- 6 FEB 2007 WD 2004/013218 PCTNS2003/ 019602 ANTI STATI C AGENTS AND POLYMER
COVPCSI TI ONS DERI VED THEREFROM BACKGROUND OF | NVENTI ON Thi s di scl osure
- relates to new antistatic additives, polynmer conpositions conprising these
additives, as well as nmethods of meking these additives and yaer
conpositions. Antistatic agents constitute a unique class ofﬁp%lglzg@er
additives. They prevent an accunulation of static electricity on the
surface of ap artigle fabricated of the polymer. TheYpcahimoHiib@s aesthetic
val ues by prevénting the accunul ati on of surface dust on the article. For
exanpl e, | enses of autonotive headl anps are typically nade of polyners,
such as pol ycar/d6HATATIC ARENRS AP QL YIMER ICONROY BIODSRERIYEDof heat
stability, dinensional stabilityydpegeparency, and ductility. In the
past, the optics system (also sonetinmes called ""Fresnel") necessary to
properly focus the headlight beamon the road did not have a snooth
profile. Coﬁéghﬁgﬁ)tw Ofﬂg\]@ﬂgpﬂ hat accumul ated on the |ens surface,
either during fabrication, or during the service |ife of the headl anp, was
not conspi CukigisglosnreSielates to Bivé armiStatid)@dditives Polymerecopolitiont Yomising t owar ds

| enses with, a snpother praofile, .the accumnul ated t becones nore easily
visible, th&F% S{E‘éjt‘vef’essdi“ﬁg o “%?é@?“he“?i (R ‘1’%2‘&&%.a9§ﬁﬁf|%{‘§‘| 55}@?% gation of
static chargengositibbup i s inportant in conveyor belt design. Conveyor belts
are typically nade nostly of synthetic polyneric materials. Use of plastic

in conveyor Ahgdti £ass beRihR SEHGAladiop %@g@& ARNALL 28RS driveRORVEYOr bel t

t echnol ogy, such as cleanl.iness, reliabi _decreased noise, low cost to
li fetime rafieBmulatRRRiiais Higsrapan feaafase pf anprticksfabricpted ofl the RpfymeRes e
advant ages, ThéyakbiofEr RXBEER VAaRBVISMREven g ThEMBuniIRiok 8F figFadésRst ohhehyper cl ean

(class 100 or, hi herz1 e‘nvi ronr}pents esig?r‘\éi al for the ufacture of
advanced el 8EfFoRPEamplgdenses! apamayie Ampsate tgecany B POlmEENsi ons and

t ol erances asphrgapblyGtianates; rtich avel 5, desikdit tagdimtibe ofilsahangey, a :
phenomenon inher.ent of..plastic material.s, poses increasing prqoblens to the
hi gh technSP’E?Bi)mf?ilﬁt(ﬁ)tfﬂa\&t Wé‘?a?nf)hﬁ?‘{ ﬂl"s?gﬁ?ﬁ E’EYShF Basétglﬁﬁf@;gﬁsrsygﬁé% Wents. The
bui | dup of semuties ealizddFgpenel’y iedetsaryi tb pp@ean daay thd ineddligiardeanionalid on, whi ch

has undesir ?‘c%ld%id not have a smooth profile. Consequently, the dust that accumulated on the

lens surface, either during fabrication, or during the service life of the headlamp, was
not conspicuously visible. But as the automotive industry moves towards lenses with .
a smoother profile, the accumulated dust becomes more easily visible, theréfore

leading to aesthetics issues.

Similarly mitigation of static charge buildup is important in conveyor belt design.
Conveyor belts are typically made mostly of synthetic polymeric materials. Use of
plastic in conveyor belts has led to several distinct advantages in conveyor belt
technology, such as cleanliness, reliability, decreased noise, low cost to lifetime ratio,
modularity, and flexibility. As a result of these advantages, plastics-based conveyor
systems are béing uéed in hyper clean (class 100 or Higher) environments essential for
the manufacture of advanced electronics products and systems. But as product
dimensions and tolerances approach sub-micron levels, electrostatic discharge, a
phenomenon inherent of plastic materials, poses increasing problems to the high
technology manufacturers that use plastic conveyor éomponents. The buildup of
surface charge results in secondary dirt contamination, which has undesirable
consequences, especially for precision, high technology electronic components.
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consequences, especially for precision, high technol ogy el ectronic
conponents. | - 6 FEB 2007 WD 2004/013218 PCT/ US2003/ 019602 Antistatic
agents may be applied in two ways: externally and internally. External
antistatic agents are applied by spraying the surface, or di pfitg ¥ie
polymeric material in a nediumcontaining the antistatic agent. Internal
antistatic agents are added to the polyner before processing. For this
reason, |nter\9§\go§ §tati c agents have to be thermally stable and
pref er ably miGPAPELPH® he surface during processing. REHUEBARE2y
incorporation of the antistatic agent should not di m nish desirable
characteri SAhmatinagéri‘nenﬁjblbylﬁﬂﬂie& 1r[’r&i(d3|wh)8;l estetadllyand ﬁxaaﬁzp}gzr eébxegmahind gl ass
transition tIC a% s are

el bl o BUFBECARA bbby e el e o PR BB e RGBS 1 oy,

t hermal st alid mtdymmm:titaomng e mistattoageat iliternaltaytistatie ageee decddadtio the t her ef ore
desirable tgo.|de ef f e antl ives that
can be i ncgorlgger e%oég pr(%ces%m I«%ﬁl‘gé’w Podt erﬁg annS%%?%a¥ g%’? Sﬁlg?gt he physi cal
and chem cathernpilp petable esndofpretfd:rdaly emigrite Ny el sudice cdxmngs ptocessisg.  SUMVARY OF

| NVENTI ON Al I R oL Ses ernary. ong rganosilicon
conpound hagxid%ﬂ&la? %ZH]% gnrcgﬁggjg%(nl 3% t%’ %Rléeaﬁf agf% %ﬁéflo@% @@%Tyeéj%]g{ R R3I| R
n (1) Wer ethsmﬁiCR'of ithde@md@nmhtyri@@n@r iaSta@pam@alainpfmss drawsitioar omat i ¢
functional ghauRs. EHhA ta%éupéxgislayé Blard AAHIARL, LR wincompr! ses
phosphorus or 'nitro en eac ndepen I’y conpri'ses an allphatlc or
aromatic ' W@Yeﬂoﬁﬁpeﬁl%uﬁ’cbhai I?Fﬁ‘fs%blh%u@mak LRtabdityr andfps uiesip| t ut ed; each
R3 i ndependestpaibiig s he@a. @ hydrogen or an aliphatic or aromatic

functi onal group t hat may be substituted or unsubstituted; and "n" has a

val ue of abﬂ there}o elgl?a Ee to 1dent1fy more effective antistatic agents as additives that can

be incorporated into polymers without adversely affecting the physical and chemical

properties of the resulting polymer compositions.
SUMMARY OF INVENTION

An antistatic additive comprises a quaternary onium organosilicon compound having

the formula (I)
R? 3
2 s B RIR‘ N
R ‘—/ l SO - l 7
2 3 X
AL\ e
R/ a @

3

wherein each R' independently comprises an aliphatic or aromatic functional groups
that may be substituted or unsubstituted; X comprises phosphorus or nitrogen; each R?
independently comprises an aliphatic or aromatic’ functional group that may be
substituted or unsubstituted; each R independently comprises a hydrogen or an
aliphatic or aromatic functional group that may be substituted or unsubstituted; and

*n’ has a value of about 1 to about 20.

In another embodiment of the disclosure, an antistatic polymer composition comprises

a polymer and a quatemary onium organosilicon compound having the formula (I)
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I n anot her enbodi nent of the disclosure, an antistatic pol yner conposition
conprises a polyner and a quaternary onium organosilicon conpound havi ng
the formula (1) 2 - 6 FEB 2007 WD 2004/ 013218 PCT/ US2003/ 019602 2 2 R Si
RBRR R + RCS®B X R2II 1IWn {I) where R, -X R2, R3, anEFEQZDIﬁre as
previously defined. Still another enbodinent iss a nethod of naking an
antistatic quaternary onium organosilicon conpound conprising contacting a

sol ution CO”pWoszb(ﬂﬂlﬁwf' rst solvent and an organ05| i %%E’UE}OPJ?‘" fonic salt

having the fornmula (Il) 2 R R3 R S | i SO3" erein each
R2 mdependently corrprl ses an aliphatic or ar OITB.tI c functional group that
may be subst i tR} te unsubst it ;red each R3 independently conprises a

hydr ogen or ansl p atl o orRaR'o tic functional group that .may be
substituted or 2u sa :ut edx apd "n" has a value of about | to about 20
with an acidi & dll en m‘t the correspondi ng free sul fonic acid;
contacting the fr B Ifon C aC|d(\I\)th a quaternary conpound to forma

m xture, extracting t e mxture with a second solvent to provide a
solution of a quaternary onium organosilicon conmpound having the formul a
() R R3 Riwhere FRZX.S’, R’, 8@ “h” hreRs piRfio@ly3iefined. 1 R3 R R

Still another embodiment is a method of making an antistatic quaternary onium
organosilicon compound comprising contacting a solution comprising a first solvent

and an organosilicon monosulfonic salt having the formula (II)

Rf R®
R2—PiN Tt
Rlz SO; M
R® '
n (In

wherein each R? independently comprises an aliphatic or aromatic functional group
that may be substituted or unsubstituted; each R* independently comprises a hydrogen
or an aliphatic or aromatic functional group that.may be substituted or unsubstituted;
and “n” has a value of about 1 to about 20 with an acidic medium to generate the
corresponding free sulfonic acid; contacting the free sulfonic acid with a quaternary
compound to form a mixture, extracting the mixture with a second solvent to provide

a solution of a quaternary onium organosilicon compound having the formula (I)

2

R? 3
1\
RZ’;Si 1 so- [ TR
e 3 X
T4 LR
3 R
R/ M

wherein each R' independently comprises an aliphatic or aromatic functional groups
that may be substituted or unsubstituted; X comprises phosphorus or nitrogen; each R
independently comprises an aliphatic or aromatic functional group that may be
substituted or unsubstituted; each R? independently comprises an aliphatic or aromatic

functional group that may be substituted or unsubstituted; and “n” has a value of about
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n {I) wherein each R independently conprises an aliphatic or
aromatic.functional groups that may be substituted or unsubstituted; X
conpri ses phosphorus or nitrogen; each R2 independently conprises an

al i phatic or aromatic functional group that may be substituted or
unsubstituted; each R3 independently conprises an aliphatic orF&Hhtic
functional group that may be substituted or unsubstituted; and "n" has a
val ue of abouwvo284w135i8 FEB 2007 WO 2004/ 013218 PCT/ US20@34R3R6dssd t O about
20; and evaporating substantially all the solvent fromthe solution of

guat ernary Qnj um Qrgano con comp r. e od| a nmet hod of
nmeki ng an aﬂt#os bgﬁi%’ taﬂcheWBTaHg%ls Bﬁtl’@lﬁeabl thﬁéﬁﬁ%]gﬁtofn %‘?”I Yes conbi ni ng
a quat er nar yuaerharyomiug arpasasllicaneongoapbund wWith a therm)pl astic resin in
nmelt, wherein the organosilicon compound is represented by the formla: 2
3 208 R RiR Q

i ndependent | gag%%r%ﬁgg%ﬁaﬁséﬁgéﬂfﬁ lﬂgﬁésaﬁtbﬂwgﬁae gblfsﬂi?:ﬂ o a]%ri c or ‘
aromati c fusempasitiah copepyises, Combnmmﬁrqustematphwplmau@ﬂmon mmpomgiemth geach R2

i ndependent lye GG SER iPmdt Bibicthe ' Lfladd ¢ or
aromatic funeét%é gréup, eacﬁa R\g) gﬁ%%lg‘% ’ﬁ’{l}%@%& r?sgléés substituted
or unsubsti tfefsd:  al i phatic functional group, substituted or
unsubstituted, aromatic functional group or a hydrogen; and "n" has a

val ue of aboutR o about 20. In another enbodi ment, a nethod of naking an

antlstatlct@er\ atlcply( r\t nol di ng conposition conprises

dry-bl endin a/q 8©y on rganosilicon conmpound with a

t her nopl astic oI yl[na rennRt e organosilicon conmpound is represented
by the fornul a: M

3

wherein each R’ independently comprises a substituted or unsubstituted, aliphatic or
aromatic functional group; X comprises phosphorus or nitrogen; each R?
independently comprises a substituted or unsubstituted, aliphatic or aromatic
functional group; each R* independently comprises a substituted or unsubstituted,
aliphatic functional group, substituted or unsubstituted, aromatic functional group or a

hydrogen; and “n” has a value of about 1 to about 20.

In another embodiment, a method of making an antistatic thermoplastic polymer
molding composition comprises dry-blending a quaternary onium organosilicon
compound with a thermoplastic polymer, wherein the organosilicon compound is

represented by the formula:

R? 3
25 l} [ Rp¥
2 3 X
R l i I\RI
3 R
R/ )

b

wherein each R' independently comprises a substituted or unsubstituted, aliphatic or
aromatic functional group; X comprises phosphorus or nitrogen; each R?
independently comprises a substituted or unsubstituted, aliphatic or aromatic

functional group; each R* independently comprises a substituted or unsubstituted,
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2 RRSS RBRSO_ R R 3R (WRR n(l) wherein each R

I ndependent |y conprises a substituted or unsubstituted, aliphatic or
aromatic functional group; X conprises phosphorus or nitrogen; each R2

i ndependently conprises a substituted or unsubstituted, aliphatic or
aromatic functional group; each R3 independently conprises a” ab& 2007 ut ed
or unsubstituted, 4 - 6 FEB 2007 WD 2004/013218 PCT/ US2003/ 019602

al i phatic furwor®wals2igr oup, substituted or unsubstitut ggraRiceiiRbdhL
functional group or a hydrogen; and "n" has a value of about 1 to about

20. DETAI LED,, | PTI at ernary oni ym organosi |l i con conpounds havi ng
the fornul a a{’%%gggnﬁmgg%%pt su W%&@@'S“%Stfm?‘%am@“‘i functiopal igge?]méi ) wherein
each R i nddpéngbandndynChaspnalaest soutghabbont 200 aromati c functional groups
that nmay be substituted or unsubstituted; X is selected fromthe group

consi sting cﬁEDﬁf@ﬁEﬂ@&ﬁﬁﬂ%@ﬁ ni trogen; each R2 independently conprises
aliphatic or aromatic unctional groups that nmay be substituted or

unsubstituted; each R3 independently conprises a hydrogen or an aliphatic
or aromati c QURERIYSREM ¢Jedeplicanramporags hnsing hefermiutaybed or unsubstit ut ed;
and "n" has a value of about | to about 20 have great wutility as
antistatic addi?tives, in polyneric conpositions, particularly thernoplastic
pol ymeric conpogi ﬁo s. Th adkh atic additives described herein are
thermal Iy stBblze NG—-505 -

R* | ]

I p!
R R]R

n @

)
wherein each R' independently comprises aliphatic or aromatic functional groups that
may be substituted or unsubstituted; X is selected from the group consisting of
phosphorus and nitrogen; each R* independently comprises aliphatic or aromatic
functional groups that may be substituted or unsubstituted; each R? independently
comprises a hydrogen or an aliphatic or aromatic functional groups that may be
substituted or unsubstituted; and “n” has a value of about 1 to about 20 have great
utility as antistatic additives in polymeric compositions, particularly thermoplastic
polymeric compositions. The antistatic additives described herein are thermally stable
for the cycle times and temperatures generally 'employed in polymer processing.
Polymer compositions comprising the quaternary onium organosilicon compounds
maintain their physical properties, such as glass transition temperature, when
compared to similar polymer compositions without, the quatemary onium
organosilicon compounds, even after beiﬁg formed into the desired shape or article.
These advantages make the resulting antistatic polymer compositions valuable in
many applications including automotive, electronic, conveyor belt system, and display
device applications wﬁere effective dissipation of sﬁﬁc electricity and/or dust
repellency are important requirements. In all embodiments of the disclosure, the term

“antistatic” is also meant to imply “antidust”,

1 . . . .
The R’ groups in the quaternary onium organosilicon compounds depicted
hereinabove can assume a wide variation in their structures as long as the structure of

the group or groups does not hinder formation of the quaternary onium organosilicon
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for the cycle times and tenperatures generally enployed in pol yner
processing. Polynmer conpositions conprising the quaternary oni um
organosi li con conpounds nmintain their physical properties, such as gl ass

transition tenperature, when conpared to simlar polyner conpt?f'gi'ngps
Wi t hout, the quaternary onium organosilicon conpounds, even art: ei ng

formed into the desired shape or article. These advantages nmake the
resul ti ng antwetw@it/1a21pol ymer conpositions val uabl e i n pownoYy2o@@cé2cat i ons
including autonotive, electronic, conveyor belt syst em and display device

I t wh ff d f st t d/ dust
epel | oncy SPENRBOFEARE. PegurameRreY oo« Shubuftenreisibie o ©°

di scl osure, ahjslmndi esrmaromatid | fahadibhat " giosp.al $?0rtl1mmn¢, therei cqml e "eambudust " . The
R groups in t ua I ni_ um, or Q con _co ted

her ei nabove cgré‘nn tl%gs %ﬁsug%“}% °r\P£?Ub5?tgt8$i ?Bhak he alronéa{t‘? g?%fjgre %p%l ong as the
structure ofStat¢durotterouy, tie four & eougn bendebito Jhtanditibe trarsame,i o thegfoart he

guat ernary aqni ul agsi li.con 007 WD 2004/013218
PCT/ 1152003/ 6155 @Wgai{]re%tﬁ’ﬁaourﬁggﬁn ncl?“rx(')aﬁﬁm?%dependent ly conprises a

substituted or unsubstl tuted, aliphatic or aronatic functional group.
Fur t her mor e Usefyk gbiphatin RS efupeiionsd gsoups semprisst Cois liotar subaypiched alylor

unsubsti t ut %@aﬂ%@ah@hﬁkﬁda pgma,;some 'aﬁpﬁa’é@ﬁﬁub&ﬂﬁ'gﬂﬂf) 4P Furtherbidipde anot her
way, the four roups bonded to X ¢ be sanme, or they can

consi st of 6" m?Fee]éEterﬁaF°‘P%uPr°@F4bfyeﬁ%ﬁi Sq‘l‘t‘fﬁétfi"@n%!’ SEpuB FpRsisting &f |

al i PEaltl C Rdmétlwnféthyﬂmﬁbrogﬁohl-lbﬁtylgi Qrﬁéﬁﬂylﬁﬂ Hedlyl GL&tfi) ﬁlﬁétfecﬁ n- Bma&ﬂed a:c kyl, ]
aral kyl, and cyc rou aliphatic functio may further
conpri se or?@gd’r"’c%g?cé( B 5’2??‘6 y’ r@f’gpﬁﬂl Y gx??“P F%Ogg g@:% ¥ om t he
group consi %nmglngfoxygmtdng(hs melhﬂwhydrdmambm}g;dups smbhinitgd with-hpdratytlor n- hexyl,
n-octyl, nddecl oct feraly R is
bty e ot MARSAETEA, ARG ARRRE siud ol BHE R e

hydr ocar bon lgmmd psh)sicdwalkﬂ igtamps, sichhas hydiexysythyl grydroaystiok yhydroxyppopyhor e

ificall t Lol el t limted
6 hydr oxyal RS BRI AR, HEUMRE 8 BaroRiibnl 3D Oyt
hydr oxybut y| altkdryadlest x gioups, y buch hoslr ostherorpthyl, hetehxprsthidptaphoxyedld, mydr oxyoct yl ;
ﬁf‘d al koxy gy yHE P RoprSptaiméiyl TR bR - but KL AR Y MB bk yeufst, NOXyet hyl

polyalkylene glycol, and the like, including mixtures thereof,

Useful aromatic R' functional groups comprise C¢-C)4 substituted or unsubstituted
aromatic groups. Unsubstituted aromatic groups may be selected from the group
consisting of phenyl, indenyl, biphenyl, 1-naphthyl, 2-naphthyl, anthracenyl, and
fluorenyl. Substituted aromatic groups may be selected from the group consisting of
halophenyl, polyhalophenyl, chlorophenyl, dichlorophenyl, trichlorophenyl,
bromophenyl, fluorophenyl, difluorophenyl, alkoxyphenyl, alkoxycarbonylphenyl,
nitrophenyl, cyanophen&l, alkylphenyl, polyalkylphenyl, tolyl, xylyl, benzyl,
isopropylphenyl, isobutylphenyl, - chloronaphthyl, . methylnaphthyl, “and
isopropylnaphthyl. The aromatic functional group may further comprise one or more

heteratom containing substituents.

Examples of the (R'4X)" fragment of the quaternary onium organosilicon compound
include, but are not limited to, tetramethylammonium, tetramethylphosphonium,

tetracthylammonium, tetraethylphosphonium, tetra-n-butylammonium, tetra-n-



propoxynet hyl , i sopropoxynethyl, n-butoxynethyl, n-butoxyethyl,

i so- but oxyet hyl, polyal kylene glycol, and the |ike, including m xtures

thereof. Useful aromatic R functional groups conprise C6-Cl4 substituted

or unsubstituted aromatic groups.. Unsubstituted aromatic groups may be

selected fromthe group consisting of phenyl, indenyl, bipheQ¥EB 007

1- napht hyl, 2- naphthyl ant hracenyl, and fluorenyl. Substitu %ronatlc

groups may be gg ﬁﬁkﬁg fromthe group consisting of hal ophenyl,

pol yhaophenyl , chl orop enyl, di chl orophenyl, trichl or opr@yygkessmibsonophenyl ,

fluoroplienyl, difluorophenyl, alkoxyphenyl, alkoxycarbonyl phenyl,

ni t rophenyl &lﬁ‘}bﬁﬁi&%ﬁﬁﬁ%' 1tet?a|-1 @ﬁﬁﬁiﬂmunpo{eﬁgk :ﬁéﬁﬂﬂ@éﬁﬁé u1+ Okl m- Xyl yl,
y

benzyl, is qg}é 8‘ i SO chl or'ona
met hyl napht HFRY™ER “u’P’sot?%bf)?’ﬁ@éﬂ@ﬁ%’umﬁh@“%‘? befPﬁ{iaime‘i‘wﬂ’HWct tEE group may

further cormfep@@hﬁupﬁormrm,rmr € tethel QELMnAMMAN Al NidignbtPBhdspiéans. Exanpl es
of the (R 4 t he guat ernary, oni um organom 1 con corrpound

0
i ncl ude, %‘ﬁP& g’l’"’?"f‘?ﬁ“ﬁ ed ¥E! ‘?@P\‘%ﬂ@ﬂ’ﬁ‘?’l anmmistiyliphenylammonium,

tetramet hyI phejb;pﬂmpmanylphosp}toﬁmmet hyl ammoni um 1t edefiz @&dmy,{/ymmmgnl um
tetra-n-butyl g%ghenthos%tora n- 6 - 6 FEB 2007 WD 2 13218
PCTI US2003/ 0T, HEIYPEAE®phoni um  t et r a- n- FEMA U,
tetra-n-pe nt‘;ﬁpplﬁaspﬂldnh%monmat baazmltndﬂedaydrmmm iberizyltriethylphosphonium,
t etra- n- hexyhhRes e hept

D980 rﬂutﬁ)%a Eln ﬁlﬁ& %ty%éé’to%%c’ﬂu s’phgnl um

hept yl phosphonl um “tetra-n-octy
t et r apheny| afffASF Tﬂm%{ap’ﬁﬁh‘éﬁyl phOQbWPQYBTﬂnmlwlhi}Dmmmpmenyl afmoni um

net hyl t ri phetyhdebapnbamnidmmhonked)Z i ﬁé{h&bﬁjﬁ%ﬁ@ﬁﬁﬂﬂ@pﬁ%lxm methyl(tri-n-
benzyl tri phen I1 hosphoni u @gnz I rimethyl a
benzyl tri metf %‘HB’S H8ni BRYY! Hi’?‘iy’t 9}10&“%‘}"anﬁﬁ?i‘ilYMFﬁ%decyl)ammonmm,
E)e n ﬁ ylt (rj i et lf'l}mbﬂ(ﬁﬂ-lﬂm@wl)ﬁmwhﬁﬁmmﬂ ex é’(dﬁﬂ-ﬁl!lt}lﬁ(ﬁ-ﬁdt?&c l}n)BJtu)xﬁmT}[) Elth:wn
n- hexadecy E osphoni_u ct adec ri met hyl ammoni um
(n- oct adecyl ‘%“ﬁ’tr‘f%p ﬁ@e?)bﬁ%gssg)hogn m It "S‘u‘g')‘(t%il%@mﬂ‘inrl #8¢ hyHahi um
( n- hexadecy| Yutxliphesphopivoh ds phqu:hadwmbmtrﬂ‘eyt (e ! )Jx- fraperietliy ﬁmmfrbtm
met hyl (tri - u >
met hyl (tri - thgg%g éogl%%g%ﬁgﬁ?ﬂﬂ]b t?qgé]{;%b%ut‘d tIesm(n g‘%éye%hog) 81(1:19 1) anmoni um

tri-n- but tetradec hosphoni um ethyl (tri-n-butyl)anmoni um and
((i‘t hyl ( tri- yéa?cg R? group gon% (}/ to sJi)iconSiR(rI pendenn}y compnses(substltuted or ur}/sugstltuted m

aliphatic or aromatic, substituted or unsubstituted groups. In other words, the three R?
groups bonded to silicon may comprise the same functional group or different
functional groups. Useful R? groups comiprise substituted or unsubstituted C;-C;s
linear and branched alkyl radicals, aralkyl, and cycloélky! radicals. Aliphatic R?
groups may also comprise one or more heteroatoms. Preferably, R? is selected from
the group consisting of methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-octyl, n-
dodecyl, n-hexadecyl, and n-octadecyl. More preferably, R? is a methyl radical. R2
can also be a fluorinated monovalent hydrocarbyl group, such as 3,3 »3-trifluoropropyl

and other perﬂuoroalkylethyl groups, alpha, alpha, aIpha—tnﬂuoromethylphenyl
pentafluorophenyl, and the like.

Useful aromatic R? functional groups typically comprise substituted or unsubstitutea
C4-Ci4 aromatic groups. Exemplary aromatic functional groups include phenyl,
indenyl, biphenyl, 1-naphthyl, 2-naphthyl, anthracenyl, and fluorenyl. Exemplary
substituted aromatiC_: functional groups include halophenyl, polyhalophenyl,
chlorophenyl,  dichlorophenyl, trichlorophenyl, bromophenyl, ﬂuoropheﬁyl,

7



but yl ) phosphoni um I na preferred enbodi nent, the (R )41+fragnent is

sel ected fromthe group consisting of tetra-n-butyl ani noni um and

t etra- n-butyl phosphoni um Each R2 group bonded to silicon independently
conprises substituted or unsubstituted aliphatic or aromatic, substituted
or unsubstituted groups. In other words, the three R2 groups @9@?@2
silicon may conprise the sane functional group or different unc nal
groups. Usef ulWR200¢#131ps conpri se substituted or unsubq&h%FE febs C18

| i near and branched al kyl radicals aralkyl, and cycl oal ky |cals
Aliphatic al.so.co 0 or nore heteroatons Preferably,
R2 is sel ect foPng??% ?ﬁé”‘&?h(?% é &’%B‘Tyl metmphenyletpgaophepylyr opy | |

n-butyl, n- piglpjdnyl, rlbel'S'ﬂKWﬂ’henﬁ @M,yiylyl,nbenﬂﬂdﬁ@pydpylpﬁbn?@&wﬁﬁﬂenyland
n- oct adecyl . , Nor e

er.a can. al so be a
f1 uori nat ed c}r]rIBrrﬁ’S?}Dgﬁ‘e g‘la %‘E“&X”btff’m&?yeﬂte}“ﬁﬁutfﬂ g‘g C@GB gget PP¥for opr opyl
and ot her pduifctiomt grajpkgdyetsth}grse)up&,r mdleeRroatam Rb@aining substituents,
al pha-trifluoronethyi phenyl, pentafluorophenyl, and the | i ke. Usef ul

aromati ¢ R2 fyunet gemlofgaheqaszct,ymg%u ¥t %g@{a oSy SRS I cgsﬁlc&t

unsubstituted C6-CI4 aromatic {%r oups. aromatic functional groups
i ncl ude pherf§PPounis,epmNipe substifiad o ““Sl’bﬁ‘&ﬁ?ﬁt ﬁgﬂ‘aﬂczﬂr resqeatinyfimetienst hr aceny|

ﬁnfj f Ihuor len)groupExelﬂ&b&Hey albs\tbbﬁﬁllt trdg&ﬂﬁtoat{‘omtyc kgmg@da@pqlb ,ggpg@ﬁ I i ncl ﬁde I
reLopeTy| BRI RPN @ QRS L SLOBEEI i o cPr
di f 1 uor ophertbﬁl grog doosxsyxpmehytthyladtmwaﬁybmﬁmtyp h\@lamtﬂ nmeztyt,mpia@nyﬂ

cyanophenyl , K 0 yl, benz I

i sopropyl phedr??/ Srl th{z} la'ﬁm Aoya%& I‘? gyelférﬂ’%yhk 8 P@é%{ yI gge hnt ‘¥

i sopr opyl naght mml falmlatqféhel un‘emal'Yl?ewezrcmgaaoallwon éqmmnndehaia‘gsmtsrb may al so

conpri se onepet 1i0MHButNe! Bl aGRAkRN Aok M SRS hiut Hﬁa@fuﬁs The R3 groups of
the (R32C)" fragnment of the quaternary onium organosilicon corrpounds

conpri se suhst.i nsubsti t ted al j phatic .or aronmati ncti onal
groups as dggcr?r%erae% ebnbogijlme& ﬁ S‘P‘?W “’% OrgRaRilEgem corRpRying ﬁ‘ﬁsntgfl y, R3 may
be hydr ogerstructire whge cach Bhis arm;butybradlhaé % &pbospliongi ok higpgent caciRBf @rably R3 i s

sel ected f1 G hRioll! QPR GO RS RdoRGnd e ”'ﬁ%e{?’a‘uﬁ Hﬁtttﬁ»stgeaftrtgptbeﬁwm n-butyl,

n- pentyl, hexy , _n-octyl, n- dodecy n- oct adecyl . Nbr e
pref er abI Y, ghauti19. F’WH‘?"’&@@W enfppdiment, e@chR is an n-butyl radxcal X is phosphorus

or nitrogen, each R? is a methyl radical, each R® is a hydrogen, and “n” has a value of

about 3. Preferably X is phosphorous.

The alkali metal “M” in the organosilicon monosulfonic acid salt is selected from the
group consisting of lithium, sodium, potassium, rubidium, and cesium. These salts
are used as precursors to obtain the corresponding free organosilicon monosulfonic
acid. In various embodiments, the acidic medium that is used to generate the free

organosilicon monosulfonic acid comprises strong acids.

" Examples of strong acids that may be used include sulfuric acid, fluoroalkylsulfonic
acids and perfluoroalkylsulfonic acids. In a particular embodiment, the acidic
medium comprises a polymeric, strongly acidic ion exchange resin bearing sulfonic
acid groups. Suitable examples of polymeric, strongly acidic ion exchange resin
bearing sulfonic acid groups include, but are not limited to fluorinated polymeric
sulfonic acid resins, such as the Nafion® series of resins {(available commercially
from Dupont), and sulfonated styrene-divinylbenzene copolymers prepared using from
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the general fornmula of the quaternary oni um organosilicon conpounds has a
val ue of about 1 to about 20. In a particular enbodinent, "n" has a val ue
of about 3. In a preferred enbodi nent, the quaternary onium organosilicon
conpound has the structure where each R is an n-butyl radical, Xis
phosphorus or nitrogen, each R- is a nethyl radical, each Eg é.l? T
hydrogen, and "n" has a value in the range fromabout 2 to ~ 5 Wio. Ina
particul ar enVW&HHERR8 each R is an n-butyl radical, Xcrgsfbmsahorus or
nitrogen, each R2 is a nethyl radical, each R3 is a hydrogen, and "n" has a
val ue of . Preferab X.1s_phos r.ou The al ka tal "M in the
organosi | i c%?‘? H%i@%lﬁwrfﬁ’?f'(‘? g%‘ftgroM‘{)pefc'gﬁs’gﬂ‘é‘&?lgﬁz?‘re B‘i‘ﬁhPPfh rg‘ﬁﬁsup consi sting
of 1ithium ofastiranen ermmssr Ul pattiodlek lbﬂ%bodimd)ti;eﬁab usalfolhes etngatt s are used
as precursors t@ obtain the corresgondrln‘% e orﬂ) Qoslr | i con,. nonosul foni ¢
acid. In vafViy e”é‘?‘?ﬁocfoﬁoéﬂ'{’ess £BOTSR | BRI #1% APERAFICPE Sy generat e
the free orgssmsedihg @othe moHamtedf ki sndamgld dbanypeizaescr@tlinked) stpeneds. Exanpl es
of strong a a used _inc sul furic. acrd flu al kyl sul foni c
aci ds and pgérﬁofyf}’(%?otéﬁsgg;ﬁ‘se? fo%ﬁnce)é{ig}p ?ahgglulﬁrarr?sf ébrmbe%géi?lrrent t he

aci di ¢ nediyHemetsdpls @eisylbenp@ieycmslrnd;e;d mﬂystyregé ysx@cawdlablercommeme%ange resin
bear Ing. Sul BRIKoimaAd Aad sy, W LARLE X AIRLES ufal‘-reagwmﬁr&&es”ongly

aci dic ion exchange resin edr i ng oni c acrd groups inc but are
not limted!$ dﬂflﬁ%?&dr ﬁ%@eﬂ"l,‘ébdbejlﬁ@?vﬁ@“hslh@df poAvstTeag iretimcalimavailadleh as t he
Nafion(r) sesh@scify FoBSRENn 4d\%tRki €&hSin forrrrer cially from Dupont), and

sul f onat ed styrene di vi nyl benzene copol yners prepared using from 8 - 6 FEB
2007 WO 200 . r2’3311218 ePcCl'/ OOC3 .019602 about Lfcent o about 20
mol e per cent o8 i Vi AST b ST e FA 5 BIPTRY Sy dbe %ares icgy “"3?‘8?“ AR° &HDI oyed. In
particul ar esthoampeytise etdue ssanfiallyadoeplest ophersion talithel fregl doganasiiiven copol ymer s

conpri se geln ngsrulf E}dﬂ?@(ﬁsgﬁﬁ‘g%ﬂﬁgﬁ%‘gfete c%n\;ersronqs e.rel &)egngcf gggkep gmtr o the

sul f onat ed, ow an nzeneé-cross copol yners,
respect i vel ypooun RS wrpfqatdy gtater thps kbdubP8%.asd moriesweﬁ@m@é)r glyzs@r-ﬂlaBEbOWsul fonat ed,

4% di vi nyl bepzeRgpe Osmsdd &Kﬁasmhg%wneeﬁmé Erghdd )il hdrid th%meqanmr cially
from Rohm and Haas npany. An exanple of a macroreticu resinis

Anmber | yst - F8t( %P’F%Ff&'r?‘é‘d“cnéd% ar@rcwrdegﬁfeﬁleyeérpesﬂlwé%ﬂ HIFYst yr ene

resin), al sdivamwstehzadd r€sin, and is used in an amount of about 15 times to about 20 times the

number of moles of the alkali metal organosilicon sulfonic acid salt. Higher amounts

of the acidic medium can also be employed, but they are generally not required.

In one embodiment, an organosilicon monosulfonic acid salt is contacted with an
acidic medium comprising a polymeric acidic resin by introducing a solution
comprising the organosilicon monosulfonic acid to the top of a packed bed column
containing the acidic resin. The alkali metal ions are exchanged for hydrogen .ions in
the column such that the liquid stream coming out from the bottom of the column
contains the corresponding free organosilicon monosulfonic acid. Alternatively,
contacting is effected by pumping the solution from the bottom of the packed bed

column and the solution of the product mixture is collected from the top.

Suitable solvents for preparing a solution comprising the organosilicon monosulfonic
acid salt comprise water, C;~Cj, aliphatic alcohols, tetrahydrofuran, acetonitrile, Co—
Cy aromatic hydrocarbons, and mixtures thereof. Generally the presence of water

facilitates the alkali metal jon-hydrogen ion exchange process.
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comercially from Rohm and Haas Conpany. Cenerally, an excess of the acidic
medi um over the organosilicon nonolsulfonic acid salt is enployed to
ensure essentially conplete conversion to the free organosilicon

nmonosul foni c acid. Essentially conplete conversion is herein defined as
greater than about 95% preferably greater that about 98% afdEBdE
preferably grgﬂigr t han about 99% conpl ete, based on the starting anount
of the organosi P bnosul fonic acid salt. In one ensadiseresitigeor he aci di c
medi um enpl oyed is a sul fonated styrene- divinylbenzene resin, and is used

in an armuntTh@f“re@‘&BMomﬁém%&B&lfoglc6&89légmg&ltfoh @Et%métha%oveqym?rﬁhz% mol es of

the al kali netal organosilicon sulfonic acid M% anmpunts  of the
greip

aci di ¢ medi GHFe¥asting lswlﬂbeqma@y@mapomcomn@vn%@ H¥n 9‘4@63 required. In

one enbodi nmgpt des@‘lbe@rag@d'éo%rlnhfgoy nERARSHbE Qxﬂktﬁreac‘{dco%{lges ih§ar6:QMd, acted with
an acidic nedi ym conpri si ng polyneric acidic resin by introducing a

sol ution c&%ﬁ sPh$ h@’hﬁfF‘Qa%oé?‘}u?T@@fnar?B‘Pféi@Eﬂdein‘i“é“ba@Ptﬂd elpbette top of a
packed bed e@bstyBlic @roaa&raatml ﬁlﬂctfbﬁlﬁ g?&xbd|'ﬂle§ee§ds§8 quItaﬁarﬁlalﬁaJohmﬂ%al ions are
exchanged foi3 trﬁ/dro en |on @O col um such that the |iquid stream
com ng out Y T‘fFé’g FETPEH %freatcﬁ RSP opEn G EEouPhig gBFPEsPEndi ng free
organosi | i cenrapmdiglqfaehay atid mg%hdsﬂfcaaidmpehﬁds in thO@AcEe infxgiré. Sinef f ect ed by
punpi ng t he sg of om of the colum and the
BTt on of i bk i LRS! b ARy EREL ey 2

sol vent s forcorppcalpérﬂ selgeted & ditei soupeomiting pfgtrdethglphusgieniosi Hydogide, ronosul f oni ¢

acid sal t cOumELARNRLREmul 1SHoakd PIBLLSSlLERIELS, nIFLEAMIALOL 20

acetonitril ons rest heraof. General | y
t he pr esenc@cgiphesahenium h)@&qxidet@dé@ramhtveylwdamomuméw&bxzd@n hydr ogen ion
exchange process. 9 - 6 FEB 2007 WD 2004/ 01321. 8 PCT/ US2003/ 019602 The

free olrgangsngbhamahzﬁiﬁﬁoﬁw it edttied @ﬁbﬁhaﬁﬂm@we@mrmmwadm&bm& is (R 4) +Y
neutralize cont aterna onpo Fisin +
wherein X aﬁ%‘%ﬂmam(? h‘gclb %gnaatb%%\g%l’%%’reﬁin%duﬁe’gpéﬂg?tﬁ’ g? 9 mgxt ure. Y
conpri ses hyatioud 20 dkin ancBRORMbodimenDRA, an«rmreebmlxﬁ’énﬂﬁmmime&ames otst i tuted or
unsubsti t ut eagal.ﬁégegmttér&perat\ﬁ‘@rﬂ%clﬁeﬁtlrahl%atgﬁ %’cgsg% éo%v }ént?); éag%lout?ﬂrouD These

basi c quat er nar anmoni um and S reac
sul foni ¢ acu@pngpr@ngrth QH@§ thermyetealizifion mixture. In one embodlment, the pH of the

neutralization mixture is about 4 to about 6, while in another embodiment, the pH is
about 5 to about 5.5.

The quaternary onium'organos;ilicon sulfonate obtained from the neutralization step is
extracted out of the product mixture by using a suitable solvent. Suitable solvents
include those that dissolve the quaternary onium organosilicon compound. In some
embodiments, suitable solvents comprise halogenated aliphatic and aromatic
compounds, aliphatic and aromatic hydrocarbons, cyclic and écylic ethers, and

mixtures thereof. In a particular embodiment, a suitable solvent for extraction is
_ chloroform.

The solvent present in the extractant is evaporated such that substantially all the
solvent is removed. In one embodiment, “substantially” means an amount which is
greater than 90 weight percent (wt.%) removed, in other embodiments, greater than
about 98 wt.% removed, in still other embodiments, greater than about 99 wt. %

removed, based on the weight of solvent used. In still another embodiment, removal
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correspondi ng quaternary opi um organosilicon conpounds in the reaction

m xture. In a one enbodinent, Y is a hydroxide group. In another
enbodiment, .the quaternary conpound is_selected fromthe group consisting
of tetraethyl phosphoni um hydroxi de, tetra-n-butyl phosphoni um hydroxi de,

t et ra- n- but yl ammoni um hydr oxi de, tetra-n- octyl phosphoni um hytifekillé, and
t et raphenyl phos hon| um hydr oxi de. The neutralization step is carried out
such that theW% Bi8re of the reaction mxture is rmirnmbmﬁozat about
10 "'C to about 50 uC in one enbodinent, and at about 20 '"C to about 30 -C
i n anot her reac is . carried out
at aut ogenoﬁg?@gtﬁnp%pﬁtaﬂ tge henpﬂ“gmsrgiagl d mre ﬁorgiensatgs}% %’tgm%lolﬁvtgm ently
carried out eimporateynr¢cessi ng t he pH of the nuet ralization m xture. In one
enbodi ment, the pH of the neutralization nixture is about 4 to about 6,

while in anm1@§éixeﬁm&géd@§$11bea hevols ab}ﬁlca@p%y%reémhg lﬁtb?% qiatetnaryl N€

quaternary oni um . organosi|icon sulfonate obtai ned from the neutralization
step is exPP‘H@t%@“B%lf"och‘”ﬂlﬁ‘émﬁ? draeribed Aboveude a pyrticar egbadimentt thpl e sol vent .

Sui tabl e solgyRm S méthed ude tdggﬁe f&lha&)reghrﬁ)%0| ¥Ga-hid8tyBHAPRInRAY Y 30Ni UM
organ05|llc diments, suitable solyents conprise

hal ogenat ed W?t%ﬂﬁﬁ‘mgﬁﬁ" E’Pi}ﬁat F&e S@Bﬁ&%ﬁmmw V3 at1dc SO 2 omat i ¢
hydr ocar bonsnmamcdmytpr@mksﬂﬂmhte cused feraamryiandut hé X6diing Sontyaiog@fion | N a

particul ar vent r extr ion is hl or of orm
The sol vant Shatie Han o AR 10r e DRRHR bockh, S5 dihiad e riale

subst anti al |GGl dromatme Ilyckmavi@nst, andmixampthelcof] Mhosvivertnisaidionaatgtion

substantl al . ht percent
(wt. r em)\?zg]e o oth 2%02 ocﬁjlrrrxegr;}ls(s\cgm I?See%?gk?g%%aﬁgd a‘ilpl%]c ?r?i 8@& % renoved,
in Stl Il ot W@préﬁ%cﬁllﬁw?sandgﬁ@mt@r h)tdl‘mwbemomchggmdvtacyl% ethasanéd, based on
the wei ght Gfix®Rk IRIKor. UsRehordiitn BF kile! sofRR fA&H 1RNBRAM: T8 Motate/ REBNAl 10 - 6
FEB 2007 WO 2004/013218 PCT/ US2003/019602 of substantially all the sol vent
means that REPHBrEn ObAtRCHEHYE! Fieppmermhgte pigssiRor veden dranoBheior ocess. The
general net hedswescri bed above is applicable for preparing any of the
quaternary onium organosilicon conpounds descri bed above. In a particular

enmbodi man‘t J 'Ith@equaternary onium organosilicon compounds depicted hereinabove have high

surface migratory aptitude in polymeric compositions that aids in fast dissipatioﬂ of
localized static charge accumulated on a polymer surface. These compounds possess
a polar, hydrophilic onium sulfonate group, and a non-polar, hydrophobic moiety.
Although the invention is not limited by any theory of operation, it is believed that the
silicon containing hydrophobic moiety enhances migratory aptitude and the polar
group attracts ambient moisture to form a layer of water molecules on the polymer
surface. These water molecules in turn are hydrogen bonded to each other.
Dissipation of localized surface charge occurs through this hydrogen-bonded layer of

water molecules, thus leading to antistatic activity.

" The quatemary onijum organosilicon compounds have high thermal stability based on
thermogravimetric analyses (hereinafter referred to as “TGA™). TGA studies show
that these compounds do not ﬁndergo any significant thermal decomposition even at
temperatures of greater than about 300 'C, conditions which are generally used for
processing polymers. The thermal staBiIity characteristics are comparable to that of

tetra-n-butylphosphonium  4-dodecylbenzene sulfonate (CAS: 111503-99-2;
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general nethod is used for preparing tetra-n-butyl phosphoni um 3-
trimethylsilyl propanesul fonate. The solution conprising water and sodi um 3-
trinmethylsilyl propanesul fonate, used for carrying out the sodi um

i on- hydrogen ion exchange can al so conprise Cl1-C4 aliphatic al cohols,
tetrahydrofuran, acetonitrile, C7-C9 aromatic hydrocarbons-§dif8 pi7xt ur es
thereof. The solvent used for extraction of the product in various

enbodi nent s coWfrfdes2ihal ogenated al i phatic and aromati FCT/!?S%BP/@H&S'S

al i phatic and aromati c hydrocarbons, cyclic and acylic ethers, and

m xtures thereof. Evaporation of the solvent fromthe extract to isolate
the final ﬁtoﬁ‘ﬂﬁlﬂa“bféi’?ﬂﬁ‘@e 4t ERME0? SweeoTalipravte Oft&rB SheLitd)- phesthsr e or under

sub- at mosph eimpsnanpaﬁﬁ&axﬁﬁc off Jﬁﬁteﬂidat &ﬁd%%rgarﬁahdém&rpgﬁﬂs) & thdt @RP ag0Mpounds
depi ct ed herei nabove have hi surface magratory aptitude in polyneric

conposi t i ongof ARETSEY et fhg E{g'fm%%%ﬂeﬁﬁ Phthe spmpgsigens| tp #dérbsthat #€ char ge

accumul at ed adedasupbhydlBs tranditibRRMperdNARSE e RN HRBMARTI/DSsitiods.pol ar ,
hydr ophi |l i ¢ oni um sul fonate group, and a non- pol ar hydrophob| C noiety.

A though {herjoMERiQoriin Mbadslifthd S %a&gxeﬁcgg bbv e ORERAL QN 1L 1S

bel i eved t hat | 1'con contal ni ng ty eﬁ gnces m gratory
aptitude ancnfisfeticpdditives foyamipehaner. r"a‘%ﬁheamkemcd mhwm;ﬂfstm@\#@ram a layer of

wat er mol ecuh@mopdl QQ;In i SHch@EBbodibieS fie Gl fRqi 0 turn are
hydr ogen bonded top :%:; o so§| atol lon o?l P@%g&?ggéd surtace charge

occurs t hr oU§APHs £° ?ttPQ‘eﬁ‘dbG‘i‘thé‘H‘ P@ly@?rs of Denggdingr upayl &€utveg oft hus | eadi ng

to anti st at | apphationviahd . tha'hs?pequﬁt;ﬁ,nﬁadiyﬂ@nmmnprogam@s;luhbﬁgp glgmounds have
hi gh t her nal Stas?.l"{;thm gd on rrmogravi netri c anal yses (herel nafter

referred to %8 cf‘hdf’rés I PRRIHeRL YR niPBRH S o not
under go any wtgmarb'lqnam ongkresxhwn cdepoimdds ianb@is &\abott a5 X tiefrpatsabur es  of

greater tharhb@&ﬁan?&? erm\gbggrg%whlr%:ergmbﬂ mg‘g? 5 SH%zusgd for

processi ng poly i cs Pare conparable
to that of %bevtrﬁapaﬁsmﬂ pHe Sfsebmicnin mdmdeml}ddmmzmd@b@mpﬁ@na&fe (CAS

111503- 99- 2; abodtls pa ﬁ! ErEIBO %%7&;393%{}9 i PAB2 @ﬁbo@%ugé}g%d%gt Dary

commerci al |l y avai e as EPA from Takenoto Lt d ).

Anot her i np3i'tant °Eﬁ?&‘fs§t?f"ér| SPTROUSHS quaEer rigran-yiniAsPBPY¥AOs| 3 con
conpounds i stritdethisilly@ypad@ulfonate, tetra-n-butylammonium 3-

trimethylsilylpropanesuifonate, and mixtures thereof,

Useful thermoplastic polymers comprises aromatic polycarbonate, polyestercarbonate,
polyphenylene sulfide, polyetherimide, polyester, liquid crystalline polyester,
polystyrene, polyphenylene ether, polyphenylene ether/styrene polymer blends,
polyamide, polyketone, acrylonitrile-butadiene-styrene  copolymer,  styrene-
acrylonitrile copolymer, polyolefin, polyethylene, polypropylene, polyacetal, blends
thereof, and blends thereof with other materials, such as for example, glass. Preferred
thermoplastic polymers are polycarbonates and polyestercarbonates obtained from
polymerization processes, which include melt transesterification, interfacial

polymerization, solid state polymerization, and solution and redistribution processes,
or combinations thereof.

The polymer composition may further comprise materials such as antioxidants,
thermal stabilizers, ultraviolet stabilizers, processing agents, mold release agents,
fillers, and flame retardants.

12



not adversely affect the physical properties of the conpositions to which
they are added, such as glass transition tenperature of the resulting

pol ymeric conpositions. The quaternary onium organosilicon conpounds
descri bed above are valuable as antistatic additives for anygpgdpygr. Thus
they can be used in thernoplastic as well as thernoset polyner
conpositions. In one enbodi nent, the polyners that can be used conprise
condensat i on MA2U4HHPIE on pol yners. Dependi ng upon t he pypsoeaioiosgPp! i cation
and the type of polyrrer the anount of the quaternary onium organosilicon
conmpound ca nposi ti ica r.i quat er nary
oni um organgs? f %taﬁc nef)clfﬂl OSI onﬁﬂ%ﬁﬁfg’a%%‘ga %ﬁ[b%iﬁ'@gp niglg%& Blgrts to about
6 parts per p&:ﬁ@llpacmls)dotﬁelmsh@lepmlymer compositiensemiyo té mede ,byalmetheds3 X 10. 2

ts t f nbodi t,
gg{j so OQ@&fé)ns%tgps?e@L % REd SgIngp {wﬁmﬁ) cma%%;%\ér.blenfamg eegtaeagrxe bodi ment,
' enbodi ment onipmegrganpslicoy mx@mhwyh Pdl#&mpgwgeanb@fv tmwnlastwmutﬁ’ds are
tetra-n-but )bl"dat]&saopﬁﬂh&%ﬁposﬁiroh nﬁ&lhwex?ciulxgy e W&LJHP Bhifosiljcon,

tetra-n-butyl ammoni um 3 ropanesu fonate, and mxtures
t her eof . UséP‘ﬂPOW’ﬁé@‘ﬁﬂ’ﬁWﬂé‘t‘P%n Hb? wﬁ’érpsw%ﬁppqhgle%blawmm guasglaPcar bonat e,

pol yest er carhRfadrBanosilteh YRR E RREhS P& Pesind Oméééttélﬁx{l?ﬂ& a8 kndw yester,
liquid crystalllne pol yester, polystyrene, polyphenylene ether,

pol yphenyl et th&itrer / styrene pol yner blends, polyam de, polyketone,
acrylonitrile-butadi ene-styrene copol yner, styrene- acrylonitrile
copol ymer, [V plshding yepregsolis fhotrngekss of prepaing themplyinenrempgsision &k exixibg bl ends
thereof, andgybhe HQ:%SSWQﬁg?éatenWt;egré){hg ViendR Ghclud 1§ ’subffééféh 612 pB%eﬁxanpl e,

gl ass. Pref erred. thefnoplastic polyners are pol ycarbonates  and

pol yest er car¥RFANg $tep B Fiakiag antielsm Diydileping isrgtiormpd yingdechaiguss thghi ch i ncl ude
me:t t r anseskewdlf krfé%d it®6he skln&ce]mft&oartalme @91 BB EZRinbeant ¥ @lel fekdst at ﬁb

pol yneri zati gn,.:an ution_ a tion esses, _or conbinations
Phercot  ~ TheBbiiG REREEBI, BOT4T G, poRu it HEr S B PBSHGabaIS such as
ant i oxi dant ggsin tdugronenkt ofstheafoed is reposydertotnt. alvivardicat erstiodiniehts Abe Red for ocessi ng

2007 w0 200470 D5 pEHFBn o bl Mk TP oL U2 BlSindy = © FED

described.

Another method of making the polymer composition involves combining the
ingredients in melt. Depending upon the quaternary onium organosilicon compound a
solvent is optionally used to aid in mixing with the rest of the feed mixture. In some
embodiments, the processing equipment may have a devolatilization system to
effectively remove volatiles such as solvent during the processing step. Any
convenient type of melt processing equipment may be employed and those skilled in
the art may choose appropriate equipment without undue expérimentation depending
upon such factors as the type of polymer to be processed. In various embodiments
suitable melt processing equipment includes, but is not limited to, extruders, kneaders,

roll-mills and similar equipment.

The polymer composition may be formed into articles or coatings using any methods

known in the art such as injection molding, sheet molding, thermoforming, blow
molding, and spray coating.
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The antistatic polyner conpositions may be nade using nethods known in the
art. In particular enbodi nents, the polyner conpositions nmay be nade by
met hods _conprising steps, at | east one step of which conprises

dry-bl endi ng the quaternary onium organosilicon conpound with pellets or
powder of the thernoplastic resin to produce a polyner corrpo&iFEB o] nelt
bl endi ng the quaternary oni um organosilicon conpound with polyner resin in
a melt processWerM&pBUBi on bl ending the quaternary onipipRh@SHOR: ! 1 CON
conpound with the polymer resin. These techniques are known in the art. Dry
bl endi ng represents the proc of preparing the polyner c osition by
mxing all pff“l"]é‘“’r?@ﬂ‘é%‘%’ﬁ’f’ “‘?‘ﬁgﬁ’é&?’éﬁ%&O BEDIRSueh P %%éﬂ"h@%‘(f? eis

subj ect ed t GigikingOhsydiitlies, PRADESI RaddnSP Idhes, foaKiahg Rhdel, Copitalndi¥ y bl endi ng
IS perforrre% usi n techni1 ues'rsE t hat. are well crgomfn tp%gﬁ)nqe sSkilled in the
art. The pol*JHEf FEEPRT @8%’83 i ROfel HEViPSednq SISPAY ¢ PR Bellet form
powder for mapgiiandzet h. I n a particul ar enbodi nent the polynmer resin ‘
conponent of the feed is in powder form In various enbodi nents, the feed
for the bl afdifigwht BGRDRs FRYncRli&Pol midgquitg&&ggmd £ &/ thek S j@ddi tives, as
previously described, Another rret_hgd of making the polyner conposition

i nvol ves comtlisi #f iy Praptising; the) cleimpedndisclgspreneThe. e@yesmiowgecﬁpr@nn@trﬁb quat er nary
ONi UM Or ganQ&irdskRMtive 6OIKD VaAdh@ coRAbMETH tﬂe&e&ﬁﬁ%@ﬂ’kﬁé biéseHSfglidagori d i N M Xxi ng
with the rest of. thelfeed nixture.. I n gom,a, e ‘oqi nents, the ﬁrocessi ng
equi prent  nEYeHAPEYAIERVEMRET 7 2% PGS (Rt gisclespreetsdefst v P ove

vol ati | es suppendsi cairhsy dirzhy shaiieng t he processi ng step. Any convenient type
of nelt processing equi prent may be enpl oyed and those skilled in the art
may choose gppuaprt at e equi pment w t hout undue experinentation depending
upon such factors as the type of polynmer to be processed. In various

enbodi nents ,_suitabl e | t. processi ng equi prent incl ydes, but js not
limted to, &% r THRPE, r%??&‘é‘gertg? P?"’qu'f‘tl i 19 t%ff‘?éf”g‘}tﬂ? °§§"°’é‘&‘ﬂi p%zrent . The
pol ymer conposethylelyiprpynelbdfohge.nmed into articles or coatings using any
met hods known in the art such as injection nolding, sheet nolding,

t her mof or m n@ysidyl v MRS BY acidb %els%@-%ncé}%ahgwresiﬁ%'a's phrchdsb #6047
Thermax Company, India. The resin had moisture content of about 50-52 % and an
exchange capacity of about 1.8 milliequivalents of H" per unit volume of resin in the

wet state (about 4.9 milliequivalents of H' per unit volume of resin in the dry state).

A solution of sodium 3-(trimethylsilyl)-1-propanesulfonate (13 grams, 59.5 mmol)
dissolved in demineralized water (75 ml) was added dropwise into a short column
packed with an excess (15-20 times the molar amount of 3-(trimethylsilyl)-1-
propanesulfonate) of Tulsion T-42 MP(H) acidic ion exchange resin. Then the resin
bed was washed with water until the pH of the solution eluting from the column was
about 5 to 6. The water solution of the free 3-(trimethylsilyl)-1-propanesulfonic acid
thus obtained was neutralized with tetra-n-butylphosphonium hydroxide until the pH
of ‘ the solution was about 5 to 55 The resulting mixture wa's extracted with
chloroform (three times) and the combined chloroform washes was washed with water
(three times). The chloroform layer was separated, dried with anhydrous sodium
sulfate, and concentrated under reduced pressure to remove solvent and other
volatiles. The residual material was finally dried at 40°C and 0.1 mm Hg to afford
tetra-n-butylphosphonium 3-(irimethylsilyl)-1-propanesulfonate as a white solid. The
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WO 2004/ 013218 PCT/ US2003/ 019602 The antistatic conpositions find a
variety of uses in such applications as in forward |I|ighting assenblies,
autonotive headl anp | enses, fog |l anp | enses, ophthal mc devices, conveyor
belt systems, printer deV|ces and di spl ay panel devi ces for appllances
The follow ng exanples are i ncl uded to provi de additional gui-datdel(§fo t hose
skilled in the art in practicing the clainmed disclosure. The exanpl es
provi ded are NEYEMPB2tSepresentative of the work that cootrusputesot o the
teachi ng of the present application. Accordingly, these exanples are not
i ntended to l,agur.e e laims, in
any manner . EXAEER TS 2890 s, 8000 ok dled S EPRBAERAL

t et r a- n- but ypqshnes pithsdampoend indicatestthay it siab the gesopbaompednfionat e, Tul sion T-42
MP(H{), an acidic gel type ion exchange resin was purchased from Thernax
Company, | ndixawmpilee resin had noi sture content of about 50-52 % and an

exchange capacity of about 1 8 n1 I | i equi val ents of H} per unit vol unme of
resin in th wet state m | |iequival ent unit vol une
of resin in tHe QPP a‘%eé & esA §15‘I uPre%aﬁatﬁf’ ol TR g“tﬁammom m 3

3-(trinet hyltambtyylgnlylpropampafme&ul fonate (13 grams, 59.5 mmol) dissolved in
dem neralized water (75 m) was added dropwi se into a short colum packed

Wi th an excessoiltdoa- &Osoaiuﬂﬁ.(ﬁqn@mg%@m Fﬁl@?&é%lﬂate%(é‘ﬁhﬁl Byhabhy! ) - | -

propanesulfonat e). .of Tul sj on di ¢ i.on exchange résin. Then
the resin i8N fermineglitRe (rtepdiem uwﬁ.aﬂdefl H@pmwﬂ%ﬁwgéplawcn el uting

; r (()m t he ﬁO:pdﬂalad wml a eRttss 515420 Gimed e %la@raﬁﬁ)ﬁﬁtuiﬂ QnrikethlisigyfEI-ee i yed
tri net hyl si --rp t hus obtajn s neutralize
W totr o U EREER R el e dinion e P s et BErSB ut s on s
about 5 to 5hed waslwashedesith wataguntl thie pHef BRSolaNdn ¢éhting froin thdicohadnl vasof or m (t hr ee
tinmes) and t d chIo for (three
times). The a@ﬁ'ft?r%o o?rgn Eéltereso vvglé oé%\l\g?ehf@a'watg’ggpﬁqvﬁ"f%anesquon%frag&s sodi um

sul fat e, andheohtaed Wa&@@ltrund@mth @@&o@dtypnmmmehyﬁmxndenmu@hes@i efent and

other  vol atl &fuiod Bss Jb%al sdda%'s MR Gdstiith Qﬁ?cﬁm; \w&%h&aetequlfﬁ@hﬁkféac and 0.1 nm
Hg to afford tetra-n-b g‘g(s)onlumgs trinmet

- pr opanesul f Gpest timeg); and Wmcp@b chjorofppra waghes was washed w1% water (three

times). The chloroform layer was separated, dried with anhydrous sodium sulfate, and

concentrated under reduced pressure to remove solvent and other volatiles. The
residual material was finally dried at 40°C and 0.1 mm Hg to afford tetra-n-
butylammonium 3—(trimethylsilyl)—l-propanesulfoné.te as a hygroscopic white solid.
The yield of the product was 17.4 grams, or 97% of the theoretical amount. Proton
NMR spectrum of the compound indicated that it was the desired compound.

EXAMPLES 3 - 5.

These examples describe the preparation of the plaques and methods for measuring

their static decay half time, glass transition temperature and percent transmission.

The aromatic polycarbonate resin used in the examples was a bisphenol A (hereinafter

referred to as “BPA”) homopolycarbonate resin having an intrinsic viscosity of about

0.46 deciliters per gram, as measured in dichloromethane at 20 'C. The polycarbonate

was melt-blended with 15 grams of antistatic and/or antidust agent per kilogram of the

molding mixture. The molding ﬁlixture also contained 2.7 grams of silicone oil mold

release agent per Kilogram of molding mixture and 3.9 grams of stabilizers per
15



- 6 FEB 2007 WD 2004/ 013218 PCT/ US2003/ 019602 vyield of the product was
26.9 granms, or 99% of the theoretical anmount. Proton NMR spectrum of the
conpound indicated that it was the desired conpound. EXAMPLE 2 This exanple
describes the preparation of tetra-n-butyl anmoni um 3- -6 FEB 2007
trimethylsilyl propanesul fonate. A solution of sodium
3-(trimethylsilyl)-I-propanesul fonate (9 grams, 41.2 nmol) dissolved in
demi neral i zed WRE®#BAE nl) was added drop wise into aps;lfmfsioomg(y{m packed
with an excess (15-20 tines the nolar anount of 3-(trinethylsilyl)-1-
propanesul f si.on T-4 on exchange resin. Then the

at e ul
resin bed aﬁggﬁ%é’ﬂ’éﬂ%\%f‘w‘%’c%}?‘aﬂ? éqH)"‘flﬁéedﬁ?—Ff@Ft therpatiséP BPPEHSel uting from
the col urm Vs mokdhtyrhixird Was6uoldeden 3as B 1A sdieivern@ér vsigad Gpefting

3-(trinethyl 0 a obt ai.ne .neutralized
Wi gh tetr ayn§@%t‘%raﬁtﬁ%m&%93§dk %r% ﬁﬁmgﬁd t{“ﬂ'ég?ﬁlqwﬂlﬁcet 18re§§l R ion was
about 5 to StBnds Pee queshddin Mzgtenmdtcmnetowabetgwhm}aweredhemt dboatHROI®f orm (t hree
tines) and t wth r (three

. ) bg&rﬁbd nﬁlg dﬁm ;5%519& %@ﬁg@r o 81‘9@1;%1%3& V\;lg% pereW | 1}%’/\% off (

tinmes). The chloroformlayer was se rous sodi um
sul fate, and“Olé'G&é?éﬁtlﬂea‘Pé’@dHWd@r cm eqnameﬂaqué@wug e thickneseofabeutds] vent ' and

ot her VOl at S Tdiafimink Shbiahud B & hRkidRifl muma%uoa@sytc 40C and 0.1 nm
Hg to afford tetra n- buty anmoni um 3- (trlnet ylsil pr opanesul f onat e

as a hygros e the pro 17.4 grans, or
97% of t he CQB Faght ?Scrg ugé)ngoﬁn?ny’ﬁ %’“{tgl?f "T\lﬁ/%e‘?ﬁéeéisr"ﬁfﬁ ‘g’fa“}e%%” ound

i ndi cat ed tHagennlamr@msd@mer didctcgaquo weed. foriM#\MRc [B8ca8 test lheasiibdse exanpl es
o £ G e cabR AR SRk Al PAGE T BRI Sl UngERDULA NG LT

static decay half tine ass transition per cent
transm ssi orfemﬂflﬁ?é“fa%"f?ﬁt“i?é %M%@lﬂbtﬁmv@l%’@éﬁhquwwon ahO\tt ﬁ@eeemmpl es was a

bi sphenol A frlaetat Qaky kts vd’e%fc%frfeﬁ@utt& tﬁée'bﬁgu%'é)ls, R y&RERegat e resin
about r ram as

navi 10 A, | L0 SeeLl Sl SR, e okt G 2P o« 5 encic
with 15 granwitafe amt hlodft whenathe/ sﬂffacartﬂqhzguaftan&g&d‘lﬁxdaefaldél dfogoaynp of t he
o1 19 X g R 9 A B AR B AT Lo
stabilizers ci%qctor The static half decay time (indicated by “T)) represents the time at which
the surface charge reached a value that was half the initial value. The above
procedure was repeated for the reference material, EPA 202. Glass transition
temperatures (Tg) were measured using a Perkin Elmer Model TGA-7
Thermogravimetric Analyzer., Percent transmission (hereinafter referred to as “%T™),
was measured using a Pacific Scientific® Model XL-835 colorimeter. Results are

shown in Table 1.

The above process was repeated with a BPA homopolycarbonate molding mixture,
but which did not contain an antistatic agent. The resulting plaque was tested for its

static half decay time and Ty,

16



15 - 6 FEB 2007 WD 2004/013218 PCT/ US2003/ 0196112 kil ogram of nol di ng

m xture, which are not believed to affect the antistatic properties. The
nol ding m xture was nolded in a 25 nmtw n-screw extruder using an
operating tenperature of about 285 C. After being extruded through a die
orifice, the resulting strands were quenched in water and cutFEBrif&y
pellets, which were dried at about 120 *'C for about 2 h. The dried pellets
wer e injectionHPHRIE218si ng a single screw injection- nedmtisrgseeehi ne to
produce 10 cm square plagues having a thickness of about 2.5 mm The

.maxi mumte gqture for the injection-nolding barrel was about 285 C. The
pl agues required for carrying out the static decay tests were obtained from
the |larger_plaques prepared above Fach plaque usedq for the static decay
test measur Eemplpo|bntEitipremeowsl nm X pTe (Feeends} i|Je(€b {Hd telst, the

pl aques werie condifioned at a tenperatfure of abgqut 23 {C and| a relative
hum di ty of] 3about bo8pA T2 aﬁout three {gps.  The |giati c gt;acay tests were

carried out] on thepe pI aques usi ng a St at i ¢ Hongst net e Model S-5109
L+ rL__ 3

i nstrunent meRtfac et hit ostatte appl ied voltage
was cut - of f 4Wnen t Tetran?“’éﬂo iomuné at f g‘%%ed a f| gd va ‘ZJU/; of | about - 3

kil ovol ts. Subsequameﬂlylsﬂﬂyowasakfor@fe surf ace charge was foll pwed with tine
with a detlector. The static half decay tinme (indjicatedjby "TL2") .
represents [tshe T1 MeENgke WHIi CN T he surﬁiEsg]g@ar 0€ r@@achetiogy val ue that was
hal f the ini ti al value. The above pr Oj,edure was [repeated forjthe reference
mat eri al , ’"‘F S-ass—transtteon—terperatures—{Fg)-were—reasur ed usi ng
a Perkin E V_(Fo del TGA-7 Thernogravinetric Anal yzer. Percent
transmssion (hereinafter referred to as "% "), was neasured using a

Paci fi c Sci e $anj ke( sepy deom e PBRBIngotxemplee: ther quaRmen | onimagrganoglieoin i n Tabl e

1. The abov%oﬁx'b%ﬁss?mw@%gﬁﬁ%ﬁ}t &icialsBpRioBA s mg&kg@&wﬁmﬁ%&mm di ng
m xture, but which did not contain an antistatic agent he resulting

pl aque was tceglp%%rlqndwﬂiowsﬂgn@%f gifeqting theglassrapsitice temaraw 16.- 6 FEB 2007
WO 2004/ 013218 PCT/ US2003/ 019602

While the invention has been illustrated and described in typical embodiments, it is

not intended to be limited to the details shown, since various modifications and
substitutions can be made without departing in any way from the spirit of the present
invention. As such, further modifications and equivalents of the invention herein
disclosed may occur to persons skilled in the art using no ‘more than routine
experimentation, and all such modifications and equivalents are believed to be within
the spirit and scope of the invention as defined by the following claims. All patents

cited herein are incorporated herein by reference.
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Table 1. Exanple Antistatic conmpound Tln (Seconds) TS (C) % T 3 *EPA 202
132 143 90 4 Tetra-n-butyl phosphonium 3- 92.5 139 77 -5 §BZW7
trimethyl silyl propanesul fonate 5 None >> 1000 150 90 Control.
seen frowd 84H{0eedi Ng exanpl es the quaternary oni um gEB09S0S/b 02
conpound shows significantly better dissipation of surface charge of a
polyneri{ﬁ ﬁﬂg@osition w thout significantly affecting the glass transition
t enper at 0 ile the invention has been illustrated and described in
typi cal enbodinments, it is not intended to be limted to the details
shown, Sfﬂcetvarlous nDdlchatlons %ﬂﬁ ﬁ% tltg'hons can be made w t hout
depar t i ng (REPRY GV PrEgRestiTen wppppqd hgying & i nvention. As such,
further nodifications and equival ents of the i nvention herein disclosed
may occur to persons skilled in the art using no nore than routine
experinmentatjen, and all such nodifications and equivalents are believed to
be within t S ~and scdgpe,of e invention as defined by the
follomtng:ﬁ : patent £i Red herein are incorporated herein by

174 -

ref er ence. 'Eﬁ% 04/9P13218 PCT/ US2003/ 019602 CLAIMS: 1. A
guat er nary oRFu gamosi | ic n @ggpo nd having the formula (I): 2 ~. R R
R SB_RR n e&F| each e agntly conpri ses a substituted
orunsubsti t ut ed, i phgtic or: aronmatictgroup; X conprises phosphorus or

ni trogen; each R2; i ndependent |y conprisés a substituted or unsubstituted,

al i phat i G, 8, Qch @Hdg%eg g’coﬁﬁ‘ﬁés Bg‘ub'st';tgt%ﬁ) g%%tsdlﬁteg,om&@ &P argtnﬁtébg'?&dpt, Wt ed

or unsubstitute
comprises phosphorus or nltrogen each R?; independently comprises a substituted or unsubstituted,

aliphatic or aromatic group; each R® independently comprises a substituted or unsubstituted, aliphatic
group, substituted or unsubstituted, aromatic group or a hydrogen; and "n" has a value of about 1 to

about 20.

2.The compound of Claim 1, wherein each R' is an n-butyl radical, X is phosphorus or nitrogen, each

R? is a methy] radical, each R*is a hydrogen, and "n" has a value of about 2 to about 10.

3.The composition of Claim 1, wherein each R' is an n-butyl radical, X is phosphorus or nitrogen, each

R? is a methyl radical, each R*is a hydrogen, and "n" has a value of about 3.

4.A polymer composition comprising a polymer and a quaternary onium organosilicon compound

having the formula (I):
RZ
ol 4+
R2—Si AR
R R'R
\ ey

wherein each R’ independently comprises a substituted or unsubstituted, aliphatic or aromatic group; X
comprises phosphorus or nitrogen; each R” independently comprises a substituted or unsubstituted,

aliphatic or aromatic group; each R® independently comprises a substituted or unsubstituted, aliphatic

18



group, substituted or unsubstituted, aromatic group or a hydrogen; and "n"
has a value of about 1 to about 20. 2. The conpound of d ai r_rH: B\Q@grei n
each R1 is an n-butyl radical, X is phosphorus or nitrogen, eaclg is a
met hyl rwd mako12a¢h R3 is a hydrogen, and "n" has a valcuguSioodaishz 2 to
about 10. 3 .The conposition of Claim1l1, wherein each RL is an n-butyl

radi cal ,_ X is.phosphorus. or njtrogen, each is a . ethyl radic ch R3
| hy S RARRE AP b BB W BRRE B rios ARy A TR
conpri siabguta0pol ymer and a quat ernary oni um organosilicon conpound having
the formula (1): 2 RRlI1 R2'-Si (I wherein each R independently
conprises a substituted orunsubstituted, aliphatic or aromatic group; X

conpr i sesTiphosphotiansofdilaimi 4, mogein the atgandsRicom clepenaienr tplagert it ars@&t &f about

substit 5 _unsubst it ut ed | i.phatic.or aromatic group; each R3
i ndepen eﬁ%lg %gsﬁ%ra?%uésé pglcsspﬁg%qoﬁffa‘t}?%%geo?cﬂm%‘ubsti tuted, aliphatic 18 - 6
FEB 2007 WO 2004/013218 PCT/ US2003/ 019602 group, substituted or
unsubstitut ed. aromat.i.grooup or .a hydrogen, and “"n" has.a val ue abqut 1
o about T omeB R e RerSh o RPRRRER o fEpA R proRE D e bl
conpoundX il§” prte ®ehout 6 pagsrpeatiiumntts of thegadyter. 2. 5 X 10-3 parts to about 6
parts per 100 parts of the polyner. 6. The conposition of Claim4, wherein
t he organosilicon conmpound is present in an anmount of about 3 X 10-1 parts
t o about7. Bhepampssifhar of XOGmp mbsredf the lezapailicome tompbundlB@réaaiv0 s drhamt of abGhtai m
4, whereln t r 0si i co und is present in an amount of about 0.3
parts tgd'g aorgﬁo%o%g;pptaﬁs%eéﬁgdj Sggt?l?gggflert he pol ynmer. 8. The conposition of
Claim 4, wherein the polyner conprises at | east one condensation or
additio o) [... 9..dhe conposition, of Caima8, wherein said. pol [
conpri sengs'n%t éo}lné)ag?ono%feai%?n 0 rr‘avt‘r}l?e(r:enboqefé) RSy SopRg ses %tolf’af'g%?eecrogéef‘ﬁ%ﬁgtofe?mﬁmn
pol ypherpolyaree. sul fi de, pol yetherini de, polyester, polyphenyl ene ether,
pol yphenyl ene et her/styrene pol ymer bl ends, polyam de, pol yketone,
acrylonitrile-butadi ene-styrene

9.The composition of Claim 8, wherein said polymer comprises at least one aromatic polycarbonate,

polyestercarbonate, polyphenylene sulfide, polyetherimide, polyester, polyphenylene ether,
polyphenylene ether/styrene polymer blends, polyamide, polyketone, acrylonitrile-butadiene-styrene

copolymer, styrene-acrylonitrile copolymer, polyolefin, blends thereof, or blends thereof with other

materials.

10.The composition of Claim 9, wherein the polycarbonate and polyestercarbonate are obtained from
polymerization processes comprising melt transesterifcation, interracial polymerization, solid state

polymerization, solution, redistribution processes, or combinations thereof.

11.The composition of Claim 10, wherein the organosilicon compound comprises
ch\ HyC
SOy {(CyHo)N

| /ss S0y (CoHp)aP" >31 _
!‘*3‘3;_; [ %ﬁ}: H.C / \fgff
. ,3C: 2 3 2

&l
]

, or mixtures thereof.

12.An antistatic article comprising the polymer composition of Claim 11.
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copol ynmer, styrene-acrylonitrile copolyner, polyolefin, blends thereof, or
bl ends thereof with other materials. 10. The conposition of Caim?9,
wherein the pol ycarbonate and pol yestercarbonate are obtai ned 6fFE§r(07

pol ynmer iwati00mop5agesses conprising nelt transesterifcgid®is2008/085608CI a
pol yneri zation, solid state polynerization, solution, redistribution
processes, or conbinations thereof. 11. The conposition of Caim 10,
wherein the organosilicon conpound conprises HC H3 C\5i 503- (CH).jP
,,» Si - Sol 13. {hediriel of Claim 13Cwhi3&n thé.'érti/cle"ce’frnpﬁ@esl-foﬁﬁrc} Ilj;htilnlg @sskhBliar ambxibtivees

t her eof tatic arti risi mer si.tion .of
e ST e L
articl e didplagipanamidves fhegptibnved he article conprises forward |ighting
assenblies, autonotive headlanp |enses, fog |anp | enses, ophthal mc

devi ces, conveyor belt: systens, printer devices, and display panel

devi ces ox mathpd ohmke@ aqdaderﬂhrymnm drgaﬁosfmdm mpaqﬂabﬁprﬁkargy oni um

organosi | i ean co cting a.solutio ng. a first
S0l vent Shi e PR R s S PR E e UG haPge ARA it BBy o
3 2 ,Sﬁdsﬁ&i + R 2~ RR3n (TlI) wherein Mis an alkall metal, each R2
i's independegtly conprises a substituted or unsubstituted,
R
N
RE,,}SI

Rﬁl

(ID

wherein M is an alkali metal, each R® is independently comprises a substituted or unsubstituted,
aliphatic or aromatic group; each R® independently comprises a substituted or unsubstituted aliphatic
group, a substituted or I unsubstituted aromatic group or a hydrogen; and n is an integer having a value
of about 1 to about 20 with an acidic medium to generate the corresponding flee sulfonic acid
composition,

contacting the free sulfonic acid composition with a quaternary compound to form a neutralization
mixture,

extracting the neutralization mixture with a second solvent to provide an extractant; and

evaporating substantially all the solvent from the extractant to isolate a quaternary onium organosilicon

compound having the formula (I):

R? 3 1 v
RzJSi 1;{ \ [ KRR
w? . o |
R I, R
R/ | ®
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al i phatic or aromatic group; each R3 independently conprises a substituted
or unsubstituted aliphatic group, a substituted or | unsubstltuted
aromatic group or a hydrogen; and n is an integer having a va bGEB 18 about

1 to aboyip #4Midzfigan acidic mediumto generate the corlr(ﬁs,@g}z(}gg,ggéiee

sulfonic acid conposition, contacting the free sulfonic acid conposition
with a quaternary conpound to forma neutralization mxture, extracting
the neutralization mxture with a second solvent to provide an extractant;
and evaporating substantially all the solvent fromthe extractant to

2Rt T e B ehocn SIERES i Stiee S B a0 g or somite Bt X
PCT/ US20£3/pada6hasphudue beinfirogars; kadR Ri mdqpﬁwhawcbmp@saﬂp rstﬂﬁ;ﬁﬁlteﬂ o3 Wasdbktitulegd or
unsubst i d, ali hatlc or arpmatic. group; X cO |se 0S S
n|trogenamé %H”ﬁﬁ’ Hﬂgﬁ@ﬁdﬁﬂfk EB ¢%§%§g%p¥ﬁ%§f 3 8W“W%§Wﬁgt? EW?d

al i phat i gowy; swsOurRt ioe ugsrueuputeceafdmaﬁs gioip opeme@osdny am'nm hhsS£Galde SUdSht T 1ot ed
or unsub%tlt ted, aliphatic group, substituted or unsubstituted, aronmatic
group or drogen; and "n" has a value of about 1 to about 20. 15.The

met hod of Clain114 wherein the al kali netal conprises |ithium sodiun1
pot assi u r ubi di.u cesiym 16. The nethod of C aim 14, wherei
Free sul PoMiecmediotay! ChiBd4; Yhessn fng S0 el G P S PSSP eifittma
at a tengeesinir e of about 10C to about 50C. 17. The nethod of C aim 14,
wherein the free sulfonic acid conposition is contacted with the
quaternary conpound at a tenperature of about 20C to about 30C. 18. The
net hod of6. Teaingthdd of WHSheil f, heeiaCtheliffee RO BN PDEIG 0 isS tdn@drgdNvitie tiad
aci d, aﬁg % neric |d|c i on exg%)nﬂgf esins or a combination thereof.

F °p

"19. The Pnff ﬁ% 4 §MPERRES EVW‘HQ Qmis a polyneric acidic

i on exchange resin bearing sulfonic acid groups.
17.The method of Claim 14, wherein the free sulfonic acid composition is contacted with the

quaternary compound at a temperature of about 20°C to about 30°C.

18.The method of Claim 14, wherein the acidic medium comprises a strong mineral acid, a polymeric

acidic ion exchange resins or a combination thereof.

19.The method of Claim 18, wherein the acid medium is a polymeric acidic ion exchange resin bearing

sulfonic acid groups.

20.The method of Claim 14, wherein the quaternary compound comprises X(R’)-Y, wherein X
comprises nitrogen or phosphorus; each R' independently comprises a I substituted or unsubstituted,
aliphatic or aromatic group; and Y comprises hydroxide, OCOR®, and OR*, wherein R* comprises a

substituted or unsubstituted, aliphatic or aromatic group.
21.The method of Claim 20, wherein X is phosphorus or nitrogen, R' is n- butyl, and Y is hydroxide.

22.The method of Claim 20, wherein the quaternary compound comprises tetraethylphosphonium
hydroxide, tetra-n-butylphosphonium hydroxide, tetra-n- octylphosphonium hydroxide, or
tetraphenylphosphonium hydroxide.
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20. The nethod of C aim 14, wherein the quaternary conpound conprises
X(R)-Y, wherein X conprises nitrogen or phosphorus; each Rl independently
conprises a | substituted or unsubstituted, aliphatic or aroeba&tB@ldroup;

and Y cowiyionge1yslr oxi de, OCOR4, and OR4, wherein R4 Wﬁ%ﬁﬁ%o?%oz
substituted or unsubstituted, aliphatic or aromatic group. 21. The method of

C ai m 20, ' ' h i t _RLis n- butyl dYi
nyar oxi 085 PSBRLS UPRA Beet U R 2bhe UHERGRHo B G AF P hP b pound

conpri ses tetraethyl phosphoni um hydroxi de, tetra-n-butyl phosphoni um

hydr oxi dg, .t etra-n: _oct osphoni hydroxi de, or tetraphenyl phosphoni um
hydr oxi o e e U B R T v Bt 078050035 T mot hod
of Claim 14, wherein the pH of the neutralization mxture is about 4 to
about 6. 4. Th d of Caim 14, wherein the pH of the neutralization
ot ur o FsTikispodot bR, SsSeh aés.ﬁrﬁewi?@fﬁhwp&ﬁewatﬂncpﬁ iginlropfe
first sokwpdrofempickdaigilyyel &) arohtiéllydchBORL drénitheOMelest. tetrahydrof uran,

acetonitrile, C7-C9 aronmatic hydrocarbons, or mxtures thereof. 26.The
met hod of Claim 16, wherein the quaternary onium organosilicon conpound is

tetra- n-ZbGJIlHelyﬂnathh B@ﬁ'f Oaitdr gﬁ,i \mﬁi?rﬁyh}ﬁé :qha}{frﬁlﬁ@li)cﬁﬁtﬁﬁ l&galﬁ?b'iﬁ&n compound is tetra-n-
tetra- n-but osphoni,um 3- tri et si |l yl propanesul fonate, or m xtures

t her eof .bugﬂaﬂprﬁ%’flm}d 3ftrffﬁ?<tih|¥£f‘@P’F%’-aﬁ-e?ﬂ}f%aﬁﬁ’osFSﬁ%ﬁiq]PrPtylphOSphomum 3-
3- t ri met tiyktikiylpopesndsite onbikares @¥R0L. Si Ng:  contacting a sol ution
conprising a first solvent and sodium 3-trinethyl silyl propanesul fonate with
an acidic ion exchange resin to generate a solution of free

3-tri met2wA sicthyd @irmgkéngedtakd-eutylphossHotium@omibhR G isigpropRestbittd @mpading: r ee
3-trinmethylsilyl propanesul fonic acid with tetra-n-butyl phosphoni um
hydroxide to forma m xture having a pH of about 5.0 to about 5.5;

ext ract i cogtatthg aBokitioh @ompridinga SR S91kns ldveBiunt DtrfredtiNl AR Ipeophficaaifonat with an
conpri si hg.t.etra:n- bu.t¥l and

hosphonj um 3-trj met hyl si ] yl propanesul f onat e;
evapor at iR 'SHBEPaRE o8| ‘i/gegfsrlag(?fsglf“?‘f@ &R et yéﬁ‘ﬁyipﬁﬁ’gﬁ &’é{&afa}ﬁ;t to isolate
tetra-n-butyl phosphonium 3- trinetllylsilylpropanesul fonate. 28. The net hod
of Caim27, wherein.said_ first solvent conprjses ter, Cl1-C4 aliphatic
al cohol <4 %Bﬁ&liug‘?’h? free 335?’8%?/1?’?3}}?’?8?*‘“@‘-1’1@910 %ﬁ éetWS}H'i’%g}P"B@‘r‘?gl,umor
m xt ur eshydveide af forn2 ® mbnere EBLARODIDEE 26bRiIS Mt dhoutIEr €i N t he second sol vent
conprises hal ogenated aliphatic and aromatic conpounds, aliphatic and
aromati ¢ hydrocarbons, cyclic and acylic ethers, or m xtures thereof.

extracting the mixture with a second solvent to form an extractant comprising tetra-n-

butylphosphonium 3-trimethylsilylpropanesulfonate; and

evaporating substantially all of the solvent from the extractant to isolate tetra-n-butylphosphonium 3-

trimetllylsilylpropanesulfonate.

°28.The method of Claim 27, wherein said first solvent comprises water, C,-C, aliphatic alcohols,

tetrabydrofuran, acetonitrile, C;-Cy aromatic hydrocarbons, or mixtures thereof.

29.The method of Claim 27, wherein the second solvent comprises halogenated aliphatic and aromatic

compounds, aliphatic and aromatic hydrocarbons, cyclic and acylic ethers, or mixtures thereof.
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22 - 6 FEB 2007 WD 2004/013218 PCTI US2003/ 019602 30. A net hod of maki ng an
antistatic thernoplastic polyner conposition conprising: conbiang %

quat ernary oni um organosilicon conpound with a thernoplastic resi B'W7nelt

wher ei n ﬁ@ﬁmm@@ggﬁ95|llcon compound is represented by tder{;95ddhosodl R3 R1

1. S03 x R wherein each R |ndependently conprises a substltuted
or unsub t hatic ar aromati c oup X ..conprises phosphorus or
nitr ogenﬁ) i&f ‘%W%ﬂ%ﬁ@ﬁ‘&fﬁﬁf‘? §;‘G’E%OE%F “?fr SOt AOBMTIHPE uns ubst i t ut ed,

al i phatic or aromatic group; each R3 independently conprises a substltuted
or unsubstltuted al i phatic roup, substituted or unsubstituted, aromatic
group or HOHAE LYaiTma Od“““h"rg%é@l 1500 copaungsvitaahermeplagiic r%?Hb’E}tmeg‘OW hegain the

met hod o&gamﬁhmgcaﬁmaﬂimsﬁﬁ£Mﬁaﬂhﬁﬁamahﬂ§t|c pol ynmer comnposition
conprising: dry-blending a thernoplastic polynmer with a quaternary onium
organosilic ﬁfconpound wherein the organosilicon conpound is represented
by the fornmufa: L3N~" R2 f "RkR3 R n wherein each R independently
conpri ses X EUt d or uhsu SRJt ted, aliphatic or aromatic group; X
conprlseszgﬁosph LIS

SAMt rlogew? eath R2 independently conprises a
substituted gf ups
i ndependent |y co-

bsfi t ut ed, ah phatic or aromatic group; each R3
Egs S a su stRIEt unsubstituted, aliphatic group
substituted or u aé
val ue of about 1 to about 20. 23

thtuted,™ aronmati cMgroup or a hydrogen; and "n" has a

wherein each R’ independently comprises a substituted or unsubstituted, aliphatic or aromatic group; X
comprises phosphorus or nitrogen; each R? independently comprises a substituted or unsubstituted,
aliphatic or aromatic group; each R* independently comprises a substituted or unsubstituted, aliphatic

group, substituted or unsubstituted, aromatic group or a hydrogen; and "n" has a value of about 1 to
about 20.

31.A method of making an antistatic thermoplastic polymer composition comprising:

dry-blending a thermoplastic polymer with a quaternary onium organosilicon compound, wherein the

organosilicon compound is represented by the formula:

P

i

@

wherein each R' independently comprises a substituted or unsubstituted, aliphatic or aromatic group; X
comprises phosphorus or nitrogen; each R” independently comprises a substituted or unsubstituted,
aliphatic or aromatic group; each R® independently comprises a substituted or unsubstituted, aliphatic

group, substituted or unsubstituted, aromatic group or a hydrogen; and "n" has a value of about 1 to
about 20.
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