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{0004] In the absence of a more suitable reductant, fervate will react with water to
form ferric ion and molecular oxygen according to the following equation (J. Gump, W. Wagner,
and E. Hart, Anal. Chem., Vol. 24., p.1497-1498 (1952)).

4FeO +10H;0 —— 4F*42000 +30,

[0005) This reaction is of particular interest to water treatment because it provides a
suitable mechanism for self-removal of ferrate from solution. In all oxidation reactions, ihe final
iron product is the non-toxic ferric ion which forms hydroxide oligomers. Eventually flocculation
and settling occur which remove suspended particulate matter.

[0006] The use of ferrate may therefore provide a safe, convenient, versatile and cost
effective alternative to current approaches for water, wastéwater, and sludge treatment. In this
regard, ferrate is an environmentally friendly oxidant that"represents a viable substitute for other

oxidants, particularly chromate and chlorine, which are of environmental concern. Ferric oxide,
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method described above. For example, several requirements for reagent purity must be ensured for
maximized ferrate yield and purity. However, even with these requirements satisfied, the purity of
the potassiilm ferrate product still varies widely and depends upon many factors, such as reaction
time, temperature, purity of reagents, and isolation process. Ferrate preparéd this way generally
contains impurities, with the major contaminants being alkali metal hydroxides and chlorides and
ferric oxide. Hdwever, samples of this degree of purity are unstable and readily decompose
completely into ferric oxides.
[0012] Other than the specific problems with product impurities and instability, there
also exist mechanical problems associated with the isolation of the solid ferrate product, such as

filtering cold lye solutions having a syrupy consistency.
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[0021] The development of an economical source of ferrate is desired to derive the
benefits associated with ferrate application in a wide range of processes. In view of the difficulties
associated with the previously known methods for preparing ferrates and the problems inherent in
the ferrate produced by these known methods, there is therefore an existing need for a new
preparative method for ferrate that is easy, convenient, safe and inexpensive, and that avoids both

the chemical and mechanical problems. There also exists a need for a system which reduces or
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[0026] Also disclosed is a method of continuously synthesizing ferrate, comprising

i
i

providing a mixture of an iron salt and an oxidizing agent; continuously delivering at least a portion
of the mixture to a heating chamber; exposing the mixture o elevated temperatures in the heating
chamber, thereby generating ferrate; removing at least a portion of the generated ferrate from the
heating chamber; adding additional mixiure to the heating chamber.

[0027] Also disclosed is a device for continuously synthesizing ferrate, comprising a
holding chamber; 2 mover controllably connected to the hoiding chamber such that at least a

portion of a content of the holding chamber is transferred to the mover; a heating chamber, through
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per mahganat e, and ozone)ﬁ%mgi e oxidants. [0038] It
I's an object of this inv Mate product to be used
In the cont [@Bljof sEikgbrededkpicisranlcodbdigestydtingdavics dibrf sobidion) plsase syntleisasf
systenmsg arqund water, treatment

[0032] Figure 2 depicts an embodiment of the device for solid phase synthesis of
ferrate ion.

[0633] Figure 3 depicts an embodiment of the device for electrochemical synthesis of
ferrate ion.

[0034} Figure 4 is a flow chart depicting some embodiments of the process of
generating and purifying ferrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0035] It is an object of the invention to provide a new, convenient, inexpensive, and
safe method for producing a salt of ferrate. Such a method may produce the sodium salt, but may
‘be used to prepare other salts of Group I or Group II cations, or other cations, whether metallic or
not.

[0036] It is an object of the invention to provide an environmentally friendly oxidant
for application in a variety of wastewater contaminants and water treatment problems. Such an
oxidant produces a cleaner reaction product(s) and thereby may be used to replace existing

environmental, laboratory, and industrial oxidants which may have deleterious side effects or costs.
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pl ants, and waste treatnent facilities. 100391 It is an object of f(%feJUN i
i nvention to provi de?%n i nproved ferrate produc__gii or rernediation

urani um transuranics;/ rocket fuel propellant contam nants (hydrazine and
mononet WA BPGI68zi nes) and nustard gas. f0040] It is a fRGINES1BRYdct of the
invention to provide an innovative product to be wused as coagul ant and

di si nfectant. [q0OP)1] Ittis s chjeciobf @t intdntibheo predént adwy aafe, and titexpeede an

oxi dant t e.used in drinki wat.er . dj si.nf ecti on and coa ation, .

b1 of oul | B ERE P Emashial heR o eEtise hifeaf oot BB 0 BthPIs i btng,
and hazawitb lkﬁoxwasgigaﬂtsf o twed ttreatfn@tA@dr eleam'gl‘é! ehlorr?] Bjﬁ}ioc_ﬁllf)rife,ﬂ Ehl(_ﬁl'ilﬁstﬁﬂkif%oél?, 1
i nvention to prqvi an .oxi dant t e used in synthetic chem stry.

It is anp%ﬂﬁ'%f‘g%ﬁmf?@nﬂaﬁgg’ﬁgy‘ﬁﬂgg%?%EGSFBX’B?‘B%%/de an oxi dant toybe used
in sur I ace pmegazat iTIma an irc])pﬁbtttdm?gfnpahmm p@ui]g& ?ﬁﬂw&'gﬁatgﬁﬁo?h%titﬁ b& ggédaa?_e
repar at j, on. 0 .achjeve at le one, o e above-stated objectives,
the foll @S\fﬂlj‘["g\@?ﬁ’i%s incluri %Yém%é"ﬁﬁ ISPV e Sigs, reund r“,’ateén'aea{!@@g

t her eof plhins, BidwhsietebatmbenfRAcifitidse Generation [ 00451 The inventors have

di scovered th b many . of the presently unaddressed problens assocjated with
ferrate use ri@3fle t & B ‘ﬂ‘JFr%FPf thet intration & grogidg e wrprgved farate pioduetfonr e,
in. soneremsdistibinMeN tufarfm,! BenshAKRA foket Mieb YRSRMAT cORAMHAIN GnfPiAR nand
using it withou uhstantially further purification, packaging,, or
preparatrPWg‘Y&‘b’a@?‘ﬂ“éb?“d #Sferrate, inits unpurified form
deconposes rgoeg] I aRiigb\urtiteh 8bjb& of cLinPERBH Q@?r&metﬁ%ﬂuv@wedﬁﬂqmw Bels

Ferrate may, and preferably is, used i mediately, or

need not be stored,
subst ant ﬁ3§°%‘§"ﬂtaé‘fitd€f“f‘?cfa§t‘gener'ati on. Therefore, certain enbodi nents of
-~-)t he present ifjoodant i Ot PaA\GbiE: oF tHE Vet idhtidnStodi6Vigd 84l okRafto HeOsBligd 1N
‘close proximty to.the site of use, such that when ferrate is produced, it
may be (8 atef P TEPioR jopdh cpagulation. \Pifawime conel. grquad gfatessdeconfamipation,
subst antsolid suffadel wething) Wk hizarlbasOvaste@Retk@gt. N,  shi pping, transfer, or
preparation. 7%9‘246] us_e[c)i, herfeén, the ternps "site_of generation” or
"generation $THEF T et di 2 QOpHPE th Pressph Bpventimdo fuoyidesan gridpK do berisediin on of
f err at e symhdtioeldngistry. | N one enbodi nent exenplified herein, the generation
site include eacti.on cha r. for generation of ferrate. The terns "site
of 16 TN 20043 o6 B EHPRT s g5 B inad oideban, it 1 B Bt on
site" r efrbice pepdritnsintleding polpmérerfice piidhinetallis smtitt prbadtion. t h til e object it
is to oxidiz nt hesij jsinfect.. cl.ean l,ate, .en | at e,
coagul at e. fggﬁq Tﬁo %@%ﬁ%g“(s: g(smee cgrt%ex?‘br%v?'is/taggﬁbje vreﬁfj‘ﬁ%m’wﬁ‘lgén%g%’
i Nt er choagdadiirgs, kempusitions dfmentter, aret uyes thereofinseprotided.ef er to the rel ative

| ocations of the generation site and tile use site when the tw sites are
within a distance that allows for the ferrate to travel the distance within

hal f-|i ke qPniSitc Géperatigmosi tion. "Half-1ife" of a deconposition is :
under stood t gelss th it ' half. of the materi al
present to u?lbge%go egcrrﬂrrlgg%?rtgi]g% %ﬁ%ﬁfﬁfi ?lé&{ g?nfgﬁyﬁasle?/t?n “f’aé‘erf‘él.”
)corrposi problamgasspeigied with fasratet Yse redasethi the purificatieteandviitirade ofi fereatd. cThen¢fore] &

gener at gghARHo@ineik A 8 invention, a system of producing ferrate and nsing it without substantially

further purification, packaging, or preparation is provided. Because ferrate, in its unpurified form
decomposes rather rapidly, the ferrate produced by the provided methods need not be stored.
Ferrate may, and preferably is, used immediately, or substantially soon after its generation.
Therefore, certain embodiments of the present invention provide a device that is designed to-be
located in close proximity to the site of use, such that when ferrate is produced, it may be rapidly
and efficiently delivered to the site of use, without substantial further purification, packaging,
shipping, transfer, or preparation.

[0046] As used herein, the terms “site of generation” or “gencration site” refer to the
site where the device for the generation of ferrate is located. In one embodiment exemplified

herein, the generation site includes a reaction chamber for generation of ferrate. The terms “site of



. Thus, for exanpl e, the tenperature, concentration of base, concenf 'ﬁaJUﬁ”ZH?]il
oxi di zing agent and pgrgsence of inpurities, will{a}l tend to affect t
hal f-1ife of the ferraté conposition. However, the " half-life can be
readi | YYOEHSH6%d by those having ordinary skill in the BYFUSE% 4
conventional techniques. Therefore, a generatlon siteis "proximal" to a
use sit esphevsesie” ebﬂe@memaﬁtp’bﬁqfeefo the sits wheae te ferfie lﬁgelt%qtftdémﬁtth% Aljeetiifre of
del i ver Vis iooxffitbéabynttRsitd, digihRad aéan,rﬁlét@, ARGssthalef or@baguli®. concentration  of
ferrate at the eneratlon sife di st'ance between t he generation site
and the use sIPQ‘%h s dbg terres“closp proximity” oind { ‘proximal’t ¢ pyed intpghangeablighaseinf ti ne
[ equI T SULEQ Rl BleM 1o Foth APthe LAV SbiBbok difind SRERIA site RRY BeGRL site when

di spl acenent Thus, the physi cal spl acenment bet ween generation site and
use sit éhettwatsﬂesmfewnthmeld@@ecqﬁmmllﬁw {or i fexrate Yo ferevplethel ﬂlﬁf@n@n’vltmea hedf-tifd i f e
of the f @%agj Ske b I tile
rate at ﬁﬁc tﬁ%@@%@?ﬁ%ﬁf%‘%ﬂg ‘%Ss/ﬁé’?éﬁ‘% Rccor mg*kearﬁa‘ygtc?cﬁf% %ctl ng
bot h t héorraae dalfof thermatariel prerwnistb andeigel décaposigonaf Fhe dinkiide fonemhaiven feirhts wi | |
L 211 hpdkliin AU BS il SOBC RIFER nd Rl S8l Lnd bt S1 L s
to remain Tn cf]ose, roximty. Factors ecting the“rate of ferrate

t r ansf e hisp doriakempley the dgnaperatiire,| dongentratianoof liabe cprassisatire of onidizingegeityand punp
used | npldigiol AR ol Mo 36 EcPihe 'R 11 HTRL Adkatd S ML Rich1 GBS !

[ 0048] e on-si e generation S provi 0 advantages over
known balblifeseasbe teadilyi medsyred lbecthess chaving quiisanckill incthe arteusingnedseentional

Wi t hout sebhifddier ﬁu&f&ﬁ%%&mrﬁzﬂugﬂe s CBlchiIOtq 810Ul ] 8 cobddfiffioh oe0

need for storage or s n addition |mnat|n%@ nee or a
7h| ghly fmptefaiﬁrd usesifeat e time ofidglivery leegﬁelstoeogteetewaq onerheliof thg cosrentydtiond: of

tile re@%&&@ g Hﬁzﬁ?dﬁésl“ﬁé@&&{c@%e | &6 Eéde%ti%ﬁ Site V28 kst %Feﬁ‘%gi}’lf dqt he

sanme anount o errat [ 0049] rrent practice f ng and

puri fyi Mgemsraf élgeehqlﬁlyfg g3 langtd of ﬁ'él?déﬂm@ﬁ fOIbﬁFehSle rtherf ban gimelyaiterps sddi um

hydr oxi gs,s,céj%gpe\eeﬁe@yﬁdaemp Pﬁ‘y%ic&l' &ﬁ}]dc%eﬁfbeﬂQE@§ SdrdRibL5ile3nd ubtSdiRGhat
pot assi um hydr oxi de, he current nethods use base in two distinct

steps. ¥R RESAJUSIBItY tﬂP?é varsp depsadipg jogy A thalfrlife of e Briatgheompetitien bgingess

base t ogdhivaes 6awesPk Bwd Sitek JhE 1S ke &t tyihich m&dﬁ%&u&plsr&hveré@quwoedlﬁ f
addi tion of a%ot assi um hydroxi de to sodium ferrate. .[Q050Q] ﬁlusi[ }he errate
a

pr oducetBy fhaersatsrof foeatedransien and tagrens fferting dis halt-life w eGP f i ed
in a SOxhhbhinQﬂ-ph?sn&D Hﬁﬁihdéﬂeﬁfpaﬁﬂssﬁlﬂé\ﬂﬁ the tivo 8ites taS firlailif! cloSe FOLMAERL Bﬂ:tcbr@ the
solutio and _j s used sol ut e, wthout t L
"t or v HTERGPie SR g g er i Ruraratib el Bnie bstvts ESpHaELby F Pune
sol uti qned mtse)&axﬁfephﬁﬁﬁesxzeldfﬂﬁ@mmmgnudliﬂ‘thcﬁiusfeﬂ or sepaLat | 03 is ]

aclnl eve iin the

required, uch urificatian or separation c
Solut | on’ phaldlls . JF Sniet Eetaton, HRBERPRENE 3 PoGRAL asfHEE) TN oR 06160
PCT/ USQirbi22844 Tnitnllpy decairde thavandiced, feﬁ-kte qanobhmmﬂ ithswat farthe subbtagixhvert ed

to any e ot her . t.h e soluti 0051] -

Jsol ot cPpesien o b IS Sndise T BoSRCor Hisdue’ oY B, inipaineste
over t heed &rut h@hlytmmﬁed faﬂraphamnatam daech. coBtsrbyeinemasing, thayiettl of ths gedtiabove,
conver n d or T XS li.mted ature of the
count efbef?aofqié %ﬁ&‘{“‘aﬁ 'P?t%ré %enneg?edto ag@lqlﬁém gra?ngi'ﬁ OFQS\AF%E%a?dl fficult than
crystallizat [BMP]of Se curmnt pnacta;befor Ralring amgl wrtfjnng:&mal invadesa lieepredustien can
never b fd .

Cond 1 b sefiTiahd (AR BniBliovias THRLE! b 8 helpifon kel il b
count erpotagsiurg amdlbxadus'ﬂdls, thexcuaehali rodtlonls uemlbpee ingwp distinet sigsst dlhe nedads oftthevoul d

have to &gxggﬁ‘{?gtli&%@éfé&ﬁ%&g@%ﬁeﬁﬁ%a@g' p?oc{u% uABR FermhCsif 8 il xﬁét%d'étdo%%t of

ferratda
require the addition of potassinm hydroxide to sodium ferrate.

[00501 Thus, the ferrate produced by the methods of the present invention can be used
or purified in a solution-to-solution phase manner, i.e., ferrate is generated in the solution phase and
is used in the solution phase, without the intervening crystallization, or conversion to the solid
phase (i.e., solution-to-solid phase). If partial purification or separation is required, then such

purification or separation can be achieved in the solution phase as well. In certain embodiments of
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of ferrate, addition of water, and dissolution tanks, to naive a f ﬂ §Q4
time (dissolution tiy to the process. In theg Iutlon t o- solutlon pha
nmet hod, ferrate is al eady in aqueous solution and can be used as such.
FurtherW@r(@,’OGlﬁB pHis to be adjusted, it is nore effici eutropramysst the pH
of the ferrate streamonce it is produced than to adjust the pH of a
ferrate selpésestinpheaes tedpiodest ddehidy rSpbdndertddad kay phdse odt Bhn théelonadgt her
advant age, of the sol ution-to-solution phase concept is the ease of
product|8ﬁ 6f custom bl ends. [ 0052] The above advantages result in the

entire procesfoss ng nﬁ%ﬁﬂbn&nd)lmq)haﬁcdaﬂ&m giddnséc Aot FroRYAl ddelle es
processeg q}j}%@ eI atively |l ow cost of production allows the ferrate be

used in uiian-fogzolid ghase gethodg For gmple: Afizusied phovsasaavesgiaihto solid 0T

subst ant c@&amzaua@iéaﬂdlﬁb b tHe Qatutd 6F theblustbrzibh gc@%ﬁéddoﬁ opﬁotetsksﬁm%f&w fgsdue
ferrate nmay now be nade " available to

toits c i nportantly,
muni ci pa&%ﬁﬂ’(tgg restatizationof sedivp dewse nderate with; qetain eamnteniopy eancsyer be
consci Ouﬁ'yst:{l%ﬁ%} cAtkibd B9SMESS urfder »“’ér%' ﬁlfs&woﬁ&h&ﬂ stnﬁgeﬁué %lﬁn&'-th—%pfﬁewe end

user to control the anount of ferrate to_be produced his may a Vi at e
or reduddatafenscai Yirually quywawnierign eanrbepend: & addft@rlmcefezmw caaaihzﬁda it wanld

al | evi atjaR@toHe ré-QsN AT hdiRowSRE] Ror §§e0 r’.[ﬁe f‘e%ﬁs@fuﬁon H—fegﬁig Q&Q%oﬁlqzﬁst (b af Ing

Ferrate A. Sol ution Phase  Production 54] I'n one aspect he inventl on

rel at es Sfderepteraddition ofwaien 9nd distolntiop fcn@mezn fay) mlﬂéme(fhésﬂhémnpmﬁ)smge
M Xi NG oS 3R Hhe soiRtist-foQBhBONPhsS | memo@@erfa&@ie af@l} PR sazsﬁoﬁt' a0l g BOENT

in a mxing chanber; deljveri ngbe 'east a paortion of the aqueous

sol utio ﬁ“?doasé“"rhe Furthesmorenik pHds to beadistedh iidumpip efiisinnt t adingt the pHL af the Farathe
)r eact | ORLEMRBRR i is PRdduky Wt@édjk?@ﬁtpl-ﬁoﬂgé)fe}rht@ RoRfiord Bﬁp&r&i fréth 33&180 sQifl te

of use that is proximal to the reaction chanber; and addi ng additTona
aqueous T 10 WhieR oY ¢tramothss advantageofhe POIUT‘@G%TIU‘FQH Phask pngept tiv the rase ob f
skill Ilprddh&marofcﬁsfbﬁ{blbﬂdgn can accomodate an oxidation state in the range
of 0 to +8, including the +1, +2, +3, +4, +5,  +6, and +7 oxi dation states.
Iron in the ¥58ki daftbrbave fieentages resvibint the snfisnprogass peig wherpsioandameres al t s
of i r on eécnomébal tharWhé vailatilayRoeBes. DhE etaaﬂvay 1&& aaseoiqim&icﬁ&}ﬁmowaﬂk'%@rédf& fo OF +3

Fe(111)). In th text. of th nt ferrate’ 16 JUN 2004
W0 021 0B MRt R WD o stipes S B oo v et ribsHgy pbivaiehie o5 thes, 45,

+6, +7, ogididingGenstitaf the Bozﬁpcaﬁl&?alne ito s gost ONIBEL lﬁlpa@mﬁe@m maly&oWbe figdeV! ) |
Fe(VII) (VI te ion al nt ai. n en atons. It may or
may not a‘(’:a%rar%? |°s’a““é?‘% % v F"’éﬁ%%‘f‘%ﬁ?ﬂfﬁg%& QPR may al so
refer to a nido63ir e dl‘urthemme amrmelgsmam;iohrdﬁlfer'mm Madwsa.ﬂs ek uglntd ennd! #eeS, as

| ong as ] he ions ¢ iron, exhibiti

oxi dat i (a)lﬁ&usnltt Sf?e;m% tgéeif 0%9 |g ey O efr% x%FPSI“@ed ?ét"fvﬁ’?tgryrcg’f“é& oft o a
Fe042- ,fen\m;am@ddlh@lmraﬂﬂrlatmglée(édhc)mgﬂldneddeostbrhe’esrram.ons in the ion are oxygen
atons. A solution conprising Fe042 ions may also contain ions exhibiting
ironinits -1 5 OXI dation state, or any other oxidation state, including
)the el elen £ess for Bfepanimpferated it woul d still be called ferrate.
Simlarly, a ferrate sol ution may contain no Fe(Vl) containing ions. A
ferrate solution nmay al so conprise Fe(V) or Fe(lV) containing ions.

Ther ef ofte,afglutionPhasedfneductiony Fe(VV), or hi gher oxidation state iron atoms,

and at | eastg8g. OX%ggHe 2420 {h§ lﬁ&qaamdl%fa@eq th Q whod’ &' ofifiously §nliEliSink ONS

may be either cations or
ferrate, comprising mixing an aqueous solutlon comprising an iron salt and an oxidizing agent in a

mixing chamber; delivering at least a portion of the aqueous solution to a reaction chamber;
continuously generating ferrate in the reaction chamber; delivering at least a portion of the ferrate to
a site of use that is proximal to the reaction chamber; and adding additional aqueous solution to the
mixing chamber,

[0055] It is known to those of skill in the art that iron can accommodate an oxidation
state in the range of 0 to +8, including the +1, +2, +3, +4, +5, +6, and +7 oxidation states. Iron in
the 0 oxidation state is elemental iron. Most compounds and salts of iron found in nature have an
oxidation state of either +2 (Fe(I)) or +3 (Fe(Ill)). In the context of the present invention, “ferrate”
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. 10056) It is understood by those skilled in the art that any ion Hefuillisiié
counterion of equal, Thpugh opposite, charge. Thi;"s‘}i s also true for the
ferrate,] the present invention. The counterion ny, i on that
render EWQQE ?Ia?é the overall charge of the m xture comr@@%gyﬁgy“ ferrate
ion. When ferrate is an anion, the counterion nmay bhe any cation. The nost

common f SFHE 63 2t fQ% GOMPESIG IngR 1] 1t Kb haths + Tadidy £ oXidatiop §iates.si-q.rrompsising

oxi dat i oBe@VRFEV),IHREVI),Fe( VAR ot Fe(RIM)AMhOTerdtl Gort M comPHObB/gbPRtomhs RALHIS UM
Any ot her counter-cation,_ such as, and without limtation, sodium

cal ci um "HEGAFEMERTS Loms, e othegelementsy furhesporse Tt apay. alfogelto ppixture of
"conti NU@KS bomBRME fidh il Yariod oxiARbhlsBHQUA! 1neSHNt REH1aZioRtbn drlthe Bnd®ANsL hat
once ferrate hegins to be delivered to the reaction chanber, t?lere

cont i nue¥°t B MgAnAHsHEn spte of drirohegtion, Thve, for seamplm Tatnimsérs toor FeBd,

dur at i onwBére tieiRn iNBSVHNR MR RS alosnsf ‘tl{égorp_ﬁl‘@%f{*ééﬁ%om-gh%sohﬂﬁn c%gﬁ&wed.
hereinbeLow in greater detail, in one enbodi nent” of a continuous generation
process ]!T‘fp'* A€ 1Y e compinronsirahibiting dver it iy &hoxidrtiontsiaes; er pry etharoniltion f | ow
of mat ergdiad, ﬁ&ﬁﬁ%@@d%éﬁtﬂ‘%ﬁh%{ and fleBmQ shilf %Edl@?fe?@%%ﬂari %?{{Eﬁﬁ y

enbodi nents, as al so descri bed herei nbelow, nmateria I nter

t r ansf eroBion pgicoan pokeh\D) cpripipiag ions. tA Eerateaohition mek alsb epmptisel Be(V) or

mai Nt ai NeIs) dbntaihifBhs. SEGRbE! dn§lich dothphilt LG m?é%

certain eegg}gdinrrents, %he ad.ditignal °g‘816g§%§&§§166?’%3n 0 t%h%sfétg%\gl{z&tﬁeghod i S
added i rfad @t ks ane oxvgems atpmt in sensidered tp ke (fauae.t hEermsisripasonaxnbe ¢ither eatioroos

sol uti onngdgti vered to the reaction chanber. In the context of the present
invention, for a second amobunt to substantially replace a first amount,

N he second arfBil nalf ipendestoed byiese défiediin the artdhat gaycian ssquirgsaconnferian ofst
amount . ehf)3Bdugh BpsRAd, dhdre& PR s MR e #:1Re HRHE 9hs QF tHRPAUG ARG "Alee
further conprises  adding a base to the aqueous solution. The que nay
conpri s&UisTiop maydly WY den Bt wendery pewtial e woxerall phasen efithe giixings commtsing they of

hydr oxi dérateish.dWherSfdtrhte WinQnichUthé dufiteriShinhy bany RO THE flott@omRidR $RPAS:E
acetate, bicar bonsz.g%iepan carbonate, .or a conbination thereof. "N trogen
2T

bases" &FEtE@aEd riYhercthe PR ISR dfs ¢ oxidetion satre the Tergaieisiap anigp apd theogen
bases i naintdidn ib potaghn.NOAny bikiei €6lmte-catif]TBthaas, dnd withbhir 20t Qah0160
PCT/ US01/,22044 ami.de, .net hyl ami ne,. net hyl am de, trinethyl am ne,

tri met hyt SR oB2Ene T STy 'nrg?y%]fqlﬁw i de, aniline, pyrrolidine,

pi peridine, #087jpyr iBk fe@ntinousiglgeserithhe? eofcoh@X6isly fmtiRseRlLT R if flcimtiBatby t he

nmet hods _of resent. i nyention. an j.ron salt _nust he rovided. "lron
salt" of qssfta i g?gei?sr%nbﬂ ‘{r%é?'eé'?ds%t Be 5633%6%%1‘}13‘3"5 st coptiges g‘é ¢ &% 3PPy Sdt om i n
an  oxi Gatteon ths resctionothebertfiwcthe de@mniinn oFfiencitlizd the Ssdtiiod GsSkedngypyadiioed. Mtukleds of

el omont Aot REERbEY i Reai? arth I B5E Fubdlinbink s borfiipus roep o i

i nt r odugdcprgdance mith theiprespitinvegtioh theteds a ovnstayt frev éfonatérialyfrod eheomixthgichanber Nsi de

the m xjn r e t.r I e_iLon Joow |l have an oxi.dation
ystate g%roeg'te gljra t Igrf h%l;rreg‘, tp?rg ee]?g%%d'@?h%raﬂ%% d%%éblj%\r’]%e{?%?"seﬁ’&i'a%‘f‘?% Mstate

may be nEezuiteetivt raasisirechfrpyp the mitieg chaorbentoahs regctimrhambedvifil omainthigingtanr t i ng

oxi dat i RE S BrckiQintihe e;ugi'og%arggg}‘.dat ion state of +4 or above. [0061] In

certain enbodinents, the iron salt may be selected fromthe group

consi sting BP58ler r lgcomtainrambedinfentsy e sddifianakagusont entwtion of eabodbapetiicris ous

chl O i dgided B #d SmdUnPR SBstadii QT A a0

sul f at e, ?er ric phosphat g, t%e&?%%cgﬁﬁ%ggﬁ%% %{ﬁ% 39‘%?‘?%{{1/ rogxqe%‘gef'ed?tgrt}’%us

reaction chamber. In the context of the present invention, for a second amount to substantialiy

replace a first amount, the second amount may be less than, equal to, or greater than the first
amount,

[0059] In certain embodiments, the method of producing ferrate further comprises
adding a base to the aqueous solution. The base may comprise a nitrogen base or an jon selected
from the group consisting of hydroxide, oxide, sulfonate, sulfate, sulfite, hydrosulfide, phosphate,

acetate, bicarbonate, and carbonate, or a combination thereof. “Nitrogen bases” are selected from

acyclic and cyclic amines. Examples of nitrogen bases include, but are not limited to, ammonia,
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hydr oxi de, ferric oxides, ferrous oxides, ferric hydrogen carboniy?
ferrous hydrogen cardgnate, ferric carbonate, j ferrous carbo eJ,UN)rZU@*
conbi nation thereof ‘AYl different forns of ferric¢ and ferrous oxide are

cont enpVa¥E616® be used with the nethods of the present PCEASAU/22984 [ 0062] -
In sonme enbodi nents of the present invention, ferrate is produced by

cheni cal amidyi Héhylaningf méthﬂmhfd@,ﬂtri&&ﬂiylamﬂ&ﬁnﬁﬁ&mlﬁﬁllde,ombtdﬂhinﬂﬁ triethyRidigs, ned

by m xi \r,:%l n oxi FI.ZI n ent, p ‘ﬁ“ sol UE}*‘ cont ai ni ng the oxidizing

agent , o yErofiige P f‘ e, 3 W"f & HlsdPEe9fon containing the iron salt.

In some enbodlonm)t s, Tolpeodusd Rirate by tha@efods Gfith@pe@htinb@fios AR irdh BlNGuithe
I di zi added the iron salt to the sol ution containing

oxi di zi ng age or,
the i rongfgaﬁ “TFB ke of rﬁaﬁt‘ﬁéﬁmem&% Fh Gpapop ghat jcppyprises jap irop atqnp dn an

sol ut i oNoxdAbRitaG Bt tgh 2t NTHAKdn salt Gsed g ek :hah&d%%f@ﬁ%' ﬁéséhtnﬂveag&mmy 8 to a
sol ution ont ai ni ng ghe oxi di zi ng agent. An "oxidi zi ng agent" is
?

cheni cal P/ i iers ¢ RaPy gXidiging slemspiak irpmetther shepigally orsleg Cthélélcﬁﬂlf E"Qré@mféed

In cert aﬁ]ﬁodﬂ&mﬂdhtﬁﬂﬁﬁ fhixitigd) Ghafbb:braly R BRE RS tlﬁQﬁRfah&?ﬁnsﬁB ieSRxing c@:ﬁﬁb&f t he
follow n ﬁﬁﬁ@na pohalite ion,_a halite ion, a halate ion, a perhalate 1on,

ozone, o inghe fon gathwillbaveian oxidatiop state.grenter thanyeera proferably 43| ar 13 a
per aci d, iheug td@iafiote mag be eaaeﬂemeehﬂ% thé B6J 86h it QR03led FIROE FRALS ©

the inventjon include_those in which the oxidizing agent conprises a

hypohal | P¥aigaep dhe il exidation Hate 6F tgy 20¥fsi sting of the hypochiorite ion,
the . hypobr onadsg) i ONn cafsin bRABodIMARE aRiifof sé]pxﬁay wsewciae@mﬁm@gb Egﬁls@ﬂ% L he
e

|nvent|?ﬂ2§ t.he oxi di zing agent conprlses a lite ion selected from

group cd¥hdiras pitrgteoferrpppiEpieoerriceehiagide, f?‘lﬁ‘élstfﬂ?ﬁﬁ?»tfémcd%‘iomldarfﬂﬂ?%é’fp@ﬂiet e
Nylon. In pasié samher feRORO AR t o ﬁ&sﬂ]aw\&e@&ﬂsoiahos}:m Otirfll By ddGki@y SRkrous

corrprls hgl ate jon selected fromthe grou con5|st|ng of the chlorate
i on, hSYUPE jflec ioHles, frmospxides,fairie hypiggen earbangten fostone hydipgss dizphonats, of

the i nv@é}hd: Cuibonte) dnd Ferrdio Sorbbihte)ot slsbnmeuex tHdkeok. NAL YRREnt FTRATRY FeP8S arfl

per hal ate. i on ;el ected from hewﬁ conS|st| ng of the perchlorate ion,
the per FFERRMH eai“%??“*"&’r?&‘“‘f%@%ba IP?S'PP“S o6th BNS%G‘EGWOZI 06160
PCT/ US01/ 220{1]062]0064[]1 sdifiél Smbddimétils EROstesaR thveRtior, #rd i@ pidhiced By AR,  an

agqueous Iutl r salt a d an idizin ent mxed in a
i g ehabpPha a3t e SopaaRBiodh el b bl sndiambassma 1o
the m xsoigmhamhahagahe btidizin i nmt, vitheths Bcbmiautpar whh feXonktibim conleinifig telifbn
chanber cer erjod rom.seconds o
hour s d:sﬁe’n |sﬂ%e S%L?%mc%% W'g‘ﬁglg&gem’t%ea Sfﬁli]%oﬂd’on%mg’g J“’f REIEEE 8P r e or
t he conedskd icethé mon salt, dn‘rtethersghaeeh emtadninglthe fren siti, wheedasi in thlaeexﬁfoﬁl dfne;gﬂgm ze
(ot il 51 808 LGRS bRy R Kb O, SBS. HOOSTLn S LG RO LS
t aki ng p ace a por on o %th queous S0 ztmg aﬁemsor 8eﬁ V88D to a
r eact i osontdiramethe oxidi iimgagentods “?mdlzlm ngenﬂ”ss mdie¢1qahcm¢1mm®aathmnw basthar f or
a certa . : t . n 1%T0) er I
sol uti olryl&nrpo Bﬁ%glgﬁ?%%frlé% f‘!'eH: r%n ncggnﬁ eﬁg{;ﬁgﬁé %é gﬁdl A %Bmgl?se? ap%ﬁ?te for
)use i s onstafrthg f?éléwbasedimbahtheom@ddhfeopn tahbdléftermata@edml}htethe, aonei dxone)s  f or

th f
For rat o e gPfoni@on slREhRkh AR A% SHFpile REAEHLS HPEY sieialBen |

t he rea®¢®efh chanber nmay range fromseconds to hours. The reaction chanber

may al.so be Mﬁ@‘f as FhboliMedisNg {hé‘q}fvenhct) ﬁ'ml’udé"?l B GR &lﬁchk&%poﬁd]gﬁggﬁn%r at ed

ferrate, at a certain tenperature ed at a late ol di ng
t ank nespupEsesta hypabalite ciep eselectad efomp rthaagmap t@n—’pmt efy thet Ipwochlariteiiomethehi gher

or | ovegypbiiaRitd RAMAEHR Y BhHER iodNGn other embodiments of the invention, the oxidizing

agent comprises a halite ion selected from the group consisting of the chlorite ion, the bromite jon,

and the iodite ion. In yet other embodiments of the invention, the oxidizing agent comprises a
halate ion selected from the group consisting of the chlorate ion, the bromate ion, and the iodate
ion. Certain other embodiments of the invention include those in which. the oxidizing agent
comprises a perhalate ion selected from the group consisting of the perchlorate ion, the perbromate

ion, and the periodate ion.
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solution containing the.ferrate is then renoved fromthe reactlo chamber
and is delivered to the Jsite of use. The site of: @e IS "proxi | 6 40Nt gt
reacti r. [0066] In certain enbodinments, as they I is renoved
fromthe %@%g chanber to the reaction chanber, addltlé )g?‘s]a%ﬁgous

solution co ing t i ron s and e oxi iZI age I s added. to the
ot bl do8nS e SRt ofpEreh i Mo gt aget SoRERTor e

conpri si ign sdnd ki 6XidBalgtagaids dlked B Mixinp KEand@aNA Hase, addlashbinatiénef bakes, Ng

chanber after re wt t ] Xin C.h nber has heen
o r oy b5 1905 to e A p thp . e S it T e oo
enbodi Megdrs cetaid Lol bLARBIWHIEHMAR! k)R ﬂoﬂ.&ecohbsetofhbemeﬁenalh oxﬁ!ﬂﬂ&ﬁfdﬁlo&i@bﬂt i on

fromthe m xing chanber to the reaction ch er is contlnu refore
whi | e feﬂ’Fé‘E‘é‘“&s“' Sve‘glé@‘PeFf’éW BhihereRcepgration 86{%%%“55 oHgEs gﬁleiié“ Bt?

added tOr&@]ﬂmtﬁ%lgm@)ﬁfmtebﬁﬁﬁﬁmbd‘gm‘goma of the enbodi nents of the
present invention, in addition to the iron_ salt, a netal oxide is added to

the mxture. PRSInet As beimsingds e Haedt dtashnpopion of thrpquerys splation is

product i gdlivabd fo reatkin cRAIRES Tlibsaqﬁébué)idhﬁlbﬁ‘ &l held il R RIBba ciRbér ol N€er@indi NY
chanber, or in_the reaction chanber, or anywhere along the path. The netal

oxi de nar}enaﬂ gfimpeuntth thecronesnigatign,af frriate dn e F?lg‘ilqvgfeaeﬁlé%%%rf@etgwéwéhtmeo t he

product i QcafratfR o Frfate W8 {sWeteRthifed BrsddnNBe RARABLME %n’aWanaftHe%né]ﬁBﬁsat e
has been contacted, with the object to be synthesized, cleaned

di si nf eciopthe syuhers, @ijuseo Certpiy arplicatians mangapiss hieher Walds of e thas athersyi de

may  be ariERifdte, dhcdiithe tHat Aueord sbhﬁé}ﬁbﬁamﬁﬁmﬂlﬁtﬁéonoﬁ E;h@{ber Rbpfakige H64 Mcondd
"transition netal” is a metal within colums, 3- fhe periodic table.

---~)i €., nepdows Jhe peaction shambgray jaisa fe ysed 25 2n 46 dﬂ’rﬁ‘“’?}hr bfri tiFeenarigam ée,

i ron, CcoRddrited RinGleCh a EARMAEmMpMRtheZiobe uledial 6l Sater thie. " ThelloRfidg tilkimdy bd & 2
rretal in the |anthani de or actini de.se tals with atom ¢
nunber s, TO8 teppergiye.0F af 4demparature tl?“ﬁﬁ‘t"‘l‘l;g‘ﬁﬁ‘l‘ﬁhﬁﬁﬂr @@Fﬁ%m"&'ﬁm%{“ﬁmt rafsi tion
netal s &Bﬁtxfmdcdhmﬁkg ’(fj@tfalh'ﬁe lsdﬂfékﬁreﬂﬁfreﬂﬁ'dﬂi(thdeedﬁﬁyn H&nﬂﬁb | i is! ﬂééi@&bdi @02 téhg o
titani.umox] de adl.um.oxi de nane_.e Xxi de, cobalt -11 JUN 4
02/ 06160™ ?’ﬁéﬁsﬁs’gf/%?@hﬂsed%p&‘@“m &Pﬁ‘ghamgﬁlbper oxi de, zinc oxide,
gal i um oXi dgooog} t r i mraemh(tmbodzmmm tlimatﬂm:idiiés remwabfmrﬁﬂﬁxmfiﬁg chaplbybdenum
oxi de,’ tg%hem u m .oxi d oxi de

0
cadnm um Setiaon St agtiga oS ouion Bt S £08 SR wpd e il o6
t ungst eris aidedie, the hidiig chambern de pthersambudiments, cdditiomal dcilmmscmludm comipeiing the

X1 g Uon30arhd 0680 ALO% 11 SHSHR 1SS S IR mid QS B

certai n enbod 'on conmpri s eis
| i ght heikiog ehmbedbas bryn (reasferred tgttlhverpacenbddtmwntk is cdneenpditedtin svme ofrthei si ng

ferrate h)t%o&?n ug] reg&&lsmen{lgt owV%aeplr ealglsufuh&ﬂ' %érn?ﬂin@t ed

with lig be a any ency wt

el ect r orchayhet todh%fﬁé@lqﬂmhpmberes ccyntm@r-l% B@tﬂfmenvhibd‘ﬁmtmwe@e%@w)bmhvyfan d
gamma rg“iuggiﬁogpsolﬁtﬂ)ﬁllé’g'lﬁgadﬁgd% g%é réc k]?,gt L visible light, or infrared

)I ight 1 Certal n other present invention are

directed to #9068kt chin samscefsthe embmhmw@ ‘Wrﬂ“l:?(e?e@?f myeRionsingdfiipn tocilie s e.
Thus, thasq G eial R @l thdRipRieS T mbtAVEMei Y bededlit WBF bl dufindtndet hod

of synthe5|2|ng ferrate, conprising addi ng an aqueous sol ution conpr|5|ng
an i r on pEadnetion o fasigte, Rithir A5 AR origjaa) tngradieat, &7 3 they MEHABBhamberPyin e xep@ionqueous

sol uti oRpanfiel oY Slywh@reAlong the path. The metal oxide may also be added to a mixture comprising

ferrate subsequent to the production of ferrate, when ferrate is being contacted, or after ferrate has

been contacted, with the object to be synthesized, cleaned, disinfected, oxidized, or coagulated,
The metal atom of the metal oxide may be a main group metal, a transition metal, or an fblock
metal. A “transition metal” is a metal within columns 3-12 of the periodic table, i.e., metals in the
scandium, titanium, vanadiem, chromivm, manganese, iron, cobalt, nickel, copper, and zinc triads.
An “f-block metal” is a metal in the lanthanide or actinide series, i.e., metals with atomic numbers
57-71 and 89-103. Thus, lanthanum and actinium are both transition metals and f-block metals.

The metal oxide may be scandium oxide, titanium oxide, vanadium oxide, manganese oxide, cobalt
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| east a portion of the aqueous solution to a reaction chanber and -
delivering at |east gmportion of the ferrate te>p site of use tHa§ Jigiy Jppu
proxi mal to the reaction chanber. 100701 In certal n enbodi ments, the )
f err at eWge3@t0ed by t he above nethod in the m xing cha€Igusoig2adl i ver ed
to the site of use without being delivered to a separate reaction chanber.
I R H;es eoddd) odikek nkide, dopper efxblep zint loRide) xdllhan cda&mjagntrinmﬂdmidb,ezifcﬁ?iﬁmi eﬁiﬁe’
chanmber are one.., an e sane. |In certain _other enbodinents, . after the
g i B i RS &Pt il pRUE g e, peledien s S gride

hol di ng ¢tamiumbeide ihdium oxideptin eiide, hathium dxide, taatah@eddde, thipsten vxiay,@Atniukhe
ferrate solution is .hel.d for riod of . tinme that is .|ess than or equal to
the hal f‘-”i“?er R ﬂ’&gﬁﬁé‘?%’%”‘i =p§{“H‘é'“‘58’f‘6$ i°6r?ﬂlﬁﬁ§5f~‘°fttﬂ%m%61??d?¥ esfd t{lgS.ee. ,

t enper atmetals. concentration, pH, etc.) it is held Solid State Production
00711 In ano aspect, .the ipvention relates to a nethod of caontinuousl
[synt hesi zi ng é’g%r’]ate, Emel cEpentsote selppnLompKeing Ergte is Aradiatsd wath lighing a%
?xi di rz1i‘ ”?fﬂa@@ﬂﬁﬁringcﬁal ilﬂuﬂﬂﬁhﬁbc{ﬁﬁhén\'s?ﬂie%hﬁb? 6@ sil?gt ﬁgﬁﬂ;eiiQReﬁfirtl e dr Xt ;JL e
o a he ng c er: exposin ne m xture to elevated tenperatures in the
heat i ngq’@h’é%ﬁ?r , ﬁbf"élﬁ?ﬁ@%’ég‘ﬁ%"i’%"‘ﬁ’é‘? ﬁé}tet,he dightgDinbe aﬂtghtg%w &eapmmeyi on

of the geifhed ieatbchrbligibe {pebifing, Q. RBAIcRObENSARE0 WAL AR :@ﬁ?&- Mcp%ﬁma

m xture tQ the r}e tlgl%_é .chapber, 100721 In certain enbodi nents, the
exposur &agftionyachidng yhraviplgt lpht yigiblafight epifrared light. and the renoval of
ferrate fromoigm] expeskis oihsr GABIRHRIEE th PRASl ihvinSG Bre AHRGEH R EBatch NE
addi tional mxt ur_ea, gﬂ?d tq the heating chanber is_ in an amount to

subst antf%Fisy qate 3 genpigisd groer Hius theseprabadinsiand the mspreRtriayention i ng
-~) chanber are-dirdctdd fo alidbihod 6Py M6 shagGera8) chibridisddge A 4qiddRy sutldy comprising
/"continuously . delivering" it (s npant thgt onge the mxture of jron salt

and ox"af"2¥ a&dé‘ﬂf”“ﬂ@g’ﬂﬁgﬁ{tlﬂ‘ HRIXNY hyBPEmEdng e aqneads seltion; debvering jat

c ﬁ nt i nlﬁlmmq}ob:&ndﬁﬂie\@ﬁ@ds $olutioh € a Re&dtioh BRnsHRAHRE Befvefing 41 @eabi Pt ofQhe T 1 ME
that t

t.hod..i s. bej.n racticed. [0075] I.n certain enbodi nents of the
inventiger’ir,aeat°Bﬁgee‘,)f“égthﬂtg%gﬁ”?“ﬂﬁhtoﬁger@%‘ﬁ'?“F ®50 added to the mixture.
[00761 | n sope70f thk enbindint@intent] tHehRrrite Qfeadthted Dyemié aBtke hBBodViK iy € of

the irop. .salt and.the. oxi,di zi ng. agent is carrie hrough t he heati ng
charrbergéxrlln%dtbaé'f ' lsl'ﬁegwﬁr&it Oi%lée %ﬁed%e'éslﬁ wﬁiﬂ’gﬁ’?’% gleﬁ%etd ath SRS Te3ron
t enper athamber. inghese etmbadimeds nherefomp ctha mitiag chidntter anipthe rdactdidh diliyiberiafe brtde,

but. not dmie . T eel , al.um num . gl ass,. poyrcel ai etc.
[00771 T clé sfh. nﬂeéﬁ%'ﬂioﬂngggémﬁ?ﬁsé afich e it Eﬁ%‘e Teikip r"%m‘?eb?’&g‘bfeéﬁte
di r ect | sphabionds ti¢livereddd a holdingrtasiswhere dttik &eptemtibil neeris séededie Inmhngt eviest, itise
pour ed j ' ' ; : | .ner I 0 el.t. In any
bt nes: el soRbPiREl T Kb 5r GALUA RS h 8 oRaP e RIERY PR Spts Pure
i s not the saluticpamdenthe wpoditionsi(ihe. gempergdvegoncsidtion, gH, GiODIF 8]helhe heat i ng

chanber is heated to tenperatures higher than roomtenperature. "Room
tenperature” is about 20 C. In sone enbodi nents the heating chanber is
)heat ed Bo a Selidviate Broduationf bet ween about 20 C and about 1000 C, or between

?-bOUt ?0 C t[@ﬂﬁ_]ou" 10 Ofhoftrer %pacge{hwe%eﬂaguhelgtgo tg' 4 Qn&p&lutof 49091ﬁ§;[)0u§13§
about" a certain tenperature It Is neant that the
synthesizing ferrate, comprising providing a mixture of an iron salt and an oxidizing agent;

continuously delivering at least a portion of the mixture to a heating chamber; exposing the mixture
to elevated temperatures in the heating chamber, thereby generating ferrate; removing at least a
portion of the generated ferrate from the heating chamber; adding additional mixture to the heating
chamber.
[0072} In certain embodiments, the exposure of the mixture to elevated temperatures
- and the removal of ferrate from the exposure is continuous.
' [0073] In some embodiments, the additional mixture added to the heating chamber is

in an amount to substantially replace the portion of the ferrate removed from the heating chamber.

-12-



_tenmperature range is within 40 C of the listed tenperature, or wiiqtRgi nJg
of the listed terrpera:iuie or within 20 C of the: Iﬁsted tenperat1ure OZB@I

Wi t hin thellstedtenperature or within5Co d
terrpera‘%grg(ﬁ%? within 2 Cof the listed terrperature %er@gooirdeﬁlﬁy way of

exanpl e only, t.. 40 nt th e.is
40040 Cin SOW§¥4]enb il “uoush'cfffgbe”&gl é‘ﬁ% 5}5’%‘%‘ ?gﬂd sone
enbodi mesMidizing @€EhO béginsito bsdﬂnveneﬂb@mermﬂhfg, chmﬁbe%OEEzoﬁnuen mtbbelblnenénlocdltn@ nts,

et ne Teatink hnbes 1SR uion F i BE Bt EeT B PEeE B0ottty ag | e otnor o " C

embodi ment s t[he'/a]errpeﬁ Aértaireenvtdd ingtsCifTthe grveritidn P4 0@3%,855 ddstritled) dereinh @dilg@nt s
where the erature varies, the tenperature nay be ranped up, i.e., the
final teitp 3 X{UEE- i gher than the initial tenperature, or ranped down,

i.e., the firneb7ejenpei ﬁﬁw&‘théeﬂllﬂidﬁﬁentshﬂ‘l’thé ﬁesmﬂmbeﬂbntmm@btw%e 407 }
|nvent|0n a.m xture Qf an iron

Thus, in sone er%odl nment s _ of teg é’o‘ﬁ i{

salt  arflt 4 B cyidzmgpes dramed tygy cajag chamber on p Selt. s The; belt iy made of

oxi di Zi Hght@ERNhat @Y WithsBA® 1o émdlresmlgm tha@ l@@ﬂ't&ﬁ]?&a f2. t Resd Blaterial@rmiyh ey
may be m xed subsequent to addition tqQ the belt he m xture nmay be added

di r ect | yocdiecbut pet bs dimited fo, piberysiteeh alpaapuny lagh PACelaipete-hat are pl aced on the

belt. The mgdm]e NBYcehsin @ABSEMERSs bfiBe HOGHBH NR Hixhes B peurkh&reOnbabRRy s are
put on the belt or the mxture may . be added to the contajners while the

cont ai n&P% WicEeas ip pher gehogiments, fée mixre i3 pewed e centaipers and the spudgmers akfed t o

t he. m Xtplk& @ the e m@ﬁyufme[sé)&ﬁsbhuffém helstrfich 8t SoMR So bARLGIM Re RBRINT
chanber, theretgy heat i l%F;he m Xt The heat nust be sufficient to

pr oduc e 1579F Feagtiye topar ¢rpther oxi %‘t%peed of the belt through the -13 1 6

DI 2[ 1Ut WpeA8[LO6 1Bkb 1RaTilslchTialdra2 hickfedl b @sthpeR@ured MERS thantrbéin kekjgtdirel tinme
the m xture is heated, and the tenperature to which the m xture is heated

are al.| Regmigmpsragie Tis pbout 20 Cryi Ip Some emiipdigionts dhe hepting charghep jsgeatsd tp gy

hours. . jR0RblurcbitRAMER Bout £ IRARBAH 10D €Y 8 betwdel QbR 3D €d 1JUbkitH08 »CNQW
conprising ferrate, is renmpved fromthe belt. The belt then returns to the

ori gi nabetwe@aqhoml% fC tthabortidQ0 Pon Byt “sheite agertain dempgiratyrgribis meant that the
cont Dl aheukd Aot 1€ FRYLUGRE of ﬂ{ehﬁstgielt%néfeﬁﬁﬂyg& bAifin ARt ARARRAT |

cont i Aiuou I'n sone errbo | ments m xt'ure exposed to el evat ed
t enper atemperattm oheithin[30 V€ ofithe histdd temparam,loclwﬂlﬁn 181°€atf rtlmclismmmtahﬁs,crduct i on

[ 00831 | n, .anq |nv iy to a. net of .cantinuously
bt nosPIMRG FRF el RRE Rpetanfe, oW 028 It Bei rbefhefE | PRCASE, SRt g
an i r onexaailple oy, bynfakounr gloo crandie meanthihatetht hanperatira gargl dsrde0+40 6Cpini R  at

| east two el ectrqdes: providing suffici electric rent to the at

| ast 1 RoaHERE ANEE0 D R B b misn 400 %r"eﬁfeme b ShCE o
ferrat egomeC@ioliiiéaidSériuo0el I0g bitkPerBodiBadd 0Ri0pes b Akl otieP BmbRAihake Tho a
site of use that is proxinmal to the  reaction chanber; and addi ng

addi t i offHie hodmnratsdhs FOPERtuCTORABS FRIBHVAY corsnhdrotehou theprasrss &PWS ipepl ace

)t he pOf&th&%rﬁﬁodﬁﬁﬂt@ﬂH&&?&rﬁ&h uxahémdlﬂﬁgl tHE pRMedsO Inhle leBRGAineMs GNRADGE -
100841 By "conti nuousl I|ver|ng is meant .that once ferrate begins to
be del FPRITAYS BIIEs eﬂ@f'@fﬁ&% eF"t‘“H?Sr‘l‘Pa fndte gl frEnngfre 5 B Bon e o 1t e

of use infHal tethPerdiifeabi r@mp&l dowin| . tthefinal temperature is fower than the initial temperature.

(00791 Thus, in some embodiments of the present invention, a mixture of an iron salt -

and an oxidizing agent is put on a belt. The iron salt and the oxidizing agent may be pre-mixed
prior to addition to the belt, or they may be mixed subsequent to addition to the belt. The mixture
may be added directly onto the belt or may be added to containers that are placed on the belt. The
mixture may be added to the containers before the containers are put on the belt or the mixture may
be added to the containers while the containers are on the belt. In certain embodiments, base is also
added to the mixture at some point.

[0080] The belt then moves through a heating chamber, thereby heating the mixture.
The heat must be sufficierit to produce ferrate in the mixture. The speed of the belt through the
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the nethod is being practiced. [00851 In certain enbodi nents of thg JUN 200k
i nvention, base is afdded to the aqueous solutiofiy while in ot her

embodi ments, acid i s 4dded. [00861 The i xi ng cha(‘nber conprises two

el ect r JHB206IRR el ectrodes are desi gned to conduct el e@CTIUSPT/204hr ough t he
aqueous sol ution, thereby converting the iron of the iron salt to ferrate
in an ellwetﬁrrgldzhmhérc&b lengthof tine the Thigtuie i0 heatdd, frllahd ﬂéﬂper@t&ietto which higveizpgen

added to soI S ron salt ol ved iron

el ect rodSBg? wiiceh ng“%%d@%so{hvgﬁmﬂﬁd’}?’ytbﬁé%%?%BC(PB’E‘ Px F F %l ectricity. It

is cont ehrrplngt[eﬁslﬂ hat Sabseq?htmlﬂmhe@mrg?m:u ﬂhghéawdrn?iamrd, Bow comRpt Bthg ferbdte, tlbﬁb

m Xi ng cha ueoys sol ution a m.xi ng chanber

f or agdlr?'?]%vﬁ Iﬁlomratggb? Qﬂg’be eBé‘ﬁY'ﬁf’WE "[‘t “Pf?rﬁ'ée ?qtdg mﬁﬁ??%fr @l s

fromt hemmum ng shasiaiiplited tHae theeaVéndiht of RBGTIBEX thrSughOffb iHe chaBbefXibier

Exanpl es, Met hods of Ferrate Production [0087] In one enbodinment, ferric

sulfate® P’PP‘& es may be added to a static mixer and nixed in an agueous

nedi um The 0082] C NiXedmd BEbodRENS the KibhGreEXPHRN IS RlebAtad tenfpeRBRE Hh §nof

m cr opar i cul ticles. Static m xers may be continuous radial mxing
sk pdionar's 52

devi ces? by plug flow or any other conventional m xer.
Static mxers are preferred in that they have short 1 6 JUN 2D0tt WD

02/ 0616Q, PCT/ }JSOl/ZZO 4 residence tinmes and little back mxing. Thus,
proper g@ﬁ—fﬁg—-émm%@ﬁ%ts with no fluctuation intineis a

prerequi si t e[§o88] goom RRsther APLAE -thd GR&Rlior"\1aIhkiae Mo e Shihed @ff Satilhsushf

static m ers. i s that they have no noving parts for. m xing. The absénce of
movi ng BAFCSZRA PP CHRRESPTRiTipg A agieeHs soton enmAs g £R SR ¥ e in & mixing
react antﬂaﬁibéxd whére ﬁfli?e\llﬁimigtchﬁlﬁ&hl @6mpiidee aﬂ'l%fit“fofldlei'cﬁ@clﬁh'%?&vzﬂlﬂg aftiedt Rctric .
reaction. tlc m X are co tively | ow malntenance i eces o
equi prefit™™" tl' ethgtaét past H‘?"S’(éﬁgmlﬁlﬁ%('jo F?P 3 a5t & oo f the firgn &P\%s‘f‘érfp

i nvent i amtineopslp lelive iz 0 lakied porfib® opwzspfeﬁateuad Jit0 QP u@@&ﬁi 1§mﬁfxxa1 b &ﬁscade
type rea Ior Koch, he Koch- SMVP

uch .as .t ho uf act ur
packi ng® gdﬂ r’&"ﬁe"%dmg tai‘ﬁ‘ ﬂf’%f“és ﬁoﬁ’@PEX‘EmR%ﬁ‘ng hpmbef o sublgmtially Sy
SMX andeﬁwemg/mnm{ aﬁm]quamsmnﬂﬂmdeanémduummtmmracmw reactor is used for
m Xi ng react é‘ﬁ ct nd st,r#lc mxe are saalget_o make
ferrate in tlnuc?’us 1v3m3§e R SEM Ué’n‘ffr TR Legifo iy PeThe
m Xxi ng deﬁcdwachuom sigyf he, mctbrmnuaswhe dedivéred ® the siiernd nateai tﬁedlﬁﬁtlcﬁll’bftlﬁﬁ:ﬁhdtat or.
Oxone ther strong oxidant in container is added to the
static mxergdﬁﬁg?’éa(rah]cq(aoxone as used herein refers to potassium
per oxyno nope[ﬂ@&ﬂ] f at dn egrtapoendwdiments of therioyeetiou bisatisadd&biadhd apeds golotion,
i nstan H%Xr%%&r&$ﬁ§a%§t The tenperature of the reaction is
adj usted through the use” of a cooling coil or cooling jacket to a
t enper at ur e [8086}boutThe mmﬁhamémp@nmméwp slectondes. GlHeetbctrirdes aghlesighedead
f or var dof feflcbankinf ARl B Silich ko) Son GHBL WS e ARG

medi um f or transportln 1 erric sulfate oXIl n reactlon pro ucts.
The volfermte wfanelestroghemical rsaomw Thezean of thedropchlemay hatvatbewm;ddqﬁ tpdls: sbhitipat e

productkon ¥bflsste ORI %]bepﬂe ARHREL q;ondélé{cujgﬁ{{e %_'lggcaﬂgdﬁgsg}‘}gatu lof ttﬁ

effective to maximze terrate production s ad
micro ftedpctin of ?Iﬁﬁmemmlk@ﬁompplﬂfgd thatrsdolutoncomigining ferrate is removed from the

mixing chamber, "additional aqueous solution is added to the mixing chamber for additional

reactions. In certain embodiments, the flow of materials from the mixing chamber to the reaction

chamber is continuous.

D, Other Examples of Methods of Ferrate Production

[0087] In one embodiment, ferric sulfate particles may be added to a static mixer and
mixed in an aqueous medium. The static mixer includes a mixing mechanism that is capable of
microparticulating particles. Static mixers may be continuous radial mixing devices, characterized

by plug flow or any other conventional mixer. Static mixers are preferred in that they have short
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.reactor. The KOH is coogled to about -10 C prior to introduction to_ the main
reactor. The main reaftpr is also a static nixer/ }0092] An excdsk BN K
prevents conversion of Fe(lil) to ferrate. The use of static nixers
maxi m 280dHP¢14te area available for reaction for all of PERESHERants. It
is believed that the use of a static mxer or mcro mxer speeds up the
react i onr§5iderce digies prgidibthy bagk méeng f Thogmsersr dosing of Seqrpaainopeitiwithng fugtuatipn aji ds
i n stabi b fhda bRk BLERTRrfodthéat e fromthe Caro's acid "buffers” the

d, h

ferrate. It is understood, however, that if the static m xer is positioned
proxi mal to w088l or AvsHerdasiraie featupreofsletiompgrs it theyehaye 4b mioyipea Pirfor s

optional yand  FeEOdhsiied %?tzijlﬂn%%ﬁn@%@&eﬁ%éeho@@%'@rar&kda{?@%nfoéﬁﬁ?iﬁ Xor
chl ori ne or peroxide. [0094 tenperature in the reactor iIs pre?erably
mai Nt ai neegctent/pepdedi motemedt rgdupdscthe need derooolaie condythdrrsaction| e stai@mdxegs as
hi gh as . : A : t ct rein
the. pr odfge Oy A i Aite bRORAFEnbintl, 1HE Sl ke wecl Wind BSHEDA° oo
of a st alhp @rasentdnvepiéemingy ba ingsrpraeied intoyaemg-arpush toop meactdraior im c4scrdle Sype

2 vy e DR LA B0 RO SO EABEARTE "
wat er or uxsRmen typb FME tSMESIR, SHELUSMX @pé.c m xer renders a
conpl ex chem @@Sg_] repgl i epfgro@ﬁgeﬁﬁ% @ic%’ readii’ ié“hQJd.sfoPIni%}ﬁx? RhoARd YRSLEr

treatnment pla . Because 0 roparticulation of Tron species and
very rapeattors aidrtptic ooxeyeare iveabld togoake dermite inlacattinuenppoerssi pea segdsontglows e
substantjally elimnated. [0096] In one other enbodinent ferrate is
produced In a continuous process by hypochlorite oxidation of iron (Il11)

. w)i n a strongl yi080kal i ke suiking i rogrhamsin imeaypbe ai tprtequs epitliyya mkising digiics on anof
sat ur at Gyl IRROGTURST hSid i Shdr IndfpIohAbA i YIRS ad b hOBHEHGDYopor.
di sproportionation of chlorine 1n a co causti c soda sol ution: I+ ofr
C - +. oclihe terpEoxerg) o] usedr hesein fefys fan\polgesingr daeamgorapersitfiin pr apatassion al

such as nio%@rﬁufade.t MedaBridnObdeli_inRURAEBIRS iddCocObidl el IPRE tedpEdiure B the
Ot +30C] - +2Fe ) 2K2FeO4+3C™ +5HO [ 0098]" Syn% hesis of ferrate begins by
addi t ir oreastionderdivggd thiopglsthe gsepfagpplinggpid pr coplingdackstitoadamparptusof abowt viden 20

C and_ 46¢cC TefmpaRRksisUontrdIRY throf il @il FoiwardREPbRA dREOURBCHSM. IWatkd f
reaction xture, and the soljd iron _salt or oxide iis added. Atnospheric

pr essur EMPloyed s niraspastgmedium fer transparing therfoaric syHatesoxidantgpdorepctipn geodygts.
r eact antrge véimde of il wathek ihimade tdla Rohdhk thtmatizes Faentspralibdibn Yigldi 0s decr ease

roduct vyi el while the |arger i 0S reqyi | arger . recycle . streans

Eack to %/he ﬁ‘i"&&l or,’g‘il é’&f?‘é“t@%%n%@d?ayoqﬁ 333%@@%'5? e‘ftE"Frtﬁ%l'@x’&B%eo 8%€i ti on.
[ 0099] Phauaicer age KIOrbis Gadagiero tanblerahictongixérask satie miter t IKOM eaidal tol s5mdig0

m nutes. Resj d(j{]c}fti rrlt%a great e& gé]an 30.mnutes lead to significant

ferrat ef?fefebris's {QH Breoolefl 40 byt 1Y °C mrige i) ingrofiuetion foythe ain g3eiPt  Thegmain

t ypi cal ksactdr RUspatEsShiter.f errate by weight. [0100] The reaction m xture

i ncl udes sol i Fe&d, KO, Fe 3 and a CH |, KC, and a
ysmal | amount [MZFG@?xcﬁ?é’f@{(Pbﬁgfgné;gﬁ@&‘ir?‘%"aﬁﬁ?ﬁﬁit%ﬁtﬁ% ﬁgg upesol a6 eased
t 0 35- 4 hfifedymiviingh burfae hieh idhblerfecicpitbate all be tHeatdching. fIt Brhebakd tiabhe The

t enper aBéJer

o?‘ alst%tic mixer or micro mixer speeds up the reaction process.

[0093] A use of Caro’s acid is preferred in that it aids in stabilizing ferrate because
sulfate from the Caro’s acid “buffers” the ferrate. It is understood, however, that if the static mixer
is positioned proximal to water or wastewater to be treated, sulfate stabilization is optional and
Fe(0) oxidation can occur with another oxidant, such as chlorine or peroxide.

[0094] The temperature in the reactor is preferably maintained at about 40 °C in the
reactor, but may be as low as 20 °C or as high as 60 °C. As products are removed from the reactor,
the temperature in the product stream is gradually increased to room temperature.

[0095] A use of a static mixer permits a method of water treatment that includes

shocking an iron moiety with an oxidant, quenching the reaction with KOH and injecting the ferrate
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recycl e&0Opawisdo t he reactor.

recycl edoft @niri@i KON, a
be washe

added to a r
m nut es,hypedriteadluficodiserditedar e treated with KOH, to solubilize any

| owered during this process to 5-20 Cto nmaxim ze the yield of sglid, -
potassium ferrate. Ti#g crude solid product is arated by centkiﬁuéHHi 004
within 5 ninutes of $¥nishing the KOl addition‘ahd the 1iquids are
[0101) The crude product ipETaAmot/azosmated with
and Fe(Ol-1)3. Selectively dissolving the potassiumferrate into
10E 20% ;(ﬂtbéaqt):; orb.yal sm:al 'tghdsr,shﬁlge a&a?o The uplofiafstatis niile é‘elﬂéﬁd%hlple]:{hﬁemm and
Fe(0O117) 3 ate inso in this ia and are renove centrifu ion.
R R YRR A RN e PN

mat eri al _midrdipafted' tglhﬁdre?jf}ifo_ﬁ dp&te;l?@ﬂd vérf 1p3) mikiey, f(cg:vléxﬂtoﬁalidaﬂqeﬁﬁmb&g éen%pSE:);atgre
reprecipitat addition of concentration sol uti ons, - 0

i pﬁ?“%gﬁq“fﬂ%%@%(ahwwn’[‘t% resulting mixture is 30% crystals of Y
K2FeO4 preci pjobsgle Wigbnk hthes Wmbobiiaidni fer@ROisestodiRed Gh e 8htinddds
in t.he eﬁlrlliefr,16,3uN ) 02 LI
sol i'd i shwarylorite exjdation obirqny actronely afaling soluhionsapd isqresinitgted by dierdditipnpe
SRRBtD hised| 1 1B3dke TRRRR! BISIMED b tisploforibintids e may

6160 PCT/ DSQ1/ 22011 separation steps,. thé

in a tank wt anh}/drous DMSO to renove any entrapped KOH or

TR Gold GRS PRtasaiubignt | ash evaporation. Next, the solid is

transferred to a nethanol wash tank: for further purification. The solid is

finally

distillation. 04] _I n apot her, enbodi pent, react ants descrj bed above are
ot st 1 sgh

col l ected by cenChiHf@Qfat rom—Tre @etitot H.s recovered by

rchEragon Mgy e ns Y Adingsa mege 2 ferzip difpate wythe

precipitated ferrate and the entire mxture is transferred to water or

wast ewat er or sl %qﬁ{fgoég-g%tﬂent_&bongl@f@pqi Ph.syelf | uent fromthe

‘r eact or
sul fate, KOHI[898] abofynteisafi oatk \teging dyraitldion MK QHesdnoves toh dlHwated

(R85 BRSO ERCATROBLASR. "SRl R oy 1 BOBLRARRD B
o et S e e e e
; Z‘gc £ O?}ﬂa%tﬁ{néd m %%l%ngigé ei ranges o(fmo ¢ ratios d)?t%'ftﬁ%%&%?}&éﬁ%“e@hﬁ%{yggﬂ&l‘&

)

is bein

i ncl udes unreacted ferric sulfate, “ufreacted oxoife, pot assi um

ure, S precipitated w ANy nee

1 eachi n§0dt ePreoymalirt ratios desrqasee ptodp@ bE:1gs, Iwhila et haeger eativs diquimtlarber reaycde i
gener at gl A% pAx38tcYedct
conpri sés one or nmore o
nmonohydr at e, [¥W29yen Hwsavgrage ghdidempentimgaef. thih derragait tenresdauiss1 8t manwesduced
tenper a#géiﬁence fitded gx@ﬁelzﬁ)larpfoo giﬂug%safe%j R sifShdat fén%{
ot her enb 1 r s as_ f
al kal i perBRilgEss thegedston s tyrieiliyPr (e peasstie foratp by asightim per oxi de or
pot assi um supapeyXi derpyi mﬁoﬁﬂmetﬁcm&s%mimdﬁ,%éﬁ%ﬁ;ﬁggmﬁQﬂa u%ﬁge rate.

The reaction i s believed to proceed bg;cahese chem ca

rati o FESEB KOW, K6b adiwomentyamoynp of Ks

p RN G0 SRR B acliioastn 77, 0 o e

? [¥]
odinent férrate 1s produce result o rect rea

2 (e KQH, @gcept:gthngtetl@;nrimm@ is
increased to 35-45% by weight to further precipitate the ferrate from solution. The temperature is
lowered during this process to 5-20 °C to maximize the yield of solid potassium ferrate. The crude
solid product is separated By centriﬁ;gatiéh within 5 minutes of finishing the KOH addition and the
liquids are recycled back to the reactor. |
[0101} The crude product is contaminated with KCl and Fe(OH)s. Selectively
dissolving the potassium ferrate into 10-20% KOH (aq), by weight, at 20-50 °C, purifies the
product. The KCI and Fe(OH), are insoiuble in this media and are removed by centrifugation. The
solids may be separated and reprocessed for use as starting materials in ferrate production.
- [0162) The ferrate ion may be reprecipitated by addition of concentration KOH
solutions, 40-55% by weight, or solid KOH. When the resulting mixture is 30%, crystals of

K FeO, precipitate when the solution is cooled to between -20 and 0 °C. As in the earlier
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1 Fe203 : 6 K20 | Fe20, : 3 K202 | Fe : 3 K, for both [0109] The 20
tenperature of reacti oﬁj or this synthetic approac{‘ﬁ- i s about 400 tl)BGO%H\b '
for a tine of about 12 hours. It is believed that chem cal reaction occurs
t hough WOB{PHY-solid % contact, a liquid--solid contact PEX/USOY26é# / sol i d
contact. The liquid is a nolten salt. The vapor is a material such as K202
vapor . [ GarotioReiapst thetselid froedligoterk byl entrifogatipn.n dhp seraratddeK OHzwlutings mey |be
m xed. Mg, id contact with air, as noisture and CO2 wil |
react w trﬁ&%sehr%?%ﬁ&%%gﬁgnts should be held at -17 1 6 UN 2 WD 02/ 06160
PCTI US01/ 2204818310 t gTheq@tassipm fgrraieardducadr manbe vagled inoa tanb reithy lihydragove

any adso o) ! Nsh clLl t erature.
(01111 en dli’éf?se% Y/egéiyp‘{él}%l%egg‘?ﬁs% gg?vgéﬁqd%ﬁ?%act s{s\?\ng‘foﬁl’&%@ r%t%?’fq] e?vaP(fratb?'bduces
f err at e, Nexjj the sdlidds| transfeared & 2 methhnnl iwash tatdpfon fithet purificatidne The sslad i €thafler r at e
i ons pregipi .he | t .C f.K2FeO4. A high tenperature
route pr gﬂ%%tg@%ﬁé@aﬁ%mﬁ%%eﬁﬁﬁ%&eg%’o%%r?éﬁ)agls%lﬁ With a requirement of a
subsequent pri#d@Hsi ndn atoder tmbaibpant atcatthdesititieé Glovieraenddbbtosatdctonicydled €. | n

one enbodipent,. th alt mxture .,s not separated, and the. entir ] Xture
i s used %oarg%wgff thre & 2\%; é%etré‘ 0“Eitllr;‘@ 5t TAGI08 PIRAPS ftfgikeate "’(‘T"i‘afogi K nple
process sohbilize iamgprecipitagl frrate ghd tiengereahifuee saraified o aie! @ivRStelvRicd of

| ower cogt, of. . productiqn, [01121 One qfher .option is a two-step process. An
| expenontis® gt Rt He ohe PABUTNG, ST EPE B detcke deriadis Al Rrasot o
to produmifate, @eactsd oRmE) pbﬂ@iiﬁg Bikige, KOH and 400152098 Hiﬁ@ﬂ\i&dﬁfe@@@.ci\l\lﬁspreégﬂé‘edgas
stream i ted.into a_se react gr caontajning hematite, ere a direct
reacti on&i &P‘ff"é'& o) re?ﬂggﬁleo%g@p?s%"?ﬁ wi h‘@at'?re"r?ﬁg‘?a Brogpel Strepm fscbetitor s A
-\.)and B armixedejtoumtabdwatet to optim ze respective processes. Wth this
/process, the filst reactor tenperature i about..1000.' C.and the second
react or terrpe[l;ﬂa(%ﬁre ?@e%%%M%‘“&‘ﬁ%gﬁ%éwg’sPP‘éSﬁ&‘gi‘fo‘ﬁqtﬁrﬁ‘}r be performed
in a static M6} aslndesther kaboflintenty hypakibiite nis afubstitged dnrd cklarine' gasac by
101131 I -0X4 S, Of n (a) cid r.oxi de/ super oxj de, ori ne
and . hy el B g Lo AN e 0L BreoBTREL PABRRBY Y £ o0
oxi dant deackiyg Hiep argktradsjuipnfent. use. Sone of these oxidants are described in
an article ongfesy r at i i i by ...Losanna, It . is
bel i eved tha?ﬂlgﬂ rre@ %ﬁ%@o%e&%ﬁ%%%@%ﬁ@@% ap¥°(%lgeglsaer‘%bdéz§fln%erﬁlt s of
the pre%ehan. | Redhidiznd ted comptisse onearmprf fefheF«80ne FeO:powi detatforric
On- Si { € o oAby Rfhucd bfeh Rl fd/bniorl Yh! OTho%En BEARE' QR EPYhRHAE14L 1N
anot-her -aspect, 'the invention relateS to a device for continuously
synt hesisgdbreg 29 & r@ueals of ferrate areaqirgduce. a site of use, conprising a first
hol di ng cha 51 a j %] L nt.rol lL.ably
"RAPs] 2 SRGRE gﬁg,p%wgﬁ%#gﬂm% profudth 1 Q%s&?gﬁ?ﬁ%ﬁcﬁleﬁéno% of2

connected to the first hol er and second g Chanber,
i nto whiplknli gerewidese pchals spriamf porestidenes| riitasgjum rerdxéde erpbiassiom ruperoxids with
second Rghgid ,lfr&g]}zg%m%ﬁ.ﬁn BFGG R urh Ferbal). " fohlifth iEbBlVER o FrobLADY Bk

chanmber controlla
. chemical reactions:
)

Mole ratio

, _ 1 Fe;05: 6 K50
Fe,0;+6KOQ, —» 2 K2F604+K20'_“3 Oy(g) o ’

Fe, Oy 3 K FeQy + K0 1 FCzO;_i 3 K;0,
1 Fe : 3 K, for both

[0109] The temperature of reaction for this synthetic approach is about 400 to 600 °C
for a time of about 12 hours. It is believed that chemical reaction occurs though a solid-solid
contact, a liquid-solid contact or a vapor/solid contact. The liquid is 2 molten salt. The vapor is a
material such as K,O» vapor.

[0110] Reactants should be dry, of fine particle size and well mixed. Mixing should

avoid contact with air, as moisture and CO, will react with peroxide. Reactants should be held at
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connected to the m xi ng chanber, the reaction chanber adapted to rﬁcﬁeﬂmam
the first mxture a: » mai ntain the first n‘ixtuaE for a period of

ferrate mixture in thé reaction chamber; and an' -“output opening in the
react i oWOdR4Mser t hr ough which the ferrate mixture is adapYEsd1/Lw4be
transported to the site of use, where the site of use is proximal to the

r eact i on 1zth@riise °C il & TEALinl diy sidgenat BebugBIRtreémbecanyiadiofsd G\h%m%r tb HEdr

conpri sei %\ ﬂ@gham cal %I tator. 1 6 JUN 20D WD 02/ 06160 PCMJUS01/ 2204

[0116] )i A iIHEMRIFE™ t he mi xi ng chamber conprises a tube configured

to mix the nieliyre aWwhéd dlﬁb@m@FerbﬂH@ﬂ@E'oklhe rdadRSvithl Kehhtlle, £8foli@ed ferrate,
enmbodi nent s, of .t he ention relate to einwhich tile mxin

chamber fiPPRLMN Eé%?q\{'é@g dnoa reeling @Féhsé‘g a@e‘%scl%!ec‘ﬁfﬁ@ frasnfhersalt wse
control Gyl 6f KF¥O,. |R¢ﬁgﬂd@nﬁaﬂt§i€ ke ﬁb&iéBﬁKEF%@4,rBu¥{wﬂ9 nfahé.ffﬁaas WMaeg by 2

cooled or heated fluid is passed through til jacket in order to nmaintain
the t enpEA%temert it sUhteayent Processing step @psgeeatafheaKﬁéﬂt apm the salt anixteieniln oge

| evel . [ é&ntbimest, BRIsale Qe HEMY: Sep Qbtell BRI tho V@Rt hf?ﬂmfelﬁ ﬁsla@fbr %@pﬁ'vﬁaﬁe@a&y np

downstream from_the first and the second hol di ng chanbers and upstream

fr om t hes#m&nh g Oap advaatage T thap a smple arocess involvies ﬁlséﬂﬂl%hlghmmmrqan@o t he

M Xi ng claBies intol0d&lcoUTBraabdieh. enbodi ments of the invention further
conprise a pugg dovvnst ream fromthe m xi ng chanber and upstream fromthe

reaction cha Oge poflpF 0Bt iH|as tWersicp | BRRCeSs. nefiferinexbengive sofircehef

m Xi ng chamdmRk ftgud N0 drfi@sk@ it b OfirsC ARRRT 1o [0 QB '

enbodi nent s ofsu]tﬁhe |enver¥{r| osr:1 the reaction chgnbpgr cor#p%laies a co %ﬁ”?%cat ed
bet ween REFPEidssunen gride, snepies Ahrigas isEeagyis dusted iEne H@OHQ%@qqﬂonmlnmdtmnteas pect

)dl e i NVeiHekeQidifeld @dction lisq:aﬁ,eam @rprcfcﬂee AR NYe &b%ﬁéraﬁys%%%&'mw B g.Feat e
conprising a first holding chanber containing aniron salt; a secon

hol di ng SPArasha &3 oRtEmiEe Teipestiveaproesssesti Wikigthisgueness, sherfirstirpagtor nmmeture ls
cont r ol l,8& Y oS0 sk @6 sédana P&ctBi feﬁlbem%ai@ ig'tlﬁ@-S@df'a@bqrhe g&gxlﬁé)re&éh%n

hol di ng chanber, into which the iron salt md oxi di zin agent are

control |P5‘[§?f9w<éﬂwe@hpelweﬁﬁ%ﬁcmeﬂtfwéeacam efdeam @ﬁ C@rm@r control | ably
connected togiig] M Wihl@ SRBRBESH odoRl,OCKHd!C heil hserﬂh&é/wp&o ide, KGRirink Ofnd®

period (1)] and i.n which ferrate is_ synthesized , an out put

openi ng fiﬂﬂe’f’e A% descabrdchessibelt it MIdsTTRd Vibt ber (eidpatp imay be retijablsefor use.

t ransposb@él of thede PLiNitiTRle dbsdre®fin B artickOdw Eratd o RQIR B ORLHIERHHE thASe
The .iron salt, the OXIdIZIng

as desc bed added to the xture

agent t hﬁ Eﬂ*&m&iﬁhm R} élacﬂ’? bifblehiageste aaecs emiredimenty offthe

her ei n.pfe@ﬂﬁﬂiedhﬁnﬁ:ﬂéﬂt&blﬂeae%ﬂéhﬁ?ﬂﬁﬁ. t he device of the invention further

conprises a punp downstreamfromthe first and the second hol di ng chanbers
and upstreamfromthe m xing chanber. In other enbodinents, the device

f ur t her D€ onpPeweasfonOmMSp GitmmidiniofBen-ft¢ om t he m xi ng chanber and upstream

fromthe reaction chanber. [0124] Figure | shows in enbodinment of the

sol ution state production device. The figure depicts two holding chanbers

)101 O Aer eRdlwitinRhatesProductiieDeéviaeent i on may exhi bi t

[0114] In another aspect, the invention relates to a device for continuously

synthesizing ferrate for delivery to a site of use, comprising 2 first holding chamber; a second
holding chamber; a mixing chamber controllably connected to the first holding chamber and to the
second holding chamber, into which a content of the ﬁrst.holding chamber and a content of a
second holding chamber are added to form a first mixture; a reaction chamber controllably
connected to the mixing chamber, the reaction chamber adapted to receive the first mixture and
maintain the first mixture for a period of time; a ferrate mixture in the reaction chamber; and an
output opening in the reaction chamber through which the ferrate mixture is adapted to be
transported to the site of use, where the site of use is proximal to the reaction chamber.

[0115] In some embodiments the mixing chamber further comprises a mechanical

agitator.
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. addi tional holding chanmbers, depending on the number of ingredie t @dib
initially. Some enboquent s of the invention may. hibit only o hgij 3
[

chanber

101. The hol ding chanbers, are connected to the mxin chanb

103. | A@8Mesiehrbodi nents, the flow of material between RGEUSHE NG
chanbers 101 and the m xi ng chanber 103 nmay be controlled. The flow I
controll ed e(llllr&}r byn bther epbedierois, thé mixigg wipmber canpékesy2tubd Gafigetd sr méach

19 1 6 JUN 21104 WO 02/ 06160 PCT/ US01/ 22044

101, or, by.t
presence o’f“x ﬁirgl’%fﬁeﬁhf%%%“\}%?“f‘og) before the mi xi ng chanber 103, or by a
conbi nati on t[ber7@of . Celtsin embbcﬁmmtenﬁﬂxdlmnmm rehtz tpunjevioe invahicke tlexmscirg

he, h hanb 101 hanb 103. 251 Th
it hes LB PRR Siemper i vonaS, Buier e RRRREhre [iol | VR "
errbod! rrmimme atﬁt&ef dromidalie rﬁ%ﬁ:@rd:ﬁhbd@@&ﬁeel I Byl?r bdtdﬁdlmrmean@l m{)ﬁampaﬂs?dlmﬁugg thet hteh
r t 105 e contro .. e W na e contr e e
o dabRR Seierio iny e eperate of e it inal el 2 cenfB re-desuTined”

presencé
cert ai nj@ghodi nent s, no punp or valve exists between the n1X|ng chanber

103 and the re i on 105. Th eacti on chanber
connect ed wi t?ﬁéi élﬂ’?‘ﬁ'b“ of&@ ‘“‘f”h’?‘ﬂi}ﬁﬂﬂ“ ﬁﬂ?@’ﬁefﬁ'émg? Jf-“"{“he
reacti omhd first méeedoﬁai hblamtgmaaxﬁbéreaﬁd upkiream e fhk enixihg @haditee rmaqmm@n

hol di ng £

bet ween

m Xi ng

chanber

105t he in be controll ed. The control
t hr ough cPHEls fagtlgy o ma'g%?ﬁbm@rtg m@‘é’fﬁfi‘ N%B In certain enbodi nents,

punp or val vguem] stss@ﬁévmm élhwnﬁaﬁguamhecma@mm fitfheandmplie autppiip

115. t ' | I b t
ol i g RYEIBHR o7 11 BN S BGOSR g AT SO i Ui g

e.,

t B&t®lsithe Bow of M#teridl o df ﬁfe@iil&m@ REanitiex im?ignto dirasdotion cha@berHowever ,

Voo @]/t ;
picted in e B, in.cert -0t he nts, .ea oldin o
101 is separ E‘ilgﬁil c ol 8 mf’lﬁ ?{faeﬂlﬁ R e fegistio '%Tﬁgﬁrcf’mp
enbodi nnmémaetde&dtﬁembﬁngtdhanmrmmboummmmm al so features a

tenperature nit.., The t erature c ntrol un| nt r ol
t enper at ur e E‘ﬁgi e hBI &ay* ?ﬁﬁ’ﬁﬁb s TYgAHon, feldtey 9 8y S éﬁ)nbttgf gﬁﬁ“"%ﬁﬁ

er

S

may be
no

t he
p| pe,
as
hanber

react i osyntiesiviog feridds comprisingofitst lnzltlmg rhankter etmlammg art len salipapesput boldingf t he

entire

ea\III{b(e:re on-lt_ar}%i%e o i Drei‘epta en:EgX n_tﬁ%ng%hgn i Wdﬁaﬁlﬁ rgggr;ef}fe& rtg’th@tﬁrsq

t enper a?ure a ove r%om enper

eratu oW room

t enper aheldigg chieplemdndép to seQOhé hpldingt ¢hamberoinéh ‘@Vhl@h sheginah sakiang ghedexiditing he
partic “L%L%Hﬁ goﬁfd?% ?Ph@etdet? forhl'a SHRHFeCI PO RbSber BitdIREIS @Bnn@@z&& b

devi ce

eren

t he

nper at ures t hus, requiring nore han one

t enper aminieg elwmheolmfenvhlclf the mmu@ea/k% forl p perid oftirae randim “é’r‘ﬁbof?ﬂﬁ@r?@s t he

m xi ng

chanber

1 M b
gﬂlOl to the react i on ‘hﬁ%]ﬁ] flicReachin %MEW&QH% 8 iR 9}@5

anber 105. In sone other enbodi nent’s,

ng
t he

react i otanspeates e a poBimahsitejofigse. be a pipe or a hose connecting the nixing

chamber
i nventi on,

103 Eﬂﬁ e OHsBHE emBRRGRAT Bobe as I&@ﬁlﬁ‘eﬁ BE:Rin, is AR AERELAIRE The
e entire device wll caqonprise of

ythe hol tﬂ?‘h@a“e e pedizing pgentothe HRXEg: anbegpard #he rﬂ:gon phambey prg as; deperibed
ProductjgmaDevi ce [0130] In another aspect, the invention relates to

devi ce

For Cﬁﬁgé]nuoul?llc)e/rtam embodiments, the device of the invention further comprises a pump
downstream from the first and the second holding chambers and upstream from the mixing
chamber. In other embodiments, the device further comprises a pump downstream from the mixing
chamber and upstream from the reaction chamber.

[0124] Figure 1 shows an embodiment of the solution state production device. The

-ﬁgure depicts two holding chambers 101. Other embodiments of the invention may exhibit

additional holding chambers, depending on the number of ingredients added initially. Some
embodiments of the invention may exhibit only one holding chamber 101. The holding chambers
are connected to the mixing chamber 103. In some embodiments, the flow of material between the
holding chambers 101 and the mixing chamber 103 may be controlled. The flow is controlied
either by the presence of a pump or a valve (107) after each holding chamber 101, or by the
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synthesizing ferrate, conprising a holding chanber a nover controllabl-y.
connected to the holghng chanber such that at st a portion ofl & dHNt%ﬂﬂ#
of the holding chanber is transferred to the no ; a heating chanber, _
t hr oughwwhdsi@at | eastra portion of the nover noves; an mu/psii/2e@eni ng in
the 1 6 JUN 200 W) 02/ 06160 PCT/ USO1/ 22044 heat | ng chamber through which

the cont @iserd of B Bulp 6L4 viive @RV the nhifink CRASRP 162 6r byPa onttihRioR fthertSE,
wher e thg’mgl te of 9uﬁs{g i's prOG)%I mal_to the h%atl n chanbe}(r) 0131] Inercertal n

enbodi ment T fanbegirentseRmpE Y ale EHrY Biyeerde holding ghagder {qlsand Hcomixing
mat er i al shdohset 1@8N Wit hstand t enperatures higher than room tenperature.

These materials nmay include, but not be |limted to, rubber, steel,
al uni num gl ad®¥25hor ¢ Eheampxingegbamber 93 js| conpeaieddp thaesacsion soamhenids. ofn saves

i nvent | Oamﬁgdlﬁglﬁs tﬂ% ﬂovggfdﬂlﬁ&atl Béﬂveén%é ¥ing %EHBEH 8% @'th@ré%%ﬁo ta% Pléé]e

hol di ng chanber and the nover. 11 ot her enbo I ment eat1 ng
chanber M3y bpenireBerd rTh§ @@warlawénﬁ@rt@llﬁﬁ by the presane¢ oftfeppimper a (vaizc?,@li lnﬂm rthe

enbodi neﬂﬁﬁnn%fchixh%r 110¥ 8t RAaih Sh8b&imbfts anéjﬁﬂﬁlﬁ%rtﬂ% bl 1%:% eﬁ%@_ﬂh

storage chanber after the output opening I e heating c ore
t he convelpgberiBtandthy reagéprodpmbard@S.heat ed mi xture into thi s st orage chanber

fol I owing the [ﬁgﬂt : 2 ViERtion 143§ cgﬁ%o,%{l TR an OJuﬁ)gj ' A48, frod o%le dto

present Tnvent picted I n ure arting Pi'ars are a
hol di ng whighttlke proget ofmmawmmtmﬁgqmd & thersite jof \nemt Tmﬂewkﬁ‘mn the reaction one

hol di ng_anaRBAfos 2the bl porthd AR BhtolfolO TRE cotBE G YeebEbrGHATRE]S, 201

The starting nmateria en conbi ned and ad
carries pump ot avalve dlidnt élr batain emltﬁldm@hna phantdr rvglve lasints detwzers theTisaction

)startl ngchqglbg,rmggﬁd }fm@@toge |fy@d prior to their placenent on the belt
203, or nmay be m xe pel t 203 after thegq have been &_I aced there

separately. 191281 THs denistsdimmEiguredidhiie certhin emimdifpengs, the ¢hambersHd1
hol di ng GhAKPRS e BIRLY chdultel ioscﬁm%%ﬁ pigt Pe. am%}engher.;eﬁo@i%n ool thb %‘%ﬂ%“

enpties the starting material throu openi ng onto the belt

However , chawber: Mgy  Howryer. meﬁﬁ@cte@atﬁgwm H?r 1Y cerhraw@er prajodines &@@I holdimgty

its Cor&.&ﬂb&lﬁms%eﬁdilﬁel SbinediPro tHQAR ik chinmp B3.enbodi ment s, the flow of
mat eri al between the di ng chanbers 201 and the belt 203 nay be

control | ed. THIL28) owI‘i‘ §°'E6r?{“|'364’1“€’815 ethe leyice, of ithra Pispeat dpertiogfalsp famsenr a
val vle ( 26nfp eraﬁlreefon@actmtmho’my Rfhp ébﬁi;ﬂﬁlfnh-gpﬁ{gt Béntdd)s n%@@en?feﬁﬁ@fﬁ?ﬂﬁf ?@dﬂlagrrp or
a val ve e | y.a Co I nNa on er eo n
certain &r g%ﬁ ﬁk‘n?bf mlﬁwgﬁwﬁ) ?‘ﬁgﬁ'w@c%% pwben 5, eracombmatinn thereef. eriifer
201 and tehperependfgic 2hdre dkOitd81THeke E@fiponbits QEEYORH REM a8 ;odnh@e@eae&ﬁrb,ngt a
materi als are added directly onto the belt wever, in 3 hei“%'b)é

enbodi neHPEETAR #baye ropm femperatire; of 4t a fprap ?}B‘&?}’ ﬁ’r\‘ﬁ BORJFRREHWEs
pl aced ale iehetionebhdifbmarahd tig rieed ot thd §arﬂﬁ§larbﬁe ackdadplited. OTr $dfheCYodineits

bef ore i tionin cont belt, or. the contai ners
D051 t 1 onarroH ThHE W5eft dpttlahihat ol SemTrAtie dhi. abgE JneE, B Dher The
)heati ng tﬂimmnﬁleﬁcé’:ﬁﬁalcmnﬁrth@dsw& heating unit that can heat the terrperat ure

“within to ab oom,te i ous heatin nits are known in the
o O P e} °° i SRR e Fjens 3t s’ SRk 04y Su@ b 10 st
t hough tchoeetingfthsholilihg thaniblme 101 to thee@hdtipe chamber 105. In some other embodiments, the

reaction chamber 105 may just be a pipe or a hose connecting the mixing chamber 103 to the output

opening 115. Therefore, in one embodiment of the invention, the entire device will comprise of a

pipe or a hose connecting the holding chambers 101 to the output opening 115.

B. Solid State Production Device

[0130) In another aspect, the invention relates to a device for continuously
synthesizing ferrate, comprising a holding chamber; a mover controllably connected to the holding
chamber such that at least a portion of a content of the holding chamber is transferred to the mover;

a heating chamber, through which at least a portion of the mover moves; an output opening in the
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. that the heating chanber may have any shape, such as a cube or «?I?NC?’UU
the like. The heating . it 205 may al so exhibit @ jenperature co t

unit. -21 16 JUN 2004 02/ 06160 PCT/ USOl / 22044 10140] The speed with

whi ch t"Me 0p8¢160 t r avel s t hrough the heating unit, the | effgt/HSHf2204e heati ng
unit, and the tenperature of the heating unit can be controlled by the

oper at or h¢ahingcleherber througinwhiclethe lvattettive theenews ar adaptedtocbeotfantpried tea isge of

achi evednseT e&ggl%ofgjge sﬁm%]em(%% ],}e%@ pF%nt i nvention nay exhibit a

qual ity coh &Vicerat € heating unit (213) that can
determ ne t he[olyl]el d Ioterfagr eralbodiments, lhe movet gonepristhe cqnna:b'on belic obe btlt devi ce

may be a n toch nsor r

e R RS e R R S SR R B

can contmay mt:lh@, hﬂmetbem_imﬁadhm hibbdr, dtdel,@bugtinuind) glakse pdrtelgn,Lend. t and/ or the

ow the devi 80y "G B4 Eabemae RS ntRiot ful o P nbi hEeT o

i ncreasa:oiﬂpasdsampmraém@tba‘hdldiﬁgbiﬁaibbmdﬂmﬁaver Simlarly, if the yi el d of

e 5 e M T SRRl P R R e

enbodi nehtsel dediee. qual ity control device |ssues a signal to the operator of

t he devi ce, t he ~oper.at or manua ust, t.he d of the belt

and or the « JHEHT at PR PiRenBRE A o8 5 feips prERERTSBRITSR | he

thﬁat [ ntg swi?ge cBdbdher iﬁfﬂﬁb&tpht&;pglﬁﬂg)inftﬁe lietithip dhiv@bep: eH{ler%&Bﬁ thie d?r;uetgc;]rdue}gmlwtgr gg3t 0

e site 0 0di men u alls o e be

and 1+ nt Gepet A isrof mERER it et CGmr el B b B BT FE et 1o the site of
f)use t hrough t{bus5ppenOmgendtibBimenhnof thé tevice efithe giesanh inventioh dy eepicmdrmﬁ?guresz.l n a

ro ompttPe RS A FRRLTelE R b 0P he S haitars Y0 B vEesha e Ty

101421 Ahtyeasnerlmidmg chgmbére20i o whil ethblscmmbhewb@k tnoi@ﬁpldmge:hbmbdsrs 203 tThen

| oops a i n h [ qc

£y ope oo el SEEUNE SHRRR! BAd Bl 30 LIRS L 060 i marril |,

r el at es-tlirough fdwﬁlt&chﬁmber@ﬂﬁlt ﬁhmmmhg/ mats:;tarls hi@}s bg eongbihesl prairéo thewplacementg a

m Xi ng . of an

ﬁﬂ%{%ﬁ 26:9 %ﬁ}eﬂﬁk? onl ti@6d1t Fo \‘Pecl%énﬁ’a %d%e?@éa%’a&g;en

iron sa eret r oaes pI‘OVI C|ent ctric cur t to
convert the {986tk onﬂ@femémdmmtcﬁwwﬂtm Ffsma 2§bp‘us thetrth@holﬂ@gmhmberaemm[ct i on

chamber 4eahithis Hhb ¥ sﬁgﬁgﬁfet\?ﬂcﬂ th ﬁxﬂ?enﬁBt?éé ﬁﬁ ERHENRkrerial 'ﬂ%ﬁ’%h ﬁi!ﬁ tA¢

solution of ferrate is eriod of time; and an out put oenlngln
t he reaentpdhe belt REHpgwaypr w@lwrm merie egphhplding ch@nbfaaw é@afa@bb@npty its

t r anspogdfhid RiePbsbdieo8f use, where the site of use is. proximal to the
reaction chanber. [01441 In sone enbodi nents the m xi nq chanmber further

conprises a HIéRani dasomgrmbadanenty, theflow of magsrinkhetwinen dae haldinss chambersi20 ng

chamber ,gOiRR bbip 265 ﬁa SRnEARM] AUE FWLIO cahitrdlled! difierByths bRs@Re bf 2 PAAF B a
t hrough t he t ube. 1461 In certain of her enbodi ments the xi ng chanber

jfart her YaluniZ7)atter Syl boling Fhamhe 2000 ot bifhe gEgeicwof Spupmper 2 valve (209) betore

_ the opening 211, or by a combination thereof. In certain embodiments, no pump or valve exists
between the holding chamber 201 and the opening 211.

[0138] In certain embodiments, the starting materials are added directly onto the belt
203. However, in other embodiments, the starting materials are added into containers that are
placed on the belt. Starting materials may be added into the containers before positioning the
containers on the belt, or the containers may be positioned on the belt before the starting materials
are added.

[0139] The heating chamber 205 comprises a heating unit that can heat the
temperature within to above room temperature. Various heating units are known in the art. In
Figure 2, the heating chamber 205 is depicted as a cylinder, though those of skill in the art realize
that the heating chamber may have any shape, such as a cube or a sphere or the like. The heating
unit 205 may also exhibit a temperature control unit.
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WO 02/ 06160 PCT/ USO01/ 22044 [0147] Some ot her enbodi nents of the i[}v ntQ&n
further conprise a p downstream from the n¥x ng chanber and up r' il
fromthe reaction chiadber. This punp controls the flow of material out of
t he m xwogzebwober and into the reaction chanber. [0148Jpdussonmipf the

enbodi nents of the invention the reaction chanber conprises a tube | ocat ed

bet ween the mg4op chﬁ{mﬁs edWih &M&myhawavegﬂﬂbﬁg@mél%&@un%e% gt of

the device of the present invention is depicted ggre 3. flgure

depi cts Keahipg &Plﬁgmé Hherferaperasere of @Wﬂlermamtc@nt@ﬂeci thempemor tnonderyto
exhi bit eagddihd (ﬂﬂﬁ']ecég ikd oﬁm% §oh1e9§P eﬁ)@feﬁge % cLQﬁ:e BEAD ?fese?;{ invention

i ngredi ents added initially. I ments of e 1nvention may exhibit
two or bR et argmmmﬂ,rdgwm ther¢ydt ene oditha deatink anib 6413) thaten detomae the t he
reacti ony£hagpehf03; h! t et ween
t he hol d| ng gﬁ rrr{)teér %3 1 %‘n he re cgtll?;e%{)c OIn%%CES]gg' i aggéngédr]\taére%ﬂpea by

t he pr esplivtashemicalasepsonp epecﬁomwh(rscﬂ yheakikeer Tﬂlhe]llhhtb/dnongolcdimwbenaﬁ(b& | f

cont ol | S EEn A BB 18 o bk SRR e A o BE i g 5 -,

hol di ng ‘ehperbiure @Dﬂle Imhngymttheﬂpﬂrdelend"eheﬁneéi plifeprater is aowéxiwehebdémeemhe

reactio ﬁt}ﬁifm her n od| ment s,
no punpn%lr va v§'r deeg%%:test% %Jg¥d 3 &%"%ﬁt%ﬁﬁfpﬁfhﬁ} T hfgé)rit)ee]lrprg g’ e‘éthr i on
chanber Sodarly, (itbeYyieRivE farteds tarhigh zﬂmbbwceﬁﬁy agomaticeiy umteasteehesspe&d/\ﬁf the

b oo D s o GLESHONEAUASRINGR S NPl B Bl NRL
el ectr od@slcgﬁiuﬁmlmomer@md&e devitsy whive tizooeraterouac madblly adjng theich
)t hat th roeﬂ%%ﬁ g{ee(gr;] %?%Ih%géhgl ze iron, in any oxidation

state below +4, errate one I ments, one of the electrodes is
an iron el ect[ﬁbﬂé Mtthhcmemeé’ﬂ@shemwnaﬁﬁ,@mllsw@va‘rh&omsﬁletm293)umd:e of

iron forg aaﬁeea %iu.gts &e& 113 @é dﬁn&&ege%%ﬁhgt%ﬁct%?wg%eﬁ g@gan%' & ”°de’

there may or nee aV| ng
devi ce. rmlwqgr@ﬁmb@%&twlmeﬂ cap bp delivsred iy thel site tof ms,vaﬂqungbdmnmmmg\glmneru al

CoNpr i Sipfdr brhbYHimdrl %lre ed ﬁ%h'c@ﬁaﬁ&aﬂg nt%ggf ik ?eﬁlfb‘a@&]ﬁgﬁ'n% Wt 3

out put opening 315, through which the product e reaction Is
t r ansf ecPREnts Herepfareemptiod mtq the recriyingichepber, reeihqrtnweufr‘lbratstawematweﬂ:anber 303 to

the output opeARPY SARerFENovifs 48 Krk@ H&fl the HAR 205 Thd Rt 708X Qodpl hAUEH 1ol NE

use of a punp or a valve (313). In certain enmbodi ments, no punmp or val ve
exi sts B@FWEE%FT%%”?@%E?$%HmGEﬁﬁﬁﬁer 303 and the output opening 315. [01521
In certain enbodinents, there is a second hol di ng chanber 305 between the
reaction, cha er 03, nd he out put opening 315. The second hol di ng chanber
may ser =t he generated ferrate between the tine of

its generati @143nd tleadothie Sbedt] IhdlShventiol Gelhte®WobRt BRRR FhE coBiAGILRN
chamber 3 3 .and .t he second hol.dj n% an{l@nber 305 may be controlled thrfough

the use®B¥PCSZRg fsrals; copryising @ mixing T eomprising ablast Byfsdertedatead a sl@ionevi ce
) of the pfasiedtsaitnvient thodeatodles Hroaide Bficiant eleeﬂm bt ke cRirt telsolbiir of ﬁﬁgg
cnanpers

P e SO0 B AT L STREL RO S oL e
conbi naimt@whiol the kolatidh\f Z&hte is kept for a period of ’nme, and an output opening in the reaction
chamber through which the mixture is adapted to be transported to a site of use, where the site of
use is proximatl to the reaction chamber.
[0144] In some embodiments the mixing ¢hamber further comprises a mechanical
agitator.
[0145] In other embodiments the mixing chamber comprises a tube configured to mix
the mixture as it passes through the tube.
[0146] In certain other embodiments the mixing chamber further comprises a

ternperature control device.
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undi ssol ed SO|IdS The filtration my hysi cal I'tration,

parti cl
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use

f|ca on/nﬁiﬁgaratlon f Ferrate [01541 The ferrate
Gt Phviaht iPemtinmyfuplery sepprisg; ¢ h@mp
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ed d S

e figysp depicts @ digldiegchamber, 3. ¢ Qﬁm&mbﬁﬁ@em |of élre pRwension anae m:dmmved

or surf a@&tl&iah mamﬂgo&m%r@r eeptemﬁn%)% tthe hﬁ:ﬁm%@@@&% %ﬁdeﬂ%m@%s‘g face of

filter

Ferrate®

gr or conblnatlon one or nore I'tration processes.

process charhi®k ﬁmném&o%@ma&%ﬁrmw sh@ww tﬂn knh tssﬂﬂ%tifovﬁgfﬁgﬂe#
en

col um
front.
be any
this

s purged of unwanted

0!?ié‘“?p B Pation doass PREPIF BYp ex stvemidding chambesy 38n. Tha holding

[0156]

t he

e ferrate I's rel eased

uritles
trfgreen;ihg hlding ghambsr 301 @ﬂ;g%reﬂ%m P‘laci‘?beb??"?’tfh@ hecnontradied b thyereseioerm  may

of atphﬁpsﬁlal VMBI JTRf Bkl Rl dFneCoalnBE 304, US Bflre AL nfiE .fthgﬂ%ﬂ'e habRL

pu e, and include without |1mtation, clays, zeo

phosphof fs i hratre Sowetchaorairgied eitherdy thespregenceceferchuenpusiaevalyg d3 05 |

i nor gan bfterl @8l H@ldm@rcﬁﬁﬂbeﬁ msmnsy iR Wedfide: VP Burfpt ©P 3NARe Shef

beads |a ebéeg(%" mesh sizes), and carbon-based i norgani c exchangers.

Additio

conposi baweafﬂhwlmii@cﬂ‘ambexm!l aﬁ@ﬂx&@éaﬂhon&h&:ﬁﬁe’?ibs Menbranes used for

purification

ferr

mat eri al s. H}gg%enbr Brﬁ" GemprEes G Jest e acledes a1
gx?npl ?lecn{od?sl aye ?fng?d via Pirey an9 ﬂJEa fdvker lﬁ@ﬂ&{l ?”efﬁhrfgv%omwﬂ%ﬁﬂﬁﬁe hpcl ude,

ut are,pAQ ed to cr.of i ultrafiltr and i norganic
nanofi | t{raa o Mﬁ%w%rs%‘ﬁ‘ée ﬂﬁ%%cgoflreér?gi ‘gg"eﬁf’ger 553‘?{%“?‘;&}’ g‘eri’ﬁﬂ%’ rgERYT ass,
cer ani c@y seh thatriEyare bﬂ&%]ale&archameally&mcﬁies&ubm Ay dadida€ibh kit deldv €L o
O et ok R o A LSRR i h S e SRS
are rmwé@tram a$ the saured afiirop fforttheprbiwetion eﬁfelmtdetfmeetécﬂrmag dndfon\sfeetr&de} hey
are pu r A Q n ¢tion, of, an

PURE. B or By H3bq 2 FOEI RETLOLE £ RABRE AdmtRIBE it 1 ACLE a0l

electric

e electromgra roos

for

i des,

e’ rodion SR |
OF BXrit eankiagiiop dherenf o I8 frexin embadipents.qampenp ex valee exstank e

e ma de f materials such as organlc g_gl ymeric

ldis
hase

el ectr(ﬂm&@@s”ll@ludQWQECﬁtreﬂ}f@mdvaitlagmteuallcompmnghumed by t he nmet hods of the
present inveggid@n gﬁm tation tan eriod
of time ande(t hsg?sungir{%g%agﬁ%nt %&3’((’3% { Ctgﬁglhﬂ% ?pemﬁ§1$ 34; Q@E

cante

sol ut i Othichathe allr(ytyctp@fstbe repchemgls tansfenied tof thy elttwhﬁ ne. t"ﬂ@ So¥ dibinothe irsac@un such
that t R@afibel 363 QM opening 315 may be controlled. The control may be through the use of a

pump or a valve (313). In certain embodiments, no pump or valve exists between the reaction
chamber 303 and the oufput opening 315.

[0152] In certain embodiments, there is a second holding chamber 305 between the
reaction chamber 303 and the output opening 315. The second holding chamber may serve as a
storage place for the generated ferrate between the time of its generation and the time of its use.
The flow between the reaction chamber 303 and the second holding chamber 305 may be controlled
through the use of a pump or a valve (311).

[0153] In some embodiments, the device of the present invention also features a
temperature control unit. The temperature control unit controls the temperature of the holding

chambers 301, the reaction chamber 303, the second holding chamber 305, or a combination
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WO 02/ 06160 PCT/ USO01/ 22044 heavier particles in the solution sink to the
bottom and the superamgtant, conprising purifiedsherrate, is renoV el JUBF 200
further use. 101601 YA certain other enbodi ments,” the ferrate produced by

t he metWwi0d20ek0t he present invention is encapsul ated i RCHUSBIR0&Ne foOr
future use. The nenbrane may be nol ecul ar sieves, clay, porcelain, or

ot her porRkst, Bt @E idhpdiial & e BlireSUSREP Thise doaap@ffén@ahiayrbebheld ef %&ﬁ
Then, to use the ferrate, at |least a portion of the nenbrane is contacted

with the'SgEEYIRs at y tergperatig aboye roqmy, feEmprAtUSE O At 8 JATRRETATYID DEQY roPLEHBRBIERe may
al so be gdpestid oh thBfeBition Rbntiidhs &R thdWRbdsT tRPakticARS uRfcohitmAnea. di ssol ved
away, nore ferrate is exposed to the aqueous m xture to be treated. In this
enbodi ment, the use fen-ate may be in a tine-rel ease nanner, the tinme of
the rel egse bRIARERIdpESidNofFBSate SOl UDI ity of the layers of the menbrane.
101621 The devices disclosed herern nmay also feature a purification
conponent t hal®154jur i flheJerrate predaced dyydhes methedspk fhetmesepiuinyantiem map benese ods
descri begie ﬁibE'tantH? S&li?:fatlgr?r B?t“ﬁlbgtgnﬁﬁﬁﬂuriﬂla@dﬁ@tlp%rm%f)gzvﬁmﬁéaﬁ&] 5 g Q1 N

relates to a nethod of treatin at a site of use, ,,an ueous m xture
havi ng onigstheqwiey pithaferrase utam;phgtrmtg mmruthma%%yﬂ]gfeﬁeﬁ autistaptigller purt e i n
a reacti@paC Blis 4 ShAfofi Sh Phid mBR!thdn 9088t sb Ry’ f&%{

ferrate mnth t he éﬁueous ﬁ?xﬁure at ?ﬁe Sltg Oﬁggggﬁ%w wher e yﬁg%ggmgst a
portion igh. the inpurity is oxidized. [01641 In certain enbodinents, the
inpurity is ggjsagt edfﬁo&vg@rtti?@fe%t@%uﬁoﬂfﬁﬁeﬂt%ﬁ% thofld S er&Bhe ihvBRHEA LY
an organlc |npur|ty an | norgani c |npur|ty r-contalnlng |npur|ty a
ni t r ogermaydRtsamATiAY piwifisgh griupdergo memillqncstqprrﬂbr migmplartbp fgrratp dolaknot e be

)1 DU Vit t8renRIVE iidiisoRBd séﬂlré‘f QHé ﬁ}u%é}n%ayt BPPhysich LI AMidh, fowElas

here| n. 5‘£01651 An "inp urltgg def i ned be any conponent of a soPﬁgl on
a sy dkat pge teprids ko pasy thron @e\ﬁl@wsmaﬁm@@mnssﬁa@rﬁlﬁgt@p,ewher@hq» pptighant to

the confa?émhﬁ&a@n%ﬁ;cemmte@g%g bt oRbinafHStORE oFn6le FhteAiBh plolRisi ties are
t hose that ave a bi ol O%I cal origi Thus, (any cells, bact erl a, Vviruses,

ti ssues, etcl0158} ¢ E‘%%b‘?@ﬁﬁ%@?&l@ﬂ "P*FW?)P‘éﬁﬁ%ﬂ@r Ta disrhrosessar e

consi defkgihtd Pnbare RivekiBE! Sotind | tIRUEIH i sBfe mBleBAN e LA i§ pRgeALE ukhafEFal
corrpounds that contain at |east one carbon atom Inorgﬁgl C inmpurities are

cheni calfmPBiissEAd dhephs g isirpleases from thsreolimis Tha salid mategal ofi the dep

i mpurit )éxdh%ngértalml B4y Wﬁ;&iflﬂ& sdlid ki61d datePiBi cbdbrilyusad, @aues&ned later, for this
h cont ns at .l east_. one |trogen

n|trogen contal i s.one whi
atom APHEP%: F“i' ﬂﬂﬁ r‘T’RﬁV BRHonFIRYSh 2R08iffe o PRRSPagnates titpnatesy heterapalyacid om
whet her sals lﬁydgéd)&tmvmbﬁﬁiyﬂﬂomdbs’ &it&gahicﬁélsm&mrgimc tgﬁmﬁ -k \jgﬁlktyﬁeéh xShangds (@QJ gactive
| ur|t iC oe i oact i ve deca et her ng a,

SPor D B0 BosSial disth PS50, B GREhpiE FREbe e btem Aoty
par ti cuimganiﬁp uar be/ inzanpofasdd| intul drantic ﬂs@ine td make oopaitt @Qaygetsi B @dnf}ﬂigove.
For exagé)lé‘g, cal cium EDTA inpurity in water is an organic inpurity, a

Sht

ni troge aining inpurity, and a netal-containing inmpurity. 11 6 JUN
2~. WO 02/ 06 867PCT/ M&@livagésOstdd fod j)ﬁn&]caﬂ’dieoﬁfemtamyfharmm$f imaterible stelead ment

met hod | fsgalp £ 8891%@190 QXtex%]g 'ﬂ];e lgprl?branx}%tmmt)e%a]s can be cellulose or po]yamlde (for example,

fully aromatic polyamide TFC membranes). Other membranes include, but are not limited to,
microfiltration, ultrafiltration, and inorganic nanofiltration membranes. These membranes are
generally made from glass, ceramics, or carbon. |

[0158] " Ferrate may also be purified in a direct electric field technique, during which a
direct current electric field is applied across a pair of electrodes. The ferrate ions in the liquid phase
are moved under the action of the field to a desired location where they are pumped out for use.
The ferrate transport under the action of an electric field can be electromigration, electroosmosis, or
electrophoresis.

[0159} The ferrate solution produced by the methods of the present invention may also
be stored in a sedimentation tank for a period of time and the supernatant then decanted or pumped

out. The ferrate solution may also pass through a centrifuge where the solution is spun such that the
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~set forth herein, i.e., the chem cal production, the solid state 1
production, or the el e€twochem cal production. [@T$71 The ferrate grchHc@é
by the above nethods i's lcontacted with the aqueous “m xture to _he treated.
In sondV@#YetIFthent s the contacting step conprises addi nf-VHEY2PHate to a
stream of the aqueous m xture. In other enbodiments, the contacting step
conpr i seleavienpasiadlésiy thelseutidnainkdo dhetbottem pubthe sfperiatent gorepisdgravsifieg errafyy yet
ot her e”@?&%&&@ﬂﬁ & fant acting step conprises contacting a stream of the
aqueous mxture w a stationary container containing the ferrate. [0168]
General |y, th@16@r r atle cpraid atherd erblyodinentsp tlerc &srgteoprodueied by ribe methods edrihoe
used in _c¢ ti.on. w . f The
Forrat o BronLRg s hisbe i AR R o, The ARKEREAY YRR T2
an oxi dasives, fdlays porkesib, andlieo powon gutetisalt thatl ave nptasuséeptiblany opdationtbyaferatees of

ferrate produced, by the process. of -this Lnvention.i fal 1.0g:
ramoval DERBrGrr FERe R TISe Poaet of b b B lpikd Winh 8 ph B f afethf

cat al ystmixfue totbaereftedscher - Tropsch process to produce reduced hydrocarbons
from car bon i de.and hydrogen;, puri.fication of. . hem cell ..

sel ective ox ir@gﬁion eﬁ‘f”‘?g "s‘%aﬁé?‘ﬁ‘%e g’sl}géﬁ %’ﬁtgf ?lés?l,‘bl%?og%%r’ﬁ% S u|°B g(rgf it are
conpoundiissolvél by, mosUtifdtais expedsdis thecmgeanis mixtiterto Ye treaalrdo thislepbabmbaxy| i ¢

aci ds, | ide al cohpl s and al,dehydes apd .i n i.dative. coupki ng; a
" gener al ?Pﬁaﬁf'ﬂfed’?ay\/\gﬁ & p%'ﬁl%as a%‘%‘“"a%& R etr(rag%sf ﬁr’glﬁl ;d%i&bés}?]ﬁ}’ gﬁﬁi on
as a bi coelubigityosf the layeed afdtie nipdeqleor yl ase i nactivator; anti-corrosion paint
additive; denj tion, of flue. .gas; electrao Q t.er.ies:
det oxi fi cati ghidgi cy ?geewcﬁ?ﬁgls?lﬁslegélﬁrgﬁla éyfi Eg%ami%é 3’%‘?%?@?0%%/“53%&&
.,_)derrands poEfis feresre odnsisientyethabd irificdtiop nethiods deseribed hédG and car ci nogeni c
nmol ecul es; oxidizer for hazardous wastes and ot her waste sol utions such as
fromthe pulp industries; pollution control in the renoval of hydrogen
sul fi de M.r omUsesyfifieasteur e gas streans; renoval of pollutants with nutagenic
and car ci noggpi G, cha ol oPREBAENE  site of
~di chl or’-‘-obenz-iﬁié’% %md fntaar%li’@%rlsacsﬁ%gttaﬁ?ﬁ "eeﬂg@f?%%%sﬁggf’ gﬁl\?/gto gr an% d?lslrtlek? n‘i:;sei/vat er
. W t hout, 2 egueodtmmibiten hafinghaneref plorpiputty somprising] continuopsdy eenting famgte in a
struct upaly; hapdener 1oc§{ls§ gfb;(ﬁﬂa}l ﬁk?tthet Stel BPRLel Ytikorihy 1RO Fekrate SRIIRRCh R ous
ec coli

Shi gel Fa,  and ot her ormas a bacterial cell renoval step;

r enovi nepiBureabthesiteefnse, alerebsit dgspha nogivnef te Pty Hloxikdzedont rol with
non- cor r 0si vy @4j dant, &Rkin LAHRIALND the SRty i defBted §6MRA: Sbup EOnSEGY GaNI SNB

such as in electric power plants and shi pboard cooling systens; renoval of
bact er i -hiolagisal, Jmprsitn |28 QRERIC HPPHEN AR NTFSAny IMPRTIRYy 2 W copange ERAYIRY %N

coagul ahiRPelRERREE Fnpuritys AONAALO fmPIEY, 088N fdlchitie inbeyS6UL cG@Binkitor he
"Knox" process; delignification of agricultural residues to produce

gl ucos e thergt ePthsrBPuRtics Ao deseriked b&iRm: ragnetic filler of bari um and
strontium f 6168} © f &k “iﬁﬂpﬁﬁﬂyb ts@lefhaltb bé any@vipBaenh b sofbiol BEA sydieh] &hose

contents; suppQrt for other oxidizers such @s chromum (V and KMh04;
deni t ri Pregeey Gty that selatip PLFYTEEEIS SPRUSHYY to e rogtmplsed ‘ﬁ%G}L .htﬂf é@utf%f’ﬁ

sol ut i opgstentdBidlogidah Gmpkititd &e b€ @iat Bavienabiblicall origas t Thusahmy ells Olicatia) ng
cyani de and thi ocyanate; oxi d%i v?ﬁg]eﬁ]tfrg‘cti on of phenol sul.éi LE al?d

£ hi osul ¥EYES. BI8I0s Gt EPRROnFHS MSTaAT AR BORIPITG 9 SRSV 2ie RIPIeTEls b,

st eam gapidgicabinpFities ERgankOmpeMeR tareddthefidahebmpgunds dledt sontsih atiessy omgeatbon n
fluid formfor evaporated filns;  and ceram ¢ encapsul ated rare ,eanth netal
ferr at ey ?'1.? "gip“é’f’rét&‘*ts P Phechl SPRPOEIS gh? ﬁﬂgﬂn li'é) ?5’%06 elay A St

PCT/ USOdéniaihifd ih@irlip BRae @hick cqitanedt ldaonasdineede d nifiogaecoatathigy irgpurity

gp FZ) ll |7 ¢ g%;lzp%g St %%ogtl;i%g gtg%gtdode rr]ﬁtrDogénnzltthg.e El\ mé{élﬁé implzl)l%ttyefg toge \?fhi%l? gdn:lfaqu at least

one metal atom, whether main group metal, transition metal, or f-block metal. A radioactive

)

impurity is one which undergoes radioactive decay, whether by emitting o, B, or y particles. Those
of skill in the art recognize that a particular impurity may fall within more than one category listed
above. For example, calcium EDTA impurity in water is an organic impurity, a nitrogen-containing

impurity, and a metal-containing impurity.

=25~



[01691 Additional uses of ferrate are discussed below. A Wiste E]e
Treatnent [0170] As ted above, there is a nee for devel oprrent f S-HFWB 200
i nexpensi ve and enﬁronm&nt ally friendl y" oxid especially for water
and wastvey@leefeot r eat nent applications. The treat mant of peesRIRdal and
muni ci pal effluents containing hazardous organic and |norgan|c conpounds

i's an inport az& G%gseah%rfeﬁﬁgﬁ)?%?g ré;l t%lﬁéag@%rlrt x{eth Verr"(a)‘ducrrﬁinjgI ore of]c e methods

cont am nant exi st, 1nc ng a I on

bi odegr a&kitfern hereine ié.cthk chienjea duedugtion, ahvdsohp mateo;imgncanba,t moﬂae eIéhmdlexaical
degradatg Rudigpof ten the nost economically feasible as well as the easiest
met hod for water treatnent and usually involves chlorine, hypochlorite, or
ozone. Alt houffi67kf f ebtei femate tphaiecdoky dienileve hiettrodh dy eortadtelt with tﬂusaqiiedes

effects zone. ar o ous a COr r.0Si ases.
101711 I—W%‘%{ |“%E?ef’g”?"% 4 < 1?""? t%@“%“&%??‘ﬁgr&?f’s? & tfate to'a
sol uti onwemmmagueous mlmrge]nmﬂaﬁ*enibothmmgs el C@ﬁia%lm canfriee Bortapia g khe

deconpos K _int.o.chlorine upon eat m shandl i n Al so,
o1t hougnERIBIS ABY Ry IR ARAF w15 3oL M, ooty e P e iepsopries

t r eat mendontattisywedtiean obqhea@iebmmxmdwiﬂsa axtaﬁmlc\t@tambﬂibﬂﬁhnﬁdﬂé fetraal |y, the
handl i ng of c@h |ne ]lp)y oc Ior| tgl ‘&_53) ot ent j dan 0 workers
due to its hi loxi (ﬁef‘gfa ATEETIHe BTogierd b Mg fogsss Hr’?‘ﬁé %f'&“ © used in

chl or i nesoacetion mnhgany&no\dmptosess&mﬂ Hait aeXlaRes lﬁh;b@él Mfhe Caiatd pRIdUEE by the

chl orinated oxjdati.on fﬁ’ roduct s. ‘% chl ora hI oripated romat I CS,

s

chl ori ndt &G4 % IYERRY oS SEReEil eﬁ’hﬁﬁf“ ¥ cq?c ent Qﬁt"f’%“ it d8ens
or car ciparigelas, ,poamihl ey obferrame ipeoduced ty thél ﬁﬁcﬂshﬁf@&hﬁ%ﬁ@lﬁﬁ&lﬁ& ha i 1fwaiid/ or

~hore difficult,.t enn cau seco ot ent i stitute a
noar t ' 1Ay bt dofor SR R e F SRR S G R B R Bt B e St
[01731 Pieedsetorgroducy mmasdekydmpaﬂabss ﬁanrmdmaﬁomme wn&&@ﬂxfooém\pﬁﬂﬁtkaﬁﬂn gy be
is.well known in the

used in e.

art t hather}’%rg@g e F’%%gl{'e ox\é@%‘ t ga dug'ﬁ Sﬂﬁc?ﬁ‘ﬂgsn OEgaB'Sr?BE\ffn‘i?g‘pg‘mﬂ‘S’b‘Hﬂl%gl cal
ent i t i esulfipig@hidgorgaeicingrogbraaimponads, wbaxsbcsamch;lmlldésnalbdmo& ahé aldélydes andtine
substra ed ct | e roducts., The ferrate

nol ecul tg%??t?eﬁf’gﬁl tng’fgs u%eg]%apé){%al%g Oﬁﬁak‘% W %'raé'?:l p‘fv?% (At dgl‘nf‘icﬁgn

sol ut i ons abiopd¢ @limlde;rphomhewl@e (ﬂatti\aatcs,adntlszmrérdml paindditon ﬂenmatm;g offlbé s can

b
by- pr oot oSy ki BB Rl M Pl P PHESL Py

menber s defpandp aneagumgnasnt; [sigarette iﬁéte@ete feliﬂ'r@s?@‘“ﬁ aund exrcinogenit melr:ttldﬂsnom&llaﬁrﬁr known

to th
el v Ry e R RSB L BT MR ARSI b

or gani sfaovel of hyprogsnesuifids fgmplowipressung 2as stegampsrrginoval of P@iutafﬂtsoalth polaertic on i n
vat er S¥si eilciddidnkh@h&actdrs Sudnd’ 8 phBhtEneOf nfilcBbERCT 'd%ﬂ]ot?bg%ﬁé u%(;%

available for this particular organism Ferrate Is an' 1 6

02/ 061 6bichiengethsione é?@zmasﬁer waier and drigkisg water withettcongdigtion of hamdr dwetlucts;

ybact er i addifulth LeMsnts dsstabBANhANSeR WsintEAit 3 RabRtd BoliC SAAGAJIY, é@ Ji@p' dl'y
i nactivate §1e\§/e al known pathogens at fairly | ow concentrati ons. o)

Ferr at e®1ds © echl eatiforpy jag e d?agﬁemleeﬁlbri?mawg?éu Hem {Amayigs Strepiedecens tilﬁb F2
virus. Stagiylatbeulasofolmg chfRNwih weh-estrdsie okﬁl%t%}lrbl‘ﬁw@l)fﬁﬁﬁe'ﬂ{ﬁlg f&ﬁe@@ﬁ' has

been foupnd to be effective in, :inact | vat i n(g viruses (Kazarna, Wit

Tech. 3M{CRCogganisisosusly@s (n slestric) Paver  Ries gp éhIEPf%@gfhlcan@g Stom; removal of

bacteria, heavy metals and inorganics in drinking water in an oxidation coagulation processes;
removal of hydrogen sulfide from sour gas in the "Knox" process; delignification of agricultural
residues to produce glucose and ethanol from wheat straw; magnetic filler of barium and strontium
ferrate for fiexible plastics baving high polymer binder contents; support for other oxidizers such as
chromivm (VI) and KMnO,; denitrification of sinter furnace off-gas; removal of impurities from
solutions fed to zinc plants; decontamination of waste waters containing cyanide and thiocyanate;
oxidative destruction of phenol, sulfite and thiosulfate; as a catalyst in burning of coal to remove
impurities in steam gasification step; component of grinding wheels; etching agent in fluid form for

evaporated films; and ceramic encapsulated rare earth metal ferrates for use in electronics where
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turbidity in water system and inactivates nost ent er| c pat hogens V\h i@;\';r te
concentrations which age reasonabl e for use in ajfwater and wasté t 004
treat ma\]gé %/3 %lty. [01761 The bi oci dal propertles of ferrate have al so
been i nv8& ‘8‘3 ed (Y. Yamanoto, Mzu Shori Gjutsu, VoP¢T2RI330 ‘“929
(1983)). An inpqartant property of ferrate toward its_applicatiaon

wat er t r EHORAetspFapgrticsarg *tesdeﬁb iLhgsegnd eth%r@wl&eﬂ%{lsatﬁwsssq' ecﬁ)%ngqrewat e

has beenpmmzrmgch,@mry&e%dpmags7r|ver water treatnent, as well as in
muni ci pal sevvage treat ment processes; with its use, rermval of coliform

bacteria depeld&@lon tditignal uses ofsmats areflisewstbeldy-be ef f ecti ve agai nst E.
coil and sphaerotilus (F. Kazama, J. Fernent. Bioeng., Vol. 67, p.369
(1989)). Ferrate has aI so been used to renove coliform bacteria from
treat ed 8ewagdag? «EAMGEt er (F. Kazama and K Kato, Hanenashi Dai gaku
Kogakubu Kenk[lin]bkC’Iﬂé no}éal above? thefe fsld n@é@ﬁﬁl)d)avel%ggef Li¥e, Bl 2f £ M at e
can be used to oxidize amonia in the second ar%/ l'uent fror%wa ter

t r eat nenenyiroamentallyrfiiendh] oxidasts awesiolly Br ovtesan svaﬁf?‘@'?t@”gmml% ipPiications.

ni tritesnghRaedPot B:Hﬁ's%‘?di‘tand Hmmg)apsmq&{f; §onta'§ﬂ£r¢:h dwsea.gaﬂé a0 b2 hnic
products are environnentally frieéend ove properties o

f er r at e cempoOYRds i5)ap [EBperEHt rafcemﬁhmd@mal Cugrenily, geverat maihodsvfat eqntammt mqval

pl ants. oid eri@hdind" QBFIBH d&)%%@awﬁanbhﬁeﬁehaﬁ | ef\einft Mddy OF

the water ‘"treatnment fa |ty ste from muni ci pa s F nes or the
i ndust r iPhptodseradetion: Chamien] degradatiandis affjen tihef meﬁrﬁcgnm@@mde@bleewmléa@mesu te.
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to Fe(Ill), which precipitates out of the solution as Fe(OH); or other Fe(Ill) salts. The iron

containing sals can be easily filtered out, leaving iron-free water containing innocuous by-products.

[0174] Escherichia coli, Salmonella, and Shigella are all members of the
Enterobacteriaceae. These bacteria and certain others known to those of skill in the art have similar
phystological characteristics, including being rod shaped gram-negative facultatively anaerobic
organisms. E. coli has long been used as an indicator of fecal pollution in water systems and there

is a large volume of disinfection literature available for this particular organism. Ferrate is an
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condensers dos h.10"5 M t of ferrate twce a day, for 5
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Lo gy U Sl AL ST, S PR
ef f | uerrome ¢egemera thapngh Kloddalation, Ko gerdécutou aﬂ(@aﬁyplartﬁﬂlyodestrhjoldassaﬁed PRganitl7- 22
(1984) )contammants through oxidation, and as a finat step, to remove itself from solution. A one-step
purification reagent which meets these criteria is FeO,*, ferrate. This ion is able to successfully
compete with the current two-step, chlorination/ferric sulfate, flocculation technique, thereby
circumventing the production of toxic or carcinogenic halogenated organics.
[0180] Since ferrate has multipurpose oxidant-coagulant properties, it is very attractive
for the treatment of waste produced by chemical and pharmaceutical companies. These companies
spend billions of dollars a year in clean up costs for contaminated water used, or produced, in their

processes. Almost all of the waste produced by these companies can be oxidized to relatively
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phenol derivatives, such pent achi or op eno have een listed as a
) pr i oritipwswl l!smga"ﬂrat%yn sevsraljindugivialSpaticationsnip namnbnvvsth ampumbercafiopgamisgedicy .

PCP i s iBRhLAL %ubsafes. 36 ﬁ‘ RS, Iﬁ@&%\/ al iy ARd ) PRRA! 1 ER&IdCand @P\é»i S a
suspect ed carcinogen and itS$ mfy y$i s and conbusti on reactlon products

ar e. condichaushbn, Propsedings ofjthe € P@F'ml Water Chloriagtion wad Chemisel Epvirpimeatpl | n
degr adajr08: Wik ERects, pp. 1285-88 (1985)). The applicability of ferrate in waste treatment involves

not only its oxidative abilities, but also other multipurpose properties, such as its floc formation,

disinfective properties, and generally remediative faculties.

[0184]) Direct filtration of ground water using ferrate has been examined at the pilot
plant level (T. Waite, Environ. Sci. Technol., Vol. 17, p.123 (1983)). Biofouling control has been
investigated (R. L. Bartzatt and D. Nagel, Arch. Env. Health, 1991, Vol. 46(5), pp. 313-14 (1991)).
The coagulative properties of ferrate have been found to be useful for turbidity removal (S.J. de
Luca, CN. Idle, A.C. Chao, Wat. Sci. Tech. 33(3), 119-130 (1996)). Studies have shown that when
model condensers were dosed with 10 M solutions of ferrate twice a day, for 5 minutes, biofilm
growth was inhibited (T. Waite, M. Gilbert, and C. Hare, Water Tech/Qual., pp. 495-497 (1976)).
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t he decontam nant_ is
between 5 and 10% of all community drinking wells in the United States have detectable MTBE

contamination. It persists in petroleum-contaminated aquifers. MTBE in groundwater can be
oxidized to relatively non-hazardous compounds using ferrate.

[0191] Trichioroethene (TCE), a nonflammable solvent used in large quantities in
industry, is the most common organic ground water contaminants and is classified as a “probable
human carcinogen.” TCE is sequentially reduced to dichlbroethene (DCE) isomers, chloroethene
(CE), and ethene. The use of ferrate in remediating contaminated groundwater is attractive due to

ease of field implementation and the relatively low cost.
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offensive odor. In addition, their presence may not be acceptable in the environment due to their

bigh oxygen demand. Ferrate can be applied to petroleum indusiry effluents to eliminate odor
related te ‘sulfur‘ and cyanide containing compounds.

[0198] Drinking water supplies are sometimes plagued by odors resulting from the
presence of manganese(Il). Manganese(Il) causes aesthetic problems such as colored water,
turbidity, staining, and fou! taste. Manganese(Il) can also accelerate biological growth which
further exacerbates odor problems, Mn(Il) is removed by oxidation of soluble Mn(II) with a ferrate

to sparingly soluble oxide and hydroxide solid phases, MnOOH(s) and MnOx(s), respectively.
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This process would not form toxic chlorinated organics and may also effectively mineralize NOM

to carbon dioxide, potentially eliminating the production of DPB’s entirely.

[0203] Ferrate solution can be used to develop 2 method for profecting iron and steel
castings from corrosion. This procedure is based on the formation of ferric oxide from the decay of
the thin film of ferrate on the metal. In this procedure, a mixture of alkaline metal ferrate and
alkaline solution containing 2 reducing agent is brought into contact with metal surfaces.

[0204] There are several disadvantages of using metal salts such as alum, ferric
chloride, and ferrous sulfate in removing solids from a solution. First, binding of water to the metal
ions creates a gelatinous sludge with a high water content that increases dewatering costs. Second,

the water becomes more acidic after the addition of salts, causing a decrease in the coagulant
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lesser amounts of expensive feed siock.

B. Treatment of Recreational Water

[0207} The ferrate generated by the methods of the present invention can be used in
pool and spa applications. It is well known that pools, Jacuzzis, and spas become polluted with
organic waste. The waste enters the water from the body of the swimmers or by wind or insects. If
left untreated, the water becomes furbid and foul. Usual methods of treatment include the addition
of oxidants such as bleach and anti-bacterial or anti-fungal agents. These treatments create

unwanted side-effects. The oxidants that are left in the water have an adverse effect on the skin of
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r enoval sepequenthorrdfor sxamplent aimal fsefls-om wast e water effluent. -35 1 6 JUN
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Dei ni nger discloses a nethod for transuranic element polishing from

radi oactpR gavTiERg Riesclids Wheredsaotohdy beors| apeseaitl st Tengyaiere A1 on
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chem cal dosages, r.adi.gactive sludge generation using this nmethod is

r educed VA g" m@@ﬂ@%ﬁ’%‘bew he suspended solids content in the
wast ewat er f gad1)( Dei The prg@ks oftthis dhventidhbiat dvd¥Bradi an Zfdeoud Glream tomPiibing

789- 795bigs]b?igg l)}r ’co%gtinignthes %ga%lc\?vi fgrga%. nQ‘he aqueous stream can be derived from any
number of processes, which generate such sireams, such as from animal and vegetable processing,
including processing for non-food uses.

[0212] In the process of this invention, the aqueous stream to be treated can be from
any processing plant that produces an aqueous stream comprising biosolids, such as food processing
plants. For example, animal slaughterhouses and animal processing plants and other food

- processing plants may produce aqueous streams comprising protein, fats and oil. Animal
slaughterhouses and processing plants include those for catile, hogs, poultry and seafood. Other
food processing plants include plants for vegetable, grain and dairy food processing plants for
processing soybeans, rice, barley, cheese, and whey; plants for wet-milling of starches and grains;
as well as breweries, distilleries and wineries. Biosolids present in aqueous streams from these

processes may include sugars, starches and other carbohydrates in addition to protein, fats, and oils.
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E. Use in Radioactive Clean Up g

[0216] The process of the present invention is based on the precipitation of radioactive

materials, particularly uranium, dissolved in aqueous solutions. The dissolved radioactive materials
may be from a naturally flowing stream, or a uranium mining operation water treatment plant. The
water from the stream is destined to be treated by a conventional city water treatment facility for
drinking and home use.

[0217] Ferrate has been proposed as etreatment agent for the removal of radionuclides
(transuranics) from waste water. To date, the focus has been on the nuclear industry, where ferrate
is used to remove uranium and transuranic elements from contaminated water. In addition, there is
currently an interest in using ferrate in the removal of plutonium and americium from waste water

effluent.
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continuously generating ferrate in the reaction chanber; delivering at -

| east a portion of the ferrate to a site of use-4hat is proxi mall ﬁoJUNhH][]Q
reaction chanber; andfaddi ng additional aqueousisblution to the mxing
chamberwol@dgi6h The above net hod, where the additional ague@gsRlution in’
step (e) is added in an anmount to substantially replace the portion of the
aqueous solutl el iver t | [0 -Yolo)

nmet hod, furt he@lc]gnprllygl %gt algd'l Eggiﬁg?geﬁamn %Zﬁg(gﬁsg%l?sa%%})%}?%n }(%QEZQ]
The abov elementrrsdishing &pm ratgleaqyas avagiemateri using BefT dhat dnviobies ediusthngrﬂ:et pH cg°r:oup

car bonat & kR AER AR Frae Y B (6714 RSB ovaf Bk

ereo
the ironby &biprepm@t@bszftth&jh"ﬁmgmtchewtgmdh@ fewan byds oxideg mafrix fiwilarito other rhamz,

fer T ouS Dl s, GRE hfialil 84 SEniGPEE 5 SHEBLA I oor LT L BloBTT fied &1 7 0US

brom de, "Terri rous su
phosphat ehenfieal dosegeh,yddimchdesludgrgennmhoh ynsing)ﬁmsdec;mod B tra:duceckbyl 3d20%, fdepermirg:

Oxi de. T 81 HeQuAlEf 990 SHUBRNRLE v L BLABHB UL OARY R NORR! Bundb b0y

car bonat e, erious car or a co

above rretmpd’[smél(BQOhe oxi di zi ng agent corrprl ses at Ieast one of the
follow ng: a hypohalite ion, a halite ion, a halate ion, a perhalate ion,
ozone, axone, hal ogen, a peroxide, a peracid, a salt of a peracid, and
Caro's akid, QseigSgﬁaLbiGMhi;gn thereof [0232] The above nethod, where the
oxi di zi ng age onp aI| e.ion elected fromt ou

consi sting of B%}% plﬂd](S: “t'to}{?&lfl %1 bt%}’ﬁo it l‘rﬂnlgd)ﬁem3 ’t&[(ﬁg Yrodit e
i on. [0233} odeeecoaiamng fiim’s,msultm/gmcmﬂwnon»f Haszlmnyalagéﬁm cipiping systenss dndl i t €

o, andot B Rk bR o PR BT SR e oS S phesel e st 9%

[ 0234] THeralsmncexinting @ded fin gepladelpentoofi minzntbgusagdmommwmmctams, &phrddlipt thei on
sel ect ed, oy ,S}.1 f br o e, i on,
andt ho Sheopl bR BicrillS aid G a3 SRRl Ao, g B

conpr i sesddatipnsy Aelihtie forgred, whickdt @ duspeatad dalminagem Uplse, Gn slesmangglatyf readmns

per chl or e perbromate ion, and the periodate ion. [0236] The
above meﬁﬁézd] 8&1313}.43' onal Iy conprising repeating steps (b) trough (d).

[0237] A net HO2R0bf t Remevak gf heavy metgls wolphis Go&d, amd Maweina fermters alsekiawi.ng at
| east ONGyralsRRYEdeH XhO“GHHDérhéder&u&QJi tshs?b’t%ib%ls &@ﬁé&% HetaMOnioREH ﬁéc%ulh@%r?ﬂ‘

reacti on chanber | ocated proxi nal site of use; contactin

ferrat e Shevlh Qdeku Egplesu¥olnd kEUrR 2&3 296{d9%8)). eThemeshanism fgr dnistpowal invelues a
por ti on gf oilhv&we R‘&Hfah&ﬁ’ of ans@mmlm@, arHORB&Yuch %na%t B?hla@dmet‘m%ﬁ hbe

Impurity is selected framth eégrou consi stin bi ol oglcal |npur|ty,

an or ganeORapisripitafe regpiting, g derate’s reguntipn prodyc s{RUfaml Cdsrgpaveddn pspiilerty, a

manner. The removal of heavy metal ions and humic acid by coagulation after treatment with

potassivm ferrate has beén studied. Metal ions are generally trapped during sedimentation (F.
Kazama and K. Kato, Kogyo Yosui, Vol. 357, p. 8-13 (Chemical Abstract 110:63421y) (1988)).

[0221] Additionally, metallic surfaces, such as those used in medical devices or in the
‘semi-conductor industry, need to be cleaned or disinfected. Current methods for cleaning metal
surfaces require their exposure to disinfectants, such as bleach, that are highly corrosive.
Consequenily, the metal parts corrode and routinely fail due to fatigue and need to be replaced.
Aside from the high cost of replacing the corroded metal pieces, the failure of the instruments
create discomfort and annoyance for the users and liabilities for the manufacturers.

[0222] Ferrate produced by the methods of the present invention can be used io clean
the surfaces of these metal parts. Ferrate is not corrosive and does not damage the integrity of the
metal piece. As mentioned above, the biocidal activity of ferrate is comparable to that of bieach.
Therefore, ferrate provides an efficient, effective, and economical means by which these metal

surfaces can be cleaned.
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combi nation thereqj. [ Qmidihl ad HgueBRNSR:BR LR isingA8 1@n IsNEaRPdn G A @ﬁ _
es a conponent selected’ fromthe group consisting of a hypohalite
halite ion, a hdfapexingehamberher hal ate i on, ozone, oxone, hal ogen

)

~metallic inpurity, and a radioactive inpurity, or a conbination thgr OI.
[ 0239] The above net hody, where the step of continﬁﬁxsly generatiﬁg f i 2064

conpri s

of the
ferrate
ferrate
addi ng
nmet hod,

es the steps of . i Xi ng an aqueous sol utio

aqueous solution to a reaction chanber;
Gh t helediedtiséon chanber; delivering at |east a portion of the

to a Si of _.use that. is proxinmal to, the.reactjqn chanber, and
a0l i BT IR BE e R SR & 4 FERt st R S R 8ahov e
Wt Thefersld bénePRing dSAH4QOHS peadnt inveriion daeBe 4s8d §i Lidsfif) sekifhgifgr an

anmount to substantially replace the portion of the aqueous sol ution
del i ver ek 3"€he reaction chanber. [0241] The above nethod, farther

conprising ad@zng a DAtk ofhbe erbldfREs, SIR) fekrk@Nzenerhidd 43l thd heiRBO Ve thet hod,

where t
hydr oxi
t her eof
group ¢
ferrous
sul fate
hydr oxi
hydr oge

conpris
ion, a
peroxid
t her eof
t he oxi
consi st
indite
hal ite
bromte
oxi di zi
of the

he base conprises an ion selected fromthe ﬁrougI consi sting of the
iSohateny

cREeSERSinveRtinm 1Ay, hediseddn treat 3 vaupd, ag deserdhed ieU 056,47 nat i on

[ 0243] The above nethod, where the iron salt is selected fromthe

onsisting of ferric nitrate, ferrous nitrate, ferric chloride,
ordome Emhediments)g . ,

, ferrppsphosphal s5th

onprising an iron salt
and anwapzieaasthg agent in a mxing chanber; deliveri ngPEI/UB@E&2044a porti on
conti nuously generating

2 all3 7 rrous bronide,_ferric sulfate, ferrous
d &ﬁﬁd&ﬂ&n&hﬁ%ﬂ*ﬁ%ﬁﬁqnfr@fef io%@fbﬂ&@i"ﬁgﬂ e, ferrous

de, ferric oxide, ferrous oxide, ferric hydrogen carbonate, ferrous

n car §038) e, Adnsthad of sentispensly synthosizingderrate SoBBAYat e, or a

gint

a

e, a peraci, a&meﬁngﬁtl&%ﬁﬁdﬁfﬂ% udont Solftiodd flreaion @haiEpi Nat i on

10" JUN WO 02106160
di zi ng ageM cofpRYnEeuslyen
ing of : Bgi g?ypoﬁbﬁﬂﬁhéﬁléﬁhp&b&mﬁ&mé £site@T nsehisl if exiR¥PR

i on.
ion selected fHSfFIten

ion, and ehe i nddih@add@idnallaebid sohition &by tmixikg dachbewher e t he

et or W7 oy TSyl E Mk B 4l eRL oniaanton s Lo %1% <HEng bove

CT/ USC1/ 22044 10245] . The above net hod, where
crpinEdpratein thereaction ghadtt r om t he group

sisting of the chlorite ion, the

The above t hod, where the oxidizing agent conprises a
e i

nmet hod, awMambent tth eutsiantailyi wplacgtha potionoif ilsesuenys esolvgibmidelivetd to si eadtzad f r om

the gro
peri oda

conprises ad uizag t heTHeambowtrastbaml, furthgtcompnsing adding adgsseio tis aqitsobuisobitiop0250]
"C o B " etk EmERel Sk Ml BASRORORRL W SRLAT e by

The abo
ferrate
t he con

onsi sting of the perchlorate ion, the perbromate ion, and the
o

[ 0249] The above nethod, where the contacting step

tasistingg of e opremenhass dee bpdroxddd iomg the gtideaon, @ghd the carbonate ion, or a
combination thereof.

[6230] The above method, where the iron salt is selected from the group consisting of
ferric nitrate, ferrous nitrate, ferric chloride, ferrous chloride, ferric bromide, ferrous bromide, ferric
sulfate, ferrous sulfate, ferric phosphate, ferrous phosphate, ferric hydroxide, ferrous hydroxide,
ferric oxide, ferrous oxide, ferric hydrogen carbonate, ferrous hydrogen carbonate, ferric carbonate,
and ferrous carbonate, or a combination thereof.

[0231] The above method, where the oxidizing agent comprises at least one of the
following: a hypohalite ion, a halite ion, a halate ion, a perhalate ion, ozone, oxone, halogen, a
peroxide, a peracid, a salt of a peracid, and Caro’s acid, or 2 combination thereof.

[0232] The above method, where the oxidizing agent comprises a hypohalite jon
selected from the group consisting of the hypochlorite ion, the hypobromite ion, and the hypoiodite
ion,

[0233} The above method, where the oxidizing agent comprises a halite ion selected

from the group consisting of the chiorite ion, the bromite ion, and the iodite ion.
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t he aqueous mxture with a stationary container containing the ferrate.
[0252] The above nethod, additionally conpri si repeating steps () JUN 2004
through (d). [0253] JA device for continuouslyisynthesizing ferrate for

del i vey drRsfsoSi t € of use, conprising: b a first hol dgﬁq{@?ﬁg‘ﬁ{‘. ra second

hol di ng chanber; a m xi ng chanber controllably connect st

hol di ng cha nd o.the second hol di ng. chanber, into ich a content of
the first hg}f@éﬂg cﬁ’f’fr@é’?’e gﬁﬁo‘g 'gﬁfﬁt fOEEING aZRE GABPIGY ﬁlnﬁaeé‘l’ih?%’é’@dare
added t drofadhegraup Ednkistingraf xticlthBiatélibn,ahd Raa4LE WA, StaRdRAateRAL ol | ably
connected to @3 mxjg]ng chanb?e#;, t he rgl?ct)ﬁiﬁzn_ chamber adapted to receive
the first mX antPhBYYE Inethqd, vhere, the oxidizipg agent fomprisss g erhalate jome: a
f errat esdlcietdiom the gtdap corSReihg SMhdRARREH S oA e FitbrokhiWn, HRBRE RSioldle i
reaction cha[}'ggé_J t hr ugg which the ferrate mxture is adapted to be
transported he stt&bgye d, fidittoally remprising rspeatiagstens (bribyenghaid)-t o t he
reaction chafuasy). [ 0RGihole rekmyCat AQHE 6LuseREARIcbRn it RYing Q@I@ﬁronfe!” ther
conprises a nmechapjcal agitator. [0255] The above device, whére the m xing
chanber PSPy FOMTISWEL yuhe configured to nix the mixture as it passes

t hrough the tube. a)f 0258dntihtidhs NeFatfhe i ; : albef | urt her
conprises a terrper)[ature g:ont?(t)%a dev?ce@?%@%%%%6160%%#?%%12‘%044
10257] The above devi ctesHeefW&r conprising a punp downstream fromthe

first and the segpond hkaiinome RAARWiH R MnbtRs WiGadaf 0 Wl dPGsdl Xi NG
chanber. [0258] ?r?g above dg%trce, further ::Jo_rr_pri]si na a ptfrrp downst ream from

the mixing chanber an¥BUIFSta kashnppigan eHbe ety saxidirathber . [ 02591 The
above devi cqp23gper e Thb gbdve aettiod withAlid ShpusRRIsbISES! forh Hﬁ%xdug“céﬁs%‘i‘in et ween
-+, the mxin c,ha} er .and the output opening, [0260] A systémfor COI_’I%I nuously
/ synt hedi hﬁg’ﬂgﬂr dPIPURILY, - BrEAIe npHEty, gn finorganicigpyTitYe 2 shfinisertinias tmpyrithga an

i ron s akdlliCnfpRESNshdhdibRdive hahe! oG dinlifdmaRke©Xi di zi ng agent; a ni xing
chanber cont Labl connected tqQ the first holding chanber and to the
second hol dilf&?thantibs: oV Fgthiggh thostenof ontinupusht generpling forale sqmpyisengent
are conhesapkabl y added to forma mxture; a reaction chanber controllably
connected to the m xi ng, chanber, into which the m xture is kept for a
period of tinme, éxﬁln d i AIRMEAR afuaopsgodtipr comprising an iron salt and an oxidizing agent

. in a mixing chamber; -

b) - delivering at least a portion of the aqueous solution fo a reaction chamber;
c) continuously generatitig ferrate in the reaction chamber;
d) - delivering at least a portion of the ferrate to a site of use that is proximal to

the reaction chamber; and
€) adding additional aqueous solution to the mixing chamber.

[0240] The above method, where the additional aqueous solution added in step (¢) is in
an amount  to substantially replace the portion of the aqueous solution delivered to the reaction
chamber.

[0241] The above method, farther comprising adding a base to the aqueous solution.

[0242] The above method, where the base comprises an jon selected from the group
consisting of the hydroxide ion, the oxide ion, and the carbonate ion, or a combination thereof.

[0243]) The above method, where the iron salt is selected from the group consisting of
ferric nitrate, ferrous nitrate, ferric chloride, ferrous chloride, ferric bromide, ferrous bromide, ferric
sulfate, ferrous sulfate, ferric phosphate, ferrous phosphate, ferric hydroxide, ferrous hydroxide,
ferric oxide, ferrous oxide, ferric hydrogen carbonate, ferrous hydrogen carbonate, ferric carbonate,
and ferrous carbonate, or a combination thereof.

[06244] The above method, where the oxidizing agent comprises a component selected
from the group consisting of a hypohalite ion, a halite jon, a halate ion, 2 perhalate ion, ozone,

oxone, halogen, a peroxide, a peracid, a salt of a peracid, and Caro’s acid, or a combination thereof.
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. synthesi zed, and e) anégftput opening in the reaction chanmber thfcughiRigh

the fe
The ab
The ab
consi s
conbi n
sel ect
ferric
sul f at
hydr ox
car bon
car bon
oxi di z
of a h
oxone,
aci d,

oxi di z
consi s

~ion, [

ion se

rrate is adapte 0 be transported to a prgxijmal site of use. [0261]
m further conprising adding a base to the mixture. [0262]
§¥§°§@§$§n1 where the base conprises an ion selec?§51$9¥%Wf%e gr oup
ting of hyd@gxide ion, the oxide ion, and the carbonate ion, or a
a1 on tHe8or 288 PRGodnYbae BesPXidiEng R8s comerises snhpshalite don
e Cseferedniohethg gRuP caisigoF tithypbchiopitd ibs, 1R }g@aﬁrsmité Bhléd %éﬂygﬁﬁﬁftfe _
chloride, ferrous chloride, terric bromde, ferrous brom'de, ferric
e,Ferrous sulfate, ferric phosphate, ferrous phosphate, ferric
i de, fej0z48)s hymhe aKive SnethollEWhdrS tHRXdxElBsing @g’eﬁ%pﬂa‘ésf!&aliie%?& kGediyflr ogen
a%gi ferrous hydrogen carbonate, ferric carbonate, and ferrous
at&m the eroup shag Plreieior. e omitaionifad fisdediedspst em  where the
I Ng aggu247g ONPIIihs §Bove nfeHEBORRAY the SkRfirg eedt'cBRbGRE 2 QLBHALL Miakeyl | N9
ypohalite ion, a halite ion, a palate ion, a perhalate ion, ozone,
e Broun consistng efdhe chloie e, the bramatgjian, e the jodateiond, and Caro's
or a cqabigpat i ghe Ve Sfthod GARRL th_-Ethi&]Piﬂ%/ St SdofiBhisel 1] EphlAR ion
|n% agent conprises_a hypohalite ion sefeCted fromt & group
t SHgPtestirqm theigronpcapsisting &f thepprchigsate fppothe pashiometeiien andtheiparivdathyamoi odi t e

02661 THE9RDOY EhoMSYERHI HhErollEcotBbH Al LoABERL -FRIRNL RETTRA! 1 e

|l ected . fromthe group consisting of t ite romte

i on, . anSrPRfitbARPEOESHHIE)2671 The above system where the oxidizi ng agent

conpri
ion, t

hd / ere t
ses a lgsef e i ohe ARVEREESH, WheRMhd E&m%r%gbgefcé%@h%'cﬂﬁa&ﬂ%:ﬂ%ﬁ]f orate

he bro ion, and the iodate ion. above sy ere

)the oxi M 2RRyoLeueUs I €es a perhal ate ion selected from the group

consi s
ion. -

wher e -

The ab
mx th
wher e

[ 02721
first

chambe
the m
above

the m
dri nki
Clam
to the

ting ofezsiie perkdube¥eahéhddOWhert B BEEGM Borl e feLhegat e
40 1 6IJU{LP2004_\/\D 02/ 06160 PCT/ ViRt Od[“%%gsg‘?ﬂ%ﬁ%%ove S’gstem

t 8 agHeoRs Iy EHe Rk  stptigueny cpniginersoptaiming shefeesieni cal * agitator. [0270]

ove SYHREZP WTHEiebbRendMod] sigitioRaen ﬁﬁﬁg}@%& bR agured to

e niXtﬁﬁﬁ as | ass§$ th’oqggbtﬂgﬁtabe. [ 2?%%@?ﬁgbabove{g§stenl

the m WPRY chahsByics F epimuptsiy snthesizing faranefos dglivery toomsito pf Beevi ce.

<bagriaingve system further conprising a punp downstream fromthe

and the second hal dj chanbers and upstream from the m xi ng

r. [0273] The ab8§§9%@§W%§Fg$ﬂﬁther conprising a punp downstream from

xi ng chanber andswpsthokbng dheabers he reacti on chanber. [0274] The

system where the_reaction cha conprises_a_tube ] ocated between

Xi ng chanbé? andgPﬁgﬁ%ﬂ?ﬁg?wgﬁgﬁﬁﬁgFO%EQW§?’wpﬁ§¥ﬁ§@m§PﬁHﬂW?WV1ng

ng water conpri storthe scomdolndliing cliapiieg tisto yehindr At @tbat bf the MRstiidige of

Lowith the drinkipgyialety oy & £ S UAY bbb ur@lada 3 kPl OX1 M
I first mixture;

d) a rteaction chamber controllably connected to the mixing chamber, the

reaction chamber adapted to receive the first mixture and maintain the first

mixture for a period of time;
e) a ferrate mixture in the reaction chamber; and
fy - an output opening in the reaction chamber through which the ferrate

mixture is adapted to be transported to the site of use,
where the site of use is proximal to the reaction chamber.
[0254] The above device, where the mixing chamber further comprises a mechanical
agitator.
[0255] The above device, where the mixing chamber comprises a tube configured to

mix the mixture as it passes through the tube.

[06256] The above device, where the mixing chamber further comprises a temperature
control device.
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generation site. [02761 A nethod of purifying waste water conpri ?iﬁ'gJUN'Zﬂulg
contacting ferrate gE%erated by the above net he with the waste water,
where the contacti ngz- i/s at a site proxinmal to the’generation site. 102771
A et hoW#2/46im0i f yi ng sewage conpri sing contacting ferracgamaeatied by the
above nethods with the sewage, where the contacting is at a site proximal
to the generat[0z7] Si t Bhe dbdve/ &hich, Rh&QdnPlisifs @ PinP BoFHEBhmAorh Bl AL S
conpri si n,% conaﬁétﬂl n%h%ﬁ,rér at‘?‘wgenerat ed by thée apbove nethods with the

sur gi cal "FiStPOAeHTs Fs@n ehframiheipixing chamigrsite  proxinal to the

generation si s8] 02’7%_ Dot iHng, m‘nhé:e&emfﬁrieﬁg A0l ES B e IR O ﬂz'ez?){;;\'i/.%m an

aqueous spol ytio conprising contacting ferrate generated by the
met hods {RATPeE UREfiraR flomtaf 5E5HOR chasf.e the contacting is at a site

“proximal to t@sgenergiel £Rves idbBee [\Q%g@%eﬁegakho&aﬂgercéﬁ%}ﬁ ;}attuﬁéétl% ddC ©Or

a pol yrre&ﬁ surface. (_:oggrl sing confacting ferrate generate ove
net hods Wftveenthem pmber anid the JEpRy gpeningur f ace, where the contacting is at

a i te proXi Mzgho t hes@RAtb Aot SmuledZii ki Ei}ogg! o2 ng 2

metallic or a pol'ymer surface conprisi'ng contactin rfate generated by
t he above nethods &t h &t haldieg ¢hambencontaipisigyamison salts f ace, where t he

contacting is at g SitgsRsPHolile &]gngg}goﬂgﬂﬁggﬁgﬁggﬁé%gem.[ 0282] A et hod

of continuously synthesizing ferrate, conprisfng. pro I'mg a m xture of an
iron salt and an o%i di z3 méringrhambercontrgliably eonnectdd kd the firsi golling| charpberand

portion of the m xture {,QnéseBGRAHo g &ﬂﬂl@?r?frﬁo Wil RO 081884 thenoxtit?.}%ing

PCT/ US401/ 22044 exposing the mxture to elevated tenperatures |
heating chanber, ther emRgeRjarraoprellablyfaddadde Eormmagnipturang at | east a portion of

Lo Py VFC s, Bk e 6 WS

additional mxture to the heating cha

the additional mixture “dHelethempixreisieat farg paniadied time, ond in ahichnisuate i o
substantial ly repl ace tdhanloksips of the ferrate renoved fromthe heating
chanber. [0284] The above nethod, further conprising adding a base to the
m xture. [02851 TH3 abdPeUHt ABRNG Mdhe reapiiomehsmberoihimugh exhicinthe farrase liwct ed

fromthe group consi stahmgb@trms}mg&g%la{;,@ﬁﬁm {ikerhydr oxi de ion, the oxide
ion, and the sﬁgonate on, or a conbination thereof. :10286] The above
d syptgm

met hod, wher i r Spe abgrg Surther comprsingAddng afrsip theawisive: | ng of |
ferric nitrat{262f er r Ohsabové Edicth, Wherelthe b&BIcOhpARs ah o QuketeABd flearofyST i C

O 0l S U S Bk Sk il 1111 ¢
oxi de, ferroye268Ki deThefabovd systayitWRGE theGidhREID Al Blectt€FbAURe BNEP 08RRtIng of
carbo na&e%‘ic Iﬁ%&t@,l i%rr&% rm 2 ?e?%e%’ic chloride, ferrous chloride, ferric bromide, ferrous bromide, ferric
sulfate, ferrous sulfate, ferric phosphate, ferrous phosphate, ferric hydroxide, ferrous hydroxide,
ferric oxide, ferrous oxide, ferric hydrogen carbonate, ferrous hydrogen carbonate, ferric carbonate,
) and ferrous carbonate, or a combination thereof, _

[0264] The above system, where the oxidizing agent comprises a component selected
from the group consisting of a hypohalite ion, a halite ion, a halate ion, a perhalate ion, ozone,
oxone, halogen, a peroxide, a peracid, a salt of a peracid, and Caro’s acid, or a combination thereof,

[0265} The above system, where the oxidizing agent comprises a hypohalite jon
selected from the group consisting of the hypochlorite ion, the hypobromite ion, and the hypoiodite
ion.

[0266] The above system, where the oxidizing agent comprises a halite jon selected
from the group consisting of the chlorite jon, the bromite ion, and the iodite ion.

[0267} The above system, where the oxidizing agent comprises a halate jon selected
from the group consisting of the chlorate ion, the bromate ion, and the iodate jon.

[0268] The above system, where the oxidizing agent comprises a perhalate ion

selected from the group consisting of the perchlorate ion, the perbromate ion, and the periodate ion.
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)

and fe

_ rrous carbonate, or a conbination thereof. .102871 The abo%ggnethod,
wher e the oxidizing ageﬂt conpri ses a conponent setected fromt

consi sting of a hypohdli‘te ion, a halite ion, a halZate ion, a perhalate

ion, h
or ac
conpri
hypoch
above
fromt
iodite
i al at

Noopeic0a peroxide, a peracid, a salt of a peraddai/usma2earo’ s acid,
onbi nati on thereof 102881 The above nethod, where the oxidizing agent

ses a Hgpashal i The ibove syseing othad the mitinghthagbead S tieo behpriseH § nREhdnhal

lori.te ion, the hypobromte ion, and the hypoiodite ion. 102891 The

négwgﬁ} where the oxidizing agent conprises a halite ion selected
he groym7epnsi Thd abgveofysteie whérk dliel thikingQRambdteoMpiss kaubeddnfigied the

i on 02901 The above t hod, where the oxidizing agent conprises a
Hﬁgaﬂﬁap consisting of the chlorate ion, the

e "E the JURREG A3 PAgSpSOp

broanate ion,jozEmp t hehd dboaL §stbawhdr@H8 hdixihd ehaakhey turtiB Rafprissdhaefpdritgre

oxi di z
consi s
i on.

t enper
ferrat
t he ho
hol di n
whi ch

cont en
t he si
devi ce
furthe
[ 02961
t enper
storag
devi ce
conpri
el ectr
an iro
connec
kept f
t hr oug

i ng agent conprises a perhalate ion selected fromthe group
g ,

[ 0292] (d372] abome BeiWelem\MiRiE dohPristhX b PoRp BRRASREm! Fork HiRVE@LEHd
a%yre |$ @ 50|ﬂdbﬁ%02 3] A device for continuously synthesizing
e HecBipe heiing chag _

| di ng " eirasper ot \dbte! filr@aSEonthrisPQ sl hidkp AfwiRLEAN M heimikhe
g ggg er. is tr%gsf rred to the nover; a heating chanber, throtgh
aPhAmbEEAnd JpsEsAp

t Retypen jhemixing chamberand the OWtpHt OpRING: g chanber’. [0294] The above

, Wher p2vdle MY Rkth6d BPpurFESg Aritk@AOME colipibing EQRhg g&ﬁa@@ﬁé’r@teﬁew ce,

r.c ri.si.n .m xe e en the hol ding chanber and the nover.
b, 0° stivd B ST & ?“Rimﬁer @'{V@H@ walesy Whege the Spmieting i 4t Reite prowimal tethe 5

agane@tiorcadt r ol devi ce. 102971 The above device, further conprising a
e cha after the, output. opening in the heating,.chamber. 102981 A
(o R o Ao by AivEing WHT e compritas et ing fr e iRt BRanber

sthe gbavemethbdowitlotle saanaatar, sdbrd tie@dnadtinglis dthaGhe pdkimal tohe bénetaien

odes-provide sufficient electric current to convert the solution of

nsalt to a solution of ferrate; a reaction chanber controll ably
ted to02TR m XA meghahafifnekying stivage edmprising ltenisaing tferadie énefatrdriatihe i S

ﬁd’b\?\ﬁﬁ r@ﬁﬁ%ﬁgﬁﬁt&%%%ei \gﬂe(;le e cgn}f:}c%é isQP§ then O)i(il?}alttg %erg%ggrgtgo%r]sitg.h anher

. [0278] A method of cleaning surgical instruments comprising contacting ferrate
generated by the above methods with the surgical instruments, where the contacting is at a site
proximai to the generation site.

[6279] A method of removing radioactive materials from an aqueous solution
comprising contacting ferrate generated by the above methods with the aqueous solution, where the
contacting is at a site proximal to the generation siie.

[0280] A methed of cleaning a metallic or a polymer surface comprising contacting
ferrate generated by the above methods with the metallic or a polymer surface, where the contacting
is at a site proximal to the generation site.

{0281} A method of coating a metallic or a polymer surface comprising contacting
ferrate generated by the above methods with the metallic or a polymer surface, where the contacting

is at a site proximal to the generation site.

[0282] ‘A method of continuously synthesizing ferrate, comprising:
a) providing a mixture of an iron sait and an oxidizing agent;
b) continvously delivering at least a | portion of the mixture to a heating
chamber;
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Jtidiu gy

e perchlorate ion, the perbromate ion, and the periodate

vRytreans frpre the nixing ehamisht 1 ol | abl y connected to

P the repgtion GAmber. npyes: -42 1 5 JUN 200 WO 02/ 06160

PC TI USOl / 22f444jan  Ofthe Pbbved Bsftint) Owiekt Efterai@mthi ARmhaBhRsrisk hoMEd 19ieqh t he
t.on the aneL is adapted to be transported to a site of use, where



adapted to be transported to a site of use, where the site of use is .
proximal to the reaction chanber. 102991 The above device, wher el BheUni 239
chanber further conprijses a nechanical agitatof.}[03001 The above devi ce,
wher e tygh@ ofbgaed Chanber conprises a tube configured topcfipselBfedn Xture as
It passes through the tube. 103011 The above device, where the m xing

chanber further conppris . . r r ' 0302 e ,above
devi ce, further coﬁgri s?%)%gbgl%l%@t?léé’g%hftg%%gﬁ}eegﬁ ! rﬂLset ﬁ%ﬁ& IF%§°§’econd
hol di ng chanbers and up$terebugederatime fameateni xi ng chanber. [0303] The above

device, further coppri sj p re f th ) %i.n nber, and
upstream fromthe rﬁj;act %%%v&%a#bqg#gﬁééﬂ]&%}eefe%%% g g%\%é%,gtewiu’gr%ém} mf
reaction chanmber conpri begingchaniber;| ocated between the m xi ng chanber and

t he out put opening,, [ 03 A et hqd .of _copt i nuous synt hesi zing ferrate,
conprising: conti nf?ousl g"%%“rgoa\?'?ﬁ"."ﬁag“ﬁ%"fﬁé%@sh%a %I‘Jﬂ%'?bgﬁ conprising an iron
salt in a mRsd chdibebovewhsthica, tvhere thexiddiorah aitiere addudio e dsating cheabdr t wo

el ectrodgs: providj ufficient, electric curpent to the gt |east, two
ol ect r oda (8 L AP shsantially SRpiats, 5, osfonct Iectered jouiyed from i hede - 4
1 6 JUN &@afler’\D 02/ 06160 1. PCl1l'/US01/22044 c) delivering at |east a
portion of t rra t,o a sit f.use that i.,s, proxinmal, to. the reaction
chanber; and %&iddi hﬁe 5‘2?&?{’1‘%1? 1 ldeﬁg%rﬂ%"sg’ﬁlaﬂﬁlpgﬁ%?% t?*l?@mr’ﬁ't‘)’(rieng chanber .
[0306] The alj6285} et Mhel aboveanicthdd) evhed did baos) edmmipee o fonSseletttd Homakdg@upn
step (d) is.in.an amunt sufficient to sybstantjially replace the portion
of the agnaghne <4 ﬂ?’%‘?‘? é%sﬁ b]@r @ﬁ%det R H’Fe% aleiis nghﬂ{?e?aﬁmf'ﬁt%d?’}’ ha
above nebhbibatidnithérlyefr conpri si ng adding a base to the agueous sol ution.
--,[ 03081 The a met hod.. further. conpkrising.addi.n acid to the aqueous
otution - [ QRSB T aREsbsyE el oG ot ot i BfiecCid Do chm e o
t he gr ouprric oitmtestermgs mfraté,derric chloride, &reps EdorideUferrivi Hromide, ferkads biomidd) Ferit de,
ferrous ord & bram f.errou romde, ferric .sulfate, .ferrous
sul f at e,S&?Aéi?’ rt%'go(?% h%@%%faf?rerfc éileryrs?q’%fjes fe508% Bﬁozﬂ’b}éa?e’ de%'PFihé’ 87?9{9??0@??‘6'5, hyfié‘?‘r‘%us
hydr oxi deric ofide, férmue rkide ferfie hydrugenaaibdmate, ff@rous bydryghnagonaa fdidaedrbonatecr r ous
hydr ogen; ¢4l . 1 - and ferrous carbonate, or a
conbi na’??onhtgﬁsre%bgﬁt&%éfﬁgﬁﬁr@{{%%ﬁof synt hesi zing ferrate, conprising:
m xi ng an aqu@8T@k solka dbove weothpd.i wiergthe nxidizing agant tompriseam congiodent iselgeted) e nt
in a m%.n%, 85 g4k O, £ er , el | ' a st a
portion gf tﬁg%ggl untsisg'rl]é %ﬁﬂ%ﬁr'a{t‘g;o? bp%a%féﬁ 1]%;@, a(r)_ aﬁ%leoqt Jf']g%éﬁelmstg%n’ ﬁa].lg%ﬁ‘, 2
peroxide, a peracid, a salt of a peracid, and Caro’s acid, or a combination thereof.
[0288] The above method, where the oxidizing agent comprises a hypohalite ion
selected from the group consisting of the hypochlorite fon, the hypobromite ion, and the hypoiodite
ion. '
[0289] The above methiod, where the oxidizing agent comprises a halite ion selected
) from the group consisting of the chlorite ion, the bromite ion, and the iodite ion.
[0290] The above method, where the oxidizing agent comprises a halate ion selected
from the group consisting of the chlorate ion, the bromate ion, and the iodate ion.
[0291] The above method, where the oxidizing agent comprises a perhalate ion
selected from the group consisting of the perchlorate ion, the perbromate ion, and the periodate ion.

[0292] The above method, where the mixture exposed to elevated temperature is a

solid. .
[0293] A device for continuously synthesizing ferrate, comprising:
a) a holding chamber;
b) a mover controllably connected to the holding chamber such that at least a

portion of a content of the holding chamber is transferred to the mover;

c) a heating chamber, through which at least a portion of the mover moves;
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~proximal to the m xing chanber. [0311] The above net hod, furthe{ mgﬂr h@!{ng
addi ng a base to the ageous solution. [0312] The=gbove net hod;, e e
base conprises an ion selected fromthe group consisting of a nitrogen
base, W&98pd¢loxi de i on, the oxide ion, and the car bonaR@E/VENn/2208¢ a
conbi nati on thereof. [03131 The above nethod, where the iron salt is
sel ect ed: from t he d&)r oupancammi gienhing irothe héading chambert thaigh whiek the usntdnt bh aee,
ferric chloride, ferrous %hlorailg%, ge ric bég)m' dte, ferrous brom de, ferric
sulfate, ferrous sul f at'8oVef BAdREEdd %%Wﬁlfog,e SAFEHE Bhosphat e, ferric
hydr oxi de, f errouswheydthesiteds nse it proxinel wihedeatingehambe. oxi de, ferric hydrogen
carbonate, f s hydrogen.car banat ferric carbonate, . and ferrous
car bonat e, oﬁa@gtonb%ﬁeaq’l%%dﬁvﬁ&%qﬁfﬁ‘g‘ieﬁfowgesa?)ﬁwe%f’ﬂ’bd, wher e the
oxi di zi ng agqer9sponprhesstRve devies) titthei cangirising @dmixker betwbdiethg holdpg GhRsbat | Ng
of a hypohalite ion, a halite ion, a halate ion, a perhalate ion, ozone,
oxone, KA B§BOVErs peroxi de, a peracid, a salt of a peracid, and Caro's

acid, or a cqedospat i The 4606 evice, WhbE B hddfigg albiber ARHBOBMPARS b Eentfditure
oxi di zi ng{al%ggnt conprises a hypohalite ion selected fromthe group

consi st i® Y%e hypochlorite ion, the hypobronite ion, and the hypoiodite

ion. [0316] Tér97RbOVELeTRidVE dievitd) Sfufthdr"@mPinh i §Bradd RRAmILP FREH B6 Sovgnipal i te
ion selected, fr theW%oup consisting of the chlorite ion, the bromte
i on, anﬂpff“?‘f’él?@ﬂg‘?@n' £6hAmYeH3171 The above method, where the oxidi zi ng agent

conprises a [2bsyt e i Ddevi&) foEonfinuchslP BntHsizigs RuBteC &rBinkNg of the chlorate
ion, the bromate ion, and the iqQdate i.an. WO 02/801 8 P 1Uﬁ§1/22044 10318]
The above net hod, Paher & RS 5Somprisiie o Slestrpresand 2 solptigmpl pa iren sali

)sel ected fromthe groupheentit sldctigiedlprivie AERGHIlahea c@fnt tdeoRekhoznat e

ion, and the periodate_ion. &03191 @ rregop d o{ treating, at a site of use,
an aqueous m xture hav{HUponof prLiry salf fo.a P Egrates onpri si ng cont i nuously
generating ferrat® i n ared6d chumbehasdeNably eainecled e MieMnmixingchathbt®, fikd € of

use; contacting the ferrate w t agueous .. m xt.ure. at the site of use,
whereby at |east a porfvﬁ'{ﬁh%ﬁfsoﬁlﬁ@? 1oliiahd eP?E“"@d’ﬁﬂﬁ‘[%ﬁ%‘&ﬁ MPLES Exanpl e
1: Preparation ofc)Ferrai eutpi3peding nethé edakidod ¢hggmber thraugh which nheinbwge is

procedure for synthesizin rrate. d 7 distilled water to a 250 m,
beaker. "‘Add 30 g of I\la@éfp@%{fbees%aﬁpoft%ﬂgla ge?\ﬁ%%l ution. Cool the caustic

solution in an i cehdsath sitéoefimse EpRixgal (cetppreactionsbahlers. 5 g) into the
| uti whi 1 Xi (P t . f NaOH t
T

the hypochlorite so Ion. Keepg the solu |ocr%] €00
resi dueagtsgyl 25 g of Fe(N03)39H20 while stirring. Filter through nedi um

coarse filtapsgofnal Y2 abdle &EGB whefe! HE{:‘:EQQ 4 éo@&?:

observi ng ag[g_or ance at about ’gol% nm arr%’l ebég:‘ ntg%giflagec%?ﬁ er(%%)te
[0321] mithegpixtreasdipesiea dirgugh thedibeg t he procedure of Exanple 1, except
16.35 g of [0301] The above device, where the mixing chamber further comprises a temperature

control device. _

[0302] The above device, further comprising a pump downstream from ihe first and
the second holding chambers and vpstream from the mixing chamber. _

[0303]  The above device, further comprising a pump downstream from the mixing
chamber.and upstream from the reaction chamber.

[0304)  The above device, where the reaction chamber comprises a tube located
between the mixing chamber and the cutput opening.

[0305] A method of continuously synthesizing ferrate, comprising;

a) continuously providing an aqueous solution comprising an iron salt in a
mixing chamber, where the mixing chamber comprises at least two
electrodes; |

b) providing sufficient electric current to the at least two electrodes to convert

at least a portion of the iron salt to ferrate;
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chlorine was used instiead of 6.5 g. 40 g of coarse glass frit-filtered.

sol ution of hypochlorite is added to a 50 nL jacketed reaction L SELS h
a TEFLON stirring barf. Controlled tenperature ¢water is circulated t rou h
t he j acletorfogrggont r ol ,and establish the reaction tenperap4hfo228s0f ferric
nitrate nonahydrate (Fe(N03)3.9H0) is added over a per?ogl 19 a few m nutes

Lo begin the _exper) Tontyy 2 uala RN R AULCE, L S 80but Lon

before the start ofc t he "exper SorHancE
t heoretical absorbance altereévmzsdtauﬂ:emmdlf all of the iron in the solution

had been converted o F 6160

Act ual Expect edCbser@edF?‘gc gadrq%oflatia%“tfgtm% XD? Ztﬁﬂgtxggc Autiber

m nW *, Absor bHi386}Abs oTtizaabote methad) u@&b)tﬂ'eeaﬂﬂﬁfoﬂd]mqmouﬁodtgi)onaﬂiieatnﬁ s@ﬁzdﬂﬁegi n
i ron add1 tion 2 ron dd| ti 533. 9Be ni react | on
ot o 50 P B bl BT ihe Bt atihe s

250. 331.&4@:056&1&%30 4 350 321_. 010 '600. 5930. 3 450. 341. 080. 6950 6430 5
Actual W: t 0 Cc ana an, al i guot of the reaction
solution is t@%@ﬂ gra ﬁé‘f‘{% }}10931{} °ﬂ'f’?rtf¥ W@ﬁbﬁﬁt%eﬁq??‘?‘e“rgo"?ﬂ?s i s
the wei ght of[osb8] al |mabovemodj ﬁ;ﬂneremnprsslﬂgcaddlﬁ@&a &id to theayie@t Sdhution.
Absor bance: @% I g t he al.i

ent fraction of the total

amount  of ol ¢ ibed Véf'rﬁtteﬂt‘% thgion gplt g gctﬁdritﬂt'flegmnegemsteg of
f e;‘{) at e, feiriot mmat@h fmh ﬁiﬁﬁﬁuﬂeﬂig call;oﬁmer blﬂe’tfwechléﬁ\ideuﬂrr&fbr&dﬁge, F&tout b@?udel lfernc
conbi nat i th t er.ve or.bance con] res It facilitates
det er mi n"'é{&‘ip‘%#eﬂ?“st ﬂ@fa’t@r ieé?‘? BIFPS@P ferpus Hhtsﬁgatgém? 3‘@’ RPsdesiders )
of NaOH fersic aﬂﬂe,ffeﬂrmstdit&leb&ﬁﬁmbﬂtegéntdarblaﬁaéjlfeﬁ-duf@ hydra'@ﬁ'lr@&tb&taw ferfiGcainaR! 35

C. Tine t ua Ser v Fr act ion of Actual Reaction Notes nn
)V\t, gm KB%@PB%‘?’%‘%&‘HM%%WW%WM) Tenperature, C : .
[0310] A method of synthesizing ferrate, comprising:

a) mixing an aqueous solution comprising an iron salt and an oxidizing agent
in a mixing chamber to form a solution of ferrate;

b) delivering at least a portion of the solution of ferrate to a site of use that is
-proximal to the mixing chamber.

(0311} The above method, further comprising adding a base to the aqueous solution.

[0312] The above method, where the base comprises an ion selected from the group
consisting of a nitrogen base, the hydroxide ion, the oxide ion, and the carbonate ion, or a
combination thereof.

(0313} The above method, where the iron salt is selected from the group consisting of
ferric nitrate, ferrous nitrate, ferric chloride, ferrous chloride, ferric bromide; ferrous bromide, ferric
sulfate, ferrous sulfate, ferric phosphate, ferrous phosphate, ferric hydroxide, ferrous hydroxide,
ferric oxide, ferrous oxide, fetric hydrogen carbonate, ferrous hydrogen carbonate, ferric carbonate,
and ferrous carbonate, or a combination thereof. - ‘

[0314] The above method, where the oxidizing agent comprises a component selected
from the group consisting of a hypohalite ion, a halite ion, a halate ion, a perhalate ion, ozone,
oxone, halogen, a peroxide, a peracid, a salt of a peracid, and Caro’s acid, or 2 combination thereof,

[0315] The above method, where the oxidizing agent comprises a hypohalite ion
selected from the group consisting of the hypochlorite ion, the hypobromite ion,-and the hypoiodite
ion.

[0316] The above method, where the oxidizing agent comprises a halite ion selectetl
from the group consisting of the chiorite ion, the bromite ion, and the iodite ion.

[0317] The above method, where the oxidizing agent comprises a halate ion selected

from the group consisting of the chlorate ion, the bromate ion, and the iodate jon.
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e e State 024Begin iron addition Conplete 228.6iron addition 2.532 ..

"~ Begi nni ng 3.5370f reacfijn noted 0.320.2851.010. 23\3 i
4835%:)270 340. 611. 080. 5635. 3 250.-340. 671. 080. 62§5ﬂé‘>‘i 2004

10 0. 3 0.
350. 31@%3%&@% 6935 3 450. 340. 8131 080. 753. 5. 3 600. 431P4HUSHH28635 2 pC

17US01122044 @ Eﬁ’@ %(25 of NaOH is added in the hypochlorite
“production. T S}ﬁ@r at "‘“sé‘t » 3here, the oxidizing\agepCepmpde 2/ Ishwbde ion

PCT/ USO ée%ﬁéﬁoﬁ&ﬁé‘fﬁbﬂ) &ns:ﬁir@%ﬂﬁ}pb@ﬁ'loﬁfe i&g '%He%feﬁﬁ-dﬂa)le {09 344 Jhe lf:@ﬁ&ﬁfeeioh S

synt hesi zed u® {1@ e pr re o except that chl orine was
used instead ¢ EP H%at%aéeaﬁt%%f @P:a@saqflmuﬁ nwtuneémg aldeast pom of

hypochl Ofkrph€ty] dbnfpaisid at ed sodi um hydroxi de solution is added to a 50 inL
Pyrex beaker with a TEFLON' ' stirring bar. The beaker | aced in a | arge
crystal l'izi ng di si®on acontigiously gensratipg éﬁffafﬂ lataefeacnhled@ﬂ%I gbatt?dz]brmgimadit(sh has
a water/ice mxture to gaiiptgul, @ tenperature of 19-20 C. Five grans of
ferric nitrate nonahydrate is added over a period of four minutes to begin
the experiment. THY irorni@eting thefemete wihtheaqueanomigture dhasiteofuse, but there is

no visual |y apparent aGickibh e b a foriGbiThd b6y idligguliIper atur e of the

reaction m xture slowy rises. About 10 m afte start of the iron
addition, the mxture turns dark purple. Simultaneously, the reaction

tenperature peaks at 31 C. At thim'@m;@a timer is started for the
taki ng of sanples for Ferrate(Vl) analysis. The water/ice bath maintains a

const ant terrperature of 19-20 C. Time, Actual Expected

Example 1: Preparation of Ferrate(VI)

[0320] The following is a representative procedure for synthesizing ferrate. Add 75

mL distilled water to a 250 mL beaker. Add 30 g of NaOH to result in a 10 M solution. Cool the

caustic solution in an ice bath. Pump Cly(g) (approximately 6.5 g) into the solution while mixing

until saturated. Add a second batch (70 g) of NaOH to the hypochlorite solution. Keep the solution

cool. Coarse filter the residue. Add 25 g of Fe(N03)3-QH20 while stirring. Filter through medium

© coarse filtet. Analyze the Fe* yield using UV-Vis spectroscopy by observing absorbance at about
510 nm.

Example 2: Synthesis of Ferrate
[0321]) Ferrate is synthesized using the procedure of Example 1, except 16.35 g of

chlorine was used instead of 6.5 g. 40 g of coarse glass frit-filtered solution of hypochlorite is
added to a 50 mL jacketed reaction vessel with a T‘EFLON® stirring bar. Controlled temperature
water is circulated through the jacket to control and establish the reaction temperature. 5 g of ferric
nitrate nonahydrate (Fe(NO;);#9H,0) is added over a period of a few minutes to begin the
experiment. An amount of NaOH may be added to the solution before the start of the experiment.
“Expected Absorbance™ refers to the theoretical absorbance of the solution if all of the iron in the
solution had been converted to Fe(VI).
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Observed Fraction of Actua

(V3) Tenperature,
100. 310. 980. 550. 562

C «

Reacti on

rai nW,

State 20.300.950370. 3929 B¢
3 150.321. 020. 640. 6322 250300..

gAbsor banc Absor ban
391. 240. 660. 53
50. 640. 67

350. 290w020/06@0. 72 450. 331. 050. 760. 72-- 600. 310. 980. 710 pég/banRlse 4
Preparation of Ferrate(Vl) [03231 Ferrate is synthesized using the

procedure of Exanple 1. 30 g of NaCH plus

reacti OnSthﬁdWhy (25 Qj Af%@l iPXdJeH' m tﬁggﬂiobﬂ 1t9fproguélog ?L ragn*e 15,@?%332)&{(3
?f Na Al aIIE) ”?ﬁ aat [I*"Obéé Wof © 'Ec?l*‘a‘l actio v
erric *
BTAgi t P]lc’fh :1%{/ 2 30/ ﬁﬁé ocﬁ'i" (Qp Tﬁ@P‘HrE "‘23{%3 D/ 101325/ 6
f | tt | n _66/ ; )U 3: 030/ U1UL\.7 UUCT /1 t T ||u | ej. T 43530/ n1 ’):‘l Ran
fitting Fe/kfl-)O 54430101028160CT fikting Fe/ Hdo NPT pep e l?’e]*mf“.
Fc/ f - | 20-%3036+251325/-60BB-gde—\WO-02/- 06160 PCTH/IUSOL/ 7%”44 Exipe! gq ]
Tenp, Cqusticl Chl orine, glrod FornC vjs. BAgitatijon c1st/2nd ‘23;“3
: addition
2.5 30
35 33.9 Beginning
of reaction
noted
5 0.33 1.04 0.25 024 31.1
10 0.32 1.01 0.40 040 30.7
17 0.31 093 0.48 0.49 30.4
o 25 033 1.04 - 0.59 0.57 30.4
} 35 | 032 1.01 0.60 059 30.3
45 0.34 1.08 0.695 0.64 30.5
*; Actual Wtz For the spectrophotometric analysis, an ahquot of the reaction solution is taken
gravimetrically and diluted with pH 10 buffer. This is the weight of the aliquot. The dilution is to
100 g. :
1: Expected Absorbance: The welght of the aliquot represents a fraction of the total amount
of iron in the experiment. If all of this iron is present as ferrate, this i is the computed absorbance
value of the solution. In combination with the observed absorbance, the computed result facilitates
determination of the fraction of iron in the 6 state.
Second batch (25 g) of NaOH is added in the hypochlorite production. Temperature is set at 35 °C.
Time, | Actual | Expected Observed | . Fraction of Actual Reaction Notes
min | Wt, gm | Absorbanc- | Absorbanc Iron in (V1) Temperature, °C
& [ State '
0 24 Begin iron
addition
2 28.6 Complete
iron
addition
2.5 32 '
3.5 37 Beginning
of reaction
noted
5 0.32 0.285 1.01 0.28 36
10 0.34 0.52 1.08 0.48 354
17 0.34 0.61 1.08 0.56 353
25 0.34 0.67 1.08 0.62 353
35 0.31 0.68 0.98 0.69 35.3
45 0.34 0.813 1.08 0.75 353
60 0.43 1.11 1.36 0.82 352
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~ Fe/H20 8 3030/101325/ 60BBl ade Fe/ H20 9 3030/ 01025/ 60BBl ade Fe/ HIZ% ]1]@ 7004
3530/ 01025/ 60BBl ade Fef4- 120 11 4030/ 01025/ 60BBl adge, Fe/ 1 1,0 12'35 ,NO

7.525/60BBlade | F /1 e 20 1325/60 Passive Fel H) O 1325/ 60 Passive

Fe/ HOwiweHikdék Passi ve Fe/J_ 20 1025/ 60 Passive Fe/ H20 PIO2650622Rassi ve

Fe/H O 7.525/ 00 Passive Fe/ H2O 1325/ 60 Passi ve basepnt 25/60 Passive

basepm Example3:  Preparation of Ferrate(VI)
[0322] Ferrate is synthesized using the procedure of Example 1, except that 17 g of

chlorine was used instead of 6.5 g. 40 grams of coarse glass frit filtered solution of hypochlorite in
saturated sodium hydroxide solution is added to a 50 mL Pyrex beaker with a TEFLON® stirrihg
bar. The beaker is placed in a large crystallizing dish on a magnetic stirrer plate. The crystallizing
dish has a waterfice mixture to maintain a temperature of 19-20 °C. Five grams of ferric nitrate
‘nonahyd:rate is added over a period of four minutes to begin the experiment. The iron salt
distributes ‘ﬂlrough the mixture but there is no visually apparent activity for a few minutes. The
femperature of the reaction mixiure slowly rises. About 10 minutes after the start of the iron
addition, the mixture turns dark purple. Simuhanéously, the reaction .temperature peaks at 31 °C.
At this point, a timer is started for the taking of samples for Ferrate(VI) analysis. The water/ice
bath maintains Aconstant temperature of 19-20 °C.

‘Time, | Actual | Expected | Observed Fraction of Actual Reaction
min | Wt g | Absorbanc | Absorbanc iron in (VI) Temperature, °C
e e State
.2 0.30 0.95 0.37 0.39 29
6 0.39 124 0.66 - 0.53 26
.. 10 0.31 0.98 0.55. - 0.56 23
.- 15 0.32 1.02 0.64 0.63 22
25 0.30 0.95 0.64 0.67 -
35 0.29 0.92 0.66 0.72 -
45 | 033 1.05 0.76 0.72 -
60 031 0.98 0.71 0.72 -

Example 4:  Preparation of Ferrate(VT)
[0323] Ferrate is synthesized using the procedure of Example 1. 30 g of NaOH plus

75 g of water were mixed in the reaction chamber, followed by the addition of 6.5 g of Cl..
Another 70 g of NaOH is added. The solution phase of this is reacted with 25 grams of ferric

nitrate,
Experiment | Temp, Caustic, Chlorine, g Iron Form Cvs.Bf | Agitation
°C 1st2nd
1 30 30/25 13 25/60 C T fitting
FE’:/HzO
2 30 30/10 13 25/60 C T fitting
Fe/H,O
3 30 30/0 10 25/60 C T fitting
FeszO
4 35 30/0 10 25/60 C T fitting
FEH'IQO
5 40 30/0 10 25/60 C T fitting
Fe/H,O
6 35 15/0 7.5 ©25/60 C T fitting
FG[HQO
7 30 30125 13 25/60 B Blade
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1025/ 60 Passi ve basepm 1025/ 60 Passive basepm 1025/ 60 Passive basepm

7.525/ 60 Passive bas
sol 3Passive 1025/ 3Q

m 1025/ 30 so] i Passive 10
0l 4l Passive 1025/ 30 sol 5Fassive 1025/ 30 so]

/30 sol 2Passive @'0&5%1.3@915

8

6CPassi tn means pre mx the iron solution with ﬁ’%ﬁl?(r 33 NaCH i n
a shortwfﬁo(g’g}%%gfore contacting the bleach. Sol 1, 2, 3, 4, @E%En ?6 means
smal | chelatine—melectH which m-ght b to stabilize the iron wth
respect rr:igp‘frﬁ%eﬂt by Prieci pi fgg“&n  Chioras: &1 ro Bwmoxj Gos- Bihi sAgigsiosadh
m ght allse—makelit-"poski bE¥PY reduce the [anpunt of water in the recilpe,
this helps by cohcentrafing all of the spdci &80 i nprove the ki neti ¢s.
This may al S0 cuf d¥fn pn P8Rs of iréh whilch 760 hosti| 8 to| e Blade
f en- at ef. each of both. 1| Cvs. B|med&®B8LEonti nuous ¥s. batch] i
+H 't n; UL\ J r, 3000 P2/ 0BIG0 PCT/ 13601/ 220425/6kany]l e B: Pl erBadati on of
Ferrate{Vl) 10324] Ferriate is_synfhesized usi HgHth@e grocedurg of Exanple 1,
except [12.91% of] Il orji ne 304 uskd i &t ead of2%6® g [andBt he| scRRnéd
addi ti op_of sodilJum hydrloxi de was P5 g inst ¢adFelll,070 {g. Reacfion vessgl is
a 30 nli| beakKer ijn 24030 [C weR0&r baf h. Begi n|w t35/d6 ¢ |[of B Blade
hypochl prite/sodi um hydroxi de soljution. Ovér FaLO nutes, add a
proportj onak2e arfourts off ferlsfc nji trat®e nohahyaled e ¢rysBal S| (ZBlgqd) - | Begin
punpi ngl bl each ilnto thg vessel atj a rate of 1FgHgopern m nutie.
Si mul t gneouisl y, fcorsdl nyousBy25 eed 1 rors crypt alZjgont 0|t NeCVES[SEPaaived f ate
of 0.24 g per minute. [Stop after] 20 m nut gs, F&/,E point in ftine becones
time =0 1 n4the|talBbe Qel ozo/1®ur iing i3 S perix@gEot e [ maxe munt t pEEgRLatiur e
was 40 |C but nosgtly a tlenperaturg of close]torgf,& Was
15 30 30/0 10 25/60 C Passive
' FB/H20
16 35 30/0 10 25/60 C Passive
" Fe/H,O
17 40 30/0 10 25/60 C Passive
18 35 15/0 7.5 25/60 C Passive
Fe/H;O
19 30 30/25 13 25/60 C Passive
basepm*
20 30 30/10 13 25/60 C Passive
basepm
21 30 30/0 16 25/60 C Passive
basepm
22 35 30/0 10 25/60 C Passive
basepm
23 40 30/0 10 25/60 C Passive
basepm
) 24 35 15/0 7.5 25/60 C Passive
basepm
25 35 30/0 10 25/30 sol 17 C Passive
26 35 30/0 10 25/30 s0t 2 C Passive
27 35 30/0 10 25/30 5013 C Passive
28 35 30/0 10 25/30¢ sol 4 C Passive
29 35 30/0 10 25/30s0l5 C Passive
30 35 30/0 10 25/30 s0l 6 C Passive

*,

i

1

Basepm means pre mix the iron solution with some of the NaOH in a short loop before
contacting the bleach.
Sol 1, 2, 3, 4, 5 and 6 means small chelating molecule which might be needed to stabilize
the iron with respect to loss by precipitation as insoluble iron oxide. This approach might also
make it possible to reduce the amount of water in the recipe, this helps by concentrating all of the
speciesto improve the kinetics. This may also cut down on forms of iron which are hostile to eithe:
ferrate(VI) or bleach or both.
C vs. B means contiuous vs, batch.
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mai ntai ned. After the additions were stopped sanples were taken for b JUR 3
1

" spectrophotonetric anami s Ti nme, Act ual Expect edActft}?l Fraction of Iron
r ta

)

i nAct ual m nwei ght, abs anceabsorbancethe (VI) s ereaction
gmt enpayvavreasd C 00. 32672. 931. 1210. 3830. 1 100. 32842. 941rC 0480228, 8
200. 35503, 181. 4660. 4628. 2 Exanple 6: Literature Preparation of Ferrate(Vl)

103251 FEgduglles: WasPeyahthasfFesate(¥Ng a reci pe given by Audette and Quail,

I norganic Chepistry 11(8). 1904 (1972). 1 ngredientReci pel C 11(8)_ 1904
(1972) Experi el rgu%ﬁ%‘sdﬁF@%&@‘if’?‘%\%ﬂ’éﬁmﬁg?mfgﬁﬁamﬁr brPé‘caERé%Pi $oht al
On a 75 giafisRuoaediiskgd af 615 gahd e k&bnd@RitioR ol VYdRn BRARIe! vk M PihsRA0 o 0430

0.038 d-, (gas)6.50.0920.29 (75 g 2.720.25 water basis) 2nd.
NaOH700. h§. 6isacke} vpweiNiy # atle s beabenm 80H2 @ 2aenbrhyBesin avitex e ef 7:

Pr ocedur gpbMorkd@am b e Siide &ﬁutfr(:])tﬁ.r TRLEwo YindtB328d 3 }gdfgaﬂr%g%sm&n?

bottle and record its tare weight to the neareést I'nsi de a dry
box, weijtataaonghydrate stystaly HPo) o begin numpingdleado intg thefvessgkatra ratt®f d 208 psodi um

hydr oxi dginufeNtm@itahodhsih &grgﬁﬁ&fé{]y 28 o lmglst_%l&sl Eifétoztﬁée R,ite el%far&fe%f%%a@s@! ate

into the sanple bottle. each vessel. g ree vessels out of the
dry box.mimge.,8op piter 2@ minwiss. dhis heint o tigle tbeesmes fime sfhin|the tablprpélewhButikethio t he

near est . r 0.0 A ORI : e,fleaker.

Re- cap %Qﬂgdlfhgrge w@%%gﬁégtﬁlg é%fgétei%?%S%@{q%ﬁ%gﬂ%f Kbéfoélgﬁs

PCT/ t J SOndut@igatl) AT addititns wenestopped siripics verd talreg dorf spearioplrotonmtric analpkkL ON
coated stirring b_ar_i_n it, weigh it and record the weight. Set the fleaker

o o--t ha

in alas 3 t=tishaon—a—St+rrnerpLate dd—i-cp—t h
oyl PO AR AR < PR AT

stirring. Put _ temperature
0 0.3267 2.93 1.121 038 30.1
. 10, 03284 2.94 1.294 0.44 28.8
20 0.3550 3.18 1.466 046 28.2

%L‘xamr)le 6: Literature Preparation of Ferrate{VI)
| [0325]. Ferrate was synthesized using a recipe given by Audette and Quail, Inorganic
Chemistry 11(8) 1904 (1972). '

Ingredient Recipe IC 11(8) 1904 (1972) Experimental Procedure
- Weight, Moles Moles- _ Weight, grams
grams Experimental Ona75
: Procedure grams of
_ , ‘ _ water basis
Water 75 : 10 75
- 1stNaOH 30 ' 010 4 30
Ch (gas) 65 0.092 0.038 2.7 20.25
029(75¢
co - water basis) ‘
2nd NaOH 70 0.24 . 9.6 72
Ferric Nitrate | - 25 0.062 0.005 2.02 15
Nonahydrate g

Example 7: Procedure for the Synthesis of Ferrate (VD

[0326] Take a small sample boitle and record its tare weight to the nearest 0.01 grams.
Inside a dry box, weigh 30 g of sodium hydroxide into a 300 mL fleaker, 70 g of sodium hydroxide
into a 150 mL fleaker, and 5.0 g of ferric nitrate nonahydrate into the sample bottle. Cap each
vessel. Take the three vessels out of the dry box. Re-weigh and record the weight of the small
sample botile to the nearest 0.01 grams. Add 75 g of deionized water to the large fleaker. Re-cap

the large fleaker and set it in ice.
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thernoneter in the solution. [03281 Clean and dry the delivery t E @22@*
chlorine delivery system. Start the chlorine addition into thé OW

hydr oxi de sol ution. e sure the sodium hydroxtd sol ution does not back
tip intwdhmepl i very tube toward the chlorine cylinder.,Mag&h by the
speed of bubbles and don't go too fast V\atch the tenperature and keep it

bel ow 20 C. Pey ic ck of t h ker plus contents and
stop the chl o& gr%gfladgﬁ‘%k)é fE e?lfféhnou o’r P q%gsuﬁﬁé’gﬁe HHE% Py Hof

chl or i ne weightitingd recoadrihe ejeighReSeo thet ﬂebi@r nea lgi‘ge aﬁjstaﬂ]hﬁhgfdn&ﬁkﬂr stipfinfSpls@NA@NT S.
103291 P n,t he the t rrmmater Sl ow y

begi n ad fgrﬁét&% C‘h—%&égzcl%ﬁm %?l%et thgﬁevﬁta)%—ftﬂe E ﬁkt?e?t'é”t“?ﬂ‘ ef ‘Elaogléﬁsy it
i s pref ethatvhomederorithe salbtic@. Fi Iter the mxture through the fi'itted gl ass
filter. Put f gr ages of in.a.50 t begaker with a short
stirring bar. ﬁf?@] thgﬁﬁglaﬁ'}gr r#‘e[ ﬂwﬁ?’y@ aem %i%f‘ll@“ S‘ﬁ’vﬁ’ﬁfosyétﬂ’& watast thend

i ce or héﬂﬁnm&dﬂmeﬂSﬂalthe :todmm&i;&ltﬂiidefsb]uh&ﬁ MER®D ira the' Rdaikn hJioxSR! sahgidit -

Put a th 21 e gelntE‘F action ves 03301 Begin_adding ferric
nitrate nogh éj)g%) %% ¥ ad;’E h’ﬁft‘ %révﬁmybnd?rmwﬁﬂuforgbmqear@ouy y
begi n relmﬂ)blés agi ddadt goempﬁﬁamm@tﬂéteﬁlﬁaaﬁﬂfﬁxﬂ%éa ®helbR @0 "’@@érﬁd&%aﬂﬁéﬁ&'k 't
wi | | taktg %ﬁ {h]e];ﬂ utesto erric . crystals. Once the purple
col or S P BP{/) (98““”{5%6‘! °Pc Rlch “g%lﬁ‘fﬂ“&‘ Wisn engpghoghlorpg has

anal ysi sbeelExthﬂ @of cRlofip@inaliis eamele). Fﬂdfcbﬂttﬂé Wél&hﬁ&ﬂﬁ%ﬁ&bﬁ@&&t&n&

synt hesi zed except 23. chl orine

IO of  Exa
was used i nst 2’ gﬂlﬁ%“i‘é’ gkﬁlfth%ﬁ’atb "QFha@‘é ﬂ’FF’i‘Qm@F‘F’} tSJR"@H bﬁ%&éﬁngn |
sat ur at ahe quuaydmmnewsﬁm ﬂfeltﬁﬁpev‘ﬁl&e awdaﬁl it R p@ef&@blmmﬁ'ﬁd oxo®eqipy W th

--wa TEFLON _stirr r...Ih aced _in | arge .crystallizing
Yai sh on e Rixgirelirthed Bl RS Rl puERe b Bhitindn n oL deeRer v bt ur e

?L 26- 2 Btifinghag nﬁmﬁeam inthe eAs@lRMmE ALY ALd be Wasr ARG 00N astheBRE4r G, Of
ree m

to be e er this step, the mxture
f oamed u:}gbslfsg& f‘?pe § h% fﬁi@gﬁ ﬁ%&‘?‘?@f"é“l’kﬂ%ﬁrﬁq@qﬁeﬁ%nd to float on
thF f oam and [6830] ni x Begin ad\hn@ﬂeﬁxgﬁi;)ﬂ%ﬂx&ﬁaﬁyﬁﬁutéﬁdﬁﬂﬁ &%maﬁe @3@3&?& plB Wi hid 100
color a was initiate an | 0
g with (Q:S{}ugé%é%*, lggegmrco g, {ne Qﬂgﬁu %?8eﬁ§loég& AR ¥seelp ‘Kﬂﬁ‘i‘*!i? ure
t enper alftmr er fi@m@utcdie advighe femmeystals‘ emnce tienpifngls colbie stk@iin i6 @Mideritd S6bglid
rise. Hg %h ‘\Q%(‘)g ](@% P S/USOl/22044 Ti me, Actual Expected Observed
Fractlon 0 P eact i W, ginA bsorbane Absorbanc Tron in (V)

Example - 8: . Preparation of Ferrate{ V1]

[0331} Ferrate is synthesized using the procedure of Example 1, except 23.1 g of
chlorine was used instead of 6.5 g. 40 g of coarse glass frit filtered bleach in saturated sodivm
hydroxide solution was added to 2 50 mL Pyrex beaker with a TEFLON® stirring bar. The beaker
was placed in a large crystallizing dish on a magnetic stitrer plate. The water bath maintained a
temperature of 26-27 °C. 5 g of ferric nitrate nonahydrate was added over a period of three minutes
to begin the experiment*. During this step, the mixture foamed up slightly causing the iron nitrate
crystals to tend to float on the foam and not mix m. At six minutes the mixture was a dark purple
color and sampling was initiated by taking about 0.3 g and diluting to 100 g with cold buffer
solution. Six minutes coincided with the peak mixture temperature, 42 °C. During the nexi few

minutes, the foam continued to rise.
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- Tenperature, C eeState 60.310.970. 140. 1442 80. 331. 030. 250. 2435 16 JUN 20
0. 310. 970. 240. 2531 F169 10. 970, 270. 2827. 5 0. 341. §69. 300. 28
310. 321, 000. 290. 29 460. 321. 000. 300. 29 *Ti ni ngbegaﬁ ith the start of ferric
nitrat é”ﬂ&?f&‘ﬂ%lr ate addition. Exanple 9: Preparation of PEI/EPME2M\[) [ 0332]
-Ferrate is synthesized using the procedure of Exanple 1, except 12 g
chlorine was _used instead of 6.5 g. Reaction vessel is a |acketed beaker
mai nt ai nB@eaf Ag@alC| Brogéted (WiQbkeredi d fradtippot h[ oAbtwd/Reedionm] Gradual |y add
1.6 g of mndr | We am { Aheosbane naAdsdrbance |crixontim(\d) Thlsemperature, °6 f ol d
stoichijonetric excegss @f hyjpochéoritie ogate ferfic(ll1). Thejmaxi mum
tenper qt upe | a@hi eyed0&liri g thi4 stiep vibst 39 C. Actdml Act dlal Ti ne,
wei ght ,| Efpelct®8B Act udlo3Frdct 1 @5 of [l rord.2dn repcti on3s
m ngnmalsadibanceibspr bawzet He (029 stat etodsperafure, ©
150. 3233116360. B60. p336.92 300. 327 1. 441 143 793b. Z 45529841.261. 100. 8735. 2
600. 3289122391.&%0. P03% 08 BEXanmd. s 10: CoGpgReacf or Procedure [0333] A

j acket ¢d 3M X BNV EFSEGFET [TO GIT Thegte Cis used. A
react ol igSYEIpIA neln@rmor By ubE 1S éd tenmperature
set ti NG OT 35 5ninfod Pl With IS of RicilEle ROGEAIIE Mdnloat 1 ppnp set to

del i ver—sodium nl).%\uun oroTte aS %??UIIT?J %ﬁﬂﬁg—ehm& at a speed of

appr oxi Mﬂw{; dfFeitag9n Anot her tube on the punp head is used to
transfer mxture mt&nle melir? )charrber to the reactor tube. [0334]

Prepare a saf§32l vi dferjetin symshestzeth awing (they pryfceduce of cExaleﬁalL excaphdly drait e,
record chibneVRdsHbHd: indRa® Bﬂf ? 58 aﬁ%ﬁf VB%&TB' gaciétgt!l d@{llﬁﬁlﬁ%}fat st ahg

nonahydrate to deliver och
‘sol ut i oftithg0ers hm%hlﬁ@teféwhmeﬁradgdb' add 16z off fiuirin gxm@mmdraye «amsjals 3:mi3 g of

’; elr ric pig rsafoam OIRBMENE leReesPEH hipochiBlil Goveh ferG B! | TR InaBitfnP & irature
el iver Lcr]]l(i:]evgc? dllrllillg this step was 39 °C.

Ol

Time, Actual Expected - Actual Fraction of Fron in Actual
min weight, | absorbance absorbance the (VI) state reaction
gm , temperature,
15 0.3233 1.36 0.86 0.63 352
30 0.3427 1.44 1.14 0.79 35.2
45 0.2984 1.26 1.10 0.87 35.2
60 T0.3280 139 125 - 0.90 352 |

Example 10: _T.oop Reactor Procedure

[0333] A jacketed mixing vessel set to control the temperature at 30 °C is used. A
reactor vessel in the form of a tube is used with a controlled temperature setting of 35 °C. A multi-
head variable speed peristaltic pump set to deliver sodium hypochlorite solution to the mixing
chamber at a speed of approximately 30 mg/sec is used. Another tube on the pump head is used to
transfer mixture from the mixing chamber to the reactor tube.

[0334]) Prepare a sample vial with more than 10 g of ferric nitrate nonahydrate, record
its weight. Prepare another sample vial with ferric nitrate nonahydrate to deliver 3.42 g. Add 17.1
grams of sodium hypochlorite solution to the mixing chamber. Begin the mixing. Gradually add
342 g of ferric nitrate nonahydrate. Begin timing the experiment and begin delivering sodium
hypochlorite solution from the peristaltic pump. At one minute intervals, add 0.342 grams of
crystals (measured visually) into the mixing chamber. Afier the 5 minute add, begin transferring
reaction mixture to the loop by positioning the inlet of the peristaltic pump transfer tube at the
surface of the reaction mixture. After the 10, 15 and 20 minute add, record the weight of the crystal
vial. After the 20 minute add, stop delivering sodium hypochlorite solution and stop adding
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hypochlorite solution fromthe peristaltic punp. At one mnute i ﬁrnﬂQSHMQ

add 0. 342 grans of ;cgystals (nmeasur ed V|suallyy}|nto the m xi ng ‘cha

After the 5 mnute ad begin transferring react’ion mxture to the |oop by

positi omOngoslae i nl et of the peristaltic punp transfer tralrausainziohe surface

of the reaction m xture. After the 10, 15 and 20 m nute add, record the

vei ght  Ofrydtdle- Ré-péitivh theinRt to thY fepktalitQuap wahmtt@easlﬂear %Ie%tt@lﬁ lof 6 &g

sodlun1h%§%%hlorlte solutign and stop_adding -51 1 WO 02/06%60

PCT/ USQJ A qopijre prapingdromhere F%ﬁetlﬁep Teﬁ‘l’t%‘b %entthf'el\@evg Glﬁaarrhelr s epgis

t ransf erstépth@pérﬁtaﬂﬁ%mb hat b@inkraes Ofet h BtnpM X thprodiREH6th ﬂﬁ%qﬂ&%ﬁi 6ﬂh’é§108 mpi ng

fromthere to e Loo reactor Wien the M xing Chanber is enpty p the

peri st a|f€?%°fﬁaﬁ5rﬁleasAfel bArbARcR At Bominyies.aph R sargle pfide moéw@mthfbmlqt ned

out | et Qj‘f%eqt,oﬁllg&tdrggpmegsg@q{s%schgreasur e its absorbance. At 80 m nutes,

get a sanple of the product fromthe inlet end of the |oop reactor and

neasure its absorbance . Exanple 11: Preparation of Ferrate(Vl) [0335)

Ferr at e 328108 ptigs phierialegVhr ocedure of Exanple 1. 40 g of coarse

glass frit fy é red Qhﬁ@ added

to a 50 nL Py?é¥§beaﬁer mft 1Hﬁ£@&u&%%ﬁg tl?@#ﬂhﬂ% Tﬂ (%%bﬁ&ﬁggglgﬁaced

in a | aftifiltarsdhionch inssafwptedt sofiuprhydrosidgrselution istaidadde aéﬂ atlelyrexThpgker with a

cryst al ligFrpsredhsh

1o 30" I ELOBCHE e B e MRl Th itk Cory iR b PobSBREUBR B

m nut es The ciysigiliping Hish bagowitansing mixfie to meintadmt temperators ¢fiide Y rimgihfetrine

m Xt ur e njidte dopaifyRrateSis A@ded! vy téﬁoﬂ%?%lﬁ Qﬂmnﬁgﬁo\ﬂeglﬁ thePly Qméz H{’ £5a 1€
ture does s e atlv

tenpérature of the reaction m evat
B sudden| fistribies ghrouehrthe migtyrs bugther ipoe pyrseallmnpsreﬁaqypmeﬂ’r adewintntess "ﬁfet er

the st aiénﬁafahir@’éf 1 PhcBGH infit 618 dodd awvryaa&%slueladvl@ 5 sulifefy] hf%r}m&ﬁlpé)ﬁh?st ure

peaked at 31 C. At this point, atinmer i1s started taking o

sanpl es ks purnier This derpeped h mjsfies after dhe gare of ﬂ@elw@af!@ltwm simpltaneabsly, denst ant
t enper a}e!det&mqémﬂe?m% ed & 31C. AG iR IpofaX RAAS S s@é&?&% &ﬁﬂgbf% Rk sfct ual

Reaction m nW,, sor banc Absorbanc I'ron in erature eeSt ate
20. 300, Bemtet¥h an 2@* ce 3ater/ioe dalhgnpinaiped almstslltaewt-yse 19528°C.
150. 321. 020. 640. 6322

Time, | Actual | Expected Observed Fraction of Actual Reaction
min | Wt, gm | Absorbanc | Absorbanc Iron in (VI) Temperature, °C
€ e State :
2 0.30 0.95 037 0.39 29
6 039 |- 124 -~ 0.66 0.53 26
i0 0.31 0.98 0.55 0.56 23
15 0.32 1.02 0.64 0.63 22
25 0.30 095 | 0.64 0.67 -
35 0.29 0.92 0.66 0.72 -
45 0.33 1.05 0.76 0.72 -
) 60 | 031 0.98 0.71 0.72 -

Example 12: __Preparation of Ferrate(V])
[0336] 40 grams of coarse glass frit filtered bleach solution is added to a 50 ml,

jacketed reaction vessel with a TEFLON® stirring bar. Controlled temperature water is circulated
through the jacket to control and establish the reaction temperature. Five grams of ferric nitrate

nonahydrate is added over a period of a few minutes to begin the experiment.
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250. 300. 950. 640. 67 350. 290. 920. 660. 72 450. 331. 050. 760. 72- ~~ %6% %\, 2004

600. 310. 980. 710. 72~- ~.Ex) npl e 12: Preparation of Fejrate(VI) [03
grans of coarse gl ass ‘f it filtered bl each solutien/is added to a 50 mL

j acket O PPRA6E on vessel with a TEFLON stirring bar. CEt/Ostif2aeu4
tenperature water is circulated through the jacket to control and
establish the reaction tenperature. F| ve grams of ferric mtrate

nonahyd Fe, dfedpoyerTa
expering | 4 Xali\o
Ti e, Act a]f’E petct e é)s rvedFra
I nAbs organcAbsorhanetson—+h—{V erperat-tre;
go C ¥ 'l_ll_\‘ ege}ﬂ“ E; C; i H(Cn 227 nwnl ete ron—ad tion '), 530 .
3. 533. 9Bedi nhi ng of reactioh noted 5p.331.040. 250. 24 71 Begin iron
100. 3211010 40040807 1703110980 48h 4930 4 250 331 nAn 59 ﬂ??ﬁdﬁm{'
350. 321] 0£0. p00. 59B0. 3 450. B41. 080. 6050. 6430. 5| Tem#/contrd BeMAEeIHnC
024Begi n 2|5r0 »addi{i-on-228 BConpletel iron-additlion 2 3’(:;)'-37 3 '=37Be'(}ﬂdﬁ?ﬂnnq of
3.5 33.9 Beginning of
reaction noted
5 633 1.04 . 0.25 0.24 31.1
10 0.32 1.01 0.40 _ 040 30.7
17 031 0.98 048 0.49 304
25 0.33 1.04 0.59 0.57 304
35 0.32 1.01 0.60 0.59 303
45 0.34 1.08 0.695 0.64 30.5
Temp control point 35 °C
-0 ' 24 Begin iron
. addition
2 ' ' 28.6 -| Complete iron
_ addition
25 32
35 ‘ . 37 Beginning of
; : reaction noted
5 0.32 0.285 1.01 0.28 36
10 0.34 0.52 1.08 0.48 354
17 - 034 0.61 1.08 0.56 35.3
25 0.34 .67 ~ 1.08 - 0.62 353
35 031 0.68 0.98 0.69 353
45 . 034 0.813 1.08 0.75 353
60 0.43 1.11 1.36 . 0.82 35.2

Example 13: - Preparation of Ferrate{VI)
{0337} Reaction vessel is a 30 mL beaker in a 30 °C water bath. Begin with 15 g of

- hypochlorite/sodium hydroxide solution. Over two minutes, add a stoichiometric amount of ferric
nitrate nonahydrate crystals (3 g). Begin pumping bleach into the vessel at a rate of 1.2 g per
minute. Simuitaneously, continuously feed iron crystals into the vessel at a rate of 0.24 g per

_ minute. Stop after 20 minutes, this point in time becomes time = ¢ in the table below. During this
period the maximum temperature was 40 °C but mostly a temperature of close to 30 °C was

maintained. After the additions were stopped samples were taken for spectrophotometric analysis.
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reaction noted 50.320.2851. 010. 2836 100. 340. 521. 080. 4835. 4 .
170. 340. 611. 080. 5635..3 250. 340. 671. 080. 6235. 3 3% 310. 680. 980. 6935. BN 2004,
450. 340. 813 1. 050. 75:-53- 5.3- - 600.43111 1.111.360.8235.2 Exanple 13 _
Pr epar a}; f.Ferrate(VlIl) 103371 Reaction vessel is a aker in a
30 C Waauti]t(g(raElll(:))((f';)tlt6 . Begin with 15 g of hypochlorite/sodi ur%%ﬁgl"g‘rjg%ge
solution. Over two mnutes, add a stoichiornetric amount of ferric nitrate
nonahydrate crystals (3 g). Begin punping bleach into the vessel at a rate
of 1.2 [gTipe/min [nUAEtualSI INBpa@DUST Y, A&t | NUOUFhdtioh ©€Tord O CT %ot S Nt o
the vegsel at g rwéightof| Bbsdrbamer| MabiskRnceSt QP atHeqWT2ehtdTl NUL eSeactibh S POI Nt
in timg becomes tigm = 0 in the table below; During this peteheratfte
maxi mum t enper gt ure was| 40 C but| nostly a tegnperature of cliose po 30 € was
mai nt aifned.g ATT[erg a5 addi pig9nS |Wer €1 3Fopped sanprggg Wer € t[akergpijor

spect r gpNof@IMET|T TE3Zgal yST5.94 WO (027 0930 PCI7USO 1 220 14— mesgg

m nAct yat Egpectiedfedsgat {1 ag o of g TTTA toat V\&&@ilt, 3875

absor banceabsorbancet e~V —statereactton—F—gntenperattre; 06—

00. 32672, 931. 1210. 3830. 1 100. 32842, 941. 2940. 4428. 8 '

200. 35503.181. 4660. 4628. 2 CONCLUSI ON [0338] Thus, those of skill in the
art will appreciate that the net hdd3NCHEMONes, and uses herein provide a

relatively e nd ' ' f L preduci.n r ' ose oximty
(o the s to psetec TRRLAR @artil ol BPaFIAR b hfinid FBCaRl i

t hese ndietriniprovidel a ddstivelysasy and nehomial/ wigeofguedicing fermate bir algse prrixinityetocthé ect s
and obt 3siit€_ $#e ends and advantages nentioned, as well as those inherent
therein. The met hods, procedures, and devi ces described herein are

yPr esently rdBi¥tent Qo vkilled inghe hist wikd dppzerdintel that these mettiodsr aad aleeings! axe ywndind

2,00k R P Sl 500 B, BEORE ) AN oERSE®
. those inherent therein. The methods, procedures, and devices described herein are presently
representative of preferred embodiments and are exemplary and are not intended as limitations on
the scope of the invention. Changes therein and other uses will occur to those skilled in the art
which are encompassed within the spirit of the invention and are defined by the scope of the claims.

[6340] It will be apparent to one skilled in the art that varying substitutions and
modifications may be made to the invention disclosed herein without departing from the scope and
spirit of the invention. -

[0341] Those skilled in the art recognize that the aspects and embodiments of the
invention set forth herein may be practiced separate from each other or in ;::onjuncﬁon with each
other. Therefore, combinations of separate embodiments are within the scope of the invention as
claimed herein. | .

[0342] All patents and publications mentioned in the specification are indicative of the
Ievels of those skilled in the art to which the invention pertains.

[0343] The invention illustratively described herein suitably may be practiced in the
absence of any element or elements, limitation or limitations which is not specifically disclosed
herein. Thus, for example, in each instance herein any of the terms “6omprising”, “consisting
essentially of” and “consisting of” may be replaced with either of the other two terms. The terms
and expressions which have been employed are used as terms of description and not of Iimitation,
and there is no intention that in the use of such terms and expressions indicates the exclusion of
equivalents of the features shown and described or portions thereof. It is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should be understood
that although the present invention has been specifically disclosed by preferred embodiments and

optional features, modification and variation of the concepts herein disclosed may be resorted to by
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vihi ch are enconpassed within the spirit of the invention and are defined by
“the scope of the claimss [0340] It will be apparemtyto one skilj &dJUR 2084
art that varying substit/utions and nodifications y be made to the
i nvent ive 02id&6d osed herein without departing fromthe sREHESHAZM4spirit of
the invention. [0341] Those skilled in the art recogni ze that the aspects
and enbothoseeskiled @f the AR, and nhae Bich aodifehtidng rhdvdratiensmreregnsidered raist witkeid the
separate from each other.ar j.n conjunction with each other. Therefore,
conbi nat f°8P|%cr’P 15 ¥ stedegi%do‘a'itﬁ&?#?ﬁgé M hin the scope of the invention
as clained hpsei]n. [[PadidjonNherdfdhtart sr apdtspifithd ieaintionse desatibed ve thring of he
specification are ipdicative of th | evel t.hose ski)Jled {n the art to
whi ch t %‘%5’&1?‘?1’6&9%56?%?4\2?.@1 65%@‘] TeqqgRIep ﬁ@g&?i‘%"ﬁnﬁ‘?‘ﬁ las#? g‘teieb%f"ffCHB% ri bed
hler ein Siﬂitélrﬁnbbﬂaﬂiiﬁﬂdih&udplfr@ﬁbw ' Qhﬁgfbugﬁﬂn?ﬁm&dﬁaﬁe Marlﬁ;l%/grehle lrIE)ﬁ'e)_;em{ple, if .
elements, limtation or Limtations jC S _not eci fical. isclo
her oi n.  SFiRAsoRs asgSeleftpdl Gomthe gopnFoPHE PG RE Omeefﬂgfaﬁya%‘fw%% cfispifo? 3¢
" conpr i Speftg bromiRORRI cldil §1br X%ﬁgﬂidnﬂﬁd dnd Qhlorif e futl9@edeibédng of ' may be
replaced with either of the other tw%{tﬁggﬁ The terns and expressions
whi ch have bd@#5%nmp| Qherembodimpats preuityin thedollowimgeddaims. o i on and not of
limtation, and there is no intention that in the use of such terns and
expressions indicates the exclusion of equivalents of the features shown
and described or portions thereof. It is recognized that various
nodi fications are possible wthin the scope of the invention clainmed. Thus,
it should be understood that although the present invention has been
specifically disclosed by preferred enbodi ments and optional features,
r~)nndification and variation of the concepts herein disclosed nay be resorted
to by WO 02/06160 1- PCT/ USOL/ 22044 those skilled in the art, and that such
nodi fi cations and variations are considered to be with in the scope of
this invention as defined by the appended clains. [0344] In addition, where
features or aspects of the invention are described in terns of Markush
groups, those skilled in the art will recognize that the invention is also
t hereby described in terns of any individual nenber or subgroup of nenbers
of the Markush group. For exanmple, if X is described as selected fromthe.
group consisting of brom ne, chlorine, and iodine, claitnhs for X being
brom ne and clains for X being bromne and chlorine are fully descri bed.
[ 03451 Ot her enbodi nents are within the following clains. -55 6 JUN2 0 0 4
CLAIMS 1. A nethod of continuously synthesizing ferrate, conprising: a)
m xing an iron salt and an oxidi zing agent in a m xing chanber to provide a
m xture; b) delivering at |east a portion of the mxture to a reaction
chanber; c) continuously generating ferrate in the reaction chanber; d)
delivering at |east a portion of the ferrate to a site of use that is
proximal to the reaction chanber; and e) adding additional iron salt and
oxi di zing agent to the m xing chanber. The nethod of Claima1, further
)conprising adding a base to the m xture.
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The method of Caim1l, additionally conprising repeating steps (h)gtjnpgahh
(d). A nethod of synt heS| zing ferrate, conprising: a) mxing an aqueous
solution conprising an iron salt and an oxidi zing agent in a m xing chanber
to forma solution of ferrate; b) delivering at |east a portion of the
solution of ferrate to a site of use that is proximal to the m xing
chanber. 5. The nethod of Claim1l, wherein said additional iron salt and
oxi diLAImg agent in step (e) is added in an ampbunt to substantially repl ace
the portion of the m xture delivered to the reaction chanber. 6. The

met hod of Claim2, wherein said base conprises an ion selected fromthe
groyp Canaéthbd Bgcdhiun@oLMytsryﬂﬂﬁa.zmgs@natbhﬁmmfﬂrn@m de ion, the oxide ion, the
car bonate ion, and a conbination t hereof . The net hod of daim 2, wher ei n
sai d bas@) Mixinge| l[ﬁﬂ%%ﬂcﬁrﬁﬂndé('d’%ng FURN! i AbENGEhaohgr i BrovideerBkirgai d i ron
salt is f nitrate, ferrous
nitrate, Bf%e?ﬂer?% %}t“%ﬁﬁ?é@%d%?f@wﬁrﬂ@ r;é;frtc% Qge,a%p%r} Ecr:r:?’g{:nﬁk%ér}om de, ferrous

br oni de, ¢) dostiniausiygenatading feerate insths nedcdioe chdrabari ¢ phosphate, ferrous
phosphat [ droxi d f 6 nBLTI C

i dor 1 8 PlREMAE AR bFion B a8 P e o SR e PR o e

car mmrechanﬁhﬂrrarm carbonate, ferrous carbonate, and a conbi nation thereof.
The met hod wherein said iron i.s ferric chloride. 10. The
met hod of) %%%@“%BFO&%“@&B N %Ei‘?bt%%b%m'x'%ﬁt&m%eés at | east one of
the follow ng: a hypohalite ion, a halite ion, a halate ion, a perhalate

i on, ozone, potassium peroxym)nopersul f at e pot assi um m)nopersul fate,

hal 8gen, T8¢ FethedidSlaim T dpiker gomarising addipg ab agfelodle i o' s acid, and a
conmbi nation thereof. 11 The method of Claim 1, wherein said oxidizing agent
conprises sodi um hypochlorite. 12. The nethod of daim4, further

conpr i si hge metiodpf &laiasle agditienslly sqmedsisg epeatindoersi ) thraeghis-hod of O ai m
12, wherein said base conprises an ion selected fromthe group consisting
of a nitrogen base, the hydroxide ion, the oxide ion, the carbonate ion,
and4a cAmipgtmedt d)fcaynﬂwlaeiziegﬁerrata cotipeisimgt hod of Claim 4, wherein said iron
salt is elected fromth CONsl St | ri.C. i t ferrous
it at o, 3t P o ARG R s SoPi B BORIHG b 0y, L Shroiitad Bens BLA

br omixite, chaﬁﬁfertocfoeubfs@tmonbeferrates sul fate, ferric phosphate, ferrous
phosphat ferric hydroxide, [ OX ferric i ferrous

b BRI Joroh Acar i RIES SPRor LS REas pettec e e & proxBia

car Ranghfixin@&shritggtr ous carbonate, and a conbination thereof. 15. The nethod
of Caim4, wherein said oxidizing agent conprises at |east one of the
followi ng: a hypohalite ion, a halite ion, a halate ion, a perhalate ion,

0Z0Be, PPiAFtHIAof @%Myme%é%bﬁm@nau ROk §§|§hh%ﬂ8&9@eﬁg%kﬂ .h%&eq) (hal ogen,
a peroxide, a peracid, a salt of peracid, Caro's acid, and a corrbl nation

t heiseasided 1B arTamomRit lRorubstantally mpkaceftt]e treeioncefnifiei mixiige etivergd dedhe i onal
ir Oféaéﬁdécr@lﬂﬁgeﬂx' di zi ng

6. The method of Claim 2, wherein said base comprises an ion selected from the group
consisting of a nitrogen base, the hydroxide ion, the oxide ion, the carbonate ion, and a

combination thereof.
7. The method of Claim 2, wherein said base is sodium hydroxide.

8. The method of Claim 1, wherein said iron salt is selected from the group consisting of
ferric nitrate, ferrous nitrate, ferric chloride, ferrous chloride, ferric bromide, ferrous bromide,

ferric sulfate, ferrous sulfate, ferric phosphate, ferrous phosphate, ferric hydroxide, ferrous
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agent to the m xing chanber in an anount to substantially repl ace[* GhﬁJN 2004
portion of the aqueous solution delivered to the site of use. '

hydroxide, ferric oxide, ferrous oxide, ferric hydrogen carbonate, ferrous hydrogen carbonate,

ferric carbonate, ferrous carbonate, and a combination thereof.
9. The method of Claim 1, wherein said iron salt is ferric chloride.

10.  The method of Claim 1, wherein said oxidizing agent comprises at least one of the
following: a hypohalite ion, a halite ion, a halate ion, a perhalate ion, ozone, potassium
peroxymonopersulfate, potassium monopersulfate, halogen, a peroxide, a peracid, a salt of a

peracid, Caro's acid, and a combination thereof.
11 The method of Claim 1, wherein said oxidizing agent comprises sodium hypochlorite.
12. The method of Claim 4, further comprising adding a base to the agueous solution.

13. The method of Claim 12, wherein said base comprises an ion selected from the group

consisting of a nitrogen base, the hydroxide ion, the oxide ion, the carbonate ion, and a

combination thereof.

14. The method of Claim 4, wherein said iron salt is selected from the group consisting of
ferric nitrate, ferrous nitrate, ferric chloride, ferrous chloride, ferric bromide, ferrous bromide,
ferric sulfate, ferrous sulfate, ferric phosphate, ferrous phosphate, ferric hydroxide, ferrous
hydroxide, ferric oxide, ferrous oxide, ferric hydrogen carbonate, ferrous hydrogen carbonate,

ferric carbonate, and ferrous carbonate, and a combination thereof.

15. The method of Claim 4, wherein said oxidizing agent comprises at least one of the
following: a hypohalite ion, a halite ion, a halate ion, a perhalate ion, ozone, potassium
peroxymonopersulfate, potassium monopersulfate, halogen, a peroxide, a peracid, a salt of a

peracid, Caro's acid, and a combination thereof.

16.  The method of Claim 4, further comprising adding additional iron salt and oxidizing
agent to the mixing chamber in an amount to substantially replace the portion of the aqueous

solution delivered to the site of use.
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