
POLYAPLHA-OLEFIN COMPOSITIONS AND PROCESSES TO PRODUCE
THE SAME Field of the Invention This invention relates
to a process to produce a new class of
poly-alphaolefins (PAOs) with unique chemical
compositions. More specifically, this invention
relates to novel PAOs prepared in the presence of a
metallocene catalyst with an activator and a process
for making PAOs in the presence of a metallocene
catalyst with an activator. Description of Related Art
Efforts to improve upon the performance of natural
mineral oil-based lubricants by the synthesis of
oligomeric hydrocarbon fluids have been the subject of
important research and development in the petroleum
industry for at least fifty years. These efforts have
led to the relatively recent market introduction of a
number of synthetic lubricants. In terms of lubricant
property improvement, the thrust of the industrial
research efforts involving synthetic lubricants have
been towards fluids exhibiting useful viscosities over
a wide temperature range, i.e., improved viscosity
index (VI), while also showing lubricities, thermal
and oxidative stabilities and pour points equal to or
better than those formineral oil. The
viscosity-temperature relationship of a lubricating
oil is one of the critical criteria which must be
considered when selecting a lubricant for a particular
application. The mineral oils commonly used as a base
for single and multigraded lubricants exhibit a
relatively large change in viscosity with a change in
temperature. Fluids exhibiting such a relatively large
change in viscosity with temperature are. said to have
a low viscosity index. Viscosity index is an empirical
number which indicates the rate of change in the
viscosity of an oil within a given temperature range.
A high VI oil, for example, will thin out at elevated
temperatures more slowly than a low VI oil. Usually, A
high VI oil is more desirable because it has higher
viscosity at higher temperature, which translates into
better lubrication and better protection of the
contacting machineelements, preferably at high
temperatures and or at temperatures over a wide range.
VI is calculated according to ASTM method D 2270. PAOs
comprise a class of hydrocarbons manufactured by the
catalytic oligomerization (polymerization to
low-molecular-weight products) of linear aolefin (LAO)
monomers. These typically range from 1-octene to
1-dodecene, with 1-decene being a preferred material,
although oligomeric copolymers of lower olefins such
as ethylene and propylene may also be used, including
copolymers of ethylene with higher olefins as
described in U.S. Patent 4,956,122 and the patents
referred to therein. PAO products have achieved
importance in the lubricating oil market. Typically
there are two classes of synthetic hydrocarbon fluids
(SHF) produced from linear alpha-olefins, the two
classes of SHF being denoted as PAO and HVI-PAO (high
viscosity index PAO's). PAO's and HVIPAO's of
different viscosity grades are typically produced
using promoted BF3 or AlCl3 catalysts. Specifically,
PAOs may be produced by the polymerization of olefin
feed in the presence of a catalyst such as AlCl , BF3,
or BF3 complexes. Processes for 



the production of PAOs are disclosed, for example, in
the following patents: U.S. Patents 3,149,178;
3,382,291; 3,742,082; 3,769,363; 3,780,128; 4,172,855
and 4,956,122, which are fully incorporated by
reference. PAOs are also discussed in: Will, J.G.
Lubrication Fundamentals, Marcel Dekker: New York,
1980. Subsequent to polymerization, the PAO lubricant
range products are typically hydrogenated in order to
reduce the residual unsaturation, generally to a level
of greater than 90%. HVI-PAO's may also be
conveniently made by the polymerization of an
alpha-olefin in the presence of a polymerization
catalyst such as Friedel-Crafts catalysts. These
include, for example, aluminum trichloride, boron
trifluoride, aluminum trichloride or boron trifluoride
promoted with water, with alcohols such as ethanol,
propanol, or butanol, with carboxylic acids, or with
esters such as ethyl acetate or ethyl propionate or
ether such as diethyl ether, diisopropyl ether, etc.
For example, the methods disclosed by U.S. Patents
4,149,178 or 3,382,291 may be conveniently used
herein. Other descriptions of PAO synthesis are found
in the following U.S. Patents: 3,742,082 (Brennan);
3,769,363 (Brennan); 3,876,720 (Heilman); 4,239,930
(Allphin);4,367,352 (Watts); 4,413,156 (Watts);
4,434,408 (Larkin); 4,910,355 (Shubkin); 4,956,122
(Watts); and 5,068,487 (Theriot). Another class of
HVI-PAOs may be prepared by the action of a supported,
reduced chromium catalyst with an alpha-olefm monomer.
Such PAOs are described in U.S. Patents 4,827,073
(Wu); 4,827,064 (Wu); 4,967,032 (Ho et al.); 4,926,004
(Pelrine et al.); and 4,914,254 (Pelrine).
Commercially available PAOs include SpectraSyn(tm) 2,
4, 5, 6, 8, 10, 40, 100 and SpectraSyn Ultra(tm) 150,
SpectraSyn Ultra(tm) 300, SpectraSyn Ultra(tm) 1000,
etc. (ExxonMobil Chemical Company, Houston Texas).
Synthetic PAOs have found wide acceptability and
commercial success in the lubricant field for their
superiority to mineral based lubricants. In terms of
lubricant property improvement, industrial research
efforts on synthetic lubricants have led to PAO fluids
exhibiting useful viscosities over a wide range of
temperature, i.e., improved viscosity index, while
also showing lubricity, thermal and oxidative
stability and pour point equal to or better than
mineral oil. These relatively new synthetic lubricants
lower mechanical friction, enhancing mechanical
efficiency over the full spectrum of mechanical loads
and do so over a wider range of operating conditions
than mineral oil lubricants. Performance requirements
of lubricants are becoming increasingly stringent. New
PAOs with improved properties, such as high viscosity
index (VI), low pour point, high shear stability,
improved wear performance, increased thermal and
oxidative stability, and or wider viscosity range, are
needed to meet new performance requirements for
lubricants. New methods to provide such new PAOs with
improved properties are also needed. Efforts have been
made to prepare various PAOs using metallocene
catalyst systems. Examples include US 6,706,828
(equivalent to US 2004/0147693), where PAOs are
produced from meso-foxms of certain metallocene
catalysts under high hydrogen pressure. Comparative
example D of 



US 6,706,828, however, uses
mc-dimethylsilylbis(2-methyl-indenyl)zirconium
dichloride in combination with methylalumoxane (MAO)
at 1000C in the presence of hydrogen to produce
polydecene having a reported Kinematic Viscosity at
100 0C (KV1Oo) of 116 cSt, a Kinematic Viscosity at
4O0C (KV40) of 1039 cSt, a VI of214, an iodine number
of 2.8, an Mw of 7084, an Mn of 2906, an MwMn of 2.4,
and a Tg of -72.40C. Likewise, WO 02/14384 discloses,
among other things, in examples J and K the use of
mc-ethyl-bis(indenyl)zirconium dichloride or
racdimethylsilyl- bis(2-methyl-indenyl) zircomium
dichloride in combination with MAO at 40 0C (at 200
psi hydrogen or 1 mole of hydrogen) to produce
isotactic polydecene reportedly having a Tg of
-73.80C, a KV100 of 702 cSt, and a VI of 296; or to
produce polydecene reportedly having a Tg of -66 0C, a
KV100 of 1624, and a VI of 341, respectively. Further
WO 99/67347 discloses in example 1 the use of
ethylidene bis(tetrahydroindenyl)zirconium dichloride
in combination with MAO at 5O0C to produce a
polydecene having an Mn of 11,400 and 94% vinylidene
double bond content. Others have made various PAOs,
such as polydecene, using various metallocene
catalysts not typically known to produce polymers or
oligomers with any specific tacticity. Examples
include WO 96/23751, EP 0 613 873, US 5,688,887, US
6,043,401, WO 03/020856 (equivalent to US
2003/0055184), US 6,548,724 (equivalent to US
2001/0041817 and US 6,548,723), US 5,087,788, US
6,414,090, US 6,414,091, US 4,704,491, US 6,133,209,
and US 6,713,438. To date however, PAO's made with
metallocenes have not found wide applicability in the
marketplace, particularly the lubricant marketplace,
due to inefficient process, cost and property
deficits. The instant invention address such and other
needs by providing new PAO's and or HVI-PAO's having
excellent property combinations and an improved
process to produce them. Summary of Invention This
invention relates to a polyalpha-olefin comprising
more than 50 mole % of one or more C to C24
alpha-olefin monomers where the polyalpha-olefin has:
a) 40 mole % or more of mm triads, b) a Bromine number
of Y or greater, where Y is equal to 89.92 * (V)
5863, where V is the kinematic viscosity of the
polyalpha-olefin in cSt measured at 100C, andc) 1,2
disubstituted olefins present at 7 mole % or more,
preferably present at Z mole % or more, where Z =
8.420*Log(V) - 4.048 where V is the kinematic
viscosity of the polyalpha-olefin in cSt measured at
100C. Alternately, this invention relates to a
polyalpha-olefin comprising more than 50 mole % of one
or more C5 to C24 alpha-olefm monomers where the
polyalpha-olefin has: a) 40 mole % or more of mm
triads, b) a Bromine number of 1.8 or less, and c) Z
mole % or more of units represented by the formula:
where j , k and m are each, independently, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, or 22; n is an integer from 1 to 350; and 



where Z = 8.420*Log(V) - 4.048, where V is the
kinematic viscosity of the polyalpha-olefin measured
at 1000C in cSt Alternately, this invention relates to
a polyalpha-olefin comprising more than 50 mole % of
one or more C5 to C24 alpha-olefin monomers where the
polyalpha-olefin has: a) 40 mole % or more of mm
triads, b) a Bromine number of Y or greater, where Y
is equal to 89.92 * (V) 0 5863, where V is the
kinematic viscosity of the polyalpha-olefin in cSt
measured at 1000C, and c) 1,2 disubstituted olefins,
preferably present at Z mole % or more of units
represented by the formula:where the olefinic
1,2-disubstituted carbons will be positioned between
Ca and Cb or occasionally between Cb and Cc, and where
j , k and m are each, independently, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or
22; n is an integer from 1 to 350; and where Z =
8.420*Log(V) - 4.048, where V is the kinematic
viscosity of the polyalpha-olefin measured at 1000C in
cSt. Alternately, this invention relates to a
polyalpha-olefin comprising more than 50 mole % of one
or more C5 to C24 alpha-olefin monomers where the
polyalpha-olefin has: a) less than 40 mole % of mm
triads, b) a Bromine number of 1.8 or less, and c) Z
mole % or more of units represented by the formula:
where j , k and m are each, independently, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, or 16, n is an
integer from 1 to 350, and where Z = 8.420*Log(V) -
4.048, where V is the kinematic viscosity of the
polyalpha-olefin measured at 1000C in cStAlternately,
this invention relates to a polyalpha-olefin
comprising more than 50 mole % of one or more C5 to
C24 alpha-olefin monomers where the polyalpha-olefin
has Z mole % or more of units represented by the
formula: where j , k and m are each, independently, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, or 22, n is an integer from 1 to 350, and
where Z = 8.420*Log(V) - 4.048, where V is the
kinematic viscosity of the polyalpha-olefin measured
at 1000C in cSt Alternatively, this invention relates
to a polyalpha-olefin comprising more than 50 mole %
of one or more C5 to C24 alpha-olefin monomers where
the polyalpha-olefin has: a) 40 mole % or less of mm
triads, b) a Bromine number of Y or greater, where Y
is equal to 89.92 * (V)  5863 , where V is the
kinematic viscosity in cSt measured at 100C, and c)
1,2 disubstituted olefins present at Z mole % or more
where Z = 8.420*Log(V) - 4.048 where V is the
kinematic viscosityof the polyalphaolefin in cSt
measured at 1000C. Alternately, this invention relates
to a polyalpha-olefin comprising more than 50 mole %
of one or more C5 to C24 alpha-olefin monomers where
the 



polyalpha-olefin has 40 mole % or more of mm triads
and less than 300 ppm of a Group 4 metal.Alternately,
this invention relates to a polyalpha-olefin
comprising more than 50 mole % of one or more C5 to
C24 alpha-olefin monomers where the polyalphaolefin
has 40 mole % or more of mm triads and less than 1000
ppm of a Group 13 metal, preferably less than 1000 pm
of aluminum and/or boron. Alternately, this invention
relates to a polyalpha-olefin comprising more than 50
mole % of one or more C5 to C24 alpha-olefin monomers
where the polyalphaolefin has 40 mole % or more of mm
triads and less than 1000 ppm of aluminum and boron.
Alternately, this invention relates to a
polyalpha-olefin comprising more than 50 mole % of one
or more C5 to C24 alpha-olefin monomers, where the
polyalpha-olefin has 40 mole % or more of mm triads
and less than 100 ppm of a Group 13 metal.
Alternately, this invention relates to a
polyalpha-olefin comprising more than 50 mole % of one
or more C5 to C24 alpha-olefin monomers, where the
polyalpha-olefin has 40 mole % or more of mm triads
and less than 1000 ppm of aluminum. Alternately, this
invention relates to a polyalpha-olefin comprising
more than 50 mole % of one or more C5 to C24
alpha-olefin monomers, where the polyalpha-olefin has
40 mole % or more of mm triads and less than 600 ppm
of aluminum. Alternatively, this invention relates to
a hydrogenated polyalpha-olefin comprising more than
50 mole% of one or more C5 to C24 alpha-olefin
monomers, where the polyalpha-olefin has mm triads
ranging from 95% to 20% mm triads and less than 1000
ppm of group 13 metals, preferably less than 1000 ppm
of aluminum and/or boron.Altematively, this invention
relates to a hydrogenated polyalpha-olefin comprising
more than 50 mole% of one or more C5 to C24
alpha-olefin monomers, where the polyalpha-olefin has
mm triads ranging from 95% to 20% mm triads and less
than 1000 ppm of group 13 metals, preferably less than
1000 ppm of aluminum and/or boron. Alternately, this
invention relates to a polyalpha-olefin comprising
more than 50 mole % C5 to C24 alpha-olefin monomers
and having an Mw of 100,000 or less and an Mw/Mn of
greater than 1 and less than 2.5. This invention also
relates to process to produce such polyalpha-olefins
comprising contacting the C5 to C20 monomers with a
metallocene catalyst (preferably a racemic metallocene
catalyst), an activator (preferably an alumoxane and
or a non-coordinating anion) and, optionally an
alkylaluminum compound. This invention also relates to
process to produce such polyalpha-olefins comprising
contacting C5 to C20 monomers with a metallocene
catalyst and an activator, preferably a racemic
metallocene catalyst with an alumoxane or NCA as
activator, or a substituted metallocene catalyst with
an NCA activator, or a meso metallocene with an NCA
activator. In all cases, optionally a co-activator
such as an alkylaluminum compound mat be used. 



Further, these polyalpha-olefins (and any
polyalpha-olefins described herein) may be
hydrogenated by contacting the polyalpha-olefin with
hydrogen and a hydrogenation catalyst. This
hydrogenation step is often used to reduce the bromine
number and/or to modify the amount of mm triads in the
final poly alpha-olefins. Brief Description of the
Figures Figure 1 is a graph of bromine number versus
KVlOO for certain PAO's from the examples and US
6,706,828.Figure 2 is a graph of mole% B components
(by GC or Proton NMR) versus KVlOO for certain PAO's
from the examples and comparative examples 1- 4.
Figure 3 is a possible reaction scheme for the
formation of A", B", A and B components, including
head to head connection. Figure 4 is a gas
chromatograph for the C30H62 fraction of example 31.
Figure 5 is a possible reaction scheme for the
independent synthesis of C30H62 B. Figure 6 is a
proton-NMR of the olefmic region of the Example 35
PAO. Figure 7 is a graph of traction results for the
Example 32 hydrogenated PAO compared to SpectraSyn 100
and SpectraSyn Ultra 150. Figure 8 is a carbon 13 NMRs
pectra of 8Bg region of Example 36. Figure 9 is a
methyl branch and C3+ branch region of the carbon 13
NMR spectrum for Example 56. Figure 10 is a graph of
methyls per 1000 carbons versus KVlOO for Examples 36,
37, 38, 39, 40, 4 1 and Comparative examples 1 to 4
Detailed Description of the Invention As used herein,
the new numbering scheme for the Periodic Table of the
Elements is used as set out in CHEMICAL AND
ENGINEERING NEWS, 63(5), 27 (1985). For purposes of
this invention and the claims thereto, when a polymer
or oligomer is referred to as comprising an olefin,
the olefin present in the polymer or oligomer is the
polymerized or oligomerized form of the olefin,
respectively. Likewise the use of the term polymer is
meant to encompass homopolymers and copolymers, where
copolymers include any polymer having two or more
chemically distinct monomers. Likewise the use of the
term oligomer is meant to encompass homooligomers and
cooligomers, where cooligomers include any oligomer or
having two or more chemically distinct monomers.For
the purposes of this invention and the claims thereto
the term "Polyalpha-olefin," "polyalphaolefin," or
"PAO" includes homooligomers, cooligomers,
homopolymers and copolymers of alpha-olefin monomers.
For the purposes of this invention and the claims
thereto the active species in a catalytic cycle may
comprise the neutral or ionic forms of the catalyst.
The term "catalyst system" is defined to mean a
catalyst precursor/activator pair, such as a
metallocene/activator pair. When "catalyst system" is
used to describe such a pair before activation, it
means the unactivated catalyst (precatalyst) together
with an activator and, optionally, a co-activator 



(such as a trialkylaluminum compound). When it is used
to describe such a pair after activation, it means the
activated catalyst and the activator or other
chargebalancing moiety. Additionally, the catalyst
system may optionally comprise a co-activator and/or
other charge-balancing moiety. "Catalyst precursor" is
also often referred to as precatalyst, catalyst,
precursor, metallocene, transition metal compound,
unactivated catalyst, or transition metal complex.
These words are used interchangeably. Activator and
cocatalyst are also used interchangeably. A scavenger
is a compound that is typically added to facilitate
oligomerization or polymerization by scavenging
impurities. Some scavengers may also act as activators
and may be referred to as co-activators. A
co-activator which is not a scavenger may also be used
in conjunction with an activator in order to form an
active catalyst with a transition metal compound. In
some embodiments, a co-activator can be pre-mixed with
the transition metal compound to form an alkylated
transition metal compound, also referred to as an
alkylated catalyst compound or alkylated metallocene.
For purposes of this invention and the claims thereto
noncoordinating anion (NCA) is defined to mean an
anion which either does not coordinate to the catalyst
metal cation or that coordinates only weakly to the
metal cation. An NCA coordinates weakly enough that a
neutral Lewis base, such as an olefmically or
acetylenically unsaturated monomer, can displace it
from the catalyst center. Any metal or metalloid that
can form a compatible, weakly coordinating complex
with the catalyst metal cation may be used or
contained in the noncoordinating anion. Suitable
metals include, but are not limited to, aluminum,
gold, and platinum.Suitable metalloids include, but
are not limited to, boron, aluminum, phosphorus, and
silicon. A subclass of non-coordinating anions
comprises stoichiometric activators, which can be
either neutral or ionic. The terms ionic activator,
and stoichiometric ionic activator can be used
interchangeably. Likewise, the terms neutral
stoichiometric activator and Lewis acid activator can
be used interchangeably. In addition, a reactor is any
containers) in which a chemical reaction occurs.
Polvalpha-olefins In a preferred embodiment, this
invention relates to polyalpha-olefms (PAO's)
comprising more than 50 mole % of one or more C5 to
C24 alpha-olefin monomers, preferably 55 mole % or
more, preferably 60 mole % or more, preferably 65 mole
% or more, preferably 70 mole % or more, preferably 75
mole % or more, preferably 80 mole % or more,
preferably 85 mole % or more, preferably 90 mole % or
more, preferably 95 mole % or more, preferably 100
mole %based on the total moles of monomers present in
the polyalpha-olefin, as measured by Carbon -13 NMR.
In another embodiment this invention further relates
to PAO's having 40 mole % or more of mm triads,
preferably 45% or more, preferably 50 % or more,
preferably 55% or more, preferably 60% or more,
preferably 65% or more, preferably 70% or more,
preferably 75% or more, preferably 80% or more, 



preferably 85% or more, preferably 90% or more,
preferably 95% or more, as determined by Carbon-13
Nuclear Magnetic Resonance (NMR) spectroscopy
according to the procedure below. In another
embodiment, the polyalphaolefms according to the
present invention have at least about 84 mole %mm
triads. In yet other embodiments, the PAO's have at
least about 98 mole %mm triads. In one embodiment, the
polyalphaolefms according to the present invention
have a ratio of mm to mr triads ranging from about 49
to about 1.0. In one embodiment, the preferred range
is from 1.0 to 10.0, or from 2 to 49, or from 2 to 18,
with more preferred ranges of from 1.0 to 8 or from 8
to 49, as measured by Carbon 13 NMR.In another
embodiment, this invention further related to
hydrogenated PAO's having 90% or less mm triads,
preferably 70% mm triads or less, preferably 50% mm
triads or less, preferably 30% or less mm triads, or
preferably 10% mm triads or less. In another
embodiment, the hydrogenated polyalphaolefms according
to the present invention have a ratio of mm to mr
triads of less than 1, with preferred range from 0.01
to 0.9. NMR spectroscopy provides key structural
information about the synthesized polymers. Proton NMR
analysis of the unhydrogenated PAO gives a
quantitative breakdown of the olefinic structure types
(viz. vinyl, 1,2- disubstituted, trisubstituted, and
vinylidene). As noted above, Carbon-13 NMR is used to
determine tacticity of the polyalphaolefms of the
present invention - quantitatively in some cases, and
qualitatively in others. Carbon-13 NMR can be used to
determine the concentration of the triads, denoted mm
(meso, meso), mr (meso, racemic) and rr (racemic,
racemic), as well as molar composition of the sample.
The concentrations of these triads defines whether the
polymer is isotactic, atactic or syndiotactic. Spectra
for a PAO sample are acquired in the following manner.
Approximately 100-1000 mg of the PAO sample is
dissolved in 2-3 ml of chloroform-J for Carbon 13
analysis. Approximately -10 mg/ml (solvent basis) of
chromium acetylacetonate relaxation agent, Cr(acac)3,
is added to the sample to enhance the data acquisition
rate. Analysis of the spectra is performed according
to the paper by Kim, L; Zhou, J.-M.; and Chung,
H.Journal of Polymer Science: Part A: Polymer
Chemistry 2000, 38 1687-1697, augmented by the
identification and integration of end group
resonances, and removal of their contributions to the
peaks used in the analysis. The deconvolutions are
executed with Acorn NMR Lie's NutsPro NMR data
analysis software, using an 85/15 Lorentzian/Gaussian
lineshape. The component peaks are lumped together
into clusters according to the mm, mr, and rr triad
assignments, and fit with a Bernoullian distribution.
The adjustable parameter for these fits is Pr, the
fraction of monomer added with racemic
stereochemistry. For details of going from a set of
triad measurements (such as described by Kim above) to
a statistical model(such as the Bernoullian) see
"Polymer Sequence Determination, James C. Randall,
Academic Press, New York, 1977" In another embodiment,
any of the polyalpha-olefins produced herein
preferably have a Bromine number of Y or greater,
where Y is equal to 



89.92 x (V)-0-5863, where V is the Kinematic Viscosity
at 1000C (KV100) of the polyalpha-olefin and where
KV1O0 is measured according to ASTM D 445, preferably
a bromine number of Y +1 or greater, preferably Y+2 or
greater, preferably Y+3 or greater, preferably Y+4 or
greater, where Bromine number is measured by ASTM D
1159. In another embodiment, any of the
polyalpha-olefins produced herein preferably have 1,2
disubstituted olefins present at 7 mole % or more,
based upon the total moles of all monomers present in
the poly-alpha-olefin as measured by Proton NMR,
preferably 8 mole % or more, preferably 9 mole % or
more, preferably 10 mole % or more, preferably 15 mole
% or more. In another embodiment, any of the
polyalpha-olefins produced herein preferably have 1,2-
disubstituted olefins present at Z mole % or more as
measured by Proton-NMR, where Z = 8.420*Log(V) -
4.048, where V is the kinematic viscosity of the
polyalpha-olefin measured at 100C in cSt In another
embodiment, any of the polyalpha-olefins produced
herein preferably have a Bromine number of 1.8 or less
as measured by ASTM D 1159, preferably 1.7 or less,
preferably 1.6 or less, preferably 1.5 or less,
preferably 1.4 or less, preferably 1.3 or less,
preferably 1.2 or less, preferably 1.1 or less,
preferably 1.0 or less, preferably 0.5 or less,
preferably 0.1 or less. In another embodiment, any of
the polyalpha-olefins produced herein are hydrogenated
and have a Bromine number of 1.8 or less as measured
by ASTM D 1159, preferably 1.7 or less, preferably 1.6
or less, preferably 1.5 or less,preferably 1.4 or
less, preferably 1.3 or less, preferably 1.2 or less,
preferably 1.1 or less, preferably 1.0 or less,
preferably 0.5 or less, preferably 0.1 or less. In
another embodiment, any of the polyalpha-olefms
described herein preferably have Z mole % or more of
units represented by the formula: where j , k and m
are each, independently, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or 22, n is an
integer from 1 to 350 ( preferably 1 to 300,
preferably 5 to 50), as measured by proton NMR and
where Z = 8.420*Log(V) - 4.048, where V is the
kinematic viscosity of the polyalpha-olefm measured at
1000C in cSt, preferably Z is = 0.990 * V(a627). The
proton NMR analysis (used to measure
1,2-disubstitutions and the units represented by the
formula above) is performed by dissolving the sample
in appropriate deuterated solvent (e.g. chloroform-d),
and acquiring a pulse-acquire experiment of sufficient
signal-to-noise ratio to allow integration of the
olefin region (approximately 6 ppm - 4.6 ppm). The
spectra are acquired at a temperature of 5O0C, with
the temperature chosen to ensure complete sample
dissolution (if the sample is not completely dissolved
at 50 0C, then the temperature is raised slowly until
the sample is completely dissolved). The aliphatic
region of the proton spectrum comprises the signal
from the saturated components, and the olefinic region
from the unsaturated end of the polymer. In cases
where multiple alphaolefms are copolymerized, it may
be possible to determine the composition of the
polymer from the branch methyl resonances of the
differing alphaolefm branches. This composition
determination can beexecuted if the methyl peaks
(resonating between 1.0 and 0.6 ppm) are sufficiently 



resolved to allow direct integration, or spectral
deconvolution. The olefinic region can be integrated
piecewise according to the chemical shift assignments
tabulated below: The olefin subintegrals are corrected
for the proton multiplicity of the contributing
species, and for overlapping contributions (e.g. both
vinyl and trisubstituted olefins in the 5.3-4.8 ppm
region). The integral values resulting from this
correction can then be normalized to give the
mole-percentage of each olefin class. Comparison of
the corrected integral values with the aliphatic
integral intensity (also multiplicity-corrected) can
be used to determine the olefin concentrations on an
absolute basis (e.g. olefins per 1000 carbons). In
another embodiment, any of the polyalpha-olefins
described herein preferably have less than 300 ppm of
Group 4 metals (preferably Ti, Hf or Zr), preferably
less than 200 ppm, preferably less than 100 ppm,
preferably less than 50 ppm, preferably less than 10
ppm, as measured by ASTM 5185. In another embodiment,
any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Ti, preferably
less than 200 ppm, preferably less than 100 ppm,
preferably less than 50 ppm, preferably less than 10
ppm, as measured by ASTM 5185. In another embodiment,
any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Hf, preferably
less than 200 ppm, preferably less than 100 ppm,
preferably less than 50 ppm, preferably less than 10
ppm, as measured by ASTM 5185.In another embodiment,
any of the polyalpha-olefins described herein
preferably have less than 300 ppm of Zr, preferably
less than 200 ppm, preferably less than 100 ppm,
preferably less than 50 ppm, preferably less than 10
ppm, as measured by ASTM 5185. In another embodiment,
any of the polyalpha-olefins described herein
preferably have less than 100 ppm of Group 13 metals
(preferably B or Al), preferably less than 50 ppm,
preferably less than 10 ppm, as measured by ASTM 5185.
In another embodiment, any of the polyalpha-olefins
described herein preferably have less than 100 ppm of
boron, preferably less than 50 ppm, preferably less
than 10 ppm, as measured by ASTM 5185. hi another
embodiment, any of the polyalpha-olefins described
herein preferably have less than 600 ppm of aluminum,
preferably less than 500 ppm, preferably less than 600
ppm, preferably less than 300 ppm, preferably less
than 300 ppm, preferably less than 10 ppm, preferably
less than 50 ppm, preferably less than 10 ppm, as
measured by ASTM 5185. hi another embodiment, any of
the polyalpha-olefins described herein preferably have
an Mw (weight average molecular weight) of 100,000 or
less, preferably between 100 and 80,000, preferably
between 250 and 60,000, preferably between 280 and
50,000, preferably between 336 and 40,000 g/mol.
(Preferred Mw's include those from 224 to 55,100,
preferably from 392 to 30,000, preferably 800 to
24,000, preferably 2,000 to 37,5000 g/mol. Alternately



preferred Mw's include 224 to about 6790 and 224 to
about 2720). hi another embodiment, any of the
polyalpha-olefins described herein preferably have an
Mn (number average molecular weight) of 50,000 or
less, preferably between 200 and 40,000, preferably
between 250 and 30,000, preferably between 500 and
20,000 g/mol. (Preferred Mn's include those from 280
to 10,000, preferably form 280 to 4000. Alternately
preferred Mn's include those from 200 to 20,900,
preferably 280, to 10,000, preferably 200 to 7000,
preferably 200 to 2000, preferably 280 to 2900,
preferably 280 to 1700, preferably 200 to 500.)In
another embodiment, any of the polyalpha-olefins
described herein preferably have an Mw/Mn of greater
than 1 and less than 5, preferably less than 4,
preferably less than 3, preferably less than 2.5,
preferably less than 2. Alternately any of the
polyalpha-olefms described herein preferably have an
Mw/Mn of between 1 and 2.5, alternately between 1 and
3.5. The Mw, Mn and Mz are measured by GPC method
using a column for medium to low molecular weight
polymers, tetrahydrofuran as solvent and polystyrene
as calibration standard, correlated with the fluid
viscosity according to a power equation. This
relationship of Mw vs. 100C viscosity in cSt for
fluids prepared in this invention using 1-decene as
feed is as following: Mw = 352.41 x (100C vis in
cSt)05997. Similarly, the relationship of Mw vs. 1000C
viscosity in cSt for fluids prepared in this invention
using 1-hexene as feed is as following: Mw = 234.85 *
(V)0 6165 where V is the kinematic viscosity measured
at 1000C in cSt When other alpha-olefms are used as
feed, this Mw vs. 1000C viscosity relationship may
change slightly. It is expected similar type of
relationship will hold. Unless otherwise indicated Mw
values reported herein are GPC values and not
calculated from KVlOO. In a preferred embodiment of
this invention, any PAO described herein may have a
pour point of less than 0 0C (as measured by ASTM D
97), preferably less than -10 0C, preferably less than
-20 0C, preferably less than -250C, preferably less
than -3O0C, preferably less than -350C, preferably
less than -50 0C, preferably between -10 and -80 0C,
preferably between -15C and -700C. In a preferred
embodiment of this invention, any PAO described herein
may have a kinematic viscosity (at 4O0C as measured by
ASTM D 445) from about 4 to about 50,000 cSt,
preferably from about 5 cSt to about 30,000 cSt at 40
0C, alternately from about 4 to about 100,000 cSt,
preferably from about 6 cSt to about 50,000 cSt,
preferably from about 10 cSt to about 30,000 cSt at 40
0C. In another embodiment according to the present
invention, any polyalpha olefin described herein may
have a kinematic viscosity at 100C from about 1.5 to
about 5,000 cSt, preferably from about 2 to about
3,000 cSt, preferably from about 3 cSt to about 1,000
cSt, more preferably from about 4 cSt to about 1,000
cSt, andyet more preferably from about 8 cSt to about
500 cSt as measured by ASTM D445. The PAOs preferably
have viscosities in the range of 2 to 500 cSt at 1000C
in one embodiment, and from 2 to 3000 cSt at 100 0C in
another embodiment, and from 3.2 to 300 cSt in another
embodiment. Alternately, the polyalpha-olefin has 



a KV100 of less than 200 cSt. In another embodiment
according to the present invention any polyalpha
olefin described herein may have a kinematic viscosity
at 100C from 3 to 10 cSt and a flash point of 150 0C
or more, preferably 200 0C or more (as measured by
ASTM D 56). n another embodiment according to the
present invention any polyalpha olefin described
herein may havea dielectric constant of 2.5 or less (
1 kHz at 23 0C as determined by ASTM D 924). In
another embodiment according to the present invention
any polyalpha olefin described herein may have a
specific gravity of 0.75 to 0.96 g/cm3, preferably
0.80 to 0.94 g/cm3. The PAO's prepared herein,
particularly those of low viscosity (such as those
with a KV10O of 10 cSt or less), are especially
suitable for high performance automotive engine oil
formulations either by themselves or by blending with
other fluids, such as Group II, Group DH-, Group III,
Group III+ or lube base stocks derived from
hydroisomerization of wax fractions from
Fisher-Tropsch hydrocarbon synthesis from CO/H2 syn
gas, or other Group IV or Group V base stocks. PAOs
having KV100 1Sfrom 3 cSt to 8 cSt are also preferred
grades for high performance automotive engine oil or
industrial oil formulations. The PAO's of 40 to 1000
cSt made in this invention are desirable for use as
blend stock with Gr I, II, III, III+ or GTL derived
lube base stocks for use in industrial and automotive
engine or gear oil, especially certain high KV1Oo
grades of 3 to 1000 cSt which are especially desirable
for use as blend stock with Gr I, II, III, III+ or GTL
derived lube base stocks for use in industrial and
automotive engine or gear oil. They are also suitable
for use in personal care applications, such as blends
with soaps, detergents, other emollients, for use in
personal care creams, lotions, sticks, shampoos,
detergents, etc.In another embodiment the PAO's have
KV100 1Sranging from about 42 to about 3045 cSt In
another embodiment the PAO's have KV100 1Sranging from
about 32 to about 102 cSt In another embodiment
according to the present invention, any polyalpha
olefin described herein may have a viscosity index
(VI) of 100 or more, preferably 120 or more,
preferably 130 or more, alternately, form 120 to 450,
alternately from 100 to 400, alternately from 120 to
380, alternately from 100 to 300, alternately from 140
to 380, alternately from 180 to 306, alternately from
252 to 306, alternately the viscosity index is at
least about 165, alternately at least about 187,
alternately at least about 200, alternately at least
about 252. For many lower viscosity fluids made from
1-decene or 1-decene equivalent feeds (KV1Q0 of 3 to
10 cSt), the preferred VI range is from 100 to 180.
Viscosity index is determined according to ASTM Method
D 2270-93 [1998]. All kinematic viscosity values
reported for fluids herein are measured at 



100 0C unless otherwise noted. Dynamic viscosity can
then be obtained by multiplying the measured kinematic
viscosity by the density of the liquid. The units for
kinematic viscosity are in m2/s, commonly converted to
cSt or centistokes (IcSt =10 6m2/s or 1 cSt =
1mm2/sec). One embodiment according to the present
invention is a new class of polyalpha- olefins, which
have a unique chemical composition characterized by a
high percentage of unique head-to-head connections at
the end position of the polymer chain and a high
degree of stereo-regularity. The new
poly-alpha-olefins when used by themselves or blended
with other fluids have unique lubrication properties.
The term "head-to-head connection" refers to a
connection formed on at least one end of the PAO
oligomer or polymer in which the penultimate olefin
inserted 1,2 and the last olefin inserted 2,1 into the
oligomer or polymer chain, as illustrated in the lower
scheme in Figure 3. Another embodiment according to
the present invention is a new class of hydrogenated
poly-alpha-olefins having a unique chemical
composition which is characterized by a high
percentage of unique head-to-head connection at the
end position of the polymer and by a reduced degree
tacticity compared to the productbefore hydrogenation.
The new poly-alpha-olefins when used by itself or
blended with another fluid have unique lubrication
properties. The PAO's produced according to this
invention are typically dimers, trimers, tetramers, or
higher oligomers of one or more C5 to C24 olefin
monomers, preferably one or more C5 to C24 alpha-olefm
monomers, preferably one or more C5 to C24 linear
alpha-olefm monomers. Alternatively, an alphaolefm
with alkyl substitutent at least 2 carbons away from
the olefinic double bond can also be used. Typically,
the PAO's produced herein are usually a mixture of
many different oligomers. The smallest oligomers from
these alphaolefins have carbon number ranging from ClO
to C20. These small oligmers are usually too light for
most high performance fluids application. They are
usually separated from the higher oligomers with
carbon number of greater than C20, for example C24 and
higher which are more preferred as high performance
fluids. These separated ClO to C20 oligomer olefins or
the corresponding paraffins after hydrogenation can be
used in specialty applications, such as drilling
fluids, solvents, paint thinner, etc with excellent
biodegradability, toxicity, viscosities, etc. The high
performance fluid fraction in the C20, or C30 and
higher fractions typically have lower viscosities
making them beneficial for some applications, such as
better fuel economy, better biodegradability, better
low temperature flow properties, or lower volatility.
The higher viscosity product, usually have much higher
average degree of polymerization have very low amount
of C20 or C30 component. These high viscosity fluids
are excellent blend stocks for lube application to
improve the viscosity. Because of their usually narrow
molecular weight distribution, they have superior
shear stability. Because of their unique chemical
composition, they have excellent viscometrics and
unexpected low traction properties. These higher
viscosity PAO can be used as superior blend stocks.
They can be blend stocks with any of the Gr I, II,
III, III+, GTL and Gr V 



fluids to give the optimum viscometrics, solvency,
high and low temperature lubricity, etc. When further
blended with proper additives, including antioxidants,
anitwear additives, friction modifiers, dispersants,
detergents, corrosion inhibitors, defoamants, extreme
pressure additives, seal swell additives, and
optionally viscosity modifiers, etc. Description of
typical additives can be found in the book"Lubricant
Additives" Chemistry and Applications, ed. L. R.
Rudnick, Marcel Dekker, Inc., New York, 2003. Process
One embodiment of the present invention discloses an
improved process to produce a new class of
poly-alpha-olefins having unique chemical
compositions. This improved process employs
metallocene catalysts together with one or more
activators (such as an alumoxane or a non-coordinating
anion). The metallocene catalyst can be a bridged or
unbridged, substituted or unsubstituted
cyclopentadienyl, indenyl or fluoreny.l compound. One
preferred class of catalysts are highly substituted
metallocenes that give high catalyst productivity and
higher product viscosity. Another preferred class of
metallocenes are bridged and substituted
cyclopentadienes. Another preferred class of
metallocenes are bridged and substituted indenes or
fluorenes. One aspect of the processes described
herein also includes treatment of the feed olefins to
remove catalyst poisons, such as peroxides, oxygen,
sulfur, nitrogen-containing organic compounds, and or
acetylenic compounds. This treatment is believed to
increase catalyst productivity, typically more than 5
fold, preferably more than 10 fold. In a preferred
embodiment, this invention relates to a process to
produce a polyalpha-olefin comprising: 1) contacting
at least one alpha-olefm monomer having 5 to 24 carbon
atoms with a racemic metallocene compound (preferably
a highly substituted compound) and an activator under
polymerization conditions wherein hydrogen, if
present, is present at a partial pressure of 200 psi
(1379 kPa) or less, based upon the total pressure of
the reactor (preferably 150 psi (1034 kPa) or less,
preferably 100 psi (690 kPa) or less, preferably 50
psi (345 kPa) or less, preferably 25 psi (173 kPa) or
less, preferably 10 psi (69 kPa) or less (alternately
the hydrogen, if present is present in the reactor at
lOOOppm or less by weight, preferably 750 ppm or less,
preferably 500 ppm or less, preferably 250 ppm or
less, preferably 100 ppm or less, preferably 50 ppm or
less, preferably 25 ppm or less, preferably 10 ppm or
less, preferably 5 ppm or less), and wherein the
alpha-olefin monomer having 5 to 24 carbon atoms is
present at 10 volume % or more based upon thetotal
volume of the catalyst/activator/co-activator
solutions, monomers, and any diluents or solvents
present in the reaction; and 2) obtaining a
polyalpha-olefm, optionally hydrogenating the PAO, and
obtaining a PAO, comprising at least 50 mole% of a C5
to C24 alpha-olefm monomer, wherein the
polyalpha-olefm has a kinematic viscosity at 1000C of
5000 cSt or less, and the polyalpha-olefin comprises Z
mole % or more of units represented by the formula:
where j , k and m are each, independently, 3, 4, 5, 6,
?, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, or 22, n is an integer from 1 to 350, and 



where Z = 8.420*Log(V) - 4.048, where V is the
Kinematic viscosity of the polyalpha-olefin measured
at 1000C in cSt. In an alternate embodiment, this
invention relates to a process to produce a
polyalpha-olefin comprising: 1) contacting a feed
stream comprising at least one alpha-olefin monomer
having 5 to 24 carbon atoms with a metallocene
catalyst compound and a non-coordinating anion
activator or alkylalumoxane activator, and optionally
an alkyl-aluminum compound, under polymerization
conditions wherein the alphaolefin monomer having 5 to
24 carbon atoms is present at 10 volume % or more
based upon the total volume of the
catalyst/activator/co-activator solution, monomers,
and any diluents or solvents present in the reactor
and where the feed alpha-olefin, diluent or solvent
stream comprises less than 300 ppm of heteroatom
containing compounds; and obtaining a polyalpha-olefin
comprising at least 50 mole% of a C5 to C24
alpha-olefin monomer where the polyalpha-olefin has a
kinematic viscosity at 1000C of 5000 cSt or less.
Preferably, hydrogen, if presentis present in the
reactor at lOOOppm or less by weight, preferably 750
ppm or less, preferably 500 ppm or less, preferably
250 ppm or less, preferably 100 ppm or less,
preferably 50 ppm or less, preferably 25 ppm or less,
preferably 10 ppm or less, preferably 5 ppm or less.
In an alternate embodiment, this invention relates to
a process to produce a polyalpha-olefin comprising: 1)
contacting a feed stream comprising at least one
alpha-olefin monomer having 5 to 24 carbon atoms with
a metallocene catalyst compound and a non-coordinating
anion activator or alkylalumoxane activator, and
optionally an alkyl-aluminum compound, under
polymerization conditions wherein the alphaolefin
monomer having 5 to 24 carbon atoms is present at 10
volume % or more based upon the total volume of the
catalyst/activator/co-activator solution, monomers,
and any diluents or solvents present in the reactor
and where the feed alpha-olefin, diluent or solvent
stream comprises less than 300 ppm of heteroatom
containing compounds which; and obtaining a
polyalpha-olefin comprising at least 50 mole% of a C5
to C24alpha-olefin monomer where the polyalpha-olefin
has a kinematic viscosity at 1000C of 5000 cSt or
less; 2) isolating the lube fraction polymers and then
contacting this lube fraction with hydrogen under
typical hydrogenation conditions with hydrogenation
catalyst to give fluid with bromine number below 1.8,
or alternatively, isolating the lube fraction polymers
and then contacting this lube fraction with hydrogen
under more severe conditions with hydrogenation
catalyst to give fluid with bromine number below 1.8
and with reduce mole% of mm components than the
unhydrogenated polymers. Alternately, in any process
described herein hydrogen, if present, is present in
the reactor at lOOOppm or less by weight, preferably
750 ppm or less, preferably 500 ppm or less,
preferably 250 ppm or less, preferably 100 ppm or
less, preferably 50 ppm or less, preferably 25 ppm or
less, preferably 10 ppm or less, preferably 5 ppm or
less.Altemately, in any process described herein
hydrogen, if present, is 



present in the feed at 1000 ppm or less by weight,
preferably 750 ppm or less, preferably 500 ppm or
less, preferably 250 ppm or less, preferably 100 ppm
or less, preferably 50 ppm or less, preferably 25 ppm
or less, preferably 10 ppm or less, preferably 5 ppm
or less. Unless otherwise stated all pressures in psi
are psig. Metallocene Catalyst Compounds For purposes
of this invention and the claims thereto, the terms
"hydrocarbyl radical," "hydrocarbyl," and hydrocarbyl
group" are used interchangeably throughout this
document. Likewise the terms "group," "radical," and
"substituent" are also used interchangeably throughout
this document. For purposes of this disclosure,
"hydrocarbyl radical" is defined to be a C1-C100
radical and may be linear, branched, or cyclic. When
cyclic, the hydrocarbon radical may be aromatic or
non-aromatic. "Hydrocarbon radical" is defined to
include substituted hydrocarbyl radicals, halocarbyl
radicals, substituted halocarbyl radicals, silylcarbyl
radicals, and germylcarbyl radicals as these terms are
defined below. Substituted hydrocarbyl radicals are
radicals in which at least one hydrogen atom has been
substituted with at least one functional group such as
NR*2, OR*, SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2,
SiR*3, GeR* , SnR*3, PbR*3 and the like or where at
least one non-hydrocarbon atom or group has been
inserted within the hydrocarbyl radical, such as -O-,
-S-, -Se-, -Te-, -N(R*)-, =N-, -P(R*)-, =P-, -As(R*)-,
=As-, -Sb(R*)-, =Sb-, -B(R*)-, =B-, -Si(R*)2-,
-Ge(R*)2-, -Sn(R*)2-, -Pb(R*) 2- and the like, where
R* is independently a hydrocarbyl or halocarbyl
radical, and two or more R* may join together to form
a substituted or unsubstituted saturated, partially
unsaturated or aromatic cyclic or polycyclic ring
structure. Halocarbyl radicals are radicals in which
one or more hydrocarbyl hydrogen atoms have been
substituted with at least one halogen (e.g. F, Cl, Br,
I) or halogen-containing group (e.g. CF ).Substituted
halocarbyl radicals are radicals in which at least one
halocarbyl hydrogen or halogen atom has been
substituted with at least one functional group such as
NR*2, OR*, SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2,
SiR*3, GeR*3, SnR*3, PbR*3 and the like or where at
least one non-carbon atom or group has been inserted
within the halocarbyl radical such as -O-, -S-, -Se-,
-Te-, -N(R*)-, =N-, -P(R*)-, =P-, -As(R*)-, =As-,
-Sb(R*)-, =Sb-, -B(R*)-, =B-, -Si(R*)2-, -Ge(R*)2-,
-Sn(R*)2-, -Pb(R*)2- and the like, where R* is
independently a hydrocarbyl or halocarbyl radical
provided that at least one halogen atom remains on the
original halocarbyl radical. Additionally, two or more
R* may join together to form a substituted or
unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure.
Silylcarbyl radicals (also called silylcarbyls) are
groups in which the silyl functionality is bonded
directly to the indicated atom or atoms. Examples
include SiH3, SiH2R*, SiHR*2, SiR*3, SiH2(OR*),
SiH(OR*)2, Si(OR*)3, SiH2(NR*2), SiH(NR*2)2,
Si(NR*2)3, and the like where R* is independently a
hydrocarbyl or halocarbyl radical and two or more R*
may join together to form a substituted or 



unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure.
Germylcarbyl radicals (also called germylcarbyls) are
groups in which the germyl functionality is bonded
directly to the indicated atom or atoms. Examples
include GeH3, GeH2R*, GeHR*2, GeR5 3, GeH2(OR*),
GeH(OR*)2, Ge(OR*)3, GeH2(NR*2), GeH(NR*2)2,
Ge(NR*2)3, and the like where R* is independently a
hydrocarbyl or halocarbyl radical and two or more R*
may join together to form a substituted or
unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure. Polar
radicals or polar groups are groups in which a
heteroatom functionality is bonded directly to the
indicated atom or atoms. They include heteroatoms of
groups 1-17 of the periodic table (except carbon and
hydrogen) either alone or connected to other elements
by covalent bonds or other interactions such as ionic
bonds, van der Waals forces, or hydrogen bonding.
Examples of functional heteroatom containing groups
include carboxylic acids, acid halides, carboxylic
esters, carboxylic salts, carboxylic anhydrides,
aldehydes and theirchalcogen (Group 14) analogues,
alcohols and phenols, ethers, peroxides and
hydroperoxides, carboxylic amides, hydrazides and
imides, amidines and other nitrogen analogues of
amides, nitriles, amines and imines, azos, nitros,
other nitrogen compounds, sulfur acids, selenium
acids, thiols, sulfides, sulfoxides, sulfones,
phosphines, phosphates, other phosphorus compounds,
silanes, boranes, borates, alanes, aluminates.
Functional groups may also be taken broadly to include
organic polymer supports or inorganic support material
such as alumina, and silica. . Preferred examples of
polar groups include NR*2, OR*, SeR*, TeR*, PR*2,
AsR*2, SbR*2, SR*, BR*2, SnR*3, PbR*3 and the like
where R* is independently a hydrocarbyl, substituted
hydrocarbyl, halocarbyl or substituted halocarbyl
radical as defined above and two R* may join together
to form a substituted or unsubstituted saturated,
partially unsaturated or aromatic cyclic or polycyclic
ring structure. In using the terms "substituted or
unsubstituted cyclopentadienyl ligand", "substituted
or unsubstituted indenyl ligand", and "substituted or
unsubstituted tetrahydroindenyl ligand", the
substitution to the aforementioned ligand may be
hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, silylcarbyl, or germylcarbyl.
The substitution may also be within the ring giving
heterocyclopentadienyl ligands, heteroindenyl ligands
or heterotetrahydoindenyl ligands, each of which can
additionally be substituted or unsubstituted. In some
embodiments, the hydrocarbyl radical is independently
selected from methyl, ethyl, ethenyl, and isomers of
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl,
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl,
tetracosyl, pentacosyl, hexacosyl, heptacosyl,
octacosyl, nonacosyl, triacontyl, propenyl, butenyl,
pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, undecenyl, dodecenyl, tridecenyl,
tetradecenyl, pentadecenyl, hexadecenyl, 



heptadecenyl, octadecenyl, nonadecenyl, eicosenyl,
heneicosenyl, docosenyl, tricosenyl, tetracosenyl,
pentacosenyl, hexacosenyl, heptacosenyl, octacosenyl,
nonacosenyl, triacontenyl, propynyl, butynyl,
pentynyl, hexynyl, heptynyl, octynyl, nonynyl,
decynyl, undecynyl, dodecynyl, tridecynyl,
tetradecynyl,pentadecynyl, hexadecynyl, heptadecynyl,
octadecynyl, nonadecynyl, eicosynyl, heneicosynyl,
docosynyl, tticosynyl, tetracosynyl, pentacosynyl,
hexacosynyl, heptacosynyl, octacosynyl, nonacosynyl,
triacontynyl, butadienyl, pentadienyl, hexadienyl,
heptadienyl, octadienyl, nonadienyl, and decadienyl.
Also included are isomers of saturated, partially
unsaturated and aromatic cyclic and polycyclic
structures wherein the radical may additionally be
subjected to the types of substitutions described
above. Examples include phenyl, methylphenyl,
dimethylphenyl, ethylphenyl, diethylphenyl,
propylphenyl, dipropylphenyl, benzyl, methylbenzyl,
naphthyl, anthracenyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, methylcyclohexyl,
cycloheptyl, cycloheptenyl, norbornyl, norbornenyl,
adamantyl and the like. For this disclosure, when a
radical is listed, it indicates that radical type and
all other radicals formed when that radical type is
subjected to the substitutions defined above. Alkyl,
alkenyl and alkynyl radicals listed include all
isomers including where appropriate cyclic isomers,
for example, butyl includes r-butyl, 2-methylpropyl,
1-methylpropyl, tert-butyl, and cyclobutyl (and
analogous substituted cyclopropyls); pentyl includes
n-pentyl, cyclopentyl, 1-methylbutyl, 2-methylbutyl,
3-methylbutyl, 1- ethylpropyl, and neopentyl (and
analogous substituted cyclobutyls and cyclopropyls);
butenyl includes E and Z forms of 1-butenyl,
2-butenyl, 3-butenyl, 1-methyl- 1-propenyl,
l-methyl-2-propenyl, 2-methyl-l-propenyl and
2-methyl-2- propenyl (and cyclobutenyls and
cyclopropenyls). Cyclic compound having substitutions
include all isomer forms, for example, methylphenyl
would include ortho-methylphenyl, meta-methylphenyl
and para-methylphenyl; dimethylphenyl would include
2,3-dimethylphenyl, 2,4-dimethylphenyl,
2,5-dimethylphenyl, 2,6- diphenyhnethyl,
3,4-dimethylphenyl, and 3,5-dimethylphenyl. Examples
of cyclopentadienyl and indenyl ligands are
illustrated below as anionic ligands.The ring
numbering scheme is also illustrated Cydopentadienyl
Indenyl A similar numbering and nomenclature scheme is
used for heteroindenyl v as illustrated below where Z
and Q independently represent the heteroatoms O, S,
Se, or Te, or heteroatom groups, NR', PR', AsR', or
SbR' where R' is hydrogen, or a hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl, or germylcarbyl substituent.
The number scheme shown below is for heteroindenyl
ligands that are bridged to another ligand via a
bridging group. 4 4 3 Examples include: Examples
include: Cyclopenta[ ]thienyl (Z=S)
Cyclopenta[c]thienyl(Z=S) Cyclopenta[6]fuianyl (Z=O)
Cyclopentafcjfuranyl (Z=O) Cyclopenta[Z>]selenophenyl
(Z=Se) Cyclopenta[c]selenophenyl (Z=Se)- Cyclopenta[
]tellurophenyl (Z=Te) Cyclopentajejtellurophenyl
(Z=Te) 6-Methyl-cyclopenta[ ]pyrrolyl (Z=N-Me)
5-Methyl-cyclopentafcjpyrrolyl (Z=N-Me) 



6-Methyl-cyclopenta[ ]phospholyl (Z=P-Me)
5-Methyl-cyclopenta[c]phospholyl (Z=P-Me)
6-Methyl-cyclopenta[ ]arsolyl (Z=As-Me)
5-Methyl-cyclopenta[c]arsolyl (Z=As-Me)
6-Methyl-cyclopenta[6]stibolyl (Z=Sb-Me)
5-Methyl-cyclopenta[ f tibolyl (Z=Sb-Me) A similar
numbering and nomenclature scheme is used for
heterocyclopentadienyl rings as illustrated below
where G and J independently represent the heteroatoms
N, P, As, Sb or B. For these ligands when bridged to
another ligand via a bridging group, the one position
is usually chosen to be the ring carbon position where
the ligand is bonded to the bridging group, hence a
numbering scheme is not illustrated below.Examples
include: Azacyclopeptadiene (G = N)
Phosphacyclopentadiene (G= P) Stibacyclopentadiene (G=
Sb) Arsacyclopentadiene (G = As) Boracyclopentadiene
(G= B) Depending on the position of the bridging
ligand, the numbering for the following ligands will
change; 1,3 and 1,2 are only used in this case to
illustrate the position of the heteroatoms relative to
one another. Examples include: Examples include:
1,3-Diazacyclopentadiene (G = J = N)
1,2-Diazacyclopentadiene (G = J = N) l
-Diphosphacyclopentadiene (G = J = P)
1,2-Diphosphacyclopentadiene (G = J = P)
1,3-Distibacyclopentadiene (G= J =Sb)
1,2-Distibacyclopentadiene (G= J =Sb)
1,3-Diarsacyclopentadiene (G = J = As)
1,2-Diarsacyclopentadiene (G = J = As)
1,3-Diboiacyclopentadiene (G = J = B)
1,2-Diboracyclopentadiene (G = J = B)
l^-Azaphosphacyclopentadiene (G = N; J = P)
1,2-Azaphosphacyclopentadiene (G = N; J = P)
1,3-Azastibacyclopentadiene (G =N; J = Sb)
1,2-Azastibacyclopentadiene (G =N; J = Sb)
1,3-Azarsacyclopentadiene (G = N; J = As)
1,2-Azarsacyclopentadiene (G = N; J = As)
1,3-Azaboracyclopentadiene (G= N; J = B)
1,2-Azaboracyclopentadiene (G = N; J = B)
1,3-Arsaphosphacyclopentadiene (G = As; J = P)
1,2-Arsaphosphacyclopentadiene (G = As; J = P)
1,3-Arsastibacyclopentadiene (G = As; J = Sb)
1,2-Arsastibacyclopentadiene (G = As; J = Sb)
1,3-Arsaboracyclopentadiene (G = As; J =B)
1,2-Arsaboracyclopentadiene (G = As; J =B)
l^-Boraphosphacyclopentadiene (G = B; J = P)
1,2-Boiaphosphacyclopentadiene (G = B; J = P)
1,3-Borastibacyclopentadiene (G = B; J = Sb)
1,2-Boiastibacyclopentadiene (G = B; J = Sb)
1,3-Phosphastibacyclopentadiene (G = P; J = Sb)
1,2-Phosphastibacyclopentadiene (G = P; J = Sb) A
"ring heteroatom" is a heteroatom that is within a
cyclic ring structure. A "heteroatom substituent" is
heteroatom containing group that is directly bonded to
a ring structure through the heteroatom. A "bridging
heteroatom substituent" is a heteroatom or heteroatom
group that is directly bonded to two different
ringstructures through the heteroatom. The terms "ring
heteroatom", "heteroatom substituent", and "bridging
heteroatom substituent" are illustrated below where Z
and R' are as defined above. It should be noted that a
"heteroatom substituent" can be a "bridging heteroatom
substituent" when R' is additionally defined as the
ligand "A". "ring heteroatom" 



"heteroatom substituent" "bridging heteroatom
substituent" A "ring carbon atom" is a carbon atom
that is part of a cyclic ring structure. By this
definition, an indenyl ligand has nine ring carbon
atoms; a cyclopentadienyl ligand has five ring carbon
atoms. Transition metal compounds have symmetry
elements and belong to symmetry groups. These elements
and groups are well established and can be referenced
from Chemical Appliation s of Group Theory (2nd
Editon) by F. Albert Cotton, Wiley-Interscience, 1971.
Pseudo-symmetry, such as apseudo C - axis of symmetry
refers to the same symmetry operation, however, the
substituents on the ligand frame do not need to be
identical, but of similar size and steric bulk.
Substituents of similar size are typically within 4
atoms of each other, and of similar shape. For
example, methyl, ethyl, n-propyl, n-butyl and
iso-butyl substituents (e.g. C1-C4 primary bonded
substituents) would be considered of similar size and
steric bulk. Likewise, iso-ptopyl, sec-butyl,
1-methylbutyl, 1- ethylbutyl and 1-methylpentyl
substituents (e.g. C3-C6 secondary bonded
substituents) would be considered of similar size and
steric bulk. Tert-buty\, 1,1-dimethylpropyl,
1,1-dimethylbutyl, 1,1-dimethylpentyl and 1-ethyl-1-
methylpropyl (e.g. C4-C7 tertiary bonded substituents)
would be considered of similar size and steric bulk.
Phenyl, tolyl, xylyl, and mesityl substituents (C6-C9
aryl substituents) would be considered of similar size
and steric bulk. Additionally, the bridging
substituents of a compound with a pseudo C2-axis of
symmetry do not have to be similar at all since they
are far removed from the active site of the catalyst.
Therefore, a compound with a pseudo C2-axis of
symmetry could have for example, aMe2Si, MeEtSi or
MePhSi bridging ligand, and still be considered to
have a pseudo C2-axis of symmetry given the
appropriate remaining ligand structure. In some
embodiments, metallocenes with a C1-axis of symmetry
may also be useful herein. For purposes of this
disclosure, the term oligomer refers to compositions
having 2-75 mer units and the term polymer refers to
compositions having 76 or more mer units. A mer is
defined as a unit of an oligomer or polymer that
originally corresponded to the olefin(s) used in the
oligomerization or polymerization reaction. For
example, the mer of polydecene would be decene. The
metallocene compounds (pre-catalysts), useful herein
are preferably cyclopentadienyl derivatives of
titanium, zirconium and hafnium. In general, useful
titanocenes, zirconocenes and hafhocenes may be
represented by the following formulae:
(Cp-A'-Cp*)MX1X2 (1) (CpCp OMX1X2 (2) wherein: M is
the metal center, and is a Group 4 metal preferably
titanium, zirconium or hafnium, preferably zirconium
or hafnium; Cp and Cp* are the same or different
cyclopentadienyl rings that are each bonded toM, and
substituted with from zero to four substituent groups
S" for formula (1) and zero to five substituents for
formula (2), each substituent group S" being, 



independently, a radical group which is a hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl or germylcarbyl, or Cp and Cp*
are the same or different cyclopentadienyl rings in
which any two adjacent S" groupsare optionally joined
to form a substituted or unsubstituted, saturated,
partially unsaturated, or aromatic cyclic or
polycyclic substituent;A' is a bridging group; X1 and
X2 are, independently, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl
radicals, substituted halocarbyl radicals, silylcarbyl
radicals, substituted silylcarbyl radicals,
germylcarbyl radicals, or substituted germylcarbyl
radicals; or both X are joined and bound to the metal
atom to form a metallacycle ring containing from about
3 to about 20 carbon atoms; or both together can be an
olefin, diolefin or aryne ligand; or when Lewisacid
activators, such as methylalumoxane, which are capable
of donating an X ligand as described above to the
transition metal component are used, both X may,
independently, be a halogen, alkoxide, aryloxide,
amide, phosphide or other univalent anionic ligand or
both X can also be joined to form a anionic chelating
ligand. In a preferred embodiment the metallocene is
racemic which means in a preferred embodiment, that
the compounds represented by formula (1) [ (Cp-A1- Cp
MX1X2] have no plane of symmetry containing the metal
center, M; and have a C2-axis of symmetry or pseudo
C2-axis of symmetry through the metal center.
Preferably in the racemic metallocenes represented by
formula (1) A' is selected from R'2C, R'2Si, R'2Ge,
R'2CCR' 2, R'2CCR'2CR'2, R'2CCR'2CR'2CR' 2, R C=CR',
R'C=CR'CR' 2, R'2CCR'=CR'CR' 2, R'C=CR'CR'=CR',
R'C=CR'CR' 2CR'2, R'2CSiR'2, R'2SiSiR' 2,
R'2CSiR'2CR'2, R'2SiCR'2SiR'2, R'C=CR'SiR' 2,R'
2CGeR'2, R'2GeGeR' 2, R'2CGeR'2CR'2, R'2GeCR'2GeR'2,
R'2SiGeR' 2, R'C=CR'GeR' 2, R'B, R'2C-BR',
R'2C-BR'-CR' 2, R'N, RT, O, S, Se, R'2C-O-CR' 2,
R'2CR'2C-O-CR' 2CR'2 R'2C-O-CR' 2CR'2, R'2C-OCR'= CR\
R'2C-S-CR' 2, R'2CR'2C-S-CR' 2CR'2, R'2C-S-CR' 2CR' 2,
R'2C-SCR'= CR', R'2C-Se-CR' 2, R'2CR' 2C-Se-CR' 2CR'2,
R'2C-Se-CR' 2CR' 2, R'2CSe- CR'=CR', R'2C-N=CR',
R'2C-NR'-CR' 2, R' 2C-NR'-CR' 2CR' 2, R' 2C-NR'-
CR'=CR', R'2CR'2C-NR'-CR' 2CR' 2, R'2C-P=CR', and
R'2C-PR'-CR' 2 where when Cp is different than Cp*
then R' is a C1-C5 containing hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl or germylcarbyl substituent, and when Cp
is the same as Cp* then R' is selected from hydrogen,
C1-C20 containing hydrocarbyl, substituted
hydrocarbyl, halocarbyl,substituted halocarbyl,
silylcarbyl or germylcarbyl substituent and optionally
two or more adjacent R' may join to form a substituted
or unsubstituted, saturated, partially unsaturated,
cyclic or polycyclic substituent. Table A depicts
representative constituent moieties for the
metallocene components of formula 1 and 2. The list is
for illustrative purposes only and should not be
construed to be limiting in any way. A number of final
components may be formed by permuting all possible
combinations of the constituent moieties with each
other. When hydrocarbyl radicals including alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl and aromatic radicals are disclosed in
this application the term includes all isomers. For
example, butyl includes n-butyl, 2- 



methylpropyl, 1-methylpropyl, tert-butyl, and
cyclobutyl; pentyl includes npentyl, 1-methylbutyl,
2-methylbutyl, 3-methylbutyl, 1-ethylpropyl,
neopentyl, cyclopentyl and methylcyclobutyl; butenyl
includes E and Z forms of 1-butenyl, 2-butenyl,
3-butenyl, 1-methyl-1-propenyl, l-methyl-2-propenyl,
2-methyl-lpropenyl and 2-methyl-2-propenyl. This
includes when a radical is bonded to another group,
for example, propylcyclopentadienyl include
npropylcyclopentadienyl, isopropylcyclopentadienyl and
cyclopropylcyclopentadienyl. In general, the ligands
or groups illustrated in Table A include all isomeric
forms. For example, dimethylcyclopentadienyl includes
1,2-dimethylcyclopentadienyl and
1,3-dimethylcyclopentadienyl; methylindenyl includes
1-methylindenyl, 2-methylindenyl, 3-methylindenyl,
4-methylindenyl, 5- methylindenyl, 6-methylindenyl and
7-methylindenyl; methylethylphenyl includes
ortho-methylethylphenyl, meta-methylethylphenyl and
para-methylethylphenyl. Examples of specific invention
catalyst precursors take the following formula where
some components are listed in Table A. To illustrate
members of the , transition metal component, select
any combination of the species listed in Tables A. For
nomenclature purposes, for the bridging group, A', the
words "silyl" and "silylene" are used interchangeably,
and represent a diradical species. For the bridging
group A', "ethylene" refers to a 1,2-ethylene linkage
and is distinguished from ethene-l,l-diyl. Thus, for
the bridging group A', "ethylene" and "1,2- ethylene"
are used interchangeably. For compounds having a
bridging group, A',the bridge position on the
cyclopentadienyl-type ring is always considered the 1-
position. The numbering scheme previous defined for
the indenyl ring is used to indicate the bridge
position; if a number is not specified, it is assumed
that the bridge to the indenyl ligand is in the one
position. TABLEA -FOAMABLE ALCOHOL COMPOSITIONS,
SYSTEMS AND METHODS OF USE The present invention
relates to foamable alcohol compositions, systems for
dispensing the compositions and methods for the use of
the compositions. Background Foamable soap products
contain a significant quantity of air. While these
compositions can be economically manufactured as
compared with non-foamable compositions, the
formulation of foamable compositions comprising a high
alcohol content has generally required the
compositions to be provided as aerosol products which
include a propellant (e.g., hydrocarbon, fluorocarbon,
compressed gas) to facilitate foaming when the
composition is dispensed from an aerosol container.
These aerosol compositions can also include polymeric
gelling agents, moderately high molecular weight
(e.g., Ci to C ) alcohols and nonionic surfactants,
for example. Aerosol products are costly to
manufacture because of the need for a pressurized
container and the inclusion of a foaming propellant.
In the formulation of non-aerosol soap products having
a high alcohol content, surfactants have been included
in such compositions to facilitate some level of
foaming when the compositions are dispensed through a
mechanical pump or the like. Surfactants can
facilitate at least some degree of initial foaming,
but such non-aerosol foams are often 



unstable and tend to collapse as soon as they are
dispensed. While some fluorochemical surfactants have
been known to facilitate more stable foams in
non-aerosol compositions, fluorochemical surfactants
may raise environmental concerns. There is a need to
provide foamable alcohol-containing compositions that
are formulated to be anti-microbial and which can be
applied to the skin (e.g., the hands). There is a need
for alcohol-containing compositions that will form a
stable foam in the absence of an aerosol propellant
and which will deliver alcohol to the skin for rapid
skin disinfection. Within the foregoing need, it is
desirable to provide foamable, low viscosity,
alcoholcontaining compositions that are safe and
efficacious while providing properties that may be
desired by the consumer. Summary In one aspect, the
present invention provides a composition, comprising:
(A) Monohydric alcohol in an amount sufficient to
provide antimicrobial activity; (B) Surfactant
comprising a dimethicone surfactant; and (C) Builder,
the builder in an amount sufficient to provide
stability or to improve the stability of a foam formed
from the composition. In another aspect, the invention
provides a system comprising a container and the
composition as described above, the composition
contained within the container under pressure and a
propellant present within the composition. In still
another aspect, the invention provides a system
comprising a dispenser comprising a reservoir and a
hand pump; and the composition as described above
contained within the reservoir. In still another
aspect, the invention provides a skin sanitizer
comprising the composition as described above. In
still another aspect, the invention provides a
pre-surgical hand scrub comprising the composition as
described above. In still another aspect, the
invention provides a method for sanitizing a surface,
comprising applying a volume of the composition as
described above to the surface, the composition being
in the form of a stable foam. It will be appreciated
that the terms used herein will be understood as being
defined according to the understanding of those
skilled in the art at the time of the
presentinvention. However, certain terms used herein
shall be understood as having the meaning that is
expressly set forth herein: "Builder" refers to a
material that can be incorporated as a component in
the compositions of the invention to aid in the
creation of a stable foam when the composition is
dispensed from an aerosol or a non-aerosol dispenser.
Compositions comprising a builder can produce lower
foam densities (greater volume) as compared to the
same volume of the composition in the absence of the
builder. "Emollient" as used herein refers broadly to
materials which are capable of maintaining or
improving the moisture level, compliance, or
appearance of the skin. "Foam" refers to a frothy mass
of bubbles formed on or from a liquid (e.g., the
compositions of the invention). "HLB" means the
"hydrophile-liphophile balance," or the balance
between the oil soluble and water soluble moieties in
a surface active molecule or surfactant. 



"Polymer" as used herein refers to a natural or
synthetic molecule having repetitive units and a
number average molecular weight of at least 20,000. As
used herein, "polypropylene oxide)" and "poly(ethylene
oxide)" are intended to be synonymous with
"polypropylene glycol" or "PPG" and "polyethylene
glycol" or "PEG5" respectively. Polypropylene oxide)
and poly(ethylene oxide) are also abbreviated herein
as "PPO" and "PEO," respectively. "Solvent", "solvent
system" or "hydroalcoholic solvent" as used herein
refer to the alcohol and water combination in the
present invention. "Stable," as used when referring to
a foamed composition, refers to foam that maintains a
measurable height for a period of time of at least
about 5 seconds following creation of the foam (e.g.,
by shaking the composition or by dispensing the
composition from an aerosolor non-aerosol dispenser at
ambient temperature). The stability of a particular
foam may further be expressed in terms of the height
of the foam after a measured period of time (e.g., 6
mm after 1 minute). Foam height measurements are
further discussed in the Examples. Those skilled in
the art will more fully understand the various
features and aspect of the invention upon
consideration of the remainder of the disclosure,
including the Detailed Description, the Examples and
the appended claims. Detailed Description The
invention provides a foamable composition comprised of
alcohol, surfactant and builder. The compositions of
the invention may be aqueous compositions. Optional
ingredients such as antimicrobials and/or emollients,
for example, may be included to provide or enhance the
properties of the compositions. The compositions of
the invention provide the benefits of a foam for the
disinfection of skin by providing a composition with a
sheer thinning viscosity that is better than that for
gelled compositions and which can be more easily
rubbed onto sensitive tissue. Additionally, the
compositions of the invention generally will dry
quicker than a gel following application to a surface
such as the hands, for example. Alcohol The
compositions of the invention will include at least
one alcohol that provides the ability to rapidly kill
a broad spectrum of microbes. The compositions of the
invention are suitable for use on the skin or other
surfaces and may be used as a disinfectant for the
hands, for example. In embodiments of the invention,
the alcohol or alcohols are monohydric alcohols.
Typically, the compositions of the invention comprise
alcohols having lower hydrocarbon chain lengths such
as C to C4 alcohols. In some embodiments, the
compositions of the invention comprise a single
alcohol. In other embodiments, a blend of two or more
alcohols may be present. In some embodiments, the
alcohol will consist of ethanol. In still other
embodiments, the alcohol will consist of propanol
(e.g., npropanol and/or isopropanol). In still other
embodiments, the alcohol will consist of butanol
(e.g., n-butanol, sec-butanol and tert-butanol). In
some embodiments the alcohol is dissolved in water to
provide an alcohol-water solvent. Embodiments of the
invention may comprise compositions having an alcohol
content between about 35% and about 99.5% by weight.
In some embodiments, the compositions of the invention
will have an alcohol content within the range from
about 60% to about 80%. Compositions having an alcohol
content within the foregoing ranges typically 



provide an efficacious bacterial kill. Surfactants At
least one surfactant is present in the compositions of
the invention. In some embodiments, surfactant may be
present in the compositions of the invention at
concentration ranges from about 0.1% to about 10% by
weight, based on the total weight of the composition.
In some embodiments, the surfactant may be present in
a composition at a concentration ranging from about
0.5% to about 5% by weight, based on the total weight
of the composition. Those skilled in the art will
appreciate that certain surfactants may impart a tacky
or even a greasy feel to a composition when the
surfactant concentration is greater than 5% by weight.
While such surfactant concentrations are contemplated
as within the scope of the invention, the skilled
artisan may wish to consider the cosmetic effects of
surfactant concentrations when formulating a
composition for use by the consumer. In some
embodiments, the compositions of the invention are
formulated with non-fluorinated surfactants and
without the need for fluorochemical propellants.
Specific surfactants useful in the invention include
dimethicone surfactants. Examples of dimethicone
surfactants include dimethicone copolyols - a polymer
of dimethylsiloxane with polyoxyethylene (PEO) and/or
polyoxypropylene (PPO) side chains. In some
embodiments, these surfactants can be hydroxyl,
methoxy or butoxy terminated, and the molar ratio of
PEO to PPO (PEO/PPO) can range from 0/50 to 50/0 and
the molecular weight of the dimethicone portion can
range from 200 to 20,000. The surfactants used in the
invention can comprise specific dimethicone
surfactants. Specific surfactants suitablefor use in
embodiments of the invention include, without
limitation, methoxy-terminated polyethylene glycol
dimethicone having an average molecular weight of
about 3000; dimethicone with a pendant ether of 35/65
(w/w) polyethylene glycol / polypropylene glycol
copolymer having a combined average molecular weight
of about 7,000; dimethicone copolyol with 18/18 (molar
ratio) polyethylene glycol / polypropylene glycol; a
dimethicone copolyol with 17/18 (molar ratio)
polyethylene glycol / polypropylene glycol; a
dimethicone copolyol with polyethylene glycol /
polypropylene glycol - methoxy terminated having an
average molecular weight of about 20,000 and a HLB of
9-12; dimethicone copolyol with a methoxy- terminated
polyethylene glycol having a combined average
molecular weight of about 3000; dimethicone copolyol
with a methoxyterminated polyethylene glycol having a
combined average molecular weight of about 6000;
dimethicone copolyol with a hydroxy terminated
polyethylene glycol having a combined average
molecular weight of about 5000 with an HLB of 13-17;
dimethicone copolyol lactate; silicone copolyol
pelargonate; hydroxyl-capped dimethicone copolyol;
hydroxyl-terminated polyethylene glycol- 12
dimethicone; dimethicone copolyol laurate; Silicone
Quaternary 1; hydroxy-terminated polyethylene glycol
dimethicone having an average molecular weight of
about 4000; methoxy-terminated polyethylene glycol
dimethicone having an average molecular weight of
about 600; Silicone Quaternary 2 (Myristyl); sodium
dimethicone copolyol acetyl methyltaurate;
butoxy-terminated poly(propylene oxide) dimethicone
having an average molecular weight of about 3,000; and
silicone copolyol isostearate. Additionally, the
following surfactants may be useful in the invention:
dimethicone bisamino hydroxypropyl copolyol,
dimethicone copolyol acetate, dimethicone copolyol 



adipate, dimethocone copolyol almondate, dimethicone
copolyolamine, dimethicone copolyol avocadoate,
dimethicone copolyol beeswax, dimethicone copolyol
behenate, dimethicone copolyol benzoate, dimethicone
copolyol bishydroxy ethylamine, dimethicone copolyol
borageate, dimethicone copolyol butyl ether,
dimethicone copolyol cocoa butterate, dimethicone
copolyol crosspolymer, dimethicone copolyol dhupa
butterate, dimethicone copolyol ethyl ether,
dimethicone copolyol hydroxy stearate, dimethicone
copolyol isostearate, dimethicone copolyol kokum
butterate, dimethicone copolyol lactate, dimethicone
copolyol laurate, dimethicone copolyol mango
butterate,dimethicone copolyol meadowfoamate,
dimethicone copolyol methyl ether, dimethicone
copolyol mohwa butterate, dimethicone copolyol
octyldodecyl citrate, dimethicone copolyol olivate,
dimethicone copolyol phosphate, dimethicone copolyol
phthalate, dimethicone copolyol sal butterate,
dimethicone copolyol shea butterate, dimethicone
copolyol stearate, dimethicone copolyol undecylenate,
dimethicone hydroxypropyl trimonium chloride,
dimethicone propyl pg-betaine, polysilicone-10,
polysilicone-8, dimethcone propylethylenediamine
behenate, amino bispropyl dimethicone
aminoethylaminopropyl dimethicone, behentrimonium
dimethicone copolyol phthalate, bis-aminopropyl
copolyol aminopropyl dimethicone,
bis-hydroxyethoxypropyl dimethicone, cetyl
triethylmonium dimethicone copolyol succinate,
dimethicone copolyol sulfate, dimethicone copolyol
phosphate, dimethicone polyglycerol, disodium copolyol
dimethicone sulfosuccinate, copolyol
polydimethylsiloxyethyl dimethicone, copolyol pgcoco-
glucoside dimethicone, copolyol nonafluorohexyl
dimethicone copolymer, copolyol methyl ether lauroxy
peg amidopropyl dimethicone, copolyol oleyl ether
dimethicone, sodium carboxydecyl copolyol dimethicone.
Combinations of two or more of the foregoing
dimethicone surfactants in a single composition are
also contemplated within the scope of the invention
Builder At least one builder may be included in the
compositions of the invention in order to stabilize
the foams produced from the compositions when the
compositions are shaken, or when they are dispensed
from either an aerosol or a non-aerosol dispenser. In
some embodiments, the inclusion of certain builders
can provide cosmetic attributes to the compositions of
the invention. Suitable builders can include one or
more of the following: poly(ethylene oxide),
hydroxyethyl cellulose, hydroxypropyl cellulose. In
some embodiments, the builder will comprise only one
of the foregoing. In other embodiments, the builder
will comprise a combination of two or more of the
foregoing builder. In some embodiments, the builder
will comprise a poly(ethylene oxide) having an average
molecular weight in the range from about 200,000 to
about 4,000,000. One poly(ethylene oxide) suitable for
use in the compositions of the invention is that know
under thedesignation POLYOX(tm) and commercially
available from Dow Chemical Canada Inc., Sarnia,
Ontario. Suitable POLYOX compositions include those
designated as "WSR N12K" having an average molecular
weight of 1,000,000; "WSR-301" having an average
molecular weight of 4,000,000; "WSR.N60K" having an
average molecular weight of 2,000,000; and "WSR N-80"
having an average molecular weight of 200,000. The
builder, when included in the compositions of the
invention, may be present at concentrations less than
or equal to about 0.1%. In some embodiments, the
builder is present in the composition at
concentrations of about 0.06%. 



In general, the builder enhances the stability of the
foam produced when the composition of the invention is
shaken or when the composition is dispensed. Builders
suitable for use in the invention will include those
that provide or enhance the stability of the
foam-i.e., those that provide a measurable foam height
over at least about 5 seconds following the creation
of the foam. In some embodiments, the builder is
soluble in the alcohol that is used in the
compositions of the invention. In some embodiments,
the builder will be swellable within the alcohol. In
still other embodiments, the builder can be
characterized as dispersible in the alcohol. In some
embodiments, suitable foam builders include compounds
comprising high molecular weight polymers. In some
embodiments, these polymers are alcohol or
hydroalcoholic soluble. Specific polymers useful in
the invention include, without limitation:
Polyethylene oxide) (molecular wt of 100,000 to
10,000,000), high molecular weight polyethylene -
polypropylene copolymers, hydroxyethyl cellulose,
hydroxypropyl cellulose. When present, the polymer
will be at a concentration of between about 0.001 and
about 5%. In some embodiments, the polymer
concentration will be between about 0.01% and about
0.5%. Polymers within the following classes can be
useful as builders in the compositions of the
invention: hydroxypropyl guar, polyquaternium-4,
polyquaternium-10, cetyl hydroxyethylcellulose,
ethylhydroxy ethyl cellulose, polyglycerol, high
molecular wt. polyoxamer, high molecular wt.
polyoxamine, polyacrylamide, high molecular
wtpolyethylene glycol esters and ethers with alkyl
alcohols or acid functional alkyls,
polyacrylamidomethylpropane sulfonic acid, polyacrylic
acid, polyethylene/isopropyl maleate/malaic acid
copolyol, polymethacrylamidopropyltrimonium chloride,
polymethacrylamidopropyltrimonium methosulfate,
polymethacrylic acid, polyquaternium-1 to
polyquaternium-47, polyvinyl methyl ether, butylated
poly vinyl pyrrolidone, hydroxypropyl methylcellulose;
hydroxypropyl cellulose; crosslinked and
noncrosslinked homopolymer or crosslinked and
noncrosslinked copolymer containing nvinyl lactam
monomeric units. Non-limiting examples of N-vinyl
lactam monomers are N-vinyl-2-pyrrolidone; N-vinyl-
2-valerolactam; N-vinyl-2-caprolactam; and mixtures of
any of the foregoing. Typically, the poly(N-vinyl
lactam) is a homopolymer of N-vinyl-2-pyrrolidone.
Nonlimiting examples of comonomers useful with the
aforementioned N-vinyl lactam monomers include
N,N-dimethylacrylamide, acrylic acid, methacrylic
acid, hydroxyethylmethacrylate, acrylamide,
2-acrylamido-2-methyl-l~propane sulfonic acid or its
salt, and vinyl acetate. While the foregoing builders
can be added to the compositions of the invention
individually, combinations of two or more such
builders are also contemplated within the scope of the
invention as well as derivatives thereof. Viscosity of
Compositions The compositions of the invention will
typically be of very low viscosities at 23 C. In some
embodiments, the compositions of the invention can
have different viscosities depending on the state of
the composition. For example, a composition in a
pre-dispensed condition, i.e., it is in a "pre-foamed"
state in a dispenser prior to being dispensed, can
have a viscosity within the range from about 0.5 to
about 100 cps at 230C. In some 



embodiments, the prefoam viscosities of compositions
of the invention will range from about 0.5 cps to
about 50 cps. In still other embodiments, the prefoam
viscosities of compositions of the invention will
range from about 0.5 cps to about 20 cps. When a
composition of the invention is dispensed from a
non-aerosol pump-type dispenser, thecomposition will
foam, and the foam will typically e of a higher
viscosity than the viscosity of the liquid
"non-foamed"composition prior to dispensing. It will
also be appreciated that the addition of an emollient
and/or other optional ingredients (discussed herein)
can also have an affect on viscosity (either
positively or negatively). Foam Density The
compositions of the invention will foam when shaken of
dispensed from a dispenser. It will be appreciated
that the foam densities of the compositions can vary
depending on any of a variety of factors. For example,
the viscosity of the unfoamed composition, discussed
above, can have an effect on foam density. Moreover,
the design of the dispenser or the non-aerosol pump
used to deliver the foamed composition can have an
effect on the foam density of the composition to the
extent that the dispenser and/or the pump effect the
foaming of the composition. Additionally, the amount
of force applied to the pump and the relative speed at
which the pump is operated when dispensing the
composition can also have an effect on the foaming of
the composition and its resulting viscosity. Optional
Ingredients In addition to alcohol-water, surfactant
and builder, the compositions of the present invention
may optionally include other ingredients such as
salts, emollients, stabilizers, antimicrobials,
fragrances, therapeutic agents, propellants and
additional emulsifiers. Each of these optional
ingredients along with the effect each has upon the
properties of the final composition is discussed
below. Emollients can optionally be added to the
compositions of the invention so that the compositions
can be provided in a form that is capable of
increasing the moisture content of the stratum corneum
when the composition is applied to a user's hands, for
example. Emollients are generally separated into two
broad classes based on their function. The first class
of emollients function by forming an occlusive barrier
to prevent water evaporation from the stratum corneum.
The second class of emollients penetrate into
thestratum corneum and physically bind water to
prevent evaporation. The first class of emollients is
subdivided into compounds which are waxes at room
temperature and compounds which are liquid oils. The
second class of emollients includes those which are
water soluble and are often referred to as humectants.
As referred to herein, the alcohol-water, surfactant
and builder components used in the compositions of the
invention are separate and distinct from components
identified as emollients and optionally added to the
composition. Emollients may be added to the
compositions in addition to the aforementioned
silicone block surfactants and builder compounds which
may also aid in maintaining or improving the skin
condition of the user. In some embodiments, added
emollients may be included the compositions of the
invention at a concentration between about 0 and about
30% by weight. In some embodiments, the added
emollient can be present in the composition at a
concentration between about 0.5% and about 20%. In
still other embodiments, the emollient concentration
can be between about 1% and about 12% by weight.
Suitable emollients 



may be selected from any of the classes known in the
art. A general list of useful emollients appears, for
example, in U.S. Patent No. 4,478,853 and in EPO
patent application 0 522 624Al as well as in the CTFA
Cosmetic Ingredient Handbook published by The
Cosmetic, Toiletry, and Fragrance Association, Wash.
D.C. (1992) under the listings "Skin Conditioning
agents," "emollients," "humectants," "miscellaneous"
and "occlusive." In some embodiments, suitable
emollients may be chosen from the following
nonlimiting list of general emollients, occlusive
emollients and humectants. Examples of general
emollients include short chain alkyl or aryl esters
(C]-C ) of long chain straight or branched chain alkyl
or alkenyl alcohols or acids (Cg-C ) and their
polyethoxylated derivatives; short chain alkyl or aryl
ester (Ci-C6) OfC4-C12 diacids or diols optionally
substituted in available positions by -OH; alkyl or
aryl C1-C1 esters of glycerol, pentaerythritol,
ethylene glycol, propylene glycol, as well as
polyethoxylated derivatives of these and polyethylene
glycol; Ci2-C22 alkyl esters or ethers of
polypropylene; Ci -C22 alkyl esters or ethers of
polypropylene/polyethylene glycol copolymer.Examples
of occlusive emollients include cyclic and linear
dimethicones; polydialkylsiloxanes;
polyaryialkylsiloxanes; long chain (C8-C36) alkyl and
alkenyl esters of long straight or branched chain
alkyl or alkenyl alcohols or acids; long chain
(C8-C36) alkyl and alkenyl amides of long straight or
branched chain (Cs-C3 ) alkyl or alkenyl amines or
acids; hydrocarbons including straight and branched
chain alkanes and alkenes such as squalene, squalane
and mineral oil; jojoba oil; polysiloxane polyalkylene
copolymers; short chain alkyl or aryl esters (Ci-C36)
OfC1 -C2 diacids or diols optionally substituted in
available positions by OH such as diisopropyl dimer
dilinoleate; and C1 -C22 alkyl and alkenyl alcohols;
long chain alkyl or aryl esters (C8-C3 ) OfCi 2-C22
diacides or diols optionally substituted in available
positions by -OH, such as diisostearyl dimer
dilinoleate; lanolin and lanolin derivatives; and
beeswax and its derivatives. Non-limiting examples of
preferred humectant type emollients include glycerol,
polyglycerols (including: diglycerol, triglycerol,
polyglycerin-3, tetraglycerol, hexaglycerol,
decaglycerols) propylene glycol, dipropylene glycol,
polypropylene glycol, polyethylene glycol (PEG-2 to
PEG-45M, preferably a molecular weight between about
300 and 1,000), sorbitol, polyhydric alcohol
ethoxylates (e.g. sorbeth-6, sorbeth-30, glycereth-1
to glycereth-31) methoxides of polyethylene glycol
(Methoxy PEG-2 to Methoxy PEG-100) methoxides of
polyhydric alcohol ethoxylates (e.g. glycereth-7
methoxide), pantothenol, gluconic acid salts and the
like. Other humectant-type agents like that could also
be employed include: 1,2,6-hexanetriol, acetamide mea,
aluminum hydroxide, arginine pea, butoxypropanol,
butylene glycol, dimethyl imidazolidinone,
dimethylsilanol hyaluronate, dipotassium
glycyrrhizate, erythritol, ethoxydiglycol, fructose,
glucamine, gluconic acid, glucose, glucose glutamate,
glucuronic acid, glutamic acid, glycogen, glycyrrhizic
acid, heilmoor clay, hexacosyl glycol, histidine,
hyaluronic acid, hydrogenated honey, hydrogenated
starch, hydrolysate, hydrolyzed collagen, hydrolyzed
elastin, hydrolyzed glycosaminoglycans, hydrolyzed
keratin, hydrolyzed silk, hydrolyzed soy protein,
hydrolyzed wheat protein, hydroxyethyl sorbitol,
inositol, inositol hexa-pea, lactamide mea, lactic
acid, lactitol, lactose, lysine pea, magnesium pea,
maltitol, manganese pea, mannitol, mel (honey
extract), menthyl pea, 



methyl gluceth-10, methyl gluceth-20, pea (pidolic
acid), lactamide, polydextrose, polyglucuronic acid,
polyglyceryl sorbitol, potassium pea, ppg-20 methyl
glucose ether,ppg-38-buteth-37, saccharide isomerate,
serica, silk amino acids, sodium carboxymethyl chitin,
sodium lactate, sodium mannuronate methylsilanol,
sodium pea, sodium pea methylsilanol, sodium
polyglutamate, soluble collagen, sorbitol, sucrose,
tea-lactate, teapea, trehalose, trilactin, urea,
xylitol, zea mays, zinc pea, and combinations thereof.
The addition of one or more emollients may affect the
viscosity and stability of the compositions of the
present invention. In some embodiments, a single
emollient may be added to the composition hi some
embodiments, two or more emollients may be added to
the composition. While any of a variety of emollients
may be added to the formulations of the present
invention, some embodiments will include wax and oil
type emollients either alone or combined with water
soluble emollients. In some embodiments of the
invention, emollient systems can be comprised of
humectants in addition to occlusive wax and oil
emollients in concentrations that achieve a
moisturizing effect and which maintains and improves
the condition of the skin upon repeated use.
Emollients may be noncomedogenic and chosen to avoid
skin irritation or sensitization reactions. In
addition to the antimicrobial effects attributable to
the presence of alcohol in the compositions of the
present invention, one or more other antimicrobial
agents ("secondary antimicrobial agents") may be added
to enhance the antimicrobial properties of the
compositions when they are used as pre-surgical hand
scrubs or pre-surgical patient skin scrub
replacements, for example. In other words, the foamed
composition of the present invention can deliver a
secondary antimicrobial agent to the skin. In some
embodiments, the secondary antimicrobial agent is
added in levels up to 10% by weight of the total
composition. In some embodiments, it may be desirable
to incorporate a secondary antimicrobial agent in the
compositions of the invention to provide continued
antimicrobial resistance to the growth or regrowth of
the microorganisms following evaporation of the
alcohol. Non-limiting examples of suitable secondary
antimicrobial agents include paraclilorometaxyleiiol;
triclosan; chlorhexidine and its salts such as
chlorhexidine gluconate, poly hexamethylene biguanide
and its salts such as poly hexamethylene biguanidine
chloride, iodine, idodophors; fatty acid monoesters;
poly-n-vinyl pyrrolidoneiodophors; silver oxide,
silver and its salts, peroxides (e.g. hydrogen
peroxide), antibiotics (e.g. neomycin, bacitracin, and
polymixin B). Additionally, other suitable ingredients
can be used in the compositions of the invention to
suppress the regrowth or possibly treat an infection
of microorganisms, such as: 2,2-
thiobis(4-chlorophenol); 4,4-isopropylidenediphenol;
5-amino-6-chloro-o-cresol; acetaminosalol; alcloxa;
aldioxa; aluminum acetate; aluminum benzoate; aluminum
diacetate; aluminum formate; aluminum phenolsulfonate;
ammonium iodide; ammonium phenolsulfonate;
benzisothiazolinone; benzotriazole; benzoxiquine;
benzylparaben; berberine chloride; boric acid;
cetethyl morpholinium ethosulfate; cetethyldimonium
bromide; cetrimonium tosylate; cetylpyridinium
chloride; chloramine-t; chlorothymol; cloflucarban;
cocotrimonium chloride; colloidal sulfur; copper
usnate; dedmhydantoin; dedm hydantoin dilaurate;
dequalinium acetate; dequalinium chloride;
dibromopropamidine diisethionate; dichloro-m-xylenol;
dichlorophene; dichlorophenyl imidazoldiox lan;
diiodomethyltolylsulfone; dimethyl hydroxymethyl
pyrazole; 



dimethylaminostyryl heptyl methyl thiazolium iodide;
dodecylbenzyltrimonium chloride; domiphen bromide;
ferulic acid; fluorosalan; glyoxal; hydroxymethyl
dioxoazabicyclooctane; hydroxypropyl bistrimonium
diiodide; ichthammol; isodecylparaben; isopropyl
sorbate; lapyrium chloride; laurtrimonium
trichlorophenoxide; lauryl iso-quinolinium bromide;
lauryl isoquinolinium saccharinate; laurylpyridinium
chloride; m-cresol; mandelic acid; MDM hydantoin;
MEAa-iodine; melaleuca alternifolia;
methyl-benzethonium chloride; mixed cresols;
nonoxynol-12 iodine; nonoxynol-9 iodine; o-cresol;
oxyquinoline benzoate; oxyquinoline sulfate;
p-chlorophenol; p-cresol; PEGl 5 dedm hydantoin; PEG-
15 dedm hydantoin stearate; PEG-5 dedm hydantoin;
PEG-5 dedm hydantoin oleate; phenol;
phenoxyethylparaben; phenyl salicylate; polymethoxy
bicyclic oxazolidine; potassium iodide; potassium
lactate; potassium phenoxide; potassium troclosene;
quartronium-14; quaternium-24; quaternium-8;
ricinoleamidopropyltrimonium methosulfate; sodium
iodide; sodium p-chloro-m-cresol; sodium
phenolsulfonate; sodium phenoxide; sodium usnate;
steapyrium chloride; strontium peroxide; tea-sorbate;
tetrabutyl ammonium bromide; thiabendazole; triacetin;
undecylenamide dea; undecylenamide mea;
undecylenamidopropyltrimonium methosulfate;
imdecyleneth-6; undecylenoyl peg-5paraben; usnic acid;
zinc acetate; zinc borate; zinc phenolsulfonate; zinc
sulfate; zinc undecylenate; and combinations of the
foregoing. The following actives could also be of use
to also reduce regrowth of microorganisms on skin:
2-bromo-2-nitropropane-l,3-dial; 4-hydroxybenzoic
acid; 5-bromo-5-nitro-l,3- dioxane;
7-ethylbicyclooxazolidine; ammonium benzoate; ammonium
bisulfite; ammonium propionate; ammonium sulfite;
behentrimonium chloride; benzalkonium bromide;
benzalkonium chloride; benzalkonium saccharinate;
benzethonium chloride; benzoic acid; benzyl alcohol;
benzylhemiformal; bromochlorophene; butyl benzoate;
butylparaben; calcium benzoate; calcium paraben;
calcium propionate; calcium salicylate; calcium
sorbate; calcium undecylenate; cetalkonium chloride;
cetearalkonium bromide; cetrimonium bromide;
cetrimonium chloride; chloroacetamide; chlorobutanol;
chlorophene; chloroxylenol; chlof henesin; climbazole;
dehydroacetic acid; diazolidinyl urea;
dibromohexamidine isethionate; dichlorobenzyl alcohol;
dimethyl oxazolidine; DMDM hydantoin; ethyl benzoate;
ethylparaben; formaldehyde; formic acid; glutaral;
hexamidine; hexamidine diisethionate; hexamidine
paraben; hexetidine; hydrogenated tallowtrimonium
chloride; imidazolidinyl urea; iodopropyyl
butylcarbamate; isobutyl benzoate; isobutylparaben;
isopropyl benzoate; isopropyl cresols;
isopropylparaben; lauralkonium bromide; lauralkonium
chloride; laurtrimonium bromide; laurtrimonium
chloride; magnesium benzoate; magnesium propionate;
magnesium salicylate; MEA ophenylphenate;
MEA-benzoate; MEA-salicylate; MEA-undecylenate;
methenamine; methyl benzoate;
methylchloroisothiazolinone; methyldibromo
glutaronitrile; methylisothiazolinone; methylparaben;
myristalkonium chloride; myristalkonium saccharinate;
myrtrimonium bromide; o-cymen-5-01; o-phenylphenol;
olealkonium chloride; p-chloro-m-cresol;
phenoxyethanol; phenoxyisopropanol; phenyl benzoate;
phenyl mercuric acetate; phenyl mercuric benzoate;
phenyl mercuric borate; phenyl mercuric bromide;
phenyl mercuric chloride; phenylparaben; piroctone
olamine; polyaminopropyl biguanide; potassium
benzoate; potassium butylparaben; potassium
ethylparaben; potassium metabisulfite; potassium
methylparaben; potassium ophenylphenate; 



potassium paraben; potassium propionate; potassium
propylparaben; potassium salicylate; potassium
sorbate; potassium sulfite; propionic acid; propyl
benzoate; propylparaben; quaternium-15; salicylic
acid; sodium benzoate; sodiumbisulfite; sodium
butylparaben; sodium dehydroacetate; sodium
ethylparaben; sodium formate; sodium
hydroxymethylglycinate; sodium iodate; sodium
metabisulfite; sodium methylparaben; sodium
o-phenylphenate; sodium paraben; sodium propionate;
sodium propylparaben; sodium salicylate; sodium
sorbate; sodium sulfite; sodium undecylenate; sorbic
acid; soytrimonium chloride; stearalkonium chloride;
steartrimonium chloride; tallowalkonium chloride;
tallowtrimonium chloride; thimerosal; triclocarban;
triclosan; undecylenic acid; zinc pyrithione. The
present invention further encompasses embodiments
incorporating antimicrobials such as benzoyl peroxide
so that the composition may be useful as an acne
medication, for example. In some embodiments, the
compositions of the present invention may also be
formulated with barrier compounds to form barrier
creams and lotions. Materials which may be added to
provide barrier protection for use as skin barriers to
protect against diaper rash include but are not
limited to 0.1 to 60% aldioxa, allantoin, aluminum
acetate, aluminum hydroxide, bismuth subnitrate, boric
acid, calamine, cellulose (microporous),
cholecalciferol, cocoa butter, cod liver oil (in
combination), colloidal oatmeal, cysteine
hydrochloride, dexpanthenol, dimethicone, glycerin
kaolin, lanolin (in combination), live yeast cell
derivative, mineral oil, peruvian balsam, peruvian
balsam oil, pertrolatum, protein hydrolysate (
1-leucine, 1-isoleucine, 1-methionine,
1-phenylalanine, and 1- tyrosine), racemethionine,
shark liver oil, sodium bicarbonate, sulfur, talc,
tannic acid, topical starch, vitamin A, white
petrolatum, zinc acetate, zinc carbonate and zinc
oxide. In some embodiments, the compositions of the
invention may comprise one or more formulations
containing antifungal agents for the treatment of
fungal infections of the skin such as athlete's foot
and the like. While some embodiments will include one
additional secondary antimicrobial agent, other
embodiments of the invention can include two or more
additional secondary antimicrobials. While the
foregoing secondary antimicrobials can be added to the
compositions individually or singly, combinations of
two or more of the foregoing secondary antimicrobials
are also contemplated within the scope of the
invention.In some embodiments, the compositions of the
present invention may be formulated into non-aerosol
products that can be dispensed from a reservoir using
a hand-pump, for example, to dispense an amount of the
composition whenever the hand pump is actuated. The
amount of the composition dispensed by the pump may or
may not be metered so that the amount of composition
dispensed may or may not be consistent. Moreover, the
compositions of the invention are not limited to being
dispensed from only one type of dispenser or through
only one type of hand pump. In some embodiments, the
compositions are capable of being formulated into an
aerosol foam or a mousse by addition of propellant to
the composition. Suitable propellants can be chosen
from chlorofluorocarbons (CFCs),
hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons
(HFCs), perfluorinated alkanes, and lower alkanes (Cl-
C5) as well as nitrous oxide dimethyl ether and other
solvent-soluble propellants. Suitable lower alkanes
include propane, butane, and isobutane, for example.
In some embodiments, the propellant can comprise a
70/30 mixture of propane/isobutane. In order to
produce an 



aerosol composition the composition is first
formulated and charged into an appropriate pressure
rated container. A suitable propellant may then be
added to the composition under pressure at
approximately 2-30% preferably 3-20% by volume. The
propellant may form a separate layer on the
composition or the propellant may be emulsified or
miscible in the composition. The compositions of the
invention can be used in any of a variety of
applications including use as a sanitizer for
application to a surface. The compositions of the
invention are suitable for use on mammalian skin
including the human hands. In some embodiments, the
compositions may be used as a pre-surgical hand scrub.
In non-aerosol formulations of the invention, the
compositions may be contained in a non-aerosol
dispenser equipped with a conventional hand pump, and
the composition may be pumped onto the hands or other
areas of the body. The pumping action required to
dispense the compositions will create a discrete
volume of a dispensed composition in the form of a
stable foam. Likewise, in embodiments comprising an
aerosol, the aerosol formulation may be dispensed from
a pressurized container in a discrete volume of foamed
composition. After dispensing, the foam may be spread
upon the surface of the skin to sanitize the skin,
thehands or the like. While some residue may remain on
the skin following evaporation of the alcohol
component, the residue can comprise emollients or the
like to provide a desired cosmetic effect.
Consequently, the compositions of the invention
provide a means for sanitizing skin in the form of a
foamable composition which does not need to be rinsed
from the skin following application of the foam to the
area in need of sanitization. Alternatively, undesired
residue remaining on the surface can be rinsed off
with water, for example. From the foregoing, it will
be appreciated that the present invention also
encompasses systems for dispensing the compositions
comprising a reservoir and an amount of composition
retained therein, and means for dispensing the
composition from the reservoir. The compositions of
the present invention may be prepared by a variety of
techniques and the ingredients may be added to one
another in any order of addition. To ensure a
composition of maximum stability, the components may
be subjected to high shear (e.g. homogenized) for a
limited time period. EXAMPLES The following
non-limiting Examples are provided to illustrate
features of the invention. are not intended to limit
the scope of the invention. All percent amounts are
weight/weight percent (wt/wt%) unless otherwise noted.
Preparation of Compositions The compositions in the
Examples were prepared in 60 gram samples by combining
all components in a glass jar and rolling the jar
overnight, on a mechanical roller. The foam builder
was introduced to the mixture by first preparing a
premix of the foam builder at ranges from 0.5% to 8.0%
wt/wt, prepared in water/alcohol. The appropriate
weight of premix was then added to the mixture
containing the other components prior to the step of
mixing by rolling overnight.According to the Material
Safety Data Sheets of certain dimethicone copolyol
surfactants, the surfactants are known to contain
significant quantities of PEO/PPO block copolymers of
the type described herein as builders. These
copolymers may be byproducts of the 



manufacturing process for the copolyol surfactants.
The surfactants and builders used in the compositions
of the Examples are listed in Tables 1 and 2. Table 1
- SurfactantsTable 1 - Surfactants 1. Dow 190
surfactant includes poly(ethylene oxide, propylene
oxide) monoallyl ether acetate and polyether polyol
acetate. 2. Dow 193 surfactant includes polyethylene
oxide monoallyl ether. 3. Q2-5220 Resin Modifier
includes poly(ethylene oxide, propylene oxide)
monoallyl ether acetate; polyethylene glycol monoallyl
ether acetate; and polyether polyol acetate. Table 2 -
Foam BuildersTable 2 - Foam Builders Equipment Foam
Pump -A foam pump nozzle was used to generate foam
from each composition. The pump used was a pump
dispenser, product Code F2, type F2-L1 1 255/150,
available from Airspray International Inc. of North
Pompano Beach, FL. Foam Collection vial - Vials were
used to collect foam from the pump dispenser while the
foam height was being measured. The vials were made of
glass and were of either 40 or 80 mm height having a
25mm internal diameter and a 27mm outer diameter. Test
Methods Foam Height Test Procedure The Foam Pump was
used to assess the foam forming property of the
compositions. The pump was rinsed between samples with
deionized water by pumping water through the pump
until it came out clear. The pump dip tube was removed
from the water and then pumped dry of residual water
and then placed in the composition to be tested. The
pumpwas then pumped 3 times to prime the pump and then
3 more times to purge solution through the nozzle to
ensure the system was ready. Finally, three pumps
worth of foam were collected in a collection vial by
pumping slowly at a speed of about 1 second for each
pump. The vial containing the foam was placed on a
flat surface, a timer was started and a small ruler
with millimeter increments was used to measure the
approximate height of the foam, ignoring the height of
any remaining unfoamed composition. The time to
measure the foam height usually took about 5 seconds.
Any composition producing a foam which was not stable
at least 5 seconds was considered unstable and rated 0
mm. The foam height was estimated to be the average
height of the foam. A rating of 0 mm was given if the
top of the solution was void of foam in any spot,
usually the center. The foam height was recorded after
1, 3 and 5 minutes to determine the long term
stability of the foam. Foam Volume % Increase The
percentage of foam volume increase over the solution
volume was calculated by measuring the foam height in
millimeters, subtracting 5mm from the foam height and
dividing the result by 5 (the volume of the un-foamed
pumped solution) and multiplying by 100%. Foam volume
% increase measurements were made immediately
following creation of the foam (e.g., after
dispensing). Due to the difficulty in determining the
exact foam surface, foam heights between 0-5 mm were
reported as having a zero percent increase in foam
volume. Viscosity Viscosity in centipoise (cP) was
measured at 23C at ambient pressure using a Brookfield
viscometer Model LVT equipped with a Brookfield LV
spindle # 1@ 60 rpm. All 



samples were allowed to equilibrate at 230C for 24
hours prior to measurement. The viscosity was taken at
the lowest speed possible while staying within 10-100%
of the viscometer range and more preferably between
20-80% of the range. The viscosity was read after one
minute of testing. In all cases the sample size and
container geometry was chosen to ensure that there
were no wall effects. By "wall effects" it is meant
the viscosity value is not affected by the container
and is essentially equivalent to the viscosity taken
in an infinitely large container. For this reason
lower viscosity samples required a larger sample size
to accommodate the larger spindles.Examples 1-13
Examples 1-13 were prepared using various amounts of
the surfactant Dow 190; plus a poly(ethylene oxide)
(PEO) foam builder, available from Dow Chemical
Company of Midland, MI, under the trade name
POLYOX(TM) WSRN12K; distilled water, and an alcohol
solvent. Foam height measurements according to the
above test method were taken for each sample. The foam
height measurements and formulations for each of the
Examples are set forth in Table 3. 1. SDA is Specially
Denatured Alcohol (SDA-3-C): a mixture of 100 parts
USP 200 proof Ethanol plus 5 parts isopropyl alcohol
(IPA). 2. IPA is isopropyl alcohol, reagent grade. 3.
n-propanol (reagent grade) was used instead of
isopropyl alcohol. Examples 14-32 Examples 14-32 were
all prepared with the same alcohol solvent, foam
builder, surfactant and water content. The only
variation in Examples 14-32 was the type of surfactant
used. The alcohol solvent was SDA-3-C and was present
at 64.00%; the foam builder was PEO N12K (listed
above) and was present at 0.06 %; the water content
was 25.50% and theamount of surfactant was 2.50%. Foam
height data and foam volume % increased data are
reported in Table 4 for each of the compositions.
Examples 33 53 and Comparative Examples Cl - C6 The
Examples 33 - 53 were all prepared with the same
alcohol content of 65.00% USP 200 proof ethanol. The
amounts and type of surfactant, the amount of foam
builder and the water content were varied. Comparative
Examples Cl - C4 had no surfactant.Examples C5 and C6
had no builder. Formulations, initial foam height
measurements and foam volume %increases are reported
in Table 5. Table 51. "nt" - not tested. Examples 54 -
64 Examples 54 - 64 were all prepared with the same
alcohol content of 65.00% USP 200 proof ethanol and
the same surfactant content of 1.00% Q2-5220 Resin
Modifier. The amounts and the type of foam builder
were varied as was the water content. Composition,
foam height and foam volume % increase are reported in
Table 6. Table 61. "nt" - not tested. Examples 65 - 73
Examples 65 - 73 were all prepared with the same
surfactant content of 1.00%, Dow 190. The amounts of
foam builder, water content and USP 200 proof ethanol
were all varied. Additionally the type of foam builder
was also varied. Composition, foam height and foam
volume % increase are reported in Table 7.Examples 74
- 78 Examples 74 - 78 were formulated using PEO
builders of different molecular weights. Dow 190 in an
amount of 1.00% was used as the surfactant for all of
the Examples 68-72. 



Formulation information and foam height data are given
in Table 7. Fluid at an amount of 1.00%. Table 8 1.
The alcohol in Examples 68 - 70 was 190 proof USP
ethanol. The alcohol in Examples 7 1-72 was SDA-3-C
alcohol solvent. Secondary Antimicrobials Table 9 list
various additional (secondary to alcohol)
antimicrobials that were added to the formulations
described in Examples 73-76. Table 9Examples 79 - 82
Examples 79 - 82 were formulated with the same
components except that different secondary
antimicrobials were used, as shown in Table 10. Foam
height and foam volume % increase data are also set
forth in Table 10. Table 10 1. Glycerol monolaurate at
1.00% + 2.00% citric acid + 0.1% sodium capril
lactylate Examples 83 - 107 Examples 83 - 107 were
prepared to have the same alcohol content of 69.00%of
USP 190 proof ethanol. The Dow 190 surfactant and
WSR-301 foam builder were used in various amounts as
described in Table 11. Additionally, one or more
emollient was added to each of the formulations.
Formulations, initial foam height measurements and
foam volume % increase are reported in Table 11. Table
111. Ml was Myristyl Alcohol, available from Sasol
North America, Westlake, LA. 2. M2 was G- 18-0,
glycerelh 18 ethylhexanoate, available from Global 7,
Franklin, NJ. 3. M3 was Glycerol, available from from
Dow Chemical, Midland MI.Examples 108 - 113 Example
108 - 113 were prepared with the same alcohol content
of 63.77 % SDA-3-C; the same amount of surfactant, Dow
190 at 1.00% and the same foam builder PEO, N12K , at
an amount of 0.060%, The type and amount emollient was
varied, as was the amount of water. Initial foam
height measurements and foam volume % increase were
taken and are reported in Table 12. Table 12 1. Ml :
Myristyl Alcohol, available from Sasol North America,
Westlake, LA. 2. M4: Triethyl Citrate, NF available
from Morflex Inc. of Greensboro, NC. 3. M5: Acetyl
Triethyl Citrate, NF available from Morflex Inc. of
Greensboro NC. Table 13 Com onents for Com arative
Exam les C7 - C16Table 13 Com onents for Com arative
Exam les C7 - C16 Comparative Examples C7 - C8
Comparative Examples C7 and C8 were tested for initial
foam height after being prepared using the materials
of Table 13 in the amounts listed in Tables 14A and
14B. Table 14A Table 14BComparative Examples C9 - CIl
Comparative Examples C9, ClO and CIl were prepared
using the materials listed in Table 13 in the amounts
listed in Table 15 and were tested using the standard
Foam Height procedure described above. The Initial
Foam Height for each Comparative Example C9 - 



CI l , was 0 mm. Table 15 Comparative Examples C12 -
C14 Comparative Examples C12, Cl 3 and C14 were
prepared using various materials of Table 13 in the
amounts listed in Table 16 and were tested using the
standard Foam Height procedure described above. Table
16Comparative Examples C15 - C16 Comparative Examples
Cl 5 and C16 were prepared using various materials of
Table 13 in the amounts listed in Table 17 and were
tested using the standard Foam Height procedure
described above. Table 17 Various modifications and
alterations of the present invention will be apparent
to those skilled in the art without departing from the
scope and spirit of the present invention. The
Examples described in this application are
illustrative of the possibilities of varying the type,
quantity and ratio of composition as well as the
methods for making formulations of the present
invention.Claims: 1. A composition, comprising: (A)
Monohydric alcohol in an amount sufficient to provide
antimicrobial activity; (B) Surfactant comprising a
dimethicone surfactant; and (C) Builder, the builder
in an amount sufficient to provide stability or to
improve the stability of a foam formed from the
composition. 2. The composition as defined in claim I
wherein the monohydric alcohol is selected from the
group consisting of ethanol, propanol, butanol and
combinations of two or more of the foregoing. 3. The
composition as defined in claim 2, wherein the
monohydric alcohol is present in the composition at a
concentration from about 35% to about 99.5% by weight.
4. The composition as defined in claim 1, wherein the
surfactant is present in the composition at a
concentration from about 0.1% to about 10% by weight.
5. The composition as defined in claim I wherein the
dimethicone surfactant is selected from the group
consisting of methoxy-terminated polyethylene glycol
dimethicone having an average molecular weight of
about 3000; dimethicone with a pendant ether of 35/65
(w/w) polyethylene glycol / polypropylene glycol
copolymer having a combined average molecular weight
of about 7,000; dimethicone copolyol with 18/18 (molar
ratio) polyethylene glycol / polypropylene glycol;
dimethicone copolyol with 17/18 (molar ratio)
polyethylene glycol / polypropylene glycol;
dimethicone copolyol with polyethylene glycol /
polypropylene glycol - methoxy terminated having an
average molecular weight of about 20,000 and a
hydrophile-liphophile balance of 9-12; dimethicone
copolyol with a methoxy- terminated polyethylene
glycol having a combined average molecular weight of
about 3000; dimethicone copolyol with a
methoxyterminated polyethylene glycol having a
combined average molecular weight of about 6000;
dimethicone copolyol with a hydroxy terminated
polyethylene glycol having acombined average molecular
weight of about 5000 with a hydrophile-liphophile
balance of 13-17; dimethicone copolyol lactate;
silicone copolyol pelargonate; hydroxyl-capped 



dimethicone copolyol; hydroxyl-terminated polyethylene
glycol- 12 dimethicone; dimethicone copolyol laurate;
Silicone Quaternary 1; hydroxy-terminated polyethylene
glycol dimethicone having an average molecular weight
of about 4000; methoxyterminated polyethylene glycol
dimethicone having an average molecular weight of
about 600; Silicone Quaternary 2 (Myristyl); sodium
dimethicone copolyol acetyl methyltaurate;
butoxy-terminated poly(propylene oxide) dimethicone
having an average molecular weight of about 3,000;
silicone copolyol isostearate; and combinations of two
or more of the foregoing. 6. The composition as
defined in claim 1 wherein the dimethicone surfactant
is selected from the group consisting of dimethicone
bisamino hydroxypropyl copolyol, dimethicone copolyol
acetate, dimethicone copolyol adipate, dimethicone
copolyol almondate, dimethicone copolyolamine,
dimethicone copolyol avocadoate, dimethicone copolyol
beeswax, dimethicone copolyol behenate, dimethicone
copolyol benzoate, dimethicone copolyol bishydroxy
ethylamine, dimethicone copolyol borageate,
dimethicone copolyol butyl ether, dimethicone copolyol
cocoa butterate, dimethicone copolyol crosspolymer,
dimethicone copolyol dhupa butterate, dimethicone
copolyol ethyl ether, dimethicone copolyol hydroxy
stearate, dimethicone copolyol isostearate,
dimethicone copolyol kokum butterate, dimethicone
copolyol lactate, dimethicone copolyol laurate,
dimethicone copolyol mango butterate, dimethicone
copolyol meadowfoamate, dimethicone copolyol methyl
ether, dimethicone copolyol mohwa butterate,
dimethicone copolyol octyldodecyl citrate, dimethicone
copolyol olivate, dimethicone copolyol phosphate,
dimethicone copolyol phthalate, dimethicone copolyol
sal butterate, dimethicone copolyol shea butterate,
dimethicone copolyol stearate, dimethicone copolyol
undecylenate, dimethicone hydroxypropyl trimonium
chloride, dimethicone propyl pg-betaine,
polysilicone-10, polysilicone-8, dimethcone
propylethylenediamine behenate, amino bispropyl
dimethicone aminoethylaminopropyl dimethicone,
behentrimonium dimethicone copolyol phthalate,
bis-aminopropyl copolyol aminopropyl dimethicone,
bis-hydroxyethoxypropyl dimethicone, cetyl
triethylmonium dimethicone copolyol succinate,
dimethicone copolyol sulfate, dimethicone
copolyolphosphate, dimethicone polyglycerol, disodium
copolyol dimethicone sulfosuccinate, copolyol
polydimethylsiloxyethyl dimethicone, copolyol
pg-coco-glucoside dimethicone, copolyol
nonafluorohexyl dimethicone copolymer, copolyol methyl
ether lauroxy peg amidopropyl dimethicone, copolyol
oleyl ether dimethicone, sodium carboxydecyl copolyol
dimethicone and combinations of two or more of the
foregoing. 7. The composition as defined in claim 1,
wherein the dimethicone surfactant comprises a molar
ratio of polyethylene glycol to polypropylene glycol
of about 18/18. 8. The composition as defined in claim
1 wherein the builder is selected from the group
consisting of poly(ethylene oxide) having a molecular
weight in the range from about 100,000 to 10,000,000,
polyethylene - polypropylene copolymer, hydroxyethyl
cellulose, hydroxypropyl cellulose and combinations of
two or more of the foregoing and wherein the builder
is present in the composition at a concentration
between about 0.001% and about 5% by weight. 9. The
composition as defined in claim 1 wherein the builder
is selected from the group consisting of hydroxypropyl
guar, polyquaternium-4, polyquaternium-10, cetyl 



hydroxyethylcellulose, ethylhydroxy ethyl cellulose,
polyglycerol, high molecular wt. polyoxamer, high
molecular wt. polyoxamine, polyacrylamide, high
molecular wt polyethylene glycol esters and ethers
with alkyl alcohols or acid functional alkyls,
polyacrylamidomethylpropane sulfonic acid, polyacrylic
acid, polyethylene/isopropyl maleate/malaic acid
copolyol, polymethacrylamidopropyltrimonium chloride,
polymethacrylamidopropyltrimonium methosulfate,
polymethacrylic acid, polyquaternium-1 to
polyquaternium-47, polyvinyl methyl ether, butylated
poly vinyl pyrrolidone, hydroxypropyl methylcellulose;
hydroxypropyl cellulose; crosslinked and
non-crosslinked homopolymer or crosslinked and
non-crosslinked copolymer containing n-vinyl lactam
monomeric units and combinations of two or more of the
foregoing. 10. The composition as defined in claim 1,
further comprising an emollient wherein the emollient
is present in the composition at a concentration of
about 30% by weight or less.11. The composition as
defined in claim 1, further comprising a secondary
antimicrobial agent, the secondary antimicrobial agent
present in the composition at a concentration up to
about 10% by weight, the secondary antimicrobial agent
is selected from the group consisting of
parachlorometaxylenol; triclosan; chlorhexidine and
its salts, poly hexamethylene biguanide and its salts,
iodine, idodophors; fatty acid monoesters;
poly-n-vinyl pyrrolidone-iodophors; silver oxide,
silver and its salts, peroxides, antibiotics, and
combinations of two or more of the foregoing. 12. The
composition as defined in claim 1, further comprising
one or more skin barrier materials in an amount from
about 0.1% to 60% by weight wherein the barrier
material is selected from the group consisting of
aldioxa, allantoin, aluminum acetate, aluminum
hydroxide, bismuth subnitrate, boric acid, calamine,
cellulose, cholecalciferol, cocoa butter, cod liver
oil, colloidal oatmeal, cysteine hydrochloride,
dexpanthenol, dimethicone, glycerin kaolin, lanolin,
live yeast cell derivative, mineral oil, peruvian
balsam, peruvian balsam oil, pertrolatum, protein
hydrolysate, racemethionine, shark liver oil, sodium
bicarbonate, sulfur, talc, tannic acid, topical
starch, vitamin A, white petrolatum, zinc acetate,
zinc carbonate, zinc oxide and combinations of two or
more of the foregoing. 13. The composition as defined
in claim 1, further comprising an antifungal agent.
14. The composition as defined in claim 1, wherein the
viscosity of the composition prior to foaming at 23 C
is within the range from about 0.5 to about 100 cps.
15. The composition as defined in claim 1, further
comprising a propellant selected from the group
consisting of chlorofluorocarbons,
hydrochlorofluorocarbons, hydrofluorocarbons,
perfluorinated alkanes, lower alkanes having a carbon
chain length of Ci - C nitrous oxide dimethyl ether
and combinations of two or more of the foregoing. 16.
A system comprising a container and the composition as
defined in claim 11, the composition contained within
the container under pressure and the propellant being
present within the composition at a concentration from
about 2% to about 30% by volume.17. A system
comprising: A dispenser comprising a reservoir and a
hand pump; and The composition of claim 1 contained
within the reservoir. 18. A skin sanitizer comprising
the composition of claim 1. 19. A pre-surgical hand
scrub comprising the composition of claim 1. 


