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e present

sinvention is directed to a thernoplastic resin corrpositiwggo Caﬁ
particularly to a thernoplastic resin conposition that ex ts a g/

tensil e nodul us. Background The use of rel ativelly Smart—anotunts—such—as—

for exanple, from0.1 to 5 about 1 percent by Jei giEPIOACED SHEETS ! G
pol ytetrafl uroethvl ene ("PTFE") as an anti -qri p g]dél tive in flane retardant

grades of ABS-type thernoplastic resin noldi'ng ¢
for exanple, U S. Patent No. 4,810,739 and 4,579
having a high PTFE content for use in making sut;t.j] Hotal st

exanpl e, U.S Patent No. 4,810, 739. 10 ‘An
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a high tensile nodulus as well as a low friction surfacé s now uco|1\,d.
Summary of the Invention In a first aspect, the present invention is
directed to a thernoplastic resin nolding conposition that conprises a

hermopl aoti ¢ rest GHRMTRIRS SHUORATREH RS MR ORE

di spersed in a rigid .
Technical Field

The present invention is directed to a thermoplastic resin composition,

more particularly to a thermoplastic resin composition that exhibits a high

tensile modulus.

Background

The use of relatively small amounts such as, for example, from 0.1 to

5 about 1 percent by weight, of polytetrafluroethylene (“PTFE") as an anti-drip

additive in flame retardant grades of ABS-type thermoplastic resin molding

compositions is known, see, for example, US. Patent No. 4,810,739  and

4,579,906, as are additives having a high PTFE content for use in making such
| compositions, see, for example, U.S Patent No. 4,810,739.

10 An ABS-type rubber-modified thermoplastic resin composition suitable
for molding articles that exhibit a high tensile modulus as well as a low

friction surface is now desired.

Summary of the Invention

In a first aspect, the present invention is directed to a thermoplastic
resin molding composition that comprises a substantiallv homogeneous

15 mixture of:

() a rubber modified thermoplastic resin, comprising a

discontinuous elastomeric phase dispersed in a rigid



~

-2- thernopl astic phase, wherein at least a portlon of the rigid

t her nopl astic phase is chemically grafted to the el astoneric phase; and (b)
from2 parts by weight to 20 parts by weight ("pbw') of a 5

fl uoropol yner, based on 100 parts by wei ght“of the resin conposition. The
conposition of the present invention inparts a high tensile nodul us,
ductility and a low friction surface to articles -nolded therefrom In a

second aspect, the presegerindpbiiticophase, divhesdifatt Ragt @Ebbeﬂoxf\%f %Qe ﬂﬂ%‘&' ng
a thernoplastic resin conposition conprisin conbi ning: " (a) '

modi fied thernoplastic theesioplastionphass ig ¢ rtdcdborgrahedum ehasalmtememc
phase dispersed in a ri g| d th%rlgopl astic phase, wherein at |east a portion
of the rigid 15 r mopl astic phase is chemically grafted to
t he el astoneric phase toget her with (b) a fluoropolyner additive

conprising particl@} ofroma2f paris dpolweight doc2ppairst bd weights@pbre’) of a
polynmer, to forma substantially honpgeneous nixture, wherein the .
f1 uor opol yfer 20 cont enﬁu@ﬁoﬁoﬁﬁg“?hebﬁ@ﬁﬂ 20 100 parts bynpight @f the fresim 2
pbw to 20 pbw, based on 100 of the thernoplastic resin conposition.
Detai | ed Description of YHBP $§’fggﬂt|on In a preferred enbodi nent, the
conposition of the present invention includes from3 to 15 pbw, nore
preferably from4 t qzomp@saﬁ@ns@é) ithenpresent ifivention imparts a high tensile

modulus, ductility and a low friction surface to articles molded therefrom.

In a second aspect, the present invention is directed to a method for

10  making a thermoplastic resin compositioh comprising;:
combining:

(8) a rubber modified thermoplastic. resin, comprising a
discontinuous  elastomeric phase dispersed in a rigid
thermoplastic phase, wherein at least a portion of the rigid

15 thermoplastic phase is chemically grafted to the elastomeric

phase together with

(b) a fluoropolymer additive comprising particles of a

fluoropolymer encapsulated in a second polvmer,

to form a substantially homogeneous mixture, wherein the fluoropolvmer
20 content of the thermoplastic resin composition is from 2 pbw to 20 pbw, based

on 100 pbw of the thermoplastic resin composition.
Detailed Description of the Invention

In a preferred embodiment, the composition of the present invention
includes from 3 to 15 pbw, more preferably from 4 to 12 pbw and still more
preferably from 5 to 10 pbw of the fluoropolvmer per 100 pbw of the

25  thermoplastic resin composition.



preferably from5 to 10 pbw of the fluoropolynmer per 100 pbw of the 25

*t her nopl astic resin conposition. Rubber Mbdi fied Thernopl astic Resin The
rubber nodified thernmoplastic resin of thespresent invention conprises a

di sconti nuous el astomeric phase dispersed i'n a continuous rigid

t her nopl astic phase, wherein at |east a portion of the rigid thernoplastic
phase is chemcally grafted to the elastoneric phase. 5 (a) El astoneric
Phase Suit abl Rublice MaliddoTherseoplastihBesihast omeri ¢ phase are pol yners
those having a glass transition tenperature (Tg) of |less than or equal to

2 C . 3 i
S[err] mor & pr efel ghbKed l%ﬁadmgg tRérn]?%lﬁkhé GeBhebt ltke sgééeayei%vgﬁgs?g

preferably |less than or equal to -30[err As referred to rein,.

of a pol ymer ienipiescbta didcortinfioddelaptimeric phaserdispersed inya dohfiauens irggid
scanning calorinetry (heating rate 20[err] Cmnute, with the Tg val ue
bei ng det er mi rthermopldsticiphidsec Whareisophigast|a perierfaf thed rigit dhienxoplastice

el astonmer phase conpr.i ses pol r havi,ng first repeating units derived
from one or mﬁ(i@Sﬁg’np ﬁi%ﬁ%t‘ﬁ &t Tk rs selected from
conj ugat ed di ene nmononers, non- 15 conjugated di ene nmononers and (Cl-Cl2)
al kyl (net b) aday| atElastomaeria Bhaged, optional |y, having second repeating

units derived fromone Qr nore oet hyl epi cal | y unsatur ated npnoner
sel ected from vi nylS® W%eﬁﬁgofﬁé%eéﬁggﬁﬁ%é&ﬁﬁp&ﬂaﬁF aye Lﬂrﬁr’iyi‘ﬂﬁ%
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preferably less than or equal to 0 °C, and even.more preferably less than or

equal to -30°C. As referred to herein, the Tg of a polvmer is the Tg value of
10 polymer as measured by differential scanning calorimetry (heating rate 20°
C/minute, with the Ty value being determined at the inflection point).

In a preferred embodiment, the elastomer phase comprises a polymer
having first repeating units derived from one or more monoethylenically
unsaturated monomers selected from conjugated diene monomers, non-

15 conjugated diene monomers and (C1-C12) alkvl (meth)acrvlate .n"tono.mers
~ and, optionally, having second repeating units derived from one or more
monoethylenically unsaturated monomers selected from vinyl aromatic
monomers and monoethylenically unsaturated nitrile monomers.
. ‘ Suitable conjugated diene monomers include, e.g. -1,3-butadiene,
20 isoprene, 13-heptadiene, methyl-13-pentadiene, 2,3-dimetl:1ylbutadiene, 2-
ethyl-1,3-pentadiene, 1,23-hexadiene, 2, 4, hexadiene, dichlorobutadiene,
bromobutaéiiene and dibromobutadiene as wel!. as mixtures of conjugated
diene monomers. In a preferred embodiment, the conjugated diene monomer

is 1,3-butadiene.

25 Suitable non-conjugated diene monomers include, e.g., ethvlidene
norbornene, dicvclopentadiene, hexadiene or phenvl norbornene. As used

herein, the term “(Co-Cg)olefin monomers" means a compound having from 2



. 20 isoprene, 1, 3-heptadiene, nethyl-1, 3-pentadi ene, 2, 3-di nethyl but adi ene,
s2- ethyl -1, 3-pent adi ene, 1, 3-hexadi ene, 2, 4, hexadi ene, dichl orobutadi ene,
bronobut adi ene and di br onobut adi ene as wel| as m xtures of conjugated diene
monormers. In a preferred embodi ment, the cofij ugated di ene nonomer is

1, 3- but adi ene. 25 Sui t abl e non-conj ugat ed di ene nononers i ncl ude,
e.g., ethylidene nor bor nene, di cvcl opent adi ene, hexadiene or phenyl -

e g 8 fealB05 Bronk) perhiBlebffeChnd - (ARE] hOLEEIL SRNOFSL G dmanS

a conpound having fr.om at ons
single site of u%gwrgﬁbﬁ peisaiolécle. OrStﬂﬂblé’ﬂ(Cﬁ@ézélefﬁUh{&Wrﬁers mc&u%e, e.g.
et ut eﬁé,

(dJerr]-Cerr])ol efin nononers incl ude . yl ene, propene,
1- pent ene, hepetndendpropene, Hebetem,e.l-lpenttma;rhép@err] Clerr])al kyl" neans a
straight or branched 5 al kyl substituent group having froml to 12 carbon

atonms per group and AdgéddiRéreire. the tefRI"(@]-CB)A1K{1" rﬂeéwavkua &é
t-butyl, n-propyl, iso-propyl, pentyl, hexyl heptyl, octyl, onyl ecy

undecyl andd dodﬁqdlsulsnﬁxdﬂtegnwp?haﬂh@ﬁdm rietdn)l&ccatban&tﬁnm)pw %mﬁPf &Ii&

collectively to acrylate nononers, and gt&;hacr yl ate nononers. Sui t'abl e

(derr]-d err] jusluges, wg- Wébﬁ&é‘éh)ﬂl: Abubidneacehityl. ddpuiyb n-propyl, iso-propyl,

(dJerr]-derr] acr th acryl gte, .butyl

acryl ate, iso- b@ﬂ'&if hé?&‘}’ tj/ @?é‘yim"ﬁ‘@yf“’ﬁg}'v?%ﬁ@ "édgfﬁygr‘ e§9fi ﬁ“ﬁ éhe

and their (Ce %mﬁk qk,@d.. B&E " otionag@! :

met hacryl at g, 5 geé"]h acryl ad@}propyl met hacry aﬁims?g-a‘é?@pg‘i" é@}ﬂ;}(&
monomers and methacrylate monomers. Suitable (C1-Cy9)alkyl

‘10 (meth)acrylate monomers include (C3-Cyp)alkyl acrvlate monomers, e.g.,

ethyl acrylate, butyl acrylate, iso-pentyl acrylate, n-hexyl acrvlate, 2-ethyl
hexyl acrylate, and their (C1-Cj2)alkyl methacrylate analogs such as, e.g.,
methyl methacrylate, ethyl methaczylaté, propyl methacrvlate, iso-propyl

methacrylate, butyl methacrylate, hexyl methacrylate, decyl methacrylate.

15 Suitable vinyl aromatic monomers include, e.g., styrene and
substituted styrenes having one or more alkyl, alkoxyl, hvdroxyl or halo
_substituent group attached to the aromatic ring, including, e.g., a-methyl
styrene, p-methyl styrene, vinyl toluene, vinyl xylene, trimethv] styrene, butyl
styrene, chlorostyrene, dichlorostyrene, bromostyrene, p-hvdroxystyrene,
20 methoxystyrene and vinyl-substituted condensed aromatic ring structures,
such as, e.g., vinyl naphthalene, vinyl anthracene, as well as mixtures of vinyl

aromatic monomers.

As used herein, the term “monoethvienically unsaturated nitrile
monomer" means an acyclic compound that includes a single nitrile group
25 and a single site of ethylenic unsaturation per molecule and includes, e.g.,

acrylonitrile, methacrylonitrile, a- chloro acrvlonitrile.

The elastomeric phase may, optionally, include a minor amount, e.g.,

up to 5 wt%, of repeating units derived from a.polvethvlenicallv unsaturated



thacrylate butyl nethacrylate, hexyl wmethacrylate, decyl methacrylate.
*15 Sui t'abl e vinyl aromatic nononers include, e.g., styrene and
substituted styrenes having one or nore al kyl, alkoxyl, hvdroxyl or halo
substituent group attached to the aromatic ring, including, e.g., a-nethyl
styrene, p-nethyl styrene, vinyl toluene, vinyl xylene, trinethyl styrene,
butyl styrene, chlorostyrene, dichlorostyrene, bronostyrene,
p- hydr oxyst yr efegosshiakingfehiunomaery rege tartplene r‘dahegalmst idi ity dl hemuzdae,sbdtene
aromatic ring structures, such as, Vi ny ht hal ene, vin

ant hr acene, asdmladimaélam)&l@t@r b’smsth){lpgifppaﬁ%m&fi\@%m late.As u.se%becemeﬁeu n,

the term "nonoet hv|

ra nigrile noner means an acycl
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unsat uration per nol ecule. 5 The el astoneric phase may, particularly
in those errboohleri:mds fnbarea npolyethgtlemicaliy r uusqmaa‘edhé’gmf&wmgng monomer.
derived from aI acryl ate rmnorrei i.ncl ude a m nlc’)g1 u?u-s

up to 5 wt 9 ofSw inkinggnonomers include those monomers having a tsxte of

10 ethylemc unsaturation with a reactivity similar to that of the
monoethylenically unsaturated monomers from which the respective
substrate or superstrate is derived and a second site of ethvlenic unsaturation
with a relativ:e reactivity that is substantially different from that of the
monoethylenically unsaturated monomers from which the elastomeric phase

15  is derived so that the first site reacts during synthesis of the elastomeric phase
and the second site is available for later reaction under different reaction
conditions, e.g., during synthesis of the rigid thermoplastic phase. Suitable
graftlinking monomers include, e.g., allyl methacrylate, diallyl maleate,

triallyl cyanurate.

-20 In a preferred embodiment, the elastomeric phase comprises from 60 to
100 wt% repeating units derived from one or more conjugated diene
monomers and from 0 to 40 wt% repeating units derived from one or more
monomers. selected from vinyl aromatic monomers and monoethylenically
unsaturated nitrile monomers, such as, e.g., a stvrene-butadiene copolvmer,

25 an acrvlonitrile-butadiene copolymer or a stvrene-butadiene-acrvlonitrile

copolvmer.

In an alternative preferred embodiment, the elastomeric phase

comprises repeating units derived from one or more (C1-C12)alkyl acrylate



derived from a polyethylenically unsaturated "graftlinking" nononer.

-Sui tabl e graftlinking nononers include those nononers having a first site
of 10 ethylenic wunsaturation with a reactivity simlar to that of
t he nonoethyl enically wunsaturated nononer$-from which the respective
substrate or superstrate is derived and a second site of ethvlenic
unsaturation with a relative reactivity that is substantially different

fromthat of the nmonoethyl eni cah} unsa%ura ed rrgnomers frog1 whi ch_the
el ast omeric pHAgPMRES. | ¥ 3aPPife Hrstertgtkembodiment, he aybberyypelymgeric

synthesis of Ligsigled ikds BAS 203D (RYS %Qﬁnéitérﬁtgsi aelgh\;%“ abl e for

| ater reaction under different reaction conditionsS rf’{f@ﬁﬁ%%i S
of the rigid nureni@-@3pjatkylhacylatSunonbirergrabid pAUERBHIVIRGES e IdIOhIOTE:
e.g., allyl nethacrylate, diallyl naleate, triallyl cyanurate. 2% In

a preferred emswimenstselacted foas ethydacrylpteabutvl aprlateend ndwx6Da¢glded W %
repeating units derived fromone or nore conjugated di ene nononers and from

0 to 40 w6 repeat Ing pu&téﬁe&efﬁbtﬁﬂnfe&\@m@r&aﬂéméﬁe?ﬂﬂaeqmiédéﬁ %%Sguyom
vinyl aromatic nononers and nonoet hyl enically unsatdrated nitrile noners,

such as, e.g. emalsionrpolymerizatiomin ¢ pirgsemce of = free radical initiator, e.g., an
acrvlonitrile-butadi ene copol yner or a styrene:butadi ene-acrvlonitrile

copol yner. I'n3&PiEEHER Ve 2] r WEANYG BeERidaitRitiator, (o persulate initiatop ieasa
oD hre® " CPERd N thibiBdr syibin S 'PHAAyD in TRE prbsdrte’ of &l Garidfer
agent, e.g., an alkyl mercaptan and coagulated to form particles of elastomeric

10 phase material. In a preferred embodiment, the emulsion polymerized

particles of elastomeric phase material have a weight average particle size of

50 to 800 nm, more preferably, of from 100 to 500 nm, as measured by light

transmission. The size of emulsion polymerized elastomeric particles may

optionally be increased by mechanical or chemical agglomeration of the

15  emulsion polymerized particles, according to known techniques.
(b)  Rigid Thermoplastic Phase

The rigid thermoplastic resin phase comprises one or more
thermoplastic polymers and exhibits a Ty of greater than 25°C, preferably

greater than or equal to 90°C and even more preferably greater than or equal
20 ., to100°C.

In a preferred embodiment, the rigid thermoplastic phase comprises a
polymer or_a mixture of two or more polymers each having repeating units
derived from one or more monomers selected from the group consisting of
(C1-Cyo)alkyl (meth)acrylate monomers, vinvl aromatic monomers and

25 monoethylenically unsaturated nitrile monomers. Suitable (C1-Cyg)alkvl
(meth)acrvlate monomers, vinvl aromatic- monomers and monoethylenically
unsaturated nitrile monomers are those set forth above in the description of

the elastomeric phase.



nnﬁoners. In a noré highly preferred enbodi nent, the rubbery polynmeric
.substrate conprises from40 to 95 w % repeating units derived fromone or
nore (CJerr]-Cerr])al kyl acrylate mononers, nore preferably fromone or

nore nononers selected fromethyl acrylate,” butyl acrylate and n-hexvl
acrylate. 5 In a preferred enbodi nent, the el astoneric phase is nade
by aqueous emul sion pol ynerization in the presence of a free radi cal

initiator, e.g., arnazonhiglhlye prefdrrat oembodimessningiaerdshfeplditici Fitlse a
persul fate initiator or a redox initjator system and, optionally, i'n the
presence of a COMpsasr ane fo0srmage Hinyk agomatia polyyersrerSuifete vinyl acamatiat ed
to f ticl f el ast ' ial. .| f d

embodi ment |t ROTEREFS FORPERT L5 o0 BF FFEFtEoRAks deritad fomsmeser more
mat eri al have fﬁ"t@ - rticle size of 50 to 800 nm nore
preferably, of‘ﬁ?l om %%@Ctvrg‘%ggg‘e%?n as nmeasured by light transm ssion. The
size of emul sion pqglynerized ast ric particle optionally be =~ -

i nlcreas_edngy mac_haﬁf‘cél P3f eﬁn?&%’&n&r‘% i%aom%'ﬂ'é’pplﬁsm_erfﬁﬁ’é‘i dhase

pol ymeri zed p Fﬁgé% : : 1)

Ther nmopl asticq%h*se ﬁe@%&g?ﬁlﬁﬁ%rﬁgmé?%%gﬁﬁyg%a%e ourrrblrfgl géxgv%$godp
nor e t her nopl agiei 6r PRbIERING/] aiton@xii vion®nters Garef hav %c&n@aﬂefeﬂtﬁ{%’ i
preferably greater than otrn?equal to 90[err]C and evgingt nore prefera %/lﬁts

greater than clerispddiromoona or meeemanpethyleniaatlyathsaturattidmittile moaomasd
t her nopl ast.i ¢ phase conprises a polynmer or a mixture of two or nore

pol ymers each havi rthe fiphbthdithoplasdtic ﬁhﬁée\/isdnﬁaérétéﬁt@iﬂ% RN WD BP8EdsSes,
sel ected fromthe group consisting_of (C[err]-C[eran)m?l yl (nmethjacryl ate
nononer s, 10i n@g.ar omassc polonerizationy 2:mulstaret hpbbmeratdtioruns auspetsion

nitrile mnorrepro%rmeﬁuzia&ggloer éo% irn%]db% eti\g&)?,l merein a at least a portion of the
rigid thermoplastic phase is chemically bonded, ie., “grafted” to the

elastomeric phase via reaction with unsaturated sites present in the

elastomeric phase. The unsaturated sites in the elastomeric phase are

15  provided, e.g., by residual unsaturated sites in repeating units derived from a

conjugated diene or by residual unsaturated sites in repeating units derived

_from a graftlinking monomer.

In a preferred embodiment, at ieast a portion of the rigid thermoplastic
phase is made by an aqueous emulsion or aqueous suspension
20 polymerization reaction in the presence of elastomeric phase and a

polymerization initiator system, e.g., a thermal or redox initiator svstem.

In an alternative preferred embodiment, at least a portion of the
thermoplastic phase is made by a mass polvmerization process, wherein
particles of the material from which the elastomeric phase is to be formed is

25 dissolved in a mixture of the monomers from which the rigid themoplasﬁc
phase is to be formed and the monomers of the mixture are then polvmerized

to form the rubber modified thermoplastic resin.



(meth)acrvl ate nononers, vinyl aromati ¢ nononmers and nonoet hvl eni cally
‘unsaturated nitrile nononers are those set forth above in the description
of the el astoneric phase. -7- In a hi ghlvg preferred enbodi nent, rigid

t her nopl asti ¢ phase conprises one or nore ¥Wnyl aromatic polyners. Suitable
vinyl aromatic polyners conprise at |east 50 wt % repeating units derived"
fromone or nore vinyl aromatic nononers. . In a preferred

enbodi ment, the rigTHet Reno@m ast |$rdf§§ n tggl@s&kgg AR Sh@widey! tI}aer'o'mat(sc
pol ymer having first repeating units defived fromone or nore vin

aromat i ¢ nononthesrranpdadiiry iphgse eoahdheeplaatdmerici phisse deaiive dwitho the N ifive
nore nonoet hyl eni cally uynsaturated nifrile nonomers. The rigid

t her nopl asti c FMQYBt| 3ndadempasHion n *é\ekrﬁmﬁomea@esﬁasx: 10In eag preferpssd

Conbi nat i ons. 1$BPEE “""n%xﬁ@xoefpﬂ?iai’ogﬁé 8k P ?&BB’ AR 25 incEl Wik of the rigid

telh:gpgﬁla?lsg ghase VI a I ec tloﬁkbﬁnﬁfﬁﬂ §d urate d%g%g%?%seﬁpi\aﬁw om

el astoneri c pht®eo 90Ret%) priferablyefronh 40%oi 75 Wi 6f Bris tﬂ“erﬁﬂﬁﬁ hé%e
provided, e.g., by remdﬂgtl unsa}furated sites in repealing unltsssdge?

froma conj ugat&;llamseﬁ@eofrl-&ay\%sraftﬁd- unsaturated sites in repeating units
derived froma graftlinking nmononer. In a preferred enbodinent, at least a

portion of the rigiThe h@doﬁiemtdpttashc phase of the rubber modified thermoplastic

resin may be formed: (i) solely by polymerization carried out in the presence

10 of the elastomeric phase or (ii) by addition of one or more separately
polymerized rigid thermoplastic polymers to a rigid thermoplastic polymer
that has been polymerized in the presence of the elastomeric phase.

Each of the polymers of the elastomeric phase and of the rigid
thermoplastic resin phase of the rubber modified thermoplastic resin may,
15 provided that the Tg limitation for the respective phase is satisfied, optionally
include up to 10 wt% of third repeating units derived from one or more other
_copolymerizable monomers such as, e.g, monoethylenically unsaturated’
carboxylic acids such as, e.g., acrylic acid, methacrylic acid, itaconic acid,
hydroxy(C1~Clz)alkyl (meth)acrylate monomers such as, e.g., hydroxyethy!
20 methacrylate; (C4-Cyo)cycloalkyl (meth)acrylate monomers such as e.g.
cyclohekyl methacrylate; (meth)acrylamide monomers such as eg.
acrylamide and methacrylamide; maleimide monomers such as, e.g., N-alkyl
maleimides; N-aryl maleimides, maleic anhydride, vinvl esters such as, e.g.,
vinyl acetate and vinyl propionate. As used herein, the term “(Cy4-
25 Cq2)cycloalkyl” means a cyclic alkyl substituent group having from 4 to 12
carbon atoms per group and the term “(meth)acrvlamide” refers collectively

to acrylamides and methacrylamides.



phase i.s nmade by an aqueous enul sion or aqueous suspension 20.

pol ynmeri zation-reaction in the presence of elastoneric phase and a
polynerization initiator system e.g., a thgrmal or redox initiator system
In an alternative preferred enbodi nent, at least a portion of the

t her nopl astic phase is nade by a mass pol yneri zati on process, wherein
particles of the material fromwhich the elastoneric phase is to be forned
is 25 dissolved inla anpreferredoémbbdiment rivesrubbemmdifiedt thermioplastic resin

t hermopl astic phase,is to be forped and the nononers of .the m xture are
then pol ymer i z6QMRFiSes A AlREORGBIS R 1388 FOMRIISIRG & PRISMES Ny g Eepeating ugits

The anount of afting t t akes . en:. the rigi h pl asti
phase and the g{e&w%egngppga%ﬁagg WQE% ché)%\n&g%t@?hgleﬁlgl réxtolh\%g% é%m%ﬁ&oé’rﬁ’gwmm"
conposi tion of £l RS CrePRAGRe unils ARTRUCHORY RHEbedi BAL |

to 90 wt % pre#{éiriglgl y fr%yrigizg teg 60 %vtl‘% %f thi@rqi gi d 5 thernopl ég{){'gmp?#gse
i s chemical by gektteedfrom vireyledremiativemionophers enahthdnoethviénitall ® nstibarated
preferably from40 to 75 vvthg)of the rigid therqop,l astic phase remmins
"free", ie., néitrieampaamerneand ghe rigidr t adIcppbase eRmprises @ pelymer

gh
dified th | asti ' . farped: (] | | izatjon -
Carri ed out | nIBHEHFRETRE F0E dprivhd BAL chmar Rofh fadoRers Foiepd o
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s T a?}‘)??
to a rigid thernoplastic polynmer that has been pdlyneri'zed In t%e presence
of the el ast.ommonombase.

10 In a highly preferred embodiment, the rubber modified thérmoplastic
resin comprises an elastomeric phase comprising a polymer having repeating
units derived from butadiene or from butadiene and stvrene and a rigid
thermoplastic phase comprising a polymer having repeating units derived
from derived from acrylonitrile and one or more of stvrene and a-methyl

‘15 styrene.

Fluoropolvmer Additive

Suitable fluoropolymers and metl:xods for making such fluoropolymers are
known, see, e.g., U.S Patent Nos. 3,671,487, 3,723,373 and 3,383,092. Suitable
fluoropolymers include homopolymers and copolvmers that comprise
repeating units derived from one or more fluorinated a-olefin monomers.
20 The term “fluorinated o-olefin monomer” means an a-olefin monomer that
includes at least one fluorine atom substituent. Suitable fluorinated a-olefin
monomers i-nclude . e.g., fluoroethvlenes such as, e.g., CF-=CF:, CHF=CF,,
CH=CF,, CH.=CHF, CCIF=CF; CC=CF.. CCF=CCIF, CHF=CCi,,
CH2=CCIF, and CCl>=CCIF and fluoropropvienes such as. e.g., CFiCF=CF,
25 CFCF=CHF, CFiCH=CF,;, CF:CH=CH., CF:CF=CHF, CHF-CH=CHF and
CF:CH=CH,. In a preferred embodiment. the fluorinated u-olefin monomer

is one or more of tetrafluoroethvlene (CF:=CF:), chlorotrichloroethvlene



Each of the polyners of the elastoneric phase and of the rigid

"thernopl astic resin phase of the rubber nodified thernoplastic resin my,
15 provided that the Tg limtation for the respective phase is satisfied,
optionally include up to 10 wt% of third rgpgeating units derived fromone
or nore other copol ynerizabl e nononers such as, e.g., nonoethylenically
unsaturated carboxylic acids such as, e.g., acrylic acid, nethacrylic acid,
i taconi ¢ acid, hydrox SC[e_rr _-C[erEA)aI_kyI net h) acryl at e nononers such as,
e.g., hydr oxye(@éi 2)mevinydideng: dagride ( p) ) @9é| dwdxafluoropropylene
(et h) acryl at e@%%such as e.g., cyclohexyl nethacryl ate;

(met h)acryl am 's such as e.g., acrylam de and net hacryl am de;

mal ei m de nmononers such as, e.g., N-alkyl maleimdes, Naryl naleimdes,

ropi onate. s uscd ntzoR HEORIAHE aeiR HomobbthedCfcnde A8, gt efrazns
a cyclic al kyl ﬂ&bbééthyl&@),w(lfﬂﬁxmbmtﬁ lefiey} to 12 carbon atons per group
and the term"(neth)acrvlam de" refers collectively to acryl am des and

met hacryl am des. -9- In a preferred enbodi nent, the rubber nodified
t her nopl ast% ¢ resi nSuitablei sBuorinatichstooniefirc ghpelymenpr irclude a qpolyriers
havi ng repeating unjts derived frpm(rne\éeg ﬁm)re conj ugat ed di ene nononers,

and, opti onal | OMPgising repeAHNG Yy TR $io or daere, Sgorinated ree-olefin

Toncet byt ont caRBOTHEED Sich 28" ¢ b HotBHBALSURERE R Pyoroathienshand

phase conpris eé{,’ﬁol?ﬁ{éfg%mprising repeating units derived from one or more fluorinated

‘C

monomers and one or more non-fluorinated monoethylenically unsaturated
10 monomers that are copolymerizable with the fluorinated monomers such as,
e.g. poly(tetraﬂuorbethylene—edlylene-propylene) copolymers. Suitable non-
fluorinated monoethylenically unsaturated monomers jnclude e.g., a-olefin
monomers such as, e.g., ethyiene, propylene butene, acrvlate monomers such
as e.g., methyl metl{acrylate, butyl acrvlate, 'vinyl ethers, such as, e.g.,
15 cyclohexyl vinyl ether, ethyl vinyl ether, n-butyl viny! ether, vinyl és};ers such

as, e.g., vinyl acetate, vinyl versatate.

In a highly preferred embodiment, the fluoropolymer is a
poly(tetrafluoroethylene) homopolvmer.

In a preferred embodiment, a fluoropolvmer is added to the rubber
20 modified thermoplastic resin in the form of a fluoropolvmer additive that

comprises particles of fluoropolymer encapsulated-in a second polymer.

In a preferred embodiment, the fluoropolvmer additive comprises
from 30 to 70 wt%, more preferably 40 to 60 wt%, of the fluoropolymer and
from 30 to 70 wt%, more preferably 40 to 60 wt%, of the second polymer.

25 The fluoropolymer additive is made by combining a fluoropolvmer, in
the form of an aqueous dispersion of fluoropolvmer particles, with a second

polvmer, precipitating the combined fluoropolvmer particles and second



havi ng repeating units derived fromone or nore nononers selected from
*vinyl aromatic nononmers and nonoet hyl enically unsaturated nitrile
nononers. 10 In a highly preferred enbodi nent, the rubber nodified
t hernopl astic resin conprises an el astonerit phase conprising a pol yner
havi ng repeating units derived from butadi ene or from butadi ene and styrene
and a rigid thernoplastic phase conprising a polyner having repeating units
derived fromderived from acryl.onitr e.aqd one, or nore of styrene and
F§$§$

|
a-methyl 15 SOEGE and thsp ¢ REERiPitte Bdormihe Huerepshwngredditivel

met hods for i f e, e.q9., .U S Patent
Nos. 3,671, 4@5 %&%ﬁg@ﬁ%@?ﬁ“@ﬁ%ﬁﬁp&ﬁw Braize frony &0
honopol yners as PRAbMERES (Y AR"), GRITRE Q,geaéé' | i ved from one
or nore fluori ng?gd ?ke’rr] -ol(telfi n)nnnorr%?g?aZ Tt%&tg{r?énlroﬁ?%éri nat ed '

[err]-ol efin nonomin"anemfered ¢rmboflimeént, ithenmpnomyers ﬂhaio;id!ym&ea-ﬁggrgigﬁlst
one fluoripe atom substituent. gui tab;}g} fluorinated a-ol efin nononers

include , ®.gCOmRIRescwRker aRdsiremed ROW do80 phur| basdd-or[ 300 |pbweHPEGRe,
Cr{ er ] =0 . SHRPEer, SER iy rl fop) P v 20 o 6454 on 100 pw
Grler 1] GrocH e R e TP AR ahd CRPer T O kb o dine S Sl formilen:
the fluorinat€t):[err]-ol efin nmonomer is one or nore of tetrafl.uoroethyl ene
(CF[err]=CF[err]), chlorotrichloroethyl ene -
10 RICOOH a
where
R! is H, alkyl, cycloalkyl, aryl or HOOC-(CHx)x - ;
X=0,1,2;and
n=0-70.
15 In a preferred embodiment, R! is (C3-Cag)alkyl or (C4-C12)cy<;ioalkyl.
As used herein, the term "(Cj—Cgo)alkyl" means a straight or branched alkyl
substituent group having from 1 to 30 carbon atonis per group and inciudes,
" e.g., methyl, ethyl, n-butyl, sec-butyl, t-bufyl, n-propvl, iso-propvl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, stearvl, eicosyl, the.term
20 “(C4-Cy2)cycloalkyl” means a cyclic alkyl substituent group having from 4 to
12 carbon atoms per group, e.g., cyclohexyl, cvicooctyl and the term “aryl”
means an organic radical derived from an aromatic hydrocarbon by removal
of one hydrogen atom, which may optionally be substituted on the aromatic
ring with one or more substituent groups, such as, e.g., phenvl, tolvl,
25 naphthyl.
In a preferred embodiment, the fluoropolvmer additive is made by
emulsion polymerization of one or more monoethvlenicaliv unsaturated
monomers in the presence of the aqueous fluoropolvmer dispersion of the

present invention to form a second polvmer in the presence of the



-10- (CO F=CF[err]), vinylidene fluoride (CH2=CF2) and hexaf | uor-opropyl ene
*(CF[err]=CFCF3). Suitable fluorinated a-ol efin honopol yners include e.g.
poly(tetra- fluoroethylene), poly(hexafl uoroethylene). 5 Sui t abl e
fluorinated [err]-olefin copolyners incllde copolyners conprising
repeating units derived fromtwo or nore fluorinated a-olefin copol yners
such as , e.g., poly(tetrafluoroethyl ene-hexafl uoroethvlene), and

ronomr s and. AoBPORGRERC S, MRS UER LR G ian et s

monorer s t hat oSEPUBEVR! | ZMa! emildibnt i@etﬁéwgeapm@d' QMRS aau@é?%ﬁzof

e.g., poly(tetrafluoroethyiene-ethyl ene-propyl &ne)’ copol yners’ Suita

non- fl uori natsdfurinacitdhyThn peedipitatenis adewateest, rogip b reentrifuigagione a@d, then
[err]-olefin nmononmers such_as, e.g., ethylene, propylene butene, acrylate
mononer s such dried te forma fiyoropelymer pditive hat omuises fiusropplyynerand es
such as, er.g., 15, | ohexy!l wvinyl her, ethyl. vinyl efhers ,n-butyl vinyl
ether, vinyl @F@?@g%ﬁéﬁoé@ pgi/yg“.‘%/r'vi |d%)’c§f'&¥i§‘?‘\/ﬁ@yr“%eé’aﬂ&%9p¥laﬂ%er
hi ghl'y preferregss: ' HOIBRAN sy a '
poly(tetrafl uoﬁhel.aﬁg?%ineg ﬁ\fgrn%‘r;}gl{lﬁer. I'n glﬁ;;{vg?éfred enbodi nent, a

f1 uoropol ymer is adgedat préfefredutdmboditnentpdtife afiohbethvigiealy cunsfurated
the formof a fluoropolynmer additive that conprises particles of

f1 uor opol ymer mxoonapyarsathadl ane gnudsiond pelymaneed 1to fomn ether secondripaliymaert |

t he fluoropol yner additive conprises from ge%g%f 70 wt.%  nore Fireferabl y 40
to 60 wi% -of GAFBPFIFRSNS ON PRI HOHOMSTH 5§ FOmOIRY harematic ReREMET0

to 60 wt%;qqof &%ﬁoﬁﬁ%ﬁ%cﬂ?} Y&hsaturated nitrile monomer and (C1-Cyo)alkyl

(meth)acrylate monomers.

In a highly preferred embodiment, the second polvmer comprises
repeating units derived from styfene and acrylonitrile. More preferably, the
second polymer comprises from 60 to 90 wt% repeating units derived from

15 styrene and from 10 to 40 wt% repeating units derived from acrylonitrile.

The emulsion polymerization reaction mixture mav optioﬁa}ly include
emulsified or dispersed particles of a third polvmer, such as, e.g., an
-emulsified butadiene rubber latex.

The emulsion polymerization reaction is initiated using a conventional

20  free radical initiator such as, e.g., an organic peroxide compound, such as e.g.
benzoyl peroxide, a persulfate compound, such as, e.g., potassium persulfate,
an azonitrile compound such as e.g., 2,2'-azobis-2,3,3-trimethvlbutyronitrile,
or a redox initiator system, such as, e.g., a combination of cumene
hydroperoxi-de, ferrous' sulfate, tetrasodium pyrophosphate and a reducing '

25 sugar or sodium formaldehvde sulfoxylate.

A chain transfer agent such as, e.g., a (Co-Cia) alkyvl mercaptan
compound such as nonvl mercaptan, t-dodecvl mercaptan. mav, optionally,

be added to the reaction vessel during the polvmerization reaction to reduce



25 The fl uoropolymer additive is nade by conbining a fluoropol yner,
-in the formof an aqueous di spersion of fluoropolyner particles, with a
second pol ymer, precipitating the conbined fluoropolyner particles and
second pol ymer and then drying the prg?%pitate to formthe fluoropolyner
additive. In a preferred enbodinent, t he uor opol yner - particles range in
size from50 to 500 nanoneters ("nnt'), as. neasured by el ectron m croscopy.
In a preferred embodi ment, the aqueous fluoropol ymer dispersion 5

conpri ses wattbe raolgctitao rwe.l_gbbqf the sgopdvpolymeed Inr peferpedveaibddiment, no

di spersion, of fluoropolyner, and,fromO0.1 pbwto 10 pbw, based on 100 pbw
of the fl uor(ﬁS@FyWéF‘S eph %?‘tfléluf;?dam d salt according to the structural

f I 1 10 . . .
( g; mvj\hgr (e ?Q[ err] iin %pr%{ﬁ'(reg e cyc %%?II‘( f:he 3??}1%@%3 Aispessiop is x
=0, 1,2; and Ftﬁz?ggcpto 115reactlon vesSel i ﬁesferdeetusnam i "TheRrdfidtor ' Ystem

(C[err] d er kyl or (Clerr]-Cerr])cycloal kyl . used rein, e term

"(d err] - g erand th&\dre ueemsrea mmonattilylerdcally amshtenlateldk ynorathets: huerthegr oup
having from1 to 30 carbon atons p aﬁ%roup and |ncI udes, e.g., nethyl

ethyl, n-but whargedtdhtheeaction yegse to pelymerizs the mmoymersna

e ”°r¥)%¢§ﬁ3§1qz°ﬁ3®§r§%ﬂnea§%f 4%\‘3419”%@%95 t“ererm

having from ‘Ee&@nd polymer.
| Suitable ﬂuoropolymer additives and emuision polvmerxzatxon
10 methods are disclosed in EP 0 739 914 Al.

In a highly preferred embodiment, the composition of the present
invention comprises a substantially homogeneous mixture of a rubber
modified thermoplastic resin and a fluoropolymer additive comprising, based
on 100 pbw of the additive, from 30 to 70 pbw, more preferablv 40 to 60 pbw,

15  of a fluoropolymer encapsulated in from 30 to 70 pbw, more preferably 40 to
60 pbw, of the second polymer, wherein the fluoropolvmer additive is present
in an amount effective to provide a thermoplastic resin molding cdrﬁposition
‘comprising, based on 100 pbw of the molding composition, from 20 to 98
pbw, preferably 85 to 97 pbw, more preferably 88 to 96 pbw and still more

20 preferably from 90 to 95 pbw of the combined rubber modified thermoplastic
resin and second polymer and from 2 to 20, .preferabiv from 3 to 15 pbw, more
preferably from 4 to 12 pbw and still more preferabl\ from 5 to 10 pbw of the

fluropolymer.

Other Additives

The thermoplastic resin composition of the present invention may

25 optionally also contain various conventional additives, such as:

(1) antioxidants, such as, e.g.. organophosphites . e.g., tris(nonvl-
phenyl)phosphite, (2.4,6-tri-tert-butviphenvl)(2-butvi-2-ethvl-1,3-
propanediol)phosphite, bis(2.4-di-t-butyviphenvl)pentaervthritol



12 carbon atons per group, e.g., cyclohexyl, cylcooctyl and the term"aryl"
- means an organi ¢ radical derived froman aromatic hydrocarbon by renoval of
one hydrogen atom which nay optionally be, substituted on the aromatic ring

Wi th one or nore substituent groups, sucﬁ%%s, e.g., phenyl, tolyl, 25
naphthyl. In a preferred enbodi ment, the fluoropolyner additive is made by
emul si on pol ynerization of one or nore nonoethyl enically unsaturated

mononers in the prdiphosphité bhedistearplispérntaerydhritol neliphbsiidtesi an afellt he
present invention to forma second polymer in the presence of the -12-
f1 uoropol ymer. Swulkulsted roenephenalsi palyphenalsarllidated reaction: produects of

di scl osed above. The emul sion..is.then precipitate .Q., by addi.tion of
sul furic aci.d. Thepﬁé'eg'ﬁﬁﬁ%’ﬁa‘?’ghi ‘l‘eﬂﬁﬁlaﬁlgﬁeﬁff e&-.d?lﬂy}ﬁ(}eagﬁ§$f¥q%@5?aggﬁ§ %nd
then dried to for f op merg4; Wiy t C 1. S8S I r
and an 5 associ atn%%aéé ég%ﬂd po yrrec%l?ﬁﬂrh%érgr%y%ﬁl s@ggrdpt)%(?y rrg\brlﬂgéﬁ&ﬁo}ﬂ@?,
f 1 uor opol pmrer addikydsxiytated tthﬁ:dif:hé@xyalf ethefs e-alkylidere-biepHerols) Nbanzyl

preferred enbodi nent, the nonoethylenically unsaturated nononers that “are
enul si on pol yner i zempounhds, maciarsinophenplsl y esterss oofpr bete-(3:fed btertrbuevl-4-
unsat ur at od ni ¢ 1 REATRSRBHRR PRGOS AEkp) URky | MORGRRSEET Yt BOGRE: s
'n a highly preferfedhSIPodsfizlt : of Nbetf 80t B BAyERIII-5 Hi8thylphenyl)-
propionic acid with ﬁénohydﬁc or polyhydric alcohols, étem of beta-
- 10 (S-tert-butyl-4-hydroxy-3—methy1phenyl) propionic acid with mc.mb-or
polyhydric alcohols, esters of thioalkyl or thioaryl compounds, such as,
e.g., distearylthiopropionate, dilaurylthiopropionate,
ditridecylthiodipropionate, amides of beta-(3,5-di-tert-butyl-4-
hydroxyphenol)-propionic acid;
15 (2) UV absorbers and light stabilizers such as, eg., (i) 2-(2-
hydroxyphenyl)-benzotriazoles, 2-Hydroxy-benzophenones; (ii) esters

of substituted and unsubstituted benzoic acids, (iii) acrvlates, (iv)

nickel compounds;

(3) metal deactivators, such as, e.g., N,N'-diphenvloxalic acid diamide,

20 3-salicyloylamino-1,2,4-triazole;

(4) peroxide scavengers, such as, e.g., (C10-Cpplalkvl esters of -
thiodipropionic acid, mercapto benzimidazole;

(5) polyamide stabilizers;

(6) basic co-stabilizers, such as, e.g., melamine, polvvinvlpvrrolidone,

25 triallyl cvanurate; urea derivatives, hvdrazine derivatives; amines,

polvamides, polvurethanes;



repeating units derived fromstyrene and acrylonitrile. Mre preferably,

‘'t he second pol ynmer conprises from60 to 90 wt % repeating units derived from
15 styrene and from 10 to 40 w % repeati n%uni ts derived from
acrylonitrile. The emnul sion polynerizationreaction m xture may optionally
i nclude enulsified or dispersed particles of a third polyner, such as,

e.g., an enulsified butadiene rubber |atex. The emul sion pol ynerization
reaction is initia(#dstestally hiratered atiineskudDas, fergetriiashe¥anbD bidiak oF ¢YCh
as, e.g., an organic peroxide conpound, such as e.g., benzoyl peroxide, a
persul fate conpoundeactigthpredudct of 2.4-dighler-6niépeerplicliayl); 1,4 Satrixvihe vrich

conpound such as e.qg., 2,2 -azobis-2.3, 3-tr] butvronitrile, or a redox
initiator system éuc,f??‘&i}‘,efe."é. },f' a6‘§mat Mﬁ}\g'fyé‘ﬂémﬁe Hy §r-tsanasthyd-4-

ferrous sulfate, tef; Jals Byipphosphate and a reducing 25 sugar or
sodi um f or mal dehyd?‘gﬁﬁ?o yfate. A chain transfer agent such as, e.g., a

err]- rr al-kyl neycaptan c ound such as nonyl nercaptan, t-dodecvl
Erg cap]t a%gna{/? op@{)oﬂﬁil{r?‘&g?fé sé’(‘fg‘e W&‘W@‘%éﬁ?ﬁréf?g\}ﬁég’éﬁigﬁf pxigle, ranc

pol yneri zation reagik@n z?& gtg%légg hgéirbé:f?ité‘ he nol ecul ar wei ght of the
erbddi ment,

second polymer. In a preferre no chain transfer agent is used.

In a preferred enbogdi nent, the stabilized fluorqpolyner dispersion is
charged to a react ?@n?@&%@f‘g EING2GFMPr S¥GH @png.g-Thidicatest TiDar glagst em

5 and the one or gy, KRAREI BMLETLERhitY, ISBREAbSH PRS2 © L hen

(9) other additives such as, e.g., lubricants such as, e.g., pentaervthritol
10 tetrastearate, EBS wax, silicone fluids, plasticizers, optical brighteners,
pigments, dyes, colorants, flameproofing agents; anti-static agents;

blowing agents;

(10) flame retardant additives such as, e.g., halogen-containing organic
flame retardant compounds, organophosphate flame retardant

15 compounds and borate flame retardant compounds.

The thermoplastic resin composition of the present invention is made,

e.g.. by melt mixing the components, e.g., in a two-roll mill, in a Banbury
mixer or in a single screw or twin-screw extruder, mixing the components to
produce a substantially homogeneous composition and optionally, reducing

20  the composition so formed to particulate form, e.g., by pelletizing or grinding

the composition.

The composition of the present inventioﬁ can be molded into useful
articles by a variety of means such as injection, extrusion, rotation, and blow
molding and thermoforming to form articles such as, for example, automotive

25  interior components, computer and business machine housings, electrical
components, home appliances and media storage devices, such as, for

example, audiovisual cassettes and disk drive components.



charged to the reaction vessel and heated to polynerize the nononers in the
- presence of the fluoropolynmer particles of the dispersion to thereby form
t he second pol yner. Suitable fluoropolynqaégdditives and enul si on

pol yneri zation 10 nethods are disclosed in"EP 0 739 914 Al. In a highly
preferred enbodi nent, the conposition of the present invention conprises a
substanti al |l y honbgeneous m xture of a rubber nodified thernoplastic resin
and a fl uor optamBlesaddi tive conprising, based on 100 pbw of the additive,
from30 to 70‘6%m4 more preferably 40 to 60 pbw, 15 of a fluoropol yner
encapsul ated in fr g aopBlyiflePRIMITRIOoRPEAAER AL Bl By HukBls efulbiéfh
second pol yner, wherein the fluoropolyner additive I's present 1 n ‘an anount
effective to poloyndezadidnher nopl astic resin nol ding conposition conprising,
based on 100 ‘pbw of the nolding conposition, from20 to 98 pbw, preferably
85 to 97 pbw, noreApr aqugcats| spladon @f aotallon faidy ecid potassivm Galt(“& kBEAT )
front 90 to 95 pbw of the ongéned r ubber i.fied thernqg%aétip rﬁﬁin and
second pol yneR2iRE @ SRIPONIIFAZEN SIUERRTL oY% tRFEPRTYSHWPY niSPEDINIIG

Phe 11 ur ofol yRERInCRlfER REEF RSE e lioB RGP SFIETR VLR & (] A

the present Lgaﬁ%ihﬂmh oxide. OTHd Tl tallowd $atty edidehOminllyPes e frbRnal
additives, such as: (1) antioxidants, such as,” e.g., orgarophosphites .

e.g., tris(nd3843 witholeir@oad irome?24-32 wt% palmitic acid, from 20-25 wt% stearic
(2,4,6-tri-tert-butyl phenyl)(2-butyl.-2-ethyl-1,3- propanedi ol ) phosphi t e,
bi s( 2, 4-dit - m;dyfrpmegﬁ Wéémmfm Xﬁ*ﬁ@&ﬁ 9 23 wt % finBleic acid. .

Water (160 pbw), was charged to a jacketed, temperature controlled,

10 sealed reaction vessel that was equipped with an agitator. The water was
then heated to 100°F. Potassium hydroxide (0.05 pbw) was added to the
heated water and the contents of the vessel were then stirred for 5 minutes.
The K*TFA stabilizer (2 pbw) was charged to the reaction vessel and the
contents of the vessel were then stirred for 5 minutes. Stvrene monomer (10

15 pbw) was charged to the reaction vessel and the contents of the reaction
vessel were then heated to 135°F with continued stirring. A raw PTFE
.dispersion (125 pbw) containing 40 wt% PTFE and 60 wt% water was slowly
charged to the reaction vessel with slow stirring. Separate streams of cumene
hydroperoxide (0375 pbw), styrene monomer (27.5 pbw) and acrylonitrile

20 monomer (12.5 pbw) were then fed to the reactor at substantially uniform

respective rates over the respective time periods set forth below in TABLE 1.

3 TABLE1
Feed Stream §start (Minutes) tend (minutes)
cumene hydroperoxide 0 70
acrylonitrile 5 70
styrene 10 70

The temperature was ramped up according to the following schedule:

135°F from t=0 to t=30 minute, 139°F from t=30 minutes to t=35 minutes,



di phosphite or distearyl pentaerythritol diphosphite, as well as al kyl ated
-nmonophenol s, pol yphenol s, al kyl ated reaction.products of pol yphenols with
di enes, such as, e.g., butylated reaction products of para-cresol and °

di cycl opent adi ene, al kyl ated hydr oqui nond%, 5 hydr oxyl at ed

t hi odi phenyl ethers, al kylidene-bi sphenol s, benzyl conpounds,

acyl am nophenol s, esters of beta- (3 5-di-tert-butyl -

hydr oxyphenol ) [ c [ ydrl or dr| al cohol s,
esters of beta-l%o?fp bil:t%)% ﬂhydrox Q ‘%ﬁp‘r%g% mp‘?‘&Bl‘&m‘éteécdef-\mth

monohydric or painitesahg 18090 7*6%?;5
(5-tert-butyl -4-hydroxy- 3- metﬁshgtr:eny %tregfpt)?gﬁlsgnz}%\?“éeﬁmth m)no or

pol yhydri c al cohol s, Tiest@ttensfoftthe eeddtion Gésséle@x%r éﬁov@ﬁi'ﬂp
e.g., di stearylthi opr opi onat e, | auryl t hi opropi onat eQnasthe

ditridecylt h| ocrﬁmttﬁm @raduct wa&npmpltateﬁ bybh-aasfé&ea cbntertst op4hk! rebiction
hydroxyphen g i.oni c aci,d W absoerbers and [|ight

stabilizers suc do aeseé:ond(qe)actzor( Zessqlmw%maﬁwa)sqiehmmﬁaﬁ@eea pbw)
2- Hyd b f b d o] d

benvol o et ds. 1 WRRREEE 1) 28 Rlbethul St thabuiaed Alferdheitranster was
deactivators, séptplaged, Sufficiedt WatdHhe auheaﬁg the 364dhd! AT galc%eségl tq.dgop

3-salicyloylamno-1,2,4-triazole; (4) peroxi scavengers,
(Clerr]-Clerr] the Itgrhpesatarcsobéor{tems]of thbirestturowdsssl o @Fd%@%o‘fﬁ&rl@ of the

benzi m dazote; (5) yam de stabilizers;

secon reactlon vessel were then’ centrifuged and dried to produce a solid
10 PTFE additive. The product was obtained in the form of a free-flowing
powder and had a styrene content of 36.5 wt%, an acrylonitrile content of 10.7
wt% and a PTFE content of 529 wt%, as measured by Fournier Transfer

Infrared Spectroscopy.
The thermoplastic resin compositions of Comparative Example C1 and
15 Examples 1 and 2 were made by combining the components described below
in the relative amounts (each expressed i1:1 percent bv weight, based on the

total weight of the respective thermoplastic resin composition) set forth in

'TABLEI. The components used in the thermoplastic resin compositions were

as follows:
20 ABSI: An  acrylonitrile-butadiene-styrene  resin  composition
- comprising 20 wt% butadiene rubber particles having an
average particle size of about 300 nm and 80 wt % of a styrene-
. acrylonitrile copolymer comprising 75 wt% stvrene and 25 wt%
acrylonitrile.
25 ABS2: An  acrylonitrile-butadiene-styrene  resin  composition

comprising 16 wt% butadiene rubber particles having an
average particle size of about 300 nm and 84 wt % of a stvrene-
acrvlonitrile copolymer comprising 75 wt% stvrene and 25 wt%

acrvlonitrile.



(6) basic co-stabilizers, such as, e.g., nelam ne, polyvinylpyrrolidone, 25 -
‘triallyl cvanurate; urea derivatives, hydrazine derivatives; am nes,

pol-yam des, pol yuret hanes; (7) sterically hindered am nes such as,-e.g.,
triisopropanol amne or the reaction proda8t of

2, 4-di chl oro-6-(4-norpholinyl)-1, 3, 5-triazine with a polyner of 1,
6-diamne, N, N-Bis(-2, 2, 4, 6-tetranethyl-4- piperidenyl) hexane; 5

(8) neutrali ag nesi,.um st ear.at e, nmagnesi um oxi de, zj nc oxide,
zi nc stearat m@&al % gg,gr‘{%lyﬂelrl%(fi‘gé{ﬁcfo i %@EFFP%‘{,ng@hﬂ@s,
e.g., Silicates, Ti(er ' rﬂgﬂﬂl Tl |.1.e |l
carbonate, talc, mca; ?}9‘3&‘??@?&%%?{ tﬁ})?/ge;} suc Qa%%%.céagurgr?ga%%@ ??ch
as, e.g., pentaerythritat%}Q stgrene cotteht af abotaBLS WeB AR arShélyioHirile
fluids, plasticizers, optical brighteners, pignments, dyes, colorants,

fl aneproofing agents; aeantentef akowtddmd wt%bl owi ng agents; (10) flame
retardant additives such as, e.g., halogen-containing organic flane

retardant SconpoundMelOvigesityrsithbabmpdsititns ¢flcangsithti¥e examples CEOCPARAdS
and borate flanme retardant conpounds. The thernopl astic resin conposition
of the presentxamplestliawd 2 swerelmeasured ab§00%Elandna sheay rabeof d0G0sIanding a
e.g., inatwe-roll mll, in a Banbury m xer or in a single screw or

tw n-screw ex¢aniday rhepriater-t he conponents to produce a substantially
honbgeneous conposition and optionally, reducing _
Test specimens of the compositions of Comparative: Examples C1, C2

and Examples 1 and 2 were molded. Notched impact 1zod performance was
10 measured according to ASTM D256 at 73°F. Tensile strength was measured
according to ASTM D 638 using a 0.2 inch per minute crosshead speed and
flexural strength and flexural modulus were measured according to ASTM
D790. The coefficient of friction for specimens molded from the compositioﬁs
of comparative example C1 and examples 1 and 2 was calculated as the ratio
156  of tangential force to normal force for two specimens of each of the respective
compositions' sliding in contact with each other. Tangential force was
. measured using a load cell and recording the force continuously as sliding
between the samples commenced at a rate of 1.0 inch per minute and a
normal loading of 1.0 kilograms. The tangential force at the commencement

20 of sliding motion was used to calculate static coefficient of friction and -
average force value during sliding was used to calculate the dvnamic

coefficient of friction.

Results of the testing are set forth in TABLE 1 for each of the
compositions of Comparative Examples C1 and C2 and Examples 1 and 2 as

25  Melt Viscosity in Poise (“P”), Notched izod impact strength in foot-pounds
per inch (“ft-Ib/in”), Tensile Strength in kilopounds per square inch (“kpsi®),

Tensile Elongation as % of initial length (“%"), Flexural Strength and Flexural



20" the conposition so fornmed to particulate form e.g., by pelletizing or
~grinding the conposition. The conposition of the present invention can be
nol ded into useful articles by a variety of neans such as injection,
extrusion, rotation, and b|OMlnD|dIng ?g thernoformng to formarticles
such as, for exanple automptive 25 inferior conponents, conputer and

busi ness machi ne housings, electrical conponents, hone appliances and nedi a
storage devi ces, such as, for exanpl e, audi ovi sual cassettes and di sk drive
conponent s. Modu{dsﬁeaaxaaxpl‘asssed\!lﬁ |lqp§r.@pwd1 hEE cautent.i expressedoas aiweightis nade
by aqueous enul Sion nerlz n ueo ut.i on ta | ow fatty
aci d pot assWﬁ@fsta(le@cg ‘1(%1 ‘@‘%wﬁﬁﬂﬁc §5%61$¢e%ffcé%ﬂtloé%f”r‘f§ tafic- 204 was
prepared by conbining 5 denlnerallzed TesesiWth a tallow fatty acid
(T-11, Proctor & Ganble) and potaSS|un1hydroxide. The T-11 tallow fatty
aci d nom naglim fgp@rises from 384-43 wt UChl eic aci@2 from 24132 wt% 2
palmtic acid, from20-25 wt% stearic acid, from3-6 w%nyristic acid and
from2-3 w C aC|d Water (160 , was charged to-gnj ackete
tenperatureA%gﬁﬁﬁkab seal ed reacf?%% vessel that was %%uipped 3?%h
an agitator. The water mas then heated to 100[err].E,, Potassium hydroxi de

(0.05 pbw) ABS2Hpbs) to the heated water 7and the dftents of the vessel
were then stirred for 5 mnutes.

PTFE/SAN (pbw) 0 0 10 . 15
- Rubber content (wt%) 20 16 18 17
PTFE Content (wt%) 0 0 4.8 7.9
Properties
Melt Viscosity
(Poise) 1347 1172 2247 1992
Tensile Strength :
(kpsi) 5590 6.39 5.800 6.175
Tensile Modulus
(kpsi) | 299.6 316.9 3745 406.1
Elongation (%) 37 19 44 37
- Flexural Strength -
- (kpsi) . 9.435 10.68 9.640 10.205
Flexural Modulus '
(kpsi) 319.8 340.5 3559 3754
Notched Izod ) . )
(fe-1b/in) 6.5 4.6 2.7 33
Coefficient of Friction:
o~ Static 0.587 - 0.239 0.277
Dyna:nic- 0414 - 0.258 0.256

The compositions of Examples 1 and 2 exhibit improved tensile

ut

modulus and ductility compared to Comparative Examples Cl1 and C2 and
reduced coefficients of static and dvnamic friction compared to Comparative

Example C1.



The Klerr] TFA stabilizer (2 pbw) was charged to the reaction vessel and the
contents of the vessel were then stirred for 5 m nutes. -Styrene--nononer - (10
15 pbw) was charged to the reaction vessel and the contents of the
reaction vessel were then heated to 135[er[jgf with conti X it il lEﬁace
raw PTFE di spersion (125 pbw) containing 40 wt % PTFE and ;
slowy charged to the reaction vessel with slow stirringtlRtm w eam;
of cumene hydroperoxide (0375 pbw), styrene nmononer (27.5 pbw) and
acrylonitrile im@ynomer (12.5 pbw) were then fed to the reactor at
substantially uniformrespective rates over the respective tinme periods set
forth bel ow i n1TABLR 1therAplastiC-erdirbt neslding _compobitin' | tHati REhEsH
tend (mnutes) cunene hydroperoxide g0 P tHa R 5788 2
acrylonitril e substantially homogengous mixture of: 70 styrene
10 70 The tenperature was ranped up according to the
foll ow ng schedul e: (é)35[errhib!jerromxtofﬁﬁ§@ tﬁ&@nmpmg@, ile%%erf:du'ﬁﬁfr{s?ﬁ%t =30
m nutes to t=35 m nutes, -17- 142F fromt=35 mnutes to t=40 ut
145[err]F fromt=40 m nutdéscontinuens relastosreriond phesy erdzé;ﬁri;ed)mxh 78 nhgid
to t=135 muautes. The contents of the react, on, vesi were all owed to cool
t

to 70[err] P and t he r eacthFIRIBRG PhRse yrherewm ab east 1y Rartienf of the rigid

contents of the reaction C ess
cont ai ned a sol ution of I'—;Eer rcﬁggf&er&i Eisigb |§a]zdc§ﬂ§ ér%@teé o E&‘e d8ftomeric

phase; and

(b) from 2 parts by weight to 20 parts by weight of fluoropolymer,
based on 100 parts by weight of the resin composition.

R RO



in water' (96 pbw) at a tenperature of about 205[err]F. .ﬁ\lgst r the transfer
*was conpleted, sufficient water was added to the second N edt o
drop the tenperature of contents of the reaction vessel m " he

t

.contents of the second reaction vessel werélthen centrif 0
produce a solid 10 PTFE additive. The product was obtained in the form of

a free-fl ow ng, po r t Y1 I 36. 5 W% an.
acrylonitrile on}tMejﬁfe gcpggggigo\%t o%gnlg{]a’ %%E§q§t5%?0é?mp gpitien (’?W%e%gom 3
measur ed by F%Wf&:@@&ﬁeﬁgt dfithe #do droscopy. The thernoplastic
resin conmpositions of nparative Exanpl e"Cl and 15 Exanples 1 and 2 were

made by conbin ng the c 0 e | bed 1N khe relative amounts
(each express in @ﬁ €§Frﬁ)p Q%;f/t% m‘gi°gh§?{‘%a§e8}%‘%k%h§‘et QFOR%@&HI GPmBtEees
respective th?d@?@@gfdrgemér{é.corrposition) set forth in TABLE |I. The
conmponents us n the. thernoplastic resin conpositions were as follows: 20

ABS 1: An, -ackyl Bhi LEil.e: byt'adi ene- A resi cQ i ti0

compr i si ng 20 Tt o6 Tk SoimeretPmtPBE T R R ArgRihelymet S BRer P e

si ze of about o ; e Nit iy b 'a\(ﬂij'

conprising 75 r\%t%m g%@éﬁﬁ?ﬁ%?%%éﬁ%‘ﬁﬁ? rf?!ﬁ{é?df(%Sﬂhé\gdé% %‘9 AR %we

acrvloni tril e-that adngpeisest partivtes of ettien fluoropolysidri encapsuatedi fiy d Gevdbid

but adi ene rubber particles having an average particle size of about 300 nm

‘and 84 wt % ofpaly®wyrene- acrylonitrile copol ymer conprising 75 W % st vrene

and 25 wt %.acrvlonitrile. - ’
5.~ The composition of claim 3, wherein the fluoropolvmer additive

comprises, based on 100 pbw of the additive, from 30 to 70 pbw of the

fluoropolymer and from 30 to 70 pBw of the second polymer.

6. The composition of claim 5, wherein the second polymer comprises a
copolymer having repeating units derived from one or more monomers
selected from vinyl aromatic monomers, monoethylenically unsaturated

nitrile monomer and {C7-Cqpo)alkyl (meth)acrylate monomers.

7. The composition of claim 5, wherein the composition comp.rises from
20 to 98 parts by weight of the combined rubber modified thermoplastic resin
and second polymer and from 2 to 20 parts by weight of the fluropolvmer.

8. The composition of claim 1, wherein elastomeric phase of the rubber
modified thermoplastic resin comprises a polymer having repeating units
derived from one or more conjugated diene monomers and the rigid
thermdplastic phase of the rubber modified thermoplastic resin comprises a

5 polymer hav-ing repeating units derived from one or more monomers selected
from vinyl aromatic monomers and monoethylenically unsaturated nitrile

monomers.

9. An article made by molding the composition of claim 1.

QT



18- PTFE/SAN: A fl uoropol ymer additive conposition made according to the

-process disclosed above, having a PTFE content of about B ShtdflasBeaiReplace
content of about 34.8 w % and an acrylonitrile content of % 5
Melt viscosity of the conpositions of conpgmative exanple !

0 r]

exanples 1 and 2 were neasured at 500[err]F and a shear rate

using a capillary rheoneter. Test Specinens of the conpositions of

Conpar ative Exanples Cl, C2 and Exanples 1 and 2 were nol ded. Notched

i npact |zod pelfor mehaacthed fir making acthexmoplastisesin ASTPOBRER gomprising
73[err]F. Tensile strength was neasured according to ASTM D 638 using a 0.2
i nch per m nut &ORMMREead speed and flexural strength and flexural modul us
wer e nmeasured according to ASTM D790. The coefficient of friction for

speci mens nol ded frda) t ha coupber t medifigd cthesmoplastis exesipl e cOnpaising a
exanples 1 and 2 was calcylated as the ratio.15 . of ta %c)anti | force to,

normal force for two spe TWOUS 5 FHrasiometic | 2. t iPEPLERD oY | BnsTigid

sliding in gontact with F]i@,g et al: f Sur ed usi ng.
‘| oad cel |l a%d recordi ng gﬁg&gﬁigga% ntl %U(%%%)E/magg g%ﬁ e \'}J\l/egg tﬁ%eﬂg‘d’;‘
sanpl es conmenced at a r&h&rﬁé?lhsﬁciplﬁsepﬁrdﬁéxﬂkhﬂyagﬂzf@dn% nthe elasdniériof
1.0 kilogranms. The tangential Torce at the commencenent 20 of sliding

nmoti on was used to cal culpitaseandtic coefficient -of friction and average
force value during sliding was used to cal culate the dynam c coefficient of

friction. .. (b) a fluoropolymer additive comprising particles of a
fluoropolymer encapsulated in a second polvmer, to foim a

10 substantially homogeneous mixture, wherein the fluoropolvmer

content of the thermoplastic resin composition is from 2 pbw to

20 pbw, based on 100 pbw of the  thermoplastic resin

composition.

* < L ] S *



Results of the testing are set forth in TABLE | for each of the

conposi tions of Corrparatlve Exanples Cl1 and '¢2 and Exanples 1 and 2 as 25
Melt Viscosity in Poise ("P'), Notched | zod inpact strength in foot-pounds
per inch ("ft-1b/in"), Tensile Strength in kil opounds per square inch
("kpsi"), Tensile Elongation as %of initial length ("%), Flexural
Strength and Fl exur al -19- Mdul us, eaclggxpressed in kpsi, and PTFE
content, expressed as a weight percent (% Coefficcient of Friction: Dynamc

and Coefficient of - Ffﬂﬁﬂ%o&ﬁ'ﬂﬂm{ﬁs&@(mﬁw tOMPOSITION

Cl Cc2 100
- 90 85 ABS 2 (pﬁ-§ﬁ %(%ff!?eﬂ%’&ﬂhon : - 100

PTFE/ SAN ( pbw) 0 10
15 Rubber. cont ent (At thermoplastic resxreocomposxtlonlﬁncludes a rﬁBber mod1f1e1d7
PTFE Cont ent
Properti es Ne%sﬁxgg]@gm ﬁeilﬁcﬁ%fmm 2 parts by welght to 20 parg_s3hv wexght oI]a72

2247 t i ( 9590
Py o-l:Sﬁéf}Jngers gngf\l m&rpu by wisight of the resin composmon,
299. 6 31@m?>arts a higltitebsile modul@$, ductility and a low friction surface to articles

5 molded therefrom.

This Sheet Has Been Reilaced




El ongatton (% 37 1

‘Fl exural Strength (kpsi) o

9. 640 10. 205 Fl exural Modul us (kpsi)

340.5 355.9 375.4 Notched | zog0tft

6.5 4.6 2.7 3.3 Coefficien

0. 587 - 0. 239 0.277 Dynam et

-- . 0.258 | 0. 256 The conpositions off Exanp 1 and 2 kuiﬂ

i mproved t en&lR¥ENS nodul us and ductility conpdr @i CEORPARAE I ve - Exanples

Cl and C2 and reduced coefficients of static and dynamc friction conpared
to Conparativie Exahpltherdtoplastic 2gesim) anglgling  compositipty nHAta SOMPHERS nd

nol di ng conposition that conprises .a substantially honbgeneous m xture of:
(a) a rubb@ubﬁﬁditﬁﬂwa‘om?@%ﬁ?%we ‘?Sftesi n, conprising a discontinuous

el astoneri c phase dispersed in a ri t her nopl asti,¢ phase,

id5 .
wherei n at |east aapor ta orrubber hén*i?g@ied t HaermRPPlasts c IpHEse PRRIIRBCcaP| v

grafted to the elast Onecriilsgontinuous elastomeric phase dispersed in a rigid

5 . thermoplastic phase, wherein at least a portion of the rigid
thermoplastic phase is chemically grafted to the elastomeric
phase; and

(b)  from 2 parts by weight to 20 parts by weight of fluoropolymer,

A based on 100 parts by weight of the resin composition wherein

the fluoropolymer is added to the rubber modified
thermoplastic resin in the form of a fluoropolymer
additive that comprises particles of the fluoro-
polymer encapsulated in a second polymer.

2. The composition of claim 1, wherein the composition comprises from 3

to 15 parts by weight of the fluoropolymer.

3. The composition of claim 1, wherein the fluoropolymer comprises
polytetrafluroethylene.
S 4. The composition of claim 3, wherein the fluoropolvmer additive

comprises, based on 100 pbw of the additive, from 30 to 70 pbw of the

fluoropolymer and from 30 to 70 pbw of the second polymer.

5. The composition of claim 4, wherein the second polymer comprises a
copolymer having repeating units derived from one or more monomers
selected from vinyl aromatic monomers, monoethylenically unsaturated

nitrile monomer and (Cy-Cp9)alkyl (meth)acrylate monomers.

* c L M S *
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phase;\"aﬂd (b) from2 parts by weight to 20 parts by wei ght of

fl uor opol yner, based on 100 parts by weight of the resin conposition
wherein the fluoropolymer is added to the rubber nodified thernoplastic
resin in the formof a fluoropolyner additive that conprises particles of
the fluoro- polynmer encapsulated in a second polyner. 2. The conposition
of claim1, wherein the conposition conprises from3 to 15 parts by wei ght
of the fluoropolynmer. 3. The conposition of claim1, wherein the

fl uoropol ynmer conprises pol ytetrafl uroet hyé?ne. 4, The conposition of
claim1, wherein the fluoropolymer additivé-conprises, based on 100 pbw of
the additive, from30 to 70 pbw of the fluoropolynmer and from30 to 70 pbw
of the second polyner. 5. The conposition of claim4, wherein the second
pol ymer conprises a copol ynmer having repeating units derived from one or
nore nononers selected fromvinyl aromatic nononers, nonoethyl enically
unsaturated nitgile W%Eoﬁﬁ@n(&[ @hith-1Cwhérkirpbl¥lont et Bhasd ¥f #h& rubber
nononers. -- 21 - 6. The conposition of claim 1, wherein el astoneric
phase of the rubbdifienbthdrimespladtir nesih avmprisessa rpalymer iteing repkyting UmEits ng
repeating units, derived fromone or rmre_conjélgat ed di ene nononers, and t he
rigid derived from one or more conjugated diene monomers and the rigi

thermoplastic phase of the rubber modified thermoplastic resin comprises a
polymer having repeating units derived from one or more monomers selected

from viny! aromatic monomers and monoethylenically unsaturated nitrile

" monomers.
7. An article made by molding -the composition of claim 1.
8 . A method for making a thermoplastic resin composition comprising
combining:

(a) a rubber modified thermoplastic resin, comprising a
discontinuous elastomeric phase dispersed in a rigid
thermoplastic phase, wherein at least a portion of the rigid
thermoplastic phase is chemically grafted to the elastomeric

phase and

N : .. (b) a fluoropolymer additive comprising particles of a
fluoropolymer encapsulated in a second polvmer, to form a
substantially homogeneous mixture, wherein the fluoropolvmer
content of the thermoplastic resin composition is from 2 pbw to
20 pbw, based on 100 pbw of the thermoplastic resin

composition.

L



N
thern5b1astic phase of the rubber nodified thernoplastic resin conprises a
* pol ynmer having repeating units derived fromone or nore nononers sel ected
fromvinyl aromatic nononers and nonoet hyl enicallv unsaturated nitrile
nononers. 7. An article made by nolding the composition of claim
1. & A method for making a thernoplastic resin conposition conprising
conbi ning: (a) a rubber nodified thexoplastic resin, conprising a
di sconti nuous el astoneric phase dispersed in a rigid thernoplastic phase,

wherein at |east. a Ty Lk Sb it e S q@yagi' hem cal |l y

grafted to the el as%%éﬁ@%%@%%%w& al!eﬁ uor og:o ymer '1‘13) ditive

conprising particles of a fluﬁgﬁﬁﬁﬁ 'Fh%HﬁﬁﬁéuWated in a second

polymer, to forma substantially honbgeneous m xture, - wherein the

f 1 uor opol ymer cont#&ntherimaplestiheresipl emhpositioni indledposit k@bbérs hbQifed PPW

to 20 pbw, based on 100 pbw of the thernoplastic resin conposition.
thermoplastic resin and from 2 parts by weight to 20 parts by weight of a

fluoropolymer, based on 100 parts by weight of the resin composition,
imparts a high tensile modulus, ductility and a low friction surface to articles
5 molded therefrom.



