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(57) ABSTRACT 

A method for modifying the electrostatic discharge (ESD) 
characteristics of a polymeric material by integrating met 
allocene moieties as constituents of the polymer structure. In 
a preferred embodiment, the metallocene is part of the 
polymer backbone structure. In another preferred embodi 
ment, the metallocene moieties are in su?iciently close 
proximity to one another such that electrostatic charge 
propagation is promoted. In another preferred embodiment, 
the metallocene is ferrocene. In another embodiment, an 
article is formulated from, or coated With, a polymeric 
composition containing metallocene as a polymer constitu 
ent. The subject invention includes novel polymeric com 
positions. Polymeric compositions of the subject invention, 
and articles made therefrom, exhibit electrostatic dissipative 
properties Which are useful in preventing destructive elec 
trostatic discharge. 
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POLYMER MATERIALS WITH ELECTROSTATIC 
DISSIPATIVE PROPERTIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
application Ser. No. 10/114,896, ?led Apr. 1, 2002, Which 
claims the bene?t of provisional patent application Ser. No. 
60/280,015, ?led Mar. 30, 2001, each of Which is hereby 
incorporated by reference herein in its entirety, including 
any ?gures, tables, nucleic acid sequences, amino acid 
sequences, and drawings. 

FIELD OF THE INVENTION 

[0002] The subject invention pertains to compositions 
useful as electrostatic dissipative agents and methods for 
making and using such compositions. 

BACKGROUND OF THE INVENTION 

[0003] Plastic materials have a tendency to accumulate 
static electrical charges due to loW electrical conductivity. 
Friction betWeen dissimilar electrical insulators can generate 
signi?cant static charge in a short period of time (i.e., 
triboelectric charging). Floor surfaces, particularly in a 
manufacturing area, are subject to such charge generation by 
virtue of the movement of material and people handling 
equipment. 
[0004] This static charge is undesirable for a variety of 
reasons, including dust attraction, interference With process 
ing during fabrication of the ?nal product, and spark gen 
eration from static buildup, Which can produce serious 
accidents such as ?re or explosion. 

[0005] The increasing complexity and sensitivity of 
microelectronic devices make the control of static discharge 
of particular concern to the electronic industry, such as 
integrated circuit (IC) and semiconductor equipment manu 
facture. Even a loW voltage discharge can destroy or cause 
a latent defect in an electronic component. These adverse 
effects are often seen When the electronic component is a 
solid state electronic device, such as a computer chip, Which 
contains several semiconductive layers. Due to miniaturiza 
tion and assignment of many functions to a single chip, the 
semiconductor layers are required to be very thin. Thus, 
even relatively small electrostatic discharges of less than 
500 V can burn through the semiconductor layer and induce 
latent defects in, or completely destroy the functionality of, 
the semiconductor layer. 

[0006] Keys to controlling electrostatic discharge (ESD) 
include the use of grounding equipment and/or the elimina 
tion of static-generative materials. The latest technology 
incorporates inherently static-dissipative and anti-static 
polymers. An advantage to using polymers for ESD protec 
tion is that they can be tailored to a desired range of surface 
and volume resistivity, so as to be able to “bleed o?‘" or 
dissipate any occurring static charge. The resistivity must 
not be so loW as to alloW the charge to move too quickly 
through material, thereby causing an arc or spark. On the 
other hand, the resistivity must not be so great as to cause the 
charge to build up to such a high level as to ultimately cause 
a sudden discharge (spark or arc). 

[0007] The need to control electrostatic charge buildup 
and dissipation often requires the entire electronic assembly 
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environment to be constructed of partially conductive poly 
mers. It also may require electrostatic protective packaging, 
tote boxes, holders, housings, casings, and covers be made 
from conductive polymeric materials to store, ship, protect, 
or support electrical devices and equipment. It is estimated 
that plastics used in electric devices Will increase in both 
dollar volume and types of applications they serve. For 
instance, sales of these materials Will groW from $251 
million dollars in 1987 to an estimated $768 million in 2001. 
Poundage is expected to increase accordingly, from 250 
million to 767 million pounds over the same period. 

[0008] Dissipation of electric charge from polymer sur 
faces is often accomplished by the addition of various 
conductive chemicals, but these chemicals often have short 
life spans or toxic constituents. Another mode of imparting 
some electrostatic charge dissipation to polymers involves 
placing conductive ?ller particles or dopants (hereinafter, 
“additives”) into a continuous polymer phase by blending 
the particles With the host polymer as it is extruded or 
otherWise processed. These additives are disclosed in sev 
eral patents, e.g., US. Pat. Nos. 4,288,352; 4,634,865; 
4,804,582; 5,232,775; and 5,955,526. Such additives include 
tin, lead, silver, copper, gold, carbon poWder or ?bers, nickel 
coated carbon ?bers, stainless steel ?bers, and ceramic 
materials. HoWever, these technologies have several manu 
facturing and performance limitations. For example, the 
levels of additive that are required to provide suf?cient 
conductivity for dissipating the electrical charge are very 
high, as much as 30% by Weight. While blending conductive 
additives such as graphite and metals With a host polymer 
can increase conductivity and produce a dissipative solution, 
the ?nished product can suffer from a reduction in physical 
strength and inconsistent performance due to non-uniform 
distribution. Another problem associated With conductive 
additives is migration. At high temperatures (e.g., during 
processing or in ?eld conditions), conductive additives tend 
to migrate to the surface of the polymer composition, Which 
has a negative impact on both physical characteristics and 
ESD characteristics. 

[0009] One conductive additive that has been blended With 
a base polymer to impart electrostatic dissipative properties 
is ferrocene. As a member of the metallocene family, each 
ferrocene molecule is composed of a metal atom bounded by 
tWo cyclopentadienyl rings. In the case of ferrocene, the 
metal center is iron. 

[0010] Polymeric materials Which contain organometallic 
moieties have become a subdiscipline of polymer chemistry. 
The ferrocene unit, for example, has proven itself to be a 
versatile building block, possessing very useful properties 
including high thermal stability, radiation resistance, and 
electroconduction properties. 

[0011] Ferrocene moieties have been incorporated as a 
constituent of polymers as pendant groups, connected to the 
polymer chain by one functionality, and as integral poly 
meric units, connected to the polymer chain by tWo func 
tionalities. For example, segmented poly(ether urethane) 
?lms containing ferrocene units in their hard segments have 
been developed (Gonsalves et al. (I), 1986), as Well as 
ferrocene-modi?ed urethane block copolymers (Naja?-Mo 
haj eri et al., 2000). Such ferrocene polymers have been used 
previously in a variety of applications, such as catalysts, 
?ame retardants, and photosensitiZers (Gonsalves et al. (II), 
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1984; Hale et al., 1989; Kishore et al., 1991; Wright et al. (I), 
1992; Wright et al. (II), 1992; Abd-Alla et al., 1993; Casado 
et al., 1995; and Naja?-Mohajeri, 1999). However, the ESD 
behavior of polymers containing a ferrocene moiety as a 
constituent of the polymer structure (as opposed to its use as 
an additive) has never been evaluated. 

[0012] Accordingly, there remains a need for polymer 
compositions that exhibit electrostatic dissipative properties 
Without the disadvantages associated With conventional dis 
sipative polymers, Which utiliZe conductive additives. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The subject invention relates to electrostatic dissi 
pative polymeric compositions comprising metallocene 
moieties incorporated as a constituent of the polymer struc 
ture. 

[0014] The subject invention is at least partly based on the 
surprising discovery that polymers containing metallocene 
moieties Within their polymer structure exhibit ESD behav 
ior that render them useful for a variety of applications 
Where control of ESD is desirable. In a preferred embodi 
ment, the polymer contains multiple metallocene moieties in 
su?iciently close proximity to one another so as to promote 
charge propagation (i.e., a pathWay for electrons). In another 
preferred embodiment, the metallocene moiety is ferrocene. 

[0015] Preferably, the percent content of metallocene 
Within the base polymer or polymers is about 1% to about 
20%, by molecular Weight. More preferably, the percent 
content of metallocene is about 2% to about 15%, by 
molecular Weight. Most preferably, the percent content of 
metallocene is about 3% to about 10%, by molecular Weight. 
Preferably, the metallocene is ferrocene. 

[0016] In addition, the polymeric compositions of the 
subject invention can be incorporated or blended With other 
polymeric materials as a composite, and used Where elec 
trostatic discharge potential exists. 

[0017] The subject invention also concerns methods for 
modifying the ESD characteristics of a polymer by incor 
porating metallocene moieties in close proximity to one 
another Within the polymer structure. Preferably, the metal 
locene moieties are incorporated as part of the polymer 
backbone structure. 

[0018] The subject invention also concerns methods for 
modifying the ESD characteristics of a substrate by coating 
the substrate With a polymer having metallocene moieties 
incorporated as constituents of the polymer structure. The 
subject invention also includes electrostatic dissipative com 
positions Which are novel in structure. 

[0019] The subject invention also concerns articles having 
modi?ed ESD characteristics and methods for making such 
articles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1A shoWs the peak triboelectric voltage and 
discharge time exhibited by ferrocene-modi?ed polyure 
thanes, an unmodi?ed polyurethane, and a polyurethane 
containing ferrocene as an additive. 

[0021] FIG. 1B shoWs the electrostatic charge decay 
exhibited by ferrocene-modi?ed polyurethanes, an unmodi 
?ed polyurethane, and a polyurethane containing ferrocene 
as an additive. 
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[0022] FIG. 2 shoWs a reaction scheme Where an amine 
terminated ferrocene oligomer is reacted With an isocyanate 
to yield a polyurea. 

[0023] FIG. 3 shoWs a reaction scheme Where a hydroxyl 
terminated ferrocene oligomer is reacted With an isocyanate 
to yield a polyurethane. 

[0024] FIG. 4 shoWs a hydroxyl terminated ferrocene 
oligomer. 
[0025] FIG. 5 shoWs an amine terminated ferrocene oli 
gomer. 

[0026] FIG. 6 shoWs a ferrocene oligomer that can be used 
in chain groWth polymers to create ferrocene-containing 
polyole?ns. 
[0027] FIG. 7 shoWs a scheme for the synthesis of 1,1' 
di(chlorocarbonyl) ferrocene. 

[0028] FIG. 8 shoWs a scheme for the synthesis of the 
ferrocene-containing hydroxyl terminated (FCOH) prepoly 
mer. 

[0029] FIG. 9 shoWs a scheme for the synthesis of fer 
rocene-containing amine terminated (FcNH2) prepolymer. 

[0030] FIG. 10A shoWs one embodiment of a ferrocene 
star polymer. 

[0031] FIG. 10B shoWs an expanded embodiment of a 
ferrocene star polymer. 

DETAILED DISCLOSURE OF THE INVENTION 

[0032] The subject invention includes a process for pre 
paring an electrostatic dissipative polymeric composition 
comprising the steps of adding to a base polymer composi 
tion an effective amount of a metallocene monomer under 

polymerization conditions. In a preferred embodiment, the 
metallocene is ferrocene and the ferrocene oligomer is either 
amine or hydroxyl terminated. 

[0033] The subject invention also provides a method of 
modifying the ESD characteristics of a polymer by incor 
porating metallocene units as constitutional units of the 
polymer. Preferably, the metallocene units are arranged in 
close proximity to one another, so as to interact and promote 
charge propagation. More preferably, the metallocene units 
are part of the polymer backbone structure. As used herein, 
the term “backbone” or “backbone structure” refers to the 
polymer chain to Which all other chains may be regarded as 
being pendant. 
[0034] The metal moieties Within the metallocene can be 
selected from among any of the transition metals. For 
example, metallocenes embodied in this invention are those 
Whose metals include, but are not limited to, iron, molyb 
denum, ruthenium, osmium, nickel, vanadium, rhenium or 
technetium. Metal moieties Within each metallocene unit 
may be the same metal or different metals selected individu 
ally from among the transition metals. 

[0035] The data in FIGS. 1A and 1B shoW that the 
incorporation of ferrocene Within the backbone structure of 
the base polymer has a superior and surprising effect on ESD 
behavior, as compared to ferrocene When used as a conduc 
tive additive. These data also shoW that, by changing the 
percentage of the ferrocene content, one skilled in the art can 
tailor the polymer to the desired range of surface and volume 
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resistivity. Therefore, using the methods described herein, as 
Well as alternative methods knoWn to those skilled in the art 
(e.g., static decay testing), the ESD characteristics of a 
particular polymeric composition can be varied and prese 
lected, depending upon the needs of the producer. Speci? 
cally, by including a suf?cient number of metallocene units 
Within the polymer structure, and tailoring the proximity of 
the metallocene units to one another, the surface and volume 
resistivity exhibited by a particular polymeric composition 
can be selected from among a range of resistivities, from 
anti-static to conductive. 

[0036] In a preferred embodiment of a polymeric compo 
sition of the invention, the percent content of metallocene 
Within the base polymer or polymers can range from about 
1% to about 20%, by molecular Weight. More preferably, the 
percent content of metallocene is from about 2% to about 
15%, by molecular Weight. Most preferably, the percent 
content of metallocene is from about 3% to about 10%. 

[0037] The polymeric compositions of the subject inven 
tion can be produced from potentially any polymerization 
reaction, such as condensation polymerization reactions or 
step groWth polymerization reactions. In exempli?ed 
embodiments, an amine terminated ferrocene oligomer can 
be reacted With an isocyanate to yield a polyurea, as shoWn 
in FIG. 2, and a hydroxyl terminated ferrocene oligomer can 
be reacted With an isocyanate to yield a polyurethane, as 
shoWn in FIG. 3. The ferrocene oligomer shoWn in FIG. 4 
can be reacted With a dicarboxylic acid or a diacid chloride 
to yield a polyester. The ferrocene oligomer shoWn in FIG. 
5 can be reacted With a dicarboxylic acid or diacid chloride 
to yield a polyamide. Alternatively, the ferrocene oligomer 
shoWn in FIG. 5 can be reacted With an anhydride to yield 
a polyimide. The use of chain groWth copolymers is also 
contemplated in the methods of the invention. For example, 
the ferrocene oligomer shoWn in FIG. 6 can be used in chain 
groWth polymers to create ferrocene-containing polyole?ns. 

[0038] As shoWn in FIGS. 2 through 5, the “x” variable 
describing the number of hydrocarbons can be any value 
greater than one. In a preferred embodiment, the “x” vari 
able is betWeen 2 and 8. As previously described, it should 
be readily apparent to the skilled artisan to tailor the content 
and frequency of the metallocene and non-metallocene 
moieties Within the polymer structure to achieve the desired 
ESD characteristics, as Well as other desired properties. 

[0039] In the case of polyurethanes and polyurea, for 
example, the “prepolymer” method can be used, Where 
diphenylmethane-4,4'-diisocyanate (MDI) and polytetram 
ethylene ether glycol (PTMEG) are reacted ?rst, to form a 
prepolymer. Alternatively, the “one shot” method can be 
used, Which connotes that the reactants (e.g., isocyanate, 
polyol, and metallocene oligomer) are all added to the 
reaction at the same time With a catalyst to make a polymer. 
HoWever, if one begins With a prepolymer and mixes the 
prepolymer With a metallocene oligomer, a diol, and a 
catalyst, this technique could be described as “one shot” as 
Well. 

[0040] Polymers Which incorporate more than one type of 
monomer into their chain are called copolymers, as opposed 
to homopolymers Which are made up of one species of 
monomer. By de?nition, the polymeric compositions of the 
subject invention comprise a copolymer (e.g., monomeric 
units of metallocene polymerized With at least one other type 
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of monomer). The polymeric compositions of the subject 
invention can comprise various types of copolymers, such as 
alternating copolymers, Where a metallocene monomer and 
another type of monomer are arranged in an alternating 
fashion. The polymeric compositions of the subject inven 
tion can include random copolymers, Where metallocene 
monomers are arranged in no particular sequential order. In 
a preferred embodiment, the polymeric compositions of the 
subject invention comprise block copolymers, Which contain 
blocks of monomer units of the same type (e.g., metal 
locene). Alternatively, as a graft copolymer, one or more 
monomeric units of one type (e.g., metallocene) can be 
grafted (as a side chain) to a main polymer chain containing 
another type, or types, of monomer. The oligomers involved 
in the polymerization reactions (e.g., ferrocene oligomer) 
can be virtually any length, containing any Workable number 
of monomeric units (monomer molecules). Therefore, the 
subject invention can involve any degree of polymerization. 

[0041] In the case of polyureas and polyurethanes, a 
variety of conventional chain extenders, such as diols and 
diamines, can also be used in preparing polymeric compo 
sitions of the invention. Conventional chain extenders are 
molecules having tWo functional groups (reactive sites) 
Which Will react With the reactive moieties of the polymers. 
The reactive moieties are typically present at the ends of the 
polymer oligomers as a result of routine synthesis, but the 
reactive moieties can be located at locations other than the 
ends. These reactive moieties can be hydroxyl (OH) groups 
or amine (NH2) groups, but can include any of several other 
reactive groups Which can then react With another functional 
group on the chain extender. 

[0042] Suitable diisocyanates (either aliphatic or aro 
matic) include, for example, 1,4-diisocyanatobenzene 
(PPDI), 4,4'-methylenebis(phenyl isocyanate) (MDI), 4,4‘ 
methylenebis(3-methoxy phenyl isocyanate), 1,5-naptha 
lene diisocyanate (NDI), toluene diisocyanate (TDI), m-xy 
lene diisocyantate (XDI), 1,4-cyclohexyl diisocyanate 
(CHDI), 1,10-diisocyanatonaphthylene, and 4,4'-methyl 
enebis(cyclohexyl isocyanate). 
[0043] Metallocene prepolymers used to make polymeric 
compositions of the invention can include metallocene units 
and an aliphatic spacer (e.g., hexane diol). The percentages 
in FIGS. 1A and 1B refer to the percentage of ferrocene 
rich prepolymer (based on molecular Weight) used in experi 
ments conducted With polymeric compositions of the inven 
tion. As described in Example 5, the prepolymer Was 
composed of approximately 75% to 80% ferrocene, based 
on molecular Weight. HoWever, the metallocene prepolymer 
could include any percentage of metallocene, preferably 
from 25% to 100% metallocene, by molecular Weight. Such 
variables can be readily modi?ed by a person skilled in the 
art. 

[0044] Various conventional additives can be used With 
the polymeric compositions of the subject invention. For 
example, heat stabilizers, ?llers, pigments, colorants, lubri 
cants, ?re retardants, antioxidants, UV inhibitors, and pro 
cessing aids generally employed for use in polymers can be 
included. In addition, plasticizers, such as those typically 
used and knoWn to one skilled in the art can also be utilized. 
Various ?llers include clays and calcium carbonate. Pig 
ments include titanium dioxide. The amounts and types of 
additives, ?llers and/or pigments that can be included are 
Well knoWn to those skilled in the art. 
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[0045] The polymeric compositions of the subject inven 
tion are suitable for use in a Wide variety of applications 
Where electrostatic dissipation is desired. Articles Which can 
be formulated from, or coated With, the polymeric compo 
sitions of the subject invention include, for example, ?oor 
surfaces and ?nishes, table tops, textile fabrics, ?oor cov 
erings (such as carpets, rugs, runners, pads, and mats), 
pilloWs, stretcher pads, seat coverings, adhesive tape, cloth 
ing, and fumiture, such as chairs, tables, Workbenches, 
cabinets, draWers, and shelves. Other examples of articles 
include conveyor means (e.g., conveyor belts and conveyor 
belt rollers), delivery trucks and carts, and tools (e.g., 
tWeeZers). 
[0046] Other examples of articles Which can be formulated 
from, or coated With, the polymeric compositions of the 
subject invention include packaging for electronic compo 
nents, as Well as tubes, bags, boxes, carriers, containers, 
packages, machine casings, and covers. 

[0047] Various devices are used to store, transport, and/or 
otherWise support electronic components (e.g., carriers, 
Wafer boats and Wafer jars). These devices are typically 
utiliZed for transporting batches of silicon Wafers or mag 
netic disks before, during, and after processing of the disks 
or Wafers. The Wafers are processed into integrated circuits 
and the disks are processed into magnetic storage disks for 
computers. Such support devices are typically formed of 
injection molded plastics, such as polycarbonate (PC), acry 
lonitrile butadiene styrene (ABS), polypropylene (PP), poly 
ethylene (PE), and polyetheretherketone (PEEK). Despite 
the presence of conductive additives blended in With the 
base polymer or polymers, conventional support devices are 
prone to ESD, Which can disrupt/damage an integrated 
circuit. In addition, the mere build up of static charge can 
attract particles (e.g., dust) that can contaminate an inte 
grated circuit. It is most desirable, therefore, to have a 
support device With static dissipitation characteristics to 
eliminate ESD and to avoid attracting particles. The poly 
meric compositions of the subject invention can be formu 
lated into static dissipative support devices or applied as a 
static dissipative coating to such support devices, or other 
processing equipment. 

[0048] Other articles that can be prepared or coated With 
polymeric compositions of the invention include, but are not 
limited to, electronic components such as transistors, circuit 
boards and through-hole plating of circuit boards, micro 
processors, RAM (random access memory) and ROM (read 
only memory) components, disc drives, electrodes, litho 
graphic resists, batteries, and antennas. Printer components, 
such as printer casings and paper transport rollers can also 
be prepared or coated With polymeric compositions of the 
subject invention. 

[0049] Other articles that can be prepared or coated With 
polymeric compositions of the invention include those 
objects used in the vicinity of fuels, accelerants, and other 
?ammable materials, Where an electrostatic discharge is 
particularly dangerous, such as fuel pumps, pump handles, 
hoses, hose coverings, Wands, noZZles, and other piping 
components. In the particular case of vehicle fuel pumps, 
other articles that may also contribute to an ESD event 
include vehicle seat upholstery, vehicle paneling (interior 
and exterior), and vehicle console components and instru 
mentation (e.g., steering Wheel, gear shifter, stereo tuner). 
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Therefore, these articles can be prepared or coated With the 
polymeric compositions of the subject invention. 

[0050] The polymeric compositions of the subject inven 
tion, and articles made therefrom, can be formulated such 
that some areas of the composition or article exhibit greater 
electrostatic resistivity than other areas. For example, the 
composition or article could exhibit a gradient of increasing 
electrostatic resistivity across its surface. 

[0051] The polymeric compositions of the subject inven 
tion can also be formulated into or coated on articles used in 
clean rooms, such as those products described in US. Pat. 
No. 5,736,469. Such articles include, for example, Wipes, 
stationary products (e.g., notebooks and pens), garments 
(e.g., plastic gloves, footWear), and sWabs (e.g., polyure 
thane tipped sWabs). 

[0052] The polymeric compositions of the subject inven 
tion can also be formulated into or coated on articles such as 

gaskets, seals, o-rings, diaphragms, gears, valves, bushings, 
bumpers, grommets, stoppers, belloWs, plugs, vibration 
mounts, bearings, Weather stripping, rollers, and tubing 
connectors. 

[0053] Polymers that can be used to prepare the polymeric 
compositions of the invention include, but are not limited to, 
epoxies, urethanes, and thermoplastics, such as polyesters, 
polyethers, such as polyether sulfone and polyole?ns such as 
polyethylene, ethylene-propylene copolymer, either random 
or block con?guration, polypropylene-maleic acid anhy 
dride, polystyrene, styrene-acrylonitrile copolymer, acry 
lonitrile-butadiene-styrene, poly(methyl methacrylate), eth 
ylene vinyl acetate, ethylene-acrylic acid copolymer, vinyl 
chloride-propylene, polyisobutylene, polybutadiene, poly 
(vinyl chloride), and polytetra?uoroethylene. In addition to 
organic polymers having carbon backbone chains, the poly 
meric compositions of the subject invention can be made 
using inorganic polymers, such as silicones, polysilanes, 
polygerrnanes, polystannanes, and polyphosphaZenes. 

[0054] Coatings of the polymeric compositions of the 
invention can be applied as airless or aerosol sprays, for 
example. Coatings of the polymeric compositions of the 
invention can be applied to a variety of substrates, including, 
for example, metals, Wood, fabrics, concrete, particle board, 
as Well as other polymer materials. 

[0055] In another aspect, metallocene derivatives can be 
used according to the subject invention. For example, in the 
case of ferrocene, derivatives such as acetyl ferrocene, 
benZoyl ferrocene, and n-butyl ferrocene can be used 
according to the subject invention. In another aspect, met 
allocene enantiomers can be used according to the subject 
invention. 

[0056] Polymer chains Within the polymeric compositions 
of the subject invention can be cross-linked to a degree 
appropriate for the particular application. For example, a 
polyisoprene can be lightly cross-linked for ?exibility or 
heavily cross-linked as a permanent thermoset. Reversible 
cross-links are possible as Well. Cross-linking agents are 
knoWn to those skilled in the art and can be employed in 
carrying out the invention. 

[0057] The polymer morphology of the polymeric com 
positions of the subject invention can be highly ordered 
(e.g., crystaliZed) or have little order (e.g., amorphous), or 
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any range there between. The polymeric compositions of the 
subject invention can be formulated as coatings, ?lms, 
foams, membranes, sheets, etc. 

[0058] After a polymeric composition of the subject 
invention is produced, or during its production, it can be 
manipulated or processed into some useful shape or object, 
i.e., an article. The polymeric composition may be injection 
molded, Which involves heating the polymeric composition 
above its glass transition temperature and forcing the com 
position under pressure to ?ll the contents of a mold. 
Alternatively, the polymeric compositions of the subject 
invention can be reaction injection molded (RIM), Which is 
a processing technique for the formation of polymer parts by 
direct polymeriZation in the mold, using impingement mix 
ing to combine reactive intermediates as they enter the mold. 
The polymeric compositions of the subject invention can 
also be formed by compression molding. Alternatively, the 
polymeric composition may be extruded through a die (as 
opposed to a mold), to form articles, or components of 
articles, having the same cross-sectional shape. To form 
?bers, the polymeric composition of the subject invention 
may be subjected to a spinning process, Which involves 
pumping the molten composition through a spinneret. The 
polymeric compositions of the subject invention may also be 
bloWn, to form a ?lm. The polymeric compositions of the 
subject invention can be poured or cast (e.g., as sheet or 
?lm). Essentially, the polymeric compositions of the subject 
invention can be produced through conventional plastic 
processing techniques Which are appropriate for the particu 
lar polymer chemistry involved and knoWn to the ordinarily 
skilled artisan. 

[0059] All patents, patent applications, provisional appli 
cations, and publications referred to or cited herein are 
incorporated herein by reference in their entirety to the 
extent they are not inconsistent With the explicit teachings of 
this speci?cation. 

[0060] Following are examples Which illustrate proce 
dures, including the best mode, for practicing the invention. 
These examples should not be construed as limiting. All 
percentages are by Weight and all solvent mixture propor 
tions are by volume unless otherWise noted. 

EXAMPLE 1 

Ferrocene-Containing Hydroxyl Terminated 
(FCOH) Prepolymer Synthesis 

[0061] A scheme for the synthesis of 1,1'-di(chlorocarbo 
nyl) ferrocene is shoWn in FIG. 7. To the solution of 4.0 g 
(0.013 mole) 1,1'-di(chlorocarbonyl) ferrocene in dry ben 
Zene (95 ml), 1.82 g (0.0154 mole) 1,6-hexanediol and 
pyridine (1.1 ml) Was added. The mixture Was stirred at 
70-750 C. under an inert atmosphere (N2 gas) for 4 hours. 
The pyridinium chloride salt, being insoluble in benZene 
Was precipitated from the reaction phase. The mixture Was 
?ltered and the solvent Was evaporated under reduced pres 
sure. The residue Was extracted With CH2Cl2 and Washed 
With Water. The organic layer Was dried (Na2SO4) and 
evaporated to give 4.3 g (88%) of ferrocene containing 
hydroxyl terminated prepolymer, FcOH. 1H NMR of this 
compound shoWed an average molecular Weight of —3600. 
1H NMR 6: 4.83 (s, 4H), 4.40 (s, 4H), 4.24 (t, 4H), 3.68 (t, 
0.43H), 1.78 (m, 4H), 1.52 (m, 4H). IR (cm-l, neat): 1722.9 
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(C=O), 2940.4 (CH aliphatic), 3486.7 (OH). The 1H NMR 
spectra Were obtained With a BRUKER AMX-360 NMR 

spectrometer (Bruker, Billerica, Mass.) in CDCl3. The IR 
spectra Were recorded on a NICOLET system 550 (Magna 

series) FTIR spectrometer (Therrno Nicolet, Madison, Wis.). 
A scheme for the synthesis of the ferrocene-containing 
hydroxyl terminated (FCOH) prepolymer is shoWn in FIG. 
8. 

EXAMPLE 2 

FCOH-Containing Block Copolyurethanes 

[0062] Block copolymers Were prepared by using the 
“prepolymer method.” The diisocyanate-terminated pre 
polymer (BAYTEC ME-080, Bayer Corporation, Pa.) Was 
heated at 100-1100 C. for about 30 minutes (diphenyl 
methane-4,4'-diisocyanate (MDI)/polytetramethylene ether 
glycol (PTMEG) based BAYTEC ME-080 prepolymers, 
With NCO content of 8.64%). To this, FcOH dissolved in 
tetrahydrofuran (THF) and several drops of T-12 catalyst 
solution (dibutyltin dilaurate) Were added. The mixture Was 
mechanically stirred under nitrogen for 20 minutes, and then 
HDO Was added and stirred for one minute. The ?lms Were 
cast from THF, on TEFLON sheets, and Were cured under 
vacuum at 800 C. for 6 hours. 

EXAMPLE 3 

Ferrocene-Containing Amine Terminated (FcNHZ) 
Prepolymer Synthesis 

[0063] To the solution of 7.0 g (0.023 mole) 1,1'-di(chlo 
rocarbonyl) ferrocene in CH2Cl2 (70 ml), 3.1 g (0.027 mole) 
1,6-hexanediamine and 1.8 g (0.045 mole) NaOH dissolved 
in H20 (30 ml) Was added at one portion and stirred 
vigorously for 10 minutes. The precipitate Was ?ltered and 
Washed With CH2Cl2 to give 9.0 g (93%) of FcNH2. Molecu 
lar Weight by end group analysis Was 1381. IR (cm-1, KBr 
pellet): 1551 (amide II band), 1637.3 (amide I band), 2868.0 
and 2940 (CH aliphatic), 3091.8 (CH ole?n), 3309.0 (NH). 
A scheme for the synthesis of ferrocene-containing amine 
terminated (FcNH2) prepolymer is shoWn in FIG. 9. 

EXAMPLE 4 

FCNHZ-Containing Block Copolyurethanes 

[0064] Using the “prepolymer method,” ?rst the diisocy 
anate prepolymer ME-080 Was heated at 100-1000 C. for 
about 30 minutes. To this, HDO Was added and stirred for 
one minute. Immediately, FcNH2 oligomer dissolved in 
dimethylacetamide (DMAC) Was added and the mixture Was 
stirred for one minute in an ice bath. The ?lms Were cast 
from THF/DMAC, on TEFLON sheets and Were cured 
overnight under vacuum at 800 C. 

EXAMPLE 5 

ESD Behavior of Ferrocene-modi?ed Polyurethanes 
an Unmodi?ed Polyurethane, and a Polyurethane 

Containing Ferrocene as an Additive 

[0065] Atriboelectrostatic test device Was used to evaluate 
the electrostatic properties of the ferrocene-modi?ed block 
copolyurethane embodiments of the subject invention. Spe 
ci?cally, the triboelectrostatic test device Was used to evalu 
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ate tWo distinct electrostatic properties of the test materials: 
(1) the material’s capability to develop a charge, Which is 
shoWn by the peak triboelectric voltage generated (V); and 
(2) the ability to discharge this surface electrical charge to a 
grounded frame over time (in seconds), as shoWn in FIG. 
1A. Discharge is best shoWn by the decay curve and/or the 
voltage remaining 5 seconds after rubbing has ceased, as 
shoWn in FIG. 1B. FIGS. 1A and 1B shoW the triboelec 
trostatic test results of an unmodi?ed polyurethane and 
samples of ferrocene-modi?ed polyurethanes With various 
percentages of ferrocene-rich prepolymers (FcOH and 
FcNH2 oligomers) Within their backbone structure, and a 
polyurethane sample With 10% ferrocene as an additive. 
These test materials Were made according to the methods 
described in Examples 1-4. The charge decay Was evaluated 
after 24 hours of conditioning at 45% relative humidity and 
730 F. 

[0066] The percentages in FIGS. 1A and 1B refer to the 
percentage of ferrocene-rich prepolymer Within the poly 
meric composition, based on molecular Weight. Because 
each prepolymer included a ferrocene unit and an aliphatic 
spacer (e.g., hexane diol), the prepolymer Was composed of 
approximately 75% to 80% ferrocene, based on molecular 
Weight. HoWever, the ferrocene prepolymer could include 
any percentage of ferrocene, preferably from 25% to 100% 
ferrocene, by molecular Weight. Such variables can be 
readily modi?ed by a person skilled in the art. 

[0067] The data in FIGS. 1A and 1B shoW that the 
incorporation of ferrocene Within the structure of the base 
polymer provides a polymeric composition that exhibits 
superior and surprising characteristics With regard to ESD 
behavior, as compared to ferrocene When used as a conduc 
tive additive. These data also shoW that, by changing the 
percentage of the ferrocene content Within the polymer 
structure, the ordinarily skilled artisan can tailor the polymer 
to the desired range of surface and volume resistivity. 

EXAMPLE 6 

Flexible Polyurethane Foam Synthesis by the 
One-Shot Method 

[0068] The base material Was the BAYFIT 566 A/B sys 
tem (Bayer Corporation), Which is utiliZed for ?exible 
Water-bloWn polyurethane foams. The BAYFIT 566 Com 
ponent B (polyol), Which contains a mixture of polyether 
polyols together With 1,4-dioxane (0.000425%), ethylene 
oxide (0.00085%), formaldehyde (0.000085%), and the 
bloWing agent, Water (less than 5%), Was stirred for three 
minutes using a high-speed mechanical stirrer. The hydroxyl 
number of the polyol mixture Was 210. To this, the BAYFIT 
566 Component A (polymeric diphenylmethane diisocyan 
ate (MDI), NCO content of 32.5%) Was added and stirred for 
another 5 seconds. For the base material, the mixing ratio of 
polyol/isocyanate Was 100:48 (isocyanate index of 100%). 
The mixture Was then poured into a preheated (1200 F.) 
aluminum mold (9"><8"><4" or 16"><4"><%"), Which Was 
treated With mold release agent, CHEM-TREND MR 515 
(Chem-Trend, HoWell, Mich.). The foam Was removed from 
the mold after 4-5 minutes and crushed to remove trapped 
carbon dioxide. For chemically reactive additives, their 
hydroxyl numbers Were used to calculate the correct amount 
of Component A so the NCO index Was 100%. The addi 
tives, surfactant, and catalysts Were ?rst mixed With the 
polyol(s) for 3 minutes before adding Component A. 
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[0069] For addition of FcOH from 0.75 pbW to 3 pbW, 
DABCO DC2585 surfactant (2 pbW) (Dabco, AllentoWn, 
Pa.) Was added for optimum foam formation. For higher 
concentrations of FcOH (6.4 pbW), it Was necessary to 
increase the amount of surfactant to 5.4 pbW in order to get 
good cell structure. 

[0070] The process for elastomers previously described 
can be used for ?lms simply by casting a ?lm rather than a 
block. During the process of casting the ?lm, the ferrocene 
block Will microphase segregate and come to the surface, 
yielding a ferrocene-rich surface. The ferrocene oligomers 
could also be used in urethane coatings. In this case, 
reformulation Would be required to accommodate the fer 
rocene-containing oligomer. 

EXAMPLE 7 

Star Polymers 

[0071] Star polymers are characteriZed by having three or 
more polymeric arms radiating from a central core. The 
central core can be a single moiety or monomeric unit (as a 
dendrimer), or a main chain of monomeric units (the same 
or different), With the polymeric arms radiating outWard in 
a comb-like fashion. One skilled in the art can synthesiZe 
star polymers (also knoWn as star-branched or radial poly 
mers), from a variety of starting materials and techniques, 
such as condensation or stepgroWth polymeriZation reac 
tions. These polymers are usually formed by using either 
multifunctional initiators, multifunctional chain transfer 
agents, or multifunctional coupling agents. Methods for 
synthesiZing star polymers are disclosed in US. Pat. No. 
6,177,540. 

[0072] Metallocene moieties, such as ferrocene, can be 
incorporated as a constituent into the star polymers using a 
variety of functionalities, including amine, carboxylic acid, 
or hydroxyl end groups. For example, one may use mono 
functional ferrocene as the ?nal step to place ferrocene at the 
end of the star polymer’s radiating “arms” or “branches,” or 
difunctional ferrocene or ferrocene oligomers can be incor 
porated as a constituent of one or more of the star polymer’s 
arms. 

[0073] FIGS. 10A and 10B shoW examples of star poly 
mers. The star polymer shoWn in FIG. 10B represents an 
expanded or higher-order version of the star polymer of 
FIG. 10A, having extended branches and additional fer 
rocene moieties. Complex netWorks of linked star polymers 
are contemplated Within the subject invention. 

[0074] It should be understood that the examples and 
embodiments described herein are for illustrative purposes 
only and that various modi?cations or changes in light 
thereof Will be suggested to persons skilled in the art and are 
to be included Within the spirit and purvieW of this appli 
cation and the scope of the appended claims. 
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We claim: 
1. A method for modifying the electrostatic dissipative 

characteristics of a substrate comprising applying a polymer 
to the substrate, Wherein the polymer has metallocene moi 
eties as constituents of the polymer structure, Wherein the 
metallocene moieties are of su?icient proximity to one 
another Within the polymer structure so as to interact and 
promote charge propagation, Wherein the content of metal 
locene Within the polymer structure is from about 1% to 
about 10% by molecular Weight, and Wherein the charge 
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buildup of the substrate is decreased and the charge dissi 
pation of the substrate is increased by said applying of the 
polymer. 

2. The method according to claim 1, Wherein the metal 
locene moieties are constituents of the polymer backbone. 

3. The method according to claim 1, Wherein each of the 
metallocene moieties contains a metal atom selected from 
the group consisting of iron, molybdenum, ruthenium, 
osmium, nickel, vanadium, rhenium, and technetium. 

4. The method according to claim 1, Wherein at least one 
of the metallocene moieties is a ferrocene moiety. 

5. The method according to claim 1, Wherein each of the 
metallocene moieties is linked to another constituent of the 
polymer structure by tWo functionalities. 

6. The method according to claim 1, Wherein the polymer 
is selected from the group consisting of a polyole?n, poly 
urea, polyurethane, polyester, and polyamide. 

7. The method according to claim 1, Wherein the polymer 
is a copolymer of a type selected from the group consisting 
of random, alternating, graft, and block. 

8. The method according to claim 1, Wherein the polymer 
is applied to the substrate as a polymeric composition 
comprising the polymer and an additive. 

9. The method according to claim 8, Wherein the additive 
is selected from the group consisting of a heat stabiliZer, 
?ller, pigment, colorant, lubricant, ?re retardant, antioxi 
dant, ultraviolet inhibitor, and processing aid. 

10. The method according to claim 1, Wherein the sub 
strate is constructed of one or more materials selected from 

the group consisting of metal, Wood, fabric, concrete, par 
ticle board, and a polymer material. 

11. The method according to claim 1, Wherein the sub 
strate is an article selected from the group consisting of a 
?oor surface, textile fabric, ?oor covering, pilloW, stretcher 
pad, seat covering, adhesive tape, garment, Wipe, sWab, pen, 
furniture, conveyor means, delivery truck, delivery cart, 
tool, packaging, container, machine casing, machine cover, 
electronic component carrier, Wafer boat, Wafer jar, battery, 
antenna, transistor, printer component, fuel pump, fuel pump 
handle, hose, hose covering, fuel pump Wand, fuel pump 
noZZle, fuel piping component, vehicle seat upholstery, 
exterior vehicle paneling, interior vehicle paneling, vehicle 
console component, gasket, seal, o-ring, diaphragm, gear, 
valve, bushing, bumper, grommet, stopper, belloWs, plug, 
vibration mount, veering, Weather stripping, roller, and 
tubing connector. 

12. The method according to claim 1, Wherein the sub 
strate is a computer component selected from the group 
consisting of a computer casing, circuit board, through-hole 
plating of a circuit board, microprocessor, random access 
memory component, read only memory component, disc 
drive, electrode, and lithographic resist. 

13. The method according to claim 1, Wherein the met 
allocene moieties are separated from one another Within the 
polymer structure by six to tWelve intervening atoms. 

14. The method according to claim 1, Wherein the poly 
mer is applied to the substrate as a coating. 

15. The method according to claim 1, Wherein the sub 
strate is an article of manufacture or a polymer. 

16. The method according to claim 1, Wherein the charge 
buildup decreases by a factor of at least 1.5. 

17. The method according to claim 1, Wherein the charge 
dissipation increases by a factor of at least 6. 
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18. The method according to claim 1, further comprising 
?rst identifying a substrate in need of improvement of 
electrostatic dissipative characteristics. 

19. The method according to claim 1, Wherein the poly 
mer is an inorganic polymer selected from the group con 
sisting of a polysiloxane, polysilane, polygerrnane, polys 
tannane, and polyphosphaZene. 

20. The method according to claim 1, Wherein the poly 
mer is a star polymer, Wherein said star polymer comprises 
a central core and a plurality of polymer arms extending 
radially from said central core, Wherein said polymer arms 
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contain metallocene moieties as constituents of the polymer 
structure. 

21. The method according to claim 20, Wherein each of 
said metallocene moieties is linked to one or more constitu 
ents of said polymer arms by one or more functionalities 
selected from the group consisting of an amine, a carboxylic 
acid, and a hydroxyl group. 

22. The method according to claim 20, Wherein at least 
one of the metallocene moieties is a ferrocene moiety. 

* * * * * 


