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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 during the dry grinding/milling operation. The individual
Attapulgite particles provide the absorptive, thixotropic, anti-settling, and/or binding properties
to a 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 ends of each
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No. 5, 35S, 120In &iaese applivatibigt cheinéal diypresang fprajominantlyl tytraddmnnpgophasphate
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Patent No..4,6 966,871 has shown that it is possible to vacuumd .
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under vacuum conditions. Attapulgite clay I1s ftequently used as an a
pr oduct , Atthpdpgite clapr Tiei mg- dndapulgite olags dengfitavptheseme peffotthanck ichahcteristics as
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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 previously
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.



There is a need to be able to efficiently and econom cally separate
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attapulgite while maintaining gel properties to enhance it economic benefit through concentration

of the product for its end use application.

SUMMARY OF THE INVENTION
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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the present invention. WO U2/ QU3SU PCT/ USQU/ 278~1 FIG 5 is a diagram of
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content of approxmlately 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 enlarged 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 Attapuigite rods obtained by the wet separation

process of the present invention.
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renoval of thé crystalline silica and cal ci um carbonate by using the wet

process eltiapilgite ekytiinen s mmi-Agappigitediingradspelpveificeiion of Atapuigiteictayadan be

mechani cal grinding processes. See 30 FIG 1 and FIG 3. In the present

invention, Attapulgite clay ore is mned and crushed into pieces snall

enough so that they can be blunged into a slurry. The sodi um pol yacryl ate
di spersant, having a V1~' O 02/ 003SU




7 PCT/US00/ 278~ 1 nol ecul ar wei ght range of between 4,000 and 5,000 is
pre-m xed with water. The sodi um pol yacryl ate concentration preferably is
bet ween Wanzoodswei ght % of the clay content. The Attapul §CTAIS6d/20841 s
gradual | y added under noderate-to-high shear to the water - sodium

pol yacrylate solution, until fully dispersed. The Attapul gite bundl es and
clusters ; bdat 1.9 } I 1 :

1 bor at o o PaRE WAL Bk sien ting 1R P AhC UhaSuf, TREMDSIC Atipfzit can

At t apul gbd e-dispetiedsvithilosy stear upclo®sYpeoricentt @pnaufalungrmolidsical enghtainéd) Rée
noncl ay tter including grit. via physical peans. The substanti all

de- gri t t Yspeazion pfiAryi dlay veing TPRP separntign hasprevinusiyrbegn piigiphlepnjiewith Hrﬁﬁfhs es,

“heated t u oL At j . u tq ' . T eSi
e HEBA Bl B4 TRIATSEL S REASA R LL LIRS SGRLEGE! Gl
at ngs phepriegent hvRheSS e & nended fRidditiohe]l PEPMBENsBRCtanl dTl?e:l%@ty Rfapilgitehe
- drying process, the particles "self coal esce' into | oosely bound el ongated

rods. Thelgy detaingd vith TSRR dispersant ismod as hightas yheopiuity obtgingt ethethel high molecular

| The final incl filt | ve. dri.ed .
Toe P b ERsein apBRtm e CIREHHD Gt S re I i St EmRR A
vat er W fohadhs tdifatiAnQfin Additlah@pAd. ThSRH-SBH inindA8 c&@b@fénﬁ%e?%? s@xreﬁféiﬂg

met hod whi ch nay be enployed is Spray drying. Spray drying offers t

abi l'i ty amsl genbifugingdin slonyd Yoweyedthgmamol ESPMMroserescamnrianl dod fagthbsedrided by
adj.usting th rocess conditions,ipn the ray dryer. (ther air swept drying
metilods Wy 6 ARGRHIBHE Hap Skt Sichlptel BroAbe, Miets Y Ehingis ek seenan BOI ont
air is used: : i plar results. Thus, finely

si zed At?@S‘SPS%‘%@%%FQ%lg‘g%?gn‘g‘%‘g°dn‘aéf§°\%é§?%§?teh§ grinding or nulling
procedur e t haWeXhveaduticr idiseoteiédthhinehd Aappulgitd sturey kirepased Whk sedivmr educi ng
performance. Exanples 1 through 9, Sanples of various quality clay were

sl ur ri edpolagrigteputhiddn and then geied inga sigpyyfiicrpan ais pveptdvbudardiryerer gihepdews, of
sodi um p | at.e, W i d . The

ol ur i coltubREte By Moo ot &'as i Sk sRRbMTR RS IRE P 1Ry el

di sitsi | | eglisede@ion tHoAttddulgREl pattitles I The @kl @It&ﬁﬂ@ﬂe Wi echdily b dispersoiit® ivatent i |
-a honogeneous sol ution was achi eved, then the Cilxgi/' was gradual | y added
under noWeheutdhe neadifgha dispersant gpnsurfactanhis ke preymixed ingeithewasers This does nglegegur
filtered with a 325 nes creen and. dri.ed into a free.fl ow ng,powder.
eray antiBySouag FRRels S3RGGLT b TEPRGRY el B Bafiynliy siedts Spg
conposi t ipngldrfil dk b&‘bésl?ﬁrg%h el AW ER! §ith Al RAVAINT nbhRSNBHhefAd, Bdha} - The
foll ow ng species were identified: Attapulgite, snmectite 30 clay (i.e.,
mont nor i pdréminance is @bsaved m)the ahikitytte preade thixmtrogy) Wnding, andsaspension behavier,
mcg, kaolinite, .as well as other trace mmnerals. The results are |isted
bel Bl | ' Tabl SRHer uEPBsP O ISE PR aa By B pdaiied sodtum Polfactylarsr

1Mat er i aipsppipd Al dv el Q4 iﬁeae%tﬂhti@%i%@@%ib ?é’fb@é@%lﬁn%‘igélt&leﬁseﬁaﬁ@%% <15
#28524 ND*#39013 ND#4851G ND#59013 ND#6851 D10 #790<13 ND#860303

ND#960 2 5shossture libatnwisplibeicquesureSpidchigh nirfdrbutdnee, véfhontthe aeabhier vasum dyieg

rel ativel y,hi ual it rade. . wth 85% 15 20 25 30 Attapulgjte content,
with a | %@(g@i‘é@t%?et eégﬂ‘taeﬂll‘fo%ofﬁ'i@e%“ﬂi“g%s s&?{@lﬂe@&g’é’b AHYESS Ok e
control L o I; I # 1 that was processed according to the
precedin p%lg}é&é{)wg%dé%%ﬁ?ﬁgﬁaﬁ%&@ was used as the dispersant in place
of 2%0di um pol paottyt ateXxpedipe diseBRryiRasiihe wed prasssidy hethod oPattapligiia tpreducsivher

t han sone gri_t renpval during the screening. The Attapulgite and snectite

cont ent srop etk perogpiage shlieh pmecitioatiapplgite gy vels beiag liberstaddsamithen

#1, accoy i i r I | i . . .
above. i B Slubs: BhACERhAROR AR whilits blolBsslF bl Brib e aried atanyleie
- an i ncr ege The rénbedl wif thd @yaalihesiticd srdafiuihcatidate ThaisimgrES keproodsent
decreased 1 % The remaining 4%is conprised of an additional 1 reduction
of quar t glifpingtes ﬂ&j@hf@ﬂvmed%mg experiennge iin eonventipnab meakpnigat grinding gracgssepe See
at tyy but t.o thw~ ikncreased di spersion of the Attapul gite bundl es, freeing
irgore Eﬂ?'rla%%? Gé'(%ht am nant particles via physical separation. Specinens
# 4 and # 6 anetheWesehti@veiondReiamigifd diAPHeds hitnedl /M cnshb @ W@ pcdy il
gel ling grade, respectively i ch have been processed with TSPP but wi t hout
t he sodi emaugblisy et fheytcandedpmgsdinto a Speyi Thesodiurs pahydcyylate dispersang, having a
correspondi ng specinens treated with the sodi um pol yacryl ate di spersant. In
both cases, the Attapulgite content increased from85 to 90% Specinen # 8
is arelatively inpure Attapulgite, with a high snectite content of 30%
Upon processing with the sodilum pol yacryl ate di spersant, (Specinen #9) the
snmectite content is reduced from30 to 25% along with a drop in
illite/mca content from6%to 1% EXAMPLE 10: A specinen of Attapulgite

e o Y 1 B o a B R -



WO 02/ 0030 9 PCT/ USO0/ 278~1 viscosity was neasured at 300 cps using a
Brookfield RVT visconeter. The slurry was then degritted with a 325 nesh
screen amdo 2/t at | 05 C at at nospheric pressure to a poRAEUSHG27841
approximately the original noisture content. The de-gritted Attapul gite was
then re-slurried into water at 35 % solids wi thout the use of airy

addi ti onﬁglegﬁlap%gﬁmmgéf Bﬁé&wétﬁpf,gé(%' %ﬁé@iob@f’s%rg-]p{l?@c?%ﬁﬁqra?e&. 31%% rslgcﬂtﬁweThe

slight increase i s proportiona anount grit renove

resul ts mdyachdaeamoncdtradon piefidrhbly isbedwetrt hamd € xeadht Mol the clagroniduciThel i ty.
EXAMPLE 11: A specinmen of Attapul gite clay was di spersed using said sodium
pol yacr yhHamulgitcelay M‘@dqa}}ypé%: p mgdergisolpdugh diear tprke water rpodiya
de-gritt . qr] | a ' The
free ml;got‘f%%gﬂ 8%%0%%0?{%%@95@%%%%5%3 ' 'gﬁ%)&[uﬁgﬁ |ésa%1§{s?ill %n @%isl%%%%ﬁo@cf at an

i ndgst r ysephratedantd cvlididal ﬁarﬁél@i Al wihg Sér the UBtraién d26tE& ot A ftapuldteqiarticlée
-~ Attapul gite powder was then dried further at approximtely 105 C to produce

vari ous fremdhardispersedeAtiamigiterbundiesi hbpgson-THaspartigecirmeensovedradong wish theatont-y
et U RBRECH el ST PSR B o St L RsR e gy © °
VDI St ur ethMh a&%%éﬂéd 5% Zr‘i{ecgﬁ%a?fé?ftha(t Wess Hédééi,ﬁtumhléiﬁ LR ARDPRIR pré&ERR until & S

8201816 0. e specinen dried to 0.5% free noi'sture was
r e- sl ur Tdested resicaal mwaisture aontgois adhicied. Phefe@blyyihscloging prosess ia ppatorsphetiel y 6

cps, Upon the addition of 0.7% ({otal . aht_basis) potash, the resulting
vl 28os; tRrestattifcgmpaiatue ?@we%g ¢ e £ ?ﬁngmg g g Progessethe PgEictAsat e
and geneds adtc b . h [ ) |

o i d rtea el b Tty Bun e s Ree' PR ocoblat ARt B Bt
pol yacr yhaldiesdindpgpoaitistes. The amount of dispersant used was varied between
1 and 2.5%in order to determne the nost effective |level, using the

i ni num vi sco&he finaiforn may ingdudenafiier cake pua dued pavesafhedtes fcakpeandéer the
SIS NN ETINENERE e i e T
weilght s effddvO RS RbihddWHiMISRAY B¢ 8mbloyed is spray drying. Spray drying offers the ability
to produce uniformly sized granules whose size can be controlled by adjusting the process
conditions in the spray dryer. Other air swept drying methods have also been proven to work
efficiently where heated turbulent air is used between 85°C and 210°C with similar results.
Thus, finely sized Attapulgite granules can be made without a grinding or milling procedure that
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 slurries 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.



10 greater than approximately 4,700 are not known to exist. It can be
expected that, if available, they would exhibit simlar or inproved
performamen2/ss e 3 Viscosity vs W. % Di spersant [ Ml ecRCaruSo@Rgat] 5 W
% [4,700] [4,300] [3,700] [ 2,600 ] cps @ps cps cps 1 1,360 4,925 4,900
6,050 1.25 300 860 1,900 3,850 1.5 730 1,160 1,555 2,700 10 1.75 1,200 855
1,755 2,800 2 2,050 2,625 3,525 2.25 2, 75,2, 125 2.5 3,225 The observabl e
trend is that higher nol ecul ar wei ght sodi um pol yacryl ates are nore 15
efficient dispersant®atee¥AMPLE 13: The effectiveness of dispersant with

respect to the vi seRgiitivatids o4 REhRIeUSI N0 dbpRigasle VabLOuARY Sabiralad salt
wat er. Brookfield viscosity values (1 n cps) were obtained wth: T. 30%

- crude clay with 3.2% gpdi um pol yacryl ate (mv 4, 700) 20 2. 30%crug cl ay
with 2% TSPP 3. 30% czgde cl ay ﬁh 206 TSPP whi c% had been dri ed g&c}
rehydrat ed Brookfield™¥n deioniz water A B C 19% solids"0 0 0 2 0%
“solids 0 0 0 30% solitid 100 100 %50 40% sol i ds 6l 200 23, 500 26, 00DD
Brookfield in saturat#d salt wat® A B C 10% sollds 9,600 7,300 18D000 30
20% solids no flow 32#550 35,50090 S 10 15 20 V11 O 3 ND

(12/ UD350PCT/ USUU 278a411Scr eensgfABC+ 3020. 209%. R09%49. 10%*

ND
4043. 30%d6. 8039. 00%* 59. 10930. §P¥58. 20% 7071.P0%12. 80%8. 10%-
10080. 20%%4. 00%' 7. 70(’% 20090. 10%0. 80988. 40%+ 27094. 00%/ G, 809©2. AE%I-

32594. 80982. 00993. 60%n + 40095. A)%B4. 80994. 809 (- 400

mesh) 4. 40945. 20%. 20%%6 free nDi S Ure (final)2. 1-G73. 8096.20% *cunil ati ve %
retai ned The above results are unexpected conpared to Attapulgite clay
prepared by nENRow dgigeigdprior to this invention. In deionized water

wi thout salt, the Attapulgite clay readily di sperses and the viscosity is
not changed. 3pécimes#bahatsaeideabecingn,io ag¥lagedy hiphi qualigirads widh 8% i n the
Dei oni zed Water, the clay readily disperses but forns no gel structure
bedduse AHepwgig eonient, ‘é‘ﬁgﬁw Rymsmestitseontent.ovithayt eny proeessing. $pasimen #2,tthe

lativel y_ high vi i.t.y. obt ai ith 40% sol ids i ted d
< an 1 refedt PR s SR RE R el Var P Rot ekl Riihe MRERBECanc &
th t ' I -

R RN R N R T

dryi ng aBpecimaéryd2 did ng ewhibil 8RPpuriBeatiod otheayhanseomerit beneoyak danivg the sviconingy .

i most

ot tect 1 vife Ahan TS it e TuSHani iy taafg i sepe” Tt 75 S gl pundeeed fom
Posyi bl eghQiAbY 81 McBortng! IR HESRAR fa¥adrioll Rfs HRARIRI El]@%aﬁggdééivfﬁggo@i&g}

The clay plus dispersant” of the préesent 1 nvention produce VI Scosity
32, 000 t polgécry@Odispersant Geciolen ¢ telfcd ewithi dniinrareass ihiAghpugit88orl@d fops 8have

been obtained in saturated salt er, In summary, clay ore is purified and
separ at egb 12r ’g?ﬁ ﬂﬁ?ﬁt‘t%?‘?rﬁ?iﬁ Idﬁ‘?r‘?féqeaglt;/‘é g By neE 4% IgfogpKised ﬂ@ar@ tignal {% an
aqueous 3altid Lok cg%a{t% Qgiggéﬁd%% YRAGHMS BF ﬁaei?i@é’ ik aﬁxd@icﬁ%ﬂi@&aﬁf’ﬁ Aoupdd to the

approximately 4,0 Non- Attapulgite materials are e clently
| i ber at ethcfeaset dispdosidnveihe tAtepdligita puhdjed, €reBungdipasore Rnfripped contaniihant particles
poI%acryI,at solution., Non-clay material ("grit") is liberated as well. In

t hi maanérP, 1Y§1ﬁi%1 SAPABHAT- GPEEMENTH) 4 At #K0eArs By PRICEEFafssHh HEmuleite sy, gilqw
There | s Beltbakeld, Hop b0 AR BebBNOSle b sBR P WS AL,

t hat upogodit ipblyabrytdte Wibakantt SRciidnd 8 gd €7 brchs B@ﬁ'@?@ndﬂhg fediméi@reated
u

addi tion of further dispersant. The redi spersed AttaP_ gite clay retains
WO 02/ oog/g{l thesodiwspoly2egylatg digpersant. 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



t hi xotropic properties. Thus, a purified formof Attapulgite clay is

provi ded which is nore economcal to use. Also, poorer quality clay ore can
be processedzemsmonmi cally to provide nore purified AttapulpgimsSoekmyr The
met hod bl unging the crude Attapulgite wag as follows: 5 EXAMPLE 14: Three
55 gallon druns of crude Attapulgite were dispersed with TSPP. The slurry
was made 9 i i 9 - el e
bl anged rary adhbdiiiel3l 3% GELIES BROCHARYTSiNGhEH, 1Rb shhg wadtfen d&
fracti ongfiaskwity at325angh stizen sed @isdl Md95 PEbRatAREpHesic pisure THa pvdder tesh
fraction retained by the screen was discarded. 10 EXAMPLE 15: Three 5 5

gal | on dRRFexigfately tiecoriginad mnisfiiecontant The dpwridted Aliapulziowias thepat-yhericd e,

- The sl ur wa e.t.0 30% sol i ds usin . 2% sodi um pol yacryl at e based on
{he wel ghiebACa 2 Bisf wiBdhife bitor iy Mo SEASEPR B VRGPS B eeh
scraeen apféadhed at2fi JIpESkheflslight iniRafAs %togﬁrtidﬁﬁpﬂégﬂe A6t OF 8RR rafRVell @hdred

“for use. The +200 neSh fraction retained by the screen 15 was di scarded.

The sl ur repults caixzengoinsidéréd amaildEandmlithin Sxpeameneheipraiucibidityo a free noisture

cont ent EWE%TZ-B% Each of the dried Attapulgite clays were

redi sper er using a | ow shear apparatus. Although many neans nmay

be used to m ) . J : r ; od

s to use a high Spin A i@y AARRYEEh SBE S8 boifim i B el

pr oducesir fap vwhesiat 86%nsokdo Th BRirs] wys de-grittediind apmy dirisp &0 giehd a &9, pepddrad e

the clay fromthe non- materials present in the clay. Thus, it has been

shdfin t hAttapyleiie; Ty frasanqisrgponéeas vagdetsaningd and Bp vispsityopes measyesd; af an

pol yacry l.Qi o r i. -

Ol 2y anciiiioy BlarhbaRY cBhddl sy Bk R BRI i AL BREs ,

whi ch catheBgiried Fulther hﬁébgﬁ@ﬁﬁﬁ&dy 105 WRioRroddeValions BeaabistUed Yol IsWecimiBy/
modi fications may be nmade w thout departing fromthe basic spirit of the
present [ThSssripeeimengwersrsabsaguontlyi testad far their repprctive wiseasiting and @biditeto tet ed i n

br act | ceoghlh tthd gl SufEE eyt BRSSO GER R dse her o1 r
15 Table 2

Free Moisture Viscosity @ 7%

Content (%) solids in deionized water (cps)
9 10
5 8
20 1 3
1 6
0.5 6
<0.1 6

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 sodium 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



WO 02/ 11030 13 CLAI M5 PCT/U S00/278-t 1 1. A nethod of processing naturally
occurring clay ore to separate attapulgite clay fromother materials
conpri si wgo bhi@3sa eps of . crushing the clay ore, 5 addi ng souiusm/27841
polyacrylate to water, the sodium pol yac{yl ate having a nol ecul ar wei ght
bet ween 4,000 and a000, preparing a slurry of the clay ore with the aqueous
sodiump i ) I |.gi I 3 .
separat i %&A%ﬁ 'é%%}?dg‘% e %&%&%ﬁ%ﬁ% |H§tel aﬁ@? d £ gfg{r'rﬁu%l-n ﬁége%@e;it%ﬁth%ﬁ%?g?bsl ?’ and
| O dryi nthely Reoulld ex1t¥i6 sichiRk bajpubrgvédpeeioamancd, The nmet hod of claim 1, whenein
t he sodi um pol yacryl ate content is between 1 and 4% on a dry clay ore
basis. 3. The nethod of claim 1, wherein tabeZeparated attapul gite clay
-content is greater than 30% by weight. I S 4. The nmethod of claiml,
wherein the attapul gite cl ¥scosigper $&d% Dispatat [MslesehaMadigd] f r om
un-di spersed materials by screening. 5. The nmethod of claim1, wherein the
~attapulgite clay disper i n wat i f un- di sper sed
mat gri al s by centrifugi ﬁg&A)G. TheT%?ﬂgﬁgﬁt%?gﬂ%&f@m erein the
attapulgite clay dispersed in wat er?s 20 ser():Q?at ed frd#un-di spe?l%sed
materials by gravity settling. 7. The nmethod of claim1l, wherein the slurry
of attapulgite clay is dried to a Wf%ture co¥¥ent bethedh 6% anf.0980% S.
The method of claim 1, W?érein the 328G apul gi t8Qxl ay sIuPed is drBLd0i n an
oven. 9. The nmethod of ¢lsaim 1, whe73 n the lgtétapul gi tB5%83 ay sl ueyMoi s
driigd by spray 25 drying.7510. The megdhod of cgsm m 1, whesein the2goo
attapulgite clay slurryjis dried by evaporatjygyfiltrafgon. 11. 3hgsmet hod

of claim1, wherein the Gkrsi ed attapulgite cl ’.)/5(font ai ns di um pol'yacryl ate
sorbed thereon. 30 12. 2 e met hod of claim 11,” wherei %i% dried
attapulgite clay is add to water with shear agitati d the attapulgite
clay is redi sg}ersed in the water w thout the addition of a dispersant or a
surfactant. Thpopservebirssendis tathsheonelzrganweight spdiumpelyaeryltesaramerel,
whelrsel n %Hi%ié%tﬁi%%&%fn S.attapul gite clay is dried at

EXAMPLE 13:

The effectiveness of dispersant with respect to the viscosity was tested using dionized

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



at nospheric pressure at a tenperature between 85C and 250C. 14. The net hod
of claim 13, wherein the free noisture content is less than 7% 15. The
met hod ofw@bzassd, wherein the dried attapulgite clay is ipaTiuseo/tmssm of
free 5 flow ng particles which are clustegrs of individual attapulgite
crystals, avoiding the need for a grinding or mlling operation. 16. The
met hod of 1%% #m 1, wherein the non-dispgsed matergal is qugkitz, dolomte,
| i mest one, feldspar, diatonmaceous, earth, mca, titania, aluuninum

nontnoril)onite, sepiolite, bentonite aol in. 7. Th t hod of
claim1, L‘Q/\ﬁie:3 inthe clay ore is gr adugﬁgg&’added wi °°shea|18118rr(§°t he shiny of
clay ore”h e aqueous sodi um pol yacr ¢#ildb% 18. 18.8%t hod &P-99%eparing an

- aqueous i sp8Psion of purified attapul §P118%| ay 808004 si ng S8RE%st eps of :
crushi ng%at@dal |y occurring clay ore, 7180%ddi ng48@dk4m polegaétyl ate to

wat er, the+gogi um pol yacryl ate havi ng ggnobecul asgwerght betyween 4, 000 and
5,000, pegpaphng a slurry of the clay opgowd th thg gasiieous ggadum

g_ol yacryl,/oajr §0 Fi _spersle thfe attapuld_gi 52.064?’ i nﬁ}gﬁ%watgr oo Jghar at ihng t he

G sber et gGhgrulal e clay Tromur o stglied miShugle 20cding the
|t shodt 480t at 4 SAGe c1 aphEOR sedsi |

wi t1Y sheat 9 tation wherein the attap é e cla§ i%¥/di spe in the water

wi t hout Phie(-#@8imésbh of a di spersant or440%urfactl&@0% 19. AS20Vified dried,

parti cul & feambapue (finad) cl ay conpri si ng2dt¥apul gi B8084 ay sepa0%t ed from

non-attapulgite clay matter and sodi um pol yacryl ate adsorbed on the

at t apul grdughfdiR¥ o2 Petliatd i cl es, wherein the sodi um pol yacryl ate has a
nol ecul ar wei ght greater than 4,000. 20. The attapulgite clay of claim19,

ont mor s FGARNE bRttt SosPaes Ep ARRILS5Ra e Bpmeters vt ayios
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present to flocculate 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 a 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 summary, 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



15 PCT/U SUU 278-41 23. The attapulgite clay of claim19, wherein the
separated attapulgite clay is dried at atnospheric pressure between 85C and
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un- @i sperxapet eri al s, and drying the dispersed attapulgite clay to a
free-noi sture content of approximately 15 2-3% 26. The wet nethod of claim
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wherein the separated attapulgite clay is in the formof elongated needles
sulddt antEWP Ede of grit and non-attapulgite clay. 25 30. The wet nethod
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di spersing attapulgite clay conprising the steps 30 of: .
clay. The blunged slurry was screened over a 200 mesh screen and the -200 mesh fraction

passing through the screen was retained for use. The +200 mesh fraction retained by the screen
15 was discarded.

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
apparatus.

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 clay.

Thus, it has been shown that by using the wet process method with either 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.



crushing naturally occurring clay, adding a dispersant to water, WO

02/ 003s0 16 PCT/LI SO0/ 278~1 preparing a slurry of the naturally occurring
clay wtwohzoggueous di spersant wherein the attapul gite @caysSos2mi4sper sed
in the water, separating undi spersed matgyials fromthe aqueous slurry of
attapulgite clay, drying the dispersed attapulgite clay, adding up to
approxi mately 3% by weight of the dry @tippgl gite clay to water, and

redi spersing the attapulgite clay in the water using a | ow shear m xer
wi thout the atldi ti Ammethod uf piveessibtigspanalnbcearrirg day dracd separatSatapllptevabty
met hod O{i claim 32, wherein the dispersant is sodium polyacrylate having a
mol ecul a Ow%%tmﬁé‘ﬂ%ééﬁmﬁr@%thﬁﬁ&%0@00 10 34. The wet nethod of claim
- 32, wherein the di trasodi tun pyrophosphate. 35. The wet

met hod of claim 32&}?l ligwieél%hé%hon Attapulgite material is quartz,
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up to api%%ﬁb £l €I§ Ryatei ght of the dry Attapulgite clay is dispersed
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10 drying the dispersed attapulgite clay.
2. The method of claim 1, wherein the sodium polyacrylate content is between 1%

and 4% on a dry clay ore basis.

3. The method of claim 1, wherein the separated attapulgite clay content is greater
than 30% by weight.
15 4. The method of claim 1, wherein the attapulgite clay dispersed in water is

separated from un-dispersed materials by screening.
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 slurry 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 shurry is dried by evaporative
filtration.
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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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 slurry without the addition of either a dispersant or a surfactant.
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37.  The dried Attapulgite clay of claim 36, wherein up to approximately 35% by
weight of the dry Attapulgite clay is dispersed in water when the dry clay is added to the water.



