; JKLMe3e8| Hf 6T8f OR PREPARIdb EPOXY RESI N BACKGROUND
[.NVENTI ON 1. FI Eﬁmwummm\/Eml oN € The present inventio “m&(@\\w
process for preparing.,@p epoxy resin, which uses a recoverg& ohydrin
as a raw material. 2. DESCRI PTI ON OF RELATED ART 10 Epoxy resi nssh®e been

used in various fields of adhesives, paints, |aninates, nolding materials,

and casting materials, |gﬁédgyguydﬁupgg@@@gg@ogpggglRgglnaterlals because a
cured article having excel l ent mechani cal properties, water resistance,

chem cal resistance, heat resistance, and 15 electrical properties nay be
obt ai ned by curing using various curing agents. The epoxy resin is
industrially manufactured hy a reactiaon bet nol conpound and an
excess anount of epihalohyd¥¥3«ﬁ¥%n¥%§3}ﬁggwﬁﬁggﬁTgagcess for manufacturing
20 the epoxy resin, there |sI?eneraIIy used a nmanufacturing system of
synthe5|zingFiﬁbDe@BxyHEe%N%E tEdbvering epi hal ohydrin remaining as the
unreacted conponent in the systemwhile distilling, and reusing the
recover ed epi hBhehydesent ninhentfion ow ieg amaief actpuoicegsbdtochPr2daTheg
recovered conmponent mainly containing the f f 2 epihalohydrin is usually

cont am nakedepbi geycth dobh prrodused DHyrddeedreac eipdhabetweennt he a raw
epi hal ohydrin and an al kali. The

material.

2. DESCRIPTION OF RELATED ART

10 Epoxy resins have been used in various fields of
adhesives, paints, laminates, molding materials, and casting
materials, including semiconductor sealing materials, because
a cured article having excellent mechanical properties, water
resistance, chemical resistance, heat resistance, and

15 electrical properties may be obtained by curing using various
curing agents.

The epoxy resin is industrially manufactured by a
reaction between a phenol compound and an excess amount of
epihalohydrin. In the industrial process for manufacturing

20 the epoxy resin, there is generally used a manufacturing
system of synthesizing the epoxy resin, recovering
epihalohydrin remaining as the unreacted component in the
system while distilling, and reusing the recovered
epihalohydrin in the following manufacturing batch.

25 The recovered component mainly containing the



v
gl ycidol contained in the recovered epi hal ohydrin decreases the
goncentration of epoxy groups in the resulting epoxy resin 5 and al so
reduces electrical characteristics in the field of the sem conductor
sealing material. furthernore, the curipg rate during the curing reaction
is drastically reduced with the decrease of the concentration of the epoxy

group. J g‘%ﬁ%h -%mi@e%sﬁathg; cgﬁgﬂngﬁgkga,wftﬁsalﬁapaéafaﬂ@@ué&dNO-

2000- 7284 I scl oses a process ing a crude reaction product of a
raw phenal ound_.and epi hal ohydrin albn.a first r ed | ution
containi2@’g%%ﬁéfﬁﬁ?ﬁf?h%e§wgfpl%gﬁgepﬁgaggéY%ﬁ%ga%%?ng?oggg%g%dlfégkcover
a fraction containin epihaLoh¥grin, rectifying tre sgcond recovered 15
fraction% 9%%%Né¥”gﬁﬂﬁﬁpoﬁﬁd PR, TRERVAGEEhERIRDT ARY ShYAr FRCHFERCT he first
recovered solution to obtain a recovered epi hal ohydrin having a | ow

gl yci dol tdenteamcendri@ tswmt késePrriy SRCBPEXY r EBE nTeSRhEl RheCRPrhaf dPri n
as a raw material. As described in Japanese Unexam ned Patent Application,
20 Fi bst Publalcat iremiudes 200072885, chheaptecessio$ irecoverfngld of

epi hal ohydrin only by distillation requires a considerable energy cost to
reduce theeanufitc@fdu@tyd dehlifgt haeteecaver edh foraainare, The proadess is
inferior in industrial-scale productivity because it requires a nulti-stage

di stillatdar 2/ QRRS alcoRuraRg kbab8i8hS9si AFgEL 0kal Dyl poiGecEA T Ltency of
3 epi hal ohydri n because gelation is inevitably caused by the

ther rmpolécwgercjechtga% s %Plieh%ﬂgléﬁ%'!rﬂt%ﬁ SEyEff;Q?%]%Sggt&w@H. in the

recovered fraction in the rectification step o covered fraction and

fﬁ;hggggﬁgrigg%!g@%%er%%%& 218842 pRe LAY ANS1L Dot DEn T eFTELL CALL PR S £, Of

10 No. 2000-72845 discloses a process of distilling a crude
reaction product of a raw phenol compound and epihalohydrin to
obtain a first recovered solution containing epihalohydrin,
distilling the residue again to secondly recover a fraction
containing epihalohydrin, rectifying the second recovered

15 fraction to recover epihalohydrin, mixing this epihalohydrin
with the first recovered solution to obtain a recovered
epihalohydrin having a low glycidol content, and synthesizing
an epoxy resin using the epihalohydrin as a raw material.

As described in Japanese Unexamined Patent Application,

20 First Publication No. 2000-72845, the process of recovering
epihalohydrin only by distillation requires a considerable
energy cost to reduce the amount of glycidol in the recovered
fraction. The process is inferior in industrial-scale

productivity because it requires a multi-stage distillation

25 operation, and it is also inferior in reuse efficiency of



+

fraction. BRI EF SUMWARY OF THE | NVENTI ON Therefore, an object of the
present invention to be 10 achieved by the present invention is to reduce
the energy cost and to remarkably inprove the reuse efficiency of

epi hal ohydrin and the industrial productidity in the process for preparing
an epoxy resin, which uses a recovered epi hal ohydrin containing a snall
amount of gbybatlohydtbnThecpuesegtlanivent oy sirwawie dhitye rsiuwseldy rvesdar ched to
achi eve the above object and have found that it becones possible to

i ndustrial kY cpRAPERGHEEE28016RO0XY &EShaN SH IR i rBEPVARRD RAI RInahyieeidn
using a sinple apparatus w thout causing any epi hal ohydrin | oss by

recovering, UuéS%e5898¥§§egr§9t%f?c£$QE‘n az\’écﬁg;e%éaoc"iot?y's&re%d‘b%t t@leyci dyl

content while continuous Istrfling a disti fraction fromthe crude
reaction producte ag‘jt gr t ggonﬁl(ljeti naf;g t einreaalcwtai oSn,rereacl%veraisn a second
recovered fracttoR haiPRG=a" 1 ol wak B2 sQHb &' GHgdhie “SEIRFER ot ent |
washi ng_the second recovered 25 fraction with ter to optain arpurified
fraction, ARALEEENY" The FRELHEFFRTEAN FFERR | 2 RN eV~ SFor
synthesis of the epoxy resin, together with the first recovered fraction in
t he procesérfeEipheparing an epoxy resin by reacting a pol yhydric phenol
conpound with epihal ohydrin in a water-soluble organic 5 solvent in the
presence of an al kali reactive catalyst. Thus, the present invention has
been conpl eted. The present invention provides a process for preparing an
epoxy resin by reacting a peligryduMmarheop! TeRDOENMT ¥ON h epi hal ohydrin in
a wat er-sol uble organic solvent in the
Therefore, an object of the present invention to be
10 achieved by the present invention is to reduce the energy cost
and to remarkably improve the reuse efficiency of
epihalohydrin and the industrial productivity in the process
for preparing an epoxy resin, which uses a recovered
epihalohydrin containing a small amount of glycidol.
15 The present inventors have intensively researched to
achieve the above object and have found that it becomes
possible to industrially manufacture an epoxy resin from a
recovered epihalohydrin using a simple apparatus without
causing any epihalohydrin loss by recovering a first recovered
20 fraction having a low by-product glycidyl content while
continuously distilling a distilled fraction from the crude
reaction product after the completion of the reaction,
recovering a second recovered fraction havihg a low water-

soluble organic solvent content, washing the second recovered

25 fraction with water to obtain a purified fraction, and using



10 presence of an alkali reactive catalyst, which conprises the steps of:
(1) continuously distilling a distilled conponent froma crude reaction
product obtained by the reaction to recover a first recovered fraction
cont-ai ning the water-sol uble organic 15 gol vent, an unreacted

epi hal ohydrin, and a by-product glycidol in an anount of 0.01 parts by

wei ght or tessphaserte®nf da®edén bys weight neft die lufceacted hepiikaloghydei n;
(2) continuous?y distilling a distilled conponent to recover a second

recovered frachi pos £ONt@h fﬁbfrwaéﬁ’ﬂHé“BﬁFséﬂﬁé5d$@red29rhg%1%ﬂrQﬁCEﬁ31

epi hal ohydrin,” and fhe water-sol ubl'e organic solvent in an anount of

I
parts by we | ess_based on, 1 dart b | unr
ep|haIohydP%%ceig)forc%r%Q?%bp he' eﬁ“ﬁ%i es ty wasﬁ%ﬁ 2 ﬁ%ﬁgﬁgdréc
recovered fractlon with water to renove he wat er - sol ubl e ani c,

sol vent anBghe! b?OTﬁ?HR%thﬁ@cﬁQRﬂa# xFﬁb1§b@oN@ter*§O#€g& é@anlc

fraction; and (4) reusing the first recovered fraction and the recovered
epi hal o%ydwhvg% alh avi et eescofof i rdd@tliloreasddyrdicAg ety Sthe PreSent
invention, it is nmade possible 5 to reduce the energy cost and to
renarkablythﬁppow&emMeim%mm%ﬁQﬂfﬁaﬁ(hﬁgn(ﬁbmﬂﬁdtﬂdohydrin and the industrial
productivity in the process for preparing an epoxy resin, which uses a
recovered epi hatllodysir ¢ setavimgerat 1 @w pdorcidial ac itfoereiss 0 rDiTApbEDng an
DESCRI PTI ON OF THE | NVENTI ON -- Exanpl es of the pol yhydric phenol conpound

used in theppxpcessi Ofoy hee pEesenta gy gmyc&rld Rlehde ebipeuadesaknnovol ak
resin, phenol novol ak resin, brom nated phenol novol ak resin,
epihalohydrin in a water-soluble organic solvent in the
10 presence of an alkali reactive catalyst, which comprises the
steps of:
(1) continuously distilling a distilled component from a crude
reaction product obtained by the reaction to recover a first
recovered fraction containing the water-soluble organic
15 solvent, an unreacted epihalohydrin, and a by-product glycidol
in an amount of 0.01 parts by weight or less based on 1 part
by weight of the unreacted epihalohydrin;
(2) continuously distilling a distilled component to recover a
second recovered fraction containing the by-product glycidol,
20 the unreacted epihalohydrin, and the water-soluble organic
solvent in an amount of 0.1 parts by weight or less based on 1
part by weight of the unreacted epihalohydrin;
(3) recovering the epihalohydrin by washing the second

recovered fraction with water to remove the water-soluble

25 organic solvent and the by-product glycidol from the second



al kyl-phenol novol ak resin, polycondensate of phenols and 15

hydr oxybenzal dehyde, napht hol novol ak resin, polyadduct of phenols and

di cycl opent adi ene, bi sphenol A, bisphenol F, tetrabronobi sphenol A,

bi phenol , tetranethyl bi phenol, binaphthol sand di hydr oxynapht hal ene. Anong
these conpounds, cresol novol ak, binaphthol, dihydroxynaphthalene, or a 20

pol yadduct g C5¢E¥EHE%5HE% L ey Q&gpentadlene is preferred because an epoxy
resin thereof having exce ent heat resistance, water resistance and

sol dering cracking. resistance IS obt ai ned, i r.pQs S nductor
seal i ng naté? a.‘T%éJ %é f%ﬁ? r%ﬁﬁ%ﬁﬁ%ﬂnﬁ%d%fl%% %ﬁdrgggtggcéegkge

pol yhydri c alcohol |nclude epi chl or ohydri_n and eplbronDh drin. Anmong these
conmpounds, pteht UMERAR i35 i Eﬁ%ﬁ%ﬁ?%ﬁfﬁ%14% Sofeef&1Vai l ability. The
process of the present invention uses virgin epihal ohydrin as the entire
epi hal ohydrin t A®eoRNdIGeld 5-he RESsant ipwes iPsr dandFaBedri RESEAPEBoXyY
resin, but. uses epihalohydrin recovered fromthe crude reaction product in
conbi nati ontei tédwde dihre emidrad phyalsti rerocbrice spowdikag Lyo impirhakohdr kALES be
consuned during the reaction and epi hal ohydrin to be | ost during the
purificatiopfficidadehes difliwhistydold ewd hedf ithstushatied. pThduceaettonin
bet ween the pol yhydric al cohol and epichlorohydrin is carried out in the

presence of ¢ g Wat §ke SO 11D} & L QRN 1y 0] \Yxy HRRihgaghieR Lake gduring the
synthesis of the epoxy resin can be enhanced by using the 15 water-sol uble

lc(wgam ¢ sol &ve@@’lﬁi Jgé r%é’&ﬁu‘(‘% rfgo' MBI, %ﬁgﬁ:%%ﬁ%%@@kt' ncl ude
et ones suc as acetone an et hyl® ket one;” al cohol s such as net hanol
et hanol , 1-propyl
10 DETAILED DESCRIPTION OF THE INVENTION
- Examples of the polyhydric phenol compound used in the
process of the present invention include ortho-cresol novolak
resin, phenol novolak resin, brominated phenol novolak resin,
alkylphenol novolak resin, polycondensate of phenols and
15 hydroxybenzaldehyde, naphthol novolak resin, polyadduct of
phenols and dicyclopentadiene, bisphenol A, bisphenol F,
tetrabromobisphenol A, biphenol, tetramethylbiphenol,
binaphthol and dihydroxynaphthalene. BAmong these compounds,
cresol novolak, binaphthol, dihydroxynaphthalene, or a
20 polyadduct of phenols and dicyclopentadiene is preferred
because an epoxy resin thereof having excellent heat
resistance, water resistance and soldering cracking resistance
is obtained in purposes such as semiconductor sealing
materials.

25 Examples of epihalohydrin to be reacted with the



al cohol , isopropyl alcohol, 1-butanol, secondary butanol and tertiary

but anol ; cell osol ves such as nethyl cel |l osol ve and 20 et hyl cel | osol ve;

et hers such as tetrahydrofuran, 1, 4-dioxane, 1, 3-di oxane and

di et hoxyet hane; and aprotic polar solvents such as acetonitrile, dinethyl
sul f oxi de and di net hyl f ormam de. These wat er-sol ubl e organi ¢ sol vents may
be used BbDPRydAIctADcOHio D! €c kiddlSef cH hesvhyay ibe ausiedplib ramotgatrinat i on
to adjust the polarity. Anong these solvents, a water-sol uble organic

sol vent RAYL O Re DOT LERGToRRAD! &b1 NI BN RIBFSUIse pi@ @t cMPa)y 9fied2@€ or

less is particularly preferred because the residual anount in the second

recover el a5l o0, fecr sasene Fse.Lhe aer  5.a0kubl &, 0rgagh cusolvent has

high affrnity w ?choI and “epi al ohydrrnt e anouni of the
wat er - sol ubl e organi ¢ solvent exists in the second recovered fraction,
epihaIthHF?h“i%8+?%%?QY?EF%i%%p%@%re%ﬁﬁ?%é*?ﬁ@ﬂ§g¥8rép %ﬁsgﬁnﬁﬁﬂFﬁﬁ wat er
together with glycidol. Therefore, the 10 use of the solvent having a

boi | ithg poi at fdrsSadptteh fessnamkkactirijssdlePory HE&iNy Odfplees| y
recover the water soluble organic solvent in the first recovered fraction
and to reditelohedriesi deedveanpdinfrem thre sacendesstdver @d ofdvgdt iion, and
thus glycidol can be effectively renoved w thout | osing 15 epi hal ohydrin
duri ng washibigat hen secomdvt egoveseithd Yaotdram wiotrlrewaberingxawmpl es of the
wat er - sol ubl e organi ¢ sol vent having a boiling point of 120C or |ess

i ncl ude agehonehydEihyto abdytokeliae, diEthpndle reklaneh, akdpropyl al cohol,

i sopropyl 20 al cohol, 1-butanol, secondary butanol, tertiary butanol,
t et r ahydg9f W5 88y dr i di 9%80€) o de Jadl BXANG AN AGELARI LN, | €1 batches
10 which follow the first batch.

The reaction between the polyhydric alcohol and
epichlorohydrin is carried out in the presence of a water-
soluble organic solvent. The reaction rate during the
synthesis of the epoxy resin can be enhanced by using the

15 water-soluble organic solvent. Examples of the water-soluble
organic solvent include ketones such as acetone and methyl
ethyl ketone; alcohols such as methanol, ethanol, l-propyl
alcohol, isopropyl alcohol, 1l-butanol, secondary butanol and
tertiary butanol; cellosolves such as methylcellosolve and

20 ethylcellosolve; ethers such as tetrahydrofuran, 1,4-dioxane,
1,3-dioxane and diethoxyethane; and aprotic polar solvents
such as acetonitrile, dimethyl sulfoxide and
dimethylformamide. These water-soluble organic solvents may

be used alone, or two or more kinds of them may be used in

25 combination to adjust the polarity.



Anong these solvents, tertiary butanol, 1,4-dioxane or acetonitrile is
particularly preferred because the anount of chlorine contam nant in the
epoxy resin finally obtained can 25 be reduced and an epoxy resin having
hi gher purity can be w 8 obtained. Exanples of the alkali reactive
cdatalyst include alkali earth netal oxide, alkali netal carbonate, and

al kali metal hydhgXiHeseAIBNgehhEsea CalBéySESLusl Kaddgaretalsdiydraxide is 5
particularly preféerred because it is superior in catalyst activity of the

tionpbon \Syot Besh $,9f i ific s, of Ikal i
onel ! Py iedingy Ol B S8 o8l EPAN YO BT piPEEle S ENAIP IR OTod NRcRlal

dr oxi de,” pot assi um hydroxi de, and cal ci um

hydr oxi de.. These.al kal | . net al ., hydr oxi des be u in t. f.or f_.an
aqueous T8 s6rGt ﬁSnpﬁﬁbf‘ﬁaiﬁr%ﬁnEE%f?5%?%2@% e eoﬁjhdelorqetso:L ol baggovveqtght, or
inthe formof a solid. In the process for preparing_an epoxy resin by
reacting'd pBFyR§EPPE ﬁﬁEﬁB?rﬁﬁnBB%ﬁHlﬂPt?ﬁ%&ﬁ#&ﬁﬁjhyéﬂpﬁeiﬁhﬁ Water ~sol ubl e
organi ¢ solvent in the presence of an alkali reactive 15 catalyst,

epi habPohyperhlangreheigaset vebt ubfe bigant £ Solerntldr glivtidsduced in a
reacti on vessel equipped with a stirring blade therein in a batch-w se
reacti oneappalahysrto, obhannaalargedahogui dof arite avgpa nteadnikel ephenol
conpound is dissolved in the mxed liquid to obtain a m xed sol ution, and

then a 20rpeadet ebli;ead anDEnt Oh BNe abkebmd NBd@Edvdpell e iich,added
thereto, thus making it possible to react the m xture. As descri bed

her ei naf k@i hadbh@hrt hei§0MPket 0fo Ofii L ASp& LRI Oy e Grlge Jreaction
product is preferably subjected to the step (1) and the step (2) using the

reaction,apRangt Y$en THEEEE O €ogether with glycidol. Therefore, the

10  use of the solvent having a boiling point of 120°C or less
makes it possible to nearly completely recover the water-
soluble organic solvent in the first recovered fraction and to
reduce the residual amount in the second recovered fraction,
and thus glycidol can be effectively removed without losing

15 epihalohydrin during washing the second recovered fraction
with water.

Examples of the water-soluble organic solvent having a
boiling point of 120°C or less include acetone, methyl ethyl
ketone, methanol, ethanol, 1l-propyl alcohol, isopropyl

20 alcohol, 1l-butanol, secondary butanol, tertiary butanol,
tetrahydrofuran, 1,4-dioxane, 1,3-dioxane and acetonitrile.
Among these solvents, tertiary butanol, 1,4~dioxane or
acetonitrile is particularly preferred because the amount of
chlorine contaminant in the epoxy resin finally obtained can

25 Dbe reduced and an epoxy resin having higher purity can be



25 the reaction apparatus is preferably provided with a vapor 9 5 10 15
20 25 exhaust port. As epi hal ohydrin and the water-sol uble organic sol vent,
virgin materials are used in the first batch and recovered naterial is
reused in the follow ng batches. In this case, together with the recovered
material, virgin epihal ohydrin and viréfn wat er - sol ubl e organi c sol vent are
added in he reaction systemin anmounts corresponding to the anmpbunts of the
recover ed Eﬁﬁﬂﬁaohydrin and the recovered water-sol ubl e organi c sol vent
which will be lost during the reaction and purification. The amunt of the
aqueous organﬁéa§6i9§n@ftBh%eah§%Hl £e3F et & o1 B2 ik tm 1219101980 Fidads by

wei ght based on 100 parts by wei ght of epihal ohydrin because the reaction
rate of ehethemetabnokbdesyat habl smefal headpmagrea.esing iaddaddsaetathe anount
of epi hal ohydrin is not specifically Iimted, but is an excess anpbunt based
on the palyhydtide. almahal .thde amiyity€ts,apakeprii akeky agHeokédeatsor di ng
to the desired nol ecular weight, but is preferably 2 to 15 nol per nol of a

phenok i CpBY@&@ﬁYérQ&°ﬁ@ef@r£@@ paE poses; of i senigonductior «saalliyag material s
for the purpose of achieving a low nelt viscosity. The reaction is

pref er abLy. ¢35 £ edr Otthe Dyo gt ARl Ly Al 21k Alkalil diRba) dioxi de o the

m xed solution in an anmount wth a range fromoO "5 nol based on 1

ol of Specific examples of the alkali metal hydroxide include sodium

hydroxide, potassium hydroxide, and calcium hydroxide. These
alkali metal hydroxides may be used in the form of an aqueous

10 solution having a concentration of about 10 to 55% by weight,
or in the form of a solid.

In the process for preparing an epoxy resin by reacting a
polyhydric phenol compound with epihalohydrin in a water-
soluble organic scolvent in the presence of an alkali reactive

15 catalyst, epihalochydrin and the water-soluble organic solvent
are introduced in a reaction vessel equipped with a stirring
blade therein in a batch-wise reaction apparatus to obtain a
mixed liquid, and a polyhydric phenol compound is dissolved in
the mixed liquid to obtain a mixed solution, and then a

20 predetermined amount of an alkali metal hydroxide is added
thereto, thus making it possible to react the mixture. As
described hereinafter, after the completion of the reaction,
the crude reaction product is preferably subjected to the step
(1) and the step (2) using the reaction apparatus. Therefore,

25 the reactlon apparatus 1is preferably provided with a vapor



t he phenolic hydroxyl group of the polyhydric phenol conpound at a
tenperature at which the tenperature of the liquid phase is from20 to
100C. The crude reaction product thus obtained 10 may be subjected to
distillation in the followng step, as Jt is, so as to recover the first
recovered fraction and the second recovered fraction Since the crude

reacti on product coptains l.ar unt__ of n |n ani | t ed 5

i medi at &Py 24PteP°the #ghéﬁpﬁﬁﬂggﬁgﬂqﬁoﬁﬁgnt |s pre%gragg 8g§0ved by
fractionating after adding water in an anpunt reqU|red to di.ssol ve the
resul ti ngOlHER§any eT AN tMATRrifl s d¥episehet bpdtatliior oAt &4d ti on of
the al kali netal hydroxide, the reaction and the renoval of the inorganic
salt 10 KHGQVébEélméﬁersabr9$er%mﬁ§d(%ﬂrﬁhﬁiﬁﬁth%ﬂﬂ&uhﬁﬂ%bqﬁw séper al
portions (e. g. 2 to 5 portions) for the purpose of inproving the volune

ef ficieneynief chbe, reagetoher Thetlii tisé recowersat matactiadn and-gire second
recovered fraction are recovered fromthe crude reaction product in the 15

fol | owi ngpdhstbhiatiAnastiepsréiln gk £-2o1 e Ajstid |d veorpanent is
contlnuously distilled froma crude reaction product to recover a first

recover eqdh@acahoeh&%gwwﬂ §y¥\@érﬁr1r§04r&mll?c OGN &5 A1 MBI 1+ ARHeNT eact ed
epi hal ohydrin and a by- product yC|do I n an anount of 0. 01 20 parts by

wel gt Ofnl 888 D3pedh N, %fg\%.%e@ye P Lhe, i &RIha) ohydri n.

(2) Fur t Rérnor e 'stifled conponent conti nuous y Istilled to recover
finr cact el -GRERAP SR T | R 4RG: e Dhing t“cﬁbb%b%%%d” o@'orf'lé’n?m T an
anount of 0.1 parts by . | )

reaction and purification.

10 The amount of the aqueous organic solvent to be used is
preferably from 5 to 80 parts by weight based on 100 parts by
welight of epihalohydrin because the reaction rate of the
reaction for synthesis of the epoxy resin increases. The
amount of epihalohydrin is not specifically limited, but is an

15 excess amount based on the polyhydric alcohol. The amount is
appropriately selected according to the desired molecular
weight, but is preferably 2 to 15 mol per mol of a phenolic
hydroxyl group in the purposes of semiconductor sealing
materials for the purpose of achieving a low melt viscosity.

20 The reaction is preferably carried out by gradually
adding an alkali metal hydroxide to the mixed solution in an
amount within a range from 0.7 to 1.5 mol based on 1 mol of
the phenolic hydroxyl group of the polyhydric phenol compound

at a temperature at which the temperature of the liquid phase

25 is from 20 to 100°C. The crude reaction product thus obtained



11 weight or |ess based on 1 part by weight of the unreacted epi hal ohydrin.
Jdn the steps (1) and (2), although the distilled conponent is continuously
distilled, the fraction contains the 5 water-sol uble organic solvent and

t he unreacted epi hal ohydrin as a main Ibnponent in an initial stage, while
the fraction contains the unreacted epi hal ohydrin and the by-product

gl yci dol masg 16e iy cargbnentdist id laatitcer ist ape. fohepefiagestep,the present
invention, the first recovered fraction and the 10 second recovered

fraction; aresseparal edbddnchaiid g Adve eeeweky ¢eatainarasa that the
by- product glycidol content in the first recovered fraction is 0.01 parts

by wei ght.or,4 ersesc% e %a]ctggﬁ bgi%ggpﬁeoér%gg P@éﬁ@fﬁﬁ%ﬁfﬁﬁw ohydrin

and the con%ent 0 wat er - sol ubl e organi ¢ solvent | e 15 recovered
fraction_ is 0.1 parts by weight | ess based on i part .h i ght of the
unreacteﬁo%&ﬁ¥ﬁﬁcﬁn&ﬁﬁngﬁpqqﬂ} §§£§W61P§5§$§ﬁ§dsﬁ ECPF8QPXE§ﬁcrete means
for carrying out the steps (1) and (2) includes, for exanple, a process of
heat i'hg BUBeERE§ BAGG G 20 Hredrdticds ithej dNPR9eRe Cr 83¢Fi OR appar atus and
di schargi ng vapor out of the system or a process of renoving a crude
product proferdely ernded vesdalactipmaddug ng tele agddine préductni Ako a
general distillation colum, or a thin filmdistillation apparatus
r epr esendecubly feduimgd fid missaporaattdre, r25ulitdingg ihiclrgeevapeeater ,Iror w ped
filmevaporator, and carrying 12 out a distillation treatnent. In the
present thyvendited, tHaaeapthamfthe cakibe oheeodvenhedadatilsfmetalily even
if the
hydroxide, the reaction and the removal of the inorganic salt
10 thus obtained is preferably carried out repeatedly in several
portions (e.g. 2 to 5 portions) for the purpose of improving
the volume efficiency of the reactor.
The first recovered fraction and the second recovered
fraction are recovered from the crude reaction product in the
15 following distillation steps (1) and (2).
(1) A distilled component is continuously distilled from a
crude reaction product to recover a first recovered fraction
containing a water-soluble organic solvent, an unreacted
epihalcochydrin and a by-product glycidol in an amount of 0.01
20 parts by weight or less based on 1 part by weight of the
unreacted epihalohydrin.
(2) Furthermore, a distilled component is continuously
distilled to recover a second recovered fraction containing

the by-product glycidol, the unreacted epihalohydrin and the

25 water-soluble organic solvent in an amount of 0.1 parts by



tenperature conditions and pressure conditions of the distillation are
relatively mld conditions, a distillation 5 colum for exclusive use is
not required and a process of carrying out the distillation using the
former reaction apparatus used to syntiwesi ze the epoxy resin is preferred
in view of the manufacturing cost. The step (1) and the step (2) can be

concr et e ¥i giaf I £d1 déks W sdmndar 1t e froldyowenghpr eFsuhe cardatkeas and
t enperature conditi ons when using a water-soluble organic solvent having a

boi l'i ng i 420C or less. First, the crude reaction product is
distiIlegﬁaﬁ%}€g¥ncreésing the tenperature of the liquid phase to a 15

t enperat ure, ich is 30 to 60C higher than the boili.ng.point of the
mater-solubleygrqé i%t%%ﬁvgwtf”ﬁﬂd%p’tﬁétngggquecgﬁS?%?gﬁg of 0.08 to
0.12 MPa, and then the first recovered _fraction is recovered. |n tth st ep,

by di sti FPPRYNEHe £F U T EHAUDY SHodddt Shhi IF€€ AEPEASPRg CCREAE BRpEP &t ur e
of the 20 Iiquid phase up to the above tenperature conditions under a

pr essur ewzt o5es ¢ bbby el 93Hes siflgenthangatde- soirgpicd eor gaate198VdERE can be
recovered nearly conpletely in a state where glyci dol does not

subst ant aal & ynzii stomperidre: fir stn deddverled thoact while25hkenftrhetsoep (1),
heat ed vapor discharged fromthe 13 reaction apparatus is concentrated
and cool edntaims consensesactaddl dpal Haus yidedavaned tae blyeplbdsttr ecover ed
fraction in an appropriate container in the formof a liquid. As used

herein, &hech@dl idg Pahditn Honldtmamat air %0|l‘éb.lt%r0rsﬂ@%ieq Sphyestode | Nid his
step refers to a boiling point at nornmal pressure (0.10l MPa). In the step

(1), thetﬂ@ﬂ@f%§@ﬁ%‘ﬁﬁveﬁg¥%Aj(Hﬁéjfirst recovered fraction and the
10 second recovered fraction are separated by changing the
recovery container so that the by-product glycidol content in
the first recovered fraction is 0.01 parts by weight or less
based on 1 part by weight of the unreacted epihalohydrin and
the content of the water-soluble organic solvent in the
15 recovered fraction is 0.1 parts by weight or less based on 1
part by weight of the unreacted epihalohydrin in the second
recovered fraction.
Concrete means for carrying out the steps (1) and (2)
includes, for example, a process of heating a crude reaction
20 product as it is in the reaction apparatus and discharging
vapor out of the system, or a process of removing a crude
product from the reaction vessel, introducing the crude
product into a general distillation column, or a thin film
distillation apparatus represented by falling film evaporator,

25 rising film evaporator, or wiped film evaporator, and carrying



phase is nore preferably increased to the tenperature, which is 45 to 60C
higher than the boiling point of the water sol uble organic solvent, under
the pressure conditions of 0.08 10 to 0.12 MPa, because good recovery of
epi hal ohydrin is attained. As the final2tenperature of the liquid phase in
the step (1), the preferred tenperature of the liquid phase is selected

froma rangeaoditenPesel s esraindht30 ta €86, ppastheul Avet 46n15s10cH0C,
hi gher than the boiling point of the mater-soFubIe organi ¢ sol vent so that

the conpasthh o olrihe-{inst rasauaied Jradi.0n 2nd ¢ baenol f hgesecond

recovered action nmeet the conditions describe In the recovery
step of the first recovered fractiaon, by 20 slow.y increasing the

t enper at E?Igp%¥a€ I Ci;%rﬁl %jtlp lase fPereas‘bs}{‘\riet fotnglit)siglngt é)%glscit}%i dol, the
unreact ed, epi chl orohydrin, and the water-sol yble organi ¢ sqlvent is
inprovedgéﬁglf%%t%?@e%¥ecﬁe%%ﬁﬁﬁﬁ g HHE QdiddrrnSontet Sith L1tRé 1PPact i on

becones renmarkable. Therefore, the heating rate of the liquid 25 phase is
pr ef et abF§Llwne hf ar ae¥ahgel ¥¢ 09,15 (et . OWHnedf 2o 2 PFOCKESbEdi nni ng of
the distillation of the first fraction to the final tenperature. At the

ti me whepatheinenpet athe ediodt t hextiiqquivs iphpsder daches trlkecsetont enper at ur e,
the recovery container is 5 replaced by another contai ner and the second
recover edpbps st b ONusSd res oyeiatk rd e hHaidhdoxiynineg ihhe st eiredratreteiaf t he

| i quid phase within a range of tenperatures which is 30 to 60C hi gher than

t he boi | Dgw poi Nth&f md her yed eF rripldogyte organi c sol vent, preferably the set
tenperature 5C, and 10 reducing the pressure of the vapor phase to 0.1 to 6
kPa. AS The step (1) and the step (2) can be concretely carried
10 out under the following pressure conditions and temperature
conditions when using a water-soluble organic solvent having a
boiling point of 120°C or less.
First, the crude reaction product is distilled while
increasing the temperature of the liquid phase to a
15 temperature, which is 30 to 60°C higher than the boiling point
of the water-soluble organic solvent, under the pressure
conditions of 0.08 to 0.12 MPa, and then the first recovered
fraction is recovered. In this step, by distilling the crude
reaction product while increasing the temperature of the
20 liquid phase up to the above temperature conditions under a
pressure close to normal pressure, the water-scluble organic
solvent can be recovered nearly completely in a state where
glycidol does not substantially exist in the first recovered

fraction.

25 In the step (1), heated vapor discharged from the



used herein, the boiling point of the water-soluble organic solvent refers
to a boiling point at normal pressure (0.101 MPa). Anong the first
recovered fraction and the second 15 recovered fraction thus recovered, the
first recovered fraction preferably hags3za by-product glycidol content of
0.01 parts by weight or less, and particularly 0.007 parts by weight or

| ess, baggdc-onod Q%ﬁér@t’u@’ei;gr@orq{er{ﬂ%ﬂgﬁ eafd edARIhakohy Hdnendsr,
descri bed above. 20 As descri bed above, the second recovered fraction

preferab h ter- e, or I £ V. f 0.1 :parts by

wei ght, g% ggrﬁ?%%lg%?ég%gggéﬁgﬁgggﬁéJagédﬁ%kggggggg%aggégg 3% fhpart by
wei ght of the unreacted efihalohxggén Sin%ﬁ tgg secondArecov red fraction
cont ai ns®BP5BPERATT GABEAToF Yhe WatrEt S siun e '6-gd&hi cPEol'veRt, a good oi |
15 water separation state can be obtained in the follow ng step of washing
with wat BRrahdr gblod it Enenesint GleddiA M tote IRt WrlGd e&dagiiye iS@dIY ens

attai ned. Al though a weight ratio of the first recovered fraction 5 to the
secord réeoVeiedsteRcrebPrs stqor ypeldind dulint latnincada la pwegisgirer ati o of
the first recovered fraction to the second recovered fraction, (first
recoveredofiractMpal secondtheectegr €d ) f,r atkei opppeiratperef efabhy Witghid a range
from45/55 to 95/5 because the purification efficiency, taking into account

the 10 spiepsédul atméne apte ARSIy COSdred e NANGR] t ofiffedia tifie , CaiMpleat i on of
the step (2), a considerable anobunt of an inorganic salt remains in the

resi due andshesresedth igh&POXYar 8Hd RAMBLIJRS ihas & halohydrin group. In
such a case, the residue’ is washed with water to renove the
soluble organic solvent, under the pressure conditions of 0.08
10 to 0.12 MPa, because good recovery of epihalohydrin is
attained.
As the final temperature of the liquid phase in the step
(1), the preferred temperature of the liquid phase is selected
from a range of temperatures which 30 to 60°C, particularly 45
15 to 60°C, higher than the boiling point of the water-soluble
organic solvent so that the composition of the first recovered
fraction and that of the second recovered fraction meet the
conditions described above.
In the recovery step of the first recovered fraction, by
20  slowly increasing the temperature of the liguid phase, the
ability to isolate glycidol, the unreacted epichlorohydrin,
and the water-soluble organic solvent is improved and the
effect of reducing the glycidol content in the fraction

becomes remarkable. Therefore, the heating rate of the liquid

25 phase is preferably within a range from 0.1 to 1.0°C/min from



15 inorganic salt and then the residue is dissolved in a hydrophobic
organi ¢ sol vent such as toluene or nethyl isobutyl ketone and is subjected
to an alkali treatnment, and thus the hal ohydrin group is cyclized to form
epoxy groups and the concentration of epoxy groups in the resin can be
enhanced. 20 The process of the alkali treatment includes, for exanple, a

process @hea@diyRgnink0o490nBY et 9htapiosadstiie SOdastOrf EauSTde ROtdeh and,
i f necessary, a phasé transfer catal yst such as quaternary anmonium salt or

pol yal kyl g I eacting themuntil the concentration of the 25

hal ogen ggﬁ%&nk%%ﬁfrggqféduced to the desired concentration. 16 After
the conpletion _of the.,alkali treatpent, the atnmpsphere in the systemis
optionally ne r§Pﬁzg&m§n8k?ﬁegg?eggﬂ%%fagﬁﬁ% %g‘ﬁg%YHW%fV%ﬁﬁﬁféﬁise
filtration is carried out, and then the organic solvent is recovered by

di stil | atie@rhesndhengstt REMBCERFRER T vENR PRSP YRSY FUHR B btSi ned. In the
step 23), the second recovered fraction i s washed with water to renove the
wat er 2solugpilecedgni ensthesnconhdinge #9d prlortlurRCYIY GeRAVeES ecover

epi hal ohydrin fromthe second recovered fraction. 10 This step of washing
wi t h wat éracanobeicarecedeoatl sbnte emeiytaimmdatich-twinge neshiang fprideess or
a colum type extraction process. The batch-w se washing process is a
process afiqgueat pabkBgwihBihracthofe oecoymbechivrddescian aiNeso Lo and wat er
with stirring and renoving glycidol by extracting 15 by liquid separation.

When usi @ -°the;iBatehtwhaetWasBbNgiRG 0sESS: SXITRCtIAed SsPnafrrably carried
out 1 to 10 tines at a tenperature ranging from5 to 100C using water in an
amount organic solvent, preferably the set temperature +5°C, and
10 reducing the pressure of the vapor phase to 0.1 to 6 kPa. AS
used herein, the boiling point of the water-soluble organic
solvent refers to a boiling point at normal pressure (0.101
MPa) .
Among the first recovered fraction and the second
15 recovered fraction thus recovered, the first recovered
fraction preferably has a by-product glycidol content of 0.01
parts by weight or less, and particularly 0.007 parts by
weight or less, based on 1 part by weight of the unreacted
epihalohydrin, as described above.
20 As described above, the second recovered fraction
preferably has a water-soluble organic solvent content of 0.1
parts by weight, and particularly 0.05 parts by weight or
less, based on 1 part by weight of the unreacted

epihalohydrin. Since the second recovered fraction contains a

25 small amount of the water-soluble organic solvent, a good oil-



which is 0.05 to 2 tinmes as nmuch as the weight of the recovered fraction,
in-view of excellent washing effect. The 20 colum type extraction process
i ncl udes, for exanple, a process of extracting with contacting the fraction
and water in the colum using a cross-fkow type extraction colum. In the
colum type extraction process, water is fed into a colum in an anount by

wei ght, whteh bsSpfrOdid® drdtdBSa@SHdst Aihedb itrhe rmrynt wfi dghetlepact i on
per unit time, and the extraction 17 is carried out in the colum at a

t enper at yee Wit hi : QC. t ; IHag i
prefer abP;E/ gg%}ﬁ?}éﬁ @%ﬁﬁﬁﬁ%%t%&a éouél?e%@%ef%cﬁﬁi%@g&ﬁg to 6’?3 parts
by wei ght or, | ess, an re preferably 0.1 parts by weight or 5 |less, based
on 100 pBFPEYRy M%ﬁ?og?l%ﬁ%ﬁ?bﬁfg‘ri n. In the step (4), the first

recovered fraction and recovered epi hal ohydrin thus recovered are reused as

raw mat eri al st BROWIRpArAR TR of 2t e Tpddie rfédist rRrevETeSt frécsvered
fraction and the recovered epi hal ohydrin are used as 10 the epi hal ohydrin
and the hatekesstedn@ wreareredof variiom ihayr spacdthiion 1dfy tH&iésexy resin
by reacting the pol yhydric phenol conpound and epi hal ohydrin in the

wat er - sohubtk eglot gaeat To sof viemd fihrdtherqresarck fofadthenaltkaltiher eactoinde
catalyst. In the present invention, since the anount of glycidol is 15

suf fi ci epkbyveesdiCEtacBio@POKYi feSifeddvd i & Hi i eoieerindaticen vefredpoxy
groups can be prepared even if the first recovered fraction and recovered

epi hal ohydpéniblips 1ecovereehidi ¢ wausad Asrdi MRl 14855 ky »yanpl e, a

general cresol novol ak type epoxy resin for use as a sem conductor 20

warl e EBLEELel chesnpe  Peokells epous SO vaLaNn A Aclff Wit

10 step duration and energy cost, is enhanced.

After the completion of the step (2), a considerable
amount of an inorganic salt remains in the residue and the
resulting epoxy resin sometimes has a halohydrin group. In
such a case, the residue is washed with water to remove the

15 inorganic salt and then the residue is dissolved in a
hydrophobic organic solvent such as toluene or methyl isobutyl
ketone and is subjected to an alkali treatment, and thus the
halohydrin group is cyclized to form epoxy groups and the
concentration of epoxy groups in the resin can be enhanced.

20 The process of the alkali treatment includes, for
example, a process of adding 1 to 49% by weight of caustic
soda or caustic potash and, if necessary, a phase transfer
catalyst such as quaternary ammonium salt or polyalkylene

glycol and reacting them until the concentration of the

25 halogen contaminant is reduced to the desired concentration.



now used in practice, has a high epoxy equival ent of about 193 to 220 g/eq.
To-the contrary, the epoxy resin prepared in the present invention has an
epoxy equi val ent corresponding to the 25 theoretic epoxy equival ent. 18
In the case in which the epoxy resin igsgprepared by reusing the first
recovered fraction and the recovered epi hal ohydrin, virgin epihal ohydrin

and Vi rghRt¥at ehe SObHD] &t PEYaRE CrisOl ¥R 1 are cadgReht, N thize ateaebheresyst em
in an anount 5 corresponding to the amount of the recovered epi hal ohydrin

and the tec r erzs ' v e o]
consunedﬁgrQvgsggsggéoi%i%%H$%§?ﬁ%ggggggﬁgjfﬁgiﬁ??gﬁﬁgﬁﬁg%g%ﬁ%n%rgeﬁged a
system for nuf act uri ng_an, epoxy. resin, which i s superior _in_reus
efficiengy g?h§QF%ﬁ}%%I§¥?%}? 1€¥5%%%ﬁﬁﬁpt%ﬁa%ﬁﬁ%ﬁ?dré%%Veﬁgg F&ggtggﬁ and

t he recovered, epi hal ohydrin are obtained at a high recovery w thout causing
deteriorﬁfﬂ%ﬂl%fs?%%eﬁ a%?t??C?%ﬁr%%dﬁbﬁ&ﬁqﬂﬁ%@%&%heﬁ?“%¢¥€ﬁiﬁQFohydrin in
the present invention is 90% by wei ght or nore, excluding the anount to be
consuhedollieFhgve hererack¢dn 451 BXAMRES etk f ol | owi ng Exanpl es and
Conparative Exanples illustrate the process of the present invention in
detail, but the phessenepi (Yentilon sscomd ddanvieestd ¢ ralre iBvanpl @sshdhde 20
nmeasuring conditions of properties in the tables and the neani ng of

abbrevi ali BRSwat €r aso f pdhewvs . t K Yied ot - conian e niad elolsentbbadokgani c
sol vent content The glycidol content and the water-sol uble organic 25

sol vent ppnbepludF eg V@t es] deb eF dd fed 3 13aS SHYRTRE GF@mPRhe second

recovered fraction. |

10 This step of washing with water can be carried out
concretely in a batch-wise washing process or a column type
extraction process. The batch-wise washing process is a
process of contacting the fraction, recovered in the container
2, and water with stirring and removing glycidol by extracting

15 by liquid separation. When using the batch-wise washing
process, extraction is preferably carried cut 1 to 10 times at
a temperature ranging from 5 to 100°C using water in an amount
which is 0.05 to 2 times as much as the weight of the
recovered fraction, in view of excellent washing effect. The

20 column type extraction process includes, for example, a
process of extracting with contacting the fraction and water
in the column using a cross-flow type extraction column. In
the column type extraction process, water is fed into a column
in an amount by weight, which is 0.01 to 1 times as much as

25 the amount of the fraction per unit time, and the extraction




kS

19 Epichl orohydrin | oss The epichl orohydrin | oss neans the anount (o by
weight) of epichlorohydrin to be lost in the step 3 based on the 5 entire
anount of epichlorohydrin to be recovered in the steps 1 to 3. Entire
chlorine content The entire chlorine content neans the concentration of 10
entire chlorine atons in an epoxy resin, which is determ ned by dissol ving
0.2 g of ihecepodad resi nr k) ddlwin kthut araperaddregwithiof ametagei c
sodi um subjecting to a heat treatnent under reflux at 120C for 3 hours,

thereby ebinpgtingchigrine jblga%me@edypeaégnmggw%@@fé@mw i €atidda@tion

of 15 chlorine ions using a silver nitrate solution. Ratio of epoxy

equi val e”{)uﬁ Oux%thlﬁrt%ei CanRRYY Jtesdélgzc%%lvilser}tedﬂggdr ghi g of pé?tgpf? y
equi val en 0 a theoretl c epoxy resin equivalent 1Ts a ratio of an actually
nmeasur ed epo 20 ui valent to the theoreti poxy.resin equiyvalent. As

t he valuew%€%%5é%r JerrlG F¥ Ep &GS (ﬁﬁaiﬂ @nﬁ 8?¥Fﬁegye¥ﬁﬂgb g°&poxy
resin beconmes closer to the theoretic epoxy equivalent. dycidol content in

fraction {2952aHRd A HoIPadt dnt visd Hie ofr &8LP8ACLEP ABans an anpunt
20 (parts by weight) of glycidyl based on 1 part by wei ght of the unreacted

epi hal ohydri n ¥m thee Fterct(on (We Matsdr rsgoviredofganitéo8orRENt content in
fraction (B) 5 The water-sol uble organic solvent content in the fraction
(B) nmeansrecowmrmteijarichhiriveitghts) refcavieeedatbere- sehabbeas raw
materials for preparation of the epoxy resin. The first
recovered fraction and the recovered epihalohydrin are used as
10 the epihalohydrin and the water-soluble organic solvent in the
preparation of the epoxy resin by reacting the polyhydric
phenol compound and epihalohydrin in the water-soluble organic
solvent in the presence of the alkali reactive catalyst.
In the present invention, since the amount of glycidol is
15 sufficiently reduced, an epoxy resin having a high
concentration of epoxy groups can be prepared even if the
first recovered fraction and recovered epihalohydrin thus
recovered are reused as raw materials. For example, a general
cresol novolak type epoxy resin for use as a semiconductor
20 sealing material has a theoretic epoxy equivalent of 175 to
178 g/eq., while a cresol novolak type epoxy resin, which is
now used in practice, has a high epoxy equivalent of about 193
to 220 g/eq. To the contrary, the epoxy resin prepared in the

present invention has an epoxy equivalent corresponding to the

25 theoretic epoxy equivalent.



organi ¢ sol vent based on 1 part by weight of the unreacted epihal ohydrin in
the fraction (B). 10 dycidol content in purified fraction (B') The
glycidol content in the purified fraction (B') neans an anount (parts by
wei ght) of gl ycidol based on 1 part of1 he unreacted epi hal ohydrin in the
purified fraction (B'). 15 Explanation f abbreviations | PA: isopropyl

al cohol t-Bu rtlar but hol AN. acetonitrile 20 les 1 to 8
and Conpar at qure\ %5%“%?% %héc repar 2T oh %‘?Sjerboxsy Feditn eI%X’c%)gpreacti on
apparatus equi pped with a heater a stirrer, a condenser and a
thernnneFéPSlﬁﬁdt%esgbéFEt6?90?%r?%u€%€0%&°%1q%ﬂwﬁhﬁxﬁqQQﬂ?rQE wat er - sol ubl e

organi ¢ sol vent was 21 added to a pol yhydric phenol conmpound and

epi chl or eryHel ahydnieachi agbunep Sivolwh yor Taied viingiRwaterascdmdst of 30
parts by wei ght based on |00 parts by wei ght of epichlorohydrin. Then, an

aqueous 3bguhie ped hssntinahy dadxedeisot h i ospavaisord sadoeth iim am amoumtt shomn
in Tables 1 to 3 in two portions. First, 100 by weight of the total anount

of the pebassspshOyaEoxHdensOhkbh®n ¥ASt sl dett Afe 4lC editid1omMdidiy Siidrring
for 4 hours while being maintained at 40C. After heating to 50C, 900 by

wei ght OfchEhgeE@§érQé &Qeepogeﬁwén&w R A& 1L S0l ameasRbded o
dr opwi se over hours whi | elng naln alned at 50C. After stirring at 50C

for 30 %e%sasumgaes Wéseddggct cdNEEPY. igRobylngnthe, erul bhng salt to

obtain a saturate fution o hen stirring was ferfinated and

the aque%H%reaygrp%@éigegcargggtem for manufacturing an epoxy resin,

which is superior in reuse efficiency of a raw material,

10 because the first recovered fraction and the recovered
epihalohydrin are obtained at a high recovery without causing
deterioration of the quality. For example, the recovery of
epihalohydrin in the present invention is 90% by weight or
more, excluding the amount to be consumed during the reaction.

15
EXAMPLES

The following Examples and Comparative Examples
illustrate the process of the present invention in detail, but
the present invention is not limited to the Examples. The

20 measuring conditions of properties in the tables and the

meaning of abbreviations are as follows.

Glycidol content and water-soluble organic solvent content
The glycidol content and the water-soluble organic

25 solvent content are values determined by gas chromatography.



15 Step 1 The unreacted epichlorohydrin was heated to a tenperature
(referred to as "tenperature set in step 1" in the table) shown in Tables 1
to 3 at a heating rate shown in Tables 1 to 20 3 and a fraction (A was
recovered. Step 2 Wile maintaining thggtenperature and reducing the
pressure to 1.3 kPa, a fraction (B) was recovered in another 25 container
to obtain a crude reaction product. 22 Step 3 In a reaction apparatus
equi pped with a heater, a stirrer, a condenser, and a thernoneter, and a
separata&§_5 faucgt at a_lower portion, the fraction (B) obtained in the
step 2 IehargeaYSnd"waPEF was al so charged in an amount of 20 parts by
wei ght based on 100 parts by weight of the fraction (B) and, after
contacting wi ThesePiehhgrahydonf bps3onannst elde atP Wids hind Yniten Ahditler , t he
fraction (B) and water 10 were separated. This operation was repeated three
ti mes toodbegichdopohiyfired tpabéi bostBin thatsiew Ny dsad dol the an anount
based on epichl orohydrin shown in Tables 1 to 3. The fraction (A) obtained
in the stepilewasonhxedfwebhchbotbRry@uinftedod raeddwrddB )n abiteaigtebs n t he
step 2 to obtain a mxed fraction. Post-treatnent of crude reaction product
To the crnude reaction product obtained in the step 2, a 20 1.5-fold anount
(by volune) of nethyl isobutyl ketone was added, thereby dissolving the
crude reaction product, and 50 parts by wei ght of n-butanol and 12 parts by
wei ght of an

Entire chlorine content
The entire chlorine content means the concentration of
10 entire chlorine atoms in an epoxy resin, which is determined
by dissolving 0.2 g of the epoxy resin in 20 ml of l-butanol,
adding 1 g of metallic sodium, subjecting to a heat treatment
under reflux at 120°C for 3 hours, thereby eliminating
chlorine ions, and performing potentiometric titration of

15 <chlorine ions using a silver nitrate solution.

Ratio of epoxy equivalent to theoretic epoxy resin equivalent
The ratio of an epoxy equivalent to a theoretic epoxy
resin equivalent is a ratio of an actually measured epoxy
20 equivalent to the theoretic epoxy resin equivalent. As the
value becomes smaller, the epoxy equivalent of the resulting

epoxy resin becomes closer to the theoretic epoxy equivalent.

Glycidol content in fraction (&)

25 The glycidol content in the fraction (A) means an amount




aqueous | oo sodi um hydr oxi de sol ution were added, followed by stirring at
80C for 2 hours and further liquid separation. 25 After neutralization with
sodi um pri mary phosphate, azeotropic 23 distillation and further precise
filtration, nethyl isobutyl ketone was . distilled off to obtain each of
epoxy resins having epoxy equivalents shown in Tables 1 to 3. 5 Conparative

Exanpl e 4, I n.the sanme nner. as.in apple .2, an epoxy, resi S
synthesiz%ﬁ”&ﬁh%gbﬁgﬁﬁ§%3h€5rpﬁyﬁéggﬁeg§§89e8nundggrfh%ycgég?¥?d%g %‘30.02
MPa and 90C. The recqyery, of epi¢chl orohydrin, was .20 by weight and 10 the
AUt of TGRS SR E e P tBd L GRERE Shadhb: 009 part s by el ght
based on 1 part by weight of the recovered epichlorohydrin. Conparative
Exanple 5 15 In the sane manner as in Exanple 2, an epoxy resin was

synt hesi zed and epi chl orohydrin was recovered under the conditions of 0.02
MPa and 90CerHse luediedoegaas cdissiiivehedcantdentt he €oaditemngBpf 1.3 kPa and
185C. The resulting fraction was rectified under the conditions of 0.02 MPa

and 26 69C, amdet hameepisohlbnehydghnivasol eenveestant i Xeige W et en
conponent recovered i medi ately after synthesizing the epoxy resin. The

recovery @) eRiaghl anhobydiuinf Wasr88. 8% hyiyet ght rapde t higr &posdtuwfe gl yci dol
in the recovered conponent was 0.008 25 parts by weight based on 1 part by

wei ght of, 1@ iTeGOYSERY bad4d on 1 part by weight of the unreacted

epihalohydrin in the fraction (B).

10 Glycidol content in purified fraction (B')
The glycidol content in the purified fraction (B’) means
an amount (parts by weight) of glycidol based on 1 part of the

unreacted epihalohydrin in the purified fraction (B’).

15 Explanation of abbreviations
IPA: isopropyl alcohol
t-BuOH: tertiary butyl alcohol

AN: acetonitrile
20 Examples 1 to 8 and Comparative Examples 1 to 3

Preparation of epoxy resin
In a reaction apparatus equipped with a heater, a
stirrer, a condenser, and a thermometer, and a separatory

25 faucet at a lower portion, a water-soluble organic solvent was



epi chl orohydrin. Table 1 Exanple No.1234Pol yhydri c phenol

compoundOrt ho-cresol novol ak resinParts by wei ght 120 120 | 20 120Virgin

epi chl or ohydri n833833463463at er - sol ubl e organic

sol vent 1, 9- di oxol anel PAHeating rate (Cégin)0.50.50.50.5Tenperature (O set
in step 11181301151 30(A)/(B)50/ 5073/ 2750/ 5079/ 26d yci dol content in
fraction ((A)p, 0030.0060. 0030. 005at ey - sol ubl e or gani ¢ | vent p, 041003 00
0450.009€gﬂﬁgnfoiﬁ ??gﬁ?Y% 1¢ ByneRy FYHIOWHht S5+ IQHQhQ%ﬁ&Pngfpraction
(B')0.001det ect ed0. 001det ect edECH recovery, % by wei ght 92. 396. 192. 395. 9ECH
| oss, a ByChepBhurt 783090yl olalakes vEitdol 3cdrt et ameumitked £PalPrés, o by
weight 0.3 0.50 0.30 0.4 25 Table 2 Exanpl e No. 5678Phenol - Ki nd of

pol yhydr bg phéabt OrdHied corsbd @i ryct © dentvedi drte cohprusddovehaklrin.

resi npol yadduct Parts by wei ght 120 120170 170irgin

epi chl or ohydr Th825 120 0833463s-a3 &1 wts®| pit 265 fing@am vei resdivientsto1 B DkHANd a6

xanel PAHeating rate (C/ mn)0.50.50.50.5Tenperature (C) set in step

1130130138L38( M)/ 48B) £1b120F 246 XS/ 20 HRdiZR(d yIcitdpl3 Gente&it pdrtions.
fracti onp. 0030. 0040. 0060. 005( A) at er - sol ubl e organi c

| .0 . 4, i i i [ i
o T eRERHEE; DRED Y0 PME R Slle | e d AT IS B aRtan )
by. i 96. 095. 996, 6,0 .- %-b , )
oy o4 Byar B E LR O Y CadiR A A s sptlise By, syigging for

wei ght 4. in m’x racti
wei ght p, , 26 Taple 3 ar at 123Pol yhydri c

00. 400. 4s0. 40 Jve anpl e .
phenol cgn88ﬁﬁﬁ Pat1e %?l%@ﬂfﬁﬁ?fﬁﬂﬁggr'%o ﬁbvoEgEgFeE?%?iQ@ §90" 120irgin
epi chl or ohydri n833463463at er - sol ubl e organi ¢ , ,
sol vent 1°4- € X0 eI 'PA PriHedt i Re rer e (O Bh) eS@sse sTévsersidee (O set
in step 1105103I60(A)C§B)44/5644/5696/461ycidoI content in fraction
(A) 0-0016°00F Do 162t erdded ubfePwiImm e s ol Vernr scotidgt bednfor acti on (B)
0.212 0.218not detectedd ycidol content in purified fraction
(B') Q 0188i0t2hotd det eTd eCECA fitegoweny,r itgbp tweD§ht 84r 6389m 8800 9YOECH | oss,
% by wei ght 15. 49%45. 200. 1% yci dol content in mxed fraction, a by weight
water was added, thereby dissolving the resulting salt to
obtain a saturated solution of the salt. Then, stirring was
terminated and the aqueous layer was discarded.
15
Step 1
The unreacted epichlorohydrin was heated to a temperature
(referred to as “temperature set in step 1” in the table)

shown in Tables 1 to 3 at a heating rate shown in Tables 1 to

20 3 and a fraction (A) was recovered.

Step 2
While maintaining the temperature and reducing the
pressure to 1.3 kPa, a fraction (B) was recovered in another

25 container to obtain a crude reaction product.



0..700. 894.. 50 Exanples 9 to 16 The sane operation as in Exanples 1 to 8 was
repeat ed, except that a mxture of virgin epichlorohydrin and reused 5

epi chl orohydrin was used as the epichlorohydrin, objective epoxy resins
were obtained in accordance with the conditions shown in Table 4 and Table
5. The reused epichl orohydrin was used in an anount, which corresponds to
each anount of the epichlorohydrin conponent shown in Table 4 and Tabl e 5,
10 determ ned by calculating fromthe purity measured by gas

chronatogg 4%1 27 Table 4 Exanpl e No.9101112Pol yhydri c phenol

conmpound 49F-%resol novol ak resinParts by wei ght 120 120 120 120Virgin

epi chl orohydrin, partsl111111111111y wei ght Reused epi chl orohydri n, 234Exanpl e
No. lount, part%? ﬁﬁ%%iﬁpﬁzﬁ??23§23§2RHHHPBdeﬁ%E? 3onepFer: a
organicl,4-dioxo|ane|sopropy| al cohol sol vent Epoxy equi val ent

(g/ eq. ) 19MIQ7EI6 197 Ranidensk repexy eqlihgalheneten, | an@ 4. 49pargyory

| . 12t heoreti c epoxy equival entEntire chlorine content (ppn) 720710890890
Tabl e55 Beamate aNo.al3b4Exlport-honcr €ésel Pheavlefol§hydvt gipdeénoh the
conpounddi cycl opent adi enenovol ak resin pol yadduct Parts by wei ght 120 120170

170i r gi n LRI aehydhingedpantis ibtd:11i3131y0o weh Ry Beusedagpatbiher obydri n,
Exanpl e No. 56780unt parts by wei ght8161089722352Ki nd of water-sol ubl e

organic BKBSQH~ %eQb%%Ob%@%d|BﬁszUeFEEQQXM yefal ¥t evt the
(g/eq.)198198254252Rati 6 of epoxy equivalent to theoretic epoxy

equi val ent L, A3l 3! 2hal 2E0t kL EHkEL BRCOPLENL . { PPI)Z9062054080;

10 minutes and washing with water, the fraction (B) and water
10 were separated. This operation was repeated three times to
obtain a purified fraction (B’) containing glycidol in an

amount based on epichlorohydrin shown in Tables 1 to 3.

The fraction (A) obtained in the step 1 was mixed with
15 the purified fraction (B’) obtained in the step 2 to obtain a

mixed fraction.

Post-treatment of crude reaction product
To the crude reaction product obtained in the step 2, a
20 1.5-fold amount (by volume) of methyl isobutyl ketone was
added, thereby dissolving the crude reaction product, and 50
parts by weight of n-butanol and 12 parts by weight of an
aqueous 10% sodium hydroxide solution were added, followed by
stirring at 80°C for 2 hours and further liquid separation.

25 After neutralization with sodium primary phosphate, azeotropic



28 What is claimed is: 1. A process for preparing an epoxy resin by
reacting a pol yhydric phenol conmpound with epihal ohydrin in a water 5

sol ubl e organic solvent in the presence of an alkali reactive catal yst,

whi ch conprises the steps of: (1) contiyuously distilling a distilled
conponent from a crude reaction product obtained by the reaction to recover

afirst r red.fractio i ni .Lhe - u r i ol vent,
N Unr et aBAPogae B tang albybe adtet ot bor ol M e et St 0. o
parts by i ght or |ess hased 1 pa by wei ght _of the unreacted .

o1 hal OWJECRE 195 CORtiAdatsrs Tabel PPFRAY SE6H ot | TREF Eonporent 15 Mecover
a second recovered fraction containing_the by-product 15 glycidol, the
unreacte&9§§ﬂhﬁﬁéﬁyéﬁ@ﬁFSaﬁaoﬁﬁe1ﬂaFégl§6lGbg% drgani c solvent in an amount
of 0.1 parts by weight or |ess based on 1 part by weight of the unreacted
epi hal ohydrin; (3) recovering the epihal ohydrin by washing the second
recovered fraction with water to renove the water-sol uble 20 organic

sol veft anthpaltethyepEsdugtl egyci dol from the second recovered fraction; and
(4) reusing the first recovered fraction and the recovered epi hal ohydrin as

a raw mat eri alinoknkh@ah@aakngdr 43 2n EQQmPIQCgﬁsaI@C@%éQ% Nged On Ghad M 1,
wherei n the water 29 sol ubl e organic solvent has a boiling point of |20C

or |ess. 3n+hReiRLACESS _@%@Q%@B@Bh&@rQha@vQ&2re¥‘@@éf~'&c§' bhgefifd recovered
fraction i's recovered while heating under the 5 conditions of a pressure of

0.08 to %b%%i%ﬁ%n%”%%lot@% yeapgrat ypeof the liquid phase reaches a
t enperature, whic ) )

The recovery of epichlorohydrin was 83.2% by weight and
10 the amount of glycidol in the recovered component was 0.009
parts by weight based on 1 part by weight of the recovered

epichlorohydrin.

Comparative Example 5
15 In the same manner as in Example 2, an epoxy resin was
synthesized and epichlorohydrin was recovered under the
conditions of 0.02 MPa and 90°C. The residue was distilled
under the conditions of 1.3 kPa and 185°C. The resulting
fraction was rectified under the conditions of 0.02 MPa and
20 69°C, and then epichlorohydrin was recovered and mixed with
the component recovered immediately after synthesizing the
epoxy resin.
The recovery of epichlorohydrin was 88.0% by weight and
the amount of glycidol in the recovered component was 0.008

25 parts by weight based on 1 part by weight of the recovered



is 30 to 60C higher than the boiling point of the water sol uble organic
sol-vent, and the second recovered fraction is recovered whil e maintaining
the tenperature of the liquid 10 phase at the tenperature, which is 30 to
60C hi gher than the boiling point of the water-soluble organic solvent, and
r educi ng the pressure of the vapor phase to 0.1 to C kPa.
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Water-soluble organic solvent 1,4-dioxolane IPA
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ECH loss, % by weight 7.7% 3.9% 7.7% 4.1%
Glycidol content in mixed 0.32 0.53 0.33 0.45

Q.

fraction, % by weight
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