A PROCESS FOR PREPARI NG GLYCI DYL DERI VATI VES OF COVPOUNDS HAVI NG AT 'LEAST
ONE Al T1 C HYDROXYL GROUP OR AROVATI C AM NE GROUP The preparation af
gl yci dy thers by the reaction of an aromatic hydroxyl -contai ni ng cgit8U3E%5?
with ep lohydrin in the presence of a base.is well known as disclosed by
Lee and ville in HANDBOOK OF 5 EPOXY RESINS, MG aw HiIl, 1967. Because
of increased material costs and since in nobstiisstances, the reaction is
conducted in excess epi hal ohydrin, any increase in epihal ohydrin yields
provi de for a consi derabl e econony in manufacturing costs. Al so,
particularly when the 10 epoxy resin is to be enployed in electrical
applications, it is desired that the epoxy resin have Iom/hydrolyzable
halide | evels. The present invention provides a process for maxim zing
epi hal ohydrin yields and al so produces epoxy resins |low in hydrolyzabl e
hal i de. 15 The present invention pertains to a process for
preparing glycidyl derivatives of conpounds having at |east one aromatic
hydr oxyl group or aromatic am ne group per nolecule, (ie. a hydroxyl or
am no group bound to an aromatic ring) reacting at |east one conmpound 20
having at | east one aromatic hydroxyl group or aromatic am ne group per
nol ecul e with an excess of at |east one
' A PROCESS FOR PREPARING GLYCIDYL
DERIVATIVES OF CCMPOUNLCS HAVING AT LEAST
CNE AROMATIC HYDROXYL GROUP OR AROMATIC AMINE GROUP

The preparation of glycidyl ethers bv the
reaction of an aromatic hydroxyl-containing compound
with epihalohydrin in the presence of a base i1s well
known as disclosed by Lee and Neville in HANDBOOK OF

S EPOXY RESINS, McGraw-Hill, 1967. Because of increased
material costs and since in most instances, the reacticn

is conducted in excess eplhalonydr*n, any increase in
epihalohydrin vields provide for a considerable economy

_ in manufacturing costs. Also, particularly when the

10  epoxy resin is to 'be emploved in electrical applicatiocns,
it is desired that the epoxy resin have low hydrolyzable
halide levels. The present inventicn provides 3 process
for maximizing epihalohydrin yilelds and alsc produces
epoxy resins low in hydrolyzable hal:ide.

15 The present invention pertains te a process
for preparing glycidyl derivatives of ccmpounds having
at least one aromatic hydroxyl group or aromatic amine
group per molecule, (ie. a hvdroxvl or amine zroup bound
te an arcmatic ring) ~eoreacti

20 h



-©. epihal ohydrjn in the presence of .from0.8 to 1.2 nole of an al kal

et al hydroxide for each nole of aromatic hydroxyl group and aromatic aq{gg
hydr ogen, and subsequently recovering the glycidyl derivatives; - - i
characteri zed.by (1) conducting the reaction in the presence cf an grg
solvent which is a primary or secondary al cohol, and which codistil{l s 0 h*
~water and sai d epi hal ohydrin at a boiling $ofnt bel ow the boiling ps
t M 1 owest boiling conpound anong the conponents in the reaction m xture;
(2) conducting theepilaziomydmin aid eripermtayence) amdc o @discad pr.esswle
sufficient to provogdesd fsdid ! Wi id i int of, fram r].C to
80[err] C, pref erab}I,l%/l fro 5_511e_rn?é]%lt oﬁ)}%jot%e)ér)fr eIC;EQ,?é%%é%plm%&Fné) saaiéLgL"g‘Itl%]él i
metal hydroxi de as Ah WHrecti®'$d1 MG GH WiAF Lo f™Hg S AYF ra988eugnsl kal i 15
met al hydroxi de i nS&rSiiHe Hulbu st eoro ventiagrithee ntl yedmiydr devdévaaipesi;od of
from0.5 to 10, prefieraddecfzamby to 5 hours; (4) continuously renpving
wat.er by nmeans of codisti]laf] t A hate such that the water content of
2C  the reac§ion nixtu}eifg&rggﬁﬂfﬁaﬁm% 6@?5@2#? ﬁPeF@FaBFﬁSFPOﬁ1TESaPo 4
percent by wei ght ;  EHRN{S)SFepdttatiight HE watari margnmorhsegpstizklat e and
returning the sol veltotand, epidalrdlydrdoditsa iting with water and said

epihalohydrin at a boiling point below the boiling
point of the leowest bhoiling compound among the

components in the reaction mixture;

(2) conducting the reaction at a temperature
i¢ and a reduced pressure suifficient to grovide a distiliate
with a boiling point of from 45°C to &
f£rom 55°C to 70°C;

e

0°C, preferabl:

-

(3) employing said alkali metal nydrcxide as
an agueous solution and adding said agqueous alkalli

15 metal hyvdroxide 1n a continuous or intermittent manner
over a period of from 0.5 to 10, preferably from 1 to S
hours; '

(4) continuously removing water by means of
codistillation at a rate such that the water ccntent of
z2C the reaction mixture is less than % percent, preferably
from 1.5 to 4 percent by weight; and
(5) separating the water from the distillate
and returning the solvent and epihalohydrin to the
reaction mixture. '
25

Suitable compounds hawing at least -one aro-
matic hydroxyl group which can be employed herein
include, for example, phenols, bisphencls, novclac
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reaction m xture. 25 Suitable conpounds having at |east one aro- matic m?
hydr oxyl group which can be enpl oyed herein include, for exanple, ‘phenol s s
bi shhenol s, novol ac resins, polyvinyl phenols, and the correspondi ng

a - conpounds, such as those represented by the following fornmulas: [err]
4- is atrivalent hydrocarbon groupshaving from1l to 12, preferably from_
1 6, carbon atons; each R is independently hydrogen, a hydrocar byl grqggj
having from1l to 10, preferably from1 to 4, carbon atons, 5 a hal ogen ;
atom pref er B®FYNENI BPLHF1HY h PHENTd Sor 3B SATER IR G RGN BH R0 gr oup;
each Z is ingeppBundsent k¥chOdsorhidde rep i@ a@lpie ©le f FOI13H 01400,
preferably from2.to . 50; mhas a value from1.00 to 6 and n has a val ue of
zero or 1, |*CRAP¥H5%8ditabl e as conpounds having | east one aronmati ¢ hydroxyl
or aromati c am ne group per ' :

I. Z

F g

5 Eig}ca)a
I1
(R),
111
10 )
Iv.
15
v. -—CHz-CH—'(-CHZ-CH-)EH._
z z
R R

20 wherein each A is independentlyv a diwvalent hvdrocarbon

group having from 1 te 12, preferaply from I to-

25 S T TR



mbl ecul e are these represented by the fornulas [err]
: group having from1l to 18, preferably from2 to-
12 and nost prefer- ably from2 to 6 carbon atons, a group represer
the following formulas IX, X, Xl . or XI [ernl -
atonms; each R2 is independently hydrogén or an al kyl group havi n

i s_a dival ent hydrocar byl

44prererably | to 3 carbon atons;

al kyl

group having from1l to 4 carbon atons;

-5 - wherein each R

preferably 1 to A

each R3 is independently hydrodyesa~or an
each 5 R4 is independently

hydrogen, a hydr acarisy/la odrrihed Iogren spdrsdcdribenl qyoupchabyhggfoop hawong

from1l to 9 prefgrabl rpéfe%ksjix} O%

sel ected from the “drdup Tepresen

I t OB, o | seLRflen P ndently
3éﬁ§g§q$gr§ﬁl€§§R€ﬁogt§ﬁ%’s%ngﬂg?oﬁgs as Rl

except that RS camsspendently hyduprgsren;a rdrFoarRY 1 ndEpepdBAVipda
di val ent hydr ocardydn or qu AVigiE § B2, tfrdm DT €64 ablyrpanCathbgy, at os;

each Z is independgr%éy -OH or
a

chl ori ne, bromm né

-NTHZ2;
qﬁmrw,bﬁr%ﬁeraably chiorin

hydroxyl group or an amino group;

eaz.,. X end entl|

I s i nde
r bromin

ggdgogen,

each Z is indepen-

dently -OH or NH,; p has a value of from 1l to 100,
preferably frcm 2 to 50; m has a value from 1.00 to

6 and n has a value of zero or 1i.

e -Also suiltable as compounds naving a2t leastc

one aromatic hydroxyl or aromaetic amine group per

mclecule are those represented by the formulas

vi.

15
VII.

20
VIII.

25

(X)3

R!=N ; R'=-N N

R .
oL o)
= \ xi,” S
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hydr ocar byl oxy group having froml to 9, preferably 15 to 6.carbon atons{?
each m.independently has a value of zero or 1, n has an average val ue of ./

B 0.01:to 6, preferably 0.1 to 4; p has an average value of from1 to -
1 eferably froml to 3; g as an average val ue of at | east 1, preferably
f 1 to 150, nost preferably 20 JSrpm 1 to 100 and usually fron11 to 10

and” each v and z independentlv has a value of 1 or 2. Also suitable are .5,2'
pol ycycl opent adi er. e poly phenols or aronatic polvan1nes/represented by he

formul a - Yhe#elfB eadh'® Q4CT. Qh%lé?ﬁ?flﬁf&&é’afﬁypr PouPrnBveAgne or a

hydroxyl group or _an ami_no group ui t abl e "'such pol clo entadlene
pol yphenol s gﬁﬂmﬁ&tﬁedésﬁoP [ﬁ%Qﬁ|%) R arf t%bJ CiPreLer-s Pat ent

4,390, 680, i apligd fromPanaled 6L .caictomatons JunagAfup 18Fredéeted by -
pol ycycl open [ an,be_ pr red in a simlar manner
by substltut%gg ggﬁigwﬁg%$é£ﬁﬁﬁﬂﬁgggﬁﬁtﬁ@ Bﬁg df}gpgonpound Al so suitable
are conpounds containing both 10. at |east one aronatic hydroxyl group an
d bot h I hyd I d

at | east Sone aromatic a#-ne group. sucﬂxﬁb for ex e, hydroxy aniline,
and am noxyl enol . : :
(A);

(X), (X),,
-—@—(M;@"‘

| . XI. |
10 | -c-c -c-c |
3 H R4 4
15 _ XII.
- ~R® N-R®
H
RB
: P

20 or R can combine with R! so as to form a stable hetero-
cyclic ring with the nitrogen atoms; each A is independ=-
ently a divalent hydrocarbyl group having from 1 to'lO,
preferably from 1 to 4 carbon atoms,

. ¢ 0 0
. " ] "
25 9=, =S=, =S~§=, =C=, =S=- or =S=;
1t
O

each R! is independently hydrogen, a 2,3, -epoxypropyl

30 group, a 2-alkyl~2,3-~epoxy-propvl group, a monovalent
hydrocarbyl group or a hydroxyl substituted monovalent
hyd:oéarbyl group, said hydrocarbyl'groups having from
1 to 9 carbon atoms, said alkyl having from 1 to 4,



Sti t abl e epi hal phydri ns which can be enpl oyed herein include those

represented by the foll owing 15 formula O [err] thereof. The i
netal hydroxide is enployed as an aqueous solution, usually at a I
concentration of from20 to SO preferably from40 to 50 percent b ght.

- The amount of alkali metal hydroxide which is 5 enployed in the process. of
the-present invention is fromO0.80 nole tod4.-2 nole of alkali netal
hydr oxi de, preferably fromO0.90 nole to 1.0 nole for each nole of aromatic

hydroxyl group ansreferabi¢ antseshydebganatdhe;aklsahi rPetial iabpetidintian
be added 10 either continuously or incrementall but never is all_ of the .
al-kali netal hydr%&%ﬁ%g%ﬁdaﬁ ?ﬁ Siéﬁ'nSFSHBnﬁﬁ’éﬁﬁtgﬁFE ?oﬁ&e%?sﬁﬁﬂiﬂf 2ud
be enpl oyed hereih tackuderbon promaryeechs8éondanypdabendelnbilyl ¢y dmepemot
oy ooy o PEBBTALEI BELBOBRLIRGTE YL 8, 55! Rarph® it oy
and water andSt heRHi5$iindeReRdsnilyohVARGIEBI nd BE¥HERCAIFRY 0oLt Hed I RSt
boi i ng conponents@hstheuteachi@bcBh¥by egabubh@aftiags Wirerenplwey ed.
Sui table such solgggggrégf§uggbmfgrtgxgngggbon atoms; each R® is inde-
pendently selected from the group represented_by formuia
XIV or the same groups as R! except that X% cannot te a
10 hydrogen; each RY is independently a diwvalent hydrccarbyl
group having frem 2 to 4, praferably 2 carbon atias;
each Z 1is independently -CH or -NH,
ently hvdrogen, chlorine, bromine cr a h
nydrocarbvloxy grcocup naving from I to
15 to 6 carbon atoms; each m independentiy
zero or 1l; n has an average value ¢f from C.ClL to o,
preferably 0.1 to 4; p has an average value of frecm 1
te 1C, preferably frem 1 to 3; g nas an average wvail.
of at least 1, preferably from 1 to i5C, most preferably
20 from 1 to 100 and usually from 1 to 10 and each ¥ and z
iﬁdependently has a value o 1 or 2.

Alsc suiltable are poliycyclcpentadierne polw=
‘pheroils or aromatic polvamines represented by =he
formula '

35
(¥}
N

U

- wherein Z is -CH or -NH, and n ha

o
b4
£
{7
moy
it
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[
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O
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O
o wn

3¢ n' has a value of from 1 to 10, pre rom

each R is independently hydrogen, a hydrocarbyl

(1
bt
(v}
[

el

having from 1 to 10, preferably from 1 to i carbon



20 1-nethoxy-2-propano|,'1-butoxv phenol and cycl ohexanol . The s'econdar.y'v
al cohols are preferred. The anount of solvent which is enployed wi'll depend
on the particular solvent and hydroxyl or am no 25 conpound being enpl oyed. .

Th quntof sol vent generally ranges from5 to 50 wei ght percent,

pr gty from10 to 40 wei ght percent hased on the total weight of -
reastdnt s. -9- Suitable tenperatures and pressures which are enpl oyed L./
the process of the present invention are those which will provide the

~codistillate akemsa bohalngepoanbmofpted@mﬂﬁlywthannﬁﬁnqwr@fpmpneferably

from55[err] a i % t&y% action is conducted at a
t enperat ure g?{-froshriggfk? ¥ gf:er?ﬁ%ﬁ‘ preferé{gfy from550C to 70[err]C
and at a reduced pressure of fron1150 to 230 mMm of Hg (20.0 to 30.7 kPa), :
preferably from 160 to §QQtHBlefsH&h(%bl?dyéPﬁbéhﬂgﬁﬁenéibol¥Fhenols The

t referabl of time suc
oot i) of Arhopehdas 808 Ehed s Breparatan Yan R FOME ba WrSture is
not great&r  thavelt 54, peef esabl yssaedgreabenalidiL 0.0 ysscensn byunei ght . :

Uon compl et gy, ofodde r#AE!L30y YT b8 Ane b r SR 551 PakEnbl ™ Shed

in any of the nbt
can be prepared ln a similar manner by substituting an

aromatic amine for the phenolic compound.

Also suitable are compounds containing both
10 at least one aromatic hydroxyl group and at least cne
aromatic amine group such as, for exampie, hydroxy
aniline, and aminoxylenol. :

Suitable epihalohydrins which can be employed
herein include those represented by the following
15 formula
0
A
H,-C-C~-CH,-X

R

20 wherein R is hydrogen or a hydrocarbyl group having
from 1 to ¢ carbon atoms and X 1s a halcgen., preferably
chlorine or bromine. -

The epihalohydrin and the arcmatic hydroxyl
or aromatic amine compound are nreferably employved in a
25 - molar ratio of from 2:1 to 10:1, more nrefsrablvy from
2:1 to 6:1, respectively.

Suitable alkali metal hydroxides which can be
employed herein include, for'examnle, sodlum hvdrox1de,
potassium hydroxide, lithium hydroxide or mlxtures "



enployed The excess epihal ohydrin is usually renmoved by distillation and
the.salt renoved by filtration, centrifugation and/or water washing, The

foll ow ng exanpl es are illustrative of 20- the present invention, ‘

ndt to be construed as to limting the scope thereof in any manngf.
fol | ow ng conponents were enployed in the gxanples and conparati
expetri ments. PHENOLI C COVPOUND A was a phenol - f or mal dehyde novol a
reSin having an average hydr oxyl equival ent weight of 104.5 and an average

henoli ¢ hyd |
Dol Forte St BES Pkl p kals Tnecah dSABNENEL LS SMAAMD: By ©
wei ght of 101- amﬁqneqwsrsgbuphenoluauhyaVony Augsoncenditatiar & fran 20
PHENGLI C COVPOUN S %éPNOfQ%i £rGREREL kG VB NRAR W35 weight.

4, 4" - di hydr oxybi p en CUND E was a cresol -forml dehyde
novol ac resin having an aver age hydroxyl equi val ent wei ght of 118.5 and an

average phenolic hydroxyl fméthﬁeahttMfOElkﬁli5mE-taRHlﬂ§lGdoCii%VRmm Faas
a conposi tion contalf ngdbfﬁm@ﬁe process of the present invention is
from 0.80 mole to 1.2 mole of alkali metal'hydroxide,
preferably from 0.90 mole to 1.0 mole for each mole of

aromatic hydroxyl qroup and aromatic amine hydrogen.

The alkali metal hydrdxide can be added
10 either continuously or incrementally, but never is all
of the alkali metal hydroxide added in one increment.

Suitable solvents which can be emploved herein
include any primary or secondary alcohol which does not
react with any component in the reaction mixture, is

15 partially or wholly miscible with water,.forms'a co~-
distillate with the epihalohvdrin and water and the
distillate has a boiling poinE below that of the lowest
boiling component of the reaction mix;ure at the pressure
employed; Suitable such solvents include, for example,

20 l-methoxy=-2=-propanol, l-butoxy phenol and cvclohexanol.

The secondary alcohols are preferred.

The amount of solvent which is employed will
depend on the particular solvent and hydroxyl or amino
25 compound beingaempldyed._ The amount of solvent generally
-ranges from S to SO weight percent, preferably from 10
to 40 weight percent'based on the total weight of
reactants.



i

60 and 70 weight percent of tris(hydroxyphenyl)nethane, the remaining 30 t0'
40 melgh\ percent being hi gher honol ogs thereof. 15 PHENOLI C COVPOUND G

ol'ycycl opent adi ene pol yphenol resin having an average hydroxyl .
_eq ent wei ght of 180 and an average phenolic hydroxyl functionality of-
3. NCOLI C COVPOUND H was pol ycyclLogent-adi ene pol yresor- 20 cinol resin_
hav an aver age hydroxyl equival ent wei ght of 93 and an aver age phenolkg?f
hydroxXyl function- ality of 5.5. EXAMPLE 1 Into a one liter reaction vessel

equi pped 25 with tenp&uditiatd ereRnesatiiees odRdoPraRgured ¥alialy avtns, a
means for thgnpQiiiedays tHe Ip’kt&ééast@ﬂttﬁ@ldpfegexzef 189eeRYS S idim

hydr oxi de, a nean$ for condensing a rati wat er, from a

codi sti | | at e HROSEUMBIGD klel p%ﬂﬂ%é%lééﬁ g%?ﬁﬁ?i&éﬁ?dﬂﬁﬁhaﬁjQ?Hﬁ%ﬂ% for
rgtur ni ng thgoﬁ.@ltv@ﬁ fruh &fF Y@l ehys @, tpréﬂerabayt ifgomvessel teas added
104.5 gr

o&qui nt fp ound _A 7 4
equi val e fpcgpl Xﬁ ﬁ?btrﬂﬁier \#&m % %§ﬁ§9§$ #% cﬁenfigl Q{%e"gfé
propyl ene gIycmpqman“ndupélﬁrqm(ﬁﬁﬂﬂﬂ90a%0%CsopveﬁerahﬂUefn§mr&i%@ at
room tenper aty §oakd PPN | feduced pressure of from 150 to 230

mm of Hg (20.0 to 30.7 kPa), preferably from 160 to 220

mm of Hg (21.3 to 29.3 kPa).

10 The reaction is vreferably conducted for 3 lenqgth
of time such that the Jjuantity of phenolic hydrox:l jroups
remaining in the reaction mixture is not qreéter than

o 0.5; preferably not qreater than 0.2 percent by weight.

‘Upon completion of the reaction, the resultant
1S = epoxy resin is finished in'any of the methods normally
employed. The excess epihalohydrin is usually removed
by distillation and the salt removed by filtration,
centrifugation and/or water washing.

The following examples are illustrative of
20 the present invention, but are not to be construed as
~ to limiting the scope thereof in any manner.

The following components were employed in the
examples and comparative experiments.

PHENOLIC COMPOUND A was a pheﬁol-formaldehyde novolac

25 resin having an average hydroxyl equivalent weight of
104.5 and an average phenolic hydroxyl functionality of
5.7.




pFessure to thoroughly m x the contents, the tenperature 10 was raised to
65{err] C and the pressure was reduced to 160 nm Hg (21.3 kPa) absol
thhe resultant -solution was continuously added 76 grans, 0.95 equiva
a 50 percent aqueous sodi um hydroxide solution at a constant rate owg
period of 1 hour (3600 s). During 15. ‘the d8drtion of the sodium
hydrQxi de, the water was renoved by codistilling with epichlorohydrin and
solvent. The mater content of the reaction mxture was | ess than 6 percent,
by wei ght . - A PMPOUNDeBswast Repbbpoloferngliedydes novelac

phases, an aqueous.seeb&a@a@@ng 8hOBVe2deRyAEERYNC oqllivRl ReNIA GRS Ppvent

phase (bottom. The organic ase was,  conti nupously returned to_.the reactor.
After conpletion b9t s%ﬂlg KeR3aR oRPEBOAS BY ﬁoxyhéuP€§&PP6n ¥xCdre was
mai ntai ned at a tgpperature of 65 err]C and a pressure of 160 nm Hg 25
(21. 3. kPa) absolute for an additional 30 m nutes (1800 s). A sanple of the
reaction m xture was washed to renove salt and subsequently distilled
resulting in & cPBRNOLICJICOMBOUND Cewha hasphgnalhgdrol yzable chloride
content of 0.02 percent and an epoxi de content of 23.5 30 percent which

corresponds to an_epoxi de equi val ent wei ght- of 183. The epi chl orohydrin
yi el d (calcuIated§§§§9££E¥E8ﬂBQHEQLBeW§§sﬁvéd‘ﬁiéﬁé@?xﬁgthﬁpgﬂarat|on of
total yield including by- products such as glycidol, glycerine

nonochl or ohydrin an Cld | et ner ased on a nalysi s _of the
reaction mxture & ¥ crebo? %orma&deﬂy%e novolac

resin haéing an average hydroxyl equivalent weight of
118.5 and an average phenolic hydroxyl functionality of
10 5.7. | | |

PHENOLIC COMPOQUND F was a composition containing between
60 and 70 weight percent of tris(hydroxyphenyl)methane,
the remaining 30 to 40 weight percent being hlgher
homologs thereof.

15 PHENOLIC COMPOUND G was a pélycyclopentadiene polyphenol
resin having an average hydroxyl equivalent weight of
180 and an average phenolic hydroxyl functionality of
3.2. | ' '

PHENOLIC COMPOUND H was polvcyclopentadiene polyresor-

20 ~ cinol resin having an average hydroxyl equivalent
weight of 93 and an average phenolic hydroxyl function-
ality of 5.5. ' '

EXAMPLE 1
Into a one liter reaction vessel equipped
25 with temperature and pressure control and indicating
means, a means for the continuous or intermittent
addition of agueous sodium hydroxide, a means fo#



s i e e

products) was 99. percent. - 12 - COVPARATI VE EXPERI MENT A ((No sol vent)

In a manner simlar to Exanple 1, the foll owing conponents and reaction ./
condi {~Qns were enpl.oyed. 104.5 granms ;_ equiv.) of phenolic compound A 5
462. Rxns (5 equiv.) of epichlorohydrin 76 grams (0.95 equiv.) of 50
pueous sodi um hydroxi de The reacti on tenperature was 650C and the

reactiqn pressure was 160 mm Hg (21.3 kPa) absolute. 10 The sodium el
hydr oxi de was added over a period of * Rdur (3600 s) and the reaction
continued thereafter for a period of 5 hours (18,000 s). During the

addi tion of Eb@dﬁﬂﬁhﬂgIﬂnﬁ(Sﬁnﬁxatingww#terannompacnbdneny&dameforned a

binary azeol haRfull Or A ONIRIRAELE Cak! Gbdon1 byBrgluptinghapRases. | The :

organi c, epichloroh hase was™ conti nuo returned to the
reaction m xfi§a@s r1§ﬁ§%ﬁn%4Ea@P?uﬁﬁ%Y%ﬁtaﬂﬂﬁt?Bhﬁﬁlp ¥8riBn tnl y 80

percent of tk@ephea@tifcl meelsﬁhaiwdeagloama@ Ded. 80 raﬂacwde ad viahe
(eg'og["eg;]@vd“ D el as oy abaul, 89 R 558! 5 SVPHRALLVE, SXEERENT B
of epichlorohydrin and 247 grams of the methyl ether of
prdpylene glycol (l-methoxy-2-propanol) as a solvent.
After stirring at room temperature and atmospheric
pressure to thoroughly mix the contents, the temperature
10 was raised to 65°C and the'pressure was reduced to 160
mm Hg (21.3 kPa) absolute. To the resultant solution
was continuously added 76 grams, 0.S5 equivalent of a
50 percent aqueous sodium hydroxide solution at a
constant rate over a period of 1 hour (3600 s). During
15 . the addition'of the sodium hYdroXide, the water was
| removed by codistiliing with épichlbrohydrin and solvent.
The water content of the reaction mixture was less than
- 6 percent by weight. The distillate was condensed
thereby forming two distinct phases, an aqueous phase
20 (top) and an organic epichlorohydrin-solvent phase
(bottom). - The organic phase was continuously returned
to the reactor. After completion of the sodium
hydroxide addition, the reaction mixture was maintained
at a temperature of 65°C and a pressure of 160 mm Hg
25 (21.3 kPa) absolute for an additional 30 minutes (1800
s). A sample of the reaction mixture was washed to-
remove salt and subsequently distilled resulting in an
epoxidized novolac resin having a hydrolyzable chloride
content of 0.02 percent and an epoxide content of 23.5
30 percent which corresponds to én_epoxide equivalént
| weight of 183. The epichlorohydrin yield (calculated as
the vield of the desired product as a preparation of total
vield including by-products such as glycidol, glycerine .
monochlorohydrin and.glycerine diglycidylether, based on an
analysis of the reaction mixture for formation of by~

products) was 99 .percent.



p?essure) In a nanner simlar to Exanple 1, the follow 25 ing ccnponents
and_reaction conditions were enployed. 104.5 g (1 equiv.) phenolic co'~aund
A~370 g (4 equiv.) epichlorohydrin 247 g propyl ene glycol nethylethgh]
(i-nethoxy-Z- -propanol) 30 . 76 ¢ (0.95 equiv.) 50 percent ajueot
sodi um hydroxide = 13 The reaction'tenperat2ire was 105[err] C, the reaction
pﬂgsgure was at nospheric (101 kPa); and the sodi um hydroxi de was added
conti nuously over f | rln .the addition of

sodi um 5 hydrOX|d§8MPEéhﬁgvg E%EEQEWE;iegyéﬁ% ST dpyl ene gl ycol net hyl
ether forned a codistill ateImhachanaercsimddasd tol Examplehllor dinedrfiol lavdng

propyl ene gl ycol e r e t action
m xture while theeggﬁé%ﬁgighégé %géeﬁsggagggga%&9§§¥%%%% %%glgﬁﬁp'etion of
sodi um hydroxi de addition, the reac- tion mxture was further stirred at

1050 until all of the ggqsslgrgﬁg beerqused ugg(%@e%glqbn oude0-2900 s).

A sanpl e was t.aken and alLyzed for _b rod ct orna ci dol
gl ycerine nongchlorohyﬁgg 5 gFfams’(5 equiv epichl oraﬁidéln

76 grams-(0.95 equiv.) of S50 percent agueous
sodium hydroxide

The reaction temperature was 65°C and the
reaction pressure was 160 mm Hg (21.3 kPa) absolute.

10 The sodium hydroxide was added over a period of 1 hour
(3600 s) and the reaction continued thereafter for a
period of 5 hours (18,000 s). During the addition of
the sodium hydroxide, the water and epichlorohydrin
formed a binary azeotrope which was condensed to form

1S two distinct phases. The organic, epichlorohydrin,
(bottom) phase was continuously returned to the reaction
mixture. ' '

Even after the 5 hours of additional reaction,
only 80 percent of the phenol-formaldehyde novolac had
20 reacted and the epichlorohydrin yield was only about 80
percent.

COMPARATIVE EXPERIMENT B (10S5° reaction at atmospheric
' pressure)

In a manner similar to Example 1, the follow-
25 ing ccmponents and reaction conditions were employed.

104.5 g (1 equiv.) phenollc compound a
370 g {4+ equiv. ) pplchlorohydrln

247 g propylene glycol methylether (1-methoxy-2-
-oropanol)

30 76 ¢ (0.95 equlv ) 50 percent aqueous sodium
hydroxide _



- 15 glycerlne and glycerine diglycidyl ether). Besides 5 percent -
epi chlagohydrin hydrolysis product, approxi- mately 6 percent of - N/
- i shydrin polyners were observed which indicated a yield an

hydrin of 89 percent. A sanple of the reaction mxture was -20
‘renpve salt and then distilled to give an epoxy novolac with a
hydrolyzable chloride content of 0.2 petdent (10 tinmes higher than the one\J
under a reduced pressure) and an.epoxi de content of 21.6 percent.

COVPARATI VE EXPERINENTThdsxéaaxuomwtﬂmpnrabwren@a§5105°c the

codi stillati Qg Pracrdurs Qia@m@wf%gngétnﬁp uas fc Ll owed

except that the reaction was carried ou no ma er was
renoved by c@ﬂ@ﬂﬁmIQ¥4§9¥1dQTK§%w&%§e¢r%ﬂ??h@u@Bﬂ Kn?ﬁ?ﬁréxpé§18€d|t|on

and the wat erofBQ l'ﬁfu.t" e(asuomnsyerrawueﬂuynt&@eaaeﬁeibﬁnom bdigm The yield

of epichl ercen action.,mxture was
.mashgd t %ué%%ﬁﬂﬁF?ﬁSt??+€€f$ﬁ§?%%§l?e§ﬁgtPﬁapyﬁeﬂﬁ epoxi di zed
novol ac gmycoﬂumennykaéghhrﬂ@qzméé ‘ghtodistitbatenwvhathOwaspercent (5

tines that produceddd) Bl & ion1 SXNPEER AApFBRYEES! Bikablto Exanpl e

1, the follown i
' methyl ether from overhead was recycled to the reaction -

mixture while the aqueous phase was discarded. After

10 the completion of sodlum hydroxide addltlon, the reac-
tion mixture was further stirred at 105° until all of
the caustic has been used up (10-15 minutes, 600-900
s). A sample was taken and analyzed for by-product
formation (glvcidol, glycerine monochlofohydrin,

15 glycerine and glycerine diglycidyl ether). Besides's
percent epichlorohydrin'hydrolysis product, approxi- =
mately 6 percent of epichlorohydrin polymers were |
‘observed which indicated a yield on epichlorohydrin of
89 percent. A sample of the reaction mixture was

20 washed to remove salt and then distilled to give an

' epoxy novolac with a hydrolyzable chloride content of
0.2 percent (10 times higher than the one under a
reduced pressure) and an epoxide content of 21.6 percent.

eOMPARATIVE EXPERIMENT C (solvent present, but no
25 codistillation)

The procedure of Comparative Experiment B was
followed except that the reaction was carried out at
~ 65°C, but no water was remo#ed by codistillation. The
water from the sodium hydrox1de addition and the water
30 of reaction remained in the reaction mixture. The
yield of epichlorohydrin was 92 percent. A sample of
the reaction mixture was washed to remove salt and then
distilled thereby resulting in an epoxidized novolac



5J:conponents and conditions were enployed. 51 grans (0.5 equiv.) of
phepol i ¢ hydroxyl conpound B 231.5 grams (2.5 equiv.) of epichlorohydrin 75
grams cycl ohexanol 38 grams (0.475 equiv.) of 50 percent aqueous sodium
hydr oxi de* 10 The reaction tenperature was 600C and the reaction pre .
was 155 mm Hg (20.7 pKa). The sodi um hydroxi de was added over a peczgﬁzzp 1
hqu\(36oo s) and the reaction continued for'4rr addi tional 15 i nut

(900 s). The product had an epOX|de content of 24.51 percent which
corresponds to anha¥ingaideydrsilymabde T anide Rkt bl @ kipeFeeRt

content of 0.02 pqscgﬁhesT&ganbgmdﬁayauyﬂrggamﬁx&vg¢ 98 percent. EXAMPLE
3:20 I'n a’'manner simlar to Exanple 1, the follow ng conponents

and conditions were enployed. 114 grams (1 equiv.) of phenolic conmpound C
370 granms (4 eqU|§§§ﬂgL__g!chlorchydrln 247 granms of propylene glyco

nethyl et her 25 a

of: 50 percent aqueous sodi u ydrmoa>§<’i:l'l ﬁ?&r%%ﬁﬁrﬁrg{u@% %jgé)%ﬁg
and the reactidn SP@?@@P@%@I@OW@&}W I*GI(EZPHHDII%d 30 absol ute. The
sodlun1hydrOX|de was added over a

51 grams (0.5 equiv.) of phenolic hydroxyl compound B
231.5 grams (2.5 equiv.) of eplchlorohydrln
75 grams cyclohexanol

38 grams (0.475 equiv.) of S50 percent aqueous sodlum
10 hydrox1de

The reaction témperature was 60°C and the
reaction pressure was 155 mm Hg (20.7 pKa). The sodium
hydroxide was added over a period of 1 hour (3600 s)
and the reaction continued for an additional 15 minutes

15 (900 s). The product had an epoxide content of 24.51
percent which corresponds to an equivalent weight of
175 and a hydrolyzable chloride content of 0.02 percent.
The epichlorohydrin yield.was 98 percent.

EXAMPLE 3
20 : In a manner similar to Example 1, the following
components and conditions were employed.

114 grams (1 equiv.)_of'phenolic compound C
370 grams (4 equiv.) of epichlorchydrin

247 grams of propyléne glycol methyl.ether
25 ' (l-methoxy-propanol)

80 grams (1 equiv.) of S0 percent aqueous sodium
hydroxide

The reaction temperature was 65°C and the
reaction pressure was about 160 mm Hg (21.3 kPa)
30 absoclute. The sodium hydroxide was added over a
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-5,- period of one hour (3600 s) and the reaction was continued for an
additional 15 ninutes (900 s). The product had an epoxide content "of 24 &

.percent corresponding to an epoxide equivalent weight 5 of 179 and a

zabl e chloride content of 0.02 percent. The epichlorohydrin yield
ercent. EXAMPLE 4 In a nanner 3|h$|ar to Exanple 1, except wher e =

1 ' f ph d f hl or ohydrin =
(3oTaut ) P Reeiaf G PiEd0 £1.Ra (#rgiueaaL 8t SBLe | orohydrin

80 grans (1 @wuuuduéﬂ)ﬂnrcznnadmnmmmmaboﬂsumlhudesxKGGOThe reaction
tenperature was 70[err]C and the reaction pressure was 190 nm Hg (25.3 kPa) -
absol ute. The sodi um hydroxi de was added over a period of 1 hour 20 (3600
s). The reaction was &he iptedudtrhad andeposhde cententt o€ @400 s). The
pr oduct Wassgioé&%ipi oﬁ&ﬁ&rﬁ‘&iﬁt%eﬂnféﬁ&iéé éea%a@enm welghic

t herefore rans of wat'er was added to t m X ure to
5 of 179 and a hydrolyngle chlorgge Eontent of

percent. The epichlorohydrin yield was 99 percent.

EXAMPLE 4 _
In a manner similar to Example 1, except

where noted, the following components and conditions
10 were employed. '

93 grams (1 equiv.) of phenolic compound D
370 grams (4 equiv.) of epichlorohydrin -

330 grams of propylene glycol methyl ether
: - (1-methoxypropanol)

15 80 grams (1 equiv.) 50 percent agueous sodlum
hydroxlde

The reaction temperature was 70°C and the

reaction pressure'was 190 mm Hg (25.3 kPa) absolute.
Thé sodium hydroxide was added over a period of 1 hour

20 (3600 s). The reaction was continued for an additional
15 minutes (900 s). The product was insoluble, and
precipitated from the reaction mixture; therefore, 330
grams of water was added to the reaction mixture to
facilitate the precipitation thereof and the mixture

25 was cocled to 30°C. The solid was suction filtered,
washed on the filter with water and methanol and then
dried in a vacuum oven thereby producing a white solid
having a softening point of 155°C, an epoxide content
of 26.4 percent corresponding to an epoxide equivalent

30 weight of 163. The hydrolyzable chloride content
was 0.02 percent. The epichlorohydrin yield was 98
percent. '

£



ficilitate the precipitation thereof and the mixture 25 was cooled to
3G[err]C. The solid was_suction filtered, washed on the filter with
agd met hanol and then dried in a vacuum oven thereby producing a whitg
solid having a softening point of 155[err]C, an epoxide content of 2

percent -correspondi ng to an epoxi de: equi val ent. 30 wei ght of 163. ]
hxgpplyzable chl oride content was 0.02 perceﬁé “The epi chl or ohydrin yleld

wasS 98 percent. EXAMPLE 5 4, 4' - Met hyl enedianiline (99.2 g, 0.5 nole),
epi chl or ohydrin A , eq.) and l-nethoxy-2-propanol (92.5 g) were
stirred under at pressure to 5 achieve a conplete solution. The

solution was heated to 80 d@ndt niMetthylankedianhbineeciPer 2t gr e0f.6r mdliedur s

10800 s The r fﬁ?ﬁ t r D
éressure)of 160 = QH% (21 §q§¥§]a sol Ute £¢ ugoﬁé&;g ﬁﬁ#?gﬁgroxpggﬁ%ggl
percent concent r 2o g7 67ers %fle%§e%P?eﬁwét@ﬂﬂéheFéctHéeﬁéaéﬁ

mxture at a gongiciileviedl éaﬁ&fle?cé)eidnﬂtmnl hone éaﬁﬁelah w@ur hea tielde
addi ti on of causti c, the ter. s. re cor ge |nvent|on

By cody ot 11§ ng. oL BOSh AR A e e SRR hof ARG ESEHFBpSAGI
distillate was 1310800darised Tirel tdectiganias phher maeledntonﬁéﬂslﬁnd

returned to under a reduced pressure of 160 mm Hg (21.3 kPa) absolute.
Aqueous sodium hydroxide (50 percent concentra;ion, 176
10 g, 2.2 eq.) was added to the reaction mixture at a
constant rate over a period of 1 hour_(3600 s). During
the addition of caustic, the water was removed in
accordance with the invention by codistilling with egpi-

, chlorohydrin and l-methoxy-2-promanocl. The distillate was
15 condensed and the organic phase was continuously returned to
the reaction mixture. After the addition of caustic was
completed, the reaction mixture was further stirred at

65°C, 160 mm g (21.3 kPa) for ancther 13 minutes. ‘ork-up
of product as in Example 1l gave a product with 34.8
percent epoxide.
20 EXAMPLE 6
In a manner similar to Example 1, the following
components and conditions were employed.

59.3 grams (0.5 equiv.) of cresol-formaldehyde
novolac (phenolic compound E)

25 185 grams (2.0 equiv.) of epichlorohydrin
46 grams l-methoxy-2-propanol

38 grams (0.475 equiv.) of 50 percent aqueous
sodlum hydroxlde

_ The reaction temperature was 65°C and the
30 reaction pressure was 180 mm Hg (24.0 kPa). The sodium
hydroxide was added over a period of 1 hour (3600 s)



e e e T

the reaction mxture. After the addition of caustic was conpleted, the Lt
reactjon mxture was further stirred at 65[err]C, 160 nm Hg (21.3 'kPa) fono
anoiﬁ? 15 mnutes. Work-up of product as in Exanple 1 gave a product with_
34. ’ cent epoxide. 20 EXAMPLE 6 In a manner simlar to Exanple 1, the
foll:u‘ﬂg conponents and-condi tions were,enpl oyed. 59.3 grams (0.5 equiv. ),i_
of cresol -fornal dehyde novol ac (phenolic conpound E) 25 185 grans . -\,
(2.0 equiv.) of epichlorohydrin 46 grans 1-nethoxy-2-propanol 38 grans

(0. 475 equiv. 3pgf erPf ee%naeaﬁeyﬁuéad'fa@ Rd s 48 obag rl%a%llxﬁpces

tenperature was 65 C and reaction pressure was 180 mm Hg (24.0
kPa). The s oﬁ?Qﬁn $iYdr ok ew;-,\ﬁgr aﬂﬁEHeEWeP £a tﬁ@r EERCHLON MEHLUES (TRSS) -
17 - and the f&easdi e sgnllmupdréaﬁtan additional 15 mnutes (900 s). The
wat er content of the reaction mixture was found to be 1.3 percent. The
product had an epoxi'de content of 20.5 5 percent corresponding to an

epoxi de equi val ent wei ghbe opradactintiad hpdepbyidel eonltemt de& @ntSent of

0.02 S percent corresponding to an epoxlde_equlvalent weight
of 210 and a hydrolyzable chloride content of 0.02
percent. The epichlorohydrin yield was 98 percent.

EXAMPLE 7
In a manner similar to Example 1, the following
10 components and conditions were employed.

97.3 grams (1.0 equiv.) of tris(hydroxyphenyl)-
methane (phenolic compound F)

555 grams (6.0 equiv.) of eplchlorohydrln |
139 grams 1-methoxy-2-propanol

15 o 76 grams (0. 95 equiv.) of 50 percent agueous
' sodium hydroxzde.

The reaction temperature was 65°C and the
reaction pressure was 195 mm Hg (26.0 kPa). The sodium
hydroxide was added over a period of 1 hour (3600 s)

20 and the reaction continued for an additional 30 minutes
(1800 s). The water content of the reaction mixture
was found to be 1.9 percent.

The product had an epoxide content of 26.5
. percent corresponding to an epoxide éQﬁivalent weight
25 of 162 and a hydrolyzable chloride content of 0.02
percent. The epichlorochydrin yield was 98 percent.



p%rcent. The epichl orohydrin yield was 98 percent. EXAMPLE 7 In a manner
siplar to Exanple 1, the following 10 conponents and conditions were

erpl oyed. 97.3 grans (1.0 equiv.) of tris(hydroxyphenyl)- nethane (p j“i'ﬁb'j
cbnpound F) 555 grans (6.0 equiv.) of epichlorohydrin 139 granms ’ -

1-net hoxy- 2- propanol 15 76 granms (0895 equiv.) of 50 percent—<%
&@g ous sodi um hydroxi de. The reaction tenperature was 65[err]C and the
reacti on pressure 5 mm Hg (26.0 kPa). The sodium hydroxi de was added
over. a period of 600 s) 20 and the reaction continued for an

addi tional 30 minutes (1800Ir5)a manentseimibatetd Ekambler Baceékoaptii xt ure

was found to be r The p . had Lde n ; .5
per cent corresporjy |enlgeetrg°egénd’ep%% 8@%‘%@ e%%gﬁgﬁtgzgﬁgo%gﬁéﬁegﬁéga
hydr ol yzabl e chl oreéxke empkeyrdof 0. 02 percent. The epichlorohydrin yield
was 98 percent. EXAMPLE 8 In a manner simlar to Exanple 1, except where

noted, the follouigy ComOnET'S Sach oo bt S0k, ML foSRE e polyphenol
(phenolic compound G)
185 grams (2.0 equiv.) of epichlorohydrin
46 grams l-methoxy-2~-propanol ' _
38 grams (0.475 equiv.) of 50 percent aqueous sodium
10 hydroxide

The reaction temperature was 65°C and the
reaction pressure was about 180 mm Hg (24.0 kPa). The
sodium hydroxide was added cver a period of 1 hour
(3600 s) and the reaction continued for an additional

15 30 minutes (1800 s). The product had a softening point
of 85°C with an epoxide content of 15.8 percent and a
hydrolyzable chloride content of 0.02 percent. The
epichlorohydrin yield was 98 percent.

EXAMPLE 9 |

20 In a manner similar to Example 1, except
where noted, the following components and conditions
were employed.

93 grams (i.o'equiv.) of pclycyclopentédiene polyresor-
cinol (phenolic compound H)

25 370 grams (4.0 equiv.) epichlorohydrin
92 grams l-methoxy-2-~propanol
76 grams (0.95 equiv.) of 50 percent aqueous sodium
hydroxide '

The reaction temperature was 65°C and the
30 reaction pressure was about 180 mm Hg (24.0 kPa). The



5 90 -grams (0.5 equiv.) of polycycl opentadiene polyphenof (phenolic Y

compound G 185 grams (2.0 equiv.) of epichlorohydrin 46 grans ’ L

€} hoxy- 2- propanol 38 grans (0.475 equiv.) of 50 percent aqueous sodi um
pydr-oxi de The reaction tenperature rgs 650C and the reaction pressure
€ MBbout 180 nmm Hg (24.0 kPa). The sodi tm hydroxi de was added over a .
period of 1 hour (3600 s) and the reaction continued for an additional 15 ::

opoxi o cont chehih ayaFaRiaE Fha 3aaRe BYE) TR ot cni “Or 002
percent. The €p6CdI ®) oapdr theyrebdting Songinved foExAaw @Al 2nal
In a manner 3@1ﬁf§uEQSE¥§§Bbe s} e&ﬁgpbrWGﬁE% %%H?%.é&f%éﬂi é“%dﬁht

conmponents and_condi tions were énpl oyed .0 equi V.
pol ycycl opent @fii @he FoF)r 880FPOELASI C(’Bﬁéﬁ& i°e€ OlIPt‘F‘é'Q%ntZF:‘m@?O gr ans
(4.0 equig.) kpiedblprabydr tn182igeasdntent! BEX Y- Zrzplymmit 76 THeas (0. 95

f 50 t sodi,um_h oxi de The reaction tenperature was
580C and t he SR LBk RUHERHC I8  ad’ ShoRET RS i o (24 0 kPay - The

]
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EXAMPLES: 10 THROUGH 14 AND COM?ARATIVE EXPERIMENT D -

(Effect of water content in the reaction mixture
on the yield and insoluble polymer.formation)

10 : A series of experiments were conducted in a
manner similar to Example 1 except that the amount of
water in the reaction vessel was varied. The following
components and reaction conditions were employed.

o 104.5 grams (1 equiv.) of phenolic compound A
15 370 grams (4 equiv.) of epichlorchydrin '

92.5 grams of the methyl ether of propylene glycol
(l-methoxy-z-propanol) as a solvent

After stir;ing at room temperature and atmospheric
pressure (101 kPa) to thoroughly mix the components,

20 the temperature was raised to 65°C and the pfesSure was
reduced to a predetermined valué, To the resultant
solution was continuously added 76 grams, 0.95 equi-
valent, of a 50 percent aqueous sodium hydroxide solu~-
tion at a constant rate over a period of two hours

25 (7200 s). During the addition of the sodium hydroxide,
the water was removed by codistilling with epichloro-
hydrin and solvent. The distillate was condensed
thereby forming two distinct phases. The organic phase
(bottem) was continously returned to the reactor.

30 After completion of the sodium hydroxide addition, the
reaction mixture was maintained at a temperature of
65°C for -an additional 30 minutes (1800 s}. A sample



19 - sodium hydr oxi de was added over a period of 1 hour (3600 s) and the
reaction continued for an additional 30 mnutes (1800 s). The product had

a~softening point of 89[err] with an epoxide content of 24.7 perc ndla
5" hydrol yzabl.e chloride content of 0.02 percent. The epichl orohy i eI d
was 98 percent. EXAMPLES 10 THROUGH 14 AND PARATI VE EXPERI MVE

Ef“ ect of water content in the reaction mxture on the yield and |nsol ubIe
p yrrer formation

1 f d d
a manner simlar %5 gﬁgﬁﬁl o Wéﬂlsilesa!??sﬂ%é'pex d m&%ﬁe g u,&ge "

reaction vessel wepichioretlydfhim fydklldwiamg ct:tbxq)crrm o fane actaicin cm.xture

condi tions were I 1 A 15
370 grams (4 equ?\gg) 8& edlg I%re%h@%‘rsls(r?& gram; ﬁ%ﬂ&ﬁm er
propyl ene gl ycol r@ﬁu#@ﬂ-an}Mapr Gﬁaﬁéld)lz@é ROYS LAch tresfiter éiﬁsﬂﬂrﬁfﬁg of r oom
t enperature and gkggg@ﬂghltg Peeasuke foldbweRa) to thoroughly mx the
conponents, 20 the tenperature was raised to 65[err]C and the pressure was
reduced to a predeterm ned value. To the resultant solution was
continuously added 76 grans, 0.95 equi- valent, of a 50 percent aqueous

sodi um hydroxi de solu- tion at a constant rate over a period of two hours



25 (7200 s). During the addition of the sodi um hydroxide, the mater-mas'_.{

renmoved by codistilling with epichloro- hydrin and solvent. The distillategs
“was ~oensed thereby form ng two distinct phases. The organi c phase <

(bot was continously returned to the reactor. 30 After conpletien of

t he m hydroxi de addition, the reacttodlntxture was maintained at a - .

afure of 65[err]C for an additional 30 minutes (1800 s). A sanple <§;}-
20- was taken for analysis of by-products to determ ne the epichlorohydrin
yield and the rest of reaction m xture was washed to renove salt and
subsequently distilled resulting in an epoxidi zed ‘novol ac resin. Results of

5 experinents were as follows: - 21 - [err] -22- At too |low a water
content, ‘epichlorohydrin
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yl eI d is high byt insoluble polymer formation requires filtration in order
to\r,ermve the polyner. At water contents of between 1.5 and 4.0 percent,,
the epichloro- S hydrin yields are 98 percent or above and insolu {7
polyrrer formation is less than 1 percent. A water content of 6 per and
above in the reaction mxture resul ted i n=r @duced epi chl orohydrin yreld and
aF{s_pﬁl ncreased the hydrol yzabl e chloride content of the 10 resultant
product . T -23- CLAIMS 1. A process for preparing a glycidyl deriva-
tive of a corrpound havi ng At Iteastloona avadieat iqortmmﬁpig:zmlqrmyérmati c
am ne group per g qul I Girite p?ﬁ g%% a4t
| east one aromat hy rl%xwggrsgl?&eg%ggrlonml Me roup per cu?% wth -
an excess of at Ié &3& a5 SN Fih SLGRFd 5 FeRaAvRe Hi &% - f rdtn '8 Fol e to
1.2 nol edof an abbﬁ't'enlt%t %'f b)éli&:@erﬂqdfs)ragﬁﬁ@ t &één@roﬁf?élépﬂ&zr'?(ﬁéﬂéy:
group and ar am ne nd su sequen recoverjn yci dy
derivative pro dr&ﬁa?&?ﬁgs %@(? t?% q%oY%eaQ‘ia’ﬁg%#‘ﬁ?}]gt he
presence of polymer formation is lessl chan 1 percent. A water

content of 6 percent and above in the reaction mixture

resulted in reduced epichlorohydrin yield and also

increased the hydrolyzable chloride content of the

10 resultant product. -



to 70[err

NS g

“a primary or secondary al cohol which codistiITTs with 15 water and said = .

epi hal ohydrin at a boiling point belowthe boiling point of the I owest

ng compound anong the conpngﬂn mlmllu:mllinaﬂatlon m xture; -(2) .
ting the reaction at a te duced pressure sufficient
ovide a distillate 20 with a b0|I|ng p0|nt *of from45[err]0C to A

efr]C, (3) enploying said alkali n 3? _hydroxi de as an aqueous sol ut Fesl
and adding said aqueous al kali netal oxi de in a continuous or
intermittent manner over a period of &ramm8.5 to 10 hours; 25 (4)
continuously renoving water by means Of codistillation at a rate such that
the water content &f thé& P@Q@?FénfﬁFxPHPEEFSHGeQSQ@hathlpé?éeﬁa by wei ght
and - - 24 - o] and returning
t he sol vent ané§%p§E ?o%%hngR? hgﬁgﬁ§eaét?%%9§1§ﬁ cslE'JJJQ’L‘@;'c‘?The process as
clainmed in d aymréxy\nhgtehp 0b atbmattachindnel gepapapekembieti0en bp[err] C

k process as clainmed in Caiml or Caim2, wherein the
aqueous a ?aIFeﬁEFéPQhﬁaréﬁﬁﬁé PEea8ABACBYRr havhRei 8l &F2FEORNE to 5 hours

aromatlc hydroxyl group or aromatic amine group per

_molecple with an excess of at least one epihalchydrin
‘in the presence of from 0.8 mole to 1.2 mole of an
alkali metal hydroxide for each mole of aromatic

10 hydroxyl group and aromatic amine hydrogen, and
subsequently réccvering the glyciayl derivafive
product: characterized by '

(1) conducting the reaction in the presence of
a primary or secondary alcohol which codistills Qith

15 water and said epihalohydrin at a boiling point below
the boiling point of the lowest boiling compound among
the components in the reaction mixture;

(2) conducting the reaction at a temperature and
a reduced pressure sufficient £o provide a distillate

20 with a boiling point of frem 45°C t» 80°C;

(3) employing said alkali metal hydroxide as an
aqueous solution and adding said agueous alkali metal
hyd:oxidé in a continuous or intermittent manner over
a period of from 0.5 to 10 hours;

25 (4) continuously removing water by means of
codistillation at a rate such that the water céntent
of the reaction mixture is less than 6 percent by

weight and



4‘_ - A process as ol ai med in any one of the 10 preceding clainms, wherein
.mqﬂer is renoved at-a rate such that .n the reaction

mxture is frrom1.5 percent to 4 percent by weight. 5~ A process as’
cl ai med i-n any one of the preceding cl al cohol is a
. secondaty 15 al cohol . 6. A process aglmmlmwmmlm 3 wher ei n t D
thpndary al cohol is cyclohexanol; |-nethoxy-2- #prspamnol a mxtureg 4
reof. 7. A process as clai med in any one of the 20 preceding cl ars—

wher ei n the conpound having an aromatic hydrox34 group is a phenol,

bi sphenol, a novol ac resi n \ﬁ)ol yvi nyl phenol, or a conpound of the
formula., I, I1, 111, 1V,(% \fepaxating |ghe graven frem deve mad ifdridiptes

8. A process for the preparation of a Ci derivative of a conpound
having at |east one 3% nra?f‘tmmg Z@GHﬁ% %}dod"p? aﬁé’rﬂ

substantially as hergin Efé’r{emfj;?ts&éé bed in any one of Exanpl es 1 to 14. 9.
A glycidyl derivative of a conpound having 05 at |east an aromatic

hydroxyl group or amine g§oup,the process as claimed in Claim 1, wherein
| 05 the reaction temperature is from 55°C to 70‘C.. |

3. A process as claimed in Claim'i or Claim 2,
wherein £he agqueous alkali metal hydr0xide is added
over a ﬁeriod of from 1 to 5 hours.

4. A process as claimed in any one of the

10 preceding claims, wherein water is removed at a rate
such that the water content in the reaction mixture is
from 1.5 percent to 4 percent by'weight.

5. A process as claimed in any one of the
preceding cleims, wherein the alcohol is a secondary

15 alcohol.

6. A process as claimed in Claim 3, wherein the
secondéry alcohol is cyclohexanol, l-methoxy-2-
propanol or a mixture_thereof.

7. A process as claimed in any one of the

20 preceding claims, wherein the compound having an
~aromatic hydrox;l group is a phenol, bisphenol, a
novolac resin, a polyvinyl phencl, or a compound of
the formula, I, II, III, IV, V, VI, VII, VIII, or XIII
as defined herein.
25 . 8. A process for the preparation of a glycidyl

derivative of a compound having at least one aromatic
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producea by a process és cfaiﬁed fn any one—of thé:preceding cl ai ns.
» r\ . o .
o MR A S
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 hydroxyl group or amine group, substantially 'as -
hereinbefore described in any one of Examples 1 to
14. . |
9. A glycidyl derivative of a compound having
05 ét least an #romatic hydroxyl group dF’Emiﬁe'group,'
produced:by-a process as claimed in any omne of tgg

preceding claims.




