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'l'ITLE 

IMPROVED Elf=CTROCONDUCT~VE COMPOSITION 
AND/PROCESS OF . PREPARATION . 

BAcgGROUND OF.THE ·INVENTION 

The present invention relates to an improved 
electroconductive composition which· comprises antimony­
containing tin oxide in which the tin oxide is predomi­
nately crystalline and the compositi~n exists in a 

10 unique association with silica or a silica-containing 
material, e.g., a silicate. More particularly, the 
pre~ent invention relates to an improved 
electroconductive powder composition comprising tens of 
microns to sub-micron size particles having a thin 

15 surface layer of amorphous silica or silica-containing 
material,. said material having a thin surface coating 
layer which comprises a network of antimony-containing 
tin oxide crystallites and to a process for preparing 

20 

the composition. 
u. s. Patents 4,373,013 and 4,452,830 

describe the preparation of an electroconductive powder 
having.a structure comprising titanium oxide particles 
as nuclei with a coating· of antimony-containing tin 
oxide on the surface of the titanium oxide particles. 

25 The powder is prepared by mixing an ·aqueous dispersion 
of titanium oxide particles with a solution containing 
a'hydrolyzabl~ tin salt and a bydrolyzable antimony .. 
salt. The titanium oxide particles become coated with 
antimony-containing tin oxide and can then be recovered 

30 by filtration. 
•Journal of Materials .science•, 21 (1986), 

pp. 2731-2734, de,cribes the preparation of 
antimony-doped Sn02 films by thermal d~composition of 
tin 2-ethylhexanoate on glass substrates. Reagent 

35 grade tin 2-ethy~hexanoate and antimony tributoxide 
were used as the sources of tin and antimony, 
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respectively, and application Of the film onto the 
substrate was accomplished by dipping the substrate 
into an alcoholic solution containing the 
organometallic compounds and then drying the applied 

s solution. The substrate used was soda-lime glass which 
was pr.eviously coated with about a 30 nm layer of Ti02, 
Si02 or sno2 (with 8 wt ' Sb) by thermal decomposition 
ot organometallic.compounds. !'he resistivity of the 
resulting film in which the •Ubstrate had a precoating 

10 of Si02 was one-thirtieth of the resistivity of the 
antimony-doped tin oxide film on the uncoated glass 
substrate. For the range of films prepared, however, 
electrical properties were noted as being more or less 

. . 
poor compared with films obtained by other methods, 

15 such as, spraying or chemical vapor deposition. 
Japanese Patent No. SHO 63(1988] 20342 

describes a method of manufacturing fine electrocon­
du.cti ve mica particles by coating them with a tin . 
oxide/antimony oxide mixture. This coating is accom-

20 plished by ·treating the mica with tin tetrachloride, 
antimony trichlorid~, and a hydroxyl-containing, 
low-molecular-weight fatty acid. 

Compositions which are capable of imparting 
electroconductiv~ properties to thin films, such as, in 

25 polymer films,_magnetic recording tapes, work surfaces 
and in paints, are not always economically attractive 
or reliable f~r a given application. Electroconductive 
compositions, e.9.,_powdera, which are currently 
available for use as conductive pigments in paint, for . . 

30 example, suffer a variety of deficiencies. carbon 
black may be used to impart conductivity, but this can 
limit the color of the paint to black, dark gray and 
closely relate~ s~ades. ~itanium dio~ide powders, 
coated with antimony-doped tin oxide by methods.of the 

35 prior art, normally require high pigment/binder ratios, 
e.g., 200/100, in order to achieve minimum acceptable 
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surface conductivity. Such a high pigment loading is 
expensive and can limit the color range and 
transpar•ncy of the resulting paint to very light 
shades and pastels. A simple powder of antimony-doped 

s tin oxide may be used, but cost and color limitations 
can be Unfavorable. 

Mica powders can ·be made conductive by . • r . 
coating the particles directly with antimony-doped tin 
oxide, but the preparation of such powders can be 

10 expensive and difficult because of the poor affinity of 
tin and antimony intermediates for the surf ace of the 
mica. Organic complexing agents and/or organic 
sol.vents are typically used to facilitate ~e rea~ction 
of tin and antimony intermediates with the mica 

15 surface. Even with these additives, a significant 
portion of the tin and antimony remain in solution or 
as free particles. This reduces the effe~tive 
conductivity of the powder and increases the cost, 
since a significant amoun't· Of the tin and antimony. 

20 values are lost when the coated particles are recovered 
from the reaction medium. Xn addition, the tin and 
antimony values ~emaining in solution must be removed · 
before the waste solution which remains is. discharged. 
Finally, the antimony-doped tin oxide layer has been 

25 found to bond poorly to the mica and may delaminate 
during subsequent processing, such as during millin~ or 
during incorporation into a polymer vehicl•, e.g., a 
paint formulation or polyester film. 

30 SUMMARY OF THE INVENTION 
The presen~ invention is an electroconductive 

composition which comprises a two-dimensional network 
of crystallites of antimony-containing tin oxide which 
exists in a unique ass~ciation with amorphous silic~ or 

35 a silica-containing materia~. The antimony-containing 
tin oxide forms a two-dimensional network of densely 
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packed crystallites on the surface of the silica or 
silica-containing material. The silica or 
silica-containing material° is a substrate, and the 
network comprises a generally uniform layer of 

5 crystallites in which the crystallit•s ~orm an 
electrically conducting pathway to adjacent 
crystallites. ~e layer of tin oxide crystallites is 
typically about 5 to 20 nm in thickness but covers the 
surface of a particle with major dimensions that are 

10 typically ten ~o ten thousand times as large as the 
thickness of the.tin oxide layer. The crystallites 
are, thus, part of a continuous conducting layer in two 
dimensions. 

The silica substrate can be practically any 
15 shape. In the form of flakes or hollow shells, 

satisfactory ·results may be achieved when the 
two-dimensional network is· formed on only one side of 
the silica substrate.. ·In qeneral, however, best . 
results are obitained when practically all of the 

'· ~ . 
20 exposed surface of the silica substrate is coated with 

the crystallite layer. 
Acc~rding to one aspect of· the invention, the 

composition is a powder comprising shaped particles of 
amorphous silica which are coated with a 

25 two-dimensional network of antimony-containing tin 
oxide [Sn02(Sb)] crystallites. The finished particles, 
typically, are tens of microns to sub-micron in size~ 
and they, in tum, .are capable of forming an 
electrocoriductive network within the matrix of a thin 

30 film, such as within a paint film. ~e shaped 
particles of amorphous ~ilica may be in the form of 
needles, platelets, spheres, dendritic struc.tu~es or 
irregular partic~es. These provide an extended surface 
for the deposition of the antimony-containing tin 

35 oxide. 
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In a preferred embodiment, the amorphous 
silica powder comprises thin shells or platelets less 
than about 20 nm in thickness.. The powder, when 
dispersed in a vehicle, is genera~ly transparent, and 

5 its presence as a component of pigment in paint has 
little impact on color and related properties. 

In another embodiment of the invention, the 
. . 

composition is a powder comprising ldlaped particles, 
each of which ha~ a structure compris~ng an inert core 

10 material having a surface coating layer of amorphous 
silica, which, in turn, is coated with a 
two-dimensional network of antimony-containing tin · 
oxide crystallites. These powders are particularly 
useful for incorporation into plastics and elastomers 

15 where the shear stresses involved ·in molding useful 
articles might degrade otherwise conductive powders 
which comprise hollow shells or thin flakes. 

The present invention also includes a process 
for preparinq the electroconductive composition which 

20 comprises: 
(a) providing a substrate of amorphous 

hydroxylated silica or active silica-containing 
material, 

(b) . applying a coating layer to the 
25 substrate surface consistinq essentially of hydrous 

oxides of antimony and tin, and 
(c) calcining the coated substrate at a 

temperature in the range of 400• to 9oo·c. in an 
oxygen-containing .atmosphere. 

30 'l'he coating layer of hydrous oxides of 
antimony and tin is applied to the hydroxylated 
substrate surface by a~ding aqueous solutions of 
hydrolyzable Sn and Sb salts to a siurry containing the 
silica at a pH in the range of about 1.5 to about 3.5, 

.35 preferably at a pH of 2.0. Calcining .the coated silica 
substrate perfects the crystalline phase of the 
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Sn02(Sb) coating l~yer which imparts the desired 
·electroconductive properties to the individual 
particles of the composition. 

According to one aspect of .the process, the 
5 substrate of amorpho~s bydroxylat~d sliica or active 

silica-containing aaterial_iaprepared by coating a· 
~inely divided solid core·•aterial with active silica 

and then removing the core material without unduly 
disturbing the silica coating. ~· aubstrate thus 

10 produced comprises hollow silica particles which are 
sUbstantially translucent and which have the·9eneral 
shape · ~f the core material. It will be appreciated · 
that.the silica coating. should be sufficiently thin, 

' 
for this purpose, so as not to reflect light •. This . 

15 will normally mean a thickness of less·than about 250 

nm. For most applications, thicknesses in the range of 
. . 

abouts to 20 nm are.preferred. 
Active silica is conveniently prepared by 

gradua:lly neutralizing an aqueous sQlution of sodium 
20 silicate or potassium silicate with ~ mineral acid, 

such as, f~r_example, sulfuric acid or hydrochloric 
.· acid. 

.Active silica-contalning materials may 
conveniently be applied as coatings ~or a selected core 

25 material by including other components along with.the 
active silica in the reacting solution. For example, 
by adding sodium borate along with the sodium or 
potassium silicate, a silica-boria coating aay be 
obtained. Such coatings are effective as a aubstrate 

30 in practicing this invention ao long as the surface of 
the coating contains hydroxylated sil·ica · 
functionalities. If the other component or components 
present in the silica-containing aubstrllte inhibi~ the 
retention of hydroxyl groups on the substrate surface, 

35 then the subsequent Sn02(Sb) coating may not.adhere 
· completely and may, thus, be less effective. 
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According to another aspect bf the invention, 
the core material may remain encapsulated within the 
amorphous silica coating so long as its presence does 
not adversely affect the proposed end-use .of the 

s finished composition and ao long as it remains stable . 
during subsequent processing. 

· In a preferred embodiment,. the core is a mica 
platelet with a thickness of less than 250 nm. 
Platelets of this type are nearly transparent when 

10 dispersed in a suitable vehicle, yet they provide 
· conductivity at low loadings in the vehicle. Muscovite 
is a preferred form of mica for use in the invention. 

In yet another aspect of the process, the 
coating layer of hydrous oxides of antimony and tin is 

15 applied to the hydroxylated silica substrate surface in 
the presence of a grain refiner, or a mixture of grain 
refiners, selected from soluble compounds of alkali 
metals, alkaline earth metals, transition metals, and 
rare earth elements. Alkaline earth chlorides and zinc 

20 chloride are preferred. · In this regard, the present 
invention includes ele~troconductive powders which are 
prepared by applying, i.e., depositing, a coating layer_ ,,.. 
of.hydrous oxides of _antimony and tin ~o the.surface of 
a substrate other than amorphous hydroxylated silica 

25 where the deposition is accomplished in the presence of 
from about 500 parts per million·up to about 3 molar of 
a grain refiner as defined ab~e. The finished 
composition c&n contain up to about 10t by weight of 
the grain refiner, although ~ concentration of from 110 

30 ppm to 1' by weight ·19 preferred. 
The composition of this invention in a 

pref erred embodiment comprises a powder which is 
particularly useful as a pigment in paint formulations . 
for automotive paint systems. The finished powder of 

35 this invention comprises particles capable of forming a 
generally transparent conductive network ~ithin the 
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paint film at a piqment/binder loading ratio as low as 
15/100 or even lower, such that the transfer efficiency 
can be improved when a subsequent coat, e.g., the top 
coat,.is applied electrostatically. According to one 

s aspect of the invention, the particles. are shaped and 
preferably needle-like which results in a 9enerally low 

10 

· pigment volume concentration within the paint vehicle. 

BRIEF DESCBIPTIQN OF THE DBAWINGS 
Fig. 1 is an electron micrograph which shows 

a group of electroconductive particles, in the form of 
shells, which have been prepared according to the 
process of the invention. 

Fig. 2 is an electron micrograph, at-higher 
15 magnification, of a fragment of a shell which is coated 

with a conducting layer of antimony-containing tin 
oxide crystallites· according to the invention. 

Fig. 3 is a sectional view of a device used 
to measure dry powder resistivities of individual 

20 samples of compositions which were prepared as dry . 

powders according to the invention. 

DETAILEP·DESCBIP'fION OF THE INYEHTION 
The present invention is a composition which 

25 comprises a two-dimensional network of 
antimony-cont.aining tin oxide crystallites which exist 
in a unique association with amorphous silica or with a 
sil·ica-containing material. The composition, when in 
the form of particles, is uniquely capable of ·forming 

30 an interconnecting conductive network when incorporated 
as a component within a carrier matrix or a solution 
which is applied and dried on a surface as a thin film. 
The carrier matrix may take any of a variety of forms, 
including paint film, fiber, or other shaped article. 

35 The particles re~resent an association of the 
two-dimensional·network of antimony-containing tin 



oxide crystallites with amorphous silica or a 
silica-containinq material which is accomplished by the 
process of this invention· and comprises the steps of: 

(a) providinq a substrate·of amorphous 
5 hydroxylated silica or active silica-containinq 

material, 
(b) applyin9 an outer.conductive coatinq 

layer to the substrate surface consisting essentially 
of hydrous oxide of antimony and tin, and 

10 (c) calcining the coated substrate at a 
temperature in the range of 400• to soo•c. in an 
oxyqen-containing atmosphere. 

The term •silica-containing material• as used 
herein means a material, i.e., a composition, such as a 

15 metal silicate, amorphous silica-containing materials, 
or, in general, a material having an extensive covalent 
network involving Si04 tetrahedra. · su~h compositions 
offer the potential for surface hydroxyl format.ion, a 
feature believed to be important in the chemical . 

20· interaction between the silica-containing solid and the 
aqueous solution of tin and antimony salts in forming 
the compositions of this invention. 

The term. _•active silica-containing material• 
as used herein means a silica-containing composition 

25 that _has been activated by the creation of surface 
hydroxyl 9roups. '!'his is most conveniently achieved by 
direct precipitation, ~rom aqueous solution, of 
amorphous silica, alkaline earth silicates, or 
transition metal silicates such as zinc silicate onto 

30 the surface of the core particles. Active borosilicate 
compositions may also be prepared in this manner. In 
9eneral, silicate surfaces which have been ·dried or 
heated extensively will no longer contain e~fective 
concentrations of s~rface hydroxyl groups and will be 

35 inactive. such surfaces may, however, be reactivated 
by extended treatment with reactive aqueous solutions, 
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such as hot caustic. Mica·surfaces may, for example, 
be activated in this.manner; but this typeof activated 
surface typica_lly is not as reactive with tin/antimony 
intermediates as is a freshly precipitated active· 

5 silica coating. In general, active silica-containing 
material which is prepared by direct pr~cipitation from 
aque~us solution :is preferred_. 

Generally speaking, maximum utility for the· 
composition of thi• invention 1• realized when the 

10 substrate compriaea a powder; i.e., finely divided 
particles which are tens of •icrons to sub-micron in 
size.. · The powder ·particles are composed of amorphous . 
sili·~a or a silica~containing material, or they are. 
composed of an inert core material having an amorphous 

15 ·. silic_a coating· or a coating -of a silica-containing 
material •. 

According to one aspect of the invention, the 
powder particles are shaped particles which.are· 
somewhat elongated ra~er than spht!rical or equiaxial 

20 and have an aspect ratio ot· from at least about 2.0 up 
to about.so. An important criterion for th~ silica, or 
silica-containing, particles. is that, ··as a finished dry 
powder, they are capable of forming an inte~connecting 
electroconductive network within a thin film, such as a · 

25 paint film, .or when used as a fill er in a bulk 
polymeric material~ 

Particle.shapes which are capable of forming 
.such an effective interconnecting network and which are 
contemplated for use in this invention are selected 

30 from rods, whiskers, platelets, fibers, needles, shells . 
and shell parts,· and the like. · Particles of this 
inventio~ which are equiaxial .ln shape may also be 
used, and ·they may even be preferred_.ln applications· 
where very high electri~al conductivity is needed and 

35 higher pigment/binder ratios can be tolerated. 
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In one aspect of the invention, the powder 
particles have the shape of platelets. This shape 
facilitates the particles fo~ing an interconnecting 
electroconductive network within a thin film. In a 

5 preferred embodiment of the invention, the particles 
are platelets of mica, with a thickness of less than 
250 nm. These particles, when dispersed in selected 
hinders, are practically transparent,· yet they provide 
electrical.conductivity at relatively low powder 

10 loadings. 
Polymeric materials aay be conveniently 

rendered conductive by filling the polymer.composition 
with a powder of equiaxial, i.e., generally spherical, 
particles of this invention. It will he appreciated 

15 that the preferred particle shape for.any specific 
application will depend on many factors·. While 
acicular particles are generally preferred for use in 
paint films, and equiaxial shaped particl~s are 
generally preferred for use in filled plastics, other 

20 factors may lead to a diff•rent preference in a 
specific application. 

In a preferred .. embodiment of this invention 
the substrate of amorphous silica is a hollow shell 
which is prepared by coating a finely divided core 

25 material with active silica and then removing the core 
material which leaves behind a silica shell as the 
substrate. for receiving the antimony-containing tin 
oxide surface coating layer. ·A primary function of the 
core material i• merely to provide a shaped particle on 

30 which the amorphous silica substrate can be deposited. 
The core material must~ of course·, largely maintain .its 
physical stability during the silica coating process. 

Formation of the silica substrate can be 
accomplished by· first suspending the core material in 

35 water and then adding active silica while maintaining 
the pH of the suspension at a value in the ranqe of 8 
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·to 11.- This procedure is described in qreater detail 
in u. s. Patent 2,885,366 (Iler), the teachinqs of 
which are incorporated herein by reference. In 
general, active silica is very low •olecular weiqht 

s silica, such as silicic aci~ or polysilicic acid or 
. . . . 

metal siliQa~es, which aay be added as such to the 
suspension, or forned in situ as by .the reaction of-an 
acid with a silicate. 

Suitable core materials are carbonates such 
10 _as, for example, BaC03· and caco3. Other materials_ uy 

also ~e used provided that they will readily· accept an 
·adherent akin· of amorphous bydroxylated silica, · they. 
have low solubility at th"e coating c_onditions, they can 
·be easily removed from the silica shell.by a variety of 

15 ·techniques including extraction, reaction and 
oxidation, and/or their chemical composition will not. 
interfere with application of the.tin oxide coating 
lay_er The use of BaC03, caco3 and SrC03 as the core· 

_ materiai is particularly advantageous because each can 
20 provide an in situ source of grain ~etiner, the 

importance of which is discussed in more detail 
. hereinafter. · 

In another aspe_c~ of the ·invention, the-:core 
material rem~ins encapsulated within the shell of 

.25 amorphous silica ·or silica-containing material, i.e., 
it is not removed.; Example• of suitable core materials 
for this embodiment include Ti02, mica, Kaolin, talc, 
and BaS04. In either case, the silica coating is 
coherent and is bounci upon the core material f orning a 

30 coating layer which is subs~antially uniform in 
thickness from about 5 to.20 nm. ·In applications where 
.transparency is a des~rable feature of the polymer 
matrix or where flexibility in coloring the polymer . . 
matrix is important, then the core.material for tlle 

35 electroconductive powder should have an index.of 
refraction no higher than that of mica • 

. · 
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In practice, an aqueous suspension·, i.e. , 
dispersion, of the desired core material is prepared, 
and the dispersion is brought to a pH of 10 by adding 
an appropriate amount of an alkali·, such as NaOH, KOH, 

5 or NH40H. The particles comprising the core aaterial 
· should generally bave a specific surface area -(BET . 
aetbod N2 adsorption) in·the range of 0.1 to 50 
a2/g, ):)ut for ))est results a specific surface area of 2 
to a a2 /9 is preferred. In general, the preferred 

10 aurfa~e area will ):)e in the lower part of the above 
range.for big~ density aaterlals and.in the higher part 
of the above range for low density materials. 

The concentration of the core aaterial .. in the 
dispersion is not especially critical.. It can range 

15 from 100 to 400 g/liter, but. for best results the . 
dispersion should be uniform. Having prepared a 
dispersion ·of.the-core material, a soluble silicate, 

. such as . sodium silicate or potassium silicate., is added 
to facilitate the· formation o·f the silica coating. A 

20 convenient form of sodium silicate is a clear.aqueous 
solution with a Si02/Na20 moiar ra~io of 3.25/1 which 
has been filtered to remove all insoluble residue. A 

. . .· 

range of 2 to sot ·by weight of silica based on the 
amount of core material in the dispersion can be added, 

25 but 6 to. 25t by weight of silica is preferred. To 

promote the reaction rate, the dispersion, i.e., 
slurry, is heated to a temperature in the range of 
about ao• to 1oo·c. 

· The alkali component of the sodium silicate 
30 or potassium·silicate is next neutralized J:>y adding a 

dilute acid· slowly to the slurry over a predetermined 
period of time which is dictated by the amo\int of 

. . 

silica present 80 as to avoid the formation of •free• 
. . ~ 

silica, i.e., silica particles which are not attached 
. . 

35 to the core •aterial. Mineral acids selected· from 
H2S04, HCl, HN03 arid the like are suitable for the 

· · Ibis Sheet Has Been Replaced 

. I ; 1111111111111/llHllll/ . 
. i 
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neutral·ization. Acidic metal salts,· such as calcium 
chloride, may also be used. In this procedure,· some 
calcium becomes incorporated into the silica coating 
and ~ate~ becomes available as a 9rain refiner in the 

5 tin oxide coatinq step. The larger·the_amount Of 
silica present, the longer will be. the time required 
for ·neutralization_; ho~aver, a silica deposition rate . ·. 
of 3' of the.wei9ht of·the base powder per hour is 
normally·satiafactory to insure formation of the silica 

10 coating. layer. !'be important consideration ia to.keep 
·the addition rate slow enough to avoid precipitating 
free silica. The slurry_ is then held at temperature 
for at least one-half hour after neutralization to 
ensure a-complete reaction of the hydroxylated silica. 

15 coating layer.- The silica .coated particles can.-then be 
isolated, washed, and dried prior to beginning the next 
step of the-process, or they can be retained as a 
slurey, and the process continued.· 

Alternatively, the amorphous hydroxylated 
20 silica may be prepared by simultaneously adding the 

alkali silicate solution arid the acid solution to a 
heel, .i.e., a quantity·already present in the reactor, 
of alkaline· water containinq the p_owder to be coated. 
With this technique, the pH can be kept constant 

25 · throughout most of the reaction. Under certain circum­
.stances, this can facilitate the uniform coatin9 of the 
silica onto the substrate. 

Byd:roxylated silica is silica which has 
hydroxyl vtoups on the surface. !'Illa ••Y be obtained 

30 by precipitating the silica from aqueC?u• solution.under 
alkaline conditions •. Preferred amorphous hydroxylated 
silicas are obtained by carrying out the precipitation 
slowly (over 1-3 hours) .and at elevated temperatures, 

·such as around 9o.•c. Under these processing 
35 conditions, the •ilica is coherent, i.e., the silica 

adheres to the substrate and takes the general shape of 
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the substrate particle.· 'J.'Ypically, particles coated 
with a coherent silica coating will have· a surface 
area, by nitrogen adsorption, which.is approximately 
the same as, or slightly lower than, the area of the 

5 ·uncoated powder. Particles with a non-C?oherent, e.g •. , . 
· · . porous, silica coating will have much. higher surface 

areas,_ as much as 10 to 100· times higher. While 
coherent coatings are pref erred in practicing the 
invention, a moderate degree of porosity in the coating 

10 is not particularly Jlarmful. In particular, when 
. hollow shells are desired1 a small amount of porosity 
is beneficial in facilitating the extraction of the 
.core material. 

As· noted above, the formation. of the . 
15 ·amorphous hydroxylated silica is preferably carried out 

at a temperature of 60• to to•c to facilitate . 
densification of the silica. However., · lower 
temperatures in the·range of 45• to 75•c can be.used if 
a densification aid·, such as; for example; IS203i_ is 

20 present in the _reaction mixture. 
When the process is.continued from previously· 

dried silica coated particles, they are first 
re-dispersed in water, and the resultinq slurry is 
heated to a temperature in the ranqe of about 40• to 

.25 ioo•c. . Next, ·the core material may be dissolved and 
extracted J:>y treatinq, for example, with an acid. This 
may be accomplished by heating an aqueous slurry of th~ 
silica coated particles ·to 40• to 1oo•c, adding 
hydrochloric acid while stirrinq until the pH reaches· a 

30 value in the range or 1 •. 5 to 3.5, but preferably the pH 
should be 2. o for !;>est results. '!he core material 
dissolves, leaving hollow shaped pa~icles of amorphous 
silica which are the substrates ·onto which the 
antimony-doped tin oxide coating is applied. 

35 
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The core material can be extracted by other 
means, such as, for example, by oxidation during 
calcining where the core material is a graphite powder. 
Other core materials contemplated for use according to 

. . 
5 this invention include finely divided metal powders, 

such as aluminum and copper, and metal.oxi4es auch as 
iron oxide. 

Where BaC03 is the core material, an 
appropriate solvent is HCl, which dissolves the BaC03 

10 liberating C02 a~d Ba++ ions in solution. 'l'be choice 
of solvent is critical to the extent that a solvent 
which will react with the core material to form an 
insoluble reaction product·should not be used. 

· As previously mentioned, according to one 
15 aspect of t~e invention, the core material may remain 

encapsulated throughout final prQcessing. T~e pr~sence 
or absence of a core material in practicing the 
invention may enhance certain optical or other 
properties and is for.the ~onvenience of the operator. . . . . . 

20 In a preferred embodiment of this invention, the use of 
a ·removable core material, especially BaC03 or caco3, 
facilitates the formation of a shaped amorphous silica 
substrate. Alternatively, any convenient source of 
amorphous hydroxylated silica or hydroxyla~ed 

25 silica-containing material, preferably hydroxylated 
silica, can be used as a substrate in practicing this 
invention. 

The outer conductive coating iayer can be 
applied to the amorphous bydroxylated silica substrate 

30 by preparing separate aqueous solutions of hydrolyzable 
tin and antimony salts and ·adding them simultaneously 
to the substrate slurry along with an appropriate 
amount of a strong base to maintain.the pH of the . 
slurry in the desired range. 11hi~e it is generally 

35 preferred to add the tin and antimony solutions 
simultaneously, and indeed they may con~eniently be 
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first mixed toqether and then added as one solution, it 
is also possible to add the solutions sequentially. 
Solvents for preparinq the individual tin and antimony 
salt solutions can ·be any solvent which dissolves the 

s salt without adverse reaction. However, water or 
acidi~ aqiieous solutions are preferred solvents. The 
tin salt solution •ay conveniently be prepared by 
dissolving SnCl4.SB20 in water. !l'he antimony salt 
solution may conveniently be prepared by dissolving 

10 SbCl3 in a nominal 37t aqueous solution of HCl. Sn and 
Sb chlorides are the preferred salts, b~t other salts'. 
such as, for example; sulfates, nitrates~ oxalates, and 
acetates can be used~ In general, tetravalent tin 
salts and trivalent antimony salts are preferred as . . 

15 startinq materials. Althouqh the concentration of the 
salts in solution· is not critical,. it is preferred that 
the concentrations are kept within.the practical ranqes 
of .so to 500 q of tin ox.ide/liter and o.s to 250 g 

Sb/liter to facilitate uniform coa~ing.while avoidinq 
20 unnecessary dilution. Accor~inq to one aspect of the 

invention~ the individual Sn and Sb solutions can be 
. . 

combined into_a si~gle solution wh~ch· is then added to 
the slurry slowly over a predetermined period of time 
based on the percent Sn02(Sb) being added. Typically, 

25 a rate of 25t of the total Sn02 and Sb can be added per 
hour. Rapid addition of the sno2(Sb) solution will 
result in nonuniform coating of the Sn02(Sb) onto· the 
silica substrate while very slow addition of the 
Sn02(Sb) solution·will·unnecessarily prolong the 

30 operation. The temperature ~f.the slurry during 
deposition of the antimony-doped tin oxide coating 
layer is maintained in the range of 2s• to 1oo·c under 
continuous agitation. 

In a_preferred embodiment, and a critical 
35 feature of the invention, simultaneously with the 

addition of the salts to the slurry, the pH of the 
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system. is kept constant at a value of from 1.s to 3.5, 
and most preferably at 2~0, by adding alkali, e.9., 

·. NaOH, KOH, or the like during the addition. In th~s pH 
range the active, or hydroxylated, silica aurface .of ... 

s the substrate becOJiles very recep~ive to an association 
with, i.e., the deposition of, hydrous oxides of tin 
and antimony.· Brief exc:Ursions of''PH to levels above 
or beloW .the 1.s to 3.5 range are generally not 
harmful, but extensive processing substantially outside 

10 this.range will degrade the continuity ·of the 
two~dimensional network of antimony~doped tin oxide 
crystallites and, thus, will.adversely affect the 
conductive properties of the resulting.· powder. . The tin 
and antimony salts hydrolyze and deposit on the surface 

15 of the ailica·and form a generally uniform·layer 
. . 

typically having a thickness in the range of about s·to ·· 
2o·nm, and more typically a thickness of about 10 nm. 
After calcination,. the Sn02(Sb) crystal~ ~re typically 
about 10 nm in diameter_, but individual crystals may be 

. . 

20 · as large as 20 nm in diameter or larger. it will be 
appreciated that some crystallites may be significantly 
larger than ·20 mn, ranging up to so or 60 nm. The 
limited quantity of these·larger crystallites does not 

. ' . . 

affect the overall translucency of the powder. It has 
25 been observed that as the quantity of 

antimony-containing tin oxide in the outer coating 
layer increases, the resistivity of the finished dry 
powder will decrease, i.e., the conductivity will 
increase. Generally, the antimony content.of the tin 

30 oxide layer can range·from-1 to 301 by weight, but best 
results are achieved wben the antimony content is about 
lOt ·by weight. 

The coated.particles: obtained in this marine~ 
are then isolated by any convenient solid-liquid 

35 separation procedure, such as, for example, by 
filtration, and then washed free of salts with water 

.... ~··. 
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and dried. Drying can ~e conveniently accomplished at 
a temperature of ·up to about 120 • c; -. however, drying is 
optional if the particles are to be calcined 
immediately following isolation and washing. 

5 The ~solated · particles are next calcined in .· 
an ·oxygen-containing atm~sphere at a temperature in the. 
range of from 400• ·to too•c, preferably 100• to 1so•c, 
for a period of.time sufficient todeyelop the 
crystallinity of the tin oxide phase and establish the 

10 conductivity. ·The time required will depend on.the 
temperature and on the geometry of the furnace and csn 
processing conditions. In· a· small batch furnace, for. 
example, the time required for calcination is t)'Pically 
from 1 to 2 hours. Calcination is critical to the 

15 process of the invention because it serves to ~rfect 
. . . . . . . . . 

the C?rystal phase of the antimony..;containing tin oxide 
outer coating layer which, in turn, imparts the 
electroconductive properties to the particles. 

In yet another aspect of the invention, the 
· 2 o conduct! ve ·properties.· of the ·composition can be 

enhanced by accomplishing the deposition e>f the 
antimony-containing tin oxide outer coatinq layer in 
the presence of a grain refiner, or a mixture of grain . 
refiners, selected from alkali metals, alkaline earth 

25 metals, transition.111etals and rare earth eiements which 
enhance the unifQrmity of Sn02deposition on the Si02 
surface and minimize grain growth.during subsequent 

. calcination. ·. !'be exact function of the grain refiners 
is not entirely understood, but concentrations of as 

30 little as.soo parts per million or up· to about 3 iaolar 
or higher of a grain refiner, or mixture of grain 
refiners, in the slurry during the deposition of the 
tin oxide conducting phase results, af~er calcination, 
in improved electroconductive properties of the 

· 35 composition. · Preferred grain refiners are soluble · 
· salts of Ba, ca, Mg, and sr, although soluble salts of 
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alkali metals, rare earth metals, other alkaline earth 
·•etals and certain tr~nsition metals, such as Fe and 
Zn, are expected to produce satisfactory results. 

When the coating layer of hydrous antimony 
5 and tin oxides is to be applied according to tbe 

process of'tbe invention in the presence of a grain 
·refiner as defined ab~e, it has l>een found that 
substrates othe~ than amorphous hydroxylatad silica, 
such as a substrate selected.from BaS04, srso4, .Caso,, 

10 graphite, carbon, and S'i02, can be used Which.yield 
powders having unexpected electroconductive properties. 
Preferred grain refiners for such substrates are : .. 

. selected from ca++, aa++, a~d sr++. . such non..:si_lica 
. . ' 

substrates are generally powders which have a low 
·15 ·solubility under the reaction.conditions used to apply 

the coating. of hydrous antimony and tin oxides. 
suitable substrates are also inert and generally 

. unreactive with the antimony and tin oxides during· 
calcination. Electroconductive powders based _on a 

. 20 non-silica substrate will CJenerally contain from about 
. . 

100 parts per million, or more, of the grain refiner, 
or mixture of grain refiners. 

The electroconductive powders of this 
invention are characterized by a high surface area, as 

25 determined by nitrogen adsorption, relative to the 
surface area ~at would be expected for the average 
particle size.as observed by electron .microscopy. As 

·previously noted, the electroconductive powder of this 
invention is typically submicron to t~ns of aicro~s in 

30 · particle size. As obs~rved under an electron 
microscope, the silica surface is seen to be densely 
populated with fine crystallite·s of antimony-doped tin 
oxide, each crystallite typically in the range of 5 to 
20 nm. ·!'his crystallite size range is confirmed by 

35 X-ray diffraction line broadening. The high surface 
area results from the population of fine crystallites. 
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The actual ·surface area, as measured by nitrogen 
adsorption, is typically in the range of 30 to 60 m2/g. 

Re·f erring now to the ·Figures, Fiq. 1 is an 
electron micrograph which shows a qroup of 

5 electroconductive particles, in the ·form of shells, 
which have been prepared according to the invention. 
Three lighter areas can be seen which are believed to 
be holes in the shells

0

which were fo;rmed as the core 
material was being removed during processing·. 'l'he 

10 surfaces of the ahella, aeen in a aomewhat 
cross-sectional view, are uniformly coated with a 
two-dimensional network of antimony-dope~ tin oxide 
crystallites. Fig. 2 is an electron microqraph,_ at 
higher magnification, of a fragment of a shell which 

15 has been prepared according to the.invention. The 
two-dimensional network ~f antimony-doped tin oxide 
crystallites can be seen in this view. Some of the 
crystallites appear very dark, while others appear as 
various· lighter shades of qrey to near-white~ ·This 

. . 

20 variation is due to the random orientation of the· 
crystaliites on the silica surface and does not 
indicate a variation in composition. 

Figs. l and 2 show closely packed 
antimony-doped tin oxide crystallite's on the surface of 

25 the amorphous silica with the result that the 
interstices, i.e.-, pores, between the crystallites are 
very small. Thus, electrical resistance between 
crystallites, and between individual coated particles 
which are in contact, is minimized. The equivalent 

30 pore diameter, as measured by nitroqen 
•dsorption/desorption is below 20 nm, and preferably 
below 10 nm. 

The electroconductive pow~ers of this 
invention are further charapterized by a low 

35 isoelectric point, e.g., in the range.of from 1.0 to 
4.0, typically 1.5 to 3.0. By contrast, antimony-doped 



s 

-22-

tin oxide powders, prepared in the absence of silica., 
will have an isoelectric point substantially below 1.0, 
and typically b•low o.s. The silica itself has a:n 
isoelectric point of from 2 to 3. 

Electroconductive powder samples which were 
prepared according to this invention we~e evaluated by 
comparing dry powder resistances. A relative 

·comparison of dry powder samples is aade possible so 
long as the particle size and shape do not vary 

10 substantially among the samples.. Generally, the lower 
the relative resistance in dry powder evaluation, the 
lower the resistivity in an end~use system, although 
many other factors, such as, for example, the ability 
to form an interconnecting network in the end-use 

15 carrier matr~x or vehicle system; may also affect 
end-use conductance. 

Zn an end-use paint primer system, the 
electroconductive powder of this invention can be 
evaluated by measuring the surface conductivity of the 

20 dry paint film.in which the powder has· been 
incorporated as a component of the paint pigment. A 
simple mete~ has been developed by the.Ransburg 
Corporation to measure-the surface conductivity of 
paint films. This meter, which is known as the 

25 Ransburg Sprayability Meter, is calibrated in Ransburg 
Units (RU's) from a value of 65 to a value of 165. Any 
paint film which demonstrates_ a surface conductivity of 
more than 120 RU's is considered to have satisfactory 
surface conductivity. 

30 'l'he dry powder technique which ~as used for 
early evaluations of the conductive powder of this 
invention utilizes a device as shown in partial section 
in Fig. 3. The device compr~ses a h~llow cylinder 10 
of a non-conducting material, such as plastic, having a 

35 copper piston 12 located at one end and held in place 
by •n end cap 14. A copper rod 16 of a predetermined 
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length shorter than the cylinder is placed inside the 
cylinder in contact with the piston· as shown, and a 
powder sample to be measured 18 is placed in the hollow 
portion of the cylinder which re~ains. A second 

5 end-cap 20 is placed over.the end of the Cylinder which 
con~ains the powder sample, and copper leads are 
attached to the ends of the cylinder for connection to 
an ohm meter. In.pr~ctice, the copper piston drives 
the copper rod to compress the individual powder 

10 samples to a given compaction, and resistivity is 
measured by the ohm meter for each sample. In the 
examples described below, the rela~ive resistances were 
measured by filling the cylindrical cavity (0.64 cm in 
diameter by 1.72 cm.long) with powder, and tightening 

15 the end-caps manually to compress the powder. 

20 

25 

30 

35 

The electroconductive composition of this 
invention and its .method of preparation are illustrated 
in more detail in the following examples.· For 
convenience, the examples are sti.Jnmarized in Table 1. 
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'l'ABI& 1 

Elil ln111 

a.-p1e· llllo&e• Core lllloa Con IDte-cllat• 

12..,_ Seure1 lllSIEll~ ll121Llilsm liuslliDI 111,IS'!D 

5 1 •JSl03 • a.co, 92so, aci Fllter 

2 s,110,. c.co, llCl llC1 rllter 

, s,110, c.co, llC1 llC1 Deoaat 

' •2•&0s a.cos llCl llC1 Deoaat 

s -.110, a.co, llCl m ruur 

10 • •z•lOs ~&Dz llJID4 ... rll&•r 

(Y I vlo CaCO,) 

7 •2SI03 a.so, mi so, ... rue er 

I s,110, fpt 1102 llCl ... llollll 

' s,no, fpt llOz llCl ·- .... 
15 .10 Zf SlO, a.cos Bel 8Cl · · J'll&er 

" •20, 

11 .._ a.so, .... ·- .... 
12. SzSlOJ MLU. llCl ·- .... 
1S sas10, S.011.Dlte ICl ·- .... 

20 
Exam:el• 1 

(A) In an 18-liter, agitated polyethylene 
beaker,. 3 liters of water were brought to a pH of io.o 
with sodium hydroxide. · A stock solution of sodium 

25 silicate was prepared and filtered to remove. insoluble 
material. The stock solution has a Si02/Na20 molar 
ratio of 3.25/.1, and contained 398 9 of Si02 per liter 
of solution. 65 al of this aolution·were added to the 
18-liter beaker. Thereafter, 1350 9 of BaC03, which 

30 had been predispersed in one iiter of water, was added 
to form a slurry. 'rhe slurry was heated to go•c in 
one-half hour by the introduction of steam, after which 
the pH was 9.7. Next, a sodium silicaj:e solutiQn and a 
sulfuric acid solution were simultaneously added·~ver a 

35. period of 3 hours, while s~irring the slurry vigorously 
·and while ma'intaining the. pH at 9. o. The sodium 
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silicate solution was prepared by diluting 342 ml of 
the above sodium silicate stock solution to 600 ml with 
water. The sulfuric acid solution was prepared by 
diluting 69 g of 96t B2S04 to 600 ml with water. All 

5 of the sodium silicate solution was added to the 
slurry. Sufficient sulfuric acid was added to aaintain 
the pH at 1.0. After the simultaneous addition was 
complete, the slurry was then digested at to•c for · 
one-half hour, and the resulting silica-coated BaC03 

10 particles were isolated by filtration, washed with 
water to remove soluble salts, and dried overnight at a 
temperature of 12o•c. 1485 9 of dry powder were 
recovered •.. 

(B) In a 3-liter, agitated glass flask, 250 
15 g of the powder prepared in (A) above were dispersed in 

·l liter of water, and tJ:le resulting slurry was heated· 
to a te~perature of to•c. 164 al of nominal 37t HCl 
was then added slowly to the slurry which lowered the 
pH to a value of 2.0 and dissolved the BaC03 material. 

20 Next, a SnCl4/SbCl3/HCl stock solution was prepared by 
dissolving SnCl4.SH20 in water and dissolving SnCl3 in 
nominal 37t HCl. These were comb.ined in a ratio· to 
give the equivalent o~ 10 parts of Sn02 to 1 part of 
Sb, and diluted with water to yield a solution 

2s· containing the equivalent of 0.215 g Sn02/ml and o.021s 

g Sb/ml. 256 ml of this Sn/Sb/HCl solution was then 
added to the slurry over a period of 2 hours 
simultaneously with sufficient 10t HaOH to maintain the 
pH of the slurry at 2.0. 'l'he slurry was digested for.a 

30 half-hour at pH • 2.0 and at a temperature of to··c,· and 
then the resulting particles were filtered, washed to 
remove soluble salts, and dried overnight at a 
temperature of 12o•c. The dried particles, which 
comprised a powder, were then calcined.in air at-7so· 

35 for 2 hours. 106 g of dry powder were recovered. The 
finished powder product had a dry powder resistivity of 
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5 ohms. By X-ray fluorescence analysis, the powder was 
-.. - founcl'·i.o contain 46' -Sn (as Sn02), 22• Si (as Si02), 

.... ____ .-~ . . 

18\ Ba (as BaO), and 4' Sb (as Sb203). This powder, 
when examined under the electron microscope, was found 

5 to consist of bellow shells of ailica with fine 
crystallites of antimoz:iy-doped tin ox-ide fonaing a 
_uniform, two•dimensional'network on the surface· of the 
silica. - The powder was formulated vi th a· test paint 

. . . 
carrier at a· pigment/binder loading of 25/100 and 

10 applied to a test au~face. !'he resulting dry paint 
film exhibited a aurface conductivity of 140 Ransburg 

15 

units. 

Example 2 

(A) · In an 18-liter, agitated polyethylene 
beaker, 3 liters of water _were brought to a pH of 10.0 
with NaOH. A stock solution of potassium silicate was 
obtained having a Si02/K20 molar_ ratio of 3.29 and 
containing 26.S\ sio2 ·by weight. 100_ 9 of this stock 

20- solution were added to the solution in the 18-liter 
beaker, and·, thereafter, 1350 g of precipitated CaC03 
powder, with a surface area of 4 m2/g, were added· to 
form a slurry. The slurry was heated to 9o•c in 
one-half hour by the introduction of steam, after which 

25 the pH was 9.7. Next, 3875 g of the above potassium 
silicate stock solution were diluted with 1000 ml of 
water and added to the slurry over a period of 5 hours. 
The pH was maintained at 9.0 during the addition by the 
simultaneous addition of hydrochloric.acid. 262 9 of 

30 37t BCl, diluted ·to 1000 ml with water, were re~ired 
to maintain the pH at 9.0. _ The slurry was then 

. digested at to•c for one-half hour, after which the pH 
of the slurry was adjusted to a value of 7.0 by the 
addition of hydrochloric acid, and the resultinq 

35 silica-coated-particles were isolated by filtration, 
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washed to remove ~~luble salts, and dried at i2o•c for 
24 hours. 1607 g of powder were recovered. 

(B) In a 3-liter, agitated glass flask, 250 

q of powder prepared in (A) above were dispersed in 1 
s liter of water, and the resulting slurry was heated to 

a temperature of 9o•c. 355 al of nominal 37t HCl were 
then added to the slurry to adjust the p~ to 2.0 and to 

dissolve the core material. Hext, ·an aqueous solution 
of .SnCl4, SbCl3 and HCl was prepared by combining 158 

10 ml of an aqueous SnCl4 solution containing the 
equivalent of 0.286 q Sn02/ml, with 20 al of an_ aqueous 
HCl solution of SbCl3, containing the equivalent of 
0.235 CJ Sb/al. 'l'his solution was added to the slurry 
over a period of 2 hours, simultaneously with 

15 sufficient 10\ NaOH to maintain the pH of the_ slurry at 
2.0. The slurry was digested at a temperature of 9o•c 

and pH of 2.0 for one-half hour, and then the resulting 
particles were filtered, w~shed with water to remove 
soluble salts, and calcined at 1so•c for 2 hours. The 

20 finished powder product had a dry powder resistance of 
18 ohms. When analyzed by X-ray fluorescence, the · 
powder was found to contain 48t Sn (as Sn02) 1 47\ Si 

(as Si02), 64 Sb (as Sb203), and 0.3\ ca (as CaO). 
When examined under the electron microscope, the powder 

25 was found to consist of hollow shells of silica and· of 
fra~ents of shells of silica, with fine crystallites 
of antimony-doped tin oxide forming a uniform, 

. two-dimensional network on ·the surface of the silica. 
By transmission electron microscope, the average 

30 antimony-doped tin oxide crystallite size was found to 
be 9 nm. By X-ray diffraction line broadening, the 
crystallite size was 8 nm. 'l'he powd~r had ~ surface 
area·, by nitrogen adsorption,· of 50 •2/g and an average 
pore size of 7.7 nm. The powder had a specific gravity 

35 of 3.83 q/cc and a bu.lk density of 0.317 q/cc. 

This Sheet Has Been Replaced 

· tllll~l~HI 1111 · .. 
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25. 9 9 of a high solids polyester/melamine/ 
castor oil resin and 12.3 g· of the dry powder o~ this 
example were added to a 4 oz. glass jar to form a mill 
base. The jar was sealed and shaken for 5iminutes on.a 

s paint shaker. 8.5 g of butanol/xylene/diisobutyl 
ketone solvent and' 160 CJ of 20-30 aesh -~irconia bead~ 
were added to the jar, and it was shaken for an a~di­
tional 10 minutes. 'l'he zirconia beads·were then 
removed by screening, and 22.8 9 of mill base.were 

10 recovered. A 9.7 g sample of this mill base was then 
diluted with 7.6 g of resin to give a ·slurry having a 
pigment (dry powder)/binder ratio of 15/100. 

0.06 g of catalyst (Cycat 600, a 
dodecylbenzenesulfonic acid cat_alyst· .in a dime·thyl 

15 oxazoladine solvent) were added and the slurry was 
stirred. A slurry, i.e., paint, film was then cast on 
a glass plate using a draw-down ~l~de with a·o.01s mil 
gap. The film was cured by heating to 163•c for 
one-half hour. The resulting·cured film had a Ransburg 

2 o reading of 158 •. 
A repeat of th• procedure using 10.8 g of the 

mill base diluted with 4.4. g.of binder to.give a 
pigment/binder ratio 20 was also done. o.os g of 
catalyst were added, and a film was prepared as 

25 described above. The resulting cured film had a 
conductivity which exceeded the maximum Ransburg 
reading of 165.units. 

'l'he filtrate, obtained when the coated powder 
was filtered from the reaction slurry, was analyzed for 

· 30 Sn and Sb by inductively coupled plasma spectra and 
found to contain less than 1 part per million (the 
detection limit of the method) of each element. 

18 g of the conductive powder, prepared 
above, were mixed with 77.1 ~of a commercial vinyl 

35 acrylic latex paint and 6 g of water. The ingredients 
were first mixed together manually and then mixed in a 
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commercial paint shaker for 10 minutes, using 160 g of 
20-30 mesh zirconia beads. 'l'he resulting paint was 
drawn down on commercial corrugated cardboard at a 
thickness of ·approximately 2 mils. After drying.the 

5 painted surf ace had a Randsburg reading of over 120 

unites. 

Example 3 
(A) In an 18-liter, agitated polyethylene 

10 beaker, 3 liters of water were brought t~ a pH of 10.0 
with NaOH. 100 CJ of potassium silicate (26.5t Si02) 
were added to form a solution. Thereafter, 1350.CJ of · 
CaC03, which had previously been dispersed in 1 liter 
of water, were added. 'l'he slurry was heated to 9o•c in 

15 one-half hour by the introduction of steam, after which 
the pH was 9.9. Next, 1027 g of potassium silicate 
solut~~n (26~5l Si02), predispersed in l liter of 
water, and 262 ml of nominal 37t HCl, diluted to l 
liter with water, were added simultaneously to the 

2 o slurry over a period of 5 hours. The pH was maintained 
at 9.0 during the addition of the·two solutions. 'l'he 
slurry was then digested at to•c for one-half hour, the 
pH was adjusted to 7.0.with hydrochloric acid, and, 
after sedimentation, the· supernatant was decanted and 

25 the resulting mixture reheated to go•c. 
(B) Next, nominal 37t HCl was added_ until 

the pH reached 2.0. 1016 ml of an aqeuous SnCl4 
solution containing the equivalent of o.286 CJ Sn02/ml, 
and 129 1Dl of an SbCl3/HCl solution, containing the 

30 equivalent of 0.235 CJ Sb/ml were combined and added to 
the slurry over a period of 2 hours simultaneously with 
sufficient 30t NaOH to maintain the pH of the slurry at 
2.0. 'l'he slurry was digested at a temperature of go•c 

. . 
for one-half hour., and the resulting particles were 

35 . filtered, washed with water to remove soluble salts, 
and then calcined at a temperature of 1so•c for 2 
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hours. The finished powder product had a dry powder 
resistance of 3 ohms. By X-ray fluorescence an•lysis, 
the powder was.found to contain 46t Sn (as Sn02), 47' 
Si (as Si02), 6t Sb (as Sb203) and o.2t ca (as cao). 

Example 4 
·· (A) In an 18-liter, polyethylene beaker, 3 

liters of water were brought to a pH.of 10.0 with NaOH. 
90 9 of sodium silicate, in the form of ·the stock 

10 solution of Example 1, were added to form a solution 
and, the~eafter, 1350 9 of calcined BaC03, with a 
surface-area of 2.3 m2/g, were added. The slurry was 
heated to 9o•c iti one-half hour, after which the.pH wa~ 
9.7. Next, 343 ml of the sodium silicate stock solu-

15 tion of Example 1 were diluted to 600.ml with water and 
added to the slurry over a period of one-ha~f hour •. 
Then 143 ml of nominal 37t HCl, diluted to 600 ml with 
water, were added to the slurry over a p~riod of 3 
hours, until the pH reached 7.0. The slurry was then 

20 digested at a temperature of go•c .for one-half hour at 
a pH of 7.0. Next, after sedimentation, the 
supernatant was decanted, and the remaining mixture was 
reheated to go•c. 

(B) Nominal 37t HCl.was then added until the 
·25 pH of the reaction mass reached 2.0·. Next, 909 ml of 

an SnCl4 solution were prepared which contained the 
equivalent of ~-286 9 Sn02/ml, and 111 ml of an SbCl3 
solution were prepared which contained.the equivalent 
of 0.235 9 Sb/ml, and these aolutions were mixed 

30 together and added to the •lurry over a period of 2 
hours, while simultaneously adding 30t HaOH to maintain 
the pH at a value of 2.o. 'l'he slurry was digested for 
one-half hour at a temperature of go•c:. and a pH of 2.0. 
The resulting particles were ~en filtered, washe~ with 

35 water to remove soluble salts, and calcined at a 
temperature of 1so•c for 2 hours. The finished powder 
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· had a dry po~der resistance of 4 obnls. 480 9 of powder 
were recovered. By X-:ray fluorescence analysis, the 
powder was found to contain 54.2t Sn (as Sn02l1 33~81 
Si (as Si02) 1 6.41 Sb (as Sb203), and'·'' Ba (as Bao). 

lxample.5 

(A) In an 18-liter, polyethylene beaker, 3 
liters of water were brought to a pH of 10.0 with 

. sodium hydroxide. 100 cj of the potassium a1·11~te 
10 stock solution Of Example 2 were added, ~ollowec! by 

135.0 9 of barium carbonate powder, with: a surface area 
of 2.3 m2/g.· 'l'he slurry was heated to to•c in one-half 
hour, at which time the pH was 9.0. 515 g of the 
potassium silicate stock solution were· diluted to 600· 

15 ml with water and added to the agitated slurry over a 
period of orie-half hour. 139 ml of nominal 37t HCl 

·were diluted to 600 ml. with water, and added to the 
agitated slurry over a period of 3 hours, at which time 
the pH had dropped to 7. The slurry was held at to•c . 

20 and a pH of 7 for one-half hour. 'the product was then 
filtered,- washed free of soluble salts, and dried at 
·12.o•c. 1498 g of powder were recovered. 

(B) · 250 9 of the powder prepared in (A) 
above was dispersed in 1 liter of water by mixing in a 

2s high speed blender tor 2 minutes. The slurry was 
heated to to•c and nominal 37t HCl was added until the 
pH h•d droppe~ to 2. 185 ml of .the nominal 37t HCl 
were required. A SnCl4/SbCl3/HCl atock.aolutlon was 
prepared as in Example 1, ·but containin9 the equivalent 

30 of o.254 g of sno21a1 and o.o&4 9 Sb/ml of aoluti~n. 
178 •l of this solution was added to the-stirred slurry 
over a period of 3 hours, along with aufficl•nt 1ot 
HaOH to maintain the pB at 2. 'l'he slurry was then held . . . 

at 1o•c and a pH of 2 for an additional one-half hour. 
35 The product was filtere~, washed free of soluble salts, 

and dried at 12o·c and calcined in air at 7so•c for 2 
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hours. 79 g of powder were recovered. This powder had 
a dry powder resistance of 22 ohms. It had a surface 
area, by.nitrogen adsorption, of 49.8 m2/g and an 
average pore diameter of 9.4 nm. When examined under 

5 the electron micr~scope, the product was found to 
consist of hollow shells of silica with fine 
crystallites of antimony-doped tin oxide forming a 

. uniform, two-dimensional network on the surface of the 
silica. By transmission electron microscopy, the 

10 average crystallite size was 10 nm. ay·x-ray 
diffraction line broadening, the average cX"Ystallite 
size was 8 nm. By X-ray fluorescence analysis, the 
powder contained S7t Sn (as Sn02),. 34t Si (as Si02) ,· 7t 

Sb (as Sb203), and 1.3t Ba (as BaO). the powder had a 
15 specific gravity of 4.31 g/cc and a tapped bulk density 

of 0.333 g/cc. The powder had an isoelectric point of 
2.3. 

Example 6 
20 (A) In an agitated, lB~liter polyethylene 

. . 
beaker, 3000 9 of 97t pure rutile titania powder, with 
a 6.8 m2/g surface area, were dispersed in 6 liters of 
water. The pH was brought to 10.0 with NaOH. 454 ml 
of the sodium silicate stock solution of Example 1 were. 

25 added to the agitated slurry. The slurry was heated to 
9o•c in one-half hour by the direct introduction of 
steam. Then~ 1ot sulfuric acid was added qradual~y 
over a_period of 2 hours, until a pH of 7 was reached. 
The slurry was then held at to•c and a pH of 7 for an 

30 additional one half-~our, and the resulting 
silica-coated titania particles were isolated by 

. 35 

. . 
filtration, washed to remove soluble salts, and dried 
overn~ght at a temperature of 12o•c. 3108 g of powder 
were recovered. 

(B) 100 q of the powder prepared in (A) 
above was dispersed in one liter of water, using a hiqh 
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speed mixer. The slurry was transferred to an 
agitated, 3-liter glass flask and 200 9 of barium 
carbonate powder were added. The slurry was then 
heated to 9o•c and the pH was adjusted to 2.0 by the 

·. 5 addition· of hydrochloric acid. Then, 197 ml of a 
SnCl4/SbCl3/BCi solution were added to·the slurry ·over 
a period of 2 hours, while •aintaining the pH at 2.0 by 
the simultaneous addition of a 10' NaOH solution. The 

. . 
SnCl4/SbCl3/HCl solution contained the,equivalent of 

10 0.254 g Sn02/ml, 0.0262 9 Sb/ml and.was.prepared as in 
Example 1. The slurry was held an additional one 
half-hour at go•c and pH 2.0, after completion of the 
simul~aneous additions. The resulting particles were 
filtered, washed to remove soluble salts, and dried 

1$ overnight at a temperature of 12o•c. The powder was 
then calcined in air at &oo•c for 2 hours. 155 9 of 
powder were recovered. The dry powder resistivity was 
3 ·ohms. By X-ray fluorescence analysis, the powder 
contained 32% Sn (as Sn02)·, ' ' Si (os Si02), 4% Sb (as 

20 Sb203), and 60% Ti (as Ti02)• Examination of the 
powder under the electron microscope revealed that the 
titania particles were coated with silica, and that the 
silica surface.was coated with fine crystallites of tin 
oxide. The crystallites of antimony-containing tin 

25 oxide were uni~o~ly dispersed as a two-dimensional 
network on the·silica .surfaces. The isoelectric point 
of this powder.was determined to be 3.1. ~he surface 
area, by nitrogen adsorption, was 15.4 m2/g and the 
average pore di~eter was 9 nm. By X-ray diffraction 

30 line· broadening, the tin oxide crystallite size was 
determined to be 15 nm. By transmission electron 
microscope, the average ~ntimony-doped tin oxide 
crystallite size was determined to be 9 nm •. The 
finished product had a dry powder resistance of 3.2 

35 ohms. 
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30 grams of the calcined powder were then. 
incorporated into 70 grams·of low density polyethylene 
by blending and extruding through a Banbury mill. 'l'he 
polyethylene resin had a melting point of 10s·- 101•c, 

.5 and the mixture was bended in the mill for 2 minutes at 
110·- 12o•c at 230 rpm. The mixture-was extruded at-a 
ram pressure of 50 - 60 psi, and the extruded blend-was 
pressed into sheets of 10 ail thickness. The sheets 
had a specific conductance of 0.68-olua-cm. 

10 Example 6 was repeated without the addition 
of BaC03 in part B, and the dry p~wder resistance -
increased to 166 ohms. Examination of the powder under 
the electron micr~scope showed less complete 
development of the two-dimensional network of tin.oxide 

15 crystallites on the silica surface. The isoelectric 
point of this powder w~s s.o, and the surface area was 
20.4 m2/g. The sno2 ~rystallit~ size, by X-ray line 
broadening, was 11·mn. 

Example 6 was repeated, but with both the 
20 silica coating.and the BaC03 eliminated from the . 

procedure. The dry powder resistance of the resul~ing 
powder was 3000 ohms, and examination of -the powder 
under the electron microscope-showed incomplete 
development of a surf ace nextwork of tin oxide 

25 crystallites •. Much of the tin oxide_appeared t~ have 
entered into a &Qlid solution with the titania. 

Example 7 
(A) In an agitated, 18-liter polyethylene 

30 beaker, 3000 9 of barium sulfate (Blanc Fixe), with a 
surface area of 3.3 m2/9, were dispersed in 6 liters of 
water. The pH was adjusted to 10.0 with sodium 
hydroxide, and 454 ml of the stock sodium silicate 
solution from Example 1 were added. The slurry was 

35 heated to 9o•c in one-half hour by the introduction of 
dteam. Then, lOt sulfuric acid was added at the rate 
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of ioo ml/hr until the pH.reached 1.0. The particles 
were filt$red, washed to remove·solUble salts, and 
dried overnight at 12o•c. 3130 CJ of dry powder were. 
recovered. 

.. 
(9) In an 18~liter, agitated polyethylene 

beaker, soo CJ of the powder prepa~ed in· (A)· . a.,ove and 
500 g o~ CaC03 were ·dispersed in soo_o .. al .of water.. The 
alurry was heated_to to•c_and the pH adjusted to 2.0 
with hydrochloric acid. 325 111 of a SnCl4/SbCl3/BCl 

10 _solution were t!l•n ac!ded to the slurry over a period of 
2 hours, while maintaining the pH at 2.0 by the 
simultaneous addition of· a 10t solution of BaOH. The 
temperature was maintained ~t to•c throughout this 

. . 

addition. ·The SnCl4/SbCl3/HCl solution was prepared as 
15 in Exa,mple land contained the.equivalent of 83 g Sn02 

and 8. 3 CJ of Sb. Th• slurry was held at 90 • c and a pH 
of 2.0 for an additional half-hou~. The product was 

. . . 

then filtered, washed to remove soluble salts, dried 
overnight at 12o•c and calcined in air at.1so•c for 2 

20 hours. 557 CJ of product were recovered, having a dry. 
powder resistance of· .12 ·ohms. By X-ray fluorescence 
analysis, the powder colltained 14t.Sn (as SnOz), at.Sb 
(as Sb203), st Si .(as Si02) and 79t 88 (as BaS04). 

'l'he Example was repeated wi~out the addition 
25 of calcium carbonate, and the dry powder resistivity 

was 1200 ohm11. The Example was again repeated without 
either the silica coating or the calcium carbonate 
addition, and the dry powder resistance increased to 
1400 ohms. 

30 

Example·I 
a liters of deionized water were placed in a 

3-liter beaker and heated to to•c. 2s·9 of CaCl2 were 
added to the bath. over a period of 2 hours, 400 9 of 

35 potassilim silicate solution, with-a.Si02/K20 aol_-r 
ratio of 3.29/l and conta.ining. 24t Si02 by weight, were 
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· &dded to the sol~t~on while maintaining the pH at 9.5 
with nominal 37t HCl. Good agitation was maintained 
during the silica precipitation. F.ollowing the 
addition of the potassium silicate solution, the pH was 

s adjusted to 7.0 with HCl and beld ~or one-balf hour • . 
'l'he pH was then ·lowered to 2.0 with concentrated HCl. 
A solution of SnCl4/SbCl3 was·prepa~ed as follows: 
2000 g of SnCl4.5B20 were ~issolved in water and 
adjusted to a total volume of 3000 al. 250 g of SbCl3 

10 were dissolved in 500 ml of nominal 37t BCl. For the 
stock solution, 100 ml of the SnCl4 solution, along 
with 73 ml of the SbCl3 solution, were mixed together. 
The stock solution was added to the calcium modified 
silica slurry over a 2 hour period, while maintaining 

15 the slurry at a pH.of 2.0 by the addition of 20t NaOH. 
The temperature was maintained at ·9o•c. After ·• 
haif-hour cure, the product was isolated by filtering 
and washed free of soluble salts. The product was then 
dried for 12 hours at 12o•c. The dried product was 

20 then calcined in a silica dish at 7so•c for 2 hours. . . 
296 9 of dry powder were recovered. 'l'he surface area 
of the dried product was so m2/g, and the surface ·area 
of the calcined product w~s 48 m2/9. The calcined 
powder had ~- dry resistance of 6 oruiis. 'l'be powder · 

25 composition, reported as oxides, was sst Sn02, 7t 
. . 

Sb203, 31' Si02, and 0.3t _Cao. When examined under the 
electron microscope, the powder was found to c~nsist of 
particles of silica with fine tin oxide crystallites 
dispersed in a continuous two-dimensional network on 

30 the surface of the silica. 'l'he powder had an . 
isoelectric point of 2.3. . . 

When the above Example was repeated wit!iout 
the calcium chloride, the dry powder resistance was 8 . 
ohms. The calcined powder had a surface area of 60 

35 m2/g. 
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Example 9 
2 liters of deionized water were placed in a 

3-liter beaker and heated to go•c. 15 9 of Ba(OH)2.H20 
were added to the heated water. over a period of 2 

5 bou~s, 400 9 of the p~tassiwn •ilicate solution of 
Example ·a were °added to the solution while maintaininq 
the pH at 9.5 with nominal 37' BCl •. Good agitation was . . 

maintained during the silica precipitation. Pollowinq 
the addition of the potassium silicate solution, th~ pH 

10 was adjusted to 7.0 and held for one-half hour. 'l'he pH 
was then lowered to 2.0 with nominal 37t HCl. A stock 
solution of SnCl4/SbCl3 was prepared as follows: 2000 
g of SnCl4.SH20 were dissolved in water and adjusted to 
a total volume of .3000 ml with deionized water. 250 9 

15 of SbCl3 were dissolved in 500 ml of nominal 37t HCl. 
600 ml of the SnCl4 solution and 73 ml of the SbCl3 
solution were mixed together for the stock solution for 
addition to the precipitated sil·ica •. The s~ock . 
solution was added over a 2 hour period at a pH of 2 

20 and go•c, using a 20t NaOH soluti·on. to controi the pH •. ·· 
After a half-hour cure, the product was isolated by 
filtering and washed free of soluble salts. The · 
product was dried for 12 hours at 12o•c. 'nle dried 
product was calcined in air in a silica dish at 7so•c 

25 for 2 hours. 295 9 of the dry powder were recovered. 
The surface area of the dried product was 83 m2/g, and 
the surface area of the calcined product was 39 m2/g._ 
'nle powder composition, reported as oxides, was 58t 
sno2, 7t Sb203, 35t Si02, and 0.4t Bao~ 'l'be powder had 

30 an isoelectric poi~t of 2.0. 
'l'bis Example was repeated without the 

presence of silica or barium by simply adding the 
SnCl4/SbCl3/HCl stock solution to water a~ 9o•c, while . 
maintaining the pH at 2.0 by the addition of NaOH. The 

35 resulting dry powder bad an isoelectric point of o.s. 
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Example 10 
(A) 3000 ml of deionized water was placed in 

a 5-liter beaker equipped with a paddle stirrer. The 
pH was adjusted to 10.s wi~h a 20t NaOH solution, and 

. . 

5 the temperature of the mixture was ~aised to 75•c usinq 
. . 

a hot plate. Separately, a stock·coating solution was 
prepared by mixing together 615 9 of potassium silicate 
solution (24t Si02)_witb 200 CJ of Ha2B204.8H20. 150 CJ 

of the stock coa-ing solution were added to the stirred . 
10 solution in the 5-liter beaker over a period of 2 

minutes. Immediately following the addition of the 
stock coating solution, 1350 CJ of BaC03 powder was 
added over about a 2 minute period. 'l'he remainder of 
the stock coating solution (665 g) was then ad~ed to 

15 the slurry. over a period of 3 hours, while 
maintaining a tempera~ure of 75•c,. a total of 1660 ml 
of 6N HCl were added to the stirred slurry. When the 
HCl addition was completed, the slurry was held at pH 7 
and 75•c for one-hal.f hour. The Si02/B203 coated ·aaC03 

20 was isolated by filterinq with a coarse sintered glass 
filter. The product was washed w~th·deionized wate~ to 
·1000 microinhos and then dried 12 hours at 12o•c. The 
product contained 12t Si02/B203. 

(B) 250 g of the BaC03 powder, coated with 
25 12t Si02/B203 as prepared ·1n (A) above,· were placed in 

a Waring blender with 500 ml of deionized water and 
blended for 2 minutes. The material was added to 1300 
ml of.water in a 4-liter beaker equipped with a paddle­
stirrer. 'l'he slurry was heated to 6o•c and nominal 37% 

30 HCl was added dropwise to the stirred· slu~ry to remove 
the BaC03 core. 187 ml of nominal 37t BCl were 

. . 
required. The pH stabilized at 2.0 when all the 
available BaC03 had been removed. A stock solution of 
SnCl4/SbCl3 was added to the slurry at pH 2.0, over a 

35 period of 2 hours. The .pH was maintained at 2.0 by 
simultaneously adding a 20t solution of NaOH. The 
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product was then filtered and washed to 7000 micromhos. 
The washed product was dried for 12 hours at 12p•c, and 
calcined in air for 2 hours at 7so•c. 84 q of dry 
powder were recovered. In the dry powder cell, the 

5 product had a resistance of 8 ohms. The product had a 
surface area of 128.9 a2/q. 

EXMPLE 11 
(A) 300 q of barium sulfate (Blanc Fix) were 

10 dispersed in one liter of water in a 3-~iter aqitated 
q~ass flask and heated to to•c. over a period of 2 
hours, 197 ml of an SnCl4/SbCl3/HCl solution, contain­
inq the equivalent of_ so g of ~n02 and 5. o q of Sb,.· and 
prepared_ accordinq to the proc~dure of Example l, was 

15 added to the slurry. When the pH reached 2, 10t sodium 
hydroxide was a_dded along ·with the SnCl4/SbCl3/HCl 
solution to maintain the pH at 2 for the remainder of 
the addition. The slurry was then held an addi.tional 
one-half hour at a pH of 2 and at a temperature o~ 

20 go•c. The product was. filtered, washed free of soluble 
salts, and calc·ined in air at· 7so·c for 2 hours. 354 
q of dey product were recovered .• 

(B) Part (A) was repeated, except that 333 
q of cacl2 were dissolved in the one liter used to form 

25 the BaS04 slurry. 354 q of dry product w~re recovered. 
(C) 3000 g of BaS04 were dispersed in 6 

~ . 
liters of water in an 18-liter aqitated polyethylene 
beaker. The pH was adjusted to 10.0 by the addition of 
lOt NaOH. 628 q of a sodium silicate solution, 

30 containinq 28.7t Si~2 and.8.9t Na20 were added, and the 
slurry was then heated to to•c in one-half _hour. The 
pH was then 10.15. A 25t B2S04 solution was then added 
at a rate of 100 ml/hour until the pH reache.d 7.0. The 
slurry was held at pH 7 and go•c for one-half hour. 

35 The resultinq product was filtered, washed free of 

ii1liii1ii1UUif 
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· soluble salts, and ·dried ov·ernight at 12o•c. 3088 g· of 
dry powder were recovered. 

(D) In a 3-liter.agitated glass flask, 300 
9 of the powder from step (C) above were dispersed in 

5 . one liter of water and then heated to to·c. · over a 
P.riod.of 2· hours, 197 Ill of the SnCl4/Sbcl3/HCl 

. solution of Part. (A) were added to. the. slurry·. When 
the pH dropped to 2.0~ sufficient 1ot c•ustic was added 
aiong vi~· the SnCl4/SbCl3/BCl solution to aaintain the 

19 pH at 2, and the temperature was aaintained at 9o•c. 
'l'he resulting procluct was filtered, washed free of 
soluble salts,_ and then calcined in air for 2hours at 
a·temperature of 7so•c. 356 g of dry.powder were 
·recovered·. 

15 (E) Part (D) was repeated, except that 333 
g of cac12· were dissolved in the one.liter of water 
used to form the slurry. 154 g of' dry powder wer_e 
recovered. 

Dry powder .resistances, _pore diameters •nd 
20 surface areas for the powders produced in steps (A),· 

(B), (C), and (D) were measured, and the results are 
shown in Table 2. 

'l'ABLI 2 

25 Pore· surf ace 
Diameter Area, 

bn. IJJ2,a ~.1 BlliltAIHcl! nm m2 ls 
(A) Ho Ho 200 ohms 12.0 8.4 

(B) Ho Yes· 60 ohms 9.9 7;.6 
30 (C) Yes If o 75 ohms 11.5· 11.4 

(D) Yes Yes 2 ohms 7.5 9.2 

' . 

35 



.. 

~ 

-41-

%A~LE ;I 

' Ba as t Sn as t Si as t Sb as· ' ca as 

!All l1SQ4 &nQ2 &iQ2 IH22Q3 · ,.Q 
(A) 83 14 0 1.7 (0.05 

s (B) 83 14 0 1.7 < o·.os 

(C) 79. 14 6.5 1.7 (0.05 

(D_) 79 1"4 6.4 1.6 <0.05 

lnMPLI :LZ 
10 (A) 188 CJ of wet-vround JIUacovite aica, with 

a surface area· of i.-7 •2/g, was dispersed with o.at of 

triethanolamine in 2000 •l of distilled water. 'l'be 
. . 

. process temperature was raised to 90. c and held. there . 

for the remainder· of the aqileous pro~essing. 'l'he_pH 

15 was adjusted to io~·o with. 20t NaOH, and· 50 CJ of 3.29 

7
ratio potassium silicate (25t (25t Si02) was added to 

the stirred slurry over two minutes. 2_ot HCl was then 

added to the slurry over· a 2 hour period, bringing the 

pH to 8.0. The pH was.then further adjus-ted to 7.0 

20 with ·2ot HCl, and_ the slurry was stirr~d for ·30 _ 

minutes. The pH was then adjusted to 2.0 with 2ot HCl, 

and 220 g of CaCl2 were added to the ba~ over a 

five minute period. 220 •l of a·sncl4 solution (0.445 

CJ sno2/ml) and 42 ml of a SbCl3 solution.(0.235 g 

25 Sb/ml) were mixed together and added to the slurry over 

2 hOUJ:'.S, maintaining the pH at 2.0 by the addition Of 

2ot NaOH~ 'l'be slurry was held at 1o•c and a pH of 2 

. for 30 minutes. J:t was then filtered, washed free of· 

soluble salts and dried at.12o•c for 12 hours. '!'he 

30. dried product was calcined at 75•c for 2 hours. By 

X-ray fluorescence analysis, the powder was found to 

contain 33.lt Sn (as Sn02), _ 4 .• ot ·sb (as Sb203), 31.2t 

Si (as Si02), 22.ot. Al (as Al203), and 6.3t K (as.K20). 

By X-ray diffraction line broadening~· the ·averag~ sno2 · 

35 crystallite size was 7 nm. _ A poiyester/melamine/castor 

oil primer paint was prepared as in Example 2. 
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(B) . The procedure of Part (A) was repeated, 
except that the silica coating was eliminated. After 
dispersing the mica in water and triethanolamine, the 
pH was lowered to 2.0 by the add~~ion of 2ot HCl. The 

s calcimn chloride was added, and the Part (A) procedure · 
· was followed from that point on~ · 

(C) ·The procedure of Part (A) ·was repeatec!, · 
except that the calcium chloride solution w•s not used. 

'l'be composition and electroconductive 
10 performance of the resulting powders were found to be 

as follows.· The compositions were determined by X-ray 
. fluorescence analysis, ancl the crystailite size was 
determined by· X-ray diffraction ~i~e broadening. 

15. 

20 

25 

30· 

'l'ABLB 4 

' ' • ' ppm ' ·2gwa1:c aD22 IJi!2Q3 aJ.22 &l2Q3 .c&Q.· ·K22 
A. 33.l 4.0 31.2 22.0 100 6.3 

B 33.8 4.2 .. 28~9 22.6 100 6.3 

c 33.5 3.6 33.6 23.3 100 6.3 

Crystallite Size Perf ~rmance in Paint 
of sno2-Sb Conductivity, 

Egw!;l1;c nm Ell B1n1by:r.g 1lDit1 
A ., 48 over 165 

25 145 

B 8 48 140 
25 . 75 

c 8 . 48 90 
25 75 

UAMPLE 13 

Example 12, Part (A) was rep•ated, exc~pt 
that 188 g of delaminated Kaolinite clay were 

35 substituted for the 188 CJ of mica, the amount of SnCl4 
solution was increased to 252 ml, and the amount of 
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SbC13 solution was increased to 48 ml. The Kaolinite 

had . a surface are~ ot 12. 7 m2 /g.. A sample of the 

powder was incorporated into a 
polyester/melamine/castor oil paint· as in Example 2. 

5 'l'he resulting paint film ~ad a conductivity-of 135 

Ransburg units · at .a P/B of 50. · 

10 

15 

20 

25 

30 

35 
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CLAIMS: 
· 1.. An electroconducti ve composition which 

·comprises amorphous silica or a silica-containing 
material in association with a two-dimensional network 

5 of antimony-containing tin oxide czystallites in which 
the a~timony content ranges from 1 to about 30t by 

. . . . 

· ... weight of the tin oxi~e ~ 

2 ~ Tha compgsition of Claim 1 !n which the 
. . 

10 composition is a powder comprising sha~~d particles of 
amorphous silica, or a sil~ca-containing .-terial, or 
particles comprising an inert. co.re material· having an 
amorphous· silica coating·or·a silica-containing. 
coating, · which are surface-coated with a 

15 two-dimensional conducting network Of 
antimony•containing tin oxide crystallites. 

20 

3. The composition of Claim 2 in which the 
shaped· particles have_ an aspect ratio of at least 2. 

4. The composition of Claim 2 or Claim 3.in 
which the shaped particles are hollo~ sbe~ls of 
amorphous silica or a silica-containing material. 

25- s. The composition of Claims 1, 2, 3 or_4 in· 

30 

.which the silica-containing mate:rial is a composition . . . . . 

-selected from metal silicates, silica-containing gl.ass, 
and material ilaving an extensive co•valent network 
involving Si04 units. · 

6. fte compositlon of Claims 1, 2, 3," 4 or 5 
in which the silica•containing material ia a ailica-boria 
material. 

35 7. In a polymeric carrier mat;rix, an elec-
troconductive network comprising interconnecting shaped 
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particles, said particles comprising an 1nert core. 
material having a coating of silica ·or a 
silica•containing material and a surface coating. of a 
two-dimensional conducting network of 

5 antimony-containi~g tin oxide crystallites in which the 
.·antimony is present in an amount ot from 1 to about 30t 
by weight of the tin axide •. · 

· 8. In a polym~ric carrier aatrix, an 
10 electroconductive network comprising interconnecting 

. . . . . 
shaped particles, said particles having a structure 
consisting essentially of a substrate of amorphous. 

. . . 
· silica or a silica-containing. material ·with· a·· aurf..,ce 
coating comprising a . two•dimensional conducting n.etwork 

15 of antimony-containing t~n oxide crystallites in which 
the antimony content ranges from · 1 to about 3ot by . 
weight of .the tin oxide• 

. · 9. The electro~·onducti ve network of Claim 7 
20 · or Claim· 8 in which the polymeric carrier matrix is. a 

film of paint •. 

10. 'l'he electroconductive network of Claim 7 

or Claim 8 in which the polymeric carrier matrix is a 
25 fiber. 

30 

·11 •. The composition of Claim 2 in which the 
core consists essentially of barium aulfa~e. 

12 •. The composition of Claim 2 in which the 
core consists e~sentially of titanium dioxide. 

13. An electroconductive ·composition as in 
.any one of the preceding Claims 1-6 which contains up 

35 to about 1ot by we~ght of one or more grain refiners 

-45-
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selected from alkali metais, alkaline earth metals, . 
transition metals and rare· ·earth elements. 

14. 'the composition of Claim 13 in which the 
5 grain ref~ners are selected. from Ca, Ba, Sr~ and Mg. · 

15. A ·process for preparing an· 
electroconductive composition comprising amorphous 
silica or a silica-containing material in ~ssociation 

10 with-a surface coating comprising a two~dimensional 
conducting network of antimony-containing tin oxide 
crystallites which comprises the steps ·of:· 

(a) providing a substrate .of amorphous 
Jiy4roxylated silica or· a silic•-containing materia.l: 

15 (bl applying a coating layer Qonsisting 

. 20 

25 

essentially of hydrous oxides of antimony and tin to 
the substrate surface; and 

(c) calcining the coated substrate at a 
temperature in the range of from 400• to 9_oo•c • 

16. The process of Claim 15 in which the 
· substrate of amorphous hydroxylated silica is provided 
by precipitating the silica from solution. 

· 11. 'the process of Claim 15 in which the 
·coated substrate· is calcined at -a temperature in· the· 
range of from 400" to goo•c in an oxygen-containing 
atmosphere. 

30 11. 'l'he process of Claim 15 in. which the 

35 

amorphous hydroXylated silica or-silica-containing 
substrate is provided by coating a finely divided core 
material wi~ active silica or a sil~ca-containing . . 

material. 

1iii11iiUr 1 
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19. The process of Claim 18 in which the 
core :material is a carbonate·selected frOJl.l BaC03 and 
CaC03. 

. 20. .The process of c;la!m 18 in which the. 
5 core material is selected from BaS04, caS04 and Ti02• 

10 

21. The process as in any one of Claims i9, 

20 or 21 which includes the additional •tap of removing 
the core 11aterial. 

22. A pr0cess as in any one of Claims 18-21 

in which the core mate-rial is coated with active ·silica· 
by:. 

(a) suspending the core mat~rial· in·wa~er 
15. and adding a source of active silica while maintaining 

the pH of the suspension at a value in the range of 8 

to 111 and 
. (b) neutral~zing alkali contained in the . 

source of silic~ by adding a dilute mi~eral acid to the 
20 suspension over a predetermined period of time based on 

the amount of silica present in the suspension. 

25 

30 

23. 'l'be process of Claim 22 in which the 
mineral acid is ••lected from H2S04., BCl, and BN03. 

24. The process of Claim 22, in which the 
core material is removed by suspending the silica 
coated particles in water and adding a solvent in which 
the core material is soluble.to the suspension. 

25. A process as in any one of Claims 15-24 

in which the coating layer of hydrous oxides of 
antimony_and tin is applied to the silica substrate by: 

(a) preparing separate aqueous solutions of 
35 hydrolyzable tetravalent sn·and trivalent Sb salts; 
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(b) combining the Sn and Sb salt solutions; 
and 

(c) adding the combined solution to a •lurry 
of ~e silica substrate over a predetermined pe~iod of 

5 time while •aintaining the pH of 1:he slurry in the . . 

range of 1. 5 to 3 ._5 and the temperature of the slurry . 
in the range of from 25~ to 1oo•c under continuous 
agitation. 

10 26. The process of Claim 25 in which. the 
salt aolutions are added to a slurry which contains a 
concentration of.up to 3 molar of a 9rain refiner or_ 
:mixture of grain refiners selected from alkali met•ls, 
alkaline earth metals, transition metals, and rare 

15 earth elements. 

20 

27. The process of ~laim 26 in.which the 
train refiner is selected from ca, Ba, Sr, Zn, and Mg. 

2a. An electroconductive composition which 
is a ·powder comprising shaped particles selected from_ 
BaS04, Sr$04, CaS04, graphite, carbon, mica, and Ti02 
which are surface-coated with a two-dimensional 

. . . 
conducting network of antimony-containing tin oxid~ 

25 crystallites, said particles containing at least about 

30 

. . 

100 parts per million of .a-grai~ refiner or mixture of 
grain refiners selected from alkali metals, alkaline 
earth metals, transition metals, or rare earth 
elements. 

. 
29. 'l'he composition of Claim 28 in which the 

. shaped particle is BaSo4' and the 9rain refiner is ca.· 

. 
30. A process for-preparing an •. 

35 electroconductive composition comprising shaped 
particles selected form BaS04, SrS04, CaS04, graphite, 

1iiiiIT[ 
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carbon,· mica, and Ti02 which are surface-coated with a 
two-dimensional conducting network of 
antimony-containing tin oxide crystallites and contain 
at least about 100 parts·per million of a 9rain refiner 

5 or mixture of grain refiners which comprises the steps 
of: 

(a) applying a coatinq layer to the 
particles consisting.essentially of.hydrous oxides of 
antimony and tin in the presence of a 9rain refiner, or 

10 mixture of 9rain refiners, selected from al~li aetals, 
alkaline earth metals, transition ae~als, and rare 
earth metals; and 

(bl calcining.· the coated particles at a 
temperature of from 400• to too•c in an 

15 oxygen-containing atm~sphere •. 

31. The process. of Claim 3o in which the 
coating layer of hydrous oxides of antimony and tin is 
applied to the particles by: 

20 ·(a) preparing separate. ~queous. solutions of 
hdyrolyzable tetravalent Sn and trivalent Sb salts; 

· (b) combining the Sn and Sb salt solutions: . . 

and 
(c) adding the combined solution to a slurry 

25 of the part1cles over a predetermined period of time 

30 

35 

· while maintaining the pH of the slurry in the range of 
1.5 to 3.5 a~d the temperature of th~ slurry in the 
range of from 2s•c to 1oo•c under continuous agitation. 

32. The composition of Claims 1 or 2 in 
which the silica-containing material is· aica. 

33. !'he composition of Claim 8 in which the . 
substrate consists essentially Of aica. 
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34.· The.composition of Claim· 2 in which the 
coating.of amorphous silica or silica-containing 
coating is less than 20 nm and the conductinq network 
of antimony-containinq tin oxide crystallites is less 

5 than 20 nm. 

10 
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20 
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35 


