TI TANI UM DI OXI DE SCOURI NG MEDI A AND METHOD OF PRODUCTI ON Background The
present invention relates to nethods for preparation of substantially round
and 5 spherical pellets conprising sintered titaniumdioxide. The pellets
are useful as a scouring nedia. Methods disclosed herein involve m xing
titani um di oxi de dust, water and at |east one . surfactant, formng a pellet
fromthe mxture and sintering the pellet to formthe tltanl um di oxi de
scouring nedia. 10 The production of titanium dioxide through the vapor -
phase oxidation of titanium tetrachloride has become a comonly used
process in the production of titaniumdioxide pignment. During this
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oxi dation reactor. lica sand 1I's sorre at angu I h shape e the
angul ar geﬁgtﬂ/@ pfaglclgq; fggryf togethgrgo form small aggregates having a diameter of less than

0.15mm. Some of these small aggregates grow larger in size and partly sinter to form larger,

hard and unshapely aggregates having a dimension greater than 0.15mm. These larger
aggregates tend to form ina layer and deposit on the surfaces of the hot reaction zone of the

20 oxidation reactor. Continued use of the oxidation reactor and the hot reaction products which
pass over it constantly regenerate this layer. Not only does this layer regenerate with continued
use of the reactor, but often pieces of this layer break off and are carried away in the reaction
mixture. These large particles are not suitable for pigment production and serve to contaminate
the reaction mixture.

25 To prevent the formation of this {ayer of titanium dioxide partieies, scouring media
consisting of chemically inert scrubbing solids have been added to the reaction mixture at
appropriate locations. Numerous substances have been used as scouring media such as
aluminum oxide, zirconium silicate, and silica sand. One of the most commonly used scouring
media is silica sand. However, there are disadvantages to the use of silica sand as a scouring

30 media in an oxidation reactor.

Silica sand is somewhat angular in shape. While the angular shape is effective in

scouring the walls of the reactor, it also severely wears the inner walls of the reactor.



scouring the walls of the reactor, it also severely wears the inner walls
of the reactor. 2 Eventually, the silica sand generates holes in the
reactor, which requires repair to, or in some cases, replacenent of, the
reactor. The replacenent time could be a matter of weeks, thus severely
hanpering production. Furthernore, sili c% .sand particles are easily
crushed. The crushed silica sand 5 contarfinates the reactor m xture and
nmust be renoved fromthe mxture. If not renoved, the silica sand wll
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efficiency of the process.
aggregaies for the prevention of deposit formation on a heat exchanger. The process disclosed

20 in U.S. Patent No. 4,784,841, however, fails to control the size and shape of the aggregates

formed, and thus fails to reduce the possibility of damage to the reactor walls and fails to

—|

maximize separation and recycle/reuse efficiency.
In the process described in U.S. Pat. No. 2,721,626, coarse scouring solids having a
dimension ranging from 0.15 to 6.35 mm are admixed with a hot reaction mixture and after
. 25  cooling separated from the reaction products and used again as scouting solids. The dry
separation of the coarse scouring titanium dioxide particles from the finely particulated
titanium dioxide is inefficient. Thus, there is always a percentage of coarse scouring solids
remaining in the final product thereby reducing the overall efficiency of the process.
_ Summary

30 Exemplaty methods of the present invention produce & substantially vound and

spherical titanium dioxide scouring media by conirolling the size, strength, density and shape of

the titanium dioxide particles. The scouring media produced by the methods of the present



Summary 30 Exenpl ary methods of the present invention produce a
substantially round and spherical titanium di oxide scouring nedia by
controlling the size, strength, density and shape of the titani um di oxide
particles. The scouring nmedia produced by the nmethods of the present 3
invention reduce or elimnate the pro%lens of reactor wear and

contam nation of the reactor mxture“during the titanium dioxide. pignent
manuf act uri ng process. |In accordance with enbodi nrents of the methods of the =
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e pel | dpSnsgr A% iSals BF piokleny SEmatag et b Premanon bt et "nat or - and
ntensi ty T xer e ban ot oo Ey mer Chantes subst ant i al Iy round and
spherical gret %é‘cﬁgﬁqf’@f’ﬁtgﬁ"b‘l‘ﬁi'&?‘gs %%B%@&@%%qf © PLgseitt apstiggsubpdtiatine fi nal
product . rbigidainti Sghekes élieRichpriskd pERBRdioBRkiEm AoxidForRE BOfogngtniiaPr esent

i nvent]on eE{rg%iuc ,ﬂﬁtl t ani um di oxi de _scouring_media in whichthe size and,
shape df FHREOLYoEGni ifmelatoaes titiale farmed bypddingsrififiistenbamaqugt of yyai geda

subst ant isadrlclent Sutue: @raqu@&&ﬁnb@ie&m@ ?&ﬂﬂ@%s%'a' drSinteddidy &kasMrad Qx4 de
e

pell ets produced by . the nethods o present invention are sultable for

use as a KBRS MHEFT psHPsubdadalipguedang sphesical gresa pelletyehiph a5p ubsesiuerttlyr eact or

wear and Sﬁﬁgﬂé@mfdj}ﬁ{&lgﬂn@pmh&@_ reactor mxture during the 15 titanium
di oxi de pi gment manufacturing process. For the purpose of this patent

application, the term "substanti dPdtgiledddeneriptivd spherical" as used in _
conneggi on w : : ' 0.8 or nore
£ B §ftﬁ@@Eﬂho@@ﬁﬂedﬁ%%ﬁﬁﬁl§ent1{n$ﬁ%ﬂ§§?_§ﬁ%{rﬁm?&9ﬁﬁe

on the Krunbein/ Sl oss Roundness an ericity Cne particul ar, the
present - feaunsg medie duwkich the bigt andtshapielof theditanihradidxidppatleisaed cosiroitedteed  pel | et s

froma h [STAToT>THolE SR Q=Y TH0T( B0 TR0 DA e [ ' PRLEh @b , the
titani um)ﬁgc({)dgdl OX%t%lehE%@P hdju@ggb }g@éh%%gl%tsr%{aéep?t%g lnaﬁjen# '?ig’f'd%:ﬁé’ng%gagpéﬁgnt s of

t he pr eséptheratthald ofthy plesenbinbetion aeseitdbledpr weeha aouling i, mchedwa oof a
coating qf : violet .radiati.on,. th t tltani um di oxi de
ae &y i EERARES G f bR Sh ER b o B8 LB il ol et o

t he star tikangundiorde pibmee sanifhamingprodesst i Fde thd patposra iigpaenh ygtiopion,ihe

Sort e AR M shESSF SSAGE B KA G BB e o2
from any tlef maasoterdbewt 0 or cofa@! e Brunsti@it/$168.Roundness and Sphericity Chart.

In particular, the present method produces substantially round and spherical sintered
peliets from 2 hydrophobic titanium dioxide starting material. For example, the titanium

20 dioxide dust used as the starting material in embodiments of the present method may have been
treated, such as by application of a coating or exposure to ultraviolet radiation, so that the
titanium dioxide has a hydrophobic surface. According to one example of the present method,
the starting material was titanium dioxide dust having a hydrophobic surface obtained from
Kerr McGee Corporation. According to other examples of the present method, h&drophobic

25 titanium dioxide dust can be obtained from any of a number of commercial sources.

According to another example of the present method, green pellets are produced by
mixing a starting material comprising a sufficient amount of hydrophobic titanium dioxide
dust, a sufficient amount of water, and a sufficient amount of at least one surfactant in a high
intensity mixer. The term “sufficient amount” describes that amount of hydrophobic starting

30  material, water and surfactant, respectively, that is necessary for pellets to be formed upon

mixing.



Accordi ng to another exanple of the present nethod, green pellets are
produced by mxing a starting material conprising a sufficient anmount of
hydr ophobi ¢ titanium di oxi de dust, a sufficient anobunt of water, and a
sufficient anmount of at |east one surfactant in a high intensity m xer.
The term "sufficient amount” describes that anount of hydrophobic starting
30 material, water and surfactant, redpectively, that is necessary for
pellets to be formed upon mxing. 4 Particularly, however, a "sufficient -
amount” of surfactant according to the present nethod can be further
defined as a surface ten5|on reducing anpunt. A surface tension reducing
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dioxide. The degree of hydrophobicity of the starting material can be _any value.
20 ' According to embodiments of the present invention, the water is fresh water.
Generally, surfactants are water-soluble surface-active agents. All surlactants pos_sesé
the common property of lowering surface tension when added to water. Surface tension is a
measure of the amount of energy needed to expand the surface area of a liquid. A surfactantis .
typically comprised of a hydrophobic portion, for example a long alkyl chain, attached fo
25  hydrophilic or water-solubility-enhancing functional groups. Surfactants can be categorized
according to the charge present in the hydrophilic portion of the molecule (after dissociation in
-aqueous solution) as follows: anionic surfactants; nonionic surfactants; cationic surfactants;
and ampholytic surfactants.
Exemplary surfactants include but are not limited to saturated or unsaturated long-chain
30 fatty acids or acid salts, long-chain alcohols, polyalcohols, dimethylpolysiloxane and
polyethylhydrosiloxane. More particular exemplary surfactants include but are not limited to

linear and branched carboxylic acids and acid salts having from about 4 to about 30 carbon



typically conprised of a hydrophobic portion, for exanple a |ong al kyl
chain, attached to 25 hydrophilic or water-solubility-enhancing functional
groups. Surfactants can be categorized according to the charge present in
t he hydrophilic portion of the nolecule (after dissociation in aqueous
solution) as follows: anionic surfactgnts; nonionic surfactants; cationic
surfactants; and anphol ytic surfactants. Exenplary surfactants include but
are not I|n1ted to saturated or unsaturated |long-chain 30 fatty acids or -
acid salts, |ong-chain alcohols, polyalcohols, dlnethylpolysiloxane and
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agent, athd tifdn@nadioxidé dish alheiténdagidgehnts are organic in nature, such as PVA or starch,
20 which allows the binding agent to burn off during the sintering phase. According to certain
embodiments of the present invention, starch is the binding agent, and the amount that is added
is about 0.5% of the dry weight of the titanium dioxide dust starting material.
The pelletizing process for making titanium dioxide pellets from a hydrophobic starting
material as described herein is quite similar to a prbcess for making ceramic proppants which is
25  described in U.S. Patent No. 4,427,068, the entire disclosure of which is hereby incorporated
hereir_l by reference. According to one example of the present method, sintered, spherical
pellets of titanium dioxide are made from a hydrophobic titanium dioxide starting material as

follows.
Example 1

30 About 300 pounds of a titanium dioxide dust obtained from Kerr McGee Corporation’s

plant in Savannah, Georgia is added to a high intensity mixer commercially available from



is about 0.5%of the dry weight of the titanium dioxide dust starting
material. The pelletizing process for nmaking titaniumdioxide pellets from
a hydrophobic starting material as described herein is quite simlar to a
process for making ceram c proppants which is 25 described in U S. Patent
No. 4,427,068, the entire disclosure of which is hereby incorporated herein
by reference. According to one exanple-of the present nethod, sintered,
spherical pellets of titanium.dioxide are nmade from a hydrophobic titani um
di oxide starting material- as follows.. Exanple 1 30 About 300 pounds of a
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added i s cambesstntidilp sjhericdd pelletshf Htafiubd diddidead Sorml Upod eieingl TheROM@RWATIn t he
amount Ofthiss Ha(r!i&:ﬁr%;?z}mpllles & (E)aiwrt]"@ttﬂsﬁlwashing detergent, and the amount of surfactant added is
about 2.5 to about 4.5-milliliters. In general, however, the amount of surfactant used in the

20 present methods is that amount sufficient to reduce the surface tension of the titanium dioxide
dust to a surface tension such that pellets will form upon mixing the titanium dioxide dust with
the surfactant and water. 7

The table is rotated at from about 20 to about 40 rpm, and the impacting impeller is
rotated to obtain a tip speed of about 28 meters per second (about 1136 rpm). In general,

25 however, the tip speed according to the present example can be in a range of from about 25 to
about 35 meters per second. According to the present example, the impeller is initially rotated
at about 14 meters per second (about 568 rpm), during addition of one-half of the amount of
water, and subsequently rotated at the higher tip speed of about 28 meters per second. The
initial rotation of the impeller is optional. If employed, the initial rotation can be from about 5

30 to about 20 meters per second.

The rate of water addition to the mixer is not critical. The intense mixing action

disperses the water throughout the particles. The total mixing time in this example is from



20 present nethods is that anmount sufficient to reduce the surface tension
of the titaniumdioxide dust to a surface tension such that pellets wll
formupon m xing the titani umdi oxide dust with the surfactant and water.
The table is rotated at from about 20 to about 40 rpm and the inpacting
inpeller is rotated to obtain a tip speed of about 28 neters per second
(about' 1136 rpm. In general, 25 however, the tip speed according to the
present exanple can be in a range of from about 25 to -about 35 neters.per
second. According to the present exarrpl e, theinpeller is initially rotated
at about t ecaond 68 .1 durin di tion f one- hal f '
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screeni ng In this particular exanple drying tenperature is about 85C. -
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about 121C Thﬁhfé‘bh:ﬁ&lﬂ%&luﬁﬁlé R EniEHrRGLARARL Qb EITOY PP bk that are
under and over a desired size, which in this exanple : -8/ +25 mesh.
The dri edoyeier diesintiig rimncrrsure bse i picsent opféo%@mﬂrpoanae eﬁfrcm gbom In for

si nt efg n@BS"'t@alSdi'& sioRafticul ar exanpl e, the sintering tenperature is about

1015C. In general, however, the sintering tenperature used in the present
method is in Inbis P@Fﬁg}éﬂr@ﬁwflwarﬁhm&ng tite@iv@8&pwidapdists havedensityrof elvius
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however , rdidugedinntbett@n sqpadnl F 368 nesn Ib@eneral, however, the sintered pellets can be
screened to a larger or smaller size by adjusting the screen sizes to obtain a desired size. The
sintered pellets according to the present example exhibit a crush of less than about 40% at 4000
20 p.s.i., as measured by the American Petroleum Institute crush test for proppant.
Manipulations
The density and strength of the sintered pellets according to the present method are
controlled through the sintering process and can be adjusted as required. For éxample, ina.
range of sintering temperatures of from about 938 °C to about 1121°C, peilcts sintered at
25 temperatures in the upper range have a greater density and greater strength then pellets sintered
at temperatures in the lower range. In other words, higher sintering temperatures produce
stronger and more dense 'pellets..
Thus, by manipulating the sintering temperature, the properties of the pellets can be
manipulated, which may be beneficial in providing pellets having a particular property for use
30 ina given application. For example, sintering temperatures around the lower end of the range,
for example, 938°C, will produce pellets of lower density and lower strength than pellets

sintered at a higher temperature in the range. As yet another example, sintering temperatures



screened to a larger or smaller size by adjusting the screen sizes to
obtain a desired size. The sintered pellets according to the present
exanpl e exhibit a crush of |ess than about 40% at 4000 20 p.s.i., as
measured by the American PetroleumlInstitute crush test for proppant.
Mani pul ations The density and strength of the sintered pellets according to
the present nethod are controlled thﬁ%ugh the sintering process and can be .
adj usted as required.. For exanple, in a range of sintering tenperatures of
from about 938 Cto about 1121C, pellets si ntered at 25 tenperatures in the
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st rengt h, CRETRAT LYy AHgHE E'E‘% fl XS RIPRSN WA E ore  scour
effici encp]ocehut wWill result in nore wear on the reactor tubes. The
strength, denf &Z si ze.and shﬁ\epe of the pellets produced according to the
pr esent n the process of scouring the reacfor tubes, the titanium droxide scouring media wears
away through attrition of the particles upon impact with the tube walls. Some of the scouring
20 media will be fine enough to pass through the system and be included in the salable titanium
dioxide product. Some of the atirited material will be coarse enough to be recycled as scouring
media. However, some of the material will be too coarse for sale and too fine for use as a-
scouring media. One significant advantage of this product is that this intermediate sized
material can be reprocessed into round and spherical scouring media, thereby eliminating waste
25  and disposal problems. The reprocessing is accompliéhed by grinding the attrited titanium
dioxide to a finc powder, and re-pelletizing it in the same manner as with fresh titanium
dioxide. The ground titanium dioxide can be reprocessed by itself or mixed with fresh titanium
dioxide dust.
It will be obvious to those skilled in the art that the invention described herein can be
30  essentially duplicated by making minor changes in the material content or the method of
manufacture. To the extent that such material or methods are substantially equivalent, it is

intended that they be encompassed by the following claims.



15 nmethod help solve the problens evident in the prior art relating to
reactor wear and contam nation of the reactor m xture during the titanium
di oxi de pignment manufacturing process. In the process of scouring the
reactor tubes, the titanium dioxide scouring media wears away through
attrition of the particles upon-inpact with the tube walls. Some of the
scouring 20 nedia will be fine enough t§ pass through the system and be
included in the sal able titanium di oxi de product. Sonme of the attrited
material will be coarse enough to be recycled as scouring mnedia. However,
sonme of dihgnpmterial will be too coarse for sale and too fine for use as a-
scouring nedia. One significant advantage of this product is that this
internediate sized naterial can be reprocessed into round and spheri cal
scouring, Wd'A@meﬂaH&fo?B%dﬁémg@uBﬁ&kﬂﬂy YRS Endspharid stasipasidxidesobl-igps. The
reprocessing Is acconplished by grinding the attrited titanium dioxide to
a fine pmmhemmu&ﬁmg¢e pelletizing it in the same manner as with fresh

titani um dioxideyThe, tePting aplagessed by itself
or n?ied with fregﬂ tltg%@%ﬂ?m%?%gﬁggmggs @bﬁﬁgdﬁﬁggobV|ous fo those
skilled in thvarfastant inkecktigh intsnsityvrainer; whereia dlesat Eﬁ@@t one pesfagtaptip pigeent e
essentially d r tent or

t he met hod OfHH&%Q&%%@F%ﬁmggg%ﬂgﬁgh@%fgﬁ§@&ﬂﬁﬁmbﬁmﬁ@ﬁ&?@%?gﬁﬁhmﬁﬁgthods are
subst ant i al | yreeqpelicd torform spon insxing nf e vetsr. tthealydranbybip sitasivendigsids dust by t he
follow ng clai A method for producing substantially round
and spherlcal ggiéakﬁ%%ﬂfg§ﬁﬁénécourlng nmedi a conprising: 5 (a) mxing

wat eif hydrophob|Qﬁﬁlta@hgnmﬂﬂmnwﬂduduemﬁan@eﬂﬂshshst one surfactant in a

high intensity m wher.ei n the S rfactant is present in a
surface-tensi on r§§u0|ﬁﬂwﬂ '@ﬁ %?P gﬁ (féggﬁgble substantially round
and spherical green pellets to form upon m xi ng of the water, the
hydrophopi c tjtani um di oxi de dust .at | east f 10 (b)
dryi ng the tisseha T ‘E%tog(ﬂ%‘%l B‘gm?feff’g’-mﬂﬂ%mt‘ﬂga@f‘%f 'Jii’rgga {V%e “dried -
titani U%@tx@iﬁuﬁﬂh&ﬁ&d &Isﬁandaae shiTeet4tR tdYofin @ReRdedipalieis.0 Claim 1 further

corrprljjsi ng m xing a binder with the water,

3. The method according to Claim 1 wherein the green pellets are dried at a temperature

ranging from about 65°C to about 121°C.

4, The method according to Claim 1 wherein the green pellets are sintered from about
20 938° Cto about 1121°C.

5. The method according to Claim 1 further comprising screening the green pellets prior to

sintering.
- 25 6 The method according to Claim 1 further comprising screening the sintered pellets.

7. The method according to Claim 1 wherein the at least one surfactant is selected from
the group consisting of anionic surfactants, nonionic surfactants, cationic surfactants and
ampholytic surfactants.

30
8. The method according to Claim 1 wherein the at least one surfactant is selected from

the group consisting of saturated long-chain fatty acids or acid salts, unsaturated long-chain



the titani um di oxi de dust and the surfactant to formthe green pellets. 15
3. The nmethod according to Claim1 wherein the green pellets are dried at a
tenmperature ranging from about 65C to about .121C. 4. The met hod accordi ng
to Caim1l wherein the green pellets are sintered fromabout 20 938 Cto
about 1121C. 5. The nethod according to ﬁ%ain11 further conprising
screening the green pellets prior to sintering. 25 6. The nethod according
to Claim1 further conprising screening the sintered pellets. 7. The

met hod according to Caim1l wherein the at | east one surfactant is selected
from t heyGeids pr finalts onggrhaih akokals) ipolyslosiobs tiartlylpolysitv:one andsur f act ant s,
cationic surf q%a.ts and anpholytic surfactants. 30 8. The net hod
accordiﬁ@yﬁgﬁgy P4 X Fherein the at | east one surfactant is selected from
the group consisting of saturated |ong-chain fatty acids or acid salts,

unsaturated long-chain 10 fatty acgids or acid salt |, ong- chakn al cohol s,
pol yal c8hol s mﬂiﬂﬁ‘g’?‘ﬂ "B%IF%? ﬁ&’(‘éﬂé’a‘?ﬁd‘l 8‘}95‘%@‘?% Sl’fgfﬁdft% 5 %&?ﬁtﬁ@h@. The :
met hod RECREG dgsiitRig oF Bhdit And¥iRicRédcatttRyldd acid3and addels baviscfrantbow 4sel ect ed
fromb5. the group consisting of |inear and@g;anched‘gar 0 ghic i ds and

aci d salte aboghil saepon aiswmsaliesat and branshed i salfpnicacss A "'b‘ﬁ%ﬁ,t PR nd

br anchedpalikyb st SPRKonAdndS liRAFaIRAItdn At hiifoRy Whgreintidlineabadkil cHaih 0 about
30 carbon atons; |inear al ké{ benzene sul fonate wherein tFe i near al kyl

chai n  iimdudesiGomiaboritdp gt % eabonménins; SufosercHBiFs;PIOWECS BBLWS at es;
phosph a&;ﬁ@é thti}ﬁe?sp?tH dea com%B&ﬁF haldoRii9Rs, saiFdHReY hitf Qffate s FERERES,
At es 3Gt Fon nd sul f

car boxy , tes a ates, polyglycol 10 ethers, am nes, salts
of alylethersaaiies, patis op troylistsidepyaephomphete and stxthees ereof. 10, The met hod
according to Claim1l wherein the at | east one surfactant is selected from
the group consisting of sodium stearate; octadecanoic acid; hexadecyl

sul f onatl®; | dhe ylethsd hécatding to SBadinurmwiadrein ths;at lgad opowlsantivyiected &iogbf . 15 11.

The et IRC'g s RSl JrSodatslhrkel BBl Bl Ao ek R Rt WA SRR
sodium oleate; and combinations thereof. '

15
11.  The methdd according to Claim 1 wherein the at least one surfactant comprises an

anionic surfactant and a nonionic surfactant.

12.  The method according to Claim 1 wherein about 300 pounds of the hydrophobic
20 titanium dioxide dust is mixed with about 6.5 to about 7.5 gallons of water and about 2.5 to

about 4.5 milliliters of the at least one surfactant.

13.  The method according to Claim 1 wherein the sintered pellets have a crush strength of
less than about 40% at 4000 psi.

25
14.  The method according to Claim 1 wherein the sintered pellets have a density of about
1.66 g/cc.

15.  The method according to Claim 1 wherein the sintering is performed at a temperature of

30 about 1015°C.



ani oni c surfactant and a nonionic surfactant. 12. The nethod according to
Clai m1 wherein about 300 pounds of the hydrophobic 20 titanium di oxide
dust is mxed with about 6.5 to about 7.5 gallons of water and about 2.5 to
about 4.5 mlliliters of the at |east one surfactant. 13. The net hod _
according to Claiml wherein the sint ere$ pell ets have a crush strength of

| ess than about 40% at 4000 psi. 25 14. he met hod accor di ng to Caiml
wherein the sintered pellets have a density of about 1.66 g/cc. 15. The
met hod according to Claim1l wherein the sintering is perforned at a

t enper atigr € Qqhe méflodhmotdinkGd BRimiiwhetdin the hintentap abrfaoessiat a tegnpemtu@ of m |

wherein jhe_sjnteri I, rf.ormed at e rat ur.e of o , and
the s neergdober: e dhaetlpe Rl e FhfhiRraR oSt Btk R 2000
psi  andnda deRay bhabeit la8sauéc. 1. 66 g/ cc. 5 17. The method according to Caim

| wherein the sintered pellets have a density of from about 1.55 glee to
about 1.85 g/cc. 18. The nethod according to Claim1 wherein the sintering -

of the dri ed ik hihod Rcidig t0 Clainel Wiiréin fliefsintesd wtiol hivesdensity qfdioat i ng a
property of the dried tjtanjumdioxide pellets selected 10 fromthe group
consi st isheptdrSassde B8PubhE §F®ish strength, which manipul ation is achi eved by
controlling sintering tenperature in a range of from about 938C to about

1121C. 19. The method according to Claim 18 wherein t,hg,s_i,nt ec{_éa%
t enper atl8r e The methad pecatsingsp Clapplwhasein theosirmingof fisdtied Hoainm di t he
sintere nﬁjﬁ@ : RAGicA bR digxille hilells8Reted0. The
nmet hod g’gggg% I ngr{&%\f’%f% m la&lﬁ%?gdﬁ&tﬁﬁ%ﬁ sinteri ngl.mt1 er.r}élefgt lj:reS igei n a

r angt0 offroni thegraup oonsistiog sidensityand rush steengih, whigh masipylatiersis aehigysd bet s have a

density cgﬁu&fiﬁféﬁgnﬁgr}aﬂperﬁ%% a }an%@ oﬂt‘r&ﬁ about 938°C to about 1121°C.

19.  The method according to Claim 18 wherein the sintering temperature is in a range of
from about 938°C to about 1015°C, and the sintered pellets have a density of less than about
15  1.66 g/cc.

20.  The method according to Claim 18 wherein the sintering temperature is in a range of
from about 1015°C to about 1121°C, and the sintered pellets have a density of greater than
about 1.66 g/cc.



