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FIELD OF THE INVENTION

The present invention is directed to a thermoplastic aromatic

polycarbonate composition having improved color stabilization and
improved plate-out resistance, while maintaining good processibility
properties. More specifically the composition of this invention comprises in
combination an aromatic polycarbonate resin and a stabilizing system
comprising at least one phosphite and an epoxy both in an amount sufficient
to provide color stabilization, while maintaining good processability
properties.
BACKGROUND OF THE INVENTION

Clear transparent or even translucent aromatic polycarbonate upon
exposure to an additional heat phase such as injection molding or extrusion
and compounding thereof will induce yellowing of the polycarbonate resin.
Even plate out may occur when certain additives to the comf:osiﬁon migrate
to the surface of the molded article or become deposited on the inside surface
of the mold. This can also occur during extrusion of polycarbonate resin into
sheets and/or film wherein the additives can migrate to the surface of the
sheet or even plate-out onto the surface of rolls employed in extruding sheet
or surfaces of a calibrator employed in profile extrusion. Materials plating
out on the rolls is also referred to as “print-out”. This print-out on the rolls
employed in polycarbonate sheet production then acts like an engraving or
printing roll which, in turn, causes surface imperfections in the surface of the
extruded polycarbonate sheet. This is unacceptable for clear or transiucent -

polycarbonate sheet. While yellowing is a critical imperfection in clear or



.€xposure to an additional heat phase such as injection nolding or extrusion
and conpoundi ng thereof will induce yellow ng of the polycarbonate resin.
Even plate out nmay occur when certain additives to the conposition mgrate
to the surface of the nolded article or becone deposited on the inside
surface of the nold. This can al so occur during extrusion of polycarbonate
resin into sheets and/or filmwherein th® additives can migrate to the
surface of the sheet or even plate-out onto the surface of rolls enpl oyed

i n extruding sheet or surfaces of a calibrator enployed in profile
extrusion. Materials plating out on the rolls is also referred to as
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sheet. This is unacceptable for clear or translucent” polycarbonate sheet.

Whi | e yel | 63 afestsuafaceiquality. Amtebilizer, odreri thanithestabilizer of this
invention, may ultimately result in blocking of the extrusion line, particularly
in profile extrusion.

The addition of additives to polycarbonate compositions to achieve
certain properties or improved properties has been known to affect
processibility of the polycarbonate resin during extrusion or injection
molding. Therefore, the additive emploved to achieve better or certain
properties should not affect processibility. It has also been known to stablize
polycarbonate resin against discoloration by employing phsophites and/or
epoxies as stabilizing additives. However, these are broadly disclosed in such
U.S. Patents as 4,381,358, 4,358,563 and 3,673,146. They do not disclose any
criticality as to the particular additives as is required by the instant invention.

SUMMARY OF THE INVENTION

This invention is directed to an improved color stabilizated aromatic
polycarbonate composition wherein the polycarbonate is stabilized with a
stabilizing system comprising at least one phosphite and a particular epoxy
composition. This invention is also directed to a process for preparing an
article made from a polycarbonate composition and having improved color
stability and improved plate-out resistance, while maintaining good
processing properties. The article may be either an injection molded article,
an extruded sheet or film, an extruded profile, co-extrusion article or an
extrusion blow molded article.

The phosphite employed herein may be either a single phosphite or a
combination of two or more phosphites. The phosphites that may be

employed herein are any of the organic phosphites having at least 6 carbons
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conposition and having i nproved color stability and inproved pl ate-out
resi stance, whi,Yemethylené bis(d6glidert-butvlphenyl) octylphosphite, bis(2,6-di-tert-
butyl-4-methylphenyl) pentaerythritol bisphosphite, 2,4,6-tri-fert-butylphenyl
2-butyl 2-ethyl 1,3-propane diol phosphite, bis(2,2-dimethyl-1,3-propanediol)

tetra[2,2,-bis(4-hydroxy 3,5-di-tert-btuylphenyl) propoane bisphosphite or

mixtures thereof. The preferred phosphite employed in the practice of this
invention is a mixture of phoéphites and more particularly a mixture of |
tridecylphosphite, didecylphenyl phosphite, decyl diphenyl phosphite and
triphényl phosphite.

The epoxy composition employed in the practice of this invention can
be any epoxy composition having an on-set temperature greater than 255°C as
determined by thermal gravometric analyzer (TGA) ina ﬁitrogen atmosphere.
Preferably the epoxy compositions employed in the practice of these
inventions are glycidyl ethers based on dihydricphenols sﬁch as 1,1-bis (4-
hydroxyphenyl) methane (BPF) and 2,2,-bis(4-hydroxyphenyl) propane (BPA)
and mixtures thereof. Both liquid and solid ethers can be applied. Glycidyl
ethers of polyfunctional phenol/cresol novolacs Aliphatic and
cycloaliphatic/aromatic epoxy resins, like, epoxidized sojabean oil, bis(2,3-
epoxypropyl) ester of terephthalic acid, tris(2,3-epoxypropyl) ester of 1,2,4
benzene-tricarboxylic acid, 3,4 epoxycyclohexylmethyl-3,4
epoxycyclohexylcarboxylate and the like are suitable herein. Epoxides

containing heterocyclic groups like triglycidy! isocyanurate are applicable, as
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processing properties. The article may be either an injection nol ded
sarticle, an extruded sheet or film an extruded profile, co-extrusion
article or an extrusion blow nol ded article. The phosphite enpl oyed
herein may be either a single phosphite or a conbination of two or nore
phosphites. The phosphites that may be enployed herein are any of the
organi ¢ phosphites having at |east 6 carlkons

3 and preferably 6 to about 50 carbons. Preferred phosphites are tris (2,4
- di tertbutyl phosphite, tris (nonyl phenyl) phosphite, :
- triphenyl - phosphi te, decyl diphenyl phosphite, di decyl phenyl phosphite,

d | ph h (1,4 di= I ph l.) . ph h d I
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octyl phosphpdean Bh%@?te@n?éra"t@fet of 355°Q lor JesaRédver® pRitelont pectirsasshbwr ol
blsphosphlte 2,4,6-tri-tert-butyl phenyl

in the Examples, Table 4.
The epoxy er.nployed herein can be represented by the formula
R {-CH: -CH -CHa |
N/
0 n
having an on-set temperature of greater than 255°C and, preferably, at least
280°C and, more particularly, at least 300°C. In the above formula R is
independently selected from the group consisting of alkyl, aryl, aryalkyl,
cycloalkyl, heterocyclics, substituted derivatives thereof and the like having at
least 2 carbons and, preferably, 2 to 50 carbons and n is an integer of from 1-5.
The preferred epoxy is diglycidyl ester of hexahydrophthalic and having an
on-set temperature of about 286°C (Ciba Geigy's Araidite PY284).

The amount of stabilizer employed herein should be that amount
sufficient to stabilize the aromatic polycarbonate resin against discoloration
and improved plate out resistance, while maintaining good processibility
properties during extrusion or molding. Preferably, the stabilization system
comprises about 0.03 weight % to about 0.30 weight % based on the weight of
the polycarbonate resin. More particularly the range of stabilizer system is
about 0.04 to about 0.10 weight %.

While a single phosphite in combination with the epoxy is applicable in
this invention, the preferred phosphite is a combination of phosphites. When
employing two phosphites, the phosphite system preferably comprises about
10-90 weight % of one phosphite and about 90-10 weight % of the other

phosphite based on the total weight of the phosphite composition employed.



2-butyl 2-ethyl 1, 3-propane diol phosphite,

bi s(2, 2-di net hyl -1, 3-propanediol) tetral 2, 2, - bi s(4-hydr oxv
3,5-di-tert-btuvl phenyl) propoane bi sphosphite or .m xtures thereof. The
preferred phosphite enployed in the practice of this invention is a m xture
of phosphites and nore particularly a m xture of tridecyl phosphite,

di decyl phenyl phosphite, decyl diphenyl plsosphite and tri phenyl phosphite.
The epoxy conposition enployed in the practice of this invention can be
any epoxy conposition having an on-set tenperature greater than 255C as
determ ned by thermal gravonetric analyzer (TGA) in a nitrogen atnosphere.
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stabilize the aromatic polycarbonate.

The stabilizer system of this invention i.e. the ratio of phosphite to
epoxy should be about 5:1 to 1:5. Preferably, the ratio is about 3:1 to 1:3.

The aromatic polycarbonate resin employed herein may be any of the
known aromatic polvcarbonates, co-polycarbonates, or blends of -
polycarbonates with other polymers or co-polycarbonates. The aromatic
polycarbonate employed in the practice of this invention may be prepared by
reacting a dihydric phenol with a carbonate precursor in the presence of an
acid acceptor and generally a molecular weight regulator. Any dihydric
phenol may be employed in preparing the polycarbonate resin disclosed

- herein. Preferably, they are mononuclear or polynuclear aromatic
compounds containing as functional groups two hydroxyl radicals, each of
which is attached directly to a carbon atom of an aromatic nucleus. Examples
of some of the dihydric phenols which can be employed in the practice of this
invention are bisphenols such as 1,1-bis (4-hydroxyphenyl) methane, 2,2 -
bis(4-hydroxyphenyl) propane, 4,4 - bis(4 - hydroxyphenyl) heptane, etc.;
dihydric phenol ethers such as bis(4 - hydroxyphenyl ether, bis(3,5 - dichloro -
4 - hydroxyphenyl) ether, etc.; dihydroxy diphenyls such as p,p” -
dihydroxydiphenyl, 3,3’ - dichloro - 4,4’ -dihydroxy-diphenyl, etc.; |
dihydrokyaryl sulfones such as bis(4-hydroxyphenyl) sulfone, bis(3,5 -
dimethyl - 4 - hydroxyphenyl) sulfone, bis (3 - methyl - 5 - ethyl - 4 -
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255[err] C

as m xtures of epoxies. The critical feature of thi

invention is that the epoxy nmust have an onset tenperature of %Hﬁ%lggg@g@&”
. I f the epoxy has an on-set tenperature of 255[err}C or A : |

severe plate-out occurs as shown in the Exanples, Table 4
enpl oyed herein can be represented by the fornula [err]

- The epoxy
havi ng an

on-set tenperature of greater than 255[errd C and, preferably, at |east

hydroxyphenvl) sulfone, etc.; dihvdroxy benzenes, resorcinol, hydroquinone;
halo- and alkyl-substituted dihydroxy benzenes such as 1,4 - dihydroxy - 2 -
chlorobenzene, 1,4-dihydroxy - 2,3 - dichlorobenzene, 1,4 - dihydroxy - 2-
methylbenzene, etc.; and dihydrdxy diphenyl sulfoxides such as bis(4- |
hydroxyphenyl) sulfoxide, bis(3,5-dibromo-4-hydroxyphenyl) sulfoxide, etc.
The carbonate precursor employed in the practice of this invention can
be either carbonyl halide or a haloformate. The carbonyl halides which can be
employed herein are carbonyl bromide, carbonyl chloride, carbonylfluoride,
etc.; or mixtures thereof. The haloformates suitable for use herein include
bishaloformates of dihydric phenols (bischloroformates of hydroquinone, etc.)
or glycols (bishaloformates of ethylene glycol, neopentyl glycol, polyethylene

glycol, etc). While other carbonate precursors will occur to those skilled in the

art, carbonyl chloride, also known as phosgene, is preferred.

The aromatic polycarbonate employed in the practice of this invention
is prepared by reating a dihydric phenol with a carbonate precursor in the
presence of an acid acceptor and generally a molecular weight regulator. Any
dihydric phenol may be employed in preparing the polycarbonate resin
disclosed herein. Preferably, they are mononuclear or polynuclear aromatic
compounds containing as functional groups two hydroxyl radicals, each of
which is attached directly to a carbon atom of an aromatic nucleus. Examples
of some of the dihydric phenols which can be employed in the practice of this
invention are bisphenols such as 1,1-bis(4-hydroxyphenyl) methane, 2,2-bis(4
- hydroxyphenyl) propane, 4,4-bis (4-hydroxyphenyl) heptane, etc.; dihydric
phenol ethers such as bis(4-hydroxyphenyl ether, bis(3,5-dichloro-4-
hydroxyphenyl) ether etc.; dihydric diphenyls such as p,p’-
dihydroxydiphenyl, 3,3’ -dichloro-4,4’-dihydroxydiphenyl, etc.; dihydroxyaryl
sulfones such as bis(4-hydroxyphenvl) sulfone, bis(3,5-dimethyl-4-

This Sheet Has Been Rep

TR



280[err] C and, nore particularly, at least 300[err]C In t{JrHISISHEET THASTBERN
R is independently selected fromthe group consisting of 'IkyI,REpQAOED
aryal kyl, cycloal kyl, heterocyclics, substituted derivati Ves—thereer—and
the like having at |east 2 carbons and, preferably, 2 to 50 carbons and n
Is an integer of from1l-5. The preferred epoxy is diglycidyl ester of
hexahydr opht hal i ¢ and having an on-set fenperature of about 286[err]C (C ba
Geigy's Araldite PY284). The amount of stabilizer enployed herein
shoul d be that ambunt sufficient to stabilize the aromatic pol ycarbonate
resin against discoloration and inproved plate out resistance, while
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Preferably, the stabilization system conprises about 0.°03 weight %to
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90- 10 weight % of the other phosphite sed” on the total weight of the
phosphi t e £hydosiyphenvénpilfoxide, etc.

The carbonate precursor employed in the practice of this invention can

e

be either carbonyl halide or a haloformate. The carbonyl halides which can be
employed herein are carbonyl bromide, carbonyl chloride, carbonyl fluoride,
etc.; or mixtures thereof. The haloformates suitable for use herein include
bishaloformates of dihydric phenols (bischloroformates of hydroquinone, etc.)
or glycols (bishaloformates of ethylene glycol, neopentyl glycol, polyethylene
glycol, etc.). While other carbonate precursors will occur to those skilled in
the art, carbonyi chloride, also known as phosgene is preferred.

The reaction disclosed above is preferably known as an interfacial
process or reaction between the dihydric compound and a carbonyl chioride
such as phosgene. Another process for preparing the aromatic polycarbonate
of this invention is the transesterification process which involves the
transesterification of an aromatic dihydroxy compound and' 'a diester
carbonate. This process is known as the melt process. In the practice of this
invention, the process of producing the aromatic polycarbonate is not critical.
The critical feature of this invention is the composition of the aromatic
polycarbonate and the stabilizer system. As used herein, aromatic
polycarbonate shall mean and include any of the aromatic polycarbonates and
combinations thereof as set forth above.

As stated previously, the stabilizer system disclosed herein stabilizes

the polycarbonate against yellowing during heat processing of the
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% of the total phosphite enployed with the bal ance of pl. ' '
ot her phosphite or phosphites. The actual conbination of phosphites, when
enpl oying nore than two phosphites may_actually be any conbination that is
sufficient, when conbined with the par(si cul ar epoxy of this invention, to
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stabilize the aromati c pol ycarbonat e. The stabilizer systemof this
invention i.e. the ratio of phosphite to epoxy should be about 5:1 to 1:5.
Preferably, the ratio is about 3:1 to 1:3. The aromatic

pol ycar bapapositieh asewpll ay anpbevitigplaryoleresisiaret witkoktsignifrantint i
pol ycar bonat es, co-pol ycarbonates, or bl ends of polycarbonates with other
pol yrrer s affectingbe pracessakilite prapartias ofithie compositianieither én extusipad in t he
Dot o2 o et MUERLE O (IEN RE BB e B SR 8 Lo | o phenol
gener al | Yo arifibf chh Bk thel SRfrubRatififg préPitatlbl b¥thé composition for
: subsequent molding or extrusion or co-extrusion into sheet or film, or
'~ extrusion blow molding. Such processes are well known to those skilled in
the art and are disclosed in numerous articles and patents. Preferably, the
composition is first compounded, generally, in an extruder and extruded into
.strands which are, generally, quenched, pelletized, dried and processed under
further heat and pressure into the finished article. The finished article may be
injection molded, profile extruded, sheet or film extruded, co-extruded or
extruded blow molded into hollow shapes such as plastic bottles either single
or multi-layer bottles. The key feature of the invention is that the articles
have improved color stability and improved plate-out resistance, while
maintaining good process properties.
DETAILED DESCRIPTON OF THE EXAMPLES OF THIS INVENTION
This invention can be further described by means of the following
Examples, it being understood, however, that this invention shall in no way,
be restricted by these Examples. In the Examples where amounts are in terms

of percent, they are percent by weight.

The epoxies employed in the Examples are as follows:

PY284 - Diglycidyl ester of hexadydrophthalic acid
(Araildite PY284
Ciba Geigy) On-set temperature: 286°C
GT7071 - Bisphenol A epoxy resin based on
epichlorohydrin
T
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of the di hydric phenols which can be er%pl oyed in the practice of this
|

i nvention are bisphenols such as 1, 1-bi% (4-hydroxyphenyl) nethane, 2,2 -
bi s(4- hydr oxyphenyl) propane, 4,4 - bis(4 - hydroxyphenyl) heptane, etc.;
di hydric phenol ethers such as bis(4 - hydroxyphenyl ether, bis(3,5 -
dichloro - 4 - hydroxyphenyl) ether, etc.; dihydroxy diphenyls such as p,p’
- di hydr oxydi p " '7 dic L fp xy-di phenyl, etc.;
di hydr oxyaryl g i?ahgggggc as Bbgfgtﬁnﬁ?%§§% eny ;psulfone, bis(3,5 -
di methyl - 4 - agﬁ? hen I Ifone - neth | - 5 - ethyl - 4 -
6| Y yl) s ‘Mixture oP Bls(é 3-epoxvpropvl) Y
terephthalate
(Araldite PT910 and tris(2,3-epoxypropyl) 1,2,4 benzene- -
by Coba Geigy) tricarboxvlate
On-set temperature: 307°C
URL 4221 - 3,4 epoxycyclohexyl methyl 3 4'-
(Union Caribe) epoxvcyclohexane
carboxylate
On-set temperature: 255°C
6610 - Bisphenol-A epoxy resin
(Araldite GT6610
by Ciba Geigy) On-set temperature: 442°C
DER 667 - Bisphenol-A epoxy resin
(Dow Chemical Co.) On-set temperature: 442°C
ECN 1273 - Epoxy cresol novolac resin
(Araldite ECN1273
by Ciba Geigy) On-set temperature: 387°C
PY 307-1 - Epoxy phenol novolac resin
(Araldite PY307-1
by Ciba Geigy) On-set temperature: 351°C
In Table 1, the reference formulation are the comparative formulations
and are rated as zero (0) with the other numbers indicating a better resistance
to discoloration, processability and plate-out in comparison to the reference
formulation. A negative number indicates a worse condition than the
reference sample.
Example 1
Polycarbonate powder, having an intrinsic viscosity of about 0.48 dl/g
as measured at 20° C in methylene chloride and additives as set forth in the
following Table 1 were compounded and extruded into strands at a melt
i




hydr oxyphenyl ) sul fone, etc.; dihydroxy benzenes, resorci ﬂﬂ’3$ rb%lég
hal o- and al kyl -substituted di hydroxv benzenes such as 1,4 - d‘ﬁgggi -

- chl orobenzene, 1,4-dihvdroxy - 2,3 - dichl orobenzene, 1} 4 - HERY V.- ¥
2- net hyl benzene, etc.; and di hydroxy di phenyl sulfoxides such as bis(4-
‘hydr oxyphenyl ) sul f oxi de, bis(3,5-dibr§n0-4-hydroxyphenyl) sul f oxi de, etc.
The carbonate precursor -enployed in t A practice of this invention can be

ei ther carbonyl halide or a hal oformate. The carbonyl halides which can be
enpl oyed herei'n are carbonyl brom de, carbonyl chloride, carbonylfluoride,
etc.; or mxtures thereof. The hal oformates suitable for use herein include
bi shal of RiniBéRtwR of HHHA B16°PQ EAN RritilHidHs Yot aingE edserftfalgeoqui none,
etc.) or glycols (bishal oformates of ethylene glycol, neopéntyl glycol,

pol yet hysame quiaptit¥ of polycarbimateand nsnalcaeight ds of Pieabsorbersand oldccur to
those skilled in the art, carbonyl chloride, also known as phosgene, is

pr ef er r efelease agent. The pokvcarbenatgcontest ¥arigd ondy mathrespertol tieknown as an

i nterfacial 0C T i het t he di hydric co und and a

car bonyl q&ﬁ?ﬁ 'aéaég@ﬁeég‘%%%&;de%@%ﬁ%wamc %e’f%}lgg‘ﬁéﬁﬁaﬁg t he

aromat i cw&kée@;xﬁg rﬁcRéd imw%térw%'l iZed. e C;Sél&ﬂ@%&@m'dérd&ﬁ&aon process

whi ch involv ansesterification of an aromatic di hydroxy conpound

and a di ashbout2(Qrfet ebodt2 hoprso Claspélletk weye titeh infertionl olfedciegds. I n the
practice of this invention, the process of producing the aromatic
pol ycar b slear dranspamnt plaquesabout 10 cm square by about 2.5’ mm thick. The

color of polycarbonate plaques were analyzed by placing the plaqueson a

white paper background and comparing each plaque against a comparative
plaque molded from a polycarbonate composition containing only a single

phosphite, the reference formulation. The resuits are set forth in Table 1.
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The critical feature of this invention is the conpositi d ' 3] tY
pol ycarbonate and the stabilizer system As used herein} " I :

pol ycarbonate shal | nean and include any of the aromati ¢_pol r d
conmbi nati ons thereof as set forth above. As stated previously, the
stabilizer systemdisclosed herein stabilizes the polycarbonate agai nst

yel | ow ng during heat processing of th#l '

7 conposition, as well as inproving plate-out resistance w thout
significantly affecting the processability properties of the conposition
either in extrusion or injection nolding of the conposition. Processability

W th respect to extrusion can be trﬁiﬁiusion during: preparation of the
conposition for subsequent nol ding usi on or co-extrusion into sheet

or film or

Formulation Color
Phosphite
A B EPOXY
1. 005 i - 0
(reference)

2. 003 - 00265 0.0135 (URL 4221) 1
3. 003 0.0265 0.0135 (DER 667) 1
4. 003 0.0265 0.0135 (PT910) 3
5. 003 0.0265 - 0.0135 (ECN 1273) 2
6. 003 0.0265 0.0135 (GT7071) 3
7. 0.03 0.0265 0.0135 (GT6610) 2
8. 0.03 0.0265 0.0135 (PY284) 4
9. 003 0.0265 0.0135 (PY307-1) 2

A -Tris (2,4 di tertiary butylphenyl phosphite)
B - Diphenyl isodecyl phosphite ”
The above results show the color stability of the composition of this
invention compared to the comﬁarative reference formulation without epoxy.
Example 2 ’
Examplé 1 was repeated except that the formulatioris set forth in Table
2 below were passed through the extruder twice before they were injection
molded into plaques in accordance with the conditions employed in Example
1. The plaques were visually examined for color stability using the same
procedure as in Example 1. The results obtained are as reported in Table 2

using the same rating as in Example 1.
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extrusion bl ow nol ding. Such processes are well known to ] .
the art and are disclosed in nunerous articles and patentpg. aﬁA& BEENG
. conmposition is first compounded, generally, in an extrud andRER

into strands which are, generally, quenched, pelletized, dried and
processed under further heat and pressure into the finished article. The
finished article nmay be injection nojgded, profile extruded, sheet or film
extruded, co-extruded or extruded bl nol ded into hol | ow shapes such as
pl astic bottles either single or multi-layer bottles. The key feature of
the invention is that the articles have inproved color stability and

| nproved pl ate-out resistance, while maintaining good process properties.

DETAI LED DESCRI PTON OF THE EXAMPITRABIZE2THI S | NVENTI ON This invention
can be further described by neans of the following Exanples, it being
under st cod—however Formuation ntion sha N0 ue o’ ed by
t hese Exam:)I es. Plllospdlltle Exanpl es Wnere anpunts are in terns_ of percent,
they are perfAent by wei g . - he epoxi es Bppkeyed i|n the Exanpl es
are as el hU5% PYZ384d - - i D grycl gyl _ester of
hexadydr t&tep‘g%l c acid (Aral dite PY284 C ba Geigy)
On- set a ure 28 C Gr707 | sphenol A epoxy
resin b;@e@% Gb%g"l’ B &Oo%l(](’:‘ﬁz%)ohydrl n el

12. 0.03 0.0265 - 0.0135 (PY284) 3

13. 0.03 0.0265 - 0.0135 (PT910) 2

14. 0.03 0.0265 - 0.0135 (GT7071) 2

15. 0.03 - 0.0265% 0.004 (PY284) 2

16. 0.03 - 0.0265 0.0135 (PY284) 2

17. 0.03 - 0.0265 0.0135 (PT910) 2

18. 0.03 - - 0.01 (PY284) 2

A&B are the same phosphites set forth in Table 1.
C is Trisnonylphenyl phosphite.
Again the results show that the stabilize system of this invention has
better color stability than the standard reference sample without epoxy. This
also demonstrates color stability in processing even after two passes of

compounding through the extruder.

Example 3 | .
Example 1 was repeated except that the formulations as set forth in

Table 3 below were single extruded, pelletized, dried and injection molded at
a temperature of about 340°C, which was about 30°C higher than standard
molding conditions. In addition, the residence time of the melt in the
injection molding apparatus during injection molding of the plaques was
increased from 3 minutes to 12 minutes. This demonstrates the effectiveness

of the stabilizer package under abusive molding.
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(Araldite GI7071 On-set tenperature: 428[err]{QHIS SHEET 5
PT910 - M xture of Bis(2, 3-epoxypropyl) BEPU-;I}?EA&EW
terepht hal ate (Aral dite PT910 and tris(2, 3- epoXy -opyha—drs, 9
benzene- by Coba Cei gy) tricarboxvl ate
On-set tenperature: 307[err]C URL 4221 - 3,4
epoxycycl ohexyl nethyl 3',4'- (udBon Cari be) epoxvcycl ohexane
car boxyl at e _ On-set tenperature: 255[err]C
TABLE 3
Formulation Color
Phosphite
A B C Epoxy ]

19. 0.05% B - - 0

(reference) '

20. 0.03 0.0265% - 0.004 (PY284) 3

21. 0.03 0.0265 - 0.013 (PY284) 3

22, 003 0.0265 - 0.013 (PT910) 3

23. 003 0.0265 - 0.013 (GT7071) 3

24. 003 - 0.0265% 0.004 (PY284) 3

25. 0.03 - 0.0265 0.01 (PY284) 2

26. 0.03 - 0.0265 0.0135 (PT910) 2

27. 0.03 - : - 0.01 (PY284) 1

A - Tris (24, di-tertiary butylphenyl phosphite)
B - (see Table 1)
C - (see Table 2)

Example 4 |
Exampie 1 was repeated except that the formulations set forth in Table
4 were employed in this Example. The formulations were also evaluated for
pi'ocessability and plate-out. Processability was determined by profile

extrusion. The ease with which the melt from the extruder can be transferred

-into the calibrator for extruding the profile was visually observed. Plate-out

was determined by visual inspection of the calibrator after 25 minutes of
extrusion. The results obtained are shown in Table 4.

TTTT——
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Bi sphenol - A epoxy resin ( Ar al di ft BHIGTSHEED HAS BEEN | - )

by C ba Ceigy) . On-set tenperature: 442[err]C DER 6REPLACED

Bi sphenol - A epoxy resin (Dow Chem cal Co.) On- set tenperatore™
442[ err] C - ECN 1273 - Epoxy cresol novol ac resin

(Aral dite ECN1273 by G ba Ceigy) On-set tenperature: 387[err]C
PY 307-1 - Epoxy phenol novol ac resin (Aral dite PY307-1

by C ba Ceigy) On-set tenperat ukke: 351[err]C In Table 1, the

reference formulation are the conparative fornulations and are rated as
zero (0) with the other nunbers indicating a better resistance to
di scol orati on,

f ormul ati on.

reference sanpl e.

processability and plate-out in conparison to the reference

A negative number indigBLtEg a worse condition than the

Exanmple 1

Pol ycar bonat e po#g g N9 an intrinsic vi &_si cgf q ut 0 4 |/ g as
nmeasur ed - ' I n
t he osphite

A B Epoxv '
28. 0.05% - - ' 0 0 Minor
(reference) ' Plate-Out
29. 0.05 0.007%  0.005% (URL4221) 2 -1 Severe *
: : Plate-Out
30. 0.03 0.01 (PY284) 1 0 Minor **
Plate-Out
31. 003 "~ 0.01 0.01 (PY284) 1 1 Minor **
Plate-Out
32. 003 0.01 0.015 (TP910) 1 1 No Plate-
' Out
33. 0.03 0.01 0.015 (GT7071) 1 1 No Plate-
- Qut

A and B are the same as reported in Table 1.
* Severe plate-out occurred immediately upon profile
extrusion - not acceptable

** Minor plate-out but only occurred at the end of the time

period. The extruded profile was still acceptable up to that
time.

As can be seen from the Examples, the stabilizer system of this

invention has better color stability and better plate-out resistance when
employing an epoxy having an on-set temperature greater than the 255°C. In
the above Examples 28-33, the on-set temperature is greater than 280°C. In

Example 29 when employing an epoxy having an on-set temperature of |
255°C, the color stability was better than the reference sample, but plate-out

was immediately severe.
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9———temperature of about 310[err]C. Each fornul ati ons coftaln EE?HAS BEEN

essent| me guantity of polycarbonate and usual Lght /PnLApEpJV
abgmm\mm‘\m\ﬁ el ease agent. The pol ycarbonate content varied only with
re 0 esquantity of stabilizer enployed in each formulation. The
extruded strands were quickly quenched 1% water and pelletized. The pellets
were then dried at about 120[err]C for about 2 hours. The pellets were then
injection nolded into clear transparent plaques about 10 cm square by about
2.5 mmthick. The color of polycarbonate plaques were anal yzed by placing
the plagues on a white paper backgr d conparing each plaque agai nst a
conparati ve plaque nolded froma pomnat e conposition containing only
a singl e whatis claimed is:

following Table 1 were conpounded and extruded into stranﬁmgs

1. Anaromatic polycarbonate composition having improved color
stability and improved plate-out resistance, while maintaining good
processing properties, comprising an aromatic polycarbonate and a
stabilizing amount of a stabilizer comprising in combination at least one
organic phosphite and at least one epoxy having an on-set température of

greater than 255°C.

2. The composition of claim 1 wherein the stabilizer comprises at least
two chemically different organic phosphites.

3. The composition of claim 1 .wherein the epoxy comprises a mixture of
at least two epoxies each having an on-set temperature greater than 255°C.

4. The composition of claim 1 wherein the stabilizer comprises about 0.03
to about 0.30 weight % based on the weight of the poly'carbonate.

5. The stabilizer composition of claim 4 wherein the stabilizer
compositions comprises about 0.04 to about 0.10 weight %.

6. The composition of claim 1 wherein the epoxy has an on-set
temperature of at least 280°C. '

7. The composition of claim 1 wherein the epoxy has an on-set
temperature of at least 300°C.

8. An aromatic polycarbonate composition having improved color
stability and improved plate-out resistance, while maintaining good
processing properties consisting essentially of an aromatic polycarbonate and
a stabilizing amount of a stabilizer consisting essentially-of at least one

organic phosphite and at Jeast one epoxy having an on-set temperature of
greater than 255°C.
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phosphite the reference formulation. The results are set] _ 2eak [
ite, the reference f e re fms,;mem HASBEER

0135 (URLE 4221 16 0.0265 0.0135 (DER
1

T DR e

9. The composition of claim 8 wherein the epoxy has an on-set
temperature of at least 280°C.

10. The composition of claim 8 wherein the stabilizer composition consists
essentially of about 0.03 to about 0.30 weight % based on the weight of the
polycarbonate.

11. A process of preparing a thermoplastic article from an aromatic
polycarbonate composition by compounding the aromatic polycarbonate
composition and processing the compbunded composition under heat and
pressure to form the final article, wherein the final article has improved color
stability and improved plate-out resistance while maintaining good
processing properties and wherein the composition comprises an aromatic
polycarbonate and a stabilizer comprising in combination at least one organic
phosphite and at least one epoxy having an on-set temperature of greater
than 255°C. .

12. The process of claim 11 wherein the phosphite comprises at least two
chemically different orgarﬁc phosphites.

13. The process of claim 11 wherein the epoxy has an on-set temperature

of at least 280°C.

14. The process of claim 11 wherein the article is an injection molded
article.

15. The process of claim 11 wherein the article is a clear extruded
polycarbonate sheet.

16. The process of claim 11 wherein the article is an extruded profile.

This Sheet Has Been Replaced




4. 0,03 0. 0265 0.0135 (PT910) 3 5. 0. b7mis S
' 0.0135 (EQN 1273) 2 6. 0.03 0. 0265 0. 013F_ﬂ 5 %QAW&?N |

0. 0265”“[“”"'"“'"“IMN‘FPYZBM > 01354( 63.66(1)%3 2o 8265

0. 0135 {P¥30F-1y 3 A- Tris (2,4 di tertiary

but yl phényl phosphi te) B - 1@ phenyl isodecyl phosphite

The above results show the color stability of the conposition of this

i nvention conpared to the conparative reference fornulation w thout epoxy.
Exanpl e 2 Exanple 1 was repeated except that the fornul ati ons set
forth in Table 2 bel ow were passed through the extruder tw ce before they
were injection nol ded into plaques in accordance with the conditions

enpl oyed in_ BATR anslarerd R Btic A6 fhatlc PR datpE XA MBSk AVingO! OF

stability using
improved color stability and improved plate-out resistance comprising in

combination an aromatic polycarbonate and a stabilizer comprising at least

one organic phosphite and at least one epoxy having an on-set temperature of
greater than 255°C.
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"
“sprocedure as in Exanple 1. The results obtained are as repg

:
using the sane rating as in Exanple 1. fmgsgg;ﬁfeém
TABLE 2 Fornul ati on - e )
Col or Phosphite A B _ W C TR
Epoxy 10. 0.05% - Sl

O (reference) 11. 0.03 0. 0265%g - 0. 004% ( PY284)

1

IMPROVED COLOR STABILIZATION OF POLYCARBONATE RESINS

ABSTRACT OF THE INVENTION

An aromatic polycarbonate composition having improved color
stability and improved plate-out resistance while maintaining good
processing properties which composition consists of an aromatic
polycarbdnate and a stabilizer consisting of at least one organic phosphite and
at least one particular epoxy wherein the epoxy has an on-set temperature of
greater than 255°C and, prefetably, at least 280°C. Also included hereinis a
process of preparing articles such as injection molded or extruded articles

particularly transparent polycarbonate sheet having the improved properties
set forth above.

—_—
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12. 0.03 0.0265 - - 0.0135 (PY284) Ag 13.

_0.03 0. 0265 - 0.0135 (PT910) PP 0 03
“b. 0265 - 0.0135 (GT7071) 2 15.0.03 -
0. 0265% 0.004 (PY284) 2 16. 0.03 -

0. 0265 0.0135 (PY284) 2 17. 0.03 -

0. 0265 0.0135 (PT910) 2 18. 0.03 - -

0. 01 ( PY28uil preferably 6 t@about 50 carbons. Pref&Bed phosphitenare trisd2dhidies set
forth in Tabl e

AT N RN T e
| ip! 1 f ' his al
demonst r arehétyl g, SIARPbHed MHAEDReCATC Phbriiite ThaLha il & 21 S0

conpoundi nertibitgUstierdylPpRESPHIES kris idoecyl phosphite, bis(2,4 di-tert- . Exanple 3
Exanpl e 1 was repeated except that the formulations as set forth in Table 3
bel ow wer éwym@yékmmwtﬁpmllmpmm@r disteaaayl pentacrytbritopl ded at a

TP o U oot R Gy e e Al 20 i LB ban

e 0L 20 e AR G M SES g B ol e e

of the st ahityl-aameftafisheryl) peatacaptiitobbisphosphiite, 2,4,6-tri-tert-butylphenyl
2-butyl 2-ethyl 1,3-propane diol phosphite, bis(2,2-dimethyl-1,3-propanediol) -
tetra[2,2,-bis(4-hydroxy 3,5-di-tert-btuylphenyl) propoane bisphosphite or
mixtures thereof. The preferred phosphite employed in the practice of this
invention is a mixture of phosphites and more particularly a mixture of
tridecylphosphite, didecylphenyl phosphite, decyl diphenyl phosphite and
triphenyl phosphite.

The epoxy composition employed in the practice of this invention can

be any epoxy composition having an on-set temperature greater than 255°C as
determined by thermal gravometric analyzer (TGA) ina nitrogen atmosphere.
Preferably the epoxy compositions employed in the practice of these
inventions are glycidyl ethers based on dihydricphenols such as 1,1-bis (4-
hydroxyphenyl) methane (BPF) and 2,2,-bis(4-hydroxyphenyl) propane (BPA) -
and mixtures thereof. Both liquid and solid ethers can be applied. Glycidyl
ethers of polyfunctional phenol/cresol novolacs Aliphatic and
cycloaliphatic/aromatic epoxy resins, like, epoxidized sojabean oil, bis(2,3-
epoxypropyl) ester of terephthalic acid, tris(2,3-epoxypropyl) ester of 1,2,4
benzene-tricarboxylic acid, 3,4 epoxycyclohexylmethyI-SA
epoxycyclohexylcarboxylate and the like are suitable herein provided they

have on-set temperaturesgreater than 255 °C. Fpoxides containing

heterocyclic groups like triglycidyl isocyanurate are applicable, -as

REPLACEMENT SHEET
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12
Formul gtion
B

( PY284)
3

TABLE 3
Col or Phosphite A
C Epoxy 19. 0.05% - -
O (reference) 20. 0.03 0. 0265% - 0. 004
3 21. 0.03 0. 0265 - 0. 013 (PY284)

6

hydfoxyphenyl) sulfone, etc.; dihydroxy benzenes, resorcinol, hydroquinone;
halo- and alkyl-substituted dihydroxy benzenes such as 1,4 - dihydroxy - 2 -
chlorobenzene, 1,4-dihvdroxy - 2,3 - dichlorobenzene, 1,4 - dihydroxy - 2-
methylbenzene, etc.; and dihydroxy diphenyl sulfoxides such as bis(4- |
hydroxyphenyl) sulfoxide, bis(3,5-dibromo-4-hydroxyphenyl) sulfoxide, etc.
The carbonate precursor employed in the practice of this invention can
be either carbonyl halide or a haloformate. The carbdnyl halides which can be
employed herein are carbonyl brbmide, carbony! chloride, carbonylfluoride,
etc.; or mixtures thereof. The haloformates suitable for use herein include
bishaloformates of dihvdric phenols (bischloroformétes of hydroquinone, etc.)
or glycols (bishaloformates of ethylene glycol, neopentyl glycol, polyethylene
glycol, etc). While other carbonate precursors will occur to those skilled in the

art, carbonyl chloride, also known as phosgene, is preferred.

The reaction disclosed above is preferably known as an interfacial

process or reaction between the dihydric compound and a carbonyl chloride

such as phosgene. Another process for preparing the aromatic polycarbonate

of this invention is the transesterification process which involves the
trahsesterification of an aromatic dihydroxy compound and a diester
carbonate. This process is known as the melt process. In the practice of this
invention, the process of producing the aromatic polycarbonate is not critical.
The critical feature of this invention is the composition of the aromatic
polycarbonate and the stabilizer éystem. As used herein, aromatic
polycarbonate shall mean and include any of the aromatic polycarbonates and
combinations thereof as set forth above. |

As stated previously, the stabilizer system disclosed herein stabilizes

the polycarbonate against yellowing during heat processing of the

REPLACEMENT SHEET
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0.013 (PT910) '3 23. 0.03

22. 0.03 0. 0265 -

0. 0265 - 0.013 (Gr7071) 3 24. 0:03 -

0. 0265% 0. 004 (PY284) 3 25. 0.03 - 0. 0265
0. 01 (PY284) 2 26. 0.03 - 0. 0265 0. 0135
(PT910) 2 27. 0.03 - - 9 - 0.01 (PY284)

1 A- Tris (2,4, di-tertiary butyl phenyl phosphite)

B - (see Table 1) C - (see Table 2)

Exanpl e 4 Exanple 1 was repeated except that the fornul ati ons set

forth in Table 4 were enployed in this Exanple. The fornul ati ons were al so

eval uat ed ¢amppsitioes asioidll 4s/inmpubvinhg piatewiut rédistanss atitHautsigmficaktiyr ni ned
by profile extrusion. The ease with which the nelt fromthe extruyder can be
t r ansf er r edtfesiing theoprosessapiitypropertissiof the sgmpesitiproeither ipextusion | y

g? ts S; V(23c51. n&ﬁ ﬁ%jgét?ozﬁ m%ain%ecgtethrgcgtergpo%\(ﬁgﬁ.s Hxacl)ceissna 11%} s'/v?tpx r%];pé&%ocal | brator
extrusion can be that extrusion during preparation of the composition for
subsequent molding or extrusion or co-extrusion into sheet or film, or
extrusion blow molding. Such processes are well known to those skilled in
the art and are disclosed in numerous articles and patents. Preferably, the
composition is first compounded, generally, in an extruder and extruded into
strands which are, generally, quenched, pelletized, dried and processed under
further heat and pressure into the finished article. The finished article may be
injection molded, profile extruded, sheet or film extruded, co-extruded or
extruded blow molded into hollow shapes such as plastic bottles either single
or multi-layer bottles. The key feature of the invention is that the articles
have improved color stability and improved plate-out resistance, while
maintaining good process properties.

* DETAILED DESCRIPTON OF THE EXAMPLES OF THIS INVENTION

This invention can be further described by means of the following

Examples, it being understood, however, that this invention shall in no way,

be restricted by these Examples. In the Examples where amounts are in terms

of percent, they are percent by weight.

The epoxies employed in the Examples are as follows:

PY284 - Diglycidyl ester of hexadydrophthalic acid
(Araldite PY284
Ciba Geigy) On-set temperature: 286°C
GT7071 - Bisphenol A epoxy resin based on
epichlorohydrin
REPLACEMENT SHEET
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extrusion. The results obtained are shown in Table 4.

13 . TABLE 4 Formul ation
Col or Processabilitv Pl ate-Qut Phosphite A B
Epoxy 28. 0.05% - - 0 0

M nor (reference)

Pl ate-Qut 29. 0.05 0.007% 0. 005% ( U§L4221) 2 -1
Severe * : '

Pl at e- Qut

(Araldite GT7071 On-set temperature: 428°C

Ciba Geigy)
PT910 - Mixture of Bis(2,3-epoxypropyl)
terephthalate
(Araldite PT910 and tris(2,3-epoxypropyl) 1,2,4 benzene- -
by Coba Geigy) tricarboxvlate
' On-set temperature: 307°C -

URL 4221 - 3,4 epoxvcyclohexyl methyl 3°,4'-
(Union Caribe) epoxvcyclohexane

carboxylate

On-set temperature: 255°C
6610 - Bisphenol-A epoxy resin
(Araldite GT6610 :
by Ciba Geigy) On-set temperature: 442°C
DER 667 - Bisphenol-A epoxy resin
(Dow Chemical Co.) On-set temperature: 442°C
ECN 1273 - Epoxy cresol novolac resin
(Araldite ECN1273
by Ciba Geigy) On-set temperature: 387°C
PY 307-1 - Epoxy phenol novolac resin
(Araldite PY307-1 '
by Ciba Geigy) On-set temperature: 351°C

In Table 1, the reference formulation are the comparative formulations
and are rated as zero (0) with the other numbers indicating a better resistance
to discoloration, processability and plate-out in comparison to the reference

formulation. A negative number indicates a worse condition than the

reference sample.

Example 1
Polycarbonate powder, having an intrinsic viscosity of about 0.48 dl/g
as measured at 20° C in methylene chloride and additives as set forth in the

following Table 1 were compounded and extruded into strands at a melt
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30. 0.03 0.01 (PY284) 1 0 ~ Mnor**

Pl ate-Qut 31. 0.03 0.01 0. 01 (PY284) 1 1

M nor **

Plate-Qut 32. 0.03 0.01 '0.015 (TP910) 1 1 No
Pl at e- _ _

Qut 33. 0.03 0.01 0. 015 (GT70971) 1 1 No Pl at e-
Qut A and B are the sanme as reported in Table 1.

* Severe plate-out occurred i medi ately upon profile

extrusion - not acceptable ** M nor plate-out but only
occurred aempeeateme obhbohe310°@e Each forrnulatlons contuined dsseﬁhallv.')the uded
profile was still acceptable up to th As can

be seen f53MY %‘@‘E%%Irﬁfl recgvcatrhengteam wal wgightn foUYIﬁb§°Fbﬁféﬂd Bwldas

b I I I I
opoxy. havi'sisain 3kt Rl EBi AP duEn Y aricd Al A5G ap sk e OV 12 20 e
Exanpl es 28sadity (IS tabilisGlerhf a%%@h kBB AbA! ﬁI&%&rﬁﬁﬂﬁ&i&s In

Exanpl e 29" when”enpl oyi ng an epoxy having an on-set tenperature of
255[ er r] C wetequickly quérathiediihywates ahd tpetletitédn The pellefsaverecthenalidd, but

plate-out msboluT{??g‘l(? Eoerla oi%\éet{o%rs The pellets were then injection molded into
clear transparent plaques about 10 cm square by about 2.5 mm thick. The
color of polycarbonate plaques were analyzed by placing the plaques ona
white paper background and comparing each plaque against a comparative
plaque molded from a polycarbonate composition containing only a single

phosphite, the reference formulation. The results are set forth in Table 1.
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What

Is clained is: 1. "An aromatic pol ycarbonate conposition having

Jdnmproved color stability and i nproved pl ate-out resistance, while

mai nt ai ni ng good processing properties, consisting essentially of: (a) an
aromati c pol ycarbonate; and (b) a stabilizing anobunt of a stabilizer
consisting essentially of at |east one ojganic phosphite and at |east one
epoxy, wherein each epoxy has an on-set tenperature of greater than

2.
to

255[err]C, and (c) optionally a UV absorber and/or a nold rel ease agent.

The conposition of claim1 wherein the stabilizer conprises about 0.03

TABLE1
Formulation Color
Phosphite
A B EPOXY

1. 0.05 - - 0
(reference) '

2. 003 0.0265 0.0135 (URL 4221) 1
3. 0.03 0.0265 0.0135 (DER 667) 1
4. 0.03 0.0265 0.0135 (PT910) . 3
5. 0.03 0.0265 0.0135 (ECN 1273) 2
6. 0.03 0.0265 0.0135 (GT7071) 3
7. 0.03 0.0265 0.0135 (GT6610) 2
8. 003 0.0265 0.0135 (PY284) 4
9. 0.03 0.0265 0.0135 (PY307-1) 2
" A - Tris (2,4 di tertiary butylphenyl phosphite)

B - Diphenyl isodecyl phosphite
The above results show the color stability of the composition of this
invention compared to the compﬁrative reference formulation without epoxy.
Example 2
Example 1 was repeated except that the formulations set forth in Table
2 below were passed through the extruder twice before they were injection
molded into plaques in accordance with the conditions employed in Example
1. The plaques were visually examined for color stability using the same
procedure as in Example 1. The results obtained are as reported in Table 2

using the same rating as in Example 1.
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about 0.30 wei ght % based on the wei ght of the polycarbonate. 3. The
stabilizer conposition of claim2 wherein the stabilizer conpositions
conprises about 0.04 to about 0.10 weight % 4. The conposition of claim
1 wherein the epoxy has an on-set tenperature of at |east 280[err]C 5.
The conposition of claim1l wherein the epoxy has an on-set tenperature of
at least 300[err]C 6. A process qft preparing a thernoplastic article
froman aromati c pol ycarbonate conposition by conpounding the aronatic

pol ycar bonat e conposition and processing the conpounded conposition under
heat and pressure to formthe final article, wherein the final article has
| mproved col or stability and i nproved pl ate-out resistance while

mai nt ai ni ng good processing propeﬁﬁﬂﬁéfénd wherein the conposition consists
essentially of: (a) an AT pal atlc pol ycarbonate; and (b) a stabilizer

ooy, wharess Hoaph phosphie—erd
epoxy, il

\V, A | CUAOU AV A I By UI HQITI \.1 FIIIUJPIII | S u.1| One
255[err] C._an® (c) optionBlly a W ab€or ber and/ oEpexwol d el ease agent.
7. Thelpr@68%s of claim-6 wherei'n the epoxy has ah on-set tenperature of
at (reference)

11. 0.03 00265% - 0.004% (PY284) 1
12. 0.03 0.0265 . 0.0135 (PY284) 3
13. 0.03 0.0265 ; 0.0135 (PT910) 2
14. 0.03 0.0265 ; 0.0135 (GT7071) 2
15. 0.03 - 00265%  0.004 (PY284) 2
16. 0.03 - 00265  0.0135 (PY284) 2
17. 0.03 . 00265  0.0135 (PT910) 2
18. 0.03 . . 0.01 (PY284) 2

A&B are the same phosphites set forth in Table 1.
C is Trisnonylphenyl phosphite.
Again the results show that the stabilize system of this invention has
better color stability than the standard reference sample without epoxy. This

also demonstrates color stability in processing even after two passes of

compounding through the extruder.
Example 3

Example 1 was repeé.ted except that the formulations as set forth in
Table 3 below were single extruded, pelletized, dried and injection molded at
a temperature of about 340°C, which was aBout 30°C higher than standard
molding conditions. In addition, the residence time of the melt in the
injection molding apparattis during injection molding of the plaques was
increased from 3 minutes to 12 minutes. This demonstrates the effectiveness

of the stabilizer package under abusive molding.
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.l east 280[err]C

_ 15
11. - An inproved pol ycarbonate conposition conprising ' (a)
an aromatic pol ycarbonate, and
12
TABLE3
Formulation Color
Phosphite
A B C Epoxy
19. 0.05% - - - -0
(reference)
20. 0.03 0.0265% - 0.004 (PY284) 3
21. 0.03 0.0265 - 0.013 (PY284) 3
22. 0.03 0.0265 - 0.013 (PT910) 3
23. 003 0.0265 - 0.013 (GT7071) 3
24. 003 - 0.0265% 0.004 (PY284) 3
25. 0.03 - 0.0265 0.01 (PY284) 2
26. 0.03 - 0.0265 0.0135 (PT910) 2
27. 0.03 - - 0.01 (PY284) 1

A - Tris (24, di-tertiary butylphenyl phosphite)

B - (see Table 1)
C - (see Table 2)

Example 4
Example 1 was repeated except that the formulations set forth in Table

4 were employed in this Example. The formulations were also evaluated for

processability and plate-out. Processability was determined by profile

extrusion. The ease with which the melt from the extruder can be transferred

into the calibrator for extruding the profile was visually observed. Plate-out

was determined by visual inspection of the calibrator after 25 minutes of

extrusion. The results obtained are shown in Table 4.
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(b) a stabilizer consisting essentially of at
phosphite and at

| east one organic

| east one epoxy having an on-set tenperature

greater than 255[err]C.  12.. An | nproved stabilizer for polycarbonate
said stabilizer consisting essentially of
at | east one organic phosphite and

conpositions,

16

having an on-set tenperature greater ttﬁn

(b) at

(a)
| east one epoxy
255[err] C

TABLE4
Formulation Color_Processability Plate-Out
Phosphite
A B Epoxv

28. 0.05% - - 0 0 Minor
(reference) ‘ Plate-Out
29. 0.05 0.007%  0.005% (URL4221) 2 -1 Severe *
Plate-Out
30. 0.03 0.01 (PY284) 1 0 Minor **
Plate-Out
31. 0.03 ~.0.01 0.01 (PY284) 1 1 Minor **
Plate-Out
32. 0.03 0.01 0.015 (TP9210) 1 1 No Plate-

Out
33. 0.03 0.01 0.015 (GT7071) 1 1 No Plate-

Out

*

extrusion - not acceptable

‘A and B are the same as reported in Table 1.

Severe plate-out occurred immediately upon profile

** Minor plate-out but only occurred at the end of the time

period. The extruded profile was still acceptable up to that

time.

As can be seen from the Exzimples, the stabilizer system of this

invention has better color stability and better plate-out resistance when
employing an epoxy having an on-set temperature greater than the 255°C. In
the above Examples 28-33, the on-set temperature is greater than 280°C. In

Example 29 when employing an epoxy having an on-set temperature of

255°C, the color stability was better than the reference sample, but plate-out

was immediately severe.
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9. The conposition of claim8 wherein the epoxy has an on-set tenperature
of at Teast—286ferr]C _ 10. The conposition of claim8 wherein the
stabll osition consists essentidldly of about 0.03 to- about 0.30
wei ght m& ;T |ght of the pol ycarbonate. 11. A process of
prepari c article froman aromati c pol ycarbonate
conposition by co ou*ndl ng the aromatic pol ycarbonate conposition and
processi ng the conpounded conposition under heat and pressure to formthe
final article, wherein the final article has inproved color stability and
I nproved pl ate-out resistance while maintaining good processing properties
and wherein the conposi tion conprises an aromatic polycarbonate and a
stabilizery Mi%ﬂ&:déh ci nation at | east one organic phosphite and at

| east one epoxy having an on-set tenperature of greater than 255 err]C
12. The process of claim 11 wherein the phosphite conprises at |east two

chem cal l'y different organic phosphites. 13. The process of claim1l
wherein the epgpyaftatipélfcsd bnéﬁﬁlﬂﬁﬁé:ﬂf@ hahngtimb&wad &a@igabiu 14.
The pr ocesydq

\?(% lja%z?WﬂFgéEé vittifel 1hb téniinr;ga"i}ci1 égii% & ries,
. Ao | |
extruded BRETLAAS 5% G bl ?Ef\t.jﬂi’gl opgaéﬁgsa%n% o S s v

at least one epoxy w erem each epoxy has an on-set temperature of greater
than 255°C; and (c) optionally a UV absorber and/or a mold release agent.

2. The composltlon of claim 1 wherem the stabilizer oompnses about 0. 03 to
about 0.30 weight % based on the welght of the polycarbonate. -

3. The stabilizer composltlon of claim 2 wherem the stabilizer compositions
comprises about 0.04 to about 0.10 weight %.

4. The compos:t:on of cIa;m 1 wherein the epoxy has an on-set temperature
-of at least 280°C. .

5. The composmon of claim 1 whereln the epoxy has an on-set temperature
of at least 300°C.

6. A process of preparing a thermoplastic article from an aromatic

. polycarbonate composition by compounding the aromatic polycarbonate
composition and processing the compounded composition under heat and
pressure to form the final article, wherein the final article has improved color
stability-and improved plate-out resistance while maintaining good processing
properties and wherein the composition consists essentially of: (a) an aromatic
polycarbonate; and (b) a stabilizer consisting essentially of at least one organic
phosphite and at least one epoxy, wherein each epoxy has an on-set .
temperature of greater than 255°C;-and (c) optionally a UV absorber and/or a
mold release agent.

7. The process of claim 6 wherem the epoxy has an on-set temperature of at
least 280°C : R :
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17 rent thernopl astic aromatic pol ycarbonate sheet
havi ng i rrp Ir’r&’ ﬂl&”” Ity and i nproved pl ate-out resistance
conprising "n €0 n aromati c pol ycarbonate and a stabilizer

conprising at | east oné of gani ¢ phosphite and at | east one epoxy having an
on-set tenperature of greater than 255[err]C -
15

11.

12.

An improved polycarbonate composition comprising
" (a) an aromatic polycarbonate, and-
(b) a stabilizer consisting essentially of at least one organic
phosphite and at least one epoxy having an on-set temperature
greater than 255°C.

An improved stabilizer for polycarbonate composmons. said stabilizer

consisting essentlally of

(a) at least one organic phosphite and

(b).at least one epoxy havmg an on-set temperature greater than
255°C
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IMPROVED COLOR STABILIZATION OF POLYCARBONATE RESINS

ABSTRACT OF THE INVENTION

An aromatic polycarbonate composition having improved color
stability and improved plate-out resistance while maintaining good
processing properties which composition consists of an aromatic
polycarbonate and a stabilizer consisting of at least one organic phosphite and
at least one particular epoXy wherein the epoxy has an on-set temperature of
greater than 255°C and, preferably, at least 280°C. Also inclﬁded hereinis a
process of preparing articles such as injection molded or extruded articles

particularly transparent polycarbonate sheet having the improved properties
set forth above.
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