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Most conventional commodity polymers such as polyethylene,
polystyrene, and nylon are inherently insulators as it relates to electrical
charge transfer exhibiting resistivity readings {ohm-cm) of from 1x10"® to

15 1x10" ohm-cm. Electrical charges which may be buiit up in thé polymer
from sources such as frictional energy cannot be readily dissipated.
Therefore, it is useful to impart conductance to the polymer through additives
which will lower the polymer’s resistivity readings to a range from 1x10'® to
1x10° ohm-cm. It is generally accepted that polymer composites having

20 resistivity readings of 1x10"2 ohm-cm are "conductive”, 1x10*® ohm-cm are
"semi-conductive”, and 1x107'2 ochm-cm are "antistatic"”.

It is desirable to prevent static electricity build-up on polymeric
materials. For example, in the case of textile materials such as carpets, static
electricity builds up when people walk on the carpet, thereby resulting in

25 uncomfortable electric shocks when the walker touches a grounded object.
Furthermore, when such static slectricity builds up on polymeric material
associated with computing equipment (e.g., cabinets and other enclosures),
loss of data on slectromagnetic media, damage to equipment, and a fire
hazard may result.

30 Conventional antistatic agents have been used to increase the
conductivity of polymeric materials to some degree, in order to permit the
dissipation of the static electric charges. They may be classified into three
general categories as follows:
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3. Metallocenes such as bisimethyl)cyclopentadienyl cobalt which provide

a low energy (10*'° ochm-cm) transfer of electrons betwsen adjacent
16 aromatic layers.

4, Antistatic agents based on combinations of neoalkoxy organometallics.
Minor amounts of combined mononeoalkoxy titanates and/or zirconates
can be added directly into the polymer during the compounding phase
to form a non-blooming organometallic electron transfer circuit to

20 provide an antistatic effect which works independently of atmospheric
moisture. These antistats are described in U.S. Patent 4,715,968 and
the Ken-React Reference Manual by S. J. Monte, published February,
1987 - Revised Edition.

25 Electrostatic Dissipation phenomena was once primarily an aesthetic
nuisance typically associated with such low power annoyances as the
generation of a spark/shock while approaching a light switch after crossing a
synthetic yarn carpet under low humidity conditions. The need for ESD
through the use of antistatic agents has assumed an important status as a

30 consequence of massive increase of the usage of low power, high
information density electronics (such as microcomputers} in most office
environments, and electronically controlled utilities in home, office,
commercial, and industrial areas. The sensitivity of microcircuitry to static-
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The resultant charge generation may be minimized or dissipated by
conducting excess electrons to ground and/or neutralizing positive holes by
return of electrons from ground. Such grounding raquires that a resistance

16 not greater than approximately 10" ohm-cm be maintained along the entire
grounding path of the polymer whose underlying volume resistivity is 101%'® -
ochm-cm.

From a functional viewpoint, resistivities of 10" ohm-cm or less
commonly occur with cellulosic material at relative humidities above

20 approximately 25%, since cellulosics tend to absorb water strongly, thereby
providing a conductive surface layer for ESD protection. However, less polar
polymeric materials such as the polyolefins and styrenics and, to a modest
degree, somewhat more polar materials such as polyethers, ABS, and vinyls
require the addition of antistatic agents to render them adequately

25 conductive.

The materials heretofore in the prior art, though somewhat effective,
had certain disadvantages.

The hygroscopic surfactants are humidity-dependent since they work
on the chemical principle of limited polymer solubility, thereby blooming to

30 the polymeric surface to provide sites for water absorption from the
atmosphere resulting in an aqueous conductive layer (10*'° ohm-cm) for
static discharge along the non-conductive polymeric material surface. The
foliowing four classes illustraté these materials: a tertiary fatty amine and its
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15 for those applications in which the antistat may be reapplied periodically from
an external source to maintain desired levels of protection. Their advantage
is their low cost {$1.50 to $3.50/Ib.) with low use levels of from 100 to’
2000 ppm.

Conductive particulates, fibers and/or inserts are widely used to

20 provide permanent antistatic protection to provide a low resistance pathway.
Such systems normally suffer from the requirement that substantial volume
fractions of from 4 to 60% conductor by weight of polymer must be
employed in order to achieve the desirad level of ESD. The high levels of
conductive particulate additive tend to significantly reduce the transparency

25 and performance characteristics of the plastics involved as a consequences of
crystal dislocation, dilution, and/or energy concentration with resultant loss of
impact strength. ,

A means for ameliorating these behavior patterns is to utilize a

relatively long conductive fiber to provide mechanical reinforcement, as well

30 as electrical conductivity to the matrix resin. However, such conductive
fibers tend to be rather expensive, and as a consequence, little used, except
where cost/performance benefits tend to represent substantial value added |
situations.
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The fourth class of antistats, combinations of neoalkoxy triamino and
trisulfonyl titanates and zirconates known commercially as Ken-Stats {a

15 trademark of Kenrich Petrochemicals, Inc.), are described in U.S. Patent
4,715,968. These materials are functional antistatic agents for certain
polyolefinic, substituted polyolefinic, polystyrenic, and polyester polymers.
They form an internal electronic circuit which is non-blooming, is non-water-

- dependent, and is often beneficial to polymer properties.

20 Like the metallocenes, they form soluble complexes of moderate
mobility within the resin matrix. However, unlike the poorly conductive
metallocenes, the individual components tend to orient in alternating bipolar
charge layers which result in a very low band width gap, hence, low
resistance to electron transfer. The formation of these bipolar layers tends to

25 inhibit migration once established. As a consequence, the ability to extract
low levels of the components from the resin matrix is significantly impeded.

These materials, formed of components having a plurality of
hydrophilic groups, while outstanding in certain polymeric materials, suffer
from certain drawbacks. Firstly, they are not sufficiently thermally color

30 stable to be processed at high temperatures such as 400°F and above, as is
required by certain polymers, e.g., low melt polyolefins, polycarbonates.
Secondly, they produce an unpleasant odor. And, finally, they impair the
transparency, particularly on aging, of clear film and solid articles, a major
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effectiveness of peroxide free radical cured thermoset polymers.

B Description e Inventio
It has now been discovered that trineoalkoxy'monoamino zirconate and
15 trineoalkoxy monosulfonyl zirconate combinations (hereinafter "TNZs") are
outstanding antistatic agents for polycarbonates, pblyolefinic, substituted
polyolefinic, polystyrenic, polysether and polyester polymers, particularly
where high thermal stability, i.e., over 760°F, is required. The use of such
an antistatic agent permits the fdrmation of film substantially free of discoior-
20 ation initially or on aging. Additionally, the TNZ antistatic agents of the
invention do not adversely affect light transmission and are odor-free as
compared with the mononeoalkoxy titanate/zirconate antistats of the prior
art.
For example, preferred TNZ materials may be used for the processing
25 of polymers up to 825°F.

The amount of the antistat of the invention needed to provide ESD
effects is that which will provide a continuous, dense, and completely
solubilized atomic electronic circuit. |

A dosage level of 0.3 to 8.0% of the liquid antistat, based on the

30 weight of the polymer, is generally used. If significant proportions of non-
conductive particulate such as pigment of filler are present (i.e., in excess of
5 vol. % in the compound), higher proportions of the antistatic agent may be
required in order to achieve adequate ESD activity. The liquid antistatic agent
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agi ng, of cli®ar conditions d@re irhportant focsurtessfulapplication of the TNZ. Both excelient
distribution (below the polymer melt temperature) and dispersion {abave the
polymer melt temperature} of the TNZ are necessary to optimize
effectiveness.
If the TNZ is to be distributed into the unmelted polymer phase by
20 powder blending, then the powder blending must be intensive to insure
- uniform distribution. Dry blend technigues such as drum rolling or dumping
all at once of the liquid TNZ into a ribbon blender with short mix times will
give poor results. The TNZ powder form helps prevent localization to provide
more uniform distribution. It Is also possible to masterbatch the TNZ further
25 to produce a 20% active pellet masterbatch.
During the flux phase, there should be sufficient back pressure and
mechanical shear so as to allow the TNZ to both solubilize and be
mechanically dispersed into the polymer.

30 Detajled Descri nve
A wide variety of thermoplastic polymers, elastomeric resins, and
thermosetting resins and coatings may be treated in accordance with the
invention. Examples of thermoplastic polymers are ABS; acetal; acrylic;
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of the applicable polymers, see Charrier, Polymeric Materials and Processing,
Hanser Publishers, New York (1991), the disclosure of which s incorporated
by reference herein. |
15 The applicable polyolefinic polymers which may be treated with the
antistats of the invention include homopolymers made by the polymerization
of monoolefins having from 2 to 6 carbon atoms, diolefins having from 4 to
10 carbon atoms, and copolymers and terpolymers thereof. Examples of
such materials are high and low density polyethylene, LLDPE, polypropylene,
20 HDPE, polybutylene, sthylene-propylene copolymers, ethylene-butylene
copolymers, and terpolymers of ethylene, a second olefin such as propylene
or butylene, and a minor amount of a dieﬁe termonomer such as ethylidene
norbornene, cyclopentadiene, and hexadiene-1,6.
The polyesters which may be advantageously employed in conjunction
25 with the antistats of the instant invention are polycondensation products of
aliphatic diols and/or triols with aliphatic and/or aromatic dibasic and/or
tribasic acids as well as polyamides, e.g., nylons 6, 6/6, 6/10, 6/12, 11, 12.
Individual polyasters as a consequence of'their composition may optionally be
subjected to secondary cure (thermoset) application for selected applications
30 after admixture with the antistats of the instant invention.
The useful polystyrenic polymers are polymers formed by the
polymerization of styrene, alpha-methyl styrene, and copolymers of the
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active nasterbat(‘:'ﬁal powder f-ormso as to facilitate dispersion and
handl jng 35 to 90 w The antistaticrageatsisgful in this drvention.ase ascombinationsefd on

the total wei ghtcoﬂIpJL@%sﬂa%gqﬂE‘?ollowin&?&mﬂ}f@s | s used. Sone suggested

dosage ranges are: Pol yner % TNZ
LLDPE. B0 to 4(W (RR,R,C-CH,-0); ZrA HDPE 0.7 to 3.0
PP 2.3 to 4.0 PETG 1.3to0 6.0
10 ?") ‘RR1R2C'WF<9)3 2B 4.0 to 6.0

PES 6 vﬂ\érﬁuﬁR OR,, R, are 8atR228Rndlaléent WkyE alkedyt SaIRynYIp arduam Al
screening for nost pol yners. TNZs work on the princlple

sol ubi lizatlon &f aﬂg greup haviegasp 10 29; easban mmepgar!&let ar Fﬂ\%‘ﬁ“ﬁﬁﬁt‘{tﬁ@
pol ymer binder [ ¥a#avstivétndredk; 3hd AREEAS an oxyalkylamino —(—O-R,-N(Rg)}(R,)) or an

10 oxyaryl amino —{—OArN(Rg}{R,)) group, and B is a arylsulfonyl
(ArS(0),0—)— or an alkyl sulfonyl (R-S(0},0-) group.

The various R, Ry, and R, may each contain up to three ether oxygen
or halogen substituents, provided the total number of carbon atoms for each
such R group does not exceed 20, inclusive of the carbon atoms contained in

15 substituent portions. Preferably, the R group in the alkyl sulfonyl group
contains from 1 to 8 carbon atoms. '
R, is a divalent alkylene group which many contain in the chain
oxygen and nitrogen atoms, e.g., a-C,H,NHC,H,- group. o
Rs and R may be hydrogen or hydrocarbyl groups as defined for
20 R, R; and R, above. Preferably, R; and R, are hydrogen, i.e., the terminal
amino group has primary funétionality as opposed to secondary or tertiary.

Ar, in the above formulas, may be a monovalent aryl or alkaryl group
having from 6 to about 20 carbon atoms, optionally containing up to 3 ether
oxygen substituents, and substituted derivatives thereof wherein the

25 substitutions are up to a total of three halogens or amino groups having the
formula NRgR, wherein Ry and R, are each hydrogen, an alkyl group having 1
to 12 carbon atoms, an alkenyl group having from 2 to 8 carbon atoms, a
cycloalkyl group having from 3 to 12 carbon atoms, and an aryl group having
from 6 to 12 carbon atoms. Preferably Ar is a phenylene group having a long
30 chain alkyl substitution having from 8 to 18 carbon atoms.

The most preferred embodiments of the instant invention are combina-
tions of either zirconium IV [2,2(bis 2-propenolato-methyl} butanolato],
dodecylbenzenesulfonato-O or its titanium 1V analog with zirconium IV [(2,2-



condi-tions are Inportant to successful appl I cation of the TNZ. Both
excel | ent di stribution (bel ow m, §J h :ﬂ% enperature) and
di spersi on (above the pol yrer aHE 5@%% of the TNZ are
necessary to optimze ef fecti vgness.R the TNZ Is to be

dirstributed intyq, sdisgen el t €d pol ymET phase by povvder b'f&ﬂhﬁﬁgﬂ@e”
t he powder bl e@ng nmust be intensive to insure uni formdrstribution.

Dry bl end techniques such as drumrolling or 1@unpi ng all at once of
the liquid TNZ into_a ribbon blender with short mix tinmes wll |ve

poor resul ts. Th&IsrRPrapeRriatomathyl) butanalate] 2rathyiepadimethylaming ethanglato
mor e uni f or m di styiil Bet iriderstobod! tﬁaamfspe%%wlr&mte :ﬂ&?"a%btb'ﬂ Sbtair E%smﬁ; a

further to produce a 20% active pellet masterbatc
the flux phase, mﬂimﬂemmcpat@mbmmamquwmw”

mechani cal shear so 28 f,g,.am,l b pm}r@'ﬁdg@%%w&hh{ﬁué%eﬂ% is added

mechani cal | y di sperse nto't
Det ai | ed Desc pto ¢he polynier, preferablyofrom 300 to 4500°~ppm;le variety of

[ ttin
e oot e ™ P b Rl 5 Bater o o i
PCT/ US96/ 07831 ~from 0.2 to 1 8 moles of the trineoalkoxy amino zirconat® compotsd (TNAZS
esters (CAlI CAB); l.ene ner s éﬂﬂ
f 1 uor ocar bon; 3&%‘1“?4 I‘f&?b'" B&}/M"H@%g"( %Hf F'T%#’H\?Qa'k"xv sulfonyl
tiaiee bSEEtwe pEEé"“"”“’ msz’ | COMBAURE| MR FotAHAE SoPtHg MRy fanié ol o,
| e
E)ol yua eE h ane O B,)lg pp:qurred that from O. 5 to 1.6 moles of the TNSZ should be used with
each mole of the TNAZ.

By the practice of the instant invention, an excellent non-blooming

antistatic composition is obtained. Typically, in the case of polyethylene, the
resistivity is reduced from 10*® chm-cm without the antistatic agent to 10"

16 to 10° ohm-cm with the antistatic agent of the invention. In the case of one
thermoset (amide-cured) polyester coating, the resistance was reduced from
1200 to approximately 110 ohm-cm. Polystyrenics are reduced from an
untreated resistivity of 10'* ohm-cm down to 10" to 102 ohm-cm. As will
be readily understood by those skilled in the art, this decrease in resistivity

20 permits the dissipation of static charges (ESD).

The antistatic compositions of the invention are particularly novel since
the antistatic agent is not destroyed even though the polymeric material may
be optionally compounded at high temperatures, namely, between 350° and
825°F.

25 Where the compositions are subject to little thermal stress (that is,
formulated, processed, applied, and used at temperatures less than 300°F)
and admixed with inert solvents such as ethers and hydrocarbons, the broad
range of combinations such as described in Formulas | and Il above may be
used as the antistatic agent.

30 The formulated antistatic compounds of the instant invention may
optionally also contain organic or inorganic particulate materials, e.g., silica.
When significant proportions of particulate are present {i.e., in excess of

heet Has Been Reﬁaced

T



5 flexi ble and plastisol PVC, styrenics (GPPS) (HIPS) (SA/SMA); and SB

(TPR). Exanpl es of elastoneric resins are EPR, EPDM |1 R SBR, EPDM
SBR; NR, nitrile CPE; chloroprene fluorocarbon; chlorosulfonated

pol yet hyl ene; hal o butyl ene; silicone; polysulfide; epichlorohydrin,;
and XLDPE. Ex I thernosetting resins and coating icC;
al kyd (I ong o?ﬁ??aiF@@d (short 10 oil); epoxy; epoxy ester; u(@%@&ﬁﬁk
nitrocel | ul ose; phenolics; unsaturated PPl yester; saturated pol yester
uret hane; and vinyl ester. For a full discussion of the applicable

pol ymers, see Ciabout & volpgb)y higtier propartions of dnel TNZomaybiersquired in ldedercio
Publ i shers, New (%ﬁﬁ&& ﬂhﬁ osure of which Is incorporated

by reference hef%ﬁ%&gl te&#%e appli cabl e pol yol efinic polyners which
may be treated wi th #merder to more fidlytitustfate lthe iadvamtages of thé indtant invention,

honopol yners nma p rizati f pol efins having from 2
to 6 carbon at o%sﬁ? %%‘P&gi M@? ﬂg" ﬁ%gfm t 'Bﬁ)e a%ﬂygsgg%wé?@g?noéﬁg]by
copol yners arl tthe codgsin TablecAcof . Exanpl es of such materials are
hi gh and | ow density pol yet hyl ene, LLDPE, pol ypropyl ene, 20 HDPE,

pol ybut yl ene, et hyl ene-propyl ene copol yners, ethyl ene-butyl ene

copol yners, and terpolyners of ethylene, a second ol efin such as propyl ene
or butylene, and a m nor anount of a diene ternononmer such as ethylidene

nor bor nene, cycl opent adi ene, and hexadi ene-1, 6. The pol yesters
whi ch may be advant ageously enployed in conjunction 25 wth the antistats
of the instant invention are pol ycondensation products of al irphatic

diols and/or triols with aliphatic and/or aronmatic di basic and/or

tribasic acids as well as pol yam des, e.g., nylons 6, 6/6, 6/10, 6/12, 11,
12. I ndi vi dual pol yesters as a consequence of their conposition may
optionally be subj ected to secondary cure (thernoset) application for
sel ected applications 30 after adm xture with the antistats of the instant
i nvention. _ The useful polystyrenic polyners are pol yners fornmed
by the pol yneri zati on of styrene, al pha-methyl styrene, and copol yners
of the
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9. aforesaid materials with acrylonitrile, butadiene, and with
acrylonitrile and but adi ene. The antistatic agents useful
In this invention are a conbi nati on of conpounds having the foll ow ng
formul as: g“ (RRlerr]Rerr]CCHerr]-Oferr] ZrA
(II)(RR[err]R[&'lo ~CH err]-Oferr] ZrB wherein R, R[errlic,'r Eier"rsflare
each a nonoval ent al kyl, al kenyl, al kynyl, agal kyl, aryl or al karyl

group having up to 20 carbon atons or a hal o- or ether-substituted
derivative thereof; and A is either an oxy I NO
-(-ORerr]-NRerr])(Rerr])) or an 10 ox%ﬁgm’ no
-(-OArN(R[err])(Rerr])) group, and B is a arylsul fonyl Molecular
(ArS(O[err] O) - Arditivesal kyl sul f onyl (R—S(O)[err]O) group. Mgm_

The various R eréﬂi and r ont ai to three ether
or hal ogen subsﬂﬁt qiu @gﬂ 8 d ms EY W&Rﬁ'é?a * carbon atons fo%’ ach
such R group does {Bethane ncl usi ve of the carbon atons contained in

15 substituent po Pr ef erabl t R group in the al kyl sulfonyl
group cont ai ni‘#ﬁgnﬁfﬂip]sz&g%éq)zgﬁ Rierr] is

a dival ent al kyl ene group whi ch many contaln In the chain oxygen and
ni trogen atong QZrc WA Ik I8fdnhethi{/f BRtanola 1055
Rlerr] and R[err ' gﬁ%&rﬁ% gﬁgégﬁﬁgf ger oﬁgs as de%ollned for

R, Rerr] and Rerr re eraﬁ Rlerr] and Rferr] are hydrogen,
i.e., the term nal . a | t ypas opposed to
secondary or tertlaéH’ Cﬁnb&ﬂ" EHP%n ﬁﬁh E%ﬁ bg'e% b%ﬁb Hhay be a
nonoval ent aryl 1=!?a=ry| group having from 6 to about 20 carbon
atons, optionally containing up to 3 ether oxygen substituents, and
substituted deri@atZiksoniurh eV anAs-2vprobanolatd)codecylbehzdre siitfomato-0 € up 6083a
total of three hal ogens or am no groups having the formul a

ER[err]T[err] wher q(OHBL-OHJoRZast0r,lc M CoRgh hydrogen, an al kyl group
avi ng

D Zirconium IV tris-2-propanolato, (2-ethylenediamino} - 371
ethanolato

[(CHy),-CH,-0l,-Zr-O-CH,- CHz-NH-CHz-CHz-NHz

E Zirconium IV tris [(2,2-bis 2-propenolatomethyl) butanolato], . 833
2-ethylenediamino ethanolato

[CH;-CH,-C(CH, = CH-CH,-0-CH,) ,-CH,-0},-Zr-0-CH,-CH,-NH-
CH 2“CH 2‘NH 2

F Zirconium IV tris [(2,2-bis 2-propenolatomethyl) butanolato], 838
3-aminophenylato

{CHs’CHz’C(CHz = cH'CH:'O‘CHz)z‘CHz"o]3‘2"0‘02”“NH2
10
To further illustrate the subject invention, the following examples are set

forth:

COMPARATIVE EXAMPLE A - Organo-Titanium Compounds

15 Combinations of dodecylbenzenesulfonic and primary aliphatic amino
ligands built around titanium centers, shown in Table B, ware converted from



to 12 carbon atonms, an al kenyl group having from2 to 8 carbon atons, a
cycl oal kyl group having from3 to 12 carbon atons, and an aryl group having
from6 to 12 carbon atons. Preferably Ar is a phenylene group having a | ong
30 chain alkyl substitution having from8 to 18 carbon atons.

The nost pref e?J 5q;(:’gggﬁodi nments of the instant invention are CgrbiRénrs31
tions of either Zi fum 1V [2,2(bis 2-propenol at o- net hyl ) butanol at ol
dodecyl benzenesul fonato-O or its titaniumIWanalog with zirconiumlV

[ (2, 2- . o PCT/ US96/ 07831
10 bi s 2- prtbpiEntIQdedinidform wubighly sstvratedqawdeared masterbatchashon fine

et hanol ato. It R ' lts may al so
be obt ai ned by ugﬁc@éﬂkcﬁa%ﬁé%b@?%“}# co%aalﬁ%gégggihcﬁcﬁe tgm no and

sul fonyl noieti es. General ly, %0 to 80,000 ppm of the
antistatic agents is added 5 to the pol referably from 200 to 4500

ppm In the case of polQR ‘ g 3 mat eri al's, nost
pref erably from oal k m no zirconate
conmpound ( TNZ) 3\1@'&3 @ymdw.tonblwgﬁ'&ﬁ’wﬁ't‘ﬁf(éﬁﬁ)srml e of the
trineoal koxy sul fonyl pPNT = DNAPRADNSTNSL) (ﬂp Ngd... mgrh(gpference to the
pol ystyreni ¢ conpounds, 10 It |s preferred rom 7.6 nol es of

the TNSZ shoul d be usddTys ANAT + INST nore (U)J@' kAN TRAN)STi (B), By the
practice of the instanyy y\g\fentlon an excgl iptry @RPFF’ QO

antistatic conposition is obtained. Typi cal Iy e case o (A)de)ét hyl ene
t he resistivity iRNMAMSBEd from 10[ err ](N)J_JTMAMBM t hout the antistatic

agent to 10[eyr] 15 err] ohmcmw th ;u tistatic agent of the
i nventi on. ﬁfthe castecp t her rmset(A é-fn?@é cured) polyester

ohm cmy” Pol yst yr el PR 4§ :%ﬂs?@h—c'*-clérqo—ﬁirﬁbiﬁ%él Stivily of
is

10[err] ohmcm down to 10 @U[Z'@'F]Hzo‘m: B{CHZ apd
~0-5(0),-CeHy-CizHzg
15
Ten percent of the powder masterbatched organometallic titanate

combinations were incorporated into EVA {US| Chemicals Co. - Microthene
MU 763000) on a two roll mill heated by high pressure {150 psi) steam at

20 325°F and then pressed into 0.15 mm thick sheets on a electrically heated
hydraulic press at 325°F and 40,000 psi. Four surface and volume resistivity
readings on each side were made using a Dr. Thiedig Model 96071-MILLI-TO
2 ohm-meter for each of the test sheets and the results of the lowest of the
four readings for each side are shown in Table C:

25



be readily understood by those skilled in the art, this decrease in
resistivity 20 permts the dissipation of static charges (ESD)

The antistatic conpositions of the Invention are particularly novel since
the antistatic agent |Is not déstroyed even though the polymeric materi al

may be opwgm% conpounded -at hi gh tenperatures, narrelyﬂ,tgtgféé@g] 350

and 825F. Where the conpositions are subject to

thermal stress (that is, fornul ated, proddssed, applied, and used at
tenperatures |l ess than 300[err]F) and adm xed with inert solvents such
as ethers and hydrocarbons, the broad TABRLE f conbinations such as
described in Formulas | and Il above may be used as the antistatic
agent. 30 The formul ated antistatic conpounds

I nventi on may Oﬁ%ﬂéﬂﬁm&@ﬂ&“ ntai n organi nor gani rticulate
materials, e.g., silfca. ﬁggnl ficant pr%ons of cul ate
are present (i.e., iTNTRcess of Side 'l/\D 96/ 380082 x 10"  2.38 x 10®

PCT/ US96/ 07831 0.80 x 1011 4 weuioH vol.

% , higher prgportio f the TNZ e required in or achj eve
adequate ESD &cti vit ing “ﬁe? to ITDI’gF‘?QIN qgl I ugtﬁc&?‘e"q

advant ages of the i nst ant inventi on Zhe fol | MQ@ 1arrpl asl @ xl Qet

forth. The additivespype oyed are degfabeﬂ by 5 tho£Qigpei n a8 & 1o°
0.93x 10" 8.32 x 10°

MNAST® Side 1 3.81 x 10° 8.12x 10°
2 4.69 x 10° 1.30 x 10°
DNMAMST* Side 1 3.43 x 10° 8.53 x 10°
2 4.64 x 10° 1.32 x 10°
DADST® Side 1 1.07 x 10" 3.90 x 10*®
10 : 2 0.93 x 10" 2.47 x 10"
= 60% active TNT on silica.
= 70% active DADST on silica.
16 Although the conductivity readings as shown in Table C were

excellent, the aged appearance and color of the EVA films were not

acceptable commercially for applications requiring maintenance of film clarity.

While there may be commercially interesting applications for conductive

polymers containing the combined titanate based materials, this would only’
20 Dbe where clarity is not a requirement. '

To simplify the presentation, the following codes are used to describe
the zirconate compounds and formulations discussed hersin:
25
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Mol ecul ar
Vi ght

447

[(CH err])

CH - CH -C(CH =CH CH -O -CHerr err]-Zr-O
ST -C%gHH[Cfarr][?”] [eE{er]err] C[ZirCLnIO]uEnIV]

S(Oferr]

PCT/ US96/ 07831
TABLE A
Additi ves

A ZirconiumIV tris [(2,2 bis rrethyl)propanolato]

| f onat 0- O
[err%%&? ‘ -QJlerr]-z2Zr-0S(OJferr]-CHerr] 5 Ecrlglr%allum

IV itris [(2,2 bis 2 propenol atonet hyl ) butanqiato], 1055
dodecyl benzenesul f onat 0o- O

tris-2-propanol at o, dodecyl benzencQRE

D ZirconiumlV ?I’_ll[ grrz] d%%g\{) gﬁ} 9 g@%g{yﬁeﬁlghk&%r‘h)g’ ] err]

[(CH err])[err]-

et hanol ato
[(CH err])
err]

DNZ = DNAZ + DNSZ = (N)Zr {A). + (N)Zr (B),

g Ot R O SR S

10

15

20

25

30

where N, A, and B are as defined in Table B

Synthesis of TNSZ, TNAZ and their mono- and di-equivalents is based
on the transesterification of tetraisopropyl zirconate with the appropriate

‘reactants as indicated so as to yield the desired synthesized products and

four moles of isopropy!l alcohol by-product.

L r £ 1 Ifonyl Zircona

At room temperature, trimethylolpropane diallyl ether, 2-ethyl hexanol,
and tetraisopropyl zirconate are added to a 22,000 ml glass distillation flask
having a mechénical agitator, condensers, heating mantle, distillate trap,
thermometer, and vacuum devices. Three runs are performed to prepare the
intermadiates for the TNZ, DNZ, and MNZ, respectively. In each case a total
of four moles of trimethylolpropane diallyl ether and 2-ethyl hexanol are
added for each mole of the tetraisopropyl zirconate. One, two, and three
moles of the ether are added to prepare the MNZ, DNZ, and TNZ
intermediate, respectively. '

Next, the temperature is increased to 300°F, collecting isopropyl
alcohol at atmospheric pressure (760mm Hg). At this point the system is
cooled and the unreacted isopropyl alcohol removed under vacuum.

At room temperature, a 5 gallon stainless steel reactor having a
mechanical mixer, thermometer, and a cooling system, is charged with 1
mole of each of the intermediates and dodecylbenzene sulfonic acid is added
slowly over a period of 15 to 20 minutes while mixing, keeping the
temperature less than 120°F using a water bath. For each of the
intermediates, the appropriate amount of dodecylbenzene sulfonic acid is
added. Specifically, for the MNZ, DNZ, and TNZ intermediates, 3, 2, and 1



E Zirconium IV tris [(2,2-bis 2-propenol at onet hyl) butanol ato], 833

2: et hyl enedi am no et hanol at o
['CI-I[err]-CI—I[err]-C(CI-I[err]:CH-CH[err]-OCI—I[err]')[err]-CH[err] Olerr]-z2r-O
CHerr]-CHerr]- CH err]-CHerr]-NH err] F Zirconium |V
tris [(2,2-bis_2-propenol atorret hyl) butanol ato], 838 596/0783

3- am nophenyl aP® 90 858 PCTIU 1

[CH err]-CHerr]-C(CH err]=CHCH err]-OCH etg])[err]-CHerr]-Qferr]-Zr-0C
Cerr]Herr]-NHerr] 10 ~To further illustrate the subject invention,
the fol | owi ng exmeojd etdedacythanzene sulfoniciacid is addedCOMtaRiTE compigte additinn.

O Tit i
and prT ey al 1 poSCOkEybnzene suSHIE 8B%, nfifihg 15 fAARHIA] ER 2RERRHAT 10!
shown i n Tabl e Bminutesta compiatededction. VO 96/ 38500

PCT/ US96/ 07831 13 their
100% liquid formto highly sat urat ed povvdered masterbatches on fine

surface silicB having an aj i ) ‘
TABLE B At room temperature, trimethylolpropane diallyl ether,
dimethylaminoethoxy ethanol, and tetraisopropyl zirconate are added to a
22,000 mi glass distillation flask having a mechanical agitator, condensers,
heating mantle, distillate trap, thermometer, and vacuum devices. Three runs
10 are performed to prepare the MNAZ, the DNAZ, and the TNAZ, using a ratio
of the three components of 1:3:1, 2:2:1, and 3:1:1, respectively.

Next, the temperature is increased to 300°F, collerting isopropy!
alcohol at atmospheric pressure (760mm Hg). At this point the system is
cooled to 285°F and under vacuum the remaining isopropyl alcohol is

16 withdrawn.

Ill. Preparation of Necalkoxy Amino

As noted in Table D, the mono-, di-, and trineoalkoxy zirconate
20 compounds are an admixture of the respective amino and sulfonyl
compounds. These compasitions are prepared by the following general
procedures:
At room temperature (77°F), 47.31 parts of the neoalkoxy sulfonyl
zirconate is added to a 5 gallon stainless mixing pot having a mechanical
25 mixer, thermometer, hot plate, and cooling system while mixing at
approximately 50 rpm. The temperature is increased to 110°F and 33.75
parts of the neoalkoxyamino zirconate is added. The temperature is
increased to 160°F, cooled to 110°F, and 8.55 parts of 2-ethyl hexanol is
added. After cooling to 80°F, 2.44 parts of tetra (2,2 diallyloxymethyl)butyl,
30 di(ditridecyl)phosphito zirconate is added along with a solution of about 6
parts of neopentyl glycol in about 4 parts dimethy! hydrogen phosphite and a
dispersion of about 0.02 part of sulfur in 1.98 parts of dodecylbenzene.
While mixing, the temperature is again increased to 160°F. When the



ORGANO Tl TANATE CODES 5 IMNT = MNAT + MNST = (N)[err]Ti(A)[err] +
(N[err]Ti(B)[err] DNT = DNAT + DNST = (N)y[err]Ti(A[err] +
(N[err]Ti(B)[err] o TNT = TNAT + TNST = (N)[err]Ti(A[err] +
(N[err]Ti(B)[err] MNAST =

Nf[err]Ti(A r err] + err]Ti(A)[err](B)[err

DieT | el T L et ] (B err) 10 PEBEpe

= (Aferr]Ti(B)[err] where N is1fpCH err]-CHerr]-C(CH err]
:CH-CH[err]-OCI—I[err])[err]-CH[er;tL-O Ais ’

- O CH[ er r ] - CH[ er dispersif isragmpistes rthp mixeMeds cppled to] rogmi temperature under

Bis -OS(Oferr Jerr]Herr] 15 Ten percent of
t he powder nasterhf)'%ﬁlﬂee}f'@%gh%fal lic titanate conbi nati ons were
incorporated into EVA (USI Chenicals Co. - Mcrothene MJ 763000) on a

roorL L, et . B aaR U o R b B] g ™
hydraulic preS§s niethoddotmandfactife describbdyr surface and vol une resistivity

readi ngs on each side were nade using a Dr. Thiedig Mdel 96071 -MLLI-TO
2 ohmneter for each of the test sheets anjﬁﬁgggresults of the | owest of
wn

t he four readings for each side are sho In Table C 25 WO
96/ 38500 IPA Collected. Kg ~ Conversjonsos/ 07831
14 ltom Theoretical Actual % Theoretical
' TNZ ,
10 TNSZ int. 4.60 4.6 98.9
TNAZ 4.59 4.55 98.9
DNZ
DNSZ int. 4.94 4,73 94.4
DNS2Z 4.91: 4.64 94.4
15 MNZ '
MNSZ int. 5.34 5.00 93.6
MNAZ 5.29 5.00 94.5

The surface resistivity of blends having various ratios to the TNSZ and
20 TNAZ, both at 100% and in formulated compositions, is set forth in Table F:



TABLE C Resi stivity,

ohm cm Ti tanat e Conbi nati ons Surface Vol une
TNT[ err] Side 1 0.82 x 10[err] 2.38 x 10[err]

2 0.80 x 10[err] 4.14 x 10[err] 5 DNT[ err]

Stde 1 @5 O[err] 3.60 x 10[err] CT/US6/07831
2 4. 4009 r] 5.10 x 10[err] MNT[ er r]

Side 1 1.14 x 10[err] 9.58 x 10[erris

2 0.93 x 10[err] 8.32 x 10[err] IMNAST[ er r ]

Side 1 3.81 x 10[err] 8.12 x 10[

2 4.69x 10[err] 1.30x 10[err] mj DNVAMST[ err |

Side 1 3.43 x 10[err] 8.53 x 10[err] Surface Resistivity, ohm-cm
2 4.64x10[ er -Fi e DADST]102%4 Neat Si de
1 - 1.07 x 1 err 8

2 0.93 x 10[ Fﬁrﬁézz‘ﬁw) ﬁﬁ‘g’{'r’f i8S L7x10;  _ 60w

active TNT ongsilica2-TNSZ/TNAZ 1.0/0.2 b. = 70% acti ve 30836T06n silica.

15 Al t hough th nductivity readi ngs as shown in Jabl > were

excel lent, the aged ap ézaﬂuo@bgor of the EVA fil r"r’f;g\éﬁg not

accept abl e commer ci a4 L yyNs2yTRAR! i1c@f1.@ns requiring nai ntgzpang@?of film
clarity. While there nay be conmercially interesti r]g apgl j,cati ons for
conducti ve pol ydreAdN AZni1#/ e conbined titanat®e?ad®d material s,
this would only 20 -W%WT riqtX,4i & NOt a requirenent 7 EXAMPLE A
- Preparation of Orggno- | r(:'gln\gt él' 1r'rfﬁt)ounds ‘szsﬁ ?rgl ify the
present ati on30t he f of F TNAR)(100%) (MkW. usBB2)0 describe 2.2 x 808 zirconate

conpounds and for rrul&tri Oﬂseﬁii scussed herein: -

TNZ* (100%) 1.3x 107
Refluxed TNZ® (100%) 1 3.3x 107
Mineral Oil {(100%) 1.1 x 1077
15
a) TNZ formulated and heated to 160°F.
b) TNZ refluxed at 450°F for one hour.
20 EXAMPLE 1

The neoalkoxy dodecyibenzenesulfonic zirconate and a neoalkoxy
primary aliphatic amino zirconate prepared as shown in Example A are
. formulated by mfxing the MNAZ and the MNSZ at 120°F, DNSZ and DNAZ
at 102°F, and TNSZ and TNAZ at 90°F to form the MNZ, DNZ and TNZ,
- 25 respectively. Table 1A shows the heats of formation:

TABL
Gardner Appeérance ©®
Neoalkoxy Zirconates Heat of Formation, °F  Color Ambient
TNZ (TNSZ:TNAZ - 1:1) 77 10 90 6 Creamy
30 DNZ (DNSZ:DNAZ - 1:1) 77 to 102 12 Tan

MNZ (MNSZ:MNAZ - 1:1) 7710 120 13 Dark Tan
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TABLE D . ORGANG- ZI RCONATE CODES

MZ = MNAZ + MNSZ = (N)[er ]Zr(A)[err]]+((I\I)I\lg[err]]ZrZ((B?Bg[err]

DNZ = DNAZ + = (N[err]zr(Aferr] + err]Zr er

T (N [err]zr(A[err] + (l\l)[err]Zr(B)f’éF??"’“m‘

where N, A and B are as defined in Table Bqg Synt hesis of TNSZ,

TNAZ and their nono- and di-equivalents is based 10 on the _

transesterification d‘hetabbvaldatq)squl tha; tlmgtrhiemalldokh—hdndamra pm\naédeta g

reactants as in o as to yield the desir esi ze cts an
ghg?:f‘ ycftﬁodr 'E'SHBFt é@aﬂrmqres tﬁe ds eoalkoxy base%r Bﬂﬁ

f our nol es of

Preparation of Namddeoaljtoﬁyll\jmyl Zir conat e 15 At room t enper at ur e, I
trimet hyl ol propane d t he 2-eth hexanol and tetralsopropy
zirconate are added #@ka}zﬁ °?|'F‘p§|'°$ ﬂ\esmqwtpmatﬁdw ) as ththE ng a

mechani cal a@ t effetts W@Iﬁ‘g%ﬁ\pdi‘ﬂﬁiré on Méfpeafﬁn%te’ and WeidHtaBss after

t hermonmet er, and vacuum devices. Three runs are performed to prepare the
i nt er nedi at es f 8XPesHre img forgezair anen forr30 minptes: atasrying temparatures.c Tableot al

1B shows the results of this comparison:

JABLE 1B
APPEARANCE NET WEIGHT OF SAMPLE*

10 TEMP,, °F MNT INZ MNT INZ

77 Amber Creamy 100.00 100.00

350 Dark Amber Creamy 97.36 97.60

365 Cloudy Dark Creamy 95.98 97.42

Amber
15 450 Brown-Black Creamy 88.68 91.97
a) Net weight measurement made after heated sample
cooled to room temperature.

20 As shown in Table 1B, the MNT sample changed from amber at 77°F

to brown-black at 450°F while the TNZ surprisingly remained unchanged in
its acceptable creamy appearance over the entire temperature range of 77°F
to 450°F. Based on past experience, initial color appearance of the
combined organometallic blends usually has a direct correlation to the

25 acceptable appearance of the finished polymer film containing the combined
organometallic blends.

EXAMPLE 2
In this experiment, the inherent conductivity of the combined
30 organometallics was tested from a low level of 0.1 to 100% using the Dr.
Thiedig chm-meter. Mineral oil was used as a low molecular weight model
for polyolefins since it is a compatible low level plasticizer for polyolefins, and
previously found useful as a vehicle to test conductivity.



20 .of four noles of trimethylol propane diallyl ether and 2-ethyl hexanol

are added for each nole of the tetrai sopropyl zirconate. One, two, and
three nol es of the ether are added to prepare the MNZ, DNZ, and TNZ

i nternmedi ate, respectively. - Next, the tenperature is increased
to 300[err]F, collecting isopropyl 25 al cohol at atnospheric

(760mm Hg) . AtVPRFBSMYi nt the systemis cool ed and the Hﬁ?@g%@g’l

i sopropyl al cohol renbved under vacuum 20 At roomtenperature, a 5
gal l on stainless steel reactor having a mechani cal m xer, thernoneter,

and a cool i ng syst emTéss speeimpad werelprepared byhdoetopbladinga yniforme film of

I nt di at . i C. I i
0 L 25, gl R AR 5 i) S Sty
than 120[err]F usliend oatovat@inchaguare of 1cBuniil LEDPE§im and then placing the:fim o

T o Eon g HETIP A e e

WO 96/ 38500 & The readings obtained are set forth below:

PCT/ US96/ 07831 16 ' nol e of
dodecyl benzene sulfonic acid is added. AfteqagiEeaconpl ete addition of
t he dodecyl benzene sulfonic acid, mxing is maintained an additional 10
mnutes to conplete reaction. 5 Surface Resistivity; cpar at i
Neoal koxy Ani no RemscFested @ 77°F At roomohmpgmature, Voltage Range
tri et hyl ol propane djallyl ether,
Y1 01 PTOP460% Mindral Ol a1x107 BOO  2T/200K
10 Organometallics
0.1% No Reading* 2.1x10"™ 100  27/200K
0.5% No Reading®* 1.6x10® 10 200G/20K
1.0% No Reading* 2.5x10'? 10  200G/20K
15 2.0% No Reading* 2.2x10'2? 10 200G/20K
2.5% No Reading* 7.5x10"™ 10 2G/200
5.0% 26x10° 9.2x10° 10  200M/20
10.0% 3.1 x 10° 9.5 x 10° 10 200M/20
25.0% 5.8 x 10° 1.7 x 10° 10 200M/20
20 50.0% 2.6 x 108 23 x10° 10 20M/2
100.0% 1.1 x 107 1.6 x 107 10 2M/200M

* A suitable film for testing could not be produced.
25 '
Table 2 shows that 2.5% of TNZ in 97.5% mineral oil provides a
resistivity reading of 7.5 x 10'° ohm-cm as compared to 4.1 x 10" ohm-cm
for the 100% mineral oil control and that 100% TNZ has a conductivity of
1.6 x 107 chm-cm. The TNZ also appeared to provide better compatibility
30 with the mineral oil dispersion base vehicle. Levels of less than 5% MNT
could not be dispersed in the mineral oil even at 200°F and high agitation.
MNT at levéls of greater than 5% in mineral oil was sufficiently distributed to

give a consistent reading.



di met hyl am noet hoxy et hanol, and tetraisopropyl zirconate are added to a
22,000 M glass distillation flask having a nechani cal agitator,
condensers, heating mantle, distillate trap, thernoneter, and vacuum
devices. Three runs 10 are perforned to prepare the MNAZ, the DNAZ, and
the TNAZ, usi | 0 of the three conponents of 1:3: o nd
3:1:1, respeciﬁg?g@o Next, the tenperature is incgrecz’ilzlga tongOOF,
col | ecting isopropyl al cohol at atnosphgfic pressure (760nm Hg). At
this point the systemis cooled to 285[err]F and under vacuumthe

remai ni ng i sopr oEXAMBLEBOl is 15 wit hdrawn. :

[11. Preparation of I\H&pé ] e cﬂfﬁgpc Iéi],%y
Sul fonyl Zirconate Conpos‘ﬁ‘p%rrlagwermﬂma' stabl}!gy an%c! ‘e"é“‘."r’] abl e ,eét € nono-,

di -, and trineoasamples of neat aombitibd organometalicseMNT addiTNZ were ftestad at

. . Lt | . ~e )
eSPeC Ve A 1ol it 770 SAURSURERE FRESSSSE TR Vorb i By for
tenperat ure (57[ one hbyr andthith codléd to frobimctempenaturs Y7 E2F){ OThye practical upper

zirconate i s added,.t 5 gal.l skai nl ess m xing pot having a nechanical
25 mixer, ther nWHEt@rtﬁel?b'g"ﬁ %&@ B:and cool i ng system while nixing at

approxi mately 50 r pmTeEe@pééiffittistdfith® ﬁé%tidﬁgﬁrmiﬁmﬁmcs wérel srephfedthif destor ©

parts of the neoal koxyam no zirconate is added. The tenperature is
i ncreased to 1e0bladinga uiferm §im of ahout 2 mil thickness wheppassible upte aifinch

h | i i _ .
i Al 1y oxy et hyl 6 o ELOPE fiifad therfolibeg o i 39 1héh Blerhétef iechrode
al ong wi th al@ol piatesnThé resuitstaré shown parthe foliowiagtableyl gl ycol in about - 4

parts dinmethyl hydrogen phosphite and a di spersi on of about 0.02 part
of sulfur In 1.98 parts of dodecyl benzene JABLE 3\Wile m xing, the

tenperature is agahnrl ”Eéﬁﬁ?ﬁ.d to 160[MF. When t he NZ

Weight @ 77°F, g . 25.00 25.00
Waeight @ 525°F, g 13.75 13.65
19 Weight loss, g 11.25 11.35

Form @ 77°F liquid liquid
Form @ 77°F after 450°F thick paste liquid
Appearance - 450°F dark brown-black clear amber
Form @ 77°F after 526°F gummy solid liquid thin gel on top

20 Appearance - 525°F dark brown-black clear amber
Conductivit
Surface Resistivity, ohm-cm
77°F 1.1 x 107 1.6 x 107
Voltage/Range Setting 2M/200M 2M/200M

25 450°F 8.6 x 10° 8.6 x 107
Volitage/Range Setting 200M/20 20M/2
525°F No Reading 1.2 x 10°
Voitage/Range Setting /- _ 200M/2

30 Table 3 shows that after 450°F exposure, the MNT turned into an

unacceptable thick, dark brown-black paste while the TNZ remained clear
amber and after 525°F exposure, the MNT was a gummy solid and a test
specimen could not be doctor-bladed for measurements whils the TNZ sample
had a thin amber gel layer on top of clear amber liquid underneath which

35 could readily be doctor-bladed into a test specimen. The MNT exhibited an
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17 di spersion is conplete, the mxture is cooled to roomtenperature
under at nospheri c conditions. Tabl e E conpares the actual
and theoretical yields according to the 5 nethods of manufacture

descri bed: WO 96/38500 TABLE E PCT/US96/07831

| PA Col | ected. Kg Conver si on Theoreti cal
Actual % Theoreti cal TNZ 10 22 TNSZ int.

3868 455 accmgg o Surface resistivity reagi@za-r%p"F exposyrg gf%.ggﬁ_wg ofim->
94. 4 cm whil®We TNZ exhibited a rdading of 8.6% 107 ohm-ci. ThEETNZ

MNZ WNSZ_ | 5.34 . 00 93. 6 '

VNAZ exposgd to%ﬁ%foshowed angp_cgptab?e resisﬁvitﬁfﬁggiggrqfabg x 10®

resistivity of bpgmdemhaving various ratios to the TNSZ and 20 TNAZ, both
at 100% and ig formul ated conpositions, is set forth in Table F:

EXAMPLE 4

The thermal stability and conductivity of 10% organometallics MNT
and TNZ dispersed in mineral oil were tested after exposure to 500°F for one
hour in a forced air oven. .

10 The 10% TNT/mineral oil specimen, when exposed to 500°F,
separated into two distinct phases with the bottom phase becoming an
unacceptable-appearing dark brown gummy mass. The supernatant liquid
was poured off and then equal portions of the supernatant liquid and

* remaining bottoms were stirred together to make a supernatant/bottoms

16 mixture. Surface resistivity readings of 1.5 mil doctor bladed films are

described in Table 4:
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18 TABLE F

Surface Resistivity, ohmcm TNSZ/ TNAZ Bl ends, Non-Formul at ed

100% Neat 1 - TNSZ (100%9 (MW = 1185) 1.7 x 10[err] 5
2- - TNSZ/ TNAZ / 3.8 x 10[err] SOS07831
TNSZ/ TNAZ 1. Ol‘épg"% ' 3.9 x 10[err] Pfl‘_m TNSZ/ TNAZ
1.0/1.0 5.9 x 10[err] 23 5 - TNSZ/ TNAZ 1.0/ 1.4
7.1 x 10[err] 6 - TNSZ/ TNAZ 1.0/1.8 6.2 X
10[err] 10 7 - TNAZ (100%9 (MW =8 2.2 x 10[err]
For nul at ed TNZ[ err] (100% G'EAELH 1.3 x

10[ err] Ref | uxed TNZb (100% Test Settings 10[ err]
Mneral G| (100%sst Specimen SurfacelRdsistivig],er 1 ! 15 Gardner
a)  TNZ fornul aExposetitcF2PE@ny 160[ er rgtim-em TNz Color

todeoy! benzonBeud SMINTED o and o nBohiASy PPl . 8

am no zirconate poPINZIMPD.Shown in Exagr59‘ 10%r e 1001 ooM2D by mgi ng

the MNAZ and the_IMNSZ at 120Ler r | F, DNSZ and DNAZ at 102[err]F, and
TNSZ and TNAZ at , DNZ and TNz,
10% MNT/M.O.
a) Supernatant Portion 8.7 x 10 100 2G/200 5
10  b) Supernatant/Bottoms 2.6 x 10%° 100 2M/2 5to >18
Mixture
c) Bottoms Gummy 4.8 x 10° 100 20M/2 >18
Portion
10% TNZ/M.O. 6.6 x 10° 10  200M/20 6

16

The MNT/M.O. data show a surface resistivity of 4.8 x 10® ohm-em for
the dark-brown gummy bottoms portion; 8.7 x 10! chm-cm for the
supernatant portion; and 2.6 x 10' ohm-cm for the mixture of the

20 supernatant and bottoms portions.

The 10% TNZ/mineral oil specimen changed little from an acceptable
Gardner Color of 4 1o an acceptable Gardner Color of 6 after exposure to
BOO°F for one hour. The surface resistivity of doctor bladed thin films of the
TNZ based test specimens remained essentially unchanged exhibiting a

25 reading of 9.5 x 10° chm-cm when exposed to ambient 77°F and 6.6 x 10°
ohm-cm when exposed to 500°F for one hour and then cooled to ambient
77°F for measurement. When exposed to 500°F for 1 hour, 250 gms of the
TNZ sample was unaffected while the 250 gm sample of MNT had separated
into two phases with the bottom portion being a dark-brown lumpy mass. A

30 slurried mixture of the bottom and supernatant portions was made into a
mixture for testing.



25 respectively. Table 1A shows the heats of formation:

TABLE 1A Gar dner

Appear ance @ Neoal koxy Zi rconat es Heat of Fornmation, F Col or

Anbi ent TNZ (TNSZ: TNAZ - 1:1) 77 to 90 6 Cr eany
30 DNZ (DNSZ: - 1:1) 77 to 102 12 Siesosnrass MZ

( MNSZ: MNAZ - ﬂ?g’“‘“‘ 77 to 120 13 Dark Tan T WO
96/ 38500 _ 24 PCT/ US96/ 07831

19 The above data show that the trineoal koxy-based TNZ provi ded
a super i or EXAMPLESoduct when conpared to the di neoal koxy based DNZ
and mononeoal kogikoliifs JHlie o 16VeIS HRIHER bit ahide Pr i Of
art titanate (IVNT) ggmfo t ngTgvase??tescts of varyls‘?lag tenperature on col or

appear ance and Separated when akpesed to 50Q%bdeul doun, dioctylphthalate,c avidélyr 30
m nutes al varyjag bRERAES 5irtoulbAP PVC, whPuSPYS 4 HHGE 'tk O N S

conpari son:
APPEARANCE 5 conthictivity @rid therrhal\§tabiliey of MINIT and TNZ.TEMP. , [err] F VNT
TNZ  WWNT

100. 00 100. 00 Both the MNT and g wer °Z§Zﬂ"vP'%Fﬂ>§}A"nB§r"e%‘?H/g°eg% gm MNT

97.60 sample did not phase separate after exposure to 500°F for 1 hour. The
results are shown in Table b: -

- TABLES

10 | Test Settings
Test Specimen Surface Resistivity, Gardner
Exposed to 77°F Only ohm-cm Voltage Range Color
10% MNT/DOP 1.2 x 10° 10 20M/20 4
10% TNZ/DOP ' 7.1 x 10° 10 20M/2 3

15 S 500°F-
10% MNT/DOP 1.2x 10° 10 20M/2 13
10% TNZ/DOP 5.3 x 10° 10 2M/1 1

20 The Gardner Color for the MNT sample changed from an acceptable

Gardner Color of 4 to an unacceptable Gardner Color of 13, even though

conductivity was unaffected exhibiting 1.2 x 10° ohm-cm before and after

exposure. Surprisingly, the TNZ sample improved from a Gardner 3 to a

Gardner 1 after 500°F exposure for 1 hr. while resistivity improved slightly
25 from 7.1 x 10® to 5.3 x 10® ohm-cm.

EXAMPLE 6
TNZ and MNT, both as 60% active powder masterbatches on fine

silica, were prepared in a Henschel type mixer and then incorporated at a 3%
30 level into linear low density polyethylene (LLDPE) (Union Carbide Corporation
grade GRSN-9820 NT 7) on a two roll mill at 300°F, sheeted off at %"
thickness and cut into approximately 8 inch squares and then pressed into
0.156 mm thick test sheets at 360°F and 40,000 psi on an electrically heated
hydraulic press designed for the purpose. The color, transparency and



365, Coudy Dark Creany 95. 98 97. 42

Anber 450 Brown- Bl ack Creany 88. 68 91.97 15

a) Net wei ght neasurenent made after heated sanple

cooled to room tenperature. 20 As shown in Table 1B, the INT

sanpl e change g er at 77[err]F to brown-bl ack at Jhdhdsg t he
TNZ surpri si ngﬁ)’wmgﬁed unchanged in Its acceptable crg‘zr&yﬁs t
appearance over the entire tenperature range2sf 77[err]F to 450[err]F.
Based on past experience, initial color appearance of the conbi ned

organonet al | i ¢ béppassangs of the 3%60£.60% active TNZsample wasindistinguishable from

accept abl e appeﬁft@ﬁ.}?éﬁ c&%tf@ﬁﬁﬁsg@w §0% Bbtive W‘fﬁh@iﬁg dHafaétRfiBli¢ cd

organonetal lic experiment, the
i nher ent conductgaod wanéparémcy; duidiwithl adery dight tanrtiotin thesthickertpast ofi at them a

| ow | evel of O. 0 % Usi N InRfl t ral. Oi

was used as a | (])W ol e%u'?‘é@' véﬁ‘éﬂ?"‘%%"fhs' tlwfsgg L@oé) %gﬁ %I{Sovg%gg ﬁm&gl\g

conpati bl e | obv | waslasgoodtdscthadlLDRE comtrylol ef i ns, and previously found

g‘;‘ﬁ; ldlsgg}so%\ﬁh' cle ‘R fttlngttud\C(%]adsu%alnvh:tﬁ/értaken and mve\Dre%g/tl%?tgorgsults are shown
in Table 8 with the lowest of three readings reported for each side of the

pressed film:

TABLE 6
10 istivi -
Percont TNZ* Surface  Volume
Control - Side 1 1.2 x 10'? 2.2 x 10"
- Side 2 1.0 x 10" 1.0 x 10"
1.0 - Side 1 1.2 x 10'? 1.5 x 10"
16 - Side 2 1.2 x 10" 1.6 x 10™
2.5 - Side 1 3.7x10" 2.4x 10°
- Side 2 5.4 x 10" 1.2x 10°
5.0 - Side 1 8.0x 10" 1.5x10°
- Side 2 6.1 x 10" 1.2 x 10"
20 10.0 - Side 1 1.3x 10" 4.2 x 10®
- Side 2 1.2x 10" 2.6 x 10®
20.0 - Side 1 6.3 x 10" 3.2 x 10°

- Side 2 6.2x 10" 4.1 x 10®

25 * 60% active on silica

The resuitant films containing 1.0, 2.5, 5.0, 10.0 and 20.0% of the .
60% active TNZ Ware surprisingly each indistinguishable from each other and
30 were clear and as colorless as the LLDPE control. Importantly, the volums
resistivity dropped from 2.2 x 10'7 ohm-cm for the control to 1.5% x 10"
ohm-cm with just 1% of the 60% active TNZ.

EXAMPLE 7



20 . Test specinens were prepared by doctor-bl ading a uniform
fil mof about 2 m || thicknesg— _ or m neral oil/conbined
arganonetal lic bl end onto a 5 ml LLDPE film and

then placing the filmon a [grr] i ganet er| el ectrode plate

provi ded with Thi edig ohmmeter— H adi ngs _obt ik, et
Porth bol ov | WoSess AR D Pissdifsr
Surface Resisivity, Test Settings | texgs Tested @77[err] F

ohm -cm Vol t age Range 100% M neral Q| 4.1 x

10[ err] Glycol modified privathylene terephithplate giveol|(Eastman Kodak 97. 5%

M ner al . . 0
Readi ng* 2 1 x 1E'IE er'ﬁ:fém Jj_:(%lete. %B‘Sf?d into a staml&s]s%elsH/enschel mixer arhp No
Readi ng* 1.6 mm@p@nqlowlspeedZUalEsneod range of 1800 to 3600 spm) with cooling

m Sg:g: 28 g gwx 8+‘er r% ;ack%o Séggagj@gﬁ was poured slowly é‘lr(g)%h the top of the

No Readi ng* 8. SHensthpkintd thd Qortex 2&préduce a t2)atch of 5. B%chﬁ%med o
Toferr] OrgaRoReRBCMNT weitpd PETS, fhs process was repeated Gnigs more

x 10[err]  using’5:6%0MNT 5nd 516% miom%saﬂant three batchéQ o?%etted
x 10[err] 3 x 10[err] 10

1.1 x 10[err] PENGspellats|were|then mmpognplgg@#ependentlv on a twm screw;aaxtruder,
suitable Tilm f Qgnbgaid 8 Slﬁ;él'g@jéﬂifont}ﬁ?ﬂﬁﬁ‘yf%]b‘* into 2.37 inch dlam-g?@

shows that 2.5% of TNZ | m ner a provi des StT VI y
reading of 71® @Qﬁ[imh}hlghuﬂmwabmmwdng r&s:stMO[ err] ohm cm

for the 100% m neral 1q! giCQn LS Rainfil 5 8% MNT aRd B RINT Had distindt tah tirds
while the 5.5% TNZ disc was clear and coloriess. The MNT disc showed 3.1
x 10'? ohm-cm surface resistivity and the DNT disc showed 1.1 x 10*® ohm-
cm surface resisﬁvity, but both were deemed commercially unacceptabia
156 solely on the basis of their tan color appearance. The TNZ disc gave 1.2 x
10'? ohm-cm surface resistivity and excellent color.

CDOOHCD
X X

MPL
TNZ 60% active powder levels of from 2.5 to 6.0% were mixed with
20 . Polyethersuiphone (PES) resin (BASF Ultrason E3010) in a Henschel mixer
and extrusion injection molded at 650°F. The surface resistivity results are
shown in Table 8:

heet Has Been Replaced

TN



1.6 x 10[err] ohmcm The TNZ al so appeared to provide better conpatibility
30 with the mneral oil dispersiag Levels of less than 5%

IVNT coul d not be dispersed in x FHSSHEETHADBEEgYen at 200[err] F and

hi gh agitation. MNT at | evels jof gr Bapmcgman 5¢in mneral oil was
sufficiently ted to gi v badi ng.

96/ 38500 W bidsSH PCT/ ué's%f'ff?@%’fyp

21 EXAMPLE 3 The conparativedgzhermal stability and
conductivity of 100 gram sanpl es of neat conbi ned organonetal | ics MNT
and TNZ were tested at room t enper at waey &/, [err]F) and at 450F and

525F in a forced air oven for 5 one hour en cool ed to room

tenperature (77[err]F). TheDosagelofcPNZt86er him-ice
525[err]F. Test speci of the neat o @;gq;al lics were
prepared by doctor bl adi ng?%m formfilm of{g‘bﬂ 2 ml thickness

when possible unto a 6 inch Fouare of LLDPE { i pp®nd t hen placed on
the 5[err] inch dianeter electrode 10 plate. The resu‘lats are shown on the
foll owi ng tal? e: . 1x 10" TABLE 3
Thermal Stability MNIT 5.0 TNZ 1d’¢nght @77[err]F, g
25. 00 25. 00 Wi ght @525F g 13. 75
13. 65 15 Wi ght | oss, g 6.011. 25 1x 10®1. 35 Form @
77F liquid liquid
_ 10 * 60% active powder on silica
The above table clearly shows the effectiveness of the composition. of
the invention in reducing the resistivity of PES.
EXAMPLE 9
16 Paracril 0ZO containing 70% nitrile rubber and 30% PVC was mixed

with 40 phr of Hycar 1312 (butadiene-acrylonitrile copolymer liquid, B.F.
Goodrich) and 10 phr of Plasthall 7050 (Iutarafe, diester monomer
~ plasticizer, C.P. Hall Co.) and 5 parts MNT. This mixture, and a control not .
containing the MNT, were compression moided at 320°F with metal inserts.
20 The volume resistivity of control was 1x10'® chm-cm, while the rubber
compounded with the MNT had a volume resistivity of only 1x10°® ohm-cm.
in addition, the latter had an outstanding dielectric streng:h of 126.
The molded compositions were rolls of clear rubber with good color,
except for brown spots forming around the metal inserts where the
25 temperatures during molding exceed 350°F. When TNZ was substituted for
the MNT in equal amounts, the brown spots did not form.

\ .

This gp,

Wi



Form@77[err]F after 450F thick paste liquid Appear ance -

450[err]F dar k br own- bl ack cl - Form @ 77F after 525F
gumy solid liquid thin gel %§H§_5T HASABEmaf ance - 525[err]F
dar k br own- bl ack cl ear anber _ CﬂfﬁMCEDvi ty Sur f ace
Resistivity, ohmcm 77TF —d1.1 x 10[ err

1.6 x 10[ err] WO96/38500\/5| t age/ Range Setting 2M 200M émiﬂ 25
450[ err] F 8.6x 10[err] 28 8.6x 10[err]

Vol t age/ Range Setting 200M 20 20M 2 525F

No Readi ng ___M.EQJ_Q x 10[err] Vol t age/ Range Setting -/ -

t2 S(r)rl\lﬂeczj [ ﬁ'([) 0 an hggﬁ §ﬁ3’r"p @pﬁé%@sﬁ%&g@&#ﬁ%@sﬁ F 0%% t he

TNZ renmai ned cl sare preparedrber and after 525[err]F exposure, the MNT was a
gummy solid and a test speci men coul d not be doctor-bl aded for
measurenents while the TNZ sanpl e harABLE #0A anber gel |ayer on top of
cl ear anber i quid underneath which 35 could readily be doctor-bladed into
a test specinen. The MNT exhibited an WO 96/ 38500
PCT/ US96/ 07831 2 3 24 Rcceptfbl e

1
f t t 450 6 0 h
surface resis :\E (nd a [errPBSexp-R%Jre a3 6 ¥08 ['?'L dQI_o ™ oo

cmwhile the T |tedaread|ngo 6 x 10[err] ohmcm
exposed to 520FDQ|?0\Ned an acceptable r28isti @bty re2Bing &5 1.2 2510[ er2§

Tin-based stabilizer’ 2 - 2 - 2 -
10 Ca,Zn-based stabilizer? - 2 - 2

MNT - - 6 6 - -

TNZ - - . - 6 6

1. Mark 275 (Witco)
15 2. Mark 4072 (Witco)

Test specimens were prepéred-by mixing together the ingredients in a

20 Henschel mixture at 1800' rpm for 3 minutes to form a uniform powder blend.
The blend was then added to a two roli mill at 275°F and compounded until
the materials were uniformly dispersed. Thereafter, the sheets from the mill
wera cut into 8 inch squares and hydraulically pressed at 325°F ad 40,000
psf into uniform 3 mil thick test sheets.

25 The surface resistivity and volume resistivity of each of the samples
was tested twice and the average values given in the following table:

—_
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ohmcecm 5 EXAMPLE 4 The thermal stability and conductivity
of . 10% organonetal | i cs INT and TNZ di spersed in mneral oil were
tested after exposure to 500F for m@ls SHEETIWAS BEPNA forced air oven. 10
The 10% TNT/ m neral oil specinen, en exp geeh to 5q0[err]F, separ at ed
into two disti es wth the ing an PCT/USO6/07831
unaccept abl e- appearing dark brown gummy nass. The super nat ant |IQUI80

was poured off and then equal portions of thegupernatant |iquid and

remai ni ng bottons were stirred together to make a supernatant/bottons 15

m xture. Surface resistivity readings of (];M_iogoctor bl aded filns are

described in Table 4: WO 96/ 385

PCT/ US96/ 07831 23

TABLE 4 Test Settings
Test Speci nen SamplSurSmtfand?esi stvity, Volume Gardner

Exposed to 77[err] K VoI Range Col or 5 10%
MNT/ M O. "ifgﬂw “ORsasiiity  Voltgge

e fuo > igo ﬂl/ﬁT‘e”doo zﬁ:?oo%o%xw“ 0 20 })zsxed

to 500[err]F-1%hr.
1.3x10"® 100  2T/200K 2.0x10® 100  20G/2K

-l

1.7x 101.2 10 20G/2K 2.0 x 10" 10 20G/2K
8.5 x 102 10 200G/20K 6.1 x 10™ 10 20G/2K
3.4 x 10" 10 200G/20K 1.3 x 10" 10 20G/2K

®» G H» W N

10 4.5 x 10™ 10 . 2T/200K 2.0 x 10" 10 20G/2K
While both antistats improved the resistivity to substantially the same
- degree, observation showed that the color of the samples containing the
compound of the invention (Sample Nos. 6 and 6) was improved substantially
15 more than the MNT-containing compound, particularly with the calcium-zinc
stabilizer.

EXAMPLE 11
Using formulations 3 and 5 set forth in Example 10, the heat of the
20 press was increased to 350°F and 365°F, respectively. The surface
resistivity and volume resistivity are shown on the following table:

This Sheet Has Been R
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a) Supernatant Portion 8.7 x 10[err] 100 2d 200 5 10 b)

Super nat ant / Bott ons 2.6 x 10[err] 100 2M2 ~ 5to > 18

M xt ure c) Bottons Gumy T 100 20M 2

>18 Portion 10% TNZ/ M O. s %ﬁ%@g#@ 10[ err] 10
200M 20 5 The MNTAM-Q i ow _a_ purf acgefBsdshvdsyi tY
of 4.8 x 10[er§1°]9c§ﬁm°8mfor t he dark-brown gunmy bottons portion; g.? X
10[err] ohmcm for the supernatant portigQ; and 2.6 x 10[err] ohmcm
for the m xture of the 20 supernatant and bottons portions. " The
10% TNZ/ m neral oil specinmen changed littl Rean accept abl e Gar dner
Color of 4 to an acceptabl e Gardner Col or er exposure to

500[err]F for one hour. The surface resistivity of doctor bladed thin filns
of the TNZ based test Sufags nens remai ned essent Valutng unchanged

exhibiting a 25 r Garipley desistiityx Miitage] ohBanae whBesistivityse/gitagerbi eRanad7F
d 6.6 10 h d h _
an X [§r21]np';ls%m o] rgr_é;%lpgen ex@ose J0d e ra]%{,{ar ongghour 5@%&!‘

then cool ed t rr]F Tor méasurenen en exposed to

for 1 hour, 250 ggggeg the TNZ sanpl e was unaffected while the 250 gm
sanpl e of MNT had separat ed into two phases with the bottom portion
bei ng a dar k- br owrNe.Fpy 7reX10%A 30 10s| ur 12006/20K:t 80X 30™'t he A6t t om29AB/20K
super nat ant porti 6%s S made into a m xture for testing. WO
96/ 38500 10  350°F PCT/ US96/ 07831
.No.3 7.5x10%" 10 2000G/20K 3.1 x 10" 10 20G/2K
6% MNT
365°F
No.5 4.5x10" 100 200G/20K 3.0 X 10" 10 200G/20K
16 6% TNZ '
365°F

At 350°F the material of the invention clearly had far superior color as
contrasted to the color achieved with the corrasponding titanate. At 360°F,
20 the PVC itself reached the limit of thermal stability and the color properties of
the film started to deteriorate.

EXAMPLE 12
To test the effect on volume resistivity, surface resistivity and color,
25 varying amounts of the TNZ of the invention and MNT were added to a film-
forming material, namely, a commercial nail polish. The nail polish contained
the following compounds: ethyl acetate, isopropyl alcohol, butyl acetate,
propyl acetate, nitrocellulose acrylate copolymers, sucrose benzoate, dibutyl
phthalate, cellulose acetate butyrate, camphor etocrylene, gelatin, nylon,
30 benzophernone-1 and violet 2.
The mixtures were thereafter poured onto a polyethylene sheet and
permitted to dry. The following table shows the average of two surface
resistivity and volume resistivity measurements made for the six samples:

s
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24 EXAMPLE 5 Since the MNT was not soluble at |ow |evels

in mneral oil and separat ed when exposed to 500[err]F for 1 hour,

di octyl phthal ate, a widely u articularly in PVC was
used as a vehicle to test 5 condhTH S/SHE/ETaHAStBEENnb stability of MT and
TNZ. r&ﬁ‘ggw the MNT and NZ wREPLAGEUbI e i|n t he chsg?ﬂsb 1250
gm MNT s d not phase s sure to err|F for
hour. The results are shown in Table 531

TABLE 5 10 Test Settings
Test Speci nen Surface Resistivi tﬂ% Gar dner

Exposed to 77[err] F Only ohmcm ge Range Col or 10%
IVNT/ DOP 1.2 x 10[err] 10 20M 20 4 10%
TNz/ DOP 7. 1Surfed@] err | 10 20M XAolume 3 15 Exposed
to 500[err]F-1 hr. 10% Réesistivitk Voltage Bange  Besistivity 1¥¢itage] Range
20M 2 B3 _ ool R, TN/ -

an acceptable  N.S./THMZ O@% CplSax 107 4 tomvan 200622010t ahBex 1O AN 00| 2006/20K

gﬁm g\r%egeg gfgggnd af%@ondUCt+§ txgur e. %@?@?xhl ?#e %%Z"lsar?;élvé()[féé}z'(

i nproved froma Gardgssr 3 tos.axw“‘ GamWEr 2006726K BI[etOPF amVSurme
1 hr. while resistivj i r, d j gh 25 7.1 1 rr !‘Z §:E z
10[err] ohmcm éw/Jj‘"YrArlPaoﬁﬁ %d ’ %Qi ?h&?$H Mﬂéxﬁh" ] o2
powder mast 40batN:$.MANT0.8%1€7.5 x 10¥i | iS00V WR200GPZOKArSd X 108 HB0BVheRobMIZO
m xer and then mcor&tzr ated at a 3%
6.8 x 10? BOOV 200M/20 1.5x 10 100V 200M/20
4% 2.6 x 10" 10V 2G/200 4.9 x 10° 10V 200M/20

6% 26x 10*® 500V 200M/20 5.1 x 107 10V 20M/2

15 . '
The above data further show the efficacy of the invention in

conjunction with a cast film. The compound of the invention, TNZ, again

gave superior color properties as compared to the related titanate

compounds. Again, resistivity reduction is noted with the addition of both
20 organometallic compounds.
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30 mow density poI yet hyl ene (LLDPE) (Union Carbide
Corpo ﬂ"m GRSN- 9820 NT 7) on a two roll mll at 300F, sheeted
of f a '"""m ﬁckness and tely 8 inch squares and
then prresSedtiMtos = hj THIStSHEETS 350[err] F and 40, 000

psi on an el ectrical l heat ed hy dREBLAGEDr ess [desi gned frdbemes
pur pose. The cWOMB8M ansparency WD 96/ 38500 #er 1
PCT/ US96/ 07831 32 25 appear ance
of the 3% of 60% active TNZ sanpl e was indi stingui shable from t he

LLDPE control whWeeclailm 3% of 60% acti ve MNT had the characteristic

The. | top b Lhe ot o Ayt syfthdribiiid's sifebaloty bty Afdireng!

aging and 5 2asarmia direbalicoxystlfonipPzircomate.ol . A full study was
t hen undertaken and the resistivity results are shown in Table 6 with
the I owest of three readings reported for each side of the pressed
film 1 2.  The antistatic agent of claim”BWhdreihGthe trineoalkoxy amino
Resistivity, ohmcm Per cent TNZz* Sur f ac Vol ume
Control - Si gl 1zirc9ngtexan1b$rmepplkgxz siifeqylzircpnate are in a weight ratuo from

- Si de2 q Pl QX 10[ err] 1.0 -Side 1

1.2x 10[err] 5X iOe - Side 2 1.2 x
10[err] 1.6 x 10[err] 2.5 - Side 1 3.7 x 10[ err]
2.4 x 10[err]q 3.  The antistatic agent of claim 1 wherein the trineoalkoxy amino

2 zirconate and trinecalkoxy sulfonyl zirconate are dissolved in a solvent.

-

4, The antistatic agent of claim 1 wherein the trineoalkoxy amino
2 zirconate and trineoalkoxy sulfonyl zirconate are dispersed on a carrier.

1 b. The antistatic agent of claim 4 wherein the carrier Is siiica.

1 6. The antistatic agent of claim 3 wherein the solvent is neopentyl
2 glycol, 2-ethyl hexanol, dimethyl hydrogen phosphite or dodecylbenzene.

1 7. The antistatic agent of claim 3 wherein from 0.3 to 8.0% of the
2 Zircohium compounds are dissolved in the solvent.

1 8. The antistatic agent of claim 4 wherein the composition contains
2 35 to 80 wt.% of silica based on the total weight of the zirconate
3 compounds.

1 9. The antistatic agent of claim 8 whearein the compaosition contains
2 from 37 to 63% silica.

1 10. An antistatic composition comprising a polymeric material

2 containing admixed therewith antistatic agent which is an admixture of a
3 trineoalkoxy amino zirconate and a trineoalkoxy sulfonyl zirconate. '

N ini




5.4x 10[err] 1.2x10[err] 5.0 -Side 1

?O([))é\rl(r)][ Iﬂllﬂlmjlﬂl}lllwlﬂl | THIS SHE gﬁg S BEEN | . 3 9%, < 10[rr]

4.2 x 10[err" REP qldp2 1.2 x 10[err] 2.6 X

10[err] 20.0 - Side 1 6.3 x 10[err] Bs96/083Er 1 ]
- Side 2 6. 2VUORH® 1 4.1 x 10[err] 25 Pex * 60%
active on silica The resultant38ilns containing 1.0, 2.5, 5.0,
10. 0 and 20.0% of the 60% active TNZ were surprisingly each

i ndi sti ngui shkbl e fr 8k eathe composition af(claime1@ whesgin thedpelymesicdnateral iss
the LLDPE conjr [ om
5 x 10[er ]2 ol ABSPEL aclyiic, BENIGsd GEter, etnyfghid) ipolinhdr, HuBRiEOA,
just 1% of ti& Wdut, ipolyanhide, polycarbonite)polyester, polyether, polyolefin,

26 nodi fi.ed pol | g0 E

codak  praREBRYIBRG pavereRane” S e, 4 £ b, HROSPREAH ¥,
m xer.and  § mmmw\psweﬂﬂ/lémmmgwtbmwmné nweumdeseoo rpm
A ngﬁ"{ he- p egichfarghydrin, aicyd, Bpoxy; furane, nHrotolluibss, phanofis, or VinyPester.

1 12. The composition of claim 10 wherein the antistatic agent is
2 present in an amount of from 3,000 to 80,000 parts per million based on
3 polymer.

1 13. The composition of claim 10 wherein the antistatic agent is

2 present in an amount of from 200 to 4500 ppm based on polymer.

1 14. The composition of claim 10 wherein the polyolefin is a polymer
2 of an olefin containing from 2 to 6 carbon atoms, a copolymer of such
3 polyolefin, or a terpolymer of such polyolefin.

1 16. The composition of claim 10 wherein the polyolefin is
2 polyethylene, polypropylene, a copolymer of ethylene and propylene, or a |
3 terpolymer of ethylene, propylene and a diene.

1 16. The composition of claim 11 wherein the polystyrenic compound
2 is a polymer of styrene, alpha-methyl styrene, or a copolymer of acrylonitrile-
3 butadiene-styrene, styrene-acrylonitrile or butadiene-styrene.

IR
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SENT BY: '. L §= 4-87 11:27AM | DARBY & DAP®v=  1703308238BH#8:# 5
5 l:_I.Djtl\,nsehel into the vortex to produce a batch of % |9$ 8 1
organonetal lic MNT wetted PETG iThe process was re Wi %0671993?)
tusing 5.5% MNT and 5.5% TNZ. Thd resulZzant three bat t ETG
pel l ets were then conpounded i ndependently on a tw n@gm%ﬁgr,

pel | et i zEM@a Ao brpdmixed: withsilies tr producegp 0% @stiye smastadiateh imet er by 10
0. 06 i nchydiddrttatiin flgﬁ iGitd Aaptraion 'ah@heriithg 39/ The

di scs cort?t al n?ng 53%;? tfgénuéﬁéé’&% DNT ﬁaagag'l' ﬁh@tﬁ[[%&né& vr\l'tts%' while the

5. 5% TNZ Rieforabiy S7Z te 83 whdb af| silicas based pa thertotal sweight wé dhe zirconatey

gggnerr] Ui solnsik UsBd! ﬁ'ﬁai’%bﬁﬂtaa?o"tt‘ﬁﬁ"mﬁg’j Sfe:Showed 1.1 x 10[err]

cmsurface resistivity,, were” deened commercial ly
unaccept able 15 solely on t SLS of thegi an col or appearance. The TNZ
- disc gave 1.2 x 10[ err] rem sur f , sistivity and excel |l ent
col or . EXAVPLE 8 LLDPE TNZ 6@®tacdOve powder |evels of from2.5
to 6.0% were mxed with 20 R t her sul ES) resin (BASF U trason
E3010) in a Henschel m xer "%e‘ggnd ext r‘ﬁ?ﬁ%?ﬁ?] ection nol ded at 650[err]F.

The surface resistivity resi®Rs are 2.8owhO n Table 7:

PCT/ US96/ 07831 _ ; 27
TABLE 7 &Erﬁ.e of Tl\]Z3 1%8.0 Surface Resistlyity,
ohm amo Nylon: 2.5 4.01t0 8.0 1 x 10[err]

PES . 6.0 to 8.0 N

A dosage of 4.0% is suggestadi for Initlal screening for most polymers,
TNZs work on the princlpile of solubilization of minor aﬁ'lounts of
15 dissimilar organometallics into ti;le polymer binder phase. Mixing and machine
conditions are important to suc:}assful application of the TNZ. Both excslient
distribution (below the pélymdr }nelt temperature) and dispersion (above the
polymer melt tempeérature) of th'p TNZ are necessary to optimize
effectiveness. | }
20 If the TNZ Is to be distribtfxtod into the unmelted polymer phase by
 powder blending, then the pow&er blending must be intensive to insure
uniform distribution. Dry.blend fechniques such as drum roliing or dumping |
all at once of the liquid TNZ intr.{ a ribbon blender with short mix times will
give poor resuits. The TNZ powder form helps prévent localizatlon to provide
25 more uniform distribution. Itis élso'posslble to masterbatch the TNZ further
to produce a 20% active peliet léna'sterba'tch. _

During the flux phase, the:re should be sufficlent back pressure and
mechanical sheaf 80 as to allow the TNZ to both solubilize and be
mechanically d_lsparsad into the *‘)olvme;.

30 : '
Detailed Deicrintion of the Invention |
A wide veriety of thermopélastic polymaers, alastomeric resins, and
thermoasetting resins and eogﬁngis may be treated in accordanqe with the

T ANMENDED SHEET



- 3.56NT BY: 1 x 187 7] 11527 DARBY & DAR™'+ wosauszsae###-x 6
1 x 10[err] 5 0 PCT %w&z

6.0 . 1 x 10[err] 10 g@./ga% er
‘on silica 10 ' The- above tabl e clearly shovvs thb' |veness of
t he conposbisi 2pragenciatotriethyin batdrickato] rz-mo}mveaunémlaﬁﬁmbsamah&mw HPES.

EXAMPLE 9 Par 1] .©7Q cont 70% rubber and 30% PVC
was mi xed Wil bWW%ﬂ"Bﬁ%ﬁ tq%,é%g “fﬁ %@%t'&ﬂy talRed By ¥sing 8o yner

| i qui d, B.molecule Gdich comaireBotithaamiro ahwsbhahw rﬁBﬁQieégl utarate, di estgr
nononer plasticizer, C. Hal ) and 5 part ) This m xture, an
a control not aée"?,rs ﬁrﬂﬁ"ngc'?ﬁ@ 4\%@80 &HEP&@@FWF agents s add 8d0[err]F
with nebal ta mepmmeeppraferablyﬁbm zobltﬁmiompaht vity of control was

1x10[ err] ohm whi | e the r4 ounded with the MNT had a vol une

resistivity of Brﬂ‘? case ffaqlyo BHH'F&HC‘ paiye ‘i?'&'@ﬁfPf nmastpretarally had an

out st andi nigomi @2etd 1i8 msléS Be the ﬂ‘ineb%ﬁ(oxv amino zlrcoﬂiQe EBhiplindTRREZ)t | ons
were rolls  of Lear r.ybber with for brown spots

f or mi ng ar Wt'ﬁl‘%ﬂ'@ﬂ%‘gwﬂﬂ? E"E"h@"% of éhﬁéﬂﬁ?‘!ﬂ'@%"\dawfwlrml di ng
exceed 350fikionhie n\ﬂszo E&%paﬁﬁd SLW&A irbtHréfcd 8 the polyaByrdhiE ddinfaliids,

anounts, the brown spots did not f.orm
PCT/ USH®/ g impreferred that from 0.5 to 7.8 moles of the TNSZ should be used with
each mole of the TNAZ. | .

By the practice of the instant lnvantlon, an excellent non-blooming
antistatic composition is obtained, Typically, In the case of polysthylene, the
reslstivity le reduced from 10'® ohm-cm without the antlstatic agent to 10"

16 1o 10° ohm-cm with the antistatic agent of the invention. In the case of one
thermoset (amide-cured) polyester coating, the resistance was reduced from
1200 to approximately 110 ochm-cm. Polystyrenics are reduced from an
untreated resistivity of 10’ ohm-cm down to 10" 10 10? chm-cm. As will
be readlly understood by those skilled in the art, this-decraase in resistlvity

20 permits the dissipation of static charges (ESD).

The antistatic coqnposlttons of the Invention are particularly novel since
the antistatic agent is not destroyed ‘aven though the polymaeric material may
be optionally compounded at high temperatures, namsly, between 350° and
825°F.

25 Where the compositions are subject to littls thermal stress (that Is,
formulated, processed, épplled-. and used at temperatures less than 300°F)
and admixed with inert solvonis'such as ethers and hydrocarbons, the broad
range of combinations such as described in Formuias | and i above may be
used as the antistatic agent.

30 The formulated antistatic compounds of the instant invention may

- optionally also contain organic or inorganic particuiate materlais, e.g., silica.
When significant proportions of particulate are present (i.s., in excess of
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- 28ENT BY'EXAVPLE 10 P8 8T R or ) AT R Dé%’m% lgfgot”m;#g?l

“fornul ati ons shown bel ow wer e prepar ed:

TABLE 8 5, _ oCc?
‘PVC (Geon 124) 100 100 100 180 m F4,RUG 5SS
25 25 25 25 25 E? Ti n- based stabilizer[err]

2 - .2 - 2 0 Ca, Zn-based stabilizer[err]

623 - Glycol modified polysthylens t¥Péphthalate glycol (Eastman Kodak

6 ° peTG BY63) poltgys wors Blacaf into) @ stpinless steel Hensshelymprer apdy (W t co)

Test specirixed ame:l@w gﬁﬁar(@dnfﬁﬁeﬁu*bﬁﬁb bPasbbero 3bao'raﬁ-l)ednﬁ%hs a 20
Henschel m xture 00 gngfor 3 mnutes to forma unif er bl end.
i ﬁ'ﬁdt

The bl end WaEr @R ﬁalaa'é%Ft % o MNT, oY"ﬁsrﬂWW%F'WB[tBF?‘-]Qh thended
until g nmcnarmehavwaﬁ ﬂgHrBBI g ¥ KHtER Y 528% Eﬁﬁfgﬁgé er, the sheets

fromthe ml wer e cut squares and | cal |y pressed at
325F ad 4(Pr99mmetallppsMN‘hmm PET®: 3The nrqqnsmvesssapmwlcezmore The

surface rqgy enib?ﬁ aN@ '56%, TRZ. SThy %éﬁlﬁﬁt‘?ﬁﬁ?ﬁ ﬁ@?o?%ﬁ was

tested tw cC e average values given in OW n
PETG pellets were then compounded independently on a twin scraw-extruder,

pelletized and then injaction molded at 482°F into 2.37 inch diameter by
10 0.08 inch thick discs suitable for measuring resistivity.
_ The discs containing 5.5% MNT and 5.6% DNT had distinct tan tints
while the 5.5% TNZ disc was clear and colorless. The MNT disc showed 3.1
x 10’ ohm-cm surface resistivity and the DNT disc showed 1.1 x 10" ohm-
cm surface resistlvity, but both were deemed commercially unacceptable
15 solely on the basis of their tan color appearance. The TNZ disc gave 1.2 x
10'2 chm-cm surface resistivity and excellent color.

EXAMPLE 8 |
' TNZ 60% active powder levels of from 2.5 to 6.0% ware mixed with
20 Polyethersulphone (PES) resin (BASF Ultrason E'301'O) in a Henschel mixer
and extrusion injection molded at 660°F. The surface resistivity resuits are
shown in Table 7: '
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‘PCEFi867 07831 P 8= 4-97 1110264 © DARBY & DAP™Y~
TABLE 9 . Sanple Surface | an&‘sm96/07l\§3 1

Resistivity Voltage Range Resistivity Voltage 92
8.0 x 10[err]. 100 2T/ 200K 2.0 x 10[err] 100 ZOW“S 64 AUZ& 1

1.3 x 10[err] 100 2T/ 200K 2.0 x 10[ es¥] 100 20d 2K

1.7 x 10[err] 10 20@ 2K 2.0:x 10[err] 10 204 2K .

8.5 x 10[err] 10 200G 20K 6.1 x 10] 10 20G¢ 2K 5
3.4 x 10[err] 10 200G 20K 1.3 x 1 10 ' 20G 2K 10 6
4.5 x 10[err] 10 2DQH of7TNZX %O0[err] :

Wil e both antistats inprove he resistivity_to éxr;_qstantial ly the sane
degree, observation showed t the col or of S anpl es contai ning the
conpound of the invention (S@8leé Nos. 5 and §)x v@® i nproved substantially
15 norecthan the MNT-cont ai rﬂ'ag{corrpound parUga{ arly wth the

cal cium ?I nc stabilizer. ™ = EXAVPLE 117

5.0 . 1 x 101
8.0 | 1 x 10"
_ * 60% a#ﬂve powder on silica
10 ;
The above table clearly shows the effectiveness of the composition of -
the invention In reducing theiresistlvlty of PES,

EXAMPLE 9 .
18 Paracril 020 eontalnin'F 70% nitrile rubber and 30% PVC was mixed

with 40 phr of Hycar 1312 {(butadiene-acrylonitrile copolymer liquid, B.F.
Goodrich) and 10 phr of Plasé_han 7060 (glutarate, diester monomer
plasticizer, C.P. Hall Co.) and! 5 parts MNT. This mixture, and a control not
containing the MNT, were compression molded at 320°F with metal Inserts.
20 The volume resistlvity bf control was 1x10'® ohm-cm, while the rubber
compounded with the MNT hpd a volume resistivity of only 1x10® ohm—em
In addition, the latter had an q:uts_tanding dlelectric strength of 1286.
The moided _compositiéfns were rolis of clear rubber with good color,
except for brown spots fcrmlli.\a around the metal Inserts where the
26 temperatures during melding éxcead 350°F. When TNZ was substituted for
the MNT in aqual amounts, the brown spots did not form.
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: T -37 $11:29AM DARBY & DAP™V= 17033082386#8%:8% 9
Umsﬁa PBrrruI ations 3 and 5 set L orth in Exarrple 10, the msoflgae 2@ 53 1
press was increased to 350[err] F'and 365[err] F, respec T lr zZ:

%85| stivity and vol ume resistivi ty aré showBﬁg age f ol I;%msaﬁhﬂeAUG ‘]997

Surface ;VoI une 28 Sanple Resistivity
Vol t age Range Resistivity t'Voltage Range 5 No. 3 5.8 x
10[ err] EKA%G.EEGQZOK 3.8 x!10[err] 10 20G 2K 6% MNT
350[err]F B sheetd 0 10
200G/ 20K o Rped o f%éz’s‘(i)@& PV baddy on §ﬁgq&'§‘q'§"ﬁﬁf he T“I' hgbW
2000G 20K 3werq preparned; 10 ; 20G 2K 6% INT 365F
No.5 4.5 x 10[err] 100 200G/ 20K 3.0 X 1011 10 200G 20K 16 6%
TNZ 365[err] F At 350[RABLOERt he material of the invention
clearly Bad far superior color as ~contrasted to the color achieved
with the corresponding titanate. At 360 ert]F,
Pondi ng R L T B
PVC (Geon 124) i 100 100 100 100 100 100
DopP 25 26 26 26 26 26
Tin-based stabllizer' 2 - 2 - 2 -
10 Ca,Zn-based stabilizer? - 2 - ~2 - 2
MNT | L. - 8 8 ; ]
TNZ . l - - - - - 6

- 1. Mark 276 (Witoo)
16 2. Mark 4072 {Witco)

Test specimens wers prepared by mixing togsther the Ingredients in a

20 Henschel mixturs at 1800 rpd:n for 3 minutes to form a uniform powder biend.
The blend was then added to|a two roll mill at 276°F and compounded unt
the materials weres uniformly Hlspérsed. Thereafter, the sheets from the mill
were cut into 8 inch squares hnd hydraullcally pressed at 325°F ad 40,000
psl into uniform 3 mil thick tdat shests.

26 The surface resnstlvlty |ami volume resistivity of each of the samples
was tested twice and the average values glven in the following table:
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20 $8NE BYWC itsel f reached  Be #rBTiid ) i@PAR her mal DARBI PR 2 and t‘&“@ F3gpannin10
properties of the filmstarted to deterlorate. PbT/U ﬁ? 83 1
To test the effect on volune resistivity, surface resis msaad ml)ermrjﬁ
varying amounts of the TNZ of the invention and MNT wergi A: | !
formng material, nanely, a‘'comercial ngigl polish. The nail polish

cont ai ned the foll owi ng conpounds: hyl acetate, isopropyl alcohol,
butyl acetate, propyl acetatie, nitrocellul ose acryl ate copol yners,
sucrose benzoate, dibutyl | phthal aTABLEM | ul ose acetate butyrate,

canphor etocrylene, gelatin, nylgn, 30 benzophernone-1 and violet 2.

The m xtures were thereafteri pourred onto a pol yethyl ene sheet and

permtted -tosgé}b,aﬂ"@mffgu owi ng t;abl e shows th?o verage of two surface .
resistivity and vol une resistivity measurenent for the six sanples:

PCT/ USO6/ 07831No. . Resistivity | Voltage  Bange Resistivity Vd&ltage  Ranae
TABLE 11 ; Sur f ace . Vol une
Resistivi8y Vd taghoxRo¥e 160si St2Pi200K Valo Ro0m'* Ranoe 5 20dRK:' ol
N. S. > 10[err] 500V 2T/ 200Ki 1.1 x 10[err] 100V 200G 20K
N.S./TNZ 0.3% 27.5 x30M0't ]! 166V 20HG00RK 2b & 10'40[enod  1GdG/2k
200G 20K T 2% | 7.0x 10[err] 100V ~ 20G 2K 1,73x 10[err]

100V 20G2K 3 1.7x10™ i 10: 20G/2K 2.0x10™ 10  20G/2K

4 865x10" ] 10{ 200G/20K 6.1x10™ ~ 10  20G/2K
§ 3.4x10" | 10! 2006/20K 1.3x10" 10  20G/2K
10 6 45x10" | 10! 2T/200K 2.0x10" 10  206/2K

While both antl#tats Irﬁproved the resistivity to substantially the same
degree, observation sl?owsd that the color of the samples contalning the
compound of the inva!l'ltlon ($ampls Nos. B and 6) was Improved substantially

16 more than the MNT: -cd;ntalnlrig compound, particularly with the calcium-zine
stabilizer. ; : |

EXAMPLE 11 o

Using formulati%ns 3 ahd 6 set- forth In Example 10, tha heat of the

20 press was increased tq 350"Q= and 365°F, respectively. The surface

resistivity and volume ireslstMllty are shown on the following table:
i H
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4ORENT BY! 3.2 x 10[err] 1609 %00bEEW¢ s, 7 WP_B[&eP’?Ij "ﬁﬁg”g%?ﬁ%’ ait”1
6% 3.93 x 10[err] 10v  20G'2K 4.2 x 10[ er¥] V 0
N.S./MNT 0.3% 7.5 x 10[err] 500V 200G 20K 5.1 x 10tpge%us QQg\AUGO
2% 6.8 x 10[err] 500V ;200M 20 1.5 x 10[err] 00M 20

4% 2.6 x 10[err] 10V 2d 200 3 .9 x 10[err] 10v  200M 20

6% 26 x 10[err] 500V 2GOM 20 .1 x 10[err] 10V 20M 2 15
The above data further shov;v the:efficacy of the invention in

conjunction with a cast filim The con@éékﬁ-]& the invention, TNZ, again
gave superior color propertiies gs conpared to the related titanate
conpounds. Again, regifdddavijty reduction is notggiuse h the addition of both
PCT/ U80G, 076 CREMMASY. Voluce  Bands  Besistivity  Voltaso , Banas
claim 64 Ko 3 5.8 180t st 40 ¢ adORE/2YWpRi&* 1§"% tritReoal kBOE/AKi no
zirconate m&a tri neoal';koxy 'sul fonyl zirconate, wherein said zirconates
have the 3 ol'l owi ng formul as:; 4 (1)

(RRl err] Rl er NpCBCH 24X 10)4;er r 1dZr A 280G/20K 8§Jo X 10" 10 200G/20K
(RRlerr] Rl e®®ONEgH err]-O[err] ZrB 6 wherein R, Rlerr], Rerr] are
each a novdBQYMt al kyl, alkkenyl, alkynyl, aralkyl, 7 aryl or alkaryl

group havi ng to hon at@ns - gQr her - subst, d
derivative g&gﬁﬁf ;?'gn’gl%A i:_s eﬁta,her O%%&o%gfak?ﬁa’fnﬁho gr ou% of tﬁygf
formula -(-Qddegrr]-N(Rlerr])(Rerr])) pr an oxyaryl ahmino of the fornula

No.5 4.65x10" 100 ZOOG.IZOK 3.0 x 10" 10 200G/20K
16 8% TNZ :
36B°F

At 350°F the niaterialiof the Invention clsarly had far superior color as
contrasted to the colo; achle&ad with the corresponding titanate. At 360°F,
. 20 the PVC itself rachej_ the IIdl'nIt of thermal stability and the color properties of'_ .
the film started to dat@l:rloraté.
EXAMPLE 12 P
To test the effeét on vl:Plume resistivity, surface resistivity and color,
25 varying amounts of thé TNZ of the invention and MNT were added to a film-
forming material, namlllv, a eimmmarcial nall'pdllsh. The nail polish contained
the following eompour’ds: etﬂyl acetate, isopropyl alcohol, butyl acetate,
propyl acetats, _nltroee!llulose incr\data copolymers, sucrose benzoate, dibutyl
| phthalate, cellulose ae?tate bytyrata, camphor etocrylene, gelatin, nyion,
30 benzophernone-1 and violet 2. , |
The mixtures were therieafter poured onto a peolyethylene 'shaet and
permitted to dry. The L‘bllowibg table shows the average of two surface
resistivity and volume qfeslstiirity measurements made for the six samples:
: . __
|

|
|
B
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- 1(BEN'Lp¥OArN(R[err])(R[E>rr']‘3')43170l}l3 s s PEPYAS fo ?Mgwﬁg/bh?%} 1

formula 11 (ArS(Oferr]O)- .of an al kyl sulfonyl ofH!
(RRS(OJ[err]O) group; 12 wherein R, Rerr], andm o0
“up to three ether oxygen or 13 hal ogen substituents, W‘fﬁhﬁg{]gl 7
nunber of carbon atons for each 14 supp R group does not exceed 20,

I ncl usive of the carbon atons contained in substituent portions; 16

wherein R err] is a dival ent alkyl enwﬂch may contain In the chain
e

17 oxygen and nitrogen atons; in Rlerr] and Rlerr] are each
hydr ogen or hydrocar byl groups as defined 19 for R Rerr] and Rerr]
above; and 20 whesarfaedr i s a nonoval ent anelume al karyl group

having from6 to 21 aBesitivty cMdtage at (Rengeopt iBagiativigy c Qgiitagai nRagge to 3

e o9 cortfo NAEEST L LGRS, apoGuDSiHbubRY Ik k' 3 obUeT Sia bR o' "
Ea\él ng the N.sw{mzm BW[ ey KM@Y ] FeOVWh2006/20K g xar0l* R ooV EZGDGI&OK
ydrogen, an a group havi 25 oAt : e roup
having from 2 t car b@rf;] 1(9m Abgycl ogﬁé&kngriﬂa ’?gaﬁhﬂaﬂg %k#ilgﬁt o 12
carbon atons, aA% an argl2 gri@¥p hagdvg 200G72DK o 812 x210 canbON at20@/2K 1
2. The anti st etxl c ag

zirconate and hea . vl PPN o I Om
30.2: ]IOtoNLSBMNToa% 78x10°  BOOV  200G/20K 5.1x 1p™  BOOV  200M/20
 PCT/US96/ 07831 94 ggxqo™ BOOV - 200M/20 1.5x10° 100V 200M/20
4% 28x10" 10V 2G/200 49x10° 10V  200M/20
8% 28x10™ 500V 200M/20 6.1x10° 10V 20M/2

18 :
The above data further show the efficacy of the Invention in

conjunction with a cast film. The compound of the Invention, TNZ, again

gave superior color properties as compared to the related titanate

compounds. Agéin, resistivity reduction is noted with the addition of both
20 organometallic compounds.
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1 SENT BYi3.  The antistatfd ati@f 101318 i m1 WABFE PATRE tri n %8386““ i Ho

2 zirconate and trineoal koxy sul ¥fonyl zirconate ar %e

i'n-a 3 liquid nmedium 1 4. The anti st ﬂ gg
wherein the trineoal koxy amino 2 zirconate and tri 641 ’jt)rﬂ 7
zirconate are dispersed on a carrier. 39k 5. The antistatic agent
of claim4 wherein the carrier is silica. 1 : The antistatic

agent of clWeglgimierein the liquid nediumis 2 neopentyl glycol, 2-ethyl

hexanol , qor dod | b of claim3
wher ei n %he [ S‘lCZI Eﬂﬂs tig ar]ﬂ étltﬁgq;ir%sm%lgﬁpg%kﬁ%nﬁﬂ%%ﬁfﬁg tfl rconat e
conpoundéd. and a_ trinaoalk&y sulftmla#mnaatu, iveharghmsald fzircbnateshaviecthei n t he

conposit4o 5to 90: vvt % of silica based on the total weight
of the z?rgfoirilgwu?d ?%‘(ﬁ)ﬂgounds & 9. The antistatic agent of

claims8 4\,her e| n (BhRRYR,CsCHL-0), sznt 2 contains from37 to 63 w.%silica.
cont ai ni%hg adm ADHARERCHHRBIAR a1 c agont which |s an admixture of a3
trineoal&oxy amwiteral RpR3Y R, arslasch aimessVdisntyalkid, aikanyl, Zilkyinfamikyier ei n
7 aryl or alkaryl group having dlp to 20 carbon atoms or a halo- or sther-
8 substituted derivative thersof; and A Is sither an oxyalkylamino group of the
9 formula —(—O-R-N(R;){R,)) or an oxyaryl amino of the formula
10 —(—OArN(R)(R,)) group, and B is a aryisulfony! group of the formula
11 (ArS{0),0—)— or an alkyl sdilfonvl of the formula (R-S(0),0-) group;
12 wherein R, R;, and R, sach contain up ta three ether oxygen or
13 halogen suBsﬂtuents, p,rovide;d the total number of carbon atoms for each
14 such R group does not exceed 20, Inclusive of the.carbon atoms contained in
16 subst_ltuent portions; !
16 wherein R, is a divalanfft alkylene group which may contain in the chain
17 oxygen and nitrogen atoms; '
18 wherein Ry and R, are Qach hydrogen or hydrocarbyl groups as defined
19 for R, R, and R, above; and . |
20 wherein Ar jg a monovalent aryl or alkaryl group having from 6 to
21 about 20 carbon atoms, optldnally containing up to 3 ether axygen
22 substituents, and substituted iderivaﬁves thereof wherein the substitutions
23 areuptoatotalof 3 halogan:p or amine groups having the formula NRgR,
24 wherein R, and R, are sach h;ydrogen, an alkyl group having 1 to 12 carbon
25 atoms, an alkenyl group havlnig from 2 to 8 carbon atomns, a cycloalkyl 'group
26 having from 3 to 12 carbon aFoms, and an aryl group having from 6 to 12
27 carbon atoms.
1 2. The antistatic agent of claim 1 wherein the trineoalkoxy amino
2 Zirconate and trinecalkoxy sulfonyl zirconate are in & weight ratio of from
3 0.2:1 1o 1.8:1.
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4 s#NJ Birconat es have the' Foldr8nit hh 314 ful as: DARSY & DAPT 170330823804wu 1414

(IlgR[err]R[err]g-g[err] 8)[err] %rg ? Wh(||) PRL S 96/07831
(RRlerr]lRerr]CCHerr]-Oferr] Zr erein ’Ir U]Sq:imigga]

each a nonoval ent al kyl, al kenyl,' al kynyl, aralkyl, 8
group hayng up to 20 carbon atons or aé 0- or ether- 9 substituted
derivative thereof; and Ais either an o ?al kyl am no group of the 10
formul a - - O R[ e ] - NTRp@ntisati] umt)gf clalmarl whyesiry the tiimeoaikaxypaming he
]I;gl'lrrllJJlSszO?Bgfonam and trinecalkoxy sulfonyl zirconate are dispersed or dissgived Jn a
- (- OAr N( R eflgyid mpedium) ) group, and Bis a aryl sul fonyl of the formula 13 °
(ArS(Of[err]O)- or an al kyl sulfonyl group of the formula (R S(O[err]0O);
14 wherein R, Rerr], and Rlerr] each contain up to three ether
oxygen orl 15 haHogenThalmtlstatmgaantm‘fcdalded wherdl®tife tringdatikoyf amfid on

at ons for e t ex eed I nc] usi ve of the carbon
atons cont a?ngoﬂaqﬁ #ﬁmﬁg ﬁé’ﬁ'?f%mfpﬁ “fée %E'.pe gRPerr] is a
di val ent al kyl ene group which may contain in the chain 19 oxygen and

ni trogen 4at ons; 20 J are each hydrogen or
hydr ocar Byl gr ouBs asTﬁ%Pmﬂéﬁ“flab%Pflﬁ'ﬁ @'R‘h‘eﬁi}ﬂi thy gasrier éﬁ)ﬁ@&,‘- and 22
wherein Ar is a m)noval ent aryl or al karyl group having from6 to 23 about

20 car bog atoms opti Ball¥ cont ai ni n up to 3 ether oxygen 24
substitudnts, anfsub 'GK“&E#H%H \wiaim govhenein the Eawidimediyamis i t uti ons

25 are @p hﬁo?erh?l glycel, Rettiy msqaﬁalo br A8WBEYIBBALEKS. Navi ng the
formula. NR[err] Rl err]
1 7.  The antistatic é¢ent of claim 3 wherein the liquid medium
2 contains from 0.3 to 8.0 wt.% of the 2irconate compounds.

1 8. The antistatic ag:ent of claim 4 whersln the composition contains
2 36 to 90 wt.% of sliica basefi on the total weight of the zirconate
3 compounds. ! '

1 8.  The antistatlc aqent of claim 8 wherein the antistatic agent
contains from 87 10 63 wt. %l sllica.

10. An antistatic corhpositlon comprising a polymeric material
contalning dmixed therewlthi antistatic agent which is an admixture of a
trinsoalkoxy amino zirconate hnd' a ﬁlneoalkoxy sulfonyl zirconate, whersin
sald zirconates have the follo@ving formulas;

(0 (RR,R,C-CH,-0), ZrA

(1) (RR,R,C-CH,-0), 2r

wherein R, R;, R, are sach a monavalent alkyl, alkenyl, alkynyl, aralkyl,

- aryl or alkaryl group having uﬂ;b 10 20 carbon atoms or a halo- or sther-
substituted derivative thereof;i and A is either an oxyalkylamino group of fhe |
formula —{—O-R.-N{R;)(R,)) dr an oxyaryl amino group of the formula

®© 0o N O A P WN

-
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26 SEWiHYein Rlerr] and R et fT 4% ah3AMh dr 0ge RARBY QN-I’(Fy'I" rou%Eg\%sﬁ%‘g 3

12 carbon 27 atons, an al kenyl Qroup having from2 t LB

cycl oal kyl group 28 having from'3 to-12 car bon atom;

having from6 to 12 29 carhon atons. Tri.g ﬁélﬂﬂﬁ@)ﬂgg7
claim1 erein the polynmeric nsteri al 2 an .
acrylonitril e-butadi ene-styrene (ABS), a acrylic, cellulose ester, 3

et hyl ene12:ope-K-er,N(RL)ngmUmrandrmmolamsulm\uwme,foﬂﬁhmcar bonate, 4
pol yester, polyether, polyolefin,; polysulfone, polyurethane, polyvinyl
chloride 5 (PVC), atyrene, .al pha met hyl styrene styrene but adi ene (SB),

et hyl enet3 6 (Arsm:)yﬂ)-e-r)e— ov aheikyl SUTonyEgiadpostethis ga 16-)¢ ubber
(EPDV) , prene riubber IIR rene- but adirené rubber

but yl -
(Som) 1 rat” SRt R G5 Byipeeh Fabtain Hbitpchres siher caapn or
chl or osulg omummwraﬂtensmmm@m&eﬁmb& of bhi&&ﬁ‘ﬁnn&oi'dfsefﬂci\' de, -

epi chl or dri al k epox ane, nitrocell ul ose heno or
v:onyl %;y such ngror.}é does noty excedd 20, inclusive of the carbon atgms conteined in

PCT/ US A¥ 0&bBstituent Fort?o*ns'* ' -35- 3 12.
The conpagsition of ¢ ai m 10 V\/nereln the antistatic agent is 4 present in

an amoun® of froWhegeindiis asdlvelndnpélmlmmroun whichhmeyseantain ip theasthairer i ¢
mat eri altg  oxygen and nitrogen atoms; :

20 wherein R; and R, are i!each hydrogen or hydrocarbyl groups as defined
21 forR, R, and R, above; and . E
22 .wherein Ar is a monovalent aryl or alkaryl group having from 8 to

23 about 20 carbon atoms, nptlbnally containing up to 3 ether oxygen

24 substituents, and substltutec[ derivatives thereof wherein the substitutions
25 are up to a total of 3 hlogan’s or amino groups having the forrnula.NR.R.

268 wherein R; and Ry are ieach hydrogen, an alkyl group having 1 to 12 carbon
27 atoms, an alkenyl group havipg from 2 to 8 caerbon atoms, a cycloalkyl group
28 having from 3 10 12 carbon Qtoms. and an aryl group having from 6 to 12
29 carbon atoms, '

11. The cornposition! of claim 10 wherein the polymeric material is
an acrylonitrile-butadiene-styfene (ABS), acetal, acrylic, cellulose ester,
ethylene copolymer, fluorncaéhon, phenolie, polyamide, polycarbonate,
polyester, polysther, pnlyoleft:n, polysulfone, polyursthane, polyvinyl chloride
(PVC), styrene, aipha-methy! ;htyrene, styrene-butadiene (SB), ethylene-
propylene rubber (EPR), ethyléne-propylene-diene rubber (EPDM), Isobutylene-
isoprene rubber (lIR), styrene-butadiene rubber (SBR), natural rubber (NR),
chiorinated polyethylene (CPE). chlorosulfonated polyethylene, halo butylene,
sllicone, polysuifide, e'pichloroihydrin, alkyd, epoxy, furane, nitrocellulose,
‘phenolie, or vinyl ester, i '

© ® N O O b WN -
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present in an anmpunt of from 200;to 4500 ppm based on

i 14. The conpositi cbn of :claim 11 wherein the pg @
polymer 2 of an ol efin contai ni ng from2 to 6 carbon at § @m
said 3, polyolefin or a terpolyner of id polyolefin. 1

corrposlzt ion of claim 1l wherein the pdlyolefinis 2 polyet hyI ene,

13. The conposi t'i 8n 0?7 A1 HRAAM } V\/nerBA%?Yt%gAParr;t | st at | C 33892 P\ ## 'éﬂ

o

The

pol ypr 8pyl ene, 12, cdfiw yumpo?lftlontdfy&lalm 1Mhpralpyhelatlstuﬂcaaébnttler pol ynmer of

PaERB oA aBfkuct A E.109 1o 50,008 gefta.par FIBRH BERAd 08,0 et by

ethyleae
11 wherei
styrens,

polymericabierial, of écryl onitrile- 3 butadl ene-styrene,

styrene-acrylonitrile aor buﬁedieqeestyrene.

1
2

13. The compodition of claim 11 wherein the antistatic agent Is

present in an amount of ’Ifrom 2p0 to 4500 ppm based on polymeric material. -

14. The c‘ompoq:ition of claim 11 wherein the polyolefin is a polymer

of an olefin containing fr*:m 2 tb 6 carbon atoms, a copolymer of said
polyolefin or a terpolymar of said polyolefin.
o
15. The composition of claim 11 wherein the polyolefin is
palyethylene, polypropyl Ir'ie. a ¢opolymer of ethylene and propylene, or a
terpolymer of ethylene, nropylen:te and a diene.

16. ‘The compos&tion of claim 11 wherein the polymeric materlal is a

polymer of styrens, alph -meth\irl styrene, or a copolymer of acrylonitrile-
butadlens-styrene, styre ‘e-acrylonltrile or butadiene-styrene.
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