1 PROCESS™FBR CRYSTALLI ZI NG CHROVAN- | FROM AN | MPURE M XTURET W
"DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON Those skill ed |ﬁ iﬁ
the art will gain an appreciation of the invention froma viewing of the 5
acconpanying drawing in conjunction with a reading of the follow ng
description of preferred enbodi nents ofythe invention. Referring first to

the drawi ng, a process of the invention will be described. The drawing is a
10 schematic depjcti \ 10 far. _the separation and purification
of chroman-1, a 3 %‘%%&%&%%giszG*"sg MANC % ERQMopt ai ned from

preparation of nafter referred to at tines for

conveni ence as "BPA") by the 15 condensatlon of phenol with acetone. The
crude product m xture, PDEZALLER BESCRIPRIE BB PREFERRED:i ti on profiled
in Table-1 below), is m xede%¥ b MeaTa s pEEPANt that the m xture
be carried out so asTheséeguille@ ﬁn"ﬁheaa tzallgobughoanmnth no solid
particles or crystals.yvjsual g¥ ggserv gcessaré .the solution may be

filtered to renPRREERY2ELPRY ?sf%ﬁ?nPboﬂl EBPuRi SASYWERE LEntERI ent
met hod of foBni agcohpangingsétaving, ihsconjphatéon khehnaqureatiihy of the

crude mixture cgptghoi pg; ¢5% PR absbPt Bt BofiObE Britakrad

embodiments of the invention.

Referring first to the drawing, a process of
the invention will be described. The drawing is a
10 schematic depiction of apparatus 10 for the
separation and purification of chroman-I, as
obtained in the crude product mixture obtained from
preparation of bisphenol-A (hereinafter referred to
at times for convenience as "BPA") by the
15 condensation of phenol with acetone.

The crude product mixture, containing Chroman-
1, (with a composition profiled in Table-1 below),
is mixed with acetone. It is important.that the
mixture be carried out so as to result in a "clear"

20 solution with no solid particles or crystals
visually observed. If necessary the solution may
be filtered to remove any solids resistant to
dissolution.

One convenient method of forming this

25 solution, is to place a known quéntity of the crude
mixture containing chroman-I into a column (12) as
depicted in the accompanying drawing. The column
{12) is heated from its jacket (14) to a
temperature above that required for the saturation

30 level of any mixture component, (generally 110°C.
to 180°C.), preferably around 120 to 140°C,

A quantity of acetone, from about 10 to 30% by
weight, is then added to the crude mixture from the
bottom of the column (12} of hot crude liquid.

35 Since the temperature is above the boiling point of



depicted in the acconpanyi ng drawi ng. The col um (12) |s heated fromits

jacket (14) to a tenperature.above that required t|on 30
| evel of anymXture conponent, (generally e‘r]C.),

preferably argy gm;aeseamfmﬂ<e r]C. A quant i __fro about 10 to
30% by wei ght, to the cruge m ity A-the bottom of the
colum (12) of Hm

id. 35 Since the tenperature I s above the
boiling point o crude m xture contai ni ng acetone, nitrogen pressure
is applied (preferably up to about 15 psig) to the top of the colum (12)
as a blanket and so as to exceed the partial pressure of the 5 acetone

sol vent . Thi eng! £pak VR ¥caEEVEDhEa bRt hENBEORES HiaULd.Er ude

m xt ure/ acet one sol ution. Once e so t of me RIES um (12)
cont ai ni ng th@rﬁﬁﬁBﬂeahﬁuﬁPpb¥e@cépﬁﬁéerahéYaﬂpatPenpenataﬁe hi gh enough to

prevent the fﬁéﬂﬁ)'@ﬂ Qﬁelﬁopaaf ﬁﬁ&sééiﬁmﬁu§ﬂﬁ |Xsb§t out 100 to
120[err]C.), § ng ture |s reduced to a ou err bel ow t he
raPu €9

nucl eati on teﬁB P fRFeRdcFye BRETLRL cHFﬁﬁﬁHrP | £hge forned (the
nucl eat i on5t eapetaher sobuehtbe ﬂhisrefﬁedtfvemylﬁeabahhﬁ ben1dngS given

SParti ng, or udGE HHE FLALY' rphs SiPL0Ee R0SeLRE SBGERAR. COMTENt Of the

starting crude mxture=-can va :
Once the solution is formed in column (12)

containing the added amount of acetone, and at a
temperature high enough to prevent the formation of

10 any crystals (usually between about 100 to 120°C.),
the temperature is reduced to about 1 to 2°C below
the nucleation temperature at which crystals of
chroman-I will be formed (the nucleation
temperature must be determined experimentally for a

15 given solution, since the quantity of acetone, and
the chroman-I content of the starting crude mixture
can vary).

Once nucleation has occurred, in which small
chroman-I crystal nuclei appears, the temperature

20 1is then incrementally ramped downward slowly in a
controlled manner, advantageously at a rate from
about 0.01 to about 1.0 degrees C/minute, to a
bottom temperature of from about 25 to 50 degrees
C, depending on the desired yleld and purity

25 desired from the separation.

During the cooling cycle, the solution is
continually saturated with the chroman-I/acetone
clathrate, and large, pure crystals are grown
inside the crystallizer column (12). These

30 crystals generally range in size (average diameter)
of from about 5000 to about 20000 microns.

.Controlled (slow) nucleation and controlled
{slow) crystal growth rate are essential in
changing the crystal morphology, and therefore the

35 effectiveness of this separation method.



Once nucl eation has occurred, in which small chroman-1 crystal nucl ei
appears, the tenperature 20 is then increnentally ranped dowward sl owy
in a controlled manner, advantageously at a rate from about 0.01 to about
1.0 degrees C/mnute, to a bottomtenperature of from about 25 to 50
degrees C, depending on the desired yiegd and purity 25 desired fromthe
separation. During the cooling cycle, the solution is continually saturated
with the chroman-1, and |arge, pure crystals ate grown inside the
crystallizer colum (12). These 30 <crystals generally range in size
(average dianeter) of from about 5000 to about 20000 m crons. Controlled

(sl ow) nucleation controlled.s rystal_growh rate are essential’

i n changi ng the cr?rs}{qﬁ‘lowgpﬁoﬁ)&' % 3@(}1‘{’?{@ etfid?‘eg Ef%%leé) L %% veness of

this separati dotiemhdenperaduns | diengiza iy ivflvel (ielg of neohamnod at the

bott om t enper aﬁl‘bgezif tb%éj{e_q*'n 4 e g!@tl'fgr cof * 12ds{iduOPeped, and the
resi al'l owed to dr

not her | i queur ue’ls aln away, leaving purifired crystals

of 5 chronan- RIYPHesk tdRain BWay Sileay g P W itird (RXYeFals @Bur resi due
adheres to g he-HrundFIT |irf ot adoXiHd aces) j n the

Since some of the mother liqueur residue
adheres to the chroman-I crystal surfaces in the
column (12), the temperature is now raised to an
effective level, usually about 120° to 155°C. To

10 bring about a partial melting, or "sweating" of the
crystals, during which the amount of liquid residue
adhering to the crystal surfaces is removed,
resulting in higher purity of the chlathrate
crystals suspended in the column (12). This sweat

15 liquor can be separated, or combined with the

- previously separated mother liqueur, depending on
desired purity and yield.

This process can be operated as a single
stage, or the process can be repeated in a multi-

20 stage fashion, depending on the desired purity,
recycling the separated mother liqueur through the
recrystallized steps for added yields and purity.
The following Examples are all one stage
separations. One skilled in the art can readily

25 see that repeated crystallizations by recycle of
the sweat liqueur will bring about substantially
higher purity, if desired.

When ultra purity is desired, the chroman-I
crystals produced by the process of the invention

30 may be further purified by conventional
crystallization processes such as the prior art
Melt Crystallization procedures.

The following examples and preparations
describe the manner and process of carrying out the

35 invention and set forth the best mode contemplated



colum (12), the tenperature is now raised to an effective level, usually
about 1200 to 155[err]C. To 10 bring about a partial nelting, or
"sweating" of the crystals, during which the anmount of |iquid residue
adhering to the crystal surfaces is renoved, resulting in higher purity of
the chlathrate crystals suspended in theg colum (12). This sweat 15 |iquor
can be separated, or conbined with the previously separated nother |iqueur,
depending on desired purity and yield. This process can be operated as a
single stage, or the process can be repeated in a multi- 20 stage fashion,
depending on the desired purity, recycling the separated nother |iqueur

through the recrystal|ized steps_for added yields and furitg. The foll ow ng
Exanpl es are 2PY o SRREQEpart i thR . fehkCekny | exaPplefe BRe can readily

25 see that repssd PIcEs VB dhdsdribamsabyve eangl enefmt bg emeat |iqueur will
bring about substaptiall hig?er $urity, I f desired. When ultra purity is
desired, the cHrOMRI¥LTy Y¥$foduced by the process of the invention 30
may be further purified by conventi BXaMPTLEy3gtallizati on processes such as

the prior agt Melt ¥§%g£l£ia5£091@rgge 1 es. {hgtgpégggdng exanpl es and
e e

preparations descrit e ner and’ protess of carryrng”out the 35
i nvention and Baterbri hwapechrrgedobie 20prefpahl bger column (12).

The initial temperature of the column (12) was held
at 120°C., while 52.64 grams of acetone (20 wt%)
was pumped into the charge through the bottom of

10 column (12). A nitrogen pressure on the top of the
column (12) was maintained at 15 psig.

The column (12) temperature was then reduced
to 103 degrees C and held for 30 minutes to allow
nucleation, which occurred at a temperature of

15 103.6°C.

After the 30 minute hold time, the temperature
ramp was started to reduce the temperature to 40°cC.
over a four hour period of time.

After the four hour period, the temperature

20 was held at 40 C for 1/2 hour, after which the
drain valve (16) was opened and 127.87 grams of
mother liqueur residue was collected in a one hour
drain period. _

After the one hour drain, the temperature of

25 column (12) was raised to 140°C and held at that
temperature for 45 minutes. During this sweating
time, 33.78 grams of "sweat" liquor was drained off
-and collected.

After the 45 minute "sweat" period, the colunmn

30 was heated rapidly to 180°C. 70.76 grams of "melt"
was collected as the crystals remaining in the
column (12) melted down. Liquid chromatographic
analysis of the starting crude mixture, the mother
ligqueur residue, the sweat and the melt is set

35 forth in Table 1, below.



4 by the inventor. In the follow ng exanples, the a
above and shown in the drawi ng was enpl oyed. EXAXPL
of 210,54 grans of starting material was charged to
(12). The initial tenperature of the colum (12) wa
while 52.64 grans of acetone (20 vt% was punped in
the bottomof 10 colum (12). A nitrogen pressure o

pparatus 10 descri bed
E15 A quantity
a crystallizer colum

s held at 120[err]C.,

to the charge through

n the top of the colum

(12) was nmintained at 15 psig. The columm (12) tenperature was then

reduced to 103 degrees C and held for 30 mnutes to
occurred at a tenperature of 15 103.6[err]C. After
the tenperature ranp was started to reduce the tenp
over a four hour period of tinme. After the four hou
tenperature 20 was held at 40 C for 1/2 hour, after
(16) was opened and 127.87 grans of nother |iqueur
a one hour drain period. After the oTABLRIA drain,

al | ow nucl eati on, which
the 30 mnute hold tine,
erature to 40[err]C

r period, the

whi ch the drain val ve
resi due was collected in
the tenperature of 25

col um (12) wagegal sed {gedg0l gath andrbghdudl ¢ Bakaterper goyge for 45

-mnutes. During this sweatl

phenol NDA 0.22 NDA NDA
5 1Ipp 0.50 0.40 0.64 0.06
p.p'BPA 0.61 0.96 0.47 0.18
o,p'BPA 48.82 74.16 39.43 13.33
Ipp Dimers 0.13 0.35 0.18 NDA
BPX~-I 1.87 2.97 1.59 0.44
10 Chroman-1 38.57 6.22 47 .47 83.39
Spiro- '
biindane 0.16 0.25 0.14 0.05
BPX-II 0.76 1.19 0.63 0.21
" Unknowns 8.59 13.28 9.44 2.34
15 '
Total 100.00 100.00 100.00 100.00
Wt% Acetone 20.00 22.13 0.58 NDA
20 Grans .
Isomer 210.54 99.57 33.58 70.76
Grams
Acetone 52.64 28.30 0.20 0.00
25
Grams
Total 263.18 127.87 33.78 70.76 -

Note: 24.14 grams acetone lost by evaporation.

30 EXAMPLE 2
216.77 grams of starting materia
the crystallizer column (12). The in
temperature was held at 120°C., while

1l was added to
itial
72.26 grams

of acetone (25 wt%) was pumped into the liquid from

35 the bottom of column (12). The nitro
on the column top was maintained at 1

The temperature was then immedia

to 103°C. and held for 30 minutes to

gen pressure
5 psigq.

tely reduced
allow

nucleation, which occurred at 103.6°C.

40 After the 30 minute hold time, a
ramp was started from 103° to 30°C.,
hour period.

temperature

over a four



time, 33.78 grans of "sweat" |iquor was drained off and collected. After
the 45 mnute "sweat" period, the colum 30 was heated rapidly to
180[err]C. 70.76 grans of "nmelt" was collected as the crystals remaining in
the colum (12) nelted down. Liquid chromatographic analysis of the
starting crude m xture, the nother |iqueur residue, the sweat and the nelt

is set 35 forth in Table 1, bel ow 5 TABLE 1 W% Start Mat'

Resi due Sweat Mel t phenol NDA 0. 22 NDA

NDA 5 |pp 0.50 ' 0. 40 0.64 0.06 p, p' BPA

0.61 0. 96 0. 47 0.18 o, p' BPA 48. 82 74. 16
39. 43 13.33 Ipp Diners 0.13 0. 35 0.18 NDA BPX- |
1.87 2.97 1.59 0.44 10 Chroman-| 38. 57

6. 22 47. 47 83. 39 Spiro- biindane 0.16 0. 25 0.14
0. 05 BPX-11 0.76 1.19 0. 63 0. 21 Unknowns

8. 59 13.28 Afterothw four hpwe4 peyifdi,althe temp@(alfire 100. 00

100. 00 100. QR sV RC &0 °20: @dr 1/2 hourdlafter whilnRhe NDA

drain valve (16) was opened and 142.74 grams of
mother liqueur residue was drained and collected in
5 a one hour period.
After the one hour drain, the temperature of
column (12) was raised to 140°C. and held for 45
minutes. During this time, 26.36 grams of "sweat"
liquor was drained and collected.

10 After the 45 minute "sweat" period, the column
was heated rapidly to 180°C., 77.94 grams of "melt"
was collected as the crystals in the column (12)
melted.

Liquid chromatographic analysis of the

15 starting crude mixture, the mother ligqueur residue,
the sweat and the melt is set forth in the Table 2,
below.



20 Grans | soner 210. 54 99. 57 33.58 70.76 G ans Acetone

52. 64 28. 30 0.20 0.00 25 Grans Tot al 263. 18
127. 87 33.78 70.76 Note: 24.14 grans acetone | ost by evaporation.
30 EXAMPLE 2 216.77 grans of starting material was

added to the crystallizer colum (12). The initial tenperature was held at
120 C., while 72.26 grans of acetone (25 W% was punped into the liquid
from 35 the bottom of colum (12). The nitrogen pressure on the colum top
was nmaintained at 15 psig. The tenperature was then i medi ately reduced to
103[err]C. and held for 30 mnutes to allow nucl eation, which occurred at
"103.6[err]C. 40 After the 30 mnute hold tinme, a tenperature ranp was
started from 1030 to 300 C., over a four hour period. 6 After the four
hour period, the tenperature was held at 30[err]C. for 1/2 hour, after
which the drain valve (16) was opened_and_142.74 grans of ot her | i queur
resi due was drained and collected i n TABLE 2

Liqueur
Wtg Start Mat'l Residue Sweat Melt
5
.phenol NDA 0.21 NDA NDA
Ipp 0.50 0.39 . 0.27 0.05
p,p'BPA 0.61 1.04 0.73 0.23
o,p'BPA 48.82 74.47 61.19 11.96
10 BPX-I 1.87 3.00 2.38 0.44
Chroman-1 38.57 5.32 23.07 84.92
Spiro-
biindane 0.16 0.26 0.20 0.05
BPX-I1 0.76 1.22 0.99 0.18
15 Unknowns 8.59 13.68 10.86 2.23
Total 100.00 100.00 100.00 100.00
Wt% Acetone 25.00 24.20 1.55 NDA
20
Grams
Isomer 216 .77 108.20 25.95 77.95
Granms
25 Acetone 72.26 34.54 0.41 0.00
Grams
Total 289.03 142.74 26.36 77.95

30 Note: 37.31 grams acetone lost by evaporation.
EXAMPLE 3
241.44 grams of starting material was added to
the crystallizer column (12). The initial
temperature was held at 120°C., while 80.48 grams
35 of acetone (25 wt%) was pumped into the liquid from
the column (12)bottom. The nitrogen pressure on
the column top was maintained at 15 psig.
The temperature was then immediately reduced
to 103°C. and held for 30 minutes to allow
40 nucleation, which occurred at 103.5°C.
After the 30 minute hold time, a temperature
ramp was started from 103° to 35°C., over a four
hour period.



5 a one hour period. After the one hour drain, the tenperature of colum
(12) was raised to 140[err]C. and held for 45 mnutes. During this tineg,

26. 36 grans of "sweat" |iquor was drained and collected. 10 After the
45 mnute "sweat" period, the colum was heated rapidly to 180[err]C.,
77.94 grans of "nelt" was collected as ghe crystals in the colum (12)

mel ted. Liquid chromatographic analysis of the 15 starting crude m xture,
the nother |iqueur residue, the sweat and the nelt is set forth in the
Tabl e 2, bel ow. 7 TABLE 2 Liqueur W% Start Nat'|l Resi due

Sweat Melt 5 phenol NDA ' 0.21 NDA NDA

1P 0.73 Agess 8% Fgif nour deffod, endcpiedtille o OO
11.96 10 BPXw@as held at1m§7c for 1/2 hpwp after yhich they 44 Chroman-1
38. 57 drai® ¥alve 43607 was opthed avid %8s g e of. 16
0.26 0'22e51due w;% drained and collected in a 1/2 hour
5 period.
After the 1/2 hour period of drain, the
temperature was raised to 140°C. and held for 60
minutes. During this time, 33.67 grams of "sweat"
liquor was collected.
10 After the 60 minute "“sweat" period, the column
was heated rapidly to 180°C. 78.83 grams of “melt"
was collected as the crystals in the column melted
down. Liquid chromatographic analysis carried out
on the crude starting mixture, the mother liqueur
15 residue, the sweat and the melt showed the results
set forth in Table 3, below.

TABLE 3
Wt Start Mat'l Residue Sweat Melt
20 ‘phencl NDA NDA NDA NDA
Ipp 0.50 0.21 0.16 NDA
p.p'BPA 0.61 ' 0.91 0.50 0.15
o,p'BPA 48.82 75.06 44.68 11.37
Ipp Dimers 0.13 0.46 0.29 NDA
25 BPX-1 1.87 3.05 i.83 c.39
Chroman—-1 38.57 5.61 ‘ 42.07 85.93
Spiro-
biindane 0.16 0.25 Q.15 NDA
BPX~-IT 0.76 1.21 0.73 0.16
30 Unknowns g8.59 13.24 9.60 2.00
Total 100.00 100.00 100.00 100.00
Wtt Acetone 25.00 26.11 1.30 NDA
35
Grams
Isomer 241.44 124.33 33.23 78.83
Grams
40 Acetone 80.48 43.93 0.44 NDa
Grams

Total 321.92 168.26 33.67 78.83



BPX- 11 0.76 1.22 - 0.99 0.18 15 Unknowns

8.59 13, 68 10. 86 2.23 Tot al 100. 00 100. 00
100. 00 -100. 00 W % Acetone 25.00 24. 20 1.55 NDA 20
G anms | soner 216.77 108. 20 25. 95 77.95 Grans 25

Acet one 72.26 34.54 0941 0.00 G ans Total

289. 03 142. 74 26. 36 77.95 30 Note: 37.31 grans acetone

| ost by evaporation. EXAVPLE 3 241.44 grans of starting material was added
to the crystallizer colum (12). The initial tenperature was held at
120[err]C., while 80.48 grans 35 of acetone (25 w% was punped into the

liquid f ' ; h I
i qui rom:t a@l?%s#%.?aﬁé YBetlie NidLOGRP ‘ﬂ‘éﬁﬁéﬁ@lgﬂ the colum top

was nai nt ai ne tenperature was then immedi ately reduced to
103[err] C. and hel &% #aBFPeidrRigaRle H9 AratherPwat fvnthehi ch occurred

at 103.5 [err]dhrdidm#1 ter Jedbvite, holnkd i 18, 14 4 ev@prabuee ranp vas
started from 10?% t0 35éerr%(_ié overea f&)suef a@u; &?éir?dte ,After the four
hour period, tH$eter:fur ’ rminator

5 1in polycarbonate manufacturing.

In the'Examples described above, after
crystallizing, sweating, and melting the chroman-1
rich fraction, acetone can again be added to the
melt, followed by a second crystallization,

10 sweating and melting. This second stage of
crystallization can result in very highly purified
chroman-1, which when melted, can be crystallized a
third time, or it can be flaked or prilled, and
collected as a product.

15 EXAMPLE 4

64.00 grams of starting crude material was
charged to the crystallizer column (12). The
initial temperature was held at 160°C., while 27.43
grams of acetone (30 wt%) was pumped into the

20 bottom of column (12). The nitrogen pressure on
the top of column (12) was maintained at 15 psig.

The temperature was then immediately reduced
to 144°C. and held for 30 minutes to allow
nucleation, which occurred at 144.7°cC.

25 After the 30 minute hold time, a temperature
ramp was started from 145 to 47°C., over a four
hour period of time.

After the four hour period, the temperature
was held at 47 C for 1 hour, after which the drain

30 valve (16) was opened and 8.22 grams of mother
liqueur residue was drained and collected in a 1/2
hour period. |

After the 1/2 hour period of drain, the
temperature was raised to 150°C. and held for 60



was held at 35[err]C for 1/2 hour, after which the drain valve (16) was
opened and 168. 25 grans of residue was drained and collected in a 1/2 hour
5 period. After the 1/2 hour period of drain, the tenperature was raised to
140 C. and held for 60 mnutes. During this tinme, 33.67 grans of "sweat"

| i quor® was col | ected. 10 After tHQ 60 ninute "smeat" perlod t he
colum was heated rapidly to 180[err]C. 78.83 grans of 'nelt" was collected
as the crystals in the columm nelted down. Liquid chromatographic anal ysis
carried out on the crude starting m xture, the nother |iqueur 15 residue,
the sweat and the nelt showed the results set forth in Table 3, bel ow

TABLE 3 W % Start Mat'| Resi due Sweat Melt 20 phenol
NDA NDA NDA NDA | pp 0.50 0.21

0. 16 NDA p, p' BPA 0.61 0.91 0. 50 0. 15

o, p' BPA 48. 82 75. 06 44. 68 11.37 Ipp Diners 0.13

0. 46 0. 29minutesNDADRXingPXhlis time, 61027grams of "syeay" 1.83
0.39 Chroman-| 1 85. 93 Spi ro- biindane
0. 16 1gr bas grpined Indgeiibersd. 0 121
0.73 0.16 30 Afieroke 60 migute "sweat" peripd, theg @dumn 2 00
Total 1002 neated rabi@®190to 13®°QQ, 48l@¥A Qrams of “meltn

5 was collected as the crystals remaining in the
column melted down.
Liquid chromatographic analysis of the crude
starting mixture, the mother liqueur, the sweat and
the melt gave results shown in Table 4, below.

10 ’ TABLE 4
Ligueur _
Wt% Start Mat'l Residue Sweat Melt
phenol NDA NDA NDA . NDa
Ipp 0.06 0.23 0.07 NDA
S p,p'BPA 0.18 0.67 0.38 0.09
o,p'BPA 13.33 59.93 30.28 3.55
Ipp Dimers NDA 0.11 0.06 NDA
BPX-I 1.44 2.27 0.99 0.13
. Chroman-1 83.39 24.96 62.83 _ 95.72
10 Spiro-
biindane 0.05 0.19 0.10 NDa
BPX-II 0.21 0.92 0.43 NDA
Unknowns 2.34 10.74 _4.87 0.51
15 Total 100.00 100.00 100.00 100.00
Wt Acetone 30.00 9.71 3.21 0.94
Grams
20 1Isomer 64.00 7.42 5.83 48.15
Grams
Acetone 27.43 0.80 0.19 0.46
25 Grams
- Total 91.43 8.22 6.02 48.61

Note: 36.11 grams acetone lost by evaporation.



W % Acet one 25.
241. 44
43.93 0.44

78. 83 9 Not

val uabl e mater
pol ycar bonat e

crystallizing,
can again be a

very highly pu
third tinme, or
EXAMPLE 4 64.0
crystallizer c

[$)]

10

18

00 26.11 1. 30 NDA 35 Grans | soner
124. 33 33.23 78.83 Grans 40 Acetone 80. 48
NDA Grans Tot al 321.92 168. 26 33. 67

e: 36.11 grans acetone | ost by evaporation. It nmay be
desirable to further purify the chroman-11¥or recovery, since it is a

ial for sale, or for use as a charn-termnator 5 in

sweating, and nelting the chroman

manuf acturing. In the Exanples deszﬂjﬂed above, after

dded to the nelt, followed by a se

rified chroman-1, which when nelted, can be crystal

result |n

i zed a

it can be flaked or prilled, and collected as a product.

0 arans of ﬁyartigg crude material was charged to the

1. A process for the crystallization of
chroman-I from an impure mixture containing the
chroman-I, which comprises;

providing a crude mixture containing chroman-I
in solution;

heating the crude mixture to a temperature
above that required for a the saturation level of
any component of the crude mixture;

mixing with the crude mixture, from 10 to 30
percent by weight of the mixture of acetone,
whereby a clear solution free of solids is
obtained;

reducing the temperature of the solution
slowly, to the point where chroman-I crystal
nucleation occurs; and

reducing the temperature of the nucleated
solution at a rate of about 0.01° to about 1.0°C.
to a temperature of 25° to 50°C., whereby crystals.
of chroman-I precipitate'from the solution.

2. The process of claim 1 wherein the crude '

mixture comprises the product obtained upon
condensation of phenol with acetone under
conditions to obtain bisphencl-A.

3. The process of claim 1 wherein the crude
mixture is heated to a temperature within the range
of from about 110°C. to about 180°C.

4. The process of claim 1 wherein the
precipitated crystals are separated from the
solution, which is a mother liqueur.

5. The process of claim 4 wherein the
precipitated crystals are warmed to partially melt
and exude a sweat.

I Jlﬂﬁﬂllﬂllll o 10"

sweating and nelting. This second st age of crystalllzatlon cah

15



initial tenperature was held at 160C., while 27.43 grans of acetone (30
W% was punped into the. &6¥bo{tbn1of colum (12): - The nitrogen pressure on

the top of colum (127 was mai ntai ned at” 15 psig. The tenperature was then

i medi ately reduced to 144[err]C. and held for 30 mnutes to allow

nucl eation, which occurred at 144.7[err] g 25 Afte i

hold tinme, a tenperature ranp was started from 145 to 47Hmllﬂuﬁﬂlmllmn§“l

four hour period of tine. After the four hour period, the*tehpérathuré was

held at 47 C for 1 hour, after which the drain 30 valve (16) was opened and

8.22 grans of nother |iqueur residue was drained and collected in a 1/2

hour period. After the 1/2 hour period of drain, the tenperature was raised
to 150 C. and held for 60 10 mnutes. During this time, 6.02 grams of

"sweat" |iquor was drained and collected. After the 60 m nute "sweat"
period, the colum mas heated rapidly to_ 130[err]C., 48.61 granms of "nelt"
5 was col |l ected as fhe cF??t&F?cFéﬁaPﬁl F¢aiR ©h the s¥@agown. Liquid

chr omat ogr aphi @¢sagellsictedf ahlle recydeedt &bt angriidet wiskturlee not her i queur,
the sweat and subjected to the process of claim 1.
7.. The process of claim 5 wherein the
precipitated crystals free of the sweat exudate are
melted and recrystallized.
B. Thé process of claim 7 wherein the melt

recrystallized product is further recrystallized.



L

the nelt gave results shown in Table 4, below 10

TABLE 4 Li queur W % Start Mat'| Resi due Sweat Mel t pheno
NDA NDA NDA NDA | pp 0. 06 0.23
0.07 . NDA 5 pp' BPA 0.18 0. 67 0. 38 - 0.09
op' BPA 13. 33 59. 93 30. 2a3 3.55 I pp Diners NDA
0.11 0. 06 NDA BPX- | 1.44 2. 27 0.99

0.13 Chroman- 1 pratks® FOR CRYSTAZA.IZANG CAROBAN-I FROM. 72 10 Spiro-

bii ndane 0. 0jy\N IMPURE MIXTHRE 0. 10 NDA BPX-T | 0.21

0.92 0.43 NDA UnkKnowns 2.34 10. 74 4. 87

0.51 15 Total 100. 00 100. 00 100. 00 100. 00 W % Acet one
30. 00 9.71 3.21 0.94 Gans 20 |soner 64. 00
7.42 5. 83 48. 15 G ans Acet one 27.43 0. 80 0.19
0.46 25 G ans * I P TH 9 8.22 6. 02 48. 61 Not e:

36. 11 grans ac WHAT IS CLAIMED | S: 1. A
process for the crydt piriocesisi ds @hployed for the isolation and

crystallization of chroman-I from an impure
mixture, by heating the crude mixture, mixing

5 acetone with the hot mixture to obtain a solids-
free solution and crystallizing the chroman-I from
the solution. Repeated cycles of the process yield
high purity chroman-I in good yield.



¢

chroman-1 froman inpure m xture containing the chroman-1, which conprises;
providing a crude m xture contai ning chroman-1 5 in solution; heating

the crude mxture to a tenperature above that required for a the saturation
| evel of any component of the crude mxture; mxing with the crude m xture,

from10 to 30 10 percent by weight of the m xture of acetone, whereby a
clear solution free of solids is obtainegd;, reducing the tenperature of the
solution slowy, to the point where chroman-1 crystal 15 nucl eati on

occurs; and reducing the tenperature of the nucleated solution at a rate of
about 0.01[err] to about 1.0[err]C. to a tenperature of 25[err] to
50[err] C., whereby crystals. of chroman-1 precipitate fromthe solution. 2.
The process of claim 1l wherein the crude m xture conprises the product
obt ai ned upon condensati on of phenol wi th acetone under conditions to

obt ai n bi sphenol -A. 3. The process of claim1l wherein the crude m xture
is heated to a tenperature within the range of fromabout 110[err]C to
about 180 C. 4. The process of claim 1l wherein the precipitated crystals
are separated fromthe solution, which is a nother |iqueur. 5. The
process of claim4 wherein the
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ﬁpecipitatéd crystals are warnmed to partially nelt and exude_a s

eat . 6.
The process of claim5 wherein the sweat is col §E§ 'Pd to a
crude m xture subjected to the process of claim b procesk of claim
5 wherein the precipitated crystals free of thejsfeat a¥dWate afe|nelted

and recrystallized. 8. The process of clai m 7|wher ¢i1pERE%Te
recrystallized product is further recystallized.

the crude mixture containing acetone, nitrogen
pressure is applied (preferably up to about 15
psig) to the top of the column (12) as a blanket

and so as to exceed the partial pressure of the

n

acetone solvent. This effectively prevents boiling
of the liquid crude mixture/acetone solution.
once the solution is formed in column (12)
containing the added amount of acetone, and at a
temperature high enough to prevent the formation of
10 any crystals (usually between about 100 to 120°C.),
the temperature is reduced to about 1 to 2°C below
the nucleation temperature at which crystals of
chroman-I will be formed (the nucleation
temperature must be determined experimentally for a
15 given solution, since the quantity of acetone, and
the chroman-I content of the starting crude mixture
can vary).
Oonce nucleation has occurred, in which small
chroman-I crystal nuclei appears, the temperature
20 is then incrementally ramped downward slowly in a
controlled manner, advantageously at a rate from
about 0.01 to about 1.0 degrees C/minute, to a
bottom temperature of from about 25 to 50 degrees
C, depending on the desired yield and purity
25 desired from the separation.
During the cooling cycle, the solution is
continually saturated with the chroman-I,
and large, pure crystals are grown
inside the crystallizer colunn (12). These
30 crystals generally range in size (average diameter)
of from about 5000 to about 20000 microns.
Controlled (slow) nucleation and controlled
(slow) crystal growth rate are essential in
changing the crystal morphology, and therefore the
35 effectiveness of this separation method.



