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WD 2005/ 085142 PCT/ AU2005/ 000332 "1 MPROVED MODI FI ED

SUBSTRATE FOR REMOVI NG AQUEQUS OXYANI ONS' FI ELD OF
WORUERFICN THI'S | NVENTION rel ates to an i npr oPE@AU2005/000332

nodi fi ed substrate for renoving agueous oxyani ons.

FRPROVED MODIFIESSPRYTRIATH FoR RENGVINGIA | eﬁoﬁ B&Hm 9

phosphates from water and/or marine or
soils, but is not limted to such use. BACKGROUND ART

The removal of oXxy sphorus using a
doped substrate is described in International Patent

At i atvveriion  rBCAEAWO TH0Q80 2 layr dhed Gasapaned! tlibstrate
Scientific and Industrial 10 Research Organisation,

for rﬁ@ogp@au FBIRIGONEN WY aTHi QBT | sThﬁc@mpr@métl@@ hrﬁaepanrtbycular

appﬁ; ec gtgy(#éer{?&f% Rg?léagpﬁ%édsog%ll N ‘ﬁ%’?%]fl%ﬁl g warine or

submengmfecbcammn butr deeswtf Airdedidmenat Sucht ukas been
di scovered that by selection of appropriate 15
paranmeters, conponent, f gulation criteria,
i nproved results nay Tedt.- The present
invention ainms to provide a substrate which has

| Ao @epal iawaniars rarbianphegpvusoxysiioms doped
s 8 P (UL 00 MBI E! HIEAILL ST 05

PCT/Adjsgy@rosalgmn lqhaltaet erdusidmeedIith Vet eent ADOEhemdai TAdisstrial
provide a |iquid substrate material which is nore

ReseaéEBnBﬁ%%%S%l% eﬁgleeSPﬁshfé%tmrésofoﬁvmw@ aﬁl dpcogperated
h i
hereid Ny 2 B VL ﬁs I @gr%‘%}?ﬁfd L QR TR0

apparent fromthe fo
tecthFOgyEr¢bnE¢H1thavr¢m¢¢ma¢rmmgmmt@mla&vamﬁmatﬂndmedlatlon

proce%@v%gElggdagglges broadly

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.

DISCL.OSURE OF THE I 10

With the foregoing in view, this invention resides broadly

in a modified substrate for removing aqueous oxyanions formed by:
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in a nodified substrate for renoving aqueous oxyani ons

f ormed by: WO 2005/085142 PCT/ AU2005/ 000332 -2
WO 4y a substrate frommnerals or ni ner BCT/AU2005/000332

equi val ents having a naturally noderate to high

cation exchange capacity; Jrmng a substrate

nodi fier fromsalts of the Goup I1B and G oup | VB

el eseEldcting di ssbbyrageofeodrmimnalef oirheisakhs Buivalents
water at_an el evated tenperature; and 5 blending the

having sz (B2 ehd thY (rRALAER ek ¥ 9 teomtexehamnagh comesity;
rate. The term nodified when used in the context of

t hef smdlirly ed sudislhstrat ewefirtike FreseBhltBVERt tAB Group IIIB
i ncludes, but is not limted to such nechani sns

and frful [YPoLesuRRL ALY I TRPLEMG GReeRENBAGE, ofothe salts in
watSOrpt i Of o 18 (UM Sl 19 18] 8B N, q OF conbi nati ons

thereof. Oxyanions tor renoval principally include

phosphat es, but also include arsenate, vanadate,
chriit&ing ctlepasubsttagst wieh thicorbst nadet aedidian at a

hi hdi,ate ahongst ot hers, peroxyanions such as
lglfogérsu phlgate and the like. 15 In another aspect, the

present invention resides broadly in a granul ated
nodif é¢rsupstibiedfdren atand g dfeccastenkyahi bhe, modified

supdighcd 32U aked audhtl o supsbat ect phupd B pel €511 s ceq

a substrate frommnefral S oF m fera i v
to sahi mgchanasmsabhyl/opdpratesteshhghdepingn e€xehanoexchange,

apacity; 20 formng a substrate nodifier fromsalts
SOTRI e O cip SOMPR A BUETEVE. ol T ROSDBRAARSESI Vi AgEeOE -

OxysH o fBF erdfodde SAIASIHA 1YelRE1Ed &%F%v\!
. ytenperature; bl endi'ng theg)sub%\?rate V\?tagﬁht e su%ésj't r%"tlte also
inclyglgi f is@seaate, hvghadhsar rahzomateor nsalemai¢j edtungstate,
nioﬁ%ggyrégﬁﬁafggé 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 aqueousg

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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25 granul ating the nodified substrate so nodified

being formed into granules for dispersion into water.
WORYIEE52085142 PCT/ AU2005/ 000332 -3 The gr aRGTAU2003/000332

of the substrate may be carried out by a granul ation

process drying, preferably.w.th wetting and/or

di spersing agents, in accordance wth known

gr amd ajdaldtecdini silashe MOV e thE, BT B FBYA out by a
I ncl ude processes or unit operations to renbve suc
gramipariar  grogess adrmapdbe prirwably t wikly ewatitdeg and/or

: . e rreg_ne ranuyl.ati on.j ncl udes .
dlsé(” %iﬂﬁ%?%?égbtt?Pngg?ggfgg%?g SMG 5% gghﬁgbifggﬁpulatzon
teclubsiaat edsdomwr a Supeinatentmdy hdludXtprstOfsd®d or unit

t he slud%e, ranul ation of the_  extruded sludge to
OPergbl gy hAuFROve Pl VARG oPT t Rhligpln A diay be removed with

rersbuskesably ot plarmasel veeygh bheprshofatfoh by, o

exanmiar eigetiiting tal seormprefsiudak tdfatmedief Ivkisigostrate below
shear di sperser

LiLopns,incl ude m xing with a high
2 suf b EE P e ST isa8p b e dtige e ara: SBE63%0t ehe
extudierdladigdato t herdeyabantdss! HhBY dBgiher BH alird @Sanules.
follows: 15 (a) Morwett D425 in the range of 3%to 7%

Prefeppbpy. sEhectemrerahitafyof of it ovabeBcipi 1t e orangeredf 40°
i{dd l; iSi 57, .4 r fr.om.3%
and tséod“7cbc/°afo% of:h@xﬁmlﬁg O@ffs:téh@ %15%{%{';%% @ggge%%) 12Mi$%a150

c) noistur rom
prefPhostiochat nthdeniaime obnditoimdd %ol 2ddm20ing widH a high

h be aggreciated thgg t he Phoslocg descri bed_herein
sheage (AFRETFETt RRCRAPLR| 4P FBRHBAAnd  aBecFPbdOPR Tpm.
respect of the CSIRO technology. In another aspect,
t hétpiesprefemeehttbarnt taei desabepadlylurry 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 catiorn exchange

capacity;
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in a nethod of renoving at | east sonme of the aqueous
oxyanions 25 from water containing aqueous oxyani ons,
WOAS/B8YRod i ncl udi ng: providing a substrate BET/ayewd 00033z

frommnerals or mneral equivalents having a
natural |y noderate to high.gati on exchange capacity;
WO 2005/ 085142 PCT/ AU2005/ 000332 -4 dissol ving one or

MO s3RIINAL 1Y Ik JF Giitd |48 B bIO W AoB S BRI Group

in water at an elevated tenperature to forma
IVB sebevente nddivalksr BEermil ngleWetedbstemmpeatiurle tthe form a

: L.f.ier at a high shear rate to forma
Subsﬁggﬁ%{gﬁﬁggﬁg??ate; and 5 adding the nodified

substrate to the water containing the oxyanions in an
anBeRRAINCE itdieentub st Bubstahthathe bubkdtaateeastifseme at a
. 1.0f, ni.ons...The bindi.ng .of _oxyanions_renders
hlghtﬁgkggngé§%|g§|20 g ?h@OE%E%%Q Fggﬁ%Fé “thd"8ubstrate
is added by precipitation, 10 sequestration, or
si AAaRg chieen medlipied eswest rate tthe tas evatter eedriitmining the

ifi b ' dded il d f ,
oryalfohL 59 GHORARS 2 NEH Lo SO0 B RBLF e 2aat

someopyanhensxgadiopkeci pitates to fall to the bottom of
the body of water and may interm ngle and/or interact

EXIR d il thereat. The 15 nodified.
subler BEsHis e e B aniiesud HrovesSadiabim to the
wate@ONntai NAgcRNetRE NBEBsOXyedi oNs, i’ as) piptzt%thc%i%tion,
e

coal esced material being then separated from
SeqUGRtERt1othe ¥F Uit 13 B Gipnios dixaagsasesy 1In kde case where

he HOEPERE st eRte 13080080 o0 M 0 g B WATSE, sucn as
a lbReer natheonatodiriien ofsubwsterane Apphded €henbsiyaMions and
precéﬂf%g¥gé 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 IVBE 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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I n anot her aspect, the present invention resides
broadly in a nmethod of formng a substrate for
WO BAYWSHE oxyani ons including the steps of: RCXiAIG005/000332
m nerals or mneral equivalents having a naturally 25
noderate to high cation excl¥ange capacity with an
aqueous diluent in a primary mxing tank at a
t erpFEsdingr éhensihery aige of s4@6ndany BOCi mymchrat heolkiigh tank
shear rate.for ime suffi.cient to form a slurry; WO
havi3BPd) s tHCATALS00S BH6S35 5505 PasSPAGTRRAALE Y agLat ions

in dupplp Searlarhriyi et FHeH thet M nalP iA%iRg tank;
capacity at |east sufficient to acconmodate vari ations

in suppl.y of the slurr trﬁret fromth rin,ar%1 )

Y LSRRI E RS | T UG g TERE. Sy FSPRGH ¥ fEXing tank into
supes@eaRial Y1 igudd @K doMcentTaRednatariy.iquid and a

concentrated slurry; 5 filtering the supernatant

thraouygh a filtering nediuminto filtrate and , ,
corGdEFarg: thEt BPAPAGEERBES FITPUgR R ott RESBLPsRgaLum into

a fitlararas (Hd UMcent@4lieudi ng the concentrate fromthe
centrifuge into an extruded concentrate and an

expelled.liquid; .10 returning the expelled |iquid to
théeﬁpfﬁ&F? FéﬁkfFEFEGﬁﬁ tPhghFiPFéW?ﬁg Fédkuap diluent;

granul ating the concentrate received fromthe extruder
t o extandiaggr einel abedentbateat&randtaer %@ﬂﬁ@ﬂfdié]uiiﬂto an
returning the released liquid to the primary tan
extryy 5U§Pncf§tFﬁ§ef?P@eﬁpnﬁxﬁééﬂ8ﬁ1léﬁﬁléﬁying t he
granul at ed substrate to produce a finished product.
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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The finished product may be packaged in bulk or in
retail - type packages as required by end users. The
WOIOR/SARE product 20 according to the i nvent PETAUZ005/000332

bel i eved to possess superior dispersing
characteristics to enable addition to water in order
to effect oxyanion renoval in a nore conveni ent manner

comparetbt hart g tbr i tHe tesdhte fihrdshesh pr s broadly
. according to the invention may, for exanple, be used
in 3pP3lEte forf ormsatingsa el ukbed | haustreitdef @Sl RMoving

aquég%%h% %angoi%gﬁgﬁﬁ% |42 PCT/ AU2005/ 000332 In

anot her "aspect, e present invention resides broadly
in apparatus for fornulating a nodified substrate for
r eRoVIP Figha Bjudbigsingky sanbnsfamncmgdiing: relmprrialer yor mineral

ixing ek, T . | \ | .
equtfat Bl A g e L R IP S oS din il 4 rrap emishange
capagditifamgeh ancapaeidus \Willuedt aguepusenfidt@iratid the range

tgnperaturg in the range of 40C and 80C and at a h%gh )
of 40hLapnHafl F ANG % ne BighiTheat rabe iemma ing rgpfiicient

to £2emOBdafiyyM,xi ng and hol ding tank having a capacity at
| east suffiCient to accommpdate variations in supply
of the 10 slurry thereto in fluid connection with the
pr #n#PFORARE Mg MiFART ande Adidlnge tiamkf hdvd neomnaspiasity at
it ndary. '%gg% i ank f
leals\rMecgélilf\/ﬂiqigr:tz:; t he gleur‘-iréyE or caetﬁepgygggggal{f?%%éi n?‘o a[apply of the
slursypererattamtin ifduiid apdnactboeent rlattete Primtany thiking tank;
centrifuge being in fluid connection with the a

filter, tr, [ | ve..gonnectjion wth .
. .

t h‘lsé %ée%tlgﬁ%ée %o rfliqlr?téi c& .B%R%‘SE ?%Ilé ‘gjbt;}%: entr ated r@alfry rrELIng
and hdbtiefg drankndornrébai ding ate ctlivarwifblr thatifigitich into
ranu atgr I, N ogerative connection with the extruder
a suESFna ant liguid 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 Ffor
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.



recei ving extruded concentrate therefromand in fluid
connection 20 with the filter for passing rel eased

WO 208%P8 42r om t he granul ator thereto; a dri er PCH/AU2005/060332
operative connection with the granulator for drying
granul ated substrate received therefrom the filter
havi ng an operative connection to the primary tank

for recycl i n@RIRP UESCRIRTEON DB ERE mgmasnt- wo

2005/ 085142 PCT/ AU2005/ 000332 -7 CRI PTI ON OF

TH rder_that. the inyvention may.be nor

reggPséwéggg?éFog%g %ﬁu?ﬁ%h&% ﬁ?g B?a%??%afe%§$§%t?néér3t°°d
and patelrtocepratticw difamge rbbetbfce ACLDIPIGY i G made to the

drawi ngs which illustrate a_ preferred enbodi nent of
aCCORE Y gAY HIFE viNet € ni LEORFBALE Ps BF qhesa@ss embodiment
of thkowshantk idesehiimng aipreferred process according to

the invention. DETAILED DESCRI PTI ON OF THE DRAW NGS

Thelgfocess 10 shown includes a primary tank 11 in

5 f1 uid-9 cohnect | BNPWOCRSE JeCHIEERLE ndspaglabeg hal dreferred
tan@f%%é@@?¥%@d¥q%ﬁglﬁ% RieMBEY,eBlY iy |1ne 21. The
secondary m xing holding tank in flurd connection with
a centrifuge 13 b of a secondary slurry |line 22.
The cent ri AEJALLED DE SR EHFDRAMWINGS an
extruder 14 by way of a concentrated slurry |ine 24,
anthenpropesat i1ve stewneshicondest B drieeyy @ahid ter & f1uid

of a 15 supernatant |ine 23. The extruder is

by wa Nt :
conngf oy M3l RESREAEY oMLK iRT rrrhdalebing anl tler by way of
f liLed ki quh.d L : I [ .
10 2 PRl P IR .0 R g (BRI G 1o
fluidn coxmegdddrcontent aatcentiiguze. MThebyr amyl abdHr ai Sdddndary

|iquid . C .
slurryc&ine 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
15 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
20 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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connection with the recycle filter by way of a rel ease

liquid 20 line 27, and in operative connection wth a
“WHWV€W‘@G by way of a granulated feed |ine 2BCT/AN@005/000332

dryer is in operative connection wth either or both

a retail packaging process.gl by way of a first dried

product line 35 and/or a bul k packagi ng process 32 by

way of an alternative d@xjﬂﬁgﬂﬂft line 36. WO

2005/ 085142 PCT/ AU2005/ -8 EXAMPLES | n order

that the i nventiqn nay be nore readil under st.ood and

pu? iﬂf% ehr GRa éh‘ éﬁ%@@FlOPeP@Yeﬁﬁem ¢ | TR Be UhgthF stood
and pott Deto fptd@nig rzapkesruhbséndd | WstT alsy the dePto the

art and an i nproved nmodi fi ed substrate according to

follphéng rﬁﬁéﬁ’i’m]eﬁﬁ whigRAVPLEStrage dﬂ@rpm@rplawu dedaan improved
et S e L e e T

e SO was p epare granms per
I|tre by addi ng the appropriate anount of | anthanum
saEXAMPLEE suitabl e vol unme of water, while blending
with a bl ender operated 10 at about 1,000 to 1,400

rpoh &¥de: ald poviiie hagtbarkin < HQid ¥ ng SﬁbttM@EPrlor art,
di ssolved, the required quantity of bentonite

lantlypaws clparide sejlufasnt Wes chb ath@3l. aﬁtgamnsnper litre

d ol t bl ended
by SR YR HhbRSer LEe SHOHLT, B R RSt a8 ene
suitlole eneldingd efesttati nehabd 1ﬁlasdhwa; e\F:Ltlrﬁ aS)bSLte@I@xb)bperated
renmoval of at |east sone of the oxyanions therei

at absuhp @Y R st dhr v d gy Gthe Wt fGRUT chloride
salt BXRli®sb1vRs, Hﬁg'ﬁé | Y3 URIE i b%db@ﬁESﬁlé (J%SO grams

mai nt ai ni ng t he appropri at e tenpe ature t hroug
per liﬁ¥6hzﬂa@gtbﬁcceéé¢dftm the Jangpanam 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
Cemperature 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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20 of the slurry. Not only was |anthanum chl oride
di ssolved in a shorter time, but also the
WORRBIE 2uring tinme of the slurry was al so r BEHA&A005/000332
significantly. In the nodified nmethod, the mxing was
carried out by heating the-sater from50 to 70C
adding the required quantity of |anthanum chloride as
optidéser theds Exanpl forl grabulpobon hel tdiigs aletiipgeal thhe the high
| ant hanum chl ori de, bentonite was, added as descri bed,
sheag, iglagy a4 Oa PEOYHI8ReRPLEGE M XingerAs L RAABIBY T YiSi ng
a high shear mxer, the particle size in the slurry

capxbsmpregdet er mi ned. Accordingly, manufacturing
process of the slurry can be nmanipulated to WO

20 0 P 005/:00¢ -9 optjimze the slurr
fo?éérgﬁfa i%{rﬁ%{% frg %gﬁ%ed? S%aa%) ‘%tlai::ae‘:"zhjl‘I{ghrto %%aé} les by
dewatexing aheo siuavydesidbetitkdhgmwiitihg tofo tHiRliddigsy. The first
. LE 3 The slurry forned in Exanple 2 was nade in )
s §uripditites Y HRafEFPRE tHe BFEFLDIARECH EiNgGA thit is
belib¥Baaddidd Vee HMRikIiRELE RdSSULhACRRNaANLE M on of the
second of precipitated silica. 1t Is believed that tﬁe
granudest i Welso asdiedtr | originall spersiicieofsibe agr abukgs descend
into.thejr.oriqinal particle size as they descend
ehrobdh ot hahE i el tunl dhee S fuf SRRl imer T¥at on. I n
addition to the nore econom cal manufacturing process
10Inf agdét s abstpatéeofmotrke epresenitailnwemifart urtinigs process

el i eved that _a, greater oxyanion renoval capacity per
of tgﬁiFugﬁgﬁﬁpeoffagg?yQreésﬁﬁoﬁgﬂFnEéﬁnbel&cﬂfe%@&}evgd that
a graktheudxihe divesiden hagpdeary deserihed welBht of active
reference to one or nore specific exanples, it wll

compprenpprari A edchievad. persons skilled in the art that
the invention nay be enbodied in

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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ot her forms which are enconpassed within the broad
scope and anbit of the invention as herein set forth.
-10- CLAIMS 1. A granul ated nodified substrate for
renovi ng aqueous oxyani ons, the granul ated nodified
substrate fornmed by: 5 selecting a substrate from

m nerals or mneral equivalents having a naturally
noderate to high cation exchéﬁbe capacity; forming a

subst rgt difier fromsalts of the Goup II1B and
G?oup‘régwgrenents by di ssolving one or nore of the

salts in water at an el evated tenperature; 10
bl endi ng the substrate with the substrate nodifier at

I hi gh shaaratle form a L fied substrate.
slurry; §devvaltaé?ihn Ihﬁleﬁr‘??dj f ?Bé%{“séu 5t ?8%' e STTPP5t granecus
FPHH57S detlf sredud abee rnedi £k ismgst hat el efimteriety:

the 15 first being

subst[ éaeg th two dditi&es, .

sur f actant-and®t AEPSEedd ther i nazedisp Pr antrensill paaivalents
heBLRgrmratrodiliyetodebste atce highdcgt 2w Al gEN8apacity
nodi fi ed substrate so nodified being forted into

gr ancRsaihar 2d5SPEF S41QN il t A _granyul at ed
allf:%adéji ed_ngbgt rate acig{])ﬂg?iﬁngi%% %{%{?% =S 56 TRerEe TI18
X AG® cONIIEn Y| Arerierimoxong oF thora biEgthsheaks in

walispartsen epevabi® dongeanaq-ef 2,500 to 7,000 rpm 3.
A net hod of renoving at | east sonme of the aqueous

oxyaphQRsind r om er, cont ai.ni ng. aqueous oxyani ons,
_ the netﬂ%ﬁnéngﬁﬁggﬁ%ﬁtréif ﬁﬂﬁ@i%?ﬁgsgb§55§%?aﬁ%ﬁlflcr at g
nige) beall ¥iletw deral s wedifnel alubequhval enisslaving a

natural ly noderate to high cation exchange capacity;
dewatering the modified substrate slurry to form g
cdewatered substrate;

mizing the dewatered substrate with two additives, the
L X1 - - 5 . .
Tirst being surfactant and the second being precipitated silica
to form a modified substrate: and

granulating the modified substrate so modified being formed

into granules for dispersion into water.

2. £ granulated modified substrate according to Claim 1
wherein the mizing conditions include mixing with a high shear
disperser operable in rangg ol 1,500 to 7,000 rom.

3. A method of removing at least some of the aquecus oxyanions

from water containing agueous oxyanions, the method including:
providing a substrate selected from mimerals or mineral
equivalents having a naturally moderate o high cation exchange

capacirty;
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-11- dissolving one or nore salts of the Goup Ilia
and G oup IVB elenents in water at an el evat ed
tenperature to forma substrate nodifier; blending
the substrate with the substrate nodifier at a 5 high
shear rate to forma nodified substrate slurry;
dewat eri ng the nodified subst+@te slurry to forma
dewat ered substrata; granulating the nodified

subst railssd1EAg06ABULESd 8T sadieSPBESLAD EALG, WALS & Group
g.the granul es to the water containing Pﬁ

apnd 19 addi n
REEHEAES nign “éﬁﬁunta“sﬁ”fl%}r%ﬁt% CRIReTaRLral rty form a

oxyani
pipekxitte sasitsene of the oxyanions. 4. A method of
forming a substrate for renoving oxyanlons 15

i ncl ugegeit §5@p§usﬁcréﬂcxmngn”k%§; ?g Y%u%Q§rékflex at a

Qéﬁﬁ | ents having,a natural
SABX chAhY e 5 flyﬂwi%iﬁ-%@h sslpgbonsedilwent; with
two additives, the first being surfactant and the
seconﬁew@mmqar édiepi pad i | seBskAade Prdl@iy M Ntbrm 2
dedilfcBba a3 d.epperature in the range of 40C and-60C
and at a hlgh shear rate for a tine sufficient to

into a secondary

forma_ s passi ng the slurr
mi xi ng" %{ng &I‘ di nght afeSiRaed ng staphei tirtat Heamtles for
dsapérgientintte aecoppuglaie variations in supply of the
slurry thereto fromthe primary m xi ng tank; 25
centry n h r the secondary.m xing tank
into d{d&%gr %%{:a Tgljll%euﬁy&oaﬁg% Y é‘ré‘d“%l*i}‘r‘% pEyanions
1$|¢?Eﬁﬂ§%§tthé¢§agé¢nbttunsuﬂ$menghahLy|ﬂinﬂ|au;1@a@tugbme of

rhdtBvanibhktrate and concentrate;

4. A methed of forming a substrate for Temeving oxyanions
including the steps of:

miging minerals or mineral equivalents having a naturally
moderate te high cation exchange capacity wilth an agqueocus diluenc
with two additives, the first meing surfactant and the second
being precipitated silica in 2 primary mixiag tank at a
temperature in the range of 40°C and 80°C and at =2 high shear

rate for a time sufficient to form a slurry;

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

centrifuging the slurry from the secondarv mixing tank into
supernatant liguid and & coneentrated sluzrry;

filtering the supecnatant through a filtering medium into a
filtrate and concentrate:

returning the filtrate to the primary tank as diluent:
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returning the filtrate to the primary tank as dil uent;

-12- extruding the concentrate fromthe centrifuge

into an extruded concentrate and an expelled |iquid;

returning the expelled liquid to the primary tank

through the filtering nmedium 5 granulating the

concentrate received fromthe extruder to forma

granul ated substrate and a reggased |iquid; returning

the released liquid to the primary tank through the

filterdriyutddicuntrandedeynngitchef granthat edrsubsidat nco . an

@ Pk LaLsphe r.ody odi fi ed

iub%%%]e%gﬁ géttgﬁt‘" ?a‘???/]%ls%ﬁ{g’gé?%%ef%ar@&gescr i bed

with referansg £R: Exadl 1:dRi 8 + A ykate .
difi g Substrare AR iléﬂ’?ﬂyéa%éﬁe?g’rﬁ@éfgr’é&“k Chrough

e i EGRPt HeT W8t ence to Exanpl e 3.

granulating the concentrate received from tha extruder to

form a granulated substrate and a released liquid;

rebturning the released liguld to the primzry tank through
the filtering medium; and

drying the granulated substrate to produce a Ffinished

product.

5. A nmodified substrate substanbially 25 hersinbefore’

described with reference to BExample 2.

0. A granulated modified substrate substantizlly as

hereinbefore described with reference to Example 3.



