2 726G A PROCESS FOR PREPARL NG EPOXY RESI NS FROM ALI PHATI C
- HYDROXYL- CONTAI NI NG COMPOUNDS The present invention pertaigs tQ a‘procesé

L]

for pr ring epoxy resins from allphatic hydroxyl- -contagni Ba ijrSounds.
Epoxy Egiins prepared from aliphatic hydroxyl- 5 -containihg conpounds.
have t itionally been prepared by reacting such hydroxyl -cont ai ni ng ﬁ
conpounds with an epi hal ohydrin in the presence of a Lewis acid and L 8
subsequent | y dehydr ohal ogenati ng the resultant hal ohydrin internediate
product with an al kali netal hydroxide. 10 While such products are readily
prepared by this nethod, they contain inordinately high | evels of total

hal i de ( rendering themunsuitable for effective curing with
am ne curing agents. U S. Patent No. 4,284,574 teaches a single- 15 -stage
process for preparing |low viscosity glycidyl ethers of aliphatic

hydr oxyl - cont ai ni.ng conpounds by reacting the aliphatic hydroxyl -containi ng
conpound wi th epichlorohydrin in the presence of an alkali netal hydroxide
and a phase transfer catal yst. -2- U S. Patent No. 4,373,073 teaches a
process for preparing highly pure glycidyl ethers by reacting phenols with
epi chl orohydrin and subsequent dehydrohal o- genation with dilute aqueous

al kali. The dehydrohal o-
A PROCESS FOR PREPARING EPOXY RESINS FROM

ALIPHATIC HYDROXYL-CONTAINING COMPOUNDS

The present invention pertains to a process
for preparing epoxy resins from aliphatic hydroxyl-
-containing compounds. )

" Epoxy resins prepared from aliphatic hydroxyl-
5 <~containing compounds have traditionally been prepared
by reacting such hydréxyl-containing compounds with an
epihalohydrin in the presence of a Lewis acid and
subsequently dehydrohalogenating the resultant halohydrin
intermediate product with an alkali metal hydroxide.

10 Wwhile such products are readily prepared by this method,
they contain inordinately high levels of total halide
rendering them unsuitable for effective curing with
amine curing agents.

U.S. Patent No. 4,284,574 teaches a single-
15 -stage process for preparing low viscosity glycidyl
ethers of aliphatic hydroxyl-containing compounds by
‘reacting the aliphatic hydroxyl-containing compound
with epichlorchydrin in the presence of an alkali metal
hydroxide and a phase transfer catalet.




5 genation is carried out in the presence of an oni um cat al yst whose

| i gands are hydrocarbon groups chosen from quaternary anmmoni um conpoupd
wi'th at | east one C4-C22 aliphatic hydrocarbon group, quaternary '
phosphonlun1conpounds or tertiary sul phoni um conpounds. 10 The process? nay
be operated continuously or batchw se. The€-<process of the present invention
proy ges for aliphatic based epoxy resins which are |lower in total halide
and which can be suitably cured with am ne curing agents as well as the
other traditional epoxy 15 resin curing agents. This invention is directed
to a process for preparing _an epoxy resin which rlses reacting (A a

material having an aver age BfS nfratenty Nom& aq73plpa'{ teachek 3 RFWBSHer
mol ecul e wi-th (B)fcan Wﬁi }ﬁlg}ﬁly flﬂiﬁejeglly‘l:itdﬁ F&ﬁﬁ@fﬁ:&:pfréﬁtmg

al kali metal hydrgxi an eas has t ransfer

Cemovi ng the sal PHITA VAT SRR RO R i SR € ddiftonater an
aqueous phase ancyesnat:m'tgamim phalsﬂ;e rayuRaus) a;]ﬁsalaoquedl'lse pletgedreimil o-
recovering t eRRNA resi t r é?gggb

proportions o corrpor%%tt}s = &gr’r%&gﬁgﬂgﬁ at corrponeﬁétrp(éb\ I'ssol ves
in conponent (B) GARRL¥RE Mhqse o*’-%ﬁﬂﬁ%aﬁ%t@dﬁ°ﬁfﬁ%héﬁ°m ghpsen

equi val ents of ccmum efifatiedndrsy GHngiireliun Fompounds celgIONENt1d43t iGhe

enpl oyed as an 1 30 _.70 h rcent. aqueous solution and in a

quantity which is 45 %3 carlélrﬁhmt& é'tﬁir Lnsé'baﬁraqur%n TH2EGRPFEct i on

mrxture into an Fhesphoniiuscapbundsragatiertiary sulphonium compounds.
10 The process may be operated contlnuously or batchw1se.

The process of the present invention provides
for aliphatic based epoxy resins which are lower in
total halide and which can be suitably cured with amine
curing agents as well as the other traditional epoxy

15 resin curing agents.

This invention is directed to a process for
preparing an epoxy resin which comprises reacting (A) a
- material having an average of more than one aliphatic
hydroxyl group per molecule with (B) an epoxy alkyl
h 20 halide in the presence of (C) an alkali metal hydroxide
and (D) at least one phase transfer catalyst, removing
the salt formed, allowing the readtion'mixture to
separate into an aqueous phase and an ~organic phase,
removing the aqueous phase, and recovering the epoxy
25 resin from the organic phase, wherein the proportions
- of components (A) and (B) are such that componeht (A)
dissolves in component (B) and the ratio of equivalents
of component (B) to equivalents of component (A) is
greater than 1:1, component (C) is employed as an 18 to
30 70 weight percent agueous solution'and in a quantity
which is sufficient to cause the sepération of the
reaction mixture into an aqueous phase and an organic



- 3- r phase at the conclusion of the reaction and
which is at |east stoichionetric with the anount of unreacted conponent’
(A, onent (D) is enployed in a quantity of fromQ.1 to 10 wei ght
perce based on the reaction 5 pgxture, and the reactioh is conducted at

a tenperature between [err] and [err], characterized by repeating at

| east

once the steps in which the organic phase is reacted with a quantity of\

component (C) sufficient to cause a separation of the reaction mxture into
an. 10 aqueous phase and an organi ¢ phase and which is at | east
st oi chi onphase attthé heonsbusionfofnthectedctBROAAA! whiA-h E8MRYI Ng the

salt for
phase an
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hase and an organic phase an which ls at.
least stoichiometric with the amount of unreacted
component (A), remov1ng the salt formed, allow1ng the
reaction mixture to separate into an aqueous phase and
an organic phase and removing the aqueous phase.

The ratio of equivalents of component (B) to
equivalents of component (A) is preferably from 1:1 to
10:1, more preferably from 1.5:1 to 10:1, most preferably 1.5:1 to

~

5:1. Ccmponent-(C) is preferabiy empLoyed as a 45 to 55 weight percent

aqueous solution. Component (D) is preferably employed

in a quantity of from 0.5 to 5 welght percent, most
preferably from 0.5 to 1.5 welght percent based upon
the reaction mixture.  The reactlon is conducted at a
temperature preferably between 0°. and 70°C, most
preferably between 15° and 60°C. Advantageously, the
reaction- 1s conducted until the concentratlon of
aliphatic hydroxyl groups is no ‘longer substantlally-
decreas1ng

The process accordlng to thls 1nventlon may
be operated batchw1se or continuously. In continuous
operation, an organlc phase contalnlng the aliphatic
hydroxyl material and the epoxy alkyl halide can be
countercurrently contacted w1th an aqueous phase

Logggups IS no | onger.
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be operated batchw se or continuously. In continuous 30 operation, an
organic phase containing the aliphatic hydroxyl material and the epoxy
al’kyl halide can be countercurrently contacted with an aqueous phaSﬁ@ 4-
containing the al kal:i metal hydroxide. The phase transfer catalyst e
initially in either the organic phase or t4re aqueous phase before the two
phasgs~ are contacted together. 5 Any material having an average
of nore than one aliphatic hydroxyl group per nolecule can be enpl oyed
herei n. Such conpounds i nclude, for exanple, aliphatic diols, triols or
tetrols as well as adducts of  ar t.i.c hydr.oxyl - contai ni conpounds with
vicinal al kyl epSatRMEA%L A% 1 %?ﬁ%@rﬁﬁ%t ut St BHASR al kyl
epoxi de conpoundstradrarfierc Waydlystliniaablbe anitialily HydredtHer -thentergemigs

conpounds, inclu or_. e, ethylene gl I 0L 4 Q.
propyl ene gl ycol %Eif)au{eaﬁgﬁo?f%fegsl%?%a%fgﬁ%raen%3’%8I , p?rﬁ(gas?\eesedalgroﬁ S,
hexane diols, pemanfiaated ttsigether.oxyal kyl ene diols e.g. dipropyl ene

gl ycol, glycerine, trimethylol propane, polyoxyal kylene triols or m xtures
t hereof. Also_suitable are the adducts of phenolic hydroxyl-containing
conpounds such as, for exalﬁﬂYe,mar’Fﬁf‘@éui Qg A% VELIe R madfoIthan

bi sphenols 20 @neh@ldphaties hydiruxyl gdoupe peronicdeculle yamidd eemployed

substituted al kylane Qi deg, AN &AL HUINAP! $or BidhA%, O HAR ©
ethyl ene oxi de, propylene oXide,
¢ diols, triols or tetrols as well as adducts of aromatic
hydroxyl-containing compounds with vicinal alkyl epoxide
10 compounds or aromatic substituted vicinal alkyl epoxide

compounds.

N

Particularly suitable aliphatic hydroxyl-

-containing compounds, include, for example, ethyl'ene
glycol, propane diols e.g. propylene glycol, butane diols e.g.

15  1,4~butanediol, pentane diols, hexane diols, pentaerythritol,

' polyoxyalkylene diols e.g. dipropylene glycol, glycer'ine,
trimethylol .propane, polyoxyalkylene triols or mixtures thereof. Also
suitable are the adducts of phenolic hydroxyl-containing compounds
such as, for example, hydroquinone, resorcinol, catechol, bisphenols

N 20 or novolac resins with alkylene oxides or aromatic
substituted alkylene oxides and alkylene carbonates,
such as, for example, ethylene oxide, propylené oxide,
1,2-butylene oxide, 2,3-butylene oxide, styrene oxide,
ethylene carbonate .or mixtures thereof. '

25 Suitable epoxy alkyl halides which can be
employed herein include those represented by the formula

Haéeb-cnz-x'
c
30 . R,



1, 2-butyl ene oxide, 2,3-butylene oxide, styrene oxide, ethylene carbonate

or tures thereof. 25 . Sui t abl e epoxy al kyl halides which can,
be 1l oyed herein include those.gepresented by the fornula [err]. 30
R -5- wherein Ris hydrogen or an aliphatic hydrocarbdn group havi.ng

from1l to 4 carbon atonms and X is a hal ogen, preferably chlorine or -t
bromi ne. Suitable alkali metal hydroxi des which can be 5 enpl oyed her eiv/

i nclude, for exanple, sodi umhydroxide, potassium hydroxide, lithium .
hydroximmereﬂn>atﬁsﬁhydnngﬂﬂ .offten takiphiise hydnetarbentargep as enpl oyed

her ei n TERR qgﬂgﬁﬂp dr oxi de ani on
fromthe al %zg ntali %oydrom e sg?%%%%fpﬁ:{%r%;&ﬁ?c %%lg}s/e Sui t abl e such
catalysﬂgﬁﬁﬁﬂﬂhﬂy glghobnge PEAMERS nary ammoni um conpounds, quat er nary
phosphoni um conpounds, sulfonlun1conpounds crown ethers or mxtures

t hereof. 15 ar arl |ta Ie aternary a ni um conpounds
i ncl ude, for examﬁqﬁtQRi%. i%#i H IR SHRBSI tri met hy
amDHi urenployeltt, hetmmmnqluéemnfnmmmp)le descmllmn xhydrsxider eof .
Sui t abl ] ni | se disclosed in
us 3 g:ﬁ%‘% N REATP WPESo £ de &PChILEEE2

thereo . _ :

The term phase transfer catalyst as;emploYed
herein means that it is a compound which renders the
10 hydroxide anion from the alkali metal hydroxide soluble
in the organic'phasé. Suitable such catalysts include,
for example, quaternary ammonium compounds, quaternary
phosphonium compounds, sulfonium compounds, crown
ethers or mixtures thereof.

15 Particularly suitable quaternary ammonium
compounds include, for ekample, benzyl trimethyl ammonium
chloride, benzyl trimethyl ammonium bromide, tetrabutyl
ammonium chloride or mixtures thereof.

Suitable quaternary phosphonium compounds ;.)
20 include those disclosed in U.S. 3,948,855 and U.S.
3,477,990.

Particularly suitable quaternary phosphonium
compounds include, for example, methyl tributyl phosphon-
ium dimethyl phosphate, benzyl triphenyl phosphonium

25 chloride,.methyl.tri-n—butyl phosphonium bicarbonate
or mixtures thereof. ' |

Suitable sulfonium compounds include, for
example, tributyl sulfonium iodide, dimethyl isobutyl



%

0. Particularly suitable quaternary phosphoni um conpounds i ncl yge
?bf7z7a§<ggp| e, nethyl triybutyl phosphon- i um di nethyl phosphate, benzyl ‘E)
t«i phenyl phosphonium 25 . chloride, nethyl tri-n-butyl phosphonium e
bi carbonate ‘or m xtures thereof. Suitableé&ulfonium conmpounds include, for
exanpl®e, tributyl sulfoniumiodide, dinethyl isobutyl — -6- sulfonlrm

chl oM-e, n-anyl dinethyl sul fonium hydroxide, or m Xxtures thereof. hn a "
bat ch process, the reaction is conducted in two or nore stages and the sa

i on . m : ' ! _ tages. The
renoved fromthe I on.m xture continugusly, or between s .
salt can be renn?g&fééighyc@&ﬁﬁ&ﬂ@voHﬁ@mﬂgaﬁ&%ﬁﬁgﬂla§91¢§m4@ﬂammd;0ﬂaﬂe,
filtration or ceftrmiggariesn thedeor.nat er washi ng. Likew se, the excess
epoxy al kyl halide can be renoved by any conventional neans such as, for 10

A : . | kyl
exanpl e, by distillation. In a continuous process, the excess epoxy a
halrge i S ?ennved from t helBpéxpatebi prpcedsct the xepctivveds ebaldutRRES

e : . _ O of
such as, for exatpl ewobprdmsiel sthgbsOAnaANEnANYK 8R! FRLBGH IR (h,8S of
salt ‘contai ned 12 k.'%he.o gani ¢ ghase i s renoved Ey t%e g?oregéF%h
conven- tional nBans Fg @éﬁ% FEnE08F1n}ALESLE) | BWi RgtWreRpEEegese e
illustrative of SadtpraBehe remewedoby any conventional means such as,
for example, by filtration or centrifugation and/or

_ water washing. Likewise, the excess epoxy alkyl halide
\_  can be removed by any conventional means such as, for

10 example, by distillation.

In a continuous process, the excess epoxy
alkyl halide is removed from the epoxy resin product by
any conventional means such as, for example, by'distil-
lation and any entrained quantities of salt contained

15 in the organic phase is removed by the aforesaid conven-
tional means for salt removal. '

The following examples are illustrative of
the present invention.

N EXAMPLE 1

20 (PREPARATION OF DIGLYCIDYL ETHER OF DICYCLOPENTADIENE
DIMETHYLOL)

Dicyclopentadiene dimethylol (192 g, 0.98
moles, 0.49 equiv.) was dissolved in epichlorohydrin
(1000 cc, 12.5 moles, 12.5 equiv.) at 60°C. The mixture

25 was cooled to 35°C and tetrabutyl ammonium chloride
pPhase transfer catalyst (40 g of 50 percent aqueous
solution, 0.072 equiv.) and 50 percent agueous NaOH
(547 g, 6.84 equiv.) were added with vigorous stirring
(550 rpm in 2 liter baffled glass three neck flask). &

30 precipitate was formed and the mixture exothermed to
76°C (cooling with icé_Was applied when the temperature




EXAMPLE 1 20 ( PREPARATI ON OF DI GLYCI DYL ETHER OF DI CYCLOPENTADI ENE
DI ME QL) Dicycl opentadi ene dinethylol (192 g, 0.98 noles, 0.49 equiv.)
was sol ved in epichlorohydrin_.gl1000 cc, 12.5 nol es. 12.5 equiv.) at
[err]T The mixture 25 was cooled to [err] and tetrabutyl’ ammoni um chlori de
phase transfer catalyst (40 g of 50 percent aqueous solution, 0.072 equi-v.)
and 50 percent aqueous NaOH (547 g, 6.84 equiv.) were added mnth Vi gor owg”
stirring (550 rpmin 2 liter baffled glass three neck flask). A 30
precipitafethasréactﬁdnamﬂxtbeenreaahedeﬁcfﬁérne&heoapyﬁpPS(cooling Wit h
|ce was e et r e gheac m xture reached
err]. ggékuggﬂgggéégr ngﬁgg?hg Sng P?%F%BE g ﬁgaglkgggt 600C were -
contlnueqonblneednfﬁﬁtég mlBGBe§)(1$HQ Bdact B8 FERCHLODWALXE®E®ed, and ice

vater sufhkCi88iel LHE! idbsHakue Buritheiphecitd jaked dilacol1was added wi t h

stirring owed t ttI and the aqu us | ayer was
r enoved. tEFIPﬁﬁcaaéﬁﬁgFaagﬁégowﬁéré H&ESU [ was then nixed
with t hembrgaprecwpbaadlowked nbxsemeleoanda&hheagaeous dagerel d at 600C for

30 n1HUt$§S(}§ﬂ8 %h The aqueous phase was separated. The organic phase
was washe b5 percent NaH2PO4 aqueous solutlon and then-w th deionized
wat er . The aqueous | ayer was

A like quantity of 50 percent aqueous NaOH at
_ 32°C was then mixed with the organic phase. The mixture
10 was heated to and held at 60°C for 30_minutes (1800 s).
The'aqﬁeous phase was separated. The organic phase was
washed with 20 percent NaH,PO, aqueous solution and

then with deionized water. The aqueous layer was
separeted and the epichlorohydrin was removed from the

15 organic phase by vacuum distillation to give a yellow
resin. The results of analysis'of the resultantuepoxy
resin are given in Table I. Conversion of the final
product to the diglycidyl ether was 96.1 percent based
on the diglycidyl ether of dicyclopentadiene dimethylol

20 (molecular weight of 308.4) having a theoretical percent
epoxide of 27.9. |

The above prepared epoxy_reéin was cured for
16 hours (57600 s) at 25°C and 2 hours (7200 s) at
100°C. with triethylene tetramine in an equivalent ratio
25 of amine to epoxy of 1:1. The results are given in
Table I.

COMPARATIVE EXPERIMENT A

(PREPARATION OF DIGLYCIDYL ETHER OF DICYCLOPENTADIENE
DIMETHYLOL WITH LEWIS ACID CATALYST)

30 ‘Dicyclopentadiene dimethylol (588.g, 3 moles,
1.5 equiv.) was dissolved in ethylene dichloride (1372 g)
at 75°C while stirring. Stannic chloride (15.6 g, 0.06




sbparated and the epichl orohydrin was renoved fromthe 15

organi ¢ phase by

vacuumdistillation to give a yellowresin. The results of analysis of
resul tant epoxy resin are given in Table I. Conversion of the final pr
to the diglycidyl ether was 96.1 percent-ﬁhsed_on the diglycidyl ether of
di cycl-opent adi ene di methylol 20 (nolecul ar weight of 308.4) having a
t heometi cal percent ‘epoxi de of 27.9. The above prepared epoxy resin was
~cured for 16 hours (57600 s) at [err] and 2 hours (7200 s) at 100C. with

triethylene tetr n ival ratio of ‘ani ne to epoxy of 1:1
The regults are g?gg%)ln aﬁ%@y %§§&5Q§Nﬁeﬁ?qﬁﬁﬁﬁﬂ TI ON OF
DI GLYClI DYL ETHERreﬁllch@BCBENTEDhENEODbNEFHYhCKSBBT@ LB%BSm@GEB ,CAILALYST)

' 333 di ssolved in g?%??gﬁg%% aﬁ@%ﬁ?g&% é7%5 &a%%t%b 7%@L%ﬁ 2 ﬁiéﬁﬁ%féd

St anni ¢ chl ori de ¥ §599Pgng fypnel .npThe) spdsitieme Fhend turaede hﬁex%ﬁure was
raised to refd UXIhbeﬁ:l’e]acﬂilthhh.thtQ&)édWa% odled tR Fo0 and Bedz8Aui v.) was

dded over a 45 t 700 s) .peri f r.agm r oOppi fynnel . The sol ution
?heﬁ turned blacgkqgeiﬁ&% 35@9%& c%ﬁﬁF&%ﬁazlg 8Q?5 ? PRISSEhenzyl
trimethyl amoni aquedusr s¢duti®nnl 0605a eqRiper)c amd aqa@openmduﬁwaqmedhsOS
equiv.) and a 205Be24Bh 3FUSBUIuRChYHrA%ifk 9408y XielRi(130%eSe 7 5

equiv.) were

i

added and the reaction mixture cooled to 50°C. Stirring
D] 10 was continued and the temperature maintained at 50°C

for 2 hours (7200 s). The reaction mixture was cooled
to 35°C and the aqueous layei was separated from the
organic layer. To the organic 1ayér was added an
additional 750 g (3.75 equiv.) of 20 percent aqueous

15 sodium hydroxide and 9 ml (0.025'equiv.) of benzyl
trimethyl ammonium (60 percent aqueous solution) catalyst
was added. The reaction mixture was heated to 50°C -and
malntalned thereat with stirring for 2 hours (7200 s)
The reaction mixture was cooled to 35°C and the aqueous

20 layer was separated from the organic laYer.

The organic

layer was washed three times with about 500 ml each of

deionized water. The ethylene dichloride

Ny under vacuum in a rotary evaporator The
the resultant product and propertles when

25 triethylene tetramine as in Example 1 are

was removed
analy51s of
cured with
given in

Table I. Conversion to the diglycidyl ether of
dicyclopentadiene dimethylol was 84.9 percent.

EXAMPLE 2

(PREPARATION OF DIGLYCIDYL ETHER OF CYCLOHEXANE

30 DRIMETHYLOL)

Cyclohexanedlmethylol (432 g, 6 equiv.) was

dissolved in epichlorohydrin (1450 g, 15.68 equiv.).
Tetrabutylammonium chloride (40 grams of a 48 percent
aqueous solution, 0.068 equiv.) was then added. Sodium



added and the reaction m xture cooled to [err]. Stirring 10 was continged
a he tenperature maintained at [err] for 2 hours (7200 s). The reaction
- m re was cooled to [err] and tRBe aqueous |ayer was .,separated fromthe
organic layer. To the organic |ayer was added an addi ti onal 750 g (3.75
equiv.) of 20 percent aqueous 15 sodi um hydroxide and 9 ml -(0.025 equiv.)
of benzyl trinmethyl amonium (60 percent aqueous sol ution) catalyst maS\*kh
added. The.reaction xture err] ,and mai ntained thereat wit
stlrrlngﬂ¥8F°§lh8u?§T%¥§86 é%ggTﬂg P?ééb Bkrﬁl uREUTS: 00l ed to [err] and
t he aquesoiuffon,| 29e8 eguivepawateddiednovee ar §Onind nueer(1800he or ganic
ayer wag)wgabedal Nrafe! LIRBpLER 208 (A0 Lact3eh ol deiani zed water. The

et hyl ene de was er “vacuum’n ary évaporator. The
anal ysi sreset feomedhft &at Gsf’ﬁdubersnatpwatgemtan@samed byr ddeni th 25

the ol g eagéw R L ‘é&?ﬁ'l?‘gﬁaﬁ;f?%& S percont,
e diglyci adi e

EXAVPLE 1’6\%@%&2&%0‘?&@%% %%FDEPESETIQ é|%°eY€LoHEX§NE°30 DI METHYLQOL)
Cycl ohex@hedmirthykolaE488oded6teq859C) ands idies salteed addeddi chl or ohydrin

Carood siPeBBighl Xo) ailEhi 30U ALR PHRAL UL t&ﬁe; s3q 20 gams of a 48

percent aqueous solu ed Shlun1 -9-
agueous layer was separated from the organic layer

© 10 A second addition of a like quantity of 50 v
percent NaOH solution was then made, beginning'at 32°C.
The mixture was held at 60°C for 30 minutes (1800 s).
Conversion of the alcohol to the d1glyc1dyl ether was
64 percent. The aqueous phase was separated as before

15 A third addltlon of a like quantlty of 50
percent NaOH solution was added and the reaction mixture
stirred at 60°C for 15 minutes (900 s). Conversion of
the alcohol to the dlglyc1dyl ether was 80 percent.

The aqueous 1ayer was separated.

20 . A fourth addition of a like quantity of 50
percent NaOH was added and the mixture stirred at 60°C
for 15 minutes (900 s). The reaction mixﬁure was _
cooled to 35°C and deionized:water (568 ml) was added

- and the mixture cooled to 25°C. The reaction mixture

25 was then stirred for 30 minutes (1800 s)”in order to
reduce residual hydrolyzable chloride from 0.16 to
0.048 percent. The aqueous layer was separated, the
organic layer washed with 20 percent NaH,PO, aqueous
solution (200 ml) and then with deionized water (400

30 ml). The organic phase was separated and the epichloro-
hydrin removed by vacuum distillation at 150°C and



hydr oxi de sol ution (568 ni of 50 percent aqueous sol ution,

10. 8 equi v S
added over a 30 mnute (1800 s) period. The tenperature of the reacti i
m xture rose from[err] to [err] where it was maintained by ice 5 cooling,
§t|rr|ng and heating:were conti nued for- T9Y7 nut es (900 s) after the |ast
addi ti.on of caustic. The m xture was cooled to [err] and ice water added
-suf f agient to dissol ve the preC|p|tated salt. The aqueous | ayer was

separated fromthe organic | ayer. A second addition of a

l'i ke quantity of 45 gwg%j q?gp ég%ﬂlﬁm

[err]. The mxture%\*gg{%i Irﬁ'd'5 at er%:iq# nut es 0% Conver5| on of
t he al céhol to tHFes¥lfls @fanadiwads FasEfRantr Pl drsihRRE was
separated as bef atfa pfoperties when /édﬂad duagiﬂlﬁrﬁuﬁh@élﬁ&mﬁéta/s of

50 percent NaCH sol |on ma added .and t.he xture stirred at
lert] for 15 mnamne? RIS )L S58 HRH G I T RV SRR AIR T GFYEi dy
et her was 80 @erd‘anml Tapiedos the adiglagisyaredtesr W 92.5 percent\
fourth addition gf f 3. .50 Nggﬁ ?a%,

m xture stirred at 60 éﬁf" ?r%tl#u#edﬁ( %%{ rEfl’ eaction mx urefﬁs
cooled to [err] dﬁ@lﬁtﬂrﬁlzé@%ferzi%&) rﬁ%"% Hdharrail Ik pR5IRE
cooled to [err]. éaukﬂaguaﬁtygrgdewe 25 was then stirred for 30 m nutes
(1800 s) in order to reduce residual hydrolyzable chloride fromO0.16 to

0.048 percent. The aqueous |ayer was separated, the organic |ayer washed
wi tth '20 per cent MﬂMEKRNEMﬂEdW@BRﬂMENTNB(200 m ) and then with deionized

vat®r (400 30y M JprePH AU PRI ML, WRHRIGH ARt iiscaRisNERRrToL

WITH LEWIS ACID CATALYST)

The procedure of Comparatlve Experiment A was
repeated using cyclohexanedimethylol instead of dicyclo-
pentadiene dimethylol. The analysis of the epoxy resin

15 and properties of the resin cured with triethylene
tetramine as in Example 1 are given in Table I. Conver-
sion of the cyclohexanedimethylol to the diglycidyl

ether was 77.4 percent.

EXAMPLE 3

20 (PREPARATION.OF TRIMETHYLOL PROPANE TRIGLYCIDYL ETHER) -

‘Trimethylolpropane (200 g, 4.48 equiv.) was

dissolved in epichlorohydrin (2320 g, 25.08 equiv.) at
60°C. Tetrabutylammonium chloride (60 g of a 50 percent
aqueous solution, 0.108 equiv.) was then added. The

25 solution was cooled to 35°C and 50 percent aqueous NaOH .
solution (645 g, 8.06 equiv.) was added over 20 minutes
(1200 s). The temperature was maintained between 60°
and 75°C with ice bath. Ten minutes (600 s) after the
last NaCH solutibn'was'added, the temperature was

30 cooled to 35°C and ice_water_sufficient to dissolve the
precipitated salt was added. Conversion of the alcohol

to thé diglycidyl ether was 56 percent.
layer was separated.

The aqueous



. {
hydrin renoved by vacuumdistillation at 1500C and -10- 1 mmHg (133 Pa)

to,.ghve a pale yellowresin. The results of analysis of the resultant epoxy

reg and the properties when cwegg-with triethylene tetramne as in
"Exaple 1 are given in Table I.- Conversion of the 5 finalf product to.the
di gl ycidyl ether was 92.5 percent based on the diglycidyl ether of ~

cycl ohexanedi net hyl ol (nol ecul ar wei ght 254.3) having a theoretical'pehgént
epoxi de of 33.85. COVPARATI VE EXPERI MENT B 10 }PREPARATICN OF DI GLYCI DyL
ETHER OF CYCLOHEXANERMERHAML WWa e £V Ad @ LYeTFerrhe procedure of
C]ergar atNatH @wgf%i_a@twa% vr_ﬁﬁé fﬂf@tgﬁe Laseakgtfdﬁl @?ﬁ?ﬁﬁedwﬁbé@! . Qgt eadd
o] i cycl o- pent adi ene : ol . e analysis o epoxy resin an
properti o0 R} RS npé‘ﬂ?ee%yvﬂY Brs et -hgl?%/\zl%r?e??a?rfn s in Example 1
are gi vedladhdhbte the Giykycidybretiiet heasyZ? obpexeerti meThgl ol to the

di gl [ 177.4 g 20 ( PREPARATI ON OF TRI METHYLOL
P%&E%%%{%ﬁ)g%%%%ﬁl 0 g%g%‘:’%' (2(()0 g, 4.48 equiv.) was

di ssol ved in epichlorohydrin (2320 g, 25.08 equiv.) at [err].
Tetrabutyl ammoni umg céhDrd dead £Oidhn 0b£ 24P RET§£NE0 ageeeEst SRAski on, 0. 108

equi V. t.hen added. _The 25 . sol uti on was, cool ed t errL and 50 percent
9 ) %éﬁg;;Bn was made ang the reactibn mixture stgr ed_Lor P

aqueous
30 minutes (1800 s) at 60°C. The aqueous layer was

separated as before. \.j
10 A fourth addition of 100 ml of 50 percent

NaOH solution was made and the reaction mixture stirred

for 10 minutes (600 s) at 33°C. Then 100 ml deionized

water was added and the mixture stirred for 15 minutes

(900 s) at 30°C. The organic layer was worked up as
15 . described in Example 2. '

The results of the analysis of the above
prepared epoxy resin and properties when cured as
described in Example 1 are given in Table I. Conversion
of the final product to the triglycidyl ether was 95.4
20 percent based on the triglycidyl ether .of trimethylol- \;j
propane (molecular weight 302.4) having a theoretical
percent eqoxide of 42.7.

EXAMPLE 4

(PREPARATION OF DIGLYCIDYL ETHER OF THE REACTION PRODUCT
25 OF PROPYLENE OXIDE AND BISPHENOL A AT A MOLAR RATIQO OF
2 TO 1 RESPECTIVELY)

The product of the reaction of bisphenol A
plus two propylene oxides (172 grams, 1.0 equiv.) was
‘dissolved in epichlorohydrin (255 g, 2.75 equiv.).

30 Tetrabutylammonium chloride (10 grams of a 48 percent
solution, 0.017 equiv.) was then added and the mixture




solution (645 g, 8.06 equiv.) was added over 20 mnutes (1200 s). The
tenperature was nai ntai ned between [err] and 75C with ice-bath. Ten m'nu
(600 s) after the last NaCH sol ution was added, the tenperature was 30 %
cool ed to 35C and ice water sufficient t&fissolve the precipitated salt
‘was added. Conversion of the al cohol to the diglycidyl ether was .56
~percent. The aqueous | ayer was separ-ated. A second addition of 400 m of
50 percent NaCH solution was nmade and the reaction mxture stirred for 10

m nutes (600 s) QIB\Er Si - ol, .t e i i her
was 77 percent. %$ﬁEet%r5dr ]é:c?uggﬁgl' af%;a;\%gnst@?ﬁ?ré‘t%d (a{'s?(}bté'p'orog %liyfpr#'}rgfneé
addi ti on of 400 AUSPUSO Sedudden NACASs 8awiivon Was meldedarad Hde arcttiuge

mxture stirred twirZ@dnfdH 89 mi%tes) (aoe) atlR@qUeat |RANRUMAS
.separated as bef %ey. 10 A m%rbg addi tion of 100 i ‘of 50

percent NaOH sol 0fRET WAS FERATAIE Y he ALERDOL FORVETSION Mas &7 For 10
m nutes (600 %) @ericemt].. Then 100 nm dei oni zed water was added and the
m xture stirred for 15 mnutes (900 s) at [err]. The organic |layer was

worked up as 15 described_in Exanple 2. The results of the analysis of the
above prepared epoxy resin®af§SoRGpatdicdophef d@0ethlas fdSdc Pelrsent

Exanpl e 1 are gi NaoH wakahladel andorner mligtudle sha ridddlrodr aduati @ ddhe
trlegC|dyI ethteg%g %%'%t 60°C. The aqueous layer was diluted with
K“) _ 100 ml ice water and the mixture cooled to 30°C and
10 stirred for 15 minutes (900 s). The agueous phése was
separated and the drganic phase worked up as described
in Example 2. The results of analysis of the resultant
epoxXy resin are given in Table I.

The results of the analysis of the above
15 prepared epoxy resin and properties when cured as
described in Example 1 are given in Table I. Conversion
of the final product to the diglycidyl ether was 94.2
percent based on the diglycidyl ether of the dibl
(molecular weight of 456.5) having a theoretical percent
20 epoxide of 18.9. |

COMPARATIVE EXPERIMENT C

(PREPARATION OF DIGLYCIDYL ETHER OF THE REACTION PRODUCT
OF PROPYLENE OXIDE AND BISPHENOL A IN A MOLE RATIO OF 2:1
RESPECTIVELY USING A LEWIS ACID CATALYST

25 ' The procedure of Cbmparative Experiment A was

' repeated except that'thé reaction product of propylene
oxide and bisphenol A was employed instead of dicyclo-
pentadiene dimethylol. The results of the anélysis of
the epoxy resin and the properties of the resin cured

30 with triethylene tetramine as in Example 1 are given in
Table I. Conversion of the diol to the diglycidyl
either was 72 percent. '




20 percent based on the triglycidyl ether of trinethylol- propane

(mpt~<cul ar wei ght 302.4) having,a theoretical percent eqoxide of 42.7.
E%@EE 4 (PREPARATI ON OF DI GLYCII3¥4. ETHER OF THE REACTI ON PRODUCT 25 OF
PROPYLENE OXI DE-AND BI SPHENOL A AT A MOLAR RATI O OF 2 TO 1 RESPECTI VELY)
The product of the reaction of bisphenol A plus two propyl ene oxides (172
granms, 1.0 equiv.) was di gﬂsgl ved in epichlorohydrin (255 g, 2.75 equiVv.9-
30 Tetrabutglea ni umvchlosl de 610 granms ofea d8npemcent sol ution, 0.017
equi v.) vvas% nﬁ'TtgddeddaaidS&;heciﬁ\}xture 19 BSBtel £8 60C. Sodi um

hydr oxi de (19 m! of 3% ‘Perceéfit~aqueous SHHEPIDHR, L P eYuiv.) was added
and the mxture stirred for 30 mnutes (1890 s) at ferr]. The aqueous | ayer
was separated. Al cohol conversion was 39. 6 5 percent. A second addition of
100 m of 50 percent NaOH was made and the m xture stirred for 30 m nutes
(1800 s) at [err]. The aqueous.dlayer was diluted with 100 M ice water and
the m xture cqgQled to 30 d stirred fgQr 15¥m putes (900 s). The
aqueous phaseoﬁla sepaqaf'g(%%gncg.g'pe organi c %h-aéls’:egfm%ked-gup as described in
Exanpl e 2. TheErgsul t s-af casabysios of t her mesul bantw epexy resin are given -

in Table |. Tm-r-esultg’ﬁaf t i dnal ysis & QA& abo P
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1 are given in Table |I. Conversion of the final product to the diglyci
et her was 94. 2 percent hased on the diglygidyl ether of the diol
wei ght of 456.5) having a theoretical percent 20 epoxide of 18.9.
COVPARATI VE EXPERI MENT C ( PREPARATI ON OF DI GLYCI DYL ETHER OF THE REACTI ON
PRODUGF OF PROPYLENE OXI DE AND BI SPHENOL A 1IN A MOLE RATIO OF 2: 1

RESPECTI VELY USI NG A LEW S ACI D CATALYST 25 The procedure of
Conpar ative Experinent A was repeq;ed gept that the reagtion product of
propyl ene oxi de and kj&phenol & maswve ayed i nst ead~of cyel @ pent adi ene
di met hyl ol . The resu Lbl( t hemaRad y»sbsdqaf t he eQOeruesaoandome
properties of the reéﬁ‘? cured 307 witd TriethyleeQet}ani i as in Exanple
1 are given in Table I. Cbnver5|on of¥the diol to the diglycidyl ei ther was

15 | ‘prepared epoxy resin and properties when cured as described in Exanple
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O N. Uferr] 4) X - 15 - CLAIMS 1. A process for
an epoxy resin which conprises reacting (A) a material having an
f nmore than one al i_phatie—hydroxyl gro y group per nolecule 05 with (B)

al kyl halide in the presenc n al kal i’ net:al hydroxrde and
ast one phase transf [‘“ gﬂ\m ein the proportions of
s (A) and (B) are su onent (A) dissolves in conponert
he ratio of 10 equrvalents of conponent (B) to equivalents of -
(A) is greater than 1:1, <otporent (C) is enployed as an 18 to 70
rcent aqueous sol ution and in a quantity which is sufficient to
CLAIMS

1. A process for preparing an epoxy resin which
comprises reacting (A) a material having an average of
more than one aliphatic hydroxyl group per molecule
with (B) an epoxy alkyl halide in the presence of (C)

an ;lkali metal hydroxide and (D) at least one phase

transfer catalyst, wherein the proportions of </

components (A) and (B) are such that component (A)
dissolves in component (B) and the ratio of 1
equivalents of component (B) to equivalents of
component (A) is greater than 1:1, compbnent (C) 1s
employed as aﬁ 18 to 70 weight percent aqueous
solution and in a quantity whicﬁ is éufficient to
cause the separation of the reaction mixture into an
aqueous phase and an organic phasé and which is at

least stoichiometric with the amount of unreacted component.

(A) after the reaction, component (D) is-employed"in a quantity of U

from 0.1 to 10 weight percent based on the reaction mixture, and

the reaction is conducted at a temperature of from
0° to 110°C, allowing the reaction mixture to
separgte'into_an agueous phase and an organic phase,
remoVing_tﬁe aqueous phase, and reacting the organid
phasé with at leasf ohe further quantify of an 18-70
weight.percent aqueoué éolution of an alkali metal
hydroxide sufficient to'cause separation of the

reaction mixture into an aqueous phase and an organic

LAY



bause t he separation of the reaction mxture into an 15 aqueous phase and
an organi c phase and which is at |east stoichlonetric wi th the amount of
unreacted conponent. (A) after the reaction, (D) is enplg??%lim a
quantity of fromO0.1 to 10 weight p ased on t reaction m

and t-he reaction is conducted at a te &“L‘L@ 20 00 to [err],
al | ow,ng the reaction mxture to sepa&m “‘ ous phase and an
organi ¢ phase, renoving the aqueous p ¢ anrd Yeactlng t he organi ¢ phase
with at | east one further quantity of an 18-70 wei ght percent aqueous
solution of an alkali netal 25 hydroxide sufficient to cause separation of
the reaction mixture into an aqueous phase and an organic g - 16 - phase
and which is at |east stoichionmetric with the anount of unreacted conponent
(A), allowing the reaction mxture to separate into an aqueous phase and an
organi ¢ phase, renoving the aqueous phase_ ggd_05 recovering the epoxy
resin fromthe organi c phase. 2. A procesS as clained in claim1l mherein

the process is a ge aaaacevﬁicﬁnslsast' fﬁééﬁt ¥Po{ & QRS AN {1

al kali metal hyroxXi re 15 reacted wt e separated organic p ase

after the initial aR¥AtALEOGNTLEBLed comﬁoﬂé@ﬁeéﬁ)aSaP1&W{E§1ﬂﬂb‘ﬂ aiml
mhereln the al kali netal hydroxide is ad

reaction mixture to separate into an aqueous phase and

an organic phase, removing the agqueous phase, and

05 recovering tBe epoxy resin from the organic phase.

2. A process as claimed in claim 1
wherein the process is a batch process and at least
tﬁo further quantities of alkali metal hyroxide are
15 reacted with the separated organic phase, after the
initialhseparation step.
3. A process as claimed in claim 1
wherein the alkali metal hydroxide is added
eontinuously, and the agueous phase is continuously
s 20 separated from the orgaeic phase.
4. A process for preparing an epexy resinlwhich
process comp:ises
(i) continuously adding an 18-70% aqueous solution of
an alkali metal hydroxide to a reaction mixture
25 cemprising A) a material having an average of more

than one aliphatic hydroxyl group per molecule, (B) an



continuously, and the aqueogz/ggiigﬁLgtggnLLnuausIy 20 separated fromthe
orgapic phase. 4. A proce Fepari ng an epoxy resin which process

€0 es (i) continuously addin ueous solution of an al kal i
me ydroxide to a reaction aﬁ& S|ng A) a material having an
(]

av e of nore than one alip xyt group per nolecule, (B) an ™
-17 - epoxy alkyl halide, (C an alkali netal hydroxide and (D) at | easStsy
one phase transfer catalyst at a tengprature of fromOO to [err], wherein
t he proportions of conponents (A) and (B) are such that 05 conponent (A)

di I d h '
cqui val ont SR OISR TAAR  § O3y a8 & Rehbraral BERESKEIR (O s empl byed
in a quant ﬁ:jlyd( \g;ﬁ)cru %.eitstl gggt p?E%éC@f&ﬂg%éfccﬂﬁfyépea@@um of unreacted

conponent nd “conpone oyed | quantity of fromO0.1
to 10 wei ghlg fd%ﬁ{]%reb%'SfGQrgﬁ bbewe@@boen wh&keik, tBe as to cause
separation o e reaction mxture into an organi ¢ phase and an aqueous
phase, (ii)propdrtiensslof compvnagtsheAnqur@ueBphase, sacll da€iii)recovering
the epoxy resin fromthe organi c phase. 5. A process as clained in any
one of @f aicompbdemt! (W)cddissolves in component (B) and the ratio

of equivalents of componeht (B) to equivalents of

component (A) is greater than 1:1, component (C) is U

employed in a quantity which is at least
stoichiometric with the amount of unreacted component

10 .(A), and component (D) is employed in a quantity of
from 0.1 to 10 weight percent based on the reaction
mixture, so as to cause separation of the reaction
mixture into an organic phase and an aqueous phase,
~(i1i) continuously removing the aqueous phase, and

15 (iii)recovering the epoxy resin from the organic

phase.

5. A process as claimed in any one of claims 1 to 4 - -/

wherein
(1). the equivalent ratio of (B) to'(A) is from 1:1
20 to 10:1;

(2) the concentration of the aqheous-alkaii metal"
hydroxide solution is from 45 to 55 percent by
weight;

(3) component (D) is present in a quantity of_from

25 0.5 to 1.5 percent;

and

¥



(1) the equivalent ratio of (B) to (A) is from1:1 20 to 10:1; (2)
the concentration of the aqueous al kali netal hydroxide solution is from 45
to 55 percent by weight; (3) conponent (D) is present-in a quantity from
25, 0.5to0 1.5 percent and - - 18 - (4) the reaction is cond - at
a tenperature of fromf[err] to 700C n Wun ﬁﬂfﬁﬂuas clainmed in any one
of elaims 1 to 4, wherein 05 (1) “ |un“ tio of conmponent (B) to
conmponent (A) is from1.5:1 to 5:1; (*2) cohpdhe t (D) is present in a :
gquantity of fromO0.5 to 1.5 percent by weight; and (3) the reaction is
conducted at a tenperature of 10 fro [efr] to [err]. 7. A process
as clainmed in any one of the preceding clains wherein conponent (A) is
“trimethylol propaté) c?htoh%&@@kﬂhrﬁﬁfgnnﬂucﬂﬂdcyélGpéﬁm&erétéﬁedpﬁethylol

1, 4- but anedi ol , ethylene gl gropylene gl ycol, pentaerythritol, or
di propyl ene egcoI g. Irom s %% clainmed in any one of the precedlng

clains, mhereln tEe epRXXro'sz IE“éfEEAé% in any one of claims 1 to 4,

wherein
05 (1) the equivalent ratio of component (B)'to
'componeﬁt (A) is from 1.5:1 to 5:1;
. (2) component_(D)'is present in a quantity of from
0.5 to 1.5 percent by weight; and
(3) the reaction is conducted at a temperature of

10 from 159C to 60°C.

7o A process as claimed in any one of the preceding
claims wherein component (A) is trimethjlol propane,
cyclohexanedimethylol. dicyclopenta~

dienedimethylol, 1,4-butanediol, ethylene glycol,

15 propylene glycol, pentaerythritol, br.dipropylene

Lo . glycol. |
8. - A process as claimed in any one of the preceding
claims, wherein the epe;y alkyl halide is
epichlorohydrin.

20 9. A process as claimed in any one of the preceding
claims, wherein the alkali metal hydroxide is sodium
hydroxide. |
10, A process as claimed in any one of the preceding
claims, wherein the phase transfer catalyst is a

25 quaternary ammonium or quaternary phosphonium

compound.



epi chl orohydrin. 20 9. A process as clained in any one of the preceding
cl ai ms, _wherein the al kal i—etat—hydroxide i s sodi um hydroxide. 10. A

proce s claimed in any one of th ng claims, .wherein the phase
trans catalyst is a 25 mﬁ m T@ﬂﬁmum or quaternary phosphonium
conpoun 19 - 11. A pari ng an epoxy resin

substantlally as herelnbefore described with reference to any one of the;¢,
foregoing specific exanples. 12. A epoxy resin prepared by a process as

clainmed in 05 any one of the precedigigclains. 10 15 20 25

11. A process for preparing an epoxy resin |

. substantially as hereinbefore described with referéﬁce
tq any one of the foregoing specific examples.
12. A epoxy'resin prepared by a process'aslclqimed in

05 any one of the preceding claims.

10
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