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“.relates to novel, solvent resistant, high mel ting, fasECC{)yjl l'i zi ng,

copol ymer conpositions. BACKGRQJND OF THE | NVENTI ON 1

Copl oyners have been used as the material to nake the vario parts
used in the auto and aeronautical industry for " various applications.
Many of the applications involve perform ﬁg vari ous nechani cal and

ot her functions at high_t eratures. Thus O prepare
parts that are used ugﬂ Qr;%é- MGJ@TQMTALLI%M@F?Q dﬁégh nel ting
and fast crystallizing so that they GORPOSIHONS ,/Gf nmol di ng qui ckly.
Such ployners also need to be resistant to vari ous sol vents.

Sol vent -resi stant sem -crystalline polycarbonates of 20 hydroqui none (HQ)
and bi sphenol - AFEHOMINVERTHEDNdI scl osed in US Patent No. 4,920, 200.
Thi s patent $eports t hese pol ycarbonat es to generally have nelting

poi nts hi gheY than about 300[err]C. The high nmol ecul ar wei ght

pol ycar bonat es were pr epaillbe mvant:ong'etqieautng:ovel selyeptreesistantorhigh cyclic

oligoneric carb |zi g&ggmiﬂi,ﬁé cgme? fgilsbonat es however are

not fast crysta Iecufar wei ght
pol ycarbonates with bi sphenol s and ot her nononers have been di scl osed

by S-J Sun apATKEROUND OF THEINVENTIONY mer  Sci ence, Part A, Pol yner
Chem , 2711 (1993). Al polycarbonates were isolated as hard sem -

30 crystaltfYne or anorphous materials. These terpolyners are utilized
for liquid crystalline polCoploymprs haxei been uSkdsas the \materiahdoewmake

seemto lack tNgdanlridiih paHKCULed Sh' e ifo " SefbMaliial hBuSty! i
various applications. Many of the applications involve performing
various mechanical and other functions at high temperatures. Thus

15 polymers used to prepare parts that are used under the hood of a car
need to be high melting and fast crystallizing so that they are capable
of molding quickly. Such ploymers also need to be resistant to
various solvents.

Solvent-resistant semi-crystalline polycarbonates of

20 hydroquinone (HQ) and bisphenol-A (BPA) have been disclosed in
US Patent No. 4,920,200. This patent reports these polycarbonates
to generally have melting points higher than about 300°C. The high
molecular weight polycarbonates were prepared via ring opening
polymerization of cyclic oligomeric carbonate intermediates. These

25 polycarbonates however are not fast crystallizing.

Lower molecular weight polycarbonates with
bisphenols and other monomers have been disclosed by S-J Sun
and T-C Chang, Journal of Polymer Science, Part A, Polymer Chem.
31, 2711 (1993). Al polycarbonates were isolated as hard semi-
30 crystalline or amorphous materials. These terpolymers are utilized

for liquid crystalline polymer applications. These polymers however
seem-to lack the desired solvent resistance necessary for use in the
auto and aeronautical industries.



-2- There is thus a need for polynmers that have a high
nelting point so they can withstand high tenperatures such as under

t he hood of a car, be solvent resistant and be fast crystalli zing. 5
SUMVARY OF THE | NVENTI ON As di scussed above the prior art
t eaches copol yners that are solvent resistant, or having a high

nmel ting point. Copolyners that are _t'ﬁ gh nelting, solvent resistant and

fast crystallizing are 10 desirable for ‘nmaking parts used at el evated
“tenperatures in the auto, .aeronautical ,and other jndystries,,lt has
been surprisingly found tHgre is %'é%;ﬁnl'?ﬁgr@rof’o@ﬂ@ﬁn@g aye, & highyn
possess the hi gheltinigt poipt ss they can withstamd highaterepenatures suchr a's uader zi ng

Tnotant 15 i n/bRtoss of 8 oar HETSENGM BB 00 RRIRNMATRRY oot cing

structural units of Fornula I ~[err] wherein R2 represents

-CH3, -Q2H5¢ or th ' Eqmw ION ©organic 25 npiety; and wherein the
rati o of fo:'srmlsa'lg to Y(grrnms'a I'n the copol ycarbonate is from about -
99.8:0.2 to about 90:10. Anot her enbodi ment of the present

i nvention provides a AP dISEISsd0abave the Priur! At aehenées Wmﬁgsg ng the
structural uni tt?ma? fare solver'if) Fe@i'sltgn{ o%%aving a high melting point. Copolymers
that are high melting, solvent resistant and fast crystallizing are
10 desirable for making parts used at elevated temperatures in the auto,
aeronautical and other industries. It has been surprisingly found that
copolymers of the instant invention possess the high melting, solvent
resistance and fast crystallizing properties.
Keeping the needs discussed above in mind the instant
15 invention discloses a copolycarbonate composition comprising
structural units of Formula |

U |
—OQ OC— . ; and
RZ

20 Fomula il

i
-0-A-O-C-

» wherein R2 represents -CHj, -C2Hs, or propyl; A is a divalent organic
25 moiety; and wherein the ratio of formula | to formula Il in the
copolycarbonate is from about 99.8:0.2 to about 90:10.

Another embodiment of the present invention provides a
process to make a copolycarbonate comprising the structural units of
Formula |

30



-3 - [err] wherein R2 represents CH3, -CHerr], or
propyl; and A is a divalent organi c noiety; conprising the steps of:
“(a) conbining an al kyl hydr oqui none, di hydroxyaronati c,
di aryl carbonate, and a base 10 catalyst to forma mxture; and (b) nelting
the m xture at tenperatures begi nni ng from about” 150[err] C t o about
325[err] C, under an inert at nosphere qfd under ‘reduced pressure of up

a

to about 0.1 nm Hg, to form a copol ycdt bonate conprising the structural

units of Formula I and Formula I'l. 15 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON One enbodi nent of t I nstant invention provides a
copol ycarbonat e conposition conpr} strucjural units of Fornmula I 20

[err] —O0 OC— ; and
R2

Formula il

7

5 -0-A-O-C-

wherein R2 represents CHs, -C2Hs, or propyl; and A is a divalent
organic moiety; comprising the steps of: (a) combining an alkyl
hydroquinone, dihydroxyaromatic, diarylcarbonate, and a base

10 catalyst to form a mixture; and (b) melting the mixture at temperatures
beginning from about 150°C to about 325°C, under an inert
atmosphere and under reduced pressure of up to about 0.1 mm Hg,
to form a copolycarbonate comprising the structural units of Formula |
and Formula il. '

15
DETAILED DESCRIPTION OF THE INVENTION
One embodiment of the instant invention provides a
copolycarbonate composition comprising structural units of Formula |
20
{
—O0 OC— ; and
- R?
Fomula Il
25
@)
I

-0-A-O-C-



-4 wherein R2 represents -CH3, -C2H err], or propyl; Ais a dival ent

organi ¢ - noiety; and wherein the ratio of formula | to formula Il in the
" copol ycarbonate is fromabout 99.8:0.2 to about 90:10. 5 A

preferred enbodi nent of the instant invention provi des a.

copol ycarbonate wherein Rerr] is -CH3; and Ais [err] 10

(R4A)m I As 15 wherei n each of 5% and R3 is a (Jerr] primary or

secondary al kyl, or a Clerr] aromatiC hydrocarbon radical, R4 is

Clerr] primary or secondary al ky, or halo; mis 0-4; and n is 0-3;
with the proviso that when Ais

wherein R2 represents -CHgs, -C2Hs, or propyl; A is a divalent organic
moiety; and wherein the ratio of formula | to formula Il in the
copolycarbonate is from about 99.8:0.2 to about 90:10.

5 A preferred embodiment of the instant invention
provides a copolycarbonate wherein R2 is -CHg; and A is '

A
S E— l =|=
\ 7/ | \/
Re
10
, Of
/ s
\\ >\nﬂdm
15;

wherein each of R1 and R3is a C1-4 primary or secondary alkyl, or a
Cs-10 aromatic hydrocarbon radical, R4 is C1-4 primary or secondary
alkyl, or halo; m is 0-4; and n is 0-3; with the proviso that when A is



[err] R2 cannot be the same as R4. In a preferred

enbodi nent A is 5 resorci nol, hydroqui none, 4,4'-dihydroxybi phenyl,
© bis(4- hydr oxyphenyl ) et her, or bis(4-hydroxyphenyl)sul fide.

I n anot her enbodi nent of the instant invention is 10 provided a

crystalline copol ycarbonate having a nelting point of at | east about

250[err]C, with a nelting point in the range of about 275 Cto about

325[ err] C being preferred. “Ahot her enbodi nent of the present

i nvention provides a process to -nmake a_copol ycarbonate conprising the

structural units of 15 Fornula I
represents CH3, -C2H5, or propyl; A
conprising the steps of: (a) conmbinin | hydroqui none,
di hydr oxyaromatic, diarylcarbonate, an catalyst to forma

" mixture; and (b) nmelting the mixture at tenper@wites begi nning from .

R2 cannot be the same as R4. |
In a preferred embodiment A is

5 : '

[err] wherein R2
ent _organic 25 noiety;

resorcinol, hydroquinone, 4,4'-dihydroxybiphenyl, bis(4-
hydroxyphenyl)ether, or bis(4-hydroxyphenyi)sulfide. .
in another embodiment of the instant invention is
10 provided a crystalline copolycarbonate having a melting point of at
least about 250°C, with a melting point in the range of about 275°C to
about 325°C being preferred. ’
Another embodiment of the present invention provides a
process to make a copolycarbonate comprising the structural units of

15 Formula i
0
Qo
R? |

o
|

-0-A-0-C-

20 Formula il

wherein R2 represents CHg, -C2Hs, or propyl; A is a divalent organic
25 moiety; comprising the steps of: (a) combining an alkyl hydroquinone,
dihydroxyaromatic, diarylcarbonate, and a base catalyst to form a
mixture; and (b) melting the mixture at temperatures beginning from



-6" - about 150[err]C to about 325 C, under an inert atnosphere and
under reduced pressure of up to about 0.1 nmHg, to forma
 copol ycar bonate conprising the structural units of Formula I and

Formula Il. 5 In a preferred enbodi nent is provided a process

wherein Ais [err] 10
(R4)n .15 _ -6-

about 150°C to about 325°C, under an inert atmosphere and under
reduced pressure of up to about 0.1 mm Hg, to form a
copolycarbonate comprising the structural units of Formula | and

Formuia [,
5 “In a preferred embodiment is provided a process

wherein A is

10

T

15
wherein each of R1 and R3is a C1-4 primary or secondary alkyl, or a
Ce-10 aromatic hydrocarbon radical, R4 is C1-4 primary or secondary
alkyl, or halo; m is 0-4; and n is 0-3, with the proviso that when A is



wherein each of Rlerr] and R3is a (Jerr] primary or secondary al kyl, or a
Cerr] aromatic hydrocarbon radical, R4 is Clerr] primry or secondary
" alkyl, or halo; mis 0-4; and nis 0-3, with the proviso that when Ais

-7- R2 cannot be the sane as R4. I n one

enbodi ment i s provided a process wherein the base catalyst is an
organi c or inorganic conpound. In a prefeﬁred 5 enbodi nent is provided a
process wherein the base catalyst is sel ected from al kali hydroxi des,

al kal i carbonates, quaternary anmop] hydr oxi des, quaternary anmoni um
car bonat es, sodi um met hyl at es, sogirum Nor ohydri de, pentanet hyl

pi peridi ne, al kali netal phenoxi des, qudtemary amoni umtetraaryl

bor at es, phosphonium 10 carbonates, dp phoniumtetraaryl borates. In
a further preferred enbodi nent th&b catalyst is selected from

t et raal kyl anmoni um hydroxi de, tetraal kyl®g®osphoni um hydroxi de, and
al kal i et g42 Eﬁﬂﬁ feVsd Rd,not her preferred enbodi nent the

15" insubsti tut éerﬁZ‘Lyl émmiboéi@p ko piruided aiacess puheeaio he ¢ "
one wherein the gaid @aﬁg‘]ygl isvan lorganiguomipoegdnic BBMmpourges I ra)prefbcmﬁ
?:gpgl chr E)gn '? g%ﬁﬁ%ﬁ@?%?& i 5R F'\E{\%%sz‘&v%ﬁ‘?o‘r‘?" bas;v\g?tg%srtelﬁar ed by
the general pr ocsalecm dromi adicalb diydooxitess calkali caiosnates, quatearanyer e
Poebe! *Gst® * ASHIRH) SRR Gy ammoRlun carbora bididtoonat
methylates, sodium borohydride, pentamethyl piperidine, alkali metal
phenoxides, quaternary ammonium tetraaryl borates, phosphonium
10 carbonates, and phosphonium tetraaryl borates. In a further
preferred embodiment the base catalyst is selected from tetraalkyl
ammonium hydroxide, tetraalkyl phosphonium hydroxide, and alkali
metal hydroxides. In yet another preferred embodiment the source of
the carbonate functionality is selected from substituted or
15 unsubstituted phenyl carbonate. Yet another preferred process is

one wherein the ratio of alkyl hydroquunone to BPA ranges from about

99.8:0.2 to about 90:10.
EXPERIMENTAL

20

The copolycarbonate compositions of the instant invention

were prepared by the general procedures outlined below. These
copolycarbonates were prepared via a chlorophenyicarbonate route
or via a diphenylcarbonate route.

25.

Chlorophenyicarbonate Route

Two copolycarbonate compositions with 2.5 and 5.0
mole % bisphenol-A and methylhydroquinone were prepared via melt

30 transesterification using o-chlorophenyl carbonate as the
transesterification agent. Bu4NBPh4 was used as the catalyst. The

prepolymer was prepared where approximately 90 wt% of



Two copol ycarbonate conpositions with 2.5 and 5.0 nol e % bi sphenol - A
and net hyl hydr oqui none were prepared via nelt 30 transesterification

" using o-chlorophenyl carbonate as the transesterification agent.
Bu4NBPh4 was used as the catal yst. The prepol ymer was prepared where
approximately 90 wt % of chl orophenol was distill ed.

Pol yneri zati on of the prepol yner was erfornmed in a heated 1L helicone
under vacuum EXAMPLE 1 5 5 % BPA/ MeHQ
Met hyl hydr oqui none (1.9 noles, 235.87 g), bisphenol-A (0.1 nol es,

t22£ 83bg% ’ chl or agttieropherwl bwasitdistillad)4 Polyrescization of tlgga)gmpoémuer wasdoI .
et rabut yl anmoni . g) were added to
a 1L 3-neck fla ‘?{ﬁ{én@f}{]ggy‘ﬁ?&igiﬁ@“w t %‘; éeggﬁﬁ' stirring. 85 wt%

chl orophenol (3.38 nole, 350 nL,) was coll ected by distillation at
about 220 C foll PLE # slight vacuumat 230[err]C. The nol t en
prepol ynmer was qui ckly poured onto a foil-lined pyrex dish to 15 obtain a
solid (369 gﬁ. Subsequent pol yneri zation took place in a 2CV Hel i cone
reactor (500 %§aiew BPA/NIBEIQr epol yner (200g) was added at
300[err]C and stirred slowy until nolten. Once nolten, vacuum - was
applied and the system heated to about 325[err]C (stirrer setting =

6.5). After about 10 ni nutMethylhydroguinoner(d £ melesibd3n.82 @), bisphemokd. The
ol ymer was extr e ' Reafbén t 2 | ght

Bi n)lé st ranZS z(f I@gfb @E%hég@a@'{%gép‘a‘ggﬁb I tt Iagaiqé?'% gpoleé, gqugrée)lag) :
EXAVPLE 2 290  andbiefcabufylammenium; tefraphany Hd-6 mmol, 0.899 g) were

Met hyl hydr oqui nog@ddd -t85a"PL €3-nedk 2Adskd andbingftednal 185°C withOoverhwaldes,
11.41 ). chior OQP%RE.' é? &R&’d‘ glt'nl%rép%ie%%l E@Eg Smolg.8 356 nQI)..) was collected by
distillation at about 220°C followed by a slight vacuum at 230°C. The
molten prepolymer was quickly poured onto a foil-lined pyrex dish to
15 obtain a solid (369 g). Subsequent polymerization took place in a
2CV Helicone reactor (500 mL cébécity). The prepolymer (200g) was
added at 300°C and stirred slowly until molten. Once moiten, vacuum
was applied and the system heated to about 325°C (stirrer
setting = 6.5). After about 10 minutes, the vacuum reached about 2.5
20 mm Hg. The polymer was extruded after 25 minutes fo obtain about
122g of light pink strands (flexible in clear areas and brittle in cloudy
areas).

EXAMPLE 2
25
Procedure for 2.5 mole% BPA/MeHQ

. Methylhydroquinone (1.95 moles, 242.1 g), bisphenol-A
(0.05 moles, 11.41 g), chlorophenyl carbonate (2.06 moles, 582.8 g)

30 and tetrabutylammonium tetraphenylborate (1.6 mmol, 0.899.g) were
added to a 1L 3-neck flask and melted at 165°C with overhead
stirring. 89 wt% chlorophenol (3.52 mole, 365 mL) was collected by
distillation at about 220°C followed by a slight vacuum at 230°C. The
molten prepolymer was quickly poured onto a foil-lined pyrex dish to

35 obtain a solid (370 g). Subsequent polymerization took place in a



30 and tetrabutyl amoni umtetraphenyl borate (1.6 mml, 0.899 g) were

. added to a 1L 3-neck flask and nelted at 165[err]C with overhead
stirring. 89 w % chl orophenol (3.52 nole, 365 nL) was collected by
distillation at about 220[err]C followed by a slight vacuumat 230[err]C.

The nol ten prepol ymer was quickly poured onto a foil-lined pyrex dish
to 35 obtain a solid (370 g). Subsequent polynerization took place in a
-9- 2CV Hel i cone reactor (500 nL capacity). The prepol yner (200g)
was added at 300 C and stirred slowy until nolten. Once nolten,
vacuum was applied and the system Healed to 330[err]C (stirrer
setting = 7.5). After about 10 m nutes, the vacuumreached about 2.0

mm Hg. The 5 20QV\heliconesreactor (56Q rak cepacity)u Trenprepalymer (200g)iwas about

br1 St le in ol oudiideat S80C Bnalstiel el i bR, OoSs FoHGH, Bpulhf
The fol | owi ng rééé? ianpliedeand the rsystam h%tﬁd rt%l330'c (stirrarasetting = 7.5).
Met hyl hydr oqui ngemabodt 10 nfiflulés! the vatim $ehchdd aBbut 2'0‘&% Hg. The then

recrystallized frgm toI uene. or en enyl
car bonat e (DS ’ﬂﬁ‘%ﬁ%’@%&i"ﬁaﬁﬁ%’@t Wa%b%e@qgwgal I
pol ymeri zati ons. britle I@rltap:mststmy\dsdﬁanm iri clearldreas and brittle firli\%lom?_

sodi um

t et r amet hyl amon H% ydroxi de (TMAH) (2.7 x 10-4 nol es) and
hydroxi de (2.5 X g[k, Srr] noles). After the starting materials were
melted at about 180[err], each system underwent up to a series of 11
careful ly cont rmwi&gge tenperature was 20 gradually

i ncreased an he preSsure 1 owere as illustrated in Table | bel ow.
I n nost run§ a 10 wm % excess of a yellow distillate (phenol +

di phenyl car bonat e) was col Thetfollowing reactions ogere hyerformednin catmeitonl y a
smal | amount of gELAy! RYShMYURUnddL WAE sthdl!Witiisfica ge? in Fiot taliene
then recrystallized from toluene. Pure forms of bisphenol A and
diphenyl carbonate (DPC) were used. An 8 mole% excess of DPC
15 was used in all polymerizations. The catalyst system used for all
reactions was tetramethylammonium hydroxide (TMAH) (2.7 x 10-4
moles) and sodium hydroxide (2.5 x 10-7 moles). After the starting
materials were melted at about 180°C, each system underwent up to
a series of 11 carefully controlled steps where the 'temperature was
20 gradually increased and the pressure lowered, as illustrated in Table
1 below. In most runs, a 10 wt% excess of a yellow distillate
(phenol + diphenylcarbonate) was collected. Gas chromatography
indicated only a small amount of methylhydroquinone in the distillate.

25 EXAMPLES3
: Procedure for 5 mole% BPA/MeHQ

_ To a 1L glass reaction vessel, methylhydroquinone
30 (1.045 moles, 129.73 g), bisphenol-A (0.055 moles, 12.56 g) and

- dipheny! carbonate (1.19 moles, 254.50 g) were added. The system

was purged and backfilled with nitrogen three times. The system

was heated to about 180°C to melt the material and stirring began.

The molten liquid was light yellow. The catalysts were added (TMAH

35 followed by NaOH) via a syringe. The system underwent all 11



Procedure for 5 nol e% BPA/ MeHQ ~ To a 1L gl ass reaction
vessel, nethyl hydroqui none 30 (1.045 noles, 129.73 g), bisphenol-A (0.055

‘ol es, 12.56 g) and di phenyl carbonate (1.19 noles, 254.50 g) were
added. The system was purged and backfilled with nitrogen three tines.

. The system was heated to about 180[err]Cto nelt the material and
stirring began. The nolten liquid was light yellow The catal ysts were
added (TMAH 35 followed by NaOH) via a syringe. The system underwent all 11
-10- segnents shown in Table 1.- After_about 3 hours, the pol yner was
stranded to give between 96-100 g of strant@a pol ymer. Four bat ches
wer e prepared. 5 EXAMPLE 4 Procedure for 2.5 nol e% BPA/ MeHQ

To a 1 L gl ass resagmentsvehoven in Tably [1hy Afteqabouh@ hours, the polyrhes was33. 14
. bi sphenol - A 148 S i B ] '
0 o1 sp0ene " (e gu, Bier-100 g 4P URHEERIRRLE Fod? . |

nol es, 254.50 g) wer d: urge

ni trogen three tibatehes\wese preparasy t he systemto about 180[err]C, the
system underwent a nodified series of the 11 segnents described in .
Table 1 where Se% nd 9 were 15 shortened to about 5 m nutes and

t he tenperat uPe f é'%e%t 11 was 310[err]C. After a total of al nost
3 hours, the polyner was stranded to give about 124 g and about 132 ¢

each for two bat Procedure for 1 nol e%
BPA/ MeHQ Cf;\'%%edure for?w{ﬁg%@?%gct i on vessel, i

met hyl hydr oqui none
To a 1L glass reaction vessel, methylhydroquinone

10 (1.07 moles, 133.14 g), bisphenol-A (0.03 moles, 6.28 g) and
dipheny! carbonate (1.19 moles, 254.50 g) were added. The system
. was purged and backfilled with nitrogen three times. After heating the
system to about 180°C, the system underwent a modified series of
the 11 segments described in Table 1 where Segments 7 and 9 were
15 shortened to about 5 minutes and the temperature for Segment 11
was 310°C. After a total of almost 3 hours, the polymer was stranded

to give about 124 g and about 132 g each for two batches.

EXAMPLE 5
20
Procedure for 1 mole% BPA/MeHQ

To a 1L glass reaction vessel, methylhydroquinone

(1.089 moles, 135.19 g), bisphenol-A (0.011 moles, 2.51 g) and

25 diphenyl carbonate (1.19 moles, 254.50 g) were added. After heating

the system to 180°C, the system underwent a modified series of the

11 segments shown in Table 1, where Segments 7 and 9 were

shortened to about 5 minutes and the temperature for Sement 11

was 320°C. After a total of about 34 hours, the polymer was stranded

30 to give about 92 g and about 104 g each for two batches. (GC

analysis of the 1% BPA distillate: 80% phenol, 13% DPC and 1%
MeHQ).

35



(1.089 noles, 135.19 g), bisphenol-A (0.011 nmoles, 2.51 g) and 25 di phenyl
carhbonate (1.19 noles, 254.50 g) were added. After heating the system
to 180[err]C, the systemunderwent a nodified series of the 11
segnents shown in Table 1, where Segnents 7 and 9 were shortened to
about 5 mnutes and the tenperature for Senment 11 ~ was 320[err]C. After
a total of about 3-4 hours, the polyner was stranded 30 to give about 92 g
and about 104 g each for two batches. (GC anal ysis of the 1% BPA
distillate: 80% phenol, 13%DPC and 1% _44VEHQ. 35 '
EXAMPLE 6 Procedure for 100% MeHQ % To a 1L gl ass
reaction vessel, nﬁé@&?ggroqui none (1.2 nol es, 148.97 g) and di phenyl
carbonate (1.29 ) .63 9) wer e added. After heating the system
to about 180[err]C, the system underwent Segnments 1 through 5 and then
ski pped to Senent fi~e t 2 hours, the polyner crystal.lized at
about 270[err]C \A'/?]'(Jaokegﬂre %ﬁ@ém phenol had evol ved. The solidified
pol ymer coul d not be stranded.
' 5 To a 1L glass reaction vessel, methylhydroquinone (1.2
moles, 148.97 g) and diphenyl carbonate (1.29 moles, 277.63 g)
were added. After heating the system to about 180°C, the system
underwent Segments 1 through § and then skipped to Sement 11.
After about 2 hours, @he polymer crystallized at about 270°C when
10 about 90 wt% pheno! had evolved. The solidified polymer could not

be stranded.



-12- Table 1. Tenperature/Pressure Profile for Melt Reactor

Segnent Tenperature(*C) Pressure (nmm Hg) Time (mn) 1

© 180 atm 0 2 180
atm 5 3 180- 210 atm 175
5 4 210 175 ' 35 5
210 100 35 6 210- 240
100- 15 5 7 240 15
40 8 240- 270 ]13 10 5 9
270 10 20 “~1«° 270- 300
10-0.1 5 11 300 0.1
30 5 Table 1adlemparaturefRressuraRrofilefos MeltbReactorprofil e that the
reactants were naintai ned at |nthe el t reactor Optimumresults wer e
obt ai ned when t h§eaafs BmSrature Peslsstire ¢ming me (/Y | ned in
one or nore of the above segnents he exanples 10 prOV|ded are for
illustrative purposgs only an i s under st oggnt hat - oneskiled in the
art is aware of thezexperl mant var| ations necessary togbtain
simlar results. 0 e fast cr%ts" hIZI ng properdy of the
copol yners of the ~ inst am ention is t fromthe m J/ g)
values li.sted in TaQle 2. 15 _ ble 2
Exanpl e [er r] Hrr; %4) Tm ( roq @) 35 1
46 210-240 45 5
292 37 240 45 282 40
4 8 54 240-270 292 15 10 5 S
42 ' 286 270 6 51 20
291 20 AN repr esgpg3ooghe heat of mpdml ng, thus a & of hi gher
t han about 25 {{dicates t fast crystallggation nature g the
copol ymer. he Ferr] Hm val ues |isted above are clearly higher for the
copol yners of® the instant invention when conpared to the AHm val ues of

The table lists the temperature/pressure profile that the
reactants were maintained at in the melt reactor. Optimum results
were obtained when the reactants were maintained at conditions
outlined in one or more of the above segments. The examples

10 provided are for illustrative purposes only and it is understood that
one skiled in the art is aware of the experimental variations
necessary to obtain similar results.

The fast crystallizing property of the copolymers of the
instant invention is evident from the AHm(J/g) values listed in Table 2.

15
Table 2
Example AHm(J/g) Tm (°C)
. 1 46 299
v 2 45 292
3 45 282
4 54 292
5 42 286
6 51 291
20

AHn, represents the heat of meilting, thus a AH of higher than
about 25 indicates the fast crystallization nature of the copolymer.
The AHn, values listed above are clearly higher for the copolymers of
the instant invention when compared to the AHpg values of



- 13- hydr oqui none/ bi sphenol A copol yners which are typically about

10- 15. The term high nelting, as used herein, indicates a
" melting point higher than 250[err]C, the termfast crystallizing neans that
5 the copolyner has a heat of nelting ([err]HmW of at |east about 25. Also

as used herein the termsolvent resistant indicates that the copol yner
Is essentially insoluble in solvents that nay be used under the hood
of an autonobile. Representative solvents include sol vents as

chl orof orm net hyl ene chloride, THF, DWVF, 1@/ri dine, 10 al kanes, al cohols,
acetone, and trichlorobenzene.. T e

-14- \\What | | ai I S: 1.,
copol ycar bonat e wﬁml&nﬁge)ﬁﬁifmaf{ﬂgg 'Gap?'y"?ﬁfs wmc’Fcﬁ"ﬁuWaPWaA"y about

10-15.
The term high melting, as used herein, indicates a
melting point higher than 2500C, the term fast crystallizing means that
5 the copolymer has a heat of melting (AHm) of at least about 25. Also
as used herein the term solvent resistant indicates that the
copolymer is essentially insoluble in solvents that may be used
under the hood of an automobile. Representative solvents include
solvents as chloroform, methylene chloride, THF, DMF, pyridine,
10 alkanes, alcohols, acetone, and trichlorobenzene..



10- [err] wherein R2 represents -CH3, -C2Herr],

or propyl; Ais a divalent organic noiety; and wherein the ratio
"of Formula | to Formula Il in the copol ycarbonate is 15 from about
99.8:0.2 to about 90: 10. 2. A copol ycarbonate of claiml
wherein R2 is -CHS; and Ais 20 [err]
(R4)n '

-14 .

What is claimed is:
1. A copolycarbonate comprising structural units of

Formula |
—OQ— OC— ; ad
R2
5
Formula {l
@)
M
-0-A-O-C-
10
wherein
R2 represents -CHa, -C2Hs, or propyl; A is a divalent organic moiety;
and

wherein the ratio of Formula | to Formula Il in the copolycarbonate is

15 from about 99.8:0.2 to about 80:10.
2. A copolycarbonate of claim 1 wherein R2 is -CHj;

and
Ais

20
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25- wherein each of RL and R3 is a (Jerr] pri mary or secondary

al kyl, or a Clerr] aromatic ‘hydrocarbon radical, R4 is CJerr] primry
*or secondary 30 al kyl, or halo; mis 0-4; and nis 0-3, with the proviso
that when Ais R2 cannot be the sane as R4

3. A copolycarbonate of claim2 wherein Ais 5 resor ci nol ,

hydr oqui none, 4, 4' -di hydr oxybi phenyl, bis(4- " hydr oxyphenyl ) et her, or
bi s(4- hydr oxyphenyl ) sul fi de. 4. A copol ycarbonate of
claim3 having a nelting point of at |east about 260[err]C.

5. A copol ycarbonate of claim4 having a nelting point in the range of
about 275[err]C to about 325 C

-16- -15-

25

wherein each of R1 and R3is a Cy-4 primary or secondary alkyl, or a
Ce-10 aromatic hydrocarbon radical, R4 is C1.4 primary or secondary
30 alkyl, or halo; m is 0-4; and n is 0-3, with the proviso that when A is

A

. (Ram
R2 cannot be the same as R4.
3. A copolycarbonate of claim 2 wherein A is

5 resorcinol, hydroquinone, 4,4'-dihydroxybiphenyl, bis(4-
hydroxyphenyl)ether, or bis(4-hydroxyphenyl)sulfide.
4. A copolycarbonate of claim 3 having a melting point
of at least about 260°C.

5. A copolycarbonate of claim 4 having a melting point
in the range of about 275°C to about 325°C. —

R R L



6. A process to nake a copol ycarbonate conprising the structural units

of Fornul a | [err] 5 Formul a 11 10

“[err] wherein R2 represents CHerr], -CHerr], or propyl; Ais a

di val ent organi c noi ety; conprising the steps of: (a)
conbi ni ng an al kyl hydroqui none, di hydroxyaromatic, 15 diaryl carbonate,

and a base catalyst to forma m xture; and ' (b) nelting the

m xture at tenperatures beginning from about 150[err]C to about
325[err]C, under an inert atnosphere and under reduced pressure of up
to about 0.1 mmHg to forma copolycaTH5nate conprising the structura
units of Formula | and 20 Fornula I1. 7. A process of claim
6 wherein the Ais [ erB.] A process to make a copolycarbonate comprising the

10

15

20

structural units of Formula |

C ?
—O0 OC— ; and
\R2

Formula I
@)
|
-0-A-O-C-
wherein

R2 represents CHg, -CoHs, or propyl; A is a divalent organic moiety;
comprising the steps of:

(a) combining an alkyl hydroquinone, dihydroxyaromatic,
diarylcarbonate, and a base catalyst to form a mixture; and

{b) melting the mixture at temperatures beginning from
about 150°C to about 325°C, under an inert atmosphere and under
reduced pressure of up to about 0.1 mm Hg to form a
copolycarbonate comprising the structural units of Formula | and
Formula Hl.

7. A process of claim 6 whereinthe A is

UL



-17- [err] wherein each of Rerr]

and R3 is a (ferr] primary or secondary alkyl, or a Clerr] aromatic
hydrocarbon radical, R4 is CJerr] primary or secondary al kyl, or hal o;
mis 0-4;, and nis 0-3, with the proviso that when Ais 15 R2
cannot be the same as R4. 8. A process of claim7 wherein
the base catalyst is an organi ¢ or inddgani c conpound.

9. A process of claim8 wherein the base catal yst is sel ected from

al kal i hydroxi des, al kali carbonates, quatHhCgaChis anmoni um hydr oxi des,
guat er nary anmoni um car bonat es, sodi um Xt hyl ates, sodi um bor ohydri de,
pent anet hyl piperidine, alkali netal 5 phenbOx\desy/aguatenmary anmoni um
tetraaryl borates, phosphoni um car bong and PRpsphoni um tetraaryl
bor at es. 10. A prggess of 6 whefein the

di aryl carbonate is sel e u substituged phenyl .
car bonat e. ) H erein the ratio of
al kyl hydr oqui none to BPA . 8y t 0 about 90: 10.

(Ram
10
wherein each of R1 and R3is a C1-4 primary or secondary alkyl, or a
Cs-10 aromatic hydrocarbon radical, R4 is C1.4 primary or secondary
alkyl, or halo; mis 0-4; and n is 0-3, with the proviso that when A is

\ L
15 Rm
R2 cannot be the same as R4. |

8. A process of claim 7 wherein the base catalyst is an

= organic of inorganic compound.

9. A process of claim 8 wherein the base catalyst is
selected from alkali hydroxides, alkali carbonates, quaternary
ammonium hydroxides, quaternary ammonium carbonates, sodium
methylates, sodium borohydride, pentamethyl piperidine, alkali metal

5 phenoxides, quaternary ammonium tetraaryl borates, phosphonium
carbonates, and phosphonium tetraaryl borates. '

10. A process of claim 6 wherein the diarylcarbonate is
selected from substituted or unsubstituted phenyl carbonate.

11. A process of claim 8 wherein the ratio of alkyl
hydroquinone to BPA ranges from about 99.8:0.2 to about 90:10.

e
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