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Reactor residence time and reaction conditions such as temperature impact the
percentage of atomic or molecular collisions and thus affect yield, throughput, and
selectivity. Pressure becomes important if the differential pressure compresses and
deforms the spherical catalyst beads causing a reduction in liquid throughput as a

result of pressure drop limitations.

In reactors having packed beds, fluid flow properties oftentimes suffer significant
disruption of flow, or “channeling”. This is especially evident in upflow mode.
Channeling is a condition that may be caused by an inadequate pressure differential
over the height of the bed through which the fluid flows, and typically results from
settling of the bed components coupled with too little differential pressure applied
over the height of the bed. If the bed components include a catalyst or a similar
particulate treatment agent that allows for the random flow of fluid through the bed,
portions of the bed may be short-circuited and not contacted by the fluid in a uniform
and consistent manner. Such a condition can lead to the incomplete treatment or

incomplete chemical reaction of the charged reactants. This, in turn, can result in the



i nconpl ete chem cal reaction of the charged reactants. This, in turn, can
result in the | WO 03/074457 PCT/ US03/ 02589 premature disposal of the

cat al yst wo oeasment particles, which translates into | o®sTafSo3/msse of the
val ue of the catalyst. The anount of channeling that occurs can be rel ated
to reactor geonetry and type; fluid dynam cs of the reactants,

i nt er medi BtRguANGsPIsARSChS cRaBRti6ededtMehthRirti@as dich traithtéyt heylokast ors. In
some processes optim zing the production of products by adjusting these

par anet erpar of thawdlugofitheertebdod and straightforward. In others, the
rel ati onships are not quite as clear. The enpl oynent of careful ly sel ected

catalyst sy CoNBld: & 64l JI88 QA Ml RRCE' RAGO LAy BRY nB¥aP! e,
e R S 5BansB9E 5 A SR oY)

U S Pate poses t Inthep I on-o p’henol A
(BPA) in fuidaynimhiewof ItleaarHaOtrantsI hﬁerdﬁgfam aaf pwdm:&i proliceg infthe eeacrn i on
exchange resin catalysts directly affects th ce of the

i cal rform
process ahdnether %tqrﬁe e 8¢ \Hr?‘if’s%ﬁoolﬁg‘é‘?‘é‘@gl @FtWOS‘&F“’Ph‘EFP@QH?tﬁ . This
pat ent fgaqﬂ%gh Bhesk MRardWAERYUL lesil gﬂt'ﬂ%}st@édt PR t?or%v@r@ati@bbh%l;s gparticle

shape an onpression of a catalyst bed due pressure can be | essened
by usi ng xalati\zmlsHi}By:He notitjaite/ 8¢ clear. withe Iamplwm@ht Dﬁearbﬁxyleragleetckildataﬂﬁtsa 2% or

| ower degree crosslinkin The roce dlrec i pcreasi ng the
vol ume an?ﬂ’"m]‘l‘iéte%rézfcéor flesign g@‘éi rﬁ%cﬂi th?"san?a‘ggl &(njs p ﬁ?ﬁq @ a hi gher
t hr oughpus 3¢91gk PHRPASE Bt dyend ?rcﬁi‘ﬂctl&}/%f %hdfhas&a&e(r}apb@dlﬁ hgaodurﬁm whi l e
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of reduci astgcrosrshelkmm Naiei prgcdshiis dipeondal ®nineeading e volume and time yield of
fixed bed reactors. This design permits a higher throughput and production due to an
overall greater bed rigidity, while gaining the important aspects of the lower 2%
crosslinked catalyst in the top portion where the bulk of the conversion of the
reactants occur. The combined catalyst bed proposed in U.S. Patent No. 5,395,857
has greater selectivity and activity than others and would be desirable because resin-
based catalysts with greater degrees of crosslinking are more subject to deactivation
and thus become inactive more readily. 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 and ways of reducing or eliminating this problem would be

advantageous.

In addition, because of channeling and the resultant inefficient contact of the reactants
with the catalyst, the operation of packed bed reactors is often significantly hindered.
In particular, operations in which significant amounts of channeling occur generally
result in low product yield, premature replacement of catalyst beds, and inefficient use
of the reactants. This results not only in the cost of new catalyst, but also loss of
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the expected active lifetime of those particles. Particles having an open effective pore
structure, which is characteristic of catalysts having a small degree of crosslinking,
and catalysts having a less rigid structure, can be expected to result in the reduction or
elimination of fouling of the resin catalyst with tar-like molecules that block access to
the active acid sites. On the other hand, particles having a less open effective pore
structure and greater rigidity would resist compression better, but they may lead to the

premature deactivation of the catalyst resin through fouling, thereby resulting in

increased costs.

While existing reactor geometries and catalysts are suitable for their intended
purposes, there still remains a need for improvements, particularly regarding the
effectiveness of the reaction and the catalyst itself in a downflow reactor. Therefore,
a need exists for a reactor system that allows the full potential of the selected resin

catalyst to be exploited for example, by mitigating associated hydraulic limitations.
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form a reaction mixture containing the bisphenol; and recovering the bisphenol from
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In a third embodiment, a reactor is disclosed for producing bisphenol A from the
reaction of phenol and acetone introduced therein in a downflow mode, the reactor
comprising a reactor vessel, an ion exchange resin catalyst bed in the vessel, and

packing randomly distributed throughout the ion exchange resin catalyst bed.

In another embodiment, a supported bed reactor is disclosed comprising a reactor
vessel; an ion exchange resin catalyst in the vessel to receive reactants in a downflow

mode; and packing randomly distributed throughout the ion exchange resin catalyst.

In yet another embodiment, a system is disclosed for the manufacture of bisphenol A
from phenol and acetone, the system comprising an acetone feed stream; an optionally
jacketed phenol feed stream mixed with the acetone stream to form a feed stream
mixture; a cooling apparatus to receive the feed stream mixture and a reactor

connected in fluid communication with the cooling apparatus. The reactor comprises
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suppor t edgREF DESORMPEICIE SR THRIBR XStINGISSposed therein. FIGURE 2 is a
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reacti on of phenol and acetone with an ion exchan%e resin catalyst in a
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FIGURE 2 is a schematic representation of a system for producing bisphenol A from
the reaction of phenol and acetone with an ion exchange resin catalyst in a supported

downflow catalyst bed.

FIGURE 3 is a graph showing a comparison of the increase in differential pressure

through a bed of compressible resin with and without packing.
DETAILED DESCRIPTION

An apparatus and system for producing a bisphenol and a method of use directed to
the production of the bisphenol are disclosed herein with reference to FIGURES 1 and
2. Referring now to the Figures, which are exemplary embodiments and wherein the

like elements are numbered alike:
FIGURE 1 illustrates the type, mode and construction of the reactor.

FIGURE 2 illustrates a system for use with the reactor to produce bisphenol A or

other phenol isomer as desired.



FIGURE 3 is a graph showi ng a conparison of the increase in differential
pressure through a bed of conpressible resin with and w t hout packing.
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FI GURE 1 at a bed 14 containing an ion exchange resin
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reactors heir sinpli
to react reactants in the presence of fixed catalyst is generally amenable to practicing

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

The inlet 20 can comprise tubing, pipes, jets, or other common means for introducing
reactants into the reaction zone of a reactor. Reactants are typically distributed into
the reaction zone by a perforated pipe, sparging arm, or other similar or conventional
means for distributing fluids. Preferably, the bottom portion of the reactor 42 is filled
with aggregate. The amount of such aggregate is not critical to this invention.
However, sufficient aggregate should be present to provide support to the reactor
internals. This aggregate can comprise any material which is essentially inert to the
reactants and products produced in the reactor. Preferably, this aggregate is

comprised of silica sand, silica based gravel, ceramic balls, or a combination of these.

The reactor shell 16 has an inlet 20 at its upper end and an outlet 24 at its lower end.
The interior of the shell may be vented to atmospheric pressure via a vent line (not
- shown), which runs normally closed. The shell 16 may also include a jacket, if
desired, to accommodate a cooling stream to remove heat generated by the
exothermic reaction of the reactant. Fluids that may be used for the cooling stream

may include, but are not limited to, water, brines, and refrigerants.
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The inlet 20 can conprise tubing, pipes, jets, or other common neans for
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flow to the jacket, if used.

The random arrangement of the packing in the shell provides support for the resin
catalyst and minimizes compression. “Settling” of the catalyst is essential and
desirable to insure complete filling of the void spaces within the catalyst bed. The
packing also ensures that the cumulative compressive forces (which are the sum of the
forces created by gravity and the viscous drag from the downflow of reactants) are
interrupted to such a degree that high conversion, high selectivity, and long lifetime
can be realized by the resin catalyst. The minimization of the compressive forces is
enough that the “wall effects” of the packing elements are spread through the bed on a

microscopic scale.

Generally, spherical catalyst beads fit “within” (curve within curve) the void spaces
created by neighboring beads, thereby resulting in a certain void fraction through
which flow can occur. However, when these spherical beads are instead located
adjacent to a surface, that is, a “wall” or baffle, a probe or other flat surface, the
relative geometry of those two surfaces (flat vs. curved) create a larger void fraction,
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packed supported bed for accuracy in collecting engineering and design
data, showing only the delta-P which is attributable to the catal yst resin
and bed swppont44sThe delta- P vs. flow relationship is exmpomarsns/edsss or the
catal yst, which is conpressible. Information fromthese sensor nmeans is
transmtted to a control unit (not shown) that adjusts selected paraneters

such as, ffraex¥mitea sligRl 8idbRpordddatt NEnAOLF MwSHAIEBBurfadt oM twall’he
jacket, if used. The random arrangenent of the packing in the shell

provi des theippos tepfesentating posisomof thabed gtdergand i ni mi zes conpressi on.
"Settling" of the catalyst is essential and desirable to insure conplete

filling the L - £ hidy: - | SO
ensures t % b?%gP%%Hﬁggg5@%%@§ﬁ%325258gﬁ%gé%g%“%aﬁﬁéﬁggFégﬁﬁﬁhgﬂﬁ?%f t he
forces craatied rddylt@n avhddpmaarehrigh@em deatfacadithg provide torodopahd fow tiof
reactants% are interrupted to such a dﬁpree_that hi gh conversi.on, high

sel ect i vi4qvnvand floghgt therrsagtant matghialpe Thesg ?“i%rﬁtetf%bl?oz%”}aé&e apr¢at¢d;st - The
m ni m zat j COY; i f €8 .l t p fects”
of the pa%%ﬁngﬁyeltrg?r%nts érgagﬁllsg%gé ntghﬁlgtlgﬂl}fﬁfe%‘&%gcrﬁagﬁfaé th%i gl\rﬁ%\ggcofg{c scal e.
Cener al | yoptspherdooatt ofithel rgsdtardiematsrifls tas "theyt Row" th(aughwtbe wiet hvinlecstrllze) t he

voi d spaces . created b ei ghboring beads, thereb esyl ti in.a certain
voi d f raclfr_f)lﬁlﬁhrtgh?‘ﬁ’lﬁaﬁ %O\Aﬂfec%sﬂ o@pgﬁlﬁ%ﬁ%ﬁ?qt ! ‘%}élﬁ),' ey\f/]ﬁ‘étﬁgt%ﬁe@éecéspheri cal
beads ar epdiist edgk VoGaE§diond AFACEAMPO i &W HR¢ Qre bRAbniSantld s in' or

baffl e, a probe or other flat surface, tf'1e relati ve geonetry of those two

sur f aces Ydlmat and exlgbit ged) swiasanwan The gedomepiacking alsments, empioxad ra®y 074457
PCT/ US03/02589 .and as a sul,t . a slightly dispropopti.onat.e amunt of fl ow
wil 1 occdvae 1ol Mg 6 b Bt niens? shoridhoc PR R DRhRBRN Sp Rt e o

| arge. Th&ehests hdvd Nebiddrstian B up & 008 @hidhes CHAtHRr voiarfracEbaBdtngt 4 hat are

| ocated within the .shell to result in a random arrangenent of surfaces

t hat pr ovhigeertlgading o resiatdatal¥sb whilpstill peaidiag quificiant syppoHeor tgdedntlt

material s, ,Ih ' obj ; g - g,

e o)y g R 5 o R TR B R PR s
to resist deformation under load and the overall “compressibility” of the rings, and

therefore the compressibility of the entire bed.

This type of inert random packing interrupts the packing structure of the spherical
resin particles to provide a larger effective void fraction. The resin bed alone usually
has a void fraction of about 0.36 and small increases in this is expected to result in
dramatic decrease in pressure drop. Although decreased pressure drop caused by
increased void fraction is less desirable than that caused by preventing compression,
since the increased void fraction represents paths for “channeling” or “short
circuiting”, which reduces the contact time of the reactants and catalyst. Increasing
the void fraction within the catalyst is less desirable than simply preventing the

decrease of void fraction caused by bead deformation.

Preferably, the packing comprises metallic cascade rings, such as CASCADE MINI-
RINGS® available from Koch-Glitsch, Inc., Wichita, Kansas. This cascade ring has a
void fraction of about 0.97. Other objects that may be utilized include typical tower
packing elements such as Pall rings, Tellerette rings, Raschig rings, Berl saddles,

Intalox saddles, as well as combinations of these as desired. Examples of some of
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optimum contact of the reactant materials as they flow through the bed

while still providing support for the resin. Optinmumcontact is generally
ef fect ed wp oobjests having |large void fractions (for examgraiSoshisects t hat
are predom nantly snmall in volunme and exhibit great surface area). The

random packi ng el enents enployed may have a void fraction of 0.6 or higher
such as ftﬂ%seegﬁ@rmécgosgg% [Fﬁr b%}}t@h’ﬂs 0N Prehgl &,%?6,36’;’.?%%81%?}%8 l?ett}éﬁ! d
fraction of up to O. or higher. H gher void fractions permt a i gher

| oadi ng diydragicn chahakysics whhd ereferred pewellicdicagadafring ipankingumptrial f or t he

bed. It s theoyized that there. is correlation anong . the rjgidity of the
el enent s, "MARYSS ﬂéﬁ)fempf’fﬂmr‘? G‘ eé%’?t?lll ”H@’Fd?%‘fri gﬁ“%‘ﬁ"ﬁg’r" WS%%EP %‘ﬁdf"?gﬁ‘éneover al |

" conpr essjhR | bf¥erafifre 1H8&iTd BIRweRWhtlet RGHSIAR bP o GRARI: €5 Highel ihlt Of the
entire bed. This type of inert random packing interrupts the packing

st ruct ur eteoipetahere Sphget i@t prodisition pdrthe chws ity r dwirtier, he dergperafd ecti ve

void fraction. .The resin bed al.aope usuyal.l has a void.fraction of about

0. 36 and ‘_i‘ﬁgﬁ““fﬂ%‘@%eé’e@e"ﬁettaﬁ]idstﬂ'f Qu@%jpo&lifeer&a% rP%§ﬁ¢ f” ”ifhrfﬁesareg%‘ﬁtsc
decrease W[ Bé @S5 YhM heQPmpéafuf®dterélfial 8asen RKE St MdheRpubdausesh by
increased void fraction is |ess desirable than that caused by preventing
conpr essi wpackesi raacson While qpnyeraiachf vesctnfsria eaghoisagteiis selestansiaBy edval f or
"channeling"” or "short ~circuiting”, which reduces the contact tinme of the
reactants . C. i i i L R . 4t tal yst
is |less dselgf?lglae Flteeg%téghacg H%)‘F gﬁg‘ff’ Qg rclih nguYﬁ@réJ'ggétetgggX%]wﬂv%dd f’lﬁ rtg%ti on
caused byphfaeddefbodindnt arherdbigplenabAyis nidnafqoacéd aenisiongm iof esouretSéd | i c
cascade rings, such as CASCADE M NI - RINGS(r) avail abl e fr(F)im Koch-Qditsch,
Inc., W ctithg cairbysshed herghtdmegupegiundar phenplavel resin pefalyptacanddiong Prighout
0.97. Ot hgy,cpbi B pReidbly) diesh: bl 08s, Y BLGRted BYBIhdoRAEKT N

el enent shl?urgﬁagrg%lggﬁ’%ﬁngs, pTef'l elylettt e ;iangs, Résfchi%%rei ngs, nBgrlw:saddl es,
| nt al ox sdicibesd pekimgl | Sasilatyybit natprefesredfthaththeeheaghtdes ithee dackiix@mnpl es of
some of 8 03/ 074457 PCI/ US03/ 02589 . these are .disclosed. .in S. Patents
3,041, 1155HIe DTG pvenThe HatGTae S HBPCRIE RYArNEN VIBHARAcES f ot oo,
the preferdigd AR} 8¢ hb&utCAHIRAGRI &Y pPdEKabRII1 T8 OF itidd height of the catalyst

bed. The packing should be close to the height of the resin; preferably the packing is

slightly higher (up to about 20% higher) to allow for swelling of the resin over time;
conceivably the packing could be shorter than the resin, because the cumulative

compressive forces will be greater at the bottom of the bed than at the top.

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 to the reactor to distribute within the packing void volumes.

Any commonly-known acidic ion-exchange resin catalyst may be used as the acidic
catalyst, and there are no particular restrictions on this catalyst, but ordinarily, a
sulfonic acid type cation-exchange resin having a degree of crosslinking of less than
or equal to about 8% with less than or equal to about 6% preferred and less than or
equal to about 4% most preferred. Also preferred is a crosslinking of greater than or
equal to about 1% more preferred is greater than or equal to about 2%. The resin
catalyst is preferably at least a partially cross-linked ion exchange resin catalyst and

preferably a sulfonated aromatic resin containing some degree of divinylbenzene
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i nproves the tenperature differential in the reactor. This can be used to
run the same inlet tenperature to give a | ower outlet tenperature or to
run at a wogher44snl et tenperature to get nore producti onPatr/uSe®025a9e
purity. Further, the tenperature differential between the inlet and the
outlet of the reactor packed with these elenents wll be |less than the

t enper at ugg sﬁhiifngrﬁ{at kéthe RREMREHr thgori® | RId FMtibRAItPURdrebxapl@nthoséipacked
react or |Te conversion of ‘reactants in each reactor is substantially
equal . Slitdlosideml. SeBattmNQABAY6i s random y di stributed throughout the
catal yst bed. In the preferred enbodi nent where bi sphenol Ais

manuf act ufed. a m niyyum of . about 25%. t he ej asur ed
under phe‘%‘b’glc\/\}é)f] CREqnge 5%§f%15ya§§o %S(?éd? '?llg eo%]g?%ﬁ?%gx ? Oi)segj(i?a%itg%é%é%) , and
nost pr ef Br@blpyesdhce EastativhQthab@doredi® caalysi] gphdmeth Ardahy readisstith but ed

packing. Simlarly, it is preferred that the height of the packing is

suf fi ci enhepgl taefmpaearmylnrhenel gAS. 31 881d Sk egidnmpdtyl axidengagta SYifh swel | s
with tinme i i y 1309 . ) % of the
hei ght ofp}{eﬁgf €°a¥°2ﬁy§?"°"%§d.@%€a§§% &ﬁﬁ‘@ﬂ?‘?ﬁ*&“ﬁ%"‘é Sg’fé*%g&ﬁye&%g{g ht of
t he resi nsubpcefceraalpryssiviedoracudag Hydraudk ilghdingy ahioglee tevels ftconsslirding 20%

hi gher) to allow for_swelling of the resin over tipme; concgjvably the
packi ng chpartisies eFplepergidng ot SHEETbI inddialicdieafign at pe derte

compr essi e bQiERoWrlhe RR MEAALETCA HBEOOLIRTY Pl dide Bothihamas t he

top. Any net randomy distributing the packing material may be used.
The easi egtferaiyluptsibopt 2¥agp improvetchtalysi lsfet o si nply pl ace the packi ng
materials into the reactor and add catalyst to the reactor to distribute

wi thin the.packing. voi ol unes. . Any _co nl y- known .aci di.c.ion- exchange

resin cat I‘%@P“rﬁi GHS‘H ﬂ?ﬁﬁ’ t§§ TeaRteT ﬁétﬂ?g)mgﬁklnav ICHRX g%]wécraégegr & o

parti cul a§u1f0ﬂ§f&eﬂia%ﬂqékibsr&ﬂ]std&rﬁ)rﬁﬁ{gaﬂéytﬁbearlﬁbﬂ pOlytersahaVig adplusilityf eni ¢ aci d
e

t ype cation-exchange resin haV|n% a degree of crosslinking of less than or
equal to pandant gelfanic meidegEuphanT besee@alypicallayat o6 dapdefiaylr benzaikl | ess

t han or | % pref err p I | sl i nki ng
of g eat ef rLCE, "R R 007 §F 15Mer e MLLRLIRIS o SIREC )
equal to phfwited2% ThePolgstyrenediainglbeateney predbelyaiery atnd easulfanpedtial ly

cross-linked jon exchange r egi%n cat al yst .and r ef é)ablg a sul fgnat ed
aromat i ¢ PlsgPHorwdelyAs igsisoheveddlliveothigiiregany | pated resin catalysts

commercially available as “AMBERLITE A-32” and “AMBERLYST A-121” brand
catalyst from Rohm and Haas Chemical Company, Inc. and “K1131” brand catalyst
from Bayer Chemical Company are examples of such suitable catalysts. The
exchange capacity of the acidic resin is preferably at least about 2.0 meq. H."/gram of
dry resin. Ranges from 3.0 to about 5.5 meq. H."/gram of dry resin are most
preferred. Optioﬁally, co-catalysts or catalyst promoters may also be used. Either
bulk or attached catalyst promoters may be employed. Many of these are well known

in the art.

The instant process and reactor are particularly suitable for the production of
bisphenol A (abbreviated below as BPA). If the reactor is used to produce bisphenol
A then the phenol is ordinarily used in an excess amount with respect to the acetone
with the molar ratio of phenol to acetone (phenol/acetone) ordinarily being greater
than or equal to about 6 mols phenol to 1 mol of acetone, preferably greater than or

equal to about 12 mols of phenol to 1 mol of acetone, also preferably being less than
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9 WO 03/074457 PCT/ US03/ 02589 crosslinking and sone degree of sulfonic
acid functionality, for exanple, those disclosed in U S. Patent No.

5, 233, 096wWOAg/i0Ti467 i on exchange resin is also used in the &Chyusat/v2389 of
phenols (U. S. 4,470,809). 1In the presence of a cation-exchange resin

catal ysts, al phanethyl styrene reacts with phenol to form paracunyl phenol
(U.S. 5, 185 44Pk; atR0f20" BRI MHenXiode mof 8&dSneMridh moRh SRt 9, e thhBF oman.  On
use, the |n(§]i vidual particles of the resin catalyst are Subject to

conpr essi apaf wrabest dumolsphhydtalinag acgami-ng; at | ower | evel s of
crosslinking the particles are less rigid and nore susceptible to
hydr aul i c..def ormation. The .degree. of. cr.osslinki of the. | change
resin catgﬁil@fwtboé]nmﬁ’é?eﬁ% aig a&%%%etls élgﬁrf]yicgrrﬁe@roélp%partgfl]é’?r f)‘irgglﬁfgi)é{eg?about 2%
to i nprove hat ik Yedd dfi the reakior rémdTBSliquad %ﬁﬁﬁaf@“&ablpait altémpdigtureatibont syst em
of this invention, the catalytic agents are sulfonated aromatic resins
conpri si n§P°By dr dbigheboAlseairyiered areatempgraturps of kebs than of eqpadriddA®°sand oni ¢

acid groups. These e i call % . ~4% di vi nyl .benzene kLassli nked.
Cat al yst s"™R5vPIF eréedgl;%s%wq%o%m%éépe@ Gt cfrjggogﬁ %helg?rﬁegi %"roélt r§§s¢ JE)qlf'eef erred.
Pol y (st yr geadidiftddearzRAR) tecRal widarthe Bilét 284 bliodgredurephrnadasiedanl dehyde
resins have utility in this regard. Sul fonated resin catalysts

comer ci a¢quvaderiicleabliensaspre \zxepter Abagoor egpd to ARBRMAL.YST.i.8. Al mase and

talyst f h ] | Cs: ;! d
catalyat PERRMTRARRR Enifd AEHehdled YRR nea (R rEPRicIERr &5 p2EPE

cat al yst sequih® abe¥chpgeg Cadambteyproferdtg 1asititincorregsalno alsoupéparighl y at
| east about 2.0 nmeq. H. +/gramof dry resin. Ranges from 3.0 to about 5.5

meq. H. +/gramof dry resin are nost referred. tionally, . co-catal ysts or
cat al yst %%{eéftsonn% the skpvsePhisagyanErrHRe, lﬁmdﬁﬁlﬂn i ¢ dlarisheastion yst

pr onot er Smﬁsayrebeolﬁgmrngy&gphel}{@m,OJsusl!ilﬁsf@ac%ﬁ eblodtBRWYchi 4% bhGadtd - The

i nstant process an actor are particularly suitable for the production of
bi sphenol plenphinbearédaacetbnbehdwates aBA)t ofithe tehetianeadtwe. i s used to produce
bi sphenol

The term phenol as used throughout the specification represents phenol of the

formula:

OH

as well as selected substituted phenols described in more detail below.

As well as bisphenol A, the bisphenol obtained by reacting phenols and ketones may

have the formula below:
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A then the phenol is ordinarily used in an excess anount with respect to
the acetone wth the nolar ratio of phenol to acetone (phenol/acetone)

or di nari lwyolaiongsyreater than or equal to about 6 nots plremaisos/assd nol of
acetone, preferably greater than or equal to about 12 nols of phenol to |
nol of acetone, also preferably being less than 10 WO 03/074457

PCT/ US03/ 02589 or equak %o about 20 nol s phenol acetone and, nore
preferably, |less than ofF | ‘/equal to about 16 nols Bﬁgno to | nol acetone.
The reaction of phenol apd acetone is ordinarily carried out at a

tenperature sufficie at the feed of the 3 remains |iquid and
preferably at a tenpera about 55C. or highg A\so preferred are

t enper at ures of to 110C anfl/ mole pkeferred | ess than or
equal to 90Cahd Iy pr ef erriedy abouty 85C__The g i ffgmentia
across the bed whe And outl et pre§shres are /ngasured at

equi val ent elevatioRs\is prefgrably greater tRaq or eg to about 0.1

p.s.i.g. and, nore about 3 p.s.i.y. 0 preferred are
pressures of differenti | ess than or equs about 35 p.s.i.g. and,
nore preferably, less than or equal to about 26 p.s.i.g. In the reaction of
t he abovemphem@!mlﬁzndz*‘metw’rtee hlo gathdort oo alend hydirgdrdon @aaiph,amd theyxt ur e
cont ai ni ng bi sphenol A, usually reaction by products.such as unreacted
phenol unliné)abﬁg‘t? saeeos difTeasiy. mands ar&r‘@teﬁ%fﬁtfmmof%‘é X&action mixture. The
term phenol as used throughout the specification represents phenol of the
formula: OH HH HHas well agc.selected substituted phenols described in
nore detail below. As well as bisphenol A, the bisphenol obtained by

reacti ng phenol s and ketones naﬂ have the fornula bel ow. 11
—Cc—

Rd

R¢ and R% are hydrogen atoms or monovalent hydrocarbon groups or a ring structure
may be formed by R° and RY, and R is a divalent hydrocarbon group. Specific
examples of the bisphenol of formula above include bis(hydroxyaryl)alkanes such as:
1,1-bis(4-hydroxyphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-
hydroxyphenyl)propane (referred to in the following as bisphenol A), 2,2-bis(4-
hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)octane, 1,1-bis(4-
hydroxyphenyl)propane, 1,1-bis(4-hydroxyphenyl) butane, bis(4-
hydroxyphenyl)phenylmethane,  2,2-bis(4-hydroxy-1-methylphenyl)propane, 1,1-
bis(4-hydroxy-t-butylphenyl)propane, and 2,2-bis(4-hydroxy-3-
bromophenyl)propane, and bis(hydroxyaryl)cycloalkanes such as 1,1-bis(4-
hydroxyphenyl)cyclopentane and  1,1-bis(4-hydroxyphenyl)cyclohexane, 6,6'-
dihydroxy-3,3,3'3'-tetramethyl-1,1"-spiro(bis)indane, 1,3-bishydroxyphenyl methane,
4,4'-dihydroxy-2,2,2-triphenylethane, 1,1'-bis(4-hydroxyphenyl)-meta-
diisopropylbenzene, 1,1'-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane.

Moreover, bisphenol may be manufactured in such a manner that in the above

formula, is -O-, -S-, -SO-, or SO, -, with examples of compounds that can be

manufactured including bis(hydroxyaryl) ethers such as: 4,4'-dihydroxydiphenyl ether
12



WO 03/ 074457 PCT/ US03/02589 (Ra )P (Rb)g HO- X OOH in the fornula, Ra and
Rob are hal ogens or nonoval ent hydrocarbon groups, and they nay be the sane
or differwpotoz/opiand q are integers fromO to 4, Xis Re @crarsokRbsRe Re and
Rd are hydrogen atonms or nonoval ent hydrocarbon groups or a ring structure
may be formed by Re and Rd , and Re is a dival ent hydrocarbon group.

Specific X 3he_ da, oghgmb SRRV Sy h
bi s(hydro??a?%?ﬁ?ﬂ 53 SudC &ﬂgﬁﬂ&}yl "% Eggﬁhydroxyphgﬁlw{%ﬁestuﬁanaes

éL 1- bi fﬁ, 4, ?uyclmlam«ypmpiwnybtsnﬁ'nb Tum 2L4d1d§(y4ir0>¢yyd3 6k¢ghanIPmbasmlﬁd(er eferred
oin e ow n n A

500t bi ( HPUTORYBABAY Y Serdnosich b LF AR GOt AY R R ph AT

1, 1- bi S(4dlhydﬂr59%mh@nﬁéthyla%am,sum)féeé anfayslg(qawm?mwy)pmmbmdnad%e

2, 2- bi s(4-hydroxy-1|-neth K phenyl )propane
bi s( 4- hy d.8xdibydrbxydjplmeh sulfonopaded, 4aﬁkhYQr02¥13|,3s(d4ﬂﬁW1|dmh?ﬂﬂ sulfone.

bronnphe ane nd bIS rox al k 1- bi s(4-
hydr oxyph ﬁ&ﬁ? 5?8]§%P e’y H%%upn Fgféﬁ le%?%'%%?ﬁ?@ %%xane 6, 6' -
di hydr oxy-3, 3, 3" 3’ -tetranethyl 1, 1'-sp|ro(b|s)|ndane 1, 3- blshydroxyphenyl

met hane, B#pKenolh i’ty:ﬁra@XtMos% &sEnBerdi oo yhat baobtained by a commonly known
1,1 -bis(4-hydroxyphenyl)-neta- djisopropyl benzene
1,1 - bi S(QSWHP]OW‘?}%%WIW@@O% . W?‘Fhe‘thﬁy?ﬁ?&?ﬂrtﬂ%)iash@smmﬂewfé‘Pls BP%phenoI

may be m&%&%t ec%nh@ns% Gh BOSE tol?aatn hid h@at Qve phEIiadingi 8 - 0-
oftp “ContiEhsti 1

-5-, -SO, exa es o nmpoun t can be manuf act ur ed

i ncl udi ngsthlca(rhyndwdngﬂaltl}elre) iehbtex :bosah(vhthaK in4thg' abdvhfdrm»k@/maphmw;edet her 12
WO 03/ 074457 PCT/ USQ3/ 0 589 and 4,4' - db hy%r oxXyr 3,3 -di melt hyl herg%l et her,
bi s( hydr Eﬁoé(PSII | £PYESs %SIH leOéSs .can be “obtained, one may also” cdrry t

condensation of phenols with formaldehyde, sulfonic acids, etc.

The reactants in reactor 10 react to form bisphenol (BPA when the reactants are
acetone and phenol) and leave the reactor as a product stream comprising the
bisphenol, unreacted reactants, optionally co-catalyst, and minor amounts of other

materials.

The product stream may be fed into a separator which can be any conventional
method for separating such materials. Distillation is generally the simplest and most
preferred method. However, other well-known methods can be used independently or

in combination with distillation to comprise this separation process.

The bisphenol product, bisphenol isomers, phenol, and a small amount of various
impurities are removed from the separator as a bottoms product. This bottoms

product is fed to a further separator.

Crystallization is the 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 dehydrated
mother liquor comprising phenol and bisphenol isomers is returned to the reactor 10

as reactant.
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4, 4' - di hydr oxydi phenyl sulfide and 4, 4'-di hydroxy -3, 3" -di net hyl di phenyl

sul fide, bis(hydroxydiaryl) sulfoxides such as: 4,4'-dihydroxydi phenyl

sul f oxi dewervd/ 04447 - di hydr oxy- 3, 3' - di et hyl di phenyl sul f oxicadajSozoaFs9

bi s(hydroxydi aryl) sul fones such as: 4, 4'-di hydroxydi phenyl sul fone and

4, 4" - di hydr oxy- 3, 3' -di net hyl di phenyl sul fone. Anobng these substances,

manuf act Uﬁfsp%:ngi QiaSREE A8k Ael FotRAN fiduhliANthe sdpafh f80heBbsRARNSIy3: Such as
t hose described above may be obtained by a conmmonl y-known bi sphenol

synt hesi sfuntbetheebarationhi otd phefiappnoprbiswhenol sabery troesds.ph€hiel enabel

ket ones are.cqndensed in the presence of an acidi c catalyst. Phenols havin
a str uctmcqq?f?W%Wapﬁgﬁ“gei §r)h8‘ﬂrez§’r%ag’ﬁ8’svﬁeglﬁre% qsﬁ’vclfeﬁ%bgg‘ové)r‘?@ﬁéll a nmay °
be used. fMysea¥ethe s!ui)sécfﬁ@ntaj%\d@cthjns_&hEﬂl?b&b6ﬁdiesbe G¥atailpeduchongthery al so
carry out condensation of phenols wth fornmal dehyde, sulfonic acids, etc.
The reactsnemstipes ¢aadsthsnefigalheenntueted popgiashaighesforh pprRaryadizatipe react ant s
are acetone and phenol) and | eave the reactor as a product stream
conprising t i | ..U e ,nQPL -Lat: st, and
m nor ann%ﬁfgg%fRﬁ?ﬁgﬁggn%?e&%§%§& %ﬁé8§§g38@§ @?r%% %%g%bgp#@§9@%¥o a
separ at or exthade esin daealgshythe oesnenithlgsahed mey hzd ihdudes Byearsaifi differsnithn

materials. Distillation is generally the_ sinplest and st .preferred
net hod. Fﬁﬁ@v’é‘?kedo?%ﬁn%ﬁ?gl{;ﬁﬁmtsnﬁ’i [feRbIRHAND dhiedd Hﬁd@ﬁ%&rﬁ@nttf‘? or in

conbi nat i i, t i L1 i i:5.8: 1.hi j : Th
'9&&1% &d%%}f g% ﬁgﬁ*gﬁr"i fr&n GCOLRA iR dnNd Sars BRALRh AR BEiRCEBSyst The

bi sphenol uct, soners, phenol, and a small anmount "of vari ous
i npuriti elsavargea haghor depréa ofierbdstinkiepat aloverasdaf ot bashmdpmoduekchanpé s

bot t ons roduct is fed to a further separator, Crystallization i.s the
preferr ed‘peﬁﬂé’t‘ﬁ S(’J?‘%‘P% GHEWS éeégé??a(?éctr?séﬁ“ 0e 2Ly LWéFrth’d’ ?/éfﬁ% heg!cZﬁe be used
to separafeg RESRREPQn ERANIRE MBLPSE chil @¥eHe Keans PRIYUENY updeRBAdNg upon
the desired degree of purity of the bisphenol product. Once separated, the

dehydr at edrosshinkérbrand theotoncovebaigsi erjalpierssin emdhdileptresrsl of sambed is s
returned }gr%fetrgbefy rgree%getr ?ﬁanla%outa?% rcreoasgl%nef(re]:& 13

In operation, the shell or cylinder 16 is packed with the packing and the resin catalyst
by charging it with alternating quantities of the packing and the catalyst. The catalyst
can be water wet and “pre” or partially dried beads. Preferably, sand as a support
and/or filter is first charged to the bottom of the shell. In a preferred embodiment, the
reactor is filled to about one-fourth of its height with water and one-fourth of its
height with packing elements. The column is then filled with the water wet resin and
closed and phenol is run through to dehydrate the resin and shrink it into the area
occupied by the.elements. This procedure is repeated for the remaining column
height. Additional elements are added on top of the bed for swelling during reaction.

This procedure would be done with phenol if the catalyst were pre-dried.

The method for production of bisphenol A from phenol and acetone includes
introducing the phenol and the acetone into the ion exchange resin catalyst bed to
react the phenol and the acetone in the presence of the resin catalyst and then
recovering the bisphenol A from the reaction mixture. The introduction of the phenol
and the acetone is at the upper end of the bed (to facilitate the co-current downward

flow of the reactants) at a rate sufficient to allow the reaction to proceed to a pre-
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WO 03/ 074457 PCT/ US03/ 02589 Bi sphenol separated fromthe nother |iquor in
the separator can then be sent to yet further separations and purifiers in
a bi spherwb isoT@sery process. This can be particul arly i mporisanozssher e
very pure product is required as where BPA is produced for use in the
subsequent production of polycarbonates. Cenerally, such further

separ at i ofigerafed gichERef k@balvity. cpnduat@sh B bRghol QEANRLEURS isStidinadisy
recrystallization. In order to alleviate the problens associated with the

conpr essi @urigk ovthat 4 tempessteisantfeciens sprihatahe fgesk of thraesctesi smaksdigud bed may

al so include |ayer,s of differentl och i nd i fi ysts or
combi nat i sp'ieﬁéelr? leff at f‘ne'BQ?Yt“.“é%Pir%b%{‘ ﬁé% éca@l;ﬁ?gsht% r'begg%ge%gabyggéar ed from
a conbi naghperabire a1dsOthad s R &o aBSItN 108C ahy Prefelabli log thamhbgb@ral degr ee of

crosslinki ng at a | ower end of the bed and an i on exchange, resin catalyst
havi ng a 3howe?0degribe imrodupibensefi thk reagtants 1§ aenerglyeat agyrighsed bowrbdce The i on
exchange rgsi. S i f up to
about 2%ve@&é@sﬁ?ﬁ%&ﬁ,Oqﬁgﬁ%rh%gﬁgﬁgggﬁ ﬁgrr%ggﬁ){%? 21% y@g%rf ggﬁdﬁﬁﬁn}ﬁ{uﬁ?e?/omer end
of the begbund offirgicatahlst fibgrfesliter/1bs heamlphpaiid pidfaraldg Préandeablan dmneqakr at i on,

the shell or cylinder 16 | s packed wth the packing and the resin. catalyst
by char gi PPt f0tlh f&F‘iVE‘r')rlnl%ﬁ Fﬁ@lyéfuam\,\fﬁ?ﬂeé?r%f‘sﬁ?ﬁét AL YL P Htez(iat al §st.

The catal st fe it /RS, WalaBfst WBl BRArafll ClesOTthARrdr 8hlay @ hBslitPeadths,
Preferably, sand as a support and/or filter 1s first charged to the bottom

of the shiekd/hr.llbs. zaphef.eThe thtredbawinndbs reabtantsiealst genarallyf atld Bek tate about
one-fourth. of its height wth er..and one-fourth of .its. height with
packi ng ePleHrEAERt aﬁ'ﬂég%f iaPors :l raHoR PSTIBEULE R, S?‘f‘?ée'fﬁé’& 8 ek %Fé%‘? n and
cl osed an@lfw@aetgﬁin/ﬁzz pF&fBrabr QU84 theh dedyidr &t Sotihe 5Tpsi/f’. antoPréterkd i t into
the area occupied the elenments. This procedure is repeated for the
renai ni ngiseolagrunt peleghthan Adequal tnabioue? Srapit/8” ardemastduefctrd isdgssohar he bed

for swelling duri r ti Qe i [ b i enol if
the catal ngqu\%tgoe%uglﬁg%raﬁ t Th%’l%r}é?]ﬁgr%ﬁ?g;&gl}%%géﬁnonano ¢ ?n\é\pﬁ ]g%g’f] A from
phenol anghra6¢t BBEldwGfulesoolind soeeitngughehpirrel toarshdveethadehone i nt o

the ion exchange resin catalyst bed to react the phenal and the acetone in
t he preselifaetion Hewevyessing plyg gpysgach%bqqaéﬁhal heat transfer 1s low, so that the

reactor functions mostly adiabatically. Packing can help improve heat transfer and
thus reduce adiabaticity, improving temperature control. The temperature of the
reaction can be up to about 110°C., but is preferably limited to about 85°C. During
steady state operation of the reactor, the differential pressure between the inlet and the
outlet 24 is greater than or equal to about 0.1 pound per square inch gauge (psig)
preferably greater than or equal to about 3 psig. Also preferred is less than or equal to

about 30 psig and more preferred is less than or equal to about 24 psig.

Referring now to FIGURE 2, a system for the manufacture of bisphenol A from
phenol and acetone is shown generally at 50. The system 50 includes a premixed feed
stream 54 containing phenol, acetone and dehydrated, recycled mother liquor that is
first fed to a cooling apparatus 58. The cooled feed mixture is then introduced into
the reactor 10 through an inlet line 59. The mixture is then allowed to flow down
through the packed catalyst bed 14 of the reactor to form the bisphenol A product.
The product stream, which will include unreacted materials and some byproducts, as

well as the desired bisphenol A, flows through the reactor outlet line 63. A second
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recovering the bisphenol A fromthe reaction mxture. The introduction of
the phenol and the acetone is at the upper end of the bed (to facilitate

t he co- cuwoaan7dewnward flow of the reactants) at a ratePsafifSop0®8e to
allow the reaction to proceed to a pre- 14 WO 03/ 074457 PCT/ US03/ 02589
determ ned yield and selectivity. The reaction of phenol and acetone is
ordi nari Iphenélafeéd seeagi62 & cant@EPERY the louéetslijfeféxeirﬁlnhaﬁbe tibealt intchergirged of t he
reactor remains |liquid_ and é)referably at a te %ture of agout 55C. or

hi gher. Ahe&eastoas dhgpnijetline 63 ispparastash e nradyct dmeg0- gserdinout
110C and pr.ef Wtﬂ%ﬂérén@éﬁ) FIRATREN | ﬁgli'ﬁictc;rqo xﬂagagsspg&sg}e stth‘?n H)reEr%dJ{’)Ct i on of

the reactants is generally at a ei ght hourly ace vel OCIty (VWHSV) of
greater tdmanemperanpmaberismgabm 30.at vpoorschosftidne @tbngeahe blmlllrofphc reagtund of dry

catal yst (I bs. /1 atal yst) anpd. refer bl ter than or equal
to about 4 .1BM"b! ‘“?g o‘/r“HP t;')‘? B%ﬁ‘r’cga"’léﬂ%‘fs &g\l’gBreﬁ‘?’ %E ‘Z“f"é]sgre?ﬂ‘an or
equal to @R 190 7Izbs (sﬁr?c%déﬂar n{a é@fals %&%gaﬁceﬁe@ HE efonaabliyahsRae t han or

equal to about 2.0 I bs. feed/ yst. The introduction of the
react ant sxemselahscﬁ, genmrtdleldyleattls addeldun theamlemgofeaqua)tmd, whens neeeseaial t o

about 0.1 gallon Qot of..cross _sectia of,, bed
Conn 1 ¢ 25 msred? b iy Betbe aBTean W mpRbes B RePEF hafeside” & oo

pref err ed<jadkstidy &wﬁg Qhd legsipniehan stteeﬂw@l mbp fadiditcohisgPdipkich and nost
preferred is |l ess than or equal to about 0.5 gpmft2. The tenperature of

t he reactlregk &dlsp@seémmlrﬁa@a of the pyadyct Wepffé”fel Yl ‘Bhe tagetor soviniggl st r eam
t hr ough t rodrg t65t % t?1g1r@rvb l#glethg?geltd s?xfeamg %?ﬂ‘nt p%@ﬂol%W@%detd P 8P| ug flow
a |aI er Is t

packed be trans ow, SO reac tions
nost | y adhéhas hmphﬂxtyes Ragded aclafrohektz inigil o¢activaat The anphetiesamdictt hus
reduce adi abati C|ty, i nprovi ng terrperature control Thei#e erature of the
react i on WHAR figp ths rsarsien of phenol agdiacetong sy pa fognerized ietreecyslfout 85C,
During sieady state operation of the reactor, the differential pressure
between the 1nlet and the outlet 24 is greater than or equal to about 0.1
pound per square inch gauge (psig) preferably greater than or equal to
about 3 pPEX4MMIEb preferred is less than or equal to about 30 psig and
nore preferred is |l ess than or equal to about 24 psig.

A reactor shell having an internal diameter of about 21 inches, a cross-sectional area
of 2.377 square feet, and a height of 15 feet was charged in stage-wise fashion with
quantities of packing (CASCADE MINI-RINGS®) having a bulk density of 15.3
pounds per cubic foot (Ibs/ft*) and 2% cross-linked wet ion exchange resin catalyst A-
121 from Rohm and Haas. Between chargings, the reactor was closed and a stream of
phenol containing less than 0.5% water was allowed to flow through the resin catalyst
bed to dehydrate the resin catalyst. The stage-wise charging and dehydration
operations were repeated until the catalyst bed was 10.5 feet in height. A total of
329.6 1bs. of packing and 3,166 lbs. of wet resin catalyst were added. The water-wet
density of the resin catalyst was 45.8 wet Ibs/ft® (approx. 8.5 “dry” Ibs/ft’), and the
phenol-dehydrated density of the same resin catalyst was 24.9 “dry” Ibs/ft’.  Upon

dehydration of the resin catalyst, 592 Ibs. of “dry” catalyst remained.

The differential pressure over the vertical height of the resin catalyst bed was
measured at various reactor feed rates. The feed composition is similar to the values

in Table 111, column A. The promoter used is 3-mercaptopropionic acid at a level of
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Referring now to FIGURE 2, a systemfor the manufacture of bisphenol A from
phenol and acetone is shown generally at 50. The system 50 includes a
prem xed Wead/07s57 eam 54 cont ai ni ng phenol, acetone and delaydrsas/ezsso
recycled nother liquor that is first fed to a cooling apparatus 58. The
cool ed feed m xture is then introduced into the reactor 10 through an
inl et n;go §9§oJ E@nm%ﬁowlepae&nwa%g&b Iumfmtea%efh@wrge% méa@ﬁr@&’gl@rsﬁ@e packed
cat al yst e the reactor to formthe bi sphenol A product.
product sthe elififgrentidl ginessinel otiservbdi derosntheactrech] manersicl ef dnndesmwetabypr oduct s,
as well as the desired bisphenol A, flows through the reactor outlet line
63. A sec¥fd 15 WD 03/074457 PCT/ US03/ 02589 phenol feed stream62 is
connected to the outlet line 63 and nay be used in charging the reactor.
The outl efadid pe 63 is connected to product takeoff |line 30. As described
above with reference to FIGURE 1, the reactor 10 includes pressure sensing
nmeans 35 and tenperature sensing neans 37 at various positions along the
shel | of PHerenged nBtﬁssureA“'?Et‘%ﬂ‘lﬁnlofﬁe’%ﬂa‘lerlbmst“ﬁéo cf")lg apparatus 58 is
preferably equipped with stream tracing lines 72. (Since the materials
bei ng prptesSEt—are SO dS_.al_aioi ent | L enper at ur es, B gonrrored Mpat is
added to| t he pi ping, rea\?{%r\’(s) and, where necessary fg nt to
mai ntai n F]lae/ Rigsired fl l(LHs Famlﬁ(h'r/hbwre FIbhRsatei s knovas:ssuTeraci ng" pr

a

"j acketi G PYsha) 50 may {pkp Eg- iorrpri S

si phon j oW 2 %h@ei)e@deetay )k( 2 The
react or GSV/Ent ed thrcugimll i ne 65 Ei| 003 0r bot h of Odhe feed streans of
t he phenpt Td—the acetjgne_Jmay i nNct U [IIRUTTties re 'ed back frpmthe
initial rééﬁion The _i|np ties, whicf(?‘l iginate f iry%gthe reactiop of
phenol anpl7@g:etone ey jhepd someri zed |0n71t9Qe recycl e sgtiream EXAMPLE | A

nt Al A Nt Sl [
react or shelH—haw Rg—aA—trRterrar—oatafgter of—abott HHCReS,—&a

cross-sec?l¥hal area df2.800377 square |03 and a hel g6 of 15 feet|was
char ged age-wi se f nwth uanidoti! es of packi CASCADE
ged [958 20 3=y Tnigh patkkpo (

M NI - Rl having a BUl'k“density o

U

Average values are tabulated and it is evident that pressure increases with increasing

flow rate, but this increase is mitigated by the support.
EXAMPLE 2

The experimental conditions of Example 1 and the feed composition were repeated in
a control experiment using the same type of resin without a packing. Table II
presented below illustrates the flow rate as measured versus the differential pressure

observed across the vertical dimension of the resin catalyst bed.
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pounds per cubic foot (lbs/ft3) and 2% cross-1linked wet ion exchange resin
catalyst A- 121 from Rohm and Haas. Between chargi ngs, the reactor was

cl osed anwoassr44eam of phenol containing | ess than 0.5% watrarsosyaxssal | owed
to flow through the resin catalyst bed to dehydrate the resin catalyst.
The stage-w se charging and dehydrati on operations were repeated until the
catal yst pgf.as 10.5 feet in height. Atotal of 329.6 |bs. of packing and
3,166 | bs. of wet resin catalyst were added. The water-wet density of the
resin catalyst was 45.8 wet ]bs/ft3 (approx. 8.5 "dry" Ibs/ft3), and the
phenol - deBiftbrentieliPreasise asa bnctine of Hieav ﬁ@gllma@&nammned@ﬁdm 9 "dry"
]bs/ft3. Upon dehydration of the reS| n catal yst, 592 | bs. of dry

cat al ys;\&c..ui ret—HreTdrfferentat—pressureover—the—vertTcar—terght  of

the resiln catal yst bed |WEHSVieasured at various react Biffereesipl rat es. | The
feed conpesiviRA® is siffiLey tReed/He/Lbal Fas Rate Tabl e IPikssol uim A, [The

promoter| used is 3- NMer ¢, R nic a a |level VWO 03/ 04457
PCT/ USO @’ 9 about Fﬂﬂslnnmw ahl e |(@]9ng t ed hel 1\6/ |) (ﬁng r:.\'r es the fl ow

rate as n@g@ur ed ver Sus o49|9e di fferent |oaﬁ39pr essure oasevved across [ he
verti cal Fdirenston—of —the—resin baLaI) bed—Tabtet DrfferentTat

Pressur el h$4& Functi on |df008 ow Rate in Oé‘7§§pported Btéi HSV Differeptial
Fl ow Ratle, yl_(gs Feed/ Hr /|4 b@QFI ux Rate Proe;sl@ure (gpr’r) Py g Cat al yst)

(gprrlft2 {ncnn\ 0501024030 41 1 000-0-4800-1.78

ETEAT AT A/

1.709 1. 499 0 7192 5 31 2.280 2.000 0.9593 7 96 2 850 2.499 1.1991 18.6
Average values are tabulated and it is evident that pressure increases wth

i ncreasi Ngithout the support provided by the random packing, compression of the unsupported

catalyst bed under increased flow is high, and as a result, throughput, and, therefore,

productivity, are severely limited. Average values are tabulated.

Figure 3 compares the resin with packing of Example 1 and without packing of
Example 2 under the same conditions. This figure shows that the increase in
differential pressure through a bed of compressible resin is mitigated by packing for

the same resin system and experimental conditions.
EXAMPLE 3

Several experiments were run at different typical process conditions and the
temperature differences between the inlet and the outlet of the reactor as well as the
conversion rate of the reactants were measured. These conditions and an average of a

number of measurements made are reported in Table 111 below as follows:
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flow rate, but this increase is mtigated by the support. EXAMPLE 2 The
experinental conditions of Exanple | and the feed conposition were repeated
in a corvoaB/oeMperi ment using the same type of resin w tRetUSas/pmsski ng.
Table Il presented belowillustrates the flow rate as neasured versus the
differential pressure observed across the vertical dinension of the resin
cat al yst bggde 1117 WO 03/ 074457 PCT/ US03/ 02589 Table Il Differentia

Pressure as a Function of Flow Rate in an Unsupported Bed WHSV
Differential Flow Rate éLbs Feed/ Hr/Lbs Flux Rate Pressure (gpnm) Dry

Cat al yst ) TY K EEEXPRRAMENBALJALHES69 0. 499 0.2396 0.37 1.140 1.000
0.4798 1.74 1.710 1.500 O. 7194 11. 59 Wt hout the suppor t prOV|ded by the

random pgCKI T, CONMPTress) On Off L e SU rted T catalyst Dgd_under
i ncreased flow is high, ahd ag B res bt, Rrougﬂ%ut, nd, erefdﬂe
productiity, are severel&mgérﬁﬁhd. RuegsalgeC val [ Rasga §9tabJRE@@d Flgtre 3
conpares| the resin with packi n&kiegs Exanpl Ringard wit &ingspacki ng| Rings
Exanpl e p—order—ttre—samercondirtior 4T||a rgume——shoyws—thar—thejnecreqse in
di f f er enf Flak (gnrasadi-¢ thr(b%h 4-Bed| B2conpresiltt y83rn |84Rit|iYd8ed by
packi ng [ pf,c,t he oo DR, POGoBPRDOAT Gy $BAAY! | OBRs FIGMPE 3
Sever al éﬁerlnents mepé run at diffterent| typiqal process conditfions gnd
the tem Ig’mrp differances hetweenh the inlet [and the outlet off the
reactor BEmisMglelnpASF)E he |coBwWe 9489 [ a8R70f 13¢1R |risagt anba.0wel48 reaBisied.
These copdi-trons—and—anjaverage of —a _nunper —off measurements_nade are
r epor t ed| Battoradiean ) pejl 1RO 1968 Oh&6-3 [ 185.0 | 184.5 | 194.8 | 187.3 | 192.9

Exit Temp (°F) 182.2 | 185.6 | 172.4 | 180.5 | 1752 | 182.4 |[178.9 | 184.8

Acetone in Feed | 4.2 4.3 4.2 4.4 3.8 3.9 3.8 4.1

(wt%) _

p,p-BPA in feed |10.8 [106 |11.6 [10.6 |11.1 104 109 |10.6

(wt%)

Acetone Conversion | 95.1 94.6 940 {93.0 |98.6 98.4 97.2 97.0

(%)

p.p Selectivity 983 |97.5 969 (984 |[97.0 |96.1 97.8 |98.0

Delta P (psi) 3.7 5.6 5.3 11.6 |04 0.3 1.8 1.7

Production Rate (lb

BPA/hr) 136.6 | 136.9 |128.7 {139.8 |41.9 |42.7 |[84.9 |90.2

Accordingly, from the above data, it can be seen that even though the conversion
remains roughly equivalent for widely varying conditions, the temperature difference
between the inlet and the outlet of a packed reactor with rings is less than the
temperature difference between the inlet and the outlet of a reactor without packing.
This is unusual in that a lower temperature differential does not favor equal

conversion percentages.

While the disclosure has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing from the scope
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18 WD 03/ 074457 PCT/US03/ 02589 Table 11 TYPI CAL EXPERI MENTAL VALUES A. B
C. D EE F. G H Rngs No Rings No Rings No Rings No Rings R ngs R ngs
Ri ngs Fl uwo(ogjordasyy. ft.) 0.72 0.72 0.72 0.72 0.24 0.24 0. 2871014802589 near
Vel ocity 0.096 0.096 0.096 0.096 0.032 0.032 0.064 0.064 (ft/mn) Inlet
Tenp (F) 148.9 148.9 137.7 136.7 151.4 152.0 148.4 148.8 Bottom Tenp (F)
190. 0 191,8hd ffcidsdred hQ ad@ftom nlzﬂﬁl RodiitatfontIRaydbe FB1Hd toTeﬁﬁBt 4 EAmé&%r 2 185.6
172.4 180.5 175.2 182.4 178.9 8 Acetone i'n Feed 4. 4.4 3.8
3.9 3.8 4&1mat1fémrp9/<)mq§€mﬂ RPAh¢ teakbings Db the doclosure. \81t11c01t61eme1mmg 1f0>rm the. 9 10.6

(wt % Aceton nver5|o 1.94.6.94.0 8.4 97

Sel ect i V|?S§er§'§ se0pg the 5‘% gﬁ@éefﬂregg @?d?fgégatgﬁgg' gos‘ﬁ%f]?t gﬁ?ﬁ}gﬁi )t(p3 7 5.6
5.3 11.6 t@e%aﬂlcalal ethbbdimenPdRdioséd atHdaest fbbe BRAERPIateli3r Gartydfg Qul 28. 7
139. 8 41. 7 9 90.2 Accordingly, fromthe above data, 1t can be seen

that eventhisrdissiesurdut hat teglissiosurcewil mslude alj iempodyuenisafaliing wishindhelel y
varyi ng con n rature difference between the inlet and the
out | et of“mg%g*k %pg%@c %@Hﬁfth rings is less than the tenperature

di fference betmeen the inlet and the outlet of a reactor w thout packing.
This is unusual in that a |ower tenperature differential does not favor
equal conversion percentages.
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Wil e the disclosure has been described wwth reference to a preferred
enbodi nent, it wll be understood by those skilled in the art that various
changes map obp74atle and equi val ents may be substituted f@ecTalsesreIsss

t hereof without departing fromthe scope 19 WO 03/074457 PCT/ US03/ 02589

of the disclosure. In addition, many nodifications may be nade to adapt a
parti cul grf]ain%'.tuati on or material to the teachings of the disclosure

wi t hout departing fromthe essential scope thereof. Therefore, it is
intended that the disclosure not be limted to the particular enbodi ment
di scl osed.as nidikodofes pravindieg @ drtpbemd] a¢omeprisong: carryi ng out this disclosure,
but that the disclosure will include all enbodinents falling within the
scope of .the,appended cl ainms., 20 WO 03/ Q7445 CT/ US03/ 8 Claips: 1. A
met hod fdpgﬁq‘ifp f 63°]b?'§£§éﬁgqn,e lé’(t)orrgrrie%(#?lrg.zm:?rffl r'o ﬁvcvf]ﬁééal%ﬁﬂeén% dr:nd a
ket one i nkgetér ddFistlg, (10) in a downfl ow node, said reactor conprising, an
i on exchange resin catalyst bed (14) having packing randomy distributed in
said bed (14), said catal yst bed optionally conprising, cat al yst

pronot er agfiog exghange r@%faawﬁhbedceﬁgaawag &Atking gadpRdy gasfrgb%wewaldand sai d
ket one tq f : J X : ad.ecovering said bisphenol fromsaid
reacti onoone‘idglti%?t’e.]agatg?ﬁg&ﬁemtpﬁ%gglg?w@ﬂgfsﬂg? wherein the ion exchange resin
catalyst in said bed (14) is cross-linked. 3. The nmethod of claim?2

wher ei n tdheatalpgpeenotkr of nsdfur colkainggafongpeuad amh exchange resin catalyst is
| ess than or equal to about 4% by weight of said resin. 4. The nethod of

Cla 3 et o 15U S8R9 R s ARl e/ 21 1 15 oreater than

recovering said bisphenol from said reaction mixture.

2. The method of claim 1 wherein the ion exchange resin catalyst in said bed (14) is

cross-linked.

3. The method of claim 2 wherein the degree of cross-linking of said ion exchange

resin catalyst is less than or equal to about 4% by weight of said resin.

4. The method of claim 3 wherein the degree of crosslinking of said resin is greater

than 2% by weight.

5. The method of claim 2 wherein the degree of crosslinking of said resin is less than

or equal to 2%.

6. The method of claim S wherein the degree of crosslinking of said ion exchange

resin catalyst is about 2%.

7. The method of claim 1 wherein said ion exchange resin catalyst is a sulfonated

aromatic resin.

8. The method of claim 7 wherein the attached promotor comprises a portion of the
sulfonic acid groups of said sulfonated aromatic resin modified by the neutralization

thereof with a sulfur containing compound.
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5. The nmethod of claim2 wherein the degree of crosslinking of said resin
is less than or equal to 2% 6. The nethod of claim5 wherein the degree
of crosslwolisng4ef said i on exchange resin catalyst is alpeatusas®2s39 The
met hod of claiml wherein said ion exchange resin catalyst is a sul fonated
aromatic resin. 8 The nethod of claim7 wherein the attached pronotor

conpri ses ar}%oﬁquh o?f d&.m w'ﬁerlefrpmeoo@ewmﬁ;tep@oﬁnmsew s@lﬁwk&ﬁmx
aromatic resin m) the neutralization thereof with a sul fur

cont ai ni mgnmoumd)frndydisjnew B3hOTeRdGI MOTAES03/ 02589 9. The nethod of claim
7 wherein the buI k pronot or conprises a sulfur contai n| ng conpound freely

di spersed | xture 10., The. net hod. of rein said

packi ng chlé)ng.thi eSBEhp &é’&tC?adlﬁlr]e&}?r%%é?lﬂgp agﬁm an;’SF?Jmert ‘%bJ%‘Sou?V’Bgé‘ to about
0.98. 1l.voldGoliBkhedbalt 00 BiabbdiD.9d1er ei n sai d packing is selected fromthe
group consisting of Pall Rings, Berl Saddles, Intal ox Packing, Tellerette

Packi ng, Hyperfill Packing, Stedman Packing, Sul zer Kin Raschi g R ngs
and Koch-1d& iEhscmethedcaldelaing H) rheigs (3 dﬁﬁklﬁﬁx‘ﬁu?eé‘?tqdhgf 1€ £POUPTHe

met hod of S ont-,g' %.Ii} f

Koch-Q i ts%% Wﬂ%nﬁé‘ngs‘ﬁ%%&?ﬁgp‘% ﬁ%ﬁﬂﬁaf%’l elr"gi n said
pronot er RsbkingpSiedmnt PB(S(U% Swizec Bautking, [Rasghii@ Rings aod doch45litschnedshadt f or
produci n a_bi,spgb;ol rising: introducing a phenol and a ketone into a
react or SYEY &Rgs “dirﬂl"éur WEFEPbw node, said reactor system (50)
conprising, a downflow chem cal reactor (10), and a fixed bed (14) ion

exchange esi gRiHdLYsH ciB@Y 1109wRaeHl §8d AR RET bnfhrisds h BH4;8H portion of
Koch-Glitsch Cascade Mini Rings®.

13. The method of claim 1 wherein said promoter when present is 3- mercapto

propionic acid.
14. A method for producing a bisphenol, comprising:

introducing a phenol and a ketone into a reactor system (50) in a downflow mode,

said reactor system (50) comprising,
a downflow chemical reactor (10), and

a fixed bed (14) ion exchange resin catalyst having packing randomly distributed
therein charged in said reactor (10) wherein said resin catalyst is a sulfonated
aromatic resin having a degree of crosslinking no greater than about 2% by weight

based on said resin catalyst;

reacting said ketone and said phenol in said reactor (10) to form a reaction mixture

containing said bisphenol; and
recovering said bisphenol from said mixture.

15. A reactor (10) for producing bisphenol A from the reaction of phenol and acetone

introduced therein in a downflow mode, the reactor (10) comprising:
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therein charged in said reactor (10) wherein said resin catalyst is a

sul fonated aromatic resin having a degree of crosslinking no greater than
about 2%WQ oae7ght based on said resin catal yst; reactingcsaisdi/assone and
said phenol in said reactor (10) to forma reaction m xture containing
sai d bi sphenol; and recovering said bisphenol fromsaid mxture. 15. A
react or %@Aa&%@@%ci ng bi sphenol A fromthe reaction of phenol and
acetone introduced therein in a downflow node, the reactor (10)
conprising: 22 WO 03/074457 PCT/ US03/ 02589 a reactor vessel (10); an ion
exchange alnegn rcxclaatnab yetin betdlyst had (1) daisaidveessadi(1Q)103id aatailyst oationa)lyt

opt i onal Id%/) ri sing a pronoter; and packing randomy distributed

t hr ougho mi’élrsﬁ’ ad’ﬁ(’@gtt?ﬁa?ﬁae resin catalyst bed (14). 16. The reactor (10)
of claim 15 wherein at |east a portion of the ion exchange resin catalyst

in said badihdfndomlEdesduiedtRdugHobt sfd Sorsdeiuidesih obtalybebedamdif act ure of
bi sphenol A from phenol and acetone, said system conprising: an acetone
feed stream enol feed stream m xed with said et.one feed streamto

forma fdé& é‘terré%%‘?r APkefuslainy Sayvherein ghlepstig Raspat ok s ‘?’58’5°h136ger ¥ ve said
f eed strggmo}g}ﬁ]twcpbe((gﬂ)lsgrc%g‘mgr (10) connected in fluid comunication
C

W th sai I ng appar at us , said reactor (10) conprising: a reactor
vessel (10) having an inlet at an upper end to receive said feed stream

m xture (134)A systain §50)dort the manfagturowé bisphahob® e phveelgal acdtons, saidsuppor t ed
catalyst resin bed. (14) located internmediate said inlet and said outlet,

sai d becfyfti‘ﬁ’)co&i’ﬁlﬁ sing an i on exchange catal yst resin and an inert

packi ng materi al

an acetone feed stream;

a phenol feed stream mixed with said acetone feed stream to form a feed stream

mixture (54);
a cooling apparatus (58) to receive said feed stream mixture (54);

a reactor (10) connected in fluid communication with said cooling apparatus (58), said

reactor (10) comprising:

a reactor vessel (10) having an inlet at an upper end to receive said feed stream

mixture (54), and an outlet at a lower end of said vessel (10);

a supported catalyst resin bed (14) located intermediate said inlet and said outlet, said
bed (14) comprising an ion exchange catalyst resin and an inert packing material

disposed randomly throughout said resin;

a temperature sensing means (36) in communication with said vessel (10);
a pressure sensing means (34) in communication with said vessel (10);

a bypass stream between said inlet and said outlet;

a second phenol feed stream (62) capable of being received at said outlet;
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di sposed randomly throughout said resin; a tenperature sensing neans (36)
in comrunication with said vessel (10); a pressure sensing neans (34) in
conmuni cawpDen/0w4sh sai d vessel (10); a bypass stream bet weem/tsas/ekssnl et and
said outlet; a second phenol feed stream (62) capabl e of being received at
said outlet; 23 WD 03/074457 PCT/ US03/02589 a product takeoff line (30)
di sposed 4 oﬁh@ti@k&@mﬂ@t;@gt&i@asw inhflgidi DnirewREatRAGYIBE sai@dbwer @aRLOr, said
product takeoff line (30) being at the sane elevation as said inlet to

i nsur e t hratd rehetor, saidtroedyct BkeefhdinalEy temgan the/eanq Jovativaas apid 1pl6t fonsur e

h he . 10 I 1qui - : ' b k
(70) | ocdrane By Filon PPURRETRIE Tl fodfe i yRRRRUBTOT, 050F

of cl ai m(1d) rewh@fs@ompsatld ligaidailyst andesi n defines a substantially uniform
void fraction over a vertical dinension of said bed between said inlet and
said outlet. 19. The sg;tem (50) of claim 1%, V\:hEI’?i n said reactor is

mai nt ai neédipfionbreanid@) locaird dowrsticam af sauieredich kkget! 881 during t he

manuf acture of said bisphenol A 20. Bisphenol A produced by the nethod of
claim1. 1821fhe8§g§ﬂ@9€(5@b oﬁcl%mdmg%eri%n AilRLDOA CAPHEMIR Y subSah@sNCT Ng

phenol and acetone into a reactor (10) in a downfl ow node, said reactor
conpr i si noifoan voud freredranye a estipalcdimghsien obeaid(bed)beswtan $redl ifl¢udndavi ng a
pronot er an ’%?cki ng randomy distributed in said bed; reacting said
phenol arfd'&H'§"acetone to forma reaction nixture; and recovering said
bi sphenol fromsaid reaction m xture. 24

19. The system (50) of claim 18, wherein said reactor is maintained at a temperature

of about 65°C to about 85°C. during the manufacture of said bisphenol A.
20. Bisphenol A produced by the method of claim 1.
21. Bisphenol A produced by a method comprising:

introducing phenol and acetone into a reactor (10) in a downflow mode, said reactor

comprising,

an ion exchange resin catalyst bed (14) said bed (14) having a promoter and
packing randomly distributed in said bed;

reacting said phenol and said acetone to form a reaction mixture; and

recovering said bisphenol from said reaction mixture.
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