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This 1nvertion relates to the production of combug-
tible gases from tars, hvdrocarbon oiis or'gases, or the
like, by reacting thom in the presence of a cabalyst with
oxlidiging gases such as steam and carbon dioxide on gages
containing free cxygen or miftures of these gases.,

Ekamp]cs of such procossges are the roduction of fuel
gas or gynthesis gas from hyvdrocarbon olls by reaction with
steam or steam and carbon dioxide. In some such processes
the nddltiot o £ some alr to the & team or carhen diexide
i permicasible and gerves to diminlsh carben deposition,

It 18 known o conduct such processcs olther cyelically
or iﬁ a contlntous manner. In proceszes of bho eyelle
type, tho production of gas is alterwm ted with the re-heating
cf tho btoed of catalvst in the reactlon chemboer, In pro-=
coases of the continuous type, heat may be impartod to the
cabalyst bf heatlng the exterior of the vessel coF tubes
contalning it or, alterma tively, the catalyst may be removed
from the reactlon chamber and re-heated elscwhere, the
quantlty ol catalyst in the rosctlion vogsel being maintained
by the supply to the reactlon vessel of an equlvalant amount
of fresh or re-hoatod catalyst. In processes of the latbon
type the catalyst is uéually heatod sithor ly droct con-
tact with hot combugtlon products op by the combustion of
carbon, oll or the like on or around tho cotalyst, and it 1g
wlth processeg of Ghis type that the wesent lnvention is
concerned,

Many catalysts known to be sultable for prémoting
reactlon hotwoon hvdrocarben vapours or gases and atoam or
carbon dlexide arc compnged of or contain constituents, of

which iron or nickel in the form of matal oxide are-well-tnown
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‘and conmon sXamples, andwhich constituents ars readily
reduciblo or oxidisable ard in mnany casos form more than omne
roxide, Accorcingly, whilc in contact with the roactants

during the production of the combustible gas those c atalyéts

or catalyst counstituents are converted teo the metal or %o

lower oxidos or wmixtures thsreof, ‘

Durirg tho = ald production o the cambustible gas, car‘bon
1ls neormally deposited uron thecatalyst and the ¢ atalysp 1s
algo cooled by the endothermic nature of the reactlons
with g toam and/on carbon dioxide, It 1s therv ore neceg-
sary both to re~heat the catalyst and to remove carbon from
tt, These iwo results are usually a chieved simultaneously
by burning-off tho deposited cét*bonwith alr, additlonal heat
bolng supplied, ir necessary, by combustion of oll, tar or the
like,

{ The air supplisd for this combuation and heating pro-

cess also converts the catalyst to a more oxidlsed gtate
a8 also, la many cases, does the carbon dioxido resulting

bocause, the catalyst, whon next used¥in the production of

from burning of the ¢ arbhon depositsf*ﬁis 18 undosirable
combustible pgas, is again reduced by roasctim with the
combustible gas or the oi] vapours, wilth formation of
carbvon dlexlde and/or water, Thils veducoes the vield of
deslred producty wnd also coubaminatey the roduct gas with
' carbon dloxide, It g an objJect of the resent invention
l 56 provide a wocsss wheroby cetalysts which arg readlly
oxidised a nd reduced gt t he temperatures revailing in the
Irocess may be Lrsed\'.bn‘rith wininum oxidation of the catalyst
whilo 1% 1a hoing heated and, consequently, minimun
Production of carbon dioxide and v atop Tromthe procegs

reactants during tho use of tho mtalyst for gas rreduction,
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In processes of the type in which an oxidisable catalyst
lg used in a fixed pea through which are pagsed alternately
hydrocarbon gas or vepours togsther with g team for reaction,
and alr for combustion of carhon deposited thereon and for
heating the casalyst, the ¢ arbon deposits are burnt off
first at that end of the column of catalyst at which the
alr enters and air for combustion of the romaining carbon
haa to pass over catalyst alrecady freoed from ¢ arbon, In
doing so 1t oxtidises this catalyst. Thore 1s somo
improvement 1f the air 1g passed first in one d irecetion and
thon in the other but in ordsr to burn off tho carhon in
the contral region of the hed it iz 8till impossible teo
aveld oxidising tho catalyst at the ends of the bod,

If the c ubalyst is used for the dagired casalytic
reaction in a fluidised reaction hed and then treated with
alr for combustion of carbon in another fiuidised bed
ho fore boirg returned to the Tirat rosctlon bod, oxidation
of the catalyst in the carbon-burning bod ocourg boacauso,
by the naturo of & fluldised bed, Inddvidual cotalyst par-
tlcles are not romoved from the bed g

8 Soon ag the ¢ arhon

depoults have beoon burnt from thom but renerally romalin in

tho bad for a longer time awd hocome oxldised,
Within the tomporature ravge .gultablo for the catalytie
ro.ctlon of gtemm and/or carbon dioxlde with hydrocarbon

gas and/or vapours, viz: ghout 600°C, Lo 1,100°C,, the r ate

of resction ot oXygen with the carhoen Geposits is much

fastor than its rato of £ sactlon with the ¢ atalyst consbi-

tuents and v ery much fostor than the rate of reactlon wilth

thase ¢ oustituenis of the carbon dloxids Tormad hy combustlan

of the carhon deposite,

Inc arrylng oub eur loventionwe provide a vossel in
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which the gas-producing reactions botween hydrocardon
material and steam and/or carbon dioxide take place in a
golid bed or a finidised bed of' catalyst and we ocontimually
renove portions of the cutelyst from this bed for resheating
and combustion of carben depoalbs. |

Aocording to the presemt invention there 'is proyided

o process for the production of combustible guses;bjﬁ&i . )
reaction of & hydreoarben moterisl in o reactlon zone
with an oxldisins ges in tho presenss of a readily oxidised
and reduced catulyst which comprises withdrawing hot
used ontulyst fruﬁ the reaction zone, passing the
used ontalyst through o regonercting sone together with o
gas stream containing molecular oxygen in an umount not
substentielly oxeeeding thot required for combustion of
carbon deposits on the used catalyst, the said used
ontalyst together with the said gas contoining meleocular
oxypen being passed through the regomerating zone int he
samo direotion and ot such u rute that the conknot time
botween snid catulyst and seid gas in sald regenerating zone is
not substantianlly proater than the tlme reguired for
burning-off snid carbon deposits, ond subsequently reoycling
treatod outalyst to tho reaction vessel.

The catulyst may pass through the catalyst
regenerating zone cege o heuting-vessal or plipe, in which
it is keated ond In which oorbon deposits are burnad from

i1t either as n moving bed or volumn of particles or

pieces resting ono upon another or os & suspension in
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the wir or ag o fluidised strown hut in the In tter
case the rate of flow through the v essel or plps

aend the dimemsions of the plpe must be such that the
catalyst passes through it as a flowing stream,

By using én apiropriately larger quantity of
catalyst in the reactlon chamber for stesm a nd
hydrocarbhons to make up for the loss of active
catalyst surface, tho conditlons in the carbon-hurning
plpe or vegsel may be a djusted so that somo ¢ arhon
g5i21 remains In the catalyst when it leaves this
veasel provided that in its subsequent use in the
reaction vésgel tho amount of residual ¢ arbon thus
remaining does not leed to an umdesired anount of
thermal eracking, which ig catalysed by carbon, When
1t 1s pormissible to leave sowe unburnt carbon in the
catalyst leaving the hurning-off vogsel, oxidation of
the catalyst itself in this vessel can more vagily
be reduced to a milnlmum,

By the procogse of our inventionwe aro anlo Lo use
catalyasts of un oxldizabla charactor, wany of which
materlals are strengly actlve in promoting the desired
reactions be tween hydrocarbon #0888 or vapours and
gtoam without tho disadvantage orf converting part

of the hydrocarbon material into carhon dioxide and

. G
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woter by the roactions involved in reducing the oatalyst from

o higher to a lowa} state of oxidation.

- When nppiying the process of our invention the

weste gases, leave the vessel in which the carbon doposits are

i 5 burnt from the eatalyst ot substantially the tempsroature to

| ' ) :

i which the catalyst is :eocteds The sensible heat of these waste
! N ',‘; .

pgenerators or othor devices for .

- ki / 5
guses nay bgerdoovered il
B e

transfefring heat from one Fluid to another (hereinafter refeyréd

* to as heat exoh&ngers)land thus be used to heat fho air for 7

i 10 carbon burning anq/or stoam for reactlun or it may be recoversd
in & wnste hwat boiler or purtly in one way and partly in the
othor, dopending ok the extent of tho ocorbon deposits in
relnotion to the hent requirements of the process and on  the
availadbility or otherwise of stoam.for the renction and on

15 v#rious other oconsiderntions.

% ‘ It is understood that where the hoat derived from

combustion of the oarbon deposits is inadequate for the heat

requirements of the process it may be supplemented by

combustion of cil, tar or the 1ike. In this case 1% is

20 ocnvenient to combust the oil in the air supplisd for burning
off the oarbon deposits before this air is led inmbo the
oatalyst aolumn for oocmbusting said depeaits. Thus the oil
Ls burned in an oxoess of alr and the resulting hot mixture of
air and ommbustion products is used for burning coarben from ‘

26 the catalyst, | Sl

The fellowing & o description of two embtdiments-
of apparatus in which the proocss of the prasent invention mey -
be ocarried into effect, the dessripticn bolng with refersnce to

the following drowings in whioh:

- e
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Fizure 1 is n dicgrommatic representation of
one embodiment of appuratus and

Figure 2 is a diosrummatic representation of
the nltornativo form of uppurctusa

Referring to Figure 1 +there is o reacotion vossel 1
for comtuining $he catalyst having stesm inlets 2 located near
the inverted conical buso of the reaction vessel 1 and inlets 3
for feeding oil into the resction vessel at o poinf above the
polnt of steam feod. At the top of the revaction vessel 1 is an off-
toke pipe 4 for the re-otion products.

At the bottom of tho reaction vessel 1 there is o
rotary valve 8 for withdrewing cetalyst therefroem, fresh
oatalyst being fed into tho reaction vessel through the feed
ripe & at the top thercef, C.mmunieating with pipe § ls a valved
inlet 7 for the supply of steum to senl the plpe 5 asminst
poassazs therethrough of «ases from either the reaction vessel 1
or tho regensroting vessel 1le

The rotary vuiva 6 communicotes with & condult 8
which leads to the bottom of a mechanicnl 1ift I in which a
buokot vlevator operatos in a olosed olrouit to 1ift the usoed
catoalyst withdrawn fromthe bottem of the reaction vesssl 1 and
feod 1t up to.& second reobary valve 10 whioch passes the used
oatalyst into & rogencrating vessel 11 dispesed vertienlly above
the ronotlon vessel 1 and communioating thorewith throush the
feed pipe b above ruferrsd tos

Near the bass of the ropgenerating vessel 11, above
the constristion formins feed pipe 5, there is o pas-collsoting
ennulus 111 constituted by nn abrupt inerease in the intervel
diamster of the vessel 1ll. Owing to the anpgle of repose of the
solids this amnulus romaing olecr of cntalyst as it desoends into

the wider portion of wvessel 1l. An offtnke 12 is provided for

.
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leadiny off the wasto guses that collect in the annulus 111,

Comnected to the top of rogenerating vessel 11 1s
6 pro~combustion chamber 13 into whieh air is fed through
pipe 14 from o blower 15 either through a pipe 16 or through o
haat exohenger 17 in which the eir is pre-heated by heat
oxchanxe with the waste pases Ybaken off from the' vessel 11
through tho ufftake 12, If desired, heating oil may bo
introducsd into the pro-combustion chember 13 throujh the
valved inlet 18 in thoso circpmstnnoes where the amount of
carbyn deposited on the catalyst is insulfiicient, when combusted
by tho nir, to senerate sufficlent hent for effective rehoating
of the roggnaratod satalyst in the vessel 1l

The heat in the wasto rsases btaken from the vessel 11
throuzh the offtake 12 may be employed as above indicuted for
preheating thé air in the heat exchanger 17 or it may be
passed throuph the woste-hwat boller 19 for the ralsing of steam
or, alternatively, the wasto gascs may be passed through a
seoond heat exchanger 20 for prehenting the steam being fed into
the reaction vessel 1 through the inlets é.

The vuari:us plpes and inlets are provided with
appropriate contrel valves penerally inﬁicutod in the diasrammatic
drawing but not specificelly referred to ubove.

In the operation of tho prooess, the steam and el
are fed into the ronctiuvn vegsel 1 through the appropriate
inlets 2 and 3, the bedy of catulyst in the reaction vessel
being previcusly heated to an uppropriate temperaturs. The
used catalyst iz withdrawn throush the rotary valve 6 and
conveyad by the bucket olevator 9 through the rotary wvalve 10
tb the oatalyst ragenerating voessel 11 through which air is

paseed, the air, if desired, being mreheated in the heat
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exchanger 17 andi, if necessary, furthor heated by oombustion of
oil in the pru-combusticn chamber 13 by mouns of Oii:fﬁd in
through inlet 18 and ignited in the chember 13. The rate of
sirculation of the cotnlyst is such that the residence timé
of the used catalyst in the vqgsel 11 and the rate of air flow
therethrourh is such that the amount of oxymen consumed is
not substentially mo;e thon sufficient to combust the carben
depesits on the catalyst by the time it reaches the feed
pipe & for anfry back into the reaction vessel 1ls By controlling
the rate of movement of tho used oatnlyst throush the vessel 11
and by controlling the amount of the co-flowing stream of
air and ite prohsating, regeneration is cffeected of & mouving
body of cotalyst. Combustion of carbon deposits thereon,
therefore, takes place uniformly and can be ccntrolled so
that it is not completed to the desired extent until the
catalyst is nbout to re-enier the rsacticn vesssl theroby
moking it possible bto avold undesirnble oxidetion of a
readily oxidlsable cutalyst, for instance & catalyst
containineg iron or nickel.

In the alternative apparatus diagrammatioally
illustrated in Fipuro 2, there 1z o oylindrioal renctor 21
provided with a nipe 24 for feedin; steam %o an injvotor 222

L

to whioh regensrated catalyst is fed and in which 1t 1g Tluidised

oS

and fed te the base of the ronctor and inlets 23 for feeding

LY

in of cils The rossctor may bu provided with ndditicnnl inlets o
24 .and 25 for feeding in cdditional oil ond steum directly
at Jdifferent levels in the reaotor if required.

At tha.top of' the ruactor 21 is an offtake pipe 28
loading t0 o eyolone separmtor 27 from the top of whish the

offtake 28 leads ewsy the paseous reaoction products,

-10=
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The ootalyst particles separate out from the gos
stream in the cyclone seporator 27 and pass downwardly through
the pipe 29 into an uprising reeenerating vessel 30 into which
nir is injeoted from pilpe 31 and, if desired, intrcduced also
at inlets 32 so os to Pluidise the catalyst and 1ift it
upwaraly throuzh the vessel 30, Combustion of carbon deposits
on the used cotalyst is thus offsoted with & co-Flowing stroam
ef ailr whilst it is in the vessel 30,

The air supplied to pips 31 and inlets 32 is foreed
by blowsr 33 eithor throuzh o heat exchonger 34 or throush
u by-pass pipe 35, the alr, after having regenerated the
ontulyst in tho vessol 30, beinp separatoc from the cobalyst
in the cyclone separstor 36 from which regensruted catalyst
passoa Jdownwardly via the sonnecting pipe 37 to re-enter the
roactor 21 via the injesctor 222, ond tho hot waste zoses
being withdrawn throush the pipe %8 vis tha heat exochanger 34,
The hot waste pases may, if desired, be passed through the
waste heat bollor 39 for reislng stoam or may be passed throuzh
& pipe 40 4o a second heat oxchanger 41 for pre=hocting of the
stoamn beine fod through pipe 22,

In the operation of the apparatus deseribed
with reference o Floure 2, the jeneral irocedure is the
seme as that desoriLed in relation 4o Msure 1 gave for the
differcnces in cperction arisiny from the use of a fluidisod
ontalyst as distinet from the packed bed of catalyst amployed
in Figuro 1. Thus, the stecm onteriny the reactor 21 through
the pipe 22 fluldlses the regencrated cotslyst passing down
pipe 87 in the injeotor 222 and the reaction with oil takes
place in the rsastor 21 in contaot with o fluidised catalyst,

the used catnlyst being separnted out subsequontly in the

-1~
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oysleone separator 27 and the conditions for carbaon burning

in the rozensrating vessel 30 beinc such thot the desirad

ET{: extent of combustion of the carbon on the cutalyst is not

substentially sompleted bofore it peassee back to the reachor 21
-

via the commoeoting pipe 37,

Thus, in the orocess carried out in the apparatus
desceribed with reference to Fisure 2, en undesirgble cxtent of
oxidation of the catalyst is avoided in a.similar way to thut
describ@d with refﬂraﬁce to Firure 1.

It will e appreciatoed that the forejoin:
déaoription with referonce to the two figwoes of the drawinge
ts not exhaustive of the varicus types of apparatus and
procese which are embraced by tho invention and the
degsoription is intended to be illustrative only of two
possible ways of carrying into effacf the process of the
invention relating to the reponmoration of the oatalyst |

whilet substentially avelding its oxidations

]2
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. .
1. A srocess for the production of combustile gases by the

I CLAIM:~

’

roaction of a hydrosarbon material in a reaotion zone with an oxidising
F]
as in the prosense of a rendily oxidisod and reduced catalyst which

process comprises withdrawing hot used catalyst beuring deposited

|5
o

carbon from the remotion zone, pnssing the sai:l used catalyst through
a rerenerating zone together with e gns stroam containing molecular
oxygen in an amount not substanticlly exceeding that required for
cembustion of the said depositod csrbon on the used catolyst, the
snid used catalyst topother with the saii gos containing moleoular
ckygan Loing possed through the regenerating zone in the samo
dirsotion and at such a rote that the oontact time botween said used
ontnlyst and said 5as>in sni? rogonerating zono is not substantinlly
%reator thon the time rcquired for ombustion of said deposited
carbon and subseguently rucyoliné satalyst so regeneruted to the

raactl.n zono.

2 A process according te olnim ) wherzin the spent oatalyst
is pessod through snid regensreting zene in the fomm of a moving

solumn wherein the pleoces of oatalyst rest one upon ancther.

3w ' A process according to claim 1 wherwin the used entalyst
ls pasesed through soild regenerating zone in the form of o suspension

in anid gos stroam,

‘e i proooss wogcrding &o olalm 1 wherein the usedt catalyst is
passed threugh soaid regenerating zone in tho form of a FPluidised

streom.

i
S A process acoording to claim 1 wherein the conditions in

the regenerating zone are so adjuste:l thet only a partial combustion

of the said deposited carbun is effeoted.

G A procsss according %o claim 1 wherein the hot geses from
the rerenerating zone are possed through a heat exohanger for the
roocvery of sensibile hoat therefrom.

-]l3m-
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Te 4 process sesording to ¢laim 6 wherein tho sensiblo heat

recoversd in ssid heat-oxchusnzer is employed lor preheating the gas

for repeneration of the used catnlyst,

_ /
B 4 process . ccording to claim 1 wherein sensible heat in |

¢
i

hot gases from the regenernting zone is employed for raising steam:

in a waste~heat boller.

On & procoss according to claim § wherein the gers ible heot
recovered in soil heat~exchanger is employed for preheating oxidising

zas prior to its intreduction inbo the remction zonas

10, h process according to claim 1 wherein a combustible
matoriul other than the carbon depdsits on used catalyst is burnt
in the ras stremm in the re-cnorating zone te provids additional

heat for regencraticn of the saild used catalyst.

11, 4 process nccording to olaim 10 wherein the said

combustible material is odded to the gos streum prior to its contact

“with ontalyst in the re-enerating zonos

12, £ continuous prooess for.tho production of ocombustilble i uses
py rosotlon of a hydrooorbon materinl in o reactlon vessel with an
oxldising sns in  the presence of o roadily oxidised and redused
ontalyst whioh comprises conbinually withdrawing hot used catalyst
from the reaotion vessel, possing the usad catalyst through o pipe
fogether with o zas stream conbaining molseular coxyren in an nﬁount
n&t sﬁﬁht&ntiully exceeding that reqﬁired for cambustion of enrbon
deposits on the used.catalygt, the said uszed ontslyst tegether with
thao saidggas’containing moloeoular oxygen being passed throurh the
pipe in the same direotior and at such o rate that the contoct time
botwesn said ontalyst and se&id pas in sald pipe is not substantially
esroater than the time reguired for burning-off said acrbon deposits

\

and reoyoling treated catolyst to the reactiocn wvessel,

“ldm
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13, A continuous provess for the production of combustible

gases which comprisecs passing o hydrocarbon together with an

oxidising zas sclocted from the class consisting of stoam and carbon

dloxide over an oxidisablo satalyst in a ronction vessel, camtilmuously

5 withdrawinm used catalyst boorin: deposited carbon from said reaction

vessel, fesding withdrown catalyst to o catalyst regenerating vessel

together with 2 zus conlaining moleculur exyxen to flew in the same
direction through said reszencruting vessel, contrelling the amount
of molesulor oxygen fed to thoe regenerating vessal and the rate of

10 flow of usod catalyst and zus contalning molecular uxygen through

LR RCRT R R e

the rosensroting vessel to ensura thot the amount of molecular oxysmen

and the contoct time of sczid molecular oxyzen with usod outalyst

in sald reseniraeting vessel do not substantinlly sxcesd that neosssary

to burn-off{ substontinlly all thé depeosited ¢ nrbon, reocyoling
y :

i e

15 regonerated catalyst to tho renotion vessol und recovering sensible

e

heat from the spses issuing from said ropeneratin’ vessal,

lia A continucus process according t o claim 13 wherein the

recoversd sensible heat 1s employed for prleating sald oxidising gaéa

15 A continuocus précess wocording to claim 13 wherein the

20 reocovered sonsible heat is employed for proheating sald jos containing

<

molocular oxysens

164 4 oontlnucus process according tc clalm B wherein the
recoverad sensible heat is emuloyed for raising steam in o wuste-

heat hoilers

25 - 17 A continvous process accordine to claim 13 wherein the

gos centeining melooular oxyzen ie air.

18. A method of removing deposited carbon from a‘roadily

oxidisable used catnlyst which comprises flowinz used catalyst

w B
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together with a contrilled amount of gas conbzining mulecular
oxygen intc and through a catalyst regenerating zone, the amount

of molecular ugygen and the rate of flow of used catalyst and =ald

gas being so adjusted that burning of carbun from sald catalyst
ig not more than substantially complete ai the cutlel from sald

catalyst regensrating zone.

19. A methed according to elaim 18 whersin a fuel is
burnt in gaid gas containing molecular cxygen before countact with

the catalyst in the catalyst regenerating zone.

-
k
b
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