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CATALYTI C DI STI LLATI ON STRUCTURE . BACKGROUND COF THE

| NVENTI ON Field of the Invention The invention rel ates
generally to a distillation 5 structure that may performthe dual
function of reaction catal yst and nmass transfer surface for
distillation. Mokgorrars particularly, the invention rel ates toparisssas:
distillation structure which contains a solid particulate catal yst.
Rel ated Art 10 The concurrent reaction dand separation of products from
reactants has been practiced for sone tine, and the advant ages have

been recogni zed. Exanpl es ofc¥$ﬁp¥ﬁi§<BISTiLLATE€NdﬁpﬁgﬁFnV%action and
disti'llation are disclosed in Upg L5 g ! gi fication)

4,232,177, 4,307 4 504, 687; 4,918, 243 and
4,978, 807: (di n’é%uég%t?f Ge‘i%enﬁ%ﬁz 530; (hydration %4 982, 022;
(di ssoci ation) 4, 44?“%681nvent1°QanGe@§#6ﬁat9 nﬁF%§4¥u| ) & gtegkllatien

5,019,669. 5 struSawss atha‘ltffney eperfatal thec dialdt ifumttion f urceaction

have been pr ?%i?@ andsefa ?B‘lr:es F%acg oy '@fs%f‘l%o%? 6 %ﬁare

and 4,443,559 in partic ca al ys cont t he
pockets on a cl oPRTHEFY %ﬁiﬁhdtﬂFtﬁnﬂﬁﬁﬁ%RQHrQ&ﬁﬁgs to a fixed diStlllat1°n

structure which contains a solid particulate catalyst.
Related Art
10 The concurrent reaction and separation of products from
reactants has been practiced for some time, and the
advantages have been recognized. Examples of the use of
concurrent reaction and distillation are disclosed in U.S.
Pat. Nos.:(etherification) 4,232,177:; 4,307,254; 4£,336,407;
1s 4,504,687; 4,918,243; and 4,978,807; (dimerization)
4,242,530; (hydration) 4,982,022; (dissociation) 4,447,668;
and (aromatic alkylation) 4,950,834 and 5,019,669,
Several different catalytic distillation structures have
been proposed. See for example U.S. Pat. Nos. 4,302,356
20 and 4,443,559 in which a particulate catalyst is contained
within the pockets on a cloth belt wound with demister wire
to form a catalytic distillation structure and U.S. Pat.
No. 4,731,229 which discloses a packing with corrugated
elements and tape to form a catalyst member. High
25 efficiency packing has been modified to contain catalyst as
disclosed in U.S. Pat. No. 5,073,236. It is an advantage
of the present invention that greater mobility of fluids
within the columns can be obtained in some of the
embodiments. It is a further advantage that the catalytic

30 distillation structure offers better distillation
characteristics than many of those of the prior art.
SsU YO

The present invention provides a versatile contact
structure comprising a rigid frame comprised of at least

35 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 nounted to
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toforma catalytic distillation structure and U.S. Pat. No.

4,731, 229 whi ch di scl oses a packing with corrugated . elenents and tape
to forma catal yst nmenber. High 25 efficiency packing has been
modi fied to contain catalyst as . disclosed in U S. Pat. No. 5,073, 236.
It is an advant age of the present invention that greater nobility of

fluids W t hi col ums can be obtained in sone of the
2
enbodi.ments. | talk’?é‘n%urt her advantage that the catal ytic 30 P [ sst’.“’F 3gt i on

structure offers better distillation g Characteristics than nmany of
those of the prior art. SUMVARY OF THE | NVENTI ON

The present invgaid Qi \Wodesri zeﬁfﬁéiia:;cw Fluid pathwdpstameng said
T2 "uny | clled STHYUBRL SR 13k % oo B WU
rigid menbers shakemgcongainl i nparticulate gcagalypiet rakexdiadi.ur al Thepef
substanti al |y hetihi@irds may bkl Uséd PEX NErap|fdxedr LA sPsten witereestuidsibes
gDCEIJ'/ntJESGE 25362 (ligquids and/\c/}@ 8Zégé 7a4re to contact2a catalytic material.
The present invention is especially useful for reactive
distillation, i.e., catalytic distillation processes,
although the structures are also useful for liguid/liguid,
gas/liquid or gas/gas concurrent or countercurrent flow.

10 The grids may have openings into which the rigid
members, e.g. stainless steel rods or tubes and the wire
mesh tubes are inserted. The grids are substantially
perpendicular to the rigid members and wire mesh tubes and
preferably the patterns on the grids are the same.

15 Preferably the pattern on the grids is a regular array of
openings. Sufficient of the rigid members are included in
the structure to give it structural integrity such that the
structures can be stacked several deep in a column.
Generally the rigid members will be spaced about the

20 periphery of the structure and rigidly attached to the
grids, for example by welding.

To form the pathway among the wire mesh tubes, the
structure preferably comprises at least two wire mesh tubes
arrayed in a substantially parallel, adjacent and

25 vertically aligned row and at least one offset wire mesh
tube disposed adjacent to and spaced from said vertically
aligned wire mesh tubes. In a more preferred embodiment
the distance between the vertically aligned tubes of the
columns is sufficient to allow the offset wire mesh tube to

30 overlap the vertically aligned wire mesh tubes without
contacting said vertically aligned wire mesh tubes to
thereby form a tortuous fluid pathway.

The term “tube" as used herein means enclosed elongated
structure of any cross section, for example, round, square

35 or rectangular.

The structures which do not contain particulate material
exhibit the advanced characteristic as described and are
excellent structures for conventional distillations, where
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sai,d grids to forma plurality of fluid pathways anong said t ubes.
"Preferably at |least a portion of said wire nesh tubes contain.a
‘particulate catalytic material . These structures may be used in any
fi xed bed systemwhere fluids 5 (l'iquids.and/or gases) are to contact a
cat al yt ic material. The present invention is especially useful for
reactive diwed d3dapfgi ON, 1.e., catalytic distillation procepeesses19362

al though the structures are also useful for liquid/liquid, gas/liquid
or gas/gas concurrent or countercurrent flow.g310 The grids may have
openings into which the rigid menbers, e.g. stainless steel rods
or tubes and t hetheyemay benmashdt abmse are 1msmnj&ukct1oiﬁhwzgh| dgeonveptional
substantial ly a9§rp§8&|ﬁ&6ﬁé¥s tgt;:he ri gid nenbers and wire nesh tubes
and ) preferabfy he patterns on the_grids &(e the sane 15 Preferably

the pattern on the grlds S . Sufficient of
the rigid menbers aFigind uidied a nechematiw ecrosst westiongiof ia structurel

integrity sych tm,wm? cat%h&uﬁ ureaneaan%gst%_clkeensieﬁeyerahade%yﬁhﬁ

Sglrrgﬂéry of tGﬁggéiP{ig?ﬁ?k&él Ir’r% B gFg‘?ers ‘%Ma%ﬁt"ﬁe&%ﬁed abOUtgrltgg, f or

exanpl e by wel di ng. Fig. 2 is afo fsometriie pdemvaf anvpreféxred rembediment
tubes, the $kb EEEE)E g?@bkﬁaﬁﬂﬂrféﬁt%sﬂﬁ&t oEWPiyl Mg, mesh tubes

arrayed in a substantl aI adé acent an vert | Cal al i gned
row and at | east on@"‘éf?sé‘? Vit rECRRRATLC CTRgReSET eBfad™cRh ef‘aa‘g
spaced fromosai demboflimetht ywith dififiegestt sprtiakshelabionships afxmn ethose
preferred enbodi ggngjg, 1. the distance between the vertically aligned tubes
of the cqurmsLs suffLC|ent to allow the offset . wire sh tube t

overlap the verticaft9- al¥ gh®d ani FEPSRARS (BESSS: BRGELOD © Bnt%‘éf‘f%%u%eal d
vertically aligndeveid cofrgrtiicndsteamaterialhereby forma tortuous fluid

pat hway. Fig. 5 is schematic cross section of a structure
15 positioned in a distillation column reactor.
N 9]

For a detailed description of the preferred embodiments
the reader is referred to the attached figures in which
like components are given 1like numerals for ease of

20 reference.

Fig. 1 shows a schematic view of one embodiment where
the distance between adjacent vertically positioned tubes
10 is 2h. In this embodiment x», the distance between the
nearest point 14 of a laterally adjacent tube 12 and the

25 central vertical axis 16 of the column of tubes 10 is equal
to y, the distance between the laterally adjacent tubes 10
and 12 (x=y). The structure of Fig. 1 is spatially
arranged such that the tubes of adjacent rows are offset to
allow a portion of the tubes in each column to overlap but

30 not touch. The overlapping provides a tortuous pathway 18
for fluids, thereby providing more opportunity for contact
of the fluids with the tubes of the structure.

The catalyst 30 is contained in rectangular tubes 10a-

. 10h of dimension 7 and inerts 32 are contained in a tube
35 10i, while tube 10j is empty. The fraction of open area
for vapor and ligquid flow at the tightest constriction in

the packing is given by the ratio (x-8§)/d. At the highest
catalyst density for a given inter plate distance, 4, the
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The: term "tube"” as used herein neans encl osed el ongat ed structure of
any cross section, for exanple, round, square 35 or rectangul ar.

The structures which do not contain particulate materi al exhi bit the
advanced characteristic as described and are ~  excellent structures for
conventional distillations, where WO 97/ 24174

PCT/ US96/ 19362 3 t hevr

used al one or w%gfﬁ‘%ct ion with conventi onal trays, domcg}rg%?@g‘z
etc. BRI EF DESCRI PTI ON OF , THE DRAW NGS Fig. 1

Is a schematic cross section of a structure 75 showi ng catal yst

containing el e@mt%nc%ndy %Qﬁhlé' X If eha&éens&u&algfsta RERELELIEE are
enmbodi nent . tric view of %re erred enmbodi nent

represented by tq?éj'orﬁgt'l a ?el‘eﬂ r@ns%{;gg ofPEFHNY 1para eter, Mg £3n, pe
schemati c cross isexteased! an Qbnsequerntiy, 10y &mhmdesenﬂawgeh dmhharemb

spatial relati 0')?1*1:'9%&&9 §h8§€al st adlisftycah be reduced by thd liheRt
schemati c cgoss seggion qora §$£é§ lﬂﬁies. Thus by combinations of
4
structural configuration and tube 1loading the present
contact structures provide a highly adaptable means to
contact fluids of great diversity. The two dotted lines on
the right hand side of the figure represent the minimum (L
10 min) and maximum (L max) free paths for flow through the
packing. The arithmetic average of these paths represents
the tortuosity of the packing. :
The embodiment of Fig. 1 minimizes the hydraulic load on
~the packing required to maintain good liguid-catalyst
15 contacting and provides very short contact time between the
liguid and catalyst before vapor-ligquid exchange occurs.
These two factors were chosen to provide a more efficient
utilization for the catalyst over a range of hydraulic
loadings below the flood point and over a wide range of
20 operating conditions such as reflux ratio. The packing was
also designed to give a low HETP in order to provide
greater dfiving force for equilibrium limited systems.
The geometry of the system of Fig. 1, when x=y, yields

the following relationships:

1) h = (/2 - 1)x
2) d=3_+ X
J2
3) €= _(x=-28)
d
4) TL = L
(/2 7 + 2 h)
5) Pp=D-(x+.J27) +1
d
6) Py = TtPp 72 Py

DL
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devoi d of particulate material . Fig. 5 is schematic cross section
of a structure 15 positioned in a distillation colum reactor.

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS For a detailed
‘description of the preferred enbodi nents the reader .is referred to
‘the aftached figures in which | i ke conponents are given |ike nunerals
‘for ease of 20 weeiRjANCe. Fig. 1 shows a schenmatic ycewssdiosme
enbodi nent where t he di stance between adjacent vertically positioned
t ubes 10 is 2h. In this enbodinent x, she distance between the

nearest point 14 of a laterally adjacent tube 12 and the 25 central
vertical axis 16 of the colum af_tihes 10.is equal . toy, the

di stance between the laterally AdiSacerk) fube + B¢ and 127 (x=y). The’
‘structure of FiJ) 1 i slupatd ' that the tubes of

adj acent rows are offset to allom¢2§port|bn of the tubes in each
‘colum to overlap but 30 not touch. e overl appi ng provides a tortuous
pat hway 18 for fluids, thergby pra@ &1 (gL NOf ;yportunity for contact
of the fluids wtg) the toggs of the structurgz The catalyst 30 is
contained in rectangul ar tubes 10a- (_10h+adty di mension [err] and inerts
32 are contained in a tube 35 10i , whi¥@ tube 10j is enpty. The fraction
of open area for vapor and ljgquid flow at the tightest constriction in
t he packing is gﬁoen by ¥he r 0 ;Ferr])/d. At the highest cat al yst
density for a given inter plate @& stance, d, the

10) Sy =2 T, Pp (7 + h)

LD
where

h = intra tube spacing parameter;

d = inter plate spacing distance (center to center):
X = minimum inter plate spacing;

7 = tube size:

5 € = open void for flow at smallest constriction in packing;
Ty, = the number of tubes per plate in a packing bundle of
height L:

Pp = the number of plates in a packing bundle of width D;
Py = catalyst density of packing;
10 Py, = catalyst bulk density;

Iyin = minimum vapor path length per unit packing height;
maximum vapor path length per unit packing height:
tortuosity factor:;

L. = height of packing bundle;

15 D = width of packing bundle;
Sy = area of screening required per unit volume of packing:

!

§ = wire diameter

Fig. 4 shows a schematic cross section of contact
structure having substantially the same spatial
20 relationships to that of Fig. 1, except that the tubes 10
are all empty. This embodiment provides a very effective
means to distribute the vapors and liguids in a

conventional distillation column.
. In a catalytic distillation use, there will be both a
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4 di stance y equal s x. If lower catalyst densities are

desired, the intra tube spacing paraneter, h, can be i ncreased.
Consequently, 'y becones larger than X Al ternatively catal yst
density can be reduced by the inert 5 packing or enpty tubes.

Thus, by conbi | of . structural configuration and I ng
t he present va?%%ﬁpéct'structures provi de a highly adaptablgkﬂggﬁgﬁgg
contact fluids of great diversity. The two tted lines on the right

hand side of the figure represent the mninum (L 10 m n) and maxi mum (L
Aol g e ac P LA
grrbodi rrenf of F{'gﬂ 1:?%&}% z%se t yd?’ggﬁﬁca% Saﬂ"%g dgs‘lcr?% p"éjcxfﬁ H‘besn
required to mai #&i FOEBoA KEldm, dadseathet liguidsowiddt bag abserpedyit@eanery
oot Qg ovg et a0 L% tabes bl iniespdion shuss s etaiya ox
brovi de a hore SRR tn the | voiees, AEnGid he SR Sekves. o
hydraul i ¢ asgoa®i ndistéldnatioa f |sdemgiyire, anthevepreseande r &fge the 20
GEST e, o) Bttt seatetiuy foh) sae Thandark it iiehe culitimy
destoned 10 0 A QIETR e Hithul g PSR Sl ce
1, when x=y, yi®rtironment’ from ordinary distillation structures. In an
10 ordinary distillation structure, one would expect the
liquid as well as the gas to follow the path of least
resistance through the pathways. However, with portion of
the liquid in the column being handled by the tubes, there
is less competition for the low resistance open pathways,
15 thus producing a 1lower back pressure than would be
expected.

Fig. 3 offers an arrangement of adjacent columns of
tubes 110 and 112, respectively which have a greater
vertical displacement between tubes in the same column than

20 the arrangement in Fig. 1 for example. The distances x;
and y; are not equal and in addition to the tortuous
intersticial pathways 118 among the tubes, unrestricted
transverse pathways 120 between lateral rows of tubes are
provided for gas flow which is shown by the arrows. The

25 removal of one or more tubes at opposite ends of adjacent
rows leave open space 122 for the connection of the
transverse pathways 120, thus providing at least as
tortuous a pathway for gases as the intersticial pathways
1i8. As before the liguid will tend to flow over and

30 through the tubes and material therein as shown by the
carets, v.

Fig. 2 illustrates a structure embodying the spatial
relationships of Fig. 1. Rectangular tubes 10 made of wire
mesh are positioned into openings 24 in grids 22. The

35 grids 22 are mirror images. They are spaced apart by
hollow support rods 20, which are each secured to both
grids, for example by welding 26. Other means of securing
the grids together include the use of threaded rods and
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the follow ng rel ati onshi ps: 1) h = ([err])x 2) d

10

15

20

25

30

35

FREE R e E S

=[err] +x 3) [err] = [err] 4) Tlerr] = [err]
5 Plerr] = [err] 6) Plerr] = T[err]P[err] [err] Plerr]
WO 97/ 24174 : PCT/ US96/ 19362
5
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. 7
nuts or bolts and nuts (not shown). The resulting

structure is rigid and capable of supporting at least one
other structure of the present invention, and preferably
loads of 100 to 200 pounds. The tubes 10 are normally of
approximately the same size and configuration as the
openings 24, so that the tubes are held fast and bind in
the openings when the two end grids are secured together by
the rods 20,

Under normal circumstances each tube 10 will contain a
catalytic material 30 in particulate form. The ends of
each tube 10 containing particulate catalytic material will -
be sealed, for example by crimping 28 or with inserted end -
caps (not shown) or welding.

In the catalytic structure depicted in Fig. 2, some of
the tubes shown may be void of any particulate material
and/or contain inert particulate material. The void
packings are less dense and provide excellent distillation
characteristics with a great deal of open space and
surfaces.

The inert elements are the packings filled with inert
particulate material that may be the same size, smaller or
larger than the catalytic particulate material. The inert
elements allow for all of the same hydraulic
characteristics of the catalytic elements but reduce the
catalytic reactions, which in catalytic distillation also
designated reactive distillation (U.S. Pat. No. 5,019,669)
is frequently a reversible reaction. Hence, by diluting
the reactive elements but maintaining the distillation
elements a higher degree of the separation aspect of the
catalytic distillation is obtainable. In other words by
dispersing the inert elements between the catalytic
elements in a given structure the fractional separation is
emphasized, while in the system as a whole comprising a
column with a plurality of the catalytic structures the
force of the reaction is maintained.

The dilution of the wvolume of catalyst present in any
given column may be insignificant given the dynamic nature
of catalytic distillation and the improved distillation




7). Llerr] = [err] 8) Llerr] = [err] 9) Q=

[err] - 10) Sferr] = [err] wher e . h =lintra tube
spaci ng paraneter; d = inter plate spacing distance (center to
center); X = mninmuminter plate spacing; [err] = tube size; 5
[err] = open void for flow at smallest constriction in packing;

T[err] = the nunber of tubes per plate in a packing bundl e of l.ght
L: . P[err]w99F’F|ﬂ7‘hunber of plates in a packing bundle of W‘ﬂﬁ?‘@‘g
Pl[err] = catalyst density of packing; 10 Plerr] = catalyst bulk density; -
L[err] = m nimum vapor path |ength per unit “packi ng hei ght; I[err] =
maxi mum vapor pretprent | Pﬁg&(i i ght; Q= tortuosity
factor; ’ Eéﬁ:ﬁéei ghtﬂg'gg:%ati ?%r un e‘JAES "D = X\II dt h_of ckin

bundl e; 9[ er“B]e =Valume onsctrh%erﬁaﬁj‘llyé&uilr%ﬂieﬂer R4 ¢ 98 LPY eofx%sh
packi ng; will depend upon its reaction to swelling. One common

acidic ion exchange resin used, Amberlyst 15, swells up to
5 20-30 percent upon wetting, while another, CT-175, swells
only 10 to 15 percent. Crystalline zeclites swell hardly
at all upon wetting. Particle size is generally about 0.25
to 1 mm, although particles from 0.15 mm up to about 2 mm
may be employed, although it is anticipated that extruded
10 particulate catalysts of from 1/32 to 1/2 inch in
diameter, such as any of the alumina or alumina supported
catalysts may be used.
The catalytic and non-catalytic elements (tubes) are
bound together to form a structure, usually by metal grids
15 or templates at the ends of each grouping of elements,
which serve as spacers in the nature of a frame when the
grids are rigidly spaced apart by several rods or bars.
It will be appreciated that more than one structure
may be placed in the column at various heights as desired.

20 In fact in use it is contemplated that nultiple structures
are arrayed vertically and laterally in a reaction
distillation column. Additionally the structure or

structures may be supported in the column in any efficient

manner. For instance the structures may be supported and

25 separated by inert distillation packing such as Rashig
rings or the like. '

Fig. 5 shows a structure positioned in a distillation

column reactor 40 in cross section, having tubes 20 with

crimped edges 20a. The tubes 20 in front are in cross

30 section while those immediately behind and adjacent are
full tubes. The tubes 20 are positioned according to
Fig. 1.
EXAMPLES
A structure having the spatial relationships of Fig. 1
35 was prepared with 5.4 lb of Dow M-31 ion exchange resin
(product of Dow Chemical Company) (€ 26% Hy0) was loaded
into a structure with the following dimensions: =0,4"

%X=0,17" @=0.453" h=0.070" €=0.336 Py=9.9 lb/f't3 S5y=63.9
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[err] = wire dianeter Fig. 4 shows a schematic cross section of

cont act structure having substantially the sane spatial 20

rel ationships to that of Fig. 1, except that the tubes 10 are all
enpty.. This enbodi nent provides a very effective means to distribute
the vapors and liquids in a conventional distillation colum.

In a catal ytic diggdrhglhi on use, there will be both a PCT/US96/19%62
97/ 24174 ' PCT/ US96/ 19362

6 liquid and a vapor phase. The liquid the internal reflux,

wi |l contact the tybes, which are nost desirably wire nesh and forma
film also the | ifq§j/as3w' 0+1 i .abFbebwilre osereening hast enwirat diemetenpes

Rlyt ﬁdso[1 p: ihon ?ntsq?t.bascﬂﬁawsand)ra mesh %té_aer °|E: kber hn‘%:éhiﬂ%th@ﬁhﬁ of 10

oresence of the TE OF BRF PRGFIRS iR AR YAt RECREVRE, W AR 4001190y

attraction of thd&tl BuIl codamt.o wi ll provide a different envi r onnent

from ordi nagy distiirhadki OBrandenéntsS was' NudBalOfor OF €hear ¥thék $E1&d8EdPN

structure, one i\é%gxlxgenee chf? %}itht Q\gthanol to produce methyl tertiary butyl
ether. Feeds containing 1.4 to 1.6 % isobutene were
reacted with methanol at reflux ratios ranging from 0.46 to
0.75 at 100-110 psig toc give conversions of isocbutene in

10 the range of 83 to 89 %.
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liquid as well as the gas to folTowThe pathﬁf | east resi stance

t hrough 't he pat hways. Howev ] Beak f the liquid in the
col um bei ng handl ed by theT["I!ﬁAﬂﬂ !mr"mm"r is less conpetition for the
| ow resi stance open pat hways,# Lthus's pr=0ducing a |ower back
pressure than would be expect ed. Fig. 3 offers an
arrangenent of | col umms of tubes 110 and 112, res |

whi ch -have a grggitggfri%% vertical displacenent between tubes Ih 'P#eéﬁsa%re
colum than 20 the arrangement in Fig. 1 {or exanple. - The distances
x[err] and y[err] are not equal and in addition to the tortuous

I ntersticial pathevasfrehtofn®rginde fg4bes, unrestricted transver se

pat hways 120 bet n lLat 0 ) e . s r.ovi f ] ow
Wi ch 15 shown by ihe Brsoiiact’firibrht8 Salbfiaing £ OAGHE Lille BV A"

‘opposi te ends ¥t adpagtnttwo substantially opertigatec duplicater 1gridfined i on
of the t r gyl ldeyDaf hialystan{lallvu hopiauhtaDOrigid ankibers spacing

tortuous a pat f S the J rsglclal hways

before the Iiqul V\nﬁ’l?gﬁg tgﬁfl o%zj&\rlgesre agr#ég Qﬁhr gﬁgh q]h%r?%%gg aﬁg
materi al ther ei¥hketankianlyy hogézontal cluid perpegble tubes mpynted to

il lustrates a SédidigtiascEhoLWG tﬂl@xz&lld‘tkabf fluid PN dMoref salig 1.

Rect angul ar tuq%s]nejsg made of wire nmesh are positioned into openings 24
in grids 22. e 35 grids 22 are mrror inages. They are spaced apart
by hol | ow su@por tThe Rentrct\iftamciurec aerording cot 61pdmh 1 whergings,

for exanpl e by aelxdag 26 pottien 6Eassi@f fheid Hetheable ihded icdnthggenher
include the usg,Qf 0 GedC0at Ot ¥ baterial.

3. The contact structure according to claim 2 wherein
said fluid permeable tubes comprise wire mesh.

4. The contact structure according to c¢laim 3 wherein a
portion of said wire mesh tubes have inert particulate
matter disposed therein.

5. The contact structure according to claim 3 wherein
the grids are substantially perpendicular to the rigid
members and wire mesh tubes and preferably the patterns on
the grids are the same.

6. The contact structure according to claim 5 wherein
each grid has a pattern of openings for insertion of wire
mesh tubes.

7. The contact structure according to claim 6 wherein
the pattern on the grids is a regular array of openings.

8. The contact structure according to claim 6 wherein
the pattern on the grids is substantially the same.

9. The contact structure according to claim 3 wherein
the structure comprises at least two wire mesh tubes
arrayed in a substantially parallel, adjacent and
vertically aligned row and at least one offset wire mesh

. tube disposed adjacent to and spaced from said vertically
aligned wire mesh tubes.

10. The contact structure according to claim 9 wherein
the vertically aligned tubes of the columns are disposed at
a distance sufficient to allow the offset wire mesh tube to
overlap the vertically aligned wire mesh tubes without
contacting said vertically aligned wire mesh tubes to
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7 nuts or bolts and nuts not s The resulting
structure is rigid and capabl ““IH mm‘ t‘ m | east one ot her
structure of the present inve bly | oads of 100 to.

200 pounds. The tubes 10 arelnormal I y of approximately the sane size
-and configurati ogoea8s174 he openi ngs 24 so that the tubesdrnessiedss:
fast and bind in t he openings when the two end grids are secured

t oget her by t he rods 20. Underimormal circunstances each
tube 10 will contain a 10 catalytic material 30 in particulate form The
ends of eachhexehy Mpmromt fprtwous Fhuidipatbwadtal ytic material will

be seal ed, for ‘exanpie. byrHe idRitBEt 28 Aictiire) alda:%eaaﬁd eadclam 1€ afvexennt

shown) or veldi ng, pertion ab nsg'i’ﬁe"%a' b, FHE, et et (aThfodtate

and/ or contain i reattemdispasedethereinal . The void packi ngs are |ess

dense and provi de exgg] | efe da.-&maldtatst%cture aﬁééfdiﬁi@rﬁétdm:ﬂ/\ﬂﬂ Rerfesasiant
ert_elenents are the

deal of open spacg d

packings filled wWiH E Eiiak Pemea%ﬁ?t‘f‘&ﬁ é’%}gﬁ ?r?h’ﬁ? l'h'a be the sanme
size, smaller or 13. | &iyeponﬁaqttme)/mopdinQCm aml-;lmﬂe? iwhereime
I nert a portion of said wire mesh tubes have inert particulate

matter disposed therein.

14. The contact structure according to claim 12 wherein
the grids are substantially perpendicular to the rigiad
members and wire mesh tubes and preferably the patterns on
the grids are the same.

15, The contact structure according to claim 14
wherein each grid has a pattern of openings for insertion
of wire mesh tubes.

16. The contact structure according to claim 15 wherein
the pattern on the grids is a regular array of openings.

17. The contact structure according to claim 15 wherein
the pattern on the grids is substantially the same.

18. The contact structure according to claim 12 wherein
the structure comprises at 1least two wire mesh tubes
arrayed in a substantially parallel, adjacent and
vertically aligned row and at least one offset wire mesh
tube disposed adjacent to and spaced from said wvertically
aligned wire mesh tubes.

19. The contact structure according to claim 19 wherein
the vertically aligned tubes of the columns are disposed at
a distance sufficient to allow the offset wire mesh tube to
overlap the vertically aligned wire mesh tubes without
contacting said vertically aligned wire mesh tubes to
thereby form a tortuous fluid pathway.

20. A distillation column reactor for concurrently
carrying out reactions and separating the products from the
reactants, comprising:

(a) a vertically disposed vessel;

(b) a catalytic distillation structure disposed

therein, comprising:
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el ements allow for all of the—sare—hydrautec—— characteristics of the
catalytic el enents but reduc tic reactions, which in
catalytic distillation al so mliﬂ éE“l’ﬂ ﬁi m eactive distillation (U S..
‘Pat. No. 5,019, 669) rsi bl e reaction. -Hence, by
diluting t he reactive el ements but maintaining the distillation

‘el enents a hi gk@bb ree of the separation aspect of the 30

distildlation is gggﬁgbl e. In other words by di spersi ngkﬁe 9?"?1%3%
el enents between the catalytic el errenf,\% in a given structure the
fractional separation is enphasi zed I'le in the systemas a whole

conprising a col ung M&bdafﬂ-hﬂémdév\&n%f é@elﬁﬂ"s@ yﬁv&d? ﬁﬁé@éﬁ'ﬁfhﬁiﬁe
35 force of the reactlon

vol ume of catal yst preseh ftﬁ‘ﬁagﬂy &“pflﬁf‘\"& C%Fbﬂﬁ'rraf b *’ﬁEF e F’l ce'i"rﬁ
gi ven the dynam c nat ursnbstantdaliyt hoyizentakt rigid i membens tspacing andd

I(-EI’IC'SI'; IU|S|92; ilgg62 holdind\D €&é 24d¥fas apart and a pluralitty oft
acteristics .

descri bed above. subsgantially. Beriggntatq %‘fi‘?oa%eé‘a"ﬁ% t FERES: e

nesh mounted to said grids to form a plurality of fluid

pathways among saild tubes, at least a portion of
said fluid permeable tubes containing a particulate
catalytic material.
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wi ] depend upon its reaction to swelling. One commmon acidic ion
exchange resin used, Anberlyst 15, swellsup to 5 20- 30 percent upon
wetting, while another, CT-175, swells only 10 to 15 percent.
‘Crystalline zeolites swell hardly at all upon wetting. Particle size
is generally about 0.25 to 1 mm although particles fromO0.15 nmup
to about 2 nMm o -4¢€ enployed, although it is anticipat edl.bkiﬂjs%,m%z
extruded 10 partlc ate catalysts of from 1/32 to 1/2 inch in
di aneter, such as any of the alum na or alum na supported catal ysts
may be used. The catal ytic and non-catal ytic elenents (tubes) are
bound together to forma structure, usually by netal grids 15 or

tenpl ates at the ends of each grouping of elenents, whi ch serve as
spacers in the nature of a frame when the grids are rigidly spaced
apart by several rods or bars. i wi | | be appreciated that nore
than one structure may be placed in columm at various heights as
desired. 20 In fact in use it is contenplated that nultiple structures
are arrayed vertically and laterally in a reaction distillation

col um. Additionally the structure or structures may be
supported in the colum in any efficient manner. For instance the
structures may be suppqrted and 25 eparated by inert distillation
packi ng such as Rashig ngs_aslthe like. Fig. 5 shows a
structure positioned |j a distillatio colum reactor 40 in cross
section, having tubes 2A0,w th cr{nped edges 20a. The tubes 20 in

front are in cross 30 AWection while|those inmediatghy behind and adjacent
are full tubes. ZhéNMbes 20 arejpositi ondd
EXAMPLES t.ructung\ havi ng tbe spati al

FIG. 1
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35, was prepared with 5.4 b of Dow M 31 ion exchange resin (product

of Dow Chem cal Conpany) (@26% H err]0) was | oaded , into a structure
with the foll ow ng dinmensions: [err]=0.4" x=0.17" d=0.453" h=0.070"
[err]=0.336 Plerr]=9.9 Ib/ft[err] Slerr]=63.9 WO 97/ 24174
PCT/ US96/ 19362 9

ftlerr]/ftlerr] Qubo4dar7dhe wire screening has a wire dianmeter Qecrmwsosngse
[err] (.0.009 inch) and a nesh size of 50. A total height of 10 ft of
the packing with the M 31 catal yst was used in a 100 ft 3" ID colum.
5 This arrangenent was used for the etherification

i sobut ene of with nethanol to produce nethyl tertiary butyl et her.
Feeds containing 1.4 to 1.6 % sobutene e reacted with

met hanol at reflux ratios ranging fromO. 46 0.75 at 100-110 psig
to give conversions of isobutene in 10 the range of 83 to 89 %
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10 The invention clained is: 1. A contact structure conprising a rigid
frame having at |least two substantially vertical duplicate grids, a
plurality of substantially horizontal rigid nenbers spacing and hol ding the
grids ‘apart and a plurality of substantially horizontal fluid permeable
tubes .nount ed t owipdsbeftyi ds to forma plurality of fluid pathwapérmasmngs:
sai d t.ubes. 2. The contact structure according to claim1l wherein at

| east a portion of said fluid perneable tubes contain a particul ate
catalytic material. 3. The contact structure according to claim?2
wherein said fluid perneable tubes conprise wire nesh. 4. The contact
structure according to claim3 wherein a portion of said wire nesh tubes
have inert particulate matter disposed the : 5. The contact structure
according to claim3 wherein the grids are substantially perpendicular to
the rigid nenbers and wire nesh tubes and preferably the patterns on the
grids are the sane. 6. The contact structure according to claimb5
wherein each grid has a pattern of openings for insertion of wire
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mesh tubes. 7. The contact structure according to claim6 wherein the

pattern on the grids is a regular array of openings. 8. The contact
structure according to claim®6 wherein the pattern on the grids is
substantially the sane. 9. The contact structure according to claim3

‘wherei'n the structure conprises at least two wire nesh tubes arrayed in a
‘substgnti all y pa&ahJﬂ% 4 adjacent and vertically aligned row aggambsrisgast
one of.fset wire nesh tube disposed adjacent to and spaced fromsaid
vertically aligned wire nesh tubes. 10. The contact structure according
to claim9 wherein the vertically aligned tubes of the colums are di sposed
at a distance sufficient to allowthe offset wwre nesh tube to overlap the
vertically aligned wire mesh t'ubes mﬁthoutAgggtactlng said vertically

aligned wire nesh tubes to WO 97
PCT/ US96/ 19362 11 thereby forma tortuous
fluid pat hway. 11. The contact structure according to claim 10 wherein
18
10 10
, 18
10
1

FIG. 4
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a portion of said wire nesh tubes have inert particulate matter di sposed

t herein. 12. The contact structure according to claim1 wherein _ said
fluid perneabl e tubes conprise wire nesh. 13. The contact structure
accordi.ng to claim 12 wherein a portion of said wire nesh tubes have inert
particul ate matter di sposed therein. 14. The contact structure according
to claim12 wher avootii@rQri ds are substantially perpendi cul ar t @cirhRsdiofd2d
menbers and wire nmesh tubes and preferably the patterns on the grids are

t he sane. 15. The contact structure according to claim 14
wherein each grid has a pattern of openings for insertion of wire nesh

t ubes. 16. The contact structure according to claim 15 wherein the
pattern on the grids is a regular array of openings. 17. The cont act
structwe according to claim 15 wherein thddf8ttern on the grids is
substantially the sane. 18. The contact structure according to claim 12
wherein the structure conprises at |least two wire nmesh tubes arrayed in a
substantially parallel., adjacent and vertically aligned row and at | east
one of fset wird nmesh tube ot sed adjacent to and spaced from said
vertically aligned wire nesh tubess 19. The contact structure according
to claim19 whgrein the vertically al'Ngned tubes of the colums are

di sposed at a di stance sufficient to al the offset wire nmesh tube to
overlap the verjtically aligned wire nmesh tub€ ifhout contactin y d
vertically alidned w mesh tubes to thereby forma S uid
pat hway. 20. A tillation columm reactor for concurren carfying
out reactions gnd :

FIG. 5
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reactants, conprising: (a) a vertically disposed vessel ( <4
comg’; g’@g-’ /- 3

catalytic distillation structure disposed . therein, _
WO 97/ 24174 PCT/ US96/ 19362 0S
12 _, arigid frame having at |east two substantially . e tical ! }
duplidate grids, a plurality of substantially horizontal e
menbers spaci ng anPCT hol mon@mmugmommmamw@ pl ur al i Yegeb
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(54) Title: CATALYTIC DISTILLATION STRUCTURE

(57) Abstract

A contact structure, useful as a distillation structure, has 2 rigid frame made of two substantially vertical duplicate grids (22) spaced
apart and held rigid by a plurality of substantially horizontal rigid members (20) and a plurality of substantially horizontal wire mesh tubes
(10) mounted to the grids to form a plurality of fluid pathways among the tubes. For use as a catalytic distillation structure, which serves
as both the distillation structure and the catalyst, at least a portion of the wire mesh tubes contain a perticulate catalytic material (30). The
catalyst within the tubes provides a reaction zone where catalytic reactions may occur and the wire mesh provides mass transfer surfaces
to cffect a fractional distillation. The spacing elements provide for a vasiation of the catalyst density and loading and structural integrity.
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