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MARKI NG | NSTRUMENT Thi s invention . O—frar KT
instruments such as witing instruments of the R@L@@Ei\imﬁﬁe@ﬁ- )
felt tip pen, fiber tip pen, 5 bal |l poi nt pen and}othes—types—wiel ei
“mar ki ng fluid is delivered to a marking tip fir m.?ﬁ IUN 200
reservoir chanber. The invention is :

SPECIFICATION i

PROCESS . FOR PRODUCING BISPHENOL A

IECHNICAL FIFELD

The present invention relates to a process for producing

bisphenol A having a stable color tone.

BACKGRQUND ART

. Bisphenol A [2,2-bis (4-hydroxyphenyl)propane] has been
known to be an important compound as a starting material of
engineering plastics such as a polycarbonate resin and a
polyarylate resin and an epoxy resin, and the demand for it has
been increased in recent years. Especially when bisphenol A
is used as a starting material of a polycarbonate resin, it is
required that its color tone is stable at a high tempefature
and coloration does not occur.

It has been known that bisphenol A is produced by
condensing excess phenol and acetone in the presence of an acid
catalyst and as required, é cocatalyst of a sulfur compound suéh
as an alkyl mercaptan. In this method, various attempts have
been made so far tq improve the color tone of bisphenol A.

For example, JP-B-40-19333 discloses a method in which
bisphenol A having an improved color tone is obtained by adding

oxalic acid or citric acid to a mixture of phenol, water and



particularly concerned with such marking REPLAGRMEN LMEEEE bher ei n neans
are provided to 10 pressurize the marki ng-ftuid ' 3-t he| reservoir

chanber to cause the fluid to flowto the 15 %2 /pvvhenit S
the

D

required. In WD 93/ 05966 for exanpl I's described a marking
I nstrument wherein the reservoir chanber is Prits) partiallyldelimted by
a di aphragm and a nenber carrying thé magking tip isiadapted to

retract . i nt.o fhe barrel of the ipstruifent when the ti i's
appl i ed agiERNEIRl Aacando (HeN sHRIecting the, ZRsuILINg @rEure o,
ressurize the 20, contents of the fluid reservoir. The di aphragm

gl so serveSditil \ARARR e b TheF /i g-fﬁ'aﬁ'e‘rr'h‘g”r? dlsciﬁ?@?i 8r DSt n
reservoir chanber _ froma duct t-hrough which the fluid is supplied
to the tipWHeh thdogdveeldgaprid,t abyeppirsacid oy palembasPhaitl ¢ @it ur ns
to a forward nost - position. It has been found that under sone

ci rcunst andesaddad . nafkiAveR 231 44 4 di scdwisiesue medhod inwbigdy 1debsc acid,
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malic acid or glyceric acid is added. Still further, JP-B-

._7—78030 describes amethod in which an aliphatic carngylic acid
is added, and phenol is removed from a phenol adduct in vacuo
by evaporation. However, these methods were all intricafe
requiring the. addition of .the 'thir.d substance. Further, the
effect of improving the color tone was still unsatisfactory.

Under these circumstances, the present inven_tion has been
Iﬁade. It is'an object of the present invention to provide a
procesé fof producing bisphenol A having a stable color tone

at a high temperature and free from coloration.

DISCLOSURE QOF THE INVENTTION

The present inventors ‘have assiduously conducted
investigations, and have consequently found that when phenol
is reacted with acetone using .an acid ion-exchange resin as a
catalyst and an alkyl mercaptan as a cocatalyst, a concentration-
of an ofganosulfur compound in a crystallization starting
material when recovering an adduct of bisphenol A and phenol
as a crystal from a concentrate of the reéction mixture
influences the color toﬁe of bisphenol A at a high temperature.

This finding has led to the completion of the present invention.



filow{or ooze to the marking tip, especially if e : Aluidis of a
more viscous fornulation, when th& Lok qGaLY ip due to
it being pressed agai nst a surfac e reled ] this 5

rking tip.
ce o 3sg}?utlon to the

communi cati on between the reservoir  cf
The present invention has for its aim 1
probl em expl ai n above and accordOr%lgl
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supply of markjn marking tip for applying the marking
fl 5deto a procdu m% stcﬂ,léen%l fzf*w"&h-'s%pi:‘gm%gﬁﬁél rﬁéPtéaﬁdB@@Fﬁ?d Wlti’s

fluid to the tip, normally cl osed val ve neans controlling

comuni cat idiFisEGeEh Ehe PEsepnepr of an acichainrrexehiende sepphyashannel
the marking tip being retractable to open the val ve by pressing
the tip agadatsalvsie and fageallyll meacepdanarmgeh co@@talystdr whvetrledind a

t hrough the supply channel from the tip during forward di spl acenent
of the tipconcentredficer ofhen valgamomdnfuhasmpbasedin a crystallization
Conveni ently a subchanber of variable vol une is connected to the

supply chamalrtite matetial whtiimed Bhecohanbeingetng aenanged L@der
i ncrease during forward displacenent of the tip after the

val ve neangoias taldseehat!4) re tales Lefl erature fé”b%ﬂv&&éﬂ @0 4H4 1deha”ber
I's an auxiliary ~ reservoir for the nmarking fluid and is parti al Iy
30 confi aeshé&¥o B tifstét &M b 1481 P4 FPHIi& BBAREEN 6 and 13 and an acetone

to alkyl mercaptan molar ratio is between 13 and 25, distilling

off unreacted acetone, by-product water and the alkyl mercaptan

as the cocatalyst and further distilling off excess phenol is

maintained at 200 weight ppm or less.

BEST MODE FOR CARRYING QUT THE INVENTION

The present invention is described in detail below.

In the present invention, bisphenol A is produced by'
react_:ing excess phenol with acetone in the presence of an acid
ion-exchange resin as a catalyst and an alkyl mercaptan as a
cocatalyst. |

As the acid ien—exchange resin, for example, a sulfonic
acid cation—exchénge resin is preferably used. Specific
examples thereof include a sulfonated styrene divinylbenzene
copolymer, a sulfonated crosslinked styrene polymer, a phenol
formaldehyde-sulfonic acid resin and a benzene

formaldehyde-sulfonic acid resin. These may be used either



position. The fluid supply channel IS fq_ggmglg;[ﬁg*’aaif;' '-‘qf‘ nber
axially slidable in a barrel of the instrynent-—i-mAthic€hiit He
reservoir 35 chanber is enclosed, and the ﬁe il Y G

def or mabl e nenber is annular and sealingly en the
feed nenber and the WO 96/ 14998

PCT/ US95/ 14538 . , , . By
this const rUA9oh Phel? MR ELON. nmenber | Upon opening of
t he val ve means_to_pressurize the fluid in the main

reservoi r chanbdts t8ec21 k¥t nessgantad yepdvas \Fher cocatglyré, fa megqaptian
marking tip. Furthernore, to sinplify further the constructi on and
assenbly, containing anesilkvdngrepbbaviag febing o vk easeat afoms is

t he val ve nmeans. Thus, in the preferred _ enbodi ment, which is
descri bed iprefresmidre det aiSpecifi@ boiamplesh tkéeeeficeihalide dmatihigs,

t he resiliently deformabl e nmenber conprises a first col | ar

seal i ngly atetracipathrt,o etthg 1f Redcaptibny . pfopyl merc@seond e ylamere@lptag] v
connected to the barrel
and cyclohexyl mercaptan. Of these, ethyl mercaptan is
especially preferable. These alkyl mercaptaﬁs may be used
either singly or in combination.
The reaction method is not particularly limited. A fixéd
bed continuous reaction or batchwise reaction is preferable.
The fixed bed continuous reactiOn is especially preferable.
| When the fixed bed continuous reaction is carried out, a liquid
hourly space velocity (LHSV) is usually between 0.2 and 30 hr™?,
preferably between 0.5 and 6 hr'. When LHSV is less than 0.2
hr™, the productivity of bisphenol A is sometimes decreased.
When it is more than 30 hr™, the reactivity is sometimes
decreased.

The reaction temperature has to be between 60 and 100°C.

When it is less than 60°C, a pheﬁol phase is sometimes solidified.

Further; when it'-exceeds 100°C,detertoration ofthe—acid
ion-exchange resin is increased undesirably. The range of from
65 to 95°C is p-referable.

' The phenol to acetone molar ratio has to be between 6 and
13. When it is less than 6, the concentration of the

organosulfur compound in the crystallization startingmaterial



and forning a val ve seat, and an annul ar Ep g
section interconnecting the first a d%@@@
f orm of the val ve neans is not crucialt aq
conveni ent type, such as a flap valve, or 1 | _
val ve menber arranged to be 20 lifted f¥yohlrrts~Seat by retraction of
the feed menber and possi bly urged t ' bt

~Or _auxiliary chanber

spring means. ,The, vol u f. t.he subchapbe Y]
ocd sot b8 JenitBiad 1t SRIGEEE Hoq gt Bibm o MR8 voi
25 chanber to satjsfy the demand at the nmarking tip en the
val ve is oﬂézn@d‘.cel%ﬂﬁe\}ér, thecheletipe rate is defipased: and hr maavert
i ncreases after the val ve is closed, a.negative pressure is created
and acts t@iphenel nefavedied i sinareades vodeagrablye Thagangemp ffaam of
the forward di spl acenent of the tip. As the negative pressure is
generated 8 to 12 gid ywrhiffdraplel ast part of the tip novenent, the
suction forces are not so great that air will be sucked into the
reservoir syst erfherrieattiioghthas t35be iconeiufotieel winide rs @ ebhdidliicabltdazuppl y
of fluid when next needed. A nore conpl ete
under st andithg efcdtite to alRyA6mE499Htan molar ratio is between 13 and
PCT/ US95/ 14538

25. When it 1is less than 13, the concentration of the

organosulfur compound in the crystallization starting material
to be described later exceeds 200 weight ppm. Further, when
it exceeds 25, the reaction rate is decreased, and the reaction
selectivity is decreased undesirably. The range of from 17 to
22 is preferable.

The reaction mixture contains, other than bisphenol A,
by-products such as unreacted phenol, unreacted acetone, a
catalyst, by-product water, an alkyl mercaptan, an organosul fur
compound other than the alkyl mercaptan and a coioring matter.
Accordingly, the post-treatment is required to produce
bisphenol A to comply with the obj eét of the present invention.

-Next, with respect to the reaction mixture, the catalyst
is removed by separation through filtration in the batchwise
reaction. The residual liquj.d components, namely, unreacted
acetone, by-product water and the alkyl mercaptan are removed
by vacuum distillation. When a distillation column is used,
unréacted acetone, water and the alkyl mercaptan are removed

from the top of the column, and the liquid mixture containing



e | detail ed

-4- i nvention will be gained fromth s

description of a particular enbodi nent, ' REPLMF L€nce-bej ng made to

t he acconpanyi ng drawi ngs,” i n whi ch: - or Figure 1
is a partial axial cross- section hKo Yy Wed8 ng i\ nst r ument
accordi ng to the invention, the co ts being-— _
illustrated in a normal position when thereli g~ no forice applied
agai nst the .markin i R; 10. . , i qu S oms—H’re;fm rkin

i %st r unent %lSPhenoqo#\ a%ng]Pgm?Ll\ﬁ?e?lbjfﬂénﬁgrf%%%%%’?‘gt%f’ﬁgz SR f
ressed agai nst surface jn preparation for l.ayi ng wn a trace o
Ir?nr king | igqui d; When' phenol 'ahd gce%P&@r If sheastefe Jinnst(}}%rrgh{‘e@f bed 15
Figures 1 and 2 when the tip of the instrunent is being lifted from
t he surfac&onddguous reaction, removplggfethe sagadively denilpaeCesSRryure 1
showi ng a nodi fied construction. The illustrated marking
i nstrunent The 1pguidecgmpenenterdbschaegedhficom the meadtndndiesged are

body 1 enclosing a main reservoir chamber 2 for storage of a volune
of mar ki ngtireaiteéd iine thienlabove-mentiiortdte maseenf a pen. The reservoir
chanber is of such a kind that its internal volune 25

decreases as th&hienkatsumskis il 1ation [darsbe conducpedpnse tempeeatuead of
t he chanber can be _
of from 70 to 180°C and a pressure of from 50 to 600 torr. When
unreacted acetone, by-product water and the alkyl mercaptan are
removed using the diétillation cdlumn, unreacted phenol is
formed azeotropically, and a part thereof is removed outside
_the system from the top of the column.

Unreacted acetone, by-product water and the alkyl
mercaptan as the cocatalyst are distilled off from the reaction
mixture in this mannér. | |

From the solution obtained by removing these substances
from the reaction mixture, phenol is further distilled off
through vacuum distillation to concentrate bisphenol A. This
concentrated residue becomes a crystallization starting
material in the next step.

The concentration conditions are not particularly limited..
The concéntration is usually conducted at a temperature of from
100 to 170°¢ and.a pressure of from 40 to 500 torr. When the
temperature is lower than 100°C, a high degree of vacuum is
required. When it is higher than 170°C, an extra step of removal

of heat is required in the subsequent crystallization step.
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closed by an ink follower, such as a greas p\Y_‘PL‘r’*QL ‘ - ilch noves al ong
the chanber to foll ow the ink colu , tthei chanber as

t he 30 ink is consunmed. In this way i 3 y ~to _
supply air to the chanber to take up the a edk by ink as it
Is used. O course ot her fornms of nest chanber, such as a

col l apsible flaccid sack are al so possible. -t—efd”to the forward

h t
oot ng 1o Eihd = tne copceni?atioo P%ebisspﬁenﬂgv% %ggn%%”%r%%r 4"
/ a
5 ICT{:Igglggl |14r?56c35r%éiurﬁ)séss&?ﬁf8|’f a@llys Begvieen 20 an(?né%erbyG %%h%]%lgt i %@r& a

cylindrical rod or w th an axial bore 7 formng an ink supply

channel foprﬁm%memﬁep@Oaaﬂaﬂa%n@ytwq)lght Whencthis sgngentia tiemar d

end of the feed nenber. The marking tip itself is not shown in the

drawi ngs ad® itesparharn ?@é bypeelohive dbeparacovery of gpisphenphva@ntiison.

The tip can be, for exanple, ~afelt tip, a fiber tip, ball point,

roller sometimes low. When it exceeds 50% by weight, the slurry after
crystallization is sometimes hard to transfer.

In the present invention, the cor}centration of the
organosulfur compound in this concentrated residue is measured.
This concentration has to be 200 weight ppm or leés. -When it
exceeds 200 weight ppm, the color tone of bisphenol A obtained
worsens. The concentration éf the organosuifur compound can
be measﬁred by a known method such as gas. chromatography or with
a known equipment such as a total sulfur analyzer.

Main examples of the organosulfur compound include by-
products derived from mercaptan, such as a dialkyl disulfide,
thioacetal, a mercaptan adduct of an acetone dimer and a
reaction product of phenol, acetone and mercaptan.

Bisphenol A having a stable color tone at a high
temperature and free from coloration éan be ébtained by making
the concentration of this organosulfur_compoungi 200 ppm or less.
That is, it is péssibl.e to judge the off-specification of
bisphenol A as a product and to 'judge the time of the catalyst
exchange. The preferable index of the concentration of the

organosulfur compound is 50 weight ppm or less.

The present invention relates to a process for producing
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10 ball, tubular nib or any other tip ¢ nﬂ@ﬁﬂ@
|nstrunents equi pped with liquid ' r o1
t he feed nenber 6 has a portion of Ye %Péqnhl di anmeter and

seat ed agai nst the annul ar shoul der definedjio eed nenber is a
forward or inner collar 9 of a reéll’eﬁf y deformablie nmenber of

which in the illustrated enbodlnent*takesﬂLhe«%orﬁTof a
bel | ows-1i ke di,aphr.a This dia |ncI es a
rear outer °¢oH hg% Q%Gﬂ%hwﬁ%cg thg CQ&%ﬁﬂif%H?Q@l %aF?%I°5HGHP§

cl anped agai nst he forward end of the body 1 by a, sl eeve 11

i nserted bé’tqﬁ}é’&\mpnésﬂ%éﬁ PAhyeigbtopRB oF less without iHhey thrydhdrd he

in marking
iftsytrailing end

collar 10 has a radius greater than that of the trailing end
portion of Sipstances. feed nmenber and defines a val ve seat for

cooperation with a valve nenber in the formof a . ball 12. The

conbi nati on of Vhleveoseahtaatled residuedlsveoniebetro baistadrul® anddrofal.l y

cl osed val ve means whi ch controls comruni cati on between the 30
reservoir GhambertiRe ardidurs | 0k dipphermdianAeland phenocl Eaeteadnadtleet ween
the collars 9, 10 of the di aphragm nenber is a resilient,

def or mabl e abbreviatedess Wphehy 1dhddugen) ilsettgysa i ke@tolBorkheslurry.
resilience of the diaphragm nmenber 8 acts to 35 urge the feed nenber

6, and hengaet BeoMihbi 88n be condidted} Edk A IHD By E@%ﬂotv'aqno%nﬁe%e” in
this position the di aphragm nenber encl oses, with the

through evaporation of water added to an external heat exchanger
or a crystallization device.

Subsequently, the concentrated residue as a slurry is
separated into phenol adduct crystals and a crystallization
mother 1liquor containing reaction by-products through
filtration or centrifugation. It is possible that this
crys-tallization rﬁéther liquor is recycléd into a reaction
vessel directly or partially or a part or the whole thereof is
decomposed with an alkali’ and recovered as phenol and
isopropenyl phenol. Further, it is also possible that a paft
or the whoie thereof is isomerized and recycled into a _
_crystallization starting material (refer to JP-A-6-321834).

When the above—obtained crystals of the adduct of
bisphenol.A and phenol are heated at from 100 to 160°C, a liquid
mixture is formed. Bisphenol A can be recovered in a molten
state by removing phenol from this liquid mixture through vacuum
distillation. The vacuumdistillation is usually conducted at

a temperature of from 150 to 190°C and a pressure of from 10
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trailing end of the feed nenber and the valv "]y
vol ume subchanber 20 which

t hr ough

12 is biased forwardly into sealing
coil spring 15 which is supported by é s

smal |
commmcauw wt@j‘
radial ports 14 in the feed

|ng §yppe%r“16 of

cruci formcross-section having slots i.n the _ ‘- giéthereof to

acconmodat e he0SpkpRE: Furgher, r951duahrPQQR9%o?ﬂ%I

St Dot

illustrated in Fig. 1, the trailing end of the feed nenber is
spaced at - a-lFRUID Fheamcety¥ipping. the valve ball which in held in

seal i ng

the mai n reservdisphenderA 2L rtide med tarb@t@tiseris formed 2mtan dinopd efteed
7.

channel
nor ma
barr el

t he

engagenent with the val ve seat thereby isolating 15

Upon appl ying the witing tip against a surface under

with erpuliver jzasson epitheudlkeed dapréayrériect snditbe dropletd he
and its trailing end first takes up 20 t he cl earance between
t he feed madetosled, h#nd solidifisdd/ecbibim albiraduditt.i afheedr&slé o6 aamises

bell ows portion to reduce the volune of the
provided through spraying or scattering, and cooled and

solidified with nitrogen or air, etc.

EXAMPLES

The present invention is illustrated more specifically by
referring to the following Examples. However, the present
invention is not limited to these Examples.

[Example 1]

A packed-bed-type reaction vessel having aﬁ inner diameter
of 20 mm énd a height of 1,500 mm was charged with a sulfonic
acid ion-exchange resin (Diaion-SK104H, made by Mitsubishi
Chemical Indusfries Ltd.). The reaction temperature was
maintained at 80°C, and phenol, acetone and ethyl mercaptan were

charged from the inlet of the reaction vessel at a phenol to

" acetone molar ratio of 10 and an acetone to ethyl mercaptan molar'

ratio of 20 with LHSV of 1 hr™ to conduct the reaction. When
the acetone recovery became'75%, the reaction solution was
collected. Unreacted acetone and a part of excess phenol were
distilled off from the reaction solution at a temperature of

172°C and a pressure of 500 torr. Further, excess phenol was

eed channel
; ] 5 ball
At with theiseat by a

7
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subchanber to pressurize the liquid cont _ y
ﬁannel

di splace the liquid into the 25 sup
witing tip. Upon further retractlon the fe€d
the ball away fromits seat against the bias bf 2% &

t he subchanber to

ivery to the
r lifts
spring 15,

wher eby communi cati on between the mai ' r eser veit-ch
- subchanber is 30 established. As the retraction of t
menber continues the bellows portion 13 of th

@nber 2 and the
f eed
'hr agm nmenber

col | apses i 4 @fthat a temperpdyss ¢ ﬂﬁé Qoﬂl%ea d’fretf’rﬁl%%bbmailrﬂtﬁer 20
and pressurizing the ink contained in the reservoir 35 system
to force tH€IMktPo GRS M hPLifRheBEd A to 4QhakNelWeight ¢ he TRdist i ng
tip. This is the condition illustrated in Figure 2. Wen the

WO 96/ 1499&oncentrate (crystallization starting mpdpnisds/ BE8mined 20

-7- witing tip is subsequently lifted fromthe surf ace,
e.g. at theredghtobpw ofithe argendsuflifar compoundi aphinhgruorerdrerr Steimges t he
feed nmenber 6 forwardly and its bellows portion 13 expands 5
again. The gesWd i B 4BeCeazesctistv@l UiBeOftHhephenol adduct, and the

solid-liquid separation was then conducted. From the phenol

adduct crystals, phenol was removed at a temperature of 170°C
and a pressure of 30 torr to obtain bisphenol A. Subsequently,
90% of the crystallization mother liquor was subjected to an
isomerization reaction at a reaction temperature of 80°C in the
presence of a sulfonic acid ion-exchange resin (Diaion-SK104H,
made by Mitsubishi Chemical Industries, Ltd.) as a catalyst,
and then recycled as a crystallization starting material.
Remaining 10% of the crystallization mother liquor was
discharged by recovering phenol. Even when 90% of the
crystallization mother liquor was treated with the above-
mentioned method and recycled, the cohcentration of the
organosulfur compound did not exceed 200 weight ppm.

The color tone of the resulting bisphenol A was visually

evaluated with an APHA standard solution by heating in an air

atmosphere at 220°C. for 30 minutes. As a result, the color tone
was 10 APHA, and good.
[Example 2]

Bisphenol A was produced in the same manner as in Example

1 except that the acetone to ethyl mercaptan molar ratio was

10



subchanber 20 is initially satlsfled by ink romthe main

reservoir chanmber 2 through the sti hypggﬁﬁx the val ve
cl osi ng however, a small anount of the for d -0 stro egof t he feed
menber still remains, and the I ncrease | q@ﬁmﬁﬁ% ‘'t he subchanber

e“resulLs+in a
20 tending to draw

whi ch occurs during this part of the str
negati ve pressure being created in this space

K ek ULl U2 Y20t coken PSR e A

ng
at the witjn t| mhen el lifted fromthe surface being
written on, Hb%f‘ea‘gr talilz%BbEna%tacIHé”W paterdsdl vad ayreisht ]HEmSLﬂfrf%ce
20 again ink is supplied to the tip to avoid any ri sk of ink
starvation %Re grlan gonggpf the resdiingdkimphencobawiany BadeHR, iandto
t he end part of the forward di spl acenent of the feed menber
there is awsiatkd any risk of air being 25 sucked into the pen and
interfering with the snoot h operation of the ink supply system
It will be Epamxliatd that the | evel of suction obtained in the
subchanmber 20 after the val ve has closed will depend on the shape
of 30 the Eidphencind whs posdacddny eRNbaak hhAnkeeds in ExampgIrRitber
after valve closure, and by selecting the bell ows profile and

cl earances 1t BRcepet tdt the reac%le%CEeﬁﬁarQEuﬁgl wss &hanged to 85°C, the
Modi fications to the construction of the reservoir pen descri bed
above are @fcet@HeS€o ethyl mercaptan molar ratlo to 22 respectively. The
concen_tration -of the organosulfur compound in the
crystallization starting material was 18 weight ppm., and the
color tone of the resulting bisphenol A was 10 APHA, and good.
[Example 4]
Bisphenol A was produced in the same manner as in Example
1 except'.that the reaction temperature was changed to 70°C, the
phenol to acetone molar ratio to 9 and the acetone to ethyl
mercaptan molar ratio to 18 respectively. The concentration
of thé organosulfur compound in the crystallization starting
material was 38 weight ppm, and the color tone of the resulting
bisphenol A was 10 APHA, and good.
[Comparative Example 1]
Bisphenol A was produced in the same manner as in Example
1 except that the reaction temperature was changed to 85°C, the
phenol to acetone molar ratio to 6 and the acetone to ethyl
mercaptan molar ratio to 10 respectively. The concentration

of the organosulfur compound in the crystallization starting

11



possi'bl e without departing fromthe scope of REFLA

fol l ow, and an enbodi nent WO 96/ 14998 aa .
PCT/ US95/ 14538 : uo nc{or porating
sonme such nodification is illustrated}i Léstead of a
ball, it has a val ve nenber 12' with g fru oconi cal !

surface-arranged to cooperate with the valve seat -wher-€by a | arger

val ve openi ng |n bt ai for a given djs Iacerre t_of the valve
rerber, gﬁS%@ 16625, Pl &9 the ral Gl LR St Krgulting
used. The val ye sl i dabl ui ded in the pen body 1 by
several , ePdSPhHR RS % r2’° AP % Sﬁrfol}%Et DHRCLRRIQF LpRRIWRS 1§ val ve
menber. Rat her than di screte ports 14 connecting the subchanber 20
with the | AkCBRRNaE1ve Examplhrdlel 7, this communication is established

through a pair of dianetrically opposed slots 15 14" which extend
L ongi tudi nal | y Bigiphenel dawas produceddinfthehsanectanpebers 6.n Exempiteended

ports defined by these slots nay provide inproved ink
1 except that the reaction temperature was changed to 95°C, the

phenol to acetone molar ratio to 5 and the acetone to ethyl
mercaptan molar ratio to 8 respectively. The concentration of
the organosulfur compound in the crystallization starting
material was 386 weight ppm, and the color tone of the resulting
N bisphenol A was 35 APHA, so that no good color tone was obtained.
[Conparative Example 3]
Bisphenol A was produced in the same malnner as in Example
1 except that the reaction tempe.rature was changed to 20°C, the
rhenol tc acetone molar ratio -.to 4 and the acetone to ethyl
mercaptan molar ratio to 7 respectively. The concentration of
the organosulfur compound in the crystallization starting
material was 523 weight ppm, and the color tone of the resulting

bisphenol Awas 45 APHA, so that no good color tone was obtained.

ANDUSTRIAT, UTILITY FIFELD

In accordance with the present invention, the
concentration of the organosulfur compound in the
crystallization starting niaterial can be made 200 weight ppm
or less. Accordingly, bisphenol A having a stable color tone

at a high temperature and free from coloration can be produced.
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" L e

flow'characteristics. |In order to provide a tlzve | ocati on
of the forward collar 9 20 of the diaphrag eed rrenber i's
provided with a circunferential groove in whi e col I}

seated. COther nodifications wll OCCW | n the
art. WO 96/ 14998 PCT/ US95/ 14538

-9- CLAI Arrarklng
i nstrunent conprisin reserv0|r chanber for hol ding a supply of
mar ki ng fluid, aF%t?fPﬁ’lﬁg Siigaeor 1&ppt§i ipneressary ke kpdd fraed kbizd
surface, a suppl y channel for conducting fluid to the tip, normally
cl osed substances mepisianad da thegdespriptien of bheweehated art, tae
reservoi r chanber and the supply channel, the marking tip being
retract abl simpleparradrss cam h@l@mobqya@pl ying the tip against the
surface, wherein means are provided to draw |iquid t hr ough
t he supply chan8i¥k ofiuttshan,p diri g possibXerwar d judgnentheof dfhe-tip
affer the valve means has cl osed.

specification of bisphenol A as a product and the time of the

catalyst exchange using the concentration of the organosuifur
compound in the crystallization starting material as an index.
Accordingly, bisphenol A having a stable color tone at a high

temperature and free from coloration can stably be produced.
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g instrunment according to claim1l, wherein a
lapgper, qf vaersf' EE fvol une I's connected to the supply channel,
'o“_'ur_r_‘e . Aot the chanber being arranged to increase during

" e Eof the tip after the valve 20 -reans—has closed.
¢ ki“htf i nstrument according to

r As. partiat y confi ned by a reS| i ent |‘H|‘lﬁ]|ﬂhlﬂ§h|ﬂ!&ﬂiper

, to urge the g§ip forwardl .

i nst riinent. . accorei-ng . FQ& OICIii*Il‘Wﬁer ein the resiliently
def or mabl e menber defines a seat of the val ve neans. 5.

A marking instrunment according to claim3 or 4, wherein the supply
channel is 30 formed in a feed nenber axially slidable in a

barrel of the infstrudeprocess foe pregdudigrg by sphenol Ageflormiglomnniass i s
annul ar and sealingly connected between the feed nenber and the
barrel. r¢actimg phenol Awiedlki agetoner uirenthacqurasemceé oof an adcildii m
5, 'wherein the inner end of the feed menber is arranged to act on a
val ve nenbalomfexchanddOr¥¥itd¥¥Ba catalyst and an alkyl mercaptan as a
PCT/ US95/ 14538

cocatalyst, wherein a concentration of an organosulfur compound

in a crystallization starting material obtained by conducting
the reaction under conditions that a reaction temperature is
between 60 and 100°C, a phenol to acetone molar fatio is between .
6 and 13 and an acetone to alkyl mercaptanmolar ratio is between
13 and 25, distilling off unreacted acetone, by—product water
and the alkyl mercaptan as the cocatalyst:and further distilling
off excess phenol is maintained at_ éOO weight ppm or lesé.

2. The process for producing bisphenol A as claimed in
claim 1, wherein the acid ion-exchange resin is a sulfonic acid
cation-exchange resin.

3. The process for producing bisphenol A as claimed in

claim 1 or 2, wherein the alkyl mercaptan is ethyl mercaptan.
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- 10-- t he val ve neans for opening the val ve. A
narklng i nstrunment according to any one of g
t he vol une of the subchanber di m ni shes dur
5 tip after the valve has opened for pressurizing
t he reservoir chanber for delivery of |iqui
reservoir ' chanber . A narkln
conprising a 10 barrel encI05|ng oir
a supply of marking fluid, a feed neﬁ%g%%§¥$glly sl i.dable—retdtive
to the barrel and carrying a marking tip at & forward end thereof,
a supply channel extending through the feed nenber for 15
conducting fluid to the tip, an annul ar resiliently_defornmable
nenber seal i ngl yProvided ipmpEesgssefaseproducingdoisrbencantt haeingra el
and confining a subchanber communicating with t he supply channel,
and a nor neabld geddrdneat 2Digh tempse raiiiy e phdNEr e Fnem catdvat benween
t he reservoi r chanber and t he subchanber, the marking tip
bei ng r et r adtiati eedmpipees tteaat@ing phenol windarscdiyom@pilyitipe tdmedance
agai nst a surface.

of an acid ion-exchange resin as a catalyst and an alkyl

: W‘Ls@%nﬁ’ el i

n ents of

to.%??guﬂ T1the

€r for hol ding

mercaptan as a cocatalyst, wherein a concentration of an
organosul fur compound in a crystallization starting material
obtained by conducting the reaction under conditions that a
reaction temperature is between 60 and 100°C, a phenol to acetone
: molar ratlo is between 6 and 13 and an acetone to alkyl mercaptan
molar ratio is between 13 and 25, distilling off unreacted
acetone, by-product water and the alkyl mercaptan as the
cocatalystandfurtherdistillingoffexcessphenolisn@asured,

and maintained at 200 weight ppm or less.
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