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formul ati on of tetraphenyl phosphoni um phenol at e The present
i nvention relates to a catalyst fornmulation, which is liquid at room5
tenperature, of tetraphenyl phosphoni um phenol ate and phenol and the use

t hereof as a transesterification catalyst, in particular for the

sol vent-free preparation of t her nopl astic pol ycar bonat es.

The preparation of phosphonl um phenol ate is known from DE-OS 196 35 656 and
10 Cer man PaRrocess fan the-preparatiomefa liquidfermulation; of tetxaph (

3.442.854, inter alia, that phosphoni um phenol ates, opti onal |y
co-usi ng al kal imheé!t‘%ql?al kaline earth nmet al corrpounds, are
particularly suitable as catalysts for esterification and for
transesterification, in particular for the preparati on of polycarbonates by
the nelt The presertt mwerftloualtelms for acetadyst f@mmdatione tvhithgs iliquidhat room
cat al yst as a solid res

technical diffic i e rabl e
to meter if thelCERE %’to P%‘E;‘EMIEP‘WSB‘P‘?H‘“@&I*’G“°IMG and Pﬁ?’&iﬁdeﬁlet“ﬁ%ﬂ?&’t of A% st
can be dissolve ey dIIBReRRRYE i f
45[err]C, in ge%et#ﬁ]lsgzg cqtlIr?ﬁ(;x ?%%s[tern?]@ﬁﬁl can@te Sf eg to thpéepparr%i:oélsso as
a sol ution. Thlﬁlemoplastlcpbmuﬂbbﬁstesa heated reservoir and therefore

addi tional technical expenditure. It is furthernmore known from J.
Og. Chem 32 (1967) 1060 that phosphoni um 20 phenol at es are unstabl e
to heat, so th t her ma lLar. by, I

resi dence of th h%B‘EeB b?gggpﬁ?ﬁpgﬂm kﬁ:%ol%t{e P oy@sfé%ﬁ g)sc}agrén%? 686 aP(lljl ed
out . 10 NEG@ﬁheﬂﬂPaftérﬁ'Rp%hB&ﬁGM €97 ¥NBSN3I | B 1!; kfiovsl frotn USQBI4ERIESH diter e,
of phenol and wat er % 10 wt. of fers another possibility.

A di sadvant age 4lés, ehatsphdsphomwn eprhencslates 0ptlona lyucmamgeaikalnmtalh@(qhnwégb as
an additional substance. Ljebigs
nor eover descri BEt t°ﬁ€‘p8}‘%i;ﬁ’ 'aﬁ%p r@ﬁﬂ?ﬂsﬁ‘?t?@ﬁ S cag%ﬁt%&?l Fi}g%ﬁ%ag%ﬁoaﬁ}d for
salts to tri pheﬂ)ﬁ]ls@gteﬁﬁ?ﬂt B balficulAF §6 ik MepaPaton ofOYSly¢AilGittdsOsy k¥ elt
smal | amounts of water at high tenperatures also have theé effect of
cl eavage of transestegificaipheprocessos Sinwei metepng ninl tteecqtdlps- By at solid presents
trlphenylphosphane oxi de
technical difficulties, it is desirable to meter in the catalyst in liquid form. For
example, the catalyst can be dissolved in liquid phenol, i.e. at temperatures above
45°C, in general at approx. 60°C, and can be fed to the process as a solution. This
requires a heated reservoir and therefore additional technical expenditure. It is
furthermore known from J. Org. Chem. 32 (1967) 1060 that phosphonium
20 phenolates are unstable to heat, so that thermal predamage, in particular by a long
residence of the catalyst solution in the heated reservoir, cannot be ruled out.
Metering from a mixture, which is liquid at room temperature, of phenol and water
(90 wt.% : 10 wt.%) offers another possibility. A disadvantage here is that water is
introduced into the process as an additional substance. Liebigs Ann. Chem. vol. 634
25 (1960) 1 moreover describes the alkaline decomposition of quaternary phosphonium
salts to triphenylphosphine oxide. According to our own investigations, small

amounts of water at high temperatures also have the effect of cleavage of

tetraphenylphosphonium phenolate (TPP-P) to triphenylphosphane oxide.
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The object of the present invention was therefore to provide a sinple
possibility for liquid netering of tetraphenyl phosphoni um phenol at e.
It has now been found that a m xturge_of TPP-P, or the adduct of
TPP-P with 2 nol ecul es of phenol, called TPP- P*2PhCH in the

foll owing, with phenol at a conposition of 28 to 45 w.% TPP-P 5 (or 40
- 65 W . % TPP-P*2PhOH) - and correspondingly 72 to 55 w.% (or 60 _to

35 wt. % phenol Theobjeenf dheapresand investigrewas theeeforerp previdegsimpe pessinlitytfor he

CoLal St o o o 5 LR MBS RO a4

The liquid fopmlRtdrarpp-pokt @t a8duct 3¢ TPPD Bsth X RoldcliRs of NG| @fted TPP-
t et raphenyl phosphoni um phenol ate can be used in a manner knhown per se as a

catal yst for thP*2RhE)ihimtheafollofimg eitht phenploatya coriymositiomsof] 280, 45 out.%e ARPP e,
us- A 3,442,854). A di to . th It t terificati

e osed Bnes cori b8 vi3E ARSI ol e gisal b £ e BLRR S
fromaromatic di I i | ' . ' |

br anchi ng algent %yglg%ﬁ (??1 e‘r’r@ﬁ%@ﬁ@‘ﬁgﬁt i‘éom terﬁfér&u ﬁfélﬁ%) ﬁgé&p’ﬁgﬁqlﬁ%g Bﬁgfr?:ﬁggh?}é%y

prepar ed accor dine tiuidstaterviditut doreibansubstasies |0?4dditives and without preliminary
transesterification catalysts in ambunts of 10' nol to 10[err] nol,
preferably in exposurepfthernatalyst tolligabrr] nol to 10[err] nol, per nol of

di phenol . 20 Further details of the nelt transesterification
process are described in the literature, (see, for exanple, Hermann

Schnel |, Gqem sty apghiffhy $brkfil@onPolobEamdaonaicesiding  to  tHRO! VilReéntidavi @5,
vol . 9, 1964, pages 44 to 51, DE-AS 1 031 512, US-A 3 022 272, Us- A

5 340 905 and Ustraplkengiphogiohiun® phenolate can Theeusddeinne phamer knpwhypeardsozsates
prepared with the liquid fornul ati on according t t he i nven 'o& of
TPP-P are sol vef&talb’ ?teé,r thg\péepg.rarqoahqf grﬁmapﬁgqogyce&oagﬁes 4559 orecxammle @JS
free from undesiuabke dehetd ding ol A€ Ml HaRORARLRion! frobdls HQEY thE, Fhe

process
example, aromatic polycarbonates are prepared from aromatic diphenols, carbonic

15 acid diaryl esters and optionally branching agents and/or monophenols.

The phosphonium phenolates prepared according to the invention can be employed
as transesterification catalysts in amounts of 10" mol to 10" mol, preferably in

amounts of 10 mol to 107 mol, per mol of diphenol.

20
Further details of the melt transesterification process are described in the literature,
(see, for example, Hermann Schnell, Chemistry and Physics of Polycarbonates,
Polymer Reviews, vol. 9, 1964, pages 44 to 51, DE-AS 1 031 512, US-A 3 022 272,
US-A 5 340 905 and US-A 5 399 659).

25

The thermoplastic polycarbonates prepared with the liquid formulation according to
the invention of TPP-P are solvent free, have a light intrinsic colour and are largely
free from undesirable defects in the polycarbonate. In the context of the process
according to the invention, largely free from undesirable defects in the .

30 polycarbonate means that the content of branching agents of the formula (I)



according to _t he invention, largely free fromundesirable defects in the 30
pol ycarbonate npeans that the content of branching agents of t?%@%g (n
3

WD 99/ 46315 ~ WO99/46315 PCT/ EP99
-3 - [err] 5 wher e X = [err]-al kylidene or
cycl oal kyl i dene, S or a single bond and (Rferr]= in each

case i ndependently of one another COOH, CHBerr] C or Br, 10

where several different (R)[err] can also occur on one phenyl ring

n= 0, 1, 2or3, in the polycarbonate does not exceed a val ue
of 300 ppm according to total 15 hydr ol ysis and HPLC determ nati on.

HO —X o OH
AT A SRR T
(R), (R), - (R), (R),

5 where
X= C,-C,-alkylidene or cycloalkylidene, S or a single bond and
R), = in each case independently of one another COOH, CH,, Cl or Br,
10 where several different (R), can also occur on one phenyl ring
n= 0,1,20r3,

in the polycarbonate does not exceed a value of 300 ppm according to total

15 hydrolysis and HPLC determination.
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Exanpl es Preparation of various phenol/TPP-P*2PhOH m xt ures

Phenol and TPP-P*2PhOH were wei ghed (total weight in each case 10 Q)
accordi ng to the conpositions intable 1 into 20 ml roll ed-edge
bottles with a magnetic stirrer under” an N2 at nosphere and the
bottles were closed with a septum These bottles were clanped in an
aut omati ¢ shaki ng device and i mrersed in a heatable water bat h. The
t enper at ure of Exampleser bath was now i ncreased stepw se (5[err]C/ h) until
10 the mxtures were in liquid form and at the sane tine the shaking
devi ce ensured optimum m xi ng. After nmelting, the sanples were taken
out of the wat egrepal ; P epgerature. Sanpl es 4a, 5,

c atibrfofvarious phenb/PPF PhOH 1 : A
6 and 7 remai ned T1quid, ornmed a solid and a liquid
phase or solidified. The nelting tenperatures (T[err]) of all the

sanpl es are sumlgri sed in tabhle 1. These were determ ned by a procedure in

15 which t he isaplAndsTRAPCHF I wseeeiphed atahigishbin eaghicase Hba) according
tenperature We.rt§ tl?i% %cl)mn}')osﬂ?o%ts S8 tdp3d ?{}@L %?rﬁ%%{]g&%ﬁ&g b&{lesa W%taerrnagnaettig sttt |

they were |iqui
PCT/ EP99/ 01330 under an N, atmosphere and the bottles were closed with a septu?n.- These bottles

Table 1 Conposition of the catalyst fornmulations and their nelting
poi nt's waaslamprs. inpproApigmaty siaidngdaviceqand Bmorrsed NPP-heatableGwite)
Tlerr]

bath. The temperature of the water bath was now increased stepwise (5°C/h) until
10 the mixtures were in liquid form, and at the same time the shaking device ensured
optimum mixing. After melting, the samples were taken out of the water bath and
cooled to room temperature. Samples 4a, 5, 6 and 7 remained liquid, and the others
formed a solid and a liquid phase or solidified. The melting temperatures (T,,,) of
all the samples are summarised in table 1. These were determined by a procedure in
15 which the samples which had been melted and cooled to room temperature were

heated (5°C/h) by means of a water bath until they were liquid again.
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10. 00 0. 00
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6. 00 4. 00
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3. 57 6.43
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CobpRsifisA PR T atalyst formulaﬁBﬁPﬁ{cﬁhéx? theRingWifts Pol ycar bonat e

with aliquid TPP— P*2PhOH PhCOHcat al yst 10 sol ution Exanmple 1
114.15 g (0.500 nol) bisphenol A and 113.54 g (0.530 nol) diphenyl
tirror. i ntef SAPBITE “35&@%%‘ Y e ol GRSt ke 3o ® | T
nmetal lized) with a bridge. The apparatus was|freed from at mDP,@l]‘ueri C
oxygen by applying a vacuum and pdyrging withfnitrogep (3 tines)
1 100 0 10.00 0.00 42
2 85 15 7.86 2.14 39
3 80 20 7.14 2.86 34
4 75 25 6.43 3.57 28
4a 72 28 6.00 4.00 <23
5 70 30 5.71 4.29 <15
6 60 40 4.29 5.71 <15
7 55 45 3.57 6.43 <18
8 50 50 2.86 7.14 52
9 40 60 1.43 8.57 90
10 30 70 0.00 10.00 143
S
Use examples
reparati f ol li TPP-P*2Ph hQOHc
10 solytion
Example 1
114.15 g (0.500 mol) bisphenol A and 113.54 g (0.530 mol) diphenyl carbonate
15 were weighed into a 500 ml three-necked flask with a stirrer, internal thermometer

and Vigreux column (30 cm, metallized) with a bridge. The apparatus was freed

from atmospheric oxygen by applying a vacuum and purging with nitrogen (3 times)
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and the m xt US’éO\%/%’é“ 5eat ed up to 150[err]C. 4x 10[err] nol %P(:T/Elx'g/()1330

t et r aphenyl phosphoni um phenol at e, based on the bi sphenol A in the
formof liquid m xture no. 6 were then added and the phenol forned
was distilled off under 100 mbar. At the $me tinme, the tenperature
was increased up to 250[err]C. The vacuum was now i nproved 5 st epwi se
down to 1 nbar and the tenperature increased to 260[er]C. The tenperature
was t hen i ncr emdetle mOixRHO e rHefted apdtot 150°Gi xdx11€”° wadY%stetraplestiylphdsphofiiuin mbar
for 1.5 hours. A pal e-coloured sqlvent-free,. polycarbonate with a

rel ative sol uthhgnolaies bassdop the bisphenod Ay ip gle fommofylicind Duixfugsy Roy S wonsthen | C,

5 g/l) was obtai.ned. , the..c r | t Qf ul a

(la) in the po%&‘}g(g%%ﬁ%et%hegglfa%g'&)g‘gfw\ﬁgﬁglg%%%u it 1891en0 1 ébﬁltsé @a?n Val ue
of the pol ycarihgnamperdfte MasPdteased up t01250°C. The {RGifith was now impro¥edrp! e
2 As exanple 1, except with catal yst sol ution no. A

5.

pal e- col olr ed, steptiseedewi ted ntgr and theoteynparabue incecased ko 260°€) athievtemperhturé on
viscosity of 1.27 nmet hyl ene chl raigxae 25/ err]C_ . 5.9/ S
obt i ned. The B HehUnGrSH 4 PG dane TBRETh &% gt amdpng T bwner 1.5
pol ycar bonat e 1psepal ef1eNstodBd BRTent % plRaRchbte Attty 3 r1gtid soliftfon viscosity
pol ycar bonat e was 55 ppm

of 1.260 (methylene chloride, 25°C, 5 g/l) was obtained. The content of branching

agent of the formula (Ia) in the polycarbonate prepared was 25 ppm. The phenolic

10 OH value of the polycarbonate was 70 ppm.

g ™
A AL
CH, COOH CH,
15
X le
As example 1, except with catalyst solution no. 5. A pale-coloured, solvent-free
20 polycarbonate with a relative solution viscosity of 1.275 (methyler{e chloride, 25°C,

5 g/1) was obtained. The content of branching agent of the formula (Ia) in the
polycarbonate prepared was 18 ppm. The phenolic OH value of the polycarbonate
was 55 ppm.
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1. Catal yst formulation which is liquid at roomtenperature, conprising
28 to 45 wt. % tri phenyl phosphoni um phenol ate and 72 to 55
wt. % phenol. 5 2. Use of the catalyst fornulation accordi ng to
claiml as a transesterification cat al yst.

Use according to claim2, characterized in that the catal ylzy/(,ornul at ion is

10 enpl oyed in amounts of 0.01 to 100, 000 ppm Jmmm
Process for tf&@ﬂéﬁ&ﬂ&ion of thernopl astic solvent-free J”m

starting fromaromatic di phenols, carbonic acid diaryl esters and

optional ly branchi ng agents and/ or nonophenol s, _
characterized j.n thedtalyfiefofiablations whichds liquid at room tefr@émﬂr@tdoﬂ{brﬁﬁ%olsjtdqg to
claim 1 is enployed aS the transesterification catalyst in
amounts of 10[err] 45owu%{tephényiphiospheniun phexfolaié pe7iblo. 55 wt.% phenol.
5
2, Use of the catalyst formulation according to claim 1 as a transesterification
catalyst.
3. Use according to claim 2, characterized in that the catalyst formulation is
10 employed in amounts of 0.01 to 100,000 ppm.
4, Process for the preparation of thermoplastic solvent-free polycarbonates

starting from aromatic diphenols, carbonic acid diaryl esters and optionally
branching agents and/or monophenols, characterized in that the catalyst
15 formulation according to claim 1 is employed as the transesterification

catalyst in amounts of 10" to 10”® mol per mol of diphenol.



