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ABSTRACT OF THZ DISCLOSURE 
Schiff-base polymers having the repeating unit repre- 15 

sented by the formula 

L = C A ~ C = = N A ~ N L  
L -I 

where Ar is an arylene moiety are prepared in tractable, 20 
fusible, high-molecular-weight form amenable to fabrica- 
tion into iseful articles by-reacting an aromatic diamine 
having the formula HzNArNHa with an aromatic di- 
aldehyde having the formula OHCArCHO in a monofunc- 
tional Schiff-base, which serves as a reaction medium and 
moderator. The reaction mixture. is heated slowly to 250 
to 300” C. to produce a fusible, black polymer. Heating 
to higher temperatures removes the monofunctional Schiff 
base and converts the polymer to an  infusible material 
having a very high degree of thermal stability. 

The invention described herein was made in the per- 
formance of work under a NASA grant and is subject 
to the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435; 42 U.S.C. 2457). 

This invention relates to Schiff base polymers and to a 
process for preparing the same. 

Polymeric Schiff bases having the general formula 

+ c A r c ~ = = ~ A & L  -1. 

where Ar represents an arylene moiety offer outstanding 
heat-resistant properties. Polymers having this structure 
can withstand temperatures in excess of 400” C. for 
sustained periods without undergoing significant degrada- 
tion or phase changes. This high degree of thermal stability 
is believed to result from the conjugated structure of the 
polymer, the double bond X = N -  linkage character- 
istic of Schiff bases being alternated with arylene groups. 
Schiff-base polymers offer an attractive material for appli- 
cations in the aerospace field as well as for other uses 
requiring high-temperature stability. 

Schiff-base polymers have been prepared previously by 
a condensation reaction of an aromatic dialdehyde with 
an aromatic diamine in a solution system, for example, 
by reaction of terephthaldehyde with p-phenylenediamine 
in benzene or alcohol. The product of this reaction has 
been a yellow-to-orange “brick dust” powder having a 
relatively low molecular weight. The “brick dust” poly- 
mer is an intractable material, infusible and insoluble in 
most solvents and therefore not amenable to fabrication 
into useful products. Black polymers should be expected 
from these reactants if the molecular weight is sufficiently 
high that conjugation is extensive. It is desired to prepare 
Schitf-base polymers in the form of tractable, black, high- 
molecular-weight material suitable for further processing 
into useful products. 

Black Schiff-base polymers having a high molecular 
weight have now been prepared by reacting the aromatic 
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diamine and aromatic dialdehyde in a melt system, a mix- 
ture of these reagents being heated to a temperature above 
the melting point in the absence of any solvent. Polym- 
erization to a high molecular weight proceeds very rapidly 
under these conditions, but the reaction is diacult to con- 
trol, and this process does not permit isolation readily or  
easily of a tractable, fusible polymer at aa intermediate 
stage. 

It is therefore an object of this invention to provide an 
improved process for synthesizing Schiff-base polymers. 

Another object is to provide tractable, fusible Gchiff- 
base polymers suitable for fabrication into useful prod- 
ucts. 

Another object is to provide a method of moderating 
and controlling the melt reaction of aromatic diamines 
and aromatic dialdehydes. 

Other objects and advantages of the invention will be 
apparent from the following description. 

In the present invention Schiff-base polymers having the 
formula 

& C A ~ C H = N A A L  
L -1. 

where Ar is an arylene moiety are prepared by reacting 
an aromatic diamine and an aromatic dialdehyde in the 
presence of a monofunctional Schiff base. The monofunc- 
tional Schiff base serves as a solvent and moderator for 
the reaction so that polymerization can be interrupted 
before the polymer becomes intractable. In addition, the 
monofunctional Schiff base enters into the polymeriza- 
tion reaction to a limited extent, as evidenced by yields 
in excess of 100%. 

The aromatic diamine reactant is represented by the 
formula 

HzNArNHa 
where Ar is an arylene moiety. The arykne moiety can 
be a single phenylene ring structure such as m-phenylene, 
p-phenylene, or a phenylene ring having one or two hy- 
drogen atoms substituted by methyl groups; a diphenyl- 
ene group; or a group consisting of two phenylene groups 
linked by one or more betereo atoms or groups such as 
0, S, SO,, eo, NH, N-CH,,  CaHz, or CH, and SOz. 
Aliphatic cham linkages containing more than one methyl- 
ene group are excluded from the groups between phenyl- 
ene rings since the conjugated structure of the polymer 
backbone, which is critical to thermal stability, would 
not be attained. In latter groups the lnikages attached 
to the phenylene groups can be in the meta-meta. meta- 
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5o para, or para-pari positions. Illustrative examples of spe- 
cific amine reactants are p-phenylenediamine, m-phenyl- 
enediamine, and the p,p’; m,m’; and m,p’ forms of bi- 
aniline, diaminodiphenyl sulfone, diaminodiphenyl amine, 
diaminodiphenyl sulfide, diaminodiphenyl ethylene, di- 

The aromatic aldehyde reactant is represented by the 
55 amiuodiphenyl acetylene, etc. 

formula 
OHCArCHO 

where Ar is an arylene moiety. Ar can be any of the 
60 groups given above for Ar in the amine reactant. Exam- 

ples of specific aldehyde reactants are m-phtha€dehyde, 
terephthaldehyde and the p,p’; p,m‘; and m,m’ forms of 
diformyldiphenyl methane, diformyldiphenyl oxide, di- 
formyldiphenyl sulfide, diformyldiphenyl sulfone, di- 

65 formyldiphenyl ketone, diformyldipheoyl amine, diformyl- 
diphenyl ethylene, diformyldiphenyl acetylene, etc. 

The monofunctional Schiff base used in the present 
process is represented by the formula 

where R is an aromatic moiety. Examples of aromatic 
moieties included are c&, CH&H,, (CH&CC,H,, 

70 RCH=NR 
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(CH,),C6H2, C6H5C6H4, C6H50C6H4, C6H5SC6H4, and described above can be obtained in the intermediate stages 
CH30C6H4. Benzylideneaniline, C6H6CH=NCsHs, is as a brittle, Mack, fusible material, if the temperature at 
preferred. The monofunctional Schiff base is preferably which it becomes infusible and intractable, about 375" to 
provided in the reaction mixture at a weight proportion 4M)" C. has been avoided in its preparation. This ma- 
at least equivalent to the weight of the product, but the terial has a relatively high molecular weight, estimated 
proportion is not critical. Excessively large amounts of to be in excess of 20,000 although the insolubility of the 
monofunctional Schiff base may result in premature ter- polymer has prevented an exact determination. Upon 
mination or even reversal of the reaction before the de- further heating it undergoes additional polymerization in 
sired stage. is reached, in which case a portion of the the solid state and forms an infusible, tough solid with 
excess should be removed by distillation. 10 excellent thermal stability and good mechanical proper- 

Polymerization is initiated by heating a mixture of the ties. Fabrication of the polymer into the desired shape or 
reactants and the monofunctional Schiff base to a tern- structure must be performed while it is in the fusible 
perature above the melting point of the mixture at about stage because of the intractable nature of the infusible 
130" C. Formation of a high-molecular-weight polymer material. 
begins to occur at about 140" C. The mixture is heated 15 In one preferred fabrication procedure the fusible poly- 
slowly, as for example, at a temperature increase rate of mer in finely divided form is mixed with a small amount 
5" to 25" C. per minute up to at least 250" C. Polymeri- of a Lewis acid catalyst, compressed into the desired 
zation proceeds through increasing stages of molecular shape in a suitable mold and heated to a temperature of 
weight during this step, as evidenced by vivid changes in 400" to 600" C. Holding at this temperature for a period 
color. The mixtnre forms a clear solution upon melting, 20 of at least 5 to 20 minutes is preferred to ensure comple- 
and the solution undergoes a series of color changes from tion of conversion to the desired form, although massive 
clear to bright yellow to orange to brown and finally to strnctnres may require longer periods of time. Any remain- 
black. In order to ensure complete conversion to the ing amounts of monofunctional Schiff base or unreacted 
desired fusible, black material, the mixture is held at monomers are evolved during this treatment; these can be 
250" to 300" C. for and extended period, preferably one 25 removed by postheating the molded form in an inert at- 
to five hours. An equilibrium stage is reached at this mosphere at 700" to 1,000" C. for one to four hours or  
temperature and no further polymerization will occur until more. An atmosphere of an inert gas such as nitrogen or 
the monofunctional Schiff base is removed from the mix- a vacuum is provided in this step to avoid oxidative de- 
tnre. gradation. A small amount, for example, 0.5 to l weight 

The product polymer is then recovered by removing the 30 percent, of a Lewis acid is provided in the moldable mix- 
monofunctional Schiff base by distillation at a tempera- ture to catalyze the solid-state polymerization reaction. 
ture of 300" to 350" C. The product, in the form of a Examples of Lewis acids which can be used include zinc 
glassy, black coherent mass, can be polymerized further chloride, ammonium chloride, boron trauoride, titan- 
in the solid state by heating to a temperature not exceed- ium tetrachloride, zirconium tetrachloride, mercuric bro- 
ing about 375" C. if tractable intermediate polymers are 35 mide, cobalt iodide, nickel sulfate, cadmium nitrate, cad- 
desired. In such cases, higher temperatures are to be mium perchlorate, silicon terachloride, arsenic tribromide, 
avoided since the polymer would become infusible and antimony pentabromide, bismuth trichloride, tin tetrachlo- 
intractable. The black fusible polymer is then ground into ride, trimethylamine, hydrochloride, trimethylamine hy- 
small fragments or powder for further processing to be 4o drobromide, phosphoric acid, tributylphosphonium chlo- 
described below. ride, p-toluenesulfonic acid, and the like. 

In order to avoid or reduce oxidation and side reactants For the fabrication of composite heat shields, for which 
the polymerization reaction and subsequent heating steps Schiff base polymers are a particularly attractive mate- 
are carried out in substantial absence of moisture and oxy- rial, the fusible polymer-lewis acid mixture can be inter- 
gen. An atmosphere of an inert gas such as nitrogen or mingled with the other components of the composite, for 
helium is preferably employed for this purpose. Although 45 example reinforcing fibers of a refractory material such as  
not critical, removal of the monofunctional Schiff base silica or fiberglass, prior to the heat treatment described 
is enhanced by use of reduced pressure in t h i s  step of above. 
the process. To facilitate these measures the reaction is This invention is illustrated by the following examples. 
carried out in apparatus provided with distilling equip- The Parts and percentages given are by weight unless 
ment and inert gas and vacuum lines. 

Fusible, black Schiff base polymers can also be pre- EXAMPLE I 
pared by heating a low-molecular-weight yellow-to- 
orange polymer in a molten monofunctional Schiff base. A mixture Of 1.08 Parts p-phenylenediamine and 1.34 
In this embodiment the diamine and dialdehyde defined Parts terephthaldebyde is heated in a microflask under a 
above are first reacted in an organic solvent to produce the 55 stream Of nitrogen. The mixture is heated to the melt- 
low-molecular-weight polymer. Thus reaction can be car- ing Point (130" C.) and the resulting fluid melt is heated 
ried out in any inert solvent which dissolves the reactants, to 150" 160" c. for two minutes. The melt rapidly be- 
and benzene, toluene, alcohol, dioxane, tetrahydrofuran, comes more ViSCOus, changing in color from light yellow 
dimethylformami&,, &methylacetam& and the like to orange to brown to black. The mixture is then heated 
be used. The polymer forms an insoluble precipitate in 60 for One hour at 180" c. and one hour at 260" C.  and 
this method before attaining a high molecular weight, and a~lowed to cool. A black polymer is obtained at a yield 
no further reaction is obtained even after reflusing for a 
period of 24 hours. The precipitated polymer is readily 

A mixture of 1.08 parts p-phenylenediamine, 1.34 parts recovered by filtration. 
The low-molecular-weight polymer is then heated in an terephtha&hy& and 1.0 part benzyiideneadine is re- 

excess of a monofunctional Schiff base having the for- acted by the procedure of Example I, except that the mix- 
mula given above. The polymer dissolves in the molten ture is subjected to a final heating for four hours at 325" 
Schiff base to produce a solution similar to that obtained C .  The viscosity of the melt is.much lower than in Ex- 
where the polymerization reaction is conducted in this 7o ample I and does not increase noticeably until the benzyl- 
medium. The resulting solution is then heated to 250' to ideneaniline is removed during heating at 325" C. The 
300" C. to effect further polymerization. The conditions reaction mixture remains homogeneous, and further 
given above for polymerization in the monofunctional polymerization proceeds through a fusible stage in a con- 
Schiff base can also be used in this embodiment. trollable manner. The mixture is then allowed to cool, and 

The product polymer obtained by either of the reactions 75 a shiny black polymer is recovered at a yield of 2.16 parts. 
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50 othenvise indicated. 

EXAMPLE II 
Of 97%' 
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EXAMPLE III 
A mixture of 1.0 part p-phenylenediamine and 10 parts 

benzylideneaniline is melted together under a nitrogen 
atmosphere in the apparatus of Example I, and 1.34 parts 
terephthaldehyde is then added to the mixture. The result- 
ing mixture is then heated according to the following 
schedule: 2 hours at 120' to 220' C., 5 hours at 200" C., 
10 hours at 260" C., 10 hours at 290" C., all at atmos- 
pheric pressure, and 10 hours at 290" C. and 140 mm. 
Hg pressure. The system is allowed to cool, and a dark 
brownish-black polymer is recovered at a yield of 
107.8%. 
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of an aldehyde having the formula OHCArCHO where 
Ar is said arylene moiety and an amine having the for- 
mula H2NArNHz where Ar is said arylene moiety in a 
monofunctional Schiff base having the formula RCH= 
NR where R is an aryl moiety selected from the class 
consisting Of C& CH,c&, (CH3)2C& (CH3)3C&, 
C6H&H4, CGHSOC6H4, CcH5SC6H4 and CH30CGH4 to 
a temperature of 140" C. to 375 C. under an inert at- 
mosphere until a fusible black polymer is formed and 
recovering said polymer. 

2. The process of claim 1 wherein said monofunctional 
Schiff base is 

at 146" C., 0.5 hour at 310" C., both at atmospheric 
pressure, 12 hours at 280" C. and 140 mm. Hg and 24 
hours at 280" C. and 7 mm. Hg. The system is then 
allowed to cool, and a shmy black solid polymer is re- 
covered. Formation of the black polymer is first observed 
in heating at 140' C. 

In the process of this invention, the aldehyde and 
amine components of the SchiE base, RCH=NR, react 
with the arylene dialdehyde and the diamine becoming 
the terminal ends of the polymer chain so that solubili- 
zation of the growing chain is maintained and the final 
structure of the polymer is 

R N L H C A r C H = N A r N L H R  
L -I. 

Solution polymerization of arylene dialdehydes and 
diamines yields "brick dust" polymers in which the aver- 
age value of n is about 2. In contrast, the fusible black 
polymers prepared by the process of the present invention 
have a value of n that is at least 5. At higher degrees 
of concentration the value of n exceeds 20, and after 
postheating, it reaches 100 to 1000 or more. In addition, 
due to the presence of aromatic end groups in these 
polymers, their thermal stabilities in both nitrogen and 
air are orders of magnitude higher than for polymers 
prepared by the previously known solution condensation 
method. This greatly improved thermal stability was un- 
predictable and entirely unexpected. 

The thermal stabilities of the polymers prepared by 
the process of this invention are substantially identical 
to those prepared by the his Schiff-base exchange method 
disclosed in applicant's copending application Ser. No. 
593,594, filed Nov. 9, 1966 and assigned to the same 
assignee as the present invention and to which reference 
is hereby made. 

What is claimed is: 
1. A process for preparation of a polymer consisting 

essentially of the formula 

+ c A r c z = N A & L  -1. 

where Ar is an arylene moiety selected from the class 
consisting of a phenylene group, a diphenylene group 
and a group consisting of two phenylene groups linked 
by a component of the class consisting of 0, S. SOz, 
C=O, NH, N-CH3, CHa and SOz, and C2H2 and n has 
a value of at least 5 which comprises heating a mixtnre 

EXAMPLE IV C6H5CH=NC6H5 
A mixture of 1.44 parts of p-phenylenediamine, 1.34 15 3. The process of claim 1 wherein said mixture is held 

parts terephthaldehyde and 350 milliliters of benzene is at a temperature of 250" C. to 300" C. under an inert 
refluxed in a round-bottomed flask attached to a Dean- gas atmosphere for a period of at least one hour, the 
Stark trap. The mixture turns bright yellow and is corn- monofunctional Schiff base is removed therefrom by 
pletely reacted in one hour. No further change in appear- distillation at a temperature of 300 to 350" C. and the 
ance occurs after 20 hours refluxing. The bright yellow 20 resulting fusible polymer is converted to infusible form 
polymer is then recovered at a yield of 103.4%. by heating in the presence of a Lewis acid catalyst to a 

A mixture of 1 part of the yellow polymer and 4.0 temperature of 400" C. to 1000" C. under an inert gas 
parts benzylideneaniline is heated in the apparatus of atmosphere. 
ExamDk I according to the following schedule: 4.5 hours 4. The process of converting an intractable, low-molec- 

25 ular-weight polymer consisting essentially of the formula 

L = C A ~ C H = N A L L  
L -1. 

where n is less than 5 and Ar is an arylene moiety se- 
30 lected from the class consisting of a phenylene group, a 

diphenylene group and a group consisting of two phenyl- 
ene groups linked by a component of the class consisting 
of 0, S ,  SO,, 0 0 ,  NH, N-CH,, CH2 and SO, and C a ,  
to fusible, black form which comprises heating said poly- 

35 mer in a monofunctional Schiff base having the formula 
RCH=NR where R is an aryl moiety selected from the 
class consisting of C6H5, CH3CGH4, (CH3)2C6H3, 
(CH~)~CEHH,, CBH~CBH~.  CBH~OC& ~&E& and 
CH30C6H4 to a temperature of 140" C. to 375" C. under 

40 an inert gas atmosphere until a fusible black polymer is 
formed and recovering the resulting polymer. 

5. The process of claim 1 wherein said mixture is 
heated at a temperature of 250" C. to 300" C. for a 
period of at least one hour. 
6. The process of claim 5 wherein said mixture is 

heated at a temperature increase rate of 5" C. to 25' C. 
per minute. 
7. The process of claim 4 wherein said polymer is 

heated at a temperature of 250" C. to 300" C. for a 

45 

50 period of at least one hour. 
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