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The present invention concerns finely divided
particles of compounds that provide flame retardancy
and/or smcke suppressant properties to fibers, textiles,

5 polymeric articles, paper, paint, coatings and
insulation. More particularly, the present invention
concerns colloidal-sized particles of hydrated salts,
organic phosphates, metal borates, polyamides, soclid
halogenated flame retardants with a melting point

10 greater than 250°C, molybdenum compounds, metallocenes,
antimony compounds, zinc compounds, bismuth compounds
and other solid chemicals which act as flame retardants
or smoke suppressants. The present invention also
concerns various milling processes to reduce these

15 materials to colloidal sizes and to disperse them in
water, organic ligquids and meltable solids.

A OUND OF INVENTIO
The ability of various solids to act as flame
20 retardants and/or smoke suppressants is known in the
art. Such solids act by various mechanisms to provide
flame retardancy including the following:

a) Release of Water and/or Carbon Dioxide -
25 Hydrated salts (such as magnesium sulfate
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pent ahydrate, alum numtrihydrate, magnesi um hydroxi de, hydrated nmagnesi um
carbonate and so forth) deconpose at high tenperatures, and rel ease water
and or carbon dioxide in an endothermc 5 reaction to quench a fire.
b) Char For mat Wex964039%hen exposed to high tenperatures, char TE/PRIFO}L ch
I ncl ude organi c phosphates, zinc conpounds, nitrogen conpounds 10

(such as nel am ne esters and pol yam-des) and netal borates, form char
barriers which insulate the conbustible materials fromthe fire. c) Free
Radi cal Capture/ Oxygen Deprivation - 15 2 Hal ogen conpounds al one or in
conbi nation with antinony wil|l prevent conmbustion. The prinmary nechanismis
bel i eved to be the foPeRERBYAEALS, IS tFADEATAESY SATRETHW| ng

sug;t ance that inhi Fi &Q_?beﬂﬂ@yﬂﬁf&dﬁe&ﬁﬁgﬁéeﬁmﬁeasﬂm&?w so f
conmbustible materi al . e.is also | dence of_ t ty o
anti nony halides to sggggﬁged??%@orsfd%\éagggl nt%'ﬁ'%é#%g‘?n%é,s ‘stagp%])%ﬁgg%hé
reaction. 25 d) wahereaslr azaybon digxdte tapan endathermdek by ai ding

the conpl ete oxi dati opregbtia bONafRGIH FRECFRl S fornmed in the flanme and/or
the formation of char or glasses. They are usually catalysts for oxidation

reactions and/or char or glass forners. 30 Typi cal snoke suppressants
are mol ybdenum oxi de hhdChar Formation - When exposed to high

temperatures, char formers, which include organic
phosphates, zinc compounds, nitrogen compounds

10 (such as melamine esters and polyamides) and metal
borates, form char barriers which insulate the
combustible materials from the fire.

c) Free Radical Capture/Oxygen Deprivation -

15 Halogen compounds alone or in combination with
antimony will prevent combustion. The primary
mechanism is believed to be the formation of a
dense gas layer above the burning substance that
inhibits or prevents oxygen from reaching the

20 combustible material. There is also evidence in
support of the ability of antimony halides to
scavenge free radicals in the flame, stopping the
reaction.

25 d) Smoke Suppression - Smoke suppressants work by
aiding the complete oxidation of carbonaceous
materials formed in the flame and/or the formation
of char or glasses. They are usually catalysts for
oxidation reactions and/or char or glass formers.

30 Typical smoke suppressants are molybdenum oxide and
ferrocene or other metallocenes.

All of the above listed solids are used
commercially to provide either flame retardancy or low
35 smoke generation to plastics, carpets, fabrics, paper,
paints, coatings, adhesives, wood composites and so
forth. Unfortunately, the use of such solids often
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ot her undesirable properties to the itemto which they are added. Typi cal
undesirabl e properties that result fromadding solid particles of flane
retardant or snoke suppressant conpounds include: 5 pignmentation (.e.qg.,
addi ti on of unwanted colors), opacity (e.g., loss of light transm ssion),
stiffness (e.g., loss of hand in textile¥), |owered inpact strength
(resulting, e.g., an increase in crack propagation), and setting of solids

(in, e.g., paimpartaetheraupdgsizabledpeepertdes taubheuhtesi bl e
properties cagnen'esbicaFeObdablilli NMayEicdly unddetrablavpregertiesi cl e size
SUMARY OF THERRRVERRI L EREE, PAEHRR oot {2 e IBYEs 208 Erdnl OO 0 o 1
provi de col | ordtar@gant i3 smokpasubptessant qampausfscinghedey from 10[err]
to 10[err]sm p?%mé:?&dﬂio‘h' 3R g6} AAERE i W WO unwERKEdSHEDEESHANt  conpounds,
' nel uding hydéﬁaéﬁ%y {e.g., loss of light transmission), stiffness

(e.g., loss of hand in textiles), lowered impact

strength (resulting, e.g., an increase in crack

propagation), and setting of solids (in, e.g., paints,

10 coatings and adhesives). Such undesirable properties
can be reduced or eliminated by reducing average
particle size and eliminating substantially all

particles above about 1 micron.

15 & Y OF ION

Accordingly, it is an object of this invention to
provide colloidal particles (particles having a size
ranging from 10°° to 10°*m) of solid flame retardant
and/or smoke suppressant compounds, including hydrated

20 salts (such as aluminum trihydrate, magnesium sulphate
pentahydrate, magnesium hydroxide and hydrated magnesium
carbonate), ammonium polyphosphate, organic phosphates
{such as melamine pyrophosphate), metal borates (such as
zince borate and barium metaborate), polyamides,

25 melamine, solid halogsnated flame retardants with a
melting point greater than 250°C (such as brominated
pelymers, decabromodiphenyloxide, ethylene bis-
tetrabromophthalamide, decabromodiphenylethane, and
dodecachlorododecahydrodimethancdibenzocyclooctene),

30 wmolybdenum compounds (such as molybdenum oxide and

v ammonium octamolybdate), metallocenes (such as
ferroccene), antimony compounds {(such as antimony metal,
antimony trioxide, antimony pentoxide and sodium
antimonate), zinc compounds (such as mixed metal oxide

35 of zinc and magnesium, or zinc sulfide) and bismuth
compounds {such as bismuth subcarbonate), as well as a
process for producing them. '



20 salts (such as alum numtrihydrate, magnesi um sul phate pentahydrate,
magnesi um hydr oxi de and hydrat ed nagnesi um car bonate), anmoni um

pol yphosphat e, organi c phosphates (such as mel am ne pyrophosphate), netal
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sul fide) and GFSRRER SoMIOHRAIRT ( Fodddrn 8t car é%} as well as a
process for pmethodndgotrhproducingD 9@ 4G3E2

PCT/ US96/ 18095 4 | bohgoflia® pil-OiIel off 1HB81abe8 eNsoliw enan L0 provi de
stabl e di spersions 0 materials in water, ﬁ%f gurds or neltable
solids, and t&e5PREARAE &R ?FmﬁFQWﬁ'ﬁﬁﬁﬁﬁifFﬁﬂttﬁB 8%. o Col | oi dal

particles of advahubbepusofor Udeaas Esmemdaﬁtfaaﬂéoresandaatsuppressant
conpounds Al €umatings on textiles or as internal flame retardant
additives to systems such as ccoatings, plastic, textiles

10 and rubber.

Dispersions of such particles are convenient,
because they allow the particles to be transported,
while simultaneocusly inhibiting the particles from
coalescing into larger agglomerates.

15 These and other objects and advantages have been
achieved by the present invention, wherein
colloidal-sized particles of insoluble solid flame
retardant and/or smoke suppressant compounds are
provided by means of a high energy mill, such as a media

20 mill, even though commercial suppliers of such milling
equipment do not suggest that such particle sizes can be
achieved.

According to an embodiment of the present
invention, an agitated media mill loaded with

25 comminuting media is provided with a slurry comprising a
fluid wvehicle and particles of a solid compound having
flame retardant or smoke suppressant properties. The
slurry is processed in the agitated media mill until the
particles are reduced in size by at least 10%, more

30 preferably 50 to 90%, and even more preferably 10 to
99%. Moreover, the particles have a volumetric average
particle size of less than 0.5 micron, preferably 0.01
to 0.5 micron, more preferably 0.01 to 0.25 micron, and
even more preferably 0.01 to 0.1 micron. It is

35 preferred that at least 99% of said particles have sizes
less than 1 micron. More preferably at least 99.9% of
the particles should have sizes less than 1 micron. It
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10 making the finely divided particles of the present

invention. 1In general, the ultimate characteristics of
material comminuted in a wet media mill, particularly
the particle size, is determined by several processing
variables.

15 For example, the type of mill can affect the
ultimate characteristics of the comminuted materials.
The mill type can also determine how quickly a
particular result may be achieved.

Other factors also determine the ultimate

20 characteristics of the comminuted material, as well as
the time and energy it takes to achieve them. Examples
of such factors include the following:

(1) In wet media milling, smaller media are
more efficient in producing finer particles within

25 times of 10 minutes and less.

(2) More dense media and higher tip speeds are
desired to impart more energy to the particles
being comminuted.

(3) Lower fluid viscosities are beneficial in

30 comminuting particles.

(4) As the particles are reduced in diameter,
exposed surface areas increase, and a dispersion
agent is generally used to keep small particles
from agglomerating. In some cases dilution alone

as can help achieve a particular ultimate particle
size, but a dispersion agent is generally used to
achieve long-term stabilicy against agglomeration.
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electron microscopy, and dynamic light scattering.
A dynamic light scattering device such as a Horiba

10 LA-900 Laser Scattering particle size analyzer (Horiba
Instruments, Irvine, Californial) is preferred by the
present inventors, because it has advantages of easy

sample preparation and speed. The volumetric
distribution of the sample relates to the weight
15 distribution.

illin ipment
The milling equipment preferred for the practice of
the invention are generally known as a wet agitated

20 media mills, wherein comminuting media are agitated in a
milling chamber. The preferred method of agitation is
by means of an agitator comprising a rotating shaft,
such as those found in attritor mills. The shaft may be
provided with disks, arms, pins, or other attachments.

25 The portion of the attachment that is radially the most
remote from the shaft is referred toc herein as the-
"tip*. The mills may be batch or continuous, vertical
or horizontal. A ball mill is an example of a
rudimentary agitated media mill.

30 A horizontal continuous media mill equipped with an
internal screen having hole sizes that are 1/2 to 1/3
the media diameter is preferred as an efficient media
mill for the practice of the present invention. High
loadings of media are possible {(e.g., loadings of 92%).

35 An increase in the amount of comminuting media in
the chamber will increase comminuting efficiency by .
decreasing the distances between individual comminuting
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Starting Materials

10 By the present invention, flame retardants or smoke
suppressants can be wet milled to levels that are
currently not achievable with dry milling technigues.

Within reason, the size of the feed material that
is to be comminuted is not critical. For example,

15 antimony trioxide can be reduced to a 0.10 micron
average particle size with an agitated media mill using
the process of the present invention, whether starting
from particles that have an average particle size of 4.3
microns, 2.0 microns, or 0.6 micron. However, in

20 generally, the feed material should not be more than 10%
of the size of the comminuting media. Other flame
retardants such as decabromodiphenyl oxide and zinc
borate can be similarly reduced to 0.25 and 0.14 micron
or less, respectively, in short comminuting times.

25 Faster milling times can be achieved, if smaller
starting materials are used. Thus, it is preferable to
start with particles that are as small as is
economically feasible, to reduce milling time. For
example, 0.5 micron antimony trioxide feed material (as

30 measured by Transmission Electron Microscopy) can be
comminuted to a desired size (e.g., .1 micron) in a
shorter time than can a 4.3 micron material. For this
reason, antimony trioxide having a 0.5 micron average
particle size is preferred to material having a larger

' 35 particle size. When such material is used, a tight
particle distribution can be achieved, as well as a
short milling time.
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PCT/USQG/lOOQEeramlcs include yttrium stabilized zirconium oxide,
zirconium silicate, and alumina. The most preferred
10 comminuting media for the purpose of the invention is
yttrium stabilized zirconium oxide.

Each type of media has its own advantages. For
example, metals have high specific gravities, which
increase comminuting efficiency due to increased impact.

15 Metal costs range from low to high, and contamination
may be an issue. Glasses are advantageous from the
standpoint of low cost and the availability of small
sizes as low as .004 mm. Such small sizes make possible
a finer ultimate particle size. The specific gravity of

20 glasses, however, is lower than other media and more
milling time is required. Finally, ceramics are
advantageous from the standpoint of low wear, low
porosity and ease of cleaning.

The comminuting media used for particle size

25 reduction are preferably spherical. As noted
previously, smaller comminuting media sizes result in
smaller ultimate particle sizes. The comminuting media
for the practice of the present invention preferably
have an average size ranging from 0.004 to 1.2mm, more

30 preferably 0.012 to 0.2mm. By using properly selected
comminuting media, the milling process of the present
invention actually comminutes particles, rather than
deagglomerating clumps of particles--a task for which
media mills are normally used.

35
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10 has a reasonable viscosity and does not adversely affect
the chemical or physical characteristics of the
particles, the choice of fluid vehicle is optional.
Water is ordinarily preferred.

15 Dispersion Agents
Dispersion agents preferably act to wet newly

exposed surfaces that result when particles are broken
open. Dispersion agents also preferably stabilize the
resulting slurry of milled particles by providing either

20 (1) a positive or negative electric charge on the milled
particles or (2) steric blocking through the use of a
large bulking molecule. An electric charge is
preferably introduced by means of anionic and cationic
surfactants, while steric blocking is preferably

25 performed by absocrbed polymers with charges on the
particle which repel each other. Zwitterionic
gurfactants can have both anicnic and cationic
surfactant characteristics on the same molecule.

Preferred dispersion agents for the practice of the

30 invention include wetting agents (such as Triton X-100
and Triton CF-10, sold by Union Carbide, Danbury,
Connecticut, and Neodol 91-6, sold by Shell Chemical);
anionic surfactants (such as Tamol 731, Tamol 931 and
Tamol-SN, sold by Rohm & Haas, Philadelphia,

35 Pennsylvania, and Colloid 226/35, sold by Rhone
Poulenc); cationic surfactants (such as Disperbyke 182
sold by Byke Chemie, Wellingford, Connecticut);
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The relative proportions of particles to be

10 comminuted, fluid vehicles, comminuting media and
dispersion agents may be optimized for the practice of
the present invention.

Preferably, the final slurry exiting the mill
comprises the following: (1) 5 to 60 wt%, more

15 preferably 15 to 45 wt% of the particle to be comminuted
(2) 40 to 95 wt%, more preferably 55 to 85 wt% of the
fluid vehicle; and (3) 2 to 15 wt%, more preferably 6 to
10 wt% of the dispersion agent.

Preferably the comminuting media loading as a

20 percent of the mill chamber volume is 80 to 92%, moxre
preferably 85 to 950%.

The agitator speed controls the amount of energy
that is put into the mill. The higher the agitator
speed, the more kinetic energy is put into the mill.

25 Higher kinetic energy results in greater comminuting
efficiency, due to higher shear and impact. Thus, an
increase in agitator RPM results in an increase in
comminuting efficiency. Although generally desirable,
it is understood by those skilled in the art that an

30 increase in comminuting efficiency will be accompanied
by a concurrent increase in chamber temperature, chamber
pressure, and wear rate.

The tip speed of the agitator represents the
maximum velocity (and, thus, kinetic energy) experienced

35 Dby the particles to be milled. Thus, larger diameter
mills can impart media velocities equal to those of
smaller mills at a lowey RPM.



standpoint of |ow cost and the availability of small sizes as |ow as .004
mm Such small sizes nake possible a finer ultimate particle size. The
specific gravity of 20 gl asses, however, is |ower than other nedia and nore
mlling time is required. Finally, ceram cs are advantageous fromthe

st andpoi nt of WO®4B8Z | ow porosity and ease of cleaning. ISt ng
medi a used for particle size 25 reduction are preferably spherical. As
noted previously, smaller comm nuti ng nmedia sizes result in snaller
ultimate particle sizes. The conninuting media for the practice of the
present invention preferably have an av Fage size ranging from0.004 to

L 2mm e 30 Pretekablacd (R (3eRe R £ MiRhAGUILRRET by Sel oot ed

commi nuting nedia, proces e present ntion actually

commi nut es paretention tumedr ishshedamepporl £imfy thatnbEeoPatREIAL| es-- a
t ask’ for whi cgpgﬁmg- ArltHeS cinhinQEiRY | yhatsek wifile béOngbéAHEsEd to
be commi nut od 3 IFERAGHY MRBAde SEY IS Sane 18 ECHE B pf o MY
di net hyl act asimel o rdetempiaiaggthe oFPumINYHnE iR meh EBRE 08 pl asti ci zer s
(such as available for the mill and dividing this figure by the
rate of flow through the mill (throughput rate). 1In
general, a certain residence time will be required to
achieve the ultimate product characteristics desired
10 (e.g., final product size). If this residence time can
be reduced, a higher throughput rate can be achieved,
minimizing capital costs. For the practice of the
present invention, the residence time can vary, but is
preferably less than 15 minutes, and more preferably
15 1less than 10 minutes.
It is often desirable to stage two or more mills in
series, particularly when dramatic reductions in
particle size are necessary to optimize comminution
efficiency. Maximum particle size reduction within a
20 given milling step typically ranges from about 10:1 to
as high as about 40:1 and is to some extent dependent
upon media size. As a result, the number of milling
steps increases as the overall size reduction
requirement increases. Effects similar to that of
25 staged mills can also be achieved using a single mill by
coilecting the output and repeatedly feeding the output
through the mill. However, residence time may be longer
to achieve similar ultimate particle size.

30 E BPL
The following examples, as well as the foregoing
. description of the invention and its various
embodiments, are not intended to be limiting of the
. invention but rather are illustrative thereof. Those
35 skilled in the art can formulate further embodiments
encompassed within the scope of the present invention.



di i sodecyl phthal ate) and |ow nelting solids such as waxes or fats wherein
the mlling is conducted at tenperatures greater than the nelting point of
the waxes or fats. In general, as long as the fluid vehicle used 10 has a
reasonabl e viscosity and does not adversely affect the chem cal or physical
characteristi C¥08§408Re particles, the choice of fluid vehi clRETIUSI@®P950Nnal .
Water is ordinarily preferred. 15 Di spersion Agents Dispersion agents
preferably act to wet newly exposed-surfaces that result when particles are
br oken open. Dispersion agents al so preferably stabilize the resulting
slurry of mlled particles by prOV|d|nd either 20 (1) a positive or
negative electric_char nthe mlled particles or (2) steric blocking

t hrough t he use o§—5—3g$g§ bul ki ng nol ecul e. An electric charge is
preferably introdacd@ b@temmhnrizbnaﬁlon¢nttnnbu§umﬂﬁﬁacm@&ifactants whi | e

S}]er' c bl OCF'(ﬂQtﬁ?HrFiﬁéab'E Fsﬁﬁ thiao W@*@Qdf&m&aﬁf%wth :
char ges on rticle each othe |onLc surfactants
can ﬁave botﬁ%gﬁ 8ﬁFEl%WmF?é§ﬁ¥&ﬁE§ EUF PRI *ﬁé%‘ PsFEER B the sane

mol ecul e. 5Pr everage dizmates aof agammsamﬁratdﬂeqmﬁmg:gcsvetythé 8@S5 i nvention
i ncl ude mttl(@asaaee& (SWBRJ:EOFNQG lﬁh@@q Tl 008 fy-dlreetp! d by

Cheni cal ) Zﬁeanmsé%fmc?%%ﬁidtek EheimEl s gibe, gt ?5m§f" 931 and Tamol - SN
sol d by RohnFértpafivé’ipduadis plfi ant Bbodle msidxide withnanGovérage 226/ 35,
sol d by RNONgrarting particle size of 2.0 microns (Cookson Specialty
10 Additives, Anzon Division, Philadelphia, Pennsylvania)
were slurried in 55 pounds of water and 4.5 pounds of
Tamol -SN.
The mill was operated at a tip speed that averaged
2856 feet per minute. After 7.5 minutes of retention
15 time (5 passes through the mill) the average particle
size, by volume, was reduced to 0.102 micron and 99.9%
of the particles had sizes less than 0.345 micron.

Example 2

20 The same mill, media and loading as in Example 1
were used. This time, antimony trioxide feed having a
0.6 micron average particle size (Cookson Specialty
Additives, Anzon Division, Philadelphia, Pennsylvania)
was used. Thirty pounds of the antimony trioxide were

25 slurried with 70 pounds of water and 1.8 pounds of
Tamol-SN and 0.9 pounds of Triton CF-10.

The tip speed during the run averaged 2878 feet per

minute. After 4.8 minutes of retention time in the mill
(4 passes), the volume average particle size was 0.11

30 micron and 99.9% of the particles had sizes less than
0.31 micron.

Exal e 3
The same mill, media, antimony trioxide and loading
35 as in Example 1 were used. This time no surfactants
were used.



Poul enc); cationic surfactants (such as Di sperbyke 182 sold by Byke Chem e,
Wel i ngf ord, Connecticut); WO 96/ 40372

PCT/ US96/ 10095 10 anmphoteric surfactants (such as Crosultain T-30 and

I ncrosoft T-90, sold by Croda, Inc., Parsippany, New Jersey); and non-ionic
surfactants (WRPMMF2Di sperse- Ayd W22 sold by Dani el ProduBEHUSH10093er sey
City, New 5 Jersey). Most preferred di spersion agents are anionic
surfactants such as Tanol-SN. G her-MIling Paranmeters The rel ative
proportions of particles to be 10 comm nuted, fluid vehicles, conm nuting
medi a and di spersion agents nmay be optinfizzed for the practice of the
present invention. Preferably, the final slurry exiting the mll conprises
the fol l owi ng: (1) ThehtySdightipoudids b8 theecdmriabing tTibmidé wefe of the
particleto be L nut 5 o re e I 5 85 wt % of
t he “f I ui d vehis%%g-;@lﬁ}ri\d‘g% %‘{18‘”}‘3’&\%%@ 'r"r%)tr:ée@'pre 3 %g,lggaéx?g ?1%9"‘ % of the
di spersi on agd®et PeEfBiRUS. tWét(?é”rrﬁi-ﬁul“?-ﬂ‘gt?ﬁadﬂfarf*(’i&éf:ﬁ@na?% 28 percent
of the mll chagses)vol THe dver@det palYelevwss fr.allemdbkyndsitly 90% The

201 tator sReeqeayl L o NG TS ShvERg' Siadd Yods>chih $06@ (he M 11 The
micron.

Since the viscosity of the product was high, 35
additional pounds of water were added. After 1.8
minutes of additional retention time (2 extra passes),

10 the average particle size was further reduced to 0.10
micron, with 99.9% of the particles having sizes less
than 0.32 micron.

Example 4

15 The same mill, media, and loading as in Example 1
were used. Thirty pounds of 4 micrcn antimony trioxide
feed material (Coockson Specialty Additives, Anzon
Division) were slurried with 70 pounds of water and 2.8
pounds of Tamol-SN. Tip speed was 2860 feet per minute.

20 After 7 minutes of retention time (5 passes), the
average particle size was 0.10 micron with 998.9% of the
particles having sizes less than 1.2 micron.

Example 5

25 Using the same mill, media and loading of Example
1, 80 pounds of a brominated organic flame retardant
(decabromodiphenyl oxide) (Arblemarle, Inc. Baton Rouge,
Louisiana; Great Lakes, Lafayette, Indiana; Ameribrom,
Inc., New York, New York) were slurried with 55 pounds

30 of water. The starting particle size averaged 2.7
microns with some particles as large as 10 microns.
After 10.4 minutes of retention time (6 passes), the
average particle size was 0.25 micron, with 99.9% of the
particles having a size less than 2.70 micron.

35



speed, the nore kinetic energy is put into the mll. 25 Hi gher kinetic
energy results in greater commnuting efficiency, due to higher shear and
inpact. Thus, an increase in agitator RPMresults in an increase in

comi nuti ng effl cie Al t hough generally desirable, it is understood by
t hose skilled Wﬁ”@ﬁ@"grt that an 30 increase in conmmi nuti ngPEIEPSNIEMTY
w Il be acconpani ed by a concurrent increase in chanber tenperature,
chanber pressure, and wear rate. The tip speed of the agitator represents
the maxi numvelocity (and, thus, kinetic energy) experienced 35 by the
particles to be mlled. Thus, larger diamgter mlls can inpart nedia

vel ocities equal to those of smaller mlls at a | ower RPM WO 96/ 40372

PCT/ US96/ 10095 11 FRxamke:& tinme (referred to cunul atively as retention
time) is the amountrigd id M8 cebahokNEoiBd L iedlias RENYSof NEkdiip Lo MWt | NG

chanber while he conmm nedi a. ence time is
cal cul ated by ggt ﬁ5ﬁ§§g an? ikf?ﬁé#hﬁﬁ%t?ﬁ§°95+%zk}¥ i's available
for the m|| aeeramic deagst hagmggmrspégmfmegrravetnfotI?oves hiSEPgh the mil |

(thr oughputsrah@.\nzahmsamer fbw @eﬁfé;})al nfh%Slsaaeceltmes&één Re required to
achi eve the ul mat]?ﬁ roduct c ay act eri |cslge5|red 10 (e.g., final

product size). Peg Y8Rt 1T

50 pounds of 2 micron antimony trioxide feed were
mixed with 11 pounds of water and 5 pounds of Tamol-SN.
After 7.8 minutes of retention time, the average

10 particle size was 0.20 micron, with 99.9% of the
particles having sizes below 0.46 micron.

Example 7
A 10 liter horizontal media mill of Example 1 was

15 90% loaded with borosilicate glass beads having a .093mm
mean diameter and a specific gravity of 2.6 sold by
Potters Industries. A .025mm screen was used in the
mill.

Fifty pounds of 0.6 micron antimony trioxide were

20 slurried with 61 pounds of water and 5 pounds of
Tamol-SN. The tip speed was 3420 feet per minute. Mill
amperage was only 67% of similar runs using the 5.95
specific gravity media. The resulting antimony trioxide
product had a 0.09 micron average particle size, with

25 100% of the particles having sizes less than .30 micron.

Example 8
The 10 liter continuous horizontal media mill
Example 1 was 90% loaded with the YTZ media of Example
30 1. Fifty pounds of zinc borate having an average
particle size of 9.8 microns (Cookson Specialty
Additives, Anzon Division, Philadelphia, Pennsylvania)
were slurried in 93 pounds of water and 3 pounds of
Tamol-SN.
35 Tip speed was 2788 feet per minute. After 8.3
minutes (4 passes) of retention time, the average



be reduced, a higher throughput rate can be achieved, m nim zing capital
costs. For the practice of the present invention, the residence tinme can
vary, but is preferably less than 15 m nutes, and nore preferably 15 | ess
than 10 minutes. It is often desirable to stage two or nore q@J%% &Q
series, partiwobesoBIz when dramatic reductions in particle SCIHSHAR
necessary to optim ze conm nution efficiency. Maximum particle size
reduction within a 20 given mlling step typically ranges fromabout 10:1
to as high as about 40:1 and is to sone extent dependent upon nedia size.
As a result, the nunber of mlling stepslincreases as the overall size
reduction requirenent increases. Effects Simlar to that of 25 staged mills
can al so be achy Sj i 1l L. by {Egﬂ ng,.t.heqQu and
repeatedly feega%égg%g_%g?%%%‘%gﬁgﬁht h% n%fﬁ“ vve'vglr:_"?;p‘r ggf%g;%fe time may
be bonger to adHEePBTSifteahaANINGELECHatesR | AN 741 TACERBNVPLES The
foll ow ng exanples, as well as the foregoing description of the invention
and its various enbggi are not intended to be limting of the

i nvéntion but rathe iTTustrative thereof. Those 35 skilled in the art
can fornul ae furthBR BREOHMFU8IERCBRPATRD TS -hi AXERB. sERIR) gfithe
present inventao@s50 ceWanlo/~l3me was loaded with 250 cc of YTZ

PCT/U896/10095powder (Metco, Inc., Westbury, New York) screened to a
size of .0S53mm. 180 g of the slurry of Example 1 were
added to the attritor. After running the attritor at

10 4000 RPM (3600 ft/min tip speed) for 60 minutes, the
average particle size of the resulting product was 0.07
microns.



12 Exanple 1 A 10 liter horizontal continuous nedi a yA|§ISHEREtHASCREEN . |

Ext on, Pennsyl vani a) was QWMI \ Z (yttrijum st apiiAceed zir¢oni um

oxide) nedia with an 5 ave “‘ E mm H’ !0. 2mm ane—-a-speeti-e— tty of
e

5.95 (Tosoh Corp., Bound Brdok¢ Newwerssey). A 0.1 mm screen was installed
i nsi de the ni IWO84%BTe outlet. Forty-five pounds of anti monyPSFYSSSAMRE with
an average starting particle size of 2.0 mcrons (Cookson Specialty 10
Addi tives, Anzon Division, Philadel phia, Pennsylvania) were slurried in 55
pounds of water and 4.5 pounds of Tanol-£f. The m |l was operated at a tip
speed that averaged 2856 feet per mnute. After 7.5 mnutes of retention 15
time (5 passeggamMsugh the mll) the average particle size, by volune, was
reduced to O. m; 99.,9% of the particles had sizes | ess than

0. 345 m cron. %é"rrﬁ%re%gég‘ggd gs The sane mll, nedia apd | oadi fg as in
Exampl e 1 vere used. TEiBelyndividad rﬁﬁﬁFJtcrlieéxPéeaf%‘g)d“ﬂéiheﬂ'Qc 0.6 mcron
aver age pard i dompoune hEeokgoflsne ateldndatddiolri smeke AnnpreBsansi on,

Phi | adel phi,a, _Pennsyl.yani a): el Walls ¥ -PQU : Lanny
trioxide were %ge?é&%rgif e%gw&?éa%%&snz{? o?‘?wgt ggf‘gﬁécf Itllgg_aggﬁﬁ s of

Tanol - SN add ®agtisdmdsise qf i lese @harp 0-Ph@ifrpnspaf didilng the run
averaged 2378 plag@licpes Beimd profucd 4y8 comitihasion. retention time in the
mll (4 passes), the volunme average particle size was 0.11

1 2. The finely divided particles cof claim 1,
2 wherein at least 99% of said particles have sizes less

3 than 1 micron.

1 3. The finely divided particles of claim 1,

2 wherein said solid chemical compound is selected from
3 the group consisting of hydrated salts, organic

4 phosphates, metal borates, polyamides, solid halogenated
5 flame retardants with a melting point greater than

6 250°C, molybdenum compounds, metallocenes, antimony

7 compounds, zinc compounds, and bismuth compounds.

1 4. The finely divided particles of claim 1,

2 wherein said solid chemical compound is selected from
3 the group consisting of aluminum trihydrate, magnesium
4 sulphate pentahydrate, magnesium hydroxide, hydrated

5 magnesium carbonate, ammonium polyphosphate, melamine
6 pyrophosphate, barium metaborate, melamine, brominated
7 polymers, ethylene bis-tetrabromophthalamide,

8 decabromodiphenylethane,

9 dodecachlorododecahydrodimethanodibenzocyclooctene,
10 molybdenum oxide, ammonium octamolybdate, ferrocene,
11 antimony metal, antimony pentoxide, sodium antimonate,
12 mixed metal oxide ¢of zinc and magnesium, zinc sulfide
13 and bismuth subcarbonate.

1 5. The finely divided particles of claim 1,

2 wherein said solid chemical compound is zinc borate.

This Sheet Has Been Replaced
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30 mcron and 99. 9% of the particles had sizes less than 0.31 mcron.
Exanple 3 The sanme ml |, | oxi de and | oading 35 as in
Example 1 were used. This &!ﬁ Hﬂrmjg"yﬂts wer e used. WD 96/ 40372
PCT/ US96/ 10095 13 Twent y- eixghtt pounss he antinony trioxide were
slurried wit WAYMOFaunds of water. Tip speed was 3023 feet PEEPUSIHIAMS e
After 2.4 mnutes of retention tinme (2 passes). The average particle was
0.13 micron with 5 99.9* of the particles having sizes |less than 1.06
mcron. Since the viscosity of the produgt was high, 35 additional pounds
of water were added. After 1.8 mnutes of additional retention time (2
extra passps) 10 6.t heThy ef Agelypativicled pazeinkes faff tdleim aduced to 0. 10
m cron, h [ v ess than 0.32 mcron.
Exanple 4 Eiéﬁgz%éhTﬁaEH éﬁqéléﬂe EB ﬁéh% (ﬁ ng as in Exanple 1 were
used. Thlriyl4§ﬂ§ﬁi§m9ﬁlﬂhﬂﬁt%Q*14ﬁnt|nDny trioxi de feed material (Cookson
Specialty Additives, Anzon Division) were slurried with 70 pounds of water

and 2.8 pqunds of ,Tamhy SN, T MCTHA"5a2E00 dE Y RGM BU &
2 wherein said solid chemical compound is antimony
3 trioxide.

8. A dispersion comprising a fluid vehicle, a
dispersion agent and the particles of claim 1.

1 S. The dispersion of claim 8, wherein said fluid
2 wvehicle is selected from the group consisting of organic
3 1liguids, polyvinyl chloride plasticizers and low melting
4 point waxes or fats.

1 10. The dispersion of claim 8, wherein said fluid
2 vehicle is selected from the group consisting of

3 dimethylacetamide, ethylene glycol and

4 diisodecylphthalate.

1 11. The dispersion of claim 8, wherein said fluid
2 vehicle is water.

1 12. The dispersion of claim 8, wherein said

2 dispersion agent is selected from the group consisting

3 of cationic surfactants, amphoteric surfactants, and

4 non-ionic surfactants.

1 13. The dispersion of claim 8, wherein said

2 dispersion agent is selected from the group consisting
3 of wetting agents and anionic surfactants.



20 After 7 mnutes of r ntion time (5 passes), the ETPARTIEld size
was 0.10 micron with QQ.Em m 'lﬁﬂmr es having s ZE\L’SEE Q%I*EEE?}#@‘Z

m cron. Exanple 5 25 x mll, media and 15544 of

Exampl e 1, 80 pounds of a broninafed®oryanic flame retardant

(decabr onodi Y@ PEMHE3Bxi de) (Arblemarle, Inc. Baton Rouge, L&GTEISIE095G eat
Lakes, Lafayette, Indiana; Ameribrom Inc., New York, New York) were
slurried with 55 pounds 30 of water. The starting particle size averaged
2.7 microns with sonme particles as largegas 10 mcrons. After 10.4 m nutes
of retention tinme (6 passes), the average particle size was 0.25 m cron,
with 99.9% of the ldarti & pronegs nfpm produdings finahy 2dingidedron. 35 VO

96/ 40372 2 particles of a solid compound havin?Pfiéﬁ§3@!ﬂé¥&§it1éuEXan”1e 6
The 10 liter horizanta .l.was 90%filled wth 4-6mm

_ ntal media mll of Exanple < fil _
el ect r of used sﬂolkc?oﬁlugpﬁf"ﬁiﬁtc%‘?%‘?ﬁ%ﬁﬁfa&? REVPAB® A specific gravity of
3.85 (SEPR 5 Mudcadasgdan agitaredaediaTmélsaweth icommismtdag of Exanple 1
was used ifSirgRikheanellia SPeRotds a0fd %aﬂ‘h@&@@sa@fimg\.]@lfi ox;dg f_eedtwere
g}xsgtggzi ﬁ%F$%§?g§h825§%$g %&9z%t%g%2g 8L ggb e_éﬂgpresggat - o mnutes
7 properties; and
8 agitating said comminuting media, fluid vehicle,
9 and particles until said particles are reduced in size
10 by at least 10% and have a volumetric average particle
11 size of less than 0.5 microns, wherein at least 59% of

12 said particles is sized less than 1 micron.

1 15. The process of claim 14 wherein said slurry
2 further comprises a dispersion agent.

1 16. The process of claim 14, wherein said agitated
2 media mill is operated at a tip speed ranging from 1000
3 to 6000 feet per minute.

1 17. The process of claim 14, wherein said

2 comminuting media are provided in an amount sufficient

3 to £ill about 80 to 92% of the bulk volume within said

4 mill.

1 18. The process of claim 14, wherein said

2 comminuting media are selected from the group consisting
3 of sand, glass beads, metals, and ceramics.

1 19. The process of claim 18, wherein said

2 comminuting media are selected from the group consisting
3 of barium titanite, leaded soda lime, borosilicate,

4 carbon steel, stainless steel, tungsten carbide,

5 zirconium silicate, and alumina.

1 20. The process of claim 19, wherein said media is
2 yttrium stabilized zirconium oxide.

This Sheet Has Been Replaced
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10 particle size }/mmm ' with 99.9% of the particles having sizes
bel ow 0. 46 m cronl mliter hori zontal nmedia mll of Exanple 1

was 15 90% | oaded wit h ‘borosflicate gl ass beads having a .093mm nean
di aneter and a specific gravity of 2.6 sold by Potters |ndustri S0 . 025mm
screen was u¥HPiP3Rhe nill. Fifty pounds of 0.6 micron anél‘?%g’q oxi de
were 20 slurried with 61 pounds of water and 5 pounds of Tanol-SN. The tip
speed was 3420 feet per mnute. M1l anperage was only 67% of simlar runs
using the 5.95 specific gravity nmedia. e resulting antinony trioxide
product had a 0.09 mcron average rttigle size, with 25 _,100% of the
particles having f¥res 'I]I:gsgrpﬁ%gs cg%l Bdfio 4 - EYRRFELR Ssaﬁ‘?es?g"%i ter
.cont i nuous2z hathentidadl coegbandi i$ dedanuled fromstBelgragednaistindgie YTZ
medi a of Exa ba oEifly pande ghotbiceel e dintondean, average

3 m?"éq?t sl'E:JLI:L{COO son gg Fgﬁ / i

particle size qQ m crons % ty Additives, .Anzon Division,
Phi | adel phf a,PB¢RTdFeEan 59} 1dhatagemated Ll amg 3T S WhERe? and 3
pounds of FammltSNg point gredigr hamd 2603C27861¢ddnyre compounds, After 8.9
m nut es (4%8%%%3)10‘&&&%3 e0hi fibdy Tompbllfia8Y CLP8E compindf/ 40 2

PCT/ US96/ 1
7 bismuth compounds.

22. The process of claim 14, wherein said solid
chemical compound is selected from the group consisting
of zinc borate, decabromodiphenyloxide and antimony

W N R

trioxide.

23. The process of claim 14, wherein said £luid
vehicle is selected from the group consisting of organic
liquids, polyvinyl chloride plasticizers and low melting

» W N e

point waxes or fats.

24. The process of claim 14, wherein said f£fluid
vehicle is selected from the group consisting of
dimethylacetamide, ethylene glycol and
diisodecylphthalate.

> W oN e

25. The process of claim 14, wherein said fluid
vehicle is water.

N B

26. The process of claim 15, wherein said
dispersion agent is selected from the group consisting
of cationic surfactants, amphoteric surfactants, and
non-~ionic surfactants.

L TS B S B

27. The process of claim 14, wherein said
dispersion agent is selected from the group consisting
3 of wetting agents and anionic surfactants.

N



15 particle size was reduce w th 99. 9% T cte
havi ng sizes | ess than Hfmruﬂanﬂj !E %:ZJA Es‘f{g‘y Lﬂ.ﬁﬁg&l
Process, Inc., Akron, Chl o) Wi tch a nk vol une S. Io%{)dé’(@ ith 2p0
cc of YTZ pov@gr shdb co, Inc., Vestbury, New York) screened to a size O
.053nm 180 g il e slurry of Exanpl e 1 were added to the BEFVIHAN095 Af t er
running the attritor at 10 4000 RPM (3600 ft/mn tip speed) for 60

m nutes, the average particle size of itzge resul ting product was 0.07

m crons. 16 CLAIM5S What is clained . Fi nely divided
particl esyof a soj;gd cMBfEIGAki¢id &W t ar dant or snoke
suppressa ties élé particles %Eﬁfnng Eoggﬁuﬁ’ﬁ?’ﬁ? verage 4

t r
particle i z‘é '8? @?‘%‘H&W 5 FMB EFB‘T‘F g PH | BYpBressant ng a si ze
di stri but3onpropértims, grodeaett BPWind idkds ofpalhik! €6, have sizes |ess
than about 1 mcron, and said 7 particles being produced by comm nuti on.
1 2. The finely divided particles of claiml, 2 wherei n at | east
99. 9% of said particles have sizes less 3 than 1 mcron. 1 3.
The finely divided particles of claiml1,
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greater than 250!err]C, 6 nol ybdenum conpounds, netal | ocenes, anti nony
conpounds, nc conpounds, and bi smuth conpounds. 1 4. The

finely divided particles of. claim1, 2 wherein said solid chem cal
conmpound isgg%Fe%?ep ?%%ﬁéﬁﬁﬁf 3 group consi sting of alum numtrihydrate,

magnesi um 4 suj phatei pent aivdiceide parageeek USE hy dsexi dleshdidiaat ed 5
magnesi um car bonat e, anmoni um pol yphosphate, mel am ne 6 pyr ophosphat e,
bari um Ret aporpeend i ekichElafeometardany or pangke rSUPRISGRHaE e

bi s-tetrabronophthal am de, . 8 abr onodj ph Y 9

dodecacélor%ﬁO e%%ﬁﬁ&ﬂ()llﬁﬁgﬁgﬁogﬁ gn%%X?% 0%2%%ﬁ%? < %ﬁ)%ﬂﬂfenunloxide,
amoni um ocpar®l yhelad ze fef NeeeNE&hahlo. 1anicproNy $EidlpariiidlEny pent oxi de,
sodi um anti nonate, AMENDED SHEET A 13 m xed netal_oxide of zinc and
magnesi Bm BRViEng A f§Re SHPtrabutiprengiRbstbebr ponkgast 199% of sagd  The

Al - ! ol a | ; : ¥ .
el 8 L SBF 8 L g WELEID SAUAoAo i i
PCT/ US96/ 1089kt icles being produced by comminution.

1 2. The finely divided particles of claim 1,
2 wherein at least 99.9% of said particles have sizes less

3 than 1 micron.

3. The finely divided particles of claim 1,
wherein said solid chemical compound is selected from the
group consisting of hydrated salts, organic phosphates,
metal borates, polyamides, solid halogenated flame
retardants with a melting point greater than 250°C,

molybdenum compounds, metallocenes, antimony compounds,

NG YRNNT S S U N S

zinc compounds, and bismuth compounds.

4. The finely divided particles of claim 1,
wherein said solid chemical compound is selected from the
group consisting of aluminum trihydrate, magnesium
sulphate pentahydrate, magnesium hydroxide, hydrated
magnesium carbonate, ammonium polyphosphate, melamine
pyrophosphate, barium metaborate, melamine, brominated
polymers, ethylene bis-tetrabromophthalamide,

decabromodiphenylethane,

w o 3 U W N

dodecachlorododecahydrodimethanodibenzocyclooctene,

)
o

molybdenum oxide, ammonium octamolybdate, ferrocene,

o
=

antimony metal, antimony pentoxide, sodium antimonate,
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The finely divided particles of cIalml 095
soI i d Iww L" ﬂ”ﬁﬂm i s 3 decabronodi phenyl oxi de. f
finely s of clalml 16 ereln sai d SO|I Qal

i's antinony 3 trioxide. 1 di'spersion conprising a f|UId
vehicle, a 2 dispersion agent and the particles of claiml. 1 .

The di spersion of claim8, wherein said fluid 2 vehicle is sel ected from
the grddp conzedt rnagabf om@amfc Zind anddsagpesyvinnykieal 8wl ddland i ci zers
and |O\rb( mslgj g poi ot V\%XES or fats. 1 10. The dispersion of claim
8, wherdin UHRGPEPSATRRITT S i s sel ected fromthe group consisting of 3
di met hyl acet am de, ethylene glycol and 4 diisodecyl phthalate. 1 11.
The dispersion of claim8, wherein said fluid 2 vehicle is water. 1

12. Thé di spersPen ofhe| inelky @m@rd@dqp@a‘td@eau spefsrdN hgent is selected
fromth ro consi stkn f catlo rfactant iC

surf act gn ngnal ﬁ%ﬁdlg%f%:&)scuk% e ant % w35 %ﬁngmﬁgégésper si on of

claim8, wherein said 2 dispersion agent is selected fromthe group
consisting 3 of wetting agents and anionic surfactants.
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1 ' “J’mm“m‘\gmﬂam for producing finely divided 2 GHUSC% f], 9%395

sol i d ane retardant or 3 snoke supq;pE
conpri sknge 4 | oadi ng an afitated nedia m conm

5 media, a fluid vehicle, and starting particles of a solid 6 conpound
having fl ame retardant or snoke suppressant 7 properties; and 8
agitating said coam nAtpngeessli for fgnddhdng ¥ehetiediandegtarting particles
until said starting 10 particles are reduced in size by at |east 10% and
11  corm n&f"éﬂlﬁéﬁ?l Efe% B DrETRBEWPENILAIs Al A8 gF e BREARND OF nedia il |

having a si g dLSL; e/wl%_r id nuted particles have a
vol unetric avgr age %g {h c%és}lt?% of"%ﬁ‘ggég'?ﬂgn 0.1 mcron and wherein
at | east 99% of 15 Beadimg)mn regtievch tjedd tedli@smii 31 swiel d:mmmharngl m cron.
1 The process of claim 14 wherein said slurry further

conpri s&s amﬁfiéﬁer§|5%uh‘§eﬁ igle, and Sfertl’PﬁepﬁFBé%%So‘Pfcq‘a?‘?ﬁlldfl
wher ei ngsal Qoﬁﬂb&ﬂ&eﬂag}n%”?ﬂn?e Tétafd%nﬁfp%ﬁ:agﬁgk%sép%@séz?x?ted ranging

from 1000 3 to 6000 per mnute e process of claim
14, wherei npsapdrliesgoamd nuti ng nedia are provided in an anount sufficient
to 3 fill about 80 to 92% of the bulk volunme within said mll. 1

18. Thé& process of c?Si AU Fadieigemediyting pefdrnuEtwif medi a are

| ecteg f f t al nd
sel ected 11 0anihec0r QR SIS fld Whrd 10186 3RY1 0h2aSsPgAlmng et al s, a

10 particles are reduced in size by at least 10% and

11 comminuted particles are produced within said agitated
12 media mill having a size distribution wherein said

13 comminuted particles have a volumetric average particle
14 size of less than 0.1 micron and wherein at least 99% of

15 said comminuted particles is sized less than 1 micron.

1 15. The process of claim 14 wherein said slurry
2 further comprises a dispersion agent.
1 16. The process of claim 14, wherein said agitated

2 media mill is operated at a tip speed ranging from 1000

3 to 6000 feet per minute.

1 17. The process of claim 14, wherein said
2 comminuting media are provided in an amount sufficient to

3 fill about 80 to 92% of the bulk volume within said mill.

1 18. The process of claim 14, wherein said
2 comminuting media are selected from the group consisting

3 of sand, glass keads, metals, and ceramics.

AMENDED SHEET



FT/ US“m'Itmﬁ 19. The process of claim 18, th%n%é,é ]20 0 9 5
conmi muﬂmlalﬂmsel ected fromthe group consisti n(‘Ml?S bir/sml. 197
titanite, | eaded soda |ine, borosilichBel 4 carbon steel, stainles

steel, tungsten carbide, 5 zirconiumsilicate, and alumna. 1 20.
The process of claim19, wherein said nedia is 2 yttriumstabilized

zi rconi ym oxi de.1 AVENDED pYdeleEs of VVO196m4908/ 2wherein said

PCT/ US96/ 10095 19 1 21. The_process of claim 14, wherein said solid
2 chenidal tONpHUHELNS MediacPEg FRORTERE ErouptherEiat MprsistinRgdr at ed
salts, 9rgan; tes . netal a . Dol ] iy | i d hal ogenat ed
flame rgtar ag?gpﬁﬁ¥E%§ ltggl?Fﬁ§8%0%§§ag?gggbﬁﬁg#%ﬁﬁfﬁ%ﬁg?r]C, nol ybdenum
conpoundls, €arieldtaaanestadntliesBnytealpotmiigst &h neaiameounds, and 7

bi smuth_conpounds, 1 . 22. The_process of claim 14, wherein said solid
2 cheni2al ZHFRRARD st ldeiager e@nfr A1 PRB2gr oup consisting 3 of zinc borate,
decabr onodi phenyl oxi de and antinony 4 trioxide. 1 23. The process of

claim14, wherein said fluid 2 vehicle is selected fromthe group

consi sting of orxani ohd prgdeds, opokyainyl o chlipstakn paas inkidaer Ssand | ow

meltin
g2 yttrium stabilized zirconium oxide.
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poi nt waxes or fats. 24. The process of C|alj‘3./i}ks &@é L&Qgs
fI | ected f t he- t !
di ﬁéﬂlﬂlm ﬂlﬁllllﬂlﬂﬁhifeﬁe gl ycol | and3a dli sodecyl phi it EYUS 17JUJ597
The procéss' of* cl®ai th 14, wherein said fluid 2 vehicle is water.

The process of claim 15, wherein said 2 dispersion agent is sel ect ed from

the growp consisjgng @Bindfy Czﬁ'&ﬂl@@kicpéwtﬂaﬁéénéﬁ a QY efemigdnf act ant s,
and 4 non-ionic surfactants. 27. The process of claim 14, wher ei n

sai d 2 @i spepmpernddeiing fé@lrr@ctreéafrriémmve @m@em m@taarmg 3 of wetting
agents and anioni.c. surfact nel y, di vided particles
of a sofid Bh&T ctalf < procﬁfgﬁngyhgél nﬁr?f%ﬁ% ret ia'dlant or snoke

suppressant 3 properties, produced by the process of claim14. 1

29. The process of claim 14, wherein said 2 conmmi nuting nedi a has an

aver agelsi ze rarfing Theopraisess 9f cdadmolio wherein said 30. The
cominutin ium

process_of claim ttr
Dt abi 1 3ed STPRhichAY Tedid 13s0s0 ayRB iRl SR o el (i
conmm nugi ngg 2012 NEeslica hag.an average dianeter of about 0.2 mm 1 32.
A process for producing finely divided anti nony 2 trioxide conprising:

1 30. The process of claim 29 wherein said

2 comminuting media is yttrium stabilized zirconium.

1 31. The method of claim 30 wherein said comminuting

2 media has an average diameter of about 0.2 mm.

1 32. A process for producing finely divided antimony
2 trioxide comprising:
3 loading an agitated media mill with ceramic
4 comminuting media, a fluid vehicle, a dispersion agent
5 and starting particles of antimony trioxide; and
ii} 6 agitating said comminuting media, £luid

7 vehicle, dispersion agent and antimony trioxide starting
8 particles until said antimony trioxide starting particles
9 are reduced in size by at least 10% and comminuted

10 antinomy trioxide particles are produced within said

11 agitated media mill having a size distribution wherein

12 said comminuted antimony trioxide particles have a

13 volumetric average particle size of less than 0.1 micron

14 and wherein at least 99% of said comminuted antimony

15 trioxide particles are sized less than 1 micron.
1 33. The process of claim 32 wherein said dispersion

2 agent is an anionic surfactant.
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. | ag'tated media mll with cer m 1110 £5
e S 5 TR e %

fluid 7 |cIe di spersi on agent and antinony trioxide startlng
particles unt|I said antinony trioxide starting particles 9 are reduced
In sizelby at |edst 108 gndcesenbfiutedin032 wdiemsdid @ivda particles are
produced within said 11 agitated media mll having a size distribution
wher ei n® 12 VeRLGIP ddniat§Fed antinony trioxide particles have a 13

vol unetric average particle size of less than 0.1 mcron 14 and wherein
at |l east 99% of said comm nuted antinony 15 trioxide particles are sized
| ess than 1 m cran. The proce88. of Thea i OTESeh@fe il as'amszzew%gﬁ@i $hsal d

di sper sj on agent is an anionic surfactant. e process
of £|al 419§aFG Puitd Xttr%%ﬂ|%¢%b4%9%%ﬁeﬁlrQPnlum oxids  The

o1 0ceass of na@da 32 WHRLEL 83heEELAE Cado COTITNYLI NG Media i S yLtrium

stabilized zirconi um oxid havi ng an aver age nmeter of about 0.2 mm
1 36. Finely d|V|ded particles of antlnnny trioxide 2 having a

vol unmetric aver rticle. siz f less than 3 0.1 mcron, at |east 99% of
said particles % % 8¢ ¥sd&VF§§§ P?ﬁﬁﬂ%&ﬁﬁnoﬁ.QHQﬁmﬂﬁy §5P&xﬁéﬁt|cles

bei ng pr odygRA 3 tayveqmeuaboav@pgg@%&gcﬂfeoeglsz%d de13sb! thd,vehicle 6
contai ning a di spersion agent
3 0.1 micron, at least 99% of said particles having sizes

4 less than about 1 micron, said particles being produced
5 by comminution and being dispersed in a fluid vehicle
6

containing a dispersion agent.

1 37. The finely divided particles of claim 36

2 wherein said dispersion agent is an anionic surfactant.

1 38. The finely divided particles of claim 36

2 wherein said fluid vehicle is water.

39. A process for producing finely divided
particles of a solid compound having flame retardant or
smoke suppressant properties comprising:

loading an agitated media mill with comminuting
media, a fluid vehicle, and starting particles of a solid
compound having flame retardant or smoke suppressant
properties; and

s agitating said comminuting media, fluid

W ®©® g 00 N s W N R

vehicle, and starting particles until said starting

[
o

particles are reduced in size by at least 10% and

[
-

comminuted particles are produced within said agitated

=
N

media mill having a size distribution wherein said
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The finely divided particles of claim3 2‘
el 11 P+ S Ve o
mpoU

A process for pro u0|ng *finely divided 2 particles of a solid co

having flame retardant or 3 snoke suppressant properties conprising: 4
| oading an agitated nmedia mlIl wth commnuting 5 nedia, a fluid vehicle,
and st 3Pt i ngOPBFRREIR P IC LR NGV éoNﬁéHﬁﬁtﬁbﬁl?EF??QE&P%%&%%@Gant or

smoke syppr g%E%P%f erfsé)dﬁgﬁ'{/ dhpz% mqggog and whereina@lt

f
comm nuti ng e icle, and starting partic es until said
starting lOsaiatémmimsced paredudes is sizedbyeas tlastl Miérmmd 11
comm nuted particles are produced within said a gl tated 12 media ml|

havi ngl8 si YBeBPLR rakA i HrP uBrSETPSARAD 15287994380 Ho i TRACSESEr ti cl es
have aq oI Uﬁ?ﬁ\é'c?ga%’féfgﬁgé}?ﬁtd ‘;‘4 ‘?mjcés si ze of Iess than 0.25 mcron and

wher ei n at ast sal comm nuted particles is sized less than 1
mcron, 16 wherein said size d| stri but | on is produced in a residence 17
time of less than 15 m nutes, (Amended) A process for

produci Ag finel y4®- W8 r}flﬁﬂi)aﬁ*t PO SEr if83€| Eoébﬁb?sﬂsﬁﬁbe B
| oadi ng,an gﬂbié‘é&daﬁ'@ﬂﬁ r#"éxllo‘éhtdt% g:ggngg\lglﬁg comm nuting nedia, a fluid

vehlcle | sSpersi on age
loading an agitated media mill with ceramic

comminuting media, a fluid vehicle, a dispersion agent

and starting particles of antimony trioxide; and

3

4

5

6 agitating said comminuting media, fluid

7 vehicle, dispersion agent and antimony trioxide starting
8 particles until said antimony trioxide starting particles
9 are reduced in size by at least 10% and comminuted
10 antinomy trioxide particles are produced within said

11 agitated media mill having a size distribution wherein

12 said comminuted antimony trioxide particles have a
13 volumetric average particle size of less than 0.25 micron
~”5 14 and wherein at least 99% of said comminuted antimony
15 trioxide particles are sized less than 1 micron, wherein
16 said size distribution is produced in a residence time of

17 less than 15 minutes.
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5 and starting particles of antinony trioxide and 6 dS
agitating said conmnuting nedia, fluid 7 vehi cl e, di spersion agent an

antinony trioxide starting 8 particles until said antinony trjoxide
starting particles 9 are reduced in size by at |east 10% andpfSm

~ik

10 antinony tr e particles are pro uce t hi aid 11 \';l"
media m il havi rgérgl ze di stPHB Rhbrtay %ﬂnf'\ s%é’?’d conmmi NH®&d ant i nony
tvioxl de RRTERGARBNARUPPACAFION M%L&H@d mﬁg‘?ﬁ@ﬁw EOGPERATIGIE TREATE®ET)
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to fibers, textiles, polymeric articles, paper, paint, coating and insulation. More particularly, the present invention concerns colloidal-sized
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