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WO 2004/ 047941 PCT/ US2003/ 029108 DI STI LLATI ON SYSTEM
BACKGROUND OF THE I NVENTION Field of the Invention 5

WOREM4HEBKENt | nvention relates to a system for PCT/US2003/029108
concurrently carrying out distillation or chem cal
reacti ons and separating the reactants and products by
fractional distillation. Related Art A nethod of
carrying out catalytic reacti ons has been devel oped
and widely 10 comreiigd|)izef E?Ylt he conponents
of the reaction mxture are concurren separ abl e by
fractional dist |BAGKGROUE®/@FaTHE)IBWEI$TIWe been

FE) @pgg{éd and,,one conmmercially successful system uses
qid Ok e NyePtiaR the catal ytic distillation structure.

S . T .
UFHé s;ﬁ'e%éﬁi lﬁOE’ehtﬁ)dfl%'%t@d? % ﬂ@t%%fd?%@g %‘rr%{%@/ carffing Oistillation

014 CB@MGQGFG%’HQDSY amtsenamegmm; reacte8ds 350 prddiicts by fractional
dé‘tlﬂéf? r§59 and 4,482,775 conmmonly assi gned herew th.
9 the commercial catalytic structure described

Retategifrt conprises a cloth belt with a plurality of

pocket s spaced al ong the belt and contai ni ng

par t PdupHias ofgar BAIQ&PUh%ﬁt@Ml%reaChﬁ@S&aétbeeﬁledeval@n&d and widely

I e a

B e BT OO Pt g™ fogRurrenty
sepaiiableabyl frabbcmal’ th&tl!lehdn Zselvemﬂ systentsohavalbeém bl@idsed and one

oS RTOioH Sl Saibsysin Unesc eecatalist 1 Jhapicatalytic distilation

st@@étaFé/StSLﬁ'}H u%yﬁt&ﬁ ’EO\Faerﬂﬂsﬁ/ H&Seri JJ g&gtl - Nos. 4,215,011;

artl cul ate cat ae‘gaso oose oOn stan

4t2|33 K ot 2425830 P68pds3R, 3584, 3Q7r2@4Caﬁq3l36 403 $1,439,350;

en @>B.,. 2,096,603 and
44@%’9%5}‘!@@1’% %&@%&&%Hﬁ&%@%ﬁ %tposes aclip
whi cBribfiy,dise somn2drciailieutantic sﬁbﬂﬁ?&d@ﬁr@éﬂ tReRimEsApases a cloth
of catalyst spaced apart from each other on a

beit ¢i{h RaRIbEHity p&powk@ﬂs. spaced aloggithedielt aedtqomammnepartlculate

CRUEETRL, T18 ISyt Rl BTl ous o i

alo8.a spstcing\materiy sdeh &Slémttédi siathiass stesl wire td@%hcaﬁcaihbsé "bales"
IoRged Jia'A RIatER Shuier Acuiidy 18- 538 Nps..22880, 4,443,550
g i s 980 e LR

g the particulate catalyst loose on standard distillation trays has also been
proposed. See, for example, U.S. Pat. No. 4,215,011 and U.K. patents GB
2,096,603 and 2,096,604. U.S. Pat. No. 4,439,350 discloses a clip which holds and
supports closed porous containers of catalyst spaced apart from e'ach other on a
distillation tray within the liquid on the tray. The placement of the catalyst in the
downcomers of standard distillation columns has been proposed as in U.S. Pat. No.
3,634,534. Fluidization of the catalyst on the trays has also been suggested as in
U.S. Pat. No. 4,471,154, Some deficiencies of such fluidized beds were recognized
in Chemiker Zeitung/Chemische Apparatur, vol. 90, no. 13, July 1966 and U.S. Pat.
No. 4,215,011. Quang, et al, in U.S. Pat. No. 4,847,430 and Nocga, et él in U.S.

Pat. No. 4,847,431 disclose loading the particulate catalyst on alternating trays of
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No. 4,215,011. Quang, et al, in US. Pat. No.

4,847,430 and Nocca, at al in US.  Pat. No. 4,847,431
W@ 2064/@3211| oadi ng the particul ate catal yst on PCIUS2003/029108

alternating trays of WO 2004/ 047941 PCT/ US2003/ 029108

a distillation colum and wth a gas bypass about the

5 glsfl &l ncors e o 02 Buiess geutthe setdhe Ioasiad Irais. The use
SIAHlid RESEE baRRGo ASRSES ahl%uy %ngoﬁé %talggfrﬂtasf’{%bdbgf 58 1ong been

scal e Teactors. See for exa
usegh espadallyiheilet plagtsand berthsscate ecacies. @sefor example U.S. Pat.

d su ort.in,a 5 bench scal g reactor
b PR PRI o R wapd D35 448 dfgfdreant and support in a
Isromessdiel |Je}zicto$ UISRRSEH] coMimANIESETAS JdHRS oP 88 nhéstldinmercially
place the particulate catalyst in closed ockets

~°d4°§66§félh aEPBEgMENtS bas bgeade the@lacethe pasiculaie lcatalyst in closed

PRE! isRbed Figna 9, B8 . 1ok BRled BGREUR Pat. o

4Edzlﬁlmrlon of pressure drop through the colum and

ion of sufficient contact of the reactants with
%d%"ﬁ!%fpb $ E0WIRP 59@@{6{-’%@ Bwaxtarwpverr@ute‘dhave been the

r@@ﬂéﬁﬁ of fteskive drBRfl‘ﬁrto'ugﬂ%? El?fiﬁ‘rilﬂ hAd bRy PI Vis :%B)/SHF?I\AI?V& gontact of

catalysts are in t i'ne par e
thaireactpntscwvithl éha haialysmzwhllel previding fas gdosltualpbat:qwd contact for the

RTRBAPTbBafT" 109 e L1510 Bk b Dortut
ptavdete whiicicp@icludesthbuseagestinag d%imﬁﬁ’érﬁ cér"n@bﬁeht% t 'eyven larger

redom nant devel opnental thrust.
§ g??ﬁ@e’éﬁ de @PHEEPE’ Wﬁﬂ@eﬂi@@ﬁl\/@i @pdﬁdiat@ﬂh égpd‘luw t \Hence the

|
Jsst%ﬂij('c::[ogﬁgﬁﬁ %ﬁ%u@bﬂ t%aér?‘fs? i gﬁb]irhédigpbelbﬁmental thrust.
While larger cﬁzﬁtablstmstnwtumscmlvg basath mbpoéedntﬁ@fpohiﬁéi@ rbf8irements of

trength for |ar rycture [ e seful on
@%&Vﬁﬁa C%%@f'ﬁ%ﬁgnfﬁl?gf teictal mt%rﬁwhi&f&ﬁﬂyov@tglysts which rely on
cRtérbyfetal: \Aﬁ-@cﬁﬁﬁq

bot h di sglrégggtcat glawl c di st f\fﬁaté%ﬁ%@g?ﬁoﬁ‘é@&%@ctw% are
usaiul obly fpr gaephase taaafions,stichas maleid avydrideysodwetion. U.S. Pat.

NI 24,580 Bnflva0e. 576 b3t S80S el 2lstafion shisprastnat may
baisiated ahitelys shvflar fo digvertraps fcﬁ's%b?@rttlﬁ addl;§ﬂilla]tlbﬂtdoﬁﬂnn reactor.

in general. It is an advantage of resent

i nveﬂ-thied?f epnak inyertiareis l’ﬁlﬁ%ﬁi efrasei %ﬂ@%rﬁa)arﬂdecatalytlc distillation,

bﬂp'itaib f}:ﬁg?] Ql'étéétg % tﬁﬁgshz/lé{@l' ?—J’lb &t It ?sk ﬁg\?ﬁ%‘}ta%@%% 8{ the present
m\dwtlpn é[samg reaterdoWeD efmiuhclyrmé)abé abtaivied Ed)lodftﬂ'lventlcl)galbdlstlllatlon

uld su resent invention wou
trggﬁm/ %p&ﬁfﬁzmeg;gntg iSednoyeersuggest thaeresent invention
aRH 98 §adt domveRtibid] HNoWle&g“e #BYIdO8{Rygest the present invention would be
counterproductive. The unexpected benefit of the present invention will be obvious
from the disclosures herein,
SUMMARY OF THE INVENTION

Surprisingly it has been found that in the operation of a distillation column
containing a plurality of frays wherein a packing comprising a porous container
containing a particulate material intimately associated with a resilient component,
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fromthe disclosures herein. SUVWARY OF THE | NVENTI ON
30 Surprisingly it has been found that in the
WELPH47H1 of a distillation columm contai ni N@CA/US2003/029108

plurality of trays wherein a packing conprising a
porous container containing a particulate materi al
%’%tji mstﬁi.elg/l associ ats% with a resilient c%ponent, 2

J50UF Ok FYRPORRHY DRIDEENRISRSEOT shienst &) velume % open space,
refarapRtt 185 | i ;
S e o B PohorRreh upfls LRoIEs HhBRERnuivatent
tonthepssticab iatea 5TEHER ook lesquhaal said trays wikoutesaidapacking. The

Qf 1 han. sai.d trays, w thout, id .
B e b nlaif s AR ok A Rtk rhf BHELEh i siifaton may invoive
reactiorc ahdtdistittatien oathearactitne petickicts.! Thé %rtral‘!atbgﬁgﬂeviﬁl may also
5 reacti and distillation of the reaction products.
bﬁ]@egtﬂ'iqo ﬂlﬂ distliatignefithe crayenfiona! type forRaparateccarh@onents in the
djétﬁﬁaitibh%ﬁ(ﬁﬂe%hﬂg@?a%ﬂi}ﬁﬁmi onal type to separate

conmponents I nt [ation m xture w thout

r eact T henirayn maythesgnynafyhdeomventiohal theysooruridificafishs thereof), such
ns thereof), such as sieve trays

VY
a&%@éﬁ%&gﬁg%ﬂg@ﬁéﬁﬁl EF DESCRI PTI ON OF THE DRAW NGS
FIG 11s a OBmBrSHRSORIPTIONQYES HIEBRAWINAENSS T or

the present packed tray columm conpa e sane
t ray FA6- drif agrepbuwhowing jrapiovad HETIGIN iches dosthegsretént packed

RS B0 O S S ol ok
PREFERGEDR i& MBI réﬁmsymmﬂ ofP@plitRl sBBor] 'ﬁf J% fdiétiﬁgﬁon with

tenti re _space between the trays or only so nuc
% B3CKRIAR Pfaseobt ai n the benefit of the | ower HETP.

The packe [ non
packed tr ?R?eﬁ?@?‘h%?ﬁ?f%ﬁﬁ@@%@ﬁm@m@bﬁ’Q?ays

(as J;&@dpnesenma@ﬁmg mzzgi filtftreet émﬂiratsipaﬁ)a Eb%wtabﬁ thé @ksiyd or only so

r ai anent erea t appears that downconer

RSG50 5 Skt he b ereet BEfhiedPwpr Hr! fohéne packed trays
nEyehané lowse i d Iyl at Lndi.cat es
BT oo, e Bt o I TIRYEA P the non
Pagked frays ?&Sdlsaﬁjlj@@n@ﬁnﬁml gistilatibr)isthe liglicentrainment, whereas

tgteshs Bt Sy iRomar itk B B g ot B0 ERBRE o the present

packed trays. Hydraulic calculation indicates the throughput limitation that the

downcormer backup is likely to impose on the packed trays. The equivalent clear

liquid level in the downcomer must balance the vapor flow pressure drop as follows:
hye-hyg = hyt2h;

- where hy,  =head of froth in the downcomer, equivalent clear liquid.
Nga = pressure loss for liquid flow under the downcomer baffle.
hgy = pressure loss for flow through one tray.

h. = pressure loss for the two-phase flow through packing.

In this relationship, head can be expressed as clear liquid or as equivalent water. the
value of h,_is obtained from overall tray pressure drop measurements.

It has been observed that in a catalyst bed a free space of about 50 volume
percent is adequate to obtain operable fractionation.
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hdc hda = hd+2hL 25 where hdc = head of froth in the
downconer, equivalent clear liquid. hda = pressure
WI02084/443941] | qui d f| ow under the downconer baff Ipe€T/US20037029108

pressure loss for flow through one tray. hL = pressure
| oss for the two-phase flow through packing. In this

| ' head 1 b essed as clear |iquid or
e cqllarafeuisE: BteRRlomag0Bs eBloyPanbY | Shcsesiag bdn a porous
darpamey stich hs EloBlY, RFRSPWIFS of Pg%ﬁﬁgaﬁfﬁé mét&rlgﬂgﬁaed to make

been observed that in a cata ee space o
thgoeRNtaImey dnugtebe fnrart énthe seactanisased towndiiioainin the distillation or

BRI B5h 2BRR ornd ARV Bearn mgterial whioh moets this

regpireryedt bycteas lcostondribdr dlis® pRAFST, ﬁg!é)haérftﬁfhe_s!' ) Pfe screen
cloth, screen wire or polynmeric nesh. The materia

Wi Y PealIEInke staak Haingssrieel ared thedlike. t Bhe pelymer mesh may
Lt .t .St Lon.qr ,
SESRAACHE, G9IBL T Ol R B e us
maketheatontainen isreetlsthhitise Partegiste f?i‘@t@tiaﬁi@?ﬁtaﬁkfe.dktemrein and will
' an e like.
R BE8R et oot PARila Ayt B et srmipesenders may be
@bd@ndﬂd‘ﬂiﬁ&lb@u‘) tdEbouthied RN eI Tha B g’ff)‘f‘cl)ﬁr%ﬂ nge containers.

e
teflon or the like. The mesh or threads pe _
the rdteecPaiaigie émrioyathite hold thmtatalyst ipartiheh ipthave any

1 ial s i her ei d will
cbffuBBbhe Mt S PrSSddlerd BB eLeb e gedahas patents
alove pe thecsorfiaing emay haya SiaglbCylse6r, aﬁﬁe:@aabugﬂh@ﬁ, &tibe, fube or the

.about 1/4 inch dianeter nay be enployed in
i8nt ai ners. The cont ai ner enpl oyed to hold the

t al i : € ' i.on,. such .

cs Lo pochor et NI ¥ >Rk pe Rl hdlerRl o Or catalytio

coawsiees a gsoticulate componanti r@ch“rparﬂgeleﬂe%f{]ﬁﬂ;b@?eng is intimately
ube or the i

aSEOQBIeH Wi BeGind ShifP Py HCE s pampaees eliphlest 70 volume %
D bnant  Eoppuba IaLR|e/ SHon S, RS cBrPPhenihed e rgid or
resllisd oft @ gomhimations reseely  dbepeorebinatibh of datalgsinpompedent and
s@%?iﬂ%?dom%%ezrﬁsfé%:ﬂg%@%g%%tﬁ%ﬁfm ﬁg,ut %?!ou Hggﬁuitable such
mataiidlieopewmeshdmitted ethintssstwirs, k8bwn g er AA @ h % Qire or an
ef&énacjé/ds etlfu‘r%?n n(%n %QItnerarggiiient components may be similar open mesh knitted
poiymeric filaments of nylon, teflon and the fike. It is only necessary that the
spacing component intimately associated with the catalyst component will act to
space the various catalyst components away from one another as described above.
Thus, the spacing component provides in effect a matrix of substantially open space
in which the catalyst components are randomly but substantially evenly distributed.

Rigid or non resilient spacing components are disclosed in U.S. Pat. No.
5,730,843 (which is incorporated herein in its entirety) where a rigid frame
comprised of at least two substantially vertical duplicate grids, a plurality of
substantially horizontal rigid members spacing and holding the grids apart and a

plurality of substantially horizontal fluid permeable, preferably wire mesh, tubes
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20 spacing conmponent formthe catalytic distillation

structure. One suitable such material is open nesh
WIH004/@4394dt ai nl ess wire, known generally as demCIrEsz003/029108

wire or an expanded alum num O her resilient

conmponents maybe simlar open mesh knitted polyneric

fila teflon and the like. It is only

oLl 2 TS Toisper Phisatks:R5dhish PATMESEABPYG Said tubes and
BFSabAt &qeé‘éﬂé‘ﬁbﬁﬁncﬁtﬁlzd’ Wire TRESP RS d’c‘ﬂnltélpaé:éqartteul%% material.

space t'he variolUs catalyst conponents awa
anot hehe awnaver mtmd cixﬁbvcer othﬁnumroubanatm-l nghich is inert in the

SARAERD B SRk Rl Gl e S0 S hor o
isamefsTied Rt |sswh>étm@§h al The epfd)ad Rdtedit@dy B @io%er but is

or non resilient spac conmponents are dlsclose
gersrapatargd .9.5ramd. gﬁgo (hrnamith @rgﬁtmr@o}e@tmtmi@ also being
%qts entirety) where a rigid frane 30 conprised of

a east two substantially vertical duplicate grids, a

pl ur aThe pad{mgsbﬁaméﬁlalénycyﬁmhlghon’hpbrtélhiw %é’fﬁiﬂma@?pears to flow
rids apart and a plurali

BPoG e ittt} rorsn faroraon st i atiplle better pbnetration of
it C%'}/%f 5 IMIe‘é"tﬁ§ R bé%ﬁneélﬁ/@)mﬁ/g%f& terﬂow

03/ 029108 nounted to sald gri
pl ur dRefeyring td [Fig. dﬂmphnt@s:o&mmq Csmi md\mbmthae@ve trays 12 and

TGRS 15, PEFeE BRPCHR Bo REE Ermes o paricte
antaineny 20t Aed dumistst w&bem al THBI §dtkirkg Imerst ah%n[bES under the
(fnw ronnent of use. Cotton or linen is useful

Vmﬁomra’@sth@ﬂwbt&rieaweg e downeemer frons the trayoneahiak it sits to
i be. . .
et BB ATy SpBaphortth 8l Rk fichs oF Badf iR tn cemister

Wieg.ger particles up to 1/4" also being wused. The

packi ng surface effi ci ency s, hi I mportantly, the
liquid appears to flow M'&ﬁe cloth wall (it is

forc r tgald
o o S T s oo
atdﬁvemea)ailzam peiarof énd eaparaebe of amgc!bbefarga/n&e@tmw fribdlire under

1§63 48, 3ok DR i B g i1 A acuf ORI shaped

shactures en teeot éiwn@frﬁeﬁfps@égn dﬁl&ﬁsﬂeﬁﬁl‘sfé WirS. H%tube comprises
ﬂo@xckl ng 16 is arranged under downconer to

e, peemi-deidi wiet ﬁ@sbowlb@lﬁfeeleme@mftltnd witlya cpamaulaﬂe catalytic

teﬁéfﬁ‘n Egb%?hégacéﬁ}ﬂgﬂf@hﬁhﬂg \ﬂwfc%te%%%gggﬂq 1 25iREhaR! length to
form a multpre link looking like a chain of screen wire sausages. The packing is that
described in U.S. 5,432,890 unrolled and packed in between each tray with demister
wire between each layer of the tubing, providing alternating layers of demister wire
and close placed tubes of catalyst. The entire space between the trays was packed
in this manner, with at least the demister wire going to the tray above. The space
over the downcomers was left open to allow liquid to disengage from the packing.
The fractionating factor for the packed trays is substantially the same as the sieve

trays alone.



wire. EXAMPLE The data for Fig. 1 was obtained using
a colum having 6 sieve trays spaced at 18 inches at
24 psia of the separation of a cycl ohexane/ n-heptane
m xture under 20 total reflux. The packing is forned
by placing nmultiple |ink or continuous tube shaped
structures on top of a wire nmesh screen, such as

dﬂﬁgﬁ{vghﬁ(g{]\rﬁfa?@gﬁi%t ube conprises flexible,

sem -rigi h tubular elenment filled with a

parti cluliatthe proedsst bCopamtiag! R bistigtidi BSIuAliRBEStaining a plurality of
structure having a fastener every 1-12 inches in

gt and downspmess mgeesinted therpwith avhiangin| thieeimprovermant comprises

S48 S0y STl IR b g oo o
iparrtivetate eavzlterial agaldi porslemcohtlinembeRgb &itesBlyeassociated with a

I aﬁgr of the tuping, providing alternating |ayers of
FRRFEPe FORPPEEN RfTE | RACIK £OBP NG P&IRY cearapead oftat least 50

9BluAeE %\jﬂ)ﬁi‘)t%ﬁ %ﬁ%lﬁﬁiﬁnaﬁ l&ﬁré&[jrﬁ‘Wh%(%rﬁy %ﬁ(rg E?eg%l?tin%ql,[i\gaiﬂ%ﬁeto theoretical

manner , east t ems

plaigs dbeTd) dheaid deeys havirg thé padking dhemion wassd e€fdn the HETP of
og&q{to aLI ow |iquid to disengage fromthe packing. 30

¥l qyﬁ&"ﬁ?ﬁ??'ﬁg) t¥or for the packed trays is

subst antT i inS i

S| LTI blocoBE EARIRFd At ek 843 oBEYGacd i toast 70

ypbtae mg a distillation colum containing a plurality

of trays. and downconer assoc{ at eﬂ tg]erevvith, wher ei n )
t he i?pr Ve g Rt AP BoSt@Moni Whemin ssaid padtipylate material

poriprisgs a0 aatalyticngarficHlafco Hsats9alt Ahd'She %B&éé%iiﬂ%h?es reaction and
articulate material, said porous container being

9
distillafignediyeaciohpradaetswi t h a  spaci ng conponent, said

" spaci g t. being. conpri,sed of at |east, 6 50 . .
-vol um%‘ ﬁ%ﬁgé%&écﬁ{%m clatm V\ﬁe"f’@%‘?'q 2l hagfieulate material
eamipyises ihert anadesiar ahtic is ( iohal :

havipng thee packi ng therelgnpegﬂsc%ltsg2’$S ﬁdﬁ}ﬁebtaﬁ%wa‘é?gcgpﬁ%ﬁents in a

distifetionapixtuyiewitheUt smaciiopacki ng. 2. The process

accor g im.| ei,n sai.d qpen space .i.s at, .
| east %78-ﬁh é\/jﬂ&%@o@ﬁ% tBrB@?sqa%f%P ngRifl oPRftigiiigle material
Eomipeises watalyc partidulateahatdill &iridithe pRIBYSESESoR the separation of
catal ytic particul ate nmaterial and the process

CAY gats i ALlisilatign mixture with reaction.

6. The process according to claim 1 wherein the spacing component is
resilient.

7. The process according to claim 1 wherein the spacing component is rigid.

8. The process according to claim 1, 2, 3, 4, 5, 6 or 7 wherein said trays
comprise sieve trays.

9. The process according to claim 1, 2, 3, 4, 5, 6 or 7 wherein said frays
comprise bubble trays.

10. The process according fo claim 8 wherein said column is operated to
. separate cyclohexane from n-heptane.

11. The process according to claim 10 wherein said HETP is less than 28
inches.



distillation of reaction products. 4. The process
according to claim1l wherein said particulate nmateri al
conprises inert material and the process is for
separation of conmponents in a distillation mxture

wi t hout reaction. 5. The process according to claim1l
wherein said particulate material conprises catalytic
particul ate material and the process is for the
separation of conponents in a distillation mxture
with reaction. 6. The process according to claim1

W.ﬁﬁet%céggﬁéé&rﬁﬁggﬁ‘n%i%% 5eglljept g IZJF]g?Th erein an

process accor gtoc erer’n the Spdc

equivaieriefaartiquisl leveliid a d@vndineemassoeited withr dltrag niwst Yakinde the

1. 2, 3.4 5 6 or 7 wherein said trays conprise
vapog flayy pregsyye drdp aﬁ'?%lomsocess according to claim1, 2,

3.hid-hqy =By®2h Wherein said trays conprise bubble

trays. 10. The process according to claim8 wherein
whergdiad c& haadiof fiothe inathedd ewncaren eguivatgnt] addandiapuid f r om

t .0C. di t | ai . 10
Wy o o Bepihedees ol RGBT IS dmeete a2, e
prcess: preeeurt R stfor ﬁbﬂitﬁ}ohglh?one_?’tra bangy 6 Or 7

wherein an equivalent clear lTiquid lTevel in a

d&mncormeRreaswedoss ton the two-phaseffowrtivouph saidqadking.
vapor flow pressure drop as follows: hdc-hda = hd+2hL
where hdc = head of froth in the downconer, equival ent
clear liquid, hdg = pressure loss for liquid flow
under a downconer baffle, hd = pressure |loss for flow
t hrough one tray, and hL = pressure |loss for the

t wo- phase fl ow t hrough said packing. 70



