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t571 ABSTRACT 
A curing agent for a polyepoxide has the formula: 

wherein R1 is a divalent aryl radical such as phenylene 
and wherein Rz is a tetravalent aryl radical such as a 
tetravalent benzene radical. An epoxide is cured by 
admixture with the curing agent. The cured epoxy 
product retains the usual properties of cured epoxides 
and, in addition, has a high char residue after burning, 
on the order of 45% by weight. The high char residue 
is of value in preventing release to the atmosphere of 
carbon fibers from carbon fiber-epoxy resin composites 
in the event of burning of the composite. 

5 Claims, No Drawings 
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CURING AGENT FOR POLYEPOXIDES AND 0 0 
EPOXY RESINS AND COMPOSITES CURED II  II 

9, /c\ 
HzN-RI-N, ,R2, ,N-RI-NH~ 

C C 5 
THEREWITH 

II 
ORIGIN O F  THE INVENTION 0 II 0 

The invention described herein was made by employ- 
ees of the United states Government and may be manu- 

mental purposes without the payment of any royalties 

wherein R1 is a divalent aryl radical and R2 is a tetrava- 

reacting a diamine having the formula: 
factured and used by or for the Government for govern- lo lent The curing agents may be made by 

thereon or therefor. NHz-RI-NH~ 

BACKGROUND OF THE INVENTION 
15 with a member selected from the group consisting of 

This invention relates to curing agents for polyepox- 
ides. In one aspect, the invention relates to the curing 

anhydrides having the formula: 

agents and to methods of making same. In another as- 
pect, the invention relates to cured epoxy resins and to 
methods of curing polyepoxides using novel curing 

composites in which the epoxy resin is cured with novel 

0 0 

C 
II II  

20 
/c\ / \o 

agents in accordance with the invention. In another 0 R2 

aspect, the invention relates to carbon fiber-epoxy resin 

curing agents of the invention. 
Epoxy resins form a well known class of resins hav- 

ing outstanding properties for many uses. The resins are 

\c/ \c/ . 
II  
0 

II 
0 

25 and diester-diacids of said anhydride having the for- 
mula: 

made by curing a polyepoxide with a curing agent. 
Many types of polyepoxides and curing agents are 3o 

0 0 
II  II 

R2 
\ 7 - - O H  

HO-C 
known and are fully described in the literature. While 
the presently available materials are excellent in their 

new materials which are useful as alternatives to those 
presently available provided, of course, that the gener- 35 
ally excellent properties of the epoxy resins are re- wherein R1 is an alkyl radical. 
tained. Polyepoxides may be cured by reaction with these 

Epoxy resins are widely used in composite materials novel curing agents and the cured polyepoxides, which 
in which fibers of glass, carbon, and so forth, are im- 40 yield a high char on burning, may be used to make 
pregnated with an epoxy resin system (i.e. a polyepox- carbon fiber-epoxy resin composites. 
ide and a curing agent) followed by curing to form the 
composite product. When carbon fibers are used, one 

several of the carbon fibers may be released to the envi- 
ronment and such release can be troublesome. In this 
regard, it will be noted that carbon fibers are electri- 
cally conductive and released fibers may short-circuit 
or otherwise interfere with electrical components with 50 ing while at the Same time retaining the 
which it comes in contact. 

It is an object of the invention to provide a novel 
curing agent for polyepoxides. It is a further object to 
provide a method of curing polyepoxides using a novel 55  

field of use, it is generally advantageous to discover R1-C’ \C-Rl 
II  

0 0 

DETAILED DESCRIPTION 

difficulty h a  arisen in that, if the composite is burned, The polyepoxides to which the invention are 
45 widely known and described in the literature and need 

not be redescribed here. 
The curing agent in accordance with the invention is 

an aromatic bis (amino-imide) which is capable of pro- 
viding cured epoxy resins having a high char on burn- 

characteristics and mechanical properties that are 
widely recognized for epoxy resins. The curing agent 
has the formula: 

curing agent and to provide cured epoxy resins cured 
therewith. It is still a further object to provide carbon 

form a high amount of char which will serve to de- 

0 0 

C 
H2N-R1-N: >Rz<~>N--KI-NH~ 

C C 

II  II 
fiber-epoxy resin composites which, upon burning, 

ll 
crease the release of carbon fibers to the atmosphere. 60 0 I I  0 

BRIEF SUMMARY OF THE INVENTION 
wherein R1 is a divalent aryl radical and R2 is a tetrava- 
lent zryl radical. The curing agents are conveniently The foregoing and other objects which Will be aPPar- 

ent to those having ordinary skill in the art are achieved 65 prepared by reacting a diamine having the formula: 
in accordance with the present invention by providing a 

epoxides, the curing agent having the formula: 
novel aromatic bis (amino-imide) curing agent for poly- NHp-Rl-NH2 

with an anhydride having the formula: 



3 
4,244,857 

4 

or a diacid-diester thereof having the formula: 

EXAMPLE 1 
A solution of 8.88 g of 4,4'-(hexafluoroiso- 

propy1idene)-bis (phthalic anhydride) in 26.64 g of an- 
5 hydrous N-methyl pyrrolidone is added dropwise at 

room temperature to a stirred solution of 7.92 g of 4,4'- 
methylenedianiline in 23.76 g of anhydrous N-methyl 
pyrrolidone under a nitrogen atmosphere. After the 
addition is completed, the solution is stirred at room 

10 temperature under nitrogen for 2 hours. The solution is 
then heated under reflux for 2 hours. After cooling, the 
solution is poured into 400 ml of water with vigorous 
stirring. The precipitate is filtered, washed with water, 
and dried under vacuum at 100" C. to yield 15-16 g of 

EXAMPLE 2 

l5 the bisaminoimide, m.p. 165"-175" C. 

A suspension of 17.76 g of 4,4'-(hexafluoroiso- 
propylid&e)-bis (phthalic anihydride) in' 6.77 of anhy- 

dissolves, then for an additional 2 hours. The 
solvent is evaporated under reduced pressure in a rotary 

wherein R1 is an alkyl radical, Preferably CI to c4- 20 drous methanol is heated under reflux until the solid 
Examples of diamines include those in which R I  is a 

radical having the formula: 
evaporator. Next, 15.84 g of 4,4'-methylenedianiline and 
12 g of N-methylpyrrolidone are added to the reaction 

25 flask. The resulting solution is heated under reflux for 2 
hours. After cooling, the solution is poured into 100 ml 
of water with vigorous stirring. The precipitate is fil- 
tered, washed with water, and dried under vacuum at 

wherein R3 is a divalent radical such as CH2, 0, S 0 2 ,  3o 100" C. to yield 15.5-16 g of the bisaminoimide, m.p. 
and those in which R1 is phenylene. Representative 145"-160". 
examples include 4,4'-methylenedianiline, 4,4-oxydiani- 
line, 4,4-sulfonyldianiline, p-phenylenediamine, m- 
phenylenediamine. ' A mixture of 10 g of N,N,N', N-tetraglycidyl methy- 

Examples of anhydrides include those in which RZ is 35 lene dianiline (epoxide equivalent weight= 125) and 
a tetravalent aryl radical such as a tetravalent benzene 16.1 g ofthe bisaminoimide prepared in Example 2 from 
radical or a radical having the formula: 4,4'-methylene dianiline and 4,4'-(hexafluoroiso- 

propy1idene)- bis (phthalic anhydride) (amine hydrogen 
equivalent=201) is dissolved in 26 g of methyl ethyl 
ketone by first placing the epoxide into solution at room 
temperature and then adding the amine hardener slowly 
with stirring and gentle heating (below 50" C.). The 
solids dissolved within 30 minutes. 

Approximately 38 g of graphite fiber are impregnated 

fiber onto a mandrel, then applying the solution evenly 
to the fiber with a brush. The impregnated fiber is then 

wherein R4 is a divalent radical such as CF3-c-cF3, 45 with the above solution by first winding the graphite 
S 0 2 ,  CO, and 0. 

dried at 50" c. for hour on the mandrel and then 24 

impregnated material at this point is easily cut 

by 7-15,16 

EXAMPLE 3 

The ratio of the diamine to the dianhydride is prefera- 
blY about stoichiometric (2:1) and is preferably con- hours at temperature to reduce the solvent con- ducted in a suitable solvent such as N, N-dimethylfor- 5o tent. The 
mamide, N, N-dimethylacetamide or N-methylpyrroli- 
done. The resulting bis (amino-imides) are isolated as 

and shaped into various forms. 
Twelve plies of the impregnated fiber, "lids and are 

resins. The mixtures of epoxy resins and 
are to impregnate fibers, 

as curing agents for epoxy 
agent 

inches, are cut and then stacked into a 3 by 8 inch mold 
at room temperature. The mold temperture is then in- 

as carbon or glass, 55 creased at 8" C./min. to 1 10" C. and then 15 psi pressure 
and are also filled with particulate fillers to provide is applied. After 15 minutes at 15 psi and 1100 c., the 
high performance fiber reinforced plastic articles O r  pressure is maintained and the temperature is increased 
filled epoxy resins which are used to fabricate a wide at 3" C./min. through the resin gelation temperature of 
variety of molded articles. 155" C., at which temperature a pressure of 120 psi is 

The cured epoxy resins have a char of about 45% on 60 applied. Heating and pressure are continued to the final 
burning compared with about 25% on burning epoxy cure temperature of 177" C .  After 120 minutes at 177" C .  
resins made with conventional curing agents. This extra and 120 psi, the mold temperature is reduced to lo()" c., 
body of char serves to retain, in carbon fiber-epoxy the pressure released and the composite removed. 
composites, embedded carbon fibers, thus reducing the The resulting composite is essentially void-free and 
amount of carbon fibers which could otherwise be re- 65 exhibits excellent mechanical properties, such as room 
leased to the atomosphere. temperature and 177" C. flexural strengths of 224x 103 

psi and 106X lO3psi, respectively, after a post-cure of 24 
ferred embodiments, follow. hours in air at 204" C .  

Several examples of the invention, including pre- 
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EXAMPLE 4 
A mixture of 13 g of N,N,N'N'-tetraglycidyl methy- 

lene dianiline (epoxide equivalent weight= 125), 3.90 g 
of 4,4'-methylene dianiline (amine hydrogen equivalent 
weight=49.5), and 5.23 g of the bisaminoimide pre- 
pared in Example 2 from 4,4'-methylenedianiline and 
4,4'-(hexefluoroisopropy1idene)- bis (phthalic anhy- 
dride) (amine hydrogen equivalent =201) is dissolved in 
23 g of methyl ethyl ketone by first placing the epoxide 
into solution at room temperature and then adding the 
amine hardeners slowly with stirring and gentle heating 
(below 50" C.). The amine solids dissolved within 30 
minutes. 

Approximately 32 g of graphite fiber are impregnated 
with the above solution by first winding the graphite 
fiber onto a mandrel, then applying the solution evenly 
to the fiber with a brush. The impregnated fiber is then 
dried at 50" C. for 15 minutes on the mandrel and then 
24 hours at room temperature. The impregnated mate- 
rial at this point is easily cut and shaped into various 
forms. 

The impregnated fiber is then cut into twelve 3 by 
7-15/16 inch plies and stacked in a 3 x 8  inch mold at 
room temperature. The mold temperature is then in- 
creased at 8" C h i n .  to 110" C. and 15 psi pressure is 
applied. After 30 minutes at 110" C. and 15 psi, the 
pressure is increased to 120 psi and the temperature 
increased to 177" C. After 120 minutes at 177" C. and 
120 psi, the mold temperature is reduced io loo" C., the 
pressure released and the composite removed. 

The resulting composite is essentially void-free and 
exhibits excellent mechanical properties, such as room 
temperature and 177" C. flexural strength of 209X IO3 
psi and 1 0 6 ~  IO3 psi, respectively, after a post-cure of 24 
hours in air at 204" C. 

EXAMPLE 5 

The procedure of Example 1 is followed, using a 
solution of 8.88 g of 4,4'-(hexafluoroisopropylidene)-bis 
(phthalic anhydride) in 26.64 g of N-methylpyrrolidone 
(NMP) and a solution of 9.92 g of 4,4'-sulfonyldiamiline 
(DDS) in 29.76 g of NMP to synthesize the bis (amino- 
imide) from 4,4'-(hexafluoroisopropylidine)-bis 
(phthalic anhydride) (6F) and DDS. 

EXAMPLE 6 
The procedure of Example I is followed to synthesize 

the bis amino imide from 6 F  and 4,4'-oxydiamiline 
(ODA), using a solution of 8.88 g of 6F in 26.64 g of 
NMP and a solution of 8.00 g of ODA in 24.00 g of 
NMP. 

EXAMPLE 7 
The procedure of Example 1 is followed to synthesize 

the bis amino imide from 6F  and p-phenylenediamine 
(PPDA), using a solution of 8.88 g of 6F in 26.64 g of 
NMP, and a solution of 4.32 g of PPDA in 12.96 g of 
NMP. 

EXAMPLE 8 

The procedure of Example 1 is followed to synthesize 
the bis amino imide from 6F  and m-phenylenediamine 
(MPDA), using a solution of 8.88 g of 6F in 26.64 g of 
NMP, and a solution of 4.32 g of MPDA in 12.96 g of 
NMP. 

6 
EXAMPLE 9 

Using the bis amino imide from Example 5 and the 
procedure from Example 3, composites are prepared 

5 which exhibit properties comparable to those of Exam- 
ple 3. 

EXAMPLE 10 
Using the bis amino imide from Example 6 and the 

10 procedure from Example 3, composites are prepared 
which exhibit properties comparable to those of Exam- 
ple 3. 

EXAMPLE 11 
l 5  Example 9 is followed, with comparable results, ex- 

cept bis amino imide from Example 7 is used. 

EXAMPLE 12 
Example 9 is followed, with comparable results, ex- 

2o cept bis amino imide from Example 8 is used. 

EXAMPLE 13 
Example 4 is followed with the bis amino imides 

25 prepared in Examples 5, 6, 7 and 8 and the parent di- 
amine. Results are comparable to those of Example 4. 

What is claimed is: 
1. An aromatic bis (amino-imide) having the formula: 

30 
0 0 
II I1 

wherein R1 is a divalent aryl radical having the formula: 

45 
wherein R3 is selected from the group consisting of 
CHI, 0, and SO2, and Rz is a tetravalent aryl radical 
having the formula: 

55 

and wherein R4 is CFpC-CF,. 
2. An aromatic bis (amino imide) having the formula: 

60 
0 0 
It It 

wherein R1 is phenylene and Rz is a tetravalent aryl 
radical having the formula: 
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3. A method of curing a polyepoxide which com- 

prises admixing a polyepoxide and an aromatic bis 
(amino-imide) as claimed in claim 1. 

4. A cured polyepoxide produced by the process of 

5. In a composite material comprising carbon fibers 
imbedded in a matrix of a cured epoxy resin, the im- 
provement wherein the epoxy resin is cured with an 
aromatic bis (amino-imide) as claimed in claim 1. 

5 claim 3. 

* * * * *  10 and wherein fi is CFyC-CF3. 
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