APPARATUS FOR SYNTHESI ZI NG AN OXI DANT Backgr ound of

the Invention Field of the Invention [0001] The
w@e@set438 nventi on rel ates to an apparatus forPChEs2004/025978

preparation of an oxidant in solution. Mre

specifically, ﬂﬁ,ﬂﬁ@ﬁﬁ ' '
appar at us f(ﬁPI{ e synt eg%ﬁfgi%ﬁi%ﬁgﬁ%&gglﬁp I"on of

the Related Art [0002] Ferrate is a strong oxi dant
that can react w th aBadkgtreing ofthel Inegigiani ¢ or or gani c

reduci ng agents and substrates (R L. Bartzatt, J.
@al%r—gﬁ%w ntiqet . Chem, Vol. (11), pp. 414-416
1986pnat J - ' ' .
ou . 0T} TyeMESH! Sxerign s o, G0dbrag R hne preparaton of an
dkiddsu im o lntie dMbre HRMflchBY, the prégént invle@tidn relMed to #DappRratus for the
4143 (1972); and R K Mirmann and H J. Goff, J.

isghéerralfp] . 93, p. 6058-6065 (1971)). Ferrate can
B%ori%ﬁor?o?tﬁleﬁéaité’deARXi dant for synthetic organic

studres and 15 capapl e of oxidi zing/renoving a variety

of orgaozic amdrateds gaiiofg GRITAAUMNES cdr RAYt Wil aOfariety of inorganic or
destroyi ng many contaminants in, aqueous and

orgpnia GRSt ageels and pUBlsies Ry kaBatzay, bCaparliransuMat. Chem., Vol. 11
Ui bra et To R EPALER. POBYERd P BT cTef gt VoL 2 pp.

zol-283 01971§) B bardinp dat Kethatieagd ToBeMilldre fTaAILdH, 0Mol. 40, p. 4143
ﬁroduct is the non-toxic ferric ion which forns

YiRoendR.dKi Momsren aEl Bntlu&lofs Tt Aot cChea.i Sne.,aviel. 93, p. 6058-6065

S8 P P AP SR e s s
& oxidiin@renafving QORMEAY S6Xt orgd@ics ahd |iBodAtlc COthpounds from, and of

effective alternative to current approaches for water,
dRsoEna ARy capgmiiantign, aqueetisrand moh-aghgodls megi d,

ferra L.s an, envi.ronnental ly friendly oxidant that . .

repr e@gﬂjﬂz a%’frﬁtﬁl%o Bﬁ@tcﬁ;laﬁ{(rgerfﬁtrtoo‘?%gr%?f&ina%tn]feg?use it provides a

R bleGh AR YMGDF QiBteth Rl Rfn sdis IRGR oRf{dation reactions, the

envi ronnental concern. Ferric oxide, typically known

fepl ixpot produst ishie inpotioxpe detuictiom vhiadr foane hydrdyide ioligomers. Eventually
rate has.t,he distinct

h f. f 3 i f i
S8 RHER fuh b oGt T ShokEbdehmioute BRER | on

reac Uh()@mﬂ W tiihe 88 b ofeBraRRRAPheRIdRe pAdvidDa (OB ntRIMR, versatile and
for CV and C1O4 , ferrate exhibits greater

dasheffvotine ltematine toehwenti apptopchdstthr Watghevasteataterodnd sludge treatment. |
ﬁ%%é&%&c o ;?s gé;egt%%réﬁggqtg@g gg%’ﬂﬁ{’ all ’E%l%t rsep%egents a viable
fatente ABP! bedt | BRI lgggfc{lﬁﬂy’\'%hro%%@/ o 3k, Ov:vhich are of

publ i shed Cctober 24, 2 and entitled "MET
SVINDRESHEZ] MNBcAN. BxiridANTdeAlPically known as rust, is the iron product of ferrate

reduction. Therefore, ferrate has the distinction of being an "environmentally safe" oxidant.
Although the oxidation reactions with ferrate appear similar to those known for MnQO,™ and
CrO47, ferrate exhibits greater functional group selectivity with higher rate of reactivity in
its oxidations and generally reacts to produce a cleaner reaction products.

[0005] U.S. Patent Application Publication No. 2002/0155044A1, published
October 24, 2002, and entitled “METHODS OF SYNTHESIZING AN OXIDANT AND
APPLICATIONS THEREOF,” describes a process by which ferrate is produced and

methods of using ferrate. The Publication also describes generally devices that can be used
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APPLI CATI ONS THEREOF, " descri bes a process by which

ferrate is produced and nethods of using ferrate. The
woabiozass on al so descri bes general ly devi ces PCHUSIA$025978

be usedfor the synthesis of ferrate. However, there

Xi,St ' h far - ici i . :

Rl PRl RE . Bofbler, B o A sELEH 1O 08 ol Rffcient device

for ihe sPhthekiEof fOHRIBRE ¥ siff prbkienal pv@Biitoof §42006] D scl osed

herein is a device for the preparation, and nore

specifically, the syntussmayefthedayeiien | n one

enbodi t, the,deyice. conprises.at :
Come B oD S 5P AP HRAE Pl BRBHRBEE, g ety
the sYYRBSHW &F fRfate M Bhe ShbSdments R dovite cdBipeikésedtdeastione container to
m xer to mx said measured anmount of said starting

hedd etaitiigamaterizlsompashriog waib &0 meawes an ameuntplspidegprting materials; a

B o P S FepehSa of SHE SRR EHARLF ieeRlh Shamber, wherein
WRehL8IA sBafish fhRtils ir@dc?foeﬁr&!@@ erdt@GRE alirah tiofil §hich said ferrate

proximal to the site of use of said ferrate. Brief

1Des be | ghtaioed; ofherdie s almiings pfedoaily Iegatadr & alsitgapprimal 4o the site of
s%siem i.n_an enbodi nent of the device of the present

FHPERAE 6T whi ch feedstock reagents are introduced

into the device of BherPERESHIN bIMUE Wirkwihes [ 0008]

Figure 2 depicts a nmeasuring chanber of an enbodi nment

of t hi@08@vi cFigyre 1 Wepiptseswystem imeargmmdimp@oddhe fevies ef the present

3 depicts an enbodi nent of a m xing chamber, [0010]

B Ge b dEBPE LeaI b EBIOAT BHRLHEY Gl Pgrievics of the present
sbasRer - [0011] Figure 5 depicts an enbodi ment of the
tenperature control unit. [0012] Figure 6 depicts an
enbodjooest offigune2 depicts @ méastitieg graedenof ameebrdimant of the device of
Detail ed Description of the Preferred Enbodi nent

e PISPrtANGAIPRe for the synthesis of ferrate is

di SCL@;@ - Tfia?%lﬂsxide cﬂs%n%ﬁ?&%@in?enﬁﬁf@ﬁﬂﬁﬂﬁbﬂﬁnﬁ&“ate

and e optTm zed to performthe proceSses and

nmet hol®18t fRiguré 4idapittsen nBodaing nf thapedciioathamber.

Publ i cation No. 2002/.015504 , publi shed Cctober 24, .
2002, (0944l entiigured depetiaps IFPRREREES CORITBANGL:

AND (ﬁ% TIP%§G gg@ﬁ%n 5 %Hﬁltfenlt of ﬁl%rd%pf)ée of the present invention.
i ncor por at ed reference hererninits entlret)}),

i ncl udi ng any Détaiédsscribfdlildd] thé Pesteriai Bimbodiodhirent s,

the di sclosed device is |located at a generation site,

whi ch[0043byr O?A fayice for éhcgq;}g}éﬁgiﬁ of Jerratpds disggsader ierflevice is capable
EP&OHS&HE felzlrisalté gncf)lfnag 680 %ﬁ%&z%@llto 8Erform the processes and methods set forth

in the U.S. Patent Application Publication No. 2002/0155044Ai, published October 24,
2002, and entitled “METHODS OF SYNTHESIZING AN OXIDANT AND
APPLICATIONS THEREOF,” which is hereby incorporated by reference herein in its

entirety, including any drawings.

[0014] In certain embodiments, the disclosed device is located at a generation
site, which is proximal to a site of use. As used herein, the terms “site of generation” or
“generation 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

the generation of ferrate. The terms “site of use,” “use site,” or “treatment site” refer to the



"generation site" refer to the site where the device
for the generation of ferrate is located. In one
werodeenmt exenplified herein, the generati onPGI/U82004/025978
i ncludes a reaction chanber for the generation of
GfRN WhEE - thd et ‘is‘@onta?dtéc?w‘?cﬁ tH§ @bject HS8 5] dxdize, thesize, disinfect,
"treatnent site" refer to thesite where the férrate is
deant, aktes éncapsiiate elsabj m;irecnlntarte; ot coagrlath. ze,

synt hesi ze, disinfect, clean, .plate, enc ul ate
adsor [9% éopr j@f’ pleEmE e Close @ P@E eAndy Tg‘ Ped glhe atee eperally used
RSB SR GO RSO s o o

gemetaion stk ahd Wie lieecstel dhs tob sitbe ageprexiatdl do each othan dvhen they are
the use site. The two sites are proximal tq each oth

Ippdrd vy the 670 sibes de WHER & fetapgiothat pllews fr e terse ao travel the
@Etﬁ{x@eﬂ G h@l'flh?érqsqff R{ c#e@&géc%ﬁt Al e Gfffavels tclh&ecomposmon is

ance Wlt s deconposi ti
titdetstodd thebe thé arfowle ofipRst takenfor snelALE bSth@Qﬂaté@al Qﬁes%ﬂtﬁto undergo
amount of tine it takes for one half of the materi al
froempntitien uhbehgl-lieclorpeyi givem ferrie qeamositionewilbdepend on the

I
S0 NA SRR 3 o oERSREEAD R, fy et e

shpeeture, TRufcenfrafiore xATBh®, ¢onCeltRPRT 8f Wxedizing agent, presence of
concentration of base, concentration of oxidizing

igiitios, poTe agiatien oFil] ﬁ%dﬁm{ it gffeesr theghalflifeont fhd fer@m composition.
flg&lfgvetro h%fﬁa?ﬁlﬁ_%t&ﬁ &arle%ﬁ’jll e}’ ﬁf‘elagr?& Pz tlflo%r h%(’l%lg 81n|ar>y skill in the art

os1 can
mu&m&nﬁynaﬂ hesaiduay i Mhe@fcleNarg¢nshiidd sitdid WoRintal” to a use site
usi ng conventional techniques. Therefore, a generation
whenat %@ songeniRtiopel ferrate 4t theaise siteatthe Hmelps delivery is equal to or greater
1%,?&%8? h&&to'f(?lge ggncgﬁfﬁ:u‘t%heof %rrétg% Hlse ﬁ%llerta?logl tgltélg gfn?ance between

ivery is e 0 or rea anon
thb @es@BE@Nsiterdridatie Qfe §iRY & Qlteﬁnéﬂ int t@ﬁntﬁ@m@é ahifQiTe 9hd @ length of time
The di stance between the generation site and the use
weppised orgdslivaed rathert tchawnepm etepas fof mhf/@cedrfasxéaqemgt h Thus, the
ﬁ@s}caﬁ(ﬁ?}&'ﬁ% %{Selng lgeft&/g : nsab smg at e re st tg ghars ﬁg/egﬁ é;gqse proximity may
wirg ﬂ%}&ﬁﬂﬁ‘@ﬁn thethweeide of ﬂﬁﬁ@frﬁ‘e lc@mpﬁgltl@l Béiflg Sy epdd @etween the two
t,hat are in close tgr oximty may vary dependi nlg on the

A/

sites and fhegratsrat phéchf tae eemposiignmpissietivaad. bépfﬁgdmé faetpeschffecting both
éﬁgtr\gﬁ fteg te. t\l\%aise It &3 rf%cécgrs &E%Stﬂﬁ ﬁl& flf}{w tlg tv&ll erﬂf" affect the maximum

con‘p03| t

gﬁfsﬁ:@I Higglabhidnt pBenikable fof theaivoaites td ARSiein alase Froxnmty Factors
actors affecting the half-life will all affect

hicting ﬁiegﬁgﬁsqf demratelirapsiferdactadn, bpkaraingtiinited fop thetthesstugegenerated by

sites to e X1 tors

£ RBEP 4158 B R P B o ekt Rl BB S R Hribter, and the
$ikdTot 186 phuenbihidseR e BRUFAs@ENer ated by a punp used in

the transfer, the tenperature of the plunbing used in

the t FAAEF er Tn sertin vmbsilinesnts, thendisgpaedilenige wsetesi mreabléon mixture

AL i R HACTUACRRE TR Sect el g5

SthborddhaA bofpkidsZiniGorR 88 in an! dxadhtida|state cher '@8h b8l The iron salt
iron" refers to a

used by the methods of the present invention may be produced in situ, i.e., by oxidizing

refers to a

elemental iron either chemically or electrochemically prior to its introduction into the
mixing chamber or by performing the oxidation inside the mixing chamber. The iron atom

in the iron salt will have an oxidation state greater than zero, preferably +2 or +3, though
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conmpound that conprises an iron atomin an oxidation

state other than zero. The iron salt used by the
woreiohoeig3of the present invention rmay be produp€dUs1v04/025978

situ, i.e., by oxidizing elenental iron either

chem cally or el ectrochem cal.l rigr to its . ~ .

thist SdRHORT SHei T OF HEAGHEY e n s 1o OB, A0, I8 oy srgpd from its

LAtk dOath RS intif i dlitsh Bt sningabothie iron atom
Sﬁ%ﬁ{lgéﬁg%&ﬁ%@%h{bs% ﬁn ﬂcg(\}e an oxidation state greater
t han pery, phefenabimbodments #8,iranreli dhinrinsaqueeukesoiution. However,

state may be reached trapsjently as the iron.atomis..
eahpdapents of theinyendlon dnglyde o%&pggpab eé{og‘\tsgﬁtl% disglved in a solvent

(%[h%l‘gg& X Céegt it]ﬁﬂéfe?g}bg%eth‘g s5fref’ di?&%g OB lsalk Bs 86 tdlich does not

W.
men salt I's I n an aqueous sol ution.

méﬁ%edxidmhqﬂ itreegsencd of the okidvamg agent onfenatte Intsowe embodiments,
which the iron salt is dissolved i sol vgnt .ot queﬁ. he soluti

thi anonwalt éy provided By sebiflycrystHEng OF PRV ECTSPER S ﬁ‘f&ss{o y&d in the solution
iron.salt is. .ch do ' b @93 t and h

e
£6M8ale BROsHERd $n sdlide chysnilieabt powdgurfosth ded waters of bher solvent, is
crystalline, or powder formand is dissolved in the

sdsled o the mighye theteed t he oxi di zi ng agent. In other

enbodi s, bath .t he .oxi di Zi i

oot WPEBET o R Gt b, Mo A ey bR from the group

EQsTiBP G WEHiE Mitrad6, fOlr@ nis@leyRAfc clsridd dedousachldrale, ferric bromide,
m xturé thereof. [0018] In certain ,er%gdi ments, th .
Farcoms baormidem (i S6EHS JEBELS TR HETGRAGEP RN Py SRhogphate, forric
erric ni.trat ferro iLr-ate, Le:achl gri :

e o8 S e T 2RI R Bk fyoroen cubonst

f&Fduk hyardgbRlcibohfe! Rt satbérate fedr@usr ¢agbqataces phdtferrous or ferric ion
ferrous phosphate, ferric hydroxide, ferrou

gmipiex édi &ithf asr prigenie cotpeund, spelp as e@%lea%@l?mfriﬁntqixaécetate (EDTA) or a
hydr ogen carbonat.e, ferr hy: r e, : .
DR S SBRBE AP aR AP R NP pd b ot

lcOftemBIERIdE B uvdd Wit theQh §R6UsGf CiRpesentinventidn. as
et hyl enedi am net etraacet ate ( EDTA) or a pol yner

conbi @A1%n tAerewtdizing lagentt fizresitentietngoreroung rihaicOxidiges another
FERBUS 81 (el reCBRL Pruahet aheodtBeliSyadi b fuent comprises a

398N ne dfSh@fARBEME ahypsHumeLiog, 4 Raite x| dhales iemei feetialate ion, ozone,
conmpound, and itself 1s reduced. In certain

OMONE Tehalsgent mpetoxidgi @ pungraxien s pewsfidr 7 salokg pyragidgand Caro’s acid,

one of the fqgllow ng: a, hypohali ' ' kPR ®s

i aapbinnon oo R e R Ele Bl ffin ORONE® refes
n?beﬁ%?m%_e%%&%h@&rs@faw%%éidm méndpersalfhtd, ora madtire thereof.

of "a peracid, "and Caro's acid, or a conbinatign

t her edP020Thr oQgten wimbotimenisinehide spetcire inehlimdied tonthose in which the
term"OXONE(r)" refers t tassium e

P GZPRARS e it & Bypoliatie IR retvatect Somy the group gonsisting of the
fﬂé@%&ﬁ&i@&iﬁ@é lypoBRARle 1Ok N ¢ jigmtatisn.i Icdtbetesmbodiments of the
a |

not m'ted to, those in which the oxidizing agent |
canprtiongthe axhiipiop agént eomprisesel leditetvnfselsaied Heory tiaugyoup consisting of

Ct%Q Sclh%otr{tg %n?fthet: t1?)?omit<:'> 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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hypochl orite ion, the hypobromte ion, and the
hypoi odite ion. In other enbodi nents of the invention,

W0 b@soxi4e8 zi ng agent conprises a halite ion seP@USIH04/025978
fromthe group consisting of the chlorite ion, the
brom and t he | I t h
errbodlitoﬁé S %‘? %eﬁtgml e td %rg%n'ts,thg g%(llg)ldz?)trggs Igaoéigmfl g ferrate further
SoMRises Bddife hahed 1© themistalte® CTiRtbdse aytdoenp@is®dmitrogen base or an ion
consi sting of the chlorate ion, the bromate ion, and
sefestado deore tho ngTOQEr ccaisisting hefr hadresideneiids, ofulfopate, sulfate, sulfite,

| whi.ch
bepRIAES PSR eiraRs Bireliety b FrdibitheofR ffihation tereor
Féﬁ batgs Ohre sBIBCRE %hi %@ﬁ@aﬂ@dfych& RgiRE! QM@ Jfdtrogen bases

he periodate ion. In certain enbodi nents,
mhhldaeth aod pcptodlumtwrg foer amr@ma,ur @me,cmhylmme methylamlde,

addi a. base.to.t xXt.ur The onpr.i se s g
T
glgl&?dhﬁé BT p%dllﬂbf er%éltéjt%ereef(' de, sulfonate, sulfate,

Ite, hydrosul fide, phosphate, acetate,
bi car [(922] e, Iarmtcandaﬂwnmth omrerabaﬂmbliltnalﬁgwﬁ t kkoveothe system by
| trogen pases" are selected fro acy c_and cllc
dsRieck Rty S mRERGER B AT A e e TFaioh. There are
idei ] i E!Péé'daﬁmﬁob d in the synthesis of
ﬁ@?ﬁif}i?ﬁ\%@h%fﬁf c@nlgﬁg?l)@/{sgr(r)?;fg@ : rrllglr?%t enaonaR e used in the synthesis o
fartaet Hyipamei Ir@:pwts phe thpbdiredeof tha irvienion mywhloh tldeeeqntainers 102 are

pi peri di ne, p di.ne, or salts. thereof 022]. In

B aRo dORER sﬁéﬂsﬁﬁaadﬁaﬁeﬁ%e ojdizipe ﬂ@e@h&@g tﬁﬁé)ase However,
é%xﬁ&gfﬁeﬁt\é ki & VeBBAS 1P GKichaRGE Than & bifeb Q4R 8Rkek RbMRainers 102
the device o e present I nvention. There are

preowsicd extle alsplenmvaionbglr dfor caamplen@r sor® 2mbodingdnts, inoghashies used and

feedstock to be uysed in the thesis of ferrate
Hhegripie onls OB ﬁﬁg AReTHERREf IngaRReT, emb&ﬂwsﬁs, T iron salt is added

Pﬁ' 0.461122 h&f t}ﬁﬁrﬁcﬁb&ﬁﬁlﬁ dtl9@2 retnl Eiﬁﬂeéjalt Q kd €aGRewEe, in some

salt e oxl di zi ng agent, and ase.
Elmbedierentse nid ditionEntcagafts tane vised/ émtthe rsynﬁhesnbu aind rioarefore, additional
than three or | ess than three containers 102 are used
soaigpeis U2 3i5 Webned. For exanple, in some enbodi ments,
no ba u h t I 1
e nifah ekt RatdiEE B BrBlaio) d st ARLAIRETfs, 1 PRroughout the
prided spscificasioh) ‘dx,os&i’rﬂdt“lpq&” A wod trmrnleaang&ﬂﬂy f Ar‘hbsed or a “pipe” is a
Iron.salt js provided. Likew se, in sone gdlms

serfivdt threaeh raielemeterigh suchsasdhe starthig @%’Fﬂég R fe&ﬁf&)ﬂ mixture or the
Eﬁﬁiﬁg 0§ fr@xﬂddn% é)%ﬁaof th Eé\ﬂ%@g)r ghoftll? Qﬁ%f WeEbvideQQ2kks or pipes of
ach-eont al ner tac 10 & Rose of a pipe

ﬂ&BdeVT&‘H ofi gleopresdnh ényRaitse maySbIeﬂe)ﬁbleatrl 1®g1d athldomej) bamohde of many

' are used interchangeabl A "hose" .or a q
n@t@aé%mrt iny 1he GTigFroRes éIPPt#&tféF PHmPle abERiREmY Feel bfass or the like,
LLh
3} BEihe. FRbTE Rl T OORT B EEE riufifer’ 1 1

part g6024he dEvic 808 Homestsolo Pippes 004, thkicHeuinge the reagent out of

the present invention may be flexible or rigid and nag
lsentawge 162 apdagto the device of the present invention. Pump 104 may be a manual

pump or an automated pump. In some embodiments, pump 104 is equipped with a
flowmeter, which is capable of measuring the volume of fluid passing through it. In further
embodiments, pump 104 is equipped with an electronic signaling device, which can either

display the volume of fluid passed through it, or send the volume information to a processor



materials known in the art, such as netals, for
exanpl e alum num steel, brass, or the like, or
wp@odoper3s such as plastic, PVC, TYGON(r), or PEEUR10k€(025978
or rubber. [0024] Hose 108 connects to a punp 104
whi ch e 0 [
R T S S i e

FRMp4ae RPitn BIrth@rt asd HERbE dsddumith the devive oemeqﬂemmsennon
np 104 is equipped with a flowreter, which i

pu i.s
capabl002%f mEteselVhmay he very shew, weh thay, pEmpd94iin gttached to container

{é%u ﬁggﬂege Wﬁdlfgﬁern hggﬁeelggﬁ ?g(g)la% gng nltﬁ 55%%1%1%0 166231;0 Terpve the material

EAthifddt th@lrenfj' BB doftddimdnisosd 168 14 sdv@asisehest dirfestdbng such that
it, or send the vol une information to a processorin a

mm 164 mbmatedna distappre aview from ceptainerst(?. pEhupan spme gmbodiments,

i P TR S A R LRAEB P S0P o comnci

ﬂoné’@&ftélﬁél* 10208Fkh HARRe 108 MRY¥theEemBsdmSHES éachfpﬂlﬁﬁ) 104 is attached
that punp 104 is attached to container 102. In these

dindodgtitore noigtainkioEE. 108 goes down into cont al ner 102 to

;ﬁbng\éfoﬂégf nalﬁvggfﬁxa%gs%ﬂé dlpt her ﬁ@ﬁéiﬁ d veFeed &o tp% gbmmg chamber

{F &@tZ)RHfEQLgﬁQ“hdsé 1hocahedmR Ghidansss anayvé 10 may control the
con ner“102. "Thus, in sone enbodi nents, several

flowps fhad thraygkbhodedd@t dd offier embodineeniin gatvabve 10p istnsesent along the
devi ce, each hein nec ont ai ner 102

pab begrrer PH’ES‘QeI%i@gd ﬁlﬁrﬂ’é(f‘nge‘i%ﬁ%’g?r??e s, each punp 104

i s at (ﬂﬁbﬁd qia{cﬁ %111'&{ nkP1® 1?19}“51@&) BEEqUPFed P g%se-rﬂet through which
fluid passing t roug punp 104 1s delivered to the

pddiiongl eiaeriz rco@idZbe( Hitrgduced Antot domtrimgy 182hcBlwis] irpong gmbodiment in

PR o i S SF SR G RSk HOr o box,

n?ém% P}?]c%ﬁ 91k pgéggﬂgl[y 6’? rLFﬁE BuD&t e 80k BY AR At @%@at&ﬂ"lﬁ‘ the device

anber Each contai ner 102 may al so
e aéd) umq:taa@hrtmg materhabse edd cartnioergh02vhs ¢le stadingi watgfial is depleted
rraterl aI @qltg%be i ntroduced into contai ner 102. Thus,
thoRghet AEViPS which the entirety of the device

of th (ﬁr Se %\d 188 | Qe %oﬁt%f'@f qd2 i gy d8nikisd :P‘ai(am 112, which

t he openi pre era protrudes out of
lpwfeﬁablyafadnhwmshem@pﬂrcﬁttm maferiah ﬁodlemm:zenﬂ:rol 0ad cPrnﬁraebly, the material
starting material to, each g&@t@l ner_ 102 .as

dhugriemqgedris B9t bstpfially e FR18 B deviee- 1 TBE graip Jd2 mey have a

C ai ner 102 may
qlgwe’r&sné"{lg&% OAQ%E%IR%EC pr e?lg &% ?/, facilitates .
renovgpoas t hgom@tegibodimdntsood dmnpmménnvbﬁﬁon include those in which a
Preferably, the material thus renoved i

SuassTEE chambpr inpioseee I'he MRERSHIRE e it Gepictad iy Figgre 2. Tn this
mﬁ%ﬁg e%t are %InYS are i’)\‘tﬁlnﬁgh 0% £REn @Ry TR 104, Abw through pipes

110 and optlonal valves 106, flow through pipes 208, and into a vessel 202. Vessel 202
may have a number of openings 206 to allow for the material to enter the vessel, Openings
206 may be at the top of vessel 202 or may be on the side of vessel 202. In some
embodiments, openings 206 are at the bottom of vessel 202.

[0030] In some embodiments, vessel 202 may have another opening 218, which

is connected through a pipe or an air duct 220 to the outside. The pipe or air duct 220 may



[ 0029] Sone enbodi nents of the present invention
i nclude those in which a neasuring chanber is

w@e@giozlgss The measuring chanber is depicted i PCHUS00€025978
2. hthis enbodi ment, reagents are punped out of

B0 RS AT 85 e a0

(lt)@pfeeg}oﬁgs ggg)ho He}/@? orrstﬁl(%l nateé?% to e%ﬁ t he
vesseI[OOS(D])enlIngs:m%)@mha&mimﬁtsatveisbb ZODps df)caiﬁ‘s@eér dQale 204. As
or gy be on the sjde of vessel

ipdded to yesseh 3, il@asca}eeZ% m@%ﬁ@r%dh@ wailft of dkesmpterial added.
|
ok BT SR A0 RBk Sy RERT n e PERACEE e pacticutr

eynthesiabised gt vaZ*Rﬂs tf@ctbﬂaemuidsmgi for ekagpd, ABe an@nﬁra‘cmn of starting
duct . 220 maybe fitted with a fan. The purpose of
iahg Spalg 24ddmey bavesa display dhatpingisates tlenmplgiztz of ﬂ@ meterlal added.

SENB VB4 %‘:}Sf ﬁg&%ggéﬁtgﬂ& n81rec?l%bﬁglec{rg C c%ﬁa%%m?a%faévﬂgpump 104,

Its vicrnrt I men vesse

bﬁnhaﬁhetdaﬁét arpré-dstemhifed Q4ighAsf ﬂﬁts@ﬁil%hassbe’éﬂ @@Hvér@d pump 104 shuts
vessel 202, the scale 204 neasures the wei ght of t he

ﬁﬁfttb‘?ﬂawoi@tféﬂaﬂm&mﬁé@ t or may cal cul ate how rruch
start ' t efﬁ' hl %lﬂl Lr“” embso%]ug%r{ ed ! %@? &g?%p Ay Cﬁlrect or indirect

synt hé5| S" based on variou Br 49

exafiphie coRfinet6R Mithadryosr Aflvest By6t drB1OTRY uit @'ff thSCﬁ)dv@ of starting
204 may have a display that indicates the weight

fegerishinge vassebied! ogtealembxz@mm thel reading ofis 2@4)as<§1|one manually

SRIAGEEY g pas! BELHGRLCORPAPRLA O Ui R o s e

delafdréd® V@Seltm)ertha opér@E aehnuﬂmo thestiedly s)fqﬁatteﬁznqnto vessel 202.
flow of the starting material. [0032] n still other

¥epwsh 20 may alspchd ﬁttgcbmthayvaé%e 2 d’i'lrlelc@ambe iisedi toetrain vessel 202 if

nj;C communi cat i.o Lves 1 r 210 .
S TE R SRR RO et T o SPeeb 2020 Bt suffcion
2d%erial BasBRE delprdpaiioNRE 5202, e heediingurh tﬁtﬁﬁ’eﬁe@@é\m’l@ream in the
done nanual |y and when the operator determ nes that

deifie eff thaprogems imenben fosenisingr t i ng materl aI has been

deliv to.ves 2theo rator st

t he ffd@%f TBCE ’ﬁ?lﬁﬁ ﬂ@&“%%g’z‘lm Bisp 104 ‘Lé‘ité/dz gh ﬁi&?wmeter there
& sondd tbi Véed 2 tdhdacaiabyse ﬂﬂ-@aesé"ﬁhlfd@inﬁ@xﬂs Pfe H?a%illal Bows directly
drain vessel 202 if nore than the required anount of

heeepunap 10hirenthadpasd 10 dxe die mdng @reectivnfchambent

mat er i er ed vessel 202, th

mat er |[‘§134r lﬁg?f ey %‘H%%Ilse?q &t %ddWﬁgtt ?ijeaaWPf”ﬁg P]F?énlbeé\;’og e The starting
eatdrhe fBKEBR Ehahib¥e s Qx@odfﬁrplﬁésxl l'@gand[dfﬁ%fﬂl xJaR/eQ QOB a'Oi‘lamber 302
enbodi nents, when pu fitted with a

lﬁhﬁfﬂ@i with raopln@éty @fiﬁpenms 8l0, ZUDQ nanﬂbescﬁWhlcﬁQiépeﬂds on the number of

S SR B i pEso TR Gt e RF o B U dfes number
ehapb@hgs 310 in order to provide the ﬂex1b111ty of adding as many reagents as is
necessary. Any unused opening 310 may be closed off.

[0035] As was the case with vessel 202, in some embodiments, vessel 302 may
have another opening 312, which is connected through a pipe or an air duct 314 to the
outside. The pipe or air duct 314 may be fitted with a fan. The fan may be the same or a

different fan than the one connected to the pipe or air duct 220. The purpose of the opening



[0034] Figure 3 depicts an enbodi nent of a m xing

chanmber 302. The starting material flow into chanber
wa@osHierigh pi pes 110 and optional val ves 106PCTZHs20h€025978

302 is fitted with a plurality of openings 310, the

Bi%”@%&e@fas%@o'bai?% 2R o gpeLat ‘e, TRl Bhes gy odors fom

1#‘5332 umber of openings 310 in order to

provi edtnﬁe ?F%%t}nbl lity of adding as many reagents as

I s ne¢EIBshry. Véssl 102useyl alspé)mﬁﬂ;pdm peoyixipe 304.0dEder 304 may be a
of f, [0035] As_was .the _case w yessel 20

ansblisAobce o B0 e sl &, 17T o BHgTin. I other
}@g{bg)ﬁnﬁe%tsc Hﬂg&%b?_qs 51{15%{593} 3 B{hgleerﬁﬁocﬁﬂleﬁ‘ﬂsrmﬂéé? @O@is"an eductor. In

e out e or air duct 4 nay be fitted
VRuttier @ndbattimehse nfiger 30elyis laetarﬂ&mmmmdlmtoraa mrbﬁlenﬁamw fngrele, a static
than the one connect ed to themgi p(f\/,[ g duct 22 h
méerp ar%@@s@r @f lﬁmféseépgrﬁ Y@@J@ fig Msc argggld@lxg{seaae WeBelmown in the
Qr u . th,
aFto 532%? \S{se \y\?@%}] I@l’t’?@; %H)F% 312 \}éxgée&?qﬁ&e?xtlon In other

r&iboairﬁ@téoehefrd: id ﬁ@l nﬁkéﬂB(ﬁl ninxend, 3@dsel BOX emays‘ﬁbﬂfeqmypddewﬂh a pump
a mechanical mxer that mxes the material wt

\ﬁé§sé’h1°902mﬁyesr weieripbHOm YEsERLROP 2996 doHE g, refpirdyces the material
v ss ‘?%Oagallt taﬁ%t‘% @PPE@EIS%?% ge\%itlieerﬁ%fé% §9ﬁ]i ;hﬁnp 318, e.g.,

t@Né 3BOX P doRditedadr from pumpolgnd.g.f bawe B@Z,zineordar t;)tbtttiec control the
m xer, a diffuser, a di sgerser or .a venturi tube.

Miashefled thranglieths pamg. her mafsRAT mixing arelso %?HEFI%?@d
rrechartbgﬁ]h o?ﬁ oth$ n%fbéﬁ‘l'rr{ént h%e P@@z & ke wWReS € Ghperature control

I nvent Imen ere IS NO M Xer o

| siceadn oﬁ@éﬁlﬁbdlﬁfbﬁt ftﬁé’téﬂ@eﬁﬂutle rpegoWdviteds Bgmkeeﬂl&und vessel 302,
whi ch renpves material fromvessel 302 at one

dhrpugkivitiehoa divéd either liquié or gos.i ttaopaiede tegpgraiyre Hows and thereby
her 0| nt .

gieg% Oé c s A {/3]-(5@381 tﬁ%%m tglrv\ez% \ﬁ?%%efiﬁ t?l?%%{ e@{ﬂeﬁ g%ﬁem adjustment

€dcFioes \éaﬂrés/rﬁlymwﬂ &r R elevélopdieint e agtodit IWlthuﬁ tige §dopwvof the present

of fluid through the punp. O her nodes of mxing are

aingentioont enpl at ed. [0037] h sone enbodi nents, vessel

302 i Sw@#} t ed s*ﬂ%@@,s%f? ?rv%ttl% %al%? 3bs %oggq‘lv\klﬁﬁh ik I%chaon mixture

enbodi cont rol “devi

a&/ﬁh’iﬁdfﬁ:‘é&f Sﬁi m9%e dibdedgh ifMol afy seabdriile, reﬁttiohe’fnxture is not needed.
liquid or gas, oOf a parti cul ar tenperature fl ows

and
t thenhige, tbartesctimm wodhrs opadlosl thapmhpiee 34e Wiish Bax optionally be fitted

0: her rature adj ust nent
d&%@é@ﬁ&}pg M)] 1546 aleTftﬁg’fer devel oped in the art
are W foo S;! t h@xs%@@ﬁe@fn ttﬁlﬁteﬁﬁ E€EAtion Misghe Bdfers[t0 @3Bixture obtained
Vessel 302 is fitted with a valve 308 through which

t hiter tesastariiog nakottalifas th synthesiy o &asratezyo mixsd teasther.

glots Cﬁ;@@ggﬂ B IIfl WmE EhboFHARR S, Ehe UeV28% 'tt%nprgge)ﬁ{ HVEntich does not have

a mixing vessel 302. In these embodiments, the mixing chamber is a pipe. For example,

pipes 110 come together to form pipe 324. The flow of material into pipe 324 causes the
material to mix together. In some embodiments, the interior of pipe 324 may be fitted with
materials that cause turbulence within pipe 324 in a greater degree that would occur in the
absence of such materials. The added turbulence will cause the material within pipe 324 to

mix together.



O herwi se, the reaction m xture can flow through pipe
324, which may optionally be fitted with a val ve 306,

WO p06/021388 r eact i on chanber. [0039] As used herBCTPS1004£025978
term"reaction mxture" refers to a m xture obtained

after the starting material for. th nt hesi s of .
ferraty 4g|r e ﬁ%‘a gtdgﬁlg “Her . bg8 . e ﬁ§ e lr%gg?rﬁ%?{t gThe reaction
inpeudevtedLtheiredciEn BRASRA thrbwdieilbé 9M4 SAPSptidAhl VEME3(6. A pump 404
m xi ng vessel 302. h these enbodi nents, the m xing

whneersed gn oorgérpie. supk rthe xeagiidre mipfupe énta he eenstion chamber. Once a
together to faorm pipe 324, The flow,qf material _jnto
g Sten ol 08 Reffnranuar Riveniied fisgBiiin eshife valve 306 may
shaediament 404hgieh NGRUIaRE 19 reRétRe Bk furSBEEH thé t&8tion chamber.
with material s that cause turbul ence wthin pipe 324

in a 042t er Thegeation vhtmbeutwhptesia reacticheveatsd dize éssel 402 is
uch materials. The adde ur bul ence w ll. cause the )

RFERIR: & R o eiass & TR Lottt Gk g he particular

&nﬁ%ﬁfaﬁ%ﬁ 0P R ENRRMNABRL n&d h ﬁlchﬁ%‘%ﬁiglgg vharpsn cc;lx_ﬁ&ises at least

reaction mxture enters the reacti nber t hroug
micpepeBing 448d Amptunosed| opeihg 8 1B0Ry bA clvsepof04 nmay be

et {OASE harsorss B Ewed gL TRr A0k S bih # 3o ciHatiments, vesscl

SER0Y I Sl B SRS Syl ER BRIE RS an air duct 422 10
thheutskc tThepips o air éudt 2D ugly beHted eddt a fan. dherflxlemay be the same or
042 he_reacti on chanmher conprises ,a reaction
%8@@4nt g%lzthalv SaF capecied 19 fheie o atdugt gRQiptd 14 yThgpurpose of the
- . : f i oh:
ARHE IR e beabeieTple & auP i FRgREe A hiiious fumes or odors
from vesseh4@hard igacinessel 402 conprises at | east one

openi n% 412. Any unused qpeni Eﬁg 310 may be cl osed off.
[ 0043100441 was/esird 404 deasnpleth b diled veitipg pixerot b oMixes 410 may be a

S Fanfe AP AN R Becrit B8 e ORI VBB £oR00) oy AR Avith 2 pump

I’s connected throug pe or an
#afnt maldppustd pimie 318 fee npking. 0 othiet eflbedin@R(3, miEer BEO is an eductor,
fitted with a fan. The fan may be the sanme or a
which&pwsst thegradting mikhee riBixasarrassss dharghranghpi pe or
ai - diihsP20 19Tond s MRS 386 sh1%BREDBGA2AA0 Falves 416,
its assocl ated pi pe of duct I'S 1O renove'any

AR 4285 ahdi MO8 remaddalbsedt r Ofty esHielentt @oamdof ti® reaction mixture has
vicinity. L}OO;@ Vessel 402 may also be fitted with a o
phtsted Va3l 404 xatves Al Wesjosse and Yalve A8 daloperede hilg pump 404 is still

ﬁ.\?l?{i&ergggﬂd t’lﬁx@xg,vtgxa égicttigﬁ %‘k{u\fg IﬂI%Wthﬁfsoﬁgh V%.R/% 1@9&1&404, valve 426

systeém anal ogous to punp

openinpad 12], Bdwstdres1 0 BlDElt T RaEE ,400] %Rl théd Lepbsts B Bd14GInRE again. This
whi ch causes the reaction mxture to mx as it gass_,es
tore meayrheotséired[to 0 Hle erctigndoembBidiomerRmbodimers, t8ee inmdypass loop
#2PcHned %ﬁ&?e%n %ﬂllo‘f)e&ﬁk %3 to4 &@Wnstream from valve 408. Once the bypass
is employed, vessel 402 may be taken out of the reaction loop and the reaction loop may
comprise a loop of pipes.

[00406] In one embodiment, the reaction chamber is fitted with a measuring
device 424, which can measure the concentration of certain ingredients in the reaction
mixture. The measurement may be to detect the concentration of ferrate produced, the

concentration of the starting materials, or the concentration of impurities in the solution, at

any given moment. The measuring device 424 may be located anywhere in the device, for

-9-



418, 428, and 408 remai n cl osed. Once sufficient
amount of the reaction m xture has entered vessel 402,

wo 200802386 i s cl osed and val ve 408 i s opened, IN/U82004/025978
punp 404 is still functioning. Thus, the reaction

m xture flows through valye 40 unp, 4 .vakye :
Bl 1 A g8 500, BT, e B2 5y Rr e i
ﬁllg?gvigeepeats the cycle once again. This |oop may be

ererred to as the reaction | oop sone enbodi nents, i

t her ejpd87]a bihassabwepeththaty boartenatsd ¢psrangaim lrsome embodiments,
opening 412 to downstream from val yve 408. et

By SBE ideviga it B, CTBELEI» HOSNA R T ai A (DL EOBHOP flgws by the
(AL dBh i ¥Rl GARBIAGR (Rt through
RGP 00T ] S50 i B s pses o
& hardeRr of Sefreddtied mixtdre anddasheni dujectialbye didertornhThth detector then
can neasure the concentratjon of c rta%]o? L ngr.edi ent s articul

imaaurRs iaE fiecHRRRIE e THEDTHABSE & dhoTludaly adiene ¢ thore partioular
det ect .t he.C rat i _ thfn that ison,
510 BEGPRLIES L AlpLRLiL pododiil, bt compurson

SRNSABEHtAtibR B af partipilir téresorient ithins thieutoldivn can bmyaloulated. The
gi ven nonent. The neasuring device 4241@2%% be | ocat ed

sefhakle 06 crlauleiies aenieakEations iSRG FRECTAPRAYPIRE 2fe YRy (i known in
l.00 in the r ' el ma LAl 1A 32«
L0 GGt S S BhAL Y bl peponhormer o

HRY othEr ebesphbRiheidr kilbuadh thelant. some enbodi nent s,

measuri ng device 424 may conprise a spectroph nmet er .

As t héﬂ@gl ut ilon anotheis Cﬁg/boﬁimﬁn&p@f&af%ﬁﬁoldﬁwﬁge&ftrﬁ@’ theasure  the
i nstrument emts Li.ght ' V, ion. Th
BRE P B Ssoh s b P REMEE Pl @ EOBk iention. The
oRidiA8 peRtieehe Be hyeadurde] R€ rimplEhéheddtailyl as thehmiution reacts with a
measures either the emttance or the absorbance_ of .the
selugingagenit oectiveherpicallp a5 thesglution RapaP e PyHE, eleﬂtré@g current.

val ue then co r t =

o T | S, SOTBREGAL Y Sl B0 AR o e s
GRRRIIME Nt thbdehintbodhgerBglthd opeateaRmbdeccapartioatod the citvelating solution
met hods of cal cul ati ng concentrati ons using a .
spéaneasptest thermoaperiintion eifya watticulen SRAPPACTh e LhF cconggpgation of the
spect r ophot on

et er nmay . Ancla:l: or visible
SHERPRBH T EHE cgru,m rtec?\ §/q%§§ ﬁ’g}l specﬁglgﬁgfoneter

known [pesgihe B dertaliDOABIdimBn@ R IN @ssirableadicortns], the temperature of the
measuri ng device 424 may neasure the oxidizing power .
abadtion sighure.i & tizese iembpiliswets; FelyayH1¢ Aad 43 ey b opgngd in order to

resent invention. .The .oxidi zi P . . duri
N TP bl PSR A LR ¥, i s 5 i
IBREh heelnpedii€ dPGlcNHixage i eithRf rétdcdad nqrbdaienainky valas, lowered to
the solution is reduced by an electrical current.

[ D4 QleteTinmed ontienerrkept ¥k we-deigenieed ¥piEe conponents can
also b asur ed manual L.y, hes dj
oper at @Pgﬁe noi‘%gthﬁr ﬁtBE?‘#%’ﬁn f&?ﬁgﬁgﬁg@% %ﬁ%%%to{l%eo%ats or cools

the air around the pipe or hose through which the reaction mixture flows, thereby heating or

197}

cooling the reaction mixture. In yet other embodiments, the temperature adjustment device
is a jacket around the reaction chamber or the mixing chamber, through which a fluid,
either liquid or gas, of a particular temperature flows and thereby heats or cools the reaction
mixture. Other temperature adjustment devices currently known or later developed in the

art are within the scope of the present invention.

-10-



and neasures the concentration of a particular

conponent. The concentration of the conponent is
wore@sie®as usi ng techni ques well known in the aP€T/US2004/025978

[0050] In certain enbodi msnts, it is desirable to

contr e at ur reactlon m ure h .
Chose lnoete. | BITBRE AoBiofhay  ABWRERE FIRe B S Snerpture, adjustment
QlediRE nidy BeODRedt Bﬁclfaﬁ Hévace fhitotighvehibh Bhe ko8l or warm water circulates
tenperature control [oop, depicted in Figure 5, during

md élwrcwehqaésmmoats theregetiqnabyiingt (Ween ealedst4i6randail8 ek opened and

d | d
VAPGesd SRugt Tl REmms LY conRhE beb i P R GEYTE el Loop. The
esReeh @iﬁmu% flbWe tﬂr@ﬁ@?ﬁéﬁéﬂl% Al éfﬁérmthegﬁé’)&cﬁ%l e(?&/ﬁ;e 516 through

or cools the air around the pipe or hose throug
tthe opersng |5©81 riherey r@péﬂdmm on tthe teshperdtemt diffgrence d::etWelen ghe reaction

t he reaction mxture, ot her enbodi nment

BBRF 3605 e it shby thectehdion AR e bk fner cools down.
"eRGEA®Bn Cﬁlﬁﬁﬂﬁ@ thefl rexft? fneHeXd &Qh&@@f'ﬁ?% thr&lrg’hotﬂg Bp¥the 510 and flows
a fluid, either liquid or gas, a particular

tthropgh salue 18 tommtlnmﬁjdmﬂlebt;achemto&por cool s the

reacti ' t enper at ur e adj ust ne t devi ces
curr elr{ﬁ{%;ﬁqk tVn%H? q"‘g% m?}gnsét?eo %Hpqr’ﬁujf% émg?‘i Wpig also. comprises a
%ﬁlﬁérgtlﬁ‘fh ﬁcgg%ﬁ gO?fwfu'Eﬁ dah &RAAL cédwcﬁrﬁe'ap Fhel ﬁ&%%ad Hows through it.

one enb , shown i n Figure 5, t enper at ur
W] pﬁ@stamamt amyentha suiteble ﬂmdaeﬂtemtheebenipamg&e d@umeeSOZ through pipe 514,

t hr ough ich_either cool or warm water ulate and

tHHET g‘%‘y fﬁh %3%26% ORI (SI%PQ tL%é%?P‘?S%F“Fﬁ szﬁﬁﬂ.ﬁ IQ\H@% e the temperature
jdé?e? 563 @18 Reh AdB a2 RER 193)% thﬁﬂﬁ{eef @érﬂﬁeré‘taﬁe ' fth tgﬁﬁgng cooled or

the tenperature cont rof1 econes a part o

rvecanied othel fhog.is Thea diemttdi torheat xkeimagdr] Thésthrdughugiive 518. The fluid

val ve, 416 nd e he heat exchange device 516
tSRFETURER €K aag%?ﬂi sh ORFERE 04 @5@%@? Fyitoheat gachanger 516 through

oﬁ) E%ﬁ r&héiié{gf 1@&?&91%%%9&@1?@6 R& bGAGE! ffp. M xture
a 'eat exchanger : e reaction mxture
el t her[Oﬁﬂaﬁt s [ cettain cahisoditowts, THeetehgredtirenofmthe tdaetion mixture is

en exits the heat exchangsr 516 through the openin

59 gstedutaneaticalin r Bergrcapmls, qeslqedn%mveﬁdbewmet@wqhmowuple
r8eGi tﬂe%ﬁ’cﬁohqgﬁ;’tselz IFI%.{}!? %) R R B 4%61 fha be located anywhere
tenper ure contro It So’'conpri ses a

afiyngstherreadlidon lobp.c Theaspeeitdihef theoddviay camesdt theh Genﬁ}idﬂatdre to be at a

that flows through Water, air, or any other
Sdepiredhicdingg. (Vien gmt@mgeqa%e Pémﬁéﬁ%aﬁefléma fi Rt abthp desired setting,

ﬁé AR RERE 4!336'@&} &?xﬁ% s%x?rﬁl g?l e g\;la:f}rén S41? pa%ﬁ%% & Sened and valve

the tenperature o enper at ur

addj6ust dosed02 Thagempaatned adjuster S rst\r opteit@igmiumidsuch time that the
enperature, either by being cooled or warned, the
ftprap%raﬁuge phihs T&P“rt@@tr@ﬁmiré h% agached Hgrilgsired s@ting é\ﬁghls point, either

AL 2950 V10 5L W 0L 5 S D YR 4 MO e

apepemgrd BtroMuait €opo thel reactiondubs toe shdeedpefaird cbB@Bd] unit remains in
adj uster 502.
thcja reaction loop in order to ensure that a constant temperature level is maintained

throughout the operation.
[0055] In other embodiments, valves 415 and 416 and the portion of the
reaction loop comprising valve 426 do not exist. In these embodiments the temperature

control unit is a permanent and integral part of the reaction loop. In these embodiments, if

-11-



[0054] In certain enbodi nents, the tenperature of the
reaction mxture is adjusted autonmatically. For

wex@spte3s t he devi ce may have a thernonet er orPCT/US2004/025978
t her nocoupl e 430 along the reaction | oop (see Figure

t?‘)éé@gggg’{“? o 5521#1%13016 gg‘ﬁg\?eg‘ra{%c‘frgtt}e@@%%nggﬁj 2gigjtgst%:{gsgtemperature
%cﬁﬁg?&rs@ﬁlé&}ﬁntsgclffn&ﬁ aAscesired setting. Wen the

nperature o e reaction mxture is not at the i
desi r pos6jet t m@iher hetodenentsyethe remperawsmh mpynke adiisigananually, if
whi ch val ves 415 and, 416 are opened..and val ve

by . .
fesired.ode dhesprantodipers: tF QPG SPaY MEHS0k e it 430 and decide
?vﬁgthg {0 Is 5 WE BajubiBB. Tith shéifa hedinelsad, WieopetatéiBay manually
eaction m xture has Teached the desired setting. At )
HhéS tiROiehdtionahixhee thrahghethe 4dBpeaaturedbgiral nit whereby the temperature 1s

automatically cl gsed and val ve 426 .opened, .thereb
G0N rchebe AnpER deaPELEn IS AL (o SSHP e Manualy stop any
eaction | 0o tenperature control unit remains
?‘fra\eﬁ%hﬁ*‘%%g‘%ﬁ?‘%e %eg%\?rleh order to ensure that a _
const 57} enm@icRt e oheantlations ofefemata within tthe oeastiontmixture, or the
the operation, [0055] In other enggeai neq[tP@s val ve 45!258' ened
andizingpewier afifbe prectoRUERIe; Res reaghetiaghitpllg jevel, valve 423 1s op
compri sing v i ixBit }Rd tRR$ Bhe reaction loop at openin
éﬂ‘gg{iieﬁ%n orﬁh%%{é%grggégltogﬁém@%ﬁ%oa Gnit isa _ .p . P .g
Asy (RiReRE 4and 6).NThaY, aberiag 83D bf fleelevieaof therprbssopinvetion 1s at a site
these enbodi nents, ifthe tenperature adjustnent is
acdrieakle thesieraftvseal | y, thernometer 430 starts
t enper, e adj uster 3 Vadd S t invention.
[0056][6)‘5#3)i ot ﬁ@gmgrwfgg%ﬁl%ﬁ%%oagﬁ{hé%&%%re nayelg)éesen_ '
afli st @gbomnsal e, dédviced@sionedned withines dorndroalicagn 684, primarily for
the operator may nonitor thernpnet ecg 430 and deci de left
whsthéter pureasser sitchrthati the variples Bigps apbBOseHRaN CORACE are leit unseen.
ged ariges  the oner IRRLRL Y4 @ Bk of Béntainers 102. Also
:}é‘&tt’f'llcﬁ% %i%?waén?r@f)l %??{hte%y 1@%@%@%& %AF g(&rc ontrol unit _
WhEHk-EhYz Hos doRimes B0U e Valvad]Lisidedtain@GiRetdrh avidgsthedihal product is
terrpera%ure is reached, the operator may nanual ly stop
ayaified. t her change in the tenperature. [0057] Once the
conce ton_of ferrate wthj : [ VR4 Bains described
or thgﬁ}@%]di zFﬁﬁheﬁo%é%lgfg%r{%@l&eé%??(gﬁ@%’ xt? ﬁr e, has ans desett

r8achesicR 25 ¥4 3b eal®y®, comakygtit? §o femopenadnairginawhich protrudes
| east” a portion of the reaction mxture is drai,n

ed .
f from dohiirroe £64 (et showp iafigsrsehi nEhusat & By aPwE during, fe operation of
6). Thus, openi. 432 of the, devy] t : h
i o B508 el HIFRETY Sl SO e e
[ QB8 BheWe s& wWhemive tonamisshedimment430f Theothevembodifnents, when
i .

e present invention. In this enbodi ment, the device drain 432
i sontaminaiioreds mittzhéancernbie dpcasd depies weRionsdi hegsin (foeds igfo drain 432,
aest heti c purposes, .such, that 1 ri ous pipes and
o h e bR o s Rl SO

[0060] As described above, some of the embodiments of the present invention

relate to those in which the operation of the device of the present invention takes place
automatically. For these embodiments, a control panel 602 is provided on the outside of
container 604. Control panel 602 provides a means by which the operator inputs data for a
control portion and receives data from the control portion. The control portion is where the

automated aspects of the device are processed.
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Protruding fromcontai ner 604 are the feeding pipes

114 for each of containers 102. Also protruding from
w@onsatres 604 are val ve 428 and drain 432 froreTAE04/025978

the final product is obtained. [0059] Further, in this

parti enmpodi nent, the vari ous drains_descri bed

abovei&iﬁih gighrﬂél} vorious IR dgyaces neoniiel @enro02q the operator can

f 18 N oMy ’ 0 at a ner

(ARl O ) D PGB ot of o

dhe staging heatapdy wibeaned fortahgnitiesis, ake RAgUMFYinicdhb @eaction mixture is to
reaction mxture or starting material is to be

&ﬁrg@la@egl@ @he Ipﬁfglo@ﬂgqmqr(ﬂit i & 1gection ommh@u the final concentration of ferrate
C%g meaﬁﬂa'i] g%L:d%%n%déc%é} 04 '1?}126 réac?fog %ixﬁﬁn%}?%ﬁ!)rgg g}i‘%ﬁacﬁ\g;ﬁl% Jemperature of the

am na 1S nota concern,
redetib e uher & iyl eler pirh@eldr @ad B toSHE Nbort Hatbd, REARolled for the
is only one drain out of container 604. [0060] As

dxribesih e Bheapnsvaior epgratsoghputiike Bmthssis etatfer fefratehdor example, based on

resent i ntjon relate to, those i ich the. .
(% pgﬁ%ctl i %n&ég’ ;ﬂé]ee R S%Itocr eSBt efram Tﬂ‘eeé’vgﬁ% n{}gﬁ{}’l & tPaRegSynthesized
Rbagoably WFEhitaadhky . IfFRFratelie 36 behRELIRIM SontiBuS R, R operator can
panel 602 is provided on the outside of container 604.

Gstermizie tharas atguinclpfeoiatede obigined ahdrain432hi 1€ fertateeis to be synthesized in

ator i nputs da for conirol tion, a .
PRERR e PR RrRie i PORb G HRBR Ft B timgyinterval between
AR $ynfHesis f Bhdtdhne aut omat ed aspects of the device
are processed. [ 0061] Through various input devices on

cont r dP0G2dnel Ingome anthodopents tseparaianonton tpodions enaydierprovided. Thus,
pataneters. For exa e, .the operator can determ ne .
Rl oo ob 28 SR P I RO e af SoeppH ol portion may
WERELIMRE rActiI PSS S In $@ dEBHIiMeMS, the SatdiCcdBRE pbi®Bns may be in
mxture is to circulate in the reaction’loop or sit in
tchmnrusigatipp wikvaetsaethet he final concentrati on of

ferra the final oxi.dizin ower of the r.eaction i

i xt wlGOGH; or Ty e spmRadiineRtsnd sPRIS, paplobostio gAY be provided for
lRALHT BB fHwXtdi, @ RLARE, RANRITRLE i

k?e, or can be, c%rﬁ rr%t.ﬁfh\ég for the synt hgsspiteg?to'lf'ﬁkgeeﬂ%dﬁ&mn systemn.

dp seme gmbodimeatss eadhnyfithe sdperaty eritieod pertioatage frovommunication with one
fert?jatte. For tgxargﬁl e, based on a specific need, the

SPPg: 18rcoREpl e PR hhet her ferrate is to be

synt hesdeupd COR LOMRAIYIA cdbd lamfiRSated thrb&EH 81l i

to beqsyn hesi zed cont%i nllJougI y, the ope?ator %an Varibty of different

dieeranteriaeest HEherwtreinkdrfankd cin Heea maniorn, perbiadidiggth] agsistant (PDA) and
raj.h 432. If ferrate is to be synthesized.in batches, i

el T8 aperafFriaet Banbe somieel g Pisp S e by wire, wircless

2B AMidafen 18R bkt { i i

RO 0 el DN e, OB flnihcion,

gatetnict msodesng, ateps, eud tdedikeThus, a first control

porti y control the mxing process, while a second | |
contr {’]O%E_r ti gﬁe Oﬁ: BATPB |mqyﬂgﬁp§%@tt Ipasth OBy Brogesor fop receiving data
I%ﬁﬁr%uﬁﬁﬁﬁ%' Bithends! MeSRRAEPHE6R By AhcIRBE b fRPse MY nifiware. The

control system may include A/D converters and D/A converters. The control portion may

Q.

include data acquisition.
[0066] The control portion may be pre-programmed to produce a desired result.
In one embodiment, a user may input into the system the desired properties of the output,

and the control potion controls the system components to produce the desired result.
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comuni cation with one another. [0063] In sone
enbodi nents, a separate control portion nay be
w@e@gioziaas f or each of the flow rate, tenperat uP€l/US2004/025978
pressure, and vol une aspects of the production systen1
I n sone enbodi nents, each of .the separate contr ol
bbﬁma@‘rﬁha flee MseT BgHrRIE b UIRLIGSS(GT SBIVEOR SEPRCNfsnd temperatures to
tro ﬁ}é q{@%tge system [0064] The control portion
ed through a variety of different user
i nt er [%G?F Wﬁev&ﬁfedlabbw fleqaiimaportien and'nwmttounrportlon may include
personal digital assistant (PDA) and the,like.

seseorsiand eaivas e it some embedimsaise Hier 18R 234 Seiies pofmunicate with the

R e aral BrogiirL AR AR PR b0 RERbIRReries. I some

ERBEERIchQNihe sBi®of RAEVAREs mAPEepheuntativ te Dmtrcﬂmhb $}Iatem mechanically.
I'i ke. [0065] The control portion %e i.ncl ud

tmsome cmb@@mentfsoﬁhe rsgm@m/@ndquy‘éﬁs @lgqtggt ,s&me em%odunents the

%)gsgﬁg%g cC %{ﬁﬁ?agllo g yé ne maﬂ@yuladn @Féﬂég @e':&%%fsta‘ﬂﬁ Levesd

Conveg disp and ngr@tlﬁﬁrbfﬁrdoﬁfr& poni@n gogihploledy eadh mtnmiaportlon may
i ncl ude data acqui sition. [0066] The control portio

aye Decpprats puniigl pan §02.0 IppbaueEbedineat: g Vﬁ’é@lﬂ lflput(wtput devices

Stp? geg'%dl ggxgrﬂl pgxétl%gs}fe ralieﬁzg t(?fﬂeg J%lthlﬁ]BIge d%x?rof%ﬁ‘{e gq)i.he

pot i 02 M@Zt I Oy Scdriith S¥BhEIMBATRIRNEBNiSe 0O thE @ehseﬁ inhentlon receives
desired result.Alternatively, the user may I

n
Ginbanhattdnesboof the shate obtheqwbmh dnt & baiee exdized. afgﬂ @é@éﬂﬁla the effluent

d diff t_out 0085 d
ts%gar;]clgl 3 Idv%%: {;?agﬁlglgtn apte a ¥%’8}%ﬁ0 ﬁﬁ % 'bQ ﬁ%}%ﬁ&g\/ﬁﬁo the device
sh%ﬁﬁgﬁf bg gélja%? Sor dubbr2R¥BIE ﬂﬁ&ﬁ’gﬂ@ﬁﬁcﬁs it fh% pi@chﬁ:@ Biseam. In either

and nruni cate with the control portion t

e iice datefmmadl thjethduﬁle pinedrichsjresat xsdaiemgoﬁééﬁqamy@ffected by ferrate or
properties, nts t he r

e} B s B RBICb AT PPanl B e REthgRe gffiby OF he present
ff QIR ARG TBRAE is bRAIUSANS BT 9o aREthVRtrRSis flﬁmgblﬁtroduced into the
el'ectric. In some enbodi nents, the system may incl|ude

qrodicn atrézomsthef theriewive of theapresent sweriian is apnslsrie pagfiyce less ferrate, or
val ves. [0068] %% nore than one control portion is
éﬁﬁPW@éﬂOdﬂé&%‘ho Hé%l portion may have a separate

contr ?(anel geﬁrodu@t Qidgr ierhpsinten sibsthhe wiich ebistains the object
i nput/ ces for the several control portians

ahe beonkatindd winttvsizednelisoietedl obeaned, Gbed, | suwosulpted, adsorbed,
certain enbodi nents, the device of the present

i GRPEISERIEEEdy REEA3aT Nt or mat i on about the state of the

pr oduc@pygat S BBk NG EiHLAE drwd SpafX@BRIsers ddi@mine the amount of

efflue reamin a water treatment plant. The
| ffafembianfonte fetidubpyrodtt sitao. t Bae sesdrcmay be located upstream from

where ferrate is contacted with the product stream. Thus, for example, the upstream sensor

may be located where the influent stream enters the site of use or upstream thereof. The
upstream sensor determines the amount of ferrate needed for the particular conditions of the
product stream.

[0072] Another sensor may be located downstream from where ferrate is
contacted with the product stream. Thus, for example, the downstream sensor may be

located in the site of use or where the effluent stream exits the site of use, or downstream
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manual |y by an operator, or automatically through

sensors in the product stream In either case, it is
waledosom4ped whet her the product streamis bei nBCT/US2004/025978

sufficiently affected by ferrate or not. If nore

ferrate is needed, that jinformation LS conv to the .

et b o CORB TS Sehor (HGRHEFOR SRR (18 ABRRET Dhfeatafegifoduced into

@%g%@gstre%%&osu%‘ﬁﬁfo%é@t e is being introduced into

t product stream then the device of the present

i Nnvenj0i0g3] i s Imagbenet @enbodichents, | @dyg dner satse; iDrpresent eiase either the

production of ferrate. [QO07 By . "product streant it

PRSURRE O th@@%@@%ﬁ%OW@ﬁlee swbs&ﬁ?nf%@%%ﬁ%etse?ser-be

oxi di sy LZe | S C . ,

encapgﬁﬁgled?ﬁggég%ggggﬂ%%%$g%ﬁ%ﬁggfgg?agﬁgggggﬁﬂgggﬁ?xmnpm’by

B0 Wpdtatdrn coattietien o disiminbs , chbmivad epsr of ¢he @nsdiucs stream.  In other

determ ne the amobunt of ferrate needed for the

pabedimgntsr the sensacis opetatedttomppdicalbhsor may be | ocat ed

upstr ro f te i t. ] .

o odub 7St r odh ks, SpeP e Brsfalt EbREnltaded B o dovice for the

EPYhRR dfae@idte bontpistgl di Geabidrleldntairsel capublest ievlding barting materials;

site of use or upstreamthereof. The upstream sensor .

theeiesr frit raeastiies awmeunbpl therstating wemeréds;fpansHgr mixing the starting

articular conditions of the. t e 042] . .
Rt JnDBR  leyBRE Rl BOR B Bl SRR Rsild it proimal to
fiRrsitabEuéccofGROtea@teed Wi th the product stream Thus,
for exanple, the downstream sensor may be located in

t he sl@0g6bf Jseyebengther aspedie thef prespah dnvention pelates tte atdryice for the

site of e,, or downstreanthe . e -
St ol Voot R HED Rl o RPN MPns for messuring
b A RUHE 86 tenét@rtinh QMY Chesisl RARMINGS U fddrih® Mat@tals; means for
not. [0073] In sone embodi nents, onl y one sensor is

praciemthe §taréing nedterieds ta produgssthe damter andhmearsnies treaaying the ferrate

ensor.. In other enbodi nents, t.here i Q nsor .. . -
o070 deifte hisaRnante of haneULhTobEe Bup §PEffoximal o the st of
wedwihe Yerrai@r exanpl e, by an operator conducting a

vi sual or chem cal test of the product stream In

ot her [@¥ibdi Marrose erheodéimerser neang pexr baldige starting materials” includes,

ut omatical ly. 075] 1 n _anot her. aspect.  the presen

Bl Bt i, o 809 loB S 4ORE) TR Bl AHERREGRL buckes, bag, or
faerate, conprising at | east one container capable of

hol ding starting materials; neans for measuring an

anoun{08] t helnsrestnini enghodimnents, {hsansiva meeaswingranameprt g the starting
starting. npterials; a reaction chanber; and a.drain;
THETAIS RBCRIES P IS 0 JFBECLE. £ BRPSI SR oIl OIPISE gefeor, graduated
$biginef, Waghiobcald) %tpfi_é"cﬂr(%‘h@enu{aggg @bndor,yRbss2 18k N@Bter, or volume flow
aspect, the present invention relates to a device for
teger.

[0079] In some embodiments, “means for mixing the starting materials”,

includes, but is not limited to, a rotor-stator, paddle, blade, agitator, disperser, stationary
plate, stationary helix, turbine, pump, jet mixer, mixing valve, impeller, baffle, eductor,
tank mixing eductor, turbulent flow nozzle, static mixer, diffuser, disperser, or venturi tube.

[0080] In certain embodiments, “means for reacting the starting materials™
includes, but is not limited to, a reaction vessel, which may include a hopper, tank car,
vessel, tank, pipe systems, drum, bucket, bag, or reservoir, which in turn may comprise an

evaporator, heat exchanger, compressor, condenser, cooling coil, heating coil, or boiler.
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synthesis of ferrate, conprising nmeans for hol di ng
starting materials; neans for neasuring an anount of

wo bh@soeBg i ng materials; nmeans for m xi ng the BCHUS1004025978
materials; neans for reacting the starting materials
to pr e the ferrate;. an r i e o
t o aO08FI" ot R RGhEm R, TEOM Srtems TR (O Rudeltrom he device
e ideE dhed ndt LiRited i a Pigdeysem, Valvé, ks vésselpfesetsirdfucket, pump, or
the ferrate. [0077] In sonme enbodi nents, "neans for
fpirdi ng starting material s" includes, but is not

[imt , hopper. tank. car,, ves . tank.. pipe . .

syst e_ﬁ)g,saﬁr ugﬂheh oRane (%5%11"’%8{1 dleté@ ?\%‘Jctﬁurl .3%86"/“5?“?% of the invention.

ﬁ%iﬁl%é“gi?%&?ﬂéd}%ﬂ%ver? FRARS nidkr ABALLIai18d iR foRsBRUTR eg@fears in text,

the starting materials" includes, but is not limte

the, ineerpioe sanibe psatised in wehymayseAsds alsgstithdathene, it should be noted

cont ai ner, weight scale, optical concentrati sensor

410 s BB D EIARS YROUSTER BN CPOOPOPe P oaB gpect of the
| ' nol f WthA9hd RAnBbRIY i Being re-defined herein to b

BERRA bR 1o BEALE 0[P 0000 ConBRAY  iing o dened berin o b

Estrimtedstodhdnding anlyl breeciflyl didecteriglitsatf dhe feafusgsenr sispects of the invention

R Ao EArST s e B Rl
g%) 384 ﬁ%&g&ﬂﬁmcet\wﬂpﬂlle SPherdde® ﬂaﬁﬁ@ﬁdeanffo%ggigjhlén? tH&Eof.

user, disperser, or venturi tube.
cer t aifg08arboddentmbodiments ard within dzeclollogingdaigisar t i ng
material s" includes, but is not limted to, a reaction
vessel, which may include a hopper, tank car, vessel,
tank, pipe systenms, drum bucket, bag, or reservoir,
which in turn may conprise an evaporator, heat
exchanger, conpressor, condenser, cooling coil
heating coil, or boiler.[0081] In sone enbodi nents,
"means for renoving the ferrate fromthe device"
includes, but is not limted to, a pipe system valve,
tank, vessel, reservoir, bucket, punp, or drain.
[ 0082] The foregoing description details certain
enbodi ments of the invention. It will be appreciated,
however, that no matter how detailed the foregoing
appears in text, the invention can be practiced in
many ways. As is also stated above, it should be noted
that the use of particular term nol ogy when descri bing
certain features or aspects of the invention should
not be taken to inply that the term nol ogy is being
re-defined herein to b e restricted to including any
specific characteristics of the features or aspects of
the invention with which that term nology is
associ ated. The scope of the invention should
therefore b e construed in accordance with the
appended cl ai ns and any equi val ents thereof.
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[0083] Ot her enbodinments are within the foll ow ng
claims. WHAT IS CLAIMED I'S: . A device for the
w@sherss of ferrate, conprising at | east onePCT/US2004/025978
contai ner capabl e of holding starting materials; a
I \pabl e of measuring an anount of said
StartHRg *S; a m xer capable of m xing starting
materials; A@e@ﬁ@?&ﬂtﬁ@sﬁﬁ%@%ﬁfeﬁdw cBm@fising; Wwherein
said drain is located at a site prOX|naI to the site
of use of stdewit fnmcroalta@nerZapa’olﬁeofdwwmgstaﬁmglmatmds,
wher ei n sald glurallty 0 tainers co

ri.ses

cont ai ner s M§aSUFNG ugHop leo‘? TBFagp RSt ?rm ﬁs%{\é‘aﬁmg materials;
container j g; &rcaﬁé?v‘fé‘oﬂ‘ﬁl dtirffg ﬁf&'ténalsan oxi di zi ng
agent, and a base. 4. The eV|ce of claim3, wherein
said iron sadat:twrsclm&ibex;taadi fromthe group consisting
of ferric nitrate, ferrous nitrate, ferric chloride,
ferrous chP8f®e, ferric bromde, ferrous bronide,
ferric sul (V%%m EGE TRMS 1S YddaRlaCat d‘ Ei'Eé ?&xﬁﬁﬂ%%& Rite of use of said
ferrous phosphate, ferric hydroxid errous
hydr ofarides. ferric oxi des, ferrous OXI des, ferric
hydr ogen carbonate ferr hydr o rbo ate,. ferri
car borat e, 18hdeYiEs P%&]émégr Wgﬁéirb%%f g crfaigers comsprises three
%){%1 wherein said iron salt is ferric chloride. 6.

&vi ce of claim 3, wherein said oxidizing agent
conpr 3ses &heldevist obuleinoR, tvherefrobreosintajnerds Hiyrpmblabf tie iron salt, an
ion, .a halite i a hal at e ion, a perhal ate ion, :
e&@wgﬁ&%@g @l%?i?er oxynonoper sul fate, potassium
monopgr sul f[‘ﬂte %ievﬁglo‘f%ﬂm 8 ngl&%?ﬂ d 1ﬁnséh‘i’tefs%!é3‘t’ed ﬁom the group
aperaci d, sa of "a per aci Caro's acid. 7.
denwigtidgalf fedrﬁlrmrﬁe, fM‘reusemtra&alfem‘noxhldnzle nigrragecitlonids, femc bromide,

SOdI um hypochlaorite. 8, The ice of clajm3, where
sararspuemides fags éE]tf%t& FoFTgHS ﬁﬁgat@rfsm& @%ﬂ@l@t?u fgowt phosphate, ferric

E%%r e d?ergﬂé %ﬁl‘r f@ﬂ?ct Gxidsd!! feftbfs oRfHel! Féric h%/d;rogen carbonate,

rosul éte acet ate bl car onate
¢ardsngtivge? carﬁdil&tt&j gattic earbbnaté, andif@rowstverbenatesai d base

i's sodi um hydroxi de, .. The devi ce of cl ejn
sai d %asuﬂﬁgeuﬁ¢9 t i vdiegetn sufl fpmese asn%eﬁcw
devi cg of ‘?Ilh@'cfallce o‘f"@ﬁﬁrﬁ'3n wilkkdh SRASHdifde YBkdt comprises at least one

corrprl ses scal e
of the followmg a hypohahte ion, a halite ion, a halate ion, a perhalate ion, ozone,

potassium peroxymonopersulfate, potassium monopersulfate, halogen, a peroxide, a
superoxide, a peracid, a salt of a peracid, and Caro’s acid.

7. The device of claim 3, wherein said oxidizing agent is sodium hypochlorite.

8. The device of claim 3, wherein said base is selected from the group
consisting of hydroxide, oxide, sulfonate, sulfate, sulfite, hydrosulfide, phosphate, acetate,
bicarbonate, and carbonate.

9. The device of claim 3, wherein said base is sodium hydroxide.

10.  The device of claim 1, wherein said measuring unit comprises a flowmeter.

11. The device of claiml, wherein said measuring unit comprises a scale by
which the weight of each starting material is measured prior to its introduction into said
reaction chamber.

12.  The device of claim1, wherein said mixer comprises at least one eductor.
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whi ch the wei ght of each starting material is nmeasured
prior to its introduction into said reaction chanber.

wQ@2005/0kk3glevi ce of claiml, wherein said m xer POIPR108€625978
at | east one eductor.13. The device of claim1,

\rl;]hi re(ri‘l gof{a' grg]e Ace oécggﬁ)ciesﬁ’er%{tl géiﬁﬁ%ereagg}pénﬁgsh%g%a%? bne mechanical

tiO n chanber conprises a reaction vessel and a
reaction |l oop. 15. The device of claim1, further
conpr i1gi ngTae device of clatrh dn winemsusaich geagmn chambggicgmprises a reaction
reaction charrb? 16. The device of claim 15, wherein
yessel agricerticRlodn neasur | ng unit is a

spectr @phOtﬁ{Q‘aE\%e ot dlain] REALEY Snfsine AbMcentratidnNBEasuring unit in

conprising a tenperature control unit.” 18. The device
@hid Gbartion ¢ambeier ei n sai d tenperature control unit

conprises a heat e ger A device for

synt hd$i s (Tﬁlef@f"icﬁtg Eié’é‘?rﬂlsr é"f?\ffﬁel%tsmﬂe%@f’elg%mn measuring unit is a
con I abl e of holding starting materials; neans
fgg?%li'r@g:tﬁ?l:éﬁg an anount of said starting materi aI S;

means 1f7or Mmihsidegics af claisi &rfuithe wnmesmglasemgemwa@mml unit.
chanber; and a drain; wherein said . qrain is |ocat Z gt .
a sit elSpr oxdihgadevicg of jodaiy +7s verergia sai fterggs?ramreepqrg{o unit comprises a

evice for the synthesis of ferrate, conprising
?ﬂ?gt egcganrgeﬁol ding starting materials; neans for

nmeasuriong a0deieadi tiefsyadiesls sfﬁn’ateng)mmisa'ng al s; means
for mxing said starting materials;  nmeans for i:\CtI ng

said start mﬁbeagfmng,cpgqagw{ %apﬁblé@éé@d%%arf”é% P’Qfeéla and
means for removing, a@ﬁﬁnéﬁ{ Lt bF OF gqﬁé‘féﬁﬁs

wher ei n sai'd”Weans noving is ocate asite
proxi mal t anédne firhigin®f sai.dSﬂamﬁg satadiafser r at e.
a reaction chamber; and
a drain;
wherein said drain is located at a site proximal to the site of use of said
ferrate.
20. A device for the synthesis of ferrate, comprising
means for holding starting materials;
means for measuring an amount of said starting materials;
means for mixing said starting materials;
means for reacting said starting materials to produce said ferrate; and
means for removing said ferrate from said device;

wherein said means for removing is located at a site proximal to the site of

use of said ferrate.
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