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| NSTALLATI ON W TH A CARBON DI OXI DE TRAP. TECHNI CAL FI ELD The

I nvention relates to an oil-derived hydrocarbon converter coupled to
an integrated conbustion installation wilth a carbon dioxide trap
BACKGROUND Such an oil-derived hydrocarbon converter includes
a hydrocarbon catalytic cracking baffle in the presence of catal yst
particles in fluidized phase and which fractionated oil cuts are
recovered by ballistic separation of the particles and these
fractional oil cuts. In this first baffle is customarily associ ated a

catal yst particle regqgergERIvESTYDREILARON CONVERTERINM thin the
cracking vessel. In thrs r%gg_nera or, the cah’a%yst N)%ﬁé ar e
regenerated by bur AMINTEGRAJIED &AMBUS TIGN] a}é-f@ﬁb &t he
cracking baffle. These gameeNDIOXIPERTRAP. on are described in
patent docunents FR 2 625 509, FR 2 753 453 and FR 2 811 327.

Conventionally to achi eve tpwnbustion of coke in the regenerator
by neans of inj ect S HNICA) base of the regenerator and the
conbustion gas containing in part carbon dioxide, resulting fromthe
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em ssions, bringing about a total or partial capture of this dioxide.

The carbon di oxi deBAGKGROUJAPr ured in a reactor by washing with a

Th e on i e TR\len An olkderved hydroarbon convarter cludes’a Tydrocarbon
catalytic cracking baffle in the presence of catalyst particles in fluidized phase
and which fractionated oil cuts are recovered by ballistic separation of the
particles and these fractional oil cuts. In this first baffle is customarily
associated a catalyst particle regenerator, on which coke is deposited within
the cracking vessel. In this regenerator, the catalyst particlés are regenerated
by burning the coke and are then recycled towards the cracking baffle.

These types of installation are described in patent documents FR 2

625 509, FR 2 753 453 and FR 2 811 327.

Conventionally to achieve the combustion of coke in the regenerator
by means of injected air at the base of the regenerator and the combustion gas
containing in part carbon dioxide, resulting from the reaction of the oxygen in
air and the carbon constituting the coke, is evacuated at the top part of the
regenerator.

Carbon dioxide is a greenhouse-effect gas that should be reduced
from emissions, bringing about a total or partial capture of this dioxide.

The carbon dioxide can be captured in a reactor by washing with a
solvent, for example, moncethanolamine, which selectively solubilises the

carbon dioxide.



WO 2007/ 074304PCT/ FR2006/ 051415 2 The solvent is then regenerated by
extracting the carbon di oxide due to heating by injecting steamin
anot her reactor then the regenerated solvent is returned to the
scrubber uMQ200M¥Faer, this solution has to be treat ed PAIFRR006/051415
nitrogen, which is also evacuated in papt with the carbon di oxi de at
the top of the catal yst regenerator, which neans proportioning the
carbon dioxide trap in proportion with the quantity of nitrogen
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I ncreasing the inves Id an ey requi rge areas.
Ther ef or e i t dibrislelzadbueking wbtbraact)ﬁsogemmh&ﬁbwevdr rtae paygerti |s q.hmumedt
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exchanger fo% Idtlor&n&rd 2 heat recovery, a reactor for oxidizing oxides,
a second cyclone, exchangers for controlling tenperature of the
circul d6i ng oxi desAndthenpriocess knewin 40 earmioub gasl combiustion withddiggeatednd

then oxidi zeg BB oPbarBBh idxRRURTIC using § Hdthig okide'uled B'dnSxyBEh-

vehicle support. This oxide circulates between two reactors in which it is
oxidized in a fluidized bed reactor circulating by mixing with air, is reduced by
mixing with the gaseous fuel. This process has an advantage of not requiring
20 an air separation unit since the oxide forms the oxygen support.
These carbon dioxide capturing processes have the inconvenience of
increasing the investment cost twofold and they require large areas.
Therefore it has been considered as described in the patent document
FR 2 850 156 to make a carbonaceous solid combustion facility to include a
25 reactor for reducing oxides, a first cyclone, an exchanger for flue gas heat
recovery, a reactor for oxidizing oxides, a second cyclone, exchangers for
controlling temperature of the circulating oxides, in which circulates an oxide
which is reduced and then oxidized in each of both reactors. According to this

prior art,



the solid conbustible material is nmlled before entering the oxide
reduction reactor. The oxides are reduced by first of all having them
in contact wwth the fuel which reacts with the oxygen rel eased by the
oxi de and then oxidized by contact with=air which regenerates the

oxi de. The reduced size of the solid fuel particles allows nore

conpl ete and faster conbustion and production of nearly 100% of fly
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the solids and exchangers, the said oxygen support circul ating

bet ween t hesand an optieied Bize aad-ash t hat the sai d oxygen support is
constituted fromnetallic oxide particles WO
2007/ 074304PCT/ FROIOBIMSI™M 15 4 of average dianeter different from

that of the aforesgid,catal yser .particles. So is achieved the
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being a reactor integrated in a combustion facility to produce steam including

capturing the carbon dioxide, characterized in that the said regenerator is a
reduction reactor for an oxygen support, supplied with solid fuel including the
said particles supplied with coke and equipped with a separation cyclone for
the solids and exchangers, this reduction reactor for the said oxygen support
being associated with an oxidization reactor for the said oxygen support and
equipped with a separation cyclone for the solids and exchangers, the said
oxygen support circulating between these two reactors and in that the said
oxygen support is constituted from metallic oxide particles



metal lic oxide particles different fromthe said catal yst particles.
According to a preferred nmethod, the said reduction reactor is a
circul ating fluidized bed fluidized by the steam and/or _the recycl| ed
car bon di og‘f‘%l@oﬂ??d?%r sul phur dioxi de. 15Advant ageous| yPCVRRE006/051415
installation includes in the cyclone ousl et of the reduction reactor
a siphon separating said netallic oxide particles directed towards
the oxidization reactor and said catal yst particles directed towards

the, cracki ngopaldihee dlndigfilg ohPhoMinabGiHESbrblfa Sl ocY BhtBRe.
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According to a preferred method, the said reduction reactor is a
circulating fluidized bed fluidized by the steam and/or the recycled carbon
dioxide and/or sulphur dioxide.

15 Advantageously, the installation includes in the cyclone outlet of the
reduction reactor a siphon separating said metallic oxide particles directed
towards the oxidization reactor and said catalyst particles directed towards the
cracking baffle.

It can be set up, between the said cyclone outlet of the reduction

20 reactor and the said cracking baffle, a granulometric sorter re-injecting the
metallic oxide particles into the reduction reactor and the catalyst particles into
the cracking baffle.

in this case, preferably, the said granulemetric sorter has a circulating
fluidized bed equipped with a separation cyclone.

25 Preferably, said catalyst particles are re-introduced into the said
cracking baffle by means of a rising duct of a defined height of which the load
loss compensates the difference in pressure between the said baffie and the
said granulometric sorter. This balances the difference in pressure between
the circulation loop of the catalyst particles and the circulation loop of the

30 metallic oxide particles.



Said netallic oxides can include iron oxide. Said catalyst particles
can consi st of nickel oxide. To provide requirenments in steam
or electricity, it is possible that said solid fuel also includes oil
resi dues, such as pitch, bitunen or aspﬁalt, to generate sufficient
power. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is descri bed
in detail below together with a diagramwhich only represents a
preferred nethod dheaatiopetweenithetdveragesdinmeter. of the metaligozride particles

represents an installation conformng with the invention. DETAILED
DESCR! PTI ON and the catalystaarides s advasraeauslydusherthan 2: ter i ved
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This installation includes an oil-derived hydrocarbon converter
including a catalytic cracking baffle 1 in the presence of ¢catalyst particles in a
fluidized phase that is fed by a duct A1 and a catalyst particle regenerator 2 by
combusting the coke deposited on these, the catalyst circulating between the
cracking baffle 1 and the regenerator 2. The catalyst particles are evacuated
from the cracking baffle towards the regenerator by a supply duct 1A and are
re-injected from this regenerator towards the cracking baffle by a re-injection
duct 2A. Some fractional oil cuts are obtained from the cracking baffle outlet by
an outlet duct 1B. In such a cracking baffle, the temperature is around 650°C
and the pressure about 2 bars.

According to the invention, the regenerator 2 is a reactor integratedina
combustion installation for producing steam with a carbon dioxide trap.

This regenerator 2 is a reduction reactor for an oxygen support,
preferably formed from average diameter metallic oxide particles different from
the catalyst particles, supplied in solid fuel including the particles provided
from coke by the



supply duct 1A and equi pped with a separation cyclone C2 for the
sol.ids and exchangers E2. The solid fuel fed by the duct A2 can al so
I nctude .oil residues. 5 This reduction reactor is a heat source to
the circul MARGFPFWdi zed bed fluidized with the st eam BYIER280(514)5
duct 28 and an air box 2C introducing tge fluidization steamin the
| ower part of the reduction reactor 2. This steamis mxed with the
carbon di oxi de or the sul phur dioxide recycled by an additional duct
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separator S2 to be.st,gcked in a silo, whereas the netallic oxide
particles arHBBELCXd&ards a silo 4. The solid particles
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regenerated catal yst particles and carbon residues, pass via a siphon
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The fly ash and the combustion gases are brought to the heat

exchangers E2 and steam generators for the production of electricity. The fly
ash is separated from the combustion gases in a bag filter F2. The combustion
20 gases are then sent into a cooling and condensation circuit R2 via a fan V2.
This circuit extracts water and the remaining H.S0, from the carbon dioxide
which is then partially reintroduced into the reactor 2 by the additional duct 2D.
The fly ash is separated from the metallic oxide particles by a granulometric
separator S2 to be stocked in a silo, whereas the metallic oxide particles are

25 sent towards a silo 4.
The solid particles coming from the C2 separator, containing metallic
oxide particles, regenerated catalyst particles and carbon residues, pass via a

siphon 5 from where a first part is



particles and the catal yst particles and which will be nade clear
further.on. A5 second part comng fromthe cyclone is di scharged
towards -a elimnation device for the carbon residue 7.

el i mi nati oVFEHEE? is fluidized by the steamfroma s?%%{?ﬁzio‘r‘ﬁoél‘“s
duct 8, also supplying the feed duct 2Byof the reduction reactor 2.
This fluidization separates the fine and |ight particles such as the
carbon residual to fromthe netallic oxide particles and
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oxi de parti cihepaAét doeclirent ER 2850 186t er oxidi zation in the react or
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20071074304 PCT/ ERoUws6pxigization reactor 3 is equipped with a starting system D3 that is
supplied with fuel such as gas, a system of introducing the metallic oxide

particles from the oxides silo 4 and a fluidization and oxidization system by a

supply duct 9. This starting system D3 reheats the reactors and the solids

circulation loops up to a temperature threshold higher than 700°C and starts
20 the reactions.

- The oxidization reactor 3 for the oxygen support, containing metallic
oxide particles of an average diameter different from the catalyst particles, is
equipped with a separation cyclone for the solids C3 and exchangers E3.

A bed composed of metallic oxides circulates in the oxidization reactor

25 3 that is fluidized by air coming from the inlet duct 9 supplying an air box 3C. in

such an oxidization reactor, the temperature is around 1000°C and the
pressure is atmospheric pressure.

The metallic oxide particles and exhausted air, after oxidization in the

reactor in question 3, passes into the solids separation cyclone



8 C3 where the netallic oxide particles are separated fromthe
constituted gases essentially nitrogen, oxygen and fly ash.
The hot .gases are cooled in the heat exchangers E3 and steam

generat or 2P HE4f oduction of electricity. The oxide pPal¥idqedstats

carried along are separated fromthe ai8 by a bag filter F3 and
reintroduced into the oxide silo 4, while an exhaust fan sends back
air into the atnosphere via a chimmey 10. The solid particles that
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from the oxide silo 4 via the duct 13. Extra oxide particles can be justified to
compensate the losses by attrition in the different reactors 2 and 3, so as to
provide sufficient oxides to ensure the transfer of materials and the circulation
20 of the solids. The large ash particles or agglomerates are periodically
extracted by an extraction duct 14 at the bottom of the oxidation reactor to a
recovery silo.
As already mentioned, between the reduction reactor cyclone outlet
C2 and the cracking baffle 1, there is a granulometfric sorter 6 re-injecting the
25 metallic oxide particles into the reduction reactor 2 and the catalyst particles
into the cracking baffle 1.
In the said, in effect, it is anticipated that the oxygen support is made
up of metallic oxide particles different from the catalyst particles, which are, for

example, made up from nickel oxide. This metallic oxide



9 preferably includes iron oxide and could al so be nanganese oxi de,
copper or nickel. 5Equally within the framework of the invention,

thi § oxygen S%LI:)B‘E)O” can be fornmed fromthe catal yst particles
t hensel ves Y31 4 case, the granul onetric sorter 6 isPEBFR%“%%‘EH'éd.
To effectively sort the particles, when%9the oxide particles are

different fromthe catalyst particles, the granulonetry of these
particles is chosen so io0o that the ratio between the average
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cyclone 6B sized to carry out the sorting. In the lower part of the cyclone 6B in
guestion, the evacuated oxide particles that are re-injected into the lower part
of the reduction reactor 2. In the top part of the cyclone 6B in question, the
catalyst particles are sent back into the cracking baffle 1, by means of a rising
20 duct 6C of a defined height from which the load loss compensates the
difference in pressure between the cracking baffle 1 and the granulometric
sorter 6. This transfer is done via a hopper 15.
The cycle of the different reactions will now be described.
The oil-derived hydrocarbons and the catalyst particles are introduced
25 into the cracking baffle 1. Fractional oil cuts are obtained and the catalyst
particles charged with coke and therefore carbon are evacuated in the
reduction reactor 2, possibly with oil residues.
This reduction reactor 2 being a circulating fluidized bed, an increased
time delay in this reactor is obtained because of the internal circulation of the
30 solids in this reactor and the recirculation via its cyclone C2. The volatile

materials clear very quickly after reheating the



30solids in this reactor and the recirculation via its cyclone C2.
The volatile materials clear very quickly after reheating the WO
2007/ 074304PCT/ FR2006/ 051415 10 fuel and reacts with the _oxygen

cl eared by WHPOUYIPAn vehicle netal lic oxide to perfornFal/BEPGg1415
combustion that continues with the conbigsti on of the fixed 5 carbon,
ensuring the elimnation of coke carried by the catal yst particles
that are regenerated on one hand, and on the other hand the reduction
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reactor 3 to be oxidized by the oxygen in the air. Due to this car

barrier, no a@dlb@iﬁm@iq’ilﬂ@mﬂdﬁ@aﬂﬁmsf erred into the 15 oxidizati on

educe the eftei hdy B BeboRRt HEY, RSRERLE0IE SHOT, osﬁﬁ%ﬁsép%“
i nstal | ati ongituated undéf theveptone a@w@@mdc\c}m ngisfreaetidreredictsti 2atd o8
reactor 3 is cooled in the heat exchan that for practlcal

pur posed is PWifiRsdram dhg sarhen regiduss f@pghave not been transformed into fly ash,
using the elimination device 7 that forms a barrier to the carbon in the

installation, then reintroduced into the oxidization reactor 3 to be oxidized by
the oxygen in the air.

Due to this carbon barrier, no carbon residual is transferred into the

15 oxidization reactor 3. Thus, it is not produced from carbon dioxide, which
would reduce the efficiency in capturing the carbon dioxide from the
instaliation.

Air weak in oxygen coming from the oxidization reactor 3 is cooled in
the heat exchanger E3, that for practical purposes is formed from a plurality of

20 exchangers, then any dust is removed in the bag filter F3 and sent back out to
the atmosphere.
The oxide particles regenerated after their passage into the
oxidization reactor 3 are sent back towards the reduction reactor 2 to start a
new cycle of transporting oxygen from the oxidization 3 reactor towards the
25 reduction reactor 2. The quantity of oxides sent back into the reduction reactor
2 can be controlled by a flow control valve (nhot shown).

Another part of the oxide bed extracted with the siphon base 5 situated
under the cyclone associated with the reduction reactor 2, is directed on the
one hand downwards from the reduction reactor 2 to maintain a circulation of

30 solids in the reactor 2, and on the other hand towards the granulometric sorter

6, that separates the regenerated catalyst particles that are re-injected into



20 exchangers, then any dust is renoved in the bag filter F3 and sent
back out to the atnosphere. The oxi de particles regenerated
after thei into the oxidization reactor 3 are

t owar ds thgmggﬁﬁ@?ﬁ%n reactor 2 to start a new cycle ofgfﬂéﬁggﬁng%g
oxygen fromthe oxidization 3 reactor tdwards the 25 reduction
reactor 2. The quantity of oxides sent back into the reduction
reactor 2 can be controlled by a flow control valve (not shown).

Anot her par t 4f crhB@n@bbfiR et etesialsthd PartiBes WHkP A8 ifroduced

situated under the cyclone associated wth the reduction reactor 2,
is directed o thecbaneeofibe tediotipegagiorf r om t he reduction reactor 2 to
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2007/ 074304P 051415 11 the_ cracking baffle 1 and the
resi dual oxi e W feadters Jand . athe nstatiation ie simplified sinee Basendithene

reduction re i =] GRS i use as a
cracki ng cat ‘Zﬁ%‘@%d t%ﬁﬁr%%@h@?ﬁ%p@%égﬁisg I[uﬁr@adna]ai gotwee %s? Etre Egt he oxygen
circulation | oop between the two reactors 2 and 3. The installation

is sinplified since it is not then required to carry out the
granul onetric sorting done by the sorter 6.



12 Cains 1. Gl-derived hydrocarbon conversion system conpri sing:
a catalytic cracking baffle having catal yser particles in fluidized
phase di sposed therein, wherein coke is deposited on the catal yser
particles; a reduction reactor for yreducing netallic oxide
particles used as an oxygen support, the netallic oxide particles
havi ng ar2®%rage dianeter different fromthe said catal yser
particles, wherein the reduction reactor is supplied with solid fuel

and the tat aIQ&'é?ﬁ‘ﬁgWﬂ@P%@OTH@%@ﬁP’éB}'ﬁFﬁW FPTEBKE'S or burning the solid
fuel and cokgnifc Bfa@?i(ihg%aﬁﬁgﬁoﬁg%ﬁgrg?xﬁagﬁdé% RAMSddGI8S diYitke e,

provided to the catalytic cracking _ ; an oxi di zati1 on reactor
f or oxi divhereig colteds dxpogied anuppcatalysenhatidess t he oxygen support

circul ates_hetween_the reduction reactor. and ihe idation reactor;: a
First epa? S iapi e o ¥kl dRE s BRIt Bes O e SO0 e
exi ting méellic egide phtibles BAGH AN avange diamates Hithant fomitngsald ewraliseepdiidiad
separator, cyclone that separates netallic oxide particles directed

t owar ds WIHESIB fiedrusiipp rearton Ly yPplisd qvithagodid fugl and the calabysercragiiclesidepesited

toward t € j id%aell; VeI Shah f i i
wher ein ‘?lﬁle é%gﬁg?? 3ﬁﬁér f(taﬂaeg?t’ocl)lrd 1?}21 gﬁcﬁkgutlga?%)ﬁge ? ?@3%1%?9;:2&: aﬁggéﬂ&mCIes’

f I ui di zewhidyars peeided tetpchiglytic arablong baffigi de, and/ or sul phur di oxi de.
3. The, Conyer sy Shel o Skl e WIGLS] Boble GRXIEN:SUANOL wh o

constituted from ne IC “OXI N "aver age
di f f er endircilatet bawsai e calnationsesctgrand te! oxddatiodtreadib® conver si on system

of claim11, further including a seco separator cyclone for
separ at i ng® Sbf P €Y' PR, %@ﬁgﬁ’ﬁ%ﬁfh@%ﬁ%&fl& redistoneacif
provi di nggt he solid particles to the reduction reactor. 5. The

conversion systemof claim11, further includes a granul onetric sorter
di sposed besiRbehcaping frdne theofirst separpior syclerpiphicperates watadlie oxifel pakeles

Cal viic . Ll i eat <. b . .
oo ¥ SRt AL ol il (o Pyl DBl L, Al RAURA S
cat al yt ictackingdkfileg baffl e.

2. The conversion system of claim 1, wherein the reduction reactor is a circulating

fluidized bed fluidized by steam, recycled carbon dioxide, and/or sulphur dioxide.

3. The conversion system of claim 1, wherein the oxygen support is constituted from

metallic oxide particles of an average diameter different to the said catalyser particles.

4, The conversion system of claim 1, further inciuding a second separator cyclone for
separating solid particles and gas exiting the oxidation reactor and providing the solid particles

to the reduction reactor.

5. The conversion system of claim 1, further includes a granulometric sorter disposed
between an outlet of the first separation cyclone and the catalytic cracking baffle that re-
injects the metallic oxide particles into the reduction reactor and the catalyser particles in the

catalytic cracking baffle.



13 6. The conversion systemof claimb5, wherein the granul onetric
sorter is fornmed fromof a circulating fluidized bed equi pped with a
third separation cyclone. 7. The conversion systemof claiml1,
wherein the catal yser particles are req njected into the cracking
baffl e by nmeans of a rising duct of a defined height of which the
| oad | ossg comugneat@sion KRt bf @AM QhbRirPhe gSHhBmReICWBRE it REmed from of
catal ytic cracking baffle and the granul ometric sorter 8. The
conver5|4ﬁif0§8ﬁ§ﬂé§1ﬂéﬁe@:b%ﬁ PALIPP e etgeltmrdtmarﬁfaqucw@ween t he average
di anmeter of the nmetallic oxide particles and the catal yser particles
is higher than 2:1. 9. The conversion systemof claim5, wherein the
net al | i ¢ Dxi dElE donmdrsidmsjste&mof)oﬂhidel wlibfbin ’dﬁme:a&x%selelmﬁd]es&haminje,cted into
wherein t articl i.ncl
Conver oi OHE Sk BRbBRlePATHID, S tNgs HOgAR ~oinad PEgHt phEPishae: b oss
resi dues. combénsatth 4h€ UMEESIOM PSR bOves ahdNcdtalyib edrikihgl BEMe and the
catal yser particles and the oxygen support are substantially the
same. 1¥FampiEnetgasasiesi on system of claim 1, wherein the reactor is
integrated in a conbustion facility to produce steam i ncl udi ng-
capturing carbon dioxide. 14 The conversion system of claiml,
wher ei n t&he sieicdnfanedn syeirudbdaio 1, whesdirdthe satio between the average diameter of

the metallic oxide particles and the catalyser particles is higher than 2:1.

9. The conversion system of claim 5, wherein the metallic oxides include iron oxide.
10.  The system of claim 1, wherein the catalyser particles include nickel oxide.

11.  The conversion system of claim 1, wherein the solid fuel includes oil residues.

12.  The conversion system of claim 1, wherein the catalyser particles and the oxygen

support are substantially the same.

13, The conversion system of claim 1, wherein the reactor is integrated in a combustion

facility to produce steam including capturing carbon dioxide.

14, The conversion system of claim 1, wherein the solid fuel includes oil residues.



