COVPLEXI NG STRUCTURE, DEVI CE AND METHOD FOR TREATI NG LI QU D EFFLUENT
Technical field The invention relates to a conplexing structure, to a

et hod for treating liquid effluent using said conplexiNﬂMHmmwwmmmﬂ, and
to a device for inplenmenting the method of the inventio

treatment methods, the nuclear industry, the desalination ofisssadt waters,
or further the netallurgy of precious netals all produce effl uent
containing toxic and/or precious ions. In the notor vehicle industry for
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saf ety of i nstedHraidadnsfigld he nuclear sector, to overcone the scaling of
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the desalination of salt waters, or further the

metallurgy of precious metals all produce effluent
containing toxic and/or precious ions.

In the motor vehicle industry for example, =zinc

10 electro-coating produces effluent containing metals or
their salts such as Zn, Co, Fe, Cr etc.. And as a
general rule, this 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 etc. ., or further for the safety of nuclear
installations.

Regarding the safety of installations in the
nuclear sector, to overcome the scaling of walls by
radiocactive 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 liguid waste discharge levels, or even
to capture toxic ions for safety purposes, most
companies which produce liquid effluent are gradually
compelled to conduct their own treatment of the waste

waters they produce. Globally, these treatments consist
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B 13620.3 EE 2 of extracting the ions fromthe effluent and endeavouring
to reduce the volunme of this effluent wuntil it is in solid form whenever
this is possible. It is to be noted that regional directives in 5 France,
as in the renmai nder of Europe, tend to | 8@wer authorized concentration
level s of sonme toxic netal ions, such as copper and chromum and tend to
limt the maxi mrum quantity of discharged waste water per square netre of
surface treated. 10 Moreover, the French M nistry of the Environnment is
currently plqﬂplngxkgdyﬂfﬁ rggglati S LhZerog %%ﬂH%g dlgﬁngrge"
by conpel i ng conpani es on dISC arge sol 1 d wast e, e [ifquidpart of
t he waste t@@m@ﬂmmg@vm@medml r vol tmer eaf meriis 1% fFiwmear t
Water treat Uni & Y; £0 | sec sever L on-concentrati ng
systens depen |t-'n1(t:11'L ulpt(s)n her?f wé (? ﬁ?ﬁe¥€¥fFE%ﬁtl?opﬁgsf$23t ed, the
concentration 20 dft iass ta the efddanianthae:t creg%aamerdif\ealﬁegcaﬁﬂation
I s obtaingd ctrodi al rever.s 0s even vapor ati on
systematlgal %rﬁ%ecgd’s %o Jtr% %?o&t?&ﬁ 5%9’(5‘ ? hlgluroé)ﬁ cort % gﬁg%s%elﬁlons
These are ei tehethomiz=d orneerdaratred isnl utlieved,s obfl essm@5 toantenteisdd t han
t he i ncom ng effl uent but_in ene ral not , neet _di rect| and, cyrrent
obj ectives of* Ztt'o SHPBC RS g&° %Fl ‘gla’F?Tb‘ﬁrﬁf <¥ra§ gl:ﬁ%‘&d f or
ion treatmenthe 3ehahdimuaxaklagt ityd Ofr eawchatgea Wlﬁlé;te neayeSel dons
arriving square metre of surface treated.

10 Moreover, the French Ministry of the Environment
is currently planning to direct regulations towards
“zero liquid discharge” by compelling companies only to
discharge solid waste, the 1liquid part of the waste

therefore being given closed circuit treatment.

15
Prior art
Water treatment units may comprise several types
of ion-concentrating systems depending upon the flow
rate of the effluent to be treated, the concentration
20 of ions in the effluent, 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 concentrated 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 may be used for ion
treatment:
30 For example:
- a ‘“precipitation” wunit: 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
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at the tank are treated in a strong base nedi um under heat and/or wth
sodi um hydroxide so as to force the B 13620.3 EE 3 precipitation of
hydr oxi des and/ or carbonates of the netal salts present. The sl udge
obtained is then drained by neans of fiBter-presses for exanple. The
residual concentrations of the cations contained in the 5 eluates depend
upon the solubility products of the hydroxides and carbonates which
precipitated in the sludge, and therefore vary according to the chem cal

nature of the. Jj ; est,) oweyv. h t e
concentratio%f%ﬁ %%e or (;%r %%Hgg%gg?gw cg/en t%ggﬁtgg%&%gr e§£ %es t hat
is to say welmetabovealiusreptrégentt hoTheeds&udgent patiadneldev elss vltheu'h are
close to 1 actlon of 1L; ltering unit _wt h it is
possi bl e tongcérleaalcl% ﬁ?o Yang=¢ Ié“F’y ?ggvfgic} egntprraet io1s ; 98P'Te SF e 1 st ens
nost frequentitesidhesdl momeﬁemtienfs onfexhbangelbﬁsi eontiiese are i ynmer
materi al s often ged in rtrid rn1throu h which_the liquid
to be puPif |e§>]€i“?"se%a ‘ﬁhlu@‘?narg unﬁ?? Ré??‘ggd RL° ‘é%'bf urf ¢ ﬁg‘ecat i ons
in the sol ut uwumdldés resp{caceatr{b@aﬂazi@sbywa&bnr PBEcipXt&L&@NSini reigener al
al kal i ne ions h as sodi un1 solutlon pbt ai ned on | eaving the ion

exchange resi %ﬁ"t e ttrlb‘?fé‘? ‘E)?—Faél’ﬁfé’t MRATOTIRA e | e 2l the

level's laid dewuky bavwarandionggulmal i @as. benGes satdted eﬂowébercaduarﬂ' dges
may be 25 either be discarded and regl aced by new cartri dge or they can

be di smount ed:1% e§BRertht etheRE nGOBRGE FF&F%O@U&F astadhg C@ﬁlF oR$, &odi um

concentr aved £OF UHCIRS €5C.ond O HURRER tn@qwapﬁuaed Iéan%o rqganer at ed
cartridges may be re-used nost often for up to ten 30 cycl es f the

cartridges ar@?‘é@eﬁé‘?&‘ﬁé‘&lb%e@‘ét]&@%lzed concentration 1evels which

are close to 1 mg/l or a fraction of mg/l;
- a filtering unit with which it is possible to
reach low and very 1low concentrations; one of the
15 systems most frequently used at present is ion exchange
resins. These are polymer materials, wmost often
packaged in cartridge form through which the ligquid 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 general alkaline ions such
as sodium Na'. The solution obtained on leaving the ion
exchange resins, after optional pH adjustment,
generally conforms to the levels laid down by laws and
regulations. Once saturated, 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 regeneration is performed locally with
minimum equipment, and other cases where the cartridges

are returned to the manufacturer for regeneration.
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cases in which regeneration is perfornmed locally with m ni num equi pnent,
and ot her cases where the cartridges are returned to the manufacturer for
regeneration. B 13620.3 EE 4 Typical regeneration of a cation exchange
resin, based on carboxylate or sulfonaté groups grafted onto a polyner,
conprises the following steps: (i) washing in water, (ii) acid washing,
optionally cyclic, to renove 5 the netal cations fromthe resin, (iii)
rinsing wwth water, (iv) cleaning with sodium hydroxide to re- acidify the

resin and rephace 1Ne-LOLONSE DYnSBR WM cdONSn E¥Inthis! PEsWH h pAILL to
re-stratify thé resin and renove excess sodi um hydroxi de. 10 These two

systens are ot dfpbaeifte Rrecigihifanaie r @iouRs a Inafigd amniteady
t hod" t t ' t i : .dpes not
met ho 0 G/ nt%wy' Ié PRLOs PREE ¥o1tiRGyil eét@é;r?é/ ?Wl@?&%ﬁlh%ﬁ’lps_ﬂg

achi eve suffivci ow ctoncentrations to ccepta 5 lon
exchange resiwatenon {he) oahad wWasihingan optcivralkly osyciien ter ywdmmve

concentratio u YA 1 fi.glen W t h lai.qui d. . i's
al ready %ar[ﬁ%yéjtltrngg?gd, tylop#%c;kﬁlg{natﬁq%eﬁ %%%l}eqﬁkanﬁlel. Tgéﬁgiége%%e
syst ens al onevadrex ,not (iatwaysleddlirguf fwiditentdodieff edtydmnxilde caro bererot ed
that in the ti.cul ar,cas f. radjoactiye_effluent derived from.he
re-treatnent %gldlnt}el ég(ré iﬁe ujé?wan\%/asfé?&filgaui%ﬁi Elflo OBt r'adt iso?:alllgn nost
of ten preferriethd,0 pvecirjnisdtigorwit esapetraticonrebepradifesthel itkasast e

that is too volym nous, npst ofte% ug@b e tp,be calcined, and |leads to a
certain nunbéP o SdNs BEFRFS tFAH FRINNF tiare to be separated, which
is a hingoance in™ess ea itkvorhi cChbysepamgat i oflréS armotbj edlguicraterdteast as

| mpor t ant asiﬁ%e Jﬁagé¥¥%ﬂ?r¥émains a “rough and ready method” to
carry out the main part of the ion recovery work, but
does not achieve sufficiently low concentrations to
meet acceptable limits.

15 Ion exchange resins, on the other hand, can
achieve low, even very low, concentrations but can only
work efficiently with 1liquid waste that is already
partly treated, by precipitation for example.

Therefore these systems alone are not always

20 sufficiently effective.

It can be noted that in the particular case of
radiocactive effluent derived from the re-treatment of
nuclear industry waste, liquid-liquid 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 separated, 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.
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30 Even if the systens based on ion exchange resins are anong the nost
frequently used today in industry, they suffer froma certain nunber of
weak points. B 13620.3 EE 5 Their action, as the nane indicates, consists
of exchangi ng ions, and hence of replackng an unwanted cation by another
which is |l ess of an encunbrance. After treatnent, the outgoing
"de-ionized" solutions 5 are highly concentrated in sodium roughly in
proportion to the concentrations of unwanted cations in the incom ng

solutions. Since I gener L ve .pr ts W I
solubility, these%&blgfggggéénho%%tﬁé(%sggééifgﬁfég%ﬁﬁ%’nnégn%g%¥grgﬂéven
t hough 10 theichawinge lLewnel, remdi ferdghofl nradiating, amt umsincad y, the

principle underlying the functioning of, ion_exchapge resin artridges is
hot sui t abl e T Fonb¥nuele*BEEr ATER A t ReBRgI AberTthg SHITEREAT e
overconme by atfitangi ngebimeener atheardut ggiisg useik - iormiepinceoliitions

saturatiop, before . .being relayed by the next carfridge. The _treatnent
capacity gf R ri g“d@i"lr emaf:ﬁ’s"gFPFrF%EB hohﬁver?oqijnu‘bart i HHEH Hue o their

size, the volgBporteinsi tto OEh&XEHAGEL B4OUSHs €bE. unkBatedzeadiony 3
installation i.s therefgre cl Ofetl_%oconnec,t ed, an even honot het.i_cal ,

i's
with the plarfié fPSRMAREe BPTEHECRF nstSHASK | ﬁﬁ.gl@}e H L he I8PEHdges of

li qui d-1iquidyierd rpebBtsi svidls §epp! i Xdv Y =efudBphiteat | e sdUtyalthRirss syst em
25 remai ns subject to a certain nupher of major constraints. The two
li quid phase$%f eRORRBRAHEES ofUditaldifoskrr f BPSEnIFE I nP¥eRbithiaugh But

this is fgt tdeidhldhline level remains high.

In addition, intrinsically, the principle
underlying the functioning of ion exchange resin
cartridges is not suitable for continuous operation.
With engineering this can be overcome by arranging

15 several cartridges 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 clogely 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 application, but this system

25 remains subject to a certain number of major
constraints.

The two liquid phases aye, 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 1is achieved at the expense of producing

relatively complicated molecular complexing structures
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criterion: the ions sequestered by the nol ecul ar 30 conpl exi ng agents nust
be nore soluble in the extracting phase than in the extracted phase. This
result is achieved at the expense of producing relatively conplicated
nol ecul ar conpl exing structures B 13620.8 EE 6 which at tinmes are only
adapted to a single type of ion. In addition, since radioactive ions are
nost often cations, and the nol ecul ar conpl exing structures used 5 for
liquid-liquid extraction being the source of electrically neutral
structures, %;j%ﬂgiéLo al constrakg} ha aIon een_the _cqg-extractign of
RESHr i

the counter-Ton enstring gl obaf &fect rf Ct9 6F7EHE XY alfed

structure, ificanly froma kinetics viewpoint, 10 so that nol ecul ar
engineering relative to.the liquid- liquid extraction nmethod concerns both
the compl exing  sTPUALHRE ity (FEIGH cERICH PHRE BYS ShERP f S CBAREPLEEHS.
However, the cit@ganceant "tald -motocel asolodhiplekitn Herudeieds ngeadhi ch

nol ecul ar _ar are direct fixed to 15 the conmpl exi ng structure which
carry carBoxyi%h e 1*%%%$TL¥§u%§tiﬁ§t5§CF68§I O5dSer -Hih.  FRBEESat Odnpt s

however bri ngitdha mipidiod, backetierhle ceneepitudfed,on gxchangeitadshareke the
production of raw materials permtting the extraction even nore conpl ex.

20 There appEAEHEBPE a FafbstlaMd alPaféed Hifer EPOFEETRGT 1R @dvelt&iSment of
new struct ur epuMtedh idmh NehshiBvey Ghebabowadmatiiconad, i sptpntagese and

with which it is possible to treaf eff]luent effectively so that ions can
be extract ed AT R THSIC B sEE t PRYY af ECUNRRKiBgLtigs VéewRRdRS e or

because {hey & erRALCHRIS A 2ROy sl Qs uLe1at 1Be dveRti 99 4Thg-pur pose
of the present invention is precisely
liquid extraction method concerns both the complexing
structure and the production of specific counter-ions.
However, the emergence of “all-in-one” solutions can be
noted, in which molecular arms are directly fixed to

15 the complexing structure which carry carboxylate
functions acting as local counter-ion. These attempts
however bring the method back to the concept of ion
exchange, and make the production of raw materials
permitting the extraction even more complex.

20 There appears to be a substantial need therefore
for the development of new structures 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 just such complexing structure which

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

The structure of the presgent invention is

characterized in that it comprises a substrate on which
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to provide just such conplexing structure which 30 overcones the
above-nenti oned drawbacks and can be used in all the above-nentioned
applications. The structure of the present invention is characterized in
that it conprises a substrate on which B713620.3 EE 7 a polyner filmis
grafted or a filmof an electrically neutral organic copolyner able to
conplex ions. According to the invention, the polyner or electrically
neutral organic copolyner grafted onto the 5 substrate may for exanple
contain one mprgoi dreL e2hm0% slihbnel dunctiengl graﬂpseﬂé%\eﬂ%aclq@' exi ng
properties chosen Trom anong am™nes, am des, hers, carbonyls

phosphi nes, mﬁisfpifﬁheoméi@e% copplyme hezlsle 'éICPsQ@me@S igneas, crown
ethers, aza crowngcddiigiP C&Bmschecry@ﬁ@@ﬂgmﬁepult@feandg 1gfae§ndsor
porphyrlnes cal i xarenes,” pyridi nes, bipyridines, terpyr 8| es,

qui nol ei nes, @ketiophexbiy r:@dautueabowgands copphyoky, grafsedapmtet he

thi oureasg | e gLy I {ri and
nol ecul ar st r%%% ures ﬁgm?}ﬁafégr%{éﬁ : ?éﬂééggngggr ﬁ'é‘))lllfr’?c1(:?L?éo(%enf’;%lq'lees%ed rom

t hese functlmexgmmps falrmi:ftarortade orgmupsconﬂme@ c aantp lessciofg r edox
| ock type. Accordi I nve tlon t he pol yner Ie be a
pol ymer COh‘pI’rI)P éﬁgl rmnoma‘f’r‘“:"e os%ﬁmfr mongzogm ﬁﬁ 4- %mh‘g?spyrl Fe vi nyl
bi pyri di ne, téaxmﬁmyms A@ﬂmm;ﬁhﬂmdsq t probplgnti orxidde, pQﬂymEHeﬁhdﬁB(N
filmof an or anlﬁg on referabl¥ has. t hi ckness Cl?ﬂpprom tely 10
gm or | ess. 1872, (We=B01 ynBFOBF oFBRRFE " copery mEr Ny be a
copol ynenoof dwdinyd, nmﬂmrawcme segudtrantbyl pmﬁmrylpai@hyrm;,h the
met hyl group of. the ester has (fen replﬁged by..a crown ether ovided with

a redox calixarenes, pyridines, ipyridines, terpyr1 ines,
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 one or more complexing
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 pyridine, wvinyl bipyridine, thiophene.
According to the invention, the polymer film or
film of an organic copolymer preferably has thickness
of approximately 10 Um 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 copolymer 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
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| ock, or a copolynmer of 4-vinyl pyridine and vinyl ferrocene or vinyl
diferrocene. 30 According to the invention, the substrate may have
different fornms, which nay for exanple be adapted to the intended use of
the structure of the invention, that is8to say to the type of effluent
treatment nethod B 13620.3 EE 8 chosen according to the present invention.
It may for exanple be chosen fromanong a plate, strip, tape, gauze,
mesh, wire, bead, powder, chipping, tube etc.. The substrate nay be forned

in whole or i&y,padd aécBEaghthQﬁdﬁﬁéohrggeﬁ m - GRNUGCTOr tﬁ%&?foﬂf it

Is partly fornmed of a con or or sem -conductor materia _ mat eri al
may be on theexamplkee beThehogiest r Eremneymdyeg n@depdhte, neseriml dagsen

according to | nt d of S re 10 4nv i on, that
is to say fcwéiﬁgibﬂﬁgggtdy%?%g ?%Q he5§€%%96f°§¥?$g§%t ?%gtggéf'nethod
chosen accordi ng tkhet Bebptestnt nawebei dormed nay Wwholexampl énbeammui r ed

to wthstand tic treat ngditi.0 acid_or _.basic pH yal.ues. for
exanpl e a%d/deﬁﬂﬁgh f%ﬁ%@%ggﬁiégg %§&+h?§nﬁﬁngmeﬁ%ﬁf%%;'Eignﬁﬁejﬁ% an
or gani ¢ mat erpattly oformeadraf auchbndscgbassromemit-alonduat cax aslex;idlhe
substrate may, rmof. a wre gau or mesh, in 316L stainless

be i he, f
steel for exal?r% la“.r‘]atlz%l?ﬁg T‘.me?ﬁi%ﬂ ‘éﬁ‘%os‘r”éf%‘f%s to a nethod for treating

liquid effluent talextsabtirane fhay e mhdet esf 2ai flat@thall egydrsi ng a
ated with a structure according to

PAOP o.com aelel 0T ELYGRL T, 00 Iegnlsd Wi g situctune aceordino,

el ectricably newdrited on pr gaAat Cc ipolty®yay fidiM example according to the
type of effluent treatment method chosen according to
the present invention. It may for example be required
to withstand drastic treatment conditions, acid or
basic pH values for example and/or high temperatures.

15 This material may for example be an organic material,
or mineral such as glass or metal.

For example, the substrate may be in the form of a
wire gauze or mesh, in 316L stainless steel for
example.

20 The invention also relates to a method for
treating liquid effluent to extract ions from the
latter, said method comprising a step to contact the
effluent to be treated with a structure according to
the invention so that the ions to be extracted are

25 complexed by said electrically neutral, 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

gtructure, on which the ions to be extracted from the
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According to the invention, in a first exanple of enbodinent, the
contacting step may be conducted by immersing the conplexing structure in
the effluent to 30 be treated. In this case, the nethod of the invention
may al so conprise a step in which the cogpl exing structure, on which the
ions to be extracted fromthe B 13620.3 EE 9 effluent are conpl exed, is
withdrawn fromthe treated effluent. According to the invention, in a
second exanpl e of enbodi nent, the contacting step may be conducted by 5

passing the effluent to be treated over or .through the conpl exi ng styucture
of the pr eserﬁgélrﬁ/eé}ﬁi%ﬁ? ,g:&mﬁ Iel,stWég:g‘FiFla?YQnt TRy ggepltfce%d:q%

circulation igEflajghtor nore cartridges in which are one or nore conpl exing
structures of the _inveniion are arranged. 10 For exanple al so, the
substrate nay be §ﬁqqﬁéﬁn%nﬁ9£ﬁﬁﬁ bﬁg%nﬂh%?'ohnmﬁiéﬁcpﬁg @5ﬁﬂﬁéﬁrﬁf

organi ¢ fil meafbddinerithverbhieoncoitgeeihgd.stddp t asy, exanptendeenéactdyng may
be made by causing the effluent to be treated to circulate inside the
duct. 15 The RASAHAE ofhe nefprEEBht tPnPeNti KRR IR AYeH CEokprrygha theep in

whi ch the i onsuradigied dPrddiirdoloer e rted i rRRAIHE 1HPUl Fn
possi bly being perfornmed by chem cal route for exanple or by electro-
assi st ed nearSXamEHe chehe c 8if flyené may fbe Slagsde be codrpulpbiend By

| er sing t he, LOMRYexinigr St ruGlirRiddl ONG, Qi € HRCOMPYLXIdIg $lMl i ons,
or by circulating one or nore deconplexing solutions on the structure of
the present 9 X1y AtEUcdiwrgst ccbndhaar LaMensionheape egamangadent i on,

gipé??inggﬁg%?iggi aI%%Q%%ﬂ%??éggggﬁﬂseggkéiHQthetQﬁ jaRQve-JiREqned
of a duct on which the complexing organic film of the
invention is grafted. In this example, contacting may
be made by causing the effluent to be treated to
circulate inside the duct.

15 The method of the present invention may also
comprise a step in which the ions complexed by the
polymer are expelled, said expulsion possibly being
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 expelling of the
complexed ions being made by chemical means, it may for

example be conducted by immersing the organic polymer
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substrate peeling step to renove the polyner filmwhich conplexed the
ions, optionally followed by a depositing step of a new polyner filmon
the substrate. 30 According to the invention, the expelling of the

conpl exed ions being nade by chem cal nmd&ns, it may for exanple be
conducted by i mersing the organic polyner B 13620.3 EE 10 filmin a
solution containing a |ligand having strong affinity for the ions conpl exed
by this film For exanple, if the filmis a filmin poly-4-vinyl pyridine,

the ions to tracted e effl 5, bei. . and/ inc
ions, the | a?ﬁé?rr%@ tl‘)ae Seé%gﬁ'élg fcr%cr)lr%atq%gtrﬁ | $n f)iﬁ rrélgti(r)\gg)o l@rresgﬁfgégnusi ng
hot water, afifdtrhdy mdhemomisa cmpilexed oy thisdhbimati on of these two

nmet hods. For exa e, the substrate being a, conductor .or 0 seni.,-canduct or
substrate, the oggjgrﬁ ce’%%rf%r bfatfet?%dflgrﬂt "t Re %E‘Bsf’f‘a?g gont &t 'ﬁg one
or nore conplgdiniinecavtheesgneovtdedenm ¢t radoxd| delom, the effidhlenmg of

t he conpl exed i.ons may for ex | e be made by el ectro- si sted neans by
el ectri cafl y PO | SSHRE She ffct A5 P eni %g"(?nd&@t%%'rersuﬁ‘?tyr a?’? whi ch

carries the polpamred ffieom the @Fridserdy wvyenti off al seedddtesihg aodevi ce
for the continuous treatnment of an effluent tqg be treated, coongrisi ng: 20

- a conpl exi MGt ruct Br e VLAY ng*19*S he 3pFESEAt  FRvEht PBA, f Pr st

cont ai ner i ntenagchdta dipldE tha £f fdwentetHoude treated containing the ions
to be extracted, - a second_ container jntended to hold a solution 25 for
expel I i ng the ion§FonpraRedepy thee PBP§RERLE! ReIRP &t SRR CANPT

10 semi-conductor substrate, the organic polymer grafted
onto the substrate containing one or more complexing
cavities provided with redox locks, the expelling of
the complexed ions may for example be made by electro-
assisted means by electrically polarising the conductor

15 or semi-conductor substrate which carries the polymer
film.

The present invention also relates to a device for
the continuous treatment of an effluent to be treated,
comprising:

20 - 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,

- 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 speed, 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.
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- means for causing said structure to pass continuously, at controlled
speed, 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 conpl exed by the pol yner of thei1 conplexing structure. B 13620.3
EE 11 According to the invention, wthin the device, the substrate of the
structure may for exanple be a tape whose ends join together, or a nesh.
If the substrate is in nesh form the structure may for exanple be 5

pl aced in the buckets of a waterwheel system In_this_.case, .the | exi ng
B ructure | o an- adGRE T TooHe sErIREEH 88 aP ShUBASPR BevRERs, 0 d
bucket s bei ngubtitiregrie byfa vl esvbectusysiam Ascoegdangleo Yaheai rmegd i on,

t he device may al so 0 gonprise a,command neans wWith_whjch it i s possible
to adjust tHEREsERAE G RO Ureri A MFETi (5t BENERRSETARA di ng
the effluent it Be theahedfdARN ithe t RersRewI¢ CRAYAI FEF, LeRGIIE Ngd or
exanpl e upon the flowrate of the effluent to he treated and/or the 15

concent r aPi oPIFCEDntR | FRehdushatifentt 1 8 petsedissd SYRIFSP: | A% &S on to

the speed of d- & COoPRE e¥iohg1aRd ngdanoR X101 BY dhes pidmsn ¢ bkl mesHese
means may for exanpl e be neans cont_rollln%t the advance rate of a tape with
two joi ned effEUGUreR PEdRRI8sht ridt | BHFRHS pasicht buskes snateifiskel

driving the fuckst By ACGHAehdO1L anpdhar. enbodi ment, the present
i nvention al so concerns a device for the continuous treatnent of effl uent

to be treated, coMEdoHdgT 260- theohpVertagnst ritke udeviceormryig alea he
present 1bnv%@ﬂﬁ¥}se a command means with which it is possible to

adjust the pass rate of the structure in the first
container holding the effluent to be treated then in
the second container, depending for example upon the
flow rate of the effluent to be treated and/or the

15 concentration of ions in the effluent to be treated
and/or in relation to the speed of ion complexing and
decomplexing by the organic film.

These means may for example be means controlling
the advance rate of a tape with two joined ends, or

20 means controlling the pass rate of a waterwheel driving
the buckets.

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
continuougly on the suxrface of or through said
complexing structure containing the effluent to be

treated.
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- afirst container intended to hold the effluent to be treated containing
the ions to be extracted, and - neans to cause the effluent to be treated,
‘at 30 controlled speed and fromthe first container, to pass continuously
on the surface of or through said conpliexing structure containing the
effluent to be treated. B 13620.3 EE 12 This system may al so conprise a
second container intended to hold a solution expelling the ions conpl exed
by the structure of the present invention, and neans to cause the

conpl exed-i on exp%l l.ing 5 sol uti on,cﬁﬁsft controll ed speed a&d from,said
second cont ai ner LHF pEEECEBNIPNURLTS GRVPRESEUA BRI oF ORERAEESh sai d
COWD: exi ng stimt&Endes t ?téﬁgmell(r?a_t €at hgslugabtit | cakpémitr{a_:j sbﬂleai caonad _
conpl exi ng structure of the invention may for exanple he arrgnged in a
single cart UGS nP¥edSl SEYBREPESI % &;‘Ff eﬁ”é"rﬁ@ntcaFFP’FEP&éQ%'

Di fferent compleXi Rgafikl UCEHr €T aA@ROr dtRE  tdbriglaestdy.eidn Onefpe1alise be
used in different  cartridges. The_cartridges nay remain fixed, and the 15
ef fl uent and S8LPHYGhg 88 UEPBRTREY SFasEPEFEr P SHRM ad@ it &§E°CPRFough

the structureodeiididred 8syddy i 88neinhiBRsPyEeANt thaV @Rlrif@keThes Pogsent
invention particularly relates to a 20 conplexing structure and to a

net hod usi ng iRkt paddurecmplexbng e st usiiiac et oot gsigiptThéhis
structure corgyjg8%f Substrate and an organic coating deposited in film
form preferably thin film The coating is a polymer which is able to
conpl ex ions, 25 da i &hdsi ndpyicecul ar;cemplexingn shacketiee r &fi nghe

conpl exi pg i%;R&ﬂﬂHﬁﬁ?dngg-angCheﬁgﬂBESd Bglugfrgﬁged in a single
cartridge or in several identical or different

cartridges. Different complexing structures according

to the invention may also be wused in different

cartridges. The cartridges may remain fixed, and the

15 effluent and expelling solution may pass over the

surface of or through the structure.

Detailed description of the present invention

The present invention particularly relates to a

20 complexing structure and to a method using said
structure. It concerns surface complexing. The
structure comprises a substrate and an organic coating
deposited in film form, preferably thin film. The
coating is a polymer which is able to complex ions,

25 cations in particular; unlike ion exchange resins,
complexing 1s conducted on a much reduced volume of
matter, equivalent 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..
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matter, equivalent to the sumof the surface area treated by the thickness
of deposited polyner film The thicknesses under consideration are in
‘general ten 30 micronmetres or less. In order to increase the quantity of
pol ymer per surface unit, the polyner may for exanple be deposited on

di vided substrate surfaces: gauze, fine nmesh, beads, chippings, powders,
etc.. B 13620.3 EE 13 By using stainless steel nesh for exanple, and by
varying the nunber of wires per surface unit, 2.54 cm (1 inch) for .
exanpl e, an object . is obtained.able to,_ conmprise an actual.surface,area of
2 few dozen cne BhatStiB BreHRLRSS ASEERLals Hurkier BFlHYant 2585 B
connecti on wivdryirde the aumbetrhidE fwlipesfl peie suwPidé ounate ets4 @nt h

bel ow. The conpl exi terial is made ingg%ral with a .10 car%'er, t he
substrate, and cARCPhertior EXBEPIRel 137 RERECEd FBCREAIRAY FBFSetml e by

peel ing, | MeicigWise exi agkt08]l 606FA8e @ifea UH Saavekds dsHbhesm® of
differential solubility inherent in phase transfer for Iliquid-liquid
extraction, &% 9% ePEngef-ated probl ems 15 with ion exchange resins. The

progress achi eved g ncett€fi® AimbBardldfNhdntcaad exhngonBetanee wiksi m | ar
to that achieved a few decades ago when honogeneous, catalysis or phase

transfer cat &I8&ieSYaré Rayrhidt hblBr 8feddSusi RERRE IR saren S¢tef Bith ne
above, by 20 liigg nating the problem of extraction and co-extraction of
the counter-ion, as in liquid-liquid extraction, it has become possible to
work with el ectri ddle ycaepleaindetatR¥ing 46r Ueade esntegralhevétbre to

S\e/gic(rji LZ%H{ Ri : eri%égi,fio\t/tmﬁ%t i QuBEtEAEﬁ,eX&Y@n%{h t¥RErefBire Wil Nfsi1dp
handled meché%iigfg;agoi'example by peeling, immersing,
extracting, rinsing, etc.. This avoids problems of
differential solubility inherent in phase transfer for
ligquid-liguid extraction, or filtering-related problems

15 with ion exchange resins. The progress achieved 1in
terms of handling the complexing substance is similar
to that achieved a few decades ago when homogeneous
catalysis or phase transfer catalysis gave way to
heterogeneous catalysis. In view of the above, by

20 eliminating the problem of extraction and co-extraction
of the counter-ion, as in liquid-liquid extraction, it
has become possible to work with electrically neutral
extracting structures, and therefore to avoid 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 solution 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
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When using a tape substrate according to the invention, the volunme of the
conpl exi ng polyner on the tape may be | ow on account of the thin thickness
of the film and polynmer inpregnation both by the solution to 30 be
treated, or solution to be purified, and4by the film regeneration solution
during the ion expelling step wll be rapid. In other words, the

conpl exing and the deconplexing tines are short, which nakes it possible B
13620.3 EE 14 to set up a tape advance system using tape coated with

conpl exi ng polyner, in whjch a_wirgin conplexing zone is_brought .opposite
the sol uti on%f% (YRt e ?pSnadivﬁg‘c i F%q;[el% b a%%c%oggggdwﬁsgan
adj ust abl e pacapdiesing twolgwedr yainalwlei di ow wdtre ine qeomphenat g azdher

' ti f |l ut] ' . n which th d of t
s Tor exampié PSR (RRIFLIE of 19 ASILEIEE A BF rHieA ora cofBdntPat | on.

In this respeéiich hesysirMadfaide spwedtionahasagusbabe pagaskteli n
conplexing 10 filnms grafted onto substrate surfaces, islbgyl e to respond to

a conpr ehensitfe MefifgeVd¥ 1P bsy £APWs TRt FRIVIERRSRE § 02 B/ ABdVAE¥ASunl i ke

current syst @hdehtWaitGlbnd R W UNE: g r 8shd, | $n heRRERetheakpwietih offl ow
rate. Wth this systemit _is p055|ble,E%aV|ng regard to 15 a nesh
substrate foRo¥eaRHte, 18 of PANBRABPLE e 2a Sd@Vicc & Wi on Phpar Bpasured

conti nuousl vty ML dhdBas o, fAPEnIRIBeEpantt hene BBghen coated
wi th conplexing polynmer. This tape, whose ends neet, nay be inmersed at a

/ . p . :
gi ven site i Pft HheoRBvEDS 108 HagrA i PRedhihdusat of Xhimr CREPIEXI®T in the

deconpl ei ng ¢ 9GaNeLAifpR S Ol subBkde d { ol L 0 she agalaiticgn to be
purified. Wereas for ion exchange resins, a m ninmm vol une of

regener at i on rssPEN%otNerdsonprbbensétec sanasp aridi hkowt sathe valtheeitneeded
for wetting %E%fﬁ&'é&“ﬂéo&ohﬁfied, unlike current systems in which

the volume of resin is homothetical with flow rate.
With this system it is possible, having regard to
15 a mesh substrate for example, to manufacture a device
able to operate continuously: for example by means of a
tape made from these meshes coated with complexing
polymer. This tape, whose ends meet, may be immersed at
a given site in the solution to be purified 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 according to the
invention is practically nil; only a small volume is
sufficient in which the tape is immersed centimetre by
centimetre. The immergion 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 posgsible to achieve considerable gains in the

ratio between the volume of effluent treated and the

B 13620.3 EE



25 resin, the volune required for expelling the ions fromthe tape and for
tape regeneration according to the invention is practically nil; only a
small volune is sufficient in which the tape is imrersed centinetre by
centinetre. The imrersion tinme may be dil&tated solely 30 by the speed of
deconpl exi ng and rate of novenent of the tape. Wth the nmethod using the
present invention, it is possible to achieve considerable gains in the
rati o between the volume of effluent treated and the B 13620.3 EE 15 vol une

of recovery solutions.relative to_the t hod ich use jon exchange
resins. The B’ro Sent ?ﬁverrﬁc‘ioc}'ﬁera}f sgogﬁﬁglggg t eJt%\ée]lY:%pt Qr eth%f “}?3-1}}10 I ng
organi ¢ nol ewHieh hse hirgreafdlethde |1esind. This i s anot her enbodi ment of

the invention sin solely the,chenjcal structure of the noner used to
D oduce the pol ymaie Bredent o iiveah on, 316t Attt e U5 | ERf, Camire
i nvention pr@f dgsllieingorofil exmbgeandeexisy | ithg adgafoédf @ilngn 10

exchange. It concer,ns conpl exin Si el ectrj call ,neutral structures.
The pol ymer leﬁ'ilr'r"B d€ed MEERSH n%“&’(ﬁ"ﬁ%@rﬁtﬂvé’rﬁ i (’J'ﬁ‘eyarléw(%’ttdi%d 6
mononers or AR Cahty dHRIMiIIRll COtriBHAREl Sof abhe hdrMdr €sk@ns Py
form ng dative bonds. 15 The nononers used to_produce the conplexing filns

of the presemTIINFE R RPRIETRH ek iTPPHrt§€ular in relation to the

desired functionalidd egtohictite ROt yHRle fprakanef tAd aixihe PHstilL, in
its end state. These nononers preferably conprise at_|east two 20 of the

fol | owi ng furf@4 ord&m t icePIEXingi 1and) ©FPediiftkr i omto- F6Iy medse;
(1) cappgl teddhaavey i IdiMddenal PHROMP CRTRIEX G TR 1RG1113F
structure; (1i1) cCapacity to convey a functional group or an

neutral structures.

The polymer films used according to the invention
are obtained from monomers or electrically neutral co-
monomers, able to capture ions by forming dative bonds.

15 The monomers used to produce the complexing films
of the present invention are determined in particular
in relation to the desired functionalities of the
polymer film grafted on the substrate, in its end
state. These monomers preferably comprise at least two

20 of the following functionalities: (i) ability to
polymerise or co-polymerise; (ii) capacity to convey a
functional group or a complexing molecular structure;
(iii) capacity to 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 1is 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 wunsaturated
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expel l'ing nol ecul ar structure. 25 The nononers under consi deration may
schematically be nmade up of the three follow ng potential functionalities
or separate "nodul es” as follows: 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 double bonds or an
unsaturated cycle, and an electro-attractive group or el ectro-donor group
enabling el ectronic activation of the unsaturated B 13620.3 EE 16

polynerising Far h e tr .0 be fully
aprotic vinyl HS%P%Ef§J¥£%%ﬂ$9 t%gg V$H§ car 8%%%5 gPég%?%iﬁﬁl n’for
exanpl e an itisdeatmayg benﬁhlbglymmotubwmunylrmunmhemsfnn whaahlah@ such

as descri bed b Lebr n. G ,De g ﬂ i ecay Surface
Coat i ngs Techﬁ Ydyy, Fﬁbl,lﬁ74 a?i@ ByPHH: %?hyl {Sﬁrcﬂ FylSfitrile
such as desmméumkdnngivfnyiapolgmekecawminyz peidike fbbnememplh

Del hal | e, _Lan ir, d 267, 1%9%% ethyl 10 acrylate nmet hyl g a%JyIate
such as désc 35 deFehihe n€ 5 £ 5D Riby efrbelV 1 8498 C et c.

for anode el a@d=8pra yNehi $AlrfAte f@&@t§ﬁg§eﬂ‘@aﬂ1n‘dlﬁz\dy, MDOONED S, i m7ahi ch
the vinyl carhpon is nucIeQ hilic (insulating vi % gglﬁgers N—vrnyl
pyrrolidone s &g 152083 ilhedPBYIBINEeon 4T Bt ThH

Deni au, P. \ﬁe@or:MecDengﬂnC@SCm)enfau]—eg@ay Ldcalehhal be, wrielJourmal of
Pol ymer Science A, 32 51 (1994 or conjugate nononers such as

conduct or polBEREHEO, ¢t rﬂﬁ%ﬂ? %ﬁwl Pﬁ@gmH}Frol% efd. . (FR92hol whilsati on
20 by chepi cglc A, t h{%%ehf@y n{&lﬁi&}}]}éﬁ% ofs ] YR  deheiheyePbtigi ned by

cationic, anionic or radical neans, ol yet hyl ene gl ycol for exanple such
as descrlbedﬁﬁFHCh patent n° 98 14351 of 16 November 1998, etc.
for anode electropolymerisation, reverse demand vinyl
monomers in which the wvinyl carbon is nucleophilic
(insulating vinyl polymers: N-vinyl pyrrolidone 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 (199%4), or
conjugate monomers such as conductor polymers:
thiophene, aniline, pyrrole, etc.. 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. Xamenev, V.M. Shkinev, K.E. Geckeler, in
Analytica Chemica Acta, 404, 231 (2000), N-vinyl
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K. Gogova, |. Zuskova, E. Tesarova, B. Gas,in Journal of Chromatography
A., 838, 101 (1999). It is to be 25 noted that this polynerisation nodul e
may itself have conplexing properties (4-vinyl pyridine such as described
by C. Lebrun, G Deniau, P. Viel, G Ledayon, in Surface Coatings

Technol ogy, 100-101, 474 (1998), 2- vinyl pyridine, ethylene-imne such as
descri bed by 30 A |.Kokorin, A A Pridantsev, in Zhurnal Fizicheskoi

Khimi, 71, 2171 (1997) and by E. A CBipova V. E. Sladkov A l. Kanenev

V.M Shklnev ckel er ca.Acta 000)
Nyl B LSBT LSS Sheh) PaodEistirdy Bkl rethay it tinkE W e,
G Lecayon, EEcdynmau GP. MeriauM Defryneéschm, GDeﬂnayuﬂachh Deg hal | e,
in Journal of Po 551 not have these
properties 5 & %’s QCr;ﬂ g{%\atlﬁel'e r?‘retl"ﬂgf orﬂ r??%ymeﬁ:épﬁéll RfCcH* may be
intended to 2 funebilonaldsed subsequeniyy nby alaxﬁ@nphegeng:xs:tgemttwe, or
to be the_co-nonomer of a_. structure with anoiher Qoner

functi onaPi se¥HC aﬁo@crﬂﬁﬁgqtqﬁ%ﬂWmF?EPEﬁEX Pyt FEh %IOW@tﬁgg AﬁFdetlona

group havi ng gBfPbeXxiAdeRHRRE aSe | Puné€SHRE1 1864t BEbsaklaAS19f vynter est
for exanple. This group may concern any neutral nolecular structure

permitting cAYEN LHHRY eBEFRCHIRR: | 9T 0t2ayPt et uFESTORATPHY PF e

doubl ets, thejghaf@uLONLALAI RGJIUHR rl I SWGHEF N %ﬁ@tﬂle’i:r GARTE ALY 1 suld phur
atons or oxygen atons. Anines, am des for exanp e conme under this |ist

and crown et ¥ $iQfuchi e HhoRaviRs cPeBRbeBiNg af URCt IGRFun| cova, D.

Kani anskyg K. Korsﬁlkﬁ){r?ctz]&&'éf%r&p QBGQH%" %%@:E'&Yclﬁ @@%pe%@f‘ie(sl%%) (b)
Y.C. Shi, J.S. 20 Fritz, Ibid., 671, 429 994), aza Crowns, thio crowns,

crypt ands séfﬁﬁRﬁ%‘-hd@f ﬁé}%n§§t196§pfﬂ/ﬁl h@§er§§€—h fayr example This
group may concern any neutral molecular structure

permitting cation complexing, that is to say structures
having free doublets, therefore containing non-
15 guaternised nitrogen atoms, sulphur atoms or oxygen
atoms. Amines, amides for example come under this list
and crown ethers such as those described by (a) E.
Simunicova, D. Kaniansky, K. Korsikova, Journal of
Chromatography A, 665, 203 (1994), (b) Y.C. shi, J.8.
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 Biokhimiva (Moscow), 64, 949
(1999), calixarenes, pyridines such as those described
25 by C. Lebrun, G. Deniau, P. Viel, G. Lécayon, 1in
Surface Coatings Technology, 100-101, 474 (1998) ;
bipyridines, guinoleines, 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 siderophores: enterobactine,
desferrichrome, desferrioxammine B, etc.. or synthetic

siderophores: N,N-bis (2-hydroxyethyl) glycine, 2,3-
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those described by A V. Udal'tsov, A A Churin, KN Tinofeev, Y.V.

Koval ev, in Biokhimya (Mscow), 64, 949 (1999), calixarenes, pyridines
such as those described 25 by C. Lebrun, G Deniau, P. Viel, G Lecayon, in
Surface Coatings Technol ogy, 100-101, 4744 (1998); bipyridines,

qui nol ei nes, conpounds of ortho- phenanthroline, naphtols, iso-naphtols,

t hi oureas such as those described by A V. Udal'tsov, A A Churin, K N 30
Ti mof eev, Y.V. Koval ev, in Biokhimya, (Mscow, 64, 949 (1999), natural

si derophores: _enterobactine, .desferrichrome, desferrioxamyne B, etc.. or
syntheti o SiiaPHREs DIRACHI YO AR dr SEFEFTPATIG nacisl 3e5Cta620. 3 EE
18 di hydroxy figizodtdl o] nest ety draxaeilc, adydleidextrimnt iskicot | 6%,

et hyl ene glycaql, cyclodextrins _such as those described bé J.F. Bergam ni,
M Bel abbas,  MROSfuidfscribeti wiehJ-F - Bergaditel k. M BfddebesingM5 P. C

Lacase, in Jguiali of &£l egbroanal ytrcel Guesisixy, k482, chabel20Q0), and

nol ecul ar _structures substituted and/or functionalised fromthese
structure8. & {Unck3eats  gtBupoersali A§ Bxparsranadivtirel EHAPILSEEY i on, so

as to regenergif thesCapidfd SihRd mbleSHahr DlAGH @Fed OCkSsrakedescri bed
for exanple by (a) P.L. Boulas, M Gonez-Kaifer, L. Echegoyen, in

Angewandt e CHEW/CT |fHngtH@naohgeddi 1orothesEmfirertursy, 216 (1998); (b)
A E. Kaifer, S. d i Si - Chem s Vol .
1, Eds. 15 J.L. X’?{;\DO thept fbnad THEC .D‘?’ﬁi}%ﬁ‘f‘ﬁor/,gkﬁﬂ%/gé?| oor Ptetrlh)gé,armn,
Oxford (1996)complexEd - I8R; (9 @sDtcBeregendrate Gihe @prtuhesitien

n Or gandneial T oo AetEIAE 0GR, 4E7, sepe A FE ) YanBh ey, () U
Pol yhedron, B5(118), B?n3agl996), Tiesezd&aidewds, L. Echegoyen, in
Angewandte Chemie, International Edition in English,
37, 216 (1998); (b) A.E. Kaifer, 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 (1996); (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
electrochemically 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

B 13620.3 EE



al so called "redox | ocks" are used to produce self- regenerating conpl exing
cavities, that can be electrochemcally piloted, and may be used as basic
modul es for ultra-selective and ultra-sensitive 25 el ectrocheni cal sensors
of ions in solution. The inventors recamend their use here not for
analytical purposes but for the purpose of producing self- regenerating
conpl exing and expelling sites for the treatnent of liquid effluent. 30 It
is to be noted that sone non-functionalised neutral nononers, that is to

say only compLj.si t o) [ | coodul e have.intrinsic

conpl exi ng ng?ggggtFégsu*ﬁi%grgeﬁﬁgaéggeb?bgﬂegﬁﬁﬁﬁ§¥MA?h Q?QFEVV *13620. 3
EE 19 pyri di ¥eedyclt asLéesgonbednbysu@fadmbramgt tigdeneahnoPogyVi aloo-G
Lecayon, in r.f ace ati chnol ogy, 0-..101, 474 .(1998), w.th_2-vinyl
pyridine, vi 3&1' bi ByFi di Kg,gggﬁroph‘%hg‘?( et%. VL | s Y, e ndengt
essenti al tobipywide richem vihidplenaddi etanal qanpliexi nghefeansteonabitt y.

G obal ly, _the polyners likely to be used.in the resent _invention are

Lher of of &% t GBI dTErSe (ToRT{ Rt BLBUeATRCLRREE] SRIPLSEIRS

mononers, or flunemibhaflungt. onal i sed nonomers, or froma mixture i.e. co-
pol ymer of nnnoneraﬁ&ngtion lised with nop- functionalised noponers. The
¥t ai

pol ymer or co- pol {€P3 g PR YMESS flieetVindequetit MFefunt®i SR8 i sed

by cheni cal preaeatf OinexaPDbE, alr@ UriépéE6te f ¥RelieONsHelHi ik cl jhad L 0 be
protected for.  exanple at_the tinme of polynerisation; silylation of OHs for

anionic el edtiC8poFHfer fRAYEorfoRT RUNCEpR] b i SINPIHAES be APadEXeR t he
monomer s; @nd/QkhctGemEMNYERT SmbabRkesSYnbhesiomf at hei foReger; and/ eh_co-

polymer of monomers functionalised with non-
functionalised monomers. The polymer or co-polymer
obtained may itself be subsequently functionalised by
chemical means for example, to unprotect functions

15 which had to be protected for example at the time of
polymerisation; silylation of OHs for anionic
electropolymerisation, etc..

Functionalising 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 ox
already formed copolymer.

Contrary to the case with ion exchange resins, the
counter groups of these neutral polymers or copolymers
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 (CO0O)
or sulfonate groups (S0;°) for cations, and ammonium
groups (-NH;") for anions, which cannot exist in the
free state, and are therefore always accompanied by a

30 counter-ion: either the regeneration ions, sodium for
example for cation resins, or undesirable ions present

in the solution.
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20 nononer, or by chem cal reaction on the polyner or already fornmed
copolyner. Contrary to the case with ion exchange resins, the counter
groups of these neutral polyners or copolynmers exist in the free state.
Wth ion exchange resins the 25 groups @ ch capture the cations are
electrically charged: these are nost often carboxylic groups (COO) or
sul fonate groups (S03") for cations, and ammoni um groups (-NH3") for

ani ons, which cannot exist in the free state, and are therefore al ways
acconpani ed by a cqunter-ion Lt her the regeneration odi um f or
exanpl e for catioﬁfonre FhsC2oF ﬁft'rdg Cr ﬁﬁeés"‘lrbths%b "eﬁ?n’l Fh? g'ém\?tr ion. B
13620. 3 EE 2Gdsenidlsy caset Obet e quitasenil iynvenit 04l . t hRe pahyiei razgsenbl y
nmust be el ectricall utrald ge undesi rabl e |ons gre tragﬁﬁd t he
conpl exi ng pdﬂﬂ?eragﬁd HrdRe TAE | OAP e’é%ﬁ‘?l T but
t hey are not @u:ﬂﬁﬁczedzbiysacfwmﬁdlmaylmm themef BUuE ahewt hele oot i ON

capture and not i o xchan the |ons capture b t he conpl exi ng pol yner
may then B Cé?}ief Xmagﬁ?éheﬁoljy%r Ty Jt‘°hetb§¥F58§em@a afESEr iYed

bel ow, in a 1miﬁfbéﬁlﬂkh§édaﬂe| Hee Ilenv\/ra;@dhatrrgeunﬂ@iaﬁéecagaﬁreeebylo

concentrat ed. Expulsion may be made by chemcal_ neans or electrically
assi sted mearfdi® SEQRPALXHBEhRRLRSE t RaYefdlan bee c fPedd fBomeHE the

ions from t he,LIGpRlEXi BY POAY MR iQRGE hEgYs IRIigLfeBetaRrtured igh the
polymer. By chenical means: the polymer filmis imersed in a solution

cont ai ni ng a Migandedavedgvalvaey i gﬂhlelrlf thiet yarfdgsirablensonrgnmgitexed in
the filmoWtdy ey Vinyl pyridine filmfor exanple, the copper or

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
15 have been captured in the polymer.
By chemical means: the polymer film is immersed in
a solution containing a 1ligand having a very high
affinity for the ions complexed in the film. With a
poly-4-vinyl pyridine film for example, the copper or
20 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
25 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
30 of treated effluent and the volume of the corresponding
discharge solution. If this chemical method uses a

similar discharge solution to the above-mentioned
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20 zinc cations may be easily expelled fromthe film for exanple by
treatnent with hot water, amonia solutions (NH3) or a conbination of both -
‘met hods. As explained in the applied exanples below, the copper ions
becone | ess easily expellable the noregthe recovery solution 25 becones
concentrated in copper ions. A concentration threshold exists, beyond
whi ch the ions can no |longer be expelled fromthe polynmer film it is
evidently of interest that this concentration should be as high as

possi ble so as to .increase the ratio between the vol une,K 30 of Lre%hed
ef fl uent and *EFENEYFTe oF e h&OdeMess pbndF U ideSc e 18EFaRFaRAILY this

chem cal met lFae USRS dha¥l MHoYe HC AT Goors AxHAHYyd orddih above- nentioned B
13620. 3 EE 21 techniques, the volunmes it requires are intrinsically far

less than those f&P¥an $ATR R hang® rddith. FBEheRanmfe, T3Ft hBTRECRS of
the present jnRpe@RiicR) WHiER USESs adl apgpeoatste tlyidnl ayeri ffer Sof

conpl exi ng pol yner, whereas for the ion exchange resin a m ni fum vol une of
regener at¥ ng CEBPHERGAT LI BRMRT edWheberesFORdItRE t¥P1 hexcbruge HEEd8d to
wet the entige n{@Shilm BEue’ &WICLELENYPLUTRgNERARL ild) exXPelel,i§ re@ns
fromthe tape and to regenerate the Tape Is practically 10 nil:"in fact a
smal | vol une corregpongiiang ta WwWhechveohemet geedes | ppewedd Hemt embire by
centinmetre. LIg@Lsi t] ' ' e pEﬁQE f C l.exi ng
and the tape aéﬁﬁng%“?a%gfeﬂgcgpg%t?gg @%ig§$¥$%ﬂﬁéf a co%oF%%e?gpFIn1nay
for 15 exanflrenbehes cdprisAnd graf tegenarabe chhehbaper dst practicaddsr may
be net hyl ,ne cryil _at ) functi | Se N I n
whi ch th%one%%%' %ﬁifﬁé%ﬁgiﬁggggtggsﬁg? gg%#%%ﬁ)é&é§€g§gg$%%8an%ggwﬁr
provi ded wit lraptes iedoxmiexcked Thenprimetinel ebys cEniplnetre. Immersion

time is only dictated by the speed of decomplexing and

the tape advance rate.
By electrochemical route: a copolymer f£ilm may for

15 example be previously grafted in which the structure
monomer may be methyl methacrylate (MMA), and 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 ig simple:

20 the lock is an oxidizable or reducible group, therefore
having at least one redox potential (E°). It is Jjoined
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 1lock, which is
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 completed, 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 1long as the lock 1s positively
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20 the lock is an oxidizable or reducible group, therefore having at |east
one redox potential (E). It is joined by a covalent bond or bonds to the
‘conpl exing cavity, a crown ether for exanple, so that the |ock/cavity
centre distance is a few Angstrons. 252 the exanple of an oxidizable
lock, which is neural in the reduced state, positively charged in the
OX|d|zed state: in the reduced state (E<E), the conplexing cavity is
“open" and is able to capture a cation Once conplexing is conpleted, the
redox | ock 30.(E>E di,zed: the laock is RASI itiv é [ ed a
therefore co ﬁ%?é&qug? ¥ Y%e88XU%ﬁ1+%c& &d TH iﬂi cgg B&l
oxi di zed- | ockdanas ] e red eehmstyati@ “k:&p:uleﬁj"onanchrcaamdtongapSutée droek is

t | B 13620. 3 22 cha that i i, t d f
EOCRI R B Rty PRee - ERes atiaﬂd?éahﬁafe?&%ﬁryu'r’% 4B Porsrhi e

the cation isreipel!€d, the ireduessi bt €rh Oofr eher Nddk t (E<Eeflueed f0ten of
the | ock E<5#bto make, 5 electrlcally neutral once agaln and al | ow t he

cavity I?%@%F?%ﬁ? ??Hﬁralmﬂﬁ?etﬁgabPeéﬁﬁtalﬁ@@hﬁhﬁ1caﬁﬂﬂéntage

can be taken 4 WBhpRek a8t fhRehet NEinEOMBhAEEKNEHRO renlts ittt dd | m
grafted onto a, surface: if a_nmetal surface is use S eas¥ to 10 pi | ot
h

the oxi dati orPMBREHT t B o&ies, ?ﬁk%ﬂechP@alﬁﬁe[Kﬁ%ﬁ?SlﬁQa e th al

surface carryidgpidieidd | fB&Jf SO XN Nely M1 U At sl fdries tp cause
opening of the cavities E<E) when the tape passes through the conplexing

bath, and theﬁ‘%rfcqct%i ndfwi 2 hmetgdl | fugipaeo 5 vReddi s%:tharJ@e ®AeH (tESE)
Wit h, thigotyns ﬁé‘o&ld% é’:‘FISéE’QtéSoECEh‘éV%cht heyt etl{)é% &Pl1AN
chem cal reagent at soever e same type of result Can tal ned by
polarising the metal surface carrying the f11m of
complexing polymer. It then suffices to cause opening
of the cavities (E<E°) when the tape passes through the
complexing bath, and their closing with expelling 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 complexing 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 1in

neutral form in the reduced state, cations, or in
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produci ng a copol yner in which the conpl exing functions 20 and the
expelling functions are separate, that is to say are carried by different
co-nononer nolecules. It is for exanple possible to produce a film by co-
pol ynmerising 4-vinyl pyridine, for the @splexing function, with vinyl
ferrocene or vinyl diferrocene for 25 the expelling function. Several
pyridine cycles being necessary for conplexing a cation, the relative
concentration of the two co-nononers nust be adjusted to equilibrate the

possi bl 6. 30 LT BE bl ERE SOMONAE G157 A cBrml ERRGeC dftet i on

previously cidied vedlicedysteadex gmlmplsexns&nngqyl nlehargeﬂ 6nts fuzed i n t he
oxi di zed state and If neutral formJin the reduced state %tlons or in B

13620. 3 EE 2F5heTRPRI SFHPP PRPPAE o fich B R 1ie A VALV FSFFEFE the

reduced stat eas aexpeslink VioybmdB; Crimmnmayi Sbelseféce?@aa@frptexm@e manoner
for exanple, and vinyl ferrocene as expelling nononer Ig&y be necessary

to use a B st¥UMIUrHS erFEIHOMTRAMELuc U vidly | Pyt rPéf ne

acrylonitril %.cf:.%flc&i(ﬁﬁﬂiléb Eerprexsipl d het ki @Qbm@%eOftheDOkyﬁEtﬁ.&at iogn and
f|In1construct|on %g 18-cr &S and vin ferrocene haV|n%_vqun|nous

count er gr oufRCLYReE A tRR cangs I“S/rﬁ‘é?ril%talf ‘Eﬁ'}l%y Kan¥i ok 8-CHW& Care 10
used al one. Sgie oanymesz%ﬁ%wﬂes HEV%M?t %smﬁnl%@ cHRhYERT igvhigy) are

further discussed in the appli exanples given bel ow. The sane type of
reasoni ng apptheskirethes ysé @leﬁﬁéaﬁépécmaéﬁ RavsiPesiEn&BRYngX@pt ur e

of aniongy as;sdd 4eske! b%@m@ d) t Re b §%§Ect§ \é!f %thé&% Bletcher,
T.J. War, Polyhedron, 15(18), 2983 (1996); (b) Beer, AR’ Graydon,

AOM Johnscpplxmq¢1§§ﬁ1¢p qre further dlscussed in the applie
examples given below.

The same type of reasoning applies to the use of

supra-molecular cavities enabling capture of anions, as

15 described by (a) P.D. Beer, S.W. Dent, N.C. Fletcher,

T.J. Wear, Polyhedron, 15(18), 2983 (1996); (b) P.D.

Beer, A.R. Graydon, A.0.M. Johnson, D.K. Smith, in

Inorganic Chemistry, 36, 2112 (19897) ; (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 (1999).

The literature mentions their performance for

25 analytical purposes, for the detection of anions in

very small quantities. 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
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| norgani ¢ Chem stry, 36, 2112 (1997); (c) J.E. Kingston, L. Ashford, P.D.
Beer, MG B. Draw, in 20 Journal of the Chem cal Society, Dalton
‘Transactions, 251 (1999); (d) P.D. Beer, Accounts on Chenical Research,
31, 71, (1998); (e) V.B. Arion, P.D. Begy, MGB. Drew, P. Hopkins,

Pol yhedron, 18, 451 (1999). The literature nentions their performance for
25 anal ytical purposes, for the detection of anions in very small
guantities. Under the present invention, the inventors reconmend their use

for sequestering _and expelling_undesirahle anions in selective manner such
as chromat es CHHRYSAt e3TIRRLC . MOPP CRaRPng- AR NTLREEG I3 W PR he Thol yrrer
filmchem caljlyy ghatbedrentRssiyl f a6 prdy&aMgragasan N ke BB saPp! i ed
to the use of supra-nolecular cavities enabling™the capture of nore B
13620. 3 EE 2&a&d:fp|eonaigiani et nehec @fed tishaap maneanesrs onks afermed| of i s
therefore possiyz£ ﬁ%@ fi.ed, fj . bast oger.s. Qf, one of
its co-m)nome%?s, 'sél&)c?grre o?l%&l\sk)ﬁ?u%{é?}f%na??gé @éigcg?/gl 0 g?t (r&lsn

mol ecul e SucllessBihgsk &y bbdF byBerFamBef gdfi nBelabbisl aMbadouinijo&i.ni, S.

Aei yach, J.Cgpdy i X, Kel . 1 q—ChiI@g _Pg Laeaze, qu&nah %f
El ect r oanal ytp? cg}lgc%{esztry, 487 156 {200 Fcand mol'ecul ar Structur es
substituted sitpmmal fuatti dHdadsehrialghidelse Shemdsbrys f o¥82xamilsé. 10
QO her charactgey st cs res i i;on_wd/l becone
apparent on r(gzerad I r%d tﬁgﬁjf g\%ﬁ%v%\nhﬁgﬁxg&ﬁ}%gugﬁﬁ a%g%ﬁgg\é%f@'iteéiﬁr ea\g.d/ghort
description dfurtdie driaguirsesl rom Rilgaee st rmsctairess ool nexaigle ned with an
b 'S'u‘r’fsgfggeo;’“;' foidar il chxgééaé’ée%ié’é}/?sf' MPY a8L85LLGRE YIBET SgEon on
present invention will become apparent on reading the

following examples and appended figures.

Short description of the figures

15 - Figure 1 1is a recording obtained with an
oscilloscope during synthesis of a P4VP £film by
electropolymerisation on the surface of a metallized
glass strip,

- Figure 2 A shows two global spectra before (top

20 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 b) 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,
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glass strip, - Figure 2 A shows two gl obal spectra before (top 20 figure
a), and after (bottomfigure b) the conplexing of copper in a copper
‘solution using P4VP film - Figure 2B shows an enl argenent of the two

gl obal spectra in figure 2A respectiveRp, at the region around 1600cm 1,
before (top figure a) and after (bottomfigure 25 b) the conpl exi ng of
‘copper in a copper solution by P4VP film - Figure 3 A shows an | RRAS
spectrumgiving the results recorded in relation to tinme at the infrared

bands (IR) of perd@T@dygj4t§h59§pkﬁ¥égtﬂkﬁ%ﬁ”ﬁ?eé@%a 3918sP4YRikE M
I mersed in 15 ng/l coOpper solution, - Figure 3 shows the proportion of

conpl exed cEFeAtment Mk dhe rbide hef stire apteaerhsiBVENRRAB Wakés hotn
relation 1o agRns! oly tifE QEPPé)!szs'obm i ]égezqﬁiﬁcﬁ-:? 2§t¥oF1:]gaﬁe dshows
of the 11 t

three I RRAS spectra 111 Ustrafttng treat ment m o e present
i nvention wi tthehdottem et 10%he top at 25C, in the nmddle at 70C and at

the bottom at 100C, 2 - Figute 3,shows an SR Qf the  RyLi di nium

. 3 qu | sSp%ﬁ}
formafter acid vvashlﬁgt enrinsirng in water rn an organic polymer film
of the inventpyordinikingufert shéwert haekd| RRNSh pectitemhirdmsiind ustr at e:

(1) an initial, non-conplexed.. PAVR film_.. 10 ) o | exed P4AVP film
and (3) a fi &5 é:c&r?plaexeod:gabrillci rpeoa]tyrrrneen]i fvﬁ]t]“h #@}ﬂeot&vgﬁrger&,o%’ Figure 7
shows three XPS speGticmnshi cé ishlowst r atlered 1) IRRAISNI tspedgtaeon- etuiphexed,

NG ot wat of WFBETARR' LH GOF c8* Chohe. FRPSSTRRRSCShoat o of VP f11 m
10 (2) a complexed P4VP film, and (3) a film decomplexed
by treatment with NH;/hot water,
- Figure 7 shows three XPS spectra which
illustrate: (1) an initial, non-complexed, P4VP film,
(2) a complexed P4VP film, and (3) a film decomplexed
15 by NH3;/hot water treatment,
- Figure 8 shows three IRRAS spectra of P4VP film
illustrating: 1) an initial, non-complexed, P4VP film,
(2) a film after 5 cycles of complexing/expelling, and
(3) a film after 150 cycles of complexing/expelling,
20 the continuous line representing the “decomplexed”
film, and the dotted line representing the “complexed”
film,
- 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” f£film,
and the dotted line representing the “complexed” £ilm,
- Figure 10 is a diagram of a cell designed from
30 two Teflon Dblocks 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
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illustrating: 1) an initial, non-conplexed, P4VP film (2) a filmafter 5
cycles of conplexing/expelling, and (3) a filmafter 150 cycl es of

‘conpl exi ng/ expel ling, 20 the continuous |ine representing the "deconpl exed"
film and the dotted |ine representing the "conplexed" film - Figure 9
Shows three | RRAS spectra of PAVP film illustrating: (1) an initial,

non- conpl exed, P4VP film 25 (2) a filmafter 1 cycle of

conpl exi ng/ expelling, and (3) a filmafter 4 cycles of

conpl exi ng/ expel ling, the_ continuous_I|ine representin% t he "deconpl exed"
film and t REP@EREPN i ok ‘ther esrgrnthgblpek: cdiguseedtof id ivimggare 10
'S a diagramgyloed ofels destAnedgh aNpBthd venlel L plaGksantinag ggnbrane
separator for surfaces of avergge S|%e, igure 1 giving a transparent
per specti ve Fhewvifewsdind fdaure figgi.e 10 B showing a side view of one of

the two bl ocks aftek, 620,3 S 14 t S nd_hl figure
10 C giving a sect ?3 u\%i%ewgghr%ﬁaﬁga p %%]% jtﬁg%ﬂl;% B%r pg:(ri]% CB?&%’?E t he
view i n f%guchalitsB isolBitgd dylk stodessuwlreosst |dinkinyl dendeneol yner 5
chains isolated by a. cule o i vinyl -benzene, ~ i gure. Ls.a profile
view of the thi cknegs}ggl}‘r% ;i%eilrém %b%%f’%gégi rY%'t He opfr e%llé%céﬁ%%%%@ogﬁvﬁl,%
measured perpehtloulodtatimesl stnattile nadesenceheoff | Bin IDVBeansasfured styl us

then, exerll DG S BRMAEIE Qe Wil o 1 GHL B OLYSRLAY TS

14 shows t he at hitgRmes sih@rofeixdea tiinea o iduplebipaieretiden dthes migsence of

Dy o1 9L Tefy o 1 0T 9 IER0U £ RELROTEl U1 feh0 3 B alolfack e 111
influence of DVB content on film thickness,

- Figure 14 shows the thickness profile of a film
obtained 1in the presence of preformed oligomers,
measured perpendicular to a scratch made in the film by

15 means of a stylus using a stylus pressure of 5 mg,

- Figure 15 shows three spectra obtained by IR
microscopy on a STAINLESS STEEL mesh,

- Figure 16 A is an image obtained with a scanning
electron microscope, magnification 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 film according to the present invention,

25 - Figure 17 is a diagram of continuous 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
300 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,
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- Figure 15 shows three spectra obtained by IR mcroscopy on a STAI NLESS
STEEL mesh, - Figure 16 Ais an inmage obtained with a scanning electron

‘m croscope, magnification x 200, of a non- 20 coated stainless steel mesh,

- Figure 16 B is an inmage obtai ned wi th 2 scanni ng electron mcroscope,
magni fication x 200, of a stainless steel nmesh coated with an organi c P4VP
polymer filmaccording to the present invention, 25 - Figure 17 is a

di agram of continuous effluent treatnent device according to the invention

conprising a waterieplreysteds -a Fygapr bhowdng c&l—aaeg{@emraihc qmplpﬁmecti ve
vi ew of a bucket i n t he wat er wheel lgEi;stem il usﬁr at ed ur e 17 on

Yo
its driving refCentRRtARTS 19 30 2 EEHBAREI ERsEELREMOY; 56?/ SR RMTHET ¢ he

buckets in ther wahepwleebf syHemegiawanitn {hgW eblidkeB lS2hthHly 274 -
Figure 20 is a graph show ng changes |n copper , concentrations of an

ef fluent in rRIGHID THOGRMERICT JtheakRENBEORhe ef fluent in a bucket

containing a conpl eXifif-stIUCIMbERs Of hd hRol B8N 0Bt rActubkIbEe vdhyahows
t he nol ecul ar_ structure of vinyl ferrocene (left) and 4-vinyl benzo

18- crown- 6 udf®riaerenshe (befthe ad¥tboti ibRYs SFngRe IFwxiniqveaetodn -

Figure 22 is $Oraphiife IGRESSHIMAL L ObE Oéhé”?ré&%? PREEAE 4 Of @
poly-(vinyl-ferrocene) film 10 obtained rafting by

el ect r opol yrrerl sati dH er 22at Hé‘deapoﬁ’aéﬁpba@l mﬁmma@% tife @resent
invention, - fifHE € 23 dct Andl 2Bk C aepr fulrﬂﬁ-@eé%éne ME S 1m

voltametric response’in relation to
10 obtained with grafting by electropolymerisation wunder

cathode polarisation according to the present
invention,
- Figure 23 is a graphic representation of the I
(mA) voltammetric response in relation to E (mV) of a
15 20 nm film of poly-(vinyl ferrocene) grafted on
platinum by electropolymerisation under cathode
polarisation according to the present invention,
- Figure 24 is a graphic representation of an
IRRAS spectrum of a film of wvinyl-ferrocene and 4-vinyl
20 benzo 18-crown copolymer according to the present
invention, and
- Figure 25 1is 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 18-crown-6) grafted on platinum by electro-
polymerisation under cathode polarisation 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
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15 20 nmfilmof poly-(vinyl ferrocene) grafted on plati num by

el ectropol yneri sati on under cathode polarisation according to the present
‘invention, - Figure 24 is a graphic representation of an |RRAS spectrum of
a filmof vinyl-ferrocene and 4-vinyl 23 benzo 18-crown copol ymer
according to the present invention, and - Figure 25 is a graphic
representation of the |l (md) voltametric response in relation to E (nV)
of a 40 nmfilmof poly-co-(vinyl ferrocene-4-vinyl benzo 25 18-crown-6)
grafted on platinumby el ectro- pol ynerisation under _cathode pol ari sation
accordi ng t o SYHEIRAERNChPRFENHE BYEnpYREeRf MESRL cBesbas 30 Thesme

substrates MledBSIE 41 ReietdIEly agbidd eI®NE Be Of 1 BASPIRG | 98ctor.
necessitating a substantial exchange surface, the B 1362073 EE 28

subst r at es chosen%edéﬁ@eﬁ_ﬁﬁe@%fiéle MesFRS. apfesthe mvas apf aresh
general |y usggiydh the fhbie{hng sest opprihg dh@lm%(a'i Ofo a8 nY &5 and the

type of mesh neke it possible to obtain nom nal opening sizes 5 ranging
froma fel nmi@NGNT est¥reoma Bew tRwenmiFrproabress. tondez t fiewe clmmdittions,

very fine divilghedied Nordddpi CoDaSSEBAJLREBHAN LRGTILRT dis, 2Py ed

n a situation in which the polynmer s not “elecfroactive, i.€. a conductor

pol ymer, theraf isheoliqufidr gassim rebrougb ¢dygpefiloems §ewarcdsiaviesl.

Soeoncial ol A SpgcaauraAlcAY LR V] ShAN Shotlfel Ul BREOTES

essential in order to pronote the formation of the  cupro-pyridi nég conplex.

Al so, since thHedimnactive, capeur ea spenidestolr agbohymes) zeéhsxeh as awmpper

salts, iio force to direct the copper ions towards the adsorbing

surface, and consequently the division of the 1liquid
becomes essential in order to promote the formation of
the cupro-pyridine complex. Also, since the aim is to
capture species of atomic size such as copper saltsg, it

15 would appear obvious that a high number of passes of
the liquid through the mesh is needed to increase the
chances of the two entities meeting. This aspect will
be discussed further in the description of the
purification device of the invention.

20 Nominal opening: to obtain the greatest possible
developed surface, and the finest divigion 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 1load
losses through 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
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15 woul d appear obvious that a high nunber of passes of the liquid through
the mesh is needed to increase the chances of the two entities neeting.
‘This aspect will be discussed further iy the description of the
purification device of the invention. 20 Nom nal opening: to obtain the
greatest possible developed surface, and the finest division of the
liquid, the inventors have, fromanong the different nesh characteristics
avai |l abl e on the market, chosen those nmanufactured with the finest wires
and whi ch, 2%igasy Qg edt@stwiigmeindt) wands Peametes i wdt rk8Of mhegwns of fer
t he smal | est q:a% 1P en wever, consideration had to be given to
phenonena of 1 oad osses t rough the nmesh, related to friction forces and
mesh fouling by calyee eolis W&lmbeglfort@xéﬁmlié Sor fpred o s perobdieosen have
a nom nal op 0 C re d t a of 8
cn per appgx%!e% cénﬂéjg hg} %8@}28 %y%%r é)s/cm‘%’g'g% ngpggs P%&%ﬂeﬁ o

di aneter Bf (D mmr@:@elll\Bﬁg méShé’dB 18B280m8skEw2®%ewi ceésbem (vé@e in

Wi res/inch) di a of 1 cr S t abl bel g T of wire
metal s 1ol ieEof FELEERSs, e PR tpka T Rr Srb Phe BT A TIRRRL i 1o
be purified arestﬁutg) tt]ﬁ)&i]t enﬁ)ekblngumftam sHdwedresignsr ef chasesiwvere in
316L stainless st ound. during prel ary testing that nickel
surfaces shofdad Héqocfh]c%"ﬁ Si dlaat?‘é%k é’# ‘i de nedia such as CuCl2.
10 Table 1: Characteri StICS of woven net al mashes (SPORL, Fenoyl

F|Itrat|on warp W Nu
) P %&e Characterlstlcs of woven metal meshes

(SPORL, Fenoyl Filtration)

Warp Weft Numbexr Number Actual Nominal
diam. diam. Warps/cm |wefts/cm|surface area|opening
(mm) {(mm) (inch) {inch) (em?/cm?) {um)
0.007 0.004 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 [0.01 15.7 (40) 560 220.5(7.93) 50
0.025 0.02 7.9 (20) 230 90.6 (6.90) 100
0.01 0.0076 31.5 (80) 700 275.6 (7.68) 25
0.025 0.015 11.8 (30) 360 141.7(7.72) 80
0.023 0.018 11.8 (30) 150 59.1 (4.25) 65
2. Synthegis o©of a complexing structure of the
invention
15 Electropolymerisation: the grafting and film

growth sesteps 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
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Nunmber Actual Nom nal diam diam Wrps/cmwefts/cm surface area opening
(rmm) (nm) (i nch) (i nch) (cn2/cn2) (n) 0.0070. 00465 (165) 1400551 (8.48)10

"0. 0070. 00565 (165) 800315 (6.47)15 0.01250.007131.5 (80)400157.5 (4.82)35
0.0180. 01415. 7 (40)20078.7(4.42)55 0.036Q@. 0269.5 (24)11043.3 (4.67)80

0. 0060. 004578. 7(200) 600236 (4.89)20 0.0180.0115.7 (40)560220.5(7.93)50

0. 0250. 027.9 (20)23090.6 (6.90)100 0.010.007631.5 (80)700275.6 (7.68)25

0. 0250. 01511. 8 (30)360141.7(7.72)80 0.0230.01811.8 (30)15059.1 (4.25)65 2.
Synt hesis of a conplexigggstructur of the invention

9
Bl ect r opol ynBECERGRorR  FRECHAEEY| () SHIFI9S T §ROW DS tRIISH ofe2fie A%pv

films are cortect ed fhymagliest r opIEyMer ichat i ongrktled hi s aekhod i trhies
possi ble to produce chem cally stable, honogeneous filns of controlled

t hi ckness. TReSSHFORSLYRSHEFA TS ed MeEhnagie SOTISSEORLTA vel®  an

acetoni trileeladtRROmRineds §o1yRRIrMeAlicH NGRalS FONEBRRESON vieTyd0 %
and a carrier  salt, t et raé thyl ammonium perchlorate (TEAP). The high
proporti oh oflitifdenonbaeirigityiseinced Hie t Keduesire f PIgEIONIMEL 30

molecule is sufficient to initiate a compete polymer

chain. Consequently, this method relies 1little wupon

field lines present within the cell and is perfectly

suitable for the coating of complex shaped surfaces,
10 such as mesh structures in the case in hand.

Synthesis 1is conducted in pulsed potentiostatic
mode. This mode provides better control over chain
growth conditions by 1limiting the quantities of
injected current, primer reaction, to privilege growth

15 reactions. Also, the resting times can be used to re-
supply the interface with monomer by diffusion.

The operating mode for synthesis is described for
example by C. Lebrun, G. Deniau, P. Viel, G. Lécayon in
Surface Coatings Technology, 100-101, 474 (1998). It

20 will simply be recalled that the working potential (Voy)
is chosen in the electroactivity barrier of the
monomer, which starts at around -2,5 V/(Ag'/Ag). The
relaxation potential (Vosr) 18 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.
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pronote a secondary el ectrode reaction which leads to the formation of the
grafted film The electropolynerisation nethod corresponding to an

‘el ectro-prined polynerisation reaction consunes very 5 little electricity
since the reduction of one nononmer noleaule is sufficient to initiate a
conpete polynmer chain. Consequently, this nmethod relies little upon field
lines present within the cell and is perfectly suitable for the coating of
conpl ex shaped surfaces, 10 such as nmesh structures in the case in hand.
Synthesis is condgﬁfed in Eulsed tenthos ati nndﬁ. Thi s node provides
better control overSch@PRALGHeRen dFtFEhE°h eWFﬁFilﬁYQéh?%ﬁ%nFFFies of

i njected curngid fqllidweng:eaction, to privilege growh 15 reactions. Al so,
the resting times can be used to re- supply the interface w.th nononmer by
i ffusion. The opér MOPRTSTodRKER AR I S9% dbRGTIRM FOrLe exanpl & by C
Lebrun, G Deniau,- BPul¥ed electxe@aydns:i n Surface Coatings Technol ogy,
100-101, 474 (1998) It 20 wll sinpl p? recal l ed that the working
potential®(Von) isVehosen i -th& 4“%%& Btivity baFei 6r28f ®Re nononer,
which starts at arownd -2, 5oVA(A91d8)Yagyhe relaxatign pgpenhkal (Voff) is
chosen to be a |l ower value, in absolute value, than the initial

equi | i bri um 25 potefiyder of @WYSEeRf+/ Ag) which, via an oxidation reaction
i nvol vi ng the sol venty, I i I la4 , a
cross-1inking whi chq?togg{%ﬁbggy?otrﬁﬁﬁlns f ror?egi%gr?{e?e %{Jlrcsﬁ%%f t he

el ectrode. These conditions are the Bfste €8Adnrmlens used for 30 synthesis
of P4VP {jlnms, it wll be seen later when presenting results that
"additives" are incorporated in the solutions to optim se synthesis
conditions add_fi Resuditeperties. B 13620.3 EE

3.1 Laboratory sample phases, Surface area = 2 cm?

This first step conducted on laboratory surfaces,
15 vacuum 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
radiofrequency 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
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31 The conditions for electrochem cal synthesis are the follow ng: -

Mononer conc

entration: 50%in acetonitrile - Pulsed electrolysis: 5 Von

2. 8V/ (Ag+/Ag) ton = 200 ns Voff = 0 V/ (Ag+/ Ag) toff =400 ns

Nunber of pu
200 nnm). 10

This first step conducted on | aboratory surfaces,
, is used to identify and optimse filmsynthesis conditions

gl ass strips
and operatin
functioni ng

3.1.1. Exper
el ectrograft

synt hesi s_ce

with 30 the

sintered gl ass.

pol ari sati on

10

15

20

25

30

| ses: 1000 to 4000 (dependi rap upon desired thickness, 50 to
3. Results 3.1 Laboratory sanple phases, Surface area = 2 cn®
15 vacuum netal |l i zed

ondi.tion cqnpl exi ng/ expel l.i,ng .cycles,. which sinmul agte the
SR ITHR L Gl or SR Tna 4 e or PYRIHDE heite ovih
spect r oscopi aawais thollsurflas eTERD ededaist fat 1HRASs %50 -2Pmefli.laamet ry.

i mental conditions Inithgl tests on the ability of

ed PAVP 9 nsCPBRFPX-§

°F€fe° §se CUPRRYLESNE s Wl S on

gl ass surfacesgmiridd zed oM t lidddkelpdisinigs i i dradi Of Rgiency weihod, The
Il used is . a small volune glass cell whose conpartnents are

separ at ed® by SRR Whyt s oo el rFeRA LR ANBIMPRINGF ass strips coat ed

25

films ds10edS8oh@rdlCnE dtthSdX I €8POBKISed O dnhethdi affpitdm of the

AG'¢éRgadRad’ WAl #%0l ution B 13620. 3 EE 32
The compartments are separated to limit the

oxidation reaction of the monomer which leads to the
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
gradually blocked. However, the separation of the
compartments with sintered glass is 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
to regular changing of the counter-electrodes. 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 P4VP films must
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
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

B 13620.3 EE
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contai ning 50 % nononer, 4-vinyl pyridine and 50% acetonitrile. The TEAP

concentration is 5X10-2 nol.dm 3. - The counter-el ectrode conpartnent,
pl ati num electrode with anode polarisation,is packed with a 5 solution
whi ch does not contain any nononer. - Theg control electrode is based on the

system AGH Ag (10-2 nmol . dm3) . The conpartnments are separated to limt
the oxidation reaction of the nononer which leads to the 10 fornation of
an insulating filmon the surface of the counter-electrodes. These filns

are mainly formed of _inso]luble conpounds and of P4VP chains that are
radi cal |y polthesSef it #48R BRrkeRellt FpRibperkeesikie FRe8ELAMRSE neans

that the funeHead RhiQfkddis 18} Imdahsl O3 drdiacked. o diwpver, the

separation of the conpartnments with sintered glass is not sufficiently
effective with this cell and the slow diffusion of the nononer into the

conpartnment leads t @hlecking Hhe onkAWiisls & rode. The inventors
therefore had“rE‘cmTr‘ge%—ro—r‘egm—gfﬁcﬁaw&'Wgt%g the counter-el ectrodes.

This problemwas mninmsed during the follow ng steps through the use of

better perforgm ngseRUALQY S oF0 gt the.GhQi ce 08 a b Hldqgle
priority to ‘t-h-e—s-ur‘%ace—as-pem—oﬁt-he—rrglg

remai n thin. stodshdomgtiryi s to be under st ood that the capacity of a fllm

with an ideal surtoﬁl] 3 \g}:% e ké1e§isréts gpl X}£E§{36$§b?%g?§9L%¥eEhel ess

than 1 nm 1is to ow an vvou d Tequire an in
capture/ expeldwerig.mggsl ecapdeitn ooﬂer the achiinse 3®isﬁi1+vri|sn ebfjuecaiscy. The

filns de Si t%q_uq:rlonsrkl ng eI ectrodes hav a th ﬁknes bet ween.50 and

200 nm hi knéss Tidasurenent s ‘are Tade byhﬁrtof omﬁ?‘ 1°nma |n5’e

scratch in tkieddllmtemhel soabieneoupenaituat eofarts J&Eﬂﬂlﬁe EEns1de 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 copper 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
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33 these filns also makes it rapidly possible to estimate their thickness
by means of interferonetric colours. 3.1.2. Study of the conplexing step 5
a. Detection of the conpl ex and copper/gyridine stoichionetry This step
made it first of all possible verify th swel ling capacity of the filns
Vis-a-vis aqueous 10 solutions. It is necessary that the solution to be
depolluted is able to penetrate and diffuse inside the filns with a
favourabl e distribution coefficient in respect of the copper. |IRRAS and

XPS anal yses d@@%x@blﬁlw sBowHdhahufdeP of5 dydididdMmyrsedsi red@teant r at ed
copper sol utions /1) withheld %Qe copper even after abupdant
rinsings. Thé&S & QQ) of VRLPFS- Py Tx eSOt qUAEREPeFSy t he

exi stence of falkgndhd #6AdsCholadrid R peectlr astitHivnet Bft 88NHG gh
structure of the copper means that it can be described as a netal

conpl exed in<&R ted&Sahedral structure, that is to say one copper per eight

l'i gands. diovever, Th@edadd A ArafOnebhf DAge@f by PRRABDbLY rok oy :
pyridi ne |igands related to the 25 solid nature of the pol yner con5|derably

and favour abltfe mS@PPETY/EYE istigiec hibiPanE 1ow t i h@slt}ﬁmtteai nYes t
connected w thelihe é‘f‘altl/é' Ss@EfABBA§raag @éw@é}# thBt QI e8¢ i1l oloS

nevert hel ess possible to_estimate hat the proportion of copper relative

to the pyrideme 3Gk ctips Whieh a@@%&g@ ey tdrrzeAReIye BPobbRi dmeery for
the conpl exi ngOf JLHSI1GHRRET FALAM B Fg918¥ﬁggg”?8g%ggafs r288own,

experinments however gave conplexing ra O sunmmari'se, the
conpl exi 1@y r ausé ngf @ii@smeetE@f the experimental spectrum with a

spectrum recomposed from Gauss values centred on the
peaks at 1600 and 1617 cm™, makes it possible to
determine the proportion of pyridine groups involved in
the complexes. However, with no knowledge of the number

15 of pyridine ligands per copper atom, it does not give
the actual quantity of copper in the films.

This information can be provided through the use
of XPS spectroscopy which directly determines the
actual proportion of the different atoms present on the

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 terms 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 dependent upon
the chemical form of the element. The inventors use the
cross-section of copper oxide CuO as the approximate
form of copper sulphate, for which the extent of copper

30 oxidation is identical. This approximation leads to
introducing slight wuncertainty. The copper/nitrogen
concentration ratio determined in this manner on a thin
sample that 1is highly complexed, IRRAS close to 100%,

B 13620.3 EE



34 copper, that is the nunber of pyridine groups related to a copper,
varies wth the copper content wwthin the film and tends towards 1 per 1
‘'stoichiometry at high contents. 5 These results are confirmed by | RRAS
spectroscopy: the copper/pyridine propastion is estimated by the ratio of
the surface areas between the peaks at 1600 and 1617 cm 1 which
respectively correspond to the free and conplexed formof pyridine.
Digital breakdown, 10 using adjustnent of the experinmental spectrumwth a
spectrum recqanposed frqm Gauss val.ues, centred on e eaks at .160Q and
1617 cm 1, esci??sﬁos 9 bPBSt $ et errr'ﬁilﬁe 5theesprSEBSr ﬁpeoﬂlkitf BQFF&?%
groups i nvol \Gahdrst tdted aniexass . However, with no know edge of the nunber
15 of pyridine |igands, per co r atom it does not give the actuyal
quantity of copperfn tte Fh?ﬁg&#ﬁi spPﬁF‘éF‘rd‘rﬁti &P cdftbe BRevi d841CFr ough
the use of X¥R%aSpRH NHsaHRAIVHS ndidtecty et igideediteent@st ual
proportion of the different atons present on the 20 surface. The intensity
of the CuPp phot odmicssPEReBYRds tﬁgﬂkyéﬁgpek?e%ﬂ%e%f N ftye nreEbges are

used to determhiras 4Me fekyalsdy Operdn opnhbekyprer fhheas-d W8£B8t &n These
intensities myst however be nornmalised in terns of cross-section which

take into acddim EREMGielthalt 25 phOt S&Y s¥ibh 289 cENELars/¥adnme

el ectroni c | @Rl Hmit8ACH wA SNt th AL SOrhkhe 1HHASS- SGEd &M, | ScdgpPepdent
upon the chem cal formof the elenment. The inventors use the

cross- sect i oY dadisise ranskiufedouant itat iapnbxi mte form of copper
sul phat e; of or whi gjg iRe @rient m%fasca%{aer vad @xi dat.i o i S%Q%%ﬁ%ﬂ Thi s

approxi mation | eads to introducing slight uncertainfy. e copper}:r?i trogen
concent r at i oeatdmasedetdueni Audntatyhi of mabieed orceprdr n fanpl egtien i s

highly conpl exgGadRRAPes! @38 EO1400%: the density of the film is
close to 1, low content, a film surface area 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 low 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 point will be examined later.
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 may relate 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
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B 13620.3 EE 35 is close to one unit. This gives the result already
denonstrated with XPS. It is therefore possible to use the ratios obtained
by IRRAS to quantify the copper contents. 5 The observed tallying between
the two nethods, |RRAS and XPS, for whigh the spectra were recorded on
thin films, that is to say with good surface/volunme conformty, neans that
the I RRAS spectra can be validated and used quantitatively. 10 Using this
nmeasured value, it is possible to estinmate the quantity of fixed copper

for a given surface area of film_ If the density of the filmis close to
1, |ow cont eRECPPEEIRS ufacEFPde*sd 161 &G iorten ckFdsg 268 mi s

necessary toafread).cf MRrAs BarfdiPpRefe divdrs {10 Pyt efhbt hat these very |ow
values nust be multiplied by actual contact surface area and the

t hi ckness of the fiPEm®P4E Hahlar 1 | heP cabi &h Blechrorglunerigedf c8opper

i ons conpl exed dpe 16 §1a8PPaRSAL. S S 268 8RER K-S PO AL il | The
exam ned later. 20 b. Kinetics of "the corggl@em ng reaction If, for high

concent r a% i oS latt igspgeat dpedug gshakenhe themsampiley s nismereedhdnt 2 a few
seconds bei ngo18iff 1 6¢ €851 0% ofl T t % ol exi s by S ot 25
t he case for .s?ol utions 1000 t ?rreg@l(aztoc%lg/i a{ég?e%%&)? r?lgnmlaéu 2 %ﬁ?’) nor e
dilute, whichsnmbp resyvate temat AN ceRRADarecerdingluss rinatlesaturegudatto be

treated. Figure 3 Qus, ithe ecer hecl b ridine
and its corrplt&elglevmat coppleé;l' flf)l?es;gﬁ%%{ Pﬁ@P&?‘?I %‘?%Fsg ®i gggﬁigkrr%¥ 1
sol ution. Thil$lWalcmé' i sreaapressemt atbveldt anf avdreagecmpiteeringof lefeluent

purifiedl(i)n %%ﬂ\é%qvqufalrar&m%}’, b-m:e a(lzaéfrﬁ'é aéf ofs Réurs is needed to
achieve 20% of the complexing level.
This result can be analysed in several manners set
forth below.
One first positive point is related to the fact
15 that despite a very low content in solution, complexing
occurs. There is no lower concentration limit below
which the complex 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 terms of distribution
coefficient of the copper between the solution and the
film, the formation of the complex is favourable.
A second positive point 1s related to the fact
25 that even 1f 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 this study through the introduction of “in
situ” electrochemical impedance methods. At this stage

in results, it is important to comment upon the wvalues
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B 13620.3 EE 36 proportions of conplexed forns estimted using the areas
of I RRAS bands are given in figure 3b. The P4VP filmof 100 nmis

‘el ectropol ynerised on a nickelled glass strip. Its surface area is 3 cn®.
The 5 solution not being shaken, the s&Wle is imersed in a vol une of
solution that is reduced to a mninmum that is to say 10 cnB. AN | RRAS
recording is made at regular tinme intervals. The onset of the band of the
conplex at 1617 cm1 reaches 5 to 10% of the conplexing | evel 10

relatively raﬂqjﬁdly%ﬁgut r@IO%S Qﬁurscb ngggd tQ -ashigve 2¢ t¢0f t he

conpl exi ng | eve I'S r can anal y PR~ séver nanners se forth
bel ow. One f|1rm:tu1pnsmive pr@uritd i s=ame| ahe'd mwmpﬁemagt oﬂ5thhatco@mm te a

very | ow cont tlon eXle ocC S ere |s no | o
concentration %léelow §£$%eébo%ﬁﬁ%xggg hgg *% TeForida.

poi nt of viemhmsIvalueflstdmpeﬂﬁ@mtoupoﬁhEheonhheknagscoﬁsthatfulm such

t hat ther? cont i nuous dlsplacene%; of:%he 20 f%£$§r towards the film

i rrespect Pve T0F t &€ conieBft r PO s@tut i oAP nE°BPeEr st MG i on
coef ficient qfrdgertcioppewiliat ween lihgheol Wdronaanthingerfifilm! hakfier mation

f th | f b] d_positi lated to th
Pact 25 {hats B THot HeonavARESHERT BF B0isper SPPAAE ORFEPLarARIoE (1 e

of 14 hours ks r@negdﬁdatmoﬁlowfl @dﬂ&lﬂu@tpéﬁf@fml@@@ewh&he faqmisent
rapidly settles a i cant val ues. Measurenent_conditions did not nmake

Si
it possible t“@yobi’ﬁl ns‘gf'nﬁlﬁb‘fo‘bEr oﬁ@F‘P|18Pfs Yeght FroHhe30 SERE RS, Thi s
possi bil 1by wiHdrdus avaii abde lfllmg figguepee Lgeklils $hwdy iyiQueay the

introduction of "in situ" electrochem cal inpedance nethods. At this stage
increases in copper contents.

In this example, many parameters are unfavourable
however for the molecular meeting of ions and film. The
surface (film)/volume (solution) ratio is very low with

15 a flat strip, and the fact that the solution is not
shaken 1is also unfavourable. The meshes divide the
liquid into wvery fine wvolumes 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, of achieving high complexing rates and then to
expel, or of accepting a much lower rate but in much
guicker 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 onset of a band at 1617 cm™, characteristic of
the pyridinium group.

30 Complexing is quantitative, but slow on films

grafted on strips and without shaking.
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inresults, it is inportant to comment upon the values B 13620.3 EE 37 for
the "proportion of conplexed pyridine". By intuition it would seemthat
conpl exi ng of the copper starts on the surface of the film this neaning
that this value is dependent upon the t3 ckness of the film 5 For one
sanme quantity of conplexed copper, this proportion will be higher for a
thinner film This value nust not therefore be given strict interpretation
as an estimation of depositing performance. Thin filns nay be sufficient
to conplex very 4| WeRipldd NS ek 1has i Clgesibd | 5B mBYnbE usef ul
for isolated™i a ' '

paraneters are un%r@bﬁiecoﬁﬁ\l@véngf stephel srorewrnl aredeetihsg asPrshs and
film The swdacan(di gl ypkyoPeheol ubladl1bal! el SRIQM M vt W il 2
flat strip, actt eso ut| n 1s not aken is also

unf avour abl e metitedves Hes dllsvl dlenncmtam qml'da’q ntthiaeer ystfdme ahguinks hshi ch

h ' &
ohaki ng-> TReRst i EERaLY, ISR R Al Dt re Rl
connecti on wiwastehi s Expel ®fon rremhsd bheazeliveei npehi glondontleeki vgi tlat es
and then Lo gxngls Ofa0f ccepty gcgfggig hUELULALGADL [ R, ui cker

time and witH nor e frequen expe Sol'dt i'on gl ves
better perforamamllRadhmodsiMiidi | ns grafted by el ectropol yneri sat i on
t herefore corrplexEt even |nth|n | a

ons This ¢ xjng is
easily detectable unde%ﬁlﬁ%@ur\ﬁqshe 1 hé it ofmeyt%boa%s'd =\ f613: %
char act eLDst iwvhade dire pysi donidenogpmplex aﬂ—xe{:oasrqsppe(rngfl s heuaiidildiirie/e, but

slow on film grafted on st/ips, and WRoY, SUEKITL, be noted that

the various types of treatment tested made it possible

to verify the excellent chemical stability of
electrografted films in respect of harsh chemical
15 treatments, unlike the case for control films made by
“hardening” polymer solutions which were rapidly

removed from the surface.

a. Treatment of films with boiling water

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

25 correlatively regeneration of the free pyridine. These
tests were continued using water at 70°C then with
gimmering 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
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B 13620.3 EE 38 3.1.3. Study of the expelling step: choice of nethod Once
the conplexing step is conpleted, the copper ions nust be efficiently
‘expel led. At this level of the nethod, it is inportant that this step
should be 5 conducted rapidly and only3generates little secondary waste.
Expul si on nust therefore be conducted with agents that are only scarcely
noxi ous and/or in volunmes as small as possible. For this purpose, several
met hods were tested 10 whose ai mwas to de-conplex the copper of the
pyridine and,t XL cttit fromthe filrp It is.to be notﬁs:d thatt t he
various typeS ST ARER nerte t BRPRET nafe 1F FISHBIY TTVETTf §FPRe tBSCcel | ent
chem cal st alfiillintsy. ofit electpmgppailed thiatnshydrorsdectfofmébamsistchéel cal 15
treat nents, l.i ke, the case for, control ftilnms made by "hardeni ng" polymer
sol uti ons V\h%nc%“}ﬁ& elpapgﬁ?y P*]é%vy&nﬁt ]Tel‘f‘és"sugpé%e.r%ls.u% eat’t%er?& of
films with bdiddexgsmt als 20tThas flesétt esllods usastdwatids lcdv the

noxi ousness. It was bagg? OQ the i.dea that a supply of heat energ& coul d
st abi | i se®t h& AR5 i At nERE oRPFEL I G (FF QURRAS fgiaﬁ%ﬁ%%@?%ﬂ% foticdy
rinsing testgpdin ity widsr shovedim tlﬁ@dlléﬁ%()ﬂehﬁ b8t 8BsbkYatkdt e tgonpl ex
band and 25 correlatively regeneration of_the free pyridine. These tests
were conti nuédreustA§arEEBE afhegent hEarwi +Hnitingertiyy witer ofaA Paxe

m nut es’ tre@;td’_[qrutiq%uiﬁc;dqfct&onpl et e di sappearance of the | RRAS band of
the conplex of a 100 nmfilmconplexed to 2/3 (fi.gure 4). 30 XPS anal ysis
1

showed that coppe®her ad&sasaesitst ofn coR®lemeracé ioMmst hwifty nPRHdi8&s t he

i n-dept hi GOPRRYt e X PHSU £ S BYPENG HEDE F £ R T £51H0ReBBRAIERAN, T T
therefore evident that even if the conplex is
cannot expel the ions from the f£ilm.

b. Treatment with acid/base cycles

The pK, of pyridine is close to 4.5 and treatments

15 with acetic acid or dilute hydrochloric acid gave the

pyridinium form shown by the IRRAS band at 1640 cm™ in

figure 5. Nitrogen protonation causes the pyridine

group to lose its low basic properties related to its

electronic doublet. The copper is then expelled 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 properties, 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 washing 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 requires
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B 13620.3 EE 39 destroyed, the copper is not properly renoved fromthe
films. It is probable that hydroxide fornms nust be formed in the film
‘Nonet hel ess, this result is of interest as it at |east allows restoration
of the 5 reactivity of the pyridine grogps. This treatnment with boiling
water could in the long termbe associated wwth the treatnent chosen for
limting the use of nore polluting products. The treatnent of conpl exed
films with boiling 10 water therefore brings efficient film deconpl exing,
but cannot |_the.ions fro m b, T t with acid/ base
cycles The p él%%feqpfrnltdl]ﬁ% rllgug%%gés? 1ﬁn5 andEE?%get%b%tE TTS W h &cetic
acid or dil utseldydioadm darc catipd egavey.t he pyridi ni um form shown by the

| RRAS band at 1640 cm1 in figure 5. N trogen protonation causes the
pyridine group to lose its |ow basic properties related to its electronic
doubl et. The ccopperregtt hes ieX peldatthetitd 2thmiclieasedhdd the filmand then

in solution. This_ | terned aci . At tage, the P4VP film
having |1 o3t its bﬁrﬁl aﬁ’ﬁ'b ’f?%'ts]iytﬁﬁeﬁyttp’& rf'g‘afn(ﬁemfrﬁus? bagsic
regener at ed. sd1Ra@sion .t e MRAlkel SchESsked wiis Conorsi AP/(JH2P Beveasptbo a pH

medi um hi gher than the pKa does not permt elimnation of the pyridinium
form This CREAORe MRS TIP i CRREE TomPhe*t Featnkhie spepdormsd d

washi ng fol | guet byypeaixal Ias@tlmaré%ﬁel apiet o feskr ale sbppati on for
a nmethod which sets out to 0 generate the | east possible secondary waste.

The acid tre8f'Fomiaof ad8Rpl @f(é@rﬁl | Bget R edREage profi desing f gci 8Rr-
deconpl exy N9 exPdh sHQQUIRRE13620. 3 EE

The results presented in the following paragraphs

show the efficacy of this treatment and its

innocuousness in respect of the films.

15 Study of the decomplexing step using an ammonia

golution.

The P4VP films used for this study were
synthesized under usual conditions (monomer: 50 %, Ven =
-2.8 V /(Ag'/Ag), t° = 200 ms, Veeir = 0 V/(Ag'/AQ), tost

20 = 400 ms, n = 2000, thickness = 100 nm). The IRR2ZAS 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
respectively 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 bands in the XPS spectrum relates to the

abundant rinsing which washes the film very
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40 subsequent re-neutralisation so that the filmcan be used again for
conplexing. c. Direct basic treatnent, ammonia nethod 5 This approach
‘directly uses the change to a basic solution. The base chosen was ammoni a
(NH3) so as to create a nore stable comgper conplex than the one forned

W th pyridine and therefore able to nove the copper. Ammonia also offers
t he advantage of being a non- 10 expensive product. The results presented
in the follow ng paragraphs show the efficacy of this treatnent and its

i nnocuousness_ i.n [& he films. .15 of the_decq eX|n tep
using an amnfuper %%1 #ﬁ% patp Fq f%é%% PBFCthfs St %ds

synt hesi zed mmkntmtanmvamyuhtlons (mononer: 50 % Von = -2 8 V/

(Ag+/ Ag) , ton = 200 ns, Voff = toff 20 , n = 2000,

thcknoss = 300 nPe " HHRSTHRABOLY LoRPEHARRREL 15  falr iy Tt néh

initial statelMefteod eaordled ardkArer res pegine! amediowmj n figures 6 (1)
and figure 7 (1). I? cgnduct t he conpl exi ng steg these filnms were 25
i mersed 8 ni nut e CYPMR}FSHIRYp FELPs AR | B YAfrtaé’rldabu’f"ld&nf“lﬂuﬁﬁ ng

with de-ioni seeghertdiain thRe AR aBdeXPSispecCti® weneveeChdedoppérar e
respectively shomn in fi res 6 %Zé and 7 (2).. Under these conditions,

nearly 50% off%Me 1% | 9% - gF BB pS 13pswaied & G et s athel DeBREr WANSAT ent

intensity of ddmr<L£opRRE] Q-BQS | rHlehe P SPeghaUMKR] at gSebOrhhe ar@bundant
rinsing which washes the Tilmvery B 13620.3 EE 41 superf|C|%I5y Feyever

the | RRAS sp@@IReREVOY ughpwn in figures €(3) and 7
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-cu®
complex has practically disappeared after the
decomplexing cycle, with ammonia solution and hot

15 watex, and correlatively the pyridine band is seen to
re-appear at 1600 cm''. The low proportion of copper
remaining after this treatment is only a few percent.
The efficacy of this operation is greater 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
performance.

25 It is to be noted however, that there 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 shown in the following paragraph, this
phenomenon tends to disappear very rapidly over the

cycles.
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guantitatively. The amonia solution prepared was 1.1 nol.dm 3, a dilution
in the order of 10 % pure ammoni um 5 The deconpl exi ng step was very rapid,
‘a 1-mnute imersion tine being suffich%gt to renove the copper fromthe
film The films were also rinsed in hot ter before analysis. The | RRAS
and XPS spectra are respectively shown in figures 6(3) and 7 (3) and 10
evi dence the renoval of the copper. As shown by the I RRAS spectrumin
figure 6(3), the band at 1620 cm 1 corresponding to the pyridine -Cu2+
conpl ex has practiraliy theappest edNBf)t esf t bBempUegeAPEeXinBg thpale€orai t h
ammoni a sol ut onﬁd tlg)t 15 water, and. correl ativelg t he éi.di ne band is
seen to re- &FEISH QP IRd. ASRPLF pPSparti 8R 8f658gé F9r &M&Mhi ng
after this traad nBilim; Sawd! ynarhsew peneenberidbieceteaampgnefl whikhs hoger ati on
is greater than 90% The ,remaining trace of copper can however be _totally
Ye RTBFet AL

20 el i m nat edAEprRkRe thnpPesePtegbReFsorD OSEMCOMPLERE Y Imi s
treated wsth dyad | iAgcval ercdgicik fIrof HHeS AdTit iteNakomPpEéAt ic@?:pé&y be
performed occasionally and does not cause any deterioration in film
performance. 5"8+¢ is to be noted however, that there is a slight decrease-
inthe IRintensity of the pyridine group after treatnment with anmmoni a
with no apparent decrease in filmthickness. This phenonenon is
interpreted iges i c mer chains sinply inserted 30 in

ResistancofolxdiHes n @tchong
the film As showyyin thg,Eabhaw ng bar ggeaph. 4 hi g RRgnongnon tepds to
di sappear very r\gnpa):l oﬁ y ov}ecr #Ee cyc%)es. B 13620. 3 EE 4% Basi c treatnent
(NH3) of Leonplampde#ingexprkking ecycles of the copper ions do not

deteriorate film properties. A stability test was
performed by submitting the film to a great number of
cycles.

To conduct this test, a highly concentrated

15 ammonia solution, 50% by volume of commercial solution,

i.e. = 8 mol.dm™®, was chosen. These harsher conditions
in terms of pH allows the film to be tested under limit
conditions.
The complexing steps correspond to immersion of
20 the film for one minute 1in a concentrated CuS0QO,
solution. The decomplexing steps were conducted in
concentrated ammonia followed 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

1

intensity of the pyridine band at 1600 cm™~ decreases

substantially between the first and second cycles. This
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provi des both good deconpl exi ng and good expelling from the film and in
fast tinme. Periodic treatnment with hot water nmakes it possible to
‘regenerate al nost conpletely 5 the initial capacities of the filmto
conpl ex copper ions. Resistance of film® to cycling This exanpl e was used
to verify that the 10 conpl exing/ expelling cycles of the copper ions do
not deteriorate filmproperties. A stability test was perforned by
submtting the filmto a great nunmber of cycles. To conduct this test, a
hi ghly conceqﬁgaied 15, ammoni a,sol ution,, 50% by vol une of conneriial
solution, i 98CTEABG1GmMm B WASNIRTserPPSREEE hatQBeYeEonBVEFond b n
ternms of pH adlvsvie dydIad o diee tESIRdralileds |4 nétabToNeh i blonsss The
conpl exi ng steps correspond to, i mersion of 20 _the filmfor_one mnute in
a concentrated Cu WG eerhePtecthpl efFafteteps 1ndyr e tOSFEFATE] i n
concentrat ed xaait a f eldrowRd dVi draidd i NSf@d N Qaid | Ng cWalbAlexiHBRAS
anal yses were, made for each step during the 25 first ten cycles, then once

every ten?cycﬁ@scwjted‘lfﬁ) CYGtFRs. TREYerca50PR oRBEetichgt 'ekbePFENG & cl es,
film resistangengireovedrbaghe €xseldsiMimnd Rerber Bitshi S hewed thint
deterioration as illustrated in figure 8 30 As pointed out in the
precedi ng parddta@erikbic iRINSHIL AN tHe IRE iWAYRY band at 1600 cm 1
decreases substantially between the first and second cycles. This B

13620. 3 EE 43 decrease is no | onger observed however over the follow ng
cycles: the S9uAY ethesresiduml e CAPPRYesgontents in the diluted

10 effluent (recyclable)

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
CuS0O; solution, Cu?* concentration 15 mg.l“, and two
strips coated with film having a thickness in the order
of 100 nm.

The conditions under which this experiment 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
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The properties of the grafted filmtherefore remain non-deteriorated after
150 conplexing 5 /deconplexing cycles. They can be put to full use for
‘exanpl e through the conbination of ammonia treatnment wth periodic
regeneration in hot water. Study of resi4dual copper contents in the diluted
10 effluent (recyclable) This exanple was used to confirmed that the copper
I's i ndeed conpl exed by the filmand then expelled in the amoni a sol ution,
and that a repeat of this operation effectively purifies the copper

o ution. 15 FAled i Sxpeq BRNGod N LayERLoT 8eUsedl 10 M oofe QuSOE

sol ution, CuZ+ Concent rati on stT1Ps coaf
havi ng a t hi clEhespdan tdimrotaet 2(ﬂglﬂ6)nn1 The conditions under which this

experiment was 2Q,condyct Wer e v tiyve, |n respect,af reaction
Q'h C!H'x %.da c_gorﬁe]éﬁltr 1 r? g/ f§ rP%el %%

speed since the copper cotien P'on was eXchange
surface area qm@apes:mddnt&mt m&m@mm by,lsadfacmtqmr o:mf)teo cont act
statistic betmee@%;he C . 1ons _and t The CO%R|€XI step S

particularly slow der * l%onﬂY??ongPS|ﬁf@eﬁﬁmFﬂﬁer§Fg e

hours is nfe&@ﬁbvte@i t:ﬁfr@rhe& apprr D gt Dby éé%l@hcbﬂebrp)d/andlmielusggﬁwsh
during the fi cyc 9. The strip was the eco exed_wth an
amoni a sol uﬁct?h'eand ’fhéiﬁe e %@%dagatt d—'ht & stf ule’oF# IRRiPfed After
the fourth @HInflcdlhendRRAS eemuenippiobbr el eXrHECQﬁEntﬂtpf loFul t to

observe. In this sityatiqn, the cqpper ontent was neasured using. a
col ori metri c FEHRB géﬁ?é PEE M}l(cvu SYHEdFBr )2 043 ht@é@.u‘!leécc“ix’r%tl%yg%’te Ccu2+

= 0.25 ngol" allelr gpeen Spradapsds2yhy.d:1)mg copper per 10 cm? of
200 nm film.

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 dissolved in de-ionized water were made
by precise weighing. The visiocolor measurement range
lies between 0.04 and 0.5 mg/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 cycles, 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
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The initial concentration being 15 ng.1-1, the copper content had
decreased by a factor of 60. 5 Even if this type of experinment remains far
renoved froma purification sequence on an industrial scale, it does show
that there is no limtation of a chem @al nature to the approach used. The
quantity of copper fixed per unit surface area tallies with the 10 val ue
given previously: 0.1 ng copper per 10 cn2 of 200 nmfilm The
nmeasurenents with the colorinmetric test are easy to take and | ow cost
(visiocolor test). The _accur and reliability of the test were tested on
15 sol utions qrF%ﬁM9¥ﬁéh%degg¥E%ﬂFréﬁlBﬁgﬂbﬁﬁ%éﬂoﬁf%%1%' PHE RPRYEr enent

range of the ama! hed.coiase: w0l dit 4 00 Sh@bvy COBREE nSUhRNaMa 19 a8 0k AN
de-ioni zed wat er were nade bé Brem se wei ghi ng. The vi siocol or measurenent

range |ies [t iREnt Tl G HoR hpyfhe Iﬁiaitdtq d?%t‘tﬁertl hénpbiad| yoleme to be

measured had tic0 e FRaatWRERHECOsE Y 1ukd %lh Ugbntént Per £QNEBALR ion
accessible with the nethod. Conplexing with a PAVP filmgrafted onto a

strip the?ef 6FPLeRESE thepRaninmnange rhade rihad. to nove down from 1.5

Mg/ 1 10 0.25 MY/ | THer@ £ RN QX ABESHYL i ndSelh BB SmbRE OWaLNE Shik,e3RY
concentrations fixed by Fr ench regul at| ons. The gain in concentration is by

a factor of wd@h Salidflfiertdrt Kiawtdrcisa ofsmlletp@ss cycles 1efmimoslDW in

this strip confi uratlon 30 St udy of co, content.s in_the concentrated
effluent. DSCESRHTI%NCRE £RF nc‘é‘ﬁ‘f‘?gg E“f(ygﬁglr 8P4t heRE& 2 To

achi eve substigmnt,isgls efd,i gacy zqf tade cba;)/elsqpedlzaretlrm it is inportant
firstly to | owner the cont ent B 13620 EE 45 the I’eCéC| abl e effl uent as
much as pOssi bl e, THde ml‘%ﬁr}t ‘Ba‘é%nééntﬂooﬁsé-q]i‘?e FRadtPERINE

smal | est vol w@kimum quantity of copper which may be contained in

the ammonia solution in saturated solution, while

continuing to maintain its efficiency as regards
decomplexing.

15 The dissociation constants of the complex help

give an idea:

Cu [NH3] 62t ¢ Cul[NH;]s%* + NH;
where
20 Kps = [Cu(NH3)s**].[NH3]/[Cu(NH;3)¢*']

Cu[NH3]s%* & CulNH;].%* + NH;,
where

Kps = [Cu (NH;),.**]. [NH;]/ [Cu(NH3)s**]

25
Cu[NH;]%* & cu?®* + NH; where
Kpi = [Cu®']. [NH;]/[Cu(NH;)?*]
in which me = 4, pKD2 = 3.3; pKD3 = 2.7; pKD4 = 2; pKDS
30 = "0.5,' pKDG = -2.5,

Also, the strength of a complex is defined by the
equilibrium constant K. For example, for the complex
Cu[NH;] 6** with the equation:
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of purification bath. The ratio between initial volune to be treated and
end vol une of concentrated solution 5 expresses the performance of the
‘met hod. Therefore, a deconpl exi ng experiment was conducted wth different
ammoni a solutions, C 1.6 nol.1-1 contaidsi ng the formal conplex Cu (NH3)
n2+SM42- where n = 1,2,4,6, 8, 10, 20, 40, 60, 80, 120, 160. 10 This
experinment nmade it possible to determ ne the maxi mum quantity of copper
whi ch nmay be contained in the ammonia solution in saturated sol ution,
while continuing to maintain its efficiency as regards deconplexing. 15
The di ssoci ation constants of the conplex help give an idea: 20 Cu [NH3 ]
62+ q Cu [NH3 ] 52+ + NH3  whes puPe*= @ CautNHB)s &5l - [NH3] / [Cu (NH3)
62+] Cu [NH3 ] 52+ I#, Cu [NH3 ] 42+ + NH3 where KD5 = [Cu (NH3) 42+]
[NH3] / [Cu (NH3) 52+] 25 Cu [NH3] 2+ q Cu2+ + NH3 where KD1 = [Cu2+] .
[NH] [ [Q1 (NeB) e el Gyt h JRme ke 357 wpBBen 2. 71 PKDA =
2; PKDS 30 = -0. . Al'so, the strength of a conplex is defined
by t he e%U|I|br|un1constant K. For exanple, for the conplex Cu [NH3] 62+

with the equation: B 136203 EE;4§2+9 QWH[NHBUhlﬁﬁﬂ gzQu2+ + 6 NH3 The
gl obal equilibriumconstant K6 is witten

therefore pK¢ = pKps + PKpz + PKps + pPKps + PKps + pKps

i.e.pKg = 9.
10
Therefore, for each Cu(NH;),%* complex, there is
access to the global equilibrium constant K;:
PKi = 4; PK; = 7.3; pKs = 10; pKs = 12; pKs = 11.5; pKg 9
15

Consequently the higher pK, the more stable the
complex. On the basis of the constant wvalues, it can
already be deduced that the maximum limit,
corresponding to the end of copper complexing by

20 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

25 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

30 n = 10, i.e. Cu[NH;l:0**. At this stage, an equilibrium
occurs between the forces tending to complex the copper

in the concentrated effluent and those tending to re-
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K6 = [Cu2+] . [NH3] 6/ [Cu (NH3) 62+] theref ore pK6 = pKDl1 + pKD2 + pKD3 +

pKD4 + PKD5 + PKD6 i.e.pK6 = 9. 10 15 Therefore, for each Cu (NH3) n2+

‘conpl ex, there is access to the global equilibriumconstant Kn: pKl = 4;
pK2 = 7.3; pK3 = 10; pK4 = 12; pK5 = 11.45 pK6 9. Consequently the higher
PpK, the nore stable the conplex. On the basis of the constant values, it
can already be deduced that the maximumlimt, corresponding to the end

of copper conplexing by 20 ammonia with high efficiency, will be reached at
t hese.const ant va%uis, it. can .al ready be dﬁidu%ed t hat
é f“n g 19

conplex n = 4, Usi
the. maxi mum 9T . CHRGCEFBEEEpan  HrpF bXPni s Tarkiti 2ChAER RE
ef fici ency widdndeht 2 icas hefl ddncoiptexed &f Hludhe. experinent conduct ed

on P4VP fil m conpl exed nd_t hen deconpl exed in an ampni a sol ution, of n
160 to n = 1, cl éﬁycéﬂﬁﬁéaﬁf’ﬁr A5 o RENAR G LY 0L oFOPREF I FPahen

the copper coirenbehasne€agbedrtr esholthe30cBntehBrated €eoffHehdH3]s 102+

At this stage,, an equilibrium occurs between the forces tending to conpl ex

the coppef iSH-MHe cofd&m r 26d eifFGenPfandhpdia tPERRECR 0 WEIB B3620. 3

EE 47 form t he, s @ idh t Be f1l4n waden -t he sactipm obehi 9hss£onEeRd ati ons

of concentrated effluent. The calculation of the quantity of copper which
can be incor poieEBET T & Heebneerek af et enplacheri ditsesphpfel Fridiatone

litre of ammon g sl igh Mg h@ eptraripppd 1.6 nol.1-1, it wll be
possible to "recoveéry':' a'rraxg{rrum o%k%. 16[5rmle per litre of Cue+, that
If, initially, the solution to be depolluted
10 contains 15 m.1™!, it will be possible to de-complex

14.7 mg of Cu®* per litre.

In this case, 10.1 1/14.7 x 10 = 700 litres of
solution to be depolluted will then be needed to
saturate 1 litre of ammonia at 1.6 mol.l?, 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 c¢ycling were made in a

20 solution of 1.6 mol.1l7%, 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 then be possible to
finally treat this litre of concentrated effluent by

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

a dry residue.
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The volume gain between the incoming solution and
the discharged solution therefore depends wupon 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
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®) |

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

The synthesis mode for P4VP 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
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

B 13620.3 EE
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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 nB of treated solution. 3.2 Phase on flat strips or wire
mesh of average size (10 cnR) 15 This &t concerns the consideration
given to filter preparation conditions and filter use in industrial
environnents. 3.2.1 Design of a Teflon cell wth nenbrane separator 20 The
synt hesis node for P4VP filns by el ectropol ynerisation is re-described

bel ow for itgepadaRtidil OPetRebAC tHOAHGH Ubifar@sdhiusedot Olirﬁ’:[’cfn khe
conpl exi ng structure of the Eresent i nvention. The formation of an

i nsul ating | &f&EUSEPavPRHN the { MEnaReH er -2F ecth6deSEAE dekfri 586 above.

The difficulhdRs ihave beamdidi mgedsoli r sidnbdt Changi fe tRBthode
count er - el ectrodes whenever necessary, and secondly by designing a glass

cel| with si fEaPeFtgieass apdi 362018 R snadpaempantisitween the two
conpartnmesits to | im t%%%gecg' fdgisipa éoﬁltﬂt?%{m@?ggﬁro& t he, i+ ﬁgdé le the

experinment, there Is nononer in the cathode ~conpar f rent A)ln t he
anode conparﬂwﬁﬁﬁluaad1maﬁquﬁr&ﬁpr¢ﬁexnmmtby spettevileyg, ¥ithpshdfs

ot bl o B otR Pl eRe e BYe 2L BAT nalld ol led o P PLBRRR Lt 10

possible to h NUNEr ods coun ectrodes Whi € arrange
regul arly. S@Illed:trpld@tﬂ nuwhiaite c tmagd e sbevo vk drémegedo regullyrlﬂzo Tseluske of

P ol 9L TR AT AN e (A WIBAGELEn o 8 0262 ol
envi ronneht. Thi sThse W@ﬁ tdfe simmtest gdmse whibelw typebe considered
for the design of a glass cell, is less possible for
larger-size cells which can be used in an industrial
environment. 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 separators
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 10C.
In these figures, reference 1 denotes the cell,
reference 3 denotes a block separately, 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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of separator, since it is essential to mnimse nononer 15 reactions on the
counter-el ectrode. These separators nust slow down the diffusion of
species fromone conpartnent to the other w thout blocking the flow of
current. The choice of separator being selated to the type 20 of cel
dmaterial, Teflon was chosen to nake this new cell. The cell designed in
two Teflon blocks is shown in figures 10A, 10B and 10C. In these figures,
reference 1 denotes the cell, reference 3 denotes a bl ock separately,
reference 5 ,25 denot the filling area of the synthesis m xture,

Re <hf

reference 7 dénoPBEStReChotRi MRFWSh e S6FUES e VTRIANSG eP&%ENESs 9 and

11 denote thechwiehe geRidicel Wiedling.a a bridge (not shown) are used to
secure the assenbly, fﬂd reference 13 denotes the caommuni cati on_30 duct

bet ween the housi AgSoff 1 HF cBRVPEANEFe & averet pé s hedesaddes. |t

can be easil ye@amiRuUniygk apderl boperbhelitsRt@lr € NENDY anecseRaLakar. The
flexibility of Teflon nmakes B 13620.3 EE 50 it possible to properly secure

the menbrine T&fd FFPRHr &R §dodthe| mewbapnag.isThas f frdd owerbr dhes Lehosen

were of TRMCghBliglhle@s %%%@T/%xk%?@ib%lh a pore diameter of 0.07
m cronmetres. 5 The conposition of the menbrane is as follows: 316 L

stainl ess steel / ZFB2 MORUThecpanbds Camanits ererenryaagedariangbdnin thin
llayers on a gigihlsess 3t eely ”a%EF&nléE%hougﬁeeﬁle?&%g?&kLy 'ﬂ§ﬂh@h§ﬂ from

the two el ectrodes of the 10 cel the electric fie ich crossesS through
the sol utioflgsteigeddya bhewbrednisbmsddmndavy edelcariodsssi ovf othehe

CondUCthopaEEIQt tEﬁenEQ?ééeﬁicThPield which crosses 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

15 in the other compartment. The inventors observed that a
film was deposited on the conductor surface of the
membrane with the risk of fouling the same in the
course of time. Consequently, the use of this type of
membrane was set aside in this example.

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

25 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.

30
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menbr ane then operates as a double el ectrode with anode polarisation in
the cathode conmpartnent and conversely 15 in the other conmpartnment. The

i nventors observed that a filmwas deposited on the conductor surface of
the menbrane with the risk of fouling tshe same in the course of tine.
Consequently, the use of this type of nenbrane was set aside in this
exanpl e. 20 The second nenbranes used are fully polyneric. Even though
mechanically nore fragile, they can be used under our conditions. They are
formed of a %o%ting of ,.porou 1, 2-difl uoroet hyl ene)
deposi t ed onZ2a<pdh S f Q- F &R

LTSN %3 =5l ofa et ¢ vas—readuced to
0.025 mcronetres. The use of nenbranes sl ows down nononer diffusion but
does not block it entirely. Therefore, the problens of fouling the
count er - el ecttrode3¥er s S Wit (KA nysloe drdfel y attenuated. 30 B
13620. 3 EE 51 3. 27he H Qdd¥rBase {hechhb cknesgrapnPayBeEi ki a.

Cross-linking with divinyl benzene The approach described in this paragraph

meets the® S5D®SEH HD Bl tmicher PUNP filng. The film thicknesses

typically obtginediane bR 6 | ¥ s9RSeHRE i3k 113 0WpEelQRd 05350 nm
beyond 2000 pul'ses. For situations in whicCh copper contents may be higher,
filmthi ckneggoums g9 0kexgsr &0 grn dpeyempd u? @0 aputFes . nEprbessHataonso

par anmet er of ;i t.anc ' % uki first
Do & vashiing T s Pos Fo tAa At i e T Cthe SOLSABESShal ns
are grafted @8t oanheexpreggaonA af ghcapreper t¢aprdstyi mpy decgmeeda n t he

grafted pgrt pl%&a%{_%t‘@a%fi rlt“&;oarq__ta{rfmes or through interleaving by

Some polymer chains are removed during the first
ammonia washing. This is due to the fact that not all
the polymer chains are grafted onto the surface. A high
proportion is simply retained in the grafted part by

15 weak interactions or through interleaving by
interdiffusion. One last part is simply released in the
solution and contributes to gradual gelling of the
electrolyte.

The approach used consists of retaining this last

20 part 1in the growing film through the addition of
difunctional polymerisable molecules in the
electrolyte. The divinyl benzene molecule (DVB) may for
example allow crosgs-linking between the chains that are
initially insulated and consequently the withholding of

25 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.

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

Figure 13 shows the IRRAS spectra recorded on
these films. It is to be noted that the IR intensities
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interdiffusion. One last part is sinply released in the solution and
.contributes to gradual gelling of the electrolyte. The approach used
consists of retaining this last 20 part_in the growing filmthrough the
addi tion of difunctional polynerisable3lecules inthe electrolyte. The
divinyl benzene nol ecule (DVB) may for exanple allow cross-1inking between
the chains that are initially insulated and consequently the w thhol di ng
of 25 a higher proportion of chains. Tests were conducted using between 1
and 10% DVB a(ied t eurhe eahbade cs@npabEMenina Iei & hi Gkinasses;@zQ\Wg Up to
a content of 5%.and then stabilize. The maxi num™ val ues obtai ned are cl ose
to 5000. 30 IFeMRCHIRH A%F A Qoskingar twity £1bnthickResi ckness by 5. The
results can be seeft i Asfigui@adentall §¢ endBeshans t Be 1l RAS SPealihd:
recorded on these filns. It is to be noted that the IRintensities B

13620. 3 EE 524faus bk Eomdrepeas eprafary¥i sThPt RVEr didngotr afadddi on are
not |ineag w #f4 1 S &Qﬂggqg% t | these
films al \%vaystt}% xf ték?eﬁés&o%?%o]?ér%% s e D aé?&é)o god@?{OE% their
capacity of bei ng Bwol hea Iof aquslsrdtmgoagenthe useclof asr dssrﬂnyﬁki ng
agents, such Shd n en ) r ef.or I L _pQssihl

I ncrease th énezs/ﬂg of Eﬁg?ggg?'llgl rTPBa s el"?a@?%?¥§?e5goTﬁ%clr%g%ﬁ exi ng
capacity of ttHEe ctbsskheﬂke@bff|¢mf®ed0fpimsemwda Bactbesefor Bss-Thenked

films, the | hi nitiall een._wth N-eGf 0S nked fil ns

were no | onger sée}zr]lvr1 . %gggﬁgg&poraﬂ o%h%f pr@‘s@r r]r’naltﬁ1 C{ oﬁ%ir‘g 15%The

i dea of Uu8i ngpymssfwrarbd Ohi gdweres ¢xoss-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 viscosity of the synthesis

20 solution increased, generally accompanied by a brown-
red colouring. This observation is 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 is to =say the

polymerisation inhibitor.
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contribute towards increasing filmthickness is derived from observations
made during synthesis series. It was observed, when several filns are
produced successively (wthout DVB), that the viscosity of the synthesis
20 solution increased, generally acconpasd ed by a brown- red col ouring.
.This observation is related to the formation of oligonmer chains in
solution which are not retained by the grafted filnms and which accunul ate
in time. In parallel, it was observed that filmthickness 25 tends to grow
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di stillation B8t TOHT eMB0ES2EFI 100 13 r EREFKPRESst ApitAcEer, Fhdi"3 s to
say the pol yoertlsedé ooni ahebbhgar waB $86828v3dEENS3 ebhiss dfe Hh iRt .
positive: _th epar ati on qf syntheﬁ* solution with preforned ol i goners
led to a sig ‘f%%n eitﬁ(’ffnégfg i Y £ BEATIHoRIaTeYs. TROTa &S BP 3RP ™t three
on aver age Wage@selewrd arlyt ebBBeei/eliNi ClREsS. Y valdies adet egiR-88d hy
profilometry from400 to 500 nm were regularly observed. These results are
given in figﬁﬁ%?ﬁ%ul%:2.3. Synthesis on wire nmesh 10 The use of the Teflon
cell nade it possible to start tests on stainless steel wire nesh. The
changeover from radi of requency nickelled surfaces, on which nost

optim sation : performed, to stainless steel

P?;Br didigot apparsid | YsdS of Vene! SPef PoRNLANOMNEEE 3% |hoyainebedd N
start tests on stainless steel wire mesh. The
changeover from radiofrequency nickelled surfaces, on
which most optimisations of synthesis conditions were
performed, to stainless steel mesh did not apparently

15 give rise to any problems as illustrated in figure 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 periocds 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
binocular microscope or electronic scanning microscope
(figure 16) show perfectly homogeneous deposits on all

25 the wires. This well confirms that the coating method
by electropolymerisation 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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The presence of chrom um oxi des does not appear to have reduced film
stability. It was even possible to submit the coated neshes to ultrasound
for much longer tine periods in order to 20 verify their adhesion. 15m
tests under ultrasound in solvents of tha polynmer did not nodify or
visually deteriorate the filns. Optic observations under the binocul ar

‘m croscope or electronic scanning mcroscope (figure 16) show perfectly
honbgeneous deposits on all 25 the wires. This well confirms that the
coating nethqod, by el.ectropolynerisation is fully suited tq.these onpl ex
geonetri es. ?ﬁéngﬁaﬁgeo@érggé¥tﬁﬂ%‘u P oped %ﬁrf%%%ée?g q#ﬁ1 y F4F i ne

w th the ai mgexrfeauned heaririore Bergdidi bf adfided doptidtigestep. 1f, from
a strictly geonetrjcal vi oi nt, and by extra oIating resglts oht ai ned on
flat strips, a medeRRS mimPHEhRITRln HOFhey 198 1389008 BES4 A (re of
10h_mg/ 1dsgl utlf@btnai_ﬂ tai Eoﬁyﬁdéﬂﬁbléaﬁnﬁi@ﬁsepeirrf Otﬂﬂ@néﬁcﬁaﬂﬁ@t S%Qf%@@;jl y

achi eved by kinetics. Passes through nuperous neshes can then be used to
obtai n a condtfd AR IFH I h Ak RPhrTaRE Herkhl Bt ween the
liquid and the surface of the films. 4) Continuous treatnment device for
effluent to be treated This enbodi nent i.s schematised in figures 17, 18
10 and 19. | aaesfomn@ifIyent s Peens. In
figure 17, dewap conprises a series of buckets 17 in which nmeshes 19
are pl aced fﬁrﬁfq%éihe conpl exing structure of the invention. A hole 21
is pierced in the Tivta opmppdinenpuditetgchamatiredeincE iguaecobpri d8s a

driving §8i | 231706, the PHEkE! $:1LlA f ofm a ualer Mhesk. S¥st eleand &

the same items. In figure 17, device 15 comprises a

- Sts.

series of buckets 17 in which meshes 19 are placed
forming the complexing 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 and a
driving motor 25 for the rail equipped with a wvariator
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
device at the bottom left in the diagram. A collection
trough 22 for the effluent leaving the bottom of the

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

Figure 18 is a perspective 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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driving notor 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
wat er wheel system The 20 treated effluent is evacuated fromthe buckets at
points A, B and C of the waterwheel systsem and fromthe device at point B.
The treated effluent 31 | eaves the device at the bottomleft in the
diagram A collection trough 22 for the effluent |eaving the bottom of the
25 buckets is provided at point C of the waterwheel system The system

al so conprises first _emmtying/decpnplexing bath : nd second
enpt yi ng/ dec&p Xﬁﬁflﬁ%égﬁg% Fﬁ%urb€§8 Pgsgtb%?sp269i9e g?ag%&ﬁﬂﬁﬂ a
bucket 17 3@cwhwaielste\dletics i drit e Wet efvhedl idystmving rail 23, A

hole 21 is pierced,in the bottom of the bucket. Lt i 1§%¥Ot mounted in its
upper part around afFUTEi’S 238 8n SOREIRT WHYY r 8F1 2 Sthat’it TB4f nove B

13620. 3 EE 53iwigirant heshabéer the | tSoPDsidhdig " helfe 2dhd ackBgpldawawar ds”
along the entire waterwheel system Figure 19 is a section view of a bucket
17. Thi s °di 8FFGtFews?? hefpddia i BRERENDF 1WENEHAR -extintS StEVFLEESre 40

of the presenls iiRY IO £2 SUEMEE UbckSt | RayBE8r! BkENfAZe EBGRaRHCKEL
may for exanple contain 10 to 15 nmeshes. In this diagramthe bucket hol ds

10.  The bucRét touills mMesheashi drembdd Mmrorasmitis ducketuddderidn 44, a
tube 46, a |over AW, Afked mxiggkolot%qfspr%&ﬁ%aﬂ hc&n{gq eglannuts

52, an Oring 54, and an Oring The effluent 1's able t ow out
through theubppes afrewn paési Ag tircoufh neshewez0 crawrf i4fir ea 1pothemsyst em

L oS50, BRI 0K sayal ST, Chee U PR o
an O-ring 56. The effluent is able to flow out through
the hole after passing through meshes 40.
In figure 17 the sgystem is shown so that the
waterwheel system circulates continuousgly in clockwise
15 direction. It rotates in reverse direction to the
direction of flow 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
leaves the bucket wvia hole 21. The trough 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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direction of flow of the effluent entering via A and then inmerses in two
enptyi ng/ deconpl exi ng 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 thé&é supply duct. The effluent passes
through the conplexing structure of the invention contained in the bucket
and | eaves the bucket via hole 21. The trough 22 is intended to collect
the treated effluent which 25 contlnues to flow fromthe buckets at the top
part C of t sy ¢ ar e then dr|v§n t owards the st 35
and second 3 : ' et S i

t he buckets fdymhdug dﬁ&he:anﬂmm siersumtmai o:‘fn tmvmteMpB@ 8

13620. 3 EE 56 5) e of ap % tion usmg;%_Fl enbodlnent of %&g devi ce
of the invention % BEst@%gmﬁ P he' BT ket AEFE™or this
exarrp: e uses o "/amfoéd sf/ f@:f' JrﬁﬁﬁhBS%ﬁﬁétﬁbﬂS?aﬁﬁl thaeu?u R n1Rs316L f
stainl ess st an m n e_substrate of t eX|n structure o
t he |nven?|oﬁ q%iﬂ %% lgﬁhtFﬁﬁ o UBSHRACE V|%y ggrlﬁp L9 f or s
the electri caﬂdr}ucuﬁw raf Qﬂ'&aniﬁvéﬂt:\(@ﬁr middnfakle bp eonpdbLxih@nsf The

total actual surface areas of thls co exing structure 1Q are therefore
high, in the Rstlder? -orinydoo RFEL e Ongli?llﬁ) geﬂﬁ‘@? pFBFi dS-OLFGFr&ﬁagﬁé’r mous

gain in effigaiirall Noddd®i @ngolimitt €9NRERIA 1. cIMS1éRVEBHArS THRSSed a
solution of 250 mi of ‘effluent to be treated having_a concentration of 15
my 15 Cue+/ Itabdlodfituae siwsirae drede BlickBiS SANPLRE}NIeLELMCHEFS he

Cu2+ i ony ONGEA I At frd he 3 Ut 19D ithe I &2d0N J0 g rusrer @fr passes

in a bucket.

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 bucket 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 treated effluent
after a low number of passes: in the order of 0.5 mg

Ccu®**/1 after 20 passes and a single decomplexing
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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 nunber of passes in the bucket with an
effluent volume of 250 mi. In this figl®, reference 60 denotes
deconplexing. 25 At the sixth pass, the inventors deconpl exed the neshes
with ammoni a, then re-used the sane bucket after rinsing in clean water to
renove the amoni a. They observed that the conpl exing capacities of the
bucket had hgan-gesd.orgd, i chigede dads POssE blig 1,4 dLacdy Veny e 3@ How
residual concentrations in the treated effluent after a | ow nunber of
passes: in tHORReRrtreshalaglixed vy Brereh 2vegakaeionndia 3ingl&.
deconpl exi ng B 13 3 Oper gty on heggbwth digss- 1kt 4 lmgﬁ? | ed
that the copper ?Iﬁ%esﬁgggégi xgg g‘{/ﬂelgr g%tghvgr e%% g%i ons |sl% rr%ﬁl e
aspect of theorelaklyh@esaiide | tta sobbetin panbabignipbsal blex t dediitest n an

i denti cal zor re by_usj re u r .ex] ng
operati ong, f%érg&e%npr?% aégie}é%ndadeégrgf% 8}% nglhgtioe(%r g%%d (Q{eﬁg’%%\%er%ﬁ@ pass.
These resul t opgat ideg, Wioh ¢kamplesansecindedeiconpilexiingadrart@gedus| y
possible to r ong, quantitative conplexing of the prior art
by a series %?A @Z?H(}%lnp‘?lge%%hgs/ deconpl exi ngs. 6) Exanple of the use of a
conpl exi ng cavity ofThesbox resuktstypeshidw | nthats apph edtbeanplresent

el ectropolyrreiri seargélpcp o{ Vi n)él fertr ocene .al one i onduct ed bg cat hode
polarisation.x?ﬁe V|ﬁ§l feftPo EW?%:?QSﬂﬂﬁﬁﬁigﬁﬁf} i aufgp%f. ' this

experi memd itlowwsp, passnblieatdve complexing of the prior art by a

series of fast complexings/decomplexings.

6) 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 1lock formed by the

20 ferrocene group is chemically stable vis-&4-vis cathode
electropolymerisation and that it can still be
electrochemically piloted when in the polymer £ilm
which has been grafted.

25 Conditions of electrochemical sgynthesis:
- 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 electrolysisg, with following protocol:
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verify that the m nmed redox |ock formed by the 20 ferrocene group is
chemcally stable vis-a-vis cathode electropolynerisation and that it can
still be electrochemcally piloted when in the polyner film which has
_been grafted. 25 Conditions of electroctegn cal synthesis: - On platinum
Sstrip - Control: silver electrode - Solvent: acetonitrile - Electrolyte
carrier: 30 TEAP 5.10-2 nol.L-1, - Mnoner concentration: 1 g in 20 ni
acetonitrile, i.e. 0.27 nol.L-1, - Pulsed electrolysis, with foll ow ng
protocol: B 13620..3 EE vQn & - 2..7,. V.| (Ag+/ Ag) ton = 200 ns Voff = 0 V/
(Ag+/ Ag) toff = 40\8’“@ '5%\1 obr/ ?Az%u/lp’gés 2000 %“I’h’e 499 Wbt ai ned has a

t hi ckness of approxjepet ed W/ gmg)and has the kR Struoiures characteristic
of the ferrocene grqup. Figure 22 appended shows the | RRAS spectrum
transm ssion in reﬁqﬂ?q?%ﬂ ?% ‘F%hgf‘ﬁ?oof the poly- 10 (vinyl)-ferrocene)
filmobtained by grafting using el ectropol ynerisation under cathode
pol ari sation. The response of the_poly- (vinyl - ferrocene) filmis

r n

( 1y
measured °in a sol RS ot bF SRERLASErPE andhiErPesE Qi #PPYSHAREe e

vol tammetri c 2@sPNsenaf hde Me LR POt MudvhAYs - EREFQEERS) sgiaf bgd o
pl ati num by el ectropol yneri sati on under cathode pol ari sation. The

measur enent | SSTEREERH AP solution 5.10-2 nol.L-1 in acetonitrile, v =
100 nV.s-1. The arﬂg&@ndz§atgp§éﬁde@eagﬁo§ge gggerwﬁ%sch%rp%gtq_xdﬁti c of
the redox pa'I'l:rransmission 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 5.10°% mol.L-1 in
acetonitrile, v = 100 mV.s!. The anodic and cathodic
peaks are observed, characteristic 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, vinly 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 film.
30
Conditions of electrochemical synthesis:

- On platinum strip
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20 that is always reversible associated wwth the ferrocene group. 7)
Exanpl e of the use of a conplexing cavity of redox |lock type 25 In this
‘exanmpl e, vinly ferrocene was copol ymerisgad with 4-vinyl benzo 18-crown-6.
Thi s experinment showed that the redox |ock is co-polynerisable with
nmononers functionalised by conpl exing cavities and responds

el ectrochemcally in such co-polynerised film 30 Conditions of

el ectrochem cal synthesis: - On platinumstrip B 13620.3 EE 59 - Mononer
concentrations: 0.5 NPRATRA - fEMRAETALERRP 0. 70253 zﬂvWﬁWlbé@Zé-'Of@f@ own- 6

in 20 m acetoni tirdde®, o7& §. 24.pplyl- %e@fz&mﬁ]@UEE:o f- u'?’?
eIectronS|s wth follomﬁng protocol: =5 Vi (Ag+/ Ag) ton = 200

ms  Vof f 0 V/ (Ag#@omﬁlfrblew(ﬂn% N@menobflx pupﬁe@ongme@ The sanpl e
S rlnsed i n acet oni r gpgg i sation. The
EtLLHC ness %ré- éﬁé_ oﬁﬁ?ﬁ#ﬁbl S é%%éi

filmobtained has a 't roxi mately ecul ar
structureSreveal s griups char2act éfi/stiAg’dRgh er r ocenetoand 20% g own et her.

Fi gure 24 appended owWs_ an R&ﬁﬁ run1of t he film f the i nvention
obtained with a copé? frer ofJ i §f9§§ rocene and 4- g?ﬁyr ﬁgnzo 18- cr own- 6.
Exanpl e 8 A conpl exiNwgnlesr toff dgel sess: n@d@®0 usi ng a tube in 20 pol yet hyl ene,
opened at one end, and conprising a flow adjustnent tap at the other end.

This tube was filled wth neshes in stainless steel, on which a
pol y- 4-vi nyl The sample 1is rinsed in acetonitrile under

10 wultrasound 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 an IRRAS spectrum of the

15 film of the invention obtained with a copolymer of

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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pyridine filmwas grafted. These nmeshes were placed in the tube

perpendi cular to the direction of the tube. It 25 was then possible to
‘cause the effluent to be treated to flowinside the filled tube, to adjust
the flowwith the tap and to collect wafger to be treated in the filled
tube, adjust the flowwth the tap, and collect treated water at the

bottom of the tube as illustrated 30 in figure 20. After n passes, n
dependi ng upon the concentration of the incom ng effluent, the neshes are
regenerated: (i) ejther by passing_.an amoni a sol ution through the tube;
(ii) or by i i 1y ?’ﬁea%‘ff}ﬂﬁll@t SBUEEET0.13 BE B0 PHibBYi AeIRERATHS

solution ; (itHe OmeBMebegaie )i Na@lebheoBEBeELtHALRY €l'ed I Oxagsiltisance.
The results qbtajned are equivalent to those of the preceding exanples. 5

Exanpl e 9 A &FRE8hg &8 t QDY MR thad® udihagea 9fol Fdeny Pereedis® opened
at one end, andAEYising a flow adjustment tap at the other end.
Bef orehand, poly 10 4-vinyll pyridine was grafted onto stainless steel
beads 1 nfmin dianmeter. This grafting was obtained by filling a
Tef | on- meshedz tdihe rigi stered trade mark) with the beads, the tube being
sealed at th by a conductor nesh conpressing the beads. The
assenbly 15 was i dner sethplexing sy mawgiigigsol umiaen cowd® ni vging vi @yl
pyri di ne and i Kk c e i i t r i.ng.exanpl es.
e pol yet hyPend TiHE SR b epTRelE | A, Shg, | SERELREABNTH ST
to pass the ﬂ$QWLﬁﬁﬁustm¢nttt%@I@U the oagherhendi. | Bedotrebendt, o p20 yadj ust
EEZ I'ug‘g’lb/‘i} gé‘&i‘gl}flhe A (LG eFed " 2RLEY WRETh1Ak ! NG LRt om of
beads 1 mm in diameter. This grafting was obtained by

filling a Teflon-meshed tube (registered trade mark)
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
incoming effluent, the beads are regenerated: (1)
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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passes, n dependi ng upon the concentration of the incomng effluent, the
beads are regenerated: (i) either by passing an ammonia sol ution through
‘the tube; 25 (ii) or by inmmersing an electrode in the tube for

el ectro-assi sted discharge. The results gabtai ned were equivalent to those
,of the preceding exanples. B 13620.3 EE 61 CLAIMS 1. Conpl exing structure
conprising a substrate on which a filmis grafted of a polyner or an

el ectrically neutral organic copolyner able to conplex ions. 5 2.
Structure according to claim1, in which the electrically neutral organic
pol ymer grafted on the substrate conﬁﬁ¥¥¥£§ - one or nore identical or
different functional groups having conpl exi ng properties chosen from anong
10 am nes, ami des, ethers car bon phosphi nes, phosphi ne oxi des
thio-ethers, disul¥i GEEPLerdag %%NﬁF%%ﬁeF§mp§i§1890thsu?ﬁF6aE?oﬁﬁ%
cryptands, SepWICraAndSim Posagess L £ BRYAI §s§yme§| bz«aaﬁn@.ﬁ_ectw'zﬂadwes

bi - pyrldlnes terpyrldlnes qui nol ei nes, conpounds of

or t hophenant FEUtYEL RESATHIS CORLYIRH RIS £ HRRRERX i9nfer ophor es,
antibiotics, ethylene glycol, clyodextrins, and nol ecul ar structures
substituted and/ or functlonallsed fromthese functional groups, and/or

20 - one ?r nore GomSteMckyrEavaeresddngr ddoxcilaék Yypén which the

electrically neutral organic polymer grafted on the
substrate comprises:

- one or more identical or different functional

groups having complexing properties chosen from among

10 amines, amides, ethers, carbonyls, phosphines,

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

ethers, aza crowns, thio crowns, cryptands,
sepulcrands, podands, porphyrines, calixarenes,
pyridines, Dbi-pyridines, terpyridines, guinoleines,
15 compounds of orthophenantroline, naphtols, iso-
naphtols, thioureas, siderophores, antibiotics,
ethylene glycol, cyclodextrins, and molecular

structures substituted and/or functionalised from these
functional groups, and/or
20 - one or more complexing cavities of redox lock

type.

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

25 among 4-vinyl pyridine, vinyl bipyridine, thiophene.

4., Structure according to claim 1, in which the
polymer or organic copolymer film is a copolymer of
methyl methacrylate and of methyl methacrylate in which

30 the methyl group of the ester has been replaced by a

crown ether provided with a redox lock.
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3. Structure according to claim1l1, in which the polynmer is a polyner
containing a mononmer chosen from 25 anmong 4-vinyl pyridine, vinyl
bi pyri di ne, thiophene. 4. Structure according to claiml1, in which the
pol ymer or organic copolyner filmis a @g@polynmer of nethyl nethacrylate
and of nethyl nmethacrylate in which 30 the nmethyl group of the ester has
been replaced by a crown ether provided with a redox | ock. B 13620.3 EE 62
5. Structure according to claim1l, in which the polymer or organic
copolyner filmis a copolyner of 4- vinyl pyridine and vinyl ferrocene or
vinyl 5 diferrocene. 6. Structure according to claim11, in which the
organi c pol yner fis mdtamuctudd ckpessdehgapiys oxgamel ¥, 1@ MRichethe 10 7.
Structure according to claiml]l, in mhicﬁ the substrate is chosen from
anong a pl at @OLYMEL QX QrIRBpE, CAPFAYPEL & IHEsH.S A wFPBOLl¥MBEaRE 4 powder,
a chipping anha tulgridide Stipgtureiageor deBgrbeepkal Mgyl aRdpfy iNn
which the substrate’is formed in whole or in part of an electric
conduct or 5 or EHEXQAfNfct or material. 20 9. Structure according to claim 1
or 8 in which the substrate is in 316L stainless steel. 10. Method for
treating a liquid effluent to extract ions fromthe effluent, said nethod
conprising 25 a step Steustmrect acherdingudim cdéabm t¥keatiod wikidhathe
structure ac ' t f ghai 0.9 e .. ;
extracted ar g%gg((%!rrn{)l%exlg%i yeis)aifglgi reﬁéatl%i 1(%al yl%?cr{{eét}%tr a%PoFSE’%g%l%n%It%q
10 um or less.

r film

10
7. Structure according 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.
15
8. Structure according to claims 1 and 7, in which
the substrate is formed in whole or in part of an
electric conductor or gemi-conductor material.
20 9. Structure according to claim 1 or 8, in which

the substrate is in 316L stainless steel.

10. Method for treating a 1liquid effluent to

extract ions from the effluent, said method comprising

25 a step to contact the effluent to be treated with a
structure according to any of claims 1 to 9 so that the
ions to be extracted are complexed by said electrically

neutral organic polymer film.

30 11. Method according to claim 10, also comprising
a step to expel the ions complexed by the polymer, said
expulsion being conducted by chemical or electro-

assisted means.

B 13620.3 EE



30 11. Method according to claim 10, also conprising a step to expel the
lons conpl exed by the polyner, said expulsion being conducted by cheni cal
or electro- assisted neans. B 13620.3 EE 63 12. Method according to claim
11, in which the expulsion of the conpléxed ions being made by cheni cal
means, it is conducted by imersing the filmof organic 5 polynmer in a
‘solution containing a ligand having strong affinity for the ions conpl exed
by the film 13. Method according to claim1l, in which the filmbeing a
poly-4-vinyl pyridine film the ions to be 10 extracted fromthe effl uent
bei ng copper and/or zinc ions, the expelling of the latter fromthe film
is made with a néttod Medihnf haeceadeng wWie hcdadst hbl, udinngwh belorrbe

sol utions, oOrg 3~,C 0PI [ f 0. 15.,14. t hqd
according to ec}}%a%%%lr? ?ﬁ \?\Eigc%%{(‘%eleg%ﬁglt%%%)eb%ﬁ%gggdgo%&l’u%thoelr}ﬁgraq

sem - conduct dreamsubst at®, conductgdnby pomgreingr sheedidm oife osgssticat e

containing o r &, COMPLEXE NG CA%LLL 8] ogig g § i re | ocks,
t he expulsioﬁﬁﬁgﬁ?ﬁg conplexé% rons 1S naéggby eﬁ & §b9§§gﬁgf%§§ﬁ%1 s by
el ectrical | y affoirartsifgr ttiee comiuctanpbexadnby comelutt bm. substrat e
carrying the polynmer film 25 15. Method according to claim 10, also
conprising a substrate peeling step to renove the polyner film which
conpl exed the iong,3.opMemiadd yatobkaned yo acldeposilj ngnstwipi¢n deposit a
new polyrer TR ALLDP o SEORY I RLEinFP B0rs GORL! BUCHS LHEALER! (deyoe for
10 extracted from the effluent being copper and/or =zinc
ions, the expelling of the latter from the film is made
with a wmethod using hot water, with a method using
ammonia solutions, or with a combination of these two
methods.
15
1l4. Method according to claim 11, in which the
substrate being a conductor or semi-conductor
substrate, the organic polymer grafted on the substrate
containing one or more complexing cavities provided
20 with redox locks, the expulsion of the complexed ions
is made by electro-assisted means by electrically
polarising the conductor or semi-conductor substrate

carrying the polymer film.

25 15. Method according to claim 10, 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.

30

16. Continuous treatment device for an effluent

to be treated comprising:
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to be treated conprising: B 13620.3 EE 64 - a conpl exing structure
according to any of «clainms 1 to 9, - a first container intended to hold
the effluent to be treated containing the ions to be extracted, 5 - a
second container intended to hold a sol ydon to expel the ions conpl exed
by the polynmer of said structure, and - neans for causing said structure
to be continuously passed, at a controlled rate, successively 10 in the
first container holding the effluent to be treated and then in the second
contai ner holding the solution to expel the ions conpl exed by the pol yner
of the conpl exing s uGAMPeXing 7 STRUNGE S c EFWEHRD di MG, 95 whi ch
the structurQdimea taRg ovth joined ends. 18. Device according to claim
16, in which the coaneX|ng structure is an _assenbly of neshes arranged 20

in buckets, said bucleetislafli mrprradinet binkendedr fRebPlds fdeemf filgtenteyi ce
according to @ént%at%é%&paa)fﬂﬁ@&h&%ﬁ@'taeﬁélsex\ewcwélach to adj ust

the speed at which 25 the structure passes through the first cont ai ner then
t hrough the second c@nt%ﬁmdlﬁon‘éﬁaﬂﬁén lFGealdfeldovFQ alt’-‘éldof51 thed wififdruent to

be treated anpqf og_x%gla ﬂggcqrgnrsat EBH 25% qﬁl,;ge dent o# s%g“%reat ed

and/or in relation to the conpl eX|n exi g peed
i ons by the @®tgadters, mndO. Cbntlnuous treatnent device for effluent to

.be treated conprisi NYie Bl 36£8y3 Ec?ax?éing said structure to be
continuously passed, at a controlled rate, successively
10 in the first container holding the effluent to be
treated and then in the second container holding the
solution to expel the ions complexed by the polymer of

the complexing structure.

15 17. Device according to claim 16, in which the

structure is a tape with joined ends.

18. Device according to claim 16, in which the
complexing structure is an assembly of meshes arranged
20 in buckets, said buckets being driven by a waterwheel

system.

19. Device according to claim 16, also comprising

control means with which to adjust the speed at which

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

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

30 the ions by the organic film.

20. Continuous treatment device for effluent to

be treated comprising:
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- a conplexing structure according to any of clainms 1 to 9, - a first
container intended to hold the effluent to be treated containing the ions
to be extracted, and 5 - neans for causing the effluent to be treated to
pass continuously, at controlled speed gamsd fromthe first container, over
the surface of or through said conplexing structure containing the
effluent to be treated. B 13620.3 EE

- a complexing structure according to any of
claims 1 to 9,
- a first container intended to hold the effluent
to be treated containing the ions to be extracted, and
5 - means for causing the effluent to be treated to
pass continubusly, at controlled speed and from the
first container, over the surface of or through said
complexing structure containing the effluent to be

treated.
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