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APPARATUS FOR SYNTHESI ZI NG AN OXI DANT  Backgr dangegpry 2007
the Invention Field of the Invention [0001] The

resent invention relates to an apparatus for the
WOZB‘}S@FA?%H on of an oxidant in solution. REFES2004025978
specifically, the present invention relates to an

appar at USAPBARKBITES EQR SYHESIZINGANMOXIDBOST! i pti on
of the Related Art [0002] Ferrate is a strong oxi dant

that can react w tg E var": gté ;of '{inorgani C or organic

reduci ng agents a HoR  Bartzatt, J.
FicfBdfihe hvenisn Met. Chem, Vol. 11 (11), pp. 414-416

(1986 . J. Audette, J. Quail, and P. Snith, I.

Tet mo&me_f t The pyetent inyenfipn relai@otoz@2apparets Yor the pRaakliongf an
oxilfant { EMiclon, 0SS5 seciBEMy, 18 brocds jlBifon rile 10 o RBpgrafi g the

synfifesis GhfateSoc. , Vol . 93, p. 6058-6065 (1971)).

Ferrate can act as a selective oxidant for synthetic
De nd is capable of oxidizing/renoving

3 VR0OR!Y o198t adel SO Eack AU Sr3MBradtiiCor
of "~ desStroying many contam nants I n, aqueous-an

organ rcigeieg egentvadd subsirA8Q0B] LFBartzatt,d. Carr,OfraysaMet. e, Vol. 11
{nter ter.trea nt bec e. it provides

Oy R AEE4 ot g oGRS e, 8RN 455 Bt

276 T bPN; D! Pﬁﬁhg, VXKARME, QRd TeBIHIRAS, T&thﬁm ‘(‘)m&g' 40, pOM 43

roduct "1 s e non-toxi¢ ferric ion whic

(19%3) presk Ro K. duirgenresnsl, HEL dinflidl Ap. Chewc8ed.,a¥ ¢lof3,gn $058-6065

tLj C whi ch..renpyve suspended partj cul ate.
09768 bR, 8 el R SRSl 86 ot
- of pridicigfroiBodag @, vany enicihic %eY sRiidnR B6HHpouses from, and of
effective alternative to current approaches for water,
desfepngRaontagguts i, agreons asd marAqueous edikhi s r egar d,

fer i b ronment: ' i i
(EINAIE, SO ORI P B b o
suitplle tiechanim fpr odhfremmt offeckate Hiontr soheionVifliallbxRIakorOkactions, the
.Ferric._oxide, typically known

nvi ronnent al concernp.
fina] 5op peguets e an epiedan eich forms lydrogide plgripe. diyentually
ﬂoc'E{il@ﬁ&fsQﬂ%etﬂﬁaElﬁ)Fc%& %hﬁﬁ%ﬁ&egggﬁgde@gﬁﬂgﬁgﬁagﬁ! ng an

"environnental |y safe” oxi e

oxi 68 on Theawst ¢idersatevnoh theeforapevidp p eafe, convenieat, vérsatile and

k f MhO4 and , Or.O42-, f hj Qi t
cost RS MRt P oL R WP g Pt
In Biis feRRA] ifdthate/isl fh chiifonPhiallf HQRAAyARHIHE N8 %;!érxseh@aﬁﬁble
~to produce a cleaner reaction products. [0005] U S

subgiifutanfor Apfier cetadests, mapiculedly| enomple 20D BE04high are of
' r.24,. 2 a.and entitl.ed."MVET
e R ool KPR SR8 o o B S: R
redutgion. Therefore, farac ks shdiistibiialvffteing ah CerviroRhatugeafctntdant.
tgot}ds of .usi ncgi ferrate. The Publjcation al so )
Althgugh f %&Jaﬁ%‘h@f* ops Wl {rrigtecapp e sinlan torjosg &agn for MnO,” and
CrO4?, ferrate exhibits greater functional group selectivity with higher rate of reactivify in

its oxidations and generally reacts to produce a cleaner reaction products.

[0005] U.S. Patent 'Apﬁlicaﬁbn 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 alse describes generally devices that can be used
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-1 15 February 2007 for the synthesis of ferr .
However, there exists a need in the art for ai%%ebruaryZOO’/
efficient device for the synthesis of ferrate at a
site proximal to the site of use. Summary of the
fot theeayhthesis p0 G@f}e. AHowedirntheteoexdsts asged in he atthfor pii effieidnt device

i pvent | on, ere is provided a_ devige for the

fog s SHubFs o orgRabt e R;rawmq?&%sg@o W¥st one
cont ai ner capabl e of Sﬂﬁﬁﬁgft}éﬁﬁ’\'}&iﬁﬂﬂ materials; a
measuring unit capable 0 asuring an anount of said
star[006fd nrAcesrdimpstp @ aspeer of g preerafinmntiongthere is provided a

starti materjals; a reactign chanber; a tenperatuyre .
de&?ﬁttl% {6, ythesis qH el POPREAIRE A least orie COMasgrcapable of holding

st&ﬁ'ﬁﬁé’ 'ﬁ%ex@aléf aj \fﬁeaﬁmﬁ{g hﬁﬁlt S&hﬁ)lé \?\Er Iﬁtez?suf'lhg WS ah R U said starting
said tenperature control unit en sal d’val ve 1's open,

mdetialsead ohifee capgibie cfoaximpstartingauatetlguglRagiintthamber; a temperature
tenperature control unit when said valve is_closed;

osed
cogitef upifyropngcte Fraction ehambsr fhroughy a¥alye whereingsaid fearate flows
il ' . -sai.d f.er |
(B o tolnBorfte BorRl it Sffer? i SpfeiE b bug St Ferrate does ot
flosw direuphi saidatempetaade certtol ahittwiendaid edvols ddsed;pind adithin; wherein
l.nvention %P\Nhiﬁh f eedst ock reagents are introduced

- saidyfrgyn i locyted plgsigrommabiodhe site ofiuse ehsaid ferrale008]

Figure 2 depicts I C n enbodi ment

of the device of B Ginkd d}%a“%.sa[ 0009] Figure

3 dgpi0Tls arigerdiodépi@nh sodterd ilai ieRBodindmibef the de0idd OF the present
. Figure 4 depicts an enbodi nent, of the reaction
m‘@ﬁg%éfrx wheth1 feedstoel, reagsniy ease cinrodured nigtsd theedevies of ke present
im;eglrgpgrature control unit. [0012] Figure 6 depicts an

enbodi ment of the device of the present invention.

Det 40008) DeBigtie/® depiviDd nichairipehanpadrailamod®itnt of the device of
[OO%q%L_A device for the synthesis of ferrate is
thegprs ywgnliophe device is capable of producing ferrate

d fi@ be eptim zed { ; d
ot A1 oo, PRSI B0 Bl al R A AGRe o

Pubgdm:m] | OMFibigre 22RBRAOADG A entRIFRhd BRAbnCRbAPE! 24,
2002, and entitled "METHODS OF SYNTHESI ZI NG AN OXI DANT

ANDI0ARPL | GigweNSicpidErEGmbodinentvfitle tempetature control unit.

i nc at b ference hereinin its. entirety, . .

| noREhg ek P RyS Tapamert ot dstior S Hssarsbaringention
the di scl osepefa¥d Pesdriptibf 6R{HEPréterred BRBSMAILPN  Site,

whi ch is proxinma 0 a’Site of use. use erein,

t he [6HBhs "Aideeiceforgha eymahéstndf forrate'ig diselosdd. Ofhesddvide is capable
refer. to the sj ere the device for the generat|

of Bodhcipg dpats 8nq By DEQPUTARIGRPEATD e RIRESERG Picedp set forth
in Eli;]‘era ﬁ’lbg; ;‘Pa?%l? AL PibiRbS NOChEEE81 5504885 h@lished 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
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the generation of ferrate. The ternms "site of e,"
"use site," or "treatnent site" refer to the lg%efi@aryzom
February 2007 WD 2005/021438 PCT/ US2004/ 025978 site
where the ferrate is contacted with the object it is
WO 2008/04438di ze, synthesize, disinfect, cleafCT/PHj2a44825978
encapsul ate, adsorb, coprecipitate, or coagul ate.
site] @S theTheatt ér omtdbel owth the @bjent i v toamddite repntheside; diainfect,
ener al | sed . interchangeabl erein. These terns
cledly Bl et F s P EHB S PLUSF ocat  ons of ¢ he
genes’] i OMhei {efin@ "ok SridSRitP! a8 IRKIhH® Skt BSheI used
] prgxi%!gl to_each ot herebv\hentfhey are |ocat edng?en?t hsg
interehgngepblp dersine Rhashiterms ate swaniperefonde thd felntive flegatiotseof the

f er. . vel, the . distance wi.thi.n a,half-1jfe,of
onb @G dnd (4 e Sie TR ! Ff B8 ol 8 Bl bt v are
locateiehad hedwd Gitdd3eard Rathiard Bidfandf thiti AMBwh Forl tAK @SraleDto 194361 the

. half of the material present_ to under

distaReeoriila; 3 hakirlifernk 1 decompgstiopor aayn%. vadna faseqrapasition i

undtﬁﬁgi@?% B B0 athbelnt oFIERER CutcB sk haﬁ%@‘a:legﬁﬁéﬁ% El%g%é Fovﬁﬂd%o

errate 1s generated and/or stored.
decompestion, The half-difpforatnyr givers dexeaén tomgasition ofillbdgend on the
ncentratio f _oxidj zing agent, presence o
confliiigRs pdep fhich the, fratey ooyl appr Flotee ¢ bt fos craple the

temEaJaﬁua | doBcdfratioR® of abdt SoncQMROS tdfObkidizHO VGRS » pred¥fce of
alf-life can be readi |y nmeasured by thoSe having

impyritesnar peitation [will rallt tead 4o taffeeisthe dralfdifey of thieofezrite composition.

j ... Theref or a generation site i.s "praxi ml "
Ho §&L BN FOF bp ol oo bt hsfink orflyry BB e
usidghenuggiosdl ttehaitjudsh ETHeldfRe 04 gelRbdtivR site isS*REIMRI"110 a0fise site
t han gne-half of the concentration of ferrate

reater
whey he ¢pECAMIIERS HesFFia the UsT ke 7 ot dBBMonCS Aasal feor greater

RN Ge e bty VeS8t b obneiofiSid, 19 lihahdEBRveen
the geicration yite andltilweuse shais defingdl iy térms lof thewhalflifpindsi leagth of time
S R e P
phyE16& disPlabemelBbtydbA b be e RRA ditd\hd Qe §i\!3%%a|f'§:lefiﬁ ¢1bde r@:{h\ﬂgﬁﬁlay_

ferrate conposition being delivered between the
varysdepengdingen thp balf-hfeef the fainate bornprsition hpiog delivered bstween the two

: i c inalv.factars affecti.n ot h h

siof {4 E ity wBES et ltooticnR Bl REirehy Bty aditfing born

the baé bf foeR tinkfer @1l fagtbis @ffectingethdTBAE Wil RMYAFfe6Pdhe maximum
di spl acenent pernissible for the two sites to remain

physigal displeeemenbpermseiple fomihe divg sitesrip semaimin closs nrepiwmityf Factors
t Yo g .

w8510 13051 Sl LR, M B R (Sl gt

a puriyeuded rip the tansfer, e térhyergdira ob e phuside sed ththetirastef end the

. and the  .size of the plunbing used in the transfer.
Slze[oggﬁﬂ?mﬂ?‘in%‘é“l#‘é'i%e Hi ments, the disclosed:device

Cr 46018F 2 T 886l Qbodinidntd! fhe cﬁé&ﬂﬁf& fviRe cft‘:gte% Ez%fcﬁéﬂ fixture
an an OXIdIZIng agent. Iron salt or salt o I ron
compgifigg 9n tivon salt euhpo oxidizingaazentorifionseld’ amsalt of irah’d raférm to a

an _oxidation state other tha ero. The jron t .,
confiu 8 oinghsed o e Do st SERadE s SR hancraiaeon sl
useP bp deCBethddd of ithelpredenLinverttivn MdyHeZirdthced in situ, i.e., by oxidizing

elemental iron either chemically or electrochemically ptior fo its introduction into the

. mixing chamber or by performing the oxidation inside the mixing chamber. The iron atom

in the iron salt will bave an oxidation state greater than zero, preferably +2 or +3, though
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el emental iron either chemcally or el ectrochj:%pgl I 2007

prior to its introduction into the mxing ch

by perform ng the oxidation inside the m xing chanber.

The iron atom in the iron salt will have an oxidation
WO2M1838gr eat er than zero, preferably +2 oPCHES2044236h
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th]St gﬂﬁatlg% IRl @ b8 tr@atcﬁed’rﬁé&lsféﬁtlj e GRee hiBRSiseddhveted Fronh s

ron atomis converted fromits starting oxidation
stamn@medatlon sthte ttf ibn final oxidetioni e ofrt4oealyve+4 or above.

3&@@ 'S a%L : %%ﬁ? nl}ozln%lpg H}rél? F%u%&%s sghl’?ioﬁ Héever,
emlbdil‘i’lﬁéﬁé §Find 1ﬁ@énﬁ61@ irlcl@6 thokd inWitiidhlthd fien alidn dkedivediisa solvent

di ssolved in a solvent other .than water. Pr efﬁ&ﬁ %;
otherttéans whivenPrefirabio|th sdverhdissolvdng Ge ion; salt dp ansyfich dagelt

undé%to &x@aﬂ i The Esgﬂée Phe 1(1‘1&%1&@1%%? ?&%Dé’ tshfe embodunents,

age férra some mants
the iR Balﬂabfovided ﬁnrsaltcﬂ Gb&}dtalhﬁe,m powder fmpsindlid dlsaelved)m tb@m&l@n

formand i.s dissolv n the_ sol ut risin
comppeisae A xidiging eeent. n%b?‘h e’f@wﬁ'&ﬁ’ f‘ﬂ‘g the, nﬁzﬂ"ﬁ geent Wl the
irof? gé[ltdééé bR¢ided ohﬁnﬁ'yétﬁlﬂne, bf M@?f&mae[nﬁ W&Vbxd&ﬁerlsﬁlvent is

crysta i 'ne, “or powder form and wat er, or ot her
adcﬁd)tu/thmm;xwrsthemﬂed to the m xture thereof. [0018] I n

r odi rrent on_sal

¢ o). dR GHAE Bshadiopn ghoftoR Bk il e picpEd Bkl eroup
corﬁis{n‘ig%ﬁem“ﬁ %ﬁtfdté: sehlu9 hitee, febRy dhiviide,clirous diboridé,efeitic bromide,

brom d ferrous brom de, ferric sulfate ferrous

fertous b:mnede, feemcr Bldfaﬁﬁh é@m&ﬁ@f&t@s & DRoSpIAR FerEqUs ph ?S@ﬁ?tﬁ’cfem
d d
i iy A B B Sy A B

rrous rogen
fer®as BpRedee caﬂb&ﬁz{te dfergia rcmmatee ferfoas catisnatey rabd rﬁatcw om fglric ion

eSS ot BB 1)
pol¥fned or R% orpfheﬁopom' ABLLAMIREbL Riric Ahd f&ﬂoﬁ.‘f exigd tre

orfrs of ferric and ferrous oxide are contenpl ated to
'coﬂnenplaiaﬂtc)\blemkedtvhdl thembibods of thepresent iysatian. i nvent i on.

{nal0DL; o A8 S oRHR e oty R ALY A BEHAY snotrer

corﬁﬁdi‘zﬂ& efld ithddr is 8&cuaddn 1€ bRl dFatiBnenis e OXidid d3ont ag@pises at
onprises at |east one of the following: a hypohalite

leastcm; ofhi fillowingt whypohaliteiontachalitsrion, 3 hpleferian, atpéfhﬁléﬁ jon, ozone,
0)@@?%@ hajo gegm%?r?x@% ggj%gdrxg%i %’ﬁJr%ﬁid qgaélt & asﬁ{a?fcﬁd) éﬁ&j@am@ acid,

or £ GotiMinabh GRreof) Grlﬁaighoﬁhhmgdampeoﬁﬁmtlm, dﬁﬁdﬂdm “OXONE®” refers
specification, the term " OXONE( r% ﬁers thereof.
to msa%u REPRPRPRAPF RIS YR BOBIPRY BGest iRtuce thoreo

o RREy ul @ﬁfﬁe elflf?%ﬂ lgau HohaE btuF%fe%E 1imki 20 29 ltndsk A€ hich the

I'nc t aré not limted to, those in
oxim.mé‘l agehie compsises 2i hygolaijenion celepied dem @hehgtpuh ghisisting @f the

TSI T -
 infRARA, ﬁfé'otxﬁhéu%‘a ehtrboﬂ'lpt'lﬁé's a%&ﬁ@%ﬂ@[ﬁcﬁadﬁon& #@ group consisting of

I nvention, the oxidizing agent co ises a halite ion
thes chlexite aoh, ftheohafotxhtg ign,cang tbeb mghtgtiq)m mljlbiyet 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 jodate 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 jon, the perbromate ion, and the periodate ion.
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the chlorite ion, the bromte ion, and the io

In yet other enbodiments of the invention, ﬂé&%mumy2007

oxi di zing agent conprises a halate ion selected from

t he %roup consisting of the chlorate ion, the bronate
WO 20051213381d the iodate ion. Certain other eRbEYPHARYR¢

the invention include those in which the oxidizing

agefot2yyonphi sain epbodislent.e tieomegnideof @@odutihgnfeirite further

group consisting of the perchlorate ign, the

COBRIFSET HidRER ha5n 10 hnmiHE E&? Pa58 3 cPptise amifagep b 9k AY ion

sel&tdd’ ﬁo}ﬁoﬂﬁoggf ﬁehﬁé@nﬂp Clf #@&%Qigé O%§ﬂ§8 g&l%gtu fsﬁlﬁa.te, sulfite,

certain enb oducing ferrate
hydrosutflies phasphqber |asﬁstc,ahichrbrglaa iack earbcmatén or ra ortmbimsfion Hi@reof

. may . ise.a nit e se or el ec

NEBH R Rels- B Aomaet il 46 ot foiten oPxaies ot Hitogén Bases

inchidb, Qnat §re 94t f BihiRed I fdnlrfonia, NYAKARS Unbih§iGmine) O8RhALBide,
acetate, bicarbonate, and car bonate or a conbi nation

tnmfrﬂesfize:mﬂe tnmethwbgledtﬁ bhisdylaminee dwdtbiamaide.f rasifingc yprioidine,

n ne | es of nitrogen bases
plpemg ea?resglﬁsogé mted to, amonia, am de,

met lmma}m nh, addBidick aﬂthdene erhbddiméry Figtden® shows the system by
trimethylam de, triethylamne, triethylamde, aniline,

whish focstoek Tgagents @F%é‘F‘PdHFeﬁ‘éﬂtﬂébﬁadeﬁW %ﬂﬁ@reseﬁ inygptiog. There aro
o G 07 o R, RS Bl o

fermtee Higure Dehosadne anioodithent dethe insremtfontii wh,mhe]smontamers 102 are

entl h are royi ded.a pl ur I it
necdhs e or oo fs gt it e ORI A 48} asey s BEWPYRS
embSBmEWH bP @S lidveRfion inSiidH BorefthAlihese br %Q‘ﬂﬁn(@lﬁ‘@e containers 102

enbodi nent of the invention in which three containers
areed arreealsm@msmed ofier ¢xampleadrhsagte erhkodiments, $a(base is fweed and

0 t he .b
ot R Pl B FOY i PSR oo R AR e RSP TR g
as b RORE MANER RLEStdAZ 1021T6r 16 ednakk i@bsRideaY ilited@din some
For exanple i n sone enbodi nents, no base is used and

emboimentr @dmn@l TRESTISONE diserb s thep synshesisn gl dhsrefors, widifiopal
o ﬂR&Qi the iron salt is added. as a solid, and
no con alner 102 for the iron salt is provided.
Li k[@ﬁl.’f]e En:h&ompﬁelm aglattaelntdsto adelel ¢r zopipd 108e a@mcmghout the

are us, S Lhes,ls d therefgre, .addjti
Progisy TAF G lony BOSe AL TR A ool e ANG b Bey s a
corfud AEHEH &]ﬂcl?mQ@ﬁQ &kh §s ﬂﬁé Qtﬁrtﬂig %nate-fﬁl SUEL R oL A8xture or the
present- specification, "hose' pi pe" are used
prodngtefiah ang:emlp}tt otheldegied tomnoféer marwtha @evice. Coprswir pipes of
t eri al uc ar.tin
eV §t Ao HEtoR s e Binde oF B e pChd Bhe o Simany
maRRRal k@bwh hﬁth@ e sueh éﬂnétﬁl@tfbleéx Iel aluﬁﬁmhh?stéb@,\ur&% or the like,
Hoses or pes of the deyice the present invention -

or pRAYmeTS Sf"Fl“e%@lPﬂﬂS@Cs VG TYGaNaner th%l}k%@r of many
xa@r@? | ZI iépné%\r%br% &H.E’lgb? ?br %I‘puﬁlﬁ Cll'(‘l4a§rga*;5ﬁt;?alnﬁ)s e feagent out of

cogihesNIOR Bnd $iute hheadevive a$ thecpredeMGuvedGNCogp 104 1ﬂal5!€he| a @ual

or rubber.
pump or an automnated 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 if, or send the volume information to a processor




[0024] Hose 108 connects to a punp 104, which S
the reagent out of container 102 and into thégéﬁg&“@ﬁ’zom

of the present invention. Punp 104 may be a manual
EUHP or an automated punp. In sone enbodi nents pung)
WO 24042148 oqui pped with a flowreter, whi chPEYUSRAMMRINE of
nmeasuring the volune of fluid passing through it. In
in o eontrblegorticardd dei dewios, os dpseriped HRtbwi. SA eepittp paitomatdd aed manual

.
vol | Nfodaabd / ISUé)SEe%(’) BIACESE Bt punp T8 iERREAAEY cer

WO 021438 P 4/ 025978 i'n a control portion
1020 fTn these etehadimentsakosed é8% gach dawib gitoenntabney 407 tetrmeyie the material

t ted and, manual. 1npSs known.in th
confie R B o B oee £ AR ot ol g B e
puthY 98515 160561 4 BBtah@YavRE fHRd YorBdifdrt102.S Whils, i abme efiPodifidnts,
is attached to container 102. In these enbodi nents,

sevprakpunsd Od owsy be dnsated withinosn dospiineyin thexdevise,reashpheing qomnected
mat eri al i enei '

o oy BB A FRETE iy Lo, SNSRI s

dirg@ty dédhtairer 102cat ed a di stance away from contai ner

102. Thus, i n_sone enbodi nents, . several, punps. 104 .nma
be 10864t e dThsifuid progng throved PPoR 104 1545 V‘%ﬁ%%@)‘m%chm er

Zofigiéé]ﬁ’? %Pw %gnr?%é P1R MmURhR dodibidats! & W%‘d@ Romap %ﬁntrol the

odi nents, each punp 104 is attached
flowiof €inid tarough hose ditb.aimether kdthodin@oRsio THhee F06uis pragens slong the

rough pu 104 i s.deli.vere o the m xi ng chanber
patég%twg%@%fpgl%ﬂ)anﬁbp%ﬁg%{mﬁ%g%@io_ In sonme
enb@e e Nt Bach orAhet € 03 RGy BBY bEQfMPped with @ hodel 104viRbugh which
ﬂn’S[Pd ’?ﬁrough hose 110. ¥n ot hgeqrmﬁgnbgdi rrecr)ltes, nQ I:/gé\ll ve,

addifiial watoridenld belioiglueadaintopeentainge { §d e Bhysyipponecanbadipent in

t m Xi anber 202, . '
g el o BT B RRRY o REH £ DA TRIACNS Y
opéiih dfihogeal 14 Rdfe iR brotadds dubef thebaxad ultew theriperatoo nf thi device
102. Thus,. in one enbodinent in_ which the entiret

f
to pdibimaeysteking maeral {9y @alb RONRGTCHIR Bring SATIEE ateral i fiepleted
i@ %&%éof%@ﬁevic%pem ng of hose 114 preferably

prggtru )

es out of the box to allow the operator of the
devjoezs] t oAdditiomtly,ccash aphtaing: M8k endyadontpriseacrain 112, which

ST 255 ) B ARG i
thu® shlovel g% ﬁ(@)trb%s_t%ﬁgllﬁﬁ}fo&ﬁeﬂp it $heddefHcdl Thd ¥zain WU &gy have a

‘preferably facilitdtes renoval of the material from
valye rehadhmeay bE@perated winvadip byauterndticallit er i al  t hus renoved

is subgtantially intraduced .i.nto,. [ . .

ar a5 S pbafer Ot B PR RV bt s TBY e ] Wi o
medFRRHa lchamiRr ispibAa | TiR! thaasuidpGhShbodsBepiariibil Higure 2. dh this

the present i'nvention include those in which a

emprodimant; reggeisarmRImred opras gpfaigers Ty Of Sl Bkgh pipes
110 %ncg gﬁioﬁhe\%h}eg 156, %(vethgouglll Bip%p b8, 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
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enbodi nent, reagents are punped out of cont a| rs, 102
by punps 104, flow through pipes 110 and opti gﬁﬁ‘i’waryzom
val ves 106, flow through pi pes 208, and into a vessel
202. Vessel 202 may have a nunber of openings 206 to
WO 28508433 or the material to enter the vess@?Tng}%“l‘ﬂz??é@
206 may be at the top of vessel 202 or may be on the
beSitlee @Eﬁm
are X?Bta\t%?'g%et om of &f\}gi 58 OOBOf&fatéaﬁﬁoéyé&%ctzﬁé 18
to emeyd pnyinerions Sises of Od.@fsz&'amayesmm aad gits Neeinitypeni ng 218,

Vo flhatl, BF BEE Shbodimot dosdl AU i BoaBh ofera oo 782° As
mdﬁﬁh[ {saddiled?id OrésselV¥022 B3 3641 3B B oAbl WR2RAGEH Q2 B 182t added.

fitted with a fan. The purpose of the opening 218 and

A Q@f%wfmcab@lafe Fopenush stuing repgial shoulddberadded/or aavh particular
o8 0 LS 53 Bhp 2R bl g v

matainht Sdaleomblr may hoel eedigiddy: thAlsindiomésethe &}elghs ofg@anatérinl added.
04 neasures the wei %ht of the

20 scal e
SC?J&?@‘? g aﬁia e Hlfecﬂmr FeilyoR elpgiomic pommuHeating Witk perm 104,
sudhl tRAtlRBh prRldekinfhe SRAMGr R a’; gée ﬁ@er&g li’*’hp 4 bR Ehuts

synt hesi s based on vafi ous fact I ncludin
0 efthwt@'tlng)m@‘remlr ation of st artl ng rmt erial .

Sc at gﬁ%{tg{‘ Sther, 8@‘30&%@3?! esc%%ﬁ(i?g%aﬁ R h%F \rl‘\’gclg‘s{;d

ele@tﬁ'omméfdlﬁlﬁﬁﬁéa‘ﬁoﬂ With|a8§ bf QAlvés WBBIND GRkiR 'bff’\!hta tﬂofu'\’zué'm‘.ta:rtmg
104, such that after a pre-determ ned wei ght of

maigerig} PFOn‘{?SﬁQb%OZbé@ﬁthd%ﬂfmhﬂém@ts ﬁ’@ﬁ?ﬂdm43f§¢ﬁlﬁt 334' 1|sﬂ¢netmma11y
32] t
d 0,54 P BEDIS P 8 o 0 B B o

delleeedtto vedsel Zﬂarﬂmmeﬁmﬁn Iﬁmuulljt Sopendie Bbw\oEl ivaerial @o 9Essel 202,
ow of starting. material into vessel

ff
Veirgh 308 Hasplinshe IO NEZS 21 el £ b ue. to i veredl 20 if
mottO Rfan RO Hhiraa arﬁ&{i\t\éff‘ 1dAE wAP S Qb ﬁ@eﬁ?ﬂ%aﬁ%g Rfcient

suff|C|ent anount of e starting materi a
matbalal lmebm deliversdde wésséd 092 ttheenaigréal &tilen trapsfored dpmmq:am in the
w of "ate“tﬁr into vessel 202. Vessel 202 may

de‘g‘feogt%é’r‘?sfeqtf’év&nwnt PXP% ve 212, which can be used to

dr ajov3ajes smlcerdfae eﬂllﬁodnﬂﬁftsﬁ whaapgms R4 ERHd Bk @ﬂ@m&ep fhere
mat eri al was added to vessel Once sufficient

is noeead fox vessel 208 anthsagls 20 Fetiesesmbedigehts Xbo materiel flows directly

downstreamijn the device
Eﬁ*’?‘fﬁ’@%?@i“éﬁ%ﬁ%% tﬁer#%ﬂl rﬁaﬁtbon 6@3‘3’] In certain
_enbjpds4fent Eguraele dplpus m erhBddiingnt fof & heinpchditr BOD VIR Bhting
ther is no need for vessel 202 and scale 204. In

Ve oehamist 2 tquehnpipes il png priigsaldrabvee 106, Chambes 302

04 r
o T e 5B B
starfing rgagendsia b @sed3 B sorichemistl audntsnehambert 30 ingdy Habomlakgatndmber
of g%ﬁn‘%g r31§0.5 or errotg ho‘gdep %13 &emblﬁty ofo dtdin%na?sl m\alu%lr ¥e%§en%sogs 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




is fitted wwith a plurality of openings 310, t nber
of which depends on the nunber of starting rggé‘g 2007
to be used. In sone enbodi nents, chanmber 302 may have
a | arge nunber of openings 310 in order to provide
WO 2005824 exi bi 1 ity of adding as many reagenPST/H320p4025978
necessary. Any unused opening 310 maybe cl osed off.
310 QEBRE afScinRS plipdcor GRS M ik o Yedswe lany AdxionsfugREer odors from
enbodi ments, vessel 302 may have another opening 312,
vegspl B anditcGeindtt ed t hrough a pipe or an air duct 314
to out,sj T ' | s ;
e 10850, B0 G S Red i Ethor S04, Whter 04 may be o
m&hfdil efikerl tat blies thbenmertl ovithireoesdl 802 thyeropitipe. ofn other
air. duct 220, The purpose of the openin -7 15
enbgdipgais. mixerP4 19§5 aeE)- J5 pikseeprepRy B éé’gl?gﬂ gdustor. In
futf] efnb SRS Thidd | fniﬂﬁ%éd 3tbf ol tirblifnd GEPHAZRNY stati
nogiefghi(mﬂéﬁn%s orr%gégdrgﬁ?lgom egsel aBt?)IZhaﬁd Its _Sa y
‘mivérca diffuger, 4 i9B6der, de 8 et 0be.mMechdnioal mixefsi are well Waavn ia the
m xer 304, M xer, 304 A a e ni cal ,m xer that
oy R PR TR b VIR (0% S0BF 508 RSl lyerigp B other
enfbbif&fents SRR Y4 AF Bfifer 304X Bistedd)4rebse] 302 Ay B@b{?ﬁppeﬂ Rritata@imp
enbodi nents, mixer 304 is an eductor. In further )
318tsich masretves matesialr fr@oyessel 292 tah ake POIRG # teinireduses thg material
. turhb t .fl A ' ' ' Ia,
iy Vel 820t g G5y UrneR BEDS el Plod S0 pHiRG 18 %,
valve 1320, karaisinbtreatnhi@om linp 38| gy vateecIR2) ircaldemtoxetteri control the
within the scope of the present i nve?rlti on, IP ot her

dbrough the ppe. Plerigodes pidngare Al sopieplaids s el
302 4R beﬁ%&aﬁﬁqaﬂg&*&k, FebM02 i3 Mred WHLCD tenBRRUSS control
fromvesse 0

mat er | at one point and relntroduces
devioe hmdnereimbbdinient;, thewersgeedtur8 @8atenl deviot is@rjagked around Messel302,

ot VEiEh 4 Ghi B HP R 3 “EReular pmpeipl %8 53 ety
hefs §€60olsCreBR] $(2 and A hRturd Btaidet Mwrah. Oltél fmpbramboijdstieent

punp. Qther nodes of m xing are al so contenpl ated:
defioeairently kuwa ertferdavelapest in\essark pre3within ghef scopecef thy pigsent
. a tenperature control device. In one enbodinent, the
MYBHPerat ure control device is a j acket around vessel
3020038 r OWkseldU2Gh fitted Wikh flvalwd 308akhrobgtowhich the reation mixture
a particular tenperature flows and thereby , heats o

r
withioVesse} 343 anay hg Alisaarded; eforut Tepsen diieastion dnikiyes igipAt needed.
¢ . . _

Ot b PRSP an Al ilthgn Y SE Syt R ot Bffeed

witthevares6 ihio therestibh ciembe0038] Vessel 302 is fitted
with a valve 308 through wjich the regction mxture,. .
wi ¢ WO o5 AdSebistity DGy EReiph BHKner MiETS by oyt Shfpined

affe e SEARE kARl F HE SyniRsid Bf fotB6 dRMnixedlopdiheM S€, the
reactiron m xture can flow through pipe 324, which may
opt i{@048] | y Iibsonfid enpbedimenist e devied afdhgpesent myentiph goes not have

a 121%?1% veasel 86]23 n]%etﬁése emabodiments, 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 tutbulence w1th1n pipe 324 in a greater degree that would ocour in the
absence of such materials. The added turbulence will cause the material within pipe 324 to

mix together.




[0039] As used herein, the teen "reaction m xture’
refers to a mixture obtained after the startilagebruary 2007
material for the synthesis of ferrate are m xed
toget her. [0040] In sone enbodi nents, the device of
WO 20088218#8esent i nvention does not have a nPKIHFPOALOIEEE
302. In these enbodinents, the mxing chamber is a
Pi P@O4IFOr FXauRIdepicts BhdP&Rbolklent BB FABMMNEIMER. T8E Maction
_pipe 324, The flow of material into pipe 324 causes
mixtpre entisiles ieagtion ehamibar thesyeh pine 324 sdoptienabyabsciOfe dtmuap 404
' ' f R A M hs terials
may 8 ool B bl Bl B8 Aol Rixiafe I b it gl '8 o
sufﬂeigttqaaﬂtiqaél f ﬂt@n&hdﬂlh d'gﬂdﬁﬂxtﬁreit])ﬁsl tfiged &bmﬁ@l I dhﬁmbdﬁphlve 306 may
terials. The added turbul ence w cause the
be 53%% #’QPP 44 He, %Pﬂ@e%@are@wonwmfedb@p%@@ reagfiopchamber.

Febpbay 28 freacifh gmﬁgg‘%%ﬁf g:)r_t%a 04493 Zﬁ(e.[:sgpﬁlﬂ is

Fi gure 4 depicts one e the reacti
fittghwither plurdliy ofepeningsnd12prihet mmber nf ehich tdepende ac ttheooparticular

h h pipe 324 and. optional 306.. A
confiARUaEoe A7 e B 2 B P AP S e % O Lo
ondBp¥hidE 813, Ny vhliRd bfdkile 390 nfelh 88 BBSed ofNCE @ sufficient

quantity of the reaction m Xture has entered the

red8043bn Arewitsdhe casawite vaods AR/andi362.dh sereeiemiradiment) 2essel

40 B R e OB B LR b AR i cn 2.
the onmide] ThSpife sreCiucIR2 eGSR fitldd Fith eSS Elhe4PmbyShe thé kdnRor

wth a plurality of openings 412, the nunber of which
a difisrsatiaa thap therpae pnesied ip dhe pipesrirgustae) erd1dr Thepurgesgiof the
oty L 402, .
o, TS Sl o RE705 B33 BRI o
frommagdsel 40L endkith wéifiity. [ 0043] As was the case with vessels

and0f O ¥srel o7 367 <R Pe R vubimgEeck & gy Altmst pe o

medHaniBs] nitkér, SWelcrifdPabbfe. Al@nAYES] W6sel 4076 HGittel with'a pump
duct 422 may be fitted wth a fan. The fan nay be-the

systsmyanalogous d0 phnirf BB mixing. Thether dmbodimentsonizect18ds eroedubior,

i roair duct 220 or 314 Th rpose of the

Whlg% gaﬁllsér)lsgthea %)Cﬁglﬁamfwzg Qoarg’?‘oaé RS gﬁe%gmg‘%gﬁ'duct 422 is to
r erfos4s] anin REX erdbliheHTBEMIRE 306l @i 424 410 Bpares SeilcMiRres A L6,
its vicinity. [0044] Vessel 402 may al so be fitted

418yt andifi0R crmata slosed. x Snce seffipiayt aeoust ofilieHagstion mixture has
entér%dﬁ{?gel ?ﬁ%ﬁggfé{lsv‘:o? Esdg@%g‘én%d valvd 868 Atd %fégégﬂ%&ﬁ@%% ﬁ(f;zg?s still

SYyS tem aha
fun@iRirfzor Thyi,xthe geaction weixhes flewd ddbngtntive 408X gumg! 404, val@ni26

s ST T e e e
oopy a 0 | i 416,
1 154( gJSY 88 el dan s dhé @eaé’t'iol(ﬁ 19@)3 rﬁ%}lgﬁ@?ﬁ@%ﬂ%@f fréiL bﬁf{)fs%?)op

. and 408 remni n cl os cl ent anou
thattdpengctsapsiream fivink bpenmgHa2 to dvrsirenth fres valve 4082  Oncaliheebypass

is e%sg)?ogitatf,lv%lssglsf& I%debevtﬂce\rlleou%g ﬂ‘LieS:’cea% S %%p az\{\@ He el'eEI%HglP 10%19 %Jay
comprise a loop of pipes.

{0046] In one embodiment, the reaction chamber is fitted with a measuring

device 424, which can measure the concentration of certain ingredients in the reaction

- mixivre. 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
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functioning. Thus, the reaction mxture flows ugh
val ve 408, punp 404, valve 426 opening 412, égﬁ{?g 2007
410, and into vessel 402, and then repeats the cycle
once again. This |oop my be referred to as the
WOZP"@Q&W%n | oop. In sone enbodinents, ther BCTESA44GHa% s
| oop that connects upstream from opening 412 to
exag‘%‘{)%] ﬂi@r@z{cﬁ&l }(J)Vﬁ tHORBactioh GBsséiN@ dNRASS, oriafiywhere else in
oye vessel 2 may be taken out of the reaction
theldevige. and the reaction |oop may conprise a |oop of

BB e oo P g ~aaord b Faat hl S SRR Rents
A&idcBAGHRE QMrRé b Eecﬁ‘f;plﬁﬁmtemrn Aathe @d]u&ﬁtt ﬁowm by the
T he Teaction i xture. measur ement

spedizapbotomets thegneamentamitsiisatofpariigylar W&ﬁﬁé& gt s through
a pgg.wg:oﬁttﬁe {ea&ﬁnwg and rtfxénn@et&%ecf)ﬂ @h@tec’c&r Tﬁbedetector then

on o npur |es I'n the sol ution,
meSHuYeR Rith@ BN émittiive oremsabsirbancd ef theesolhfidn ahgnetm m@@ aa@dular

e L

r & S&litiorAE dlﬁe-?lbdlbum Thy
the c?’ﬁgérr]l%/r er e e %g@%%rnﬁgﬁ%gm% 0045;1) Tal*?e ©

. metteds uf exdeitingryndosirdicnontiEY STECePRAGBICer pfe ¥Eyrgell known in

e i ments, Sur i device 4 . '
o die SnbuberEr: ey BE RER kGt Sfv. AR YeB M Radometer, o
m)sﬁﬁ&tsﬁ&ﬁbﬂbm@qmommﬂ@ﬁ{ rument emts light of a

particul ar wavel ength that passes through . a portion

of [0948]r ealnt janatheri pmbedimeihd MegsULIRg ndf‘(’!@leeﬂ%‘%dmé'y mgasure  the

@%ﬁ,fgfﬁgﬁ%r ofdli' oﬁ o 6L 1 %Qﬁl@o Sdéﬁ%é gﬁ:ﬁeﬂ PSention. The

e absor ance he so ut | at one or
oxiiﬂlhh% et hidd iba meatvead E@i‘r@mhple Gﬂhmmell})u ab dhessolution rérets with a
npared to a known _dat Fro tht co @}”ﬂi ent
reduﬁl@g egHb eﬁﬂ?%ﬂbﬁﬂﬂ%ﬂ%@s B‘P la?rf r?&?@g T H " he

sol 0 2? CRR BhcC@tatibh 3k %Qe of Rdre B&ﬁﬂlﬁ@ﬁs @hn also be measured

cal ing concentrations using a spectrophotoneter
memnaﬂlyvén ;hesaeamboummm the oparifer rampyes Bipertiopsd ey etingsolition

B e G SRR, o sl o o BB s

co{grlg%ﬁﬂ is hi%as%fb@tdaﬁg tRARGEHs WRN knowEAIY drlg devi ce 424 may
asure the oxidizing power of the solution as it

f1 of56hr ohgwmheend@dm@@tsoﬂ iy drsirshletosepirolihe psriture picthe
di
roduh iR, 12 ke HRbodlfalfE 3atE e wll1R RO Copened in oder o
10@3913@&%3@61 Iﬁixﬁ.ﬁé ﬂ@@fgﬂl : mtexlabdraturewenttdl é%oggﬂqm;eﬂm&gure 5, during
reauce an el ectrical curren
Wi 86 FmRathEh oo SRS ﬁlﬂ%@&%@fﬁr@ eealﬂe%vaé‘be= pyered to
J{Eﬁ&%ﬁ& VAREYS nﬁta%ﬁpﬁld%% SEn&Radi nents, the operator

I enbves porti o e cl rcul ating solution and
neageoses t heothenmebutlinadnisothe démperaere adjostingnt dewiep beriher, cools

;- g?; pr%;?%ﬁtgg{)&g H oqr%ﬁ g“ﬂ,lgg ﬁvhllcﬁgﬂ%eﬁc%on mllx fowa, tﬁgreweggng or
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-




[0050] In certain enbodinments, it is desirabl 0
control the tenmperature of the reaction m xt j?&.eb’?lﬁryzom
t hese enbodi nents, valves 416 and 418 may be opened in
order to |oop the reaction mxture through a

WO 208/43J&38at ure control |oop, depicted in Fi 58?@5@?4’“8@f’§ ng
which the tenperature of the mxture is either raised

to 0052k det endicpbodimant) ehowrOEFigdre! 8, the temperature adjustment
e}rge- de%er g:sned val u(%acor kept at a pre-determned
doyige ey bp edsatexshangs drvice ivPheeh aither ¢pel erowiray waterrciroulates
¥ [ 0 r
PR S SRR ey ien Yale MW B il o
valvieel26 lip/cloredt theprperatucomiirolgitvecones at pastrof miegkattion lobp. The

t ot nbadi ts, t dj { nent
g Y T Tl e
théTopdniy SURAN PR, deﬁénﬁilﬁg RnVé Gngrdhlet idfkerenh b i %:%tion

a
or gas, of a particular tenperature ?Iows an {tirLereb
migtisg andothe el exchanger 5é6.dhe wactionr muixtare citl@t heats up or cools down.

[Lus n evices rrently known ar

TSRO A e Bich A Bhee! GebiL S5 hikPi e PR A0 pd ows
thiotigh vuh@sia B to ¢ontigupido®a thetddtidiblobgbr uary 2007 WO

2005/ 021438 PCT/ US2004/ 025978 [0052] - In one )

emb @53ent In s grbpdimenty dhe tepperatie teontselr vrit) also. comprises a

[ v, .

it Bter 364 il Boh Ofiolef 8 BESTRERAR. HEASE toroven it
Watard aitfoe aepoythéreaitableciuid; entss tidtempeatatel adjuster S02ulreughiipansi4,

val ves1 4]53 and 41$S érae t%gened and valve 426 is
ongY B2 1t BRpet aLurethe drienemtung of theydud pmsidehy igppergfure
adfubter 5@86dsi 1eMthbPP Bertal r-d%ﬁﬁﬁhé@ﬁn%kﬁéﬁﬂé, gitﬁér%gﬁogffg [BH9A or

val ve 416 and enters the heat exchange devic
wermed (hh fluidHe thepadiieptgd S0BRat Tnbeager AbpEudighgvatre X1Be The fluid
erature difference bhet n.the reaction. mx
ente SRR BB 16 LRGP S e B it B a8 Bronen
opeiih 06, WRétgho it ctulfieask FRYHbat adjid@r 5€ACt i on m xture
then exits the heat exchanger 51 throglgh the opening

5100084 f | Bwsertaith cobedimens. &e 4e8peratursont theursadtionrmixhae is
' . I ' ' n
R S L e
430 elvpg izt teaetioa dpapsser Figiiz 4).WiThedtnoarter @80 hek bedodatedranywhere
alhe the, fluid b_Flat flows through it. Water, air, or
o8 i FREHOnSIOPR- a I8 operafpiof isrdeyise e sqt dhs) ismpesafuee to be at 2

de@rili UShss. én rt&h&%btlﬁie Bfihe l-é‘agt?'on?;ﬁiei‘?#:F %&J‘f o e g%ilrtgc}] Lée?ting,

opened. Once the te erature I NSI
the ibenpometen 130 cancjend ¢ sipnad P whixh valvecHiscand 4d 6 ateaipened and valve

er-determ ned tenperature i ther by, bei cqol.ed .or
R RfoRe P Bemmpe RS it 50 oS G eintotitd s g e he
terRplefatird of i reXcloN Snith®: had RechddUhé! desBBd 8étiingd) €At this point, either

exchanger 516 through opening 504 and then exits heat

valyee hinipdr4 16 B autmentigly ddgsed arvalvrsd26.apsnat, Bisreby removing the
(L6 ' ' 02. [0054] . L
il SRR ok i L P4 it 5L bl v

tharreattitneldop inashlsrstoeehsanst thaead i coAdton . tethpdrat@arEpdlcis rthiiftained
devi ce, may have a thernoneter or thernocouple '
throughout the ol}grauon -
[0G55] 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 infegral part of the reaction loop. In these embodiments, if
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430 along the reaction | oop (see Figure 4).
Ther momet er 430 may be | ocated anywhere al ond? FRyuary 2007
reaction | oop. The operator of the device can set the
tenperature to be at a desired setting. Wen the
WO 20080#¥Bat ure of the reaction mixture is nYTT/ERM{EST8

desired setting, the thernoneter 430 can send a

the %éngﬂﬁimp Y&l iV ahieost Addmaneliy} itrsretePB0achria neinperature
val've 423 I's closed. The tenperature adjuster 502

adjistea 50> whamenelt 4 wegd anises.| such tine that the tenperature

of reacti,on m xt.ur ' i
cetDISFY °AF SR sPiSiip s off RRAAEE b s BRI panually, i
desel. O R iHesAdhbdRhaRRe theadperawe | ity Adfitoo lenaanetth43ledny decide
renovi ng the ten&aerature control unit fromthe
whetheréersrauro o beadiustrd. VEBERch A1eed WA M oPERATCr TPE FARFALlY
o . i .
gt PO TP By B i bt B ffabifthe Bomperatore i

adjdnel. Opadeathé desired Otfpbiatiire isotehaed, chb opfiratehmey maayally Sop1EY
and 416 .and the portion of the reaction |oop

forherRbPRasiim e FRIRE™MI®6 do not exist. In these

én‘b@gg@ent@m Rfe LERBRFBEN 0f ferfdivithin e irdactich Buxture, or the
permanént and integral part of the reaction loop.  In
oxitlizmgeoenbaithereattion niiure, has reshetby puitably lovgh Talvv\b58 is opened

0Q5/ 021438 PCJ/ US2004/ O 84 I r ‘
and et 1o € e RPBPGOB TG el 0 § 5T e loop  gpgine
350k 4 &HTEZI Thud] Epeniag Y85 bethe BOAccwlidr rHeseit imventberds at a site

arises. [0056] In other enbodinents, the tenperature
proigal bethesifapfwesd nanual ly, if desired. In these

embagLdgent CePRR ! b Qv $eff ind@ffion.
oo SSdT? ik o6 o oo BB B hd Bbvide DR ffetfion
In WieBmbstikca, headvies issemiaied ewitipe ratoarorneayagreifdaptiparily for

direct the reactiqQqn m xtur.e thr,qugh the tenperat ,

*aslsfie perpor ucikiiat D16, VeriAS RBRR AN APt auil SonETH et tnseen

Pro%ﬁﬁlﬁ;ﬁtbﬁl ﬁ%&kx{eﬁ bod KRR i@édiki{pibe% N8 ashaeh of fatadper AWROrAlso
nay

nually stop any further change in the : ,
prdtexdipg fatruroataineD 0B 74re OitedABrad deie 637 e pieh dre final prfyct is
W thin the reaction m xture, or the oxidizing power
obfedhe reaction m xtur e, has reached a suitable |evel,
val Y5928 FaieRenedis it dngtddiment, the tvidousodraink elescribed
reaction mxture is drained fromthe reaction | oop at}ud
abayzestichgs 1123217, Rid 39% some fozgthen o fogmene B Ay, Whes prpuudes

t he devi f.t t i ¥ i . Qi .
oy 55 oy b5 BRI YRGS e ot 4 fipetin o
he? Qegeb ol ivaantbie fredchien aétimeonftatiing nteaskis td he abschded, the

In this enbodinment, the device is,contai,ned w t.hin a
oppieser e floc By Vithout CopFRANDE figr 325,04 BT 8“%?‘6’5%‘33 when

coatrﬂxéﬁa{ej{}?{s 400§ c\ﬂﬁnre}ngﬂfe RERRSARE tasaRd FpRinCREd fitd Efaf 432,

unseen. rotrudi ng fromcontai ner 604 are
subihidaif there isglywing dsinldbéof contager 604of cont ai ners- 102. Al so

ﬁrggt[éq%g)imn Msr ogpp.ﬁg{l :%q%kglesggl? ggﬁl?etr e%?b\éa{n}/e%ts%%%meaﬂgseﬂ{ fAhtion

relate to those in which the operation of the device of the present invention takes place

automatically. For these embodiments, & 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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obt ai ned. [0059] Further, in this particular
enbodi nent, the various drains described abO\}é,FeEWEWZOW
as 112, 212, and 308, cone together to formone main
drain, which protrudes from container 604fé'not shown

WO 2005031¢8yr e 6). Thus, if at any point duri PGUE$Pa04/025978
operation of the devi ce an unsuitable reaction
m x or ' dgd, th
operoHD, °C ThloRE iuTBire! hkiect Sn <Ol bl 5 8 pabylr oan

cofitrol ottt pazarhaets.nBotexampihsthe opeatéraat detériie the ameint 8f each of

PAERE aatel o\ Resct s & Db T enety SLaies e EPRHQRKBRe s to
cnﬁtﬂﬁ!%ﬁiiﬁ@fea@:ﬁ)ﬁ 100}3Q9§Q]n S red@Ra chf@flr, conGralld Jiqﬁrate

enbodi nents of the present |nvent|on relate to t
or ﬂw fipal axidizing:poyes phthe oactih rmnmrmmr medmﬁageme ;mgmmre of the

| ace ut.omat i For t hes
rel PP B, &7 B P B e T ¥ i SOl for e
sythdsisi e G@eratmh alsh @fpuBd synfhREik FoA fop&ﬁﬁie @lee)@ﬁ'@lé' §188& on
a neans hy which the operator inputs data for

8 éeﬁqrtf&copeeSO it SReraiql qe cdstepmine whetherr &usaten ds é@rher aynthesized
t t u
coR b or B e Rl 1 89 s olEH G BBl cam
deﬁﬂﬂﬁe thv\ﬁtéﬁﬁﬂﬁm&sﬁﬁfﬂddﬂﬁm}&b Q2R 9T Eerfafdb & bepfithestlad in
ba us | evi ces_on control pane] 602, the
o5y G BipereliFan SERIBH T R ot B BRarahe figp esreakprteeen
thet h&Rera3i@haeAn determ ne the anount of each of the
arting materials to be used for a synthesis, the
I enfP0pZlof Inisomeembodiments, |sqmrfm sctnérpkporrtsons may bk prowidad.eThus,
ction | inthe eactio
a i b 2FRES B o o8 pksteis, Wl Shrll o] born may
corol (ieZ6a0GorDTo&Rks. Ih sbri€ erhBodith ritd) tHEIs¥lardt€cadbrbBforfidhs may be in
dr ai nage the tenperature of the reaction mixture, or
ComgmyNIGE EIWI‘BQ%WI@F that needs to be, or can be,

FgB{?P t h: syn%nhe5| sOdEﬁé ] %ﬂp aéew%}rgppcg@% org}?g%&pgow&d for

eachad ¢le fiow rate, tpgeiabire, prsade, abll olomen: of &3 pEetubidh s?ﬁem
to be synthesize conti nuously

whet h ferrate [
In some e %eﬂlé%entsi gack af ths separate qoptrplosiion 5o 1 cpEMRUNication Y with one
andiR td RNShYentitd\§si@er ator can determne the rate at
which ferrate is obtained at drain 432. |If ferrate is
t o 9864yntTesiangal portiorh eancheemianipileted teowghoa variety of different
dete t he n er of .batches and/or the ti.ne
usef F R T s e oy O o PESshL ffah forlant GBRA) amd
thelHkeS M8 u@é}tiﬂ@ffman;hﬁ be S6REEd & BO PddRétoRAY LA \ﬁPey v}ﬁ%less
provi ded. Thus, a first control "portion may cCont f ol
corpunipation.lecap rise aefwork fhAND, wids erse nefworknt tektphpus conuevtinm fhe
Inté}ﬂéltxﬁ c{emtsrl%u a?gld enl%ﬂ%rocess In some enbodi nents, the
S : . .

sep arate con Ions may be in connunlcatlon

W tHOOGﬂ]e anetdasiiol ﬂoﬁﬁﬁii&ayllﬁbhﬂéfﬁﬂe@df@ lﬁEé%Etﬁ',fo@ecewmg data

dseparate control _portion may be provided fo
and outputting commands. The control portion may mclude soﬁware and bardware. The

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

[0066]  The conirol 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 conirols the system componenis to produce the desired result.
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each of the flow rate, tenperature, pressure
vol ume aspects of the production system s@&ﬁbwmymm
enbodi ments, each of the separate control portl on are
in conmuni cation with one another to control the
WO 20502148 system [0064] The control porti oRCEHBROHD25978
mani pul ated through a variety of different wuser
nterf t tares to
A R e A S T
prodﬁ@rdmfdi&rﬁbﬁi@me can be connected to the production
system by wire, wreles cQnmmunj, cat i.on Ioc%l are

net WB¥H ( LJ%MIGSCIWGQ aboypJhe mixigeRogtion angl Kpaktion pption may%clude
se &E'ﬂfﬁf %%8%5 ﬁg ¢ bib&AimGks, tIPRRMEs andClvRE Som@islodid1®ith the

control portr on may include at | east
corgiod pmtronessmdmﬁma ﬁndqaroduch baviieg aﬂﬁa@n@f&m@ﬂﬂ@ gropeiigs. In some

e e PR SEIARO Py PR G ] AEfif AR kit

In SRSV &SR nSenBN the Qélﬁoﬁ Ry %l‘ir@&ﬁay Pehetecarizntlh @bme einbodimenty the
I ncl ude data acqw Si t| on. [0066] The contr<c)lly portion

systeay mbginglode mud@naér ig a!aﬂc%‘?c&“osé%ﬁof Bt t. In
one oﬁg@Od' or% {HAn %ﬁ? Eqrﬁ%Y%drP&P{s eh'ﬁbi ed, McrSdoRkrET Bkt may

des I'eés o d’the control
ha®0d ée@ﬂaﬁé%ﬁtm Ipsnel 6E2. ﬁysﬁlﬁﬁbmmﬂnnmm tagows inpldioetputidsvices

desired result.. -13 15 Febr.yary 2007 . WO 5/ 021438
forptlTyeysplognie) PeBipns K FonFRAd g’r“y neARTI O 8% i nput

¢ he[dﬁg%nt | @e?%a | e cithdd) tﬁ’é)HPv‘i’&e&t the g&eﬁteﬂﬂpﬁﬂiﬁﬁ WcRives

to duce erent outputs [ 0067 descri bed
mfahmuen abdue thei skeitenof the)pltorlmt thwat & bemcxxr pf‘j’i‘ examplorlip effluent

i ncl.ude sensors an [ n.sone :
Srgih gt P TR P EARRigE fEy 8 R Wt Qvice

% 51ty B anl Defdic® Bt GBtomafitalif %I&I@@@Eﬁ)ﬁhﬁﬂd}ﬂodiﬁf $tecbmn. Tn elther

esi'rabl e properties. In some enbodi nents, P

cagent Iw@tmedﬁ«ﬂneiber theprarhect plecarmdis bepg pufficienly 4{?‘2‘?@% eiiate or
R L e S
mﬁhﬁ&xﬁ%ﬂ%rel feeAte Geproduted. n &t too mauch ferpateeis rhetrigGintamticed into the

el ectric sensors and val ves, m&ooasim gore tha]é3 Qe e, or

. prodyet ssrmpthen ths devise ofifhe prresl pds 75 TR
tog%og%@d&%ﬁl[)p%ﬁ 4g0Ntrol panel 602. In ot her
I ment s

e various input/output devices for the
sev o0y} comyrprodpetrstreamisit &reapbihe aubstadconveiph pongaies the object

o S oS0, | 9SPSR, e

liatb&r 8daatise@f the product that is being oxidi zed
co?ggiﬁeianpr g§1he effluent streamin a water treatnent

pl ar{ﬂﬂ?l]l’he Th isbme maﬂaocbmeﬁaytwrsesepar@tetsr%@em. datgminehe apewy of

R P Bl SRR - Bl s

wh&t effieneshnthel Rath thdyeoficosttiain. Jhius don cxsmplej thgupstream sensor
sufficiently affected by ferrate or
may be located where the influent stream enters the 81te of use or upstream thereof. The

e

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 streant. Thus, for example, the downsiream sensor may be

located in the site of use or where the effiuent stream exits the site of use, or downstream
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not. If nore ferrate is needed, that informati S
conveyed to the device of the present invent |Igﬁ:h 2007
nore ferrate is produced. If too nuch ferrate is being
i ntroduced into the product stream then the device
WO 2023 present invention is nade to prodBEEUPEGL25978
ferrate, or to cease production of ferrate. [0070] By
therdof, A0 %wﬁétfe%ﬁ%nsbf At SmiTRE WnethbiOths YRASHARE Eeritfd iffoduced into
contains the object to be oxidized, synthesized,
thegirauntf seane was gifkaene dynopl at ed, encapsul at ed, adsor bed,

cop pitated, or.c a 0071]. 1n_sone .
bR B S, SbRBRd "uiR b S o Rk e oG dbe
up@;feamfoﬁﬂleabﬁnsfeeﬂ @ﬁm&omtﬁ& cBAbHiRHs Aherd IsaRUeisos t r €am
One sensor nmay be | ocated upstrean1fron1 where ferrate

i s B8Plact Boome embedimens, derussnsastiy eppmatedmpayally, dor example, by
{
o R P A R (B2 PRy o

embbiEmens, theldessor ispptrarammisaitivally. determ nes the amount of
: ferrate needed for the tﬁértl cular conditions of the

pr of4&R] st Tneanether Geresh thnproner imewlen HES (R 4 SEKPAr the
‘Mé Sk e%%{é' EJnEéH Gt Eas} 6id Bafire cap%ﬂ%?%&l&ﬂ bfARrials;
roduct stftean or exanpl e own %t reaﬁw
memrtﬁm menmying @n abxounttcsfdha stating nsitdrialsp fuearsefon mixihe the ftdreng
effluent str exi he site_of use, or downstream
ol R IORBOR AEBOHT B AR BUTARIE AROPS SRS to
thelshe hRRE of hR Ger@NSt r eam sensor det er mi nes whet her the

anount of ferrate introduced into the product stream
was[08Z6lf i clneyet anthangspect, @@m}esenhmmnernlb*@el tnegegce for the

sensor res i
syt o8 W S0 Rl RS Y oo B St B BT ke
an iafolig ¢Fané Sfarting Qbhfdtals| fhe&ﬁ;nﬁr giikieg Itlméﬁttuﬁng hﬁ&mﬁl@ﬁm@ﬁns for
s operat ed manual | y, for exanple, by an operato
| reaef@qﬂdfﬁé stappsauaieralialo riqdues, B e te:taeétme@fw fop ée%?"é%@ﬁ ferrate
{
o 8 BBiect e W o HEERLS 1 RO AR plotinfif &) Bl of
usaof\ﬂﬁibmtta reI at es to a device for the synthesis of

o AT B B 3o B 50 e GRRRYS Syl

| butaiE“ﬁHf‘Emﬂéd fohe h§§p@f ttédllgsaff%s%él, @R, pip®YRfemb Odruf] B’dcﬁ& b or

starting mat eri-al’s; a reaction chamber; and a drain;
- resqiveir.e the draln is located at- a S|te pI‘OXI ml to the

Sit the,ferrate. [0 76 anot
20781 ' B gRpodinblh ety o hedslinkn AR Wi spring

matdfials” Siﬁ(dlﬁdéﬁslhﬁ i®hof Biital &, aChreRiteSieNsr,Raithe k&isor, graduated
hol di ng st arti ng materials; nmeans for neasuring

cordiperntveight sqale. optinal pengentetion ieiiser, mss AlewiBstetiox Vﬁlgm@ﬁf@w
eE'artl ng materials; nmeans for

[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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reacting the starting materials to produce the
ferrate; and neans for renoving the ferrate flp Gisbupry 2007
devi ce; where the neans for renoving is |ocated at a
site rOX|naI to the site of wuse of the ferrate.
WO 2PHH7H8 | n sone enbodi ments, "neans for hBCHURY04/025978

starting materials" includes, but is not limted to,
a h 9ﬁ - Ta3bife 6ABodiMERS, e‘ineaﬁs ZoemPHiHLShS Yéi it lom dleldavice”
buc reservoir. [0078] In_ certain

inchuden bummtglmlteé@an@lw SYstawp H8kipt0, YeRseh AvERTOL Jruckghgump, or

dIstartlng material s" includes, but is not linmted to,

"pressure sensor,. vol ume sensor, graduated

“confoaszier , Theefotsabing dedcﬁptmpie'tedia kerabmenabudixadnitost the mvention.

R, AT TN e T N
.thm{r&'hbﬂ: prhc@ﬁ%&‘ﬁleﬁ%e' 9s041sd tfbd 85hvkOit sibuld be noted

rot or- st agi tator, disperser,
thas trleet wse rd rpymc]ﬂhxateamnebgy whera dgsciikig gqrtanufebﬁlm or pgwpts of the

i St e e o Pl PR e Py R o - SEE] Plin o ve

resické to lﬂiluﬁifng%ﬁj? speBiifis RRAr&®dristi@fof MR Fedtirks dr ts[of @2 Qhvehtion
certain enbodiments, "means for reacting the starting

withewlieli taptgerminalegyuislessocigied. The seepe qfitha inuentiop shopld therefore be

n.\v I nk car,
oo h el 1P g By T PR o bt
r esEoBs)i I, Odi @hbodindniy dte Whin ¢leifpliowdag eaimsevapor at or,
heat exchanger, conpressor, condenser, cooling coil
heating coil, or boiler. -15 15 February 2007 WO
2005/ 021438 PCT/ US2004/ 025978 [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 wll be
appreci ated, however, that no matter how detail ed-the
foregoi ng appears in text, the invention can be
practiced in many ways. As is also stated above, it
shoul d be noted that the use of particular
t erm nol ogy when describing certain features or
aspects of the invention should not be taken to inply
that the term nology is being re-defined herein to be
restricted to including any specific characteristics
of the features or aspects of the invention wth
whi ch that term nology is associ ated. The scope of the
i nvention should therefore be construed in accordance
~with the appended cl ai ns- and any equi val ents thereof.
[0083] Ot her enbodinents are within the foll ow ng
clains. -16 :
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15 February 2007 HAT IS CLAIMED IS., 1. A devi for
the synthegis of ferrate, conprising at Ieastlgﬁgb ruary 2007

cont ai ner capable of holding starting naterials; a

measuring unit capable of measuring an ampunt of said

starting materials; a mxer capable of m xing

starting materials; a reaction chanber, a tenperature

control unit connected to said reaction chanber

ve wherein said ferrate flows through
sai fl t enpesatdfoPhe epithedls obftithteybigmpidsiid  val ve is

open, but said ferrate does t. fI w.thro said
t enper atsFeEstOBR FPTHnG FARAD ﬁ\ﬂﬁgﬁ %t%g *cl osed;

and a drahehsudiSasi dip &Wrﬂ-‘n{&éﬁdﬁglaﬁ ahxmmtﬁamdistammlmaéenals,
proximal to the Slt of use, of. salgf ferrate. 2.. The
e

devi ce GMEFRFapRpleo g SERig Tl a5t one cont ai ner
conprii sensrngﬁbgehmﬂsm-t ainers. 3. The devi ce of cl ai m 1,
wherein said at |east ong cont ai,ner r| se

one contﬂaﬁeﬁ’é‘lerﬂé‘ﬂ?ﬁﬁm“f‘ﬁrmﬁ?ﬁ:@ﬁrfﬁ %a?:fb Sﬁﬁ gh 2
| e%ﬁe%gﬁﬁ%ﬂ Rfte Fiowk ol Slid bﬁh@n{t@rﬂaﬁnwm whemsaid

agent

at | east one cont . suitab e for hoI di.n
a Byakye is gpenyipat 88 Pt o POy o ‘hrw%‘r sontrof uait

| eqdlen QRA vaRB SHIARE: i tabl e for  hol di ng an | ron sal t
"is sultable for hol di ng an iron salt selected fromthe

~group c@fs#Bting of ferric nitrate, ferrous nitrate,

fztrie chldihQ8id driin i Weated kOs isHe prostimbl o e Gite @€ pse of said
ferrous bromde, ferric sulfate, ferrous sul f at e,

f edbmatphosphat e, ferrous phosphate, ferric hydroxide,

fergous 'ﬁ]é-xdc{e%e%?claﬁrﬁ NI iherOis8idSat 16RF bRY SontdierdRfprises three
ferrlc hydrogen carbonate, ferrous hydrogen

comwmanate feaic carbonate, and ferrous carbonate. 5.

The, devigg s‘%h ab?hﬂ-}ﬁl W%éﬁhmaﬁe b&ASher@BRprises at least

cont ai ner INg an 1 ron salt is
oneseontiiiet suifable frohelding af ey ¢2, efleast prrpcondrinersaitabls oy bolding an
r suitable
oxifiil Ty, A Rk 8 bitnithor bRGIe B OIGRBL ARG O 1 1€
hol 4li ng Biw dovieti of Algimde Mhersial eid &8 leash Pre IFEnalien syuble for

nS|s f f

VR R b B8t & snfarty RO Retink G K s el Bhed och B ol ottt of
fenﬁemmeusmm@ fepmtm:lanfmspéﬂmdef demwic bramisige ferrous
a, DXLde 8" 9 c
roifen e Sl SRR, BB e, BhRGhihe, 50ty phbepate, for
hﬂMh@kﬁﬁﬁm&ﬁ!Hwhbﬁﬁ@ﬁﬂhmnmﬂﬂﬁpﬁtamnemaﬁmuﬁhmmduﬂnmmmcmhqmﬁe

0 |ng an idizin ent is U|ta r hol di ng

h o ngis,fflmﬁcmgonate and bar'g na? hol di

5. The dence of claim 3, wherein ssid at least one container suitable for
holding an iron salt is suitable for holding ferdic chloride. '

6. The device of claim 3, wherein said af least one container suitsble for
bolding =a oxidizing agent is suitable for holding an oxidizing agent selected from the
group consisting of & hypohalite jon, a hefite fon, a halate jon, 2 perhslste jon, azome,

potassfum peroxymonopersulfate, potassiom monopersulfate, halogen, & peroxide, &

superoxide, a peracid, a salt of a peracid, and Caro®s acid,
7.. ‘The device of claim 3, wherein said at least one confainer suitsble for -
holding sn oxidizing agent is suitable for bolding 8 hypochlorits jon. |
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-17 15 February 2007 8. The device of claim 3,
wherein said at | east one container suitable flérFebmaIY2007

hol ding a base is suitable for holding a base sel ected

fromthe group consisting of hydroxide, oxide,

sul fonate, sulfate, sulfite, hydrosul fide, phosphate,

acetate, bicarbonate, and carbonate. 9. The device of

o ai M avhed ef RlaSA i3] wHerdiP 85l 0Neast Gk AddofRines Wit Gor

for. hqldin ase i.S sujtable for hol\%ﬁ sodi um
holding;  Jpas iy €Uitaply ﬂrhlé° g iac Basp rseleptaf phram et caning of
hyﬂmxme,a@uaé Bl Rlel SE1060) EXIHRS hAirbJuBIMEE b Bdsphatd, lace AR bidebbhte,

claim 1, wherein sald nmeasuri ng un|t conprises a

aﬂdcm%@ﬁ#é by which the weight of each starting materi al

igS MR i&RedbE enmﬁq b&lﬁrewsﬁ@% qbdse rame Noftafid} Guitable for
reactj on chanber. he device of claim, wherein

holdingahage i5iswEb %fﬁhﬁlﬂ@é?dﬁm]lﬁ%@fl ®ne eductor. 13. The
46Vi CPrelfovich arahﬂnmhﬁfeﬁu&dsaé&m%ﬁ 68 deb§@ﬁo\?ﬁ1eta:.

|'east one mechani cal m xer 304 vi ce of
él.ai nfte, dayirerad ﬁﬂ@d* v/h%mmdowem duitcemrisees seple by

which tﬁ@%fdh@@f eéf R0 1SinaddRAMEHS Said

aim1, fart her conprl si ng concentration
fe&ﬂﬂoﬂ?@&@b?ﬁ ng unit in said-reaction chanber. 16. The

{2V CFelibl of S, bl SiBndtle otROSAN [atoecuctr,

measuring unit a ter

b clBienevice oisrlmelr whenrir seismigrerconprises sitleaskonaaarhanigal
mixer3@8- The device of claiml, wherein said tenperature
control unit conprises a heat exchanger. 19. The
tevi Cedevict af pletm 1f wheréip s3id ovRetions cagner samprists aakacdon

vessalaﬁ@i‘ﬂﬁgﬁdn'l aid tenperature control unit to said
eact | on cHanber. -18

15. The device of claim 1, firther comprising a conceptration measaring unit in
szid reaction chamiber.

16.  The device of cluim 15, wherein seid concenfration messuring wunit is a
spestruphotometer. '

17, Thedevice of claim 1, further comprising a ternperature adjuster.

1.  The device of olaim i, wherein said temperature control unit comprises 2

heat exchaagger.
_ 19.  The device of claim 1, ferther comprising @ second velve connecting said
temperature contro] unit to said reaction chamber. '




