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The present invention concerns advanced epoxy resin compounds containing mesogenic moieties. 
curable compositions and cured compositions thereof. 

Epoxy resins are useful in many applications such as adhesives. coatings. castings. laminates. and 
composites. In each of these applications, it is desirable to have epoxy resins with improved physical and/or 

s thermal properties. 
The present invention provides advanced epoxy resin compounds with improved properties through the 

incorporation of mesogenic (liquid crystalline type) structures into the polymer chain. These resins are 
obtained through advancement reactions with mesogenic compounds containing active hydrogens. The 
typical structure of the mesogenic compounds ·consists of two or more aromatic rings bridged by a rigid. 

;o central linkage. The active hydrogen sites are provided by hydroxyl. amine. amide and:or carboxylic acid 
··functionality. 

An additional aspect of"·the present invention is that the property improvements which are obtained with 
these resins can be further enhanced by the application of electric and magnetic fields and shear stresses 
during processing and:or cure. 

:s One .asoect of the present invention pertains to advanced epoxy resin compounds prepared by reacting 
an epoxy .resin having an. a~erage of more than one vicinal epoxy group per molecule with a compound 
having an average of more than one active hydrogen atom per molecule represented by the following 
formulas I. !I or Ill: 

Fo_rmula I 

X' 

Formula II 
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-z2 -z1 ---0 

.:s wherem at !east about 80 percent of the Z and x· groups are in the para position with respect to each other 
in Formula I: at least about 80 percent of the. z~ and z• groups are in the para position with respect to each 
Other in Formula Ill: each X is independently hydrogen. a hydrocarbyl or hydrocarbyloxy group having from 
1 to 12. preferably from 1 to 6. most preferably from t to 4. i:;arbon atoms. a halogen atom. -N02 or -CeN: 
each ·x· is independently a hydroxyl group. a carboxylic acid group or the group represented by formula IV: 
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Formula IV (X) 
4 

5 
HO~z6-

each Z is independently -CR'·= CR'-. ·CR'= CR1-CR1 =CR'-, -CR'= N-N =CR'-. ·CR'= CR1-CO-O·CH2-. 
·CR'= CR 1-CO-O·CH2-CH2-. -CH2·0-CO-CR1 =CR'·. ·CH2-CH2·0-CO·CR1 =CR'-. -CR'= CR'-C0-0·. ·O· 

10 CO-CR'= CR'·. ·N = N-, ·CO-NH-, -NH-CO-. -CO-NH-NH-CO·. -CsC-. -CsC-C•C-. ·CO-S-. ·S-CO-. -CO·O·. 
-0-CO-. a direct single bond when nii::1, 
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·i is independently -0-CO-. -C0-0-. -NR'-CO- and -CO-NA'-: each n' is independently zero or 1: R' is 
independently a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms: z; is a divalent 
hydrocarbyl group having from 1 to 12, preferably from 1 to 6. more preferably from 1 to 4 carbon atoms: 
-SO-. -S02-. -S-. -S-S-. -0-. or -CQ-; each Z' is independently -CO-NH-. or -NH-CO-: Z2 is a group 
represented by a cyclic or bicyclic ring system containing from 5 to 12. preferably from 5 to 10. more 
preferably from 5 to 6 carbon atoms or a group represented by formula V: 
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Formula~ z? ---< 

n 

Z3 is NH2-. NH2·S02· .. NH2-CO-. or NH2-zs.o-: each z• is independently -CR1 = CR1-, -CR1 = CR1-

70 CR'= CR'·. -CR'= N-N =CR'•, ·CR' = CR1-CO-O-CH2-.-CR1 = CR1-CO·O-CH2·CH2-. -CH2-0·CO-CR 1 =CR'·. 

·CH2·CH2·0·CO-CR1 =CR'·, ·CR1 = CR'·CO·O·. -O·CO-CR1 = CR1
·, -N = N·, -CO-NH-. -NH-CO·. ·CO-NH· 

NH-CO·. -C•C-. -CaC-CeC-, ·CO·S·. -S-CO-. ·CR' = N·. ·N = CR1-. ·C0-0·. ·O·CO-. a direct single bond. 
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zs is an alkyl or cycloalkyl . group having from 1 to 10, preferably from 1 to 6. more preferably from 1 to 3 
carbon atoms; Z7 is the same as Z' with the proviso that it can also independently be a divalent 
hydrocarby~ group· having. from 1 to 4. carbon atoms, -so-. -S02-. -s-. -s-s-. -0", or -CO-: and n has an 
average value of zero to 6. 

s Another aspect of the present invention pertains to curable compositions comprising the aforementioned 
advanced epoxy resins and a curing amount of a curing agent or curing catalyst therefor. 

A further aspect of the ·present invention pertains to products or articles resulting from curing the 
·aforementioned curable compositions. · · . 

A still further aspect of the present invention pertains to products resulting from the application of an 
10 electric field or magnetic field or shear flow during curing or processing of the aforementioned advanced 

epoxy compounds. 
The advancecd epoxy resin compounds of the present invention provide cured products having an 

improvement in one or more of the following phy~ical or thermal properties such as. but not limited to, glass 
transition temperature. tensile strength. tensile modulus, flexural strength, and flexural modulus. 

is The term "hydrocarbyl" as employed herein means any aliphalic, cycloaliphalic, aromatic. aryl substi-
tuted aliphatic or cycloaliphatic. or aliphatic or cycloaliphatic substituted aromatic groups. The aliphatic 
groups can be saturated or unsaturated. likewise. the term "hydrocarbyloxy" means a hydrocarbyl group 
having an oxygen linkage between it and the carbon atom to which it is attached. 

The term "active hydrogen atom" as employed herein means a hydrogen atom which is reactive with a 
20 vicinal epoxide. group, 

Particularly suitable compounds having an average of more than one active hydrogen atom per 
molecule which can be employed herein include hydroxyl-containing compounds, primary amine-containing 
compounds and compounds containing more than one aromatic amide group per molecule. These 
compounds include. for example, those compounds represented by the aforementioned formulas I. II and Ill. 

2s Particularly · suitable hydroxyl-containing compounds include. for example. bis(4-hydroxyphenyl)-
terephthalate. N,N' -bis(4-hydroxyphenyl)terephthalamide. bis(4' -hydroxybiphenyl)terephthalate. 4.4' -
dihydroxyphenylbenzoate. 4,4' -dihydroxyben~anilide, 4,4" "Clihydroxybiphenylbenzoate. 1.4-bis(4. -
hydroxyphenyl~ 1 '-carboxamiae)be11zene, 1,4·bis(4' -hydroxyphenyl-1 '-carboxy)benzene, 4.4' ·bis(4 • -
hydroxypheny1-1 "-carboxy)biphenyl, bis(4' -hydro~yphenyl)- 1,4-benzenediimine, 4,4· -dihydroxy·a·methylstil-

30 bene. 4,4' -dihydroxy-a-cyanostilbene, 4,4' -dihydroxystilbene. . 4,4' ·dihydroxy-2.2' -dimethylazoxybenzene, 
4,4· -dihydroxy·a.C:r' -diethylstilbene and mixtures thereat · · · · 

Particularly suitable ca~boxylic acid-containing compounds include. for example. 4,4'-benzanilide dicar· 
boxylic acid. 4.4'-phenyibenzoate dicarboxylic acid: 4;4'·stilbenedicarboxylic acid and mixtures thereof. 

Particularly ·suitable primary amine-containing compounds include. for ·example. 4 '·sulfonamido·N· 
;;5 phenyl benzamide. . 4' -sulfonamido·N • -phenyl·4·chlorobenzamide. 4-amino· 1 ·phenylbenzoate. 4-amino·N· 

phenylbenzamide. N·phenyl-4-aminophenyl-1-carboxamide. phenyl·4-aminobenzoate. biphenyl-4-aminoben­
zoate. 1-phenyl-4 • -aminophenylterephthalate. and mixtures thereof. · 

Particularly suitable aromatic amide-containing compounds include. for example, N.N.-diphenyltereph­
thalamide. 1 ,4-benzenediphenylcarboxamide. 1.4-cyclohexanediphenylcarboxamide. benzanilide ether. N­

.:a phenyJbenzamide and mixtures thereof. 
Suitable epoxy resins which can be advanced with the aforementioned active hydrogen-containing 

compounds include those epoxy resins having an aliphatic. cycloaliphatic or aromatic base. These include 
the polyglycidyl ethers of alkylene glycols. polyoxyalkylene glycols, dihydric phenols including bisphenols 
and dihydroxy biphenyl as well as substituted cierivatives thereof. phenol and substituted phenol aldehyde 

.:5 novolac resins. phenol or substituted phenol hydrocarbon resins. The dihydric phenols and novolac resins 
and hydrocarbon resins can contain such substituents as hydrocarbyl or hydrocarbyloxy groups containing 
from 1 to 10. preferably from 1 to 6. more preferably from 1 to 3 carbon atoms, halogen atoms. particularly 
chlorine or bromine. -N02. and ·C•N. Exemplary of such suitable epoxy resins include those represented 
by the following formulas VI. VII. VIII. IX or X: 

so 
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... -~;~sin eacn A :s 1ncepenaencly a divaient hydrocarbyl group having from J to 12. preferably from 1 to 6. 
mo•-= ~refsraci}· irom 1 !O 3 carbon atoms. -0-. -S-. -S-S-. -SO-. -S02-. or -CO-: each A' independently a 
:;,,.aism t:ycrccarocn group having from I to 6. preferably from 1 to 3 carbon atoms: 0 is a single bond. 
-.:H: ·S·CH:-. ··CH:: >n··. er 

-0-
eacn R 1s 1ncepencently hydrogen or an alkyl group having from 1 to 4 carbon atoms: each R2 and R3 is 
.ncepencemly hyorcgen. a hydrocarbyl or halohydrocarbyl group having from 1 to 6. preferably from I to 3. 
more ;:reierao1y from 1 to 2 carbon atoms: each X is independently hydrogen. a hydrocarbyl or 
hycirocarby1oxy group having from 1 to 12. preferably from 1 to 6. most preferably from 1 to 4 carbon 
atoms. a halogen atom. -N02 or -C•N: m has a value from J to 10. preferably from I to 4. more preferably 
irom 1 to 2: m. has a value from 0.01 to 12. preferably from 1 to 6. more preferably from 1 io 3: m' has an 
average value from 1 to 12. preferably from 1 to 6. more preferably from 1 lo 3: mZ has a value from 1 lo 
12. preferably from 2 to 6. more preferably from 2 to 3: n has a value of zero or 1; n • has an average value 
irom zero to 3. oreferably from zero to 1.5. more preferably from zero to 0.5: and n1 has an average value 
irom 1 to 10. · 

The epoxy resin having an average of more than one· vicinal epoxy group per molecule anq the 
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compound having an average of more than one active hydrogen atom per molecule ar~ .reacted in amounts 

which provide suitably from 0.01:1 to 0.05:1. more suitably from 0.01:1to0.5:1, most suitably from 0.01:1 to 

0.3:1 active hydrogen atoms per epoxy group. 
When the· epoxy resin having an average of mote than one vicinal epoxy group per molecule and the 

5 compound having an average of more than one active hydrogen atom per molecule and containing one or 

more mesogenic structures are reacted in amounts which provide from 0.01 :1 to 0.95:1 active hydrogen 

atoms per epoxy group. ·a curabie (thermosettable) advanced epoxy resin is produced. When the epoxy 

resin having an average of more than one vicinal epoxy group per molecule and the compound having an 

average. of ·more than one active hydrogen atom per molecule and containing one or more mesogenic 

ro structures are· reacted in amounts which provide from 0.96:1 to 1.05:1 active hydrogen atoms per epoxy 

group, a substantially thermoplastic. resinous product is provided~ Said resin composition contains little, if 

any, curable residual ~poxide functionality. and may thus be processed using the typical processing 

methods employed with conventional thermoplastics. such as. for example, injection molding or extrusion. 

Thermosetting may, however, be induced. for example. via reaction of. all or a part of the backbone 

rs secondary hydroxyl groups produced in the aforesaid advancement reaction. with a curing agent therefor. 

One class of said curing agents includes the ditpolyisocyantes as well as the blocked diipolyisocyanates 

which can be induced to react with said secondary hydroxy groups providing urethane linked crosslinks 

between the resin chains. An example of a specific diisocyanate especially useful herein ls 4.4' • · 

diisocyanatodiphenylmethane. When the compounds having an average of more than one active hydrogen 

20 atom per molecule used in the advancement reaction is a diphenol. the resultant resinous product is a 

phenoxy resin. According to the teachings founc:f in Encyclopedia of Polym"er Science and Engineering, Vol. 

6. page 331. published by John Wiley and Sons, New York(1986) asidefrOmThe aforementioned 

advancement method. a phenoxy resin may also be prepared by reaction of a I: 1 mole ratio of high purity 

. bisphenol A .and epichloro!iydrin. It is therefore operable to prepare the phenoxy resins containing one or 

25 more mesogenic structures of the present invention via reaction of one or more diphenols containing one or 

more mesogenic structures. wit!'! one or more epihalohydrins. A typical example would thus be the phenoxy 

resin produced from the reaction of epichlorohydrin and bis(4·hydroxyphenyl)terephthalate using the 

aforementioned stoichiometric ratio. 
The adv1ancement reaction can be conducted in· the presence of a suitable advancement catalyst such 

30 as phosphines. quaternary ammonium compounds. phOsphonium compounds and tertiary amines. Particu­

larly suitable catalysts ·include, for example. ethyltriphenylphosphonium chloride. ethyltriphenylphosphonium 

bromide~· · · · ethyltripheilylphosphonium iodide. ethyltriphenylphosphonium diacetate 

(ethyltriphenylphosphonium ·acetate• acetic acid complex), ethyltriphenylphosphonium phosphate. tetrabutyl· 

phosphonium chloride. tetrabutylphosphonium bromide. tetrabutylphosphonium iodide. tetrabutyl· 

:JS phosphonium diacetate (tetrabutylphosphonium acetate• acetic acid complex), butyltriphenylphosphonium 

tetrabromobisphenate. butyltriphenylphosphonium bisphenate. butyltriphenylphosphonium bicarbonate. ben· 

zyltrimethylammonium chloride, tetramethylammonium hydroxide. triethylamine. tripropylamine. 

tributyl~mine. 2-methylimidazole, benzyldimethylamine and mixtures thereof. Many of these catalysts are 

described in. U. S. Patent Nos. 3.306.872: 3.341.580: 3.379.684: 3,477.990: 3.547.881: 3.637.590: 3.843.605: 

.:o 3.948.855: 3.956.237; 4,048,141; 4.093.650: 4.131.633: 4,132.706: 4,171.420: 4.177.216 and 4.366.295. 

The amount of advancement catalyst depends. of course. upon the particular reactants and catalyst 

employed: however. the advancement catalyst is usually employed in quantities of from 0.03 to 3, 

preferably from 0.03 to 1.5. most preferably from 0.05 to 1.5 percent by weight based upon the weight of 

the epoxy-containing compound . 
.<5 The advancement reaction can be conducted at atmospheric. superatmosphenc or subatmospheric 

pressures at temperatures of from 20 • C to 260 • C. preferably from 80 • C to 200 • C. more preferably from 

100 • C to 150 • C. The time required to compiete the advancement reaction depends upon the temperature 

... employed. Higher temperatures require shorter periods of time whereas lower temperatures require longer 

periods of time. Generally. however. times of from 5 minutes to 24 hours. preferably from 30 minutes to 8 

50 hours, more preferably from 30 minutes to 3 hours are suitable. 

If desired. the advancement reaction can be conducted in the presence of one or more solvents. 

Suitable such solvents include. for example. glycol ethers. aliphatic and aromatic hydrocarbons. aliphatic 

ethers. cyclic ethers, ketones. esters. amides. and combinations thereof. Particularly suitable solvents 

include. for example. toluene. benzene. xylene. methyl ethyl ketone. methyl isobutyl ketone. diethylene 

ss glycol methyl ether, dipropylene glycol methyl ether. N.N-dimethylformamide. N-methylpyrrolidinone. 

tetrahydrofuran. propylene glycol methyl ether and combinations thereof. The solvents can be employed in 

amounts of from zero to 80 percent. preferably from 20 percent to 60 percent. more preferably from 30 

percent to 50 percent by weight based upon the weight of ihe reaction mixture. 
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While the advancement of epoxy resins w)th active hydrogen-containing compounds having rigid. liquid 

crystal type structures results in an epoxy resin with improved properties. an epoxy resin with even more 

improvement can be obtained if the advanced epoxy resin compound is subjected to external fields or 

induced stresses. These fields or stresses provide the orientation of the epoxy resin advancement adducts 

s due to their anisotropic properties. To achieve this orientation during processing, electric or magnetic fields 

and shear stresses can be applied. The preferred method for orientation is through the application of shear 

stress. In addition to orientation by electric and magnetic fields. polymeric mesophases can be oriented by 

low shear rates (0.1·90 sec-1) which are induced by flow through dies, orefices, and mold gates. For the 

potential mesomorphic systems based on the advancement. of epoxy resins with rigid. liquid crystal type 

10 structures. shear orientation can be induced by processing methods such as injection molding. extrusion. 

filament winding. pultrusion and filming at temperatures from ambient to 200 • C. preferably from ambient to 

160 • C and more preferably from ambient to 120 • C. At the time of this processing, an epoxy resin 

hardener and/or catalyst which would be a part of the final formulated system would set or cure the resin in 

an oriented. highly ordered state from 1 minute to 1 hour. preferably from 1 minute to 30 minutes. and more 

. rs preferably from 1 minute to 10 minutes. 

The advanced epoxy resins of tlie present invention can be cured by the conventional means for curing 

epoxy resins such as by mixing with any suitable curing agent. Suitable such curing agents include. for 

example, primary and secondary polyamines. carboxylic. acids and anhydrides thereof. phenolic hydroxyl· 

containing compounds. guanidines. urea-aldehyde resins, melamine-aldehyde resins. alkoxylated urea-

20 aldehyde resins. alkoxylated melamine-aldehyde resins. aliphatic. cycloaliphatic and aromatic amines and 

combinations thereof. Particularly suitable curing agents include. for example. ethylenediamine. 

diethylenetriamine, triethylenetetramine. tetraethylenepentamine. sulfanilamide, bis(hydroxyphenyl)meth.ane. 

methylenedianiline. maleic anhydride. chlorendic anhydride. diaminocyclohexane, isophoronediamine, 

methylbicyclo(2.2. l)heptene·2.3·dicarboxylic anhydride, phenol-formaldehyde novolac resin, cresol-formal· 

25 dehyde novolac. resin, methylolated urea-formaldehyde resin, methylolated melamine-formaldehyde novolac 

resin. diethyltoluenediamine. diaminodiphenyl sulfone and combinations thereof. The curing agents are 

employed in an amount which will effectively cure ·the composition containing th.e mesogenic moieties. 

These amounts will depend upon the particular advanced epoxy resin and curing agent employed: however. 

suitable amount:; include, for example. from 0.95:1 to 1.2:1, more suitably from 0.95:1 to 1.15:1. most 

30 suitably from 1:f to 1.15:1 equivalents of curing agent per epoxide equivalent for those curing agents which 

cure by reacting· with the epoxy group of the epoi(y resin. The Handbook of Epoxy Resins by Lee and 

Neville, McGraw-Hill, 1967, contains various discussions concerning the curing of epoxy resins as well as 

compilation of suitable curing agents. 

The advanced epoxy resin compound of the present invention can be blended with other materials such 

35 as solvents or diluents. fillers. pigments. dyes .. flow modifiers. thickeners. reinforcing agents. mold release 

agents. wetting agents. stabilizers. fire retardant agents. surfactants and combinations thereof. 

These additives are added in functionally equivalent amounts. e.g .• the pigments and1or dyes are added 

in quantities whicli will provide the composition with the desired color: however, they are suitably employed 

in amount$ of from zero to 20. more suitably from 0.5 to 5. most suitably from 0.5 to 3 percent by weight 

.:c based upon the weight of the total blended composition. 

Solvents or diluents which can be employed herein include. for example. hydrocarbons. ketones. glycol 

ethers, aliphatic ethers. cyclic ethers. esters. amides and combinations thereof. Particularly suitable solvents 

or diluents include. for example. toluene, benzene. xylene. methyl ethyl ketone. methyl isobutyl ketone. 

diethylene glycol methyl ether. dipropylene glycol methyl ether. dimethylformamide. N-methylpyrrolidinone.' 

•s tetrahydrofuran. propylene glycol methyl ether and combinations thereof. 

The modifiers such as thickeners and flow modifiers can be suitably employed in amounts of from zero 

to 10. more suitably from 0.5 to 6. most suitably from 0.5 to 4 percent by weight based upon the weight of 

the total composition. 
Reinforcing materials which can be employed herein include. for example. natural and synthetic fibers 

so in the form of mats. woven fabric. monofilament. multifilament. unidirectional fiber. rovings. random fibers or 

filaments: -ino_rganic fillers or whiskers and hollow spheres. Suitable reinforcing materials which can be 

employed herein include. for example, glass. ceramics. nylon, rayon. cotton. aramid. graphite, polyalkylene 

terephthalate. polyethylene. polypropylene polyesters and combinations thereof. 

Suitable fillers which can be employed herein include. for example. inorganic oxides. ceramic micro­

s:; spheres. plastic microspheres. inorganic whiskers. glass microspheres. CaCQ3 and combinations thereof .. 

The fillers can be employed in amounts suitably from zero to 95. more suitably from 1 O to 80. most 

suitably from 40 to 60 percent by weight based upon the weight of the total composition. 

The following examples are illustrative of the present invention. 
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Synthesis ~ N.N'·Diphenylterephthalate 

N,N' ·diphenylterephthalamide (Structure I) was .synthesized from aniline and terephthaloyl chloride 

using acetone as a reaction media and an aqueous solution of NaOH to neutralize the HCI generated. 

5 Terephthaioyl chloride (87.2 grams, 0.43 moles) was first added to a stirred. 2·1iter reaction flask containing 

one liter of acetone. After the terephthaloyl chloride has dissolved, aniline (80.0 grams, 0.86 moles) was 

added dropwise using an addition funnel over a 30 minute period. During the course of this addition, a white 

precipitate was formed. A 200 rnl aqueous solution of NaOH (34.3 grams, 0.86 moles) was then added, also 

using an addition funnel, over a 30 minute period. The reaction temperature during both the aniline and 

10 NaOH addition was maintained below 35 • C by blowing air onto the outside of the reaction flask. After the 

NaOH addition. the reaction mixture. was stirred for three hours and then vacuum filterea (filtrate pH = 7). 

The filter cake obtained was washed with 400 ml of acetone and then added to one liter of deionized water. 

stirred for 15 minutes and filtered. This filter cake was washed with 500 ml of acetone and then dried in a 

105 • C vacuum oven to a constant weight. This final product (114.4 grams. yield = 84.2 percent) exhibited 

15 a sharp melting endotherm by ·differential scanning calorimetry (DSC) at 346° C. Also Fourier transform 

infrared (FTIR) analysis showed the following absorbances which are indicative of the structure for the final 

product: 3329 cm-· (N·H stretch), 1528 cm-• (Amide II band) and 1650 cm-• (Amide. I band). 

20 

25 Structure I 

30 Synthesis of N·Phenylbenzamide 

N·phenylbenzamide (Structure II) was synthesized from aniline and benzoyl chloride using acetone as a 

reaction media and an aqueous solution of NaOH to neutralize the HCI generatec:I. A 20 ml aqueous solution 

of NaOH (2.57 grams. 0.064 moles) and 6.0 grams (0.064 moles) of aniline were first added to a stirred 250 
35 ml flask containing 75 ml of acetone. Benzoyl chloride (9.06 grams. 0.064 moles) was next added over a 

five minute period. This reaction mixture which now contains a white precipitate was stirred for 1.5 hours 

and then diluted with 50 ml of deionized. water. This solution was next filtered and the filter cake obtained 

was sequentially washed with 50 ml of deiooized water (two times) followed by 50 ml of methanol. The 

washed filter "cake was recovered and analysis of this pfoduct showed a sharp melting endotherm at 169 • C . 
.<() 

.:s 

50 

55 

0 

@-NH-~-@ 

Structure II 

Synthesis ~ 4' ·Sulfonam1do·N·Phenylbenzamide 

4 ·sulfonamido·N·phenylbenzan;iide (Structure Ill) was synthesized from sulfanilamide and benzoyl 

chloride using acetone as a reaction media and an aqueous solution of NaOH to neutralize the HCI 

generated. Sulfanilamide (tOO grams. 0.58 moles) was first added to a stirred. two ·liter reaction flask 

containing one liter of acetone. After the sulfanilamide had dissolved. benzoyl chloride (82 grams. 0.58 

This Sheet Has Been Replaced 

. I 1111111 111111 \Ill ml Ill\ 
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moles) was added dropwise using an addition funnel over a 20 minute period. During the course of this 
addition. a white precipitate was formed. A 200 ml aqueous solution of NaOH (23.2 grams. 0.58 moles) was 
then added. also using an addition funnel, over a 30 minute period. The reaction temperature during this 
addition and that of the benzoyl chloride was maintained below 30 • C by blowing air onto the outside of the 

s reaction ·flask. After !he NaOH addition, the reaction mixture was stirred for two hours and then vacuum 
filtered. The filter cake obtained was washed with one liter of deionized water. These solids were next 
added to 300 ml of acetone, stirred for 15 minutes, and then vacuum filtered. This filter cake was washed 
with 500 ml of deionized water followed by 300 ml of acetone and then dried to a constant weight in a 
100 • C vacuum oven. The final dried product (145 grams. yield = 90.2 percent) exhibited a sharp melting 

10 endotherm by DSC at 297• C. Also FTIR analysis of this material showed the following absorbances which 
are indicative of the structure for the final product: 3350 cm-1 (N·H stretch), 1520 cm-1 (Amide II band). 
1_650 cm-• (Amide J band) and 3267 cm-!:'3291 cm-• (N·H stretch of sulfonamide). 

0 0 

H2N-~ -1(5\--- NH-1~ -/(5\ 
II~~ 
0 

Structure III 

25 Synthesis~ 61s(4·Hydroxyphenyl)Terephthalate 

Bis(4·hydroxyphenyl)terephthalate {Structure IV) was synthesized by the reaction of hydroquinone with 
terephthaloyl chloride thro_ugh the addition of NaOH. The hydroquinone (162.7 grarr.s. 1.48 moles) and 
terephthaloyl chloride (150.0 grams, 0.74 moles) were first dissolved in 750 ml of tetraflydrofuran in a two 

30 liter round bottom flask which was stirred. The NaOH (59.1 grams, 1.48 moles) in 300 ml of deionized water 
was next added dropwise using an addition funnel over a one hour period and the mixture was then allowed 
to stir an additional two hours at ambient temperature (pH = 6). The precipitate obtained was collected by 
vacuum filtration and then added to 500 ml of deionized water and 1000 ml of methanol. This solution was 
s<irrsd for one hour at 40-55 • C and !hen filtered. The solids collected here were· added to 1100 ml of 

is 2nnydrous methanol and stirred ~t 40-55 • C for one hour followed by a third filtration. The resultant solids 
were then cried in a 80 • C vacuum oven. This final product (111.9 grams. yield. = 43.3 percent) exhibited a 
sharp melting endctherm by DSC at 415' C. 

·~ _, 

50 

Structure IV 

Synthesis ~ N.N· ·Bis(4·HydroxyphenyllTerephthalamide 

N.N· ·bis(4·hydroxyphenyl)terephthalamide (Structure V)· was synthesized by the reaction of 
aminophenol with terephthaloyl chloride in the presence of NaHC03. Two moles of aminophenol (218.3 

ss grams) and 2 moles of NaHCO& (168 grams) were first added to a stirred. round bottom flask containing 
750 milliliters of acetone and 750 milliliters of deionized water. Two moles of terephthaloyl chloride (203.0 
grams> were then added over a two hour period. During the course of the terephthaloyl chloride addition. 
200 additional milliliters of acetone were also added to wash down the frothy suspension caused by C.02 
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evolution. After the terephthaloyl chloride addition, the precipitate produced from the reaction was collected 
by vacuum filtration. For purification of the precipitate obtained, one half of this material was placed in a 
stirred, round bottom flask containing 900 milliliter$ of methanol and 450.milliliters of deionized water. This 
suspension was heated to 56 • C and ttien vacuum filtered. For the solids recovered from this filiration, the 

s washing step with methanol anci deionized water was repeated. The filtrant solids obtained from the second 
hot filtration were then added to a stirred, round bottom flask containing 1250 milliliters of methanol. This 
suspension was vacuum filtered after 30 minutes to recover. the solids for _drying. After following the 
preceding washing procedure for the second half of the reaction precipitate, the total solids recovered were 
dried at 80 • C under vacuum· for 5 hours. The weight of the dried solids was 325.6 grams. 93.4 percent of 

10 the theoretical yield to N,N··bis(4·hydroxyphenyl)terephthalamide. The melting point of this final product 
was 405' C as determined by differential scanning calorimetry. • 

0 0 

Bo-@-.MH-~-@-~~NH-@-oa 

Structure V 

2!1 

Ccmoarat1ve Experiment A 

25 

Cured Low Molecular Weight Epoxy Resin 

A diglycidyl ethe.r of bisphenol A, ·149.1 grams having 24.6 percent epoxide and a 174.8 epoxide 
equivalent weight (EEW) was heated to 120 • C. A conventional eppxy resin hardener, diethyltoluenediamine 

:io (39.51 grams." 1.04 times the stoichiometric amount of epoxide) was then added. After mixing, this resin 
system was poured intoJ;.mold (dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 mm x 203.2 mm x 
3.17S mm) heated to 120. c in a con~ection oven. The temperature of the oven was then increased to 
180' C. After two hours at 180 • C. the oven was cooled. to room temperature. Following cool down. a void 
iree. neat resin casting was obtained from the mold. Glass transition ·temperature and mechanical properties 

.:: ior this cc:.st:rng were then determined. These results are reported in Table (and again in Table II for 
companson purposes. 

Comparative Experiment B 

Cured Advanced Epoxy Resin with Bisphenol ~ ·Control 

A Ci~lyc:cyl ether oi bisphenol A. 150 grams (1 equiv.) having a percent epoxide of 16.3 and an EEW of 
~s 263.8 aavanced with 25. i grams (0.25 equiv.) of bisphenol A was heated to 120' C. A stoichiometric amount 

i29.25·gramsl of diethyltoluenediamine was then added. After mixing. this resin system was poured into a 
mo10 !dimensions = a inches x 8 inches x 1.8 inch: 203.2 mm x 203.2 mm x 3.175 mm) heated to 120 • C 
1n a convection oven. The temperature oi the oven was then raised to 180 ' C. After five hours at 180' C. the 
oven was cooled to room temperature. Following cool down. a void free. neat resin casting was obtained 

:o from the mold. Glass transition temperature and mechanical properties for this casting were then deter· 
mined. These results are reported in Table Ill. 

Example~ Advancement~ Diglycidyl Ether~ Bisphenol ~Resin with N.N··Diphenylterephthalamide 
55 

N.N°-diphenylterephthalamide (9.00 grams> was added to a stirred. 500 ml reaction flask containing 
300.1 grams of a diglycidyl ether of bisphenol A having an EEW of 177.7. A sample of this material when 
viewed under an optical microscope (70 X magnification) using a cross polarized light source ·shows 
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dispersed crystallites of the N,N'·diphenylterephthalamide in the epoxy resin. This mixture was then heated 
to 248 • C and held at this temperature for 1.5 hours. After cooling to room temperature, optical microscopy 
shows birefringent domains in the epoxy resin. The pe;cent epoxide of this advanced resin was 22.7 based 
on titrametric determination. This percent epoxide corresponds to the expected value obtained by calcula-

s tions based on the complete reaction of the amide hydrogens of N.N'·diphenylterephthalamide. 

Example 2 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with N.N'·Diphenyltereph· 
thalamide - -- - -- - - -- --

10 

Part of the advanced epoxy resin from Example 1 (147.0 grams) was heated to 120 • C. Diethyl· 
toluenediamine C35.81 grams. 1.04 times the stoichiometric amount of epoxide) was then added. After 
mixing, this resin system was poured into a mold (dimensions = 8 inches x 8 inches x 1,a inch: 203.2 mm 
x 203.2 mm x 3.175 mm) heated to 120 • C in a convection oven. The temperature of the oven was then 

is raised to 180 • C. After two hours at 180 • C. the oven was cooled to room temperature and a void free. neat 
resin casting was obtained from the mold. When this casting was viewed under an optical microscope (70 X 
magniiication) using a cross polarized light source. rodlike. birefringent segments were observed which 
were dispersed throughout the polymer. Glass transition temperature and mechanical properties were then 
determined for this casting and these· results are reported in Table I. Compa!ed to the diglycidyl ether of . 

:co bisphenol A epoxy resin control of Example 1. the cured resin shows improvements in tensile and flexural 
modulus oi 4.7 and 5.9 percent. respectively. 

Example 3 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with N.N' ·Diphenyltereph· 
2s thalam1de (Orieiltaiion ~ BirefringentSegments ~ the APPilCa~ ~ Electric Field) 

A diglycidyl .ether of bisphenol A epoxy resin advanced with N,N'·diphenylterephthalamide (143.3 
grams. 22.5 percent epoxie!e) .was first heated to 160 • C. Diethyltoluenediamine (34.86 grams. 1.04 times .· . ., · 
the stoichiometric amount o{epoxide) wa.s then added,_ After mixing. this resin system was poured into an . 

30 aluminum mold (dimensions = 8 inches x 8 inches x·11s inch: 203.2 mm x 203.2 mm x 3.175 mm) heated 
to 120 • C in a convection overi. The mold consisted of two aluminum plates spaced apart by an 1 ;a inch 
(3.175 mm) silicone rubber gasket which formed the mold cavity. Prior to pouring of the resin system into 
the mold. a 300 volt charge was established between the two aluminum plates using a direct current power 
supply. After one hour at 120 • C. the oven temper~ture was raised to 180 • C and held at this temperature 

;: for two hours. Fellowing ecol down from 180 • C to room temperature. a void free. neat resin casting was 
obtainea from the mold. When this casting was viewed under an optical microscope using a cross polarized 
hghi source. orientation of the birefringent segments produced through the advancement of diglycidyl ether 
oi bisphenol A epoxy resin with N.N;~diphenylterephthalamide was -observed. This orientation was normal to 
the electric fieli:I application. From this neat resin casting, glass transition temperature and mechanical 

.:o properties were determined. These results are reported in Table I. Compared to the diglycidyl ether of 
brsphenol A epoxy resin control of Example 1. rmprovements in tensile and flexural modulus of 13.5 and 6.4 
percent were observed. respectively. 

~~ Examole 4 Acvancemem oi Diglyc1dyl Ether of Bisphenol ~ Epoxy Resin with N.N.·Diphenyltereph­
thalamrde anc N·Phenylbenzamide 

N.N.·diphenylterephthalamide (9.0 grams) and N-phenylbenzamide (3.0 grams) were added to a stirred. 
500 ml reaction flask containing 300.0 grams of diglycidyl ether of bisphenol A epoxy resin (24.5 percent 

so epoxide). This mixture was then heated to 248 • C and held at this temperature for approximately t .5 hours. 
The measured percent epoxide of this advanced resin was 22.4 which compared to a calculated percent 
epoxide of 22.3 based on complete reaction oi the amide hydrogens of N.N'·diphenylterephthalamide and 
N-phenylbenzamide. After 1.5 hours at 248' C. the resin was cooled quickly to room temperature by 
pouring into a large aluminum pan. When this resin was viewed under an optical microscope (70 ·x 

55 magnification} using a cross polarized light source. dispersed birefringent areas were observed. 

Example ~ ~ ~ Diglycidyl Ether ~ Bisphenol ~ Epoxy ~ Advanced ~ N.N' ·Diphenyltereph· 
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thalamide and N-Phenylbenzamide 

Part of the advanced diglycidyl ether of bisphenol A epoxy resin of Example 4 (150.1 grams) was 
heated to 120 • C. Diethyitoluenediamine (36.20 grams, 1.04 limes the stoichiometric amount of epoxide) 

s was then added. After mixing.· this resin· system was poured into an aluminum mold heated to 120 • C in a 
convection oven. The configuration of this aluminum mold was the same as in Example 3 and after pouring 
the resin into this mold. a 16 volt charge was established between the aluminum plates using a direct 
current power supply. After two hours at 120· C. the oven was raised to 180 0 C and held for two hours at 
this temperature. Following cool down of the oven from 180 • C to room temperature. a void free, neat resin 

10 casting was obtained from the mold. When this casting was· viewed under an optical microscope using a 
cross polarized light source. dispersed birefringent particles were observed in the polymer. The glass 
transition temperature and mechanical properties for this casting were then determined and these results 
are reported in Table I. Compared to the diglycidyl ether of bisphenol A epoxy resin control of Example 1. 
the.cured resin shows an improvement in tensile and flexural modulus of 9.7 and 15.2 percent. respectively. 

15 

Example 6 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with 4'.sulfonamido-N-Phenylben-
zam1de - - --- ------

20 Thiny !30) grams·-~,- 4' -sulfonamido-N-phenylbenzamide were added to a stirred. 500 ml reaction flask 
containing 300.7 grams of diglycidyl ether of bisphenol A epoxy resin (24.4 percent epoxide). A sample of 
this mixture when viewed under an optical microscope (70 X magnification) using a cross polarized light 
source showed dispersed crystallites of 4' -sulfonamido-N-phenylbenzamide in the epoxy resin. This· mixture 
was then heated. At 218° C. the mixture became clear and a small exotherm was observed. Following the 

:is exotherm. wh.ich peaked at 235 • C. the resin was cooled to room temperature. At room temperature. no 
solids were observed. When vie.,..ed under the optical microscope (70 x magnification), small birefringent 
areas were observed in the resin. The measured percent epoxide of this resin was 18.5 which compared to 
a calculated percent epoxide .Qf 18.0 based on the complete reaction of all the active hydrogens of the 4' • 
sulfonamido-N-phenylbenzamide. · 

30 . ·- .. -:--:-~ 

Example 7 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with 4' ·Sulfonamido·N·Phenylben-
zamide - - --- ------

JS Forty-five 145) grams of 4' -sulfonamido-N-phenylbenzamide were added to a stirred. 500 ml reaction 
flask containing diglycidyl ether of bisphenol A epoxy resin (299.8 grams. 24.8 percent epoxide). This 
mixture was then heated. At 220 • C the mixture started to clear and a small exotherm was observed. 
Following the exotherm. which peaked at 248' C. the resin was cooled to room temperature. Al room 
temperature." no solids were observed in the resin. When viewed under an optical microscope (70 X 

.:o magnifiaa;ion) using a cross polarized light source. small birefringent areas could be seen. The titrated 
percent epox1de of this advanced resin was 16.3 which compare'd to a calculated percent epoxide of 15.5 
based on the complete reaction of all the active hydrogens of the 4-sulfonamido-N-phenylbenzamide . 

.:s Example_ 8 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with 4'.sulfonamido-Nc 
~ .. --

Pan of the resin obtained from Example 6 (145.8 grams) was heated to 120' C. Diethyltoluenediamine 
(29.1 grams. 1.04 times the stoichiometric amount of epoxideJ was then added. After mixing, this resin 

50 sys!em was poured into a mold (dimensions = 8 inches x 8 inches x 1;8 inch: 203.2 mm x 203.2 mm x 
3.175 mm) heated to 120· Cina convection oven. The temperature of the oven was then. raised to 180° C 
and held. at · this temperature for two hours. Following cool down of the oven from 180 • C to room 
temperature. a void free. neat resin casting was obtained from the mold. The glass transition temperature 
and mechanical properties of this casting were then determined and these results are reported in Table II. 

55 Compared to the diglycidyl ether of bisphenol A epoxy resin control of Example 1. this cured resin showed 
improvements in tensile and flexural modulus of 10.9 and 9.3 percent. respectively. 
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Example 9 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with 4'.sulfonamido·N-Phenyl­
. benzamide (Orie'n"iition of BirefrinQe"ntSegments with the ApjjilCaiion ~ ~ Electric Field) 

Part of the resin obtained from Example 6 (174:8 grams) was heated to 12o·c. Diethyltoluenediamine 
5 (30.82 grams. 1.04 times the stoichiometric amount of epoxide) was then added. After mixing, this resin 

system was poured into an aluminum. mold heated to 120 ' C in a convection oven. The configuration of this 
mold was the same as in Example 3 and after pouring of the resin, a 16 volt charge was established 
between the aluminum plates using a direct current power supply. After two hours at 120' C. the oven 
temperature was raised to 180 • C. After· two hours at 180 ' C. the oven was cooled to room temperature and 

10 a void free, neat resin casting was obtained from the mold. When this casting was viewed under an optical 
microscope (120 X magnification) using a cross polarized light source, birefringent fibers were observed in 
the polymer. The glass transition temperature and mechanical properties for this casting were then 
determined and these results are reported in Table II. Compared to the diglycidyl ether of bisphenol A 
epoxy resin control oi Example 1. this cured resin shows improvements in tensile and flexural modulus of 

:s 13.5 and 11.3 percent. respectively. 

Example 10 Cure of Oiglycidyl Ether of Bisphenol A Epoxy Resin Advanced with 4'.sulfonamido-N·Phenyl· 
benzamide -- - -- - - ---- -

20 

A diglycidyl ether oi Bisphenol A epoxy resin which had been advanced with 4°·sulfonamido-N·phenyl· 
benzamide in the same manner as Example 6 was heated to 120 • C. The weight of this advanced resin. 
which contained 18.7 percent epoxide. was 169.9 grams. Diethyltoluenediamine (34.21 grams. 1.04 times 
the stoichiometric amount of epoxide) was then added. After mixing. this resin system was poured into an 

25 aluminum mold heated to 120 • C in a convection oven. The configuration of this mold was the same as in 
Example 3. After pouring the resin into the mold. a 50 volt charge was established between the aluminum 
plates using a direct current power supply. After one hour at 120' C. the oven temperature was raised to 
180 • C. After two hours at 180 • C, the oven was cooled to room temperature and a void free, neat resin 
casting was obtained from the mold. The glass transition temperature and mechanical proP.erties fo( this 

30 casting were then determined and these results are reported in Table II. Compared to the diglycidyl ether of 
bisphenol A epoxy resin control of Example 1, this cured resin shows improvements in tensile and flexural 
modulu·s of 16.4 and 12.4 percent. respectively. In addition.to achieving these higher moduli. the strain to 
failure for this polymer is equal to that of the control. 

Example 11 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced with 4' ·Sulfonamido-N-Phenyl· 
benzam1de -- - -- - ..... ---- -

Part of the r~sin from E:<ampie 7 (174.8 grams) was heated to 120 • C. Diethyltoluenediamine (30.82 
.:a grams. 1.04 times tne stoichiometric amount of epoxide) was then added. After mixing. this resin system 

was poured into an aluminum mold heated to 120 • C in a convection oven. The configuration of this mold 
"NaS the same as in Example 3. After pouring the resin into the mold. a 300 volt charge was established 
between the aluminum plates using a direct current power supply. After one hour at 120. C. the 
temperature cf t:ie over. containing the mold was raised to 180' C and held for two hours at this' 

.:s temperature. Fcilcw1ng cool down of the oven from 180' C to room temperature. a void free. neat resin 
casting was obtained irom the mold. The glass transition temperature and mechanical properties for this 
casting were 1hen cerermmed and these results are reported in Table Ill. Compared to diglycidyl ether of 
bisphenol A epoxy resin advanced with bisphenol A (Comparative Experiment B). this cured resin shows 
improvements in !ensile and flexural modulus of 17.9 and 18.5 percent. respectively. 

50 

Example 12 Advancement of Diglycidyl Ether of Bisphenol A Epoxy Resin with Bis(4·Hydroxyphenyl)-
Terephthaiate Followed by Cure wiih DiethYftQiUenediamine ·- -- -- -

55 Bis(4-hydroxyphenyl)terephthalate (9.01 . grams) was mixed .into 50.0 grams of diglycidyl ether of 
bisphenol A epoxy resin containing ?500 ppm tetrabutylphosphonium acetate•acetic acid complex (70 
weight percent in methanol) catalyst. This mixture. which was contained in a stirred flask. was then heated 
to t 40 • C. Prior to heating. differential scanning calorimetry analysis of this mixture showed .a reaction 
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exotherm beginning at 120 ' C (peak 1emperature · ~ 170 ' C, .6H = ·64 joulestgram). After three hours at 
140' c.· the temperature was reduced to .120' .C. The resin• at this point contained dispersed crystalline 
segments as observed by oplical microscopy (70 X ·magnification) using a cross polarized light source. 
Dielhyltoluenediamine (10.82 grams. 1.04 times lhe calculated stoichiometric amoun.t of epoxide remaining 

s after complete advancement) was then added. After mixing,. this resin system was poured into an aluminum 
mold heated to 120' C in a convection oven. The mold used was of"the same configuration as used in 
Example 3. After pouring the resin into the mold, a 7 volt charge was applied between the two aluminum 
plates using a direct current power supply. The oven temperature was then raised to 180' C where it was 
maintained for four hours. Following cool down of the oven from '180' C to room temperature, a void free. 

10 translucent casting was obtained from the mold. The grass transition temperature of this polymer was 

2!1 

•c 
~-

· 131 'C as determined by differential scanning calorimetry which also indicates no additional reactivity to 
300° C. The flexural strength and modulus for the casting were 17~680 psi and 463 ksi, respectively. 
Compared to diglycidyl ether of bisphenol A ~poxy resin advanced with bisphenol A {Comparative 
Experiment B). the flexural modulus obtai~ed represents a 16.9 percent improvement. 

Example 13 Advancement of the Diglycidyl Ether of Bisphenol A with N.N'·Bis(4·hydroxyphenyl}­
terephthalamide and Preparation ~ ~ Compression Molded Phenoxy ReSin Casting 

N.N°·BisC4·hydroxyphenyl)terephthalamide (30.7 grams: 0.176 hyd,roxyf'equivalent) was blended into an 
equ1vaient amount of the diglycidyl ether of bisphenol A (30.0 grams; EEW = 170.3: 0.176 epoxide 
equivalent) which ccntained 4500 ppm tetrabutylphosphonium acetate• acetic acid complex (70 weight 
percent in methanol) catalyst. This blend was then placed in a 130' C convection oven where it was stirred 
approximately every 5 minutes. Differential scanning calorimetry analysis of a sample of this blend showed 
a reaction exotherm (~H = ·120 joules:gram) with an onset temperature of 160' C. The peak temperature 
of this exotherm was 240 • C. After 30 minutes at I 30 • C. the oven temperature was increased to 180 • C 
over a 1.5 hour period during which time periodic stirring was continued. After 30 minutes at 180' C. the 
thickened· resin was removed from !he oven and cooled to approximately 0' C. The cooled;· solid resin was 
then ground to a fine powder. For .the preparation of a neat resin casting. part of this powder (54 grams) 

30 was placed iri a compression mold (dimensions = 4 inches x 4 inches x 0.125 inch: 101.6 mm x 101.6 mm 
x 3.18 mm). This compression mold was next transferred to a mechanical press heated to 22o'c. In the 
press. pressure (1680 psi) was applied to the mold duririg the first 5 minutes. After 1.5 hours at 220' C. the 
temperature of the press was increased to 240 • C where ·it was maintained for 1.5 hours before cooling to 
rocm tempsrature. At room temperature. an opaque. neat resin casting was obtained from the mold. The 

JS meiting ooir:t oi this polymer was 378' C as determined by differential scanning calorimetry. The flexural 
sirength and modulus oi the neat resin casting obtained were 8440 psi and 713 ksi. respectively. 

I 
.:s 

50 

55 

TABLE I 

OIGL YCIOYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
N.N.·OIPHENYLTEREPHTHALAMIOE ANO N-PHENYLBENZAMIOE ·PROPERTIES FOR NEAT RESIN 

CURED WITH DIETHYL TOLUENEDIAMINE 

EXAMPLE NO. Comp. 
Expt. A 

Wt. •1. N.N.·Oipnenylterephthalam1de Used in Advancement Reaction 0 
Wt. 0 1. N·Phenylbenzamide Used in Advancement Reaction 0 
0 1. Epoxide oi Resm 24.6 
Electric Field Applied During Cure. volts O.C. 0 
Glass Transition Temperature. • C 179 
Tensile Strength. psi 10,560 
Tensile Modulus. ksi 340 
Strain lo Failure. °'o 5.3 
Flexurai Strength. psi 19,320 
Flexural Modulus. ksi 

; 

388 

19 

2 3 

2.9 2.9 
0 0 

22.7 22.5 
0 300 

173 169 
9.920 7.605 

356 386 
3.8 2.4 

13.060 13.360 
411 413 

I 5 

2.9 
0.96 
22.4 

16 
165 

9.915 
373 
3.9 

18.420 
447 
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TABLE II 

DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4'.suLFONAMDO-N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN CURED WITH 

DIETHYL TOLUENEDIAMINE 

EXAMPLE NO. Comp. 8 9 10 
Expt. A 

Wt. % 4' -Sulfonamido-N-Phenylbenzamide Used in Advancement Reaction 0 9.1 9.1 9.1 
% Epoxide of Resin 24.6 18.5 18.5 18.7 
Electric Field Applied During Cure. volts D.C. 0 0 16 so 
Glass Transition Temperature. 'C 179 168 166 167 
Tensile Strength. psi 10.560 8.810 11,120 11 .740 
Tensile Modulus. ksi 340 3n 386 416 
Strain to Failure. % 5.3 3.1 4.8 5.2 
Flexural Strength. psi 19.320 20.970 20,180 20,850 
Flexural Modulus. ksi 388 424 432 436 

·':"i\ ; 

TABLE Ill 

DIGL YCIOYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4'.suLFONAMIDO-N-PHENYLBENZAMIDE- PROPERTIES FOR NEAT RESIN CURED 

WITH DIETHYL TOLUENEDIAMINE 

. -~ EXAMPLE NO. 1 '.11 

Wt. 4'.surfonamido-N-Phenylbenzamide Used in Advancement Reaction 0 18.4 
Wt. % Bisphenol A Used in Advancement Reaction 14.3 0 
% Epoxide oi Resin 16.3 16.3 
Electric Field Applied During Cure. volts D.C. 0 300 
Glass Transition Temperature. 'C 150 156 
Tensiie Strength. psi 11,100 11.510 
Tensile Modulus. ks1 351 414 
Strain :o Failure. =;. 7.3 4.3 
Flexural Strength. psi 19,460 22.360 
Flexurai Modulus. ksi 396 460 

Claims 

1. An aovanced epoxy resin compound prepared by reacting (A) at least one epoxy resin having an 
average oi more than one vicinal epoxy group per molecule with (B) at least one compound having an 
average of mere than one active hydrogen atom per molecule represented by the following formulas I. II or 
Ill: 
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TABLE II 

DIGLYCIOYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WrTH 

5 
4' ·SULFONAMOO·N·PHENYLBENZAMIDE ·PROPERTIES FO.R NEAT RESIN CURED WITH 

DIETHYL TOLUENEDIAMIN~ 

ExAMPLE NO. Comp. 8 9 10 
Expt. A 

Wt. o/o 4··Sulfonamido·N·Phenylbenzamide Used in Advancement Reaction_ 0 9.1 9.1 9.1 
o/o Epoxide of Resin 24.6 18.5 18.5 18.7 

10 

Electric Fie!d Applied During Cure. volts D.C. 0 0 16 50 
Glass. Transition Temperature. 'C 179 168 166 167 
Tensile Strength. psi 10,560 8.810 11.120 11.740 
Tensile Modulus. ksi 340 377 386 416 
Strain to Failure. % 5.3 3.1 4.8 5.2 
Flexural Strength. psi 19.320 20.970 20.180 20,850 
Flexural Modulus. ksi 388 424 432 436 

2!) 

TABLE Ill 

OIGL YCIOYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4'.suLFONAMIDO·N~PHENYLBENZAMIOE. PROPERTIES FOR NEAT RESIN CURED 

WITH DIETHYL TOLUENEDIAMINE 

-~ . "• 

EXAMPLE NO. 1 '.11 .. 

3C 
Wt. 4' ·Sulfonamido·N·Phenylbenzamide -Used in Advancement Reaction 0 18.4 
Wt. % Bisphenol A Used in Advancement Reaction 14.3 0 
% Epoxide of Resin 16.3 16.3 
Electric Field Applied During Cure. volts D.C. 0 300 
Glass Transition Temperature. 'C 150 156 
Tensiie S1rengt11. psi 11.100 11.510 
Tensile Modulus. ks1 351 414 
Strain to Failure. 0 & 7.3 4.3 
Flexural Strength. psi 19.460 22.360 
Flexural Modulus. ksi 396 460 

. Claims. 
·_::;_ 

50 

55 

· 1. •Ail ao~~nced -ep~icy ·resin comp~und ~repared by ~eacti~g {A) ·.at least .one ~poxy ·resin_ havin9. ·a~ 
average of more than one vicinal epoxy group per molecule with (6) at least one compound having an 
average of more than one. active hydrogen atom per molecule represented by the following formulas I. II or 
Ill: 

----··-----··-------

20 

I lllllll llllll lllll lllll II llll 
* c L M s * 

THIS SHEET HAS f.H'.:EN_J 
REPLACED 



Formula I 

5 

10 

Formula II 

~ZI :s 

20 

25 

Formula III rf7(.. ()4 (x)4 ~ (x)5 

z3~z•-df z•v 
wherein each Xis independently hydrogen. a hydrocarbyl or hydrocarbyloxy group having from 1 to 12;·,.,, ..... 

30 preferably from 1 to 6, most preferably from 1 to 4 carbon atoms. a halogen atom. ·N02 or -C•N: each x' 

JS 

~o 

..:5 

so 

55 

is independently a hydroxyl group, a carboxylic acid group or the group represented by the following 
formula IV: 

Formula IV "(x)
4 

ao-@-zs-
each Z is independently -CR'= CR'-. -CR'= CR'·CR' =CR'·. -CR'= N-N =CR'-. -CR'= CR'-CO-O-CH2-. 

-CR'= CR' -CO-O-CH2-CH2-. -CH2-0-CO-CR' =CR'-. -CHrCH2-0-CO-CR1 =CR'-. -CR'= CR'-C0-0-. -0-
CO-CR' =CR'-. -N = N-. -CO-NH-. -NH-CO-. -CO-NH-NH-CO~. -CeC-. -CaC-C=C-. -CO-S-. -S-CO-. -C0-0-. 
-0-CO-. a direct single bond when n~ 1 . 

21 
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-CRl:N- -N=CRl- -N=N-
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s 0 0 0 

/\ 
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z' is independently -0-CO-. -C0-0-. -NR'-CO-. -CO-NR'-: each n' is independently zero or 1: R' is 
independently a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms: Z' is a divalent 
hydrocarbyl group having from 1 to 12. preferably from 1 lo 6. more preferably from 1 to 4 carbon atoms: 
-SO-. -502-. -s-. -S-S-. -0-. or ·CO-: each Z' is independently ·CO-NH-, or -NH-CO-: Z2 is a group 

s represented by a cyclic or bicyclic ring system containing from 5 to 12. preferably from 5 to 10. more 
preferably from 5 to 6 carbon atoms or a group represented by the following formula V: 

10 

75 

20 

25 
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55 

Fonnula~ 27 
n 

z3 is NH2-. NHrSO;;·. NH2-CO·. or NH2-Z5-0-; each z• is independently ·CR'= CR'·. ·CR'= CR'­
CR' =CR'-. ·CR'= N-N =CR'·. ·CR'= CR'-CO-O-CH2·.-CR' =CR'·CO·O-CH2·CH2·. ·CH2·0-CO-CR1 =CR'·. 
·CH.-CH2-0-CO-CR1 =CR'·. ··CR'= CR'-C0-0-. ·0-CO-CR' =CR'-. ·N = N-. ·CO-NH-. -NH-CO-. -CO-NH­
NH·CO·, -c .. c-. -C.aC-C .. C·. -CO·S·. -S·CO-. -CR' = N-. -N =CR'·. ·C0-0-.. ,0-CQ-. a direct single bond. 

-CRl:N-

+ 
0 

I\ 
-CO-N N-CO-

\__/ 

-N=CRl- -N=N-
+ + 
0 0 

I\ 
-N N-

\___/ 
-{_°>---:- . 

0 . 

N 

·-t}-. 
N 

-{_'t-. 

(p:O, 1, 2) 
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zs is an alkyl or cycloalkyl group having from 1 to 10, preferably from 1 to 6, more preferably from 1 to 3 
carbon atoms: Z7 is the same as z• · with the proviso· that it can also independently be a divalent 
hydrocarbyl group having from 1 to 4, carbon atoms, ·SO·. -S02·. -s~. ·S·S·, ·O·, or ·CO·; and n has an 
average value of zero to 6: with the proviso that (a} at least 80 percent of the Z and x' groups are in the 

s para position with respect to each other in formula I and (b) at least 80 percent of the Z3 and Z4 groups are 
in the para position with respect to each other in formula Ill; and wherein components (A) and (8) are 
employed in amounts which provide a ratio of active hydrogen atoms per vicinal epo>1y group of from 0.01:1 
to 1.05:1. 

2. An advanced epoxy resin compound of Claim 1 wherein component (8) is 4' ·sulfonamido·N·phenyl· 
10 benzamide or N.N' ·bis(4·hydroxyphenyl)terephthalamide. 

3. An advanced epoxy resin compound of Claim 1 or 2 wherein component (A) is an epoxy resin 
represented by the following formulas VI. VII. VIII. IX or X: 
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0 - CH2-C- CH2 
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R R 

20 wherein each A is independently a divalent hydrocarbyl group having from 1 to_ 12 carbon atoms. -0-. -$-. 
-S-S-. ·SO-. ·SO::-. or -CO-: each A. independently a divalent hydrocarbon group having from 1 to 6. 
preferably from 1 to 3 carbon atoms: Q is a single bond. -CH2-S-CH2-. -(CH2)n1·. or 

25 
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55 

-0-
each R is independently hydrogen or an alkyl group having from 1 to 4 carbon atoms; each R2 and R3 is 
independently hydrogen. a hydrocarbyl or halohydrocarbyl group having from 1 to 6 carbon atoms: each X 
is independently hydrogen. a hydrocarbyl or hydrocarbyloxy group having from 1 to 12 carbon atoms. a 
halogen atom. -NO:;: or -C"'N: .'.11 has a value from 1 to 10: m' has a value from 0.01 ~o 12: m' has an 
average value from 1 to 12: m< has a value from 1 to 12: n has a value of zero or· 1: n has an average 
value irom zero to 3: and n· has an averag· e value from 1 to 10. 

4. A composiuon of Claim 1 wherein said advanced epoxy resin compound is oriented during 
processing. 

S. A curable composition comprising (I) an advanced epoxy resin of Claim 1 and (II) a curing amount of 
a suitable curing agent or catalyst ior component (I). 

6. A curable compos1t1on of Claim S wherein said epoxy resin is oriented prior to or during curing. 
i. A curable composition of Claim 6 wherein said orientation is achieved by subjecting the composition 

to an electric field. a magnetic field or a shear flow. 
8. A product or article resulting from curing a composition comprising 

(I) an advanced epoxy resin prepared by reacting 
tA> at least one epoxy resin having an average of more than one vicinal epoxy group per molecule: with 
!Bl at least one compound having an average of more than one active hydmgen atom per molecule 
represented by the following formulas I. II or Ill: 
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Formula I 

5 

10 

1 Formula II 

- Z2 - Zl 

-©J(x), 

2'J 

25 

wherein each X is independently hydrogen. a J1ydrocarbyl or hydrocarbyloxy group having from 1 to 12. 
preferably from 1 to 6. most pref~~ably from 1 to 4 carbon atoms. a halogen atom. ·N02 or -C .. N: each x' 

30 is independently a hydroxyl group. a carboxylic acid group or the group represented by the following 
formula IV: 

Far·mula IV {x)
4 

15 Ho--@--z6-
..:c eac!'l Z is independently ·CR'= CR'·. ·CR'= CR'·CR' =CR'·, ·CR'= N-N =CR'·. -CR'= CR'·CO-O-CH2·. 

·CR'= CR' ·CO-O·CH:·CH;;·. -CH;·O-CO·CR' =CR'·. ·CH2-CHz-O·CO-CR' = CR1 '·. ·CR'= CR'·C0-0·. ·O· 
CO-CR'= CR'·. ·N = N·. ·CO-NH·. ·NH·CO·. ·CO-NH-NH-CO-. ·C=C·. ·C=C-C2C-. ·CO·S·. ·S-CO·. -CO·O·. 
·O·CO·. a direct single bond when nr: I. 

.:.s 
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z' .is independently -0-CO-. -CO·O-. -NR'-CO·. -CO-NR'-; each n' is independently zero or 1; R' is 
independently a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms: zi is a divalent 
hydrocarbyl group having from 1 to 12. preferably from 1 t<;> 6. more preferably from 1 to 4 carbon atoms: 
-SO·, ·502•• ·S·, ·S·S-. ·0-. or ·CO·: each Z' is independently ·CO-NH-. or. -NH-CO-: ZZ is a group 

s represented by a cyclic or bicyclic ring system containing from 5 to 12. preferably from 5 to 10, more 
prefe_rably from 5 to .6 carbon atoms or a group represented by formula V: 
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Formula V {X)4 

-@iz1 
n 

Z3 is NH.-. NH:-502·. NH2·CO-. or NH2·Z0·0-; each z• is independenUy -CR' =CR'·. -CR' =CR'­
CR' =CR'·. -CR'= N·N =CR'-. ·CR'= CR'-C0-0-CH;:·, -CR'= CR'·CO·O-CH2-CH2·. ·CH2-0·CO-CR1 =CR'-. 
-CH2·CH2·0·CO-CR' =CR'·. -CR'= CR'·C0-0·. -0-CO-CR' =CR'·. -N = N-. ·CO·NH-. -NH-CO·. ·CO-NH· 
NH·CO·. ·C•C·. ·C2C-CaC·. -CO·S-. ·S·CO-. ·CR' = N-. -N =CR'-. ·CO·O·. ·O·CO-. a direct single bond. 

-CRl:N­
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r---\ 
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N-CO-
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zs is an alkyl or cycloalkyl group having from 1 to 1 O. preferably from 1 to 6, more preferably from 1 to 3 

carbon atoms; Z7 is the same as Z4 with the proviso that it can also independently be a divalent 

hydrocarbyl group having from I to 4 carbon atoms. ·SO-. -502·. ·S·, ·S·S·, ·O·. or ·CO·: and n has an 

average value of zero to 6: 
s with the proviso that 

(a} at least 80 percent of the Z and x' groups are in the para position with respect to each other in formula 

I. and 
(b) at least 80 percent of the Z3 and Z4 groups are in the para position with respect to each other in formuia 

Ill: and 
10 wherein components (A) and (8) are employed in amounts which provide a ratio of active hydrogen atoms 

per vicinal epoxy group of from 0.01 :1 to 0.95:1: and 
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{II) a curing amount of a suitable curing agent or curing catalyst for component (I). 

9. A product or article resulting from curing a composition of Claim 8 where.in 

(i) component (A) is an epoxy resin represented by the following formulas VI. VII. VIII. IX or X: 
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FORMULA X 
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C l H S . * 
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0 - CH2-C- CH2 0 - CH2-C- CH2 
I I 

R R 

wherein each A is independently a divalent hydrocarbyl group having from 1 to 12 carbon atoms. -0-. -S-. 
-S-S-, -SO-, -S02-. or -CO-; each A. is independently a divalent hydrocarbon group having from 1 to 6. 
preferably from t to 3 carbon atoms; Q is a single bond. -CH2-S·CH2-. -(CHzJ.,-. or 

-0-
each R is independently hydrogen or an alkyl group having from 1 to 4 carbon atoms; each R2 and R3 ·is 
independently hydrogen, a hydrocarbyl or halohydrocarbyl group having from 1 to 6 carbon atoms: each X 
is independently hydrogen. a hydrocarbyl or hydrocarbyloxy group having from 1 to 12 carbon atoms. a 
halogen atom, -N02 or -C=N: m has a value from 1 to 10: m' has a value from 0.01 to 12: m' has an 
average value from 1 to 12: m2 has a value from 1 to 12: n has a value of zero or 1: n • has an average 
value from zero to 3: and n' has an average value from 1 to 10; 

{ii) component (8) is a compound represented by formula I wherein each X is independently 
hydrogen. a hydrocarbyl or hydrocarbyloxy group containing from 1 to 4 carbOn aroms. a halogen atom or a 
-C•N group; each x' is independently a hydroxyl group. a carboxylic acid group or a group represented by 
formula IV: each Z is independently -N = N-, -CO-NH-. -NH-CO-. -C0-0-. -0-CO-. -CR'= CR' . 

-C=CH-
1 
C=N 

-CH=C-
1 
C=N 

-N=N-
-1-

0 

where each A' is independently a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms: each 
z~ is independently a divalent hydrocarbyi group having from I to 4 carbon atoms. -SO-. -SO:-. -0-. or 
-CO-: and n has a value from zero to 6; 

(iii) components (A) and (8) are employed in amounts which provide a ratio of active hydrogen atoms 
per vicinal epoxy group of from 0.01:1 to 0.95:1: and 

(iv) component (II) is an aliphatic or cycloaliphatic compound containing more than one primary or 
secondary amine group per molecule. an aromatic compound containing more than one primary or 
secondary amine group per molecule. dicarboxylic acid anhydride. a phenol-aldehyde novolac resin. a 
substituted phenol-aldehyde novolac resin. an alkylolated urea-aldehyde resin. an aikylolated melamine­
aldehyde resin. a guanadine. or any ·combination thereof. 

10. A product or article resulting from curing a composition of Claim 8 wherein component (8) is bisC4-
hydroxyphenyl)terephtha!ate. 

11. A product or article resulting from curing a composition of Claim 9 wherein component (Bl is N.N·-
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diphenylterephthalamide or a mixture of N.N· -diphenylterephthalamide and N-phenylbenzamide. 
12. A product or article resulting from curing a composition of Claim 9 wherein component (8) is 4'. 

sulfonamido-N-phenylbenzamide. 
13. The product or article of Claim 8. 9. 10. 11 or 12 wherein ·said epoxy resin is oriented prior to or 

5 during curing. 
14. The product or article of Claim 13 wherein said orientation is achieved by subjecting the 

composition to an electric field, a magnetic field or a shear flow. 
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MESOGENIC ADVANCED EPOXY COMPOUNDS 

The present invention concerns advanced epoxy 

resin compounds containing mesogenic moieties, curable 
' 

compositions and cured compositions thereof. 

Epoxy resins are useful in many applications 

such as adhesives, coatings, castings, laminates, and 

·composites. In each of these applications/ it is 

desirable to have epoxy resins with improved physical 

and/or thermal properties. 

~ne present invention' provides advanced epoxy 

resin compounds with improved properties through the 

incorporation of mesogenic {liquid crystallin~ type) 

structures into the polymer chain. These resins are 

obtained through advancement reactions with mesogenic 

·compounds containing active hydrogens. The typical 

structure of the mesogenic compounds consists ot two or 
. . 

more aromatic rings bridged by a rigid, central linkage. 

The active hydrogen sites are provided by hydroxyl, 

amine, amide and/or carboxylic acid functionality. 
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An additional aspect of the present invention 
is that the property improvements which are obtained 
with these resins can be further enhanced by the 
application of electric and magnetic fields and shear 
stresses during processing and/or cure. 

One aspect of the present invention pertains to 
advanced epoxy resin compounds prepared by reacting an 
epoxy resin having an average. of m?re than one vicinal 
epoxy group per molecule with a. compound-having an 
average ,of mo~ethan one aptive hydrogen atom per 
molecule represented by the followin~ formulas I, II or 
III: 

Formula I 

Formula II 

i· 

X' 

Formula III 

Z3 

z 

(X)4 -O(X)5 

Z4 

n 

wherein at least about 80 percent of the Z and X' groups 
are in the para position with respect to each other in 
Formula I; at least about 80 percent of the Z3 and Z4 
groups are in the para position with respect t~ each 
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other in Formula III; each X is independently hydrogen, 
a hydrocarbyl or hydrocarbyloxy group having from 1 to 
12,.preferably _from 1 to 6, most preferably from 1 to 4, 
carbon atoms, a ·halogen atom, -N02 or -C=N; each X' is 
independently a hydroxyl group, a carboxylic acid group 
or the group represented by formula~IV: 

Formula IV (x) 
4 

HO~z&-
each Z is independently -CRl:CRl-, -CRl=CRl-CRl:CRl-, 
-CRl:N-N=CRl-, -CRl=CRl-CO-O-CH2-, -CRl=CRl-CO-O-CH2-CH2-, 
-CH2-o~co-CRl:CRl-, -CH2-CH2-0-CO-CRl=CRl-, 
-CRl:CRl-C0-0-, -0-CO-CRl:CRl-, -N=N-, -CO-~H-, -NH-CO-, 
-CO-NH-NH-CO-, -C=C-, -C=C-C=C-, -CQ-S...;, -S-CO-, 
-co-o-, -0-CO-, a direct single bond when n> 1, 

-CRl=N­
+ 
0 

I\ 

' 

-CO-N N-CO-
L..J ' 

0 

~)--. 

-N=CRl­
+ 
0 

I\ 
-N N-

'--./ 

N 

--t)-' 

-N=N­
+ 
o· 

N 

-c;;-' 
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-CRl:C-
1 
CN 

and 
-C=CRl-

1 
CN 
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. 
' 

Z' is independently -0-CO-, -C0-0-, -NRl-CQ- and 
-CO-NRl-; each n' is independently zero or 1; Rl is 
independently a hydrogen atom or an alkyl group having 
from 1 to 4 carbon atoms; Z6 is a divalent hydrocarbyl 
group having from 1 to 12, preferably from 1 to 6, more 
preferably from 1 to 4 carbon atoms; -so-, -S02-, -s-, 
-s-s-, -0-, or -CO-; each Zl is independently -CO-NH-, 
or -NH-CO-; Z2 is a gr~up.represented by a cyclic or 
bicyclic ring system containing from 5 to 12, preferably 
from 5 to 10, more preferably from 5 to 6 carbon atoms 
or a group represented by formula V: 

Formula V 

n 

Z3 is NH2-, NH2-S02-, NH2-CO-, or NH2-Z5-0-; each Z4 is 
independently -CRl:CRl-, -CRl:CRl-CRl:CRl-, -CRl:N-N=CRl-, 
-CRl=CRl-CQ-O-CH2-, -CRl=CRl-CO-O~CH2-CH2-, 
-CH2-0-CO-CRl:CRl-, -CH2-CH2-0-CO-CRl:CRl-, 
-CRl:CRl-CQ-0-, -0-CO-CRl=CRl-, -N=N-, -CO-NH-, -NH-CO-, 
-CO-NH-NH-CO-, -C = C-, -C = C-C = C-, -CO-S-, -S-CO-, 
-CRl=N-, -N=CRl-, -C0-0-, -0-CO-, a direct.single bond, 
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-o-. -CRl=C-

1 ' 
CN 

and 
-C=CRl-

1 
CN 

Z5 is an alkyl or cyoloalkyl group having from 1 to 10, 
preferably from 1 to 6, more preferably from 1 to 3 
carbon atoms; Z7 is the same as Z4 with the proviso that 
it can also independently be a divalent· hydrocarbyl 
group having from 1 to 4, carbon atoms, -so-, ·-so2-, 
-s-, -~s-s-, -o-, or -CO-; and n has an average value of 
zero to 6. 

Another aspect of the present invention 
pertains to curable compositions comprising the 
aforementioned advanced epoxy resins and a curing amount 
of a curing agent or curing catalyst therefor. 

A further aspect of the present invention 
pertains to products or articles resulting from curing 
the afore~entioned curable compositions. 

A still further aspect of the present invention 
pertains to products resulting from the application of 
an electric field or magnetic field or shear flow during 
curing or processing of the aforementioned advanced 
epoxy compounds. 

The advancecd epoxy resin compounds of the 
present invention provide cured products having an 
improvement in one or more of the following physical or 
thermal properties such as, but not limited to, glass 
transition temperature, tensile strength, tensile 
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modulus, flexural strength, and flexural modulus. 

The term "hydrocarbyl" as employed herein means 
any aliphatic, cycloaliphatic, aromatic, aryl 
substituted aliphatic or cycloaliphatic, or aliphatic or 
cycloaliphatic substituted aromatic groups. The 
aliphatic groups can be saturated or unsaturated. 
Likewise, the term "hydrocarbyloxy" means a hydrocarbyl 
group having an oxygen linkage between it· and· the carbon 
atom to which ·1t is attached. 

The term "active hydrogen atom" as employed 
herein means a hydrogen atom wh1ch is reactive with a 
vicinal epoxide group. 

Particularly suitable compounds having an 
average of more than· one active hydrogen atom per 
molecule which can be employed herein include hydroxyl-· 
con~aining compounds, primary amine-containing compounds 

. ' 
and compounds containing more tha~ one aromatic amide 
group per molecule. These compou;nds include, for 
example, .those compounds represented by the 
aforementioned formulas I, II and III. 

Particularly suitable hydroxyl-containing 
compounds include, for example, bis(4-hydroxy­
phenyl)terephthalate, N,N'-bis(4-hydroxyphenyl)­
terephthalamide, bis(4'-hydroxybiphenyl)terephth~late, 

. . 

4,4'-dihydroxyphenylbenzoate, 4,4'-dihydroxy­
benzanilide, 4,4"-dihydroxybiphenylbenzoate, 1,4-bis­
(4'-hydroxyphenyl-1 '-carboxamide)benzene, 1,4-bis(4'­
hydroxyphenyl-1'-carboxy)benzene, 4,4'-bis(4"-hydroxy­
phenyl-1"-carboxy)biphenyl, bis(4'-hydroxyphenyl)-
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1,4-benzenediimine, 4,4'-dihydroxy~a-methylstilbene, 
4,4'-dihydroxy-a-cyanostilbene, 4,4'-dihydroxystilbene, 
4,4'-dihydroxy-2,2'-dimethylazoxybenzene, 
4,4'-dihydroxy-a,a'-diethylstilbene and mixtures. 
thereof .• 

Particularly suitable carboxylic acid­
containing compounds include, for example, 
4, 4 '-benzanilide dica.rboxylic acid, ir, 4' -phenylbenzoate 
dicarboxylic acid, 4,4'-stilbenedicarboxylic acid and 
mixtures thereof. 

Particularly suitable primary amine-containing 
compounds include, for example, 4'-sulfonamido-N-phenyl 
benzamide, 4'-sulfonamido-N'-phenyl-4-chlorobenzamide, 
4-amino-1-phenylbenzoate, 4-amino-N-phenylbenzamide, 
N-phenyl-4-aminophenyl-1-carboxamide, phenyl-4-amino­
benzoate, biphenyl-4-aminobenzoate, 1-phenyl-4'-amino­
phenylterephthalate, and mixtures thereof. 

Particularly suitable aromatic amide-containing 
compounds.include, for example, N,N'-diphenyltere­
phthalamide, 1,4-benzenediphenylcarboxamide, 1,4-cyclo­
~exanedi~henylcarbo~amide, benzanilide ether, 
N-phenylbenzamide ·and mixtures thereof. 

Suitable epoxy resins which can be advanced 
with the aforementioned active hydrogen-containing 
oo~pounds include those epoxy resins having an 
aliphatic, cycloaliphatic or aromatic base. These 
include the polyglycidyl ethers of alkylene glycols, 
polyoxyalkylene glycols, dihydric phenols including 
bisphenols and dihydroxy biphenyl as well as substituted 
derivatives thereof, phenol and substituted phenol 
aldehyde novolac resins, phenol or substitutad phenol 
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hydrocarbon resins. The dihydric phenols and novolac 
resins and hydrocarbon resins can contain such 
substituents as hydrocarbyl or hydrocarbyloxy groups 
cont.aining from 1 to 10, preferably from 1 to 6, more 
preferably from 1 to 3 carbon atoms, halogen atoms, 
particularly chlorine or bromine, -N02, and -C=N. 
Exemplary of such suitable epoxy resins include those 
represented by the following formulas VI, VII, VIII, IX 
or X: 



Formula VI 

. 0 0 
/ \ /\ 

H2C- C-CH2-0- (CH-Q-CH-O)m -CH2 - C -CH2 
I I I I · 
R R2 R3 R 

FORMULA VII 

0 
/\ 

H2C - C-CH2 
I 
R 

(X)4 OH 

0 tl O-CH2-~-CH2 
. ~ I 

R 

(X)4 0 

0 ~ 0 - CH2-C/ ~CH2 
~ 1. 

n' R 
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IV 
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I 
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FORMULA VIII 
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/\ 
HzC- C-CH2-0 

I 
R 

(X)4 (X)4 -_. ?H (X)4 (X)4 

-rd-(A)0 -~-O CH2-C-CH2 - 0 ~ (A)n ~ 0 
'V ~ -· I·- V V 

R 
n' 

FORMULA IX 

0 
I\ 

0 
I\ 

0 
I\ 

0 
I\ 

CH2-C -CH2 
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R 

0 - CH2-C-CH2 
I 

0 - CH2-C- CH2 
I 

0 - CH2-C.- CH2 
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R R R 

----A' 1 1n1 A' , . ., 

(X)4 (X)3 
m' (X}4 
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wherein each A is independently a divalent hydrocar~yl 
group having from 1 to 12, preferably from 1 to 6, more 
preferably from 1 to 3 carbon atoms, -0-, -s-, -s-s-, 
-so-, -S02-, or -co-; each A' is independently a 
divalent hydrocarbon group having from 1 to 6, 
preferably from 1 to 3 carbon atoms; Q is a single bond, 

-CH2-S-CH2-, -(CH2)n1-, or 

each R is independently hydrogen or an alkyl group 
ha~ing from 1 to 4 carbon atoms; each R2 and R3 is 
independently hydrogen, a hydrocarbyl or halohydrocarbyl 
group having from 1 to 6, preferably from 1 to 3, more 
preferably from 1 to 2 carbon atoms; each X is 
independently hydrogen, a hydrocarbyl or hydrocarbyloxy 
group having from 1 to 12, preferably from 1 to 6, most 

j 

preferably from 1 to 4 carbon atoms, a halogen atom, 
-N02 or :-qsN; m has a value from 1 to· 10, preferably 

from 1 to 4, more preferably from 1 to 2; m' has a value 
from 0.01 to 12, preferably from 1 to 6, more preferably 
from 1 to 3; ml has an average value from 1 to 12, 
preferably from 1 to 6, more preferably from 1 to 3; m2 
has a value from 1 to 12, preferably from 2 to 6,·more 
preferably from 2 to 3; n has a value of zero o~ 1; n' 
has a~ average value from zero to 3, preferably from 
zero to 1.5, more preferably from zero to 0.5; and nl 
has an average value from 1 to 10. 

The epoxy resin having an average of more than 
one vicinal epoxy group per molecule and the compound 
having an average of more than one active hydrogen atom 
per molecule are reacted in amounts which provide 
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suitably from 0.01:1 to 0.05:1, more suitably from 
0.01:1 to 0.5:1, most suitably from 0.01:1 to 0.3:1 
active hydrogen atoms per epoxy group. 

When the epoxy resin having an average of more 
than one vicinal epoxy group per molecule and the 
compound_ having an average of more than one active 
hydrogen atom per molecule and containing one or more 
mesogenic structures are reacted in amounts which 
provide from 0.01:1 to 0.95:1 active hydrogen atoms per 
epoxy group, a curable (thermosettable) advanced epoxy 
resin is produced. When the epoxy resin having an· 
average of more than one vicinal epoxy group per 
molecule and the compound having an average of more than 
one active hydrogen atom per molecule and containing one 
or more mesogenic structures ar~ re~cted in amounts 
which provide from 0. 96: 1 to l.·05: 1 active hydrogen 
atoms per epoxy group, a substantially thermoplastic, 
resinous product is provided. Said resin composition 
contains .little, if any, curable residual epoxide 
functionality, and may thus be processed using the 
typical processing methods employed with conventional 
thermoplastics, such as, for example, injection molding 
or extrusion. Thermosetting may, however, be induced, 
for example, via reaction of all or a part of the 
backbone secondary hydroxyl groups produced in the 
af.oresaid advancement reaction, with a curing ag.ent 
therefor. One class of said curing agents includes the 
di/polyisocyantes as well as the blocked 
di/polyisocyanates which can be induced to react with 
said secondary hydroxy groups providing urethane linked 
crosslinks between the resin chains. An example of a 
specific diisocyanate especially useful herein is 
4,4'-diisocyanatodiphenylmethane. When the compounds 
having 
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--an average of more than one active hydrogen atom per 
molecule used in the advancement reaction is a diphenol, 
the resultant resinous product is a phenoxy resin. 
According to the teachings found in Encyclopedia of 
Polymer Science and Engineering, Vol. 6, page 331, 
published by. John Wiley and Sons, New York (1986} aside 
from the aforementioned advancement method, a phenoxy 
resin may also be prepared by reaction or a 1:1 mole 
ratio of high purity blsphenol A and epichlorohydrin. 
It is therefore operable to prepare· the phenoxy resins 
containing one or more mesogenic structures of the 
present invention via reaction of one or more diphenols 
containing one or more mesogenic structures with one or 
more epihalohydrins. A typical example would thus be 
the phenoxy resin produced from the reaction of 
epichlorohydrin and bis{4-hydroxyphenyl}terephthalate 
using the aforementioned stoichiometric ratio. 

The advancement reaction can be conducted in 
the presence of .a suitable advancement catalyst such as 
phosphines., quaternary ammonium compounds, phosphonium 
compounds and tertiary amines. Particularly suitable 

. . 

catalysts include, for example, 
ethyltriphenylphosphonium chloride, 
ethyltriphenylphosphonium bromide, ethyltriphenyl­
phosphonium iodide, ethyltriphenylphosphonium diacetate 
(ethyltriphenylphosphonium acetate-acetic acid complex), 
ethyltriphenylphosphonium phosphate, 
tetrabutylphosphonium chloride, tetrabutylphosphonium 
bromide, tetrabutylphosphonium iodide, tetrabutyl­
phosphonium diacetate (tetrabutylphosphonium 
acetate-acetic acid complex), bu.tyltriphenylphosphonium 
tetrabromobisphenate, butyltriphenylphosphonium 
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bisphenate, butyltriphenylphosphonium bicarbonate, 
benzyltrimethylammonium chloride, tetramethylammonium 
hydroxide, triethylamine, tripropylamine, tributylamine, 
2-methylimidazole, benzyldimethylamine and mixtures 
thereof. Many or these catalysts are described in u. S. 
Patent Nos. ·3,306,872; 3,341,580; 3,379,684; 3,477,9901 
3,547,881) 3,637,590; 3,843,605; 3,948,855; 3,956,237; 
4,048,141; 4,093,650; 4,131,633; 4,132,706; 4,171,420; 
4,177,216 and 4,366,295. 

The amount of advancem~nt catalyst depends, of 
course, upon the particular reactants and catalyst 
employed; however, the advance~ent catalyst is usually 
employed in quantities of from 0.03 to 3, preferably 
from ·0.03 to 1.5, most preferably from 0.05 to 1.5 
perc~nt by weight based upon the weight of the epo~y-, 
containing compound. 

· The advancement reaction can be conducted at 
atmospheric, superatmospheric or subatmospheric 
pressures at temperatures of from 20°C to 260°C, 
preferably from 80°C to 200°C, more preferably from 100°C 
to 150°C. The time required to complete· the advancement 
reaction depends upon the temperature employed. Higher· 
temperatures require shorter periods or time whereas 
lower temperatures require longer periods of time. 
Generally, however, times of from 5 minutes to 24 hours, 
pr~ferably from 30 minutes to 8 hours, more pref~rably 
from 30 minutes to 3 hours are suitable. 

If desired, the advancement reaction can be 
conducted in the presence of one or more solvents. 
Suitable such solvents include,. for example, glycol 
ethers, aliphatic and aromatic hydrocarbons, aliphatic 
ethers, cyclic ethers, ketones, esters, amides, and 
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-combinations thereof. Particularly suitable solvents 
include, for. example, toluene, benzene, xylene, methyl 
ethyl ketone, methyl isobutyl ketone, diethylene glycol 
methyl ether, dipropylene glycol methyl ether, N,N­
dimethylformamide, N-methylpyrrolidinone, 
tetrahydrofuran, propylene glycol methyl ether and 
combinations thereof. The solvents can be employed in 
amounts of from zero to 80 percent, preferably from 20 
percent to 60 percent, more preferably from 30 percent 
to 50 percent by weight based upon the weight of the 
reaction mixture. 

While the advancement of epoxy res1ns with 
active hydrogen-containing compounds having rigid, 
liquid crystal type structures results in an epoxy resin 
with imP,roved properties, an epoxy resin with even more 
improvement can be obtained if the advanced epoxy resin 
compound is subjected to external fields or induced 
stresses. These fields or stresses provide the 
orientation of the epoxy resin advancement adducts due 
to their anisotropic properties. To achieve this 
orientation during processing, electric or magnetic 
fields and shear stresses can be applied. ~he.prefer~ed 

method for orientation is through the application of 
shear stress. In addition to orientation by electric 
and magnetic fields, polymeric mesophases can be 
oriented by low shear rates (0.1-90 sec-1) which are 
induced by flow through dies, orefices, and mold gates. 
For the potential mesomorphic systems based on the 
advancement of epoxy resins with rigid, liquid crystal 
type structures, shear orientation can be induced by 
processing methods such as injection molding, extrusion, 
filament winding, pultrusion and filming at temperatures 
from ambient to 200°C, preferably from ambient to 160°C 
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and more preferably from ambient to 120°c. At the time 
of this processing, an epoxy resin hardener and/or 
catalyst which would be a part of the final formulated 
system would set or cure the resin in an oriented, 
highly.ordered state from 1 minute to 1 hour, preferably 
from 1 minute to 30 minutes, and more preferably from 1 
minute to 10 minutes. 

The advanced epoxy resins of the present 
invention can be cured by the conventional means for 
curing epoxy resins such· as by mixing with any suitable 
curing agent •. Suitable such curing agents include, for 
example, primary and secondary polyamines, carboxylic 
acids and anhydrides thereof, phenolic hydroxyl­
containing compounds, guanidines, urea-aldehyde resins, 
melamine-aldehyde resins, alkoxylated urea-aldehyde 
resins, alkoxylated melamine-aldehyde resins, aliphatic, 
cycloaliphatic and aromatic amines and combinations 
thereof. Particularly suitable curing agents include, 
for example, ethylenediamine, diethylenetriamine, 

.. ··, 

triethyle~etetramine, tetraethylenepentamine, 
sulfanilamide, bis{hydroxyphenyl)methane, 
methylenedianiline, maleic anhydride, chlorendic 
anhydride, diaminocyclohexane, isophoronediamine, · 
methylbicyclo{2.2.1)heptene-2,3-dicarboxylic anhydride, 
phenol-formaldehyde novolac resin, cresol-formaldehyde 
nov9lac resin, methylolated urea-formaldehyde reiin, 
methylolated melamine-formaldehyde novolac resin, 
diethyltoluenediamine, diaminodiphenyl sulfone and 
combinations thereof. The curing agents are employed in 
an amount which will effectively cure the composition 
containing the mesogenic moieties. These amounts will 
depend upon the particular advanced epoxy resin and 
curing agent_employed; however, suitable amounts 
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include, for example, from 0.95:1 to 1.2:1, more 
suitably from 0.95:1 to 1.15:1, most suitably from 1:1 
to 1.15:1 equivalents of curing agent per epoxide 
equivalent for those curing agents which cure by 
reacting with the epoxy group-of the epoxy resin. The 
Handbook of Epoxy Resins by Lee and Neville, McGraw­
Hill, 1967, contains various discussions concerning the· 
curing of epoxy resins as well as compilation of 
suitable curing agents. 

The advanced epoxy.resin compound of the 
present invention can be blended with other· 
materials such as solvents or diluents, fillers, 
pigments, dyes, flo.w modifiers, thickeners, 
reinforcing agents, mold release agents, wetting 
agents, stabilizer~, fire retardant agents, 
surfactants and combinations thereof. 

These additives are added in functionally 
equivalent amounts, e.g., the pigments and/or dyes 
are adde4 in quantities which-will provide the 
composition with the desired color; however, they 
are suitably employed in amounts of from zero to 20, 
more suitably from 0.5 to 5, most suitably from 0~5 
to 3 percent by weight based upon the weight of the 
total blended composition. 

Solvents or diluents which can be employed 
herein include, for example, hydrocarbons, ketones, 
glycol ethers, aliphatic ethers, cyclic ethers, 
esters, amides and combinations thereof. 
Particularly suitable solvents or diluents include, 
for example, toluene, benzene, xylene, methyl ethyl 
ketone, methyl isobutyl ketone, diethylene glycol 
methyl ether, dipropylene glycol methyl ether, 
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dimethylformamide, N-methylpyrrolidinone, 
tetrahydrofuran, propylene glycol methyl ether and 
combinations thereof. 

The modifiers such as thickeners and flow 
. modifiers can be suitably employed in amounts of 

from zero to 10, more suitably from 0.5 to 6, most 
suitably from 0.5 to 4 percent by weight based upon 
the weight of the total composition. 

Reinforc-ing material·s which can be employed 
herein include, for example, natural and synthetic 
fibers in the form of mats, woven fabric, 
monofilament, multifilament, unidirectional fiber, 
rovings, random fibers or filamen·ts, inorganic 
fillers or whiskers and hollow spheres. Suitable 
reinforcing materials which can be employed herein 
include, for example, glass, ceramics, nylon, rayon, 
cotton, aramid, graphite, polyalkylene 
terephthalate, polyethylene, polypropylene 
polyesters and combinations thereof. 

Suitable fillers which can be employed 
herein include, for example, inorganic oxides, 
ceramic microspheres, plastic microspheres, 
inorganic whiskers, glass microspheres, CaC03 and 
combinations' thereof. 

The fillers can be employed in amounts 
suitably from zero to 95, more suitably from 10 to 
80, most suitably from 40 to 60 percent by weight 
based upon the weight of the total composition. 



-23-

The following examples are illustrative of the 
present invention. 

Synthesis of N,N'-Diphenylterephthalate 

N,N'-diphenylterephthalamide {Structure I} was 
synthesized from anil"ine and terephthaloyl chloride 
using acetone as a reaction media and an aqueous 
solution of NaOH to neutralize the HCl generated. 
Terephthaloyl. chloride {87.2 grams, 0.43 moles} was 
first added to a stirred, 2-liter reaction ~lask 
containing one liter of acetone. After the 
terephthaloyl chloride has dissolved, aniline {80.0 . . 
grams, o.86 moles} was added dropwise using an addition 
funne·1 over a 30 minute .period. During the course of. 

1 r 

this addition, a white precipitate was formed. A 200 ml 
aqueous solution of NaOH {34.3 grams, 0.86 moles} was 
then added, also using an addition funnel, over a 30 
minute period. The reaction temperature during ~oth the 
anili~e and NaOH addition was maintained below 35°C by 
blowing a1r onto the outside of the reaction flask. 
After the NaOH addition, the reaction mixture was 
stirred for three hours and then vacuum filtered· 
{filtrate pH = 7}. The filter cake obtained was w~shed 
with 400 ml of acetone and then added to one liter of 
deionized water, stirred for 15 minutes and filtered •. 
Thfs filter cake was washed with 500 ml of acetone and 
then dried in a 105°C vacuum oven to a constant weight. 
This final product (114.4 grams, yield = 84.2 percent) 
exhibited a sharp melting endotherm by differential 
scanning calorimetry {DSC) at 346°C. Also Fourier 
transform infrared {FTIR) analysis showed the following 
absorbances which are indicative of the structure for 
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the final product: 3329 cm-1 (N-H stretch), ·1528 cm-1 
(Amide II band) and 1650 cm-1 (Amide I band). 

Structure I 

Synthesis of N-Phenylbenzamide 

N-phenylbenzamide (Structure II) was 
synthesized from aniline and benzoyl chloride using 
acetone as a reaction media and an aqueous solution of 
NaOH to neutralize the HCl generated. A 20 ml aqueous 
solution of NaOH (2.57 grams, 0.064 moles) and 6.0 grams 
{0.064 moles) of aniline were first added to a stirred 
250 ml flask containing 75 ml of acetone. Benzoyl 
chloride (9.06 grams, 0.064 moles) was next added ov~r a 
five minu-te period. This reac"tion mixture which now 
contains a white precipitate was stirred for 1.5 hours 
and then diluted with 50 ml of deionized water. This 
solution was next filtered and the filter cake obtained 
was sequentially washed with 50 ml of deionized water 
(two times) followed by 50 ml of methanol. The washed 
filter cake was recovered and analysis of this product 

. . 

showed a sharp melting endotherm at 169°C. 

Structure II 

! 
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Synthesis of 4'-Sulfonamido-N-Phenylbenzamide 

4'-sulfonamido-N-phenylbenzamide {Structure 
III) was synthesized from sulfanilamide and benzoyl 
chloride using acetone as a reaction media and an 
aqueous solution of NaOH to neutralize the HCl 
generated. Sulfanilamide {100 grams, 0.58 moles) was 
first added to a stirred, two liter reaction fla~k 
containing one liter of acetone. After the 
sulfanilamide had dissolved, benzoyl chloride (82 g~ams, 
0.5~ moles) was added dropwise using an addit~on funnel 
over a 20 minute period. During the course.of this , 
addition, a white precipitate was formed. :A 200 ml 
aqueous solut-ion of NaOH {23.2 grams, 0."58 moles) was 
then added, also using an addition furinel, o~er a 30 
minute period. The reaction temperatl1re dur.ing this 

. I 

add:ition and .that or" the benzoyl chloride was maintained 
below 30°C by blowing air onto the outside of the 
reaction flask. After the NaOH addition, the reaction 
mixture was ~tirred for two hours and then vacuum 
filtered •.. The filter cake obtained was washed with one 
liter of deionized water. These solids were next add•d 
to 300 ml of acetone, stirred for 15 minutes~ an~ ~hen 
vacuum filtered. This filter cake was washed with 500 
ml of deionized water followed by 300 ml of acetone and 
then dried to a constant weight in a 100°C vacuum oven. 
The final dried product (145 grams, yield = 90.2· 
percent) exhibited a sharp melting endotherm by DSC at 
297°C. Also FTIR analysis of this material showed the 
following absorbances which are indicative of the 
structure for the final product: 3350 cm-1 (N-H 
stretch), 1520 cm-1 (Amide II band), 1650 cm-1 (Amide I 
band) and 3267 cm-1/3291 cm-1 (N-H stretch of 
sulfonamide). 
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Structure III 

.;:. 

. . 

Synthesis of Bis(4-Hydroxyphenyl}Terephthalate 

Bis(4-hydroxyphenyl}terephthalate (Structure 
IV} was synthesized .bY the reaction of hydroq~inone with 
terephthaloyl chloride through the addition of NaOH. 
The hydroquinone (162.7 grams, 1.48 moles) and 
terephthaloyl chloride (150.0 grams, 0.74 moles} were 
first dissolved in 750 ml of tetrahydrofuran in a two 
liter round bottom flask which was stirred. The NaOH 
(59.1 grams, 1.48 moles) in 300 ml of deionized water 
was next added dropwise using an addition funnel over a 
one hour .period and the mixture was the_n allowed to stir 
an additional two hours at ambient temperature (pH= 6). 
The precipitate obtained was collected by vacuum 
filtration and then added to 500 ml of deionized water 
and 1000 ml of methanol. This solution was stirred for 
one hour at 40-55°C and then filtered. The solids 
collected here were added to 1100. ml of anhydrous 
methanol and stirred at 40-55°C for one hour followed by 
a third filtration. The resultant solids were then 
dried in a 80°C vacuum oven. This final product (111.9 
grams, yield = 43.3 percent) exhibited a sharp melting 
endotherm by DSC at 415°C. 
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Struct·ure IV 

Synthesis of N,N'-Bis(4-Hydroxyphenyl)Terephthalamide 

N ,N'-bis ( 4-hydroxyphenyl} terephthalamid·e 

(Structure V) was synthesized by the reactio~ of 

aminophenol with terephthaloyl chloride in the presence 

of NaHco3 • Two moles of aminophenol ~218.3 grams>. and 2 

moles of NaHco4 ( 168 grams) were first added to a · 

~tirred, round bottom flask containini 750 millil~ters 

of acetone and 750 milliliters of deionized water. Two 

moles of terephthaloyl chloride (203.0 grams) were then 

added over a two hour period. During the course of the 

terephthaloyl chloride addition, 200 additional 

millilite~s of acetone were al~o added to wash down the 

frothy suspension caused by co2 evolution. After ~he 

terephthaloyl chloride addition, the precipitat~ 

produced from the reaction was collected by vacuum 

filtration. For purification of the precipitate 

obtained, one half of this material was placed in a 

st~rred, round bottom flask containing 900 milliliters 
. . 

of· methanol and 450 milliliters of deionized water. 

This suspension was heated to 56°C and then vacuum 

filtered. For the solids recovered from this 

filtration, the washing step with methanol and deionized 

water was repeated. The filtrant solids obtained from 

the second hot filtration were then added to a stirred, . 
round bottom flask containing 1250 milliliters of 
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methanol. This suspension was vacuum filtered after 30 
minutes to recover the solids for drying. After 
following the preceding washing procedure for the second. 
half of the reaction precipitate, the total solids 
recovered were dried at 80°C under vacuum for 5 hours. 
The weight of the dried solids was 325.6 grams, 93.4 
perc~nt of the theoretical yield to N,N'-bis(4-

. hydroxyphenyl)terephthalamide. The melting point of 
this final product was 405°C as determined by 
differential scanning calorimetry. 

Structure V 

Comparative Experiment A 

Cured Low.Molecular Weight Epoxy Resin 

A diglycidyl ether of bisphenol A, 149.1 grams 
having 24.6 percent epoxide and a 174.B epoxide 
equivalent weight (EEW) was heated to 120°C. A 
conventional epoxy resin hardener, diethyltoluenediamine 
(39~51 grams, 1.04 times the stoichiometric amount of 
epoxide) was then added. After mixing, this resin 
system was poured into a mold (dimensions = 8 inches x 8 
inches x 1/8 inch; 203.2 mm x 203.2 mm x 3.175 mm) 
heated to 120°C in a convection oven. The temperature 
of the oven was then increased to 180°c. After two 
hours at 180°c, the oven was cooled to room temperature. 
Following cool down, a void free, neat resin casting was 
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obtained from the mold. Glass transition temperature 

and mechanical properties for this casting were then 
determined. These results are reported in Table I and 

again in Table II for comparison purposes. 

Comparative Experiment B 

Cured Advanced Epoxy Resin with Bisphenol~A -

Control 

A diglycidyl ether of bisphenol A, 150- grams (1 

equiv.) having a percent epoxide or 16.3 and an EEW of 

263.8 advanced· with 25.1 grams (0.25 equiv.)" or 
bisphenol A was heated to 120°c. A stoichiometric 
amount (29.25 grams) of diethylt.oluenediamine was then 
added. After mix.ing, this resin system was poured into 
a mold (dimensions= 8 inches x 18 inches x 1/8 inch; · 

203.2 mm x 203.2 mm x 3.175 mm) heated to 120°C in a 

convection oven. 
raised to 1so0 c. 

The temperature at the oven was then 
!After five hours at 180°C, the oven was 

cooled to room te~perature. Following cool down, a void 
free, neat resin casting was obtained from the mold. 

Glass transiti~n temperature and mechanical properties 
for this casting were then determined. These results 
are reported in Table III. 

Example 1 Advancement of Diglycidyl Ether of Bisphenol A 
Resin with N,N'-Diphenylterephthalamide 

N,N'-diphenylterephthalamide (9.00 grams) was 
added to a stirred, 500 ml reaction flask containing 
300.1 grams of a diglycidyl ether of bisphenol A having 
an EEW of 177.7. A sample of this material when viewed 
under an optical microscope (70 X magnification) using a 
cross polarized light source shows dispersed 
crystallites of the N,N'-diphenylterephthalamide in the 
epoxy resin. This mixture· was then heated to 248°C and 
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held at this temperature for 1.5 hours. After cooling 
to room temperature, optical microscopy shows 
birefringent domains in the epoxy resin. The percent 
epoxide of t_his advanced resin was 22. 7 based on 
titrametric determination. This percent epoxide 
corresponds to the expected value obtained by 
calculations based' on the complete reaction of the amide 
hydrogens of N,·:t1'-diphenylterephthalamide. 

Example 2 Cure of- Diglycidyl Ether· of Bisphenol A Epo·xy 
Resin Advanced with N,N'-Diphenyltere-
phthalamide · 

Part of the advanced epoxy resin from Example 1 
(147.0 grams) was heated to 120°C. 
Diethyltoluenediamine (35.81 grams, 1.04 times the 
stoichiometric amount of epoxide) was then added. After 
mixing, this resin system was poured into a mold 
(dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 mm x 
203.2 mm x 3.175 mm) heated to 120°C in a convection 
oven. T~·e temperature of the oven was then raised to 
180°c. After two hours at 180°c, the oven was cooled to 
room temperature and a void free, neat resin casting was 
obtained from the mold. When this casting was viewed 
under an optical microscope (70 X magnification) using a 
cross polarized light source, rodlike, birefringent 
se.gments were observed which were dispersed throughout 
the polymer~ Glass transition temperature and 
mechanical properties were then determined for this 
casting and these results are reported in Table I. 
Compared to the diglycidyl ether of bisphenol A epoxy 
resin control of Example 1, the cured resin shows 
improvements in tensile and flexural modulus of 4.7 and 
5.9 percent, respectively. 
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Cure of Diglycidyl Ether of Bisphenol A Epoxy 
Resin Advanced with N N'-Di hen ltere­
phthalamide Orientation of Birefringent 
Segments with the Application of an Electric 
Field) 

A diglycidyl ether of bisphenol A epoxy resin 
advanced with N,N'-diphenylterephthalamide (143.3 grams, 
~2.5 _percent epoxi~e) was first heated to 160°C. 
Diethyltoluenediamine (34.86 grams, 1.04 ti~es the 
stoichiometric amount or epoxide) was then added. After 
mixing, this resin system was poured. into an aluminum 
mold {dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 
mm x 203.2 mm x 3.175 mm) heated to 120°C ·in: a 
convection oven. The mold consisted or two aluminum . . 
plates spaced apart by an 1/8 inch (3.175 mm) silicone 
rubber gasket which formed the mold cavity. Prior to 

I 

pouring of the resin system into the mold, a 300 volt 
charge was established between the two aluminum plates 
using a direct current power. supply. After one hour at 

I 

120°C, the oven temperature was raised to 180°C and held 
at this te~P,erature for two hours. Following cool down 
from 180°d to room temperature, a void free, neat resin 
casting was obtained from the mold. When this casting 
was viewed under an optical microscope using a cross 
polarized light source, orientation of the birefringent 
segments produced through the advancement of diglycidyl 
ether of bisphenol A epoxy resin with N,N'-diphenyl­
ter~phthalamide was observed. This orientation was 
normal to the electric field application. From this 
neat resin casting, glass transition temperature and 
mechanical properties were determined. These results 
are reported in Table I. Compar~d to the diglycidyl 
ether of bisphenol A epoxy resin control of Example 1, 
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improvements in tensile and flexural modulus of 13.5 and 
6.4 percent were observed, respectively. 

Example 4 Advancement of Diglycidyl Ether of Bisphenol A 
Epoxy Resin with N,N'-Diphenylterephthalamide 
and N-Phenylbenzamide · 

N,N'-diphenylterephthalamide {9.0 grams) and 
N-phenylbenzamide (3.0 grams) were added to a stirred, 
500 ml reaction flask containing 300.0 grams of 
diglycidyl eth~r of bisphenol A epoxy resin (2~.5 
percent epoxi~e). This mixture was then heated to 248°C 
and held at tnis temperature for approximately 1.5 
hours. The measured percent epoxide of this advanced 
resin ~as 22.4 which compared to a calculated percent 
epoxide of 22.3 based on complete ~eaction of the amide 
hydrogens of N,N'-diphenylterephthalamide and 
N-phenylbenzamide. After 1.5 hours at 248°C, the resin 
was cooled quickly to room temperature by pouring into a 
large aluminum pan. When this resin was viewed under an 
optical microscope (70 X magnification) using a cross 
polarized.·· light source, dispersed birefringent areas 
were observed. 

Example 5 Cure of Diglycidyl Ether of Bisphenol A Epoxy 
Resin Advanced with N,N'-Diphenyltere­
phthalamide and N-Phenylbenzamide 

Part of the advanced diglycidyl ether of 
bisphenol_ A epoxy resin of Example 4 (150.~ gram~) was 
heated to 120°C. Diethyltoluenediamine (36.20 grams, 
1.04 times the stoichiometric amount of epoxide} was 
then added. After mixing, this resin system was poured 
into an aluminum mold heated to 120°C in a convection 
oven. The configuration of this aluminum mold was the 
same as in Example 3 and after pouring the resin into 
this mold, a 16 volt charge was established between the 
aluminum plates using a dfrect current power supply. 

l 
. ·~J 
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After two hours at 120°c, the oven was raised to 180°C 
and held for two hours at this temperature. Following 
cool down of the oven from 18'0°C to room temperature, a 
void free, neat resin casting was obtained from the 
mold. When ·this casting was viewed under an optical 
microscop·e using a cross polarized light source, 
dispe.rsed birefringent particles were observed in the 
·polymer. The glass transition temperatur_e and 
mechanical properties tor:- this cast-ing were then 
dete~mined and these results ~re reported in Table I·. 
Compared to the diglyoidyl ether of bisphenol A epoxy 
resin control of Example 1, the cured resin shows an 
improvement in tensile and flexural modulus of 9.7 and 
15.2 percent, respectively. 

Example 6 Advancement of Diflycidyl Ether ot-Bisphenol A 
Epoxy Resin with '-Sulfonamido-N­
Phenylbenzamide 

Thirty {30) grams of 4'-sulfonamido-N-phenyl-' . benzamide were added to a stirred, 500 ml reaction flask 
conta~ning 300. 7 grams of ··,<iiglycidyl ether of bisphenol 
A epoxy resin {24.4 percent epoxide). A sample of this 
mixture when viewed under an optical microscope .C70 X 
magnification) using a cross polarized light source 
showed dispersed crystallites of 4'-sulfonamido-N­
phenylbenzamide in the epoxy resin. This mixture was 
t11.en heated. At 218°C, the mixture became clear. and a 
small exotherm was observed. Following the exotherm, 
which peaked at 235°C, the resin was cooled to room 
temperature. At room temperature, no solids were 
observed. When viewed under the optical microscope {70 
x magnification), small birefringent areas w~re observed 
in the resin. The measured percent epoxide of this 
resin was 18.5 which compared to a calculated percent 
epoxide of 18.0 based on the complete reaction of all 
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the active hydrogens of the 4'-sulfonamido-N­
phenylbenzamide. 
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Example 7 Advancement of Diglycidyl Ether of Bisphenol A 
Epoxy Resin with 4'-Sulfonamido-N-Phenyl­
benzamide 

Forty-five (45) -grams of 4'-sulfon­
amido-N-phenylbenzamide were added to a stirred, 500 ~l 
reaction flask containing diglycidyl ether ot bisphenol 
A epoxy resin (299.8 grams, 24.8 percent epoxide) ." .This 
mixture was then heated. At 220°C the mixture started 
to clear. and a small exotherm was observed. . Fo·11owing· 
the exotherm, ·which peaked at 248°C, the res"in was 
cooled to room temperature.. At room temperature, no 
solids were observed :in the resin. When viewed under an 
optical microscope (70 X magnifioation) using a cross 
polarized light sourde, smal1 birefringent areas could 
be seen. The titrated percent epoxide of this advanced 
resin was 16.3 which compared to a calculated percent 
epoxide of 15.5 based on the complete reaction of all 
the active hydrogens or the 4-~ulfonamido-N-phenyl­
benzamide •. 

Example 8 Cure of Diglycidyl Ether of Bisphenol A Epoxy 
Resin Advanced with 4'-Sulfonamido-N-Phenyl­
benzamide 

Part of the resin obtained from Example 6 
(145.8 grams) was heated to 120°C. 
Diethyltoluenediamine (29.1 grams, 1.04 times the 
stoichiometric amount of epoxide) was then added. After 
mixing, this resin system was poured into a mold 
(dimensions = 8 inches x 8 inches x 1/8 inch; 203.2 mm x 
203.2 mm x 3.175 mm) heated to 120°C in a convection 
oven. The temperature of the oven was then raised to 
180°C and held at this temperature for two hours.· 
Following cool down of the oven from 180°C to room 
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temper~ture, a void free, neat resin casting was 
obtained from the mold. The gla.ss transition 
temperature and mechanical properties of this casting 
were then determined and these results are reported in 
Table II. Compared to the diglycidyl ether of bisphenol 
A epoxy resin control of Example 1, this cured resin 
showed improvements in tensile and flexural modulus of 
10.9 and 9.3 percent, respectively. 

Example 9 Cure of Diglycidyl Ether of Bisphenol A Epoxy 
Resin·. Advanced with 4' -Sulfonamido-N·Phen ·1-
benzamide · Orientation of Birefrin ent 
Segments with the Application of an Electric 
Field) 

Part of the resin obtained from Example 6 
{ 174.8 grams) was heated to 120°C.-
Diethyltoluenediamine (30.82 grams, 1.04 times the 
stoichiometric amount of epoxide) was then added. After 
mixing, this resin system was poured lnto an aluminum 
mold heated to 120°C in a convection oven. The 
configuration of this mold was the same as in Example 3 
and aft'er: pouring of the resin, a 16 volt charge was 
established between the aluminum plates using a direct 
current power supply. After two hours at 120°C, the 
oven temperature was raised to 180°C. After two hours 
at 180°C, the oven was cooled to room temperature and a 
void free, neat resin casting was obtained from the 
mold. When this casting was viewed under an opti_cal 
microscope (120 X magnification) using a cross polarized 
light source, birefringent fibers were observed in the 
polymer. The glass transl tion temperature and. 
mechanical properties for this casting were then 
determined and these results ar~ reported in Table II. 
Compared to the diglycidyl ether of bisphenol A epoxy 
resin control of Example 1, this cured resin shows 
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improvements in tensile and flexural modulus of 13.5 and 
11.3 percent, respectively. 

Example 10 Cure of Diglycidyl Ether of Bisphenol A Epox~ 
Resin Advanced with 4'-Sulfonamido-N-Phenyl- · 
benzamide 

A diglycidyl ether of Bisphenol A epoxy resin 
which had been advanced with 4'-sulfonamido-N-phenyl­
benzamide in the same manner as Example 6 was heated to 
120°C. The weight of this advanced. resin, which 
contained·18.7 percent epoxide, was 169.9.grams. 
Diethyltoluenediamine (34.21 grams, 1.04 times th~ 
stoichiometric amount of epoxide) was then ad4ed. After 
mixing, this resin system was po~red into an aiuminum 
mold heated to 120°C in a convection oven. The 
configuration of this mold was t~e same as in Example 3. 
After pouring the resin into the mold, a 50 volt charge 
was established between the aluminum plates using a 
direct current power supply. After one hour at 120°C, 
the oven temperature was raised to 180°C. After two 
hours at :180°C, the oven was cooled to room temperature 
and a void free, neat resin casting was obtained from· 
the mold. The glass transition temperature and 
mechanical properties for this casting were then 
determined and these results are reported in Table II. 
Compared to the diglycidyl ether of bisphenol A epoxy 
resin control of Example 1, this cured resin shows 

. . . 

improvements in tensile and flexural modulus of 16.4 and 
12.4 percent, respectively. In addition to achieving 
these higher moduli, the strain to failure for this 
polymer is equal to that of the control. 
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Example 11 Cure of Diglycidyl Ether of Bisphenol A Epoxy 
Resin Advanced with 4'-Sulfonamido-N-Phenyl­
benzamide 

Part of the resin from Example 7 (174.8 grams) 
was heated to 120°c. Diethyltoluenediamine {30.82 
grams, 1.04-times the stoichiometric amount of epoxide) 
was then added. After mi~ing, this resin system was 
pour~d into an aluminum mold heated to 120°C in a 
convection oven. The configuration of this.mold was the 
same as in Example 3. After pouring the resin into- the 
mold, a 300 voi~ charge was establish~d ~etween the 
aluminum pla·tes using a direct current pow~r supply. 
After one hour at 120°C, the temperature of the oven 
containing the mold was raised to 180°C and held for two 
hours at this. temperature. Following cool down of the 
-oven from 180°G to room temperature, a void free, neat 

' resin casting was obtained from the mold. The glass 
transition temperature 
this casting were then 
reported in Table III. 

and mechanical properties for 
determined and these results are 

Compared to diglycidyl ether of 
bisphenol A epoxy resin advanced with bisphenol A 
{Comparative Experiment B), this cured resin shows 
improvements in tensile and flexural modtilus of 17~9 and 
18.5 percent, respectively. 

Example 12 Advancement of Diglycidyl Ether of Bisphenol 
A Epoxy Resin with Bis(4-Hydroxyphenyl)­
Terephthalate Followed'by Cure with 
Diethyltoluenediamine 

Bis(4-hydroxyphenyl)terephthalate (9.01 grams) 
was mixed into 50.0- grams of diglycidyl ether of 
bisphenol A epoxy resin containing 2500 ppm 
tetrabutylphosphonium acetate·acetic acid complex (70 
weight percent in methanol) catalyst. This mixture, 
which was contained in a stirred flask, was then heated 
to 140°C. Prior to heating, differential scanning 
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calorimetry analysis of this mixture showed a reaction 
exotherm beginning at 120°C (peak temperature = 170°C, 
AH= -64 joules/gram). After three hours at 140°C, the 
temperature was ~educed to 120°C. The resin at this 
point contained dispersed crystalline segments as 
observed by optical microscopy (70 X magnification) 
using a cross polarized light source. 
Diethyltoluenediamine ( 10·.82 grams, 1.04 times the 
calculated stoichiometric amount 0£ epox.ide remaining 
after complete advancement) was th-en added. After 
mixing, this resin system was poured into ~n aluminum 
mold heated to 120°C in a convection oven. The mold 
used was: of the same configuration as used in Exampl9 3. 
After pouring the resin into the mold, a 7 volt charge 
was appl~ed between the two aluminum plates usihg a 
direct current power supply. The ove~··temperature was 
then raised to 180°C where it was maintained for four 
hours. Following cool down of the oven from 180°C to 
room temperature, a void free, ·translucent casting was 
obtained·?rom the mold. The glass transition 
temperature of this polymer was 131°C as determined by 
differential scanning calorimetry which also indicates. 
no additional reactivity to 300°c. The flexural 
strength and modulus for the casting were 17,680 psi and 
463 ksi, respectively. Compared to diglycidyl ether of 
bisphenol. A epoxy resin advanc~d with bisphenol A 

(Comparative Experiment B), the flexural modulus 
obtained represents a 16.9 percent improvement. 
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Example 13 Advancement of the Diglycidyl Ether of 
Bisphenol A with N,N'-Bis(4-
hydroxyphenyl)terephthalamide and 
Preparation of a Compression Molded Phenoxy. 
Resin Casting 

N,N'-Bis(4-hydroxyphenyl)terephthalamide (30.7 • 
gram~; 0.176 hydroxyl equivalent) was blended into an 
equivalent amount of the diglyci.dyl ether of bis phenol A 
(30.0 grams; EEW = 170.3; 0.176 epoxide equivalent}· 
which contained 4500 ppm tetr_abutylphosphonium 
acetate•acetic acid complex (70 weight percent in 
meth~nol} catalyst. This blend was then placed iri a 
130°C convection oven whe~e it was stirred approximately 
every 5 minutes. Differential scanning calorimetry 
analysis of a sample of this blend showed a reaction 

I 

exotherm (AH·= -120 joules/gram) with an onset 
temperature of 160°C. The peak temperature of this 
exotherm was 240°C. After 30 minutes at 130°C, the oven 
temperature was increased to 180°C over a 1.5 hour 
period during which time pel'.'iod-ic stirring was 
continued. After 30 minutes at 180°c, the thickened 
resin was removed from the oven and cooled to 
approximately 0°C. The cooled, solid resin was then 
ground to a fine powder. For the preparation of a neat 
resin casting, part of this powder (54 grams) was placed 
in a compression mold (dimensions = 4 inches x 4 :inches 
x O~ 125 inch; 101.6 mm x 101.6 mm x 3.18 mm). This 
compression mold was next transferred to a mechanical 
press heated to 220°C. In the press, pressure (1680 
psi) was applied to the mold during the first 5 minutes. 
After 1.5 hours at 220°C, the temperature of the press 
was increased to 240°C where it was maintained for 1.5 
hours before cooling to room temperature. At room 
temperature, an opaque, neat resin casting was obtained 
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from the mold. The melting point of this polymer was 
378°C as determined by differential scanning 

calorimetry. The flexural strength and modulus of the 

neat resin casting obtained were 8440 psi and 713 ks~, 

respectively. 



TABLE I 

DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 

N,N'-DIPHENYLTEREPHTHALAMIDE AND N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT 

RESIN CURED WITH DIETHYLTOLUENEDIAMINE 

EXAMPLE NO. 
Comp. 2 J 5 

Ex.Q1. A 

Wt. % N,N'-Diphenylterephthalamide Used 0 2.9 2.9 2.9 

in Advancement Rea·ction 
..., 

Wt. % N-Phenylbenzamide Used in 0 0 0 0.96 

Advancement Reaction 

% Epoxide of Resin 24.6 22.7 22.5 22.4 

E~ectric Field Applied During Cure, 0 0 300 16 

volts D.C. 

Glass Transition Temperature, °C 179 173 169 165 

Tensile Strength, psi 10,560 9,920 7,605 9,915 

Tensile Modulus, ksi 340 356 386 373 

Strain to Failure, % 5.3 3.8 2.4 3.9 

Flexural Strength, psi 19,320 13,060 13,360 18,420 

Flexural Modulus, ksi 388 411 413 447 
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TABLE II 
DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WI.TH 

4'-SULFONAMIDO-N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN CURED WITH DIETHYLTOLUENEDIAMINE 
EXAMPLE NO. Comp. ·s .2. . lQ Expt. A 

Wt. % 4'-Sulfonamido-N-Phenylbenzamide ·o 9.1 9.1 9.1 
Used in Advancement Reaction 

% Epoxide of Resin 211.6 18.5 18.5 18.7 Electric Field Applied During Cure, 0 0 16 50 
volts D.C. 

Glass Transition Temperature, °C 179 168 166 167 
I 

.i::. 

Tensile Strength, psi 10,560 8,810 11,120 11, 740 N 
I 

Tensile Modulus, ksi 340 377 386 416 Strain to Failure, % . 5.3 3.1 4.8 5.2 Flexural Strength, psi 19,320 20,970 20, 180 20,850 Flexural Modulus, ksi 388 424 432 436 .r.· 
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TABLE III 

DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4 1 -SULFONAMIDO-N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN 

CURED WITH .pIETHYLTOLUENEDIAMINE 

EXAMPLE NO. 1· .ll 
Wt. % ~'-Sulfonamido-N-Phenylbenzamide 0 18.4 

Used in Advancement Reaction 

Wt. % Bisphenol A Used in 14.3 ·o 
Advancement Reaction 

% Epoxide of Resin 16.3 16.3 
Electric Field Applied During Cure, 0 300 

volts D.C. 

Glass Transition Temperature, °C 150 156 
Tensile Strength, psi 11,100 11,510 
Tensile Modulus, ksi 351 414 
Strain to Failure, % 7.3 4.3 

Flexural Strength, psi 19,~60 22,360 
Flexural Modulus, ksi 396 460 

·1 
.i::. 
w 
I 

r :::.; 
! r----i ~g 
i f j r-
1 i C:::> ., -.::~ 
j i C.'.> j b 
i I i Ir! 
I It- j:S"; j ··,'> i 1TI 

r 
2 I ::f 

I ~·" I t..o I en 

I I !8 I ffi 



TABLE III 

DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH 
4'-SULFONAMIDO-N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN 

CURED WITH DIETHYLTOLUENEDIAMINE 

EXAMPLE NO. 1 ll 
Wt. % 4'~Sulfonamido-N-Phenylbenzamide 0 18 .11 

Used in Advancement Reaction 

Wt. % Bisphenol A Used in 14.3 0 
Advancement Reaction 

% Epoxide of Resin 16.3 16.3 
Electric Field Applied During Cure, 0 300 

volts D.C. 

Glass Transition Temperature, °C 150 156 
Tensile Strength, psi 11,100 11,510 
Tensile Modulus, ksi 351 414 
Strain to Failure, % ·-· 7.3 4.3 

Flexural Strength, psi 19,460 22,360 
,\ 

Flexural Modulus, ksi 396 460 
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·1. An advanced epoxy resin compound pr~pared 
by reacting (A) at least one epoxy _resin having an 
average of more than one vicinal epoxy group per 
molecule with {B) at least one compound having an 
average of more than one active hydrogen atom per 
molecule represented by the following formulas I, II or 
III: 

Formula I 

X' 

Formula II. 
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Formula III 

Z3 

wherein each X is independently hydrogen, a hydrocarbyl 
or hydrocarbyloxy group having from 1 to 12, preferably 
from 1to·6, most preferably from 1 to 4 ·carbon atoms,·a · 
halogen atom, -N02 or -C=N; each X' is independently a 
hydroxyl group., a carboxylic acid group or the group 
represented by the following formula IV: 

Formula IV (X) 
4 

Ho-@-zs- • 
' 

each Z is.independently -CRl:CRl-, -CRl:CRl-CRl:CRl-, 
-CRl=N-N=CRl-, -CRl:CRl-CQ-O-CH2-, -CRl:CRl-CQ-O-CH2-CH2-, 
-CH2-0-CO-CRl:CR~-, -CH2-CH2-0-CO-CRl:CRl-, 
-CRl=CRl-CQ-0-, -0-CO-CRl:CRl-, -N=N-,· -CO-NH-, -NH-CO-, 
-CO-NH-NH-CO-, -C=C-, -C=C-C=C-, -CO-S-, -S-CO-, 
-C0-0-, -0-CO-, a direct single bond when n> 1, 
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-CRl:N- -N=CRl- -N=N-
+ + ' + ' 0 0 0 

r--\ 
-CO-N N-C0-
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-i}-. 
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-CRl:C-
1 ' 
CN 

and 
-C=CRl-

1 
CN 

Z' is independently -0-CO-, -C0-0-, -NRl-CO-; -CO-NRl-; 
e~ch n' is iridependently zer~ or 1; Rl is independently 
a hydrogen atom or an alkyl group having from 1 to ·4 

carbon atoms; Z6 is a divalent hydrooarbyl group having 
from 1 to.12, preferably from 1 to 6, mor~ preferably 
from 1 to 4 carbon atoms; -so-, -SOg-, -s-, -s-s-, -0-, 
or -CO-; each Zl is independently -CO-NH-, or -NH-CO-; 
Z2 is a group represented by a cyclic or bicyclic ring 
system containing from 5 to 12, preferably from 5 to 10, 

more preferably from 5 to 6 carbon atoms or a group 
represented by the following formula V: 

Formula V 

. 
' 

n 

Z3 is NH2-, NH2-S02-, NH2-CO-, or NH2-Z5-0-; each Z4 is 
independently -CRl:CRl-, -CRl:CRl-CRl:CRl-, -CRl=N-N=CRl-, 
-CRl=CRl-CQ-O-CH2-, -CRl:CRl-CO-O-CH2-CH2-, 
-CH2-o-co~cRl:CRl-, -CH2-CH2-0-CO-CRl:CRl-, 
-CRl:CRl-C0-0-, -0-CO-CRl:CRl-, -N=N-, -CO-NH-, -NH-CO-, 
-CO-NH-NH-CO-, -C=C-, -C. C-C=C-, -CO-S-, -S-CO-, 
-CRl=N-, -N=CRl-, -C0-0-, -0-CO-, a direct single bond, 
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-N=CRl­

+ 
0 

' 

-N=N­

+ 
0 

r-\. 
-CO-N N-CO-
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CN 

and 
-C=CRl-
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Z5 is an_ alkyl or cycloalkyl group having from 1 to 10, 
preferably from 1 to 6, more preferably from 1 to 3 
carbon atoms; z7 is the same as z4 w~th the proviso that 
it can also independently be a divalent hydrocarbyl . 
group having from 1 to 4, carbon atoms, -so-~ -S02-, 
-s-, -s-s-,- -o-, or -CO-; and n has an average value of 
zero to 6; with the proviso that (a) at least 80 percent 
of the Z and X' groups are in the para position with 
respect to each other in formula I and (b) at least 80 
percent of the Z3 and Z~ groups are in the para position 

i . 

with respect to each other in formula III; and wherein 
components (A). and (B) are employed in amou~ts which 
provide a ratio of active hydrogen atoms per vicinal 
epoxy group of from 0.01:1 to 1.05:1. 

2. An advanced epoxy resin compound-bf 
Claim 1 wherein component (B) is 4'-sulfonamido-N­
phenyl-benzamide or N,N'-bis(4-hydroxylphenyl)­
terephthalamide. 

3. An advanced epoxy resin compound qf 
Claim 1 or 2 wherein component (A) is an epoxy resin 
represented by the following formulas VI, VII, VIII, IX 
or X: 

/ 
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FORMULA VIII 

0 
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H2C- C-CH2-0 
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0 -CH2-C-CH2 0 - CH2-C- CH2 
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R R 

wherein each A:is independently~ divalent hydrocarbyl 
group hav-ing from 1 to 12 carbon atoms, -0-, -s-, -S-S-, 

i -

-so-, -S02-, or -co-~ each A' is independently a 
divalent hydrocarbon group having from 1 to 6, 
preferably from 1 to 3 carbon atoms; Q is a single bond, 

-CH2-S-CH2-, -(CH2)n1-, or 

-0-
each R is independently hydrogen or an alkyl group 
having from 1 to 4 carbon atoms; each R2 and R3 is 
independently hydrogen, a hydrocarbyl or halohydro­
carbyl group having from 1 to 6 carbon atoms; each x is 
independently hydrogen, a hydrocarbyl or hydrocarbyloxy 
group having from 1 to 12 carbon atoms, a halogen atom, 
-N02 or -C=N; m has a value from 1 to 10; m' has a 
value from 0.01 to 12; ml has an average value from 1 to 
12; m2 has a value from 1 to 12.; n has a value of zero 
or 1; n' has an ~verage value from zero to 3; and nl has 
an average value from 1 to 10. 
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4. A composition of Claim 1 wherein said 
advanced epoxy resin compound is oriented during 
processing. 

5. A curable composition comprising (I) an 
advanced epoxy resin of Claim 1 and (II) a curing amount 
of a suitable curing agent or catalyst for component 
(I}. 

6. A curable composition of Claim 5 wherein 
said epoxy resin 'i• oriented prior to or during curing. 

7. A curable composition of Claim 6 wherein 
said orientation is achieved by subjecting the 
composition to an electric field, a magnetic field or a 
shear flow. 

8. A product or article resulting from curing 
a composition comprising 

{I) an advanced epoxy resin prepared by reacting 
(A) at least one epoxy resin having an average 

of more than one vicinal epoxy group per 
molecule; with 

(B) at least one compound having an average of 
more than·one active hydrogen atom per 
molecule represented ~Y the following 
formulas I, II or III: 
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Formula I 

Formula II 

Formula 

X' 

(X)4 {)(X)5 

--z4 
n 

wherein each X is independently hydrogen, a 
hydrocarbyl or hydrocarbyloxy group having 
from 1 to 12, preferably from 1 to 6, most 
preferably from 1 to 4 carbon atoms, a 
halogen atom, -N02 or -C=N; each X' is 
independently a hydroxyl group, a 

·carboxylic acid group or the group 
represented by the following formula· IV: 

Formula IV (x)4 Ho--@--z6 -
. 
' 
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each z is independently -CRl=CRl-, 

-CRl=CRl-CRl:CRl-, -CRl:N-N=CRl-, 

REPLACEMENT SHEET 
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-CRl:CRl-CO-O-CH2-, -CRl:CRl-CO-O-CH2-CH2-, 

-CH2-0-CO-CRl:CRl-, -CH2-CH2-0-CO-CRl:CRl-, 

-CRl:CRl-C0-0-, -0-CO-CRl=CRl-, -N=N-, 
. . 

-CO-NH-, -NH-CO-, -CO-NH-NH-CO-, -C=C-, 

-C=C-C=C-, -CO-S-, -S-CO-, -C0-0-, -0-CO-, 

a direct single bond when n~ 1, 

-N=CRl- -N=N-

' + - ' + 
' o o 

I\ -c:)-N-CO- -N N-
'---! ' 

0 N N 

~J-. -t)-. -(j-. 

( p:O, 1, 2) , 
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..;,.CRl:C-
1 
CN 

and 
-C=CRl-

1 
CN 

~ 

• 
' 

Z' is independently •0-CO-, -C0-0-, -NRl-CO-, 
-CO-NRl-; each n' is independently zero or 1; Rl 
is independently a hydrogen atom or an alkyl 
group having from 1 to 4 carbon ~toms; z6 is a 
divalent hydrooarbyl group having.from 1 to 12, 

preferably from 1 to 6, more preferably from 1 

to 4 carbon atoms; -so-, -802-, -s-, -s-s-, 
-0-, or -co-; each Zl is independently -CO-NH-, 
or -NH-co-;· Z2 is a group represented by a 
cyclic or b~cyclic ring system containing from 
5 ~o 12, preferably from 5 to 10, more 
preferably from 5 to 6 carbon atoms or a group 
represented by formula V: 

Formula V 

• 
' 

n 

Z3 is NH2-, NH2-S02-, NH2-CO-, or NH2-Z5-Q-; each 
Z4 is independently -CRl:CRl-, -CRl:CRl-CRl:CRl-, 
-CRl:N-N=CRl-, -CRl:CRl-CO-O-CH2-, 
-CRl:CRl-CO-O-CH2-CH2-, -CH2-0-CO-CRl:CRl-, 
-CH2-CH2-0-CO-CRl:CRl-, -CRl:CRl-CQ-0-, 
-0-CO-CRl=CRl-, -N=N-, -CO-NH-, -NH-CO-, 
-CO-NH-NH-CO-, -C=C-, -C=C-C=C-, -CO-S-, 
-S-CO-, -CRl:N-, -N=CRl~, -C0-0-, -0-CO-, a 
direct single bond, 
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Z5 is an alkyl or cycloalkyl group having 
from 1 to 10, preferably from 1 to 6, more 
pre~erably from 1 to 3 car~on atoms; Z7 is 
the same as z4 with the proviso that it· can 
also.independently be a divalent 
hydrooarbyl gro·up having from 1 to 4 carbon 
atoms, -so-, -S02-, -s-, -s-s-, -0-, or -
CO-; and n has an average value of zero to 
6; 
with the proviso that 

(a} at least 80 percent of the Z and X' 
groups are in the para position 
with respect to each other in 
formula I, and 

(b} at least 80 percent of the Z3 and 
Z4 groups are in the para position 

.with respect to each other in 
formula III; and 

wherein components (A) and (B) are employed in 
amounts which provide a ratio of active 
hydrog~n atoms per vicinal epoxy group of from 
0.01:1 to 0.95:1; and 

(II) a curing amount of a suitable curing agent or 
curing catalyst for component (I}. 

9. A product or article resulting from 
curing a composition of Claim 8 wherein 

(i} component (A) is an epoxy resin represented by 
the following formulas VI, VII, VIII, IX or X: 
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FORMULA X 
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0 - CH2-C- CH2 I I 

I R R 

wherein each A is independently:a divalent 
hydrocarbyl group having from 1 to 12 carbon 
atoms, -0-, -s-, -s-s-, -so-, -802-, or -co-; 
each A' is independently a divalent hydrocarbon 
group having ~rom 1 to 6, preferably from 1 to 
3 carbon atoms; Q is a single bond, -CH2-S-CH2-, 
-(CH2)n1-, or : 

-0- . 
' 

each R is independently hydrogen or an alkyl 
group having from 1 to 4 carbon atoms; each R2 
and R3 is independently hydrogen, a hydrocarbyl 
or halohydrocarbyl group having from 1 to 6 
carbon ·atoms; each X is independently hydrogen, 
a hydrocarbyl or hydrocarbyloxy group having 
from 1 to 12 carbon atoms, a halogen atom, -N02 
or -C=N; m has a value from 1 to 10; m' has a 
value from 0.01 to 12; ·ml has an average value 
from 1 to 12; m2 has a value from 1 to 12; n has 
a value of zero or 1; n' has an average value 
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from zero to 3; and nl has an average value from 
1 to 10; 

(ii) component (B) is a compound represented by 
formula I wherein each X is independently 
hydrogen, a hydrocarbyl or hydrocar~yloxy group 
containing from 1 to 4 carbon atoms, a halogen 
atom or a -C=N group; each X' is ind~pendently 
a hydroxyl group, a carboxylic acid group or a 
group represented by formula IV; each Z is 
independently -N=N-, -CO-NH~, 

-Na-co-, --co-o-, -o-co-, 
-CRl:CRl-

' -C=CH-
1 
C=N 

' 
-CH=C- , 

I 
CaN 

-N=N­
.i. 

0 
' 

where each ~l is independently a hydrogen atom 
or an alkyl group having from 1 to 4 carbon 
atoms; each Z6 is independently a divalent 
hydrocarbyl group having from 1 to 4 carbon 
atoms, -so-, -S02-, -0-, or -CO-; and n has a 
value from zero to 6; 

(iii) components (A) and _{B) are employed in amounts 
which provide a ratio of active hydrogen atoms 
per vicinal epoxy group of from 0.01:1 to 
0.95:1; and 

(iv) component (II) is an aliphatic or 
cycloaliphatic compound containing more than 
one primary_ or secondary amine group per 
molecule, an aromatic compound containing more 
than one primary or secondary amine group per 
molecule, dicarboxylic acid anhydride, a 
phenol-aldehyde novolac resin, a substituted 
phenol-aldehyde novolac resin, an alkylolated 
urea-aldehyde resin, an alkylolated melamine-
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aldehyde resin, a·guanadine, or any combination 
thereof. 

10. A product or article resulting from curing 
a composition of Claim 8 wherein component {B) is bis{4-
hydroxyphenyl)terephthalate. 

11. A product or article resulting from curing. 
a composition of Claim 9 wherein component {B} is N,N'­
diphenylterephthalamide or a mixture of N,N'­
diphenylterephthalamide and N-phenyibenzamide. 

12. A product or article resulting from curing 
a composition of Claim 9 wherein component {B} is 4'­
sultonamido-N-phenylbenzamide. 

13. The product or artiple of Claim 8, 9, 10, 
I 

11 or 12 wherein said epoxy resin is oriented prior to 
or during curing. 

14. 
! 

The product or article of Claim 13 wherein 
said orientati~n is achieved by subjecting the 
composition to an electric field, a magnetic field or a 
shear flow. 
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MESOGENIC ADVANCED EPOXY COMPOUNDS 

ABSTRACT 

Advanced epoxy resin compounds are prepared by reacting 

weight epoxy resins with active hydrogen-containing compounds 

which contain rigid, mesogenic type structures. 
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Structure IV 

Synthesis of N,N'-Bis(4-Hydroxyphenyl)Terephthalamide 

N, N'-bis ( 4-hydroxyphenyl) tereph thalamid.e 
(Structure V) was synthesized by the reaction of 
aminophenol with terephthaloyl chloride in the presence 
of NaHC03. Two moles of aminophenol ~218.3 grams) and 2 
moles of NaHC04 (168 grams} were first added to a 
stirred, round bottom flask containing 750 milliliters 
of acetone and 750 milliliters of deionized water. One 

j j 

mole of terephthaloyl chloride (203.0 grams) was· then 
added ove~ a·two ho~r period. During the course of the 
terephthaloyl c~loride addition, 200 additional 
milliliteps of acetone were also added to wash down the 
frothy suspension caused by co2 evolutio~. After the 
terephthaloyl chloride addition, the precipitat~ 
produced from the reaction was collected by vacuum 
filtration. For purification of the p~ecipitate. 
obtained~ one half of this material was placed in a 
st~rred, ~ound bottom flask containing 900 milliliters 
of"methanol and 450 milliliters of deionized water. 
This suspension was heated to 56°C and then vacuum 
filtered. For the solids recovered from this 
filtration, the washing step with methanol and deionized 
water was repeated. The filtrant solids obtained from 
the second hot filtration were then acded to a stirred, 
round bottom flask containing 1250 milliliters of 


