Office de la Proprieté Canadian CA 2513620 C 2013/08/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 51 3 620
gr gfgamsge ; 'f“; age”gy of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(86) Date de dép6t PCT/PCT Filing Date: 2004/01/21 (51) Cl.Int./Int.Cl. C70M 169/06 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2004/08/05 C10M 165/04(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2013/08/20 LADIN. DMITRY. CA.
(85) Entree phase nationale/National Entry: 2005/07/18 BUKOVNIK, RUDOLF ROBERT, US;
(86) N° demande PCT/PCT Application No.: US 2004/001444 BRAUNOVIC, MILENKO, CA

(87) N° publication PCT/PCT Publication No.: 2004/065531 (73) Proprietaire/Owner:

o TYCO ELECTRONICS CORPORATION, US
(30) Priorité/Priority: 2003/01/21 (US10/348,420) |
(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : MATIERE INHIBITRICE A HAUTE TEMPERATURE COMPRENANT UNE HUILE DE BASE ET DES
PARTICULES DE METAL ET METHODES POUR LA PRODUIRE ET L'UTILISER

54) Title: HIGH TEMPERATURE INHIBITOR MATERIAL COMPRISING A BASE OIL AND METAL PARTICLES AND
METHODS OF MAKING AND USING THE SAME

1304

110

mnt

12 L’ <=

/ 1308

(57) Abréegée/Abstract:

High-temperature inhibitor materials for use with electrical connections In energy transmission and distribution systems where
operating temperatures exceed 150 C. The high-temperature inhibitor materials comprise base oils and conductive particles,
wherein the high-temperature inhibitor is stable at temperatures above 150 C.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




2004/065531 A3 WLV IHL 00 A A 00 00 RO 0 R 01

CA 02513620 2005-07-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Burcau

(43) International Publication Date

5 August 2004 (05.08.2004)

C10M 169/06.,

(51) International Patent Classification’:
169/04

(21) International Application Number:
PCT/US2004/001444

(22) International Filing Date: 21 January 2004 (21.01.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/348,420 21 January 2003 (21.01.2003) US

(71) Applicant (for all designated States except US): TYCO
ELECTONICS CORPORATION [US/US]J; 2901 Fulling
Mill Road, Middletown, PA 17057-3163 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LADIN, Dmitry
[CA/CA]; 909 Bay Street, Suite 709, Toronto, On-
tario M5S 3G2 (CA). BUKOVNIK, Rudolf, Robert
[CA/US]; 100 Red Cedar Pl.,, Chapel Hill, NC 27514

(74)

(81)

(84)

(10) International Publication Number

WO 2004/065531 A3

(US). BRAUNOVIC, Milenko [CA/CA]; 5975 Place de
I’Authion, Suite 503, Montreal, Québec HIM 2W3 (CA).

Agents: GERSTNER, Marguerite, E. et al.; Tyco Elec-
tronics Corporation, M/S R20/2B, 307 Constitution Drive,
Menlo Park, CA 94026-1164 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, 1], TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,

[ Continued on next page]

(54) Title: HIGH TEMPERATURE CORROSION INHIBITOR MATERIAL AND METHODS OF MAKING AND USING THE

SAME

130A

\i\

120

110

)
|
==

130B

(57) Abstract: High-temperature inhibitor materials for use with electrical connections in energy transmission and distribution
systems where operating temperatures exceed 150 °C. The high-temperature inhibitor materials comprise base oils and conductive
particles, wherein the high-temperature inhibitor is stable at temperatures above 150 °C.



CA 02513620 2005-07-18

WO 2004/065531 A3

GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK,
TR), OAPI (BE, Bl, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

(88) Date of publication of the international search report:
9 December 2004

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.



CA 02513620 2011-12-23

30253-6

HIGH TEMPERATURE INHIBITOR MATERIAL
COMPRISING A BASE OIL AND METAL PARTICLES
AND METHODS OF MAKING AND USING THE SAME

[0001]

FIELD OF THE INVENTION
[0002]  This invention relates to materials for protecting surfaces 1n electrical

systems, and more particularly to inhibitor materials and methods of fabricating and using the

same in electrical systems.
BACKGROUND OF THE INVENTION
[0003] The power indusu:;is deregulating. As the monopolistic economic model

of the old power industry shifts to a new, competitive market, the electric utilities afe
increasingly focusing on their existing infrastructure with an eye to prolohging its operational
'lifespan. At the same time, strains on the power supplies are increasing. Cities are becoming
more populated and energy consumption in densely populated areas is increasing. Customers
are also demanding better, and cheaper, energy. The demands for increased amounts of

. energy at lower costs can strain the existing electrical transmission and distribution systems.

- [0004] For example, the existing electric utility infrastructure is forced to carry
greater loads 1n the energy transmission and distribution systems to compensate for the -
increased energy demands. As a result of the increased loads, more energy is transmitted,
raising the operating temperatures at which the materials and components in the eriefgy
ﬁansmission and distribution systems operate. However, portions' of the existing

~ transmission and distribution systems are not designed to Gperate at the higher operating
temperatures more frequently encountered by today’s electrical utilities. Therefore, the
electrical utilities are implementing necessary plant upgrades as well as energy transmission

| aﬁd distribution system upgrades while keepirig an eye on cost control.
[0005] Aware of the need to provide .}1_ew electrical transmission and distribution

systems capable of handlihg increased energy loads and the higher temperatures resulting

- therefrom, cable and wire manufactures have developed a high temperature conductor
designed for overhead distribution and transmission lines called, aluminum conductor, steel
supported (ACSS). ACSS is designed to operate continuously at elevated temperatures
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without loss of strength. For example, different ACSS products are designed to operate at
temﬁe;atmcs around 200 °C, and even up to- 250 °C in some cases. These operating
temperatures are higher than the 130 °C operating temperature designs found in many of the
existing conductors. ACSS is also designed to sag less than other existing conductors under
emergency electrical loadings, which are becoming more common with increased energy

- demands imposed on the energy transmission and distribution systems.

[0006]  Although the ACSS technology provides cost-effective alternatives for the

electric utilities to upgrade and repair energy transmission and distribution systems, advances

" in other technologies that must work with the ACSS have not kept pacé with the advances
made by ACSS. Of particular concern are power connections. Power connections are
generally the weak links in an energy transmission and distribution system. Unless the
stability and performance of the power connections meets or exceeds the operating conditions
of the ACSS, the full potential of ACSS may fiot be realized.

[0007]  For instance, wedge technology provides reliable connector technology for
use in non-tension power applications and power connections. A basic wedge device as
used in epergy transmission and distribution systems is illustrated in FIG. 1. Thé wedge
device includes a “C” member 110 and a wedge member 120. The “C” member 110 may
encompass portions of two conductors 130A and-130B or a conductor 130A and a device (not
shown) 1n communication with the conductor 130A. The wedge member 120 is positioned
within the “C” member 110 to form an electrical connection between the two conductors
130A and 130B or to electrically connect conductor 130A with a device (not shown).
Typically, an inhibitor material 1s applied to the “C” member 110 and the wedge member
120, and optionally the conductors 130A and 130B, to inhibit oxidation of the wedge device
and protect the wedge device from exposure to the elements. The partial covering of
the wedge device with an inhibitor material can have a beneficial effect on the
performance of the wedge device and xhay improve the lifetime of the wed ge device.

The use of inhibitor materials with other connector technolo gies and power connections may
be beneficial for similar reasons.

[0008]  Oil based inhibitor materials are frequently {IS'Cd with power connections in
energy transmission and distribution systems to provide benefits such as improved corrosion
resistance, sealing propetrties, el;mental protection, and/or reduced weaf on the power
connection. However, existing inhibitor materials do not posses the temperature stamina
required for operation with ACSS or the high temperatures frequently associated with the
increased loading or emergehcif' loading of existing energy transmission and distribution

systems. Under such high temperature conditions, existing inhibitors tend to transform into a
2
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congealed varnish and do not provide the desired protective benefits. There are apparently no
inhibitor materials available that are capable of retaining the desired sealing properties or
providing the corrosion resistance and protection to power connections operating at the high-
temperatures associated with the ACSS technology, for instance, between 150 °C and 250 °C.
Therefore, it is desirable to develop, fabricate, and use an inhibitor material capable of
operating at high-temperatures, or a material exhibiting inhibitor properties, with energy

transmission and distribution systems.

SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention provide materials that exhibit desired
inhibitor properties for energy transmission and distribution systems at hi gh-temperatures, for
instance, temperatures between 150 °C and about 250 °C. Other embodiments of the present
invention provide methods of fabricating such materials and using those materials with
energy transmission and distribution systems.

[0010] In some embodiments of the invention, a high-temperature inhibitor
material comprises a base oil, which is capable of operating at temperatures of at least 150
°C, mixed With metal particles. Base oils capable of operating within the desired temperature
range above 150 °C, and in some instances between 150 °C and about 250 °C, without
breaking down may be used. Combinations of base oils may also be mixed together to form a
base o1l for use with embodiments of the present invention. A thickener may also be added to
the base oil, for example, to alter the viscosity of the base oil and the inhibitor. Metal
particles mixed with base oil may comprise metal powder, metal filings, metal pieces, or the
like. In some embodiments, the metal particles may have standard mesh sizes between about
—80 and about +200. The metal particles may also be conductive, for instance, comprising
aluminum, nickel, or aluminum-nickel alloys. In other embodiments, the metal particles may
be substituted with and/or mixed with abrasive particles, such as metal oxides or other non-
metallic particles.

[0011]  Metal particles may be mixed with base oils according to embodiments of
the present invention by hand or by mechanical means. In some embodiments, the base oil
and metal particles are mixed together in a ratio such that the base oil is about 90 percent by
weight of the inhibitor material and the metal particles are about 10 percent by weight of the
Inhibitor material. In other embodiments, the base oil is about 70 percent or more by weight
of the inhibitor material and the metal particles are about 30 percent or less by weight of the

Inhibitor material. In other embodiments, an inhibitor may include up to about 30 percent by
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volume metal particles, non-conductive particles, and/or non-metallic particles. Other
mixture ratios may also be used depending upon the desired use for the inhibitor material.

[0012]  In other embodiments of the invention, a component for use in a high-
temperature energy transmission and distribution system is provided with a partial or
complete coating of an inhibitor of the present invention. For instance, a wedge device is at
least partially coated with an inhibitor according to embodiments of the present invention and
provided for distribution and use with an energy transmission and distribution system
exhibiting operating temperatures above 150 °C. Alternatively, an inhibitor according to
embodiments of the present invention may be provided for application to electrical
components or devices in use or being prepared for use in energy transmission and
distribution systems operating at temperatures higher than conventional energy transmission
and distribution systems, for instance between 150 °C and about 250 °C.

[0013]  Other embodiments of the present invention comprise methods of inhibiting

corrosion in an electrical connection or device. According to these embodiments, an inhibitor

metal particles.

[0014] In some other embodiments of the present invention, an electrical
connection kit is provided. The electrical connection kit may comprise a electrical
connection element and an inhibitor wherein the inhibitor comprises a base oil capable of

operating at a temperature above 150 °C mixed with metal particles.
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[00143a] According to another aspect of the present invention, there is provided an

inhibitor, comprising: a base oil capable of operating at a temperature above 150 °C,
wherein the base oil comprises at least one fluorinated base oil; and metal particles in
the base oll, wherein the particles are selected from the group consisting of nickel,

aluminum, lead, tin, bismuth, and mixtures thereof.

[0014Db] According to still another aspect of the present invention, there is
provided an electrical connection device, comprising: the inhibitor as defined herein;

and an electrical connection device at least partially coated with the inhibitor.

[0014c] According to yet another aspect of the present invention, there is
provided a method of inhibiting corrosion in an electrical connection, comprising:

applying the inhibitor as defined herein to the electrical connection.

[0014d] According to a further aspect of the present invention, there is provided
an electrical connection kit, comprising: an electrical connector; and the inhibitor as

defined herein.
BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 illustrates a wedge device commonly used with power connections

and electrical connections as known in the art.
DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention now will be described more fully hereinafter with
reference to the accompanying drawing. This invention may, however, be embodied
In many different forms and should not be construed as limited to the embodiments

set forth herein; rather, these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness and size of the devices are

exaggerated for clarity.

43
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[0017] This invention relates to materials for protecting contact surfaces in
electrical systems, and more particularly to materials, such as inhibitor materials, and
methods of fabricating and using the same in electrical systems. Embodiments of the present
ivention provide inhibitors for use with hi gh-temperature energy transmission and
distribution systems and methods of tabricating and using the same. Hi gh-temperature
energy transmission and distribution systems include energy transmission and distribution
systems capable of operating at temperatures above 150 °C and, in some embodiments,
capable of operating between 150 °C and about 250 °C.

[0018]  Energy transmission and distribution systems commonly employ power
connections or electrical connections for facilitating the distribution of energy through power
lines or conductors. Electrical connections may include devices such as connectors, switches,
junctions, and the like, commonly used to connect and operate energy transmission and
distribution systems. Lubricants are often used with the electrical connections o provide
lubrication for the electrical connection devices. Special classes of lubricants, commonly
referred to as inhibitors, may be applied to electrical connections and/or conductors.
Inhibitors may be used to inhibit corrosion and/or oxidation of the electrical connections
and/or conductors; to improve electrical contact between different electrical connections
and/or conductors; and/or to seal electrical connections from environmental exposure.
Although inhibitors designed to operate at temperatures at or below about 130 °C are
currently used, new high-temperature conductors being employed in the energy transmission
and distribution systems may require inhibitors that are able to withstand temperatures above
150 °C during continuous operation, and in some cases inhibitors that are able to withstand
temperatures between 150 °C and about 250 °C. Inhibitors capable of operating during
emergency overloading temperature spikes up to about 320 °C or more are also desirable.
Embodiments of the present invention provide lubricants and inhibitors that meet or exceed
the high-temperature requirements of the new conductors, such as ACSS, enabling the use of
existing electrical connection equipment with the new conductors and hi gh-temperature
energy transmission and distribution systems.

[0019]  Various embodiments of the present invention comprise inhibitors for use
in energy transmission and distribution systems operating at high-temperatures. Hi gil-
temperature operation of energy transmission and distribution systems 1ncludes operating
temperatures between 150 °C and about 250 °C during normal continuous operation. At
times, high-temperature operation of energy transmission and distribution systems may
experience overloading and temperature sﬁiking that will increase the operational

temperatures of the energy transmission and distribution system above 250 °C, for example,
5
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to about 320 °C or more. Inhibitors of embodiments of the present invention include base
oils capable of withstanding continuous operating temperatures above 150 °C and occasional
temperature spikes of 320 °C or more. A stable base oil or inhibitor according to some
embodiments of the present invention does not readily flow out of or away from the contact
zone to which it is applied when exposed to high-temperature operating conditions, for
instance, operating temperatures between 150 °C and about 250 °C or more.

[0020] In some embodiments of the present invention, an inhibitor comprises a
basq o1l and a metal mixed and/or suspended in the base oil. The base oil may include
various base oils capable of withstanding temperatures above 150 °C. For instance, the base
oll may comprise any one of, or any combination of, a fluorinated base oil, a fluorinated
ether, a perfluoroalkylether and/or a perfluoropolyether. In various embodiments, the base
oil 1s designed for use in high-temperature applications and particularly for use at
temperatures ranging between 150 °C and about 250 °C. In other embodiments, the base oil
may be designed for use in applications above 250 °C or more, for instance, applications
prone to temperature spikes of 320 °C or more. In some embodiments, a thickener may be
added to the base oil. The thickener may alter the viscosity of the inhibitor, for itistance,
making the inhabitor more viscous.

- [0021]  In other embodiments of the present invention, the base oil comprises
fluorinated base oil. The fluorinated base oil may comprise various fluorinated compounds
as will be understood by those skilled in the art, for example, fluorinated ether,
perfluoroalkylethers, and/or perfluoropolyethers.

[0022]  An example of a high-temperature base oil that may be used with
embodiments of the present invention is Nye UniFlor® 8623 fluoroether-based lubricating
grease. UniFlor® 8623 is available from Nye Lubricants, Inc. of Fairhaven, Massachusetts.

UniFlor® 8623 is a smooth white grease that is insoluble in water, inert, and stable at room

temperatures. UniFlor® 8623 does not appear to break down under high-temperature
operation and exhibits an operational temperature range (i.e. is stable at) between about —15
°C and about 250 °C. Other commercially available high-temperature greases and lubricants
offered by Nye Lubricants, Inc. may also be used with embodiments of the present invention.
[0023]  Another example of a high-temperature base oil that may be used with
embodiments of the present invention is a base oil formed from the mixture of a
perfluoroalkyether with a thickener. A polydimethyl siloxane treated amorphous fumed silica
may act as a thickener for the base oil. In this example, the inhibitor comprises about 87.5
percent by weight perfluoroalkyether mixed with about 4.3 percent by weight polydimethyl

siloxane treated amorphous fumed silica, and about 10 percent by weight metal particles.
6
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This inhibitor has a density of about 16 Ibs/gal and exhibits an operational temperature range
between about —40 °C and about 260 °C. Other weight percent combinations of
perfluoroalkyethers with polydimethyl siloxane treated amorphous fumed silica may be used
to form the base oil of inhibitors according to the present invention.

[0024]  The metal particles of the inhibitors of embodiments of the present
invention may include various types of metals. In some embodiments, the metal particles are
mixed with and/or suspended in the base oils. The metal particles may be conductive and/or
capable of providing the inhibitor with an abrasive quality. The metal particles may include
metal powders, metal filings, metal pieces, and/or metal particles. In some embodiments of
the invention, spherically shaped metal particles are used alone and/or in combination with
other shapes of metal particles. The size of the metal particles utilized with embodiments of
the present invention may vary from about — 80 standard mesh size to about + 200 standard
mesh size. Many metals may be used with embodiments of the present invention, including,
but not limited to, nickel, aluminum, lead, tin, bismuth, alloys of any of the fore going metals,
and mixtures thereof. For instance, the metal particles may comprise metal particles of a
substantially electrolytic grade nickel. Alternatively, the metal particles may comprise virgin
aluminum metal, recycled aluminum metal, or a mixture of virgin aluminum and recycled
aluminum metal. Other suitable metal particles may be added to an inhibitor as desired to
provide the desired conductive and/or abrasive qualities for the inhibitor.

[0025] It 1s understood that metals other than nickel, aluminum, lead, tin, bismuth
or alloys thereof may be used as metal particles for mixing with base oils to form inhibitors
according to the present invention. In other embodiments of the invention, non-metallic
particles and/or non-conductive particles may be used in place of and/or in combination with,
the metal particles of the inhibitor. Particles capable of providing conductive properties
and/or abrasion properties for inhibitors of embodiments of the present invention may be
mixed and/or added to the inhibitors. For instance, oxide particles and/or alumina particles
may be added to inhibitors of the present invention.

[0026]  The metal particles and/or other particles mixed with the base oils in
embodiments of the present invention may provide a number of desirable characteristics to
the inhibitor material. The conductive nature of the particles added to the inhibitor may
improve one or more of the inhibitor’s conductive qualities, which may provide improved
electrical connections between connectors or conductors coated with the inhibitors of
embodiments of the invention. In some embodiments, the particles provide the inhibitors
with an abrasive material or abrasive quality. When applied to a conductor or a connector,

the abrasiveness of the inhibitor may scrub away and/or abrasively remove oxidation on the
7
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conductor or connector. This is especially true in those instances where a conductor or
connector 1s 1n contact with another conductor or connector. Stress, strain, and/or sheering
forces between electrical interfaces using the inhibitor can create abrasion between the
mterfaces, abrading and dispersing oxides, thereby increasing metal-to-metal contact between
the electrical interfaces.

[0027]  An example of a metal particle mixture that may be mixed with a base oil
to form an inhibitor according to embodiments of the present invention comprises a mixture
of particles of nickel and aluminum. The metal particle mixture comprises about 48 to about
52 percent by weight nickel and about 48 to about 52 percent by weight aluminum. The
nickel may include electrolytic grade nickel and the aluminum may include virgin aluminum.
The metal particle mixture is mixed with a base o0il according to embodiments of the
invention to form an inhibitor comprising about 10 percent by weight metal particles and
about 90 percent by weight base oil. The metal particle mixture may be mixed with the base
oil by various methods, such as by hand or by mechanical means. Optionally, the metal
particle mixture may be mixed with the base oil during the fabrication of the base oil.

[0028]  In various embodiments of the invention, the amount of metal particles
and/or other particles included in the inhibitors of the present invention may vary. For
instance, the base oil and/or oils may be from about 70 to less than about 100 weight percent
of the inhibitor and the metal and/or other particles may be from above about 0 to about 30
weight percent of the inhibitor. In some instances, it may be desirable to include more than
30 (e.g., 40 or 50) percent by weight of metal and/or other particles in the inhibitors of the
present invention. In still other embodiments, the amount of metal and/or other particles
added to the 1nhibitor may be up to about 30 percent by volume or more of the inhibitor.

[0029]  In other embodiments of the present invention, additives may be included
In the inhibitors of the present invention to provide additional qualities. For instance, dyes
may be added to color the inhibitor to distinguish it as a high-temperature inhibitor or to
provide a visual reference for ensuring coating of a component used in an electrical
transmission and distribution system. Similarly, other conductive materials may be added to
the high-temperature inhibitors of the present invention to provide different conductive
qualities to the high-temperature inhibitor.

[0030]  In embodiments of the present invention, the inhibitor is inert, allowing the
Inhibitor to be used with, or in proximity to, insulating materials that are commonly used with
electrical transmission and distribution systems. In other words, the inhibitor does not react

with insulating materials. The inert qualities of the inhibitor may be controlled through
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selection of the base oil and metal particles used to form the inhibitor as will be understood
by those skilled in the art.

[0031] In other embodiments of the invention, a high-temperature inhibitor, such
as those described above, is applied to an electrical connection device to protect the electrical
connection device. In some embodiments, a method of inhibiting corrosion in an electrical
connection device comprises applying an inhibitor capable of operating at a temperature
above 150 °C to an electrical connection wherein the inhibitor comprises a base oil and metal
particles. The inhibitor may reduce and/or prevent oxidation and/or corrosion of the
electrical connection device. The inhibitor may also be used to seal the electrical connection
device to protect it from the elements of nature. Inhibitors according to embodiments of the
present invention may be applied to an electrical connection device to facilitate electrical
connection between one or more conductors and/or electrical connection devices. For
instance, the wedge device illustrated in FIG. 1 may be coated with the inhibitor to
protect the wedge device from the elements of nature and provide an abrasive contact
material for improving metal-to-metal contact between the wedge device and other
components of electrical transmission and distribution systems. | ‘

[0032] In some embodiments, an inhibitor méy be applied to an electrical
connection device prior to sale or distribution of the electrical connection device. An
electrical connection device suitable for use in electrical transmission and distribution
systems operating continuously at temperatures above 150 °C may comprise the electrical
connection device at least partially coated with an inhibitor of the embodiments of the present
invention. For instance, the wedge device illustrated in FIG. 1 may be at least partially

coated with an inhibitor according to various embodiments of the present invention and

distributed as a coated product. Wedge devices sold or provided with other components
of electrical transmission and distribution systems, such as in-line disconnect assemblies,

may be at least partially coated with the inhibitor prior to sale or distribution to ensure, for
example, that the assembly is capable of handling or being used with high-temperature
energy transmission and distribution systems. Other energy transmission and distribution
system components may similarly be at least partially coated with an inhibitor prior to
distribution or sale to help ensure compatibility with hi gh-temperature energy transmission
and distribution systems. For example, products used in power utility applications that may

benefit from being pre-coated with inhibitors of embodlmentsMof the present invention
™

~ 1nclude, but are not limited to: taps, such as WRENCH-LOK copper taps, AMPACT copper

taps, AMPACT alummum tap systems, EXCL taps; connectors, such as aluminum

connectors, MIN IWEDGE connectors Universal Dlstnbutlon Connectors, SHEAR-LOK
,
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grounding connectors, aluminum grounding connectors, copper grounding connectors, and
wedge splice connectors; disconnects, such as in-line disconnects, and stud disconnects: lugs,
such as aluminum lugs, and copper lugs; and other electrical connection devices, such as
insulation and bundling products, closures, terminals, splices, connecting plates, identifier
plates, and the like.

[0033] In other embodiments, the inhibitor according to embodiments of the
present invention may be used and distributed as a grease or lubricating product for use in
energy transmission and distribution systems. An inhibitor according to embodiments of the
invention may be distributed as a grease or lubricating product and may be applied to
electrical connection devices being used in the field or to electrical connection devices being
prepared for use. Further, a high-temperature inhibitor according to some embodiments of
the present invention may be applied to conductors and other devices used in energy
transmission and distribution systems operating at temperatures exceeding 150 °C to protect

the conductors and devices from oxidation, corrosion, and/or general exposure to the

elements, in addition to providing a conductive contact material for Improving electrical

energy transmission and distribution system.

[0034]  In other embodiments of the present invention, an electrical device and an
inhibitor may be distributed together for use with an electrical transmission and distribution
system. For instance, a wedge device may be sold or distributed with a package of
inhibitor, wherein the package of inhibitor includes a sufficient amount of inhibitor needed to
at least partially coat the wedge device for use in an electrical transmission and

distribution system. The package of inhibitor may be opened at the time the wedge device
1s being installed for application of the inhibitor to the wedge device.

[0035]  Various embodiments of the present invention are intended for use in

electrical transmission and distribution systems operating at temperature above 150 °C.
However, embodiments of the present invention may be used with electrical transmission and
distribution'systems operating at temperatures below 150 °C. For instance, an inhibitor
according to embodiments of the present invention may be applied to a wedge device

used in an electrical transmission and distribution system continuously operating at a
temperature below 150 °C. Use of an inhibitor capable of operating at temperatures greater
than 150 °C with electrical transmission and distribution systems operating at lower
temperatures provides added security in case the operating temperatures of the system spike

above 150 °C. Furthermore, electrical transmission and distribution systems employing
10
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embodiments of the present invention at low temperatures may be switched to higher
operating temperatures, such as temperatures over 150 °C, without first replacing all of the
connectors and/or inhibitors to ensure operation at the higher temperatures.

[0036] Two particular Examples of embodiments of the present invention follow.

It 1s understood that the Example embodiments do not limit the present invention.
EXAMPLE 1

[0037]  In a first Example of embodiments of the present invention, a high-
temperature inhibitor comprises about 90 percent by weight of a high-temperature base oil
and about 10 percent by weight of a metal particle mixture comprising aluminum and nickel.
The high-temperature base oil is UniFlor® 8623, which is commercially available from Nye
Lubricants, Inc. of Fairhaven, Massachusetts. To the base oil is added an aluminum and
nickel metal particle mixture, which is mixed into the base oil to form a hi gh-temperature
inhibitor according to embodiments of the present invention. The aluminum and nickel metal
particle mixture comprises about 48 to about 52 percent by weight virgin aluminum particles
with mesh sizes between about —80 and about +200 and about 48 to about 52 percent by
weight electrolytic grade nickel particles with mesh sizes between about —80 and about +200.

[0038]  The high-temperature inhibitor of this Example may be stored for future
use or applied to an electrical connection or other exposed surface in an energy transmission
and distribution system to provide corrosion resistance, sealing, and/or protection from the
elements. It exhibits a continuous operating temperature limit of about 260 °C and may be
capable of operating at temperatures of about 320 °C for short periods of time to compensate

for emergency loading needs in an energy transmission or distribution system.
EXAMPLE 2

[0039]  In asecond Example of embodiments of the present invention, the high-
temperature inhibitor comprises about 90 percent by weight of a base oil and about 10
percent by weight of a metal particle mixture. The base oil comprises a perfluoroalkylether
base oil that is thickened by a polydimethyl siloxane treated amorphous fumed silica
thickener. Mixing perfluoroalkylether with the polydimethyl siloxane treated amorphous
fumed silica thickener forms the base oil. The pertluoroalkylether is added in an amount of
about 87.5 percent by weight of the desired inhibitor welght and the siloxane treated

amorphous fumed silica thickener is added in an amount of about 4.3 percent by weight of
11
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the desired inhibitor weight. To the base oil is added a mixture of spherical aluminum
and nickel metal particles. The aluminum and nickel metal particle mixture comprises

about 48 to about 52 percent by weight virgin aluminum particles with mesh sizes
between about -80 and about +200 and about 48 to about 52 percent by weight

electrolytic grade nickel particles with mesh sizes between about -80 and about +200.

[0040] The high-temperature inhibitor of this Example may also be stored for
future use or applied to an electrical connection or other exposed surface in an
energy transmission and distribution system to provide corrosion resistance, sealing,

and/or protection from the elements. It exhibits a continuous operating temperature

range of between about -40°C and about 260°C. It is also capable of operating at

temperatures of about 320°C for short periods of time to compensate for emergency

loading needs in an energy transmission or distribution system.

[0041] Having thus described certain preferred embodiments of the present
invention. it is to be understood that the scope of the claims should not to be limited
by the preferred embodiments set forth in the examples, but should be given the

broadest interpretation consistent with the description as a whole.

12
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CLAIMS:
1. An inhibitor, comprising:

a base oil capable of operating at a temperature above 150 °C, wherein
the base oil comprises at least one fluorinated base olil; and

metal particles in the base oil, wherein the particles are selected from

the group consisting of nickel, aluminum, lead, tin, bismuth, and mixtures thereof.

2. The inhibitor of claim 1, wherein the base oil comprises at least one
base oil capable of operating at a temperature of about 200 °C.

3. The inhibitor of claim 1, wherein the base oil comprises at least one

10 base oil capable of operating at a temperature of about 250 °C.

15

20

4. The inhibitor of claim 1, wherein the base oll is stable at an operating
temperature of about 250 °C.

5. The inhibitor of claim 1, wherein the base oil is stable at an operating
temperature of about 320 °C.

6. The inhibitor of claim 1, wherein the base oil comprises at least one
fluorinated base oil selected from the group consisting of fluorinated ether,

perfluoropolyether, perfluoroalkylether, and combinations thereof.
7. The inhibitor of claim 1, wherein the base oil comprises:
a perfluoroalkylether; and

a thickener.

8. The inhibitor of claim 7, wherein the thickener comprises a polydimethyl

siloxane treated amorphous fumed silica.

13
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9. The inhibitor of claim 7, wherein the perfluoroalkylether comprises
about 87.5 weight percent of the fluorinated base oil.

10. The inhibitor of claim 7, wherein the thickener comprises about 4.3
weight percent of the fluorinated base oil.

1. The Inhibitor of claim 1, wherein the base oil comprises about 90 weight
percent of the inhibitor.

12. The inhibitor of claim 1, wherein the base oil comprises a UniFlor®
fluoroether-based lubricating grease.

13. The inhibitor of claim 1, wherein the metal particles comprise at least

about 10 weight percent of the inhibitor.

14. The inhibitor of claim 1, wherein the metal particles comprise between

about 10 weight percent and about 30 weight percent of the inhibitor.

15. The inhibitor of claim 1, wherein the metal particles comprise metal

particles with a standard mesh size of between about -80 mesh and about +200 mesh.

16. The inhibitor of claim 1, wherein the metal particles comprise nickel.
17. The inhibitor of claim 1, wherein the metal particles comprise aluminum.
18. The inhibitor of claim 1, wherein the metal particles comprise metal

particles selected from the group consisting of lead, tin, bismuth, and mixtures thereof.

19. The inhibitor of claim 1, wherein the metal particles comprise:
nickel particles; and
aluminum particles.

20. The inhibitor of claim 19, wherein the nickel particles comprise

electrolytic grade nickel.

14



10

15

20

CA 02513620 2011-12-23

30253-6

21. The inhibitor of claim 19, wherein the nickel particles comprise about 50

weight percent of the metal particles.

22. The inhibitor of claim 19, wherein the nickel particles comprise between

about 48 weight percent and about 52 weight percent of the metal particles.

23. The inhibitor of claim 19, wherein the nickel particles comprise nickel

particles with a standard mesh size between about -80 mesh and about +200 mesh.

24 The inhibitor of claim 19, wherein the aluminum particles comprise

virgin aluminum.

25. The inhibitor of claim 19, wherein the aluminum particles comprise

about 50 weight percent of the metal particles.

20. The inhibitor of claim 19, wherein the aluminum particles comprise

between about 48 weight percent and about 52 weight percent of the metal particles.

27. The inhibitor of claim 19, wherein the aluminum particles comprise aluminum

particles with a standard mesh size between about -80 mesh and about +200 mesh.

28. The inhibitor of claim 1, wherein the inhibitor Is Inert.
29. The inhibitor of claim 1, further comprising non-conductive particles.
30. The inhibitor of claim 29, wherein the non-conductive particles are

selected from the group consisting of oxides, alumina, and mixtures thereof.

31. - The inhibitor of claim 1, wherein the base oil comprises at least one
thickener.
32. . The inhibitor of claim 1, which comprises between about 70 and

about 90 weight percent of the base oil and between about 10 and about 30 weight

percent of the metal particles.
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33. The inhibitor of claim 1, which comprises up to about 30 percent by
volume of the metal particles.

34. The inhibitor of claim 1, which comprises:
between about 70 and about 90 weight percent of the base oil; and

between about 10 and about 30 weight percent of the metal particles,

wherein the base oil comprises at least one base oll capable of

operating at a temperature of from above 150°C to 250°C, and wherein the metal
particles are suspended in the base oil.

35. The inhibitor of claim 1, which further comprises non-metallic particles.
36. The inhibitor of claim 1, which is in combination with an electrical
connector.

37. An electrical connection device, comprising:

the inhibitor as defined in any one of claims 1 to 35; and
an electrical connection device at least partially coated with the inhibitor.

38. The electrical connection device of claim 37, wherein the electrical

connection device comprises an electrical connection device used with energy

transmission and distribution systems.

39. The electrical connection device of claim 37, wherein the electrical
connection device comprises an electrical connection device selected from the group

consisting of taps, connectors, lugs, disconnects, and connecting plates.

40. The electrical connection device of claim 39, wherein the taps comprise
taps selected from the group consisting of WRENCH-LOK™ copper taps, AMPACT™
copper taps, AMPACT™ aluminum tap systems, and EXCL™ taps.

16
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41. The electrical connection device of claim 39, wherein the connectors

comprise connectors selected from the group consisting of aluminum connectors,

MINIWEDGE™ connectors, Universal Distribution Connectors, aluminum grounding

connectors, copper grounding connectors, and SHEAR-LOK™ grounding connectors.

42. The electrical connection device of claim 39, wherein the disconnects

comprise disconnects selected from the group consisting of in-line disconnects and
stud disconnects.

43. The electrical connection device of claim 37, which comprises at least

one of an aluminum connector or an aluminum grounding connector.
44. A method of inhibiting corrosion in an electrical connection, comprising:

applying the inhibitor as defined in any one of claims 1 to 35 to the
electrical connection.

45. The method of claim 44, wherein the electrical connection comprises an
electrical connection selected from the group consisting of taps, aluminum
connectors, MINIWEDGE ™ connectors, Universal Distribution Connectors, insulation
products, bundling products, closures, terminals, splices, aluminum grounding
connectors, copper grounding connectors, SHEAR-LOK™ grounding connectors,
aluminum lugs, copper lugs, in-line disconnects, stud disconnects, wedge splice

connectors, connecting plates, and identifier plates.

46. The method of claim 45, wherein the taps are selected from the group
consisting of WRENCH-LOK™ copper taps, AMPACT ™ copper taps, AMPACT™
aluminum tap systems, and EXCL™ taps.

47. An electrical connection kit, comprising:

an electrical connector;

the inhibitor as defined in any one of claims 1 to 35, and

17
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a written matter describing instructions for use of the inhibitor in the

inhibition of corrosion in the electrical connector.

48. The electrical connection kit of claim 47, wherein the inhibitor is partially

coating the electrical connector.

5 49. The electrical connection kit of claim 48, wherein the inhibitor is

provided separately from the electrical connector.
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