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THE | NVENTI ON 100011 The present invention relates to filler materials for
inclusion in polymer conposites and coatings; nore particularly, to such
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thermoplastic polyolefins, polyamides, polyimides, polysulfones, polyesters such as
polyethyleneterephtalate, and polymer blends such as PPO/PPE, PBT, and PC/ABS.
[0003] In many polymer applications, it is known to increase the mechanical strength and
durability of the polymer by addition of an acicular or fibrous material such as chopped
fiberglass, talc, calcined clay, or wollastonite. Further, it is known to provide an electrically
conductive primer to create automotive electrostatic coatings.
[0004] Wollastonite is a known filler material intermediate in both cost and reinforcement
between fiberglass and other minerals. Wollastonite is a naturally occurring mineral
comprising calcium, silicon, and oxygen in the molecular formula CaSiO; (calcium
metasilicate). It is readily processed into a particulate form wherein the particulates exhibit an
apsect ratio of between about 1 and about 20; that is, wollastonite particles can be produced
with a markedly distinct average acicularity, making wollastonite an excellent polymer
reinforcing material. It is well known commercially as a versatile functional filler that
increases the performance of many products, including plastics, paints and coatings,

construction materials, friction, ceramic, and metallurgical applications. It has found



i ncreases the performance of many products, including plastics, paints and
coatings, construction materials, friction, ceramc, and netall urgical
applications. It has found 1 application as a non-hazardous substitute for
chrysotile asbestos in fire-resistant building products. Native
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low electrical resistivity so that it can be used in electrostatic discharge operations. The
composition includes carbon-coated organic fibers. The fiber is characterized in that it is a
Lewis base while the carbon powder is a Lewis acid. The carbon-coated fiber is held together
with a binder (such as a latex or resin). The binder may be either neutral or acidic. A resin
can also be used to prepare rigid electrostatic discharge objects. When a resin is used, the
resin should also be neutral and preferably, is acidic. The fiber is composed of material
selected from the group consisting of: polyamides, polyesters, polyacrylates, polyethers,
polyvinyl acetates, polyacrylonitriles, polycarbonates, polyethyl acetates, polylactones, and
polyvinyl alcohol.

[0008] US Patent No. 6,331,586 discloses a conductive polymer blend comprising: (a) at
least two polymers which are at least partially immiscible with each other, and are present in
proportions such that each polymer forms a respective continuous phase and the two
respective continuous polymer phases are co-continuous with each other in the polymer
blend; and (b) at least one conductive material in particulate or fiber form which is

substantially localized in one of the co-continuous polymer phases or substantially localized



pol yvi nyl al cohol. [0008] US Patent No. 6,331,586 discloses a conductive
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metal coating plated on the fiber has superior adhesiveness. A method for manufacturing the
white conductive fiber comprises the steps of mounting a wound fiber body formed by
winding a continuous fiber to the fixing shaft, a step of flowing a plating solution from the
fixing shaft to a plating bath via the wound fiber body so as to infiltrate the plating solution
into the wound fiber body, and a step of performing electroless plating of silver, platinum, or
the like on the fiber material while the plating solution flows.
[0012] US Patent No. 6,710,242 discloses a sheath-core composite conductive fiber
having a sheath component made of a fiber-forming polymer containing conductive carbon
black. The fiber is characterized in that, with respect to an inscribed circle of a core
component and an inscribed circle of a sheath component in a cross section of the fiber, a
radius (R) of the inscribed circle of the sheath component and a distance (r) between the
centers of two inscribed circles satisfy a specific relationship, and a sheath-core composite
conductive fiber having: a core component made of a polyester containing ethylene
terephthalate as a main component, and a sheath component made of a mixture of a

copolyester wherein ethylene terephthalate accounts for 10 to 90 mol % of constituent units

thereof and carbon black. The conductive fiber can be used alone or in combination with



into the wound fiber body, and a step of perform ng el ectrol ess plating of
silver, platinum or the like on the fiber material while the plating
solution flows. 100121 US Patent No. 6, 710, 242 di scl oses a sheath-core
conposite conductive fiber having a sheath conponent nade of a

fiber-form ng pol ymer containing conductive carbon black. The fiber is
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0.1% relative to the weight of the wollastonite. Exhibiting high modulus of elasticity and a
good toughness, in particular at low temperatures, the composition is suitable for car body
external applications.
[0016] This disclosure demonstrates the benefits of incorporating milled wollastonite into
an organic resin for physically demanding applications; however, again there is no instruction
in making the wollastonite filler electrically conductive.
[0017] What is needed in the art is a mineral-based, particulate reinforcing material which
is electrically conductive.
[0018] What is further needed in the art is an electrically conductive reinforcing material
wherein the particulate substrate comprises wollastonite.
[0019] It is a principal object of the present invention to provide the means for reinforcing

polymeric structures with electrically -conductive mineral materials.

SUMMARY OF THE INVENTION
[0020] Briefly described, the native mineral wollastonite (CaSiOs3) is milled into a

particulate form which may be acicular. Powdered conductive media, such as carbon black or



carbonate, inpact resistance nodifier, and wollastonite having carbon
content greater than 0.1%relative to the weight of the wollastonite.

Exhi biting high nodulus of elasticity and a good toughness, in particul ar
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coatings for floors and wall coverings in microelectronic fabrication or handling areas; anti-

static fabric additives for clothing and carpets; and conductive layer coatings for

electrographic printing devices.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0024] The following process for making a mineral-based conductive filler material for
filling and/or reinforcing organic polymers is described in terms of the native mineral
wollastonite; however, those of ordinary skill in the art will recognize that in some
applications various other mineral substrates, such as talc or calcined clay, may be used
instead of wollastonite, or in combination with wollastonite.

[0025] A first amount of the native mineral wollastonite is milled so as to retain its
anisotropic crystal morphology, resulting in particles having a particulate length to width
aspect ratio between about 1.0 and about 20.0; a mean particle width between about 1 pm and
about 50 pm; and a mean particle length of up to about 1 mm.

[0026] A second amount of an electrically-conductive media is prepared in powder form.
Preferably, the electrically- conductive media is selected from the group consisting of carbon

black; metal powders of, for example, copper, nickel, silver, gold; or indium/tin oxide. Some



tapes; surfaces and packaging for electrostatic dissipative sensitive
materials and areas; flammable or explosive handling materials; and

el ectromagnetic shielding structures. [0023] Still further applications may
include surface coatings or priners pronoting conductivity for inproved
adhesi on and i ncreased nechanical strength; anti-static surface coatings
for floors and wall coverings in mcroelectronic fabrication or handling
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100C, and esfelbseghdny enpeulatswl efithe wobhsporetearticles may proceed in one of two methods.

[0029] In a first method, the wollastonite particles are introduced into a reactor
comprising a dry mixing apparatus such as a fluidized bed. The conductive media is mixed
with an aqueous binder solution to form a sprayable mixture, and the mixture is sprayed onto
the wollastonite particles. The water component is driven off, leaving the wollastonite
particles coated with bound electrically-conductive particulates.

[0030] In a second method, the conductive media is mixed with the wollastonite particles
in a reactor, and the binder, either neat or as an aqueous solution, is sprayed onto the mixture
of wollastonite and conductive media.

[0031] Where the mixture of conductive media and binder is conveyed to the wollastonite
in an aqueous solution, drying of the resultant material is accomplished in a fluidized bed-type
reactor to a moisture content of between 0.2 and about 1.0 weight percent. The drying step is
not necessary when the material is processed dry with the binder applied neat.

[0032] In the final product, the conductive media is present at between about 2% and
about 25% of the weight of the wollastonite, and the binder is present at between about 1%

and about 35% of the combined weights of the conductive media and the wollastonite.



Sone exanpl es of suitable binders are polyethyl ene glycol, polyvinyl

al cohol , pol ycarbol ane, and thernoplastic polyolefins in mcronized powder
or ermulsion form of course, other binders, as may occur to those of
ordinary skill in the art, are fully conprehended by the invention.
Sol - based non-pol yner |iquids, such as sodiumsilicate gel (water glass),
are also suitable. 100281 In a process for form ng conductive particles of
wol | ast oni t e[003BE woVhBs thennteatiop hes baenldescribad by oefefencmto vadoesspgrificy) i s
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wol | astonite particles coated with bound el ectrically-conductive

particul ates. [00301 In a second nmethod, the conductive nedia is mxed with
the wollastonite particles in a reactor, and the binder, either neat or as
an aqueous solution, is sprayed onto the m xture of wollastonite and
conductive nedia. 100311 Were the m xture of conductive nedia and binder is
conveyed to the wollastonite in an aqueous solution, drying of the
resultant material is acconplished in a fluidized bed-type reactor to a
noi sture content of between 0.2 and about 1.0 weight percent. The drying
step is not necessary when the material is processed dry with the binder
applied neat. 100321 In the final product, the conductive nedia is present
-at between about 2% and about 25% of the weight of the woll astonite, and
the binder is present at between about 1% and about 35% of the conbined
wei ghts of the conductive nedia and the wollastonite. 6 [00331 Wiile the

i nvention has been described by reference to various specific



enbodi nments, it should be understood that nunmerous changes may be nade
within the spirit and scope of the inventive concepts descri bed.
Accordingly, it is intended that the invention not be limted to the
descri bed enbodi mrents, but will have full scope defined by the | anguage of
the followwng clainms. 7 WHAT IS CLAIMED I'S: 1. A nethod for making a

m ner al - based conductive filler material for use in blending with organic
pol yners to &hahde GUAIMERASNI cal strength and conductivity thereof,
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m neral substrat e%ﬂg.@g‘ﬁﬁlﬁa%g{dg]l‘lﬁlnzggébggéﬁ%:lesu\?mgﬁg{écﬁﬁn@lﬁ?mﬁder éin said

m neral subst r at eb) prepaéigecieecnd amonrtt b€ ageloctpcadbpsimstucting rnédiaal pazdadome,
talc, calcined clay, and copbinations. thereof. 3, £ hod in accordance
W' G aim I wher o] HeRHEERGR I dmout o AifGT Frccrialinbf BTRAr 1| cul ates 1<
acicular. 4. A Ueﬁr&ﬂnbiﬁing%ﬁi@rfﬁﬁ%ﬂ s¥dn sl RS fMies @hyn sai d nineral
substrate particulates have a length to width ratio bétween about 1:1 and

about 20: 1. mixtarayardiod i n accordance with C aim3 wherein said nineral

substrate partl Cﬁjg%é}r%?iggras‘té% inraglaﬂla?%{agpﬁt)esa\t@% %%g (ﬁg{‘%@maﬁﬁ%tmld BT Riaghy-

about 50 mand a I'cle Teng p
conductive media to said mineral substrate.

2. A method in accordance with Claim 1 wherein said mineral substrate is
selected from the group consisting of wollastonite, talc, calcined clay, and combinations

thereof.

3. A method in accordance with Claim 1 wherein the form of said mineral

substrate particulates is acicular.

4. A method in accordance with Claim 3 wherein said mineral substrate

particulates have a length to width ratio between about 1:1 and about 20:1.

5. A method in accordance with Claim 3 wherein said mineral substrate
particulates have a mean particle width between about 1 um and about 50 pm and a mean

particle length of up to about 1 mm.

6. A method in accordance with Claim 1 wherein said electrically-conductive
media is selected from the group consisting of carbon black, metal powders of copper, nickel,

silver, gold, and indium/tin oxide.



6. A nethod in accordance with Claim1l wherein said electrically-conductive
nmedia is selected fromthe group consisting of carbon black, netal powders
of copper, nickel, silver, gold, and indiumtin oxide. 8 7. A nethod in
accordance with Caiml wherein said binder is an organic polynmer. 8. A
met hod in accordance with Caim?7 wherein said organic polynmer has a
nmelting point | ess than about 100C. 9. A nethod in accordance with Caim7
wherein said organi ¢ palemod irfaceeidandeeith Tl It WeerginQuid Biods iiSir sigasit

pol yet hyl ene egcoI pol yvinyl al cohol, polycarbol ane, thernoplastic

pol yol ef i ns PRYMiCEr oni zed powder or emul si on form and conbi nations thereof.
10. A nethod in accordance with Caim7 wherein said organic polyner is

wat er- soluble. 11. A nethod in accordance with Claim | wherein said step of
preparing a thirds. arm;smhetbédmdﬁcmdlancmiﬂef:iaéﬂn]whérbiqwhid drgame polyinedbss 4 he
step of dissolying said hin eria in water. 12. A nethod in

accor dance \M“’c m@l%‘%l‘?ss\?@f’é‘r%ﬂn@é bi nder is an aqueous gel. 13. A nethod
in accordance with Claim 12 wherein said aqueous gel includes sodium
silicate. 14. A nethod for nmaking a m neral -based conductive filler materi al
for use in blendPng mmmetbﬁgamwomnmrﬂscﬂmgnwhm@ selfeorgarad poliynf is selected
strength and_.can uct|V|t I’ISI a), preparing a
first anount fr8fn g “HNER Sl§ I&(ﬁ%o%yeeﬂ}y(rfle% %Oe?'v ? ofracﬁjﬁ‘)lb?dﬁ?a}eﬂﬁérlegg a
second ampunthephoplastRl ReYd1ERRIih ynicloAEE pbweermtr@ﬂslcm foemtigid dopibithatiod} thereof.
preparing a third amount of a binder material in liquid form d) conbining
~said first and third anounts to forma

10. A method in accordance with Claim 7 wherein said organic polymer is water-

soluble.

11. A method in accordance with Claim 1 wherein said step of preparing a third

amount of a binder material in liquid form includes the step of dissolving said binder material

in water.
12. A method in accordance with Claim 1 wherein said binder is an aqueous gel.
13. A method in accordance with Claim 12 wherein said aqueous gel includes

sodium silicate.

14. A method for making a mineral-based conductive filler material for use in
blending with organic polymers to enhance the mechanical strength and conductivity thereof,
comprising the steps of:

a) preparing a first amount of a mineral substrate in particulate form;

b) preparing a second amount of an electrically-conductive media in powder form;

¢) preparing a third amount of a binder material in liquid form,;

d) combining said first and third amounts to form a

media/binder mixture; and



medi a/ bi nder m xture; and 9 e) spraying said nedial/binder mxture onto said
m neral substrate to adhere said electrically-conductive nedia to said

m neral substrate. 15. A mineral-based electrically conductive particul ate
material for use in blending wth organic polyners to enhance the

mechani cal strength and el ectrical conductivity thereof, conprising a

m neral substrate in particulate formand an electrically-conductive nedia
adhered to the surf apeyiog wal dnadiafeindér winister ante sbyi mihgrald spbstra@. toAaghere said|
in accordance with trate is selected from
t he group consi stlle‘gEIr ?ﬁ%\o?l}duc %enlpf“gg aﬁlén?lmer%@flﬁ%ﬁ?cl ay, and conbi nations
thereof. 17. A material in accordance with C aim 15 wherein said

el ectrically-conductive nedia is selected fromthe group consisting

carbon bl ack, met &p- poﬁd@}*@raéwbaieé@@ﬁmaﬂv@R@iuctW%pa%ﬁﬂategmt%rlaladeJSiehlablfiﬁflmgn
oxd de. 18 of WIBIGRE. pdimBRGOEARREE 1l ch bl B ke HORY Bl DS ol hted
organi c pol yner 1 e group consi Stih po yetch ene glyco
pol yvi nyl al cohptisingaehingral spbardmimpwmlﬂﬁe fokmnaidesni @dctmcrallgmmdmemamd h
Cla|m15wher$ %‘sald bi nder .i s an aque 0. Amaterial in
accordance wPthFrRY 9iths u5tagsaf said mingr S&Eﬁ%@y @an Phcl udes sodium silicate.
21. A material in accordance with Caim15 wherein said conductive nedia is
present at between about 2% and about 25% of the wei ght of said

wol | astonite, andléai dA miamdelriniascqmdwemitha@lab@ﬂS\Eé)nreiabsaid minéralraubsttaceiis 35%

of the conbi rslglgct\é\gfrgrrr]lttﬁe g}cou%)%lo%lstgn%noq wotlllastomrttcegalc c%ﬂ:me% ay, cl clzoarg‘ttnggtllotn%
thereof.
17. A material in accordance with Claim 15 wherein said electrically-conductive

media is selected from the group consisting of carbon black, metal powders of copper, nickel,

silver, gold, and indium/tin oxide.

18. A material in accordance with Claim 15 wherein said binder is an organic

polymer selected from the group consisting of polyethylene glycol, polyvinyl alcohol, and

polycarbolane.
19. A material in accordance with Claim 15 wherein said binder is an aqueous gel.
20. A material in accordance with Claim 19 wherein said aqueous gel includes

sodium silicate.

21. A material in accordance with Claim 15 wherein said conductive media is
present at between about 2% and about 25% of the weight of said wollastonite, and said
binder is present at between about 1% and about 35% of the combined weights of said

conductive media and said wollastonite.
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