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WD 2004/ 047941 PCT/ US2003/ 029108 DI STI LLATI ON SYSTEM

BACKGROUND OF THE I NVENTION Field of the Invention 5
wab@4psmeent i nvention relates to a system f orPCT/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 reactions has been devel oped

and widely 10 Commb%ﬁlLL%ﬁq legagq-lethe conmponent s

of the reaction m xture are concurren separ abl e by

fractional dist IBAG{GQ@UISB\/@FaITHBYNVEMTIOMe been
roposed and one comercially successful system uses
Fﬂféof:falealny%“% the catalytic distillation structure.

SR oA B LSR8/ R g stenon

oﬂpﬁémlﬂﬁ’eaétierﬁﬁ a8l sedaraog 40&; react8fs 351, pradiicts by fractional
éS 559; and 4, 482,775 commonly assigned herew th.
d'ét"l' the comercial catalytic structure described
Rbl’é@é@lAl’,}t conprises a cloth belt with a plurality of
pockets spaced al ong the belt and contai ni ng
part Aonetalmoal ofamrtallrggs@utrmt@IWareacmesaaatbee@edievamed and widely
at al nt hel i about
oGRlinared ov FereRE it SmbRt e tf ifadtidtmbhus S farfurrenty
sé&msableaby frabeseal distliagon 28 everd edsteRidhavelbséh pr@idsed and one
colum. Additionally U S. Pat. Ngs 4, 302, 356, préid

cammetcisly supeasHubsySEER ufiescl %\gecgta\h@t,e@q )the_,fcatalytlc distillation
st/ S st HOLHEn SNarldlish H8CoritddR Al L Nos. 4,215,011;
pa n tion

cuI yst | oose stl
412!32y’577ha«$,24l2$30)e%ﬂ50,!0)15@pcﬂs®©2 356334 3037r 254(@4‘;3% 407;4,439,350;

o S £ b eeronl b sabRercaury o0, 03, and
Whi cha dec ROFASTSEHBRNS SELOSASABOE A BRIALBRERses a cloth

cat a 'St spa apart "from eac
bellrt svitH baplucality odypoaketsi spadesl bloggi ttheobelt laadt mmtalnTﬂgepartlculate

oBelRGIaterAL  THE dthbalthmmetaliet HRESSNERS souadiinto a helix

abb@( a é:ﬁ?éomd\ﬁ‘rater?al §§6h §§ﬂnlttEH dtinieas | 'sﬁa'él \ere*rﬁ‘@srp Qhékh’éée "bales"

on the trays has al so been sug geste as in US.

Iqaded4nt¢7adtssuatlc$o®mum iAdditionally be. ﬁaéhNOISuﬂﬁoie?eﬁG 4,443,559

ol S AE 0B GEROA D 2Rt il o e
Wlaéin?kﬁe%hc@x@ﬁ@talﬁt Iedse drstdn8ard dittilldion tra s has also been
4,847,430 and Nocca, et al in U S

PEIRasEds e SasadPh &XeRWIPHak:$ c Rkt el\leaﬂaaa%mb@nd OK: patents GB
260 hAdY, 0d6?54. Al SMBAORS! 44558 GiEeHS299 iR ahtdholds and

supports closed porous containers of catalyst spaced apart from each 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 Nocca, et aI in U.S.
Pat. No. 4,847,431 disclose loading the particulate catalyst on alternating trays of



10

15

20

25

30

a distillation colum and wth a gas bypass about the
catal yst | oaded trays. The use of solid glass beads
wo eoodiogieer se and support a catalyst in a fixedP@BpUSINA%029108
| ong been used, especially in pilot plants and bench
scale reactors. See for exanple U. S. Pat. No.
4,918, 244 wherein gl ass beads were used as
adligtletion solusmn asd wibra Q%bﬁo@Sk?é?%ﬁﬂ's%%ﬂit@'yﬁé@@ﬁ@ﬁ trays. The use
lati
o?'bSld%;la@élblggdg?%gc ssﬁ'é (g%l#pa{ ea%% %{%g@gﬁ,‘k&ﬂ bted thselong been
upbap@spdmeallpm pilatylatte acmattmnychtscare iehotes. Spedaedaample U.S. Pat.

is long a fjber s cloth belt as dlsclosed
e BT 2aduiiatsh olss ashs e, Bain OBReGHN ST AUpPor in a
bteﬂcﬁesc%}’ee"r r BYstiilBort 'EBM?Hﬁ ”E@osfé}a\b‘ﬁe flefhet Fh%gt EBmmercially

reduction of pressure drop through the colum an
sprosssiloarraiganénisciambeenho de plfce ﬂtwﬁeparﬁalalamwcata\wstt fn closed

robReaeuoptred ong ALEBHL AR 8 PRl as, Rasky efig Pat. o

4ctmbysts are in the formof fine particul ate powder s
whi ch preclude their use directly as distillation
cofpermeaingdroliests seuaiéto beveicgate Pethedmpravements hayg been the

bR ey Sirg e frdbioh yEE AN b Ron SES e pEeontact of

the estothmawithd theet atalve b vdiile tohoviding foobe vlaﬁbgmiwd contact for the
catal ysts itructures have been proposed, e porosit

frastionslesigtiasios Lsfll GAtaly Sisn e imytae [Torintoft g particulate
powders Whit h brabRRIE th¥ir u@@%r&%@?ﬁé V\Eﬁ@ﬁ%rﬁ gﬁrpbﬁhéém%n Even larger

outer surface act|V|ty 0 ave the
extrudadplellésrdo anhlendshenselvessvall as digtidléiidn etrlgtufes. Hence the

(SR SABIER Bats.5ageS PR SUpBOrI%ySR Firpradgiiantaeyaigpamtal thrust
Wﬁﬂé‘la‘#@ér%éﬁl@s%@tﬂ]dﬁrb?, rﬁ‘vétﬂée'naérbﬁaséd [tHE PFSsit y're trBatirements of

p acéd on trays simlar to sieve trays
r@amp@ﬂttalwtlﬂ naateriglsi Ilnnltatheafrstwtlumhln’cwdyo Manymaéalys’r@srdmch rely on

YRR BRSPS B ARt s v

uls@fLQQﬁBff@I'gaé bhéa§e mcﬁdhgm%s%aleﬁ@alﬂﬁﬁﬁi@@tproductlon U.S. Pat.
invention that greater tower ef ency

Natst & 462158 ané prteRath @sglpse patalyih: dlﬁdéﬁlpayﬁuwres that may
bléﬁﬁae d Bnqrd%es?ﬁﬂ rt%ysclé\%qragg) ac%udggb#\jg%i“@isﬁlfﬁtﬁ)ﬂ%mn reactor.

resent i nventi on and I Ona

knovvlTebﬂagﬂevaeui idvenigyestretdied v dmbstru?weatsle?m (?]atalyﬂc lofistillation,
count er product i ve. e .unexpect ed benefit t
byt dsisrl E‘P AERY & %‘?ﬂ?t'% D I9FENE et ?\‘g vantage of the present

nWe?ﬁlbﬁStHé@ e'é?érecbﬂ/er eff g rgéy B@%Htwgwb%%ntlonal distillation

urpr|3|ngy|t has been that 1n the operati
tralys dydisstdf theapiesent sysiem. Noatt &6 kriaven @ plggeat ﬁhewreéent invention

PSR OB SR HRLI b ARL B HE M AEh woui be
cBBRRFbAIRLLIVE t Tha uhekbéitedberefPemnaBibreseht 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 trays wherein a packing comprising a porous container

containing a particulate material intimately associated with a resilient component,
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WO 2004/ 047941 PCT/ US2003/ 029108 said resilient

conponent being conprised of at |east 50 vol une % open
waepaee4794pref erably at | east 70 vol une % and pPST/USINE29108

on trays provides height equivalent to theoretical

pl ates (HETP) of less than said trays w thout said

packi ng. The packing may contain a catalytic

865# E@%‘lﬂnét@mﬁﬁf@ntae%eompélsaﬂsqﬁ at) lﬁﬁﬁ’bﬁg HUMAY éwreen space,
PRI PRALIO Ut b oRloh e EFSL BB R cruhclen

tal |tlsea>r1elt|aal| piatex (HB&P¢ @fivess rttmmlsatdytrey$ mwﬂ&mﬁr%llcb packing. The
oSEARETEAY St g B8 A o ey i
réadtion drff d%ﬁmétfdrpﬁth@'?féaéﬂlﬁf d?ét%@hctssu% afichlafy ?nétéﬁ@nay also
and bubble trays. SCRI PTI ON THE

beligert andgheg otﬁ@phoe mmmgonm\tlomemypm@ separaie lsomfaments in the

a d _tr colum conpared to the sane
iﬁﬁaﬁériﬁﬁ%‘;hr%wﬁﬁg%retaﬁ,@gnbacki ng. FIG 2 is a schematic
r epr ahenidtmanbefang obéHd daventicnhala cﬁé@f oﬂn@tumcbhb@étr@ﬂeof) such
Wi th thepac:ln In place. 15 DES TION OF T
REgveRireyYs eng B/E\Wa

ap Yfe present packing may fi II t he

entire space T?ﬂf—l’ h of the
area so as togﬁ?g %QRI%ZE% Cﬂf PeR%f O\L\[ga#%HETP
The F&Gkéds argsraph shawld’gamq)rbowHEfH?)&Cinbhes fanthehgesort packed

ackdtra l[imtation on the non acked trays
U o inh PIviasR) htI samedr bt SV E woUtdhe RecKingu. 4

entr g@anpngd o é%%ﬁ?a?% r%Brésren?é% a bagtal g%ﬁlﬁfﬁg& distillation with

capacity is a [imtation on the capacity
the paeking ippleiced trays. Hydraulic cal cul ation indicates

B L I o g e AT 2

equi Wb%s@hﬁ@écklhg? e ydill ﬂféeéntﬁrﬁ 4&&%%&%@%%% or only so

balance t he vapor pressure drop as
ML fthe-arga sgra_s tpsab/tﬁ@rtéemmeﬂt pete Iowef HﬁTrP i ffheh:eacked trays

P RaRE oo SR enrE hon, pO8s ey TaFHRRHOR pthe non

pRClesstrags (amsse‘dah cohowntidirzo dighill gtiven tis &6 lidulid enPaRasaHt whereas
| oss for, the two haseflowthrouhpacklng In this

it qnpears, Hati gpw reeAPasiy é griaittipnaen ghe sApaciiial tae present
p?éke‘iﬂLt'l‘aé/@laeﬂ&d%ﬂl@rcal&.ﬁ@tloﬁ”%}d’ i8hide @b Aol ﬁﬁ}lﬁﬁlﬂagtg)n that the

rom ov tray pressure measur ene
dbwenonm@amkdp umhltely o &mpa!;aloylsthehmd:kedftrege. sPae eqofvalent clear
t d te t bt ai
ll%lrya :JJ%\@EI' %ﬂeachvy eér%ﬁﬂst baﬁar‘?cee %%avaepor?losv prglssnure drop as follows:

RacNga = hgt2h,

where hy, = head of froth in the downcomer, equivalent clear liquid.
hga = pressure loss for liquid flow under the downcomer baffle.
hy = 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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3 WD 2004/ 047941 PCT/ US2003/ 029108 The particul ate

materi al nmay be enpl oyed by enclosing it in a porous
w@oeokasteer such as cloth, screen wire or pol yneCi/us2003/029108

mesh. The material used to nmake the container nust be

inert to the reactants and conditions in the

di st iHJhI ation or reaction/distillation system The

cl ot Aheapagiculate matesial anaywhie: Bmpleyad thyi gnglosing it in a porous

a0, Sy AR, T8 Ay oo
thes eohtaiserammist s isedeto tuedredotarnts kend Efdmditiﬂmsyﬁrelthm”eis%ﬂ;illation or

. lL.on, tefl t li ke., The nesh or threads )
oA, L1 e SO 15 e B WG St o
réguikhsénttdih és{“lé‘otﬂﬂf,tfib‘é\db?és% HBFy@éteﬁ‘,'hnylén BdahBefe. The screen

therein and w not pass through the openi ngs.

wirgrmay besalomiribpusteel, Bhiness isteel @ndpbedikes Tireybaymer mesh may

RO e UOnbrRD St e D S AOFS P Bsusen

nakehtblectontginerisad it theBiHd ShrEisu B ni2A¥§aladYetained therein and will
e

configuration, such as the pockets disclosed in th
nebp@gsminjougisihgrrenngse farticlgs of abert @A rewviize Aepowesrs may be

uB&q agé 'pl'aﬁches‘:l{%f iodut 1?4%?85 QiarflOkI MM be gMg%élgfjilﬁg%e containers.

ort contai ner contai’ni ng
part iTbel adetairereemploy@dnés thald trat alaydlyst) partielsyy ins®p Have any

opfguiraliaf Sud 8B AR iy RisBiosga o dfecesmoRan: assitosd patents
ab8vEOMPEIHRthiREr Rby beasdindi8 c&ﬁ#ﬁ@s%er@pﬁé‘u@ﬂﬁﬁa%%, tdbe orthe

about 95 vol une % Open space conpobnen

like.gid or resilient or a combination thereof. The

conbi-nat.i on.of catal yst conpanent .and 20 spaci ,
conpiacht Snudef feMaihey; BT BertEpiats raGTialdfgreor catalytio
cEMprises APagticiel compened. EncPPBartFRfdle Kinhp&bnt is intimately
stainl ess wire, known generally as demister wire or an
agSqrRAAleaviEn @rinaging cempeeneriswhichis cempisad of at temst B8 volume %

Lm ' do i C fd.lanents o -
oB Tshets BB PR ThUI S, YIRS DhL BIRRLRAH! e o
rdsfiieent syyagt icognbhieatienteredmt Thiet edrvibmesiosi ¢t &ambt Bombenent and

cat.al yst conponent will act to 25 space the various
SRagIag yom neADsthguegtablie dislatianottiatures desersuiteble such
RO s T e SRS SR BRI B A v o an
exparagosalugimpan &ther resitienbeotopbyetits maywibs tiamitar @pley mesh knitted
ly distrib d. R gid or n resilient spacin
oGk HeB S SiblarssBion mnd Be R 15 o8 Tesebaary that the
spadihg tonfpdieR imihaleRaS8sGhted! With tife @BEAIVRIOMPEIRESR il act to
rigid frame 30 conprised of at |east two
sRagssthenarigus gatalysticompanepts away frgni dise anothlenasdiesgritEd above.

Tﬁ@?3{1ﬁgb%ﬁblgépﬂﬁ);dnéﬁgwolvg%ﬁé%ﬁgg 2 Matrix of scdbrégan%%ﬂy 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

4
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plurality of substantially horizontal fluid perneable,
preferably wire nesh, tubes 4 WO 2004/047941

WEDDANERO03/ 029108 nounted to said grids to fRCHUS003/029108

plurality of fluid pathways anong said tubes and

preferably at |east a portion of said wire nesh tubes

contain a particulate material. The container may

neowitad de seicheridpde deren meplerality ofividhpatiwae amaong said tubes and
- an. . ' j ful: i

PR T0PE Nl e SPLARTARE b8 cRBAY oot matril

I's WThe pestainefhmagacivtit wr adthempioesusimateyiabevhiciwierinert in the

but is generally larger, e.g. f 2bto 1 Wt |
anawaamegspf m-eéouentgoé lipeniS ipefy” Mﬂéer glzsa clofh @rt Pefion” cloth

_ . s f ftiale . . _
FrteRaHe 18 el e BAntute AP BRhy e, pORger, but s
geoecally lagatpe go)YronmiO2b toay mon eviihdiardest pasticlpe ngt toat Moralso being
of , 10 catal yst particles than would be obtained in

USGAventi onal counterflow. Referring to Fig. 2 a

part e ;%ng‘?‘sdr%desefﬁbi@ 1 High .Sl'n@ry&‘tér’ft@'}’ﬁ)e]{%smgppears to flow

downconers Bet ween each tray the pacKi r]g@l _
throwghitee etpth malldiis farted todasea) which rpey anevide hedeepenetration of

il s eS PRENPDBY B b i AT RaRRL cliiternows m
the tRefgring WFRN 2 a pattial tolukin remei shovae withl sietditkays 12 and

enbodi ment the |last few jnches of space is filled with )
dguncomars g-r eBetwearpieachthay dae P3cing-i1§, comprsing the particle

edons] . _ .
SRR 2D RS DT S BYB SRRRS unor e
doyaicoheerdodha tlagditd heaving the downdemel frotrothed tragfdnuxhich it sits to

The, packing is fo db | aci mul tiple |ink or ) )
redel aophe M UiseRhapEents ft h Btbis B Soaee s iedavith demister
h screen, such as denister wire. The tube conprises

flexible, semi-rigid wire nesh tubular elenent filled
with a particul ate catal yt EXAMRItleri al the tube shaped

structure havi fastener every 1-12 inches.in

" engt 1A GRS s MR TR LAY SRR FRUES § g ravs spaced
A 8SRcIRRN R4 %siawwgépar’éh@n R 6 ybldheRaridIatheptane mixture under
described in U S. 5,432,890 unroll'ed and packed in

tolel vaflens. dheipackiag isdormeddyiriacing lmulti%e tielt Qecantisgeks ;rube shaped
08 S 4o LR AR 21588 P omorics

flexible,esemdgidoatireemeshhiibulaary slewsesnt pillekdedithi & gditisulate catalytic
manner, with at |east the dem ster wire goi ng1 to the,
2 inghes in length to

PRigyiabhe\Ebe Fhapep SEHCIUGG BAVINGE SRS Py el i
RSB HQUBILNILGN) fhd ofENEEER ISR AR Mot o
dasbebeaain AIS. p,43%8%@uerdsdtang peickee 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.



trays alone. 5 WD 2004/ 047941 PCT/ US2003/ 029108 The
invention clainmed is: 1. In the operation of a
wa@le@biok19at i on col utm containing a plurality of P€T/HY®03/029108
wherei n the i nprovenent conprises positioning on said
trays a packing conprising a porous container
contalnlng a particulate nmaterial intimately
Thedpvenfianoclaimed 8 spaci ng conponent, said resilient

conpqnefy 4helpar GRIPLt %et?\sfﬂ atidh. %&?@ﬁ% é(ﬂ?t\c’\ml Pld‘f%llty of trays

open space 1n an anount
wheréindbe ehpn:axlenprtrﬁtcemdrlﬂéﬂﬁ)osntnﬁlrigemssaltjaraysaa pbctkl@g/Somprlsmg

i t hout king. 2. The ocess accordin
b SPRE e enel oSl ing s RauiuS esiaral Eleratpl Seeaciated with a
sPacifg cORfINeRE a2k l%%ﬂ%rn@b&gl Bﬁeﬁﬂt?élﬁ% é?r?{?ﬁﬁéd Bf §8k&st 50 volume

lPartlcuIate naterla conpr ses a ca
apeln spbaece ip amanarma’t toanﬁdvldh bethBqlullvatanbto theordticabplates (HETP)

act n di st the reaction products.
R Hban AR e s bt SR PaBkinti m 1 wher of ' sai d
part 2C Ufiad proveke fHcabrdif®idElaie S Wherelin SaHeIpen sr?a’t‘é i5 @ least 70
distillation is for separation conmponents in th

valugag %.ati on nmi xture wthout react| on, 5. The process

accondi A, {&%e&gsma!: %ﬁg(:lﬁ C p\%&llq(frlf E&t@ﬁ&ﬂé@ material

conprises C yti C par mat erra

coirgiriseb at ¢atalytis pavticulte metlﬂraatahéﬂhefdlstmafmﬁ)mW\ﬁesi fieaction and
th@@dl stillation mxture w thout reaction. 6. The

@@%OBHT?OWG@FH%“PBO G¥m 1 wherein the spacing
conpanent ?rocfe%%' he&Rlingto El?:\‘ﬁnpﬁ% Sreift SRl gﬂd?@%}@te material
claim 1 ein the spac:| ng conrponen iIsrig
cdihmrpeeoeeﬂ ragieoiatiang the distilatiod, is For Sepérat@n éompofients in the
in s |d tr rlse sieve trays. 9. The

e e R L A

wher gl Mgdigloédsty %CCGW it§ EclhP Pl svHdrais sa%p pati&late material
process according t | alm8 wherein said colum 1's

copwriges ¢atalytics epancataée eyatedalkexnath thd d@MIancheq@tfan ¢he saparation of

Eﬂ‘g’ﬂeﬁgseﬁigg‘ﬁ‘fﬁygg@ﬁ n%xtu% RitodPraMigLgi n said HETP i's

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 trays
comprise bubble trays.

10. The process according to 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.



