; e3eXX$R&6\ T 4 Decenber 2004 COVPLEXI NG STRUCTURE, DEVI CE AND METHOD FOR
TREATI NG LI QUI D EFFLUENT Technical field The invention relates to a
conpl exing structure, to a nethod for treating liquid effluent using said
conpl exing structure, and to a device for inplenenting the nethod of the
invention. 5 Surface treatnent nethods, the nuclear industry, the
desalination of salt waters, or further the metallurgy of pregiRuherebed S
all produce effluent containing. toxic and/or precious ions. In the notor
vehicle industry for exanple, zinc 10 el ectro-coating produces effl uent
cont ai ni ng net ARRLYEXTING (STRUCEUREIC DEEIZH, A0 MEFHODCFO&t TREAMINGAS a
general rule, this is also true fgégmﬁﬂzgﬁspect of el ectropl ating
and the chem stry of ordinary net Fe) etc.. or noble netals
such as Au) Pt, 15 etc.., or further for a the safety of nuclear
installati onsfkeﬁg%agaﬂ ng. tfg safety of installations in the nuclear sector,
to overcone t | 1's by radioactive ions, the surfaces are
gi ven subsequent Zithel ¢arengion thel@ies it par compllasinghi ebraeanget hat
the probl em ynder consid ion is the tr atrre t of_a liquideffluent in an
adequat e uni tLL et BT ‘P‘g aﬁtc?ﬁttf"8§§é§90f ﬁgrateefrﬁ]d-FenE)r d8igE ®BES s for
exanpl e, or tdbngnd:einy Wetbubauseandned ﬂ@gal akk/9Re Qb | b len@it Eng
di scharge levels, or even to capture toxic ions for safety purposes, nost
conpani es whitdif RONRD 9F (il BEYeRehPRare gradual |y conpelled to conduct
their ownstreat rrerguxcffaaéwet%ahﬁ.ewet ehethB&Y, PrealiicaucEahal | Yaukp
treatnents consi st 4 Decenber 2004 of exfracting the ions from e
ef fl uent and %ed@%ﬂ#@atb‘-‘ﬂedﬁée el ty ol winke®s. t hey effuntdmx unthe it is
in solid for é/g@q t IS 0SS1 D S th nal
directives |nm5 F?Lance gifl r%ﬁ{he re%ra??\%léeérl%f él'::plr og‘mr&?%%%l to f%ﬁgirje
aut hori zed c&wEERiTEMDtPE/@landforapeecinie hensl i ons, such as copper
and chrom um andqten o] |rq£% it f _di rge ste
wat er per square n‘tejtrgh%f “léduﬂ%c;érgﬁrlggiéed lgél%ﬁ' Of%’/oex? %hagllgr%enc% nistry
of t he Eh¥i r@tlmﬂrq-s:canmtpyopuaﬁm g floegity ec@nteguiagl ars alevacds
“zero |iquidggiggha i c anies oply dis ge solid
wast e, the |thlghp%g ts e mas the bréﬁ e|§% d%ggn cﬁgggd 88 ruit
treatment. general rule, thls is also true for example in respect

of electroplating and the-chemistry of ordinary metals
such as Cu, Fe, etc.. or noble metals such as Au, Pt,

15 ete.., or further for - the safety of nuclear
installations. _

Regarding the safety of installations in the
nuclear sector, to overcome the sgcaling of walls by
radioactive ions, the surfaces are given subsequent

20 cleaning, with water in particular, which means that
the problem under consideration is the treatment of a
liquid effluent in an adequate unit.

Whether to limit losses of raw material, precious
metals for example, or to conform with laws and

25 regulations on liquid waste discharge levels, or even
to capture toxic ions for &safety purposes, most
companies which produce liguid effluent are gradually
compelled to conduct their own treatment of the waste

waters they produce. Globally, these treatments consist



- 15 Prior art Water treatnent units may conprise several types of
i on-concentrating systens depending upon the flow rate of the effluent to
be treated, the concentration 20 of ions in the effluent, etc.. \Wether
this concentration is obtained by electroglialysis, reverse osnobsis or even
by evaporation, it systematically |eads to the production of other
i on-contai ning solutions. These are either nore -concentr at ed S&ledibePPSg4 OF -
| ess 25 concentrated than the incomng effluent,. but in general do not neet
directives and_current objectives of zero discharge. Various additional
systens nmay befus&KRACEBAIt r ddirendons0 Féromxanphe: -efflyerti piardion”
uni t: raw sol gté F M1 NG at a r I edd4n.a.str
medi um under %%%?Qgﬁg%%?ﬁm ?I?l s%%%%;hy r%xi% englgé a;g%ot?l&%:e%{k%&%gc4
Decenber 2004upkiti prt 46i on epPliddLfoxindehemedresr thirdbdmtmssaiblae net al

salts present. Th | udge taLned. J tt}ﬁg r ai ns Qqf. .
filter-presse s fgIrée%gsgrrpltgP %he I?%E;égua c%n?ee%eirjoﬁalﬁb?ﬁﬁeq%%ev%%t i"dhs
cont ai ned5i n Fhanée el ast esndépendreapaindeée sdl Watopy, predidt so ofl dwrer
hydr oxi des an opates which precipitated. in the sludge, and therefore
vary accor di négl'lf%é{bﬁzég%he?ﬁ%%?n%g?ﬁ%ggoff?‘ﬁ%l? or%}:] 15°%an tl?é‘lé'sti“’r?&agd
however that idres susueh tdesecpprecnindt chRSmitm, N iHe eedey b aikddew
dozen to one hundred ng/1, that js tofga{i,V\ell above currently authorized

concent r at i on-tev el YR h Bt ohe @ 1gghprged, Magls oWasehyPeY - a

filtering unidgquatd nét£d bf bGrpassi bkeatagdreach low and very |ow
concentrghi ons; one of the 15 systens nost frequently used at present is

i on exchaRge resi MCTSNEEE: atdepoTypReb mitiedishy absiths t BRVpEOREGEE i n
cartridge foris t higuanhety C%ltafiﬁi'rigﬂmt@ taileece:ﬂ LELBEaks oP@SSedwatlisch are.
e

functionalised to capture t cations_in the solution and to replace them

20 by ot her n@&R%Vx trdRsdiprhgeael abyalqempaid inshscaupinies sonlyntra’ |
The sol uti on aliaiderk ORISRl adsthe Il exapnge pesknsiealiber gatignal pH
adj ust ment, general I'y conforns to the [evel's"Taid down by | aws an

regul ati ons. gf@]ﬁr@fé:éf%rlﬁw ghecraclppegdesinaypibe t2easmemdr. be di scar ded
and replaged by new cartridges, or they can be disnounted, regenerated
using solutions such as acid solutions, sodiumconcertrated solutions etc..
to renove th@mMR &l i ons. The regenerated cartridges may be re-used nost

Cases i n vhich rouatetat LhRarneht, (OGR! Yo e £3¢ PRV A GG BBt
and other casds whureohientaatinggesyatemsetdependingt hgporanthact fLew for
regeneratlon_rate oi_E the effluent to be treated; the concentration '
20 of ions in the effluént, etc.. Whether this.
concentration is obtained by electrodialysis, reverse
osmosis or even by evaporation, it systematically leads
to the production of other ion-containing solutions.
These are either more coric_enti'a‘ted solutions, or less
25 concentrated than the incoming effluent, but in general
do not meet directives and current objectives of zero
discharge. '
Various additional systems méy be used for ion
treatment: ' '
30 For example: _
- @& “precipitation” unit: raw solutions arriving

at the tank are treated in a strong base medium under

heat and/or with sodium hydroxide so as to force the




4 4 Decenber 2004 Typical regeneration of a can on exchange resin, based on
carboxyl ate or sulfonate groups grafted onto a polynmer, conprises the
following steps: (i) washing in water, (ii) acid washing, optionally
cyclic, to renove 5 the netal cations. frgmthe resin, (iii) rinsing with
water, (iv) cleaning wth sodium hydroxide to reacidify the resin and

repl ace the protons by sodiumions, (v) rinsing with water t‘pD§&nﬁ)te{%My
the resin and renove excess sodi um hydroxi de. 10 These two systens are not

equi valent. Precipitation remains a "rough and ready nmethod" to car ré out
the main part P&'Fcclﬁ’éqad‘r%qlbcS%r]?y%?%ldﬁﬁt apyenocaxbnakessupd chBAt |y

| ow concentraie@y t GAMBY FoLLMEP! € ThE t §1udgel ORBRLGRANRDE LS PRenON
t he ot her hand, can achieve 1ow, even very |ow) “concentrations but can only

work effici enfrpifeth byqurernastas t Bl ter-sinesses pierl yexaenled, Bhe
precipitati O”rkggg%ﬁl”mo%cem?f@%ﬁs thes héyﬁéﬁgﬁnﬁ%l %%%t%r %é@tlﬁl E‘ﬁ%s 20

sufficiently ef ti 't can not ed t In e partlc case 0
radi oacti Ve efflhases ddepead f npamt hehee- smkabhkntyofpmdueas mﬂusthy

waste, |iquidyl xtr i on t often preferred. rec1 fion.
Precipitation %‘g‘}%%{g cesgg%il i Bgfqg%Fﬁat wlﬁﬁcﬁoopﬁ%ﬂﬁ'%%g %“?en
unabl e to be ealudgeed,amdd theadsfdxe avaeyt adcordhey &fo | ohs o;tl-haaﬁlctdn}an

t hose which are.to be separat,ed vvh his hlndrancel n area in which
~separation i s"&H 6] e%f ggeatlcfrésast gs %o Farﬁs%aﬁﬁfg EOWSXSFerE%a%O
Fven i f Ithe sygéermmbased t@gs@%@ﬁ@éﬁﬁﬂ&tgfeﬁbn?sﬁrmam@g 6fl@efmm?tf a]c
requently used to ndust r t hey .su r froma .certain nunber_ o
weak poi M. §e‘§ 4g?%%%nt'fé?‘ 2664 }fﬂ’égFchF‘ﬂéi dh3the Ik nER¥areel?
consi sts of exbB@agi AgrioMSly arethHRIGE &@ﬁhaﬁt&gtaanunx\@oéfg Ga{iem by
anot her which_is Iﬁss of an encunbrance Af ter treatg t he out goi ng
"de-i oni zed" 8BFPUFLERE 5 are ™/ ghidF Corfd@Rti@ePT MIOkI um roughly in

proportion to the congemtinald Gigy OhniaVanked WwRidRNg el N d hﬁobBQB'I'eng:o
solutions. Since sodiumsalts generally give products with very | ow

solubility, thedshnalels aR@ rEHer hel@ds MA@ FNHDstONR| 12F s tden
though 1Qgf hegyspahkNRiokeV Frdc@@S, il 44 Lihon; sl BLH R Gfldge the

principle underlying the functioning of ion exchange resin cartridges:is
not suitabl e ¥8f1B8nt i MIREL opakat i @PlyNeh emgtrzapilsg t restan dften

overcone by arfapghld in cartridge form through which the liquid to
be purified is passed, which are functionalised to
capture the cations in the -solution and to replace them

20 by other non-toxic ions, in geheral alkaline ions such
as sodium Na'. The solution obtained on leaving the ion
exchange resins, after. optional pH adjﬁstment,.
generally conforms to the levels laid down by laws and
regulations. Once saturéted, the cartridges may be

25 either be discarded and replaced by new cartridges, or
they can be dismounted, regenerated using solutions
such as acid solutions, sodium concentrated solutions
etc.. to remove the captured ions. The regenerated
cartridges may be re-used most often for up to ten

30 cycles. If the cartridges are regenerated there are
cases in which regenerati.on is performed locally with
minimum equipment, and other cases where the cartridges

are returned to the manufacturer for regeneration.



15 several cartridges used in sequence until saturation, before being

rel ayed by the next cartridge. The treatnment capacity of cartridges remains
limted however, in particular due to their size, the volune density of
exchange groups etc.. The size of an 20 isstallation is therefore closely
connected, and is even honothetical, with the planned flow rate of the
installation. One of the advantages of liquid-liquid extractq4 PBednshek 2604
sinplicity of application) but this system 25 remains subject to a certain

nunber of maj-Qy, traj f I'Lqui.diphasas. t st :
chosen for th%l?f%%%- %@?%%%ﬁaﬁl?n‘g%ft %hi‘u'g'gflglﬂnot tlﬂa{eﬁ%%lgggrgﬁfer%éne?&]t he
i ons sequest ev=d byribbxyhetecubar 80lfonpkexi ggoapent grmitede ardree sol ubl e

in the extracti as n_in the ext ted phase. Thjs, result is.,

achi eved at - (he ExBens CoBPERrsRuc T ol ST EEe) B8 cht b R AEH 4

conpl exi ng stwatcény egii)6 akidcentiei ng04pthioana ldty tayrki@r etonkrermadapt ed
to a single t%’kﬁe of ié@n. Ig‘addi.gaon, si_ince radi oactii.ye ions are nost often
cations, and tHe MUl GFELBHPI HEY ERFuSTFEY udddis FotiTiREi a’-%&hui d
extraction beidiget e sDWf cecDéaglingt riveohl ysaaitmal hyle&tidees taan re-

addi tional constraint has |ong been_the co-extraction of the counter-ion
ensuring gl oAf1d} Bt HRE nEGERR | 32 o ARkt FBEt R SEPREL e, Sodisw y

froma kinetifsnyi ewpyi @ins]-ﬂifowlbﬁt WERIAC UL Sl r@NGiRReifg Figbatiawg 0 the
l'iquidliquid extraction nmethod concerns both the conpl exing structure and
t he producti GHdfrenpeei execesunpdiumohydrmidéfer ; the emergence of

“all-in-gpe" sol utp can (g, not %S(sg avhi ch ol ecylar argg.ug{,g‘lghrte_ct ly
fixed to 15 the conplexing structure which carry carboxyl at unctions
acting as | oRHecHtREionn. remaes atdt eftpPyghhoseeerrdrdng metdadlt hée back

to the PO”CeFEaﬂ;inBGt%%*éa’}Q&in d-rakeg tﬂ‘?ep%&ﬁl“‘ifeic% rade Rt gpjeal s
permtting the extracti-on even nore conpl ex. 2 here app€ars to be a
subst anti al sk t hertef ercdifeore t bafddwdleapiant loWw neensengcetdenanhiteh do

not have the %‘%?eg@%ggf fiﬁ?g%a”t ages, and with which it is possible
e

to treat effluen I'vely so at ions can be extracted fromit either
because 1hey are UmwmantexkRonger eradpbe opnbeddusse dttesr arkkapdeci cas or
nobl e. Di scl Qsyle '

_ ) evgej f%h_g ingenti on Tgewpurcposce q:f gthjs%% ﬁgent invenﬁrlé,on is
preci sely to Provide TUSt SuchH Y6RYI efiig SHTERTE tH %0 9%8r S5REs the
above- nent i onextldr afifackisrayld, cantdie Asediiidh abkktichethheoveigenadlesedy '
applications., N8 SLIUCIULE Ay DERISSERL 1 LRVERY Qhatdile.

Therefore these systems alone are not always

20 sufficiently effective.

It can be noted that in the particular case of
radicactive effluent derived from the re-treatment of
nuclear industry waste, ligquid-ligquid extraction is
most often preferred to precipitation. Precipitation

25 'prodUCes solid waste that is too voluminous, most often
unable to be calcined, and leads to a certain number of
ions other than those which are to be sepafated, which
is a hindrance in an area in which separation is an
objective at least as important as simple recovery.

30 Even if the systems based on ion exchange resins
are among the most frequently used today in industry,

they suffer from a certain number of weak points.




- characterized in that it conprises a substrate on which 4 Decenber 2004
a polymer filmis grafted or a filmof an electrically neutral organic
copol ymer able to conplex ions. According to the invention, the polynmer or
electrically neutral organic copolynmer gmsafted onto the 5 substrate may for
exanpl e contain one nore identical or different functional groups having
conpl exi ng properties chosen from anong ami nes, ami des, ethQMSeceifdePo4 S:
phosphi nes, phosphi ne oxi des, thin-ethers, disulfides, ureas, crown ethers,
aza crowns, thin crowns, . cryptand sepul cr angs odands, porphyrines,
cal i xarenes, pyri éﬁqheéf BFpy PR r?&,g}f‘sr edi?‘@g,léﬁg?ﬁoléﬁ sts- of

or t hophenant reetdhengipipodress, napHt chénceswMapkidlatidd)i aur eafwanted

si derophores, antibi %ti CS, e}lh%I ene, g%yc,ol , .cyclodextrins and nol ecul ar
structures 153N af¥ sBBSEPEht cWRLRR/ o} S f HRSS oREl | 8Bd $ROWTPKEBES -

functional grfyess aR&CMeRRE OELEDI 8uEEBRhEXI fge CHMAE £88 " Of 56 BdRXohaCk
type. According to the_invention, the polyner may for exanple be a polyner

conprising a &fshond s en CPREANETa&Rshg 40vi ngPApymi di nsoughdyl  in =

bi pyri dine, thigphenen @&%ﬂénsoheehkew%ggt oM 26 Y )@@t%i%:hjs A film
of an organi c copolyner preferably has thickness of approxinately 10 ~m or

| ess. For exd&Ws eincpwipgl yeelubions garfinedpeloginom f salt25 gayebaliy

oy o oor SR YbrBBLBRET WA SBGO11 AT e IRIACT V) BhE LD YbLES! N

met hyl group~of the ester has Deen replaced by a ¢ro pr ovi 8 with
a redox | ockansr momepotees cuitadley| fpyr imdiste il et ayleviesy r ohenghor

vinyl difgrr Accaording to the ijnvention, the substrate nay have
di fferenjf@f o%?n%?%mﬁ%gﬁ%neaae?\fﬁ e&eamnafﬁrés blél el?mpt ed to the intended use of
the structure of tme i nvdditibon, t hatintyiresizml iy, t hethgpe ofrihdipeat

treat nent ne B_4 Decenber 2004 chosen cording to,the present

i nvention. It %}flfy&lngexa f e ggng 6§’Bﬁnﬁrorﬁaénnhﬁnagﬁm,ng§ltori’ﬁ?s{%pe,
gauze, mesh, cainteidgead, ipowiter , seHitplg, fotbec@itinudhe Vhetsvisnmy be
for_rred_ in wh?;. or 'n.Rart .5 frog1,a conducto_r or sem -cqQnductor nmaterial.
1 1t i's par PRYT oPREADSETAPEonktliPor B SRR -CYRKRRRG: Wat ATEAPIIRG
mat eri al13may se@e@alt heastiridg€s used in sequence until saturation,

before being relayed by the next cartridge. The
treatment capacity of cartridges remains limited
however, in particular due to their size, the wvolume
density of exchange groups etc.. The size of an

20 installation is therefore closely connected, and is
even homothetical, with the planned flow rate of the
installation. "

One of the advantages of liquid-liquid extraction
is its simplicity of applicatiocn, but this system

25 remains subject to a certain . number of major
constraints.

The two liquid phases are, the most often, chosen
for their non-miscibility. But this is not the only
criterion: the ions sequestered by the molecular

30 complexing agents must be more soluble in the
extracting phase than in the extracted phase. This
result is aqhieved at the .expense of producing

relatively complicated molecular complexing structures




- The substrate may be nmade of a material chosen according to the intended
use of the structure of the 10 invention, that is to say for exanple
‘according to the type of effluent treatnment nethod chosen according to the
present invention. It may for exanple befrequired to withstand drastic
treatnment conditions, acid or basic pH values for exanple and/or high

tenperatures. 15 This material may for exanple be an organi ﬂ@{ﬁ[i r
m neral such as glass or netal. For exanple, the substrate (r;flay ebleﬁh?%ée)

formof a wirghDawzatore IRsE, aivd 3d6ly Shaapeess sbeql £9 éa'% ¢ The

invention alspo relates to a nethod fo}rr trgg)lti ng I%q% d e%??uent 0 éxtract
ions fromthetYatter, said method conprising a step to contact the effluent
to be treated wtha sddycigne a¢qaLding, [ [ a i ons
to be extracted are 25 conpl exed ﬁgésg?glg?grg{iﬁ%gﬁ y née)lrt}? ﬁg?%go%éggﬁc

pol ymer fil mCaigewtdli ngndo the mplentilem, dompléxing etanptamfs enbedi nent,

the contagti t ep. be. conduct i.mrersing the,_caonpl exing structure
in the ef?l uer}%tlsto??g&%cei ?%ggggd. eﬁ%%tsloélaszk?e mgflﬁod So?ulf‘%% i R¥ention
may al so conmliesBmictEly i n weuclralhe comnpleings struethlr e, addi vhogahl1t he
ions to be eggnasq:t ed frogjét he 9 4 Decenmber 2004 effluent are fQ:gnnELEXEd’

i s withdrawn TFomTHE " r éfted 99 udtiem A di TRy - E e+ en? Bn a

second exanpleewiteariati nensurihg edobaqdl idlg: &t e "R¥ubeatoRJuEed Ry 5
passing the effl uegﬁcio be treat ed,fver or _t hrough the conpl exing, structure
of the preseft i ivemd Gt TETrUERanpt eSOt Ke FEPH deltinghi ¥ YiewReing,

circul ation ig® ofiga®®r mQeudandt rézd@ﬁ&eéﬁiﬁ\qi G2 138 v@Ner QT iR QLfc?HPJieXi ng
structures of ,the jnvention,are arranged. 10 For exanple also., fhe

substrate mayifigh fRRERCEEPRadietdod aaRFeERSWRAUN: t hBec sipmeke®REnar gani ¢

filmof the igheeritheR ,45d 9ERE! 880dudt iIdH So£Xx8FBLE £1¢0 ddg- {Bys be made
by causing the effluent to be t?ei-ated to ci rculgtee ir%side t he duct.s'15 The

method of t hEOYP¥EEnt Shiv e eFrney af sbatdnprrones sodmtillonshican the ions
conpl exed bynb@dpol YTEkAh SHELELETer ST XBULS L RASH) DY NG,

performed by chemical route for exanple or by electroassi nmeans. The
cheni call¥ oufBenaycomplexingl e styaictoiser f whielt bycarmer sicaghdiey Tate| exi ng
structure i nfoRe:qhnEP! £olesaMaleX] 86 FOLULIRLS). 10k DYphLLEULAL QG Ope or
nore deconpl exi ng sol utions ©n the structure of the present inventi on.
Accor di ng t ohewevear ilmningf thise petbedt hankentborth®5 colme et hofl, ion

repl acement gf i,A addiii o t,he ahovesnentioned. expelling step, my
al so conprise gﬂéﬂ gfrag'{é'&pe@ %%g 1Ei}t‘eep EE%O?‘%%*/%nt ﬁ’ef p %E_Imaf%iq%%{ﬁ ch
conpl exed t hperwattiogt thealebot ragitiewe cven andlepasdiip ek st ep of a new -
pol ymer f4 1l mon t substrate. 30 According.tq the. invention, the expelling .
of- t he c%drrpl exed ?g ebeﬁRPgeafﬁ’degﬁy%@ne% (?g‘PS%&%' al negd F@reréfé?ﬁfre be
conduct ed byfemmehsi dgvielepiieganicE podw @t ructures which do not have
the above-mentioned disadvantages, and with which it is
possible to treat effluent effectively so that ions can
be extracted from it either because they are unwanted

25 for example or because they are precious or noble.

Disclosure of the invention

The purpose of the present invention is precisely

“to provide Jjust such complexing structure which

30 overcomes the above-mentioned drawbacks and can be used
in all the above-mentioned applications.

The structure of the present invention is

characterized in that it comprises a substrate on which



10 4 Decenber 2004 filmin a solution containing a |igand having strong
affinity for the ions conplexed by this film For exanple, if the filmis
a.filmin poly-4-vinyl pyridine, the ions to be extracted fromthe effluent
5 being copper and/or zinc ions, the |atter may be expelled fromthe film
by neans of a nethod using hot water, a nethod using ammni a solutions or a

conbi nati on of these two nethods. For exanple, the substrateg Rei.AfeP2004
conductor or 10 sem -conductor substrate, the organic pol yner grg%t e% onto
t he substrate 'coniai ni n%&ggg,i or nore conplexing cavities Er ovided with

f

redox | ocks, ThBO&XPEF i § R 2brPReREd 8 dist ™Rt (3R eX&FFTe qfel Hade by

el ectroassi stRgufBaNSobyal BCELLEA ML P QA TN Gdnipe HONdied or 15 or
sem -conduct or substrate which carrjies the polyner "film The present

i nvention al so rel3FeRre¢dng d&w cether tivarsniamuousher eapodymest or

effluent to ‘GO LSLAQ:; -4 &%ml | u C I ng
to the preseﬁ?%%%ﬁ%‘t??]é%? gggt?:a?s%)%%rﬁlﬁne | %\%g%f%'gyﬁgl ggtt%e%%jl uent
to be treé&t edSEoRtnihe ngayhéororsamplise aaxttraot ezhe -marsetdentiontlainer

i ntended to hal fea-aoluti g2 fQle £XPeldinigd e Lans oMl exed by the

pol ymer of said structure,” and - means rcausi ng sai'd struc bre ogpass
conti nuousl y,pxtpennies| |dobspeedrcandanctngessiirmdy, | antied,i r ettheant,ai ner

hol ding the effl.uent.to he treated 30 _and then in the second container
hol di ng t he Sl BRRSEHES on 005 %dofﬂgﬁﬁe obhs Raf tHF T
conpl exi ng stdimilfBdes, 1ludedecenbeown004 tAener,di Ngzd 0 éhewhByentihdy

wthin t device, the substrate of the structure may for exanpple be a tape
whose engg j ST et ﬁgﬁ'}’t&ndéf'ne§ﬁpu rapdsgybBPAGRESI s Pﬁrﬁggﬁ‘lﬁ?ﬁn t he

structure maycdDix€£xam®s e bepyridines, bipyridines, terpyridines,
quinoleines, orthophenantroline compounds, naphtols,
iso-naphtols, thioureas, siderophores, antibiotics,
ethylene glycol, cyclodextrins and molecular structures
15 that are substituted and/or functionalised from these
functional groups, and/or bne or more ccmplexing
cavities of redox lock type. ‘ |
According to the invention, the polymer may for
example be a polymer comprising a monomer chosen from

20 among 4-vinyl pyridiﬁe,_vipyl bipyridine, thiophene.
According to the invention, the polymer £ilm or

film of an organic copolymer preferably has thickness

of approximately 10 jm or less.
For example, the polymer or organic copolymer £film
25 may be a copolymer of methyl methacrylate and of methyl
methacrylate in which the methyl group of the ester has
been replaced by a crown ether provided with a redox
lock, or a copelymer of 4-vinyl pyridine and wvinyl
ferrocene or vinyl diferrocene.
30 According to the invention, the substrate may have
different forms, which may for example be adapted to
the intended use of the structure of the invention,

that is to say to the type of effluent treatment method




-5 placed i.n the buckets of a waterwheel system Iri this case, the
conpl exi ng structure is an assenbly of nesh structures arranged in buckets,
sai d buckets being driven by a waterwheel system According to the
invention, the device may al so 10 conpris@ a command neans with which it is
possi bl e to adjust the pass rate of the structure in the first ' container
,holding the effluent to be treated then in the second cont gj de i ng
for exanple upon the flowrate of the effluent to be treat egzig%fpbbrer?ﬁ‘g‘gﬁ
concentrati oncﬁgsggns écr&t(g{e ef Iu%t to be treated and/or in relation to
the speed of ron-conplexiny shd-de g’r‘?pl%&‘??@‘%y-‘?ﬁ@“&ﬁ@&ni cIfimay Mrse
means may foresamphee be nEansercortrcd | kiBngheaadypdee, rale-gf, ad Wi th
two joi ned ends, or 20 ans con%rol ling thé pass. rate of a waterwheel
driving the bdeRETs. MRELor HAEG (t 9SARot POWASFHo AHERING het o see - i nvent i on
al so concerns a devhée shi®stiha L£LOoRAYNMRUSEFLFRAEMEBN o elf qu:en% toRe
treated, %orrpéi sing: 25 - a conplexing structure according to Re present
i nvention? - BEPPr &t SUMUGHRF Pht @eidd aandwstteby hwabetiadnt IH be tireat ed
containing t 9 E exler ac : 0 he_effluent to
be treat ed, r6\1!;523_3011%0ntg?-{(?)llgfieglbrfs%etetgﬂladn : rroré?ﬁ%éﬁr%%&g%%’féf‘n@#ef& ss
continuousl y ‘o HBakgriatemay be ohr bhghssaifdceonpl exi ng structure
containing the eff n e d. 12 Decenber 2004 Thi s system may
al so conprise a selié%%dtsélt(])%t%f\arée: ?‘% en%%d"{aéd%oP & sBRGET exFEPERRY t he
i ons conpl exexF¢grdinrg steudthe einfendied puesenift | Bhentsiteuctaiid NBANSHkO
cause t hggconpl.gxad:-ion ll,ing 5 solution, at controlled speed and from
sai d secggd (r%{nt ai neérn?’ tgﬁggsgscorﬁi%%ué?§ Sﬁafnﬁgesmjd?g or°t kR8ugh
sai d conpl exitypst plctafifd uentr egeaatabatt it UEheBen! dddHdeyi €8, @
conpl exi ng sty; tg{.gsgg the 10 i.nvent'ton rraﬁydg or exanple he arranged in a
single cartridge BT sevalantiedht i thl "6Y ¥ eFEATPLSE e dheguired
Di fferent corfy exiinthsttandt ulesstaine orgh ek héht hec bAYEPL Q8, MY fySo.he used
5

in different r.tridges. ;The cartridges _may renain fixed, and the 1 ‘
ef f | uent andbg"‘%&ecl | PRg VEdisS oﬁ%aﬁ’%&@&%ﬁid{% biphadeemperrtunesugh t he

structurks Datdid atatestal phiagn Rix t BaRbeseie | Ay CBLLAN1 e £2001
i nvention particul arlay rel ates to a 20 conpl exing stricture and to a'.nethod
usi ng said stFult'dE. J1ts"E§h(,‘3é’f‘ (AL ATF foE bl exi ng. The Structure

conprises a subst Feire e3fithple 0N $uI608t 4 HY ﬂggﬁﬁiet e¢ itglﬁf Ljilc{%ﬁ g‘%fr?p?‘ ox

preferably thin film The coating is a polyner Ichis
i ons, wire gauze or mesh, in. 316L stainless steel for
' example.
20 The invention also relates to a method for

treating liguid effluent to extract ions from the
latter, said method comprising a step to contact the
effluent to be treated with a stxjuctlire according to
the invention so that the ‘ions to be extracted are

25 complexed by said electrically neu.tral, organic polymer
film.

According to the invention, in a first example of
embodiment, the contacting step may be conducted by
immersing the complexing structure in the effluent to

30 be treated. In this case, the method of the invention
may also comprise a step in which the complexing

Structure, on which the ions to be extracted from the




25 cations in particular; unlike ion exchange resins, conplexing is
conducted on a nuch reduced vol une of matter, equivalent to the sumof the
surface area treated by the thickness of deposited polynmer film The
t hi cknesses under consideration are in gegeral ten 30 micronmetres or |ess.
In order to increase the quantity of polynmer per surface unit, the polyner
may for exanple be deposited on divided substrate surfaces: I
nmesh, beads, chippings, powders, etc.. 13 4 Decenber 2004‘g§&§§¥ﬁ%286a
. stainless steel sh for exanple, and by varying the nunber of wires per
surface unit, S3LI3ReR%, (are nERYPLEXeSandF eWithdsppactftamobhei roceatbeé@ to
conprise an aefgalepurface area of a few dozen cn2 5 per cn2 of nmesh. A
certai n nunber of advantages in connection with the use of a thin film of
the invention are B36FOFEing Be dkie Tinveniirexi iy aasecbald iescamedes i of egr al
with a 10 cargj ] sub at 200 therefore be easily handl ed
mechani cal | y %QﬁbgigﬁgFé b?ﬁ%ee fﬁg, & ré#%ﬁf %agktggct$%@,?c?? siTg)
etc.. Thi $ avbpasipgobhems ffflusit etenbealt realtell 6wy | chethibugh Hlase
filtering-rel.ated problens 15

transfer for Liauhd:-l]lqui X tion. O -
with ion exchgﬁggigéé#ﬁs.g?ggg%g%ﬁregg a%HFeVBEEFﬁ%FerﬁE”@Pqiﬁﬂﬁirﬁ?qhe
conpl exi ng subsampte, | $hei nefftuéntt haly ashi pveded figwv desadestags When

honbgeneous ¢ | ysi.s or_phase transfer catalysis gave way to heterogeneous-
catal ysi s. Tﬁgégem?Ef T%Egab8§€?rb 956 eFPniHéPF%g fRE pPHS eMrof More

extraction ancowplexingcistarucfuid® GFUNERE- i OverdSidh |dx@i drhiagided .
extractigﬁ, i% has_becone Sossible to work with electrically neutral
e~ctracting siTuctVPBR}EafdSPhetdfodhsstaks dawihe mhginees syefaseof

"ion exchangedf t gp&ucthisn Wehliche td2 desssi bethd notBankie! |OWNI,pakaqr aphs.
When using a Iqﬁg?substnate according to the invention, the volune of the
conpl exi ng potSYRRTHRt RE (AL ERG- bénl dhioh exemnhe. ofcantachimgt maykness

of the film wad mele/meyy | HAAGHAS | %ebo%f%ﬁh@e 39l %Lgont&»gta%%dbet

treated, or so]ution to_be.gurlfied, and by the filmregeneration sofuti on
during the i SMEPATS neidp Wreldwetrapid. In other words, the conpl exing

and the gdgconpl exifig t il € SPOTdhe WP Sl dkes, it possibl e . 14
Decenber - 2004 to set up a tape advance sten1u5|ng,?ape Coal & mf}%o
conpl exi ng p&IARHALE] nanhEEaPa 34 r gihii chonphexieng omenipsl dxerlighty ophesi te
t Qjeu:ﬂaglt Lo PARRA T 83 dexPR 16, WG NEchARE1 BV ADEESIREGY 121 AT
performed by chemical route for example or by electro-
assisted means. The chemical route may for example .be

20 performed by immersing the complexing structure in one
or more decomplexing solutions, or by circulating one
or more decomplexing solutions on the structure of the
present invention.

According‘to one variant of the present invention,

25 the method, in replacement of or in addition to the
above-mentioned expelling step, may also comprise a
substrate peeling step to remove the polymer film which
complexed the ions, optionally followed by a depositing
step of a new polymer film on the substrate.

30 According to the invention, the ekpelling of the
complexed ions being made by chemical means, it may for

example be conducted by immersing the organic polymer




5 to neet variable flow rate requirenents and/ or varying concentrations of
polluting ions, in which the speed of novenent is for exanple a slave
function of a measured flow rate or concentration. In this respect, the
system of the invention based on the uselé)f thin conplexing 10 filns
grafted onto substrate surfaces, is able to respond to a conprehensive
range of flow rates w thout having to .be nodified, unlike ne
in which the volume of resin is honothetical wth fIOM/rate%q&%%%%Fﬁ?gk@
systemit is possible, having regard to 15 a nesh substrate for exanple, to
manuf act ure &idevi éo @bl ecllutdpor atentwimimmoas|yigdmd &ewiple byromgns of
a~ tape made f t.hes s. coated with conpl exing | ymer. This tape,
whose ends nég?ﬁqkﬁ Bgoﬁﬁgggs% %tC%mm?sé?é g?tgﬁfﬁ Fﬁgmgolution to be
purified and, at &0 dxanpibs, sifethenfile decenmidx ng regkpes aviAnl
solution befogre.if, returpns to the _solution to be purified, Wiereas for ion
"exchange resipryg",l%“}ﬁ’ni ﬁﬁﬁ] VETiie o BegERtFactss s"E[JT?fPi Ghene%{igf’t’%nﬁe used
cor r esponsli npeing heot@ame fepded fHinmetidmg, t hehentifetyrofmbide RE
resin, the vol%gﬁ required for expelling the ions fromthe tape and for
tape regener &% ]fﬁ‘ﬂ o BPRg P thel ™ vEnPraRSi $TpracPPERPPY WRING ohPy a
smal | vol une wagexyf 1 @l enhet BoMhi Gl 1Ale  dRfndrSid MBEISE iCRR | MBLT € Ry
centinetre. The imersion tinme nmay be dictated solely 30 by the speed of
deconpl exi ng CARP IR o o thethage: Wth the nethod using the
present inventiongdd &saRessi blg,do [ copsi gder abl | | e
rati o between the voluneaog effluents?%ggﬁégeaﬂgé%ﬂg %plgogakgggﬁge%92004
vol une of9 r e€srarFossiuntiuns spbesiripke .t ctiidie omgeindds phlyheusayaftetchange
resins. The prnesentyLnvgld S l: { o Lhe cap | 0g
organi c nol ecul es .%yét hsgﬂ";g;ér%]at%d Pfﬁ%}hgﬁﬁliosﬂfgs Og:ﬁo%ﬁég Cegr%"%’gil%r}g%%gof t he
i nvention si Fe¥igdles yprovidhdnmividth stredoturkockst hehwonerpelilised tof
produce the pal i § S ified. e.st ture of .the present -

i nvention prg%eé?? olré}ligodh J(':%Rrrgl Ié‘)%?ﬂgfo-él;}r}c?xzaxﬁ&’elﬁl%r .L&?Fg gﬁgenggpf%recfr%%o 10
exchange. |t ageisterds reanE ey nglast njcel byt potakligingutthal <=tndicttses. The

pol ymer fd | us ccording to the.invention are obt.ained from.nononmers or
el ectricall gaﬁeu%eéri% "%%rr@ﬁ%ﬁ% s,sugﬁtgat\é@ c‘ﬁg%ﬁﬁe Sty gB?mpr?ghﬁ%ﬁ’f.ve
bonds. 15 Théidmnoners used to produce the conplexing filnms of the present
invention are det h?'ned in particular in relatjon to the desired
“functionalities of “th&*FFFrerr T 9 HhJiard oﬁeiﬂﬁe§u59t PafEViiae if¥ end
stat e. Thesethen@mBitiniR{Lr ebbyt ORI bFe adf d FERSiedt0r80pel tiandad | ow ng
functionalities: &i ), ability to polynerise or co-polynerise; (ii) capacity
to convey a FHRELMHSARSgroup or a conpl exi ng nol ecul ar structure; (iii)
capaci tyd o convey aaf ddai1@RdhddruidiuAl £XPSHaiRG Bl esdl prredfdrict ure.
25 The nononers under conSideration may schematical |y be made up of the
three fol | owtRYSPELERAri al functionalities or separate "nodul es" as foll ows:

- a first container intended to hold the effluent

to be treated containing the ions to be extracted,
- a second container intended to hold a solution
25 for expelling the ions complexed by the polymer of said
structure, and
~ means for causing said structure to pass
continuously, at controlled spéed, and successively in
the first container holding the effluent to be treated
30 and then in the second container holding the solution
to expel the ions complexed by the polymer of the

complexing structure.



One nodul e ensuring the polynerisation reaction: this nodule is generally
formed of an unsaturated 30 functional group, a double bond for exanple, a
set of conjugate doubl e bonds or an unsaturated cycle) and an

el ectro-attracti ve group or el eotro-donofjgroup enabling electronic
activation of the unsaturated 16 4 Decenber 2004 pol ynerising group. For
cat hode el ectro-pol ymerisation, these may be fully aprotic Wﬁ@glFﬁBPQ rs
in which the vinyl carbon is electrophilic, for exanpl a an 1nsu

vinyl polyner, 4- qugr\;f ridine for exanpl.e 5 such as descri bed by
Lebrun, G Deni au?%° g & theajsventiosyr f*ﬁd’é‘%d%h%g@e‘l‘é‘éﬁnolt@@y

1 00- 101, 474 uk998)at2- &EnydhéWétQh&%hr%CWA;PnEbE Iécaﬁﬁﬁileagedeé%hg%d by
G Deniau, G _Lecayon, P. Viel, G Hennico, J. Delhalle, Langmuir ,

(1992), et hyl"hRFeceRiat dOimetiggethenacPyl & cneslh 3¢ ddwerFubatratRr ench
patent n 98 1435%0f ,l@nNoygpher tkl?@&s tureth{lyz Qds- e(::cﬁmtple be

el ectropol ymerisation, reverse demand vinyl nonone in whi he vinyl
car bon i s>nudlassd | i tives heaketys vefyla p@ﬁtwheel\l- eywlerpyriml tHdge such

Dot rancoschi TG 1 eqiy CoTE o | £ Se YEETHR o pERONBLYSGEnREoR 52

1551 (1994), so:rrtmj:mnﬂﬁt ammgmis mcrbtaske:mducsa)idpdwmess t beaphene,
ani |l ine, pyrr c.. For risation 20 by chem cal route, these may
be any type 0 poEi y%é’ STt eezlqu%e?gl FEB“BY - cati onic, anionic or radical
means, pol yet hyl eme:cg:lryimig f b exeaplidvesitdiomgs daécrdéaepb@ymléy Geuewa, |.

Zuskova, Tesaraqva n Jour nal Chr.onat o raphy ..838, 101
(1999) . ﬁ i SYBHE 5an8f>&‘a‘aflﬂatmeté}ﬁ% ﬁE)F{?né"ll"iJsci’t SRS TR t E8I f

have conpl exiadig ustopehei esaéd- wavd RYr | ghae ssmrmasréies@fi bgd byifst
Lebrun, G Deni au, cayon in Surface Coati ngs Technol ogy,

| 00- 101, 474C(°P§@§)ner2vﬁlﬂéfhfi9n $eeLELRENEN LT mPRe SERAC %é &&$3y | BRd by

30 A |. Kokorithe AsdcBhddadiavind, Zhwpealdibiyi £88sktia Lpohl. tﬁé71
(1997) and b)éAE A Gsipova, V.E S adkov, A 1. Kanenev, ﬁ Ki nev,

Geckel er, intARH y¥RER Henité® aefalugps, 931 Reobypatrdi ﬂ?ﬂ/orlﬂihe

December: 2004cpyehekixdare, Sugh Assleses i bag ta'fﬁué&@n%rod Bk hﬁﬁ-ra&d
Lcayon, G Deniau, P. Viel, M Defranceschi, G Legeay, J. Del ha in

Journal of PaRgfex Sd?eﬁ%éaNOBZtOl%lle(&DQﬂ)i of iennmapmpdexing andse
properties 538uehnas x4y hRNitd | A}ﬁté‘aﬂ%rhom”"e met hyl which may be

i ntended to be functl onal |}:§Q subs quently y a conpl exing structure, or to
be the co-nononer TbEsg sears umeyw fdr anuampi-emhﬂ)meeanahatdm:rrolhng

functional i sega or?&pé ét§:ealf hgfl ng ggégpg trhg 1?(ﬂctjl ned n unc£| onal

group havi ng conpl exi ng propertles in’r e IEatTons “Or o nt 8T est
for .exarddl e. m&hns gpuquﬁﬂﬁngnuhﬁrpamg_neueraf aowetelraheslr Witiving
permtting c o] lexing, that is to say structures having free
doubl et s, thgbéfgyégggﬁtalnlng non o

According to another embodiment, the  present

invention also concerns a device for the continuous
treatment of effluent to be treated, comprising:
25 - a complexing structure according to the present
invention,
- a first container intended to hold the effluent
to be treated containing the_ions to be extracted, and
- means to cause the effluent to be treated, at
30 controlled speed and from the first container, to pass
continuously on the surface of or through said
complexing structure containing the effluent to be

treated.




15 quaterni sed nitrogen atons, sul phur atons or oxygen atons. Am nes,

am des for exanple cone. under this |ist and crown ethers such as those
described by (a) E. Simunicova, D. Kaniansky, K. Korsikova, Journal of

Chr onmat ography A, 665, 203 (1994), (b) Y,€. Shi,"J.S 20 Fritz, Ibid., 671,
429 (1994), aza crowns, thio crowns, cryp ands, sepulcrands podands,

por phyrines, such as those descri bed by A V. Udal tsov, A Ay [bar 2804\
Ti nof eev, Y.V. Koval ev, in Biokhimya (Mscow, 64, 949 (1999),

cal i xarenes) pyridines such as those described 25 by C. Lebrun, G Deriiau,
P. Viel, G LcayorThis Systave Gont adge Tewhpwl ogya |Hkdtd, céﬂtaﬁ.ib&%)
bipyridiiies, Ie| es, ounds f orthophena hroI| na htols)

i so- napht ol s, r%%%%%‘?@as s%uchh%g&?hose ce)ls"%:rl ﬁpﬁa ln@dal R

Churin, K N Sthlexédeby YelNe Koualatyre noBbi Otkﬂﬂemgt&dé&bscmmarenﬁéon949
(1999), natural S|der horgs: ent er obact.i ne, deslflerrlchr

desferri oxami'te B® . 6P syTiEti ¢ ier GRABrEXSAN IR s&¥pelling

(2- hydr oxget hydJuglogj neat 2,contAdl YedDeggidal 2000 dhdawdr a¥¥d  second
benzoyl gl yci ne, benpzhydroxam c acid etc.., antibiotics, ethylene glycol,

cycl odext ri n"IUH B ¢ h&Se RRYR( o8¢ IMponsLy B@Fgéﬁﬁehl supfBerattas XM
Jouini, S. AsinsasiyhJsaid agha Cﬁlexlfnb DA LPENGho S rBofeneh@t@Sernii 8
Journal of Electroanal ytical em stry, 482, 156 (2000),” and nol ecul ar
structures susst4%iR%”d and/ or functional i sed fromthese structures. A
functional group efsurdyig eﬁ@%r':_%eon Qf I:Bﬁ ‘i@EEHh gtk%tu% ag gt Otg
regenerate the capture site. u ar are descri bed for
exanpl e B9 (dnvEnti@puinay NZ'IOIGomCmef elbe LarE@negsdyenn i a Aagegdadte.
Chem e, Int erdatd L0f Edifi ong 3%, 998).,. (b ifer,
S. Mendoza, in Corrpr}?ée ensoltrlve upr% %%%JI a}dé-llc%cs(?t]ir zj%}ol aﬁ&%ﬁeg@
J.L. Atwood, CREErGgess, IhIDendrdN complﬁxmgguetrﬁetgaaen a:fkcbndn:lngw%)

pp: 701-732; Coar di n m st ry
Revi ew, 185- fg’g, %193@)%"5%’%. %P’gm%lg‘b C% tﬁsgdn Fha %’rﬁé’?%?‘??g

1151 (1996); c(ae)tﬂd'geﬁeeﬂ‘heK daref):.rwesl niot yhedaon, fixeB), andd t11896).
These ¢ 0 ed " X_1ock are used. to roduc

sel f reggir?eratl ng e%oﬁr:pl ea§|41 d“IO (R bd Y e RFITEhETTRAI 1 §Re,

pi | ot ed, and sy awe uts':'eob:astlhecmgh nﬂdellesrﬁ@tunét ra-sel ective and
ultra-sensitive 25 el ectrochenical sensors of ions in solution. The
inventors recommend their use here not for analytical purposes but for the
pur pose of pmdmjm shiddeganento NE 6O PLexéng dnder¥PEh! i ng sites for

t he treatnment of urd efffTuenf. 30 [t 1S to be noted that- sone

non- f uncti onal i seEF eUPFEFeRBNOHRBY Rt PRt RAF RIS TR Ioh| Feddkes skRg @ he

‘pol yneriz@t i edmpTReUhRy . SByudeNLei NhHKNSiItE CoAPl ﬁétﬁedpr%%‘g eSsailfpis IS
t he case for exanple vvlth -vi nyl 19 4 Decenber 2004
o structure. It concerns surface complexing. The

structure comprises a substrate and an organic coating
deposited in film form, preferably thin £ilm. The
coating is a polymer which is able to complex ions,
25 cations in particular; unlike ion exchange resins,
complexing is conducted on a much reduced volume of
matter, eqguivalent to the sum of the surface area
treated by the thickness of deposited polymer film. The
thicknesses under consideration are in general ten
30 micrometres or less. In order to increase the quantity
of polymer per surface unit, the polymer may for
example be deposited on divided substrate surfaces:

gauze, fine mesh, beads, chippings, powders, etc..



pyridi ne such as described by C. Lebrun, G Deniau, P. Viel, G L~cayon, in
Surface Coatings Technol ogy, 100101, 474 (1998), with 2-vinyl pyridine,

vi nyl bipyridine, thiophene, etc.. It is therefore not 5 essential to
provide themw th an additional conplexigg functionality. dobally, the
polynmers likely to be used in the present invention are therefore those
obtai ned either fromthe above non-functionaiised nonomers, ,Of.JhBG 3604
functionalised nmononers, or froma mxture i.e. copolyner of nononmers-
functionalised with nonfunctionalised nononmers: The pol yner_or co-pol yner
obt ai ned may it sel Bybasings &hainlisss uateesnakessed By ehenpial ﬁmﬁsb)for
example, {0 UpREOLAG! dHIGHARDS: 13 hehadelo e didl eahed, T o sxagpl e at
the tinme of polyhertsation; silylation o for anionic

el ectropol ynefisdiian, &or. .exrampléonaln sohjenty e chteimed hablrendmer s
and/ or co-mngggﬁ%;iggf ogu[g syt i s Qe d rreEfang/ OF o ozgogg%gﬁf, or
‘by chem cal reactron on the polynmer or alteady Torimed copolyner. ntrary
to the case weh twh ekahasige resins) the counter groups of these neutral
pol ymers or copol ypers_exi.st in.,the free state. Wth ion _exchange r.esins
the 25 groups whic 885?3?8 ﬂ%ﬁ“%%ﬁi‘aﬁsaﬁé‘“@agéﬁi% ‘F?nﬁﬁﬁpﬂﬁ ; "‘Héée are
most often cathexykiec off aipshif0Filel sl theatigven®ursn (H08- beborfgaii ons,
and anmoni umlgrfUQS (-NH3") for anions) which cannot exist in the free
state, and are“tf®refore al ways acconpanied by a 30 counter-ion: either the
regeneration ions,Ts@didsd1¥xipRheckah1Cal § OmaARS| NE}e8i-adndpstraly e
ions present in the solution. 20 4 Decenber 2004 In the case of the
present iverf3BhicYhe {5 yFePsIEadfy v 2RGst CBR JHRR¥PFREF| YPhe®ESALY The

undesi rabl e insaBE® héaaaﬁeicm%yh%o&or@iﬁagm pe! yoB1 1880 tbRlersing,

counter-ion is carried anay with them but "they are not re%l aced by
Philegnex&fange:;

anot her ion. $¥t¥acthagef oFenaingst efL6f -i ofRéEpt BVELidRd B
the ions captay ek c q yith e fr t he
Pynt hg1 %%Hb?éﬂ%yﬁ?ﬁ%%eﬂ@ ih ?hﬁal%] ggﬁhgfgr FYY

pol ymer, by the various neans scri ow, In uced volune in
whi ch the undesiwidtbiqehd eréragtioncemu of ekt eaqat s¢batady Pyebdets by
chem cal |geang; % I aﬁ? y]%%s_‘-i ed fpan | . qu‘ :

t herefore be consi S%Orrgdeetg%)crﬂex e% t he |I(§)§n's from ?ﬁggg\g?pﬁae%%?&%po y@)r[‘l once
they 15 have tene ceft trastiiing hthgolgompl eBinghenbetbnreanss shmipelryner
filmis imersed,in.a Ut | contal ni 1.0 hayi [
affinity for ?cﬁet?%r?s %girlrg%{é’ggd %ntft%h"}; ??F%“Qﬁv taapéi% %’\3’153?43‘\#§§%n%>‘?%@di ne
filmfdr exanptglydes copperploas@0 zransfari onatabyshe egawvky espel ked from

the film for, exanple by treatpent with hot water, ia splutions_ (NH3)
or a conbi natl'f%ethe%?g%? uﬁetﬂ%ﬁ%.fyﬂsexp Hi n84%Fn ?ﬁgnggﬁl i 8 ngarrp?’é{s
bel ow, the cofpaiindtbndetheepkeblemcad laxtdl 1abl £nd heorekertheibacovery

sol ution 25 becones concentrated in copper. igns.. .A concentrati pn threshold
exi sts, by orRE vRRGhCORBERSE CBan Aot Rordal 1 LigHe ciki Fart 1 RR: pofymer
film It is edsleptbymel dodLiEsd thatwddk SwEeAC /IR idh Bhpuhdubeads high

as possible Se%ctaxsaéé)iziagncéggggtaggsr,atain% t%%e\@%efréxyehetgoéggfd returning
to a tactic of “ion exchange” type. This will be
25 described in the following paragraphs. _

When using a tape substrate according to the
invention, the volume of the complexing polymer on the
tape may be low on account of the thin thickness of the
film, and polymer impregnation both by the sclution to

30 be treated, or solution to be purified, and by the film
regeneration solution during the ion expelling step
will be rapid. In other words, the complexing and the

decomplexing times are short, which makes it possible



30 of treated effluent and the volune of the correspondi ng di scharge
solution. If this chem cal nmethod uses a simlar discharge solution to the
above-nenti oned 21 4 Decenber 2004 techniques, the volunmes it requires
are intrinsically far less than those foi4an i on exchange resin. For
exanple, in the nethod of the present invéntion which uses a tape coated
with a layer of 5 conplexing polyner, whereas for the ion excBanger 8664 a
m ni nrum vol ume of regenerating solution is required corresponding to the
vol ume needed to wet the entire resin, the irreducible volune needed to
expel the ionsofsem tpe a dEpanekdvancegepetate usiag dpepé scpatedi edlthy 10

nil: in fact a small.volu is sufficient,.in which.the t | 'mg%r ed
centinetre byc%rn n??}rcr:é??epgﬁ‘ SP<i ofi 't i”r?rlé'clhs %nrfirgf"gt a?%"%@éfxﬁ% spélésed of
deconpl exi ng andbtbeghapepapdednee ket esoByt fbrctpotlemd tedut andain

copol ynmer fil for 15 exanple be prevjously grafted in which the
structure. now S %@pﬁeﬁ PRfrét ﬁ%&%ﬁ atre FeyIH Bﬁf’?ﬁepFEﬁE‘ﬁtgﬁal i sed
nonomer i s a tdPme8tWagh athe NELdy| rgt eupeofuimessiseratdsobeoariyapigaced

by a crown ether provided with its_redox l.ock. The principle is sinmple: 20
the lock is PREGHFLABIENS OF cBELLBEADGr GGPS 1t Hdt ST R HERE n§PEEY 4st one

redox potentindvdient | Lsl $ohOldiGhdde a COYEENEuRGRA B drondSmbastibed
conpl exing cavity, a crown ether for exanple, so that the | ock/cavity

centre di st arfcke¥ state et ARGBEEBREAL2S.n IThEhdbaa R BP R T anthri BYEEEMe

| ock, which ise neyeal; dvbdtiod eBYEEH Rt BhePQsid | ¥8! X rohar g6iphBxlihg
oxi di zed state: in the reduced state (E<E), the conplexing cavity is™open
and is abPe tfoilemt graftedt iomto Orbabnptexi agrfacesnpl eeedabile t@dox

| ock 30 (E>E)..d i di e::;:mrg _I,qlcéjg osiiiye ; re
conpel s ((axpul)lgséis}n% {t-'éegcatl rfl ocaétlzrdé)i ?\é{‘%% %}gv?{i;%/{wg?da@é’@ vignshe
oxi di zed- | ocklassinantel bet mostidftied r apul skencuFoenss systgms imewhdek is

posi tively af 4. Dagerber 2004, chargedschlalcls LchRkals il dd s oxi dized
~form the conplexing cavity 15 " clTose and cannof “capf'dre any new i on.
Once the cation i Higtpethed, system passidl possibdeur hatvdnicheregaiod etdof or m

of the Iock (E<E)_to ke 5.1t glectricall eutral on ain .aLl ow
The eavi T5<, S oBbah e B R Fof neafRis) V' hfnulREe RES ! 4R0: 8¢
advant age cambie tokaspératet bentdntotbay :t ferc exampliendypaheares of a thin
filmgrafted onto a surface: if,a nmetal surface js_used;. it is easy to 10
bi ot the oxiSFRS ofaSiat $ 18R ( FESFEKEShE el GorFPEal TYRol SPTRIFE Pe

met al surfacedlgmias Narine £apd) okhesapkadsngerel YRy Hd idteersefifaces to-
cause opening of the cavities (E<E) when the tape assgs t hrough t he

conpl exi ng b%t 91VeR BRERr 18 dHhigSRBhieRpdq | BHFB led and, at a

20 further site, in the decomplexing regeneration solution
before it returns to the solution to be purified.

Whereas for ion exchange resins, a minimum volume

of regeneration solution needs to be used corresponding

to the volume needed for wetting the entirety of the

25 resin, the volume required for expelling the ions from

the tape and for tape regeneration ac'cording to the

invention is practically nil; only a small volume is

sufficient in which the tape is immersed centimetre by

centimetre. The immersion time may be dictated solely

30 by the speed of decomplexing and rate of movement of

the tape. With the method using the present invention,

it is possgible to achieve considerable gains in the

ratio between the volume of effluent treated and the




15 the discharge bath (E>E). Wth this type of nethod, expulsion is
achieved wi thout the use of any chem cal reagent whatsoever. The sane type
of result can be obtained by producing a copolyner in which the
conpl exi ng. functions 20 and the expellinggfunctions.are separate, that is
to say are carried by different co-nmonomer nolecules. It is for exanple

possible to produce a filmby copolynmerising 4-vinyl pyridigeped, ﬁﬂ’%g&”
conpl exi ng function, with vinyl ferrocene or vinyl diferrocene

expel l'ing functjon. Several pyridine cycles being necessary for conplexing
a cation, t heVPEYRe | WL cBREEHErY aletione medatdmnomerthenstetimds

adj usted to eﬂgiclzhbﬁgée he e gt he conpl exing functions and the
expel ling functions. l%s S%ggl?g?e %ggﬁgl associ ate all the nononers

carrying a conpl exThr@ rypasentn lpr@ntcnmi yabsoedpwlulesarqpreueXc@lpmm:e

exi sting in char +" o] h tate._and in. neutr formin
t he reduced s‘?’gt g% E%E‘HIE W 11‘_’% rr%r 5084 FRARTH c}rlt'HEI 'n the
oxi di zed &t at'ﬁ'l:amd i'sn "amdsnahged embdAtmerntuced sthée iavearsonl f s\ﬁ.lﬁbé

18- crown-6 is a co exi n nmononer, for exa and vi nyl rrocene
as expel |ing rmn %he n%é %eé@é’&r’?ﬁ% 92 % CPRRELEr é‘seg

terco- rmnorrerprcsdwdse aishmmlytﬂéflﬂinﬁ 0k AmenYlkemigtrile for exanple, to
pronote the Ki netiﬁiﬁ of g_g‘lt%marl sation and filmconstruction. Vinyl

18-crown-6 and vi nyt® f &F HEeha9f ng- R BRSFSISE cduneat ignoupsovikles
kinetics of madynerdsatdsmpr@ayine shaw idxpdeyidge dQqusgdeal ege Sope of

these as ects of. synt heS| s by copol yneri sa E%l on are further discussed in the
appl i ed acﬁ/ Dt oW ORI RN DS BING edsDiidg abprtEicedlvhe use

of supra- rml Q@ﬂ@alcaéﬁltd@@me@@bl ing capture of anions, as 15 described by
(a) P.D. Beer, S.W Dent C. Fletcher,, T.J. War, PoI yhedron, 15(18) ,

2983 (1996); (b) Bhs Hséia*me;z\ Rilwsaypsed aa\:@mlughms:orthab koventibn in

| norgani ¢ ChefeStdWsa 3%aq 2 ( )o ford,
P.D. Beer, MG B. Dr%w ¢ %%ém %%?l?qer(gc t%eg%:ﬁg}:nrcl%?g'g ci e ?I)QS :
Transacti ons moz:pme(rggggyble( do Ft@tlae%rlom@domnfermmnghdataale E@s'mch 31,

71, (19 e) V e ki.ns hedr on,
18, 2519%1995(9)) Tﬁgel ﬁ%ﬁ?eulfse[)usg |ons|\4 eclﬁ‘} %é? orr(rzwgf'rrlrl p 925 %i#féﬁytl cal

pur poses, fopftHehelepresieot oinventoieni areerdetsmhinedanti tpae:st:.&iﬂﬁer t he
present invegtio nvent or.s r ecomrend, t r use for seques er and
g UnGBs! PRAPELER oN | el CERNTE e AT ALt EFF orfet cothe

expel l'ing un esi ani ons i n sel
nitrates, et polymby- mikilmg Yhefiedt egnal tBO wtbsthetpo! yomr itbm end
chemcally gr% ckg_%o a surface. e reasoni ng can b e@olled to the

use of supra- >0l SCuI eavT??%'geEﬁaBFFr‘:r%a Y IANREL ST Abr

20 of the following functionalities: {i) ability to
polymerise or cq-polymerise; (ii} capacity to convey a
functional group or a complexing molecular structure;
{(iidi) capacity te convey a functional group or an
expelling molecular structure. '

25 The monomers under consideration may schematically
be made up of the three following potential
functionalities or separate “modules” as follows:

One module ensuring the polymerisation reaction:
this module is generally formed of an unsaturated

30 functional group, a double bond for example, a set of
conjugate double bonds or an unsaturéted cycle, and an
electro-attractive group or electro-donor group

enabling electronic activation of the unsaturated




24 4 Decenber 2004 conpl ex organic nol ecules than mneral ions alone. It is
therefore possible to produce grafted fil ns whose basic nononer, or one of
its-co-nononers, is formed of a MVA functionalised by a cycl odextrin

nol ecul e such as 5 described by J.F. Berggmni, M Belabbas, M Jouini, S.
Aei yach, J.C. Lacroix, K. I. Chane-Ching, P.C Lacaze, Journal of

El ectroanal ytical Chem stry, 482, 156 (2000), and nol ecul ar ghE
substituted and/or functionalised fromthese structures for exaérfé%f%&?%“

O her charact erbjstics and advantages of the present invention wll becomne -
appar ent on rBd¥YRGTEREPLEo AT MPhg i‘@@n%?'égo‘éﬁdeésﬁ'éﬁ@eﬁoflwwa@mi

description othbbe haguRs 911y Fapbeil LW RO, OPLALRGL diL an.
oscil l'oscope during synthesis of a P4VP fil m'by el ectropolynerisation on
the surface of1BYhet afd#rbed gliss wtleqrroplHlice 2 foshowskamplgl okt

spectra beforentsoRe 2AoF LYL. ;%Fgraf eL, . t . figure b) the

conpl exi ng of %oppeir: i% zl‘i’qtll:ll ppg‘)ral ut f o% ﬁ’%%%g %3%4%‘%1]1 gE’rFiediWJfB
shows an énl afyeheas cescirdbedd byt obal Lebeuty, aG.n Dargiae, 2. r gipact ivel v,
at the regio 16Q0c fore (top flgure and er (bottom
figure 25 b) n%%%ggggnbl g)% ngh%?aggp ratljﬁ’éa)\s cggﬁé}wzgﬂﬁ'i oﬁ;(ﬁ)leiVP %4 m
Figure 3 A shtWSah, | RRAS Spert r wygidimy, t hadsaddix riexor deghdm r@lgtion
totime at t | nfr.ared pbands (| of pyridine and its conplex with copper
for 30 a P4V ?%?rrﬁli’?rﬁerggd %n 1 e??d/af'coﬁger L&FadM9™dn) F-FiYdkd 3 B-shows
the proporti diemticoyplexedeThahe, etdri@hedr f r @) the7 surfargy ar @as,af

| RRAS bangds in r tion to i rsion tinme of PAVP film zs 4 Decenber
2004 - Fi-gur &FEHRWE t HPRERY RRASESRACEY L2 LRI uSRFRt | #§ t Aeaerabedof ithe

filmof the Fsaedh paventi er W4 h1hgkiwaifer s aiolBgbkeP BSo@5Cetich the
m ddl e at 70C%Igl at the bottomat_ 100C, 5 - Figure 5 shows an | RRAS
spectrum of tH¥F pfPPaeni SHTFEF P el YRPrA6RBiRAshiFRVEFRM Cemansy VAnwdter in

an organi ¢ peldHikedd | Pl WieH NyegRt i 9F Fi 6 (o] ’ S
spectra which jill ui:t rate: (1) _an initi a??y%oq?ggfr%gflexg%,_V%%{:/gé§ﬁ1%1lﬁ§o (2)
a conpl exed PAVPWiatAngiging} molymargec¥npiaydd pyrrelidone such as

15 described by E. Léonard-Stibbe, G. Lécayon, G. Deniau,
p. Viel, M. Defranceschi, G. Legeay; J. Delhalle, in
Journal of Polymer Science A, 32, 1551 (1994), or
conjugate monomers such as conductor polymers:
thiophene, aniline, pyrrole,'étc.. For polymerisation

20 by chemical route, these may be any type of polymer
whether obtained by cationic,‘anionic'or radical means,

- polyethylene glycol for example, such as described by

K. Gogova, I. Zuskova, E. Tesarova, B. Gas,in Journal

of Chromatography A., 838, 101 (1999). It is to be

25 noted that this polymerisation module may itself have
complexing properties (4-vinyl pyridine such as
described by C. Lebrun, G. Deniau, P. Viel, G. Lécayon,

in Surface Coatings Technology, 100-101, 474 (1998), 2-
vinyl pyridine, ethylene-imine such as described by

30 A.I.Kokorin, A.A Pridantsev, in Zhurnal Fizicheskoi
Khimii, 71, 2171 (1997) and by E.A Osipova, V.E.
Sladkov, A.I. Kamenev, V.M. Shkinev, K.E. Geckeler, in
Analytica Chemica Acta, 404, 231 (2000), N-vinyl



by treatnment with NH3/ hot water, - Figure 7 shows three XPS spectra which
illustrate: (1) an initial, non-conplexed, P4VP film (2) a conpl exed P4VP
film and (3) a filmdeconpl exed 15 by NH3/hot Water treatnent, - Figure a
shows three | RRAS spectra of PAVP filmikhustrating: 1) an initial,

non- conpl exed, P4VP .film (2) a filmafter 5 cycles of

conpl exi ng/ expelling, and (3) a filmafter 150 cycles of gc:nberz 04
conpl exi ng/ expelling, 20 the continuous |ine representing the é%conp exed"
film and the dotted |ine representing the "conplexed” film - Figure 9
shows three |RRASOLpEenfaschPARP desaribedsbyats nghéenyrdnStabbeal G.

non- conpl exengée???/ Eafil e 2 egﬁ)a fig m a\;{%(:lclfiyd ﬁ?ﬂ‘anceschl, G.

conpl exi ng/ e ng, and (3) il mafter
conpl exi ng/ exipedeang, Ji. héDQ:Hmllmousnl i yresdlr eeéntPIorigmtdm Scleencrpl @xed"

film and the3£jot tl%%&esnggég reség,ntl ngw%?/'(la'e#ﬁ? lﬁ"%’%ﬁﬁ%‘ﬁ? hmP§° #tr{r eelo IS

a di agram of a tcell ned from 30
separ at or 5f orswsaein f aseaaﬁy]&smrtagﬂes; zmethagunyeoh&tklgjev,l ngeehy amdpatent

per spective view sai.d _c fi ur 10. B shqw i de vi ew of one of
the two bl ocK&®%f gsr lnt%ld%%etc% 5‘6519863 %or?‘gqsﬁcﬁ’ée%gﬂéﬁnﬁyblaock
figure 10 C mmpwemﬁgctsmm@ﬁ\élhrdlugftoa Bkanghé hado isomsidendiculzar to

the viewin fl%e 10 B, ure 11 shows cross-|i nki ng of the oI yner
chai ns i sol at® ?/t‘ér?rof”é&l}l ea LRENi RYPOBERZ oo they gEprRcEdong &Sﬁdofl I e

view of the tdi chitessivéesfhhviAgt abRgdekingheupiceseee of 5% DVB,
measur ed Berpendl cular to ,a scratch nmade in the filmby nmeans of a stylus

when exetPing a sty t4neFEQBateI5PUB Mg Ving Ccompimeing proRsrEdaF ARRAS

spectra show gsdde: i bl ut.e}m&ecaftlla%% C<9f‘t Qe e il | BLENILINGHS . - Thisgure 14
shows the thickness profile of a filmobtained in the presence of preforrred

ol i goners, mEHERRJ PRY pefENEaKar 88Ya FGUERTEH neteleéeula® f SERRBYULS neans

of a stylus I S ny Fi h
spectra obt a:b;éexg&b%ﬁg a%?%éﬁoge&gﬁggu%%& ﬁlﬁ? %IJ'E%i )Z Q’%u%?%%%é 16 A

is an i mage denainged Vinge a domddiess el echﬁ@nfmr@r oscoptaimagei f i banion x
200, of no%%f&’eétﬂﬂ:‘ er?t%‘?:'on{EBSh’sul 'l;'xuq}”g.t%?l B b?: gﬁﬂrﬁ%ﬂea

obtained with" a scanning elec N m croscope, gnlflca
stai nl ess st edlomeshAniaeed mb.ldean fcmgaexmﬂa/Pcpmbymdeh: Itrhmcbﬂ.di:ng to
the present iaindamcirggm ethers such as those described by (a) E.
Simunicova, D. Kaniansky, K. Korsikova, Journal of
Chromatography A, 665, 203 (19%4), (b) Y.C. shi, J.S.
20 Fritz, Ibid., 671, 429 (1994), aza crowns, thio crowns,
cryptands, sepulcrands, podands, porphyrines, such as
those described by A.V. Udal’tsov, A.A. Churin, K.N.
Timofeev, Y.V. Kovalev, in Biokhimiya (Moscow), 64, 949
(1999), calixarenes, pyridines such as those described-
25 by CC. Lebrun, a. Deniau, P. Viel, G. Lécayon, in
Surface Coatings Technology, 100-101, 474 (1998);
bipyridines, = quinocleines, compounds of ortho-
phenanthroline, naphtols, iso-naphtols, thioureas such
as those described by A.V. Udal’‘tsov, A.A. Churin, K.N.
30 Timofeev, Y.V. Kovalev, in Biokhimiya, (Moscow), 64, 949
{1999), natural gsiderophores: enterobactine,
desferrichrome, desferrioxammine B, etc.. or synthetic

siderophores: N,N-bis (2-hydroxyethyl) glycine, 2,3-



25 - Figure 17 is a diagram of continuous effluent treatnent device

according to the invention conprising a waterwheel system - Figure 18 is a
di agrammati c perspective view of a bucket in the waterwheel system
illustrated in figure 30 17 on its drivifg rail, - Figure 19 is a schematic

section view of one of the buckets in the waterwheel system shown in figure
17, 27 4 Decenber 2004 - Figure 20 is a graph show ng chang8scibeF ORPE"
concentrations of an effluent in relation to the nunber of passes of the
effluent in a bucket containing a conplexing structure of the invention) 5
- Figure 21 shidwsdtdvey nibenzdpliglyeime ur ebafiziydybxémicoceaed(| ett) .and
4-vinyl benzo 18-.crown-6 used in one of the enbodinents of the esent

i nvention, - FlgrtP2>°Fs SHFephre % %ggntafY%%gg?xgﬁlPﬁRAguEbecﬁﬁun1of
a pol y- (vi nylctHege ocdsedr {bédn 10y ohy aF nedeaddamiaf t img B¥labbas, M.

el ectropol yneri satj on under cathode paolarjsation according to the, present

i nvention, - Y9YH e 284 s A2 iyt ¢ IrEpr eLBAEQEKon Bf It heChangmihing,

vol tamet gi ¢ ¥ &SPONSCatd, I ehatibaink? B e drdurkn A0 s fehdmeEery,
poly-(vinyl ferrocene) grafted on platinum by el ectropol ynmerisation” under

cat hode pol ard®&%at i dRSactt M hg 884t MClneskan FPhVERLMEES -syhghibubadis a
graphi c repr%ﬁﬁﬁﬁéﬁifﬁhéﬁiéﬂbif§@§5§P§ﬁtEHEEQBs€rEE£HE8E.Viny"ferrocene

and 4-vinyl 20 benzo 18-crown copol ymer according to the present invention,
and - Figure 25 i & a fphienakpresenpat eosusinghe expui®iorol tefmethiec

Forr ocene- 4- i o o 58 189 5% ] BraFrea=te Wiy Gapriy? site.
el ect r opdf yménicint ol egtlbar chotbde pokadesatribedadoor dixapnle the padsent
i nvention. E&gqplengglggplicg@icnbégéjz ;}§é§ybs&ﬁate ck%gglenesh:iﬁo meet
t he requirements of “adsorgti on nece55|%§§|ng a substanéla e%cﬁénge
surface, theAngewandte Chemie, International Edition in English,
37, 216 (1988); (b) A.E. KXaifer, 8. Mendoza, in
Comprehensive Supra—Molecular_Chemistry, Vol. 1, Eds.
15 J.L. Atwood, J.E. Davies, D.D. MacNicol, F. Vogtle,
-Pergamon, Oxford (1996), pp. 701-732; (c) P.D. Beer,
P.A. Gale, G.Z. Chen, in Coordination Chemistry Review,
185-186, 3 (1999} ; (d) H. Plenio, D. Burth, in
Organometallics, 15, 1151 (1956); (e} P.D. Beer, K.Y.
20 Wild, Polyhedron, 15(18), 775 (1996). These compounds,
also called *“redox locks” 'are used to produce self-
- regenerating complexing cavities, that can be
electrochemicélly' piloted, and may be used as basic
modules for ultra-selective and ultra-sensitive
25 electrochemical sensors of ions in solution. The
inventors recommend their use here not for analytical
.purposes but for the purpoSe of producing self-
regenerating complexing and expelling sites for the
treatment of liquid effluent.
30 It is to be noted that some non-functionalised
neutral monomers, that is to say only comprising the
polymerisation “module”, may have intrinsic complexing

properties. This is the case for example with 4-vinyl



28 4 Decenber 2004 substrates chosen here are woven netal neshes. These
materials are generally used in the filtering sector. The dianeter of the
wires and the type of nesh nmake it possible to obtain nom nal opening sizes
5 ranging froma few mcronetres to a feyydozen micronetres. Under these
conditions, very fine dividing of the liquid passing through the filter i.s
achieved. In a situation in which the polynmer is not ‘el ectropsldepfder bods @
conductor polyner, there is no 10 force to direct the copper 10ons towards
the adsorbing surface, and consequently the division of the |iguid becones
essential in Refding puehoes Cesqhnd i 6f LROTETpr & pyPeRt Ak cEnpl ex.
Al so, since t i Nxi S ture. s } o] ! b I%:_pgg S per
salts, it 15 \FVB\SEU 'dn%bpgggagg\%'ou%t%gffgéﬁi gﬁatﬁg%gr Sj(l)e'fzcg?)assesﬁbf ?t@%e
liquid througtPthe rFh | S19@8ded t witthcr eds¥inwd chawtédive.t heVinyl
entities nmeety. Jhi s aspect wll be djscussed. furiher_y escription
of the purifiH’c:"z;tg'l'I(-)lncp"i &vi ceggﬁ&o 8hier'lven t|Sc'(c)'n'. thNor%’l%nalt%%%én%Q tgllbl('):bt ain
t he greatBst gressithizl devepppeddeuthane widhd arhegddimbstalli vospdaxdahat he
liquid, the i%wen%?grr%ef ve, fromanong the different nesh characteristics
avai | abl e on THE M K&t 2 "X hosen those manufactured with the finest wires
and whi ch, 25 witlelgeaiies; suebasoDfmaetsedipelycendi it resefl nashrhef fer

the smal |l est nom nal q@pening. However, consideration had too b i.ven to
phenonena of H%rf'bs%g¥e9ﬁ38€?gkﬁ¥%et;‘i‘€§ﬁ%°|ré’l akt ‘Els?oc‘%’:ia&ﬁ%ﬁ 86F58§ and
mesh foul i ng fPercaltgar eausviear hbgl eanbeiofxanpled A8nbhera@gsheg chesan have
a nom nal opening of 50 mcronmetres and an actual geonetric surface of 8

cn2 per aPparferic ¥ igRdh MoymmeY Sy 1 8%/ chFPB60R wiieS 4 feh) - it hC]-

di aneter of 100 M onseevel tionbneks 29%dndeLEAREE 52804 Wiitds/ CMhbAQ
wi res/inch) and diameter of 180 mcrons (see table i below). Type of wre

netal : to |ifunatoransshitedr oppRaBer 8l at dheei PRAYMES t IR t yPR-BPLIWBEFUm t o
be purified Qe itdad ORaEX ' Het hadss %f@n h f RS SROSIEYERS | N
316L stainless st%{e%l# {Ia?gwa&gééféoltﬁd uri-ng e?o el |Er?5?1ary testing that n?ckel
surfaces showdersiagrs afead r dtwe exanpke i n whl JMRkOReEr a Swe@Etasneud 2.

|1:?| tng't ie%% BRAACURLESHL HOT pPBYER TR %oﬁeéﬁsﬁpiép%1 thENPime of
polymerisation; silylation of OHs for anionic
electropolymerisation, etc.. _

Functicnalising may be made on the monomers and/or
co-monomers before synthesis of the monomer and/or co-

20 monomer, or by chemical reaction on the polymer or
already formed copolymer.

Contrary to the case with ion exchange resins, the
counter groups of these neutral polymers or copolyﬁers
exist in the free state. With ion exchange resins the

25 groups which capture the cations are electrically
charged: these are most often carboxylic groups {(CO0)
or sulfonate groups (S0:") for cations, and ammonium
groups (-NH;*) for anions, which cannot exist in the
free state, and are therefore always acccmpanied by a

30 counter-ion: either the regeneration ions, sodium for

example for cation resins, or undesirable ions present

in the solution.




Warp diam (mm Weft diam () Nunber Warps/cm (i nch) Nunber wefts/cm

(i nch) Act ua
(16S) 1400551 (8. 48) 100. 0070. 00S65 ( 165) BOD315 (6. 47) 150. 0125D. 007131. 5

surface area (cn¥Z/ en)Nom nal opening ( )O0.007D. 00465

(80) 400157. 5. ( 4. 82) 350. 0180. 01415. 7 (40)%@078.7(4.42)SS0.0360.0269.5

(24) 11043. 3 (4. 67)800. 0D60. 0D4578. 7( 200)

0236 (4.89)200.0180.0115. 7

( 40) 560220. 5( 7. 93) SO0. 0250. 027. 9 ( 20) 23090. 6 (6.90)-10D0.01Q4%Q%§§% §?P4
(BO) 70027S. 6 (7. 68) 250. 0250. 0l 511. 8 (30)360141. 7( 7. 72) 80D. 023D, 01811 -

(30) 15059.1 (4.25)65 2. Synthesis of a conplexing structure of the

I nvention 15 El ectImpohymreasgatdfonthd hprgeahti dgvant ifad ,m giewpblsimens f or
the P4PV fil ns_ar onduct ed by Iectro%fi%nerigation. Wth this %Eﬁhod it
i s possible tFPT e™BREni @al?ﬁe@fﬁbﬁ: LY oRE§EREdus T4 nEnBFSEERPS | ed

thi ckness. Thiorsynthesisrapsednbysethé s ool Qi pdlgmeel @il , their

acetonitrile,

a nononer, as co solvent, since its concentration is 50

and a carri erCIHEST TRRR abP hGREFMBAI ifRYe it e ( 1K) theKe2 RPgROt
Pr OpOT ti 08 OfydyfEs SEMIOBYY drfotniSt i hbad by the dafirerd adGratter of

10

15

20

25

30

ion capture and not ion exchange; the ions captured by
the complexing polymer may then be expelled from the
polymer, by the wvarious means described below, in a
much reduced volume in which the undesirable ions are
concentrated.

Expulsion may- be made by chemical means or by

" electrically assisted means.

Several methods may therefore be considered to
expel the ions from the complexing polymer; once they
have been captured in the polymer.

By chemical means: the polymer film is immersed in
a solution containing a ligand having a wvery high
affinity for the ions complexed in the film. With a
poly—4-viny1 pyridine £film fdf‘example, the copper ox
zinc cations may be easily expelled from the film, for
example by treatment with hot water, ammonia solutions

(NH;) or a combination of both methods. As explained in

the applied examples below, the copper ions become less:

easily expellable the more the recovery solution
becomes concentrated in copper ions. ‘A concentration
threshold exists, beyond which the ions can no longer
be expelled from the polymer film. It is evidently of
interest that this concentration should be as high as
possible so as to increase the ratio between the volume
of treated effluent and the volume of the corresponding
discharge solution. If this chemical method uses a

similar discharge solution to the above-mentioned

~



4 Decenber 2004 pronote a secondary el ectrode reaction which |eads to the
formation of the grafted film The el ectropol ynerisation nethod
corresponding to an el ectro-primed pol ynerisation reaction consunes very 5
little electricity since the reduction oglone mononer nol ecule is
sufficient to initiate a conpete polyner®chain. Consequently, this nethod
relies little upon field lines present within the cell and igppghiiRebbds
suitable for the coating of conplex shaped surfaces, 10 such as nesh
structures in the case in hand. Synthesis is conducted in pul sed

pot ent i ost at i tecidibgqudhi s thedevplomedesithetégnicent raate ountréhailragdidgwt h
condi tions by.| i\r,rviti ngt]%he gﬁant i %i es _of .i gj ected current., prinmer reaction,
to privilege H°I5-PBEct1ORS. *AFsE ¢ X ""‘ﬁ‘&et e tan be used to
re-. hsuppl y tge [ mcﬁf;asﬁaﬁputé,rr})nnger thy dil;ﬁéusd@n. ofhe tper ap'g&glemde for
synthesis is describe r, exanpl e C. Lebrun, Denjau, R. Viel, G
Lecayon i n SutFEeRttoRt i‘%@’s‘ﬁ’l'e(’&lﬁﬁ@l ofy, “ARRD- f@ﬁtegmwé"fg‘%’)‘. Javerp @ |
sinply besrecadbhgtetag b&qy\e@rﬂsl REhPULN F3E EHeN)ior Se£bRS8He | Relsh®

el ectroactivity barrier of_ the nononmer, which starts at around -2,5

V/ (Ag~/ Ag) . TheTiBRERE: iorl Wit eRfi HeqarsAtiRI cREdER1CH LS arPaReredal ue,
in absol ute vabtieshhafihhe tdi tha! RAAinld brEUALAS ROt gaLI &lhd - @nbire

VI (Ag' / Ag) which, via an Oxidation reaction involving the solvent, enables
t he creation ®¥#sinotheuliaredercadtle avekwne - npakedg tehiapsk abhei $68st he

chains forne t S C f .th o ongdi 1.1 : e
basi ¢ condi t?%lgés}n uglg Pé%%gngyﬁ%’hggﬁseqlo%ya%%\e/gqi?ﬁér%gi ?g\/\##?egéeég%y]l ater
when predént imigl r ednl factha Swaldi tvoksheales ismddigdreattedin nwhhehsthet i ons
to optimse esi_s ndi tigns L prQperti 14 2004
The condi t i‘ofl%ar}#%r S'Le eg [P%%:%g% c%%[}%/'ﬁ%%%ési sbq'gr ggbﬁé"ﬁ‘eglrl%'dw F\g: gﬁ%ﬁonﬂ
concentrati orting4 & noadet ahidtratiesd -bPut bed spkeect il ydecombléoing add 8 V /

(Ag'/Ag) ton 5 200 S Vofp = 0_V. /[ (Ag' ~/Ag) toff =400 nms - Nunber of ,
pul ses: 1000 t[}be 4%(%@‘6%%8?@%5% desired thickness, 50 to 200 nm. 10
3. Results By electrochemical route: a copolymer film may for

15 example be previocusly grafted in which the structure
moncmer may be methyl methacrylafe (MMA) , Vand the
functionalised monomer is a MMA in which the methyl

- group of the ester has been replaced by a crown ether
provided with its redox lock. The principle is simple:

20 the lock is an oxidizable or reducible group, therefore
having at least one redox potential (E°). It is joined
by a covalent bond or bonds to the complexing cavity, a
crown ether for example, so that the lock/cavity centre
distance is a few Angstroms.

25 In the example of an oxidizable lock, which 1is
neural in the reduced state, positively charged in the
oxidized state: in the reduced state (E<E®}, the
complexing cavity is “open” and is able to capture a
cation. Once complexing is cémpleted, the redox lock

30 (E>E°) is oxidized: the lock is positively charged and
therefore compels expulsion of the cation located in
the cavity by oxidized-lock/cation  electrostatic

repulsion. For as long as the lock is positively



3.1 Laboratory sanple phases, Surface area = 2 cnR2 This first step
conducted on | aboratory surfaces, 15 vacuumnetallized glass strips, is
used to identify and optim se film synthesis conditions and operating

condi tions, conpl exi ng/ expel I'ing cycl es, swhich sinulate the functioning of
an industrial process. The inventors used their own spectroscopic neans for
surface 20 analysis: IRRAS, XPS, Profilonetry. 3.1.1. Experi

conditions Initial tests on the ability of electrografted P4A{ﬁg#e|%1fbﬁ°§29%4fi X
and rel ease cogper salts were made on 25 glass surfaces netallized with

ni ckel using SRREEREH r ddidncySmitchosaY TRE st hEsi oxiddizededora,a thal |

vol unme gl ass C Sw pargaled LNt ass,.,The
surface area gf@h %\eé&gﬁgssgﬁﬁ%gq(%atggss\nétgh 30 hgg%qfllgﬁs (I?éﬁngSEe %%YZ che
and corresponf§¥t donhe Oticgmdther it iidre 5% nexpellegfiasst isTheossdiiegto

ol ttion 32 8 BER oo S00ARRES: AR cF of RBnanGls EVER) CyiMihe and

50% acet of§i t r it eel®heriEAR lyomeertradt icmce sadXilf- andohldow3the Hwevity

count er-el ectyode_conpart t | atinum el ectrode with anode pol arj sation,
i s packed wi t%gaggmgggﬁt F‘g?"d&ﬁ%f JoEE not"Loht 5iA Bﬁﬁsﬁﬁ‘ﬁoﬁé&en-at%
control el ectaddentagbasethron bde sykleem AGdd\g €48-Z sadt dahar . the
conpartnents are iggarat ed tolimt the ox] datign reactionﬁg{ t he nmononer

which | eads t2°PFReS¥6™8or RRLYBR¥of 18n PnshPal n§ith nFsRtHes s @te df the

counter-el ectsgdesceThese &i Imetale sk f esmagds@d, | R0 whl ezasgommoUNds
and of P4VP chajns that are radically polarised, The |ack of swelling

properti @ ofP1hekethr| RXifBEAST: BEEHHEF ke | bAFkRE: oPYt Réecémigas Ins

gradual |y bl oskedri5oMgvetnet hgesgpar ahi-encaf _E:Q%r?%gar RN § Winf h of
sintered glass is_not sufficiently effective with this cell and the slow
di ffusion of FPEPHBREREr HAHYMeR -helbokpent newffieass too PrveRi ARperHag
count er - el ectgpdene Thavh YRRt Qs pehern gl & fiad 186 0ys $80 20t holeHY!

changi ng of the. c%untgr-el ecgr odeg. Mﬂlii S rogﬁ eﬁn‘f%s meni Fnksggeglurﬁeg t he

fol | owi ng st pRMPhesind Préhusarst Peeirr cpestogniwidsepupalding into
15 the discharge bath (E>E°). With this type of method,

expulsion is achieved without the use of any chemical
reagent whatsoever.

The same type of result can be obtained by

producing a copolymer in which the cémplexing functions

20 and the expelling functions are separate, that is to

say are carried by different co-monomer molecules. It

- is for example possible to produce a film by co-

polymerising 4-vinyl pyridine, for the complexing

function, with vinyl ferrocene or vinyl diferrocene for

25 the expelling.function. Several pyridine cycles being

necessary for complexing a cation, the relative

concentration of the two co-monomers must be adjusted

to equilibrate the ratio between the complexing

functions and the expelling functions. It is possible

30 to associate all the monomers carrying a complexing

function previously cited with any redox group existing

in charged ™n+* form in the oxidized state and in

neutral form in the reduced state, cations, or in




To nmeet the choice of a nethod giving priority to the surface aspect of the
met hod, the P4VP filns nust 25 remain thin. However, it is to be understood
that the capacity of a filmwith an ideal surface whose thickness is only
that of a nonolayer, less than 1 nm is o low and woul d require an
infinitely rapid capture/expelling cycle"Tate in order to acquire 30

m ni num efficiency. The filns deposited on working el ectrodespbatheR2004

t hi ckness of between 50 and 200 nm Thi ckness neasurenents are nade by
profilonetry by making a scratch in the film The honbgeneous nature of

33 4 Decenbern@@fidal hésernf i:|.lnrrs:1'ad soxhdkeasdi stadpi dlnyd ptrs-s’i btkatgedstinmat e

their thlckne Se b interferonetriec colo tudy t he
conpl exi ng st'e ]\ésge a&ﬁ 'of® rt”f%l%on#fe X8y ?‘ rlio“ilrl"l dl'h% u%

st oi chi onet ryaé’hwmplemﬁgdmddonfelrr stoof eddppessidde w:aﬁyi yfeheoseele i ng
capacity of the fil Vi s-~-vis aqueous 10 sol utions. I S necessary that

the sol ution 3% K& ncut BENPREZp| elt o HBhelrat Beﬁﬁﬁsalryf us® YRS dé t he

film with a domestabde elbstdlhohbRarcoetheRi eat | Rinpspesyrofiihbe eepper.
| RRAS and XPS anal yses were able to show that P4VP 15 filns, i mmersed in

concent r at ed TP LEY LA ¢ 0AOT (SHRTHP LG - WEPhIRHARTR EBSpdriniict & C&r

abundant ri n%é‘ﬂ;ﬁneﬂ‘@aé%ﬁmahﬂn ﬁlnﬂ?u@éﬁsm@i‘ﬁbghaﬁ camplexesglerbaanti fied
by the existence of a band at 1617 cm' in sp ectra 0 The el ectronic

structure of amé ¥éppdr ﬁmcetlh%lt hayvigsn ‘b@lm@u%e@%@t@mwpwéml exed
Hovever, t ho ot ERFErECRE, Byt NPT, 1 Y 2B o
related 26 thes®b sbbhd. ndamee of theSpoIWCt@n@fd@mEWSém byvearabl y
gﬁg: ;}S/I tshlofS w :{(F%gl%o peaiPe ntensi Ce?‘éts@ll%%dul%gse;&;cg?fthg ess %gsm gl eto
esti mat e t hatextdmwpleroppitenmnbelogopper rel ati ve to the pyridine 30 groups
5 on, averae SOvpLbcpig! 205,18 COLGIERSY Sodie fOIB BHLNG,0L bl
conpl exi ng reﬁma:-lmbe:iwlé.ﬂOca{Fbt$amnabé;nghe:a@muxiee>omgammnsof as
15 described by (a) P.D. Beer, 5.W. Dent, N.C. Fletcherh
T.J. Wear, Polyhedron, 15(18), 2083 (1996); (b) P.D.
Beer, A.R. Graydon, A.O.M. Johnson, D.K. Smith, in
Inorganic Chemistry, 36, 2112 {1997); (c) J.E.
Kingston, . L.. Ashford, P.D. Beer, M.G.B. Draw, in
20 Journal of the Chemical Society, Dalton Transactions,
251 (1999); (d) P.D. Beer, Accounts on Chemical
Research, 31, 71, (1998); {e) V.B. Arion, P.D. Beer,
M.G.B. Drew, P. Hopkins, Polyhedron, 18, 451 (1399).
The | literature mentions their performance for
25 analytical purpcoses, for the detection of anions in
very small guantities. Under the present invention, the
inventors recommend their use for "sequestering and
expelling undesirable anions in selective manner such
as chromates, nitrates, etc.., by making them integral
30 with the polymer film chemically grafted onto a
surface.

The same reasoning can be applied to the use of

supra-molecular cavities enabling the capture of more




34 4 Decenber 2004 copper, that is the number of pyridine groups related to
a copper, varies wth the copper content within the film and tends towards
1 per 1 stoichionetry at high contents. 5 These-results are confirned by

| RRAS spectroscopy: the copper/pyridine groportion is estimated by the
ratio of the surface areas between the p 4ks at 16D0 and 1617 cm 1 which
respectively correspond to the free and conpl exed form of pyfhdidgerBPh@it al
breakdown, 10 using adjustment of the experinental spectrumwth a spectrum
reconposed from Gauss val ues centred on the peaks at 1600 and 1617 cm1)
makes it posstbhplér dtieimiidIemdhecRI @80 H.0N Mineyal diirs Hr QUES el Nvial ved
in the conpl exes. However, with no knowl edge of the nunmber_15 of pyridine
|i gands per cbppemeHEFRYS t PASEILAS: &F vorosacst gapriEadntfiimar wissser in
the films. Thhgsiaf aepBhben ¢aN e PEAVided dhiuihd e US b XBS of
spectroscopy which directly determ nes the actual proportion of t he

di fferent at ohsMPhefuREtannphdsed biyr Paceclniesitnensheyeonlehsuchogs

phot oem ssi 0 rGORper NL8 fipor i+ e .0

det er m negt hgd"g%?ﬂg?égr%go?f ?(’)ngl%g \%fénelgjlt'hel\'ge IE;'tEv\}oée e&rflfeﬁ{;l's. Hﬁlﬁg?téi' S
intensities rMeivachevdr e mrraiksed.iin tGhageothingss-Batt i dbacatziech t ake
i nto account ield 2 LSS arti.cul ar. to eac | ectranic

| evel of eacH}e é%%ﬁt.C%{soélgggégggéz§gggﬁﬁon ¢@e%%%%ﬁ%ént nt é%
chenical formM20the edmirentolddel 4nventoustusest heubsobssusedt i andgbrcopper
oxi de CuO as §£§6@£$r0fina e_for ﬁf cog er ulgha e, for ich the extent
of copper 30 oXidatton 13T dEReTcEReSh IHBBPE Pralrofr™ to

i ntroduciLag sl i ghtoulnaer t ahatsctBid sedpRer / ahtr 0gRIVANESEE I algfon eaki 0
determned in this manner on a thin s | e that is highly conp] exed, |RRAS
close to 100RZSESRE 4 BUEBAHER H0HL | BoEPBSe ARPARRRUINPE, FAAGLTT v B5St he
resul t aIread&iﬂﬁﬂﬂhﬁjré&éﬁbrééhaﬂﬁfép%énﬁédtEQQQEQQQ possible to use the
rati os obtai ned by IRRAS to quantify the copper contents. 5 The observed
tallying between the two nethods, I RRAS and XPS, for which the spectra were
recorded on tdlidrt iddBorideion Sof orgayr MhBegood surface/ vol ume conformty,
means that the TRRAS Spectra can be varidared and used quantitatively. 10
Using tht3 neasured BAWRS i1 i $8podsi breceeiiadi nabbadtpedquaritily R fi xed
copper for adgisensdsdgce g f &l lfs &t O engi t t f | M4, S
close to 1, Iom1conte€%%§a ???%?gur%g%ghgfég o?ﬁgo %nzﬁgn <§F%¥¢CEEZSS 200
nmis necess&JPAtFFHAL e inptefon 5 csopphe. gurface oafe moteetakiizefiese
very | ow val %ggxgtg¥brnntiplied by actual contact surface area and the

t hi ckness of the filns t'o have an indication of the quantity of copper ions
conpl exed per cn? -offigpper ehtAsghbuse tareagldbal ppeatrai Hefwereexftromed

later. 30 figure a), and after (bottom. figure b) the complexing

of copper in a copper solution using P4VP film,

- Figure 2B shows an enlargement of the two global
spectra in figure 2A respectively, at the region around
1600cm™®, before (top figure a) and after (bottom figure

25 Db) the complexing of copper in a copper solution by
P4VP film. _

- Figure 3 A shows an IRRAS spectrum giving‘the
results recorded in relation to time at the infrared -
bands (IR) of pyridine and its complex with copper for

30 a P4VP film immersed in 15 mg/l copper solution,

- Figure 3 B shows the proportion of complexed

copper estimated from the surface areas of IRRAS bands

in relation to immersion time of P4VP film,




20 b. Kinetics of the conplexing reaction If, for high concentrations of
copper of 20 g/1, the conplexing tinmes are short, a few seconds being
sufficient for significant filmconplexing, this is not 25 the case for
solutions 1000 tinmes (20 ng/1) or 10 000z¢ines (2 ng/1l) nore dilute, which
may relate to at least part of industrial solutions to be treated. Fi gure
3a shows the results recorded at the IR bands of pyridine angppd eﬁ-ﬁ HeP BBHLX
with copper for a 30 PAVP filmimersed in a 15 ng/ 1 solution. I's val ue
is representative of_an average content of effluent purified in
conventional manner Figireatc@ersorhrre 1BBAE mrcshrer 2bbushrapeénsi ons

of conpl exed ¢ En&st | Rt 8HeUSLNG bie t%%e%%egeﬂ%m af el uer in
figure 3b. The P4VP filmof 100 nmis el ect rogol ynerised on a nickelled

gl ass strip. YaeBurabicthar &0 a3 2iC, Tie sheomdddde w7 B ngndhaken,
the sanple i sydmgLsed, i €6algr§l,grre of solution that is reduced to a

mnimm that 1's to say AN | RRAS recording is nmade at regular tine
i nterval s% The onsetF:Icg‘uztme Eanc‘am:fws heanom'ilmsat gpéZtrom’ refachebes to

10% of the c r api b t] of J15;hours
is needed to |eveﬂfb$ o‘?n‘? hé cor#pl e%lﬁi e\ﬁgllﬁllgTh?u'éegesu ﬁ b:'"n

anal ysed in mmllmngmicfmlméﬁl ﬁwlmO:E thestnpemttllom point is
related to the fact 5that espite a v | ow t i olutio

conpl exi ng occurs.” g coﬁi‘éﬁ?r atﬁ%g:"‘ffsa ﬁP%@F&w V\Hﬂﬁ:ﬁht he
Cﬁrrpl ex :s na llangefadof mid) T{}nsﬁaﬁztaﬁlof ﬂﬂﬂtdm:bienb@dfgmlﬂ?r eflibal owf
The conpl exi ng .constant _i s such that ere is gontin ment, o
the 20 cb per‘g%)om%r gemprHexed rﬁ*l‘{?rééfs@ct AR of Sk ha dordbrReCRTBHETR

sol ution. | npyerdmeDingistyi batigyrefddicd.ent of the copper between the
solution and the film the formation of the conplex is favourable. A second

positive point is T &Lt o %t heShaWS 25tPRSE evERS| f $RRCEBIancEERR o

.copper fixatilomdtsr-alow, (a)tidw Qﬁléﬁahlourr%rp-%d}ﬁaf@:@@d ©Qv@oUps Bm! he
quantl ty of copper, the content rapidly settles at si gni ficant values.

Measur ement  c@ridi i 6ABPAREFeRotP4IEK el {impodsidhl €k orobtdim derowpppied -
proportipfs yﬁlﬁ}[ e 32clhe sidlthne ‘Ehl S possibility vm |1 be available in

t he sequence to this study through the introduction of "in situ"
el ectrocheni cal i mpddavse ndt Bbaws Ahrels SIRRAResPactesubts P4WP | Ellm

I nportant to ;GQWIRY, LA, tIF U3 USSicial, non-complexed, P4vVP film,

(2} a film after 5 cycles of complexing/expelling, and
(3) a film after 150 cycles of complexing/expelling,
20 the continuous 1line representing the “decomplexed”
film, and the dotted line representing the “complexed”
£ilm, .
- Figure 9 shows three IRRAS spectra of P4VP film
illustrating: (1) an initial, non-complexed, P4VP £film,
25 (2) a film after 1 cycle of complexing/expelling, and
(3) a film after 4 cycles of complexing/expelling, the
continuous line representing the “decomplexed” film,
and the dotted line representing the “complexed” £ilm,
- Figure 10 is a diagram of a cell designed from
30 two Teflon blocks with a membrane separator for
surfaces of average =size, figure 10 A giving a

transparent perspective view of said cell, figure 10 B

showing a side view of one of the two blocks after




37 4 Decenber 2004 for the "proportion of conplexed pyridine". By intuition
it would seemthat conplexing of the copper starts on the surface of the
film this nmeaning that this value is dependent upon the thickness of the
film 5 For one sanme quantity of conpl exed copper, this proportion will be
hi gher for a thinner film This value m&% not therefore be given strict
interpretation as an estimation of depositing performance. ThhhciyePBodRY
be sufficient to conplex very dilute solutions, 10 whereas thicker fi?ns
may be useful for isolated increases in copper contents. In this exanple,

many par anmet ef$paaFLs b awgureHy esbewadebIsdk t heigokecul @r cnepiviggofa i ons
and film The surface (film,/volunme (sqQlution) ratiois very, lowwth 15 a
flat strip, SRFEIHITYEEV FRTUE: <3| Bleee | ot L8h REPEELFLLHr To

unfavour abl e.cpidie,1mahes iyide ihegliquid into very fine volumes which
means that the flow, which Ts necessarily non-lamnar, is able to set up

"shaking". These redliqurel ddr | ghofisy chasshédmdn0ofhethet ePRAYMES, i n
connectiog Wy {1 siééffﬁt&{l nlg?tg'oﬂoﬁtgf:u%hb?vh@g‘ﬂtyﬁ_hb%?x £ ng rates. and

then to expel, or of accept a muc ower rate but in nuch duicker tinme
and with nuch nore fRignuentl2xpel lai myofihke |ateer ofoltits crhitkresberfer

performance. 25 PAVP. fi ar a d el ect r gpol 'i:!v%ati ref ore
conpl ex the &Zflgﬁnsofbg%leﬂ?léﬁ J‘?’hﬂ%ﬁl a ?r/ess.e F‘?sggon%%neam nd i@gggggle?} _
det ect abl e unsterpdrikRAS;1av ttot Hesonaethofnadebdmd tdte MG dog-l peans of

characteristic qf the ridiniumgroup., 30 Complexing i uantitative, but
slow on fil mé graft®y %%t?’f%ﬁthﬁ% i ?Fl%g}’ssﬁgﬁ?ﬁ{fg 038%4nﬁecenber 2004
3.1.3. Stady of the mgwatd i Dy sfieres chouee THRAPEt fipechae sHwvicogpLie ng
step is conpleted, the copper ions nust be.effjiciently expelled. At this
Tevel of the MRS 1F DY RHEPRLRECt Pt £ APsEBEEPIERSuI d be 5 conduct ed
rapidly and only generaias 1itshewsecondailyivasdées pxpeliseonfust fiberefore
be conducted with agents that are only scarcely noxl ous cﬁgd‘éﬂgi n vol unes
r

as smal |l as RIS FOR t hPe pRIIBICeveF al PREERETE SR8y =10

whose ai m WasdasiesE PPHsandNeutapres af sthathw nidee aNdie eximnabl it
fromthe film It is to be noted that the various types of treatnent tested

made it possisians Of er igtyhwe wsbey| enttyheni BEFSsHaBi PLty 89,
electrografted filmpsigh LSRECt sRbwRAr ShrédeBfMtra obtained by IR

microscopy on a STAINLESS STEEL mesh,
- Figure 16 A is an image obtained with a scanning
electron microscope, magnifiéétion. x 200, of a non-
20 coated stainless steel mesh,.
- Figure 16 B is an image obtained with a scanning
"electron microscope, magnification x 200, of a
stainless steel mesh coated with an organic P4VP
polymer f£ilm according to the present invention,
25 - Figure 17 is a diagram of continuocus effluent
treatment device according to the invention comprising
a waterwheel system, |
- Figure 18 is a diagrammatic perspective view of
a bucket in the waterwheel system illustrated in figure
30 17 on its driving rail,
- Figure 19 is a schematic section view of one of
the buckets in the waterwheel system shown in figure

17,




15 treatnments, unlike the case for control filnms nmade by "hardeni ng"

pol ymer sol utions which were rapidly renoved fromthe surface. a. Treatnent
~of filnms with boiling water 20 This first test was used for its | ow

noxi ousness. It was based on the idea that a supply of heat energy could
stabilise the cupro-pyridine conmplex. Wth I RRAS anal ysis, the first
rinsing tests in hot water showed a reduction in intensity qf X
band and 25 correl atively regeneration of the free pyridinegj%%gggﬁfg§¢€
were continued using_water at. 70C then wi.th sinmmering water.,A few m nutes'
treatment cause the Ebﬁﬁf'ﬁt%c’di:’sﬁpﬁem 8}f§°’f’ﬁﬁgl Irehd* B TP Tonpl ex
of a 100 nm f tbnrentpheredst @f2/an (fifduiehtd)in 30 XP6i anakys thes ek hat
copper traces Persist on&&he surface of the filmwhereas the in-depth
copper cont enPfr HAFIRS | @dnt FREI SfiBieRon Whr &siBrcket i tRiRIRI e @
evident that gympiekihfeseelRkarel of t32 4rRReanke, 2004 destroyed, the
copper is _not properly renoved fromthe filns. 1t is probable that

hydr oxi de >f or 5 nust FB8Urer geéd shewehd b mala@whkrhesesyctubpsofesiinyli s of
interest as i t Al t Qrat:i L%§§£&¥j Y, t

pyridi ne gr ou%%ﬂ%érzﬁggét r@aét%g?\tél\?\nat% S’E)ll ﬁ)iingé?/\gggr%goul In 6: h%g%ccl)ng'%t erm
be associ at edongt hft hbet embrdenentiosoén ther priesemitng iventuism of nore
pol | uti ng products. e t_of c I i i Doi |1 wat er
t herefore brings effgg %%% ?%?ﬁ?ﬁ%cghp exfﬁé&pbﬁ%&%%%ﬁ%%ﬁgﬁbe the %%%s
fromthe filnIRRASTr espexertumi t lofaci d&/ bapelyydivéayThé epitmoahnelyri diider i s
close-to,4.5 and treatnent,s 15 wth acetic.acid or -dilut.e hydrochlaric acid
gave 1 he By ri SFRR R RoMA hotR2hy Fie TRRALCELIFER IS SATITH | Hofgur o 5.
Ni trogen protcathode capstartibeatiphn di peanming o Itose i thel owplrasietit
‘properties related to its Welectronic doublet. The copper is then expelled
and 20 rel easBdFA AR filmand then in solution. This is termed acid
washing. At this stambyutee2B4VEs fal griagptiity t@pteséntaoiphexifngthe I
properti es, tgg%fyrigine form nmust be regenerated., A basi§ t@ﬁ@tne t is
needed since nPPa L 3BMeEFe U F S P ABdFEMATTert e hén pRa foes
not pernit elagnmati gnief tde pyoli-Mvimnfor EethbsehBer efgfar de@dsohn this
case to two treatment steps: acid washing foll owed by neutralisatjon.. This
is not a desiRXMFENt uaP¥on BEECAIRPCHOTAMISAT L% s” JirdeH 30°§EREFGt e t he

| east possi blgs Beepsh] ¥n WVasE8raThg éS!QhErE§EE%ﬂE Qhveomalexed filns
therefore provides efficient deconpl exi ng, but requires

. - Figure 24 is a graphic representation of an

IRRAS spectrum of a film of vinyl-ferrocene and 4-vinyl

20 benzo 18-crown copolymer according to the present

invention, and

- Figure 25 is a graphic representation of the I

(mA) voltammetric response in relation to E (mV) of a

40 nm film of poly-co-(vinyl ferrocene-4-vinyl benzo

25 1l8-crown-6) grafted on platinum by electro-

pblymerisation under cathode pelarisation according to

the present invention.

Examples of application

30
1. The substrates

Metal mesh: to meet the requirements of adsorption

necessitating a substantial exchange surface, the



40 4 Decenber 2004 subsequent re-neutralisation so that the filmcan be
used again for conplexing. c. Direct basic treatnent, ammonia nmethod 5 This
approach directly uses the change to-a basic solution. The base chosen was
ammonia (NH3) so as to create a nore sta?l e copper conplex than the one
formed wth pyridine and therefore able 8 nmove the copper. Ammoni a al so
offers the advantage of being a nonlO expensive product. The hesues 2004
presented in the foll ow ng paragraphs show the efficacy of this treatnent
and its innocuousness in respect of the filns. 15Study of the deconpl exing
step using ansalb@onatss| Whared haekP4VPate!| Mowesedmbornlt hisshes. These

st udywer esynt hesi zed. under usual ndi tions (mononer.. 50.%Vn =-2.8 V /
(Ag' 1 Ag) , tECoBEahE, avpr SENSTOl IYAR SRR (TS 0= Heth 1S Fe=t5Ho00,
thicknes$ = 100 nnfhe ThE anfRAS aBgXRths pagides OkntihecHd | Bypien dHeimedHi ti al
stat ewererecorded and are respectively shown in fi,gu es 6%1),and figure 7
(1). To conducte¥®e ebnpPERERAY 18t effO t HRA TR | nBRABLR2S| nFPFPEERds MIRR®s in
a 10 g/ 1lscoppghgsRbut ireRaAfter ghyndaptcFdmst PEsW £B degiopkged dozen |

wat er , t hel RRAS and XPS spectra were recorded andarerespectively shown in
figures 6 (2)migEometpys. UHadethéde scomrdnsonseayeyys569416f A IHT di ne
gr oups30wer e xed:. .14 a i NSt t hec e RaNds in
t he XPS spectc?ﬁmab%l g’tdle%ultt}gtﬁggggﬁgawl }llnghahi%clk}%mélz}ghgg t%%@qfei I'mviery
41 4 DecenberI2004 supdértfiadiiain y. iHowewbicht heth@RAPShyRera ceh beaised
gquantitati vel pa solutign I , diJ ution
in the order %}e{ggﬁggg?gééms%dn#umg 5“';)%@3%@%‘6%?’91%‘#9?& 5%%5 g%rfl c!rjapi d,
a 1-m nufl® i nbrersé onot idierdasti nghsufddppeant ionsr émweedshetbeppeisdutdmdg he

film The fil s re also,rinsed_in_h r f.ar.e analysi | S
and XPS spect"‘i"%raar‘ceefesaﬁléictf:t\?lé%?q'élﬁg\%gg’i ﬁ?gtﬁg‘r&%@(ﬁ g%dstﬁ? 3;5'1%&%
evi dence t he berowas ebstheiadpper .oXdeshoon prpntdte | 1R ASospetctionmain
figure 6(3), the band at 162Q cm1 coiresp%ﬁdi ng to thetﬁ; ridinesCu2’
conpl ex has priaSt FERFPyPYES arTURT T8 CHEdecHHPT Bxi é & e ®nith
ammoni a sol ut¢oprans Bpekclbswateatoaid caidel Aidvedy tbpppyr sdilne, bdnd is
seen to, e-avgcgltea at 1600 cm 1. The_ |l ow r%portion of copper remai ni

n

after thi1r§ tr fPP&ary Phvicyd Ehidtcent Pl R ehcPLofPEFFES o rgti on

i s greater thgie 90%uThe drfRidH Nghet aed Of s CARREERACAD hDnE¥@EsBethet al |y
20 elimnated to produce conplete regeneration of the filmif the filmis
treated with RATPTSY K&t &hF oFWe KSGLEIAS sTe8EFPFondtichedSREoh iy the

performed ocqasi oB3kkisaed domsrfigdy CAUSE e dEHRECRAPLIVM | Nofi | Bhe
perfor mance. purification device of the inﬁéhtion.
20 . Nominal opening:'to cbtaiﬁ the greatest possible
developed surface, and the finest division of the
- liquid, the inventors have, from among the different
mesh characteristics available on the market, chosen
those manufactured with the finest wires and which,
25 with greatest number of wires per centimetre of mesh,
offer the smallest nominal opening. However,
consideration had to be given to phenomena of Ilocad
losses thrdugh the mesh, related to friction forces and
mesh fouling by calcareous particles for example.
30 The meshes chosen have a nominal opening of 50
micrometres and an actual geometric surface of 8 cm?
per apparent cm® of mesh, 220.5 wires/cm (560

wires/inch) with a diameter of 100 microns, weft: 15.7



25 It is to be noted however, that there is a slight decrease in the IR
intensity of the pyridine group after treatnment with anmonia with no
apparent decrease in filmthickness. This phenonenon is interpreted in
terns of extraction of polyner chains siffly inserted 30 in the film As
shown in the foll ow ng paragraph, this phenonmenon tends to di sappear very
rapi dly over the cycles. 42 4 Decenber 2004 Basi c treat merj peddader 0604
conpl exed films therefore provides both good deconpl exi ng and good

expel l'ing frowithe /il M4 @nediived/asicH)i "BndPeliditet r ot e Wildrdmd

wat er nmakes it possible tc regenerate alnost conpletely 5 the initial
capacities of (FR8 EPPAPt & BEAPMx copper ions. Resistance of films to
cycling This exanprgouas, #1Sqd k0 wefaly What1iler 1SR Sk Ngheiiinld Ng
cycles of the copper ions-do not deteriorate filmproperties. A stability
test was . peFebared sifhsubrhiatibg tyvepef PEnmesiiamgrteat baurbsiféede st es.
To conductz t hj : est hghly s I | 1.0 0%, by
vol ume of%%on%éréﬁgleg%ﬁggggﬁy I.e. = Bq%§€}ﬁ%%%?w§£§§cﬁgé§%b< hé%é ar sher
condi tions i n3itebnstefirgiessd | stselhe Ifti | was o fbantesdwedinmdpreliminary
conditions. T, | exi_ng st corr nd _tao i rsion 20 the .filmfor
one mnute i n@%sggﬁ e(r%’ ra‘é:t enal‘%%ofggfégﬁg%n.s Wgrgggsc%§ e§%n§°?§t°(§6‘§e wer e
conduct ed i n soteekt iat edlamte actdll eweth By Ca@ld.rinsing in boiling

wat er. | RRAS anal yses were made for each step during the 25 first ten
cycles, then once every ten cycles up to 150 cycles. After 150

conpl exi ng/ expel | iTgpIycl eschétbsteesbsiancespwoved methe axesdldsent arid

per f or mance showed no deterl?ratlon as Illustrated.in figure 8. 30 As
pointed out in the preceding—%595@%35E99¥iezii£§ﬁ§ﬂﬂﬁﬁof t he pyridi ne band

at 1600 cm 1[dgcl aSe%mégDSt4ﬂﬁ59£'> Reeen tThe LTSt [aRd:,S8dond cycl es.
Thi's 43 4 Degleam.er QQQm. Warps/cm |wefts/cm{surface area |opening
{mm) {mm) {inch) {inch)" {em?/ om?) {pm)
0.007 |D.00D4 65 (165) 1400 551 (8.48) 10
0.007 |0.005 65 (165) 800 315 (6.47) 15
0.0125 {0.0071 |31.5 (80) 400 157.5.{4.82) 35
0.018 [0.014 15.7 (40) 200 78,7(4.42) 55
0.036 |0.026 9.5 (24) 110 43.3 (4.67) 80
0.006 [0.0045 | 78.7(200) 600 236 {4.89) 20
0.018 j0.01 15.7 (40} 560 220.5(7.93) 50
0.025 |0.02 7.9 (20) 230 0.6 (6.90) 100
0.01 0.0076 [31.5 (B0) 700 275.6 (7.68) 25
0.025 |D.015 11.8 (30) 360 141.7(7.72) 80
0,023 |0D.018 {11.8 (30) 150 59.1 (4.25) 65
2. Synthesis of a complexing structure of the
invention
i5 Electropolymerisation: the grafting and £film

growth steps for the P4PV films are conducted by
electropolymerisation. With this method it is possible
to produce chemically stable,  homogeneous films of
controlled thickness. The synthesis‘medium used is made
20 up of a solvent, acetonitrile, a monomer, as co-
solvent, since its concentration is 50 %, and a carrier
salt, tetraethylammonium perchlorate (TEAP). The high

proportion of the monomer is justified by the desire to



decrease is no | onger observed however over the follow ng cycles: the film
reaches a stable thickness. The properties of the grafted filmtherefore
remai n non-deteriorated after 150 conpl exing 5 /deconpl exi ng cycles. They
can be put to full use for exanple through t he conbi nati on of ammoni a
treatment with periodic regeneration in $®t water. Study of residual copper

contents in the diluted 10 effluent (recyclable) This exanpl o)
confirmed that the copper is |ndeed conpl exed by the filma f%&?eﬁablé?%’oé

expelled in the ammni a solution, and that a repeat of this operation

effectively pidddes Eh%éaaﬂﬁﬁrﬁoéﬂbb990d35fﬁHcEfBﬁ QRERH NBfhdst ke
inventors used 10 m of CuS04 solution, Cu2' concentration 15 ng.l-1, and

two strips codted wiiarmatismavi Rf a t HileknessoTafted or déilm: 100ThM The
condi tions U@L%c%cﬁﬂ rﬁﬂ@%h“%et‘f‘ﬁédzo & PFEE%SHd%%e V‘EByi (3o

limtative in respect eactl on speed since the copper content
sol uti on was dlegtnhewimsdngehomdniesatien wasashibh andnaumekakivegywas

used to pgomyig Cloé“é‘gécﬁk E&E& ﬁsiyl‘pce% WeHd h_lbed‘.f RS Lens r?é‘deHSmelr' m 25

The conpl éxi ng s I |cu ST ow Un e conditronS SPREE an
i mrersion ti mmlcﬂcume hd)ar swﬁf:tm:eeheti t@ cd)mbtdeatapm oxompietley @Sglymfert he

pyridi ne groups .duri the fir Le, fi e Stri s then
deconpl exed Wit in %ﬁ‘&r‘ﬁq&l 5’51 ti o% f"%gholde 36 é&&edigsﬁﬁe 85F%t i on
to be purifi &leld teinkBe Jragdrt cw@ltmnt hehd RBASICOéEﬁJ@n&IH pérfbettonpl ex
becanme difficult observe:, In thIS S|tu?t|on the ¢ er, content was

measur ed usi ROtEFi%r FREL rGRe t GORtIng 3T DEIRIGX 26 & EF sFREBREEF wi th

good accupackuwih & s brRkctlired -dn (EHEORgas shandasd 2 ny.l-1). The
initial concentration being 15 ng.l-a, the copper_ content had, decreased by

a factor of 64. 55¥Pdhesisnis . F9BéuSFeQXpé¥1| it 824 R SR ed OB BABYED from

a purificati ¢daeedUenee ORocaR | poustineal Beakel | toHees1shgwethatnbhgre is
no limtation of a chemcal nature to the approach used. The q uant|t¥ of

copper fixed S5 thni t ce0di héendr ed al M@stwgh the 109pantd tdisken ©
previously: Qnl i} LONPSF+OSE, 1?r‘i{ﬁér0fre?e9;0c{):5ﬂf'£81 Pi‘i‘;fl%aq%l SPBRER W th

the colorinetric test are easy to take and | ow cost VISIOCO or"test). The
accur acyland regictdiens .t yYAbsot héh?eglesﬁelrr@ t imed @lﬁm@%ouﬁﬁdor@ wreh.

cal i brat ed C%E’E’QE{ ‘?:tH oq_%f fHGEENL Wi t%hqna%%g%?? %gﬂge of the

met hod. These ions of copper su e-ioni zed water
were made by precThe waepdtigg Thedgi §mccﬂmthmawreaemesrcm1g@d|§@r

bet ween 0'04e§ggpg%8@£gki'ﬂ%gfﬁAPQE:'BLn&QS, P. Viel, G. Lécayon in
Surface Coatings Technology, 'iOO-lOl, 474 (1998). It
20 will simply be recalled that the working potential (Von)
is chosen in the electroactivity barrier of the
-monomer, which starts at around -2,5 V/(Ag*/Ag). The
relaxation potential (Vge) 1s chosen to be a lower
value, in absolute value, than the initial equilibrium

25 potential (-0.6 V/(Ag*'/Ag) which, wvia an oxidation
reaction involving the solvent, enables the creation of

a molecular defect, a cross-linking which stabilises

the chains formed on the surface of the electrode.
These conditions are the basic conditions used for

30 synthesis of P4VP films, it will be seen later when
presenting results that “additives” are incorporated in

the solutions to optimise synthesis conditions and film

properties.




20 solutions to be neasured had to be nade when necessary to adjust to the
contents accessible with the nethod. Conplexing with a PAVP filmgrafted
onto a strip therefore nakes it possible, in 4 pass cycles, to nove down
from1.5 ng/1 to 0.25 ng/1, i.e. approxigﬁtely 10 25 times bel ow the

t hreshol d concentrations fixed by French™Tegul ations. The gain in
concentration is by a factor of 60. Solely the kinetics of tf\S.Raiir S¥sd €S
remain slowin this strip configuration. 30 Study of copper contents 1n the
concentrated effluent. Determ nation of the concentration factor of the
waste. To achi eve BubStcanidialieid | Eaey «lfedthesclese] opkd syeitikis t are
inportant firstly tf | omwer the content in 45 4 Decenber 2004 the

recycl abl e efﬁqﬁe ?1Le%High as possible, but above all to concentrate the
heavy ion in the simid@shey otdiBeft rRibhk CabROANDALRBLoR® ridld 0 bet ween
initial volunme to be treated. and end vol une of concentrated solution 5
expresses t he. per forfihted P LeRerAbYfdH: Therefore, a deconpl exing '
experimeng was condugted wi thy di ff ey end ni a sol utd ONs,2¢p -mg. 6 Mol . 1-1
containing the formal conplex Cu (N n2'"sc2- where n = 1,2,4,6, 8, 10,
20, 40, 60, 50, 120,Vat60= 1P This BdeAcent made it Ppossid?@ B8 det ernine
t he maxi mum quantit o) ich may be contained in the ammnia
solution in saturaté‘ soﬁ%t?@ﬁéuagé%é continuing to maintain its efficiency
as regards deconpl eXiiRn U5 400 didspendingnuponstestisedf thickomas .ex hel p.
give an idea: Cu [NH3] sZ' C~ CQu [NH3]g %_%E%@ere 20 FC~s =
[Cu(NH3)s2'] . [NH3] / [Cu(NH3)s2'] Cu f 1752 “Cu [NH31 42~ + NH3
where FCa8 = [Cu (NH3)4z'] . [NH3]/[Cu(NH3)s2"7 25 Cu [NH3] 2' G Cup + N$;
wher e Kni =|5aﬂT]Rést#§] / [Cu (NHa) 2'7

3.1 Laboratory sample phases, Surface area = 2-cu3_.

This first step conducted on laboratory surfaces,

15 wvacuum metallized glass strips, is used to identify and
optimise £film synthesis conditions and operating
conditions, complexing/expelling cycles, which simulate

the functioning of an industrial process. The inventors
used their own spectroscopic means for surface

20 analysis: IRRAS, XPS, Profilometry.’

3.1.1, Experimental conditions

Initial tests on the ability of electrografted

P4VP films to fix and release copper salts were made on
25 glass surfaces metallized with  nickel using a
radiofregquency method. _

The synthesis cell used is a small volume glass
cell whose compartments are separated by sintered
glass. The surface area of the glass strips coated with

30 the films is close to 2 cm® and corresponds to the
diameter of the sintered glass.

- The working compartment, nickel electrode with

cathode polarisation, is packed with a solution



in which pKcl =4, pICDZ =3 . 3; pFCn3 =2 . 7 ; pK~ =2 ; pKDs 30 _
-0.5; pKDS = -2.5. Also, the strength of a conplex is defined by the

equi li brium-constant K. For exanple, for the conplex Cu [NH3] 62° with the
equation: = 46 4 Decenber 2004 Cu [ NH31 §§~ p Cu2' + 6 NH3 The gl obal
equilibriumconstant fCs is witten: 5 FCs = [Cu2'] . [NH3] s/ [Cu (NH3)

s2'] therefore pKs = pK~l + plCa2 + pKD3 + plCn4 + plCas + pﬂﬁ%lﬂbeﬁ =
9. 10 Therefore, for each Cu(NH3)"z' conplex, there is access to the gl obal
equilibriumconstant I1Cn: pKI =4 ; pKz =7 . 3 ; pK3 =10 ; pK4 = 12 ; pKs

=11 . 5 ; pF@nga?filagCoﬁ@eq&enmpimmhe‘,hi gheinpi, pyeiddne stald e 50fe
conpl ex. On tQ@e@?ﬁiér?ﬁ.et. h%hgoﬁg@tco}él@e"}ﬁ%aeg cay. alyeady e deduced
I'm ing 1o the end b

that the maxi num t, correspon f""copper conpl'éxi ng by 20
amoni a with hi gh ef fTe¢ encyguntidirr-dkecteacded atorpamiirentn, = Hldisimgnt hese

constant valu ' n already_be deduced.that the maximum]Jimyt, end of
copper conpl e?(;f%%{%?/&gm"r’g#g \Mg?ﬂgﬁi gh® FF%EPgﬁc?gﬂ"\?oﬁ | P5E r d5dthd At
conpl ex nS5= 6GsoTheienpehiokRntoesndutt ednm k4 Wnyf indiceep) exed and t hen
deconpl exed in an ammpni a solution, _.of n = 160 to n = 1, clearly shows
saturation and total 10%s Ot c8LFehReRe h’escg’&ﬁérd cBht drit® h&YSteR hed
threshol d 30 ae*72aH0, (107@. m&U[ NBR)I)0~' . At this stage, an equilibriumoccurs
bet ween the forces_tending to conplex the copper in the concentrated

effl uent and thoseTl't‘%nd.Fﬁ@P?-StF‘énts are separated to limit the

oxidation reaction of the monomer which leads to the

10 formation of an insulating film on the surface of the
counter-electrodes. These films are mainly formed of

" insoluble . compounds and of P4VP chains that are
radically polarised. The lack of swelling properties of
these films means that the functioning of the cell is
15 gradually blocked. However, the separation of the
) compartments with sintered glass 1is not sufficiently.
effective with this cell and the slow diffusion of the
monomer into‘ the compartment leads to blocking the
counter-electrode. The inventors therefore had recourse

20 to regular changing of the. counterQelectrodes. This
problem was minimised during the following steps

- through the use of better performing separators. |

To meet the choice of a method giving priority to

the surface aspect of the method,.the P4AVP films must

25 remain thin. However, it is to be understood that the
capacity of a film with an ideal surface whose
thickness is only that of a monolayer, less than 1 nm,

is too low and would require an infinitely rapid
capture/expelling cycle rate in order to acquire

30 minimum efficiency. The films deposited on working
electrodes have a thickness of between 50 and 200 nm.

Thickness measurements are made by profilometry by

making a scratch in the film. The homogeneous nature of




4 7 4 Decenber 2004 formthe conplex in the filmunder. the action of high

concentrations of concentrated effluent. The cal culation of the quantity of

copper which can be incorporated.-in the concentrated effluent is 5 sinple.
Fromone litre of anmonia solution with a concentration of 1.6 nol |-1, it

will be possible to "recover" a maximum®3 0.16 nole per litre of Cu2',

that is to say 10.1 g of copper per litre. If, initially, t hep &%&H{ @%

be depolluted 10 contains 15 ml-1, it wll be possi bl e to de-conpleX

ng of Cu2" per litre. In this case, 10.1 1/14.7 x 10-; -- 700 litres of
solution to d be te 1

ammoni a at Jﬁ?é@? #£¥&S dﬁs %%auce%ggfgl%e %gﬁﬁi t%o%gﬁ$ﬁg%gfore
by |ncrea5|ngﬂuheramMDmkmesanbpnmeansoof iheerbevometeduecicodmufract or wil |
be increased. These results are set forth in table B bel ow Resistance
tests to cycling were made in a 20 solution of 1.6 nol.l-1, however tests
in nore concell a2 eEadwtopnsheli dompl evimgegeepany particul ar

difficultpes. If 1t 1s possible to concentrate I0 g of copper per litre or
nore, it Will then be possible to finally treat this litre of concentrated
ef fluent by 25 comuaiddionsd PHECI mﬂeatl@ém@é;bodsnwtfh&p@&@}wﬁayﬁéng
cenent lime, qQUICK JTIE ToOr exanple, and to rorma dry residue. 10 4
Decenber 200£°Eifhigmetry

This step made it first of all possible verify the

swelling capacity of the films vis-i-vis agueous

10 solutions. It is necessary that the solution to be
'depolluted is able to penetrate and diffuse inside the
films with a favourable distribution coefficient in
respect of the copper. ‘

IRRAS and XPS analyses were able to show that P4VP

15 films immersed in concentrated éopper solutions.
(20 g/1) withheld the copper even after abundant
rinsings._The_formation of cupro-pyridine complexes is
identified by the existence of a band at 1617 cm™?® in IR
spectra.

20 The electronic structure of the copper means that
it can be described as a metal complexed in an
octahedral structure, that is to say one copper per
eight ligands. However, the particular conditions of
low mobility of the pyridine ligands related to the

25 solid nature of the polymer considerably and favourably
modify this stoichiometry. With the uncertainties
connected with the analysis of IRRAS and XPS peak
intensities, it is nevertheless possible to estimate
that the proportion of copper relative to the pyridine

30 groups is on average 50%, the average stoichiometry for
the complexing of the copper atom per two pyridine
groups. Some experiments however gave complexing rates

close to 100%. To summarise, the complexing rate of




Concentration | evel of the nethod in relation to the concentration of

expul sion solution (NH3) NH3 concentrationl.11.6316(nol .1'1)Concentration
| evel or quantity of copper50070013007000solution (15 ng.l'i)in L The vol une
" gain between the incomng solution and the di scharged solution therefore
depends upon the concentration. of the ammonia solution and therefore on

the price of the extraction solution. Depending upon this c I
the gain factor may reach 7000, that is to say 1 litre of d?@@ﬁ%%g%}bﬁﬁh

solution per 7 nB of eated splution, 3.2 Phase.an flat _strips qr wyse
mesh of -aver ag&RT%e %&ﬁgcﬁﬁ E%ETHFQH%ﬁtO{LREE%ﬁéanﬁfﬁﬁg?dEFgﬁ%ﬁ#given
to filter preparattoppeendiiadrdng: apttl i ther cuppeirn doristit | /b tRAMI eRTENt S,
3.2.1 Desian pof a Teflon ceJ]l with ngenbrane separator ,20 The s ntgﬁsis node
for PAVP fil sty efBEt Yne?YREEF ot REF oL dES BT HY Fbr H@h
adaptati on t qdireepr®ducti on of nesh used to formthe conpl exing structure
of the present invention. The formation of an insulating |ayer of P4VP on
25 the coBnter- el EaRicsefast8ed3Eri Fonfismee brnclRRAS | eRPELESSRAPY been
m ni i sed, figstly &h/?‘ﬁi‘ ihde GoupLersghect Lodes: Mgnguer pgecesgary,
and secondly by pégﬁéﬁin a g?%ss é%f#ﬁv§th sintered glass 4 92 Decenber
2004 separ at ix#t et @Berkshesunbacenparaamenbstweehi tilte t healtsf faksi d606f t he
nononer. At t s -at - i . e_l %_mon (g

cat hode conpé??%e%?igng OQE&HE%ﬁSE%ﬂﬁget%%%% rF?%ﬁ?gﬁgg?hq¥§§E%§tE% % he
count er - el ectarstessongilrexpsd of avat al ¢ z gy red e ar eDjoy Bsal veldrégkdpwnt er i ng.
Wth this,ap ch, _i.t ossi ble.to have nunerous counterel ectr.gdes which
my be aE? anGEd hoArAPPy TRY | B it h neReer LREROfEs TRUTEEEE VH Kokt y.
10 The use ofspsatimmedrgasposeld cfireman dGzmiszonsedered datttdd desi gheof a
glass cell, is l.ess possihle for,|ar -si.ge cells which can be.used in an
i ndustri al eﬁﬁ%n@ﬁi.i %S i?%aﬁqﬁé FhventBFECRhotk apﬂﬁﬁFg%Se gf’
separator, sidet®rires tssepidpbrt Dofll BENMpYE idIMERIrclfpd eatddDO&dolint he
counter-ele These separators nust. sl ow, do the di si on of species

de. f
From one: conpiA FAE kK ahe SoHEr=ai { Hobh: BRokRoHl SHE [kt BHRPERL. The

choi ce ofs sepdr ghwridehdg1aghated gt B8 F&Eea%QmD,f vel Bobat efdial givef | on
was chosen to_nmake thiss new cell. The ce designed,in two Teflon blocks is
shown in fi giPEs 3FEA2Y AT 0T | FPRPRS 1R BRPesilP8f erence 1 denotes

the cell, referenesid dpRebeRafiBhoarsopar phhi ddei €ABH68NS the dgBet es
the filling area of the synthesis mxture, reference 7 denotes the housing

of the contr&Ff ePdd r cReChEPe@pteswbiahd dirgstdve drtammings pothes
whi ch, via abehage oo shoun)o ! £nu5adrkRrBREURE ke ARRIR Yon 2fle

reference 13 denote e conmuni cati on
20 surface. The intensity of the Cu,, photoemission bands

for copper and of N;; for nitrogen are used to determine
the actual proportion between these two elements. These
intensities must however be normalised in texms of
cross-section which take into account the yield of
25 photoemission particular to each electronic level of
each element. Also, the cross-section is dependént upon
the chemical form of the element. The inventors use the
cross-section of copper oxide Cu0 as the approximate
form of copper sulphate, for which the extent of copper
30 oxidation 1is identical. This approximation 1leads to
introducing slight uncertainty. The copper/nitrogen
concentration ratio determined in this manner on a thin

sample that is highly complexed, IRRAS close to 100%,



30 duct between the housing of the control electrode and the synthesis
area. It can be easily disnounted and all ows the use of a nenbrane
separator. The flexibility of Tefl on makes 50 4 Decenber 2004 it possible
to properly secure the nmenbrane and to achi eve good cell sealing. The first
menbr anes chosen were of TRVC netal | ocer3i c type with a pore dianeter of
0.07 mcronetres. 5 The conposition of the -nenbrane is as fq X

stainl ess steel/Zr02/ Ti Gz. The porous ceramc elenents are 5??%%%@%§5ﬁo%hin
| ayers on a stainless steel matrix. Although electrically insulated from

the two el ectisdedoek the bhecehhit! harglecyivess ithdgl wWaiseh tcr@ssesaihr ough
the solution generates a,phenonmenon of secondary polarisation on the
conduct or parteHIFHeA b bYbHe. XBRe nenbrane then operates as a doubl e

el ectrode with anqgde ppiarifakeebren thesgaindecgonpakt Mite andscopyersely
15 in the other conpartnment. The inventors observed that a filmwas :

deposi ted on IS AR GFRRAS @ @A EHEY nERBr BABPAFt RORRENEEsk of foul i ng
the same gn the Coyfese lyehl/ay ushe Lol B&EWEBE UEQeOf%%Q' %éﬂﬂ@dgf
nplre. 20 T e are

nmenbr ane was set aside Iin this exa e secon ranes use
fully pol ynedifRASvanrdt KESgh firar helnt clal Ehrenmmediryi weret erogaiedeonsed

under our conqgj:tj ors,. They, f, 0 I n p ) I ne type
(poly 1,2-dif ultéir ogﬁ%‘y“%énéﬁ%"gp&g ng oénaig %gl%;jprg%%iensceﬁ%ajar?%}e\?g{%% por e
di anmeter 25 wahfogouidad t orda@5 whetonthees. IRES usepettmanbreanes séows

down nononer  diif.f ysi o ut does not block.it.entirely. Therefore, the
pr obl ens of P%hﬁ%ﬁ}%#&éﬁénﬂﬁ%&-%ﬁ%ﬂﬁ%%ﬁﬁ?Yﬁ&%tst even if they are largely

attenuat®@. 30 Heithg?. ZhiSt udieasured norsdase thie t hicknesssiile to

estimate the quantity of fixed copper for a given
surface area of film. If the density of the film is
close to 1, low content, a film surface aréa of 10 cm?
and of thickness 200 nm is necessary to fix 0.1 mg of

15 copper. It is to be noted that these very iow values
must be multiplied by actual contact surface area and
the thickness of the films to have an indication of the
quantity of copper ions complexed per cm® of apparent
surface area. This po.int will be examined léter.

20

b. Kinetics of the complexing reaction

If, for high concentrations of copper of 20 g/1,
the complexing times are short, a few seconds being
sufficient for significant film complexing, this is not

25 the case for solutions 1000 times (20 mg/l) or 10 000
times (2 mg/l) more dilute, which wmay zrelate to at
-least part of industrial solutions to be treated.

Figure 3a shows the results recorded at the IR

bands of pyridine and its complex with copper for a
30 P4VP film immersed in a 15 mg/ 1 solution. This wvalue
is representative of an average content of effluent’

purified in conventional manner. The calculations of



4 Decenber 2004 a. Cross-linking with divinyl benzene The approach descri bed
in this paragraph neets the 5 neéd to obtain thicker P4VP filns. The film

t hi cknesses typically obtained are asynptomatically observed at around 100
to 150 nm beyond 2000 pul ses. For situations in-which copper contents nmay
be higher, filmthickness as an express?&n of capture capacity may becone a
10 parameter of inportance. Sone polyner chains are renpved s§U.LRgt 4
first ammonia washing. This is due to the fact that not all the pofyner
chains are grafted onto the surface. A high proportion is sinply retained

in the graftgdopaktibysl5ofeakomplienas | eREmd EYtduditddt /idQayi Nhdy
interdiffusion. One |ast part is sinply released in the solution and
contributes B&SHPalfalRGES PRGSH aufe Bredt rig yEiEvnse3Rppr oach used

consi sts of retai#,a0plkips diast A0 PR tnk nighslaae%?glyﬁlews%ow g he
addi tion of difunctional polynerisable nolecules in the electrqlyte. The

“di vinyl benzehekppledulEl FTNVBRtAP - f it exanpfacal lfgwacr 8853l iaaki- nF et ween

the chains t : Byl DL Yot N d a I it hhol di ng of
25 a b ghar BELRBTORoRcl Tpthd, SSHaRLR] TRE SAMRAR AL [ Imhafall R0 e
10% DVB addedolumeheicashbdeiconpaatneis . réddecedi clonessesngmow, uthak a

content of 5%.a jal i Xj mum val ues obt.ai ned _are .close to
5000. 30 It g\%sgghtgggp&?%%%{oés% 5%%‘%?%%1%%&%?@%8?3 TS89 2 The
results can bemseéntemvhilgur €hk? orfscgguref 18hshoasdt b tRRASospde at
recorded on e fidns. It is to pe n d that ,the IR i.ntensiti.es 52 4
Deconber 200kEBAGEN DU EeREHER | nsCer SRElyeE o T T CEPRAS N 11 Yo ar ¢
not |inear wreébatitvelvhirakiedy., bt s faimanehtab hounst st hakedalil ddese
filnms always X _the ﬁgpﬁ%r %prrectly.,The DVB did not nodify 5 their
wbPFe b§

.
capacity of %%%ﬁﬁvg £qGEBRd oGNS i15Ye2 The use of cross-1inking

agents, such as diNigytrebanzeran( B¥B)andhased o1:¢ s@kesalt mpaseirdl @eito
i ncrease the_thi ckness of grafted filnms by a factor of 5. The conpl exi ng
capacity of IT®EERrBELOVinked filmis 10 preserved. On these cross-I|inked

films, the | ossesohd tRirgnesssipitbalddimeensWiddl UK CeesSthaked i | ms
were no_|l onger observed. b. Incorporation of prefornmed oligoners 15 The
i dea of 1gsi nghpF efePREECOR Y6FT 4% UHIsRbute $olRkd8n nEPBRIEHGNG | m

thi ckness i soslegiyed fiom oRger ¥at | PHge FRAR U 11 SYH NaShS SeHelSy |t was

observed, when several filns are produced successively %Fwthout DVB), that
t he viscomtwh%ﬁhtﬁ@%ﬂ@@mm%$§ is no longer formed. This point of

view will be furthered below. The complexing constant

is such that there is continuous displacement of the

20 copper towards the film irrespective of the

concentration in solution. In texrms of distribution

‘coefficient of the copper between the solution and the
film, the formation of the complex is favourable.

A ‘second.;positive peint is related to the fact

25 that even if the advancement of copper fixation is

slow, a time of 14 hours being needed to double the

quantity of copper, the content rapidly settles at

significant values. Measurement conditions did not make

it possible to obtain the copper proportions right from

30 the start. This possibility will be available in the

sequence to thig study through the introduction of “in

situ” electrochemical impedance methods. At this stage

in results, it is important to comment upon the wvalues



20 solution increased, generally acconpanied by a brownred colouring. This
observation is related to the formation of oligonmer chains in solution
which are not retained by the grafted filns and which accurmul ate in tine.
In parallel, it was observed that filmthjckness 25 tends to grOM/fronlone
filmto another when the sane solution i's used for successive syntheses.
The oligonmers in solution participate positively in filmthiyqkgeBs: 2002e
inventors also used solutions which had 30 naturally polynerised during

t heir gl ove-box storage. |Indeed, the nmononer distillation operation renoves
all or part dknihethEabiPpsep¢rthan i off o sampﬂbaeﬂolypgrﬁdanbdn i nBybi tor.
53 4 Decenber %; ThIS estbﬁﬁgvedtﬁoghak qt arﬁtl QN of a

synt hesi s sol'uti'on W't nt % £ ot s SRR fPEantoPREF ease

in filmthiclkneats Achactteyr @xﬁrfmoeoroft htt lee ﬁrilawertagﬁs \Ama@bsrg verdatn

terms of thickness. .5 Val ues detern ned by rof m_400.t0 500 nm
wer o1 ogul ar [ eI -4 raeRS ST | GogRe tBEy G PR ARR A e of b7

Synt hesi s5on peir € diesh 28méhe qusetafevt hesflef hom mekédnad:%fpﬁerpossmig to
start tests on stainless steel mnre nesh. The c eover from

r adi of r equen®F MBI Med Wit abBs, higheRi diPost bBLPAPZat fdHR - of TRY At hesi s

condi tions Wﬁd&erﬂﬁﬂ%tt@héi-éwl:ésﬁesb%%n”%%&l@td ﬂf’éelaﬁ%‘l@i@@i&:ﬁi 15
give rise to any problems as illustrated i'n figure 15. The presence of

chrom um oxi @@s meGS%ma’apgéapft &mﬁ@mjc@arfprmasabu Thiyy £3lm@s even
possible to Q%ufPf‘é dhfeshes ¢ gﬁﬁ Li'eBJa§ éPIuHHC*L-dA né' me

periods in ord verl y therr si on. tests un rasound
in solveh®s @hﬁﬂﬁ@ﬁxﬂ%hﬁﬁkqwcifmﬁmﬂndmay obEV|§§&EM9 d@mmW(ﬂ$ﬂkﬁtﬁ@

films. Optic;ohseryal (% rt%ghggﬁggylar m croscope or electronic
i'gure show per

scanni ng m croscope ectly honpbgeneous deposits on all
25 the wires. Th|inmﬂhl&oakampiethmﬁmﬂupaxﬁmétgwmeahedUQiavourable

el ectropol yner| i f.ul | U|t d to these ¢ | ex qe i es..
changeover {Tgl twﬁ%‘ggsee eovreltorbee % r(f'lég s TS uﬁgyol g’& PR % %’t%
reduce the tBmmﬂaaaﬁGfxﬁmxyhdlumengbbuthgnstEatlbf;sfwemwalﬁW|wiﬁh

geomet 118l ¥ LR Mo AR Do XtsapoLali o uhe QURLNGH OFf 8k
shaken is also unfavourable. The meshes divide the
liquid into wvery fine volumes which means that the
flow, which is necessarily non-laminar, is able to set
up “shaking”. These results clearly show that between
20 the alternative, in connection with this type of
method, o©f achieving high complexing rates and then to
expel, or of accepting a much lower rate but in much
quicker time and with much more frequent expelling, the
latter solution gives better performance.
25 The P4VP films grafted by electropolymerisation
therefore complex the Cu®* ions, even in thin layers.
This complexing is easily detectable under IRRAS,
with the oﬁset of a band at 1617 em’!, characteristic of
the pyridinium group. ,
320 Complexing is quantitative, but slpw on films

grafted on strips and without shaking.



4 Decenber 2004 litre of 10 ng/1 solution, it is evident that such
performance cannot be easily achieved by kinetics. Passes through nunerous
meshes can then be used to obtain a considerable increase in the exchange
surface 5 area between the liquid and thggsurface of the filns. 4)

Conti nuous treatnent device for effluent to be 4 w..-..y ~ ~" This

enbodi nent is schematised in figures 17, 18 10 and 19. In “&%&:efﬂbgf’ﬁ(ﬁﬁb
the sane references denote the sane itens. In figure 17, device

conprises a seri es of bucket s 17 |n V\hl ch neshes 19 are pI aced form ng the
conpl exi ng st? pdyphefit ekpgl 1A L ] e af methe@ bottom
of the buckets. 1 i S il

buckets 17 to for%ogagva?g\rémh%?e Crg%p %ﬁ %r %‘%‘?ﬁlr%to%%r Eﬁéfor ptpLe rail
equi pped wit hl@nﬂamuatobeZEffAcswmlw ch:cnelzlgeriup@tleblshéedeﬁl o Witteh

effluent to t ed; at nt. Ao e system _The reat ed
effluent is grga%%aﬁed %?omg e” BEEE?QQM ¥’V§8 }tﬂgﬁ )%FFE C%‘Putlg tbe

wat er wheeb systmduaned f rr(arpzidiey dexdcerdly pgenerteEhel:‘ttrtebé egeebidmnt 31

| eaves the device at e bottomleft in.the AcoIIetlontr ugh 22
oo e ot 1 HATEs oy EREULRAOBO! Fotof KA AP R C oMt o FERBPELEod "HE ol nt

C of the wat esydees shstelreThalsyy HRMAISP K@MMBuSesnd/ b 8h volumes

enpt yi ng/ deco IeX| bath 35 and a second enptyi ng/ deconpl exi ng bath 37.
Figure 18 |s ﬁc’l‘?v@oﬁ?é +&m of a bucket 17 30 of the device shown in

figure 17, 0” 'tS Ed:'SfVltflglé aipudSosd), hokevetais ReEheAd | Rekbe kakiem of
t he bucket pi vot nmounted_in its_upper part around an axis 23a on the

driving 4l "ﬁ?%% 2h@t WBE th Ciﬁ)v‘“eDmP]E,%’Mtb@cé’ﬁE’@lerZ(Rﬁ WhehPYRdSime er in
its position arr@leo%xé@seegleoww e diong the f@tté%eﬁﬁeewaeehqa%/stem

Figure 19 is a section view of ucket 17. This diagram shows the

posi ti oning " gh Qh’éaéb%ﬁe%W@SS%ﬁrﬁé@@‘f—@eﬂD sestRe maskeniti ROSREPd®  This

structure is d& mMesh m 42.. Eagh hugket. may,boi exanpke R 1Q,fto 15
meshes. In this di agra t he bucket hol %s 10. “The bucket E"bﬁllii ?'3;]

embodi nent c@i}ﬁﬁs@@lamfmerfeimﬁn 40 zespeetl6,0f Iwhcrgmmgala
bott om 19 V‘d an%Fl@ etl‘?% F%ggs 51 n%féghs q.pg 2Ny ring
s able

56. The e fI uent ow ou rough 't he passi ng through
meshes 40. | i'Hdxdering” t hpodysteem i sodhowomso tWiaich he weateer whapliddyst em

ci r cul ates cq{%ﬁéj\peo&lsélyorh ntlgcleo‘g&]\:/\%ge 15 direction. It rotates in-reverse
direction to :

a. Treatment of films with boiling water

20 This first test was used for its low noxiocusness.
It was based on the idea that a supply of heat energy
could stabilise the cupro-pyfidine complex. With IRRAS
analysis, the first rinsing tests in hot water showed a
reduction in ihtensity of the complex band and

25 correlatively regeneration of the free pyridine. These
tests were continued using water at 70°C then with
simmering water. A few minutes’ treatment cause the
complete disappearance of the IRRAS band of the complex
of a 100 nm film complexed to 2/3 (figure 4}.

30 XPS analysis showed that copper traces persist on
the surface of the film whereas the in-depth copper
content remains identical after ion abrasion. It is

therefore evident that even if the complex is




direction of flow of the effluent entering via A and then inmerses in two
enpt yi ng/ deconpl exirig baths. Therefore, the effluent to be treated enters
the device via A at the top left of the waterwheel diagram 20 through the
top part of the bucket |ocated under th%%upply duct. The effluent passes
t hrough the conpl exing structure of the Thvention contained in the bucket
-and | eaves the bucket via hole 21. The trough 22 is intendeq g .ohfdet 8634 t he
treated effluent which 25 continues to flow fromthe buckets at the top
part C of the system The buckets are then driven towards the first 35 and
second 37 enpisdtgiywetonphexicbgpbat s wive hpregeptyatrenrchedeihes thet he
buckets form t he gonpl exi ng structure of .t i nventi.on. 30 56 4
Decenber 20043'1 " Exarpl et Bf %%O??%g?i o afsi tl?é'ré[%}?é”éfﬁ)oéioﬁﬂ}ﬁ BrSthePevi ce
of the inventicymetesdti beHei NEPIMYI Qishextidmd $s 4 e Puekeimdesf opft hi s

exanpl e uses ,an assenbly o .7 meshes for cross filtration nade in 316L
stainl ess 5 Sf¥&A %A For nitty Bhe $BBSEraRtlYSt HESEBAPREXAPRy SFruklfre of
the inventi osedmdifit8e &Y BhE0MirGi%fe waaﬁs Vi gk sPY it ghefor ms
the electrically neutral organiC polynmer Tilmable to conplex ions. The
total actual Boidfiace wates epuldisncbhpl dkpdag terrudrure s iated hekehor e
high, in thecgdet Qb nedd Cg%o.(s% 0£31M2) 4 I BEX, prPrﬁled?uLQr 8P GROLADUS
gain in efficacy: in tinme and limt concentrati of. e inventors passed a
sol ution of 250 lmtiglg ¢ffadwsrtisto be treated having a concentration of 15
ng 15 Cup*/1 thro t of .t h a y det.erm . fhe Cuz’
ion concentrati onhl%{gE t%g‘esggﬁ%t%ﬁ:on Olf; %éﬂ%g’?ilégéneﬂt o-rﬁhlﬁur%gﬁoggﬁgg%%g in a
‘bucket. The medegrt $hxrafure tlesingmdefficpensi Hidmt deglonip lichelngy apbuishown
in figure 20, hi_s fi.gyne sho he chan i n copper concentration of
the effl uent C'"l‘-’%‘glroe &t |P53r%' t{:cl)let hleongr#)reormg? ef)ggl?ér%'in t he bucket with an

ef fluent volune of 250-m. In this figure, referénce 60 denotes

deconpl exi ng, 25 ﬁ'&‘ trée Si xtwh Eass;. ige i nvent;orss deconpl exed -t he meshes

W t h ammoni a7 rinsing in clean water to

lrjenl[()ve t he gmmni atheTlgﬂ% Q\%{S}Wﬁ_ X diteatid hel soapt 4 exing G&ﬁa(ﬂﬁéaﬂfé%é}fté he
ucket een. restored, whi.ch made it SSi to.reach, yer | ow

resi dual T on¥dhtr ATHE i ﬁ%ﬁﬁ%é&%‘ﬂ%%@éﬁ? IOEEE AFw AaiFerths.
passes: in thoroaden uaf fGrm NEhdwt byt 8htCIRRASPISIRG ANd1E461 8EFe in

deconpl exi ng

figure 5. Nitrogen protonation causes the pyridine

group to lose its low basic properties related to its

electronic doublet. The copper is then eXpelied and

20 released in the film and then in solution. This is
termed acid washing.

At this stage, the P4VP film having lost its
complexing prqpérties, the pyridine form must be
regenerated. A basic treatment is needed since a simple

25 move up to a pH medium higher than the pKa does not
permit elimination of the pyridinium form. This
therefore leads in this case to two treatment steps:

~acid washiﬁg followed by neutralisation. This is not a
_desirable situation for a method which sets out to
30 generate the least possible secondary waste.
The acid treatment of complexed films therefore

provides efficient decomplexing, but reguires



57 4 Decenber 2004 operation at the sixth pass. It is recalled that the
copper threshold fixed by French regulations is 2 ng/l. The aspect of the
curve shows that it is nost probably possible to obtain an identical or
better 5 result by using a greater nunber, of deconpl exi ng operations, for
exanpl e a second deconpl exi ng at around the twel fth pass. , These results
show that with the present invention it is advantageously pqsdcRinBet 2004
replace the 10 | ong, quantitative conplexing of the prior art by a series
of fast conpl exi ngs/ deconpl exi ngs. 6) Exanple of the use of a conpl exing
cavity of redmbsdeaieritypeeihelibrblisatpphi esoexap echel eviImwpelayebesation
of vinyl ferrocene alone is conducted by cathode pol arisation. The vinyl
ferrocene isuffﬁbﬁ§ﬁﬁgb§q§1qq FPF-Wth this experinent it was possible
to verify that the mnmed redox |ock formed by the 20 ferrocene group is
chem cally stable_vis-a-vis cathode el ectropol ynerisation and that it can
still be el eftrocRatesh Bpsdid e tRent i AWHIIIR)|USER0d| | m whi ch has been

grafted. 25 ~COndirhii@anSRirSdact §0e0er Gali RN IHIRS| ShangNtB! @l ipagStrip -
Control: silver electrodé - Solvent: acetonitrile - EleCtrolyte carrier: 30
TEAP 5.10-2 gelutien.. FhaokasSecopeentRatiash: anmgnia 2O0Hy) aeet &S tEel e,

December 2005758k = % 37 1! | RefPt S B e 8t PR T Trrdg)
tof f = 400 nwiNbnmieyrbiipal sest P9€Pefore able to move the copper.

Ammonia also offers the advantage of being a non-

10 expensive product. _
' The results presented in the following paragraphs
"show the  efficacy .of this treatment and its

innocuousness in respect of the films.

15 8Study of the decomplexing step using an ammonia

" solution. |
The P4VP filmse used for this study were
synthesizéd under usual conditions {monomer: 50 %, Vi =
-2.8 V /{(Ag*/Ag), t°® = 200 ms, Voer = O V/(AG'/AQ), tosr
20 = 400 ms, n = 2000, thickness = 100 nm). The IRRAS and
XPS spectra of the films in their initial state were
- recorded and are respectively shown in figures 6 (1)
and figure 7 (1). |
To conduct the complexing step, these films were
25 immersed 5 minutes in a 10 g/ 1 copper solution.
After abundant rinsing with de-ionised water, the
IRRAS and XPS spectra were recorded and are
respectivelﬁr shown in figures 6 (2) and 7 (2}. Under
these conditions, nearly 50% of the pyridine groups
30 were complexed. The weaker apparent intensity of the

copper Dbands in the XPS spectrum relates to the

abundant rinsing which washes the film very




10 15 20 25 30 The fil mobtai ned has a thickness of approximtely 20 nm
and has the IR structures characteristic of the ferrocene group. Figure 22
appended shows the | RRAS spectrum transm ssion in relation to wavel ength,
of the poly(vinyl)-ferrocene) filmobtained by grafting using

el ectropol yneri sati on under cathode polaﬁ1sation.‘The response of the
poly-(vinyl-ferrocene) filmis neasured in a solution of acet@u.lhi nd
TEAP. Figure 23 shows the voltametric response of 20 nm ¥ 15ehblt Sod¥
poly-(vinyl-ferrocene) grafted onto platinum by el ectropol ynerisation under

cat hode pol ard\ggd+©ilcid By MTEASWERRBNt tife MREARAKN FhddAFs Seht i fsklr Z
nmol.L-1 in acetonitrile, v = 100 nV.s-1. The anodi'c and cat hodi c peaks are
observed, chdfuRR%e}FaE1vebY-the redox pair that is always reversible

associ ated wi th {Re\d CahAcRAE WANRich FX8PREEaCLNe UPCnBl AnfOPexi Nd

cavity of redox lock type I'n this exanple, vinly ferrocene was
copol yrer i seddiguthian vimytheeprden 8ofr bnt 6purhai smegpdritnent showed t hat

the redoxgl ock is.gos pgg;—(gﬁ ig%ghél g;‘{é}ogﬁggwelw upgbg_gnalai Sf%BPXute_

conpl exi ng cavities and reéespon em cally Th-suth co- ymeri sed
film Conditiiomeediahettimechemingl ssfiftitdsing toOxeghane ntmest coppexr59 4
Decenber 20045]:- I\/bt%)%egaionc trgt.i ons: and 0, 75 tgﬁ4-Vi

acetonitiril & 9" e M- piPSed 51 S sF 559 ngeggﬁln:t}fé}_ VA vt el
(Ag' / A9) VoEbefdyxd/ 4AglYyAGE.Nurtey OfRRAESeand000pr8. 5 spedund - f areocene
'zo 18-cr Ovm_resesipnecztoivnglymls'l%éw% Ofinnbnf)irgalgfesf Olsl ?Z\M nga.rli)criot '7QCO|(?:>) and

10 evidence the removal of the copper.

As shown by the IRRAS spectrum in figure 6(3), the
band at 1620 cm™' corresponding to the pyridine-Ccu®*
complex has practically disappeared after the
decomplexing c¢ycle, with ammonia sgolution and hot

15 water, and correlatively the pyridine band is seen to
re-appear at 1600 cm™l. The low pfoportion. of copper
remaining after this treatment is only a few percent.
The efficacy of this coperation is greatef than 90%. The
remaining. trace of copper can however be totally

20 eliminated to produce complete regeneration of the film
if the film is treated with boiling water for 1 hour.
This additional operation may be performed occasionally
and does not cause any deterioration in film
performanée. -

25 It is to be noted however, that thefe is a slight
decrease in the IR intensity of the pyridine group
after treatment with ammonia with no apparent decrease
in film thickness. This phenomenon is interpreted in
terms of extraction of polymer chains simply inserted

30 in the film. As éhown in the following paragraph, this
phenomenon tends to disappear very rapidly over the

cycles.



ta" = 200 nS toff = 400 ns The sanple is rinsed in acetonitrile under 10
ul trasound before characterisation. The fil m obtained has a thickness of
approximately 40 nm |Its nolecular structure reveals groups characteristic
of ferrocene and the crown ether. Figuresg24 appended shows an | RRAS ,
spectrum of the 15 filmof the invention obtained with a copol yner of
vinyl -ferrocene and 4-vinyl benzo |8-crown-6. Exanple 8 A camplLxihigd2004
cartridge was nade using a tube in 20 pol yethylene, opened at one end, and

conprising a flow adjustnent tap at,the other end. This,tube s filled

with meshes in sta ﬁ#égstﬁeé‘«'éf“?%&n_%ﬁh gﬂ@%ﬁ&yglﬁﬁ?i &&%@qﬁq#ﬁ was

grafted. Thesproesties Werd plodeedddbrigleastie e P§sdEcEkaE11anNErom

direction of the %g&g It 25 was then possible to cause the effluent to be
e

treated to floWei BRE A Ife & Jbigne « P} edic t hEeRrEBRNE MR tEh&atap and
to collect wahgfetOmhRekr at gbddiyihe éd'f@éieﬁé@&eaéémgé&tt Eﬁfnpl%"t‘.’e‘ﬁﬂ[;}g the
e

tap, and collect treated watér at the bottomof the tube as illustra 30
in figure>20.thet dnitisdssespagifiépendthigthporfile toncenrlkex osopbethe
incomng efflygpt, the neshes are regenerated: (i) either by passing an
ammoni a solution through the tube; (ii) or by inmersing the conplete 60 4
Decenber 2004 tube in an ammonia solution ; (iii) or by regenerating the

neshes using glecty ﬁgésgftg ¢&s Tgecreiul ts obtained are equivalent to
t hose of the-pv-ete%ﬁg—exaﬁpies.—g—aeg%% A conpl exing cartridge was
made using a pol yerlnd enexamipd eopenad atusnk end, ansrtHpritdatg athleow

dj ust t t. th h d. Bef or.ehand 'V 10 4-vi vl | o
Graf tod OBt o SrIH hEeadLrERe Ehbaa. SHOARRY ofi KRS STOPRTY < JHRE (AN

obt ai ned by fddtenporafef| phlmespedpenhdelr.egizst eftetbiride neeky wwhl the
beads, the tube being,seal ed.at, the two ends_by a conductor nesh
conpr essi ng't%eer’%%ﬂ%%q gﬁe Sé’?%?ﬁ?%s%ilﬂrﬁer%dai FreRs s‘Vﬁ%ﬁ"e’éi et

sol ution contatelierg. 4vi nyl pyridine and grafting took place as described in
t he preceding e‘xaEI es. Tﬁge gol g‘tg,hyl ene tube was ,then filled with the
beads. It was thert $osSPBFECEO % § t R £ | uBnt PG t recRedEERBABN t he

filled tube, dumciadiebhtibe, fE0W bt ot T dotihneithl Os&PLE €6,
treated water at the bottom of the tube. After n passes, n dependi ng upon

the concentr é{-ieon of8 theli f:lmifrri npefchasen, Theskedus sdrer regeditdord: (i)
Cimer si ng an S0 SeTBUET LRI TUBE FOP Gral fo He nrnrdetded obintiie
resul ts obt aimediiveiransequi val ent to those of the precedi ng exanpl es.
The complexing steps correspond to immersion of
20 the film for one minute 'in a concentrated CuSO,
solution. The decomplexing steps. were conducted in
. concentrated ammonia followéd by rapid rinsing in
boiling water.
IRRAS analyses were made for each step during the
25 first ten cycles, then once every ten cycles up to 150
cycles.
After 150 complexing/expelling «cycles, film
resistance proved to be excellent and performance
showed no deterioration as illustrated in figure 8.
30 As pointed out in the preceding' paragraph, the
intensity of the pyridine band at 1600 cm* decreases

substantially between the first and second cycles. This



.61 4 Decenber 2004 CLAIMS 1. Conplexing structure characterized in that it
conprises a conductor or sem conductor substrate on which a filmis grafted
by el ectropol ynerisation, said filmbeing a polyner or an electrically
neutral organi ¢ 5 copolymer able to conpiex ions, said filmconprising a
cross-linking agent. 2. Structure according to claim1, in which the

electrically neutral organic polymer grafted on the 10 subsyrgiRnbePiises:
- one or nore identical or -different functional groups having conpl exi ng
properties chosen from anong am nes, am des) ethers, carbonyls, phosphines,
phosphi ne oxidkareass o- eshene, diongdy deshservad) boowvelS ethers, thea '
crowns) thi 0 Ao rPLANDS. ¢ SEPHL £1,20d3.n0R0aNdS L RQr RANKIASS
cal i xarenes, pyridines, "pi-pyridines, terpyridines, quinoleines) "conpounds
of orthophenant rolThze, paptdot Sesi sofiaphhel s grafitmd eas)1msi dehopbfives

antibiotics, 20 ethylene glycol,.cyclodextrins, and ecul ar_structures
substi tuted zfr%‘}aolrnfuné-ﬁrg'rfg%esfélomﬁ%?f?t hesae&l"%ﬁctio 4} gr cUPER - GRAPEr -
one o& nos e c/cﬂmil g gk iy Wiht:gzﬁseﬁt rxwl toskbey it |21503|-fu$11rli£éélr§or
according to claim1, in Lch the polyner js a vjnyl polymer. 4..
Structure acc?d‘ra&?p% tBhEF’Higkﬁﬁ 1Ehe ‘%ﬂ%@%t‘rﬁeo%o 9ol FRBPRLE LHBRYBEAL
cont ai ni Ng a Wi FRIT iDseNr-dSe PAPIEN 41 Ryt RyEkdine, vinyl bipyridine.
62 4 Decenber 2004 :

Study of residual copper contents in the dilutéd

10 effluent (recyclablef

This example was used to confirmed that the copper

is indeed . complexed by the film and then expelled in
the ammonia solution, and that a repeat of this
operation effectively purifies the copper solution.

15 " For this experiment, the inventors used 10 ml of
CuSO, solution, Cu* concentration‘ is5 mg.ld, and two
strips coated with film having a thickness in the order
of 100 nm. |

The .conditions under which this experimént was

20 conducted were very limitative in respect of reaction
speed since the copper content in the solution was low,
the exchange surface area was small and no shaking was
used to promote contact statistics between the copper
ions and the film.

. 25 The complexing step is particularly slow under
these conditions since an immersion time of 12 hours is
needed to complex approximately 15% of the pyridine
groups during the first cycle, figure 9. The strip was
then decomplexed with an ammonia solution and then re-

30 added to the solution to be purified. After the fourth
cycle, the IRRAS component of the complex became
difficult to observe. In this situation, the copper

content was measured using a colorimetric test




5. Structure according to claim1; in which the polyner or organic
copolynmer filmis a copolyner of nethyl nethacrylate and of nethyl

met hacrylate in which 5 the nethyl group of.the ester has been replaced by
a crowmn ether provided with a redox |lock,,6 6. Structure according to claim
1, in which the polyner or organic copol%ﬁer filmis a copolyner of 4 10
vinyl pyridine and vinyl ferrocene or vinyl diferrocene. %&%ﬁ&§§h04
according to claim1 or 3, in which the filmalso contalns pre or med
oligonmers. 15 8. Structure according to claim1, in which the organic

pol ynmer fil mh&s:‘a:ddsﬁ@:khesﬁtw @cﬁrmoab&atralcy R ~LopQr kesr.2R0nd. 172
Structure acc din to clalgj n mhing the substrate is chosen from anong
a plate, a st I?d% n ﬁgu% a wire, a bead, a powder, a
chi ppi ng and a tulqene 251dﬂc1a51rU@éﬁéénagae&dhngbtﬂn?l aiyws a9, kRewWhich
the substrate is fornmed in whole or in part of an electric conductor or
sem - conduct&PHﬁﬁ¥NQQﬂteqﬂ.h%ﬁr@%?ﬁ?%sﬁécBYdPnéaFEOEIQﬁnlP -or 10, in 30
whi ch thegsubstratsdrs 11F 316L; 8t aLPpess o3t e@perifert DocaiPeis 2004,12.
Met hod for producing a structure actording to Cclaiml, conprising a
grafting stegFempvdectrepolaynevrsfirahion sgmignne on en atndnstrindal | y

neutral _of g2l 169POL Y MeYe AbLECK O LSARP! G5 | 905 2 Hnel ELEAOTH L hng

bei ng made on conductor sem conduct or su e presence of a
crossl|nk|ngqmgmﬂcansnaubthodqmmhﬂdapgrbecmzusadQ The whiagitityy of
electrograft| c ] ted in th pLESe o] r ef Qr-ned. ol | r 14.
Met hod el ectr a |§3§%§ égndlt oS accor I n ;r$ alﬁ?efﬁ wg%%F é% S

ConducteHOundeﬂu&hegﬁwbhowpngv1ously. 0.1 mg copper per 10 cm® of
200 nm £ilm.

The measurements with the colorimetric test are
easy to take and low cost (visiocolor test). The
accuracy and reliability of the test were tested on

15 solutions with calibrated concentrations chosen within

" the measurement range of the method. These solutions of

copper sulphate dissoclved in.de—ionized water were made

by precise weighing. The visiocolor measurement range

lies between 0.04 and O.S'ﬁg/l. Dilutions < of the

20 solutions to be measured had to be made when necessary
to adjust to the contents accessible with the method.

Complexing with a P4VP film grafted onto a strip
therefore makes it possible, in 4 pass cycleg, to move
down from 1.5 mg/l to 0.25 mg/l, i.e. approximately 10

25 times below the threshold concentrations fixed by
French regulations. The gain in concentration is by a
factor of 60. Solely the kinetics of the pass cycles

remain slow in this strip configuration.

30 Study of copper contents in the concentrated effluent.

Determination of the concentration factor of the waste.

To achieve substantial efficacy of the developed

method, it is important firstly to lower the content in



- nmononer concentration: 50 % in acetonitrile, - pulsed electrolysis Von :
-2.8 V (Ag'/Ag) Voff : OV (Ag'/Ag) - nunber of pulses toa : 200 ns 20 1000
to 4000 tuff : 400 nms. 15. Method for treating a liquid effluent to extract
ions fromthe effluent, said nethod conprising a step to contact the
effluent to be treated with a 25 structu"f% according to any of clains 1 to
11 so that the ions to be extracted are conplexed by said elgsidehftdl byoa
neutral organic polyner film 16. Method according to claim15, also
conprising 30 a step to expel the ions conpl exed by the polyner, said
expul si on beithg consrelfsldyethiaendl @ Micict 49apebstitdeedn abbded
December 2004 _.17. Met hod accor di to claim16,, in_which the expul sion of
the conpl exe@lio® FAHEHRE By RRhPRYY AREndD ithe SHPMRRE cobyme

i mrer sing t heff idue0f { Q4B CoRBhY Mahd Nrat 59! HEEABeRONLAINYIANY Follgand
havi ng stron% 5 afflnlt¥ for the ions conplexed by the film 18. Method
accordi ng t ot &%n teeakadudinch end Molwmseidly sopeEpEFares| st iPhe
film thegio ff A ool ps) f +DelNg copper and/or zinc.
10 ions, the@z{gggls%%rfgkgé%ﬁfﬁaatteré%]s%%t%]k%elﬁléﬂ?nsgé made with a nethod
usi ng hot water, Wherefomshcd detonpbembngaesbeuimens, was wienducted
conbi nation of. these two thods. 15 19. t hod according_tg claim_16, in
whi ch the subdffat é‘htfteflerﬁf c YRt ot o‘?oﬁﬁm‘?ﬁﬁndu& of s&bétrﬁtoét,']tﬁe

organi c pol ygeht@iafired ©Ret FRralst EShE1ERNICRI (MH1Y PRO, DT WRELe CONPLEXI NY
cavities provided with redox | ocks, the expulsion of the conpl exed ions 20

is made by efleétfobas$isttdd APandby &edti B2y b%Pari sing the conduct or

or seni -ppnduct or TRYBS tehdA- GRIHY | Rt e tPYIBIHTd | £ dQcMplibpd @ggording
to claim15, also conprising 25 a substraté peeling step to renove the
pol ymer fi | nPMFREHTC iARKEEY t I9E. | oPBPeBpttaedl | payoleoweantginedepti ti ng

step to depOEhE'aa&ﬁ@ﬂyg3”§Hldﬂiéﬂ(”Hﬁhes§59§55éﬁe'solution, while

continuing to maintain its efficiency as regards

decomplexing.
15 The dissociation constants of the complex help.

give an idea:

Cu [NH3] 62+ & Cu [NH_';} 5241 + NH3
where '
20 Kps = [Cu(NH3)s**]. [NH3l/ [Cu(NH;)¢**]

Cu[NH;]s2* & CulNH.].** + NH,
where
Kps = [Cu (NH3),?*].[NH;]1/[Cu(NH;)s%*]

25
Cu([NH;]%* © Ccu?* + NH; where
Kpy = [Cu®']. [NH;]/ [Cu(NH;}?"]
in which pXp; = 4, pKpz = 3.3; pKps = 2.7; pKpy = 2; pKos
30 = -0.5; prs = -2.5,

Also, the strength of a complex ig defined by the

egquilibrium constant K. For example, for the complex

Cu[NH;) 6°* with the equation:




30 21. Continuous treatnent device for an effluent to be treated

conpri si ng:

65 4 Decenber

a conpl exing structure according to any of clains 1 to 10,

2004 - a first container intended to hold the effluent to be
treated containing the ions to be extracted, - a second container intended

to hold a solution to expel the ions conpfexed by the polyner of said 5
structure,

at a controlled rate, successively in the first container ho

and neans for causing said structure to be conti ﬁ@g&h%eﬁgﬁﬁpd,

Ing t

effluent to be treated and then in the second container holding the 10
solution to expel the ions conplexed by the polyner .of the conpl exing
structure.
tape with joined ends. 15 23.CODENHda*ac®ordi’hig+t6 Hai m 21; in which the
conpl exing structure is an assenbly of neshes arranged in buckets) said
buckets being driven by a waterwheel system 20 24. Device, according to
claim 21, also comrd silgpbabréauwl tieahsmwebisvlhthKt oiadipsttéhe speed at
whi ch the.structure passes through the first container then through the
second container in relation to a flowrate 25 of the effluent to be

treated and/or to a concenty.ati goudf] i pusjiép (thenat flJ2pnt to be treated

and/ or

inrelation to the conpl exi ng and deconpl exi ng speed of the ions by

22. Device according to claim 21,

in which the structure is a

the organic film 30 25. Continuous treatnent device for effluent to be

treated conphilEiFore

to 10,

10

15

20

25

30

PIGOUPIRSL 1Y pGE UCTBi:G A, i sk, 04 i OF claims 1
. i.e.pK¢= 9.

Therefore, for each Cu(NH;).** complex, there is

" access to the global equilibrium constant Ky:

PKi = 4; pKy = 7.3; pKy = 10; pKe = 12; pKs = 11.5; pKs 9.

Consequently the higher pK, the more stable the

complex. On the basis of the constant values, it can

already be deduced - that the maximum limit,

corresponding to the end éf . copper complexing by

ammonia with high efficiency, will be reached at

complex n = 4.

Using these constant values, it can already be

deduced that = the maximum limit, end of copper

complexing by ammonia with high efficiency will be

reached at complex n = 6.

The experiment conducted on P4VP film complexed

and then decomplexed in an ammonia solution, of n = 160

to n = 1, clearly shows saturation and total loss of

efficacy when the copper content has reached threshold
n = 10, i.e. Cul[NH;l:0°*. At this stage, an eguilibrium
occurs between the forces tending to complex the copper

in the concentrated effluent and those tending to re-



66 4 Decenber 2004 a first container intended to hold the effluent to be
treated containing the ions to be extracted, and - neans for causing the
effluent. to be treated to pass continuously, at controlled speed and from
the 5 first container, over the surface of or through said conplexing
structure containing the effluent to be treated. 26. Use of a structure
according to claim1 to 10 treat an efffdent containing radijq8&linber h&us-

27. Conplexing cartridge in which a conplexing structure according to claim
1 is arranged. /NOi/NO$/ N$/ NL~).

/ Nc]/ N NO/ Nc/ NN}/ Nz/ NO/ Ni $/NL$/I\I$/I\I/NLJ/I\IO/NL/NL /' Ni / Ni $/ N#/ NO/ NL@ N / Ni c]

I'N'NEZN'N/ M e \AéhQF]doNglll\JM:NL%él /14 YeNOER O } £ NENQ/NT/dW / HE N hw/ Nf / Nf
I NE/N NN, O/ NF/ Nfw/ Nf

/ NF/ N/ N=/ NIGQEGonE 7k 1 oo ek pangentrated ef£deieEt2y] caU] ca] ca] ca] ca] cha] ¢

o ca ca ca ca calgg) cabsalaghanhoshechond colaaboalcale”agalaal len] e ova

UU, \ /\ zupkf a:\EW] ba] callca]-’ﬁa}-’éé]ada] 32| c%i}%’\&]@eqeédijr@dij%] e&jfdalecd] caPcal cal ¢
bb RAW< Kk

ia#]?)&?}(gﬁll%ga] aaéc’(ia] ca “gg} gg% cg] q%élcaFJfgt] cgli“ca }:aa] Qb? cgil a} cé} igga]

ca] ca] ca] ca]qmiqm']u:zth:a}m:a]o&a] tab c ajadal N hafw&mm@wumsmmm. toY] ] cay

oty oal ca) copesihapd relealgh oot Geleabsiloplehatharliplane) cehstel cal ca

"2X[ f zupkf a\i¢nit* Hdye "] ch| g adt adompen] pakcalikeal cal cal ca] cal caUlca] ca]ca]c

n N #&6
ﬂjgﬂ ;?]\/]C] 252’9] aj ai:glﬁc at} a] Cf‘]lé U%Fglﬂg& i:gé:]oca] ca] c‘%ﬁ’%%} %‘éf%%] cal ca]
cMa] ca] rda) eaiealica] ca]scaicn']lca]m] Gxaﬂ.ldBEéJnWbE\dlm $tdOdd~-complex

mhb] Xkf A 1
Al Cal Cal caalL R St Caf ) baFERT ol cra £ o el ealeralealeale

In this case, 10.1 1/14.7 x 1072 = 700 1itres‘of
solution to be depolluted will then be needed to
saturate 1 litre of ammonia at 1.6 mol 1t Z i.e. a._

15 reduced volume factor of 700.

Therefore, by increasing the ammonia
concentration, the volume reduction factor will be
increased. These results are set forth in table B
below. Resistance tests to cycling were made in a

20 solution of 1.6 mol.l°%, however tests in more
concentrated solutions did not evidence any.particular
difficulties. If it is possible to concentrate 10 g of
copper per litre or more, it will theh be posgsible to
finally treat this litre of concentrated effluent by

25 conventional precipitation methods with hydroxides
using cement lime, guick lime for example, and to form

a dry residue.
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"109& ()--! "bf&Q%n(c)entra(&iBﬂO%V&' (D.1- 109 X.)6- p#i 0%83 ()-#c)w3de 10PP
10PP!' 0 "10%YPP&’ () ¢mdXQ-1j109& ()--!x0 "10%m& ()-4!0 "10% f|& ()--!Xx0

"10%& () -- O o e A% L] 1ebby IP7AT & () -
or gquantity of copper 500 700 1300 7000
solution (15 mg.17%} ‘
in L
5 The volume gain between the incoming solution and

the discharged solution therefore depends upon the
concentration of the ammonia solution and therefore on
the price of the extraction solution. Depending upon
this ‘concentration, the gain factor may reach 7000, that
10 is to say 1 litre of discharge solution per 7 m®> of -

treated solution.

3.2 Phase on flat strips or wire mesh of average size

(10 cm?)
15 This part concerns the consideration given to

filter preparation conditions and filter wuse in

industrial environments.

3.2.1 Design of a Teflon cell with membrane separator

20 The synthesis mode for P4AVP films by
electropolymerisation is re-described below for its
adaptation to the production of mesh used to form the
complexing structure of the present invention.

" The formation of an insulating layer of P4VP on

25 the counter-electrodes was described above. The
difficulties have been minimised, £firstly by changing
the counter-electrodes whenever necessary, and secondly

by designing a glass cell with sintered glass



Fi"109%& ()- !'i"109& ()- SHL109& ()-t10%&k ()- 1O0PP) :
:JyW8. HO"109%&' ()-!0"10% f& ()-!x0"10%m&' ()-!0"10%t& ()-!0"10%&' () -
0"109%& ()-JuSl!"1098BB& ()-1!"109%XX&' () - 1p#10% & ()-s10%& ()- 10PP 10PP
10PP! 0" 109%°P& () -m
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& (st L1 ()01 LOOWLULE ()= 0! LGS O Ot bodd 0%
}0JJPXL(10@&J§T()-'OPL(lo%&J&f(?-'O!LSIO%CC&:()-'01tL(10%@'()-'O!L(lo@&ﬁCﬁ&
() O (0P 1109858 () 1006 ()11, 109858, () L 109BE )5 97 100% ()-c1
10[ | ! " 109 | &i(Dfuld 1 dDYEoE) - HHe' 104ERSMEY - 1! ALY ( btar't10%H& Ehell " nt 0"
_ ! #$$7% P. 11\ "109%65& () .-" '\ "10%5& I(:g -\ "10965& (),-" "Sl 9B& é - 1@gﬁl?‘%&' ()
10968 ()- FoRemigwrts ' tRere7. 48/ PUHwuMatRMET- | BAP" 199854 %‘F- B 10%n
M& () -\ " 10%fonfdarinentO % 5% (1n" the 10408&" tdmphkthent((@~_=!!!0" 10%& () -
2SH10%& ()-t10%& ()- 105
5 In respect of the counter-electrodes, strips of
metallized metal are preserved by sputtering. With this
approach, it 1is possible to have numerous counter-
electrodes which may be arranged regularly. Solid
platinum electrodes would be too costly. -
10 The use of sintered glass, which can be considered
for the design of a glass cell, is less possible for
larger-size cells which can be used in an industrial
envircnment. This is why the inventors chose a new type
of separator, since it is essential to minimise monomer
15 reactions on the counter-electrode. These separxators
must slow down the diffusion of species from one
compartment to the other without blocking the flow of
current. |
The choice of separator being related to the type
20 of cell material, Teflon was chosen to make this new
cell. The cell designed in two Teflon blocks is shown
in figures 10A, 10B and 1l0C. '
" In these figures, reference 1 denotes the cell,
reference 3 denotes a block separétely, reference 5
25 denotes the £filling area of the synthesis mixture,
reference 7 denotes the housing of the control
electrode, references 9 and 11 denote the anchor points
which, via a bridge (not shown) are used to secure the
assembly, and reference 13 denotes the communication
30 duct between the housing of the control electrode and
the synthesis area.
It can be easily dismounted and allows the use of

a membrane separator. The flexibility of Teflon makes
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achieve good cell sealing.

The first membranes chosen were of TRMC metallo-
ceramic type with a pore diameter of 0.07 micrometres.
The composition of the membrane is as follows: 316 L
stainless gteel/Zr0,/TiO,.

The porous ceramic elements are arranged in thin
layers on a stainless steel matrix. Although
electrically insulated from the two electrodes of the
cell, the electric field which c¢rosses through the
solution generates a phenomenon of secondary
polarisation on the conductor part of the membrane. The
membrane then operates as a double electrode with anode
polarisation in the cathode compartment and conversely
in the other compartment. The inventors observed that a
film was deposited on the conductor surface of the
membrane with the rigk of fouling the same in the
course of time. Consequently, the use of this type of
membrane was set aside in this example. |

The second membranes used are fully polymeric,
Even though mechanically more fragile, they can be-used
under our conditions. They are formed cof a coating of
porous fluorine type {(poly 1,2-difluorcethylene)
deposited on a polypropylene carrier. The pore diameter
was reduced to 0.025 micrometres.

The use of membranes slows down monomer diffusion
but does not block it entirely. Therefore, the problems
of fouling the counter-electrode persist even if they

are largely attenuated.
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typically obtained are asymptomatically observed at
around 100 to 150 nm beyond 2000 pulses. For situations
in which copper contents may be higher, film thickness
as an expression of capture capacity may become a
parameter of importance.

Some polymer chains are removed during the first
ammonia washing. This ig due to the fact that not all
the polymer chains are grafted onto the surface. A high
propoftion is simply retained in the grafted part by
weak interactions or through interleaving by
intexrdiffusion. One last part is simply released in the
solution and contributes to gradual gelling o¢f the
electrolyte.

The approach used consists of retaining this last
part in the growing film through the addition of
difunctional polymerisable molecules in the
electrolyte. The divinyl bernzene molecule (DVB} may for
example allow cross-linking between the chains that are
initially insulated and consequently the withholding of
a higher proportion of chains.

Tests were conducted using between 1 and 10% DVB
added to the cathode compartment. The thicknesses grow
up to a content of 5% and then stabilize. The maximum
values obtained are close to 5000.

It was therefore possible to multiply £ilm
thickness by 5. The results can be seen in figure 12.

. Figure 13 sghows the IRRAS spectra recorded on
these films. It is to be noted that the IR intensities
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reflection are not linear with film thickness.

It is fundamental to note that all these films

always fix the copper correctly. The DVB did not modify

5 their capacity of being swollen by agqueous solutions.
The use of cross-linking agents, such as divinyl
benzene (DVB), therefore makes it possible to increase
the thickness of grafted films by a factor of 5. The
complexing capacity of the cross-linked film is
10 preserved. On these.cross-linked_films, the losses in
thickness initially seen with non-crosslinked £films

were no longer observed.

b. " Incorporation of preformed oligomers

15 The idea of |using preformed oligomers to
contribute towards increasing film thickness is derived
from observations made during synthesis series. It was
observed, when several films are produced successively
{without DVB), that the wviscosity of the synthesis

20 solution increased, generally accompanied by a brown-
red colouring. This observation 1is related to the
formation of oligomer chains in solution which are not
retained by the grafted films and which accumulate in
time. In parallel, it was observed that film thickness

25 tends to grow from one film to another when the same
solution is used for successive syntheses. - The
oligomers in solution participate positively in film
thickening.

The inventors also used solutions which had

30 naturally polymerised during their glove-box storage.
Indeed, the monomer distillation operation removes all
or part of the stabiliser, that 1is to say the

polymerisation inhibitor.
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3.2.3. Synthesis on wire mesh
10 The use of the Teflon cell made it possible to

start tests on stainless steel wire wmesh. The
changeover-from radiofrequency nickelled surfaces, on
which most optimisations of synthesis conditioﬁs were
performed, to stainless steel mesh did not apparently
15 give rise to any problems as illustfated in figuré 15.
The presence of chromium oxides does not appear to have
reduced film stability.
It was even possible to submit the coated meshes
to ultrasound for much longer time periods in order to
20 verify their adhesion. 15mn tests under ultrasound in
solvents of the polymer did not modify or Qisually
deteriorate the films. Optic observations under the
biﬁocular microscope or electronic scanning microscope
{(figure 16) show perfectly homogeneocus deposits on all
25 the wires. This well confirms that the coating method
by electropolymerisatibn is- fully suited to these
complex geometries.
The changeover to these developed surfaces 1is
fully in line with the aim to reduce the time length of
30 the complexing step. If, from a strictly geometrical

viewpoint, and by extrapolating results obtained on

flat strips,- a mesh 10 cm in diameter can purify 1
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This embodiment is schematised in figures 17, 18

10 and 19. In these figures, the same references denote
.the same items. In figure 17, device 15 comprises a

series of buckets 17 in which meshes 19 are placed
forming theicomplexing structure of the invention. A
hole 21 is pierced in the bottom of the buckets.

15 The device also comprises a driving rail 23 for
the buckets 17 to form a waterwheel system snd a
driving motor 25 for the rail equipped with a variator
27. A supply duct 29 supplies the device with effluent
to be treated at point A of the waterwheel system. The

20 treated effluent 1is evacuated from the buckets at
points A, B and C of the waterwheel system and from the
device at point B. The treated effluent 31 leaves the
deﬁice at the bottom left in the diagram. A collection
trough 22 for the effluent leaving the bottom of the

25 buckets 1s provided at point C of the waterwheel
system. The system also comprises a  first
emptying/decomplexing bath 35 ‘--and a second
emptying/decomplexing bath 37. ‘

Figure 18 is a pefspective diagram of a bucket 17

30 of the device shown in figure 17, on its driving rail
23. A hole 21 is pierced in the bottom of the bucket.

It is pivot mounted in its upper part around an

axis 23a on the driving rail 23 so that it can move
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the hole after passing through meshes 40.

In figure 17 the system is shown .so thé.t the

waterwheel system circulates continuously in clockwise

15 direction;. It rotates in zreverse direction to the
direction of flow.r of the effluent entering via A and
then immerses in two emptying/decomplexing baths.

Therefore, the effluent to be treated enters the
device via-A at the top left of the waterwheel diagram,

20 through the top part of the bucket located under the
supply duct. The effluent passes through the complexing
structure of the invention contained in the bucket and
leé.ves the bucket wvia hole 21. The trdugh 22 is
intended to <collect the treated effluent which

25 continues to flow from the buckets at the top part C of
the system. The buckets are then driven towards the
first 35 and second 37 emptying/decomplexing baths
which regenerate the meshes in the buckets forming the
complexing structure of the invention.

30
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poly-4-vinyl pyridine which forms the  electrically

neutral organic polymer film able to complex ions. The
total actual surface areas of this complexing structure

10 are therefore high, in the order of 5200 cm® (or
0.51m?) . They provide for an enormous gain in efficacy:
in time and limit concentration.

The inventors passed a solution of 250 ml of
effluent to be treated having a concentration of 15 mg

15 Cu®*/1 through the meshes of the bucket, and they -
determined the Cu®' ion concentration of the solution in
relation to the number of passes in a bucket. '

The results of this test made it possible to plot
the graph shown in figure 20.

20 This figure shows the changes in copper
concentration of the effluent in relation to the number
of passes in the bucket with an effluent volume of
250 ml.

In this figure, reference 60 denotes decomplexing.

25 At the sixth pass, the inventors decomplexed the meshes
with ammonia, then re-used the same Dbucket after
rinsing in clean water to remove the ammonia. They
observed that the complexing capacities of the bucket
had been restored, which made it possible to reach very

30 low residual concentrations in the treaﬁed effluent
after a low number of passes: in the oxder of 0.5 mg

Cu®**/1 after 20 passes and a single decomplexing



| SU40% O8t & ()-i #BsULOYUORE ()- SYA0%& ()-i Bi m' 109%& ()-P
% ni' 1098 O&l & () - PRSTUXhvU4 i S#i 1000/4#V& ()- 10 100/4#V& ()- 8100810081008

CSYA0YORE () -- SUA0% + & ()- ysUdO%O8& ()-h|\<vU4 i|"10%& ()-|" 10%& () -

0 "10%& ()-- i0 "100W/EV& ()-- 0 "109%& ()- i 910%WHVE () - znP44

| "1096&' ()-'"|"10%& ()-"|" 10%& ()-|" 16%& ()-'"|" 100/#&' ()-*0eE44

| " 109%¢| " 109%6t&' () - | " 10%¢#& () - | " 109%¢& ()-'"| " 10%¢& () -| " 10%4&y( g%% L 4|
"109%48&' ()-|" 10%& ()-" "| "1004& ()-|"10%& ()-|" 10%#&' () Sl 4‘1 o
| "10%¢& ()-|"10%¢& ()-|"10%:& ()-'"|" 0%#&'() . 1-0el +4" "] " 0%#&'() 0%#&'

| " 1098 () - " | " 10%4& 004t bf 7. 4] " 10%¢& " 10948 " 10%#
3&' |() R 1(()) ’% t’rﬁ’rio@é)'t%*}ﬂ Si&f@é‘ 'RE} N Fr 1 /#Eeﬁ?lﬁ )é? QE " 100/#&
"() -1 " 10%#& dopre A O%8e £ hold 1284k H/ Hi{" iQ%’@i&h( YequllatQ¥E (s [2' 1:%%&& () “10

W& () - '"|"10%#& )-4hi j meE/ 4| " 10%& | "10%#&'% "10%#&f() |"10@#&f()-'"|"1
0048 () -| " 109%4#&: e LaEPeﬂFO/#&f()CtPelG@ME()S WSm%at )14 " LGRS | " 1094
& ()-'" "= éiﬁ%?gl yddible to obtain an i ical or better

109%& () - 10#10#10#[™ 109%& ()-""| " 10%& () - | [: A—| e 109%#& () - &0
OV" 1096:85 () ZBGUWAE 10008 U51RG 90V TTRALEY) - ADMPETI 0%k (Je@pmplexing

8& igg//fﬁkg( &Oﬁ% %Jﬁ/#%%?e/%%m% 1%0 %%é%&ﬁ) %&%Oﬁ around

Ov" 10%4&' () toeSowslloRets ¥3596 Ov" 10%4&' () - % Ov" 10%&' () - % 3! 10%#&. () -

31 109%#& () - # # 0 %
ROV" 10%#593(')0 %V 13&%@%) EBR L b &ZW %%é%if\ J‘Qd%/éy “Bhe 0/43%#%38%%@
C'10%#& ( YvietQ%est (3t 190 haB4asE IVMOseBsiDle YoSHEYMESEH )E bud L
doswa () 10§ gions e, e S 4GRS O Ve AOEE Qre% a
C 1006& ) - VOBV : BUH 6&'3’?% =/ P

series of fast complex1ngs/decomplexlngs

&) Example of the use of a complexing cavity of redox
lock type '
15 In this applied example, electropolymerisation of -

vinyl ferrocene alone is conducted by cathode
polarisation. The wvinyl ferrocene is schematised in
figure 21. With this experiment it was possible to
verify that the mimed redox lock formed by the

20 ferrocene group is chemically stable vis-é—?is cathode
electropolymerisation and that | it can still Dbe
electrochemically piloted when in the polymer £film
which has been grafted.

25 Conditions of electrochemical synthesis:
- On platinum strip
- Control: silver electrode
- Solvent: acetonitrile
- Electrolyte carrier:
30 TEAP 5.107% mol.L?,
- Monomer concentration: 1 g in 20 ml
acetonitrile, i.e. 0.27 mol.L-1,

- Pulsed electrolysis, with following protocol:
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5 The film obtained has a thickness of approximately
20 nm, and has the IR structures characteristic of the
ferrocene group.

Figure 22 appended shows the IRRAS spectrum,
transmission in relation to wavelength, of the poly-
10 (vinyl) -ferrocene) £film obtained by grafting using
electropolymerisation under cathode polarisation. The
response - of the poly- (vinyl-ferrocene) film is measured-
in a solution of acetonitrile and TEAP.
Figure 23 shows the voltammetric response of 20 nm
15 poly-(vinyl-£ferrocene} grafted onto platinum by
electropolymerisation under cathode polarisation. The
measurement is made in a TEAP solution 5.107% mol.L-1 in
acetonitrile, v = 100 mV.s!. The anodic and catheodic
peaks are observed, characterisﬁic of the redox pair
20 that is always reversible associated with the ferrocene

group.

7) Example of the use of a complexing cavity of redox
lock type

25 In this example, wvinly ferrocene was copolymerised
with 4-vinyl benzo 18-crown-6. This experiment showed
that the redox lock is co-polymerisable with monomers
functionalised by complexing cavities and responds
electrochemically in such co-polymerised £ilm.

30

Conditions of electrochemical synthesis:

~ On platinum strip
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- Pulsed electrolysis with following protocol:
5 Ven = -2.7 V / (Ag*/Ag) ton = 200 ms
Veee = 0 V/(Ag'/Aag) tore = 400 ms

Number of pulses: 2000

The sample is rinsed in acetonitrile under
10 ultrasound before characterisation. The film obtained
has a thickness of approximately 40 nm. Its molecular
structure reveals groups characteristic of ferrocene
and the crown ether.
Figure 24 appended shows anYIRRAS,spectrum,of the
15 film of the invention obtained with a copolymer of A

vinyl-ferrocene and 4-vinyl benzo 18-crown-6.

Example 8

A complexing cartridge was made using a tube in

20 polyethylene, opened at one end, and comprising a flow
adjustment tap at the other end. This tube was filled
with meshes in stainless steel, on which a poly-4-vinyl
pyridine film was grafted. These meshes were placed in

the tube perpendicular to the direction of the tube. It

25 was then possible to cause the effluent to be treated
to flow inside the filled tube, to adjust the flow with

the tap and to collect water to be treated in the
filled tube, adjust the flow with the tap, and collect
treated water at the bottom of the tube as illustrated

30 in figure 20. After n passes, n depending upon the
concentration of the incoming effluent, the meshes are
regenerated: (i} either by passing an ammonia solution

through the tube; (ii) or by immersing the complete
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with the beads, the tube being sealed at the two ends
by a conductor mesh compressing the beads. The assembly
15 was immersed in the synthesis solution containing 4-
vinyl pyridine and grafting took place as described in
the preceding examples. The polyethylene tube was then
filled with the beads. It was then possible to pass the
effluent to be treated through the filled tube, to
20 adjust the flow rate with the tap, and to collect
treated water at the bottom of the tube. After n
passes, n depending upon the concentration of the
inéoming effluent, the beads are regenerated: {i)
either by passing an ammonia solution through the tube;
25 (ii) or by immersing an electrode in the tube for
electro-assisted discharge. The results obtained were

equivalent to those of the preceding examples.
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comprises a conductor or semiconductor substrate on
which a film is grafted by electropolymerisation, said
film being a polymef or an electrically neutral organic
5 copolymer able to complex ions, said film comprising a

- cross-linking agent.

2. Structure according to claim 1, in which the
electrically neutrai organic polymer grafted on the

10 substrate compriées: | |
- one or more identical or different functional
groups having complexing properties chos;n from among
amines, amides, ethers, carbonyls, phosphines,

phosphine oxides, thio-ethers,'disulfides, ureas, crown

15 ethers, aza crowns, “thio crowns, cryptands,
sepulcrands, podands, porphyrines, cali#arénes,
pyridines, bi-pyridines, terpyridines,' guinoleines,
compounds of orthophenantroline, naphtols, iso-
naphtols, thioureas, siderophores, antibidtics,

20 ethylene glycol, cyclodextring, and molecula:

‘structures substituted and/or functionalised from these
functional groups, and/or ' |
- one or more complexing cavities of redox lock
type. | |
25
3. Structure according to c¢laim 1, in which the

polymer -is a vinyl polymer.

4. Structure according to claim 1, in which the
30 polymer is a polymer containing a monomer chosen from

among 4-vinyl pyridine, vinyl bipyridine.
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' diferrocene.

7. Structure according to claim 1 or 3, in which

the film also contains preformed oligomers.

15 .

8. Structure accordlng to claim 1 in which the
organlc polymer film has a thickness of approx1mate1y
10 um or less.

20 9. Structure aécording to claim 1, in which the
substrate is chosen from among a plate, a strip,. a
tape, a gauze, a mesh; a wire, a bead, a powder, a
chipping and a tube.

25 10. Structure according to claims 1 or 9, in

which the substrate is formed in whole or in part of an

electric conductor or semi-conductor material.

11. Structure according to claim 1 or 10, in
30 which the substrate is in 316L stainless steel.
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electrically neutral organic copolymer, able to complex
5 ions, said electrografting being made on a conductor or
semiconductor substrate, in the presence of a cross-

linking agent.

13. Method according to claim 12, in which
10 electrografting is conducted in the presence of

preformed oligomers.

14. Method according to claim 12, in which
electrografting is conducted under the following
15 conditions:

- monomer concentration: 50 % in acetonitrile,

- pulsed electrolysis Vg, : -2.8 V (Ag'/Aqg)
. Votrr @ 0 V (ag'/Ag)
- number of pulses ton : 200 ms
20 1000 to 4000 tore 400 ms.

15. Methed for treating a liquid effluent to

extract ions from the effluent, said method compri'sing

a step to contact the effluent to be treated with a

25 structure according to any of claims 1 to 11 so that
the ions to be extracted are complexed by said

electrically neutral organic polymer film,

16. Method according to claim 15, also comprising
30 a step to expel the ions complexed by the polymer, said
expulsion being conducted by chemical or electro-

assisted means.
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17. Method according to claim 16, in which the
expulsion of the complexed ions béing made by chemical
means, it is conducted by immersing the film of organic
polymer in a solution containing a ligand having strong

affinity for the ions complexed by the film.

18. Method according to claim 16, in which the
film being a poly-4-vinyl pyridine film, the ions to be
extracted from the effluent being copper and/or zinc
ions, the expelling of the latter from the film is made
with a method using hot water, with a method using
ammonia solutions, or with a combination of these two

methods.

1s. Methmi'accofdimg to claim 16, in which thé
substrate being a conductor or semi-conductor
substrate, the organic polymer grafted on the substrate
containing one or more complexing cavities prov1ded_
with redox locks, the expulsion of the complexed ions
is made by electro-assisted means by electriéally
polarising the conductor or semi-conductor substrate

carrying the polymer film.

20. Method according to claim 15, also comprising
a substrate peeling step to remove the polymer film
which complexed the ions, optionally followed by a
depositing step to deposit a new polymer‘film on the
substrate.

21. Continuous treatment device for an effluent
to be treated comprising:
- a complexing structure according to any of

claims 1 to 10,
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- a first container intended to hold the effluent
to be treated containing the ions to be extracted,
- a second container intended to hold a solution
to expel the ions complexed by the polymer of said
5 structure, and
- means for causing saia structure to be
continuously passed, at a controlled rate, succesgsively
in the first container holding the effluent to be
treated and then in the second container holdlng the
10 solution to expel the ions .complexed by the polymer of

the complexing structure.

22. Device according to claim 21, in which the
structure is a tape with joined ends,
15

23. Device according to claim 21, in which the
complexing structure is an assembly of meshes arranged
in buckets, said‘buckets being driven by a waterwheel
system. '

20

24. Device according to claim 21, also comprising

-control means with which to adjust the speed at whlch

the structure passes through the first container then
through the second container in relation to a flow rate

25 of the effluent to be treated and/or to a concentration
of ions in the effluent to be treated and/or in
relation to the complexing and decomplexing speed of

the ions by the organic film.

30 25. Continuous treatment device for effluent to
be treated comprising:

- & complexing structure according to any of

claims 1 to 10,
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- a first container intended to hold the effluent
to be treated containing the ions to be extracted, and
- means for causing the effluent to be treated to
pass continuously; at controlled speed and from the
58 first container,.over the surface of or through said
complexing structure containing the effluent to be

treated.

26. Use of a structure according to claim 1 to

10 treat an effluent containing radiocactive ions.

27. Complexing cartridge in which a compleking

structure according to claim 1 is arranged.




