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into a powder. The Attapulgite clay is historically processed by selectively mining the deposit,
20 classifying the ore according to its grit content and gelling properties, drying, mechanically

grinding or milling ore with minimal amounts of contaminants, followed by particle size

separation and drying to a moisture content of approximately 10% 1016%. The non-Attapulgite
matter is also reduced in size and is partially removed during the particle size classification
process. The non-clay minerals can be abrasive and must either be removed or reduced in size to

25 lessen their abrasive characteristics in order for the Attapulgite powder to be useful in end use
applications.

A dry grinding / milling operation will partially break up the bundle clusters with the
undesirable result of fracturing of individual Attapulgite particles. This may be, in part, due to
the presence of grit and particles of non-clay matter which are present in the clay ore and which

30 break and damage the individual rods duﬁng the dry grinding/milling operation. The individual
Attapulgite particles provide the absorptive, thixotropic, anti-settling, and/or binding properties
to 2 wide variety of end use applications. The crystal structure of Attapulgite clay has positive
and negatively charged sites on the lateral surfaces of each particle and at the e'nds of each
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present time, the suppliers and users of Attapulgite are dependent on the quality of natural
deposits for the concentration of non- Attapulgite clay content. The availability of high purity
Attapulgite clay relies on the economically inefficient selective mining of the deposits.

Gantt et. al. in U.S. Patent No. 5,358,120, have shown that other types of previousty
25 commercially available dispersants such as sodium polyacrylates can be used with clay.
However, sodium polyacrylates with molecular weights less than 4,300, while effective on
kaolins and bentonites, are typically not as effective with Attapulgite when compared to TSPP,
and thus are not generally used.
Attapulgite clay provides thixotropic and binding properties through the process of re-
30 flocculating after being typically dispersed at less than 5% solids in an aqueous system, whereby
a gel structure is generated. Various salts, at additive levels, can act as re-flocculating agents.
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It is an object of the invention to provide an economical and efficient method to separate
20 Attapulgite clay from other clay components and minerals in clay ore.

It is an object of the invention to use the method to allow for the mining of lower grade
deposits which have historically not been useable due to high concentrations of non-clay
minerals.

It is an objective of the invention to use the method for the blending of attapulgite ores in

25 slurry form to efficiently produce products with uniform physical and chemical properties.

It is a further object of the invention to provide a purified Attapulgite clay.

It is yet another object of the invention to provide dry Attapulgite clay particles which are
readily dispersed in water without addition of dispersant or surfactant.

It is a further object of the present invention to provide a dry particulate Attapulgite clay

30 which has less than .5% free moisture content and retains thixotropic properties without using

vacuum drying.
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dr awi ngs .clay is added to water. The Attapulgite clay is re~dispersed in the water using a low shear mixer

)

20 without the addition of further dispersant or a surfactant.
Still further, there is disclosed a purified dried, particulate Attapulgite clay comprising
Attapulgite clay separated from non- clay matier, the Attapulgite clay having a free moisture
content of approximately 2-3%.
These and other objects of the present invention will become apparent from a reading of
25 the following specification, taken in conjunction with the enclosed drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an enlarged view of dispersed Attapulgite crystals.
FIG. 2 is an enlarged view of a smectite/ Attapulgite cluster.
FIG. 3 is an eplarged view of clusters of Attapulgite with other clay and grit obtained by
30 the dry separation process of the prior art.
FIG. 4 is an enlarged view of isolated Attapulgite rods obtained by the wet separation

process of the present Invention.
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with significantly improved efficiency in water under moderate-to-high shear conditions, (see

FIG. 1.). The result is that more of the nop-attapulgite clays present will remain as relatively
20 large, liberated particles, along with the non-clay matter present. The non-Attapulgite clays can
be easily removed by physical means such as screening or centrifuging along with the non-clay
matter. The result is an increased purity form of Attapulgite that is essentially grit free. The 4700
molecular weight sodium polyacrylate does not rapidly disperse smectite, montmorilionite,
kaolin or other clay minerals due to its high molecular weight. The relatively lower molecular
25 weight sodium polyacrylates tested will not disperse the Attapulgite particles as efficiently, thus
achieving less separation of and non- clay particles. See FIG. 2 where the molecular weight of
the sodium polyacrylate used is 2,600.
We have further discovered that even using TSPP, with wet processing and drying in a
spray drier or air swept tubular dryer, the resulting product can be re-dispersed with low shear
30 mixing. Previously product dried by conventional drying techniques such as rotary dryers and
flash dryers produced a product that would not re-disperse. It is possible to achieve separation of
Attapulgite clay from the non-Attapulgite minerals and purification of Attapuigite clay can be



nol ecul ar wei ght sodi um pol yacryl ate does not rapidly disperse snectite,
nont nor i | vpoighMeszse kaol in or other clay mnerals due to its I}E.lgﬁsmlmg?ul ar
wei ght. The relatively | ower nolecul ar 2§ wei ght sodi um pol yacryl ates

tested will not disperse the Attapulgite Particles as efficientl§ {tus %1[]34}
achi eving_less,se See FI.G .2 where the

ti f d - ticles.
ol ecul ar 2SR5 g Pmﬁlfaé%t“lf?gg?ga‘?%eﬁgﬂgg]&d—%ﬂ%y ﬁsgﬁé g%gergéntz Thopurifed Atigpulgity eager

di scovereggkh@gpeg nﬂ@' ich essi nd_ drying.i.n spray
drier or air swep%é%ty y}og‘?s%%ﬁe?r Eov%srfgc%é%ﬁtﬁ%g&%% 0 u%ogﬁﬁ %ﬁ/ %%%t?pﬁ‘?s%gr sed
wi th | ow disgasion 30dry olayasing®TSPP eejatarion hasipielidlislyasteR bboRR R bl P Hadh TG Ng
techni queg such as rotary dryers and flash dryers produced a product that

woul d notSheat euipseentand, qven yndes dksise Fenditions corly\16- K586 avlidsivosre obtainableainklgi t e

clayfro he,non- Att apul gi te m,neral.s. a i fication of Attapul gite, clay
can” B oo BSRaAR M &5 Sugh ToreRutor S o Sitariion “Thepwer Asdpuieis
when usi Nday SHkin &pr% : Lf | | can. . he

re-di sper s%}?j- Wi tﬁél‘%w S e@@%ﬁ%@étﬁgmgléagsc%lg%%Pﬁ%ﬁ%ﬂg@%bh}rﬁpyﬁg 8}%%&2018%%“%
obt ai ned. wéight sbidape pelyacrytute. dThe TSRPistst stfe TSRBIS @patiyalitih dTEmdERh Y
been obt &ienabl e only. wwth HHGHd shear_ equi pnment and, even under these

condi t i orfSunGaY somzningnts inthepitapgite. ohhegionammpeminerals isan be remeased by isoreening on,
th i . deli ti | TSP tant. Th it
atapul oitd RSBk B Rty Frreveghe e AU A 5 shpnbatiofl g Ritbpspeend

10 . oY : ol . ; h
'I[I)'ger:D iys Olr?%’?g gﬁ%ﬁ%@rﬁe?? g\i‘:{ﬁ% mh@?gr ati oEn of l Srr%rg '?:IR %Hﬁtﬁg% %@Syétngﬁﬁan as ©

cont am n&ffisientandhrelativeippow gostenettiidds dsclosddhyerainner al s can be renoved by

screeni ng andwc ntri.fyging the sjurry. However, the use of TSPP is nore
economi cal and"*f i%g’g‘ £e vipe Attaplaiteglurgy is|pagpassdowith sodium

Agricul t ; e ' . Lty t_.essential, .a ef figient and
rgl atively ag%l%tgga? ngtph%@ @gggﬁlﬁgs%g&ﬁdgr&g’ia& ?%t‘\"f}uebu}%{aﬁ%ror aﬁlﬁg’%r ed
t hat wherehptranut,diigletsbuléncs rdhdds of bk, e $bdnesl ipbPaciyBity SCE TRP® rohathSPP,

and_then dried in a sg@rﬂa drier, an air swept tubular dryer or other |ow

t emper at (@dsorbpd gn thed teepatialeso dbe diiedantimygite Wil wadilyire-disparscintd water or
the TSPP s.ammin .15 d t he Att it icles. Th ied

A apul ok e yeeB R Aerib ooty bl o SRR ol B vl Rl oot gooue
di sper sartitlofrysbhad Agfbulgite Hepaied vAIESPE MPakidiesy BdrientiotAl &egﬁcﬂ% a

occur wth dry ground Attapulgite dispersed with TSPP and drie y
convent i antary dwener e digera In pdditierny vdtintbe ramol bf asdrckly ysineralsnhigheti t i on,

the. abi | FETOaSE 3y P BENEAA LYY FbPueh e bUHS Foh SERRE T peIayer.

é\g?%g g ; y iJ 2;9;( p g?ﬁcﬁﬂeﬂinéﬁﬁéé?é'dydi%%r& Reas A duithey Flind DRoART W &G SAFHcH ke or
TSPP to aliow the Attapulgite to retain its thixotropic properties when dried to less than 0.5%
moisture at atmospheric pressure with high air turbulence, without the need for vacuum drying
and/or without the need for a silicone or silane type stabilizer. Commercially, a dryness of

approximately 2-3% moisture is practical.

25 Another unexpected discovery was the wet processing method of attapulgite production
results in a higher percentage of high aspect ratio attapulgite crystals being liberated from the
individual clusters when compared to attapulgite which is processed by grinding dried attapulgite
ore. The removal of the crystalline silica and calcium carbonate by using the wet process
eliminates the abrasive grinding experienced in conventional mechanical grinding processes. See

30 FIG. 1 and FIG. 3. '

In the present invention, Attapulgite clay ore is mined and crushed into, pieces small

enough so that ﬂléy can be blunged into a shury. The sodium polyacrylate dispersant, having a
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20 would fracture the Attapulgite crystals, thereby reducing performance.

Examples 1 through 9.

Samples of various quality clay were slurried, using between 1.0 and 1.8 weight percent,

on a dry clay basis, of sodium polyacrylate with a molecular weight between 4,000 and 5,000.
The sharries consisted of approximately 25 weight % clay in de-ionized or distilled water. The

25 sodium polyacrylate was mixed with the water until a homogeneous solution was achieved, then
the clay was gradually added under moderate-to-high shear, until completely wetted. The slurries
were filtered with a 325 mesh screen and then dried into a free flowing powder. X-ray and
Atomic Absorption analysis methods were used to compare the compositional quality of the raw
material and the finished material. The following species were identified: Attapulgite, smectite

30 clay (i.e., montmorillonite, sepiolite), quartz, calcite, dolomite, apatite, illite, mica, kaolinite, as
well as other trace minerals. The results are listed below in Table 1.



Thus, finely sized Attapul gite granul es can be nmade w thout a grinding or
mlling pwecedwsse that 20 would fracture the Attapul gite gEygial St her eby
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2004 Table 1 5 10 Mat &P al % Smedfite% Qu% Cal ci fe Identi i cati on NP
At t]é)pul gite #18527<#7428524ND* 9839013ND #48516WD #59013MD #68516¥D

The
| OCT

#790<13ND #860303ND #$80254<1 60 30 3 ND
#9 60 25 4 <}
*ND not detected

Specimen #1, the reference specimen, is a réiatively high quality grade with 85%
i5 Attapulgite content, with a low 2% smectite content, without any processing. Specimen #2, the
control specimen, which is specimen #1 that was processed according to the preceding
paragraph, except that TSPP was used as the dispersant in place of sodium polyacrylate.
Spcc;imen #2 did not exhibit any purification other than sonie grit removal during the screening.
The Attapulgite and smectite contents remained the same. Specimen #3 was also processed from
20 Specimen #1, according to the preceding paragraph, this time using the above-identified sodium
polyacrylate dispersant. Specimen # 3 tested with an increase in Attapulgite content from 85 to
90%. The smectite coﬁtmt decreased 1%. The remaining 4% is comprised of an additional 1%
reduction of quartz plus reduced amounts of apatite, illite and mica. This can be attributed to the
increased dispersion of the Attapulgite bundles, freeing up more entrapped contaminant particles
25 via physical separation. Specimens # 4 and # 6 are two other grades of Attapulgite clay, a low
and high gelling grade, respectively which have been processed with TSPP but without the
sodium polyacrylate dispersant. Specimens # 5 and # 7 are the corresponding specimens treated
with the sodium polyacrylate dispersant. In both cases, the Attapulgite content increased from 85
to 90%. Specimen # 8 is a relatively impure Attapulgite, with a high smectite content of 30%.
30 Upon processing with the sodium polyacrylate dispersant, (Specimen #9) the smectite content is
reduced from 30 to 25%, along with a drop in illite/mica content from 6% to 1%.
EXAMPLE 10:
A specimen of Attapulgite clay, with a moisture content of between 8 and 13 weight %,

was dispersed in tap water at 35% solids, using said sodium polyacrylate dispersant. The
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The specimen dried to 0.5% free moisture was re-slurried in tap water at 7% solids, The
25 viscosity was approximately 6 cps. Upon the addition of 0.7% (total weight basis) potash, the

resulting viscosity obtained was 3,100 cps; indicating the ability to re-flocculate and generate a
gel structure.
EXAMPLE 12:

A specimen of Attapulgite was slurried into water at 35% solids using various grades of

30 sedium polyacrylate dispersants. The amount of dispersant used was varied between 1 and 2.5%

in order to determine the most effective level, using the minimum viscosity obtained as the
criteria (an indication of degree of dispersion). The results were recorded as viscosity vs %

dispersant added (Table 3). Note: non-crosslinked sodium polyacrylates with molecular weights



intap water at 35%solids. The slurry was de-gritted and spray dried to
yield a dgoneygdered 10 Attapulgite. The free npisture cpp @@ d%ﬁ
ard quality

determ ned and the viscosity was neasure% an industry stan
control test level of 7%solids in water “The Attapul gite powder fiek Qi hent

dried further at apprqxi matel 105 C to produce varjous free noisture
cont ent sﬁeeeﬁg%appr ép Ve i axagdean by exnestedthatoif avaitable,

respecti and abl | it re- flocculate into a gel structure
that pr oﬁ %ﬁ%‘m%ﬂpéﬁ% ‘Wéﬂ@gﬂ OTfN%% bl e 2 Free Mbisture Viscosity @
7% 20 Content (/O)sol ids in deionized watggpkgps) 910 58 18 16 0.56 <0.16
The specinen dried to O. 5%free m)i sture was re-slurried in tap water at 7% .

solids, The 25 VISCOSIty ddition of
.7% (total weight basis) pdfcﬁ @We@#ﬁﬂ'&%@%‘g&’t‘&e@% ai ned was

3 100 cps; indicating the ab|I|ty to re-fl occulate and generate a gel

stru¥ture. EXAMPLE 12 Wt %¥peci mer[4500)4¢.86@1B DO 2600 sl urried into water

at 35% solids using various grades gk 30 sodipgm poI yac | ate di spggsants.
The amount of di spersant used was vari ed between 1 and 5% in order to

determ ne the nost effe t| ve | evel 3g§| ng th E%am mum XEEgOSI ty gbﬁened as

the criteria (an indi cgtje}on of deg’éﬁlf of di sion). resul t
recorded as viscosity v di spers added bl e 3)

non- crossl i nked sodi um pel yacryl at ed3%i t h nol:4eQl ar wel§hfs WO 022,@@1350
PCTYUS00/ 27841 10 01 OCR.72004 greh2@t® than afff oxi mat B7§54, 700 &2,800not
known to exist. It can ke expected that, if 2050 | able,26hey woul & gehi bit
simlar or inproved perfggrance. Table 3 Vigggsity VSy, 1. % Di spersant
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The observable trend is that higher molecular weight sodium polyacrylates are more
15 efficient dispersants.
EXAMPLE 13:
The effectiveness of dispersant with respect to the viscosity was tested using diomized
water and saturated salt water. Brookfield viscosity values (in cps) were obtained with:
1. 30% crude clay with 3.2% sodium polyacrylate (mw 4,700)

20 2. 30% crude clay with 2% TSPP

3. 30% crude clay with 2% TSPP which had been dried and
rehydrated

Brookfield in deionized water A B C

10% solids 0 0 0
25 20% solids 0 0 0

30% solids 100 100 250

40% solids 6,200 23,500 26,000

Brookfield in saturated salt water A B C

10% solids 9,600 7.300 13,000

30 20% solids no flow 32,750 35,500



5 W %][4,700] [4,300] [3,700] [ 2,600 ] cps cps cps cps 10 1 1,360 4,925
4,900 6,0 .25 300 860 1,900 3,850 1.5 730 1,160 1,555 75 '

1. 200 855%‘%‘@3@", 800 2 2,050 2,625 3,525 2.25 2,750 2, 15‘%@2@“’%7,%?25 The
observable trend is that higher nol ecul aldlwei ght sodi um pol yacryl gtist..a‘,ra m‘
nore 15 efficient dispersants. EXAMPLE 13: The effectiveness of di p%tré

Wi th resp®mtenso the viscosity was testedAusing |iobBized waté& and
saturated salt water. Brookfield viscosity values (in cps) were obtai ned

wth: 1. %Q%ﬁude clay with 3.2% sodi uygmphyacryl abgy(mv 41908 20 2. 30%
d

crude cl a@,// W 2% TSPP 3. 30% crude cl 3 th 20/3%? P whi CQQI% 1 been dri ed
and rehyngat Brookfield in deioni zed%r A B%%8 9% sol égg 00 25
20% sol i d@ ¥ 0 30% solids 100 100 250°%- W% sol i 70200 235 80 26, 000
BrooRfiel®+ nGaturated salt water A B B-8866 sol i #B80%600 76888%13 000 30
20% sol i d% b0d | ow 32, 750 35, 500 WO 02/ 80ABO PCT/ $46500%278417DI0%CT 2004

Screens' ARG 860 3020. 209%. 20949. 10% 90.10% 70.80% 28 40%
% + 270 094.00% 78.80% 02.40%
% + 325 94.80% 82.00% 93.60%
10 % + 400 95.60% 84.80% 94 80%
Pan (- 400 mesh) 4.40% 15.20% 5.20%
% free moisture (final) 2.16% 3.80% 5.20%
‘cumnmlative % retained

The above results are unexpected compared to Attapulgite clay prepared by methods used prior
15 to this invention. In deionized water without salt, the Attapulgite clay readily disperses and the
viscosity is not changed. This is because there is no excess ionic contamination in the Dejonized
Water, the clay readily disperses but forms no gel structure because there are not enough jons
present to floccnlate it. However, the relatively high viscosity obtained with 40% solids is most
unexpected and is an indication of the ability of the effectiveness of the dispersants in the wet
20 procedure. In previously known dry procedures, TSPP has not demonstrated the ability to
disperse the clay in deionized water. The drying and rehydrating of TSPP treated clay has not
been known previously.
Salt in water causes the clay to set and gel. Saturated salt water is most effective in
producing gelling. Using prior art, it is generally possible to obtain a2 maximum viscosity in the
25 range of 20,000-25,000 cps. The clay plus dispersant of the present invention produced a
viscosity of 32,000 to 35, 000 with 20% solids. Viscosities as high as 88,000 cps have been
obtained in saturated salt water.
In summmary, clay ore is purified and separated from non- Attapulgite material by
dispersing the ore in an aqueous solution of sodium polyacrylate having a molecular weight of
30 approximately 4,000-5,000. Non- Attapulgite materials are efficiently liberated from in between
the Attapulgite Bundles in this sodium polyacrylate solution. Non-clay material ("grit") is
liberated as well. In this manner, the Attapulgite clay can be separated from non-Attapulgite
material. The slurry is dried to provide a powder of Attapulgite clay. There is residual sodium
polyacrylate in the dried Attapulgite clay such that upon addition of water, the Attapulgite
35 redisperses without the addition of further dispersant. The redispersed Attapulgite clay retains
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t hats uporyaQEédarded. of water, the Attapulgite
The slurry of Example 14 and Example 15 were each dried to a free moisture content of
between 2-3%. Each of the dried Attapulgite clays were redispersed in water using a low shear
apparatns, |
Although many means may be used to mix the crude clay and aqueous dispersant, a
20 preferred method is to use a high shear mixer. The high shear mixer more efficiently produces
the desired mix of the clay with aqueous dispersant to separate the clay from the non- materials
present in the é]ay.
Thus, it has been shown that by using the wet process method with eitber TSPP or
sodium polyacrylate, that Attapulgite clay can be separated from grit and non- clay and can be
25 dried to a free moisture content of approximately 2-3% which can be easily redispersed in water
with low shear.
. Obviously, many modifications may be made without departing from the basic spirit of
the present invention. Accordingly, it will be appreciated by those skilled in the art that within

the scope of the appended claims, the invention may be practiced other than has been specifically
30 described herein.



35 redi sperses without the addition of further dispersant. The redi spersed
Att apul gi &, 51,5056 €t @l ns_ WO 02/ 00350 PCT/ USO0/ 27841 12 01 g 209%41

t hi xotropic propérties. Thus, a purified formof Attapulgite clay’iIs

provi ded which is nore economical to usel3 Al so, poorer quality cl ay. eT
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IS use a high shegar_ m xer. _Th Lgh.shear m xer nore efficiently
pro?:l@ces t he desi r@&"“}ﬁ eﬁﬁfrﬁﬁ%%é’gp tc a.yaqueous di spersant to separate
the clay fromzhe nURe meBHoR0f 8lafm 1DWRERHT th Bodil@ polyiérylatd Usntentlis Batsvelie €96
shown that by using the wet process nethod with either TSPP or sodium

pol yacr ylaadd phatdraclexmet bisis cl ay can be separated fromgrit and non-

clay and can 25-dried to free | sture cont of ..appr oxi el - 3%
whi ch can be E,;si ly %Hﬁeg'ﬁgr%gwrf‘ﬁ’“vﬁ?r&n %WSW%%%%{&W c%é'\ﬁ%%?‘%?ﬁ?ﬁﬁy
nodi fi catth@so9aw Reghpde without departing fromthe basic spirit of the

present invention. Accordingly, it will be appreciated by those skilled in
thelart that vkt hi nThe method o elaoh 1t Wherapythedegapudgite olay, dispessadrinavatdton may be

Practi ced oLhgh ANan, 1RS, LR T AREH Iy Sellty

5. The method of claim 1, wherein the attapulgite clay dispersed in water is

separated from un-dispersed materials by centrifuging.
6. The method of claim 1, wherein the attapulgite clay dispersed in water is
20 separated from un-dispersed materials by gravity settling.
7. The method of claim 1, wherein the shury of attapulgite clay is dried to a moisture
content between 6% and 10%.
8. The method of claim 1, wherein the attapulgite clay slurry is dried in an oven.
9. The method of claim 1, wherein the attapulgite clay slurry is dried by spray
25 drying.
10. The method of claim 1, wherein the attapulgite clay slurry is dried by evaporative
filiration.
11.  The method of claim 1, wherein the dried attapulgite clay contains sodium
polyacrylate sorbed thereon.
30 12, The method of claim 11, wherein the dried attapulgite clay is added to water with
shear agitation and the attapulgite clay is redispersed in the water without the addition of a
dispersant or a surfactant.
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1. A net hegp gind3secessi ng natural ly occurring clay ore to gepafale.,
attapulgite clay fromother materials CO{T‘pri sing the steps of: CF Béhi ng

the clay ore, adding sodi um pol yacryl ate o wat er, the sodi um pol yaey 3@@; 004
having a nol ecul ar _wei ght between 4,000 and 5,000, preparing a slurry of
the ciay ore wiih t Rbe agihed of claimilumwhprsinthe dispersed attapdigitp eltaseis dtibé at

at tapul gi cl.ay.in the er, separatin e dispersed attapulgite clay

erom utnhai%lﬁ}@% megﬁg@%ﬁﬁ%ﬂ%ﬂww%ﬁ@ aaggﬁ‘gr%ed att?pultgi te clay. 2.
e nethod o ai : r .ent .S ween

1% and 4% on 1z;'dry c?lzlily gggygléﬁs@??%g& ﬁ%?ﬁ%g}%ﬁgg?%?%%lewgfi% t he

separat ed attaplil gi The methpd of olaiintl, vhe@inabé Gied epulRochy iWeh Hatfornt of free The
met hod of ,claim1l, wherein the attapulgite clay dispersed in water is

sepat at ed 19 VEEPaHIGEsSHiehsang chisteay pEandivisipaketiapulgite grystals, Theiding thedewt fochai m
1, whereify: Ite.clay dispersed in water is separated from

un- di sper%‘éﬁﬁ%@[eéjlﬂg#é c)l;ﬁ%:oélhtri fuging. 6. The nethod of claim1, wherein
the attapul gi tg6.cl ayheingthed S€6laink 1 Wth&kinith &ngﬁé}?éc?&,%ﬁgﬁ- @]H{@zr ' ed
materials by gravity settling. 7. The. ‘met hod of el alm T, v&% el @t"ﬁ’%ﬁ{é

sl urry ofliraestensu feisper, diatymacsous, ieah, ice titaiis taluminumanbetniorikinite aepiliteand

10% 8. The,nethod.of,.claim1l, wherein the attapulgite clay slurry is dried
in an ov-e%r?.mo%t.ea? &% hod of claim1, wherein the attapulgite clay slurry

2L PSP B8 GO0l OB 0Ol MR, K v e
shurry of clay ore in the aqueous sodium polyacrylate.
18. A method of preparing an aqueous dispersion of purified attapulgite clay
comprising the steps of:
crushing naturally occurring clay ore,
15 adding sodium polyacrylate to water, the sodium polyacrylate having a molecular
weight between 4,000 and 5,000,
preparing a shurry of the clay ore with the aqueous sodium polyacrylate to disperse
the attapulgite clay in the water,
separating the dispersed attapulgite clay from un-dispersed materials,
20 drying the dispersed attapulgite clay, and
adding the dried attapulgite clay to water with shear agitation wherein the
attapulgite clay is dispersed in the water without the addition of a dispersant or a surfactant.
19. A purified dried, particulate attapulgite clay comprising attapulgite clay separated
from non-attapulgite clay matter and sodium polyacrylate adsorbed on the attapulgite clay
25 particles, wherein the sodium polyacrylate has a molecular weight greater than 4,000.
20. The attapulgite clay of claim 19, wherein the non-attapulgite clay matter includes
sepiolite, montmorillonite, bentonite and non-clay grit.
21.  The attapulgite clay of claim 19, wherein the free moisture content of the
attapulgite clay particles is between 6% and 14%.
30 22.  The attapulgite clay of claim 19 which is dispersed in water with shear agitation to
provide an aqueous shurry without the addition of either a dispersant or a surfactant.



filtration. 11. The nethod of claim1l, wherein the dried attapulgite clay
contai ns sodi um polyacrylate sorbed thereon. 30 12. The net hod of I€LQ1
11, wherein the dried attapulgite clay is added to water with sh&hi 19 2“&‘
agitation and the attapulgite clay is redispersed in the water w thout the
addition of a dispersant or a surfactant. WD 02/ 00350 PCT/ US00/ 27841 14 01
OCT 2004 13. The method of claim 1, wherein the dispersed attapulgite clay
is dried at atnospheric pressure at at gperature bet ween 85C and 250C. 14.
The met hod of claim 13, wherein the free-noisture content is |less than 7%
15. The method of claim1l, wherein the dried attapulgite clay is in the
formof free 5 flowng particles which are clusters of individual

tt | git t , i di ! f f i ndi R .
operati n. 1653 Tho TR REBIEGE oy T ialn |WnuFarA O epPieHehdsetat | o
ation. 165The!l vat i el _ #
a1 o nunt oA s REO AR £ 7 IR DA (R PTREE BSonu € B 168l (01 2

met hod 0f.5%d, #endrled AbRNGClaPRthRY 1akSTdfc propediel.| y added wi th shear to
the slurry of clay ore in the aqueous sodi um pol yacrylate. 18. A nethod of

preparing an 2¢ueoAsudifispdried attrpoigitetayfabledo dt digpatsed mewatrand retempr i si ng
the steps.of: crushing naturally occurrin | ay ore, 15 addi,n odi u

pol Yacr yiBatoeropy %P%Tl,sqownéwi%?m&%a %ﬂﬁﬁo Ty pPRE Rttt & femn@fegm
bet ween . I 4 lay ore with the
aqueous éshgg'%%gggf%gg%’va eae@grehlﬂ@f)gf‘géyérﬁ%ﬁéﬁ gﬁgﬁ'gi te clay in the water,
separating thgs.di spessegtiaid Epedasiiey samanlly betnting dbﬁ@ﬁt&@ﬂj&fﬁié@ﬂp@l@% 20
drying the dispersed attapulgite clay, and adding the dried attapulgite
clay to oay Eomwther méienals egnpraisoihewtpsef'n the attapulgite clay is

di spersed in the vvat%rhﬂwith ut the addition of a dispersant or a
surfactant. 19. A DUri#8 B CH¥i%8, particulate attapul gite clay conprising

atj}@pul gite clay Sﬁ&%{ﬁ& eridnP HQRr attapul gite clay matter and sodium
pol yacryl at e adsorbed on tthe attapuldite clay
- preparing a shury of the clay ore with the aqueous dispersant to disperse the
attapulgite clay in the water,
separating the dispersed attapulgite clay from un-dispersed maternals, and
drying the dispersed attapulgite clay to a free-moisture content of approxirately
15 2-3%.

26. The wet method of claim 1, further comprising the steps of adding the dried clay
to water and re-dispersing the clay using a low shear mixer forming a dispersion containing up
to approximately 35% by weight of clay. _

27.  The wet method of claim 25, wherein the dispersant is sodium polyacrylate

20 having a molecular weight between 4,000 and 5,000.

28.  The wet method of claim 25, wherein the dispersant is tetrasodium
pyrophosphate.

29.  The wet method of claim 25, wherein the separated attapulgite clay is in the form
of elongated needles substantially free of grit and non-attapulgite clay.

25 30. The wet method of claim 25, wherein the dispersed attapulgite clay is dried using
an air swept turbulent drier. |

31. The wet method of claim 30, wherein the air in the drier is between 85°C and
210°C.

32. A wet method for separat:ng and dispersing attapulgite clay comprising the steps

30 of:
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25 particles, wherein the sodi um polyacrylate has a nol ecul ar wei ght
greater .than 4,000. 20. The attapulgite clay of claim 19, wherein tHe(i(,7 ZMM
~ non- attapulglte clay matter includes sepiolite, noat norillonite,
bentonkte and .non-clay grit. 21. The attapulgite clay of claim19, wherein
the free noisture content -of the attapulgite clay particles is between 6%
and 14% 30 22. The attapulgite clay of claim19 which is dispersed in
water with shear agitation to provide an aqueous slurry without the
addition of either a dispersant or a sb?factant. 01 OCT 2004 15 23. The
attapulgite clay of claim19, wherein the separated attapulgite clay is
dried at atnospheric pressure between 85C and 250C to yield a free
noi sture content Qiush@s sﬂaﬁﬁﬂg oRubfp ddye dried attapulgite clay retaining
t hi xotropic properties. purified dri ed attapulgite clay able to be
di spersed i n wat eraddimg ardedpaisant5o tWaiterot r opi ¢ properti es conpri sing
attapul gite clay and sodi um pol yacryl ate sorbed thereon, the sodium
pol yacryl ate having a nol ecul ar wei ght greater than 4,000. 25. A wet nethod
of processing naturally occurring clay ore to separate attapulgite clay
fromother materials conprising the steps of: crushing the clay ore, 10
addi ng a dispersant to water, preparing a slurry of the clay ore with the
aqueous dispersant to disperse the attapulgite clay in the water,
separating the dispersed attapulgite clay fromun-di spersed materials, and
drying the dispersed attapulgite clay to a free-noisture content of
approximately 15 2-3% 26. The wet nethod of claim1, further conprising
the steps of adding the dried clay to water and re-dispersing the clay
using a |l ow shear m xer form ng a dispersion containing up to
Approxi mately 35% by weight of clay. 27. The wet nethod of claim 25,
\%pereln the di spersant is sodium polyacrylate 20 having a nol ecul ar wei ght
et ween 4,000 and 5,000. 28. The wet nmethod of claim?25, wherein the
di spersant is tetrasodi um pyrophosphate. 29. The wet nethod of claim 25,
wherein the separated attapulgite clay is in the form

ANZNDED Sheed



of elongated needl es substantially free of grit and non-attapulgite clay.
25.30. The wet nethod of claim 25, wherein the dispersed attapul gi fle (ﬁ'éy 2004
is dried using an air swept turbulent drier. 31. The wet nmethod of claim

~ 30, wherein the air in the drier is between 85C and 210C. 32. A wet nethod
for 'separating and di spersing attapulgite clay conprising the steps 30 of:
AMENDED SHEET crushing naturally occurring clay, adding a dispersant to
wat er, AMENDED SHEET 01 OCT 2004 16 5 O, preparing a slurry of the naturally
occurring clay with the aqueous di spersaht wherein the clay is dispersed
in the water, separating undi spersed materials fromthe aqueous slurry of
attapulgite clay, drying the dispersed attapulgite clay, adding the dry
attapulgite clay t ﬁeﬁ&%@%shﬁﬂ%ﬁtﬁ@hﬁ%ﬂ? bediriheclal thithe Adeowedi§ersast Ng a

| ow shear m xer without the "addition of further dispersant or a surfactant
f or m ng whaleinpks slapis dispetsad in thg watert 0 appr oxi mately 35% by wei ght of
attapulgite clay. 33. The wet nethod of claim 32, wherei r} the di spersant is
sodi um pol yacr yl at €paning wryisperssd awtarals fiRm givaayesursbryLigtePUste 92000 34.

The. wet net hod of ¢l aim 32, wherein,the.di spersant is tetrasodi um

pyrphosphat e. SS.EWWE%‘%EI?%?%&%&%L%%Ciaym 32, wherein the non-attapulgite
material is quart z,y4ib3hd@homab@gitd LBRRIWaey, fel dspar, diatomaceous, earth,
mca, titania, alumnumnontrnorillonite, sepiolite, bentonite and kaolin.

3b. (cancell ed) 3ahd rédispeesthg the)xlay in the water using a low shear mixer without the

addition of further dispersant or a surfactant forming a dispersion containing up to

approximately 35% by weight of attapulgite clay.

- 0 33.  The wet method of claim 32, wherein the dispersant is sodium polyacrylate
~ having a molecular weight between 4,000 and 5,000.
34 The wet method of claim 32, wherein the dispersant is tetrasodium
pyrophosphate.
35. The wet method of claim 32, wherein the non-attapulgite material is quartz,
15 dolomite, limestone, feldspar, diatomaceous, earth, mica, titania, aluminum montmorillonite,
sepiolite, bentonite and kaolin.
36. (cancelled)
37. (cancelled)
m, 38. A purified dry attapulgite clay having loosely bound, nq_n-agglqmerated
\-;3 0 elongated rods, free of grit and non-attapuigite clay prepared in accordance with the method of
claim 25.
39. An aqueous dispersion of attapulgite clay, free of grit and non-attapulgite clay,
avoiding additional dispersants or surfactants, prepared in accordance with the method of claim
32.
25 - 40, A purified attapulgite clay comprising:
elongated rods substantially free of grit and non-attapulgite clay,
dried at atmospheric pressure in turbulent air at a temperature of 85°C-210°C
avoiding stabilizers and grinding, and
the attapulgite clay having a free-moisture content of approximately 0.1 %-9%.
30 41. The attapulgite clay of claim 40, further comprising a dispersant added to the

attapulgite clay.
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38. Apurified dry attapulgite clay having | oosely bound, non-aggl onerated

el ongated rods, free of grit and non-attapulgite clay prepared in 01007 2004
accordance with the method of claim25. 39. An aqueous di spersion (]f
aftapuigite clay, free of grit and non-attapulgite clay, avoiding

additi onal dispersants or surfactants, prepared in accordance with the .

met hod of claim32. 25 40. A purified attapulgite clay conprising:-

el ongated rods substantially free of g‘rd/{ and non-attapulgite clay, dried

at atnospheric pressure in turbulent aif*at a tenperature of 85C 210C

avoi ding stabilizers and grinding, and the attapulgite clay having a
free-noi sture content of approximately 0.1 %9% 30 41. The attapulgite
clay of clainp40, Thekiiel ifdlﬂ%féﬁdld’iﬂ A, sheprrtsadispasaed soivithgolyadrvlarul gi te
Ccl ay. AMENDED SHEET 01 oc;gr 2004 16/1 42. The attapulgite clay of claim41,
wher ei nhatieg dimspdendamneighs bstetienrh(000lapdz000.at e having a nol ecul ar wei ght

bet ween 4, 00Q0_and 5, 000. 43. An agueous dispersian of the attapulgite clay
of claim 41, ¥ he &Dﬁ@?gsﬁpe?l@&%t% Wﬁ@'gugd% Ogﬁm%f’ﬁm @Fgﬁfge% by wei ght
of satt a@bﬂtﬁhfn% lﬁJ t%%ppf%‘%? ﬁﬁweigm of attapulgite clay.

@

AMENDED SHEET





