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15 Isobutene in some utilizations such as oligomerization

or polymerization must have a high degree of purity, that

is, be substantially free of other C; isomers such as
butene-1 or butene-2. The separation of commercial
guantities of isobutene from butene-1 by fractional

20 distillation is quite difficult because of their close
boiling points (isobutene -6.9°C; butene-1 -6.3°C). On
the other hand butene-2 which boils at 1.0°C (trans
butene-2) and 3.7 °C {cis butene-2) is much more eas:fly
separated by distillation.

25 In order to achieve the requisite purities, processes
have been developed such as etherification which reacts
isobutene then recovers the ethers, followed by
disassociation of the ethers to produce iscbutene and
‘alcohol which are easily separated by distillation (see

30. U.S. Pat. Nos. 4,447,668; 4,482,775; 4,551,567 and
4,691,073).

It has been known for some time that olefins can be
isomerized wunder mild conditions using a catalyst of
palladium oxide supported on alumina in the presence of

35, hydrogen. The actual active catalyst is probably palladium
hydride which is produced during operation.

As commercialized, hydroisomerization is a process used
to upgrade C; streams, usually from fluid catalytic
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been 25 used,dyyihs, | $0REILZAL 110N Qb £4mal k@B apuReheth i nd). 8o HFat. No.
4,482,775 |isted above. However, such a process used an acidic cationic

exchange res???%’e?trﬁ‘%/st to produce i so and normal butenes. Arganbright in
U S. Pat. No. HNoddaing0 tdi siHenskitexrapuoeesd sooeribaticoneccaas i onlypf 30

butene;g to jfcreagespspduatian & PHLEBEEddifn&. In the fixed bed
processes a three to four percent relative loss of butene
occurs due to hydrogenation as the isomerization is pushed
toward equilibrium.
The use of catalytic distillation processes is known in
20 the art. See for example the series of patents assigned to
Catalytic Distillation Technologies including U.S. Pat.
Nos. 4,215,011; 4,232,177; 4,242,530; 4,302,356; 4,307,254;
4,336,407; 4,439,350; 4,443,559; 4,482,775; 4,504,687;
4,510,336 and 4,536,373. Catalytic distillation has been
25 used in the isomerization of C; alkenes as noted in U.S.
Pat. No. 4,482,775 listed above. However, such a process
used an acidic cationic exchange resin catalyst to produce
iso and normal butenes. Arganbright in U.S. Pat. No.
5,087,780 discloses a process for the isomerization of
30 butene-2 to increase production of butene-1 in a
distillation column reactor using a palladium catalyst
supported on alumina.
An advantage of the present invention is the separation
of isobutene from normal butene in a high degree of purity.
35 Another advantage sought to be achieved is relatively
higher production levels of butene-2 which can be more
readily separated from iscbutene. Another benefit would
be to convert butadiene to butenes.
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containing the mixed Cu's is fed to the distillation
column reactor containing a supported palladium oxide

20 catalyst along with sufficient hydrogen to provide for the

hydrogenation of the butadiene. 1In the distillation column

reactor the butadiene is converted to butenes and butene-1

is isomerized to butene-2 which is concentrated in the

bottoms. Isobutene and isobutane are withdrawn from the
25 distillation column reactor as overheads.

Since the butene-2 is removed from the reaction zone,
the isomerization is driven aWay from equilibrium and more
butene-2 is produced than is obtained in an equilibrium
reactor (fixed bed flow through). Isobutane is also

30 concentrated by distillation in the overheads along with
the isobutene while the butene-2 is removed from the
distillation reactor as bottoms. '

As used herein the term "distillation column reactor"
means a distillation column which also contains catalyst

35 such that reaction and distillation are going on
concurrently in the column. In a preferred embodiment the
catalyst is prepared as a distillation structure and serves
as both the catalyst and distillation structure.
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n-butane - 0.5 26.3

trans butene-2 1.0 16.9
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*CHEMICAL PROPERTIES HANDBOOK, Carl L. Yaws, McGraw-Hill,

1999

The closeness of the boiling points of butene-1 and

isobutene make the separation of butene-1 from isobutene
20 difficult by distillation. However, the boiling point of

butene-2 is almost 8 degrees higher for the trans isomer

and more than 10 degrees for the cis isomer. Therefore, as

the butene-1 is isomerized to butene-2 the normal butenes

(as butene-2) can be more readily separated from the
25 isobutene and isobutane.

The isomerization reaction is reversible as may be noted
by references to "equilibrium" concentration in fixed bed
reactors for a given residence time. In a catalytic
distillation, i.e., the catalyst serves as a distillation

30 component, the equilibrium is constantly disturbed, thus
the removal of butene-2 as a bottoms product constantly
drives the reaction to increase production of butene-2.

Broadly stated, the catalytic material is a component of
a distillation system functioning as both a catalyst and

35 distillation packing, i.e., a packing for a distillation
column having both a distillation function and a catalytic
function. The reaction system can be described as
heterogenous since the catalyst remains a distinct entity.
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disclosed in U.S. Pat. Nos. 5,730,843; 5,266,546; 4,731,229

and 5,073,236; which are incorporated by reference.
The present ihvéntion preferably carries out the method

20 'in a catalyst packed column which can. be appreciated to
contain a vapor phase and some liquid phase as in any
distillation. The success of the cata_.lytic distillation
approach lies in an understanding of the principles
associated with distillation. First, because the reaction

25 is occurring concurrently with distillation, the initial
reaction products are removed from the reaction zone as
quickly as possible. Second, because all the components
are boiling, the temperature of reaction is contreolled by
the boiling point of the mixture at the system pressure.

30 The heat of reaction simply creates more boil up but no
increase in temperature. Third, the reaction has an
increased driving force because the reaction products have
been removed and cannot contribute to a reverse reaction
{LeChatelier's Principle).

35 As a result, a great deal of control over the rate of
reaction and distribution of products can be achieved by
regulating the system pressure. Also, adjusting the
throughput (residence time=liquid hourly space velocity™1)
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overhead temperatures in the range of 80 to 180°F, wmore
preferably 100 to 150°F at pressures in the range of 50 to
110 psig (bearing in mind the effect of pressure on
temperature as discussed above). In its more preferred
20 embodiments the present process is operated under
conditions, particularly temperature and pressure, which
tend to exclude butene-2 from contact with the catalyst
while 'holding the butene-1 in contact with it. Thus, as
butene-1 is isomerized to butene-2 it drops down in the
25 column away from the catalyst and is removed as bottoms.

A reflux is preferably included in the system. The
reflux ratio could vary over the rate .5:1 to 33:1. In
practice, the higher ratio may be used to compensate for a
short catalyst bed such as required for experimental work.

30 In commercial size units the catalyst bed would be provided
so that lower reflux and hence higher unit productivity
could be obtained at lower operating cost.

It has been calculated that to obtain the same unit
productivity and isobutene purity from a given feed in a

35 conventional distillation as obtainable in the present
process would impossible.

A catalyst suitable for the present process is 0.5% PdO
on 1/8" Alj03 {alumina) extrudates, hydroisomerization
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The hydrocarbon stream is selected as one which is high
in C4's, especially normal butenes and isobutene.
Saturated Cu's only contribute to the vai:or loading in the

20 column. High concentrations of butadiene are not
necessarily desired since it has been found that the
isomerization reaction does not prdceed until near
completion of the butadiene hydrogenation reaction. A
practical limit. to butadiene is thus established by the

25 distillation column reactor bed size and reaction time
available for the hydrogenation and isomerization
reactions. Additionally the butadiene can be extracted to
practical limits before feeding due to its economic value.
A typical candidate stream is the mixed C, stream from a

30 fluid catalytic cracking unit (FCCU).

The FIGURE is a. schematic representation of a general
process to separate normal butenes from isobutene by
igomerization of butene-1 while concentrating the butene-2
and isobutene in separate streams. The initial step is

35 feeding a mixed C; stream, as from a butadiene extraction
plant, to a distillation column 10. In the distillation
column a mixed C, stream containing butene-1, iscbutene
and isobutane is removed as overheads wvia flow line 103
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10. hydrogen lost fromthe catal yst but kept below that required for

hydr ogenati on of butenes or. to cause flooding of the colum which is
understood to be the "effectuating amount of hydrogen” mis
used hereiﬁﬁoeﬂwg?blly the nmole ratio of. hydrogen to CAiﬁ&Esan%&%on fed
to the 15 bed of the present invention wll be about 0.01 to 0.60,
preferably 0.01 to 0.10. The hydrocarbon streamis selected as one which is

high in CA'yhileSpaekably s Ryl @ReSne 20tk I SR % bOREURS! Gk CALS
only contribuyte HQ the vapor loading in the 20 colum. H gh concentrations
e

of butadi en ot ﬂ%cessarlly desired since it has been found that the
| someri zati on fMhaciverhdads apé pedceeddistillatdan coduphetreactof 4he

but adi ene hi90e0RL | BRELEACIILN AadliItikCUradiiTob b siutiad o

t hus est abl dis | on l"'um T eact of Sl ze an

reacti oh ti 1%£qn§l§'11§sf dher HUOPpPItEge FAC Srtadystsdmertbamtfom of
reactions. AMd tda\(tl&aM:}lct Besbil gt Bire Strudtarext r agdedqgbn isreediem limts
bef ore fee(édﬂg,tw g L0 ggs econom ¢ value. A typical candidate streamis

t he m xed é’rﬁll ma 30 fluid catalytic cracking unit (FCCU). The
FIGURE is a. sdisethei Eeaem@%eﬁﬂeai icomtefta femeratialyptoeaysbubadiere at e

normal but engs Ehemﬂe%@buwn@;ymeogéﬁgesal zat it HesbUlgd e quiibeiun
concent anghghe but n i SoQutene in separate s réﬁ? The initial
step i35 fANEHRNE a° ?%'sltré‘& BULenssiA a2b6t aRi"F%‘i}‘BJ Phct
pl ant, to a aitsiliyskat i Ghecdduemel@. ilsn iMmeddaséely | disohlled| away aamd xed C4

t t d
oL A Cont UNeRaULSEErl ASONLERDe MUt SIS SpkaTpyeCarces

but ene- 2" . dFWBFRaFPBuPERR G &P of) BEgng52hottons via flow line 102. The
over heads are feadtitppitictiseation coebunvfr eatieor célumiearcdftcatrnd t ain of a

cata yid e, dictldeb@iofth Sealddadbion WlALc0R! Ahkh 1 BE BRI Caf 0O
Y sieve trays or inert packing to allow for complete

separation of the butene-2 product from the lower boiling
isobutene and isobutane. Any normal butane will also be
removed as bottoms. The bottoms containing only butene-2
20 arid normal butane are fed back to the distillation column
10 as zreflux and eventually removed as bottoms via flow
line 102.
Overhead stream 111, comprising isobutene and isocbutane
is condensed in condenser 50. The condensed overheads are
25 collected in receiver separator 60 wherein the 1liquid
isobutene and isobutane are separated from hydrogen and
light materials which are vented via flow line 112. The
hydrogen may be recycled to the distillation column reactor
if desired ({not shown). A portion of the condensed
30 overhead product is recycled via flow line 114 to the
distillation column reactor 40 as reflux. The isobutene
and iscbutane are removed as overheads product via flow
line 113. This stream may be passed on to a splitter (not
shown) for separation of the isobutene from the isobutane.
35 The isomerization reaction proceeds at a rate of
approximately 100 times faster than hydrogenation of the
butenes, so the removal of the reactants from the reaction
zones prevents loss of butenes. The hydrogen rate



the catalytic distillation structure. Hydrogen is fed via flowline 107.
As the reactant feed contacts the catal yst any butadiene in the feed is
hydr ogenat ed but enes and equilibrium 10 anounts of 14083 Nd

but ene- 2“5¥%m%$6duced at the catalyst. The butene-2 is Pﬁ#@ |g%ély
distilled anay and taken as bottons Iving the reaction at the catalyst
sites toward the production of butene-2. Stripping section. 42 of the

col um Cqmcaeiéb%@ £ C aﬁaééﬁ@orﬂléflbheaaeenét i BC the t4C Ne vy bubbl e
cap, sieye.trays or_inert pac |“E%to a | ow for conmplete. sep ratlon of the

but ene- 2 u’& CEPIRITY h&F o kFCTLZANGOR AFERY aRYCi d655t & ? Any
nor mal butheate whithalwemlige camvédoashhgttm théhetdmwezt ons Tﬁmrﬂead ning only

but ene- 2 bl HaifP! pd U 2R, [ BbDadnddhddie 4h 914 | ldpm gl umm 10

as ref luxX an event ual Iy renoved as bottons via flow line 102. Overhead

stream 1742 @hresYRdefs8BuReFeSSHY i sobutane * i s condensed in condenser
50. The condanstwuldebeeagpraciatéd et editdwbugh theeFIEUREepafaatnr 60
wherein t d ut d ane.a dodid ORIl ogen and
| i ght rratéelr?l a g4 | ar e&{végr}"t%;ebd dﬁa%% Q&‘F E?fﬁg%% %édér%gen may be
recycl ed qsdl%ealdh Qf |the ierbeprdsn frencEbe firsteselwmn (%tt%rrdvm) A

port ion cseddiﬁi ceag!amﬁedaﬁ&) camr hegd yHepdudttbms’ efnuit eghei asddatyd | i ne 114

%E |IIat|% Lump ctor 40 as reflux. The isobutene and

|so tan %mnrg% e as ovg? ’Eiss p? fet* via flow line 113. This stream
may be passed on to a splitter (noBXAMBIgwn) for separation of the isobutene
fromthe lSOﬂvtﬁihe exnp @amllh@hl QRah88eli 50 BHOECESPeRlary It € Of

Enoval ol e ot ZREE TORRE HESTe PRl eas diboSoPBENE s 4 SR but encs.
The hydro@mrrﬁwﬂ@@/%?@dﬂm’/wDOﬂSﬁM toWeme owas packest wi/th ogenat i on
of bytadighneg i SpQLRM efof Nals wts PAO on alumina catalyst in
structures as described in U.S. Pat. No. 5,730,843. The
catalyst was divided into four equally spaced beds each ten
feet in height. The remainder of the column was packed
with 5/8" pall rings. The feed to the distillation column
20 reactor was prefractionated to gimulate the overheads from
the distillation column 10 of the FIGURE. Conditions, flow
rates and stream compositions are given in TABLE I below.
Notably the overheads from the distillation column reactor
contained only 0.003 wt% butene-1, 0.078 wt% normal butane
25 and 0.004 wt% trans-butene-2, Thus a relatively butene
free overheads stream was produced. The butene-1
conversion was 18% and normal butene saturation was
negligible (0.175 wt %).




that necessary for_isonerization activity but less than that which would
cause flooding in the tower. Unused hydrogen nmay be w thdrawn from
condenser 50 via flowline 5 112 and recycled as necess uld be
appr eci at edAV@WAS™4| t hough the FIGURE refers to two col uﬁ‘r%rm%ﬂh’éﬁ'?&o
colums are effectively one colum si ng all of the overheads fromthe
first colum go to the second columm and all of the" bottons fromthe
second 10 colum go back tq the first colum. EXAMPLE In the exanple a
four-inch diameter 50 foot tower and a 3 inch 50 foot tower were coupl ed
to simulate a tower (corresponding to columm 40). The tower was packed
with 15 20.8 pounds of 0.5 wt % PdO omarRflRIi na catal yst in structures as
described ig a 5,730,343. The catalyst was divided into four
equal l'y spacegjrg dlE each ten feet in height. The remai nder of the colum
was packed RGFIWXsR&igal| rings. Fhk feed to the distillation colum 20
react or wasoprptéssitronated to sinwlpéfgthe overheads from the
distillatio al .y of the FI E nditions, flow rates and stream
conpositi ongyéF%gégrrvreér)ltl n TABLE | e‘T’ ﬁ? Not ably the overheads fromthe
distillation colum reactor contained onIy 0.003 wt % butene-1, 0.078 w %
nor mal butane 25 and 0. 004 w % trgasqbut ene- 2. Bkmgsa relati velyrpigjtene
free overheads st was produce The but ene- nver si on s 18k and
normal bute ?at%p%{?? bn was neg?‘r"& ble (0.175 \?VP % . WO 01/%@2753%
PCTNS00/ 13084mpd8iTiBLE wt% Hours on Stream 745 Reflux Ratio 9.4 OH Pressure

75 psig Hydrogggpi@dse 3 scfh FeegasQyHDS BTMS Rgbegrhbs/ hr 140 L3435 125.5

iscbutane 7.4 20.045 5.866
normal butane 18.4 0.078 20.712
butene-1 .7 0.003 4.507
cis butene-2 5.2 0.000 6.214
trans butene-2 10.5 0.004 12.238
other 0.3 = ===== —mea—-

100.0 100.000 100.000

Butene-1 conversion 18 percent
normal butene saturation 0.05 lbs/hr



Conposition wtt isobutene 53. |sobut ane 7.4 20.045 5.866 .
normal butane 18.4 0.078 20.7 H 0. 003 4 507 cis butene- iog(z)
0. 000 6. ns butene-2 10« ot her CTUSO0M3084~

100. 000 éiu@%iéfi‘ But ene-1 conversi on 18 percent nor mal g g

ene saturation
0.05 I bs/hr WO 01/05734 CL MS * iHJSOO/ 13084 11 The invention clai med
Is: 1. A process for the separatlon of normal butenes from i sobutene

cont ai necrhen idvientddnCélaimeam£onpri sing the stegs ofb Ea) feegi ?g (1) a
m xed C4 stream ni.n bu ne-1 t ene- an obut ene an

hydr ogen to & dlzgop’ﬁtcf%etsl ﬁfnﬁepgﬁégb?n Sﬁt‘é %éu"beélfsbf %ni na
suppor t ed-SRpOtengt a@ﬁmi‘talr(elﬁ) U@)néummetd yC4 nsszegmdicompiriiatingn thal umm
reactor dtepsCoFt:acting said butene-1 and said hydrogen with said bed to

i sonmerize s | but eng-1 tQ butene-2 and arating said butene-2 from
sai d i sobut eff %Pefcﬁei’@t @Hala LA 4t Fg ;E‘CS’ TRy Peentdne

cont ai ni fptemepar,t |a@dalﬂsy>bm=.ese buterie) 1h§r&ﬁﬁg€t®rﬁcﬁlaﬂ&ﬂ1éﬁhm&&i4_ stream
from sai go1dinsi i e ¢4 ObedS o2V SHNGANS: by’ HRYI N9

but ene- 2 froT sai d disti atlon ol umm reactor as e process
accordi n&att& &Piim 1 conprising fractionating a portion of said mxed C4
streamin tHd) aksapoerehtbpiih aaiial \Wlstpliaeibh €6Nimetr&dctssyd d portion

of C4 contacting (i"ili d 83£§L¥§1ng3'sa-£ge RS accg r %'arig 43 cfrlo%lem 2 wherein
aid m xed
S with said bed to isomerize said butene-1i to butene-2 and

(ii) separating said butene-2 from said isobutene
by fractional distillation;

(c) removing isocbutene containing proportionally less
butene-1 than contained in said ¢, stream from said
distillation column reactor as overheads; and

(d) removing butene-2 from said distillation column
reactor as bottoms.

2. = The process according to claim 1 comprising
fractionating a portion of said mixed C; stream in the
absence of said catalyst prior to contact of said portion
of C4 contacting said catalyst.

3. The process according to claim 2 wherein said mixed
C4 stream also contains normal butane and isobutane and
said normal butane is removed from said distillation column
reactor along with said bottoms and said isobutane is
removed from said distillation column reactor along with
said overheads.

4. The process according to claim 2 wherein said
distillation column reactor is operated under conditions of
temperature and pressure to exclude butene-2 from contact
with said catalyst and to maintain said butene-1 in contact
with said catalyst.

5. The process according to claim 1 wherein said mixed
C4 stream contains butadiene and said butadiene is
hydrogenated to butene in said bed.

6. A process for the separation of normal butenes from

isobutene contained in a mixed C; stream comprising the




R _
C4.stream al so contai ns normal bu L sobut ane and said nornmal butane
is renmoved fromsaid distillation Iw@m .’ _wl_HHJalong with said bottons

0 il

and said isobutane is renoved fr W ion col um tor al ong
with saidBo8M334ds. 4. The process according to claim 2%#@8%’@& d

distillation colum reactor is operated_under conditions of tenperature
and pressure to exclude butene-2 from cdfitact with said catal yst and to

nmai nt ai n sagqepgtg@.e-l in contact with said catalyst. 5. The process
according to cTaim1l wherein said mxed C4 stream contains butadi ene and
sai d but adi ene (s h{8PBERAatedi¥ehufensStineadyi PHeNIfNg ropienards for the
separati on bhtenern] Mmimeads bubihe] salutbReneonimd nadobtansl xesl @ stream

conpri si ng A [ )] ITh qlli f.l~~.Wc) 01/05734,C L as s *
PCTNS00/ 130§§§tﬁfaés%‘gens s :cltﬁg) P%ie g ReEETEy %ill%t %zarrFEBﬁ?‘%i Aithg
but ene- 1, ﬁﬁﬁéhéoaétﬂgrml dulldghbtersdracsionampritadmingnebutene-1,
distillati ongpBactRt SARUTBOMIELRE Nasdl § BlasiéLaprdstidd acthodaleg to a

lighter fragtion containin utene-1, isobutene and isobutane and™a
heavi er frag’f’%‘Sﬂeégn?%c# rﬁ‘?fg“aq‘bﬁff%ﬁﬁgé and normal butane; (b) feeding the

lighter fractiéh)anfeaginggene tightised fraftabnnand sydpoydrectdaObed al yst
prepared asqg Ghsidid 8t QR SEEHEHUT Baof %&%&ﬁ)&r efi¥plPegai dg

distillatio _col_grm reactor (i) contacting sa utene-1 and sai dahydrogen
with said cStEFyStaEPT SFRIGEHE®éai d butene-1 to butene-2 and (ii)
separ ati ng sai dcbut esreedxdammys dndsh @ bdd a1 adndni sobukaneedntdy act i onal

e T
with said catalyst to isomerize said butene-1 to butene-2
and

(i1} separating said butene-2 from said isobutene
and isobutane by fractional distillation;

(d) withdrawing a bottoms from said distillation column
reactor containing butene-2; and

(e) withdrawing an overheads stream from said
distillation column reactor containing isobutene and
isobutane.

7. The process according to c¢laim 6 wherein said
process is carried out at a temperature in the range of 80
to 180 °F and a pressure in the range of 50 to 110 psig.

8. The process of claim 7 wherein said mixed C; stream
contains butadiene and said butadiene is hydrogenated to
butene in said bed.

9. The process according to claim 6 wherein said second
overheads is fed to a splitter where said isobutene is

separated from said isobutane by fractional distillation.

10. The process according to claim 7 wherein said
process is carried out at a temperature in the range of 100
to 150¢ °F.

11, The process according to claim 1 wherein said

process is carried out at a reflux ratio at a rate in the
range of .5:1 to 33:1.

12. The process according to claim 1 wherein said
hydrogen is fed at an effectuating rate.



_—_

(e) withdrawi ng an over heads mm distillation colum reactor
contai ning i sobutene and 1iso ﬂ cess according to claim®6

wher ei N @b Giosa0CeSS is carried dut tat®a tenﬂperature I pcrhSodagge of 80

to 180 COF and a pressure in the range of 50 to 110 psig. 8. The process of
claim7 wherein said mxed C4 stream jcontains butadi ene and sai d but adi ene
is hydrogenated to butene in said bed. 9. The process according to claim®6
wher ei n sai d13econtheoverdussts ascémiing aospdziatirterswr\ﬂiérésnai dshs@butene is
separ at ed i e frac [.Sd 4 The process
accordi ng n &P %liln?s? %;&et?n% %%,XS t8 %%éggé? Sé%éafﬁclil%é' [P‘tydgf’ggn g Rperature
in the raﬁBEPSF t1odPutafiere OﬂquL@geH?élﬁrnoc@%C&é@Drdﬁng t yeplacen 1

wher ei n shydrogemCcebsst S fwi | @heOUbaBhlPst efbduyx Kept OpRho@ rehgrin the

range of q 3 rQCess 1a6eo n claim rein said
hydr ogen |sqlfju%ga E%% e%%rcqua 1!l%'ngl rate. Ct\ﬁﬁ f%55f§4cfu§eP%’}P8§65$13084 13
13. The pPhcehe disoibhatdarno collamm seanePrin said hydrogen is fed at a
rate to provige Sﬂié@t&fésé")é@b@ﬂ&ﬁn Ot.o SEPOH te mﬂe%@lﬁnﬁamidm?ﬂéﬁa“ on
reaction nd re | ace a# rog%ri I.ast i gy m | he cat a,lrést but kept bel ow t hat
required Tér tf‘nf/ BgehariBh D BdfefirE2ortio TR 9dtng of the

distillation colum reactor. 14. The process according to claim®6 wherein
said mxed C4 streamis froma fluid catalytic cracking unit.



