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EP 0 478 918 A2

The. present invention: concerns adducts of epoxy resins which adducts contain one or more mesogenic
or rodlike moisties, as well as thermosettable compaositions containing one or more of said adducts and
products resulting from curing the curable compositions.

.~ Adducts of epoxy resins, such as, for example, the diethylenetriamine adduct with the diglycidy! ether
of bisphenol A, are known, for example, from page 7-16 of the Handbook of Epoxy Resins, by Henry Lee
and Kris Neville, published by McGraw-Hill, Inc. (1967). These adducts find use as lower volatility, higher
visi:osity and modified reactivity curing agents for epoxy resins, relative to the free (unadducted) polyamine,
per se. Daniel A. Scola in Developments in Reinforced Plastics-4 published by Elsevier Applied Science
Publishers Ltd., England, pages 196-206 (1984) describes amine adducts of epoxy resins wherein the
epoxy resin was selected from the diglycidyl ether of bisphenol A, tetraglycidyl 4,4'-diaminodiphenyl-
methane, triglycidyl p-aminophenal, epoxy phenol or cresol novolacs, hydrogenated diglycidyl ether of
bisphenol A and combinations thereof and the amine was selected from the aliphatic, cycloaliphatic,

- aromatic and alkylaromatic diamines. Polymercaptan adducts of epoxy resins are also described, wherein

the epoxy resin was selected from the diglycidyl ether of bisphenol A, an epoxy novalac blend, or a blend
of the diglycidyl ether of bisphenol A with p-tertiary-butyiphenolglycidyi ether and the polymercaptan was
selected from 2,2'-dimercaptodiethyl ether, 1,2-dimercaptopropane, 1,3-dimercaptopropancl-2 and bis(2-
mercaptoethylsulphide). Certain of the epoxy resin adducts provided cured epoxy resins with improvements
in one or more physical and mechanical properties, such as, for example, tensile strength, tensile
elongation. flexural strength, impact strength, moisture resistance and chemical resistance, relative to the
free (unadducted) polyamine or polymercaptan, per se. J. Klee, et al. in Crosslinked Epoxies published by
Walter de Gruyter and Co., Berlin, pages 47-54 (1987) describes the synthesis and analytical characteriza-
tion of adducts of the diglycidyl ether of bisphenol A with primary monoamines including aniline, p-
chiorozniline. benzylamine and cyclohexylamine. None of the aforementioned epoxy resin adducts or the
epoxy resins cured with said adducts contain mesogenic or rodlike moieties.

-The present invention provides adducts of epoxy resins containing one or more mesogenic or rodlike
moieties. These adducts provide cured epoxy resins with improvements in many physical and mechanical
properties. including, for example, tensile and flexural modulus, glass transition temperature, tensile strength
and elongation. flexural strength and chemical resistance, relative to epoxy resins cured with epoxy resin
adducts free of mesogenic or rodlike moieties. Incorporation of one or more mesogenic or rodlike structures
into the curable epoxy resin formulation via the use of the adducts containing one or more mesogenic or
rodlike moieties of the present invention can provide a susceptibility for molecular leve! orientation leading
to & ordering of the thermoset thereof.

~The present invention concerns adducts containing one or mors mesogenic or rodhke moieties which
are prepared by reacting

(2) one or more epoxy resins containing one or more mesogemc or rodlike moieties, and

{b) one or more materials free of mesogenic or rodlike moieties and containing two or more hydrogens

which are reactive with an epoxide group selected from the group consisting of

" (1) di~ and polyphenols,

{2) di- and polycarboxylic acids,

{3} di- and polymercaptans.

(4} di- and polyamines,

(5) primary monoamines,

(6) sulfonamides.

({7) aminophenols.

(8) aminocarboxylic acids,

(9) phenolic hydroxyl containing carboxylic acids,

{10)sulfanilamides, .

{11)any combination of any two or more of such compounds thereby forming an adduct essentially
free of epoxy groups and containing active hydrogen atoms reactive with an epoxy group.

Another aspect of the present invention concerns adducts containing one or more mesogenic or rodlike
moieties which are prepared by reacting

(a) one or more epoxy resins free of mesogenic or rodlike moieties, and

(b) one or moare compounds containing one or more mesogenic or rodlike moieties and two or more

hydrogens which are reactive with an epoxide group which compounds are selected from the group

consisting of

(1) di- and polyphenols,

(2) di- and polycarboxylic acids, This Sheet Has Been Replaced

(3) di- and polymercaptans, . ) “II
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ADBUCT'S OF EPOXY RESI NS AND ACTI VE HYDROGEN CONTAI NI NG COVPOUNDS
CONTAI NI NG MESOGENI C MO ETI ES _The present invention concerns
adduct s of epoxy resins which adduER 9 B H&AR one or nore nmesogeni c or
rodli ke noieties, as well as thernosettabl e conpositions containing one or
nore of said (g)dé;l_%ggolmeg_r oducts resulting fromcuring the curable
conmposi ti ons. g primary. monoamin S‘dducft s of epoxy resins, such as, f or exanpl e,
the di et hyl engfd k@Fhiggs, adduct with the diglycidyl ether of bisphenol A are
known, for e&ami&phgnglgm page 7-16
5 (8) aminocarboxylic acids,
{9) phenolic hydroxyl containing carboxylic acids,
{10) sulfanilamides,
(11) any combination of any two or more of such compounds; thereby forming an adduct essentially
free of epoxy groups and containing active hydrogen atoms reactive with an epoxy group.
10 Another aspect of the present invention concerns adducts containing one or more mesogenic or rodlike
moieties which are prepared by reacting
(a} one or more epoxy resins containing one or more mesogenic or rodlike moieties, and
(b) one or more compounds containing one or more mesogenic or rodlike moieties and two or more
hydrogens which are reactive with an epoxide group, which compounds are selected from the group
15 consisting of ’
(1) di and polyphenols,
{2) di and polycarboxylic acids,
(3) di and polymercaptans,
{4) di and polyamines,
20 (5) primary monoamines,
(6) sulfonamides,
(7) aminophenols,
(8) aminocarboxylic acids,
(9} phenolic hydroxyl containing carboxylic acids,
25 (10) sulfanilamides,
{11) mixtures of any two or more of the compounds of groups (1) to (10); thereby forming an adduct
essentially free of epoxy groups and containing active hydrogen atoms reactive with an epoxy group.
Another aspect of the present invention concerns thermosettable (curable) mixtures of one or more of
the aforesaid adducts containing one or more mesogenic or rodlike moieties with one or more epoxy resins.
30 Another aspect of the present invention concerns the product resulting from thermosetting (curing) one
or more of the aforesaid thermosettable (curable) mixtures. .
A further aspect of the present invention pertains to products resulting from orienting any of the
aforesaid thermosettable (curable) mixtures. )
The term "mesogenic” as is used herein designates compounds containing one or more rigid rodlike
35 structural units which have been found to favor the formation of liquid crystal phases in the case of low
molar mass substances. Thus the mesogen or mesogenic moiety is that structure responsible for molecular
ordering.

EPOXY RESIN COMPONENT

40

Suitable epoxy resins which can be employed herein include essentially any epoxy-containing com-

pound which contains an average of more than one vicinal epoxide group per molecule. The epoxide groups

can be attached to any oxygen, sulfur or nitrogen atom or the single bonded oxygen atom attached to the

carbon atom of a -CO-O- group in which said oxygen, sulfur or nitrogen atom or the carbon atom of the

45 -CO-O- group is attached to an aliphatic, aromatic or cycloaliphatic hydrocarbon group which hydrocarbon

group can be substituted with any inert substituent including, but not limited to, halogen atoms, preferably

chlorine or bromine, or nitro groups or such groups can be attached to the terminal carbon atoms of a

compound containing an average of more than one -(O-CHR®-CHR®-)t group where each R® is indepen-

dently hydrogen or an alkyl or haloalkyl group, containing from 1 to 2 carbon atoms, with the proviso that

50 only one R* group can be a haloalkyl group, and t has a value from 1 to 100, preferably from 1 to 20, more
preferably from 1 to 10, most preferably from 1 to &.

It should be understood that in those instances wherein it is required that the epoxy resin or epoxy-
containing compound contain a mesogenic moiety that those epoxy resins or epoxy-containing compounds
which do not contain a mesogenic moiety are not suitable for that particular purpose.

55 Particularly suitable epoxy resins which can be employed hersin include those compounds having an
average of more than one vicinal epoxide group per molecule, such as, for example, the glycidyl ethers or
?Jyéidyl amines represented by the following formuilas
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of *t he ‘Handbook of Epoxy Resins, by Henry Lee and Kris Neville, published
by MGawHill, Inc. (1967). These adducts find use as |ower volatility,

hi gher viscosity and nmodified reatR OABP1842i ng agents for epoxy resins,
relative to the free (unadducted) pol yam ne, per se. Daniel A Scola in
Devel opnents in Reinforced Plastics-4 published by El sevier Applied Science
Publ i shers Ltd., Engl and, pages 196-206 (1984) degpribes am ne adducts of
epoxy resins wherein the epoxy resin was sel ect edofrom the diglycidyl ether
of bisphenol A tetraglycidyl 4,4"- dianinodiahen*lnethane, triglycidyl
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-2« *phenol or cresol novol acs, hydrogenated di gl yci dyl ether of
bisphenol A and conbi nati ons thereof and the ami ne was sel ected fromthe
al i phatic, cycloaliphatic, aronatiEPQd8&81&PRaromatic di am nes.
Pol ymer capt an adducts of epoxy resins are al so described, wherein the epoxy
resin was selected fromthe diglycidyl ether of bisphenol A an epoxy
noval ac blend, or a blend of the diglygidyl ether of bisphenol A wth
p-tertiary- butyl phenol gl yci dyl ether@nd the pol ynercaptan was sel ected
from 2, 2" -di mer capt odi et hyl ether,ol, Zt di mer capt opr opane,
1, 3- dlnprcaptopropanol 2 and bIS(2 WL capgoet hyl sul phide). Certain of the
epoxy resin adducts provided cured epoky resins with i nprovements in one or
more physical and mechani cal properti €3, such as, for exanple, tensile
strength, tensile elongation, flexurallstrength, inpact strength, noisture
resi stance
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and chemical resistance, relative to the free (unadducted) pol yam ne or

pol ynercaptan, per se. J. Klee, et al. in Crosslinked Epoxies published by
Walter de Gruyter and Co., Berlin,ER@G&&9¥ALZ, (1987) describes the

synt hesi s and anal ytical characterization of adducts of the diglycidyl

et her of bisphenol A wth primry nonoam nes including aniline,

p-chl oroanil i ne, benzyl ani ne and cycl ghexyl ani ne. None of the

af orenent i oned epoxy resin adducts.ef<the epoxy resins cured with said
adduct s contain nesogenic or rodl Pke ¢Dieties. The present

i nventison provi des adducts of epox§\fesLn§Econtaining one or nore nesogenic
or rodlike noieties. These adducts prévide cured epoxy resins wth

i nprovenents in many physical and mecBani cal properties, including, for
exanpl e, tensile and flexural nodul usd glass transition tenperature,

tensile strength and . e
10 /—_ \
. o
—
E -«
L}
-3
S
15 )
x —o0
- Q
. ~ q
20 = o
~ x
S
= — o
o ™~
c.'\l Q
/
25 5 2
- ] =
A —— gl) _— O =
]
o]
7
o
30 \__/
5 @D
-
o
e
35 ~
N x
0 o ~
40 -
~ o
[ 1
had N
x
S
Ko = —
1 = SN
45 év o
{ E [&] ~
—° £
(=
~
50 = )
— =
55 -
This Sheet Has Been

MG



3 -~elofgation, flexural strength and chenical resistance, relative to epoxy
resins cured with epoxy resin adducts free of nmesogenic or rodlike

noi eties. lncorporation of one or ﬁ?r‘b“nn%@d&eni c or rodlike structures
into the curable epoxy resin fornulation via the use of the adducts
cont ai ning one or nore nesogenic or rodlike noieties of the present

i nvention can provide a.susceptibility for-nolecular |evel orientation
leading to an ordering of the thernosed tferedd. According to a
first embodiment. of the present iéntTonG heft—& provided an adduct
cont ai nisng one or nore nesogen}c or_igﬂlik@ noi eti es per nol ecul e which
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i's' characterized by the reaction (A) of (1) one or nore conmpounds
contai ning an average of nore than one vicinal epoxide group per nolecule
and (2) one or nore conpounds ccﬁﬂ%i‘?ﬁ?ﬂ@&% or nmore hydrogen atons per
nol ecul e which are reactive with an epoxide group or (B) of (1) or nore
nonoepoxi de conpounds and (2) one or nore materials containing four or -
nore hydrogen atons which are reactive w kh an epoxi de group thereby, in
each of (A) or (B), form ng an adduct e ntially free of epoxy groups and
contai ning active hydrogen atons reacdi veLWith an epoxy group; with the
provigo that at |east one menber of cegponents (1) and (2) in each of (A
and (B) contains one or nore nesogenic o TodFi ke noieties per nolecule,
t he adduct being different fromthe reactj;‘on product of (i) an epoxy
- conpound prepared by reacting epichlorhyd®in with bis(4-
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hydr oxyphenyl ) -2, 2-propane and (ii) p-phenyl azoaniline or

4-am no-2',4' -dinitrophenyl am ne. According to a second enbodi nent
of the present invention there i SEBOA/BAIBAZ curable conposition
characterized by conprising (A at |east one conpound having an average of
nore than one vicinal epoxide group per nolecule; and (B) at |east one
adduct containing one or nore nesogenic or _rodlike noieties per mnol ecule
whi ch adduct results fromthe reaction of £1) one or nore conpounds

contai ning an average of nore than one xfcinal epoxide group per nolecule
and (2) one or nore conpounds containirg t or nore hydrogen atons per
nol ecul e which are reactive with an epox?dq,ngqp
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Sé.’thefeby form ng an adduct essentially free of epoxy groups and

containing active hydrogen atons gﬁactive with an epoxy group; with the
provi so that at |east one nenber Qﬁ“ﬁﬂﬁéﬁts (1) and (2) contain one or

nore nmesogeni ¢ or rodlike noieties per nolecule. The present
i nvention concerns adducts containing one or nore nesogenic or rodlike

noi eti es which are preqﬂhgg if ting (a) one or nbre epoxy resins
cont ai ni ng one or nore nes i *rodlike noieties, and
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(b) one or nore materials free of nmesogenic or rodlike noieties and

contai ning two or nor e hydro ens whi ch are reactive with an epoxide
group selected fromthe group 478H8iA% i ng of (1) di- and
pol yphenol s, (2) di- and polycarboxylic acids, (3) di- and
pol ymer capt ans, (4) di- andpol yam nes, (5) primary nonoam nes,
(6) sul fonam des, (7) arm& nophenol s, - (8) am nocarboxylic
aci ds, S )
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50

wherein each A is independently a direct single bond. a divalent hydrocarby! group having from 1 to 20,
preferably from 1 to 14, carbon atoms, -O-, -CO-, -SO-, -S03-, -S-, -8-8-, -CR'=CR’, -C=C-, -N=N-,
55 -CR'=N-, -0-CO-, -NR'-CO-, -CR'=N-N=CR'-, -CR'=CR'-CO-, -N=CR'-, -C0-0-, -CO-NR'-, -CO-
CR!'=CR'-, -CO-O-N=CR'-, -CR! =N-0-0C-, -CO-NR*-NR'-OC-, -CR' = CR'-0-0C-, -CO-0-CR'=CR?-, -O-
OC-CR'=CR!-, -CR' =CR'-C0-0O-, -(CHR"),-0-CO-CR' =CR!-, -CR' = CR'-CQ-0-(CHR"),.-, -{(CHR"),-CO- O-
CR!'=CR!'-, -CR' = CR'-0-CO-(CHR")~, -CO-S$-, -8-0OC-, ~CH2-CH2-CO 0O-, -0-0C-CH,-CHz-, -C=C-C=C-,

11



"(9) phenol i ¢ hydroxyl containing carboxylic acids, (10)

sul fani | am des, (11) any conbi nation of any two or nore of such
conpounds; thereby form ng an EP 0478 918Muct essentially free of epoxy
gr oups :

-CR'=CR'-CR'=CR'-,

g N N
| —< o 0\>_ , -HC =Y= CH-
0
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0. 0
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and contai ning active hydrogen atons reactive with an epoxy

gr oup. ' - Another aspect of the present invention concerns- adducts
contai ning one or nore nmesogeni c OrERr odis ke Api eti es which are prepared by
reacting (a) one or nore epoxy resins free of mesogenic or
rodli ke noieties, and (b) one or nore conpounds containing one or nore
nmesogeni ¢ or rodlike noieties and two or nore hydr ogens whi ch are -
reactive with an epoxide “  group ich conpounds are sel ected from
t he group consi sting of (1)yndi- and polyphenols
(2) di- and polycarboxylic 2cids, = 7 z—3) di-_and pol yngr capt ans,
(4) di- and pol yam nes, = (5N prymary nnnoanines, o N o (6)
sul f onam des, (F) am nophe L
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(B) ani nocar boxyl i ¢ aci ds, (9) phenolic hydroxyl cpntaining

car boxylic

aci ds, (10) sutfanitam-des;

(11) any conbination of any two OEPIHAT8 238 A2 such corrpounds
t hereby -forning an adduct essentlally ? as @ups
and contai ni ng active hydrogen atons

epoxy group. Anot her aspect of the present |nv

adduct s contai ning one or nore mesogenic or rodlike noieties which are
prepared by reacting < (a) one or nore epoxy resins containing one or

nor e
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mesogeni ¢ Qr rodl i ke noi eties, and
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each A’ is independently a divalent hydrocarbyl group having from 1 to 10, preferably from 1 to 4, carbon
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(E)) oné or nore conpounds containi ng one or nore nmesogeni ¢ or
rodl i ke noreties and two or nore hydr ogens which are reactive w

an epoxi de group., Wwhi chE&ﬂTﬁ@lﬂfﬁ Zare sel ect ed f r orfihis BBeet Has B, Repl
group consi sting of (1) di and pol yphenol s, aced
and pol yé;%qspg%){wgi,@g&eq%nﬂya (3) di and pol ynmer capt l’”l’"lﬂﬂ I, l
(4) di and pol yam nes, (5) primary nonoam nes, |
sul f onam des, 0 (7) arg nophendl s, 0 (8) am nocarboxylic
aci ds, (9); phenolic hydroxyl; contai ni ngy carboxylic

5 -C- , -0-C- , -C-0- , -C-NR1- ,

0
10 ar "
-NR1-C- group ;

each R is independently hydrogen or a hydrocarbyl or hydrocarbyloxy group having from 1 to 10,
preferably 1 to 4, carbon atoms, a halogen atom, preferably chlorine or bromine, a nitro group, a nitrile

15 group, a phenyl group or a -CO-R' group; each R' is independently hydrogen or a hydrocarbyl group
having 1 to 3 carbon atoms; each R? is independently hydrogen or a hydrocarbyl group having from 1 to
10, preferably from 1 to 3, carbon atoms, a halogen atom. preferably chlorine or bromine; each R3 is
independently hydrogen, or a hydrocarby! or halohydrocarby! group having from 1 to 6, preferably 1 to 2
carbon atoms; Q is a direct bond, - CH;-S-CH3-, -(CH2),--, or

20

.o

25

m has a value from 0.001 to 6, preferably from 0.01 to 3; m' has a value from 1 to 10 preferably from 1 {o

4; n has a value of zero or one; p has a value from zero to 30, preferably from zero to 5; n' has a vaiue from

1 to 6, preferably 1 to 3; n" has an average value from 1 to 10; and p' has a value from 1 to 30, preferably
30 from 1 to 3. The aromatic rings can also contain one or more heteroatoms selected from N, O, or S.

The term hydrocarbyl as employed herein means any aliphatic, cycloaliphatic, aromatic, aryl substituted
aliphatic or cycloaliphatic, or aliphatic or cycloaliphatic substituted aromatic groups. The aliphatic or
cycloaliphatic groups can be saturated or unsaturated. When applied to the A’ group of Formula VI, the
hydrocarbyl group can also contain one or more heteroatoms selected from N. O, or S. Likewise, the term

35 hydrocarbyloxy means a hydrocarbyl group having an oxygen linkage between it and the carbon atom to
which it is attached. ;

Representative of the polyepoxide compounds which are free of mesogenic or rodlike moieties include.
for exampie, the diglycidyl ethers of resorcinol, 4.4'-isopropylidenediphenol (bisphenol A), 4,4'-dihydrox-
ybenzophenone (bisphenol K), 1,1-bis(4-hydroxyphenyl)-1-phenylethane (bisphenol AP), dihydroxydiphenyl-

40 methane (bisphenoil F), 3,3'.5,5'-tetrabromobisphenol A, 4,4'-thiodiphenoi (bisphenol S), 4.4'-sulfonyl-
diphenol, 4,4-dihydroxydiphenyl oxide, 3-phenylbisphenol A, 3,3'5,5'-tetrachlorobisphenol A, 3,3-dimethox-
ybisphenol A, dipropylene glycol, poly(propylene glycol)s, thiodiglycol; the triglycidyl ether of tris-
(hydroxyphenyl)methane; the triglycidyl ether of p-aminophenol; the tetraglycidyl ether of 4.,4'-dia-
minodiphenylmethane; the polyglycidyl ether of a phenol or substituted phenol-aldehyde condensation

45 product (novolac); the polyglycidyl ether of a dicyclopentadiene or an oligomer thereof and phenol or
substituted phenol condensation product; the advancement reaction products of the aforesaid di- and
polyglycidyl ethers with aromatic di- or polyhydroxyl- or di- or polycarboxylic acid containing compounds
including, for example, bisphenol A (4,4'-isopropylidenediphenol), o-, m-, p-dihydroxybenzene, 2,4-dimethyl-
resorcinol, 4-chlororesorcinol, tetramethylhydroquinone, 1,1-bis(4-hydroxyphenyl)ethane, bis(4.4’-dihydrox-

50 yphenyl)methane, 4.4'-dihydroxydiphenyl ether, 3,3'.5,5'-tetramethyldihydroxydiphenyi ether, 3,3',56,5'-dich-
forodihydroxydiphenyl ether, 4,4'-bis(p-hydroxyphenyl isopropyl)diphenyf ether, 4,4'-bis{p-hydroxyphenoxy)-
benzene, 4,4'-bis(p-hydroxyphenoxy)diphenyl ether, 4,4'-bis(4(4-hydroxyphenoxy)phenyl sulfone)diphenyt
ether, 4,4'-dihydroxydipheny! sulfone, 4.4'-dihydroxydipheny! sulfide, 4.4"-dihydroxydiphenyl disulfide, 2,2'-
dihydroxydiphenyl sulfone, 4.4'-dihydroxydiphenyl methane, 1,1-bis(p-hydroxyphenyl)cyclohexane, 4,4'-

56 dihydroxybenzophenone, phloroglucinol, pyrogallol, 2,2'.5,5-tetrahydroxydiphenyl  sulfone,  tris-
(hydroxyphenyl)methane, dicyclopentadiene diphenol, tricyclopentadiene diphenol, terephthalic acid, isoph-
thalic acid, p-hydroxybenzoic acid; any combination thereof. .

The epoxy resins containing a mesogenic or rodlike moiety which can particularly be employed herein

15



aci ds, (10) sul fani |l ani des, (11) mixtures of any

two or nore of the conpounds of groups (1) to (10);
t hereby form ng' an adduct essenti &P|0/478 918 A2 free of epoxy groups
and cont ai ni ng active hydrogen atons reactive with an

epoxy group r aspect of the gn concerns
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resins. Senidiig o ﬁgéﬁgr %gpect of the present invention concerns the

product, resulting fromthernosetting (curing) Qne or nore of the aforesaid
t hernosettabl e (curable) m xture 0

-CHg-C — CHg
o |
RL,

as well as the substituent containing the secondary hydroxy alkylidene group(s)
15 '

OH

~CHz-C~CHg-
20 ,

Rl

25 which are present when p or p* has a vaiue greater than zero. For Formula VI, it is to be understood that
para substitution is with respect to the direct bond between the aromatic rings.
~ The bridging groups (-A-) in the formulas for the epoxy resins containing mesogenic or rodlike moisties
form a rigid central linkage between the aromatic ring pairs, that is, A is a direct single bond, -C=C--
CR'=N-, -N=N-, -0-CO-, -NR!-CO-, -CR'=N-N=CR!'-, -CR'=CR’-CO-, -CR'=CR'-, -N=CR'-, -CO-O-,

30 -CO-NR'-, -CO-CR'=CR'-, -C0O-0-N=CR'-, -CR! = N-0-0C-, -CO-NR!-NR'-0OC-, -CR! = CR'-0-0OC-, -CO-O-
CR'=CR'-, -0-0OC-CR'=CR'-, -CR'=CR'-C0-0-, -(CHR"),-0-CO-CR' = CR'-, -CR! =CR'-CO-0~(CHR'), -,
«(CHR'),-CO-O-CR'=CR'-, -CR'=CR'-0-CO-(CHR'),-, -CO-S-, -S-OC-. -CHz-CHz-CO-0-, -O-OC-CH,-C
Hz-, -C=C-C=C-, -CR'=CR'-CR' =CR'-,

35

40

50
-

Sheet Has Been Replaced

T

16

5

(3
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noil ecular ordering. EPOXY RESI N COVPONENT Sui t abl e epoxy
resi ns ‘whirch can be enpl oyed herein include essentially any
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that only one Rlerr] group can be a hal oal kyl group, and t has a value from
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preferably from1l to 5. EP 0 478 918 A2 e
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group and n, A’ and R! are as hersinbefore described. To optimize the aspect ratio of said mesogenic or

ss rodlike functionalities, it is preferred that the aromatic ring substituents (R in Formulas Il, V, VI and IX) are
hydrogen or methyl groups.

Representative polyepoxide compounds containing a mesogenic or rodlike moiety include, for example,

the diglycidyl ethers of 4.4'-dihydroxybiphenyl, 4.4'-dihydroxystilbene, 4.4'-dihydroxydiphenylacetylene,

19



whi ch do not contain a nesogenic noiety are not suitable for that

parti-cul ar 'pur pose. Particul arly suitable epoxy resins which can

be enpl oyed herein include those EBﬂﬁgﬁﬁégAﬁaving an average of nore than

one vicinal epoxide group per nolecule, such as, for exanple, the glycidyl
et hers Or4.fldixgdr&};éiph%mlaggrﬁetr(ir%p r Eﬁ%R/grgxy}gyobgnqgnef Ohh%%&&yﬁé%&%h%ﬁe 4,4'-bis((4-

- 8- [ erH‘y roxy)phenoxy)diphenyl, 4.4'-dihydroxy-alpha-methylstilbene. 3,3'.5.5"-tetramethyl-4.4'-dihydroxydiphenyi,
3,3',5,5'-tetrachloro-4,4'-dihydroxydiphenyl, 2,2',6,6'-tetramethyl-4,4'-dihydroxydiphenyl, 4.4'-dihydroxyben-
zanilide, 4,4'-dihydroxychalcone, 4.4'-dihydroxy-alpha-cyanostilbene. 4-hydroxyphenyl-4-hydroxybenzoate,

5 4.4'-dihydroxy-3.3'.5,5'"-tetrabromo-alpha-methyistiloene,  N,N'-bis(4-hydroxyphenyljterephthalamide, the
diglycidyl ethers of the dihydric phenols represented by the following formuias:
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the tetraglycidyl amines of 4,4'-diamino-alpha-methylistilbene, 4.4'-diaminostilbene, 4,4'-diaminobenzanilide,
4 4'-diaminoazobenzene, 4,4'-diamino-alpha-cyanostilbene Also suitable are the products resulting from
advancing the aforementioned diglycidyl ethers with aromatic dihydroxyl or dicarboxylic acid containing
compounds including, for example, all of the previously listed diphenol precursors to the diglycidyl ethers
containing a mesogenic or rodlike moiety, or any combination thereof.

The epoxy resins which can be employed herein can be prepared by reacting the corresponding di- or
polyhydroxyl containing compound (or amine containing compound) with an epihalohydrin by any suitable
means known to those skilled in the art.

Generally, the di- or polyhydroxyl containing compound is reacted with an epihalohydrin in the presence
of a suitable catalyst and in the presence or absence of a suitable solvent at a temperature suitably from
0°C to 100° C, more suitably from 20°C to 80° C, most suitably from 20°C to 65°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.; for a time sufficient to complete the reaction, usually from 1 to 12, more
usually from 1 to 5, most usually from 1 to 3 hours; and using from 1.5:1 to 100:1, preferably from 2:1 to
50:1, most preferably from 3:1 to 20:1 moles of epihalohydrin per hydroxyl group. This initial reaction uniess
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 chlorohydrin groups to epoxide groups. The resuitant product is a glycidyl ether compound.

Suitable epihalohydrins which can be employed to prepare the epoxy resins useful in the present
invention include, for example, those represented by the following formula

-
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Formula X 0
/ N\
5 ' HoC —— CH-CHz2~X'
|
R1

10 wherein R' is as previously defined; and X' is a halogen. Particularly suitable such epihalohydrins include,
for example, epichlorohydrin, epibromohydrin, epiiodohydrin, methylepichlorehydrin, methylepibromohydrin,
methylepiiodohydrin, or any combination thereof.

Suitable di- or polyhydroxyl containing compounds (or amine containing compounds) which can be
employed to prepare the epoxy resins useful in the present invention include, for example. those

15 represented by the formulas
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- 16- ‘wherein each A is independently a direct single bond, a divalent
hydr ocar byl ' group having from1l to 20, gre_ferably froml to 14, carbon
atons, -0-, -CO, -SO, -SOerrfE0478918A% 5  _CRerr]=CRlerr],
-Cl[err]CG, -N=N-, -CRerr]=N; -OCO, -NRerr]-CO,
-CRlerr]=N-N=CRerr]-, -CRerr]=CRferr]-CO, -N=CRerr]-, -CO0-, -CONRL-,
-COCRerr]=CRerr]-, -COO-NgCR[err]-, -CRerr]=N-0O OC, _

-CO- NR[ err] - NR| erffgrmygia X tr]=CRlerr]-O0C, -COOCRerr]=CRerr]-,
-OOC-CRerr]=CRlerr]-, -CRlerr]=CRerr]-Co 0O,
-(CHR[err])[err]-OCOCRerr]=CRerr]-, (R)

-CRlerr]=CRerr]-COO(CHR err])[err]-, 4
-(CHR[err])[err]'-COOCRerr]=CRerr] -,

-CRlerr]=CRerr]-OCO(CHR err])[err]"'-, -
-S-OC,-CHerr]-CHerr]-CO-O, -O OCHH NHe-Jerr]Cderr]C,
-CRlerr]=CRlerr]-CRlerr]=CR[err]-, [err]

(R)y (R)y

20 HoN @ An @< NHg

wherein R, R2, R3, Q, A, A", n. p', m and m' are as hereinbefore dsfined.

25 Suitable catalysts which can be employed to prepare the epoxy resins which can be employed herein
include, for example, ammonium halides such as, for example, benzyltrimethylammonium chloride, benzyl-
trimethylammonium bromide, tetrabutylammonium chloride, tetrabutylammonium bromide, tetraoctylam-
monium chloride, tetraoctylammonium bromide, tetramethylammonium chioride, tetramethylammonium bro-
mide, or any combination thereof.

30 Suitable basic acting compounds which can be employed to prepare the epoxy resins useful herein
include, for example, alkali metal or alkaline earth metal hydroxides, carbonates, or bicarbonates. Particu-
larly suitable such compounds include, for example, sodium hydroxide, potassium hydroxide, lithium
hydroxide, calcium hydroxide, barium hydroxide, magnesium hydroxide, manganese hydroxide, sodium
carbonate, potassium carbonate, lithium carbonate, calcium carbonate, barium carbonate, magnesium

35 carbonate, manganese carbonate, sodium bicarbonate. potassium bicarbonate. lithium bicarbonate, calcium
bicarbonate, barium bicarbonate, magnesium bicarbonate, manganese bicarbonate. or any combination
thereof. Most preferred is sodium hydroxide or potassium hydroxide.

Suitable solvents which can be employed herein include, for example. alcohols, aliphatic hydrocarbons,
aromatic hydrocarbons, glycol ethers, amides, sulfoxides, sulfones, or any combination thereof. Particularly

40 suitable solvents include, for example, methanol, ethanol, isopropanol, hexane, heptane. octane, nonane,
decane, toluene, xylene, ethylene glycol methy! ether, ethylene glycol ethyl ether, ethylene glycal n-butyl
ether, ethylene glycol pheny! ether, propylene glycol methyl ether, propylene glycol phenyl ether,
tripropylene glycol methyl ether, diethylene glycol methyl ether, diethylene glycol ethy!l ether, diethylene
glycoi n-butyl ether, diethylene glycol phenyl ether, butylene glycol methyl ether, N.N-dimethylformamide,

45 N-methylpyrrolidinone, N,N-dimethylacetamide, dimethylsulfoxide, sulfolane, or any combination thereof.

The solvent is usually employed in amounts suitably from 5 to 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.

For the production of epoxy resins from di- and polyhydroxyl containing compounds (or amine
containing compounds) possessing functional groups or linkages that are sensitive to hydrolysis under the

50 reaction conditions employed in certain of the epoxidation chemistries, alternate techniques of preparation
may be employed. As a typical example, U. S. Patent No. 4,762,901 teaches preparation of the diglycidyl
ether of the biphenol represented by the following formula
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which is a compound containing an ester linkage known to be sensitive to hydrolysis. using an anhydrous
epoxidation technique. This technique employs azeotropic removal of water-epichlorohydrin concurrent with
the controlled addition of aqueous sodium hydroxide to a reaction mixturé consisting of epichlorohydrin. a
diphenol, a phase transfer catalyst such as. for example. benzyltrimethylammonium chloride, and optionally
one or more solvents. It is advantageous to conduct such anhydrous epoxidation reactions under a vacuum
to facilitate the azeotropic removal of water. It is also operable and advantageous to utilize sodium
hydroxide free of water as the alkali metal hydroxide reactant. in order to control reaction exotherm. the
solid sodium hydroxide is typically added in aliquots as a powder to the epoxidation reaction mixture.

Another specific anhydrous epoxidation technique involves catalytic coupling of the di- or polyhydroxyl
containing compound with an epihalohydrin, typically using as a catalyst one or more of the aforementioned
ammonium halides. The resultant solution of halohydrin in excess epihalohydrin is then treated with finely
pulverized potassium carbonate to effect dehydrohalogenation to the epoxy resin.

Advancement reaction of di- and polyglycidyl ethers can be performed by known methods. This usually
includes combining one or more suitable compounds having an average of more than one active hydrogen
atom per molecule, including, for example, dihydroxy aromatic, dithiol or dicarboxylic acid compounds or
compounds cor:aining one primary amine or amide group or two secondary amine groups and the di- or
polyglycidyl ethers with the application of heat and mixing to effect the advancement reaction. A catalyst is
frequently added to facilitate the advancement reaction.

The advancement of the epoxy resins containing one or more mesogenic or rodlike moieties with
compounds having an average of more than one active hydrogen per molecule is employed to linearly
chain extend the resin so as to produce an advanced epoxy resin. This linear chain extension is required for
some mesogenic cohtaining resin compositions in order to obtain liquid crystal character. The advancement
of the mesogenic or rodlike epoxy resins can aiso be used to increase the temperature range in which a
particular resin is liquid crystalline and to control the degree of crosslinking during the final 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 0.99:1, 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 in the preparation of the advanced epoxy resins include hydroxyi-
containing compounds, carboxylic acid-containing compounds and primary amine-containing compounds.

Particularly suitable hydroxyl-containing compounds include, for example. hydroquinone, bisphenol A,
4 4'-dihydroxydiphenyimethane, 4.4'-thiodiphenol, 4,4'-sulfonyidiphenol, 4.4'-dihydroxydiphenyl oxide, 4.4'-
dihydroxybenzophenone, 1,1-bis(4-hydroxyphenyl)-1-phenylethane, 3.3'.5,5'-tetrachlorobisphenot A, 3.3'-
dimethoxybisphenol A, 4.4'-dihydroxybiphenyl, 4,4'-dihydroxy-a.a'-diethylstilbene, 4.4'-dihydroxy-a-methyl-
stilbbene, 4,4'-dihydroxybenzanilide, 4,4'-dihydroxy-2,2'-dimethylazoxybenzene. 4,4'-dihydroxy-a-cyanostil-
bene. bis{(4-hydroxyphenyl)terephthalate, bis(N,N'-4-hydroxyphenyliterephthalamide. bis(4'-hydrox-
ybiphenyljterephthalate, 4,4'-dihydroxyphenylbenzoate, bis(4'-hydroxyphenyl)-1.4-benzenediimine, 4,4"-
dihydroxybiphenylbenzoate, 1,4-bis(4-hydroxyphenyl-1'-carboxamide)benzene, 1,4-bis(4'-hydroxyphenyl-1'-
carboxy)benzene, 4,4'-bis(4"'-hydroxyphenyl-1 "-carboxy)biphenyl,l any combination thereof.

Particutarly suitable carboxylic acid-containing compounds include, for example, terephthalic acid. 4,4'-
benzanilide dicarboxylic acid, 4,4'-phenylbenzoate dicarboxylic acid, 4,4'-stilbenedicarboxylic acid or any
combination thereof.

Particularly suitable primary amine-containing compounds include, for example, aniline, 4'-sulfonamido-
N-phenyl benzamide, 4'-sulfonamido-N'-phenyi-4-chlorobenzamide, 4-amino-1-phenylbenzoate, 4-amino-N-
phenylbenzamide, N-phenyl-4-amino-phenyl-1-carboxamide, phenyl-4-aminobenzoate, biphenyl-4-
aminobenzoate, 1-phenyl-4'-aminophenylterephthalate, or any combination thereof.

;’he advancement reaction can be conducted in the presence of a suitable advancement catalyst such
as, for example, phosphines, quaternary ammonium compounds, phosphonium compounds, tertiary amines,
or any combination thereof. Particularly suitable catalysts include, for example, ethyltriphenylphosphonium
chioride, ethyltriphenyl-phosphonium  bromide, ethyltriphenyiphosphonium iodide, ethyltriphenyl-
phosphonium diacetate (ethyltriphenylphosphonium acetate®acetic acid complex), ethyltriphenyl-
phosphonium phosphate, tetrabutylphosphonium chioride, tetrabutylphosphonium bromide, tetrabutyl-
phosphonium iodide, tetrabutylphosphonium diacetate (tetrabutylphosphonium acetate®acetic acid com-
plex). butyltriphenylphosphonium tetrabromobisphenate, butyltriphenylphosphonium bisphenate, butyl-
triphenylphosphoniurm bicarbonate, benzyltrimethylammonium chioride. tetramethylammonium hydroxide,
triethylamine, tripropylamine, tributylamine, 2-methylimidazole, benzyldimethylamine, or any combination
thereof.
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The amount of advancement cataiyst depends, of course. upon the particular reactants and catalyst
employed; however, it is usually employed in quantities of from 0.03 to 3. preferably from 0.03 to 1.5. most
preferably from 0.05 to 1.5 percent by weight based upon the weight of the epoxy containing compound.

The advancement reaction can be conducted at atmospheric, superatmospheric or subatmospheric
pressures at temperatures of from 20°C to 260° C, 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 of time whereas lower temperatures require longer
periods of time. Generally, however, times of from 5 minutes to 24 hours, preferably from 30 minutes to 8
hours, more preferably from 30 minutes to 3 hours are suitable.

If desired, the advancement reaction can be conducted in the presence of one or more solvents. For the
production of advanced epoxy resins using a reactant which is of low solubility in the di- or polyclycidyl
ether reactant, it is frequently of advantage to add one or more solvents to the reaction mixture. Suitable
such solvents inciude, for example, glycol ethers, aliphatic and aromatic hydrocarbons, aliphatic ethers,
cyclic ethers, ketones, esters, amides, or any combination thereof. Particularly suitable solvents include, for
example, toluene, benzene, xylene, methyl ethyl ketone, methy! isobutyl ketone, diethylene glycol methyl
ether, dipropylene glycol methyl ether. dimethyl-formamide. dimethyisuifoxide, N-methypyrrolidinone,
tetrahydrofuran, propylene glycol methyl ether, or any combination thereof. The solvents can be employed
in amounts of from zero to 80 percent, preferably from 20 percent to 60 percent, more preferably from 30
percent to 50 percent by weight based upon the weight of the reaction mixture. Care should be taken to
utilize only those solvents which are inert to reaction with any of the reactants employed in the
advancement reaction or the product formed therefrom.

ACTIVE HYDROGEN CONTAINING COMPONENT

Materials containing two or more active hydrogens which are reactive with an epoxide group useful in
the preparation of the epoxy resin adducts containing one or more mesogenic or rodlike moieties of the
present invention include the di- and polyphenols, such as, for example, those represented by formufas Xl,
X, X0, XIV, XV and XVl the di- and polycarboxylic acids, such as. for example, those represented by
formulas XX, XXI, XXM, XXIV, XXV and XXVI where each Y is a -COOH group; the di- and polymercaptans,
such as. for example, those represented by formulas X3¢, X1, XX, XXIV, XXV and XXVI where sach Y is a
-SH group; the di- and polyamines, such as, for example, those represented by formulas XX, XXI, XXIi,
A, XXV, XXV and XXVI where each Y is a -NHR' group, as well as formula XXVI where one Y is a
-NHR" group and the other Y is a

Rl Rl Rl Rt
| i
-f:u éH NRl — CH +—CH NRI — CH NHR1
n n

group; the primary monoamines, such as, for example, those represented by formulas XX, XXI, XXV, XXV
and XXVI where one Y is a -NHz group and the other Y is a hydrogen, as well as formula XXill where one Y
is a -NHz group and the remaining other Y's are hydrogen; the sulfonamides, such as, for example, those
represented by formulas XX, XXI, XXIV, XXV and XXVI where one Y is a -S02-NH: group and the other Y is

~a hydrogen, as well as formula XXIIl where one Y is a -S02-NHz group and the remaining other Y's are

hydrogen; the aminophenols, such as, for example, those represented by formulas XX, XXI, XXIV and XXV
where one Y is a -NHR' group and the other Y is a -OH group, as well as formuia XXl where one or two
Y's are -NHR' groups and the remaining one or two Y's are -OH groups. the amino carboxylic acids, such
as, for example, those represented by formulas XX, XXi, XXIV, XXV and XXVI where one Y is a -NHR’
group and the other Y is a -COOH group, as well as formula XXIil where one or two Y's are -NHR' groups
and the remaining one or two Y's are -COOH groups:; the phenolic hydroxyi containing carboxylic acids,
such as, for example, those represented by formulas XX, XXI, XXIV and XXV where one Y is a -OH group
and the other Y is a -COOH group, as well as formula XXIll where one or two Y's are -OH groups and the
remaining one or two Y's are -COOH groups; the sulfanilamides, such as, for example, those represented
by formulas XX, XXI, XXIV and XXV where one Y is a -NHR' group and the other Y is a -SO2-NH2 group, as
well as formula XXIit where one or two Y's are -NHR' groups and the remaining one or two Y's are -S0;-
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NHz groups; wherein R. R*. R2. A, A, n, p' and m are as hereinbefore defined and X2 is a divalent
hydrocarbyl group having from one to 60 carbon atoms and may be linear or branched aliphatic,
cycloaliphatic or polycycloaliphatic and may contain one or more finkages selected from ether (-O-).
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thioether (-S-),
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-19- % [err] each A" is mdependently a dival ent hydrocarbyl group
having from1 to 10, preferably from1l to 4, carbon atons; each Al is
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each Riis independently hydrogen or a hydrocarbyl or hydr roup
having frem1 to 10, preferably 1 to 4, carbon atons, a haI ogen atom
preferably chlorine or bromne, aEROt478948é@p, a nitrile gr heea[mh;%g,yﬁeplaced
group or a -CO-Rlerr] group; each Rlerr] is independently hy

hydr ocar byl group having 1 to 3 carbon atons; each R2 is ind Mﬂllﬂ' I"I

hydrogen or a hydr@emiy! xprvup having from 1 to 10, preferab

3, carbon atons, a hal ogen atom preferably chlorine or brom ne; each R3 is

I ndependent |y hydrogen, or a hydrocar bél or hal ohl_‘rocar byl group having
from1l to 6, preferakipigl to 2 carbp‘rr s; Qis a diRact bond, -

CH[errf-S—CH[err]-, -( [err]')[err] %\\‘
€> Ap 44— €5 Ap ® Y
& T

10 : L pl

Formula XXV.

s - (R)3 | (R)s

N -
” /

(A)'n

25

Formula XXVI.

30 Y X2 Y

Representative of the di- and polyphenol compounds which are free of mesogenic or rodlike moieties
include, for example, resorcinol, hydroquinone, bisphenol A. 4.4'-dihydroxydiphenyimethane. 3.3'.5.5'-
35 tetrabromobisphenol A, 4,4'-thiodiphenol, 4,4'-sulfonyldiphenot. 4.4'-dihydroxydipheny! oxide, 4.4'-bis(4-(4-
hydroxyphenoxy)phenylsulfone)diphenyl ether, 1,1-bis{4-hydroxyphenyl)cyclohexane. tris(hydroxyphenyl)-
methane, phenol or substituted phenol-aldehyde condensation products (novoiacs), dicyclopentadiene or an
oligomer thereof and phenol or substituted phenol condensation products, or any combination thereof.
Representative of the di- and polyphenol compounds containing one or more mesogenic or rodlike
40 moieties include, for exampie, 4.4'-dihydroxybiphenyl. 4.4'-dihydroxystilbene, 4.4'-dihydrox-
ydiphenylacetylene, 4.4'-dihydroxydiphenylazomethine, 4.4'-dihydroxyazobenzene, 4.4'-dihydroxyazoxyben-
zene. 4,4'-bis(4-hydroxyphenoxy)diphenyl, 4,4'-dihydroxy-alpha-methylstilbene, 3,3'.5.5'-tetramethyl-4,4'-
dihydroxydiphenyi, 3,3'.5,5'-tetrachloro-4,4'-dihydroxydiphenyl, 2.2'.6.6'-tetramethyl-4.4'-dihydroxydiphenyl,
4 4’-dihydroxybenzanilide, 4.4'-dihydroxychalcone, 4.4'-dihydroxyalpha-cyanostilbene. 4-hydroxyphenyl-4-
45 hydroxybenzoate, 4,4'-dihydroxy-3,3',5,5'-tetrabromo-alpha-methylstilbene, 4,4'-bis(4-(4-hydroxyphenoxy)-
phenylsulfone)stilbene, 1,4-bis(4-hydroxyphenyl)-trans-cyclohexane, N.N'-bis(4-hydroxyphenyl)-
ferephthalamide, or any combination thereof.
Representative of the di- and polycarboxylic acid compounds which are free of mesogenic or rodlike
moieties include, for example, 4,4'-dicarboxydiphenylmethane, 4.4-isopropylidenedicarboxylic acid.
s0 3,3'.5.5'-tetrabromo-4,4'-isopropylidenedicarboxylic acid, terephthalic acid, isophthalic acid, 1,4-cyclohex- .
anedicarboxylic acid, 1,6-hexanedicarboxylic acid, dicyclopentadienedicarboxylic acid. tris{(carboxyphenyl)-
methane, 4,4'-bis(4-(4-carboxyphenoxy)phenylsulfone)diphenyl ether, 1.1-bis(4-carboxyphenyl)cyclohexane,
or any combination thereof.
Representative of the di- and polycarboxylic acid compounds containing one or more mesogenic or
s5 rodlike moieties include, for example, 4,4'-dicarboxydiphenyl, 4.4'-dicarboxystilbene, 4,4'-dicarbox-
ydiphenylacetylene, 4,4'-dicarboxyazobenzene, - 4,4'-bis(4-carboxyphenoxy)diphenyl, 4,4'-dicarboxy-alpha-
methyistilbene,  3.3'.5,5'-tetramethyl-4,4'-dicarboxydiphenyl,  3,3'.5,5'-tetrachloro-4,4'-dicarboxydiphenyl,
2,2',6,6'-tetramethyl-4,4'-dicarboxydiphenyl, 4,4'-dicarboxybenzanilide, 4,4'-dicarboxy-alpha-cyanostilbene,
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4. 4'-dicarboxy-3,3'.5,5'-tetrabromo-alpha-methylstilbene, N,N'-bis(4-carboxyphenyljterephthalamide, 4.4'-bis-
(4-(4-carboxyphenoxy)phenylsulfone)stilbene. 1.4-bis(4-carboxyphenyl)-trans-cyclohexane. or any combina-
tion thereof.

Representative of the di- and polymercaptan compounds which are free of mesogenic or rodlike
moieties include, for example, 1,4-benzenedithiol, 1.3-benzenedithiol, 4.4'-isopropylidenedithiol, 1.4-
cyclohexanedithiol, 1,8-hexanedithiol, 2,2'-dimercaptodiethylether, 1,2-dimercaptopropans, 1,3-
dimercaptopropanol-2, bis(2-mercaptoethylisulfide), tris(mercaptophenyi)methane, 4.4'-bis(4-(4-mercap--
tophenoxy)phenylsulfone)diphenyl ether, 1,1-bis(4-mercaptophenyl)cyciohexane. or any combination thereof.

Representative of the di- and polymercaptan compounds containing one or more mesogenic or rodlike
moieties include, for example, 4.4'-dimercaptodiphenyl, 4.4'-dimercaptostilbene, 4.4'-dimercap-
todiphenylacetylene, 4.4'-dimercaptodiphenylazomethine, 4.4'-dimercaptoazobenzene, 4.4'-bis(4-mercap-
tophenoxy)diphenyl, 4,4'-dimercapto-alpha-methylistilbene, 3,3',5.5'-tetramethyl-4,4'-dimercaptodiphenyl,
3.3'5,5'-tetrachloro-4,4'-dimercaptodiphenyl, 2.2'6,6'-tetramethyl-4,4'-dimercaptodiphenyl,  4,4'-dimercap-
tobenzanilide, 4,4'-dimercaptochalcone, 4,4'-dimercapto-alpha-cyanostilbene, 4.4'-mercaptophenyl-4-mer-
captobenzoate,  4,4'-dimercapto-3.3',5.5'-tetrabromo-alpha-methylstibene,  N,N'-bis(4-mercaptophenyl)-
terephthalamide, 1.4-bis(4-mercaptophenyl)-transcyciohexane, 4.4'-bis(4-(4-mercaptophenoxy)-
phenylsulfone)stilbene, or any combination thereof.

Representative of the di- and polyamine compounds which are free of mesogenic or rodlike moieties
include, for example, 1,2-diaminobenzene, 1,3-diaminobenzene, 1,4-diaminobenzene, 4,4'-diaminodiphenyl-
methane, 3.3',5,5'-tetrabromo-4,4'-isopropylidenediamine, 4.4'-diaminodiphenyl oxide. 4,4'-diaminodiphenyl
sulfone, 4,4'-diaminodipheny! sulfide, aniline-aldehyde condensation products, tris(aminophenyl)methane,
1,4-cyclohexanediamine, 1,6-hexanediamine, piperazine, ethylenediamine, - diethylenetriamine,
triethylenetetraamine, aminoethylpiperazine, bis(aminopropyi)ether, bis(aminopropyisulfide), bis-
(aminomethyl)norbornane, 2.2'-bis(4-aminocyclohexyl)propane, 1,1-bis(4-aminophenyl)cyclohexane, 4.4'-bis-
(4-(4-aminophenoxy)phenyisulfone)dipheny| ether, aminoethylpiperazine, or any combination thereof.

Representative of the di- and polyamine compounds containing one or more mesogenic or rodlike
moieties include, for example, 3,3'-dimethyi-4,4'-diaminobiphenyl, 4,4'-diaminostilbene, 4,4'-dia-
minodiphenylacetylene, 4.4'-diaminodiphenylazomethine, 4.4'-diaminoazobenzene, 4,4'-diaminoazoxyben-
zene, 4.4'-bis(4-aminophenoxy)diphenyl, 4.4'-diamino-alpha-methyistilbene, 3,3'.5,5-tetramethyl-4,4'-dia-
minodiphenyl, 3,3'5,5'-tetrachloro-4,4'-diaminodiphenyl, 2,2',6,6'-tetramethyi-4,4'-diaminodiphenyl, 4,4'-dia-
minobenzanilide, 4,4-diaminochalcone, 4.4'-diamino-alpha-cyanostilbene, 4-aminophenyl-4-aminobenzoate,
4,4'-diamino-3,3",5,5'-tetrabromo-alpha-methyistilbene, N,N'- bls(4-ammophenyl)terephthalamlde. 1.4-bis(4-
aminophenyl)-transcyclohexane, 4,4'- -bis(4-(4-aminophenoxy)phenyisulfone)stilbene. or any combination
thereof.

Representative of the primary monoamine compounds which are free of mesogenic or rodlike moieties
include, for example, aniline, 4-methoxyaniline, 4-chloroaniline, 4-methylaniline, 4-cyanoaniline, 2,6-
dimethylaniline,  4-aminodiphenyl oxide, 4-aminodiphenyimethane,  4-aminodiphenyisulfone,  4-
aminodiphenylsulfide. methylamine, 4-aminobenzophenone, n-hexylamine. cyclohexylamine, aminonorbor-
nane, or any combination thereof. Ammonia represents a special case of the primary monoamines useful
herein and may be conveniently used as the aqueous ammonium hydroxide solution.

Representative of the primary monoamine compounds containing one or more mesogenic or rodlike
moieties include, for example, 4-aminodiphenyl, 4-aminostilbene, 4-amino-4'-methoxystilbene, 4-amino-4'-
methylstilbene,  4-amino-4'-chlorostilbbene,  4-amino-4'-nitrostilbene,  4-amino-4'-cyanostilbene,  4-
aminodiphenylacetylene, 4-aminodiphenylazomethine, 4-aminoazobenzene, 4-aminoazoxybenzene, 4-amino-
alpha-methyistilbene, 4-aminobenzanilide, 4-aminochalcone, 4-amino-alpha-cyanostilbene, 4-aminophenyl-4-
methoxybenzoate, 4-amino-2,2'6,6'-tetramethyl-alpha-methylstilbene, 4-amino-2,6-dimethyl-alpha-methylstil-
bene, or any combination thereof.

Representative of the sulfonamide compounds which are free of mesogemc or rodlike moieties include,
for example, phenylsulfonamide, 4-methoxyphenyisulfonamide, 4-chlorophenylsulfonamide, 4-methyliphenyl-
sulfonamide, 4-cyanophenylsulfonamide, 2,6-dimethylphenylsulfonamide, 4-sulfonamidodiphenyl oxide, 4-
sulfonamidodiphenyimethane, 4-sulfonamidodiphenylisulfone, 4-sulfonamidobenzophenone, or any combina-

_ tion thereof.

Representative of the sulfonamide compounds containing one or more mesogenic or rodlike moieties
include, for example, 4-sulfonamidodiphenyl, 4-sulfonamidostilbene, 4-sulfonamido-4'-methoxystilbene, 4-
sulfonamido-4'-methylstilbene, 4-sulfonamido-4'-chlorostilbene, 4-sulfonamido-4'-nitrostilbene, 4-
sulfonamido-4'-cyanostilbens, 4-sulfonamidodiphenylacetylens, 4-sulfonamidodiphenylazomethine, 4-sul-
fonamidoazobenzene, 4-sulfonamidoazoxybenzene, 4-sulfonamido-alpha-methylistilbene, 4-sulfonamidoben-
zanilide, 4-sulfonamidochalcone, 4-sulfonamido-alpha-cyanostilbens, 4-sulfonamidophenyl-4-methoxyben-
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mhas a value from0.001 to 6, preferably from0.01 to 3; m has a val ue

fromi to'10 preferably from1l to 4; n has a value of zero or one; p has a
value fromzero to 30, preferabl yERPdM8 288 A2t0 5; n' has a value from1 to
6, preferably 1 to 3; n" has an average value from1l to 10; and p[err] has
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Representative of the aminophenol compounds containing one or more mesogenic or rodlike moieties
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oxygen'l i nkage between it and the carbon atomto which it is attached.
Represent-ati ve of the pol yepoxi de conpounds which are free of nesogenic or
rodl i ke noieties include, for exakRploai7awheAdi gl yci dyl ethers of resorcinol,
4, 4" - isopropylidenedi phenol (bisphenol A), 4,4'- dihydroxybenzophenone
(bi sphenol K), 1,1-bis(4- aydroxyphenyl)-1-phenyl et hane (bisphenol AP),
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di-hydroxydi phenyl net hane (bi sphenol F), 3,3',5,5'- tetrabronobisphenol A,

4, 4" -t hi.odi phenol (bi sphenol S), 4,4'-sulfonyl di phenol,

4, 4" - di hydr oxydi phenyl oxide, 3-gEROWHIHAZNOl A,

3,3 5,5 -tetrachl orobi sphenol A, 3,3'-dinethoxybi sphenol A, dipropyl ene

gl ycol, pol y(propyl ene glycol)s, thiodiglycol; the triglycidyl ether of
tris(hydroxyphenyl ) net hane; the triglycidyl ether of pzam nophenol; the
tetraglyci dyl ether of 4,4'--diam nodiphenyl net hane; the polyglycidyl ether
of a phenol or substituPed phenol -al dghyde condené&tlon p£oduct (novol ac);

t he ponegC|dyI et her ¢f a dlcyclopéﬁtadlene or &h oh:gdﬁer t her eof and
phenol or substituted pftenol condensation producti&thg§ adgancenent reaction
products of the afore di - and po | yci dyl etRers iwij® aromatic di- or
pol yhydroxyl - or di - pol ycar boxy acid contain
for exanple, bisphenol A (494'-isop | i denedi pheno
p- di hygr oxybenzene, 2, 4ed+ﬁ%thylrg§orC|nQ4 4-
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chl ororesorcinol, tetranethyl hydroqui none, 1, 1-bis(4- hydroxyphenyl)ethane,
bi s¢4; 4' - di hydr oxyphenyl ) net hane, 4, 4'-di hydroxydi phenyl et her,

3,3 ,5,5 -tetranet hyl - di hydr oxydigPhe4R8 918tA%er ,

3,3 ,5,5 -dichl orodi hydroxy- di phenyl ether, 4,4'-bis(p-hydroxyphenyl

i sopropyl)- diphenyl ether, 4,4'-Dbis(p-hydroxyphenoxy)benzene, 4,4 -

bi s( p- hydr oxyphenoxy) di phenyl ether, 4,4'-bis(4(4- hydroxyphenoxy)phenyl
sul f one) di phenyl ether, 4,4'- dlhydroxydlphenyl sul f ong,

4, 4' - di hydr oxydi phenyl sulfide, 4,4 dlhydroxydlphenylCU|squ|de 2,2 -

di hydr qxydi phenyl sul fone, 4,4 dlhydroxydlphenyl met h
1,1-bis(p-hydroxyphenyl)cyclohexane 4,4' - di hydr oxybepg ophenonB
phl or ogl uci nol, pyrogallol, 2,2',5,5'-tetrahydroxyd|p | sul f Bne,
tris(hydroxy- phenyl)net hane, dicycl opentadi ene diphe* tricyglo-
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-29.
p- hydr-oxybenzoi ¢ aci d;
cont ai ni ng a nmesogeni ¢ or
herein include, for exanple,

* pent adi ene di phenol, terephthalic acid, isophthalic acid,

any conbi nation thereof. The epoxy resins
rodl i ke BP0 argy9vdhAzh can particularly be enpl oyed
t hose represented by the aforenentioned

Formulas 11, V, VI or | X wherein at

| east 80 percent of the nolecules are

para substituted by both the bridging groups (-A-) and t he substituent

cont ai ni ng the gl ycidyl
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ass well as the substituent containing the secondary hydroxy al kylidene

group(:s) +

[err]

greater than zero.
substitution is with respect to the direct bond between
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the aromatic rings. The bridging groups (-A-) in the fornulas for
t he epoxy resins containing nesogenic or. rodlike noieties forma rigid
central |inkage between thePardse®18 82ring pairs, that is, Ais a direct
single bond, -Cerr]CG,-CRerr]=N, -N=EN-, -OCO, -NRerr]-CO,
-CRlerr]=N-N=CR[err]-, -CRerr]=CR[err]-CO, -CRerr]=CRlerr]-, -N=CR1-,
-CO 0O, -CONRL-, COCR[err] rr] COO N=CRlerr]-, -CR err]=N0OCC,

CONRI NR[err]-0CC,, = err] err] - 0- OC- COOCR[err]:CR[err]-,
err CRIE

(o R[gﬂ])n] ﬂ@%&%@r‘c} € ‘g@ﬁerr'??-toO(mR[err])n-

-(CHRerr])n-COOCR err]=CR[err]-, -CRerr]=CRerr]-OCCO(CHR err])n'-

0
i
HO: —-@— C-0-CHg~CHo ——@— NHg ,
0
I

mixtures thereof and the like.
Representative of the aminocarboxylic acid compounds which are free of mesogenic or rodlike moieties
include, for example, 2-aminobenzoic acid, 3-aminobenzoic acid, 4-aminobenzoic acid, 2-methoxy-4-ami-
- nobenzoic acid, 3,5-dimethyl-4-aminobenzoic acid, 3-cyclohexyl-4-aminobenzgic acid, 2,6-dibromo-4-ami-
nobenzoic acid, 5-butyl-4-aminobenzoic acid, 3-phenyi-4-aminobenzoic acid. 4-(1-(3-aminophenyl)-1-
methylethyl)benzoic acid, 4-(1-(4-aminophenyl)ethyl)benzoic acid, 4-(4-aminophenoxy)benzoic acid, 4-((4-
aminophenyl)thio)benzoic acid, (4-aminophenyl)(4-carboxyphenyl)methanone, 4-((4-aminophenyl)sulfonyi)-
benzoic acid, 4-(1-(4-amino-3,5-dibromophenyl)-1-methylethyl)-2,6-dibromobenzoic acid, glycine, N-methyl-
glycine, 4-aminocyclohexanecarboxylic acid, 4-aminchexanocic acid, 4-piperidinecarboxylic acid, or any
combination thereof.
Representative of the aminocarboxylic acid compounds containing one or more mesogenic or rodiike
moisties include, for example,

CH3
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rodl i ke functionalities,

it

substituents (R in Fornmulas II
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are hydrogen or nethyl
conpounds containing a
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HOOC —@-— CHg-0-~ C CH= CH—-@-— NH2 ,
HOOC —@-— C-0-CHg-CH2 —@—‘ NHg ,

:

mixtures thereof and the like.

Representative of the phenolic hydroxyl containing carboxylic acid compounds which are free of
mesogenic or rodlike moieties include, for example, é-hydroxybenzoic acid, 3-hydroxybenzoic acid, 4-
hydroxybenzoic acid, 2-methoxy-4-hydroxybenzoic acid, 3,5-dimethyl-4-hydroxybenzoic acid, 3-cyclohexyl-
4-hydroxybenzoic acid, 2,6-dibromo-4-hydroxybenzoic acid. 5-butyl-4-hydroxybenzoic acid, 3-phenyl-4-
hydroxybenzoic acid, 4-(1-(3-hydroxyphenyl)-1-methylethyl)benzoic acid, 4-(1-(4-hydroxyphenylethyl)-
benzoic acid, 4-(4-hydroxyphenoxy)benzoicacid, 4-((4-hydroxyphenyi)thio)benzoic acid, (4-hydroxyphenyl)-
(4-carboxyphenyl)methanone, 4-({(4-hydroxyphenyl)sulfonyi)benzoic acid, 4-(1-(4-hydroxy-3,5-
dibromophenyl)-1-methylethyl)-2,6-dibromobenzoic acid, 4-hydroxyphenylacetic acid, 3-hydroxyphenylacetic
acid, 2-hydroxyphenylacetic acid, 4-hydroxyphenyl-2-cyclohexanecarboxylic acid, 4-hydroxyphenoxy-2-pro-
panoic acid or any combination thereof.

Representative of the phenolic hydroxyl containing carboxylic acid compounds containing one or more
mesogenic or rodlike moieties include, for example,
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di carboxylic acid containing conmpounds including, for exanple, all of the.
previously listed di phenol precursors to the diglycidyl ethers containing a
mesogeni ¢ or rodlike noiety, or &P ersdisnetion thereof. The epoxy
resins which can be enployed herein can be prepared by reacting the
correspondi ng di- or pol yhydroxyl containing conpound (or am ne contai ni ng
conmpound) with an epihal ohydrin by any sujtable means known to those
skilled in the art. General ly, the di- or polyhydroxyl containing
conmpound is reacted with an eplha|0hyTHI§lln the presence-of a suitable
catalyst and in the presence or absence pf a suitable sokvent at a
tenperfature suitably fromO[err]C to 1Q rr]C, nore suifably from20[err]C
to 80[err]C, nost suitably from20[err 0 65[err]C, at ppressures suitably
from30 nmm Hg vacuumto 100 psia., nor itably from 3@.-am Hg vacuumto 50
psia., nost suitably fron1atnDspher|c pressure to 20 ps for a tine
suff|c5ent to conplgte the reaction, usu?IIy frolto
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to 5, nost usually from1 to 3 hours; and using from1.5:1 to 100:1,
preferablly from2:1 to 50:1, nnstlg
epi hal ohydrin per E

is an al kal

net al

hydr oxyl

group.
or alkaline earth netal
stoichionetric quantities produces a hal ohydrin intermediate which is then

r ef er abl

Ri428 81 2% al

from3:1 to 20:1 nol es of
reaction unless the catal yst
hydr oxi de enpl oyed in

reacted wth a basic acting conpound to copvert the vicinal
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cﬁiorohydrin groups to epoxide groups. The resultant product is a glycidyl
et her. conpaund. Sui t abl e epi hal ohydrins which can be enployed to
prepare the epoxy resins useful ingpesm@esaAs i nvention include, for

exanpl e,

those represented by the follow ng formula Formula X [err]

wherein Rlerr] is as previously defined; and X is a halogen. Particularly
sui tabl e such epi hal ohydrins incl ude, for exanpl e, epi chl or ohydri n,

epi br onmohydrin,
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—@— CHo-0- C CH=CH —@-— COCH
H

—@— C-0~CHg~CHg ——@—- cooH
mixtures thereof and the like.

Representative of the sulfanilamide compounds which are free of mesogenic or rodlike moieties include,
for example, o-sulfanilamide, m-sulfanilamide, p-sulfanilamide, 2 6-dimethyl-4-sulfonamide-1-aminobenzene,
2-methyl-4-suifonamido-1-aminobenzens, 3.5-dimethyl-4-sulfonamido-1-aminobenzene. 3-methyl-4-
sulfonamido-1-aminobenzene, 5-methyl-3-sulfonamido-1-aminobenzene, 3-phenyi-4-sulfonamido-1-
aminobenzene, 4-(1-(3-sulfonamidophenyl)-1-methylethyl)aniline, 4-(1-(4-suifonamidophenyl)ethyhaniline, 4-
(4-sulfonamidophenoxy)aniline, 4-((4-sulfonamidopheny|)thio)aniline, (4-sulfonamidophenyl)(4-aminophenyl)-
methanone, 4-((4-sulfonamidophenyl)sulfonyl)aniline, 4-(1-(4-sulfonamido-3,5- -dibromophenyl)-1-methylethyl)-
2,8-dibromoaniline, 4-sulfonamido-1-N-methylaminobenzene, or any combination thereof.

Representative of the sulfanilamide compounds containing one or more mesogenic or rodlike moieties

include, for example,
CHs
]
N ‘@-— C=CH -‘@— SO5NHs
CHj

__ |
HoN-05S @C:CH \Jf()\ NHz ,
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epi i odohydrin, nethyl epichl orohydrin, methylepibrdno- hydrin,

nmet.hyl epii odohydrin, or any conbination thereof. Suitable di- or

pol yhydr oxyl cont ai ni ng conpounds EP& 4788182 ont ai ni ng conpounds) whi ch can
be enpl oyed to prepare the epoxy resins useful in the present invention -
i nclude, for exanple, those represented by the fornulas - 38-
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0

I
HoN-0,8 ~@— CHz-0-C-CH=CH —-@— NHz ,

0

f
HoN=05S —@— C-0-CHa-CHg —@—- NHg ,

I
HoN-058 —@— c-s —@— NHz ,

or any combination thereof.
ADDUCTS

The adducts containing one or more mesogenic or rodlike moieties of the present invention are
prepared by reacting (B) one or more materials containing two or more hydrogens which are reactive with
an epoxide group selected from the group consisting of (1) di- and polyphenols, (2) di- and polycarboxylic
acids, (3) di-and polymercaptans, (4) di- and polyamines, (5) primary monoamines, (6) sulfonamides, (7)
aminophenols, (8} aminocarboxylic acids, (9) phenolic hydroxyl containing carboxylic acids, (10) sul-
fanilamides, (11) mixtures thereof with one or more A) epoxy resins in an amount sufficient to provide from
2:1 to 100:1, preferably from 3:1 to 20:1, most preferably from 5:1 to 10:1 equivalents of hydrogen reactive
with an epoxide group (excluding secondary hydroxy! groups formed by epoxide ring opening reaction to
form the adduct) per equivalent of epoxide reacted, with the proviso that one or more mesogenic or rodlike
moieties are present in either (A) the epoxy resin reactant or (B) the material containing two or more
hydrogens which are reactive with an epoxide group or in both (A} and (B).

The term “reactive with an epoxide group", as employed in the preparation of the adduct means
reactive at the conditions employed to prepare the adduct. There may be present hydrogen atoms which
are non-reactive with the epoxide group at the conditions employed to prepare the adduct. but which are
reactive at conditions at which an epoxy resin is cured with the resultant adduct. In which case, the
hydrogen atoms which are not reactive with the epoxy resin at the conditions at which the adduct is
prepared are not considered in the aforementioned reactive hydrogen to epoxide ratios.

The term "epoxy resin adduct” as used herein includes the epoxy resin wherein the terminal epoxide
groups have been reacted in a ring opening reaction with the material containing two or more hydrogens
which are reactive with an epoxide group to give the characteristic 2-hydroxypropyl functionality as a
linkage between the residual epoxy resin structure and the residual structure from the material containing
two or more hydrogens which are reactive with an epoxide group. A typical example is the reaction product
of aniline and the glycidyl ether of 4.4'-dihydroxy-alpha-methyistilbene:
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Formula XVII1. [err] wherein R, Rlerr],

p[err], . .
whi ch can be enpl oyed to prepare ERD &8HNY A2esi ns which can be enpl oyed

herei n
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‘mrand M are as herei nbefore defined.

H
0-CHa-CH~-CHa-NH

3
CH

CH

0
NH-CHg~CH-CH2~0

Rerr], Q A A, n,
Suitabl e catal ysts

The adduct may also contain oligomeric components derived from reaction of epoxide groups from two
separate epoxy resin molecules with two hydrogens in a molecule of the material containing two or more
hydrogens which are reactive with an epoxide group. A typical example is shown for the reaction of aniline

and the glycidyl ether of 4.4'-dihydroxy-alpha-methylstilbene:
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i ncl ude, for -exanple, amonium halides such as, for exanple,

benzyl t ri met hyl anmoni um chl ori de, benzyl tri nmet hyl amoni um br om de,

t et rabut yl ammoni um chl ori de, tetrabER QBEBEBIAIm br oni de, tetraoctylannonlum
chl oride, tetraoctyl amoni um brom de, tetranethyl amoni um chl ori de,

t et ramet hyl anmoni um brom de, or any conbi nati on thereof. Sui t abl e
basi ¢ acting conmpounds which can be enployed to prepare the epoxy resins
useful herein include, for exanple, a | netal or alkaline earth netal
hydr oxi des, carbonates, or bicarbonat Particul arly suitable such

conpoundg include, for exanple, sodi umYydroxide, potassium hydroxide,

| ithium hydroxide, cal cium hydroxide, bharium hydroxi de, nmagnesi um

hydr oxi de, nanganese hydroxi de, sodi bonat e, potassi um carbonate,

| i t hi um car bonat e, calciun1carbonif/uﬁkarf\mlcarbonate, magnesi um

car bonat e, manganese carbonate, sodi um bi carlbonate, potassium bi carbonate,
l'i t hi umsbi carbonate, cal ci um bi cafbonate, bgMi um bi carbonate, magnesi um

bi car bonat e, - O o
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The adduct may also contain unreacted material containing two or more hydrogens which are reactive

50 with an epoxide group. Thus in the case of the reaction between aniline and the glycidyl ether of 4.4'-
dihydroxy-alpha-methylstilbene, if stoichiometric excess of aniline is employed and not removed, it thus
becomes a part of the epoxy resin adduct. The adduct may also contain branched or crosslinked structure
derived from (A) reaction between an epoxide group and the hydroxyl group of a 2-hydroxypropyl linkage
contained in said adduct, or (B) reaction between- three separate epoxy resin molecules with three

55 hydrogens in a molecule of the material containing two or more, in this case, more, hydrogens which are
reactive with an epoxide group. A typical example of the former case, (A), is the reaction of a backbone

hydroxyl group of the epoxy resin adduct of aniline and the diglycidyl ether of 4,4'-dihydroxy-alpha-
methyistilbene with an epoxide group from a second molecule of the digiycidy! ether of 4,4'-dihydroxy-
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50 A typical example of the latter case, (B), is the reaction of an amino hydrogen of the epoxy resin adduct

of diethylenetriamine and the diglycidyl ether of 4.4'-dihydroxy-alpha-methyistilbene wherein an epoxide
group from a second molecule of the diglycidyl ether of 4,4'-dihydroxy-alpha-methylstilbene has already
reacted with another amino hydrogen in the diethylenetriamine moiety (only one end of each of the epoxide
molecules shown):

55
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Minor amounts of other structures may be present in the adducts of the present invention, for example,
50 those which may be present in the epoxy resin reactant. such as, the 1,2-glycol group derived from
hydrolysis of the epoxide group, or halomethy! groups caused by addition of epihalohydrin to the hydroxyi
group of an intermediate halohydrin molecule.
A catalyst is optionaily employed to prepare the adducts confaining one or more mesogénic or rodlike
moieties of the present invention. Suitable catalysts include the aforementioned phosphines, quaternary
§5 ammonium compounds, phosphonium compounds, tertiary amines, any combination thereof. The amount of
catalyst used, if any, depends upon the particular reactants and catalyst employed: however, it is usually
employed in quantities from 0.01 to 3, preferably from 0.01 to 1.5, most preferably from 0.03 to 0.75
percent by weight based upon the weight of the epoxy containing compound.

OH
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bi phenol represented by the follow ng formula rr]

Reaction conditions for forming the adducts containing one or more mesogenic or rodlike moieties of
the present invention vary widely depending upon the type and amount of reactants employed, the type and
amount of catalyst used, if any. the use of solvent(s), the mode of addition of the reactants employed, and
other known variables. Thus, the reaction may be conducted at atmospheric, superatmospheric or subat-

5 mospheric pressures at temperatures of from 0°C to 260°C, preferably from 20°C to 200°C. most
preferably from 35°C to 160°C. The time required to complete the reaction depends not only upon the
aforementioned variables, but also upon the temperature employed. Higher temperatures require shorter
periods of time whereas lower temperatures require longer periods of time. Generally, however, times of
from 5 minutes to one week. more preferably from 30 minutes to 72 hours, most preferably from 60 minutes

10 to 48 hours are suitable. The reaction time and temperature profile employed can greatly influence the
distribution of components comprising the epoxy resin adducts of the present invention, thus, higher
reaction temperatures with their inherently shorter reaction times. generally induce the formation of more
oligomeric component when a material containing two hydrogens reactive with an epoxide group is used, or,
additionally, branched or crossiinked structure when a material containing more than two hydrogens reactive

15 with an epoxide group is used.

The reaction to form the adducts containing one or more mesogenic or rodlike moieties of the present
invention may be conducted in the presence of one or more solvents. Solvents may be beneficially
employed, for example, to improve the solubility of one or more reactants in the reactant mixture, to
dissolve a solid reactant thus rendering it easier to meter into the reaction, or to dilute the concentration of

20 reacting species as a means to moderate the adduct forming reaction and thus vary the distribution of
components comprising the adduct. Suitable solvents include those which are substantially inert to reaction
with any of the reactants employed or the adduct product formed therefrom. Thus the solvents and amounts
of said solvents previously described for the advancement reaction are generally suitable for use in the
adduct forming reaction.

25 The contacting together of (A) one or more epoxy resins and (B) one or more materials containing two
or more hydrogens which are reactive with an epoxide group selected from the group consisting of (1) di-
and polyphenols, (2) di- and polycarboxylic acids, (3) di-and polymercaptans, (4) di- and polyamines, (5)
primary monoamines, (6) sulfonamides (7) aminophenols, (8) aminocarboxylic acids, (9) phenolic hydroxyl
containing carboxylic acids, (10) sulfanilamides, (11) mixtures thereof with the proviso that one or more

30 mesogenic or rodlike moieties may be present in the epoxy resin reactant (A) or the material containing two
or more hydrogens which are reactive with an epoxide group (B) or in both (A} and (B) may be done in any
configuration which provides an adduct that is essentially free of epoxide groups. Thus, the epoxy resin
component and the material containing two or more hydrogens which are reactive with an epoxide group
may be directly mixed together and subjected to the aforesaid conditions conducive to reaction, or one

35 component may be added to the other component in increments including up to continuous addition. If
increments are added. all or a part of an added increment may be allowed to react prior to addition of the
next increment. Generally, the incremental addition of the epoxy resin reactant to the bulk of the material
containing two or more hydrogens which are reactive with an epoxide group favors an adduct composed of
material wherein the terminal epoxide groups have been reacted in a ring opening reaction with said

40 material containing two or more hydrogens which are reactive with an epoxide group to give the
characteristic 2-hydroxypropyl functionality as a linkage between the residual epoxy resin structure and the
residual structure from the material containing two or more hydrogens which are reactive with an epoxide
group, and lesser amounts, if any, oligomeric component.

Various post treatments may be applied to the adducts containing one or more mesogenic or rodlike

45 moieties of the present invention as a means to vary the distribution of components comprising the adduct,
to modify the reactivity of the adduct with an epoxy resin, to modify the physical state of the adduct, or for
other known reasons. As a specific example, in the preparation of the adduct of aniline and the diglycidyl
ether of 4.4'-dihydroxy-alpha-methyl-stilbene, a large stoichiometric excess of primary amine groups
derived from the aniline, with respect to epoxide groups derived from the diglycidyl ether of 4,4'-dihydroxy-

50 alpha-methylstilbene may be used to favor an adduct with a low content of cligomeric component, however,
the finished reaction product now contains, as a part of the adduct composition, a high concentration of
aniline as the unreacted material containing two or more hydrogens which are reactive with an epoxide
group. In the method of the present invention, post treatment of the adduct via vacuum distillation to strip
out the unreacted aniline may be employed. Many other alternate methods of post treatment to vary the

55 distribution of the components comprising the adducts of the present invention may be employed, such as,
for example, recrystallization, chromatographic separation, zone refining, crystat refining, wiped film distilla-
tion, exiraction, preferential chemical derivatization of one or more components of said adduct followed by
its removal, any combination thersof. Another class of post treatments of the adducts of the present
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a cat al yst o0& eResdBrddctod fal containing two or more hydrogens which are reactive with an epoxide
group, favors an adduct composed of material wherein the terminal epoxide groups have been reacted in a
ring opening reaction with said material containing two or more hydrogens which are reactive with an
epoxide group to give the characteristic 2-hydroxypropyl functionality as a linkage between the residual
15 epoxy resin structure and the residual structure from the material containing two or more hydrogens which
are reactive with an epoxide group, and lesser amounts, if any oligomeric component.
Certain of the materials containing two or more hydrogens which are reactive with an epoxide group
which possess dual functional groups, that is, (B-7) aminophenols. (B-8) aminocarboxylic acids and (B-9)
phenalic hydroxyl containing carboxylic acids and (B-10) sulfanilamides represent materials which may be
20 utilized under conditions to provide differential reactivity of said functional groups with the epoxide group.
Thus. the adduct can be formed by preferential reaction of one type of functional group with the epoxide
group while leaving substantially unreacted the second type of functional group. As a typical example. p-N-
methylaminomethyiphenol reacted under mild conditions (low temperature and long reaction time using
incremental or slow continuous addition of the epoxy resin in a solvent to the aminophenol in a solvent) with
25 the diglycidyl ether of 4,4'-dihydroxy-alpha-methylstiloene favors the phenclic terminated epoxy resin
adduct:

55 N
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Catalysis favoring reaction of one functional group over another with the epoxide group may also
beneficially be employed.

55 Certain of the adducts containing one or more mesogenic or rodlike moieties of the present invention
may also be prepared via reaction of one or more monoepoxide compounds with one or more materials
containing four or more hydrogen atoms which are reactive with an epoxide group. A typical éxample is the
adduct prepared by reaction of an aromatic primary diamine such as 4,4'-diaminostilbene or 4,4'-
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curing st ag. adducts containingT&'@ oF R8P Ymdsbushib oF I3k hdlefd Wit Sner oxy resins, all. none,
or a part of which may contain one or more mesogenic or rodlike moieties. The adducts are employed in
amounts which will effectively cure the mixture, with the understanding that these amounts will depend upon
10 the particular adduct and epoxy resin employed. Generally, suitable amounts of the adduct include amounts
which will provide from 0.80:1 to 1.50:1 equivalents of hydrogen which is reactive with an epoxide group per
equivalent of epoxide group in the epoxy resin at the conditions employed for curing.
The application of heat or a combination of heat and pressure may be employed in the curing of the
thermosettable mixtures of the present invention. Temperatures employed can vary over a considerable
15 range but are usually in the range of 20°C to 250°C. Depending upon the relative solubility and phase
transition temperature(s) associated with the mesogenic or rodlike moieties present in the thermosettable
compositions, curing at an elevated temperature can be especially desirable to enhance the molecular
anisotropy of the cured product. -
The thermosettable mixtures of the present invention may also contain one or more of the known curing
20 agents for epoxy resins such as, for example, primary and secondary polyamines, carboxylic acids and
anhydrides thereof, aromatic hydroxyl containing compounds, imidazoles, guanidines, urea-aidehyde resins,
alkoxylated urea-aldehyde resins, melamine-aldehyde resins, alkoxylated melamine-aldehyde resins, al-
iphatic amines, cycloaliphatic amines, aromatic amines, epoxy resin adducts free of mesogenic or rodlike
moieties, any combination thereof. Particularly suitable curing agents include, for example,
25 methylenedianiline, 4,4'-diaminostilbene, 4,4'-diaminobenzanilide, 4,4'-diamino-alpha-methyistilbene, dicyan-
diamide, ethylenediamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, urea-formalde-
hyde resins, melamine-formaldehyde resins, methylolated urea-formaldehyde resins, methylolated
melamine-formaldehyde resins, phenol-formaldehyde novolac resins, suifanilamide, diaminodiphenylsulfone,
diethyltoluenediamine, t-butyltoluenediamine, bis-4-aminocyciohexyimethane, isophoronediamine, dia-
30 minocyclohexane, hexamethylenediamine, piperazine, aminosthylpiperazine. 2.5-dimethyl-2,5-hex-
anediamine, 1,12-dodecanediamine, tris-3-aminopropylamine, any combination thereof. If used as a compo-
nent of the thermosettable mixtures of the present invention, from 1 to 99, preferably from 1 to 40, most
preferably from 1 to 20 percent of the equivalents of hydrogen which are reactive with an epoxide group
provided by the adduct containing one or more mesogenic or rodlike moieties are substituted out by using
35 one or more of the aforesaid curing agents.

ORIENTATION

During processing prior to curing and/or during cure of the curable epoxy resin compositions into a part,

40 electric or magnetic fields or shear stresses can be applied for the purpose of orienting the mesogenic or
rodlike moieties contained or developed therein which in effect improves the mechanical properties.

In addition to orientation by electric or magnetic fields. polymeric mesophases can be oriented by
drawing and/or shear forces which are induced by flow through dies, orifices, and mold gates. For the
mesomorphic systems based on the epoxy resin compositions, this shear orientation can be produced by

45 processing methods such as injection molding, extrusion, pultrusion, filament winding, filming and prepreg-
ing.

The thermossttable mixtures 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, any combination thereof.

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

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

55 ethers, aliphatic ethers, cyclic ethers, esters, amides, monoepoxides, combinations thereof and the like.
Particularly suitable solvents or diluents include, for example, toluene, benzene, xylene, methyl ethyl ketone,
methyl isobutyl ketone, diethylene glycol methyl ether, dipropylene glycol methyl ether, dimethylformamide,
N-methylpyrrolidinone, tetrahydrofuran, propylene glycol methy! ether, 4-tertiary-butylphenyl glycidy! ether,
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0 Suitable fillers which can be employed herein include, for example, inorganic oxides, ceramic micro-
spheres, plastic microspheres, glass microspheres, inorganic whiskers, Ca003, combinations thereof and
the like.

The fillers can be employed in amounts suitable 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.

15 The compositions of the present invention are useful in, but not limited to, applications such as
coatings, encapsulations, extrusions, moldings, pultrusions, electrical and structural laminates or compos-
ites, and the like. In some instances, they can be formed into monofilament and multifilament fibers.

The following examples are illustrative of the present invention, but are not to be construed as to
limiting its scope in any manner.

20
Example 1
A. Synthesis of 4,4'-9ihydroxy-alpha—methylstiIbene

25 Phenol (376.44 grams, 4.0 moles), chloroacetone (205.62 grams, 2.0 moles as chloroacetone) and

methylene chloride (300 grams) 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-dichloroacetone, Concentrated sulfuric acid (196.16 grams,
2.0 mole) was added to dropwise to the stirred solution over a thirty minute period so as to maintain the
30 reaction temperature between -9°C and -11°C. After two hours of post reaction between the -9°C to -
11°C temperature, the viscous orange oil solution was mixed with 500 milliliters of iced deionized water.
The oil solution was separated then washed with a second 500 milliliter portion of iced deionized water.
After separation, the recovered oil solution 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
35 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, foliowed by
continuation of the mixing and heating. Once the temperature reached 70° C, a massive precipitation of
white crystalline plates occurred and was followed by immediate coalesence of the precipitated product to
an oil. The oil layer was recovered by decantation of the water layer and 250 milliliters of ethanol was
40 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 crystaliine plates again occurred. At this time, stirring was stopped and the
crystalline slurry, as well as the decanted water layer were both chilled to 5°C and held therein for 12
hours. The crystalline product was recovered by filtration, combined with 250 milliliters of deionized water
45 then stirred with heating to 90° C. After cooling to 5° C, the crystalline product was recovered by filtration
then dried in a vacuum oven at 100° C and 5 mm Hg to a constant weight of 226.7 grams. Proton magnetuc
resonance spectroscopy and infrared spectrophotometric analysis confirmed the product structure.

B. Epoxidation of 4,4'-Dihydroxy-alpha-methylstilbene
50
4,4'-Dihydroxy-alpha-methyistilbene (141.41 grams, 1.25 hydroxyl equivalent) from A above, epich-
lorohydrin (578.31 grams, 6.25 moles), deionized water (50.92 grams, 8.0 percent by weight of the
epichlorohydrin used) and isopropanol (311.40 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
§5 reaction temperature was achieved, sodium hydroxide (45.0 grams, 1.125 mole) dissolved in dsionized
water (180 grams) was added dropwise to the reactor over a 45 minute period so as to maintain reaction
temperature between 55 and 58°C. Ten minutes after completion of the aqueous sodium hydroxide
addition, the stirring was stopped and the aqueous layer which separated from the reaction mixture was
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dl hydr 0X pe?téc? o) an s rXed benze%@n?éd and {alfterq t&éf glr tglxr}{y ﬁhnut%g%ﬂ& cloRSIQt%h of
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1, 4- bi S( fliiters 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 (208.4 grams) as a crystalline off-white solid with an epoxide
equivalent weight of 177.61.
10
C. Characterization of Liquid Crystallinity in the Diglycidyl Ether of 4.4'-Dihydroxy-alpha-methyIstilbene.

A portion (10.84 milligrams of the diglycidyt ether of in 4,4'-dihydroxy-a|pha-methylstilbene prepared
using the method of B above was analyzed by differential scanning calorimetry using a heating rate of
15 10°C per minute and a temperature range of 30 to 150° C. The following resuits were obtained:

Observed
Transition
Cycle Enthalpy
20 Designation Tempiggfures (J/G) Comments
midpoint/range
First heat 73/55-84 6.3
25 (30 to 122/84-130 41.8 -
150°C)
First ' . 2
cooling -/81-52 unresolved
30 (150 to - broad,
30°C) flat peaks
Second heat 81/48<92 31.4
(30 to (shoulder at
25 150°C) 69) -
124/108-132 3.6
Second (same as
cooling observed for
(150 to the first
40 30°C) cooling)

Analysis of the diglycidyl ether via polarized light microscopy was completed using a microscope equipped
45 with a programmable hot stage using a heating rate of 20°C per minute. The following results were
obtained:

50
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45
The diglycidyl ether was a monotropic liquid crystal with a nematic texture. Two fractions were present: the
minor 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.

50
D. Preparation of Adduct from Aniline and Diglycidyl Ether of 4.4'-Dihydroxy-alpha-methylstilbene

Aniline (465.58 grams, 5.0 moles) was added to a 2 liter reactor equipped with a cooled condenser

_ (5>C) and stirred under a nitrogen atmosphere with heating to 90° C. A solution of the diglycidyl ether of
55 4,4'-dihydroxy-alpha-methylstilbenefrom C above (88.81 grams, 0.50 epoxide equivalent) dissolved in 1,4-
dioxane (355.22 grams) was pumped into the reactor at a rate of 1.7817 grams per minute while maintaining

the 90° C reaction temperature. After completion of addition of the diglycidy! ether solution in 1.4-dioxane,

the reactor was held at 90° C for an additional 48 hours. At the end of the 48 hours of post reaction, the
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infrared spectrophotometric analysis of a film sample of the product on a sodium chloride plate dem-
onstrated that complete conversion of epoxide groups had occurred. Titration of a portion of the product for
5 total nitrogen content demonstrated the presence of 3.5300 milliequivalents N per gram of product. Titration
of a portion of the product which had been acetylated with acetic anhydride for tertiary nitrogen content
demonstrated the presence -of 0.0860 milliequivalents tertiary N per gram of product. By difference, the totai

secondary amine content was calculated to be 3.444 milliequivalents >N-H per gram of product.

10 Comparative Experiment 1

Preparation of Adduct of Aniline and Diglycidyl Ether of 4,4'-Isopropylidenediphenol

Aniline (931.16 grams, 10.0 moles) was added to a 2 liter reactor equipped with a cooled condenser

15 (5°C) and stirred under a nitrogen atmosphere with heating to 90° C. A solution of the diglycidyl ether of

4,4'-isopropylidenediphenol (bisphenol A) (179.95 grams, 1.0 epoxide equivalent) having an epoxide

equivalent weight of 179.95 dissolved in 1,4-dioxane (359.90 grams) was pumped into the reactor at a rate

of 1.0869 grams per minute while maintaining the 80° C reaction temperature. After completion of addition of

the diglycidyl ether solution in 1,4-dioxane, the reactor was held at 90° C for an additional 48 hours. At the

20 end of the 48 hours of post reaction, the solution was recovered and rotary evaporated under vacuum for

one hour at 90° C then four hours at 150° C and 2 mm Hg. The product was recovered (271.50 grams) as a

light amber transparent solid at 25° C. Infrared spectrophotometric analysis of a film sample of the product

on a sodium chioride plate demonstrated that compiete conversion of epoxide groups had occurred.

Titration of a portion of the product for total nitrogen content demonstrated the presence of 3.5864

25 milliequivalents N per gram of product. Titration of a portion of the product which had been acetylated with

acetic anhydrige for tertiary nitrogen content demonstrated the presence of 0.0848 milliequivalents tertiary

N per gram of product. By difference, the total secondary amine content was calculated to be 3.5016
milliequivalents >N-H per gram of product.

30 Exampie 2

Preparation of a Neat Resin Casting of the Diglycidyl Ether of 4,4'-Isopropylidenediphenol Cured with an
Adduct from Aniline and Diglycidyl Ether of 4,4'-Dihydroxy-aipha-methyistiibene

35 A portion (4.37 grams. 0.0248 epoxide equivalent) of a diglycidyl ether of 4.4'-isopropylidenediphenol
having an epoxide equivalent weight of 175.6 was combined with a portion (7.23 grams, 0.0249 N-H
equivaient) of the adduct from aniline and diglycidy! ether of 4.4'-dihydroxy-alpha-methylstilbene from
Example 1-D. These components were then placed in an oven preheated to 120° C and thoroughly mixed.
After 10 minutes at 120° C, the resinous mixture was degassed in a vacuum bell jar and then poured into

40 the reservoir of an injection molder preheated to 120° C. After 5 minutes in the reservoir, the resin was
injected through a 0.0825 (1.5875 mm) inch square orifice into a mold preheated to 100° C and having the
following dimensions: 3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by 3.175 mm). The filled mold was then
immediately transferred to an oven preheated to 100° C. After two hours at 100° C. the oven temperature
was increased to 110° C where it was maintained for four hours before slowly cooling to room temperature

45 (25°C). Once at room temperature the casting released from the mold was iransiucent and microscopic
examination at 70X magnification using a crossed polarized light source revealed a high level of birefrin-
gence. After lightly sanding the edges of the casting, it was tested for flexural properties. The flexural
strength and modulus thus obtained were 20,310 psi (140.0 MPa) and 513,000 psi (3537.0 MPa),
respectively. After reaching the maximum flexural stress of 20,310 psi (140.0 MPa), the casting yielded

so rather than breaking. The glass transition temperature of the casting was measured by differential scanning
calorimetry and was found to be 103" C. Differential scanning calorimetry also indicated that the casting was
fully cured as no exothermic activity was observed up fo the 300° C end of the analysis. After completion of
the flexural testing and differential scanning calorimetry, a 1.0 by 0.5 by 0.125 inch (25.4 by 12.7 by 3.175
mm) coupon weighing 1.2880 grams was cut from the casting and submerged in methylethylketone

s5 maintained at room temperature. After four hours of exposure to the methylethylketone, an 8.3 percent gain
in weight was observed. After 24 hours of exposure, the gain in weight was 26.7 percent. The aforemen-
tioned procedure for injection molding a neat resin casting was repeated using a diglycidy! ether of 4,4'-
isopropylidenediphenol (4.37 grams, 0.0243 epoxide equivalents) having an epoxide equivalent weight of

79



phosphoni um acet ate[ err]acetic acid conpl ex), ethyl tr m

I | u
phosphat e, -t et rabut yl phosphoni um chl ori de, tet rabutyl p XSBpee
t et rabutyl - phosphoni um i odi de, téPrﬂaﬁiﬁtS}Bﬁﬁosphonl um
(tetrabutyl phosphonl um acetate[err]acetic acid conpl ex

gygg'hfe;'afh hs ‘ﬁéﬁé 1%@%“5 fgﬁfg h oo aki #,ertwst. %f%mc’éxemam um

e t ns ce was ed from thls casting in
be.nzylht Ir Iacr.:or ance mﬁos and ét ord!s %Sts F' %’E snle strength
triethy aorqug bethr neIQQv\é e% &)ps 2b ’86 p &y. The ercent

vl J&ﬁ @B 6054

benzyl di un? R¥sil& @ RAleLE BS') (E FRh): was 12.1 and at

advancerwﬁa) G?stz%g}’ﬁwte RERSSoptalba s.eu&r&rﬁanzéaqm}awe par t1calar reactants and
cat al yst enpl oye however, 1t |s usual ly enployed- in quantities of from

0.03 to hxampieberably from 0.03to 1.5, nost preferably from0.05 to 1.5
percent by weight based upon the wei ght of the epoxy containing conpound.
The adwaregaridn ¢ eaddat REsIC astiLotamNdigptiad Embr @4 BipjRdxyGlphSti@pyidgibamsphier i C
or subat nasahadduét from Aniline and Diglycidyl Ether of 4,4'-Dihydroxy-alpha-methylstilbene

A portion (2.55 grams, 0.0142 epoxide equivalent) of a diglycidyl ether of 4.4'-dihydroxy-alpha-
methylstilbene prepared using the method of Example 1-B and having an epoxide equivalent weight of
15 179.2 was placed in an oven preheated to 150° C. Ten minutes later, after melting had occurred, the oven
temperature was reduced to 120°C. Once the 120° C temperature was achieved. a portion (4.13 grams,
0.0142 N-H equivalent) of the adduct of aniline and diglycidy! ether of 4,4'-dihydroxy-alpha-methylstilbene
from Example 1-D was added and thoroughly mixed therein. After 10 minutes at 120°C, the resinous
mixture was degassed in a vacuum bell jar and then poured into the reservoir of an injection molder
20 preheated to 120° C. After 5 minutes in the reservoir, the resin was injected through a 0.0625 inch (1.5875
mm) square orifice into a mold preheated to 100°C and having the following dimensions: 3.0 by 0.5 by
0.125 inch (76.2 by 12.7 by 3.175 mm). The filled mold was then immediately transferred to an oven
preheated to 100° C. After two hours at 100° C, the oven temperature was increased to 110° C where it was
maintained for four hours before slowly cooling to room temperature (25° C). Once at room temperature the
25 casting released from the moid was opaque and light beige in color. Microscopic examination of the flashing
from this casting at 70X magnification using a crossed polarized light source revealed a high level of
birefringence. After lightly sanding the edges of the casting, it was tested for flexural properties. The flexural
sirength and modulus thus obtained were 19,235 psi (132.6 MPa) and 515.000 psi (3550.8 MPa),
respectively. After reaching the maximum flexural stress of 19,235 psi (132.6 MPa), the casting yielded
30 rather than breaking. The glass transition temperature of the casting was measured by differential scanning
calorimetry and was found to be 108° C. Differential scanning calorimetry also indicated that the casting was
fully cured as no exothermic activity was observed up to the 300° C end of the analysis. After completion of
the flexural testing and differential scanning calorimetry, a 1.0 by 0.5 by 0.125 (25.4 by 12.7 by 3.175 mm)
inch coupon weighing 1.2222 grams was cut from the casting and submerged in methylethylketone
35 maintained at room temperature. After four hours of exposure to the methylethylketone, a 0.02 percent gain
in weight was observed. After 24 hours of exposure, the gain in weight was 0.08 percent. The aforemen-
tioned procedure for injection molding a neat resin casting was repeated using the diglycidyl ether of 4.4'-
dihydroxy-alpha-methylstitbene (2.57 grams, 0.0143 epoxide equivalents) having an epoxide equivalent
weight of 179.2 and the adduct of aniline and diglycidyl ether of 4,4'-dihydroxy-alpha-methylstilbene from
40 Example 1-D (4.17 grams, 0.0143 N-H equivalents). A Type V tensile piece was prepared from this casting
in accordance with standard methods (ASTM D-638). The tensile modulus and maximum tensile strength
obtained before yield were 442,000 psi (3047.5 MPa) and 11,740 psi (80.9 MPa), respectively. The percent
elongation at the maximum tensile stress (11,740 psi) (80.9 MPa) was 3.6 and at break (9795 pSI) (67.5
MPa) was 30.6. The results thus obtained are summarized in Table .
45
Comparative Experiment 2

Preparation of a Neat Resin Casting of the Diglycidyl Ether of 4,4'-Isopropylidenediphenol Cured with an
Adduct of Aniline and Diglycidyl Ether of 4,4'-Isopropylidenediphenol
50
A portion {4.35 grams, 0.0242 epoxide equivalents) of a diglycidyl ether of 4,4'-isopropylidenediphenol
having an epoxide equivalent weight of 179.9 was combined with a portion (6.90 grams, 0.0242 N-H
equivalents) of the adduct of aniline and diglycidyl ether of 4.4'-isopropylidenediphenol from Comparative
Experiment 1. These components were then placed in a oven preheated to 120°C and thoroughly mixed.
55 After 10 minutes at 120° C, the resinous mixture was degassed in a vacuum bell jar and then poured into
the reservoir of an injection molder preheated to 120°C. After 5 minutes in the reservoir, the resin was
injected through a 0.0625 (1.5875 mm) inch square orifice into a mold preheated to 100° C and having the
following dimensions: 3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by 3.175 mm). The filled mold was then
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examination at 70X magnification using a crossed polarized light source revealed -a low level of birefrin-
5 gence. After lightly sanding the edges of the casting, it was tested for flexural properties. The flexural
strength and modulus thus obtained were 13,375 psi (92.2 MPa) and 511.000 psi (3523.2 MPa), respec-
tively. The glass transition temperature of the casting was measured by differential scanning calorimetry
and was found to be 95° C. Differential scanning calorimetry also indicated that the casting was fully cured
as no exothermic activity was observed up to the 300° C end of the analysis. After completion of the flexural
10 testing and differential scanning calorimetry, a 1.0 by 0.5 by 0.125 (25.4 by 12.7 by 3.175 mm) inch coupon
weighing 1.2823 grams was cut from the casting and submerged in methylethylketone maintained at room
temperature. After four hours, of exposure to the methylethylketone, the coupon had completely dissolved.
The forementioned procedure for injection molding a neat resin casting was repeated using a diglycidyl
ether of 4,4'-isopropylidenediphenol (4.35 grams, 0.0242 epoxide equivalents) having an epoxide equivalent
15 weight of 179.9 and the adduct of aniline and diglycidy| ether of isopropylidensdiphenol from Comparative
Experiment 1 (6.90 grams, 0.0242 N-H equivalents). A Type V tensile piece was prepared from this casting
in accordance with standard methods (ASTM D-638). The tensile modulus and maximum tensile strength
obtained (at break) were 450,000 psi (3102.7 MPa) and 9725 psi (67.1 MPa), respectively. The percent
elongation at the maximum tensile stress (9725 psi) (67.1 MPa) was 6.9. The results thus obtained are
20 summarized in Table |.

Example 4

Preparation of a Neat Resin Casting of the Diglycidy! Ether of 4.4'-Dihydroxy-alpha-methylstilbene Cured
25 with an Adduct of Aniline and Diglycidyl Ether of 4.4'-Dihydroxy-aipha-methylstiibene: Use of an Alternate
Injection Molding and Curing Procedure to Produce High Unidirectional Properties

A portion (2.75 grams, 0.0155 epoxide equivalent) of a diglycidyl ether of 4,4'-dihydroxy-alpha-

methylstilbene prepared using the method of Example 1-B above and having an epoxide equivalent weight

30 of 176.81 was placed in an oven preheated to 150° C. Ten minutes later, after melting had occurred, the

oven temperature was reduced to 120°C. Once the 120° C temperature was achieved, a portion (4.43

grams, 0.0155 N-H equivalent) of adduct of aniline and diglycidyl ether of 4,4'-dihydroxy-alpha-methylstil-

bene prepared using the method of Example 1-D was added and thoroughly mixed therein. After 9 minutes

at 120° C, the resinous mixture was degassed in a vacuum bell jar and then poured into the reservoir of an

35 injection molder preheated to 120°C. After 5 minutes the temperature of the reservoir was reduced to

100° C and then the resin was injected through a 0.020 inch by 0.375 inch (0.5 by 9.5 mm) rectangular flow

gate into a mold preheated to 80° C and having the following dimensions: 3.0 by 0.5 by 0.125 inch (76.2 by

12.7 by 3.175 mm). The filled mold was then immediately transferred to an oven preheated to 80° C. After

four hours at 80° C, the oven temperature was increased 10° C per hour to 110° C where it was maintained

40 for six hours before slowly cooling to room temperature (25° C). Once at room temperature the casting was

released from the mold. Microscopic examination of the flashing from this casting at 70X magnification

using a crossed polarized light source revealed a high level of birefringence. For this casting, wide angle X-

ray diffraction analysis was performed in order to determine if uniaxial molecular orientation had been

induced. In this analysis, the casting was mounted in a flat plate pinhole X-ray camera and an X-ray

45 diffraction pattern was obtained on Agfa D7 film following a 24 hour exposure. From the film thus obtained,

an oriented reflection pattern was observed. The indicated direction of this orientation was the same as that

of the resin flow into the mold during the preparation of the casting. Following X-ray diffraction analysis, the

casting was tested for flexural properties. The flexural strength and modulus thus obtained were 25,024 psi

(1725 MPa) and 846.000 psi (5833.0 MPa), respectively. After reaching the maximum flexural stress of

50 25,024 psi (172.5 MPa), the casting yielded rather than breaking. The glass transition temperature of the

casting was measured by differential scanning calorimetry and was found to be 108° C. The aforementioned

procedure for injection molding a neat resin casting was repeated using the diglycidyl ether of 4,4'-

dihydroxy-alpha-methylstilbene (2.75 grams, 0.0155 epoxide equivalent) and the adduct of aniline and

diglycidyl ether of 4.,4'-dihydroxy-alpha-methylstilbene {4.43 grams, 0.0155 N-H equivalent). A Type V

55 tensile test piece was prepared from this casting in accordance with standard methods (ASTM D-638). The

tensile modulus and maximum tensile strength obtained before yield were 981.000 psi (6763.8 MPa) and

24,260 psi (167.3 MPa), respectively. The percent elongation at break was 17.2. The results thus obtained
aresummarized in Table i.
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a4 Ultimate strength before yielding

Example 5

A. Preparation of Adduct of n-Butylamine and Diglycidyl Ether of 4,4'-Dihydroxy-alpha-methylstilbene
50
n-Butylamine (548.55 grams, 7.5 moles) was added to a 2 liter reactor equipped with a cooled
condenser (-5° C) and stirred under a nitrogen atmosphere with heating to 60 ° C. A solution of the diglycidyl
ether of 4,4'-dihydroxy-alpha-methylstilbene prepared using the method of Example 1-B (176.809 epoxide
equivalent weight) (85.94 grams, 0.486 epoxide equivalent) dissolved in 1,4-dioxane (400.0 grams) was
55 pumped into the reactor at a rate of 0.9203 grams per minute while maintaining the 60°C reaction
temperature. After completion of addition of the diglycidyl ether solution in 1,4-dioxane, the reactor was held
at 60°C for an additional 24 hours. At the end of the 24 hours of post reaction, the solution was recovered
and rotary evaporated under vacuum for one hour at 90°C then four hours at 150°C and 2 mm Hg. The
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X| sample of the product on’a sodium chioride plate demonstrated that complete conversion
! groups had occurred Titration of a portion of the product for total nitrogen content demonsirated the
presence of 3.8224 milliequivalents N per gram of product. Titration of a portion of the product which had
5 been acetyiated with acetic anhydride for tertiary nitrogen content demonstrated the presence of 0.0648
milliequivalents tertiary N per gram of product. By difference. the total secondary amine content was
calculated to be 3.7578 milliequivalents >N-H per gram of product.

B. Preparation of a Neat Resin Casting of the Diglycidyl Ether of 4.4'-Dihydroxy-alpha-methylstitbene Cured
10 With an Adduct of n-Butylamine and Diglycidy! Ether of 4.4'-Dihydroxy-alpha-methylstilbene

A portion (1.000 gram, 0.00564 epoxide equivalent) of a diglycidyl ether of 4.4'-dihydroxy-alpha-
methylstilbene prepared using the method of Example 1-B and having an epoxide equivalent weight of
177.25 was combined with a portion (1.5015 grams, 0.00564 N-H equivalent) of the adduct of n-butylamine

15 and diglycidyl ether of 4,4'-dihydroxy-alpha-methylstilbene from A above. This mixture was ground to form
a fine, homogeneous powder and then transferred to an aluminum cup. The aluminum cup was placed in an
oven preheated to 150° C where complete meiting followed by gelation was observed within five minutes.
After three hours at 150°C, the oven was slowly cooled to room temperature (25°C). Once at room
temperature, the casting recovered from the cup was translucent in appearance. Microscopic examination of

20 the casting at 70X magnification using a crossed polarized light source revealed a high levet of birefrin-
gence. Differential scanning calorimetry using a portion (15.0 milligrams) of the casting revealed a glass
transition temperature at 65° C.

Claims
25
1. An adduct containing one or more mesogenic or rodlike moieties per molecule which adduct is
characterized by the reaction of (1) one or more compounds containing an average of more than one
vicinal epoxide group per molecule and (2) one or more compounds containing two or more hydrogen
atoms per molecule which are reactive with an epoxide group thereby forming an adduct essentially
30 free of epoxy groups and containing active hydrogen atoms reactive with an epoxy group: with the
proviso that at least one member of components (1) and (2) contain one or more mesogenic or rodiike
moieties per molecule.

2. An adduct of Claim 1 wherein component (1) contains a compound containing one or more mesogenic
35 or rodlike moieties per molecule.

3. An adduct of Claim 1 wherein component (2) contains a compound containing one or more mesogenic
or rodlike moieties per molecule.

40 4. A curable composition characterized by comprising (A) at least one compound having an average of
more than one vicinal epoxide group per molecule; and (B) at least one adduct containing one or more
mesogenic or rodlike moieties per molecule which adduct results from the reaction of (1) one or more
compounds containing an average of more than one vicinal epoxide group per molecule and (2) one or
more compounds containing two or more hydrogen atoms per molecule which are reactive with an

45 epoxide group thereby forming an adduct essentially free of epoxy groups and containing active
hydrogen atoms reactive with an epoxy group; with the proviso that at least one member of
components (1) and (2) contain one or more mesogenic or rodlike moieties per molecuie.

5. A curable composition of Claim 4 wherein (a) component (A) is an eoxy esin containing at least one
50 mesogenic or rodlike moiety per molecule and (b) component (B!) is an epoxy rein containing an
average of at least one mesogenic or rodlike moiety per molecule.

6. A curable composition of Claim 4 or 5 which has been oriented prior to curing.

55 7. A curable composition of Claim 6 wherein said orientation is accomplished by means of the application
of drawing and/or shear forces.’

8. A curable composition of Claim 6 wherein said orientation is accomplished by means of the application
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presence of 3.8 24 milliequivalents r gram of product. Titration of a portion of the product which had
5 been acetylated with acetic anhydride for tertiary nitrogen content demonstrated the presence of 0.0648
milliequivalents tertiary N per gram of product. By difference. the total secondary amine content was
calculated to be 3.7576 milliequivalents >N-H per gram of product.

B. Preparation of a Neat Resin Casting of the Diglycidyl Ether of 44'- Dnhydroxy-alpha-methylstrIbene Cured
10 With an Adduct of n-Butylamme and Diglycidy| Ether of 4,4'-Dihydroxy-alpha-methylstilbene

A portion (1.000 gram, 0.00564 epoxide equivalent) of a diglycidyl ether of 4.4'-dihydroxy-alpha-
methylstilbene prepared using the method of Example 1-B and having an epoxide equivalent weight of
177.25 was combined with a portion (1.5015 grams, 0.00564 N-H equivalent) of the adduct of n-butylamine

15 and diglycidyl ether of 4.4'-dihydroxy-alpha-methylstilbene from A above. This mixture was ground to form
a fine, homogeneous powder and then transferred to an aluminum cup. The aluminum cup was placed in an
oven preheated to 150° C where complete melting followed by gelation was observed within five minutes.
After three hours at 150°C, the oven was slowly cooled to room temperature (25°C). Once at room
temperature, the casting recovered from the cup was transiucent in appearance. Microscapic examination of

20 the casting at 70X magnification using a crossed polarized light source revealed a high level of birefrin-
gence. Differential scanning calorimetry using a portion (15.0 mrllrgrams) of the casting revealed a glass
transition temperature at 65°C.

Claims
25
1. An adduct containing one or more mesogenic or rodlike moisties per molecule which adduct is
characterized by the reaction of (1) one or more compounds containing an average of more than one
vicinal epoxide group per molecule and {2) one or more compounds containing two or. more hydrogen
atoms per molecule which are reactive with an époxide group thereby forming an adduct essentially
30 free of epoxy groups and containing active hydrogen atoms reactive with an epoxy group: with the
proviso that at least one member of components (1) and (2) contain one or more mesogenic or rodlike
moieties per molecule. .

2. An adduct of Claim 1 wherein component (1) contains a compound containing one or more mesogenic
35 or rodlike moieties per molecule.

3. An adduct of Claim 1 wherein component (2) contains a compound containing one or more mesogenic
or rodlike moieties per molecuie.

40 4. A curable composition characterized by comprising (A) at least one compound having an average of
more than one vicinal epoxide group per molecule; and (B) at least one adduct containing one or more
mesogenic or rodlrke moretres per molecule which adduct resuits from the reaction of (1) one or more
compounds contarmng an average of more than one vicinal epoxide- grdup per molecule and. (2) one or’

) more’ compounds - contalmng two or. more hydrogen atoms-per-melecule which ‘are reactive- with .an’ -

45 epoxide group thereby forming an adduct essentially free of epoxy groups and containing active
hydrogen atoms reactive with an epoxy group; with the proviso that at least one member of
components (1) and (2) contain one or more mesogenic or rodlike moisties per molecule..

5. A curable composition of Claim 4 wherein (a) component (A) is an eoxy esin containing at least one
50 mesogenic or rodlike moiety per molecule and (b) component (BY) is an epoxy rein containing an
average of at least one mesogenic or rodlike moiety per molecule.

. 6. A curable composition of Claim 4 or 5 which has been oriented prior to curing.

55 7. A curable composition of Claim 6 wherein said orientation is accomplished by means of the application
of drawing and/or shear forces.

8. A curable composition of Claim 6 wherein said orientation is accomplrsned by means of "the application

- AP BN



group; the prinmary nonoantnes, such as, for exanple, those represented by
formubas XX, XXI, XXV, XXV and XXVI where one Y is a -NH2 roup Ip and the —
other Y is a hydrogen, as wel| asEP®r478I948 ARI || where oni ﬂﬂ&,"mm

group and the renaining other'Y‘s are hydrogen; the sulf E um
for exanplebfthose repr esent d by formulas XX, XXI, XXV,

where one Y°i% CECriEe 0Pt P er 1 group and the other Yis a hydrogen as
wel | as formy g, p'curac\@é?ﬁgagw%&n.xg i B b coPbik b GiRURy and L he

remai ni ng ot her s are rogen nop eno such as or exanpl e,

those repl'he$ﬁé1;§r%ctt}¥suL9d’M @tﬁm%gx(_curg%l co@gtxyn B8V where one Y is a

-NHR[ err] group and the ot her Is a - group, as well as fornmula XXl
wher e 0ney10fnd Meuudt résulhPirorNEIRhGE Blranil QHBSsitdM 6k didhg 77 emai ni ng one or two Y's
are -OH groups, the am no carboxylic acids, such as,
12. The product resulting from curing a curable composition of Claim 8.
10
13. The product resulting from curing a curable composition of Claim 4 or 5 wherein sald composition is
subjected to orientation during curing.

14. The product of Claim- 13 wherein said orientation is accomplished by means of the application of
15 drawing and/or shear forces.

15. The product of Claim 13 wherein said orientation is accomplished by means of the application of an
electric or magnetic field.

20 16. A sulfonamide compound containing at least one mesogenic or rodlike moiety.

17. A sulfonamide of Claim 16 wherein said mesogenic or rodlike moiety is represented by the following
Formulas XXI, XXIV or XXV

25
Formula XXI. (R)4 (R)4

30

Formula XXIV.

35 . (

|_ "] .

@/

40

45

Formula XXV.

(R)3 (R)3

65
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- 50- «for exanple, those represented by formulas XX Xﬂ""
XXVl where one Y is a -NHR err] group and the other Y is M’W&ﬂﬂi’s
wel |l as formula XXII| where one or EPVI478 H8a2e - NHR[ err] droGpstand tshe»
remai ning one or two Y's are -COOH groups; the phenolic hydroxyl containing
carboxylic acids, such as, for exanple, those represented by fornulas XX
XX, XXI'V and"%XXy &ffeAels opgerandprily gselegipd éfP'B,u@e SHRYP tRRSIYpch 8t 8 Vipd singlecsng; -
aroup, ‘as el UG ACE gL 1 AT R RO g ne
remaining on%& -CB@CF?‘" =%R*8-.r-c§0b-cn =CR'-, -CR' =CR'-C0-0-, -(CHR"),-0-CO-CR' =CR'-, -CR'=CR'-

5 CO-0-(CHR",-, ~(CHR"),-C0O-0-CR' =CR'-, -CR'=CR'-0-CO-(CHR")y-, -CO-S-, -S-OC-, -CHz-CH,-

CO-0-, -0-0C-CH;-CH,-, -C=C-C=C-, -CR' =CR'-CR' =CR'-,

N N
10
74 N
< >— -HC CH-
0 0 ’ ! ,
0
15
e — CHo 1 / \ 1
20 ’ i — o
i |
s 0 N AN
~ ~ N
3 ’ N—N N~
30
o1 c1
35 I l
-CR1 =C-, -C=CR1,
40
. 45
50
—_—
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groups:- the sul fanil ani des,

formul as XX XX,

such as,
XXI'V and XXV where one Yis a -NHRerr
other Y is.a -Sqerr]-NHerr] gr olfF, 0 4% 842 as fornul a

for exanple, those i@ﬁresented by

WAL

two Y's are -NHR[err] groups and the remaining one or two Y'§ ar

-Serr]-NH err] groups; wherein R Rerr],
are as hereinbefore defined and X[ err]
having-from one to 60 carbom atons and ngﬁ\pe | i pear or branched alj phati c,
cycl oal i phatic or polycycl od iphatic agd /LK
selected fromether (-O), Zhioether (-%), AN

10
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0 0 CN CN 0
T 7 | I T
-N=CR', -CR1=N-, -CR!=C-, =C=zCR!'-, or -N=zN-;

each A' is independently a divalent hydrocarbyl group having from 1 to about 10 carbon atoms; each
Al is independently a

0 0 0 0
1 I 1 Il
-Cc- , -0-C- , -C-0- , -C=-NRl- ,
0
Il
or -NR1-C- group

each R is independently hydrogen or a hydrocarbyl or hydrocarbyloxy group having from 1 to about 10
carbon atoms, a halogen atom, a nitro group, a nitrile group, a phenyl group or.a -CO-R' group; each
R! is independently hydrogen or a hydrocarbyl group having 1 to about 3 carbon atoms; one Y is a
-S02-NH?2 group and the other Y is a hydrogen atom; n is zero or 1; n' has a value from 1 to about 6; p!
has a value from 1 to about 30; and the aromatic rings can optionaily contain one or more heteroatoms
selected from the group consisting of N, O and S: with the proviso that at least 80% of the molecules
are para substituted by both the bridging groups (-A- in Formulas XX!I and XXIV, the direct bond in
Formula XXV) and the sulfonamide group -SO2-NH>).

0 0 0 0
I I I It
~C- ,  -0=C- ,  =C~0- , ~-C-NRl- ,

0
I
or -NRi-C-~ group
/O\
-CH> C CH>

R1

18. A sulfanilamide containing at least one mesogenic or rodlike moiety.

19. A sulfanilamide of Claim 18 wherein said mesogenic or rodlike moiety is represented by the following
Formulas XXI, XXIV or XXV
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Formula XXI. (R)4

©3

Formula XX1IV.

(R)a

Y m '%\\ A
N~

N2

¢

V”—L
LT

Formula XXV.

(R)3 (R)s

N N4

Y

(),

wherein each A is independently selected from the group consisting of a direct single bond, -
CR'=CR!-, -C=C-, -N=N-, -CR'=N-, -0-CO-, -NR'-CO-, -CR' =N-N=CR'-, -CR' =CR!-CO-, -N=CR'-,
-C0O-0-, -CO-NR'-, -CO-CR'=CR'-, -C0O-0-N=CR?, -CR’ =N-0-0C-, -CO-NR'-NR'-OC-, -CR'=CR'-O-
0OC-, -C0O-0-CR'=CR'-,-0-0C-CR'=CR'-, -CR'=CR!-C0-0-. (-CHR"),-0-CO-CR'=CR'-, -CR!=CR'-
CO-0-(CHR")y-, -(CHR'"),-CO-0O-CR'=CR*-, -CR'=CR'-0-CO-(CHR"),-, -CO-S-, -S-0C-, -CH,-CH>-

.CO-0-, -0-0C-CH;-CHz -, -C=C-C=C-, -CR'=CR'-CR' =CR!-,

_—
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Representative of the di- and pol ypnenol conpounds whi ch—are free of

mesogeni ¢ or rodlike noieties include, for exanple, resoyci .
hydr oqui none, bi sphenol A, 4,4' - &mhodrdaigdAdhenyl net hanemmg ll“l"s"lill”"l
t et rabr onobi sphenol A, 4, 4'-thiodi phenol, 4,4'- sulfonyl T T
4, 4' -di hydr oxydi phenyl oxide, 4,4'-

hane, phenol or
 SU
Cphis,is t he

bIS(4 (4- hydroxyphenoxy)@heny sulfgne)dlphenyl et her,

1- bi s(4- hydr oxyphenyl ) cycls aneT i s(hydroxy- phe yl)ne
substituted phenol - a+d€5§d. G:boensa product§c

di cycl opent adi ene or ,

repl acenent sheet

0
10 : 0 0
-HC =< — CH- H /—\ H
HC o ’ -C-N ~N-C-
/ ’
o
15
0 N_N N__\ﬁ_
20 _< ’ _(/ \»_ N —</ —)_ ’
0 N—=N N~
25
Cl Cl
I |
-CR1=C-, -C=CR1.,

30
35
40
45

50 .~““*--_‘N~;_*h“~
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-54- . an oligoner thereof and phenol or substituted p |
products, or any conbi nation thereof. Represen?ﬂ'ﬂﬂ#ﬂﬂ!mmﬂimn"l
and pol yphenol conpounds cont ai ni n@Pcm@&ﬁwrﬂ?re mesogeni ¢ oc rodlnkKe =«
noi eties include, for exanple 4, 4' - di hydr oxybi phenyl ,

4, 4' d|hydrgxyg§|IQ; . d|hydroxydlphenylacetylene
4,4'-dihde y 70N thlne 4, 4' -di hydr oxyazo- /penzg@ne,
, 4' - di hydr oxyazoxj 2@ 4,¢%FbL§(4- hdeQKYHhEﬂég;;Q%bhemll)n4
- 1 hdme .

4
4' - di hydr oxy- al pha-ng sti ,
3,3 ,5,%8 -tetranet hyl -4, 4' -di hydr oxydi phenyl,
3,3 ,5 5 -tetrachloro-4,4"'- dlhydroxydlphenyl 2,2',6,6" -
tetramethyl-4,4"-dih ydi phenyl, 4,4 dlhydrgxy benzani | i de,
4, 4' - di hydr oxychal cqpe, 4' dlhydroxy- _—I
-(&l)n — (Al)p=~ > >‘ -(Al)p
10
S
NN N 1 N |
L) %Ij Ly
= T / N
CH3

20

N
_'</ } , -(Al)n—O-— (Al)p- -(Al)n—<
25 N=
N N N S
2 _(@:\%’ {/@[)_, _
S S S N

35
40
45

50

-
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al.pha- cyanosti | bene, 4-hydroxyphenyl -4-hydroxybenzoate, 4, 4"-di hydroxy-3, 3'

5oy onep e nese st 1 vene | IINUINNVAN

1, 4- bi s(4- hydr oxyphenyl ) -trans-cycl ohexane,

N N - bi s(4- hydroxyphenyl)terephthalan1de or any conbination thereof.
Representative of t di\- and pol ycarboxylic acid—oonpounds which are free
of mesogeni e(d¥) -0 w¥oi laiteg~i ncl ud-dAlf)ar (Al)p~ > -(Al)n
4, 4' - di car boxydi pheny met hane, 4, 4'-|sopropyl dlcarboxylic aci d,
3,3',5,5'-tetrabronD-4,4'-isopropylidenedicarboxylic acid, terephthalic
acid, isophthalic acid, 1,4-cyclo- hexanedi carboxylic acid,

1, 6- hexanedi car boxylic acid, dicyclopentadi enedi carboxylic. acid,

tris(carboxyg?enyl) - bi s(4- (4- car boxyphenoxy) one) -
di phenyl eth nl+—% yphel heycl ohexane{ Ao ar gt ion
theread . 2 of the di’ and pol ycar box )

5
D o
-(Al)p <:>

20

CN

2 | "%f::j>‘ , —<<:;t>%- , -C=N-

20 0 - 0 CN CN 0
1 | i | ] 0
-N=CRl- , -CRl=N- , _CRl=C- , -C=zCRl- , or -N=N- ;
35

each A’ is independently a divalent hydrocarbyl group having from 1 to about 10 carbon atoms; each
A' is independently a

40 0 0 0 0
I I 1 I
-c-, -0-C- , -C-0-,  =-C-NRl- ,

45

o
I
or -NR1-C- group ;
50 each R is independently hydrogen or a hydrocarbyt or hydrocarbyloxy group ha\}ing from 1 to about 10

carbon atoms, a halogen atom, a nitrg group, a nitrile group, a phenyl group or a -CO-R' group; each
R' is independently hydrogen or a hydrocarbyi group having 1 to about 3 carbon atoms: each Y is a
-NHR' group and the other Y is a -S02-NHz group: n is zero or 1; n' has a value from 1 to about 6; p*
has a value from 1 to about 30; and the aromatic rings can optionally contain one or more heteroatoms
55 selected from the group consisting of N, O and S; with the proviso that at leat 80% of the molecules
are para substitued by both the bridging groups (-A- in Formulas XXX and XXIV, the direct bond in
Formula XXV) and the NHR' and -SO2-NH; groups. _
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_ rodl i ke nnletles |nclude for exanple, 4,4'-dicarbox di henyl
- di car boxystil bene, 4,4'-di‘«carboxy- di phenyl acet yl ene, é §
- di car boxyazobenzene, 4, 4'-bis(4- carboxyphenoxy)di phenyl,

.44 - di car boxy- al pha- met hyl - sti | bene, ;Ja}?#—
3,3, 5, S'-tetramethyl-4,4"- dlcarboxydlphenyl

'5 5' -tetrachl oro- 4, 4' - di car boxydi phenyl, 2,2',6,6'- /@ZE5

tetranethyl 4, 4' - di car boxydi phenyl , 4,il-dicarboxy- benzani | i de,

- di car boxy- al pha-cyanosti'| bene, 47

ADDUCTS OF EPOXY RESINS AND ACTIVE HYDROGEN CONTAINING
COMPOUNDS CONTAINING MESOGENIC MOIETIES

The present inveﬁtion concerns adducts of epoxy
resins which adducts contain one or more mesogenic or
rodlike moieties, as well as thermosettable compositions
containing one or more of said adducts and products
resulting from curing the curable compositions.

Adducts of epoxy resins, such as, for example,
the diethylenetriamine adduct with the diglycidyl ether
of bisphenol A, are known, for example, from page 7-16
of the Handbook of Epoxy Resins, by Henry Lee and Kris
Neville, published by MeGraw-Hill, Inc. (1967). These
adducts find use as lower volatility, higher viscosity

and modified reactivity curing agents for epoxy resins,
relative to the free (unadducted) polyamine, per se.
Daniel A. Scola in Developments in Reinforced Plastics-4

published by Elsevier Applied Science Publishers Ltd.,
England, pages 196-206 (1984) describes amine adducts of
epoxy resins wherein the epoxy resin was selected from
the diglycidyl ether of bisphenol A, tetraglycidyl 4,4'-
diaminodiphenylmethane, triglycidyl p-aminophenol, epoxy
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di carboxy-3,3" ,5,5 -tetrabrono-al pha-net hyl stil bene,

N, N' - bi s(4-carboxyphenyl )terepht hal am de, 4,4'-bis(4-(4-

car boxyphenoxy) phenyl sul f one) sti |l bene, 1, 4-bi s(4-

car boxyphenyl ) -trans-cycl ohexane, or any conbi nation thereof.
Representative of the di- and pol ynercaptan conpounds which are free of
mesogeni ¢ or rodlike noieties include, for exanple, 1,4-benzenedithiol,
1, 3- benzenedithiol, 4,4'-isopropylidepedithiol, 1,4-cyclo- hexanedithiol,
1, 6- hexanedi thiol, 2,2'-dinercapto- dlethylether 1, 2- di mer capt opr opane,
1, 3-di mer capt o- propanol 2, bis(2-nmercaptoethylsulfide), tris(mercapto-
phenyl ) net hane, 4, 4'-bi s(4-(4-nercaptophenoxy) phenyl - sul fone)di phenyl

ether, 1,1-bi éwmr&amr@@ﬂnyiam@@ hE@E s e t N GO iNBET it Hdrer eof .

e R At TS, P i e o

4,4'-dinercamaxﬁqﬁnﬁuﬁedzrnbm(hhﬁﬂammnhnnndben&uchkkpnhﬂmﬁpaptodiphenyl-
aromatéc and alkylaromatlc diamines. Polymercaptan
adducts of epoxy resins are also described, wherein the
epoxy resin was selected from the diglycidyl ether of
bisphenol A, an epoxy novalac blend, or a blend of the
diglycidyl ether of bisphenol A with p-tertiary-
butylphenolglycidyl ether and the polymercaptan was
selected from 2,2'-dimercaptodiethyl ether, 1,2-
dimercaptopropane, 1,3-dimercaptopropanol-2 and bis(2-
mercaptoethylsulphide). Certain of the epoxy resin
adducts provided cured epoxy resins with improvements in
one or more physical and mechanical properties, such as,
for example, tensile strength, tensile elongation,
flexural strength, impact strength, moisture resistance
and chemical resistance, relative to the free
(unadducted) polyamine or polymercaptan, per se. J.
Klee, et al. in Crosslinked Epoxies published by Walter
de Gru&ter and Co., Berlin, pages U47-54 (1987) describes
the synthesis and analytical characterization of adducts
of the diglycidyl ether of bisphenol A with primary
monoamines including aniline, p-chlorcaniline,

benzylamine and cyclohexylamine. None of the
aforementioned epoxy resin adducts or the epoxy resins
cured with said adducts contain mesogenic or rodlike

moieties.

The present invention provides adducts of epoxy
resins containing one or more mesogenic or rodlike
moieties. These adducts provide cured epoxy resins with
improvements in many physical and mechanical properties,
including, for example, tensile and flexural modulus,
glass transition temperature, tensile strength and

This is the replacemsnt shest
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acetyl ene, 4,4'-dinmercaptodi phenyl azonet hi ne, 4,4'- di nercapt oazobenzene,
4, 4" - bi s(4- nmer capt ophenoxy) - di phenyl _—
4, 4' - di ner capt o- al pha- net hyl sti | bene,

3,3 ,5, 5 -tetranet hyl -4, 4' -di mer capt odi phenyl, 3,3 SmﬁﬂmmihstnR eplaced
tetrachl oro-4, 4' -di nercapt odi phenyl, 2,2'6,6"-

tetranet hyl -4, 4' - di mer capt odi phenyl, 4,4'-di nercapto L!m !u” "I,”m
- 56- benzani | i de, 4, 4'-di ner capt ochal cone, 4,4'-

—_—
—_—

-3-

elongation, flexural strength and chemical resistance,
relative to epoxy resins cured with epoxy resin adducts
free of mesogenic or rodlike moieties. Incorporation of
one or more mesogenlc or rodlike structures into the
curable epoxy resin formulation via the use of the
adducts containing one or more mesogenic or rodlike
moieties of the present invention can provide a
susceptibility for molecular level orientation leading
to a ordering of the thermoset thereof. '

The preéent invention concerns adducts containing
one or morefmesogenic or rodlike moieties which are
prepared by reacting

(a) one or more epoxy resins containing one or more

mesogenic or rodlike moieties, and

(b) one or more materials free of mesogenic or

rodlike moieties and containing two or more
hydrogens which are reactive with an epoxide
group selected from the group consisting of
(1) di- and polyphenols,
(2) di- and polycarboxylic acids,
(3) di- and polymercaptans,
(4) di- and polyamines,
(5) primary monoamines,
(6) sulfonamides,
(7) aminophenols,
(8) aminocarboxylic acids
(9) phenolic hydroxyl containing carboxylic
acids,
(10)sulfanilamides,
(11)any combination of any two or more of
such compounds; thereby forming an

THIS SHEET HAS BEEN adduct essentially free of epoxy groups

REPLACED
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al pha-cyanosti | bene, 4, 4'-nmercaptophenyl -4-nercapto- benzoate,

4,4 -dinmercapto-3,3",5,5 -tetrabrono-al pha- nethyl stil bene,

N, N - bi s(4- ner capt ophenyl )- terephthal am de,

1, 4- bi s(4- mer capt ophenyl )-trans- cycl ohexane,

. 4,4 -Dbi s(4-(4-nercaptophenoxy) phenyl - sul fone)stil bene, or any conbi nation
~ thereof. _ Representative of the di- and pol yam ne conpounds which
are free of nesogenic or rodlike moi et F85 incl ude, for exanpl e,

1, 2-di am nobenzene, 1, 3- di am nobenzene, 1, 4-di am nobenzene, 4, 4'-diam no-
di phenyl net hane, 3,3',5,5 -tetrabrono-4,4'- isopropylidenedi am ne,

4, 4" -di am nodi phenyl oxide, 4,4'- diam.nodi phenyl sulf.one

4, 4" - di am nodi phenyl squLde,agﬁiFpﬁggépdgﬁyagtﬁ&ﬁd@ﬁQEPﬁSﬁ 6F88§cts,
tris(am no- phenyl)net hane, 1lréacydivehexi&hednaepogy gréubhexane- di anm ne,

pi perazi ne, ethylenediam ne, diethylenetri- amne, triethyl enetetraarm ne,

B honit bt ., AL "SR5 00U LS pULSLAT AR 00
1, 1- bi s( 4- ani ABPRERVF) efdushex gpatainngpjoses or more mesogenic or
rodlike moieties which are prepared by reacting
(a) one or more epoxy resins free of mesogenic or
rodlike moieties, and
(b) one or more compounds containing one or more
mesogenic or rodlike moieties and two or more
hydrogens which are reactive with an epoxide
group which compounds are selected from the
group consisting of

(1) di- and polyphenols,

(2) di- and polycarboxylic acids,

(3) di- and polymercaptans,

(4) di- and polyamines,

(5) primary monoamines,

(6) sulfonamides, -

(7) aminophenols,

(8) aminocarboxylic acids,

(9) phenolic hydroxyl containing carboxylic
acids,

(10) sulfanilamides,

(11) any combination of any two or more of
such compounds; thereby forming an
adduct essentially free of epoxy groups
and containing active hydrogen atoms
reactive with an epoxy group.

Another aspect of the present invention
concerns adducts containing one or more mesogenic or
rodlike moieties which are prepared by reacting

(a) one or more epoxy resins containing one or more
mesogenic or rodlike moieties, and
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(4- am nophenoxy) phenyl sul f one) di phenyl ether, am noethyl pi perazi ne, or any
conbi nati on thereof. -57-

Representative of the di- and pol yam ne conpounds contai ni ng one or nore
mesogeni ¢ or rodlike noieties include, for exanple, 3,3 -dinethyl-4,4"-

di am nobi phenyl 4,4'-dianinostiIbene,é4,4'-dianino- di phenyl acetyl ene,

4, 4' - di am nodi phenyl azonet hi ne, 4, 4'- ~di am noazobenzene,

4,4' -di am noazoxybenzene, 4, 4'-bis(4- am nophenoxy)di phenyl,
4, 4" - di am no- al pha-

(b) one or more compounds containing one or more
mesogenic or rodlike moieties and two or more
hydrogens which are reactive with an epoxide

_ group, which compounds are selected from the
“group ‘consisting of '

(1) di and polyphenols,

(2) di and polycarboxylic acids,

(3) di and polymercaptans,

(4) di and polyamines,

(5) primary monoamines,

(6) sulfonamides,

(7) aminophenols,

(8) aminocarboxylic acids,

(9) phenolic hydroxyl containing carboxylic
acids,

(10) sulfanilamides,

(11) mixtures of any two or more of the
compounds of groups (1) to (10);
thereby forming an adduct essentially
free of epoxy groups and containing
active hydrogen atoms reactive with an
epoxXy group.

Another aspect of the present invention
concerns thermosettable (curable) mixtures of one or
more of the aforesaid adducts containing one or more
mesogenic or rodlike moieties with one or more epoxy
resins.

Another aspect of the present invention
concerns the product resulting from thermosetting
(curing) one or more of the aforesaid thermosettable
(curable) mixtures.
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nmet hyl stil bene, 3,3 ,5,5 -tetranethyl-4,4"'- di am nodi phenyl,

3,3 5,5 -tetrachl oro-4,4'- diam nodi phenyl, 2,2',6,6"'-tetranethyl-4,4"-

di ani nodi phenyl, 4, 4'-di am nobenzanilide, 4,4'- diam nochal cone,

4,4' - di am no- al pha-cyanosti |l bene, 4- am nophenyl - 4- am nobenzoat e,

4,4' -diam no-3,3",5,5 - tetrabrono-al_pgha-nethylstil bene, N, N -bis(4-am no-
phenyl )t er epht hal ami de, 1 , 4-bi s(4-am’nophenyl)-trans- cycl ohexane,

4, 4" - bi s(4-(4-am nophenoxy) phenyl sul fone)- stil bene, or any conbi nation

t her eof . Representative of the primary nonoam ne conpounds which

are free of nesogenlcAOEuftnﬁﬂquﬂnatebreghénfkgggntfQﬁvenamphe ani |l i ne,
4- met hoxy- anlllne chl oroanil i ne

aniline  A-cya | ne,
2, 6- di net hyl RFFI5AHES LR RTRGNCH RS PUH%T% m OF 13th %n@?%ﬁlﬁgén‘dé%
4- am nodi pheaylogelsfadrie, t Meramoiseddizbl pheayrsnl d ) deix tetdy! ami ne,
4- am nobenzophenone, n- hexyl am ne, cycl ohexyl am ne, am nonor bornane. or

any combi nation therepf, AWPNRAILRLSISNLS 25SBEELherSR
designates compounds contazining one or more rigid
rodlike structural units which have been found to favor
the formation of liquid erystal phases in the case of
low molar mass substances. Thus the mesogen or
mesogenic moiety is that structure responsible for
molecular ordering.

EPOXY RESIN COMPONENT

Suitable epoxy resins which can be employed
herein include essentially any epoxy-containing compound
which contains an average of more than one vicinal
epoxide group per molecule. The epoxide groups can be
attached to any oxygen, sulfur or nitrogen atom or the
single bonded oxygen atom attached to the carbon atom of
a -C0-0- group in which said oxygen, sulfur or nitrogen
atom or the carbon atom of the -C0~0~ group is attached
to an aliphatic, aromatic or cycloaliphatic hydrocarbon
group which hydrdcarbon group can be substituted with
any inert substituent including, but not limited to,
halogen atoms, preferably chlorine or bromine, or nitro
groups or such groups can be attached to the terminal
carbon atoms of a compound containing an average of more
than one -(0-CHRa-CHRa-)t group where each R& is
independently hydrogen or an alkyl or haloalkyl group,
containing from 1 to 2 carbon atoms, with the proviso
that only one R2 group can be a haloalkyl group, and t
has a value from 1 to 100, preferably from 1 to 20, more
preferably from 1 to 10, most preferably from 1 to 5.
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of the primary nonoam nes useful herein and may be conveniently used as the
aqueous ammoni um hydr oxi de sol uti on. Representative of the primry
nonoam ne conpounds contai ning one or nore nmesogeni c or rodlike noieties

i ncl ude, for exanple, 4-am nodiphenyl, 4-

- 58- am nostil bene, 4-am no-4'-nethoxystil bene, 4-am no-4'-

net hyl sti | bene, 4-am no-4'-chlorostil bene, 4-am no-4'-

It should be understood that in those
instances wherein it is required that the epoxy resin or
epoxy-containing compound contain a mesogenic moiety
that those epoxy resins or epoxy-containing compounds
which dg'not contain a mesogenic moiety are not suitable
for that particular purpose.

Particularly suitable epoxy resins which can be
employed hereih include those compounds having an
average of more than one vicinal epoxide group per
molecule, such as, for examble, the glycidyl ethers or
glycidyl amines represented by the following formulas

This is the replacement sheet
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nitrostil bene, 4-am no-4'-cyanostil bene, 4-am nodi - phenyl acetyl ene,

4- am nodi phenyl azonet hi ne, 4-am noazo- benzene, 4-am noazoxybenzene,

4- am no- al pha- nethyl stil bene, 4-am nobenzanilide, 4-am nochal cone, 4-
am no- al pha- cyanosti |l bene, 4- anlnophenyl 4- met hoxybenzoat e,

4-am no-2,2' 6,6 -tetranet hyl - al pha- @Tstllbene

4- am no- 2, 6-di net hyl - al pha- nethylstilbene or any conbi nati on thereof.
Representative of the sul fonam de conpounds wiffch are free of nesogenic or
rodli ke noieties include, for exanple, phenytsulfonam de, 4-

met hoxyphenyl sul f onani de, 4-chl orophenyl sgl f ojam de, 4-

nmet hyl phenyl sul f onam de, 4-cyanophenyl sul f o_xam de, -2, 6-

di et hyl phenyl sul f onam de, 4- sulfonanldodlpheﬁ?T—bYlde

4- sul f onani dodi phenyl net hane, 4-sul f onani dodi & phenyl sul f one,

4-sul f onam dobenzophenone, or any conbi nati on$t her eof .

Representative of the sul fonam de conmpounds contalnlng one or nore

mesogeni ¢ or rodlike noieties
@

N
=
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\ r—
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N
e o
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i ncl ude, for exanple, 4-sulfonam dodi phenyl, 4- sulfonam dostil bene,

4- sul f onam do-4' - net hoxysti | bene,
4-sul fonam do-4'- chlorostil bene,

4-sul f onam do-4' - net hyl sti | bene,
4-sul fonam do-4'-nitrostil bene, 4-

sul f onam do-4' -cyanosti |l bene, 4- sul fonam dodi phenyl acetyl ene, 4-
sul f onam dodi phenyl azomet hi ne, 4-sul f onam doazobenzene,

4- sul f onam doazoxybenzene, 4-sul fonam do-al pha- nethyl stil bene,
4- sul f onani dobenzani | i de, 4- sul f onani dochal cdflg,

4- sul f onam do- al pha-cyanosti | bene,

4- sul f onam dophenyl - 4- met hoxybenzoat e,

4-sul fonam do- 2,2',6, 6" -tetranet hyl -al pha-net hyl stil bene, 4-

CHo
C-R!
CHo

o/
\

ITI.



-59- sul f onam do- 2, 6- di net hyl - al pha- et hyl sti |l bene, or any conbi nation
t her eof . Representative of the am nophenol conpounds which are
free of mesogenic or rodlike noieties include, for exanple, o-ami nophenol,
m am nophenol, p- am nophenol, 2-nethoxy-4-hydroxy-1-am nobenzene, 3, 5-

di et hyl - 4- hydr oxy- 1- am nobenzene, 3-cycl ohexgl-4- hydroxy-1-am nobenzene,
2, 6- di br onp- 4- hydr oxy- 1- am nobenzene, 5-butyl -5-hydroxyam nobenzene,

3- phenyl - 4- hydroxy-1-am nobenzene, 4-(1-(3-ani nophenyl)-1-

met hyl et hyl ) phenol , 4-(1-(4-aq§nophenyl)ethyl)phenol, 4-

(4- am nophenoxy) phenol, 4-((4-am nophenyl )t hi o) phenol ,

(4- am nophenyl ) (4- hydr oxyp enyl)nethanone, 4- ((4-

am nophenyl ) sul f onyl ) pheno \\ﬂo(l-oé-anino-S,S-

1
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di br onophenyl ) - 1- net hyl et hyl ) - 2, 6- di br onophenol , N net hyl - p- am nophenol

or any conbi nati onm t her eof . Representati ve of the am nophenol
conpounds contai ning one or nore mesogenic or rodlike noieties include, for
exanpl e, [err] - 60- [err]
-11-
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- 63-

-3l

Formula VIII.

N~ / O \
0-CH9-C ——— CHg

(R)4 l
Rl

CHg~N-CHg-C
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- 65- [err]

-16-

wherein each A is independently a direct single bond, a
divalent hydrocarbyl group having from 1 to 20,
preferably from 1 to 14, carbon atoms, -0-, -CO-,

-so-, -S02-, ~S-, =-S-S-, ~-CR1=CR1, -C=C-, -N=N-,
-CR1=N-, -0-CO-, -NR1-CO-, -CR1=N-N=CR1-, ~CR1=CR1-CO-,
-N=CR1-, -C0-0~, ~CO-NR1-, -CO-CR1=CR1-, -C0-0-N=CR1-,
-CR1=N-0-0C-, -CO-NR1-NR1-0C-, -CR!=CR1-0-0C-,
-C0-0-CR1=CR1-, -0-0C-CR1=CR1-, ~CR1=CR1-C0O-0-,
-(CHR')pn'-0-CO~CR1=CR1~, -CR1zCR1-C0-0-(CHR')p'-,
~(CHR1)n'-C0~0-CR1=CR1~, -CR1=CR1-0-CO-(CHR1)q'-,
-C0-S-, -S-0C-,~CHp~CH2~C0-0-, -0-0C-CH2-CHo-,
-C=C-C=C~, -CR1=CR1-CR1=CR1-~,

N N ' :
"*ﬁ/ _ \3*"" -HC =— CH-
0 0 7 :

0
- 0 0
-HC:<}CH- W/
, ~C-N N-C-
\_/ ’
0
0 N_N N___N
—~ —~ N Y,
0 ’ N-—=N g
c1 . c1
I o
-CR1=C-, -C=CR1-,
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m xtures thereof and the |iKke. Representative of the

am nocar boxyl i c acid conpounds which are free of nesogenic or rodlike

noi eties include, for exanple, 2-am nobenzoic acid, 3- am nobenzoic acid,
4- am nobenzoi ¢ aci d, 2-nethoxy-4- am nobenzoic acid, .

3, 5-di net hyl - 4- am nobenzoi ¢ acid, 3- cycl ohexyl -4-am nobenzoic acid,

2, 6-di brono- 4-am no- benzoic acid, 5-butyl-4-am nobenzoic acid, 3-phenyl-4-
am nobenzoi ¢ acid, 4-(1-(3-am nophenyl)-1-methylethyl)- benzoic acid,

4- (1- (4-am nophenyl ) et hyl ) benzoi c aEigf 4- (4-am nophenoxy) benzoi c acid,
4- ((4-am nophenyl )t hi 0)- benzoic acid, -

(4-am nophenyl) (4- car boxyphenyl ) nmet hanone,

4- ((4-am nophenyl ) sul fonyl ) benzoi c acid, 4-(1-(4-am no-

3, 5-di br omophenyl ) - 1- net hyl et hyl ) - 2, 6- di br onobenzoi c

0 0 CN CN 0
T t | | - 1
-N=CRl>,. -CRIzN- , -CRl=C- , =C=CRl- , or -N=N- ;

each A' is independently a divalent hydrocarbyl group
having from 1 to 10, preferably from 1 to Y4, carbon
atoms; each Al is independently a

0 0 0 0
i i I 1
-C- -0-C~ , -C-0~ , -C-NR1- ,
0
1
or ~NR1-C~- group ;

each R is independently hydrogen or a hydrocarbyl or
hydrocarbyloxy group having from 1 to 10, preferably 1
to 4, carbon atoms, a halogen atom, preferably chlorine
or bromine, a nitro group, a nitrile group, a phenyl
group or a -CO-R1 group; each R! is independently
hydrogen or a hydrocarbyl group having 1 to 3 carbon
atoms; each R2 is independently hydrogen or a
hydrocarbyl group having from 1 to 10, preferably from 1
to 3, carbon atoms, a halogen atom, preferably chlorine
or bromine; each R3 is independently hydrogen, or a
hydrocarbyl or halohydrocarbyl group having from 1 to 6,
preferably 1 to 2 carbon atoms; Q is a direct bond, -
CHp-S~-CHp-, -{(CH2)p"-, or
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acid, glycine, N-nethylglycine, 4-am nocycl ohexane- _ _

- 68- carboxylic acid, 4-am nohexanoic acid, 4-piperidine- carboxylic
acid, or any conbination thereof. Representative of the _ _
am nocar boxyl i c acid conpounds containing one or nore nesogenic or rodlike
moi eti es include, for exanple, -20-

<

m has a value from 0.001 to 6, preferably from 0.01 to
3; m' has a value from 1 to 10 preferably from 1 to 4; n
has a value of zero or one; p has a value from zero to
30, preferably from zero to 5; n' has a value from 1 to
6, preferably 1 to 3; n" has an average value from 1 to
103 and p1 has a value from 1 to 30, preferably from 1
to 3. The aromatic rings can also contain one or more
heteroatoms selected from N, 0, or S.

The term hydroecarbyl as employed herein means
any aliphatic, cyecloaliphatic, aromatic, aryl
substituted aliphatic or cygloaliphatip, or aliphatic or
cycloaliphatic substituted aromatic groups. The
aliphatic or cycloaliphatic groups can be saturated or
unsaturated. When applied to the A' group of Formula
VI, the hydrocarbyl group can also contain one or more
heteroatoms selected from N, O, or S. Likewise, the
term hydrocarbyloxy means a hydrocarbyl group having an
oxygen linkage between it and the carbon atom to which
it is attached.

Representative of the polyepoxide compounds
#hich are free of mesogenic or rodlike moieties include,
for example, the diglycidyl ethers of resorcinol, 4,4'-
isopropylidenediphenol (bisphenol A), 4,4'-
lihydroxybenzophenone (bisphenol K), 1,1-bis{4-
1ydroxyphenyl)-1-phenylethane (bisphenocl AP),

This is the replacemesnt shest
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[err]

-21-

dihydroxydiphenylmethane (bisphenol F), 3,3',5,5'-
tetrabromobisphenol A, 4,4'-thiodiphenol (bisphenol S),
4,4'~-sulfonyldiphenol, 4,4'-dihydroxydiphenyl oxide,
3-phenx}bisphenol A, 3,3'5,5'~-tetrachlorobisphenol 4,
3,3'-diméthoxybisphenol A, dipropylene glycol,
poly(propylene glycol)s, thiodiglycol; the triglycidyl
ether of tris(hydroxyphenyl)methane; the triglycidyl
ether of p-aminophenol; the tetraglycidyl ether of 4,4'-
diaminodiphenylmethane; the polyglycidyl ether of a .
phenol or substituted phenol-aldehyde condensation
product (novolac); the polyglycidyl ether of a
dicyclopentadiene or an oligomer thereof and phenol or
substituted phenol condensation product; the advancement
reaction products of the aforesaid di- and polyglycidyl
ethers with aromatic di- or polyhydroxyl- or di- or
polycarboxylic acid'cohtaining compounds including, for
example, bisphenol A (4,4'-isopropylidenediphenol), o-,
m~, p-dihydroxybenzene, 2,¢1dimethylrésorcinol, L4~
chlororesorcinol, tetramethylhydroquinone, 1,1-bis(4-
hydroxyphenyl)ethane, bis(u,u'—dihydroxyphenyl)methane,
4,4'-dihydroxydiphenyl ether, 3,3',5,5'-tetramethyl-
dihydroxydiphenyl ether, 3,3',5,5'-dichlorodihydroxy-
diphenyl ether, Y4,4'-bis(p-hydroxyphenyl isopropyl)-
diphenyl ether, 4,4'-bis(p-hydroxyphenoxy)benzene, 4,4'-
bis(p-hydroxyphenoxy)diphenyl ether, 4,4'-bis{4(l4-
hydroxyphenoxy)phenyl sulfone)diphenyl ether, 4,4'-
dihydroxydiphenyl sulfone, 4,4'-dihydroxydiphenyl
sulfide, 4,4'-dihydroxydiphenyl disulfide, 2,2'-
dihydroxydiphenyl sulfone, 4,4'-dihydroxydiphenyl
methane, 1, 1-bis(p-hydroxyphenyl)cyclohexane, 4,4'-
dihydroxybenzophenone, phloroglucinol, pyrogallol,
2,2',5,5'-tetrahydroxydiphenyl sulfone, tris(hydroxy-
phenyl)methane, dicyclopentadiene diphenol, tricyélo-
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pentadiene diphenol, terephthalic acid, isophthalic
acid, p-hydroxybenzoic acid; any combination thereof.

The epoxy resins containing a mesogenic or
rodlikéwmoiety which can particularly be employed herein
include, for example, those represented by the
aforementioned Formulas II, V, VI or IX wherein at least
80 percent of the molecules are para substituted by both
the bridging groups (-A-) and the substituent containing
the glycidyl group(s) S
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0
/ \
-CHg~C — CHg
|

Rl

as well as the substituent containing the secondary
hydroxy alkylidene group(s)

OH
|

~CHg-C~-CHo-

Rl .

which are present when p or pl has a value greater than
zero. For Formula VI, it is to be understood that para
substitution is with respect to the direct bond between
the aromatic rings. '

The bridging groups (-A-) in the formulas for
the epoxy resins containing mesogenic or rodlike
moieties form a rigid central linkage between the

.aromatic ring pairs, that is, A is a direct single bond,

-C=C-,-CR1=N-, -N=N-, -0-CO-,

-NR1-C0-, -CR1=N-N=CR1-, -CR1=CR1-CO-, -CR1=CRI-,
-N=CR1-, -C0-0-, -CO-NR1-, -CO-CR1=CR1-, -CO-0-N=CR1-,
-CR1=N-0-0C-, -CO-NR1-NR1-0C-, -CR1=CR1-0-0C-,
-C0-0-CR1=CR1~, -0-0C-CR!'=CR1-, -CRV=CR1-C0-0-,
-(CHR1)n1-0-CO~-CR1=CR1~, -CR1=CR1-C0-0-(CHR1)p'~,
~(CHR1)n1-C0-0-CR1=CR1~, -CR1=CR1-0-CO-(CHR1)p'-,
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H2N N=N COOH

-2Y4-

-c0-S-, -8-0C-, —CHp-CH2-CO-0-, -0-0C-CHp-CHo-,
-C=C-C=C-, -CR1=CR1-CR1=CRI1-,

N N
__</ \>—- _HC p CH_
?
0 0 I 7
0
- 0 0
-HC == CH- H 1]
, -C-N N-C-
-0
0 N_N N__N
~ =, S Y,
0 ’ N—=N N =
c1 c1
| |
-CR1=C-, -C=CRI-,
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group and n, Al and R are as hereinbefore described.
To optimize the aspect ratio of said mesogenic or
rodlike functionalities, it is preferred that the
aromatic ring substituents (R in Formulas II, V, VI and
IX) are hydrogen or methyl groups.

Representative polyepoxidé compounds containing
a mesogenic or rodlike moiety include, for example, the
diglycidyl ethers of U4,4'-dihydroxybiphenyl, H4,4'-
dihydroxystilbene, 4,4'~-dihydroxydiphenylacetylene,
4,4'-dihydroxydiphenylazomethine, 4,4"'-
dihydroxyazobenzene, 4,4'-dihydroxyazoxybenzene, 4,4'-
bis{(4-hydroxy)phenoxy)diphenyl, 4,4'-dihydroxy-alpha-
methylstilbene, 3,3',5,5'-tetramethyl-4,4"'-
dihydroxydiph%nyl, 3,3',5,5"'-tetrachloro-4,4'-dihydroxy-
diphenyl, 2,2',6,6'-tetramethyl-4,4'-dihydroxydiphenyl,
4,4'-dihydroxybenzanilide, 4,4'-dihydroxychalcone, 4,4'- .
dihydroxy-alpha-cyanostilbeng&, Y4-hydroxyphenyl-i-
hydroxybenzoate, 4,4'-dihydroxy-3,3',5,5'-tetrabromo-
alpha-methylstilbene, N,N'-bis(4-hydroxyphenyl)-
terephthalamide, the diglycidyl ethers of the dihydric
phenols represented by the following formulas:
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m xtures thereof and the |iKke. Representative of the phenolic
hydr oxyl contai ning carboxylic acid conpounds which are free of nesogenic
or rodlike noieties include, for exanple, 2- hydroxybenzoic acid,
3- hydr oxybenzoi ¢ acid, 4-hydroxy-
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benzoi ¢ acid, 2-nethoxy-4-hydroxybenzoic acid, 3,5-

di net hyl - 4- hydr oxybenzoi ¢ aci d, 3-cycl ohexyl -4-hydroxy- benzoic acid,

2, 6-di br onp- 4- hydr oxybenzoi ¢ acid, 5- butyl-4-hydroxybenzoic acid,

3- phenyl - 4- hydr oxybenzoi ¢ aci d,

4- (1- (3- hydroxyphenyl ) - 1- et hyl et hyl ) benzoi ¢ aci d,
4-(1-(4-hydroxypheny|)ethyl)benzoi6'é%id, 4- (4- hydr oxy- phenoxy) benzoi c
acid, 4-((4-hydroxyphenyl)thio)benzoic acid,

(4- hydr oxyphenyl ) (4- car boxyphenyl ) met hanone, 4-

((4- hydroxyphenyl ) sul fonyl ) benzoi c acid; 4-(1-(4-

hydr oxy- 3, 5- di br onophenyl ) - 1- et hyl et hyl ) - 2, 6-di bronb- benzoi ¢ aci d,

4-hydroxypheny|agetic aci d, Sﬁrydroxy- -77-
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phenyl acetic acid, 2-hydroxyphenylacetic acid, 4-
hydr oxyphenyl - 2- cycl ohexanecar boxyli ¢ aci d, 4-hydroxy- phenoxy-2-propanoic
acid or any conbination thereof. Representative of the phenolic

hydr oxyl containing carboxylic acid conmpounds containing one or nore
mesogeni ¢ or rodlike noieties include, for exanple, [err]
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the tetraglycidyl amines of 4,4'-diamino-alpha-
methylstilbene, Y4,U4'-diaminostilbene, y,yr-
diaminobenzanilide, 4,4'-diaminocazobenzene, 4,4'-
diamino-alpha-cyanostilbene. Also suitable are the
producgg'resurting from advancing the aforementioned
diglycidyl ethers with aromatic dihydroxyl or
dicarboxylic acid containing compounds ineluding, for
example, all of the previously listed diphenol
precursors to the diglycidyl ethers containing a
mesogenic or rodlike moiety, or any combination thereof.

The epoxy resins which can be employed herein
can be prepared by reacting the corresponding di- or
polyhydroxyl containirg compound (or amine containing
compound) with an ebihalohydrin by any suitable means
known to those skilled in the art.

Generally, the di- or polyhydroxyl containing
compound is reacted with anp epihalohydrin in the
presence of a suitable catalyst and in the presence or
absence of a suitable solvent at a temperature suitably
from 0°C to 100°C, more suitably from 20°C to 80°C, most
suitably from 20°C to 65°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.; for a time sufficient to complete
the reaction, usually from 1 to 12, more usually from 1
to 5, most usually from 1 to 3 hours; and using from
1.5:1 to 100:1, preferably from 2:1 to 50:1, most
preferably from 3:1 to 20:1 moles of epihalohydrin per
hydroxyl group. 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
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chlorohydrin groups to epoxide groups. The resultant
product is a glycidyl ether compound.

Suitable epihalohydrins which can be employed
to prepare thérepoxy_resins useful in the present
invention include, for example, those represented by the
following formula

Formula X 0
/ N\
HoC —— CH-CHg-X"
I
R1

wherein R1 is as previously defined; and X' is a
halogen. Particularly suitable such epihalohydrins
include, for example, epichlorohydrin, epibromohydrin,
epiiodohydrin, methylepichlorohydrin, methylepibromo-
hydrin, methylepiiodohydrin, or any combination thereof.

Suitable di- or polyhydroxyl coﬁtaining
compounds (or amine containing compounds) which can be
employed to prepare the epoxy resins useful in the
present invention include, for example, those
represented by the formulas
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m xtures thereof and the |iKke. Representative of the sulfanilam de
conpounds which are free of nmesogenic or rodlike noieties include, for
exanpl e, o-sulfanilam de, msulfanilamde, p- sulfanil am de,

2, 6-di nmet hyl - 4- sul f onam de- 1- .

-41-

Forgpla XVIII.

(R)y

XS .
- HO \Ezigj NHg

Formula XIX.

(R)y (R)y

HoN \\ng:jl An .: r:;zg/. NHg
NZ N4
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am nobenzene, 2-nethyl -4-sul fonam do- 1-am nobenzene,

3, 5-di net hyl - 4- sul f onam do- 1- am nobenzene, 3-nethyl -4-

sul f onam do- 1- am nobenzene, 5-nethyl -3-sul fonam do-1- am nobenzene,

3- phenyl - 4- sul f onani do- 1- am nobenzene, 4:
(1-(3-sulfonanidophenyl)-l-nethylethyljé%TIine, 4-(1-(4-

sul f onam dophenyl ) et hyl )aniline, 4-(4- sul fonam dophenoxy)aniline, 4-((4-
sul f onam dophenyl )t hi o) aniline, (4-sulfonam dophenyl) (4-

am nophenyl ) met hanane,, 4-{,( 4- subfo am,dophenyl ) sul f onyl ) apiLi ne,
4- (1- (4-sul f oA F3" 3, 75- Pb;gﬁn Hegylﬁ-l-ﬂétﬁyfeﬁh%ﬁ?-é,6£gﬁb$§nnaniIine,
4- hereinbefore defined. Dat e:

Suitable catalysts which can be employed to
preparé&-the eboxy resins which can be employed herein
include, for example, ammonium halides such as, for
example, benzyltrimethylammonium chloride,
benzyltrimethylammonium bromide, tetrabutylammonium
chloride, tetrabutylammonium bromide, tetraoctylammonium
chloride, tetraoctylammonium bromide,
tetramethylammonium chloride, tetramethylammonium
bromide, or any ‘combination thereof. '

Suitable basic acting compounds which can be
employed to prepare the epoxy resins useful herein
include, for example, alkali metal or alkaline earth

" metal hydroxides, carbonates, or bicarbonates.
Particularly suitable such compounds include, for
example, sodium hydroxide, potassium hydroxide, lithium
hydroxide, calcium hydroxide, barium hydroxide,
magnesium hydroxide, manéﬁnese'hydroxide, sodium
carbonate, potassium carbonate, lithium carbonate,
calcium carbonate, barium carbonate, magnesium
carbonate, ménganese carbonate, sodium bicarbonate,
potassium bicarbonate, lithium bicarbonate, calcium
bicarbonate, barium bicarbonate, magnesium bicarbonate,
manganese bicarbonate, or any combination thereof. Most
preferred is sodium hydroxide or potassium hydroxide.

Suitable solvents which can be employed herein
include, for example, alcohols, aliphatic hydrocarbons,
aromatic hydrocarbons, glycol ethers, amides,
sulfoxides, sulfones, or any combination thereof.
Particularly suitable solvents include, for example,
methanol, ethanol, isopropanol, hexane, heptane, octane,
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sulfonanido-l-N—nethyIaninobenzene, or any conbi nation thereof.

Representative of the sulfanilam de conpounds contai ning one or nore -
nmesogeni ¢ or rodlike noieties include, for exanple, [err]

-43-

nonane, decane, toluene, xylene, ethylene glycol methyl
ether, ethylene glycol ethyl ether, ethylene glycol n-
butyl ether, ethylene glycol phenyl ether, propylene
glycol methyl ether, propylene glycol phenyl ether,
triproayiene glycol methyl .ether, diethylene glycol
methyl ether, diethylene glycol ethyl ether, diethylene
glycol n-butyl ether, diethylene glycol phenYl ether,
butylene glycol methyl ether, N,N-dimethylformamide, N-
methylpyrrolidinone, N,N-dimethylacetamide,
dimethylsulfoxide, sulfolane, or any combination
thereof.

The solvent is usually employed in amounts
suitably from 5 to 95, more suitably from 20 to 60, most
suitably from 30 to 40, percent by weight based upon the
combined weight of solvenﬁ and epihalohydrin.

For tﬁe production of epoxy resins from di- and
polyhydroxyl containing compounds (or amine containing
compounds) possessing functional groups or linkages that
are sensitive to hydrolysi§ under the reaction
conditions employed in certain of the epoxidation
chemistries, alternate techniques of preparation may be
employed. As a typical example, U. S. Patent No.
4,762,901 teaches breparation of the diglycidyl ether of
the biphenol represented by the following formula
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which is a compound containing an ester linkage known to
be sensitive to hydrolysis, using an anhydrous
epoxidation technique. This technique employs
azeotropic removal of water/epichlorohydrin concurrent
with the controlled addition of aqueous sodium hydroxide
to a reaction mixture consisting of epichlorohydrin, a
diphedol, a phase transfer catalyst such as, for
example, benzyltrimethylammonium chloride, and
optionally one or more solvents. it is advantageous to
conduct such anhydrous epoxidation reactions under a
vacuum to facilitate the azeotropic removal of. water.
It is also operable and advantageous to utilize sodium
hydroxide free of water as the alkali metal hydroxide
reactant. In order to control reaction exotherm, the
solid sodium hydroxide is-typically added in aliquots as
a powder to the epoxidation reaction mixture.

Another specific anhydrous epoxidation
technique involves catalytic coupling of the di- or
polyhydroxyl containing compound with an epihalohydrin,
typically using as a cataiyst one or more of the
aforementioned ammonium halides. The resultant solution
of halohydrin in excess epihalohydrin is then treated
with finely pulverized potassium carbonate to effect
dehydrohalogenation to the epoxy resin.

Advancement reaction of di- and polyglycidyl
ethers can be performed by known methods. This usually

~includes combining one or more suitable compounds having

~an average of more than one active hydrogen atom per

molecule, including, for example, dihydroxy aromatic,
dithiol or dicarboxylic acid compounds or compounds
containing'one primary amine or amide group or two
secondary amine groups and the di- or polyglycidyl
ethers with the application of heat and mixing to effect
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the advancement reaction. A catalyst is frequently
added to facilitate the advancement reaction.

The advancement of the epoxy resins containing
one or more ﬁesogenic or rodlike moieties with compounds
having an average of more than one active hydrogen per
molecule is employed to linearly chain extend the resin
so as to produce an advanced epoxy resin. This linear
chain extension 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
temperéture range in which a particular resin is liquid
crystalline and to control the degree of crosslinking
during the final curing stage. '

The epoxy resin containing one or more
mesogeriic or rodlike moieties and the compound having an
average of more than one active hydrogen atom per
molecule are reacted in amounts which brovide suitably
from 0.01:1 to 0.99:1, 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 in the preparation
of the advanced epoxy resins include hydroxyl-containing
compounds, carboxylic acid-containing compounds and
pPrimary amine-containing compounds.

Particularly suitable hydroxyl-containing
compounds include, for example, hydroquinone, bisphenol
A, 4,¥'-dihydroxydiphenylmethane, 4,4'-thiodiphenol,
4,4 -sulfonyldiphenol, 4,4*'-dihydroxydiphenyl oxide,

This is the replacement sheet
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4,4'~-dihydroxybenzophenone, 1,1-bis(4-hydroxyphenyl)-1-
phenylethane, 3,3',5,5'~-tetrachlorobisphenol A, 3,3'-~
dimethoxybisphenol A, 4,4'-dihydroxybiphenyl, 4,4'~
dihydroxy-a,a'~diethylstilbene, 4,4'-dihydroxy-a-
methylgfilbene} 4,4 -dihydroxybenzanilide, 4,4'~
dihydroxy-2,2'~dimethylazoxybenzene, 4,4'-dihydroxy-a-
cyanostilbene, bis(4-hydroxyphenyl)terephthalate,

1 bis(N,N'~l4~hydroxyphenyl)terephthalamide, bis(4'-
hydroxybiphenyl)terephthalate, 4,4'-dihydroxyphenyl-
benzoate, bis(4'-hydroxyphenyl)-1,4-benzenediimine,
4,4"-dihydroxybiphenylbenzoate, 1,4-bis(4'~ ‘
hydroxyphenyl-1'-carboxamide)benzene, 1,4-bis(4'-
hydroxyphenyl-1'-carboxy)benzene, U4,4'-bis(4"-

. hydroxyphenyl-1"-carboxy)biphenyl, any combination
thereof. | |

Partiéularly suitable carboxylic acid-
containing compounds include, for example, terephthalic
acid, 4,4'-benzanilide dicarboxylic acid, 4,4'-
phenylbenzoate dicarboxylfb acid, 4,4'~-stilbene-
dicarboxylic acid or any combination thereof.

-Particularly suitable primary amine-containing
compounds include, for example, aniline, Y4'-sulfon-
amido-N-phenyl benzamide, 4'-sulfonamido-N'-phenyl-4-
chlorobenzamide, 4-amino-i-phenylbenzoate, Y-amino-N-
phenylbenzamide, N-phenyl-4-amino-phenyl-1-carboxamide,
phenyl-4-aminobenzoate, biphenyl-u-aminobenioate,
1-phenyl—4'—aminobhenylterephthalate, or any combination

" thereof.

The advancement reaction can be conducted in
the presence of a suitable advancement catalyst such as,
for examﬁle, phosphines, quaternary ammonium compounds,
phosphonium compounds, tertiary amines, or any
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combination thereof. Particularly suitable catalysts
include, for example, ethyltriphenylphosphonium
chloride, ethyltriphenyl-phosphonium bromide,
ethyltriphenylphosphonium iodide,
ethylt;fphenyIphosphonium diacetate (ethyltriphenyl-
phosphonium acetate-acetic acid complex), ethyltri—'
phen&lphosphonium phosphate, tetrabutylphosphonium
chloride, tetrabutylphosphonium bromide, tetrabutyl-
phosphonium iodide, tetrabutylphosphonium diacetate
(tetrabutylphosphonium acetate-acetic acid complex),
butyltriphehylphosphdnium tetrabromobisphenate,
butyltriphenylphosphonium bisphenate, butyltriphenyl-
phosphonium bicarbonate, benzyltrimethylammonium
chloride, tetramethylammonium hydroxide, triethylamine,
tripropylamine, tributylamine, 2-methylimidazole,
benzyldimethylamine, or any combination thereof.

The amount of advancement catalyst depends, of
course, upon the particular reactants and catalyst
employed; however, it is uguallf employed- in quantities
of from 0.03 to 3, preferably from 0.03 to 1.5, most
preferébly 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
atmospheriec, superatmospheric 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 of time whereas
lower temperatures require longer periods of time.
Generally, however, times of from 5 minutes to 24 hours,
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preferably from 30 minutes to 8 hours, more preferably
from 30 minutes to 3 hours are suitable.

If desired, the advancement reaction can be
conducted in the presence of one or more solvents. For
the production of advanced epoxy resins using a reactant
which is of low solubility in the di- or polyclycidyl
ether reactant, it is frequently of advantage to add one
or more solvents to the reaction mixture. Suitable such
solvents include, for example, glycol ethers, aliphatic
and aromatic hydrocarbons, aliphatic ethers, cyclic
ethers, ketones, esters, amides, or any combination
thereof. Particularly suitable solvents include, for
example, toluene, benzene, xylene, methyl ethyl ketone,
methyl isobutyl ketone, diethylene glycol methyl ether,
dipropylene glycol methyl ether, dimethyl-formamide,
dimethylsulfoxide, N-methypyrrolidinone,
tetrahydrofuran, propylene glycol methyl ether, or any
combination thereof. The solvents can be employed in
amounts of from zero to 80 percent, preferably from 20
percent to 60 percent, more preferably from 30 percent
to 50 percent by weight based upon the weight of the
reaction mixture. Care should be taken to utilize only
those solvents which are inert to reaction with any of
the reactants employed in the advancement reaction or
the product formed therefrom.

f
t

ACTIVE HYDROGEN CONTAINING COMPONENT

Materials containing two or more active
hydrogens which are reactive with an epoxide group
useful in the preparation of the epoxy resin adducts
containing one or more mesogenic or rodlike moieties of
the present invention include the di- and polyphenols,
such as, for example, those represented by formulas XI,

et
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XII, XIII, XIV, XV and XVI; the di- and polycarboxylic
acids, such as, for example, those éepresented by -
formulas XX, XXI, XXIII, XXIV, XXV and XXVI where each Y
is a -COOH group; the di- and polymercaptans, such as,
for ex;ﬁble, those represented by formulas XX, XXI,
XXIII, XXIV, XXV and XXVI where each Y is a -SH group;
the di- and polyamines, such as, for example, those
represented by formulas XX, XXI, XXII, XXIII, XXIV, XXV
and XXVI where each Y is a -NHRl group, as well as
formula XXVI where one Y is a -NHR! group and the other
Y is a

| Rl Rl R1 R1 \ Rl Rl
0 . I I I i
G ~-CH 1~ NRl — CH {—CH 4~ NRL — CH +—CH -— NHR!
i n - ﬁ n

group; the primary monoamines, such as, for example,
those represented by formulas XX, XXI, XXIV, XXV and
XXVI where one Y is a -NHg group and the other Y is a
hydrogén, as well as formula XXIII where one Y is a -NHg
group and the remaining other Y's are hydrogen; the
sulfonamides, such as, for example, those represented by
formulas XX, XXI, XXIV, XXV and XXVI where one Y is a
-S09~NHg group and the other Y is a hydrogen, as well as
formula XXIII where one Y is a -SO2-NHg group and the
remaining other Y's are hydrogen; the aminophenols, such
as, for example, those represented by formulas XX, XXI,
XXIV and XXV where one Y is a -NHR! group and the other
Y is a -OH group, as well as formula XXIII where one or
two I's are -NHR! groups and the remaining one or two

Y's are -0OH groups, the amino carboxylic acids, such as,

[ . . & "
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for example, those represented by formulas XX, XXI,
XXIV, XXV and XXVI where one Y is a -NHR1 group and the
other ¥ is a -COOH group, as well as formula XXIII where
one or two Y's are -NHR! groups and the remaining one or
two Y'ghare ~-COOH groups; the phenolic hydroxyl -
containing carboxylic acids, such as, for example, those
represented by formulas XX, XXI, XXIV and XXV where one
Y is a ~OH group and the other Y is a -COOH group, as
well as formula XXIII where one or two Y's are -OH
groups and the remaining one or two Y's are -COOH
groups; the sulfanilamides, such as, for example, those
represented by formulas XX, XXI, XXIV and XXV where one
Y is a -NHR! group and the other Y is a ~S02-NHg group,
as well as formula XXIII where one or two Y's are -NHRI
groups and the remaining one or two Y's are -SOg-NHg
groups; wherein R, Rl, RZ, A, A', n, pl and m are as
'hereinbefore:defined and X2 is a divalent hydrocarby]
group having from one to 60 carbon atoms and may be
linear or branched aliphatic, cycloaliphatic or
polycycloaliphatic and may contain one or more linkages
selected from ether (-0-), thioether (-S~),
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The adducts containing one or nore nesogenic or rodlike noieties of the
present invention are prepared by reacting (B) one or nore materials
containing two or nore hydrogens which are reactive with an epoxi de group
sel ected fromthe group consisting of (1lk,di- and polyphenols, (2) di- and
pol ycarboxylic acids, (3) di- and pol ynercaptans, (4) di- and pol yam nes,
(5) primary nonoam nes, (6) sulfonam des, (7) am nophenols, (8) _

am nocar boxylic acids, (9) phenolic hydroxyl containing carboxylic acids,
(10) sulfanilamdes, (11) mxtures thereof with one or nore A) epoxy resins
in an anount o ufficient to provide from2:1 to 100:1, preferably from3:1
to 20:1, m)skt Stporef &} abl y from 5amide 10: D equi val e(fgtserof hydr.ogen reactive
with an epoxide grdlup (excluding secondany hydroxyl gfroups fgr med by

epoxi de ring operiTirXeaction to f qrup Wi adduct ) per eq i vallent of epoxi de
reacted, with the proviso that one or nore ‘nesogenic or 'ric‘)QI‘iCk'é noi eti es
are present in either (A the epoxy resin reactant or (B) the materi al
containing two or nore hydrogens which are reactive with an epoxi de group

or in both ¢&rbandteB). g thioester
| 1 , 0 ,
. (-0-C-0-) I
(-S-C-)
urethane 0 and urea
Y , X
(-0-C-NH-
NH-) _ (-NH-C-NH-)
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The term "reactive with an epoxi de group”, as enployed in the preparation
of the adduct neans reactive at the conditions enployed to prepare the
adduct. There may be present hydrogen atons which are non-reactive with the
epoxi de group at the conditions enpl oyed-4®-prepare the adduct, but which
are reactive at conditions at which an epoxy resin is cured with the

resul tant adduct. In which case, the hydrogen atons which are not reactive
with the epoxy resin at the conditions at which

- O5-

Formula XX. (R)y

t Formula XXI. (R)y (R)y

Formula XXII.

(R)y — — <R)3-—] (R)y
Y m A m A Y

@

Y
Formula XXIII.
(R)y R2 (R)y
(R)y Y
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the adduct is prepared are not considered in the aforenenti oned reactive
hydr ogen to epoxi de rati os. The term "epoxy resin adduct" as used
herei n includes the epoxy resin wherein the term nal epoxide groups have
been reacted in a ring opening reaction with the material containing two or
nore hydrogens whi-ch are reactive wth_an epoxide group to give the
characteristic 2-hydroxypropyl functi6§§Fity as a |linkage between the
resi dual epoxy resin structure and the residual structure fromthe nateri al
containing two or nore hydrogens which are reactive with an epoxi de group.
A typical exanple is the reaction product of aniline and the glycidyl ether
of 4,4'-di hydroxy-al pha- nethyl stil bene:

Formula XXIV. .

~{R)s - — (R4 ] (R)4 _
R L N
) / N -/
) N & N
| S _pl
Formula XXV.
(R)3 (R)B
() o .
(A) 'n
Formﬁla IXVI o~
Y X2 )¢

Representative of the di- and polypaenol
compounds which are free of mesogenic or rodlike
moieties include, for example, resorcinol, hydroquinone,
bisphenol A, 4,4'-dihydroxydiphenylmethane, 3,3',5,5'-
tetrabromobisphenol A, 4,4'-thiodiphenol, 4,4'-
sulfonyldiphenol, 4,4'-dihydroxydiphenyl oxide, 4,4'-
bis(¥4-(l4-hydroxyphenoxy)phenylsulfone)diphenyl ether,
1,1-bis(¥4-hydroxyphenyl)ecyclohexane, tris(hydroxy-
phenyl)methane, phenol or substituted phenol-aldehyde
condensation products (novolacs), dicyclopentadiene or
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an oligomer thereof and phenol or substituted phenol
condensation products, or any combination thereof.

Representative of the di- and polyphenol
compouhds codtaining one or more mesogenic or rodlike
moieties include, for example, 4,4'-dihydroxybiphenyl,
4,4'-dihydroxystilbene, 4,4'—dihydroxydiphenylacetylene,
4,4'~dihydroxydiphenylazomethine, 4,4'—dihydroxyaio-
benzene, 4,4'-dihydroxyazoxybenzene,'4,4'-bis(4-
hydroxyphenoxy)diphenyl, 4,4'-dihydroxy-alpha-methyl-
stilbene, 3,3',5,5'-tetramethyl-4,4'~dihydroxydiphenyl,
3,3',5,5'-tetrachloro-4,4'~-dihydroxydiphenyl, 2,2',6,6"'~
tetramethyl-4,4'~dihydroxydiphenyl, 4,4'-dihydroxy-
benzanilide, U4,4"'-dihydroxychalcone, 4,4'-dihydroxy-

~alpha-cyanostilbene, #4-hydroxyphenyl-U4-hydroxybenzoate,

4,4'-dihydroxy-3,3',5,5"'~tetrabromo-alpha-methyl-
stilbene, 4,4'-bis(4=~(4-hydroxyphenoxy)phenylsulfone)-
stilbene, 1,Y4-bis(Y-hydroxyphenyl)-trans-cyclohexane,
N,N'-bis(l4-hydroxyphenyl )terephthalamide, or any
combination thereof. )

Representative of the di~ and polycarboxylic
acid compounds which are free of mesogenic or rodlike
moieties include, for example, 4,4'~-dicarboxydiphenyl-
methane, 4,4'-isopropylidenedicarboxylic acid,
3,3',5,5'-tetrabromo-4,4"'~isopropylidenedicarboxylic
acid, terephthalic acid, isophthalic acid, 1,4-cyclo-
hexanedicarboxylic acid, 1,6-hexanedicarboxylic acid,
dicyclopentadienedicarboxylic acid, tris(carboxyphenyl)-
methane, 4,4'-bis(4-(4-carboxyphenoxy)phenylsulfone)-
diphenyl ether, 1,1-bis(4~carboxyphenyl)ecyclohexane, or
any combination thereof.

Representative. of the di- and polycarboxylic
acid compounds containing one or more mesogenic or
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[err] -97- The adduct may

al so contain oligoneric conponents derived fromreaction of epoxide groups
fromtwo separate epoxy resin nolecules with two hydrogens in a nolecul e of
the material containing two or nore hydrogens which are reactive with an

epoxi de group. A -55-

rodlike moieties include, for example, Y4,4'-dicarboxy-
diphenyl, 4,4'-dicarboxystilbene, 4,4'-dicarboxy-
diphenyiacetylene, 4,4'~dicarboxyazobenzene, 4,4'-bis(4-
carbbxyphenoxy)diphenyl, Y4,4*-dicarboxy-alpha-methyl-
stilbené; 3,3',5,5'-tetramethyl-4,4'-dicarboxydiphenyl,
3,3',5,5"'-tetrachloro-4,4'-dicarboxydiphenyl, 2,2',6,6"'-
tetramethyl-4,4'~dicarboxydiphenyl, 4,4'-dicarboxy-

r benzanilide, 4,4'-dicarboxy-alpha-cyanostilbene, 4,4'-
dicarboxy-3,3',5,5'-tetrabromo-alpha-methylstilbene,
N,N'~bis(4-carboxyphenyl)terephthalamide, 4,4'-bis(l4-(Y4~
carboxyphenoxy)phenylsulfone)stilbene, 1,4-bis(4-
carboxyphenyl)-trans-cyclohexane, or any combination
thereof.

Representative of the di- and polymercaptan
‘compounds which are free of mesogenic or rodlike
moieties include, for example, 1,4-benzenedithiol, 1,3-
benzenedithiol, 4,4'-isopropylidenedithiol, 1,4-cyclo-
hexanedithiol, 1,6-hexanedithiol, 2,2'-dimercapto-
diethylether, 1,2-dimercaptopropane, 1,3-dimercapto-
propanol-2, bis(2-mercaptoethylsulfide), tris(mercapto-
phenyl ymethane, b,4'-bis(U4~(4-mercaptophenoxy)phenyl-
sulfone)diphenyl ether, 1,1-bis(Y4-mercaptophenyl)cyclo-
hexane, or any combination thereof.

Representative of the di- and polymercaptan
compounds containing one or more mesogenic or rodlike
moieties ineclude, for example, H,H'—dimercaptodiphenyl,
4,4'-dimercaptostilbene, 4,4'-dimercaptodiphenyl-
acetylene, 4,4'-dimercaptodiphenylazomethine, 4,4'~
dimercaptoazobenzene, 4,U4'-bis(4-mercaptophenoxy)-
diphenyl; 4,4'-dimercapto-alpha-methylstilbene,
3,3',5,5'-tetramethyl-4,4'-dimercaptodiphenyl, 3,3'5,5'~
tetrachloro-4,4'-dimercaptodiphenyl, 2,2'6,6'-
tetramethyl—u,u'-dimercaptodiphenyl, 4;4'-dimercapto-

2 1.FEB 0g7
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typi cal exanple is shown for the reaction of aniline and the glycidyl ether
of . 4, 4" -di hydr oxy- al pha- net hyl stil bene: - 98-

-56-

benzanilide, 4,4'-dimercaptochalcone, 4,4'-dimercapto-
alpha-cyanostilbene, 4,4'-mercaptophenyl-4~mercapto~
benzoate, 4,4'-dimercapto-3,3',5,5'~tetrabromo-alpha-
methylstilbene, N,N'-bis(4-mercaptophenyl)-
terephthalamide, 1,4-bis(Y4-mercaptophenyl)-trans-
cyclohexane, Y4,4'-bis(4-(Y4-mercaptophenoxy)phenyl-
sulfone)stilbene, or any combination thereof.

Representative of the di- and polyamine
compounds which are free of mesogenic or rodlike
‘moieties include, for example, 1,2-diaminobenzene, 1,3~
diaminobenzene, 1,4-diaminobenzene, 4;4'-diamino-
diphenylmethane, 3,3',5,5'-tetrabromo-4,4"'-
-isopropylidenediamine, 4,4'-diaminodiphenyl oxide, 4,4'-
. diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfide,
‘faniline-aldehyde condensation products, tris(amino-
phenyl)methane, 1,4-cyclohexanediamine, 1,6-hexane-
diamine, piperazine, ethylenediaminé, diethylenetri-
amine, triethylenetetraamine, aminoethylpiperazine,
bis(aminopropyl)ether, bis(aminopropylsulfide),
bis(aminomethyl)norbornane, 2,2'-bis(4~aminocyclohexyl)-
propane, 1,1-bis(4-aminophenyl)cyclohexane, 4,Y4'-bis(l-
(4-aminophenoxy)phenylsulfone}diphenyl ether,
aminoethylpiperazine, or any combination thereof.
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Representative of the di- and polyamine
compounds containing one or more mesogenic or rodlike
moieties include, for example, 3,3'-dimethyl-}y,4'-
diaminobiphenyl, 4,4'-diaminostilbene, Y4,4'-diamino-
dipheﬂ}iacetylene, 4,4'~-diaminodiphenylazomethine, 4,4'-
diaminoazobenzene, 4,4'-diaminoazoxybenzene, 4,4'-bis(l-
aminophenoxy)diphenyl, 4,4'-diamino-alpha-
methylstilbene, 3,3',5,5'-tetramethyl-4,4"'-~
diaminodiphenyl, 3,3'5,5'-tetrachloro-4,l4'-
diaminodiphenyl, 2,2',6,6'~tetramethyl-4,4"'-
diaminodiphenyl, 4,4'-diaminobenzanilide, 4,4'-
diaminochalcone, Y4,4'-diamino-alpha-cyanostilbene, 4
aminophenyl-4-aminobenzoate, 4,4'-diamino-3,3',5,5'-
tetrabromo-alpha-methylstilbene, N,N'-bis(l4-amino-
phenyl)terephthalamide, 1,4-bis(l4-aminophenyl)~-trans-
.cyclohexane, 4,4'-bis(4~(U4-aminophenoxy)phenylsulfone)-
stilbene, or any combination thereof.

Representative of the primary moncamine
compounds which are free of mesogenic or rodlike
moieties include, for example, aniline, ld-methoxy-
aniline, Y-chloroaniline, UY-methylaniline, U-cyano-
aniline, 2,6-dimethylaniline, 4-aminodiphenyl oxide, 4-
aminodiphenylmethane, Y-aminodiphenylsulfone, Y-aminodi-
phenylsulfide, methylamine, 4-aminobenzophenone, n-
hexylamine, cyclohexylamine, aminonorbornane. or any
combination thereof. Ammonia represents a special case
of the primary monoamings useful herein and may be

~conveniently used as the aqueous ammonium hydroxide
solution.

Representative of the primary monoamine
compounds containing one or more mesogenic or rodlike
moieties include, for example, 4-aminodiphenyl, u-
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- 99- The adduct may al so contain unreacted material containing
two or nore hydrogens which are reactive with an epoxide group. Thus in the
case of the reaction between aniline and the glycidyl ether of 4,4'-
di hydr oxy- al pha-net hyl stil bene, if stoichionetric excess of aniline is
enpl oyed and not renoved, it thus becofBs a part of the epoxy resin adduct.
The adduct nay al so contain branched or crosslinked structure derived from
(A) reaction between an epoxi de group and the hydroxyl group of a
2- hydr oxypropyl, | i nkage contained in said
X. P ezninostif%ene, —amgno—u$—methoxystilbene, Y-amino-4'-
methylstilbene, Y-amino-4'-~chlorostilbene, Hd-amino-4'-
nitrostilbene, Y-amino-U4'-cyanostilbene, U-aminodi-
phenylacetylene, Y-aminodiphenylazomethine, Y4-aminoazo-
benzene;“U-amihoazoxybenzene, R-amino-alpha—
methylstilbene, ld-aminobenzanilide, Y%-aminochalcone, 4-
amino-alpha-cyanostilbene, Y-aminophenyl-4-
. methoxybenzoate, U4~amino-2,2'6,6'-tetramethyl-alpha-
methylstilbene, 4-amino-2,6-dimethyl-alpha-
methylstilbene, or any cdmbination thereof.

Representative of the sulfonamide compounds
which are free of mesogenic or rodlike moieties inciude,
for example, phenylsulfonamide, U- '
methoxyphenyléulfonamide, J-chlorophenylsulfonamide, 4~

.methylphenylsulfonamide, 4-cyanophenylsulfonamide, 2,6-
dimethylphenylsulfonamide, Y4-sulfonamidodiphenyl oxide,
Y-sulfonamidodiphenylmethane, Y4-sulfonamidodi-
phenylsulfone, U4-sulfonamidobenzophenone, or any
combination thereof. -

Representative of the sulfonamide compounds
containing one or more mesogenic or rodlike moieties
include, for example, 4-sulfonamidodiphenyl, U4-
sulfonamidostilbene, Y4-sulfonamido-4'-methoxystilbene,
4Y-sulfonamido-Y4'-methylstilbene, UY-sulfonamido-4'-
chlorostilbene, UY~sulfonamido-4'-nitrostilbene, 4-
sﬁlfonamido-u'-cyanostilbene, 4~
sulfonamidodiphenylacetylene, Y-
sulfonamidodiphenylazomethine, 4-sulfonamidoazobenzene,
4-sulfonamidoazoxybenzene, 4-sulfonamido-alpha-
methylstilbene, U4-sulfonamidobenzanilide, 4-
sulfonamidochalcbne, Y-sulfonamido-alpha-cyanostilbene,
U~sulfonamidophenyl-4-methoxybenzoate, U4-sulfonamido-
2,2',6,6'-tetramethyl-alpha-methyistilbene, U4-
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adduct, or (B) reaction between three separate epoxy resin nolecules with
three hydrogens in a nolecule of the material containing two or nore, in —
this case, nore, hydrogens which are reactive with an epoxide group. A

typi cal exanple of the forner case, (A), is the reaction of a backbone

hydr oxyl group of the epoxy resin adduct of aniline and the diglycidyl

et her of 4,4'-di hydroxy- al pha-nethylstilbene with an epoxide group froma
second nol ecul e of the diglycidyl ethersgk 4,4'-dihydroxy-

al pha- et hyl sti | bene whi ch has al ready been adducted with aniline at one

epoxi de group of the nol ecul e:
sulfonamido-2,6—dimethyl—aipha—methylstilbene, or any

combination thereof.

Representative of the aminophenol compounds
which &re free of mesogenic or rodlike moieties include,
for example, o-aminophenol, m-aminophenol, p-
aminophenol, Z-Qethoxy-u-hydroxy-1-aminobenzene; 3,5~
dimethyl-U4-hydroxy-1-aminobenzene, 3-cyclohexyl-li-
hydroxy-1-aminobenzene, 2,6-dibromo-4-hydroxy-1-
aminobenzene, 5-butyl-5-hydroxyaminobenzene, 3-phenyl-4-.
hydroxy-1-aminobenzene, 4;(1—(3—aminophenyl)—1—
methylethyl)phenol, 4-(1-(4-aminophenyl)ethyl)phenol, U4-
(4-aminophenoxy)phenol, 4-((4-aminophenyl)thio)phenol,
(4~aminophenyl) (4-hydroxyphenyl)methanone, U4-({(4-

' aminophenyl)sulfonyl)phenol, 4~(1-(4-amino-3,5- ;
dibromophenyl)-1—methylethyl)—2,6-dibromophenol, N-
methyl-p-aminophenol, or any combinationm thereof.

Representative Jf the ‘aminophenol compounds
containing one or more mesogenic or rodlike moieties
include, for example,

CHs

I
HZN‘@C=CH~@OH ,
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CHs )

[
HOC=CH‘@NH2 y o
HzN@ c=c ‘@"OH

HO @ CH:N_—@_ NHy
HgN ‘@—Nm ~©_ oH |,
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-101- A typical exanple of the latter case, (B), is the reaction
of an am no hydrogen of the epoxy resin adduct of diethylenetriam ne and
the diglycidyl ether of 4,4'-dihydroxy-al pha-nethylstil bene wherein an
epoxi de group froma second nol ecul e of the diglycidyl ether of

4, 4' - di hydr oxy- al pha-net hyl stil bene hgg_already reacted w th another am no
hydrogen in the diethylenetriamne noiety (only one end of each of the
epoxi de nol ecul es shown):

NH»p
a~Dm

o =0
i o

CN
]
~C

o o

1
C

o
O

|
g
-CH

o =0

HoN —@—- NH-

o =

CN

[ Rt & )

1
c

D)o ~DyOr—o~O)—w
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M nor anounts of other structures may be present in the adducts of the
present invention, for exanple, those which may be present in the epoxy
resin reactant, such as, the 1,2-glycol group derived from hydrol ysis of

t he epoxi de group, or hal onethyl groups caused by addition of epihal ohydrin
to the hydroxyl group of an internediafé3ﬁalohydrin nol ecul e. A
catalyst is optionally enployed to prepare the adducts containing one or
nore nmesogeni c or rodlike noieties of the present invention. Suitable

catal ysts include the aforenenti oned phosphi nes, quaternary amoni um
conpounds, phosphoni um conpounds, tertiary am nes, any conbination thereof.
The anpunt of catal yst used, if any, depends upon the particular reactants
and catal yst enpl oyed; however, it is usually enployed in quantities from
0.01 to 3, preferably from0.01 to 1.5,
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nost preferably fromO0.03 to 0.75 percent by wei ght based upon the wei ght
of the epoxy containing conpound. Reaction conditions for formng
t he adducts containing one or nore nmesogenic or rodlike noieties of the
present invention vary w dely dependi ng upon the type and anmount of
reactants enpl oyed, the type and ampéét of catal yst used, if any, the use
of solvent(s), the node of addition of the reactants enployed, and ot her
known vari abl es. Thus, the reaction may be conducted at atnospheric,
super at nospheri c or subatnospheric pressures at tenperatures of from
Oferr]Cto 260[err]C, preferably from20[err]C to 200[err]C, nost
preferably from35[err]Cto 160[err]C. The tinme required to conplete the
reacti on depends not only upon the aforenentioned vari abl es, but al so upon
the tenperature enployed. Hi gher tenperatures require shorter periods of
tinme -

O

~
NHz ,
OH ,
0
1
C—O—@— OH ,

NC
-

NC
w0

CN CHj

CN CHg
0
OH i
’ HoN ; o-C

@N ‘
0
0
CH CH—@_;OH , HzN_@_O__< @OH
: ' 0o .

CHs
CHs

= =
o] N =
o] = =
pa
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Ceneral ly,

whereas | ower tenperatures require | onger periods of tine.

however ,

times of from5 mnutes to one week,

nore preferably

from30 mnutes to 72 hours,

nost preferably from60. mnutes to 48 hours

are suitable.

+The reaction tinme and tefpe

erature profile enployed can

greatly influence 'the distribution of conponents conprising the epoxy resin

adducts of the present
their inherently shorter

i nvention, thus,

hi gher

reaction tenperatures with

reaction tines,

nore ol igomeric conponent when a nmateri al

general ly induce the formation of
containing two hydrogens reactive

with an

2

= o
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epoxi de group is used, or, additionally, branched or crosslinked structure
when a material containing nore than two hydrogens reactive with an epoxide
group i s used. The reaction to formthe adducts contai ni ng one or
nore nmesogeni c or rodlike noieties of the present invention may be
conducted in the presence of one or mpgg_sol vents. Solvents may be
beneficially enployed, for exanple, to inprove the solubility of one or
nore reactants in the reactant m xture, to dissolve a solid reactant thus
rendering it easier to neter into the reaction, or to dilute the -
concentration of reacting species as a neans to noderate the adduct form ng
reaction and thus vary the distribution &6f conponents conprising the
adduct. Suitable solvents include thosexmwhich are substantially inert to
reaction with any of the reactants enpl gyed or the adduct product formed
therefrom Thus the solvents and amobuntg of said solvents previously

descri bed for the advancenent reactio general ]y suitable for use in

t he adduct

?

al

=CH
N
NHo

C-0-CH=CH ——@ OH ,
NHZ- ’
' H
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form ng reaction. - 105- The
contacting together of (A) one or nore epoxy resins and (B) one or nore
materials containing two or nore hydrogens which are reactive with an
epoxi de group selected fromthe group consisting of (1) di- and

pol yphenol s, (2) di- and pol ycarboxylic_gcids, (3) di- and pol ynmercapt ans,
(4) di- and pol yam nes, (5) primary moi8 m nes, (6) sul fonam des (7)

am nophenol s, (8)

CHz -0- C CH= CH—@—NHz ’

Q NHg ,

mixtures thereof and the like.

-~

Representative of the aminocarboxylic acid
compounds which are free of mesogenic or rodlike
moieties include, for example, 2-aminobenzoic acid, 3-
aminobenzoic acid, 4-aminobenzoic acid, 2-methoxy-U-
aminobenzoic acid, 3,5-dimethyl-4-aminobenzoic acid, 3-
cyclohexyl-Ud4-aminobenzoic acid, 2,6-dibromo-4-amino~-
benzoic acid, 5-butyl-Y4-aminobenzoic acid, 3-phenyl-Y-
aminobenzoic acid, 4-(1-(3-aminophenyl)-1-methylethyl)~
benzoic acid, U4-(1-(l4-aminophenyl)ethyl)benzoic acid, u4-
(4-aminophenoxy)benzoic acid, 4-((4-aminophenyl)thio)-
benzoic acid, (4-aminophenyl)(Y4-carboxyphenyl)methanone,
Yy~((4-aminophenyl)sulfonyl)benzoic acid, 4-(1-(Y4-amino-
3,5-dibromophenyl)-1-methylethyl)-2,6~dibromobenzoic
acid, glycine, N-methylglycine, 4-aminocyclohexane-

This is i replacement shest




am nocar boxylic acids, (9) phenolic hydroxyl containing carboxylic acids,
(10) sulfanilamdes, (11) m xtures thereof with the proviso that one or
nore nmesogenic or rodlike noieties nay be present in the epoxy resin
reactant (A) or the material containing two or nore hydrogens which are
reactive with an epoxide group (B) or in both (A) and (B) may be done in
any configuration which provides an adduct that is essentially free of
epoxi de groups. Thus, the epoxy resin'ﬁﬁﬁbonent and the material containing
two or nore hydrogens which are reactive with an epoxi de group nmay be
directly m xed together and subjected to the aforesaid conditions conducive

to reaction, or gne_canpone Ly, t.o the other component in

i ncrenents i n&afc %d’clulprabtao%lc%dn{?nau"%%SO%geg%ﬂlqlocn. cflfé)i nlgr%h@%?lsdjar?ee added,
all or a part cdrboxydddedidincr eneranyheonis df iovedthereehct prior to
addition of the next increnent. Cenerally, the increnental addition of the

epoxy resin reactant tgehgsbhtksofetSe ERECkhIhobabAKYLRY Guagor MOre

hydrogens which are _reactive with an epoxi de group tfavors an uct
conposed of nECHHABMA AR LR NG QN8 R BPoXivRsSogenic or rodlike

moieties include, for example,

- CHs .
I
HoN —@— C=CH —@— COOH ,
CHg

- I -

f
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groups have been reacted in a ring opening reaction with said materi al
containing two or nore hydrogens which are reactive with an epoxi de group
to give the characteristic 2-hydroxypropyl functionality as a |inkage

bet ween the residual epoxy resin structure and the residual structure from
the material containing two -69- - 106- or
nore hydrogens which are reactive with an epoxide

N 4@—— C=C —@—— COOQOH
N —-@-— CH:N.——@f COOH
N —@—NzN —@— COCH

HOOC —@—- N N’ NHg

n — O
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group, and | esser amounts, if any, oligoneric conponent. Vari ous
post treatnents nay be applied to the adducts containing one or nore
mesogeni ¢ or rodlike noieties of the present invention as a neans to vary
the distribution of conponents conprising the adduct, to nodify the
reactivity of the adduct with an epoxy resin, to nodify the physical state
of the adduct, or for other known reasgms. As a specific exanple, in the
preparation of the adduct of aniline and the diglycidyl ether of

4, 4" -di hydroxy-al pha-net hyl -stil bene, a | arge stoichionetric excess of
primary am ne groups derived fromthe aniline, with respect to epoxi-de
groups derived fromthe diglycidyl ether of 4,4'-dihydroxy-al pha-

met hyl sti |l bene nmay be used to favor an adduct with a | ow content of

ol i gomeri ¢ conponent, however, the finished reaction product now contains,
as a part of the tadduct conposition, a high coacentration of aniline as the
unreacted materi gl containipg two or jgore hydrggens which are reactive with
an epoxi de groupgZ In_the ng hod of tBe presentjinvention, post treatnent of

t he adduct . :
=0 o =

CH

T
o

T o "

S 5
= 1 - . 1
© -0 = o =
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e o] fa o
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via vacuumdistillation to strip out the unreacted aniline my be enpl oyed.
Many ot her alternate nethods of post treatnent to vary the distribution of
t he conponents conprising the adducts of the present invention nay be

enpl oyed, such as, for exanple, recrystallization, chromatographic
separation, zone refining, crystal reffilring, w ped filmdistillation,

-107-
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extraction, preferential chem cal derivatization of one or nore conponents
of said adduct followed by its renoval, any conbination thereof. Another

cl ass of post treatnents of the adducts of the present invention involves
the addition of one or nore conponents;40 the epoxy resin to nodify one or
nore properties of said adduct. For exanple, one or nore accel erators or
retardi ng agents may be bl ended with the finished adduct to nodify its
subsequent reactivity in curing of an epoxy resin. As a second exanple, one
or nore epoxy resin curing agents, such as, for exanple, those delineated
herein may be added to the finished adduct. The many f-actors

del i neat ed above which can be mani pul ated to i nfluence the conposition of

t he adducts containing one or nore nesogenic or rodlike noieties of the
present invention are beneficially used in conjunction with each other

rat her than separately. Thus, increnmental or slow continuous addition of
the epoxide reactant to a |arge stoichionetric excess of the materi al
containing two or nore hydrogens which are reactive with an epoxi de group
mai ntai ned at a
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relatively |l ow reaction tenperature, followed by renoval of the excess
unreacted material containing two or nore hydrogens which are reactive with
an epoxi de group, favors an adduct conposed of naterial wherein the

term nal epoxi de groups have been reacted in a ring opening reaction with
said material containing two or nore hydrogens which are reactive with an
epoxi de group to give the characteristic 2-hydroxypropyl functionality as a
| i nkage between the residual epoxy resin structure and the residual
structure fromthe material containing two or nore hydrogens which are
reactive with an epQX|de group, and Ies&pr annuntg; if any oljgoneric
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-108- Certain of the materials containing two or nore hydrogens
whi ch are reactive with an epoxi de group which possess dual functi onal -
groups, that is, (B-7) am nophenols, (B-8) am nocarboxylic acids and (B-9)
phenol i ¢ hydr-oxyl containing carboxylic acids -and (B-10) sulfanilam des
represent materials which may be utilizgd under conditions to provide
differential reactivity of said functional groups with the epoxi de group.
Thus, the adduct can be formed by preferential reaction of one type of
functional group with the epoxide group while |eaving substantially
unreacted the second type of functional group. As a typical exanple, p-N
met hyl ani nonet hyl phenol reacted under nilx conditions (low tenperature and
|l ong reaction timgusing increnental or ow conti nudus addi%%on of the
epoxy resin in a salvent to the am nophenol in a sqgvent) tho
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phenolic term nated epoxy resin adduct:

t he di gl yci dyl

N N
‘ HOO0D |@| HO=0 I./@ - N%H ‘* HoOD \@.I 8HD-%HO-0-0 \@I NZH
N ! N . I
€HD .

This is the replacement sheet



[err] Catal ysis favoring reaction of one functional group
over another with the epoxide group may al so beneficially be enpl oyed.

-76-

HOOC-——<:::>——-CH2 0- C CH= CH-——<:::>~—-NH2 ’
0
H
HOOC-——<:::>——-C-O-CHz—CHz‘—<C::>——'NH2 ’

0
t

mixtures thereof and the like.

Representative of zhe pHenolic hydroxyl-
containing carboxylie acid compounds which are free of
mesogenic or rodlike moieties include, for example, 2-
hydroxybenzoic acid, 3-hydroxybenzoic acid, Y4-hydroxy-
benzoic acid, 2-methoxy-4-hydroxybenzoic acid, 3,5-
dimethyl-u-hydroxybenzoic acid, 3-cyclohexyl-4-hydroxy-
benzoic acid, 2,6-dibromo-4-hydroxybenzoic acid, 5-
butyl-Y4-hydroxybenzoic acid, 3-phenyl-4—hydroxybenzoic
acid, 4-(1-(3-hydroxyphenyl)-1-methylethyl)benzoic acid,
"4-(1-(l4-hydroxyphenyl)ethyl)benzoic acid, Y¥-(4-hydroxy-
phenoxy)benzoic acid, 4-((l4-hydroxyphenyl)thio)benzoic
acid, (4-hydroxyphenyl)(4-carboxyphenyl)methanone, Y-
((4-hydroxyphenyl)sulfonyl)benzoic acid, 4-(1-(4-
hydroxy-3,5-dibromophenyl)-1-methylethyl)-2,6~dibromo-
benzoic acid, Ud-hydroxyphenylacetic acid, 3-hydroxy-
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--Certain of the adducts containing one or nore nesogenic or rodlike

noi eties of the present invention may al so be prepared via reaction of one
or nore nonoepoxi de conmpounds with one or nore nmaterials containing four or
nore hydrogen atonms which are reactive with an epoxide group. A typica
exanpl e i s the ‘adduct prepared by reactkon of an aromatic primary diam ne
such as 4,4'-diam nostil bene or 4,4'- diam nobenzanilide wth a nonoepoxi de
such as phenyliglycidyl ether, in a 2:1 am ne hydrogen to epoxide

equi val ent rati o. THERNCSETTABLE (CURABLE) M XTURES The

t her rrﬁsettabl ﬁh@ib?ﬂ&kﬁ@?l@faéh@ PReppaF ok PPREAY DAC AL Bc PEEPA| ed-by i Xi ng

t oget her one or .nmore of t ducts contaln r sogeni c or
Fod 1 ke i ot REAFRTRSEmbT Cp e ES ek R0 Falb Aty PIF ) S8 18T -BranoRare of

whi ch may conplaémoxynel-epropamo hesagidi or oany ocdbmikenapi @t i eserdbe. adduct s
are enployed in amunts which will effectively cure the mxture, with the

Representative of the phenolic hydroxyl
containing carboxylic acid compounds containing one or
more mesogenic or rodlike moieties include, for example,
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under standi ng that these anmounts will depend upon the particul ar adduct and
epoxy resin enployed. Generally, suitable anounts of the adduct i ncl ude
anounts which will provide fromO0.80:1 to 1.50:1 equival ents of hydrogen
which is reactive with an epoxi de group per equival ent of epoxide group in
the epoxy resin at the conditions enployed for curing. The

application of ‘heat or a conbination of-7eat and pressure may be enpl oyed
in the curing of the
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t hernosettabl e m xtures of the present invention. Tenperatures enployed can
vary over a considerable range but are usually in the range of 20[err]C to
250[ err] C. Dependi ng upon the relative solubility and phase transition
tenperature(s) associated with the nmesogenic or rodlike noieties present in
the thernosettabl'e conpositions, curingst an el evated tenperature can be
especi ally desirable to enhance the nol ecul ar ani sotropy of the cured
product . The thernosettable m xtures of the present invention may
al so contain one or nore of the known curing agents for epoxy resins such
as, for exanple, primary and secondary pol yam nes, carboxylic acids and
anhydri des thereof, aromatic hydroxyl containing conpounds, im dazol es,
guani di nes, urea-al dehyde resins, al koxyl ated urea-al dehyde resins,

mel am ne- al dehyde resins, al koxyl ated mel am ne-al dehyde resins, aliphatic
am nes, cycloaliphatic am nes, aromatic am nes, epoxy
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resin adducts free of nesogenic or rodlike noieties, any conbi nation
thereof. Particularly suitable curing agents include, for exanple,

met hyl enedi aniline, 4,4'- diam nostil bene, 4,4'-di am nobenzanili de,
4,4' -di am no- al pha-nethyl stil bene, di cyandi am de, ethyl enedi am ne,

di et hyl enetri am ne, triethyl enetetram ne80tetraet hyl enepent am ne,

ur ea-f or mal dehyde resins, nelam ne-fornmal dehyde resins, nethylolated urea-
f or mal dehyde resins, nethyl ol ated nel am ne-f or mal dehyde resins,
phenol - f or mal dehyde novol ac resins, sulfanilam de, di am nodi phenyl sul f one,
di et hyl t ol uenedi am ne, t-butyltol uenedi am ne, bis-4-

am nocycl ohexyl net hane, isophoronedi am ne, di am nocycl ohexane,
hexanet hyl enedi am ne, piperazi ne, am noet hyl pi perazi ne,

2, 5-di net hyl - 2, 5- hexanedi am ne,
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-112- 1, 12- dodecanedi am ne, tris-3-am nopropyl am ne, any conbi nation
thereof. |If used as a conponent of the thernosettable m xtures of the
present invention, from1l to 99, preferably from1l to 40, nost preferably
from1l to 20 percent of the equival entgjaf hydrogen which are reactive with
an epoxi de group provided by the adduct containing one or nore nesogenic or
rodl i ke noieties are substituted out by using one or nore of the aforesaid
curing agents. ORI ENTATI ON During processing prior to curing
and/or during cure of the curable epoxy resin conpositions into a
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part, electric or magnetic fields or shear stresses can be applied for the
pur pose of orienting the nesogenic or rodlike noieties contained or

devel oped therein which in effect inproves the nechanical properties.

In addition to orientation by electric or magnetic fields, polyneric
mesophases can be oriented by draw ng an épr shear forces which are induced
by flow through dies, orifices, and nol d gates. For the nmesonorphic systens
based on the epoxy resin conpositions, this shear orientation can be
produced by processing nethods such as injection nolding, extrusion,

pul trusion, filament winding,. filmng and prepreging. - The
t hernosettabl e m xtures of the present invention can be blended with other
materials such as solvents or diluents, filPers, pignments, dyes, flow

nodi fiers, thickeners, reinforcing agents, | d rel ease agents, "wetting
agents, stabilizers, fire retardant agents, jsurfactants, any ¢gnbination
t her eof . ’
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-113- These additives areadded in functionally equival ent
anounts, e.g., the pignents and/or dyes are added in quantities which wll
provi de the conposition with the desired color; however, they are suitably
enpl oyed in anobunts of fromzero to 20, nore suitably fromO0.5 to 5, nost
suitably from0.5 to 3 percent by wei-§At based upon the weight of the total
bl ended conposition.
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Sol vents or diluents which can be enpl oyed herein include, for exanple,

hydr ocar bons, ketones, glycol ethers, aliphatic ethers, cyclic .ethers,
esters, am des, nonoepoxi des, conbinations thereof and the |iKke.
‘Particularly suitable solvents or diluents include, for exanple, toluene,
benzene, xyl ene, nethyl ethyl ketone, nethyl isobutyl ketone, diethylene

gl ycol nethyl ether, dipropylene glycagysethyl ether, dinethylformam de, N
met hyl pyrrol i di none, tetrahydrofuran, propylene glycol nethyl ether,
4-tertiary-butyl phenyl glycidyl ether, cresyl glycidyl ether, epoxidized
soybean oil, conbinations thereof and the like. - The nodifiers such
as thickeners, flow nodifiers and the |ike can be suitably enployed in
~anounts of fromzero to 10, nore suitably fromO0.5 to 6, nost suitably from:
0.5 to 4 percent by wei ght based upon the wei ght of the total conposition.

——@— CHg-0- c CH=CH _@_ COOH
—@—c 0- CH2—CH2——*<: :>—COOH

mixtures thereof and the like.

Representative of_ the sulfanilamide compounds
which are free of mesogenic or rodlike moieties include,
for example, o-sulfanilamide, m~-sulfanilamide, p-
sulfanilamide, 2,6-dimethyl-4-sulfonamide-1-
aminobenzene, 2~methyl-U4-sulfonamido-l-aminobenzene,
3,5~dimethyl-l4-sulfonamido—-1-aminobenzene, 3-methyl-i-
sulfonamido-1-aminobenzene, 5-methyl-3-sulfonamido-1-
aminobenzene, 3-phenyl-4-sulfonamido-l1-aminobenzene, U4-
(1-(3-sulfonamidophenyl)-1-methylethyl)aniline, U4-(1-(4-
sulfonamidophenyl)ethyl)aniline, 4-(4-
sulfonamidophenoxylaniline, 4-((U4-
sulfonamidophenyl)thio)aniline, (4-sulfonamidophenyl)(i-
aminophenyl)methanone, 4-({(4-
sulfonamidophenyl)sulfonyl)aniline, 4-~{(1-(4-sulfonamido-
3,S—dibromophenyl)-1—methylethyl)-2,6—dibromoaniline,_4-
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Rei nforcing materials which can be enpl oyed herein include natural and
synthetic fibers in the formof woven fabric, mats, nonofil anent,
mul tifilanment, unidirectional fibers, rovings, randomfibers or filanents,
inorganic fillers of whiskers, hollow spheres, and the like. Suitable
reinforcing materials g -114-

-85-

sulfonamido-1-N-methylaminobenzene, or any combination
thereof.

Representative of the sulfanilamide compounds
containing one-.or more mesogenic or rodlike moieties
include, for example,
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i ncl ude, glass, ceramcs, nylon, rayon, cotton, aramd, graphite,

pol yal kyl ene terepht hal ates, pol yethyl ene, pol ypropyl ene, polyesters,

conbi nati ons thereof and the |iKke. Suitable fillers which can be
enpl oyed herein include, for exanple, inorganic oxides, ceramc

m crospheres, plastic mcrospheres, glggss mcrospheres, inorganic whiskers,
CaCJ err], conbinations thereof and the |ike. The fillers can be
enpl oyed in anmounts suitable fromzero to 95, nore suitably from 10 to 80,
nost suitably from40 to 60 percent by wei ght based upon the wei ght of the
total conposition. The conpositions of the present invention are
useful in, but not limted to, applications such as coatings,
encapsul api ons, extrusions, noldings, pultrusions, electrical and
structural |am nates or

_HpN-058 —@— CH=N — — NHz
HaN —@— N=N —@ SOoNH,

HoN-025 —@——N

n — O
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conposites, and the |Ilike. In sone instances, they can be forned into

nonofi |l ament and nultifilanment fibers. The follow ng exanples are
illustrative of the present invention, but are not to be construed as to
limting its scope in any manner. -115-
Exanmple 1
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A.  Synthesis of 4,4'-D hydroxy-al pha-nethyl stil bene Phenol (376. 44
granms, 4.0 noles), chloroacetone (205.62 grans, 2.0 noles as chl oroacetone)
and net hyl ene chloride (300 grans) were added to a reactor and cooled to
-10[err]Cwith stirring. The chl oroacetone used was a technical grade
contai ning 90 percent chl oroacetone, 2.5 percent acetone, 6.5 percent

1, 1-di chl oroacetone and 1.0 percent 1, 3-a§chl oroacetone, Concentrated

sul furic acid (196.16 grans, 2.0 nole) was added to dropwi se to the stirred
solution over a thirty mnute period so as to maintain the reaction
tenperature between -9[err]C and -1Xerr]C After two hours of post
reaction between the -9[err]Cto - 11C tenperature, the viscous orange oi

solution was m xed wtdh 500 milliliters of iced deionized water. The oi
sol ution was separatef then washed whth a second 500 nilliliter portion of
i ced deionized water. SAfter separatL§n the recovered oil solution was
added to a 2 liter beaker al ong mnt 250 mlliliters of ethanol and stirred
to provide a sol ution}. Deionized watfer (250
Lad ™
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mlliliters) was added to the stirred solution and heating commenced. As
the tenperature of the m xture increased, the stirred m xture began to.
clear. Each time clearing was observed, sufficient deionized water was
added to induce, cloudiness, followed by continuation of the m xing and
heating. Once the tenperature reached 78Perr]C, a massive precipitation of
white crystalline plates occurred and was foll owed by i mredi ate coal esence
of the precipitated product to an oil. The oil |ayer was recovered by
decantation of the water layer and 250 mlliliters of ethanol was added.
Dei oni zed water was again added to the stirred solution as heating
commenced, in an anmount sufficient-to induce cloudi ness
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-116-

each time clearing was observed. Once the tenperature reached

90[err]C, a nmassive precipitation of white crystalline plates again

occurred. At this tine,

stirring was stopped and the crystalline slurry,

as

wel | as the decanted water |ayer were both chilled to 5[err]C and held
therein for 12 hours. The crystalline product was recovered by filtration,
conbined with 250 milliliters of deion%ed water then stirred with heating

to 90[err]C. After cooling to 5[err]C, the crystalline product was

recovered by filtration then dried in a vacuumoven at 100[err]C and 5 nm

Hg to a constant weight of 226.7 granms. Proton nagnetic resonancg

spectroscopy and infrared spectrophotonetric anal ysis confirmed the product

structure. B. Epoxidq@ion of 4,4'; D hydrogy-alpha-@gkhylstilbegé
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4, 4' - Di hydr oxy-al pha-net hyl stil bene (141.41 grans, 1.25 hydroxyl
equi val ent) from A above, epichlorohydrin (578.31 grans, 6.25 noles),

dei oni zed water (50.92 granms, 8.0 percent by weight of the epichlorohydrin
used) and isopropanol (311.40 grans, 35 percent by wei ght of the

epi chl orohydrin used) were added to a reactor and heated to 55[err]C with
stirring under a nitrogen atnosphere. Ofde the 55[err] C reaction
tenperature was achi eved, sodi um hydroxide (45.0 grans, 1.125 nole)

di ssolved in deionized water (180 grans) was added dropwi se to the reactor
over a 45 mnute periad so as to maintain reaction tenperature between 55
and 58[err]C. Ten minutes after conpletion of £he aqueous sodi um hydroxi de
addition, the stlrr|n§ was stopped and the agugous | ayer which sg?arated

fromthe reaction m xture was pipetted of f and3di scarded. Stirri i was

ptal of twenty m nutes fdfl ow ng conpletlon(@f t he

resuned and after a t
initial aqueous sodidf ydrOX|de addition, a 2

< o =
- t
. o=

Ié»:
O X ©

S02~NH»p

HoN

[
i
=

’

HoN-09S
0
I

S0O2-NHo

HaN
oN

S02~-NHo
O

‘o _
0
SO9-NHy
S02-NH»

=3 = = =
o ™ (] ™~
T ) T

Thie in o raglzcomant stoet

27 FFR 1oq



-117-

di ssol ved i n deioni zed wat er

second sol ution of sodi um hydroxide (20.0 grans, 0.50 nole)
(80 grans) was added to the reactor over a

twenty mnute period so as to naintain the 55[err] C reaction tenperature.
Fifteen m nutes after conpletion of the agueous sodi um hydroxi de addition,

the recovered reaction mxture was added#-0 a separatory funnel

and washed

with 750 milliliters of deionized water. The separated organic | ayer was
washed a second tinme (750 milliliters detonized water), recovered and then
rotary evaporated under vacuum for 45 mknutes at 110[err]C then 30 m nutes
at 130[err]C. The product = -
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was recovered (208.4 grans) as a crystalline off-white solid with an
epoxi de equi val ent weight of 177.61. C. Characterization of Liquid
Crystallinity in the Di gl ycidyl Ether of 4,4'-Di hydroxy-al pha-

met hyl sti | bene. A portion (10.84 mlligranms of the diglycidyl

et her of 4,4'-di hydroxy-al pha-nethyl stil bene prepared using the nmethod of B
above was analyzed by differential scaggiLng calorinetry using a heating

rate of 10[err]C per minute and a tenperature range of 30 to 150[err]C. The
followi ng results were obtained:

0

I |
HZN—OZS CHz-O"‘C—CH:CH —@— NHz ’

0

I .
HoN-0,5 ——@— C-0-CHa~CHgz ——@—- NHp ,

I '
H2N—025 —@—' C-S —@— NH2 »

or any combination éhereof.
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-118- Qobserved Cycl e Transition

Ent hal py Comrents Designation Tenperatures (J/ G Comrent s
([err] O m dpoi nt/range First heat 73/ 55- 84
6.3 (30 to 122/ 84-130 41.8  150[err] O First
2 cool i ng -/81-52 unr esol ved
-9~
ADDUCTS .

The adducts containing one or more mesogenic or
rodlike moiet}es of the present invention are prepared
by reacting (B) one or more materials containing two or
more hydrogens which are reactive with an epoxide group
selected from the group consisting of (1) di~ and
polyphenols, (2) di- and polycarboxylic acids, (3) di-
and polymercaptans, (4) di- and polyamines, (5) primary
monoamines, (6) sulfonamides, (7) aminophenols, (8)
aminocarboxylic acids, (9) phenolic hydroxyl containing
carboxylic acids, (10) sulfanilamides, (11) mixtures

. thereof with one or more . A) epoxy resins in an amount
sufficient to provide from 2:1 to 100:1, preferably from
3:1 to 20:1, most preferably from 5:1 to 10:1
equivalents of hydrogen reactive with an epoxide group
(excluding secondary hydroxyl groups formed by epoxide
ring opening reaction tqﬂform the adduct) per equivalent
of epoxide reacted, with the ﬁroviso that one or more
mesogenic or rodlike moieties are present in either (A)
the eboxy resin reactant or (B) the material containing
two or more hydrogens which are reactive with an epoxide
group or in both (A) and (B).

The term "reactive with an epoxide group", as
employed in the preparation of the adduct means reactive
at the conditions employed to prepare the adduct. There
may be present hydrogen atoms which are non-reactive
with the epoxide group at the cohditions employed to
prepare the adduct, but which are reactive at conditions
at which an epoxy resin is cured with the resultant
adduct. In which case, the hydrogen atoms which are not
reactive with the epoxy resin at the conditions at which

This is ’fhe replacemsnt sheet



(150 to br oad, 30[err] O

fl at peaks Second: heat 81/ 48-92 31. 4 (30 to (shoul der
at 150[ err] O 69) 124/ 108-132 3.6

Second (sane as cool i ng observed for (150 to t he
first 30[err] O - cool i ng) - Anal ysis of the diglycidyl ether via

pol arized |ight m croscopy was conpl et using a mcroscope equipped with a
programuabl e hot stage using a heating rate of 20[err]C per m nute. The
followi ng results were obtai ned:
the adduct is prepared are not considered in the
aforementioned reactive hydrogen to epoxide ratios.

The term "epoxy resin adduct" as used herein
includes the époxy resin wherein the terminal epoxide
groups have been reacted in a ring opening reaction with
the material containing two or more hydrogens which are
reactive with an epoxide group to give the '
characteristic 2-hydroxypropyl functionality as a
linkage between the residual epoxy resin structure and
the residual structure from the material containing two
or more hydrogens which are reactive wiph an epoxide
group. A typical example is the reaction product of

) aniline and the glycidyl ether of 4,4'~dihydroxy—alpha—
| ~methylstilbene:
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137 | sotropi zation

91 First nobile cool i ng
dropl ets

First

not ed. Second heat 63

not ed. _ . 78
nemat i c

| sotropi zation

m nor

conpl et ed. First
nematic
observed. . 51
crystallization '
First fluidity
Flows to
t exggre. 86
conpl et ed but

The adduct may also contain oligomeric

components derived from reaction of epoxide groups from

two separate epoxy resin molecules with two hydrogens in

a molecule of the material containing two or more

hydrogeﬁs which are reactive with an epoxide group. A

typical example is shown for the reaction of aniline and

methylstilbene:

the glycidyl ether of 4,4'-dihydroxy-alpha

* This is the replacement sheet
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-120- The diglycidyl ether was a nonotropic liquid crystal with a
nemati c texture. Two fractions were present; the m nor higher nelting
crystalline fraction becones liquid crystalline at 91[err] C (m croscopic
observation) foll owed by the devel opnent of liquid crystallinity in the
second, lower nelting fraction. This accounts for the broadness and
over | appi ng observed in the cooling cycles by differential scanning
calorinetry. 'D. Preparation of AdducggbgpnlAniline and Di gl yci dyl

Et her of 4, 4'-Di hydroxy-al pha-net hyl sti'l’"bene Ani | i ne (465.58
grans, 5.0 noles) was added to a 2 liter reactor equipped with a cool ed
condenser (5[err]C) and stirred under a nitrogen atnosphere with heating to

90[err]C. A solution ghet heiddics! Yraiydy & heyntdift threacted material

d|hydroxy-m[%gkgg%gyggttugegg &Egg1g}gggégn28%h§%h are reactive with
an epoxide group. Thus in the case of the reaction
between aniline and the glycidyl ether of u,4'-
dihydroi}-alpﬁa-methylstilbene, if stoichiometric excess
of aniline is employed and not removed, it thus becomes
a part of the epoxy resin adduct. The adduct may'also
contain branched or crosslinked structure derived from
(A) reaction between an epoxide group and the hydroxyl
group of a 2-hydroxypropyl linkage contained in said
adduct, or (B) reaction between three separate epoky
resin molecules with three hydrogens in a molecule of
the material containing two or more, in this case, more,

. hydrogens which are reactive with an epoxide group. A
typical example of the former case, (A), is the reaction
of a backbone hydroxyl group of the epoxy resin adduct
of aniline and the diglycidyl ether of 4,4'-dihydroxy-
alpha-methylstilbene with- an epoxide group from a second
molecule of the diglycidyl ether of 4,4'-dihydroxy-
alpha-methylstilbene which has already been adducted
with aniline at one epoxide group of the molecule:
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grans, 0.50 epoxide equivalent) dissolved in 1, 4-di oxane (355.22 grans) was
punped into the reactor at a rate of 1.7817 grans per mnute while

mai ntai ning the 90[err]C reaction tenperature. After conpletion of addition
of the diglycidyl ether solution in 1,4-di oxane, the reactor was hel d at
90[err]C for an additional 48 hours. At the end of the 48 hours of post
reaction, the solution was recovered and rotary evaporated under vacuum for
one hour at 90[err]C then four hours at 156?%Fr]c and 2 mm Hg. The product
was recovered (134.18 grans) as a |light anber transparent solid at
25[err]C. Infrared spectrophotonetric analysis of a filmsanple of the
product on a sodium chl oride plate denonstrated that conpl ete conversion of
epoxi de groups had occurred. Titration of a portion of the product for
total nitrogen content denonstrated the presence of 3.5300 m|liequival ents

N per gram of

CHp

|
0
I

0-CHp~CH-CH,~NH
I
~CHy~CH OH

t

©
o <O

o cz_'): o
:E 1 1 I
O— o0 e
o o
2\1 1
oz o
C‘J &)
1
el I fan]
O——‘-IJ o_:g
1
N o
e
S &
g i
= =

This is the replacement shest

£ 7.FE6 g7



-121- product. Titration of a portion of the product which had been
acetylated with acetic anhydride for tertiary nitrogen content denonstrated
the presence of 0.0860 milliequivalents tertiary N per gram of product. By
difference, the total secondary am ne content was cal cul ated to be 3.444

m | 1iequival ents >N-H per gram of product. Conpar ative Experinent 1
Preparation of Adduct of Aniline and Ti%lycidyl

A typical example of the latter case, (B), is
the reaction of an amino hydrogen of the epoxy resin
adduct of diethylenetriamine and the diglycidyl ether of
4,4'-dihydroxy-alpha-methylstilbene wherein an epoxide
group }fbm a Second molecule of the diglycidyl ether of
4,4'~-dihydroxy-alpha-methylstilbene has already reacted
with another amino hydrogen in the diethylenetriamine
moiety (only one end of each of the epoxide molecules
shown): '
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Et her of 4,4'-1sopropylidenedi phenol Aniline (931.16 grans, 10.0
nol es) was added to a 2 liter reactor equipped with a cool ed condenser
(5[err]C and stirred under a nitrogen atnosphere with heating to 90[err]C.
A solution of the diglycidyl ether of 4,4'- isopropylidenedi phenol

(bi sphenol A) (179.95 grans, 1.0 epoxide aequ-val ent) having an epoxi de
equi val ent wei ght of 179.95 dissolved in 1, 4-di oxane (359.90 grans) was
punped into the reactor at a rate of 1.069 granms per nminute while

mai ntaining the 90[err]C reaction tenperature. After conpletion of addition
of the diglycidyl ether solution in 1, 4-di oxane, the reactor was hel d at
90[err] C for an additional 48 hours. At the end of the 48 hours of post
reaction, the solution was recoveredmandSrotary evapor at ed under vacuum f or
one hour at 90[err] C then four gpuLssaL;§50[err]C and 2 mm Hg. The product
was recovered (271.50 grans) as;@ |ight Qanber transparent solid at
25[err] C. Infrared spectrophotodetric aqaly5|s of a filmsanple of the
product on a sodlun1chlgg|de pl &, e denomstrated t hat conpl ete conversion of
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had occurred. Titration of a portion of the product for total nitrogen

content denonstrated the presence of 3.5864 mlliequivalents N per gramof —
product . -122- Titration of a portion of the product

whi ch had been acetylated with acetic anhydride for tertiary nitrogen

content denonstrated the presence of 003848 nilliequivalents tertiary N per
gram of product. By difference, the total secondary am ne content was

Minor amounts of other structures may be
present in the adducts of the present invention, for
example, those which may be present in the epoxy resin
reactanfj'such'as, the 1,2-glycol group derived from
hydrolysis of the epoxide group, or halomethyl groups
caused by addition of epihalohydrin to the hydroxyl
group of an intermediate halohydrin molecule.

A catalyst is optionally employed to prepare
the adducts containing one or more mesogenic or rodlike
moieties of the present invention. Suitable catélysts
include the aforementioned phosphines, quaternary
ammonium compounds, phosphonium compounds, tertiary
amines, any combination thereof. The amount of catalyst
used, if any, depends upon the particular reactants and
catalyst employed; however, it is usually employed in
quantities from 0.01 to 3, preferably from 0.01 to 1.5,
most preferably from 0.03 to 0.75 percent by weight
based upon the weight of the epoxy containing compound.

Reaction conditions for forming the adducts
containing one or more mesogenic or rodlike moieties of
the present invention vary widely depending upon the
type and amount of reactants employed, the type and
amount of catalyst used, if any, the use of solvent(s),
the mode of addition of the reactants employed, and
other known variables. Thus, the reaction may be
conducted at atmospheric, superatmospheric or
Subatmospheric pressures at temperatures of from 0°C to
260°C, preferably from 20°C to 200°C, most preferably
from 35°C to 160°C. The time required to complete the
reaction depends not only upon the aforementioned
variables, but also upon the temperature employed.
Higher temperatures require shorter periods of time
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calculated to be 3.5016 mlliequival ents >N-H per gram of product. Exanple

2 Preparation of a Neat Resin Casting of the Di gl ycidyl Ether of
4, 4" -1sopropylidenedi phenol Cured with an Adduct from Aniline and
Di gl yci dyl Et her of 4, 4'-Di hydroxy-al pha-nethyl stil bene A

portion (4.37 grams, 0.0249 epoxide equivalent) of a diglycidyl ether of
4,4' - isopropylidenedi phenol having an epoxi de equi val ent wei ght of 175.6
was combined with a portion (7.23 grams049. 0249 N-H equi val ent) ofthe
4dduct fromaniline and diglycidyl ether of

4, 4" - di hydr oxy- al pha-net hyl sti |l bene from Exanpl e 1-D. These conponents were
then placed in reheat ed t r] C. and. t hor oughl

10 mi nutes at w{%%[ega\r/s?] ,w%rh:ternéosqrr?oqﬁérz%% LRI RgeE s ﬁr';r/ﬂgpﬁxs &:uu'rar\:c E)ZIrI
jar and then pdinesd iGanendlely.edewmier oft ames np£cfram Fomilentpsebeated to
120[err]C. A week, more preferably from 30 minutes to 72 hours,
most pEeferably from 60 minutes to 48 hours are
suitable. Thé reaction time and temperature profile
employed can greatly influence the distribution of
components comprising the epoxy resin adducts of the
present invention, thhs, higher reaction temperatures
with their inherently shorter reaction times, generally
induce the formation of more oligomeric component when a
material containing two hydrogens reactive with an-
epbxide group is used, or, additionally, branched or
crosslinked structure when a material containing more
than two hydrogens reactive with an epoxide group is
used.

The reaction to form the adducts containing one
or more mesogenic or rodlike moieties of the present
invention may be conducted in the presence of one or
more solvents. Solvents may be beneficially employed,
for example, to improve the solubility of one or more
reactants in the reactant mixture, to dissolve a solid
reactant thus rendering it easier to meter into the
reaction,'or to dilute the concentration of reacting
species as a means to moderate the adduct forming
reaction and thus vary the distribution of components
comprising the adduct. .Suitable solvents include those
which are substantially inert to reaction with any of
the reactants employed or the adduct product formed
therefrom. Thus the solvents and amounts of said
solvents previously described for the advancement
reaction are generally suitable for use in the adduct
forming reaction.
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mnutes in the reservoir, the resin was injected through a 0.0625 (1.5875
nmm inch square orifice into a nold preheated to 100[err] C and havi ng the
foll owi ng dinensions: 3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by 3.175 nm.
The filled nmold was then imediately transferred to an oven preheated to
100[err]C. After two hours at 100[errb(l§:E the oven tenperature was

I ncreased to 110[err] C where it was mdPRtai ned for four hours before slowy

cooling to roomtenperature (25[err]C). Once at roomtenperature the
-123-

The contacting together of (A) one or more
epoxy resins and (B) one or more materials containing
two or more hydrogens which are reactive with an epoxide
group selected from the group consisting of (1) di- and
polyphéﬁols, {(2) di- and polycarboxylic acids, (3) di-
and polymercaptans, (4) di- and polyamines, (5) primary
monoamines, (6) sulfonamides (7) éminophenols, (8)
aminocarboxylic acids, (9) phenolic hydroxyl containing
carboxylic acids, (10) sulfanilamides, (11) mixtures
thereof with the proviso that one or more mesogenic or
rodlike moieties may be present in the epoxy resin
reactant (A) or the material containing two or more
hydrogens which are reactive with an epoxide group (B)
or in both (A) and (B) may be done in any configuration
which provides an adduct that is essentially free of
epoxide groups. Thus, the epoxy resin component and the
material containing two or more hydrogens which are
reactive with an epoxide group may be directly mixed
together and subjected to,_.the aforesaid conditions
conducive to reaction, or one component may be added to
the other component in increments including up to
continuous addition. If increments are added, all or a
part of an added increment may be allowed to react prior
to.addition of the next increment. Generally, the
incremental addition of the epoxy resin reactant to the
bulk of the material containing two or more hydrogens
which are reactive with an epoxide group favors an
"adduct composed of material wherein the terminal epoxide
groups have been reacted in a ring opening reaction with
said material containing two or more hydrogens which are
reactive with an epoxide group to give the
characteristic 2-hydroxypropyl functionality as a
linkage between the residual epoxy resin structure and
the residual structure from the material containing two



casting released fromthe nold was translucent and m croscopi c exam nation
at 70X magnification using a crossed pol arized |ight source reveal ed a high
| evel of birefringence. After lightly sanding the edges of the casting, it
was tested for flexural properties. The flexural strength .and nodul us thus
obt ai ned were 20, 310 psi (140.0 MPa) and 513,000 psi (3537.0 MPa),
respectively. After reaching the maximgé+|exural stress of 20,310 psi
(140.0 MPa), the casting yielded rather than breaking. The glass transition
tenperature of the casting was neasured by differential scanning
calorinmetry and was found to be 103[err]C. Differential scannin

calorimetry anmmmnmlhmdedgehatwhhehca85|ngaﬂé$vﬁuw+9hcﬁﬂeﬁpa§138

exotherm ¢ achiyidy ¥AS PbSELYCOnylntq,the 2A0L ebLlEoqatiol cbhiponralysi s.
e

After conpletfon o exural testing and dlfferentlal scanni ng
calorinmetry, a 1.0 by 0.5 by 0.125 inch (25.4 2 7 b 3. 175|gnecoupon
wei ghing 1.2880 grans V@&d odif H9§inqqﬁ§§ﬂ%&ﬁ%uT%ﬂ1 18 5%

met hyl et hyl kej gige p&i-pbataediag baeMor more mesogenlc or rodlike
moieties of the present invention as a means to vary the
distribution of components comprising the adduect, to
modify the reactivity of the adduct with an epoxy resin,
to modify the physical state of the adduct, or for other
known reasons. As a specific example, in the
preparation of the adduct of aniline and the diglyeidyl
ether of U4,4'-dihydroxy-alpha-methyl-stilbene, a large
stoichiometric excess of primary amine groups derived
from the aniline, with respect to epoxide groups derived
from the diglyecidyl ether of 4,4'-dihydroxy-alpha-
methylstilbene may be used to favor an adduct ;,with a low
content of oligomeric component, however, the finished
reaction product now contains, as a part of the adduct
composition, a high concentratlon of anlllne as the
unreacted material containing two or more hydrogens
which are reactive with an epoxide group. In the method
of the present invention, post treatment of the adduct
via vacuum distillation to strip out the unreacted
aniline may be employed. Many other alternate methods
of post treatment to vary the distribution of the
components comprising the adducts of the present
invention may be employed, such as, for example,
recrystallization, chromatographic separation, zone
refining, crystal refining, wiped film distillation,
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tenperature. After four hours of exposure to the nethylethyl ketone, an 8.3
percent gain in.weight was observed. After 24 hours of exposure, the gain
in weight was 26.7 percent. The aforenenti oned procedure for injection

nol ding a neat resin casting was repeated using a diglycidyl ether of

4, 4" -i sopropyl i denedi phenol (4.37 grans, 0.0243 epoxi de equi val ents) having
an epoxi de equival ent wei ght of 179.9 the adduct of aniline and

di gl yci dyl ether of +4,4'-di hydroxy-al pha-' et hyl stil bene from Exanple 1-D
(7.05 grans, 0.0243 N-H equivalents). A Type V tensile piece was prepared
fromthis casting in accordance wth-standard net hods (ASTM D-638). The

57000 po (AR R TUmAROhA 2L ERBAT, R e sbLatec i g ©
or more components of said adduct followed by its
removal, any combination thereof. Another class of post
treatments of the adducts of the present invention
involveg_the addition of one or more components to the
epoxy resin to modify one or more properties ,of said
adduct. For example, one or more accelerators or
retarding agents may be blended with thé-finished adduct
to modify its subsequent reactivity in curing of an
epoxy resin. As a second example, one or more epoxy
resin curing agents, sSuch as, for example, those
delineated herein may be added to the finished adduct.

The many factors delineated above which can be
manipulated to influence the composition of the adducts
containing one or more mesogenic or rodlike moieties of
thg'present invention are beneficially used in
conjunction with each other rather than separately.
Thus, incremental or slow continuous addition of the
epoxide reactant to a large stoichiometric excess of the
material containing two or more hydrogens which are
reactive with an epoxide group maintained at a
relatively low reaction temperature, followed by removal
of the excess unreacted material containing two or more
hydrogens which are reactive with an epoxide group,
favors an adduct composed of material wherein the
terminal epoxide groups have been reacted in a ring
opening reaction with said material containing two or
more hydrogens which are reactive with an epoxide group
to give the characteristic 2-hydroxypropyl functionality
as a linkage between the residual epoxy resin structure
and the residual structure from the material containing
two or more hydrogens which are reactive with an epoxide
group, and lesser amounts, if any oligomeric component.
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-124- percent elongation at the maximumtensile stress (11, 860 psi)

(81.8 MPa) was 12.1 and at .break (8925 psi) (61,54 MPa) was 26.6. The -
results thus obtained are summarized in Table |I. Exanple 3

Preparation of a Neat Resin Casting of the - Diglycidyl Ether of

4,4' - Di hydr oxy- al pha- met hyl stil bene Cured with an Adduct from Aniline
and Di gl ycidyl Ether of 4,4'-Di hy958§2-alpha- nmet hyl sti | bene

Certain of the materials containing two or more
hydrogens which are reactive with an epoxide group which
possess dual functional groups, that is, (B-7)
aminophenols,. (B~-8) aminccarboxylic acids and (B-9)
phenolié'hydréxyl'containing carboxylie acids and (B-10)
sulfanilamides represent materials which may be utilized
under conditions to provide differential:reactiVIty of
said functional groups with the epoxide“group. Thus,
the adduct can be formed by preferential reaction of one
type of functional group with the epoxide group while
leaving substantially unreacted the second type of -
funcﬁional group. As a typical example, p=-N-
lmethylaminomethylphenol reacted under mild conditions
(low temperature and long reaction time ﬁsing
incremental or slow continuous addition ¢f the epoxy
resin in a solvent to the aminophenol in a solvent) with
the diglycidyl ether of 4,4'-dihydroxy-alpha-methyl-
stilbene favors the phenolic terminated epoxy resin
adduct: h ’
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A portion (2.55 grans, 0.0142 epoxide equivalent) of a diglycidyl ether of
4, 4" -di hydroxy- al pha-nethyl stil bene prepared using the nethod of Exanple
1- B and havi ng an epoxi de equi val ent weight of 179.2 was placed in an oven
preheated to 150[err]C. Ten minutes later, after nmelting had occurred, the
oven tenperature was reduced to 120[err]C. ©mé&-the 120[err] C tenperature
was achi eved, a portion (4.13 grans, 0.0142 N-H equival ent) of the adduct
of aniline and diglycidyl ether of 4,4'-dihydroxy-al pha-nethylstilbene from
Exanpl e 1-D was added and thoroughly m xed therein. After 10 m nutes at
120[err] C, the resinous m xture was degassed in a vacuum bell jar and then
poured into the reservoir of @n injection nolder preheated to 120[err]C
After 5 minutes in the reservgir, the resin was injected through a 0.0625
inch (1.5875 M) square orifide into a nold preheated to 100[err]C and

having the foll ow ng di nensi . 3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by
3.175 mm). The filled nol4. hen imedi ately transferred to an oven
preheated to 100[err]C.  Aft wo hours at 100[err]C, the oven tenperature
was increased to
3
T
o o
i_&
N
>
g
35
' o
o]
it
o
T
(58] (&)
fe o] 4]
o—0Q :
o
L
N
o)
Q
ST
O —0o
N
5 g
= .0
N
i
Q
T
Q

‘This 15 tha replacsment sheet



110[err]C where it was maintai ned for four hours before

-125- slowy cooling to roomtenperature (25[err]C). Once at room

tenperature the casting released fromthe nold was opaque and |ight beige

in color. Mcroscopic exam nation of the flashing fromthis casting at 70X

magni fication using a crossed pol arized |light source revealed a high |evel

of birefringence. After lightly
: -110-

Catalysis favoring reaction of one functional group over
another with the epoxide group may also beneficially be

employed.

~-Certain of the adducts containing one or more
mesogenic or rodlike moieties of the present invention
may also be prepared via reaction of one or more
monoepoxide compounds-with one or more materials
containing four or more hydrogen atoms which are
reactive with an epoxide group. A typiéal example is
the adduct brepared by reaction of an aromatic primary
diamine such as 4,4'-diaminostilbene or u4,4'-
diaminobenzanilide with a monoepoxide such as
phenyliglycidyl ether, in a 2:1 amfne hydrogen to
epoxide equivalent ratio.

THERMOSETTABLE (CURABLE) MIXTURES

The thermosettahle mixtures of the present
invention are prepared by mixing together one or more of
the adducts containihg one or moﬁe mesogenic or rodlike
moieties with one or more epoxy résins, all, none, or a
part of which may contain one or more mesogenic or
rodlike moieties. The adducts are employed in amounts
which will effectively cure the mixture, with the
understénding that these amounts will depend upon the
particular adduct and epoxy resin employed. Generally,
suitable amounts of the adduct include amounts which
will provide from 0.80:1 to 1.50:1 equivalents of
hydrogen which is reactive with an epoxide group per
equivalent of epoxide group in the epoxy resin at the
conditions employed for curing.

The application of heat or a combination of
heat and pressure may be employed in the curing of the
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sanding the edges of the casting, it was tested for flexural properties.
The flexural strength and nodul us thus obtai ned were 19, 235 psi (132.6 MPa)
and 515,000 psi (3550.8 MPa), respectively. After reaching the maxi mum
flexural stress of 19,235 psi (132.6 MPa), the casting yielded rather than
breaking. The ‘glass transition tenperLagyre of the casting was neasured by
differential scanning calorinetry and was found to be 108[err]C
Differential scanning calorinmetry also indicated that the casting was fully
cured as no exothermc activity was observed up to the 300[err]C end of the
anal ysis. Aft eheecaosketiadn eohiktarflisexur ahet gstdsen tanchvlirftfisyrent i al

scanni ng cal Op{iﬁmﬁ%éﬁﬂge%' %m%&e?u%o'vja% (0%58'1”4 ab%o]n?sigi% %E%;rgadrgr%r% I nch -

coupon wei ghi grans rom t'he casting an
met hyl et hyl kebotieamei nsgieddy dn tdemraagsecdt RAWBC ppt 8F0TGur Peresdbhg

exposure to t I I onRe, :Q.; r Ik A4k Wed ght  was
obser ved. Aftg?ogzttEéu?‘rsehﬁft!ig%pggéﬁglqtl&é’ ggﬁd?]%aﬁiﬁrﬁﬁ%?%?os percent.
The af or ement tRBATpLYEEddre aSsPcilted: vt hmbing Mmpsegratic (BsinPEhskeng was

repeat ed usi ngotieeidisgpyeisénlt gnhenheOfthermosettable compositions,
curing at an elevated temperature can be especially
desirable to enhance the molecular anisotropy of the
cured product.

The thermosettable mixtures of the present
invention may also contain one or more of the known
curing agents for epoxy resins such as, for example,
primary and secondary polyamines, carboxylic acids and
anhydrides thereof, aromatic hydroxyl containing
compounds, imidazoles, guanidines, urea-aldehyde resins,
alkoxylated urea-aldehyde resins, melamine-aldehyde
resins, alkoxylated melamine-aldehyde resins, aliphatic
amines, cycloaliphatic amines, aromatic amines, epoxy
resin adducts free of mesogenic or rodlike moieties, any
combination thereof. Particularly suitable curing
agents include, for example, methylenedianiline, 4,4'-
diaminostilbene, 4,4'-diaminobenzanilide, Y4,4'-diamino-
alpha-methylstilbene, dicyandiamide, ethylenediamine,
diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, urea-formaldehyde resins,
melamine-formaldehyde resins, methylolated urea-
formaldehyde resins, methylolated melamine-formaldehyde

~ resins, phenol-formaldehyde novolac resins,
sulfanilamide, diaminodiphenylsulfone,
diethyltoluenediamine, t-butyltoluenediamine, bis-Y4-
aminocyclohéxylmethane, isophoronediamine,
diaminocyclohexane, hexamethylenediamine, piperazine,
aminoethylpiperazine, 2,5-dimethyl-2,5-hexanediamine,
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4, 4" - di hydr oxy- al pha-net hyl stil bene (2.57 granms, 0.0143 epoxi de
equi val ents) having an epoxi de equi val ent weight of 179.2 and the adduct of
aniline and diglycidyl ether of 4,4'-dihydroxy-al pha-nethylstilbene from
Exanple 1-D (4.17 granms, 0.0143 N-H equivalents). A Type V tensile piece
was prepared fromthis casting in accordance with standard net hods (ASTM
D-638). The tensile nodul us and -112- -126-

1, 12-dodecanediamine, tris-3-aminopropylamine, any
combination thereof. If used as a component of the
thermosettable mixtures of the present invehtion, from 1
to 99, preferably from 1 to 40, most preferably from 1
to 20 pgrcent'of the equivalents of hydrogen which are
reactive with an epoxide group provided by the adduct
containing one or more mesogenic or rodlike moieties are
substituted out by using one or more of the aforeéaid
curing agents.

ORIENTATION

During processing prior to curing and/or during
cure of the curable epoxy resin compositions into a '
part, electric or magnetic fields or shear stresses can
be applied for the purpose of orienting the mesogenic or
rodlike moieties contained o} developed therein which in
efféct.improves the mechanical properties.

In addition to orientation by electric or
magnetic fields, polymerié mesophases can be oriented by
drawing and/or shear forces which are induced by flow
through dies, orifices, and mold gates. For the
mesomorphic systems based on the epoxy resin
compositions, this shear orientation can be.prodﬁced by
processing methods such as injection molding, extrusion,
pultrusion, filament winding, filming and prepreging.

The thermosettable mixtures 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, any combination thereof.
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maxi numtensile strength obtai ned before yield were 442,000 psi (3047.5
MPa) and 11, 740 psi (80.9 MPa), respectively. The percent el ongation at the
maxi numtensile stress (11,740 psi) (80.9 MPa) was 3.6 and at break (9795
psi) (67.5 MPa) was 30.6. The results thus obtained are sunmarized in Table
. Conparative Experinment 2 Preparation of a Neat Resin Casting of

t he Di gl ycidyl Ether of 4,4'-1soprio®d i denedi phenol Cured with an
Adduct of Aniline and Diglycidyl Ether of 4,4'-1sopropylidenedi phenol

A portion (4.35 grans, 0.0242 epoxide equival ents) of a diglycidyl ether of
4,4' - isopropylidenedi phenol having an epoxi de equival ent wei ght of 179.9
was conbined with a theSenadﬁi90vgsaasgaﬁd@242anHneqdbwﬂkﬁﬂs) of the

adduct of aniglin | ether 4,4 r e p ol from -
Conparative Eﬁpe&%%ghéjémqgégi ég 1u£ﬁ% méﬁﬁ@ ERYVbH H?@b age

added in quantities which will prov1de the composition
with t@; desired color; however, they are suitably
employe&“in amounts of from zero to 20, more suitably
from 0.5 to 5, most suitably'from 0.5 to 3 percent by
weight based upon the welght of the total blended
composition.

Solvents or diluents which can be employed
herein include, for example, hydrocarbons, ketones;
glycol ethers, aliphatic ethers, cyclic ethers, esters,

. - amides, monoepoxides, combinations thereof and the like.

- Particularly suitable soivents or diluents include, for
example, toluene, benzene, xylene, methyl ethyl ketone,
methyl isobutyl ketone, diethylene glycol methyl ether,
dipropylene glycol methyl ether, dimethylformamide, N-
methylpyrrolidinone, tetrahydrofuran, propylene glycol
methyl ether, UY-tertiary-butylphenyl glyecidyl ether,
cresyl glycidyl ether, epoxidized soybean oil,
combinations thereof and the like.

The modifiers such as thickeners, flow
modifiers and the like can be suitably employed in
amounts of from zero to 10, more suitably from 0.5 to 6,
most suitably from 0.5 to Y4 percent by Qeight based upon
the weight of the total composition.

Reinforcing materials which can be employed
herein ineclude natural and synthetic fibers in the form
of woven fabric, mats, monofilament, multifilament,
unidirectional fibers, rovings, random fibers or
filaments, inorganic fillers of whiskers, hollow
sphereé, and the like. Suitable reinforcing materials
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pl aced in a oven preheated to 120[err]C and thoroughly m xed. After 10

m nutes at 120[err]C, the resinous m xture was degassed in a vacuum bel

jar and then poured into the reservoir of an injection nolder preheated to
120[err]C. After 5 mnutes in the reservoir, the resin was injected through
a 0.0625 (1.5875 mm inch square orifice into a nold preheated to 100[err]C
and having the follow ng dinmensions: 3.0 by 0.5 by 0.125 inch (76.2 by 12.7
by 3.175 nmm). The filled nold was thenjmnediately transferred to an oven
preheated to 100[err]C After two hours at 100[err]C, the oven tenperature
was increased to 110[err]C where it was maintained for four hours before
slowy cooling to roomtenperature (25[err]C). Once at roomtenperature the
casting rel eadextlfuden tdiem s dcevasmics, nylon, rayon, cotton, aramid,

graphite, polyalkylene terephthalates, polyethylene,
polypropylene, polyesters, combinations thereof and the
like. _

[

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

The fillers can be employed in amounts suitable
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 tota%.composition.

The compositions of the present invention are
useful in, but not limited to, applications such as
coatings, encapsulaftions, extrusions, moldings,
pultrusions, electrical and structural laminates or
composites, and the like. 1In some instances, they can
be formed into monofilament and multifilament fibers.

The following examples are illustrative of the
present invention, but are not to be construed as to
limiting its scope in any manner.
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-127- transl ucent and m croscopi c exam nation at 70X magnification using
a crossed polarized |light source revealed a | ow | evel of birefringence.
After lightly sanding the edges of the casting, it was tested for flexural
properties. The flexural strength and nodul us thus obtai ned were 13,375 psi
(92.2 MPa) and 511,000 psi (3523.2 MPa), respectively. The glass transition
tenperature of the casting was neasuregidy differential scanning
calorinmetry and was found to be 95 err]C. Differential scanning calorinetry
al so indicated that the casting was fully cured as no exothermc activity
was observed up to the 300[err]C end of the analysis. After conpletion of
the flexural Bxesiplg Bnd differential

A. Synthesis of 4,4'-Dihydroxy-alpha-methylstilbene

~.Phenol (376.44 grams, 4.0 moles), chloroacetone
(205.62 grams, 2.0 moles as chloroacetone) and methylene
chloride (300 grams) were added to a reactor and cooled
to -10°C with stirring. The chloroacetone used was a
technical grade eontaining 90 percent chloroacetone, 2.5
percent acetone, 6.5 percent 1, 1-dichloroacetone and 1.0
percent 1,37dichloroaeetone, Concentrated sulfuric acid
(196.16 grams, 2.0 mole) was added to dropwise to the
stirred solution over a thirty minute period so as to
‘maintain the reaction temperature between -9°C and -11°C.
After two hours of post reaction between the -9°C to -
11°C temperature, the viscous orange oil solution was
mixed with 500 milliliters of iced deionized water. The
0il solution was separated then washed with a second 500
milliliter portion of iced deionized water. After
separation, the recoveredwoil solution 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
increaéed, the stirred mixture began to clear. Each
time clearing was observed, sﬁfficient deionized water
was added to induce cloudiness, followed by continuation
of the mixing and heating. Once the temperature reached
70°C, a massive precipitation of white crystalline
plates occurred and was followed by immediate coalesence
of the precipitated product to an oil. The o0il layer
was recovered by decantation of the water layer and 250
milliliters of ethanol was added. Deionized water was
again added to the stirred solution as heating
commenced, in an amount sufficient “to induce cloudiness
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scanning calorimetry, a 1.0 by 0.5 by 0.125 (25.4 by 12.7 by 3.175 nmm) inch
coupon wei ghing 1.2823 grans was cut fromthe casting and subnerged in

nmet hyl et hyl ket one mai ntai ned at roomtenperature. After four hours, of:
exposure to the methyl et hyl ket one, the coupon had conpletely dissol ved. The
forenmentioned procedure for injection qﬁlding a neat resin casting was
repeated using a diglycidyl ether of 4 -i sopropyl i denedi phenol (4.35
grans, 0.0242 epoxide equival ents) having an epoxi de equi val ent wei ght of
179.9 and the adduct of aniline and diglycidyl ether of

|sopropyllde@g@ﬂﬂyyyg JféHPfK§¢W§§168§bﬁ?%ﬁ”'r@%@eltﬁé O6ngeARBurl. 0242 -

N-H eqU|vaIents) e Vtensile plece was prepared fromthis casting in
accor dance wingiad &> Bt BaSS {VASPVEDipidat infe ofe /4% nodul us and

maxi rrumtens@ﬁyg—jgﬂﬁgiéﬂ ;Qltgwégegga(ﬁs m@@kaea\er eA ¥ 50n 090t Daé , (3102 7 MPa)
and 9725 psi %Qﬁgg ect IB¥ h ercef%lgeon aglon at & ﬁ
nmaxi num tenS|sI é‘ $4 a(% ‘b%?é t'1 B SI' WrERs Y sWBhds
obt ai ned aremmldanhnﬁecﬂ'ameezf layer were both chilled to 5°C and
held therein for 12 hours. The crystalline product was
recovered by filtration, combined with 250 milliliters
of deionized water then stirred with heating to 90°C.
After cooling to 5°C, the crystalline product was
recovered by filtration then dried in a vacuum oven at
100°C and 5 mm Hg to a constant weight of 226.7 grams.
Proton magnetic resonance spectroscopy and infrared
spectrophotometric analysis confirmed the product
structure.

B. Epoxidation of 4,4'-Dihydroxy-alpha-methylstilbene

4,4'-Dihydroxy~-alpha-methylstilbene (141.41
grams, 1.25 hydroxyl equivalent) from A above,
epichlorohyarin (578.31 grams, .6.25 moles), deionized
water (50.92 grams, 8.0 percent by weight of the
epichlorohydrin used) and isopropanol (311.40 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 échieved, sodium hydroxide (45.0 grams,
1.125 mole) dissolved in deionized water (180 grams) was
added dropwise to the reactor over a 45 minute period so
as to maintain reaction temperature between 55 and 58°C.
Ten minutes after completion of the aqueous sodium
hydroxide addition, the stirring was stopped and the
aqueous layer which separated from the reaction 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

. Thméz‘refowwﬂ*”«”**bee“
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-128- Exanpl e 4. Preparation of a Neat Resin Casting of the

Di gl ycidyl Ether of 4,4'-Di hydroxy-al pha- nmet hyl stil bene Cured with an ~
Adduct of Aniline and Di gl ycidyl Ether of 4,4'-Di hydroxy-al pha-
met hyl stil bene: Use of an Alternate |Ajggtion Mol di ng and Curi ng

Procedure to Produce High

second solution of sodium hydroxide (20.0 grams, 0.50

- mole) dissolved in deionized water (80 grams) was added
to the reactor over a twenty minute period so as to
maintaip the 55°C reaction temperature. Fifteen minutes
after cSﬁpletfon 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 (208.4 grams) as a crystalline off-white
solid with an epoxide equivalent weight of 177.61.

C. Characterization of Liquid Crystallinity in the
Diglycidyl Ether of 4,4'-Dihydroxy-alpha-
methylstilbene.

A portion (10.8Y4 milligrams of the diglycidyl
ether of 4,4'-dihydroxy-alpha-methylstilbene prepared
using the method of 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:

: Lo et
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Uni directional Properties A portion (2.75 grans, 0.0155 epoxide
equi valent) of a diglycidyl ether of 4,4'-dihydroxy- al pha-nethylstilbene
prepared using the nmethod of Exanple 1-B above and havi ng an epoxi de

equi val ent wei ght of 176.81 was placed in an oven preheated to 150[err]C
Ten mnutes later, after nmelting had occurred, the oven tenperature was
reduced to 120[err]C. Once the 120[eri g t enperature was achi eved, a
portion (4.43 grans, 0.0155 N-H equiVval'®ent) of adduct of aniline and

di gl ycidyl ether of 4,4'-dihydroxy-al pha-nmethyl stil bene prepared using the
met hod of Exanple 1-D was added and thoroughly m xed therein. After 9

m nutes at 120[err]C, the resinous m xture was degassed in a vacuum bel

jar and then poured into the reservoir of an injection nolder preheated to
120[err]C. After 5 minutes the tenperature of the reservoir was reduced to

100[err]C and_then the resin mas injected through a 0.020 inch hy 0.375
inch (0.5 by {9.5 mm recténg %% flgﬁggata into a no d preheated to
80[err] C and fhavi ng the f( '?ﬂan 1 1OAHN bns: 3.0 by] 0.5 by
Cycle Enthalpy
Designation Tempigg;ures -~ (J4/6G6) Comments
midgoint/range
First heat 73/55-84% 6.3 . o
(30 to 122/84-130 41.8 . -
150°C)
First . ' 2
cooling -/81-52 unresolved |
(150 to - broad,
30°C) ' | flat peaks
' Second: heat 81/48-92 31.4
(30 to (shoulder at
150°C) 69) -
’ - 124/108-132 3.6
" Second (same as
cooling observed for
(150 to the first
30°C) cooling)~

Analysis of the diglycidyl ether via polarized light
microscopy was completed using a microscope equipped
with a programmable hot stage using a heating rate of
20°C per minute. The following results were obtained:
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0.125 inch (76.2 by 12.7 by 3.175 nm. The filled nold was then i medi ately
transferred to an oven preheated to 80[err]C. After four hours at 80[err]C,
the oven tenperature was increased 10[err]C per hour to 110[err]C where it
was mai ntai ned for six hours before slowy cooling to roomtenperature
(25[err]C). Once at roomtenperature the casting was

-129- rel eased fromthe nold. M crosddapic exam nation of the
. Observed
“~.Cycle. Transition
Designation | Temperatures Comments

(°c)

First heat 109 First fluidity
noted.

137 Isotropization
completed.

First 91 First mobile

cooling 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 (same as

cooling observed for
the first
cooling)
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flashing fromthis casting at 70X magnification using a crossed polarized
| i ght source reveal ed a high I evel of birefringence. For this casting, w de
angle X-ray diffraction analysis was perforned in order to determne if '
uni axi al nol ecul ar orientation had been induced. In this analysis, the
casting was nounted in a flat plate pinhole X-ray canera and an X-ray
diffraction pattern was obtai ned on Ag D7 filmfollow ng a 24 hour
exposure. Fromthe filmthus obtained, an oriented reflection pattern was
observed. The indicated direction of this orientation was the sane as that
of the resin flowinto the nold during the preparation of-the casting.

Fol I owi ng X- rﬁMedhfiéi?B'&h% R¥Sivias ERGRP AL VaS; §185d ey 9tall exural
properties. The flexural Strength and nodul us thus obtained were 25 024 psi
(172.5 MPa) andtBas, pemabdic EsxFAN® \pPAWO (fddrickaneIer aReeSeRbENERE t he
maxi mum f | exupahopt heghedf méitA2g REydthid indHHactivh apsddmgs yl eqded

reasar ed by dPFPRFRALIRR S3aun fig BAPBPPRBPLS BRCRAECAgRAd led oped 0 S

108[err] C. Thby the development of liquid erystallinity in the
second,'lower melting fraction. This accounts for the
broadness and overlapping observed in the cooling cycles
by differential scanning calorimetry.

D. Preparation of Adduct from Aniline and Diglycidyl
Ether of 4,4'-Dihydroxy-alpha-methylstilbene

Aniline (465.58 grams, 5.0 moles) was added to
a 2 liter reactor equipped with a cooled condenser (5°C)
and stirred under a nitrogen atmosphere with heating to
90°C. A solution of the diglycidyl ether of 4,4'-
dih&droxy-alpha-methylstilbene from C above (88.81
grams, 0.50 epoxide equivalent) dissolved in 1,4-dioxane
(355.22 grams) was pumped into the reactor at a rate of
1.7817 grams per minute while maintaining the 90°C
reaction temperature. After completion of addition of
the diglycidyl ether solution in 1,4-dioxane, the
reactor was held at 90°C for an additional 48 hours. At
the end of the 48 hours of post reaction, the solution
was recovered and rotary evaporated under vacuum for one
hour at 90°C then four hours at 150°C and 2 mm Hg. The
product was recovered (134.18 grams) as a light amber
transparent solid at 25°C. Infrared spectrophotometric

- analysis of a film sample of the product on a sodium

chloride plate demonstrated that complete conversion of
epoxide groups had occurred. Titration of a portion of
the product for tctal nitrogen content demonstrated the
presence of 3.5300 milliequivalents N per gram of
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af orenenti oned procedure for injection nolding a neat resin casting was
repeated using the diglycidyl ether of 4,4'-dihydroxy-al pha-nethylstilbene
(2.75 grans, 0.0155 epoxide equival ent) and the adduct of aniline and
di gl yci dyl ether of 4,4'-dihydroxy-al pha-nethylstilbene (4.43 grams, 0.0155
N-H equivalent). A Type V tensile test piece was prepared fromthis casting
in accordance with standard net hods (-ASFM D-638). The tensile nodul us and
maxi numtensile strength obtained before yield were 981,000 psi (6763.8
MPa) and 24,260 psi (167.3 MPa), respectively. The percent elongation at
break was 17.2. The results thus obtained aresunmari zed in Table I.
product. Titration of a portion of the product which

had been acetylated with acetic .anhydride for tertiary
nitrogen content demonstrated the presence of 0.0860
milliegyivalents tertiary N per gram of product. By
difference, the total secondary amine content was
calculated to be 3.444 milliequivalents >N-H per gram
of product.

Comparative Experiment 1

Preparation of Adduct of Aniline and Dlglycldyl
Ether of 4,4'-Isopropylidenediphenol

Aniline (931.16 grams, 10.0 moles) was added to

a 2 liter reactor equipped with a cooled condenser (5°C)
and stirred under a nitrogen atmosphere with heating to
90°C. A solution of the diglycidyl ether of 4,4'-
isobropylidenediphenol (bisphenol A) (179.95 grams, 1.0
epoxide equivalent) having an epoxide equivalent weight
of 179.95 dissolved in 1,4-dioxane (359.90 grams) was
pumped into the reactor at a rate of 1.069 grams per
minute while maintaining the 90°C reaction temperature.
After completion of addition of the diglycidyl ether
solution in 1,4-dioxane, the reactor was held at 90°C
for an additional Y48 hours. At the end of the 48 hours
of post reaction, the solution was recovered and rotary
evaporated under vacuum for one hour at 99°C then four
hours at 150°C and 2 mm Hg. The product was recovered

. {271.50 grams) as a light amber transparent solid at
25°C. Infrared spectrophotometric analysis of a film
sample of the product on a sodium chloride plate
demonstrated that complete conversion of epoxide groups
had occurred. Titration of a portion of the product for
total nitrogen content demonstrated the presence of
3.5864 milliequivalents N per gram of product.

N
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- 130- TABLE |
Desi gnati on of Cured Epoxy Resin Property Eval uated

Conparative Exanpl e Exanpl e Exanpl e Experi ment
2 3 4 2 G ass Transition 103 108
108 95 Tenperature ([err]C " Flexural Strength (psi)
20,310a 19, 235a , 25, 024a 13, '@ (MPa) (140.0)
(132.6) (172.5) (92.2) '

Titration of a portion of the product which had been
acetylated with acetic anhydride for tertiary nitrogen
content demonstrated the presence of 0.0848
milliequivalents tertiary N per gram of product. By
differgﬁée, the total secondary amine content was
calculated to be 3.5016 milliequivalents >N-H per gram
of product.

‘Example 2

Preparation of a Neat Resin Casting of the

Diglycidyl’Ether of H,M’-Isopropylidenediphenél_

Cured with an Adduct from Aniline and Diglycidyl
. - Ether of 4,4'-Dihydroxy-alpha~methylstilbene

A portion (4.37 grams, 0.0249 epoxide
equivalent) of a diglycidyl ether of 4,4'-
isopropylidenediphenol having an epoxide equivalent
weight of 175.6 was combined with a portion (7.23 grams,
0.0249 N-H equivalent) of. the adduct from aniline and
diglycidyl ether of U,4'-dihydroxy-alpha-methylstilbene
from Example 1-D. These components were then placed in
an oven preheated to 120°C and thoroughly mixed. After
10 minutes at 120°C, the resinous mixture was degassed
in a vacuum bell jar and then poured into the reservoir
of an injection molder preheated to 120°C. After 5
minutes in the reservoir, the resin was injected through
a 0.0625 (1.5875 mm) inch square orifice into a mold
preheated to 100°C and having the following dimensions:
3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by 3.175 mm).

The filled mold was then immediately transferred to an
oven preheated to 100°C. After two hours at 100°C, the
oven temperature was increased to 110°C where it was
maintained for four hours before slowly cooling to room
temperature (25°C). Once at room temperature the
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Fl exural Modul us (psi) 513, 000 515, 000 846, 000

511, 00 (MPa) (3537.0) (3550.8) (5833.0) (3523. 2)
Tensile Strength (psi) 11, 860 11, 740 24, 260

9,725 (MPa) (81.8) (80.9) = (167.3) (67.1)
Tensile Yield no yield no yiel Strength
(psi) 8925 9795 (MPa) (61.5) (67.5)
Utinmte . 26.6 30.6 ~—1237.2 6.9 El ongation (%
El ongati on at 12.1 3.6 no vyi el Yield (%
Tensi | e Modul us (psi) 427, 000 442,000 981, 000

450, 00 4 3102. 7
MVet hyl et hyl k‘é?%?ﬁé“gAHS%FSPFSn%Q‘A“ the nbid* “‘"%%%"%)“X and ( )
8.3 0. m20roscopmgtexamlnadugsoaw dox magnlflcatlon u31ng a

tested

crossed polarized light source revealed a high level of
birefringence. After lightly sanding the edges of the
castinéj‘it was tested for flexural properties. The
flexural strength and modulus thus obtained were 20,310
psi (140.0 MPa) and 513,000 psi (3537.0 MPa),
respectively. After reaching the maximum flexural
stress of 20,310 psi (140.0 MPa), the casting yielded
rather than breaking. The glass transition temperature
of the casting was measured by differential scanning
calorimetry and was found to be 103°C. Differential
écanning calorimetry also indicated that the casting was
fully cured as no exothermic activity was observed up to
the 300°C end of the analysis. After completion of, the
flexural testing and differential scanning calorimetry,
a 1.0 by 0.5 by 0.125 inch (25.4 by 12.7 by 3.175 mm)
coupon weighing 1.2880 grams was cut from the casting
and submerged in~methyletﬁylketbnefmaintained at room
temperature. After four hours of exposure to the
methylethylketone, an 8.3 percent gain in weight ‘was
observed. After 24 hours of exposure, the gain in
weight was 26.7 percent. The aforementioned procedure
for injection molding a neat resin casting was repeated
using a diglycidyl ether of 4,4'-isopropylidenediphenol
(4.37 grams, 0.0243. epoxide equivalents) having an
epoxide equivalent weight of 179.9 and the adduct of
aniline and diglycidyl ether of 4,4'-dihydroxy-alpha-
methylstilbene from Example 1-D (7.05 grams, 0.0243 N-H
equivalents). A Type V tensile piece was prepared from
this casting in accordance with standard methods (ASTM
D-638). The tensile modulus and maximum tensile
strength obtained before yield were 427,000 psi (2944.1
MPa) and 11,860 psi (81.8 MPa), respectively. The
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24 hours 26. 7 0. 08 not

tested a Utinmate strength before yielding

-131- Exanple 5 A. Preparation of Adduct of n- Butylanlne and Di gl yci dyl
Et her of 4, 4'-Di hydroxy-al pha-net hyl stil bene

t

~124-

percent elongation at the maximum tensile stress (11,860
psi) (81.8 MPa) was 12.1 and at break (8925 psi) (61,54
MPa) was 26.6. The results thus obtained are summarized
in Table I.

Example 3

T Preparation of a Neat Resin Casting of the
Diglyeidyl Ether of 4,4'-Dihydroxy-alpha-
methylstilbene Cured with an Adduct from Aniline and
Diglyeidyl Ether of &4,4'-Dihydroxy-alpha- |
methylétilbene

A portion (2.55.grams, 0.0142 epoxide
equivalent) of a diglycidyl ether of 4,4'-dihydroxy-
alpha~methylstilbene prepared using the method of
Example 1-B and having an epoxide equivalent weight of
179.2 was placed in an oven preheated to 150°C. Ten
minutes later, after melting had occurred, the oven
temperature was reduced to 120°C. Once the 120°C
temperature was achieved, a portion (4.13 grams, 0.0142
N-H equivalent) of the adduct of aniline and diglycidyl
ether of Y4,4'-dihydroxy-alpha-methylstilbene from
Example 1-D was added and thoroughly mixed therein.
After 10 minutes at 120°C, the resinous mixture was
degassed 'in a vacuum bell jar and then poured into the
reservoir of an injection molder preheated to 120°C.
After 5 minutes in the reservoir, the resin was injected
through a 0.0625 inch (1.5875 mm) square orifice into a
mold preheated to 100°C and having the following
dimensions: 3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by
3.175 mm). The filled mold was then immediately
transferred to an oven preheated to 100°C. After two
hours at 100°C, the oven temperature was increased to
110°C where it was maintained for four hours before



n- Butyl am ne (548.55 grans, 7.5 noles) was added to a 2 liter reactor

equi pped with a cool ed condenser (-5[err]C) and stirred under a nitrogen

at nrosphere with heating to 60[err]C. A solution of the diglycidyl ether of
4, 4" - di hydr oxy- al pha-net hyl sti | bene prepared using the nethod of Exanple
1-B (176. 809 epoxide equival ent weight) (85.94 granms, 0.486 epoxide
equi val ent) dissolved in 1, 4-di oxane §ﬁ$§ 0 grans) was punped into the
reactor at a rate of 0.9203 grans per ute while maintaining the 60[err]C
reaction tenperature. After conpletion of addition of the diglycidyl ether
solution in 1, 4-di oxane, the reactor was held at 60[err]C for an additional

24 hours. At E'ﬂswﬁg}dc%l&h@ %6 P%EnS £ @mpR %ttJrPéaC(tZ'SB@%Ot hensel Hti 8BRS

recovered and rotafy evaporated under vacuum for one ur at 90[err]C then
four hours at teBOREREPCCatBe2cARiige redeasesddaiomdd s &k (118. 40

g;an5¥ ?s a “BFEQu&OEhd atigRb[ eefike inl ebiared $ﬁQQb@thﬂkpnetric anal ysi s
of a filmsa

Chat compl ot o CEBRIERLTOR BF BR6xT a8 H Oepd HAlt LR g 20 10k ' &
magnification ‘using a crossed polarlzed llght source
revealed a high level of birefringence. After lightly
sanding the edges of the casting, it was tested for
flexural properties; ' The flexural strength and modulus
thus obtained were 19,235 psi (132.6 MPa) and 515,000
psi (3550.8 MPa), respectively. After reaching the
maximum flexural stress of 19,235 psi (132.6 MPa), ‘the
casting yielded rather than breaking. The glass
transition temperature of the casting was measured by
differential scanning calorimetry and was found to be
108°C. Differential scanning calorimetry also indicated
that the casting was fully cured as no exothermic
activity was observed up to the 300°C end of the
analysis. After completion of the flexural testing and
differential scanning calorimetry, a 1.0 by 0.5 by 0.125
(25.4 by 12.7 by 3.175 mm) inch coupon weighing 1.2222
grams was cut from the casting and submerged in
methylethylketone maintained at room temperature. After
four hours of exposure to the methylethylketone, a 0.02
percent gain in weight was observed. After 24 hours of
exposure, the gain in weight was 0.08 percent. The
aforementioned procedure for injection molding a neat
resin casting was repeated using the diglycidyl ether of
4,4!'-dihydroxy-alpha-methylstilbene (2.57 grams, 0.0143
epoxide equivalents) having an epoxide equivalent weight
of 179.2 and the adduct of aniline and diglycidyl ether
of 4,4'-dihydroxy-alpha-methylstilbene from Example 1-D
(4.17 grams, 0.0143 N-H equivalents). A Type V tensile
plece was prepared from this casting in accordance with
standard methods (ASTM D-638). The tensile modulus and
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Titration of a portion of the product for total nitrogen content
denonstrated the presence of 3.8224 mlliequivalents N per gram of product.
Titration of a portion of the product which had been acetylated with acetic
anhydride for tertiary nitrogen content denonstrated the presence of 0.0648
mlliequivalents tertiary N per gram of product. By difference, the total
secondary am ne.content was calculated to be 3.7576 mlliequivalents >N-H
per gram of product .- ~126- -132-

maximum tensile strength obtained before yield were
442,000 psi (3047.5 MPa) and 11,740 psi (80.9 MPa),
respectively. The percent elongation at the maximum
tensile stress (11,740 psi) (80.9 MPa) was 3.6 and at
break (9795 psi) (67.5 MPa) was 30.6. The results thus
-obtained are summarized in Table I.

Cqmparative Experiment 2

Preparation of a Neat Resin Casting of the

Diglycidyl Ether of 4,4'-Isopropylidenediphenol

Cured with an Adduct of Aniline and Diglycidyl Ether
of U4,4'~Isopropylidenediphenol ‘

A portion (4.35 grams, 0.0242 epoxide
equivalents) of a diglycidyl ether of 4,4'-
igopropylidenediphenol having an epoxide equivalent
weight of 179.9 was combined with a portion (6.90 grams,
0.0242 N-H equivalents) of the adduct of aniline and
diglycidyl ether of u,u':isopﬁopylidenediphenol from
'Comparative Experiment 1. These components were then
placed in a oven preheated to 120°C and thoroughly
mixed. After 10 minutes at 120°C, the resinous mixture
was degassed in a vacuum bell jar and then poured into
the reservoir of an injection molder preheated to 120°C.
After 5 minutes in the reservoir, the resin was injected
through a 0.0625 (1.5875 mm) inch square orifice into a
mold preheated to 100°C and having the following
dimensions: 3.0 by 0.5 by 0.125 inch (76.2 by 12.7 by
3.175 mm). The filled mold was then immediately
transferred to an oven preheated to 100°C. After two
hours at 100°C, the oven temperature was increased to
110°C where it was maintained for four hours before
slowly cooling to room temperature (25°C). Once at room
temperature the casting released from the mold was
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B. Preparation of a Neat Resin Casting of the Di gl yci dyl Ether of

4, 4" - D hydr oxy- al pha- net hyl sti |l bene Cured Wth an Adduct of
n- But yl am ne and Di gl ycidyl Ether of 4,4'-D hydroxy-al pha-
nmet hyl sti | bene ' A portion (1.000 gram 0.00564 epoxi de equival ent)

of a diglycidyl ether of 4,4'-dihydroxy- al pha-nethylstilbene prepared
using the nethod of Exanple 1-B and havi ng an epoxi de equi val ent wei ght of
177.25 was conbined with a portion (1.5015 grams, 0.00564 N-H equival ent)
of the adduct of n-butylam ne and diglycidyl ether of 4,4'-dihydroxy-al pha-
met hyl sti | bene from A above. This m xture was ground to forma fine,
honogeneous powder and then transferred to an al um num cup. The al um num

fcgﬁ glazdpLscegréﬁ'sﬁﬂc@H@naHEefﬂ@éP@chBi35Q|§<§Hi}1§t‘&’6%r at goyl ete nelting

magnification using a crossed polarized light source
revealed a low level of birefringence. After lightly
sanding the edges of the casting, it was tested for
flexurgf“propérties. The flexural strength and modulus
thus obtained were 13,375 psi (92.2 MPa) and 511,000 psi
(3523.2 MPa), respectively. The glass transition
temperature of the casting was measured by differential
scanning calorimetry and was found to be 95°C.
Differential scanning calorimetry also indicated that
the casting was fully cured as no exothermic activity
was observed up to the 300°C end of the analysis. After
completion of the flexural testing and differential
scanning calorimetry, a 1.0 by 0.5 by 0.125 (25.4 by
12.7 by 3.175 mm) inch coupon weighling 1.2823 grams was
cut from the casting and submerged in methylethylketone
maintained at room temperature. After four hours, of
exposure to the methylethylketone, the coupon had
completely dissolved. The forementioned procedure for
injection molding a neat resin casting was repeated
using a diglycidyl ether of 4,%4'-isopropylidenediphenol
(4.35 grams, 0.0242 epoxide equivalents) having an
epoxide equivalent weight of 179.9 and the adduct of
aniline and diglycidyl ether of isopropylidenediphenol
from Comparative Experiment 1 (6.90 grams, 0.0242 N-H
equivalents). A Type V tensile piece was prepared from

| this casting in accordance with standard methods (ASTM
D-638). The tensile modulus and maximum tensile
strength obtained (at break) were 450,000 psi (3102.7
MPa) and 9725 psi (67.1 MPa), respectively. The percent
elongation at the maximum tensile stress (9725 psi)
(67.1 MPa) was 6.9. The results thus obtained are
summarized in Table I.




gel ati on was observed within five mnutes. After three hours at 150[err]C
the oven was slowy cooled to roomtenperature (25[err]C). Once at room
tenperature, the casting recovered fromthe cup was translucent in
appearance. M croscopi c exam nation of the casting at 70X nagnification
using a crossed polarized |Iight source revealed a high Ievel of
birefringence. Differential scanning edR8rinetry using a portion (15.0

mlligrams) of the casting revealed a glass transition tenperature at
65[err] C CLAI M5
Example Y4 )

Preparation of a Neat Resin dasting of the
Diglycidyl Ether of 4,4'-Dihydroxy-alpha-
methylstilbene Cured with an Adduct of Aniline and
Diglyecidyl Ether of 4,4'-Dihydroxy-alpha-
methylstilbéne: Use of an Alternate Injection
Molding and Curing Procedure to Produce High
Unidirectional Properties

A portion (2.75 grams, 0.0155 epoxide
equivalent) of a diglycidyl ether of 4,4'-dihydroxy-
alpha-methylstilbene prepared using the method of
Example 1-B above and having an epoxide equivalent
weight of 176.81 was placed in an oven preheated to
150°C. Ten minutes later, after melting had occurred,
the oven temperature was reduced to 120°C. Once the
120°C temperature was achieved, a portion (4.43 grams,
0.0155 N-H equivalent) of adduct of aniline and
diglycidyl ether of 4,4'-dihydroxy-alpha-methylstilbene
prepared using the method of Example 1-D was added and
thoroughly mixed therein. After 9 minutes at 120°C, the
resinous mixture was degassed in a vacuum bell jar and
then poured into the reservoir of an injection molder
preheated to 120°C. After 5 minutes the temperature of
the reservoir was reduced to 100°C and then the resin
was injected through a 0.020 inch by 0.375 inch (0.5 by
9.5 mm) rectangular flow gate into a mold preheated to
80°C and having the following dimensions: 3.0 by 0.5 by
0.125 inch (76.2 by 12.7 by 3.175 mm). The filled mold
was then immediately transferred to an oven preheated to
80°C. After four hours at 80°C, the oven temperature was
increased 10°C per hour to 110°C where it was maintained
for six hours before slowly cooling to room temperature
(25°C). Once at room temperature the casting was
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1. An adduct containing one or nore nesogenic or rodlike noieties per

nol ecul e which adduct is characterized by the reaction (A of (1) one or
nore conpounds containing an average of nore than one vicinal epoxide
group per nolecule and (2) one or nore conpounds containing two or nore
hydrogen atons per nol ecule which are reactive wth an epoxi de group or
(B) of (1) or nore nonoepoxi de conpounds and (2) one or nore materials
cont ai ning four or nore hydrogen ators'@hT ch are reactive with an epoxi de
group thereby, in each of (A or (B), form ng an adduct essentially free of
epoxy groups and contai ning active hydrogen atons reactive wth an epoxy

" ench of Aﬁé‘%ﬁ%ﬁ%& Bhoh Phe hol§2° ueRETRIRTs SxaRRTRRIEH Bl Hf ot oo
per nol ecul e, FiaghbaguEronethis dasténgnets 764 magnifdcuhitdonpusdmg f (i)
an epoxy Conpergssel epaleri ¥dr €8ght "ource revealed a high level of
birefringence., For this casting, wide angle X-ray
diffragfion analysis was performed in order to determine
if uniaxial molecular orientation had been induced. 1In
1 this analysis, the casting was mounted in a flat plate
pinhole X-ray camera and an X-ray diffraction pattern
was obtained on Agfa D7 film following a 24 hour
exposure. From the film thus obtained, an oriented
reflection ﬁattern was observed. The indicated
direction of this orientation was the same as that of
-the resin flow into the mold during the preparation of
the casting. Following X-ra& diffraction analysis, the
casting was tested for flexural properties. The
flexural strength and modulus thus obtained were 25,024
psi (172.5 MPa) and 846,000 psi (5833.0 MPa), '
respectively. After reaching the maximum flexural
stress of 25,024 psi: (172.5 MPa), the casting yielded
rather than breaking. The glass transition temperature
of thé'casting was measured by differential scanning
calorimetry and was found to be 108°C. The
aforementioned procedure for injection molding a neat
resin casting was repeated using the diglycidyl ether of
4,4'-dihydroxy-alpha-methylstilbene (2.75 grams, 0.0155
epoxide equivalent) and the adduct of aniline and
diglycidyl ether of 4,4'-dihydroxy-alpha-methylstilbene
(4.43 grams, 0.0155 N-H equivalent). A Type V tensile
test piece was prepared from this casting in accordance
with standard methods (ASTM D-638). The tensile modulus
and maximum tensile strength obtained before yield were
981,000 psi (6763.8 MPa) and 24,260 psi (167.3 MPa),
respectively. The percent elongation at break was 17.2.
The results thus obtained aresummarized in Table 1I. |
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epi chl orhydrin wi th bis(4-hydroxyphenyl)-2, 2-propane and (ii) p-phenyl

azoaniline or 4-

am no-2',4' -dinitrophenyl

ani ne. 2.

An adduct of

reaction (A) of Caim1 wherein conponent (1) contains a conpound

cont ai ni ng one or
adduct of
cont ai ni ng one or

curabl e conposition characterized by co

(B) at |east

nore nmesogeni ¢ or rodlike noieties per
reaction (A) of Caim1l wherein conponent (2) contains a conpound

nore nmesogeni ¢ or

rodl i ke noeties per
fyd sing (A) at

nol ecule. 3. An

nol ecule. 4. A
| east one conpound

havi ng an average of nore than one vicinal epoxide group per nolecule; and
one adduct containing one or nore nesogenic
TABLE I
Designation of Cured Epoxy Resin
Propert Evaluate& C arat
perty Exagple Example Exaﬁple éﬁgzrime;:
2
Glass Transition 103 108 108 95
Temperature (°C)
Flexural Strength .
(PSi) . 20,310a 19,235a 25,02146. 13,375
(MPa) (140.0) (132.6) (172.5) (92.2)
Flexural Modulus
(psi) 513,000 515,000 846,000 511,004
(MPa) (3537.0) | (3550.8) | (5833.0) - (3523.2)
Tensile Strength
(psi) 11,860 11,740 24,260 9,725
(MPa) (81.8) (80.9) (167.3) (67.1)
Tensile Yield no yield no yield
Strength (psi) 8925 9795
(MPa) (61.5) (67.5)
Ultimate 26.6™ 30.6 17.2 6.9
Elongation (%)
Elongation at 12.1 3.6 - no yielld
Yield (%)
Tensile Modulus '
(psi) 427,000 442,000 981,000 450,00Q
(MPa) _ (2944 ,1) | (3047.5) | (6763.8) (3102.7)
Methylethylketone
Adsorption (% wt.
gain)
4 hours 8.3 0.02 not dissolvgd
tested
24 hours 26.7 0.08 not -
tested

a (ltimate strength before yielding
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134 or rodlike noieties per nolecule which adduct results fromthe
reaction of (1) one or nore conpounds containing an average of nore than
one vicinal epoxide group per nolecule and (2) one or nore conpounds
containing two or nore hydrogen atons per nolecule which are reactive with
an epoxi de group thereby form ng an adduct essentially free of epoxy
groups and contai ning active hydrogerr1@tlons reactive with an epoxy group;
with the proviso that at |east one nenber of conponents (1) and (2) contain
one or nore nmesogenic or rodlike noieties per nolecule. 5. A curable
conposition of Caim4 wherein (a) conmponent (A) is an epoxy resin

Example 5

A. Preparation of Adduct of n-Butylamine and Diglycidyl

Ether of 4,4'-Dihydroxy-alpha-methylstilbene

i
-

H-Butyiamine (548.55 grams, 7.5 moles) was
added to a 2 liter reactor equipped with a cooled
condenser (-5°C) and stirred under a nitrogen atmosphere
with heating to 60°C. - A solution of the diglyecidyl
ether of 4,4'-dihydroxy-alpha-methylstilbene prepared:
using the method of Example 1-B (176.809 epoxide
equivalent weight) (85.94 grams, 0.486 epoxide .
equivalent) dissolved in 1,l4-dioxane (400.0 grams) was
pumped into the reactor at a rate of 0.9203 grams ber
minute while maintaining the 60°C reaction £emperature.
After completion of addition of the diglycidyl ether
solution in 1,4-dioxane, the reactor was held at 60°C
for an additional 24 hours. At the end of the 21 hours
of post reaction, the solution was recovered and rotary
evaporated under vacuum for one hour at 90°C phen four
hours at 150°C and 2 mm Hg. The product was recovered
(118.40 grams) as a white solid at 25°C. Infrared
spectrophotometric analysis of a film sample of the
product on a sodium chloride plate demonstrated that
complete conversion of epoxide groups had occurred
Titration of a portion of the product for total nitrogen
content demonstrated the presence of 3.8224
milliequivalents N per gram of product. Titration of a
portion of the product which had been acetylated with
acetic anhydride for tertiary nitrogen content
demonstrated the presence of 0.0648 milliequivalents
tertiary N per gram of product. By difference, the
total secondary amine content was calculated to be
3.7576 milliequivalents >N-H per gram of product.
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containing at |east onE nesogenic or rodlike noiety per nolecule and (b)
conponent (B!) is an epoxy resin containing an average of at |east one
mesogeni c or rodlike noiety per nolecule. 6. A curable conposition of
Claim4 or 5 which has been oriented prior to curing. 7. A curable
conposition of Claim6 wherein said orientation is acconplished by neans
of the applicatjon of drawing and/or shear forces. 8. A curable
conposition of Claim®6 wherein said orilg@@tation is acconplished by neans
of the application of an electric or magnetic field. 9. The product
characterized by resulting fromcuring a curable conposition of Claim 4 or
5. 10. The product resulting fromcuring a curable conposition of C aim6®6.

B. Preparation of a Neat Resin Casting of the
Diglycidyl Ether of 4,4'-Dihydroxy-alpha-
methylstilbene Cured With an Adduct of n-Butylamine
and Diglycidyl Ether of 4,4'-Dihydroxy-alpha-
methylstilbene

A portion (1.000 gram, 0.00564 epoxide
equivalent) of a diglycidyl ether of 4,4'-dihydroxy-
alpha-methylstilbene prepared using the method of
Example 1-B and having an epoxide equivalent weight of
177.25 was combined with a portion (1.5015 grams,
0.00564 N-H equivalent) of the adduct of n~butylamine
and diglycidyl ether of Y4,4'~dihydroxy-alpha-
methylstilbene from A above.’ This mixture was ground to
form a fine, homogeneous powder and then transferred to
an aluminum cup. The aluminum cup was placed in an oven
preheated to 150°C where «complete melting followed by
gelation was observed within five minutes. After three
hours at 150°C, the oven was slowiy cooled to room
temperature (25°C). Once at room temperature, the
casting recovered from the cup was translucent in
appearance. Microscopic examination of the casting at
70X magnification using a crossed polarized light source
revealed a high level of birefriﬁgence. Differential
scanning calorimetry using a portion (15.0 milligrams)
of the casting revealed a glass transition temperature
at 65°C.
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REPLACENMENT SHEET 11. The product resulting fromcuring a curable
conposition of Claim?7.

-133-

This Sheet Has Been R

N 13

1. An adduct containing one or more
mesogenic or rodlike moieties per molecule which adduct
is characterized by the reaction of (1) one or more
compounds containing an average of more than one vicinal
epoxide group per molecule and (2) one or more compounds
containing two or more hydrogen atoms per molecule which
are reactive with an epoxide group thereby forming an
adduct essentially free of epoxy groups and containing
active hydrogen atoms redctive with an epoxy group; with
the proviso that at. least one member of components (1)
and' (2) contain one or more mesogenic or rodlike
moieties per molecule.

2. An adduct of Claim 1 wherein component
(1) contains a compound containing one or more mesogenic
or rodlike moieties per molecule.

3. An adduct of Claim 1 wherein component
(2) contains a compound containing one or more mesogenic
or rodlike moieties per molecule.

4. A curable composition characterized by
comprising (A) at least one compound having an average
of more than one vicinal epoxide group per molecule; and
(B) at least one adduct containing one or more mesogenic

This is ths roplacement sheel T oHPRT HAS BEEN‘J

| RBPLACED
¢ 7 FEB 097




12. The product
13. The product

wher ei n

The product of Caim13 wherein said orientation is ac
application of drawi ng and/ or shear forces.

of the

said conposition is subjected to orientation*uuring curlng

Claim 13 wherein said orientation is acconplished by ne

O%i
application of an electric or magnetic-fiwld. 16. A sul u i@

resulting fromcuring a curable conposition of Caim8.
resulting fromcuring a curable conposition of aim4 or 5

14.

fhed. biye H&?

|ning

at | east one nesogenic or rodlike noiety wherein said nesogenlc or rodli ke
noiety is represented by the follow ng Fornmulas XX1, XXIV or XXV

or rodlike moieties per molecule which adduct results

from the reaction of (1) one or more compounds

containing an average of more than one vicinal epoxide

group per molecule and (2) one or more compounds

containinig two or more hydrogen atoms per molecule which

are reactive with an epoxide group thereby forming an
adduct essentially free of epoxy groups and containing

active hydrogen atoms reactive with an epoxy group; with

the proviso that at least one member of components (1)

and (2) contain one or more mesogenic or rodlike
moieties per molecule.

5. A curable composition of Claim 4 wherein

(a) component (A) is an eoxy esin containing at least

one mesogenic or rodlike moiety per molecule and (b)

component (B!) is an epoxy rein containing an

-average of at least one mesogenic or rodlike moiety

per molecule.

-~

6. A curable composition of Claim 4 or 5

which has been oriented prior to curing.

7. A curable composition of Claim 6

wherein said orientation is accomplished by means of the

application of drawing and/or shear forces.

8. A curable composition of Claim 6

wherein said orientation is accomplished by means of the

application of an electric or magnetic field.

9. The product characterized by resulting

from- curing a curable composition of Claim Y4 or 5.

10. The product resulting from curing a
curable composition of Claim 6.

-Thmistheremacementshéet
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11. The product resulting from curing a
curable composition of Claim 7.

12. The product resulting from curing a
curable-composition of Claim 8.

13. The product resulting from curing a
curable composition of Claim 4 or 5 wherein said
composition is subjected to orientation during curing.

14, The product of Claim 13 wherein said
orientation is accomplished by means of the application
of drawing and/or shear forces.

15. The product of Claim 13 wherein said
orientation is accomplished by means of the application
of an electric or magnetic field.

16. A sulfonamide compound containing at
least one mesogenic or rodlike moiety.

17. A sulfonamide of Claim 16 wherein said
mesogenic or rodlike moiety is represented by the
following Formulas XXI, XXIV or XXV

This Sheet Has Been Replaced

L I

i)a-l‘e:‘ Z 7 HE @7

THIS SHEET HAS BEEN
REPLACED




REPLACENMENT

SHEET -136-

-136-

Formula XXI. (R)q4 | (R)4

Formula XXIV.

B D\\ Ar]ass Y

N~

Formula XXV.

(R)3 (R)3

Y

(a)',

wherein each A is independently selected from the group
consisting of a direct single bond, -CR1=CRl-, ~C=C-,
-N=N-, -CR1=N-, -0-C0O-, -NR1-CO-, -CRl=N-N=CRl-,
-CR1=CR1-CO-, -N=CR1-, -CO-0-, -CO-NR1-, -CO-CR1=CR1-,
-C0-0~N=CR1, -CR1=N-0-0C~, -CO-NR!-NR1-0C-,
~-CR1=CR1-0~0C~, -CO-0-CR1=CRl-,-0-0C-CR1=CR1-,
~-CR1=CR1-C0-0-, -(CHR1)p'-0-CO-CR1=CR1-,
-CR1=CR1-CO-0-(CHR1)pt~, -(CHR1)pn'-C0-0-CR1=CR1-,

Thiz is the roplaces
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Formula XXI. (R)[err] (R4 [err] Formul a

XXI V. (R 4 (R 4 (R 4
~-137-
-CR1=CR1-0-CO-(CHR1)p'-, -C0-S-, -S-0C-, -CH2-CH2-CO-0-,

-0-0C-CHp-CHp-, -C=C-C=C-, -CR1=CR1-CR1=CR1-,

N . N |
‘<<‘“ @ \>—' -HC — CH-
0 0 ’ _ | ,

0
0 0
_Hcﬁ—(}{_ I I
, -C-N N-C-
4
0
0 N_N N__N
—~ ~ N =Y,
0 ’ N—N ’ N__
c1 - c1
I
-CR1=C,, -é:CRL,
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wherein each A is independently selected frromthe group consisting of a

direct single bond, -CR err]=CRlerr]-, -deéerr]C, -N=N, -CR err]=N, -
-OCO, -NRerr]-CO, -CRerr]=N-N=CR[err]-, -CRerr]=CRlerr]-CO,
-N=CR[err]-, -COO, -CONR[err]-, -COCRerr]=CRlerr]-, -COON=CRerr],
-CRlerr]=N-O0CC-, -CONRLI-NRL-OC-, -CR[err]=CRerr]-0CC,
-COOCRerr]=CRerr]-,-00CCR err] =CR1¥& -, '

3-

N

(l)H3
Vel

|
o
/'\' z
y—4
= | SN,
o
~~
N\ - _
= ~
=
= = (&)
- <I \
i Y
l .
N o
— :\ L
<q = &
~r A -
| - < -
/l\ !
_ =7 = |
o | /§
AN n =
/S o)\o - . .': @
Z . g
—
T g) 1 < _ .
~ ;
= N
—
< Y
' >
= 1
— < !
= — (3.8} o~
~ z\ Z=—0 = - N
Y |
175]
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N
’

»
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~-(Al)p
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-CO- S, -S0C,

-Cerr]CGderr] G,

[ enr3lgo-

=CR[err]-,

r]-,

rr
)[e
CRlerr]-,

)err]'-O-COCRerr]
’
-OCO (CHR[err]) [err]’

-(CHR[ e
O (CHR err]
CRlerr]-,

'-COOCRerr]

]

]

]
err]

CR [err]

88

-OOC-CHerr]-CHerr]-,

CRlerr]-CRerr]

r

-CR err]

¢ -D=N-

NO

~u(1v)

|Z“O.I

NJ

@!c:i- |

Cu) @‘@ u(y)-

lCAH<V

U(iv)-
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0 CN N 0
1 | | 1

-N=CR1, -CR!=N-, -CR!1=C-, -C=CR'-, or -N=N-;

each A' is independently a divalent hydrocarbyl group
having from 1 to about 10 carbon atoms; each Al is
independently a

0 0 0 0
I H I 1
-C-, -0-C-, -C-0-,  -C-NRI-,
( 0
H
or ~NR1-C- group

each R is independently Hydrogen or a hydrogcarbyl or
hydrocarbyloxy group having from 1 to about 10 carbon
atoms, a halogen atom, a nitro group, a nitrile group, a
phenyl group or a -CO-Rl group; each Rl is independently
hydrogen or a hydrocarbyl group having 1 to about 3
carbon atoms; one Y is a -S09-NHg group and the other Y
is a hydrogen atom; n is zero or 1; n' has a value from
1 to about 635 pl has a value from 1 to about 30; and the
aromatic rings can optionally contain one or more
heteroatoms selected from the group consisting of N, O
and S; with the proviso that at least 80% of the
molecules are para substituted by both the bridging
groups (-A- in Formulas XXI and XXIV, the direct bond in
Formula XXV) and the sulfonamide group -SOg-NHgz).

“This is the replacement shee
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~141-
0 0 0 0
I ] I I
-C- -0-C- , -C-0- -C-NR1- ,
0
i
or -NR1-C- group ;
/0\
~CHy — C CHz
R
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18. A sulfanilamide containing at least

-142-

one mesogenic or rodlike moiety.

19. A sulfanilamide of Claim 18 wherein
said mesogenig or rodlike moiety is represented by the
following Formulas XXI, XXIV or XXV

Formula XXI. (R)4 (R)a

@

Formula XXIV.

" (R)4

ey Ll
.Q“/

NS

¢

l——_j\
i
&=

Formula XXV.

(R)3 (R)3

Thig iz the rorlzromant sheed

<A) ' . 9

o Cpin £ 7F&B '997
wherein each A is independently selected from the group
consisting of a direct single bond, -CRl1=CRl-, -C=C-,
-Nz=N-, -CR1=N~-, -0-CO-, -NR1-CO-, -CRl=N-N=CRI-,

THIS SHEET HAuS BEEN
REPLACED




each A is independently a dival ent hydrocarbyl group having from1 to
about 10 carbon atons; each Al is independently a [err] each Ris

i ndependent |y hydrogen or a hydrocarbyl or hydrocarbyl oxy group having from
1 to about 10 carbon atons, a halogen atom a nitro group, a nitrile group,
a

~143-

_CR1=CRl-CO-, -N=CR1-, -C0-0-, -CO-NR1-, -CO-CR1=CR1-,
-C0-0~N=CRl, -CR1=N-0-0C-, -CO-NR1-NR1-0C-,
~CR1=CR1-0-0C~-, -CO-0-CR1=CRl-,-0-0C-CR1=CR!-,
-CR1=CR1-C0-0-, (-CHR1)p'-0-CO-CR1=CR1-,
~CR1=CR1ZC0O-0-{CHR1)pn'~, -(CHR1)n'-CO-0-CR1=CR1~,
~CR1=CR1-0-CO-(CHR1)pnt~, -CO-S-, -S-0C-, -CH2-CH2-CO-0-,
-0-0C-CHp-CHp-, -C=C-C=C-, -CR1=CR1-CR1=CR1-,

N N
/4 N __ L
_<o @ o>— , -HC ~r cH- |

0
| | 0 0
'HC==4<;;>¥==CH_ : _c-x N-C-
. ?
0
N_N* N__N
— —~ N Y
0 ’ N—N ’ N...__
c1 c1
I‘ l
-CR1=C-, -C=CRI-,
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phenyl group or a -CO R err] group; each R err] is independently hydrogen
or a hydrocarbyl group having 1 to about 3 carbon atons; one Y is a
-SOerr]-NH err] group and the other Y is a hydrogen atom n is zero or 1,
n' has a value from1l to about 6; p[err] has a value from1 to about 30;
and the aromatic rings can optionally contain one or nore heteroatons
selected fromthe group consisting of N, O and S; with the proviso that at
| east 80% of the nol ecules are para substituted by both the bridgi ng groups
(-A- in Formulas XXI and XXIV, the dirgagy-bond in Fornula XXV) and the

sul fonam de group -SOerr]-NHerr]). '

-(Al)p '
N | 0

~ .

. 0]
| -(Al)n‘@——(pj)n- , { bl —(Al)n_J
. s g
N_N | N | N '
oo Ly e
=y ? Iir ? N .

CH3

N :
~ :\>' , —(Al)nO(m)n_ ; —(Al)n-<
N = _,. :

-

IO <o -
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-141- [err] 17. A sul fanil am de containing at

| east one nesogenic or rodlike noiety.

18. A sul fani | am de of

Cl aim 17 wherein said nesogeniq or rodlike noiety is represented by the

follow ng Forrmulas XXI, XXV or XXV
’ -145-

_(mn_@.(mn_, —(Al)n-O—(Al)n—’ -(al)p,

QYD) o
~(&1n @ @ (A1)n-

N

0

< - Oy

-(Al)p

@Q :
e {0

CN

’ ~C=N~ y
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Formul a XXI . (R 4 (R4 [err]

-146-
0 0 CN CN 0
1 ot | | 1
—N=CR1<*L_—CR1=N— sy -CRl=C- , -C=CRl- , or ~N=N- 3

each A' is independently a divalent hydrocarbyl group
having from 1 to about 10 carbon atoms; each Al is
independently a

0 - 0 0 0
i H i i1
-C- -0-C~- , -C-0-~ , ~C~-NRLl- ,
0
I
or -NR1-C- group 3

each R is independently hydrogen or a hydrocarbyl or
hydrocarbyloxy group having from 1 to about 10 carbon
atoms, a halogen atom, a nitro group, a nitrile group, a
phenyl group or a -CO-Rl group; each Rl is independently
hydrogen or a hydrocarbyl group having 1 to about 3
carbon atoms; each Y is a -NHR! group and the other Y is
a -S09~-NHg groups; n is zero or 13 n' has a value from 1
to about 6; pl has a value from 1 to about 30; and the
aromatic rings can optionally contain one or more
~heteroatoms selected from the group consisting of N, O
and S; with the proviso that at leat 80% of the
molecules are para substitued by both the bridging
groups (-A- in Formulas XXI and XXIV, the direct bond in
Formula XXV) and the NHR! and -SOg-NHg groups.

This 8 the replacement sheet
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wherein each A is I ndependently selected fromthe group consisting of a
direct single bond, -CRerr]=CRlerr]-, -Cerr]CG, -NN, -CRerr] =N,
-OCO, -NRerr]-CO, -CRerr]=N-N=CRerr]-,

147

ADDUCTS OF EPOXY RESINS AND ACTIVE HYDROGEN CONTAINING
COMPOUNDS CONTAINING MESOGENIC MOIETIES

ABSTRACT

Adducts containing mesogenic or rodlike moieties a.re.prepared by reacting (1)
at least one compound containing an average of more than one vicinal epoxide group per
molecule with (2) at least one compound containing an average of more than one reactive
hydrogen atom per molecule; with the proviso that at least one member of components
(1) and (2) contains a mesogenic or rodlike moiety. These compounds are useful as

curing agents for epoxy resins.

This is the replacement shesl
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143 .rr]_CI%m] m, N:CR[err] -CO O, CONR[err]G](QDqg”",

co err], CR[err]—N-O
% err NR[err] - N - ]—CR[err] O OG-,

OCI?[err]—CR[err]- -OG:—CR[err]—CR[@ar] -CR[err]=CR[er.r]-
CHR[ery])[err], OCOCR[err]—CR[err] -
CR[err]LCR[err] COO(CHR[err])[err]"’

( CHR er r ] )dreaodiike fidisteier mdleadiy¥ mhnc]h adduct results from the reaction of (1) one or

CRlerr]=CRlerr] -0 CO (CHR] er,r e CO
CH[ er r] - Citherer onfpouads cemmﬁ:g]:a[[l eafv:tl]jagc:quempq& thanqnérvlpgalcfgqm?q;group per

CR[err]-CR[err] CRlerr]=CRlerr]- e&nrd]
molecule and (2) one or more compounds containing two or more hydrogen atoms per
molecule which are reactive with an epoxide group thereby forming an adduct essentially -
free of epoxy groups and containing active hydrogen atoms reactive with an epoxy
group; with the proviso that at least one member of components (1) and (2) contain one
or more mesogenic or rodlike moieties pér molecule.
5. A curable composition of Claim 4 wherein (2) component (A) is an epoxy resin-
containing at least one mesogenic or rodlike moiety per molecule and (b) component (B!)
is an epoxy resin containing an average of at least one mesogenic or rodlike moiety per
molecule.
6. A curable composition of Claim 4 or 5 which has been oriented prior to curing.
7. A curable composition of Claim 6 wherein said orientation is accbmplished by
means of the application of drawing and/or shear forces.
8. A curable composition of Claim 6 wherein said orientation is accomplished by
means of the application 6f an electric or magnetic field.
9.  The product characterized by resulting-from curing a curable composition of Claim

4 or 5.

10. The product resulting from curing a curable coinposi_tion of Claim 6.
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[err]

elongation, flexural strength and chemical resistance, relative to epoxy resins cured with

epoxy resin adducts free of mesogenic or rodlike moieties. Incorporation of one or more

mesogenic or rodlike structures into the curable epoxy resin formulation via the use of

the adducts containing one or more mesogenic or rodlike moieties of the present
invention can provide a susceptibility for molecular level orientation leading to an
ordering of the thermoset thereof.

Accoi‘ding to a first embodiment. of the present invention there is provided an
adduct containing one or more mesogenic or rodlike moieties per molecule which adduct
is characterized by the reaction (A) of (1) one or more compounds containing an average
of more than one vicinal epoxide group per molecule and (2) one or more compounds
containing two or more hydrogen atoms per molecule which are reactive with an epoxide
group or (B) of (1) or more monoepoxide compounds and (2) one or more materials
containing four or more hydrogen -atoms 'wﬁich are reactive with an epoxide group
theréby, in each of (A) or (B), forming an adduct essentially free of epoxy groups and
containing active hydrogen atoms reactive with an epoxy group; with the proviso that at
least one member of components (1) and (2) in each of (A) and (B) contains one or more
mesogenic or rodlike moieties per molecule, the adduct being different from the reaction
product of (i) an epoxy compound prepared by reacting epichlorhydrin with bis(4-
hydroxyphenyl)-2,2-propane and (ii) p-phenyl azoaniline or 4-amino-2',4'-dinitrophenyl
amine. |

According to a second émbodime‘nt ot: the present invention there is provided a
curable composition characterized by comprising (A) at least one compound having an
average of more than one vicinal epoxide group per molecule; and (B) at least one adduct
containing one or more mesogenic or rodlike moieties per molecule which adduct results
from the reaction of (1) one or more compounds containing an average of more than one
vicinal epoxide group per molecule and (2) one or more compounds containing two or

more hydrogen atoms per molecule which are reactive with an epoxide group

REPLACEMENT SHEET
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-'3a

thereby forming an adduct essentially free of epoxy groups and containing active
hydrogen atoms reactive with an epoxy group; with the proviso that at least one member
of components (1) and (2) contain one or more mesogenic or rodlike moieties per
molecule. |
The present invention concerns adducts containing one or more mesogenic or
rodlike moieties which are prepared By reacting
(a) one or more epoxy resins containing one or more mesogenic or rodlike m;ieﬁes,
and B
(b) one or more materials free of mesogenic or rodlike moieties and containing two or
more hydrogens which are reactive with an epoxide group selected from the group
consisting of
(1) di- and polyphenols,
(2) di- and polycarboxylic acids,
(3) di- and polymercaptans,
(4)  di- and polyainines,” '™
(5) - primary monoamines, . .
(6) sulfonamides,
), aminophepols,
> ® aminocarboxylic acid_s, S
: (9) pﬁénolic hydroxyl contalmng cafbdxylic acids,
(10) sulfanilamides, o
(11) any combination of any two or more of such t;ompounds; thereby forming an

adduct essentially free of epoxy groups

REPLACEMENT SHEET
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-i46- [err] each A" is independently a dival ent hydrocarbyl group

having from1 to about 10 carbon atoms; each Al is independently a [err]

[ 135

CLAIMS

1. An adduct containing one or more mesogenic or rodlike moieties per molecule
which adduct is characterized by the reaction (A) of (1) one or more compounds
containing an average of more than one vicinal epoxide group per molecule and (2) one
or more compounds containing two or more hydrogen atoms per molecule which are
reactive with an epoxide group or (B) of (1) or more monoepoxide compounds and (2)
one or more materials containing four or more hydrogen atoms which are reactive with
an epoxide group thereby, in each of (A) or (B), forming an adduct essentially free of
epoxy groups and containing active hydrogen atoms reactive with an €poxy group; with
the proviso that at least one member of components (1) and (2) in each of (A) and (B)
contains one or more mesogenic or rodlike moieties per molecule, the adduct being
different from the reaction product of (i) an epoxy compound prepared by reacting
epichlorhydrin with bis(4-hydroxyphenyl)-2,2-propane and (ii) p-phenyl azoaniline or 4-
amino-2',4'-dinitrophenyl amine. ' |

2.  An adduct of reaction (A) of Claim 1 wherein component (1) contains a compound
containing oné or more mesogenic or rodlike moieties per molecule.

3. An addth of reaction (A) of Claim 1 wherein component (2) contains a compound
containing oncl.or more mesogenic or rodlike moeties per molecule;

4. A curable composition characterized by comprising (A) at least one compound
having an average of more than one vicinal epoxide group per molecule; and (B) at least

one adduct containing one or more mesogenic

REPLACEMENT SHEET
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A
-

eac"h R is independéntly hydrogen or a hydrocarbyl or hydrocarbyl oxy group

having from1l to atons, a hal ogen atom a nitro group, a
nitrile group, ”mmnmlltmﬂﬂnla -CORerr]:group; each Rerr] is

I ndependent |y hydrogen & & hydrocar byjagroup having 1 to about 3 carbon
atons; each Yis a -NHRerr] group and the other Yis a -SJerr]-NHerr]
group; nis zero or 1; n' has a value from1l to about 6; p[err] has a val ue
from1 to dBeutThemrodyey resudting fromeueing @ curabis compositien oﬁ@lalnga Tontain one or
nore het eroatoms selected fromthe group consisting of N and S;
with the pAdvi ddeinraductresuiting fsom,cyring Hé’“ra%F@Emsé%OIhﬁfacbéWaﬁ substitued by

both the brid F I d V, the. di t bond
° © ”3 gl’ﬂl% 1%'5)8 é% reéul ting Ifrr(])m c(:)urrglug a? ?:ura e c%rr]npoéﬁon of Ciaalmldfr gl(': 5 wl?er}'eml i

said composition is subjected to orientation during curing.
14. The product of Claim 13 wherein said orientation is accomplished by means of the
application of drawing and/or shear forces. _ |
15. The product of Claim 13 wherein said orientation is accomplished by mean.; of the
~ application of an electric or magnetic field. o
16. A sulfonamide containing at least one mesogenic or rodlike moiety wherein said

mesogenic or rodlike moiety is represented by the following Formulas XX1, XXIV or
XXV
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Fofnula XXV)—-and-the-NHRfer+}—and -SJerr]-NHerr] groups.

T
* 4 L M S *

17. A sulfanilamide containing at least
one mesogenic or rodlike moiety.

18. A sulfanilamide of Claim 17 wherein
said mesogeniq or rodlike moiety is represented by the
following Formulas XXI, XXIV or XXV

Formula XXI. (R)4

Formula XXIV.

Formula XXV.

(R)3 (R)s

Y

(a)',

wherein each A is independently selected from the group
consisting of a direct single bond, -CRl=CRl-, -C=C-,
-N=N-, -CR1=N-, -0-CO-, -NR1-CO-, -CRl=N-N=CR!-,
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