
2107321 Synthetic  resins and coating compositions containing them This
invention  relates  to  film-forming  synthetic resins and to coating
compositions containing them. Coating compositions containing an epoxy
resin with a phenolic resin or an amino resin are used for various 5
purposes, particularly for coa ting metal.  For example, they are used for
coating the interior or exterior of tin-plate or aluminium cans used for
food and beverages, giving rise to a cured coating with good adhesion to
metal and resistance to hydrolysis. Coating compositions 10 based on a
phenolic resin and an epoxy resin have, for example, been used for coating
the interior of food cans. In addition to their good resistance to
hydrolysis, they exhibit particularly good resistance to sulphur staining
when the lacquered can is heated in contact with the 15  foodstuff. Known
coating compositions based on epoxy resins with phenolic or amino resins
have taken the form of solutions  in  volatile organic solvents.   Epoxy
resins are generally water-insoluble, as are the phenolic and 20  amino
resins preferred for use in can coatings. In  such  coating  compositions
the  epoxy  resin  is not reacted with the phenolic or amino resin before
the coating is applied to a substrate, but is heat-cured on the substrate.
Examples of such coating compositions 25 are described by G.G. Velten in
"Epoxy Resin Technology" (published  by  Interscience   1968)   at  pages
240-246. Coating compositions based on volatile organic solvents are,
however, being regarded with increasing disfavour because the evaporated
solvent causes atmospheric pollu- 30 tion and the cost of organic solvents
is rapidly increas- ing.  



- 2 - 'Published European Patent Application No. 32,554 des- cribes
water-dilutable coatings based on a blend of water- dilutable polyester
resin with a phosphoric or phosphonic acid ester of an epoxy resin.  The
coatings can contain a 5 water-soluble amino resin or phenolic resin as
crosslink- ing agent.  The water-soluble resins which are used in the
coatings of that application have less resistance to hydro- lysis and to
chemicals than the water-insoluble phenolic re- sins preferred for use in
solvent-based epoxy/phenolic coatings. 10     A heat-curable
water-dispersible film-forming synthetic resin composition according to the
present invention is the reaction product of a water-insoluble phenolic
resin or a water-insoluble amino resin with an epoxy resin and a phospho-
ric acid, the amount of the phosphoric acid being in the range 15  0.5 to
15 per cent by weight based on the total synthetic resin in the composition
and being sufficient to render the composi- tion water-dispersible. We
believe that the heat-curable water-dispersible film- forming resin
composition contains a condensation product of 20  the phenolic or amino
resin with the epoxy resin and that the condensation product is substituted
by sufficient acidic phos- phate groups to render it water-dispersible.
The acidic phos- phate groups may be formed by the reaction of epoxy groups
with the phosphoric acid. 25       The synthetic resin compositions of the
invention can be dispersed in water in the presence of a base to give a
stable dispersion useful as a water-based coating composition either alone
or mixed with one or more other water-dispersible resins such as
water-dispersible epoxy resins.  Coating compositions 30  containing the
synthetic resin compositions of the invention can adhere well to metal and
retain this adhesion when'the coated metal is heated in the presence of
moisture, as may 



be encountered in pasteurization or sterilization of canned food or
beverages.    -3- The phenolic resin used in the present invention is a
condensation product of a phenol and an aldehyde and is pre- ferably a
resole prepared by the reaction of l mole of a phen- ol with 1 to 3 moles
of formaldehyde.  The phenol constituent 5   can be phenol itself or all or
part of the phenol can be re- placed by a substituted phenol, preferably an
ortho- or para- alkyl-substituted phenol, for example ortho-cresol, para-
tertiary-butyl phenol, or para-nonyl phenol. Resoles made from such
substituted phenols are generally less highly funct- 10   ional than
resoles formed from formaldehyde and phenol itself. The use of a less
highly functional phenolic resin may be pre- ferred when it is desired to
incorporate a high proportion of phenolic resin in the coating composition.
The phenolic resin can be wholly or partly etherified, for example its
hydromethyl 15   groups can be methylated or butylated. Such preferred
phenolic resoles are water-insoluble and are generally similar to the
phenolic resins used in known chemically and hydrolytically resistant
solvent-based coating compositions.  The synthetic resin compositions of
the present 20   invention prepared using the preferred phenolic resins
des- cribed above can form water-dilutable coating compositions having a
resistance to chemicals and to hydrolysis and an ad- hesion to metal which
is substantially equal to that of sol- vent-based phenolic resin/epoxy
resin coatings. 25        The epoxy resin preferably has an epoxy
equivalent weight (weight per epoxide group) of 170 to 5000.  The pre-
ferred type of epoxy resin is a condensed glycidyl ether of a bisphenol,
for example that formed by the reaction of
2,2-bis(para-hydroxyphenyl)-propane (bisphenol A) with 



30   epichlrohydrin.  The epoxy resin should preferably contain on average
at least 1.1 epoxide groups, most preferably 1.2 to 2.0 epoxide groups, per
molecule. Examples of preferred epoxy resins are those sold under    - 4 -
the' Trade Marks Epikote 1004, Epikote 1007, Dow DER .668 and Dow DER 664,
although lower molecular weight epoxy resins such as Epikote 828 and
Epikote 1001 can also be used. 5       The  phosphoric  acid  is most
conveniently  in the form  of  commercial  anhydrous  orthophosphoric  acid
or aqueous  phosphoric  acid having a concentration of at least  60 per
cent,  but condensed forms' of phosphoric acid such as pyrophosphoric acid
can be used,  as can 10 phosphoric acid semi-hydrate [err]. The reaction
between the phenolic resin, the epoxy resin and  the phosphoric  acid can
be carried out in various ways, provided that the synthetic resin composi-
tion produced is water-dispersible.  In general'the reac- 15  tion includes
a heating step at a temperature of at least [err] when the phenolic resin
and epoxy resin are both present, so that sufficient condensation can take
place between  them  to render the phenolic. resin dispersible in water
through the acidic phosphate groups formed on 20  the epoxy resin. In one
process for making the synthetic resin compo- *         sition of  the
invention  the phenolic resin and epoxy resin are reacted,  preferably in a
proportion of 2 to 10 moles of' epoxy resin for each mole of phenolic
resin, 25  under . conditions  sufficient  to  consume  substantially all
the reactive hydroxyl groups of the phenolic resin while leaving some free
epoxy groups for reaction with 



phosphoric  acid.    The reaction  is  preferably carried out  in a
water-miscible  organic  solvent,  for example 30  an alcohol such as
butanol or ethanol or an ether alcohol (such as 2-ethoxyethanol,
2-methoxyethanol or 2-butoxy- ethanol), an ester such as ethyl acetate,
butyl acetate or 2-ethoxyethyl acetate and/or an aromatic hydrocarbon such
as xylene or toluene, at a temperature of 50 to    [err] for 0.5 to 15
hours, preferably 70 to 1000C for 1 to 8 hours.   The reaction product is
reacted with a phosphoric  acid  to  introduce  acidic  phosphate  groups.
The  reaction between epoxy groups and phosphoric acid 5  is strongly
exothermic and care should be taken to avoid overheating. In an alternative
process the epoxy resin is gradu- ally added to a mixture of the phenolic
resin and the phosphoric acid so that the phenolic resin acts as a 10
diluent  for  the  epoxy/phosphoric  acid reaction.    The phenolic resin
is usually in the form of a solution in an organic solvent, for example a
water-miscible solvent as described above, although a solventless liquid
phenolic resin can be used.   In this process phosphation of the 15  epoxy
groups and condensation of the phenolic resin with the epoxy resin can take
place simultaneously, although we prefer to include a heating step at a
temperature of at least [err] to ensure condensation after all the epoxy
resin has been added, for example heating at 80 20  to 1200C for 0.5 to 10
hours. Alternatively,  the  epoxy  resin  can  be  dissolved in a solution
of the phenolic resin in an organic solvent, without  heating  to cause
reaction,  and the phosphoric acid can be gradually added to the mixed
resin solution. 25  The reaction mixture is preferably heated at a
temperature 



of at least [err],  for example 80 to [err] for 0.5 to 10 hours, after all
the phosphoric acid has been added, to effect condensation of the phenolic
resin with the phosphated epoxy resin. 30       In a  further alternative
the epoxy resin can be reacted with a controlled amount of phosphoric acid
to introduce acidic phosphate groups before it. is reacted with the
phenolic resin, but this is not preferred.    - 6 - The condensation
product of the phenolic resin and epoxy resin comprises polymer molecules
in which a pheno- lic resin moiety is bonded to one or more epoxy resin
units.   Many of the epoxy resin units contain acidic 5  phosphate groups
formed by the reaction of epoxy groups with  the  phosphoric  acid,  or
contain unreacted  epoxy groups if phosphation is to be carried out in a
subsequent reaction.    The  condensation  product may  also  contain some
unreacted  epoxy resin and some polymer molecules 10  where phenolic resin
moieties are joined by epoxy resin units. The amount of the phosphoric acid
used is 0.5 to 15 per cent by weight, based. on the total synthetic resin
in the composition, provided that sufficient phos- 15  phoric  acid  is
used  to render the composition water- dispersible.   The use of 2 to 12
per cent by weight of the phosphoric acid is preferred. Using the above
processes, the synthetic resin compo- sition of the invention is generally
produced in solution 20  in an organic solvent.   To form a water-based
coating composition a base is preferably added to the reaction product to
neutralize at least partially the acidic phos- phate groups of the
synthetic resin.   The base can, for 



example, be ammonia or an amine and is generally added 25  to the reaction
product in the form of an aqueous solu- tion.   Tertiary amines are
preferred, for example tri- ethylamine,   triethanolamine   or
dimethylaminoethanol. In a preferred procedure the base is added as a
dilute solution in sufficient water to convert the coating compo- 30 sition
to a stable dispersion having a mainly aqueous continuous phase which can
be further diluted with water without  loss  of  dispersion  stability.
The amount of base used is preferably 50 to 130 per cent of the amount
required  to neutralize the acidic phosphate groups  in 35 the synthetic
resin. The dispersion formed after addition    - 7 - of base and water can
be used directly in a coating compo- sition or can be further diluted with
the water to the required  viscosity.    If desired,  the  organic  solvent
used in the preparation of the synthetic resin can be 5 wholly  or  partly
removed  from the  composition  and recovered.    For example butanol,
ethyl acetate and/or xylene can be  removed from the coating composition by
azeotropic distillation. Coating compositions based on synthetic resin
compo- 10  sitions  of  the  invention  formed  from phenolic  resins are
suitable for coating metallic substances such as steel, tinplate or
aluminium, for example paint cans and cans  for food and beer or other
beverages.   They can be used alone or in conjunction with one or more 15
other heat-curable water-dispersible synthetic resins. They are
particularly suitable for coating the inside surface of food cans.  One
preferred coating composition comprises an aqueous dispersion of 'a
synthetic resin composition according to the invention and a water- 



20  dispersible epoxy resin.   Examples of water-dispersible epoxy  resins
are  epoxy  acrylic resins,  such as those described  in  U.K.  Published
Patent  Application  No. 2,059,698, U.S. Patent No. 4,212,781, published
European Patent  Application  No.  0,006,336  or  our  copending 25  U.K.
Patent  Application  No.  8221402,  or  phosphated epoxy resins.  The
coatings have excellent adhesion to tin  plate,  steel  and  aluminium  and
resist  hydrolysis during pasteurization of canned food and beverages. The
synthetic resin compositions of the invention are 30  particularly  useful
as a method of providing phenolic resins for such coating compositions in
water-dispersible form. The weight ratio of phenolic resin to epoxy resin
in the compositions of the invention is preferably 1:20 35  to 2:1.   Where
the compositions  are to be mixed with a water-dispersible epoxy resin to
produce coating compo-    - 8 - sitions the phenolic to epoxy ratio in the
compositions of the invention is generally at least 1:5 and preferably at
least 1:3, most preferably  1:2 to 2:1,  by weight. Where the compositions
of the invention are intended 5  to  be  used  alone  as  water-dispersible
epoxy  phenolic coatings  the weight  ratio  of phenolic to epoxy resin is
generally 1:20 to 1:3, preferably 1:15 to 1:10. Amino resins which can be
used to prepare synthetic resin compositions according to the invention are
resins 10  formed by the reaction of a compound containing amine groups,
for example urea, a substituted urea, melamine or benzoguanamine, with an
aldehyde, for example formalde- hyde. Urea-formaldehyde resins are
preferred.   At least 



15  some of the methylol groups of the amino resin are prefer- ably
etherified, for example by methyl or butyl groups. The  amino  resin,
epoxy resin and phosphoric acid can be reacted by any of the processes
described above in connection with phenolic resins and in similar amounts.
20  That is, an epoxy resin can be gradually added to a mix- ture of the
amino resin and the phosphoric acid or the amino resin and epoxy resin can
be condensed and then phosphated or the epoxy resin can be dissolved in the
amino resin without reaction and then reacted after addi- 25  tion of the
phosphoric acid.  The synthetic resin compo- sition formed can be diluted
with water and a base to form  a  coating  composition.    Coatings
comprising  the reaction product of an epoxy resin and an amino resin may
be used for coating metal articles such as the exter- 30  ior of food and
beverage cans.  The weight ratio of amino resin to epoxy resin in the
compositions of the invention is generally at least 1:20, for example 1:15
to 1:3. Coating  compositions  according  to  the  invention    - 9 - are
preferably applied to the substrate as a spray but can also be applied by
dip coating, anionic electro-coat- ing, direct or. reverse roller coating,
flow coating or rinse coating.  The coating is preferably heated at 1000C 5
to 2400C for 5 seconds to 10 minutes to effect curing, temperatures of
[err] to [err] being most preferred. The  invention  is  illustrated  by
the  following Examples:- Example 1 10       3500 g of a 40 per cent by
weight solution in n- butanol of a water-insoluble butylated phenol
formaldehyde resin of phenol:formaldehyde molar ratio 1:2.5 was charged 



to a reactor equipped with stirrer, reflux condenser, thermometer and
addition funnel and 400 g of 85 per cent 15  by weight aqueous phosphoric
acid was added.   3808 g of 'Epikote 828' epoxy resin (equivalent weight
per epox- ide group 180-200) was gradually added over 1.5 hours. After
addition  was complete,  the reaction mixture was heated at [err] for 3
hours. The product was a phosphated 20  phenolic  epoxy condensate which
could be dispersed in water when neutralized with a base.   It was suitable
as a phenolic crosslinker for use in a water-based epoxy resin coating. The
reaction product was cooled to ambient tempera- 25 ture and
dimethylaminoethanol was added to 100 per cent neutralization.   Water was
then added to give an overall solids content of 25 per cent by weight.
The aqueous coating  composition  formed had a viscosity of 0.5-1.0 poise,
a pH of 6.5 to 7.5 and a water:solvent ratio 30  of 80:20 by weight.
Example 2 92.5 g of a 50 per cent by weight solution in n- butanol of a
water-insoluble butylated o-cresol-phenol-    - 10 - formaldehyde  resin of
phenols:formaldehyde  molar ratio 1:2.5 was mixed with 342.5 g of
2-butoxy-ethanol in a reactor of the type used in Example 1. 750 g of
'Epikote 1007'  epoxy resin  (equivalent weight per epoxide group 5
1700-2050) was added and the mixture was warmed' to dissolve the epoxy
resin.  18.9 g of 85 per cent by weight aqueous phosphoric acid was mixed
with 50 g of 2-butoxy- ethanol and added to the resin solution over 3
hours. After all the phosphoric acid had been added, the. reaction 10
mixture was heated at 800C for 5 hours. 



After the reaction mixture had cooled,  33.82 g of dimethylaminoethanol
was  added  (neutralization  level 100 per cent) and stirred for 15
minutes.   1927 g of demineralised water was then added to produce a water-
15  based epoxy phenolic lacquer of solids content 25 per cent by weight,
viscosity 0.5-1.5 poise, pH 6.5-7.5 and water:solvent ratio 80:20 by
weight. Example 3 96.72 g of a 67 per cent by weight solution of a 20  urea
formaldehyde resin in a xylene/butanol mixture (BE 610 sold by British
Industrial Plastics Ltd) and 19.56 g of 85 per cent by weight aqueous
phosphoric acid were charged to a reaction of the type used in Example 1.
750 g of  'Epikote 1004' epoxy resin (equivalent weight 25  per epoxide
group 850-950) was dissolved in 388.8 g of 2-butoxyethanol  and  this
solution was  gradually  added to the reactor over 4 hours.   After all the
epoxy resin had been added, the reaction mixture was heated at [err] for 5
hours. 30       The  reaction  mixture was  cooled  and  78.11  g of
dimethylaminoethanol was added and stirred for 15 minutes. 1995 g of
demineralised water was then added to produce a water-based epoxy amino
resin lacquer of solids content    25 per cent by weight, viscosity 0.5-1.0
poise, pH 6.5- 7.5 and water:solvent ratio 80:20 by weight.    - 12 -
CLAIMS 1. A heat-curable water-dispersible film-forming synthetic resin
composition which is the reaction product 



of a water-insoluble phenolic resin or a water-insoluble amino resin with
an epoxy resin and a phosphoric acid, the 5  amount of the phosphoric acid
being in the range 0.5 to 15 per cent by weight based on the total
synthetic resin in the composition and being sufficient to render the
composition water-dispersible. 2.  A synthetic resin composition according
to claim 1 10  in which the epoxy resin has an epoxy equivalent weight of
170 to 5000 and contains on average 1.2 to 2.0 epoxide groups per molecule.
3. A synthetic resin composition according to claim 1 or claim 2 in which
the epoxy resin is a condensed glycidyl 15 ether of a bisphenol. 4.  A
synthetic resin composition according to any of claims 1 to 4 in which a
phenolic resin is used which is a resole prepared by the reaction of one
mole of a phenol with 1 to 3 moles of formaldehyde. 20       5.  A
synthetic resin composition according to claim 4 in which at least part of
the phenol is an ortho- or para- alkyl substituted phenol. 6. A synthetic
resin composition according to claim 4 or claim 5 in which the phenolic
resin is at least partly 25  etherified. 7. A synthetic resin composition
according to any of claims 4 to 6 in which the ratio of phenolic resin to
epoxy resin is 1:20 to 2:1 by weight. 8. A synthetic resin composition
according to any of 30 claims 1 to 3 in which an amino resin is used which
is .a urea-formaldehyde resin. *   C  L  M  S   *    - 13 - 9.  A synthetic
resin composition according to claim 8 



in which the ratio of amino resin to epoxy resin is 1:15 to 1:3 by weight.
10. A process for the preparation of a heat-curable 5 film-forming
synthetic resin composition comprising react- ing a water-insoluble
phenolic resin or a water-insoluble amino resin with an epoxy resin and a
phosphoric acid, the amount of the phosphoric acid used being in the range
0.5 to 15  per cent by weight based on the total synthetic re- 10   sin in
the composition and being sufficient to render the reaction product
water-dispersible. 11.  A process according to claim 10 in which the amount
of the phosphoric acid used is 2 to 12 per cent by weight based on the
total synthetic resin in the composition. 15      .12.  A process according
to claim 10 or claim 11 in which the epoxy resin is gradually added to a
mixture of the pheno- lic or amino resin and the phosphoric acid. 13.  A
process according to claim 12 in which the phenol- ic resin is in the form
of a solution in a water-miscible 20   organic solvent. 14.  A process
according to claim 12 or claim 13 in which the reactants are heated at 80
to 1200C for 0.5 to 10 hours after all the epoxy resin has been added. 15.
A process according to claim 10 or claim 11 in which 25   the phenolic or
amino resin and the epoxy resin are reacted under conditions sufficient to
consume all the reactive hy- droxyl groups of the phenolic or amino resin
while leaving some free epoxy groups and the product of this reaction is
reacted with a phosphoric acid. 30        16.  A process according to claim
10 or claim 11 in which the epoxy resin is dissolved in a solution of the
pheno- lic or amino resin in an organic solvent, without heating to cause
reaction,    



- 14 - and the phosphoric acid is gradually added to the mixed resin
solution. 17.   A process according to claim 16 in which the reaction
mixture is heated at 80 to 1200C for 0.5 to 5 10 hours after all the
phosphoric acid has been added. 18.   A heat-curable water-dispersible
film-forming synthetic resin composition prepared by the process of any of
claims 10 to 17. 19.    An aqueous coating composition comprising a 10
synthetic resin composition according to any of claims 1 to 9 or 18
dispersed in a mainly aqueous continuous phase in the presence of a base.
20.   An aqueous coating composition according to claim 19 in which the
amount of base used is 50 to 130 15  per cent of the amount required to
neutralize the acidic phosphate groups in the synthetic resin. 21.    An
aqueous coating composition comprising a synthetic resin composition
according to any of claims 1 to 9 or 18 and a water-dispersible epoxy resin
dispersed 20  together  in a mainly  aqueous  continuous  phase in the
presence of a base. 22.   A coating composition according to claim 21 in
which the water-dispersible epoxy resin is an epoxy acrylic resin. 25
23.  A process for coating a metal substrate compris- ing applying to the
substrate an aqueous coating composi- tion according to any of claims  19
to 22 and heating the coating at [err] to [err] for 5 seconds to 10 minutes
to effect curing.    


