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s ‘invention relates to a process for the.nanufacture D hydric
phenol s have achi eved S|gn|f|cant success i n nany co appl i cations.
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known that the acid catal yzed reaction of phenol with specific al dehydes or

ket ones woul d prepar e RROCESS FOR %mgmmsmmw cul ar when
phenol is reacted with acetone, the di hydric phenol
2, 2- bi s(4- hydr oxy- phenyl ) propane, al so known as bi sphenol -A or BPA is

formed, which has particular utility in the manufacture of pol ycarbonates,
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kept 5 manufacture of various polymers including polvarylates, polyamides,

epoxies, polyetherimides, polysulfones and polycarbonates. Significant
attention has been directed to the commercial manufacture of dihydric
phenols. For example, it is well known that the acid catalyzed reaction of
phenol with specific aldehydes or ketones would prepare the 4,4'-dihydric
10 phenol. In parttcular when phenol is reacted with acetone, the dihydric
phenol 2,2-bis(4-hydroxy-phenyl)propane, also known as bisphenol-A or
~ BPA is formed, which has particular utility in the manufacture of
polycarbonates, polyarylates and copolyestercarbonates as well as epoxies. In
order to make such polymers, in particular polycarbonates, the bisphenol-A
15 must be particularly pure, for example, as measured by color. Additionally,
the process should be particularly efficient with respect to selectivity, yield
and energy use, since the dihydric phenol is a substantial portion of the final
polymer.
The art is replete with references directed to the preparation of
20 bisphenol-A. For many vears, one of the particularly useful catalysts
described in the patent art and emploved commercially has been
hydrochloric acid (HCI). In such a previously known method, glass lined
vessels are charged in a batch/continuous fashion, with phenol, acetone and

recycled by-products from earlier svnthesis. This mixture is continually kept



-2- under a positive pressure of HCl gas, which catalyzes the formation of

» BPA and its by-products. The acetone is reacted to essentially conplete
depl etion. The effluent from said phenol/acetone reaction is sent to an
acid renmoval unit. In this-unit HCl, water and sone phenol are renoved
along with only a 5 trace anmount of unreacted acetone. Once HCl has been
renoved, the renainder of the stream cogptaining the water of condensati on
BPA and unreacted phenol and acetone, i5“sSent to a phenol stripping unit
-wher e phenol and acetone are renpved by distillation. In the process of the
present i nvardergnpesitiveipressurootHCl gaps whichl datalpzesstheformation o BP& f | uent
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10 phenol/acetone reaction unit is sent directly to the phenol stripping unit.
BPA effluent from the distillation unit is then seﬁt to another unit to be
purified by a fractional melt crystallization process. The method involves
purifying impure BPA by fractional meit crystallization in a falling film
dynamic crystallizer. Purified BPA is recovered from the melt crystallizer as
15 flakes by solidifving the molten BPA on a cooled rotating drum. Recycle
residue from the melt crystallizers, containing BPA, phenol, tar, and isomers,
is sent to a recovery unit to separate the phenol and bisphenol-A from the tar
- and isomers. The BPA is then returned to the melt crystallizer feed while the
phenol, tar and isomers are sent to the tar/isomer cracker. The tar/isomer
20 cracker is a com bination reactor/distillation column that uses a cracking
catalyst, such as sodium hydroxide or sulfonic acids, to break down the
isomers and other impurities. The phenol recovered from the tar/isomer
cracker is returned to the reaction and the residue or tar from this cracker is

either sold or burned for fuel value.



cracker is returned to the reaction and the residue or tar fromthis

. cracker is either sold or burned for fuel val ue. -3- The foll ow ng
results were obtained using the described prior art HCI process with
recycle inpurities. Table 1 5 Reacti on Feed
Reaction Effluent Conponent Range Conponent Range
Herr]O - 0.2%0. 4% ' H20 0. 2% 3. 0% Acet one
7.096-. 0% -Acet one 0-8% 0. 2% Phenol 81 0% 88. 0%
Phenol 58. 0965. O’/op BPA - 3.098. 0% ' - BPA
28. 0% 34. 0% o, p' - Bwafo lomnsomaul@%vere obtained using thegl nmrwrgrm 5%
Di ner 0,.29 Di mer 0. 25%0 35% BPX 1
0. 596 0. 30, PFORSs With recycle impyrities.  ")000 (304 Cir onmn’ 0. 296 0. 4%
Chroman  0.35%0.5% Spiro 0 Spiro
0 BPX 11 _0.19%0 29 BPX 11 0. 1% 0. 2% Unknowns
0. 04%0. 5% Unknowns Table?t 0. 9% HCl gas bl anket
HCI 1.10% 3. 0% Al t hough) t he above process has hi gh version of {he
reactant s>t BPA, acﬁmut equi pment is reaﬁﬂﬁﬂ_‘l%hl oric afid
Lﬁaglgggl gnlg cor r&mﬁen?nd F&n&lé nary netallic red% nemanq,(a%gl ng nust| be

0.2%-0.4% H20 0.2%-3.0%
Aoetone 7.0%-8.0% . Acetone 0.0%-0.2%
Phenol 81.0%-88.0% : Phenol 58.0%-65.0%
P.p-BPA 3.0%-8.0% p.p-BPA  28.0%-34.0%
0p-BPA ' 0.5%-1.0% 0,p-BPA 1.0%-1.5%
Dimer 0.2%-0.3% Dimer 0.25%-0.35%
BPX1 0.2%-0.3% 8PX| . 0.26%-0.3%
Chroman 0.2%-0.4% Chroman 0.35%-0.5%
Spiro 0 Spiro 0
8PX #t 0.1%-0.2% BPX 1l 0.1%-0.2%
Unknowns  0.04%-0.5% . Unknowns  0.7%-0.9%
HCI gas blanket HCt 1.0%-3.0%

Although the above process has high conversion of the reactants to
BPA, acid resistant equipment is required. Hydrochioric acid is highly
100 corrosive and ordinary metallic reactors and piping must be changed ona
frequent basis. Glass lined vessels and other exotic equipment is often used;
however, the use of such equipment requires great care because it is easily
damaged. Also, losses of the acid are high which requires acid repla_xéement
for continued effective operation. In addition, caustic is required to '
15  neutralize the acid which results in substantial waste discharge of salts.
Another disadvantage is that equipment is needed to regenerate HCl and to
remove water.
A method of making BPA using an ion exchange resin (IER) catalyst is
described in Patent Number 4,375,567, incorporated herein by reference. The
20 method as described in '567 consists of transporting effluent to a BPA
concentrator, a crystallizer and a solid/liquid separator to effect the

separation of BPA from its reaction by-product and starting reactants which



frequent basis. G ass |ined vessels and other exotic equipnent is often

- used; however, the use of such equi pnent requires great care because it is
easi |y damaged. Al so, |osses of the acid are hi'gh which requires acid

repl acenent for continued effective operation. In addition, caustic is
required to 15 neutralize the acid which results in substantial waste

di scharge of salts. Another disadvantage i s that equipnment is needed to
regenerate HCl and to renove water. A metAsd of maki ng BPA using an ion
exchange resin (1 ER) catalyst is described in Patent Nunber 4,375, 567,
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hydr oxyphenyl ) propane which is recycled to a bi sphenol feed tank. Although
this met hod méﬁ%mﬁ a puallitede of purification progeseeqnipment. ¢ 5

requires the use ' . Of . "y | a&eotfsa ' The
present inventi onﬁgﬁﬁséggh%%qﬁ?gl '8?5%%‘{/2535%9&58% 'y |ﬁ§§g§?‘%m& sphenol
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10 operating complexity, as well as lowers maintenance requirements.
SUMMARY OF THE INVENTION

In accordance with the invention, there is provided a process for
15 making a bisphenol which comprises:
(a) reacting a phenol with a ketone in the presence of an ion exchange
resin catalyst to produce bisphenol; _
_ (b) separating unreacted phenol from the bisphenol produced in step
(a) in a phenol removal unit; .

20 (c) extracting water and acetone from said separated phenol in a
mother liquor dryer unit to obtain a dried phenol and returning the dried
phenol to said reactor;

(d) separating the extracted water from the extracted acetone of step
(c) in a waste water purification unit and returning said acetone to said

25 reactor and transferring said water to a water discharge facility;

(e) separating phenol, isomers, and tar from said bisphenol obtained
from the phenol removal unit in a melt crystallizer by fractional melt

crystallization in a falling film dvnamic crystallizer;



SUMMARY COF THE | NVENTI ON I n accordance with the invention, there is

> provided a process for 15 nmking a bi sphenol which conprises: (a) reacting
a phenol with a ketone in the presence of an ion exchange resin catalyst to

produce bi sphenol; (b) separating unreacted phenol fromthe bisphenol

produced in step (a) in a phenol renoval unit; 20 ., (c) extracting

wat er and acetone from said separated phegol in a nother |iquor dryer unit .

to obtain a dried phenol and returnlng t h& dri ed phenol to said reactor;

d) separating th ted wat r fr e extracted, acetone of ste c
i(n)a wgste watger éh% fﬁ“&rFeEYﬁ qUFthWQPS’&P%I &PEFB%P?‘G“S%S (25)

reactor and Beiﬁ&&n'égsﬁ%h{’s tarlt{:&sﬁal\’i@é |sp eno?@m{)ﬁ'\h{x y; (e)

separating p no | SOMEr s, Fom sal ined fromthe

phenol renoval un(g) fatovering bls;iheﬁbﬁfrbtriﬂfe reyydie aédoveny unitarid returmng
crystallization in a falllngofllmd nam c crystallizer; -5 - (f)
transferri ng%&?@deblﬁﬂbﬁ“@ﬂ] ¥he el llizes; bi sphenol, phenol, tars, and

rocoveri 1 bl sphollh UARGFRRE A AferdL 56 @Em%?fﬂﬁ%%?aﬁﬁeﬁg%ecover ed

bi sphenol t orédovefPuhit®6 wXaftisomer recovery unit; (h) transferring residual
phenol, tars and isoners from said rec%:cl e recovery unit to a tar/isoner
recovery unit; (i) recovering phenol from the tar/isomer cracker wherein the phenoi

is returned to the reactor and the tar is disposed of; and

()] récovering in a bisphenol recovery unit purified bisphenol from the
10 meltcrystallizer.

Brief Descrigtion of Drawing

The accompanying drawing is a block diagram showing an
15 embodiment of the inventive process.

DESCRIPTION OF THE INVENTION

In o_rder that those skilled in the art will be better able to practice the

20  invention, reference is made to the drawing.. There is shown in the schematic
a reactor (5) in which phénol, usually in excess, is reacted with a ketone in the
presence of an ion exchange resin (IER) catalyst to produce crude bisphenol.
Such reactor can be a batch reactor, continuous reactor or other reactor used
by those skilled in the art to effect reactions of this type. Reactor (5) is joined

25  to a phenol removal unit (10) in which phenol is separated from the bisphenol
leaving a crude bisphenol containing less than about 1% phenol. The crude
bisphenol from the phenol removal unit (10) is fed to a melt crystallizer (25),
while the removed phenol and unreacted acetone/water stream is fed to a

dehydration unit (15). Waste water from the dehydration unit (15),



(i) recovering phenol fromthe tar/isomer cracker wherein the phenol is
sreturned to the reactor and the tar is disposed of; and (j) recovering in a
bi sphenol recovery unit purified bisphenol fromthe 10 nelt crystallizer.
Brief Description of Drawing The acconpanying drawing is a block di agram

showi ng an 15 enbodi nent of the inventive process. DESCRI PTI ON OF THE
| NVENTION In order that those skilled inghe art will be better able to
practice the 20 invention, reference is made to the drawing. There is
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returned to the melt crystallizer (25) and the remaining products from the
10 recycle recovery unit (30), the phenol, tar and isomers, flow to a tar/isomer
cracker (35). The recovered phenol from the tar/ isomer.cracker (35) is
returned to the reactor (5), and the tar is burned or sold for fuel value.
The reaction consists of passing phenol and acetone through a
stationary bed of IER catalyst. This reaction can be done in one of two ways;
15 first, until essentially complete acetone depletion or secondly, and preferably,
. by using a partial acetone conversion (PAC) method. The PAC method,
described in Patent Number 5,315,042, incorporated herein by reference,
comprises the steps of contacting phenol and acetone in the presence of an
acidic catalyst under accelerated flow conditions or increased throughput
20 such that the initial production of BPA is increased. The acetone and BPA are
separated from the effluent stream prior to depletion of the acetone whereby
the residence time of the BPA is reduced and undesirable by-products and
color are reduced. The IER reactor effluent, which contains no "free acid", but
only unreacted acetone, phenol, bisphenol-A and its by-products, along with
25  a promoter such as 3-mercaptopropionic acid, or ethyl, methyl or propyl
| mercaptan, is fed to a removal system which removes the water of reaction,
residual acetone, and phenol. Reaction is initiated by heating the phenol and
acetone under substantially anhydrous conditions, that is less than 2% by

weight of water and preferably less than 0.2% by water content weight, to



fromthe waste water purification unit (20) is then recycled to the reactor
« (5). 5 The purified bisphenol fromthe nelt crystallizer (25) is sent to

bi sphenol recovery (40), whereas the recycle residue fromthe nelt
crystallizer (25), containing bisphenol, phenol, tar and isoners, is sent

to a recycle recovery unit (30). The bisphenol recovered in the recycle
recovery unit (30) is returned to the nelA_crystallizer (25) and the .
remai ni ng products fromthe 10 recycle recovery unit (30), the phenol, tar
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up
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crystallizer, for example, as described in Patent Number 5,475,152,

incorporated herein by reference. In a multiple stage fractional melt

15  crystallizer, the crystalline component's purity is upgraded in each successive
. stage, through the phases of crystallization, partial melting (sweating), and
total melting. A preferred ipparatus to carry out the fractional melt
crystallization is manufactured by Sulzer Canada, Inc., a subsidiary of Sulzer
Brothers, Ltd., Switzerland. In this manner, highly pure bisphenol can be
20 obtained without conhmihatioﬁ by extraneous solvents or other materials.
Along with para, para bisphenol, said crude bisphenol composition may
contain side reaction products such as ortho, para bisphenol, chroman, BPXs,
dimers, spirobiindane and isopropenylphenol. The said melt crystallization
operation results in a purified bisphenol product of better than about 99.5%,
25  preferably better than 99.8% and most preferably better than 99.9% purity;_
The by-products from the melt crvstallization unit (25), containing
bisphenol, phenol, tar and isomers, are sent to a recycle recovery unit (30).

The bisphenol recovered in the recycle recovery unit (30) is returned to the



-7- reaction tenperature. The reactants are.passed through a fixed porous
bed of ion-exchange resin at a slight pressure.to nmaintain adequate fl ow
al t hough gravity pressure is also found to be satisfactory. Phenol renoval
in phenol removal unit (10) can be done via nitrogen 5 desorption or
through distillation. It is preferred that the crude:bi sphenol conposition
contain no nore than 10 wei ght percent p@genol. Mre preferably | ess than
about -7 wei ght percent of the crude bisphenol conposition is phenol. Still
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fed to the cidlerqds)stal lizer (25) for purification. The nethod involves
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ortho, par aabomtt:ﬂ*lﬁf'ﬁ)bndéhammhe%&essure. The phenol recovered from the
10 tar/isomer cracker (35) is returned to the reactor (5) and the residue or tar
from this cracker is either sold or burned for fuel value.
The molten, purified bisphenol from the melt crystallizer (25) is
~ recovered in a bisphenol recovery unit (40). The said bisphenol can be
recovered as "flakes" by solidifying the melt on a cold rotating drum or as
s "prills" from a prilling operation. Both methods are well known in the
chemical industry for recovering molten products.

The unreacted phenol from the phenol removal unit (10) of the process
is sent to a dryer to extract the water and acetone from the said removed
phenol ata temperature of from about 126°F to about 202°F. This is the

20  unreacted acetone and water of reaction from the partial acetone conversion
reaction along with some [.)henol, which is part of the azeotrope. The major
portion of the phenol, with the acetone and watér/ phenol azeotrope
removed, is recycled back the reactor (5). |

The water and unreacted acetone along with traces of phenol are then
25  sent to a waste water purification unit (20), wherein said unreacted acetone
~ and phenol is returned to the reactor (5) and the water is transferred to a
waste water discharge facility. The preferred process uses solvents such as
toluene or methylisobutylketone in a.counter current liquid/liquid extraction

column to remove the acetone and phenol from the water of reaction. The



di mers, spirobiindane and isopropenyl phenol. The said nelt crystallization

. operation results in a purified bisphenol product of better than about
99.5% 25 preferably better than 99.8% and nost preferably better than
99.9% purity. The by-products fromthe nelt crystallization unit (25),
cont ai ni ng bi sphenol, phenol, tar and isoners, are sent to a recycle
recovery unit (30). The bisphenol recoveged in the recycle recovery unit _
(30) is returned to the nmelt crystallizer feed, and the phenol, tar, and

i soners fl to.the tar/i I, cracker (35). T ' 35
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tar fromthis cracker is either sold or burned for fuel value. The nolten,
purified bisphenol fromthe nelt crystallizer (25) is recovered in a

bi sphenol recovery unit (40). The said bi sphenol can be recovered as :
"flakes" by solidifying the nelt on a cold rotating drumor as 15 "prills"
froma prilling operation. Both nmethods are well known in the chem cal

i ndustry for recovering nolten products. The unreacted phenol fromthe
phenol renoval unit (10) of the process



Is sent to a dryer to extract the water and acetone fromthe said renoved
- phenol at a tenperature of from about 126[err]F to about 202[err]F. This is
the 20 unreacted acetone and water of reaction fromthe partial acetone
converssion reaction along with some phenol, which is part of the azeotrope.
The maj or portion of the phenol, with the acetone and wat er/ phenol
azeotrope renoved, is recycled back the rgactor (5). The water and :
unreacted acetone along with traces of pﬁ nol are then 25 sent to a waste
wat er purification unit (20), wherein said unreacted acetone and phenol is
returned to the reactor (5) and the wateh is transferred to a waste water
di scharge facility. The preferred process uses solvents such as toluene or
met hyl i sobutyl ketone in a counter current liquid/liquid extraction colum

to remove the acqheprosesd eiiis1ofing 4 BUIK PromBler cafilystedith r&ycleThe - 9-
water is processed through a stripper to renove the sol vent before

di scharge t émpueitiesds deseribed asifollowsnt pl ant to renove the solvent The
BT g e o e S Es L bohab PP B o o U,
o R R SRy ] SO ik AL ooy 115
(WHSV) between 0.2-5.0. The reactor feed stream consists of 74-84 percent by
weight phenpl, between 3.0-8.0 percent by weight acetone, and a mercaptan |
promoter, with the balance consisting of recycle bisphenol-A and recycle
10 impurities. The reactor effluent temperature is typically between 1750F-
200°F. Phenol stripping is accomplished using vacuum distillation or inert
gas desorption. A tg}pical distillation column will have a bottom temperature
of between 275°F-325°F, and at a below atmospheric pressure of between 100-
175mmHg. Desorption is accomplished by passing an inert gas, such as
15 _nitrogen, counter-current to the product feed in a packed column, with
phenol being condensed and separated from the gas flow stream. A typical
desorber will have a bottom and inert gas temperature between 3250F-3850F.,
The composition of the material from the distillation/desorption fed to the
crystallizers is abbut as follows: 70-85 percent by weight p,p'-bisphenol-A,
20 and 15-30 percent by weight reaction by-products. Residue from this step is
sent to recovery where bisphenol-A is recovered and then returned to the
melt crystallizer feed. Light and heavy fractions from recycle recovery are
partially recycled and partly purged to a catalytic cracker, yielding phenol.
The recovered phenol is recycled back to reaction. The composition of the
25 final product should be about 99.9+percent by weight p,p'-bisphenol-A, and
about 0.1 percent by weight other.

The following results were obtained using the PAC reaction process as

disclosed above.



inpurities is described as follows: 5 The reactor enployed is

~ capable of utilizing either full or partial acetone conversion technol ogy
with a weighted hourly space velocity (WHSV) between 0.2-5.0. The reactor

feed stream consists of 74-84 percent by wei ght phenol, between 3.048.0

percent by wei ght acetone, and a nmercaptan pronotér, with the bal ance

consi sting of recycle bisphenol-A and r_eﬁypl e 10 inpurities. The reactor

effluent tenperature is typically between 175[err]F- 200[err]F. Phenol

stripping is—acconplished e MRVZ-Ya31 st S ~-A———1e e

desorption| A typical distillation cofabig2ni || have a bottom tenperatfure of

bet ween 27%[err] F-325[ergl E,. @ t a bel ow at ri ure of bletween

100- 175 g. Desorptionkkgd—'}?éggﬁsa i shed by pas Q%ohCEfﬂhg §gas, such as

15 nitroggn, counter comipbit t ORdnge Product f €oshpoentt paRénged col umm, | with

phenol being condenseql.b@nd sepgbsat-gesedl rom the gge flow sligseamy A typifal

desorber wijll have a and J t gas tenp e bejEee
325[err] F-385[err] F. 9-‘%{o‘fﬁ?éonnposi,‘“f'l,g_g{%‘,of t he na%%fg‘f frgéggﬁg?

di stillatidn/desorpti tﬁ%@ﬂ to tggeysed YSt al | i zergyygpaaboubaegsdadk ol | ows: | 70- 85

percent by jwei ght p, p'o-' gPRNEN0) 7efi3 420 and 15-ggPRr cent sMyei ght
reacti on by products. of due fg@Qédyd S step | Piment to 6.8%Qe% Y Wherg
bi sphenol -A i s recoverggk@nd t hag.fpfurned to tgpxinelt chggtahd i zer feed.
Li ght and hleavy fracti@pemad OM reg@iel € recover yClabmarpar t0.68%-4/2% ecycl ed and
partly purged to a catghpti c crackgr, yielding ggwenol. The eecovered phenol
is recycl ed| back to regmtiion. Thew@®sPOosi ti on oBpx fie 25 o product

shoul d be apout 99. 9+pgwacvais DYo.o¥eb g% P, P’ - bi sphpowds A, 0.e8ed.03tbout O.
percent by leight other he follow ng resy pere obtai ned ing thed PAC
reaction process as disclosed above.

5 The following results were obtained using the full acetone conversion

reaction process as disclosed above with recycle impurities.

Table 3 ]
Reaction Feed Reaction Effluent
Component Range Component Range
H,0 0.025%-0.35% Hy0 1.3%-1.8%
Acetone 3%-8.% Acetone 0.1%-0.3%
Phenol 74%-84% Phenot 62%-68%
p.p-BPA 8%-15% p.p-BPA 21%-27%
" 0,p-BPA 2%-3% 0,p-BPA 2.0%-3.2%
Dimer 3%-4% Dimer 3.0%-4.2%
BPX1 0.6%-1.% BPX1 0.5%-1.5%
Chroman 0.5%-1% Chroman 0.5%-1.5%
Spiro 0.4%-0.4% . Spiro 0.1%-0.7%
BPX Il 0.26%-0.75% . 8rPX il 0.3%-0.9%
10 Unknowns  0.0%-0.1% Unknowns  0.0%-0.2%
II
15 The process employing PAC and an attached promoter catalyst with

and without recycle impurities is described as follows:



~ Table 2 Reaction Feed
. Range

Conponent Range H20 _ 0.04% 0. 15%

H20 0. 95% 1. 5% Acet one 3%48% Acet one
0. 5% 1. 5% Phenol 74% 84% Phenol 58% 65% p, p- BPA
8945 % : p, pBPA - 24% 32% o, p' - BPA 2.79%3. 4% )
op- BPA 3% 4% Di ner 0.4% 0. 5390 . D ner 0.5% 0. 8%
BPX | 1% 1. 4% BPX | 1.3% 1. 8% Chr onman

0, 0, 0,
gprr/ %1' 1 Tbeégg]rp?%r is ca@a§% oof WA /ObeE')ween 2-35 mple mcent of the 30, 0.5
Unknowns

Reaction Effluent Conponent

Quﬁ‘g/ﬁﬁ it ero royps neu lxzeur\bﬂﬂ"iﬁércap v This system 1€

following results wer talned using the fu

process as dlhimPemaihnmnmcbhvenstqmteehnumgyl witha WHEV befivéaat.2:2000. Feed
Reaction Ef

uent Conponent

acet one conversion reaction

Range Co nt nge H20
0. 025%1. 3501 he reactor am consists of pygg pheppla befween 5B¢ (?PS%FB E?

Acet one

62% 68% pp'

2% 3%

10

15

20

w%&ﬂg/ ﬁ&t@g& fglgrm:ycle 1mpu?4&f@s 8% regﬁxr efﬂueﬂ g@w(gure isoon

typically betwpéen E50RF-200°F. Q’%eﬂoﬂgfﬂppmg can be accomplished using
vacuum distillation or inert gas desorption. A tvpical distillation column will
have a bottom temperature of between 2750°F-325°F, and at below
atmosphenc pressure of between 100-175mmlHg. Desorption is accompllshed
by passing an inert gas, such as nitrogen, counter-current to the product feed
in a packed column, with phenol being condensed and separated from the
gas flow stream. A typical desorber will have a bottom and inert gas
temperature between 325°F-385°F. The composition of the material from the
distillation/desorption fed to the crystallizers is about as follows: 80-96

percent by weight p,p'-bisphenol-A, and 4-20 percent by weight reaction by-

products. Residue from this step is sent to recycle recovery where bisphenol-
A is recovered and then returned to the melt crystallizer feed. Light and
heavy fractions from recycle recovery are partially recycled and partly:
purged to a catalytic cracker, yielding phenol. The recovered phenol is
recycled back to reaction. The composition of the final product should be

about 99.9+ percent by weight p,p*-bisphenol-A, and about 0.1 percent by
weight other.



Di mer 3% 4% ' Di mer 3. 0% 4. 2% SPX 1

.05%1. % BPX 1 0.5%1.5% Chronman 0.5% 1%
Chroman - 0.5% 1.5% Spiro 0.1% 0. 4% Spiro
0.1% 0. 7% BPX | | 0.25% 0. 75% BPX 11 0.3%0.9% 10
Unknowns 0.0% 0. 1% Unknowns 0.0%0.2% 11 15 The
process enpl oyi ng PAC and an attached progpier catalyst with and w t hout
recycl e irrpu.rities i s described as foll ows: -12- The IER reactor is

nevtral i zed wi 1 3¢ R e et GeRELERReLhsing TR BBt fe BOL"L00, one
conver si on tﬁsdvpkmumé&cﬁlmﬂﬁﬁ@tween 0.2-20.0. The reactor feed stream

consi sts of pure phenol, bet ween 3.0-8.0 percent by 5 weight acetone, and
recycle inpurities. The reactor effI uent terrperature is typi cal |y between
150[err] F- Zg . - reeonT , e
distillationf or |nert gas desorptlon pt ca d| stlllatlon coI um w
have a bo{tqm tenperature 275[err]F-3 at bel ow
at rmsphe?';i'c pressure of bmlwmﬂ@ Des Zﬁéﬁﬁ{&‘ feRight onplished 10
by passing gn inert gasGomposéntas Rargeogen, countQamponerlentRatmet he prodpuct
feed in a pecked col umH,0wi t h phenal being condaeed and ¥smarated fromthe
gas flow strleam A typigoetondesor bgk.ei || have a Apeloh®m and ixxgt gas
t enper at ur e |bet ween 328wensi] F- 388hgefel F. The cormendit | on @hwisfwe nateri gl

fromthe . P.p-BPA 0 p.p-BPA 11%-30%
" 0,p-BPA 0 o,p-BPA 0.2%-0.8%
- Dimer 0 Dimer 0.03%-0.07%
BPX | 0 BPX I 0.1%-0.7%
Chroman 0 Chroman 0 ,
Spiro 0 Spiro 0.0%-0.02%
BrPX Il 0 8PX i 0.0%-0.06%
Unknowns 0 Unknowns  0.04%-0.1%

The following results were obtained using the process as disclosed

- above with recycle impurities:

10
Table 5 .
Reaction Feed ' Reaction Effluent

Component Range Component Range
H,0 _ 0.25%-0.35% H,0 - 0.75%-1.2%
Acetone 3%-8% Acetone 0.5%-3%
Phenol 74%-84% Phenol 67%-71%
p.p-BPA 8%-15% e.p-BPA 17%-30%
0,p-BPA 2%-3% o,p-BPA 2%-3%
Dimer 3%-4% Dimer 3%-4%
BPX | 0.5%-1% BPX | 0.9%-1.1%
Chroman 0.5%-1% ' Chroman 0.5%-0.7%
Spiro 0.1%-0.4% Spiro 0.08%-0.12%
BPX II 0.25%-0.75% BPX 1t 1%-1.3%
Unknowns 0.0%-0.1% . Unknowns 0.9%-1.1%

15 As shown in the tables above, the IER reaction pfovides quite different

results than the HCl reaction. However, the end product of the integrated



distillation/desorption fed to the crystallizers is about as follows: 80-96
15 percent by weight p,p' -bisphenol-A and 4-20 percent by weight reaction
by- products. Residue fromthis step is sent to recycle recovery where

bi sphenol - A is recovered and then returned to the nelt crystallizer feed.
Li ght and heavy fractions fromrecycle recovery are partially recycled and
partly purged to a catalytic cracker, yieiding phenol. The recovered phenol
is 20 recycled back to reaction. The conposition of the final product

hould b v b i ght, p.p' -bisph | - A d t 0.1
;S)eggent gyaam 0 %‘%’c}aﬁ%ﬁgﬁgﬁe qu w’%@‘%ﬂ? |t§ ﬁ@%%@ﬁﬁﬁcgs%ﬁge @ﬁg’%ﬂgd usi ng
the processend pﬁb&ﬁémgﬂ@%v&admé%wh_sihg%e|fp|$oéé§9é§ ad dRelosddRbsvét S

Reacti on Feed Reaction Effluent Conponent Range
Component Range H20 0 H20 0.5% 1 %
Acet one —3%-8% -S4t O—3+36-33e-Fherel
92% 97% Phenol g3dablef p, p' - BPA 0
pi p' - BP. 11% 30Mife 0 . - BPA :
b 806 0. 8% ok rer Ayt Prbvess o fyention Prag@sl, *0", 20, gbx
(C):h 0BPXIHCI Crystalli@er!Bffliedto Chr ongBR Crvstallizet Effluent
roman Componen Average Componen Average
p.p-BPA  99.8040% pp-BPA  99.9091%
_0,p-BPA  0.0610% op-BPA  0.0350%
: Dimer 0.0120% - Dimer 0.0081%
BPX | 0.0030% BPXI 0.0061%
Chroman  0.0040% Chroman  0.0003%
Spiro 0.0000% , Spiro 0.0000%
8rPxiu 0.0010% sPX Il 0.0114%
Unknowns  0.0150% Unknowns  0.0300%
10 It was unexpected that the said IER reaction process produced such

high purity bisphenol while using less energy and simplifying the integrated
bisphenol reaction process without the harmful chemicals used in the HCI
process. Chlorine emissions, of six pounds 33% HCI per hundred pounds
- BPA, were eliminated. In ac;ldition, the equipment employed in the process
15  of the present invention lasts indefinitely whereas the HCI process equipment
life is limited. It has been shown that the instant invention surprisingly
provides a more efficient, dependable, and environmentally safe process for

manufacturing bisphenols than any previously known bisphenol processes.



Spi

Spiro 0. 0% O. 03% BPXI |
0. 0% 0. 06% Unknowns 0 _ Unknowns

O O4Hﬂﬂﬂm w“n”mn ng results were obtained using the process as
di scl ecycle inpurities; 10 Table 5 Reaction Feed
Reaction Effluent. Conponent Range Conmponent Range
Herr]O 0.25% 0.35% H erE 0.75% 1. 2% Acet one
3% 6% Acet one - 0.5% 3% Phenol 74% 84%
Phenol 7% 71% p..n' - BPA 8% 15% p, p' - BPA
17% 30% o, p' Wit 8 ClaimBglls 0, p' - BPA 2% 3% Di ner
3% 4% Di nmer 3% 4% BPX | 0.5% 1%
BPX | 0.9%4.1% Chropan =~ 0.5% 1% . Chronman
0.5%0.7% Spiro 1- A preressfor making bisphenols whighycompriseg. 08%, 0. 12% BPX | |
0. 25% 0. 75% BPX | 1% 1. 3% Unknowns 0.0% 0. 1%

Unknowns 0.9%.,1% 15 ..shqwn in the tables bov,e, the I ER
reaction provi des ¢ ﬁ%“&&%@m‘w@aq&m%% ngmce ARIPR gXC er,

the end pgoduct Ofreilﬂ‘iakd?}&% iJrSduce bfspﬁénol,

(b) separating unreacted phenol from the bisphenol produced in 'stép

(a) in a phenol removal unit;

10 (c) extracting water and acetone from said separated phenol in a

dehydratioq unit to obtain a dried phenol and returning the dried
phenol to said reactor;

(d) separating the extracted water from the extracted acetone of step
15 () in a waste water purification unit and returning said acetone to said

reactor and transferring said water to a water discharge facility;

(e) separating phenol, isomers, and tar from said bisphenol obtained
from the phenol removal unit in a melt crystallizer by fractional melt

20 crystallization in a falling film dynamic crystallizer;

(f) transferring recycle residue which comprises bisphenol, phenol,

tars, and isomers from said melt crystallizer to a recycle recovery unit;

25 (®) recovering bisphenol from the recycle recovery unit and returning -
recovered bisphenol to the meit crystallizer;

(h) transferring residual phenol, tars and isomers from said recycle

recovery unit to a tar/isomer recovery unit;
30



pro s is identical to the end product of the prior art process. The

.fol Umwamlﬂmﬁmt results were achi eved using the processes as

dis le 6 5 _ Prior Art Process

I nvention Prdce&s HC Crystallizer Effluent | ER Crystallizer Effluent
Conponen Aver age Conmponen Average p.p'-BPA  99.9040%
p.p'-BPA  99.9091% o, pP-BPA  0.0610% 0. p-BPA 0. 0350% Di ner
0. 0120% Di nmer 0.0081% BPXer 0. 0030% BPX
I 0. 0061% Chronman 0. 0040% - Chr oman 0. 0003% Spiro

0. 0000% (i) repovesing pher®l o0 ¢hé Rt/ isomer dacl@r0vherein the phenol BPX

Il 0.0114% Unknpowns _ 0..0150% Unknowns, 0.0300% 10 It
was unexpected thal® ?ﬁ‘g@gﬂﬂl\iﬁ%ﬁ#&f&'}%weﬁﬁbtse‘g'épﬂ?%ﬁgéﬂ such high purity
bi sphenol while using | ess energy and sinplifying the integrated bi sphenol

Gt orine e sai ons® dRcbverit % BlshefoliRk 20es i Pulifell MephdaoR G e
elimnateds |n addinidlbérystallizeegui pnent enpl oyed in the process 15 of the

present invention |lasts indefinitely whereas the HCL process equi pment life
is limted. It has been shown that the instant invention surprisingly

provides a nore effic¢ient ependahl e, ar nvi Lo ntally safe ocess for
manuf act uri ng bi sp?é%ﬂett'ﬂ‘gﬁﬁﬁﬁ? ?%%Wi}gﬁ@"%i\mnﬁ%?%h@m’% ses.
purified bisphenol is better than about 99.8%.

3. A method in accordance with claim 2 wherein the purity of the
purified bisphenol is better than about 99.9%.

4. The method in accordance with claim 1, wherein the bisphenol is

bisphenol-A.

-

5. The method in accordance with claim 1, wherein the reaction is an

excess of a phenol with a ketone.

6. The method in accordance with claim 1, wherein reaction of the

phenol with the ketone in step (a) utilizes partial acetone conversion.

7. The method in accordance with claim 1, wherein reaction is a

continuous process.

8. The method in accordance with claim 1, wherein reaction occurs in
a b_atch reactor.



- 15 - What 15 chraimed—s: 1. A process for maki ng bi sphenol s which

. conpris i a phenol with a ketone.in the presence of an ion
exchanggm,um””ﬁaaﬂﬁm catal yst to produce bi sphenol; (b) separating
unr eact ed phenol x e bi sphenol produced in.-step (a) in a phenol
renoval unit; 10 (c) extracting water and acetone from said
separ ated phenol in a dehydration unit to ?bt ain a dried phenol and
returning the dried phenol to said reactb?,'(d) separating the extracted
water fromthe extracted acetgne of step 15 ... (c) in a waste water
purification unit%anhepsecassohglaimi iwhereinthe distillationy performedsinstep (b)

phenol 1 sonaried e A fefptBite of AmB4IFE B hl # FEIRRE Lheno
removal .uni t atmosphigictpressifie df absat 3Drh HE hbsslate. el t 20

crystallization in a falling filmdynamc Crystallizer; (f) transferring
recycl e resi due which conprises bisphenol, phenol, tars, and isoners from

id | t tal Lj t l. Pt 25 . '
b1 sphenol 11 om ¢ nd0r Shs sPates BEVERG | RGN (s fatpied et boelinieEy oo henol
to the melt gigwid ékirk&ﬁlfri at(me:ﬁvgﬁﬁfx‘é_rf{-érﬂq\lfo@xﬂﬂ T toRibere 20242 s and

I soners fromsaid recycle reco y unit to a tar/isomer recovery unit; 30

11. The process of claim 1 wherein the reaction of phenol and ketone

in step (a) is carried out at a temperature from about 175°F to about 200°F.

12. The process of claim 1 wherein the recvcle residue from the melt
crystallizer is distilled at a temperature of about 273°F to remove a light
fraction and an intermediate fraction between about 372°F and about 390°F

under a pressure of about4 mm Hg.

13. The process of claim 1 wherein recovery of phenol from step (i) is
carried out by catalytic cracking is carried out at a temperature from about
310°F to about 510-F.

14. The process of claim 1 wherein the purified bisphenol from the

- meltcrystallizer is flaked in a bisphenol recovery unit.

15. The process of claim 1 wherein the purified bisphenol from the

melt crystallizer is prilled in a bisphenol recovery unit.
16. The product made in accordance with claim 1.

17. A process for making bisphenols consisting essentially of:



- 16- (1) recover ng phenol fromthe tar/isomer cracker wherein the phenol

., 1s retur r and the tar is disposed of; and (j) recovering
in a bi smnmmlﬂmu)umﬂ"lm t purified bisphenol fromthe 5 el t

crystalliZer® 22 A méthdd in accordance with claim 1 wherein.the purity of
the purified bisphenol is better than about 99.8% 3. A nmethod in
accordance with claim2 wherein the puri t.}/8 of the purified bisphenol is

better than abo(t '99.9% 4. The nethod in‘accordance with claim 1, wherein
t he bi sphenol is bisphenol-A 5. The nethod in accordance with claim1,
wherei n the react@bfepctinga phenakwith akeipne in the presencefAnionexchangeet hod

I n accordance wt ' v@gr | 0k i.ogn of the phenol with the ketone
in step (a) util i@g@%{ﬁft‘v%%}o cé’t%ggé”s}g}%bggsi on. 7. The method in
accordance with claim11, wherein reaction is a continuous process. 8. The

met hod in accord Jakdti ' dem | \ Ubfod :
react or. -17-6{3%5%1(3#3}%%%22?% C alﬁl?r&vxﬁgﬁ%aib??’th %gsd %#Iegtlﬁgw
performed i n st ep(a)lin aiphenal remdvalunigt a tenperature of about 410[err]F

and under a reduced atnospheric pressure of about 35 mm Hg absel ute.

(c) extracting water and acetone from said separated phenol ina

mother liquor dryer unit to obtain a dried phenol and returning the
dried phenol to said reactor;
10 : :
- (d) separating the extracted water from the extracted acetone of step

(c) in a waste water purification unit and returning said acetone to said

reactor and transferring said water to a water discharge facility;

15 (e) separating phenol, isomers, and tar from said bisphenol obtained
from the phenol removal unit in a melt crystallizer by fractional melt

crystallization in a falling film dynamic crystallizer;

(f) transferring recycle residue which comprises bisphenol, phenol,

20 tars, and isomers from said melt crystallizer to a recycle recovery unit;

(g) recovering bisphenol from the recycle recovery unit and returning

recovered bisphenol to the meit crystallizer;

25 (h) transferring residual phenol, tars and isomers from said recycle

recovery unit to a tar/isomer recovery unit;

(i) recovering phenol from the tar/isomer cracker wherein the phenol
is returned to the reactor and the tar is disposed of; and

30 .
(j) recovering in a bisphenol recovery unit purified bisphenol from the
melt crystallizer.



10. The process of claim1 wherein step (c) is carried out by |iquid-
‘liquid extraction at a tenperature-from about. 126[er]F to about 2020F. 11.
The process of claim 1l wherein the reaction of phenol and ketone in step
(a) is carried out at a tenperature from about 175[err]F to about
200[err]F. 12. The process of claim1 wherein the recycle residue fromthe
melt crystallizer is distilled at a téﬁﬁérature of about 273[err]F to
renove a light fraction and an internediate fraction between about
372[err] F and about 3 Foiind r mnm Hg. 13. The
process of claim1l m%%é?ﬁ%]rse&%ewkg nol'sﬁ%ﬁgggg%'o?’l) is carried out
by catalytic cracking is carried out at a tenperature from about 310[err]F
to about 510[err]F. 14. The process of claim1l wherein the purified
bi sphenol fromthe nelt crystallizer is flaked in a bisphenol recovery
unit. 15. The process of claim1l wherein the purified bisphenol fromthe
melt crystallizer is prilled in a bisphenol recovery unit. 16. The product
made in accordance with ctai&Bgzgg T i ng bi sphenol s
consisting essentially of: - 18- qra?Fﬁeggyﬁng%%ﬁol with a ketone in
the presence of an ion exchange resin catalyst to produce bi sphenol; (b)
separating unreaciadinégranld proeesd o the pRiparation Ad yecsVery of adiisphenol
(a) in a phepal renpyval u&nité.gc}eex,tra til?e%owateé arl{j a et&pe fromsaid
separ at ed ph:&ﬂﬁ?‘{?ﬁ e condensation reaction of a ne and a phenol in the presence

of an ion-exchange resin.

-Figure 1



mot her | i quor dryer unit to obtain a dried phenoi and returning the dried

.phenol to said reactor;
extracted acetone of step (c)

10 (d) separating the,extracted water fromthe
in a waste water purification unit and

returning said acetone to said reactor and transferring said water to a
15 (e) separating phenol, isonmers, and tar
from sai d bi sphenol obtained fromthe phenol renoval unit in a nelt

wat er di scharge facility;

crystallizer by fractional
crystallizer; (f) transferring recycle r
and isomers fro
(g) recovering
unit and returning recovered bi sphenol
(h) transferring residual
recovery unit to a tar/isoner recover
" tar/isomer cracker wherein the phe
tar is disposed of; and 30 (j) recq
purified bi sphenol fromthe nelt cn

phenol , 20 tars,
recycle recovery unit;
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