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application relates to a process for producing high-purity bi si4-
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hydroxy 5 conpounds, which are obtained b){ aci d-cat al ysed reaction of the
aromati c hydroxy conpounds wi th ketones: !Bi sphenols, as condensation
products of phenols and carbonyl conpounds, constitute starting materials
or internediate products for the production of a wi de range of 10

commer ci al pmwﬂrogamggn&iaﬁbﬂ ar industrial significance is the
condensati on product romthe reaction between phenol and acetone,
2, 2- bi s(4- hydr oxyphenyl ) propane (BPA). BPA serves as the starting nateri al
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t he presence of catalysts, a product 25 mxture arises I ch
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i ndans, hydroxyphenyl indanols, hydroxy-
matenials. such as, for example, polyarylates, polyetherimides, polysulfones and
modified phenol-formaldehyde resins. It is preferably used in the production of epoxy

15 resins and polycarbonates.

Industnially relevant BPA production methods are known and are based on the acid-
catalysed reaction of phenol and acetone, wherein a phenol-acetone ratio preferably
greater than 5 : 1 is established in the reaction. The acid catalysts used may comprise
20 both homogeneous and heterogeneous Brensted or Lewis acids, such as for example
strong mineral acids such as hydrochloric or sulfuric acid. Gel-form or macroporous

sulfonated cross-linked polystyrene resins (acidic ion exchangers) are preferably used.

When phenol is reacted with acetone in the presence of acid catalysts, a product
25 muxture arises which primarily contains BPA and water, in addition to unreacted
phenol and optionally acetone. In addition typical condensation reaction by-products
arise in small quantities, such as for example 2-(4-hydroxyphenyl)-2-(2-hydroxy-
phenyl)propane (o,p-BPA), substituted indans, hydroxyphenyl indanols, hydroxy-
phenyl chromans, substituted xanthenes and more highly condensed compounds

30 having three or more phenyl rings in the molecular framework.



phepyl chromans, substituted xanthenes and nore highly condensed conpguags,
30 having three or nore phenyl rings in the nolecular framework. 1

20L1 WO 011%WE1UA6BET/ EPOO/ 12324 2 The above- menti oned by- prifdERM/12324 g |
as water, phenol and acetone, inpair the suitability of BPA for the
production of polynmers and have to be separated off by suitable processes.
High purity levels are required of the raw material BPA in particular in

t he production of polycarbonate. 5 One nethod of working up and purifying
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an approxi mately equi nolar crystalline adduct with phenol by cooling of

t he reacti onsuitakility ®f BRA Hon the mpdugiieanefi palmasistandchayg to dreyseparafadseld bys a

crystal suspensipn. The BPA/ pheng dduct cr ) e . ed
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such as a ro%,;g-ﬁyulaliinttﬁépﬁfdugmﬁdsfiﬁdygﬁ;b@a@_fed to a further purification

stage. Adduct crystals thus obtained typically exhibit a purity of > 99 %
BPA rel &tive to the minor constituents with a phenol content of
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contain one onp e group co ng acetone, water,
phenol , BPA aagiidH ARktueOfiSihet fdftof ant iprexdahidtly equitioBr Srystallindaedduet mdthed of
contam nants adhering to the surface. The liquid stream (nother |iquor)
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arose previ ofishyasagotagyfilierpr cenfrifuge, and fed to a further purification stage.

Adduct crystals thus obtained typically exhibit a purity of > 99 % BPA relative to the
minor constituents with a phenol content of approximately 40 %. By washing with
15 suitable solutions, which typically contain one or more components from the group
comprising acetone, water, phenol, BPA and minor constituents, the adduct crystals

may be relieved of contaminants adhering to the surface.

The liquid stream (mother liquor) arising during solid/liquid separation contains
20 phenol, BPA, water arising during the reaction, unreacted acetone and has an
increased content of the minor constituents typically arising during BPA production.
This mother liquor stream is fed back into the reaction unit. In order to maintain the
catalytic activity of the acid ion exchangers, water which arose previously is removed
by distillation, wherein acetone which may still be present is also removed from the
25 mother liquor. The dewatered reaction stream thus obtained is replenished with
phenol and acetone and fed back into the reaction unit. Alternatively, water and
acetone may also be removed wholly or in part by distillation prior to performing
suspension crystallisation of the BPA phenol adduct. During the above-mentioned
distillation steps, some of the phenol present in the reaction solution may also be

30 separated off by distillation.



by distillation, wherein acetone which may still be present is also riemdiedlt
fromthe 25 nother |iquor. The dewatered reaction streamthus obtained is
.repl eni shed WQH/46HMenol and acetone and fed back into the rBatEPUA23 ¢ .
Alternatively, water and acetone nay al so be renoved wholly or in part by
distillation prior to performng suspensien crystallisation of the BPA
phenol adduct. During the above-nentioned distillation steps, sone of the
phenol present in the reaction solution nay al so be 30 separated off by
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associ ated w arecirculation nethod is that the contents of by-
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of the recircul a]tFed stream. throu 81 rearrangenent unit filled with acid
i on exchangefOBPEETCER P ?tEﬁH'Pﬁbg Sgu?:%“ation and before or after the
separation of water and residual acetone. This unit is generally operated
at higher tenperatures than the reaction unit. In this rearrangenent unit
under the prBvaddiiion it bagiptovemsdvavageons ta pass parer aélot?{slﬂlbtr%mﬂgat@f StBRM
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icrystallisation of the reaction solution and solid/liquid separation are
fed to generally operated at higher temperatures than the reaction unit. In this rearrangement
unit under the prevailing conditions, some of the minor constituents of BPA
production present in the recirculated stream are isomerised to form BPA, such that
the total BPA yield may be increased.
15
The BPA/phenol adduct crystals obtained subsequent to the above-described
suspension crystallisation of the reaction solution and solid/liquid separation are fed to
further purification stages, wherein separation of phenol and optionally a reduction in
the concentration of minor constituents is achieved.
20
Thus, the adduct crystals of phenol, organic solvents, water or mixtures of the above-
mentioned solvents may be recrystallised by suspension crystallisation. By selecting
suitable solvents, it is also possible to separate off wholly or in part the phenol present
in the adduct crystals. The phenol which may remain in the BPA after recrystallisation
25 is then separated off completely by suitable methods involving distillation, desorption

or extraction.

Alternatively, the phenol may also be removed from the adduct crystals by melting
processes. However, during these processes, the BPA is subject to elevated

30 temperatures, which results in unwanted BPA dissociation.



further purification stages, wherein separation of phenol and optiomal ;.
rreducti‘on in the concentration of mnor constituents is achieved. 20 Thus,
t he adduct cwePEH#E0Hf phenol, organic solvents, water or ni REGERSEB24 he
above- mentioned solvents nmay be recrystallised by suspension
crystallisation. By selecting suitable sdl-vents, it is also possible to
separate off wholly or in part the phenol present in the adduct crystals.
The phenol which may remain in the BPA after recrystallisation 25 is then
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processes, the BPA is subject to elevated, 30 tenperatures, which results
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therefore an I M rocess for separating adducts of bis(4-
hydr oxyar yl )gﬁ)%gﬁgg‘%%gﬁ'aronatic hydr oxy conpounds, in which the bis(4-

hydr oxyag yl )al canes (bis(4-hydroxyaryl)al kane/ aryl hydroxy adducts) are
obtained in _hjighly gure form 5 It has now been found that this obj ect
may be achi eVepAsHivabessefonad that thik ghisehiay Ae aclieddi{# specit] @mangamirit 3R
therefore prg)yéégﬂ et he use of a desorber (1) with a distillation unit 10
optionally connected upstream for separating bis(4-hydroxyaryl)al kanes from
bi s(4- hydroxyaryl)al kane/ aryl hydr oxy adducts. Using this device,
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10 optionally connected upstream for separating bis(4-hydroxyaryl)alkanes from bis(4-
hydroxyaryl)alkane/arylhydroxy adducts.

Using this device, bis(4-hydroxyaryl)alkane/arythydroxy adducts may be melted
under product-protective conditions and separated from the aromatic hydroxy

15 compounds.

In a preferred embodiment, 2,2-bis(4-hydroxyphenyl)propane is separated off from
2,2-bis(4-hydroxyphenyl)propane/pheno! adducts in the desorber (1).

20 Desorption is performed in the desorber (1). The phenol is separated off and the final
BPA product is obtained as a bottom product. The desorber (1) preferably consists of
tube bundle heat exchangers. These tube bundle heat exchangers are in particular
arranged upright and provided at their lower part with a number of nozzles, via which
a hot inert gas, in particular nitrogen, is introduced. The gas is preferably recirculated.

25 The heat exchanger is heated (6) by tubes and via the outer jacket. The spaces
between the heat exchanger tubes are filled on the product side with ceramic spheres

(steatite). The product chamber of the desorber is mainly filled with liquid.

The phenol, once distilled off, arrives with the gas at condensers (2) and is then fed to

30 the phenol collecting receiver (3).



under product-protective conditions and separated fromthe aromatic hydroxy;ii
15 conpounds. In a preferred enbodi nent, 2, 2-bis(4-hydroxyphenyl)propane is
.separ at ed of WG 91610492 2- bi s( 4- hydr oxyphenyl ) pr opane/ phenol abB@UEPEN/i2324 he
desorber (1). 20 Desorption is perfornmed in the desorber (1). The phenol is
separated off and the final BPA product-§s obtained as a bottom product.
The desorber (1) preferably consists of tube bundle heat exchangers. These
t ube bundl e heat exchangers are in particular arranged upright and
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outer jacket. The spaces between the heat exchanger tubes are filled on

t he product SPHRSHMYh ceramic spheres (steatite). The product chanber of
the desorber is mainly filled wwth liquid. The phenol, once distilled off,
arrives with the gas at condensers (2) and is then fed to 30 the phenol

col | ectisng r #oemanttaifi33 . lod7 okddén? 06eteMOird) thed GédituBEEd iO4n,1 2dk4-up ghe igas

| eavi ng the co de&sers §2 and ?eparat ors (3) is preferably cleaned in a
scrubbi ng t oREsterebly supRf §R41Y-y a filter (5) and punped back into the
desorber via conpressors. 5 To maintain a | ow oxygen content in the
recircul ated stream make-up gas is preferably supplied constantly. The
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.the process are nelted under product-
alkane/arylhydroxy adducts arising during the process are melted under product-
protectivé conditions and separated by distillation and/or desorption from the aromatic

hydroxy compounds.

15 Separation is preferably performed in such a way that the value of the aromatic

hydroxy compounds lies below 50 ppm.

In a preferred embodiment, 2,2-bis(4-hydroxyphenyl)propane is separated off from

2,2-bis(4-hydroxyphenyl)propane/phenol adducts.

20
Separation is preferably performed by desorption, optionally preceded by distiliation.
A mixed crystal melt with a phenol content of from 40 to 5 %, preferably 20 to 10 %,
particularly preferably 15 to 10 %, is preferably fed to the desorber.

25

The temperature of the melt in the desorber is generally 160°C to 210°C, preferably

170°C to 200°C, particularly 180°C to 195°C. The temperature is preferably

established by the in-flowing melt and extemal heating means. The heating surfaces

of the external heating means are preferably at from 165°C to 230°C, in particular 185
30 to 200°C.



protective conditions and separated by distillation and/or desorption I|_!rhps;|13&
the aromatic hydroxy conmpounds. 15 Separation is preferably performed if' *
'such a way t MW 04804yl ue of the aromatic hydroxy conpoundsPETEBMHEBYwW 50
ppm In a preferred enbodi nent, 2, 2-bis(4-hydroxyphenyl)propane is
separated off from 2, 2-bis(4-hydroxyphen§l) propane/ phenol adducts. 20
Separation is preferably perforned by desorption, optionally preceded by
distillation. A mxed crystal nelt with a phenol content of from40 to 5 %
preferably 2@uf quifitoor @?ﬁﬁtf&dﬁh@& o RAE HEOARK Yambanis préfdraklly t BRETET &P Y
fed to the desorber.” 25°The tenperature of the nelt in the desorber is
general |y 1680 md, y@gjcuiardfer a0 yn’, pA0C oHBRAMBeng addict alizwurg 180C t o

195C. The tenperature is preferably established by the in-flowing nelt and
external heating neans. The heating surfaces of the external heating neans
are preferab r 5 - i o
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anount s 5pr ef g1 padliguliroftérmparificestod 18369 208°C, ipfiopfr dnhigUhtdthd 8ésorbe? 50 nB, per
n8 of BPA/ phenol adduct m xture. The gas is preferably adjusted by
preheating to tenperatures above 160C to 230C, 5 in particular to
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The gas is pTht gaald pref@ahiy cutitdutaled hiter debogiontbyotodtnigmd| separatiol of the
separation of the

phenol. To this end, the gas is preferably scrubbed and cleaned by filtration. A
10 quantity of gas of approximately 1 - 5 % is preferably discharged from the

recirculated stream.

The gas in the recirculated stream should preferably have an oxygen content of below

10 ppm, preferably 3 ppm, particularly preferably | ppm.

15
Abraded metallic and ceramic solid material is preferably removed from the
recirculated gas stream in sintered filter cartridges.
Cooling of the gas (optionally incl. phenol injection) proceeds in such a way that
20 product which may co-evaporate in the cooled gas stream is not deposited on the
cooler surface of the condenser and the apparatus, piping and measuring means
installed downstream.
The melt flow to and from the desorber is preferably filtered.
25

The level in the desorber is preferably set at 10-15 cm above the inlet and the packing.

The gas is preferably conveyed through a desorber filled with packing via distributor
tubes and nozzles open at the bottom in counterflow to the melt flowing from top to

30 bottom.



phepol . To this end, the gas is preferably scrubbed and cleaned by , ., .
filtration. A 10 quantity of gas of approximately 1 - 5 %is preferably 2004
-di schar ged f Wsh#1/46&04 recircul ated stream The gas in the recP¢HEPMYIR4
stream shoul d preferably have an oxygen content of below 10 ppm
preferably 3 ppm particularly preferably71 ppm 15 Abraded netallic and
ceramc solid material is preferably renoved fromthe recircul ated gas
streamin sintered filter cartridges. Cooling of the gas (optionally incl.
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co-evaporate In gas streamis not posi t

surface of thé ofordesseionalmted.he apparatus, piping and measuring means
install ed dowmnstream The nelt flowto and fromthe desorber is preferably
filtered. 25 The level in the desorber is preferably set at 10-15 cm above

the inlet andnt b Rapkisdge diPs 495 Mblf 5 Brabtayt, COMUBNRL LRAIH) B the

desorber filled w packing via distri nozzl es open at the
bottom 5n codesbeberl ow to the nelt flowing fromtop to 30 bottom WO

01/ 46104 PCT/ EPOO/ 12324 7 The nunber of nozzles in the distributor tubes
anounts to preferably 800 to 1500 per nR of cross-sectional area. An
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the 5 desorber. The residence tinme of the product ne n the desorber
anounts prefdpabhy to | ess than 30 mns.

10 The invention further provides a device for separating bis(4-hydroxyaryl)alkanes and
aromatic hydroxy compounds from bis(4-hydroxyaryl)alkane/arylhydroxy adducts,
characterised by a desorber, which contains tube bundle heat exchangers and wherein
the spaces between the heat exchanger tubes are filled on the product side with
ceramic spheres (steatite) and the product chamber is mainly filled with liquid and

15 wherein the heat exchangers are arranged upright and provided at their lower part with
a number of nozzles, via which a hot inert gas, in particular nitrogen, may be
introduced, having a means for diverting the phenol, once distilled off, and the gas to
a condenser and a phenol collecting receiver connected thereto, together with a
scrubbing tower connected to the phenol collecting receiver and optionally filters for

20 cleaning the gas leaving the condensers and separators and a means of retuming the

gas to the desorber.

In Fig. 1, the reference numerals denote as follows:
(1) desorber
25 (2) cooler
(3) phenol outlet
(4) gas scrubbing tower
(5) filter
(6) heating means
30 N mixed crystal introduction unit
8) product removal unit

(9)  heater



10 The invention further provides a device for separating 17 MY T
bi-s(4- hydroxyaryl)al kanes and aromatic hydroxy conpounds from

-bi s(4- hydr ox & 1/46394&k ane/ ar yl hydr oxy adducts, characteri sedPGVERMEIH ber
whi ch contains tube bundl e heat exchangers and wherein the spaces between
t he heat exchanger tubes are filled on th&-product side with ceramc
spheres (steatite) and the product chanber is mainly filled with liquid and
15 wherein the heat exchangers are arranged upright and provided at their

| ower part heL.of nozzles, via which a hot inert gas, in
particul ar m%d;oggﬁg& %eo i ntroduced, having a neans for diverting the
phenol , once(di)st s¢rubbingffateranidt t he gas to a condenser and a phenol

col l ecti ng r?zﬁi ver ﬁonnect ed thereto together with a scrubbing tower
connected toltHe PHURRIRE A QUlELg recei ver and optionally filters for 20
cl eaning the gas | eaving the condensers and separators and a nmeans of
returning the gas to the desorber. In Fig. 1, the reference nuneral s
denote &s foﬂhofﬁlowi(lg)‘ixdmptnslsewe%exlﬂyindhﬂ)iwpntiqns)l'hphmtvoliomistméiim(lw)i tgas
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(11) -scrubbing water inlet (12) scrubbing water outlet 5 The foll owing s o,
Exanpl es serve to explain the invention. The invention is not limted to™ e
t he Exanpl es Wonie46d0hot ot herwi se i ndi cat ed, percent ages st aP@I/EB#0/12324
percentages by weight. WO 01/46104 -9- Exanple Exanple 1 1 M,' 2P4

PCT/ EPOO/ 12324 5 The BPA/ phenol adduct c¢$stals arising during the

aci d-cat al ysed reaction of phenol and acetone with subsequent suspension
crystallisation are separated off fromthe |I|iquid phase by a rotary filter
and cl eaned to a separation unit for separating BPA from phenol.

To this end,ﬁégnrr{gigd crystal nelt wth a phenol content of 15 %is punped
into a desorber (1). The tenperature of the nelt in the desorber is
adjusted to 10 190C by nelt feed and heating, wherein the tenperature of

the heating £Xampled " anpunts to 200C. For the purpose of desorption,
nitrogen (N2) is introduced, wherein the anount of nitrogen amounts to 200
nB8/ n8 of BPA/ phenol m xture and the N2 tenperature is 15 adjusted to 195C
by preheat i nThpBRA/phencdatldycticnystals hesidg slornibg the wfid-eatalyesbraatiiamobphenol
cooling and separation qQf the phenol, the nitr n is recircyl ,

Sor ubbad and S REdAEs Yo seRealeREPATISSAD UM A PRl At G the
relation to ghgid sk 6Ylaabedy fMilkr 8AdleahkdaAURY 0% sSpaaiin Mat ks dhaahiag ged.
20 The nitrogen i's conveyed ¥hrough a desorber filled with packing via

di stribut or BRfe§omaphennbZol this anden mixed erystabmels withve planot eotedwftld %he
melt flow ng errn%gEl tm(%g atcﬁes:(l):)rgtelI 85“ The temperature of the melt in the desorber is adjusted to

!

10 190°C by melt feed and heating, wherein the temperature of the heating surfaces

amounts to 200°C.

For the purpose of desorption, nitrogen (N;) is introduced, wherein the amount of
nitrogen amounts to 200 m*/m’ of BPA/phenol mixture and the N, temperature is
15 adjusted to 195°C by preheating prior to entry into the desorber. After desorption by
cooling and separation of the phenol, the nitrogen is recirculated, scrubbed and
cleaned of BPA or BPA phenol sublimate by filtration. In relation to the recirculated

stream, an amount of 3 % of N3 is discharged.

20 The nitrogen is conveyed through a desorber filled with packing via distributor tubes
and nozzles open at the bottom in counterflow to the melt flowing from top to bottom,

2 cross-sectional area amounts to approximately

wherein the number of nozzles per m

1100. An excess pressure of approximately 20 mbar is preferably established at the

top of the desorber and the level in the desorber is set at 15 cm above the inlet and the
25 packing.

To achieve a high BPA quality, it must be ensured that the oxygen content in the

recirculated nitrogen is below 1 ppm and abraded metallic and ceramic solid matenai

is removed from the recirculated nitrogen in sintered filter cartridges, and that the

30 melt flow to and from the desorber is filtered. Furthermore, the residence time of the

product melt in the desorber unit should amount to < 30 mins.



wherein the nunber of nozzles per nR cross-sectional area anounts g7 M LN
apprOX|nater 1100. An excess pressure of approximately 20 nbar is
.preferably es¥@bl/4dted at the top of the desorber and the | BGEEPPHI2Z3He
desorber is set at 15 cm above the inlet and the 25 packing. To achieve a
hi gh BPA quality, it nust be ensured thatlthe oxygen content in the
recirculated nitrogen is below 1 ppm and abraded netallic and ceramc solid
material is renoved fromthe recirculated nitrogen in sintered filter
cartridges, BBldedf r34] AT red.
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shoul d annunmhuuﬂcaﬂrnsmSSOppﬁo7 MAY 2004 WO 01/ 46104 PCT/ EPOO/ 12324 -10
In this way, a BPA is obtained which exhibits a high level of purity
(>99.5% and | ow phenol contents (<50 ppm. -11 CLAIMS 1. Use of a
desorber (1) wth nitrogen and optionally a distillation unit connected
upstream for separating bis(4-hydroxyaryl)al kanes and aromati ¢ hydr oxy
conmpounds from bis(4-hydroxyaryl)al kane/ aryl hydroxy adducts. 2. A process
for separating bis(4-hydroxyaryl)al kanes from adducts of bis(4-

hydr oxyaryl ) al kanes havi ng aromati c hydroxy conpounds, which is
characterised in that the crystallized, filtered-off and purified

bi s(4- hydroxyaryl ) al kane/ aryl hydroxy adducts arising during the process
are nelted under product-protective conditions and separated by desorption
Wi th nitrogen of the aromatic hydroxy conpounds and optionally by
distillation



upstreamto the desorption. 3. A process according to claim 2, N.2Y 7001
characterised in that 2,2-bis(4-hydroxy- phenyl)propane is separated ffﬁ% *
2, 2-bis(4- hydroxyphenyl)propane/phenol adducts. 4. A process according to
clain12, characterised in the the quanijty of gas introduced into the
desor ber amounts preferably to from 100 to 300 nB8 per n8 of BPA/ phenol
adduct m xture and the gas tenperature is above 160C to 230C. 5. A process
according to claim 2, characterised ChAINM8t the gas is recirculated after
desorption by cooling and separation of the phenol and approxinmately 1-5 %
of the gas is preferably discharged fromthe recircul ated stream 6. A
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t he spacep(paideRyuryldlRataIhgkoRABdRIctst ubes are filled on the product side
wWth ceram c spheres (steatite) and the product chanber is mainly filled

with liquid and wherein the heat exchangers are arranged upright and
provi ded2at t h‘elprrotass\eforpamaramgh bis(hrbpdrexyavy!)ailanes eﬁrprm/laddwtts chf is(Rot
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scrubbing tower (4) connected to the phenol collecting receiver and
opt i onal lising dueng theqyro¢ess arsl meltadigdenproguet-fretactiveconddions aad separated by and
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upstream to the desorption.

3. A process according to claim 2, characterised in that 2,2-bis(4-hydroxy-

phenyl)propane is separated from 2,2-bis(4-hydroxyphenyl)propane/phenol adducts.

4, A process according to claim 2, characterised in the the quantity of gas introduced
into the desorber amounts preferably to from 100 to 300 m® per m® of BPA/phenol adduct
mixture and the gas temperature is above 160°C to 230°C.

5. A process according to claim 2, characterised in that the gas is recirculated after
desorption by cooling and separation of the phenol and approximately 1-5 % of the gas is

preferably discharged from the recirculated stream.

6. A device for separating bis(4-hydroxyaryl)alkanes and aromatic hydroxy
compounds from bis(4-hydroxyaryl)alkane/arylhydroxy adducts, characterised by a
desorber (1), which contains tube bundle heat exchangers and wherein the spaces between
the heat exchanger tubes are filled on the product side with ceramic spheres (steatite) and
the product chamber is mainly filled with liquid and wherein the heat exchangers are
arranged upright and provided at their lower part with a number of nozzles, via which a
hot inert gas, in particular nitrogen, may be introduced, having a means for diverting the
phenol, once distilled off, and the gas to a condenser (2) and a phenol collecting receiver
(3) connected thereto, together with a scrubbing tower (4) connected to the phenol
collecting receiver and optionally filters (5) for cleaning the gas leaving the condensers (2)

and separators (3) and a means of returning the gas to the desorber (1).



