18 JAN 2006 -1- METHOD FOR PRCDUCI NG BI SPHENOLS FI ELD OF THE | NVENTI ON The
invention relates to bisphenols and nore particularly to a nmethod for their
pro- duction. SUVMMARY OF THE | NVENTI ON 10 A nethod for produci ng a bi sphenol
"is disclosed. The nethod entails reacting in at |east one first #&abNalA8
selected froma first group consisting of lphenol and substituted phenols
with at | east one second reactant selected froma second group consisting of
ket ones and diols, in the presence of hydrogen chloride catal yst and

vol atil e sul pMETHODPORPRODUCING BISPHENULSS co-catal yst. The reaction
product is a mxture that 1b contal ns bisphenol, first reactant and second
reactant. The catal yst and co-catalyst and water of reaction are separated
by distillatw e ' rates and selectivities characterize the
met hod. BACK &Eﬂkﬁgéﬁéggk 20 Bi sphenols are raw materials for the
production of polycondensation materials such as epoxy nol di ng conpounds,
pol yet her sul phones, pol yether ketones or poly- carbonates. Bisphenols are
gener ally pr oiiucededtion reRedsito Gisphaiodd armd morehriktiduldrbdto «endthed forakeit pior eof
with suitable ketones in the presence of acidic catalyst and with 25
separation ofduglio®r. The industrially nost significant bisphenol is

bi sphenol A (BPA), produced from phenol and acetone. Bi sphenols derived
fromcyclic al kanes, for exanple the condensation product of phenol and
3,3,5-trinet MWW@WPHEMﬂB@NaFE al so very inportant in the
production of polycarbonates. nogeneousl y di ssol ved aci ds such as

hydr ogen chl ori de or heterogeneous acid fixed-bed catalysts such as

('S ul phonl%t ed A (I)Ee%ﬂ(ld Po%ei‘)go u%%r}/gsg X{sﬁ?e%of Jessdis?c?os(e&c'hge method entails reacting in at

least one first reactant selected from a first group consisting of phenol and substituted

phenols with at least one second reactant selected from a second group consisting of
ketones and diols, in the presence of hydrogen chloride catalyst and volatile sulphur
compound having an SH bond as co-catalyst. The reaction product is a mixture that
15 contains bisphenol, first reactant and second reactant. The catalyst and co-catalyst
and water of reaction are separated by distillation. The high reaction rates and

selectivities characterize the method.

BACKGROUND OF THE INVENTION

20
r. Bisphenols are raw materials for the production of polycondensation materials such
as epoxy molding compounds, polyether sulphones, polyether ketones or poly-
carbonates. Bisphenols are generally produced by reacting phenol or substituted
derivatives thereof with suitable ketones in the presence of acidic catalyst and with
25 separation of water. The industrially most significant bisphenol is bisphenol A
(BPA), produced from phenol and acetone. Bisphenols derived from cyclic alkanes,
for example the condensation product of phenol and 3,3,5-trimethylcylohexanone

(BP-TMC) are also very important in the production of polycarbonates.

30 Homogeneously dissolved acids such as hydrogen chloride or heterogeneous acid

fixed-bed catalysts such as sulphonated cross-linked polystyrene resins (acid ion



18 JAN 2006 2 exchangers) are used as catalysts for the production of

bi sphenols. Wiile the use of heterogeneous catalysts is to be preferred
fromcertain viewoints to the use of honbgeneous catal ysts, it nay be
_found in EP-A 995 737 that inadequate reaction and selectivity is achieved
‘with this type of catalyst for certain ketones. Therefore, 5 thid d&h
strong acids such. as hydrochloric acid ag-a catalyst is to be preferred for -
a |arge nunmber of ketones, in particular cyclic ketones. To further

i ncrease the ketone reaction and to raise the selectivity of the reaction,
sul phur - cont akxdhagpe$)da8 used ﬁoéw&r t i t

t hi ocarboxylic aci %Is )gar% di al kyl sul phi dzlgl%?b‘rggﬁc giggﬂrl?ngg%ﬁi@lﬁ ?‘Jg}-ﬂ,gﬂ%e lz!ieoogzs,
are used as cbefarogeneous catpipstautsetoobe ppefeirdd Goad kenain Noewpbiotsstoi thet wsebel

derived fromUS-A 5, 336 2,, While EP:A 995 73 .o s. the use of . alkyl
Tor apt ans i FPMEBTEOESCH et HGH TN TR FEA SR, Bl e s epeion

bi sphenol, ' SHIPLectivity G DR AeRitR s S YTdatyst %Pé’é%&ﬁég%ﬂésh giesdrt £d
product, as we as unfeacted raw materials and water, and the cat al yst

and cocaf al ystheusedf stnehgogridsosnak by hydrechla@acadidas peadlyst i tb vepeeferred fdr at he., .
conponents of, the reacti on system are generally obtained as a result of the

reaction of PBREsmbesod ketonghda pahigeler eyrlicdistanes. ki furthee inceeasel thei katene 1o
obt ai n bi sphe . t.S;:.Qf | Lt ! high-grade
pol yror mat or (artion? BEE S A n SEH Ty Wbl el BURGUELORAIA g
reacti on conpesmpiundasuctoad bikybimercaptan, thiveatbokelid noids tohalidlRplchlipbideyr aduct
bi sphenol . For this purgose a conbi nation of various standard purifying

oper ations suggscnRedciny US4 15 31 Péh are usedyay pepatalystyiThe wseef mscifigralkangya) | y

car riedyput. 14 RYS bgﬁeﬁaﬁ%ﬁ%-ﬁ%‘f}% él'i%r 18 EPLQ@@?%S?E&%OQ&&F%E&O&S
obtai ned are thus generally thermal 1y uhstable in particufar in the presence
of catal yti cakylymerciptaes withrp eabZiearbaccatdmsor bases. This is particularly
probl ematical 25 when using honobgeneously distributed acids as catal ysts

whi'ch remain in the product mixture. It is disadvantageous in the

neutralizati ogyWited DAtSHng[E 48R bilphenol, isomers, intermediates and secondary

products of the desired product, as well as unreacted raw materials and water, and the

15 catalyst and cocatalyst used and optionally the reaction products thereof with the
- components of the reaction system are generally obtained as a result of the reaction

of phenols and ketones under the above-mentioned conditions. To obtain bisphenol
products of suitable quality for producing high-grade polymer materials, it is
necessary to separate these by-products and reaction components as completely as

20 possible from the reaction product bisphenol. For this purpose a combination of
{ various standard purifying operations such as crystallisation, extraction or distillation
are usually carried out. Various problems can occur in this process. The bisphenols
obtained are thus generally thermally unstable in particular in the presence of
catalytically active compounds, acids or bases. This is particularly problematical

25 when using homogeneously distributed acids as catalysts which remain in the
product mixture. It is disadvantageous in the neutralization with bases described in

EP-A 995 737 or in the extraction of the acids by addition of water proposed in EP-A

679 151 that large quantities of organically loaded waste water are produced by these
measures and have to be processed in expensive purification operations. It is also

30 difficult in a procedure of this kind to carry out the reaction continuously with
separation of the catalyst. It is also not ensured in a procedure of this type that the



EP-A 995 737 or in the extraction of the acids by addition of water proposed
in EP-A 679 151 that large quantities of organically | oaded waste water are
produced by these neasures and have to be processed in expensi veg JaN 2006
“purification operations. It is also 30 difficult in a procedure oP tﬁis ki nd
to carry out the reaction continuously wiBh separation of the catalyst. It

Is also not ensured in a procedure of this type that the 18 JAN 2006 -3

sul phur-cont ai ni ng cocatal yst used is also substantially separated fromthe

reaction mx bdue ' h L |.S I

| npair the su%‘#glg'}rlélgﬁ %irﬂ#ﬁgg?%gaf&#glf g%%g%lg‘%:?!‘ﬁ}gsmﬁﬂéﬁy g?p%%%%gﬁ ;ﬂ/’cg{r?d%%ggbt?ll on
materials. 5 fifturel RREidREsOSE &mdoaatEIEQt iar e patified bidphbadl dhpak! the fsaRabipyenol s
and in particular fromketones with nore than 5 carbon atons is that the

reacti on m xt theeesf farprodviciyig high-erade polypendshsapipn sadastiloi sphenol can becone
solid owwng to crystallisation of the product, so efficient continuous
reaction control and separation of the catalyst is no |onger possible.
Subsequent ekt fuBleOproblie i 8! hroBudtiohl i BlsptenSI8 fioth HheRNS ahflGn Parti®dg! | On
at elevated tenperatures to avoid this problem | eads 'to undesired side
reacti ons andfromdietands sathaooievthdr 8sarbRe atinisols thatrthe odactidnt mixtutes ghithphighol

excess or inconplete ketqgne reagtion tq avoid hi gh bi sphenot . progduct
concentrat i onprlorETBmBP%a pRodbcdysrhenglscan C%ﬁégg‘i Pﬂ‘g"%/&’e? stalds Ogg'ﬁuced.
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phenol and kelongﬁ' passibiea Qubsequantpmeltingcof the reattidn atixtuenst ca8Pingoddt the t he
ket one has reacted and thep to add a further quanijty. of pheno] and/ or
aromat i ¥ hydrigaeaBoft SR A A éhlgpprsﬁf&%&?ﬂé igrundssised 5ide i s
awkwar d,  dogg,fifins %ﬂh‘f@d&cﬁéls%&%ﬁ& @ea@tﬁﬁa&ﬁiﬁ:{bi‘g\rﬁhrﬁ }EQ{ ﬁhéﬁ‘b‘l RPds Ry even

introduce a further material into the nethod which | ate as to be
separ at ed. 2Q0nddrepletsj ketonefreactien i tnvamid enhigh bispiwmol i plteduct nenbentdration is

producing bi Scﬁ?aeclr\}grlltzstgevgug,hasatﬁé gpace-time yield is thus reduced. Excess phenol and ketone

also have to be separated when working up the reaction product. It is proposed in EP-

15 A 995 737 to initially allow phenol and ketone to react in a prereaction until at least
90 mol% of the ketone has reacted and then to add a further quantity of phenol and/or
aromatic hydrocarbon to the reaction mixture. A procedure of this type is awkward,
does not solve the problem of separating the catalyst and may even introduce a
further material into the method which later has to be separated.

20

( The object of the invention is to provide a method for producing bisphenols with acid

catalysis in the presence of a sulphur-containing cocatalyst which has a high space-
time yield and high selectivity and supplies a product which can be fed to further
purification without further expensive processing steps.

25
DETAILED DESCRIPTION OF THE INVENTION

This object is achieved by a method for producing bisphenols, by reacting phenols or
substituted phenols with ketones or diols in the presence of hydrogen chloride and a
30 volatile sulphur compound having an SH bond. The resulting bisphenol is separated

from unreacted starting materials and catalysts by distillation.



catalysis in the presence of a sul phur-containing cocatal yst which has a

hi gh space- tine yield and high selectivity and supplies a product which can
be fed to further purification wthout further expensive processing steps.
25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON This object is achi eved by JANs#bhod
for producing bi sphenols, by reacting phenols or substituted phenols wth
ketones or diols in the presence of hydregen chloride and a 30 volatile

sul phur conpound havi ng an SH bond. The resulting bisphenol is separated
fromunreacted starting materials and catal ysts by distillation. 18 JAN 2006
4 According to the invention there is no neutralization, in contrast to
known nethods for producing bisphenol. Mreover, the separation of the
product by di Accdriaigitonhé invehtion thetehie chof meutrplization) ingeoniragite kmbemimsethodsnown.

The reaction rate may he slowed or the 5 reaction_ al together. stopped by
addi ng - wat er for RegdugingnsnhgneloMesavat thesigpratien okthe pradiict byedisteliationga the” yiat or

and unreacted_r i al: ' ' i L) |
separated f ro%eﬁ\qg@e%é{h?%rg W%ﬁlgﬁ%lﬁﬁ]ﬁ{%&ﬁ ﬁgﬁ%%&l %éeh?t:é%@ g’ﬁgr&é € is
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provi des high selectivity with high space-tine yields. The catal yst and
cocat al yst nasatéests (f9sqatalyst.awalers airh runreagtets oay t materialgc hivarg puitallyt hight hout

I ‘ ' ' i h . B
sol at ing androRus PR Ry R ot RB s ERh MR Bali il oy be carried”

out with partial ketone conversion with high selectivity, wthout the
reaction m xture becomng solid, 15 having to be diluted or ketone |oss
occurring. StHhe reagtionaraty isanuch higherctham ith bnovar sethtidagThe method agoerdingdn ar e
phenol d a ':har .nunber

.0e of, .nhenol. deri.yat.ives w.thout. substituents |

Wi t hdraw ng et™® reEHE REY G, ﬁe:ﬂ%cl% i“fl%‘t ﬁhfpacﬁﬂﬂ?%ylehj-%p ???‘%‘X& & table
phenol deri vaddcu@systfnay belsubstaitiRlle séparated from the reaction product without cleavage
or rearrangement reactions occurring to a noteworthy extent. By isolating and

recirculating unreacted ketone the reaction may be carried out with partial ketone

conversion with ‘high selectivity, without the reaction mixture becoming solid,

15  having to be diluted or ketone loss occurring,

Starting materials in the method according to the invention are phenol and a large

" number of phenol derivatives without substituents withdrawing electrons and with

unsubstituted 2- and/or 4-position. Suitable phenol derivatives are for example 2-

20 alkylphenols, such as o-cresol, 2-ethylphenol, 2-isopropylphenol or 2-tert.-butyl-

{ phenol, 2,6-dialkylphenols, such as 2,6-xylinol, 2,6-diethylphenol, 2-methyl-6-i-
propylphenol, 2-methyl-6-tert.-butylphenol, 2,6-di-i-propylphenol, 2,6-di-tert.-

butylphenol and 2,4-dialkylphenols, such as 2,4-xylenol. Particularly preferably used

are phenol or o-cresol. These compounds are, on the one hand, a starting material for

25 the reaction mixture and, on the other hand, a solvent for the reaction mixture .

The further starting materials of the method according to the invention to be reacted
with the above-mentioned starting materials are ketones or diols. These ketone or
diol components may be cyclic or acyclic aliphatic or aromatic aliphatic ketone
30 compounds. Suitable examples include acetone, butanone, 2-pentanone, 3-pentanone,

cyclopentanone, 3-alkylcyclopentanone with an alkyl radical containing 1 to 12



20 al kyl phenol's, such as o-cresol, 2-etyl phenol, 2-isopropyl phenol or
2-tert.-butyl- phenol, 2,6-dialkyl phenols, such as 2, 6-xylinol,

.2, 6-di et hyl phenol, 2-methyl-6-i- propyl phenol, 2-nethyl-6-tert. g Benol ,
2, 6-di-i-propyl phenol, 2,6-di-tert.- butylphenol and 2, 4-di al kyl phenol s,
such as 2,4-xylenol. Particularly preferably used are phenol or o-cresol.
These conpounds are, on the one hand, a starting material for 25 the
reaction m xture and, on the other hand, a solvent for the reaction m xture
. The furt her cathantateorgs,n®B-@idllaylsycddpentaaome withchnaalkpk chidivgl tonthiming bwenk? on t o
be reacted w th the above-nentioned starting materjal.s are ketones or
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acetone, butanone; 2-pentanohe, 3-pentanone, cycl opentanone,

3-al kyl cycl opegtiaatiosl oM differefit, aldyhexanchics 3laligdyichihak®nd with dhalkylSradithl 2006
5 carbon atons, 3, 3-dial kyl cycl opentanone with an al kyl radical containing I

to 12 cdrbon contemingntiet®ild cabon| atgms,r 4cikaagyslohgyansne | wWidht4nc alkybrradical
different, 3,3, 5-.trialkylgyclohexanon rein,the alkyl.radjcals.have 1
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atons, 4-al kyl cycl ohexanone with an .alkyl,. radical containing 1to 1
car bon at ons, diffeentj 3BKytriglkylaykihexemnee withiallgylkydicaladontaining tdotldicarap | to

12 b t wher ei.n, t he al kyl . radi i dentj cal diff t,
3 3 e CeTal ko Do s, 5 sitoticel br (iieTenl e pherane, baaquiaty Pzl o
atoms ang whi g R hBEmbAS YubsRhted with Jliﬁrrﬂl&ms,%@mp%&@a%f wiael hasu & 1y

preferred 10 are cycl ohexanones substituted wth alkyl radicals, the alkyl
radi cal - of whicetbohatoms.The k§tangobdiv]l sbwpenenthmay bt usel inra cinoentratiopaddnt s

be d i ' 5 . % . bly 1 to 20 . %
“based on the MAUHETParHash decoan oddos hertbidth bt e ialotrifure i gni y

volatile acids, such as concentrated hydrochloric acids 15 and hydrogen
chloride gas. Concentrated hydrochloric acid, hydrogen chloride,
- Suitable catalysts are highly volatile acids, such as concentrated hydrochloric acids

15 and hydrogen chloride gas. Concentrated hydrochloric acid, hydrogen chloride,
hydrobromic acid and triflucroacetic acid are preferred. Volatile sulphur compounds
having an SH bond are used as cocatalyst. Compounds of this type include hydrogen
sulphide, methyl-, ethyl- and propylmercaptan. Hydrogen sulphide is preferred. The
method according to the invention is particularly preferably carried out with

20 hydrogen chloride gas and hydrogen sulphide as catalyst and cocatalyst. The
L concentration of the catalyst may be 0.3 to 5 wt.%, preferably 0.5 to 2 wt.% based on
the weight of the reaction mixture . The concentration of the cocatalyst may be
50 ppm to 1 wt.%, preferably 100 ppm to 0.5 wt.%, based on the weight of the
reaction mixture.
25
At the beginning of the process the starting materials may be placed in the reactor
with concentrated acid. The catalyst and cocatalyst are then introduced, preferably
while the reaction mixture is stirred. The cocatalyst may aiso be produced in situ. For

this purpose ammonium bisulphide may be introduced into the acid reaction mixture.

30



hydrobrom c acid and trifluoroacetic acid are preferred. Volatile sul phur
conpounds having an SH bond are used as cocatal yst. Conpounds of this type

i ncl ude hydrogen sul phide, nmethyl-, ethyl- and propyl mercaptan. Hydrogen

sul phide is preferred. The nmethod according to the invention is
particularly preferably carried out with 20 hydrogen chloride dJdsJahtiib

hydr ogen sul phide as catal yst and cocatalyst. The concentration of the
catalyst may be 0.3 to 5 w.% preferably 0.5 to 2 w. % based on the weight
of the reaction mxture . The concentration of the cocatalyst may be 50 ppm

to 1 wt.% pr eIflErr@:«g;ng)Kg'rQaS/ tgﬁcg%lta& 9 a@ml’)‘écﬁhtg%l% Eﬁﬁﬁﬁie ane)[c@% eﬁﬁg&ﬂﬂ% Tk ridifion |

reaction m xture. he gl nni ng process t tarting nmaterials
may be pl aced i$ preftrablyansial outvt tah axoessréssateast GLitel.0.5TMPCAt &l § barjaltle
cocatal yst are then introduced, preferably while the reaction mxture is
stirred. The denparatugesef thayeagtien mxturs owyded G te 8 ¥ prefereblt 2 to ¢t end
amoni um bi sul phi de may be | odyced into the acid reaction mxture. 30 6 1
8 JAN 2006 Th@gﬁ*é’&@fﬁydﬁef?@iﬁn%d(@% g:ge at atnospheric pressure or excess
pressures The reaction is preferably carried out at an excess pressure of
0.1 to 0.5 MPa (1 to 5 bar). The tenperature of the reaction m xture may be

10 to 80 C, piéiter sbfoymab duong® theGeactibn. Jhist ieaatioarprgdynt eleesledateg tBO réaotidd T. 5

Water is fornmed during the reactiaon. This reaction duct decel grates the
reaction rat Ete;8 MR A A additipeal saiabist daso %@cﬁfegs iR glsorapphies tadbed.

This al so appl,} Naibst , oe ySit ded

i ndi vidual |y g?&%ligdtgﬁlg sflg‘g‘ﬁfﬁé a&%lr@ g% )ﬁggegggﬁls‘ﬁ or %rn%ox%&ﬁgrpfﬁgg%f i on

m xture. The aslil b gasepuscformahtoytht abaetiop ndgwrel Thgadditionl prefoyably takenplacert o

the reaction m xture_.. The reaction mxture is %ef erably . .

( 1 gaseously by blowing into the reaction mixture . The reaction mixture is preferably
saturated with respect to catalyst and cocatalyst. The method according to the in-

vention may be carried out continuously or discontinuously, preferably continuously.

The reaction solution may be withdrawn from the lower part of the reactor and
15 conveyed eithier diréctly or via a receiver into a distillation device. During distil- -,
lation, the catalysts, water'and unreacted starting materials are separated from the

reaction solution.

So that water may be comple-tely evaporated at not too high temperatures, distillation
20 may take place under vacuum and the vactum may be adjusted in such a way that the
base temperature does not lead to product damage. This will be the case at a
temperature of 130 °C and lower. At about 130 °C the bisphenols are dissolved and
evaporation takes place from the starting compounds such as phenols and cresols
only to the extent that a homogeneous solution remains. This procedure allows the
25 virtually complete removal of the water and the catalysts and cocatalysts and supplies
a clean, concentrated product solution which may be cleanly and economically

crystallised during cooling. The pressure in the distillation column is 50 to 120 mbar,

preferably 90 to 110 mbar.

30 The product withdrawn from the bottom of the column contains, apart from the

bisphenol product, phenol and possibly ketone, depending on the boiling point of the



saturated with respect to catal yst and cocatal yst. The method according to
the ih- vention may be carried out continuously or discontinuously,
preferably continuously.. The reaction solution may be wﬁthdrawmlﬁﬁggwgmﬁ
‘| ower part of the reactor and 15 conveyed either directly or "via
receiver into a distillation device. Duri.rgg distil lation, the catalysts,
wat er' and unreacted starting nmaterials are separated fromthe reaction
solution. So that water may be conpletely evaporated at not too high
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from the star Crygallicadonup@sersble ntalees plaendn 2 ity corestallizer. dMdpentimgt tee thet ent
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bottom of the columm contains, apart fromthe bisphenol product, phenol and
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product, in unt s_of t 5 . % bagsed.on th i ght of the solution.
The product aﬁ%wge?gﬁﬁi’@?ﬁ?‘ﬁ?téer mﬁvfﬁ% af%ﬁ’fﬁﬁéor&a?’%ﬁ?‘rgnsferred into a
conventional crystallizer. Crystallization preferably takes place in a

rotary crystallizer. Depending on the product obtained, recrysall i zation
(may t ak&0 pl ac®he peystaiized maeduct may , ther alfe baiphsified of phenwl. The parifisation mmayC
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Difficult to separate m Xtures
cleavage products are formed. According to a particularly preferred embodiment of
the invention the crystallized product is therefore washed with water, and phenol is
15 released in the process from the bisphenol/phenol adducts. The temperature of the
water to wash. the bisphenol may be 20 to 100 °C, preferably 70 to 80 °C. The
filtered-off cake may be washed with warm water. The removal of phenol from the
bisphenol/phenol mixed crystals with water prevents thermal damage to the
bisphenol.
20
\ The method according to the invention may be carried out in a stirred-tank reactor, a
loop reactor or a cascade reactor. Distillation may be continuous or discontinuous
distillation. The reaction solution may be introduced into the distillation device
between two separation stages with phenol removal with total reflux. The lower part
25 of the distillation device is preferably equipped in such a way that water, catalyst and

cocatalyst and optionally the starting material may be removed with phenol vapor.

Bisphenols (diphenols) obtained according to the invention are preferably those of

formula (I)



bet ween phenol and ot her solvents are therefore avoided. 10 The crystallized
product may then also be purified of phenol. The purification may be, for
exanpl e by thermal desorption of the phenol at raised tenperatu ﬁs n@@ke
"blowing in nitrogen. As tenperatures above 190 C are required , JA

met hod, cleavage products are fornmed. Acgrding to a particularly preferred
enbodi ment of the invention the crystallized product is therefore washed
with water, and phenol is 15 released in the process fromthe

bi sphenol / phenol adducts- The tenperature of the water to wash the

bi sphenol may be 20 to 100 C, gpefer y 70 t& 0The filtered-of f cake
may be washed with warm wat er. e reproval of ahen I Pronlthe

bi sphenol / phenol m xed cryst ays) ter pye s| thernmal darflige to the

bi sphenol. 20 The nethod acc [ entfonf may be carried out in a
stirred-tank reactor, a Hoop ctorLor a cascade_lreactor. Distillation may
be continuous or discontinuous distillation. The réaction solution may be

i ntroduced |nt the distillation device between two separation stages with
phenol renoval” Wth total reflux. The |ower part 25 of the distillation
device is prefefsapkingRBEnAD€Y th T,Sdlefleri, \BMo td}aenk)vmfe@rcs e&t:alcyaba]ﬁgﬁides
cocat al yst and optlonally the starting mat eri al may be renoved phenol
vapor. Bi spher@t,s-SQk ph€hol-8), Hkai fedoaCrearylisnon twhitch duithere atometicarings

prefer abgy t hggt?on%flly contralmngahéter)oat%m% ni]afg‘rl\gyezc%ggenseg_i (1), HO P wherein

or a radical of formula (II) or (III)

10
| CH,
+or
| I @
CH, |
CH,
B is C; to Cyp-alkyl, preferably methyl, halogen, preferably chlorine and/or bromine
respectively
15

x1s 0, 1 or 2 respectively independently of one another
pis1or0, and

20 R® and R® for each X' and independently of one another, represent hydrogen or Cy-
Cs-alkyl, preferably hydrogen, methyl or ethyl,



Ais a single bond, Cl to C2-al kylene, C2 to C5-alkylides, C5 to

C6- cycl oal kylides, -0-, -SO, -CO, -S-, -S2-, C6 to Cl2-aryls on which
further aromatic rings 5 optlonally contalnlng het er oat ons may be condensed
"or a radical of formula (11) or (Il1l1) 10 Bis Cl to Cl2-alkyl, tr&N\eildol y
met hyl , hal ogen, preferably chlorine and/®¢ brom ne respectively 15 x is O,
1 or 2 respectively independently of one another p is 1 or 0, and 20 R5 and
R6 for each X1 and i ndependently of one another, represent hydrogen or Cl-
C6- al kyl, preferably hydrogen, nethyl or ethyl, 1 8 JAN 2006 9 X' is carbon
and mis an integer from4 to 7, preferably 4 or 5 with the proviso, that on
at | east one XbisabonXad R5 and R6 are sinultaneously alkyl. Preferred

di phenol s are hydroqui none, resorcinol, dihydroxydi phenols, bis-(hydroxy-
phenyl ) -G - C5- al kanes, bi s- (hydroxyphenyl) CS-C, -cycl oal kanes, bis-(hydroxy-

pheny| )€t her., ot malr GuxBNGr ke b PYL S<ien By Y8 SV BD GTKhd ot s

bis 10 (hydr

a, a- bi s(y1ydr oyRhenRP hndIRP aRREANEeRIZERES) and the derivatives thereof
brom nated and/or chlorinated in the nucleus. Particul arl y preferred

di phenol s are 4,4'-di hydr oxyd| phenyl, bisphenol -A, 2, 4-Dbis(4-

hyd h 1 1-b h | l.ohex
11 bis (Zm{ ‘ﬁé&cngﬂ%’ﬁ{%ﬂ{f dé"%“’%"‘#‘?#%f%&%&[:@%@f}%& aid1s, bis-(hydroxy-
4, 4" - di hydr oxyflfy &mwﬁmmbde,mé droxypRTo i @M&ekph%@(@aﬁome di -

and tetrabrom natéd or chlorinated deri - t| ves ereof such as

2, 2- bi s( 3- chlphenyld-ethedr bnsg(bﬁkmyjphewl)}pﬂphmm:szbhn-ﬁmy(lﬂn@phenyl)—ketones, bis-
( 10 (hydroxyphenyl)-sulphones and a,a—bls(hydroxyphenyl)-dnsopropyl-benzenes) and

the derivatives thereof brominated and/or chlorinated in the nucleus.

Particularly preferred diphenols arr-; 4,4'—dihydroxydiphenyl, bisphenol-A, 2,4-bis(4-
hydroxyphenyl)-2-methylbutane, 1,1-bis-(4-hydroxyphenyl)-cyclohexane, 1,1-bis-(4-

15 hydroxypheﬁyl)—3,3,S—trimethylcyclohexane, 4,4'-dihydroxydiphenylsul_phidé,-:-: 4,4'-
dihydroxydiphenylsulphone and the di- and tetrabrominated or chlorinated deri-
vatives thereof such as 2,2-bis(3-chloro-4-hydroxyphenyl)-propane, 2,2-bis-(3,5-di-
chloro-4-hydroxyphenyl)-propane or 2,2-bis-(3,5-dibromo-4-hydroxyphen-
yl)propane.

20

( _ The invention will be illustrated, but not limited, by the following examples.



chl oro- 4- hydr oxyphenyl) - propane or 2, 2-bis- (3, 5-di brono-4-hydroxyphen-

yl ) propane. 20 The invention will be illustrated, but not linited, by the
foll owi ng exanples. _10- 1 8 JAN 2006 EXAMPLES Exanple 1 500 g of reaction
"solution are placed in a stirred-tank reactor with a volunme of 1

The! -reaction sol ution contains 95.5 w.%®henol and 4.5 wt . %acétBOHél 200§
the beginning of the reaction a 5 w. % aqueous HCl is added. The gas phase
is kept at a pressure of 2 bar by HC gas. 3.3 I/h H2S gas are added to the
gas stream Afghg( h@g 30 mnutes, 0.8 1/h reaction solution are

conti nuously punp Into this reactor, the phenol/acetone ratio
correspondi ngExamiplel rati o gi ven above 0.8 1/h reaction solution 10 are

si mul t aneously punped fromthe reactor to the distillation colum. The
volune in the reactor is controlled in such a way that 30 m nutes residence

tinme is reach I m.xt ur

reacti on sol u §ﬂ§§]{“%’g ageb@%?edﬁ? %‘%d"gﬂ%ea?{"g%@#aﬁa B'mer?rﬂ]@acuum
in 15 the di ?fheera%hbmomioﬁnébntasnsadsgs{ve% pRenb® QnabRS . wil ke ab ROAIXAT @l O 1S
adjusted in such a way that only small amounts of phenol distil off

over head. Thebé¢gimengdf thegeastibam$ wt% dnueensHCI 15 ﬂdcrhtTht@s @hasErie kepf aitai | e

bst h d d hi d
i nder o PREEmSLLET s HELERS: TRIS s arralied REGe B rbetnt, A EPAR° 20
The base of tmnqheéé ) @Uh@@acﬁ@h YORbh &k whkmu&}sw buspdd ﬁitaimk hactdiafel ON

products and ~phenol. The adduct bi sphenol/phenol” crystallizes fromthe hot
product sol utph:emo(/au‘etone}randl' trargspasiing toi the fatiot gvadabmive. &R d/hwssdtima selutionnar m

r\?mhf ROlh Ol((;r \r/]v:t ggr%gfrﬁrél atng i’F BE“B%@P go&et?lg%a%gor ter Ql? glva tlpeildonaéjo un'muct JI‘l?e volum it Washed
in the reactor is controlled in such a way that 30 minutes residence time is reached.

The temperature of the reaction mixture is 40 °C.

The reaction solution is brought to about 113 °C by a heat exchanger. The vacuum in
15 the distillation column is adjusted to 100 mbar. The reflux ratio is adjusted in such a
way that only small amounts of phenol distil off overhead. The base of the column is
brought to about 125 °C. The volatile substances such as water, hydrogen chloride,
hydrogen sulphide and the remainder of the unreacted acetone are condensed and

worked up again.

20
- The base of the distillation column then only still contains the reaction products and
phenol. The adduct bisphenol/phenol crystallizes from the hot product solution (45
°C). The product is filtered off and washed with warm phenol. The mother liquor
may be recycled. The washed adduct is then washed with hot water at a temperature
25 of about 85 °C to separate phenol and bisphenol. The product is vacuum-dried after

filtration.

Selectivity in the reaction solution is 95.5% pp BPA and product concentration after
drying is 99.71%.
30



25 of about 85 C to separate phenol and bisphenol. The product is
vacuumdried after filtration. Selectivity in the reaction solution is

95. 5% pp BPA and product concentration after drying is 99.71% 30 1 8 JAN
7006 -11 Exanple 2 (Conparison) The reaction takes place under th& Jabaef6
reaction conditions as in Exanple | but, .gp. H2S was added. The reaction

ti me was doubl ed. The acetone conversion neverthel ess 5 decreases by 1/ 3,

but the selectivity drops to 86.6% pp BPA. The conparison exanple shows the
i nportance of fhe cocatalyst for the nethod according to the invention.

Al t hough theiﬁiﬂﬁé&gﬁéﬂﬁ a5QRh described in detail in the foregoing for the
purpose of 10 illustration, it is to be understood that such detail is
solely for that purpose and that variations may be nade therein by those
skill ed in theTharmtactiohhakes pliep antertbe famardabiton Sqriditidns aRdn Exappleof bithao
invention except as it may be |imted by the clains. 1 8 JAN 2006 12 WHAT

| S CLAI MED | S:HaA wiastadded.{Tde rpacsign dimegvas dsublede e acetmsraonversionagwerthedessn a

reactor re i 0 1 Xt ur cantaing at le o,one first.reactant
SEhected t romdEtrRpe Sy At IBh SERRHAY BroB ian R Somi SoRAT I SIBREAD <
with at |east pafpRe®heRd the Qmpbastice ST tBE lcBchthlyaNTor thE GIRLD bEIRdIASNS I the 1 NY
of ketones and diols, in the presence of hydrogen chloride catalyst and

vol atil e sul piavengompound having an SH bond as co-catal yst to obtain a
m xture that contains bisphenol, first
Although the invention has been described in detail in the foregoing for the purpose of
10 illustration, it is to be understood that such detail is solely for that purpose and that
variations may be made therein by those skilled in the art without departing from the

spirit and scope of the invention except as it may be limited by the claims.

-



react ant and second reactant, separating fromthe m xture the catal yst and
co-catal yst and water of reaction, by distillation, and obtaining the
bi sphenol by crystallisation. 2. The method according to C ai m 11 ¢hgnenm
the catal yst and/or co-catalyst is.in |liquid or gas state. 3. The nethod
according to Caim2 wherein the co--catalyst in gas state is produced in
situ. 4. The nmethod according to Claim1 wherein the concentrations of the
catal yst and/or the co-catalyst in the reaction m xture are kept constant
at the s ti.0 Ny ation. 5. The nethod according to Claim1 wherein
t he react%ﬂ‘&i‘;l,‘s%(gl.‘é Foh éf'ﬂt ained at 10 to 80 C. 6. The nethod according to
Claiml|l wherein the reaction is carried out under pressure. 7. The nethod
according to Claim1l characterized in that it is carried out continuously.
1. A method for producing a bisphenol comprising reacting in a reactor a

reaction mixture that contains at least one first reactant selected from a first
group consisting of phenol and substituted phenols with at least one second
reactant selected from a second group consisting of ketones and diols, in the
presence of hydrogen chloride catalyst and volatile sulphur compound having
an SH bond as co-catalyst to obtain a mixture that contains bisphenol, first
reactant and second reactant, separating from the mixture the catalyst and

co-catalyst and water of reaction, by distillation, and obtaining the bisphenol

by crystallisation.

2. The method according to Claim 1 wherein the catalyst and/or co-catalyst is in
liquid or gas state.

3. The method according to Claim 2 wherein the co-catalyst in gas state is
produced in situ.

4, The method according to Claim 1 wherein the concentrations of the catalyst

and/or the co-catalyst in the reaction mixture are kept constant at the

saturation concentration.

5. The method according to Claim 1 wherein the reaction mixture is maintained

at 10 to 80 °C.,

6. The method according to Claim 1 wherein the reaction is carried out under
pressure.
7. The method according to Claim 1 characterized in that it is camried out

continuously.



