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The present invention relates to pignmented coati ngs,
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p amaerigl. é’sre T1C14 is reacted with oxygen in an exothermic reaction to form titanium

dioxide and to liberate chlorine, which is recycled to the chlorination stage. The high
temperature ensures that only the rutile crystal form is produced. After cooling, the gas
stream passes through a separator to collect the pigment particles, which are treated to

remove adsorbed chlorine from the pigment.

SUMMARY OF THE INVENTION

[0003] In certain respects, the present invention is directed to a coating
composition comprising a base coating material, and a pigment dispersed in the base
coating material, wherein the pigment comprises substrate particles and ultrafine metal
oxide particles deposited on the substrate particles.

[0004] In other respects, the present invention is directed to a method of making a
coating composition comprising mixing a pigment and a base coating material, wherein
the pigment comprises substrate particles and ultrafine metal oxide particles deposited on

the substrate particles.



[0004] In other respects, the present invention is
directed to a nethod of nmaking a coating conposition
conprising mxing a pignent and a base coating
material, wherein the pignment conprises substrate
War0@pee3 and ul trafine nmetal oxide particl gCT/US2009/031518
deposited on the substrate particles. [0005] In
further respects, the present invention is directed to
a pigment conprising substrate particles, and
ultrafine partially oxidized netal oxide particles
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[OOlﬁl Fig. 4 is a partially schematic sectional view
of ™4 %Appar atus for produci ng pi gment particles
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embodiments of the present invention.

[0010] Fig. 4 is a partially schematic sectional view of an apparatus for producing
pigment particles comprising ultrafine metal oxide particles deposited on substrate
particles including a precursor feed line and plasma chamber in accordance with certain
embodiments of the present invention.

[0011] Fig. 5 is a graph of reflected light intensity versus wavelength for two

pigment samples of the present invention.

DETAILED DESCRIPTION
[0012] For purposes of the following detailed description, it is to be understood
that the invention may assume various alternative variations and step sequences, except

where expressly specified to the contrary. Moreover, other than in any operating
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[0011] Fig. 5 is a graph of reflected light intensity

versus wavel ength for two pignent sanples of the

present invention. DETAILED DESCRI PTI ON [0012] For

pur poses of the follow ng detailed description, it is
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al ternative variations and step sequences, except

where expressly specified to the contrary. Moreover,
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[0017] As used herein, the term"B.E T. specific
surface area" refers to a specific surface area

deternmi ned by nitrogen adsorption according to the
ASTMD 3663-78 standard based on the
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periodi cal "The Journal of the American Chem ca
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[0022] In certain enbodi ments in which the pignent
particles 10 are m xed into a coating conposition, the
substrate particles 11 have a refractive index which
substantially nmatches a refractive index of a base
we@paBeof the coating conposition into whiPSH/USE99/031518
pi gnent particles are mxed. In this enbodi nent, by
substantially matching the refractive indices of the
substrate particles 11 and the base material of the
coati ng conposition the substrate particles 11 appear
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formula Ti02, partially oxidized titanium oxide may be
oP% ke formula Ti304. In certain enbodi ments, the
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oxygen as nore fully described be [0027] In
certain enbodi ments, Cu20 partially oxidized ultrafine
net al oxi de particles are fefnmed on substrate
particles such as Si 02. The use of such substrate
particles allows the Cu20 to heterogeneously nucl eate
on the Si 02 substrate particles which are forned first
during the plasma treatnent process. Wthout the prior
formati on of such substrate particles, the Cu20 does
not formsufficiently small particles, i.e., less than
10 nanoneters, but instead grows to nuch | arger
particle sizes. [0028] Fig. 2 is a flow diagram




[0029] In certain enbodi nents, the substrate precursor
material is provided in solid particulate form The
particul ates nmay be suspended in a suitable fluid such
as a carrier gas or liquid. The particul ate substrate
woeaunsiss feed material typically has an av@Cafi§2009/031518
particle size of greater than 0.1 mcron, in sone
cases, fromabout 0.3 to about 200 m crons. [ 0030]
The ultrafine netal oxide precursor feed materials may
be provided in particul ate form The particles may be
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[0035] In certain nethods of the present invention,
after the gaseous streamis produced, it is contacted
with one or nore quench streans that are injected into
the plasma chanber through at | east one quench stream
W0j26001004368 port. For exanpl e, the quench str &FEUS3008/031518
injected at flow rates and injection angl es that
result in inpingenment of the quench streanms with each
other within the gaseous stream The material used in
t he quench streans is not limted, so long as it
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f or e particle size of
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on a substrate The coIIected ultrafine particles are
then m xed with a base coating conposition conprising
a binder or resin, liquid nmediumand additives
conventionally used in coatihg conpositions. [ 0039]
Fig. 3 is a partially schematic sectional diagram of
an apparatus for producing pignent particles in
accordance with certain enbodi nents of the present
invention. A plasma chanber 20 is provided that
includes a feed inlet 50 which, in the enbodi nent
shown in Fig. 3, is used to introduce a m xture of
substrate particle precursor and ultrafine netal oxide
particle precursor into the plasma chanber 20. In




m croseconds of passing through the arc. The plasma is
often I um nous at tenperatures above 9,000 K
[0042] A plasnma can be produced with any of a variety
of gases. This can give excellent control over ang
WREHIOM36Y eact i ons taking place in the pl asTAS2008031518
gas may be inert, such as argon, helium or neon,
reductive, such as hydrogen, nethane, ammoni a, and
car bon nonoxi de, or oxidative, such as oxygen,
nitrogen and carbon dioxide. Inert or reductive gas
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[0047] As the confined streamof flow enters the
di vergi ng or downstream portion of the nozzle 22, it
is subjected to an ultra fast decrease in pressure as
a result of a gradual increase in volune along the
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the |l ocation where the arc attaches to the annul ar
anode 113 of the plasma generator or torch. [ 0052]
In Fig. 4, the plasma gas feed inlet is depicted at
131. As the gaseous product-8treamexits the plasnmm
129 it proceeds towards the outlet of the plasm
chanmber 120. As is apparent, a reactant, as descri bed
earlier, can be injected into the reaction chanber
prior to the injection of the quench streans. A supply
inlet for the reactant is shown in Fig. 4 at 133.




[0053] As is seen in Fig. 4, in certain enbodi nents of
the present invention, the gaseous product streamis
contacted with a plurality of quench streans mhich
enter the plasnma chanber 120 in the direction
WORMAG4BMB t hrough a plurality of quench st rP&gﬁf52°°9’°31518
injection ports 140 | ocated along the circunference of
the plasnma chanmber 120. As previously indicated, the
particular flow rate and injection angle of the quench
streams is not limted so [ong as they result in
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tube. In certain enbodiments, the collection station
127 conprises a bag filter or other collection neans.

A downstream scrubber 128 nel-be used if desired to
condense and collect material within the flow prior to
the flow entering vacuum punp 160. [ 0057] The
precursors may be injected under pressure (such as
from1l to 100 psi) through a small orifice to achieve
sufficient velocity to penetrate and mx with the
plasma. I n addition, in nmany cases the injected
precursor streamis injected normal (90 angle) to the
flow of the plasma gases. In sone cases, positive or
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[ 0059] The plasma chanber is often constructed of

wat er cool ed stainless steel, nickel, titanium

copper, alum num or other suitable materials. The

pl asma chanber can al so be constructed of ceranic
WarenoMse to withstand a vi gorous chenical Zfd/USHRY/AFIS
envi ronnent . [ 0060] The plasma chanber walls may be
internally heated by a conbination of radiation,
convection and conduction. In certain enbodi nents,
cooling of the plasma chanber walls prevents unwanted
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enbodi nents, the present pignents are used in
coat i ngs. Such coatings nmay conprise a base nateri al
such as a binder, liquid nedlun1and addi tives. Sone
exanpl es of mater based coatllngs incl ude m xtures of
titania, latex, water, biocide and funed silica. Sone
exanpl es of oi | - based coatings include al um na,
titani a, epoxy, alcohol and funed silica. Qher types
of coatings include m xtures of clay, polyurethane,
wat er and funed silica. The pignments of the present
i nvention may be added to coating conpositions in
anmounts from about 0.1 to about 20 wei ght percent of
the total coating conposition. Conventional m xing




[0065] The following exanples are intended to

illustrate certain enbodiments of the present

invention, and are not intended to limt the scope of

the invention. Exanple 1 [ 0066] Parti cl es wer e

WORMPREsUsi ng a DC t hermal plasma system T PPULAHSS

systemincluded a DC plasma torch (Mddel SG 100 Pl asma

Spray Gun commercially available from Praxair

Technol ogy, Inc., Danbury, Connecticut) operated with

6133 it andard liters per m nute of argon carrier gas and
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[0052] InFig. 4, the plasma gas feed inlet is depicted at 131. As the gaseous

product stream exits the plasma 129 it proceeds towards the outlet of the plasma chamber
120. As is apparent, a reactant, as described earlier, can be injected into the reaction
chamber prior to the injection of the quench streams. A supply inlet for the reactant is
shown in Fig. 4 at 133.

[0053] Asis seen in Fig. 4, in certain embodiments of the present invention, the
gaseous product stream is contacted with a plurality of quench streams which enter the
plasma chamber 120 in the direction of arrows 141 through a plurality of quench stream
injection ports 140 located along the circumference of the plasma chamber 120. As
previously indicated, the particular flow rate and injection angle of the quench streams is
not limited so long as they result in impingement of the quench streams 141 with each
other within the gaseous product stream, in some cases at or near the center of the
gaseous product stream, to result in the rapid cooling of the gaseous product stream to
produce ultrafine metal oxide particles on the substrate particles. This results in a

quenching of the gaseous product stream through dilution to form ultrafine particles.
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Cu'" 10 grans Silica2 90 grans Commercially avail abl e
fromA fa Aesar Co., Ward Hll, MNA 2

Commerci ally avail abl e under the tradenane WB-10 from
PPG | ndustries, Inc., Pittsburgh, PA [ 006 6# The
WOaMINEEsHar ticl es had a theoretical conposiBCHOI249P/031518
wei ght percent copper and 90 wei ght percent silica.

The neasured B.E. T. specific surface area was 346
square neters per gramusing the Gem ni nodel 2360

anal yzer and the cal cul ated equival ent spherica

di anpjosy) Wﬁxsteféalﬁ] Qrﬂlﬂﬂﬁﬁe%{s%f e bre§elﬂ?m%m aRh OB dQficted in
copper and silica.
Fig. 4, one or more sheath streams are mJected into the plasma chamber upstream of the

converging member. As used herein, the term “sheath stream” refers to a stream of gas
that is injected prior to the converging member and which is injected at flow rate(s) and
injection angle(s) that result in a barrier separating the gaseous product stream from the
plasma chamber walls, including the converging portion of the converging member. The
material used in the sheath stream(s) is not limited, so long as the stream(s) act as a
barrier between the gaseous product stream and the converging portion of the converging
member, as illustrated by the prevention, to at least a significant degree, of material
sticking to the interior surface of the plasma chamber walls, including the converging
member. For example, materials suitable for use in the sheath stream(s) include, but are
not limited to, those materials described earlier with respect to the quench streams. A
supply inlet for the sheath stream is shown in Fig. 4 at 170 and the direction of flow is
indicated by numeral 171.

[0055] By proper selection of the converging member dimensions, the plasma
chamber 120 can be operated at atmospheric pressure, or slightly less than atmospheric
pressure, or, in some cases, at a pressurized condition, to achieve the desired residence
time, while the chamber 126 downstream of the converging member 122 is maintained at
a vacuum pressure by operation of a vacuum producing device, such as a vacuum pump
160. Following production of the pigment particles, they may then enter a cool down
chamber 26.

[0056] As is apparent from Fig. 4, in certain embodiments of the present
invention, the pigment particles may flow from cool down chamber 126 to a collection
station 127 via a cooling section 145, which may comprise, for example, a jacketed
cooling tube. In certain embodiments, the collection station 127 comprises a bag filter or
other collection means. A downstream scrubber 128 may be used if desired to condense
and collect material within the flow prior to the flow entering vacuum pump 160.

[0057] The precursors may be injected under pressure (such as from 1 to 100 psi)
through a small orifice to achieve sufficient velocity to penetrate and mix with the

plasma. In addition, in many cases the injected precursor stream is injected normal (90°
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[0068] Particles fromsolid precursors were prepared

usi ng the apparatus and conditions identified in

Exanpl e 1, except the feed materials and anounts are
listed in Table 2. Table 2 Material Amount_Cu203

WO 809086% Si | i ca2 PCT/US2009/031518

angle) to the flow of the plasma gases. In some cases, positive or negative deviations
from the 90° angle by as much as 30° may be desired.

[0058] The high temperature of the plasma may rapidly decompose and/or
vaporize the precursors. There can be a substantial difference in temperature gradients
and gaseous flow patterns along the length of the plasma chamber 20. It is believed that,
at the plasma arc inlet, flow is turbulent and there is a high temperature gradient from
temperatures of about 20,000 K at the axis of the chamber to about 375 K at the chamber
walls. At the nozzle throat, it is believed, the flow is laminar and there is a very low
temperature gradient across its restricted open area,

[0059] The plasma chamber is often constructed of water cooled stainless steel,
nickel, titanium, copper, aluminum, or other suitable materials. The plasma chamber can
also be constructed of ceramic materials to withstand a vigorous chemical and thermal
environment.

[0060] The plasma chamber walls may be internally heated by a combination of
radiation, convection and conduction. In certain embodiments, cooling of the plasma
chamber walls prevents unwanted melting and/or corrosion at their surfaces. The system
used to control such cooling should maintain the walls at as high a temperature as can be
permitted by the selected wall material, which often is inert to the materials within the
plasma chamber at the expected wall temperatures. This is true also with regard to the
nozzle walls, which may be subjected to heat by convection and conduction.

[0061] The length of the plasma chamber is often determined experimentally by
first using an elongated tube within which the user can locate the target threshold
temperature. The plasma chamber can then be designed long enough so that the
materials have sufficient residence time at the high temperature to reach an equilibrium
state and complete the formation of the desired end products.

[0062] The inside diameter of the plasma chamber may be determined by the
fluid properties of the plasma and moving gaseous stream. It should be sufficiently great
to permit necessary gaseous flow, but not so large that recirculating eddies or stagnant
zones are formed along the walls of the chamber. Such detrimental flow patterns can

cool the gases prematurely and precipitate unwanted products. In many cases, the inside
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88.7 granms Commercially available from Sigma Al dnch
Co., St Louis, Mssouri. [ 0069] The produced
particles had a theoretical conposition of 11.3 vvei ght
percent cupric oxide and 88.7 wei ght percent_sil

WRRVWES6Y ed B.E. T. specific surface area \/\é’éjTQ@’i"“g/“lSls
square neters per gramusing the Gem ni nodel 2360

anal yzer and the cal cul ated equival ent spherica
di aneter was 11 nanoneters for the combination of
cupric oxide and silica. [0070] In order to obtain

Wla}ﬂ.e§r &Qﬁegﬁz{sﬁla ciRber T} Inbre Haf R60% bORSpIVina RRkdeleLdt @ inlet
les (10%Cu/ 90% silica and 11.3% Cu20/ 88. 7%
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and ﬂ]()%ﬂ:f Y I RRSh BhBodRMnMERE coNedBing! §8kbnl of tHe RE22I¥ Hai 4 Righ

After |1 ng, hazy materi al wasS renopved usjng
c espestinftigghings mysinmeter Bt taaiRippY Tpeth transitiqngyfyrst Pfﬁepcﬂnalér

sl ;[4{56) RERES toflés%éi@ (KBS 8 PhseBHdfmE &lid BE héYle throat.

measurenents, the spectra were normalized to their
e¥he prpdsonf henoads theaat is ofterypromimess (s £rs5tand ASVE MMiche

NQLIBBHids 3 Gle BOV. S’p&rv%ﬁcﬁ&eagﬁxé\}éﬁhf thO&FBz418 thr &t Bflin th¥o
spectra. This gives the "corrected' spectra as shown

i ﬁowsgeangdlvag;wcql@ ogthg p%h: aggcoptgqlled py t@apqeqsbtﬁ ldlfferenual

| BLGRS the, lysﬁfa%h'a?nﬁé@éﬁ@ lRREBn iGWns@dagB? e dR@fgtsGécEiSn SRR
in accordance with the previous exanples. The Si 02/ Cu

papiziec INsgatiye PIESSHR SRebe PP dovansiream %@P%‘@@mawppwdt he

Jhuf&iRarh &F N osé h@co%?& hi-HiRereith hdRlebohte HpOLrteBI2fr use in
particl es of e2e i bit reflectance|ntrgulluﬁf%5

r &ginBRsens fnveniien Ssﬂé%,c??“lﬁir’r‘l‘ United S35 Potpnup0eREH853 4

ebQAli TR 32, Ue dithd Sortidh\6E Whick Beifieiviorfuefdl by @&erehcd Bétein,
above for purposes of illustration, it will be evident

t o t H9$A] sk qerteip emppdirpgatsathe DReseAt PiETS AR sed if cpatingsy fach
" ?Jtl%gst rgﬁic@fnbﬁ"se beaste rﬁfateﬁﬁl%ﬁéﬂus albM&NfiuRNndiin @ 0BG,

e artln% romthe invention as defined in t he
aﬁp@ﬁ eresanples aff wiater-baspg ceatipgsinclude mijxturgs (tféléap}an]@tex water, biocide

CQRPRIeH LG, SEMPEaSbRY6f oil-based coatings include alumina, titania, epoxy,
alcohol and fumed silica. Other types of coatings include mixtures of clay, polyurethane,
water and fumed silica. The pigments of the present invention may be added to coating
compositions in amounts from about 0.1 to about 20 weight percent of the total coating
composition. Conventional mixing techniques may be used to mix the ultrafine pigment
particles with the base material of the coating composition.

[0065] The following examples are intended to illustrate certain embodiments of

the present invention, and are not intended to limit the scope of the invention.

Example 1
[0066] Particles were prepared using a DC thermal plasma system. The plasma
system included a DC plasma torch (Model SG-100 Plasma Spray Gun commercially
available from Praxair Technology, Inc., Danbury, Connecticut) operated with 60

standard liters per minute of argon carrier gas and 16 kilowatts of power delivered to the
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a base coating material; and a pignent dispersed in

the base coating nmaterial, wherein the pignent

conpri ses substrate particles and discrete ultrafine
net al oxi de particles deposited on the substr
WAL wherein the ultrafine netal oxi depcg‘éﬁslzqoglpselgls
are partially oxidized and conprise AL0, SiO Ti 304,
V203, VO, and/or CO304. 2. The coating conposition
of claim1l, wherein the pignent conprises from about
0.1 to about 20 wei ght percent of the coating

C QRBO AN doli@ Precursor Red JoAo§iAGH dofhGri A TAOMAtkrial hn@ hmEinilidled in
wherein the substrate particles h

ve refract]
i Aatd 1 wes Reepaeed gt faeh {o; thg Te3rian At oRe §Fl %’i)ovﬁf%f%{w%&é{“\f{ﬁ% fugueh
0h ghd¥8sideas fowdepfetdaf(MBILIEIR 68dommercidlly a¥dilable @i iPRgair
WFOSIIIOH of cl ali

co aim 3, erein the refractiye index
o Reipaow) bur Gepirnt brboue RvbrranBupae 3 pedl
1 &-mimge Brgon R deip@teld lﬁga COipesi Wrgn wal ddivatdat 5 standaat 1@
the substrate rticles conprise an L de 1 xed . oxi de
aRE/YRUH fhf‘i“ﬁlﬂg”g 4 ingh delﬁ*’i’leéergg%ieis ﬁ’éatﬁ%%ogﬁa{t o gs)dfmhc | ai m
;lM dozogﬁs&éaeﬁ gf %JlfbAlw&&bﬁwtiaﬁ gorp &ollbwihg 5 9.0 e tang eeaGirG2stion, a
. Bi , 2Si.Ch, BN, MN an . Si .7, The
CBHEfh§f8ﬁﬁﬂb§W?PBWmBW”EF5WWFfFW%%EP@Vﬁg%ﬁg6%@B%?rate
P @fatne®} &55716518¢cd $6° aphrd idially. A 7 millimeter diameter converging-
diverging nozzle of the type described in United States Patent No. RE 37,853E was
located 3 inches downstream of the quench stream injection ports. Argon quench gas
was injected through the plurality of at the quench stream injection ports at a rate of 145

standard liters per minute.

Table 1
Material Amount
Cu' 10 grams
Silica® 90 grams

' Commercially available from Alfa Aesar Co., Ward Hill, MA.
2 Commercially available under the tradename WB-10 from PPG Industries, Inc.,
Pittsburgh, PA.

[0067] The produced particles had a theoretical composition of 10 weight percent
copper and 90 weight percent silica. The measured B.E.T. specific surface area was 346
square meters per gram using the Gemini model 2360 analyzer and the calculated

equivalent spherical diameter was 6 nanometers for the combination of copper and silica.

Example 2
[0068] Particles from solid precursors were prepared using the apparatus and
conditions identified in Example 1, except the feed materials and amounts are listed in

Table 2.
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8. The coating conposition of claim1l, wherein the
substrate particles have an average size of |ess than
1,000 nm 9. The coating conposition of claima1l,
wherein the substrate particles have an average siz

W9 2009/8%43%hout 20 to about 500 nm 10. Tﬁﬁ@@é‘f"?’ﬂﬂsm
conposition of claim1, wherein the substrate

particles have an average size of from about 50 nmto

about 400 nm 11. The coating conposition of claim
1, wherein the ultrafine nmetal oxide particles
conprises Ti 304. 12. Thgegoati ng conposition of

cl a|m1 wherein the |||erg&pt_|_e|_e.s_
have an averalytesplze of from hbout 1 toAHSEit 5 pm

13, The coatirg 29?1rmnm tion of claim] Ua\ﬁléﬁé._n_t_h_g__
base coating nfiliesr i al conprises | at ex S&ZQKWN
epoxﬂ@snwmhdlalaque‘?l‘yfwléﬁmé\édmh Co., SyLouispMisgayst | ng
conposition of claim14, wherein the substrate

particles conprise Si02. 15. A pignent conprising:
[0069] The produced particles had a theoretical composition of 11.3 weight

percent cupric oxide and 88.7 weight percent silica. The measured B.E.T. specific
surface area was 202 square meters per gram using the Gemini model 2360 analyzer and
the calculated equivalent spherical diameter was 11 nanometers for the combination of
cupric oxide and silica.

[0070] In order to obtain UV-vis spectra, pot mill dispersions of particles samples
(10%Cu/ 90% silica and 11.3% Cu,0/ 88.7% silica) were prepared. A dispersant
(Solsperse 32500) and n-buty] acetate solvent were used in the milling. After milling,
hazy material was removed using a centrifugal separation technique.

[0071] In order to see the peaks from the absorption/scattering measurements, the
spectra were normalized to their extinction values at 400 nm and subtracted from the
normalized Solsperse spectrum from the other two spectra. This gives the “corrected”
spectra as shown in Fig. 5, which is a graph of reflected light intensity versus wavelength
for pigment particles made in accordance with the previous examples. The SiO»/Cu
particles of Example 1 have a reflectance peak in the green region of the spectrum, while
the Si0,/Cu,0 particles of Example 2 exhibit reflectance in the red region of the
spectrum.

[0072] Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the art that
numerous variations of the details of the present invention may be made without

departing from the invention as defined in the appended claims.
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substrate particles; and discrete ultrafine partially
oxi di zed netal oxide particles deposited on the
substrate particles, wherein the ultrafine netal oxide
particles conprise Al10, V203, VO and/or Co3M4-

16. A coating conposition conprising: a base coating
material: and a pignent dispersed in the base coating
material, wherein the pignment conprises substrate
@%Ehﬁles and ultrafine nmetal oxide particles

eposited on the substrate particles, and the
ultrafine netal oxide particles conprise partially

%Irlfgl Zf?oatt n%%glnig l%ﬁ&jgmpwe .18. The coati ng

osition ‘ein the partially
oxi di zeshsé bcbzﬂtMg_umtaxaldmcbon'pr i ses Ti 304. 19. A
Pl g menat plgr%e t cilssple?s%d in the base coating material, wherein the
pigment comprises substrate particles and discrete ultrafine metal oxide particles
deposited on the substrate particles, wherein the ultrafine metal oxide particles are

partially oxidized and comprise A10, SiO, Ti304, V203, VO, and/or Co30,.

2. The coating composition of claim 1, wherein the pigment comprises from

about 0.1 to about 20 weight percent of the coating composition.
3. The coating composition of claim 1, wherein the substrate particles have a
refractive index which substantially matches a refractive index of the base coating

material.

4. The coating composition of claim 3, wherein the refractive index of the

substrate particles is from about 1.4 to about 1.6.

5. The coating composition of claim 1, wherein the substrate particles comprise

an oxide, mixed oxide and/or nitride.

6. The coating composition of claim 1, wherein the substrate particles comprise

SiOz, A1203, Bi203, AleiOs, BN, A1N and/or Si3N4.

7. The coating composition of claim 1, wherein the substrate particles

comprise SiO,.

8. The coating composition of claim 1, wherein the substrate particles have an

average size of less than 1,000 nm.
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substrate particles; and ultrafine partially oxidized
metal oxide particles deposited on the substrate
particles, wherein the ultrafine netal oxide particles

conprise partially oxidized titani um oxide. 20.
The pignment of claim19, wherein the partially
oxi di zed titanium oxi de conprises Ti 304. 21. A

pi gnment conprising: substrate particles; and discrete

ultrafine partially oxidized netal oxide particles

deposited on the substrate particles, wherein the

di ¢ cThe eoatingcamippsitipnof ckaim 1, whewiny e spbteate paxticls have an
articles.forma e substrate particle in

%ﬁfagﬁs%??f oé?ggc’:oélﬁ @ﬁ {bPa |O&)2’%parti cles tguch each

ot her. 22. The pignent of claim?2l1l, wherein the

partially oxidized netal oxide conprjses AlO, S C,
Ti Hb4Thegogting Gompesiton fDeE! ﬂl‘—"?é*%%, ﬂtfo%‘gﬁt,rat%:a%‘é‘,cgﬁ/ﬁf’ﬁf an
VfAg8IE OF filbRAMIut 50 nmAS abdut@BOIhi1g COMpPOSI ti on

conprising the pignent of claim21 and a bi nder

11. The coating composition of claim 1, wherein the ultrafine metal oxide

particles comprises Ti304.

12. The coating composition of claim 1, wherein the ultrafine metal oxide

particles have an average size of less than about 10 nm.

13. The coating composition of claim 1, wherein the ultrafine metal oxide

particles have an average size of from about 1 to about 5 nm.

14. The coating composition of claim 1, wherein the base coating material

comprises latex, acrylics, epoxies and/or polyurethanes.

15. The coating composition of claim 14, wherein the substrate particles

comprise SiO;.

16. A pigment comprising:
substrate particles; and
discrete ultrafine partially oxidized metal oxide particles deposited on the

substrate particles, wherein the ultrafine metal oxide particles comprise AlO,

V203, VO, and/or CO304.

17. A coating composition comprising:
a base coating material: and

a pigment dispersed in the base coating material, wherein
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the pigment comprises substrate particles and ultrafine metal oxide particles

deposited on the substrate particles, and the ultrafine metal oxide particles

comprise partially oxidized titanium oxide.

18. The coating composition of claim 17, wherein the partially oxidized

titanium oxide comprises TizO4.

19. A pigment comprising:
substrate particles; and
ultrafine partially oxidized metal oxide particles deposited on the substrate

particles, wherein the ultrafine metal oxide particles comprise partially oxidized

titanium oxide.

20. The pigment of claim 19, wherein the partially oxidized titanium oxide

comprises Ti3O4.

21. A pigment comprising:
substrate particles; and
discrete ultrafine partially oxidized metal oxide particles

deposited on the substrate particles, wherein the discrete ultrafine partially
oxidized metal oxide particles form a layer on the substrate particle in which

all adjacent ultrafine particles touch each other.

22. The pigment of claim 21, wherein the partially oxidized metal oxide comprises

A10, SiC, Ti304, V203, VO, MnO, Mn,03, Fe;04, Co304, Cuz0, MoO,, SnO and/or
C6203.

23. A coating composition comprising the pigment of claim 21 and a

binder
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