;1 Je3e/,L@6bT#- Description METHOD OF PRESERVI NG SULFONI C ACI D- TYPE
CATI ON- EXCHANGE RESI N MODI FI ED W TH THI OL- CONTAI Nl NG AM NE  COVPOUND
<Techni cal Field> The present invention relates to a HMWNMMWOW%HW ng a
cati on-exchan ' fied with a thiol containing und in

whi ch a thi ol 1@%\“\@“\\%\\@ m ne conpound i s bonded via ionusssbonds to part
of rd grogps of

sul fonic ac a sulfonic acid-type cati onexchange resin.
<Backgrund Art> It 1s well known that sulfonic acid-type cationexchange
resins in which thiol-containing._.amne _ganpounds are bonded via ionic bonds
to part of the sulfonic acid gro&% opriate as catal ysts for
reaction of the production of bisphenol by reacting phenol conpounds with
ket ones. Since sulfonic acid-type cation-exchange resins are usually

mar ket ed gggﬁdw 0¥ MeRksERULNE SabifontACSke Pl hPhE: C b 1bN

; “H¥CHANGE . |
cation-e ange resins are converted 1nto catlon-exchange resins nodified
W th a t N80 MobTHIRS FFrRe TROBROBBNTA N Bhc DiMieatdMsbute mar keted resins
in the formof sodiumsalt with hydrochloric acid or the Iike.

Subsequently, the free resins are treated with aqueous sol utions of

t hi ol - contai ni ng am ne conpounds 1 so that the thiol-containing am ne
conpoundkmechridaleFigdlgrart of the sulfonic acid groups, thereby giving
the ai ned cation-exchange resins nodified with a thiol-containing am ne
conpound. To piTheucepiesaienoinbgntisbong aedattiesn- edahaagemedediod nedf fi ed
with a thiol-containing am ne conpound as a catalyst, it has been usually a
pract i ce presaRNing oascp tiiens exchaadgret oesks in unddibhedi wiikh a piviedi-
conpound and a ketone through a fixed bed reactor packed with this

cat al yst .coftdning @aminet icompoung t ynof WhEhc a@d otdiHaTeR 3N iRGodi fi ed
with a thiol-containing, am ne_conpound . is gradually |l owered, it is
necessar PN e fORROUIHE da’tapfé‘gpeﬂy J1ifre ﬂnbﬁe.béﬁﬁisthﬁ‘% RAFbcAfent, it
is needed to_prelimnaril repare.the cat st _in the manner_gs. descri bed
wbove. andiredifs e REEE e iqe, & RUonEa, el SRR e
groups i ion-exchange resin nodified wth a thiol-containing am ne
corrpoundqedéa%r?ae:giée ‘?ﬁ?ﬁ(\g this preservation tine. The decrease in the thiol
groups nmeans a lowering of the catalytic activity. Therefore, there has
been required a nethod of preserving a cation-exchange resin nodified with
a t hi ol cotBadlgrgumdixeexonpound free from decrease in thiol groups. The
present invention ainms at satisfying this requirenent. <Disclosure of the
| nventi on> Accdrtli i@ teelhe jnaeentthat/estilfonia dacidatypen cation-

thi ol -containing am no groups in a resin during preservation can be

i nhi bi t ecekghana«i mgsansodinf iwhiich| thhdi-aentainpagcamioe conpronnrds esin,
in which a thjol-containing am ne conpound is bonded via_ionic bonds to
part of t3%e sbPrégicc Wed digréapPondsyctmePatkitt (Pfathe suldoricomtder
while regul ating the surface area of the container to 0.5 n2 or |ess per
liter of IFRWPEsAFLPRFRTLRETi AF [FPEMEYRBRt PFer*@FHRR Offie YRRin i s

preser Vedp:ll:'cg]dt?‘cé;.g‘geogf bges!p%n%qa@ﬁj i‘gac\:l\@&!?&' phenol compounds with

ketones. Since sulfonic acid-type cation-exchange resins
are usually marketed in the form of sodium salts, these
sulfonic acid-type cation-exchange resins are converted
into cation-exchange resins modified with a thiol-
containing amine compound first by treating the marketed
resins in the form of sodium salt with hydrochloric acid
or the like. Subsequently, the free resins are treated

with aqueous solutions of thiol-containing amine compounds



<Best Mbde for Carrying Qut the Invention> As the thiol-containning am ne
conpound to be used in nodifying a sulfonic acid-type cation-exchange resin
in the present invention, use can be made of thiol-containing am ne
conmpounds whi ch have hitherto been enployed for this purpose, for exanple,
am noal kanet hi ol s such as 2am noet hanet hi ol and co- pyri dyl al kanet hi ol s such
as 2-(4pyridyl)ethanethiol. As the sulfonic acid-type cati onexchange resin,
use may be nmade of sul fonated products of styrene-divinyl benzene
crosslinked ﬁpgpl ner .mghph ave .been nost connnnl% englo%ed. gi%her

gel - t ypeSPedPRE %4 R REHRE PR COMRYRST . 2Te HRBfPEa it s

al so possi.ble e j ns. of_ at he S a : cts of
henol -1 BrEd Sy SRR aqhd YrolEr BHERPY SULLAD7LRE RERLT
resin, i baled ch2dicilingrel 0rdSend fSkizhaY! Noi tn| A UTnERANARGR GARAG! LY. /S
descri bed above, the sulfonic acid-type cation 3 exchange resin frodified
with a t BneheCeBhpblhgg am ne conpound may be prepared by converting a

mar keted resin of a sodiumsalt type into the free type and then bringing
it into contactrow phodueal coigphdnalouBy OoLsihg t&i obae9BhakRch@ngdl ne
conpound. In general, 2 to 40% of the sulfonic acid groups are nodified

W th theresiiol emdifiddorith ne €loidDedsh td in (s canmdss ecompotimd i Ascati on
ratio is less than 2% the catalytic effect owwng to the thiol-containing

am ne cowpdalysignnot bhesf bleen exsxakly &anpoassiwecrteot kontbdubuedyi on
rati o exceeds 40% the catalytic activity is |lowered due to the decrease in
free sul basisc aacfeedgteck fhuid copvésindagh@ Pharical ceempeundnandeapr esent

i nvention, when the sulfonic acidtype canon-exchange resin nodified with a
t hi ol - coffedomeng BRI ofpo didereds eXPEFLORF aPaskedy wWdittai tbis a

contai ner having a suyrface ea of Q.5 n? or .l.es er _liter of the resinis
oy G catalydd & S¥idee BREY Aleah Pl Meri ikl Pr S BatulRaer i n A
state of _heing soaked . n water.. Accqr.di.hg to st.udi es the pr t
i nvent or s??‘c aglgcer edse 1'h \t,‘\%eﬁt%eéc- con hai i ngt%alé né’oél%&ﬁg'n ur %ﬁ‘g‘%
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bet ween t groups Wt oxygen. Accor resent "1 nventors
have conqud echidipdei vg at ¥de8h Yhed Md0OGH{s WabsTaldnaRE, CaR B

el imnated from a packagi ng contai ner as far as possible and a materi al

havi ng hingledgab tmrgielinieily esrépatié etheéNchbalpackagi BfeCaanneder. As a
result, they have found 4 out that the above nethod is effective.

However , ashelesctibdd rabove sndeppesbreasiitncl BHdwagerhetherke agyises
characteristics of the oxygen elimnation nethod and the el evated price of
t he pack#&gi hgobdemaithat Adet hthielbularpurs t hn sthsecgasionsexghange hey
have found out that the change in the thiol groups due to the reaction with
oxygen ddHSHP p or¥ Fe | BHQTRPIPITING ndMIRe r SFWIURat er so
as to eliygnnate air, in th%on-exchan e_resi n.Iayerr#'n tae container as far
t RS n

as possi SI9FZ6RPS cQBEFRY S5 RFRRYT Y o0 EHRE - co PEPBPEBN® of the
resin so as t d ndm i.nvasi on_ of in t co i .during
preser vatthaoen. qx{?c%u? di%ﬁo"ﬁ%;t hl{e?e%?'lﬁdi s %§§¥ggggr eégnt hl|ﬁr'?verl%tta(;q.'ra 2’ ?’ttl%e
surface f o j d a nm(y f‘d@l y KC sin
such as g{)ﬁé{sﬁ/ 'engf%%{)ﬁﬁlgp}raog?ﬁgﬁehgﬁoul r%e r gﬁ%eﬁ {Mglﬂgkg ﬁ.irzfeor
less, prefsddvidy 08 ERtonl-@8%kShakdle |Fd$in Ohodiié@Skith! b thi’dl1sO _
preferable to control the surface area per nole of thiol group in the resin
to 1 N Wortafihirng i amifkel ebmpbind. 2£ Fde Or£1&6S.dddrdde Stiap ahiwdal i ng up
t he container containing the resin wth water, it is furthernore preferable
t o use wamyugs om ithet hpaiessalty etnveyytybon hasinzeeatel satimfeingndhdls m nat e
oxygen fromthe container by replacenent with nitrogen gas or the like.

Pr eser vattesmiinemandf er abl y conducted at anbi ent tenperature or |ower.
<Exanpl es> Now the present invention will be described in 5 greater
detail by reference to the follow ng Exanples. In these exanples, the

nodi fication ratios of _resins and the residual ratios of thiol groups were
cal cul at PHIFIRTBIVU R SRR P OREFMAY owi ng formul ae (each expressed in ~ )

According to the present invention, a decrease in



No. of thiol-containing am ne conmpound nol es under ionic bonding

Modi fication ratio = x 100 No. of total SO3Htype sulfonic acid group noles
before ionic bonding Residula ratio = No. of thiol-containing am ne
conpound nol es under ionic bonding after preserving 3 nonths x 100 No. of
t"hi ol - cont ai ni ng ani ne conpound nol es under ionic bonding before packing in
cont ai ner Concerning the nunber of thiol-containing am ne conpound nol es
under ionic bonding, the nunber of noles per unit weight of the noisten

cat al yst s Jdeterm.ned by the potassiumiodate titration nmethod..

Concer ni ﬁs’aﬁ% SRR IR ¢ otaé'fl'%bSHm‘é’ssul 8hi ¢ 2aci §9§*8up Qb’lté'élgbef ore

I oni ¢ bondin t.he nunmber of, nol e er, uni t, wei ght.of the npi st tal yst
AR R ¢ s ot L b BREKERgal B RaRei.

was det ermne e Fzatron trtrati roxi

Exanpl es t n Y ul e ackd-t
cation-exc 1a%g§"$e%’%% %?%%qpﬁi%%ﬁpét I‘ggg%gf Kk ?'ggi }s&?g'rcgd l?y
M t subi ship d¥eB Gl a {CRIRPT #hiRE) ¢ ?pﬁHBV‘irst ebddd® $18 EbRect Wdslhen it
6 was poured into an agueous solution of 2-(4pyridyl)ethanethiol,
stirred, #d | pRF€do@NEnASHETEIMIiE ¥BLAI ghrduPs/ e BogethN- RXehan@teresi N
nodified with a thiol-containing am ne conpound. This cation-exchange resin
modi fi ed Mid & &bhbhLnskawhRile aEghd atdieoUutkb agtlrf8¢Er aveac offaded i nto a
hi gh-density pol yet hyl ene container of 0.85 nmin thickness and the
cont ai nercomptsaigest etoup iS @m° sbat deger pert Mcser | bFfecths t hesdnerandAft er
preserving at anmbient tenperature for 3 nonths, the contai ner was opened
and 2(4- gshenly|sealdinmet hippl thes mpentdinend. sthuthathe thesi diedin atiiso was
cal cul ated. Table-1 shows the results. 7

preserved in a state of being soaked in water.

<Best Mode for Carrying Out the Invention>

As the thiol-containing amine compound to be used in
modifying a sulfonic acid-type cation-exchange resin in
the present invention, use can be made of thiol-containing
amine compounds which have hitherto been employed for this
purpose, for example, aminoalkanethiols such as 2-
aminoethanethiol and o-pyridylalkanethiols such as 2-(4-
pyridyl)ethanethiol. As the sulfonic acid-type cation-
exchange resin, use may be made of sulfonated products of
styrene-divinylbenzene crosslinked copolymers which have
been most commonly employed. Either gel-type resins or
porous resins may be used therefor. If desired, it is
also possible to wuse resins of other types such as
sulfonated products of phenol-formaldehyde resins. As the
sulfonic acid-type cation-exchange resin, it is favorable
to use a resin having a large exchange capacity.

As described above, the sulfonic acid-type cation-



Tabl e-1 m Surface areaSurface areaResi dual Modi ficati onCapacity of Vol une of
of containerof container ratio ofratio ofcontainerresin packed | fper nole
of rou QLOlresin (g)(L)(L), o per iviol groupp gn (n1) res(ne) Ex.

116. 70. 250. 1350. 20. 996. 4Ex. 216. 71080. 040. 298. 8Ex.

t115. 38002800. 020. 1100Conp. Ex. 1I0.30.250.040.7559.5 *1: After covering
v~ith a sheet, preserved outdoor under direct rays. Wil e the invention
has been described in detail and with reference to specific enbodi ments

t hereof, it .w | be 2P, arent tf’ho e skilled |tr1#£ie art t.hat variqus changes

and rmdlhfe c%angn can ei'ft hthaout Part gaJTnl’l(S‘r% t ﬁg‘lgﬁ rit and
i1 6d on dEEEE '"%f‘%%cﬁ oed oy D SFRy R LRRTRCRRRALER' SRS D).
the entirg §c9£!£ éagi\? ;5@& Pﬁwgtﬂ&rf%e' EPQhA! efleRY b l?%gcrease -

<l ndustri al According to the resent 1 nventio

thiol - COGI:?H&' 'Hb:ﬁ!ﬂé\? GHAUPS d N AlRAdtdd! IbuNeS ¥/ althd ¢ane
i nhi bited by packing a nodified sulfonic acid-type cation-exchange resin,

in whi ch cordtiidifPnamiAbNEoMPoL.OMPOHNGenriadndezl ¢oa 40Mi 6£bahds to
part of the sulfonic acid groups, together with water into a contai ner
whi | e regulafiomige t haesidr f axoupsca afet htoddftiadnerwith 0. bhe? @hilodss per

liter of the resin and then sealing up the container so that the resin is

preser vecantairsirgg canminéecompevnded Im vaser whBre the modification

ratio is less than 2%, the catalytic effect owing to the

thiol-containing amine compound cannot be fully exerted.

In case where the modification ratio exceeds 40%, the

catalytic activity is lowered due to the decrease in free
sulfonic acid. Thus, these cases are both unfavorable.

In the present invention, when the sulfonic acid-

type cation-exchange resin modified with a thiol-containing

amine compound is preserved in a sealed container, a

container having a surface area of 0.5 m’ or less per

liter of the resin is used and the resin is preserved

together with water in this container in a state of being

soaked in water. According to studies by the present

inventors, a decrease in the thiol-containing amine groups

during preservation is caused by a change which is brought

about by a reaction between the thiol groups with oxygen.

Accordingly, the present inventors have conducted

intensive studies on a method in which oxygen can be

eliminated from a packaging container as far as possible

and a material having high gas barrier properties is used

in the packaging container. As a result, they have found



Claims 1. A nethod of preserving a sulfonic acid-type cation-exchange resin
nmodi fied with a thiol-containing am ne conpound characteri zed by packing a
nodi fied sul fonic acid-type cation-exchange resin, in which a

t hi ol -contai ni ng am no conmpound i s bonded via ionic bonds to part of the
sul fonic acid groups, together with water into a container while regul ating
the surface area of the container to 0.5 n2 or less per liter of the resin
and then sealing up the container so that the resin is preserved in a state
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cation-exchange resin in a containe regul ating the sur ace area of

the cont ad1fatdd lpFLc@l ok CtRePBackBbengl coh®alifie®!. JASURNHEN ddxhilt@si n. 4.
The preserving nethod as clainmed in any of clainms 1 to 3 characterized in

t hat the dfhi heCGibdidthuthtinstadL£espPowhdy Shave WEpuhddydwt kanathithe and 2
to 40~ of the 10 sul fonic acid groups in the sulfonic acid-type

cat i onexcdtenyee riasi théatkibkegravpsf ded. télthe reaction with oxygen
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to minimize the invasion of oxygen into the container
during preservation. According to the studies by the
present inventors, the surface area of a container made of
a commonly employed synthetic resin such as polyethylene

or polypropylene should be regulated to 0.5 m?

or less,
preferably 0.05 m?> or less, per liter of the resin. It is
also preferable to control the surface area per mole of
thiol group in the resin to 1 m’ or less, still preferably
0.2 m* or less. In the step of sealing up the container
containing the resin with water, it is furthermore
preferable to use water from which dissolved oxygen has
been eliminated and eliminate oxygen from the container by

replacement with nitrogen gas or the like. Preservation

is preferably conducted at ambient temperature or lower.

<Examples>

Now the present invention will be described in
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1071 9<10%& () - ! XLM 10%' () - ! QeMpkikes fiolks bhde® NoAQHM bonding
910%9& ()Modiffestidn VM WG H—+ x 100
No. of total SO;H-type sulfonic acid
group moles before ionic bonding

No. of thiol-containing amine
compound moles under ionic bonding
after preserving 3 months
Residula ratio = x 100
No. of thiol-containing amine
compound moles under ionic bonding
before packing in container

Concerning the number of thiol-containing amine
compound moles under ionic bonding, the number of moles
per unit weight of the moisten catalyst was determined by
the potassium iodate titration method.

Concerning the number of total SO;H-type sulfonic
acid group moles before ionic bonding, the number of moles
per unit weight of the moisten catalyst was determined by

the neutralization titration with sodium hydroxide.

Examples 1 to 3 and Comparative Example 1
A sulfonic acid-type cation-exchange resin (DIAION
SK104, DIAION: trademark registered by Mitsubishi Chemical

Corporation) was converted into the free type. Then it
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2! 410%& (v) P! 41001%%4) J.rlxéol()%g‘l l(x) 4%91.@‘ 0 sglutlon of 2~ (4-

pyridyl) ethanethiol, stirred, filtered and washed with
water to give a cation-exchange resin modified with a
thiol-containing amine compound.

This cation-exchange resin modified with a thiol-
containing amine compound and water were packed into a
high-density polyethylene container of 0.85 mm in
thickness and the container was sealed up in a state where
it was filled with water. After preserving at ambient
temperature for 3 months, the container was opened and 2-
(4-pyridyl) ethanethiol was quantified. Thus, the residual
ratio was calculated.

Table-1 shows the results.



310% () - S109%& () - Y9OOBRIRYs S4: \ QF! 4109& ()-P ! 4109 ()-P P! 410% ()-P 5W
J% , 41 4109%& () -P 14109 ()-P 2%<%9% X% %P: \ QF! 410%&' ()! 4109& () - P

| 4109&' ()-P 4109 ()-P ! 410% ()-P ! 410% ()-P ! 410%&' ()-P

a% % % %9884 S9: \ QF! 4109%&' ()-P ! 410%& ()-P ! 410%& ()-P ! 410%& ()- P

'4109& ()-P 5W J% , 499000864 K: \ QF! 410% 410%& ()-P & 410% ()-P & 410% ()-P
1 4109& ()-P 1 4109%& ()-P

R
=4 3
3% ¢ -
g_gmo\? o |0 | o | o
aod™ A
o a9
Mhﬁ
™ N
388
m""ma
O Hg Vel g o~ -
OEE~8 -
§o,0 olo | o | wn
5w 84 X
nok ‘g'
1)
K .
H QW o
m-go”g 0
3";‘:"‘15 ~ | ol o !~ 5
2843 | < S
5 b
v o o
=]
- fa)
@
4l | :
4] (4] <t 0
o8~ i =} o
Q.q . B
ﬁ Lt o|lm|[o|o 2
o & © 3
o N
» 0 9
H ]
>
0
W
o 3
[Ty] n N
3".5,\ o ~ o)
e . ,
R ©o|lo|g|e° .
6 ] r
i O ]
v =i
(7]
o ©
0 —~ 0
29 H
30 ~ ™ ™ 2
G . .
o 0 (V) 1N o
“ea - - g
gul it
v
] N
= Q0
>
9
¥ -
. ]
- ] -8
I K %
3 - | &N | m .
ﬁ L] L] o] v
| ] <3} 2] i} Q *




VRBBBANG S4: \ QF! 410%& ()-P | 410%&' ()-P ! 410%& ()-P ! 4109%& ()-P

)-P

1.4109& ()-P 5W J% , 49800080/ 1\ GBW J% , 41 4109 ()-P ! 410% ()-P ! 410% ()-P
1 4109& ()-P 14109 ()-P 98000888KY:\ GBW ! 4109& ()-P ! 410%& ()-P ! 410% ()-P
| 410%. ()-P 1410% ()-P !'410% ()-P ! 410% ()-P %008880GR3: \ (6! 410%& () - P

1 410%. ()-P ! 410% ()-P

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes
and modifications can be made therein without departing
from the spirit and scope thereof.

This application is based on Japanese patent
application filed on December 7, 2000 (Japanese patent
application No. 2000-372241), the entire contents thereof

being hereby incorporated by reference.

<Industrial Applicability>

According to the present invention, decrease in
thiol-containing amino groups in a resin during
preservation can be inhibited by packing a modified
sulfonic acid-type cation-exchange resin, in which a
thiol~containing amine compound is bonded via ionic bonds
to part of the sulfonic acid groups, together with water
into a container while regulating the surface area of the
container to 0.5 m’ or less per liter of the resin and
then sealing up the container so that +the resin is

preserved in a state of being socaked in water.
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Claims

1. A method of preserving a sulfonic acid-type
cation-exchange resin modified with a thiol-containing
amine compound characterized by packing a modified
sulfonic acid-type cation-exchange resin, in which a
thiol-containing amino compound is bonded via ionic bonds
to part of the sulfonic acid groups, together with water
into a container while regulating the surface area of the
container to 0.5 m? or less per liter of the resin and
then sealing up the container so that the resin is

preserved in a state of being socaked in water.

2. The preserving method as claimed in c¢laim 1
characterized by packing the modified sulfonic acid-type
cation-exchange resin in a container while regulating the
surface area of the container to 0.05 m?’ or less per liter

of the resin.

3. The preserving method as claimed in claim 1 or 2
characterized by packing the modified sulfonic acid-type
cation-exchange resin in a container while regulating the
surface area of the container to 1 m’ or less per mole of

the thiol group in the resin.

4. The preserving method as claimed in any of claims
1l to 3 characterized in that the thiol-~containing amino

compound is an o-pyridylalkanethiocl and 2 to 40% of the

10



| 4109&' ()-P 14109 ()-P ! 410% ()-P 5WJ% , 4h& &0&p&q&&E&E&ESRES\ 105%405
39&1096& ()-!410%& ()-P 5WJ% , 41 410%& ()-P ! 410%& () - P

&&' ((****0NA410e310e3 3&<10%3& ()- 3QLM 10%3& ()-m 3LM 10% & ()-m

3d: 1 10%38& ()- 3C ! 10%3& ()-105*** - ]/ /oN 4 3L<10%3& ()-

3Lf 5! 109x3& ()- 3Q8*!10%3& ()-S 3Q & 10%3& ()- 3s9! 109%3& () -

s9!10% $& ()-10e3 /a/ b/ c///oN4 3L<10%3& ()- 3Lf5! 109%3& () -

3Q8* ! 1093& ()-S 3 3 <10%3& () 31 10%38& () - 10x310x310x3 Normal " " Headi ng

13]c" "Heading 23]c" "Headin c" " Headl " 53].c" "Headi ng
63] c" " HEERPIR) é‘“ldl-le‘éﬂ?\‘.g% . thge 81 g°§3 c"%’%ﬂgt ~aph
Font AW #' b, ,.02468: <>@DR( E % #SYR. ().*+, nO

V" $9R%a VSR EG R g%ﬂélﬁ?%‘ .~ >2 G\BCDEF6Ti nes New

RomanAri al Courier New'h Root Ent r yWor dDocurrent
" #$UR' ()*+, -./0123456789: ; <=>? @G\BCDEFGH

11



