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# FI ELD OF THE | NVENTI ON The present i nvention relates to
a met hod,.for preparing-substantially . Wwhi-te el ectroconductive powders
(ECP) conpri si ng antinony-containing tin oxide™ ..  .wherein the
conmpositjon exists i n association with silica or“a silica-tontaining 10
mat eri al . BACKGROUND OF THE | NVENTI ON
Known ECP conp03|t|ons and a process for preparl ng t he known ECPs are

descri bed i n European Patent Application Publicati.on No. 0 359 569, 15
entitled "I nproved El ectroconductive Conposidion and Process of
Preparation", (which corresponds H¥TLES. Patent Application Serial

No. 07/386, 765);  hPRORESSHFOR MAKINGHIRCTROBONBUEHVE PRV SRS

i ncorporated herein by reference. The known nethQd-- - preparing ECP
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| NVENTI 25 mate The present invention relates to a hethod for
prepari ng subs?anﬁ ally white ECP conpositions, and solving probl ens

whi ch are associated wi th known rret hods for maki ng ECPs. The
el ectroconductivity of the ky 1 decreases with
ST ze, decreases as the
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content of t H& audrantimony salts, for example SnC14 and SbCI3, having a pH in the range 1.5
20 and3.5 to deposit a tin oxide surface coating which contains antimony.
Conventionally, to obtain adequate electroconductivity the surface coating
contained at least about 5 through about 10 wt% antimony.

SUMMARY OF THE INVENTION

25 The present invention relates to a method for preparing substantially
white ECP compositions, and solving problems which are associated with known
methods for making ECPs. The electroconductivity of the known ECP compositions
decreases with increasing crystallite size, wherein the crystallite size decreases as the
antimony content of the surface coating increases. At antimony levels of about 5

30  wt% based on the tin oxide the coating has a blue grey color, and the color becomes
deep blue as the antimony content is ink:reascd. In many applications, for example, a
conductive pigment in paint, it would be preferable for the ECP composition to be
free from color. This can be achieved by the process disclosed in the aforementioned
publication provided that the antimony component of the coating is less than about 3

35  wt% based on the tin oxide. When reducing the antimony content of the ECP,



25 however, the el ectroconductivity of the known ECP product may fall
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which can be produced in accordance with the present invention.

DETAILED DESCRIPTION
25 The present -inven;ibn relates to a method for preparing substantially '
white ECPs having relatively high electroconductivity. '
The term "color-free", "substantially white" or "pure white" is meant to
refer to the color characteristics of an ECP which can be formed by the present
invention. One way to determine the color or whiteness of an ECP is by measuring
30  the powder’s reflectivity as a finction of three coordinates, namely, "L, "a", and "b".

. The "L" coordinate refers to the lightness or darkness of an ECP, wherein an "L"
value of 100 refers to pure or true white and 0 being black. The “a" and *b"
coordinates refer to chroma characteristics. A positive value for "a" indicates the
presence of red, and a negative "a" value indicates the presence of green. A positive

35 value for "b" indicates the presence of "yellow", and a negative value for "b" indicates
" the presence of blue. In the present case, the ECPs have a reflectance of visible



35 value for "b" indicates the presence of "yellow', and a negative val ue

#for "b" indicates the presence of blue. In the present case, the
ECPs have a reflectance of. visible
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25  limit the choice of finish coat shades. The ECPs of the invention may also be
-employed to obtain an electroconductive paper or plastic film. An example of such
an ECP containing film is described in European Patent Publication No. 0 439 161,
entitled "Electrographic Recording Element with Reduced Humidity Sensitivity"
(which corresponds to U.S. Patent Application Serial No. 07/620,251); the entire

30  disclosure of which is hereby incorporated by reference.

. The method described in the above-incorporated European Patent

Application Publication No. 0 359 569 (hereinafter referred to as "EPO 569"), for
preparing ECPs includes depositing a thin coating comprising antimony-containing
tin oxide onto a silica substrate, e.g, an amorphous hydroxylated silica or a silica-

35  containing particulate material. This deposition step comprises adding a solution
containing hydrolyzable tin and antimony salts, for example, SnClg and SbCl3, in a
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present 4hvetVERRPD: aregansroflgd by ghe configuration of the substrates The pam:: e size of
the substrate typically ranges from submicron to tens of microns; normally about 0.1

to about 20 microns. By appropriately selecting the substrate material upon which
the antimony-containing tin oxide is deposited, the characteristics of the powder can
be tailored to satisfy a wide range of end-use applications.

3c A key step in the process of the present invention relates to the
environment which is employed to apply the surface coating of antimony-containing
tin oxide upon the substrates. This step comprises treating an agitated aqueous
suspension of substrate particles at a temperature in the range of about 25 to 100°C
with a solution comprising a source of tin and antimony such as hydrolyzable salts of

35 tin and antimony, e.g., SnCly and SbCl3. The substrate suspension as well as the salt
solution can be prepared in the manner described in EPO *569. The molar ratio of
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25  intwo dimensions about the surface of the substrate. Typically, the antimony-

containing tin oxide crystallites range in size from about 50 to about 100 Angstroms.
For best resuits, a cation or mixture of cations selected from Groups

IA, I1A or ITIA metals is present during the previously discussed antimony-
containing tin oxide deposition step. These cations may be introduced as soluble

30  salts, e.g., chlorides, nitrates, sulfates, among others, and/or the cations may be
present within the aqueous phase of the substrate suspension. The latter case
typically occurs when the substrate comprises a silica shell wherein a core material
such as CaCO3 or BaCO3 has been dissolved by using an acid medium, e.g., HC], '
HNO3, among others. For example, when depositing an antimony-containing tin

35  oxide layer upon a silica surface, e.g., a hydroxylated silica surface, the presence of
at least one suitable cation typically induces formation of a layer containing
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di scl osed i ninderRion @%eéﬁl%d ifh g@%ﬁ&] delf 5‘8 l;l P Rethtter dRclb®ddh | €ast
about 2(%(%0 oﬁ%, rT‘? ¥
S typically ranges from about 10 to at e ast about 2000 ohms; normally
about 10-100 ohms.
The ECP prepared by the method of thxs invention when used in paint
primer systems at pigment to binder ratios ("P/B"), of about 10/200 to 200/100, and
normally about 25/100 to 100/100 parts by weight, can produce a substantially pure
30  white dry film which has a Ransburg Number greater than about 140. The d y film

can be formed and Ransburg Number measured substantially in accordance with the

technique described in EPO °569. Such paint systems can be applied by any suitable

technique to surfaces such as plastics, metals, among others. The following Table

illustrates the performance in terms of Ransberg Readings of an ECP in a dried

35 paint film as a function of Sb content.

o




Thﬁe ECP prepared by the nethod of this invention when used in pai nt
< primer systens at pignent to binder ratios ("P/B"), of about 10/200 to

200/ 100, and normal |y about 25/100 to 100/100 parts by wei ght, can
produce a substantially pure 3 0 white dry filmwhich has a Ransburg
Nunber greater than about 140. The d yzfilm can be forned and

‘Ransburg Nunber neasured substantially in accordance with the
t echni que described in EPO '569. Such paint systens can be applied by any

sui tabl e t echni qués SinpB(Sd¥s such as pl RANSBURGREADNGoNg
others. The follow ng Table illustrates thepperiopgnge | terns of
Ransberg Readings of an ECP in a dried 3 5 paint’ filmas a function of Sb
content. % Sb[err]derr] (Sngerr])

RANSBURG READI NG 10 165 165 160 48
P/B 25 P/B_18 P/B 10 165
165 160 °5 3 5 165 165 150 165 165
150 25.5 165 150 1840 150 140
1.0 1.0 165 150 140165 150 140 The

surface roughness of the paint filns, which incorporate the 10 pr esent
ECPs (rmeasured by using a Hobson-Taylor Surtronic 3 surface roughness
tester supplied by G F. Thaserfaccaoughisseofuhe paipbfilms, whichincomporatertge about 3
to 20 . M EQ ' WirfrBhid 3@ fface roughness |
srERRTELES (mEAnrBl b utint HoBc T hor g, g

The | P the toli
o oh eraul o testerepplsi by Gk Maer Cay ESgemont By R b6 Fasee sBHe i he

i nvention. 15 microinches; normally about 3 to 70 microinches. EXAMPLE 1

Thi s exanpl e descri bes %’h?rir%ﬁﬁén ﬁes‘?{f%g%?b%g%@mﬁ%fﬁwﬁ&%. Sles

transparent el ectroconducti Ve po rising
anor phous whieh should petrhe; congtsuedasilisaiting ianyWaythe s5opg of ge nvention.
antinony-gentaining tin oxide, wherein the 20 weight ratio of SnJerr] to
Sb in the coating is about 58 to 1. Into two liters of
dei oni zed water, which had been heat gcﬁ%‘g 20 | Cin a four liter
beaker were added, wit hThisiexamplerdeseriesia procpsuifas paeparing a substptially yWiigni ne

ok e SURPS] g aseagts R ACTICH uaprkag kel oo
bbout 6. 5 25 Sligs PRERIER ORI ALRYS RIS of ARGTORY SN i Srioh MHREEin e,
st ock sol abi orweight ratio of SnO» to Sb in the coating is about 58 to 1.
Into two liters of deionized water, which had been heated to-about 90
C in a four liter beaker were added, with agitation, about 2 grams of
triethanolamine and about 200 grams of micronized CaCO3 (supplied under the
trademark "H.O. Dry Albacar”). The pH of the suspension was brought to about 9.5
25 by adding 209 NaOH. Approximately two hundred grams of a stock solution
comprising K2SiO3 having an §i02/K2O molar ratio of about 3.29, and containing
~.about 26.5 wt% Si05, was added to the suspension over a period of about two
hours, while maintaining the pH of the suspension at about 9.5 by the controlled
concurrent addition of 209% HCL.- The pH of the suspension was then adjusted
30  within the range about 8.5 to 9, and the agitated suspension was cured for about 30
minutes at a temperature of about 90°C. A small sample of the suspension was
taken, and the dry solids, which comprised silica coated CaCO3 particles, were
recovered for surface area measurement. The surface area was measured by a
conventional BET method, and was found to be about 10.8 m2/g.
35 Approximately three hundred and forty ml of concentrated HCl was
slowly added to the agitated suspension in order to dissolve the CaCO3 core



conprising K2Si @3 having an SiJerr]/Klerr]O nolar ratio of about 3.29, and

* cont ai ni ng about 26.5 % SiJerr], was.added to the suspension over
a period of about two hours, while naintaining the pH of the
suspensi on at about 9.5 by the controlled concurrent addition of 20%

HO . The pH of the suspension was the® adjusted 3 0 wthin the range
about 8.5 to 9, and the agitated suspension was cured for about 30

mnutes at a terrperature of about 90[err]C. A small sample of the
suspensi on waéterial, and the pl was stabilized ay 2,0.5Th¢ FpsultaisusperdpFOmERIECY; | i ca
coat ed CaCCBhgimmt silidasshellsier e recovered for surface area neasurenent..

The surface area was ;éﬁea(agpéls%oiunon co&BHéiﬁé‘&ﬁ@Q%bﬁE W%ﬁ and was

found to be about 10. I OX ree
hundred and Pépargdiy cgmbésm:@bﬂm a8Qa! pican gggugous SnCly §ol@vwgs cawaung @et he

gg1 tat ed ss usa;smmaﬂ of Hb&ftdﬁm SnOhABD WA abB@t Talof & 4ducet¥ @ncentrated

abi | iz ukt ant '
suspensi on c %;qlgté%n of ébt&?”l‘ﬁ?P ab%n%h |et9§w§‘ﬁ:é3f péabou?DZ ’Pg Sb/ml. 'Thé Next ,
an aqueous stsSultdnd aqusnvs solution camepprded tp a3hdb péabdut AR gariChy weight of :

prepared by smytdn pért 8 %igh?’gPSWA%ﬁroﬁﬂxa?&ggﬂé’ :ﬁé& ﬁ; ﬂqﬁﬂ’bfﬂ ion,

containing the r W th about 7 m

‘f valent o og)&
of an aqueou%onem% &s th en ad IHE?Y’%@F gQus SORIGAR IS ni ng t he
equi val amt odbtaﬂnGLpHG)eﬁfeBg abbutd0.S tdRED. The resulexntsdlatién wagthen added totthon

d to 1 t
g;r&gfggp ggkv%gag% &@églg moneéga@ﬁg@yow%&rﬁfab?mm% o1 par
concent r at ed®ORCHITEA mwmm{wﬁmq‘xma NROH sepmainiaings ut i on
to 10  obt moathuiub;ﬁmmrmabautzem entiof . was fiken @atthédRly agithsedi on was

t hen added t | | Sl hixca heII particles,
over a perio %} JT&? do%?lgiﬁﬁlgé?ragoot'l%ﬁga‘igﬁ‘%ﬁ%@%?Pg Wuttho %ddition of a
suf fici &8t cfemperatyressf abogt $BOH t o maintain the pH of the suspension.
at about 2.0. The susqae%bmwa%r&éw&ea%m&@aﬁsaal @ﬂt%hon,washe@”d cured

by di gesti nwr ab.oué h%rf a %gg{l yf"ecp#omchﬁ‘m%ut' 2! gqﬂ?r{'fgiq,vg;rgght

t enper at ure
recovered f raimtewemmpeniabom 1P C.i The anfanaareaa!fhhddnedpowdmms de| on| zed

water until SERSRNS fbd ut 12 err S@B&rdﬂﬁe'té}ﬁﬁnedat@%e%gl r|e owder
P

at a t enper ag.ur he surtace
el a@éﬁ%“cﬁw T3S wsﬁﬂrtqmeﬁaare&féoab@ &Pw e about
151 9 n2/g. & abouchmrdrApﬁrqadmahelymgcahmfrtedhﬂmpmder&tasaemeemdrature of

about  900[ e%ﬂl&l hag %\Sm?fcre'a?ga of about 24 9 g2oP! Tﬂmﬁ@*yeﬁs%é&pﬂs Wd GRLELY 1763

grans of a over ed ace area of
about 43.9 rﬂ%\fdewgsmrﬁ@zrqd;naémMceoudum\n@@m@mmme tohsvabent was

measured in 1B7§ bnm@om M?éi@@ﬂcb‘ébﬁlysxﬁi@ﬂ the cﬂ@ﬁeé%ﬁﬂ&‘ ifgidate@ike about
1375 ohgg. 5rt@hel bH S %S?B‘ié‘a S03: 852619 305! F354 6,05 0 8% o] d g2t o9 the
- FepO3; and <0, 02% BaO. Th:s corresponded toa wexght ratio of about 58.4 parts
SnO3 to 1 part Sh. :

The calcined powder was formulated with a test paint carrier in the

manner described in EPO 569, at a pigment/binder loading of about 32/100, and
30  was applied to the test surface. The resulting dry paint film exhi sited a surface

conductivity of about 150 Ransburg units and a surface roughness of about 13

microinches.

35 This example describes a method for preparing a substantially white
TECP comprising hollow amorphous silica shells coated with crystallites of



25 presence of about 31.37% Sierr]; 65.91% Sngerr]; 1.35% Sb[err]Jerr];
- 0.19% CaG 0.11% Fe[err]derr]; and <0.02% BaO. This corresponded to
a weight ratio of about 58.4 parts SnJerr] to 1 part Sh.

The cal ci ned powder was fornulated with_a test paint carrier in the

manner described in EPO'569, at a pi gnBnt/binder |oading of about 32/100,
and 3 0 was applied to the test surface. The resulting dry paint film
exhi bited a surface conductivity of about 150 Ransburg units and a
surface roughretisony-cottaining|tdn oxide, wherein theweight ratio 0§ Sg0O2 to Sb in the coating

Thi s exanpl e dasabbilen @ IMSLARH et PIRNFOUAGS R ﬁmﬁ% Felativelyl Bwer

TECP conpri si hoI oW, ano ous sllica,shells coat ystal lites of
ant i nony- cont &?erﬁrr“@ Fasistanes E‘ECOWQHPW@ R@f‘ﬁg‘?@%"’f‘g@ Berr] to Sb
in the coati ngccordancemﬁ:ﬁkmple:’,l to 1. Such a weight ratlo produces a
powder having a rel ativ {:&F;g ri son
to the pro%:luct f or med su st cilTswerecﬁétgﬁwgﬁggc?éﬁﬂtﬂtﬁﬂ?ﬁx@o J
CaCQ err] par it 18 mithed v 8 WJP’I% 'L Thecsuriage,atea ot A Tegultagt QB’cﬁgBé%lWé%

with the nmet habowsB nd/ExApproginiate]¥ kieres huﬁmd and ewerny fauvenlr efdontanttated v

twenty four S ‘?gconcégg Rl aolous SURHONYr Ao prliECIR U BUighle
suspensi on of thm@aﬁ@etqommstmmrmwmmewataboutZﬁel@wnsrthf core

mat eri al , i |c6rdmhi&alﬁﬂoﬂﬁcédlﬁm&bdsﬂlca%§éu§ 2.0. Renobving the 10 core
mat eri al produced hol | og silica sh

aqueous sol ution conpri a%ﬁ@"f’@??ﬁmu%@[{lwg W@C‘%&MW prepared
by conbi ni ng Ppepased h:ac@lymm@pptoxuﬂataly @Quﬂmiansq@qwr&nmwlmomwhom ch

ggn;ghgggst he cgﬂﬂdéﬁc?gl:tﬁgk ﬂffaleﬁcﬁftabgu 386G SHO) A Wﬁlhﬁﬁ%taq; oﬁg of
t he equi val enFOB@ngﬁm§?§§W%§ sj’%léb/wh’% %{Wteﬁh{"aga 9{]’1‘

.ratio of aHoutSbahl.pEh¢ seshitantsdlphivn hbd Seafieof dbduo41 parts by waghttof[&n()yeﬁogﬂht of
Sh. 8artbywe1%htd@§ I‘OXI mately one hundred m of concentrated HC

was then adde € previously described solution for gbtaining a
pH between about -0.5 af\gproximatelyiagghiundred mhofconeantrageshkitd wasthesgdded on

was 't hlen addedo tife pregiousty esttibbdsdatictDfor obtisiia ﬁpoDb&fvesm hbsia -G.5 agg f
St P bbb IR o S " °
suspension of silica shell particles over a period of 2 hours, concurrently with the
addition of sufficient quantity of 209% NaOH to maintain the pH of the suspension
at 2.0. The suspension was then cured and the dry solids recovered, substantially as
described in Example 1.
The surface area of the dried powder was about 156.4 m2/g. The
25  dried powder was calcined in air at a temperature of about 750°C for about 2 hours.
‘Approximately 181.5 grams of a white powder was recovered and the surface area
was measured as being about 51.4 m2/g. The dry powder resistance of the calcined
powder was about 12 ohms. X-ray fluorescence analysis of the calcined powder
indicated the presence of approkimately 30.56% SiOp; 66.8% SnO3; 2.59% SbyO3
30  and 0.06% FepO3, which corresponded to a weight ratio of about 30. 9 SnOz tol
- part of Sb.

The powder was formulated with a test paint carrier comprising dry
conductivity cells at a pigment/binder loading of about 20/100 and applied to a test
surface comprising dry conductivity cells. The resulting dry paint film exhibited a

35  surface conductivity in excess of about 165 Ransburg units, and a surface roughness
of about 19 microinches.



at 2.0. The suspension was then cured and the dry solids recovered,

. substantially as descri bed in Exanple 1. The
surface area of the dried powder was about 156.4 n2/g. The 25 dried
powder was calcined in air at a tenperature of about 750[err] C for about 2
hours. ‘ Approximately 181.5 grans of a white powder was recovered and
the surface area was neasured as, heing about 51.4 nferr]/g. The dry
powder resistance of the cal cined 1 owder was about 12 ohns. X-ray

fl uorescence anal ysis of the cal ci ned powder i ndi cated the presence

of approximately 30.56% SiJerr]; 66.8%Snaerr] 2.59% Sb[err]Jerr] 30
and 0.06% Fe[err](err], which corre a weight ratio of about 30.9

ST iy o | DB g s mebod oy emibsgtiirer |
cells at a pf %Hpmfﬁﬁéﬁééﬁ?wna gﬂgg? 1%/ 100 and applied to a test
surface conprising dryTmohtatbt ifen an/ECRIpreduct substantiny inpeoorgdapegiwith i | m
exhibited a éﬁamP&%@%@“faQ@@ﬁiﬁyewtwg@  freagasy wmcwmrora@a shssahiang

units, and a,surface ro Crol.Nnc
10 in accordance Ux.g EPO 569 i.e., without usmg ngi_cgd galt so Stion pH of the

Thi s Exanpl e invehtisd, natoely the rle%udi S%erckgstansrmnhag“abhéaelm* b* or

reflectivity of an ECRpras Eﬁﬁ% ially available Hunter The
L*a*b* for an ECP produce subs n?{laﬁr *1 ac 3 m ya able unﬁarlrrple 1
above wak0 cofpeierpestCalorimpetes, I 9@%?‘6?\“’%9@’?‘6 Hﬂ&gé lgw by

i n accor dancgniat2delf¥e otaéVer angle., Thé EQDubmples ngrd placedhiritocestanddrd sol ution

pH of the p0wdz'arnc\:/eﬁ"\lQ\;['ﬁ]:x(){I glf%a\%ﬂéwbﬁﬁe 17%@*%9 tl?e"/‘LSb S¥Rd YRoordiddig Tabl e

bel ow. WoasUr ed B y using a commercially
avai | abl e Humtege rerordedCol or Quest Col orimeter. The- Col ori meter was oper at ed

using a D65 i1Tum nantyy arderto &ﬂﬁhzﬁe &Mﬁe@@ss%iﬁdﬁ&ipl@,ﬂﬂé fecorded veIues

sanpl es l.aced int 2SS wi ndow.
The val uJe P EEB B \gereué to, %“xem? a%ﬁédre?m‘ e%‘g@%or ded. |
In order to dateu:mhmld)ytshbtrmmgehegdu@bf‘tlﬁér@ah@ﬂ, takingthe squase abthis/al ues 15

of "L” . diffendd, SEIHE aaflah? IR 18 tﬂé‘éifuﬁfes%@"'ﬂ“ aﬁheb'we@btmn sum
was det erm r;f ract I ue ,of 9 % ing the
squar e of th,sgmtot ?quéf%?ﬂ?éo &’afﬁ@e?ﬁ‘&ﬁfi’&? :?P P%ﬁg ® o the

squar es of "atuaedodtwastsabwinted from 100 in srder toobtain the eeflagtivityeon whitensss. t he
sum total, \Aﬁ%@%ﬁgm # als%rﬂmmeas\{ﬂé 46 9%+ fildfance from white" wherein pure
white has a value of 100. A commercially available "white" tile was used for a
standard reference for white or test control. The following Table sets forth the
whiteness or L*a*b* for the certain ECPs that were produced substantially in-
accordance with Example 1 to the whiteness of an ECP product which was formed -
25  substantially in accordance with EPO ’569.

TABLE
ECP L a b L*a*b*
' Whiteness
30
Test Standard/White Tile  94.84 -1.03 047 94.72
10% SbyO3z(based on SnOy) 76.36 - -4.53 0.54 75.96
1% SbyO3(based on SnO3) 89.40 2.17 3.02 88.77
5% SbpO3(based on SnO3z) 81.05 -0.366 -143 80.65

35



square root was subtracted from 100 in order to obtain the reflectivity or
whiteness. 20 The reflectivity is also known as the "L*a*b* di stance from
white" wherein pure white has a value of 100. A conmercially

avail able "white" tile was used for a standard reference for white or
test control. The followng Table sets forth the whi t eness or L*a*b*
for the certain ECPs that were p’roduceﬂ&ubstantial ly in accor dance
with Exanple 1 to the whiteness of an product which was fornmed 25
substantially in accordance with EPO ' 569.

TABLE - ECP Referring now to the Figure, the Fig. graphically illustratephow the

L*a*b* amount of anumony m the ECP effects thc L*a*b*. In parncular as the amount of
Wi t eness 30 . Test

03 4
04. 72 R Reaes s Lra b prsrhestfiuob i powderdecieates andiie’ o o
75. 96 1pteStricerof paoeincidases dd Yop 1StHE ECPY pro88cediGubstantidlly ii 3.02
88. 77 5 ] 1.43
80 65 35 ° deeofiRE With ixaldpho 66haePIst fiahn a)oo%%":slg Yg?rrelagtgh%ﬁfoty&’st e
Figure, the FFRptaiginggreaten nhyn.abpwsé%mfmﬁdtsﬁw@%uw YICORRPPSEHY in the
ECP effects tBPQUS69.b*. In particular,- as the anmount of
anti nony increases the L*a*b* or reflectivity of the powder decreases, and
t he presence of coI or |ncreases In Fig. 1, -the ECPs
produced substantially in [PARATIVE, dadz® with Exanple 1

cont ai nedid ess t han aboﬂhs 3% colin We%&ﬁmbfé&hﬁ%cn’bes a process for preparing
Cont i 1119 OF Gt AARED e hohnk S asFpoll ik b, WRGE o0
COVPARATI VE Emmtmm crystallites comprisig antimony-containing tin ©xide whereinthe weighte

exanpl e that ﬁﬁﬁﬁdfida 1) SBrxﬁQE‘ééoaftExs iPARRRAS RO1, that demonstratcs the
substantlallyé‘m conpris hol 1o ous_ si ell.s, which
are ook oo penlen s B yoe ot PR ponpised ool dfion

anti nony-Xont ai ning ti rlnmnewasa/dmcmtmtemacxdmaghot added to the SnCl4/SbC13 rati o of

Snerr] to Sgblhﬂfﬁéﬁorcte u%%aﬁtﬂﬂcé'&ﬁlpc ep&lﬁa%aﬂa@@&ts c}ﬂgmd

advant ageous resu usind a reduc ia concentr
addi ti on. was su stantx notelectrocondu Y& one case concentrated aC| d was not

added to the Snd[err] /Iﬁbﬁ fitst edse, into about three liters of eibnizédwater, wiicH kad
deF’OS ' ting anpLani: e dvoll SEERRYYERe 1P Beddd, s Udlibd Rin G8Rhd I about

20 1350 grams of BaCOg3 powder (supplied by the Kraft Co.). The pH of the resultant

- suspension was brought to about 10.0 by adding 20% NaOH. Approximately 600
ml. of a solution comprising K28iO3 (which was obtained by mixing about 5§15
grams of Philadelphia Quartz Corp. #6 KSil., which had a molar ratio SiO2/K70
about 3.29, with about 600 ml of deionized water), was added to the previously

25  described suspension at the rate of about 20 ml/min over a period of about half an
hour. Approximately 620 ml of 10% HCl was then also added to the agitated
suspension, while maintaining the temperature of the suspension at about 90°C, ata
rate of about 3 to 4 ml/min over an approximately 3 hour period, thereby bringing
the pH to about 7.0. The solids were recovered from the suspension by filtration,

30  washed with deionized water until substantially free from chloride ions, and dried
overnight at a temperature of about 12(°C. The nitrogen surface area of the dried
powder was about 3.1 m2/g. _

Approximately 250 grams of the dried powder was added to about 500
ml of deionized water within a Waring blender, and agitated for about two minutes.

35  The resultant suspension was transferred to a two liter beaker, and the volume of

 the suspension was increased to about 1800 m! by adding deionized water. The




was substantially not el ectroconductive. ' In

- the first case, into about three liters of deionized water, which had

been heated to about 90[err]C in a four liter beaker, was added with

agi tation about 20 1350 grams of BaCJ err] powder (supplied

by the Kraft Co.). The pH of the resultant suspensi on was

brought to about 10.0 by addi ng 20% NI Approxi mately 600

m of a solution conprising Klerr]Sierr] (which was obtained by m xi ng

about 515 . rans of Phil adel phi artz Corp. #6 KSiL

whi ch had a Wﬁi’%ﬂ"i“a‘i’ﬁs&’%}“éﬁg ArFIRERANYTE Of 25001 80/ R VliE o €329, with

about 600 nisuspensisingonesnirated HC) was\addeddhiepivisota dissoprealie Ba€0g core .

25 descri | e ) ah ri od of
feteFPRAGRN HIUBK shids shelhs %Bm' e ep%@owﬁ%@x@g%

about hal f ag roxi nma % HCl  was
then also a t29: the agi tated suspensi on, while
nai ntai nisng t he t enperdat aqueoos sclittonssonipeizing GaChf/SbOR/HAMas thgnC, at a

te of ab ), 3 ] by
bri gt ng- . prefated by cBhibiHitl 836t 180 P BEAEKIBRESHCH soltHbn Rofafiing 140 20V
fromthe sussBivglent opgbaut|0.386g/mh SnOy, with about 4.53ul of anagheeuswpreentrategni zed .
vat er umi I tH@ﬁl@ﬁ@ﬂ@ﬂSﬁClg,r@a b' e thm Thtb@éb’i)u_ tswg/m'lesiaf , which .
dried o oobrespOREI Y rfud or St 51 s DyweBhrerSpPB30 1 PR il B O 11
Appr oxi it el $b. 7B rgsultant solutine was thed addeditertheprevinislydiesaribet) well agbated
nof dei oni gepknsinT siich Shellsdviitd BB 2 hs! xﬂﬂje't&h&&ré‘n?g raragﬂgt two

m nut es. tant,. sys enﬁgp was trans to a

. 3 9 e
two |iter behfficientayantty ‘#&B%“‘ to maintain the pH of the spspensipR gtahoubn was
i ncreased t 02.@bdb¢ sukBéxsion wis/then diitgediandaired by digesting fohabout half an hour

12 tﬁ%s‘qﬁqg}-%ﬂ@% %&E?Qné&aﬁr%§%§%|@ of about 90 C, and while

agitatin “suspénsi on concen was added dropwi se to
di ssol vé>t he BaCq er r [Thesplids were recoyered fram thesuspansiondy [GltFation, washedhel | s.

Xhe pH of t heilﬂs deipeized Wﬁtmﬁlié@bﬂahﬁﬂ%?’ﬁsﬁom chlorid/@la%ﬂ,l andl &ﬁer? dvernight
orepared by BeiebBenERaRE sBbiErot: %ﬁﬁé’kﬁgﬁgéﬁ%ﬁ o4 sl myre
cont ai ni ng’ t'Weite powder sigs recavensd. dhe dried powdgsesgroundsniigs mprtandnd about
4.5 n of arpeaeeAdEbGiR0PMhebOfe ground yHG eSWhial @Ak ddh aftOftlal €77 ]
cont ai ni ng t.he e%lusllt“\éal ent oisogg?ut 0. 26 % m ﬁ W]'k;k():hni n corresponded
to a raffo JFRE ?faga‘l"t by 1ot Ramtod it 2bay Zhqurs. Thenitraee %&fg’\ﬁél ght of
10  sb. Therezeftheaalcired povidenwandeteimsinedtidlesiationt 82 np/gy Thedhy descri bed
hour s. i | o s ance o3 PAEREABofter s dbgui i chu Phick sl ta B 0
mai ntai n t hJFidebivat sbsiantialyaetplectiocamdigtive. X-ray fugrescepee afiadsisnsi on was
then agit at drdizmdd chatebe pywdéraontaineg dpproxirhately, 38129 $10,1892% SnOy; 180 a pH
of aboub52. Gp,, 300 8645°CRE! &bi%%e%bﬂ&ﬂ%h% Ya®), Witen corresponded to a weight

ratio of about 43.5 parts SnO» to 1 part Sb.

In the second case, the advantages of employing a relatively low pH
were demonstrated. In the second case, approximately 250 grams of the silica sheli
particle suspension was treated with the SbCly/SbCl3/HCl solution. The procedure
30  and quantities of reactants were substaitially the same as those described above in
' connection with the first case, with the difference that an additional 40 ml of

concentrated HCl was added to the SnCl4/SbCl3/HCl solution to bring the pH

below about -0.5. The coated silica shells were recovered, washed, dried, and

calcined in the manner described above and corresponded to about 78.5 grams of a

35  substantially pure white powder. ‘The nitrogen surface area of a calcined powder
was found to be about 38.2 m2/g. The dry resistance of the calcined powder was




15 The solids were recovered fromthe suspension by

- filtration, washed with deionized water until substantially free from
chloride ions, and dried overnight at a tenperature of about
120[err] C. Approximately 80.8 grans of a substantially pure whi te

powder was recovered. The dried powder was ground using a nortar and
pestl e and about 10 grans of the ground powder was calcined in air at a 20
tenperature of about 750[err] C for a1rﬁriod of about 2 hours. The nitrogen
surface area of the cal cined powder was determ ned to be about 39.2
nferr]/g. Thebduy60 ohms, whichiindisatesthat thelpovaiar firmed ip theckecondecasapossesses 106
ohmms whi ch | NileGidlaRds e 1dwRt Phan that of REUHRkdcARa R B IRABI Blst Mo Hithout

el ectroconductive. X-ray Piorescence an Sl'S 1 ndr cat tfhat t he
powder cont aidS6gEEHR d%idmdisa Spsuly dhopgved F‘?ﬁ%ec@@%@?&eé’r‘;“]? O 4586 25
Sb[err]Jer 5 lan ECP6M Siaticulty, Gdproesss bf itﬁ[iﬂ%hlicﬁdxﬂcai:ﬁﬁic%@aﬁdgi\dﬁ;e
corresponded ,f i - afdl : t : to 1 part
Sh. 9 ht’gﬂ 3(;1‘:&(iﬁﬁlga‘sel EnCF%%a‘é&fg%Jﬂ %%gg@“tsk?égg}\é’%&a%gg%%‘ ﬁéhpl oying a
rel atively | geflestivity greaterdhan ehowt88% at ed. In the second case,

approxi mately 250 gr am-&i:éxbﬁs&dcb@.ﬁalﬁéiﬂﬂesecondpoli}ﬂéfin@ldateﬁhhaemi on was

quant | 11 es. ofPrPEREe dirpnBRN AL SI0RIT % SI02 T SRORENES) |,

quantities ofPTP¥RET GrgRPr : {
above in 0.02% FegOp iand 1%% BaOpwhich correspended ta a weightragipiof @bei4s-% hat an

addi tiongl 4,4 R0, 10 1 parcIcentrated HO was added to the
SnCI[err]/Sb%[err]/zH0 P

sol uti.on to bri t pH he] ow.abo -0.5.
The coated silica she%@eﬁﬁO@dngg%V@f&gﬂﬁng@dY‘%?feéb?mﬁ{ﬁ‘mer mLE“E:al ci ned
i n the mannermalase defreihed BOEROAHED, abz pizeeanticbinder lasding of/ghamt G2HME, ofd a 35

substantial |y, ' ro i ' 4,86 ' bhed
apples 53556‘3%"3?%;‘}?”%%%“% e R bR L

BE(?t

powder n

cal ci ned powddpuhils Ransburg units. , 13
about 601ehns, which indicates that the powder fornmed in the second case
possesses a resistance R ofe the powder made in the
first case, i.e., wthout ' daat g ext] acr d. As g result, the powder
of the second case is Jbisqompsrasivesrample illustrateshe crystallitg;sizesofja@timeny- ¢ he
process of th@nidiviaptin@RideTrHedlades 6n afsilidh khrigceWtidlewere forhiédiby thegrestuct i ve

o o bt sl ok e 8, Wi IR L
second p@aderbaundibyany theonpnof explanatipn, dbecryssaliite sippeffacistheel y 31. 25
Sigerr]; 57. ég&g:%g%‘ﬁlé{%&%%leﬁﬁi gc&frﬂihglgpaxpﬁﬁ?%q’ng a relativély Sl

Fe[err](Jerr] and,1. ) 3 . gp correspondéd to a weight ratio of about
45.7 10  part¥St8ig e Ggavieyart  Sh. _ The second
powder was fornul ated "WheRknémoagcomalniig ttmoxide ECPs of the invention were formed

substantially in accordance with Example 1, and the precipitated ECPs were formed
25  substantially in accordance with the method described in EPO ’569. The following
Table illustrates ECP crystallite size in angstroms as a funct_ion of antimony content.

TABLE
30 "~ Sbhwt.% ECP of the Invention EPO °569
(based on SnO3)
0 95 A 438A
1 77 380
2.5 85 295

35 50 , 75 - 184
- 100 75 116



manner described in EPO '569, at a pignent to binder |oading of about

» 32/100, and applied to the test surface. The resulting dry film
exhi bited a surface conductivity of about 165 Ransburg units. 15
COMPARATI VE EXAMPLE 5 Thi s conparative exanple
illustrates the crystallite sizes of antinony- ~containing tin oxide

crystallites on a silica surface whiclh gere fornmed by the present

i nvention opposite crystallite sizes for precipitated ECPs. Wthout w shing
to be 20 bound by any theory of expl anation, the crystallite size effects
t he el ectroconductl vity of the ECP and, accordingly, an ECP having a
relatively small The pboa Table liisirates thad kg inggntion can produce ECPs |

The anti nony-lesvirgairystdlitet béveead ititsessiiatieothah Mﬂsmmmrw ieatfonl e

formea 2 5 s pulalfeslledthepnst REATPaks bt AltabaicRl %é‘s@éé BL o ero
' 569. The 5f ol quantifypf antimony.aBs @ resulty ﬂterlamsmgaﬂcaeablg & pblaindng EEBs which .
angstrons as vk ‘z'é!ﬁﬁ*ély‘szﬁill %Ethﬂi@é%)ﬁlé%&ﬁ&ng the quantity of anumcné' tléatl is

TABLE 30 t\ﬁ’( E/&P ECP of the Invention 569

(based on Sn@rgf‘qnﬂn e 0 95 A

438 A While a few aspects of the inventioy Have been described in detail one 380
3 -55 of ordinary slu%l Would recognize that other f.apegts or eftbdditrents and vanano% 0

116 10 are encompassed by the appended claims. 14

The above Table illustrates that the invention can produce ECPs

having crystallites several times snmaller than ECPs forned by
precipitation. The crystallite size of the present ECPs is al so not
as dramatically effected by the 5 gquantity of antinony. As a result, the
invention is capable of obtaining ECPs which have relatively small
crystallites while reducing the quantity of antinony that is pr esent
in the ECP. ~ Wiile a few aspects of the invention have
been described in detail one of ordinary skill would recognize that

ot her aspects or enbodi nents and vari ati ons



10 are enconpassed by the appended cl ai ns.

15 THE FOLLOW NG | S CLAI MED. 1. A nethod for making a
substantlally white el ectroconducti ve powder conposition conpr|5|ng an
annrpﬁgﬁs gildica~shel.l. ,or an anorphous silica coated particle in

associ dation with a“surface coating conprising a conductlng,ne%man”of

anti nony- vZ.cohtaining tin oxide crystallites,—said method. com ses t he

steps of : (a) provi di ng H agueous sus ﬁ ng a
particul ate substrate; (b) preparing iﬁﬁﬁgﬁa‘

sol uti ons conpLi nt* tin and
trival ent ant n ‘addi ng at | east 10 ne
cation; (c) conbining the tin and antinony salt soluti ons

and adj usting the pH | 2, A method for makin aneleEﬂ?@cdnﬁﬁ&R'eﬁ;o“@@PéBm pdiitiont O about

-1.0; Ing | a rous oxi des
of anti nony é:HH’p“s’("g an amcprgfxg cha Sg&ﬁﬁ %F’?%Eo rcé??@ggﬁrt}/‘g%@ of said
particul ase sufxiatmnevithya sidfhica goﬂﬁhg comprising a conducting metveykiof antimezy-t

solution to t({&ﬁtéﬁiﬁ%ﬁﬂ%&ﬁﬁe crystallites, said methéd ompriseO Ui st} o?'o' | gs fromstep

(d), optional washi ng t
subst anti al | y f reéa)‘ romm %%mmmwmgﬁ I?Pénc‘gﬁ"& substrate;
(f) calcining tlg)rep earatd aqudiss solatibiecompaisingthydrdlyzablei mony in

sotd oot 110 (et = (Al S0Ymiel oARy RO ol A

white el 8t roconduct i vene cation; powder composition conpri si ng at I east one

substrate particl ge) Sabdnﬁﬁ‘xiﬁ tﬁb@inandannnﬁﬂ%’%!@!ﬁﬂm@%ﬁ%?ﬁﬁn gtleipH ior a

silica-containing nmater,al SO with a surface coating
conpri sing antinony- coHie amﬁg"n 3 ?é%{?ea% Oal lites, said ‘et hod

conprises the sted) of applying a coating layer(camprisisg dydroungxides efqmsimenysadpensi on
conprising a particul atjg oitﬁjﬁfers%ﬁrate surface of said particulate substrate by adding

15 the combined salt solution to the suspension;
(e)  recovering solids from step (d), optionally washing the recovered
solids substantially free from water soluble species and drying; and
(f) calcining the recovered solids.

20 2. A method for making a substantially white electroconductive
powder composition comprising at least one substrate particle in association with 2
surface coating comprising antimony-containing tin oxide crystallites, said method
comprises the steps of: ' '

(a)  providing an aqueous suspension comprising a particulate substrate,

25 (b) preparing an aqueous solution comprising a source of antimony and

tin, optionally adding at least one cation;
(¢)  adjusting the pH of said solution to be less than about -1.0,
(d)  applying a coating layer comprising hydrous oxides of antimony and
" tin onto the substrate surface of said particulate substrate by adding

30 the solution to the suspension;

{e) recovering solids from step (d), wherein the quantity of antimony in
said layer is less than about 3 wt. % based upon tin oxide.



(b) preparing an aqueous solution conprising a source of antinony and
'tin, optionally addl ng at |east one cation; 30 (c) adJ usting the
pH of said soifuti: oréitio: be from about: -0.5 to abouf..--1-0:- -~ (d)

appl ying a coati.ng.layer. .conprising hydrous oxi des of .anti rmn _a-n__.
tin onto the siUbstrate surface of sai.d particul ate smﬁmm‘m %u :
the solution to the suspension; (e) from
step (d),  wherein the quantity of antlrm119|n o

sai d
| ayer is |less than about_3 wt. % based upon tin oxr de
16 3.3.Thee methogco! Glainy hprd. whereip thqm@stémn perticlesubst rat e
particles cOMPHEd aﬂe@t oh€akimbenseleRedEbmBE gﬁd@cboﬁxﬂmgdf@ﬂﬁﬁ @b&ﬁed

conet 1110, S 8 papesil Sl oo BHRSH WDt i

barium strontiun zInc,
and pyrophyl | i f%88; @éﬁab@mdtease gnartbite mﬁmophyllaa: esirbonates andisuifataswigaltium,

strontium snd batYinEheStrbREROAnd mixtures thereof, 4. The method of Caim-
1, further conprising: (e) addi ng the conbi ned sol ution of
tin and antinony salts to a suspensi on conprising said

substrate, wherein sai d %ubse mathes of €laim 1, further comprisingonpri ses particl es
having an amor phous(i | 'éiﬁiﬁ%&‘h@%ﬁ:bxﬂ@@' ?ﬁugn ofnn and anumo%y salts {6t Nt ai ni ng

the pH of the suspension inthe range,
and the tenperature of t"‘l"?ép%é’ﬁéi‘ﬁpg'ﬁ ﬁﬁg%§W°W%méf3525

to 100[errl&;, and deposimm;gxsaspadmeleahamngwamorphuummwmfaoé Wiﬁlcl rmny-

containing tin oxide cry,

() mai nt ai ni ng the aq%é%us sgspiﬁg:bgrﬁéesw%%gugagég %g% err ?ﬁ'
continuous agitation ovetndthpismperapire ghbgsuspgnsien from about 25
(g) recovering the Solﬂodﬁ(fmld%pomﬁﬂgﬁmmu ﬁﬁifdrﬂﬂa llﬁhﬁﬁrhb -y

free el t d product;
and hé_b P]m ni gg '?{1 (fé :ﬁfe?)?ﬁ‘ch txépg\é\t%b ure of
about 550 % about maintaining the aquegupuspersion at bouti25|te 4 Cowish hour .

5. The nethod of O ai m leoatindousdpRhSomote?@ prridaiof absuti381b 60 nBfutes;
conprise hollow s he&B s of c&v‘é‘)nﬂlﬁ*%ﬁ’ sohsds,léa%ﬁfng the recovered solids substantially free
from chloride ions, and drying the washed product; and
(h)  calcining the washed product at a temperature of about 550 to about

20 900° C, for at least one hour.

5. The method of Claim 1 or 2, wherein the substrate particles
comprise hollow shells of amorphous silica.

25 6. The method of Claim 1 or 2, wherein the substrate particles
comprise amorphous silica coated titanium dioxide.

7. The method of Claim 1 or 2, wherein the substrate particles
comprise amorphous silica coated mica.
30 '
8. An electroconductive powder comprising:
antimony-containing tin oxide crystallites in association with a
substrate particle, wherein the quantity of antimony is less than about 3 weight %
based upon tin oxide, and said powder has a reflectance greater than about 85%.
35



25\; + 6. The nmethod of aim1l or 2, wherein the substrate
. particles conpri se anorphous silica coat ed titani um di oxi.de.
7. The nethod of Cdaim1l or 2, wherein the substrate particl es

conpri se anorphous silica coated m ca.

el ectroconductive powder conpri sing: m\m “‘M“JMMH‘“
anti nony-containing tin oxide crystalJites in as
substrate particle, said particle cor#p i sing anrorphous silica or a
silica-containing material, wherein the quantity of antimony is 35 | ess
t han about 3 wei ght W&bél§m¢owﬂon0&¢lmﬁa\g®reiarthe pavéergwsadiy powder  has a
refl ectance 9. The
powder of G%Emg%mﬁgréglhﬁﬂpmt%mg?mﬁas a dry powder resi stance of
| ess than about 2,000 ohns. 10. The powder of C aim 8,
wherei n the substrat e 1paMThe pbedeofGlaises, vwhereiatthé aﬁastrat@rpanmumB ected
from thegr Oﬁqe&?gﬁé gnte'rﬁ)%r Qélezt%cﬁ frﬁﬁx tﬁgﬁﬁﬁlﬁ RRLiSE A élk coate& bkiaey ¢fm

magne5| Um cal¢ | rop; mca,

cordierite, mmummﬁumpw@uwwqmoétroe%\%%@& %‘ﬁbeléﬂafré’f‘e%“
cal cium barg¢ ¢dtllierite, endfHitS dndpyirophyllicy) daronstes asd subfates of calcium, barium

and strontium, and mixtures thereof.




