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1 El ectrochem cal nethod for detecting boron in water
The present Patent Application relates to the

el ectrochem cal detection of boron, nost often in
very | ow doses, or even in the state of traces 5 (i.e.
generally a fewunits to a few hundred ppb - parts per
billion-, by weight) in 1liquid, generally water.
Generally, the detection of boron in a liquid which is

FIEGEoshemical metiod for dRelifyg bpromirrdvater

el ectrochem cal nethods such as pol arography. 10 Boron

i s a suppbanceseMii Patdt PAJIESEORT foratdsf td et dl8ctrochemical
detect in that 1t nust be detected when present in

detacfiosrafl dorqoamoist piien iim vert low dases, aileyes ialthe state of traces

that it is necessarily detecte a [ ex. i t h . .
(et BEERPTE Yo e b FRlES BB T o Ber Bk pf yeiony in
IiQﬁH?Péﬁé}%‘ll'&/%t@ﬁ boron by using Alizarin Red S
(Anal'ytica Chimca Acta 572 §12006) 253-258) descri bes

a novel Gereralhy, t thendetacioneehd@renrindat kquid nvhteht lie generally

SLEDOR Bl S Peld 18 Ee) B8 g iorlsteciues

nﬁsbé(!k'@d;lg?tbyoéiegtrb@miga! m&ﬁméis;sfudhcaﬂ)ola{rdgnaww.zari n Reg

are detected in a buffer solutiaon u a_wor .

el ect r oBOTOMS @rﬁqbsst@qeawaicadsmwvﬁwﬂ%&s@‘ EReptgghn that it
sttﬂée%éééﬁé‘ar\ﬁﬁ%@%r@é%nt ?r{‘Qéifycsrﬁﬁlﬁﬁga@tﬂie@qW&%aﬁ{gﬁ efi‘fgi?%bove all,

romt act mercury i's a substance
il tHdt iitds Inecessdriy detectedias arcomnglee mtithpar obinplexirgsagent.

eecury Thesdntgmblignicn ; Bl et Seteraedtcdid basap by using
A#gtgﬁn?@é& B eAhal/Bcd SrahicyeA dtaBrX oo Q§QWH|e|)écril§%‘éi 2 novel

od can prove conplex to inplenment, and inflexi
votiamnseetrie indthed foredetetmPingtite presencaof baros ingvater in the trace

SR e Y SS Re bt 6 e, PLBS o e complexes o
PSS Wit RarfERBES (ARSS rdersedied imavisufidtesollitRuasilg a work
of the prior art. To this end, the invention rel ates

aelectepdes twhidh fisra bangingi mgrauny drpp exdegitadesfbybiicoprasgnce of an
vvatder canmprising the production of a conductive buffer
AYALR LR on conprising water and at | east one boron

conpl exiHwvegsNapakthfeorn ntheofdet thatnmerdupy 4 a substance which is
cﬁéﬁggltt rt%c r;Sa\rlrlid(l:ealan%e'clanofprgg(—i;nctl B%blfér%(smag nretgg(?dsp rs?asi‘gtrg/c%nd the
environment, the use of mercury as a work electrode material is tricky, and the
equipment is relatively bulky. Consequently, this method can prove complex to
implement, and inflexible to use.

The present Patent Application aims to remedy the drawbacks of the
prior art, and in particular the difficulty of implementing a measurement method
which does not have the drawbacks of the prior art.

To this end, the invention relates to a method for detecting the
presence of boron in water comprising the production of a conductive buffer
solution comprising water and at least one boron complexing agent, the
introduction into an electrochemical cell of said solution in the presence of at

least one work electrode, and the measurement of an anodic peak of the boron
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| east one work el ectrode, and the neasurenent of an

anodi ¢ peak of the boron 2 conplex and conpl exing

agent by voltanmetry, said nethod being characterized

in that the work el ectrode i§ a solid mcroel ectrode,

and in that the neasurenent<is carried out

continuously with respect to the flow of water.

Advant ageously, the use of such a mcroel ectrode makes
chinplexs satd e comglexihgv egentre dyurestmmetry hosaidi tmettmd  being

RaPRiFTIFogan Heeting Mk BGTDE el megeeieie 4G n that the
M?a%\éﬁrémg@: iF ;Q/:gn’f@ﬂ & éo“ntiﬁgéMslﬁl QiffPFdspebiio th¥ fERPeBwaler.

particu conpact and I néexpensive apparatus. The _
use accAddamggeousiiiethenvsenof suctod mictesiectredrimakes it possible

q Fevea rer s oot et Filo ssVEBRrial el osr ca,

i's part ppuhar dtrhePRYAA! MBERES of B5Rbed 8blidy mitfRlectrode makes it
vol tametry neasurenent is a Differential Pulse

pussiblenteehaye aDRethodowhighdgeasy tpasarmpeybbptmeans of particularly
Stripping. Vol tametr hod (SWASVM, or an
CW&?E??@@%F%S&?@%&%%-mtry Met hod (ASVM 15

Measur empBtuseTastordifgite the aventionusfeareontinubusaneasarement, in

out in the presence of a conductive buffer sol uti 0141 :
ling with sespedttoathgi flew ?fﬂheFWﬁtQé'x'é‘n‘ﬁhé’{h thea presence of boron is

' s carried out according to
Wﬁ%wéfﬂgﬁgﬁgu'%vﬁgdn‘é@@&{%e conducti ve buffer
sol ut i oPrefeedblyx &npleltaoonery sesasureavattaise a2 Difierdntial Pulse
hosphat e sol uti on, @j t he pH can be Choggn at 7V4 ¢
ilieninstng GRV). coits eauasn BlaveaAbsarRINg SiHPRINg oVgltammetry
r [ VM
SO TEFTASIND, 5 P A B3k Bty s AS )
Measramient. depends on vari ous paraneters including the

concentration and nature of the . el ectrol yte,, and i
choi ce A8t afRde qqaipwggﬁgqegﬁ '8p?qrﬂ?‘2e°L%fH@ tHSt%fé?ﬂg@%e of a
Bhdlbfe BuRPPESILADSE iRegknéral bar an.givdrefg alFar, ekémple, the
boron conpl exi ng agent is at a concentration of 10-9 )
neasuremedt Mf Ensfdis apeak 18- saniedo ord- aceprdingr tex dhg ollowing
in the case of the use.of the netho rdi L.t
AefoRRtarSn e ernanine i splg 100EaoR; Shftfbripo i acetate
IPEeBRos i GRlutlond GiMastHee PRl can be chosen at 7.4. But any other
combination of parameters can also be envisaged by a person skilled in the art,
who can use any buffer solution and any appropriate pH. The pH generally
depends on various parameters including the concentration and nature of the
electrolyte, and its choice must make it possible to optimize the detection of the
appearance peak of boron.

Preferably, the boron complexing agent is at a concentration of
10° M to 10" M, preferably 10 M to 10™* M.

For example in the case of the use of the method according to the
invention within the context of a water treatment process, typically downstream
of a stage of deionization on a resin bed, not only is the detection method

according to the invention perfectly integrated into the treatment process,
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30 of a stage of deionization on a resin bed, not only
is the detection nmethod according to the invention
perfectly integrated into the treatnent process, 3

wi thout slowing it down, but_it also nmakes it possible
to have an indication of the3 depl etion of the resin,
by detection of the presence of boron. According to
the invention, the boron conplexing agent is generally

wﬁhg&tegovarr@g‘t Eb\gngbmp afsormekedit poseibi tazlhavenarRitliGaticor of the
AR [ ro

dgp@bo@liot)%re?“h@b’%@%@lf thR A ESNEP PUBRI um sal t)
and ber)!(&;%der (10! ke 1n$Eﬁt|&Pyth%t$lﬁ6n%%’éI§%|h§§bg§Bﬁf'% generally

can al so V|sage y a person skilled int
chbger froththesgmup fofrmiedeby thee Adizanin ReideSwor IARS, (3,4-dihydroxy-

o ciEdBRor 2 entraeaeseiPhp el At Satlint baks i bRERTR' 1. But
aHngV?‘é}%nﬁﬂéQﬁﬁ agtPt BhA ra% 66 bhoid8§e® by GAp&@ON skilled in the art

not ubes)’, Dbi smith m croel ectrodes (i.e. generally
withirr thel seobe ef dse inveation. bi smuth, or i croel ect r odes

coat ed th a,bi srrut r od

doped o%ﬁo‘fvo%ﬁé'ﬁr% ?ﬂmoaoer oar?cg'tcﬁ'gg)r}% Eﬂ el ecrﬁ'r bdfeé %@nerally
ch8gdred fidnh h carlbdM C Uhicrddlbdtrodey (ii@npdz@qer&w aftyecuishecarbon

m cr oel ectrode can al so be envi sa

nyqzrqeletszﬂrodﬁstmecaib@nvmanqtlﬂbQSr)eb@mtgbdb@rQﬁle@tﬁmeS (i.e. generally

L ﬁ%%@etedt[%ﬁgs-ﬁggggféfsg ?ﬁ%l&ﬁ%@&rﬁ% £Sat3B! ®ith & bismuth

filh; I @@rachd Odﬂcroélﬁoﬁroa!sst h@om@d eor ahotordcmﬂderwmlhs boron, and
which formit and its geonetry, cco d| n

nm@mqut@dgs(aﬁoawa it tMBFEUNA B leacgl'ﬂ Mg other
MilrdeSetiddbein Ao bé dnvis? 'skméétlﬁ thét!#t W|th|n the

[éo paa' adé?s&

boron concentration nmeasurenent uncti on of

saopeli of ’mealnvbah@int The2persbnsskilledt imeatarbrialdbje don@hoose the
W|tha s % hr ough t he agﬁaratus of

" bl z%mk"l terial
pgeamietesh d €SP MISTOSIEPHOLE: To s Iiumaleel G dnaterials
WHISS e ﬁaﬁg‘i‘t@rbe%fméﬂ’y | R28Edin@ BLthEOtdHdtRIhsf idlethentation.

contai ni ng boron, at ‘a known Toncentration of boron.
Accor di Agivantageobsly actordingtto dhe imventioor 8risipessible to calibrate

e Beron i il BeesSfiis Qa0 Ene Yisthe Beak hoight.
Tﬂfﬂ@b@@éﬁtf)h@m{ Johe i aoﬁé’ssﬂ'@qfhﬂoﬂlgﬁrthecﬁmﬁrét@s of a “blank”
relates to a detection device for the inplenentation

solutionmbeh edsalgtiare withobt hopmeanad wthy thesgassing deraugk ¢fsat least
har Ct &H 'F\,g%tg&ln%otﬁ&bﬁqaﬁ&oﬂe?ﬂ §RnEQARGREfitrafiod 68dron.

Accordmg to such a calibration, the boron is generally able to be
detected at a concentration of at least 5 ppb, generally from 5 to 1000 ppb,
preferably from 5 to 400 ppb.

The invention also relates to a detection device for the
implementation of a method as described previously. Such a device is
characterized in that said device comprises at least one electrochemical cell
comprising a liquid inlet means and a separate liquid outlet means, the cell
comprises moreover a cell tightness means and a reference electrode, a
counter electrode and a work microelectrode, said work microelectrode being

able to be introduced in the electrochemical cell in the presence of a conductive
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conprising a liquid inlet nmeans and a separate |iquid
outl et neans, the cell 30 conprises noreover a cel

ti ghtness neans and a reference el ectrode, a counter

el ectrode and a work mcroel ectrode, said work

m croel ectrode being able t# be introduced in the

el ectrochem cal cell in the presence of a conductive 4

buf fer solution conprising water and at | east one
bafieosolatiom lceniprigirepwater aamdat leastione bloron nbmplleacrhg agent, and
bei ng chosen fromthe carbon n1croe|§5brodes n%cnodes

saidc Mk e BiiRigRlastrodn rind o pes<st frRsn éi?re?%nﬁ}‘\(a'oe
bf?n?ﬁtﬂ%ﬁ:ﬁ%l@&ﬁ?des ?@%WBB%&'O‘?Q&% LaRheShdMidtoBlectrodes,

ner cur sal d devi ce being ab to 5 measure an
aadommopleetfodés tdoatdzbvdth @omerevryafilth,ceaigl deving kejeatable to

Ao AP prakeehdud HdbpnEmpinAle GaMERNg agent by
vgﬁér% A5hY 58 rcﬁfﬁroi‘}? kpvis thR@adUte RENEESRINURUSH WitIE respect to the

m cro ¢tro he device according to the invention
flasaf veatepri ses, preferably, a 10 neans of processing

pr oces SPATMANEsHeeBY bR T oftiy FeTmid@ePgpoces.

nmeasur i Mhet ds/idtd BeEordN &L tHd ﬁivéﬁﬁo@fale&COMpﬁseﬁ, preferably,
present in the cell. Generally such means conpr

neganst ran PEOCRSEINGr ﬂ@%nﬁlgﬂé\“ Rigkads Uphiyn the | wark h@ectrode said
{ t

PSS Pisd o et eieiis & Mo 8 hibsiiipo g boron

coRtenti@idroof thEkquié\preserstdnahdioat. Genthadlyi mx&ntnemsocmmpnse

be integrated within a water purification seyﬁf)gh

olctinnicl SR/ Qi UG FBeRNS Whisth alpwiBe st o i &a"bfat'on

cggfqa_rs ﬂeWhl i gglljﬂrggnéh nKnd Orétlté‘?\s%s%ﬁeoﬁ'}ﬁe measurement

ficient operate without any
infotraatien.acti on or infor rratl on) 20 The invention wll

be bett nder st ood n rea fol l -
figur es-?hﬁﬁ%‘:é\ﬁc@ﬂr g gtarg‘elﬁwﬁﬂ Qrérﬁeéf%;gﬁ]te,grgm\gvﬂhm a
v?atéf r??{ngggtrclﬂ{‘ gn R rOBedl?é@oC‘Pn a%c‘égfdi'ioﬂﬂ)d@ “$tafd alone” type

I nve oded view from above; Figure 2
rdmdtgjea’mragermaallyy\wlm owsllnkao the pueudejemi self-sufficient (being able to

expl ode; 5 v be oW,
eAY a"ﬁﬂﬁ?lﬁ Iyl%}‘\?%'ﬁ 8%98"#?%% serrbl ed devi ce,
the The invention will be better understood on reading the following

figures, among which;

Figure 1 diagrammatically shows a first boron detection device
according to the invention, in an exploded view from above;

Figure 2 diagrammatically shows said first device, in an exploded
view from below;

Figure 3 diagrammatically shows said first assembled device, the
electrodes being arranged inside the electrochemical cell;

Figure 4 represents said first assembled device of Figure 3 from
which the microelectrodes have been removed;

Figure 5 diagrammatically shows a second boron detection device

according to the invention, in an exploded view from above;
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el ectrodes being arranged inside the el ectrochem ca
cell; Figure 4 represents said first assenbl ed device
of Figure 3 from which the mcroel ectrodes have been
renoved; 30 Figure 5 diagrammtically shows a second
boron detection device accoﬁding to the invention, in
an expl oded view fromabove; 5 Figure 6

di agrammatically shows said second device, in an

expl odeRiguré evdihgremrbatically shqus said sticagd atevide, rabhyexploded
shows sai d second assenbl ed device, the
vigwefroe ReIPWodes bei ng arranged inside the

el ect r ORRRAL GAhiaG nllmaﬁ%ﬁlﬂéﬂcﬁv@séla%g}ﬁeltisg@méd’ device, the

measur e acc rdlng 0’an exa
mioleteatnidasibemgbrrahged msidd tlfreneleahrmbfﬁmjualecell; shows a

cali bratjon curve rdln to an exa of the
ol e FISGAT GRSV YRy BRASEGMARE APf e e example
ot thd i‘ﬁ‘ipléﬁ\‘:énfjﬁfo‘?\cdf'tﬁé‘ wﬁfent{’ielf'nOﬁnd’*cCOr ding to the

invention Is as it is represented in Figures 1 to 4.
The devFigura® sbowsia eslibration| durdeficaeriing ta asagxample of the

each .conprising a hollow part, and
'@H%@ﬁﬂé@t'?%oﬁg'edpygﬂﬁ)é'd opposi te each other, the
assenbly of their hollow parts conpl enenting one

anot her and defining the actual cell, i.e. the sp
i n whi cAhesfiegt dedes ri) y‘f)é tb@nﬁ?ﬁeﬂ'% %?@W%@@ngw to the

SRRSO SRR DGR 10 TR R £ s

celleddfiedeby anBasdel andrd ebvet 2cteach egomprisingpea hollawghgart, and
into contact for the el ectrochem cal rreas

intended de devasrangadenrpsiterRachsalbah|t e@ﬁsem@ g{r{@r}q&'ﬁw parts
cér’r]n dgﬁ%ﬂtlﬁé%ﬁgda oftﬁ’érnérwpé |ﬁ|ﬁb|th?|tar&ﬁ?8%§|§et.e.2tﬂ1e spgee in which

Knesa o e cover
atrheld@asﬁ,/té c@mlsmmrwatereahurtmardaobammlaxmgsagent willi e rpgesent

t he By I'\nVB) %e?t%géqgglégtrﬁégs ?t re%%fefgla{?ec é &g rogeEthgfwgrtl](eelectrode
e
rhéaswebreEntsdhdhiscedse aeltalmn%ryTﬁ'élecamnlzlydafnﬂjel m 1 and 2,

S o S B0 AOheRRE! 21 B eibnes aliog oot
respect iRl ¥o@dtd2 Ritidt Rl b¥se 1 each comprise threaded openings for
fixing the assembly of these two parts by screwing respectively the openings
1B, 1C, 1D, 1E of the base 1 and 2B, 2C, 2D, 2E of the cover 2, assembled by
the screws 22B, 22C, 22A, 22D, said assembly producing the electrochemical
cell.

The cover 2 comprises two liquid inlet 2A and outlet 2F orifices
respectively on which end pieces 3 and 4 are placed respectively and partially,
allowing the passage of liquid and ensuring tightness. The ends of the end
pieces 3 and 4 which are not immobilized in the wall of the cover 2 are intended
to receive flexible pipes with positive locking for the flow of liquid.

The device 10 comprises a plate 7 generally constituted by a support
most often made of ceramic, plastic of PDMS (polydimethylsiloxane) type or a

silicon wafer type substrate, to which are cemented the three electrodes which
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all owi ng the passage of |iquid and ensuring tightness.
The ends of the end pieces 3 and 4 which are not

i mobilized in the wall of the cover 2 are intended

to receive flexible pipes with positive |ocking for
the flow of liquid. 30 The dBvi ce 10 conprises a plate
7 generally constituted by a support nost often nade
of ceram c, plastic of PDVS (pol ydi met hyl sil oxane)

aitey Becordirgy téithbcmnemﬁdmrmkmamr ZAe 78 andh?Ch reameely the
cenented the three el ectrodes whi re accordi

referenge ¢lAGIEPES.dheMeiKoRlperededps t g‘ﬂ copey Arlegrode; ahe yrature
of ﬂ\%s 'G&& %elsgh %%%1%%9 €hobkOf b‘QD% bel%bﬁgkﬂ{éGQHQHg drl'§ccording

counter e ectr e nature hese el ectrodes is
td thegdaetralytic hesiium andeotper asuml pardmeters.n t he art
accor di

n to the electrolytic, me d oth
par anet éggordﬁ‘%%&ﬁau lmje@ngq het heﬁ&&ﬁ% 5 SL?p[png{ Df%j Lan be
eRisS OrforlOI éié‘rﬁpl‘éans@@por?mﬁlétége%aﬂér éXapRlsBic of PTFE
support plates made o lastic of PTFE
FengfraEluamEtbykeﬁehw a\&)F RRoy ( Péinylidgney | ﬁ@@@de) or PE

ook dur. byt KibEbr Etes b oTdtnd) RRGHARY Slin as

qa¥@eP &f advirestainleas! s(ée'ﬂswgﬂ@t@)i) Siimiilady | thet beometry of the
geonetry of the 10 m croel ectrodes, in this case jn

micreetasntiodes, in s rcasecinihgifaim of 4 dhincgstangular plate, can be

0,05 cFREe RAPrLECHP PRl 00 Sptapoier

Geherdlfy, afhe lp%rstbi gkilled aigha e tdre |Siea/cbleetouszeldpt dheodelicg used
to the conditions of inplenentation wthout e cegtg1 g
aceRrding fre the COﬂﬂ'é'ODﬁ\Péﬁmpéﬁme'i@t'@ﬂéN'B]%‘tt exseedn cope of
tﬁé‘lﬁ‘%hﬁgnl nto or renoved fromthe device 10 at w |

a sinple translation novenent, this possibility of

rmvenrentr hea@lmeacwobelmsgied ngofdrenentn\,iedtfyomf thesdevite 10 at

dd The
S et T Bt PTG b S fomen
aﬁ(/aﬁﬁI%%SUsly g*?\r/!ﬂg rﬁgx}fﬂltf Iy tu‘e.érb?'?aﬁds déﬂ@e thE Pk echsr ihcontact,

nal’s to [ ows 20 connecti on
i cpam;ulaﬂ e the tbneeehwoemtrodaex mthu arflexibleveart 8, of chosen

RERMERD FrraB s BEPe AT O eI G A ah PR 3 ity allows
c@ﬂﬁeéthfh fPHAE eldctiic Bl alcRtBnfkodstetlioh 6p e@eﬁ%@@é&ﬁéh@nt device.
part of the device 10. In Figure 3, the first devic

The asseshiywofdbe shpped, platﬁ c gngéb@ threermicragiectrodes, the flexible
parte% ggtﬁ%hﬁgﬁ%@g ;ﬂgtezé %@ﬁgNH gsA ggtatcngble part of the device 10.

In Figure 3, the first device 10 is shown assembled, in compact form,
the microelectrodes being present inside the electrochemicai cell. As shown,
the device 10 can be used for any detection measurement. The arrow F
indicates the direction in which it is possible to move the assembly 7 of the
electrodes on a support, without damaging them, by holding and moving the
support plate, to release them. Figure 4 shows the assembled device once the
microelectrodes have been removed from the cell. Thus the assembly of the
microelectrodes can be moved at will, inside or outside the cell, for example for

maintenance or for use on another cell of the same type.
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25 the device 10 can be used for any detection
measurenent. The arrow F indicates the direction in
which it is possible to nove the assenbly 7 of the
el ectrodes on a support, w thout damagi ng them by
hol di ng and noving the suppdrt plate, to release
them Figure 4 shows the assenbl ed device once the

m croel ectrodes have been renoved fromthe cell. Thus
the asseifirys 06, Bhangd07 Mk eh esédarde Horem dlﬂe@ﬁorecﬂeﬂ/ice 20
wil | i nside or outside the cell, for example fo

aceordinghtmthe vention, uakich s ah@wneassemmeféﬂ Igé"ga?rrér he second

JpUBS 2 5 AT o BB RBEr R0 BSTROS 3@ yge 20 ar o

the saffvkirab aienthleedevice A0y Wirdess oTHMspdmﬂdévThe @évice 20
is a variant of the first devi ?e 10, .and,t

CORPIgesia 609 4 SOBTPIISiNgetvgy R R%a%sa%égge\ﬁn&*e&l'tﬁmtmg an
L%%lggéél} B%‘quﬂt %ebacé?eeﬂ {rit6& hidk rfs s@?"(? A efe ét%o%@@%‘ e hserted.

conprising two orifices
Thel assembly 6 comppises eeblippat plat@d7 anbakieh ]th]elmtcooelectrodes
trodes ¢ n be i

whi ch f_el d. h
Lo oS SO P R el o
dg)&(’rgfr%%g%gﬂéﬂglﬁsparﬂ? @w%s@ﬁa%@ﬁ%@n&hé‘tﬁ@ thfeoé‘gnals from the

y cenenting. The assenbly 16 al so conp
rmcfdaéemttﬂdesp’ma alectvmalcmrinecﬁghtﬂialeé9oTh@dﬁuL¢btﬂ|$ﬁgand outlet

t he %c (pgﬁﬁlé(gt @ﬂ Fcﬂfier gg\l/ee ¢ Flt? g%ﬁp%cﬂwlg tth% r%\d pieces

@Jé,lldam parts fixed w t h positive |ocking to the cover
12 are respectively the end pieces 13 and
el enent 9 heoelemments rtflxmgcﬂil@eCPOVPZ 1geoithe b@§§e1 11§r9a'i*%t shown

e ong e dcealis fvbifia o oo PRI ENFE i cat es

t he dir QﬁFlglfreGVmﬂhéTaﬂﬁwa irrdldbheg lthé tlirectiorparsd manmet in which it
nove the assenbly of mcroel ectrodes 17A 17B and 117763
inipoRsible tojaengithg asremPIVRf ioreR!REirades tbdi hG without

%ﬂ@ééﬁﬁ%ﬂrﬁg HO‘PdIFIﬁ a?\ﬁs‘rﬂmtngﬁ Irfhé ﬁgﬁﬁtgﬂéétedﬁylf @as"é)them from

Inventton wa accor Ing t
tAls ddVicesse0at i ve, and non-Ilrntatlve exanpl e, for
measuring boron in water by the second device 20
according to the invention, the mxture of the water

to be %@g and the 25 el enents of electrolytic
solutio er, boron conpl exi ng agent) being
carried

The invention was implemented according to an illustrative, and non-
limitative example, for measuring boron in water by the second device 20
according to the invention, the mixture of the water to be measured and the
elements of electrolytic solution (buffer, boron complexing agent) being carried
out in line in a liquid access pipe section, for example in the form of a colil.
Figures 8 and 9 show the results obtained, Figure 8 showing voltammetry
curves measured according to this example, and Figure 9 showing a calibration

curve measured according to this example.
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out inline in a liquid access pipe section, for

exanple in the formof a coil. Figures 8 and 9 show

the results obtained, Figure 8 show ng voltamretry

curves neasured according to this exanple, and Figure

9 showing a calibration cur@e neasured according to

this exanple. 30 8 The device 20 as shown in Figures

5to 7 was used according to the DPV ("Differentia

Pul se Vphd aevebrzd éas tsﬁ@WﬁhﬂﬁgurEbGs 107 wageusdd abeorpiegito the
Eﬁgearance was - 0. V. The work m croel ectrode is

é“tbffetﬁn@ﬁhﬁvlserdfcétamr@@trya| techniqus. ctha oRltagatdgthe peak
ﬁb%%aﬂﬁ%@g“ Im The support plate i s nade of
eference el ectrode i s made of Hg/ HgCl

paste, Fhe whk eduiietecteldects odade sof bisdwitbf nuarebprecisely of
The cal i bration curve peasured is en in Figur

ca&bqnn@aéa@é@haﬁ&h@’"utfhgew Thecsunnoth 'ﬁgﬁhts ] fﬁ’eBMS The

réj@%c% ?I%@%fo&é s %S&Qaquéﬁ-gqm'\@stea%ﬂdat'h@”@oﬁrﬁ&r ei'él:trode is

e concentration boron B3+ 1ons (in ppb)
middesofcadrbdm.at i on curve was obtained by the different
rreasureﬁgnts of .Fi

measur e ﬁpél'mt'eH%%%hﬁ'é Qf's‘ﬁ%h% 9{‘%?%’? Iﬂgli?ca%‘é along
tr‘FéJ?‘é%sotfhgl Cé??ﬁtel-l f tﬁé‘gnb@'b‘?ié%'kt(m ml&BaHb@ré’élQm Caﬂ@@'lbng the

ng in along the y-axis An‘ﬁeres A) and
xtauis the cenpentration €3 of hdl‘OcEaBedoﬁS élngonhieT Ismllbsat@n(que was

erent vol t anmo e shown, on the
oggagrpgd B;'qrée aﬁffef?'&rfeﬁ?SWSP}e&%%Fg@{?gr each
eI ect r OFuré 8s$HaNd Bie difféiePl mediRiIremens Wiich rkmeeme@meed the
"bl ank'™ vol t ammogr a conmprising 10-6

cahlara(oor_l aurest of Enﬁmm%mwgd@heaﬁéy hR8 t%ﬁﬁﬁﬁ'&rﬁ?ﬁ\bg@ﬁat'ﬁd'cated
SB35 Ao ORI e g e
akis %Inm\/bﬂﬂ Y. Differemt Westadimbgradis raprshmm on the basis of a
diferbio oaltaminqggamLfob@meh, cigstoRHE. Ui dRsSodTpBive 23
rgrérelggﬁ&n “0I3AR ‘Pcmérﬁrfnoppédﬂol @%rﬁﬁﬁ%&ﬁ%QO@fMQﬂrms ah¥€0.1M of

asurerrensvvere carrte ut” w t .1 Macetate
dmbaiunaradetdfd aid rospbaiuen kmhrbfsphat@ndvithoua herprof The gcurve 24
The accumul ati on v I

repesRAs e 1$3Me 59 tangi*h@ %9%?”%"&%“ §g‘%8°?rvﬁ§arﬁ?%to Q& boron.

Similarly, the curves 25 to 31 represent respectively measurements for 30 ppb

of boron, 50 ppb of boron, 70 ppb of boron, 100 ppb of boron, 200 ppb of boron,
300 ppb of boron and 400 ppb of boron.

The measurements were carried out with a 0.1M acetate buffer and
0.1M phosphate buffer and at a pH of 7.4. The accumulation voltage
is E = -0.70V over 120 seconds with stirring, the amplitude is 50 mV and the
stepis 4 mV.

The method and the device according to the invention thus illustrated
exhibit a certain advantage in the detection of boron by a reliable, non-toxic,

safe measurement method which can be used very effectively in line.
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step is 4 nV. The nmethod and the device according to
the invention thus illustrated exhibit a certain
advantage in the detection of boron by a reliable,
non-toxic, safe measurenment nethod which can be used
very effectively in line. 3099 CLAIMS 1. Method for
detecting the presence of boron in water conprising
the production of a conductive buffer solution
conprising water and at T8 one boron conpl exing
agent, the introduction into an el ectrochem cal cel

of said solution in the presence of at |east one work

| ect JA n , ' o
o e 8068 or BRhS R SHSERE b BorPORgbr B he
vol t amppbdYatiomabfl anBdisbtive ebufter cdtlitis ebimiridirigy waltedt and at
the work electrode (7) is a solid 10 m croel ectrode,

and inleagit ange heresurearepliexing agantedhsytintroduction into  an

o BTG el PO ofl gt or

Met hod hé preceding claims tehat

vol t amyRsrkYeleoeda!(B)remd the mdastifenentt ofabnFRaaslic peak of the
Vol tametry (DPV), or a Square 15 ve Absorgtive. h
Stri ppibsgovsompeeEng SRR INGSHERIARY Veftagpnetry, said method
Absor ptdaig, SkidBp ok} et ROGIdARMY (7) is a solid
nmeasur ed%ﬁq.&@é@?}ee?%gg zlarj(i:cor di{%é tMg(sany one of (t %el _

pr ecedimigradlactrades uandt hiat thhe theormeasungphanti rig ageiad out
is at a concentratjon of 10- to,10-3 M 20

pr ef er AANKiNYEUYY M'Weﬁﬁeﬁt]tﬂ’/ltﬁﬁ%wf%eﬁccor ding to

any one of the preceding clains such that the boron

conpl exi ng agent chosen fromthe group fornmed by

Al 2.zar i MethRdda®ardingARSthe preceding claim such that the voltammetry

(3, 4-di hydroxy-9,10-di.ox0) - 2= hr I j 5

botd sombamTena S BERiE Bl VEFARIERIER. oresquare
accor dl\%vboA@ébfPﬁm Slfipéihg PolesfReichy Kiethdts (SWASYRB! or an
the work mcroelectrode (7) is chosen from carbon

ni cr oel Aksarpties StrippirgiVeammetoeMetiaddfssy Mp sreasusripeat.

or non-doped di anond 30 m croel ectrodes, and

m croel ectrodes coated with a mercury film

3. Method according to any one of the preceding claims such that the
boron complexing agent is at a concentration of 10° M to 10° M,
preferably 10 M to 107 M,

4. Method according to any one of the preceding claims such that the
boron complexing agent chosen from the group formed by Alizarin
Red S (or ARS, (3,4-dihydroxy-9,10-dioxo)-2-anthracenesulphonic)

acid sodium salt) and beryllium (ll1).

5. Method according to any one of the preceding claims such that the
work microelectrode (7) is chosen from carbon microelectrodes,
bismuth microelectrodes, boron-doped or non-doped diamond

microelectrodes, and microelectrodes coated with a mercury film.
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10 6. Method according to any one of the preceding

clains such that the boron concentrati on neasurenent

is calibrated as a function of the anodic peak height
wth a solution wi thout boron and with at | east one
solution at a known concentr®ion of boron. 5 7.

Met hod according to the precedi ng claimsuch that,

after calibration, the boron is able to be detected

atg.a CM@tﬁOULﬁdow?thogﬁiny fea.stof&henbece@jaggcrlaih’ng/smhnmtnat the
5 to 1000 pp preferably from5 to 0 . 10,.8. .

Det ect iRo¥oRIEPNERNtratipn mpasURMERk IS ﬁii%éﬁ%%t a8 idfpingtioq of the

met hod rf?)ﬁ?t?%éia:nl{‘nﬂ?ﬁﬂ FAth ePé‘& f6n W‘tﬁg?f 56 éKH #htRidBeast one

char act®ri ze sald eV|ce conpri ses
an el ecoluticimeati eclhovere cbncamtpatios ofgboaonl i qw d inlet
nmeans (3; 13) and a separate liquid outlet neans (4;
14) the cell conprising noreover a cell tightness

q\ﬂgth%dré&%hﬁﬂg%]tﬁeedr%édlﬁg%laifh QQMF“tr‘?ét after callbratlon
electroean a work mcroel ectrode (7A, 7C 17

17B, 17k bagan ds ablektonbe deteated @@@ecc(nmntraaon pEat 1674$t 5 ppb,

of oot BB Oy 1071460 b, FREQEHEdh SRR v

buffer solution conprising water and at Ieast one

boron conpl exi ng agent, and said work m croel ectrod
beS.ng JDetertierendeviesn ¢k 89} don thecimeleseentgtieq | of a method

bi smut h (ﬁoﬁq ﬁg tgc;%rfyp gﬁé of 8#&c88m§| clg{msnoéhsﬂ'ﬁ&%ﬂzed in that

di amond® m Cro ragde

with a dmd Qi@V}CefdﬂOmzo?;ajoﬁihmlﬂesC@w @Httroﬂﬁbarrhwlr@ll (zdmhperlsmg a
to neasure an anodic Seak of the boron _co

conpl exiowd ileihneps ) { ahaed A Sergate Bqlggpqtf}fégmeqqﬁ @ 14),

measur 5 & Q¥

07 van e GG HGEELL ) (SRR bk 4 erence

t he pr esledirode,d edunteseliedtrodeainde worlmmleroe@ctmdewm 7B, 7C;

a neans of processing the signal (9;19 | cked _up

t he wor k7 EZ aié ga'dl‘?’})rk IctP ?éd@éies -r%r 2@ K?OSﬁyA 178,

pref er apyey) MY ﬁl'enﬁ) Pe"iﬁﬁfaéuééﬁ W"?I?é@léd’iﬂ)(ﬂ‘\'éﬁu@é]r(%ll in the

concentration ~o urd present in the cel
presence of a conductlve buffer solution comprising water and at least
one boron complexing agent, and said work microelectrode being
chosen from the carbon microelectrodes, bismuth microelectrodes,
boron-doped or non-doped diamond microelectrodes, and
microelectrodes coated with a mercury film, said device (10; 20) being
able to measure an anodic peak of the boron complex and
complexing agent by voltammetry, and to carry out this measurement

continuously with respect to the flow of water.

9. Detection device (10; 20) according to the preceding claim, said
device comprising moreover a means of processing the signal (9;19)
picked up by the work electrode (7; 17), said processing means
preferably comprising a means for measuring the boron concentration

of the liquid present in the cell.





