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CiEAﬂGE METHOD OF BISPHENOLS

BACKGROUND OF THE INVENTION
l. Field of the Invention:

The present invention relates to a cleav_ége method of
bisphenols. More specifically,‘ the invention relates to a
cleavage method of bisphenols éapable of producing cleavage
products made of isopropenylphenol and “~phenol as main
constituents at high purity by cleaving a mixture containing
bisphenols é.nd impurities s.uch as chJ;:omén derivatives and
flavan derivatives formed as by-products in the production
process of bisphenols.

The cleavage product obtained by the method of the
im)ention contains iséﬁropenylphenol and phenol together with
small amounts of impurities. Usually, the product is
circulated td a produc;:ion step of bisphenols as it is and then
reproduced to bisphenols. The invention is preferably applied

to the cleavage of a mixture containing bisphenol A and

impurities formed as by-products in the production process of '

bisphenol A, such as chroman derivatives and flavan

derivatives.
2. Description of the Related Art:
It is known that, when bisphenol A or a bisphenol A-

containing compound is heated in the presence of a catalyst,
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a cleavage reaction ©proceeds to form phenol, 4-—
isopropenylphenol, and' 4-isopropenylphenol polymers, etc.

" Usually, the cleavage reaction is carried out in the
presence of a basic catalyst or an acidic catalyst at a high
temperature of from 150 to 260°C under a reduced pressure
condition (for example, Japanese Patent Laid-Open Nos.
27108/1980 and 148441/1987).

4-Isopropenylphencl has a wvery high reactivity, and
particulariy, in the case where it is in a liquid state, the
polymerization bccu_rs @ickly to cause lowering of the
cleavage yield. Accordingly, in the éonventional technology,
the cleavage product made of 4-isopropenylphenol and phenol
as major components is distilled out in a vapor state from a
reaction vessel, and operations such as distillation for
purification are not carfied out. For this reason, various
kinds of impurities contained in cleairage raw materials and/or
formed as by-products during the cleavage reaction are
incorporated in the cleavage distillate to cause lowering of
the purity of the cleavage product.

. Usually, a cleavage reaction pfoduct is circulated to a
production step of bispl:1enol A as it is ana then reproduced
to bisphenol A. For thi-s reason, when the cleavage reaction
product contains a large amount of impurities, it causes
loweriﬁg of the purity of bisphenol A produced. Also, it

causes lowering of the production efficiency of bisphenol A.
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Isopropenylphenol is a very unstable substance, and

‘generally, it has been said that in the distil‘lai':'ion for

purification, the yield of isopropenylphenol is lowered, and
the dist_illation column 1is <clogged by a dimer of
isoprop'enylphenol, etc. formed .as by-products. For this
reason, in thé conventional technology, the distillation for
purification' is not carried out, and the cleavage reaction

product is used for the above-described utilization as it is.

.SUMMARY OF THE INVENTION

In view of the above-described circumstances, the
invention has been made, and an object of the inv'ention is to
provide a cleavage method of bisphenols capable of yielding
a product containing high-purity isopropenylphenol and
phenol.

As t_he result of wvarious investigationé, the present
inventors have found that by supplying a cleavage .reaction
product in a vapor state to a distillation column and c-ari:ying )
out a. cleavage reaction of bisphenols while distilling at a

specific reflux ratio without disposing a heating source such

as a reboiler in a distillation step, the above-described

object can be attained, leading to accomplishment of the

‘invention.

Specifically,' the invention is to provide a cleavage

method of bisphenols for producing a product containing
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i.sopropenylphenoi and phenol by cleaving a mixture cqntaining
bisphenols together with chroman derivatives and -flavan
derivatives formed as by-products in the production proces-s
of bisphenols, which comprises-

(1) a cleavage step of supplying the mixture containing
bisphenols together with chroman deri-vatives "and flavan
dérivatives formed as by-products in the production process
of bisphenols to a cleaving vessel and carriring out a cleavage
reaction in the presence of a basic or acidic catalyst at a
temperaturé of from 150 to 260°C unde‘r a reduced pressure
condition of not higher than 300 mmHg,

(2) a distillation step of supplying the c;l.eavage step
product in a vapor state in the cleavage step to a distillation
column and distilling at a température of from 130 to 200°C
and under a reduced pressure condition of not higher than 300
mmﬁg, and

(3) a reflux step of condensing the distillate formed in
the distillation step, refluxing a part thereof to the
distillation step at a reflux ratio of from 0.01 to 3, and

discharging out the rests from the system.

The feature of the‘ invention resides in that in the
above—described constructions, -particularly, the cleavage
reaction product is supplied in a vapor state fo a distiilation
column, and the cleavage reaction of bisphenols is carried out

while distilling at a specific reflux ratio without disposing



%,

-5
a heating source such as a reboiler to the distillation step.
In addition, as preferred embodiments of the invention, there
are included the above—described cleavage method of returning
the bottom ligquid of the distillation step to the cleavage
step; the above—described cleavage method by side cutting at
least 1% by weighf of the reflux liquid of the distillation
column and discharging out the'réflu# liquid from the system;
the above-described cleavage .method 6f. introducing tﬁe
distillate (reflux residue) of the .reflux step to the
bisphenol production step and fecoveriné, etc. A method to
which the inyentibn is preferably applied is the cleavage
method of the mixture containing bisphenol A tqgether with
impurities formed as by—products in thé production process of
bisphenols A, such as' chroman. derivatives and flavan
derivatives.

According to thg' invention, because the cleavage
reaction product is supplied in a vaper state to .the
distillation éolumn,,the occurrence of polymerization of
highly reactive isopropenylphenbl islprevented, whereby the
formation of oligomers . such as dimers and trimers can be
restrained.' Accordingl'y‘, it is possible to yield high-purity
phenol and isopropenylphenol, and further, even when the
distillate (reflux residue) of the reflux stép is circulated
to, for example, the production step of bisphenol A, etc., the

quality of the bisphenol A as the product is not lowered,
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resulting in rather improving the purity and reducing the

production cost.

DETAILED DESCRIPTION OF THE INVENTION

The invention is described below in detail.

The invention relates to a cleavage method of bisphenols
by supplyiné a mixture containing bisphenols and impuritiés
formed as by—-products in the production process of bisphenols,
such as chroman defivatives and flavan derivatives, to a
cleaving vessel to cleave the mixture, supplying the cleavage
product in a.vapor state to the distillation column, and
distilling the product while refluxing at a spegific reflux
ratio to produce a product contaiﬁing isopropenylphenol and
phenol.

As the cleavage reaction raw materials in the invention,
a mixture containing bisphenols such as bisphenol A and
bisphenol F and impurities formed as by-products in the
production process of the' bisphenols, such as chroman
derivatives_and flavan derivatives. Examples include an
effluent from the distillation_coiumn.of.bisphenol.A.obtained
in the production step qf-bisphenol A and a crystallization
mother liquor of bisphénol A from which phenol has been

removed. Hereinafter, these are geherally called

*bisphenols”.
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The cleavage _reaction method of the invention is a-method
of obtaining a cleevage reaction product made of 4-
isop:'-ropenylphenol and phenol as major components by cleaving
bi'sphenels,.and generally, the cleavage reaction is carried
out in the presence of a basic catalyst or an acidic catalyst
at a temperature of from 150 to 260°C under a redﬁéed pressure
of not higher than .300 mmHg. Also, in order to improve the
yield, bubbling of an inert gas may be continuously carried
out from a lower portion of the reaction vessel. A supplying
method of the cleavage reaction raw materials to the cleavage
reaction vessel may be continuous or intermittent, but a
continuous supply is preferred. |

As the catalyst for the cleavage reaction, a basic
catalyst or an acidic catalyst is used. The basic catalyst
includes oxides, hydroxides and carbonates of an alkali metal
or an alkaline earth metal. Examples include '-sodium
hydroxide, potassium hydroxide, calcium hydroxide, sodium
carbonate, potassium carbonate; and calcium oxide. The acidic
catalyst includes aluminum chloride, zirconium chloride, and
zifconium sul_fate. In general, the basic catalyst is
preferred. A using amouz}t of the catalyst is preferably from
about 0.001 to 1% by weight of the bisphenols as the cleavage
reaction raw materials.

As described abover for example, 4-isopropenylphenol

produced by the cleavage reaction has a very high reactivity,
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and particula'rly', when the product is in a liquid form, a

polymerization reaction occurs quickly, oligomers, such as
dimers and trimers . of 4—isopropenylphenél are formed. Taking
into consideration the yields of 4—iéopropenylphenol and
phenol, in the case of distilling out the cleavage reaction
product from the cleavage reaction vessel, the product is
preferably in a vapor state, and it is -desired that the
liquid-phase portion is as small as possible. E"roﬁ such a view
point, in the invention, distillation of a reboiler sj,'stem
disposed to an ordinary distillation column is not preferred.
In the invention, the cleavage re_action product is introduced
into a distillation column in a state of‘ vapor. I_n this.- case,
the state of vapor may be in a state containing liquid-phase
mists if the amount thereof is small. Specifically, when the
amount of the mists is not more than 30% by weight, and
preferably not more than 10% by weight, the vapor state may
be one containing the liquid-phase mists.

The distillation column incl‘udes a packed column-type
distillation column, a thin film-type distillation column,
and a partial coz;denser—type distillation co,:Lumn. The
supplying stage of the qleavage product té the distillatiocen
column may be an intermediate stage of the column but is
preferably a column bottom. The dist:i..'llation column may be
disposed in an upper portion of the cleavage r.eacti_on vessel,

or may be disposed independently from the cleavage reaction
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vessel. But taking into consideration the occurrence of
aggregation, liquefaction, etc. in supplying the cleavage
product in a vapor state to the distillation column, it is
preferred that the distillation column is disposed in an uppér
portion of the cleavage reaction vessel. The stage number of
the distillation column may be a condition under which
high-boiling substances such as a 4-isopropenylphenol dimer
can be separated from 4-isopropenylphenol and phenol. An
increase of the residence time of the liquid in the
distill_ation column causes a reduction of the yiélds of 4-
isopropenylphenol, etc. Therefore, it is desired that the
residence time of the liquid in a rectifying po;:tior; of the
distillation column is short. In general, a distillation
column having from 1 to 10 stages in terms of theoretical
stages is used. Thus, the distillation column may be a. plate
column, but a packed column system giving less hold up amount
of thel liquid and being excellent in the operability is
preferred. Al_so, as the case may be, a thin-film diétillation
system or a partial condenser system may be used.

It is preferrjed to dispose a demister for preventing
entrainment of the liqu‘id mis_ts in .a lower portion of the
distillation colﬁmn. This is because in the distillation
column of a packed column system, due to impu:rities contained
in liquid mists, Which are éasily solidified, the packed

material causes clogging and channeling, leading to lowering
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of fhe distillation efficiency and a reduction of the
operation stability of the distillation column. Also, in the
case of a thin-film distillation column or a partial
condenser, it is ﬁreferred.to dispoée a demister in an outlet
portion of the-partial condensation vapor in order to prevent
lowering of the purity by the liquid mists. Aé fhe demister
disposed in a lower portion; a liquid collector-type demister
ié preferably used.

The operation temperature of the distillation column is
preferably as low as possible from the viewpoint of the
reactivity of 4-isopropenylphenol. However, a low-
tempefature operation may cause the formation of solid
materials and clogging by oligomers, such a dimer and a the:
trimer, of 4-isopropenylphenol. " On the bther hand, the
temperature of the distillation columﬁ is determined by a
vapor-liquid equilibrium, and because the vapor composition
is not largely changed, the increase of the temperature of the
distillation column increases the cleaving pressure. The
pressure of the cleavage vessel is required to be a propei
reduced pressure from the relation with the cleaving vield.
For this reason, when tpe temperature is too increased, the
yield of 4—isopropenylpﬁenol is lowered.

As the result of making various invesfigations taking
into consideration these matters, it has been found that by

operating the distillation column at a temperature in the
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column in the range of from 130 to. 200°C at which the
decompdsition of the 4-isopropenylphenol dimer, etc. starts
without solidifying the above-described oligomers, the
impﬁrities such as chroman derivatives and flavan derivatives
can be separated and removed without causing the formation of
'solid materials, clggging, and lowering of the yield of 4-
isopropenylphenol. It ’is deéifed that the pressure of the
distillation column is not higher than 300 mmHg.

The cleavage product distilled out from the distillation
column is con&ensed, and a part thereof is refluxed to the
distillation column. The reflpx liquid may be a part of the
total-condensed liquid in a total condenser or a part or the
all of the partial-condensed liquid in a partial condenser.
Usually, such a condensed liquid is refluxed +to the
distillation column through a receiver for the condensed
liquid. In this case, in the receiver for the condensed liquid
or even in the condenser, a part of 4—i§opropenylphenol
becomes an oligomer such as a dimer and a trimer. Such low
polymerized:products are liable to be solidified as compared
with 4-isopropenylphenol and phenél, so that it causes the
formation of solidlnater@als and clogging of the distillation
column. Accordingly, it is desired that the résidence time
of the liquid in the condéhser and the feceiver for the

condensed liquid is as short as possible.
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It is undesirable that the reflux amount is too large or
too small. When the reflux amount is too large, it causes
lowéring of the yield of 4-isopropenylphenol and the formation
of solid materials and clogging of the distillation column by
oliéomers of 4-isopropenylphenocl. On the contrary, When.the
reflux amount is too small, it is undesirable from the
standpoint of the effect of the distillation for purificatiox;..
Considering these points, the reflux ratio is preferably in
the range of from 0.01 to 3, and more preferably in the rage
of.frpm 0.05 to 1. In the case, the reflux ratio as referred
to herein shows a ratio of (the weight of reflux liguid)
to{ (the total weight of distilled out vépors) —‘(the weight
of refluxed liquid)}.

In the cleévage product obtained by the method of this
invention, the contents of chroman derivatives and flavan
derivatives v;rhich are difficult to be separated in the
preoduction process of bisphenols such as bisphenol A are
greatly reduced. Therefore, it is possible to improve the
purity of bisphenol A as compared with thg method of the
rela£ed art wherein the purification of the-cleavage product
is not carried out. quthermore, because the circulating
amounts of impurities’ are reduced in tﬁe method  of the
invention, the produc_tion cost of bisphéhol A, etc. is
reduced. Particularly, in the operatidn at a definite purity,

the effect of rationalization becomes more large.
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On the other hand, the bottom liquid of the distillation

column méy be discharged from the system, but taking into
consideration the -.yield of 4-isopropenylphenol, it is
efficiént to return the liquid to the cleavage reaction
vessel. High-boiling ‘ compounds derived from 4-
isopropenylphenol and phenol returned to the cleavage
reaction vessel are cleavéd again to form 4~-isopropenylphenol
and phenol, which are then distilled and recovered.

The materials discharged from the system including the
cleavage reaction vessel and the distillation column in the
invention are usuaily the cleavagé product taken from the top
of the distillation column and the residue of "the cleavage
reaction vessel. However, in the method, thé impurities such
as chroman derivatives and .flavan . derivatives are
cohcentrated in the residue of the cleavage reaction vessel.
The regidue is also a useful phenol-based compound and applied
te wvarious utilizations. However, according to <the
utilizétion, the impuritieé sﬁch as chroman derivatives and
flavan derivatives are disliked, and the decrease of 'Ehese
impurities may be desired.

These impur.ities may be separated and renioved from the
cleavage residue discharged, but it is not efficient. In the
invention, it has been found that by diséharging out the
impurities such as éhroman derivatives and flavan derivatives

from the system by side cutting, such a problem can be solved.
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By the side cutting, the purity of.the cleavage product
distilled for purification is. also increased. This is
becéuse, by the.side cutting, these impurities are reduced,
and the uncleaved bisphenols entrained in the cleavage product
are reduced. -

It is préferred that the side cutting is carried out in
the liéuid—phase portion Whefein the impurities such as
chroman defivativesz flayan derivatives, and the above-
described uncleaved bisphenols are concentrated. As the stage
of the carrying out side cutting, the state that these
impurities are concentrated is gobd, and the lowermost portion
of the distillation column is p];eferred. The side cutting may
be carried out continuously or intermittently, and the side
cutting amount is preférably at least 1% by weight of the
reflux liquid of the distillation column. There is no
particular restriction on the upper limit, but taking into
consideration the economy, the upper limit is preferably about
20% by weight or lower.

It is preferreq that the cleavage product obtaiﬁed is
circulated and recovered in the production process of
bisphenols such as bi§phenol A. The cleavage product
recovered is generally re-combined to bisphenol A in the
presence of an acidic catalyst, and after cristallization for

purificatic;n, the product is recovered as bisphenol A.
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Then; the invention is explained in more detail with
reference to the following Examplés . The composition analysis
values described in the Examples are those measured by the
following method.

{1) Composition analysis:

Tﬁe comﬁosition was measured using ' a liquid
chfomatograph (manufactured by JASCO Corporation, Typé:
PU-980, Detector: UV-970, Column:.ODS—filler size 5 um) and
using an ;cetonitrile/water—based gradient as a developing

solvent.

Example 1:

‘A mixture containing 60% by weight of bisphenol A, 11%
by Wéight of 4-(4-hydroxyphenyl)-2,2,4-trimethylchroman
(herein-after, is referred to as co-dimer), 5% by weight of
2-(4-hydroxyphenyl)-2,4,4-trimethylchroman (hereinafter, is
referred to as flavan), and 24% by weight of high-boiling
-substanges was subjected to a cleavage reaction using a
cleavage reactor haviﬁg a packing column in a aistillation
portion (upper portion) disposed therein. In the packing
portion of the packing Folumn was packed a regqular packing
having a height of 60 cm -(Melapack, a trade name, manufactured
by SUMITOMO HEAVY INDUSTRIES, LTD.), and in a lower portion
thereof was disposed a liquid collector serving as.a demister.

In the cleavage reaction vessel was continuously supplied a
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mixture of bisphenols, and a cleavage reaction was carried out
in the presence of a sodium hydroxide céatalys_t é.t a temperature
of 2:30°C under a reduced pressure of 60 mmHg. The temperature
of the packing portion of the packing column was 160°C, and
the pressure was controlled to a reduced pressure of 58 mmHg.
The distillate of the. cleavage reaction vessel was
continuously taken Ol;lt therefrom in a vapor state, supplied
to the packing column, and after being condensed by a
conde'r;ser,. the condensate was refluxed from the upper portion - -
of the packing column at a reflux ratio of 0.3. .When the
continuous operation was carried out for 2 months, the
pressure increase of the packing portion was not .c'>bserved. As
the result of carrying out the composition analysis of the
distillate of the packing column, phenol was .36% by weight,
4-isopropenylphenol 63% by weight, the co-dimer 0.3% by
weight, flavan 0.2% by weight, and non-identified substances
0.5% by weight, and 85% by weight of the suppiied raw maferials
were recovered.

Also, in this case, the cleavage residue contained 24%

by weight the co-dimer and 12% by weight flavan.

Example 2:
By following the same procedures as in 'Example 1 except
that from the liquid collecting portion in a lower portion of

the packing column, a liquid amount corresponding 5% by weight



=17~

of the reflux 1liquid of the distillation column was
continﬁously. discharged out, the cleavagg reaction was
carried out. As the results of analyzing the composition of
the cleavage distillate, phenol was 36.2% by weight, 4-
isopropenylphenol 63.2% by weight, the co-dimer 0.2% by
- weight, flavan 0.1% by weight, and non-identified substances
0.3% by weight. The cleavage residue contained 5% by wéight

the co-dimer and 2% by weight flavan.

Comparative Example 1:

By following the same procedures as in Example 1 except
that the packing column of the distilliﬁg po;tion of the
cleavage reaction vessel was reﬁoved and that the distillate
was directly discharged out frém the system, the cleavage
reaction was carried out. As the result of analyzing the
composition of the cleavage distillate, phenol was 31% by
weight, 4—isopfopenylphenol 54% by weight, the co-dimer 9% by
weight, fiavan 5% by weight, and non-identified substances 1%

by weight.

Comparative Example 2:

By following the same procedures as in Example 1 except
that the reflux ratio of the distillation step Waé changed to
5, the cleavage reaction was carried out. As the result of

analyzing the composition of the cleévage distillate, phenol
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was 35% by weigh%, 4-isopropenylphenol 62% by weight, the
co—-dimer 0.3% by weight, flavan 0.2% by weight, and non-
identified substances 2.5% by weight. The amount of the
distilled liquid was 70% by weight of the supplied amount to

the cleavage reaction vessel.

Comparative Exampie 3:

By following the same procedures as in Example 1 except
that the temperature of.the packing portion of the packing
column was changed;to 110°C, the cleavage reaction was carried
out. At the time after passing one month since the initiation
of the continuous operation, the pressure of'the packing
portion began to raise, and after passing two months, the
operation became <difficult, whereby the operation was
stopped.

Aé described above, according'to the in&ention, because
the cleavage reaction product is supplied in a vapor state to
a distillation column, the occurrence of the polymerization
of highly reactive isopropenylphenol, etc. is prevented, and
the formations of oligomers such as dimers and trimers can be
restrained. Accordinglx,phenolandisopropenylphenolhaving
high purity can be obtained. Al.so, when the distillate of the
reflux step (reflux residue) is circulated to the production
step of, for example, bisphenol A, etc., the quality of

bisphenol A as the product is not lowered, the purity thereof
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is rather improvéd, and the production cost is reduced.
Furfhermore, by side cutting the impurities such as chromaﬁ
derivatives and flavan derivatives iﬁ the distillation
column, these impurities. can. be prevented from being
concentrated in the residue of the cleavage reaction vessel,
and the effect of reducing chromans and flavans in the cleavage

residue can be obtained.
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What is claimed is:
1. A'-cleévage method of biéphenol's for producing .a product
conﬁaining isopropenylphenol and phenol by cleaving a mixt_ure
containing bisphenols together with chroman derivatives and
flavan derivatives formed as by-products in the production
process of bisphenols, which comprises

(1) a.cleavage step of supplying the mixture containing
bisphenols together with chroman derivatiﬁes and flavan
derivatives formed as by—préducts in.fhe production process
of bisphenols to a.cleaving vessel and carrying 6ut a cleavage
reaction in the presence of a basic or .acidic catalyst at a
temperature of from 150 to 260°C under a reduged pressure
condition of not higher than 300 mmHg,

:(2) a distillation step of supplying the cleavage step
product fo?med in the cleavage step in a vapér state to a
distillation column and distilling at a'temperature of from

130 to 200°C under a. reduced pressure condition of not higher
than 300 -mmHg, and

(3) a reflux step of condensing the distillate from the
distillation step, fefiuxing a part thereof to the
distillation step at a ?:eflux ratio of from 0.01 to 3, and
dischargirig out the residue from the system.
2. The cleavage method of bisphenols accoi‘ding to ¢claim 1,
wherein the bottom liquid of the distillation step is returnéd

to the cleavage step.
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3. The cleavage method of bisphenols according to cléim 1,.
wherein at least 1% by weight of the reflux liquid of the

distillation éolﬁmn is taken out from the system by side

cutting.

4. The cleavage method of bisphenols according to claim 3,

wherein the portion of performing the side cutting is the

lowermost portion of the distillation column.

5. The cleavage method of bisphenols according to claim 1,

wherein the distillation column is a packing column:

6. The cleavage method of bisphenols according to claim 5,

wherein a demister is disposed'in a lower portion of the
distillation column.

7.. The cleavage method of bisphenols according to claim 6,

wherein the demister disposed in a lower poition of the
distillation column is a liquid collector in a lower portion
of the column. |

8. The cleavage method of bisphenols according to claim 1,

wherein the distillation'column is formed in an upper portion
of the cleavage reaction'vessel._

9. The cleavage method of b;sphenolé according to any one
of claims 1 to 8, Where%n the distillate of the reflex step
is introduced into the production Step of bisphenols and
recovered.

10. The cleavage method of bisphenols according to claimé 1

to 9, wherein the bisphenol is bisphenol A.



