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"1 MPROVED MODI FI ED SUBSTRATEFOR REMOVI NG
AQUEOUSOXYANI ONS" FI ELD OF | NVENTI ON THI S | NVENTI ON

W0 edoagd4t 0 an i nproved nodified substrate forrPeEATNRG00332
aqueous oxyani ons. The invention has particul ar

Pt o SR B PRE REMB e MR Bl F Rty

use. BACKGROUND ART The renoval of oxyani ons and/ or

phosphorus using a HDpkEH OFUNMENEION s descri bed in
I nternati onal Pat ent Application No. PCT/AU97/00892 by

th f d. j !
Orgaglgs I on, (% elséip%% |{c::§1t ?gn h&%ﬁﬁe&%osﬁ%%c&bsuate

for iMa@ipaiat &@ué@ﬂ@l Bxpanieher.ermes (1hten€SbROhas particular
technol ogy") . The CSIRO technol ogy relates to a
applicpEdrat Con TPMONANG PARSPAAtESEER (WAt 83 /Ly grarine or

subm%?%bﬁegb§lsltbﬂeslgeﬁetdi§ﬁ9¥éﬁegotQﬁgpbﬁs el ection of

ropriate paraneters, conponents an ormul ati on

criteria, inproved results may be obtai ned. The
present invention ai Mwﬂgﬂl@ﬂ'& substrate which
has inproved capabilities for renoving aqueous

OXyhB8i eemouer dfhexyaniond tandieat tfosphvrafs theing a doped
invention is to provide solid substrate materi al

subska@iteg lﬁaﬁe&%@ﬁé gito ek iRaF st irekication No.
PCT/AU@%Z@bS@me £ Re PTQhfwR d1it! W'gcféﬁﬁé %]E iRt Sfddlstrial

I's nore economcal to prepare t urries o
Resebheh pprganisgat ion(t ke apesifhchtathvamifagid chf ishéncorporated

hereI El\slggfpfr&ﬁae%‘e%ec%one ar e(fEIRd’ or@ecqmofloolglqu _ng The CSIRO
technology relates to a remediation material and a redmediation

process for sediments.

It has been discovered that by selection of appropriate
parameters, components and/or formulation criteria, improved

results may be obtained.

The present invention aims to provide a substrate which has
improved capabilities for removing aqueous oxyanions over the
prior art. Another aim of the invention is to provide solid
substrate material having rapid dispersion characteristics in
water. Another aim is to provide a liquid substrate material
which is more economical to prepare than slurries of the prior
art. Other aims and advantages of the ‘invention may become

apparent from the following description.

DISCLOSURE OF THE INVENTION

With the foregoing in view, this invention resides broadly

in a modified substrate for removing aqueous oxyanions formed by:
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DI SCLOSURE OF THE | NVENTION Wth the foregoing in
view, this invention resides broadly in a nodified
waeamsosdase f or renovi ng aqueous oxyani ons f or nBCI/AU2005/000332
by: sel ecting a substrate from mnerals or mnera
equi val ents having a naturalhy noderate to high cation
exchange capacity; formng a substrate nodifier from
sal Eﬁllgf:tﬁﬂg & Qs d 4R ?ﬂ%m%‘iﬂ@réyg 8LefiBALSaPYequivalents
di ssolving one or nore of the salts In water at an
haviahev at edtuespdryatmoderased tbl didhngathenselssheage waphcity;
the substrate nodifier at a high shear rate. The term
nodict.| n Lot X Ef
subseriradof pSfrafe MSafPILEEooh bRPLEOM | (¥ aroup 1118
andnGtolip NI VR de Iemeniizh hyediasiodringndheroprvcesses @lse salts in
dopi ng, cation exchange, sorption _of a conpl exing
watgreginel § egéﬁﬁénﬁﬁ fEatHEPe 0Py ani ons for
renoval principally include phosphates, but also
i Nncbléaddnhse naiee, susdtaktiee, with othte subsltenske modifier at a
. tungstate, niobate, tantalate and tellurate anongst
high gBe&Tr Féft&xyani ons such as persul phate and the |ike.
I n anot her aspect, the present invention resides .
br ogélky t &fmangd Bfidatekmdicd ed shHbstonatext o6f the modified
renovi ng_aqueous oxyanions, the granul ated nodified o
subgfibateapt FBE RECHFRL SEPERRT Hol alREibdde st P ohf not limited

to %%gﬁrﬂééhgﬁiﬁ%geéﬁé/gﬂUﬁyééﬁgééshégi@ fng?tHé@i$ﬂ %gchange,

erate to h cation exchange capacity; form ng
sorptibstnr ab® reodicbmpilekiom sal¢msent, t e GecompihbEBoarsd thereof.

oxy el RS LR MO S SR L ISl dd® but also

include arsenate, vanadate, chromate, selenate, tungstate,

niobate, tantalate and tellurate amongst others, peroxyanions

such as persulphate and the like.

In another aspect, the present invention resides broadly
in a granulated modified substrate for removing aqueous

oxyanions, the granulated modified substrate formed by:

selecting a substrate from minerals or mineral equivalents

having a naturally moderate to high cation exchange capacity;

forming a substrate modifier from salts of the Group IIIB
and Group IVB elements by dissolving one or more of the salts in

water at an elevated temperature;

blending the substrate with the substrate modifier at a

high shear rate to form a modified substrate; and

granulating the modified substrate so modified being formed

into granules for dispersion into water.
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bl endi ng the substrate with the substrate nodifier at

a high shear rate to forma nodified substrate; and
w@e@sosdas:l ng the nodi fied substrate so nodifi eRCbhaUys/000332

formed into granules for dispersion into water. The

granul ati on of the substrate;may be carried out by a

granul ati on process drying, preferably with wetting

andeer SLARGTSLNgnagent R, LLAssardanee d RANANY out by

ranu reover

granﬂtllauﬁienprp£66§§§ alryitd, opfefidraind vt 0w|iermveesuthg and/or
wat er or diluent as, nmay be renpved with rel ative ease.

disprEsSppgf e AR tPet hold* of 2GFARARRER on WAL ufSOWTY orgranulation
tecﬁﬁ@&ﬁh% ﬁ%&%bb@g tQhEOH@Yiﬁg'ngafﬁcﬂﬂagfﬂfa%essesigr unit

substrate bel ow a’supernatent |idquid, extrusion of the
opesatioes QQEnaMQma sncbf waher exar rdidiaterd] @@gmaVobEOrﬁmoved with

anul es dryi of .the,_gr €es. ferabl th
re1 LATE, Eitp o U mretiaten REc A Tl e Hitdtes,
exa®pleE, f@éttm@ngitbngo@h ahes 1sidest Ioft enddigrikidn.sUdstrate below
al so preferred that the m xing conditions include
a S%@%F?EF%@Qii%ﬁqﬁdghe§ﬁéﬁﬁlgms®gr%hﬁ dpeiagn| erpputakien of the
5 7, re t th
exe oM el 0SEAT oliplsel Lo BEAE! ofithe aramtes.
Prefibraiely, MRS tempdratungeobf tiB8owat&phig¢ bin behsetaogedof 40°

frama formof  precipitated or. funed sjlica, for
and o BeF Fon e “psBiRG Bire B St T T B9 TRL Thcis aleo
pref@i:ﬁéd”tﬁm@é ﬁ‘Hé’rﬁﬁe@ﬂ% Mdﬁ%ﬁ@)lféﬂﬁi@%}h&é h@lth a high
range of from81%to 91% It will be appreciatéed that

sheahedpPbpersek dpetabbediheranger @f aleS800otohe, 0@f erpml
formed and described in respect of the

It is preferred that the dewatered slurry be formulated as

follows:
(a) Morwett D425 in the range of 3% to 7%;

(b) be selected from any form of precipitated or fumed

silica, for example, Hisil 257 in the range of from 3% to 7%;
(¢) moisture of from 3% to 5%; and
(d) Phoslock in the range of from 81% to 91%.

It will be appreciated that the Phoslock described herein
relates to the material formed and described in respect of the

CSIRO technology.

In another aspect, the present invention resides broadly
in a method of removing at least some of the aqueous oxyanions

from water containing aqueous oxyanions, the method including:

providing a substrate selected from minerals or mineral
equivalents having a naturally moderate to high cation exchange

capacity;
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CSI RO technol ogy. In another aspect, the present
i nvention resides broadly in a nethod of renoving at

wo emsosdgane of the aqueous oxyani ons from wat ePCT/AU2005/000332
cont ai ni ng aqueous oxyani ons, the nethod incl uding:
providing a substrate selectgd fromnminerals or
m neral equival ents having a naturally noderate to

hi gl hon_ex n cit .y di [\ r
ol RLSBP1PRaSPARN 8, RRRET £l BT LR 1B dha Group
IVBWad Rfmeait anigl exaleatd LAEnpRer aéleeatedf eemparathsier ate€ form a

nodi fier; blending the substrate with the substrate
subghgptpefodtLahi gh shear rate to forma nodified

substrate; and adding the nodified substrate to the

wat plefdfiihai niheg Sutsstrataniwitsh | thansabpuphteutdoddiféeetr at a

. to substantially bind at | east sone of the oxyanions .

highnhghgpRdrRESoFCok9aRi BneoRehdersSthertahgvaffebl e to

the water to which the substrate is added by

pr esHpiAq!t ¢ 106, mSEUEESd rAibHratd 56 Niha@rwat e ¢taining the

processes. In the case where the nodified substrate is
OXYa@HeRs t i Aignounsdpusfigaent  tausbeant iakly Rind at least

som?ggkgkﬁgtgg?aégghg.bonds to oxyani ons and precipitates

ottom of the body of water and may
intermngle and/or interact with the nud or soi.
t heFbat bindd ngp@iff icxyagiiessr seadegy destdervad lable to the

watB3USRRS Bh?s Sstﬁgfegg%ggg%@énifg J28add BY ° precipitation,

oxXyani ons, e preci or coal esce
seqbestipt ten, sepasiatiEthf ramen i Waiesceddws GhnpcHd Idhise where
theaggdi fié”é% é@ﬁ%H@ EL ggdggdgéséogfafc£§§§ of water, such as
a lake, the modified substrate bonds to oxyanions and
precipitates to fall to the bottom of the body of water and may
intermingle and/or interact with the mud or soil thereat. The
modified substrate may be added to an aqueous process stream
containing one or more oxyanions, the precipitated or coalesced

material being then separated from the water.

The Group IIIB and IVB elements will be understood to be
those set forth in the periodic table of the elements as defined

by the International Union of Pure and Applied Chemistry (IUPAC) .

In another aspect, the present invention resides broadly
in a method of forming a substrate for removing oxyanions

including the steps of:

mixing minerals or mineral equivalents having a naturally
moderate to high cation exchange capacity with an aqueous diluent
in a primary mixing tank at a temperature in the range of 40°C
and 80°C and at a high shear rate for a time sufficient to form

a slurry;
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those set forth in the periodic table of the el enents

as defined by the International Union of Pure and
wappsiogd4LChem stry (1 UPAC) . I n anot her aspectPC1/AB2005/000332

present invention resides broadly in a nethod of

formng a substrate for renmpying oxyani ons including

the steps of: mxing mnerals or mneral equivalents

havpags endaing allurriodecat 8 sechhdire ati-dme¥adangdding tank
capacity with an aqueous diluent in a primry m xing

havingika azaRa¢Epertat 1past su il eienfe &9 a0TmedpBOO@riations
in @H@Pﬁﬁr aehigl §'i‘ﬁ?%gr Efxsré%. frBﬁ\”@héuég:gﬁé?{)t miRihg" Phnk;

a urry; passing t slurry 1nto a secondary” m XI ng

and hol ding tank having a capacity at |east sufficient

t o GekbrhbHRing e slushy FROBUPRR esfondeeYsmixipg tank into

supéPﬁé?EﬂFf iEEHP%BeaH&i HBEXnHEéi:PQtéggﬂuf.??t rifuging the

urry from-the secondary m Xi ng nt 6 super nat ant
liquid and a concentrated slurry; filtering the . .
supbihteningd ttthewppernatany  throkdh in i nktening Inediwn into

c r : ning the filtrate to the primry
a f?ggﬁggg gﬁ%ugéﬁFeég%géarng the concentrate fromthe
centrifuge into an extruded concentrate and an
expeetedningute féiurategtohehexpeinhady| teamwkdas odiheent;
primary tank through the filtering nmedium granul ating

t heeﬁf’f‘&&{‘ﬁéatt%é’ ec8h¥EH 1508 QX ERHIrt 1 IJB @into an

granul ated Substrate and a rel eased [iquid; returning
exttrhdedetensedtragei antloanhexpeledyligukdt hr ough t he
filtering nmedium and

returning the expelled liquid to the primary tank through

the filtering medium;

granulating the concentrate received from the extruder to

form a granulated substrate and a released liquid;

returning the released liquid to the primary tank through

the filtering medium; and

drying the granulated substrate to produce a finished

product.

The finished product may be packaged in bulk or in retail-
type packages as required by end users. The finished product
according to the invention is believed to possess superior
dispersing characteristics to enable addition to water in order
to effect oxyanion removal in a more convenient manner compared
with the prior art. The finished product according to the
invention may, for example, be used in remediation of soils as

described in the CSIRO Technology.
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drying the granul ated substrate to produce a finished

product . The finished product may be packaged in bulk
W@e00s5/0871¢1 ai | t ype packages as required by end BPGEAB2005/000332

The finished product according to the invention is

bel i eved to possess superiofgdi spersing

characteristics to enable addition to water in order

to f ani e ([ I eni ent.. .

conbhr SOGREE " Rk o il Prerhat i R SR B Broaary
in appatdtng fort HermMantingn armodiffdedxamitratee fiteedremoving

in renedi ation of soils as described in the CSIRO
aqUERLANBFBEYIPRAS ahBFhBA1BEpect, the present invention

resides broadly in apparatus for fornulating a

nmoda f ipadi nsbst make nbor t 41800 \fioly MOXERYS nXad1eNSor mineral

including: a primary mxing tank for m xing mnerals
equiyalfifet A1 B Al EHIE ek AP e Tttt IR Fh qatd texchange

j cgt LQn,ex c [ -t di.

o AR R IEEEY B B e B BeRE ama e Tanoe
of a0h ggndhe@iC raatd dtora chighestmedr iHtEntfdo d drimea sufficient
. glurr¥; A secondary mi xing and hol di ng tank having a
© t8pBcPty-aftYeast sufficient to accormpdate variations

in supply of the slurry thereto in fluid connection

wi td sbeopdamgr pimixgngntiahlo]l ddngettamkf dgering fd Wabacity at

connectji.on with the secondary nixi ng and hol di ng tank
Leafhr SIS ( he QGO o oFt FI Frgais on™ rAAPRLY Of the
sluSHPEAAY i §1ud 3@BEnAcONGERNTE @thes g inary Mixing tank;

centrifuge being in fluid connection with the "a

filter; an extruyder _in operative connection with the

Cen§r¢$QEﬁ}ﬁQﬂe in fluid connection with the secondary mixing
and holding tank for receiving the slurry for centrifugation into
a supernatant liquid and a concentrated slurry, the centrifuge

being in fluid connection with the a filter;

an extruder in operative connection with the centrifuge for
receiving the concentrated slurry therefrom and in £fluid

connection with the filter;

a granulator in operative connection with the extruder for
receiving extruded concentrate therefrom and in fluid connection
with the filter for passing released liquid from the granulator

thereto;

a drier in operative connection with the granulator for
drying granulated substrate received therefrom, the filter having
an operative connection to the primary tank for recycling

filtrate thereto as diluent.
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receiving the concentrated slurry therefromand in
fluid connection with the filter; a granulator in
Wo@p@sasilve connection with the extruder for repPer/XU2Ys/000332
extruded concentrate therefromand in fluid connection
with the filter for passing feleased |iquid fromthe
granul ator thereto; a drier in operative connection
with the gra PbE ful‘jfl j F@iﬁf‘ﬂkﬂ fkégjbstrate
recei ved ther%#ﬁ%nr—%ﬁe*fT##Qg—havrng—gg—uperative
connection to the primary tank for recycling filtrate
t helRt@rdRr dihafettiepRRIRANBESERNYT| RN 9r e HiE oA Ngslerstood
ana | SLO 4o Thalcrlibe 1! BYPOLL ON AR difed i I 381 IDe made to the
erstood and put into practical effect, reference
accompanydmg bdrawdeagso whiehactbhpstimatry dr awefigsredi cgmbodiment
¢ illustrate.a preferred enbodi ment of the invention and
of Ghertiventienand yaeredhintoss flowchart describing a
preferred process according to the invention. DETAILED
DESCRLBTI QN ©OTHE PRAYMEMNSS fThechaatesdeddr fhiwven a preferred
includes a primary .tank 11 in.fluid connection with a
secoRUSF§SH REAQTIAINEPAFRG LBNR™E2By way of a
primary slurry line 21. The secondary m xi ng hol di ng
tank in fl uDETASDEPOESTRIPTION OEEHEDRAVANGS by way
of a secondary slurry line 22. The centrifuge is in
oPerl | ¥PoE0DBCEh! BoLA 3NcEREUAET pHnlY AU 13 in fluia
concent’ at ed slurry Pi'Re Z, and In operaylve
conmerinieet iwdthwiat Beaondeyygleiting eandl hdiydiwmy temka 12 by way of

supernatant |i 23, _The extruder. is al.sq in_flujd
a pEu FE¥t PHRITY T%ne 21. The secondary mixgng hol%ing tank in

fluid connection with a centrifuge 13 by way of a secondary

slurry line 22. The centrifuge is in operative connection to an
extruder 14 by way of a concentrated slurry line 24, and in
operative connection with a recycle filter 17 by way of a
supernatant line 23. The extruder is also in fluid connection
with the recycle filter by way of an expelled liquid line 25, as
well as being in operative connection to a granulator 15 by way
of an extruded concentrate line 26. The granulator is in liquid
connection with the recycle filter by way of a release liquid
line 27, and in operative connection with a dryer 16 by way of
a granulated feed line 28. The dryer is in operative connection
with either or both a retail packaging process 31 by way of a
first dried product line 35 and/or a bulk packaging process 32

by way of an alternative dry product line 36.
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with the recycle filter by way of an expelled liquid

line 25, as well as being in operative connection to a
w@e@sosasnr 15 by way of an extruded concentr aP@T/AUZ®5/000332

26. The granulator is in liquid connection with the

recycle filter by way of a rgelease liquid |line 27, and

in operative connection with a dryer 16 by way of a

granul ated feed |ine 28. r is in operative
connection with either oﬁig§pﬂééfretail packagi ng

process 31 by way of a first dried product line 35
andloroxfasy|thatadlkggilnyept bersBaB Do yneRey Gfadinly understood

anda;hl@rﬂ'ﬂ:td %a@t&cgﬁog!ﬂfgck' nieedéﬁy undhrb?@t rﬁjee %Jc{batto the

nven I'on may bé nore’rea and
follmWIngnexamgmds dhﬁehtlllmﬁmmanuxthm prlomwabe andeamoimproved
exa which illustrate the prior art

follown
mOd%ﬁde%nSVQ%?BgE% %P ?? %ﬂgsﬁ%s??%t%n%%%5+ﬂ?ng to the

i nvention. EXAMPLE 1 In order to provide a substrate

acCEXAMPLED the prior art, |anthanum chloride
sol ution was prepared at 33.75 grans per litre by

add e.a I I

out PRI, P EOBLA AP AR s dle ARIUIHE BB En Bl are,

lanthenderchiparidecdoatit Abnuvad , idparedl 240031 ph gfaee pét litre
of _.the | ant hanum chl oride salt was_dissolved, the

by adfiited t4GantPPYOBF 1BkRT MUY 288 glra&?‘@i‘f@‘f‘ml Sgrl&) to the
suit@s1d RRLadded %QtE?e %ﬁfi@%‘ﬂé’ﬁ&ﬁigﬁ%ﬁ% $Plitdfer Bierated

m xture was then bl ended for a furt 4 to 6 hours .
at atmutr ds a0 rigp U, A0y nm &mclsa tad Ir efedibet d agdthsanimehloride

salfﬂvgasf@ te{ifhgflt%:egg E%Va%lltl %% i)g onlge é’go grams
per litre) was then added to the lanthanum chloride solution. The
mixture was then blended for a further 4 to 6 hours. The
resulting slurry was able to remediate estuarine and freshwater

systems by removal of at least some of the oxyanions therein.

EXAMPLE 2

The mixture produced by the method of Example 1 was
modified By using heated water (and maintaining the appropriate
temperature throughout the mixing process) for the preparation
of the slurry. Not only was lanthanum chloride dissolved in a
shorter time, but also the manufacturing time of the slurry was
also reduced significantly. In the modified method, the mixing
was carried out by heating the water from 50° to 70°C, adding the
required quantity of lanthanum chloride as described Example 1.
Upon the dissolving of the lanthanum chloride, bentonite was

added as described, but mixed at a high shear rate.

It seems that by using a high shear mixer, the particle
size in the slurry <can be predetermined. Accordingly,

manufacturing process of the slurry can be manipulated to
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The m xture produced by the nethod of Exanple 1 was
nodi fi ed By using heated water (and nmintaining the
W@ppsogiisat e t enperat ure throughout the m xi ngPET/ATZ®SP00332

for the preparation of the slurry. Not only was

| ant hanum chl ori de di ssol vedyin a shorter tine, but

al so the manufacturing tine of the slurry was al so

§=TolNe ignif i I irf ised - ;
D Y r oy e a o he BaTar Peoigy e hioh
shed 00 ximagda hgo t beoviedes r pet gemmixingfof anhdasiurry .

chloride as described Exanple 1 . Upon the dissolving

of anum chl ori de, bentonite was added as

deé%gg%gggigut m xed at a high shear rate. It seens

that by using a high shear mxer, the particle size in

t heTRe (Fiurdaf A5ansst dde tFaraliied 2 AeSoMAdeyliy to granules by

dewdrap{ FHﬁéngéﬁg?geaﬁdofnimﬁgsmhy t%nlat*eﬁirﬁq%%ul atRd £irst

tooptim ze t rry for granul ation. I's believe

is tchatfaduanti gandhedre nsecogdalcdo previpésabedt exiliica.nglt is
of the slurry. EXAVPLE 3 The slurry fornmed,in Example

be1Seyd " thal |91 o GRARarEs B S LR pG0 L BTRY A the

grafiXe89 M tweiadditiynsal Thartitik isiser Hact eRéyaéscend
the second of precipitated silica. It is believed that

threweh gefes t valeer aeelvmn | af fee dhe PR} bPRBIoRhe granul es
into their original particle size as they descend

thr pighaghei vat e eakufBrafl tebnbhe cAPPhagRifa@turihy process
addition to the nore econom cal manufacturing process

of tliethebstbatearé bhet hzegeatednventénni oAt s jbelieved that

2 oSNl R ISR QAN AN, (SIDVR: RRATLEY BY active

wei g I'Ve co e achi eve
component can be achieved.

Although the invention has been described with reference
to one or more specific examples, it will be appreciated by
persons skilled in the art that the invention may be embodied in
other forms which are encompassed within the broad scope and

ambit of the invention as herein set forth.
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Al t hough the invention has been described wth
reference to one or nore specific exanples, it will be
w@ppsegilat ed by persons skilled in the art thapCt/AB2005/000332

i nvention may be enbodied in other fornms which are
enconpassed within the broagdgscope and anbit of the
invention as herein set forth.CLAIMS 1. A nodified
subsiyafsf Or renovi ng aqueous oxyanions formed by:

sel eC‘W—a substrate from mnerals or m neral

equi val ents having a naturally noderate to high cation

exchange caga0|ty form ng % substrate nodifier from
L salt® ofoghklefoup i thd GFoupST VB BE e RESOHY oxyanions

forrg% 55\{:\” ng one or nore of the salts in water at an
evated tenperature; and bl ending the substrate with
t he sabsttang noali f isebsatraehi girgheamimatrels?2. #&r mineral

o TP R 2 SR AR R P S Sccnane

Capgéwlrser operabl e in range of 1, 500 to 7,000 rpm 3.
A granul ated nodified substrate for renopving aqueous
oxyahPBERENT t heSWpia e awdidderi égonupalared f'%’ﬁr&ifoup ITIB

and*ﬁ/ro ell%t' m§n§Hb§ é%gsé \Flm%ogi%rg mt%r orfert%e salts in

equi val ents aV| ng ura rate |gh cation
watexcnange ebhpasiddy térqsmmtgmesmmrat e nodifier from

salts_of the GGoup 111 B and Gr | VB el ements

di ssBEEPAgNEnEDSY S Bub oot o HetBakpe FHDSCIate mGifier at a

high shear rate.

2. A modified substrate according to Claim 1, wherein the
mixing conditions include mixing with a high shear disperser

operable in range of 1,500 to 7,000 rpm.

3. A granulated modified substrate for removing aqueous
oxyanions, the granulated modified substrate formed by:

selecting a substrate from minerals or mineral
equivalents having a naturally moderate to high cation exchange
capacity;

forming a substrate modifier from salts of the Group IIIB
and Group IVB elements by dissolving one or more of the salts in
water at an elevated temperature;

blending the substrate with the substrate modifier at a
high shear rate to form a modified substrate; and

granulating the modified substrate so modified being

formed into granules for dispersion into water.
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water at an el evated tenperature; blending the
substrate with the substrate nodifier at a high shear

WO 21068/08514f orm a nodi fi ed substrate; and granul BtT/Ay2005000332
nodi fied substrate so nodified being forned into
granul es for dispersion intgiwater.4. A granul ated
nodi fi ed substrate according to Caim3, wherein the

m Xi Rg it ' de. nixi L1 h [ ;
4 g sphr EP e B AFELEEE CMIbBErthE " S DB Y glatm 3,
wherei®t figdl @ixiggo¥bAgiaiohgashciode Afixihg @4UBOWShigh shear
oxyani ons from water containi ng aqueous oxyani ons, the

dispeisri FRRIaRASGEN praRgalidly & SiQ at QG ERRed from
m nerals or mneral equivalents having a naturally
noderate to high cation exchange capacity; dissolving
5. one Ar m@fodaldfs ebmbheng oap NHABtandofseouptf | Mhe aqueous
el ements in water at an el evated tenperature to forma
oxyaukts af BORpHRLREr COHItaridiing (RISt PRYRNIUPRH, t RBe method
incfﬂ%ﬁ% ate nodifier at a high shear rate to forma
nodi 17 ed substrate,- and adding the nodified substrate
t o theowdtiéngcantabsicmgteheedryaridofisomn maneardsnior mineral

sufficient to substantiaglly bind at | east, some qf the
QTSRS BaVIET R AERId YomoCsT ARy 16 Bt Fatd ofpfxchange
Capgéﬂgy;ng oxyani ons including the steps of: mxing

mnerals or mineral equivalents having a naturally

nmodedasgolving gine @t gorexskatge ofasae Growpt HIdR and Group

IVBang%g%tglfgm&ater at an elevated temperature to form a

substrate modifier;

blending the substrate with the substrate modifier at a
high shear rate to form a modified substrate; and

adding the modified substrate to the water containing the
oxyanions in an amount sufficient to substantially bind at least

some of the oxyanions.

6. Aa method of forming a substrate for removing oxyanions
including the steps of:

mixing minerals or mineral equivalents having a naturally
moderate to high cation exchange capacity with an aqueous diluent
in a primary mixing tank at a temperature in the range of 40°C
and 80°C and at a high shear rate for a time sufficient to form
a slurry;

passing the slurry into a secondary mixing and holding
tank having a capacity at 1least sufficient to accommodate
variations in supply of the slurry thereto from the primary
mixing tank;

centrifuging the slurry from the secondary mixing tank

into supernatant liquid and a concentrated slurry;
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inaprimry mxing tank at a tenperature in the range

of 40C and 800C and at a high shear rate for a tine
wa@edosiogilent to forma slurry; passing the sl urpPgI/An2ms/m800332

secondary m xing and hol di ng tank having a capacity at

| east sufficient to accommugate variations in supply

of the slurry thereto fromthe primary m xi ng tank;

cent i f HEL- 08t Dife SEMSdDhIURIP the088R0AIRE Vi 8F D Ind Al into
4

into supernatant lidquid and a concéentrated slurTy;
a filtretengnd heosopetnatant through a filtering nedi um

into_a filtrate, and.concentrate; returning,th . )
fi|tF§F8rP6n?h§hsr%ﬁ§?§a nkCaEhg; PRANAE Y PPEdFﬁgdﬁﬁgent'
concertiatentr ARd heoteshttitige firBnO tare exéfitielefluge into an
concentrate and an expelled liquid; returning the

ext py@ed| eenFeRET At e RReapre¥Re Y lednkiqridugh t he

filteri [ | afi he,co r '

from PEAZBTY T PR I B0 e b E By S5 Hhrougn
ther £l baseilngimediumy et urning the released liquid to the

primary tank, through the filtering nediu and dryi.n

Phe GFSAULAL HEE SbR (GRE T A o LE T HER hTLhdpreitider to
form d-gfPRRIAted s@bstpardl adng Rel@sidderigubgirate

for Tenovi ng aqueous oxyanions including: a primry

m xi wgtuankng ofheri x¢ krpgeachdiigud dofonther Y Ll Veamhttdirough
theh@yi@grfngq%géfﬁ$y gggerate to high cation exchange

drying the granulated substrate to produce a finished

product.

7. Apparatus for formulating a modified substrate for
removing aqueous oxyanions including:

a primary mixing tank for mixing minerals or mineral
equivalents having a naturally moderate to high cation exchange
capacity with an aqueous diluent at a temperature in the range
of 40°C and 80°C and at a high shear rate for a time sufficient
to form a slurry;

a secondary mixing and holding tank having a capacity at
least sufficient to accommodate variations in supply of the
slurry thereto in fluid connection with the primary mixing tank;

a centrifuge in fluid connection with the secondary
mixing and holding tank for receiving the slurry for
centrifugation into a supernatant liquid and a concentrated
slurry, the centrifuge being in fluid connection with the a
filter;

an extruder in operative connection with the centrifuge
for receiving the concentrated slurry therefrom and in fluid

connection with the filter;



10

capacity with an aqueous diluent at a tenperature in
the range of 400C and 800C and at a high shear rate
wo orosmstiee sufficient to forma slurry; a secptidavUyn05/000332

m xi ng and hol di ng tank having a capacity at | east
sufficient to acconmodate vagiLations in supply of the
slurry thereto in fluid connection with the primary
m xi ng ’ [ i | i t] i
eoona e g P g o g PR SFeruder

for slngceifiorg centtmudegat concentoaiesupbenafaon |amdi din fluid

and .a concentrated.slurry, the centrifuge being i.
ConTGHPrE GHHFDe (N DU 1157 PARRIER ] SeeRIdarMid from the
gra&pﬁg@éf Vien&section with the centrifuge for receiving

the concentrated slurry therefromand in fluid
conn@cdrdprwinhoprEativeecoangcaag@Radthi fhepeiramulator for

0 ' A r : AYAN o] r ;
cry SRIBSELIACH Db D6 SIS UL RSEENERD, EXLTARG, paving
an fdddrertifver peaakpgivel easedHe gprdmargm taek grizowl atarycling

_thereto; a drier |n operative connection with the
Eiltralkfi BRSFeEdrafirds HYERf anul at ed substrate recei ved
therefrom the filter having an operative connection
to the primary tank for recycling filtrate thereto as
8. dil uent modifAedodislibedratbst sabetanbibanti aklsy &greinbefore
her ei nbef ore described with reference to Exanple 2 .
desgribed il ALEPTRGTS i & BXBHR¥At% substantially as

her ei nbef ore described with reference to Exanple 3 .

9. A granulated modified substrate substantially as

hereinbefore described with reference to Example 3.



