TI TLE ELECTROSTATI C DI SSI PATI VE TPU AND COVPCSI TI ONS THEREOF BACKGROUND OF
THE | NVENTI ON [ 0001] The present invention relates to electrostatic

di ssi pat iwe 20hiennatspl asti ¢ uret hanes (TPU) and conpositi @eas/ushenssfoso

[ 0002] The formation and retention of charges of static electricity on the
surface of nost plastics is well known. Many plastic materials have a
significant tendency to accunul ate static electrical charges due to | ow

el ectrical conductivity. This type of _.formati on and retention of charges of
static electricity can be problematic. The presence of static electrical
charges on sheets of thernoplastic film for exanple, can cause the sheets
to adhere to one anot her thus maki ng T?Er separation for further
processing nore difficult. Mreover,thne presence of static electrical
charges causgEUUBOSTATACMRISSIPATIVEMEPPackpdeOMPOSITROAS THEREDH or

exanpl e, which may negate any sal es appeal. [0003] The increasing conplexity
and sensitivity of mcroelectronic devices nakes the control of static

di scharge of particul ar BACKGRAWNDNEFdIEE INVENBIOMdustry. Even a | ow
vol tage di scharge can cause severe danage to sensitive devices. The need to
control J0891lc chhe guctsat Iavgntindrdrtss i Patlperotitie dissugtive decimplastit r e
assenbl y L gygriqﬁy r otnlﬁﬁ% : i to be constructed of partially
conduct i vlggt\rfr%{ler al s)%n(r%ldcl or e lecgﬁ\r/%grt%ggi c discharge (ESD) materials. It

al so rmay [0862]i r e Thhdéornedtent anaistetdnitionprfathecdes wé spackdgascity ohehdexdsge

casi ngs, q.nd covers be r’rﬁq&fro ondyctive tpo.I ric materials to store,
ship, pr RSt POFSUSH pHBet B0, r V@AY RIIICCBaCHA G dpieRticaphisag e
preventi qp QfuhbRtdULlidYRAicat cRliges 8LEES Id w6 alccti@l 988dwdivety. asfymeat e on
pl astics during manufacture or use has been acconplished by the use of

vari ous EgDoaddiion ved refanthomefl gharigss af s@tiagdentycigndaESD proglcadiienthe These

additi ves can be .applied as oatin ich be .sprayed or di oat ed on
The ot a3 MRl Flel il R G 80 R o T RE RIS R, B e o5
terrplor ar )baﬁoéd&!ﬁs% QRe y%b&@rtgaadt,h?é )totc_tﬂkle&@odtﬁ&_t efusahs kmantheer h{}ﬁt@étngf ased into
a pol ynmer_ use 0 -2- make the article during processing, thereby

p][ oVi dih nduethgr ?a@@slslﬁﬁamgr@ Bffiqydt: meMerrayer,| d@O@]ffH@?%fi/é)rf, stete ¢lpeieplor at i on
(0] Suc (0) B p r e S

0 onl onrs ARSI sl AR (TATbL ALY G AGFNR) RSP ERLRORCLARAS,
processi ngaphegmstinpedlysepeaivi | | of ten danmage or destroy antistatic agents.

Mor eover, nmany ESP agents are not mscipble with the matrjx or. base pol yners
in which A& ar dhgsidgreasingseompleyey SeRsAlAvity A ehiealeRBPHSDITYIES® of t he

pol yer .l AROISoFOR B Al (dAGHRALY BB parfiSulbf 2B SIAMAE AARRkccan
mgrate or diffuse to the surface i ng processing and deposit a coating
on nol d sudisiges,Eywassiloly vdbsga dysichegrgehears gnfisgc ecvieirqidaimagn toheensitive

manuf act uy ed pa bei nol ded, I n . severe cases, .the surface of.the article
becomes d{Fand MARER &1 SOOI At ik JRTEr MBI Dot b B e et ymReLeals al so
ei ther calkiedi Hs@hbBNIAMrEnthENtNFE U Bese TAERBAIENDS doBBEHuéted CatipartidIs
degradation of plastics, particularly PVC, and result in discoloration or

| oss of plepdictaie pmatpels hed/or Adkhittostuial dipelobge tEShinedtcdaln. olcalso wayn ESD
agents include |1 qgss _of eir ESD.capability due to evaporatipn, wear and
hei ng. TR Sl PriRL RR ekttt Sah BHEREF ohf RorEest r ess
cracki ng mide Ifiash Nébrdctihe foalyhate Mhteainlsatd i gbe, 1 Mif0ptasdt, Wrt buppoet
article of manufacture. ESD agents may al so be very sensitive to noisture,

| eadi ng tdeqtEalceHIcEs RBE CAYPHESSE i n applications that expose the agent to
water. | The a a of hi gh. mo| r i.aht ESR agents
in the p(r)[lgg@]art&ﬁ? nﬁgeg%gt\r{ﬁ&ﬁ ﬁéggg g@%’l‘pt iovfgssg%afcg : Cg}g%ﬁhicéﬁﬂg%gl \évgﬁar

wei ght padcynmuktobn ldsyikederioX nth@ubictwicrirluae hambedn adconlpliskedpbpplyd esee

oxi de, epichl orohydrin, glycidyl ethers, and the J]ike. It has been a

requi r emet VAT R apanhighic merriungy Erb) graredvarter i dhese o
over cone 46\ hels, iéélt@sdaffgaﬁﬂ% WHigH @idyOohe s?éégg&”o@tdiﬁ'&o%q/ & ihe
thermal stability of the ESD additive. However, thése prior art ESD

addi ti vesarddenaftethaaaubactiesi raéttiobghh ahsentegiote @suadlyectlisaln @otwlystranyi ty and
acceptabl e | ow | eyel s .of extractabl.e anions, in particul ar chloride,

i trate, SHEShaRlS Il TosE SatgfiE hah pedbroPe et SIS @ BRRRAIGE: ur ed
articles containing such ESD additives to have unacceptabl e properties for
sone end uses. [0007] In addition, there are exanples in the art of
certain polyether thernoplastic urethanes that have good ESD properties,
with and without the use of antistatic agents. However, polyether TPU
conpositions generally have poor properties including poor phase separation
characteristics, difficulties achieving




-3- high nol ecul ar wei ghts, inadequate conpatibility with nany other types
of host polyners resulting in poor physical properties, and poor heat

per f or marwe 20aki4eTH6t hem unsui t abl e for many appl i cati on®CTRSky 109580 TPU
conposi tions generally have better physical properties, but poor ESD
properties. There is a need for TPU conpositions that possess both the ESD
properties of polyether TPU conpositions and the physical properties of

pol yester TPU conpositions. SUMVARY OF THE | NVENTI ON [0008] The present

i nvent i orm#rovheledtisle dusiagr pracgsiieg.ditbyrhat Prosiding rsrogralst i Bepwviry upfet hane

(ESD—TPU&W%ggRaﬁktion made by reacting (a) at |east one polyester polyol
internedi'ate wth (b) at |east one diisocyanate and (c) at |east one chain

ext ender .[0008] poHpesiver, thointolpdratier o shicht ESDayatbaald€ESDech d/sromtataticeast

one di al kyl ene glycol and at .| east one di carhboxylic acid, or an ester or
anhydr i dé'SRE @qu.enfmsrlﬁw%g@we%vE% ?W@Ps@eﬁﬁ%@ited%%eratuﬁ?sof@aggeifornaki ng

such ESD-chRUL RAIndI B Secdif o GATMROS! fd19R%rd W8l @Fen dHRR] JNGetRIPARIstdtRNS Of

the present invention may further conprise an effective anount of a netal
cont ai ni mgesal t MaocoaucepgbES Dekheatts agt atot ontcdé path dinc pnapsr o1 base

0010] Th itip. f th t i ti b | bl end
Conpr si 5 HESEan H8E GowierRionthedepeat netbien i sk MATRLY Toast
one pol yngé pbagter, bPBlchldIRenRiEaSMhe bONRT 8NtIR SRIsPIRVALRS Shepedate

pol ynmeric articles where the artrcles conprise the ESD TPU conpositions
descri bedrhbffgpnto theTmrfaep dDESERIrPIISENECRATIP OB INVENREIOR o] BOlidurétdcsus

feat ures gnd, crodivent s, 0f,khe KINEL 80 Mlle 88 desor ybed helgw by, way of
non-Ilmtlngl ust raty on. e ectrostatic SSl patl ve er nopl asti c

Pol yur et hanere cds@918leThafalcest tipstaaidle Whcsmicpatilyy and hasmdyibabt i £ large
pol yur et hane (ESD- TPU) pol yners used in this invention are nade by reaction
of three TSR At ANUSEREC RBERIS 318 A PQSIthES catinje s piengo Iy Hpturpt dhessdi at e,

e sSconAehakigt L oL SGEIIB o1 ARAATGHNG SIF iy iy Sl

pol ymer atigdodsraconpodoss ehshysie @odpoatict. ha daiteeahtproblems which can occur
with ESD agents include loss of their ESD capability due to evaporation, wear and
rinsing, the development of undesirable odors, and the promotion of stress cracking
or crazing on the surface of an article in contact with the article of manufacture.
ESD agents may also be very sensitive to moisture, leading to reduced effectiveness
in applications that expose the agent to water.
[0006] There are several examples of high molecular weight ESD agents in the
prior art. In general, these additives have been high molecular weight polymers of
ethylene oxide or similar materials like propylene oxide, epichlorohydrin, glycidyl
cthers, and the like. It has been a requirement that these additives be high
molecular weight materials to overcome the problems related to the migration,
evaporation and/or the thermal stability of the ESD additive. However, these prior
art ESD additives do not have a desired balance between electrical conductivity and
acceptable low levels of extractable anions, in particular chloride, nitrate,
phosphate, and sulfate, which in turn can cause any manufactured articles
containing such ESD additives to have unacceptable properties for some end uses.
[0007] In addition, there are examples in the art of certain polyether
thermoplastic urethanes that have good ESD properties, with and without the use of
antistatic agents. However, polyether TPU compositions generally have poor

properties including poor phase separation characteristics, difficulties achieving



i nvention have dramatically inproved ESD properties conpared to
conventional -4- polyester polyol-derived TPU pol yners, and nay al so have
i mproved Wwhysiloab75pr operti es and/ or inproved ionic cleaRrCrsssopsoperti es
conpared to conventional polyether poLgpI-derived TPU pol yners. I n one
enbodi ment, the ESD TPU pol yner and/or conpositions thereof of the present

i nvention have ESD properties at | east conparable to conventional polyether
pol yol - derived TPU pol ynmers_and/ or conpositions thereof while also havi ng
physi cal tpebpeelerdar avrdgios. insdreuats camprtbBEEY prbbenanesther typessef dgbpar abl e

to conve t: e P Ln&P i ons
ther eof - [BBLEPIHSUNEE (FincR? phot Aok ek TP BLATRES AR GO FRRRE L OT e
present ithsaninisonaliiaver masynpplieatioas Poiyestey TPU oempadigdothgeneradty batcow,

1. 0x10" and/or. a volune resistivity of no nore tha bel ow,
1 OxlOlZQt{? ¢ DR CHe PERDETHSS, r@asmOédng) RSPRIUS®25 710NN 5 £HRT<Ceftiod PHent 5.
the ESD- Td°H1pQ>@l WHRth @és!stﬁd%ﬂsthé‘ﬁgﬁ ﬁro?'éftfe%ccﬁ” 1|5cﬁ§étﬁ%1‘ YLy Rhpd\Rismy e

t han, or below, 1.0x1011 ohni square, or a vol uhe reS|st|V|%y of no nore
than, or avditbevphysiOud 0dgcrohsotpolyestet EPU C[O(Dm;}miﬁﬁm ESD- TPU pol yner
conpositions may al so have a , t han about 1 second,
or about 0.1 seconds from 1066V et at 50% rel ative

hum dity (980819 aTabraRdt Biv%hﬁo mdntlaés a@@fyc%st@t@tcﬁﬁsﬁﬁ‘atﬂ%&ﬁ&‘rnﬁé}ﬂ@st&f | ess
t han about 1 second, or about 0.1 seconds from 5000 Vto 50 V or from-5000
V to -50 polywustheeadBSBITRY) regeposition madn byitgheting (1) atTnest x@e@olyona7] The
ESD- TPU pol I . conmo |t| n QP98 8E83, AN, 0 of . the physi cal
oroper 11 00 YLy BER PR MR TP Y LR ERBBET Tl RS, EBRE IR PR R ne
or nore afxtdrier. ESﬁl@ﬁ)@l))&fstdreﬁolﬁ@lSﬁftbtﬁ%ﬂlﬁbQ\dey bEheeﬁ%mMIa@rlemyoﬂbave a
har dness of at | east 60 or 70 Shore A unpits, as neasured by ASTM D-2240.

The conpolitkylsienalycolapad att asti pee stisahegrricopcidy qreastestey, or gnhydridsr even
17.9 MPa ORQat r V 00% as
measur ed E§%32T§ﬁ5}%§%%ﬁfﬁ% co%ﬁ%g? ?%ﬁaﬁbgp‘Q%ES%Q%f%$§29£§g?S§% Egﬁof at

| east 5, pawiyrhes dod/adumpoagiomeakerced by ASTM D624, using die C. The

conp05|t| ve a Taber loss, per CS-17/1000 revalutions, of not nore
0008 ndf¢

t han, qoERosEEpns48f the RIGH @Vﬁﬁtlo%én% QP SBYPPRETMD- 3389
or D4060 - FRctiTBAERTP B ial i@l %Mta‘ﬁﬁi{g sl 9hte Sﬁé‘tﬁ‘é %%tﬂ&@ﬂaﬁ%%?sﬁ AMInght  of
from 60, 000 to 500,000 or from 80,000 to 300, 000. The conp05|t|on may have
a nelt flmoepérhidex of | ess than 50, 40 or -5- even 35 granms per 10 m nutes,

as neasur ﬁ @ TM D-1238 Procggﬁ%e h rreI te era re of 1900 and
a 3.8 kg [§ L9lon |880°°‘T16%§1t§1115 REHE, 1H’§?ﬂ Sl i YRRy %n al so
sol ves t %Hﬁfr@bﬂ%@ﬂ@ES@JTPUnb(ﬂﬁpgs'iﬁblﬂoHé’ﬂ@ﬂb@dﬂe&&lﬁ%n@'ds@ltﬁaéﬂ [Rgst one

unaccept ably hi level s of extractable anions, in particular chloride,
nitrate, ]ﬁ%ﬁ@ﬁh $¢; fluoride, brom de, and sul fate ani ons and ammoni um

her oof UL coTRERECAERL Bob § 5o oy Lo BRI fo BRE S s OB RTH B

extr act abiréiclencomprise &RUES-TRORLiNPesigioas deatibal lhesdix. of chl ori de ani ons,
nitrate anions, phos-hate anlons quorlde anlons bronlde ani ons, and
sul fate anions, and PEJANLEINDE B0 INVENTIENN or | de ani ons, | ess
t han abo 0 p Malele! of
sai d phoggggge aﬁ?gﬁgS%@ag(% %%9% b%ahﬁout(ge%%o gﬁt&¥Qgglgeg%$?ate
ani ons. Tiedowolyyest ef ndelivoting idtetrtdnat e. [0019]The pol yester polyol
i nt er medi te of the -besent [ entlo . d-r|v d fromat |east one
di al kyl ene’gt S EHE0R ¥cid, or an ester or
anhydr i de{ohi‘ﬂr eOfThe[ Q@%@&&Qec p@i'sé/iﬁéttl@er tB@IlnY&Blaétf&t opdt@hkes afshhepy esent
i nvention may include

polymers used in this invention are made by reaction of three reactants. The first

B Y

reactant is a polyester polyol intermediate, the second reactant is a diisocyanate,
and the third reactant is a chain extender. Each of the three reactants is discussed
below.

[0014] The ESD-TPU polymer and/or compositions thereof of the present

invention have dramatically improved ESD properties compared to conventional



at | east one term nal hydroxyl group, and in sone enbodi nents, at |east one
term nal hydroxyl group and one or nore carboxylic acid groups. In another
enbodi merwp 2whe@4psbyest er pol yol internediates include PoO/USREI0I0RHBE

hydr oxyl groups, and in sone enbodi nenjys, two hydroxyl groups and one or
more, or two, carboxylic acid groups. The pol yester polyol internediates
are generally a substantially linear, or |inear, polyester having a nunber
aver age nol ecul ar wei ght (M) of from about 500 to about 10, 000, about 500
to about PdpBicropolypl ramsht PLloowlymespaud mepelser aéi%dﬁtPYQE@bPhp’@G?l] | n
some enb : t i.at Y Ci
umber . Qeprae® ol af R R RloiRlnc FEAEYR Bolfifed Y Fp n8pac o

aci d nunmqexydtber rpbgzormilem&sdi eTPPolpybimdrat erlﬂedmfateenbmlymgemeﬂhal EgDpTBUI de

i nproved h droI c st abi I|t in %gtfefr sul ting. TPU poly The acj.d numnber
may be dét% B&C%@W%@ PhilgC PEFIH &1V§§“Pﬂéla&ﬁ§r$tl? PiPRSttighase,
expr essedat'l@as'fncb ;pgfa%mstooéo&@haéﬁeu%wgé%@sl -bhated PPOSRHLRER hiudi trate
acidic constituents in 1.0 gram of sanple drolytic stability can al so be
i mpr oved doynpaddiong thgrdo Hivpilieaalso- Bavisg @byd;lczleprsptlmles hed/‘bPllbmhlorLd:anémeSSKnom

to those skilled in,the art of formulati rrers yl ene
ol ycor s SUPPSES Horcberipairbald hgnt st yedfy eﬁﬁmh ate o
the presglyhenandi@toroshRndlthdbatic, cyclo- aI i phatl c, aromatic,

conbi natlons thereof. Suitable glycols may contain from2 or 4 or 6 to 20,

14, 8, 6 [691511 cahbowms emhodamentsn thoneSenbdi pelymer negmpeitionn of the 12, 2

to 8 or res nrt 1n entl%lil Veena 45u% Eeb(ljrn SEVq ofln% S%neetl(laarﬁb()dl nt Sl (}xt]%”
di al kyl eﬂj ycoY i'nel Udes oxy Hianol, °ai et]ﬁlyfene gl yco ei Vi propyl ene

glycol, ?olﬁn/@éfl)aﬂb PArRIPGNa 1V(Q{1medrb§wﬁi\}ﬁ|t}e Be ng|rﬂ&@|tha@ror0mwmlt0k®0]§ dhiner eof .
I n ot her enbodi nents, one or nore of the dial kylene glycols |isted may be

excl uded @Pﬁmef%eabﬁ@@éhﬁedll?ﬁvéﬁIMnD Blenls oficrispbasimepise th FEB-§PHay be
d. | nat
Wt ho TRTaTES AR ha KRLAR L NG ALYGRYS niBRY uDR, BEEGoWT 1 FATE Tar ! on

gl ycol usrﬁxﬂn/sqnqme eparer & velymd yesdtaitypef yolmdratteanyeditaiev) s. okl @€ adfim-

nmonoal kyl ene % cols. [0023] Di carboxylic acids suitable for use in
prepari ngcef1 g b%l yester polyol internediate of the present invention nay be

al i phati qoofy|c! OTRE IBRIFRAITPE; pﬁ&ﬁ@%b&poﬁﬁoﬁ@ﬁﬁg%@% RAR 4 fehiealcayS4id oI €
acids may contain from?2, 4, or 6 carbon atons, and in

sonme enbddssrtban gbcmwtyl swandi o dboud0 ﬂEfseceﬂndsofrcllta 1090t\6t@ 100V evmpadirehatbon

at ons. nts t he dica lic.acids,,ncl uccinjc acid,
o otari o 2P fBa B BRETER Buingef EOL AR i Supl § HE R Al o
sebaci ¢ ggisdthafl@8e6RNEERAIC 0REbSLt 0. 5 ABEYHIR fidin 300d,V te&Bsephbh&EIne - $300d,
cycl ohexane di carboxylic acid, or combinations thereof. In other

embodi menY $0 -Bh¥, ay mepsuedat {16 fél%laﬁ@@%ydh“% P BMS 16kGd may be excl uded
fromthe gp ﬁent ThEVET '1% 6)%%81? ?tlgnessltn%g at[fé)o ¥8§se%§q 6L TR gesy of the
ve 8 deri Ve ste

present i'nvention may al SO roman rtor-an ydr| e°'6f"one or

nor e t he tle qaiybRYY Iprépcattydesteird badwahnadar cabbdinaintoms combsuaion
mat eri al s. Suitable anhi[drl des include succinic_anhydride, alkyl and/or

al kenyl s¥idRioRF OTamRYIPT 88 ESIt REANCE GinfigAgFiPEe aaﬁaet&heaww%%@rhan%
anhydri d avb% Hi?es%"lig%@' %ﬁggg?ﬂg%e’s b% hﬁué‘%‘ RhCas@fd by gﬁg\ﬁﬁ) 9bapo or

nor e aC| e use e polyester p i nt erme tes of the
pr esent |Ttwecm:mm1tmrem|ayé1|aae ederyylerse@a g ihnaf ameasoﬂomﬁ e 7odr dviee 1di.BAMBa ene

o Yool decer LS SOYR, LA 5PR 2L TR B08] 4l 8 SBCOBKL e aci e desor bed
embodi merd STMPLE A haRe @Bﬁpﬁﬁ'ﬁioi{%e%nha&g a Yri6Q! tehSvalué-of at least 5, or 5.6

kg/mm, as measured by ASTM D-624, using die C. The composition may have a

Taber loss, per CS-17/1000 revolutions, of not more than, or less than, 100, 50, 40,

or even 35 mg, as measured by ASTM D-3389 or D4060-95. The composition may

have a weight average molecular weight of from 60,000 to 500,000 or from 80,000

to 300,000. The composition may have a melt flow index of less than 50, 40 or



used for each equivalent of acid. The preparation includes (1) an
esterification reaction of one or nore dial kylene glycols with one or nore
di car boxywobeona4arseor anhydrides or (2) by transesterifiPCaitseonsmst i on,
i.e., the reaction of one or nore dialkylene glycols with esters of

di carboxylic acids. Ml e ratios generally in excess of nore than one nole
of glycol to acid are preferred so as to obtain |linear chains having a
preponderance of term nal hydroxyl groups. [0026]In some enbodi nents, the

pol yest ercvedl JpoBrank Bermb@inainatess ag mecapniedent AShM PT84 8] Rrogadige s at @
combi nat iyQp.J é‘r{{lpqut%rggf &R de(yg égﬁ?&&’l%'ad' nt er mredi at es and/ or
0

polyester poly I nternedi ate one or nore pol yester polyo
i nt er medi[@0&8] dein yedc fenchudpatkyte) ﬂleopﬂeedsnttihaenttdmsleo debesithegpretiiomedf. As

used herein,. the yes ol yol internedi.ates of the pres i nvention
may i ncl RPN QfﬁPepeﬁyr%?y@@& Pt a0 ggweg h@Paqqem@Ebveshlg ey ot
contain %kﬁécﬁ@le}/ﬁ{lbﬁg 1h'p'a¥t?&€a§r Hloril & IR, PAOG LA M ridPPhSntil&Nn0%

pol yether |inkages. In other enbodinents, thé conpositions of the present
|nvent|omuhhe:subm@amuiahhymMnmecanonﬁrehl@hchpnhWEhMEnwpthOESD TPU

i nternedi at e such eri a not used i e arat| wher e
pol yet nermOBgRForna A dpmEdr5o8s Tage0 Barhisss: o Ao tronBD Aie bt i

cont ai Ni NGpPNMoYalRRMELBRY arlib KRGS ure @ FrofPiNcalrBi e kBSS bhailofle afifdns 20, or
even 15 percent pol yester |inkages. The Diisocvanate. [0027] The second

react ant mtsatﬁakelonhepE@mlmeaefontShufbwm%@emmeh broraiddi snjorsyamad sulfgig t abl e
dii SOCyanatoenss I n ?petharg ai)o%rf)%{) :gg)e;j If4 %%f géﬁl%?‘ltdgsaln§?un%h 1 &R :than_about

4, 4 nethy ene henyl T Ssocyan ( ehediTsocyana e (XDl),
phenyl engypb, éﬁ@hdl Sﬁﬁ@tamﬁicﬁs ﬂes§tmpdﬁdila|6§(]l)¢) s6 60y aphbephate anions, and
dlphenylnetha i met hox -di i socyanate (TODI), and t ol uene

dllsocyaﬂ§$@3éWEP?ut%QWMEPWOE§“@§P¥3@VWﬂH§t|c di i socyanat es such as:

i sophoro db i S06Y2PAE1 kBN st 4- cycl ohexyl diisocyanate (CHDI),

decane- 1q@%Ldiisvcyé%%re—Jgexawerh | ene diisocyanate (HDI), and

di cycl ohgR919et hahe-phlcstei pskyoyamtatrﬁedlhre sbHnke erixedt eviinsiont Bsederived

di i socyanate i yl enebi s( nyl isocy na e) (M. I n ot her

embodi ferlf&n & b gRaoens Kool feﬁeylaﬁ%toeg i %V%%ﬁl%eorew%re%r from
t he preseg&»aggggk*&g- [0028] A mixture of two or nore diisocyanates can be
used. Al so, snall anounts of isocyanates having a functionality greater
than 2, 40820las The plomgmmﬂm igtemmbéiateseaf thogetdvot iwemhonheay include
diisocyan tes., Large ano of .isocyanates with a func of 3
o mor e dhons B8 dosrBek Tl by by Bes e FRUBIEYHo 1SR oos
l'inked. Tbeni&ARIdFRKyENG6Ip anld0BRO]oPUnbaDIcBrioRalid £Xd aitdgss ichmsiredl ycol s
and can be aliphatic, aromatic or conbinations thereof. In sone

enbodi rrerﬁtHSbOdthén‘feHéﬁnP@X@%ﬁl‘d@Pb’Oér@tQjWétﬂt@ h@&ﬂ% typotarmina bysaxyli2
carbon at 301 0 n are

| ower al i ?ﬁﬁagsl (:a%gr8 orté)c %‘iﬁﬁpegl yco 1§yd£(\§“ nggqf)x‘% £1n('it:)%l %ﬁ%fér% gﬂ‘%’lo
carbon atdaﬁb?ox@rmld hoidl geupsf orTh odpsesr @bl eimeergledtnts o8¢ egdngtsne ogl ycol ,
propyl ene Blyc di propyl ene glycol, 1, 4-butanediol, 1,6-hexanediol, 1 ,3
"but anedisypstantislyp Sneagnebiigrar, po es‘i?f/élﬁ‘cﬁlﬁéﬁaﬁ‘el%}b%%‘f?é‘f‘ﬁﬂ molrsgFEnvsighty col |
and the | t Ng RX

1, 4- but aéﬁﬁo?.ﬂfgo%@?@%ow tu%)}((:)odb? %ggﬁta Cﬁe usec??) gsld? ﬁi"“& ag?lrl]t

ext ender 1000rakbottFH0DPLE kbwlt2d0Ag benzene egcoI and xyl ene glycol. Xyl ene
gl ycol is re of 1,4-di dr ox th I zene any

1, 2-di (hylaﬁ%ﬁlyrre w%é}%ﬂgﬂ&é P& ML %ﬁop%ogéeﬁerme%arwama tifiddow

hydr oqui NREnuRbl REERaL VAL WML @Yl@s@tﬂl@eﬁ{ 18] 5P Bfinl0. & A low acid

di (2- hydr oxyet hoxy) benzene; resorcinol, bis{beta-hydroxyethyl)ether also

known as munghedi (02 Hnydp@byy@bhﬁdiﬂnu@%medwc eohyp| generally provide improved

bi s( bet a- hydr.o ether al so . kno S 2-di hydr,o hoxy) b zene
and(conbi QFﬂgﬁ E%q 5035 UAg Wﬂﬂ?ep% ﬁi? ﬁ% é@@g 1%3
used as tdwerﬁhﬁédlbﬁx&men 4662650 KPR fRfedt i @hel qivaRty) 8Nbadd) e§ﬁf$sed in

an

enbodi nents, the chain extender is a mxture of 1, 4- but anedi o
1, 6- hexariediiglams of petheriumripeupreattbat Breqeiredrs direfe sdidicchmistituentseider s

listed &Y %?an? %?lsylgﬁf% fﬂl?@o&ﬁﬁc s%l%ﬁ%paaﬂ NNSBE iil%Broved by adding hydrolytic



[ 0033] D am nes may al so be used as a chain extender, as is well known in
the art. In one enbodi nent of the present invention, the chain extender
cont ai ns WOdDaM4nEB6as a co-chai n extender in conbi nati oRCHiUSR010/081066 nOI €
of the chain extenders described above, In other enbodinents the present

i nventi on does not use any diamnes in the preparation of its conpositions.
The Process of Making the TPU. [0034] The three reactants (the pol yester
pol yol internediate, the diisocyanate, and the chain extender) are reacted
t oget her stabifigirmte Hbe HiPGh whicleatn krowpitgHhowsekilted)ipfthe grtsofi frandatare  Any
known pr ?ﬁ@'tﬁ&sr eact the three reactants nmay be used to make the TPU.

I n one enbodinent, the process is a so-called "one-shot" -9- process where
all thredq0022ict abDidkgicac aglgleds tsmitableeXdrr usterin rpapdrarg and posastee dpolFbie

equi val ent  wei ght appunt of the diisocyanate to the total .equivalent weight
anount ofmtqﬁ@eﬁvm C RBHPATHICHY OB S0 AtiRIatch sy Clpa 11’?%0’;?6%‘@%9@?1“ pol yol
i nt er medi @i idthrishecChAl BuRXSIEMARIO1 UG Yot frobi 2 fdr 0y 2 9dib0 01 T to about
1.10, or fromabout 0.96 to about” 1.02, "and even from about 0.97 to about
1. 005. Rewmct cohot efmrey, andriesourkci dnzxidigeatsunay hameinc2tall§s? te &rorlfe 4f toom
about 175 degrees, C to about 245 degrees .C, and, in. er embodi.ment from
190" degr de S EE LS RagPEES Al YoabIaTEanEal yht Bk dEhe SNROIETCst al yot
can be utdxyldzaRéthhfoll eafkhyibee dilySecy ANRbEywhE h 11 PO Yot elpropdnt 0lol,
internmedi ates or the chai'n extender. anpl es of suitabl e catal ysts include
t he vari cliButyldag| gluerlnes combinptions Hrareofor Ingotihgr cmhpdimentheoms afmeicseiut h or
tin wherejn the alk rtion has from,l.t.o about 20 .carbon atgns.wth
spect 11 c LRaPUE ¥eBR R DrdS e B Masa oot B hrsten TR PIRa ™ AR HE 1 ke
Pref er r edwoadithivst $1ydatd uds bhesydr Iusnicl dmbediadnsd, smenulikydons LRRBOUS

octoate, dibutyltin dioctoate, di butg'l tin dilaurate, and the |ike. The
amount ofM&y8n used Hl gembinatiga vk the digHaienc glyeols deseribad ahongt 12oother about

200 part ] i . | hage
form ng REARAREh! 5 A3 U R plodfrd BT Ehg ol BRI IS

pr e- pol ymeongailodessglykalst he pre-pol yner route, the polyester polyol

i nt er medi are .reacted with generally an.equival ent, excess of qne or
more dii s[ﬁhgglnat SELRY ngér@ﬂaﬁfeyﬁ%%/ USSIt reaarﬁsgnﬂ%ﬁgpm@étearpﬁmleact ed
dii SOCyarlﬁ{e?mte@l%feebpthe-g}@seﬁl?%ﬁle'nﬁﬂn'n§a @é‘@ﬁﬁﬁdtb&, %@élBla@ hlt, AbmhEEPGT at ures
of from about 80 degrees C to about 220 degrees C, or from about 150

degr ees Condiadouns tROGofle§naelc@eids mine contemefrom Bf4,2orstuia 2Bl B, e fane
catal yst. ubseﬂuentlé,. a chai n extender, as potzﬂ agﬁ\é‘?’ iLs? %dtde in an
equi val erfET oSy AR A ISP R I fhiEay SoRiMR At 9 §? ddpd BB 1 as
to any fr&enof cb&RceHsdi 1o ahboppaNdse dibabexEiRlakidaichalent
ratio of the total diisocyanate to the total equivalent of the hydroxyl

t er mi nat edcpoiy eeide gdutane ackk ashpicnaceskt pieRdic peids Rukerior aerlaberleic0add, t o
about 1. f t 0. . . 02 .an fr 97 to
about 1 oeveth clhARREHeaRaP be! P BBRhalts BgE P EYERiS G D8 R
about 18Qickatoedsc feitloBbobindBOnda@iass 1o, ot@tr Embodiakow, cadbrdagicess C to
about 240 degrees C. Typically, the pre-palymer route can be carried out in
any convehe disgshoxgdigiastdsilingsditn e clided Gpsr the presiié A EHH8AI ment's, t he
pol yest er yol T J i [YE-! of a
i1 Socyaraleth o Th el B AR e R bt brgrP I ALE Tha PURERE. ©7 5.
sol uti on denived thse guentdryortahbydiidd of ext endere itlee dddddxgtic acuowiestn team

portion and reacted with th r e- pol r solution. Any conventional .
ext ruder LANCHY GOPPINZEADS ioﬁc&fg‘i ﬁat%}r??%-uéw@laqamhaﬂe R HUBRSHFEPISs cr ews
having a a!nﬁggltih]e,t andjiagrier LREhP Qhcdhid Al dRle andiidlics ARy &Rodifent s at
| east 25. [0037]1n dne enbodiment, the ingredients are mxed in a single or
twi n scr getrextdroplghalg tanhpdtidé.pl & veate zobedinagnds,mthia iaplde i§ edtpipoadid.
bet ween i g feeéit end and it.a die.end. ' The ingredients nmay be added at one
or nore CPAEOE RO BPF S ARy RN PO e ¢ ng ESD- TPU conposition that exits
the die qog29f tirac slyddetepoly ikRrReliatssi dede r&Ra8ldvensenarephedidgEnt s,
conmponent (a), the polyester polyol internediate .

by reacting one or more of the dialkylene glycol described above with one or more

of the dicarboxylic acids described above, and/or one or more of the esters or

anhydrides thereof. In some embodiments, more than one equivalent of glycol is



i ncl udes pol y(di ethyl ene gl ycol adipate), conponent (b), the diisocyanate

i ncl udes 4, 4' - net hyl enebi s- (phenyl isocyanate), and conponent (c), the

chai n extwoaeri/i4stsbudes but anedi ol , HQEE (hydroqui none PCT/US2010/051030

bi s(2- hydr oxyet hyl )et her), or corrbl nat170ns t hereof . The Metal Containing
Salt. [0039]1n sone enbodi nents, the conpositions of the present invention
may further conprise a metal-containing salt, salt conplex, or salt
conpound forned by the union of netal ion vvlth a non-netallic ion or

nol ecul e.usthdonpatihtcasvakat tofpread entharicrgeation mebides @9 faacesteialieasion ovi de
i mproved | ar

conposi ti gﬁ‘% O?Jh(gfpgﬁ% Fgﬁla ¢ d&%‘ﬁyl@? o>E> g#?%r%ﬁ @In%/gpg dﬁfﬁrﬁfo% t f}ajg %Sn%r shot
pol ymer i mﬁlydﬁd@r ocez)sby Tﬂﬁs@saériﬁcmlymheaaldn titd. uthecreattéadmbfigns alrtmore

[ 0040] Whi e exact neggani sm of attachnent gnd/ or .attraction ﬁf t he salt

to the EStitkp BoplyRRls WHBCEIEN O dHiFERONdicnBtidtonplodt dryouRaBFEt Yol t he
sal t can HREXPACHEH dhah TN 6t e 1%1%%@@9@ g&'fél‘f‘@d 588 38 byl pesf the
resul ting polynmer, and may acconp% his wthout the presence of

unaccept adhlaylsﬂiagtng zepmlpsn(befraeoetmfatetrabiaehadmoenbgrol\ips eover, the static decay
tinmes re n acceptabl.e r the tine ot toofast or
e ) BN B b 0 b B e ot R S Y phon ool
Li C1045 LihNdefoaSR2)s8d ihi Btbindtiods &hth ddd or kokd pol-yeaier ﬂdly%y\lntéfhr%@?at@%

Li NO3, Li C(SO2CF3)3, Li2S, and Li M4, where Mis B, and Ris a

hal ogen, awidrooakisyler mlkyl iptermeiatagr éﬂmt 1I5n0@¢160fer1fmrd| pehester eolzel t i s
Li N(CF3 ommn re erre it trlfl or onet hane
sul f oni mlaper Bg)]ta)(mv%hfgeg e|Sds{;a]msgosy>6 rlrse |hr%s aFmefteorsree Crl%eajmbov % uscd
trifluoraieetihpee pollytavapboiel eveimtdiateghof me@es@tllmaﬁlo‘iﬂ muytluélehe a0r the
lithiumsalt of trifl uororret hane sul fonic acid. The effective anount of the
sel ect ed rgalﬂﬂrea%fd@@lly@ﬁelt rad diedrathert Lipkapre it ey orptnegntye erly InfAxtthemout
0.10, O. y of
the_ pol yraiceBby Blot, ford cRflcimbit ML TE0, RO ARG Ro) AR, ¢

i nventi orenﬁhﬂdhﬂnentspdrmmmessmosy bf oimapeestytpmvaniiomiace antbdtattad iycfragest .
Sui t abl e exanpl es i ncl ud tal al kyl sul fonates and netal al kyl-arqgmatic
sul f onat d&°¢ PheDaeter aﬁmqemt?ra}?éf%gs G PR GRAESTIap IGEF Nt B (0 kel i ne
earth ”Etp% aﬁhh&haw&ré%Jlié‘tﬁ%ﬁ%dl%l""@h&ﬂné&l@te@' kyl uQHOURrdAScah tRead OF 8
to 22 carbon atoms. The alkali metals may I nclude sodi um and potassi um and
t he al kalihtvemeduatds qmtaanmgrm&y pollctice lokhgdsuny chaninimg sl thragi{e 40uRw,
Specific exa 1§ ra a Mﬁﬁ sul f onat es i ncl ude sodi um n- hexyl sul f onat e,
sodi um n- Oﬁeeb’ggl lnef%?ﬁlépi% YeEGhI N E ™ oct yl sul f onat e, sodi um nnonyl sul f onat e,
sodi um n-grcyplisithvbpsvat e, sodi um n-dodecyl sul fonate, sodi um

nt et radecyl sul fonate, sodi um n- hexadecyl sul fonate, sodi um

n- hept add@92'é]ul f Shat ecand rsegtanmte- vekaddey ESD- -TBEnwS. thgpdeydntionesartpl es of
nmet al al ti 0 I I earth
motal ool OBy ¢ SuRbICRRRT R WA P bug T o NORERE T Lt e
with an o kymem@mmlabisacphagyll 1§dmy3b§ate) @ADD) 2h-xgigtdaen dailsodkRnatthg xXayigmat i ¢
sul fonic aC|ds I ncl ude, for exanple, benzenesulfonic, naphthalene 1

-sul foni & eﬁalﬁﬁﬁﬁa‘f -dHacyapatg; sluﬁfnaah@a I pARTREY 2mate s diphsiy kmeth élnfb‘ﬁénenyl

et her 4- i

exanpl e, S(H héggy(? Socg@r?]esu??onatagaqmghgj%ﬁﬁ%gﬁp%ggigngggl %%%% and
sodi um dcndl@hyllbemrsenﬁamta‘sonmheas | opBdHiDne dmsrqn:gsma:te ofBDOY, 1 Aeyplodsenit

i nvention . may al so u e an metal cont ai nin nti-stat additjves,
such as iBHP yq%ﬁﬁ%@ﬁ kgﬁf%rﬁ?ﬁ daapaganawcf@aénﬁtgylaeﬁsmlmepﬁw ni um

D1 o (L1 E4ndor GRS URRESULTAMACLLITL koA Dl o1t it 40RHbaRRITIhe and
simlar materia In some enbodi nents, the present invention allows
for the ulBooyanats 1S§o41 vreﬂiﬂlyimnthls(pienmbtsatymtﬂ)dMDhgIsalther eiﬁtb@duselte,f a
co-sol vent may al | ow e of salt

oy ov de- 1 Sherea T RHSTR Ry B Spati Lo a8 VBE FEuROuiP i e

et hyl ene [gaz$onane miRhPPYdfeRgo CAT BNt EisodV TRty bas Wef axddle, Atset rsaigt hyl ene
sul fone, tri- and tetra ethyl ene glycol dinethyl ether, gamm

but yr ol ackemets ahisonranetdsyiaymey finslicgeiiy. crowienthends sneh ay teisosyanates

sol vent t i ght
based on G0 B0t St S ARhe B ot e AmdNE o i 3ePALIS S
conposi tions of the present |nvent| on are substantially free to free of any
or all of the co-solvents described herein. [0045]1n other enbodi nents, the
conpositions of the present invention are




substantially free to free of any or all of the netal containing salts
descri bed herein. Additional Additives. [0046] The conpositions of the
present iwoentwaas7sday further include additional useful pagdiseerwe®siosmher e
such additives can be utilized in suitgble amounts. These optional

addi tional additives include opacifying pignents, colorants, mneral and/or
inert fillers, stabilizers including light stabilizers, lubricants, W
absorbers, processing aids, antioxidants, antiozonates, and other additives
as desi r danctignsfity OBSﬁimgﬁerﬁéomdgbﬁeﬁt%d@%ﬂ e il Gpei Hcdl BYinedymes toc

oxi de, a LEae yel l ow. Useful tinting pignments include carbon bl ack
yellom/oggagé%ﬂ%?%ah oxi des, raw and burnt sienna or unber, chrom um oxi de
green, cdbw UkipiEwents, chrom um pi gnents, and other m xed netal oxide and
or gani c pi nts, Useful fillers inc|lude diatonaceous earth (superfl oss)
clay, si ToE35T" Spuitatie & ?mvsaﬂtffné*g%wpll@,e BusluAm S 611 Bt aliDbit éaq AR

car bonat e plfinfiss! BredtSeliHl scth@RiniehenSUGEH: ahaANLkRRLEANES GARoRE used
and i nclude phenolic antioxidants, while useful photostabilizers include

or gani ¢ phesphives) teealbudrl daadidnmtomsol at es (nercapti des). Usef ul

| ubricants.Lnclude netal stearates, paraffin oi]s . and am de es. Usef ul
v abaor HRPAOY 1 o TE 5056 SRR s BRoe) sl ZteRED GrE do Ry ifibtic of

2- hydr ox a8 RZMANEBRREE. hAGdEE FlowEsb&AT &) SiHURE OUSRBort BtontPARY Bict iR, for
hydrol ytic stabilrty of the TPU Polyner. Each of these optional additional

addi t i vegngfenes: idadeabeleohedicthelqpeedpenl. propybinceslyreld daproppienc tehecol,
conposi tiops of the present |nvention ,[0047]Wen present. these adgditional
additiveéhﬂgvgggdgﬁéseﬁ%gﬁﬁxyﬁgngbnpo%?J?%%§h§$’thet§ﬁ§@§%?d¥ﬁVenﬁfgn from
0 or 0. O0LkychhhexsiedZzmeiagbl, nRep&rNElyodl, tane GRS 1l edme Bhagsklihamngeshenay
apply separately to each additional additive present in the conposition or
to the tchain gitCedar ingdudes bAdutapgdiali ves present. Pol ymer Cont ai ni ng

Bl ends. 1098 TheooR: TRILAOLNARE 0% bR, BY 838 Dhaih XG0 TSI ended

with a ase p orm a pol yner end. ese ends may
al so be rEé intclubHinghkerzah¢ ghydil fand dx yESE2 gRJopolXytets glestid badixalneve. - 13-

0049] Sui t abl. I defi.ned h i b h I
U R A R O
may f ur t hek gy Ghe 1 A% Wdr&ﬁiﬁn@ﬁéj,'Hié(@@@'—hﬁﬂ&iﬁéﬂ’{ﬁzetgésﬁﬁé RegwaRhQvIes-

i ncl uding ESD additives. ‘In sone enbodi merits, the base pol ymer and/or the
conposi t idb@Eshpdrokhehpxebemtenicnuesatdinmy, hrsébgarhgdmntyetilylpthier elsotkmofsmess of ESD
addi tives. ,[0050] The ol ymer i nclude: i), a polyolefin

(PO such iR v s ey ity By ethsbielist B Nhefi ' ene
pr opyl enesrupen - KRR yct Ry peyRh &Y i@ ni il onsaielcbe ol ef i n copol yner
(COC), or conbinations thereof; (&él) a styrenic, such as pol ystyrene
(PS), acrlPP3i t r A miryrael e o5 myerer@dy(ABS)ay ke ypashes ther ghadhickienfer (NSAN) |
styrene Gl I r. (:SBR;or. H P | val phamet hyl ene, I

met hacryl'a ngls}ﬁgrgg %{9?%11@1%5 t ylﬁeS rolggerr%' %Oldg&gﬁﬁy% %%H{%ﬁ%w& % m&%&y

st yr ene- ft BditRifehedl nde6-HeSBAZdi0E UGh odiserSdriyb@iigrehts! ade eyraabier eNehe

copol ymer (SBS) and styrene-ethyl ene/ but adi ene-styrene copol yner (SEBS)),

st yr ene- SHRN @riendsrs hyicd meavshs pehedoisomyhe ProssePgy entéetyr ene” but adi ene
latex (S SANHDi £ j t i NONRY

and/ or a3P9 ?% e és?gﬁ%?§“¥%%$t§£§ﬁ%%g?l%%ggékﬁgg%gﬁgggpg?, orl}:({)IlE I nhati ons
t her eof ; art. In orfd empodinidnérafoihk getsant povgntroat hhnehfihPeRtender contai(s \a) a

pol yam de,. such as | onTM i ncl udi ng pol yam de 6,6 (PA66), po]yamide 1,1
(P GEHHIR to 1 OGCTPA 2ytendercBnaRyRAEn CupAIe OF TobPhals Ghen
thereof; cxtenders 0¥cri®B@GLYLE CAR! HABK cSUSHRARRA WEBpRYEARCHYERISh does not

pol yrmet hyl met hacryl ate, or conbi nati ons thereof;

use any diamines in the preparation of its compositions.

The Process of Making the TPU.

[0034]  The three reactants (the polyester polyol intermediate, the diisocyanate,
and the chain extender) are reacted together to form the high molecular weight
ESD-TPU of this invention. Any known processes to react the three reactants may

be used to make the TPU. In one embodiment, the process is a so-called "one-shot"



(vi) a polyvinylchloride (PVC), a chlorinated polyvinylchloride (CPVC), or
conbi nati ons thereof; (vii) a pol yoxynet hyl ene, such as pol yacetal;
(viii) awwolyaauerss such as pol yet hyl ene terepht hal ate EPEDS201005wbut yl ene
terepht hal ate (PBT), copolyesters andLgf pol yester el astoners (COPE)

i ncl udi ng pol yether-ester bl ock copol ynmers such as glycol nodified

pol yet hyl ene terephthal ate (PETG polylatic acid (PLA), or conbinations

t her eof ; (i x) a pol ycarbonate éPC , a pqgéghenylene sul fide (PPS), a
pol yphenylraerss gicde all pioe, repgtapts mse addqdotesan pretFeder reactar angk reagliedi nElS ons

t her eof [00f | Y.MLy, i PV [ - L: r
naterialfggg%%ggdxﬁgﬁgé%gaﬁe#gggdgg) OH%%3P¥%%Bﬁhgﬁﬁﬂ%%g@ryﬁgﬁgao?h%¢ﬁyl
hal i des arfdtheipdrdxde nenkahingesorypecheing thites, gaspolyastogeohtoédntermydiateal | des
such as CPVC, Exanples of these viny| halide nd vi nyl i dene halides are
vinyl chl®i tB_%,Ch?ﬂinrﬁ?‘lteWBr%ﬁH@,’ SArRA %ra@n@oélﬁl%o%_ teenid 1t e orifkaem 29t vi nyl
hal i des angk vd ydut deie afalel, 8¢ 8ofRYL RE 0CPPRI WIRE 1 288, WM dabtiSR MR AGEOr each
with one or nore polynerizable ol efinic nmononers having at | east one

t er mi nal WBHZuGxa grabpincptaldst esnabpfiesn afowgudh ddgeddsr@ ¢co mboartsdedresse may

be mentigned t.he al pha, beta-ol efinjcall a ted carboxylic acids, such
as.acryli’zggﬂaft tqéh%ﬁﬁ?%t @W&%oé%ﬁ§%§g§?§?$@g§€Fﬁfaalpha-cyano acrylic
acid, andopd® | i kRncRByersmyofcoacenmidnal agdtslyssuah as WHIDY] RChYAAt the €t hyl
acrylate, butyl acrylate, octyl acrylate, Cyanoethyl acrylate, hydroxyethyl
acryl at e, dispeyangte |Wikk: thestrebyestst pebyebcmjirimediadesd, ors dleh dginreqignder.

nmet hacryl.at e, but vl hacr.yl at e. dr oxyet hyl thacryl at a the |ike;
e oo, PUTHeRY ol EPBr LBy g NG B TR AL BBt oy e

acryl am deisyl tslitRtlass BEbRWutiReF Yinanhdein the it osliobiyfram Uéo abblaltoy oxy
met hyl acryl am de, and the |ike; vinyl ethers, such as ethyl vin%g et her,

chl or oet Hba APMSeHEr SPesHEE eRamplick dnclufdimay pisputlk octngts ; bishythe haraipd
styrene i yatives - . . i

chi or st o ArSE HREE PreRUECh By Bl ARBhBRh ¥ priBhY BRI el £ HERFous

chl or oaceicadagg, dibmyltiadmicaiaes, dibutyltirpgiladiatee andrdichiyke.virhy lamoahoogsudhhe
diolefins, includin ut adi ene, i soprene, chloroprene, and the like; and

ot her polcﬁﬁéyqtzlétﬂeé‘g@l?lé(f TG HShdte Tamptbaerd %éét)%n%%p%s Pﬁb%h% Il ed
in the andased BpQnthcGBRAW toftﬁ@ﬁol%?&haq{él HopBingd RatUARS pol yvinyl chloride
(PVC) and/or polyethylene terephthalfate (PET). I'ndustrial Application

[ 0052] Thd08¥biposilhe ditdd-diPU han plsedenprepanednttilomng e mot-wdilyrgert pro cidse nlds

descri bed, above,, are usefyl faor vari ety, of | i cations, Sonme ex | es
et ubedh® AERRE BT thsgtetys Rtk hitnele e i s Rt iband
manuf act Wi &hieAbhtPERRES oRBAC R INYGRI difsoSPaRtS RNrini 4 Fee-pdnrsBagidn cal Iy,
exanpl es include fuel handling equipnent such as fuel |ines and vapor
return eduivpreefiec obusioaelsd digorysmer thervat iThggesaionfisgsnsratiijciragd pur cl ean
rooms and, GARSLLNGL 8P rARCASeuARPLLERL 1130181635 HOALERUIPTRRL 105 udi ng
garnments, floorings, mats, éelectrom ¢ packagi ng, and~housrngs, chip

hol ders, 1G0i fegraed < tb Adb@ubi2® anetetDICe ibithe tiPSance-dfSa dwmAbLAlrethane
applications, battery parts such as dividers and/or separators, and

gener al | yasHute Pubsequently., 2 chonaptendshersattiedipheyn is pdeedcinrioquivdast of t he
present i i f o I i i S,
packaginéﬁﬁg?iﬁggfgd o?&gﬁé%tg%ﬁ¥§0%§?¥£?ﬁ?§¥g§E%ﬁégg?%gﬁagsééggggdyé for
use in thercatst rdicbeyamatf cbipbunds. i ofhdadveesll esjuicleanratmomif stypptdtels and

constructj.on materials; antistatic conveyor belts; . parts for offi
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[ 0054] El eqhl0BiEnRa' ik ShiEorAgb&ERD.980Slabb¥e] RAT bS filoRE hblitN®96 to about

sem conductors. The articles of the present invention nay al so be durable

or consune®? endarven fionm citman ¢.3ontoegbdyneld. afddeaplpin cexteonen rabgmn

i ncl uded .are const.ructio nd/ or bujd din rials cl ean.roo and
dat a cont ergeriitEan 22t i o fele 08RG R4 aPo i b esfiRTG REMBm

f1 ooring,abegnct@degRbs C thhdboat bigldesreet ¢ heypicesenthe lfpw@aglr@a @dufOcdnncl ude
| am nat ed sheets, conveyor belts for manufacturing of foo phar maceut i cal

product s,bemsdireed ogévinc@sy sewycatieatl davieccsimbestingat an oxirussibi fat besks

thereof. embodiments, the polyester polyol intermediates are reacted with an equivalent

excess of a diisocyanate in a first portion of the extruder to form a pre-polymer



[ 0055] Furt hernore, the conpositions of the present invention nmay be used to
prepare separators and ot her conponents of lithiumion batteries,

| it hi um pebyravo4bmbt eri es and fuel cells. Such uses of Phe/useMmp®Siodd ons and
articles of the present invention offgerf_advantages over current batteries
and fuel cells in the areas of |nprove8 safety, performance, cost, or

conbi nations thereof. The conpositions of the present invention may be used
to construct separator | ayers that are placed between the anodes of the
battery, SR8t dndagibseqyantly tBF sbpinghyecidnpidadedl. 2 (OUBEIPREPRGIOYIG i ons
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emul si on Yrat %Vh?&é pd 5t tree sedodmpgy it leaste Sk nown” t hat sone of the
mat eri al go@gpcCr | ﬂ?gn@téﬁt\ﬁ%dﬂﬁé’nt' eeim@pddithts LRe nfikfiln HQidpIL &L iR s&Rwt hat

t he conponents of the final fornulation nmay be different  fromthose that
are initialtivdeaddddnufple hagtzmese andretdtipleofesd pofts betwgeen s %lde&m@emtd) can

m grate t.o ather idic o ni onic s s of ot her | e roducts
formed t HBY@6yad; ndie aer lt*ﬁ%%yotﬁﬁ% %%&%&W%ﬁ?i@?% hand the
conposi t irggulahg tISDPITES e¥mpIinedit kiRl &dtsl the Uit endlesdt theeextiller @by IR
suscepti bl e of -16- easy description. Nevertheless, all such nodifications

and reactfichlqtipebduct s are included within the scope of the present

vent i ofopkHie PLESERE LONARLLAN SOSRIRARISS BRAROSLLLST ALERALR] bY

admi xi ng e ‘conponent's descri ed % Pheinvention will

be furthanclubdtdipblyadiethylbynct gtgcétoédlpmng:om@m@hesa) W gilisozhisaté dndlbdes
partrcularly advant ageous enbodi nents. Wil e the exanpl es are provi ded to
i |1 ustrat®? trnethprteeebwt(phﬁméntsoaﬁanqt%yarat CORPONER dpbethct 6hpippextepder

Exanpl e SD dB¥H s y
o o o adehy PSRRI O S (RUSRALERDY BEPEh Mty ety o,
ponoI |nmeﬂnmﬁuﬁmehdeofved from di et hyl ene egcoI and adi pic acrd in the

manner fcr bove usi ng the one shot process in the presence of atin
cat al yst . in 0] An ESD TPU i s prepared according to the

procedur ggps9] Exaﬁplsgrn% AnBXSiRRhest AL cb%olﬂénk Sofd@ReFhe s¥itBinBhti P SRAPL i ON,
with 1.9 parts per hundred (phr) of lithiumtrifluoromethane sulfoni'mde, a
met al corfugtheai egmpadd a nieka qingaiding, salt, salt complex, or salt compound formed by
the union of metal ion with a non-metallic ion or molecule. The amount of salt
present may be an amount effective to provide improved ESD properties to the
ESD-TPU polymer and/or the overall composition. The optional salt component
may be added during the one-shot polymerization process. The salt may be a
lithium containing salt.
[0040] While the exact mechanism of attachment and/or attraction of the salt to
the ESD-TPU polymer reaction product is not completely understood, the salt can
unexpectedly improve the surface and volume resistivities of the resulting polymer,
and may accomplish this without the presence of unacceptably high levels of
extractable anions. Moreover, the static decay times remain in an acceptable range,
that is, the times are not too fast or too slow.
[0041] Examples of salts useful in the present invention include: LiClOy,
LiN(CF3S0;),, LiPFs, LiAsFs, Lil, LiCl, LiBr, LiSCN, LiSO; CF;, LiNOs,
LiC(SO,CF3)s, Li,S, and LiMR4, where M is Al or B, and R is a halogen,
hydrocarbyl, alkyl or aryl group. In one embodiment, the salt is Li N(CF3 SO,),,

which is commonly referred to as lithium trifluoromethane sulfonimide (but which



[ 0061] An ESD TPU is prepared according to the procedure in Exanple 1-A
except that the TPU is doped, via wet absorption, with 1.4 phr of the

| it hi um swibt2oofo46156f | uor omret hane sul fonic acid, a netal PcoruSalmiony3sal t .
Example 1-D. [0062] An ESD TPU is prepgred according to the procedure in
Exanpl e 1- A except that the TPU is doped, via wet absorption, with 1.3 phr
of the lithiumsalt of trifluoronethane sulfonic acid, a netal containing
salt. Exanple 2-A . [0063] An ESD TPU i s prepared by reactl ng

4, 4' - et Hy RERewIRtPHeiRf TS B yarthien, triflupremetians svlforamds qyen yeeady

ol ol & 0t BLTR I EudRilat e ATLALEL %?‘?nﬁhéﬁ%%etﬁﬂ%  AHRICaaG! dppd 0 the
manner descri be ove the one shot process presence of a tin
cat al yst .effective aaoanpbéthz-sBlecte[d(Ha&Aa]dﬂed EdSEheTcBié st pbmmrmtlaﬁcmﬂbmgt to the

pr ocedur in anpl A except a e TP e via wet absorption,
with 1. 9 uﬁ)ﬂﬁi @am ?‘168&%1%@%%1 B Wi Lift&ﬁﬁ?ﬁo 5%%9 P 3Bt ini ng
salt. Exatﬁpggl [ 0065] An ESD TPU i s prepared according to the procedure

i n Exa except that the TPU is doped, via wet absorption, with 1.4
phr of _tH@O«ilZ]t hi Ltmscslabtendfodumetitlsuthlearmmmrtmrsmﬁtrhnipaemt thveatipetfatther

containing salt t ve Exa ] rcially aj | abl e
ESD pol y é:t%wls'ﬁ’@ sy % 8—t¥%er aewﬁcaialngatﬁh{; gen%5 éul?a% exarnplles inrctcde
metal alkylsulfonates and metal alkyl-aromatic sulfonates. The metal

alkylsulfonates can include, alkali metal or alkaline earth metal aliphatic sulfonates
in which the alkyl group has 1 to 35 or 8 to 22 carbon atoms. The alkali metals may
include sodium and potassium and the alkaline earth metals may include calcium,
barium and magnesium. Specific examples of metal alkylsulfonates include sodium
n-hexylsulfonate, sodium n-heptylsulfonate, sodium n-octylsulfonate, sodium n-
nonylsulfonate, sodium n-decylsulfonate, sodium n-dodecylsulfonate, sodium n-
tetradecylsulfonate, sodium n-hexadecylsulfonate, sodium n-heptadecylsulfonate
and sodium n-octadecylsulfoante. Specific examples of metal alkyl-aromatic
sulfonates include alkali metal or alkaline earth metal salts of sulfonic acids
comprising 1 to 3 aromatic nuclei substituted with an alkyl group having 1 to 35 or
8 to 22, carbon atoms. The aromatic sulfonic acids include, for example,
benzenesulfonic, naphthalene-1-sulfonic, naphthalene-2,6-disulfonic, diphenyl-4-
sulfonic and diphenyl ether 4-sulfonic acids. Metal alkyl-aromatic sulfonates
include, for example, sodium hexylbenzenesulfonate, sodium
nonylbenzenesulfonate and sodium dodecylbenzenesulfonate.

[0043] The compositions of the present invention may also include an non-metal
containing anti-stat additives, such as ionic liquids. Suitable liquids include tri-n-
butylmethylammonium bis-(trifluoroethanesulfonyl)imide (available as FC-4400
from 3M™)_and similar materials.

[0044] In some embodiments, the present invention allows for the use of co-
solvent with the metal containing salt. The use of a co-solvent may, in some
embodiments, allow a lower charge of salt to provide the same benefit in ESD
properties. Suitable co-solvents include ethylene carbonate, propylene carbonate,
dimethyl sulfoxide, tetramethylene sulfone, tri- and tetra ethylene glycol dimethyl

ether, gamma butyrolactone, and N-methyl-2-pyrrolidone. When present, the co-



t he conpositions of the present invention. This exanple is StatRiteTM

C- 2300, an ESD pol yether TPU available fromthe Lubrizol Advanced

Mat er i al swol2ot1/04p3667] The exanpl es descri bed above wer e PCEAISe@ o108V al uat e
t he ESD and physical properties. The rgsults of this testing is shown in
the tables below. Table 1 - Properties of Non-Doped TPUs Property Test' Ex
1-A Ex 2-A Conp Ex 3-A Hardness (5 sec), Shore A D2240 70 85 70 Specific

Gavity D792 1.23 '
solvent may be used at least about 0.10, 0.50 or even 1.0 parts by weight based on

100 parts by weight of the polymer. In some embodiments, the compositions of the
present invention are substantially free to free of any or all of the co-solvents
described herein.

[0045] In other embodiments, the compositions of the present invention are
substantially free to free of any or all of the metal containing salts described herein.

Additional Additives.

[0046] The compositions of the present invention may further include additional
useful additives, where such additives can be utilized in suitable amounts. These
optional additional additives include opacifying pigments, colorants, mineral and/or
inert fillers, stabilizers including light stabilizers, lubricants, UV absorbers,
processing aids, antioxidants, antiozonates, and other additives as desired. Useful
opacifying pigments include titanium dioxide, zinc oxide, and titanate yellow.
Useful tinting pigments include carbon black, yellow oxides, brown oxides, raw and
burnt sienna or umber, chromium oxide green, cadmium pigments, chromium
pigments, and other mixed metal oxide and organic pigments. Useful fillers include
diatomaceous earth (superfloss) clay, silica, talc, mica, wallostonite, barium sulfate,
and calcium carbonate. If desired, useful stabilizers such as antioxidants can be
used and include phenolic antioxidants, while useful photostabilizers include
organic phosphates, and organotin thiolates (mercaptides). Useful lubricants
include metal stearates, paraffin oils and amide waxes. Useful UV absorbers
include 2-(2'-hydroxyphenyl) benzotriazoles and 2-hydroxybenzophenones.
Additives can also be used to improve the hydrolytic stability of the TPU polymer.
Each of these optional additional additives described above may be present in, or
excluded from, the compositions of the present invention.

[0047] When present, these additional additives may be present in the
compositions of the present invention from 0 or 0.01 to 5 or 2 weight percent of the
composition. These ranges may apply separately to each additional additive present
in the composition or to the total of all additional additives present.

Polymer Containing Blends.

[0048] The ESD-TPU polymers of the present invention may be blended with a
matrix or base polymer to form a polymer blend. These blends may also be made

with the salt-modified ESD-TPU polymers described above.
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[0049]  Suitable base polymers as defined herein can be a homopolymer or a
copolymer. The base polymer may be a blend of multiple base polymers, and may
further include any of the additional additives described above, including ESD
additives. In some embodiments, the base polymer and/or the compositions of the
present invention are substantially free to free of ESD additives.

[0050] The base polymer may include:

(1) a polyolefin (PO), such as polyethylene (PE), polypropylene (PP),
polybutene, ethylene propylene rubber (EPR), polyoxyethylene (POE), cyclic olefin
copolymer (COC), or combinations thereof;

(i1) a styrenic, such as polystyrene (PS), acrylonitrile butadiene styrene
(ABS), styrene acrylonitrile (SAN), styrene butadiene rubber (SBR or HIPS),
polyalphamethylstyrene, methyl methacrylate styrene (MS), styrene maleic
anhydride (SMA), styrene-butadiene copolymer (SBC) (such as styrene-butadiene-
styrene copolymer (SBS) and styrene-ethylene/butadiene-styrene copolymer
(SEBS)), styrene-cthylene/propylene-styrene copolymer (SEPS), styrene butadiene
latex (SBL), SAN modified with ethylene propylene diene monomer (EPDM)
and/or acrylic eclastomers (for example, PS-SBR copolymers), or combinations
thereof;

(ii1) a thermoplastic polyurethane (TPU);

(iv) a polyamide, such as Nylon™, including polyamide 6,6 (PA66),
polyamide 1,1 (PA11), polyamide 1,2 (PA12), a copolyamide (COPA), or
combinations thercof;

(v) an acrylic polymer, such as  polymethyl acrylate,
polymethylmethacrylate, or combinations thereof;

(vi) a polyvinylchloride (PVC), a chlorinated polyvinylchloride (CPVC), or
combinations thercof;

(vil) a polyoxymethylene, such as polyacetal;

(viii) a polyester, such as polyethylene terephthalate (PET), polybutylene
terephthalate (PBT), copolyesters and/or polyester elastomers (COPE) including
polyether-ester block copolymers such as glycol modified polyethylene
terephthalate (PETG) polylatic acid (PLA), or combinations thereof;

(ix) a polycarbonate (PC), a polyphenylene sulfide (PPS), a polyphenylene

oxide (PPO), or combinations thereof;
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or combinations thereof.

[0051]  Polyvinyl chloride (PVC), vinyl polymer, or vinyl polymer material, as
used herein, refers to homopolymers and copolymers of vinyl halides and
vinylidene halides and includes post halogenated vinyl halides such as CPVC.
Examples of these vinyl halides and vinylidene halides are vinyl chloride, vinyl
bromide, vinylidene chloride and the like. The vinyl halides and vinylidene halides
may be copolymerized with each other or each with one or more polymerizable
olefinic monomers having at least one terminal CH,=C< grouping. As examples of
such olefinic monomers there may be mentioned the alpha,beta-olefinically
unsaturated carboxylic acids, such as acrylic acid, methacrylic acid, ethyl acrylic
acid, alpha-cyano acrylic acid, and the like; esters of acrylic acid, such as methyl
acrylate, ethyl acrylate, butyl acrylate, octyl acrylate, cyanoecthyl acrylate,
hydroxyethyl acrylate, and the like; esters of methacrylic acid, such as methyl
methacrylate, butyl methacrylate, hydroxyethyl methacrylate, and the like; nitriles,
such as acrylonitrile, methacrylonitrile, and the like; acrylamides, such as methyl
acrylamide, N-methylol acrylamide, N-butyoxy methylacrylamide, and the like;
vinyl ethers, such as ethyl vinyl ether, chloroethyl vinyl ether, and the like; the
vinyl ketones; styrene and styrene derivatives, such as .alpha.-methyl styrene, vinyl
toluene, chlorostyrene, and the like; vinyl naphthalene, allyl and vinyl
chloroacetate, vinyl acetate, vinyl pyridine, methyl vinyl ketone; the diolefins,
including butadiene, isoprene, chloroprene, and the like; and other polymerizable
olefinic monomers of the types known to those skilled in the art. In one
embodiment, the base polymer includes polyvinyl chloride (PVC) and/or
polyethylene terephthalate (PET).

Industrial Application

[0052] The compositions of the present invention, including the blends
described above, are useful for a variety of applications. Some examples are tubes,
paper trays, floor tiles, machine housings, construction and manufacturing
equipment, and polymeric sheets and films. More specifically, examples include
fuel handling equipment such as fuel lines and vapor return equipment, business
equipment, coatings for floors such as for clean rooms and construction areas,
applications, clean room equipment including garments, floorings, mats, electronic

packaging, and housings, chip holders, chip rails, tote bins and tote bin tops,
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medical applications, battery parts such as dividers and/or separators, and generally
shaped articles.

[0053] In one embodiment, the compositions of the present invention are used to
make polymeric articles to be used as: packaging materials for electronic parts;
internal battery separators for use in the construction of lithium-ion batteries; clean
room supplies and construction materials; antistatic conveyor belts; parts for office
machines; antistatic garments and shoes, or combinations thereof.

[0054]  Electronic parts include ESD sensitive parts including semiconductors.
The articles of the present invention may also be durable or consumable parts for
clean room equipment and applications. Also included are construction and/or
building materials for clean rooms and data centers, which may include items such
as softwalls, curtains, flooring, benches, etc. The articles of the present invention
also include laminated sheets, conveyor belts for manufacturing of food,
pharmaceutical products, medical devices, and electronic components; or
combinations thereof.

[0055]  Furthermore, the compositions of the present invention may be used to
prepare separators and other components of lithium-ion batteries, lithium-polymer
batteries and fuel cells. Such uses of the compositions and articles of the present
invention offer advantages over current batteries and fuel cells in the arcas of
improved safety, performance, cost, or combinations thereof. The compositions of
the present invention may be used to construct separator layers that are placed
between the anodes of the battery, as well as polymer electrolyte membranes.

[0056] The compositions can be used with various molding techniques including
injection molding, compression molding, slush molding, extrusion, thermoforming
cast, rotational molding, sintering, and vacuum molding. Articles of this invention
may also be made from resins produced by the suspension, mass, emulsion or
solution processes.

[0057] It is known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that are initially added. For instance, metal ions (of, ¢.g., a
detergent) can migrate to other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon employing the

composition of the present invention in its intended use, may not be susceptible of



7.1E+09 1 - Al test nethods are ASTM net hods except for the DSC testing
whi ch was conpleted internally using a differential scanning cal orineter
(DSC). RewOzpamae7ssesults are formatted such that 1. OE+POTiusdé1i0a5®30 a
result of 1.0 x10' and so on. -18- Table 2 - ESD Properties of Non-Doped
and Doped TPUs Material Surface Resistivity' (Chnmisq) Volunme Resistivity'
(Omcm Exanple 1-A 2. 6E+11 1. OE+11 Exanple 1-B 1.2E+08 1. 1E+07 Exanpl e
1-c casy description. Nevertheless, all such modifications and reaction products are

included within the scope of the present invention; the present invention

encompasses the composition prepared by admixing the components described

above.

EXAMPLES

[0058] The invention will be further illustrated by the following examples,

which sets forth particularly advantageous embodiments. While the examples are

provided to illustrate the present invention, they are not intended to limit it.

Example 1-A.

[0059] An ESD TPU is prepared by reacting 4,4'-methylenebis-(phenyl

isocyanate), benzene glycol, and a polyester polyol intermediate derived from

diethylene glycol and adipic acid, in the manner described above, using the one shot

process in the presence of a tin catalyst.

Example 1-B.

[0060] An ESD TPU is prepared according to the procedure in Example 1-A

except that the TPU is doped, via wet absorption, with 1.9 parts per hundred (phr)

of lithium trifluoromethane sulfonimide, a metal containing salt.

Example 1-C.

[0061] An ESD TPU is prepared according to the procedure in Example 1-A

except that the TPU is doped, via wet absorption, with 1.4 phr of the lithium salt of

trifluoromethane sulfonic acid, a metal containing salt.

Example 1-D.

[0062] An ESD TPU is prepared according to the procedure in Example 1-A

except that the TPU is doped, via wet absorption, with 1.3 phr of the lithium salt of

trifluoromethane sulfonic acid, a metal containing salt.

Example 2-A.

[0063] An ESD TPU is prepared by reacting 4,4'-methylenebis-(phenyl

isocyanate), 1,4-butandiol, and a polyester polyol intermediate derived from

diethylene glycol and adipic acid, in the manner described above, using the one shot

process in the presence of a tin catalyst.
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Example 2-B.
[0064] An ESD TPU is prepared according to the procedure in Example 2-A

except that the TPU is doped, via wet absorption, with 1.9 phr of lithium
trifluoromethane sulfonimide, a metal containing salt.

Example 2-C.

[0065] An ESD TPU is prepared according to the procedure in Example 2-A
except that the TPU is doped, via wet absorption, with 1.4 phr of the lithium salt of
trifluoromethane sulfonic acid, a metal containing salt.

Comparative Example 3-A.

[0066] A commercially available ESD polyether TPU is used for comparison to
the compositions of the present invention. This example is Stat-Rite™ C-2300, an
ESD polyether TPU available from the Lubrizol Advanced Materials, Inc.

[0067] The examples described above were tested to evaluate the ESD and

physical properties. The results of this testing is shown in the tables below.

Table 1 — Properties of Non-Doped TPUs

Property Test' Ex 1-A Ex 2-A Comp Ex
3-A

Hardness (5 sec), Shore A D2240 70 85 70

Specific Gravity D792 1.23 1.24 1.20

Melting Point (Tm), degrees C Internal 140 166 130

Glass Trans Pt (Tg), degrees C -24 -22 -28

Tensile Strength, MPa 17.9 48.3 19.3

Ultimate Elongation, % D412 830 610 800

Tensile Stress at 100%, MPa 34 6.6

Tensile Stress at 300%, MPa 5.5 11.0

Graves Tear Strength, kg/mm D624 5.6 9.1 4.7

(die C)
Taber Loss (per 1000 rev), mg | D3389 6 35 140
(HI8, 1 kg)
Surface Resistivity, Ohm/sq D-257 | 2.6E+11 | 2.0E+12 | 3.9E+09
Volume Resistivity, Ohm-cm (50%RH) | 1.0E+11 | 9.0E+11 7.1E+09

1 — All test methods are ASTM methods, except for the DSC testing which was completed internally
using a differential scanning calorimeter (DSC). Resistance results are formatted such that
1.0E+10 indicates a result of 1.0 x10"° and so on.



1 - ESD properties are neasured by ASTM D-257, at 50% rel ative humdity
(RH). Resistance results are formatted such that 1.0E+10 indicates a result
of 1.0 xM020and4s60n. [ 0068] The results show t hat the BEDUSRMopsioger s of
t he present invention have physi cal p_rl%perties significantly better than

t he conparative ESD pol yether TPU. In addition, the non-doped ESD TPU
conpositions of the present invention have good ESD properties, conparable,
i f not equivalent to the ESD properties of the conparative ESD pol yet her
TPU while the metal salt doped ESD TPU conpositions of the present

' ti id t ' ' ESD pol yeth
TPU [ 0069] Bxampl SICD wAe T Reppd 1o TIERPRtASHRIRNETRLE o0 01V es. A

summary of tMeseiat eslil t SuifacpResetitied i t héolakl Redialdw.' Table 3 - ESD
Properties of Exanple¢ 1-D Rapergy Test |Exanpl eoAmRindpyr face [Resistivity,
Chm' sq D{Zp7, PRPRO] 3. DEFGY VN UMe RegTSTTVITy gpiprcm 7. 1E+09 Surface
Resi stan¢eg, SR 8PS 117 2E+08 1.IE107

Example 1-C 1.2E+08 3.8E+07

Example 1-D 3.2E+08 7.8E+07

Example 2-A 2.0E+12 9.0E+11

Example 2-B 4.3E+09 1.4E+08

Example 2-C 1.1E+09 2.4E+08

Comp Ex 3-A 3.9E+09 7.1E+09

1 — ESD properties are measured by ASTM D-257, at 50% relative humidity (RH). Resistance
results are formatted such that 1.0E+10 indicates a result of 1.0 x10'° and so on.

[0068] The results show that the ESD TPU polymers of the present invention
have physical properties significantly better than the comparative ESD polyether
TPU. In addition, the non-doped ESD TPU compositions of the present invention
have good ESD properties, comparable, if not equivalent to the ESD properties of
the comparative ESD polyether TPU while the metal salt doped ESD TPU
compositions of the present invention provide better ESD properties than the
comparative ESD polyether TPU.

[0069] Example 1-D was tested to evaluate additional ESD properties. A

summary of these results is presented in the table below.

Table 3 — ESD Properties of Example 1-D

Property Test Example 1-D

Surface Resistivity, Ohm/sq D-257 3.9E+09

Volume Resistivity, Ohm-cm (50% RI) 7.1E+09

Surface Resistance, Ohms ESD S11.11 3.3E+08
(12% RH)

Static Decay Time'
+5000 V to +50 V
-5000 V to -50 V
+1000 V to +100 V < 0.1 sec

1 — Static decay rate measures the time it takes for an article made of the example material to
discharge the indicated starting voltage and reach the indicated ending voltage. The result is
measured in accordance with the FTMS-101C regulation.

FTMS-101C
(12% RH)

[0070] Additional ESD TPU examples are also prepared, by in situ

polymerization, as described below.



(12% RH) 3. 3E+08 Static Decay Tine' +5000 V to +50 V -5000 Vto -50 V +1000
Vto +100 V FTM5-101C (12% RH) <0.1 sec 1 - Static decay rate neasures the
time it twiesif@s7san articl e made of the exanpl e materi CTUS2ai0®619a0 ge t he
i ndicated starting voltage and reach ;@g i ndi cat ed endi ng vol tage. The
result is measured in accordance with the FTM5-101C regul ation. -19-
Exanple 4-A. [0071]An ESD TPU is prepared by in situ polynerization,

conbi ning 92.4 pbw of a polyester polyol intermediate prepared from

1, 4- but andi ol and adi pic acid, 92.4 pbw a pol yester polyol internediate

prepared #r.omdiyef hyl ene glycol and adipic acid, 14.2 pbw benzene glycol,
43. 4 pbw%ﬁﬁﬂ—r‘rm‘hyl enebi s- (phenyl isocyanate), 24.3 pbw lithium

trifl uordfethaneAsut$oNAIRAT deprepactdlbydinogitwpolynreriaetiomt @m iy 24 $b1B3.
excopt t R ROy E AT HFCMSAE PIcqated foHanl AGHRRRAY and adipre octd, 524
bi s(per T 4or anpSINaNEe) $HlyoPhitdediatd gi/é aATRGHY 'Eﬁe?ﬁ“éélEné Weﬂldt diphe
mat eri al ‘during processi'ng. Exanple ,R [ 0073] An ESD I's prepared by
in situ peldnkt.2zdtw depzownlyebhgd B2 . pbvp vt -methylenebis-(phenyl isocyanate),
24.3 pbw lithium trifluoromethane sulfonimide, and 1 drop of tin octoate.
Example 4-B.
[0072] An ESD TPU is prepared according to the procedure in Example 4-A
except that 73.0 pbw of an ionic liquid that contains
bis(perfluoromethane)sulfonimide, alkyl ammonium salt is added to the material
during processing.
Example 5-A.
[0073] An ESD TPU is prepared by in situ polymerization, combining 92.4 pbw
of a polyester polyol intermediate prepared from 1,4-butandiol and adipic acid, 92.4
pbw a polyester polyol intermediate prepared diethylene glycol and adipic acid,
14.2 pbw benzene glycol, 43.4 pbw 4,4'-methylenebis-(phenyl isocyanate), and 0.75
pbw di-propylene glycol.
Example 5-B.
[0074] An ESD TPU is prepared according to the procedure in Example 5-A
except that 2.0 pbw of lithium trifluoromethane sulfonimide is added to the material
during processing. The salt is added during the one shot polymerization of the
TPU, as described above.
Example 5-C.
[0075] An ESD TPU is prepared according to the procedure in Example 5-B
except that 3.0 pbw of lithium trifluoromethane sulfonimide is added to the material
during processing.
Example 5-D.
[0076] An ESD TPU is prepared according to the procedure in Example 5-B
except that 3.5 pbw of lithium trifluoromethane sulfonimide is added to the material
during processing.
[0077] The examples described above were tested to evaluate their ESD

properties. The results of this testing is provided in the table below.



of a polyester polyol internediate prepared from 1, 4- butandi ol and adi pic
acid, 92.4 pbw a polyester polyol internedi ate prepared diethylene glycol
and adi piwoaoid4e7s4. 2 pbw benzene gl ycol, 43.4 pbw PCT/US2010/051030

4, 4" - met hyl enebi s- (phenyl i socyanate) _,20@nd 0. 75 pbw di - propyl ene gl ycol.
Exanple 5-B. [0074] An ESD TPU i s prepared according to the procedure in
Exanpl e 5-A except that 2.0 pbw of lithiumtrifluoronethane sulfonimde is
added to the material during processing. The salt is added during the one
shot pol ynmerization of the TPU, as described above. Exanple 5-C. [0075] An
ESD TPU i s prepar CLOR@ ROGE [ B except that
3.0 pbw of [ithi uﬁqg't’l?i‘ﬁ :‘]E;srﬂ]ogé{’ %‘I‘n*e’*gsf’&“f"g'n.ﬂ#i’%%a.“g% edf%)?st he nateri al
during progessihing. Examsuefate Resisli®0y6] An BRRluRR R ésstprigpar d according to
the procedure in Exanple 5- Bormegpt that| 3.5 pb@h@fch) t hi um
trifluororFe P& 3SHI TONT M 08 ¢S @fAGEd Tq The oy gElgh aurin processi ng.

ARG 9510 NG A ) B D X A IR N S
properti e Hie  epths—ei—thi S restingis—p oviged 6.“. the—tabl e bel ow.
020- Tabl[&x4mplet p, pert] s/%5F0%0n- Dopled_and_babeAOTPUs Miterial Surface

g

Resi st i vitBrampindgAqy| 1.2E+11

Example 5-B 6.8E+08
Example 5-C 2.1E+08
Example 5-D 6.5E+08

1 — ESD properties are measured by ASTM D-257, at 50% relative humidity (RH).

[0078]  The results show that the ESD TPU polymers of the present invention
have ESD properties comparable to the comparative ESD polyether TPU. The
results also show that when the ESD TPU polymers of the present invention further
include a metal containing salt, the ESD properties of the compositions are
improved to the point that they are better than the comparative ESD polyether TPU.
[0079] Each of the documents referred to above is incorporated herein by
reference. Except in the Examples, or where otherwise explicitly indicated, all
numerical quantities in this description specifying amounts of materials, reaction
conditions, molecular weights, number of carbon atoms, and the like, are to be
understood as modified by the word "about." Unless otherwise indicated, all
percent values, ppm values and parts values are on a weight basis. Unless
otherwise indicated, each chemical or composition referred to herein should be
interpreted as being a commercial grade material which may contain the isomers,
by-products, derivatives, and other such materials which are normally understood to
be present in the commercial grade. However, the amount of each chemical
component is presented exclusive of any solvent or diluent oil, which may be
customarily present in the commercial material, unless otherwise indicated. It is to
be understood that the upper and lower amount, range, and ratio limits set forth
herein may be independently combined. Similarly, the ranges and amounts for each
clement of the invention can be used together with ranges or amounts for any of the
other elements. As used herein, the expression "consisting essentially of" permits
the inclusion of substances that do not materially affect the basic and novel charac-

teristics of the composition under consideration.



Vol une Resistivity' (OChmcn) Conp Ex 3-A 3.9E+09 7. 1E+09 Exanple 4-A
1. 4E+07 3. 4E+06 Exanple 4-B 1. 7E+06 1. 3E+06 Exanple 5-A 1.2E+11 Exanple

5-B 6. BEM6 20BEnTSbe 5-C PCT/US2010/051030
21-
We claim:
1. An electrostatic dissipative thermoplastic polyurethane composition made by

reacting (a) at least one polyester polyol intermediate with (b) at least one
diisocyanate and (c) at least one chain extender;

wherein (a), the polyester polyol intermediate comprises an intermediate
derived from at least one dialkylene glycol and at least one dicarboxylic acid, or an

ester or anhydride thereof.

2. The composition of claim 1 wherein the dicarboxylic acid contains from 4 to

15 carbon atoms and the dialkylene glycol contains from 2 to 8 carbon atoms.

3. The composition of any of the claims 1 to 2 wherein the dicarboxylic acid
comprises: succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, dodecanedioic acid, isophthalic acid, terephthalic acid,
cyclohexane dicarboxylic acid, or combinations thercof; and

wherein the dialkylene glycol comprises: oxydimethanol, diethylene glycol,
dipropylene glycol, 3,3-oxydipropan-1-ol, dibutylene glycol, or combinations
thereof.

4. The composition of any of the claims 1 to 3 wherein (b), the diisocyanate,
comprises: 4,4'-methylenebis-(phenyl isocyanate); hexamethylene diisocyanate;
3,3'-dimethylbiphenyl-4,4'-diisocyanate; m-xylylene diisocyanate; phenylene-1,4-
diisocyanate; naphthalene-1,5-diisocyanate; diphenylmethane-3,3'-dimethoxy-4,4'-
diisocyanate; toluene diisocyanate; isophorone diisocyanate; 1,4-cyclohexyl
diisocyanate; decane-1,10-diisocyanate; dicyclohexylmethane-4,4'-diisocyanate; or
combinations thercof;, and .

wherein (c), the chain extender, comprises: ethylene glycol; diethylene
glycol; propylene glycol; dipropylene glycol; 1,4-butanediol; 1,6-hexanediol; 1,3-
butanediol; 1,5-pentanediol; 1,4-cyclohexane-dimethanol; hydroquinone
di(hydroxyethyl) ether; neopentyglycol; 1,4-bis(2-hydroxyethoxy) benzene; or

combinations thereof.



2. 1E+08 Exanple 5-D 6. 5E+08 1 - ESD properties are neasured by ASTM

D- 257, at 500/ relative humdity (RH). [0078] The results show that the ESD
TPU pol ymen00fo46156 present invention have ESD properti @esTasapansbe to t he
conparative ESD pol yether TPU. The results al so show that when the ESD TPU
pol ymers of the present invention further include a netal containing salt,
the ESD properties of the conpositions are inproved to the point that they
are better than the conparative ESD pol yether TPU. [0079] Each of the
docunent $-r ef ekliceeprpRpsithiyef sny @H@éﬂﬁ%@étlé@ heheicidy).te¢ BplyRser Except in
t he Exa . s M hcl L.Lyqd ngi , nal Iy, .nuneri cal
quantit?ﬂ%)?%lgﬁ?%@ 35%??%@%§%§§32§??%§k%€ 1 %ﬁ?gﬂ%%ghgﬁéﬁFals, reaction
condi t i onSisooypdnacut@anpnigisgii'smethyrdnebisqphemy haoryahaiok andrid), thechdike, are to
be understood as nodi fied by.th rd. "about." Unl ess of herw se indicat ed,
al | per ceffendsr a%%lpﬂﬁepﬂnwgr%ié%l, E}ﬁ?ggﬁawge&lﬁ*@i ORAPEVDrF! Cfwef ght basi s.

Unl ess otheivmhsfrsndéear ed, each chem cal or conposition referred to herein
shoul d be interpreted as being a commercial grade material which may
contain the isoners, by-products, derivatives, and other such materials
which are nornglly understood to.be present i he commerci al grade.
fowever. The. aSRTERTAIER Ereh B8P ERoReh et P RREnred Bt e of
any sol vesioit ofliali@Bt caithininhatt ol chBstaHs RYakibd, present in the
commercial material, unless otherwise indicated. It is to be understood
that the upper and | ower anount, range, and ratio |limts set forth herein
my be i ndepengentd ¥, LOTRI Dedy i S AAL M- LS. ARgSS and  ApunLs, for - each
el ement of the Invention can be use ?oge? er wt raﬁges or PArsliit s for
any of thahdinhesntelrem@rdls. As used herein, the expression "consisting
essentially of' permts the inclusion of substances that do not materially
af fect the basic and novel characteristics of the conposition under

consi der af i Qn'The’gojrﬁpo\éﬁi&l &t oigthef%ﬁiﬁllsq rP@B@fe'ir?sﬂH%%@%i‘t%ﬁ has at

t her nopl asti ¢ pol yuret hane coRbOS|t|on made by reacting ) at least one
pol yest erlcployiolof it folloedh@tkaractchisfidsy at | east one diisocyanate and (c) at

| east one chai n extender; . wherein (a)., e polyeste ol yo
i nt er medi at e q%@%ﬂ%m%ﬁaﬁfﬁéeﬁ ?let/%fﬂgf’i’”oﬁpéf@l @égﬁsqyﬁée #hdil kyl ene

gl ycol andyahmlegastti@nebdbeal BOKY bimPCdim@Lr, 30 nRILEkd By AGRYAPL L. t her eof
2. The conposition of claim 1l wherein the dicarboxylic acid contains from4

to 15 carbon diipntbe anthppkiciodibab kystaedaghy catk of dess dharsalfqud fh Rsaconds car bon

at ons. T osition of any of e .cl.ai 1l,.to 2 wherein,t

G car boxyTet 1000 O VoBRcai i sehes Bt Ml dad e bgiliaci o

pi mel i c afbitors BR@IH Whadi Qid edBpediGoRahdla seebactsy ALt of |dodpmamedt 9iic aci d,
i sophthalic acid, terephthalic acid, cycl ohexane dicarboxylic acid, or
conbi nat isspendsHeerae000ahep 50 V or fipar-80P0 i F0aY Ry mssurgH e d2 Ycishinics es:

oxydi et PP | ycol , dipropyl ene glycol, 3, 3-oxydipropan-I-ol,
dibuty|eE§H§F§XoﬁﬁL§%g§@ﬁ I'nations thereof. 4. The conposition of any of
the clains 1 to 3 wherein (b), the diisocyanate, conprises:

4, 4" - met hyl enebi s- (phenyl isocyanate); hexanet hyl ene diisocyanate;

3, 3' - di met-hy| b sreomymasiion ofgnysRfchhastaies Inod MhFeHe s icepppaitigndas at
phenyl eng. — . dic ; : ne- 1, 5-di i socyanat e;
diphenylﬁg%ﬁéﬁggg?§95%®§§%§8§§?§2%p@&§iisocyanate; tol uene diisocyanate;

i sophor one di i($)othacat@sitionthasyx haddexssl ofdit lsscg@SAdR; A units, as measured

decane- 1, 10-dj | sqQc ate; dicycl ohexyl net hane-4, 4' -di i socyanate; or
conbinatﬂﬁhég?hiﬁﬁ%?ﬂbnd

(i1) the composition has a tensile strength of at least 10 MPa and an ultimate
clongation of more than 300% as measured by ASTM D-412;

(ii1) the composition has Graves tear value of at least 5 kg/mm, as measured
by ASTM D-624, using die C;

(iv) the composition has a taber loss, per 1000 revolutions, of less than 100

mg, as measured by ASTM D-3389;



wherein (c), the chain extender, conprises: ethylene glycol; diethylene

gl ycol ; propylene glycol; dipropylene glycol; 1,4-butanediol;

1, 6- hexarw0i2011/044758- but anedi ol ; 1, 5- pent anedi ol ; PCT/US2010/051030

1, 4- cycl ohexane-di et hanol ; hydroqui nope di (hydroxyethyl) ether;

neopent ygl ycol ; 1,4-bis(2-hydroxyetho;§) benzene; or conbi nations thereof.
-22- 5. The conposition of any of the clains 1 to 4 wherein: (a), the

pol yester polyol internediate, conprises poly(diethylene ?I col adipate);
(b), the diisd¥ydhacemeesifipndesawuaghtrmyergedpelsrslar eyl psegtanat e) ; and
(c), the ghgdp extender conprises butanediol, hydroquinone di (hydroxyethyl)
et her, or ¢onBi nations thereof. 6. The conposition of any of the clainms 1 to
5 further conuwi)sthegoampositiceciidsvemardiow imafexa fiiedsahac 601 & measgrabby f or

el ectrostatic dissipation. 7. The conposition of c¢laim ein the neta
cont ai ni rig> 5 15-@@5?3% rsﬁ%&%b%mqgﬁwpsﬁamrﬁ@fﬁpfé. ae&%@sm%@u on of
any of thgyglainms 1 to 7 wherein said conposition has at |east one of the
foll owi ng characteristics: (i) the conposition has a surface
resistivity below 1.0x1013 ohni square and a volune resistivity bel ow

1. 0x1012 ohmcenti neter, as.nmeasured. b STM D, 257; ii) th

Composi tidh hati WP IoHREAY Y PE Cbaflanﬁstg'\Q AR CHbt thé.pfﬁ%eéﬁ%ma’iyqlr om
1000 V thlrgQ)_nvnta,@s_ SEAsMHEHy eI %Pol RitRr pogydlym dity using a charged plate
nonitor; and in which said conposition has a static decay rate of |ess than

about 0.1 seconds from5000 Vto 50 Vor from-5000 Vto -50 V as neasured
at 12% rel,ati hum dity by. ET 01C. 9..Th osi tion of f _the
eltl € com%051t¥on Sf dny o ti'lF.c aims’1 togtOC ﬁfﬁﬁ%ef com rl(sjlglgtaﬁgé/afsp

claims 1 to 8 erein sai d conmposition has eas o??%mﬁng
char act erjasé p6K/mer. (i) the conposition has a hardness of at |east 60
Shore A units, as neasured by ASTM D- 2240; (ii1) the composition has a

tensile strength of at |least 10 MPa and an ultinate el ongation of nore than
300% s easur il QAT A02im 11 wher i phE,AQRPELARARAYIES G aves tear
val ue of at | east lﬁgynnloas ﬁ%asﬁ¥éﬁ]'y Ag e%>gg§, usPnngle C

polyolefin; a styrenic; a thermoplastic polyurethane, a polyamide; an acrylic

polymer; a polyvinylchloride, a chlorinated polyvinylchloride; a polyoxymethylene;

a polyester; a polycarbonate; a polyphenylene oxide; polyphenylene sulfide; or

combinations thereof.

13. A process of making an electrostatic dissipative thermoplastic polyurethane
composition, comprising the steps of reacting (a) at least one polyester intermediate
with (b) at least one diisocyanate and (c) at least one chain extender; wherein (a)
the polyester intermediate is derived from at least one dialkylene glycol and at least

one dicarboxylic acid, or an ester or anhydride thereof.

14. A shaped polymeric article comprising the electrostatic dissipative

thermoplastic polyurethane composition of any of the claims 1 to 12.

15.  The polymeric article of claim 14, wherein the article comprises: packaging
materials for ESD sensitive semiconductor and electronic parts; durable or
consumable parts for clean room equipment and applications; construction materials
for clean rooms and datacenters; fibers; laminated sheets; conveyor belts;
pharmaceutical products; medical devices; clectronic components; separators for

use in the construction of lithium-ion batteries; polymer electrolyte membranes for



(iv) the conposition has a taber |oss, per 1000 revolutions, of |ess than
100 ny, as neasured by ASTM D-3389; -23- (v) the conposition has a
wei ght awsoaga/@wisecul ar wei ght of at | east 60, 000; PCT/US201)/051080
conposition has a nelt flow index of |lgss than 50, as nmeasured by ASTM

D- 1238 Procedure A at a barrel tenperature of 190C and a 3.8 kg piston

| oad. 10. The conposition of any of the clains 1 to 9 wherein (a), the
pol yester polyol conponent, is substantially free of polyether polyols.

11. The cvRpbdhe rorstiactignpf dithiunepelymardatteries aind fupl cchlp; Gosppmbiaptigpsat

| east ongjbase polymer. 12. The conposition of claim 1l wherein the base
pol ymer conprises: a polyolefin; a styrenic; a thernoplastic pol yurethane,
a polyam de; an acrylic polynmer; a polyvinylchloride, a chlorinated

pol yvi nyl chl ori de; a pol yoxynet hyl ene; a pol yester; a polycarbonate; a

pol yphenyl ene oxi de; pol yphenyl ene sulfide; or conbinations thereof. 13. A
process of making an el ectrostatic dissipative thernoplastic pol yurethane
conposition, conprising the steps of reacting (a) at |east one pol yester
internediate with (b) at |east one diisocyanate and (c) at |east one chain
extender; wherein (a) the polyester internediate is derived fromat | east
one di al kyl ene glycol and at | east one dicarboxylic acid, or an ester or
anhydride thereof. 14. A shaped polyneric article conprising the

el ectrostatic dissipative thernoplastic pol yurethane conposition of any of
the clains 1 to 12. 15. The polyneric article of claim 14, wherein the
article conprises: packaging materials for ESD sensitive sem conductor and
el ectronic parts; durable or consunable parts for clean room equi pnent and
applications; construction materials for clean roons and datacenters;
fibers; |am nated sheets; conveyor belts; pharmaceutical products; nedical
devi ces; electronic conponents; separators for use in the construction of
lithiumion batteries; polynmer electrolyte nmenbranes for -24- use in the
construction of lithiumpolynmer batteries and fuel cells; or conbinations
t her eof .



