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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.

The present invention provides advanced epoxy resin campaounds with improved properties through the
incorporation of mesogenic (liquid crystalline type) structures into the polymer chain. These resins are
obtzined 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 2 rigid.
central linkage. The active hydrogen sites are provided by hydroxyl, amine, amide and:or carboxylic acid

* -functionality.

An zdditional aspect of the present mventlon 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 pracessing and.or cure.

One .zsoect of the present invention pertains to advanced epoxy resin compounds prepared by reacting
2n epoxy resin having an. average of more than one vicinal epoxy group per molecule with a compound
having 2n zverzge of more than one active hydrogen atom per molecule represented by the following

formulgs I Y or Ik

Formula I | ('){)4 . (x), (x),
@_{ Z | x |
n
Foraula II (x)s (x)s

(x)s

formula II ﬁ

\/ \// n
wheren &t least ebout 80 percent of the Z and X groups are in the para position with respect to each other
in Formulz 1: at least about 80 percent of the Z* and Z* groups are in the para position with respect to each
other in Formula Hll: each X is independently hydrogen. a hydrocarbyl or hydrocarbyloxy group having from

110 12 preierably from 1 to 6. most preferably from 1 to 4. carbon atoms, a halogen atom. -NO; or -C=N:
sach 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

HO —'@—zs—

each Z is independently -CR'=CR!-, -CR'=CR'-CR'=CR'-, -CR'=N-N=CR'-, -CR'=CR'-C0-0-CH;-,
-CR'=CR'-CO-0-CH,-CHy-, -CH2-0-CO-CR'=CR'-, -CH,-CH,-0-CO-CR'=CR'-, -CR'=CR'-CO-0-, -O-
CO-CR'=CR!-, -N=N-, -CO-NH-, -NH-CO-, -CO-NH-NH-CO-, -C=C-, -C=C-C=C-, -CO-S-. -5-CO-, -CO-0-,
-0-CO-, a direct single bond when n21,

~CRi=N~ ~ =N=CRI- ~N=N-
+ s ¥ Y + ,
0 0 0

A M/ 0
-CO-N N-CO- -N N- —
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-C=CR1-

, I s and o
CN CN

Z'is independently -0-CO-, -CO-O-, -NR*-CO- and -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 to 6. more preferably from 1 to 4 carbon atoms:
-§0-. -S0z-. -S-, -§-S-, -O-, or -CO-; 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 2 group represented by formula V: .
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Formula V '
rormula (x), (x),

Z% is NHz-, NH2-SOz-. NH2-CO-, or NH;-Z5-O-; each Z* is independently -CR'=CR'-, -CR'=CR'-
CR'=CR'-, -CR'=N-N=CR'-, -CR' =CR'-C0-0-CH,-,-CR' =CR'-C0-0-CH;-CHz~, -CH,-0-CO-CR' =CR"-,
-CHz-CH,-0-CO-CR*=CR’-, -CR'=CR’-C0-0-, -0-CO-CR!'=CR'-, -N=N-, -CO-NH-, -NH-CO-, -CO-NH-
NH-CO-, -C=C-, -C=C-C=C-, -C0O-S-, -§-CO-, -CR' =N-, -N =CR!-, -C0O-0-, -0-CO-, a direct single bond.

-CR1=N- -N=CR1- -N=N-
o, + . +
0 0 0

VAR I\ 0
-CO-N N-CO- -N N- —
R — ’ TN/ ’ 0 P

<o - -

_CH:J/:ij:cs— (p=0, 1, 2) ,
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Z5 is an alkyl of cycloalkyl group having from 1 to 10, preferably from 1 to 6. more preferably from 1 to 3
carbon atoms; 2’ is the same as Z' with the proviso that it can also independently be a divalent
hydrocarbyl group having from 1 to 4. carbon atorns. -80-, -80z~, -S-, -§8-8-, -0-, or -CO-; and n has an

average value of zero to 6.

Another aspect of the present mvenﬂon pertams to curable composmons comprising the aforementioned
advanced epoxy resins and a curing amount of a curing agent or curing catalyst therefor.

A further aspect of the "present mventlon pertalns to products or articles resulting from cunng the

‘aforementioned curable compositions.

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

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

The term "hydrocarbyl” as employed herein means any aliphatic, cycloaliphatic, 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 wuh a
vicinal epoxide, group. .

Panicularly svitable compounds having an average of more than one active hydrogen atom per
molecule which can be employed herein include hydraxyl-containing compounds, primary amine-containing
compounds and compounds containing more than one aromatic amide group per molecule. These
comp0unds include, for example, those compounds represented by the aforementuoned formulas 1. [l and i1,

Particularly - suutable hydroxyl-containing - compounds mclude for example, bls(4-hydroxyphenyl)-
terephthalate. N.N -bns(4-hydroxyphenyl)terephthalamnde. bns(4 -hydroxybiphenyl)terephthalate, 44-
d:hydroxyphenylbenzoate. a4 -dnhydroxybenzamhde - 44 -dlhydroxybnphenylbenzoate 1 4-b|s(4'-
hydroxyphenyl-1 -carboxamlde)benzene. 1.4-bis(4 -hydroxyphenyl-l ~carboxy)benzene. 44 -b:s(4 -
hydroxyphenyl-1 -carboxy)blphenyl bls(4 -hydroxyphenyl}- 1,4-benzenediimine, 4.4 -dlhydroxy-c-methylstll- :
bene. 44 —dnhydroxy-a-cyanosulbene. 4.4 -dnhydroxystllbene. -4, 4 -d:hydroxy-z 2 -dlmethylazoxybenzene.
4,4 -dihydroxy-a.a ".diethylstilbéne and mixtures thereof.

Particularly suitable carboxylic acnd-contaxmng compounds include, for example, 4,4 ".benzanilide dicar-
boxylic acid. 4,4 -phenylbenzoate dicarboxylic acid. 4.4 -shlbenedlcarboxyhc acid and mnxtures thereof.

Pamcularly ‘suitable primary amme-contammg compounds include. for ~example, 4 “.sulfonamido-N-
phenyl benzamide, 4-su|fonamrdo N-phenyl -4-chiorobenzamide. 4-amino-1-phenylbenzoate, 4-amino-N-
phenyibenzamide, N-phenyl-4-aminophenyl-1-carboxamide, phenyl-4-aminobenzoate, biphenyi-4-aminoben-
2ozte. 1-phenyl-4 ~am|nophenylterephthalate. and mixtures thereof.

Particularly suitable aromatic amide-containing compounds include, for example, N.N -dnphenyltereph-
thalamide, 1.4-benzenediphenylcarboxamide. 1.4-cyclohexanediphenylcarboxamide, benzanilide ether, N-
phenyjbenzamide and mixtures thergof.

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 derivatives thereof, phenol and substituted phenol aldehyde
novolec resins. phenol or substituted phenol hydrocarbon resins. The dihydric phenols and novolac resins
and hydrocarbon resins can contain such substituents as hydrocarby! or hydrocarbyloxy groups containing
from 1 to 10. preferably from 1 to 6. more preferably from 1 to 3 carbon atoms, halogen atoms, particularly
chiorine or bromine, -NO3, and -C=N. Exemplary of such suitable epoxy resins include those represented

by the following formulas VI, VIL VIIL IX or X:
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angremn Szcn A s incepencently a divetent hydrocarby! group having from 1 to 12, preferably from 1 to 6.

mere orefereciv from 1 to 3 carbon atoms, -O-, -S-, -5-S-, -S0-, -802-. or -CO-; each A independently a
hycreczarben group having from l to 6. preferably from 1 to 3 carbon atoms: Q is a single bond.

ne

i2-§-CHz-. ~CHizdyeo OF

2zcn R 1s ingepencently hydrogen or an alkyl group having from 1 to 4 carbon atoms: each R? and R3 is
sncepencently hyarogen. @ hydrocarbyl or halohydrocarbyl group having from 1 to 6, preferably from 1 to 3.
more preferzoly from 1 to 2 carbon atoms; each X is independently hydrogen. a hydrocarbyl or .
nydrocarbyloxy group having from 1 to 12. preferably from 1 to 6. most preferably from 1 to 4 carbon
ztoms. 2 hatogen atom. -NOz or -C=N; m has a value from 1 to 10, preferably from 1 to 4. more preferably
from 110 2: m has a value from 0.01 to 12, preferably from 1 to 6, more preferably from 1 to 3; m* has an
averzge vaiue from 1 to 12. preferably from 1 to 6. more preferably from 1 lo 3: m2 has a value from 1 to
12. preferzbly 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 n! has an average value

from 1 to 10.
The epexy resin having an average of more than one vicinal epoxy group per molecule and the
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compound having an average of more than one active hydrogen atom per molecule are reacted in amounts
which provide suitably from 0.01:1 to 0.05:1, more suitably from 0.01:1 to 0.5:1, most suntably from 0.01:1 to
0.3:1 active hydrogen atoms per epoxy group.

When the epoxy resin having an average of mofe than one vicinal epoxy group per molecule and the
compound having an average of mare 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 aclive hydrogen atom per molecule and containing one or more mesogenic
structures are’ reacted in amounts which provide from 0.96:1 to 1.05:1 active hydrogen atoms per epoxy
group, a substantlally thermoplastlc. resinous product is provuded Said resin composition contains little, if
any, curable residual epoxlde functionality, and may thus be processed using the typical processing
methods employed with conventional thermoplastics. 'such as. for example, injection molding or extrusion.

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

secondary hydroxy! groups produced in the aforesaid advancement reaction, with a curing agent therefor.
One class of said curing agents includes the di/polyisocyantes as well 2s the blocked di‘polyisocyanates

which can be mduced to react with said secondary hydroxy groups providing urethane linked crosslmks N

between the resin chains. An example of a specific diisocyanate especially useful herein is 4.4~
diisocyanatodiphenylmethane. When the compounds having 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 alorementioned
advancement method. a phenoxy resin may also be prepared by reaction of a 1:1 mole ratio of high purity

- bisphenol 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 mare epihalohydrins. A typical example would thus be the phenoxy
resin produced from the reaction of epichlorohydrin and bts(4-hydroxyphenyl)terephthalate using the
aforementioned stoichiometric ratio. .

The advancement reaction can be conducted in- the presence of a suitable advancement catalyst such
as phosphmes. _quatemary ammonium compounds. phosphonium compounds and tertiary amines. Particu-
larly suntable catalysts mclude. for example. ethyltriphenylphosphonium chloride, ethyltriphenylphosphonium
ethyltnphenylphosphomum T iodide. ethyitriphenylphosphonium diacetate
{ethyltriphenylphosphonium acetate *acetic acid complex), ethyltriphenylphosphonium phosphate, tetrabutyl-
phosphonium  chloride. tetrabutylphosphonium bromide. tetrabutylphosphonium iodide, tetrabutyl-
phosphonium diacetate (tetrabutylphosphonium acetate*acetic acid complex), butyltriphenylphosphonium
tetrabromobisphenate. butyltriphenylphosphonium bisphenate. butyltriphenylphosphonium bicarbonate. ben-
zyltrimethylammonium  chloride,  tetramethylammonium  hydroxide, triethylamine.  tripropylamine.
tributylamine, 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:;
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 we:ght of
the epoxy-containing compound.

The advancement reaction can be conducted at atmospheric, superatmospherlc or subetmosphenc
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 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

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 suitabie 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-methyipyrrolidinone.
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. .
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While the advancement of epoxy resins wuth active hydrogen-contammg 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 fi elds or
induced stresses. These fields or stresses provide the orientation of the epoxy resin advancement adducts
due to lherr 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 magnetlc fields, polymeric mesophases can be oriented by
low shear rates (0.1-80 sec™") 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,
fi Iament 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
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, pnmary 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. Particulerly suitable curing 2agents include. for exampie. ethylenediamine.
diethylenetriamine, triethylenetetramine, tetraethylenepentamine. sulfznilamide, bis(hydroxyphenyl)methane.
methylenedianiline, maleic anhydride, chlorendic anhydride, diaminocyclohexane, isophoronediamine,
methylbicyclo(2.2. 1)heptene-2.3-dicarboxylic anhydride, phenol-formaidehyde novolac resin, cresol-formal-
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 the mesogenic moieties.
These amounts will depend upon the particular advanced epoxy resin and curing agent employed; however,
suitable amounts 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 feacting with the epoxy group of the epoxy resin. The Handbook of Epoxy Resins by Lee and
Neville, McGraw-Hill, 1967, contains various dlscussrons concermng 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 matenals such
as solvents or diluents. fillers, pigments. dyes.. flow modifiers. thickeners, reinforcing agents. moid release
agents. wetting agents. stabilizers, fire retardant agents. surfactants and combinations thereof.

These additives are added in functionally equivalent amounts, e.g.. the pigments and:or dyes are added
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.

Solvernits 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.’
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 iotal composition.

Reinforcing materials 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 flibers or
filaments, inorganic fillers or whiskers and hollow spheres. Suitzble reinforcing materials which can be
employed herein include. for example, glass, ceramics, nylon, rayon. cotton, aramid. graphite, polyaikylene
terephthalate. polyethylene. polypropylene polyesters and combinations thereof.

Suitable fillers which can be employed herein include. for example. inorganic oxides, ceramic micro-
spheres, plastic microspheres. inorganic whiskers. glass microspheres. CaCOs and combinations thereof. .

The fillers can be employed in amounts suitably from zero to 5. more suitably from 10 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.

_________”—————’—— 12 .
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Synthesis of N.N'-Diphenylterehhthalate

NN -dlphenylterephthalamlde (Structure 1) was synthesized from aniline and terephthaloyl chloride
using acetone as a reaction media and an aqueous solution of NaOH to neutralize the HCI generated.
Terephthaloy! chioride (87.2 grams, 0. 43 moles) was first added to a stirred, 2-liter reaction flask containing
one liter of acetone. After the terephthaloyl chloride has dissolved, aniline (80.0 grams. 0.86 moles) was
added dropw:se using an addition funnél over a 30 minute period. During the course of this addition, a white
precipitate was formed. A 200 m! aqueous solution of NaOH (34.3 grams, 0.86 moles) was then added, also
using an addition funnel, over a 30 mmute period. The reaction temperature during both the aniline and
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 filtered (filtrate pH = 7).
The filter cake obtained was washed with 400 ml of acetone and then added to one liter of deionized water.
=tlrred for 15 minutes and filtered. This filter cake was washed with 500 mi of acetone and then dried in a
105° C vacuum oven to a constant weight. This final product {114.4 grams. yxeld 84.2 percent) exhibited
a shaip melting endotherm by differential scanning calorimetry (DSC) at 346" C. Also Fourier transform

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

product: 3329 cm™" (N-H stretch), 1528 cm™" (Amide Il band) and 1650 cm™" (Amide | band).

Structure I

- Synthesis of N-Phenylbenzarnide

N-phenylbenzamide (Structure ll) was synthesized from aniline and benzoyl chloride using acetone as a
reaction media and 2n a2queous solution of NaOH to neutralize the HCI generated. A 20 ml aqueous sofution
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 contzining 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 mi of deionized. water. This solution was next filtered and the filter cake obtained
was sequentially washed with 50 mi of deionized water (iwo times) followed by 50 ml of methanol. The
washed f:lter ‘czke was recovered and analysis of this product showed a sharp melting endotherm at 162°C.

0
"
NH-C

Structure I1I

Synthesis of 4 -Sulfonamido-N-Phenylbenzamide

'-sulfonamido-N-phenylbenzamide (Structure Hl) 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 (100 grams. 0.58 moles) was first added to a stirred, two liter reaction flask
containing one liter of acetone. After the sulfanilamide had dissolved, benzoy! chioride (82 grams, 0.58
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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 mi aqueous solution of NaOH (23.2 grams, 0.58 moles) was
- then added, also using an addition funnel, over a 30 minute penod The reaction temperature during this
addition and that of the benzoyl chioride was maintained below 30°C by blowing air onto the outside of the
reaction flask. After the 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 mi of deionized water followed by 300 m! of acetone and then dried to a constant weight in 2
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™ (N-H stretch), 1520 ecm™ (Amide !l band),
1650 cm™* {(Amide | band} and 3267 cm™':3291 cm™' (N-H stretch of sulfonamide).

0
H I
HgN-S — NH-C —
Tt
0

Structure III

Synthesis of Bis{4-Hydroxyphenyl)Terephthalate

Bis{4-hydroxyphenyl)iterephthalate {Structure IV) was synthesized by the reaction of hydroquinone with
- . terephthaloyl chloride through the addition of NaQH. The hydroquinone (162.7 grams. 1.48 moles) and
terephthaloy! chloride (150.0 grams, 0.74 moles) were first dissolved in 750 mi 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 then allowed
to stir an zdditional two hours at ambient temperature (pH = 6). The precipitate obtained was collected by
vecuum filtretion and then zdded to 500 ml of deionized water and 1000 ml of methanol. This solution was
siirred for one hour 2t 40-55° C and fhen filtered. The solids collected here were 2dded to 1100 mi of
ennydrous methznol gnd stirred 2t 40- 55" C for one hour followed by a third filtration. The resultant solids
were then dned in a 80 " C vacuum oven This final product (111.9 grams. y:eld = 43.3 percent) exhibited a

sharp melling endctherm by DSC at 415" ¢C.

- ]
HO - 0-C c-0 OH

Structure 1V

Synthesis of N.N‘-Bis(4-Hydroxyphenyl)Terephthalamide

N.N'-bis(4-hydroxyphenyl)terephthalamide (Structure VY was synthesized by the reaction of

aminophenol with terephthaloyl chloride in the presence of NaHCOQ;. Two moles of aminophenol (218.3
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 CO;
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evolution. After the terephthaloyl chioride 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 contammg 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 filfration, 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 methanol. This
suspension was vacuum filtered after 30 minutes to recover.the solids for drying. After following the
preceding washmg procedure for the second half of the reaction precipitate, the total solids recovered were
dried at 80" C under vacuum ‘tor 5 hours. The weight of the dried solids was 325.6 grams, 93.4 percent of
the theoretical yield to N.N -bas(4-hydroxyphenyl)terephthalamlde The melting point of this final product

was 405" C as determined by differential scanning calorimetry.

DD

Structure V

Comoarative Experiment A

Cured Low Molecular Weight Epoxy Resin

A diglycidyl ether of bisphenol A, '1491 grams having 24.6 percent epoxide and a 174.8 epoxide
equivalent werght {EEW) was heated to 120°C. A conventional epoxy resin hardener, diethyltoluenediamine '
{39.51 grams. 1.04 times the sgo:chlomelnc ‘amount of epoxrde) was then added. After mixing, this resin
system was poured into g mold (drmensrons 8 inches x 8 inches x 1/8 inch; 203.2 mm x 203.2 mm x
3 1:5 mm) heated to 120°C m a convection oven. The temperature of the oven was then increased to

"180° C. Atter two hours at 180" C. the oven was cooled to room temperature. Following cool down. a void

iree. neat resin casiing wes obtained from the mold. Glass transition temperature and mechanical properties
ior this czsung were then determined. These results are reported in Table | and again in Table Il for

COMPENSOn purposes.

Ccmparetive Expenment B

- Cured Advenced Epoxy Resin with Bisphenol A -Control

A diglyeidvl sther of bisphenol A, 150 grams (1 equiv.) having a percent epoxide of 16.3 and an EEW of
2563.8 aavanced wiith 25.1 grams (0.25 equiv.) of bisphenol A was heated to 120 " C. A stoichiometric amount
i22.25-grams) of diethyltoluenediamine was then added. After mixing. this resin system was poured into a
molg (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 2 convecuon oven. The temperature of 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
from the moid. Glass transition temperature and mechanical propertles for this casting were then deter-

muned. These results are reported in Tzble lil.

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

N.N'-diphenylterephthalamide (2.00 grams) was added to a stirred. 500 mi reaction flask contaiping
300.1 grams of a diglycidy! ether of bisphenol A having an EEW of 177.7. A sample of this matenial when
viewed under an optical microscope (70 X magnification) using 2 cross polarized light source ‘shows
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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 percent epoxide of this advanced resin was 22.7 based
on titrametric determination. This percent epoxide corresponds to the expected value obtained by calcula-
tions based on the complete reactlon of the amide hydrogens of N.N -dxphenylterephthalam:de

Example 2 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced wuth N.N -D:phenyltereph-

lhalamlde

Part of the advanced epoxy resin from Example 1 (147.0 grams) was heated to 120°C. Diethyt-

toluenediamine (35.81 grams. 1.04 times the sioichiometric amount of epoxide} was then added. After

mixing, this resin system was poured mto 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
rezised to 180 C. After two hours &t 180" C. the oven was cooled to room temperature and a void free, neat

resin caszmg was obtzined from the mold. When this casting was viewed under an optical microscope (70 X

magnification) 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

110

d:spersed crystalhtes of the N.N -dxphenylterephthalam(de in the epoxy resin. This mixture was then heated

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.

Example 3 Cure of Diglycidyl Ether gf Bisphenol _é Epoxy Resin Advanced _vﬁth N.N‘-Diphenyltereph-
malamldeTOriemafiEn of Birefringent Segments with the Application of 2n Electric Field)

A diglycidy! .ether of blsphenol A epoxy resin advanced with NN-dxphenylterephthalam:de (1433
grams, 22.5 percent ep0x|de) was first heated to 160°C. Dnethyltoluenedxamme (34.86 grams, 1.04 times ™

the sto:chlometnc amount of epoxxde) was then added _After mixing. this resin system was poured into an
2luminum mold (dimensions = '8 inches x 8 inches x 178 inch; 203.2 mm x 203.2 mm x 3.175 mm) heated
to 120" C in 2 convection Qven._ The mold consnsted_ol two aluminum plates spaced apart by an 1/8 inch
{3.175 mm) silicone rubber gasket which formed the mold cavity. Prior o pouring of the resin system into
the mold. 2 300 volt charge was established between the two aluminum plates using a direct current power
supply. After one hour at 120" C. the oven tempergture was raised to 180" C and held at this temperature
for two hours. Fellowing ccol down from 180" C to raom temperature. a void free. neat resin casting was
obtaines from the mold. When this casting was viewed under an optical microscope using a cross polarized
4ghi source. onentation of the burefrmgent segments produced through the advancement of diglycidyl ether
of bisphenol A apoxy resin with N.N- -d:phenylterephthalam:de was observed. This orientation was normal to
the electnc field zoplication. From this neat resin casting, glass transition temperature and mechanical
properties were Cetermined. These results are reported in Table I. Compared to the diglycidyl ether of
tisphenol A epoxy resin control of Example 1. improvements in tensile and flexural modulus of 13.5 and 6.4

percent were observed. respectively.

Exeamole 4 Aavancement of Diglveidyl Ether of Bisphenol A Epoxy Resin thh N.N'- -Diphenyltereph-

thalamide an N- Phenvlbenz;mlce

N.N'-diphenylterephthalamide {9.0 grams) and N-phenyltenzamide (3.0 grams) were added to a stirred.
500 mi reaction flask containing 300.0 grams of diglycidyl ether of bisphenol A epoxy resin (24.5 percent
epoxide) This mixture was then heated to 248° C and held at this temperature for approximately 1.5 hours.
The measured percent epoxide of this advanced resin was 22.4 which compared to a cazlculated percent
epoxide of 22.3 based on complete reaction or the amide hydrogens of N.N -dxphenylterephthalam:de and
N-phenylbenzamide. After 1.5 hours at 248°C. the resin was cooled quickly to room temperature by
pouring into 2 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 gf Diglycidy! Ether of Bisphenol A Epoxy Resin Advanced with N.N'-Diphenylte}eph-
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: Part of the advanced dlglycxdyl ether of bisphenol A epoxy resin of Example 4 (150.1 grams) was
heated to 120°C. Dxethyltoluenedlamme (36.20 grams,’ 1.04 times the stoichiometric amount of epox:de)
was then added. After mixing, this resin system was poured into an aluminum mold heated to 120°Cin a
convection oven. The configuration of this aluminum mold was the same as in Example 3 and after pouring
the resm into this mold, a 16 volt charge was established between the alummum plates using a direct
current power supply. 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 180" C 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. dispersed birefringent particles were observed in the polymer. The glass
transition temperature and mechanical properties for this casting were then determined and these resuits
are reported in Table 1. 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.

Exampl'éls Advancement of 'Digl'ycidyl Ether of Bisphenol A Epoicy Resin with 4'-Sulfonamido-N-Phenylben-
zamide - - - _

" Thirty (30) grams of 4 -sulfonamido-N-phenylbenzamide were added 1o a stirred, 500 ml reaction flask
contéining 300.7 grams of diglycidy! 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 mixiure
was then 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 were 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 the active hydrogens of the 4.
sulfonamido-N-phenylbenzamide.

e

Example 7 Advancement of Dlglycxdyl Ether of Bisphenol A Epoxy Resin with 4 "-Sulfonamido-N- Phenylben-
2amide

Forty-five {45) grams of 4'-su|1onamido-N-'phenylbenzamide were added to a stirred. 500 mi 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 m|xture started to clear and a small exotherm was observed.
Following the exotherm. which peaked at 248" C. the resin was cooled to room temperature. At room
temperature. no solids were observed in the resin. When viewed under an optical microscope (70 X
magnificaiion) using a cross polarized light source, small birefringent areas could be seen. The titrated
percent epoxide of this advanced resin was 16.3 which compar&d to a calculated percent epoxide of 15.5
tased on the complete reaction of all the active hydrogens of the 4-sulfonamido-N-phenylbenzzmide.

Exempie 8 Cure of Diglycidyl Ether of Bisphenol A Epoxy Resin Advanced W|th 4-Suifonamido-N-
Phenylben amice

Part of the resin obtained from Example 6 (145.8 grams) was heated to 120" C. Diethyitoluenedizmine
(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 aven. The temperature of the oven was then rzised 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 Tabie Il
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 Duglycrdyl Ether of Bisphenol A Epoxy Hesm Advanced w:th 4 -Sulfonamldo-N -Phenyl-

- Part of the resin obtained_frbm 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 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 & 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 optical
microscope (120 X magnification) using a cross polarized light source, birefringent fibers were observed in
the polymer. The glass transmon temperature and mechanical properties for this casting were then
determined and these results are reported in Table . Compared to the diglycidyl ether of bisphenol A
epoxy resin control of Example 1, this cured resin shows lmprovements in tensile and flexural modulus of

13.5 and 11 3 percent. respectively.

Exzmple 10 Cure of Diglycidy! Ether of Bisphenol A Epoxy Resin Advanced with 4 -Sulfonamrdo N-Phenyl-
benzamide

A diglycidyl sther of Bisphenol A epoxy resin which had been advanced with 4'-sulfonamido-N~phenyl-
benzamide in the same manner zs Example 6 was heated to 120" C. The weight of this advanced resin,
which contzined 18.7 percent epoxide. was 163.8 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
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 mald, a 50 volt charge was established between the aluminum
plates using 2 direct current power supply. After one hour at 120° C, the oven temperature was raised to
180" C. Atter two hours at 180" C, the oven was cooled o room temperature and a void free. neat resin
casting was obtzined from the mold. The glass transition temperature and mechanical properties for this
casting were then determined and these results are reported in Table Il. Compared to the diglycidyl ether of
‘bisphenol A epoxy resin controf 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
fzilure for this polymer is equal to that of the control.

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

benzemide

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 mixing, this resin system
was poured inte an aluminum mold heated to 120" C in a convection oven. The configuration of this mold
was the same &s in Example 3. After pouring the resin into the mold. a 300 volt charge was estabhshed
between the zluminum plates using a direct current power supply After one hour at 120 C.

temperature of the oven contzining the mold was raised to 180 C and held for two hours at thls'

temperzaiure. Fcilowing cool down of the oven from 180" C to room temperature. a void free. neat resin

- fgsting 'was obiained from the mold. The glass transition lemperature and mechanical properties for this
cesting were then cetermined and these results are reported in Table lil. Compared to diglycidyl ether of
bispheno! A epoxy resin advanced with bispheno! A (Comparative Experiment B), this cured resin shows
improvements in tensile and flexural modulus of 17.2 and 18.5 percent. respectively.

Example 12 Advancement of Diglycidyl Ether of Brsphenol A Epoxy Resin wnh 8is(4-Hydroxyphenyl)-
Terephthalate Followed by Cure with Diethyltoluenediamine

Bis(4-hydroxyphenyljterephthalate (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 calorimetry analysis of this mixture showed a reaction

18
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exotherm beginning at 120°C (peak lemperatt:re '= 170" C, AH ‘= -64 joules/gram). After three hours at
140° C. the temperature was reduced to 120°C. The resm at thus point contained dispersed crystalline
segments as observed by optical microscopy (70 X magmfcatlon) using a cross polarized light source.
Diethyltoluenediamine {10.82 grams, 1.04 times the calculated stoichiometric amount of epoxide remaining
after complete advancement) was then added, After mixing, thzs resin system was poured into an aluminum

" mold heated to 120°C in a convectton 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 caol down of the oven from” 180° C to room temperature, a void free,
translucent casting was cbtained from 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 advanced with bisphenol A {Comparative
Experiment B). the flexural modulus obtained represents a 16.9 percent improvement.

Example 13 Adv.;ncement of the Duglycxdyl Ether of anphenol A with NN-Bls(4-hydroxyphenyl)-
terephthzlamide and Pregaration or a Compression Moided Phenoxy Resin Casting

N.N'-Bis(4-hydmxyphenyl)terephthalamide (30.7 grams: 0.176 hydroxyl ‘equivalent) was blended into an
equivzient amount of the ciglycidyl ether of bisphenol A (30.0 grams; EEW = 170.3: 0.176 epoxide
equivalent) which centained 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
zpproximately every 5 minutes. Differential scanning calorimetry analysis of a sample of this blend showed
& reaction exotherm (AH = -120 joules:gramn) with an onset temperature of 160 ' C. The peak temperaturé
of this exotherm was 240" C. After 30 minutes at 130 C, the oven temperature was increased to 180°C
over 2 1.5 hour period during which time periodic 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 preparatlon of a neat resin castmg. part of this powder (54 grams})
was placed in @ compression mold (dlmens:ons 4 inches x 4 inches x 0.125 mch 101.6 mm x 1 01.6 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 2pplied to the mold duririg the first § 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 tempereture. At room {emperature, an opaque, neat resin casting was obtained from the mold. The
meiting goint of this polymer was 378°C as determined by differential scanning calorimetry. The flexural
sirength 2nd modulus of the neat resin casting obtained were 8440 psi and 713 ksi, respectively.

TABLE |

. 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 3 5

Expt. A
Wt. *% N.N -Dipnenyiterephthalemide Used in Advancement Reaction 0 2.9 29 29
0 0 0 0.26

Wt. °% N-Phenylbenzamide Used in Advancement Reaction
® Epoxide of Resin

Electric Field Applied During Cure, volts D.C.

Glass Transition Temperature. ~ C

Tensile Strength. psi

Tensile Modulus. ksi

Strain to Failure. %

Flexural Strength. psi

Flexural Modulus. ksi

2486 227 22,5 22.4

0 0 300 16

179 173 169 165
10,560 | 9920 | 7.605 | 9.915
340 356 386 373
53 3.8 24 3.9
19,320 | 13.060 | 13.360 | 18.420
388 411 413 447

This Sheet Has Been Replaced 19

[TIT.

. : - . THIS SHEET HAS
_ REPLACED

BEEN




10

o

hy
A

4

o
(<]

TABLE Il

DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH
4 -SULFONAMDO-N-PHENYLBENZAMIOE - PROPERTIES FOR NEAT RESIN CURED WITH

DIETHYLTOLUENEDIAMINE
EXAMPLE NO. Comp.| 8 9 10

’ Expt. A
Wi, % 4 -Sulfonamido-N- -Phenylbenzamide Used in Advancement Reaction 0 9.1 9.1 9.1
% Epoxide of Resin 246) 185| 185] 187
Electric Field Applied During Cure. volts D.C. 0 0 16 50
Giass Transition Temperature. ' C 179| 188| 168| 167
Tensile Strength. psi 10,560 | 8.810{11,120{11.740
Tensile Modulus. ksi 340 377| 2386| 416
Strain to Failure. %% 5.3 3.1 4.8 52
Flexural Strength. psi 18,320 {20.970{20.180 (20,850
Flexural Modulus. ksi 388 424] 432 436

syl

TABLE Il

WITH DIETHYLTOLUENEDIAMINE

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

EXAMPLE NO. 1 .11
Wit 4'-Sulfon°mido-N-Phenylbenzamide Used in Advancement Reaction 0 184
Wt. % Bisphenol A Used in Advancement Reaction 143 0
%% Epoxide of Resin 16.3 16.3
Electric Field Applied During Cure. volts D.C. 0 300
Glass Transition Temperzwre. ~C 150 156
Tensiie Strength. psi 11,100 11,510
Tensile Modulus. ks 351 414
Strain 10 Failure. %% 7.3 43
Flexural Strength. psi 19,460 | 22.360
Flexurai Modulus. ksi 396 450

Claims -

1. An zavanced sgoxy resin compound prepared by reacting (A) at least one epoxy resin having an
averzge 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 formuias I, Hl or

Hi:
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TABLE It

DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH
-SULFONAMDO—N-PHENYLBENZAMIDE PROPERTIES FOR NEAT FlESlN CURED WITH
. DIETHYLTOLUENEDIAMINE
EXAMPLE NO. Comp.{ 8 9 10
Expt. A
Wt. % 4 -Sulfonamido-N-Phenylbenzamide Used in Advancement Reaction 0 9.1 9.1 8.1
% Epoxide of Resin 246) 18.5] 185} 187
Electric Field Applied During Cure, voits D.C. 0 0 16 50
Glass. Transition Temperature.  C 179{ 168] 168| 167
Tensile Strength. psi 10,560 8.810§11,120[11.740
Tensile Modulus. ksi 340 377 386 416
Strzin to Failure. % 5.3 3.1 48 5.2
Flexural Strength. psi 19,320 |20.970 |20.180 {20,850
Flexural Modulus. ksi 388 424| 432] 436
TABLE HI
DIGLYCIDYL ETHER OF BISPHENOL A EPOXY RESIN ADVANCED WITH
4'-SULFONAMIDO-N-PHENYLBENZAMIDE - PROPERTIES FOR NEAT RESIN CURED
WITH DIETHYLTOLUENEDIAMINE
o EXAMPLE NQ. ' . 1§ .1
Wt. 4"-Sulfonamido-N-Phenylbenzamide Used in Advancement Reaction 0| 184
Wt. % Bisphenal A Used in Advancement Reaction 143 0
% Epoxide of Resin 16.3 16.3
Electric Field Applied During Cure. volits D.C. 0 300
Glzss Trznsition Temperatre, " C 150 156
Tensiie Strength. psi 11.100 11,510
Tensile Modulus. kst 351 414
Strzin o Failure. % 7.3 43
Flexural Strength. psi . . ' ' 19,460 | 22.360
Flexurzl Modulus. ksi 396 460

. Claims .

-~ 1."An zavanced epoxy resin. compound prepared by reacting (A) at least one epoxy resin having_.'an
averzge 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 1, Il or
n: '
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Formula I (x)4

Formula II (x)5

Formula III

(x),

n

21 — 722 — 71

(x),

(%)

(x), (x), (%)
. @% 2@

wherein sach X is independently hydrogen, a hydrocarby! or hydrocarbyloxy group having from 1 to 12
preferably from 1 to 6, most preferably from 1 to 4 carbon atoms, a halogen atom, -NO2z 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

HO

each Z is independently -CR*=CR'-, -CR!=CR'-CR' =CR!-, -CR'=N-N=
-CH3-CH2-0-CO-CR' =

-CR'=CR'-CO-0-CH;-CHz-, -CH>-O-CO-CR'=

CR'-,

(x),

26—

CR'-, -CR!

CR'-. -CR’

=CR'-C0O-0-CHg-.

=CR-C0-0-, -O-

CO-CR! =CR’-, -N=N-, -CO-NH-, -NH-CO-. -CO-NH-NH-CO-, -C=C-, -C=C-C=C-. -CO-S-, -8§-CO-, -CO-0-.

-0-CO-. & direct single bond when n21.

21

* C L M S *
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0 0

0
/ \ >__
-CO-N N-CO- -N N- , 0 ,
) . ? \ /

R e

(CH2)p

-CH{}CH- (p=0, 1, 2)

0
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Zis independently -0-CO-, -CO-0-, -NR'-CO-, -CO-NR'-; each n s 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 fo 6, more preferably from 1 to 4 carbon atoms:
-S0-, -80;-, -S-, -S-S-, -0-, or -CO-; each Z' is independently -CO-NH-, or -NH-CO-; 22 is a group
represented by a cyclic or bicyclic ring system containing from 5 to 12, preferably from 5 to 10, more
preferably from S to 6 carbon atoms or a group represented by the following formula V:

Formula V

Z® is NHz-, NH;-SOz-, NH»-CO-. or NHp-Z5-O-; each Z* is independently -CR'=CR'-,
CR'=CR!'-, -CR*=N-N=CR'-, -CR!
=CR'-, --CR'
NH-CO-, -C=C-, -C=C-C=C-. -C0O-S-, -$-CO-, -CR'

-CHz-CHz-0-CO-CR!

(x),

(

Q

N

=CR'-CO-0-CH;-.-CR?

~CRIzN- -N=C
v, +
¢} 0
N

-CO-N N-CO-
S '

=CR'-C0-0-, -0-CO-CR’
=N-, -N=CR'-, -C0O-0-,-:0-CQ-. a direct single bond.

Rl-

(x),

n

-CR'=CR'-

=CR'-C0O-0-CH;-CHz-, -CH2-0-CO-CR'=CR'-,

=CR'-, -N=N-, -CO-NH-, -NH-CO-. -CO-NH-

-N=N-

+
0

0
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Z% is an alkyl or cycloalky! 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
hydrocarbyt group having from 1 to 4, carbon atoms, -S0-, -S02-, -S-, -8-§-, -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 | and (b) at feast 80 percent of the Z* and Z* groups are
in the para position with respect to each other in formula Ill; and wherein 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 1.05:1.

2. An advanced epoxy resin compound of Claim 1 wherein component (B) is ry -sulfonamido-N-phenyl-
benzarnide or N.N -bis{4-hydroxyphenylterephthalamide.

3. An advanced epoxy resin compound of Claim 1 or 2 wherein component {A) is an epoxy resin
represented by the following formulas V1. VI, VL, IX or X:
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FORMULA VII
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FORMULA VIII

(X)4 .

0
(X)4 (X4 ou (X)4 N
\ - 0 CHs-C —CHao
HzC/—C -CHy-0 - (l\)n 04CHo- c -CHy — 0 M (A)n _ I
R
n!
FORMULA IX
o
0 —CHQ-C/—\CHz 0 —CH?,-C——CHz 0 — CHg~ C—CH2
. _ R / \
1%
(X)q \ (X)3 (X)4
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FORMULA X
0
0
/\ 7\ 0 —CH c/ \CH
. —_ - —— - 2=-L=—=—LH2
0 ~Cip=C—Ciy R |
R
R / R
: §J
ol \ (X)3 mi m2  (X)4

(X)s

wherein ezch A is independently a divalent hydrocarbyl group having from 1 to 12 carbon atoms. -0-, -8-,
-S-8-. +§0-. -S0:-. or -CO-; each A independently a divalent hydrocarbon group having from 1 to 6.
preferably from 1 to 3 carbon atoms: Q is a singte bond. -CHz-S-CHz-, -(CHz)ni-. OF

-e

each R is independently hydrogen or an alkyl group having from 1 to 4 carbon atoms; each R? and R? is
independently hydrogen. a hydrocarbyl or halohydrocarbyl group having from 1 to 6 carbon atoms; each X
is independently hydrogen. 2 hydrocarbyl or hydrocarbyloxy group having from 1 to 12 carbon atoms. a
hzlogen atom. -NOz or -C=N: m has a value from 1 to 10; m has a value from 0.01 to 12: m' has an

~average velue from 1 to 12: m? has a vzlue from 1 t0 12: n has a value of zero or 1; n’ has an average

velue frcm zero 1o 3: and n” has an average value from 1 to 10.

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

5. A curzble composition comprising (I) an advanced epoxy resin of Claim 1 and (ll) a curing amount of
2 suitable cunng agent or catalyst for component (1).

6. A curable composition of Clzim S wherein said epoxy resin is 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

(1) an advanced epoxy resin prepared by reacting

(A) &t 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. Il or il
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Formula I (x), (x),

x"@"{z z
’ n

, Formula II ' (x)
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Formula III (XL

(x),

(x)s

xl

(x)s

wherein each X is independently hydrogen, a hydrocarbyl or hydrocarbyloxy group having from 1 to 12
preferably from 1 to 6. most preferzbly from 1 to 4 carbon atoms, a halogen atom, -NO- or -C=N; each X
is independently a hydroxyl group. a carboxyhc acid group or the group represented by the following

formula IV:

Formula IV

HO

eech Z is independently -CR"=CR'-. -CR!
-CR"=CR’-CO-0-CH:-CH;-. -CH:-0-CO-CR!
CO-CR' =CR’-, -N=N-. -CO-NH-. -NH-CO-,
-0-CO-. & direct single bond when n21.

(X),

26— 3

=CR'-CR'=CR'-, -CR'=N-N=CR'-, -CR'=CR"-CO-0-CH;z-.
-CR!'=CR'-CO-0-. -0O-

=CR'-, -CHz-CHz-0-CO-CR* =CR1'-,
-CO-NH-NH-CO-, -C=C-, -C=C-C=C-, -CO-8-, -8-CO-,

Hllllll ] lllll !Il!l I I"‘I_

-CC-0-.

29
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Z'.is independently -O-CO-, -CO-O-, -NR'-CO-, -CO-NR'-; ‘each n’ is independently zero or 1; R' is
independently a2 hydrogen atom or an alkyl group having from 1 ta 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:
-80-, -80;-, -S-, -S-S-, -0-, or -CO-; each Z' is independently -CO-NH-, or. -NH-CO-; 2% is a group
represented by a cyclic or bicyclic ring system containing from 5 to 12, preferably from 5 to 10, more
preferably from S to 6 carbon atoms or a group represented by formula V:

éorﬁuié v (X)4 o (X),
~C—C)

Z3 is NHz-, NH:-SO;-, NHz-CO-, or NHz-Z%-0-; each Z*® is independently -CR'=CR'-, -CR!'=CR'-
CR'=CR'-, -CR"=N-N=CR'-, -CR’' =CR'-C0-0-CH;-, -CR' = CR'-C0-0-CHz-CHz-, -CH2-0-CO-CR' =CR'-.
-CH1-CH2-0-CO-CR' =CR'-, -CR'=CR'-CO-0-. -0-CO-CR' =CR'-, -N=N-, -CO-NH-, -NH-CO-, -CO-NH-
NH-CO-, -C=C-. -C=C-C=C-, -CO-8S-, -§-CO-, -CR’ =N-_ -N=CR'-, -C0O-0-, -0-CO-, a direct single bond.

-CRl=N-~ -N=CRl- ~-N=N-
+ ’ + ! M '
¢ 0 0

~CO-N N-CO- . =N N- .{ y—
/s ! 7/ .9 0 ’
0 N N
4
.0 o ' 0

—CH—J/ CH- {p=0, 1, 2} ,
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Z5 is an alkyl or cycloaikyl 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 divaient
hydrocarby! group having from 1 to 4 carbon atoms, -SO-, -80;-, -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 Z? and Z° groups are in the para position with respect to each other in formuia

ifl; and
wherein 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
{1 a curing amount of a suitable curing agent or curing catalyst for cornponent (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, VIL Vil IX or X:
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FORMULA X

0 0]
/\ /A A
. — CHo~C—CH o — CHZ-C— CHZ
0 — CHy-C——CHg 0 2 i 2

R

ml (X)3 ml 2 (0

(X)q

wherein each A is independently a divalent hydrocarbyl group having from 1 to 12 carbon atoms. -O-, -S-,
-S-8-, -S0-, -S0;-, 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. -CH2-5-CH;-, -(CHz)a,-. of

. each R is independently hydrogen or an alky! group having from 1 to 4 carbon atoms: each R? and R?'is

independently hydrogen, a hydrocarbyl or halohydrocarbyt group having from 1 to 6 carbon atoms: each X
is independently hydrogen, a hydrocarbyl or hydrocarbyloxy group having from 1t to 12 carbon atoms. 2
halogen atormn, -NOz 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: m? has a value from 1 to 12; n has a value of zero or 1: n’ has zn average
value from zero to 3: and n* has an average value from 1 to 10;

(ii) component (B) is a compound represented by formula | wherein each X is independently
hydrogen, a hydrocarbyl or hydrocarbyloxy group contaming from 1 to 4 carbon zioms. z halogen aiom or a
-C=N group; each X is independently & hydroxyl group. a carboxylic acid graup or a group represented by
formula IV: each Z is independently -N =N-, -CO-NH-, -NH-CO-. -C0O-0-, -0-CO-, -CR' =CR' ,

-C=CH- ~-CH=C- , -N=N-

! 1 +
c=N C=N . 4

where each R' is independently a hydrogen atom or an alky! group having from 1 to 4 carbon atoms: each
Z% is independently a divalent hydrocarbyi group having from 1 1o 4 carbon atoms. -SO-, -§O=-. -O-, 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 (ll) is an afiphatic 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-alcehyde novoizc resin. a
substituted phenol-aldehyde novolac resin. an alkylolated urea-zidehyde resin. an aikylolated melamine-
aldehyde resin. a guanadine, or any combination thereof.

10. A praduct or atticle resulting from curing & composition of Claim 8 wherein componenz (8)is bus‘4-

hydroxyphenyi)terephthalate.
11. A product or article resuiting from curing & composition of Claim € wherein component (8) is N.N -

36
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diphenylterephthalamide or a ritisture of N.N'-diphenylterephthalamide and N-phenylbenzamide.
12. A product or article resuiting from curing a composition of Claim 9 wherein component (B) 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

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 i
-composites. In each of these applications,” it is
desirable to have epoxy resins with improved physical
and/or thermal properties. !

The present invention:provides advanced epoxy’
resin combounds with improved properties through the-
incorporétion 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, central iinkage.
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

_ appliéation of electric and magnetic fields and shear
stresses during processing and/or cure.

One aspect of the hresent invention pertains to
advanced epoxy resin compounds prepared by reacting an
epoxy resin ha#ing an average of more than one vicinal
epoxy group per molecule with a compound.having an
average of more than one active hydrogen atom per
molecule represénted by the following formulas I, II or
ITI:

Formula I (x), (x),

R 1 TCY

Formula II (x)5 (x)5

@ Z1 — 722 — 71 ‘@
Formula III (x) 4 (x), s (X)s
73 U @ @

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 74
groups are in the para position with respect to 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, -NO2 or -C=N; each X' is
independently a hydroxyl group, a cafboxylic acid group
or the group represented by formula IV:

Formula IV (X)4

Qo

each Z is independently -CR1=CRl-, -CR1=CR1-CRl=CRl-,
-CR1=N-N=CR1l-, -CR1=CR1-C0-0-CH2-,.-CRI=CR1-CO-0-CH2-CH2—,
-CHg2-0-C0~-CR1=CR1~, -CH9-CH2~0-CO-CR1=CRl-,
-CR1=CRl-C0-0-, -0-CO~CRl=CRl-, -N=N-, ~CO-NH-, -NH-CO-,
-C0-NH~-NH-C0-, ~-C=(C-, -C=(C-C=(C-~, -C0-S-, -S-CO-,
-C0-0-, -0-CO0-, a direct single bond when n=1,

~-CR1=N- -N=CR1- -N=N-
\ ’ \ ’ +

0 0 . o0

7\ ™\ 0
-CO-N N-CO- -N N- _<: yY—
\ / k4 \ 7 'y 0 H

0 N N
B R Vol
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~-CR1=C- -C=CRl-
T , [ s and I ;
. . CN

Z' is independently -0-CO-, -C0-0-, -NR1-CO- and
-CO-NRl-; each n' is independently zero or 15 R! 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-, -SO2-, -S-,
-5-S8-, -0-, or -CO-; each Zl is independently -CO-NH-,
or -NH-CO-; 22 is a group. represented by a eyelice or
bieyelic 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:

F
ormula V (X)4 (X)4

yAl

Z3 is NHz-, NH2-SO2-, NH2-CO-, or NHg9-Z5-0-3; each Z4 is
independently -CR1=CRl-, -CR1=CR1-CRl1=CRl-, ~-CR1=N-N=CRl-,
-CR1=CR1-C0-0-CHg~, -CR1=CR1-C0-0-CH3-CHg-,
-CH2-0-CO~CR1=CR1-, -CHgo-CHg-0-CO~CR1=CRl-, .
-CR1=CR1-C0-0~-, -0-CO-CR1=CRl-, -N=N-, -CO-NH-, -NH-CO-,
-CO-NH-NH-C0~-, ~-C=(C-, -C=(C-C=(C-, -C0-S-, -S-CO-,
-CR1=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 preferably from 1 to 3
carbon atoms; 27 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, fSO-,'-802—}
-S=, =8~S-, -0~, or -CO0-; and n has an a#erage 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 aforementioned 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




modulus, flexural strength, and flexural modulus.

The term "hydrocarbyl" as employed herein means
any aliphatic, cycloaliphatic, aromatic, aryl
substituted aliphatie or cycloaliphatic, or aliphatic or
cycloaliphatic substituted aromatic groups. The
aliphatic groups can be saturated or unsaturated.
Likewisé, 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
vicinal epoxide group.

Particularly suitable compounds having an
avefage of nmore than one active hydrogen atom per
molecule which can be employed herein include hydroxyl--
containing compounds, primary amine-containing compounds
and compouhds containing more thah one aromatic amide
group per molecule. These compoqnds 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(l4-hydroxyphenyl)-
terephthalamide, bis(4'-hydroxybiphenyl)terephthalate,
u,ﬁ'-dihydroxypﬁenylbenzoate, 4,4'~dihydroxy-
benzanilide, 4,4"-dihydroxybiphenylbenzoate, 1,4-bis-
(4'-hydroxyphenyl-1'-carboxamide)benzene, 1,4-bis(Y'-
hydroxyphenyl-1'-carboxy)benzene, 4,4'-bis(4"-hydroxy~
phenyl-1"-carboxy)biphenyl, bis(l4'-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 éarboxylic acid-
containing compounds include, for example,
4,4t~-benzanilide dicarboxylic acid, 4,4'-phenylbenzoate
dicarboxylic acid, 4,4'-stilbenedicarboxylic acid and
mixtures thereof. ' -

Particularly suitable primary amine-containing
compounds include, for exaﬁple, 4t-sulfonamido-N~-phenyl
benzamide, 4'-sulfonamido-N'-phenyl-li~chlorobenzamide,
Y-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-
hexanediphenylcarboxamide, benzanilide ether,
N-phenylbenzamide 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
derivatives thereof, phenol and substituted phenol
aldehyde novolac resins, phenol or substituted phenol
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hydrocarbon resins. The dihydric phenols and novolaec
resins and hydrocarbon resins can contain such
substituents as hydrocarbyl or hydrocarbyloxy groups
cohtaining from 1 to 10, preferably from 1 to 6, more
preferably from 1 to 3 carbon atoms, halogen atoms,
particularly chlorine or'bromine, -NO2, 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
/\ | |
HoC — ('I:—-CHg-O—-— (CH-Q-CH-0)m ——CHz — C —CHjy

R R2 R3 R

FORMULA VII

(X)4 OH (X)4 0
i /\
HzC — (IJ -CHg 0-CHg-C~CH2 0 0 — CHo-C —CHq
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FORMULA VIII

(X4 (X)4 OH (X)a (X)4 0 ,
| I / \
Hzc—C CHy-0 (A)n 0 CH2-(I3-CH2 —0 (A)n 0 CHz-Ci — CHy
R "R
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FORMULA IX :J
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wherein each A is independently a divalent hydrocarbyl

group having from 1 to 12, preferably from 1 to 6,

more

preferably from 1 to 3 carbon atoms, -0-, -S-, -S-S-,

-S0-, -S09~-, 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,

~CHg~S-CHg~, -(CHg)m-, or

(),

each R is inqependently 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, 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

preferably'from 1 to 4 carbon atoms, a halogen atom,
-NO2 or -C=N; 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 or 1; n'
has an 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) advénced 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 aré reécted 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 epoxide
functionality, and may thus be processed using the
typical processing methods employed with conventional
thermoplastiecs, 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
aforesaid advancement reaction, with a curing agent
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 hyd;ogen atom per
molecule used in the advancement reaction is a diphenol,
the‘rgsultant 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 ma& also be prepared by reaction of a 1:1 mole
ratio of high purity bisphenol 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(Y4-hydroxyphenyl)terephthalate
using the aforementioned stoichiometrie ratio.

The advancement reaction can be conducted in
the presence of .a suitable advancement catalyst such as
phosdhine;, 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),
eth&ltriphenylphosphonium phosphate,
tetrabutylphosphonium chloride, tetrabutylphosphonium
bromide, tetrabutylphosphonium iodide, tetrabutyl-
phosphonium diacetate (tetrabutylphosphonium
acetate-acetic acid complex), butyltriphenylphosphonium
tetrabromobisphenate, butyltriphenylphosphonium
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bisphenate, butyltriphenylphosphonium bicarbonate,
benzyltrimethylammonium chloride, tetramethylammonium
hydroxide; triethylamine, tripropylamine, tributylamine,
Z-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;
3,547,8813 3,637,5905 3,843,605; 3,948,855 3,956,2373
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
employeds howéver, 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.

" The advancement reaction can be conducted at
atmospheric, superatmospheric or subatmospheric
pressures at temperatures of from 20°C to 260°C,
preferabl& 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 of time whereés
lower temperatures require longer periods of time.
Generally, however, times of from 5.minutes to 24 hours,
preferably from 30 minutes to 8 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, cyeclic 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, prefgrably 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 resins with
active hydrogen-containing compounds having rigid,
liquid érystal 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 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 abplication 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 éured 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 resihé,
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,
triethylegetetramine, tetraethéienepentamine,
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
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 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 époxy 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 diluenté, 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 and/or dyes
are added 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 emplofed
hérein 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 tdtal composition.

Reinforeing materials 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 filaments, 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, CaCO3 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.
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The following examples are illustrative of the
present invention.

Synthesis of 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 HCl generated.
Terephthaloyl chloride (87.2 grams, 0.43 moles) was
first added to a stirred, 2-liter 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.m1
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 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 filtered-
(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.acetohe 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) analyéis showed the following
absorbances which are indicative of the sStructure for
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the final product: 3329 cm-1 (N-H stretch), 1528 cm-1
(Amide II band) and 1650 em-1 (Amide I band).

_ 0]
1 ]|
NH-C C-NH
Structure 1

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 HC1l generated. A 20 ml aqueous
solution of NaOH (2.57 grams, 0.06% 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 over a
five minute period. This reaction mixture which now,
contains a white precipitate was stirred for 1.5 houfs
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.

0

OO

Structure II
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Synthesis of Y4'-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 HC1l
generated. Sulfanilamide (100 grams, 0.58 moles) was
first added to a stirred, two liter reaction flask
- containing one liter of acetone. After the
sulfanilamide had dissolved, bénzoyl chloride (82 grams,
0.58 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 fuﬁnel, over a 30
minute period. The reaction temperatyre during this
addition and that of the benzoyl chloride was maintained
below 30°C by blowing air ontoc the outside of the
reaction flask. After the 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 aeetone, stirred for 15 mlnutes, 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 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 em-1 (N-H
stretch), 1520 cm—-1 (Amide II band), 1650 em-1 (Amide I
band) and 3267 em-1/3291 cm=1 (N-H stretch of
sulfonamide).
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Synthesis of Bis(l#-Hydroxyphenyl)Terephthalate

Bis(4-hydroxyphenyl)terephthalate (Structure
IV) was synthesized by the reaction of hydroquinone 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 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 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 %0-55°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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Structure IV

Synthesis of N,N'-Bis(u-Hydroxyphenyl)Tereghthalamide

N,N'-bis(l4-hydroxyphenyl)terephthalamide
(Structure V) was synthesized by the reaction of
aminophenol with terephthaloyl chloride in the presence
of NaHCO3. Two moles of aminophenol (218;3 grams) and 2
moles of NaHCOy (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 COp 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 milliliters
of"methanbl 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

This Sheet Has Been Replaced
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methanol. This suspension was vacuum filtered after 30
minutes to recover the solids for drying. After

followihg 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.%
percent of the theoretical yield to N,N'-bis(j4-

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

0 0

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 174.8 epoxide
equivalent weight (EEW) was heated to 120°C. A
conventional epoky resin hafdener, 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 époxide of 16.3 and an EEW of
263.8 advanced with 25.1 grams (0.25 equiv.) of
bisphenol A was heated to 120°C. A stoichiometric
amount (29.25 grams) of diethyltoluenediamine 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. 'After five hours at 180°C, the oven was
cooled to room temperature. Following cool down, a void
free, neat resin éasting was obtained from the mold.
Glass transition 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 miecroscope (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 this 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,N'-diphenylterephthalamide. _
Example 2 Cﬁre of- Diglyeidyl Ether of Bisphenol A Epoxy

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. The 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
segments were observed which were dispersed throughout
- the polymér; 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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Example 3 Cure of Diglycidyl Ether of Bisphenol A Epoxy
Resin Advanced with N,N'-Diphenyltere-
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,
22.5 percent epoxide) was first heated to 160°C.
biethyltoluenediamine (34.86 grams, 1.04 times the
stoichiometric amount of 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 of two aluminum
plates spaced.apart by an 1/8 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 dirept current power supply. After one hour at
120°C, the oven temperature was raised to 180°C and held
at this temperature for two hours. Following cool down
from 180°C 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-
terephthalamide 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. Compared to the diglyecidyl
ether of bisphenol A epoxy resin control of Example 1,
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improvements in tensile and flexural modulus of 13.5 apqg
6.4 percent were observed, respectively.
Example 4 Advancement of Diglycidyl Ether of Bisphenol 3

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 ethér of bisphenol A epoxy resin (24.5
percent epoxide). This mixture was then heated to 248°C
and held at this temperature for approximately 1.5
hours. The measured pércent epoxide of this advanced
resin was 22.4 which compared to a calculated percent
epoxidé of 22.3 based on complete reaction of the amide
hydrogeéns 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 dross
polarized- light source, disperéed 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 (150.1 grams) 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 direct current power supply.
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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 180°C 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,
dispersed birefringent particles were observed in the
‘polymer. The glass transition temperature and
mechanical properties for this casting were then
determined and'thesg results are reported in Table I.
Compéred to the diglyeidyl 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 Diglycidyl Ether of Bisphenol A
Epoxy Resin with 4'-Sulfonamido-N-

Phenylbenzamide

Thirty (30) grams of 4'-sulfonamido-N-phenyl-
benzamide were added to a stlrred, 500 ml reaction flask
containing 300.7 grams ofwd1glycldyl ether of bisphenol
A epoxy resin (24.Y4 percént 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 exothern,
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 were 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.
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 nml
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-gixture,started
to 6lear,and a small exotherm was observed. Following
the exotherm, which peaked at 2U48°C, the resin was
cooled to room temperature. At room temperature, no
solids were observed :in the resin. When viewed under an
optical miéroscopé (70 X magnification) using a cross
polarized light source, small 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 of the H-sulfonamldo-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 inchs 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.bf the oven from 180°C to room
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temper%ﬁure, a void f;ee, 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. 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. '

-

Egggg;g_g Cure of Diglycidyl Ether of Bisphenol A Epoxy
Resin. Advanced with 4'-Sulfonamido-N-Phenyl-

benzamide (Orientation of erefringent .
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 into an aluminum
mold headted 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 a
void free, neat resin casting was obtained from the
mo;d. When this casting was viewed under an optical
microscopé (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 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 Y4'-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 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.
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 diglyecidyl ether of bisphenol A epoxy
resin control of Example 1, this cured resin shows
imbroveménts 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 Diglyecidyl Etheﬁ 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 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. 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 houf at 120°C, the temperature of the oven
containing the mold was raised to 180°C and held for two
hours at this.ﬁemperature. 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 for
this casting were then determined and these results are
reported in Table III. 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 modulus of 17.9 and
18.5 percent, respectively.
Example 12 Advancement of Diglycidyl Ether of Bisphenol

A Epoxy Resin with Bis(Y#-Hydroxyphenyl)-

Terephthalate Followed 'by Cure with
Diethyltoluenediamine

Bis(l4#-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 reduced 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 of epoxide remainihg
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 usiﬁg 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, -translucent casting was
obtained from the mold. The glass transition
temperature of this polymer was 131°C as determined by
differedtial 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
b;sphenol.A.epoxy resin advanced 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(lU-hydroxyphenyl)terephthalamide (30.7
grams; 0.176 hydroxyl equivalent) was blended into an
equivalent amount of the diglycidyl ether of bisphenol A
(30.0 grams; EEW = 170.3; 0.176 epoxide equivalent).
which contained 4500 ppm tetpabutylphosphonidm
éoetateacetiq 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 (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 periodie stirring was
contingedL 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 (5% grams) was placed
in 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 hechanical
press heated to 220°C. 1In 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 polyme; was
378°C as determined by differential seanning
calorimetry. The flexural strength and modulus of the
neat resin casting obtained were 8440 psi and 713 ksi,
respectively.
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I ETHER OF BISPHENOL A EPOXY RE

DIGLYCIDY
N,N'—DIPHENYLTEREPHTHALAMIDE AND_N-PHENYLBENZAMIDE ~ PROPERTI
RESIN CURED WITH DIETHYLTOLUENEDIAMINE
: Comp.
EXAMPLE NO. Exot. A
We. % N,N'—Diphenylterephthalamide Used 0
in Advancement Reaction
We. % N-Phenylbenzamide Used in 0
Advancement Reéaction
¢4 Epoxide of Resin 24.6
Electric Field Applied During Cure, 0
volts D.C.
Glass Transition Temperature, °C 179
Tensile Strength, psi 10,560
Tensile Modulus, ksi 340
Strain to Failure, % 5.3
Flexural Strengﬁh, psi 19,320
388

Flexural Modulus, ksi
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TABLE IT

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

NEAT RESIN CURED WITH
DIETHILTOLUENEDIAMINE
EXAMPLE NO.

Comp,

Expt. 4 8 2 10
Wt. % 4’-Sulfonamido-N-Phenylbenzamide 0 9.1 9.1 9.1
Used in Advancement Reaction
% Epoxide of Resin 24.6 18.5 18.5 18.7
Electric Field Applied During Cure, 0 0 16 50
volts D.cC, - 3
Glass Transition Temperature, °C 179 168 166l 167
Tensile Strength, psi 10,560 8,810 11,120 11,740
Tensile Modulus, ksi 340 377 386 416
Strain to Failure, % 5.3 3.9 4.8 5.2
Flexural Strength, psi 19,320 20,970 20,180 20,850
Flexural Modulus, ksi 388 . g2y 432 436
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TABLE III

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

CURED WITH DIETHYLTOLUENEDIAMINE

EXAMPLE NO. 1

Wt. % 4'~-Sulfonamido-N-Phenylbenzamide 0
Used in Advancement Reaction
Wt. % Bisphenol A Used in 14.3'
Advancement Reaction '

% Epoxide of Resin 16.3

Electric Field Applied During Cure, 0
volts D.C.

Glass Transition Temperature, °C 150
Tensile Strength, psi 11,100
Tensile Modulus, ksi 351
Strain to Failure, % 7.3
Flexural Strength, psi 19,460
Flexural Modulus, ksi ' 396

16.3
300

156
11,510
1y
4.3

22,360

460

J33HS ININIZVIdEY




TABLE III

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

EXAMPLE NO.

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

Wt. % Bisphenol A Used in
Advancement Reaction

% Epoxide of Resin

Electric Field Applied During Cure,
volts D.C.

Glass Transition Tempeﬁature, °C
Tensile Strength, psi
Tensile Modulus, ksi
Strain to Failure, %
Flexural Strength, psi

Flexural Modulus, ksi

1”03

16.3

150
11,100
351
7.3
‘19,460

396

1603
300

156
11,510
K1y
4.3

22,360

460
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:1.— An advanced epoxy resin compound prepared
by reacting (A) at least one epoxy:resin having an
average of more than one viecinal 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
I1II:

Formula I - (x), (x), (x),

X' Z [f£;§% Z X!
.

Fo?gula 11 x)s ' (x)s

Z1 — 722 — 71
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Formula III (X.)4

r7;:}6(104 (x)5

[ 2 w07

N\ X~/

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, -NO2 or -C=N; each X' is independently a

hydroxyl group, a carboxylie acid group or the group
represented by the followmg formula IV: :

Formula IV (x),

0O

each Z is independently -CR1=CRl-, -CR1=CR1-CR1=CRl-,
-CR1=N-N=CR1-, -CR1=CR1-C0-0-CHz-, -CR1=CR1-CO-0-CHg-CHg~,
-CHg-0-CO-CR1=CR1l-, -CHg-CHg~-0-CO-CRl=CRI-,
-CR1=CR1-CO-0~-, -0~CO-CR1=CRl-, -N=N-, -CO-NH-, -NH-CO-,
-CO-NH-NH-CO-, -C=(C-, -C=(C-C=(C-, -C0-S-, -S-CO-,
-C0-0-, -0-CO-, a direct single bond when n=1,
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_— -CR1=C~ ~C=CR1-
’ | and | .

CN CN

Z' is independently -0-CO-, -CO~0-, -NR1-CO-, -CO-NRl-;
each n' is independently zero or 1; Rl is independently
a hydrogen atom or an alkyl group having from 1 to i
carbon atoms; Z6 is a divalent hydrocarbyl group having
from 1 to'12,_preferab1y from 1 to 6, more preferably
from 1 to 4 carbon atoms; -SO-, -SOg-, -S-, -S-S-, -0-,
or -CO-; each Zl1 is independently -CO-NH-, or -NH-CO-;
22 is a group-represented by a eyeclic 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 x), . (x),

n

Z3 is NHg-, NHg-S09-, NHg-CO-, or NHg9-Z5-0-; each Z4 is

independently -CR1=CRl-, -CR1=CRl-CR1=CRl-, -CR1=N-N=CRl-,

-CR1=CR1-C0-0-CHg~, ~-CR1=CR1-CQ~0-CHy-CHg~,
-CH2-0-CO-CR1=CR1-,. -CHg-CH~0-CO-CR1=CR1-,
-CR1=CR1-C0-0-, -0-CO-CRl=CRl-, -N=N-, ~CO-NH~, -NH-CO-,
-CO~-NH-NH-CO-, -C=(C-, -C=C-C=(C-, -C0-S-, -S-CO~-,
-CR1=N~-, -N=CRl-, -C0-0-, -0-CO-, a direct single bond,
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- ~CR1=C- -C=CR1-
, | and I

CN CN

-e

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 with the proviso that
it can also independently be a divalgnt hydrocarbyl
group having from 1 to 4, carbon atoms, -SO-, -SO2-,
-S=, =8-S-, -0-, or -CO-; and n has an avérage 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 formila 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 hydrogen atoms per vicinal
epoxf group of from 0.01:1 to 1.05:1.

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

0 0o
/0'\ / \ /\
— CHo-C——CH 0 —CHz-C—CHg
0 — CHg~C—— CHg 0 2 2

ml (X)4

(X)4
wherein each A'is independently a divalent hydrocarbyl
group having from 1 to 12 ecarbon atoms, -0-, -S-, -S-S-,
-S0-, =-SO0g2-, o; -C0-3 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,
-CHg-S-CHg~, =-(CH2)ni-, or

().

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
iﬁdependehtly h&drogen, a hydrocarbyl or hydrocarbyloxy
group having from 1 to 12 carbon atoms, a halogen atom,
-NO2 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
125 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 nl has
an average value from 1 to 10.
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b, 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

(1).

6. A curable composition'qf Claim 5 wherein
said epoxy resin is 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

(1) 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 by the following
formulas I, IT or III: '
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Formuia I - (x), (x) (x),
| v @—6 ’ Z N
n
Formula II - (%) | ' (x)s

Formula III (%), (x), (x),
&

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 tb 4 carbon atoms, a
halogen atom, -NOg or -C=Nj; each X' is
independently a hydroxyl group, a
‘carboxylic acid group or the group
represented by the following formula 1IV:

Z3 Z4

€

Formula IV (x)4
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each Z is independently -CRl=CRl-,
~CR1=CR1-CR1=CRl-, -CR1=N-N=CRl-,
-CR1=CR1-CO-0-CHg~, -CR1=CR1-CO-0-CHg-CHg-,
-CH9-0-C0O-CR1=CRl-, -CH2-CHg-0-CO-CR1=CR1-,
-CR1=CR1-C0O-0-, -0-CO-CR1=CRl-, -N=N-, |
~CO-NH-, -NH-CO-, -CO-NH-NH-CO-, -C=C-,
-¢=¢-C=C-, -C0-S~, -S-CO-, -CO-0-, -0-CO-,
a direct single bond when n=1,

-CR1=N- ~N=CR1~- -N=N-
v, + . + ,
0 0 0
AR ) 0
~CO0-N N-CO- =N N- yY—
A N ’ \ / ’ 0 ’
0 N N
— —/ } {\3__
? 9 ?
0 | 0 0
(CH2)p

\
-CH:Q/=CH- (p=0, 1, 2) ,
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o ~CRl=C~ -C=CR1-
’ i ' and ! s

Formula

CN CN

Z' is independently -0-CO-, ~CO-0-, -NR1-CO-,
-CO-NR1-; 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; -S0-, -SOg9-, =-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 i
5 to 12, preferably from 5 to 10, more
preferably from 5 to 6 carbon atoms or a group
represented by formula V: i

v (x), ),

n

Z3 is NHg-, NH2-SO2-, NH3~-CO-, or NHo-Z5-0-; each
Z4 is independently -CR1=CR1-, -CR1=CRl-CRl=CRl-,
-CR1=N-N=CR1-, -CR1=CR1-C0-0-CHg-, '
-CR1=CR1-C0-0~CHg-CHg-, -CH2-0-CO-CR1=CRl-,
~CHg~CHg-0-CO-CR1=CRl-, -CR1=CR1~-C0O-0-,
-0-C0-CR1=CR1-, -N=N-, -CO-NH-, -NH-CO-,
-C0-NH-NH-CO-, ~-C=(C-, -C=(C~-C=(C-~, -C0-S-,
-s-CQ0-, -CR1=N-, -N=CR1-, -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
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-, -SOg-, =-S-, =S=S-, -0-, oOr -
CO-; and n has an average value of zero to
63
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
hydrogen atoms per vicinal epoxy group of from
. 0.01:1 to 0.95:1; and
(IT) 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

0 o
/p\ /\ /7 \
— CHo~C—CH 0 —CHg~-C——CHg
0 — CHg~C— CHy 0 2 | 2

ml | (X)4

(X)4

wherein each A is independently:a divalent
hydrocarbyl group having from 1 to 12 carbon
atoms, -0-, -S-, -S-S-, -S0-, -502-, 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, -CHp-S-CHz-,
-(CH2)n1-, or .

ey

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, -NOg
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 123 m2 has a value from 1 to 123 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 fprop
1 to 103 '

component (B) is a compound represented by
formula I wherein each X is independently
hydrogen, a hydrocarbyl or hydrocarbyloxy group
containing from 1 to 4 carbon atoms, 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
independenﬁly -N=N-~, -CO-NH-,

-NH~COQ~-, -CO-0~, ~-0-CO-,

. -CH=C- , -N=N-

]
| | ¢
QEN C=N 0

where each Rl 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, -SO0-, -~S02-, -0-, or -CO-; and n has a
value from zero to 63 )

components (A) and (B) are employed in amounts
which provide a ratio of aective hydrogen atoms
per vicinal epoxy group of from 0.01:1 to
0.95:13 and

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, dicarboxyliec acid anhydride, a
phenol-aldehyde novolac resin, a substituted
phenol-aldehyde novolac resin, an alkylolated
urea-aldehyde resin, an alkyleolated 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(Y4-
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-phenylbenzamide.

12. A product or article resulting from curing
a composition of Claim 9 wherein component (B) 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 during curing.

14, Tﬁe 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

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(l4-Hyvdroxyphenyl )Terephthalamide

N,N'-bis(u-hydroxyphenyl)tebephthalamide
(Structure V) was synthesized by the reaction of
aminophenol with terephthaloyl chloride in the presence
of NaHCO3. Two moles of aminophenol (218.3 grams) and 2
moles of NaHCO), (168 grams) were first added to a
stirred, round bottom flask containing 750 milliliters
of aeetone and 750 milliliters of deionized water. One
mole - of terephthaloyl chloride (203.0 grams) was 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 COp 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 m111111ters
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 milililiters of



