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(57) ABSTRACT 
Methods of making modified polyimide/polyimide 
amide foams and the resulting compositions. An N-sub 
stituted aliphatic imide is prepared by reacting a suitable 
aromatic dianhydride with a suitable oxoimine. A poly 
imide forming material is prepared by dissolving the 
N-substituted aliphatic imide in an esterifying solvent, 
then adding a suitable aromatic diamine. This material is 
dried to a powder or film. A foam is produced by heat 
ing the material to reaction temperature for a period 
sufficient to produce a stable foam. The material melts, 
then spontaneously expands into a foam which becomes 
self supporting and cures to a resilient flexible foam. 
Depending upon heating conditions, a polyimide, polyi 
mide-amide or mixture thereof may be produced, result 
ing in foams having varying physical properties. 

24 Claims, No Drawings 
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MODIFIED POLYIMIDE FOAMS AND METHODS 
OF MAKING SAME 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
This invention relates in general to polyimide resins 

and, more specifically, to compositions and methods for 
making resilient, flame resistant modified polyimide and 
polyimide-amide foams. 

Prior U.S. Pat. Nos. 4,161,477, 4, 183,838 and 
4, 183,839 disclosed and claimed certain polyimide com 
positions which are flame resistant and useful as coat 
ings and adhesives. 
The coating and adhesive compositions described in 

the above-mentioned prior patents are made by first 
preparing a suitable bisimide by reacting an aromatic 
tetracarboxylic acid dianhydride with a cyclic amide or 
oxoimine. The ratio of oxoimine to dianhydride is pref 
erably in the 2.3:1 to 2.7:1 range and the imidazation 
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reaction is preferably conducted at a temperature of 25 
170-200 C. for 20-60 minutes, 
The polyimide forming material is then prepared by 

dissolving the bisimide in an inert solvent; then adding 
thereto a suitable diamine, producing a viscous fluid 
containing an intimate, unpolymerized mixture of N 
substituted cyclic bisimide dicarboxylic acid and di 
amine which is capable of being converted to a high 
molecular weight polymer by the application of heat. 
The solution is coated onto a surface and polymerized 

by heating to a temperature in the 177'-316' C. range 
for 30 minutes to 5 hours. The following is exemplary of 
the exchange reaction which occurs: 

O O 
I I 
C C 

f V 

ahooc-Ichi-N N-(CH)-cooh -- 
C C 

O 

O O 

C C 
f V 

N N O -- CIOC -(O)- C C 

O O r 

where n is a positive integer. 
The resulting coating is tough, highly adherent to 

various surfaces, with very few pinholes or bubbles. It 
has excellent peel strength and is resistant to high tem 
peratures, peeling and abrasion, 
The prior coating material, however, was not suitable 

for use in applications requiring a cellular or foam mate 
rial, since conventional agitation foaming and addition 
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of known blowing agents add to process costs and com 
plexity and are not entirely effective at the relatively 
high polymerization temperature required. 

SUMMARY OF THE INVENTION 

We have now found that, by suitably varying reac 
tion conditions and certain ingredients, within specified 
limits, materials similar to those described above and in 
the cited prior patents can be used to produce a resilient, 
flame resistant, modified polyimide cellular structure. 
For the purposes of this application, "modified poly 
imide' will be used to mean a mixture of polyimide and 
polyimide-amide resins varying from almost entirely 
polyimide to almost entirely polyimide-amide. 
The basic steps in producing our improved resilient 

foam are reacting a suitable aromatic dianhydride with 
a suitable oxoimine in a ratio to dianhydride between 
about 1.5:1 and 0.05:1 to produce a monoimide (exces 
sive quantities of bisimide are produced above 1.5:1, 
which are not suitable for the foaming reaction), dis 
solving this mixture in a reactive solvent which is an 
esterifying agent, to esterify the imide, adding a suitable 
diamine and any desired additives, drying the solution 
to a film or powder and finally heating the dry material 
to a temperature sufficient to cause the dry material to 
melt and spontaneously foam. The heating causes the 
dry material to simultaneously undergo a condensation 
reaction and an exchange reaction. The condensation 
reaction produces water and alcohol vapors which 
cause the molten mass to expand. As the reactions pro 
ceed, the molten mass forms a cellular structure which 
becomes self-supporting and finally cures to an imide 
and/or an imide-amide polymer depending on heating 
conditions. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Any suitable aromatic dianhydride may be used in the 
preparation of the desired imides. Typical aromatic 
dianhydrides include those described and referenced in 
the patents listed above. Due to their ready availability 
at reasonable prices and the excellent foams which re 
sult, pyromellitic dianhydride and 3,3', 4,4' benzophe 
none tetracarboxylic acid dianhydride (BTDA) are 
preferred. 
Any suitable oxoinine may be reacted with the se 

lected dianhydride to produce the desired imide. Prefer 
ably, the oxoinine has the general formula: 

CH-(CH2)-NHCO 

where "x" is a positive integer from 2 to 4. Of these, best 
results are obtained with caprolactam because larger 
ring structures tend to open with heat and react with 
the aromatic dianhydride. 
While any suitable reaction conditions may be used, 

we have obtained the best results where the dianhydride 
is added to the oxoimine and the mixture is heated to 
about 150-200 C. until imidazation is complete, about 
5-90 minutes. Optimum results have been obtained at 
about 180 C. for about 30 minutes. 

In order to produce a superior foaming material, we 
have found that it is essential that the mole ratio of 
oxoimine to dianhydride be in the range of about 1.5:1 
to 0.05:1. Above this range, the material forms a coating 



Re. 32,255 
3 

without foaming, while below this range excessively 
rigid material is produced. Within this range optimum 
results occur with a mole ratio of oxoinine to dianhy 
dride of about 1.0 to 1.0. 
The imides produced by the above reaction have the 

general formula: 

O O 

C C 
/ N / N 

O A2 N-(CH2)-COOH 
N / N / 
C C 
I 
O O 

wherein 'x' is an integer from 2 to 4 and "A2' is se 
lected from the group consisting of: 

O 

C 

and mixtures thereof. 
The imide thus produced is then esterified by dis 

solving it in a suitable reactive solvent at a suitable 
temperature. Any suitable reactive solvent which acts 
as an esterifying agent may be used. Typical of these are 
aliphatic alcohols having up to 7 carbon atoms and 
aromatic alcohols, which may have halogen or amino 
substitutions, and mixtures thereof. Best results have 
been obtained with methyl alcohol. The esterification 
reaction takes place as follows: 

O O 

/\ /\ 
O A2 N-(CH2)-COOH + 2ROH - G N / N / 

C C 

O O 

O O 

HO-C C 

N/ YN (CH2)-COOR + 2H2O 2 -uri- -- 
M N / 

RO-C C 
I 
O O 

wherein "x" is an integer from 2 to 4, "A" is as listed 
for the imide above and "R" is an aliphatic or aromatic 
radical which may have halogen or amino substitutions. 
This esterification may take place under any suitable 
conditions. Typically, a mole ratio of imide to esterify 
ing agent of from about 1:8 to 1:15 is preferred to assure 
rapid esterification at reflux temperature. This solution 
is heated to reflux (about 70-80 C.) until clear, which 
takes about 60-90 minutes. 
Once the esterification is complete, the selected di 

amine or diamines are added to the solution. Preferably, 
an approximately stoichiometric quantity of diamine is 
used. 
Any suitable diamine may be used. Typical diamines 

include meta-phenylene diamine, para-phenylene di 
amine; 4,4'-diaminodiphenyl ether, 4,4'-diaminodiphe 
nyl sulfone, 3,3'-diaminodiphenyl sulfone, 4,4'- 
diaminodiphenyl sulfide, 4,4'-diaminodiphenyl meth 
ane, 3,3' diaminodiphenyl methane and mixtures 
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4. 
thereof. Of these, best results are obtained with 4,4'- 
diaminodiphenyl methane which is, therefore, pre 
ferred. If desired, aliphatic diamines may be used in 
combination with these aromatic diamines. Typical 
aliphatic diamines include 1,3 diamino propane, 1,4 
diamino butane, 1,6-diamino hexane, 1,8-diamino oc 
tane, 1, 12 diamino dodecane and mixtures thereof. 

Additives to improve various characteristics of the 
final foam may be added as desired. Any appropriate 
additives may be used, such as fillers, surfactants to 
improve uniformity of the cellular structure, ultraviolet 
absorbers or the like. Typical surfactants include Dow 
Corning Corp, 190 or 193, (a silicone surfactant), FC430 
from Minnesota Mining & Manufacturing Co., Zonyl 
FSC from E. I. dePont de Nemours & Co., and L550 
from Union Carbide Corp. While any suitable concen 
tration may be used, from about 0.01 to 2% (by weight, 
based on the weight of the solution prior to drying) is 
preferred. Of these surfactants, best results have been 
obtained with Zonyl FSC. Fillers and reinforcing addi 
tives may be added prior to drying the resin. Typical 
fillers include Kevlar aramid fibers, graphite fibers, 
glass fibers, carbon and graphite fibers, Teflon fluoro 
carbon powders and mixtures thereof. 
The solution is then dried by any suitable method. 

Simply heating the solution in an oven to a temperature 
of about 65'-95 C. until dry is satisfactory. Other con 
ventional methods, such as spray drying, rotary drying, 
thin film evaporation, etc. may be used as desired. The 
resulting free-flowing powder or flakes may be further 
ground or treated as desired and may be stored indefi 
nitely at room temperature. 
The final step is converting the powder into a foam is 

accomplished by heating the powder to the selected 
foaming temperature for a suitable period. 
The reaction which takes place is quite complex, 

since it is a combined condensation and exchange reac 
tion. When the exchange reaction is forced to comple 
tion by higher temperatures and/or prolonged heating, 
in the range of 230-315° C. for 30-60 minutes (opti 
mally, about 260' C. for about 45 minutes) the poly 
imide structure is primarily formed as shown by the 
following general reaction; 

O O 

HO-C C 

YA / YN (CH2)-COOR 2 -(-)- -- 
/ N / 

RO-C C 
I 

O O 

HN NH, heate 

O O 
I 
C C 

M N / N 
N A2 N -- 
N / N / 
C C 

O O 
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where ''x'' is an integer from 2 to 4 and A2 is as listed for 
the imide above. 

If, however, the exchange reaction is stopped prior to 
completion the products of the intermediate condensa 
tion reaction will still be present, so that a variable 
(depending on reaction time, temperature and condi 
tions) amount of a polymer having the following imide 
amide structure will remain: 

O O 

C C O 
/ N / N | H 

N A. N-(CH)-C-N 
N / N / 
C C 

I 
O O n 

where 'x' is an integer from 2 to 4 and A2 is a radical 
as listed for the imide above. 
As the powder is heated it first melts and, as the 

condensation reaction begins water and alcohol are 
released and vaporized, causing the molten mass to 
expand. The resulting cellular structure becomes self 
supporting and finally cures to an imide and imide 
amide polymer, with proportions of the two polymers 
depending on heating (time and temperature) condi 
tions. The resulting foam is tough, resilient and will not 
emit significant smoke or toxic by-products when ex 
posed to open flame. 
Where substantially entirely imide-amide foam is 

desired, heating should be at from about 120° C. to 
about 220 C. for about 10 to 40 minutes, with optimum 
results at about 200 C. for about 30 minutes. As temper 
ature is increased above this range (and the somewhat 
longer heating period is used) the proportion of poly 
imide will increase. The foam is more flame resistant, 
but less flexible, with the higher proportion of poly 
mide. Thus, by varying heating conditions flexibility 
and flame resistance can be tailored to meet specific 
requirements. 

Details of the invention will be further understood 
upon reference to the following examples, which de 
scribe preferred embodiments of the methods and com 
positions of this invention. All parts and percentages are 
by weight, unless otherwise indicated. 

EXAMPLE I 

About 120.8 g. (0.375 M) of 3,3',4,4'-benzo 
phenonetetracarboxylic acid dianhydride (BTDA) and 
about 28.29 g (0.25M) caprolactam are placed in a one 
liter flask and heated to about 175' C. After about 30 
minutes at this temperature the mixture is cooled to 
about 50 C. and about 100 g. of ethanol is added. This 
mixture is heated to reflux temperature (about 75 C.). 
Reflux is continued until the mixture appears clear, 
about 70 minutes. The mixture is cooled to just below 
about 70° C. and about 75 g (0.375 M) 4,4'- 
diaminodiphenyl methane is added. This mixture is 
refluxed (at about 75 C.) for about 15 minutes, then is 
cooled to room temperature and coated onto aluminum 
foil. The coating has a heavy, syrup-like consistency, 
with a thickness of about 20-40 mils. The coating is 
dried for about 3 hours at about 65 C. The dry residue 
is removed from the foil and placed in an oven pre 
heated to about 260' C. After about 45 minutes of heat 
ing, the material is found to have expanded into a flexi 
ble, resilient foam sheet having a homogenous cellular 
structure. When exposed to an open flame, the foam 
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6 
produces no visible smoke. This foam is found to consist 
primarily of polyimide. 

EXAMPLE II 

The procedure of Example I is repeated four addi 
tional times, varying only the quantity of caprolactan 
used. Where Example I used about 28.29 g (0.25 M) of 
caprolactam to give a molar ratio of caprolactam of 
BDTA of about 0.66:1, the four additional experiments 
use caprolactam quantities of about: II(a) 43.4 g (0.375 
M, 1:1 ratio), II(b) 53 g (0.468 M, 1.25:1 ratio), II(c) 
63.6 g. (0.5625 M, 1.5:1 ratio) and II(d) 84.8 g. (0.75 M, 
2:l ratio). The foam produced in experiments II (a) and 
II(b) have excellent foam rise characteristics, while that 
produced in II(c) has low foam rise and II (d) does not 
foam. This demonstrates that ratios of oxoimine to dian 
hydride in the 0.05:1 to 1.5:1 ratios are necessary for the 
production of good quality foam. 

EXAMPLE III 

The procedures of Example I are repeated, except 
that in place of ethanol, the following solvents are used: 
III(a) isopropyl alcohol, III(b) aminoethyl alcohol 
III(c) benzene, III(d) dimethyl acetamide and III(e) 
acetone. In each case III(a) and III(b) where a reactive 
solvent is used to esterify the imide, an excellent foam 
results. Where an inert solvent is used, in III(C) through 
III(e), foaming does not take place. 

EXAMPLE IV 

The procedures of Example I are followed with five 
samples, but only up to the heating to foam step. The 
five dry powder samples are placed in preheated circu 
lating air ovens at the following temperatures for the 
following time periods: IV(a) about 125 C. for about 40 
minutes, IV(b) about 200 C. for about 30 minutes, 
IV(c) about 220 C. for about 10 minutes, IV(d) about 
235 C. for about 30 minutes, and IV(e) about 310 C. 
for about 30 minutes. Each sample forms a foam of good 
resiliency and flame resistance. Samples IV (a) and 
IV(b) are found to be primarily imide-amide and to have 
outstanding flexibility but lower flame resistance. Ex 
ample IV(c) is found to be a relatively even mix of imide 
and amide-imide and to have intermediate flexibility 
and flame resistance. Examples IV(d) andd IV(e) are 
found to be primarily polyimide and to have less flexi 
bility but outstanding flame resistance. In general, 
higher temperatures and longer heating periods pro 
duce a greater polyimide proportion and a stiffer foam. 
The higher temperatures are found to be more signifi 
cant than the longer heating periods in producing the 
high polyimide foams. 

EXAMPLE W 

The procedures of Example I are repeated, except 
that the following diamines are used in place of the 
4,4'-diaminodiphenyl methane: V(a) m-phenylene di 
amine (0.375 M), V(b), 4,4'-diaminodiphenyl sulfone 
(0.375 M), V(c) 4,4'-diaminodiphenyl oxide (0.375 M), 
V(d) 4,4'-diaminodiphenyl oxide (0.1875 M) and 4,4'- 
diaminodiphenyl sulfide (0, 1875 M). In each case the 
resulting foam has a uniform cellular structure and has 
excellent heat and flame resistance. The flexibility and 
resiliency varies somewhat among the sub-examples. 
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EXAMPLE VI 

The procedures of Example I are repeated with the 
only change being the substitution of the following 
oxoinines for the 0.25 M caprolactam specified in Ex 
ample I: VI(a) 2-pyrrollidone (0.25 M), VI(b) 2-piperi 
done (0.25 M), VI(c) caprolactam (0.125 M) and 2 
piperidone (0.125 M). The product in each case is an 
excellent, flame resistant foam, with slight changes in 
physical properties with the different oxoimines. 

EXAMPLE VII 

About 322 g. (1 M) 3,3',4,4'-benzophenone tetracar 
boxylic acid dianhydride and about 226 g. (2 M) capro 
lactan are added to a 5 liter flask and heated at about 
170', C. for about 30 minutes. The mixture is cooled to 
about 70° C., then about 800 g. of methanol is added. 
After the esterification reaction product is fully dis 
solved, an additional about 644 g (2M) of 3,3',4,4'-ben 
zophenonetetracarboxylic acid dianhydride is added. 
The material is refluxed until clear and then is cooled to 
about 45 C. About 297 g. (1.5 M) 4,4'-diaminodiphenyl 
methane and about 192 g (0.96 M) 4,4'-diaminodiphe 
nyl oxide are added and stirred at about 50 C. until 
dissolved. About 64 g. (0.54 M) 1,6-diamine hexane is 
dissolved in about 100 g. of methanol and added to the 
mixture while maintaining the mixture at a temperature 
below about 55 C. The mixture is then heated to about 
65 C. and held there for about 10 minutes. About 17 g. 
of Dow Corning 193, a silicone surfactant, is added to 
the mixture, which is stirred while cooling to room 
temperature. The resulting liquid mixture is dried using 
a high speed atomizer spraying into a chamber pre 
heated to about 75 C. The dried resin is collected and 
stored at room temperature. A layer of the powder is 
placed in a thermal oxen (pre-heated to about 200 C.) 
for about 60 minutes. The powder is observed to first 
melt, then expand into a very flexible and resilient foam 
sheet with very uniform cell structure and having a 
compression set value at about 90% compression of less 
than about 20%. This demonstrates the usefulness of 
aliphatic diamines with the aromatic diamines. 

EXAMPLE VIII 

The procedures of Example VII are repeated, except 
that the heating step is accomplished using a microwave 
oven. The powder is placed in the oven and a power of 
about 1.0 KW is applied for about 6 minutes. Rapid 
melting and expansion result, producing an excellent 
resilient foam after about 6 minutes. 
Although specific components, proportions and con 

ditions have been specified in the above examples, these 
may be varied with similar results, where suitable. In 
addition, other materials may be added to the foamable 
material, such as fillers, colorants, ultraviolet absorbers, 
or the like. 
Other applications, modifications and ramifications of 

the present invention will occur to those skilled in the 
art upon reading the present disclosure. These are in 
tended to be included within the scope of the invention, 
as defined in the appended claims. 

I claim: 
1. The method of making a resilient, flame resistant 

modified polyimide foam which comprises the steps of: 
reacting an aromatic dianhydride with an oximine 
having the general formula: 
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- 
CH-(CH2)-NHCO 

wherein "X" is an integer from 2 to 4, in a mole ratio of 
oxoimine to dianhydride between about 1.5:1 and about 
0.05:1 to produce an N-substituted aliphatic imide; 

dissolving said imide in a reactive solvent esterifying 
agent to exterify said innide; 

adding thereto a diamine; 
drying the resulting solution; and 
heating the dry material to a selected foaming ten 

perature of from about 120' C. to about 320' C. for 
a period of from about 10 to about 60 minutes; 

whereby a resilient foam having good flame resis 
tance is produced comprising polyimide and polyi 
mide-amide with proportions depending on the 
selected foaming temperature. 

2. The method according to claim 1 wherein said 
foaming temperature is in the range of from about 230 
C. and about 320 C. and the resulting foam comprises 
primarily a polyimide. 

3. The method according to claim 1 wherein said 
foaming temperature is in the range of from about 120° 
C. and about 220 C. and the resulting foam is primarily 
a polyimide-amide. 

4. The method according to claim 1 wherein said 
aromatic dianhydride is pyromellitic dianhydride, 
3,3,4,4'-benzophenone tetracarboxylic acid dianhy 
dride or mixtures thereof. 

5. The method according to claim 1 wherein said 
oxoimine is caprolactam. 

6. The method according to claim 1 wherein said 
reactive solvent is methyl alcohol. 

7. The method according to claim 1 wherein said 
diamine is 4,4'-diaminophenyl methane. 

8. The method according to claim 1 wherein said 
diamine comprises at least two different diamines, at 
least one of which is an aromatic diamine. 

9. The method according to claim 1 further including 
the step of adding from about 0.01 to about 2 wt % of a 
surfactant to the solution prior to drying. 

10. The method according to claim 1 further includ 
ing the step of adding fillers or reinforcing materials to 
the solution prior to drying. 

11. The method of making a modified polyimide foam 
comprising a mixture of polyimide and polyimide-amide 
resins with the polyimide-amide predominating which 

0 comprises the steps of: 

55 

60 

65 

mixing together an aromatic dianhydride selected 
from pyromellitic dianhydride, 3,3,4,4'-benzophe 
none tetracarboxylic acid dianhydride and mix 
tures thereof and an oxoinine having the general 
formula: 

CH-(CH2)-NHCO 

wherein "x" is an integer from 2 to 4, the mole ratio of 
oxoinine to dianhydride being from about 1.5:1 to 
about 0.05:1; 

heating the mixture to a temperature of from about 
150' C. to about 200 C. for from about 5 to about 
90 minutes to react said dianhydride with said 
oxoinine to produce an N-substituted aliphatic 
imide; 
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cooling the mixture to a temperature of from about 
40' C, to about 70° C.; 

dissolving said imide in a reactive solvent esterifying 
agent to esterify said imide; 

heating the imide solution to reflux at a temperature 
of from about 70° C. to about 80 C. for a period of 
from about 60 to about 90 minutes to esterify said 
imide; 

adding thereto about 1.0 M 4,4'-diaminodiphenyl 
methane per 1.0 M of dianhydride; 

heating the resulting solution to reflux at a tempera 
ture of from about 70' C. to about 80 C. for a 
period of about 2 to about 30 minutes; 

drying the solution at a temperature of from about 60' 
C. to about 70' C. for a period of about 60 to about 
240 minutes to produce a dry material; and 

foaming said dry material by heating to a temperature 
of about 120° C. to about 220 C. in a pre-heated 
oven for from about 10 to about 40 minutes; 

whereby a resilient, flame resistant modified poly 
imide foam is produced consisting primarily of 
polyimide-amide resin. 

12. The method of making a modified polyimide foam 
comprising a mixture of polyimide and polyimide-amide 
with the polyimide predominating which comprises the 
steps of: 

mixing together an aromatic dianhydride selected 
from pyromellitic dianhydride, 3,3'4,4'-benzophe 
none tetracarboxylic acid dianhydride and mix 
tures thereof and an oxoinine having the general 
formula: 

CH-(CH2)-NHCO 

wherein "x" is an integer from 2 to 4, the mole ratio of 
oxoimine to dianhydride being from about 1.5:1 to 
about 0.05:1; 
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heating the mixture to a temperature of from about 40 
150 C. to about 200' C, for from about 5 to about 
90 minutes to react with dianhydride with said 
oxoinine to produce an N-substituted aliphatic 
imide; 

10 
with significant portions of both polyimide and polyi 
mide-amide which comprises the steps of: 
mixing together an aromatic dianhydride selected 
from pyromellitic dianhydride, 3,3,4,4'-benzophe 
none tetracarboxylic acid dianhydride and mix 
tures thereof and an oxoimine having the general 
formula: 

- 

wherein "x" is an integer from 2 to 4, the mole ratio of 
oxoimine to dianhydride being from about 1.5:1 to 
about 0.05:1; 

heating the mixture to a temperature of from about 
150 C. to about 200' C. for from about 5 to about 
90 minutes to react said dianhydride with said oxoi 
mine to produce an N-substituted aliphatic imide; 

cooling the mixture to a temperature of from about 
40' C. to about 70 C.; 

dissolving said imide in a reactive solvent esterifying 
agent to esterify said imide; 

heating the imide solution to reflux at a temperature 
of from about 70° C. to about 80 C. for a period of 
from about 60 to about 90 minutes to esterify said 
imide; 

adding thereto about 1.0 M 4,4'-diaminodiphenyl 
methane per about 1.0 M of dianhydride; 

heating the resulting solution to reflux at a tempera 
ture of from about 70' C. to about 80 C. for a 
period of about 2 to about 30 minutes; 

drying the solution at a temperature of from about 60' 
C. to about 70 C. for a period of about 60 to about 
240 minutes to produce a dry material; and 

foaming said dry material by heating to a temperature 
of from about 210' C. to about 250' C. for a period 
of about 30 to about 45 minutes; 

whereby a resilient flame resistant modified poly 
imide foam is produced containing significant por 
tions of both polyimide and polyimide-amide res 

S. 
14. A method of making a foannable modified polyimide 

cooling the mixture to a temperature of from about 45 which comprises the steps of 
40 C. to about 70 C.; 

dissolving said imide in a reacting solvent esterifying 
agent to esterify said imide; 

heating the imide solution to reflux at a temperature 
of from about 70° C. to about 80' C. for a period of 
from about 60 to about 90 minutes to esterify said 
imide; 

adding thereto about 1.0 M 4,4'-diaminodiphenyl 
methane per about 1.0 M of dianhydride; 

50 

reacting an aromatic dianhydride with an oxoinine 
having the general formula: 

- 
CH2-(CH)-NHCO 

wherein "x" is an integer from 2 to 4, in a mole ratio of 
oxoinine to dianhydride between about 1.5:1 to about 

heating the resulting solution to reflux at a tempera- 55 00 to Producer N-substituted aliphatic inide 
ture of fron about 70' C. to about 80 C. for a 
period of about 2 to about 30 minutes; 

drying the solution at a temperature of from about 60' 
C. to about 70 C. for a period of about 60 to about 
240 minutes to produce a dry material; and 

foaming said dry material by heating to a temperature 
of about 230 C, to about 320' C. in a pre-heated 
oven for about 30 to about 60 minutes; 

whereby a resilient flame resistant modified poly 

60 

dissolving said inide in a reactive solvent esterifving 
agent to esterifs said inide; 

adding thereto a diamine and 
drying the resulting solution, 

whereby the dried solution when heated to a tempera 
ture of from about 120' C. to about 320' C. for a period 
of from about 10 to about 60 minutes, forms a resilient 
foam having good flame resistance. 

15. The method according to claim 14 comprising the 
imide foam is produced consisting primarily of 65 additional step of forming said resulting solution into free 
polyimide resin. 

13. The method of making a modified polyimide foam 
comprising a mixture of polyimide and polyimide-amide 

flowing powder or flakes. 
16. The method according to clairn 14 wherein said 

aromatic dianhydride is pyromellitic dianhydride, 
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3.3, 4,4'-benzophenone tetracarboxylic acid dianhydride or 
a mixture thereof. 

17. The method according to claim 14 wherein said 
oxoinine is caprolactam. 

18. The method according to claim 14 wherein said 
reactive solvent is methyl alcohol. 

19. The method according to claim 
diamine is 4.4-diaminophenyl methane. 

20. The method according to claim 14 wherein said 10 
diamine comprises at least two different diamines, at least 
one of which is an aromatic diamine. 

21. The method according to claim 14 further compris 
ing the step of adding from about 0.01 to about 2 wt.% of S 
a surfactant to the solution prior to drying. 

22. The method according to claim 14 further compris 
ing the step of adding fillers or reinforcing materials to the 
solution prior to drying. 

23. The method of making a modified polyimide foam 
able material comprising a mixture of polyimide and polyi 
mide-amide with the polyimide-anide predominating 
which comprises the steps of 

mixing together an aromatic dianhydride selected from 
pyromelitic dianhydride, 3,3,4,4'- benzophenone 
tetracarboxylic acid dianhydride and mixtures 
thereof and an oxomine having the general formula. 

5 

14 wherein said 

25 

30 

CH-(CH-NHCO 

wherein "x" is an integer from 2-4, the mole ratio oxoi. 35 
mine to dianhydride being from about 1.5:1 to about 
0.05:1. 

heating the mixture to a temperature of from about 150 
C. to about 200 C. for about 5 to 90 minutes to react 
said dianhydride with said oxoinine to produce an 
N-substituted aliphatic imide, 

cooling the mixture to a temperature of from about 40 
C. to about 70 C. 

dissolving said inide in a reactive solvent esterifving 45 
agent to esterify said inide 

heating the inide solution to reflux at a temperature of 
from about 70° C. to about 80 C. for a period of from 
about 60 to about 90 minutes to esterify said inide, 50 adding thereto about 1, OM 4,4'-diamino-diphenyl meth 
ane per 1.0M of dianhydride 

55 

60 

65 

12 
heating the resulting solution to reflux at a temperature 
of from about 70 C. to about 80 C. for a period of 
about 2 to about 30 minutes, and 

drying the solution at a temperature of from about 60 
C. to about 70 C. for a period of about 60 to about 
240 minutes to produce a dry material, whereby the 
dry material when heated to a temperature of about 
230 C to about 320 C. for about 30 to 60 minutes 
produces a resilient flame resistant, modified poly 
inide foam consisting primarily of polyinide resin. 

24. The method of making a modified polyimide foam 
able material comprising a mixture of polyimide and polyi 
mide-amide with significant portions of both polyimide and 
polyimide-anide which comprises the steps of 

mixing together an aromatic dianhydride selected from 
pyromelitic dianhydride, 3.3, 4,4'-benzophenone tet 
racarboxylic acid dianhydride and mixtures thereof 
and an oxoinine having the general formula. 

- 
CH-(CH2-NHCO 

wherein "x" is an integer from 2 to 4, the mole ratio of 
oxoinine to dianhydride being from about 1.5:1 to about 
0.05.I. 

heating the mixture to a temperature of from about 150 
C. to about 200 C. for from about 5 to about 90 
minutes to react said dianhydride with said oxoinine 
to produce an N-substituted aliphatic inide, 

cooling the mixture to a temperature of from about 40 
C. to about 70 C. 

dissolving said inide in a reactive solvent esterifying 
agent to esterify said imide, 

heating the inside solution to reflux at a temperature of 
from about 70 C to about 80 C. for a period of from 
about 60 to about 90 minutes to esterify said inide, 

adding thereto about 1.0M 4,4'-diarninodiphenyl meth 
ane per about 1.0M of dianhydride 

heating the resulting solution to reflux at a temperature 
of from about 70 C. to about 80 C. for a period of 
about 2 to about 30 minutes, and 

drying the solution at a temperature of from about 60 
C. to about 70 C. for a period of about 60 to about 
240 minutes to produce a dry material, 

whereby the dry material when heated to a temperature 
of from about 210 C. to about 250 C. for a period of 
about 30 to 45 minutes produces a resilient flame 
resistant modified polyimide foam containing signifi 
cant portions of both polyimide and polyimide-anide 
resins. 

s k 


