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Because of their strength and clarity, polycarbonate resins have a great many
significant commercial applications.  Unfortunately, polycarbonate resins are
ﬁinherently flammable and can drip hot molten material causing nearby materials to
catch fire as well. Thus, in a number of applications employing polycarbonate blends,
it may be desirable to include additives which retard the flammability of the material
and/or which reduce dripping. The challenge is to identify additives which
accomplish this purpose without compromising the desirable properties of strength
and clarity, without introducing new problems (such as the potential environmental
problems associated with halogenated additives) and without prohibitively increasing

the price.

A variety of different materials have been described for use in producing fire-retarded
and/or drip-resistant polycarbonates. Exemplary of these are the materials described
in US Patents Nos. 3.971,756, 4,028,297, 4,110,299, 4,130,530, 4,303,575, 4,335,038,
4,552,911, 4,916,194, 5,218,027 and 5,508,323. Notwithstanding these varied
disclosures, however, there remains room for improvement in the formulation of fire-

retarded polycarbonate resin.

Achieving flame-retardant resin properties sufficient for obtaining an Underwriter’s
Laboratories listing is a prerequisite for many commercial applications of

thermoplastic resins. To achieve listings of UL94 V-1 and or UL94 V-0 at the desired
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onset of their own thermal decomposition in that temperature range and typically
reduce impact resistance significantly due to their particulate nature. These constraints
are even more important in fiber reinforced composites, because these typically

require larger amounts of flame retardant or more effective/costly ones to achieve

UL94 V-1 or even UL94 V-0 listings.

Among the additives which are widely used commercially in fire-retarded
polycarbonate resin compositions are organic salts, particularly sulfonic acid salts.
Particular examples of these salts are perfluoroalkane sulfonates, such as potassium
perfluorobutane sulfonate (“PFBS”, also known as “Rimar salt” and potassium
diphenylsulfone sulfonate (“KSS”), which may yield haze free compositions when
blended with polycarbonate resin. The use of perfluoroalkane sulfonates in
polycarbonate resins is described in US Patent No. 3,775,367. However, the benefits
which can be obtained using these materials alone are limited and indeed additional

additives are generally included.

Besides perfluorinated salts such as “Rimar Salt” (potassium perfluorobutane
sulfonate, PFBS), organo-silicones may be used to help solve the above stated
problems. However, like the above mentioned flame retardant (FR-) technologies,

their efficiency (concentration required for V-0 or V-1 capability at a given thickness)
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composition with a fire-retardant component comprising a perfluoroalkane sulfonate,

such as potassium perfluorobutane sulfonate, and talc as particulate filler.

In one embodiment, the invention relates to a fiber-reinforced polycarbonate
composition in which a flame retardant such as perfluoroalkane sulfonate is present in
an amount of from 0 to 5 pbw (parts by weight) relative to the composition as a
whole, and the talc filler is present in an amount of about 0.05 to about 10 pbw

relative to the composition as a whole.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to fire-retarded compositions comprising polycarbonate

resin.

Applicants have found that the incorporation of an effective, flame-retardant amount
of talc surprisingly reduces the flame-out time of a polycarbonate composition, even

without any flame retardant component being present.
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.062 inch by about 0.5 inch by about 5 inch dimensions.

In a fourth embodiment of a reninforced polycarbonate composition with a
perfluoroalkane sulfonate as the main flame retardant component, the talc surprisingly
helps impart improved fire-retardant properties to the composition by rendering the
composition a flame rating of V-0 or V-1 in the Underwriter's laboratory UL-94
protocol when measured on a test specimen of about .062 inch by about 0.5 inch by

about 5 inch dimensions.

The polycarbonate (PC) component of the compositions may be of any grade and
made by any method. Thus, for example, the polycarbonate may be made via
interfacial processes or by catalytic transesterification. The polycarbonate may be
either branched or linear in structure, and may include functional substituents.
Polycarbonate copolymers are also included within the invention. Techniques for
manufacture of polycarbonates by these processes are well known, for example from
US Patents Nos. 3,030,331, 3,169,121, 4,130,548, 4,286,083, 4,552,704, 5,210,268
and 5,606,007. In one embodiment, the polycarbonate is one which can be
characterized as having high melt strength, i.e. a melt strength of at least R*=1.8. R*
is the viscosity ratio at 1 rad/s and at 100 rad/s measured at a temperature when the

viscosity at 100 rad/s is equal to 20,000 poise. High melt strength can be an inherent
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amount of perfluoroalkane ranges from 0.05 up to 0.5 parts by weight (“pbw”), based
on the total weight of the composition. In a third embodiment, the perfluoroalkane
sulfonate is present in an amount of up to 1 pbw. In a fourth embodiment, the

amount is about 0.05 to 5 pbw.

Applicants have found that the addition of an effective flame-retardant amount of tale
to a polycarbonate glass composition with or without a flame retardant, a reinforced
polycarbonate composition with or without a flame retardant such as perfluoroalkane
sulfonate, significantly and unexpectedly reduces flame-out-times in the UL94 vertical

burn test, leading to V-0 or V-1 capability.

In one embodiment of a polycarbonate or reinforced polycarbonate composition with a
flame retardant material such as Rimar Salt, the incorporation of an effective, flame-
retardant amount of talc helps reduce the concentration of the amount of the flame

retardant component for cost savings measures.

In one embodiment of the invention, talc has an average particle size of 0.1 to 15 pm.
In a second embodiment, it has a size of about 0.2 to 10 um. In a third embodiment,

talc has a size of about 0.2 to 7 pm.
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Additionally, any of various kinds of additives, other kinds of synthetic resins or
elastomers can be mixed in the resin composition of the present invention according
to necessity to the extent that such mixing does not impair the object of the present
invention. Other conventional additives which are known in the art for inclusion in
polycarbonate compositions include but are not limited to additives such as hindered
phenol antioxidants, esters of phosphorous acid, esters of phosphoric acid and amines;
ultraviolet absorbents such as benzotriazoles and benzophenones; light stabilizers
such as hindered amines; internal lubricants such as aliphatic carboxylic acid esters,
paraffin, silicone oil and polyethylene wax; and flame retardants, flame retarding aid,
mold release agents, antistatic agents, coloring agents and the like of conventional
typesstabilizers, mold release agents, light stabilizers, heat stabilizers, pigments and

dyes.

In the compositions of the invention, any of various kinds of additives, other kinds of
synthetic resins or elastomers can be mixed in the resin composition of the present
invention according to necessity to the extent that such mixing does not impair the

object of the present invention.

The compositions according to the present invention can be prepared by compounding

the above-mentioned components, i.e., polycarbonate, talc, perfluoroalkane sulfonate,
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5 — 12pm), optional materials such as wollastonite or other fibrous reinforcements,

PTFE or other antidrip agents.

The compounding and the kneading of the blend can be carried out by using any of
conventional methods, for example, the method using a ribbon blender, a Henschel
mixer, a Banbury mixer, a drum tumbler, a single-screw extruder, a twin-screw
extruder, a cokneader, a multi-screw extruder or the like. The temperature during the
kneading is usually selected in the range of 240° to 300° C. After extruding, the

compound may be molded in parts of desired shapes.

While the specific method for testing for flame-retardant properties is not critical, one
common method that may be employed involves the formation of bars molded from
extruded polycarbonate and tested using the standard Underwriters Laboratory UL 94
test method. Flame-out-times may be as analyzed and described in US 6,308,142 B1.
Generally, the data may be analyzed by calculation of the average flame out time
(avFOTsec), standard deviation of the flame out time (sdFOTsec) and the total
number of drips, and using statistical methods to convert that data to a prediction of

the probability of first time pass, or “p(FTP)” or “PFTP,” meaning that a particular
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downstream to the extruder at the concentrations also shown in Tables 1-3 using a
gravimetric feeder and a side stuffer. The extruded strands were cooled in a water bath

and pelletized using rotating knife pelletizers.

The resulting pellets were dried 2-4 hours at 120°C in a desiccating convection oven
and injection molded on an 85 Ton VanDorn molding machine into 1.5 mm-thick
flame bars (0.5 wide x 5 long) using the injection molding conditions shown below.
The injection molded flame bars were conditioned for 24 hours in a standard lab
atmosphere (23°C, 50% R.H.) and subsequently tested according to the UL94 vertical
burn test protocol. Flame-out-times were recorded and analyzed. The results of these

analyses are also shown in Tables 1-3.

The compounding conditions in the experiments are as follows:
Temperature Zone 1 220°C; Temperature Zone 2 250°C
Temperature Zone 3 280°C; Temperature Zone 4 300°C
Temperature Zone 5 300°C; Temperature Die Zone 300°C

Screw Speed [rpm] 300; Total Feed Rate [lbs / h] 40
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potassium diphenyl sulfone sulfonate [63316-43-8 Antidrip/FR

| potassium perfluorobutane sulfonate  [29420-49-3 FR
SAN-encapsulated PTFE (50% PTFE) [9002-84-0 Antidrip
pentaerythritol tetrastearate 115-83-3 Mold Release
tris(2,4-di-t-butylphenyl)phosphite 31570-04-4 Antioxidant
Hindered phenol antioxidant 2082-79-3 Antioxidant
carbon fiber (Grade A) 70892-43-2 / 7440-40-4|Reinforcement
Talc ‘ 14807-96-6 Mineral/FR
carbon fiber (Grade B) 70892-43-2 / 7440-40-4|Reinforcement
Bis-phenol A polycarbonate, MFI: 20 [111211-39-2 Resin
Bis-phenol A polycarbonate, MFI1: 5 111211-39-3 Resin
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pot@A&iugH dighleA Sul@dncadfohht¥ € fnd ?U‘Fe?erg 118 d3spEn YA oG chBonate.
resins or elastomers can be mixed in thé resin

Otherrp@snym@ nseff int the fpllezieptaré av explriond aboer v thg staion testing
nece Lty to the extent that such m xi ng does not
Zinilfpr:f EF%BYQ?S]T@EI of the present invention. The
conpositions according to the present invention can be

TM@QQY&GwQYSeG&B]p@;%%I&Q of RELBROWRT TBREIBREPC without the FR-
conponents, i.e., polycarbonate, talc, perfluoroal kane
additivieo (16, Qf;ﬁSSomeﬂ 1%iHF&S). dndonasf the&esmplley,,thaﬁlﬂbfor aV-0

the afqresaid additives i, ect i
listing at l%mm approaches commercia usef?lﬁ)ness (%%ned here as = 0.5) and are —

in fact close to or equal 0.

Similarly, Table 1b shows examples of carbon fiber reinforced PC containing 1 or 2%
talc, but no PFBS or KSS. These compositions (with the exceptions of the examples
containing 5% carbon fiber) show PFTP’s > 0.5 even without PFBS or KSS in the
formulation. By contrast, all of the examples in Table lc, show carbon fiber
reinforced PC compositions containing KSS and/or PFBS and talc have PFTP’s >
0.90.

Table 2 a shows examples of PC reinforced with a different grade of carbon fiber and

containing KSS and/or PFBS, but no talc. The PFTP’s were close to or equal 0.

Table 2b shows examples of similarly carbon fiber reinforced PC and containing both
2% talc and/or KSS and/or PFBS. At a carbon fiber concentration of 10%, all of the
PFTP’s are = 0.5.

Table 3a shows examples of 10% glass fiber reinforced PC with and without talc and
with and without PFBS, but no compositions with a combination of both.  Only the

compositions containing the PFBS (examples 48 & 49) show PFTP’s > 0.5.

10



prescribed proportions and kneadi ng the resultant
conpound. The talc nay al so be added to the
w@oiogoerBonat e i n conbi nation, for exanpl e as BCT/US2004/021849
fre-retardant additive conposition conprising a
per fl uoroal kane sul fonate and the talc filler, or
Tabbcﬁ]uesﬂnbwalekgmplns ef (%6 lass fber. reinforosieP @ wbibdilernd PEBSt A of
i nvention, the car bo ri ses, a BP
0 PRI ST BRHD3 1R Bl A TI0 L) FGwBes here.
it § @a&% bt Qﬁ@ﬁ@gﬁﬁg alRrlfent§18GHES SIBPTS i0h1a3s AOMLRIEANPC
ntaining no talc) anount of pot aSSI um
copgbfitions; obut ane sul fonate (PFBS, "Rimar Salt") or
ot her perfluorinated organic salts known in the art,

Ta%}%efce a]msygﬁg‘r{pl]gfgﬁzﬁﬁ(ﬁﬁ g&gfs efrgqeg rem]?o[‘rcé:rld&g corqtg]mng {a?c but no

NFRITSETRMre 885 Ifé gro.(d = 3 - 25nm nore
Pljpjaaﬁgeferably drgclS 1 dﬂ carbon fiber which may be

made by nelt spinni ng of rresophase pitch or
Tabker sbshoratekanples oP2M fgldse rﬁbemelrrfomed PErogptagteg talgand BFBS.

Algf b EEPeTEHBa S R0t FAEPEE 1D T COUMLFofRiged R KSS), had

pE® i @rcenents, PTFE or other antidrip agents. The
conmpoundi ng and the kneading of the blend can be

carried out by using any of conventional methods, for
Tableafip| shows rexamplesoef 8%ongr 40%4 Islsen fiher pelaforces Pensatiaining

different combinations of talc, PFBS and KSS. Example 81 (with PFBS, but without
talc) had a PFTP of 0.57. On the other hand, example 80 (with talc and PFBS) shows

a surprisingly good PFTP of 0.93. Compositions containing either no PFBS or did
contain KSS, had PFTP’s of 0.

11
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m xer, a Banbury m xer, a drumtunbler, a single-screw
extruder, a twi n-screw extruder, a cokneader, a

wOoreiosie=aT ew extruder or the |ike. The tenper ap@¥/ES2004/021849

during the kneading is usually selected in the range
of 240 to 300 C. After extruding, the conpound nay be
unolded in parts of desired shapes. \Wile the specific
nethod for testing for flane-retardant properties is
“not critical, one conmmon nethod that may be enpl oyed
9invo|ves the formation of bars nol ded from extruded
Epolycarbonate and tested using the standard
EUnderwriters Laboratory UL 94 test nethod.
oFl ame-out-times may be as anal yzed and described in US
<6, 308,142 Bl . Cenerally, the data may be anal yzed by
“cal cul ati on of the average flame out time (avFOTsec),
=st andard deviation of the flanme out tinme (sdFOTsec)
sand the total nunber of drips, and using statistica
“hethods to convert that data to a prediction of the
robability of first tine pass, "p(FTP)" or "PFTP,"
!neanlng that a particul arsanpl e fornulatlon woul d
&achleve a VO "pass" rating in the conventional UL94
testlng of 5 bars. Preferably p(FTP) will be as close
Q(J 1 as possible, for exanple greater than 0.9 and
um)re preferably greater than 0.95, for maxi num
&l ame-retardant performance in UL Testing. The
dnvention will nowFHe furtBer described by-way ofc<the
S ol |l owi ng, Ron-1inmYing ~ e —
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exanpl es. EXAMPLES Pol ycar bonate resin powder was
bl ended with the additives shown in Table 1-3 and

we@zdosoesa7 i n a Werner & Pfleiderer co-rotati ngPCT/US2004/021849

0.5 0.5 0.5 0.5 0.5 0.5

0.5

pentaerythritol tetrastearate

tw n-screw extruder using tlBe processing paraneters
shown bel ow. d ass fiber or carbon fiber was added
downstreamto the extruder at the concentrations al so
shown in Tables 1-3 using a gravinetric feeder and a
side stuffer. The extruded strands were cooled in a
wat er bath and pelletized using rotating knife
pelletizers. The resulting pellets were dried 2-4
hours at 1200C in a desiccating convection oven and

i njection nolded on an 85 Ton VanDom nol di ng nmachi ne
into 1.5 mmthick flanme bars (0.5" wide x 5" |ong)
using the injection nolding conditions shown bel ow.
The injection nolded flanme bars were conditioned for
24 hours in a standard | ab at nosphere (23C, 50% R H.)
and subsequently tested according to the UL94 vertica
burn test protocol. Flanme-out-tinmes were recorded and
anal yzed. The results of these anal yses are al so shown
in Tabl es 1-3. The conpoundi ng conditions in the
experinments are as follows:
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Tenperature Zone 1 22Q0C, Tenperature Zone 2 2500C
Tenperature Zone 3 28Q0C;, Tenperature Zone 4 3000C

waempeoasur e Zone 5 3000C;, Tenperature Di e ZoneCBOSDEH/021849

Screw Speed [rpm 300; TotaK Feed Rate [Ibs / h] 40The
i njection nmolding conditions for the experinents are
s follows: Tenperature Zone 1 54Q0F; Tenperature Zone
56Q0F Tenperature Zone 3 58Q0F ; Tenperature Die
wone 58Q0F Mol d Tenperature 1900F ; Injection Speed
ﬁri n/s] 1.0 Screw Speed [rpn] 50 ; Pressure [psig] 50
Llime [s] 60. The materials used in the experinents are
s follows: Ceneric Raw Material Description CAS-No.
unction potassi um di phenyl sul fone sul fonate
3316-43-8 Antidrip/ FR potassi um perfl uorobut ane
ul fonat e 29420-49-3 FR SAN- encapsul ated PTFE (50%
TFE) 9002-84-0 Antidrip pentaerythritol tetrastearate
§115-83-3 Ml d Rel ease
Hris(2,4-di-t-butyl phenyl)phosphite 31570- 04- 4
&Ant i oxi dant
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UL94 Vertical Burn Property

H ndered phenol antioxi dant 2082-79-3 Anti oxi dant
carbon fiber (G ade A 70892-43-2 / 7440-40-4

woeiosPer7aenent Tal ¢ 14807-96-6 M neral / FR car bpeiT/I81964/021849

(Grade B) 70892-43-2 |/ 7440540-4 Rei nfor cenent

Bi s- phenol A polycarbonate, MAl: 20 111211-39-2 Resin
Bi s- phenol A pol ycarbonate, MI: 5 111211-39-3

Resi nBi s- phenol A pol ycarbonate, M-I: 30 111211-39-3
Resin gl ass fiber 65997-17-3 Reinforcenent In the
exanpl es, "PFTP" refers to the "probability of first
test pass for a UL94 V-Olisting at 1.5m{, PFBS
refers to potassi um perfl uorobutane sul fonate; KSS
refers to potassi um di pheny sul fone sul fonate, and PC
refers to bisphenol -A pol ycarbonate. O her acronyns
used in the follow ng are as expl ai ned above in the
section testing flane retardant properties. Table la
shows several exanples of carbon fiber reinforced PC
wi t hout the FRadditives (0.6% of KSS or 0.1% PFBS). In
none of the exanples, the PFTP for a V-O listing at

1. 5mm appr oaches comerci al useful ness (defined here

as > 0.5) and are - in fact close to or equal O.
N (= — N o)
I 8§ 7 g 8§ 3
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StDev[Log(1st FOT)]
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Simlarly, Table Ib shows exanples of carbon fiber
reinforced PC containing 1 or 2%talc, but no PFBS or

W(K385/0TH1egse conpositions (wWth the exceptions PET/UR®04/021849

exanpl es contai ni ng 5% carbén fi ber) show PFTP's > 0.5
even w thout PFBS or KSS in the fornul ation. By
Zontrast, all of the exanples in Table Ic, show carbon
i ber reinforced PC conpositions containing KSS and/ or
'$FBS and talc have PFTP's > 0.90. Table 2 a shows
;exan'pl es of PCreinforced with a different grade of
Qcar bon fiber and containi ng KSS and/ or PFBS, but no
dal c. The PFTP's were close to or equal 0. Table 2b
“Shows exanpl es of sinmilarly carbon fiber reinforced PC
:hnd contai ning both 2% tal c and/or KSS and/or PFBS. At
ca carbon fiber concentration of 10% all of the PFTP' s
@re > 0.5. Table 3a shows exanples of 10% gl ass fi ber
Zeinforced PCwth and without talc and with and
SM t hout PFBS, but no conpositions with a conbination
®f both. Only the conpositions containing the PFBS
g exanpl es 48 & 49) show PFTP's > 0.5. Tabl e 3b shows
®xanpl es of 10% gl ass fiber reinforced PCwith talc
sand PFBS. All of the conpositions, except exanple no.
%87 have PFTP's > 0.5. Fromthe exanples here, it
sappears that the KSS has a detrinental effect on PFTP
= n glass fiber reinforced PC
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conpositions. Table 3c shows exanples of 20% gl ass
fiber reinforced PC containing talc, but no PFBS. The
WO@RR0877aT € cl ose to or equal 0. Table 3d sShowBCT/US2004/021849
exanpl es of 20% gl ass fi berl7rei nforced PC cont ai ni ng
talc and PFBS. All of the conpositions, except exanple
no. 74 (which contained also KSS), had PFTP's > 0.5.
Tabl e 3e shows exanpl es of 30% or 40% gl ass fi ber
rei nforced PC containing different conbinations of
talc, PFBS and KSS. Exanple 81 (with PFBS, but w thout
talc) had a PFTP of 0.57. On the other hand, exanple
80 (with talc and PFBS) shows a surprisingly good PFTP
of 0.93. Conpositions containing either no PFBS or did
contain KSS, had PFTP's of 0.08CE 137294-2 Table I|a:
Carbon fiber reinforced pol ycarbonate conpositions
containing no talc and statistics for UL94 vertica
burn test results Materials / Exanples 1 2 3 45 6 7
Bi s- phenol A polycarbonate, MFI: 5 62.6 59.3 44.2 55.9
52.6 43.9 44.1
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Bi s- phenol A polycarbonate, MFI: 30 31.3 29.6 44.2
28.0 26.3 43.9 44.2 potassi um di phenyl sul fone
w@osoemEse 0. 6 pot assi um perfl uorobutane sul f oP@L/ESNL021849
SAN- encapsul ated PTFE (50%®TFE) 0.5 0.5 1.0 0.5 0.5
1.0 1.008CE 137294-2 pentaerythritol tetrastearate 0.5

t

$0.50.50.50.50.50.5tris(2,4 -di-
- butyl phenyl ) phosphite Q08 0.08 0.08 0.08 0.08 0.08
0. 08 Hi ndered phenol antioxidant 0.02 0.02 0.02 0.02
<0.02 0.02 0.02 carbon fiber (Gade A) 5 10 10 15 20 10
10 UL94 Vertical Burn Property Avg[Log(1lst FOT)] 0.48
¥0.51 0.60 0.56 0.64 0.80 0.62 StDev[Log(1lst FOT)] 0.35
£0.33 0.32 0,25 (25 0.24 0.27 Avg[Log(an FQ;I')] g 69
§0590820rf650\85088087 S
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St Dev[ Log(2nd FOT)] 0.45 0.30 0.28 0.29 0.26 0.28 0.18
Drips 0000 0O0O p(FTP) for V-O 0.06 0.30 0.02 0.24
w@2®3%007760 0. 01 p(FTP) for V-1 0.81 0.98 0.94 PCPOSHIOR1849

0.91 0.9908CE 137294-2 Tabl®@ | b: Carbon fi ber

rei nforced pol ycarbonate conpositions containing talc,
but no FR agent and statistics for UL94 vertical burn
test results Materials / Exanples 8 9 10 11 12 13 14
15 Bi s- phenol A pol ycarbonate, MFI: 5 61.9 58.6 55.3
51.9 61.3 57.9 54.6 51.3 Bi s-phenol A polycarbonate,

MFI: 30 31.0 29.3 27.6 26.0 30.6 29.0 27.3 25.6 Talc 1
1112 2 2 2 SAN encapsul ated PTFE (50% PTFE) 0.5 0.5
D0. 5% 5 0.5 025 0.5 0.% penfaeryt hri&ol @trastearate
0.5 5 0.5 055 0% 0.5 0.50.5— =
tris(2,4- dl-t butyl phenyl ) phosphite 0.08 O 08 0.08
gp.08 0.08 0.08 0.G8 0.88 Hi99der ed ph&nol @nti oxi dant
<0.02=0.02 0.02 0.@ 0.62 0.842 02 002 <
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carbon fiber (Gade A) 5 10 15 20 5 10 15 2008CE
137294-2 UL94 Vertical Burn Property Avg[Log(lst FOT)]
w@2@6/007736 0. 61 0.51 0.30 0.33 0.36 0.44 St DevPCDYL1084/021849
FOT)] 0.24 0.25 0.21 0.17 @023 0.21 0.20 0.22
_Avg[ Log(2nd FOT)] 0.64 0.55 0.56 0.61 0.58 0.57 0.51
80. 50 St Dev[Log(2nd FOT)] 0.24 0.18 0.16 0.23 0.38 0.21
“O 14 0.21 Drips 0 0 0O 0O 0 0 O O p(FTP) forVv-0 0.68
$0.75 0.75 0.69 0.40 0.89 1.00 0.92 p(FTP) for V-1 1.00
31.00 1.00 1.00 0.95 1.00 1.00 1.0008CE 137294-2 Tabl e
Alc Carbon fiber reinforced pol ycarbonate conpositions
Dcontalnlng talc and FR-agent and statistics for UL94
cVertlcal burn test results Materials / Exanples 16 17
#18 19 20 21 Bi s-phenol A polycarbonate, MFI: 5 42.9
%43.1 41.9 41.8 42.2 42.1 Bi s-phenol A pol ycarbonat e,
EVFl: 30 42.9 43.2 41.9 41.9 42.2 42.2 potassi um
@di phenyl sul fone sulfonate 0.6 0.6 0.6 potassium

goer fl uorobutane sulfonate 0.1 0.1 0.1
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08CE 137294-2

Talc 2 2 4 4 4 4 SAN-encapsul ated PTFE (50% PTFE) 1.0
1.0 1.0 1.0 1.0 1.0 pentaerythritol tetrastearate 0.5
w@2®500530.5 0.5 0.5 PCT/US2004/021849
tris(2,4-di-t-butyl phenyl) phosphite 0.08 0.08 0.08
0.08 0.08 0.0808CE 137294-2 Hi ndered pheno
antioxidant 0.02 0.02 0.02 0.02 0.02 0.02 carbon fiber
(Gade A) 10 10 10 10 10 10 UL94 Vertical Burn
Property Avg[Log(lst FOT)] 0.42 0.17 0.27 0.28 0.11
0.14 StDev[Log(lst FOT)] 0.23 0.13'0.21 0.15 0.10 0.08
Avg[ Log(2nd FOT)] 0.56 0.52 0.53 0.59 0.44 0. 39
St Dev[ Log(2nd FOT)] 0.20 0.16 0.15 0.18 0.12 0.16
Drips 00 0 0 0O p(FTP) for V-0 0.90 0.99 0.99 0.95
1.00 1.00 p(FTP) forVv-I 1.00 1.00 1.00 1.00 1.00
1. 0008CE 137294-2 Table 2a: Carbon fiber reinforced
pol ycar bonat e conpositions containing no talc and
statistics for UL94 vertical burn test results
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Materials / Exanples 22 23 24 25 26 27 28 29 30
Bi s- phenol A pol ycarbonate, MFI: 20 88.9 88.3 88.8

wW@3008/083365 78.9 Bi s-phenol A pol ycarbonate, MCT/US2004/021849

44.2 43.9 44.1 Bis-phenol A2pol ycarbonate, MI: 30
44.2 43.9 44.2 potassi um di phenyl sul fone sul fonate
0.6 0.3 potassium perfl uorobutane sul fonate
0.1 0.05 SAN-encapsul ated PTFE (50% PTFE) 0.5
: 1.0 0.5 1.0 0.5 0.5 0.5 pentaerythritol
etrastearate 0.5 0.5 0.5 0.5 0.5 0.50.50.50.5
tris(2,4edi -t<sbutyl prenyl ) phosphite~9.08 0.08 0.08
0.08 0.08 0.08 0.08 0.08 0.0808CE 157294-2 Hi ndéred
«phenol anti oxi dant 0.02 0.02 0.02 0.02 0.02 0.02 0.02
mO 02 0.02 carfon fib& (Gade B) 1040 10 10 10 10 10
~15 20 ULY4 Vé?tlcal Burn Property AW[Log(lst FOT)]
20.68 0.64 0. 0.73 @38 0.53 0.74 0.70 0.76
=StDev[Lo%(1shnFOT)] 123 0.24 0.18 0.26 0.17 0.23 0.22
£0. 18 0. 23 AvglLog(2nd FOT)] 0.78 0.80 1.26 1.04 .80
90 94 1.02 1.29 1.45 StDev[Log(an FOr)] 0.29 0.23 0.16
“0240270@024@10 . 26
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08CE 137294-2

Drips 0020000 6 11 p(FTP) for V-0 0.02 0.03 0.00
0.00 0.13 0.00 0.00 0.00 0.00 p(FTP) for V-1 0.96 0.99

wW@:2®5/007788 0.97 0.99 0.85 0.10 0. 0008CE 137294PCr/Usivb4021849

2b: Carbon fiber reinforce®3pol ycarbonate conpositions
containing talc and FR agent(s)and statistics for UL94
vertical burn test results Materials / Exanples 31 32
33 34 35 36 37 38 Bi s-phenol A polycarbonate, M-I: 20
86.9 86.3 86.8 86.2 76.8 76.2 Bis-phenol A

pol ycarbonate, MFI: 5 42.9 43.1 Bi s-ghenol, A

ool ycarbonat e 2 MFI© 30 42. 943. Z-pot &ssi uth di phenyP
Sul fone sul fonate 0.6 0.6 06 0.8 potassi um
perfLuoroQutane sul fonate 0 _1 0.1 0.1 0.1 0.1 Talc 2 2

@ 2 £ 2 22 SAN-ensapsul at e§ PTRE (58% PTEE) 0.5 095
9.0 85 10 0.5 0.5 0.5 penfaerythrifol tBtrastearte
0.50.50.50.50.5 0.5 0.5.0.5 _,
2ris(2,4-di-t-but yd:phenyl)pﬁbspHPte 6308 08 0. 083
0.08 0.08 0.08 0.08 0.0808CE 137294- 7 Hi nder e phefol
anti gxi dagt 0.02 0.02 0.02 9; 02 9.02,0.02,0.02 0.02
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carbon fiber (Gade B) 10 10 10 10 10 10 20 20 UL94
Vertical Burn Property Avg[Log(lst FOT)] 0.20 0.26
w®2eh8/007736 0.27 0.36 0.45 0.75 StDev[Log(lst FEI/PSDILR1849
0.16 0.16 0.13 0.12 0.17 0.245 0. 22 Avg[ Log(2nd FQT) ]
0.62 0.61 0.71 0.48 0.60 0.72 1.07 1.27 StDev[Log(2nd
FOT)] 0.32 0.20 0.20 0.13 0.16 0.14 0.12 0.13 Drips O
0000O0O0O 2 p(FTP) forVv-0 0.50 0.87 0.51 1.00 0.97
0.84 0.00 0.00 p(FTP) forV-1 0.98 1.00 1.00 1.00 1.00
<1.00 1.00 0.4308CE 137294-2 Table 3a: 10% G ass fi ber
< ei nforced pol ycarbonate conpositions and statistics
or UL94 vertical burn test result Materials /
LExanples 39 40 41 42 43 44 45 46 47 48 49 Bis-phenol A
Pol ycarbonate, MI: 544.2 44.25 43.9 43.25 43.25 42.9
2.9 43.2 42.25 44.1 44 Bi s-phenol A pol ycarbonate,
M1 30 44.2 44.25 43.9 43.25 43.25 42.9 42.9 43.2
%2. 25 44.2 44 potassi um di phenyl sul fone sulfonate 0.6
.6 0.6

0.97

0.41

0.97 0.90

0.86 0.80 0.99

0.60

p(FTP) for V-1

24
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pot assi um per fl uor obut ane sulfonate 0.1 0.1 Talc 2 2 2
2 2 4 SAN-encapsul ated PTFE (50%PTFE) 1 1 111111

WA 2M5008CE 137294-2 pentaerythritol tetrastearBtBUS2084/021849

0.50.50.50.50.50.50.250.5 0.5 0.5
tris(2,4-di-t-butyl phenyl)phosphite 0.08 0.08 0.08
0.08 0.08 0.08 Hindered phenol antioxidant 0.02 0.02
.02 0.02 0.02 0.02 carbon black 0.5 glass fiber 10 10
0O 10 10 10 10 10 10 10 10 UL94 Vertical Burn Property
vg[ Log(lst FOT)] 0.75 0.43 0.80 0.39 0.45 0.27 0.11
5 15 0.38 0.46 0.07 StDev[Log(lst FOT)] 0.46 0.38 0.35
24 0.34 0.22 0.25 0.26 0.31 0.33 0.16 Avg[Log(2nd
gOT)]O790750g1070061083 1.09 0.79 0.66
68 0.28 StDey[Log(2nd FOT)] 0.41 0.38 0.27 _0.27 0.33
.32 0.46R0.28'0.33 0.16 0.4l Drhps 0 0.0 08000 0
0
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Bis-phenol A polycarbonate, MFI: 30 43.25 42.7 422 422 432 432 429 422

Bis-phenol A polycarbonate, MFI: 5 43.25 42.7 422 422 43.1
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Table 3b: 10% Glass fiber reinforced polycarbonate compositions and statistics for UL94 vertical burn testaye
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08CE 137294-2

| CO-1 U OO CO8CE 137294-2 Table 3b: 10% d ass fi ber
rei nforced pol ycarbonate conpositions and statistics

w0 2005001294verti cal burn test results (conti nuelT/US2004/021849

Generic Raw Material DescriZition 50 51 52 53 54 55 56
57 58 Bis-phenol A polycarbonate, MFl: 5 43.25 42.7
#2.2 42.2 43.1 43.2 42.9 42.2 42.25 Bi s-phenol A
ol ycarbonate, Ml: 30 43.25 42.7 42.2 42.2 43.2 43.2
A2.9 42.2 42.25 potassi um di phenyl sul fone sul fonate
L. 6 potassium perfluorobutane sulfonate 0.05 0.05 0.05
.050.10.10.10.10.5Talc 234422243
SAN-encapsul ated PTFE (50% PTFE) 1 1 111 1111:
Pentaerythritol tetrastearate 0.5 0.5 0.5 0.5 0.5 0.5
©.5 0.5 0.5 tris(2,4-di-t-butyl phenyl)phosphite 0.08
¥). 0808CE 137294-2
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Generic Raw Material Description 59
Bis-phenol A polycarbonate, MFI: 5 39.25
Bis-phenol A polycarbonate, MFI: 30 39.25
SAN-encapsulated PTFE (50% PTFE) 1
tris(2,4-di-t-butylphenyl)phosphite

potassium diphenyl sulfone sulfonate
Hindered phenol antioxidant

pentaerythritol tetrastearate

Table 3c: 20% Glass Fiber reinforced polycarbonate compositions containing talc, no FR agent and stati
Talc

burn test results
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Hi ndered phenol antioxidant 0.02 0.02 carbon black 0.5
glass fiber 10 10 10 10 10 10 10 10 10 UL94 Vertica
w@eos/oPreperty Avg[ Log(l st FOT)] 0.10 0.07 0. 1BCOUS2004/021849
0.35 0.16 0.17 0.21 0.05 St®ev[Log(lst FOT)] 0.20 0.08
0.16 0.13 0.31 0.25 0.16 0.28 0.11 Avg[Log(2nd FOT)]
0.34 0.31 0.31 0.54 0.55 0.35 0.90 0.49 0.17
St Dev[ Log(2nd FOT)] 0.12 0.08 0.12 0.22 0.16 0.1 1
0.25 0.41 0.12 Drips 0O 00O OO O0O0OO p(FTP) forVv-0
1.00 1.00 1.00 0.92 0.89 1.00 0.05 0.51 1.00 p(FTP)
forv-1 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.96
1. 0008CE 137294-2 Table 3c: 20% d ass Fi ber reinforced
pol ycar bonat e conpositions containing talc, no FR
agent and statistics for UL94 vertical burn test
results CGeneric Raw Materi al Description 59 60 61 62
63 64 Bi g5 phegol A&pol ar bonat e, l: 5 39.25 38.6
<88.5 38.25 38“25 25"B|s %henGP A gglycarbonate
5

WFl: 30 39. 25738, 6°38 5 38.25 3§25
en o e ) o 0
IS S S S < o =) S
') on
N S S = = o o <
o o < " o~ o
~ = o S S o ) S
~ 00 oy ™~
~ S S — S o S <
~ o " o o
o 00 < o < S A
Q o o = o o o o
e
5]
=9
)
|
= —
= — — ’[_T
Lo
s E S = O
T T 3 5 B S T
&
|- S = on @/ =0] — —
8 o B9 B S < <
) gy — 2 LJ_, e ©n =5 Ay
O (53
7] oA ) B) o = =
s A > B > 2 5 B K
) - < N <€ V7 ) e, a,

28



08CE 137294-2

pot assi um di phenyl sul fone sulfonate 0.59 Talc 1.8 1.8
2 2 4 SAN-encapsul ated PTFE (50% PTFE) 1 0.09 0.9 1 1

wa2penoasTythritol tetrastearate 0.5 0.5 0.5 OrGI/0SH04/021849

0.5 tris(2,4-di-t-butyl pher®l ) phosphite 0.08 0.08
Hi ndered phenol antioxidant 0.02 0.0208CE 137294-2
gl ass fiber 20 20 20 20 20 20 UL94 Vertical Burn
Broperty Avg[Log(lst FOT)] 0.82 0.47 0.40 0.65 0.83
8. 45 StDev[Log(lst FOT)] 0.40 0.28 0.39 0.33 0.29 0.26
Avg[ Log(2nd FOT)] 0.85 1.09 0.84 0.81 0.83 0.84
%t(Dev[Log(an FOT)] 0.40 0.32 0.35 0.42 0.48 0.34

ips 0@ 0 @0 0 p(ETP) for V-0-0.00 0.00 0.02 001
®.00 0.03 p(FTP) forV-1 0.56°0.55 0.83 0.74 6258 <
0. 8708CE 137294-2 Tahl e 3d: 20% d ass fiber reinforced

‘Qol ycar bonat eocorrposwtl ons contarning talc and FRn
Agent and statistics for ULG2 veftical
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burn test results Generic Raw Material Description 65
66 61 68 69 70 71 72 73 74 75 76 Bi s-phenol A

w@eiogoarbonate, M-l: 5 38.25 37.7 37.5 37.5 37PGI/BF2064/021849

37.5 37.2 39 38.6 38.2 37.30Bi s-phenol A
pol ycar bonate, M-l: 30 38.25 37.7 37.5 37.5 37.5 37.5
37.5 37.2 39 38.6 38.2 37.2 potassium di phenyl sul fone
sul fonate 0.59 0 O potassium perfluorobutane sul fonate
0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.1 0.1 0.1
0.1 Talc 2 3333334 1.82 4 SAN-encapsul ated PTFE
(50%PTFE) 11 111111100911 pentaerythritol
tetrastearatecd.5 0.5 &5 05 0.8 0.50.5 0.59.5 &5
0.5 0.508CE 18V294-2 © S e °o o -
tris(2,4-di-t-butyl phenyl)phosphite Q,08 0 0 kindered
Hhengl anti oxigant 0.0Z30 OZtarBbon bfack 0.5 &5 0S5
5 0.5

0

)
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UL94 Vertical Burn Property Avg[Log(lst FOT)] 0.29

0.09 0.07 0.04 0.1 1 0.04 0.01 0.16 0.22 0.47 0.25
w@:2@8/0&t7Bev| Log(l st FOT)] 0.19 0.10 0.1 1 0. 10PO1/292004/021849
.07 0.02 0.12 0.23 0.21 0.323 0.1 1 Avg[Log(2nd FOT)]
.54 0.58 0.37 0.39 0.36 0.31 0.42 0.60 0.48 0.86 0.55
.52 StDev[Log(2nd FOT)] 0.13 0.21 0.12 0.24 0.10 0.10
.18 0.24 0.17 0.30 0.19 0.20 Drips OO OO OOO0OOO
0 0 p(FTP) forVv-0 1.00 0.91 1.00 0.97 0.99 1.00 1.00
.79 0.99 0.03 0.96 0.96 1.00 1.00 1.00 1.00 1.00 1.00
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@WFl: 30 34.3 83.5 33 32.5 34 29728.3728 pBtasstum S
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Generic Raw Material Description 77
Bis-phenol A polycarbonate, MFI: 5 34.3
Bis-phenol A polycarbonate, MFI: 30 34.3
potassium diphenyl sulfone sulfonate 0.6
potassium perfluorobutane sulfonate
SAN-encapsulated PTFE (50% PTFE) 1
tris(2,4-di-t-butylphenyl)phosphite

pentaerythritol tetrastearate
Hindered phenol antioxidant

Table 3e: Glass fiber (30% & 40%) reinforced polycarbonate compositions and statistics for, U
Talc
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pentaerythritol tetrastearate 0.5 0.5 0.5 0.5 0.5 0.5
0.5 0.5 tris(2,4-di-t-butyl phenyl)phosphite 0.08 0.08
w@2@8/007788 0. 08 0.08 Hi ndered phenol anti oxi daPCT/0SDB4/021849
0.02 0.02 0.02 0.2 0.0208CB2137294-2 carbon black 0.5
0.5 glass fiber 30 30 30 30 30 40 40 40 UL94 Verti cal
Burn Property Avg[Log(lst FOT)] 0.91 0.56 0.68 0.24
.31 1.02 0.75 1.14 StDev[Log(lst FOT)] 0.27 0.38 0.26
.17 0.16 0.29 0.39 0.26 Avg[Log(2nd FOT)] 1.10 0.90
.85 0.59 0.68 1.40 1.05 0.92 StDev[Log(2nd FOT)] 0.21
.47 0.29 0.19 0.24 0.18 0.37 0.45 Drips 0 00O 0051
p(ETP) for WO 000 GRO0 @ 00 0.93¢h. 57:0. 00 0. 00
. 00p(FTP) fef V-d: 0.7 0.54 0.93 10 1200 0. 09 0. 43
.33WHAT IS CLAIMED | S 1. A conp03|t| on conprising a
pol ycarbonate resin and an effective _flaneretardant
anmou of a conmbirmati o of @ fl ane raardgnt mat eri al
and talc. 2. The c%’nposn ti off accor di ﬁig to=cl ai m 2,
wherein the talc is present. in an anount
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effective to render the resin conposition a flane

rating of V-Oin the Underwiter's |aboratory UL-94
wWEe@s0erB7 when nmeasured on a test specinmen of BODUS2004/021849

.062 inch by about 0.5 inch by about 5 inch

di nensi ons. 3. The conposition of any of clainms 1-2,
WHAGIEIGLAIMER I3e retradant material is

per fl uor oal kane sul fonate, and wherein the

per fl uoroal kane sul fonate is present in an anount

effective to render the resin conposition a flane

rating of V-Oor V-1 in the Underwiter's |aboratory

1. UL- 94 cpipbated cob@Fisifieas obdaManstet@sih SE ah Efectife flame-
about .062 inch by about 0.5 inch by about 5 inch

retefidamsrpsioantof acomttpatioarg adlamedstasdeabigicngl ansl talsy of
clains 1-3, wherein the perfluoroal kane sulfonate is

T L S R

effB@ivieSio Byndae itightesinScontpesitioa plané raingafCo:0diim thet Ondudyrriter's
of clains 1-4, wherein the perfluoroal kane sul fonate
labjozateryt As-OA nieteerlf Whes wBuEeeors ¢ (t4sh sRacEneh AF Ak (9 25inch by

t ompasi | gurt. : rises at |east a
ab?ug?)héz%l?}glgﬁab?u?gel?c | %ﬁ%ﬁséﬁ%ﬁm of up to 30 parts by

wei ght. 6. The conposition according to any of clains
3. 1- 5ThE kbinpegitie® BPanysdMPainsr B2 i bereinrtge flae retsalaachedrial is

fromglass fibers, carbon fibers, or conbjnations )
pexfieraadfane splfonate, and wherein the perfluoroalkane sulfonate is present in an
amount effective to render the resin composition a flame rating of V-0 or V-1 in the
Underwriter's laboratory UL-94 protocol when measured on a test specimen of about

.062 inch by about 0.5 inch by about 5 inch dimensions.

4. The composition according to any of claims 1-3, wherein the perfluoroalkane
sulfonate is present in an amount of 0.05 to 5 parts by weight and the talc is present in

an amount of about 0.05 to 10 parts by weight.

5. The composition according to any of claims 1-4, wherein the perfluoroalkane
sulfonate is potassium perfluorobutane sulfonate, and wherein the composition further

comprises at least a reinforcing fiber in an amount of up to 30 parts by weight.

6. The composition according to any of claims 1-5, further comprising a
reinforcing fiber selected from glass fibers, carbon fibers, or combinations thereof, in

an amount of up to 20 parts by weight.

7. The composition of any of claims 1 - 6, wherein the polycarbonate resin

comprises a mixture of linear and branched polycarbonates.

8. An article comprising the composition of any of claims 1-7.
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an anount of up to 20 parts by weight. 7. The

conposition of any of clains 1 - 6, wherein the
wQ@oiopoerBonat e resin conprises a mxture of |iPEHRUSHENG021849

branched pol ycarbonates. 8. An article conprising the

conpasition of any of clainms 1-7.9. A nethod to

9 ncr éadecthoks 1| Bgteasetthy flme petepslent yraferty of a polycarbonate

N e e SR AT

thecragesitionn Bankd AMMg okl REstOf-03h thEBRBerVri 1tEB6ratory éJL-94
Underwiter's Laboratory UL-94 protocol when neasure

PErcg] pdgr magsErEden aofstaipecimen @8 2bputc A6DInchinutbodt 6.5 inch by
mgﬁﬁg'ﬁﬁuﬂRB#&m% i nch di nensions, said nethod conprises
enélng In

0 said conposition an effective
fiame-retardant anount talc. 10. The nethod accordi ng

sdid negiyodd torapadelthldndng W k&t shioA B Efdcatd N nelStafdant
per fl uyor oal kane sul fonate, being present in an anpunt

agpuig talct o 5 parts by weight; the talc is present in an
anount of about 0.1 to 10 parts by weight, and the
1€0NPPRd L f ! i ses at, | east a reinforcing
FOTEI HRa L AR (ISR, 7L 6080y L P

i ber in

the flame retardant is a perfluoroalkane sulfonate, being present in an amount of 0.1 to

5 parts by weight;
the talc is present in an amount of about 0.1 to 10 parts by weight, and

the composition further comprises at least a reinforcing fiber in an amount of up to 30

parts by weight
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