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Field of the Invention The present invention relates to a nethod for
carrying out a chemcal reaction with at |east one reactant in the liquid
phase using a solid 10 ret nt invention
relates to a continuous @@%EPO?Eylg%%T%QN'Fﬁc?u?mﬁgrggar bon reactants
usi ng a heterogeneous catalyst. Specifically, the present invention relates
to a continuous method for processi n%eli ui d hy.o_lroca'gbon reactants using a
itevd r's

" solid catal yJhis applicatien claims: prierty i Rnevisienal, Ratent ApplicatiorgNound of

the Inventio [ [ [ ving at |east one or nore |iquid '
, reactants w pﬁ)@@épﬁuﬁ@?ﬁ%‘%‘é&%ﬂe@ggmn_ Typically, such reactions are :

carried ogit in 20 one of several different types of reactors. As taught i
Kirk-Qhmer, Volune 19, 1983 edition, pages 880-891, which is incorporated
by ref er ence Field@fthednuentiont ors, configurations, and designs have

evol ved over the years. The specific reactor selection is 25 based on the
physi cal properties of each of the feeds to the reactor and to each of the
products fromthe reactor, j..e. or,, liqujd ol.id, or copbinatiaons; the
characteri st FP&e Bfeg '@P{Eﬁ*"&%lreyégﬁttpoﬁﬁ?b%?%%F?T%W%BPP%] ‘%ﬁ@“'%&ct or,
| . e. Teact anyeSQNGEWiliRdtOfkhst 'GHY troBtarf RS the IRALA | i d
heat addition or renoval; the nature of any catalyst %ﬁorﬂ%wd i‘“é.‘?oli%”
activityioli catalgstd dhypadiduidmrine presariteinvegtioneradates twra coortucusg 2

method for processing liquid hydrocarbon reactants using a

n

heterogeneous catalyst. Specifically, the present invention relates to a
continuous method for processing liquid hydrocarbon reactants using a
solid catalyst in powder form to achieve high conversions.

15
Background of the Invention

Catalytic reactions involving at least one or more liquid reactants with a
solid catalyst are common. Typically, such reactions are carried out in
20 one of several different types of reactors.

As taught in Kirk-Othmer, Volume 19, 1983 edition, pages 880-891, which
is incorporated by reference herein, many reactors, configurations, and
designs have evolved over the years. The specific reactor selection is
25 based on the physical properties of each of the feeds to the reactor and to
each of the products from the reactor, i.e. vapor, liquid, solid, or
combinations; the characteristics of the chemical reactions to be carried
out in the reactor, i.e. reactant concentrations, reaction rates, operating
conditions, and heat addition .or removal; the nature of any catalyst used,
30 i.e. activity, life, and physical form; and the requirements for contacting
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reactants and renoving products, i.e. flow characteristics, transport
phenomenayvoasdssB xi ng and separati ng nechani sns. These factREBUSRTES256

i nt erdependent and must be consi dered together. The requirenents for
contacting reactants and renovi ng producs are the paramount focus of 5
reactor technology, wth the other factors usually being set by the

sel ection of the reacting systemand intended | evels of reactant conversion
and product seactants/iand removingepraduats,dd.eedfiowi ghatamiedstigsontranspont hose
in which the chem cal 1o , reaction, approache oI Nt pf uilibrium One
exanpl e of sRBRNGMENG, A W'?ﬂ@quﬁﬁé?ﬁa?@?i %’ﬁgﬁgmgﬂiﬂ n}ﬁ-eﬁgﬂﬁ?t%?‘r@ﬁ% :
(" VNB") to Sintgideperittine-ahd Riuspbeesensidbiddl ogdthBr.i STHe pshuiferdentsr fapnoner
in the production of films for food wap. Wen produci ng ENB, %reater t han
99. 7% conver sootadtingr eapctants and semevingprashicty @re thesaramaust foeus of

regul atiops. Typic Lgqui d phase,re ' 1.1 h ' | yst st hat
require h ghf%%‘ﬁﬁ?&?@“bﬁgf@on‘«@ﬁsmﬁé&ﬁ%@%&@ﬁ%ntjé“Z%Jmﬁ’ﬁfu%é‘ h{cl&ﬁ%e a
batch reacti gpjapioh OfUthY FEdcings systemoriridUipksnderhClovels i of Fehbtapd
static bed 20 reactor, or a series ‘of continuous stirred or m xed reactors
with slurry canwessiors andlproduttsseleetivityors, in which at | east one of the
reactions occurs in the gas phase, or in the |iquid phase with a gas phase
al so present, offer the 25 foll owi ng advantages of (1) snmall catal yst

particles caprigesddd tawsidertlti Highdopiversien! benthags i Whiits iy chémidag
catal ytic surface, but which are too small to practically use in a fixed

bed due 1@ hireactionappreachespthe prjnthohequilibrivuni clne examplet of sunbfar
which allow for the .conptin S Lt r . at, mexcell ent
tenperature OEREF 51 rt}?%eﬁgﬁlﬁr%%glﬂn %ﬁdgz‘éﬁﬁ%‘@ﬁ%@?swﬁé t)e){ga ily
added and W ighlididhe-2iidmSsrmepR! ("ENB'Y! VENB is used as a termonomer in the
production of films for food wrap. When producing ENB, greater than
99.7% conversion is required in order to meet governmental health

15 regulations.

Typical liquid phase reactions with solid catalysts that require high
conversions (conversions approaching equilibrium) include a batch
reaction with slurry catalyst, a continuous reaction in a fixed static bed

20 reactor, or a series of continuous stirred or mixed reactors with slurry
catalysts.

Fluid bed reactors, in which at least one of the reactions occurs in the gas
phase, or in the liquid phase with a gas phase also present, offer the
25 following advantages of (1) small catalyst particles can be utilized, which
offer excellent mass transfer to the catalytic surface, but which are too
small to practically use in a fixed bed due to high pressure drops; (2) high
coefficients of heat transfer, which allow for the continuous addition or
removal of heat for excellent iemperature control of the reaction; and (3)
30 catalysts can be easily added and withdrawn, either continuously or



1

periodically, which is useful when a catalyst is used that |oses. activity
over t| t be purged. For exanple, US-A-3,901, 660 tf%aﬁ@ﬁﬁ a met hod
to provi H&o% of a 5 heterogeneous catalyst in a fluidize A4 reactor
by introducing bubbles to mx the reactagnt together. The gas nay be inert

and be used sinply to agitate the bed or may be non-inert and act also as a
reactant. However, such fluidized beds, which have a gas phase present, are

not 10 usefp&n&d?éally %.mweﬁaumhéﬁ%céa@w wum%ﬁosés)é&nﬁg%g&gh to

equilibriumis desired, because the agitati'on achi eved by the gds bubbles:
results in Buokandsnusgt b purged.i quid; thus, creating a mxed flow regine. .

. Thus, the close approach to equili br| umis prevented. 15 Oher exanples of

| i qui d phase reactions using a solid catalyst enploy either nixed slurry

reactors, f'Pﬁ?de)Eh?ﬁﬁLe usiA-BigbHess téaéﬁb@agﬁﬁtmi’tﬁ ﬁww@hﬁﬁippto gn all

of these exanples i gh conversions are achi eved by pl aci ng I pl € m xed ¥
react ors5in rwéenoggneoustgatalystin adiidizedhed reaston by lotrofdumg babblesact ors, i

or by use of_co-qurrent cat st flow,react 20 Th re several l“
oyt oo e T e B RS ShEr L Thy dar ey i BB S wee oy toa or g |
fl ow react oragijtaite &7y Bedlor 794\ bé‘l'ﬁr'ﬁlnéh'éﬁd?ﬁcttél%?aséf‘eécﬂgﬁﬁt ry, it is nost §
pragmatic to do several cont’inuous stirred tanks and try to put as nmany

continuous stir tanks to achieve plug flow as if one was 25 wusing a fixed {
bed. Wen o uses a f d t hou e needs_ a I d _catal yst. However, i
'f Cone. has dTeugst, SchSHE8H AR ﬁ{shwh”waa@ £ 0a iR Prosed S inal i e |
bed i s KREqUIYsR & &f Vv es
4 It would t'ife g’e‘s‘lfé}lagvg @?Qr%gregg% 0 .coul be %‘gglgl ggﬁﬁﬁby glr:l’abl e
one to carrequlibrivm hmdesmd,rmserthbeagt@mrﬂ achieved bydhergas nsbbigsa

results in back-mixing of the liquid; thus, creating a mixed flow regime.

Thus, the close approach to equilibrium is prevented.

15 Other examples of liquid phase reactions using a solid catalyst employ
either mixed slurry reactors, fixed beds, or fluid beds with a gas phase
also present. In all of these examples, high conversions are achieved by
placing multiple mixed reactors in series, or by batch reactions, or by use
of fixed bed reactors, or by use of co-current liquid/catalyst flow reactors.

20
There are several ways to achieve high conversion reactions, including
batch reactor, a plug flow reactor, or several continuous stirred tanks. In
industry, it is most pragmatic to do several continuous stirred tanks and try
to put as many continuous stir tanks to achieve plug flow as if one was

25 using a fixed bed. When one uses a fixed bed though, one needs a solid
catalyst. However, if one has a catalyst requirement that it be in a powder
form, a fluidized bed is required, which therefore results in a loss of
conversion rates.




powdered catal yst in a continuous node of operation, wthout having to
sacrifice conversion rates, rather than having to operate in a batch 5
system SWHOWOBSW the | nvention The present invention rel REHU$K/15256
continuous process for producing a 10 dgsi red hydrocarbon product froma
conversion chem cal reaction which utiliZes a solid catalyst in powdered
form conprising: a) providing a reactor having a top portion and a bottom

portion wherein t | engt o.di aneter. rati r or_| reat er than
D10, Whet § okl ob M Aele i h SRSk e Rl B! A Ghod o BRI |
sai d reactor gng)to caf§db0e al Enémichl relbash IsBtiveen Kduid aredctfas ibingtta | €ast
one liquid reactant af a velocity sufficient to disperse said catalyst in
said |iquid powdesed catalysuin ahcontiruais mgdesef eperatioppwithout having to back

m xing to form.a.bed react.i on ne wherejn said.vel.ocj s .at | east equal .
Lo the i maRFRTER crOTer SR EAas: ¢otrq 1ot Heindh G- abeiené e BB mvent
vel ocity yhegyygngatalyst exits said bed reaction zone in the liquid; e)
subjecting said liquid reactant to catalyzing conditions in 25

sai d bed reaction zone whereby said desired hydrocarbon product is forned,

and f) remving _sai esired..hydrocarbon product fromsaid top portion of
sai d reactor. “mg‘?’x ttﬂgrﬁ"gﬁﬁﬁﬁﬁment relates to a hydrocarbon product

produced by a process using a heterogeneous slurry catalyst conprising a)
providing a reactor having a top portion and a bottom
The present invention relates to a continuous process for producing a

10 desired hydrocarbon product from a conversion chemical reaction which
utilizes a solid catalyst in powdered form comprising:

a) providing a reactor having a top portion and a bottom portion
wherein the length to diameter ratio of the reactor is greater
than about 2:1;

15 b) loading a powdered heterogeneous catalyst into said
reactor;

c) feeding to said bottom portion of said reactor at least one
liquid reactant at a velocity sufficient to disperse said
catalyst in said liquid reactant without the use of agitation or

20 back mixing to form a bed reaction zone wherein said
velocity is at least equal to the minimum fluidization velocity
and less than the minimum entrainment velocity wherein
catalyst exits said bed reaction zone in the liquid;

e)  subjecting said liquid reactant to catalyzing conditions in
25 said bed reaction zone whereby said desired hydrocarbon
product is formed; and

f) removing said desired hydrocarbon product from said top

portion of said reactor.



portion; 5 b) feeding to said reactor a slurry conprising a
powder ed het er ogeneous catal yst; c) subsequently feeding to said bottom
portion of WOA8#8598actor at | east one liquid reactant at a veRGHISY7/15256
sufficient to disperse said catalyst in said liquid reactant to forma
dense slurry 10 bed reacti onSzone having a top portion and a
bottom-portion; d) subj ecting said quuid reactant to appropriate

catal yzi ng condi tions whereby said desire roduct is forned and e)
removi ng sai d AnRgh ?%@W%G@thrﬁ@ﬁ%épdatﬂﬁrﬁéﬁﬂ?% popducti aradcedoby a5 An

hydr ocar bon AR HEPRG HERRoGAdtals Sl HatdhSresind Pdﬁi'n[)??s. 09
Fonchor  comprai ng 3 20 PGS e)aﬁm”iﬁﬁﬁﬁié 3B T 4 gtors)

nmeans for subsequently festoAg to said bottom portlon of said reactor at
[ east one | iquid reactant at a velocity sufficient to disperse said

catalyst igp said rggctorfega‘nboqyg%ge%tpo rduwﬁﬁdrﬁaﬁ%@ﬁg fzggglgé%éng_ a

top portlon and a i on cting
said |liquid reactant to tgiprogeneaus cadalystyzi ng condi ti ons whereby said
desired product is formed; and 6 e) nmeans for renoving said desired

product from said to)p pasubsequehtiy festingaotsaid bottom portion of said reactor
at least one liquid reactant at a velocity sufficient to disperse

said catalyst in said liquid reactant to form a dense slurry

10 bed reaction zone having a top portion and a bottom portion;

d) subjecting said liquid reactant to appropriate catalyzing
conditions whereby said desired product is formed; and

e) removing said desired product from said top portion of said

reactor.
15
An additional embodiment includes a reactor for producing a desired
hydrocarbon product using a heterogeneous slun'yﬂcatalyst comprising
a) a top portion and a bottom portion;
b}) means for feeding a slurry to said reactor comprcsmg a
20 powdered heterogeneous catalyst,
c) means for subsequently feeding to said bottom portion of
said reactor at least one liquid reactant at a velocity
sufficient to dispérse said catalyst in said reactor to form a
dense slurry bed reaction zone having a top portion and a
. 25 bottom portion;

d) means for subjecting said liquid reactant to appropriate
catalyzing conditions whereby said desired product is
formed; and



Brief Description of the DRAWNGS 5 Figure 1 is a schematic representation
of a reactor suitable for use in the present invention. Figure 2 is a graph
of the bewossmsesssi on ratio as a function of the 10 superf ircdTAISThSES6
velocity from Conparative Exanple A Detailed Description of the I NVENTI ON
The present invention relates to a netho® for carrying out a reaction in
the 15 |iquid phase using a solid catalyst in powder formto achi eve high
conversions. In particular, it relates to _any application, which has the
fol | owi ng charact @i st inaeans for remavinth s@id Gesikess product froonsaid sopn of

react ant (s) approachi n%&rﬁg@fg?@g{éialéopvrium 20 . - Absence of a

gas phase (bubbles); - difficult to forminto particles of
sufficient size to use in a fixed bed; and/or - Cont i nuous or

sem -conti nuous feed and withdrawal of catalyst is desired. 25 In the
present i nveBriefiDescription ofdheDBAWINGS catalyst is nixed with at |east
one or nofe liquid hydrocarbon reactants to forma catal yst/reactant

m xture. “The m xture acts substantially like a fluid which noves up the

reactor and gidipest {9h sthematie fepreseritativh BPhirehbRr daftabrROfPLUREUALthaNd t he
7 spent catal yst during substantially continuous operation. In essence, the

present i nvepresantaavendioss t he advant ages of using multiple stirred-tanks
in series without the need to use multiple tanks. 5 The present invention
provi des the nethod of having the effect of plug

Figure 2 is a graph of the bed expansion ratioc as a function of the
10  superficial fluid velocity from Comparative Example A.

Detailed Description of the INVENTION

The present invention relates to a method for carrying out a reaction in the

15 liquid phase using a solid catalyst in powder form to achieve high
conversions. In particular, it relates to any application, which has the
following characteristics:

- Continuous process;
- Conversion of reactant(s) approaching that of equilibrium;
20 - Absence of a gas phase (bubbles);

- Catalyst is difficult to form into particles of sufficient size to
use in a fixed bed; and/or
- Continuous or semi-continuous feed and withdrawal of
catalyst is desired.
25
In the present invention, a heterogeneous slurry catalyst is mixed with at
least one or more liquid hydrocarbon reactants to form a catalyst/reactant
mixture. The mixture acts sﬁbstantially like a fluid which moves up the
reactor and allows for ease in recovering both the desired product and the



flow wi thout the requirenment that both reactants be in a |liquid phase. The
present invention is useful in connection with any reaction in which a
catal yst n¥O98085%%d in a |iquid fluidized bed where hi gh coRGEUSPYLS25E 10
desired. Preferable reactions for use with the present invention include
reactions designed to al kyl ate, hydrogena?e | sonerize, and polynerize
various conpounds. The invention is suitable for a reaction with one or

nore reactants. At 1 | east one of eactants nust, be jn the |iquid
phase and hav&Pgbt %%AY%& ring; substan '?'fy FQn QB?'@“"’I“ oi‘fb”%%ﬂﬁsa bejs a
as, as lon

Doactant ip PreSfhtiiUEhGSF siffval theSvafitedt® GCLERGAUIKS Btifedianks |

di ssol ved |ntmsbﬁe*s'wuhuﬂltltlwueadltopbasmltlplesﬁanks (b) the gas is adsorbed
onto the catalyst prior to the 20 catalyst being introduced in the
reactor. The product cannot be gaseous but must be in the liquid phase.

Trace i npu It PR SRSH by-
products. The | evgfége?ﬁt 'rqgce | n&%'??ﬁéﬁﬁuﬁ%‘ﬁgg Fﬁ&agwgié)suc%fisﬁyé%nl y
25 negli gi bl Bowwitindut thie regirement theatpobil veactahts béin adimid phaseé\ny

het er ogeneous catal yst should be suitable for use in the invention as |ong
as it has (1) a particle density higher than the liquid reactants, and (2)

a particle sizg bnﬁmohqsfdsum :ﬁ%ohﬁ@&u@rﬂ%ﬁ%?éaét?&ﬁ i GHich §0

reactants. The an particle size may be |ess
preferably | esatalystnmagtberiusednis, admsdwﬂatdlzachbeda\bhgré bigh bbanem is

mcrons. Preferred cat s for.use.in the sent ention are powdered
catal ysts19n mﬁﬁﬁg hér%ﬁ%ﬁ%m@yqn%f% uie Wit prasan daventore inalidas ) of
t | t 95% t

gucheg:tt al ys(; S | nc H@&{g‘r\mhﬁt? hﬁﬁyc hya%%wzgoﬁ%&éaanﬁﬁyﬁ%g%ed

catal ysts. Theaheugbbmpmudldsneter ratlo of the fluid bed nust be

The invention is suitable for a reaction with one or more reactants. At
15 least one of the reactants must be in the liquid phase and have no

separate gas phase It is acceptable if one reactant is a gas, as long as

no separate gas bubbles can be detected. With a gas reactant, it is still

possible to practice the invention if (a) the gas is dissolved into the liquid

reactant phase first or (b) the gas is adsorbed onto the catalyst prior to the
20 catalyst being introduced in the reactor.

The product cannot be gaseous but must be in the liquid phase. Trace

impurities may be present in the reactant feed and form gaseous by-

products. The level of trace impurities must be low enough such that only
25 negligible amounts of bubbles are produced by the reaction.

Any heterogeneous catalyst should be suitable for usé in the invention as

long as it has (1) a particle density higher than the liquid reactants, and

: (2) a particle size small enough to fluidize upon addition of the liquid
30 reactants. The mean particle size may be less than 1000 microns,



at least 2:1 to achieve the desired approach to plug flow behavi or.
Referring nowto Fig. 1, in a preferred enbodi nent, at |east sone portions
10 of rewmobsmwssd® are provided with heat transfer means. Heetrndsoanaker in
the present invention should be sinple because the slurry acts as a |iquid.
Therefore, an internal coil, a vertical Bulti-tube bundle, or various
external heat exchanger designs may (can) be used to either renove or add
heat. A preferred heat exchanger is a vertical multi-tube bundle such 15

as that shovmpreﬁeratzlu leBsi tham%@l)emigmsofandemosémﬁergbly ISSSOﬂuannJlﬁmecause

brof 11 et n e RECHE, o retitted cetapals BT ek e e ThresP HBVeatin Bkt s
have a heat bbwuﬂrea @é!&l%fstsclrﬁ%xéﬁ the M bafticle fzd f&ic (lan ?est to

Cal ., kg./hr-n2-00), hi enough to control the terrpera ure of
most mil dl y smatiest) of catoieastoSh%k nofc theecparticles. is lesmutbani abaut tt:iini ques :

for calcu | er,.coe CI a.uch s I | er, heat
transfer ‘lb ﬁ"ﬁ%’ﬂﬁ? %@%‘?’%ﬁlygtﬁ W‘é‘acﬁﬁ%‘%@ St 'ﬁ? ﬁﬁo ©) anghcause
t he tube vel [ ( ﬂoqm, {draratio ©F ﬁg%# heat
transfer is %fdﬁﬁgfgiﬁggtgslﬁs&stmﬁghﬂeat lEnreansf&le'r |sﬁ€gﬁg\§§d QJby t he
presence of ehéedst@: titeachiexetthe|desired appsoachta plug fiemibehavidn practice the

process of the present invention, a tube 14 is filled with catal yst and
liquid reactants are punped in to forma slurry which is injected into

reactor 10. RdfgkriffA6Wab FIg. malalﬁéﬂ'eﬁemd:meamﬂ%éét%o?ﬁe pbRicHs Of the
catalyst slurry. In the pilot reac shown in Fi hi s gaugi ng

means na$0 coofireactor m/aramnwm;i with heat tmferdneamoma Heansfércin thef t er

the catal yst sl tube 14 int tor 1.0, the level of
he sturry | Bresduinteh SRSl b Siele Bcauat dhe %Lcemeaﬂ?@ngfﬁfry"

or e 1y ¢ hroarpiaree i@%""‘%}ﬂk?\' 2 AR mUEwbe D, CoF DU
wi ndow 16b, exterhal heabexthaigeridesigns maybédan) be ushn!vtd@mtheiﬂnemove or
add heat. A preferred heat exchanger is a vertical multi-tube bundle such
15  as that shown at 12a. This bundle type of heat exchanger is optimum
because it is inexpensive, does not plug, and provides a uniform radial
temperature profile in the reactor section. Also, it has been found that
such bundles have a heat transfer coefficient of > 15 BTU/hr-ft2-oF (78.2
Cal.,kg./hr-m2-0C), which is high enough to control the temperature of
20 most mildly endothermic or exothermic reactions. Conventional
techniques for calculating the heat transfer coefficient suggest a much
smaller heat transfer coefficient (< 3 BTU/hr-ft2-0F) (14.6 Cal. kg./hr-m2-
oC) because the tube velocities are low (laminar flow). The fact that the
actual heat transfer is higher suggests that the heat transfer is enhanced

25 by the presence of the fluidized particles in the reaction medium.

To practice the process of the present invention, a tube 14 is filled with
catalyst and liquid reactants are pumped in to form a slurry which is
injected into reactor 10. Pilot reactor 10 includes a means to gauge the

30 level of the catalyst slurry. In the pilot reactor 10 shown in Fig. 1, this



function of | ower valve f@% ¥ [ %QFE to renove | arge catal yst particles
that drift to the botto T R g The nmeans for gauging the | evel of
the slurry Wews®8s98i st bf any’ o slurdy level sensor or sPSTEIRITASRSE
slurry is not required for this invention to work. The reactor may be
filled with powdered catalyst prior to fee®ing the |iquid hydrocarbon
reactant. 15 Once reactor 10 substantially is filled with slurry from

tube 14, the liquid reactants are fed_ into reactqgr 10 yia line 18. In pilot
reactor 10, th@aMOfG MEANEMAKCONSS) obdwe Hin Wﬁﬁ&ﬁ %%agbu@nﬁeaqu)me to

reactor the gt AREF bBroARyEE RbONE Rk tdnfube THHS FeadiBling. the
suffice. The | gyl SftRael@R) & ddjustedtolths dVel ofitep Wintidw1eal eB6taliselthei @ a
line; such as 18 at a velocity such that the liquid reactants wll cause

"bed |ifting, " shury expankls wheorthediquith ceactanissareprddad; ithe slurmgts/drainedhe

i feed rate. .. T f d,gi . f t | cul at ed
st ng. knowrs pr BEBIATHESPERHe, ValEC AdaC B e skl rE R ing feyslcof Tast i a
reactants. S R is P "n . ﬁﬁgn ' pcal
Engi neer ;Sng m%%%@f!?‘%’@“ﬁ&vah'ﬁ ﬂ?%l%theEg."le%@ , ?)GIB%W%%O@E& pc-)l;h aet ed

herei n by ref efunution dhiowertvaivd d8b primatily isitquethavedlargen catalyst partickeugh

t he catal yst shoul d _be a dense slurry bed . ch has %&proxi,mately 50 vol une
% cat al yst andtiatiiftto thaeoliom; ¢fithe regetor\dieeme gddgingthe leyel ghe

may be used | ntie By GRRERT o3y Kok hird K s8fidr o Wstim e catal ve!

10

A slurry is not required for this invention to work.” The reantor may be
filed with powdered catalyst prior to feeding the liquid hydrocarbon
reactant. '

15 Once reactor 10 substantially is filled with slurry from tube 14, the liquid
reactants are fed into reactor 10 via line 18. In pilot reactor 10, the liquid
reactants may be fed through a porous metal plate to encourage even
distribution of the reactants. In a commercial scale reactor, the use of any
conventional liquid distributor means would suffice. The liquid reactants

20 preferably are fed into reactor 10 via a line 30 at a velocity such that the
liquid reactants will cause "bed lifting," or "fluidization" of the largest
particles at 50% of the maximum feed rate. The preferred diameter of the
reactor can be calculated using known procedures which depend upon
the required velocity of the fluid reactants. See, e.g., R. Perry and D.

25 Green, Perry's Chemical Engineering Handbook, McGraw Hill (6th Ed.
1984), p. 20 -59, incorporated herein by reference. The net effect of the
liquid reactants rising through the catalyst should be a dense siurry bed
which has approximately 50 volume % catalyst and behaves like a liquid.

This Sheet Has Been Replaced
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I ncl udes the conversion of 5-vinyl-2-norbornene ('VNB") to 5-ethylidene-
2-norbornene ("ENB"). 5 Wth respect to this one enbodi nent involved in the
f ol | owi ngwaexesmssess, t he conversion of VNB to ENB i s exot herparusdigissf or e,
the reaction cannot proceed to a high conversion unless the reaction

m xture is cooled at certain intervals. 4bn pilot reactor 10, four

non-cool ed tube segnents 10 12b optimally were about 4" (10.16 cm

di aneter, about 6" (15.24 cn) long, and were interrupted by cool ed segnents
12a of about The'iniéhtidR may berusexhirt bonrféetiompwitinanyt cém:ticxmgt Wwhialf the2a and

12b will differ dependr n pon how exothermn c or dot C a reaction is;
however, oneCatalygti may P%[ ear g@élz?)‘é ‘Uﬁl“ﬁ‘@gt gxample num .
tube | engt hs; g{pﬂ,ﬁ ch do
not require uﬂ%ﬂ%&%%&é‘%ﬂgﬁt{sﬁrfgt@#hgﬁ% O?Q?Mt%!)‘gg"grret Zrany 0 %\‘fq t he
uncool ed reaQt-msrbnmsne ('ENB'Y. enbodinent is 6:1. In order to achieve the

beneficial "plug flow' characteristic, it is essential 20 to have
sufficien? bed hei ght of relatively quiescent catalyst part icles with about

50% cat al yst it REEY, &%'tﬁgﬁﬁﬁ?rén?gtgdrmmﬁn Sivédin #18 FEIRMnEolabIBE 2!

transfer zone just ‘descri the eat trans er zo errupt
the plug fl othe ecg:nversxbntbk\mﬁttor ENBI is hexdtidenhiey élneneéorebetlw neagtiord. 25
[ th an exit li.ne 20 to . renove the roduct once

Reactor 10 is e
the reaction C?Bﬁeé)% tO@ high; Ganvegsign q the "eﬁ‘@??@ mi W% geolgdyor

amounts of cat de¥idin es | ct. An
exanpl e of a%(E:omrerm a Hsag%l el%hS{]gé:écT%rgv\g Péér?ﬁlaggg H’by(; @hgﬂﬁn 30
the presemt H2peoptimally vereoaboutn4Ti($0.18. crﬁgaaﬂémete‘rp abotve"i (1524 .cnd) may
11 be provided with a separate m xer 22 in which the catalyst S|UI‘%IS

prepared. |nlang angwaredniempieddiyt coaled fegments s1da of) abQUt dBiddS
cm) in length. The optimum tube lengths of 12a and 12b will differ
depending upon how -exothermic or endothermic a reaction is; however,
one of skill in the art should be able to calculate the optimum tube lengths
15 for any particular reaction using known methods which do not require
undue experimentation. The height to diameter ratio of the uncooled
reactor zone in this embodiment is 6:1.

In order to achieve the beneficial "plug flow" characteristic, it is essential

20 to have sufficient bed height of relatively quiescent catalyst particles with
about 50% catalyst as previously described. This is not achieved in the
heat transfer zone just described. In fact, the heat transfer zones interrupt
the plug flow regime of the rector and should therefore, be minimized.

25 Reactor 10 is equipped with an exit line 20 to remove the ENB product
once the reaction is complete. A filter is placed in line 20 to remove minor

amounts of catalyst particles which are still entrained in the product.

An example of a commercial scale reactor 10 which is suitable for use in

30 the present invention is shown in Fig. 2. Reactor 10 shown in Fig. 2 may



m xi ng the catal yst, which is fed to mxer 22 via line 24, with the liquid
product, which is fed to mxer 22 via line 26. The catalyst then is
injected 5 Wmn9808sesict or 10 via |line 28 using a catal yst feedP@IMUS9Zis25d N a
preferred enbodi nent, reactor 10 substantiz&ly is filled with catal yst -~
slurry, preferably as detected by slurry | evel sensors inside reactor 10,
before the liquid reactants are added via line 30. Once again, reactor 10

of the eactor i niviient i 2" 3RpAfaIBT OB 22 BUAAIGE 1he AL SR8 G
be deterni ned Dyrepape@x ol Gidridtipictedr eBEmAAT Tec chtalyst SIlRY BRI byPent

catal yst may be renmoved fromreactor 10 via line , and the desi
product may be mixing dbefeatalyst awhich istfedi to mixer 22 via tinpr24,cwith the lidquid

i i ded with fil 38 gh. whipch the | i qui d
berore it 15 7 UGt ch i S My £ENRINT g T ra ot P biantbd o

equi prent gy Rftd!Rfsbtor 16 visdllifid 284t el febhirkip2g) d fetai n any

catalyst fines remaining In the pr . ly and/ or
external |y nounted back-flushable filters, as illustrated at 37 in Fig. 2.
It is also helpful for the top of the reactor, above the fluid catalyst

|l evel , to be ofliNaA Pietgsredip epl, {racios 10 substaptialik s fillgd witheca ;
v, 10 08 of e ! i o e
chtal vst parti GaVpphdietanip S tiATE ) s 16981 BEORR BekE Hadld: 9o,

probl em that niggford thee ligeid redctimits @aré baidedass fihei 30/ e iniceagin, fbdetor 1@ui d

bypassi ng and/ or back-m xing. Liquid bypassing is mnimzed in the present
i nvent i on Becaus grovidedauith iaoheat iransfer maans| 3% and thenleagth of the zones of

Do o0 St EATBR Sk R RIS AU PP A eh?”

be determined by the exothermicity or endothermicity of the reaction.
Spent catalyst may be removed from reactor 10 via line 34, and the
desired product may be removed from reactor 10 via line 36.
15
Preferably, the reactor is provided with filters 38 through which the liquid
product passes before it is removed via line 36. Any conventional
solid/liquid separation equipment may be used, including hydrocyclones,
which would retain any catalyst fines remaining in the product, and
20 internally and/or externally mounted back-flushable filters, as illustrated at
37 in Fig. 2. It is also helpful for the top of the reactor, above the fluid
catalyst level, to be of a larger diameter than the fluid bed section. The
lower liquid velocities in this larger diameter section promotes settling of
catalyst particles before the product liquid is removed.
25
One potential problem that might be expected using the present invention
would be liquid bypassing and/or back-mixing. Liquid bypassing is
minimized in the present invention because the reaction mixture acts like
a dense fluid. In laboratory testing, residence time distributions were
30 determined for an 18" (45.72 cm) long x 1" (2.54 cm) effective diameter



powdered al um na bed. The residence tinme distributions show that the |iquid
acted basically like lamnar flow. EXAMPLES 5 The foll ow ng exanpl es

il lustrat av@es/8sp8i or art net hods and the present inventi onpCTSPAIsase Ve
Exanpl e A denonstrates that fluidization of a powdered catalyst by a |liquid
wi t hout bubbl es is achievable over a rante of velocities and bed expansion
does exist. Exanple | illustrates the use 10 of this fluidization

t echni que on the high conversion process of isonmerizing VNBto ENB on a

| aborat ory scprowderedaaiyming bed. yJhearesidenge &ime:distirtiansashew thebdbes t hat
was conduct ed. in Ex . on a larger scale to denonstrate
operability S&rqw{dﬁ&%@bgﬂ%ﬁb"&%ﬁ'ﬁﬁgﬂ& Conparati ve Exanple 4

denonstrates the negative affect of 15 agitation on the reaction. Exanple A
- Conparative Exanple A denonstrates that fluidization of a powdered

catal yst by aEXBMPLESI d wit hout gas bubbl es is achievabl e over a range of
vel ocities. An "arnored sight glass" which was 0.53" (1.3462 cn) w de,

1.37" (3.?798 cn) deep, and 18" (45.72 cm tall was used as the "reactor."

Tho " cact or "TIigYoRSHABRABENHHIEY (RLSURNE WoTIrel ait 9iéthis o Mebfodgit e

bottomand filled wth 86 granms of powdered al um na, which
aver age partiioventione Comparativer &xample sA rdemonstrates dbak fluidizatioratof 280C,

ol st Ao ol B BB Sk e £

i xed Xyl ene. Yo anEs % ST RSN o soes Y™ BRNPIET! IFRNALES firliet T,

vel ocity was afl tthisedfluidizationwdechnique ushndhe high conversion process of
isomerizing VNB to ENB on a laboratory scale. Example 2 illustrates the
same isomerization process that was conducted in Example 2, but was
done on a larger scale to demonstrate operability with heat transfer
equipment. Comparative Example 4 demonstrates the negative affect of

15  agitation on the reaction.
Example A - Comparative

Example A demonstrates that fluidization of a powdered catalyst by a
20 liquid Without gas bubbles is achievable over a range of velocities. An
- "armored sight glass" which was 0.53" (1.3462 cm) wide, 1.37" (3.4798
cm) deep, and 18" (45.72 cm) tall was used as the-“reactor." The
“reactor" was equipped with a porous metal distribution piate on the
bottom and filled with 86 grams of powdered alumina, which had an

25 average particle size of 78 microns.

A stream of mixed xylenes, at 270C, was used as the liquid fluidization
medium and flowed through the porous metal distributor into the bottom of
the "reactor" The superﬁéial velocity of the fluid was changed by
30 adjusting the feed rate of the mixed xylene stream. The bed height was



both increasing and decreasing velocities. The bed expansion ratio was

cal cul ated by dividing the expanded bed hei ght by the original bed height.
5 The reswaQ98/a85%9& hese tests are shown in Fig. 2. This denoRETUSSULS26hat

t he bed becones fluidized at a superficial,liquid velocity of |ess than
0.01 ft/sec (0.3048 cnisec). Catalyst carﬂ?over out the top of the reactor
was insignificant, and the fluid bed behavior was still evident at a liquid

superficial velogi as. hi 8 ft/se C . INis .

il lustrates 10no%§ph@1%gge§€e5g@% Vﬂ?ﬁﬁ’(/g@észgﬁgﬁe@peﬁaﬁsszé&vﬁaw gsipg

I nvention Exangpgh fhoréasifg aHd8etratsingevelboitiess The!badZaipa1sicre pant Qs ON
the high 15 conversion process of isonerizing vi ngl nor borene (VNB) to

et hyl i dene nor talculated byNityiding thel expansedredsbaioght bythe okiginal bedaeigbt.i d
base catal yst was prepared, using the powdered al um na from Exanple A, and
as described in US-A-3,405,196 (WIff), which is hereby incorporated by

reference fpr PHeResas bPthddelesty &l sHown TPFig Qﬁmrﬁi@ldmtratégq.'héﬁ”th%o
Exanpl e A was used in this Exanple 1. 86 grans of the prepared catal yst

wer e pl aced i nbeddacnmes fluidized rat a icialhiguidavelpeity efitless thano@BHeri c
diti . 25.,, The, f { f the.VNB t ant d 2 /mn t
S0 /i wh s g0 04 Fltsed)! LAt RaRRRes Bht I R of b teador was | °

ft/mn. (0. 007%&&%@&%@ the Odld  b&d1 BehdvieO I shlll 8Gaent aths fiGGd

t enperature was degrees F (_degrees C), and the effluent tenperature was
95 degrees F (supeficiad velocity asdnigbrasi @A84tsan(2488406m/985)997 his illustrates

equi I i brium conver,si on _was achi eved. Even though this 96B054 application
13 [err] The rgg‘ﬁ'ltﬁg%@fj ?)fP@QéEt 5@5@"%@"&%‘&9{3 *Fig. 2. This denonstrates
that the bed becones fluidized at a superficial liquid velocity of |ess

than 0.01 ft/sec (0.3048 cm sec). Catalyst carryover out the top of the
reactor was Example 1 - invention

Example 1 illustrates the use of this fluidization technique on the high
15 conversion process of isomerizing vinyl norbornene (VNB) to ethylidene

norbornene (ENB) on a laboratory scale. An alkali metal solid base

catalyst was prepared, using the powdered alumina from Example A, and

as described in US-A-3,405,196 (Wolff), which is hereby incorporated by

reference for purposes for U.S. practice. The same equipment used in
20 Example A was used in this Example 1.

86 grams of the prepared catalyst were placed in the reactor and the
reaction was carried out at atmospheric conditions.

25 The flow rate of the VNB reactant ranged from 2 mi/min to 10 mi/min,
which cofresmnds to a superficial velocity range of 0.014 ftlrﬁin.
(0.007112 cm/sec) to 0.070 ft/min. (0.03556 cmisec). The feed
temperature was 80 degrees F (___ degrees C), and the effluent
temperature was 95 degrees F (___degrees C). A conversion of 99.8%-

30 99.9% of the equilibrium conversion was achieved. Even though this



insignificant, and the fluid bed behavior was still evident at a liquid 5
superficial velocity as high as 0.08 ft/sec (2.4384 cmsec). This

i |1 ustratweodsmesashe bed expands, behaves, and operates. EXxaigalgsobnziss

I nvention 10 Exanple 1 illustrates the use of this fluidization technique
on the high conversion process of isonert4ing vinyl norbornene (VNB) to

et hyl i dene norbornene (ENB) on a | aboratory scale. An alkali netal solid
base catal yst was prepared, using the powdered alum na from Exanple A and
as descri bed partlestaA- ghamizal oreq fig , expthermics and dbe ireactigror edrebtby 15

reference. T ' . | s . used in thi anple 1.

86 grans of {}E’géggg&ﬁ%&p@%ﬁgﬁﬁg@?‘é‘%gg%‘ﬁ'*’?r#@?&*’%’%g&fmé%@et t .
reaction was lossés Sitrough the asdtesPRall jrty i of the
VNB reactant ranged foygm 2 M/mn ?@“1% Wéﬂlrnwéﬁfgﬁ&é%??gstﬁgﬁsé?@ea

super fici al \ReaQfirpactionyendcthis somall scaleri such thad eal exchanger) equipMedit0
ft/mn. (@O The feed tenperature was 80[err]F
(26. 67[er(rg] cf‘?%ﬂé%ﬁ%%ﬁwuem tenperature was 950F 25 (35[err]C. A

conversion of 99.8% 99. 9% of the equilibriumconversion was achi eved. Even
though this particular chenmcal reaction is exothermc and the reaction
cannot pr ocecthisirxamplelusteatesitbat thefluid-bed reastardcan approximate piag val s,

t he heat | os t 1. to.the ai re.sufficient to
remove the helaI {:i' oqgﬁrygg;c}t ?@ﬁ"%ﬁ%ﬁ%‘%ﬁ e&&iﬁf}tﬁeﬁsﬁx\ﬁﬁ‘%wﬁe&n@@mn _
exchanger equafdNThiviwolit nBEBEFE Veén possmleﬁﬁré'rééﬁtér] tﬁ&%f%l ifaf@gt ! on
i's exothermc and the reaction cannot proceed unless the reac |(9n m Xt ur e

i s cool edOat aithermechamicallyordy thecusecal gasbubbleshas ilstriated ireExampleval | to
the air were§ufficient to renove the

Example 2 - Invention

15 Example 2 illustrates the same isomerization process that was conducted
in Example 1, but was done on a larger scale to demonstrate operability
with heat transfer equipment. The reactor used in this example had the
configuration as shown in Fig. 1, consisting of four reactor sections which
were separated by three shell and tube type heat exchangers. The heat

20 exchangers were used during the reaction to remove the heat of reaction.
The purpose of this test was to prove that it was possible to achieve the
desired high conversions using the fluid bed concept in a reactor
configuration on a larger scale, using a feed rate of 20 Ibsthr (1514
mis/min) rather than the 2 - 10 mis/min flowrate, as demonstrated in

25 Example 1.

The heat exchangers of the reactor consisted of four tubes mounted
inside of a shell, with the tubes having an internal diameter of 0.9" (2.286
cm) and a length of 18" (45.72 cm). The exchangers were operated such



heat of reaction on this small scale, such that heat exchanger equi pnent s
was not necessary. This exanple illustrates that the fluid bed reactor can
appr oxi nat wgbsessdés ow behavi or of the reactant(s) as evi dencedthuset/is2sbi gh
conversion rates. This would not have been possible in a reactor that was
agitated 10 either nechanically or by th# use of gas bubbles, as
illustrated in Exanple 3. Exanple 2 - Invention 15 Exarrple 2 iIIustrates
the sane isonerization prqocess that was conducted in but was

done on a | ar dbat Sheisomerizatipmesaciion Was rdp;an the W%S%an@ﬂhamm
equi pnent. The Cc t he configuration as shown
ig FPg. 1, con%é%ﬁ {3‘3“8#‘%'?%3 g@oﬁ@%ﬁ%‘ﬂgﬁ\ﬁm ch weregsepar at ed by

three shell and tube type heat exchangers. The heat 20 exchangers were

used during the reaction to renove the heat of reaction. .The£4ur pose of
this test was The bottem thrae reactasseslions wereiepmprsed of 81624 cau) Inhgh

arger soape. Sgts Pruk" (REeC R epbly® (R SAARIERTHG BlaeStadinr ¢ e
2 - 10 nl s/ m (10l8204tcm) antertratodidmetbrdattactied tox el exchangbrs il the
exchangers of the reactor consisted of four tubes nDunted i nside of a

shel I, with trdistriuéer withiflanges. i iherreactari sgrtiops eactphad a themeocayplend a

e o i offe, NG A B BB RRbBEL Son, T

chilled wat er ,boMin IS&ietion rﬁah:easb@rklthaﬁ dwowé’dmethqumraw Qﬁ! sr tdyta@spt i ons
were conprised of 6" (15.24 cm) segnents of 4" cn) ScChedul e

10 stainl 88s &l&sem%am thisd SFI—DOBQUZP%PHQ bﬁﬁ@i"‘rﬁﬁd QPHﬁéhé? plleweddhed to
the exchanger Sadad?ﬁoﬁ '6‘? air-sensitive catalyst to the reactor. The top reactor section

was 18" (45.72 cm) long, and had 2 sets of opposing glass viewing ports
that allowed the visual monitoring of catalyst level and surface dynamics.

15 VNB was fed to the bottom section of the reactor through a porous metal
plate distributor that covered the bottom of the reactor.

Catalyst, like that used in Examplie 1, was added to the reactor until the
desired conversion was obtained. At steady state condition, 3500 grams

20 of catalyst were present. After that point, enough catalyst was added to
the reactor to make up for losses due to deactivation by poisons in the
process feed.

Liquid product was removed from the reactor through a 1/4" (0.635 cm)
25 hole in the top flange. VNB was fed at the rate of 20 Ibs/hr (544.311

kag/hr) [o.bs ft/min (0.0305 cm/sec) superficial velocity in the reactor

sections] of VNB was fed to the bottom of the reactor for 36 hours.

. A steady state temperature profile was set up in the reactor, with the
30 reactor sections operating, from the bottom to the top of the reactor, at



distributor with flanges. The reactor sections each had a thernocouple
inserted three inches fromthe bottom of the respective section, and the
bottom sewbDigsmsspgd a port that allowed the w thdrawal of spRRyysAh#sESt. 10
The second and third sections fromthe bottom had ports that allowed the
addition of air-sensitive catalyst to tHé reactor. The top reactor section
was 18" (45.72 cm Iong- and had 2 sets of opposing glass view ng ports

t hat allowed the visualt*noniit-ori ng of catal yst | evel and surface dynam cs.

is VNB was fld@oFo (#hd4e€it ot Seict (4h130C),helQ8akct (42.220G)gland (DSmRs net al

Phat Cused | neAS8hgl0” TreHEH St G b Bl bl oRBEIeY jan B Bund '

conver si on Wgsbelietivaed -15/4nd BOBITUSILIR-6P (73!2-945 G’ﬂoﬁg/ﬁt-%m%@& fof
catal yst were present. After that point, enough catalyst was add to the

reactor to nﬂkehagtemhang@ségcmauo deactl vation by poisons in the process-
feed. Li q#n d product was renoved fromthe reactor through a 1/4" (0.635 cm
25 hole Tn the top flange. VNB was fed at the rate of 20 | bs/hr (544.311

kg/ hr) [0. 06Atte+r§taaag -R5was! adieved) Pdef VN@Masebeﬁtfédea 'iot%ﬂBr & or
sections] of VNB was tfed to the bottom of the reactor for 36 hours.

st eady st at ecoBvgision graater tan 90.84soktbe aquilibriumeonversion., with the S0
reactor sections operating, fromthe bottomto the top of the reactor, at
16 1120F (44.440C), |1150F (46.110C), 1080F (42.220C), and | 050F (40. 5600)
The heat tragaphplec®t Odihgatdtiver € neasured, and were found to be between
15 and 30 BTU s/ hr-ft2-oF (73.2-145 Cal. kg/hr cn2-o0C) for the heat
exchangef0Osections. 5 After steady state was achi eved, the VNB was
B o I

convert ed o RS efimple’ 3 MGatratdS tfle Wfedls bf Raving é)qtta?Font & 635 bubblas ™

in the reactor. Example 2 was repeated except that 105 cubic centimeters

of nitrogen gas was injected for less than a 1 minute (60 seconds) time

period into the catalyst feed part of the bed, which corresponds to the

15 residence time of the bed, resulting in the formation of gas bubbles in the
reactor bed zone. The disturbance in the bed resulted in a decrease in

conversion from 99.8% to 98.5%.

This example illustrates the importance of minimizing any disturbance to

20 the quiescent liquid fliudized bed in order to achieve the approach to plug
flow behavior necessary for reactions where close approach to
thermodynamic equilibrium is desired.



Exanple 3 - Conparative 10 This exanple 3 illustrates the effects of having
agitation via gas bubbles in the reactor. Exanple 2 was repeat ed except
that 105 cybj imeters of nitrogen gas was injected for 1
m nut e (GOWEdeg?m 2‘? tinme perlod into the catal yst feed part o e @&59

whi ch corresponds to the 1 resi.dence tige of the bed, resulting in the
formation of gas bubbles in the react or bed zone. The_di ance in the
bed resulted in a decreﬁ!ﬁm)m, fr Y- ot ASBEEN § This exanpl e
i | lustrates thwe olaimt a w glw emggto 2p the

qui escent liquid fliudized bed im os achi he—appreath to plug

fl ow behavi or necessary for reactions Wnere cl ose approach to thernodynam c
equilibriumi S4 deS|

Cont i nuous. prokess. ParoninuedEFBeacs for aroduing a desired hyrdeafbdp profyet
conver si on chemi cal frompatcomvergion lthesdsalareaction wtat:blqmzesra Sofid catalyst
powder ed form conprj sing rovi di n a vertically oriented cylindrical
reactor cofpri sing E‘P%W@?Wdefﬁﬂgéqmﬁﬂsﬂ Bt he | ength conprising a top
portion and a bot t om portion, wherein the length is at least twce the

wi dth; 10 b)a) | optIViding qotaamrdcawag@rt@gmqe amitaibyﬁom porionhe

reactor c) feeding to the.b rti h | east
liquid reactant at a vel ¥t e{?;nghp]ﬁeg &3"@@%)@% rﬁtgrﬁﬁ?qrhe
liquid reactant wi thout {1y asutd:1a9i tat| on or back mxing to forma bed
reaction zone, wherein the velocity is at 15 o | east equal to the
e £ ui di zat | og) vel pading 289 pfiferb hehdibgBhBbl ety &Y TR said

’ 10 reactor;

c) feeding to said bottom portion of said reactor at least one
liquid reactant at a velocity sufficient to disperse said
catalyst in said liquid reactant without the use of agitation or
back mixing to form a bed reaction zone wherein said

15 velocity is at least equal to the minimum fluidization velocity
and less than the minimum entrainment velocity wherein
catalyst exits said bed reaction zone in the liquid;

e) subjecting said liquid reactant to catalyzing conditions in
said bed reaction zone whereby said desired hydrocarbon
20 product is formed; and

f) removing said desired hydrocarbon product from said top
portion of said reactor.

2. The process of Claim 1, wherein said catalyst and said liquid
25 reactant are continuously replenished.

3. The process of Claim 1, wherein the conversion rate of the catalytic
reaction is higher than 90%.

This Sheet Has Been Repl
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e) subj ecting the liquid reactant in the bed reaction zone to conditions

effective to produce a desired hydroc d 20 f)
renovi ng W”%Ft{ed hydr ocarbon prodxﬂ “”m Hlllu)ﬂ portlon of the
react or. conti nuous process for *proeduci ny & désired HyHPSTASRN _

product from a i;anv‘grggg. L;T;Leng—gﬁl; reactwn whi ch uses a sol id catalyst in

>
1=

25 powde provi ding reactor conprising a
length and a w 5th co r|S|ngatop portion and a bottom
portion, whergin t gp@ég I t

conti nuously foadl-ir'ﬁe nd r%ﬁ%ﬁ?ﬁaﬁmffgv?nﬁerb 5?&‘?:%(‘)&@@?53@& product

het er ogeneous cat aB@ethyﬁﬁene#ZeBdlbmnemet he bottom portion of the reactor
at least one-liquid reactant at a velocity sufficient to disperse the

catal yst 5 inthe liquid reactant without the use of agitation

or back m xing to K @cé&d? )
| east equal to the m ni mum f 1 ui Eﬁ?atlon ve 0%@%#% g{ Eaﬁ ' ;TH%F?ﬁm nmum

entrai nmeft vel ocialymirg andsaid at teast one ceadtant is 5—emyl-2+=ﬂorbomené.he bed
reaction zone to 10 conditions effective to produce a desired
hydr ocar bon product; and f) renovi ng the desired hydrocarbon product from

the top portign ofThdgyrbe f-C % whe Rhi féa% | Lein the
catal yst is conti nuou? ?ﬁgied fbﬁrpo an(sl ;ngr?r'ovéégc rot&I I"lé;e %Lgbc#%w . The
process of any of méansrﬁoﬂhéht\ﬂmséem the conditions are effective to
produce a conversion rate for the catalytic reaction of

10 7. The process of Claim 1, further comprising withdrawing spent
catalyst from said reactor.

8. The process of Claim 7, wherein said spent catalyst is regenerated.

15 9. The process of Claim 8, wherein said regenerated catalyst is fed to
said reactor.

10.  The process of Claim 2, wherein said catalyst is fed to said reactor

in the form of a slurry comprising at least two components selected

20 from the group consisting of said desired hydrocarbon product, said
catalyst, and said at least one liquid reactant.

11.  The process of Claim 1, wherein the conversion rate of the catalytic
reaction is higher than 95%.

25
12.  The process of Claim 1, wherein the conversion rate of the catalytic
reaction is higher than 97%.
13. A hydrocarbon product produced by a process using a
30 heterogeneous slurry catalyst comprising R

Replaced
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20 hi gher than 90 cess of any of |nE 1-4 wherein

t he desired hydrocarbon T’g §Hff|;-sHBS€&h yl i ene 25 6 The
process of | ai mild-5_ WECLACED t he *al kalg

al um na andﬁtayh’gﬂg?ﬁl east one 1 qu cl sL5 Vi nyI - nor hg%%

The process of any of clains 1-6 further gonpri sing prOV|d|ng 30
means for effective heat transfer. 96b0b64- 6 - 19
- 8. The process of any of clains 1-7 further conprising wthdraw ng

spent catal yst fronmajhe peadding ar egmdtor diavig t detopppuirtiont ahgsé bottbar m
regener ated catal yst, and feed| ng the regenerated catalyst to 5 t he
reactor. 9. The proce§§ tﬂ“.any of clains 1-8 wherein | oading a powdered
het er ogeneous catal yst into the reactor conprises |oading the catalyst into
the reactor in the bprm feeding|tor sqid: sepctosi agsidiryl sesprising a powdered

conponents sel ected froghagma ‘S{ﬁc‘gar}ﬁb'}y ng of the desi red hydrocarbon

product, the catal yst tant. The process of any of

clains 1-9 wherein the conversion r of the ¢ tic . reaction i s higher
than 95% B5 11,  She pedesaduently af%gmgtqamgat?q REVEPB;of $918 TBRRRE o, on

rate of the catalytic regfigPohs gL RiactditatY vlocity sufficient to disperse

said catalyst in said liquid reactant to form a dense slurry
bed reaction zone having a top portion and a bottom portion;

d) subjecting said liquid reactant to appropriate catalyzing
10 conditions whereby said desired product is formed; and

e) removing said desired product from said top portion of said
reactor.

14. A reactor for producing a desired hydrocarbon product using a
15 heterogeneous slurry catalyst comprising

a) a top portion and a bottom portion;

b) means for feeding a slurry to said reactor comprising a
powdered heterogeneous catalyst; |

c) means for subsequently feeding to said bottom portion of
20 said reactor at least one liquid reactant at a velocity
sufficient to disperse said catalyst in said reactor to form a
dense slurry bed reaction zone having a top portion and a
bottom portion;

d) means for subjecting said liquid reactant to appropriate
- 25 catalyzing conditions whereby said desired product is

formed; and

e) means for removing said desired product from said top
portion of said reactor. T
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