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| MPROVED COLOR AND HYDRCLYTI C STABI LI ZATI ON OF POLYCARBONATE RESI LD
CF THE I NVENTI ON The present invention is directed to a thernopl

aronmti c pol ycarbonate conposition having inproved col or stabilization and

i nproved hydrolytic stability, while maintaining good processibility
properties. Mire specifically the conposfition of this invention conprises

I n conbinati on an aromati c pol ycarbonate resin and a stabilizing system
conprising at | east one phosphorus containing additive and a particul ar

am ne additive in an anmpount sufficient to provide color and hydrolytic

stabilization to the polyc | KA | | nt ai ni ng good
processibility properties. q@m&mﬁ%—ﬂel vam ear transparent or
even transl ucent aronatiSTABILIZATIONOFPOLYCARBOMNATERESING to an
addi ti onal heat phase such as injection nolding, extrusion or conpoundi ng
thereof, will induce yellow ng of the polycarbonate resih. Even with

phosphite stabilizers, yellow ng of the polycarbonate and hydrolysis of the
phosphite can occur particularly at processing tenperatures. It is believed

that the phosphites being susceELD©OF THE INVENTION/si s at el evated or
processing tenperatures formin-situ aci 'rqs&)%e(ii es which can then react with

t he pol ycarbonate pos&i®ipresent iyantiep is ta 8 hermeplasticiatgmatise ¢ o

si de-reactions ' v hidn FRRGAS I ~hiRe T e d ticle.
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pol ycar bonat e r einprovad ehyahiolytic cstabifityndehilel \neaintainimgp | gooal [proegssibility
conpositions to achieve certain prqperties or inproved properties has been
known to affect PODEBIES; bi MQ’? 3&”?‘ llﬁoﬁ}féa fon i ﬁh'gum"ﬁ@t’@&trusi on,

2 conpoundi ng or chipRSdd 1 BrhsthatibrOlant BforRatly pRyeaRdnate Y8BAShhd 08 -
stabilizing system comprising at least one phosphorus containing
additive and a particular amine additive in an amount sufficient to
provide color and hydrolytic stabilization to the polycarbonate
composition, while maintaining good processibility properties.

BACKGROUND OF THE INVENTION

Clear transparent or even translucentjaromatic polycarbonate
resins upon exposure to an additional heat phase such as injectibn
molding, extrusion or compounding thereof, will induce yellowing of the
polycarbonate resin. Even with phosphite stabilizers, yellowing of the
polycarbonate and hydrolysis of the phosphite can occur particularly at
processing temperatures. It is believed that the phosphites being
susceptible toward hydrolysis at elevated or processing temperatures
form in-situ acid species which can then react with the polycarbonate
possibly increasing chain scission and giving rise to side-reactions
which can eventually generate color in the molded article. This can
also occur during extrusion, compounding or molding of the
polycarbonate resin.

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,



Ther'efore, the additive or additives enployed to achieve better properties
shoul d not affect processibility. It has also been known to stabilize
polycarbonate resin against discoloration by enploying phosphites and/or
epoxies as stabilizing additives. These are broadly disclosed in such U S
Patents as 4,381,358, 4,358,563 and 3,6732146. SUMMARY OF THE | NVENTI ON
This invention is directed to pol ycarbonate conposition having inproved
col or and hydrolysis stabilization wherein the polycarbonate is stabilized
with a stabilizing amount of conposition conprising at |east one '

phosphor ous cont ghfippandiflg! dr hfectibh Gholdity BetHY bagea:ﬁoﬁsles&}hbssm&hosphat e

or phosphonite and a particular amne additive. Is invention 1s also
directed to a pra'be&foﬂeorthpr epdlﬂmgoaratwiwe&l empieieds tonachipws yhattasonat e
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nol ded, extruded into sheet or film profile extruded, co- extruded or

ext ruded bl ow rmphesphlteaeaqsmrseppmemas s@bilizingi aditivesi tTh%e@mlmgadiyher ein
b th h t f
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that may be enpl g Jyg.ein are any of the organic phosphorous additives

having at | east a out 6 car bons and ref er ably about 6 to about 50 carbons.
Preferred additives are tris JONphenyl ) phosphite,

phosphi te di doeyl p“iﬁ@"hwﬁg@bﬁlst@%% @“Ef?'&?%héé%tﬁ [ Eitbogid e
di-tertiary bUtWrﬁ?@%ﬂ)cold?@ﬂhwd?olyé'elsiablﬁzattdﬁquﬂeréfﬁomémdlﬁ;arbcbrﬁta 4
di-tertiary-butyl phenyl) pentaerythritol bi S{)hOS hite, distearoyl

pentaerythritol ~is labfiged pMith @ stabfiizingyamernt 8f woppogition-comprising at
least one phosphorous containing additive which may be either a

bhbsphite, phosphate or phosphonite and a particular amine additive.
This invention is also directed to a process for preparing an article
made from a polycarbonate composition having improved color stability
and improved resistance to hydrolysis of the phosphite,. vo)hile
maintaining good processing properties including plate' out. The
polycarbonate composition may be either injection molded, extruded
into sheet or film, profile extruded, co-extruded or extruded blow
molded.

The phosphorous containing additive employed herein may be
either a single phosphorous containing additive or a combination of two
or more phosphorous compounds. The phosphorous containing
additive that may be employed herein are any of the organic
phosphorous additives having at least about 6 carbons and preferably
about 6 to about 50 carbons. Preferred additives are tris (2,4 - di
tertiary butyl phenyl) phosphite, tris (nonylphenyl) phosphite, triphenyi-
phosphite, decyl diphenyl phosphite, didecyl phenyl phosphite, tridecyl
phosphite, tris (1,4 ditertiary butylphenyl) phosphite, tris iso-decyl
phosphite, bis(2,4 di-tertiary-butylphenyl) pentaerythritol bisphosphite,
distearoyl pentaerythritol  bisphosphite, bis(2-tertiary-butyl-4-



cunyl phenyl) pentaerythritol bisphosphite, 2,2'-nethylene bis(4,6-di-
tertiary-butyl phenyl) octyl phosphi te, bis(2,6-di-tertiary-butyl-4-
met hyl phenyl ) pentaerythritol bisphosphite, 2,4,6-tri-tertiary-butyl phenyl
2-butyl 2-ethyl 1,3-propane diol phosphite, bis(2,2-dinethyl-1,3-

propanedi ol ) tetra[2,2,-bis(4-hydroxy 3 3,5-di-tertiary-btuyl phenyl)
propane bi sphosphite, bis (2,4 dicunylphenyl) pentaerythritol bisphosphite
or mxtures thereof. The preferred phosphorous additive enployed in the
practice of this |nvent|on may be elther tr|s (2,4 - d|

tertiary-butyl phen I‘ osphite Ai is s rt| A y il %—i_butyl 2
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processi ng of t conposition as wel | as inproved hydrolytic stablllty of
the aromatic polp]opanmnblaphoenlmtml thisn (Ri4 helicuryipharyh: | Bentaepthritel i ng t he

processibility, es an t
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I n extruding sh t f f
a calibrator enﬁemeﬁbutulpbeayh P@Wtﬁhsz 46 tre eehqtﬁéh%?yl ﬁwﬁgﬂpﬁgieg

in the pract.ice o] h
additive is hexaﬁ?@f‘hmg pRYERE. arhrﬁ"ﬂé’%%%) oP T L%%%’ﬁ?‘fﬁ%% W th the
phosphite is thQiunWlﬁhéﬁyl)S?éritaényﬁﬂﬁolt diphos$pieiteg aromixturet ttieréoftypthere :

i mproved resistance to yellow ng and inproved hydrol ytic abili
Preferably the #fhosaborelsHeantakting o9dditiyes yieh ~ eas t%/ 189, ‘?9t|¥b'e| ght

per cent  cased O%téttlﬁ‘zetrgﬁ.ﬂhéhﬁa%h&e OF tHif ARRRABER 4e Wﬁeﬁyf‘bﬁ&pﬁﬂg'éddw and
tetrakis (2.4.di-tertiary butyl phenyl) 1,1 biphenyi 4,4' diphosphonite.

' It has now been discovered that a particular amine employed
with the phosphorous additive provides significant improvement in
color stability upon processing of the composition as well as improved
‘hydrolytic stability of the aromatic polycarbonate composition without
substantially effecting the processibility, properties and plate out of the
polycarbonate composition. Plate out is where additives to the
composition migrate to the surface of the finished article or become
deposited on the surface of the mold or on the surface of the rolls
employed in extruding sheet or on the surface of a calibrator
employed in profile extrusion. The particular amine employed in the
practice of this invention in combination with the phosphorous additive
is hexamethylene tetra amine. (HMTA). The amount employed with
the phosphite is that amount sufficient to achieve color stability, i.e.
improved resistance to yellowing and improved hydrolytic stability.
Preferably the amount of HMTA employed is about 0.5 to about 2.0
weight percent cased on the total weight of phosphorous containing
additive and HMTA.



4 The anount of total stabilizer enployed herein, i.e. phosphite, phosphine
or phosphonite and HMIA, shoul d ‘be that anount sufficient to stabilize the
aromati c pol ycarbonate resin agai nst discoloration and i nprove hydrol ytic
stability, while maintaining good processibility properties such as plate
out during extrusion, conpounding or nol didhg. Preferably, the stabilizer
conprises about 0.01 weight %to about 0.30 weight % based on the total

wei ght of the pol ycarbonate conponent of the conposition.: Particularly the
range of stabilizer conposition is about 0.02 to about 0.10 weight % and
nore.particularly the n bl ol i i O: ut 0.05
wei ght % t hereof . Wi ITFeh%ag@P%ﬁ Eé‘ofpﬁéolsp @F%%Ié‘ia‘ﬁ@?%%@'ﬂ' 'c%ﬁ%ﬁ%g?' ?g‘n wth
the HMIA i s appl iptesphineroriphiosphoniterdandHMTA, shefildrbecthat anbuntsufiicient .
phosphorous additives nay al so be desirable. Wen enpl Oéii nq two phosphorous

materials, the pHo§aRilizethegramatic o afp easin agpipstdiserlpeationamlit 10- 90

wei ght % of one f | ¢ anghi 00 Laht S . t her
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groups two hydroxyl radicals, each of which is attached directly to a

carbon atom of an ar oNéhilec ansingleuphospharguise additive drecoptbinationd with dthiec

phenel s 11 eh S RaiEnTE LBHRG) o RIS, o b e lon's

phosphorous additives may also be desirable. When employing two

phoéphorous materials, the phosphorous additive system preferably
comprises about 10-90 weight % of one phosphorous additive and
about 90-10 weight % of another particular phosphorbus additive
based on the total weight of the phosphite part of the étabilizer
composition employed. '

The aromatic polycarbonate resin employed herein may be any
of the known aromatic polycarbonates, 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,



5 2,2 - bis(4-hydroxyphenyl) propane, 4,4 - bis(4 - hydroxyphenyl) heptane,
tc.; dihydric phenol ethers such as bis(4 - hydroxyphenyl ether, bis(3,5 -
ichloro - 4 - hydroxyphenyl) ether, etc.; dihydroxy di phenyls such as p,p

- di hydr oxydi phenyl, 3,3 - dichloro - 4,4 - dihydroxy-di phenyl, etc.;

di hydr oxyaryl sul fones such as bis(4- hydSoxyphenyl) sul fone, bis(3,5 - .

di methyl "- 4 - hydroxyphenyl) sulfone, bis (3 - nethyl - 5 - ethyl - 4 -

hydr oxyphenyl ) sul fone, etc.; dihydroxy benzenes, resorcinol, hydroqui none;

hal o- and al kyl -substituted di hydroxy benzenes such as 1,4 - dihydroxy - 2

- chl.orobenzene, 4- di - = dichl gryobe e, il pdr oxy -
2- met hyl benzene, Ztlé?c‘. ;b%égﬁ%%?%@)a(ﬂmpﬁ%%yl Q'gul f%]ié des hgﬁéﬁy%l'gérm’)

bi s( 4- hydr oxyphemgplary|dtex iditadribi phehob ethidrs auoh 4ash bid(4 x yipkieowsipheay f oxi de,
etc. The carbonate precursor enployed in the practice of this_invention can

be either carbongthefalbigd.Sor dictienoot &r ndtydroxypbeny} s8ef effal ARWErMYi ch can

be enpl oyed hereig c I om ; b Qr | a4 .
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of hydroqui none, etc.) or glycols (bishal oformates of ethyl ene &I ycol ,
neopentyl gl ycol hydexyeb ibﬂ-@ogﬁy%@vs edimethylyi4 shydraxyphienyh) sulieae.

precursors will @g - ose_skivh L ad ¢ ; . e, al so
known as phosgeng)?sctgs h%é‘f?)gr fsédém%ear ehctr?%h%&'&sg@e ‘a %-i/g g“ﬁ&ef erably
known as an i nt eieazerds, presarsinohr hydmouinmmehehaleen antie afiyirgdbstitutednpound
and a carbonyl ch)orjde such as phosgepe. Anofher process, for preparing the
aromatic pol ycar dﬂiﬁif@‘yo?eqzﬁngsisﬁggﬁgi E% -jny *Tg_ﬁ _@P‘F‘H‘%‘% ﬁo‘ﬁ' process
whi ch i nvol ves t p@\mﬂéw dichlerdten2ens, £8 ~CiRYEROLY - SLRMyBENzEmTPOUNd

and a diester ca This process Is known as the nelt process. In the
practice of this etayandidihydroxye dipheoyssulfokides siighi asybisfrehydronyphenyl)
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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, carbonyi
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 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 transésteriﬁcafion
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



invention is the conposition of the aromatic pol ycarbonate and the
stabilizer system As used herein, aromatic pol ycarbonate shall nean 6
and include any of the aromatic pol ycarbonates and conbi nati ons thereof as
set forth above. The pol ycarbonate conposition of the invention may al so

i ncl ude such other additives or W stabili@ers, release agents, fillers and
reinforcing fillers such as-glass fibers (short or long glass fibers),
carbon fibers, talc, silica and other known additives enployed in

pol ycar bonat e conpositions. The conposition of this invention conprises in

combi nation an ar gratingude! #RALPUE! dofidic SpAYCRbOAHES Brid BRIt
conprising at |east one orgarli ¢ phosphorous containing additive such as
phosphi t e, phosphtheeeafrasgie fgritbabove. and hexanet hyl ene tetra am ne which

ol ycar bonat 6 conpost ¢ 14 BRNGAGPNa!E] GoMABERSR=et Jhe | RVERET, ToRE! 999 or rod
fromthe conposi  jnudef sudh Btref! 4eRlivES or UV AEKlidiS relddi® GGEMESHAdEN O

this invention conprom ses an aromati c pol ycarbonate conpos avi ng
i mproved col or : st ahd Iréinfarcing fillersdsuchvasglass fiberso(shatti armoag gldssr fitrs)yi | i zi ng

conposition consistin ssentially of at |least one phor ous addi.tive and
hexanet hyl ene t et F%f@ﬂ\ ﬁ%erﬁn B & n?n‘ilﬂtg?‘bi Ay gg& %\?émi@(%f Bnd
hydrol ytic stabil 'Félgc%oﬁg@ ddMipesitiongnat e conposition. Preferably, the

S

conposition conpr s about 99.7 to abo_ut 99.99 weight & of the aromatic
pol ycar bonat e and abouthe campositian @fithis.ioventiohgtomprises in lomhindtioni arer

ition, th ' { bei b . h l.ght _of th
b0l yoar bonat e 1 esIPTESROVIBRRES. 800 g Bl SO DPRRHOR iocnrsiy ot

conposition. As SIeahtesné)bﬁ%amw&hdspmmsswhéihingeédcﬁm Suerdas phesstiteher ei n

stabilizes the pol ycarbonate agai nst yell ow ng during heat processing of

the conposition, BRosphine £f phesphenite ardikaxamathylenetetral grine ohiche
stabilizing composition is present in an amount sufficient to improve
the polycarbonate composition against color degradation in the article
formed from the composition of this invention. In addition, the
composition of this invention compromises an aromatic polycarbonate
composition having improved color stabilizations and. having in
combination a color stabilizing composition consisting essentially of at
least one phosphorous additive and hexamethylene tetra amine in an
amount sufficient to improve color and hydrolytic stability of the
polycarbonate composition. Preferably, the composition comprises
about 99.7 to about 99.99 weight & of the aromatic polycarbonate and
about 0.30 to about 0.01 weight % of the stabilizer composition, the
weight percents being based on the weight of the polycarbonate resin
composition, i.e. polycarbonate and stabilizer composition.

As stated previously, the stabilizer system disclosed herein
stabilizes the polycarbonate against yellowing during heat processing
of the composition, as well as improving resistance to hydrolysis of the
phosphite at processing temperatures without significantly affecting the
processability and physical properties of the compasition including
plate out. Processability with respect to extrusion can be that

extrusion or compounding during preparation of the composition for



phosphite at processing tenperatures without significantly affecting the
processability and physical properties of the conposition including plate
out . Processability with respect to extrusion can be that extrusion or
conpoundi ng during preparation of the conposition for 7 subsequent
nol di ng or extrusion or co-extrusion into7sheet or film or extrusion bl ow
nmol ding or profile extrusion. Such processes are well known to those
skilled in the art and are disclosed in nunmerous articles and patents.
Preferably, the conposition is first conmpounded, generally, in an extruder

and extruded int | r r ' dried
and processed unggﬁéécﬁfré?tﬁg’rm %@Qt&aeﬁg%gi@g‘s?uﬁeﬂw&ofs B%%isﬁ{aglﬁgr ficle.
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filmextruded, co-extruded or extruded: bl ow no| ded into holl ow shapes such
as single or nul knowajathgseskilied ipthe pgandare discoseddn pumespus adiclesyvent i on
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This invention can be turther, described by neans, of the follow ng Exanpl es;

it being under st a4anches.cRalietized,dried,jand; Riacessesh wdsr |fustier, ek gnde
restricted by th A ln terns of
per cent, they ar BTSr o B Siihod SR "PAS Anlbhal anfi Rl bR ietBn. e as
follows: Melt Vomokded,ngeofilé Muktiudedd esheetri ore film nextndedd acosextradad 1080 1133
which is the sane as ASTM D- 1238 Yel | gwness | ndex, (Yl) - determned in
accordance with & ?ﬁsﬁgﬂ%’-"@@dﬂ@p ']"gh?f” shanes %ﬁcf‘faesr%!ﬂ@@ Qi dp @yer
formulation A (bgpehEBbtlesdthe Ky Tebttiré 8P thefinvéntidn 18 #htfthé 2ERFBEHIYA! Y

has improved color stability and improved resistance to the hydrolysis,

while maintaining good processing and physical 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 test procedures employed were as follows:
Melt Volume Index (MVI) - determined in accordance with
' ISO 1133 which is the same as
ASTM D-1238
Yellowness Index (Y1) - determined in accordance with
ASTM D-1925-63T
A Yl - the difference between formulation A (benchmark)
and formulations B, C, D and E respectively
Haze - same test procedure employed for Y!, namely
. ASTM D-1925-63T/ASTM D-1003
Formulations: |
A - 89.95 weight % polycarbonate plus UV-

absorber and release agent 0.05 weight



Hazeé - same test procedure enployed for Vi,

namel y ASTM D- 1925- 63T/ ASTM

D-1003 Formul ations: A - 99. 95 wei'ght % pol ycar bonat e pl us ‘UV-
absorber and rel ease agent 0.05 wei ght 8 %tris(2,4-di tertiary
but yl phenyl phosphite) Bl - 99. 97 wei ght % pol ycar bonate plus UV-

absorber and rel ease agent 0.0297 weight & tris(2,4-di
% hexanet hyl ene tetra am ne (HMIA) B2 -
wei ght % pol ycar bonate plus UV- absorber and rel ease -agent 0.0495 wei ght
tris(2,4-di tertiary butyl phenyl
_ C - 99.96 wekgid 4%ineri4
and reél ease agent 0.04 vvelght %2,4,6 tri-tertiary-
propane diol phosphite D1 Bf1-

phosphite) 0.0003 wei ght

tetra am ne (HMIA)

absorber and rel ease agent 0.0198

Lght % 2.4 i - i - b
ethyl 1,3 propane diol phosphite 0‘_’%@8@%gaﬁgélég%%ég%@%@f%geua
(HVTA) D2 - 99.96 vel ght % pol yopidadld widey bityipRoRAhespiit

agent 0.0396 wei ght

%2,4,6 tri-tertiary-butxlphenyl
t %

B2 -

D1 -

D2 -

phosphi.te) 0.0005 wei ght

et’hyl, 1,3
% hexamethylene tetra

0.0003 weig
amine (HMTA)
99.95 weight % polycarbonate plus UV-
absorber and release agent 0.0495 weight
% tris(2,4-di tertiary butylphenyl phosphite)
0.0005 weight % hexamethylene tetra
amine (HMTA)

99.96 weight % polycarbonate plus UV-
absorber and release agent 0.04 weight _
% 2.,4,6 tri-tertiary-butylphenyl 2 ethyl 1,3
propane diol phosphite

99.98 weight % polycarbonate plus UV-
absorber and release agent 0.0198 weight
% 2,4,6 tri-tertiary-butylphenyl 2 ethyl 1,3
propane diol phosphite

0.0002 weight % hexamethylene tetra
amine (HMTA) |

99.96 weight % polycarbonate plus UV-
absorber and release agent 0.0396 weight
% 2,46 tri-tertiary-butylphenyl 2 ethyl, 1,3
propane diol phosphite

0.0004 weight % hexamethylene tetra
amine (HMTA)

99.97weight % polycarbonate plus UV-
absorber and release agent 0.0297 weight
% bis-(2tertiary butyl-4-cumphenyl)-
pentaerythritol diphosphite

tertiary butyl phenyl

99. 95

% hexanet hyl ene

R TR

- 99.998weight %pewtarbanate miuseUWt us UV-

| phenyl
ra am ne
rel ease

%

r

2



propane di ol phosphite 0.0004 wei ght % hexanethyl ene tetra am ne (HVIA) E

- 99. 97wei ght % pol ycar bonate plus UV- absorber and rel ease agent 0.0297
wei ght % bis-(2tertiary butyl-4-cunphenyl)- pentaerythritol diphosphite

9 0.0003 wei ght % hexanet hyl ene tetra am ne (HMIA) Note: For fornulations
Bl, B2, D1, D2 and E, the HMTA load is alfbut 1 weight % of the phosphite

| oad. Exanple 1 Pol ycarbonate powder, having an intrinsic viscosity of
about 0.48 deciliters/gram (dl/g) as neasured at 20[err] C in nethyl ene
chloride and additives as set forth in the following Table 1 were

conpounded in an extruder and EXtrL@,Egg%%@%ﬁ@%é%gﬁnﬁﬁéﬁate”peratUre

I n the extruder of about 310[err]C ation contai ned essentially
the same quantity of pol ycarbonate érainegHMFA)Xd only with respect to the

OV absor ber and ol d el cRSE cGeHPTTMBURRE P, 88 PFy Dz eH s AN and s
about 0.2 wei ght % of thel&éat(jélabpﬁf‘[TWefbgﬁ%Ofﬂ:l@qﬂﬁébﬁi@%d-St rands were
pell'etized.

qui ckly quenched in water an e Hal f the pellets obtained were
dried at about 120[err]C for about 2 hours and were passed through the

extruder again under the sane extrusi gg copditions. Melt Vol une i ndex was
determ ned for each fornulation both ngl e and doubl e pass through

RN bt on’ane Nl Al Rl g ooty 40 abaup!co o
0.48 deciliters/gram (dl/g) as measured at 20° C in methylene chloride
and additives as ‘set forth in the following Table 1 were compounded in
an extruder and extruded into strands at a melt temperature in the
extruder of about 310°C. Each formulation contained essentially the
same quantity of polycarbonate being varied only with respect to the
quantity of stabilizer employed in each formulation. The same weight
% df UV absorber and mold release égent was employed in each
formulation and was about 0.2 weight % of the total formulation. The
extruded strands were quickly quenched in water and pelletizepl. Half
the pellets obtained were dried at about 120°C for about 2 hours and
were passed through the extruder again under the same extrusion
conditions.

Melt Volume index was determined for each formulation both
after single and double pass through the extruder. The results
obtained were the average of two (2) samples for each formulation and

were as follows in TABLE 1.



10 TABLE 1 MM (300[err]C/ 1.2 kg.) Single Pass Doubl e Pass Extrusion

Ext rusi on Fornul ati on (cmerr]/10 mn) (cmerr] /10 mn) A

7.0 : 6.7 B-1 5.3 5.3 B-2

4.8 4.8 C 4.8 4.9 D1

5.1 5.0 D2 8 4.9 E

4.8 4.7 As shown in Table 1, the processibility flow of the

conpositions were not essentially effected by the addition of about 1

wei ght % of HMTA based on the weight of the phosphite enployed therein. O
all” formul ations, both once and tw ce gagtedsthrough the extruder, dried
pellets were injection nolded into clear plaques about 10 cm square by 2.5

nm t hick at about 300[err]C, at residenc |i I 165 seconds and
nmol di ng cycl e of about 39 seconds. @ Iglll fornmul ati ons of
Exanple 1 that were passed through t Q¢ Pas8er on %” e3%%hj ecti on nol ded

under abusive-conditions. The condit |%?4§‘s!ﬁ‘} abusi ve % consi sted of

nol di ng at about 330[ Eempuiation:si dendem? {10miB) abo nds and a cycle
time of about 158 seconds. All nol ded plaques of Exanple 1 and the Exanple
were nmeasured for YellAwness Index at a 7l ckness of 2.&7mm . For the three
conditions of nolding g set forth in TAB|E 2 under whig® pl aques were
produced, the:Yell owngs® Index results wgrge conpared 4.8

Cc 4.8 4.9
D-1 5.1 5.0
D-2 4.8 4.9
E : 4.8 4.7

As shown in Table 1, the processibility flow of the compositions
were not essentially effected by the addition of about 1 weight % of
HMTA based on the weight of the phosphite employed therein.

Of all formulations, both once and twice passed through the
extruder, dried pellets were injection molded into clear plaques about
10 cm square by 2.5 mm thick at about 300°C, at residence time of

about 165 seconds and molding cycle of about 39" seconds.

EXAMPLE 2
Pellets of all formulations of Example 1 that were passed
through. the extruder once were injection molded under abusive
conditions. The conditions of abusive molding consisted of moldiné at
about 330°C, residence time of about 680 seconds and a cycle time of
about 158 seconds.

All molded plaques of Example 1 and the Example were
measured for Yellowness Index at a thickness of 2.5 mm.. For the
three conditions of molding as set forth in TABLE 2 under which
plaqgues were produced, the Yellowness Index results were compared
with the results obtained from formulation A. The results were reported
as delta values (A) in TABLE 2 below.



with the results obtained fromfornulation A. The results were reported as
delta values (A) in TABLE 2 bel ow. TABLE 2 [err]Yl Condition 1
Condition 2 Condition 3 Single Pass Single Pass Doubl e Pass

Ext rusi on Extrusion Ext rusi on Fol | owed By Fol | owed By Fol | owed By

Abusi ve Formul ation . .~ Ml ding Mol di g Mol di ng A (benchmar k)
0 0 : 0 Bl -0.2 - -0.9 _
-1.0 B2 -0.5 -1.2 -2.0C -0.3
-0.9 -2.1 D1 -0.3 -0.7 -1.8 D2

-0.8 -1.3 -2.3 E -0.7 -1.5
-2.3 As shown in TABLE 2, addition of LABLE % of HMIA to the applied
phosphate results in a better color stability. Thaypositive influence of

HMIA i s even observed at a reduced fy’ntap | agshditidle2 9" e Bdiiditiones negat i ve
[err] YI, the better the color stabil f E ﬁ of fﬁe sanmg;fglePuLsPet t er

col or stabl lity than the benchmark

g€ teE Jo |t|ons
EXAMPLE 3 Exanple 1 and Exanple 2 re ate thgr_t "
nol ded pl aques of each fornul ation erm P hadligyed yocI aV| ng
at 120[err]C for up to 230 hours Tﬁ%’ Wﬁ @VwereAP 'é"’ﬁverage of

four (4) sanples for e Eewnulation| at | Molding are sMoldingt h in bel ow:
TABLE 3
~ A (benchmark) _0 0 0
B1 -0.2 -0.9 -1.0
B2 -0.5 1.2 -2.0
C -0.3 -0.9 -2.1
D1 -0.3 -0.7 -1.8
D2 -0.8 -1.3 -2.3
E -0.7 -1.5 2.3

As shown in TABLE 2, addition of 1 weight % of HMTA to the
applied phosphéte results in a better color stability. The positive
influence of HMTA is even observed at a reduced phosphite load. The
greater the negative A Yl, the better the color stability. _

Each of the samples had better color stability “than the
benchmark sample A in all three test conditions.

EXAMPLE 3
Example 1 and Example 2 wére repeated except that the -
sample molided plaques of each formulation were determined for haze
by autoclaving at 120°C for up to 230 hours. The results obtained
were the average of four (4) samples for each formulation and are set
forth in TABLE 3 below:

TABLE 3
Haze after 0/50 and 230 hours autoclaving
Single Pass
Single Pass  Double Pass Extrusion
Extrusion Extrusion - Followed By
Foliowed By Followed By Abusive
Molding Molding Molding

Formulation 0 50 230 0 50 230 0 50 230




Haze after 0/50 and 230 hours autocl aving Single Pass Single Pass Doubl e

Pass Extrwusi'on EXtrusion =~ Extrusion Fol | oned By Fol |l owed By Fol | owed
By Abusive Ml ding Mol di ng Mol di ng For nul ati on 0 50 230 O
.50 230 "0 50 230 12 A 0.5 1.1 1.9 1.3 2.7 4.3 0.51.3
2.4 Bl 0.5 1.0 -1.9 0.7 1.4 2.5120.8 1.6 2.3 B2 0.50.8
1.5 0.6 1.3 2.2 0.50.8 1.7C 0.40.6 20 0.7 1.0 1.8 0.7
3.5 3.3D1 0.40.8 1.9 0.81.8 2.2 0.53.0 1.8 D2 0.3 0.8
20 1.11.9 2.8 0.50.8 1.6 E 0.50.8 3.4 0.91.6 2.4 0.4
0.7 1.8 n addition to haze rreasurerrents rml ecul ar WEI ght (Mnv) prior to
and after 230 hours of autocl avi ng wqygr 9asognly done
for nol ded sanpl es extrud ql once. d)?)t E}I t g_a rage of
(4) sanples for each for ation t Lﬂ% 3 &H'AB 4. " TA

For mul ati on Mwv before Aut I avi ng 2 %ﬁto aV| ng A
28710 Gi. 3%B 0.6 1.8 35 33 g 3%
B2 30750 D1 0.89. 11% COS 18 22 3(5)@5030 1.8

40. 3% D1 30430 D2 0.3 08 20 23.1%I52 28 05 080786 '

39. 7% E 30820 E 05 08 34 4209%16 24 04 07 18

In addition to haze measurements, molecular weight (Mw) prior
to and after 230 hours of autoclaving was measured. This however
was only done for molded samples extruded once. The results
obtained were the average of (4) samples for each formulation and are

set forth on TABLE 4.
TABLE 4 -
Formulation Mw before Autoclaving Mw drop after 230 hours of
autoclaving
A 28710 11.3%
.B1 238900 8.3% -
B2 30750 | 9.1%
C 30670 ' 40.3%
D1 30430 23.1%
D2 30780 39.7%
E 30820 42.1%

Mw - Weight average molecular weight determined by means
of Gel Permeation Chromatograph (GPC).

As shown in TABLE 3 for all plaques from each formulation no
significant increase in haze was measured due to 230 hours of
autoclaving. This indicates good hydrolytic stability is obtained with all
tested formulations. |

Results obtained by measuring the Mw, as shown in TABLE 4,
disclose the hydrolytic stability of the tested formulations more into
detail. First of all it can be concluded that addition of HMTA to the



Mv = Wei ght average nol ecul ar wei ght determ ned by, neans of CGel Perneation
Chr omat ograph (GPC). As shown in TABLE 3 for all plaques from each
formul ati on no significant increase in haze was neasured due to 230 hours
of autoclaving. This indicates good hydrolytic stability is obtained with
~all tested formulations. Results obtai ned3y measuring the My, as shown in
- TABLE 4, disclose the hydrolytic stability of the tested fornul ations nore
into detail. First of all it can be concluded that addition of HMIA to the
13 phosphite inproves the retention of Mwv after 230 hours of autoclaving,

I ndicating inpro fs | bhi 15 clsRg, t hat the
Mv drop due to aﬁ@%%ﬁ§§Wﬂ %ngég%gﬁgkﬁgyggﬁwﬁ§k¥§§gqgﬁg§nggﬁbf ﬁﬁ'osphite

used. A | ower phingjgatihg impeovedfhydmolytic stabiliys Alse ibtan hesconduded thatr eased
| tability. EXAMPLE 4 S | | ded f | Ex |
S wer e anal yred o MyeAoB A piialRving, s BepBlifia g e A Bofl pad g, =™ ©

130[err]C for 4 i reg bR 0% FoFm@latie B @ndl DAgur (4)
sanpl es for eachﬁ%ﬁagﬁﬁ :Iﬁab‘yav?rewgg?p?gjth igoTABaL‘E 5. TABLE 59

Yel | owness i ndexreaultsin inoremsdd sblogstabilipeks heat agi ng Singl e Pass

Doubl e Pass Si ngl e Pass Extrusion Ext rusi on Ext rusi on
Fol | oned By Fol | oned By Fol | oned By Mol di ng Mol di ng
Abusi ve Ml ding Formulation 0 weeks gxXARIME 40 weeks 4 weeks O weeks 4

- weeks A 1.0 57 2.75 1.4 2.7 7.8 Bl . 0.85
4.7 1.9 5. 75Sample soldedsplaques from Example 1 and Example 2 were

analyzed for yellowness index after heat aging the samples at 130°C
for 4 weeks. The results obtained were the average of four (4)

samples for each formulation and are set forth in TABLE 5.

TABLE 5
Yellowness index prior to and after 4 weeks heat aging
Single Pass Double Pass Single Pass
Extrusion Extrusion Extrusion
Followed By Followed By Followed By
Molding Molding Abusive Molding
Formulation 0O weeks 4weeks Oweeks 4dweeks Oweeks 4
weeks
A 1.0 5.7 2.75 7.4 2.7 7.8
B1 0.85 4.7 1.9 575 1.8 6.1
B2 0.5 3.0 1.6 4,25 0.8 33
C 0.7 2.15 1.9 3.8 0.7 2.9
D1 07 2.9 2.1 "4.65 1.0 34
D2 0.25 1.7 1.5 34 0.5 1.9
E 0.35 2.65 1.3 3.8 0.5 3.9

As shown from the results above, formulations containing HMTA
and phosphite had a better color stability after heat aging over
formulations without HMTA. Also color stability is dependent on the
type and load of phosphite used. A lower phosphite load (formulation

B1 and D1) results in decreased color stability.



B2 ° 0.5 3.0 1.6 4.25 0.8 3.3 C 0.7 2.15
1.9 3.8 0.7 2.9 D1 0.7 2.9 2.1 4. 65 1.0
3.4 D2 0. 25 1.7 1.5 3.4 0.5 1.9 E 0. 35
2.65 1.3 3.8 0.5 3.9 As shown fromthe results above,

formul ati ons contai ning HMIA and phosphi 18 had a better color stability
. after heat aging over fornulations without HMITA. Al so color stability is
i dependent on the type and | oad of phosphite used. A | ower phosphite | oad

(formulation Bl and D1) results in decreased color stability. 14 EXAMPLE
. 5 Plate-out was analyzed by profile es¢Aupie® of fornulations A and B2 at
. conventional profile extrusion condifrons. Both fornulations showed

| essentially equal perﬁlamncwawmlyzedﬂatpmfdﬁ extrusioo Lef. formulatipng A

conld be rraced Btk B2as ConvEHtiRar Brone SR iE e fng cBo BnBERRNE s Can
be seen fromth r@w’éaoégs%nuanwehmaﬁéﬁambacémq&speartoemadeodutngméﬂe

stabilizer systemof this invention, i.e. phosphite and HMIA has better
col or and hydrol slig'lt depasltldms pnvﬂhehmllbraibgﬁhﬂ‘?véérﬂq presgenge tqfigaction

D phosphi te.  odbe “whih, crorldl” e "yaRkd , Mack (3G, Pofaftad “Renl " ¥

conposi tion havm&dn{mﬁggﬁgta@@m@d hydrol ytic stability, while
mai nt ai ni ng good processi ng
As can be seen from the Examples, a polycarbonate

composition employing the stabilizer system of this invention, i.e. a
phosphite and HMTA has better color- and hydrolytic stability without
significantly effecting processibility and plate out of the composition
than a stabilizer with only a phosphite.



properties, wherein the aromati c pol ycarbonate conposition conprises an

aromat i ¢ potyearbonate _and a stabilizer conposition conprising in a
conbi naty t | east one organi c phosphorous containing additive
- sel ect ec”m,!ml:, IE"E#Monsi sting of phosphite, phosphine and. phosphonite
. and (b) hex § ra am ne, said 4Babilizer being present in an
ampount sufficient to priovide an aromatic pol ycarbonate conposition having
.~ inproved col or and hydrolytic stability. 2. The conposition of claim 1
' wherein the stabilizer conposition conprises at |least two chemcally

di fferent organi lgos(ﬁhﬁlr 9#@ containing additives. 3. The conposition of
claim 1 wherein ARG Ber conposition conprises about 0.01 to about
©0.30 weight % based on the wei ght of the pol ycarbonate and stabilizer
conposition. 4. The stabilizer conposition of claim3 wherein the
stabilizer conpositioh conPpiasematinpelycarbopatecompasition hayingimpreved 5. The

stabilizer conpogiliQ f ' Eiyhitsh [l ) Z Lk ON

conpri ses about %%‘12 ‘iﬂb"oa‘lﬁw wvve gh iA) q‘ééih%?‘hlléé c@ér%%gér??%éngm claim

1 wherein the Stﬁn@péft&b@rmemﬂiéémmaiprmeYCadmrwwwmoﬁtiwbgmpri%so about
ex

2.0 wei ght % of anet hyl ene tetra anj ne apd about 99,5 wei ght %to about
- b

98.0 wei ght % ofan a&qma%eﬂu%bgn%rﬁr& # stgblizer ?qm@%t_&'baora "WeMotal
ot L ne"s s b DAl cromnCibosRER: RSl S4B 0
1.0 weight % of sdlectbdxfromt ltiyé egroup ecorssistimgnef hosphite, pbogpiine i amd of
6. " " The conposPRIIOBRS o KAREIUMETT BUR BB saicyBbEd beig
tris(2, 4-di-terthaunPin o BRIt sufieRAP S bovide an aromatic polycarbonate
composition having improved color and hydrolytic stability. .
2. The composition of claim 1 wherein the stabilizer
composition comprises at least two chemically different organic
phosphorous containing additives.
3. The composition of claim 1 wherein the stabilizer
composition comprises about 0.01 to about 0.30. weight % based on
the weight of the polycarbonate and- stabilizer composition.
4. The stabilizer composition of claim 3 wherein the stabilizer
composition comprises about 0.02 to about 0.10 weight %.
5. The stabilizer composition of claim 3 wherein the stabilizer
composition comprises about 0.02 to about 0.05 weight %.
6. The composition of claim 1 wherein the stabilizer
composition comprises about 0.5 weight % to about 2.0 weight % of
hexamethylene tetra amine and about 99.5 weight % to about 98.0
weight % of the phosphorous containing additive based on the total
weight of the stabilizer composition.
7. The composition of claim 6 wherein the stabilizer
composition comprises about 0.5 weight % to about 1.0 weight % of
the hexamethylene tetra amine. |
8. The compositions of claim 1 wherein the phosphorous

containing additive is a phosphite.



10. " An M&M{M%e conposi tion having inproved col or hydrol ytic
stabil'ity and, while mai I ni ng good processing properties, conprising in
conbi nat i g’lﬂwm ' | ycar bonate and a stabilizer conposition

consi sting's mmm'”’g (a) at |east one organi c phosphorous cont ai ning
additive sel etted fYom the group consistilBg of phosphite, phosphine and
phosphonite and (b) hexanethylene tetra am ne, said stabilizer conposition
- being present in an anmount sufficient to provide a polycarbonate

- conposition having inproved color and hydrolytic stability. 11. The

- conposi tion of claimg10 whegel " | ihzer, Y L S& S

. essentially of about % Ol to é;ggﬂ{pgglt'éga\%e#%ﬁ? 8%9@%@ t@%%@ﬁﬁ@é E%t of the
pol ycar bonat e anitis{2,4di-tertiary butyipheniyl)iphosphite. The conposition of claim 10

wherein the stabilizer conposition consists essentially of apout 0.5 wei ght
" %to about 2.0 weight!® &Wﬁ&m Rolearbopate, SO'BHPﬁEO'h%@VBSOWPTQ@G wei ght

" % to about 98.0 i 9 tdagne ey it 13 A
process of pr epa ol Hydfdiftc, skibiRFOSRGC AR, SHRGIAG Joddl ArbiEeging. Donat e
 conposi ti on whermropetties, ¢cdmpnising ss¢ombinatiorcar arematiopolyearbomate @ndhg/ dr ol yti c
~stabilit d whil e nmaintaini d.. A i id pr

compri si g the. SHEBLERCARINIPaIstRE GRasHUa LA bISASE 2% BIEAR ¢  on,

pel l'etizing the aaﬁsrﬁeﬂﬁsrwnwghgmtﬁe%m&% ha"gholip @Bnéigting be_t he

finished article under heat an ressure, said pol ycarbonate conmposition
conpri si ng aboutptespbiiet phedphine aad 7thosphghite @&ndf(bdrhexamethyileneptstsecar bonat e
and about 0.01 to _about .0.0Q Lght % of.a stabilizer .conmposition

conpri si ng of (aﬁmﬁ'@'l\%ﬂ t$ ﬁ'gﬁ'?g‘m'%“&f?& %J%reﬁﬁ'htt & n?rhga@&Hmive

sel ected from t hfesiemPis Previdd Iaﬂq;oqicaﬂ&wmldmpq@h@ﬁphaﬂﬁ%eiﬂfbmphom te
and (b) hexanethyl ene tetra am ne _based on the weight of the polycarbonate
and stabilizer. colorignd hydrolytic stability.

11. The composition of claim 10 wherein the stabilizer

composition- consists essentially of about 0.01 to about 0.03 weight %
based on the weight of the polycarbonate and stabilizer composition.

12. The composition of claim 10 wherein the stabilizer
composition consists essentially of about 0.5 weight % to about 2.0
weight % of -hexamethylene tetra amine and about 99.5 weight % to
about 98.0 weight % of the phosphorous containing additive.

13. A process of preparing a thermoplastic article from an
aromatic polycarbonate composition wherein the thermoplastic article
has improved color hydrolytic stability and while maintaining good
processing properties said process comprising the steps of extruding
an aromatic bolycarbonate composition, pelletizing the extruded
polycarbonate composition and then forming the finished article under
heat and pressure, said polycarbonate composition comprising about
99.99 to about 99.70 weight % of an aromatic polycarbonate and about
0.01 to about 0.03 weight % of a stabilizer composition comprising of
(a) at least one organic phosphorous containing additive selected from
the group consisting of phosphite, phosphine and phesphonite and (b)
hexamethylene tetra amine based on the weight of the polycarbonate

and stabilizer.



14. TthLo;M(%j_?jlz wherein the stabilizer conposition consists
essentially of about o about 2.0 weight % of hexanethyl ene tetra am ne
and aboH 'lﬁg”ﬁmmm 98.0 wei ght % of the phosphorous containing

additiv H s of claim 12 wherein the thernoplastic article is
an inj ection rrol dedSarticle. 16 . The pr8éess of claim 12 wherein the

. thernopl astic article is a clear extruded pol ycarbonate sheet. 17. The

process of claim 12 wherein the thernoplastic article is an extruded
profile. 18. A transparent thernoplastic aromatic polycarbonate article

havi ng i nproved col 0r14hY%@|ﬁf6¢é‘sssdf%|H 12 wherbis BB stabilipér édmpesiidrat i on an
aromati c pol ycarbonate and a stabilizer conprising (a) at | east one organic

EhosphoLors contconsistsy ammawg efelahrftéd()f»fi ota ta‘hp({t)r&ﬁ) weightbfe of
Sufficient to prisrBtns K adifoao PRurEe BlaRERRr 8.0 Nellt BBt Ou e
col or and hydr olgbipho§pitdtolis tdntaining additive.

15. The process of claim 12 wherein the thermoplastic article

is an injection molded article.

16 . The process of claim 12 wherein the thermoplastic article _
is a clear extruded polycarbonate sheet.

17. The process of claim 12 wherein the thermoplastic article

is an extruded proﬁle;

_ 18. A transparent thermoplastic aromatic polycarbonate article
having improved' color hydrolytic sfability and comprising in
combination an aromatic polycarbonate and a stabilizer comprising (a)
at least one organic phosphorous containing additive selected from the
group and (b) hexamethylene tetra amine, said stabilizer being present
in an amount sufficient to provide an aromatic polycarbonaie article

having improved color and hydrolytic stability.



