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the presgnce Shmtid

prg&u%ltsy ?)ttsparti'%:uparr Cl)lchJ%Erial significance is the condensation product
from the reaction between phenol and acetone, 2,2-bis(4-hydroxyphenyl)propane
(BPA). BPA serves as the starting material for the production of various polymeric
materials 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.

Industrially 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 Bronsted 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  mixture 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 indenes, hydroxyphenyl indanols, hydroxy-
phenyl chromans, substituted xanthenes and more highly condensed compounds

30  having three or more phenyl rings in the molecular framework.
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25 mixture arises which primarily contains BPA and water, in addition to
unr eact ed phenol and optionally acetone. In addition typical_condensation
reaction by- arise in small quantities, such as1ﬂﬂP%&§ﬁ%P§n3

2- (4- hydr oxyphenyl ) - 2- (2- hydr oxy- phenyl ) propane (o, p-BPA), substituted

I ndenes, hydroxyphenyl indanols, hydroxy- phenyl chromans, substituted
xant henes and nore highly condensed conpodinds 30 having three or nore
phenyl rings in the nolecular framework. IN 11 IT WD 01/46105

PCT/ EPOO/ 12323 -2 The above-nenti oned by-products, as well as water, phenol

and acet one, Them@Bbve-inBftioredi Hyeprotihdty, 2fwdPas fvater, pienpl adlligdetdie, @hpgipthener s
and have to be separated off by suitable processes. Hi gh purity levels are
required of Suitabildy, ofeBRA ifar thsrprofyctionefh pelymess and have tprhsdssppsatnd off by

pol ycar bonat g.: ogh: [ up..a PV [ the
separation o?u I@E%fogrgh&%}geﬁlg{eg@ﬁ%%&%sx% G @Pﬁ% ﬁ)]:af {fhg?rr%agﬁlagﬂ{ﬁ BPA'H)
appr oxi mat el partiqulaninl the poodystial of podycadshmate. Wi t h - phenol by cooling of the
reaction mxture, with the BPA/ phenol adduct being crystallised as a

crystal suspension. The BPA/ phenol adduct crystals are then 10 separated

fromthe i q@ind nRfiBGEoOWorkinphig A SurfPR@ BHEAISnth thHRQkh4Hatidrlo 1BP R FRA fel ON,
such as a rotary filter or centrifuge, and fed to a further purification
stage. The creastier mixtmshin theviorny of e appyastimbtelys equsmplar gagstalling adduige witht ar y
filters, for p é(n%rfrptlye ’coglrillgg io% ti'leedreg&ion mixture, with the BPA/phenol adduct being
crystallised as a crystal suspension. The BPA/phenol adduct crystals are then
10  separated from the liquid phase by a suitable apparatus for solid/liquid separation,
such as a rotary filter or centrifuge, and fed to a further purification stage. The crystal
mash leaving the crystallisers is passed to the rotary filters, for example, and is fed to
the trough of the rotary filter, the rotary filter drum dipping into the crystal mash
present therein.
15
The rotary filter drum is subdivided into different segments by means of a control
head. The cake-forming zone, located in the area of the rotary filter trough, is
adjoined by a washing zone, in which the filter cake is washed by spraying with
phenol via rows of nozzles, followed by a drying zone, in which residual phenol

20  contained in the filter cake is drawn off as far as possible. The cake-forming zone,

washing zone and drying zone are each connected with the associated vacuum units.

After the drying zone, pressure equalisation is performed between suction chamber
and rotary filter housing by means of a depressurisation zone in the control head, to
25  allow problem-free detachment of the filter cake when it reaches the doctor blade.
After removal of the filter cake, the filter cloth is washed with phenol via a row of

nozzles before entry into the rotary filter trough.

To achieve an optimum, high-yield and high-purity process for producing BPA,
30 separation of the BPA/phenol adduct crystals obtained by crystallisation from the



the trough of the rotary filter, the rotary filter drumdipping into the
crystal mash resent therein. 15 The rotary filter drumis subdivi 2eg into
di fferent seé;’V ?1‘1"%61%/ means of a control head. The cake-for¥fi %2,

| ocated in the area of the rotary filter trough, is adjoined by a washing
zone, in which the filter cake is washed by spraying with phenol via rows
of nozzles, followed by a drying zone, im™which residual phenol 20
contained in the filter cake is drawn off as far as possible. The
cake-form ng zone, washing zone and drying zone are each connected with

t he associ at gfbthendiquon, whidtsconfiihei ldrfep@pyitiog of deimpiriies,wnd paeifi’hticndfl on
is performed between suction chanber and rotary filter housing by neans of
a depr essuri §staddpctsayreals arercpeidlont rol head, to 25 all ow probl emfree
detachnent of the filter cake when it reaches the doctor blade. After
removal of the filter cake, the filter cloth is washed with phenol via a
row of nozzThs obgtbisdo endvige A praceshfor pptimmuyn §aphtation tof thegBP Afpheaclvidduet an

optimum high-yjeld and high-purit rocess far. produci ng BPA, 30

separ at i Opryghgs %ﬂf%ﬁﬂg\“ ﬁﬂl‘&ﬂf dBW@?%Og ogﬁlﬂfg‘frﬁg Shy crystal lisation
fromthe WO 01/46105 PCT/ EPOQ 12323 -3 nother |iquor, which contains a

| arge proportion of the inpurities, and purification of the adduct

crystal s ar eltdragopwl beemifeunsighatdBP A 4s elfained effeesivalypansicesosomisally py iarspegial
separation of th(%. BPA/L phe olt. adduct 5 crystals fromthe nother |iquor and
purificati on B ERE agggg{lﬁf%l.onlﬁm%eﬁ% now been found that BPA is obtained
effectively and econom cally by a special separation and purification

rocess.
P 10 The following explanations relate substantially to the above-described BPA

production processes.

The invention provides a process for separating and purifying adducts of bis(4-
hydroxyaryl)alkanes and aromatic hydroxy compounds obtained during production by
15  acid-catalysed reaction of aromatic hydroxy compounds with ketones, which process
is characterised in that the adduct crystals formed in the process are separated from
the mother liquor after crystallisation out of the suspension by continuous filtration in
a revolving vacuum drum filter containing a plurality of filter cells and then washed,
and the washing liquid is drawn off.
20
The invention preferably relates to the separation and purification of the 2,2-bis(4-
hydroxyphenyl)propane/phenol adduct crystals (BPA/phenol adduct crystals) arising

during production by acid-catalysed reaction of phenol and acetone.

25  Vacuum drum filters are known (e.g. Krauss Maffei drum filter TSF; Fig. 1). The
drum filters preferably contain as filter cells a cake-forming zone (12), a washing
zone (13), a drying suction zone (14), an aeration zone (15) and optionally a cake

removal zone (10) and a cloth rinsing zone.



10 The followi ng explanations relate substantially to the above-described
BPA production processes. The invention provides a process for separating
and purifyi n¥%RUMAs of bi s(4- hydroxyaryl)al kanes and aron%?@%ﬁ dxy
conpounds obt ai ned during production by 15 aci d-catal ysed reaction of
aromati ¢ hydroxy conpounds with ketones, which process is characterised in
that the adduct crystals formed in the prbcess are separated from the

not her |iquor after crystallisation out of the suspension by continuous
filtration in a revolving vacuumdrumfilter containing a plurality of
filter cellsTROBPAISRensRSAGLR: cryztdl shéRnyies Atibigig | duting ristaldsaion gakdes igl@ The
invention preferably relates to the separation and purification of the

2, 2-bi s(4- hihgreeyphedym Blepriacy fred ritieamddhe tsokids eaniery ip b fesdesttsamatiduct
crystals) arjsi ur4 roduct | 1 cid-catal ysed reaction of phenol
and acetone.t"%&%e’atlgtéur%srcllf%U%Ifdlgq’l eér?ba%)%hom (e.g. Krauss Maffei drum
filter TSF, Fig. 1). The drumfilters preferably contain as filter cells a
cake-form ng_zone (12), a washi nglp zone (13), a drying suctign, zone (114)

an aeration ZB8nécedistpamprefssably gxhibifs 3 temparatupepham 4biee’q 16) inpagticnlan ot h
rinsing zoneﬁom(pt%/ﬁ&kogrgﬂggpqqgﬁdzﬁzﬁﬁ The BPA/ phenol adduct crystal
a 1 0

suspension arrsing durindg Ccrys I sa passes into the vacuum drum
filter via a feed stream The solids content in the feed streamis
preferably 5 - 35 % in particular 20 - 30 % 5 The feed stream preferably
exhi bits a t &hpavantity ef adduct enystaly separzigd drom thesyspansiondiquid asoittersakopes C,

preferably apgpy ﬂ&e%dper m? filter surface area is preferably 100 to 800 kg/h, in particular 300
10  to 700 kg/h.

A vacuum of from 5 to 500 mbar is preferably applied in the cake-forming zone.

A vacuum of from 5 to 300 mbar is preferably applied in the washing zone.

15
A vacuum of from 5 to 500 mbar is preferably applied in the drying suction zone.
Rinsing of the filter cake in the washing zone is performed with pure phenol at
temperatures of preferably 45 to 70 °C, in particular 50 to 60 °C.

20

Filter cake cleaning is preferably performed using a rinsing agent quantity of 50 -

150 % relative to the quantity of filter cake.

The washing or rinsing liquid is introduced via washing nozzles, preferably 10 to 30
25  washing nozzles. The nozzles are generally preferably so arranged that their spray

cones overlap on the filter cake.

Cloth rinsing is preferably performed at temperatures of from 70 to 85 °C, preferably
78 to 82 °C, with pure phenol or with phenol recovered from the process by
30 distillation.



The quantity of adduct crystals separated fromthe suspension liquid as
filter cake per unit tinme and per nR filter surface area is preferably 100
t'o 800 kg/h, YRGS cul ar 300 10 to 700 kg/h. A vacuum of ?‘IE)W@”@@%OO
nbar is preferably applied in the cake-form ng zone. A vacuumof from5 to
300 nbar is preferably applied in the washing zone. 15 A vacuumof fromb5
to 500 nbar is preferably applied in the #8rying suction zone. Rinsing of
the filter cake in the washing zone is perforned with pure phenol at
tenperatures of preferably 45 to 70 C, in particular 50 to 60 C. 20 Filter
cake cl eani nQléth risefgeisapreferatty perfoRaed!G3ing aariﬂsjirrgsrhgm Jpentity Bfaféht20 @f 50
- 150 %relative to the quantity of filter cake. The washing or rinsing
liquidis intl%?c(u@é%!lv\?it%tﬂiﬁa%mﬂwgoﬁﬁlﬁglC@k?- preferably 10 to 30 25 washing
nozzl es. The nozzles are generally preferably so arranged that their spray
cones overlap on the filter cake. Cloth rinsing is preferably perforned at
t enper at ur esTaé fitermcloth t@niiris€s Prphbrolabingd hdB-redistdt Gltemidldthp wiefeqabBnol
or with enol. recovered fromth rocess. b O distillation, WO 01/46105
PCT/ EPO0 1 23 58endsted g1¢ o wwl&sﬁww@ﬁ ogaqefeé%%a%é? Héo%l/fimgdélilﬁg
agent quant i s Ricd15050048 900 17daPY9np rel ative to the anmount of filter cake.
The filter cl oIt)h conpri ses a phenol- and heat-resistant filter cloth,
preferably 5 cal endered once or twice, with air perneability of preferably

300 to 1500 :ng qg(a?} Hiter housing is preferably rendered inert with nitrogen under a slight

excess pressure of 20 mbar, preferably 10 mbar. Nitrogen is preferably also passed
10  through the washed filter cake. The nitrogen used preferably has an oxygen content of
less than 1 ppm and is preferably recirculated, wherein approximately 3 - 10 % of the
recirculated quantity is preferably continuously discharged and replaced by pure

nitrogen. The recirculated nitrogen is preferably washed with completely deionised

water.

15
The drum rotation speed, filter cake thickness, recirculated nitrogen quantity and the
suction openings in the control disk are set such that the residual moisture in the filter
cake is below 30 %, preferably 20 %, in particular below 15 %, relative to the mixed
crystal quantity.

20

Drum roundness and scraper knife orientation are so set that the scraper knife is at a

maximum distance from the drum of preferably 4 - 6 mm over the entire filter surface.

In a preferred embodiment, the BPA/phenol adduct crystals obtained in this way and
25  separated and purified according to the invention are melted on a heating coil and, to
keep the contact time between the adduct crystals and the hot stainless steel surface

(1.4571) to a minimum, allowed to flow directly as a melt into a receiving tank.

The surface temperature of the heating coil is preferably 130 to 230 °C, preferably
30 150 to 170 °C. Melting is preferably performed under inert conditions, in particular

with the exclusion of oxygen (oxygen content < 1 ppm).



in particular 500 to goo I/dM2 /min. The rotary filter housing is
preferably rendered inert with nitrogen under a slight excess pressure of
20 nbar, prePUN9510 nbar. Nitrogen is preferably al so pas%%"aﬁ M2¥30ugh
the washed filter cake. The nitrogen used preferably has an oxygen content
of less than 1 ppmand is preferably recircul ated, wherein approximately 3
- 10 %of the recirculated quantity is peeferably continuously discharged
and replaced by pure nitrogen. The recirculated nitrogen is preferably
washed with conpletely deionised water. 15 The drumrotation speed, filter
cake thi cknegsFigl eCthe edfbhesnithéraR@RAotgWandlicws: and the suction openings in
the control disk are set such that the residual noisture in the filter

cake is below 30 % preferably 20 % in particular below 15 % relative to
the mxed ciystabi@fighbyreed0 Drum roundugss apgnsqiREbutd fe
orientation are so set that the scraper knife is at a " maxi num di stance
fromthe drumof preferably 4 - 6 mmover the entire filter surface. In a
pref erred_enmhodi nent, the BPA/ phenol adduct crystals tained in this way
and 25 s%pre:g)at ed"SH8R purified according td% he dPﬁR?éhl%BBn are nelted on a
heating coil and, to keep the contact tinme between the adduct crystals and
the hot stainless steel surface (1.4571) to a mninum allowed to flow
directly as 3)nel filtenzanea recei ving tank. The ssokdce tenperature of the
heating coil is preferably 130 to 230 C, preferably 30 150 to 170 C.
Melting is preferably performed under inert conditions, in particular wth

the excl usi on) of @x¥HEBth( 0Xygen content < J2ppmcakeMAridgifoked
PCT/ EPOO{O12323

5) control head 13)  washing zone
6) filter cake 14)  drying zone
15 7 washing nozzle 15)  aeration zone

8) washing liquid

The following Examples serve to explain the invention. The invention is not limited to
20  the Examples. Where not otherwise indicated, percentages stand for percentages by

weight.
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Ex#@piiir i ng the acid-catal ysed reaction of phenol and acetone
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E&mnkﬁlthe feed streamof 25 % a feed tenperature of 41 *C and
se

er surface area are 10 established.

The BPA/phenol adduct crystals arising during the acid-catalysed reaction of phenol
and acetone with subsequent suspension crystallisation are separated off from the
liquid phase by a rotary filter and fed to further cleaning. To this end, a solids content
in the feed stream of 25 %, a feed temperature of 41 °C and a quantity of separated-
off mixed crystals (filter cake) of 500 kg/h per m® of filter surface area are
established.

Filtration is performed on a phenol- and heat-resistant filter cake (twice calendered)
with air permeability of 700 //dm?*/min. The vacuum in the cake-forming zone is 100
mbar, the vacuum in the washing zone is 80 mbar and the vacuum in the drying
suction zone is 100 mbar. The rotary filter housing is rendered inert with nitrogen

(<1 ppm oxygen) under a slight excess pressure of 10 mbar.

Drum rotation speed, filter cake thickness, recirculated nitrogen quantity (oxygen
content < 1 ppm) and the suction openings in the control disk are set such that the
residual moisture in the filter cake is < 15 %, relative to the mixed crystal quantity. In
addition, drum roundness and scraper knife orientation are so set that the scraper knife
is at a maximum distance from the drum of approximately 5 mm over the entire filter

surface,

Pure phenol at a temperature of 55 °C is used for rinsing the filter cake in the washing
zone, wherein the rinsing agent quantity for filter cake purification is 100 % relative
to the filter cake quantity. For optimum filter cake washing, 20 washing nozzles are
used, wherein the nozzles are so arranged that their spray cones overlap on the filter
cake. Nitrogen (oxygen content < 1 ppm) is passed through the washed filter cake,

which nitrogen is recirculated, wherein approximately 7 % of the recirculated quantity

barated- off mxed crystals (filter cake) of 500 kg/h per



Filtration is perforned on a phénol- and heat-resistant filter cake (twce
calendered) with air perneability of 700 Wn 2 /mn. The vacuumin the
cake-form ng“%?]‘é“il‘és 100 nbar, the vacuumin the washing z Offel FRO04 8323 o
and the vacuumin the drying 15 suction zone is 100 nbar. The rotary filter
housing is rendered inert with nitrogen (< 1 pprn oxygen) under a slight
excess pressure of 10 nbar. Drumrotati or8speed, filter cake thickness,
recircul ated nitrogen quantity (oxygen content < 1 ppn) and the suction
openings in the control disk are set such that the 20 residual noisture in
the filter cak®ntifucuslkbdischafgdaid véplicedibyepune niedget el thk repir@nlatddynitrdgen
addi tion, drum roundness and scraper knife orientation are so set that the
scraper kni f & washedwith complstelndgionissd Matstr om t he drum of approximately 5
mn over the entire filter surface. 25 Pure phenol at a tenperature of 55
"Cis used for rinsing the filter cake in the washing =zone, wherein the
ri nsi ng agenDimgutdy taftery cdker refidvhk rthe aliredocrysthlscat imeltadsorn @ heating kai ivmder t 0
the filter cake quaptity, For optinumfilter cake washing,. 20 sping
nozzles ate ! geg‘,’n 5 (FRYBRL 9Bt &5 lapRm o&’ﬁrmﬁﬁ louky a’tm‘f‘ﬁ‘ggtF st &y
cones overl apcefifd@nk,itbk8Ep the@bRtactMirhé BEARReA eI Ritals HY BRthoFstainBRTktekIS
passed through the washed filter cake, 30 which nitrogen is recircul ated,
wher ei n appr sxifaeat 1.4571) % od minemymciTheusuafacel temaeratury ofighe 1heangoil is
PCT/ EPOO/ 12323 -8 i tjnuously di scharged and replaced by pure nitrogen
and the reci P%Pﬁ%sl?ﬁﬁgﬁogen is washed with conpl etely deioni sed water.
Directly after cake renoval, the m xed crystals are nelted on a heating
coil under 5 inert conditions (oxygen content < 1 ppn), the nelt flow ng
i medi at 80y Pberw] ntedempergturaank§0 6 ikasgl fonelativninsiog, whereinbiht wimsingtadgent

I he. h inl, | .. .
crystals andqﬁan%ty ?otr C?Ottﬁlll‘lrI!lSI%E ?s §6 %erelatlve to the quantity of filter cake.

A BPA/phenol adduct with high purity levels (>99 % without phenol content) is
obtained by this type of filtration.
15



surface (1.4571) to a mininum The surface tenperature of the heating coil
is approximately 160 C. 10 Phenol at a tenperature of 80 C js used for
¢loth rinsi nOWBIE n the rinsi ng agent quantity for clot h"‘ﬁ’ﬁ%‘%"ﬁé”?s 80
%relative to the quantity of filter cake. A BPA/ phenol adduct w th high
purity levels (>99 % wi thout phenol content) is obtained by this type of
filtration. 15 WO 01/46105 PCT/ EP00/ 123239 Clains 1. A process for
separating and purifying adducts of bis(4-hydroxyaryl)al kanes and aromatic
hydr oxy conpounds obt ai ned during production by acid 5 catal ysed reaction
of aromatic Iysiagxy conmpounds with ketones, which process is characterised
In that the adduct crystals fornmed in the process are separated fromthe
not her |iquor after crystallisation out of the suspension by continuous

filtration ip a ravplKiadey 3G driff LRI Rivg 4 dyRloy Al b kan &F
filter cells and ?hgllr? wagfr?e %and%{ﬂgi' é\asfkﬁﬁg&ﬁapquidg% giawnryo?'p. 1072, A
process accordi ngahd arbmbtic lhydedrayr aompoiusdsd obtaitedatiu@ng® -grodyction by acid-
hydr oxyphenyl ) pr opane/ phenol. adduct crys aé)rs BPA/ phenol adduct crystals)
o751 o dhr T b ac PR SRR TEARAT e aTBRE NS REH O TS ot B S Bhitha; £
off and purifi _edproleés@is NaRCRASSS irPHEPTHY AMubtCor§itals Tormed AR PrédesS 6 | N
that the drumfilters contain
separated from the mother liquor after crystallisation out of the suspension by
continuous filtration in a revolving vacuum drum filter containing a plurality
of filter cells and then washed, and the washing liquid is drawn off.
10
2. A process according to claim 1, characterised in that 2,2-bis(4-
hydroxyphenyl)propane/phenol adduct crystals (BPA/phenol adduct crystals)
arising during acid-catalysed reaction of phenol and acetone are separated off
and purified.
15
3. A process according to claim 1, characterised in that the drum filters contain

as filter cells a cake-forming zone, a washing zone, a drying suction zone, an

aeration zone and optionally a cake removal zone and a cloth rinsing zone.

20 4. A process according to claim 1, characterised in that the quantity of adduct
crystals separated from the suspension liquid as filter cake per unit time and
per m” filter surface area is 100 to 800 kg/h.

5. A process according to claim 1, characterised in that filter cake rinsing is
25 performed in the washing zone using pure phenol at temperatures of from 45
to 70 °C and using a rinsing agent quantity of 50 - 150 % relative to the

quantity of filter cake.

6. A process according to claim 1, characterised in that the drum rotation speed,

30 filter cake thickness, recirculated nitrogen quantity and the suction openings in



as fillter cells a cake-fornming zone, a washing zone, a drying suction zone,
an ‘aeration_zone and optionally a cake renoval zone and a cloth rinsing
Zone. 20 4. NPPULs according to claim 1, characterised i nP¢HEP0O(15323
gquantity of adduct crystals separated fromthe suspension liquid as filter
cake per unit time and per nR filter surface area is 100 to 800 kg/h. 5. A
process according to claim1, characteri-d8¢ in that filter cake rinsing is
25 perforned in the washing zone using pure phenol at tenperatures of from
45 to 70 C and using a rinsing agent quantity of 50 - 150 % relative to the
quantity of filtekhecediftrol @iskAarer<R€etch GRE dicdigdfubPnmdistird if, the Tafeachley issed
inthat the drumrotation speed, 30 filter cake thickness, recircul ated
nitrogen quanti tybﬁlﬁ&’ ih%- suct i on openings in WD 01/ 46105 PCT/ EPO0/ 12323
-10 the control disk are set such that the residual noisture in the filter
cake is below 30 % 7. A process according to claim1l1, characterised in

t hat the puri7fi ed ABprateisancdrding tadthinnt 1, chyattatisedainahatghé parified BPAgsichsolg

coil and flow directly into a receiving, tank as lt. 8. . ..
5 9. By o 42 hydr oxy BIUIRY FRBITAIRnIG0 A b ol At At Sresly iniver Breeieing ms 1
to 7. 10 tank as a melt.

8. 2,2-Bis(4-hydroxyphenyl)propane obtainable according to any one of claims 1
to 7.
10



