WD 97/ 34688 PCT/ EP97/ 01458

UPFLOW FI XED BED REACTOR W TH PACKI NG ELEMENTS This invention
is related to chem cal reactor design and use. Ensuri ng
that reacting species achieve opti nal physi cal contact can be anong
the nost difficult 5 chal l enges in chem cal reactor degj one

i nproperly, WOAEP8E undesired byproducts and an amgg‘f‘%?
unreacted reactants can seriously erode the econoni cs of the
system The reactor type (i.e., batch, plug flow, stirred tank, or
conbi nati ons thereof), 10 react ant and product diffusion, pressure
effects, and other factors nust all be considered in selecting or
fabricating a reactor systembest suited for use in a gi ven

reaction. UPFLOW FIXED BED REACTOR WITH PACKING ELEMENTS

This invention is related to chemical reactor design
and use.

Ensuring that reacting species achieve optimal
physical contact can be among the most difficult

5 challenges in chemical reactor design. If done

improperly, numerous undesired byproducts and an
abundance of unreacted reactants can seriously erode the
economics of the system. The reactor type (i.e., batch,
plug flow, stirred tank, or combinations thereof),

10 reactant and product diffusion, pressure effects, and
other factors must all be considered in selecting or
fabricating a reactor system best suited for use in a
given reaction.

Reactor residence time and reaction conditions such
is as pressure and temperature impact the percentage of
atomic or molecular collisions and thus affect yield,
throughput, and selectivity. Backmixing is another
phenomenon which can contribute to further reaction of
the reactor products. Backmixing is the mixing of a

20 molecule or intermediate which has been present in the
reactor for a given length of time with a molecule or
intermediate which has been present in the reactor for a
lesser period of time. The amount of backmixing that
occurs can be related to reactor geometry and type; fluid

25 dynamics of the reactants, intermediates and products
produced in the reactor; and other factors. In some
processes optimizing the production of products by
adjusting these parameters is easily understood and
straightforwaxrd.

30 The employment of finely tuned catalyst can
complicate reactor design and reaction control. For
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reactor, the reaction. According to said patent, it had been found

that the deleterious hydraulic impact attributable to
catalyst particle shape and the compression of the
catalyst bed due to pressure can be ameliorated by using

10 a two layer catalyst in which at least one of the layers
comprises a ion exchange resin catalyst which exhibits a
2% or lower degree of crosslinking. The process is
directed to increasing the volume and time yield of fixed
bed reactors. It would be further desirable to employ an

15 ion exchange resin catalyst such as the one proposed in
US Patent 5,395,857 because of the greater selectivity
and activity offered by such catalysts and because resin
based catalysts with greater degrees of crosslinking tend
to desulphonate more readily.

20 It is sometimes desirable or necessary to conduct
reactions in the upflow mode. For example, in downflow
processes the potential for catalyst bed collapse at high
flow rates because of the low degree of crosslinking and
the effects that this has on the physical properties of

25 the catalyst must be considered. Increased byproduct
production attributable to longer residence times must be
also be considered . Thus, it would be desirable to
operate the reactor in the upflow mode to allow the resin
bed to fluidize instead of collapsing and to take

30 advantage of possible selectivity improvements.

We have alsc found that if one could effectively
operate in the upflow mode it would be possible to employ
reactors of much smaller size to achieve comparable
throughput and selectivity improvement relative to those

35 used in downflow reactors due to significant reduction or
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t he degree of crosslinking of certain ion exchange resin catal ysts

directly affects the physical performance of 5 the process as well as
the reactivity and selectivity of the reaction. According to said
patent, it had been found that the deleterious hydraulic inpact
attributable to catal yst particle shape and the cogETess lgmgf t he
cat al yst bedvolou3#4688 pressure can be aneliorated by using 1 | ayer
catal yst in which at | east one of the |ayers conprises a ion
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could prove advantageous if the aforementioned problems
were resolved.
This invention is a reactor system which improves the

15 per pass yield of product by increasing the plug flow
character of the reactor and/or reducing backmixing in
the reactor. The reactor system comprises a chemical
reactor, fluidized bed catalyst and reactor packing
randomly oriented with respect to the catalyst.

20 In one embodiment of this invention, the reactor
system is an upflow reactor system for the production of
BPA wherein the catalyst is an ion exchange resin
catalyst and more in particular a crosslinked sulfonic
acid resin.

25 In another embodiment of this invention, the packing
comprises high open area, high void volume coxrosion
resistant articles such as pall rings.

In yet another embodiment of this invention a process
for the production of BPA is presented comprising

30 reacting phenol and acetone in an upflow fixed bed
chemical reactor having therein 2% crosslinked sulfonic
acid ion exchange resin catalyst and randomly distributed
reactor packing.

The reactor system and process of this invention are

35 best understood by referring to the Figures 1 and 2.
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operate in the upflow node it would be possible to enpl oy reactors

of nmuch smaller size to achi eve conparabl e t hr oughput and
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Reactant is introduced into reactor 4 through reactant

vessel 21. Any type of reactor used to react reactants

in the presence of catalyst is generally amenable to

practicing this invention. However, cylindrical reactors
10 are preferred for their simplicity.

Vessel 21 can comprise tubing, pipes, jets, or other
common meangs for introducing reactants into the reaction
zone of a reactor. Reactants are typically distributed
into the reaction zone by passage through a distribution

15 lateral 23 which can be a perforated pipe, sparging arm,
or other similar or conventional means for transferring
fluide. Preferably, the bottom portion of the reactor is
filled with aggregate 22. The amount of such aggregate
is not critical to this invention. However, sufficient

20 aggregate should be present to provide support to the
reactor internals and disperse the flow of reactants -
throughout the interior of the reactor. This aggregate
can comprise any material which will not easily fluidize
and is essentially inert to the reactants and products

25 produced in the reactor. Preferably, this aggregate is
comprised of silica sand, ceramic balls, or a combination
of both. In the most preferred embodiment wherein
acetone {dimethyl ketone, "DMK") and phencl are reacted
to produce BPA, the aggregate comprises a first portion

30 of silica sand and a second portion of ceramic balls
f12.7 mm (1/2%), 6.4 mm (1/4%), and 3.2 mm (1/87)] lying
atop the silica sand.

The reactor 4, is charged with packing 24 and
catalyst 25. Preferably, between 10 and 50% volume of

35 the reactor are taken up by the catalyst {determined when



the reactor. The reactor system conprises a chem cal 20 reactor, fixed
bed catal yst and reactor packing randomy oriented with respect to
t he catal yst. I n one enbodi nent of this invention, the reactor
systemis an upflow reactor systemfor the production of BPA
wherein the catalyst is an ion exchange resin 25 cat al rein
particul ar awé’rﬂézqﬂﬁnked sul foni c ° acid resin. Wé}mﬁ%}i%?

anot her enbodi nent of this invention, the packing conpri ses high
-open area, high void volune corrosion resistant articles such as
pall rings. 30 In yet anot her enmbddtnent of this invention a

process Bey) t hendhOlIC 20N ok BRA 184 P12 SeRt adeCRIPII Si Ng
Teacting phenol and acetone .in an u I, xed bed chem cal reactor
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The reactor systemand L 0GASS: Rkl SnkNUSRLA i€ oBeshe UBHEIR}A0D by
referri ngs to thei\nfrl: ‘l;légs 1Inantq1e2'most preferred embodiment of this
invention wherein DMK and phenol are reacted to form BPA,
between 15 and 40% volume of the reactor are occupied by
catalyst. Such processes often employ reactors with
total internal volumes of between S56.6 m3 (2,000 £ft3) and
10 28 3 m3 (10,000 £t3). Reactor packing 24 is randomly
distributed atop the catalyst as is more fully described
below.
It is most preferred that in the reactor system of
this invention the catalytic agents are sulfonated
15 aromatic resins comprising hydrocarbon polymers having a
plurality of pendant sulfonic acid groups. These are
typically 2 or 4% divinyl benzene crosslinked. Catalysts
having a 2% or lower degree of cross linking are most
preferred. Poly{styrene-divinylbenzene) copolymer, and
20 sulfonated phenolformaldehyde resins have utility in this
regard. Sulfonated resin catalysts commercially
available as "AMBERLITE A-32" {AMBERLITE is a trademark)
catalyst from Rohm and Haas Chemical Company, Inc. and
"K1131" (K1131 is a trademark]) catalyst from Bayer
25 Chemical Company are examples of such suitable catalysts.
The exchange capacity of the acidic resin is preferably
at least 2.0 meq., H'/gram of dry resin. Ranges from 3.0
to 5.5 meg H*/gram of dry resin are most preferred.
Cocatalysts may also be used in the most preferred
30 processes of this invention. These are preferably
comprised of alkyl mercaptans such as methyl wercaptan,
ethyl mercaptan, propyl mercaptan. Methyl mercaptan is
presently the preferred cocatalyst. It is also possible
to employ a catalyst as set forth above with a fixed
35 mercaptan group ionically or covalently bound thereto.
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-4- Fig. 1 is a cross sectional view of a reactor system
utilized this invention. Fig. 2 is a schematic diagramof a
process accordi ng to this invention. 5 Fig. 1 shows the
reactor systemof this invention. Reactant is introduced into
reactor 4 t NNQ¥WP468Beact ant vessel 21. Any type of nggf%’(m%ged to
react reactants in the presence of catalyst is generally anenable
to practicing this invention. However, cylindrical reactors 10
are preferred for their sinplicity -6 - Vessel 21 can conpri se
tubi ng, pipes, jets, or onmmon neans for introducin
reactants intosbﬁé FéEE}Yiﬁ? with fleén@eBFaEF?QxﬁﬁQHps RYRECAALY g?%e

typically distni-bstadl-% of thd ntulfohdcr eatdi grovmnedieredswaga t hrough a

g:i:rlbutlon lépeclekaégﬁéglﬁgﬁdMyﬁ¥91c§ﬂ be a perforated pipe, sparging
Sufficient reactor packing 24 is randomly distributed

5 among the catalyst 25. In the preferred embodiment of
this invention in which BPA is manufactured, between 26
and 75% of the reactor volume (measured under phenol-wet
resin catalyst conditions prior to reactant entry) are
occupied by randomly distributed catalyst packing. It is

10 most preferred that between 30 to 60% of the volume is so
occupied under the same conditions. Any method for
randomly distributing the packing material may be used.
The easiest and most preferred method is to simply place
the packing materials into the reactor and add catalyst

15 to the reactor to distribute within the packing void
volumes. Alternatively, another method is to simply
place the packing materials atop the catalyst at the time
that the maintenance or shutdown of the reactor is
undertaken. Packing is dumped into the reactor and

20 allowed to form a random arrangement as is known, for
example, in the art of preparing packed distillation
columns.

Reactor packing materials having a high void volume
and high open area are preferred. Further, the packing

25 should be inert to the reactants, intermediates,
products, catalysts, and any other materials that may be
present in the reactor with the packing. Corrosion
resistant metals such as stainless steel are preferred in
large part for this reason. Plastic packing materials are

30 not generally preferred because they are not generally
compatible with the materials present in the reactor and
because most are not dense enough to sink in the
fluidized bed. Examples of suitable packing materials are
Pall rings, Berl saddles, Intalox packing, Tellerette

35 packing, Hyperfill packing, Stedman packing, Sulzer



or other simlar or conventional means for transferring fluids.

Preferably, the bottom portion of the reactor is filled with
aggregate 22. The anount of such aggregate is not critical to this
i nvention. However, sufficient 20 aggregat e shoul d be present to
provi de support to the reactor internals and disper kpw of
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Pall rings are generally commercially available in
five-eighths, 25.4 mm {1 inch}), 38.1 mm (1.5 inch),

10 50.8 mm {2 inch), and 76.2 mm (3 inch) sizes. These
rings are stamped, preferably from stainless steel, and
formed into open-ended cylinders of approximately equal
and outer diameter and height. The sides of the
cylinders are comprised of holes formed by punching

15 material from the sides to create tongues extending into
the center of the cylinder. Except for the holes and
tongues, the packing is similar to Raschig rings.

Reaction products, intermediates for further
processing, and..unmeacted reactant exit the reactor 4

20 through vessel 26 which is similar to vessel 21.

Pig. 2 further describes the process of this
invention as it may be applied to the production of
bisphenols from ketones and phenols. Upstream process 1
produces ketones and phenols (such as DMK and phenol).

25 One such upstream process is8 the cleavage of cumene
hydroperoxide. It is also possible to employ as reactant
“on purpose” DMK produced by the oxidation of isopropyl
alcohol. Upstream process 1 is also understood to be the
bisphencl reactant source.

30 Two different streams of reactants, a ketone
stream la, and a phenol stream 13 are withdrawn from
upstream process 1. The ketone stream is, together with
phenol stream 13, fed into reactor 4. Feed stream
volumes flowing into reactor 4 can be up to 30720 kg

35 {200,000 1lbs} per hour although, as one skilled in the
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dry). However, as one skilled in the art wll appreciate, this is
greatly dependent on the paraneters of the reaction in question and
particularly the properties, structure, and conposition of the

catalyst 5 i nvol ved. In the nost preferred enbodi '
I nventi on WWePEMBHONVK and phenol are reacted to form BPATT%%’E?’LW&]%‘; ween

15 and 40% vol une of the reactor are occupi ed by catal yst. Such
‘processes often enploy reactors with total internal vol unes of
between 56.6 nferr] (2,000 ft3) and 10 _ 5, _ 28 3 nferr] (10,000 ft3).
Reactor packing 24 is randomy . distributed atop the catalyst as is
more fully des®¥t pidl readilypappypciate, the feeft rage npxtdgpesidanted t hat
in the react orupststti® eonditions imiwhidlyatel @aatbeosaidl ddiGiaaPS are

sul fonated 15 r ti,C SIS cgﬁgii [ r n, po r.s._having a
plurality of pendzﬁ?’?’lcg%?f 3nféga%$f gro lse.s r%%ggégaggﬂgg ad A%’S%%J‘c%éa ly 2 or
4% di vi nyl berdRawe GoSn FRed. SERieF Y Feactor sypbeh s dEmasibedner

degree of crosgbdvellipeGated WRSSeries or pr@figeled. The reactor(s) 4
Pol y(styrene-divinyl benz neé R ol éw_c%nc}}%ZO ‘o sul f.onat ed
phenol f or nal de?1’§/edeaé’reé?itﬁ i vg ut?#fy i FPgyration at temperatafi®fonat ed
resin catal ysteetwnaned® € gnd 95 °C andincgsiseras bawBERl |ITERA 32"
(AMBERLI TE i s 9 4unskpheiriels. Reactofdd aly Silsbr eRaRgbi @ivh Hagsr i, cal
Conpany, | nc. §”5¥ crosslinked sulfonic acidic ion exchange resin
10 catalyst and reactor packing such as Pall rings as
discussed above. Finally, reactor 4 is also charged with
free mercaptan cocatalyst of the type discussed above.
Alternatively, reactor 4 is charged with catalyst having
a fixed mercaptan group or a mulitlayer catalyst bed is
15 formed wherein one layer is catalyst free of mercaptan
and another layer is catalyst having fixed mercaptan. In
the free cocatalyst process, cocatalyst can be originally
fed into the reactor from a cocatalyst source 12.
The reactants in reactor 4 react to form bisphenol
20 {BPA when the reactants are DMK and phenol) and leave the
reactor 4 as a product stream comprising the bisphenol,
unreacted reactants, cocatalyst, and minor amounts of
other materials. When the reaction commences the
catalyst bed is fluidized but backmixing of catalyst and
25 reactor feed is minimized such that the reactor 4
operates in a substantially plug flow manner.

The product stream is fed into the separator S5 which
can be any conventional method for separating such
materials. Distillation is generally the simplest and

30 most preferred method. However, other well known methods
can be used independently or in combination with
distillation to comprise this separation process.

When the separation is done as a distillation, the
tops products will comprise the cocatalyst and a small

35 amount of other materials. These tops products are fed
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"K1131" (K1131 is a trademark) catalyst from Bayer 25 Chem cal Conpany

are exanpl es of such suitable catalysts. The exchange capacity of
the acidic resin is preferably at least 2.0 nmeq. Herr]/gramof dry
resin. Ranges from3.0 to 5.5 meq Herr]/gramof dry resin are
nost preferred. . Cocat al ysts may al so be used ir},(rf.ll;f,,

pr ef elrored 30WOIB3HBBcesses of this invention. These are prefera If/‘tsa
conprised of al kyl nercaptans such as nethyl nercaptan, et hyl

-mer capt an, propyl mercaptan. Methyl nercaptan is presently the
preferred cocatalyst. It is also possible to enploy a catal yst as

set forth above with a fixed 35 merf:agpfan group ionically or
‘coval ently bountot blee etamatalyst absorber WORIMM3468Bich comprises a
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typically have of the SLgefdor%i C ac*\g gr oups ct%\gered W th

1- 25 nol -
column 8, cocata&yst is absor st of
tops products of separator 5 and is returned to the

rom C

5 reactor via a cocatalyst return line 10.

The bisphenol product, bisphenol isomers, phenol, and
a small amount of various impurities are removed from
separator 5 as a bottoms product. This bottoms product
is fed to a further separator 6. Crystallization is the

10 preferred method of bisphenol separation but any method
which can be used to separate bisphenol from the mother
liquor can be used depending upon the desired degree of
purity of the bisphenol product. Once separated, the
mother liguor comprising phenol and bisphenol isomers is

15 returned to the reactor 4 as reactant 13.

Bisphenol separated from mother liquor in separator 6
can then be sent to yet further separations and purifiers
such as the bisphenol recovery process 11. This can be
particularly important where very pure product is

20 required as where BPA is produced for use in the
subsequent production of polycarbonates. Generally, such
further separations can be beneficially conducted using
techniques such as recrystallization.

Conducting this process essentially enables one to

25 undexrtake an upflow process with a fluidized bed catalyst
in which backmixing is eliminated relative to prior art
processes. This results in converting the process to one .
exhibiting predominantly plug flow behaviour. The
improvement in throughput is 20% (by weight of products).

30 Improvements in reaction selectivity also result from the
practice of this invention.

The invention is further described in the following

nonlimiting examples.



speci es containing al kyl - SH. Sufficient reactor packing 24 is

randomy distributed 5 anong the catalyst 25. In the preferred
enbodi nent of this invention in which BPA is manufactured, between
25 and 75% of the reactor volune (measured under phenol - wet

resin catal yst conditions prior to reactant entry) are occupi ed by
randonl y divwopid#essed catal yst packing. It is 10 nost PCEEEPTUASS hat
bet ween 30 to 60% of the volune is so occupi ed under the sane
condi tions. Any method for random y distributing the packing
material may be used. The easigs#oa_nd nost preferred nethod is to
sinmply place t he packing materials into the reactor and add

catal yst 15 istribute within the packing void
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mai nt enance ormsa‘a“l}id%{v;\ﬁkggbgﬁeasf e‘ZAct%r %%RL&'HE YRR R8N E BB ki ng i s
dunped into tRebmeasdoHaaad Dur.was chidrgsddpilacedrin dheabkdotomr ofingenent as

isI knove, for 19 inteEﬁéﬁrr&iﬂnede%’ tdharyalite Qfallﬁxﬁﬁpﬂ!iéi%tp%fikgd)d:éﬁéh' : ation
col ums. tor _packin terl aving a nl vol d vol ume
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The column was constructed of polymethylmethacrylate
(PMMA) so that flow characteristic could be visibly
observed. The catalyst bed fluidized. Backmixing of the

15 resin was visible and pervasive as the amber color
catalyst was seen forming a plume and rotating in a
circular manner.

EXAMPLE 2
The process of Example 1 was repeated except that

20 2 inch pall rings were first randomly distributed among
the catalyst such that about 60% volume of the reactor
{determined prior to water flow) was occupied by packing.

As water flowed through the simulated reactor, the
catalyst bed fluidized but no plume formed. Further,

25 small zones of mixing were observed throughout the entire
volume. This was characteristic of a series of small
staged continuously stirred tank reactors and is
indicative of an overall plug flow behaviour.



because nost are not dense enough to sink in the fluidized bed.

Exanpl es of sui

tabl e packing materials are Pall rings, Berl

saddl es, Intal ox packing, TajsdsaeetisdegeReplaced nacling, Hyperfill packing,

St edman packi ng, Sul zer ““\!“\! ““\ \97/ 34688

PCT/ EP97/ 01458 7- ' and
Raschi ng ri Q734688 of which escri bed by J.R Igg?'ra&g’{@%gl in
Perry's Chem cal Engi neers' Handbook (6 ed., 1984) in Section 18
-and/ or by K.E. Porter et al. in Ghddistry and Engineering (Feb. 4, 5
1967) at pages 182-188. Pall rings are nost preferred since they
have the greatest anmount void vol unme (>90% and open area.

‘Pall rings are generally commercially available in five-eighths,

25.4 mm (1 inch), 38.1 mm (1.5 inch),cln A I M5).8 mm (2 inch), and 76.2 mm

(3 inch) sizes.
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These rings are stanped, preferably from stainl ess

f d into open-ended | i nders of approxi mat el equal
it B, R 3%@%?9 chemica&preactionsy q

comprising:
(a) an upflow chemical reactor;
(b} fixed bed catalyst charged in said reactor; and
(¢) packing randoml? distributed within said reactor.

2. The system of claim 1 wherein said catalyst is a

sulphonic acid ion exchange resin having a degree of

crosslinking less than 4%.

3. The catalyst of claim 2 wherein said catalyst has a

degree of crosslinking no greater than 2%.

4. The system of claim 1 wherein said packing is

selected from the group consisting of Pall rings, Berl

saddles, Intalox packing, Tellerette packing, Hyperfill
packing, Stedman packing, Sulzer packing, and Rasching
rings.

5. The system of claim 4 wherein said packing comprises

Pall rings.

6. A process for producing chemical products comprising:
(a) introducing reactants into a reactor system in an
upflow manner wherein said reactor systems comprises
a chemical reactor, fixed bed catalyst charged in
said reactor; and packing randomly distributed within
said reactor;

{b) reacting said reactants in said reactor system to
form products; and
{c} recovering said products.

7. The process of claim 6 wherein said catalyst is a

sulphonic acid resin catalyst.

8. The process of claim 7 wherein said catalyst is a

cation exchange resin catalyst having a degree of

crosslinking no greater than 2%.
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cylinders are conprised of holes fornmed by punching 15 material from
the sides to create tongues extending into the center of the
cylinder. Except for the holes and tongues, the packing is simlar
to Raschig rings. Reaction products, internediates for further
processi ng, and unreacted reactant exit the reactor 4 20 ough
vessel 26 WPEH3M468 sinnilar to vessel 21. Fig. "E’Fﬂ’wﬁ‘ég‘g

descri bes the process of this invention as it nmay be applied to the
production of bi sphenol s from Ket®¥nés and phenol s. Upstream process
1 pr odgcesThetmmeesmaoipledndns ¢ s8chhase DMéGadind palcanal) 1525 One

such upstrean195ﬁ?§§§eaﬁbftggfy ggwage of cunene hydr oper oxi de. It
is al so p055|ble

as reacfant rpose" DMK produced by
the oxidation bf- it rgﬁﬁggss of ¢ a&WCShﬁker?kﬁn§%%é;ﬁﬁ%ﬁ§é§§s13F§ al so
understood to phendmb and acetdnesphénshideprodntt scive conpised of Two
differe%t stregig pingeact ants, a ketone streamla, and a phenol
stream I3 are W thdrawn from upstream process 1. The ketone stream
is, together with phenol stream 13, fed into reactor 4. Feed stream
volunes flowng into reactor 4 can be up to 90720 kg 35 (200, 000 I bs)
per hour al though, as one skilled in the

Sheet Has Been Re[ilaced

L
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art will readily appreciate, the feed rate i s dependent upon the

conditions in which the reaction is carried out. Reactor 4 can
be a single reactor system as descri bed above or can be a series of
reactor systens as described 5 above operated in series or parallel.
The reactor(s) 4 are operated in the upflow configuration at
terrperatureg‘g(’”’““sbet ween 48 [err] C and 95 l[Oerr]C and greggfff“g’y’%ﬁ?ween 1
and 5 at nospheres. Reactor 4 is also charged with aggregate,

a 2% crosslinked sulfonic acidic ion exchange resin 10 catal yst and
react or packing such as Pall rings as di scussed above. Finally,
reactor 4 is also charged with i’ nmer capt an cocatal yst of the type
di scussed above. Al ternativel ¥ actor 4 is charged with catal yst
havi ng a fixed nercaptan group 'or a nmultilayer catalyst bed is 15
formed wherein one |ayer is catalyst free of mercaptan and anot her

| ayer is catalyst having fixed nercaptan. In the free cocatal yst
process, cocatalyst can be originally fed into the reactor froma
cocat al yst source 12. The reactants in reactor 4 react to form
bi sphenol 20 (BPA when the react are DW and phenol) and | eave the
reactor 4 as a product stream conprising tihe_biasphenol , unr eact ed

other materials. Wen
bed is |ifted, but backm xing

reactants, cocatalyst, and m nor anmoufts
the reaction commences the

of catal yst and 25 reactor j€ed is mni ed such that the reactor 4
operates in a substantially pl fl ow manner. The product
streamis fed into the separatfor 5 which

2L

25




can be any conventional nmethod for separating such materi al s.

Distillation is generally the sinplest and 30 nost preferred nethod.
However, other well known nethods can be used independently or in
conbi nation with distillation to conprise this separation process.

Wien the sepayglohgskss S done as a distillation, the tops products wll
conprise the cocatalyst and a snall anount of other nateri alRCT/EE{QH5E ops
products are fed
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example, US Patent 5,395,857 proposes that in the
production of bisphenol A (BPA} in a downflow reactor,
the degree of crosslinking of certain ion exchange resin
catalysts directly affects the physical performance of
the process as well as the reactivity and selectivity of
the reaction. According to said patent, it had been found
that the deleterious hydraulic impact attributable to
catalyst particle shape and the compression of the
catalyst bed due to pressure can be ameliorated by using
a two layer catalyst in which at least one of the layers
comprises a ion exchange resin catalyst which exhibits a
2% or lower degree of crosslinking. The process is
directed to increasing the volume and time yield of fixed
bed reactors. It would be further desirable to employ an
ion exchange resin catalyst such as the one proposed in
US Patent 5,395,857 because of the greater selectivity
and activity offered by such catalysts and because resin
based catalysts with greater degrees of crosslinking tend
to desulphonate more readily.

It is sometimes desirable or necessary to conduct
reactions in the upflow mode. For example, in downflow
processes the potential for catalyst bed collapse at high
flow rates because of the low degree of crosslinking and
the effects that this has on the physical properties of
the catalyst must be considered. Increased byproduct
production attributable to longer residence times must be
also be considered. Thus, it would be desirable to
operate the reactor in the upflow mode, while preventing
the resin bed to collapse and to take advantage of
possible selectivity improvements.

We have also found that if one could effectively
operate in the upflow mode it would be possible to employ

reactors of much smaller size to achieve comparable
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MCS16/, THA805PCT . Vo 97/ 34688,

PCT/ EP97/ 01458 27 o %o ot _to the
"cocat al yst absorber colum 8 which COHDFISGS a colum filled wth
phenol . In the cocatal yst absorber colum 8, cocatalyst is absorbed

fromthe rest othkBaghput andtQBieEEQ@!E§51ﬁ£r§€Qﬁéﬁ£OEe?a@ﬂge'§or€ﬂ4%Qed

tothe 5 reactor via a cocatalx feturn |ine
bi sphenol pr oduBgedpispAenBElpyonerstopredue, tandignificant sedhttiopuor of

various '”pur'téﬁimihﬁti%ﬂ“&?dpiégghre drop £APBLGHOERE B8aBtBeltOMs

product. This bottons product . ) )
Unfortunately, fluidization in the upflow process leads

5 to back-mixing of the catalet and reactor feed. This
reduced plug flow characteristic reduces per pass
conversion of reactants to products and can lead to
wasteful catalyst entrainment known to be a problem with
upflow reactors.

10 Chemical process technology could benefit generally
if it were possible to improve catalyst and fluid
behaviour within reactor systems. More particularly,

chemical processes conducted in upflow reactor systems

g

could prove advantageous if the aforementioned problems
15 were resolved.

This invention is a reactor system which improves the
per pass yield of product by increasing the plug flow
character of the reactor and/or reducing backmixing in
the reactor. The reactor system comprises a chemical

20 reactor, fixed bed catalyst and reactor packing randomly
oriented with respect to the catalyst.

In one embodiment of this invention, the reactor
system is an upflow reactor system for the production of
BPA wherein the catalyst is an ion exchange resin

C. 25 catalyst and more in particular a crosslinked sulfonic
acid resin.

In another embodiment of this invention, the packing
comprises high open area, high void volume corrosion
resistant articles such as pall rings.

30 In yet another embodiment of this invention a process
for the production of BPA is presented comprising
reacting phenol and acetone in an upflow fixed bed

chemical reactor having therein 2% crosslinked sulfonic

AMENDED SHEET



is fed ta a further separator, 6, C}ystallrzatron |§ the 10 preferred
met hod of bi sphenol separati on- but arfy method ™ - “Which can be used to
separ ate bisphenol fromthe nother * - +3a ki quor can be used dependrng
upon the desired degree of purity of the bisphenol product. Once
separated, the 5cid jon r@i&?&nééﬁo&@élﬁ%‘?ﬁéﬂé\g SHE U P S uted
Isomers is 15 returned to e reactor 4 -as reactant 13.

Bi sphenol separxeaetox qpa®lim@s | i quor in separator can then be
sent to yet furtherqs S fgghﬂ) | enol
recovery process 11 ﬁ?é%%c%ﬂb Hid ﬁ?‘f%susf arﬁ t};ﬁ;rﬁcp?.xfrfertﬂ eréelpé\]/er y
pure product i sc@$t underxsipdd cly axefitmerin@rye i therBidnuess forande2in t he

subsequent production of polycarbonates. CGenerally, such further
separations can be beneficially conducted using t echni ques such as
recrystallization. Conducting this process essentially enabl es
one to 25 undertake an upflow process with a fluidized bed catal yst

in which backm xing is elimnated relative to prior art processes.
This results in converting the process to one - exhi biting

predom nantly plug flow behaviour. The i nprovenent in throughput is
20% ( by wei ght of products). 30 | mprovenents in reaction selectivity
also result fromthe practice of this invention. The
invention is further described in the follow ng nonlimting

exanpl es.

€.
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WD 97/ 34688 foe e e .. . PCT/EP97/01458

- 10 - EXAMPLE 1 (Codpdrafivé} ¢ ¢ = < A<Fo crosslinked

sul phonated resin catal yst commer- -+ ially available as "A-32
AMBERLI TE" brand resin from Rohm and Haas, Inc.was -charged pl aced

in the bottom ofrtd wifll readly idpp¥erilath areiefadd Wdte GY l&’étbérf&‘érﬁht of
(0]

6') such that the catal yst occupied about 33% vol une the col um
(det er ni ned pri%ROR Fhe FPndikns (R HHhhhe gigpgldion is caryigd)oufs

flushed through t hreatM4 e BPfd Wi Heactor sysitlenf dfldaddrfisdyeen
about 6 and 18 gallons per mnute. 10 Under these conditions the flow

character of p e ¥ can be a Eies (e reARhYr sksteme@s dasgribed |
The col Lgm was HORES rdsd ek & ﬂP'é’éHéB"dEEtﬁwoafjﬂé‘ﬂ.e The reaéﬁ}\@@t) 5 dt hat

flow characteristic could be visibly bserved. The cataly
flui di zed. Baclétisi9RprAtedicinthe upflay rcopfiquratsian &td tampemituares the

STV 5 et VUSG5 Gl B AT G A 2
- 5 atmospheres. Reactor 4 is also charged with aggregate,
a 2% crosslinked sulfonic acidic ion exchange resin
10 catalyst and reactor packing such as Pall rings as
discussed above. Finally, reactor 4 is also charged with
free mercaptan cocatalyst of the type discussed above.
Alternatively, reactor 4 is charged with catalyst having
a fixed mercaptan group or a multilayer catalyst bed is
15 formed wherein one layer is catalyst free of mercaptan
and another layer is catalyst having fixed mercaptan. In
the free cocatalyst process, cocatalyst can be originally
fed into the reactor from a cocatalyst source 12.
The reactants in reactor 4 react to form bisphenol
20 (BPA when the reactants are DMK and phenol) and leave the
reactor 4 as a product stream comprising the bisphenol,
unreacted reactants, cocatalyst, and minor amounts of
other materials. When the reaction commences the
catalyst bed is lifted, but backmixing of catalyst and
C_ 25 reactor feed is minimized such that the reactor 4
operates in a substantially plug flow manner.

The product stream is fed into the separator 5 which
can be any conventional method for separating such
materials. Distillation is generally the simplest and

30 most preferred method. However, other well known methods
can be used independently or in combination with

distillation to comprise this separation process.
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The process of Exanple 1 was .repeafed,except that 20 2 inch pall rings
.were first randomly distribut'eek afforig ¢ 2 - the cakalyst such that about
60% vol une of the reactor (det ernBped prior to water flow was
occupi ed by packi ng. As water flowed through the sinulated

reactor, the t L di I f F er, 25
smal | zones of m xiwggﬁv\z‘#%éo%s %f/ée%ijé'ﬁr%ﬁg?}% {%eé)en H%ﬂé@l n \%}ﬁgurre.
This was char acteps$ spreduéta whllesomprisal the cocatalystedandm i smalk| y
stirred tank regglofs 8P%tRer materidfl CHhYSe Aol SVSEGLs PLEY Eé@w

behavi our .

H 0805
PCT (March 1998) .
REVI SED CLAI MS 1. Aplug flow reactor system for
conducti ng chem cal reactions w thout substantial backm xing of
cat al yst and reactor feed, conprising:
T
MCS16/THO805PCT
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() an upflom1chen1cal reactor, 3, {b) g-caycal yst bed, conpr|5|ng
a-cation exchange resrnfhaV|hg a dbgree QP €T Jd8slinking |l ess than
4% charged in said reactor,: and - (c) packing randonly
distributed within said reactor. 10 2. A plug flow'reactor
system according to claim1 conpri si ng: TH 08b8) peg upflow
chem cal reactor; (b) a catal yst bed, conp I on
exchange resin having a degree of crosslinkingMeesh LB88)4% 15
charged in said reactor up to a reactor volunme propor- tion of from
10 to 50% (determ ned when dry); and (c) packing randony
distributed within said RE Veha3 (B Dccupyl iy B Melct or vol une
proportion of from 25 to 75% 20 3. The reactor system of
claims 1 and 2, wherein said cation exchange resin is a sul phonic
acid ion exchangea plug ercasin"ealwndmgsyssmgrm Qformmiﬂ@kémmmeater
t han- 2% ., 4. ctor, systemof, cJains_1 mhmelnsmd

25 packi n&%af?e%‘{:t“@ot#? Jc&?‘?s‘??ﬁ’h’g}’%fo%aq’?talys ri ngs,

Ber| saddl es, dnd alexcyekidud, 'Bﬁﬂﬁﬁfgiﬁg packing, Hyperfill
packi ng, Stednan packi ng, Sul zer acklng, and Raschi ng rings.

5. The reactor syst@mas WidiaN £hefHsad ﬁ%aé-'r Iyacki ng 30 conpri ses

Pal | riggs. (b) a catalyst bed, comprising a cation exchange

resin having a degree of crosslinking less than 4%,
charged in said readtor, and
(c) packing randomly distributed within said
reactor.
10 2. A plug flow reactor system according to claim 1
comprising:
{a) an upflow chemical reactor;
(b} a catalyst bed, comprising a cation exchange
resin having a degree of crosslinking less than 4%,
15 charged in said reactor up to a reactor volume propor-
tion of from 10 to 50% {determined when dry); and
(c} packing randomly distributed within said
reactor occupying a reactor volume proportion of from
25 to 75%.

290 3. The reactor system of claims 1 and 2, wherein said

3

cation exchange resin is a sulphonic acid ion exchange
resin having a degree of crosslinking no greater than
2%.
4., The reactor system of claims 1-3, wherein said

25 packing is selected from the group consisting of Pall
rings, Berl saddles, Intalox packing, Tellerette
packing, Hyperfill packing, Stedman packing, Sulzer
packing, and Rasching rings.
5. The reactor‘system of claim 4, wherein said packing

30 comprises Pall rings.

A



" 6. : A process for producing cheni gcal prodyctsss e omgonprising:

0o

(‘a) i-htr'oduci ng reactants in&p?am|gﬁ[£wvmahner,°m$f"¢reactor system
< whi ch operat€s in a plug flow mannher .5 and whi ch-conprises a chem cal
reactor, a catalyst bed conprising a cation exchange resin having a

degree of . "o 9aalddid Nhd GoddiSthd UndliRi A hiduidi4l Teact or, and

packi ng randon’y di ributed w thin said reactor; (b) reacting
sai d react ant somprdgimngeact or system 10 to form products; and.

(0) jrecovering saidp9ditidueing readkarll MOPSHE Bleflilyerher el n

said catalyst is d S C acid 1on exchan resin c st having

a degr eeanftocar ey ek hinh grpsatatred hiam 2%1dlp £1ow Snamier pr ocess:

of claigvs 6 and .7, .wherein sa.idsoacki
By

consi st ng of B W gomprise I%rcfﬁ%éi&ﬁ]esfeal}%%e’lo%fo(g% f%’gs,n% %12%12:2;‘{36
packing, compyievifig la pedkiory,extledipsn pesla g visig zerdegede ngt and
conpri sed of ExERinY 1058 R Hndrded g S RSB Sai g
reactants packing randomly distributed within said reactor;
{b} reacting said reactants in said reactor system
10 to form products; and
{c) recovering said products.
7. The process of claim 6, wherein said catalyst is a
sulphonic acid ion exchange resin catalyst having a
degree of crosslinking no greater than 2%.
15 8. The process of claims 6 and 7, wherein said packing
is selected from the group consisting of Pall rings,
Berl saddles, Intalox packing, Tellerette packing,
Hyperfill packing, Stedman packing, Sulzer packing, and
Rasching rings.
20 8. The process of claim 8, wherein said packing is
comprised of Pall rings.
10. The process of claims 6-9, wherein said reactants
are phenol and acetone, said products are comprised of

bisphenol A, wherein from 25 to 75% of the reactor

X

25 volume (measured under phenol wet resin catalyst
conditions prior to reactant entry) is occupied by
randomly distributed catalyst packing, and wherein from
15 to 40% volume of the reactor are occupied by
catalyst (determined when dry).

MCS16/THO805PCTO2
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are phenol and acetone, said products are conprised of bi sphendPo®, cOPY
wherein from25 to 75% of the reactor 25 vol unme (neasured under phehBER
wet resin catalyst conditions prior to reactant entry) & OCCuUpi ed
by random y distributed catal yst packing, and wherei n gl
to 40% vol une oi)(t:ile I eact OhyoRi RN etkOSol¥Ty orcanzaTibidt al yst B3 m ned
when dry). MCS16/ THO80 5imeytppst Burcau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) Infernational Patent Classification 6 : (13) International Publication Number: - WO 97/34688
BO1J 8734, 802, CO7C 37720 Al {43) Internationnl Publication Date: 25 September 1997 {25.09.97)

15

' (21) International Application Number: .~ PCI/EP97/01458 | (81) Designated States: AU, CA, CN, IP, KR, Buropean patent
(AT' BE C.B, DEc DK; Esn Flp F-Rv > GRD mr n‘; LU)

(22) International Filing Date: o 20 March 1997 (20.03.97) MC, NL, PT, SE).
(30) Priority Data: Published
607013831 21 March 1996 (21.03.96) Us Wish international search report.
e - Before the expiration of the time limit for amending the

claims and to be republished in the event of the receipt of

(71) Applicant: SHELL INTERNATIONALE RESEARCH amendments.
MAATSCHAPPI} B.V. [NL/NL]; Carel van Bylandtlaan
30, NL-2596 HR The Hague (NL). —

(72) Inventors: ALLAN, Edgar, Donald; 24806 Greenough, Katy,
TX 77494 (US). BLACKBOQURN, Robert, Lawrence;
16410 Battlecreek Drive, Houston, TX 77095 (US). CHEN,
Ye-Mon; 2215 Bent River Drive, Sugar Land, TX 77479
(US), JUNE, Raymond, Lawrence; 13026 Pebblebrook,
Houston, TX 77079 (US).

(84) Title: UPFLOW FIXED BED REACTOR WITH PACKING BL'EMBN'I"S/

(57) Abstract

A reactor system for conducting chemical reactions is presented in which a reactor L~ 26
(4) is operated in an upflow mode with a fixed bed catalyst (25) and randomly distributed
reactor packing therein (24). The reactor system and the process in which it is used
exhibit plug flow behaviour and are amenable to employing lightly cross-linked fon
exchange resin catalysts,




