
1,026,146                                   3 the cured resinous
composition. By such techniques using the compositins of the invention
laminated articles such as bodies for cars and ships, pipes, and containes,
for example, bottles, cylinders, drums and tanks, of outstanding shock
resistance can be manufactured. Such pipes and containers can be used for
transport and storage 5      of gases, liquids, and solids if desired under
pressure, and are especially suitable  5 for those applications where
rough, handling is likely to occur. The invention may be further
illustrated by the following Examples. EXAMPLE I A mixture of the following
components was prepared: 128.5 parts by weight 10     of a polyglycidyl
ether of bis(4-hydroxyphenyl)-2,2-propane having an epoxy equiva-  10 lency
of 1.75, a viscosity of 150 poises at 25[err]C and an average molecular
weight of 350, 50 parts by weight of hexahydrophthalic anhydride, 50 parts
by weight of polymeric azelaic acid anhydride having an average 15
molecular weight of 2000, and a melting point of approximately 60[err]C,
15 3.4 parts by weight of 2,4,6-tri(dimethylaminomethyl)-phenol
(accelerator). The mixture was cured for two hours at 100[err]C followed by
3 hours at 150C. After curing, the following properties were found: IZOD
notched impact strength: 10.9 kg.cm/cm[err] 20         Elongation at break:
7.5%                                                 20 Ultimate tensile
strength: 580 kg/cm[err] Flexural yield strength: 1000 kg/cm[err] The
specimen tested did not break under the condition of a test for determining
the ultimate flexural strength. Extraction of a sample with boiling methyl
ethyl 25     ketone for 3 hours gave 0.5%  of soluble material. For
comparison a mixture of     25 100 parts by weight of the above-mentioned
polyglycidyl ether with 80 parts of hexahydrophthalic anhydride and 1 part
by weight of 2,4,6-tri(dimethylaminomethyl)- phenol was prepared and cured
at the same conditions as mentioned above. The cured composition showed an
IZOD notched impact strength of only 6.8 kg.cm/cm[err] 30     and an
elongation at break of 4.1%.                                             30
EXAMPLE II A mixture of the following components was prepared: 127 parts by
weight of the polyglycidyl ether of bis(4-hydroxyphenyl)-2,2- propane used
in Example I, 



35          75 parts by weight of hexahydrophthalic anhydride
35 25 parts by weight of the polymeric azelaic acid anhydride used in
Example I, 3.4 parts by weight of 2,4,6-tri(dimethylaminomethyl)phenol. The
mixture was cured for two hours at 100C followed by 3 hours at 150C. After
curing, the following properties were found: 40         IZOD notched impact
strength: 8.3 kg.cm/cm[err]                                 40 Elongation
at break: 4.1% Ultimate tensile strength 710 kg/cm[err] Flexural yield
strength: 1170 kg/cm[err] Vicat softening temperature: 101[err]C (5 kg
load, 0.1 mm penetration) Extraction of a sample with boiling methyl ethyl
ketone for 3 hours gave 0.5%  45 of soluble material. By reversing the
amounts of hexahydrophthalic anhydride and polymeric azalaic acid anhydride
the IZOD notched impact strength of the cured composition was found to be
10.9 kg cm/cm[err]. 50                                      EXAMPLE III
50 A mixture of the following components was prepared: 122 parts by weight
of the polyglycidyl ether of bis(4-hydroxyphenyl)-2,2- propane used in
Example I, 50 parts by weight of methylendomethylenetetrahydroaphthalic
anhydride, 55         50 parts by weight of the polymeric azelaic acid
anhydride used in Example I,  55 3.3 parts by weight of benzyldimethylamine
(accelerator). The mixture was cured for two hours at 100[err]C followed by
6 hours at 150[err]C.    4                                    1,026,146
After curing, the following properties were found: IZOD notched impact
strength: 8.2 kg.cm/cm[err] Ultimate tensile strength: 545 kg/cm[err]
Flexural yield strength: 1060 kg/cm[err] 5           The mixture from 100
parts by weight of polyglycidyl ether of bis(4-hydroxy-  5
phenyl)-2,2-propane, 90 parts by weight of
methylendomethylenetetrahydrophthalic anhydride, and 1.9 parts by weight of
benzyldimethylamine had an IZOD notched impact strength of only 3.4
kg.cm/cm[err] after curing under the same conditions. 



EXAMPLE IV 10         A mixture of the following components was prepared:
10 133 parts by weight of the polyglycidyl ether of
bis(4-hydroxyphenyl)-2,2- propane used in Example I, 25 parts by weight of
phthalic anhydride 75 parts by weight of the polymeric azelaic acid
anhydride used in Example I, 15         3.5 parts by weight of
benzyldimethylamine (accelerator).                        15 The mixture
was cured for 2 hours at 100[err]C followed by 6 hours at 150[err]C. After
curing the following properties were found: IZOD notched impact strength:
12.1 kg.cm/cm[err] Ultimate tensile strength: 400 kg/cm[err] 20
Flexural yield strength: 875 kg/cm[err]
20 A similar mixture containing as the curing agent mixture 50 parts by
weight of each, phthalic anhydride and polymeric azelaic acid anhydride,
showed after curing under the same conditions the following properties:
IZOD notched impact strength: 8.5 kg.cm/cm[err] 25         Ultimate tensile
strength: 620 kg/cm[err]                                       25 Flexural
yield strength: 1095 kg/cm[err] For comparison a mixture was prepared
consisting of 100 parts by weight of the polyglycidl ether of
bis(4-hydroxyphenyl)-2,2-propane, 75 parts by weight of phthalic anhydride
and 0.2 parts by weight of benzyldimethylamine. After curing 30      under
the same conditions a sample showed an IZOD notched impact strength of   30
only 5.0 kg.cm/cm[err]. WHAT WE CLAIM IS:- 1. A composition of matter
curable by heat comprising (1) an epoxy resin having an epoxy equivalency
greater than one and (2) a mixture of polymeric azelaic 35     acid
anhydride with a monomeric polycarboxylic acid anhydride.
35 2. A composition as claimed in claim 1, wherein the epoxy resin is a
polyglycidyl ether of bis(4-hydroxyphenyl)-2,2-propane. 3. A composition as
claimed in claim 2, wherein the polyglycidyl ether has a melting point
lower than 50[err]C. 40         4. A composition as claimed in any one of
claims 1 to 3, wherein the polymeric  40 azelaic acid anhydride has a
molecular weight ranging from  approximatelt 500 to approximately 4000. 5.
A composition as claimed in any one of claims 1 to 4, wherein the monomeric



polycarboxylic acid anhydride is hexahydrophthalic anhydride. 45         6.
A composition as claimed in any one of claims 1 to 4, wherein the monomeric
45 polycarboxylic anhydride is methylendomethylenetetrahydrophthalic
anhydride. 7. A composition as claimed in any one of claims 1 to 4, wherein
the monomeric polycarboxylic anhydride is phthalic anhydride. 8. A
composition as claimed in any one of claims 1 to 7, wherein the weight 50
ratio of polymeric azelaic acid anhydride to monomeric polycarboxylic acid
anhydride     50 is in the range from :10:1 to 1: 10. 9. A composition as
claimed in claim 8, wherein the weight ratio of polymeric azelaic acid
anhydride to monomeric polycarboxylic anhydride is in the range from 3:1 to
1:3. 55          10. A composition as claimed in any one of claims 1 to 9,
wherein the amount     55 of polymeric azelaic acid anhydride plus
monomeric polycarboxylic acid anhydride is from 50 to 100 percent by weight
d the epoxy resin.    4                                      1,026,146
After curing the following properties were found: IZOD notched impact
strength: 8.2 kg.cm/cm[err] Ultimate tensile strength: 545 kg/cm[err]
Flexural yield strength: 1060 kg/cm[err] 5          The mixture from 100
parts by weight of polyglycidyl ether of bis(4-hydroxy-  5
phenyl)-2,2-propane, 90 parts by weight of
methylendomethylenetetrahydrophthalic anhydride, and 1.9 parts by weight of
benzyldimethylamine had an IZOD notched impact strength of only 3.4
kg.cm/cm[err] after curing under the same conditions. EXAMPLE IV 10
A mixture of the following components was prepared:
10 133 parts by weight of the polyglycidyl ether of
bis(4-hydroxyphenyl)-2,2- propane used in Example I, 25 parts by weight of
phthalic anhydride 75 parts by weigt of the polymeric azelaic acid
anhydride used in Example I, 15         3.5 parts by weight of
benzyldimethylamine (accelerator).                   15 The mixture was
cured for 2 hours at 100[err]C followed by 6 hours at 150[err]C. After
curing the following properties were found: 



IZOD notched impact strength: 12.1 kg.cm/cm[err] Ultimate tensile strength:
400 kg/cm[err] 20         Flexural yield strength: 875 kg/cm[err]
20 A similar mixture containing as the curing agent mixture 50 parts by
weight of each, phthalic anhydride and polymeric azelaic acid anhydride,
showed after curing under the same conditions the following properties:
IZOD notched impact strength: 8.5 kg.cm/cm[err] 25         Ultimate tensile
strength: 620 kg/cm[err]                                       25 Flexural
yield strength: 1095 kg/cm[err] For comparison a mixture was prepared
consisting of 100 parts by weight of the polyglycidyl ether of
bis(4-hydroxyphenyl)-2,2-propane, 75 parts by weight of phthalic anhydride
and 0.2 parts by weight of benzyldimethylamine. After curing 30     under
the same conditions a sample showed an IZOD notched impact strength of
30 only 5.0 kg.cm/cm[err]. WHAT WE CLAIM IS:- 1. A composition of matter
curable by heat comprising (1) an epoxy resin having an epoxy equivalency
greater than one and (2) a mixture of polymeric azelaic 35     acid
anhydride with a monomeric polycarboxylic acid anhydride.
35 2. A composition as claimed in claim 1, wherein the epoxy resin is a
polyglycidyl ether of bis(4-hydroxyphenyl)-2,2-propane. 3. A composition as
claimed in claim 2, wherein the polyglycidyl ether has a melting point
lower than 50C. 40          4. A composition as claimed in any one of
claims 1 to 3, wherein the polymeric  40 azelaic acid anhydride has a
molecular weight ranging from  approximately 500 to approximately 4000. 5.
A composition as claimed in any one of claims 1 to 4, wherein the monomeric
polycarboxylic acid anhydride is hexahydrophthalic anhydride. 45
6. A composition as claimed in any one claims 1 to 4, wherein the monomeric
45 polycarboxylic anhydride is methylendomethylenetetrahydrophthalic
anhydride. 7. A composition as claimed in any one of claims 1 to 4, wherein
the monomeric polycarboxylic anhydride is phthalic anhydride. 8. A
composition as claimed in any one of claims 1 to 7, wherein the weight 50
ratio of polymeric azelaic acid anhydride to monomeric polycarboxylic acid
anhydride  50 is in the range from 10:1 to 1: 10. 9. A composition as
claimed in claim 8, wherein the weight ratio of polymeric 



azelaic acid anhydride to monomeric polycarboxylic anhydride is in the
range from 3:1 to 1:3. 55          10. A composition as claimed in any one
of claims 1 to 9, wherein the amount  55 of polymeric azelaic acid
anhydride plus monomeric polycarboxylic acid anhydride is from 50 to 100
percent by weight of the epoxy resin.    1,026,146 11. A composition as
claimed in any one of claims 1 to 10, comprising in addition a curing
accelerator. 12. A curing agent for epoxy resins comprising a mixture of
polymeric azelaic acid anhydride having a molecular weight in the range
from 500 to 4000 with a 5      monomeric polycarboxylic acid anhydride.
5 13. A process for curing a composition as claimed in any of claims 1-11,
comprising heating said composition. 14. A process for making a laminated
article which comprises impregnating a fibrous reinforcing material with a
composition as claimed in any one of claims 1 to 11, 10     bringing the
impregnated fibrous reinforcing material into shape, and hardening at  10
elevated temperature. 15. Shaped article, wholly or partly made as claimed
in claim 14. 16. Shaped article, comprising a fibrous reinforcing material
embedded in a cured resinous composition as claimed in any one of claims 1
to 11. For the Applicants, CARPMAELS & RANSFORD, Chartered Patent Agents,
24 Southampton Buildings, Chancery Lane, London, W.C.2. Leamington Spa:
Printed for Her Majesty's Stationery Office, by the Courier Press
(Leamington) Ltd.-1966. Published by The Patent Office, 25 Southampton
Buildings, London, W.C.2, from which copies may be obtained.    


