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Bl SPSENOLS BACKGROUND OF THE I NVENTION 1. Field of the Invention:®¥ffe
present invention relates to a cleavage net hod of bisphenol

specifically, the invention relates to a cl eavage nethod of ]ﬂﬂ%ﬂ@ﬂﬂ”ﬂﬂ]ﬂﬂ
capabl e of producing cl eavage products nmade of isopropenylp I no
as main constituents at high purity by cleaving a m xture containing

bi sphenol s and inpurities such as chronan derivative§xﬁ@g. gvan

derivatives fornmed as hyryxesicet®eraobherpsogdeationspr ocess of bi sphenol s.
The cl eavage product obtained by the nethod of the invention contains

| sopropenyl phenol and phenol together with small amounts of inpurities.
Usual Iy, the product is circulated to a production step of bisphenols as it

is and then reproduced twy®PESRHERL! 6F THE TRVBRThkeR is preferably applied r
vi ~~ to the cleavage of a m xture containing bi sphenol A and inpurities

f or med a§_byigigdggt§hgnIFQQnQ&%@HCtion process of bisphenol A, such as
chroman derivatives and flavan derivatives. 2. Description of the Related
SArtD It is kneya Egétsen ?Bvl%ﬁﬂ%‘?ﬁ@feﬂ'&rs aﬁ@'ép@fgﬂaéécﬂgrtﬁb ' ¢
conpound is heated in the presence of a catalyst,
bisphenols. More specifically, the invention relates to a
cleavage method of bisphenols capable of producing cleavage
products made of Jisopropenylphenol and phenol as main
constituents at high purity by cleaving a mixture containing
bisphenols and impurities such as chroman derivatives and
flavan derivatives formed as by-products in the production
process of bisphenols.
The cleavage product obtained by the method of the
invention contains isopropenylphenol and phenol together with
small amounts of impurities. Usually, +the product is

circulated to a production step of bisphenols as it is and then

reproduced to bisphenols. The invention is preferably applied

T

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,

IO
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03. 10. 2002 -2 a cl eavage reaction proceeds to form phenol, a_

'i sopropenyl phenol, and 4-i sopropenyl phenol polyners, etc. Usually, the

cl eavage reaction is carried out in the presence of a basic catalyst or an
;acidic catalyst at- a high tenperature of from 150 to 260C under a reduced
pressure condition (for exanple, Japanese Patent Laid-Open Nos. 27108/1980
and 148441/ 1987). 4-Isopropeny|phenoL2Qas a very higHSf%he?Q%ity, and t,
particularly, in the case where it isn aliquid state, the polynerization
occurs qui ckllgavageauseehowebnng pfoddwdic| eavagetyial d.phaesy di ngly, in the
conventional technol ogy, the cleavage product made of 4-isopropenyl phenol

and phendoprop@ PIpKONPDNCALE 4SidbSibbesdlPhénél BoVpRetsstate froma
reaction vessel, and operations such as distillation for purification are

not carried qWuafpy tBhE LARIVAgeYFdaRUS Jd Nds @ér}.{@al_rsai;egnccapteai ned in
cl eavage raw materials and/or formed as by-products during the cleavage

reacti on,aldenbdGOF RPHALAL icﬁtﬁxﬁ.@s@_l Bavage.digit!dat £y CAUSE pligperi ng of

the purity of the cleavage producCt. Usually, a cleavage reaction~product is

ci rcul at@é;n&%é)rA&IE%%dFﬁt lf‘%@;mStl% Qé 2%§%q%}‘dé ag irredhieﬁ”g;rtehe” r epr oduced

to bi sphen i S"reason, eavage reactro pﬁ&&ﬁ%

bi réason, Theh' 1 cEromiprodact -
b1 Sphendlo K B oo S B8R rsRer TR car e p ateti AR oET T of en

bi sphen cause owering of the pro ion-éfficiency
of bisphentlg M ogo and 148441/1987) .

- 4-Isopropenylphenol has a very high reactivity, and
\m) particularly, in the case where it is in a liquid state, the
polymerization occurs quickly to cause lowering of the
cleavage yield. Accordingly, in the conventional 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 carried out. For this reason, various
kinds of impurities contained in cleavage 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 product is circulated to a
production step of bisphenol A as it is and then reproduced
to bisphenol A. For this reason, when the cleavage reaction
product contains a large amount of impurities, it causes
lowering of the purity of bisphenol A produced. Also, it

causes lowering of the production efficiency of bisphenol A.



03. 10. 2002 -3 Isopropenyl phenol is a very unstable substance, and
‘generally, it has been said that in the distillation for purification, the
yi el d of isopropenyl phenol is |owered, and the distillation colum is

cl ogged by a dinmer of isopropenyl phenol, etc. formed as by-products. For
‘this reason, in the conventional technology, the distillation for
purification is not carried out, and,the cleavage ref28t1®rRO®?¢ oduct is used
for the above-described utilization™d@s it is . SUMVARY OF THE | NVENTION In
vi ew of Ilsheradpasrigeseidibedisi r gunvkagcesundtubidvesihorahas, begagmade
and an object of the invention is to provide a cl eavage. net hod of

bi sphenglenetapakl e Of Wh8l Hdamh BdHNOIKALCAR HHYE NGLEEONTDULEEY for

i sopropenyl phenol and phenol. As the result of various investigations, the

present puAVEHAN S NS of ?iqlagdt E‘ﬁ&%&‘qf&kﬁ’&h}‘%ﬁﬂeﬁof'i%a‘i%g:%ﬂe%ﬁftah&” product

in a vapor state to a dis ation colunmm and carrying out a cl eavage

react | oRrf Dasphenel s i | odiahl |99 81o8gsReCkll C J Clhiofat g Wt hout

di sposing a heating source such as a rebol rn a“distil on step, the

R R o A RN L i

i nventi on. y, the rnvention is t cl eavage st hod of

bi sphen roduci ng._a oduct contaihnin 03.10..2h02 -4
i soprop(eyne%sg%’ngln gﬁ P relﬁte)ﬁ Wn%]ie%?ﬁ no° aoﬁgktif}?‘ee d(]:ign lg'ﬂr?‘ltr%go t&Fhenol s

t oget her vwiém chr.oman. derivatives and %Iava % rivatives fornmed.as
by- pr od&ets i eonprlosdu%?FoﬁaﬁF%%cgs%u f Bng gﬁolc SAXAPEN TEGMPRes (1) a

cl eavage _st of, suppl.yLng the m xture containing.bisphenols together with
chr oman pd:éjrcf"{/)qt i\?egggﬁn}ao?I%ﬁg‘(?é*r\?lﬁisic\fé’g’erd;}lﬁg&léggbﬁ?pp?%d]u"c $-in the
hibduption process of bisphenols to a cleaving vessel and carrying out a
cl eavage ,1 reaction in the presence of a basic or acidic catalyst at a
tenperature of from 150 to 260C under a reduced pressure condition of not

hi gher than 300 mmHg, (2)SEMYRRY| PF ot BN INVENTEPNsuppl yi ng the cl eavage

step product in a vapor state in the cleavage step to a distillation
In view of the above—described circumstances, the

invention has been made, and an object of the injention is to
provide a cleavage method of bisphenols capable of yielding
a product containing high-purity isopropenylphencl and
phenol.

As the result of various investigations, the present

N inventors have found that by supplying a cleavage reaction

product in a vapor state to a distillation column and carrying ’
out a cleavage reaction of bisphenols while distilling at a
specific reflux ratio without disposing a heating source such
as a reboiler in a dis?illation 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



colum and distilling at a tenperature of from 130 to 200C and under a
‘reduced pressure condition of not higher than 300 nmHg , and .-,. (3) a
reflux step of condensing the distillate forned in ..wl the distillation
step, refluxing a part thereof to the i distillation step at a reflux ratio
‘of from0.01 to 3, and discharging out the rests fromthe system The
feature of the invention resides in that in the abov&3d¥&@PPhed
constructions, particularly, the cleavage reaction product is supplied in a
vapor stasepkopangiphehbat i0d pteindbyaditedieng lac@vRge r & eanit0ih iafg

bi sphenols is carried out while distilling at a specific reflux ratio

Wi thout HispRehBlds gdthdP0%ith acheahamy deQURGE S agda febaider to
the distillation step. In addition, as preferred enbodi nents of the

i nventi ogerifgtevase rhombudsd E?%@Q&Mépgeﬁﬁ_rﬂb@dpﬂ&%’@% it s of
returning the bottomliquid of the distillation step to the cl eavage step;

t he abovgfdg§thggglgLe§ﬁqgg Biped sk side cutting at |east 1% by weight
of the reflux Tiquid of the distillation colum and dischargi ng out the

reflux Iiquidg§omg fga@?{?g %eé g% %gg}sgggﬁ\ac?h@eﬂiﬁﬁég %E@i% of

introducing the E_ distilTate ( due) of the reflux st o the

bi sph ; hi d.r ' t : : i

R T T R R
Caini . LA h b avs ¢ ) duct s i

Che. prodieFRSAeaase e -hRoRahurbr ke L' Ele SRR RN A FOAE S

flavan dgtfl B/Jz.ié'pl\l/eersl'olsAC‘é:ooradé:fga\trgné Qreeslsne\ﬁ.egglldogarrb}?fr?gsoeué Qec égxi'ia\t/g €

el
.

reaction in the presence of a basic or acidic catalyst at a
temperature of from 150 to 260°C under a reduced pressure
condition of not higher than 300 mmHg,

(2) a distillation step of supplying the cleavage step
product in a vapor state in the cleavage step to a distillation
column and distilling at a temperature of from 130 to 200°C
and under a reduced pressure condition of not higher than 300
mmHg, 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 0.0l 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 to a distillation
column, and the cleavage reaction of bisphenols is carried out

while distilling at a specific reflux ratio without disposing



reaction product is supplied in a vapor state to the distillation colum,
*t he occurrence of polynerization of highly reactive isopropenyl phenol is
prevent ed, whereby the formation of oligonmers such as diners and trinmers
can be restrained. Accordingly, it is possible to yield high-purity phenol
“and i sopropenyl phenol, and further, even when the di@%[rdg%gz(reflux
residue) of the reflux step is circulgted to, for exanple, the production
step of bisphenol A, etc. , the quality of the bisphenol A as the product
i s not laoheredng s68rdl. 2062 aH a esbblileg to the kiirstiipragndiang stee .purity
and reducing the production cost. DETAI LED DESCRI PTI ON OF THE | NVENTI ON '
The i nvamt addiitd otheSgs i gassl dxert v enbodiin@ints dfiethavientétide) ahese 0 a

cl eavage net hod of bi sphenols by supplying a m xture containi ng bi sphenol s

and i npurd basludedtth8aHutrdrdshitet Shdd clkevRigedethed &f eeassmhg
bi sphenols , 1 F ... such as chronan derivatives and flavan derivatives,

to a cl exd flgaﬁ/&ﬁﬁeiicﬂﬁ&!@:@Y%é hgi Bt X1 Ua€ioRUBRLY RS ithe %'l%%\(:%%% product
in a vapor state to the distillation colum, and distilling the product

whil e 1efddpd RG AR veRSeiskirG Hekf E‘iéa‘ir%bhomé{%heaog%’?@i@e REQAUGLy GQnt ai ni ng
i sopropenyl'phenol and phenol. As the cleavage reaction raw nmaterials in the
INventl Qbast 1% by weight of the reflux liquid of the distillation
column and discharging out the reflux liquid from the system;
the above-described cleavage method of introducing the
Qéb distillate (reflux residue) of the reflux step to the
bisphenol production step and recovering, etc. A method to
which the invention is preferably applied is the cleavage
method of the mixture containing bisphenol A tqgether with
impurities formed as by—-products in the production process of
bisphenols A, such as chroman derivatives and flavan
derivatives.
According to the invention, because the cleavage

i reaction product is supplied in a vapor state to the
oy

Rt

distillation column, the occurrence of polymerization of
highly reactive isopropenylphenol is prevented, whereby the
formation of oligomers such as dimers and trimers can be
restrained. Accordingly, it is possible to yield high-purity
phenol and isopropenylphenol, and further, even when the
distillate (reflux residue) of the reflux step is circulated
to, for example, the production step of bisphenol A, etc., the

quality of the bisphenol A as the product is not lowered,



a m xture containing bisphenols such as bi sphenol A and , ~ bi sphenol F and
“impurities formed as by-products in the production process of the

bi sphenol s, such as chroman derivatives and flavan derivatives. Exanples
include an effluent fromthe distillation colum of bisphenol A obtained in

“the production step of bisphenol A and a crystallizab%a#%gggfl | i quor of
bi sphenol A from whi ch phenol has been renoved. Here t hese are
generally call ed "bi sphenol s". 03710. 2002 The cl eavage reaction nethod of

t he i nvergswhtisgainerbtteol ipmivimg thel pavage eedcibedincimoedudie nade of
4i sopr openyl phenol and phenol as maj or conponents by cl eaving bi sphenol s,
and genepaddlyctibe cdetivage reaction is carried out in the presence of a
basic catalyst or an acidic catalyst at a tenperature of from 150 to 260C
under a reduced pressure of not higher than 300 nmmHg. Al so, in order to

i nprove the yield, bubbling of an inert gas may be continuously carried out
froma lower porti gem{inee pEscriPNIORSSRE| THA BN Yiog nmet hod of the

cl eavage reaction raw materials to the cl eavage reacti on vessel may be

conti nuous orTha8t enGbht €84, i BUHe8ce9BEHNHANSWSUAPRY thi1preferred. As the

catal yst for the cleavage reaction, a basic ... .r catalyst or an aC|d|c
catal yst is uggd. i henPas ‘iefiaatt%sy tb é'lqlé%eoﬁ\b‘Eﬁ%d o?yﬂsoﬁﬂéirfél
carbonates of an al kali netal an al kaline "earth net al es include

potaSS|un1car onat e, clum oxi d he acidi¢c cat

al uni nurff&{lﬂnealadsebyzgc:saﬂ 9 £l froadod gh HARIdY Selk Al Menera'

the basic catal pre erred si ng anou cat ys

pr erablycjr o aboul 0, 093,15 144BY G Al e B spREDELS 33 e

cl eavage reaction raw fat aﬁpl

4-i sopropenyl phenol uce e cle vage reac |on h a very_ high
reactiw?f av Eﬁglﬁﬁﬁg%ggl geﬁ&& F et ’y? Hlﬁﬁb%ngah%?yé%eln a
liquid for pal nerlzatlon reactji on_occyrs_q oI| nmer s uch as
di mers aRECORFRord %fvﬁP?EOEFBS' vakey Heﬁs#%ﬁ FolURT | e
consideration_the yields of r.openyl phenol and henol e case of
distilli bsBﬁllﬂt’“H@ Epﬁa\%?éj"rce‘%lé‘f v FES nﬁ’rﬁ?ﬁ £h pEFéﬁ%ﬁgﬁe%Q‘é’Etl on
vessel, the product is preferably in a vapor state, and it is 3e5|red t hat
t he |.quratbﬁa§8 P5PENER # sPRIJYRR FO%Eab%Js%‘?b}%OP??BﬁﬁliébEhe%o W r ~1 ~

point, in the_invention, distillation of a reboiler systemdisposed to an
ordlnaryPBF§Pﬂllat|on colum is not preferred.

sodi um hyglr gfylﬂeté di,ggqmdé&wﬁu&;'ﬂs%éwwwﬂst Inﬂfﬁu rbonate

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 column of bisphenol A obtained
in the production step qf bisphenol A and a crystallization
mother liquor of bisphenol A from which phenol has been
removed. Hereinafter, these are generally «called

“bisphenols”.



In the i'nvention, the cl eavage reaction product is introduced into a

‘distillation colum in a state of vapor . In this case the state of vapor
may be in a state containing |iquid-phase msts if the amount thereof is
smal | . Specifically, when the ambunt of the msts is not nore than 30% by

“weight, and preferably not nore than 10% by weight, the vapor state may be
one containing the |iquid-phase msts., The distillat |Q3n1Q<ﬂpOQ?m i ncl udes a
packed col um-type distillation col um? athin filmtype distillation

col um, and &hpatléatagensenseion yweehdidssf Idiad taneaaioanis Ehaeshpal yi ng
stage of the cleavage product to the distillation colum may be an

i nt er medirat ebghagenel thectebuafeburebstpbaf epablbycé cakdan battgm The
distillation colum may be di sposed in an upper portion of the cleavage

reacti omsbgsc%@le Xl@he&‘%ﬂ BRddhEEASEth & mca%w%ﬂtﬂoylefr{tcsrrbyhelébeaﬂﬁge
reaction 10. 2002 vessel. But taking into consideration t

occurr eB‘i%pﬁﬁen%@ler egall §Bnellad49Sf ag¢hkOR) eBlGgel Qe%iél%@b)ﬁ' ag EQ%rEEEaVage
product in a vapor staté to the distillationcolum, it is preferred that

the di shiht! ahi ORe %ﬂlégghéé o %pﬁﬁg_dr.c' 8a QlayQQ%r RG{ ta'cg@ll‘&f cglaglgg@avage

reaction vessel he stage nunber of the stil Iat| on colum nma

dit | ph I
Grer | ooy BEElpdlL i, frof%. 188 S enT S eRaft o s bR RRGRE"  E eace
f th I d
?eductel ggsog%n%qgtﬁegf s of gﬁol lsng%l op:a%‘;}%phengﬁs%&gtc g%ore gsle: 2

desired S|den tlne the din e ort on of
thg di styL"1|lI |orlfb(1:30 %"sa S (:)LPte Haée gaFe °°8 %‘uﬁ EL}// gf%llﬁﬁ]*n haV| ng
froml to 1Q sta in ter retical.stages i e
i st 1| SEOR OB Aoy UG-t S CO81 ERACERAP S RAtRod e SFBRIYIPEL em
giving |l ess hol ul? rgg%mt of the |I%UI d and_ bei ng excellent in the
oper abi f‘\ett%‘oidso e G19A¥3IR FERAon 28V HRTEELR finlP Hde CAeAPAS i I m
distillation s stemor a parti al conplenser system may, be used, It is
pr ef er r EEXTF A poeEsel d%‘%ﬁ’sttl?r FOREHRRYEHt PRy %%%‘%/%W'eerﬂt of ®Fhe i qui d
msts in a lower portion of the distillation colum. This is because in the
di sti | | &R BP p‘a%l&’if?ﬁﬁ% system due to inpurities contained
inliquid msts, which are easily solidified, the packed naterial causes
cl oggi ng and Ahahhel iGeg:alveddi feTt Gheovel eavage 0Feeetigan -a0 Resithe
distillation efficiency and a reduction of the operation stability of the
di stil | @@t win anlasg diig atelaesde iof usadi n-Thd Magiist icataliv@tT col um
or a partial condenser, it is preferred to dispose a demi ster in an outl et
portion iafcltl:tﬂaeq)@mtijdals chpdensatesnandmarbionatee o ft anprvaht negwdri ng of
the purity by the liquid msts . As the dem ster disposed in a | ower
portion,cm larquiedkedlinect errtthpendeaist er Exampkéer dgiglugded. sohiaper at i on
tenperature of the distillation colum is

hydroxide, potassium hydroxide, calcium hydroxide, sodium

e

— carbonate, potassium carbonate, and calcium oxide. The acidic

catalyst includes aluminum chloride, zirconium chloride, and

zirconium sulfate. In general, the basic catalyst is

preferred. A using amount of the catalyst is preferably from

about 0.001 to 1% by weight of the bisphenols as the cleavage
reaction raw materials.

As described above, for example, 4-isopropenylphenol

produced by the cleavage reaction has a very high reactivity,



preferably as | ow as possible fromthe viewoint of the reactivity of

"4-i sopropenyl phenol. However, a | ow tenperature operation may cause the
formation of solid materials and cl ogging by oligoners, such a diner and a
the trimer, of 4-isopropenyl phenol. On the other hand, the tenperature of
“the distillation colum is deternined by a vapor-liquid e%uilibriunl and
because the vapor conposition - - is_not largely chaR3e-2P8& i ncrease of
the tenperature of the distillation &l um increases the cl eavi ng pressure.
The pr essur @aoftidel at Bay agkenesbel prednetuilsed-nt @ beiquipt opermy educed
pressure fromthe relation with the cleaving yield. For this reason, when
t he t empexrlatnerd zestiicon ferweebsedcdures yinel ckbf , 4ol Sopmepepyspbhnak i s

| ownered. As the result of making various investigations taking into

consi derdireas bhaserimdtel of 41idGsrdeety Iohatol kate byraper arkrRgnghe
distillation colum at a tenperature in the 03. 10. 2002 -11 colum in the
range ofidyontdsider280enatthehi gheidie decompasdgddpedflgi¥hol and

4-i sopropenyl phenol dinmer, etc. starts without solidifying the

above- d%ﬁféfddle,d i RIS e e diRRYNI1ERGS oBCRhaS cERRORBR deRivabjves and
flavan derivatives can be separated and renoved w t hout causing the

formati gifudO! £ B REI @18avabRI%cadt 1370 JeWRIT NoLd %PSdME@!rdL of
4i sopropenyl phenol. It is desired that the pressure of the disti Fation

col um ixs- ¥ty i gher nt Ran, 300 "obge The el epvage RfQducty digit! kad out from

the distillation colum is condensed, and a part thereof is refluxed to the
distill ats I ef LU ; art t - condensed
Ijs..gui d ?inlcgﬂ’tcgitﬂa coﬁgel‘rsl\csleo(r%l %g&aé %’gg%go%EH%sﬁggé%%gdf Etr%fén %)gg?i%}’?%gndensed
kiguid i, a.paril o] Us a_gond Lquid.Ls refluxed
fo the AT A o EorteanEhen i 1 ErEln o8 Y, R8s SN ST P hgu o, T
this case, int receiver for t.he.candensed lLiquid aor evendn_the
condensertonghad o AR ¥ Ehne b IR BE Eonblt e o ChRarTash as a

di mrer a triimer. Such ]| ow pol ynerized products.are liable to b

ol 1 di 100 e LBRBREIE A The A aRiRs, SR B g RoP L SR Eeh R oS eRg 1 ¢
causes the forggtion of solid.materials and gégg&jng of hgs distillation
col um. MR ARGy LRt ies geltPRAR RaftRAE PRI ce tPrer ot BFE 1iquid in
t he condenser and the receiver_ for the condensed |i, uig,is_ s. short as
possi bl éfhe stREePh yarap My Pe 1R RS2l é;‘inr?étlnr"ﬂ\@ éﬂ“ﬂ‘%‘ ft is too
| arge or too small. Wen the reflux anmount is too large, it causes |owering
of the yRESES off AhiesaprEpEniherend insdalde {oPPRtFHRALEY s ITRYP Hieri al s
and cl ogging of the distillation colum by oligoners of

4- i sopr o bhefoltheomists cdnt Moty mekenthRE B39 RY anBlahti-s 3a%6b smal |,
it is undesirable fromthe standpoint of the effect of the distillation for
puri fi capreher@phyi detimgrehtban pbhtley Weiohtef |the reanar itaref@Yably in
"~ the range of fromO . Ol to 3, and nore preferably in the rage of from
0.05 to he ¢omethentaspinghsheeliguidaphasasmigterred to herein shows a
ratio of (the weight of reflux liquid) to{(the total weight of distilled
out vapors) -Thehdiwsidhetdbnr eblured inicduidés p packed column-type

distillation column, a thin film-type distillation column,
and a partial condenser-type distillation column. The
supplying stage of the qleavage product to the distillation
column may be an intermediate stage of the column but is
preferably a column bottom. The distillation column may be
disposed in an upper portion of the cleavage reaction vessel,

or may be disposed independently from the cleavage reaction



In the cl eavage product obtained by the nethod of this invention, the
“contents of chroman derivatives and flavan derivatives which are difficult
to be separated in the production process of bisphenols such as bisphenol A
are s greatly reduced. Therefore, it is possible to inprove the purity of
“bi sphenol A as conpared with the nmethod of the relat§g ﬂ{éoﬁ?erein t he
purification of the cleavage producLQLs not carried out. ‘Furthernore,
because the circulating anounts of inpurities are reduced in the nethod of
t he i nverisisarl,. t hBupr atilcirionigost cohshdephaenen Ahet 6ccusrenduced
Particularly, in the operation at a definite purity, the effect of

rati onaligetdert aconesqietgcta68¢. etc03.ikD. 20081 y g OvheheleiReigehand, the
bottomliquid of the distillation colum may be di scharged fromthe system
but takigiedudto iGoNsi¢iepet i oPatleryi ehd ahis4ilgapreperyilphenolit iis is
efficient to return the liquid to the cleavage reaction vessel.

Hi gh- boidrd¥e xarpeHRdsclerd Madh f ramdH senuepeny | dhaleid dhepler et urned
to the cl eavage reaction vessel are cleaved again to form

41 Sopr gRARAANSR0kyANd) BRGAGL. rdli CloRrReddien. diThEl Liggde At er Qyer ed.

--~? The materials discharged fromthe systemincluding the cl eavage

reacti oqesgeland kel shithal kay CBLUM B ipvertaon and dipual Iy

t he cl eavage product ta romthe“top of the distillation colum and the

id f .1 ' : ' hod, th
e T b e e o R R R R

concentrated in_the_ resi,d of 1 he cleav 10 e . ,The residue is
al so a|ﬁﬁﬁEﬁepﬁ%ﬁgF?ﬁgge?%9%néﬂﬁﬁ?%ﬁﬁ?é§¥}éé§ﬁé% €%¥i§§§hﬁérliza i ons.
%b%ever“ accordinq) ot_he utiLb@@tgpn itge E uELtief.suEh as cq%&gan

deri vat iVEE SHE £ (Hvan-ter iNFAL ar & 18Es| Ched P Endt TRE T JectRasd of t hese

inpurities may. be desired. These inpurities. my epar.at.ed a enoved
£ om ¢ nST T BV B PR oPOLETR ] CORSPBeD. TRHF Lo o i MR OF 1 he
invention, it has been found that by dischargin ogf the jnpurities such as
chrowan%ﬁﬁﬁﬁ%ﬂ?%ﬁép%ﬁaoika@&ﬁ-deFP§£?¢9§§'fg&h\ %ﬂﬁﬁ%ﬁ#ﬁhﬁgiEﬁﬁcutting,
such a problem can be solved. _ -14 03.10.2002 By, the side cutting, the
purity dietiierteavime of obetlimeid|inf RRChlETIRE RPBRIPR of shie
increased. This is because, by the side cutting, these inpurities are
r educed, bl thetioe| eadunnpiispHivolts,  ehbr geRedailn tthedtd bl PF oduct
are reduced. It is preferred that the side cutting is carried out in the
| i qui d- ptebenpohevéngwfaosi il tte 1Gmpstrgees igudiermrs O otecREIGati ves,
flavan derivatives, and the abovew - descri bed uncl eaved bi sphenols are
concent retages Ass daedt afbusf, the dbstilhytbor edbawemay bg, athbateate t hat
these inpurities are concentrated is good, and the |owernost portion of the
distill atobemeellmn d pawkefice coddmnTHes tedeg tving ngesmpdisl Bar apedndut
continuously or intermttently, and the side cutting anount is preferably
at- | eastofi%the Weiqghtdoknchebe g ugxkedliedtofin hehdi sipdradtiloiticoiam.
There is no particular restriction on the upper linmt, but taking into
consi derptébarthd. eadrany ast tiee upper mbiyrbé , iz thief-Eidnl giabdliatior0% by
weight or lower. It is preferred that the cl eavage product obtained is
system or a partial condenser system may be used.

It is preferred to dispose a demister for preventing
entrainment of the liqgid mists in a lower portion of the
distillation column. This is because in the distillation
column of a packed column system, due to impurities contained
in liquid mists, which are easily solidified, the packed

material causes clogging and channeling, leading to lowering



circulated and recovered in the production process of bisphenols such as
‘bi sphenol A. The cl eavage product recovered is generally re-conbined to

bi sphenol A in the presence of an acidic catalyst, and after
crystallization for purification, the product is recovered as bi sphenol A
"03.10. 2002 -15 Then, the invention is explained in re(g §%I W th
reference to the foll ow ng Exanples ._,IThe conpositio 3aH ﬁb s val ues
described in the Exanpl es are those neasured by the foll ow ng nmethod. (1)
Conposi taHn theal YsksilTaeicanpostid Denaws ameasar ecedisttgon @1 i gHied

chr omat ogr aph (manuf actured by JASCO Cor poration, Type: PU 980, Detector:
UV- 970, dpod il oS abilllialy siEz€néd Nttt iomr celfth .aMlso, in the -
acetonitrile/water-based g gradient as a devel oping solvent. Exanple 1. A
M xt ure &o8d aidy NG 60%G Ry rehohdi 8F 1P §8D6R0! churdd %odyy wei ght-+9h)

4- (4- hydroxyphenyl)-2,2,4-trinmethyl chroman (herein-after, is referred to as

co- di mer 9 i+gk ={A=8Y- Qfg)gmgy) al-r {4t man
(herei naaf%%%é%rg\g‘%?%elgi?geggegl%\B/an), andBZ%f%/g%?és\%iigﬂgfangfﬁhﬁﬁéﬁ- boi l'i ng

SUbSt anagsy dion YIAE! Bt Pa P L RANANL I GAGHLRR YAl Ofadr APpraGR LeACt Of
having a packing colunn in a distillation portion (upper po tlonf di sposed
t herein. p i rt.i.on.,0 he. i | u regul ar
packi ng Jf%?/?%gﬁ% %gik%{%qp% 1%8 g% H\%I g;l) clgé rgg?gﬁdeq%a\r@% 9%&&%%8 ured by
SUM T H:E;ﬁ T. ) and, i I r i t her eaof  was

di sposed a ?%%‘illgRggl ﬂe"g orplb}el%rlvdlndg%a%igug%rﬁoos eerc.p&{ltn t?iﬂaeec @gfatﬁg reaction
vessel was con inuggsl% %gpplied a -16 03.10. 2002 m xture of bisphenols ,
ang a cIé%V%@e 732t on°Was carried out in the presence of a sodium

hydr oxi de cat gl yst at a tenperature of 230C under, a reduced pressure of 60
g, The ¢ erpRY SiRAER hort RETRRAA Y OR FOR 15 HOLBEERS iy BORI ves
160C, and the pressure was controll, to_a reduced pressure of 58 mmHg. The
distill a?’ée)g?rgﬂgyclaéav]éﬁb ?%a@ﬂséﬁ%q\?esg’é?mmégecd’rﬁ?mq yotalk®® out
therefromin a vapor state, supplied to the packing colum, and after being
condensetPRFLAVLIEY coRfender: SOPROREISNSHOL -was rBPYEXeH f r 8m th¥¥upper
portion of the packing colum at a reflux ratio_of 0.3. \Wen the continuous
oper at i OFCTRRTREFFPePRARE HAN 2MAYNt ARUSE héher e§SHME tLRBr cdle L ithe
packing portion was not_observed. As the result of carrying out the

conposi tMdherhal§spsdofledaing Py | ¢ higomers heSyritia ey WhRt HHA%l was
36% by wei ght, 4-isopropenyl phenol 63% by wei ght, the co-diner 0.3% by

wei ght, tramen, 0.9 dpyiswppepenvhoheanali derdn f thd sutdwemnbande thgs by

wei ght, and 85% by wei ght of the supplied raw materials were recovered.

Al so, intempbsraavee dlie thlecaliagsl Ilestihre colvmn néd 24%ehpinedgity téhe

co-di ner and 12% by wei ght flavan. Exanple 2: By followi ng the same
procedurespas-iagiEidnptreilikbxtept &hdtbécaunse hehe ivppak coinpersitipmporti on
in a lower portion of the packing colum, a liquid anmount correspondi ng 5%
by]meighis not largely changed, the increase of the temperature of the

oo

distillation column increases the cleaving pressure. The
pressure of the cleavage vessel is required to be a proper
reduced pressure from the relation with the cleaving yield.
For this reason, when tbe temperature is too increased, the
yield of 4-isopropenylphenol is lowered.

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

operating the distillation column at a temperature in the



03.10.2002 _17_ of the reflux liquid of the distillation colum was

‘conti nuously discharged out, the cleavage reaction was carried out. As the
results of analyzing the conposition of the cleavage distillate., phenol
was 36.2% by wei ght, 4isopropenyl phenol 63.2% by wei ght, the co-dinmer 0.2%
by weight, flavan 0. 1 % by wei ght, and non-identifiqg.§@g§% nces 0. 3% by
wei ght. The cl eavage resi due contai neth-5% by wei ght the co-di mer and 2% by
wei ght flavan. ::.= ~ .. Conparative Exanple 1: By follow ng the sane
procedureaslus | AnExepl eahgexcept fideal LBe packiogecolatmwhichhehd stilling
portion of the cl eavage reaction vessel was renoved and that the distillate

was di r ebtdomph sichisgest alle f4-dndpiosatstiphendle digeawAgetd eaidraly Was
carried out. As the result of analyzing the conmposition of the cleavage

di sti || atieshqaenalo Mk 3%y i ghibove-donasy | pdenmnéddp bytheei ght ,
the co-dinmer 9% by weight, flavan 5% by wei ght, and non-identified

subst anGiegouldh hye M as CHMMM e IPEIRIS dndBY1EAPhh QWG A& AME

procedures as in Exanple 1 except that the reflux ratio of the distillation

step WaseAh3R08dpheadedt £ & SRYAGE vfie&ﬁ;d@eav&%qnﬁgf&heefioﬂﬂatigﬁ dee result
of anal yzing the conposition of the cleavage distillate, phenol

03: 10. 2009 1 nts: 3296 bYC YeLhg, 43h30R6RBRAKLPRANAL S 0dNy el gt . the

co-di ner 0.3% by weight, flavan y weig noni"dentifie

SUbSt ancesod- SPABLOHERSN! - The:ampugt-ah thedinld e dy ik uag, 0% by

wei ght anmount to cl eavage reaction vessel. arative

hat e TERpErartrE of-ehe BACRPRGFEGt onnah PRY BARRng col um vas

Chanlrg bne ot IRARKRIRER L O B8 S et L ol thR L ol

Tont hs, SR B0et At FORIBREERe 1R PR WREFERS te BHERHT ot
distillation column. The reflux 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 1liquid 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-isopropenylphenol
becomes an oligomer such as a dimer and a trimer. Such low
polymerized products are liable to be solidified as compared
with 4-isopropenylphenocl and phenol, so that it causes the
formation of solidlnater%als and clogging of the distillation
column. Accordingly, it is desired that the residence time

of the liquid in the condenser and the receiver for the

condensed liquid is as short as possible.



stopped. As described above, according to the invention, because the

‘cl eavage reaction product is supplied in a vapor state to ._ ) a
distillation colum, the occurrence of the polynerization of highly
_reactive isopropenyl phenol, etc. is prevented, and the for rraél ons of

ol i goners such as diners and triners ﬁm be restrai n€d: !heE8t di ngly, phenol

and i sopropenyl phenol having high purfty can be obtained. Al so, when the

distillate of_the reflux step (reflux residue) is circulated to the
producti on stEp 6 undgsizrkidpsl shaki shacifllug appgnt ifetemadiange of

bi sphenol A as the product is not |owered, the purity thereof 03. 10. 2002
-19 is rtahesmahpr ovieien abldet hef pusdanoinh Edstopslpydecedt Eamskesrnore, by
side cutting the inpurities such as chroman derivatives and fl avan

deri vat iv@sering lod thetyiildlat 06t cod apmmpartdgdh empuendi gse Cammiae iprevent ed
from being concentrated in the residue of the cleavage reaction vessel, and
t he ef f exff safl irdedacendadbr andnsl canglidd afanbeidishilthehvags nesi tye can be
obt ai ned. a,. -20 What is clained is: 03.10.2002 1 . A cleavage

met hod oflibyephesad 4-drs gprateniyiphengir.odont thenten tiagy j sdpEmwpgry| phenol
and phenol by cleaving a m xture containing bi sphenols together with
chroman teflvat iareminandi $ | aven sesaiyat iivesid onmmeld sdsalepr peltrat THen t he
production process of bisphenols, which conprises (1) a cl eavage step of
suppl yi ngrdfep8ixt WrethedAiduNg rhtisdaerelis 1 hegennes r Wutrl £G Rz, |

derivatives and flavan r;
Considering these points, the reflux ratio is preferably in
the range of from 0.01 to 3, and more preferably in the rage
of from 0.05 to 1. In the case, the reflux ratio as referred
to herein shows a ratio of (the weight of reflux liquid)
to{ (the total weight of distilled out vapors) - (the weight
of refluxed liquid)}.

In the cleavage product obtained by the method of this
invention, the contents of chroman derivatives and flavan

derivatives which are difficult to be separated in the

$7 production process of bisphenols such as bisphenoi A are
Lo n
\as

greatly reduced. Therefore, it is possible to improve the
purity of bisphenol A as compared with the method of the
related art wherein the purification of the cleavage product
is not carried out. quthermore, because the circulating
amounts of impurities are reduced in the method of the
invention, the production cost of bisphenol A, etc. is
reduced. Particularly, in the operation at a definite purity,

the effect of rationalization becomes more large.



derivatives fornmed as by-products in the production process of bisphenols
'to a cleaving vessel and carrying out a cleavage reaction in the presence
of a basic or acidic catalyst at a tenperature of from 150 to 260C under a
reduced pressure condition of not higher than 300 nmmHg, (2) a distillation
“step of supplying the cleavage step product fornmed ipgstfies6heavage step in
a vapor state to a distillation colupp and distilling at a tenperature of
from 130 to 200C under a reduced pressure_condition of not higher than 300
mHg, and (3Pmathefpthesthpnds Wynderdonglimaidi af ithendd stiddethen
distillation step, refuxing a part thereof to the distillation step at a
refl ux cstlivouwofndy ope 0d0schergedafdoni ddisaray steerout bahetprbshgudntoom t he
system 2. The cl eavage nethod of bisphenols according to claim1, wherein
t he bot ttomdiidprakioin t tthedi stidldat icdh 4t-épsopsopenylpdenad t he tcl éavage

st ep. -21 03.10.2002 3. The cl eavage nmet hod of bi sphenols according to
cl ai m 1efifieriaint atol easturkPo byewdiighiidoftd heheefdtlxatagei decfctibe
distillation colum is taken out fromthe systemby side cutting. 4. The
cl eavagergsidind of bindpihenl il iaes or dicigpcumdd ai Metiwddter eifitdrhe portion of
performng the side cutting is the | owernost portion of the distillation

col um. isoph el Eptage Iretddl ghdrisipherahrmerorsd NGHed e@lalafale Wherein
the distillation colum is a packing colum. 6. The cl eavage method of

bi sphen@eta AGCH ek ellOa £k ad TR DreVRREENNEE M 2L opT o eslgq nol a | ower
portion of the distillation colum. 7 . The cl eavage neth of bi sphenol s

accor di Rghd Hrd@d I Gihidhes g nu&@ﬁ dest 51 BEd Jh8Q08EEoBragl ower portion of
the distillation colum is a liquid collector in a lower portion of the

col um. The materials discharged from the system including the
cleavage reaction vessel and the distillation column in the
invention are usually the cleavage product taken from the top
of the distillation column and the residue of ;he cleavage
reaction vessel. However, in the method, the impurities such
as chroman derivatives and .flavan derivatives are
concentrated in the residue of the cleavage reaction vessel.
The residue is also a useful phenol-based compound and applied
to wvarious utilizations. However, according to the
utilization, the impurities such as chroman derivatives and
flavan derivatives are disliked, and the decrease of these
impurities may be desired.

These impurities may be separated and rerﬁoved from the
cleavage residue discharged, but it is not efficient. 1In the
invention, it has been found that by discharging out the
impurities such as chroman derivatives and flavan derivatives

from the system by side cutting, such a problem can be solved.



8. The cl eavage net hod of bisphenols according to claim11, wherein the

“distillation colum is farned in an upper portion of the cleavage reaction

vessel . 9. The cl eavage method of bisphenols according to any one of clains

1 to 8 wherein the distillate of the reflex step is |ntroduced into the

'productlon step of bisphenols and recovered. 10. Thegg ﬁﬁ met hod of

bi sphenol s according to clains 1 to.{Q.- wherein the blsp enol is bisphenol

A .Aa. A A LCAALAY . AARA A, .ATY . Ay. Al Sy. AS
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call c
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cal cal c % a ca cal call cal c
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x n| ca cal ca calcalcalcalcalc
4 ca] ol f%%?%a]diéa Sl cﬁf%%]ea]%%!]w]% ALy ca]@ | gal cahesfond oal o2l
[//E11111
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h& ()-MaB ~10% h& ()-sM 10% h& ()-Lyt!10% h& ()-!ql %d0%h& ()- fL! 10%
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h& () - 019%&@&'&:% 08! dV%N&E i ca%l?%thgélﬁd'a“ﬁ@ crystallization for

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

(1) Composition analysis:

The composition was measured using ' a liquid
chromatograph (manufactured by JASCO Corporation, Typé:
PU-980, Detector: UV-970, Column: ODS-filler size 5 um) and

using an acetonitrile/water-based gradient as a developing

solvent.

Example 1:

A mixture containing 60% by weight of bisphenol A, 11%
by weight 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
substances was subjected to a cleavage reaction using a
cleavage reactor having a packing column in a distillation
portion (upper portion) disposed therein. In the packing
portion of the packing golumn was packed a regular 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 catalyst at a temperature
of 230°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 oxlrt: therefrom in a vapor state, supplied

to the packing column, and after being condensed by a

condenser, 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 6bserved. 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 supplied raw materials
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
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0.3% by weight. The cleavage residue contained 5% by weight

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 distilling portion of the
cleavage reaction vessel was removed and that the distillate
was directly discharged out from 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—-isopropenylphenol 54% by weight, the co-dimer 9% by
weight, flavan 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 was changed to
5, the cleavage reaction was carried out. As the result of

analyzing the composition of the cleavage distillate, phenol
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Comparative Example 3:

By following the same procedures as in Example 1 except

14y LY
S

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.

As described above, according to the invention, 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. Accordingly, phenol and isopropenylphenol having
high purity can be obtained. Also, 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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derivatives and flavan derivatives in 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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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 derivatives and flavan
derivatives formed as by—-products in fhe production process
of bisphenols to a cleaving vessel and carrying out a cleavage
reaction in the presence of a basic or acidic catalyst at a
temperature of from 150 to 260°C under a reduqed pressure
condition of not higher than 300 mmHg,

(2) a distillation step of supplying the cleavage step
product formed in the cleavage step in a vapor state to a
distillation column and distilling at a temperature of from
ﬁﬁ% 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, refluxing a part thereof +to the
distillation step at a ;eflux ratio of from 0.01 to 3, and
discharging out the residue from the system.

2. The cleavage method of bisphenols according to claim 1,
wherein the bottom liquid of the distillation step is returnéd

to the cleavage step.
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distillation column 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 portion 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.

S. The cleavage method of bisphenols 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 claims 1

to 9, wherein the bisphenol is bisphenol A.



