2127828 A PROCESS FOR HYDROLYZI NG EPOXY RESI NS The present invemtion
reltes to a process for preparing hydrolyzed epoxy resins. H gh nolecul ar

we t pol yepoxi de resins have been nade nore reactive by blending with a
hy yzed 5 or partially hydrolyzed | ow nol ecul ar wei ght or high.

mol ecul ar wei ght epoxy resin as disclosed by Wl ker. in U S. 3,632, 836.
Hydrol yzed and partially hydrol yzed epoxy resins have been prepared by

di ssol ving the epoxy resin 10 to be hydrolyzed in an inert organic -
solvent, adm xing the resultant solution with a dilute aqugofzzgzzgr on of
an acid catal yst, heating to a tenperature of from50[err] r]C
washing to renove the acid catalyst and distilling the solvent to recover
t he hydrol yzed epoxy 15 resin product. Such process is disclosed by

Wal ker in U S. 3,405,093, US. 3,632,836 and U. S. 3,787,508. Such process
requires the necessity for renoving and recovering |arge quantities of an
organi c -2- solvent therefrom -The present invention not only elimnates
the need for renoving large quantities of organic solvent, but reduces the
time required to reach.the desired | evel of hydrolysis. 05 It is

known to prepare-high_nnlepUIar wei ght epoxy resi'ns containing hydrolyzed
epoxy groups by react hngrolRsN¢cH SN0z AllG CEBBRY CRESTMENT , A | ow

nol ecul ar

The present invention relates to a process
for preparing hydrolyzed epoxy resins.

High molecular weight polyepoxide resins have
been made more reactive by blending with a hydrolyzed
5 or partiall§ hydrolyzed low molecular weight or high.
molecular weight epoxy resin as disclosed by Walker in
U.s. 3,632,836. '

Hydrolyzed and partially'hydrolyzed epoxy

resins have been prepared by'dissolving the epoxy resin

10 to be hydrolyzed in an inert organic solvent, admixing
the resultant solution with a dilute aqueous solution
of an acid catalyst, heating to a temperature of from
50°C to 374°C, washing to remove the acid catalyst and
distilling the solvent to ,recover the hydrolyzed epoxy

15 resin product. Such process is disclosed by walker in
U.S. 3,405,093, U.S. 3,632,836 and U.S. 3,787,508.

Such process requires the necessity for
.removing and recovering large quantities of an organic

8



“wei ght epoxy resin and a pol yhydric al cohol or phenol in the presence of

wat er and a hydrol ysis catalyst and, 10 optionally, a catalyst for reagtion
ef ween the epoxy resin and the pol yhydric conmpound (see WD 82/ 01878 GEES@S
€4340713). The hydrol ysis catalyst can De any suitable acid or base .
catalyst. Wen the pol yhydric conpound is a phenol, the optional catalyst
preferably 15 is a quaternary phosphoni um or anmoni um conmpound. However,
when the polyhydric catalyst is an al cohol,-2he optional catalyst is a
Lewrs acid. Surprisingly, we have now found that epoxy resins can be
hydrol ysed with water in the absence of a 20 pol yhydric phenol and an
organi ¢ solvent by use of a catalyst conprising a dicarboxylic acid and a
phosphoni um conpoBR4VENEhthege FEPAr r B¢ CPFRFRRE akNeHElei 39 etPthedehhaf t er .
-3- The present invention pertains to_a process for hydrol yzi ng. an epoxy
resin by reactinge%édeébﬁgytPﬁsPﬁeﬁﬁFﬂrméf%?vf?ﬁt+%F%%e% Eﬁ%%eiiog
catal yst, char ac-ot er}]%gdsg Vgggdugm__ nlgeé&]eesr etg_ar(‘:etigp ei nd héa. lLaeb ence, Oafct‘:\i 05
pol yhydri c phenol a#a ! ¢ of -~ dn o'?g %ot ent* Ehd

in the presence o i i Nt kgt al yst conprisin 1) at
p E9?i8@E§ké& §e99?2§ka¥y?é%s sptaly mp g (1)

| east one di car box c acid, and one phosphoni um conpound and

10 wherein thesnolar rati 9s0knbdd & $2dpa e THAIR lndiddudl lue Ry QY

-

from3:1 to 10:1, nost preferably from
resins containing hydrolyzed epoxy groups by reacting,

in tne absence of an organic solvent, a low molecu;ar
weight epoxy resin and a polyhydric alcohol or phenol
in the presence of water and a hydrolysis catalyst and,

10 'optionally, a catalyst for reaction between the epoxy
resin and the polyhyd;ic compound (see WO 82/01878 and
US 4340713). Ihe hydrolysis catélyst can be any
suitable acid or base caﬁalyst. when the polyhydric
compound is a phenol, the optional catalyst preferably

15 1is a guaternary phosphonium or ammonium éompound.
However, when the polyhydric catalyst is an alcoﬁol,
the optional catalyst is a Lewis acid. |

Surprisingly, we have now found that epoxy resins

can be hydrolysed with water in the absence of a

20 polyhydric.phenol and an organic'solvgnt by use of a
catalyst comprising a dicarboxylic acid and a
phosphonium compound within a ﬁolar ratio.range as

specified hereinafter.



5:1 to 7:1. Any epoxy resin,preferably a glycidyl ether of a polyhydric
aromatic or aliphatic conpound type can be 15 hydrolyzed by the process of .

t feN\present invention. Such resins are fully described in Handbook of Epoxy-l,
Reis\ hs by Lee and Neville, McGrawHill, 1967. Particu- larly suitable epoxy

A hs whi ch can be hydrol yzed by the process of the present invention
include, for 20 exanple, the glycidyl; ethers of bisphenols and novol ac

resins, Suitable dicarboxylic acids whlch can be enpl oyed herein includef,

t hose haV|ng from2 to 10, preferably from2 to 6, nost preferably fron12‘ /

to 4, 25 carbon atons, such as, for exanple, oxalic acid, malonic acid, -
succini c acid, glutarlc aci d, adeIC acid, pinelic acid, suberic acid,
azel aic acid, sebacic acid, and m xt ur es t her eof . Al'so suitable are the

hydrates of the aforenmentioned acids. Suitable phosphonium catal ysts which
can be enployed with the dicarboxylic acid in the present 5 invention for
hydr ol yzi ng epoxy resinsThncpmesentoangﬁmnmqa pentsand st s Rrdyeserry in

U.S. - 3,948, 855¢ 8% H?gg?ggﬁﬁag Qpbep%x§7%@%%ﬁ 'Fééﬁﬂl 45’5%Hté$%

-phosphoni um cata tr|- nyl hOSphOﬂIum .
chl ori de, ethy¥?$+§h§h§hpﬁé§5ﬁoﬁpuFPEOPQQQﬁ%Qﬁa°§ﬂ4nﬂ%§4 | PRIEPFONI um

i odi de, ethyl tterwéanbypbeaahenun@ ahe! deactdlody it intenbsEaspheni am
di acetate éfthgoiyhggggx Bﬁggggonlgnlacetate acetic of an
organic solvent and in the presence of a catalytic
quantity of a catalyst comprising
(1) at least one dicarboxylic acid, and
(2) at least one phqsphonium compound and .
10 wherein the molar ratio of (1) to (2) is from 1:1 to
20:1, preferably from 3:1 to 10:1, most preferably from
5: 1 to 7:1.

Any epoxy resin, preferably a_glycidyl'ether of
a polyhydric aromatic or aliphatic cbmpound type can be
15 hydrolyzed by the process of the present invention.
Such resins are fully described in Handbook of Epoxv
Resins by Lee and Neville, McGraw-Hill, 1967. Particu-
larly suitable epoxy resins which can be hydrolyzed by
the process of the present invention include, £or

20 example, the glycidyl ethers of bisphenols and novolac
resins.

Suitable dicarboxylic acids which can be
employed herein include those having from 2 to 10,
preferably from 2 to 6, most preferably from 2 to &,
25 carbon atoms, such as, for éXample, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid, pimelic
acid, suberic acid, azelaic acid, sebacic acid, and



aci d conpl ex), tetrabutylphosphonlun1chlor|de tetra- butyl phosphoni um
brom de, tetrabutyl phosphoni umiodide, 15 tetrabutyl phosphonium a te
aqd tetrabutyl phosphoni um di acet at e (tetrablt$t phosphoni um acet at tTc
acid conplex). The total quantity of catal yst varies depend- ing upen the
condltlonsrenpioyed; but is_advantageously fromO0.001 to 0.01, preferably
from0.003 to 0.008 nole 20 ‘of total catalyst per epoxide equival ent

gy ea bot | nodstalredrchertar | ablo i1 Bakiglark! BR! nusakeL) BF can be

yed, but no results are obtarne proc ss of the
present inventi dihe saferementionedt a@bdsat ures of from 500C to 200[err]C,
prefer- 25 ably from110[err]C to 1500C for a period of tinme to reach the

Upon' the dasi red degres oroRbERBES PBSopuPni iR PRy ST SR VPG rogen BE
preferably fromdmnplopéd with thefdieatpokydic3@cid tim Bheepresentn excess
of the theorgt! cAlo QDI Phr 'RYSE01FELhECAphRY. BUGLALY Int1ukes M ed.

The foll owi ng exanp es are | e~ i nvention, are.not to be
construed as to ¢xamplei nghese @t%@bOSEQrEBfPﬁﬁrin}nnﬂh§er ?H@ B3 Qfi-ng

conponents were k@@%ﬁ@@' iR @hg 53 649117%99 CAZAeYST1ArlY Buitamdieght

wei ght sol ution ri- I um_acet ate gceti ¢,aqgi d conplex
i n met hanol . CATRReSER +%mo§ Fﬁiyﬁsgd EEBE for example, ethyltr
: phenylphosphonium chloride, ethyltrlphenylphosphonlum

10 bromide, ethyltriphenylphosphonium iodide, ethyltri-
phenylphosphonium acetate, ethyltriphenylphosphonium
diacetate (ethyltriphenylphosphonium acetate-acetic
acid complex), tetrabutylphosphonium chloride, tetra=-
butylphosphonium bromide, tetrabutylphosphonium iodide,

15 tetrabutylphosphonium acetate and tetrabutylphosphonium
diacetate (tetrabutylphosphonium_acetate-adetic acid
complex). The total quantity of catalyst varies depend-
ing upon the conditions employed, but is adVantageously
from 0.001 to 0.01, preferably from 0.003 to 0.008 mole

20 of total catalyst per epoxide equivalent contained in
the resin or resins to be hydrolyzed. Higher quantities

. can be employed, but no beneficial results are obtained.

The process of the present invention is
conducted at temperatures of from 50°C to 200°C, prefer-
25 ably from 110°C to 150°C for a period of time to reach
the desired degree of hydrolysis. '

The amount of water employed is dependent
upon the desired degree of hydroiysis, but usually from
0 to 100, preferably'from 0 to 30, most preferably from
30 0 to 5 percent in excess of the theoretical amount of
water required for hydrolysis is employed.



. functi

b

10 EPOXY RESIN A is a diglycidyl ether of bisphenol A having an average

epoxi de: equi val ent wei ght (EEW of 241. EPOXY RESIN B is a _

phendQ§E§naldehyde epoxy novol ac resin hadng an average epoxide gJ‘
ity of 3.6 15 and an average EEWof 181. EPOXY RESIN Cis a

- cresol r mal dehyde epoxy novol ac resin having an average epoxi de

functionality of 5.7 and an average EEWof 228. EPOXY RESIN D is a

phenol - f or nal dehyde epox¥ novol ac 20 resin _having an average epoxide :iﬁ._

functionality of 2.2 andThe foilgyingrexgmpies agROAVlgsiimative ¢he . ¥

triglycidyl etﬂ@é Qﬁvéﬁt%ﬂ thEC’é!'e pBeNYb) FR! kuHe thldd st & VELRDe- EEW
of 171. CURI NG A roduct of a polyfunctlonal 25
S Efferelo

car boxylic aC|Hn%nH‘% 55?9§I of-Pa e R Tan ani ne hydr ogen

equi val ent wei ght of 170 conmercial ly avail able from Henkel Cor p. under the.

tradenanme VERSAM D 115. I lal
~ami ne 5 hydrogen equi val'f?r%J %e%g%ﬁg bﬁ?%n%%t%?‘ﬁg vmrliﬁ‘gﬂ o‘vra%aonents vvere

enpl oyed tB evexampleseoati ng performance on cold rolled steel panels using
the resin exanples. COATING FORMILATI ON A-was made up of two parts. Part 1

10 contained the resin_and Part. 2 copntai ned the qurin t.1 and 2
were mxed andCATRWEST A A8ugt VBnWFF-HBtof"e&ﬁé‘th(ﬁ?ﬁ' rS‘G%b gse 32@%%?'?] C. At
the end of onéphenyl phosphonlum acetate acetic ac1d complex in

‘methanol.

CATALYST B is oxalic acid-2H,0.

10 EPOXY RESIN A is a diglycidyl ether of bisphenol A
* having an average epoxide equlvalent weight (EEW) of
241. '

EPOXY RESIN B is a phenol-formaldehyde epoxy novolac
resin having an average epoxide functionality of 3.6
15 and an average EEW of 181.

EPOXY RESIN C is a cresol-formaldehyde epoxy novolac
resin having an average epoxide functionality of 5.7
and an average EEW of 228.

EPOXY RESIN D is a phenol- formaldehyde epoxy novolac
20 resin having an average epoxide functlonallty of 2.2
and an average EEW of 180.

"EPOXY RESIN E is the triglycidyl ether of tris(4-hydroxy-
phenyl )methane having an average EEW of 171.

CURING AGENT A is a reaction product of a polyfunctional
25 carboxylic acid and a polyalkylenepolyamine with an




hour (3600 s), the coating was nade. Part 1 was conposed of 100 par

reS|n 72 parts’ nethyl isobutyl ketone, 37 15 parts of the methyl r of
pylene glycol and 1.7 parts of a urea- for ¥ tehyde resin that i o

percent N. V. in butanol and xylol. Part 2 was conposed of 120 part yleqe.

and 80 parts of curing agent A. Al parts were based on mass. This -

fornuiatlon was used to-coat 20 ‘steel panels and they were allowed to cure

i ent tenper L £ 4 MULATI ON_ B, was
g’up of 100 par sli nﬁéefsh&#rof%g}/ é"ﬁg’%ﬁqﬁet‘%ﬁ/]rﬁhﬁqjﬁ %mﬁrslﬁghfs of
a urea- fornaldehy@@&miﬁhiqrﬁﬂom:ﬁeﬁquﬁQnﬂp Ninder rcles thademameand xyl o
and a st oi chi onet ipRsaMapty 1&f, curing agent B. Al parts were based on
mass. Wien all parts were m xed together, a coating was prepared and
mlwmdtocmeataMnmntammaunefm 7 days (604,800 s). Coat i ngs
nn.aJdELEr gthShe epg 1] ms;Em'ch dalal Py dle( ylendpd iwhi&tﬁﬁtﬁ abFémine
t pei n 5 hanmer was
attached a pad of X%i?é’ %%@é’é’tﬁh% %f&a ‘#‘ne pad was saturated
with nethyl ethyl ketone (NEK) and then rubbed across a coated substrate. A

constant back and forth notiggp i f@ Wé}%\% ‘?%f?\é@‘*‘rgm g& {:ge

hhamrer to apply force on the coatln 2hEnht “2ount s
as one doubl e rub&ve P§tﬁDFP@ﬁﬁQ9<RﬁﬁﬁQﬁm§¥Qann qMd xrtled steedred

-and/ or begins to panedsduednly thee redive Mxaffies .

COATING FORMULATION A was made up of two parts. Part 1

10 contained the resin and Part 2 contained the curing
agent. Part 1 and 2 were mizxed and given an induction
time of one hour (3600 s) at 25°C. At the end of one
hour (3600 s), the coating was made. Partll was composed
of 100 parts resin, 72 parts methyl isobutyl ketone, 37

15 parts of the methyl ether of propylene glycol and 1.7
parts of a urea-formaldehyde resin that is 60 percent
N.V. in butanol and xylol. Part 2 was composed of 120
parts xylene and 80 parts of curing agent A. All parts
were based on mass. This formulation was used to coat

20 - steel panels and they were allowed to cire at ambient
temperature for 7 days (604,800 s).

COATING FORMULATION B was made up of 100 parts resin,
109 parts of methyl ethyl ketone, 1.7 parts of a
urea-formaldehyde resin that is 60 percent N.V. in

25 butanol and xXylol and a stoichiometric amount of curing
agent B. All parts were based on mass. When all parts
were mixed together, a coating was prepared and allowed
to cure at ambient temperature for 7 days (604,800 s).




»

Penci | Hardness This procedure can be found in Paint Testing 15 Manual by
H A ‘Gardner and G G Sward in the 12th edétlon (1962) pages 131 ‘and 132.

One_part was nodified. Wien the coating is broken to the netal surface, ;\J‘
t onstitutes a failure. The results reported here-are a pencil hardness

t oes not break the filmbut the 20 next harder pencil grade does

br film dacial Acetic Acid Spot Test A coating that has bezn aﬁplled._'
to a substrate and cured igdtiatgd Pdkd oFtF&H SLES tg or o
chem cal resistanc Irlégus tiﬁg aC|g# acet%% égng Egsagé nF) ﬁ*:;
pl aced on the c&% Fﬁﬁ@ WG L&HEH- t he coating delan1nates
fromthe substrate, failure has occurred and the tinmer stopped. This tine
.that has been rg % 1ﬂa§§ called tinme to failure for glacial acetic

aci d. - EXAMPLI ressure reactor was charged in order, with

- 700 g (2.902 epoxy equi-vallenttdle dfaldpend raia 2, 14, 18099(()EgQOBamI g)smf
catalyst A, si6. Banfie? b@.sg%‘ft:t@!t@déﬁ ﬁ@aeafaewegs?ﬂr 9160n08nfiBLEY Bl o

catalyst B. The,nolar ratio of catalyst Bto ca

reactor was seaP&dS-purdisd PAG Was Satgerated vikh mﬁﬁth ebhpdi fetese. 9 kPa
" gage pressure) ¢MEKi)t anwmheﬂﬂ&m@@@dﬁ%f@@é%tﬁug§ﬁ'8{:élc an 0.58

7200 s The
Feactor v t helORBRAE PRCR B Forthaoticn 'fE dsef af1bding Shiy
the weight of the hammer to apply force on the coating.
10 A back and forth movement counts as one double rub.
This motion is continued until the coating is mared
and/or begins to be removed by the solvent effect.

Pencil Hardness
_ This procedure can be found in Paint Testing
15 Manual by H. A. Gardner and G. G. Sward in the 12th
edition (1962) pages 131 and 132. One part was modified.
When the coating is broken to the metal surface, that
constitutes a failure. The results reported here are a
pencil hardness that does not break the film but the
20 next harder pencil grade does break film.

Glacial Acetic Acid Spot Test
A coating that has been applied to a substrate
and cured such as cold rolled steél can be tested for
chemical resistance. 'In this test glacial acetic acid
25 (=21 ml) is placed on the coating. A timer is started.
When the coating delaminates from the substrate, failure
has occurred and the timer stopped. This time that has
been recorded is then called time to failure for glacial
acetic acid.




tenmperature naintained at 1900C under a vacuunrfor 1 hour (3600 s). The
resul tant product had 18 percent of the epoxy_ groups hydrolyzed. _15
Coppar ative Experiment A A 2 liter pressuré reactor was charg order,. _
With 700 g (2.902 epoxy equival ents) of epoxy resin A 7.67 g(((&©13 nple)
of catalyst A+12.23 g (0.679 nole) of water. The reactor was ‘seal ed, .
purged 20 "with nitrogen and left with a 20 psig (137.9 kPa gage pressure)
~of=pitrogen. Thexamdients were heated to 132[err]Cin 0.58 hour (2088 s)

and intained ar—tr3o1err] C faor, 1 hour (3600 The reactor was then
heated to 186[err]C and t ztéﬁﬁ@?éﬁﬁﬁ?ﬁﬂﬁ?ﬂ%gﬁﬁﬁP%uwﬁixﬁQﬁF?ﬁguhﬁer

vacuumf 2t5h for oRde¥, hwun:rr]z( 3;%?93)(2 .90 emq*t teafiivaloshies ) hafl qsetln%ial l'y
none o e epoxy _groyps ral yze a iter
pressure react oféﬁgg ghar]'gé'g @ %@rz “@'ﬁaﬂ? ﬁ%f%ﬁﬂ%ﬁ?{l pgs (8% § '
equi val ent s)5 of (6pO3H Bﬁle)r @sﬁ wakerl @B 1g 4 @ %0 (il gyols ) vx %/efFa‘éﬁbIY%tO g
(0.016 rol ) of geat husp, g%roe%% VatiAysSed ah Y wxhwastrogen

and left with a 20 S|g a gage pressure
contents were héaﬁé toT 3459@%ﬁ9r|V4§5ﬁ§ %)W%FH ﬁg ﬁ?ﬁ?ﬂed at

134[err] C for lafd heyt «i%A0ask0 Bie; rast @ Wes gags ﬂilﬁ@éadrép aﬁsrerr] C

d the t t t d at .1630C d
(20529). - The PASEPBRRT pHBRGETIHER S SARS HI3EabrES ok HiE Mol 587 oups

hydr ol yzed.1EXARBuUE 22088 s) and maintained at 135°C for 2 hours (7200
s). The reactor was then heated to 189°C and the
temperature maintained at 190°C under a vacuum for 1
hour (3600 s). The resultant product had 18 percent of
the epoxy groups hydrolyzed.

15 Comparative Experiment A
_ A 2 liter pressure reactor was charged in
ordef; with 700 g (2:902 epoxy equivalents) of epoxy
resin A, 7.67 g (0.013 mole) of catalyst A, 12.23 g
(0.679 mole) of water. The reactor was sealed, purged
20 with nitrogen and left with a 20 psig (137.9 kPa gage
pressure) of nitrogen. The contents were heated to
132°C in 0.58 hour (2088 s) and maintained at 136°C for
‘1 hour (3600 s). The reactor was then heated to 186°C
. and the temperature maintained at 190°C under a vacuum
25 for 0.55 hour (1980 s). The resultant product had
essentially none of the epoxy groups hydrolyzed.

cOmparatlve Experlment B
A 2 liter pressure reactor was charged in
order, w1th 1000 g (4 145 epoxy equivalents) of epoxy
30 resin A, 16.93 g (0.941 mole) of water and 2.0 g (0.016
mole) of catalyst B. The reactor was sealed,'purged
with nitrogen and left with a 20 psig (137.9 kPa gage




A 2 liter pressure reactor was charged in order, with 700 g (3.888 epoxy

eq alents) of epoxy 10 resin B, 1.30 g (0.002 nole) of catalyst ‘A, 9.60

g 33 nole) of water and 2 g (0.016 nol-e-of catalyst B. The nol ar ratlo\;
of alyst Bto catalyst A was 8:1. The reactor was seal ed, purged with
nitrogen and left with a 24 psig (165.5 kPa gage pressure) of ni-tro- 15

gen. The contents were heated to 134[err]C in 0.57 hour (2052 s) arid

mai nt ai ned at 140[err]C for 1.02 hour 5;672 s). The reactor was then heatged .
to 190[ err] C aB@eSRErEImSd: AMFROIRT nt FhR FRtaTED VeFrRcheatedctom f or 0‘5

hour (1800 s). 1ihecrgnubtouth@m&dqudeukﬂiadawmé&ﬁté&néaeaeppz4°grQuﬁs 20 .
hydr ol yzed. Cb |g for 5 éﬁ B wer e %g fron1 & gbove
prepared hydrofy# n3 (ﬁﬁﬁq f acqft &P curing,
t he penci |l harmasgs ans thiuemﬂifarnﬂﬂemalﬁtaymeé mbrbsahanuﬁderaad t he
25 | aci alz ac ci 0 60

fornglatlog B g%ngﬂbﬁgfﬁB t82L%’enc ardﬁeséﬁﬁggpggu gg%ﬁ Bﬁéﬁﬂgouble
rubs were mrehﬁﬁaﬁsgwtlﬁﬂéYglmﬁlo%ﬁéﬁ CRRXY S¥eps chydweiyared.run. For
the pencil hardness test, the values going from30 poorest to best are:

6B, 5B, 4B, 3B_.2B. _B, HB F, H 2H, 3H, 4H, 5H and 6H. Conparative

Experinment C Agééﬂgéép—pressure reactor was .charged in order, wth 431 g
(2. 385 epoxy eqU|vaIentsh.QfBmuén/pnessuﬂb ibaﬁhqr(ﬁhﬁldhabbed oh catal yst

A 6.19°¢g order, with 700 g (3.888 epoxy equivalents) of epoxy

10 resin B, 1. 30 g (0.002 mole) of catalyst A, 9.60 g
(0.533 mole)'of water and 2 g (0.016 mole)'of catalyst
B. The molar ratio of catalyst B to catalyst A was
8:1. The reactor was sealed,'purged with nitrogen and
left with a 24 psig (165.5 kPa gage pressure) of nitro-

15 gen. The contents were heated to 134°C in 0.57 hour
(2052 .s) and maintained at 140°C for 1.02 hour (3672 s).
The reactor was then heated to 190°C and the temperature
maintained at 190°C under a vacuum for 0.5 hour (1800 s).
The resultant product had 12 percent of the epoxy groups

20 hydrolyzed

Coating formulations A and B were prepared
- from the above prepared hydrolyzed epoxy resin B. For
coating formulation A after curing, the pencil hardness
was H, the MEK double rubs were more than 200 and the
- 25 glac1a1 acetic acid spot test requlred 360 seconds.
For coating formulation B after curing, the pencil
hardness was F and the MEK double rubs were more than
200. The glacial acetic acid spot test was not run.
For the peneil hardness test, the values going from
30 poorest to best are: 6B, 5B, 4B, 3B, 2B, B, HB, F, H,
' 2H, 3H, 4H, SH and 6H. |



5 (0.344 nole) of water. The reactor was seal ed, purged with nitrogen and
left with a 20 psig (137.9 kPa gage pressure) .of nitrogen. The confents IR
were heated to 1350C in 0.53 hour (1908 s) and maintained at 139 | C fiar. * -
1 hour (3600 s). The reactor was then heated to 1900C 10 and t !
tenperature mai ntai ned at 190[err] C under a vacuum for 0.52 hour (1872 s).
The resultant product had essentially none of the epoxy groups hydrol yzed.
Cbnggrative ExpercomparBtéveé Ekperipefgsgre reactor. was charged in 15

ord

, Wwith 863 g (4.7/5 epQx gurvalents) of epoxy resin B, 11.6 g (0.644
nol e) of water and 2.76 g.(8. %ZglﬁﬁFe?rSFségﬁaFfﬁ%F e Fg’:f&%‘fv&g%
seal ed, purged mﬁ@ndqrtrggth &8l gef2.3B6hepoXxy¥ pqm@v@ﬂiht%%d&f%f%fﬁy,
ressure) of nitrpgs egC@Rt en e t,e [ our
' ?2160 s))and nain?ggggdgéteiggog-3gfHﬁ&hg§§g83555%?%31¥#§?9%ac ﬁh was t hen
heated to 1908C ahQ-#%& Behpérafuratesi nt ZhRegeactogpas: sGakatbr Rungadium
epoxy oroups hydr el yzea e ABLE S oA D for b aag d oy et e 1°
epox roups r ed. A iter pr
cﬁaréeg i npor dgr 11%%%?,“5%% 8f(§;¥gegsﬁoxy%§ﬁuF9&It€mt§) wEt S &t dh C,
0.81 g (0.001 nol¥35%€ tataLSjSthm#;amog 60. aha n?ﬁﬁ)tadhemwtwa@ﬂ&s?
- (0.009 nol e) of cqat t ' | a : (0]
g was 9:1. 4he regf$%¥f ggg%a?%a, gﬂggggsﬁ%gﬁ %F rgégh b#%%%?ttQJ¥§|é¥20
psig (137.9 kPa @R Bhestemperatunetmajphained at 190°C under a vacuum
for 0.52 hour (1872 s). The resultant product had
essentially none of the epoxy groups hydrolyzed.

Comparative Experiment D _
_ A 2 liter pressure reactor was charged in

15 order, with 863 g (4.775 epoxy equivalents) of epoxy
resin B, 11.6 g (0.644 mole) of water and 2.76 g (0.022
mole) of catalyst B. The reactor was sealed, purged
with nitrogen and left with a 22'psig (151.7 kPa gage
pressure) of nitrogen. The contents were heated to

20 132°C in 0.6 hour (2160 s) and maintained at 133°C for
1 hour (3600 s). The reactor was then heated to 190°C
and the temperature maintained at 192°C under a°*vacuum
for 0.58 hour (2088 s). The resultant preoduct had
essentially none of the epoxy groups hydrolyzed.

25 EXAMPLE 3
| ' A 2 liter pressure reactor was charged in
order, with 485 g (2.126 epoxy equivalents) of epoxy
resin C, 0.81 g (0.001 mole) of catalyst A, 5.61 g
(0.312 mole) of water and 1.10 g (0.009 mole) of catalyst
30 B. The molar ratio of catalyst B to catalyst A was
"~ 9:1. The reactor was sealed, purged with nitrogen and
left with a 20 psig (137.9 kPa gageé pressure) of nitrogen.



The contents were heated to 133[err]Cin 0.72 hour (2592 s) and mai nt ai ned

at 133[err]C f

or 1.5 hour (5400 s). The reactor was then heated to

~

. *

18 ]C and the tenperature maintai ned art?850C under a vacuum for 0.33 \;n

ho (1188
gro hydroly
-order, with 10
(0.003 nole) o

s). The resultant product had 11 percent of the epoxy
zed. EXAMPLE 4 A 2 liter pressure reactor was charged in
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r yzed EXAMPLE 5 liter pressure
ae%)oc%y %P%‘f‘%% l%ﬁf?gy g (3.519 epoxy equi vaI ents) of epoxy

g (0.005 nole) of catalyst’A 22.17 g 25 (1.232 nole) of

"'\\

M%L}rml e) of cata- lyst B. The molar ratio of catalyst

The reactor was seal ed, purged with nitrogen and

psi g (137.% %Pkl E@EcPpeEsyteereartart Wé@eﬁhmg@dcdm ents

dHHEEJIwuﬁhfnéﬁb goys. 56368p5k aequﬁahnb% %3 t@F epae for
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(0.544 mole) of water and 2.8 g (0.022 mole) of catalyst
B. The molar ratio of catalyst B to catalyst A was
7.3:1. The reactor was sealed, purged with nitrogen

- and left with a 20 psig (137.9 kPa gage pressure) of

15

nitrogen. The contents were heated to 134°C in 1 hour
(3600 s) and maintained at 132°C for 1.38 hour (4968 s).
The reactor was then heated to_170°c and the temperature

maintained at 180°C under a vacuum for 0.5 hour (1800 s).

- The resultant product had 11 percent of the epoxy

20

25

groups hydrolyzed.

EXAMPLE 5

- A 2 liter pressure reactor was charged in
order, with 600 g (3.519 epoxy equivalents) of epoxy
resin E, 1.44 g (0.005 mole) of catalyst A, 22.17 g
(1.232 mole). of water and 2.66 g (0.021 mole) of cata-

- lyst B. The molar ratio of catalyst B to catalyst A

30

is 4.2:1. The reactor was sealed, purged with nitrogen’
and left with a 20 psig (137.9 kPa gége pressure) of
nitrogen. The contents were heated to 150°C in 0.6
hour (2160 s) and maintained at 152°C for 1.8 hour
{6480 s). The reactor was then heated to 185°C and the
temperature maintained at 185°C under a vacuum for 0.17



fenperature mai nt ai ned at 185[err] C under a vacuum for 0.17 hour (612
s): ‘The resul tant product had 38 percent of’ the epoxy groups hydrol yzed.

C],_‘AI \V/ ST A process for hydrolyzing an epbky resin by reacting s
(0

Bpoxy resin with.water in the presence of a catalyst wherein the rq
s conducted in the 05 absence of a polyhydric phenol and of an orgs
solgent and in the presence of a catalytlc quantity of a catalyst

PhoSghn o corfaHRs URi: o« ey PR afSRa el ndh s 8TErERS of

20: 1. 10 2. Aun!@nmsxyagranpsrhgﬁrmﬂizedn11 wherein the said nol ar

ratiois from3:1 to 10:1. 3. ‘A process as clained in Caim2, wherein
‘the said nolar ratio.is fromb5:1 to 7:1. 4. A process as clained in any
one of the preceding 15 C ains, -wherein the epoxy resin is selected from
_glycidyl ethers of bisphenols and novol ac resins. 5. A process as clained
-in any one of the preceding C ains, wherein the dicarboxylic acid contains
:2 to 10 carbon atonms. 20 6. A process as clained in daim5, wherein the
‘di carboxylic acid contains 2 to 6 carbon atons. 7. A process as clai ned

‘in daim®6, wherein the



di carboxylic acid contains 2 to 4 carbon atons. 8.

A process as cl ai ned

in Caimb5, wherein the 25 di carboxylic acid i5s setected fromoxalic acid,

mal oni:c aci d,
suberi c g
process

succinic acid, glutaric acid,

azel ai ¢ aci d, ebac'ﬂ"mﬂu es thereof. 9.
s e o N,

Séég aimed in daim8, whe
. process as claimed in any 6ne"of"tHe preceding d ai ns, wher ei Q

adipic acid, pinelic acid,

A

\/g

boxylic acid is oxalic

t he phospkoni um conpound is .sel ected from ethyltriphenyl phosphoni um
chloride, brom de, 35 iodide, acetate and'@racetate, and tetrabutyl -
phosphoni um chl@fA figs. brom de, iodide, acetate and di acetate. 11
process as claimred—n G aim 10, wherein the phosphoni um conpound is
et hyl t ri phenyl phosphbRERFeF Rk RIYANOLY Zing APy deiifed¥ n any one of

the preceding Ofedd@ind,sader&poky heed i alitianiddy of «id Poededse from

0.001 to 0.01

A

'}

<

f t al yst i d i val ent. 13. | :
clainmed in anyrr‘g 2§o$a'f$1€y%1" g@éﬁp% gig%:&e?a%#%ﬁ;?%o&%%qta% g{fng] S?Syagf
catal yst i s03r orbdénde 008 & L 008Iny ehafolcard yaf grerompuxiale _
sSL PLAC EDTq 3y CJ.C}?AO.U ééh@é’yof)onaf‘ éHﬁaIé*]PciFH erérh&ag@f s,

equi val ent. 14.
wherein the reaction Is carrie

10

15

20

25

30

35

N at_ from50[err to 200 [
a catalyst comprising (1) at least one dicarboxylic

acid and (2) at least one phosphonium compound wherein
the molar ratio of (1) to (2) is from 1l:1 to 20:1.

2. A process as claimed in Claim l; wherein the said
molar ratio is from 3:1 to 10:1.

3e A process as claimed in Claim 2, wherein the said
molar ratio is from 5:1 to 7:1. _

4. A process as claimed in any one of the preceding
Claims, wherein the epoxy resin is selected from
glycidyl ethers of bisphenols and novolac resins.

5. A process as claimed in any one of the preceding
Claims, wherein the dicarboxylic acid contains 2 to 10
carbon atoms..

6. A process as claimed in Claim 5, wherein the
dicarboxylic acid contains 2 to 6 carbon atoms.

7. A process as claimed in Claim 6, wherein the
dicarboxylic'acid contains 2 to 4 carbon atoms.

8. A process as claimed in Claim 5, wherein the
dicarbokylic acid is selected from oxalic acid,
malonic acid, succinic acid, glutaric acid, adipic
acid, pimelic acid, suberic acid, azelaic écid,
sebacic acid, and mixtures thereof.

9. A process as claimed in Claim 8, wherein the
dicarboxylic acid is oxalic acid.

10. A process as claimed in any one of the preceding
Claims, wherein the phosphonium compound is selected
from ethyltriphenylphosphonium chloride, bromide,
iodide, acetate and diacetate, and tetrabutyl- |
phosphonium chloride, bromide, iodide, acetate and
diacetate.



45.15.. A.process as clained in CIaLﬂLléL_ﬂDE{EL%ﬁéﬂiﬁreaction is carried
out at from 110C to 150C. 16. A process as. clai T any one of the; .
precedi ng C ai ns, wherein the anoun pater enployed is 0 to 100
imexcess of the theoretical am)untMﬂ I u’u\mml hydrol ysi s. W
process as claimed in Caim16, wher ¢ Ll pf water is 0 %Q 30
percent. 18. A process as clained in Clain11f, wherein said amunt of water
isH-to 5 percent. 25 19. A process as claingd in Caim1l and substantially
as Mescribed in any one of Exanples 1 to 5 féfein. - 20. A hydrol ysed epoxy
resin whenever prepdredAbpracpsecasscaaimedi frdciaimnyopneheteihetpeecedi ng
Clains. . 21 A Coabigraammas LoABobRHPLhSbifly 2 YPRLYZEHo20nEROMN oS N

as claimed in Cai,
diacetate.

12. A process as claimed in any one of the preceding

05 Claims, wherein the total quantity of catalyst is from
0.001 to 0.0l moles of catalyst per epoxide
equivalent.
13. A process as claimed in any one of the preceding

_'Claims. wherein the total quantity of catalyst is from

10 0.003 to 0.008 moles of catalyst per epoxide
equivalent.
14. A process as claimed in any one of the preceding
Claims, wherein the reaction is carried out at from
50°C to 200°C. o

15 15. A process as claimed in Claim 14, wherein the
reaction is carried out at from 110°C to 150°C.
16. A process as claimed in any one of the preceding
Claims, wherein the amount of water employed is 0 to
100 percent in excess of the theoretical amount

20 required for hydrolysis.
17. A process as claimed in Claim 16, wherein said
amount of water is 0 to 30 percent.
18. A process as claimed in Claim 17, wherein said
amount of water is 0 to 5 percent. _

25 19. A process as claimed in Claim 1 and substantially
as described in any one of Examples 1 to 5 herein.
20. A hYdrolysed epoxy resin whenever prepared by a
process as claimed in any one of the preceding Claims..
21. A coating composition comprising a hydrolyzed

30 epoxy resin as claimed in Claim 20.




