst muat be preheated from the
pewgératura uf the synthesis reaetuf up to the ragenératinn
ﬁém?erature out of ﬂirect nontact w;th the hot efflusnt geses
frﬂm thae” IEanﬂr&tan BORE.

_ ﬁhile BRY suitabla meana mEy be provldad for heating
the qatalysb to regeneration temperature, in view of the ex-
pendiﬁura of thermal enefgy required, I prefer, for p;ﬁﬁtical
reasons_of economy to preheat. the catzlyst by eountercurrent
-ﬁéﬁﬁ;ge-in inﬁirect heat exchange wich the hot effluent gases
from the regeneration sone. -

'Iﬁ s mﬂreovef desirable in aperation of the presemt|
Einventian to aupply some of the endntharm1c heat anargy necasg-|
sary for PagEneraLion by dlraéﬁ combugtion of a portion of )
the Elamant&l carbon comtent in the presence of & oant:ullaé
jstream-nfséxyéen. -Where~tha.ayqﬁhesisﬁprnnass upgr&paézﬂ;tp,_
‘& syntheals &as produced, for exemple, by partial ccﬁbustiun'

nf a hydrucarbnn gas and & rﬂlatively pure oxysen atraam frnm

portlon of auch ghream may be made available din the- 11mitad

-

-uf extarnal hsatlng o preheating and contributea ths thermal

i

Eréquirementa of tha,endntharmlc reactlén inmal#eﬁ i the re-
:aut.ion ot carhuﬁ" Eimxida with carbén. “on he “other ha.nﬁ tha_
.axternal hesat requirements may be made up frnm any feasmbla
..Bﬂm‘ﬂﬂi '

Tha majﬂr po:tiou ﬂE the earbon dioxide necasaary

SR ORI T S TR B A L o Y T I S R R T
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& separate stresm dérived from the synthesis remction. A4s is

well kndvn; carbon dioxida'fenms'é siore or le=s inevitable,

L advantagecusly minur by-praduct of the process capable ‘of

‘heing readily sep&ratsd from thﬂ produat g&s&s.)}hreover

: the straam uf carbon dioxida GaTL. ba preneated tn raactian

temperatura by dirset caunterﬂurrent passage in heat exchange
ralatlan to tha regeneratad cat&lyst thuﬂ returning to tie
srstsm tlis sensible heat suppliad in prahaatlng the uatalyst
and lOﬂering tha final catalyst temperature %6 the range appro
priaﬁa for tha hydrocarhan synthesis atop.

In ordar Lo illuatraba thﬂ 1nventinn more spaelflc-
&lly, raferance is made to nlgura 1l of tha accﬂmpanylng dr&wu
ings, ﬂhare1n one prefarTed amquimsnt of the. inrantion is
illustrat&d mure or 1933 diagrammatically. '

'ifIn accurdanca Hith thﬁ arrangamenh shnwn, the

‘ib._"-

- numaral lD rapresents a synthesis reactor nf cnnv&nﬂinn&l

fﬂm ha:'ing B eylindrical ‘uurl? ':p::rtmn tarmmam.ng at 1'bs Ry

|{ '__ D B
e'aourca, nnt Bhﬂﬂn thraugh an

':;inlet ¢anduit 12 termmnating in an - iuaectur nozzla 13 which

?hy wa? of outlpt ripe and haadEr i7.

EEETiEE of- verb:

-diréats bha straam uf raa .ann faed Eaaes upwarﬁly thraugh @

lmass ar catalyst 1h 1n tha reactor.

Hﬂullng maans 15 campr:aing & he&t axchaﬁgQr of any

ventianal furm is immérsad 1n the mass cf catalysb, as

";ahcwn, and is adapted tu be supblied w;th a uuulanb uircula-”

':“iﬁ&d iﬂwardly through inlet pre and’ header 16 and dianh&rged

Whlle in tha embodimeﬂt

fshuﬂn, thE aualing surfacas of the haat exchanger camprise a

ﬁll? exﬁending pipea nbvlnusly the cuallng

maans may takﬁ anx

E

cﬁnvﬂntiunal form c&p&hle of ahstractlng

‘l--\r -

Ry

T R S L

)




AR

10

15

L

355

518608 |

the excthermic heat of rsacticn from the surrounding catalyst

aod maintaining the comtents of the r&ﬁctor at any desired
temparature level. The upper portion of the reactor is con-
iﬁectbd with #n bublet conduit 18 receiving the gaseous re-
actarcs th:nugh g filter slement 19 Whidh tnay be formed of
alundum or any ather sultable poruus, refractury material
qparatlve to pass the gaseous raacbants to the pipe 13 free
-pf entrained salld partlcies.. ﬂh#lausly, sguivalent sgparat-
ing mealls may ba smployed such as ‘cyelons, magnetlc or
.alééﬁrd&ﬁaﬁiﬁﬁiép&faﬁofé."

~In agcordance with the present smbodiment, the
:&talyat’tﬁkﬁs £he form of a fina powder held in & condition
-of unifdrm aeraticn by the upward fiew of reactant gases;
Mare spacifiu&lly, the catalyat As paintained in the well
Jmown state of dense phasa fiuiﬂizatinn wher91n the 1nd1vi-
dnal particlas are suspended or bugyed up in the gasenus flaw
for random. mﬂvemant, and the entire mass of powder aaaumas -
& conditian anal@guus in &ppearance to that. of N | boillng
1iqu1d. Undar these cunﬂ1t1uns, as is also knuwn, aactnun
temperaturss may be controlled within narrow limits and ths
rsactanta ccntactad with tha catalyst fur an? predetarm;nad
tlma.f-' I o
_ nRefarring now mores parsicularly Lo the cakalyst
rﬂganﬂratlun systam, It will he noted that the reaetlun
vessal 13 pruvided at 1ts upper portiﬂn Wwith & baffle wall
20 forming a hupnar cummunlcatlng witk a standpipe. 21;
ﬂatalyat flnws over the upper ‘margin af the baffla 20 and
downwardly thrﬂugh tha standpipa 41 past the. heat axahanging
coil 2z, herainafter described more in detall. In its
paBeage down the stanﬂpipa, thae petalyst 1s he;téd from the

- ? -
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reaction Lemperature af tha: réact‘.ur-.lﬂ,-'e;g;. LDO*F.. t.o 65G°F.
t.o a aubstantially elevat&d uEmPErature:, 25 for exaraple,

12013‘]?‘. ey, lBL’Jﬂ“F., o high&r. Rate 01 flcaw af’ t:-he cal..aly'st

.  through the atandpipe is controlled by a auitaule machanﬁcal

5 feeder such as & shar feeder 23 located at *ts lower extrﬁmity

IH

:.sahar'ging into regen;erat:mg chamber Eim The ha:-btram af

-"and *t.hruugh tha rage er&tinn zcme Ef..._ JL atream uf

:ng catalystt A su1tabla=elewated 1

A T e e sy 11 SR R SR e erpeer T T
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:TH'.earben diexide ehreugh Dutlet pipa B0 and .to dlEChﬂrEE thﬂ

.a relative rate as to eonsrolladly burn eerben from the ostaw
Ayt Aceerdingly, therefere in the veeeel EL the eatelyet
'-15 eubjeeted te conbaet for eny predetermined -perdod. ef time
nﬂd &6 the predetermined elavatad tempereture wiﬁh earbon
i’1:14.f;:.e:1.|:1e Hhiﬂh ‘consumes.' the reezduel unhurned elemental car-
Theeﬂﬂumm

' fetream ef eerben menexide tegethex with reeiduel earben di-

:exlde i5 remeyed at the elevated reaetlen temperature, peeslng'e

F?thrﬂugh & fllter 3l to an eutlet 32 and thenee dlreetly to the

:mndireet heat exehenger 22.

..-_,

Aeeerdingly, therefore,. the het

gaeeeue preduets of reaction pass in eeuntereurrent heat ex—
:ehenge relatien te the Anooming ‘catalyst,’ pregre551vely heatlng
:lt te a tempereture eleeely appruximatlng the tempereture -of

_'C--\J

'the veeeel E%Q _ _ : -
: a WEth poTe paruieuler referenee %o the erigin ef the
eeverel gaeeeue streams, it will be neted thet the eynthe51e

xmenexlde end hydregen ig‘taken overhead threugh pipe 3& to a

. Tabe .J-ef,,
.'\.““'

&ehventienal gae reeevery plent_BB Dpﬂrﬁtlng fer nhe reeevery

'"H carhen dioxide.

The,gee-reeevery Means 39 mey eeneiet of
Heny eenveﬁtienel 1neerumente11ty, such asg the wel; knewn e

: =G1rhitel preeeee, eperat1n5~te eupply eubetent ally pure f'

ether eeparaﬁed gaeee threughapipe hl._ The carbon diexide

V.
)
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1ia preheated in Indirect exchange relatlon with the sffiusm

N
.o

in pipe 490, after withdrawal of any execesa vla valved pipe hnﬁt

masses through s heat exchanger 42 in indirect heat sxchange
ST i

relationship so the efflusnt gaszs of Tegengration, and in the;
!

aomewhat proheated conditiom is discharged through the afors-
mentloned pips 24 to the lower portion of the standpipe 25,
The oxygen stzeam introduced through pipe £3 frop any suitable

gowroe, not shown, passes through heat exchanger bh, where it

fregeneration gases, and is discharged by the aforementioned '§¢ f'

pipe 30 to the lowsr portion of the regenerator 24. The efflur
ent gases from the heat exchange coil 22 are conveyed success-
ively through axchangars L4 and 42 by means of pipe 4§ which
gonnects with pipe 38 leadlng to the gas recovery plant 39,
Bince the prbdugts dizgharged through oublet pipe 42

of the g#s recovery plant may comprlss carbon mondxide, hydrogen, -

unsaturated gases and other products suitabls for return to

the synthesis reactor, a branch pips L& provided with a pump 47
perelts Teoytling of all or any predeﬁermiusd aprtion of thia!
stream o the synthesis gas inlet pipe 12, as shown. E
Thus, carbon dioxide reuuvsfad from the reasction ;
products of tha synthesis reagtor iz Dlrst preheated by :
sxchangs with zasegus products of regeneraticn amd later
passed in pountergurrent heat sxchangs relstionship to the
catalyst in the standpipe 235, where it is further preheated
to the temperatures of the regensrator 24 while wooling the
catalyst from standﬁipe 25 to a temparsture suitable for
return to the synthesis reactor 10, In the veasel 20 This

gag, bogether with the garbon dioxide resulting from the

combustion of oxygen proceeds to go to equilibrium with

- 10 -
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| The gzaseous efflusnt is employad to preheat the incoming

oxide streams.

dioxide atream in exchanger L2 mzy be to 4 temperature about

or just below the opersting temperaturs of the reacter 10,

;in which the catalyst mekes good contact with the heating b

| for exemple, L4O0CF., may bs used to aerate the fine powder

! mit danse phasé fluidization with a gbﬂd vyertical heat gr&di—;

Rt

18508

completion of the reaction wherapy carvon wmonoxids is formed.:

strean of catalyst to reactlon tewperature and discharged at
8 Lemperature of agomewhat above the initiel temperature of

the incoming catalyst to preheat the oxygen and carbon di-

Advantageously, therefors, preheating of the ecarbon

with a suaffieient differentizl so thet catulyst entering the
pipe 1l is sheut or below reaction bemperature. _

With particular refersnce to certain practical
details of the epparatus, it should be noted that the rela-
tive arrangemsnt of standpipa 21 and'cmil Z2 is selected for
afficiaent cuuntérﬁurrent, ipdirect thermal exchange hebwdin
the hot effluent gaseﬁ and the ingowing catalyst. While
wany arrangements will suggzest themselves for this purpose,
it ia to be noted that I employ & relatively narrow standpipe

surfaces, A restrictsd flow of earbon dioxide, from a gource

not ghown, introducsed shrough pipe 48 at a tearerature of,

and thua promcte heat exchanges. While an excessive flow of -
thls gas may agitate the powder to the polnt of prevenbing
good countercurrent exchangs, & move restricted flgw, as is
known, in & standpipe of limited, lateral dimension will pere

entt and without substantially upsett1nﬂ the cuuntg{furrent i

indirect heat sxchange effact. Iﬁ;
Tn other embediments, however, deslgned fovT gaqd f

heat transfer and flow of sclids, [inidization may ha omit-

ted or o aultebls vibrating means may, as is known in the

- 11 -
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25

30

art, be sttachsd o standpips Z1 %o promots vegular flow of
the solld powder. '

The heat swehanglog syatenm defined by the standpipe
25 operates in 4 manner analogous tn.the foragoiﬁg oy separat-

ing the downflowing catalysi powder into a plurality of streams

which, even in a comdition of good fluidization, maintain a
temperature gZradlent favorabls te good heat transfer in the

presence of the upflowing coolimg gas. Thls is achieved by

the partitions 26 which lnelunde additional partitions similar-
iy spaced, extendlng laterally in intersecting relation te
thoose lodicated. The standplpe ls thus divided inte a plursl-
ity of vertical passages of rectampular section. is is well
;knawn ia the art, by such means, & gas may be rsadily pre-
heated to the initlial temperature of the gatalyst, while the
latter iz discharged ub a tempsrature tlosely approXimating
that of the incoming EESs

A sultable slternative form of rountercurrent haat
gxchanger is shown wore or less diagrammatically in Figure 2

of the drawings wherein the numerdl 50 dealgnates an upabend-

by vertieally gpaced, funnel shaped partitlons 51, each
teﬁminating at ita lower extremity io a tuhbe or orifice 52,
Tn gperation, the gas to be hsat exchanged is introduced from |
any conveniemt source not shown, througn the distributing hesd
£3 and is withdrawn throuogh cutlet 53z after passing wpwardly
sneepssively through the sevaral beds of catalyst and the
intervenming orifices 52, maintaining each bed in fluldized
condition.

Catalyst 1s introduced to the topmost zone through

inlet pips 54 comtrelled by a feeder 55 and rises to the o

.12 =
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H

- Fluidized level 56 comtroilad by standpipe 57. Excess cata-.

| lyst cverflows Into standpine 57 and is conductad to she suc-%

ceeding bed of catalysi. With catalyst continually introduced,

ag described, and dischargad at 8 coordinated rate through

5| cuclet pipe 58 controlled by fesder 59, the catalyst beds
will #ssume the operatlng levsls shown, the particles fullﬂwiAg
A pragressive path downmardl# ab any desired temperature dif-
ferential. It is asdvantageous to eonstriect the lower extremitly
of esch standpipe 57 somewhst as indieated at 60 zo as to

I0|| maintain a fluidizsed head of catalyst in the standpipe ab ail
Limes suffivient o balsance the eperuting prassu&e drop be-
tween successive catalyst beds. .

A gomewhat analogous alternative suitable for in-
direct countsrcurrent heat exchange between a fluidized solid
154 and & ges or liguid is shown in Figurs 2 wherein a tubular
heat exchanze tower otherwise constructed a= 1o Figure 2 is
shown Lragmentarily. Hereln funnel-shaped partitioms 51 con-

nect at their lower oriflees with a recireularing line 61 in-

celuding pumps or fans &2 adepted to clrewlate & suitable,

20| preferably inert gas through pipe 61 and tkence upwardly E
. | through the patalyst bed Lo maintaln-gimd dense phase f{Pidiz%q
tion. Efflusnt gases are eollectad and raturned so the air- |

culating meana via plpe 53 which way e provided with a filte:

or other separetlng means, not shown, te remove entrained

25 partlelea of catalyst. Standpipes Oh permit downward migra-

f tion of eatalyst asz before and preferably each of the cireulay

ing means 62 pperates at about the sams pressure dliferenmbial

30 that patslyst mipratlon is not Impairad.

- 13 -
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; familiar form adapted to present adequate heat exchange sur-

pAssing 325 mesh acreen, and in the state in which it is with-

518608 |

The fluid to be heat sxchonged 1s imtroduced from
any scurce no% shewn, &t the lower portion of the tower, to
lowermost heat exchanging tubes 66 and from there passas by
intervening eounsctors &7 to suvcessive eoils 66 arranged in

serisa. Ubwiously, exchangers or iubes 05 may taXe any

iaces to the fluldized splid pawdér.

Agcording to one example submitted by way of illus-
tration, catalyst is continuowsly withdrawn from the remction
sone of a syathesis reactor operating with an iron ecatalvet

&t & preasure of X000 pounds per square inch gauge, and a

tenperature of &625°F. for the productilon of hydroecarbons essen
tially in the motor gasoline bolling range.

The eatalyst comsists of metalliec iron, containing
about 1% potassium oxide [KED} and ahout 2% alumina {Alzﬂj}!

in a figely powdered form passing 200 mesh secreen, about 45%

drawn fram the reactor contalna approximately Z5% by weight
of caroon.

Catalyst is withdrawn at the rats of approximately
150 pounds per hour and at a tamperature of £25°F. and
progressively oreheated t0 & temperature of 1340°F. The pre-
heated catalyst is uuntinunuﬂly discharged imo & raganaiation
vosgel operabing ab A bemperature of 1520°F. ‘The regsnera-

tilan wessel contains catalyst maintsined in a state of dense

phaaé fluidizatlon by an incoming £low of carbon diowide into wh |

which 1s injected a separate Zlow of oxygen of 8% purdty.
The catalyét is continugowsly withdrawn from the lower extremity
of the chapber. The oxygen is prehested to a Gemperatures of
abeut 800°F. and the carbon dicxlde to & temperature of E\.l:qc::m;'l

4

1503°F. The pases pass upwardly through the catalyst at a

~ 14 -
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litignr veloelty sufiicient to maintain the ¢atalyst in the

| #tete of denss phase fluidization alorementlonad. The gaseous
effiuent from the contart mass iz witidrawn directly from

the rezemeration sond at the ajorssald resetlon temperature.

vy}

With more particular reference To the quantity and-;
: chairacter of reactants, The oxygen, pwehﬁatad as atorementiongd,
is insrodueed into the regensration chembsr &t $he rate of
approximately U.55 pound mols per hour. Conmcurrsatly thers-
with, the substantlally purs carbon dioxide is introduced at
17 the rate of sprroximasely 1 pound mal per hour. The cetalyst
entering the regensration chamber and containing about 254,
earbon appears to reach the interpal bemperature of 1520°F.
immediately. Pressure in the regenerstion zeng ls malsntadned
| at 200 pounds per sgquare lnch gavge.
is The compusitiun‘péifﬁé'gas withdrawr: from the top
portion &f the reganﬁrati@pnzoné”afﬁgr passage throvgh the
catalyst is subsbantiallf as followst -

gog = 12w

g - 87.1%,
400 and is evolvad at the molar rate at ébauﬁ-D.BE rols of OO,
per heur gnd 2.4 mols uf GO per hour. :

The vooled catalyst discharged from tha regeneratloﬂ
mone contalna only about 10% of carbon, beimg ln auitable con-
25| ditdon for rehbwm o the synthasis ?Eactor. E

In accordance with?anothe;-éxampla, proceeding wndes
substantlally the same gonditlons as the forégoing, the sev-
ersl resctants are sﬁbjaﬁted to heat exchange in accordance
with the principle set out in the embodiment disclosed iz the
30 drawlng. In accordance with thie ékémple, the hot gases, &t

i a teiperature of lSEﬁ‘F;, evolyrad from the upper porbion of
4 " .
I
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i& standpipe contalning & vertically extending edlumm of cata-

i Teaches 1520°F. by the time it arrives at the regeneration

‘the synthesia reactor, and the residual gasecus effluent dizw
heat exchonge means praviously mentiongd.
‘stantislly the same composltion as mantionsd in the sarlier

{example, a5 well as a temperature of about 4F0°F,

| cooled to G00°F. and reintroduged inte the eynﬁheeie reachlon

518608 |

il

the reacticn zone are passed ehreugh_e_heet exchanger lmmersad
in the catalyst stream from the synthaszis reactor, and prior
to intreduetlon inte the regenaration zone, tha heat exehangeg
and siream of catalyst being so arrvanged as to secure a

In the

;
couwnGereurrent, indirect exchange of thermal energy.
course of this heating step, the wemperature ¢f the catalyst
1e Jraised $o 13L0°F. and the gaeee are dLeeﬂerged from the
heet exehenger at & final temperenure of Sﬁﬂﬂﬁ.;'Theee are in
turn heat exchanged by indirect means with the fheemlng
atreams of oxyger and carben dicxide, raising the temperstere
af the former as high as posalble end the laster to about
050°F. The oxyegen stream ia fed dlrestly to the lewef portlon
of the regencrating zone at this temperature whereaz the
carben dloxide ghream 1s inTredused into the lewer portion of
lyet ‘withdrawn from the bottom of the Tegenerating zone. The
carbon dioxlde 1e by this meene, reieed from an 1nitie1 . -
: temperature af about 6509F, to a temperaturs whieh prezumably
TOILE,

The carbon diexide styeam s deddved from a gas purific

$ion plant recelving the normelly gasegus products from both
charged from tha regensration mone aftsr passagze throush the

When aperating in aceordsnce with thia example; the

gatalyst discharzad from the aforementioned stamdplpe has sub-

This is

zone far the ﬁurpeee aof aynthesizing hydreeerhene‘
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- deslred manner, so that the thermsl sfflciency indicated ia

| ate portien of the system whersin excess heat energy is

‘zone iz of obviouz advantage, partigularly whers such a

1 gbream is availakle, the invention ls nod limlted in this

!
|
518608,

Whiile the Foregoing examples have besn concerned
wWith pracesses employing iron catalyét; the inventlon is

applleable, though in 4 more restricted aspest, to other

hydroearbon synthesis estalysts, such for example, as cobalt,
nicksal and rathenium or any other metals of the irem EToup
which may be used for this parpaze.

It 1= apparemt fron the foregodne, that the several

streans of reactants may be subjected to hoat exchanza in any

not impaired. While thisz obvicusly does not regulre the
;

tioned, it is advizable to utilize reaction heat to bring the i

spacific methods or ssguence of hest interchansze hersln men-

cutalyst to the required rezemerstion tempsraturs, and then
shegract the sensible heat of the regenerated catalyst in
furtherance of the reaction. The intoming stireams of gasecus

reactants may acquire their necsssary heat from any appropri-

available.

Az indicated above, the catalyst may comprise any
typical form, az for example, the slemental netal previcusaly
veferred to and the llke.

While the use of pure oxygen in the regeneration

reapect, aad may. employ any oxygen~contalning gas such &s
alr. Somewhat vhe same statement 1s Trus of the carbon dioxide
provided that in both cases the dilubing gésas_ar& insrt.and
incapable of impairing the process of regeneratiom. It is,
uf course, advantagecus and advisable to employ gﬂsaoﬁs feeda

to the regenerator fres frow any sukstantial poartlon of car-
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bon monoxide, although it will be evident from the foregolne
that the proeess will still be operative with ralatively high
concentrations of garbon dioxide greater than that of the

final equilibriuvm at the rogenerationh temperature ssleoted.

3] The presence of Small proportions, as fer example, 2% of hy- |
drogen In the carbon dioxide fesd 1s usually beneflicial. Thei

moisture content is hestimaiﬁtained ag low as possible, for

j @xample, not mors than 0.01%,
: Ubvicusly, from the foregoing, i% will be apparent i
10| that the requirements of oxyzen and carbon dloxids for pon-
version of the elemental carbon will be increased as the

temperature at which thes decarvonizetion is carried oui is
Lowered within ths range heretofore meritionsd. Conversely,

an increase im tha temparature abova that represented in the

15 Esp&cific exXampl.e will result in a decreased requirament. Hbré
over, in respect to pressuras, it should be neted that a de-
craase ln pressure favers catalyst regemeration.

High pressures do not seriously impair the reaction,
as indicated in the second example above. Thisz iz of particu-
20| lar advantage in permitting continucus recycling of the cata-
- 1lyst from a synthesis reactor operatling st the high pressures
which prevall in accordance with maﬂf of the procasses with
which T am familiar. In vhbher words, it is poasible to opersté
the regensratlon zeone at a temperature borraapunding 0 the
e5] preasure in ths sjntheais reagtor, so ﬁﬁﬁt the cétalyst may be
% frasly hundled without the serious prablems whieh normally
attend the transfer of materlzls hetween scones of widely vary-
ing pressure. On the other hand, where posaible, It iz deszic-
able %o uge low pressures in the order of stmospheric and

30/ thersanouts.
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Waile the forsgolrng diselosure dispuzses the maximom
;
regeneratlion temperatures in terms of catalyst sintering,

there &re many processes koown in the arg for the catslytic
synthesis of hWydrocerbons which regquire the uss of sircersd

5Ecat&lyst, &n@ in these, sinbering, unless exczasive, 1s not

{ebjectionable. In faect, a normal tendeney toward excessive
Isubdivisiun of catalyst particles in the reaction zons may be
advantageously overcome by controlled sintering and apglomers-
tion into somewhat larger pérticles- In this ccnnechion, 1t

10fils usuelly of advantage to cperate the regenerating wvessel at

fsnch 2 linesl upward flow of reactunt gases that the catalyst

%13 thoroughly seratad and fluidized. Under theee gonditions
Ean}r tendency of the powger to agrlomerste Ly sintering is
1EEgely OVeroome.

i where diidetion of-the iron, for examplas, becomes excessive,
the inventlon contemplates its recondltioning pribr ta return
to the symtheaia reactor. Thus in such cases, the regeneratad
product may be reduged with hydrogen and thareafter cunditiﬁnﬂi
20 with a stresm of synthesis gas until & zood state of settled
catalysie acﬁivity results. Redwction and conditicning may
follow conventional procedure.

As will be evident to those skilled in the art, the

]invention dogz not necessarlly regqmire applicetion of the

zﬁitechnique of Fluldlzation, and 1s cbvicusly applicable to
fixed bed, moving bed, or other cperatiosns from which catalystz
can be withdrawn by any conveatileonal mesna and econtacted, zs !
| &hove, with carbon dioxide feed pas for a sufficlent lengih a!
E-bime at the proper regensration temperature, Aternatively,
30) the catalytle gwnthesls operatlon may bre shut down and the
gatalyst trested in accordance with the teachings of the j
present. inventien. '
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Many ather specific modifications and adaptations
% of the present invention will be chvicus to those skilled In
ithe srt from & considerstion of the foregoing mors or less
exemplary dlsclosure, and it 1s thevrefore understoosd ghe in-
ventien iz not limited to any suéh detalls except as defined

by the following claims.
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Idesired hydrocarbens ara directly formed with the production

; .
Hearkom, -the improvement which comprises limiting the accumula-

1?55t exchange with tha- 2aid product gﬁéea, rrebeating asid

o : y

alBﬂﬂﬁ%

The embodiments of the invention in which an exclu- |
give property or privilege is claimed are deiined as follows:

l. Im the syatheals of hydrocarbons by tha éatalytiﬂ

reduction of ocarbon oxide with hydrogsn £in a synthesizs reactidn

zone in the vresence of a solid particle catalyst under con-

diticna including an elevated synthesia temperature at which

of hyeprodpet carbon dioxide smd the progressive contamination

of the catalysé with 25 ovjectionable acenmelatlcon of elemeantal

ition of elgmenbal carbon by withdrawing from the syntheslsz

reaction zone satalyst contamingted with elemental ecarbon, con-
weying sald withdrawn catalyst successively through a prahaatiég
tone, a regeneration zene and a cabalyst cooling some, suhjecti
ing a dense fluld phase of said catalydt in sald regeneration
gona to contset wAth carbon dlexlds at s temperaturs mainteined
in the range above about 1000°F., and im a concentration at
(#hich carbon dicxide substantiéliy consutes alemsntal carboa in
tha formation of carbon monoxide, separating product gases

from contach with ths catalyst.af a temﬁaratura within agid

range, probeating the catalyst in the prehsating zone by indird

cﬁrban dioxide priﬂr to introduction to the rageneraticn zone
by direct exchange with hot catalyst in the catalyst cceling :
zona, introdpcing molacular oxygen ilnto said regensratlion zpnaé
in a limited proportion effective to maintain the temperaturs
in said slevated raage and returning catalyst from the cnnling

mone to the reactlon zons.

2, The method according to c¢laim 1, wherein carbon
dloxide supplied to the regeneration zome is derived by re-

covery, a5 & .substsobially pure stream, from the offluent pro-

ucta of the synthesle resction zous and wherein the offlueng
arbon monoxids From the preheating zone is sopnlled a5 a

supplemental feed to the synthesis reactfion zons.

a
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* 3., In the synthesis of hydrocarbons by the catalytﬂle

reduction of carbon menoxide with nydrogen in a reaction sone
in the pregence of a solld particle catalyst cumprisiﬁg 4 matal
%ﬁ' af the irom group as an clevabsd temparaturs of about LDD*&iGﬁF.

at which the cataiyst becowss conbaminated with a depasit of

ment whilch inveolves continucusly walutaining eatalyst activisy

in the reaction zome by swbjecting a withdrawn stream of the

gsatalyst particles containing elemental carbon to conbast in

[x)

gasification gond with a strean of substantially pure preheate
. carbon dloxide at a gaaificatioﬁ'temperature mraintained sub-
stantially above 1000°F. at which aolid, slemental carbon is
gagifisd by substantial concentrations of carbon dioxdds to form
a product gas rich in carbon monoxide, effenting substantial

P geziflicaticon of the alemental carbon from the :atélyst particles

within sald gaaification zcome, withdrawing sald product gas

;= straam of carvon monoxide from contacht with the catalyst at g
tamperature not substantially beluw uﬂld gaslfication tempora—
ture sudh that. redepesitien of elemental carbom is prevenbed,
introdusing thus trsated catalyst and said withdrawn product gas :
stream of carbon monoxide %o the resction zome to produce
additisangl hydrecarbon prﬁducts snd contimueusly preheating the
¢atalyst ‘particles snd the substantially pure stream of carbog
j diowide substantially t¢ sald gasification temperatures pridr

to intruduution lnte said gasification sone, by passing said

catalyat parﬁicles in indirect heat sxchange relation with the
hot withdrawn product stream of carbon moncxide issuing from !
the gaaifiéation ZOTLE 5 simultaneoualy'passing the atream of
carten dioxdde in direck, countércurrﬁnt heat exchange relatiu%
with the hot, treated catalyst withdrawn from the gasifisation
gome, therepy reduacing the_temparaturé'éf the treated cetalysy

to.a lovel suitable for reintroduction teo the reacticn mome,

and burning 3 portion aof said-glementél_uarhun in =aid gasifi-
eatlon gone with elemental oxygsn in & regulated gquantity only

‘sufficisnt to maintain the said gasification temperature themrefn.

;E’Lf

‘elemental earbon, which impairs catalytic activity, the improve- ..
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. The method according to clalm 3 whersln a‘g §6 ﬂﬁ
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ganificasion temperaturs is substantially above LLGLER,
5. The method aceosding £6 elaim 3 wherein saig
%H - jaasifdcation teomperature is substantially above 1400%F,, buk
;P'below the temmersture at which satalyst sintering oscurs,
f. The method aceording to claim 3 wherein the catak
“lyﬁt perticles comprise an iren synthesis catalyst.
7+ The methed zccording to elaim 3 wherein =aid subr-
stantially pure stream of carbon dioxide ceomprises a small prok
portion of hydrogen not greater then about 2% and wherein the
malsture content of said gsbrasm is not substantially preater
than about 0.0L%. | 1
&, In the synthesis of hydrocarbons by the catalytlﬁ

raduction of carbon oxids with hyﬂrngen in a synthesiz reactioh

gone in the pressnce of a solid parti?lh catalyst under con-

ditiouns including an slevated synthasié”tcmpﬂrature at whioh

degirad hydrosarbons ars diractly formed with the production of
by-preduct carbon diuxlde and the prcgresslve sontemination of
tha catalyst, with an Dhqact¢ﬂnabla acciumalation of elementsl
E_uarhon, the impruvement which comprises limiting the sccumpla-
tion of elementsl carbon by withdrawing from the synmthesis
reaction zonme cagalyst contaminated with elemental carbon,
pasoing said withdrawn catalyst inteo a regeneration zone, sub-
jeetine said'uanalyst in said regeneration sone to contacht with
!Icarbon dioxide at a temperaturs maintained in the range ghove |
about, 1000%F., and in a comcentration at which said earbon
dioxide suhétantially consumes elemenmtal carbon inm the formaw
tion of carbon monexide, separating produch gasaé from contact
:ﬁiﬁh_the ratalyst at a temperature within said range, preheatw
ing said withdrawn catﬁlyst prior to passage inte said regen-—
eration zone by indirest hest exchangs with the =gid praduet
gases, oreheating said carbon dloxids pricr to introduction to
i the ragenergtion gone, supplying to the regansration zone

molacular oxypen in a llmited amount sffecbive to maintain the

2%




Dpeeghm eelte . .

Wl

AR T VRN g, AR, ST SO B TN e T T TR TR o R e

from the cegling zons t¢ the reactlon zone. _

5. Tn the synthasis of hydrocarbons by the Gata-
lytie reduction of carbon monoxide with hydrogen in the pre-
sence of a solid partiele catalyst at an slsvated teuperature
of abeut LOOWG50%F. at which desired hydrocarbens are formed
with progressive contamination ﬁf catalyst by carbonaceous
deposits, the Improvement which ﬁumprisES limiting the accumu-
lation of sald carbonaceous deposits by pericdically subjecting
said patelyst to contact wilth carbon dioxide at a temperature
meintainsd shove about 1000SF. in a cancentration at which the
carbon dieride reacts with Elamsnfai carbon to form carbon
monexide, wjthdrawing.tha resulting'product zases from cootadt
with the catalyat at a temperaturs w6t below about LO00°F, ,
prehaating the catalyst to at least about LODOCF. prior to
gaid coﬁtact with carbon dioxide by passing sald hot, with-
drawn, high temperature gases in-inﬁirent heat exghangs rela-
tionship therewith and Incorporating moelecular ozygsn in sald.
aarbon dicxide contacted with the catalyst in a limited amount
affective to maiutain the temperature of contant within said

rapge abavs about 10009F.

T - ‘D188 Gaﬁ

vidiapsrature of gald zane In said range, and returaing catalyst

e e
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Certified to be the drawings reforrad to . Ey-
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g &7
' ATTORNEY -

fgtas . Ganain, Seph T L,

LJa | 2wy



