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Abstract: We report the electrodeposition of Cu and Ni ineamps solutions together with the deposition of
lanthanides (Gd, Sm, Dy, Th) and amorphous maga#tigs of lanthanides with transition metals (Ee) onto
various polymer cathodes in formamide solutions.Wed conducting polymers (polypyrrole, PPy;
polyethylenedioxythiophene, PEDOT) sprayed on diffé substrates and in addition composite matebmded
on carbon black (CB) mixed either with polyethyldRé&) or with polycarbonate (PC). In the latterezdahe
conducting material is easily shaped out in variousms. When deposited on some of these substthteg]loys
appear as an interesting material for magneto-ogtiording. The electrochemical process was useithéo
preparation of Gd/Co and Dy/Fe alloys for which theasured coercitive fields ranged from 250-300 Oe
(Dy/Fe) to about 350 Oe (Gd/Fe). We demonstratedl thle feasibility of an additional electrograftioiga
transparent protective layer of polyacrylonitriRXN) in order to avoid the corrosion of the alldysthe
atmosphere.

INTRODUCTION

The electrochemical deposition of various meta®ived in technological applications, such as Tj,A,
lanthanides and actinides, is only feasible in emo#alts or in organic solvents at room temperdiacause of
their extended electroactivity range. Numerous wmigaolvents were found to be convenient for these
application$ but it appears that formamide (FA) is the bestimmador the electrodeposition of most rare earth
metals (RE) and for the preparation of magnetictRRBEsition metal (TM) alloy$3 When the target path is the
preparation of these alloys as thin layers {9, it is necessary to use cathodes which are \igntrespect to
the solvent and whose magnetic properties willaffgct those of the deposited layers.

Until now, Au, Cu, and ITO glass catho@@svere commonly involved but, in the case of FAadgpeared to us
that Cu metal partially reduced the solvent or te@devith the solvent by an undefined mechanism. téirea the
corrosion process, Glions were present in the electrochemical bathveer@ deposited in turn into the alloys.
ITO glass is claimed to give good restiltsit we have reported many cases of irregular démosMoreover,
this substrate exhibits some brittleness.

Thus we looked for new cathodes that are built fovganic materials. Two different approaches haenb
investigated here. First, we paid attention to emtidg polymers such as polypyrrole (PPaid
polyethylenedioxythiophene (PEDOY)n this approach, an insulating substrate, such@slycarbonate plate,
is made conducting by chemical precipitation obajagated conducting polymer (PPy or PEDOT) asra th
layer onto the surface of the transparent polyaaat® As described in the literatdrepnducting polymers are
widely used in microelectronics, that kind of contilng polymer being used as intermediate layers in
lithographic patterning This would thus open the door to the manufactfisn@ll magnetic entities by
electrochemical growth of a magnetic alloy on spatierned substrates, leading, for instance, tomagnetic
recording media. It should also be mentioned tlER®T exhibits some transparency when it is depdsitea
thin layer onto the substratehis transparency being a requirement for magogtiz- applications’ However,
in this approach, we have to consider that theadwtting polymers are electroactive and that they a
insulating in their reduced stateThe cathodic deposition of a magnetic alloy onshdace thus remains a real
challenge by this technique.

In a second path, polymer based composite matEiassich as hot pressed mixtures of polyethylene/carbon
black (PE/ CB) or polycarbonate/carbon black (PQ/@Bntaining enough carboni-e. 15wt%—to secure good
conductivity have been investigated. These bullenls are easily processed into various shapesiand
mechanically quite resistant like metals, and meeeaonstitute lighter and cheaper substrates.

In this paper, we report results obtained for tepasition of RE/TM alloys onto the above mentiopetymeric
cathodes. As these alloys are very reactive to exynd moisture, we also briefly describe an amfuhti
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electrochemical process to preserve the alloy wsitignsparent thin layer of grafted polyacryldteittPAN).*°
The so prepared material ought to be eligible fagneto-optical applications.

EXPERIMENTAL

Electrode preparation

1. PPy based electrodes.

1.1 Electrochemical deposition onto a conductingsstate (PPy/Pt).

In a first stage of the work, Pt anodes were usetjueous solutions containing LiGI@r polystyrene sulfonate
as conducting salts (0.1 M) for the oxidat{@* +0.7 Vvs.SCE) of the monomer (Py: 0.1 M) in order to
deposit adherent films of PPy onto the metal, lfiekhess of the film being controlled by the elebtsis time

(1 C cm? leading to 4 um thick films)

1.2 Chemical deposition onto an insulating substi@Py/ PC).

PPy conducting films were prepared in routine tmysprecipitation (2 hours) of the polymer onto sparent
foils (10 x 20 mm, thickness 1 or 2 mm) of commaitgiavailable PC from a solution consisting of qoye
(0.022 M), Fe(0.102 M), FeGl (0.01 M) and 1,5-naphthalenedisulfonic acid sodgait (NDSA, 0.01 M) as
doping agent. These experimental conditions weaptad from literature datd'® The polymeric layers adhere
fairly well to the PC substrate and they were rihisedistilled water and dried at 100 °C for 2-3uh& The
black conductive layers are stable in air and reade used as cathodes in FA. One edge of thestales
was covered with a thin strip of silver paint tese good electric contact with the cathode ho{dHligator

clip).

The PPy structure is evidenced by IR spectroscgmomparison with data previously published by Qetdi
al.’®

2. PEDOT based electrodes.
2.1 Electrochemical deposition onto a conductinigsstate (PEDOT/C).

The electrochemical deposition of PEDOT on vitrecairbon anodes (C) (plates 20 x 10 mm) was caotgdh
acetonitrile (ACN) solution containing 5 x M EDOT and 5 x 18 M E4LNCIO, as a conducting salt. The
polymerisation was achieved at constant poterfial{1.5 Vvs.a Pt foil acting as a pseudoreference
electrode). The current amount was set up at 50@m€ Under these conditions, the thickness of the PEDO
films was about 2.6 prf.

2.2 Chemical deposition onto an insulating subst@EDOT/PC).

The chemical synthesis of PEDOT must be performezhiorganic medium (ACN) and in this case, the
precipitation of the polymer onto PC plates wasedgd by the slow dissolution of PC in the solv&hus
PEDOT was prepared separately from an ACN soly#d»OT 0.1 M, FeG 0.2 M, 50 °C, reaction time 4
hours) according to a procedure described by Hegwead Jona$: The solution was cooled and sprayed onto
the PC foils until the support was completely cedeiThe electrodes were thoroughly rinsed with A€M

water to remove the excess of monomer and to diteireG. SEM investigations demonstrated the formation
of regular layers of PEDOT (Fig. 1A) and showed thespite intense washing of the material, PEDQ@IT st
covers homogeneously the PC, revealing its goodradise to the substrate.

3. Carbon black composites (PE/CB and PC/CB).

The composites containing 15wt% carbon black (Kdtigck EC 600 JB) were prepared by mixing with the
appropriate polymer in a Brabender mixer at 25 gmuh at 65 rpm after the polymer melting. The terapge
was about 250 °C for PC and 180 °C for PE (extdneating); the composites were prepared within frfutes.
We used Makrolon 3101 (Bayer, polycarbonate stie@})(and Exceed 109 (Exxon, polyethylene sheet)(PE)
The resulting material was either extruded (bameir: 3 mm) or hot-pressed as thin plates, 2ranBthick.
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Fig. 1. Micrographs (mag. 1000 x) showing the micro struesiof (A) PEDOT chemically synthesised and
sprayed onto a PC plate, (B) Cu thin layer depakida PEDOT/PC, and (C) Gd/Co alloy deposited on
Cu/PEDOT/PC.

Chemicals

Anhydrous FeGl FeCk, CoCh, GACk, DyCl;, TbCk (Fluka or Cerac) were used as received.
Tetraethylammonium perchlorate {ECIO,; Aldrich) was dried for 24 hours under reducedspuee at 60 °C.
Ethylenediamine (EDA) was dried over molecular see\WNaphthalenedisulfonic acid sodium salt was ased
received.
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FA 99.5% (Janssen Chimica) was dried over 3 A midecsieves for three days and then distilled under
dynamic vacuum. Voltammetric and differential pytsgarography analyses indicated the absence ioluads
water. Acetonitrile and acrylonitrile were driedesvCah for three days and distilled under vacuum.

EDOT (Bayer) and Py (Aldrich) monomers were distilunder dynamic vacuum before use.
Electrochemical plating baths

Copper and nickel plating baths corresponded taisiial compositions. CuS@H,0: 60 g 1; H,SO,: 60 g I*;
C,HsOH: 50 g I* and NiSQ-6H,0: 300 g T; NiCl,6H,0: 60 g 1*; H;BO5: 45 g I™.

Equipment

For voltammetry and related techniques, we usddssical three electrode cell and a Pt pseudorafere
electrode as previously describ&d.

The metals and alloys were deposited in a cellisting of one cathodic central compartment and lateral
anodic compartments in order to secure homogenaousnt lines on the cathode area; the total afrleedwo
anodes was equal to 20 Tws. 2 cnt for the working electrodes. Most of the work wasried out with soluble
anodes (either Co or Fe foil). All the preparationgA were carried out in a glove box underdtimosphere.
Constant current, either continuous or pulsed, supplied by a Tacussel PRT 200/1 potentiostat/galstat
while PAR/EGG equipment (270/1) was used for tramisiechniques.

The Rutherford backscattering technique (RBS) veasl o characterise the alloys composition and
homogeneity. A beam of 2.5 Me¥particles was produced by a Van de Graaf accelerhe backscattered
particles were detected with an annular PIPS dmtéattive area = 100 nfrand resolution = 19 keV). The
particles were detected in a solid angle of 0.0G7 s

A scanning electron microscope (Cambridge Leicapted with an EDAX analyser (Explorer) was used to
analyse the morphology of the electrodeposited/slémd their composition.

Magnetic measurements were carried out at roomeeatyre by using a vibrating sample magnetometer, t
magnetic field varying from -1.5t0 1.5 T.

After dissolution of the alloy with HN§) inductively coupled plasma (ICP) analysis waglusedetermine the
metal composition.

RESULTSAND DISCUSSION
1. Cathodic characteristics
1.1 PPy/PC and PEDOT/PC electrodes.

The capacity of PPy and PEDOT composites to be asedthodes was examined in aqueous solutionGaith
and Ni plating electrochemical baths. As mentioimeithe literaturé® Cu is very rapidly electrodeposited from
this medium, and Cu metallic coating over PPy sthdal easily obtained.

With PPy thin films precipitated onto PC platesaapropriate Cu plating was obtained by progressive
immersion of the plate—cathodic potential appliedteithe bath as described by Gerfi¢fstotal immersion
was immediately achieved, copper plates only aatheolution interface; this observation is a matf
controversy with previously published dafsimilar behaviour was noticed with PEDQ'E, deposition at the
interface only but, in that case, a somewhat diffeplating process has to be considered. To ptelen
detachment of Cu, the entire electrode was immeardedhe bath and withdrawn step by step to predac
regular plating. The morphology of the electrodéjealsCu is shown in Fig. 1B. On both PPy and PEDOT
cathodes, Ni plating was heterogeneous and it wasssary to use a preliminary Cu deposition. FAgst@ows
the structure of the Ni electrochemically depositaetb the Cu/PEDOT/PC electrode. These resultsgtnigb
correspond to the difference between the standatehpals of the Cii/Cu and Ni*/Ni couples compared to the
polymer critical potential of reduction.
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1.2 PE/CB and PC/CB electrodes.

As far as the composite electrodes are concerioeshlete plating (Cu or Ni) is achieved by direchigrsion of
the whole cathode in the plating bath. The ohmapds low and the applied potential between anodk a
cathode is lowered to 5 V corresponding to a meareat density of 30 mA cHj instead of 30 V with PPy
cathodes. It is important to note that these CBpmsites are electrochemically inert and thus teetsdactivity
window is only limited by solvent reduction, whilethe case of PPy and PEDOT polymers this windise a
depends on the electroactivity of the polymer m studied medium; therefore with these last eldespwe
have to check their electrochemical behaviour éngblvent required for the alloy synthesis,in FA.

Fig. 2: Micrographs (mag. 1000 x) showing the microstruesiof (A) Ni coating on Cu/PEDOT/PC, and (B)
Gd/Co alloy on Ni/Cu/PEDOT/PC.

1.3 Electroactivity in FA.

The electroactivity of PPy and PEDOT deposited dtitavas characterised in the organic medium (FA,
EuNCIO, 0.1 M) by cyclic voltammetry. With a scan rate2& mV s', the potential peak for the reduction of
PPy appears at -0.2W%5.Pt,i.e. probably at a less cathodic value in this solvbantin water, and PPy becomes
an insulating material when the potential exce@ds V vs.Pt as demonstrated by the drop of the currenteo th
residual value. In contrast, PEDOT is reducedrabee cathodic potential peak, -0.7 V, than PPhatsame
scan rate in FA.

In addition, with a scan rate of 100 mV, sve observed that at a more cathodic potentig?\.¥s. Pt, the
conductivity of PEDOT is still retained since thement still comes up to 7 mA ¢mThe latter potential is in
good agreement with the alloy deposition.
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2 Alloys deposition onto conducting polymer thin layers
2.1 Onto PPy cathodes.

On PPy/Pt (electrochemical synthesis) when the tlilitkness is lower than 1 um, the Gd/Co alloyoisrfed on
the underlying Pt electrode through the PPy coatewsgling to irregular alloy coating of the polymdnatever
the counter-ion used for the PPy synthesis. Whetiiltin thickness is increased, no alloy depositionurs, but
only the reduction of the PPy film occurs.

On PPy/PC material (chemical synthesis), variotergits to plate Co in FA (Co£0.1 M) failed: only very
irregular deposits were observed and sometimdsiprtesence of precipitated Ce@hd of scattered yellow
areas corresponding to the reduced (insulatinggsire of PPy. We concluded that these PPy catharées
rapidly reduced in FA and are not suitable fordirect deposition of transition metals in this medi

2.2 Onto PEDOT cathodes.

On PEDOT/C cathodes, homogeneous deposition of €almwas achieved in pulsed galvanostatic electesly
with an ON/OFF ratio equal to 0.1/1 s from a 0.XCBICL solution in FA, with current densities from 2.51t0
mA cm? (Q = 20 C). Pulsed electrolysis gave much bettert®than continuous electrolysis. This technique
and the influence of the electrolysis time (ON) aest time (OFF) have been previously reportedéhipinary
experiments with Cu and Au cathodaalith conducting polymers, during the OFF time, diiféusion layer is
indeed reloaded with Gbions and also the partially reduced PEDOT is rdiard. SEM/EDAX analysis
confirms the good coating of the polymer by theahehe absence of Cl in the EDAX spectrum is enieof
the formation of metallic Co which is not contametaby the precipitation of the chloride salt. Teasibility of
regular deposition of metallic Co on these cathddestherefore been proven.

Gd/Co alloys were prepared from GgCloCl, solutions (Gd/Co=l, [GdG] + [CoCl;] = 0.2M) at 5 and 10 mA
cm?(Q = 25 C), since a lower current density (2.5 mA%heads to poor coating of the surface. The strectu
of the deposited layer is shown in Fig. 3. EDAX &18IS analyses (Fig. 4) show that the Gd conteincizased
from 1.5 to 4 at% when the current density is iase#l from 5 to 10 mA cf The absence of Cl is also
confirmed by these measurements. It must be nbsgccbmpositional analysis of a Gd/Co alloy demabsiinder
the same conditions onto a Cu foil only gave a Gutent lower than 1 at%.

PEDOT appears thus to be more stable than PPyllamgsdhe deposition of the alloy onto its surface.

On PEDOT/PC electrodes, the direct deposition efalfoy is more difficult. Indeed, we think thathen the
conducting substrate (glassy carbon) is replacéid insulating polycarbonate, the PEDOT has to im$uoth the
electron exchange with the €@nd Gd* ions and the electric conductivity in the syst&imce this material is
less conductive than glassy carbon, an overpotéatiaquired to compensate the ohmic resistantbeofystem
and this probably leads to a quicker reduction®DRT, impeding the alloy deposition. To obtainable
results, we found it necessary to carry out a piiekry deposition of Cu before deposition of thed@Gulalloys.
In this case, under the experimental conditionsriesd above, a maximum Gd content of 3.8 at% wastred.
These results can be seen in Fig. 1C, which shioevsttucture of the so-prepared alloy. We can saera
granular structure for the alloy prepared on thisREDOT/PC electrode compared to the alloy directly
deposited onto PEDOT (Fig. 3). In order to underdtdne effect of the substrate on the Gd/Co stracthe
alloy was deposited after previously coating théREDOT/PC with Ni (Fig. 2B). We can see that the
specificity of the underlying metal deeply affettie morphology of the Gd/Co alloy (Fig. 1C and 2B) that
the polymer does not directly control the alloy rogtructure.
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Fig. 3: Micrograph (magnification: 2000 x ) of the Gd/Cda@/ electrodeposited onto PEDOT/C.

Fig. 4: RBS spectrum of the Gd/Co alloy electrodepositéd BEDOT/C.
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3 Alloy deposition onto carbon black composite materials
3.1 PE/CB.

From voltammetric measurements at different sceasrahe reduction of both €qFig. 5) and GH (Fig. 6)
was investigated. The waves are ill shaped, aeédh case the wave on the reverse scan crossdisatiescan
indicating the deposition of the metals by a nugd@aprocess. In both cases, the anodic strippeaklearly
appears. In the case of Co, an increased currebsirved on the reverse s¢&r -1.2 V) indicating the easier
deposition of Co on the first deposited metal lay@mpared with its deposition on PE/CB.

Metallic Co was prepared with constant current diessof 25 and 50 mA cth Pulsed electrolyses, without
agitation, were involved with an "ON time" fixed@tL s while the "OFF time" was either 1 or 2 sdeinthese
experimental conditions, homogeneous and pure @osits were easily obtained. For shorter "OFF tin(@
or 0.4 s) contamination with Cl was detected byaX-#luorescence analysis.

Gd metal was plated with the same current denstiglsthe same "ON time" but, very surprisingly, ptete
absence of chlorine in the deposit was only obsefeethe shorter "OFF timef'.e. 0.2 s, according to X-ray
fluorescence results. The quantities of depositédn®8tal in each run were determined by ICP analykes
current yield was found to be equal to 73% for 59 em? (current quantity 22 C) but only 10% at 25 mAtm
In contrast with what usually happens for alloypakition onto metallic substrates (Cu, Au), it agsethat high
yields are obtained for high current densities wagolymeric substrate is usé@his may be explained by the
difference in the ohmic resistance of the two gystea higher resistance for the polymer requiritigaer
current density to optimise the alloy depositiorileshin the case of the metal substrate, a too bighent
density can favour the competing reduction of thlgent and the limitation of the alloy depositioield.
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Fig. 5: Cyclic voltammetry recorded on a PE/CB electrodmpdd in a CoGl(0.1 M) solution in FA.
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Fig. 6: Cyclic voltammetry recorded on a PE/CB electrodgpdd in a GdGI(0.1 M) solution in FA.
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The Gd/Co alloys were prepared according to soraknpinary experiments while taking into considesattata
published by Usuzaka and Yamagu@hThe total concentration of GdGt CoCh was fixed at 0.1 M but two
different Gd/ Co ratios were used: 4/1 and 9/1yletiediamine (EDA, 0.03 M) was added in some expents
in order to complex C3 and so to shift the G8Co deposition potential towards more cathodic esltiAlloys
without the presence of chlorine were produced Withtwo above-mentioned Gd/Co ratios in solutismvall,
with or without addition of EDA. It seems that ED¥as no effect on the alloy composition. The mogtbie
current densities are between 12.5 and 50 mA anul the current quantities between 15 and 50 €inSance,
we found that with a 50 mA cfrcurrent, the Gd/Co ratio equalled 9.4 (30 C inedlvbut was lowered to 2.7
(43 C involved) when the ON/OFF ratio of the pulsedrent was changed from 0.1/ 0.4 s in the fiasiecto
0.1/0.2 s in the second case. In these experimtbet€;d/Co ratio in solution equalled 9/1 and noABlas
added. The maximum Gd content of the alloys rea@deat% under the following conditioris50 mA cn; Q
= 22C; ON/OFF = 0.2/0.4 s; no EDA added.

In all the so-produced alloys, numerous cracks wéstinguished and it appeared that the appeamittese
cracks was probably related to the Gd concentratidhe alloys, since the alloy Gd/Co (74 at% &) i
completely splintered (Fig. 7A).
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Fig. 7: Micrograph (magnification: 200 x ) of the Gd/Co @yl deposited onto a PE/CB cathode.

It was found from all these investigations that¢benposite PE/CB may be considered as an integeséithode
in aqueous solution and in FA for the depositiotrafisition metals, Gd metal and most likely ofesth
lanthanides. The deposition of transition metathanide alloys is also feasible, but in this césefresence of
fissures will increase the magnetic losses wheigla duality magnetic material is required. Finailyg
tentatively consider that the inert polymer (PEpé&ded the overall adhesion of the alloys and wseho
change PE to another polymer of highly polar charapolycarbonate (PC).

3.2 PC/CB.

Regular depositions of Gd and Sm metals were choug from FA solutions (GdglSmCE 0.1 M) at 20 mA
cmi® and an ON/OFF ratio = 0.2/2.0 s with<ZBx40C. For greater current quantities, the depositgers were
weakly adherent to the electrode. Moreover, ittbdse noted that ageing of these polycarbonatéreties and
a too long stay in the FA solvent led to the polyswelling and induced electrode cracks. Electisltisne
must therefore be short to alleviate this problesmich did not occur with less soluble PE.

The capacity of this second composite to providaitable basis for Gd/Co alloys was checked ugieg t
experimental conditions described above. Regujartawere obtained but the amount of Gd in theyallgas
only about 1-2 at%. The alloy composition appearse independent of the current density (25, 50am&)
and of the presence of EDA. By using bars (diam&enm) of the extruded material instead of planar
electrodes, we recovered samples specially desigméde measurement of a particular magnetic ptgpthe
coercive field. With a vibrating sample magnetomete recorded only weak coercive fields—from 2@
Oe—as determined from the hysteresis loop at resnpérature (Fig. 8). However, coercive fields appe&o
be more important when the alloys were prepardddrpresence of EDA. EDA therefore plays the réle o
surface agent leading to alloys of better homodgnei

Since the PC/CB bulk material can be easily obthasebars with a shape well suited for magnetic
measurements, we have investigated a wider vasfediloys on this substrate.

Fig. 8: Hysteresis curve of the Gd/Co alloy deposited anfiC/CB cathode.
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For comparison, some Sm/Co alloys were prepared FA solutions containing 0.1 M of dissolved spscie
with [SmCE]/[CoCl,] = 9. Here again the addition of EDA had no meghiheffect on the composition but led
to more important coercive fields. The most reksdhd reproducible results corresponded to loweotirr
densities, 2 and 5 mA ¢mfor which 1 at% of Sm was incorporated in thewlithe coercive fields equalled
150-160 Oe@ = 20 C; ON/OFF = 0.1/1 s). With a higher curreatsity, 10 mA crif, (Q = 20 C), the coercive
fields dropped to 40-70 Oe and for 50-80 mAZ%hower values of the coercive field were notic8d-¢0 Oe).
In all these cases, metallic alloys were prepaoedRBS analyses which indicated the presence ¢f bot
constituents of the alloy together with the elemexttaracteristic of the underlying polymer (C, @preover,
examination of the O peak indicated a contaminatiothe alloy by O. Indeed, the RBS signal of Owb@
high peak at high energy corresponding to supeifl@i(metal oxide), which overlays the continuoasd at
lower energy corresponding to the O from the poly(Rég. 9). This emphasises the necessity to proec
alloy from the atmospheric corrosion.

The preparation of three iron alloys, Th/Fe, Dydfre Gd/ Fe, was also investigated in turn in variou
experimental conditions. For the system Th/Fe, betw20 and 50 mA c¢A{Q = 20 C), the coercive fields
reached values of 100-160 Oe, while irregular \&hrom 70 to 160 Oe—were the rule for 10 mATriere
again, the Tb concentration in the alloys reachmxlial at% with a Tb/Fe ratio = 9 in the electrauofal bath.

Dy/Fe alloys were more easily prepared—3-4 at% Dyth-aurrent densities of 30 and 40 mA €mwith the
coercive field reaching 160-200 Oe and correspantirregular deposited layers. At 50 mAgrthe coercive
fields were again higher, 250-300 Oe (ON/OFF =02/Dy/Fe = 4 in the bath). As far as Fe allos ar
concerned, the best results were obtained for ti€aalloy (Gd 8 at% in the alloy) at 30 mA émand with
coercive fields of (350 85) Oe.

4 Grafting of a polymer coating on the alloys

As mentioned above in the introduction, we coatadesGd/ Co alloys with PAN from acrylonitrile (AR,1

M) solutions containing 0.05 M FNCIO, as a conducting salt. This process has been thblpdiscussed in
our preceding papers and patenits.In a classical three electrode cell, the Gd/Cetayas used as a cathode
while the counter electrode and the pseudorefereleatrode were large Pt foils4cnf). A voltammetric scan
at 20mVs' was applied down to a cathodic potential of —1(8g. 10). After the passivation peak
corresponding to the electropolymerization of trenomer, the current reached a residual value demnading
the build-up of an insulating layer. A second vaitaetric scan on the same electrode correspondgdamtiie
residual current (Fig. 10). This protective layersaransparent when observed by SEM with Gd/Cysife 1
at% Gd). The protective effect of PAN layers grdfteito metals (Cu alloys) was demonstrated in tvecqding
papers>?°The thickness of the grafted layer was very thiall cases: it mainly depends on the monomer
concentration, about 15 nm with a concentratioANhof 0.2 M and 25 nm with a concentration of 2 M
obtain complete protection, the so-coated electogsre dipped in a solution containing 0.5 M PABsdived
in dimethylformamide. The additional PAN was tampie the grafted chains and a continuous and deAdé
layer was obtained. The usual test with a drop ©68Q/H,SO, mixture demonstrated the effective protective
effects. More details about the process are ginenfi 28.

Fig. 9: RBS spectrum of Sm/Co deposited onto a PC/CB cathod

1600

1400 -
1200 -
1000 -
800 -
600 -

400
O(mn Sm
200

Counts per Channel

0 1 2 3
Alpha Energy/MeV



Published in: Journal of Materials Chemistry (200@)l. 10, iss. 3, pp. 729-735
Status : Postprint (Author’s version)

Fig. 10: Cyclic voltammetry recorded on a Gd/Co electrodmpdd in acrylonitrile (0.1 M) solution in
acetonitrile. (A) First scan, (B) second scan.
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CONCLUSIONS

In each case, we have reported the best conditiomsepare the quoted alloys, and we have fourtd tha
composite materials consisting of a conducting pellyand a metal can be prepared by an electrochbemic
process both in aqueous and in organic solutiomsnkhis fundamental work, it is evident that neaterials
for technological applications can be foreseen.

The electrodeposition of metallic lanthanides igagls a challenge for electrochemistry, whatever the
experimental conditions, and we have demonstraitdais paper that conducting polymer cathodes (BEd
PC/CB) are suitable for this prospect.

The preparation of lanthanide/transition metalyals usually achieved both by quenching and spngdut
the electrochemical process appeared to us argtileg alternative way. The cathodes are easilpeshay
extrusion and this would broaden the applicatiagis fof such materials.
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