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PCT/ US96 ATLLITY AROVATIC
PHOSPHATE ESTER COMPOUNDS This invention relates to carbonate pol yner

conpositions which 5 contain specific [imted anounts of certain aromatic
phosphate ester conpounds. It has been found that these conpositions
surprisingly %ﬁ? he Underwiters Laboratory (UL-94) V-stg Mhout
significantly sacri e ng the otherw se good conbi nati ons of proper{les of

carbonate pol ymer resi nscarBOaTeardioma! REINS \OIRTBINESE Q6w ivodat@rdwi S
I nvention are thus 10 found t OARWBITS PHEIPHATH ESTER goMpow@sconbi nati ons of
UL-94 V-2 rating, thermal stability, toughness, processability, hydrolytic

and chen cal resi st a06p sndREAl 3052200 ARLLEAL MiORS! L&@%sﬂq%?%%emlon of

the additives under tco I.11.0NS actiti one f

t her-nopl ast P c P%"sﬁlﬂss"lg'é’c% ’f‘étfsa’f‘ﬂ‘gfs °ﬁe°°\fnt ?’é‘?‘?‘ﬁ'é" oP PP L8 Bns for
resins requir €PRAPELr i Hy ’§/|5’é§“ SPunse RBaK Ehesp FopRPSit HepSof Wik dsiso bb prhisve
condi tions. | tthe Indérsgivers| Labntksosy CUU-34h M~2araring ph tiost | signi Heentles
cost/benefit QpiiiFicidi € oOfhedwisRSiddd dumbirxdshyl 61 pkfertid saréaemtaee

polymers used sm&%ﬂwg ﬁegté&@&%éfwmrgra&k%negmoe Qhy L&M@“S
it is deswdtodagoleethe % ;g ratlng

v I ters 2 orat
preferably To achi ev °thi s Ta ns" %lynﬁ‘f"tdaneou twn h| C %S’g t’rr’f‘f t fhermal
range of one éF@‘ﬁPh“YanB"“@H%e?r ﬂ’@é‘?ﬂsﬁb’(}f‘t&nw KY‘(‘G. a5 chgrdcdt geTiStanaeh) |
whi | e retai ni agraakancedend Prttisal maeperids ardhpeffent tars o hrtdie naidintiyieniunder el
necessary | evebsdishordshermal stability, toughness, processability,
hydrol yti ¢ and chem cal resistance, appearance 25 and optical properties.
As is recogni zed, VsRiyesfaaotiREehedt inhene €518 S AKAGLEIASEAS rasie8! fedbfnize
behavi or ofs a@ha%r the hi€ad ralt be @bﬁ%ﬂti&?@o&h&sﬁﬁs b B4R 08 s PH AN Yypes of
condi tions. ﬁha\élgﬁ 1§tﬂur1191 eg}“ E:El'fet QQ'CXJ;@ t:.gnesSI r&tpar tals wg f1:1 derstood
ext i ngui sh W|t S or ess ter ication of atla From &
hat any app11cat10n requires cost/bene t optimization of a res;n For
example, for the carbonate polymers used in preparing extruded sheet for
glazing or other applications it is desired to achieve the Underwriters
20 Laboratory (UL-94) V-2 rating, preferably to achieve this rating
simultaneously at thicknesses in the range of one eighth and one sixteenth
of an inch {(0.125 and 0.0625 inch), while retaining the additives under melt
conditions and maintaining the necessary levels of thermal stability,
toughness, processability, hydrolytic and chemical resistance, appearance
25 and optical properties.

As is recognized, V-2 performance of the resin characterizes a
certain behavior of an article or part molded from the resin under burning
conditions. The V-2 rating requires the polymer resin part to self-
extinguish within 30 seconds or less after application of a flame from a

30 Bunsen burnexr that initially ignites the resin part. For the UL-94 test,
the resin to be tested is molded into bars having a standard size and shape
and 5 bars are tested. In a controlled environment protected from drafts
and under specified temperature and humidity conditions, the bars are held
in a vertical position while a blue 0.75 inch (20 millimeter) flame from a

35 Bunsen burner is applied to the center of the lower end of the part for ten
seconds. The center of the flame is applied to the middle point of the
bottom edge of the bar so that the top of the burner is 10 millimeters below
the lower end of the specimen. Typically, for a V-2 rated resin, the part

initially ignites and is then timed until it self extinguishes (T-1). As
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30 Bunsen burner that initially ignites the resin part. For the UL-94 test,
the resin to be tested is nolded into bars having a standard size and shape
and 5 bars are tested. In a controlled environment protected fromdrafts
and under specified tenperature and hum dity conditions, the bars are held
in a vertical position while a blue 0.75 inch (20 mllineter) flame froma
35 Bunsen bur weo9r/ssémppl i ed to the center of the | ower end obctiossgnssdo f or
ten seconds. The center of the flanme is applied to the m ddle point of the

bott om edge 0Ofodnhgs Rae bienixﬁaﬁaztch&ctagaueﬁest helebyraaerlé §eJZ=Q1£uA ELIRE L Sna
bel ow t he Iower end of the s for a V-2 rated resin, the

part initially® §RTH “g‘ﬁo"ﬁrgeqche}h"aﬁ"rrég Lﬁ’f’t“flls fecgrfed Wit N RARESSLE- 1)

As -1- WO &tin&g6itBes (T-2). If the part does not ignite at the first and/or second

PCT/ US96/ 16648} a3@0dppi Scdeiibn BUL ra&.agorparzt a%rzlefmaé&@@, trﬂfs bl YBedRa for
reapplied for asecongten second tinme erlo %ﬁs%aetlrre I'S recor ed
t

until the par? BEFtr &R (PRYAEHSS® (bf‘r?)se FrexE gy & 18t55cgria BELAE t he
first and/ or esbomublitatien afpthec flamerenf- GheanalfadrbuknZtizee (Pel @lsemRfforThi S

is repeated for @lde Bard @@rﬁss tfhax?QGB REoddl® RebPASnSE ia:%éumaas%h@% 1f

wi thin 30 seconds_after eac lcation of the flame and the total burn
tinmes (T-1 pl B % PPerpPazgt Ifaﬂps\/é E&?%‘e?‘?ﬂgl%?‘ rHRAD 2’5’05%‘:@6%&?9"[ REtheEsin
is rated at | thwe applicatiomny-obrthe drebgreatémithan B0 seedidsextthagressh faiidi n
30 seconds;@f t,ar vei t.hgy. flane application (T-1 or T-2 are greater than 30
seconds), the resin fails 10 the V-2 test. Although requi ri ng the pol yner

part to stop burni n?{é\\/it i n 30 _seconds, ng i his UL test does
acknow edge that no U FEMAYY B‘Fyﬁ%’r““af |p6§t (ff’fs't ﬁeb“t’&’lg B der
bur ni ng condi $¢aynds.andV-2gratiag ivothie rPipkestedoasndcimaelsdhe that trodren, af lamingg

pO| ynmer dri pspdiRaty ia@hd 8£# REe GRLL Art under burning conditions and ignites cotton

placed underneath. If there are no polymer drips that ignite the cotton.
15 the resin is classified as V-1. The higher UL-94 ratings (V-0 or 5V} are
based on shorter flame extinguish times or elimination of the dripping

phenomena.

It should be noted that the dripping often removes the ignited

pelymer from the part and may actually be responsible for stopping the

20 burning of the part. It should also be noted that the user of such resins
has to determine the suitability of these resins for any particular
application taking into account the dripping polymer, which may be flaming
or burning. Any use herein of terms such as ignition resistant or flame
retardant, or of UL-94 ratings or other numerical values derived from tests

25 related to burning or the application of a flame, are not intended to
reflect hazards presented by the disclosed carbonate polymer compositions or
any other material under actual fire conditions. As used herein., the terms
*ignition resistance” or “ignition resistance additives” may include or
induce the situation where the molten, flaming polymer portion drips off the

30 test part under burning conditions and the test part thereby stop burning.

As used herein to rate and categorize the polymer compositions as to
their flame contact behavior, the UL-94 evaluations of the polymer
compositions are based only on the performance as a natural, unpigmented
resin. When the Underwriters Laboratory performs the test and issues an

35 official UL rating, pigmented and natural versions of the resins are
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15 the resin is classified as V-1. The higher UL-94 ratings (V-0 or 5V) are
based-on shorter flame exti nguish tines or eljmnpation of the dri ppi ng
phenonena. It should be noted that the dripping often removes the ignited
polymer fromthe part and may actually be responsible for stopping the 20
burning of the part It should als? bﬁ not ed thatfthe user of such resins
has to determ uitability of these resins for any part@_ .
application taE%ng | n?o account the dri Epl ng pol %/mer whi C[] t H&?@f’?%@ ng
or burnin An erns such as nition resistant or a
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25 rel ated to dsdenifpy that petymeppiomperitdon 0b racéivenere sadngiot intended to
reflect hazards presented by the disclosed carbonate polynmer conpositions
or any other materi an Mﬂst@&ﬁdéﬁ'poﬁ&éa&b&%ghtés% haﬁigmg ﬁ%ﬁre:laiaes :.gethe

terms "igniti 020 nifion resistance. addi cl ude
or mducg theq%l% ?ls%n 5 er%ert @ TOIiEeSh 27 11585 a‘bdf‘%?”ﬁ’of"f’t‘&%‘"ﬁﬂ‘?)s of f
the 30 test péﬁﬂt’ema@rsmﬂbﬁtmmdﬁw&ﬁdﬁ@ ravdng a6 thicknegardowt ter el esdtmp

burning. As ua@d dner SixBedr®hldxt &n aRch e:atmerdhaentcbﬁp&atmf %mgﬁlatah%ﬁeés

to their fla cont ac eh vi,or the 94 eval uations of the poly
conposi t | onsngpe basec{(!j‘e @heir 3“5’&’( SPReERASASY 59 ﬁ‘bﬁ"uf‘éﬂma’iﬁ‘?pt“gﬁém ed

resin. \Wen t WéhvnB@WHt’eP%d Eb&}@rm!@ﬁl}cs'peq fredure iheeltestrennch iags B2 sp aMaab
official UL rahidigs dongiH6hEd eRRlgiiRhiMAknd BLSiA8 D 0fnd Pert’ B9 /250 ANE e

WO 97/ 1561
PCT/ US96/ 12%4 UEVAF PRI RT e RAFS PHEE F PR r U FPRERER (82t JFPEpvements or

particul ar rach#nges ninoEkRepPolyger tthpdesp odry Aeality MPYs ihéeas¢d the mely atidigth

rating. |In thespastcarbbfdre D1kt b ke pB?n?ti Bsachaw Btglyﬂgll: tdoéé QW rd%&gsasi n
t he

readily. Although the higher melt flow rate {lower molecular welight)
carbonate polymers not containing any further additives still have a V-2

15 rating in the UL-94 test, it has now been found that carbonate polymers
having melt flow rates in the range of 20 grams per ten minutes and lower
that would previously have been V-2 rated without further ignition
suppressing additives, do not drip until after the polymer has burned for an

extended time and the desired V-2 performance is not obtained.

20 In attempting to now modify the behavior of a polymer under burning
or flame contact conditions, a skilled practitioner in this field recognizes
there are countless additives and additive combinations that are taught to
provide ignition resistance and/or affect the melt strength or dripping
behavior of carbonate polymers. Since V-2 performance was already

25 practically inherent in many unmodified carbonate polymers, most efforts had
been directed to developing additive formulations for achieving the higher
V-1, V-0 or 5V UL ratings based on shorter flame extinguish times or
elimination of the dripping phencmena. Although levels of the additives
were always desired to be minimized to reduce the accompanying loss of the

30 carbonate polymer properties, there is no teaching as to which additives
and/or which levels were able to increase the tendency of the polymer to
drip under flame contact conditions, thereby providing carbonate polymers
having a V-2 UL-94 rating and simultaneously maintaining the otherwise good

balance of the unmodified carbonate polymer physical and optical properties.



range of 20 grams per ten minutes and | ower had inherently achieved the 5
Underwriters Laboratory (UL-94) V-2 rating at thickness down to one eighth
and one sixteenth of an inch w thout the incorporation of further
additives. This was due to their relatively | ow tendency to burn (conpared
to many other polyners) and their tendency to reduce in nelt strength and
drip under burwownsandi tions, extinguishing the burning of tmernd6hssaty
removing the 10 burning polynmer fromthe part being tested. It appears that

i nprovenents or changgoda ;&@rmgxragcﬂsgaﬁésle&r&miow}; ?r,t' ncr eased

the nelt strength of the carbonatelg ners to the $0| nt s pol ymer
does not drip s‘?}é’éa‘ﬁ'ﬁ‘.’m‘ﬂl"‘[”r’fﬁuw ﬁ‘@shiL"@"ﬁe? CREIPate HALYMEE 2lehHWEER a very
nol ecul ar wei ghirye canizonat othel yyeEssof@ddizanési theg aNyo fueadhiay adds %Y&S

Still have 3 \eadidiel Alaidh Wlsdu'feddhs rl GBle chlpflffad Wﬁb%e‘-g:%; aund. Pa‘f’é‘ﬁ
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i gni tion supprigstingnd@dthickesss ﬁboﬁetsldteeatlumEIAn ahdhe 1 A1l8e) pg},,ylﬁg{ngaaﬁ or

burned for an d erfarm
ogt ai ned. 20 LR QQL LL}EH% @&qr%gn% ‘?% %\%t\(/ivg?m sé‘nbeﬁgvllsorc s q&""ﬁ&ﬁﬂ%r

under bur ni ng ¥PeTY aﬁethébrh‘%{%'t“(:”brfdl PhtaiR @ %F@R‘i‘ﬁtlee@lm‘%mﬁﬁnen@e flepired y-
field recogni zzeseiﬂmeﬁacarnevenwat JvaaSaaddirIthSIrﬁngéﬂnﬂ mdssaryel&eni)lo@aéﬂem

that are tagghl..;0 ;R0 Lon resistang on {“Qra f ec he nelt
strength O?Hdrslttp%ﬂ g{'b\éhgw or F car g’n%sté’ rh alq ?n%‘e 722 I5EFPSPfiEmce

was al ready Z?PBP%F@PF%'aPP';FCPhWéPWW%%Hﬁt‘tjﬁmpf|'fé°d addi bireat uwndpo Imeder s,
nost efforts hadcdaeny dord@etiat.t 0 devel opi ng additive fornul ati ons for
achieving the higher V-1, V-0 or 5V UL ratings based on shorter flane

extinguish times or gkl %9@&&99 pgitahtls :@rammaw%@%% aléiéﬂ? h levels

of the additives were always desired to be mnimzéed to re
acconpanyi ng |§%E35ng Ha? I?O"WB?)%?%IYB%‘T VRAEPI R BTt %‘éer"“?%é‘%ecl“%arrl&elght
t eachi ng agdst etwhiah2addd ttoves oamdhor;gntmmh de@verlafcavaneitabésL chbikilsBhigease

the t endency cgssngﬂ:qapﬂ) XETEIED) tﬁog rdrgaw}d‘@l{ Jl qngo qgg Qzﬁgn qoalq}egéh(%ngércegg r Eby
provi di ng carbonate pol yners
(based on carbonate polymer composition weight) low volatility aromatic

phosphate ester compound, and optionally {(c) from 0.001 to 0.l weight
percent {based on carbonate polymer compositions weight) of an alkali metal

20 salt having a pH of at least 7. Preferably the low volatility aromatic
phosphate ester is selected from the group of aromatic phosphate ester
oligomer compounds or haloaryl phosphate compounds. It has alsc been found
to be preferable to use a low volatility aromatic phosphate ester which
experiences a weight loss of no more than 5 weight percent at 250°C when

25 heated to a temperature of 500°C in a thermogravimetric analysis (TGA) at a
heating rate of 20°C per minute, more preferably no more than 40 percent at

300°C.

In another preferred embodiment, the present invention is a
carbonate polymer composition as described above comprising no added
30 ignition resistance additive{s)} based on halogen (bromine or chlorine); salt
of an alkali metal or an alkali earth metal having a pB of less than 7;
antimony; bismuth; or polytetrafluorcethylene). Preferably, the carbonate
polymer composition according to the invention, in the form of test
specimens having thickness of one sixteenth of an inch (1.6 millimeter) and
35 one eighth of an inch (3.2 millimeter) have a UL-94 test rating of v-2.

In another embodiment, the present invention is a carbonate polymer
composition as described above also comprising from 0.001 to 0.1 weight
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having a V-2 UL-94 rating and sinmultaneously naintaining the otherw se good
bal ance_of the unnodified carbonate polyner physical and optical

properties. -3- WO 97/ 15618

PCT/ US96/ 16640 Al t hough references disclose the incorporation of various
phosphor ous-contai ning additives into a carbonate polyner along with a very

| ar ge nunber of other types of additives, there is no teachi (rg m,hich
additives and/®PYH%h ievels were able to provi de car bonateggvy?’g?él

having 5 a V- e,wen%frg& Iamgahp,a&taersa@mabgtghaagn @f tablfelsg@%sasﬁ 2B NG PRt D
of an inch (1.8 ge% ad ?t%kgg%sa SI x [ei@0,d nch (1/16"), and
mai ntai n or |rrprov fie esiral epr |es Tothe resin. It is
consequently an object of this invention to obt ain a carbonate pol yner

havi ng the desired Yhe Zapismhor palioer [resils aseonet) aaoraigntaithe ngesdn
necessary | evelsudlod BeliTahiy Qo babibhhdrlr QU ANBERor PIBESEP AR, Ltk s

hydrol ytic and chem cal resistance, pearance, optical properties and
retenti on ol PReFeatkiyt fY SBIUMERST °Fn§1°f‘ r}t’Bc’é’§§|aﬁﬁ ’E’&ﬁcﬁ“FPo%efeFHP]sV PRA(4 on
pertai ns to aiséed.bomaEerabdy \these eMINGS ialre GithEaRPrwith NG (Mectidmakdld@eat e

pol ymer havin [ seula f 20900 to

40, 000 and |g%?1?gll\§ﬁ "ggélpgtgg%ggﬁag%t%%/ué‘sg%ag%?gh %mgsegg{]‘*t%?%ﬁ%bgof (b) from
greater than 68%*M°F¥r9%ess than 1.0 wei ght percent (based on carbonate

pol ynmer conposition weight) low volatility aromati c phosphate ester
conpound, and opti ofalbay Heek discovefed@hatt ohd) addivdpmy it pPesedol Ydyatedfon

carbonate pg! X%cf@%ﬂ&%h&é@&&éﬁ’eé%&)n@fsﬁﬂ 2 Kﬂ'ohryﬂie}aﬂéspg&éaﬁso?&‘ﬂo@g a
pH of at least 7. Preferably the | qow vol at. | Yé aronati c phate ester is

selected fr orrfi’r‘m?n{fr BB?JSPB?“"ar‘B?Fét ﬁ}k}ﬂ‘ﬁ%p‘ﬁ&f‘%“ s‘f'ié’?plzﬂtlegiﬂ?g} %oWﬁ@ﬁ?fU’%“br

hal oaryl phospixiesyc phephiacks .(BBE) , has perlss ovid epyoh@ensk: £ficient dAripping to

remove the burning polymer from the part being tested to achieve the desired

UL-94 V-2 rating. Surprising, this does not deteriorate the PC resin’s
15 combinations of thermal stability, toughness, processability, hydrolytic and
chemical resistance, appearance and optical properties, and retention of the

additives under melt processing conditions.

The carbonate polymer compositions of this invention are useful
across a range of applications such as, for example, the production of
20 films, fibers, extruded sheets, multilayer laminates and molded or shaped
articles of virtually all varieties, especially data storage apparatus,
appliance and instrument housings, motor vehicle body panels and other parts
and components for use in the automotive, electrical and electronics .

industries.

25 In another embodiment, the present invention is directed to the
improved processes that use these resins to prepare molded or shaped
articles, especially extruded sheet, and to the improved molded or shaped

articles.

In general, the carbonate polymers for use in the compositions
- 30 according to the present invention can be prepared from one or more multi-
hydric compounds by reacting the multi-hydric compound{s) such as a dihydric
. phenol with a carbonate precursor. The carbonate precursors are well known
and include phosgene, haloformates or carbonate esters such as diphenyl

carbonate. Dihydric phenols are preferred multi-hydric compounds and
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to be preferable to use a low volatility aromati c phosphate ester which
experiences a weight loss of no nore than 5 weight percent at 250[err]C
when 25 heated to a tenperature of 500[err]C in a thernogravinetric
analysis (TGA) at a heating rate of 20[err]C per mnute, nore preferably no
nore than 40 percent at 300[err]C. In another preferred enbodi nent, the

present inventiyyyrhsed car bonate pol ynmer conposition as descredagssosicess
conprising no added 30 ignition resistance additives) based on hal ogen

(broni ne or cpJ 05 daedn a&h&;@%&%@kg%mﬁﬁt ackxeq&os@rhyak&a' anaeaﬂﬂrﬂfé gk 2 the

having a pH of less than 7; antinon bi snut h g ytetraf| uoroet
Preferably, tf@FRoneEs FRLE56t y TRE GBY b%lpthf”b‘?'}sa‘t’?&& cﬁrﬁgp"ieée‘fﬂl?éyﬁ‘i‘%‘?ﬂeflo"r?
in the form ofprbeRie epceatrdmanic kaxbongtd bolyhaes comfainnmeSoxx mednbhomakidrihgic h
(1 6 m l l I et er %Qq 1%15 gélgnrg; gpiupgnt%ng{: mgz?’e ?lyégoL:!(i %EQLLS Wgh %ryl‘ 94
test rating of° fn ano odi esent_ 1 nvention IS

carbonat e pél FeBFLIVEIHGE] %Weoﬁ%gnﬁésﬁe%?@rm%?‘“&l’ s"lﬁ‘cbcﬂfp‘r'*f@Pr@de?’G‘fﬁ 0.001
to 0.1 wei ght modety is\MPefeklabhp bBrached directly to a carbon atom of an aromatic ring.
PCT/ US96/ 16640 percent of an alkali metal salt having a pH of at |east 7
and an extruded sheefg,ppéaqpaﬁ@@{r{cr no ¥ Rrd: Gay measle(mw%aemwmu on.
The carbonate pol yner resins é( "%ﬂyaccordl ng t o t.he ]gr esent _invention
desirably achi®®f® Bntey {1 8rYrRRBPEYSH P PRI 0k) lﬁp}fnf’ & hyé; '5b15rfe4f’erabl y
at thickness afydabotyphdny2) tueobarend2. 3/ G hydroRy dipkdngl aigithargl. sloistf2k | nch.
Preferably nbh%ﬁr&@%ﬁa@&, %@h@f;hl ﬁ\geﬁa-\%&zlaxg&em)eﬁéehme mpl fleds s@upl e, nore

preferably also wt n’P cut _from extr heet structures. It has

been di scover eWIFHAPIEN eﬁf&’r“ﬁ ofr 3GPiS RAIWIAr BPREY L] Pepfane; (P) halogenated

bis (hydroxyphenyl) alkanes such as 2,2-bis(3,5-dihalo~-4-

H

hydroxyphenyl)propane ("Tetrahalo Bisphenol-A") where the halogen can be
fluorine, chlorine, bromine or iodine, such.as for example 2,2-bis{3,5-

15 dibromo-4-hydroxyphenyl)propane ("Tetrabromo Bisphenol-A" or "TBBA"); (c)
alkylated bis(hydroxyphenyl)alkanes such as 2,2-bis{3,5-dialkyl~4-
hydroxyphenyl)propane ("Tetraalkyl Bisphenol-A") where the alkyl can be
methyl or ethyl, for example 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane
{*Tetramethyl Bisphenol-A*}: (d) other ring-substituted

20 Dbis(hydroxyphenyl)alkanes such as bis{4-hydroxy-5-nitrophenyl)-methane; (e}
bis (hydroxyphenyl) aryl-substituted alkanes such as l-bis(4-hydroxyphenyl)-
i-phenyl ethane ("Bisphenol-AP" or "Bis-AP"), 9,9-bis(4-hydroxyphenyl}
fluorene ("BHPF"); (f) bis(hydroxyphenyl)cycloalkanes such as 1,1-bis(4-
hydroxyphenyl)cyclohexane; (g) dihydroxyphenyls such as hydroquinone and

25 resorcinol; (h) the dihydroxydiphenyls such as 2,2'-dihydroxydiphenyl and
2,6-dihydroxy naphthalene; (i) the bis{hydroxyphenyl}-sulfones such as bis-
(4-hydroxyphenyl) sulfone; 2,4'dihydroxydiphenyl sulfone, 5°'-chloro-2,4'-
dihydroxydiphenyl sulfone, bis-(4-hydroxyphenyl) diphenyl disulfone, and (3j)
the dihdroxydiphenyl ethers such as 4,4'-dihydroxydiphenyl ether, 4,4'-

30 dihydroxy-3.3'-dichloro diphenyl ether, and 4,4’'-dihydroxy-2,5-
diethoxydiphenyl ether. The preferred carbonate polymer process uses a

dihydric phenol, preferably Bisphenol A, as the multi-hydric compound.

It is, of course, possible to employ two or more different multi-
hydric compounds or a multi-hydric compound in combination with a glycol, a
35 hydroxy terminated polyester, or a dibasic acid in the event a carbonate

copolymer or polyestercarbonate (rather than a homopolycarbonate) is desired
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10 aromati ¢ phosphate ester compound, such as hal oaryl phosphate,

resorcinol diphenyl phosphate (RDP).__alkylene di phenyl phosphate (ADP) or

bi sphenol - A di phenyl phosphate (BDP), to PCs, will pronote sufficient
dripping to renpove the burning polynmer fromthe part being tested to
achieve the desired UL-94 V-2 rating. Surprising, this does not deteriorate

the PC resin' Swl'ﬁ) I nations of thermal stability, toughne
processability, ;ﬁgﬁpyt ic and chem cal resist ance appear anf,%‘mﬁa"b‘ﬁﬂ cal

properties, apd retention_ o ah: q tlves under groces& ng

condi ti ons. T % 83T Bonat e“poryerr e Eipodt tt1h8rf’§°87r‘tth?'§ f FrerfiarBerase edvms=y|

across a r angecmepsifiphs ©At theninventiionas Al ingivdad wethinhehept@ohl cédrdbonak 20
films, fiberspoigutsuded c8be@bS1ymbdY bhdid%ey! %r@pgpédeﬁy cTafemeqalMe [To M ‘ﬂn;c? haped

arti cI es of vi rlt ual .l %%al | varjeties, especla dat a_ storage appara
appli ance and®?HETFEREIR ﬁ?ﬁiﬁ“ﬁ‘g@"‘"ﬁﬁ? Brd’\?é'r"ﬁ’%‘%“’oﬁﬂ’f PNk éﬂ'ifPBEWFC
parts and donpoidertt $séphthalbe aqidt tva auksrartfaming ldecivatDel tiardoBl, €64 RONI CS

i ndustries. 2Byaroxycarboxylit 2B, h@fom%@ﬁ“ﬁ@ﬁbon&@p&"yﬁ&e anéaq}{ﬁ{g LaQ&rl S
directed to the.i roved rocesses hat use these resins to prepare nol ded

or shaped artlbcnldf) T RIPERYLIT PORATPH U e 4P REET, PESTYTIS TAYePs MofeR &8 ¥hSI ded
or shaped artﬁ,alce@n pictyen@sad mondrer cur o Rasepapaie) nEfosmddoesteg Coligohdi€  aAn

COMPOSI 1 NS, B eRRGORGHERE doollir BeFSRUL. Ir0Y Skl GANLDGP gﬁggéﬁgg{y 3P

or nore muti- drlc conpoun reacting t enruftl-ﬂ%
such as a & hiHr Pt pREFET \ﬁﬁ?‘f 3° r bERETVET pri8ct PEgTerroh e RosinRitat the

precursors arearpetdtekprdvmerant] chix [tovent pérogganect lcahaliorammt &xedrbofiad Ronat e
esters such Mémen)ﬂlsgﬁﬁm& &t H: J;arlax&g tcsrhtanmogélyﬁg& RLPBE! i Toyea

gucl'r} IU_SB%?E_%% Zﬁc}ogpug&lxnthe car%onatevglymer compos:.t:.ons according to this invention

preferably comprise no further thermoplastic polymer resin component {s).

15 It is also possible to use randomly branched carbonate polymers in
the compositions according to the present invention. In fact, due to their
higher melt viscosities, randomly branched carbonate polymers are preferred
for use in the preparation of some types of extruded sheet, particularly
twin wall sheet where the melt viscosity needs to be as high as possible.

20 As is known, randomly branched carbonate polymers are prepared by employing
a multi-functional branching agent in the carbonate polymer that produces
long chain branches in the molecule either during the polymerization or in a

subsequent reaction.

A branched rather than linear polycarbonate molecule can be obtained

25 by adding to the reaction mixture a tri- or polyfunctional monomer such as a
tri- or tetrafunctional phénol or carboxylic acid (or derivative thereof
such as an acyl halide or anhydride), or a nitrogen compound such as
cyanuric chloride. Representative examples of such branching agents are
trimellitic acid, pyromellitic dianhydride or trisphenoxy ethane (or

30 derivative thereof such as an acyl halide or anhydride). A branching agent
may be added to the reaction mixture before or after a dihydroxy compound is
contacted with a carbonate precursor, and is typically used in an amount of
0.001 to 0.30, preferably 0.002 tc 0.20, and more preferably 0.002 to 0.15
mole per total mole of all dihydroxy compounds. It is also possible to

35 employ a latent reactive moiety such as arylcyclobutene, ethenyl aromatic or



produce an aromati c carbonate polyner, the nost typical and preferred of

t he. carbonate pol yners. The di hydric phenols which are preferably enpl oyed
,to provide the aromatic carbonate polyners contain one or nore aromatic
rings and contain as functional groups two or nore hydroxyl noieties which
are 5 reactive with the carbonate precursor conpound, each of which
hydroxyl noi eWP %4568 ef erably attached directly to a car bon RGTHIRIGI666th
aromatic ring. Typical dihydric phenols are: (a) the

bi s( hydr oxypheatt) patilanesietsugh thst 2aR-Hei sctidadegdhaiyp Rebadghety ApBNE

("Bi sphenol A )eee2irs Bb %rg&cehwigoewmﬁmmngemmz crtdnarelbdyILOXY

di phenyl net hane, bis-( 10 ydroxypheny net hane

bi s- (4- hydr oxyphen ne, 1-bjs-(4- h drox henyl ) - et hane,

3, 3- bi s- (4- hydr oxyéh%ﬁ‘&?n? %’ﬁt"’ﬁh%‘t %)a %%'IbB ﬁa‘f°é Hi é%ﬁﬁ?ﬁ?ﬁ%’y‘fﬂ“i’éﬁ%lfd by
al kanes such iagslu@ién of  8h&indtérminatding [vpupems pincthe ppivopeirat{dnlptscebal Oas
Bi sphenol - f" )lsvm&@ tche chairpgs&uﬁmngec&.w%' D€ ustallhPlal AnonPaAT AfpSing or

i odi ne, such as for exa
di br ono- 4- hyd‘F ?&Bﬂ@ﬁﬁ%ﬁ?@daﬁﬁpf“%ﬁ%?%sﬁegm?eﬁmm phe ghenolyppicqhols )
al kyl at ed bi afinedt odnipéenyirpahicaneisi shiirides, 25ud £&nie( &si0- chilakidds; 4-

hydr oxyphenyh)prepanen{s’ Iﬁ.ﬁcrn@erk stioﬁaéplaeg,ﬁ.tmﬁc).wﬂa@;&omsa'é@ék 59%9 dfin
rrethyl or et hyI for exar’rg 2 dr oxyph eny1e pr opane

(" Tet r amet hy FeBMSBHIEoFmRynas "ﬂ‘)e 6‘1%@?”“1"*‘?&5’1&?65'? FFU‘E*?B“Z'OP““‘ tertiary
bi s(hydr ox§ phetrsl ):Eédoan@sm:slupheras 4 sel 1kl oX ph&inn téxndpdon yhay Betalaaéna;co( e)
bi s(hydr oxyphgoylel Aty msHpst s%e&sci,,ra;&@;leasdmbm@sgénf@hﬁég *I%QE %%@x')

1- phenyl ethane ("Bi sphenol - Bi s- A r oxy

fluorene ("BA °“*(=F)P%Fgﬁ?§draeﬁyﬁ1émﬂ°7b’9fcv%fél k*aﬁésaﬂe&%%sl’ 201_1 tb.%(ia‘
hydroxyphenyb}e@e&hmaenme;o (0g20.d iy choox ppéterydly 6.0Chtas. 1y de D penaBealand 25
resorcinol; (Ble B@ealqi %d,_t &%ks such as 2,2' -dihydroxydi phenyl and
2, 6- dlhydroxy napht hal ene; (|) e bls(hydroxyphenyl) sul fones such as bi s-
(4 hydr ox ?henyl) ul f ope 4' dih dro di_phe sul fone, 5 -chloro-2,4" -
di hydroxyé phenyl &fi%% ","”bi“?f‘u’rﬁ Bﬁecr?ﬁ’%;“""a? BREMRFF %ﬁ“‘?ﬁ?%?f? g g
(j) the di hdldeksrdliilpﬁﬁemyIthetdve;'@esmcabmweighu|°hy@pmarépmerqdlmmerqmé$s4 -

otherwise indicated, the references to "molecular weight" (Mw) herein refer

to weight average molecular weight as measured by gel permeation
chromatography with a bisphenol A polycarbonate standard. The average
20 molecular weight of carbonate polymers which are suited for use according to

the present invention can vary in the range of from 20,000 to 40, 000.

In general, in order to provide the desired melt viscosity
properties in combination with optimizing other physical properties, these
carbonate polymers have a weight average molecular weight of at least

25 20,000, preferably at least 22,000, more preferably at least 25,000, and
most preferably at least 26,000. In the lower molecular weight ranges, the
phosphate ester compound is not typically needed to obtain a V-2 rating
unless the carbonate polymer contains a further additive or component such
as a filler or impact modifier that reduces the dripping tendency of the

30 polymer under flame contact conditions.

In order to keep the desired level of polymer melt flow and
" processability it has been found that the carbonate polymer component should
have a weight average molecular weight of no more than 40,000, preferably no
more than 38,000, more preferably no more than 37,000, most preferably no
35 more than 36,000.
~8-



30 dihydroxy-3,3 -dichloro diphenyl ether, and 4, 4'-di hydroxy-2, 5-
dl_emmm_ahemd_ﬁLtLeL_Ir@_nLeieLLed_aaLmnaLe_pm_mm process uses a
d¢i hydric phenol, preferably Bi sphenol A as the multi-hydric conpound. It
is, of course, possible to enploy two or nore different nmulti- hydric
conpounds or a nulti-hydric conmpound in conbination with a glycol, a 35

hydr oxy term yester or a dibasic acid in the event %r rbonate
copol ymer or yes ercar bonate (rather than a honopol ycar bor é%’
desired -6- V\D 97/ 1,

PCT/ US96/ 16640 for 0% é“a%lsfh@séé'?lﬁoﬁ%tsge‘ﬁ&?’ﬁﬁ’érdﬁsh’%‘é"&r”éﬁﬁr BelvBRrHfox he
car bonat e pol yseincdeposebsiziens bcddréingnue the @resedl: Sinvientilod did tlﬂ'utshbf] chée
term "carbonafg dei i eice %ﬁrath%h :&PQL 3&98&%19,%&94&@& Xypisg-ﬂaﬁe%ég% on D

i ncorporating into_the ymerization reaction mxture a dicar Pt aci d,
such as ter ephtifaP?c Cs® Ef“a‘ 8r 3086hRt ha&Pi ts keawa (BF Bait oo rzaterefivag the
derivative % hes@ot)of pslydeh)idraoaye ahbo)eybusC thdugh thé Q:maw%kﬁiﬂ id € hohets
pol ymer cont ai pi kg A5 opt The ester precursor
may ‘be added t(%yl he r;egﬁx?%%g%sggﬁﬁgggg%é%%ongrﬁor RaeReE wg%e}fe V¥ red
ester ol i gomeP2vVipg Righe Pekhy BiITRFEies FOryamErnding Yeatrwer frelt e@@awwaées 15T¢ 0
90, preferabl yrd35a¢ ahd @ef{kednmdle ﬂsbeﬁmy 26p&iti BN Ehese HAUMRYRIte pdlyRers have
preferred erTbQQ:le‘EP’FlawUQ@e G3rpo R@ﬁe :ﬂ’a% ¥U%r/ﬂ)f mldl 8 eTfn yanL! Onmg.geregla%gt%

contain any ester bonds or seg xt Ur €s°0t - vart ous

pol yrer s néﬁl %’éflgrfﬁ'l"oy\'é’dea‘frfﬁ?ﬁiﬁw F‘Hé“%ar%ﬂa‘tSegfdéPy‘ﬁEr conposi ti ons
according to this invention preferably conprise no further thernoplastic
pol yner resin conpofrertdey) to kéep the desidetl levehlogOopi98ei hekr EDowism random y
branched car bsmgs'sawﬂewts nhdl bte&? f&%pa%ct Lrgnl?ax%sf;&r AL Gmd O 5@9 nf.Q,EthEouH

i nvention. In, fact to their |9 VI Scosities, ran ra ﬁed
car bonat e p0| mr% mg?,re fb?v'éfrgr.? é’& at east about 2 gr/i6 man, preferably at least 3

gr/10 min, more preferably at least 4 gr/10 min and most preferably at least

15 5 gr/10 min.

The low volatility aromatic phosphate ester compounds which are
used in this invention to prepare carbonate polymer compositions are
generally known types of compounds and many are commercially available. It
has been found that a range of these phosphate ester-type compounds are

20 suitable depending primarily upon the required low volatility level. It is
currently theorized that the low degree of volatility determines whether the
compound volatilizes excessively from the polymer composition during the
melt processing of the resin into articles (particularly into extruded sheet
structures) and during the initial heating and melting of the polymer when

25 an ignition source is applied and the polymer starts to burn. Since the
specified very low levels of the phosphate ester compounds are critical to
obtaining Fhe V-2 rating without detrimentally affecting the other desired
carbonate polymer properties, it is necessary to avoid the volatilization of
any significant amount of the additive under typical melt processing or

30 extrusion temperatures (on the order of 250°C) and under the polymer melt
temperature conditions experienced by the polymer at initial flame contact

and combustion conditions (on the order of 300°C).

. In this regard, it has been found that suitable phosphate ester
compounds experience a weight loss of no more than 5 weight percent,

35 preferably no more than 3 weight percent when heated to a temperature of

-9-



for use in the preparation of sone types of extruded sheet, particularly
twn'wall sheet where the nelt viscosity needs to be as high as possible.
20 As is known, randomly branched carbonate pol yners are prepared by
enploying a nulti-functional branching agent in the carbonate polyner that
produces | ong chain branches in the nolecule either during the

pol yneri zat i onw@bisgr® subsequent reaction. A branched rat hepciRigsssédacar
pol ycar bonat e nol ecul e can be obtained 25 by adding to the reaction m xture

a tri- or pol ydgdpCld ANGlermRe Elet SUChAYs: tidn) & a tﬁéa%ﬁfg“ﬁ&{ gP%'ooP%%QO'

or carboxylic acid (or derivative thereof such as an ac
anhydride), oP*™ti t PRtjEnP Onﬁ'ﬁuﬂlfsgﬁi‘ﬁ SfFet \eomRrnds cﬁ’fP%’FHeﬂ‘ée a weight loss
Represent at i vef exawpkeshanf2ispelvetr.ancte nopfagailySncddmérd EhaEh$ ivelgnhtabtbent

pyr omel 1 €1 ¢ glianivdesds Qrte&.gérﬁm}%r@ﬁvﬁ&a;@@% SOl eHElant ! 1KE OShe0l

such as an acyl hal 1 de or anhydri nchi ng agent may PP t he
reaction mioxt $FET FOFBPRAE rexReEieRcy ad‘f’?ﬁ’ﬂ? 3% (?Srft?oﬁlﬂ'if Fbaf’cé?ltpaﬂ@é vilorl a
carbonat e pr eptéresibly andmbre th4ni 2@ wkighttSpetcent and apBt piefifrably0Qd mboe Qnad,

pref erabl y 0. 00218 0p20end Ml J{mgaear&fsr@e%yra%&bg Yol 3R Jae, per otal

nol e of all dihydroxy conpounds I's al so poss eto nploy a Iatent

reactive noiety such as arxal ycl obut ene, et hen aromatic or -7-
97/ 15618 he phosphate’ ester compounds may e described genWG / 166 40

(et h) acryl i ccomgriting sthet ivdiety aepivrsentstli masexkcdurd ag: subsequent nel t
processing to produce | ong chain branching in the carbonate pol yner. The
nol ecul ar wei ght of a carbonate polyner is ysually controlled by inclusion
of a chain term nating conpound in the pol ﬁreri zation process. As 51is
known, the chain term nating conpound is usllally a nonohydric conpound or
ot her nonofuncti onal conpound typi Zsrl-l'QnseHFtt@dnT‘r'o% t he phenol s,

al cohol s,
Om

|
Z
10

wherein independently. m is zero or 1, preferably 1; and each Z is
independently selected from the group consisting of (i) C2-C3p linear,
branched or cyclic alkyl radicals, (ii) Cg-C3g aryl radicals having one or
more aromatic nuclei, (iii) halogenated Cg-Ciyg aryl radicals having one or
15 more aromatic nuclei and having 1 to 5 halogen radicals, preferably bromine;
and, (iv) in the case of oligomeric phosphate esters, additional phosphate
ester units, preferably aromatic, that result in an oligomeric straight or

branched chain phosphate ester.

Exemplary haloarylphosphophate ester compounds which are suitable

20 for use according to the invention are generally known and commercially
available. These compounds include tris (2,4)-dibromophenyl) phosphate,
commercially available as Reoflam PB-460 brand phosphate compound from FMC
Corp.; tris (4-bromophenyl)} phosphate; dicresyl 4-bromophenyl phosphate;
2,4-dibromophenyl 2-ethylcresyl phosphate; 2,4-dibromophenyl methyl

25 phosphate; and diethyl 4-bromophenyl phosphate. The preparation and use of
these brominated phosphorous compounds is well known from U.S. Patents
3,557,053; 4,033,927 and 4,710,530,

Exemplary oligomeric phosphate ester compounds are generally known
and commercially available. See for example U.S. Patent 5,204,394, which
30 shows linear oligomeric aromatic phosphate ester compounds, and JP-A-62-
-10-



am nes, imdes, carbonic acid chlorides, sulfonic acid chlorides,

benzyltriethyl ammoniumchloride, _or phenyl chlorocarbonates. Preferred

chain term nating conmpounds are the nonophenols such as phenol,

para-tertiary 10 butyl phenol, cunyl phenol or the like. A chain

term nator may be added to the reaction m xture before or after a dihydroxy

conpound is c ‘g with a carbonate precursor, and is typically used in
oHBhfs foish

an amount of 0.30, preferably 0.01 to 0.20, and rmré’cﬁfu y
0.01 to 0.10 nole per total nole of all d| hydrox% conpounds. 15 As
i s known, nan$>gPl8pErETle¥bhigh shawpolineer poi Prwiched phéedmerim sramatic chesnaned

by the averagesml empbmrdswelpgéuerséd chfpotnds) RAlge mhmhc Eid 28 nclt &hhye
i ndi cat ed, thgﬁxcrsgaﬂe ( .&\Q:h" gL%lalwlagbitlab e'\%ror}g Qareggpr tO Vel ght
aver age rml ecul ar wei ght as maasure y gel per Chrong ogr Y with
a bi-sphenol ARERSYeket beat @Llstommemny- dolrpﬁ'eeravérlag%enzb A figtheped 8h°§néﬁg#’1t(3k?ﬁ)
car bonat e pol yeptigthecit aN@lais 8Rtehl phssphax@C Aoy Ng to t he present
invention can vary in the range of from 20,000 to 40,000. In general, in
order to provide thﬁ@@ﬂera?doﬁs&rerye $hOsthhve REARCEIpEShds z%ogQreE '0” Wi th
optim zing ot her sical properties, these carbonate pol yners

wei ght averagéeﬁgﬂ%ﬁ?ﬁyﬁ% B at | east 25 20,000, preferably at | east
22,000, nore preferably at Ieast 25,000, and nost preferably at | east

26, 000. In the | ower nol ecul ar wei ght ranges, the phosphate ester conpound
Is not typically needed tq optain a V-2 rating |unl ess the carbonate pol yner
contains a further additi e Hr conponent such %Er | 1 er or i npact

nodi fier that reducig_t EDDI g tendency of ol ymer under fl anme
contact conditions. In p the Jeim drer— Q& potdner nell flow
and processability it has {beén found that the dar bolnate pol ynmer conponent
shoul d have a wei ght aver ageOmol ecul ar wei ght f“n@nt;rore t han 40, 000,
preferably no nore than 38, 0p0, nore preferably no lm)re t han 37, 000, nost
preferably no 35 nore than , 000. 7z

10 wherein R is independently a divalent C3-Cyq linear, branched or cyclic
alkylene or alkylidene radical, or a divalent Cg-C3p arylene radical having
one or more aromatic nuclei, or a substituted derivative of any of same; Z
is independently selected from the group of (i) monovalent Cy1~Cag linear,
branched or cyclic alkylene or alkylidene radical, (ii) monovalent Cg-C3g

15 arylene radicals having one or more aromatic nuclei or (ii) substituted
derivatives of any of same such as haloaryl groups or (iii) a hydrogen
radical; each m is independently zero or 1, preferably 1; and n is from 1 to
10 (inclusive}, or any subset thereof, preferably from 1 to 7, more
preferably from 1 to 3. As recognized by the skilled practitioner. n can

20 represent the average number of repeating units for an aromatic phosphate
ester oligomer where the aromatic phosphate ester oligomer composition
contains a statistical distribution of phosphate compounds as typically
results from an oligomerization process. As a result, n need not be a whole

number for a particular aromatic phosphate ester oligomexr composition.

25 In the case where the phosphate ester compound is a branched,
oligomeric phosphate, these compounds are represented by a formula generally
similar to formula II above provided that in some occurrences Z is replaced
by further phosphate ester moieties, optionally linked to one or more

further phosphate ester moiety.



- 8- WD 97/ 15618

PCT/US96/ 16640 It is also possible to specify the desired carbonate

polyners for use in the conpositions according to the present invention in

terns of their nelt flowrate ("MFR') which is typically neasured by ASTM

Designation D 1238-89, Condition 0, 300/1.2. As is known, the nelt flow

rate gives thew@ommsimt of polyner in grans that flows througoTisess/16640

apparatus in ten mnutes (gr/10 m n) under the specified condition, higher

Inrol ecul alr er: ght pokgﬁiﬁéathﬁiﬂeﬂgmm—%:kleai-r'{_ﬁll&ntvﬁﬁfll@ﬁé rb@caldineR RARK BBe t O
ower nelt r.at e Vi e desired nel} .viscosit roperties,

t hese car bonaga\égego ny%ne? }gﬁg,\r?g Ig‘eﬁ’é#etnef %83\?‘?“5 %nebfg'r%(")élr?oﬁ'éﬂt ﬁﬁ °§§' gr/ 10

m n, preferabh3phthenydere. i rihracenylengy /ang sHbatityped dprivkbives| shemeofiyor e t han

15 gr/ 10b_rr} n. Piﬁeﬁi\é&&@h@n&?ﬁ@i&glﬂ@hﬂ&ﬁ iwﬁﬁ&h heat/):eh iy wlhm%a Nipkiude Q% and
rocessability it has_been f.o t.ha car.bonat 0 r. component

Shoul d_have a BB DB Faraner A Pt aBRNrs g TG Febtimal Shaphepol

| east 3 gr/ 102Ri ar "RasPH} ePefdiib (2-hydioxgehenyl )g£1ubgens (" BHAE " Nost Bisphérel okl v

at | east 15 Syl gfbfaifea ddpRct QF Ml Bidseht MnRemRi® RCi HBOFREL &6 I RE group

conpounds which are used_ in this jnyention t r re carhonate. polymer
conposi tions SF& gen r‘gﬁdfyc{lﬁgﬁg?/rﬁf é’yéé% léf‘eagogbbr%ﬁ%(fg Un YRy 4V ég“e r
commerci al | y aveiiddpecradicalhaer lsedivalentntstChataralengntpdicdl birede pivospimate

est er - t ypej OaRie LS ndd1R1 2 GrSalishBdl i@ utkPead v vErdeNiky by ddRen zt be of equired
low volatility level . It If’ﬁ‘ currgntly theorl,zeld that the | ow degree of
volatility dePZPHRHEE WhBPHEPS FMRE*FInPBARE IB1%ar#1d 3¢ B8Rty from the

pol ymer conposition during the nelt processing of the resin into articles

(particularly into &tfUehenn dhewr cemroyedsymeay Pe Rrgranshi g at deadensaticn

heati ng and neddceigh 6f phBsohaoly GR¥chdbEidle, an aromatic hydroxy compound, an
aromatic dihydroxy compound, and/or an aliphatic alcohol or diol (depending

15 on the choice made as to the identity of R and Z) in a dry, inert solvent

(such as methylene chloride or pyridine) in the presence of aluminum
chloride as a catalyst. Further details of the preparation of various of
these phosphate compounds are set forth in JP 59-45,351-A (1984) and
JP 59-202,240-A (1984).

20 The compositions of this invention are those in which an aromatic
phosphate ester compound and optional alkali metal salt have been admixed in
a carbonate polymer. In general, to provide sufficient combinations of
dripping and flame self-extinguishment to obtain the V-2 rating, the
aromatic phosphate ester compound component should be incorporated in the

25 compositions according to this invention in amounts of greater than 0.1,
preferably at least 0.2, more preferably at least 0.3, and most preferably
at least 0.4 weight percent, expressed in percent by weight based on the
total composition. On the other hand, to maintain the V-2 rating and to
optimize the composition in terms of cost and the balance of other physical

30 properties, it has been found that the aromatic phosphate ester compound
component should be incorporated in the compositions according to this
invention in amounts of less than 1 percent, preferably no more than 0.9,
preferably 0.8, and most preferably 0.7 percent by weight of the total

composition.

-]12-



25 an ignition source is applied and the polymer starts to burn. Since the
specified very low levels of the phosphate ester conpounds are critical to
obtaining the V-2 rating without detrinentally affecting the other desired
carbonat e pol yner properties, it is necessary to avoid the volatilization
of any significant anmount of the additive under typical nelt processing or
30 extrusion ures (on the order of 250[err]C) and un | ymer
melt tenperat hfé@}z{)% tions experienced by the polynmer at i n?ﬁﬁ%ﬂﬁfgﬁe
contact and conbustion caonditions _(on the order of 300[err]C). In this
regard, it has been™ §BHd"F HRE FiEHBFLP PG phdtes BYEitmbbuiids
experience a sepgidingsSowid tiatNnthecUL9aNrabingsl géitiepaileenti infHoepirehersell y no
more than 3 welghls RELLEDE MHARCARAL eniQaBid SARRRBILY ntf werd cur £
97/ 15618 PCT/ US96/ 16640
250[ err] C i n FFAMENBRFEITTRETTES dNaPSPS PYEA) - af®t F2feHPAFPrhBett
20[ err] C per sémplé= cubdsiicah| nachinecanh cspised@ecdirecticospoubil soexpefirabege a
wei ght |l oss o r& _ 1 : _
;ch\%ﬁvérg &% Bbyf%tw e6Q! endlidh qnpg%gi[; a&hxeaﬁgaﬁyieg} éiabfé‘ bd -2

wei ght percent en heated to a tenperature o err]Cina

Preferably, t¥eepHEdpitate theorized that thitiAsduexire At Eisetnh ds@egharfoss of no
nore than 40 qirkecivhs dfosdeptafies.abl y no nore than 20 wei ght percent and
nost preferably no nore than 10 wei ght percent when heated to a tenperature

of 300[err]Cin a T{Asukier RRQSRBALEL 28568 vCOMRRUNISH BRYN RReCSRd 11RSE s on
general ly as caontai ni ng t he noi e% represented by structure as: a%err] 10
S

Y,
wher ei n i nfepBHEsNERTRIM 3 $209 8° SPTHeT A9t EEDYPS 15V artFedac it
i ndependent | ydesetmsioee khat @i tien grfoap atkmisi mtrhgadt havingCh ar bf @tekaapt 7

l'i near, in amounts of from 0.001 to 0.1 weight percent provides V-2 rating in both

sheet and injection molded samples.

Examples of alkali metal salts having a pH of at least about 7
15 include the sodium and potassium salts of sulfimides, saccharin and
phthalimides. In particular, it has been found that if the pH is less than
7, such as in the case of typically used salts such as the potassium salt of
a perfluorobutane sulfonic acid or potassium diphenyl sulfone_sulfonate, V-2
rating is not obtained using equivalent levels of the salt in sheet or

20 injection molded samples.

The preferred alkali metal salts are salts of aromatic sulfur
compounds including alkali metal salts of aromatic sulfonates, aromatic
sulfates, aromatic sulfonamides, and aromatic sulfimides having a pH of at
least 7. Suitable metals are the alkali metals such as sodium or potassium.

25 The preferred alkali metal salts of aromatic sulfur compounds used herein

are further illustrated by the formula:
I
2
Ar—ﬁ-N-—R
° WP
wherein Ar is an aromatic group, preferably tolyl; M is an alkali metal

cation, preferably sodium or potassium; R is carbonyl, arylcarbonyl,

30 arylaminocarbonyl, aralkkylaminocarbonyl, or arylsulfonyl. Specific

-13-



branched or cyclic alkyl radicals, (ii) (err]-Clerr] aryl radicals having
one or nore aromatic nuclei, (iii) halogenated CJerr]-Clerr] aryl radicals
havi ng one or 15 nore aromatic nuclei and having 1 to 5 hal ogen radicals,
preferably brom ne; and, (iv) in the case of oligoneric phosphate esters,
addi ti onal phosphate ester units, preferably aromatic, that result in an

ol i goneri c strwodhsedg branched chai n phosphate ester. Exenplpfitisosnésso
hal oaryl phosphophat e ester conpounds which are suitable 20 for use

according to thenyen steaﬁ?, 9%;65@ anésppvv@eﬁ}éa.ﬁgxggﬁfg%ﬁ' Na avai l abl e.

These conpounds_include_tris br onophen conner0|ally
avai |l abl e as PebfisyhiIE! MG R-and phosphat e conpound from FMC Corp.: tris
(4-bronmophenyl ) phosphate; dicresyl 4-bronophenyl phosphate;

2, 4- di br onophenyl| 2-Themdst rigeférref aspinaivé; ar2patidi $ldwn phepvphdsTetd sl Pimides
phosphat e; angag¢ift byd sdzRiophenyl phosphate. The preparation and use of
t hese brom nat ed phosphorous conpounds is well known fromU. S. Patents
3,557,053; 4,033,927 and 4, 710,530. Exenplary oligomeric phosphate ester
conpounds are generally known and co ciaﬂ?y avai l abl e. See for exanple
U S. Patent 5,204,394, which 30 shows | neay'ollgongglc aromati ¢ phosphate
ester compounds, and JP-A-62- -10- Ar UTTrSﬁES

PCT/ US96/ 16640 25, 706 (1987) which sho | i nrgar and branched ol i goneric
aromati ¢ phssphate ester conpounds. Preferred conpounds include oligoneric
resorci nol di phenyl phosphate (RDP) such as conmmercially avail abl e Fyrofl ex
brand RDP from Akzo/ Nobel Chem cal Conpany, oligoneric bisphenol A diphenol
phosphate (BDP) 5 and oligoneric al kyl ene di phenyl phosphate (ADP). The

linear ol i gonghbfeiRNQSREACafhElc GANBOYNEEALE, U611AT Add/m is a metal cation,

preferably sodium or potassium.

Examples of the sulfimide salts are the alkali metal salts of
10 saccharin, N-(p-tolylsulfonyl)-p-toluene sulfimide, N-({N’'-
benzylaminocarbonyl)sulfamilimide, -N- {phenylcarboxyl)-sulfanilimide, N-{2-
pyrimidinyl)-sulfanilimide, and (N-2-thiazolyl}sulfanilimide. These and

similar salts are disclosed in U.S. Patent No. 4,254,015.

As is known in the art., the pH of alkali metal salts can be adjusted

15 and optimized to the desired level by the reactant stoichiometry and by the
recovery, washing and purification steps emploved. The alkali metal salt pH
is selected to be high enough to provide the desired amount of char
formation but not sc high as to degrade the carbonate polymer. Although not
limiting the scope of the invention, it has been theorized that the acidity

20 of the aromatic phosphate ester compound can provide a stabilizing or
buffering effect for the alkali metal salt if the more basic alkali metal
salts are used. The alkali metal salt pH is preferably at least 7, more -
preferably at least 7.5 and most preferably at least 8. In general, alkali
metal salt pH should less than 11, more preferably less than 10, more

25 preferably less than about 9 and most preferably less than 8.5.

In general, the alkali metal salt having a pH of at least 5 is
emploved in amounts to improve the ignition resistance of the blend
composition and maintain as much as possibie the desired physical
properties. The salt is typically incorporated into the blend of the

30 present invention in amounts of at least 0.001 weight percent, preferably at
-14-



represented by the fornula: [err] 10 wherein R is independently a dival ent
Cerr]l-Cerr] linear, branched or _cyclic alkylene or alkylidene radical, or
a divalent C6-C30 aryl ene radical having one or nore aronmatic nuclei, or a
substituted derivative of any of same; Z is independently selected fromthe
group of (i) nonovalent Clerr]-Clerr] linear, branched or cyclic al kyl ene
or al kylidene | (i1) rmonovalent CJerr]-Cferr] 15 aryle | cal s
havi ng one or ‘#@%%h)mat ic nuclei or (ii) substituted deri vgﬁé’ggﬁ"(ﬁ“any
of sanme such as haloaryl groups or (iii) a h¥dro en radical; each mis

i ndependent | y 1983500 05 1weight peTcenF g mogh Prigiexably gf eagh 0101 (Wehghtyupexcent

or any subset badu@r @ofthe pletfier ablayl fafothel cinpodit BRI RmpunRhey dbibohsaNbdiyviner 3
As recogni zed [ | .tioner, can 2Q represent .t ayerage
number of r epgg%/ i?%%‘%ﬁ%%tpéL%&rﬂpé%g%érrg?rht ?3 Phos %ﬁa’?’em%asf? e'?"eof‘lasdgrr:@lren%er e

t he -aromati c PREIPHaPECRSSEIRS 819 Fense oShpadkalioretedrmaadr ris yrdcatlvst i cal

di stributi on ohcdrbaspbatifte AhP W1BAS oft Stheitiesatt ¥nveR6itnt $n lah&At8MNup to and

ol i goneri zat i £5S, t, e not _be_a whal e nunber for a
parti cul ar ar gﬁr'%{& F‘%ngﬁgls ﬁ%hg Je‘%? %t'o? J|lgfgmr?g’rgy CONPOSI T 3?1%’2%“ Yncluding Pro8
t he case wher ¥eight BsREIhantk eyt referahiy iy apamss patre Aedl ineludgendr 0%
phosphat e, t heeihe ggpoettdBasBcon” €Ja@ SRl obYa1d ORI lcomERNEIAl Ldhpshdhtk ar
to fornmula Il above provided that in sone occurrences Z is replaced by

further phosphate e iMiEtdsCShe i oki n QL ore further
phosphat e ester noj g{? m'ﬂ\?\gfg% 1%56&%89{@&3’ b b RBE gh ¥

PCT/ US96/ 15548F18BHEERA PXt TV S HEN Bi*ing meanse kiovar { She arhdi fupisally Rhand
Z are based orcmprgeritscdnddanyp betiphain egldﬂniip#seagd ene bléhdda dinp& aftiytb1 3 6 BA&ker
nap ht he ny | ene in %&&Hragxe Ig)ﬂ:é.@@lata n&rﬁ%%;x I éulfkﬁ_q.egte rabyr_%tt k.é/rF %o tclgggﬁiothorough

distribution thereof. If desired, the dry-blended formulation can further

be subjected to shearing stresses at a temperature sufficient to heat soften

15 and melt mix the polymer, for example in an extruder wirth or without a
vacuum. Other apparatus which can be used in the mixing process include,
for example, a roller mill, a Henschel mixer, a ribbon blender, a Banbury
mixer, or a reciprocating screw injection molding machine. The components
may be mixed simultaneously or in any sequence. After mixing, the

20 compositions may be recovered in the form of a pellet, powder or flake.

When softened or melted by the application of heat, the compositions
of this invention are useful for fabrication and can thereby be formed or
molded using conventional techniques such as compression molding, injection
molding, gas assisted injection molding, calendering, vacuum forming,

25 thermoforming, extrusion and/or blow molding techniques, alone or in
combination. The compositions can also be formed, spun or drawn into films,
fibers, multi-layer laminates or extruded sheets, or can be compounded with
one or more organic or inorganic additives, on any machine suitable for such

purpose.

30 To maintain optimum combinations of the cost and properties at the
V-2 UL-94 rating, the compositions of this invention preferably do not
contain any additional amounts of other known ignition resistance additives
- based on halogen; alkali metal salt or alkali earth metal salt having a pH
less than about 7; antimony; bismuth or polytetrafluoroethylene. This

35 recognizes, of course, that minute but detectable amounts of chlorine ox
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Preferred arylene radicals fromwhich Ror Z may be derived include the 5
remmants of resorcinol, 1-bis(4-hydroxyphenyl)-1-phenyl ethane ("Bi sphenol -
AP" or "Bis-AP"), 9, 9-bis(4-hydroxyphenyl) fluorene ("BHPF") or Bi sphenol
A..In a preferred aspect of the present invention Ris selected fromthe
group consisting of a divalent (Jerr]-Clerr] linear, branched or cyclic

al kyl ene or alybdw@size radi cal, or a divalent C6-C30 aryl enepeprisssaksspavi ng
one or nore 10 aromatic nuclei, or a substituted derivative of any of sane;

Zi's a monovalgpt SbaldloRb¥Aans ,_rmasuﬁ@és o@;wg iaukés hay Ha%edlnlS;f QM 1 O

3. As is known these conpounds may prepa a coh nsatlon reaction
of phosphorus"GRfﬂﬁ’rF(ﬁ‘ﬁlﬁ‘éer arf'°ér?ii?ﬂl’3rec Wdr?ﬁ%’ﬁ“’d’&ﬁf)(ﬁ}ﬁﬂmaahveaﬁwﬂﬂ%‘t- the
di hydr oxy conpetissitiendbdrthas iabénphed iconmlianigob 1ok whilatilidepapsinage 15 on
the choice mag, %.t&ﬁ} taﬂ&‘ !pg:.eJl)lLi t&ikﬁi %@aﬁ.dsa.%)c llnai;]rlgg qryﬁ ok r P.eas%l yent

(such as net hyl ene chlori n the presence of a

chloride as a"reaf%ﬂbﬁgta“ﬁjr f"hé‘f’ FORERimsanyf f‘t‘%éeﬁorléﬁb’ér*a'f |r6ﬁ15‘d=1an9%|ﬂﬁ61}§"6¢5)
t hese phosphaisaed a@ps hatsgear ficheds EDidrlind,NcliBr b 45, 5360ind; (al 387k odnkh JP
59-202, 240- A ]3:2?'4)::@1:&?100: an 1ka111'l.§r&0m3' ﬁalv%'é Od—l olg essq:\flenw on.ang

those in which an aromatic ate ester oun optional’ arkaryy’
metal salt hadRiE™pREnPAYRESEE 1‘1°ﬁ°%Fh€%ﬁ’Bo?%1t‘be n?‘irrrer In general, to provide
sufficient conbinations of dripping and flane sel f-extingui shment to obtain
the V-2 rating, therratendly chpheshimte peler coopiltinchsCarpeadiy tshats d be

I ncor por atgd in%eﬁ&%nzémﬁpﬁﬁ{? Ik RH%h&CEQerz%ghQ st boiyhel Q‘é@%f cQ:Ppthré A% “”t 5

of greater than 0.1, preferably at |east nore prefera
and nost pr efBFEBISR Atvariaidt o oW RePRLE ﬁe?‘ﬁ"éﬁf"ese‘k‘ﬁr é%‘?éﬁejiynaﬁféﬁcé%qﬁtthﬁy
wei ght based damsitdeptapeaty comiestionomay Be adi@ntideetslijauntd ir0 th&liddinpdsitidne

V-2 rating ang {0 OphJeitZm ke emp%&&nsw Lser.:.namqér&qﬁ 2306kl Q&‘chbéé ance
of ot her physi calwﬁ%ﬁﬁopertles It has been found he aronmati c

phosphat e est¥#? 8° ¢ SFPOhRIAL ORI Fo uPTP2RRS Y S TJ"tﬁir 'éﬁré’dp’iﬁ‘i‘sf [gtioxidants
COMposi ti oIS @B ogsdphegpol st Mhihdbrudephenollics) waonaty adindseSshoshmited, per cent ,

pr ef er abl y ncbﬂggﬂl?ongt@) Qi:p%osphonites and thiocesters; antistatic agents such as

quaternary ammonium compounds, amines, and ethoxylated, propoxylated or

glycerol compounds; fillers and reinforcing agents such as tale, clay, mica,
silica, quartz, kaolin, aluminum nitride, TiO2, calcium sulfate, B;0,,

20 alumina, glass flakes, beads, whiskers or filaments, nickel powder and metal
or graphite fibers;-hydrolytic stabilizers; lubricants such as fatty acids,
fatty alcohols, esters, fatty amides, metallic stearates, paraffinic and
microcrystalline waxes, silicones and orthophosphoric acid esters; mold
release agents such as fine-particle or powdered solids, soaps., waxes,

25 silicones, polyglycols and complex esters such as trimethylolpropane
tristearate or pentaerythritol tetrastearate; pigments, dves and colorants;
plasticizers such as esters of dibasic acids (or their anhydrides) with
monohydric alcohols such as o-phthalates, adipates and benzoates; heat
stabilizers such as organotin mercaptides, an octyl ester of thioglycolic

30 acid and a barium or cadmium carboxylate; ultraviolet light stabilizexrs such
as a hindered amine, an o-hydroxy-phenylbenzotriazole, a dimeric
benzotriazole, a 2-hydroxy,4-alkoxybenzophenone, a salicylate, a
cyanoacrylate, a nickel chelate and a benzylidene malonate and oxalanilide.
Such additives, if used, are used in their typical amounts and do not exceed

35 45 percent by weight of the total composition, and, if used, most are
typically used only in amounts of from 0.001 to 15 percent, preferably not
more than 10 percent, more preferably not more than 5 percent and more
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preferably 0.8, and nost preferably 0.7 percent by weight of the total
Cnr'nl'_'\nci tinn =12 WO 97/ 15618

PCT/ US96/ 16640 I n testing the resins according to this invention, it was
surprisingly found that the UL-94 ratings achievable in injection nol ded
sanpl es were not consistently achievable in sanples that were cut from
extruded sheet structures ("sheet sanples”"). It was found that sheet 5
sanpl es cut i nwioetssesmchi ne and transverse directions would M&B&/id&iﬂﬂ y
achieve a UL-94 V-2 rating even though injection nolded sanples would

V-2 rated and_it is theorized that this is due to differing degrees and

di rect i ons RFCESRAPLNMIEiRoKe 4bAn {3, pencent by neiekt p§ HenFebed cpmpogitipmg in bot h
sheet and idependingmpbf unel ded sfaaqliesvea range of further additives was
evaluated. It was determ ned that addition of an alkali nmetal salt having a
pH of at |east 7 nsnuaéaokwe&n Ofi ¢ 1500042 QQ0a leRal - corfif i aBeiésﬁ@onPrOV' des
V-2 rating jn psh et and |%ect|o nol.ded sanpl es. Exanpl es of al kali
netal sal tseﬁaw ng a 8- eFETBYs £F MotAT 1995 87 HEFH FE™EFRE 2L OB HRT and

pot assi uth sdarfsedo#ms'utefqtm xpdatedstr bhwning oxnthep Abtidkatriodess al flapar tare Udaar |,

it has beerinf:éhﬂéd dohgésiiett hagadabl dr%sérﬁ§§ vyNéde discIbsdd @&Hoﬂaéehg ofiing Of
typically uy d Its such as the %131 msalt of a perfl uorobutane

sul foni ¢ acl pé’ts a¥s P ERFhBIFF he <SPt FAnt é’°“‘§?‘t’2°’r‘sat i #%) uPeS not
obt ai ned ué‘ieﬁg"’eqm vetasnizddeipe the @taqthewyat tinj phishétldoreh2Otdmp etilghotion
nol ded sanpeesstadét® pr ehgnicesh abiabincRbiddlicSRLL adl Sic36dd S C&fnaé\éé)@m' C
sul fur qgrrgg%q:%A Ludipg al kalinetal salts of aromatic sulfonates,

ere ter, flami roion & b
ar onat i ng polymer po 8rips off the test par

under burning conditions and the test part therec: stop burning.

EXPERIMENTAL AND CONTROL COMPOSITIONS

Experimental and Control Compositions 1-3 and 9-14; Oligomeric Phosphate Esters:

A phosphate ester/carbonate polymer master batch is initially

15 prepared by adding 4 weight parts of the oligomeric aromatic phosphate ester
to 96 weight parts ground polycarbonate having a moiecular weight of 25,000
and resulting in an oligomeric phosphate ester ieve. of 4% in the additive
master batch. The PC/oligomeric phosphate ester master batch together with
a benzotriazole ultraviolet (UV) stabilizer, a diphosphonite antioxidant and

20 epoxidized soybean oil (ESO) tackifier are combined with a polycarbonate
resin. The polycarbonate resin used was a linear polycarbonate prepared
from bisphenol A and phosgene having a weight average molecular weight of
35,000 and a melt flow rate ("MFR") of 5 grams per 10 minutes (5 gr/10 min)
commercially available from The Dow Chemical Company.

25 The PC/oligomeric phosphate ester master batch is added in amounts
needed to prepare the compositions indicated in the following tables, for
example in an amount of 10 weight parts master batch per 90 weight parts
Polycarbonate to provide a level of 0.4 weight percent oligomeric prhosphate
ester in the resultant polycarbonate resin. The UV stabilizer is added in

30 an amount to provide 0.15 wt% in the resultant polycarbonate resin. The

- antioxidant is added in an amount to provide 0.08 wt$% in the resultant
polycarbonate resin. The ESO is added in an amount to provide 0.05 wt% in

the resultant polycarbonate resin. The specific oligomeric phosphate esters
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sul fates, aromatic sul fonam des, and aromatic sul fimdes having a pH of at
| east 7. Suitable netals are the alkali netals such as sodi um or potassium
25 The preferred al kali metal salts of aromatic sul fur conmpounds used
herein are further illustrated by the formula: [err] wherein Ar is an
aromatic group, preferably tolyl; Mis an alkali netal cation, preferably

sodi um or pot awpisaassrsk | S car bonyl, aryl carbonyl, 30 aryl am rrgrarsesgsio
ar al kkyl am nocar bonyl, or arylsul fonyl. Specific -13- WO 97/ 15618

PCT/ US96/ 1664@:3)(1@394:@3@%&.&5%&1 Ighg ﬂ%pﬁmaﬁﬁlwgyxtumge iy | M@ @c{ 99 nc¥1|
referred group of aromatic sul

and tolylsulf r ou The nost p
conpounds are §%T"f ?ﬁ?’d’gs having the formula: [err] 5 wherein Ar is an
aromatic group, preferably tolyl, and Mis a netal cation, preferably

sodi um or pot assi umThExeesgized irigredients)wererittebleablendedt dox |Semigiuked.i et al

E al tsI of 10 sacehiafy rhllfMJapmat:@Lleswsf emehhtls.a) IL%J 5@{1)&5 L&Jln]tim%ergléz( N'N ,
enzyl am nogar sul fam.| o y car box sul fani i m de -

pyri m di nyl QF %gr?l}r?r ex'(:jmder %ﬁ- ? é’ E of?f’f’éﬁﬂ%%ml 'kaenf’élré’“dedl'l?éyeetén‘ﬁre .

simlar sal ts anjied dphsar esiedr#ﬁ'- tres, aPéﬂ-@e‘m £odp at fLe@asy] 30NBirs As The drhedupellets

the art, the welr@fmgé&eabﬁ B4l o bl ArbGAN mbfaiadimash il 4O 306 Old Re&keHald
the desired | evel the reactant stoichiometry and by the recovery,

washi ng and p Pffeva F3R" steps enpl oyed. The alkali netal salt pH
The notched Izod impact resistance ("N. Izod") is tested at room

10 temperature according to ASTM D-256-72A on 3.2 millimeter (1/8 inch) samples
that have been injection molded at 307°C. The results are given in Joules
per meter (J/m} and foot pounds per inch (ft lb/in). The Underwriters
Laboratory UL-94 (UL-94) evaluation as more fully described above is
performed on molded part test specimens of 1/8 inch (0.125 inch or 3.2 mm)

15 and 1/16 inch (0.0625 inch or 1.6 mm) to determine whether they obtain the
V-2 rating (V-2) or not (fail).

In addition to showing whether or not the V-2 rating is obtained,
the table below reports the findings from several components of the test
including: “Total burn time (sec)”, the total burn time in seconds for the

20 S samples that were evaluated for each composition; “Longest burn time
(sec)”, the longest time that any particular sample burned before
extinguishing; “Drip T-1" and "Drip T-2", whether the sample dripped during

the first or second burning period.

The optical properties were also tested by the indicated methods.

25 The yellowness index ("YI") was measured by ASTM D-1003. The percentage of
light transmitted through the sample (% Transmittance)} and percentage haze
{% Haze) in the samples were measured by Hunter Lab Color Quest machine.
The melt flow rate (MFR} for the samples was measured by ASTM Designation D
1238-89, Condition O (300/1.2) and is reported in grams per 10 minutes

30 (gm/10 min). The heat resistance was measured as the distortion temperature
under load {DTUL) according to ASTM D-648 at 264 pounds per square inch
{psi) of load (1.8 MPa) and is reported in °F and °C. The materials were.
also tested for their heat stability during relatively high temperature
injection molding ("MOLDING AT 415°C") and it is reported whether or not

35 rsplay® or “bubbles” were observed. As is known, "splay" is caused by the
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is selected to be high enough to provide the desired anmount of char
formation but not so high as to dearade the carbonate polyner. Although not
litmting the scope of the invention, it has been theorized that the acidity
20 of the aromatic phosphate ester conmpound can provide a stabilizing or
buffering effect for the alkali netal salt if the nore basic alkali netal
salts are used. The alkali netal salt pHis preferably at |le e
preferably at WQYAS6H 5 and nost preferably at least 8. In g’g‘ﬁﬁv ,'ggﬁkali
metal salt pH should less than 11, nore preferably |ess than 10, nore 25
preferably | esatreppartapbyer0 sard ribblepinfrotdyl partashatrasutt 5 93¢ general ,
the al kal i netalnesalrdeshitvifn@ha ML & @388 diriy €W hoste dernperarizd kel alky
i nprove the ignition resistance of the blend conposition and maintain as
much as possigF%Lthe desired physical properties. The salt is typically
incorporated into the blend of the 30 present invention in anounts of at
| east 0.001 weHgemezig Phosphats Esters, \ i _14- WO 97/ 15618
PCT/ US96/ 16640 | east 0. 005 wei ght percent and nost preferably at |east 0.01
wei ght per cenReses piphexyl,Rliogphatef (RP) of the conposition conmponents
(carbonate polynmer and aromatic phosphate esters). In order to nmaintain the
[eS! n lb: eng physi Ca&nfbg%h%i@ts%&@g?a:egmer ?\ﬁstresafdiﬁ{:i aipiedl1 Shblptate t
ypi cal ly incorporated into the nd _o e _present .invention in_anounts
up to and i nclHd n§6"4 "V\%‘ip‘l@ﬁ’flaﬁe‘?eégﬁ ,°fp%4e°f &t 58 n‘§/°|?na' éﬁ%ﬁﬁt‘é’tﬁ’p"etdofré’ﬁ‘d
i ncl udi ng 0. O8kageNefhel ok baving e feddewipy eftevetbks: i n anobunts up to and
i ncluding 0.05 weight percent based on total weight of all of the
conposition conponents. Preparation of the conpositions of this invention
can be 10 acconplished by any suitable m xi ng neans known in the art.

Typically the % ﬁ
0] o

©

10 where n ranges from 1 to 7 and has an average value of 1.3, and the dimer

{n=1)content is 65%.

Bisphenol~A Diphenyl Phosphate (BDP)

The oligomeric phosphate ester was bisphenol-A diphenyl phosphate
{BDP) having a molecular weight of 790 in form of a liquid obtained from

15 Akzo/Nobel and having the following structure:

0
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conponents and any optional additives are dry blended in a tunbler or
shaker in powder or particulate formw th sufficient agitation to obtain
thorough distribution thereof. If desired, the dry-blended fornulation can
further be subjected to shearing stresses at a tenperature sufficient to
heat soften 15 and nelt m x the polyner, for exanple in an extruder with or
W t hout a vacweomris8iBer apparatus whi ch can be used in the neciusyepssas ess

i nclude, for exanple, aroller mll, a Henschel mxer, a ribbon blender, a
Banbury m Xerwhepé rAr&@eh MxoRal kB( SAd @Mk idd] Selrb ¥ vaTe0b 1A . TRGHE e Jiher
conponent s maﬁ Qsacon x&d, sijgul taneously or in any sequence. After mxing,
the 20 conpositions ma %e recovered in the formof a pellet, powder or

fl ake. When softened or nelted by the application of heat, t he conposi tions
of this inverAkkpkene Riphenyl Phosphate (ADP}oi i on and can t hereby be forned or
nol ded usi ng conventional techniques such as conpression nolding, injection
mol di ng, gas assi stme bmjce@.trieofbrnuiedmezmltehdtemﬁoaggzdnamn}é&afémgxce%
t her mof or nlsn%haeweua@&n&@@/&as&laexv élQLP'wQQ a&ﬁ&';lﬂé @eEfeny 2| BREU e Bop)

conbi nati on. The conpaosi tions can al so forme Un of ~draan 1t o F ns,
fibers, nulti®igef PUARFHAF eight é’f(t?”ﬁﬂ'éc'fsgﬁé‘ef%m ackifupd %Hﬁ?@ﬁn@éﬂ Wit h
one or nore kgarNodeDbrand rfawiankie Zdthowimestruepu@ay nmachi ne suitable for
such purpose. 30 To mai ntain optimum conbi nations of the cost and
properties at the V-2 UL-94 rating he conposi |ons of this invention

preferably do not contairy/ZQy addi ?I bnal armunt f ot known ignition
resi stance additives bas R-40-ope -e(t:k@j—;o al kal i earth
netal salt having a pH | € han afjopt 7; aritl n bi h orV

pol yt et raf | uor oet hyl ene. Th| S 35 ry cognl zes, fchr se, that m nute but

Control osition 4 - Tri 1l Phosphate {TPP

10 The procedure for the Experimental Compositions was repeated except
that a volatile, monomeric phosphate ester, triphenyl phosphate (TPP), was
used having a molecular weight of 326 in form of a flake obtained from

Akzo/Nobel and having the following structure:

i
OO -

15 Contxrol Compositions 5-8 - No Phosphate Estex

The procedure for the Experimental Compositions was repeated except

that no oligomeric phosphate ester was added and the polycarbonate resin
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WO 97/ 15618

PCT/-US96/ 16640 ot her production process inpurities or byproducts may. be
found in the carbonate polynmer. For exanple, in a particular alternative
enbodi ment, the conpositions of this invention containing a |ow volatility
phosphat e conposition and optional alkali netal salt having a pH of at

|l east 7 as 5 rescribed above, do not contain any further igniti

resi stance ad Q?Wéflg) based on a hal ogen such as fluorine, p‘#or%%“%r
brom ne; a salt of an alkali nmetal or an_alkali earth nmetal having a pH of
| ess than 7; SATPPHGASRS GPREAERSE OPAY (e tPHCRERSy LBMERT I EnREhsF d97dtiveRPr were
Preferably t hee-estdnaadized piali §drd bn eolgEESwithons aae @dditingst o this 10
invention conprising no further thernoplastic polynmer resin conponents

al though a variety ff. 9dJagk ny%sn&a‘reafkqu Ii%esacR0ds @AY @bSfl1Xe Ak eleCtholhe
desired propertx?conblnatlons %%ﬂglﬁ vant ageously used in
tTe

t he
conposi ti ons Yt TeRie§ 1 MR fi off £ potstr Séeaé’ys’ﬂ‘@ﬁrﬁ§la‘fﬁ1f‘ﬁ? eyl =1
agents sucld asroorgmnemelatdd s burrsgot hiragiel aprddcatdpyanfos flawe.s azndot

mer eapt ans;  ajfreRddadadrasteee %qbr&sﬂmemw 55 mb IsReleloesh RRARRALES Bolymer
secondary anlnesgggﬁgﬁphltes Bhos onites ghosphonltes and thi oesters;

antistatic ag@P 8% 2 AEPH IPS AR P EORA oL 8 SR ARBS.  and

et hoxyl at ed, propoxyl ated or glycerol conmpounds; fillers and relnforcing
agents such as talc, clay, mca, silica, quartz, kaolin, alum numnitride,
Ti @2, calciumsulfate, B203, 20 alum na, glass fl akes, beads, whiskers or
filaments, nickel powder and netal or graphite fibers; hydrolytic
stabilizers; lubricants such as fatty acids, fatty al cohols, esters, fatty
am des, netallic stearates, paraffinic and m crocrystalline waxes,
silicones and orthophosphoric acid esters; nold rel ease agents such as
fine-particle or powdered solids, soaps, waxes, 25 silicones, polyglycols
and conpl ex esters such as trinethylol propane tristearate or
pentaerythritol tetrastearate; pignents, dyes and col orants; plasticizers
such as esters of dibasic acids (or their anhydrides) wth nonohydric

al cohol s such as o-phthal ates, adi pates and benzoates; heat
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stabilizers such as organotin nercaptides, an octyl ester of thioglycolic
30 acid and a barium or cadm um carboxyl ate; ultraviolet light stabilizers
such as a hindered am ne, an o-hydroxy-phenyl benzotri azole, a dineric
benzotriazol e, a 2-hydroxy, 4-al koxybenzophenone, a salicylate, a
cyanoacryl ate, a nickel chelate and a benzyli dene mal onate and oxal anili de.
Such addi ti veswoistiasssged, are used in their typical amounts apgrRediteso
exceed 35 45 percent by weight of the total conposition, and, if used, nost
are typically used only rxeEnDUNkfrEed e’ QiPcORRE SrOsrEATE Was@ ypd! €f €7 abl y
not nore than 10 percent, nore preferably not nore than 5 percent and nore
- 16- WO 97/ 1€dxib8sition No. 1 2 3

PCT/ US96/ 16640 preferably not nore than 3 percent by wei ght of the t ot aI
conposition, defnhdi ng upon the type of.4@dditive. As used herein, it is
under st ood thatgﬁperms such as ignition resigtant or flame ret ardant or of
ratings or other_numerical values 5 derived fromtests related to burn| ng
or the appli cat?®n of a flame, are not intended to%#&¥|ect hazards
presented by theerdi scl osed carbonate pol ymer conpositions qQgoany ot her
materi al under @gtual fire conditi ons., fss ugegs her gi p?and Qregognl zed by the
practitioner in this field, the terns "ignition resistance t|on
resi stance addi¥iegdanyy include or PrPflice %tP& 10 °sP§ uat i%A8 wheP €08t he

nol ten, flam ngEsdol ynmer portion dripsoobs tlbeod est opest undes bupngsng

condi tions and tgast part thereby b ng ERI L AND_CONTROL
COVPCSI Tl ONS Exg Igr??rf%rslt al and Control §%g%pog|5?|20ns : gl;l\gl’ 9%] Fgo?‘r‘é“rl C
Phosphat e Enter—é—&—’éﬁ@%phate ester/ carbonate pol yner rraster batch is
initially 15 prigpas edting atldi~nd. 24mmei ghz pawts of whe ol i gaperi cpanometi;g

phosphate ester mota) burn time (sec) 86 141 207 285 254 286
Longest burn time (sec) 18 25 28 146 58 67

Drip T-1 NO NO YES YES YES YES

Drip T-2 YES YES YES YES YES YES

UL-94 Rating 1/16" {l.6mm) V-2 v-2 v-2 Fail Fail Fail

Total burn time (sec) 93.3 101.1 103 155 232 307
Longest burn time (sec) 13 17.1 20 47 93 76

Drip T-1 YES YES YES YES YES YES

Drip T-2 YES YES YES  YES YES YES

Optical Properties

Yellowness Index (YI} 3.6 3.9 3.6 3.41 2.75

% Transmittance (%T) 89.9 89.9 90.6 90.6° 90.8

% Haze (%H) 1.1 0.8 1.3 1.3 0.82

Melt flow rate (gm/10min) 4.5 4.6 5.7 5.7 4.8

N. Izod (Joule/m} 973 1011 1064 1064 957

(ft-1b/in) 18.2 18.9 19.4 19.4 17.4

DTUL °C (1.8 MPa) 127 125 125 126 127

DTUL °F (264 psi) 264 257 257 259 263
MOLDING AT 415°C NO NO SPLAY

SPLAY SPLAY 390°C

*Control Composition - not an example according to the present invention



to 96 wei ght parts ground pol ycarbonate having a nol ecul ar wei ght of 35, 000
and resulting in an oligoneric phosphate ester |evel of 4% in the additive
master batch. The PC/oligoneric phosphate ester naster batch together with
a benzotriazole ultraviolet (UV) stabilizer, a diphosphonite anti oxidant
and 20 epoxi di zed soybean oil (ESO tackifier are conbined with a

pol ycar bonatew&gj”&ﬂsThe pol ycarbonate resin used was a Iinew:__lws9 6640
pol ycar bonat e prépared from bi sphenol A and phosgene having a Wwei g%lt
average nol ecul ar wei ght of 35,000 and a nelt flowrate ("MR') of 5 grans
per 10 minutes (5 gr/ 10 m n)raasTeF Girtkdy of \iokRire HsteaidtarrDow Chemni cal
Conpany. 25 The PC/ ol i goneric phosphate ester nmaster batch is added
in anmounts needed to prepare the cdfposi®i ons %*ndi c¥ ed ¥n t H@ f ol¥Bowi rig
tabl es, for exanl gsd B~an anount o 0 L ght,qpart e t er. 90

wei ght parts polrr;%’cg?%%ﬁate to pr ov?“ﬁ% agwlglgge}”b% 534%%9{% Qgeﬁéﬁtb 99-8
ol i goneric phosphatte ester in the resul ¢ast pmhycachsnad.asresizp. g.ie UV
stabilizer is added, in_30 an anmobunt to grovi de 0.15 W% in the resultant

pol ycar bonat e r edPho*tA®P%ant i oxi dant i s®@8ded® PR aPr %%l tBOBr R+%8e 0. 08
w%in the resul tgggt pol ycarbonate resig.gsThe 5SO p sadgled i qan ageunt to
provide 0.05 wt% in the resultant polycarbonate resin. The specific

ol i goneri c phosp@Pe esters -17- WD 97/156¢8 0.2 0.3 0.4 0.5 0.4

PCT/ US96/ 16640 ﬁ{og i %Qti fied bel ow and the Experinmental Conpositions are
sunmari zed in the BeIOw tabl es. The measured i ngredients were tunble

bl ended for 5 m mwkes. sddee 1B kPrniys bl engded gutersal wass exgrguded j ntp 4

pellets on 30 nm Werner 5 Pfleiderer extruder at 275[err] C barrel

t enper at ure. The CBXXALRFIPERELE®Rt s were dried in an air draft oven at

110[err]C for at least 3 hours. The dried peligts 3.7 3.9 3.2 3.7 2.6

% TRANSMISSION 90 9 S0 %0 90 90
HAZE 1.28° 1.42 1.13 1.00 0.96 0.79
DTUL °F (264 psi) 275 266 266 266 266 266 266
°c (1.8 MPa) 135 130 130 130 130 130 130
IZOD{room temp.)
" {ft-1b/in) 18.3 17.5 17.6 17.6 17.7 17.8 18.1
{(Joule/meter) 979 936 941 941 947 952 968
UL-94 1/8" (3.2mm) V-2  Fail Fail Fail Fail v-2 v-2 v-2

TOTAL BURN TIME{(SEC) 97.1 171.6 135.1 226.7 156.4 106 88 80.8
LONG BURN TIME({SEC) 17.9 36.1 36.5 45.9 33.7 29.4 17.4 17.9

T1 DRIP YES YES YES YES YES YES ' NC NO
T2 DRIP YES YES YES YES YES YES YES YES
UL-54 1/16" (1.6mm) Fail Fail Fail v-2 v-2 v-2 v-2 V-2

TOTAL BURN TIME(SEC) 208 141.8 120 134.8 102.6 91.3 122.5 99.1
LONG BURN TIME({SEC) 72.7 32.8 3.7 25.3 15.9 16.7 26.5 28.4
T1 DRIP YES YES YES YES YES YES YES YES
T2 DRIP YES YES YES YES YES YES YES YES

*Control Composition - not an example according to the present invention

Expeximental and Control Compositions 15-17 - Haloaryl Phosphate Esters

Haloaryl phosphate ester/carbonate polymer composition were prepared

5 by adding the indicated amounts (0.5, 0.3 and 0.1 weight percentages} of the

-23-



were injection nolded on an Arburg nol ding machine at 300[err]C into test
bars for evaluation. The notched |zod inpact resistance ("N 1zod") is
tested at room 10 tenperature according to ASTM D- 256-72A on 3.2
mllimeter (1/8 inch) sanples that have been injection nolded at 307[err]C
The results are given in Joules per nmeter (J/m and foot pounds per inch

(ft Ib/lin). TseldagRr Witers Laboratory UL-94 (UL-94) eval up&t/BsssAsssgOr €
fully described above is performed on nol ded part test specinens of 1/8

inch (0.125 i [ a / ' B r.l.6. t
det erm ne V\/neg%ef QY%%@%’E% %érfeﬁér}g-l % '?eg?ifpnggfc%gﬁ%gég’tﬁé%&(l ?a‘ﬁjefa}“rlg’glt &
addition to sRepMAipeRhdt-R@ wedghtpercepe djphosphanife ansicyifantietnd PHIS velshe
bel ow r eport spéh@nt iepekidised BOYFBea \LRL AESOD EAGKIFNES a0é doliRinke® Stithniheudi NQ:
"Total burn tij ec)” .the total rn.tinme in.seconds, for.the. 2

sanpl s that  FEDEauapee, ettty bfein thE S Rt SS60 hng By belits Hhogtbace
(sec)", the | eskprsvast Repflam FB-469y (RRaf€q)c bavipg sapplesulnf neighbeffopkout 818 in
ext i ngui shi NngforxDet B Fowker Bbbainai froh-Bic, corpetarndviigy sAeFoC1NihpRRudtuséNg
the first or second burning period. The optical properties were also tested
by the indicated nethods. 25 The yell owness index ("Yl") was neasured by
ASTM D-1003. The percentage ofglight transmgjed through the sanple (%
Transmi ttance) and percentage h@ze (% Haze) i the sanples were neasured by
Hunt er Lab Col or Quest rmachiy The megRt flo

was neasured by ASTM Degjgnd| = LoR O (300/1.??{ and is
reported in grans per 10 m r\&e4/ 30 (4nf 10 The heat res ance was
measured as the distortion tenperatureWunder | oad (DTUL) according to ASTM
D- 648 at 264 pounds per square inch (pgi) @&r load (1.8 MPa) and is reported
inf[err]F and [err]C. The materials *,,-*Q- 4l so tested for their heat
stability during relatively high te -@) re injection nolding ("MXLD NG AT
415[err]C') and it is reported vvheth not 35 "splay" or "bubbl es" were
observed. As is known, "splay" is caus¢d by the

Br

The PC/phosphate ester composition was tumble blended for about 5
minutes and extruded into pellets on 30 mm Werner Pfleiderer extruder at
275°C barrel temperature. The extruded pellets were dried in an air draft

10 oven at 110°C for at least 3 hours. The dried pellets were injection molded

on an Arburg molding machine at 300°C into test bars for evaluation.

Controcl Compositions 1B-19 - No Phosphate Ester

The procedure for the Experimental Compositions was repeated except
that no phosphate ester was added and the polycarbonate resin compositions
15 contained only the indicated levels of other additives or were re-extruded

and molded without any additives.

The levels of the ingredients in each of the formulations are shown
in Table 3 as are the evaluation results according to the evaluation
techniques described above. It should be noted that any numerical values

20 derived from tests related to burning or the application of a flame, are not
intended to reflect hazards presented by the disclosed carbonate polymer
compositions or any other material under actual fire conditions.
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- 18- WD 97/ 15618

PCT/JS96/ 16640 entrapnent of very spmll bubbles in nol ded parts that result

i.-f gas is either present in the polyner or evolved during the high
tenperature nol ding step. Aigoneric Phosphate Esters 5 Resorcinol D phenyl

Phosphate (RDP) The ol igoneric phosphate ester was resorcinol diphenyl
phosphat e ( RDR, L a nol ecul ar wei ght of 640 in form of liguid

obt ai ned fromkgg‘glyﬁggel and having the follow ng structure: %ﬂf'&]""fé‘%ere
n ranges from1l to 7 and I’lg@&g |¥§| HE 0 gé't and the diner
(n=1)content is 65% Bi S'f) eno?-A 8 g’%y osp%%ﬁ]s 'ﬁ[ﬁ“‘f’he ol i goneric
phosphat e est ghougfsbh sRhenol - A di phenyl. phosphat e (S,QE) havirgsq a m){ﬂecul ar

wei ght of 790 in formof a liquid obtained from 15 Akzo/ Nobel “and ha ng

the follow ng structure: [err] -19- WO 97/ 15618
PCT/.US96/ 16649 V\/gere n ranges from1l to 4 and has an average value of 1.1,
and the di mer®{#2) content is 80% Al kyi-éne Di%Renyl %Phosphate (ADP)

uv

0.15 0.15 0.15 0.15
Antioxidant 0.08 0.08 0.08 0.08
ESO 0.05 0.05 0.05 0.05
5 MFR PC 99.32 99.32 99.32 99.72 100
Properties
UL-94 Rating 1/8" (3.2 mm) v-2 v-2 Fail Fail Fail
Total burn time (sec) 82 120 88 77 286
Longest burn time (sec) 15 30 32 35 67
Drip T-1 Yes Yes Yes Yes Yes
Drip T-2 Yes Yes Yes Yes Yes
UL-94 Rating 1/16* (1.6 mm) v-2 Fail Fail Fail Fail
Total burn time (sec) 82 176 250 150 307
Longest burn time (sec) 14 52 :1:4 44 76
Drip T-1 Yes Yes Yes Yes Yes
Drip T-2 . Yes Yes Yes Yes Yes

Optical Properties

Yellowness Index {YI) 3.6 3.4 3.6 3.41 2.75
% Transmittance ($T) 906.0 90.0 90.5 80.6 90.8
% Haze (%H) 1.3 1.2 1.0 1.3 0.82
N. Izod (Joule/m) 947 963 957
(ft-1b/in) 17.7 18 17.9
DTUL °C (1.8 MPa) 127 127 127
DTUL °F (264 psi) 264 264 264
fContrgl Composition -~ not an example according to the present
invention
-25-
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The procedure for the Experinental Conpositions was repeated except 5 that
the oligoneric phosphate ester was al kyl ene di phenyl phosphate (ADP) having
a nol ecul ar wei ght of about 568 in formof a |liquid obtained from

Akzo/ Nobel and having the follow ng structure: [err] Control Conposition 4
- Triphenyl Phosphate (TPP) 10 The procedure for the Experinental
Conposi ti ons wa® orasset ed except that a volatile, nononeric pRAASIEIEE40
ester, triphenyl phosphate (TPP), was used having a nol ecul ar wei ght of 326

in formof a fhgkid2hiRitd m%ﬂ(;p/gﬁg%;t@wtmvi ng the follow ng
structure: [er n ] -3 - Phosphat e Ester The
procedure for the Experinental Conpositjons was repeated except that no

ol i gomeri ¢ phosphat eg’eg?é"l” F/ﬁ?%ﬁfgg’d"e&ﬁ’tf P?Félybbclaﬁc'gﬁsﬁﬁ’rﬁé‘ﬁﬁ Py iQyPerggbrand \\p
97/ 15618 Thermogravimetric Analyzex the wvolatility of several phosp¥até ia86+4s] @ad0
conposi tions cRAL&HRET 9hb altlRs! Witk Ciatsh lsBME - SorP et Sturadd 5536@Sa0h ,\fllﬁfee
re-extruded and injection nol ded w t hout ang addj tives. The levels of the

i ngr edi ent s i rf’feé%# BF* PR Por A S BhESHt e R S aPhe BT gomPouRRy sxhipjt
shoul d be not elbwt veletdvigynuneri cal values derived 5 fromtests related to
burning or the application of a flame, are not intended to reflect hazards
presented by the disclosed carbonate pol yner conpositions or any other

mat eri al under actual fire conditions. -21-
TABLE 4 - PHOSPHATE ESTER VOLATILITY

Material Wt Loss @ 250°C Wt Loss @& 275°C Wt Loss @ 300°C

ADP 0.4 0.9 1.2
RDP 0.6 0.7 1.3
BDP 1.1 1.4 1.7
TPP* 10 21 52

*Control Composition - not suitable for use in compositions accordiﬁgi
to the present invention

Experimental and Control Compositions 20 through 27 - Effect of Cerxtain
10 Alkali Matal Salts

A phosphate ester/alkali metal salt/carbonate polymer master batch
is initially prepared by adding 4 weight parts of the oligomeric aromatic
phosphate ester and 0.05 weight parts of the alkali metal salt to 96 weight
parts ground polycarbonate having a molecular weight of 35,000 and resulting

15 in the additive master batch having an oligomeric phosphate ester level of
4% and an alkali metal salt level of 0.05 weight percent. The additive
master batch together with a benzotriazole ultraviolet (UV]) stabilizer, a
diphosphonite antioxidant and epoxidized soybean oil (ESO) tackifier are
combined with a polycarbonate resin. The polycarbonate resin used was a

20 1linear polycarbonate prepared from bisphenol A and phosgene having a weight
average molecular weight of 35,000 and a melt flow rate ("MFR") of 4.5 grams
per 10 minutes (4.5 gr/10 min) commercially available from The Dow Chemical

Company.
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WD 97/ 15618

PCT/ US96/ 16640 TABLE 1 - EFFECTWHAIE ESTER_TYPE ___
conmposrtiton No. *4 *5

*6 RDP 0. 40 BDP

0.40 ADP 0.40 TPP

0.40 WV 0.15  0.15 0.15 0.15
Antioxi dant WO 9715618 0.08  0.08 0.08 0. oﬁcp’"g%f‘B%‘“Eso
0.05  0.05 0.05 0.05 0.05 5 MFR PC 99. 32

99. 32 99. 32 Oghg PC/adgdtive master) bpegipés t3dded Lp agguntgt pesged togpyepase )
V-2 V-2 the coMpoditions :mﬁﬂti:dted :.nFﬂ"lé followitigl tak0es] fbilleRartigleein &8 Cmount

?g 14%5 of 102w?1§ht parts miszfgr bat é)gr 90 8’1%9!‘:%99%5 %; %&Qpbénh@@ tgssicallde

NO . NO levelYES 0.4 weightpercent yEgomerxcMsmtp eptgr and 0.005 weight

\Y/Eg \Y/Eg 5 perceXESlkal:L me%EF&allt in Y%Srrsultﬁspblycgfbolﬁﬂﬁé B@sil/. 1 Gthe( v ;3m"r)
- - al al | n ec

93.3  101. 1Stab1ib?r 1s addef;in an amoynf, to pr°§°0‘% kon e%t \igs I%els{;rrr@: gec)

13 17. polycariXdpate resin./The antioxXjdant is a‘pgec[)appprrrarg_ount to provide 0.08

YES YES wt% J.XE§1€ resultamESpolycar%EJ%te re%E§ Dﬁ‘iup E$0 4s added in an amount tdES

YES YES Properti Yellopness
| ndex (Yl ) gr%n.de %05 wth in tlfzhe ée%dtanl':é pcggrcarcbonate é sltf el'§ _/sbpeﬁ/\

Transmi t t an@e ol gbperic phosghatd est@fs @re ideng@igl above. the specifjg glkaligwpral oy

Haze (%-D salts are 1dentlfged belgw &nd the E:Jpeglmental Compositions bkrd summadlz82
Melt flow rate ( rﬂlOlmnbl .5 4.6 5.7 5.7

4.8 N. |zod (3DUiRg/Rlow tables. 973 1011 1064 1064
957

The following alkali metal salts were used in the indicated
compositions. Potassium para tolyl sulfimide (KPTSM) is represented by the

1S following structure:

and has a pH of 8.

potassium diphenyl sulfone sulfonate {KSS) is represented by the

O—-Q

SO3K

20 following structure:

has a pH value of 6 and is commercially available from Seal Sands Chemical.

Ltd, England.

Potassium perfluorobutane sulfonate (KPFQS) is represented by the

25 following structure:
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(ft-1b/in) 18. 2 18.9 19.4 19.4 17.4 DTUL

[err]C (1.8 MPa) 127 125 125 126

127 DTUL [err]F (264 psi) 264 257 257

259 263 MOLDI NG AT 415[err]C NO NO SPLAY SPLAY
SPLAY 390[err] C *Control Conposition - not an exanple according to the
present invention -22- WO 97/ 15618

PCT/ US96/ 16640woARLEs1® - EFFECT OF PHOSPHATE ESTER AMOUNT 7* PCT/US86/16640  O*
10 11 12 13 14 5 MFR PC F F 100 99.72 99.62 99.52
99.42 99.32 99.22 99.6 W E I': | 0.15 0.15 0.15
0.15 0.15 0.15 Antioxi dant F—é——c—c—cg 08 0.08 0.08 0.08
0.08 0.08 ESO 1'= 1"-0 5 1': Soeié 0.05 0.05 0.05

0. 05 RDP 1 0.3 0.4 0.5

0.4 PROPERTI ES MFR AT 300[err]C 1.5 kg 4.5 5.3 514 55

5.6 5.4 4 9 CPTI CAL PRCPERTI ES VI 3.8
3.7 3.9 % TRANSM SSI ON 90 90

9

0 90 Q D%Q JiﬁfeE 5 and is commercially available as l.e?&ard 1€44Qromlsa¥3r.
1.00 0.96 0.70°0TUC lerr]F (264 pS|) 375 266 266 = 266

266 266 266 [err]C (1.8 WMPa) 130 130
130 130 |1 ZOD(r oom X ajuregtmpzbﬂxmts were tumbig l&end?e% for } mipy, te§ 1’2}1 6

17.6 17.7 1%nStorify blénfed|matemimdryas extrudgi/fnto pellets onBhGum Webuelr 941
947 952 5 9@§1eiderer extruder at 275°C barrel temperature. The extruded pellets were

dried in an air draft oven at 110°C for at least 3 hours.

The dried pellets were injection molded on an Arburg molding machine

at 300°C into test bars for the injection molding evaluation shown in Table

5 below.

10
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UL-94 1/8"(3.2m) V-2 Fail Fail Fail Fail V-2 V-2 V-2
TOTAL BURN TIME(SEC) 97.1 171.6 135.1 226 .7 156.4 106 88 80.8 LONG
BORN TTME(SEC)  17.9 36.1 36.5 45.9 33.7 29.4 17.4 17.9 T1 DRIP
YES YES YES YES YES YES NO NOT2 DRIP YES
YES YES YES YES YES YES YES UL-94 1/16" (1.6m) Fail Fail
Fail V-2 V-2 V-2 V-2 V-2 TOTAL BURN TI ME( SEC) 20%";%&9 120
134.8 102.6 NOF1$W 5 99.1 LONG BURN TIME(SEC) 72.7 325 .

25.3 15.9 1 6. | : YES. _ YES
YES  YES Y%I%%Z%W‘S THIECTION MOGEE % ““@‘ OU8yVES

- YES YES YES *Control Conposition - not an exanple according to the
present inventionedmppfcko®wbal and Gantrol 2£0MPoghs i ONSz3k5- 17 4eHal 0g5y |
Phosphat e Esters Hal oaryl phosphate ester/carbonate pol ynmer conposition
were prepar ed™ 532588 ng the indicated amounts (0.5, 0.3 and 0.1 weight
percent ages) ®f-4t.he - 23- WO 97/9%8248 99.32 99.32 99.32 99.32 99.32
PCT/ US96/ 1664Qpaal 0aryl phosphat e ggber; o0pgs® Wei ght percent benzotriazol e
ul travi ol et (U\Q stabilizer; 0.08 weight percent diphosphonite anti oxi dant;
and 0.05 wei gﬁ‘f 13Ber cent epoxi di zed soybean oil ?1:°§E)) t°a8?a fier are conbi ned
with the pol y&3& bonate resin used in the above experinents. TFleshalmaoyl
phosphate 5 egfqgowas Reof | am PB-46Q (PB-460) hgyi ng a nol ecylar wei ght of
about 818 in formof a powder obtained from FMC Corp. and having the
following str¥& ure: Br BP:ferr] Br Th&-HC phosphat &8st er
conposi tion v st TeELe bl ended f oricabout 180 100 100 100 100

UL-94 Test Results
1/16” Thick (1.6 mm)

Total T1 (Sec) 59.9 56.1 126 95.4 133.6 111
Avg. T1 (Sec) 12 11.2 25.2 19.1 26.2 22.2
Flaming Drips Yes Yes Yes Yes Yes Yes
Total T2 (Sec) 24.6 22.6 >29 25.3 15.1 15.9
Avg. T2 (Sec) 2.9 4.5 >7.3 5.1 3 3.2
Flaming Drips Yes Yes Yes Yes Yes Yes
Longest T {Sec) 16.2 14.9 >40 41 46.1 60.6
Total T1 + T1 (Sec} 84.5 78.7 155 120.7 148.7 126.9
V2-Rating Pass Pass Fail Fail Fail Fail

1/8” Thick (3.2 mm)

Total T1 (Sec) 17.4 10.8
Avg. Tl (Sec} 3.5 2.2
Flaming Drips No No
Total T2 (Sec) 40.6 39.3
Avg. T2 (Sec) 8.1 7.9
Flaming Drips Yes Yes
Longest T (Sec) 12.3 11.6
Total Tl + T1 (Sec) 58 50.1
V2-Rating Pass Pass

*Control Composition - not an example of the present invention
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m nutes and extruded into pellets on 30 nm Werner Pfleiderer extruder at
275[err]C barrel tenperature. The extruded pellets were dried in an air
draft 10 oven at 110[err]C for at |east 3 hours. The dried pellets were
‘injection nolded on an Arburg nol ding machine at 300[err]C into test bars
for evaluation. Control Conpositions 18-19 - No Phosphate Ester The
procedure forwgwnbsteeri nental Conpositions was repeated exoagIusokaéedso o
phosphate ester was added and the polycarbonate resin conpositions 15

contai ned only the jnadiyeat e;@m{,f‘éée\laéreo{:re%%r o ddidiaYH5 eQF.ru\A@x'igf 18 ei-nggt(wged

and nol ded w thout any additives. The |levels of the ingredients in each

t he formul at iASSEHAE® §H6?/'v'n sappLes firgm §h§speé}°etst Héae%/d'lnﬁlét‘lsbrf“‘r’ etiple screw
accordi ng to Kihdicavetanatéxgpruderciithqa @2 :Haglrdibeld atraeescriew. Froad dobe not ed
that any ”U”E&c&i’dmé{a\!n!éeéeﬁ&sd%i ﬁQ;JaVQJ”lLé‘siw rfoﬁisata'édzsto% by N9 Qhet he

application of | ame, are not intended to reo ect hazards presente by
the di scl oéeoe’%a?%n%ﬂné HIPTIAIT ¢o FfResr t iTBR 2887C 4R 12°8f hand avpe}ied| thender
actual fire genghdri 6% staddard shélld Stkil&inhSdie 14 inches (357 mm) in width. The

PCT/ US96/ 166@3Tﬁ%LEpa%mg E:Eg I%QI eg.: 0 %IS%BXL 3PE%EJE%TETI&SI§B\1§Q§ER§$J l 9 n No.

15 *19 PB-460

0.5 0_ 3 then pasae'dl t{:ﬁaugh a vert:.cal stack of 3 xolls where 1(5 1_1_35 drawn @owpsto a
0. 15 0. khadmtoif0xd dadries (305 mm) and a thickness of. 818 inch0(308m), thd r&HR
ﬁ/i:0R8PESO 10 temperatures being: top rod.é.z'gsgglv Q§21°Cé29n19 0121 960Q‘§ b]ﬁ? Oagdslgo
Properties URGEOMRAP}NG20°F S1EO3CH e sheet was gatyto 1e“9“9§2°f 12 inchmg |(305
Fai | Fairﬁm} and test bars were then cut out of the sheets tc the appropriate UL

dimensions for the tests shown in Table é below.
TABLE 6-UL-94 BURN TESTS OF 0.118”7 (3 mm) SHEET SAMPLES

Composition No. 26 27
Material Wt$

PC~-4.5 99.32 99.325
KPTSM 0.005
RDP 0.4 0.4
TOTAL WT% 100 100
UL~-94 Test Results
Total T1 Sec 20 121.8
Avg. T1 Sec 4 24.4
Flaming Drip No Yes
Total T2 (Sec) 52.5 91.4
Avg. T2 {Sec) 10.5 18.3
Flaming Drip Yes Yes
Longest T (Sec) 14.1 63.9
Total T1+T1 (Sec) 72.5 213.2
Vv2-Rating Pass Fail
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DAMLUDCI, B mmm%mm”ﬁ
es

Drip T-1 Yes

Drip T-2 Yes Yes Yes s
UL-94 Rating 1/16" (1.6 mm V-2 Fai | Fai | Fa| I

Fail Total burp (sec) 82 176 250

307 Longest sk 5'{’{%13’ (sec) 14 52 88 m’"s"ﬂiag

76 Drip T-1 Yes Yes Yes Yes

Yes Drip T-2 1. A carbonate polymer qmposition \gowprising (3l & carbonatgcpolymer

Yes Opti cal Ph&ﬁﬁgtd’ eeight| AviHRES SoldciTrX wéibht of from 20,080 Go 40,008. aﬁd

8065 90 égnlf_lon 3623851; %ag gh)}%tsap&glgtﬁil essentially of (gé from grfaﬁer

1.0. 1. 3than 0.X) tgolegs thapdl.0 wriphy p)ercent {based on carbonage polymer Qg3
957 (ft-|I b/ $ Nkromposition weight) 1dw/ lea.t:Llltl{Saromatic pHobplate Tédref Q:l'oﬁﬂ:&:ﬁl ahaMPa)
127 127 7 DTU r (264, psi 264
264+ Cont rof . CRAAGBEIY v U126 bt apliel ek thmpet o gt s

i nvention - 25compos*/BOQ$/w_§5g§:8 of (c) an alkali metal salt hav;ng a pH of at least 7.

PCT/ US96/ 16640 Thernogravi netri c Anal ysis of Phosphate Esters By known
t her nogr avi megri ¢ anadayboraté godpiui chpssition abbdidntg b6 andind heﬁmgha\thaeﬁohi c

Anal yzer the \49!;@1%49?} é{on:Lti%eX@orsBﬂatQhQ&QPaxtses&%gféas fﬁll%su%vgié{;g gro NRic

sanpl es were heate romroomtenperature to err

20[ err] C p&} RpoFRPRte aster fligemeloeAfrowids o hplagret BE?SQPa‘E?oﬁMH’EI%S exhi bi t

3. A carbonate polymer composition according to Claim 1 wherein the low
volatility aromatic phosphate ester is selected from the group of aromatic
phosphate ester oligomer compounds or haloaryl phosphate compounds which
experience a weight loss of no more than 5 weight percent at 250°C when

15 heated to a temperature cof 500°C in a thermogravimetric analysis (TGA) at a

heating rate of 20°C per minute.

4. A carbonate polymer composition according to Claim 1 wherein the low
volatility aromatic phosphate ester is selected from the group of aromatic
phosphate ester oligomer compounds or haloaryl phosphate compounds which

20 experience a weight loss of no more than 40 percent at 300°C when heated to

a temperature of 500°C in a TGA at a heating rate of 20°C per minute.

5. A carbonate polymer composition according to Claim 1 comprising (b)

from 0.2 to 0.6 low volatility aromatic phosphate ester compound.

6. A carbonate polymer composition according to Claim 1 comprising (b)

25 from 0.3 to 0.5 low volatility aromatic phosphate ester compound.

7. A carbonate polymer composition according to Claim 1 wherein the
carbonate polymer has a weight average molecular weight of from 26,000 to

36,000.

8. A carbonate polymer composition according to Claim 1 comprising no
30 further ignition resistance additive(s) based on halogen; salt of an alkali
metal or an alkali earth metal; antimony: bismuth; orx

polytetrafluoroethylene.
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|l ow volatility. TABLE 4 - PHOSPHATE ESTER VOLATILITY Materi al W Loss @

250[err] C W Loss @275[err]C W Loss @300[err] "I" “I“ “||I " |II|

0.4 0.9 1.2 RDP OF TuTER HIRE RARL T8N 11 13

0.7 1.3 BDP 1.1 1.4

1.7 TPP* 10 21 52 *Control

Conposition - wobsséig abl e for use in conpositions accordi ngpeeaishiehdocsent

.invention Experinental and Control Conpositions 20 through 27 - Effect of

Certain 10 Aall Mtalofid foltmbll QURABLE: SSLEILAHEAd Il charactesizea

sal t/ carbonate pol yner master batch is initially prepared by aélal'ng 2

wei ght parts off PHE BTSCoTRREI TS PUART iSEODITBR FIERE L E\etnd Ry ips othigknegst of

parts of the ankagixtessth|ofsahtintlp (366 wéllimeterar4sl gneoightpodfy anrinenaize2

havi ng a nol eGlih fime¥eh)0Rivelh BR9HQRAs@Rde{rfgSee YLNY 15 in the additive master

bat ch having an oligoneric phosphate ester |evel of 4% and an al kali netal

salt |evel of lg. 05 vp%rﬁo %)éarc t. The addjtive npster batch together with

a benzotriaZol€ ul t ravi oret o 8% SBTRIS2E1°R ACFF HREsthGlrifme! Sompohsingip!

and epoxi di zed $owvelatidbitly ¢E®EFiq nhdsphate estreg wldabnerechmubtnd. a

pol ycarbonate resin. The pol ycarbonate resin used was a 20 |inear

pol ycar bonat e 1pt epare dafboniiehbsSIphern @bmpdsdtibnpiRog@ing 1tavidig 8 MRbSRing (b)
4.5

average nol eClél 26w %i%EEE%P%%B%OH@Lgh&e@ééerrc{:o?n%van%t e ("MR') of

grans per 10 m nutes ommercial Ty avail able from The Dow
Chem cal Conpany. -26- WO 97/ 15618 . _
PCT/ US96/ 1664(?‘2' A carbonate polymer composition according to Claim 1 comprising (b)

10 a low volatility aromatic phosphate ester oligomer compound as represented

by the formula:

7 I

Z—0 I,’I—O—R —O-P—0—Z
o nd
2 )

wherein R is selected from the group consisting of a divalent C1-C3g0 linear,
15 branched or cyclic alkylene or alkylidene radical, or a divalent Cg-C3g

arylene radical having one or more aromatic nuclei, or a substituted
derivative of any of same; Z is a monovalent Cg arylene radical, and n is

from 1 to 3.

13. A carbonate polymer composition according to Claim 1 comprising (b)
20 a low volatility haloaryl phosphate ester compound as represented by the
formula:

Z—0—pP—0-—Z

N—O—
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are th
conpositions indicated in the followi ng tables. for exanpl ﬂul
10 wei ght parts master batch per 90 wei ght parts polycarbo c
level s of 0.4 weight percent oligonmeric phosphate ester and 0.005 wei
percent alkali nmetal salt in the resultant polycarbonate resin. The
stabilizer is added in an anount to provide 0.15 wt%.in the resultant

pol ycar bonat e weesinse18The anti oxi dant is added in an anount tPpCpUss6hesse0. 08
W% in the rqastdiaNindpfinieIRONALE ¥ €5igd1ectle #&tha g?&l %héhsesln@%?um)to
provi de 0. 05 V"tcpé‘;q' £ralfe LERLa1 R0y Y SEALDARAL S LERLL nuc 15

L
ol i goneric phosphaté esters are | 15 2d"a ove, cqa’r’lzalr net al
salts are idénenippesf BeiCow a&ﬁﬂeqehea@ﬂ@r haming allne&}’rmw qusuanecleunmﬂri zed

in the bel ownhadges conraﬂnleowamgalal ki bn 'ﬁEi&erﬁ FnbSpnied aklSRA 411 HQ
i ndicat ed s:orbrpaahtte%é? OLAGPIALMLDALA LML Y ié 0 %ggmlti"fm? o} and

represented by t Powi ng structure: [err]
Pot assi um di pReing| 1§8I?6’ﬁ@“‘§'al#aéﬁ%ﬁlé (KSS) is represent ed by the 20

folFowi ng structure: [err] has a pH value of 6 and is commercially

avai | abl e frdér SeaP Sxherat€leniiess conppsitibmgicarrfin®dbatiain mipembl imingbth ane

The PC/ additive master batch is added in amounts needed to Ei i)l e I
N
9

5

sul fonat e ( KRFE®) vélatiEpyesabidioh\diplwy RfhobHatodsigr Sh Itk I@mpoudd: VO
97/ 15618 PCT/U896/16640
15. A carbonate polymer composition according to Claim 1 comprising (b)

10 a low volatility bisphenol A diphenylphosphate ester oligomer compound.

16. A carbonate polymer composition according to Claim 1 comprising (b)
tris (2,4)~-dibromophenyl) phosphate.

17. A carbonate polymer composition according to Claim 1 comprising no
further thermoplastic polymer resin component(s).

15 18._ A carbonate polymer composition according to Claim 1 comprising from
0.001 to 0.1 weight percent (based on carbonate polymer compositions weight)
of {c) the alkali metal salt.

19. A carbonate polymer composition according to Claim 18 wherein (c)
the alkali metal salt is an aromatic sulfur compound and the alkali metal is

20 selected from the group consisting of sodium or potassium.

20. A carbonate polymer composition according to Claim 19 wherein the
alkali metal salt has a pH of at least 7.5.

21. A carbonate polymer composition according to Claim 19 wherein the
alkali metal salt is an aromatic sulfimide and the alkali metal is selected
25 from the group consisting of sodium or potassium.

22. An extruded sheet prepared from the carbonate polymer according to
Claim 18.
: | THIS SHEET HAS BEEN
REPLACED
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DA SR Y \\l\ |.l AR TL l..\l|l Y M ] ' » . l-) daadl - -t Ve o ,..‘,_.
” ) [ N N B, Jl—.n-' - - [T -4. BRI LI L

[err]. has a pH val ue of 5 and S cormermally avallable as Levagard C4 Trom
Bayer. The neasured ingredients were tunbl I;” l nut es. The

uni f gy gigended material was extruded |nﬂ El] EE “n ner
Pfleiderer extruder at 275[err]C barrel tenperatures lse extru§§ %?’46@1%

vere drieda.n.an Ridardbadda pYBMedt cokbOLalsl a]nC:JnQ;hé‘iHJ ‘?Q)St §a€%§é§% tp-gtﬂ%ner

dried pellqts wer e ction nol ded on an Arburg ]
300[ err] C PRVE™Y @s?’ebéf Y TR NP eRP AR B+ PEil"ngm I° 8t50H#0 sHGwand n

Tabl e 5 belignitik®h r@8istancd\@387{ike61&nsisting essenti lly' of (b) frem greatar

CT/ US96/ 1 0 JAB 94 I, NJ DED SAMPLES
P €e40 JABLE 1o Hﬁ: g%%%lﬁrglzgozscegi (oaaagr n-carborate po‘zﬁer 21

CONTAI NI NG VARICUS ALKALI TAL osition

2% 5 ogewpositign.weight) lowvouaebksty] awtﬁ;pcpgzogphate esTer compound wh-ch
99. 32 99e38er B3e8% weddh32o3s 38 B2 mor&%nid KP'E§M¢ percent at 250°c 1;61 005
0. 005 0. 9;05 \..oSa tamperature o 500°C in a thermogravimetyric analys*..o('wg at

KSS
0. 005 PB- 4aieat_r.g rate of 20°C per minQt«l and cp:iona.'-_.«.;' lf:&m40 .001 20 0.1 ma:.gl-g 4

074 v g B oneed on cnskomsg onsBed gpgosscsonspschecfofe) am iy
100 UL- Y4 Pesii Redhl tseid/smdc ’lee-n g PHeof#E Ferw TTiL (Sec)
59.9 56.1 - 126 95. 4 133.6 111 ,

2. A carkcenate molymer c..apos:.uon according@ to Claim 1 wherein “he iow

. e e . N - i
volatilicy aromatic phosphate egter is selactad from the group of aromatic

phoéphate ester cligemex coxpounds ox halsaryl p?c=pna:e compeund
;
2. A carbenzate pelymer composisicn accerding to Claim L whereia che locw
15 wolatilicy aromatic phesphata ester is selected Zrom the group ¢f arsmatic
prcspnace estar oiigomer compourds or halsoaryl piosphate senmpouncs which
exner;::ne a weight loss of no> more than 4C percg n: at 300¢C when aeazed to
2 terperature of S00°C ix a TGA at a heating ratT of 20°C per minuse.

. !
4. & carbonate polymer compo=ition accora:...g- to Claim 1 comprising (b
I

20 from 2.2 s C.& lLow velatility aromatic phosphats escer compoundé.
|

5. A carbonats pclyme';: compdsicion acesrdiag to Claim 1 comprising b

from €¢.3 Tc €.5 lLow welatility aromatic phosphatg ester compound.
|
. (
8. A carbonate pclymer compasiticn acccrdingl to Claim 1 wherein the
carbonate polymer nag 2 welght average molecular |weight of frem 23,0C0 to

25 36,000
’ |

Pl

7. A carbonate pel r comgpositicn accordingl to Claim i comrrisiag ne
farther zgniticn resistance additive(s) based cnihalcgen: salt cf an alkali
: 1]
- - . : . |
retal or an alilkali =axth metal; anc;mcny; bisnuth; or

pslytetraflucrsethkylene.

30 s. . A carkbonate poivmer compesiticn according to Claim 1 characterized
in tg.hat: te_st specimens molded fr;am tke compositién and .having thickness‘of
one ;sixteents of an inch (1.6 millimeter) and one eighth of an inck (3.2
millimeter} nave & UL-94 test rating of V-2, '

-3i- o,
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ROV v il A h(' (.u L othy [ o0 . A T R R Fiar et o ||, a4
S A R R W R -l adlmartd - M

-Avg T (Sec) “ 12 11.2 2'5".2 191 26. 2 22 2 FI am’ ng

Bl AT T renini

T2 Sec)

Flan1|1g [XIQDS A carbunate pYBfncx comeEﬁE;on acéﬂﬁaznd ro\@iazm 1 comyEs lng (b3

Yes Longest Se >40] 41

60. 6 Total a‘r{‘g %L{"slec“)" aromatic P%&’%ha“ “/‘%‘*’F olisprer cempound;rg 7 148. 7
126.9 V2-Rating - . Pass Pass Fhi | Fai | Fai |

Fail 1/8" TRick (3. @"hﬁi}a*—'ﬁopalmi ¢@peyition according ti7lhin 1 HOmBriduge (Bl

( Seg) a low volatflity hdloagy? n'ﬁl::@&la’ﬂg gﬂegscompoqxz\. No No, 4
Total T2 (Sec) 39.3 Avg. T2 (S c) 8.1

7.9 Fla Dri ps Yes Long T (Sec).

12. 3 é Tot aft *PEPRaEE (’%é@)e °°‘“°°s“"‘5’8 according,) cg ‘\fz‘-ﬁa't iFge=ising (b)

Pass Pass lé@ontauilﬁwnmatio mhesmaaénmaﬂm;;emef dolte p1ae s £ Mept s bd ON
-29-

PCT/US96/ 15%4%‘%?% s‘ﬁeet sanpl es were prepar ed by i nl tially ext r udi ng 12* .
inch (305 mm - square sheet sanples fromthe pelletsjin a 2 inch (51 mm) -

single screw Killion brand extruder th a 32:1qL/dp single stage screw

Prior to extrusion the pellets wer ried at le st'4 hours at 250[err]F
(121[err]C). The 5 extruder zang

290[err]C and supplied the g

7
Z

10 whe#ei: R is selected from the group consisting éf a &iva_ent C--Tszy linear,
b:aﬁched or zvelic zlxylene or alkyiidens :adicai, or a divalent CTg-Ca;

a:v-ene Tadizal having cne or move axomakis nuclé;. or a sukszirttad

__er_-ra..re ~f any of gamg; 2 is a menovalent Cg arx-ene radical, and n is

-

frem 1 to 3. '

13 2. A cavrbonate poliymer cemposition accoaxdin g to Claim 1 cemprizing (o)
i a low vclatility haloaryl pkhosphate ester compound a3 reprasentad by tha ! !
' formula: .

Z—0 —-II’*O —Z

7
]

]
. { {

: i
- i
20 hare:m independently, each R is splected Irom t)jte group conziscting cf (i1

C-—C-n arjlene radicals naving ne or more ar-matlc nuclei and (i1l
..,rom:mated Cg~Cap aryiene xadicass having one o*lmors aroratic nuclei and.

having 1 ro 5 bromine radicals, which haloaryl plla.c-sphate has at lzgast one
! i
; |
{
o ! ' . -32" : - o i o~ 1} 4]
‘ | THIS SHEET HAS BEEN
REPLACED
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width o I nches (305 mM) and a thickness of 0.11

pol yrrer to a standard 'sheet extru5| on d| e

-die |ip spacing was set at 0.125 inch (3. ]l ,"ﬂi Emjl ded sheet

i hen hrough a vertical stack of 3 a
Wisiahd m%w{%gm% qf

MESELVLY B IR
DR aJ

in w dth. The
i's

8 inch (3

10 t enper abuPBATERNEE ~Coop RN 250f @3y PAVICER PPRrA%] ByZe ATeRtdcrpiqiel ar

260[err] F Glefhenrl6)s andnhQd bomdaok! 320[err]F (16

D[err] C). The sheet was

cut to lengths of 12 inches (305 mm and test bars yere then cut out of the

sheets to t

"o UGt E A G R1B g iR

oS oS o

bel ow. TAB

No. . ov26vo Latility reac"“noz.7o.meé.\lyra}|:ow§)o:$es o cligomey c¢ompound

99. 32 . 99. 325 KPTSM 0. 005 RDP

0.4 S 14., & uROIYRAPCO WISy composition accoxding td Claggol comprising (bi

100 UL- 94 BesbwRegukisitfobadprEhoSacdipkenylzhosphate o
121. 8 Avg. T1=Sec 4

stexr ol2fkcmer compound.
24.4 Flamng Drip
claz D ccmprising ‘b)
183 Flam ng Drip
14. 1
213. 2

V2 Rat i ng

rising ac

(c)

she alkali metal is

whexeain

Claim 18 wherein the

Claim 138 whexein the

No 15. A c%@%og_é)teaboﬂ;%eés%)p ition accoxding tc
91.4 Avg. T2. g .
. B =31 4\ ibremophe: phasthzce. |
Yes Ve Conges S (“§% :
63.9 Tot al 'IS'1+T1 Sec) 7t2 5 ccording o Cia
. - - r csitclon ~ - ~281m . Cor
Pass 16. qgaPPrafaopo Yymar COmp a <
10 Zuxther zhnermcplasticz polyvmer rasin compenent(s)
| |
17.; A carkonate polymer ccmpca;c.on ac:o-_-“q to Claim 1 comprising from
0. 0(1 to 0.7 weligit per:ant (based on carbcnate pc_v%er compositions weighT)
of (c} the alkali wetal salc. !
h :
]
16. A carkcnat= pelymer composition a*cord;rc =0 Claim 17
15 the alkzli metal salt is am arzomazic sulfur c~mu?4"“ and
selected Ircm th2 group consigsting ¢f sodium cr yc:aasium.
19-f A carzbonate pcliymer composition accord;ng to
a;kal; mezal salt has a gE of at least 7.5. i
2G. A carbenate pelymer compositisn according to
20 aikalii meral galc is &rn arcmatic sulfimide &

nd tie alkali meznzl is salsstad
H

from tha group consaisting of sodium or pocassium:

2L,
Claim 17.

extruded sheet preparsd frenm the carbe
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P ate golymer according 0

|
i
I
|
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i
|
|
i
l
|
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Clains: 1. A carbonat e poI ymmﬂwmllmmuﬂonﬁl sin @é a carbonate
cpol yner having a weight average ry& N'F)SHEET

and i‘gnition.resistance additi ves cbnstst'l ng esSsentially of (b) from.

greater than 0.1 to less than 1.0 wei ght percent (based on carbonate

pol ymer 5cieimsposition weight) low volatility aromati c phosphate ester

conpound whi ch experiences a weight |oss of no nore than 5 wei ght percent
at 250[ er o} C when chgiatnetle trolemde pparoal tios ofmp3ddinar (4)Cai caxponate polymer

t her mogr ayL, Uﬁlfl G, YleSadel ba 28 3¢ RhodUehs JdeaPsia M nute,
and from\él 00 b cé.@ﬁL ﬁega%e ;%Qr%%n?ﬁ( ba%feéd onﬁ?glrezbongte pol'lf or o

conposi ti 6%‘%Fg¥ﬂ5}sﬁm€c7&°&ﬁ“ﬁﬁ<5%5%{% egsfntiakly; g 1) sEom Fr'eﬁﬁtﬁg a pH

% at | eaﬁhaﬂ? 0.2. ml 1ess|°\“ﬁaﬁh.qlﬁa$rﬁgﬂﬁ|§hé&'8érﬁ£(lml én QﬁrB&{‘aiQéCBdlgm?ﬁ) Caimil
erein_the ow vol at | y,aro osphate est is selected fro

O oup oF - APBRARCERH ALY b SP A 1 B SRS SRR o R SR ABL e o

conpounds exBerierncesAacweivbnatlwsspot ymeno:eontmsstwq;lhacpeocsmtngt t250€t aahﬁn 1

wherein the,law.ds, vg&:@%au}e/ @rﬁéﬁ&'ﬁa Qhaémg&rsmgc' asfé %Cf(ﬁﬁk fgom the

group of aromatic phosphate ester oligonmer conpounds or hal oaryl phosphate
conpounds BRATEE B3FePF APCE ReBimHe | BT AP YoER O hafpight Rerewift (bgsed
300[ err] Con/rmbbzeﬁeedaiﬁxea &:ﬂ@iﬁﬁitﬁ.’bﬂi ave@fhth00F efcl) | 4n bkt iTféeaat saLd)esdiang
rate oi 20{3@ r)atét & A 7. Acar bonat e pol ymer conposition
accordi ng orrpr Si'ng nho 20 further ignition resistance

addi tive(s) based on hal ogen; salt of an alkali nmetal or an alkali earth
met al ; anfinony;? SRIARRAS RYLVIRH FemosaticorersEiitefie. Clain 1 whersiar Bithaee

R;} ynmer ceoBpasihtiie &raﬁﬁélﬁ:dtl{&ph&éjeaééﬂ 15 uTREtc Bibrd Ble %:E&Wc\foiﬂnhkié y
oaryl EROSE ate ester ound. 25 A carbonate

Conmos, t | BROSRABP RAEGE (4H P PYRUR (8 TRIOREH RAPBRRGDIRTES- hal oar vl
phosphat e ester conpound as represented by the formula: [err]
3. A carbonate polymer composition according to Claim 1 wherein the low

15 wvolatility aromatic phosphate ester is selected from the group of aromatic
phosphate ester oligomer compounds or haloaryl phosphate comounds' which
experience a weight loss of no more than 40 percent at 300°C when heacéd to

a temperature of 500°C in a TGA at a heating rate of 20°C per minute.

4. A carbonate polymer compesition according to Claim 1 comprising no
20 further ignition resistance additive(s) based on halogen; salt of an alkali
metal or an alkali earth metal; antimonmy; bismuth; or

olytetrafluoroethylene.
L . 5. A carbonate polymer composition according to Claim 1 comprising (b)
a low volatility haloaryl phosphate ester compound.
25 €. A carbonate polymer composition according to Claim 1 comprising (b)

a low volatility haloaryl phosphate ester compound as represented by the
formula: .

0
|
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- 31- ' REPLACEMENT SHEET V\,he !ﬁmﬂnﬂﬂmm each Z is selected froET

the group consisting of (ii) ene e ' SH?

“nor e aromatic nuclei and (iit) bromratdd Yetr]- qﬁ@@ﬂﬁgﬂgdu cal's
havi ng one or nore aromatic nuclei and having 1 to 5 bronine radicals,

whi ch hal oaryl phosphate has at | east one 5 bromnated CJerr]-(err]

gryl ene ragéfah bﬁa/épagdmeypreaenrza idrfuYBttdd BYéh @he aAdubathBfscing B H (i:'a .
rom ne radi Y AGcor i to daim
1 Compri sthg RorTYHTS TH AR Sl h e SRR b Sfe SR IRE ot e

pol yner cenwsaat:e@ FecBap rarrslm faiicale élenmsapee il ymer argraras imvgled wefght
average nmgbegcyl &“—A(V%' FRmiQb fdaQBa220, Q%thﬂal%gzpp%héé}ﬁuhgrﬁafs' QE‘ J.Eﬁéé %hgnce

addi tives con5| % gssent a”}rl%h?é from reat er t han tcg than
05 el nPEREREERY rat ke Al SRS B CoRRER TR RPN Fow
vol ati | i t ypaeix@rat t€ Sphosghateddssler. ol i goner conpound and opti onal ly from
0.001 to 0.1 weight percent (based on carbonate 15 pol yner conpositions

-glel ght) C(a)tf7b(0) a0 cakkatlait e Bi19hes @bkpossaish ig&&:dﬁlﬁgld&gcﬁalﬂl‘hi womgh:;aescb)?
. I, ?ﬁa(tze pO %gg,ﬁo %g@)p%hgép(%ﬁg accordi ng to al s an
to O.

conpri si ng ) from t percent (based on carbonate pol yner
conposition weight) low volatility aromati c phosphate ester conpound. 20
10. Camhbonat ea pakyorerte Gilpnet congssiatao kdigg sing Chpi sreaibdnade bolymer

conpri gy ng.{h) ”% ?tozaée‘.%rg?ﬂ\%?é‘ﬁg} v%?trﬁf%tf £»b?qn§€e 8. e;BOSB%t gndol yrer

corrp05| t I on W VO ar omat hos ound. 11.
Car bonat e zgeitwver rwﬁﬁwet FM-H%%GPH#W-N) ee#mmllY ool @ewplgrsawg (b)
w)m 0.3 tQaf.R1Ves dRks NGl (ORRCIERAABREG enPr¥BRdte polymer

composition weight) low wvolatility arematic thosphate ester oligomer

compound and optionally from 0.001 teo 0.1 weight percent (based on carbonate
15 polymer compositions weight) of (¢) an alkali metal salt, said salt having a
pH of at least 7.

9. Carbonate polymer comp_ositions according to Claims 1 and 8
comprising (b} from 0.2 to 0.9 weight percent (baszed on carbonate polymer

composition weight) low volatility aromatic phosphate ester compound.

20 10. Carbonate polymer compositions according to Claims 1 and 8
comprising (k) £rom 0.2 to 0.6 weight percent {(based on carbonate polymex

composition weight) low volatility aromatic phosphate ester compound.

W 11. Carbonate polymer compositions according te Claims 1 and 8
comprising (b) from 0.3 to 0.5 weight percent (based on carbonate polymer

25 composition weight) low volatility aromatic phosphate ester compound.

12. Carbonate polymer compositions according to Claims 1 and 8 wherein
the carbonat_e polymer has a weight average molecular weight of from 26,000
to 36,000,

13. Carbonate polymer compositions according to Claims 1 and 8
30 charactexized in that test specimens molded from the composition and having
thickness of one sixteenth of an inch (1.6 millimeter) and one eighth of an

inch (3.2 millimeter) have a UL-94 test rating of V-2.
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25 conposition weight) | ow vol atijlg [ m sphat e ester_ conpound.

15 Zarbonat s pol yrer conposi|(IMIINIAN Rerr AceMeNT SHEET,
the carbonate pol yner has a wei-ght* a¥er &ge* mot ecul ar wei ght of from 26, 000
.t0°36,000. 13. Car bonat e pol yner conpositions according to Clains 1 and
8 30 characterized in that test specinmens nol ded fromthe conposition and
havi ng thi c&}éness of, one sixteenth of ,an inch g .6 mllineter) and one

ei ghth of Hh i ncAETF™I Aoty iR SPPPIRATAPTS ¥CogHngkte TaiPhd 81 ¥-2. - 32-
REPLACEVENScnBHEE gl 4b) a 1&ariebaisile sy elrpneyiccoliqaphatd @BGern 6ok Gokpor@lani N
1 and 8 conprising: low_volatility aromati c phosphate ester ol igoner
conpound aégfggf%%g%?%ﬁb?het ﬁég'?“g'trafml a. [err] wherein Ris selected from
the group consisting of a divalent CJerr]-Clerr] linear, branched or cyclic
al kyl ene or al kylidene radical, or & di val ent ggrl-Cerr] arylene radical
havi ng one or nore aromatic nucl eif, jor a subst ift red derivative of any of
sane; Z is a nonoval ent C6 ar adi _J_§O;LQ froml1l to 3. 15.
Car bonat e pol yner conpositions acdqofidi ng to 1 ang 8 conprising (b) a
|l ow volatility resorcinol diphenyllpfposphate estiag) ol i gomer conpound. 16.

Car bonat e pol ynmer conpositions accorqding to Clainfs 1 and 8 15 conprising
(b) alowvolatility bisphenol A di Zhenyl phosphatZ ester ol igonmer conpound.
17. gar bonat e pol ynmer conpositions according to Clains 1 and 8

wherein R is selected from the group consisting of a divalent C;-Cyq linear,
branched or cyclic alkylene or alkylidene radical, or a divalent Cs-C3p

arylene radical having one or more aromatic nuclei, or a substituted
derivative of any of same: Z is a monovalent'cs arylene radical, and n is

10 £from 1 to 3.

15. Carbonate polymer compositions according to Claims 1 and 8
comprising (b) a low volatility resoxcinol diphenylphosphate ester oligomer
compound.

16._ Carbonate polymer compositions according to c1ai.ﬁs 1 and 8
15 comprising (b) a low volatility bisphenol A diphenylphosphate ester oligomer
compound.

17. Carbonate polymer compogitions according to Claims 1 and 8
comprising no further thermoplastic polymer resin component(s).

-/ i8. A carbonate polymer composition according to Claim 8 comprising from
20 0.001 to 0.1 weight percent (based on carbonate polymer compositions weight)
of (c) the alkali metal sale. :

19. Carbonate polymer compositions according to Claims 1 and 18 wherein
(e} the alkali metal salt is an aromatic sulfur compound and the alkali
metal is selected from the group consisting of sodium or porassium.

25 20. Carbonate polymer compositions according to Claim 19 wherein the
alkali metal salt hag a pH of at least 7.5.
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conpri si ‘ng no further thernoplastigy "L 1 o] M@E 18. A

¢ar bonat e pol ynmer- conposition accoﬁm mnmmmm"kmp J MENZ'OSHEET
.0.001 to 0.1 weight percent (based bn tar'boaté pdl ymer conpositions

wei ght) of (c) the alkali netal salt. 19. Car bonat e pol'yner conpositions

according to Clains: 1 and 18 .wherein (c) the alkali netal salt is an
aromat] ¢ silfur sompountaipslyle kisolis6R kol ool e ¢4 R b6 Ukl 469U
consi sting1gkis HNQA - S . ... _Carhonate po r,

conposi ti qug_agcor di néht 8%% #&%tﬁ.g?éﬁﬁu?%ea%l A ?{]f?é‘gdllg/tggl’ts fatecfefH
of at |east 7.5 F3HF CoOnyERInERfEIeRiSEETPO ESSium. A car bonat e pol yner
conposition according to Claim19 wherein the alkali netal salt is an
aromatic Af-fi m FEFTRAGE shechprapIrefefzom the satkamabel Holpmedshecqgreimy to
consi st nfFleimsddrmdngr potassium 22. Ext ruded sheet prepared fromthe

carbonate polyners according to 5 Clains 1 and 8. -34-
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