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MESOGENIC EPOXY COMPOUNDS /-

The present invention pertains to epoxy resins contammg mesogemc or rodlike m0|etle(s) curable
composmons and cured compositions thereof,

Epoxy resing are useful in many applications such as coatings, laminates, composites, adhesives, and
castings. In each of these applications. it is desirable to have epoxy resing with an improvement in any one
or more of their physical and/or thermal and/or chemical resistant propertles

The present invention provides a method for improving one or more of these properties by mcorporat-
ing into the polymer chain of the epoxy resin one or more mesogenic or rodlike structure(s). These spoxy
resing exhibit ordering of the molecular chains in the melt phase and/or in the advanced compositions
thereof. This morphology is susceptible to flow induced orientation during processing which can result in
enhanced unidirectional, mechamcal properties. This is not possible to any great extent with conventional
epoxy resins.

In contrast to other types of mesogenic polymers. which are primarily thermoplastlcs. the epoxy resins
containing mesogenic or rodlike moieties provide an advantage in that final chain extension and/or
crosslinking occurs during the curing stages of the fabrlcated part. This permlts new systems which process
at much lower temperatures.

A6y 504F -6

The mesogenic or rodlike type structures mcorporated into the chain provide the lmprovement in one or

more of the properties. The property improvements obtained with epoxy resins of this type can be
unidirectionally enhanced by electric or magnetic fields or by shear stresses applied during processing
and/or curing.

One aspect of the present invention pertains to epoxy resins containing one or more mesogenic o

rodiike moieties represented by the following Formula f:

Formula I

(X)4 | 0
| : / \

0— caz-clz — CHz

0 (X
/\ . -
e — C-CHy ~0 (21-22) — 21

R R

wherein at least about 80 percent of the -(Z'-Z2),-2'-linkages and the glycidy! ether groups are in the para' |

position with respect to each other; each R and R' is independently hydrogen or an aliphatic hydrocarbon
group having from 1 to 4 carbon atoms; each X is mdependently hydrogen, a hydrocarbyl or hydrocar-
byloxy group having suitably from 1 to 12, more. suntably from 1 to 6, most suitably from 1 to 4 carbon
atoms, a halogen atom (preferably chlorine or bromme_) ~NQ2, or -CaN; each Z' is independently
-CR'=CR'-, -GR' =CR'-CR' =CR'-, -CR' =N-N =CR'-, -CR! = CR'-C0-0-CH-, -CR' = CR'-C0-0-CH;-CHa-,
-CH2-0-CO-CR' =CR'-, -CH;-CH2-0-CO-CR!=CR'-, -CR!=CR'-C0-0-, -0-CO-CR'=CR'-, -N=N-, -CO-
NH-, -NH-CO-, -CO-NH-NH-COQ-, -CaC-, -CaC-C=aC-, -COQ-S-, -5-CO-, a direct single bond when n21, "~
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CR'-CO-, -CO-0-, and -0-CO- when Z2 is not a benzene ring

each Z' can also mdependently be
-CR! -c— ,
§5 CN

CN
=N-, -N=CR'-, -CO-CR'=CR'-, -CR' =
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5
and n=0: 22 is. a group-represented by a cyclic or blcycluc ring system containing from 5 to 12 carbon
atoms and may be cycloaliphatic, polycycloaliphatic, aromatic or a combination thereof nis 0 to 2: each z

is independently a -CO-, -Q-CO-, -CO-0-, :CO-NR'-, or -NR‘-CO- group and each n independently has a
value of zero or one.

Another aspect of the present invention pertams to epoxy resins containing one or mare mesogemc or
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rodlike moieties represented by the following Formula li:
Formula II
0 . o 0
/ \ | /N
HeC — <13-CH2 ~— 0=23-0 — CHg-C —CHg

| sl

wherein 23 is

(X)e - - (X4

CHR!L Z4

“e

(X1)qp?

and 2* is -CO-O-, -O-CO-, -NR'-CO- or -CO-NR!-; X' is a hydrocarbyl group having from 1 to 10, preferably
from 1 to 4, carbon atoms which can contain one or more heteroatoms selected from N, O and S and may

be saturated or unsaturated and X, R' and n are as. prewously defined.

Another aspect of the present invention pertains to monoepoxide compounds containing one or more

mesogenic or rodlike moieties represented by the followmg Formuia lif:

kY
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Formula III

o 0 X . X
7\ ,(X)4 (X)s
HoC — c-cnz -0 (zl_z2)n—-— z1

wherein at least about 80 percent of the ~(Z'-Z"’).,-Z‘-linkages and the glycidyl ether groups are in the para
position with respect to each other; each R and R' is independently hydrogen or an aliphatic hydrocarbon
group having from 1 to 4 carbon atomns: each X is independently hydrogen, a hydrocarbyl or hydrocar-
byloxy group having suitably from 1 to 12, more suitably from 1 to 6, most suitably from 1 to 4, carbon
atoms, a halogen atom (preferably chlorine or bromine), -NO2, or -CaN; each Z' is independently
-CR!'=CR'-, -CR'=CR'-CR! =CR'-, -CR'=N-N=CR’-, -CR' =CR'-C0-0-CH;~, -CR' = CR'-CO-0-CHz-CH;-,
-CH.-0-CO-CR'=CR'-, -CH;-CH»-0O-CO-CR'=CR'-, -CR'=CR'-C0-0-, -0-CO-CR'=CR'-, -N=N-, -CO-
NH-, -NH-CO-, -CO-NH-NH-CQ-, -C=C-, -C=C-CaC-, -CO-S- -8-CO-, -CR'=N-, -N=CR!, -C0-0-, -0-CO-,
a direct single bond when n21,

~CR1=N- -N=CRl- ~N=N-
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Another aspect of the present invention pertains tu monoepoxide compounds containing one or more
mesogenic or rodlike moieties represented by the following Formula Iv:
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Formula IV

0
/ \

HeC — lC-CHg-O-Zs
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(X)3 (X3

Z4 —& curt :

and Z¢, R, R', X n are as defined above.

- Another aspect of the present invention pertains to advanced epoxy resin composmons prepared by
reacting (A) one or more of the epoxy resins containing one or more mesogenic or rodlike moieties
represented by Formulas t or Il with (B) at least one compound having an average of more than one active
hydrogen atom per molecule; wherein components (A) and (B) are employed in quantitiss which provude a
ratio of active hydrogen atoms per epoxide group of from 0.01:1 to 0.95:1.

Another aspect of the present invention pertains to resin compositions prepared by advancement
reaction of (A) one or more of the epoxy resins containing one or more mesogenic or rodlike moieties
represented by Formulas | or il with (B) at least one compound having an average of more than one active
hydrogen atom per molecule: wherein components (A) and (B) are employed in quantities which provide a
ratio of active hydrogen atoms per epoxide group of from 0.96:1 to 1.05:1.

Another aspect of the present invention pertains to blends of (A) one or more of the epoxy resins of
compounds containing one or more mesogenic or rodlike moieties represented by the aforementioned
Formulas 1, Ui, 1il or IV and (B) one or more polyepoxides represented by the following Formulas V, Vi, Vii,
vill, X, X or Xi: . .

Formula V

/ \ | / \
HqoC —(l: CH2-O— (CH- Q:(IIH-O)m ——CHz ~C —CH;
Q: | B

R R2 R
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‘wherein each A is independently a divalent hydrocarbyl group having from 1 to 12 preferably from 1 {0 6,

more preferably from 1 to 3 carbon atoms, -O-, -S-, 5-S-S- -S0-, -80;2- or -CO-; each Ais independently a
divalent hydrocarbon group having from 1 to 6, preferably from 1 to 3 carbon atoms; Q is a single bond,

-«CH2-8-CHz~, -(CHz2)n- OF

»e

each R is mdependently hydrogen or an alkyl group having from 1 to 4 carbon atoms; each R? and RS is
independently hydrogen, a hydrocarbyt 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 an average value from 0.01 to 42, preferably from 1 to 6, more preferably from 1 to 3;
mi 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 n' has an
average value from 1 to 10 wherein component (A) is present in an amount suitably from 1 to 99, more
suitably from 10 to 80, most suitably from 10 to 50 percent by weight based upon the combined weight of
components (A) and (B) and component (B) is present in an amount suitably from 99 to 1, more suitably
from 90 to 20, most suitably from 90 to 50 percent by weight based upon the combined weight of

13
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4

components (A} and (B).

Another aspect of the present invention pertains to curable composmons comprising at least one epoxy
resin containing one or more mesogenic or rodlike mmetles represented by the above Formula | and a
curing amount of a suitable curing agent theretor.

Another aspect of the present invention pertains to curable composmons comprising at least one epoxy
resin containing one or more mesogenic or rodlike moieties represented by the above Formula Il and a
curing amount of a suitable curing agent therefor.

Another aspect of the present invention pertains to curable compositions comprising (A) at least one of
the epoxy resins containing one or more mesogenic or rodlike moieties represented by the above Formulas
I or Il (B) at least one of the monoepoxide compounds containing one or more mesogenic or rodlike
moieties represented by the above Formulas il or IV, and (C) a curing amount of a suitable curing agent
therefor; wherein component (A) is present in an amount suitably from 1 to 99, more suitably from 50 to 0,
most suitably from 70 to 90 percent by weight based upon the combined weight of components (A) and (B)
and component. (B) is present in an amount suitably from 99 to 1, more suitably from 50 to 10, most
suitably from 30 to 10 percent by weight based upon the combined weight of components (A) and (B).

Another aspect of the present invention pertains to curable compositions comprising (A) an advanced
epoxy resin resulting from reacting (1) at least one of the epoxy resins containing one or more mesogenic
or rodlike moieties represented by the above Formulas | or I with (2) at least ong compound containing an
average of more than one active hydrogen atom per molecule; and {B) a curing amount of a suitable curing
agent therefor: wherein components (A-1) and (A-2) are present in quantities which provide a ratio of active
hydrogen atoms t0 epoxide groups suitably from 0. 01 1 to 0.95:1, more suitably from 0.05:1 to 0.80:1, most
suitably from 0.10:1 to 0.5:1.

Another aspect of the present invention pertams to curable compositions comprising a blend of (A) at
least one of the epoxy resins or monoepoxide compounds containing one or more mesogenic or rodlike
moieties represented by the above Formulas 1, I, I, or IV, (B) at least one of the polyepoxide resins
represented by the above Formulas V, Vi, VI, VIil, IX, X or Xl, and {C) a curing amount of a suitable curing
agent therefor; wherein component (A) is present in an amount suitably from 1 to 99, more suitably from 10
to 80, most suitably from 10 to 50 percent by weight based upon the combined weight of components (A)
and (B) and component (B) is present in an amount suitably from 98 to 1, more suitably from 90 to 20, most
suitably from 90 to 50 percent by weight based upon the combined weight of components (A) and (B).

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

A still further aspect of the present invention pertains to produces resulting from the application of an
electric field, a magnetic field or a shear flow durmg curing or processmg of the aforementioned

_compositions.

The epoxide compositions of the present invention .can be prepared by reacting the correspondmg
hydroxyl-containing compound with an epihalohydrin by any suitable means known to those skilled in the
art. Suitable such methods are disclosed by Lee and Newlle in Handbook of Epoxy Resins, McGraw-Hill,
(1967).

Generally, the hydroxyl-containing compound is reacted with an eplhalohydnn in the presence of a
suutable catalyst and in the presence or absence of a suitable solvent ata temperature suitably from 0°Cto
100" C. more-suitably from 20° C to 80" C, most suitably from 20° C to 85 C; at pressures suitably from 30
mm Hg vacuum to 100 psia., more suitably from 30 mm Hg vacuum to 50 psia.. most suitably from
atmospheric pressure to 20 psia.; and for a time sufficient to complete the reaction, usually from 1 to 12,
more usually from 1 to 5, most usuaily from 1 to 3 hours. This initial reaction, unless the catalyst is an alkali
metal or alkaline earth metal hydroxide employed -in: stoichiometric quantities, produces a halohydrin
intermediate which is then reacted with a basic ‘acting compound to convert the vicinal chiorohydrin groups
to epoxide groups. The resultant product is a glycidyl ether compound.

Suitable epihalohydrins which can be employed ‘to prepare the epoxide compounds of the present

invention include, for example, epihalohydrins represented by the following Formula Xii:
J S

Formula XIi_'- o 0.

7/ N\

- HoC ——— CH-CHg-X'
: |
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wherein R is as previously defined: and X is a halogen. Particularly suitable such epihalohydrins include.
for example, epichlorohydrin, epibromohydrin, epiiodohydrin, methylepichiorohydrin, methylepibromohydrin,
methylepiiodohydrin and combinations thereof.

Suitable hydroxyl-containing compounds which can be employed to prepare the epoxide compounds of
the present invention include, for example, hydroxyl-contalmng compounds represented by the following
Formulas Xl X1V, XV or XVI: :

Formula XIII

(X)¢ : (X)g

HO ﬂu , ('z'-x-'zz)n-m ¢ ’\3 :7 on

_—

———

Formula XIV~ : This Sheet Has Been R,

e T

Formula XV
(04 (X)s
HO —¢ ’ui i, (21-72) =71

Formula XVI

HO-Z5

wherein at least about 80 percent of the -(Z‘-Zz)..-Z‘-lmkages and the hydroxyl groups are in the para
position with respect to each other; n, Z', 22, Z%, Z° and X are as previously defined.

Partacularly suitable hydroxyl-contammg compounds ‘include, for example, 44-dnhydroxy-a-methylstﬂ-
bene, 4,4 -dnhydroxybenzamhde. 44 -dnhydroxy-z 2 -dlmethylazoxybenzene. 44 -dnhydroxyst:lbene. 44-
dihydroxyazobenzene, 44 -dlhydroxyazoxybenzene. 44 -dlhydroxy-a-cyanostnlbene. 44-d|hydrox-
ydlphenylacetylene. bIS(N N -4-hydroxyphenyl)terephthalamnde. 4 4 -dlhydroxy 3,3 O, 5 ~{etramethyilstilbene,
44 -dihydroxy-3, 3 5.5 -tetrabromostilbene, -4, 4 -dihydroxy-3, 3 8.5 -tetramethyl-a-methylstllbene. N-
biphenyl-4-hydroxybenzamide, N- 2-naphthyl-4-hydroxybenzamxde N-phenyl-4-hydroxybenzamide, N-(4 -
hydroxyphenyl)benzamide, 4-hydroxyst|lbene._ 4-hydroxy-a-methyistilbene, 4-hydroxyazobenzene. 4-
hydroxy-a-cyanostilbene, 4-hydroxyazoxybenzene and combmatlons thereof.

Suitable catalysts which can be employed to prepare the- epoxide compounds of the present invention
include, for example, ammonium halides such_as.benzyltrimethylammonium chioride, benzyitrimethylam-
monium bromide,’ tetrabutylammonium chloride, - tetrabutylammomum bromide, tetraoctylammonium chlo-
ride, tfetraoctylammonium bromide, tetramethylammomum chlonde. tetramethylammomum bromide and
combinations thereot.

- Suitable basic acting compounds Wthh can. be employed to prepare the epoxide compounds of the
present invention include, for example. alkali metat\ or alkaline earth metal hydroxides, -carbonates and
_bicarbonates. Particularly suitable such basic' acting compounds include, for example, sodium hydroxide,
potassium hydroxide, lithium hydroxide, calcium hydroxide, barium hydroxide, magnesium hydroxide,
manganese. hydroxide, sodium carbonate, potaSSQum carbonate, lithium carbonate, caicium carbonate,
barium carbonate, magnesium carbonate, manganese carbonate, sodium bicarbonate, potassium bicar-
bonate, lithium bicarbonate, calcium bicarbonate, barium bicarbonate, magnesium bicarbonate, manganese
bicarbonate and mixtures thereof. Most preferred is sodium hydroxide or potassium hydroxide.’

Suitabie solvents which can be employed herein include, for example, alcohols, aliphatic hydrocarbons,

15
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aromatic hydrocarbons, glycol ethers, amides, sulfoxiues, sulfones and combinations thereof. Particularly
suitable solvents which can be employed herein inciude, for example, methanol, ethanol, isopropanol,
hexane, heptane, octane, nonane, decane, toluene, xylene, sthylene glycol methyl ether, ethylene glycol
ethyl ether, ethylene glycol n-butyl ether, ethylene glycol phenyl- ether, propylene glycol methyl ether,
propylene glycol pheny! ether, tripropylene glycol methyl ether, diethylene glycol methyl ether, disthylene
glycol ethyl ether, diethylene glycol n-butyl ether, diethylene glycol phenyl ether, butylene glycol methyl
ether, N.N-dimethyiformamide, N-methylpyrrohdmone. N N-dlmethylacetamlde. dlmethylsulfomde sulfolane
and combinations thereof.

The solvent is usually employed in amounts swtably from 50 95, more suitably from 20 to 60, most
suitably from 30 to 40 percent by weight based upon the combined weight of solvent and epihalohydrin.

Suitable compounds having an average of more than one active hydrogen atom per molecule which can
be employed to prepare the advanced resin compositions of the present invention include, for example,
bisphenols, thiobisphenois, dicarboxylic acids and compounds containing one primary amine or amide
group or two secondary amine groups such as thase represented by the following Formulas XVIl or XVIIi:

Formula XVII

(X)g R (X)4

Formula XVIII

X3 (26-22)-26

wherein X? is independently a hydroxyl, carboxylic acid, -SH, or -NHR? group: R? is an alkyl group having
from 1 to 4 carbon atoms; X3 is NHz, NH2-SO2+, NH2-CO-~, or NHz-Z7-0-; Z7 is an alkyl or cycioalkyl group
having from 1 to 12 carbon atoms; Z° can mdependently be'a divalent hydrocarbyl group having from 1 to
10, preferably from 1 to 4 carbon atoms, -O-, -CO- +S0-, -S0;-, -8-, -S-8-, -CR'=CR'-, -CR'=CR'-
CR'=CR'-, -CR'=N-N=CR'-, -CR!=CR'-C0O-0-CHa-, .-CR" = CR'-CO-CHz-CHz-, -CH2-0-CO-CR'=CR'-,
-CH2-CH2-0-CO-CR =CR'-, -CR' =CR'-C0-0-, -0-CO-CR' =CR'-, -N =N-, -CO-NH-, -NH-CO-, -CO-NH-NH-
CO-, -C=C-, -C=C-CaC-, -CO-S-, -S-CO-, -CR'= N-, --N CR'-, -C0-0-, -0-CO-, -CR!'=CR*'-CO-, -CO-
CR'=CR'-, a direct single bond, :

. '.‘\
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and wherein X, 2, R', Z2,n and n’ are as herembefore defmed
The advancement of the epoxy resins . contammg -one ‘or ‘more mesogenic or rodiike moieties with

compounds having an average of more than one’ actrve hydrogen per molecule is employed to linearly

18

chain extend the resin. This linear chain extensron is” ‘required for some mesogenic-containing resin
compositions in order to obtain liquid- crystal character. - The: advancement of the mesogenic or rodlike
epoxy resins can also be used to increase the temperature range in which a particular resin is liquid
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crystalline and to control the degree of crosslinking during the finai curing stage.

The epoxy resin containing one or more mesogenic or rodlike moieties and the 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 0.95:1, more suitably from 0.05:1 to 0.9:1, most suitably from 0.10:1 to 0.50:1 active
hydrogen atoms per epoxy group.

Particularly suitable compounds having an average of more than one active hydrogen atom per
molecule which can be employed herein include, for example, hydroxyl-containing compounds, carboxylic
acid-containing compounds and primary amine-containing compounds. These compounds include, for
example, those represented by the above-mentioned Formulas XVIl and XVIIl.

Partscularly suitable hyclroxyl-contammg compOunds include, for example, hydroquinone, bisphenol A,
4.4 -dlhydroxydlphenyImethane. 44 ~thiodiphenol. 4, 4 -sulfonyldlphenol 4 4 -dlhydroxydlphenyl oxide, 4, 4 -
dihydroxybenzophenone, 1 1-b|s(4-hydroxyphenyl)- -phenylethane, 3.3 9.5 -tetrachlorobrsphenol A, 33-
dlmethoxybrsphenol A 44 -drhydroxyblphenyl 4, ry -drhydroxy-a.a -diethylstilbene, 4 4 -dihydroxy-a-methyl-
stilbene, 4.4 -dihydroxybenzaniiide, 4.4 -dlhydroxy-z 2 -dimethylazoxybenzene, 4, 4 -dlhydroxy-u-cyanostrl-
bene, bls(4-hydroxyphenyl)terephthalate bis(N.N -4-hydroxyphenyl)terephthalamrde bIS(4 -hydrox-
ybiphenyi)terephthalate, 4, 4 -dlhydroxyphenylbenzoate. bss(4 -hydroxyphenyl)-1, 4-benzenednmme 4, 4 -
dlhydroxyblphenylbenzoate 1 4-b|s(4 -hydroxyphenyl- ~carboxamxde)benzene. 1 4-b|s(4 -hydroxyphenyl—t -
carboxy)benzene, 4 4 -bls(4 -hydroxyphenyl—1 -carboxy)biphenyl and mixtures thereof.

Particularly suitable. carboxyllc acid-containing compounds whlch can be employed herein include, for
example, terephthalic acid, 4.4 -benzanilide dicarboxylic acid, 44 -phenylbenzoate drcarboxyllc acid, 4.4 -
stilbene-dicarboxylic acid and mixtures thereof. :

Particularly surtable primary amine-containing compounds which can be employed herein include, for
example, aniline, 4 -sulfon-amido-N-pheny! benzamide, -sulfonamldo- -phenyl-@chlorobenzamlde. 4-
amino-~1-phenylbenzoate, 4-ammo-N-phenylbenzamlde. N-phenyl-4-ammo-phenyl- ~carboxamide, phenyi-4-
aminobenzoate, biphenyi-4-aminobenzoate, 1-phenyl-4 -ammophenyl-terephthalate and mixtures thereof.

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

- larly suitable catalysts which can be employed herein include, for example, ethyltriphenyiphosphonium

chloride, ethyltriphenylphosphonium bromide, ethyltriphenylphosphonium iodide, ethyltriphenyiphosphonium
diacetate (ethyltriphenylphosphonium acetate *acetic acid complex), ethyltriphenyiphosphonium phosphate,
tetrabutyiphosphonium chioride, tetrabutylphosphonium bromide, tetrabutylphosphonium iodide, tetrabutyl-
phosphonium diacetate (tetrabutylphosphonium acetate®acetic acid complex), butyltriphenyiphosphonium
tetrabromobisphenate, butyitriphenylphosphonium bisphenate, butyltriphenylphosphonium bicarbonate, ben-
zyltrimethylammonium  chloride, tetramethylammonium . hydroxide, triethylamine, tripropylamine,
tributylamine, 2-methylimidazole, benzyldimethylamine and mixtures thereof. Many of the above-mentioned
advancement 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 which can be employed herein depends, of course. upon the
particular reactants and catalyst empioyed: however, the catalyst is usuaily 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 atmosphenc superatmosphenc or subatmospheric
pressures at temperatures of from 20° C to 260" C, preferably from 80" C to 240" C, more preferably from
100° C to 200° C. The time required to complete the advancement reaction depends upon the temperature
employed. Higher temperatures require shorter periods. o_f_ 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 surtable

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 sthers, ketones, esters, amides and combmatrons thereof. Particularly suitable solvents which
can_ be employed herein inciuds, for example. toluene. -benzene, xylene, methyl ethyl ketone, methyl
isobutyl - ketone, diethylene glycol methyl" ether, ' dlpropylene glycol methyl. ether, dimethylformamide,

" dimethyl-sulfoxide, N-methylpyrrolidinone, tetrahydrofuran. propylene giycol methyi 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 welght based upon the weight of the
reaction mixture. -

When the epoxy resin containing one or more mesogenic or rodfike moieties and the compound having
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an average of more than on¢ active hydrogen atom per. molecule are reacted in amounts which provide
from 0.96:1 to 1.05:1 active hydrogens per epoxy group, a relatively high molecular weight, substantially
thermoplastic, resinous product is provided. Said resin composition contains little, if any, curable residual
epoxide functionality, and may thus be processed using the typical processing methods employed with
conventional thermoplastics, such as. for example. injection molding or extrusion. Thermosetting may,
however, be induced. for example, via reaction of all or a part of the backbone secondary hydroxyl groups
produced in the aforesaid advancement reaction, with a curing agent therefor. One class of said curing
agents includes the di/polyisocyanates as well as the blocked di/polyisocyanates which can be induced to
react with said secondary hydroxyl groups providing urethane Imked crosslinks between . the resin chains.
An example of a specific diisocyanate especially useful herein is 4. 4 -diisocyanatodiphenylmethane. When
the compound 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 aforementloned advancement method, a phenoxy resin
may also be prepared by reaction of a 1:1 mole ratio of hngh putity bisphenol A and epichlorohydrin. it is
therefore operable to prepare the phenoxy resins containing one or more mesogenic or rodiike moieties of
the present invention via reaction of one or more diphenois containing one or more mesogenic or rodiike
moisties with one or more epihalohydrins. A typical example would thus be the phenoxy resin produced
from the reaction of epichiorohydrin and 4.4 -dihydroxy alpha-methylstllbene using the aforementioned
stoichiometric ratio.

The compositions of the present invention containing an average of more than one vicinal epoxy group
per molecule can be cured with any suitable curing agent for curing epoxy resins such as primary and
secondary polyamines, carboxylic acids and anhydrides thereof, aromatic hydroxyl-containing compounds,
imidazoles, guanidines, urea-aldehyde resins, melamine-aldehyde resins, alkoxylated urea-aldehyde resins,
alkoxylated melamine-aldehyde resins, aliphatic amines, cycloaliphatic amines, aromatic amines which can
be employed herein and combinations thereof. Particularly suitable curing agents include, for example,
methylene dianiline, dicyandiamide, ethylene diamine,” diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, urea-formaldehyde resins, melamine-formaldehyde resins, methylolated urea-form-
aldehyde resins, methylolated melamine-formaldehyde resins, phenol-formaldehyde novolac resing, cresol-
formaldehyde novolac resins, suifanilamide, diaminodiphenylsulfone, disthyltoluenediamine, t-butyl-
toluenediamine, bis-4-aminocyciohexylmethane, - isophoronediamine,  diaminocyclohexane, hex-
amethylenediamine, piperazine, aminoethylpiperazine, = 2,5-dimethyl-2,5-hexanediamine, 1.12-
dodecanediamine, tris-3-aminopropylamine and combinations thereof.

The curing agents are employed in amounts which will effectively cure the composition; however, these
amounts will depend upon the particular epoxy resin and. curing agent employed. Generally, suitable
amounts of curing agent which can be employed hersin .include. for example, from 0.95:1 to 1.2:1
equivalents of curing agent per equivalent of epoxy resin.

. The monoepoxide compounds containing one or more mesogenic or rodlike moieties of the present
invention can be employed as reactive diluents for the polyepoxide resins of the present invention as well
as for polyepoxide resins not containing mesogenic or rodlike moistie(s). For other polyepoxide resins. the
monoepoxide compounds provide a means of incorporating into the composition, mesogenic or rodllke
moieties so'as to enhance properties when cured.

The mesogenic or rodlike diepoxides of the present invention can also be employed for the purpose of
improving the properties of polyepoxide resins not containing mesogenic or rodlike moieties. Generally,
suitable amounts of mesogenic or rodlike epoxy resins are from 1 to 99, more suitably from 10 to 80, most
suitably from 10 to.50 weight percent based on the total weight of the combined resins. Representative of
the other polyepoxide resins include, for example, the dtglyc:dyl ethers of resorcmol bisphenol A, 44-
dihydroxydiphenylmethane, 3, 355 -tetrabromoblsphenol A 44 -thlodlphenol 44 -sulfonyldlphenol 4, 4 W
dihydroxydiphenyl oxide, 1,1-bis(4-hydroxyphenyl)-1-phenyliethane, 3. 355 -tetrachlorobssphenol A 33-
dimethoxybisphenol ‘A; the triglycidyl ether of tns(hydroxyphenyl)methane the polyglycidyl ether of a
phenol or substituted phenol-aldehyde condensation'sproduct (novolac); the polyglycidyl ether of a
dicyclopentadiene or an oligomer thergof .and phenol condensation product; the advancement reaction
products of the aforesaid di- and polyglycidyl ethers- with_ aromattc di- or polyhydroxyl- or carboxylic acid-
containing compounds including, for example, blsphenol A (44 ~isopropylidenediphenal), o-, m-, p-dihydrox-
ybenzene, 2.4-dimethylresorcinol, 4~chiororesorcinol, tetramethylhydroqumone 1 1-b|s(4-hydroxyphenyl)-
sthane, 1 .1-bis(4-hydroxyphenyt)- 1-phenylethane, . 44-dlhydroxydxphenyl ether, 3355 -tetramethyl-
dihydroxydiphenyl ether. 33,55 -dlchlorodlhydroxydlphenyl ether, 4,4’ ~bis(p-hydroxyphenyl lsopropyl)~
diphenyl sther, 44 -b:s(p-hydroxyphenoxy)benzene. 44 -b(s(p-hydroxyphenoxy)duphenyl ether, 4,4 -b:s(4(4-
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hydroxyphenoxy)phenyl sulfone)diphenyl ether 44 -dlhydroxydnphenyl sulfone 44 -dlhydroxyduphenyl sul-
fide, 4.4 ~dihydroxydipheny! disulfide, 2. 2 -dihydroxydipheny! sulfone, 44 -dihydroxydipheny! methane. 1, 1-
bis(p-hydroxyphenyl)cyclohexane, 4, 4 -dihydroxybenzophenone, phloroglucinol. pyrogallol, 2, 2'55-
tetrahydroxydiphenyi sulfone, tns(hydroxyphenyl)methane. dicyclopentadiene diphenol, tricyclopentadiene
diphenol; and mixtures thereof.

During processing and/or cure of the epoxy resin composmons into a part, electric or magnetic fields or
shear stresses can- be applied for the purpose of orienting the liquid crystal moieties contained or
developed therein which in effect improves the mechanical properties. As specific examples of these
methods, Finkelmann, et al, Macromol. Chem.. 180, 803-806 {March 1979) induced orientation in ther-
motropic methacrylate copolymers containing mesogenic side chain groups decoupled from the main chain
via flexible spacers in an electric field. Orientation of mesogenic side chain groups decoupled from the
polymer main chain via flexible spaces in a magnetic field has been demonstrated by Roth.and Kruecke,
Macromol. Chem., 187, 2655-2662 (November 1986). Magnetic field induced orientation of mesogenic main
chain containing polymers has been demonstrated by Moore, et al, ACS Polymeric Material Sciences and
Enginsering, 52, 84-86 (April-May 1985). Magnetic and electric field orientation of low molecular weight
mesogenic compounds is discussed by W. R. Kngbaum in Polymer Liquid Crystals, pages 275-309 (1982)
published by Academic Press, Inc.

in addition to orientation by electric or magnetic fields, polymeric mesophases can be oriented by shear
forces which are induced by flow through dies, orefices. and mold gates. A general discussion for
orientation of thermotropic liquid crystal polymers by this method is given by S. K. Garg and S. Kenig in
High Modulus Polymers, pages 71-103 (1988) published by Marcel Dekker, Inc. For the mesomorphic
systems based on the epoxy resin compositions, this shear orientation can be produced by processing
methods such as injection molding, extrusion, pultrusion, filament winding, filming and prepreging.

The mesogenic or rodiike epoxy resins of the present invention can be blended with other materials
such as solvents or diluents, fillers, pigments, dyes, flow modifiers, thickeners, reinforcing agents, mold
release agents, wetting agents, stabilizers, fire retardant agents, surfactants and combinations thereof.

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

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

The modifiers such as thickeners and flow modifiers can be suitably employed in amounts of from zero
to 10, more suitably from 0.5 to 6, most suitably from 0.5 to 4 percent by weight based upon the weight of
the total compasition.

Reinforcing materials which can be employed herem include natural and synthetic fibers in the form of
woven fabric, mats, monofilament, mu_ltmlament unidirectional fibers, rovings, random fibers or filaments,
inorganic fillers or whiskers and hollow ' spheres. Suitable reinforcing materials which can be employed
herein inciude, for example, glass, ceramics, nylon, rayon, cotton, aramid, graphite, polyalkylene tereph-

_ thalates, polyethylene, polypropylene, polyesters and combinations thereof.

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

The fillers can be employed herein 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.

The following examples are illustrative of the present invention.

Comparative Experiment A “

I

A diglycidy! ether of bisphenol A (50.00 gréms) '_having an epoxide equivalent weight of 175.6 was
combined with an equivalant amount of a curing agent, suifanilamide (12.26 grams). This blend was heated
in a 170 C convection oven for 20 minutes to dissolve all of the sulfanilamide. This resinous mixture was:

1 Preparation of a Neat Resin Casting of the Diglycidyl Ether of Bisphenol A
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then transterred to a 100 C oven where it was allowed to cool for 20: minutes. A 70 weight percent solution
of tetrabutyiphosphonium acetate®acstic acid complex in methanol {0.28 grams, 4480 ppm based on the
total weight of the resin mixture) was then added to promote the eventual cure. The resin was next
degassed in a vacuum bell jar and then poured into an aluminum moid (dimensions = 4.5 inch x 5.0 inch x
0.125 inch; 114.3 mm x 127 mm x 3.18 mm) which was contained in a 120° C convection oven. After one
hour at 120° C, the temperature of the oven was increased and held for one hour at 150" C and then held
for one hour at 180° C. After one hour at 180° C. the temperature of the oven was increased to 200 C

EP 0 379 057 A2

where it was held for 1.5 hours before cooling to room temperature. At room temperature a translucent, neat .

resin casting was obtained from the mold. Differential scanning calorimetry analysis for this polymer showed
complete cure. The glass transition temperature, as determined by differential scanning calorimetry, was
185" C. The glass trans:tlon temperature, which was aiso determmed by dynamic mechanical analysis, was
186" C and was in close agreament with the value obtained by differential scanning calorimetry. The tensile
storage modulus at 40° C which was obtained from the dynamic mechanical analysis was 670 MPa (97,150
psi). The flexural strength and modulus determined for thxs polymer by ASTM Method D790 were 19,960
psi and 472 kSI respectively. '

E Preparation gf_ Cast Films o_f tlﬁ Diglycidyl Ether gf Bisphenol 5

A diglycidy! ether of bisphenol A (30.00 grams) having an epoxide equivalent weight of 179.5 was
combined with an equivalent amount of a curing agent, sulfanilamide (7.20 grams). This blend was heated
in a 170" C convection oven for 20 minutes to dissolve all of the sulfanilamide. This resinous mixture was
then transferred to a 100" C oven where it was allowed to cool for 20 minutes. A 70 weight percent solution
of tetrabutyiphosphonium acetate®acetic acid complex in methanoi (0.18 grams, 4810 ppm based on the
total weight of the resin mixture) was then added to promote the eventual curs. This resin was next
degassed in a vacuum bell jar and then poured into a stainless steel mold (dimensions = 7.5 inch x 0.5
inch x 0.021 inch; 190.5 mm x 12.7 mm x 0.53 mm) located in a 120" C convection oven. The mold was
then transferred to a mechanical press heated to 120 C. Pressure (approximately 2000 psi) was applied to
this mold within 5 mmutes After one hour at 120" C, the temperature of the press was increased and held

for one hour at 150" and then held for one hour at 180" C. After one hour at 180" C, the temperature of the

press was increased to 200° C where it was heid for ‘1.5 hours before cooling to room temperature. After
cooling to room temperature, a translucent film was obtained from.the mold. The glass transition
temperature for this polymer was 180° C as determined by thermal mechanical analysis. The average
tensile strength and modulus for 5 castings prepared using this procedure were 8803 psi (standard
deviation = 860 psi) and 515 ksi (standard deviation = 9.0 ksi), respectively.

Comparative Experiment l_\_

3. Preparation of a Neat Resin Castmg of the Dlglymdyl Ether of Bisphenol A and Measurement of Chemical
Resistance = -

A dlglycldyl ether of blsphenol A (50.00 grams) havmg .an epoxide equivalent weight of 1756 was
combmed with an equivalent amount of a curing agent. sulfamlamnde (12.26 grams). This blend was heated
in a 170" C convection oven for 20 minutes to drssolve all’ of the sulfanilamide. This resinous mixiure was
then transferred toa 100" C oven where it was allowed to cool for:30 minutes. A 70 weight percent solution
of tetrabutylphosphomum acetateacetic acid complex in. methanol (0.28 grams, 4480 ppm based on the total
weight of the resin mixture) was then added to promote the' eventual cure. The resin was next degassed in
a vacuum bell jar and then poured into an aluminum' mold (dlmensmns 4.5 inches x 5.0 inches x 0.125
inches; 114.3 mm x 127 mm x 3.18 mm) which 'was preheated inai20"C convectlon oven. After 1.5 hours
at 120°C, the temperature of the oven was increased. and held for one hour at 150" C and then heid for one
hour at 180" C. After one hour at 180" C, the temperature of the oven was increased to '200° C where it was
held for 2 hours before cooling to room temperature. At room temperature. a translucent neat resin casting
was obtained from the mold. Differential scanning calor:metry ‘analysis for this polymer showed complete
cure. The glass transition temperature, as determined by differential- scanning calorimetry was 188 C. From

the casting obtained, test coupons which were approximately 0.5 inches wide by 1.5 inches long were cut,

and individually weighed. These coupons were separately immersed in methylene chioride, methyl ethyi
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ketone dimethylformamide and bieach, then maintained therein at room temperature (approximately 23" C).
After immersion for a measured time, the coupons were removed from the chemical. wiped dry and then
weighed. For these neat resin coupons of the diglycidyl ether of bisphenol A cured with sulfanilamide, the
percent weight gains were 26.6 after 30 days in methylene chloride, 4.1 after 80 days in methyl ethyl
ketone, 5.7 after 30 days in dimethylformamide and 1.0 after 30 days in bleach. The results are reported in
Table IV.

Comparative Experirnent ﬁ

’

ﬁ Preparation of an Injection Molded, Graphite Composite of the Diglycidyl Ether of Bisphenol A
S

A dtglycldyl ether of bisphenol A (4 85 grams) having an epoxide equivalent weight of 179.5 was placed
in a 160" C oven. After the resin had been in the oven for 8 minutes, an equivalent amount of a curing
agent, sulfanilamide (1.187 grams), was added. This mixture was periodically stirred over the next 10
minutes to dissolve all the sulfanilamide into the resin. Chopped graphite fibers (1.083 grams; 1/4 inch long
(6.3 mm)) were .then added. The graphite fibers used were obtained from Fortafil Fibers, Inc. and the
manufacturer's designation for this product was Fortafil™ 3 (¢) 1/4 07. After adding the graphite fibers (15
weight percent based on total components), they were mixed with the resin over the next 5 minutes to
produce a blend. This blend was next degassed using a vacuum bell jar and then transferred to the
reservoir of an injection molder which was temperature controlled at 120° C. After 20 mmutes. heating of the
molder reservoir was discontinued. When the moider reservoir had cooled to 100° C, the mixture was
injected through a 1/8 inch x 3/32 inch (3.0 mm x 2.3 mm) rectangular orifice into a mold (dimensions = 3
inches x 0.5 inches x 0.125 inches; 76.2 mm x 12.7 mm x 3.18 mm) which was preheated to 85" C. This
mold was then ammedlately transferred to an 85° C oven. After 14.5 hours at 85" C, the oven temperature
was increased to 230° C over a 7 hour period. The oven temperature was then maintained at 230°C for 4
hours before coolmg to room temperature. At room temperature a graphite composite of the diglycidy| ether
of bisphenol A cured with sulfanilamide was obtained from the mold. The flexural strength and modulus for
this composite were 21,450 PS! and 1,179 ksi, respectively. Differential scanning calorimetry was performed
at a heating rate of 10" C per minute for a sample of the composite (approximately 20 milligrams). This
analysis showed a glass transition temperature of 190° C. The results are reported in Table V.

Example 1

A Synthesrs of 44 -Drhydroxy-alpha-methylstrlbene

Phenol (188.22 grams. 2.0 moles) and chloroacetone (102.81 grams. 1.0 mole as chloroacetong) were
added to a reactor and cooled to <10"C with stirring. ‘“The chloroacetone used was a technical grade
containing 90 percent chloroacetone, 2.5 percent acetone, 6.5 percent 1,1-dichloroacetone and 1.0 percent
1,3-dichloroacstone. Concentrated sulfuric acid (98.08 grams, 1.0 mole) was added dropwise to the stirred
solution over a one hour period in order to maintain the reaction temperature between -10° C and -11°C.
After two hours of post reaction at the -10'6, temperature, the resultant viscous orange oil product was
mixed with 500 milliliters of iced deionized water. The oil product was separated then washed with a second
500 milliliter portion of chilled deionized water. After separation, the recovered oil product was added to a 2-
liter beaker along with 250 milliliters of ethanol and stirred to provide a solution. Deionized water (250
milliliters) was added to the stirred solution and heating commenced. As the temperature’ of the mixture
increased, the stirred mixture began to bear. Each-ti_r_he__-clearing was observed, sufficient deionized water
was added to induce cloudiness, followed by continuation of the mixing and heating. Once the temperature
reached 90° C, a massive precipitation of whrte cryslallme plates occurred. At this time, heating and stirring
ceased and the mixture was chilled to §°C and: held therein for 12 hours. The crystalline product was
recovered by fiitration, washed with two 150 miliiliter- portions of deionized water, then dried at 90 Cand5
mm Hg to a constant weight of 103 grams.. Nuclear. magnetlc resonance spectroscopy and infrared
spectrophotometric analysis confirmed the product structure for 4.4 -drhydroxy-a-methylstrlbene
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v A

B. Epoxidation of 4.4 -Dihydroxy-a-methyistilbene

4,4'-dihydroxy-a-methylstilbene (113.13 grams, 1.0 hydroxyl equivalent} prepared using the method of
A above, epichlorohydrin (462.65 grams, 5 moles), deionized water (40.23 grams, 8.0 percent by weight of
the epichlorohydrin used) and isopropanol (249.12 grams, .35 percent by weight of the epichlorohydrin
used) were added to a reactor and heated to 55° C with stirring under a nitrogen atmosphere. Once the
55" C reaction temperature was achieved, sodium hydroxide (36.0 grams, 0.90 mole) dissolved in deionized
water (144 grams) was added dropwise to the reactor over a 40 minute period in order to maintain a
reaction temperature between 55 and 59 C. Ten minutes after completion of the aqueous sodium
hydroxide addition, the stirring was stopped and the aqueous:layer which separates from the reaction
mixture was pipetted off and discarded. Stirring was resumed and after a total of twenty minutes following
compietion of the initial aqueous sodium hydroxide addition, a second solution of sodium hydroxide (16.0
grams, 0.40 mole) dissolved in deionized water (64 grams) was added to the reactor over a twenty minute
period so as to maintain the 55 C reaction temperature. Fifteen minutes after completion of the aqueous
sodium hydroxide addition, the recovered reaction mixture was added to a separatory funnel and washed
with 750 milliliters of deionized water. The separated organic layer was washed a second time (750
milliliters deionized water) recovered and then rotary evaporated under vacuum for 45 minutes at 110°C
then 30 minutes at 130" C. The product was recovered (166 5 grams) as a crystalline off-white solid with an
epoxide equivalent weight of 181.46.

C. Characterization of Liquid Crystallinity in the Diglycidy! Ether of 4.4'-Dihydroxy-a-methylstilbene

A portion (10.84 miiligrams) of the diglycidyl ether of 4, 4'-d|hydroxy-alpha-methylst|Ibene from B above
was analyzed by dlfferentlal scanmng calorimetry using a heating rate of 10°C per mmute and a
temperature range of 30 C to 150" C. The results are reported in Table L.

TABI_.E i
DIFFERENTIAL SCANNING CALORIMETRY ANALYSIS OF THE DIGLYCIDYL
ETHER OF 4.4 -DIHYDROXY-a-METHYLSTILBENE
Cycle Designation Observed Transition Enthaipy Comments
Temperatures {* C) (Jg)
midpointrange
First heat .  73/55-84 | 6.3 -
(30 to 150" C) 122/84-130 | 41.8 -
First cooling -181-52. - 2 unresolved
(150 to 30" C) : gl broad, flat
peaks
Second heat ' 84/48-92 314 . -
(3010 150" C) (shoulder at 69) 124/108-132. 3.6 -
Second cooling D -/81-82. - 2 unresolved
(150 to 30° C) . broad, flat
peaks

Analysis of the diglycidy! ether via polanzed light mlcroscopy was completed using a microscope
equipped with a programmable hot stage usmg a heating thte of 20° C per minute. The results are reported
in Table Il .
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" TABLE Il

POLARIZED LIGHT MICRQSCOPY ANALYSIS OF THE DIGLYCIDYL ETHER OF .
4.4'-DIHYDROXY-a-METHYLSTILBENE
Cycle Observed Transition _ Comments
Designation | Temperatures (" C)
First heat - 109 First fluidity noted.
137 Isotropization completed.
First cooling 91 First mobile nematic droplets observed.
51 First crystallization noted. '
Second heat 63 First fluidity noted.
78 Flows to nematic texture.
86 Isotropization completed but minor crystalline fraction still present.
133 All crystalline fraction melted.
Second cooling - 9N First mobile nematic droplets observed.
' 51 First crystallization noted.

The- diglycidyl ether is a monotropic liquid crystal with a nematic texture. Two fractions are present: the
higher melting crystalline fraction becomes liquid crystalline at 91 * C (microscopic observation) followed by
the development of liquid crystallinity in the second, lower melting fraction. This accounts for the broadness
and overlapping observed in the cooling cycles by differential scanning calorimetry.

_D_. Preparation 9_f a Neat Resin Casting 6f the Diglycidyt Ether o_f 4.4'-Dihydroxy-a-metﬁylstilbene

A diglycidyl ether of 4.4'-dihydroxy-a-methylstilbene (36.56 grams, epoxide equivalent weight of 182.0)
prepared using the same method as in B was melted in a 160° C convection oven. An equivalent amount of
a curing agent, sulfanilamide (8.65 grams), was then added to the resin. After all of the sulfanilamide had
dissolved (approximately 20 minutes), the mixture was then degassed in a vacuum bell jar and poured into
an aluminum mold (dimensions = 4.5 inch x 5.0 inch x 0.125 inch; 1143 mm x 127 mm x 3.18 mm)
located in a 100" C oven. After two hours at 100" C, the temperature of the oven was increased and held for
one hour at the following temperatures: 120° C, 140° C, 160° C, 180" C, 200° C and 220" C. Upon cooling to
room temperature, an opaque, cream colored casting was obtained from the mold. Differential scanning
calorimetry analysis of this polymer showed no discernable transitions or exothermic activity to 280°C. The
apparent glass transition temperature for this polymer, as determined by dynamic mechanical analysis, was
260° C which was 74" C higher than that obtained for the diglycidyl ether of bisphenol A in Comparative
Experiment A-1. The dynamic mechanical analysis also gave a tensile storage modulus of 950 MPa
(137.750 psi) at 40" C for this polymer which was 40 percent higher than that obtained for the diglycidyl
ether of bisphenol A. The flexural strength and modulus obtained for this casting using ASTM Method D790
were 18,800 psi and 493 ksi, respectively. These flexural properties were comparable to those obtained for
the diglycidyl ether of bisphenocl A of Comparative Experiment A-1. The results are reported in Table ill.
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- TABLE W

PROPERTIES OF NEAT RESIN CASTINGS

- PROPERTY

DIGLYCIDYL ETHER OF BISPHENOL
A (Comparative Experiment A-1)

, DIGLYCIDYL ETHER OF
4,4 -DIHYDROXY-a-METHYLSTILBENE
- (Example 1-D)

2V 180 6.€ 0 43

Gilass Transition Temperature, - 'C (Dynamlc Mechanical Analysls) 186 260 (apparent)

- | Tensile Stoﬁage Modulus, ksn (Dynamlc Mechamcal Analysis) 197.2 1378
" |- Flexural Strength, psi . . . 19,960 18,900
Flexural Modulus, ksi - 472 493
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In addition to the above analysis, a samp'e of the resinous mixture of the diglycidyl ether of 4 4'-dihydroxy-a-
methyistilbene and sulfanilamide which was used to. prepare this casting was viewed under an optical
microscope (70X magmflcatlon) using a cross polarized light source. This sample was heated to 100 € and heid
at this temperature to duplicate the initial curing conditions of the casting. After 30 minutes at 100" C. a nematic
lguid crystalline texture begins to develop. At this stage of resin advancement, shear pressure was applied by
moving the microscope slide cover under which the sample was contained. With the application of this shear
pressure, birefringent, fibrous domains were observed to form and orient in one direction.

~

ra Example 1

E. Preparation of a Neat Resin Casting of the Dlglycu:lyl Ether of 44-Drhydroxy-a-MethyIsttlbene and
Measurement of "Chemical Resistance

15
A digiycidyl ether of 4.4'-dihydroxy-a-methylstilbene (19.28 grams, epoxide equivalent weight of 178.2)
prepared using the same method as in B was melted in a 160" C convection oven. After melt of this resin
had occurred. an equivalent amount of a curing agent, sulfanilamide (4.65 grams), was added. This mixiure
was periodically stirred over the next 10 minutes to dissoive all the suifanilamide into the resin. The mixture
20 was then degassed in a vacuum bell jar and poured into an alummum mold (dimensions = 3 inch X 3 inch
x 0.125 inch; 76.2 mm x 76.2 mm x 3.18 mm) preheated in a 120" C oven. After two'hours at 120 C. the
temperature of the oven was increased and held for one hour at the following temperatures: 150°C, 180" C
and 200° C. After one hour at 200" C, the temperature of the oven was increased to 225° C where it was
held for 2 hours before cooling to room temperature. Upon cooling to room temperature, an opaque, cream
25 colored casting was obtained from the mold. Differential scanmng calorimetry analysis of this polymer
showed no discernable transitions or exothermic activity. to 270° C. From the casting obtained, test coupons
which were approximately 0.5 inch wide by 1.5 inch long (12.7 mm x 38.1 mm) were cut and individually
weighed. These coupons were separately rmmersed in methylene chiorids, fibrous domains were observed
to form and orient in one direction.
30

Example 1

H

35 E. Preparation of a Neat Resin Casting of the Dnglyczdyl Ether of 44- ~Dihydroxy-a-Methyistiibene and
Measurement of " Chemical Resistance

A diglycidyl ether of 4.4'-dihydroxy-a-methyletilbene (19.28 grams, epoxide equivalent weight of 179.2)

prepared using the same method as in B was melted in a 160" C convection oven, After melt of this resin

40 had occurred. an equivalent amount of a curing agent, sulfanilamide (4.65 grams), was added. This mixture

was periodically stirred over the next 10 minutes to dissolve all the sulfanilamide into the resin. The mixture

was then degassed in a vacuum bell jar and poured into an alummum mold (dimensions = 3 inch X 3 inch

x 0.125°inch; 76.2 mm x 76.2 mm x 3.18 mm) preheated in a 120° C oven. After two hours at 120 C. the

temperature of the oven was mcreased and held for one hour at the foliowing temperatures 150°C, 180°C

45 and 200° C. After one hour at 200" C, the temperature of the oven was increased to 225° C where it was

held for 2 hours before cooling to room temperature. Upon cooling to room temperature, an opaque, cream

colored casting was obtained from the mold. Differential scanmng calorimetry analysis of this polymer

showed no discernable transitions or exothermic activity to 270" C. From the casting obtained, test coupons

- which were approximately 0.5 inch wide by 1.5 inch long (12.7 mm x 38.1 mm) were cut and individually

s0 weighed. These coupons were separately immersed in methylene chloride, methyl ethyl ketone. dimethyl-

formamide and bleach, then maintained therein at room temperature (approximately 23" C). Atter immersion

for a measured time, the coupons were removed froih the chemical, wiped dry and then weighed. For these

neat resin coupons of the diglycidyt ether of 4,4 -dlhydroxy-u-methylstllbene cured with sulfanilamide, the

percent weight gains were (.56 after 30 days in. methylene chloride, 0.02 after 60 days in methyl ethyl

s5 ketone, 0.67 after 30 days in dumethylformamlde and 0.25 after 30 days in bleach. The results are reported
in Table IV.
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TABLE WV

~ Solvent Absorption for Neat Resin Castings

Diglycidy! Ether of Bisphenol A
(Comparative Experiment A-3)

Diglycidyl Ethér of'w

. 4.4'-Dihydroxy-a-methylstiIbene

(Example 1- E)

Percent Weight Gain After 30 Days Immersion in Methylene Chloride
‘Percent Weight Gain After 60 Days Immersion in ‘Methyl Ethy! Ketone
Percent Weight Gain After 30 Days Immersnon in Dlmethylformamlde :

26.6
4.1

8.7
1.0

0.56
0.02
0.67
0.25 |

Percent Weight Gain After 30 Days Immersion in Bleach

eV 150 6.€ 0 d3
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Example 1

F. Preparation of An Injection Molded, Graph:te Composnte of the Dnglycndyl Ether of 44- -Dihydroxy-a-
Methylstllbene .

A digiycidyl ether of 4.4'-dihydroxy-a-methylstilbene (4.95 grams, epoxide equivalent weight of 177.25)
prepared using the same method as in B was splaced in ‘a 160° C oven. After melt of this resin had
occurred (approximately 8 minutes), an equivalent amount of a curing agent, sulfanilamide (1.202-grams),
was added. This mixture was periodically stirred over the next 10 minutes to dissoive ail the sulfanilamide
into the resin. Chopped graphite fibers (1.0868 grams; 1/4 inch long (6.3 mm)) were then added. The
graphite fibers used were obtained from Fortafil Fibers, Inc. and the manufacturer's designation for this
product was Fortafil 3(c) 1/4 07. After adding the graphite fibers (15 weight percent based on total
components), they were mixed with the resin over the next 5 minutes to produce a blend. This blend was
next degassed using a vacuum bell jar and then transferred to the reservoir of an injection molder which
was temperature controfled at 120° C. After 20 minutes, heating of the molder reservoir was discontinued.
When the molder reservoir had cooled to 100" C, the mixture was injected through a 1/8 inch x 3/32 inch
(3.0 mm x 2.3 mm) rectangular orifice into a mold (dlmens:ons 3 inch x 0.5 inch x 0.125 inch; 76.2 mm x
12.7 mm x 3.18 mm) which was preheated to. 8s5"C. This mold was then immediately transferred to an
85° C oven. After 17 hours at 85° C, the oven temperature was increased to 230° C over a 7 hour period.
The oven temperature was then maintained at 230° C for 8 hours before cooling to room temperature. At
room temperature a graphite composite of the dlglycndyl ether of 44 -d|hydroxy-a-methylstllbene cured with
sulfanilamide was obtained from the mold. The _ﬂexural.strength and modulus for this composite were
27,740 psi and 1,719 ksi, respectively. Differential scanning calorimetry was performed at a heating rate of
10°C per minute for a sample of the composite (approximately 20 milligrams). This analysis showed no
discernable glass transition temperature to 300" C. The results are reported in Table V.

This Sheet Has Been Replaced




o€

I

_ peoejday usag seH 133YS STYL

Il

TABLE V

Properties for Injection Molded, Graphite Composites

Diglycidyl Ether of Bisphenol A

(Comparative Experiment A-4) "

 Digiycidy! Ether of
44 -Dmydroxy-a—methylstllbene
(Example 1-F)

Glass yansmon Temperature ‘c (leferenhal Scanmng Calonmetry)
Flexural Strength, psi - - : _ _

- 190
21,450
1,179

- None Detected
27,740
1,719

Fl_exural Modulus, ksi

~

- SV LS50 62€ 0 &3
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Exampie 1

G. Preparation of a Cured Resin Composition Based on a Mixture of the Diglycidyl Ether of 44- -Dihydroxy-
a-Methylstllbene and the Diglycidyl Ether of Brsphenol A

The diglycidyl ether of 4,4 -dihydroxy-a-methyistilbene (4.9129 grams, epoxide equivalent weight =
179.1) prepared using the same method as in B was melted in a 160" C convection oven. After the resin
had meited, an equivalent amount of curing agent sulfanilamide (1.1809 grams) was added. This blend was
periodically stirred over the next 15 minutes to dissolve all the sulfanilamide. After the sulfanilamide had
dissolved, the mixture was removed from the oven and cooled to room temperature At room temperature,
part of this material (0.2875 grams) was added to an aluminum cup containing 0.2875 grams of a mixture
consisting of a diglycidyl ether of bisphenol A (epoxide equivalent weight = 175.6) and an equwalent
amount of dissolved curing agent (sulfanilamide). The aluminum cup containing the d:glycxdyl ether of 4.4 -
dihydroxy-a-methyistilbene and the diglycidyl ether of bisphenol A was then placed in a 120° C convection
oven. Another aluminum cup containing 0.46 grams.of a control (a mixture of the diglycidyl ether of
bisphenol A, an equivalent amount of sulfanilamide and 4480 ppm catalyst (tetrabutylphosphonium ace-
tate*acetic acid complex, 70 weight percent in- methanol, prepared using the same procedure as in
Comparative Experiment A-1) was also placed in the 120" C oven at the same time. In the oven, these two
resin systems were stirred during the first 10 minutes and then allowed to gel. After 3 hours at 120" C, the
oven temperature was increased and held for one hour at the following temperatures: 150° C, 180" C and
200" C. After 1 hour at 200" C, the oven temperature was increased to 225 C where it was held for 2 hours
before cooling to room temperature. At room temperature, the two cured resin compositions were removed
from the aluminum cups and differential scanning calorimetry analysis was performed for these polymers to
determine the glass transition temperatures. The glass transition temperature for the control, the diglycidyl
ether of bisphenol A cured with sulfanilamide, was 185 C which reproduced the value obtained in
Comparative Experiment A-1. The glass transition temperature for the mixture of the diglycidy! ether of 4, 4'-
dxhydroxy-a-methylstllbene and the diglycidyl ether of blsphenol A cured with sulfanilamide was 211°C
which represents a 28°C improvement over the control.

This Sheet Has Been Replaced
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A. Synthesis of 4.4 -Dihydroxybenzanilide

One hundred grams of 4 4 -duhydroxybenzophenone (0.467 mole) was added to 300 mi of ethanol in a
stirred, 1-liter Erlenmeyer flask. After the 4. 4 -dihydroxybenzophenone had dissclved, a solution consisting
of 48.6 grams of hydroxylamine hydrochloride (0.899 mole) and 57.4 grams of sodium acetate (0.700 mole)
in 70 m! of deionized water was added followed by an addltronal 100 mi of ethanol. This mixture was stirred
and heated on a hot plate to a gentle reﬂuxmg condmon (75 C). After heating for 4 hours, the solution was
allowed to cool to room temperature with stirring. and then filtered. One hundred ml of ethanol was used to
wash the filter cake. The total filtrant obtained (600.4 grams) was then concentrated to a weight of 219.2
grams by evaporation of the ethanol and water. This solution was then placed in a stirred 1-liter Erlenmeyer
flask to which 600 mi of deionized water was® added ‘With the addition of the deionized water, a white
precipitate was formed. After 30 minutes of strrrrng. thls solutxon was filtered. The solids obtained weighed
98.22 grams after drying. Sixty-six grams of. this: materlal 4, 4 -drhydroxybenzophenone oxime, 0.288 mole)
was added to 330 m! of glacial acetxc acid .in’a’ 500 ml round: bottom flask equipped with a stirrer, water
cooled condensor, nitrogen purge and heatmg mahtle ‘A catalytic amount of toluenesulfomc acid (1.85
grams, 0.027 mole) was next added and the reaction mixture was then heated to 83" C. After heatmg for
approximately 2 hours, a precipitate was formed: whlch was stirred for an additional 2 hours at 87°C.
Twenty-five mi of deionized water was next added and after 30 minutes, the contents of the reaction flask
were transferred to a stirred, 1-liter Erlenmeyer flask Immediately following this transfer, 400 mi of
deionized water was added. This solution was’ stlrred ‘for 45 minutes and then filtered. The filter cake
obtained was washed with 800 ml of deionized water and then dried. The resuitant solids, which were a light
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beige color, weighed 54.82 grams. Fourier transform infrared analysis of this product showed absorbances
which were indicative of the structure for 4, 4 -dlhydroxybenzamhde Differential scanning calorimetry
anetysis showed a sharp melt endotherm at 273" C for the 44 -dihydroxybenzanilide thus obtained.

B. Epoxidation of 4.4’ -Dihydroxybenzanilide

4.4'-dihydroxybenzanilide (99.6 grams. 0.434 mole) prepared from the method given in A, epich-
loronydrin (804.57 grams, 8.70 moles), deionized water (69.96 grams. 8.0 percent by weight of the
epichlorohydrin used) and isopropano! (433.23 grams. 35 percent by weight of the epichlorohydrin used)
were added to a round bottom flask and heated to 65 C with stirring under a nitrogen atmosphere. After the
temperature had reached 65° C., sodium hydroxide (31.31 grams, 0.78 mole) dissolved in deionized water
(125.25 grams) was added dropwise over a one hour period so as to maintain the reaction temperature at
65 C. Fifteen minutes after completion of the aqueous sodium hydroxide addition, the stirring was stopped
and the aqueous layer which separated from the reaction mixture was removed and discarded. Stirring was
then resumed and a second solution of sodium hydroxide (13. 92 grams, 0.35 mole) dissolved in deionized
water (65.66 grams) was added over a 30 minute period so-as to maintain the reaction temperature at
65 C. Fifteen minutes after completion of the second aqueous sodium hydroxide addition, stirring and
heating were stopped and the reaction mixture was transferred to a separatory funnel. The aqueous layer
which separated from the reaction mixture was removed and discarded. As the remaining organic layer
cooled to room temperature, sufficient methylene chloride was added to keep the epoxy resin dissolved in
solution. The cooled organic layer obtained was then washed:four times with deionized water. The volume
of deionized water used during each wash was approximately one half that of the organic layer. The washed
organic layer was then rotary evaporated under vacuum at 125° C. The final product obtained after drying
was an off-white crystalline solid (142.03 grams, yield = 95.8 percent based on 4, 4 -dihydroxybenzanilide)
which had a melting point of 180-185 * C and an epoxide equivalent weight of 178.0.

9_. Characterization of the Diglycidy! Ether of 4.4'-Dihydroxybenzanili_de fg: Liquid Crystal Character

A sample of the diglycidyl ether of 4.4'-dihydroxybenz_aniIide prepared in B was heated on a hot stage
under an optical microscope (70X magnification) using a cross polarized light source. Melting and clearing
to an isotropic state was observed between 1790-185° C. Upon cooling from 185" C, the development of a
birefringent phase was first observed at 165 C which was completed at 160° C. In this temperature fange,
the resin was still fluid. On further cooling, the resin was observed to crystallize at approximately 150° C.

Differential scannmg calorimetry analysis of the diglycidyl ether of 44 -dlhydroxybenzamllde at a
heating rate of 20" C per minute showed a small endotherm (14 joules/gram) between 1500-170 " C followed
by a melt endotherm at 183° C. On cooling at 20 ‘c per minute, a small broad exotherm was observed
between 180" and 148° C followed by a larger exotherm beginning at 148° C (-50 joulesigram). These
observed transitions change with repeated heating and cooling which was attributed to the slow self-curs of
the diglycidyl ether of 4, 4 -dihydroxybenzanilide at these temperatures.

To determine the characteristics of the diglycidyl ether of 4, 4 -dihydroxybenzanilide when chain
extended, 0.2504 grams of this resm containing 6000 ppm A-2 phosphonium catalyst was combined and
mixed with 0.67 equivalent of 4 'y -duhydroxybanzamllde (0.1083 gram). This mixture was placed between
two glass plates and then heated to 250 C where an ‘isotropic film was produced. Upon cooling, a
birefringent schlieren type texture was observed for this film when viewed under an optical microscope (70X
magnification) using a cross polarized light source. These'results indicate that a liquid crystal glass can be
produced through the advancement and/or cure of the dlglycadyl ether of 4, 4 ~dihydroxybenzanilide.

D. Preparation of Cast Films of the Diglycidyl Ether of 4"-4'-Dihydroxybenzanilide

Part of the diglycidyl ether of 4, 4 —duhydroxybenzamlnde prepared from B (4.3925 grams) was combined
and mixed with an equwalent amount of a curing agent, sulfanilamide (1.0624 grams). This blend of solids
was then placed in a 175  C convection oven. After melt has occurred {approximately 10 minutes) the
resinous mixture was poured into a mold (dimensions .= 7.5 inch x 0.5 inch x 0.021 inch; 190.5 mm x 12.7
mm x -0.53 mm) also located in the same convection oven This mold was then placed in a mechanical
press heated to 130" C. Pressure (approxnmately 2000 ps:) was then applied to the mold within 5 minutes.
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After 1.5 hours at 130" C, the temperature of the press was increased and held for one hour at the following -
temperatures: 160 C, 180" C and 200" C. After one hour at 200" C, the temperature of the press was raised
to 225° C where it was held for two hours before it was allowed to cool to room temperature. After cooling
to room temperature an opaque casting was obtained from the moid. The flash from this casting, which
results from excess resin being squeezed from the mold. exhibits a birefringent texture which was onented
in the direction of its flow formation. The apparent glass transatlon temperature for this polymer was 245°'C
as determined by thermal mechanical analysis which was 85" C higher than that obtained for the diglycidyi
ether of bisphenol A in Comparative Experiment A-2. The average tensile strength and modulus for two cast
films prepared using this procedure were 12,450 psi' (standard deviation = 1460 psi) and 635 ksi (standard
deviation = 3.5 ksi), respectively. These values. represent a 41 and 23 percent improvement for these
respective properties when compared to those. . obtamed for the diglycidyl ether of bisphenol A in
Comparative Experiment A-2. The results are report_ed in Table V.
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TABLE VI

PROPERTIES FOR CASTED FILMS

PROPERTY

| DIGLYCIDYL ETHER OF BISPHENOL

A (Comparative Experiment A-2) -

’DIGLYCIDYL ETHER OF
4,4"-DIHYDROXY-BENZANILIDE
{Example 2-D)

Glass Trapsition Temperature, * C (Thermal Mechanical Analysis) 180 245 (apparent)
Tensile Strength, psi ' : . 8803 ' 12,450
Tensile Modulus, ksi 515 635
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A Synthesis of 4.4'-Dihydroxy-2.2'-Dimethylazoxybenzene‘_ _

3-Methyl-4-nitrophenol (15.3 grams, 0.10 mole) in anhydrous tetrahydrofuran (100 milliliters) was added
dropwise to a vigorously stirred. refluxing suspension of excess lithium aluminum hydride (6.0 grams) in
anhydrous tetrahydrofuran (100 milliliters). After completion’ of the addition, reflux was maintained for an
additional 24 hours. The recovered mixture was poured over crushed ice then exiracted with diethyl ether.
The ether extract was dried over anhydrous magnesnum sulfate fol!owed by rotary evaporation under
vacuum to provide a wine red solid identified as 44 -dnhydroxy-22 -dimethylazobenzene by nuclear
magnetic resonance spectroscopy. Oxidation of the recovered azo compound was accomplished by
dissolution in tetrahydrofuran followed by addition of a 10 mole percent excess of 32 percent peracetic acid
at 25" C. Two hours after addition of the peracstic acid, the solution was poured into a mixture of saturated
sodium bisulfite (50 milliliters) and saturated- sodium. bicarbonate (50 milliliters). The precnpltated solid was
filkered from the agueous mixture then recrystalllzed from deionized water to provide 44 ~dihydroxy-2, 2.
dimethylazoxybenzene (11.0 grams).

B. Epoxidation of 4.4 -Dihydroxy-2.2 -Dimethylazoxybenzene

4,4'-Dihydroxy-2.2'~dimethylazoxybenzene (9.0 grams, 0.07 hydroxyl equivalent), epichlorohydrin (64.5
grams, 0.7 mole), deionized water (2.8 grams, 8.0 percent by weight of the epichlorohydrin used) and
isopropanol (17 4 grams, 35 percent by weight of the epichlorohydrin used) were added to a reactor and
heated to 55°C with stirring under a nitrogen atmosphere. Once the 55° C reaction temperature was
achieved, sodium hydroxide (2.51 grams, 0.063 mole) dissolved in deionized water (10.0 grams) was added
dropwise to the reactor over a 40 minute period in order to maintain the reaction temperature at 55°' C. Ten
minutes after completion of the aqueous sodium hydroxide addition. the stirring was stopped and the
agueous layer which separated from the reaction mixture was pipetted off and discarded. Stirring was
resumed and after a total of twelve minutes following completion of the initial aqueous sodium hydroxide
addition, a second solution of sodium hydroxide (1.12 grams, 0.028 mole) dissolved in delomzed water (4.5

grams) was added to the reactor over a twenty minute period in order to maintain the 55° C reaction

temperature. Fifteen minutes after completion of the a_queous sodium hydroxide addition, the recovered
reaction mixture was added to a separatory funnel and washed with 300 milliliters of deionized water. The
separated organic layer was washed a second time (300 milliliters deionized water), recovered and then
rotary evaporated under vacuum for 60 minutes at 10Q'C. The product was recovered as a crystalline
mustard yellow colored solid with an epoxide equivalent weight of 202.26 (uncorrected).

C. Characterization of the Diglycidy! Ether of 44 -Dlhydroxy-22 -Dlmethylazoxybenzene for Liguid Crystal
Character

A sample of the diglycidyl ether of 4 4'-dihydroxy-2 2'-dimethylazoxybenzene prepared in B was heated
on a hot stage and viewed under an optical mtcroscope (70X magnification) usnng a cross polarized hght
source. Softening of this resin was first observed.at 50° C. On further heating, a melt was obtamed at86 C
which contained birefringent partlcles These birefringent particies began to disappear at 96°Canda totally
isotropic ‘melt was observed at 102° C. On cooling the resin from 102" C to room temperaturs, no liquid
crystal textures were observed.

The digiycidy! ether of 4,4 -duhydroxy-zz -dlmeﬁ'nylazoxybenzene prepared from B (0.1200 gram) was

combined and mixed with an equivalent amount of sulfanilamide (0.0255 gram). Sulfanilamide was chosen

in this analysis as it is an epoxy curing agent which promotes a degree of linear advancement before final
crosslinking. A sample of this curable composition was heated on a hot stage and viswed under an optical
microscope (70X magnification) using a cross polarized light source. At 170° C, an isotropic melt was
obtained which set after approximately 15 minutes -at this temperature. After one hour at 170°C, the
temperature was increased to 200° C where it was held for 40 minutes before cooling to room temperature.
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Upon cooling to room temperature, a birefringent schlieren type pattern was observed which indicates the
formation of a polymer which was a liquid crystalline glass.
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A. Synthesis of 4.4 -Dihydroxy-a-Methylstilbene

Phenol (376.44 grams, 4.0 moles), chioroacetone (192.77 grams, 2.0 moles as chioroacetone) and
methylene chloride (300 grams) were added to a reactor and cooled to -10°C with stirring. The
chicroacetone used was a commercial grade containing 96 percent chloroacetone. Concentrated sulfuric
acid (196.16 grams, 2.0 mole) was added dropwise to the stirred solutnon over a thirty seven minute period
and so as to maintain the reaction temperature between--10 and -11 * C. After 143 minutes of post reaction
between a -10 to -11° C temperature range, the viscous, orange colored oil product was mixed with iced
deionized water (500 milliliters). The oil product was separated then washed with a second portion (500
miliiliters) of deionized water. After separation, the recovered oil product was added to a 2 liter beaker along
with ethanol (250 milliliters) and stirred to provide a solution. Deionized water (250 milliliters) was added to
the stirred solution and heating commenced. As the temperature of the mixture increased, -the stirred
mixture began. to clear. Each time clearing was observed, sufficient deionized water was added to induce
cloudiness, followed by continuation of the mixing ‘and- heating. Once the temperature reached 70°C,
massive precipitation of white crystaliine plates occurred ari_d was followed by immediate coalescence of
the precipitated product to an oil. The oil layer was recovered by decantation of the water layer and sthanol
(250 milliliters) was added. Deionized water was again added to the stirred solution as heating commenced.
in an amount sufficient to induce cloudiness each time clearing was observed. Once the temperature
reached 90 C, a massive precipitation of white crystalline plates again occurred. At this time, stirring was
stopped and the crystalline slurry was chilled to 4" C and held therein for 12 hours. The crystalline product
was recovered by filtration of the chmed crystalline slurry ‘and combined with delomzed water (800
milliliters), then stirred with heating to 90° C. After maintaining_the stirred slurry at, 90 C for five minutes,
the crystalline product was recovered by filiration. . The .crystalline product was again combined with
deionized water (800 milliliters), then stirred with heating to 90° C. After maintaining then stirred slurry at
90’ C for five minutes, the crystailine product was recovered by filtration and then dried in a vacuum oven
at 100 C and 5 mm Hg to a constant weight of 190.0 grams of light tan colored crystalline solid. Proton
magnetic resonance spectroscopy and infrared spectrophotometric analysis confirmed the product struc-
ture.

B. Epoxidation of 4.4 -Dihydroxy-a-methylstilbene

4.4'-Dihdroxy-a-methylstilbene (152.73 grams, 1.35 hydroxyl equivalents) from A above, epichlorohydrin
(624.58 grams, 6.75 moles), deionized water (54.31 grams, 8.0 percent by weight of the epichiorohydrin
used) and isopropanol (336 31 grams, 35 percent by weight of the eplchlorohydrm used) were added to a
reactor and heated to 55° C with stirring under a nitrogen atmosphere. Once the 55" C reaction temperature
was achieved, sodium hydroxide (48.6 grams, 1.22 moles) dissolved in deionized water (194.4 grams) was
added dropwnse to the reactor over a 45 minute period’ and so as to maintain reaction temperature between
55 and 59° C. Ten minutes after completion of the- aqueous -sodium hydroxide addition, the stirring was
stopped and the aqueous layer which separated from_ _the react;on mixture was pipetted off and discarded.
Stirring was resumed and after a total of twenty minutes following completion of the initial aqueous sodium
hydroxide addition, a second solution of sodium hydroxide (21.6 grams, 0.54 mole) dissolved in deionized
water (86.4 grams) was added to the reactor over a twenty minute period and so as to maintain the 55° C
reaction temperature. Fifteen minutes after comgletion‘;of the aqueous sodium hydroxide addition, the
recovered reaction mixture was added to a separatory funnel and washed with 750 milliliters of deionized
water. The separated organic layer was washed a second time (750 milliliters deionized water), recovered
and then rotary evaporated under vacuum for 45 minutes at 1 10' C then 30 minutes at 130" C. The product
was recovered (218.6 grams) as a crystalline solid with an epoxide equivalent weight of 183.33.

g; Characterization of Liguid Crystallinity in the Diglycidyl Ether of 4,4'-Dihydroxy-a-MethyIstilbene
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A portion (13.12 milligrams) of the diglycidyl ether of 4,4'-dihydroxy-a-methylstllbene from B above was
analyzed by differential scanning calorimetry using a heating rate of 10 C per minute and a temperature
range of 30 to 150" C. The following results were obtained:

EP 0 379 057 A2

Cycle Designation QObserved Transition Enthalpy | Comments

Temperatures (* C) (J/G)

midpoint/range

First heating 127/101-138 72.7 single endotherm
(30 to 150" C) _ -
First cooling 89/92-78 . 1.8 single exotherm
(150 t0 30" C) 44/54-36 212 single exotherm
Second heating 82/72-96 26.0 single exotherm
(30 to 150" C) 126/96-138 61.9 single endotherm
Second cooling 89/92-73 3.0 single exotherm
(150 to 30" C) 44/54-36 218 single exotherm

Analysis of the diglycidy! ether via crosspolarized light microscopy was completed using a microscope
equipped with a programmable hot stage using a heatmg rate of 10°C per minute. The following results
were obtained:

Cycle Designation} Observed Transition | Comments
Temperatures { C)
First heating 30 ' Birefringent crystalline solid.
(250 136" C) :
107 | First fluidity noted, birefringment
crystals moving in an isofropic fluid.
135 Isotropization completed.
First cooling 94 First mobile nematic droplets
observed.
(136 t0 30° C)
56.5 Crystallizes.
Second 77 First fluidity noted.
heating _ '
{3010 136°C) 106 Birefringent crystals moving in an
o isotropic fluid.
132 " |lsotropization completed.
Second 92 First mobile nematic droplets
cooling (129 to observed.
30 C)
(12910 30" C) .
57 - - Crystallizes.

The diglycidyl ether is a monotropic liquid crystal with a nematic texture. The nematic fluid gave
opalescence when stirred between the 94 and 56.5° © temperatures of the first cooling cycle.

D. Charactenzauon of Liquid Crystalhmty m the Phenoxy Resin Prepared v:a in sntu Reaction of 44-
Dlhydroxy-u-methylstllbene and the Dnglyc:dyl Ether 4.4 -Dlhydroxy-a-methylstllbene _

A diglycidyl ether of 4, 4 ~dlhydroxy-a-methylstllbene (0 25 gram. 0.0014 epoxtde equivalent) prepared
using the method of B above and: havmg an epoxlde equivalent weight of 176.81, 44-d|hydroxy-a-
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methylistilbene (0.16 gram. 0.0014 hydroxy! equivalent) prepared using the method of A above and acetone
{20 milliliters) to which tetrabutylphosphonium acetateacetic acid complex (70 percent solids in methanol)
(0.0075 gram) had been added was mixed to provide a solution. The resultdnt solution was evaporated to
provide a dry solid which was then ground to a fine homogeneous powder. A portion of the powder on a
microscope slide was analyzed via crosspolarized light microscopy using a microscope equipped with a
programmable hot stage and using a heating rate of 10" C per minute to 131" C then held thersin. At
131°C, a totally isotropic fluid formed. After one minute at 131" C, a birefringent phase with a rodlike
appearance was observed. After two minutes at 131 *C. the birefringent, rodlike appearance increased and
stir opalescence was present. After five minutes at 13_1'0. the product became an opaque, birefringent
solid. Heating of the opaque, birefringent solid to 250°C produced no further changes in its appearance.

EP 0.379 057 A2

‘Upon cocling to 25' C, the solid product retained its opaque and birefringent appearance.

E. Preparation of Phenoxy Resin of 44'- Dlhydroxy-a-Methylstllbene and the Diglycidy! Ether of 44-
Dnhydroxy-a-Methylsulbene and Solvent Borne Coating Thereof

A portion (5.6566 grams, 0.05 hydroxyl equwalent) of 4,4 -dlhydroxy-a-methy|st|lbene from A above, a
portion (9.1666 grams, 0.05 epoxide equivalent) of the diglycidyl ether of 4.4 -dihydroxy-a-methylstilbene
from B above and cyclohexanone (50.0 grams) were added o a reactor and heated with stirring under a
nitrogen atmosphere to provide a 90" C solution.  Once the 80° C reaction temperature was achieved.,
ethyltriphenyl-phosphonium acetateacetic acid complex (70 percent solids in methanol) (0.0297 gram, 0.20
percent by weight of the diphenol and digiycidyl ether reactants used) was added to the reactor and heating
continued to.130° C. After eight hours at the 130" C temperature, the reaction product was recovered as a
transparent, viscous solution. Cyclohexanone was evaporated from the product solution to provide 33.3
percent by weight phenoxy resin (14.82 grams) in 66.7 percent by weight cyclohexanone (29.7 grams). This
solution was applied to the surface of a 4 inch by 12 inch by 0.32 inch (101 mm x 304 mm x 8.1 mm)
unpolished cold rolled steel panel which had been washed with methylene chloride using a number 40
drawdown bar. The coated panel was allowed to dry for twelve hours at room temperature (25 C) to
provide a smooth opaque coating which was free of flaws. Further drying at 100 _C was completed for eight
hours, then a sample of the coating was scraped off and examined via crosspolarized light microscopy
demonstrating birefringence. A portion of the 1 mil thick coated panel was tested for flexibility via the T-
bend test using a standard method (ASTM D 4145-83). The temperature at which the specimens were bent
was 25" C, with all bends made perpendicular to the direction of the coating drawdown. After the application
and removal of the specified pressure sensitive.tape to the bent surface, the coating in the bend region was
treated for 15 seconds with acidified copper sulfate. After rinsing to remove the acidified copper sulfate, the
blotted surface was examined via optical microscopy for defects. The coating failed 0T as evidenced by the
penetration of acidified copper sulfate to etch the metal surface but consistently passed 1T (no penetration
of acidified copper sulfate). :

Comparative Experiment B

Preparation of a Solvent Borne Coating of The Phenoxy Resin of 44-lsopropyhdenednphenol and the
Diglycidyl Ether ¢ of 44 -lsopropyhdenedlphenol .

Cyclohexanone (66.7. percent weight, 29.7 grams) and a commercnal grade phenoxy resin prepared
from 4.4 -isopropylidenediphenol and the diglycidyl ether of 4, 4 -isopropylidenediphenol (33.3 percent
weight, 14.82 grams) were combined to form a solution. This solution was applied to the surface of a 4 inch
x 12 inch x 0.32 inch (101 mm x 304 mm x 8.1 mm) unpolished cold rolled steel panel which had been
washed with methylene chlcride usmg a number 40 drawdown bar. The coated pane! was allowed to dry for
twelve hours at room temperatura (25°C) to provude a.smooth transparent coating which was free of flaws.
Further drying at 100° C was completed for eight hours. then a sample of the coating was scraped off and
examined via crosspolarized light microscopy demon§tr_at|ng a total lack of birefringence. A portion of the 1
mil thick coated panel was tested for flexibility via. the'T-bénd test usmg a standard method (ASTM D 4145-
83). The temperature at which the specimens were bent was. .25" C, with all bends made perpendicular to
the direction of the coating drawdown. After the application and removal of the spec:f' ied pressure sensitive
tape to the bent surface, the coating in the bend region was treated for 15 seconds with acidified copper
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sulfate. After rinsing to remove the acidified copper suifate, the blotted surface was examined via optical
microscopy for defects. The coating failed OT as evidenced by the penetration of acidified copper sulfate to
etch the metal surface, sometimes passed 1T, but consistently passed 2T (no penefration of acidified
copper sulfate). '

Claims

1. An epoxy resin containing one or mare mesogenic or rodlike moieties, said epoxy resins represented
by the following Formuia (:

Formula I

0 (X) - X) 0
/\ ‘ ! /\
HgC — ?-Cﬂz -0 (Zl-Zz)n-— Zl 10 B CH2-C — CHg

wherein at least 80 percent of the -(Z'-Z?),-Z'-linkages and the glycidyl ether groups are in the para
position with respect to each other; each R and R!' is independently hydrogen or an aliphatic hydrocarbon
group having from 1 to 4 carbon atoms: each X is independently hydrogen, a hydrocarbyl or hydrocar-
byloxy group having from 1 to 12 carbon atoms, @ halogen atom, -NOz, or -Cal; each Z' is independently
-CR'=CR!'-, -CR'=CR'-CR'=CR'-, -CR'=N-N=CR!-, -CR' =CR'-C0-0-CH_~, -CR' = CR'-C0Q-0-CH>-CH:-,
-CH;-0-CO-CR' =CR'-, -CH2-CH2-0-CO-CR'=CR"-, -CR'=CR'-C0O-0-, -0-CO-CR'=CR'-, -N=N-, -CO-
NH-, -NH-CO-, -CO-NH-NH-CO-, -C=aC-, -C=C-CnC-, -CO-S-, S-CO-, a direct single bond when n21,

-CRl=N=- -N=CRl~- ~Nz=N=-

v, + , + ,
0 o 0

-cé-N\__/ N-CO- ’ .-_N \___/N- ’ _<:0)_
—~ }- o __>— , {\\’_ ,
0 _ 0 — o

(CHg)p

-CH =—CH-  (p=0, 1, 2)

4
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suifate. After rinsing to remove the acidified copper sulfate, the blotted surface was examined via optical
microscopy for defects. The coating failed 0T as evidenced by the penetration of acidified copper sulfate to

etch the metal surface, sometimes passed 1T, but consistently passed 2T (no penetration of acidified .

copper sulfate).

Claims

1. An epoxy resin containing one or more mesogemc or rodlike moieties, said epoxy resins represented
by the following Formula 1:

Formula I

0 (X) (X) 0
/\ 4 ) /\
HoC — ?-Cﬂz -0 (21-22), — 21 0 — caz—c —CHog

wherein at least 80 percent of the +(Z'-Z2),-Z° -lmkages and the glycidyl ether groups are in the para
position with respect to each other; each R and R' is independently hydrogen or an aliphatic hydrocarbon
group having from 1 to 4 carbon atoms; each X is independently hydrogen, a hydrocarby! or hydrocar-
byloxy group having from 1 to 12 carbon atoms. a halogen atom, -NOz, or -C=N; each Z' is independently
-CR'=CR'-, -CR'=CR'-CR' =CR'-, -CR' =N-N=CR'-, -CR! =CR'-C0O-0-CH;-, -CR' = CR'-C0-0-CH;-CH>-,
-CH2-0-CO-CR! =CR'-, -CH2-CH2-0-CO-CR'=CR'-, -CR!=CR'-C0O-0-, -0-CO-CR'=CR'-, -N=N-, -CO-
NH-, -NH-CO-, -CO-NH-NH-CO-, -C=C-, -CaC-C=C-, -CO-8-, S-CO-, a direct single bond when n21,

-CRl=N- -N=CRl- -N=N- This Sheet Has Been Rep

0 o o IR
Do, O
~ }— —\//}—, -{{}—

(CH2)p
N

| |
-CH = — CH- (p=0, 1, 2) ,
N |

0

A
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Z' can also independently be -CR! =<|3 ' ' '_ * € L M § %

CN
- C=CA-,

-CR'=N-, -N=CR'-, -CO-CR'=CR'-, -CR' =CR!'-CO-, -C0O-0-, and -O-CO- when Z2 is not a benzene ring
and n*0; Z2 is a group represented by a cyclig or bicyclic ring system containing from 5 to 12 carbon

40



10

15

20

25

30

40

50

56

>

EP 0 370 057 A2

atoms and may be cycloaliphatic. polycycloalig hatic, aromatic or a combination thereof: Zis independently
a -CO-, -0-CO-, -C0-0-, -CO-NR'-, or -NR'-CO- group; n is zero to 2; and n is zero or 1.
2, An epoxy resin containing one or more mesogemc or rodlike moieties. said epoxy resins represented

by the following Formula il:

- Formula II

0
/ \

This Sheet Has Been Replaced

; [T

/N

HeC — Cll-wz — 0-23-0 — CHy-C —CHg

R

wherein Z3 is

(X)4

(X)3

and Z* is -CO-O-, -0-CO-, -NR'-CO- or -CO-NR‘
carbon atoms which can contain one or more heteroatoms selected from N, O, and S and may be saturated
or unsaturated and R, X and R are as defmed in clalm 1.

3. As a composition of matter, the dlglycndyl ether of 4 4 -dnhydroxy-a-methylstllbene

4. As a composition of matter, the diglycidy! ether of 4, ry -dlhydroxybenzamhde

5. As a composition of matter, the diglycidyi ether of 4,4 -d|hydroxy-2 2 -dimethylazoxybenzene.

6. A monoepoxide containing one or more mesogenic or rodlike moieties, said monospoxide being
represented by the following Formula Hli: '

41

R

| (X)4

24 —

(X)3

-

" (X)ge

and Xlisa hydrocarbyl group having from 1 to 10

O ) I|I|I Il Il
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Formula III

0 Xy (X)s
/ \ - ¢
HeC — <|:-CH2 -0 - (21-22), — 21

R

¢

wherein at least 80 percent of the -{(Z'-Z2),-Z'-linkages ‘and the. glycidyl ether groups are in the para
position with respect to each other; each R and R! is independently hydrogen or an aliphatic hydrocarbon
group having from 1 to 4 carbon atoms; each X is independently hydrogen, a hydrocarbyl or hydrocar-
byloxy group having from 1 to 12 carbon atoms, a halogen atom, -NOgz, or -C=N; each Z' is independently
-CR!=CR'-, -CR! =CR'-CR!=CR!-, -CR!'=N-N=CR!-, -CR! =CR'-C0-0-CHz-, -CR' =CR'-C0Q-0-CH;-CHa~,
-CH2-0-CO-CR' =CR'-, -CH»-CH.-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-8-, -§-CO-, -CR' =N-, -N=CR!-, -CO-0O-, -0-CO-,
a direct single bond when n21,

-CRl=N- -N=CRl- -N=N-

+ ) + N KR + ,

0 0 : 0

N\ I\ . 0
~C0-N N-CO- -N . N~ __<<:: Y—

AN 4 ? Y / ’ 0 ’

0 N . N
—< ? .—</>_ 1} _C\: 9
(Cﬂz)p
0

"
1

AR
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'(Z')n" ]

CHRI -

~(Z')n?

-(Zé)n‘

(Z')an []
(Z')n'- [

~(Z2')n®
~(Z')pn

Y -
-

N
~
1

<
o~
~3
~
i

ECS

-(Z')n?

_(Z')h'-

(zv)ni,

—(Zi)n;

(Z')nt-,
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-(Z')p?

22 is a group represented by a cyclie or bi‘cyclic ring system containing from § to 12 carbon atoms.
7. A monoepoxide containing one or more mesogenic or rodlike moieties, said monoepoxide being

represented by the followmg Formula IV

* [ L M 5 *
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HzC —— ?-CHZ ‘—"'0 Z5

R
wherein 25 is

(X)4

(X)s _

oo
@1.

(X)s 7 o (X)3

Eoye
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(X)s

(X4

Z¢ is -C0O-0-, -0-CO-, -NR'-CO- or -CO-NR'-. :

8. An advanced epoxy resin composrtlon prepared by reacting (A) one or more of the epoxy resins or
compositions of Claims 1, 2, 3, 4 or 5§ with (B) at least one compound havmg_an average of more than one
active hydrogen atom_per moleculs; wherein components (A) and (B) are employed in amounts which
provide a ratio of active hydrogen atoms per epoxude group of from 0.01:1 to 0.95:1.

9. A thermoplastic resin composition prepared by advancement reaction of (A) one or more of the
epoxy resins-or compositions of Claims 1, 2, 3, 4_qr 5 with (B) at least one compound having an average of
more than one active hydrogen atom per molecule; wherein components (A) and (B) are employed in
amounts which provrde a ratio of active hydrogen atoms per epoxide group of from 0.96:1 to 1.05:1.

10. An epoxy resin composition or monoepoxrde of Claims 1, 2, 3. 4 5 6,7 8or 9 wherein the
mesogenic or rodlike moieties are oriented. . o

11, An epoxy resin composition of Claim 10 wherem said orientation is accomplished by means of an
electric field or magnetic field or shear flow. _

12. A blend comprising (A) one or more epoxy-contaumng resins or compounds containing one or more
mesogenic or rodlike moieties of Claims 1, 2, 3, _4.__.5 6. or 7 and (B) one or more polyepoxides which are
substantially free of mesogenic or rodlike moieties; wherein component (A) is present in an amount of from
1 to 99 percent by weight of the combined weight-of components (A) and (B) and component (B) is present

‘in an amount of from 99 to 1 percent by weight of:the combined weight of components (A) and (B).

- 13. A blend comprising (A) one or more epoxy-contammg resins or compounds containing one or more
mesogenic or rodlike moieties of Claim 8 and (B) one or more polyepoxides not containing mesogenic or
rodlike moieties; wherein component (A) is present in an amount of from 1 to 89 percent by weight of the
combined weight of components (A) and (B) and component (B} is present in an amount of from 99 to 1

“percent by weight of the combined weight of components (A) and (B).

14. A curable composition comprising one or more epoxy resins, compositions, or blends of Claims 1,
2,3,4,5,8,12 or 13 and a curing quantrty of at least one curing agent therefor.

15. A curable composition comprising (A) one or more of the epoxy resins or compositions of Claims 1,
2 or 8; (B) one or more of the monospoxides of Claim 6 or 7; and (C) a curing amount of at least one curing
agent therefor; wherein component (A) is present:in'an amount of from 1 to 99 percent by weight based
upon the combined weight of components (A) anq (B) and component (B) is present in an amount of from
99 to 1 percent by weight based upon the combmed weight of components (A) and (B).

16. The product resulting from curing any one of the compositions of Claims 14 or 15.

17. The product of Claim 16 resuiting from the applrcatlon of an electric field, 2 magnetic fisld or a
shear tlow prior to and/or during cure. . :



