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molecular weight polycarbonates.

The two-phase interfacial process results in a reaction mixture which is an
10 emulsion of organic and aqueoﬁs a]ké;line phases. In order to recover the
polycarbonate product from the organic phase in which it is found, the reaction
_ mixture must first be separated into its organic and aqueous alkaline phases, and the
: ofgam'c phase must be further processed to remove undesirable impurities including

electrolytes, catalysts, residues of chain terminators, and unreacted starting materials.

15 Typically, such reaction mixtures contain polycarbonate polymers with
molecular weights up to 250,000 g/mol on a polycarbonate basis and sa.lts present in
an amount up to one quarter by weight of the reaction mixture. Further, the reaction

mixtures may exhibit a wide range of viscosities. In conventional-procesSes, the
initial separation of the aqueous alkaline phase from the organic phase is not

20 complete, but leaves the organic phase containing some ten percent or more of an

aqueous component. Further, the organié phase contains residual impurities such as

catalysts, residues of chain terminators, and unreacted bisphenols. Thus, additional

steps are required to pﬁrify the organic phase.
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coalescence of the separate phases.

Another method for purifying the organic phase is to employ a series of
centrifuges to remove the residual aqueous componenf by application of very high
gravitational forces, as described in-U.S. Patent No. 5,260,418. In this process, the

15 separated organic phase is further contacted with water and various aqueous solutions

- to bring the impurities into the aqueous component, which is removed and discarded.

Phase separation and purification processes employing centrifuges are time
consuming and expensive to install and operate. Moreovér, alternative purification
methods such as extraction by countercurrent water washing and gravity separation of

20 the two phases are much slower and less efficient. Accordingly, there is a need to
- provide a method for the fseparaﬁon and purification of reaction mixtures resulting

from the twofphase interfacial process for malcmg polycarbonate’l which is efficient
‘and economical. -



m xture nmust first be separated into its organic and aqueous al kal i ne
phases, and the organic phase nust be further processed to renove
undesirable inpurities including electrolytes, catalysts, resigyeS ot
chain termnators, and unreacted starting materials. 15 Typically, such
reaction m xtures contain polycarbonate polyners with nolecular weights up
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met hod for puritying the organic phase is to enploy a series of

centrifuges to renove the residual aqueous conponent by application of very
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directly from a reactor.

In an alternate embodiment, the separation devices are combined in a plate
decanter/coalescer decanter array comprising a plurality of units comprising at least one plate
decanter. The array may comprise m rows where each row consists of n units in series, in which
the organic phase output of each unit may be connected with the outputs of units having the same
value of n in other rows. The organic phase outputs of the last unit of each row of the array can be
combined thereby separating a reaction mixture into an organic phase and an aqueous phase. The
organic phase may be conveyed into a series of centrifuges, and then into another array in a

repetitive process.

The process of the embodiments can separate and purify the reaction mixture in a

highly efficient and economic manner.



15 separated organic phase is further contacted with water and vari ous
aqueous solutions to bring the inpurities into the aqueous conponent,

whi ch is renoved and di scarded. Phase separation and puri figathomos
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conbi ned thereby separating a reaction mxture into an organi c phase and an
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For a better undcef%standi ng of the present” invention an cts,
r ef er ence Go@leshgffiechmensused da frmaseperstion petivank etaubinatinewitansi der ed in
light of t . ' lLication the scope of this invention as pointed =
out in thechl’gibr'pﬂ}(':é)l eﬁagf%'?%gc}ev&gﬁghﬂpveeg%i nation with the draw ngs of which:”
S FIG I is a schematic of a separation network which includes two plate

‘10 FIG. 3 is a schematic illustrating a separation network which includes two

plate decanters in series before six centrifuges arranged in parallel in accordance with

the invention and

FIG. 4 is a sectional view of a plate decanter including a sonar probe in

accordanc_e with the invention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

15 This invention provides a process for the separation and purification of
. reaction mixtut_és obtained in the process for preparation of polycar_bonaté by two-
phase interfacial polymerization. The process of this invention employs one or more -
plate decanter separation devices in combination with boalescer decanters and/or

centrifuge type separation devices.

S 200 The reaction mixture to be separated with this invention is the effluent from a.
resin reactor producing polycarbonate. Polycarbonate can be produced in batch or
continuous mode by a two-phase interfacial process. The resin reactor effiuent
comprises a heavy organic component including the desired polycarbonate and a‘h'ght B

aqueous il;organic component. Typicg]ly, the ratio of the aqueous phase to the

4



decanters_ and three centrifuges arranged in series in accordance wth the

invention; FIG 2 is schematic illustrating an_array of plate de er
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flows fo the top. The principles governing gravity decantation of an emulsion are
based on Stoke’s Law. For example, in a decanter, as the difference in density

15 between the dispersed and continuous phases of an emulsion increases, the separation

time decreases.

The use of a plate decanter can be combined with coalescence devices.
Coalescence is the process by which droplets of the dispersed phase of an emulsion
are brought together to form a continuous phase. Itis knowﬁ_to those of skili in the “
20 art that coalé_scence of polycarbonate dispersions can be aéhieved by conducting the

dispersion through a layer of fibers, preferably glass, steel, or polymeric fibers.

More particularly, coalescing elements are added to the interior of an empty
decanter. Preferably, the coalescing elements are a combination of metal and teflon
such as elements available from Otto York. The coalescing size and number o as to

- 25 provide a residence time in the decanter of 3 to 4 minutes, preferably, 1.5t02
minutes. The combination of a plate decanter with coalescing devices and/or

centrifuges is an embodiment of this invention.




at an angle with respect to gravity, the angle typically being from30 to
60, preferably about 45 The decanter is filled with pl at e% whi 580?' SO o
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In the embodiment shown in Fig.1, plate decanters may be combined with
15 centrifuges, to separate a reaction mixture. A reaction mixture 10 can be introduced
'in'to a sgerie's of separation devices including first 12 and second 14 plate decanters
which will separafe the emulsified reaction mixture into first 16 and second 18 lighter
aqueous phases, and first 20 and second 22 heavier organic phases.’ Preferably, the
residence time in each of the plate decanters is 5 to 6 minutes. The lightér aqueous
20 - brine phase'16 will be removed from the pIate decanter 12 and discharged. The
* second lighter aqueous phése 18 will be removed from the second plate decanter 14 -
and recycled back into the original reaction mixture 10. The second hégvier'organic
- phase 22 will be acidified with HCI 24 and sebarated in a first centrifuge 26. The
wastewater 28 will be removed from the first centrifuge 26 and the organic phase
-25. from the ﬁrstl centrifuge 30 wiil be mixed with water 32 and added to a second
' ~ centrifuge in series 34. The wastewater 36 from the second centrifuge 34 will be
| recycled with organic phase 22 from the second decanter 14 The organic phase from -

the second centrifuge 38 will be mixed with water 40 and added to a third centrifuge



determne the interface |location. By determ ning the |ocation of the
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will be renoved fromthe second pl ate decapter nd recycled back into

the ori gi qaﬂlespeaﬂhldnaﬁﬂopﬁ#@ in geriepioE i Bagiel lﬁéﬁxp’éjr%rﬁ?‘g phase 22 will

be acidifie 24 a £ The

wast ewat efOBY 1"I’rr‘ r}@e’ﬁﬁ%rpi% ? gcanﬁrﬁ;iasxid %o%%ets?%ﬁ&gégt ﬁlaﬁgye the organic
phase 25 }ﬁmﬂ foagRaidel thic Irbackien Fixiee initd in vrgheic pRgseand added
to a secofr:\(; g%?ﬂr%%&gefg%égryl eéﬁSt%% The wastewater 36 fromthe second
centri f ugendh uqdebué)phase eThe brzaniniphhsedirapa tiengiwademnay be confuctsd igleond
decanter 14 The organi cq%gase from _the second centtrl fu g 88 will be m xed
wi t AOvat eperies of pentaifiges and thenintoapothenPetvogy I FTPTUUYHESSYs  wo 02/ 24784
PCT/ USO0/ 25784 42 after centrifugation. The wastewater 44 fromthe third
centrifuge 42 phd b ffend QAGE N dofodhifiBilif vailioa A%l 10bafighdtel | I St
decant er T invention I1s not limted to enbodi nents consi sting of
regul ar aﬂé@ﬁtérs & dechstepdmabescirs ssatsed fardhe sdpattitionof $he- Wamﬂdhlmﬁé reaction

m xture is conducted into a 5 separatL net.wor urallty of
pl at e decamwnmgaﬂb’%r?ﬂﬂﬁrealrheﬁ”éy x5 §Eeé?r§e%|aéﬁ %éﬁa 8d i n series

or in par g' | e tmmamx)rﬁ hgRA %oann@é}ya plurality of units 120 consisting of a plate

15 - decanter 160 and/or decanter coalescers 140. The array comprises m rows where each

sow consists of n units in series, and in which the organic phase output of each unit is
connected with the outputs of units having the same value of n in other rows. The
organic phase outputs of the last unit of each row of the array are combined thereby
. separatmg a reaction mixture into an organic phase 180 and an aqueous phase 200.
20 The organic phase may be conducted into a series of centrifuges 220, and then into
. another array in a repetitive process. The series of centrifuges, * Cfg,” 220 where l=

1,2,3... etc, can be used for acid or water washing of the orgenic phase.
Optionally, the resulﬁng organic phase 190 obtained may be separated in a second
array 240. The second array of separation devices CDSN, may be the same or

25 different than the first array of separation devices.

When one separation device is operated in “series” to a second separation
device, it is meant that the output of one device, for example the organic phase output,
~ is provided as the input to the second device. Thﬁs, a “series of devices” means a
plurality of devices operating in series paimd_se to form one serial chain. “When one

7



conbi nati on. The out puts of the pl ate decanters and coal escer decanters may
be conbined in any order, thereby separating the reactionmgi I’y]turg éé;to an .
organi c phase and an a,us phase. The organi c ph fronft HE%ERWDdr k may
be condugiesh/dsngp a 10 selies of centrifuges, and th in&,%g@%ﬁunetmrk .
in a repetitive process. Fig. 2 illustrates an alternate e | $4in

which an array 100 of plate decanters and decanter coal escers is used for *
t he separ aSERaBeN feNECe apetated inf paratlel” to astaindi separpiidny devid) itds eathe array -
hereinafter, referred to..as a Coal escer/Decanter Separation Network, "CDSN
conpri ses RE ST EpoRding phtputs Pﬁ@afg]cfiﬁ}.‘@t for gxasnpls thy erganic Phasscanpts, 160
and/ or decgp! &imbRal fPHVRIeh Igg éﬁ% I.ses in rows where each row
consists of n lill}]its I n serieefsll‘,g)s%n Ilnflz{ ngﬁ?rgﬁé S‘organi ¢ phase out put of

each unit is connected with the outputs of units having the same val ue of

n in other rowsInEiemtodganitcofthssavenion the sefardtion detRbs bpicktc® aRAGH " OW of
the array are conbined thereby separating a reaction mxture into an

or ggnﬁf ghg@éhmﬁ%&uarhgfah%@d@t av )pf phases. glzlgddmtljﬂ?&mga{ﬁfca pmlhsasndat B amagbe -
conduct e S es _of centrifuges an en_into another array in
a repeti ti{i/jgb t%)ierica)oc g"gsclh SRR &pglgsear'}tvf‘?‘?'{?d&?ts' ochRrzinp yaigr o ether - 1 2 3

etc, cCadlutiens)sRudifs clegkitly ﬁéa%erghY@%Eﬂﬁ%P%%g o n%%%@ic% Rpgse.

Optionally, the resulting organic phase e Séparated in é

- second aramjharg@rtiahef the pmedssaHaaly defics mppukbihave tevé 1aa oGPHbint Wy be t he
sanme or 25 different than the firs rray of separation devices. Wien one
separ at i onwg'@b_ip@glquiﬁd’b‘g?“ﬁgﬁ qXﬁmpieEtgP dght phgse, aseesdyctedpar at i on  devi ce,

it is neant that the output of one device, for exanple the organic phase

outps, s provhéefowing Beuk ‘ RSN AREGE: Sherdts wighd €S of

devi ces" nmeans a pl uraléity c??%ﬁ%edségg%%r%%{%g mﬁgtgrelnégs&ﬂg%?rﬁ\sfm“@@“{o form

one seri althebaipe.of tha/fresend ieveittio ITHe examplare YWed 26RA7HE RGAIHSRY25784
separation device is operated in "parallel” to a second separation device,
it is meardtiustration apdarerette bpeensiraed avlipijetionstofdbe pregent ineentibns - exanpl e t he
organi ¢ phase outputs, are conbined to provide one streamin a further
process. | e §bodi nents of this invention, the separation devices

s _

operate t 35 Vrae

A plate decanter was tested on a polycarbonate resin separation line consisting

15 of three cenirifuges. A primary centrifuge was used for resin and brine separation. A
second centrifuge was used for acid washing the resin solution to reduce the chloride
concentration in the third centrifuge to aveid excessive corrosion in the third

centrifuge.

In order to test the use of a plate decanter, a 200 liter decanter unit from
20 ~ Esmitec/FIB .Was tested on the discharge of a feed pump of the resin separation line.
The separated light and heavy organic phases from the top and bottom of the decanter
were fed back to the input of the centrifuge feed pump. | |

The feed mixture of the decanter consisted of both an aqueous phaée, brine or
| wash water, and an organic phase, polycarbonate resin dissolved in methylene
25  chloride. The feed mixture entéred thé decanter through a feed line. The aqueous
| phase, being the light phase, flows to the top of the decanter while resin solution flows
to the bottom. The feed flow was varied and_adjusted by the visual inspectidﬁ of the

8



5 the dispersion into |light and heavy phases. In addition to the input of a

pol ycarbonate di spersion, each device may have puts at various 6) nts
for charging water Qot her solutions, includi ‘Ichargi ng éa'WegB éf i ght
phases gonAwgtHd to The device from another portion of phpusfnmsess. Each
device may al so have nore than one point from which particul ar-outputs,
for exanple the light phase, are conducted. 10 The fol |l ow ng exanpl es"
further desateriphesean®heeaogesdroplets of isai phase wergi seent i the highkphnsesight ¢ he

pr esent inventgo?. lpe exanpl es are given solely for the purpose of

i |1 ust r at i2bsS-dhe fegf oRoV23 HaPeedeonst rued as |imtations of the present
invention. Exanple 1 A plate decanter was tested on a pol ycarbonate resin
separation |i n‘i*‘o??é%ﬁh%ﬁhﬂﬁca&ér z@fantiﬁiftﬁﬁeﬁ@é‘?dr'tﬁé'ﬂ%ﬁcenﬁiﬂ{gb,%f)%aﬁ&ﬂt rifuge
was used for résin an rine separation. A second centrifuge was used for
aci d washieffriéts wasietected! atitieascdml deattifege. t A ecsohdcduticesampdncerhe ati on in
the third centrifuge to avoi d excessive corrosi o_néi)n_t‘ilh tﬁ‘; rd centrifuge.
In orider theavyshase wes trseovist ahths|sasond gertsigsand et With O vobe BfEer uni t

from 20 Esm.tec/FlB was .tested t ' :qd he resin
separ at | oﬁlﬁtﬁlﬁé .wa{ef’ns\«,e%ﬁgegpﬂ} astegﬁ%{%fjg @e g@#@%&étegﬁsgﬁéﬁgéﬁ??g@l%%ém the top
and bot t o whiBepiRe ¥Rk Simplee hhd Vietalhdlpdcted] o judged owthelshme besi vs f uge
- feed punp. The feed m xture of the decanter consisted of both an agueous

phase, br iarveatarsampésfromdhecenitifuge.an or gani ¢ phase, pol ycarbonate resin
di ssolved in nethylene 25 chloride. The feed m xture entered the decanter

E Fé"?gB of ¢ ho Aubainery tonoyae RV BRETIOR: PebiAfecs BefyuB IRRing WOIC TP
2003 7o BB A AL B e hen 1o 06 G op ST o1 eany

phase wer eeseifigeiof 71 Bémp/lgfuintiiasexsnigh il 0678, asigimurn 396 agly was reduced.
For testing the decanter as an | nput device igr thgkgfi rsttpené{it{]élge,
separ at i oSevighen &9 & clhigaereseprAs iR @ caryQ YRS of L oS P B TFY G R P2si n

sol ution %%{Hﬁk Srgiam%-phta&eﬁ‘om the first centrifuge.

By comparison, the heavy phase leaving the decanter was sampled and
: 15 analyzed for chloride. The average chloride concentration in this extraction water was

" 2766, standard deviation 2523, brine carry-over 0.53%.

This test showed very good separation on both phases at a feed flow of 1600 to
2000 It./hr. During the total test time of 4 weeks no rag layer formation at the

interface was observed.

20 Examp_le 2

A reaction mixture containing polycarbonate can be prepared using an
interfacial reaction process. Sucha reaction mixture may be separated and purified
using two plate decanters and three centrifuges in accordance with the process shown:
in Fig. 1. A calculation using mass balance assuming an input stream composition,

25 : brine carry-over and polycarbonate content in accordance with Example 1 was N

performed.



5 heavy phase was renoved at the second centrifuge and m xed with 10 vol %
pure distilled water, stirred, and separated. The s arateg Wate% S
anal yzed for chloride. . wat er phase was sanpl ed a vi sdal [ Q@%ect ed,
and j udgedoomz2478e sane baSis as a water sanple fromThe i q A
base-1ine study conducted over a period of eight weeks before installing
the 10 decanterTgave @Q aver age, ch| oride concentration in the water =

di scharge of thelS2ESRES aE simmarigebinok able b whgre PG 61 rad yesmbonatex Matth 20678,

m ni mrum 39 . batl ks, corr.esponds tQ. a carryover . of
1. 39" v gt Suy kB8 ISR A Bhitdrh ol (AR ERRRRR. Bl fidbpiiott

- centri f uge. thBpusifispargasiephatd CnbBRd\of PIFRGEchertdd g g-er was sanpl ed
and 15 anal yzed for chloride. The average chloride concentration in this
extraction water was 2766, standard deviation 2523, brine carry-over
0.53% This test showed very good separation on both phases at a feed fl ow
of 1600 to 2000It./hr. During the total test tinme of 4 weeks no rag | ayer
formation at the interface was observed. 20 Exanple 2 A reaction mxture
contai ni ng pol ycarbonate can be prepared using an interfacial reaction
process. Such a reaction m xture may be separated and purified wusing two
pl ate decanters and three centrifuges in accordance with the process shown
in Fig. 1. A calculation using nass bal ance assum ng an i nput stream
conposition, 25 brine carry-over and pol ycarbonate content in accordance
with Exanple 1 was perforned. 9 21 June 2005 WO 02/24784 PCT/ US00/ 25784
b' The results are summari zed in Table 1 where PC = pol ycarbonate, MCl2 =
met hyl ene chl ori de, BPA = bi sphenol A and TEA is triethylam ne. Final
outflow of the purified organi c phase consisted of 0.5 weight percent.

wat er carryover. 10

2
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Example 3

An alternate separation network including two plate decanters in series in
dontinuatibn with two sets of three centrifuges in parallel is -shown in Fig. 3 Effluent
5 300 from a plant reactor preparing polycarbonate ﬁshlg a tWo phase interfacial process
is introduced into a plate decanter 310 which separates the effluent into a lighter brine
phrase 320 and a heavier organic phase 340. The lighter brine phase is discarded.
The heavier organic phase 340 is introduced into ﬁ'second decanter 360. The second
lighter phase 380 is removed from the second decanter 360 and recycled back into the
10 effluent 300. The second heavier organic phase 400 is split. A portion of the second
organic phase 400 is received by centrifuge A 410 and the reminder is received by
centrifuge A1 420. The lighter aqueous phases 440 and 460 are removed from
centrifuge A and A1, respectively and recycled for the Water content. The heavier
organic phases 480 and 500 are removed from centrifuge A and A1, mixed with water
15 510 and 520 and added to the second centrifuges in series B, 530 and B1, 540,
respectively. The light aqueous phases 535 and 545 are removed from the B and Bl
centrifuges, are recycled with heavy phase 400 from the seconci decanter 360. The
beavy phases 550 and 560 are removed from the B and B1 centrifuges mixed with
wafer 570, 580 and added to centrifuge C 600 and C1 590, reslpec'tiv'e:l},r.i The light
20 aqueous phaées 610 and 630 are removed from centrifuges C and C1 and recycled
 with heavy phasé 3.40 from decanter 310. The heavy phrases 630 ‘a_nd 640 are
removed from centrifuges C and C1 and polycarbonate resin obtained therefrom.

Example 4

A reactor effluent solution having a polycarbonate Conéentration of 10-18
25 weight per cell in the organic phase and a brine or aqueous phase having a specific
| gravity of 1.0 to 1,16 was fed into and removed continuously _&om a plate décanter.
The feed rate provided a residence time in the decanter of between 10 to 30 minutes.

Continuous operation and a limited residence time created some waves or turbulence

12



Cov U OlIlli O) 0) aga OVO 1- oVqu, p00O0O pof oodoNoo0oO 3
rrm 0OCD, nif pO (0=6ILLC ZNZmF Emz 1 21 June 2223 V\%)QS[Z/24784
PCT/ US00/ 25784 Exzl e 3 An alternate separat‘ net work i HeE AP wo

pl ate decanters in ries in continuation with two setgcpsidrsess
centriWﬁb‘&MF% parallel is shown in Fig. 3 Effluent 5 300 froma pl ant

reactor preparing polycarbonate using a two phase interfacial process is

i nt roduceg j-RiRe RitdtbRb WHIQCAMShtostfe Mtbaivnseffrut Fhe thenti(00eves i nto a
i ghter brine phrase 320 and a heavier organigc ih se 340. The lighter

bri ne phaiediwititi smar prolie 770 ef thedop edown paiaral o ACqusGRgf3Soduced into |
a second decanter 360. The second,K |ighter ph ' fromthe
second debevr & Figed. Effprenbagiug rgggﬂg?erff%aﬁ?fgﬁﬁ)fg%g‘lgbﬁaéedﬁ@ )‘;ggrt The second
heavi er api c ' i [ mgoe¥iani ¢ phase
T B R R G R T o e P T ol by

400 is r _ uge he rem nder iIs received by
centy i f Uggtefihce R thdidBetivieait Blic Bghtexdirinephasogasitmonnd threeghuthe bridfroved from

centrifuge A and Al, respectively and recycled.for the ﬁvater content. The

heavi er cmtlgaii0dogtiedaisha Bp csfrﬁ@pé%ntawﬂr ﬁh&@aﬁf%?ﬂl% #Fi%fge A and Al,

mxed with water 15 510 and 520 ?J%{f RdcaRt rifuges in

seri es B,fe@gﬁedath’éo“@h%,}e %f&é‘,’l"Pﬁ%Ssegg‘g‘ﬁ Ve %.tﬁé%%%&bﬁ?gﬁtﬁeaqﬁeou_s phases 535 and

545 are rgﬁ‘]#m\ﬁ‘é@,faﬁﬁfﬂoh@ﬁpiﬁe@ﬁﬂy Bk plaeed i Eﬁmh let AT@whinhymaenmprd heavy
rom

phase 40 he second decanter 360. The .
separation. The results of the interface measurement using the probe as compared

10 with visual observations using a sight glass 790 on the outside of the decanter are
given in Table 2.
Table 2
Average measﬁrement errors ' 498 cm
Standard Deviation of Measurement Errors ~[2.62cm
Number of Measurements 93
Measurement range O—SQ cm |

The average measurement eIrors reported in Table 2 is the difference between
15 the average value of the interface location obtained using the 93 prol_:).e measurements
versus the average of 93 visual observations. The standard deviation of measurement
" errors was calculated from the sonar probe measurements and average sonar probe
value. The average measurement errors should be reduced by recalibration of the
probe trans.ducer. In addition, there was a contribution to the standard der?vation of
20 | measurement errors by the visual observation measurement due to wave formation af
| the interface and the large size of the decanter. Other test probes such as differential

pressure or nuclear probes yielded less acourate and less reliable results than the sopar

or ultrasonic probe.
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i heavy phases 550 and 560 are renoved fromthe B and Bl centrifuges m xed
with water 570, 580 and added to centrifuge C 600 and C 590,

respectively. The |ight aqueous phases 610 and are fedNRtP om
centrifugespiasagd G and Tecycled with heavy phase frogmdecant er 310.
The heavy phrases 630 and 640 are renoved fron1centrifugggT%SQ%ﬂﬂﬁi and

pol ycarbonate resin obtained therefrom Exanple 4 A reactor effluent o
sol uti on havi ng Whiletheeshbezte deRibanilhuskitiR cafbodfindds oﬁélié’ﬁiv&ﬂ#qnoer cell
in the organic phase and a brine or aqueous phase having a specifi¢ ,
gravity of thosg Sgﬂlei 1n thegaswilbgcogrize thaidthermay be changed onmostifed wishow pl at e
decanter. ,The,.fe rate provided a.residence ti .in the decanter of

bet ween 1Odﬂ%n§5gﬁgﬂﬁﬁﬁgpgﬂQB%FgKﬁGﬁQH%HE?%H¢%ﬁmgﬁdsHﬁ@Fﬁ@ﬁ%@ﬂﬁéﬁndence
tinme creat gerSEHIRoMEMNA : ks 02/ 24784

PCT/ US00/ 2%571384 ar ound ?’rlngdlfi%éfﬁeo?? m@g%\qﬂ%i‘;c%“r%rﬂ‘a%‘étf?ﬁ‘%oé’rg?’gc‘%}‘ee\%‘%é{??i”Sr?et

di fficul t. fortteindbe appeaded ORinas sAll idoturaehtydftrefceddiensin Rfcpecificliypf the top -
down type avail able from Accu-Gage as shown in Fig.- 4. Effluent solution
entered thgmﬂﬁﬁﬁﬂ?épy?ﬁbﬁﬁﬁ?EU@ﬁfﬁﬁéébinIet port 730. The effluent
separated into an organi c phase 740 and a brine phase 750 with 5 interface
760 therebetween. The lighter brine phase was renpved t hrough the brine
outlet 770 |l ocated at the top of the decanter and the heavier organic phase
was renoved through the organic phase outlet 780 at the bottom of the
decanter. Optionally, additional plates may be placed in brine outlet 770
whi ch may inprove separation. The results of the interface neasurenent
using the probe as conpared 10 with visual observations using a sight glass
790 on the outside of the decanter are given in Table 2. Table 2 Average
measurenment errors 4.98 cm Standard Deviation of Measurenent Errors 2.62 .
cm Nunber of Measurenents 93 : nF
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Measur enent range 0-50 cm The average neasurenent errors reported in Table
2 is the difference between 15 the average value of the intg?rfac &)ﬁocation
obt ai ned using th probe neasurenents ver,ﬁet he averagé o’f‘"@go sual
observations, The WPandard devi ati on of measur nt  epESodmIseal cul at ed
fr om VP23 probe neasurenents and average sonar probe value. The
aver age neasurenent errors should be reduced by recalibration of the probe
t ransduG¥HAT IS GUAIVIEAN]S:t here was a contribution to the standard
derivation of 20 neasurenent errors by the visual observation nmeasurenent

due to wave format| ggﬁ%u%gﬁzigﬁggﬁ{élgﬁgmﬁ\aqOm.ﬁ%dﬂeg%&#%%a%oﬁhe decant er.

O her test prlobes essur cl ear probes vyielded

| ess accg )s ' -than the sonar -~ or ultrasonic

pr obe. ﬁk@%c%ﬁgﬁggggf}@ a%%?’f&%%% TI USOQ 25784 Whil e there have been
described illustrative enbodiments of this invention, those skilled in the
art will recognizea) pratvidikgey rexeoromixreries a dvorpbase intefagial Fagkon departi ng
fromthe spirit and scope of this invention, and it is intended to claim

all  sudbr hlepnepasation P plcrbeBte:A that fall within the true scope of the
invention as set forth in the appended clains. Al docunents referenced

herein are specifigal | e IS8 Rpaation devied compisingt y. 14 .
21 Sﬁune 2005 WO 0@75%@{{3%%%%%%%& 2578461%WilAT 1S CLAI MED | g‘lﬁti i '
CONt i NUOK feaB RfRAS A eEaridiehorebyDscphratifg thepeadtionesixiure mia 3OO i xture
conprising polycarbonate, conprising: (a) providing a reaction-m xture from
a two- plyhase anit sy fquedud phegact i on for the preparation of polycarbonate; and
5 (b) conveying the reaction mxture into a separation device conpri sing

ﬁﬁ g;ﬁ;’ﬂzt one plat erfleS ks s ELRD Y BERRE & £ t Brth8ASSmhSHkiAg Xt ure into an
conveying the organic phase from the plate decanter into at least one centrifuge

10 thereby separating a wastewater phase from the.organic phase.

3. The continuous process according to claim 1, ﬁlrt_her comprising
conv;aying the organic phase from the at least one plate decanter into at least one

coalescer decanter thereby separating a wastewater phase from the organic phase.

4. . The continuous process according to claim 3, further comprising

15 conveying the organic phase from the at least one coalescer decanter to at least one

centrifuge thereby separating a wastewater phase from the organic phase.

5. ' ‘The continuous process according to claim 1, further comprising
| conveying the organic phase from the at Jeast one plate decanter into a first centrifuge
'of a cascade of centrifuges Cfg, aranged in series thereby separating a wastewater
20 - phase W, ffom the organic phase O, and convcying the separated organic phase to the
next centrifuge Cfg, in series which separates the conveyed O ; phases into an organip_

phase O, and a wastewater phase W

6. The continuous process according to claim 5 whereink =1,2 or 3.
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phase and an aqueous phase. 2. The conti nuous process according to claiml,
further conprising con I ng the organi c phase fromthe plate decanter N
into at | east one centr ge 10 thereby separatin wast ewaridpe gi%e from
t he orgwo e2/pfrase. 3. The continuous process according tq,(pll/@édng g4f Ur Ther
conprising conveying the organic phase fromthe at |east one plate
decanter into at |east one coal escer decanter thereby separating a v
wast ewat er phask f r dhhd doationg@aprécaaasordi toT&]gngp,rﬁlhﬂMﬂ;{s SS
according to _claim3, further conprising 15 conveying the organi ¢ phase
from t he &Pndusiige thiereapispaasedron shaitlenst ons plateldseanterint a cacadeidfuge

t hereby s | tewat er . phase_frgmthe grgani c. phase, 5. The |
conti nuougg%%%éeiéggcag%e\g%?ﬂ'%ﬁa&gf%lrgfeﬁeﬁ]ﬂfr&’fylﬂ:l’%pg6 Rsteeatg phassWeyi ng t he
~organi ¢ phaatthkroepard @gdn%ﬁggmgr@iﬂéltﬁgg g‘gﬂﬁ: oln first centrifuge -
of a cascade of centrlﬁl%uges Cf gk arrangedrl n ?g{ra?%s“_,[ g?glgyde;scépar ating a
‘wast éwat eeodigscphdesantgk C; moseriehendbsaparstiog ph asganiskplaasel O and @ WiAdgwiabe

separ at ed ](P)rgebgi c phase.to the next centrifuge Cfgk in series which
separ at esPtHE& ¥onveyed ki phases into an organic phase Ck and a _
wast ewat er phase W. 6. The continuous process according to claimb5 wherein
k=1, 2 or 3. gl5 . Th¢ Jeoﬂtwh%uggl%iess%c@%ﬁﬁzféﬁaﬁqrﬁyﬁ %Pé&ﬁé[%éin%- The

conti nuous process according to claim1, Turther conprising conducting the

or gani.c plmseyingdhe ofganiatphbeadm oheatibat endsiariseantening sachaFeRIBrsof
coal escer decanters Co arranged in series thereby separating a wastewater

phase W cassadnafiwosety oh thres srmtfuges Cfg apangesyin pgralies whegeinik= prase O

“inteqathe . r Cc e in.series a eparati n organic

ol & HaosS pERRIETIE] CHETORL iy Segh LR skt AN RE S L odr S gt o
claim 1 fawdnped oS tikdhy sefa gh&&st%ﬂ@teﬁ’f)ﬂﬁ;@iwk ROASS &fgﬁﬁﬁb?ﬂﬁs@é | east
one plate decanter into -each of the first cascade of two sets of three -

“cent r i f ugad conykying pegagisdhiase ariatd Gk newirentrifigkinseties Jhith sephratks the or 6
wher ei n goﬁveygd%k’_, p%fagealhtoafineor%grrxig rf)%gsde d)knan%lear ‘\Ivaetsste\?rgt%r ﬁla%‘é W,?f 93, ahd w g6

~are

9. A continuous process for the removal of impurities from a reaction

15 mixture comprising polycarbonate, compriéing:

(a) providiﬁg a reaction mixture from a two-phase interfacial reaction

for the preparation of polycarbonate;

(b) conveying the reaction mixture into a separation device coinprising
. afirst plate decanter thereby providing effluent from the first plate decanter consisting
20 - ofafirst organic phase and a first aqueous phase; and | B

(c) conveying the first organic phase from the first plate _dédanter into a
second plate decanter thereby separating the first organic phase into a second organic |

phase and a second aqueous phase.

| 10.  The continuous process according to claim 9, further comprising
.25 . conveying thg second organic phase from the second plate decanter into at least one

- centrifuge thereby separating a wastewater phase from the second organic phase.
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arranged in series thereby separating a wastewater phase VW from an organic
phase Ok and conveying organi c phase Ck_1 intg the next centrifuge in seri
es whi ch separ at e\s/ée conveyed Ok., phase i an or gani c2pHERR2 and a
mste%@ _@Qf\se » 9. A continuous process for the repgpxgbo/ofrsd npurities
from #ton 15 nixture conpri sing polycarbonate, conprising: (a)
providing a reaction mxture froma two-phase interfacial reaction for the
preparation of1pol fhachaimbes pilobdss acvrdipg g claine Oy Butber emnprisdire into a

separation device conprising a first plate decanter therep rovi di ng
ef f | uent conduptingthefseeond %E@@%P@é%ﬁﬁ@éﬁeéﬁﬁ?gﬂgﬁﬁ?@“ 5 H§° a %T"“gé’f‘eor gani c

phase and ?e{‘sfg%rr%c a ”@g%ﬁﬁ%%%%gﬂgs&%&%%}@ﬂh%ihﬂ’edwté“’a@f gani ¢ phase

from t he*?3 secord plate decanter thereby
separati ERd hithisd obid phésePhase into a second organi ¢ phase and a -
second a ueoE§ _phase? 10. Ii!"hl'he_ conti nuous process according to claim?9,
further conprising 25 conveying the second organic_phase fromthe second
pl age decant e#?2i nt Thatottimsts processgesrrdingiglaimd ] efiheipmpisng a

wast ewat er phase from the,second organi ¢ phase, WO
02/ 24784cEuryngihe urAoieanic Phase Itogh #fsad s %%8%%%65%%%}? ?%gt%gﬁg aim o,

further ¢ S dGArh ek R ehifPE6RARic Phedink Phasewheophdsaendecond

pl at e de%%ér?éélﬁfuggéheg%pylc%gst onhe coal esce?hdecanter t hereby separating the
second of gafHcoigheishaset 0 a wast ewat er phase and a third organic phase. 5
12. The continuous process according to claim 11, further conprising

conveying the third organi c phase from,the at.l cogl.escer decanter
into at I east 13one ThegPRYUGEEPIORESSF(OT if)gtaillﬁé?mh%? P78 organi ¢ phase

in a wast ewat 2 i 6laf \@senteditito thadirstont | nuous
pré@ess ﬁ%vgyld’ig%eF%%%?g%,ﬁ?%ﬁ%%?h%%&ngﬁgi ng 10ccoh?/eyi_rfg t he second

organi ¢ phastiet@mchitadsetentifnpat @pgdenangedrin sertes thdrebyf sapsratingént r i f uge of

a cascade of centrifuges Cfgk arranged. in series. thereby se i a
wastewater phase W, from the second -orggamcp- asf:E)k and conveyin, orga?u"’g ﬁﬁas@g

O, to the next centrifuge in series which separates the conveyed O,., into an organic

phase O and a wastewater phasé Wi

‘15 | - 14. The continueus process according to claim 13, wherein k=1, 2, or 3.
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wast ewat er phase W fromthe second organi c phase Gk and conveyi ng organic
phase Gk _, to the nextgcentrifuge in series which_geparates the conveyed .
Ok 1 into an organic se Ok and a wastewater p Wk, 181 dune 3605

cont i nUOMMPeBEess according to claim 13, wherein =1, For/BbooPsissl? - 21
June 2005 WO 02/24784 PCTIUSOQ 25784 15. The conti nuous process according
to claim9, further conprising conveying the second organic phase fromthe
second pl ate dbbantBre ¢antioveagiroodss bbrerdihg tetlaii 9 pfuedscasifp@find Wo sets of
three centrifu gﬁl'Cf kdarranged in parallel, wherein k=1," 2, 3, 4, 5 to 6
wher ei n do&vesﬁ.gg e S@?‘ﬂl panie phags the seeandaatg dacapterdntoGhgivofthd 5 Cf g6
are arra i ey j wast ewat er se VK, from an

or gani c r%ﬁg%ﬂea{b&%@%%g?(t:‘gﬁ\gléet§?%%§%?%gﬁ¥ﬂég%fggfgém&l_g\,éﬁﬂi’ %ewhgrﬁ{n centrifuge

in seri eskwih2ch 4, §ﬂp£ﬁhﬁﬁint¢1%,,@t@¥@&§9m@‘anan@@@ﬁﬁseh@% Qf]@ef%gj@%nggd phase Ck
r

and a wastewat er phase Wk. 16. A continuous process for t froval of

i mpu i ti €8s MG RTANgEiB spies tharebyrbspaating eovastaveiterphpsd W, ddpe B beanic

conpri si ng. ). providi-ng a reaction mxture from g two-phase jinterfacial
react i on%%eg@’t e 'C(p% 3%3?%9{83 C(ﬂ&mfﬁ) ylclﬁlioﬁgﬁg?’ét;ce’-m? goin seavehichg t he
reacti on sgpatites thelcBhfeyal A hAYse GRIGHN of4 | f units having an
organi ¢ phase out put a%‘g akﬁbaqgeous p%@%@ﬂ%%%@%%ﬁsgﬁ Ser 35 | east one
pl ate ded¥ater wherein the array conprises in rows where each row consists
of nunits in series and wherein the organic phase output of each unit in
each row is (ignneg ed with the organic outPut. of unit having the sane

val ue of n in'8t her* fERENORroesss#EoTthetpmayal of iganiriticp iwoea caactiont of the .

| agp uni hxiﬁéﬁuree&ﬁﬁb ] , - ~and 20 (d) conveying the organic phase
from(c) into the #S%ﬁ%%ﬁébglg%éyg?g&%entri fuges arranged in series 17.
The continuous process according to claim 16 wherein the array conprises -
at |east one coal e6)@rovidingatreaction mixture from a two-phase interfacial reaction

for the preparation of polycarbonate;

(b) conveying the reaction mixture into an array comprisixig a plurality
of units having an organic phase oufput and an aquedus phase output comprising at

15 - least one plate decanter wherein the array comprises m rows where each row consists
of n units in series and wherein the organic phase output of each unit in each row is

connected with the organic output of unit having the same value of n in other TOWS;

(c) combining the organic phase output of the last unit of éach row of

the array; and

20 | -{d) conveying the orga:ﬁc phase from (c) into the first of cascade of

centrifuges arranged in series -

17.  The continuous process according to claim 16 wherein the array

. comprises at least one coalescer decanter.
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18 21 June 2005 WO 02/24784 PCT/ US00/ 25784 18. A nethod of detecting the
| ocation of an interface between two phases conprising: pravidi ng a
vessel ; introduci ng@m reaction mxture into tl—gessel wher &!nfUPR&OPRact i on
mxture is 5 the duct of a two-phase interTdaci al regaghiQp.fRy the
prepariPi®¥%* '8¢ pol ycarbonate; separating the reaction m xtsﬁre into two
phases having an interface therebetween; emtting sonic waves which

contact the ingerface and Jrabl-eels thbafisP0T afitrf208BaWet8vd fieaseef | ect ed
waves to det eriﬂr?i ne%%ﬁlga%&ocat Hgﬁﬁ%gf t he ilnt'erface. 10 19. A nethod according

to clai md@pmbiggei n the vessel is a plate decanter. 20. A method according
to claim 18 wherein the vessel is a coal escer decanter. 19

providing a vessel;

introducing a reaction mixture into the vessel wherein the reaction mixture is

the product of a two-phase interfacial reaction for the preparation of polycarbonate;

5
separating the reaction mixture into two phases t{avirlg an mterface
therebetween;
emitting sonic waves which contact tl-w interface and reflect therefroin; and
measuring the reflected wa;ves to determine the location of the interface.
1¢ 19. A method according to claim 18 wherein the vessel is a plate decanfer.

20. A method according to claim 18 wherein the vessel is a coalescer

decanter.
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