USOORE40519E
(19) United States
a2 Relssued Patent (10) Patent Number: US RE40.519 E
Fujiki et al. 45) Date of Reissued Patent: Sep. 23, 2008
(54) CONDUCTIVE FLUORO-RESIN 5,352,337 A * 10/1994 Kobayashi et al. .......... 205/617
COMPOSITIONS 5,352,517 A * 10/1994 Cloughetal. ............... 428/357
5,450,065 A * 9/1995 Greenfield .................. 340/584
(75) Inventors: Hironao Fujiki, Takasaki (JP); 5,476,6;2 A : 12/1995 Wessling et al. ............ 252/511
Hiroyasu Hars, Takasali (JP); Kenichi SATSGIS A % 121995 Rosen oo 428354
Fukuda, Takasaki (JP) 5,478,676 A * 12/1995 Turietal. .....ccooe....... 429/234
: 5,656,711 A * 8§/1997 Fukudaetal. ................ 528/15
(73) Assignee: Shin-Etsu Chemical Co., Ltd., Tokyo $837774 A * 111998 Tarumi etal .o 525/104
(IP)
FOREIGN PATENT DOCUMENTS
(21) Appl No.: 10/246,412 FP 0079589 *  §/10873
: JP 133432 *5/1995
(22) Filed: Sep. 19, 2002 P Q.260317 X 10/1996
T _ 3
Related U.S. Patent Documents E 993?23{153 " éﬁgg;
Reissue of: JP 9-316276 * 12/1997
(64) Patent No.: 6,121,359
Tssued: Sep. 19, 2000 OTHER PUBLICATIONS
11;\_11313(11: No.: ;’)9/ 2110;3398 English Abstract for Japan 133432 Dec. 13, 1996.*
Hee. e 1% English Abstract for Japan 8269317 Apr. 7, 1998.*
(30) Foreign Application Priority Data English Abstract for Japan 316276 Dec. 9, 1997.*
Dec. 12, 1997 (IPY ooooeeoeoeeeeeeeeoeeeeeeeeeeee . 0362614 1 nghshAbstract for Japan 316264 Dec. 9, 1997.
. .
(51) Int.Cl. cited by examiner
C08J 5/12 (2006-0;~) Primary Examiner—Nathan M. Nutter
COSK 3/08 (2006.01) (74) Attorney, Agent, or Firm—Millen, White, Zelano,
CO8L 27/14 (2006.01) Branigan, P.C.
(52) US.CL oo, 524/440; 524/506; 524/544;  (57) ABSTRACT
_ _ _ 524/545 A conductive fluoro-resin composition of the addition reac-
(58) Field of Classification Search .................. 524/539, tion curing type is provided comprising (A) a reactive fluori-
o 524/440, 5 (_)65 044, 545 nated polyether compound comprising fluorinated polyether
See application file for complete search history. units and having at least two aliphatic unsaturated hydrocar-
(56) References Cited bon radicals 1n a molecule, (B) a compound having at least

two hydrogen atoms each directly attached to a silicon atom,
(C) a platinum group metal catalyst, and (D) silver particles.
The composition cures 1nto rubbery parts having improved

U.S. PATENT DOCUMENTS

3*??2’? ; é i : 13; ig;g g}agke; al. 23 3/8 5/ éj heat resistance, weather resistance and solvent resistance

4947373 A * 12/1980 Watanabo of al. ... and optionally forming firm bonds to various substrates.
242, atanabe et al. ............. 427774

4,518,524 A * 5/1985 Stoetzer ....cccvvvvnnnenn.n.. 252/514

5,183,594 A * 2/1993 Yoshinaka et al. ..... 252/519.33 30 Claims, No Drawings



US RE40,519 E

1

CONDUCTIVE FLUORO-RESIN
COMPOSITIONS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to conductive polyether based
fluoro-resin compositions which cure into parts having high
conductivity, improved heat resistance, weather resistance
and solvent resistance and optionally forming firm bonds to
various substrates. The compositions are effective i die
bonding of semiconductor devices and mounting of quartz
crystal oscillators.

2. Prior Art

Conductive compositions loaded with silver particles find
major applications in die bonding of semiconductor devices
and mounting of quartz crystal oscillators. The prior art con-
ductive compositions used 1n this field are epoxy resin com-
positions loaded with silver particles.

With the recent advance 1n precision of devices and parts,
however, conductive epoxy resin-based compositions tend to
impose substantial stresses to parts and devices on account
of the ngidity of the epoxy resins and thus have a consider-
able mfluence on the assembly properties. Softer rubbery
conductive materials are thus desirable. Conductive adhe-

stves of the silicone class are proposed, for example, 1n JP-A
133432/19935 corresponding to EP 653,463,

The conductive siloxane composition of this patent expe-
riences a substantial change of conductivity by heat shocks.
The mifluence of low molecular weight compounds on the
surrounding electric parts 1s of concern, which 1s another
drawback of the siloxane composition. There 1s a desire to
have conductive materials of higher quality.

SUMMARY OF THE INVENTION

We have found that when a fluorinated polyether compo-
sition of the type curing through hydrosilylation reaction
comprising (A) a reactive fluorinated polyether compound
comprising fluorinated polyether units and having at least
two aliphatic unsaturated hydrocarbon radicals in a
molecule, (B) a compound having at least two hydrogen
atoms each directly attached to a silicon atom, and (C) a
platinum group metal catalyst 1s further blended with (D)
silver particles, there 1s obtained a conductive fluoro-resin
composition which cures into parts having improved
conductivity, heat resistance, weather resistance and solvent
resistance and optionally forming firm bonds to various
substrates, which satisfies the requirements for the advanced
precision parts, and which 1s effective in die bonding of
semiconductor devices and mounting of quartz crystal oscil-
lators.

Component (D) used 1s preferably silver particles contain-
ing at least 10% by weight of dendrite (treelike) or tlake
shaped silver particles based on the loading of the silver
particles. More preferred are silver particles, especially flake
shaped silver particles, which have been surface treated with
an organopolysiloxane or fluormnated polyether compound.
By blending specific silver particles, the conductive tluoro-
resin composition 1s further improved in that the rnisk of

CH,=—=CH— (X), —CF—(0—CF,—CF),— O
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undercure 1s eliminated and the separation with time of sil-
ver particles 1s prohibited.

The mvention provides a conductive fluoro-resin compo-
s1t1on comprising
(A) 100 parts by weight of a reactive fluorinated polyether
compound comprising fluorinated polyether units and
having at least two aliphatic unsaturated hydrocarbon
radicals 1n a molecule,

(B) a compound having at least two hydrogen atoms each
directly attached to a silicon atom 1n a sufficient amount
to give 0.4 to 10 equivalents of the silicon atom-
attached hydrogen atoms relative to the aliphatic unsat-
urated hydrocarbon radicals in component (A),

(C) a sullicient amount of a platinum group metal catalyst
to promote reaction between components (A) and (B),
and

(D) 50 to 2,000 parts by weight of silver particles.
DETAILED DESCRIPTION OF THE INVENTION

Component (A) of the conductive fluoro-resin composi-
tion according to the invention is a reactive fluorinated poly-
cther compound comprising fluorinated polyether units and
having at least two aliphatic unsaturated hydrocarbon radi-

cals in a molecule. It 1s a base polymer of the composition of
the mvention.

In the reactive tluorinated polyether compound (A), the
fluorinated polyether units are preferably of the following
structural formula (1):

—(R1—0),— (1)

wherein R{ 1s a straight or branched chain perfluoroalkylene
radical having 1 to 6 carbon atoms, and q 1s an integer of 1 to
500.

In formula (1), Rf 1s a straight or branched chain pertluo-
roalkylene radical having 1 to 6 carbon atoms, preferably 1
to 3 carbon atoms. Illustrative examples of the —RI—0O—

radical include —CF,O—, —CF,—CF,—0O—, —CF,—
cCF,—CF,—O—, —CF,—CF,—CF,—CF,—0—,
—CF,—CF,—CF,—CF,—CF,—0—, —CF(CF;)—
CF,—0O—, and —CF(CF;),—0O—. There may be included

such recurring units of one or more than one type. Letter q 1s
an mteger of 1 to 500, preferably 2 to 400, more preferably
10 to 200.

The aliphatic unsaturated hydrocarbon radicals are prefer-
ably alkenyl radicals having 2 to 8 carbon atoms, for
example, vinyl, allyl, propenyl, isopropenyl, butenyl,
hexenyl, and cyclohexenyl, preferably those radicals termi-
nated with a CH,—CH— structure, with the vinyl and allyl
being most preferred.

While the reactive fluorinated polyether compound should
have at least two aliphatic unsaturated hydrocarbon radicals
in a molecule, the aliphatic unsaturated hydrocarbon radicals
may be attached to both ends of the backbone of a linear
fluoropolyether compound directly or via other atoms or
groups or to an itermediate of the molecule. It 1s preferred
in view ol curability and cured properties that the aliphatic
unsaturated hydrocarbon radicals be directly or indirectly
attached to both ends of the backbone of a linear or branched
fluoropolyether compound.

Typical examples of the reactive fluorinated polyether
compound are compounds of the following general formula

(2).

Formula (2)

(CFy);—0— (CF—CF,—0),— CF—(X), —CH=CH,

CF; CF;
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In formula (2), X 1s independently —CH,—, —CH,O— an iteger of 2 to 6, m and n are independently 1ntegers of 0
or —Y—NR—CO— whereinY 1s —CH,— or to 200, preferably 5 to 100.
Desirably, the reactive fluorinated polyether compounds
CH; of formula (2) have a number average molecular weight of
‘, / Y 5 about 400 to about 100,000, especially about 1,000 to about
Tl ) 50,000. Although the compounds of formula (2) are linear
CH, — polymers, the recurring units —RI—O— may be either
straight or branched, and branched compounds are accept-
able as component (A).
(inclusive of o, m and p-positions), R 1s hydrogen, methyl, Ilustrative examples of the reactive fluorinated polyether
aphenyl or allyl, letter p 1s independently equal to O or 1, 1 1s compound of formula (2) are given below.

CH,=—CH— CF(OCF,CF),,—0—CF,CF,— O— (CFCF,0),—CF— CH=—CH,

CF;  CF, CF; CF;
CH,=—CHCH,0CH,— CF(OCF,CF),,—0— CF,CF,—0— (CFCF,0),— CF—CH,0OCH,CH=CH,

CF;  CFs CF; CF;
CH,=—=CHCH,NHCO— CF{OCF,CF),,— O0—CF,CF, —0— (CFCF,0),— CF—CONHCH,CH=CH,

CF; CF; CF; Chj
CH; CH;

CH,=—=CHCH,N— CO— CF(OCF,CF),—0O—CF,CF,—0O (CFCEF,0)y— CF—CO— NCH,CH=—=CH,

CF; CF; CF; CF3

CH,=—CHCH, —N—CO—CF(OCF,CF),—0—CF,CF,— 00— (CFCF,0),—CF—CO—N—CH,CH=CH,

CF; CF; Clj Ck3
CH;
CH2=CH—éi Q NHCO—CF(OCF,CF),— O—CF,CF,— 00— (CFCF,0),— CF— CONH——
(|2H3 (‘3133 (‘3F3 (‘2F3 (‘2133
CH;
éi—CH=CH2
i,
CH;

CH,=—CH—Si—— —— NHCO—CF(OCF,CF),—0—CF,CF,—0— (CFCF,0), —CF—CONH —

‘ @ | | | |

CH; CF3 CF; CF3 Chs
(‘\ CH,
(L1
-
CH; CH; CH;
CH2=CH—éi N—CO-CF(OCFZCF)H—O—CFECFZ—O—(CFCFZO)H—CF—(II)—N—
(‘2H3 (‘m (|3F3 (‘3F3 (‘ng

Si—CH=CH,

CH;
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In the formulas, m and n are independently mtegers of 0 to
250, preterably 10 to 200.

The linear fluoropolyether compound may be adjusted to
a desired molecular weight for a particular purpose. For
example, addition reaction by hydrosilylation 1s effected
between a linear fluorinated polyether compound having
alkenyl radicals only at both ends of 1ts molecular chain and
an organic silicon compound such as an organopolysiloxane
having two SiH radicals within 1ts molecule (typically at
both ends of 1ts molecular chain). The resulting chain-
extended product (such as a fluorinated polyether-siloxane
block copolymer having fluorinated polyether moieties at
both ends) may be used as component (A).

Component (B) 1s a compound having at least two hydro-
gen atoms each directly attached to a silicon atom, that 1s, at
least two S1H radicals, pretferably at least three S1H radicals.
Since component (B) serves as a crosslinking agent, it may
be any of compounds having SiH radicals capable of
hydrosilylation reaction with aliphatic unsaturated hydrocar-
bon radicals 1n component (A) 1n the presence of the plati-
num group metal catalyst (C), for example, organohydro-
genpolysiloxanes having unsubstituted or fluorine-
substituted monovalent hydrocarbon radicals or
perfluoropolyether-containing hydrocarbon radicals as
monovalent substituents (organo radicals) on silicon atoms,
hydrosilyl radical-containing perfluoro hydrocarbon
compounds, and hydrosilyl radical-containing perfluo-
ropolyether compounds. Most often, organohydrogenpolysi-
loxanes which are commonly employed in reaction of orga-
nopolysiloxanes are conveniently used. For the
compatibility with component (A), low molecular weight
organohydrogenpolysiloxanes and cyclic organohydrogen-
polycyclosiloxanes having about 2 to about 10 silicon atoms,
especially about 3 to about 5 silicon atoms are preferable
where the monovalent substituent (or organo radical)
attached to a silicon atom 1s an unsubstituted monovalent

hydrocarbon radical free of a fluorine-substituted hydrocar-
bon radical.

H O

N—C—CFOCF,CFOC;k5
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The unsubstituted monovalent hydrocarbon radicals may
be those having 1 to about 12 carbon atoms, preferably those
having 1 to about 8 carbon atoms and free of an aliphatic
unsaturated bond, for example, alkyl radicals such as
methyl, ethyl, propyl, 1sopropyl, butyl, isobutyl, tert-butyl,
hexyl, cyclohexyl, and octyl, alkenyl radicals such as vinyl,
allyl, propenyl, and butenyl, aryl radicals such as phenyl,
tolyl, xylyl, and naphthyl, and aralkyl radicals such as phe-
nylethyl and phenylpropyl. The fluorine-substituted
monovalent hydrocarbon radicals or pertfluoropolyether-
containing hydrocarbon radicals include pertluoroalkyl radi-

cals having 1 to 12 carbon atoms as well as monovalent
radicals of the following formulas.

CF;—tCF, Ot CH 5T
CgF?O(‘?F—&CFgo(‘?Fﬂ;&Oﬁ?&CHg—)T
CF; CF;
a. an integer of 0 to 9
b.O0orl
c.2or3
d. an integer of 0 to 5
Q. — N—C , = N—(C—— , —N—C or
|l |l |l
CHy O CiHy O CqHs O
|
H O

When high molecular weight siloxanes are used, they are
preferably modified with fluorine compounds for improving
the compatibility with component (A). Other preferred Si1H
sources are perfluoropolyether and perfluoropolyalkylene
compounds having SiH radicals at the ends of their back-
bone.

[llustrative examples of the compound (B) are given
below. Note that Me 1s methyl and Ph 1s phenyl.

Ph O

N—C—CFOC3E4

Me(‘:‘)

N_C_CTFB

P‘I (CHy)3 CF;  Ch3 P‘I (CHj)3 ClE3 P‘I (CHj)3
| | |
(810)3—T10— (810)3—?0— (SiO)g—TiO—
| | |
Me Me Me Me Me Me
1l
I*‘J C TFOCF2CFOC3F? THz—(‘?FOCFECFO(igF? (‘3H2—C3H1?
| |
}‘I C;H, (CH,; CF;  CF, }‘1 CH, CF; CF; }‘1 CH,
| |
(SiO)g—TiO—TiO— (Si0);—Si0— (Si0); —Si0—
| | |
Me Me Me CHs; CH; CHj CH;
Me O
Ph O |
e o |l N—C—C+F
| N—C—CFOC;F; | i
T—C—TFOCFZCFOCFZCFOQF; | | o )
| | 2/3
H (CH,); CF; CF; CF, }‘I (TH2)3 h3 é'o B
| | (Si0), —Si0, — (‘1 Y
—— (Si0);—Si0— | | Ve v
| ‘ Me Me
Me Me
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-continued
(CH3)z

CH O

N—C—CFOCF,CFOC;F;

H (CH>)s Chj CFE3
— (;i0)3 — 510/
I\l/Ie Me
Me Me
S— CHgCHgILi l‘SiC H>CHy—S
hlde H O O H P“/IB
O I!J—!l— (CFOCFZ)H(CFg(]CF)m—ll—I!J
(‘3133 (‘jF3
S:
H Ph O O  Ph
(éiO)g—SiO— S— (CHz)g_IL ll (CFOCE,),(CEF>,OCE),, (l I!J— (CHy)3—>S
hl/Ie Me (LF3 (LF3
n+m =2-50
S:
H O Me Me H Me Me O
(éiO)g —510 C3H7,OCEFCEF,OCE g I'L (CHp)3—S10— (é 10)p— 10— (CHas)3 T‘J ll CFOCLE,CFOC3b7
hl/Ie Me (LF3 (LF3 Me Plle Me (LF3
'n = 3-50
n+m = 2-50
Ph O
N— ll — CFOCFE,CFOC3b7
CH, (‘?F3 (|?F3
CH, CH, —CFOCFEF,CFOC;F-
H CH H (LH; (‘ng (|3F3
MeﬁiO(éiO)ﬂéiOSiM@ MqSiO(éiO)néiOSiM@
I\‘/Ie I\‘/Ie hl/[e hl/[e
n =3-50 n =3-50

(B) blended 1s to give 0.4 to 10
equivalents (mol/mol) of the silicon atom-attached hydrogen
atoms (that 1s, SiH radicals) relative to the aliphatic unsatur-
ated hydrocarbon radicals in component (A), preferably 0.8
to 5 equivalents (mol/mol) of the SiH radicals.

Component (C) 1s a platinum group metal catalyst which
may be selected from platinum group transition metals and
compounds thereof which are conventionally employed 1n
hydrosilylation reactions. Exemplary platinum group transi-
tion metals are platinum group metals such as Pt, Rh, and Pd.
Exemplary platinum group metal compounds include chlo-
roplatinic acid, modified complexes of chloroplatinic acid
with olefins, modified complexes of chloroplatinic acid with
alcohols, modified complexes of chloroplatinic acid with
vinylsiloxanes, RhCly, Rh(CH;COCHCOCH;);, Rh(PPh;),
Cl, Rh(PPh,),Br, Rh (ACO) , wherein Ac 1s acetyl, Rh
(PPh3)2(CO)Cl Rh(n —C -H)Cl, Rh(CH;COCHCOCH,)
(CO),, Rhy(CO), 5, Rh(CO), 6, Rh(PPh;);(CO)H, (NH,),
PdCl,, (NH,),PdCl,, Pd(CH,COCHCOCH,),, Pd(PhCN),
Cl,, Pd(PPh;),Cl,, and Pd(PPh,)..

Also usetul as component (C) are platinum group metal

compounds enclosed or microcapsulated 1n silicone resins

The amount of component

50

55

60

65

having a melting or softening point of 40 to 150° C. (which
are organosiloxane resins of three-dimensional network
structure containing trifunctional siloxane units and/or S10,
units ), thermoplastic resins, and organic compounds having
unsaturated bonds.

The amount of the platinum group metal catalyst (C)
added 1s a catalytic amount sufficient to promote addition
reaction or hydrosilylation between components (A) and
(B), thereby causing the composition to cure. Usually, the
platinum group metal catalyst (C) 1s used 1n an amount to
give about 1 to about 2,000 parts, especially about 5 to about
200 parts by weight of platinum group metal per million
parts by weight of the composition (that 1s, components (A),
(B), and (D) combined).

Component (D) 1s silver particles for imparting electric
conductivity to the composition of the mvention. Although
the type of silver particles 1s not critical, reduced silver

particles, electrolytic silver particles, and atomized silver
particles are preferred.

The reduced silver particles are prepared by adding a
reducing agent such as hydrazine, formaldehyde or ascorbic
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acid to an aqueous solution of silver nitrate for reducing the
silver salt, obtaining particulate silver. Especially preferred
are reduced silver particles having a NH," content of no
more than about 10 ppm and a SO,”~ content of no more
than about 5 ppm.

The electrolytic silver particles are prepared by effecting
clectrolysis 1n an aqueous solution of silver mitrate, whereby
dendrite silver precipitates on the cathode. The purity and
other attributes of silver particles can be adjusted by select-
ing electrolytic conditions. Especially preferred are electro-
lytic silver particles having a NH," content of no more than

about 10 ppm and a SO, content of no more than about 5
ppm.

The atomized silver particles are prepared by heating sil-
ver at or above 1,000° C. and atomizing the silver melt into
water or ert gas. Silver 1s obtained 1n particle or irregular
shape.

No particular limit 1s imposed on the size of silver par-
ticles although a mean particle size of 0.1 to 10 um, espe-
cially 0.5 to 8 um 1s preferred. The mean particle size 1s, for
example, a weight average value (or median diameter) as
determined by a particle size distribution meter using laser
beam diffraction.

No particular limit 1s imposed on the shape of silver par-
ticles. Any one of granular, spherical, dendrite (or treelike),
flake and 1rregular shapes or a mixture thereof 1s acceptable.
Where the conductive composition of the mvention 1s used
in the absence of solvents, silver particles containing at least
10% by weight, especially 20 to 100% by weight of dendrite
or flake shaped silver particles, especially tlake shaped silver
particles, based on the weight of the silver particles are pret-
erably used 1n order that the composition exhibit high con-
ductivity. If the proportion of dendrite or flake shaped silver
particles 1s less than 10% by weight of the entire silver
particles, the composition would become insuificiently con-
ductive and unstable.

One preferred embodiment of the mvention uses silver
particles, especially flake shaped silver particles, which have
been surface treated with an organopolysiloxane or fluori-
nated polyether compound. It 1s noted that the flake shaped
silver particles are usually prepared by milling and rolling
silver particles along with a surface treating agent (or wetter)
and an optional organic solvent in a well-known milling
means such as a stamp mill, ball mill, vibrating mill, ham-
mer mill, roller mill or mortar.

In the preferred embodiment of the invention, organopol-
ysiloxanes or fluorinated polyether compounds are used as
the surface treating agent for the silver particles. Blending of
such surface treated silver particles in the fluorinated poly-
cther composition of the addition reaction curing type 1is
elfective for eliminating the risk of undercure and preventing
the silver particles from separating out with the lapse of
time.

In the prior art, tlake silver particles are treated with suit-
able agents, generally known as wetters. Examples of such
surface treating agents include saturated or unsaturated
higher fatty acids such as lauric acid, myristic acid, palmitic
acid, stearic acid, oleic acid, arachidic acid and behenic acid,
metal soaps such as aluminum laurate, aluminum stearate,
zinc laurate, and zinc stearate, higher aliphatic alcohols such
as stearyl alcohol, esters of higher aliphatic alcohols, higher
aliphatic amines such as stearyl amine, higher aliphatic
amides, and polyethylene wax, alone or mixtures of two or
more. We found that when silver particles are treated with
the above-mentioned surface treating agent, about 0.1 to 3%
by weight of the agent i1s left even after washing with a
solvent. When silver particles with some surface treating
agent left are blended i1n a fluorinated polyether composition
of the addition reaction curing type, there can arise the prob-
lems of undercure and segregation with time of silver par-
ticles. The present invention overcome these problems by
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10

using an organopolysiloxane or fluorinated polyether com-
pound as the surface treating agent for tlake silver particles
and thus offers a conductive fluoro-resin composition of
higher quality.

Examples of the organopolysiloxane compounds which
can be used as the surface treating agent include

low viscosity (liquid) to gum-like diorganopoly-siloxanes

such as
both end trimethylsiloxy-blocked
dimethylpolysiloxane,

both end trimethylsiloxy-blocked dimethylsiloxane-
methylvinylsiloxane copolymers,

both end trimethylsiloxy-blocked dimethylsiloxane-
methylphenylsiloxane copolymers,

both end trimethylsiloxy-blocked dimethylsiloxane-
diphenylsiloxane copolymers,

both end trimethylsiloxy-blocked
methylhydrogenpolysiloxane,

both end trimethylsiloxy-blocked dimethylsiloxane-
methylhydrogensiloxane copolymers,

both end silanol-blocked dimethylpolysiloxane,

both end silanol-blocked dimethylsiloxane-
methylvinylsiloxane copolymers,

both end silanol-blocked dimethylsiloxane-
methylphenylsiloxane copolymers,

both end silanol-blocked dimethylsiloxane-
diphenylsiloxane copolymers,

both end silanol-blocked methylhydrogenpolysiloxane,

both end silanol-blocked dimethylsiloxane-
methylhydrogensiloxane copolymers,

both end dimethylvinylsiloxy-blocked
dimethylpolysiloxane,

both end dimethylvinylsiloxy-blocked
dimethylsiloxane-methylvinylsiloxane copolymers,

both end dimethylvinylsiloxy-blocked
dimethylsiloxane-methylphenylsiloxane
copolymers,

both end dimethylvinylsiloxy-blocked

dimethylsiloxane-diphenylsiloxane copolymers,
both end  divinylmethylsiloxy-blocked
dimethylpolysiloxane,
both end trivinylsiloxy-blocked dimethylpolysiloxane,
both end dimethylhydrogensiloxy-blocked
dimethylpolysiloxane,
both end dimethylhydrogensiloxy-blocked
methylhydrogenpolysiloxane, and
both end dimethylhydrogensiloxy-blocked
dimethylsiloxane-methylhydrogensiloxane copoly-
mers; and
silicone resins of three-dimensional network struc-
ture such as
silicone resins comprising R,S10,,, and S10,,,
units,
s1licone resins comprising RS10;,, units,
silicone resins comprising R,S10,,, and RS10;,,
units, and
s1licone resins comprising R,S10, ., RS10,,, and
S10,,, units,
wherein R represents hydrogen or unsubstituted
or fluorine-substituted monovalent hydrocar-
bon radicals such as methyl, propyl, vinyl,
phenyl, and trifluoropropyl.

Preferred of these organopolysiloxanes are hydrosilylated
organopolysiloxanes each having at least one hydrogen atom
directly attached to a silicon atom (i.e., S1H).

Further desirably, the organopolysiloxane used herein

contains up to 500 parts, especially O to 100 parts by weight
of non-functional low molecular weight siloxane com-
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pounds having 3 to 10 silicon atoms (oligomers of 3 to 10
monomer units), as typified by cyclic polysiloxanes
(especially, cyclic dimethylsiloxane oligomers of 3 to 10
monomer units), per million parts by weight of the organop-
olysiloxane. If the content of low molecular weight siloxane
compounds exceeds 500 ppm, the so-called silicone low
molecular weight problem can arise because the conductive
composition of the mvention 1s mtended for use in electric
and electronic parts, for example.

The organopolysiloxane desirably has a viscosity of 50 to
100,000 centistokes (cs) at 25° C., especially 100 to 5,000 cs

at 25° C.

The fluorinated polyether compounds which are used as
the surface treating agent are commercially available, for
example, under the trade name of Krytox from E. I. dupont,
Fomblin and Garden from Auslimont, and Demnum from
Daikin Industry K. K. These fluids are generally non-
reactive although they can be fluorinated polyether com-
pounds having reactive radicals such as vinyl, hydrosilyl or
hydroxyl within their molecule like component (A).

The amount of the surface treating agent used 1s usually
0.001 to 5% by weight, preferably 0.1 to 3% by weight based
on the silver particles to be treated therewith. Less than
0.001% of the surface treating agent would allow primary
particles of silver to agglomerate. If more than 5% of the
surface treating agent 1s used, compositions loaded with the
treated silver particles would become less conductive and
give rise to o1l bleeding.

In surface treating silver particles with the surface treating
agent, an organic solvent may be used as a medium or clean-
ing agent. Such organic solvents are not critical. Use may be
made of alcoholic organic solvents such as methanol,
cthanol, 1sopropanol, butanol, and ethyleneglycol; aliphatic
organic solvents such as hexane, heptane, and octane; alicy-
clic organic solvents such as cyclohexane and cyclooctane;
aromatic organic solvents such as toluene and xylene; ketone
organic solvents such as acetone, methyl ethyl ketone, and
methyl 1sobutyl ketone; ester organic solvents such as ethyl
acetate and carbitol acetate; and fluorochemical solvents
such as C,F,,, CiF,,, C,F,OCH,, C,F,OC,H,, 2-n-
nonatluorobutyl-tetrafluorofurane, tris(n-nonafluorobutyl)
amine, m-xylene hexafluoride, p-xylene hexatluoride, and
benzotritluonde.

The amount of silver particles (D) added 1s 50 to 2,000
parts, preferably 100 to 1,800 parts by weight per 100 parts
by weight of component (A). Compositions with less than 50
parts of silver particles are not fully conductive whereas
more than 2,000 parts of silver particles can alleviate the
binding effect of curable compositions, resulting 1n brittle
cured products.

In addition to components (A) through (D), any of con-
ventional well-known additives may be added to the compo-
sition of the mvention msofar as the objects of the invention
are not impaired. Such additives include agents for control-
ling hydrosilylating reaction catalysts such as acetylene
alcohols, for example, 1-ethyl-1-hydroxycyclo-hexane,
3-methyl-1-butyn-3-0l, 3,5-dimethyl-1-hexyn-3-ol,
3-methyl-1-pentyn-3-0l, and phenylbutynol; 3-methyl-3-
penten-1-yne and 3,5-dimethyl-3-hexen-1-yne; tackifiers (or
adhesive agents) such as organosilanes or organo(poly)
siloxanes containing in a molecule at least one radical
selected from alkoxy, epoxy, acryloxy, methacryloxy, acid
anhydride and SiH radicals (tackifiers having fluoro-
modified radicals in a molecule are preferable since it 1s
desired that the tackifiers be compatible with component
(A)); pigments such as iron oxide, cerium oxide and carbon
black; coloring agents, pigments, and antioxidants. These
optional additives may be added in conventional amounts as
long as the objects of the invention are not impaired.

Depending on a particular application, the composition of
the invention may be formulated as a one-part formulation
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wherein essential components (A) through (D) are handled
as one part, or as a two-part formulation wherein compo-
nents (A), (C) and (D) form one part and components (A),
(B) and (D) form another part, which parts are mixed on use.

Alternatively, the composition can be used after dissolv-
ing and diluting it in a solvent. The solvent 1n which compo-
nent (A) 1s soluble 1s preferred. Examples include fluoro-
chemical solvents such as C,F,,, C/F,s, C,F,OCH,,
C,F,OC,H., 2-n-nonatluorobutyl-tetrafluorofurane, tris(n-
nonafluorobutyl)amine, m-xylene hexafluoride, p-xylene
hexafluoride, and benzotrifluoride.

The conductive fluoro-resin composition of the mvention
readily cures when 1t 1s allowed to stand at room temperature
or heated. Preferably the composition 1s cured by heating at
room temperature (e.g., 5 to 35° C.) to 200° C. for 1 minute
to 24 hours. The composition cures mto conductive rubber
having improved properties.

There have been described conductive fluoro-resin com-
positions which cure into rubbery parts having high
conductivity, improved heat resistance, weather resistance
and solvent resistance and forming firm bonds to various
substrates of glass, aluminum, polyesters, epoxy resins or
the like. The compositions find effective use 1n die bonding
of semiconductor devices and mounting of quartz crystal
oscillators.

EXAMPL

L1

Examples of the invention are given below by way of
illustration and not by way of limitation. It 1s noted that the
viscosity 1s a measurement at 25° C., and Me 1s methyl. All
parts are by weight.

Example 1

To 100 parts of a fluorinated polyether polymer of the
following formula (3) (viscosity 4,400 cs, number average
molecular weight 16,500, vinyl content 0.013 mol/100 g)
was added 800 parts of spherical atomized silver (mean par-
ticle size 0.2 um). Then 2.7 parts of a fluorinated hydroge-
nated siloxane of the following formula (4) as a crosslinking,
agent, 0.5 part of a 50% toluene solution of ethynyl
cyclohexanol, 1.0 part of a tackifier of the following formula
(5), and 10 parts of m-xylene hexafluoride were added. After
the ingredients were uniformly agitated, 0.2 part of a 1,3-
divinyl-1,1,3,3-tetramethydisiloxane complex of chloropla-
tinic acid (platinum concentration 1.0 wt %) was added to
the mixture and thoroughly mixed therewith. The mixture
was cast on a Teflon-coated support. After the solvent vola-
tilized off, the coating was heat cured at 120° C. for one hour
into a sheet of about 1 mm thick. The sheet was measured for
volume resistivity, finding a value of 3x107> Q-cm.

Separately, the composition was applied dropwise onto
supports ol glass, aluminum, polyester and epoxy resin.
After the solvent volatilized off, the coating was heat cured
at 120° C. for one hour, establishing satisfactory bonds to all
the supports.

(3)
H3C CH;
CHQ—CHSl SiICH=CH,
‘O
Rf? —&CFOCFE-)—&CFZOCFﬁ—
CF3 CF3

n +m =97 (average)
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-continued
(4)
oL
C3F?O(|3FOCH2CF-&CHzﬁ??iO-&[?iOﬁ:?i—&CHﬁ—z(liFCon(liFOQF? 5
|
CF;  CF, CH; CH; CHs CF; CF;
x=28
| &)
CH3 CH2CHZSI(OCH3)3
\/ 10
S1
/ \
H O O ;
\ / \ /
S1 S1
/ \ / \
CH, o\ /0 (CH,~0OCH,CH—CH, 15
Si O
/ \
H CH;

20

Example 2

To 100 parts of a fluorinated polyether polymer of the
following formula (6) (viscosity 12,200 cs, number average
molecular weight 16,000, vinyl content 0.013 mol/100 g)
were added 46.3 parts of a compound of the following for-
mula (7) as a crosslinking agent, 1.0 part of a compound of
the following formula (8) as a tackifier, 800 parts of
dimethylsiloxane-treated, flake-shaped silver particles pre-

25

R:

—6(‘3FOCF2-)T6 CFgO(‘?Fﬁ?

CF; CF;

n+m = 94 (average)

Me

SCH,CH,Si

Me H O
|
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pared by the procedure described below, 0.5 part of a 50%
toluene solution of ethynyl cyclohexanol, and 1.0 part of a
tackifier of above formula (5). After the ingredients were
uniformly agitated, 0.2 part of a 1,3-divinyl-1,1,3,3-
tetramethydisiloxane complex of chloroplatinic acid
(platinum concentration 1.0 wt %) was added to the mixture
and thoroughly mixed therewith. The mixture was cast on a
Teflon-coated support and heat cured at 120° C. for one hour
into a sheet of about 1 mm thick. The sheet was measured for
volume resistivity, finding a value of 1x10™> Q-cm.

Separately, the composition was applied dropwise onto
supports ol glass, aluminum, polyester and epoxy resin.
After the solvent volatilized off the coating was heat cured
at 120° C. for one hour, establishing satisfactory bonds to all
the supports.

Preparation or Dimethylsiloxane Treatment of Silver
Particles

Reduced silver powder particles having a mean particle
s1ze ol 0.8 um were milled, rolled and surface treated 1n a
ball mill using as a lubricant a linear dimethylpolysiloxane
blocked with trimethylsilyl at each end of its molecular
chain, having a viscosity of 5,000 cs at 25° C. and containing
150 ppm 1n total of non-functional low molecular weight
cyclic siloxanes (cyclic dimethylsiloxanes) 1n the form of
oligomers of 3 to 10 monomer units. The treated silver pow-
der was washed with toluene, obtaining flake-shaped silver
powder having a mean particle size of 5 um.

(6)
Me

SlCH—CH2

/s

(/)
Me

SlCHzCHZS

O /Mﬂ
|

Qr‘qc

H

(S10)3—

Me

S10—

Me

n +m = 32(average)

CFOCF,—tCF,0CF5—C

CF; CF;
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-continued
Ll
Me  (CHz)— N—C—CFOCF,CFOC;F,
\/ | |
H O/Sl\ (CH5-Si ((:)MCT3 -
1 o
\ / \ / 2 3
S1 S1
/ \ / \
Me O O Me
\ /
S1
/ \
Me H

Example 3

To 100 parts of the fluorinated polyether polymer of for-
mula (6) (viscosity 12,200 cs, number average molecular
weight 16,000, vinyl content 0.013 mol/100 g) were added
46.3 parts of the compound of formula (7) as a crosslinking
agent, 1.0 part of the compound of formula (8) as a tackifier,
800 parts of hydrogenated siloxane-treated, flake-shaped sil-
ver particles prepared by the procedure described below, 0.5
part of a 50% toluene solution of ethynyl cyclohexanol, and
1.0 part of the tackifier of formula (5). After the ingredients
were uniformly agitated, 0.2 part of a 1,3-divinyl-1,1,3,3-
tetramethydisiloxane complex of chloroplatinic acid
(platinum concentration 1.0 wt %) was added to the mixture
and thoroughly mixed therewith. The mixture was cast on a
Tetlon-coated support and heat cured at 120° C. for one hour
into a sheet of about 1 mm thick. The sheet was measured for
volume resistivity, finding a value of 4x10™> Q-cm.

Separately, the composition was applied dropwise onto
supports ol glass, aluminum, polyester and epoxy resin.
After the solvent volatilized off, the coating was heat cured
at 120° C. for one hour, estabhshmg satisfactory bonds to all
the supports.

Preparation or Hydrogenated-siloxane Treatment of
Silver Particles

In a flask, 1,200 g of a hydrogenated siloxane, 1,3,5,7-
tetrahydro-1,3,5,7-tetramethylcyclotetrasiloxane and 132 g

of 1,1,3,3-tetramethyldisiloxane were mixed, to which 1 g of

fuming sulfuric acid was added as a catalyst. Agitation was
continued at 25° C. for 24 hours. Thereafter, 5 g of sodium
hydrogen carbonate was added to the mixture, which was
filtered. A fraction was distilled off at 80° C. and 1 mmHg,
collecting methylhydrogenpolysiloxane having a viscosity
of 15 c¢s. Gas chromatography confirmed that this polysilox-
ane was iree of non-functional low molecular weight silox-
anes (cyclic dimethylsiloxanes).

Reduced silver powder particles having a mean particle
s1ze ol 0.8 um were milled, rolled and surface treated 1n a
ball mill using the hydrogenated polysiloxane as a lubricant.
The treated silver powder was washed with toluene, obtain-
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Example 4

To 100 parts of the fluorinated polyether polymer of for-
mula (6) (viscosity 12,200 cs, number average molecular
weight 16,000, vinyl content 0.013 mol/100 g) were added
46.3 parts of the compound of formula (7) as a crosslinking
agent, 1.0 part of the compound of formula (8) as a tackifier,
800 parts of fluorinated polyether-treated, flake-shaped sil-
ver particles prepared by the procedure described below, 0.5
part of a 50% toluene solution of ethynyl cyclohexanol, and
1.0 part of the tackifier of formula (5). After the ingredients
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(8)

were uniformly agitated, 0.2 part of a 1,3-divinyl-1,1,3,3-
tetramethydisiloxane complex of chloroplatinic acid
(platinum concentration 1.0 wt %) was added to the mixture
and thoroughly mixed therewith. The mixture was cast on a
Tetlon-coated support and heat cured at 120° C. for one hour
into a sheet of about 1 mm thick. The sheet was measured for
volume resistivity, finding a value of 8x10™* Q-cm.

Separately, the composition was applied dropwise onto
supports ol glass, aluminum, polyester and epoxy resin.
After the solvent volatilized off, the coating was heat cured
at 120° C. for one hour, establishing satisfactory bonds to all
the supports.

Preparation or Fluorinated-polyether Treatment of
Silver Particles

Reduced silver powder particles having a mean particle
s1ize ol 0.8 um were milled, rolled and surface treated 1n a
ball mill using FOMBLIN-YR as a lubricant. The treated
silver powder was washed with m-xylene hexafluoride,
obtaining flake-shaped silver powder having a mean particle
s1ize of 5 um. FOMBLIN-YR was a linear perfluoropolyether
fluid having a number average molecular weight of 6,250
and a viscosity of 1,500 cs at 20° C. commercially available
from Auslimont. Its structural formula 1s given below.

CF;—[(0—CF—CF,);— (0 —CF,),,]— O— CF;

CF3

Retference Example 1

To 100 parts of the fluorinated polyether polymer of for-
mula (6) (viscosity 12,200 cs, number average molecular
weight 16,000, vinyl content 0.013 mol/100 g) were added
46.3 parts of the compound of formula (7) as a crosslinking
agent, 1.0 part of the compound of formula (8) as a tackifier,
800 parts of fatty acid-treated, flake-shaped silver particles
prepared by the procedure described below, 0.5 part of a
50% toluene solution of ethynyl cyclohexanol, and 1.0 part
of the tackifier of formula (5). After the ingredients were
uniformly agitated, 0.2 part of a 1,3-divinyl-1,1,3,3-
tetramethydisiloxane complex of chloroplatinic acid
(platinum concentration 1.0 wt %) was added to the mixture
and thoroughly mixed therewith. The mixture was cast on a
Tetlon-coated support and heated at 120° C. for one hour, but
the desired rubber sheet was not obtained owing to the hin-
dered curing by the fatty acid.

Preparation or Fatty Acid Treatment of Silver
Particles

Reduced silver powder particles having a mean particle
s1ize ol 0.8 um were milled, rolled and surface treated 1n a
ball mill using lauric acid as a lubricant. The treated silver
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powder was washed with toluene, obtaining flake-shaped sil-
ver powder having a mean particle size of 5 um.

Retference Example 2

To 100 parts of the fluorinated polyether polymer of for-
mula (6) (viscosity 12,200 c¢s, number average molecular
weight 16,000, vinyl content 0.013 mol/100 g) were added
46.3 parts of the compound of formula (7) as a crosslinking
agent, 1.0 part of the compound of formula (8) as a tackifier,
800 parts of fatty acid ester-treated, tlake-shaped silver par-
ticles prepared by the procedure described below, 0.5 part of
a 50% toluene solution of ethynyl cyclohexanol, and 1.0 part
of the tackifier of formula (5). After the ingredients were
uniformly agitated, 0.2 part of a 1,3-divinyl-1,1,3,3-
tetramethydisiloxane complex of chloroplatinic acid

10

18

comprises fluorinated polyether units of the following struc-
tural formula (1):

—(R1—0),— (1)

wherein Ri 1s a straight or branched chain perfluoroalkylene

radical having 1 to 6 carbon atoms, and q 1s an 1nteger of 1 to
500.

3. The conductive fluoro-resin composition of claim 1,
wherein the silver particles (D) contain at least 10% by
weight of dendrite or tlake shaped silver particles based on
the loading of the silver particles.

4. The conductive fluoro-resin composition of claim 1,
wherein the reactive fluorinated polyether compound 1s of

the formula (2):

(2)

CH,=—=CH— (X),— CF—(0O— CF;—CF);— O0—(CF,)— O0— (CF—CF,—0),—CF— (X),—CH==CH,

CF; CF;

(platinum concentration 1.0 wt %) was added to the mixture
and thoroughly mixed therewith. The mixture was cast on a
Teflon-coated support and heated at 120° C. for one hour
into a sheet of about 1 mm thick. The sheet was measured for
volume resistivity, finding a value of 3x107° Q-cm.

Separately, the composition was applied dropwise onto

supports ol glass, aluminum, polyester and epoxy resin.
After the solvent volatilized off, the coating was heat cured

at 120° C. for one hour, failing to bond to all the supports.

Preparation or Fatty Acid Ester Treatment of Silver
Particles

Reduced silver powder particles having a mean particle
s1ize ol 0.8 um were milled, rolled and surface treated 1n a
ball mill using ethyl laurate as a lubricant. The treated silver
powder was washed with toluene, obtaining flake-shaped sil-
ver powder having a mean particle size of 5 um.

Japanese Patent Application No. 362614/1997 1s incorpo-
rated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto 1n the light of the above teachings. It 1s therefore to
be understood that within the scope of the appended claims,
the mvention may be practiced otherwise than as specifically

described.
What is claimed 1s:
1. A conductive fluoro-resin composition comprising

(A) 100 parts by weight of a reactive fluorinated polyether
compound comprising fluorinated polyether units and
having at least two aliphatic unsaturated hydrocarbon
radicals 1n a molecule,

(B) a compound having at least two hydrogen atoms each
directly attached to a silicon atom 1n a suificient amount
to give 0.4 to 10 equivalents of the silicon atom-
attached hydrogen atoms relative to the aliphatic unsat-
urated hydrocarbon radicals 1n component (A),

(C) a suflicient amount of a platinum group metal catalyst
to promote reaction between components (A) and (B),
and

(D) 50 to 2,000 parts by weight of silver particles wherein
the silver particles have a NH,* content of no more than
about 10 ppm and a SO.*~ content of no more than
about 5 ppm.

2. The conductive fluoro-resin composition of claim 1,
wherein the reactive fluorinated polyether compound (A)
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CF; CF;

wherein X 1s independently —CH,—, —CH,O— or
Y—NR—CO— whereinY 1s —CH,— or

CH,

AR
T\ /

CHj,

inclusive of o, m and p-positions, R 1s hydrogen, methyl,
phenyl or allyl, letter p 1s independently equal to O or 1,1 1s
an integer of 2 to 6, m and n are independently integers of 0

to 200.

5. The conductive fluoro-resin composition of claim 1,
wherein the reactive fluorinated polyether compound has a

number average molecular weight of about 400 to about 100,
000.

6. The conductive fluoro-resin composition of claim 1,
wherein the compound having at least two hydrogen atoms

cach directly attached to a silicon atom, (B), 1s a low molecu-
lar weight organohydrogenpolysiloxane or cyclic organohy-
drogenpolycyclosiloxane having 2 to 10 silicon atoms.

7. The conductive fluoro-resin composition of claim 1,
wherein the compound having at least two hydrogen atoms
cach directly attached to a silicon atom, (B), 1s a perfluo-
ropolyether or perfluoropolyalkylene compound having Si1H
radicals at the ends of the backbones thereof.

8. The conductive fluoro-resin composition of claim 1,
wherein the silver particles are reduced silver particles, elec-
trolytic silver particles or atomized silver particles.

9. The conductive fluoro-resin composition of claim 1,
wherein the silver particles have a mean particle size of 0.1
to 10 um.

10. A conductive fluoro-resin composition comprising

(A) 100 parts by weight of a reactive fluorinated polyether
compound comprising fluorinated polyether units and
having at least two aliphatic unsaturated hydrocarbon
radicals 1n a molecule,

(B) a compound having at least two hydrogen atoms each
directly attached to a silicon atom 1n a sufficient amount
to give 0.4 to 10 equivalents of the silicon atom-
attached hydrogen atoms relative to the aliphatic unsat-
urated hydrocarbon radicals 1n component (A),

(C) a suflicient amount of a platinum group metal catalyst
to promote reaction between components (A) and (B),
and

(D) 50 to 2,000 parts by weight of silver particles;
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wherein the silver particles have been surface treated with an 20. The conductive fluoro-resin composition of claim 10,

organopolysﬂoxane or Huormated po]yether COIIlpOllIld. wherein the silver particles are reduced silver particlesj elec-
11. The conductive fluoro-resin composition of claim 10, trolytic silver particles or atomized silver particles.

wherein said silver particles are surface treated with an orga- 21. The conductive fluoro-resin composition ot claim 10,

wherein the silver particles have a mean particle size of 0.1
to 10 um.
22. A conductive fluoro-resin composition comprising
(A) 100 parts by weight of a reactive fluorinated polyether
compound comprising fluorinated polyether units and
having at least two aliphatic unsaturated hydvocarbon

nopolysiloxane which 1s a hydrosilylated organopolysilox- 3
ane having at least one hydrogen atom directly attached to a
s1licon atom.

12. The conductive fluoro-resin composition of claim 10,
wherein said silver particles are surface treated with an orga-
nopolysiloxane which contains up to 500 ppm of non-

functional low molecular weight organopolysiloxanes hav- o radicals in a molecule,
ing 3 to 10 silicon atoms. (B) a compound having at least two hyvdrogen atoms each
13. The conductive fluoro-resin composition of claim 10, dir equy attached to a s flf_CO” atom in a Wﬁ?{ﬁ?m amount
wherein the silver particles are surface treated with a fluori- to give 0.4 to 10 E‘?WWZW?S of the S_IZICO?_? atom-
nated polyether compound. attached hydrogen atoms relai;we to the aliphatic unsat-
14. The conductive fluoro-resin composition of claim 10, !° urated hydrocarbon radicals in component (4),
wherein the silver particles are surface treated with 0.001 to (C) a sufficient amount of a platinum group metal catalyst
5% by weight of the organopolysiloxane or fluorinated poly- to promote reaction between components (4) and (B),
ether compound. and
15. The conductive fluoro-resin composition of claim 10, (D) 50 to 2,000 parts by weight of atomized silver
wherein the reactive fluorinated polyether compound 1s of 20 particles, wherein the silver particles are not surface
the formula (2): treated.

(2)
CH,=—=CH— (X),— CF—(0— CF,—CF);— O—(CF,);— O0— (CF—CF,—0),—CF— (X),—CH=—=CH,

CF3 CF3 CF3 CFS
wherein X 1s independently —CH,—, —CH,O— or 23. The conductive fluoro-resin composition of claim 22,
Y- NR—CO— wherein Y is —CH,— or 30 wherein the reactive fluorinated polyvether compound (A)

comprises fluorinated polvether units of the following struc-

tural formula (1):

CH; —\_
L R0, ()
| \ / 35 wherein Rf is a straight or branched chain perfluorvoalkylene
CH; radical having I to 6 carbon atoms, and q is an integer of 1

to 500.
24. The conductive fluoro-resin composition of claim 22,
wherein the silver particles (D) contain at least 10% by

inclusive of o, m and p-positions R is hydrogen, methyl, 40 weight of dendrite or flake shaped silver particles based on
the loading of the silver particles.

phenyl or allyl, letter p 1s independently equal to O or 1, 1 1s 25. The conductive fluoro-resin composition of claim 22,

an integer ot 2 to 6, m and n are independently integers ot 0 wherein the reactive fluorinated polyether compound is of
to 200. the formula (2):

(2)
CH,=CH— (X),— CF— (0 — CF,—CF),,— O— (CF,),— 0— (CF—CF, —0), — CF— (X), — CH=CH,

CL3 Cl3 Clh3 CE3
50

16. The conductive fluoro-resin composition of claim 10, wherein X is independently —CH,—, —CH,O— or
wherein the reactive fluorinated polyether compound has a Y—NR—CO— wherein Y is —CH,— or
number average molecular weight of about 400 to about 100,
000.

CH

17. The conductive fluoro-resin composition of claim 10, 55 | : / \
wherein the compound having at least two hydrogen atoms Si \
cach directly attached to a silicon atom, (B), 1s a low molecu- | _
lar weight organohydrogenpolysiloxane or cyclic organohy- CHj

drogenpolycyclosiloxane having 2 to 10 silicon atoms.

18. The conductive fluoro-resin composition of claim 10, _ ‘ o _
wherein the compound having at least two hydrogen atoms ©" inclusive of o, m and p-positions, R is hydrogen, methyl,

each directly attached to a silicon atom, (B), is a perfluo- phe‘nyl or allyl, letter p is fndependenf‘ly equal to 0 or I, lis
ropolyether or perfluoropolyalkylene compound having SiH an integer of 2 to 6, and m and n are independently integers

radicals at the ends of the backbones thereof. of 0 to 200.

19. The conductive fluoro-resin composition of claim 10, 26. The conductive fluoro-resin composition of claim 22,
wherein the silver particles have a NH,™ content of no more 65 wherein the reactive fluovinated polvether compound has a
than about 10 ppm and a SO.*>~ content of no more than number average molecular weight of about 400 to about

about 5 ppm. 100,000.
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27. The conductive fluoro-resin composition of claim 22,
wherein the compound having at least two hydrogen atoms

each dirvectly attached to a silicon atom, (B), is a low
molecular weight orvganohyvdrogenpolysiloxane or cyclic
organohvdrogenpolycyclosiloxane having 2 to 10 silicon
atoms.

28. The conductive fluoro-resin composition of claim 22,
wherein the compound having at least two hydrogen atoms
each dirvectly attached to a silicon atom, (B), is a perfluoro-

polyether ov perfluoropolvalkylene compound having SiH

radicals at the ends of the backbones thereof.

22

29. The conductive fluoro-resin composition of claim 22,
wherein the atomized silver particles have a mean particles

size of 0.1 to 10 um.

30. The conductive fluoro-resin composition of claim 22,
wherein the atomized silver particles are prepared by heat-

ing silver at or above 1000° C. and atomizing the vesulting
silver melt into water or an inert gas to form the atomized

silver particles.
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