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EPOXIDE ADVANCEMENT

ABSTRACT

A process for preparing a sterically stabilized
non aqueous dispersion of a polyepoxide of
epoxy equivalent weight in the range 350 to
infinity, which comprises reacting a sterically
stabilized non-aqueous dispersion of a compound
with at least two epoxy groups with a diol of

formula (1)

HOBOH : (1)

]

in which B is a group of formula (2)

— D (2)

where D is a methylene group or propane-2,2-

diyl.
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This invention relates to a process for

ROl

preparing sterically stabilised diepersions  of
epoxy resin particles in a2 non-polar organic

ligquid ecarrier.

known rrocaesges  for producling non-agqueons

()

dispersiong of epcxy resins  involve gimple
dispersion of the epoxy resin in a non-aqueous
medium in the preasence of A suitable
stabiliser. An example of such a process 1is
1 degoribed  in British Fatent No. 1 458 607.
Commonly  the epoxy resing are prepared by a
procesg  of epoxide advancement. In epoxide
advancement eultable epoxides of low epoxy
equivalent weight are reacted with difunctional
156 materials esuch asz diols and this reaction
results in epoxy resins of higher époxy
equivalent welight. Such a two stage process of
an  advancement step followed by a dispersion
step  is deecribed in U.S. Pat. No. 4,579,887,
20 . In practies, it is found that such a two stage
process is very cumbersome. This ig

particularly so as the higher epoxy equivalent

)
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welght epoxides are commonly highly viscous or
solid at ambient temperatures and  moet be
heated to high temperatures  to allow the
dispersion to be made. The dispersion ebtep
5 then wusually elther comprieses feeding the
conbinuous phase into the hot viscous epoxide
melt or more aommonly pumping the hot  epoxide
inte  the conbinuous phase. We have now found
that it is poseible bto greatly eimplify this

10 former sLage process.

According to the present invention, there

ie provided a process for preparing a
pterically stabiliaed non-ajquecus dieprersion of

a polyepoxide of epoxy equivalent weight in the

15 range ab@ to infinity, which comprises reacting
a sterically stabilised non aquaous diepersion

of a compound with at leagt two WPOXY Broups

with a diel of fermula 1:
HOBOH (1)

in which B is a group of formula (2)

r
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where D i a methylene group or propane- 2,2

diyl.

By polyepoxide is  meant a polymeric
material which is derived in part from an epoxy
functiconal starting material. It will ©be
readily appreciated that the polyepuoxide may be
either epoxy terminated or aromatic hydroxyl
terminated depending o the relative
proportions of the dicl of formula (1) and the
compound with at least two epoxy groups uged in
the procesa. An excess of epoxide will vresult
in a pr&dominéntly epoxy functional polyepoxide

and  an xeese of  diel will result in a

48

[
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predominantly hydroxy functional polyspoxide.

Referring to the diol of formala (1), B is
preferably a group of formmla (2) where D is
propane--2,2-diyl. Dicls of formala (1) are
avallable ocommercially. Thoee where D 1is
propane-2,2-diyl are known as bisphenol A or
diphenylol propane (DFP). Those where D s
methylens are known as biphenol F, or

diphenylel methane (DFPM).

Hinor proportions of the diol of formala (1)
may be replaced by other difunctional compounds
which will react with epoxy groups. Such
difunctional compounds may for example, he
added to improve the physical properties such
as  flexibillty of films or blocks formed from
the compositions by later removal of the

contlmiouns phase.

Examples of this are the improvements 1in
flexibility oltained by the replacement of some

of the dicl with flexibilisers such as adipic

r
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aclid or dimerised fatty acid.

An  example of one class of polyspoxide
which may be prepared by the process of thw

invention are those which _are preparsd by

5 resncting an epoxy novolac compound with a  dial
of formala (1), Epoxy novolacs may be
approximated an 8 phennl novolac resin
containling grovps  cuch  as thoee given in
formils (3).

/N
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An example of a preferred class of polyepexide
which may Dbe prepared by the proceas of the

invention are those of formula (4);

f
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where a 1is A pumber such that the epoxy
equivalent welght ijg in the range 5@ Lo
ipnfinity, and B is a group of formula (2).

Folyepoxides of formala (4) are preparaed by

(9]

reacting a diol of formala (1) with a compound

with two epoxy groups.

One example of a class of compounds  with
two  epoxy groups ugeful in the process of the
1a invention to give digperaions of polvepoxide of

formula (4) are those of formula (5).

(5)

f
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in which n is from 1 to 4. Use of a compound
of formula (5) in the process of the invention
#lves rise to disperstions of formula {(4) in

which A1 is hydroegen or a group of formula (8).

0 (r)

In which n is as defined in formala (5), and Az

ie a gronp of formala (7).

f
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in which n is as defined in formula (£).

furthar examnple of a compound with two epoxy

groupe nseful in the proceseg of the invention

to  give dispersions of polyepoxide of formula

94) is a compound of formala (8).

T -

Upe of a compound of formala (8) 1ls the process

of the invention glves rige to digpersious of

formila 94) in which A1 ie hydrogen or a group

of formala (9).

r
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and A‘;i iz a group of formula (10Q)

An
compounds

Progess

nf polye=

axample
with
of the

poxide

(o)
(€3]
(10)
of a preferred clans of
two epoxy groups useful in  the
invention to give disperelons
of formula 94) are those of

11
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formala (11).

L / \ _,‘,,(;H;T‘(;;L“,Hr,,l.' / \\

OH

L

where D i1s as defined with reference to formula
(2) and big from @ to 2. Using compounds of
formula  (11) glves rime to dispersions of
formula (4) in which Al is hydrogen or a group

of formula (12);

11 -

(11)
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CH O H O \ 7
2 ‘ - o
(a2l \
B h
whers D and b are as defined with reference %o
SR
formala (11}, and in which A® is a group of
formala (13).
(13)
~-CH.CHoH ¢ ) / \ oy O QO D [ }lq(illf'?l,‘-
b ‘ \ A » - ’
(¢} - o O
h
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where D and b are as defined with reference b

Q

formala (11). It will of course be appreciated
that formalas (11), (12) and (13) are idealised

structural formalae.

In practice the epoxy equivalent weight in

o
o)

AP to S, Q0, more particularly 350

260,390 or 358 to 5,000 or 35@ to 15,1@0.

It will be understood by those skilled in
the Art that where the polyepoxlde product is
predominantly aromatic hydroxy terminated it

will have a very large epoxy equivalent weight.

Epoxy novelaecs containing groups of
approximate  formula (3) may be made by the
reagon of a novolac resin whit epichlorochydrin.
epoxy neovolace of this type are commercially
avalilable from Ciba Giegy Chemicals as XFY 3097

or EFN 1138 or from Dow Chemicals as DEN 438,

Referring to the diepoxides of formula (5)n

r

BAD ORIGINAL

L.

5';?
ik

o



10

15

is preferably A. A diepoxide of formula (5) in
which n is 4 is available as ERL 4299 from Ciba

Giegy Chemlecals.

A diepoxide of formula (8) is available as

_ Diepoxide 133 from Degussa Chemicale.

Referring ton  the epoxide (11), D im
prefarably propane~2.2~diyl. Values for b can

he @, 1 or 2 or A fractional value.

The mapoxides of formula (11) are
commereially available and are gupplied as
pixtures with clight impuritiss so that value

for b can ba A frantion.

In particular, b iz @.1.

Examples of epoxidee of Formula (11) which
can  be use=d in the process of this invention
are: Eplkote 828 where D 18 propane~2,2—d1yl
and b is ©@.1 GY 260 or DER 330 or DER 333 where

D is propane 2,2-divl and b is @.1

BAD Uhiuiivie y}
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Epikots 1 a Regletered Trade Mark and
Fpikote resinsg are  available from Shell
Chemicale. GY25 ig available from Ciba-Gilegy,

DER 33% or DER 333 are from Dow Chemicals.

5 It will be understood that all of GLhese
epoxide  functional compounds  are techuical
grade materials subject to minor variations in
structure and in the level of impurities.

The epoxlides  rveacts with the dicol in  a

19 sterical ly stabilised dispersion. The
dispersion e maintained by a steric
stabllising agenkt. A steric stabilieing agent
is a componnd In  which the molecule ie
epgentially  amphipsthic. That 1s, 1t has

15 chain-like part. which associates with the
epoxide Lo be dispersed (thile 1e referred to as
an anchor component) ang another chain-1like
part which asscciates with the ligquid (thie 1is
referred to solvated component).

20 For example, Lhe stabiliser can have an anchor

15 -

!
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component, based on an acrylate polymer.
Guitable acrylabe polymers are homopolymers and
co-polymers of acrylic acld esters (for example
polymethyl methaocrylate rolyethyl
methacrylate, polymethyl acrylate, rolymethyl
methacrylate, oo ebhyl methacrylate pﬁlyethyl
acrylate) and co-polymers of acrylate esters
and acrylic and methacrylie acid., In such co-
polymers,  acryltic acid or methacrylie acid
derived unites make up no more than 12% by
welght  of the co-polymer. There may also he
present  minor proportione of 1taconie acid,
crotonin  acid maleic acir or alkyl esters of

thoge acids.

The molvated component can be a roly CGMIS
alkyl acrylic ester for example poly-2-ethyl
hexyl acrylate, a polyester, for axample poly-

12-hydroxy stearino acid ar a hydroecarbon, for

example polybntadiene or degraded natural

rubber .

Freferably the stabiliser is one whera the

16 -

r
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anchor  component  is a co-polymer of methyl

methacrylate  and acrylic acid or methacrylic

acid. Freferalily the sgtabllliser 1s one where
Lhe solvatern component is daerived from

polybutadione.

The stabilisera can be made by standard
methods. For eaxample, where the anchor
component  1s  an  acrylate polymer and the
polvatad  component is poly -12-hydroxy otearic
acid, the stabiliser can be prepared by co-
polymerieing the reaction product of glycidyl
(methacrylate and poly-12-hydroxysteario acid
and the acrylate monomers. Where the anchor
component  is  an  acrylate polymer and the
golvated component is a hydrocarbon or a poly
Cg.18 alkyl acrylic ester the gtabiliser can be

made by a hydrcgen abetraction reaction.

The ligquld ocarrier for the digpersion 1s  a
non- polar organic llgquid. it can be particular
an aliphatic hydreocarbon. The hydrocarbon can

contain  up to 3% Ly weight of other =solvents

. BAD Ur..... .
b
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for example, aromatic hydrocarbons and esters.

Preferably, bthe liquid carrvier ie a medium
Lo high boiling aliphatic hydrocarhbon
particularly a  hydrocarbon baving a boiling

point in Lhe large 13@° - 350°C.

The process i preferable carrvied ont in
the presence of a base cabalyet, Examplers of
suitable catalysts are alkall metal carbonates

for examples eodium carbonate and pohbassium

carhbonabe, alknli mebal hydroxldes, for
axanple, sodium  hydroxide and potasagium
hydroxide, guaternary ammonium sgalts and

triaryl alkyl phosphonium salte for example,
triphenyl ethyl phosphoniam iodide and

triphenuyl ethyl phosphonium acetate.

Preferably the catalyst 1s triphenyl ethyl

rhosyhonium iodide.

The: ataerically =stabilised non aqueous

diapergion of the compound with at least two

|V
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epoxy groups ma2y b produced by stirring the
compeound  in the non-aqueons mediam  in the
presence of the stablliser.
s
The process may be carried out by slowly
adding the dicl of formala 91) to a2 preformed
sterically shtabiliged dispersion of the
compound  with abt least btwo epoxy groups At  a
suitable temperature so a8  to case the

components Lo react.

Freferably the procees may be carried ont
by Flrstly mixing the diol of formnalsa 31) with
the cocompound with twe epoxy groupes and  any
natalyet for the reaction, subsequently forming
a non agueons dispersion of the mixture in  the
presence of a sterio eglabillser and  finally
heating the dispersion to canse the componenta

to react,

The reactiion mayv be  convenlently carried

) ™
out at tempersatnres belween 1200° and 250°C.
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Generally the  components are  heated  for

betwasan one and four honrs.

Certain dinperaions of polyepoxides
produced  acoording to the process are novel,
Ancordingly, Lhe  invention also provides a
gterically stabilised non-agueons dispersion of
a  polyepoxide as previonsly defined where the
dispersion lo maintained by a sterle etabiliser
In which the ocolvated component isg derived  fro

polybutadiene.

It has been fonnd that filmes cast upon
metal gubstrates from dispersions in which such
a preferred ctabillser is used and which are
pubeequently dried by heating exhibit  improved

adhesion to the substrate.

Preforably these dicpersions have a  sasolide

content of at least 60%.

the d;speruion produced by the procesgs may be

S
<]
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appliec by  etandard methods (A sniltable

gubstrates.

The present  invention aleo  provides a
coating procesge which compriees applying a film
of a dlepereion ag degeribad above and removing

the continucus phass by svaporation.

Examplex  of suaitable application methods
include wopraying, brushing dipping or roller

coating.

After application the continuous phase 1is
conveniently removed by heating to between 192°

and 200°C. for between 1 and 1@ minutes.

The present invention also provides a
coated article which has been coated according

to the above coating process.
The dirpersions produced by the process of

this invention can be formulated bLy etandard

methods g0 ag to produce eoating compositions.

21
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They Bl particularly suitable for can

coatings .

The {onllowing Examples  1llustrate the

invention,

EXAMFLES
EXAMPLE 1

1,1 Foly- 12 hydroxyetearic acld

A mixture of 12-hydroxystearic acld (847 .61
g), tolnens: (153.69 g), and methane sulphonic
acrid (1.79 g) wvan heated to between 149° 150°C.
Water war  removed aseobropleally  and wae
replane Juring ites removal by an equal voluame
of toluens. Waber removal was continued from 6
te 7 hours until the acid value was between 32
and 34 mg g 1

The product obtained was a solution of
poly-12- hydroxystearie acid in  toluene of

golide Content 81%.



1.2 Foly 12 hydroxystearic -Acid: (Rlycidyl

Methacrylate Adduct

A mixture was made up of the following

reagents:

b e e e e e e e o

poly~12 hydroxystearic actd
sgolution 565.19 g

(81% in toluene)
Hydvosol 136-1609C; «O6% 21.29 g

14 glycidylmethacrylate H1.63 g
Armeen DHOD 1.92 g
hydroguinene .67 &
Hydresol 130 160°C; 5% 359.30 g

15 Armeen DHOD i dimethyl "coconut fatty amine™)

(Hydrosol 130°-16@°C.  «<5% 1ie an  aliphatic
hydrocarbon mixture containing lees than 5% of
aromatic hydrocarbon avallable from

Hydricarburec St.Denis, France).

23

BAD ORitay i,
bm



The mixbure as described above was heated
to  reflux (1407 168°C.) for 6 hours until an
acid value of 1 m& g I gaa obtained. Further

amounts (.67 & each) of Armeen PMCD were added

5 tn the refluxing mixtuve after 3 and 4 hours of
raflux. Tha product was & golution of adduct
of HB% eolido content.

1.3 Fualy tZ'hydroxystearlc Acid baesed
Dispersant

163 The folleuing mixture nf reagents was made

np:
methyl methacrylate 1990.90 &
acrylia acid 160,080 g
16 azodiisobutyronitrile 3.96 g

poly 12-hydrexysteario acid -

glycidyl muthacrylate adduct 395.990 @

The reaction mixture asg degoribed above was

29 added over 2 hours to a mixture of butyl

BAD ORIGipy, ...
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acetate (133.37 g) and ebthyl acetate (266.72 g)
at  reflux temperature.  When the addition had

been completed, heating wag continued.

After 30 minatas ) portion of
5 azaodiigobubyronitrile slorry in ethyl acetate

(1 g in 1.5 g) was added to the reaction
mixtare. After a further 3@ minutes another
portion of  azodilsobubyronitrile slurry in
ethyl acctale (1 g in 1.5 @) was added.

14 Following Lhe  addition of  the geonond
pértion of azodiisobutyronitrile, part of the‘
galvent (140 g) was rumoved by disbillation and
replaced by Hydrosol 1307 1607°C. < 5% (144 &),
A further portion (1480 g) of anlvent was

15 removed by  distillation  and replaced by &
further portlon (140 g) of Hydrosol 130°

16870, <5%.

1.4 Epoxide Diol Reachlon
A mixture of epoxide GY258 (343.35 g).
20 diphenylol propane (201.23 g), triphenyl ethyl

phosphoninm  lcdide (1.9 g) and dispereant

n
[#3]
)

{
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preparved  as described in paragraph 1.3 above
(136.41 g) in high boiling aliphatic eolvent
b.p. 2709 313°C.  (317.92 g) was heated with
etirring. The tehperaturm of the reaction
mixture wss maintzined at between 172°- 180°0.
for 2 hours. The mixtare was allowed to  cool
to  produce & dispersion having a 69% solids
content,  of particle gize @.0 n, viescosity of

Q.87 Pas and epoxy equlvalent weight of 6,200,

EXAMPLE 2

2.1 FPoly-2-Ethylhaxyl Acrylate

A mirxture of ethyl acebtate (297.92 g), 2-
ethylhexyl acrylate (198.6@2 g) and
azodilsobutyronitrile  (1.99 g) were mixed and
heated Lo reflux temperature. After 15 minutes

at reflux temperature s further mixture of 2-

ethylhexyl acrylate (496.52 g) and
azodiisvbutyronitrile (4.97 g) WAL added
dropuise over 1.5 hour, Heabing under reflux

was <onbinued  for a forther 1 houar and  the

g ]
o

Foo
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product  was  dilobed with ethyl acetate Yo
produce A solution of poly-2-ethylhexyl
acrylate in ethyl ncetate having a B5% solides

content snd viecosity of $.9-1.1 FPas.

2.2 Foly- 2-Ethylhexyl Acrylate: Methyl

Methoorylate: Acvylle Acld Diepereant

Chargs.

Foly-2-wthylhexyl acrylice 283.00 g
(7@% in elhyl acetate)

Ethyl acetate 85.08 g
Bensovl peroxide 2.66 g
Charges. &

Methyl methacrylate 188.13 ¢
Acrylic acid 9.91 g
Benzoyl peroxide : 7.96 g

Chargs 1 wag made up and heated to reflux
temperature for 9.5 hours. Charge 2 was then

added at reflax temperature to charge 1 over

—
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1.5 hours. The product

first to B@% eolide

acetats  (B2.83 g) and

additicon of o farther

ace b,

athyl

was  conbinuaed and

the

addition of a further portlon of ethyl

(r8.65 g).

Heating at reflux

and L portions

ethy lhexanoats (83,99

Heating
after

rolutlon vas dilubed to 45% solids by

temperature was

g)

so obtained was

by  addltion of

then to 5% sollds

portion (132.09 g)

at reflax

a further @.25

of t-butyl

wera  added to

reaction mixture after @.5 hourly intervals.

The  reaction
furthey

Heating at

mixture was
portion of ethyl acetate

reflux temperate was continued

diluted with

(11@.81

diluated

ebthyl

by

of

temperabure
houre
the

acetate

continued
rer-2-

the

A

g).

for

®.5 hourg and a third portion of t-butyl per-2-

athylhexannate (@, 99

reaction mixture.

from =thyl acetate to a white apirit and

acetates

- 28

g)

was added to

mixture by dictilling off portions

f
t

the
The solvent wag then changed

ethyl

of

BAD ORIGINAL tﬂ\



athy) noebnte and  replacing the volume

distilled with an elqal colume of white spirit.

The stabiliser so produced can be uged in

the method  of  Example 1.4 to prepare a

H dispersion of epoxy resin.
EXAUPLE 3
3.1 Polybutadiene Methyl Methacrylate/Acrylic
Acid Dispersant
19 Charsge 1
Toluene Hh93.08 g
Folybutadiene (Lithene N4 L09@) 1989.47 g
Chargs. 2
Methyl methacrylate 189.650 g
15 Acrylic Acid .97 g
Penzoyl peroxide 5.32 g
( "Lithene  1s a Trademark of Revertex)
Charge 2 was added cver 1.5 hours to Charge
28 1 while Charge 1 wase held at reflux

jgh
3

r
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tomperabare. Healblog was  continned  for

further 1.5 honrs and hwo porbtions (1.33 g)
t-butyl percoctoate were added one each
twe @5 hour  intervals, The solution

allowed Lo cool produced a clear solution

resin having 9 viscosity of 74 poise.

A

of

after

if
of

Thes golvent was bthen changed by porhionwise

distillation of toluene and addltion of white
apirit, bto glve a solvent mixture having equal
proportions of toluene and white splrit.

The etabilliser so produced can bhe uged In
Lhe mebhod  of  Bxample 1.4 to  prepare a
dispersion of epoxy resin.

EXAMPLE 4

4.1 Polybutadiene Methyl
Methanrylate/Methacrylic Acid Dispersant

Charege )

Toluene 396 .14

Folybutadiens (Lithen= N4 5@ ) 199.74

o am NRIGINAL ;a»



White Spirit 197.74

Charge. 2

Methyl Methacrylate 187.74
Methacrylic acid 11.98
] Lucidel F 25 (Benzoyl peroxide 5.33

containing 25%
water)
Trigonox 21B 78 (tert butyl per 1.33

-2.ethyl hexancate)

ARG - . S — [
Charge 2 was added over 1.5 hours to charge
1 at 1299 125°C ., reflux temperature. After a
further @.5 hours the Trigonox was added, and
heating wasn continued for a further hour.
15 golvent. (99.1 parts) was removed by distillation

and  replaced by an equal volume of white

spirit.

The product was opalescent with a vigcosity
of @.0 to 1.6 Fas and a measured solid  content

20 of 37%.

ar - !
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4.7 Fpozide Dispersion

Liquid FEpexy (GY 2581 from Ciba  Chemicals:
A72.6 parte), diphenylol propane (DPP) (218,31
parts), triphenol e=thyl phosphonium iodide
(1.19 parts), dispersant from Example 4.1
(147.98 parta), and Hydrosaol PW2H
(predominantly aliphatic solvent from
Hydrocarbures St Denis France: 188.58 parts)
ware charged to a flask fitted with a separator
and heated with ebtirring to 16P9C. There was an
initlal exotherm bo 18@°-199%C, and the mixture
Hag then maintained at  179°C-175%C. The
mixbure was maivtalned at 17@9 -175°C, and after
55 minuben furether Hydrosol PW2H (71.43 parte)

v . . (&)
was added. The mirxtore was mainbtained al 1747

17690, for 1 hour and then allewed to cool to
room  temperature, The cooled mixture wan
filtered through a 56O micron nylon mesh. The

epoxy equivalent weight was 6467 and the
diespersion had a viscosity of 8.18 Pas seconds,

and a so0lid content of 656%.

I
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EXAMFLES 5 TO 9

Dispersions were made by the method of
Example 4.2 replacing bthe Hydroso)l FW2H non
agueons  oarrier  with  various  other organic
ligquides. These Jiaquide bogether with tha
characteristics of the dispersions obtained are
shown in Table 1 below (“Hydrosol  solvents are
available from Hydrocarbures St. Denis, France,
"Exxsanl”  “Isopar’ and © Norpar® solvents are

available from Exxon Chemicales)

33
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TABLE 1

SOLVENT_VARIANTS

BAD ORIGINAL @

DISPERSION
CARRIER BP | NON -
EX.  LIQUID Oc, TYPE VOL. Fas EEW
4.2 Hydrocol 278 57% Alkanes . 60% @2.18 6467
FWZH J1e 4% Cyclo
Alkane
3% Aromatic
B Exixeol 2483 Dearcomatised 60% @7.24 6331
240 270 270
& Exxeol 280 Dearomatised 667% .30 6738
D z28p. 216 3y
7 Isopar M 205 - Isoparaffin 66% @?. 11 6712
255
g Isopar V 278~ Isoparaflfin 65% #7.35 6916
a6
9 Norpar 106 262~ Linear 65% @.115 6764
277 paraffin
34 -



EXAWPLES 1420

Dispersions were made according to the
method of Example 4.2 but replacing the GY250
13quid epoxy with various other epoxy

5 funetlonal  compounds, with the reflacement of
the DFP dinl with gseveral different diol
compounds, and wlth slight variatione in lodide
catalyet, dispersant, and solvent velghte.
These are listed in Table 2 together with the

10 properties of the resulting dispersions.

In Table 2:

ERL 4299 1= a compound approximated by
formula (b)) of epoxy equivalent welght 202,
available from Ciba Gelgy Chemicals.

L& XPY 206 ts a Compound approximated by
formula (11) in which Diis methylene, of epoxy
equivalent weight 156 g from Ciba Geigy.

XPY 207 is an epoxy novolae resin of epoxy
equivalent weight 178 g from Ciba Geigy

20 Chemicals.

EFN1139 is an epoxy novoelac resgin of epoxy

equivalent waight 136 g from Ciba Geligy

{

N
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Chemicals.

DEN 438 is an cpoxy nbvolac resin of epoxy
equivalent weight 155 g from Dow Chemicals.

DER 33@ is a compound approximated by
formula (11) of epoxy equivalent weight 174 g
from Dew Chemicals.

DER 233 is an epoxide functional compound
of approximate formula (11) of epoxy equivalent
weight 185 g avallable from Dow Chemicale, and
which already contains a catalyst belleved to
he triphenyl =thyl phosphonium acetate,

Degussa Diepoxide 133 1is a diepoxide
compéund of formula (8) from Degussa Chemicals
of epoxy equivalent weight 133,

DPM  im dipehnylol methane, a dinl of
formula 91) in which D is methylene.

LMB 4337 iwx crude DFM from Ciba gelgy.

DFF  ie diphenylol propane, a diol of
formula (1) in which D is a 2,2-propylene

group.

36
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TABLE 2 -

- DISPERSANT SOLVT NVC

EPOXY DIOL CAT. WT PWZH VIS-
EX. (WT) (WT) WT TPEPI (WTS) CO EEW
19 GY 25@ DEY 117 G 154.38 g 184.78+ 65% 6887
(388.57 g) (CIBA) 71.42 ©.24
199.68 g
11 ERL 4299 DFF 1.11 g 138.27 g 194.42 + 656% 4122
(EEW 202) 2¢13.98 g 71.6 @.152
300 .68 g . FPas
12 XPY 306 DFF 1.2 g 1590.141 g 181.256 + 65% 6941
a61,60 g 236.10 g @.20
71.4 g Pas
13 XPY 3637 DEP 1.193 g 148 g 188.59 + 65% 4996
372.6 g 218.31 g .24
71.4 g PFas
14 EEFN 1139 DFP 1.19 g 148 g 188.69 + 65% 4679
372.5 g 218.3 g 71.4 g ©.192

Pag
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15 DEN 438 DEPR 1.19 g 148 g 188,59 1 BOHY 53186

372.5 & 218.3 & 71.49 g ©¥.192
. FPae
16 DER 334 DEP 1.19 g 148 & 188.59 + B5% 5020
372.5 g 218. & T1.4 ?.33
Pas
17 DER 338 oPe 1.19 g 148 g 188.59 + 65% 7988
365.55 g 226.26 € 71.4 8 ©.25
Pas
1 DER 233 DEY 1.12 & 148 g 188.59 1+ 65% 3772
372.5 @ 216.3 ¢ 71.4 g .32
Pas
19 Degussa ore 1.20 8 169.36 g 164 .45 + 62% 2616
Diepoxide 749 .85 g 197.16 @.23
133 Fas
397.93 g
23 XFY 306 g 1.16 g 166.89 176.79 + B65% 55665
a68.0 (LMB 433T) : 71.4 8 ©.@7
2156.8 Pas

e T T e e T T

38
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EXAMPLES 21 TO 31

Dispersions with various ratios of epoxy
compound to diol compound

Various epoxy dispersions were made hy the

5 process of Example 1.4 ueing the following

ingrediaents:

GY20 epoxy 4 Diphenyloelpropane

(DFF) diel 544.56 g

1@  TFEFI Catalyst 1.079 g
FHSA dispersant from Example 1.3 136.41 g
Hydrosoel FW2H Solvent 317.94 g

(3Y258 is from Ciba Chemicals)
15 (TPEPI is triphenyl ethyl phosphonium fodide)
The total weight of epoxy and diol compound
was kepl conegtant while varyving the ratio
betwaan the two. The ratios used and the

propertiss  of the digpersions obtained Aare

20 given in Table 3 below:

’
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TABLE 3

Ratlos of Epoxy. to_diol

NVC
To_give 544.56 g Theoretloal EEW Viaco
EX. WT GYZ50 WT DFP EEW Found Pas

21 427.29 122.26 4509 55@ 62
.07

22 378,90 165.66 915 1182 60
D.972
Pas

23 355,68 188 .98 2060 2663 6%
?.972
Far

24 343.71 194.85 2000 3660 B019%
2.972
Far

25 346.57 197.99 4000 4673 6@%
7.972
Fas

26 344,63 199,95 5000 5482 60%
9.972
FPas

43 -
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31

342,35
342,43
340,78
338.87
326.95

211,23 Al 6194 641%
Q.972
Pas
202,15 TG0 65T 6%
3.n72
Fas
Z@3.79 12000 aL78 601%
3.972
Fas
285.71 20000 1157¢ 60%
2.ar2
Farm
207 .64 INFINITY 14941 60%,
h.072
Fas
41
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EXAMPLE 32 TO 42

Ratics of Epoxy Compound Lo Dinl Compound
32.1 to 42.1 Polybutadliene Dlsparsant

Methyl methacrylabe (187.56 parts),
mebhacry Lic acld (11.97 parte) and Lunidel P25
(5.23 partsg) were added to a mixture of Lithene
N 450@  (199.47 parts) and toluene (593.17
parte) ab reflux over 1.5 houre. The mixture
was  held at reflux for @.5 honre and  Trigonox
21B TP (1.33 parts) vas ndded. The mixbare wae
heated for @.5 hours and more Trigonox 21B 70
(1.33 parte) was added. The mixture Wi held
at reflux for a further @.5 hourc and  nabont
half the toluene was removed by digtillation
and  replaced by white epirit. The resulting
product had = ﬁ?ljd conbent of  40% and a2

vigens ity of approximately 190 Fas.

32 to 42 Epoxy Dispersions
Epoxy digpersions were made  uelng the

method of 4.2 and the following ingredlente:

AN Palallally Al

A



QY254 epoxy 1+ diphenyl propane 59791

TFEPI Catalyst 1.19
Folybutadlene dispereant 147 .98

from BExample 32.1 to 42.1
Hydrosol PW2H solvent, 182.59 +

71.43

The botal welght of epoxy compound and diol
componnd  was  kept  congtant and  the ratio
hetween Lthe btuo wee varied the varions welghts
of  bthese  togebther with properties  of the

diseerolons obbtained nre chown in Table 4.

43
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TAELE ¢4

Ratios _of Evoxy to Diol

NVC
To.give 092,81 Theoretical REW Visco

EX. WT GYZ56@ WT DPP EEW Found Pas
32 411.028 179.73 915 1145 65%
7n.224

Pas
33 3856.78 205 .93 2060 2643 65%
2.223

Fas

34 379.42 211.39 30O 4173 65%
?.223

Pas
36 376 .2 214.81 ilalaly 5065 65%
7.253

Fas

38 373.94 216.91 5000 5917 65%
7.235

Pas

14
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42

372,50

371.60

374,76

369.71

367 .62

3656.56

218,

219.

jav

31

31

A%

BOBA

5%

alulal

17000

INFTNITY

45 -

7184 65%

B4 65%

Fas
7953 60L%
722

Pas

Q9
3
o]
J

B85%
@.186
Par
11348 65%
?.1562

Fas
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EXAMFLE 43

Dispersion Ueing zn Acid Free Dispersant
43.1 The Dispersant

Methylmethacrylate (Y77.47 parts) and

U’A

Lucidel P25 (4.73 parts) were added to a
mixture of Lithene N4 00@@ (221.54 parts) and
toluens  (H93.85 parte) at reflux temperature
over 1.0 hours. The mixture was held at reflux
temperatare for a  further 3@ minutes and
14 trigonox  Z2UIB7T@  (1.18 parts) was added. The
mixture was held at reflux ratio @.5 houre and
more  trigonox  21B7@ (1.18 parts) was added.
The mixture was held at reflux temperature for
a further @.5 hcours and half of the t,olu‘ene was
10 then removed by distillation and replaced by
white apirit (296 parts). The resulting
disperrant waz Jelly 1like and had a solid

Content of 37%.
43.2 epoxy diepersion
20 GY268 1iquid epoxy (372.5 parts), DPF  diol

(218.200 partan), triphenyl ethyl phosphonium

jodide wcatalyst 91.19 parts), dispersant from

46
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example  43.1 (147.99 parts) and Hydrosol PW2H
seolvent (18R .59 parte) ﬁere heaﬁed to  162°C.
with stirring. The temperature rose by
suotlisrm to 176°9-1665™0C. ., and the time at  which
b it reached 178°C. was taken as time @.55
minutes after this time Hydrosol FW2H (71.43
parts) was added. The mixture was held at
170°C,  for a further 1 hour and 5 minutes and
allewed to  cool. The product was a milky
1@ dispersimn with a seolide content of 658%, a
vizconity of ©.25 Fas, and an epoxy equivalent

welght of HAE,

EXAMPLE 44
Dispersions of Non epoxy Functional Folymer
15 GY 208 1liquid epoxy (343.26 parvteg), DFP
diol (397.58 parets), TPEPI Catalyet (1.31
parts), the dispersant from example 4.1 (122.3
rarts) and Hydresol PW  2H solvent (225.63
parts) were heated Lo 160°C, with stirring.
20 The heat wae removed and the temperature of the
mixture conbinue to rise to 179°C., and the

time at whioh it reache 172°C was taken as time
47
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sero.  The tepperatare of the mixbure continued
s (8] )
tey rise to 1809 1ap”'c. amd when the tempzrature

had rceaced to rise the mixture was maintained

at  L7eY-78YC. After one hour ‘the — epoxy
h seprivalent in weight of the mixture was
L@y, 2190, and after two hours the epoxy

equivalent weight was 211.A00. After two honre
the mixture was cooled and filtersd through A
A microns Nylob mesh . the sooled mixture had

12 0% solid content and a viacopity of @.6 Fas.

EXAMPLE 40

GY 250 liguid epoxy  (3798.32  partsl.
diphenylal propane (27@.83  parts), triphenyl
sthyl rhosphonium iudidc catalyst (1.31 parts),

15 the dispersant fvom axample 4.1 (122.11 parts)
and Hydrosol IW 2H aolvent (226.73 parts) were
heated  to 1ep°0,. with stirvring. The heat was
removed  and  the temporatuve of  the mixture
Continue te rvise to 1707¢ ., and the time at

which 1t reached 1790, wan taken as time zZero.

o]
=2

The tempsrature of the mixbture crentinued  to

rise to rep”-1a@c, and when the temperature

i

N
BAD ORIGINAL C”,»



10

had eased Lo rige bthe mixbture was maintained at
17917070, After  one  hour the  epoXy
pquivalent in waight of Lhe mixture was 34,890,
and after tuwo heurs the epoxy equivalent weight

was  T6.423. After two hours the mixture was

e

cocled and filtered through a 5@ microns Ny lon
meal. The ecooled mixture had  a 7¢%  solid

content and a viscosity of @».6 Fas.

EXAMPLE 46

GY 2513 liguid epoxy (2600.62
parte),diphenylel propane (333.16 parts),
triphenyl ethyl phogphonium  iodide catalyst
(1.3® parta), the diepersant from example 4.1
(147.7% parts) and Hydrosol - PW  2H solvent
(188.69 parke) were heated to 1669C.  with
stirring. The healt was removed and the
temperature of  the mixtare conbtinune to  rise
17°C ., and the time at which 1t reached 170°C.
was taken as time zero. The temperature of the
mixture conblpoed Lo rise to 182°-199°C.  and

when bthe  tLemperatuare had ceased to rise the

mixbure was maintaiped at 179°-175°¢C. After
49 -
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one houir the epoxy equivalent in weight of the
mixtore was 141,000, and after two hours the
epoxy equlvalent weight was 197.925. After two
hours  Lthe mixtuare was cooled and filtered
Lhro&gh a 50 microne Nylon mesh. The cooled
mixture wag very thick at 79% thus a part wan

dilubed bte 65% solides giving .29 Pas.

EXAHFLE 47

Fproxide Disperesilon

Liquid Epoxy (GY 208 from Ciba Chemicals:
A74.65 partg), diphenylol propane (141.78
parts), adipie acid (49.83 parts) triphenyl
athyl rhosphonium fodide (1.19 parts),
dispersant from Example 4.1 9148.84 parte)., and
Hydresol PWZH (predominantly aliphatic solvent
from Hydrocarburss 8t Denis  France: 177.36
parts) were charged to a flask fitted with a
separator  and heated with stirring to 16270,
There was an intial exobtherm to 180°-199°C. and
the mixlure was then maintained at  179% 175°C,
The mixture was maintained at 178°-175°C.  and

after 55 minutes further Hydrosol PW2H (147 .15
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partes) woo added.  The mixture was maintained

at 1739 1759C for U hour and then allowed to

ecool  to room Lemperature.  The cooled mixture
wan filtered through a 5@ micron nylon

dispereion had  a viecogity of ©.3 Fas  and a

polid content of 62.59%.

EXAUFLE 48

EPOXIDE DISFERSION

Ligquid epoxy (GY 260 from Ciba Chemicals:
J16.81 parte), diprhenylol propane (168.46
parts), dimericoed fatty acid (Tripol 1213  from
Unichem), Qaq., 77 parvta) triphenyl ethyl
phogphonium  icdide  (1.01 parts), dispersant
from Example 4.1 (125.92 parts), and Hydrosol
FH2H  (predominantly aliphatie solvent from
Hydrocarbures St Denia France: 169.20 parts)
were charged to a flask fitted with a separator
and  heated with shirring to 160°C.  There was
an  initial exotherm to 18@°-192°C. snd the
mixture was then maintalned atb 179°-175“C.  The
ﬁixture wag maintained at 170°-175°C, and after

55 minutes was maintained at 179°-175°C. for 3%

(9]
—
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minutes Hydrosol PH2H (73.78 parts) was added
and the mixbure was held at 1797 to 1765°C.  for
A3 mimabes. Hydrosol PW2H (41.66 parte) was

added  and bhe mixture was allowed to cool  to

room  bemperatare, The Cooled mixtare was
filtered through 2 5@ mnlcron nylon mesh. The
epoxy equivalent welght was 6170 and the

dispersion had a viscosity of .17 Pag and a

golid content of &7 1/2 %.

Application of the Dispersions b Metal
substrates

Each of the dispersiones from examples 1 to
18 wan applied to a steel substrate. The
application waz carried out using a spinning
panel in the follewing general method., A 15 Cm
X 15 Cm panel was spun at 2953 rpm and 5 to 6 g
of the digpersion was placad on ite surface at
ite center. spining was continued for 19

gacondes .

Fach of the ~oated panels was heated to

20600 . for 1@ minutes in a box oven to remove

BAD ORIGIMNAL Q)
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the continuous

phas=. The dry films were all

of 1 g/m2 film weight (approximately 6u

thickners) .

Film Froperties

All of the dispersions formed good noherent

filma.

i1t wags found that  the diepersion  from

Example 1 and

21 to 31 produced a  Tilm whinh

had pootr adheeion to the metal substrate.

1+ was found that the dispersion  from

Example 2 produced a film which was rather soft

and which had

substrate.

somewhat poov adhesion  to the

1t ewag found that the dispersions  from

Examples 3 1o
filme which had

substrate.

2@ and 32 to 48 all produced

exaellent adhesion to tge metal
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We olaim:

1. A process  for preparing a stertgally
artabllised non aquaous  dispersion of a
polyepoxide of epoxy equivalent welght in  the
range 3560 to infinity, wvhich compriees reacting
a gterically stabilised non-aqueous dispersion

of A compound with at leagt Lwo  epoxy groups

with a diel of formula (1)
HO E - OH (1)

in which B i@ a group of formula (2)

54
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where D is a methylene group or propane-2,2-

diyl.

2. A procese according to claim I in which the
polyepoxide ie of formula (4)

ro ateporat e opoal, al Formula (4)

In which a ie a number such that the apoxy
equivalent weight 1s 1in the range 358 to

infinity, B ie a group of formula (2) and,

A1 i# hydrogen or a group of formula (6)

0] {
i I

Y- ¢~ (ol - 8
( ¢ (nu?)n ¢ 1 ()

0 -
10 ‘}

o
an
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in which is from )} te 4, snd A® 1s = group of

formala (7)

HO ) - (' - ((‘"‘1; )

in which n 1s as in formula (6) or;

A1 ig hyvdrogen or a group of formula (9)

(98]

XS

(2)

\ )
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and A2 is a group of formula (10)

On
HQ
{__. o (10)
ﬁ__/ (e
or; A1 13 hydrogen or a group of formula (12):
)
(?H?UI[{.,K?HPU A
(12)
()!'lll,,(',}iliilp(.,‘v {/ \> N </ \> ﬂt,l{pfi‘ﬂff‘l;,-
Ll - o
h

o
-3

{
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I' is amethylene gromp or propane-2,2-diyl and
~
b ig from @ to 2, and A% is a group of formula

(13)

—’llJEi‘[i(}Fi;E() @ i) @

CH

VVWHHWUH?U

CH

n / \ (uruﬂ(['nrz.'i?—
:—/ QH

in which D and b are as in formula (12).

3. A procege according to claim 1 in which the
compound  with at least two epoxy groups is an

epoxy novolac compound.



143

15

4. A proceap acoording to olsim 7 odn which A1
is hydrogen or = gronp of formula (12) . A2 ie
A gronp of formala (13) and D i« propane -2, 2.

diyl.

5. a process according to olaim 4 in which b

fa 2.1 to L.

6. #a process according to c¢laim 2 in which A1
Ll
is hydrogen or a gronp of formula (6), A“ 1g a

group of formula (7)) and n ie 4.

7. A procegs according to claim 1, in which D

is propane-2,2 diyl.

a. A process according to claim 11 in which
the epoxy equivalent wqeight ig in the range

3ba to BP0, 000 .

9. Aprocess according to claim 8 in which  the
epoxy equivalent weight is in the range 308 to

2000, 090 .

]
Q

BAD UIRIGINAL .Q) y




14. A processzs according to ~laim 9 in which
the epoxy equivalent weight is in the range 5p

to 25,00e.

11. a proceas according to =laim 1 in which
) the pterie stabiliser for the epoxy resin
comprises  an anchor component associated with
the epoxy resin which is  a homopolymer of
methyl methaorylate or a copolymer  of methyl
methacrylate and acrylic or metharcylice acid,
14 and a aolvated wnmpnsdwnt derived from

polybutadiene.

12. a process according to claim 1 in  which
the R - agueous acontinueus  phaee is an

aliphatic hydrocarbon with a boiling point in

15 the range 1309 -350°C.

13. A sterically gtabllieed non-agjueous
dispersion of a polyspoxide prodiced according
ta  the process of olailm 1 which is maintained
in a satable astate of dispersion by a steric

20 atabiliser which comprisee an anchor component

€
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assoaiabed with the epoxy resin which
homopolyner of mebhylmethacrylate or a
nopolymer of mehhylmehhacrylate and nerylate or
methacry Lic acid  and A snlvated component,

dJerived from polytmbtadiene.

14, s shterically stabllised no - agueons
dispersion according Lo elaim 13 which has 2

golides content of at least 60%.

15. A coabting proce6st which compriees the
steps applying 2 film of the dispereion
according bo claim 13 to A suitable subgtrate
and remnoving the nontinuous phase by

evaporablon.

16. a coated article which has been coated

according to a procaes ag claimed in claim 16.

Ronald Metoealfe
Frederick A. Waite

Inventors

61
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