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SURFACE MODIFICATION OF CONDUCTING PAR}‘ICLES.
A NEW APPROACH TO CONDUCTING POLYMERS.

JOEL S. MILLER*

Occidental Research Corporation *

Abstract Conducting polymers based on binding a highly
conducting inert inorganic 8o0lid and insulating polymer
matrices have been prepared. Films prepared with the surface
modified pigments exhibit surface conductivities comparable to
and in some cases greater than those prepared from unmodified
pigments.

INTRODUCTION

Intrinsically conducting polymers have been the focus of intense
study by chemists and physicists in recent years. An alternate
approach to developing conducting polymers is to use refractory
conducting inorganic particles and covalently bond them to a
polymeric matrix; thus, the resulting conductive polymer would
maintain some of the physical properties of the polymer. Herein,
using ferrophosphorus,2 1, as an exemplary conducting pigment we
demonstrate that both surface modified’ and polymer bound
conducting particles can be achieved without deleteriously
affecting the conductivity of the conducting particle, Fig. 1.

RESULTS AND DISCUSSION

Silanation of ] with either alkoxy or chlorosilanes does not
directly occur, Pretreatment of ] with NaOH leads to hydroxylation
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of lﬁ. Hydroxylated 1 may be silanated with chlorosilanes, e.g.,

using chloropropyldimethylchlorosilane the -OSiMez(CH2 Cl pendant

)3

FIGURE 1 Generalized Procedure To Modify Ferrophosphorus
S 1s a surface group, and B is a point of
attachment of S to a polymeric binder.

group is grafted onto 1. The presence of this pendant group was
confirmed using energy dispersive X-ray (EDX), Fig. 2, and ESCA
analyses (Cl is ohbserved at a binding energy of 198.8 eV).
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FIGURE 2 EDX spectra for Ferrophos surface
modified with ClSiMe,C,H Cl (bottom).

Attachment of the alkoxy pendant group was achieved by
reacting allyl alcohol (containing 5% LiCH,) with 1. Confirmation
of allylalkoxylation required introduction of an EDX tag. Thus,
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after epoxidization with m-chloroperbenzoic acid we reacted the
epoxide with p-chlorobenzylamine to introduce the EDX active C(Cl
tag, Fig. 3. The ESCA spectrum of the epoxidized functional group
shows a new peak at 288.3 eV assignable to the C,  1in the strained
three membered ring containing the electronegative oxygen. EDX
spectra confirm the presence of chlorine,

The conductivity was not deleteriously affected by grafting of
the pendant groups on the surface, The surface resistivity of 1
inch diameter pellets comprised of 9:1 1 in a polyvinylchloride
matrix are comparable to and in some cases exceeds that of ummodi-
fied 1. Actual 75-100 um epoxy based films made with allyl alkoxy
modified 1 exhibited lower surface resistivity (33 vs. 80 ohm/in)
and, thus, reduced the time to electroplate by 25% relative to
comparable films based on 1, Fig. 4.

Direct binding of the surface modified 1 with a polymer was
achieved by introducing a styryl group to the surface and
crosslinking it with st:yl:'ene.l’6 Crosslinking of styryl modified 1
was achieved with 4-bromostyrene using 2,2'-azobis(2-methylpropio-
nitrile) initiator. EDX spectra confirm via the presence of the

bromine in the crosslinked product.8

cl
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OH

FIGURE 3 Epoxidation and amination of allyl
alkoxide pendant to a Ferrophos particle.

SUMMARY
Thus, we have shown that refractory conducting pigments may be

surface modified with chlorosilanes or alkoxides without
deleteriously affecting the conductivity. These surface modified



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:07 20 February 2013

324

J. 8. MILLER

10
0[ ,4°/
P
%0 s

’ @

80} ,/
/
101
/{ Ferrophos

60 / J ® Unmoditied, 3-4 mil (800/in)
Moditied with —CHaCH==CHp

/
-]
! & 3.2mil (332/in)
!
]
1
o

% Electroplate

© Tmi (88/in)

(Epoxy Versamid)

) WS I Y T N S U B |
4 €6 8 10 12 14 18 18 20

2
Time, Minutes

FIGURE 4 Plating time for unmodified and allyl
alkoxide modified Ferrophos.

groups may be further reacted with reagents to introduce new

functional groups onto the surface and even crosslink with polymer

matrices to form a conducting polymer.
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