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Abstract 

This research aims to take advantage of the properRes of phosphate coaRngs to overcome the 

problems inherent in using LiFePO4 as a powder. LiFePO4 coaRngs have been prepared on iron 

sheets using cyclic voltammetry in an aqueous soluRon of H3PO4 and LiOH. The voltammograms 

evolved from the iniRal acRve-passive behaviour, typical for iron in H3PO4 soluRon, to a reversible 

redox behaviour upon cycling. The resulRng coaRng was characterised morphologically (via SEM 

and opRcal microscopies), chemically (via XPS) and electrochemically (via EIS and SECM). The 

results showed a two-layered coaRng (a porous outer layer and a compact inner layer) with the 

behaviour of a porous electrode that reversibly exchanges Li+ ions with the environment and 

reduces the emission of ionic species (Fe2+, Fe3+) as its thickness increases. 

 

1. Introduc<on 

Phosphate coaRngs have a long tradiRon as treatments to increase the corrosion resistance of 

metallic substrates, improve the adhesion of organic coaRngs, or increase the wear resistance. 

Metallic substrates such as plain carbon steel, galvanized steel, stainless steel, and Mg or Al 

alloys, are protected by conversion coaRngs usually grown by relaRvely simple, fast, and low-cost 

processes[1–6]. 

Furthermore, baeeries based on LiFePO4 (LFP) are nowadays the automoRve industry's 

reference technology. LFP is a non-toxic, low-cost, safe and highly reversible material for posiRve 

electrodes [7,8]. The LiFePO4 olivine structure as a suitable material for posiRve electrodes was 

recognised in 1997 [9], which makes LFP baeeries a mature technology opRmised by numerous 

researchers [10]. The theoreRcal capacity is 170 Ah/kg, the cyclic charge/discharge stability and 

the minimal capacity loss on cycling make LiFePO4 interesRng for commercial use [11–14]. In 

addiRon, the low electronic conducRvity of the pure LiFePO4 cathode is a drawback that has been 

overcome by focusing on parRcle size reducRon or carbon doping [11,15,16]. 
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Currently, the LiFePO4 acRve material for Li-ion baeeries (LIBs) is usually produced as a powder 

via chemical, mechanical, or hydrothermal routes [16–21] and increasing effort is put into 

recovering spent material [22]. Whatever the origin of the obtained powder, the preparaRon of 

the electrode requires the acRve material to be stuck on the Al current collector, which generates 

a contact resistance at the interface, which is not conRnuous due to the parRculate nature of the 

acRve material. Although conducRvity promoters such as graphite are added to the electrode 

material, it usually results in an uneven conducRvity along the acRve material-current collector 

interface [23]. 

Thus, phosphates, especially iron phosphates, can play a mulRfuncRonal role depending on their 

physical form. As films, the primary funcRon is anR-corrosion, whereas as powders, the relevant 

funcRonality is as an acRve material for LIBs. This research aims to combine both funcRonaliRes 

by developing a phosphate coaRng for energy applicaRons. LiFePO4 layers are grown by 

electrochemical methods on iron sheets that serve as current collectors, thus integraRng the 

acRve material and the current collector in a single structure. This structure eliminates the issue 

of lack of conducRvity between the acRve material and the current collector. We will show how 

the acRve material can be grown using the cyclic voltammetry technique in a soluRon of H3PO4 

and LiOH.  

2. Experimental methods 

The electrochemical synthesis and characterisaRon were conducted using a potenRostat PGSTAT-

302N (Metrohm-Autolab B.V.). A three-electrode cell was used for the synthesis procedure. The 

reference electrode was a saturated calomel electrode (SCE), the counter electrode was a 

plaRnum mesh, and the working electrode was a Fe0 foil 99.5% (Goodfellow) with a 2 cm2 

nominal acRve surface defined by an O-ring. The synthesis soluRon was 2.85 M H3PO4 and 2.85 

M LiOH (analyRcal grade reagents), resulRng in ~32 mS·cm-1 conducRvity. The control of pH is 

needed to avoid phase segregaRon, according to the Pourbaix diagram [24], and the pH of the 

soluRon was adjusted to 4±0.1 when necessary, dropwise, with 4 M LiOH. The only treatment 

performed on the Fe foil was degreasing with acetone, followed by methanol and rinsing with 

deionised water. 

The electrochemical procedure was iniRated with the sample’s cathodic cleaning by setng the 

potenRal to -0.75 V vs SCE during 60 s. Auerwards, cyclic voltammetry (CV) was performed 

between -0.75 V to 1.4 V vs SCE at 5, 10, 15, and 20 mV/s scan rate. Up to 40 CV cycles were 

performed.  
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AddiRonal electrochemical characterisaRon was performed by electrochemical impedance 

spectroscopy (EIS). This technique was used at the end of the synthesis, with the same three-

electrode cell, allowing to study in situ the conversion layer. The frequency range was scanned 

from 100 kHz to 100 mHz with an amplitude of 10 mV rms and 7 points per decade at -0.7 V vs 

SCE polarisaRon potenRal. The cell geometry guarantees a constant distance between the 

working and reference electrode for all the experiments. 

The morphology and chemical composiRon of the conversion layer was characterised as follows. 

A JEOL® 5410 from OXFORD instruments® scanning electron microscopy (SEM) was used to study 

the microstructure of the coaRng. A Link ISIS 300 EDS detector integrated in the SEM was 

employed to access the chemical composiRon. XPS ESCALAB 250iXL from ThermoFisher-

ScienRfic was used to complete the chemical characterisaRon. The samples were washed with 

deionised water and dried in a warm air stream before examinaRon. 

The scanning electrochemical microscopy (SECM) technique was also employed to access 

addiRonal informaRon on the formed coaRngs. A SensolyRcs SECM system coupled to a 

BipotenRostat/Galvanostat PGSTAT30 (Methrom Autolab B.V.) was used in a four-electrode cell 

arrangement. The reference electrode was a saturated Ag/AgCl electrode, the counter electrode 

was a plaRnum mesh, the substrate working electrode was the prepared coaRng (with a small 

surface to minimise cross-coupling with the SECM Rp[25,26]), and the SECM Rp was a 10 µm 

diameter plaRnum microelectrode in the centre of a glass capillary of 100 µm diameter. 

3. Results and discussion 

3.1. Synthesis 

The physicochemical properRes of the electrolyte are criRcal in the synthesis process. No 

effecRve passivaRon was obtained upon potenRal scan for soluRon conducRvity lower than 

32 mS cm-1. Moreover, according to thermodynamics, although the pH window for LiFePO4 

formaRon is between 3 and 8 [24], for pH >4.1, precipitaRon occurs. Hence the synthesis soluRon 

was maintained at pH= 4 ±0.1. All the soluRons were kept open to the air, unsRrred, and at room 

temperature (~20 °C). 

Figure 1 shows typical first CV curves. The forward record follows the trend reported for iron in 

phosphoric acid [27]; a sudden current drop occurs once the potenRal reaches the passivaRon 

potenRal value. Moreover, for sweep rates higher than 5 mV s-1, the passivaRon potenRal 

increases with the sweep rate, revealing an ohmic-type control of the process [28]. The CV 

behaviour for the scan performed at 5 mV s-1 scan rate (Fig. 1) is different than for the other scan 
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rates because, under the condiRons of the experiment (quiescent soluRon), the coaRng does not 

reach a homogeneous growth over the enRre surface. This aspect will be discussed later. 

 
Figure 1. Fe electrode in 2.85 M H3PO4 and 2.85 M LiOH electrolyte. First cycle of the CV in the 

synthesis process for various scan rates. 

 

InteresRngly, for the scan rates higher than 5 mV s-1, the surface reacRvaRon potenRals (Flade 

potenRal) are idenRcal, and the reverse curves superimpose, showing that a single species is 

responsible for the passivaRon, no maeer the scan rate. Further insight into this aspect was 

obtained by recording the evoluRon of the open circuit potenRal auer stopping the potenRal 

sweep at 1 V/SCE, as shown in Fig. 2a auer a different number of CV curves was performed at 

the 10 mV s-1 sweep rate. As expected, the electrode potenRal jumps from passive to acRve 

potenRal auer a specific Rme depending on the number of CV curves performed. The transiRon 

potenRal is the Flade potenRal, that tends to -0.1 V/SCE, similarly to the results reported in Fig. 1 

in the case of CV. 

Moreover, Fig. 2a shows that the Rme to reach the Flade potenRal increases with the number of 

cycles during the first fourteen cycles. Auerwards, it oscillates between 1100 and 1600 s (inset 

in Fig. 2a). This behaviour can be understood assuming a coaRng thickening during the first cycles 

unRl reaching a steady state by the 15th cycle. Fig. 2b shows more clearly the reaching of the 

steady state, considering the exchanged charge during each cycle, which decreases unRl the 14th 

cycle and then remains constant, indicaRng the formaRon of a stable coaRng.  
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Figure 2. a) EvoluRon of the electrode open circuit potenRal auer stopping sweep at 1 V/SCE in 

the forward scan (at 10 mV s-1)— labels correspond to the cycle number; the insert 
corresponds to cycles 14 to 28. b) EvoluRon of the relaxaRon Rmes obtained from data 
presented in a), and the charge involved in the coaRng formaRon. 

 

InteresRngly, the shape of the first CV curves shown in Fig. 1 changes relaRvely rapidly upon 

cycling, and the presence of two current maxima observed at 5 mV s-1 (Fig 1) becomes more 

evident at all scan rates. The overall current decreases with the increasing number of cycles, as 
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illustrated in Fig. 3a. The acRvity domain has at least two maxima on both forward and backward 

scans.  

  

 
Figure 3. a) Successive CV curves at 15 mV s-1 of a Fe electrode in 2.85 M H3PO4 and 2.85 M LiOH 

electrolyte. b) EvoluRon of the current in the passive domain (measured at 1 V/SCE) as a 
funcRon of the number of cycles. 

 

Moreover, the current measured at 1 V/SCE in the passive domain decreases during the first 20 

cycles, as shown in Fig. 3b, and then tends towards a steady state value auer the 20th cycle. This 
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trend is similar to the one described for the charge variaRon presented in Fig. 2b. These two 

parameters point to the progressive formaRon of a stable coaRng upon cycling. 

Figure 4 clearly shows that, from the 20th cycle and beyond, the structure undergoes a reversible 

redox reacRon. For the 20th cycle, a Rny peak can be observed at about -0.5V/SCE, corresponding 

to the oxidaRon of the substrate (Fe ¾®Fe2+ + 2e-), but this disappeared from the 25th cycle 

onwards, and the acRve-passive transiRon has vanished in the voltammograms, which have 

progressively transformed into a reversible redox characterisRc. Such a feature should 

correspond to inserRon/deinserRon of Li+ in the phosphate layer associated with the Fe3+/Fe2+ 

redox process. This explains the stabilisaRon in the current measured at 1 V/SCE (Fig. 3b). CoaRng 

thickness stops increasing as the incorporaRon of addiRonal Fe2+ from substrate oxidaRon 

ceases, and redox acRvity corresponds to the electrochemical response of the coaRng formed 

during the first 20 cycles. 

 
The  

Figure 4. Cyclic voltammograms (cycles #20 to #40) recorded during the synthesis procedure at 
15 mV s-1. 

 

3.2. Electrochemical Impedance Spectroscopy 

EIS measurements were performed in situ during the finishing procedure at a given number of 

cycles to get informaRon about the evoluRon of the properRes of the coaRng. EIS spectra 

presented in Fig. 5a were obtained for a cycling at 10 mV s-1 auer 5, 10, and 15 cycles. The low-

frequency limit of the impedance increases with the cycle number, maintaining almost invariant 

the characterisRc frequency, which can be related to the increase of the coaRng thickness. 
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The high frequency part of the Nyquist plots in Fig. 5a clearly shows a near 45° slope 

characterisRc of a transmission line feature typical of porous electrodes. Moreover, the insert in 

Fig. 5a shows that the high-frequency limit varies with the number of cycles, which also points 

to the development of a conducRng porous structure, for which the high-frequency limit is a 

funcRon of the conducRvity of the coaRng material and the coaRng thickness[29–31]. 

 

 
Figure 5. Nyquist impedance plots obtained in the synthesis soluRon at the open circuit 

potenRal. a) Effect of the number of cycles (at 10 mV s-1). b) Effect of the scan rate (auer 
10 cycles). 

 
Figure 5b summarises the effect of the scan rate for a fixed number of cycles (10 cycles). The 
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due to the decrease in the charge involved, which leads to the formaRon of a thinner coaRng. 

Moreover, the insert of Fig. 5b shows the shiu in the high-frequency limit (porous electrode) 

increases with the sweep rate, which seems to affect the microstructure of the formed coaRng 

significantly. For a constant reference-to-working electrode distance and stable chemistry of the 

coaRng, the resistance associated with the ionic conducRon is the most probable factor 

responsible for the observed shiu, which is directly linked to the film pore structure. The 

supplementary informaRon file presents a detailed descripRon of the porous structure 

development in terms of electrical equivalent circuit parameters. 

 
3.3. Scanning electron microscopy 

Morphological and chemical characterisaRon using SEM confirm the EIS results: the coaRng is 

porous, and the surface porosity depends on the scan rate. Fig. 6a shows that, auer 10 cycles, 

the coaRng is highly defecRve, covers only parRally the surface (Fig. 6a1), and shows poor 

adhesion for 5 mV s-1. For higher sweep rates (Figs. 6b, c, d and 6b1, c1, d1), the coaRngs are 

homogeneous, well adhered to the substrate, and porous. Both results obtained at 10 mV s-1 and 

15 mV s-1 are adequate for a good film formaRon in terms of adhesion and porosity for the 

reversibility of the Li+ inserRon process [32]. 
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Figure 6. SEM images (a to d), and opRcal images (a1 to d1) obtained auer 10 cycles at 5 mV s-1 

(a, and a1); 10 mV s-1 (b, and b1); 15 mV s-1 (c, and c1); and 20 mV s-1 (d, and d1). 

 

The chemical composiRon of the coaRngs and the effect of the number of cycles is summarised 

in Fig. 7, which shows SEM images and corresponding EDX analysis of the electrode for a scan 

rate of 15 mV s-1 auer 10 and 40 cycles. The porosity of the conversion layer decreases with the 

number of cycles, but the chemical composiRon remains unchanged with a Fe/P raRo lower than 

that raRo corresponding to the stoichiometry of FePO4 (1:1). Although it is not clear the origin 

of the excess of P in the coaRng, the raRo Fe/P is invariant with the number of cycles (thickness), 

indicaRng the necessary presence of Fe2+ in the coaRng, which should be associated with Li+ 

incorporaRon for charge balance, responsible of the redox feature shown in Fig. 4. Li+ cannot be 

detected with EDX analysis. The presence of both Fe2+ and Fe3+ in the coaRng provides the 

electronic conducRvity of the phosphate coaRng [33], which also explains the transmission line 

feature observed on the impedance spectra presented in Fig. 5 in the high-frequency domain. 
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Element Weight [%] Atomic [%] 

O 53.2 74.4 

P 21.4 15.5 

Fe 25.4 10.2 
 

Element Weight [%] Atomic [%] 

O 52.5 73.9 

P 21.5 15.6 

Fe 26.0 10.5 
 

Figure 7. SEM images and corresponding EDX analysis of a coaRng synthesised at 15 mV s-1:  
a) auer 10 cycles; and  b) auer 40 cycles. 

 

The porous nature of the coaRngs is well illustrated in Fig. 8, corresponding to the cross-secRon 

of a coaRng formed at 15 mV s-1 for 20 cycles. The average layer thickness is 26 µm and the 

porous structure extends over almost the enRre thickness. InteresRngly, a second thin region can 

be differenRated. In the upper part of the image, at the interface between the iron and the 

phosphate layer, a compact region of approximately 3-4 µm thick can be disRnguished. Thus, the 

layer grows with high porosity, offering an ample acRve area for Li+ inserRon/deinserRon into the 

phosphate structure and maintaining a compact morphology at the metallic substrate interface. 

This aspect is relevant for the discussion in the SECM secRon (vide infra). 

 

a b 

10 µm 10 µm 



Page 12 of 23 

 

Figure 8. SEM image of the cross-secRon of a phosphate conversion coaRng synthesised at 
15 mV s-1 for 20 cycles. The metal-coaRng interface is at the upper part of the image. 

 

3.4. X-ray photoelectron spectroscopy 

The SEM/EDX examinaRon does not provide direct informaRon on the Li+ incorporaRon into the 

coaRng. For this reason, the XPS technique was employed to quanRfy the Li+, Fe2+ and Fe3+ 

species present in the top layers of the coaRng. The analysis reported here focuses on samples 

prepared at 10 and 15 mV s-1 auer 7 cycles. Two condiRons were chosen: as prepared and auer 

a polarisaRon at -0.7 V vs SCE (see Fig. 4) for 120 s. This last condiRon (denoted as CP in the 

following) corresponds to a slight cathodic polarisaRon aimed at promoRng the reducRon of Fe3+ 

and accordingly the incorporaRon of Li+. 

Fig. 9 shows the high resoluRon study of XPS spectra for samples prepared at 10 mV s-1, for which 

the Li1s peak can be clearly deconvoluted at 59 eV [34]. Direct examinaRon of the spectra in 

Fig. 9 reveals that the relaRve contribuRon of Li increases from the sample analysed just auer 

preparaRon (Fig. 9a) to the sample auer CP (Fig. 9b), thus proving the incorporaRon of Li+ into 

the coaRng under CP.  

The quanRtaRve analysis is presented in Table 1 for the spectra in Fig. 9 (10 mV s-1) and at  

15 mV s-1 (spectra not shown). The data reveal that, as expected, the amount of Li+ in the coaRng 

increases significantly auer the cathodic polarisaRon, irrespecRve of the scan rate used for the 

coaRng formaRon. 
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Figure 9. High resoluRon XPS spectra for Li1s and Fe3p with the corresponding deconvoluRons 
for: a) a sample prepared at 10 mV s-1; and b) a sample prepared at 10 mV s-1 + CP. 
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Table 1. DeconvoluRon of the high-resoluRon Li1s XPS signal for Li in the phosphate conversion 
layers formed at 10 and 15 mV s-1 (the spectra corresponding to 10 mV s-1 are presented 
in Fig. 9). 

10 mV s-1 10 mV s-1 + CP 15 mV s-1 15 mV s-1 + CP 
8.2% 12.6% 4.6% 12.3% 

 

The quanRficaRon of the Fe2+ and Fe3+ is performed using the Fe2p signals (Fig. 10). According to 

the literature [35–37], the posiRon of the Fe2p3/2 and Fe2p1/2 main peaks for Fe2+ in LiFePO4 

appear at binding energies of 709 and 722 eV, and satellites peaks are at 713 and 727 eV 

respecRvely. For Fe3+, the main peaks for FePO4 (Fe2p3/2 and Fe2p1/2) correspond to binding 

energies of 711 and 725 eV, respecRvely, whereas for LiFePO4 these peaks shiued to 717 and 

731 eV [38,39]. Moreover, it should be menRoned that the deconvoluRon of the whole spectra 

requires the contribuRon of Fe0 signal at 707 and 720 eV. 
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Figure 10. High resoluRon XPS spectra for Fe2p with the corresponding deconvoluRons for: a) a 

sample prepared at 10 mV s-1; and b) sample prepared at 10 mV s-1 + CP. 

 

Visual examinaRon of Fig. 10 reveals a remarkable increase in the Fe2+ peak at 709 eV between 

Fig. 10a (corresponding to the just-synthesised sample) and Fig. 10b (for the sample that has 

undergone CP). This fact agrees with the evoluRon of the Li1s peak presented in Figs. 9a and 9b, 

confirming that the increase of Li+ content in the coaRng is directly linked to the increase of Fe2+. 

The quanRtaRve analysis is reported in Table 2 for the spectra presented in Fig. 10 (corresponding 

to 10 mV s-1) and 15 mV s-1 (spectra not shown), showing that, as expected, the raRo Fe2+/Fe3+ in 

the coaRng increases auer the cathodic polarisaRon. 

 

Table 2. DeconvoluRon of the high-resoluRon Fe2p XPS signal for Fe in the phosphate conversion 
layers formed at 10 mV s-1 (spectra in Fig. 10) and 15 mV s-1 (spectra not shown).  
 

10 mV s-1 10 mV s-1 + CP 15 mV s-1 15 mV s-1 + CP 
Fe2+ 32.0% 60.3% 38.3% 60.6% 

     
Fe3+ 68.0% 39.7% 61.7% 39.4% 

Fe2+/Fe3+ 0.5 1.5 0.6 1.5 
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3.5. Scanning electrochemical microscopy 

Chemical characterisaRon by SEM/EDX and XPS provides only “post-mortem” informaRon about 

the composiRon of the grown coaRng. The SECM technique allows unique dynamic informaRon 

to be obtained during the film formaRon and was used in this work in substrate generaRon / Rp 

collector mode.  

The SECM Rp was located 50 µm from the iron surface to avoid any interference with the coaRng 

during its formaRon. Fig. 11 shows two independent experiments where the currents 

corresponding to the Fe2+ and Fe3+ species emieed from the substrate are monitored at the Rp. 

Fig. 11a corresponds to the current for Fe2+ emission (Fe2+ ® Fe3+ + e-, at fixed E+p= + 0.6 V/ 

Ag/AgCl). It is worth noRng that significant Fe2+ emission occurs from the beginning of the 

acRvaRon peak (at about -0.6 V/Ag/AgCl). This emission decays as the potenRal is swept towards 

the anodic direcRon, ascribed to the formaRon of the passive film. The Fe2+ emission is nearly 

null at -0.5 V/Ag/AgCl, indicaRng that all the current corresponding to the substrate oxidaRon is 

involved in the film formaRon. 

An interesRng feature in Fig. 11a is the shiu observed between the currents of the substrate and 

the Rp, which is an expected behaviour owing to the experimental configuraRon. Indeed, the 

probe is located 50 µm apart from the surface; the emieed species will need a certain amount 

of Rme (linked to their diffusion) to reach the Rp [40]. This can be evaluated as t in Eq. 1, where 

d is the distance between Rp and substrate, and D is the diffusion coefficient of the Fe2+ species. 

𝜏 = !!

"
       [1] 
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Figure 11. Forward (anodic) scans of the first cycle of cyclic voltammogram on the substrate at  

10 mV s-1 and the corresponding currents at the SECM Rp recorded at fixed potenRals. 

a) ESECM +p= +0.6 V/Ag/AgCl; and b) ESECM +p= -0.2 V/Ag/AgCl. 
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The shius denoted as t1 and t2 in Fig. 11a are t1= 4 s (40 mV in the Figure over 10 mV s-1 scan 

rate), and t2= 7 s (70 mV in the Figure over 10 mV s-1 scan rate). This is a surprising result because 

a priori, both travelling Rmes should be equal, according to Eq. 1. Assuming a bare substrate 

surface, Eq. 1 provides D1= 6 10-6 cm2 s-1 as diffusion coefficient for the Fe2+ species emieed by 

the substrate. This value seems reasonable owing to the viscosity of the electrolyte. The fact that 

t2 is 3 s higher than t1 is more challenging to explain. A possible interpretaRon could be the 

formation of a top layer associated with the second activity peak. This aspect will be discussed later. 

Figure 11b shows the emission of Fe3+ species. InteresRngly, from the beginning of the 

experiment, significant Fe3+ emission occurs, simultaneous to that of Fe2+ (Fig. 11a), which means 

that a naRve oxide layer remains at the substrate surface auer the cathodic treatment was 

performed. The persistence of the oxides layer on iron under cathodic polarisaRon has been 

reported elsewhere [40]. Later, the recorded Fe3+ current is almost null in the iron acRvity 

domain, with two peaks reaching posiRve current values. This can be aeributed to ohmic 

coupling artefacts due to the two current drops of the substrate [25,26,41,42]. In the passive 

domain, the posiRve slopes of the substrate and Rp currents are almost idenRcal, indicaRng that 

the substrate dissoluRon occurs mainly via Fe3+ species, as expected [43].  

  

 
Figure 12. Forward (anodic) scans of the cyclic voltammograms on the substrate at 10 mV s-1 and 

the corresponding currents at the SECM Rp at fixed potenRals. a) 5th cycle on the 
substrate and ESECM +p = +0.6 V/Ag/AgCl. b) 5th cycle on the substrate and ESECM +p = -0.2 
V/Ag/AgCl. c) 15th cycle on the substrate and ESECM +p = +0.6 V/Ag/AgCl. d) 15th cycle on 
the substrate and ESECM +p = -0.2 V/Ag/AgCl. 
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Figure 12 illustrates the release of the Fe2+ and Fe3+ in soluRon upon cycling monitored by the 

current at the Rp. Both currents decrease as the number of cycles increases, which indicates a 

progressive surface blockage. The comparison of Fig. 12a with Fig. 12b, and Fig. 12c with Fig. 12d 

shows that the Rp current associated with Fe3+ reducRon is about one order of magnitude than 

that current corresponding to the Fe2+ oxidaRon, which points to some background process 

interfering with the Fe3+ reducRon. 

InteresRngly, although t1 remains essenRally constant at 4-5 s (as in Fig. 11a), t2 increases upon 

cycling unRl reaching 16 s auer 15 cycles (Fig. 12c). Considering that auer the 15th cycle, the 

coaRng reaches about 25 µm (Fig. 8), one can assume that of the 16 s, 5 s corresponds to the 

diffusion in soluRon and 11 s to the diffusion through the coaRng. Using Eq. 1, one gets  

6 10-7 cm2 s-1 for the value of the diffusion coefficient for Fe2+ species through the porous coaRng. 

This value is about one order of magnitude lower than the one obtained in soluRon, and seems 

a reasonable result associated with the porosity of the coaRng [44,45]. 

Moreover, Fig. 12 also shows the evoluRon of the Fe2+ and Fe3+ currents at the beginning of the 

potenRal sweeps (i.e., in the cathodic domain). The iniRal high emission rates (Figs. 11a and 11b, 

and Figs. 12a and 12b), aeributed to chemical dissoluRon of the film, decreases over cycling 

(Figs. 12c and 12d). This can indicate a parRal breakdown of the passive film under cathodic 

polarisaRon that decreases upon cycling as the coaRng develops. Such a non-homogeneous (or 

topotacRc) development of the coaRng is compaRble with the evoluRon of the Flade potenRal 

depicted in Fig. 2a: it tends to -0.1V/Ag/AgCl as the number of cycles increases. 

 

4. Conclusions  

Conversion coaRngs on iron substrate have been syntheRsed using cyclic voltammetry in a 

2.85 M H3PO4 and 2.85 M LiOH electrolyte. The coaRngs developed efficiently exchange Li+ ions 

with the aqueous environment, making them potenRal candidates for cathode materials in Li-

ion baeeries. 

The SEM microscopy showed porous structures in agreement with EIS analysis in 

high-frequency, which demonstrates a porous electrode behaviour. Auer several cycles, the 

structures developed reached a steady state for Li+ inserRon/deinserRon, as shown with the 

subsequent CV curves. Moreover, the emission of Fe2+ and Fe3+ through the coaRng decreased 

upon cycling, as revealed by the SECM studies, which pointed to an increased barrier effect. 
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The porous nature of the conversion coaRngs makes them suitable for Li-ion baeeries. They are 

also good candidates to accommodate corrosion inhibitors or lubricants, the tradiRonal 

funcRonaliRes of phosphate coaRngs. 
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