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Abstract

The processes of electrochemical deposition of msigm oxide/hydroxide on glassy carbon
(GC) electrode from magnesium nitrate hexahydragit have been investigated. A novel
procedure predicting a possibility of direct forimoat of magnesium oxide during
electrodeposition from the nitrate melt used isorggm. XRD analysis of the obtained
deposits showed the formation of magnesium oxidegwith magnesium hydroxide. The
electrodeposition of magnesium oxide/hydroxide c@meoes in magnesium underpotential
(UPD) and continues through the magnesium overpiate(OPD) region. Network of
individual or intertwined very thin needles as waslthose grouped in flower-like aggregates
or honeycomb-like structures were formed in bothgnesium UPD and OPD regions.

Formation of the long needles was explained throtgtories of mechanisms of dendrite
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formation. Hydrogen evolution commences in the nesgrm OPD region and increases with
the applied overpotential. Holes observed in theod# originated from the detached
hydrogen bubbles. The number, shape and size ofdlee strongly depended on both the
applied cathodic potential and the hold time of ceteposition. Magnesium

oxides/hydroxides syntheses taking part simultaslgoat various applied potentials are a
result of reactions between magnesium cations aondupts of water and nitrate anions
reduction processes. Chemical reactions resporfsibliirect formation of magnesium oxide
observed are those of magnesium ions and oxygem formed by nitrate reduction taking
part in the close vicinity of the working electrode

Keywords: electrodeposition; melt; magnesium oxigidfoxide; honeycomb; needles.

1. Introduction

Nanocrystalline magnesium oxide (MgO) and magmesiydroxide Mg(OH), are
attracting comprehensive attention in both fundaaleand application areas, due to their
specific magnetic, optical, thermal, mechanical elneimical properties, as well as absorption
ability, high surface reaction activity, high catad activity, and unique crystal and electronic
structure [1-7]. Magnesium oxide and magnesiumdxide, as non-toxic and non-corrosive
materials, have been increasingly used in catalysedicine, toxic waste remediation, for
superconducting and space flight composite masefia?,4,5,8—-15].

Nanoscale magnesium hydroxide Mg(@tnhd magnesium oxide (MgO) whiskers
with large surface area in the forms suitable fopligation in various technologies have
received noteworthy recognition [1,16]. As a sewsitand selective tool for analytical
application and diagnostic research, nano-sized Muyterial has been recently used in the

development of several electrochemical biosensased on one-dimensional magnesium



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

oxide nanoparticles of various morphologies [9,8F,Additionally, porous Mg(OH)MgO
material used as adsorbent for removal of toxis i@specially Cd and PB") proved to be
more effective than any other equivalent due toutégque micro/nano structure [19].
Furthermore, Mg(OHJMgO as a large-band-gap (e.g., 5.17 eV) semi-cctvty material is
often applied in the next-generation solar cell9,20]. At the same time, Mg(OH)
nanomaterials found their way as components in caédnd pharmaceutical products [21].

Due to the fact that the composition and surfacepiology of the resulting Mg
oxide/hydroxide-nano sized crystals play an impdrteole in applications with various
technologies, it is only to be expected that spesgmificance is paid to their synthesis and
processing parameters. Magnesium oxide/hydroxidenopeticles with different
morphological structures have been obtained videmdiht synthesis methods such as
chemical precipitation [1,22], flame spray pyrof/$23], electrostatic spray deposition [24],
pulse laser deposition [25,26], electrolysis of emis magnesium salt solutions [16,18],
plasma chemical vapor deposition [27,28], and sblrgethod as the most common way to
obtain the nanoparticles [1,12,17,29,30]. Each oekthas its own advantages in various
aspects, however, large scale synthesis of puren@sagn oxide/hydroxide with nanoscale
controlled morphology is limited [1].

Unlike the methods listed above, electrochemicalodion provides a very suitable
way for the synthesis of desired nanostructuredosiey) because shape and size of the
nanostructures can be conveniently controlled lgydhoice of parameters and regimes of
electrolysis [31,32]. The process of magnesium twidie electrodeposition and subsequent
magnesium oxide formation has been investigated tiyndsom magnesium nitrate
hexahydrate aqueous solutions and the same solwitbnethanol (50%:50%) [4,5,16,33].
Other authors have reported magnesium hydroxideopaticles electrochemically

synthesized from magnesium chloride hexahydratee@aeg solution [34,35]. The product
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from all of these processes was magnesium hydraideadditional thermal treatment was
required to obtain magnesium oxide.

In this study, a novel approach to electrochemisghthesis of magnesium
oxide/hydroxide meso - and nanostructures is ptedeknlike previous investigations based
on formation of these structures from aqueous ®mwistof magnesium nitrate hexahydrate
without [18] or with additives, like sodium acetd®g or potassium nitrate [4], this approach
is based on the electrodeposition from the melt eanaflthe same magnesium salt. The
electrolysis from the aqueous electrolytes produpenly uniform porous platelet-like
magnesium hydroxide structures. Although hydrogesiugion was one of the main cathodic
reactions, no attention was paid to its influence tbe morphology of electrodeposited
structures. Works on magnesium electrodepositiomfmagnesium nitrate melts [36—40]
indicated magnesium oxide formation possibly byctiem of magnesium ions with oxygen
ions formed by nitrate reduction. This novel metkaoll show that magnesium oxide can be
synthesized directly by electrodeposition fromatgrmelt, thus avoiding additional thermal
transformation treatments of initially formed magiuen hydroxide into oxide. One of the
aims of this study was also to examine the effébtydrogen evolution on the morphology of

structures formed on the working electrode.

2. Experimental

To study magnesium oxide/hydroxide deposition frmagnesium nitrate melt linear
sweep voltammetry (LSV), potentiodynamic polariaatscan and chronoamperometry were
applied in a three electrode electrochemical catlen argon atmosphere using EG&G PAR
273A Potentiostat/Galvanostat controlled by PowaeiteS software (Princeton Applied

Research, USA). Magnesium oxide/hydroxide was eddeposited onto a cylindrical glassy
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carbon working electrode (GC, Alfa Aeser-Johnsoriidg. Co, USA) placed in the center of
the cell, with surface area of 0.8 Texposed to contact with the melt. The countertelde
was a Mg (99.999%, Luoyang Magnesium Gurnee Metatekal Company. Ltd, Henan,
China) rectangular shovel (surface area = 7.8).cithe reference electrode was a 3 mm
diameter magnesium (99.999 %) wire positioned@bse distance of about 0.3 cm from the
surface of the working electrode. Prior to the expents, the reference and counter
electrodes were chemically cleaned and etched [B8-Ahalytical grade Mg(N@),: 6H,0
(J.T. Baker, The Netherlands), was used as thérelge, and after being added to the cell, it
was carefully heated under argon atmosphere ttethperature of 10€C.

The reported working electrode potentials were suesd relative to the equilibrium
potential of magnesium reference electrode in tb# osed under given conditions [40]. The
voltammograms were recorded as a response to thkingoelectrode potential being
scanned from a starting potentiak @sually 50 to 100 mV more negative to the revdesi
potential of the GC working electrode) to a finabsen negative potential; 6llowed by the
return scan. The sweep rates used were betweers? amnd 50 mVs.

Potentiostatic deposition process was carried guthanging the working electrode
potential from an initial potential,; E50 to 100 mV more negative to the working eleidro
potential in the given melt) to a final potentigl, (in magnesium UPD region at 700 mV, 5
mV vs. Mg and in magnesium OPD region at —200 m\)00 mV vs. Mg). The &ootential
was held constant for 30 or 120 minutes, at T="XD0~hereupon the working electrode was
retrieved from the cell under potential in ordepteserve deposited material.

The deposit obtained on the working electrode washed with plenty of absolute
ethanol (Zorka-Pharma, Sabac, Serbia) and drieddiesiccatofurnished with silica gel. The
morphology was studied using Scanning electron osmwpe — TESCAN Digital

Microscope; model VEGAS3, Brno, Czech Republic). kother characterization of structural
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properties, the deposits were subjected to X-ralfradtion (Enraf-Nonius powder

diffractometer, Delft, The Netherlands).

3. Results

3.1.Electrochemical measurements

Typical voltammograms recorded with a GC workingcélode in magnesium nitrate
melt used are shown in Fig. 1. In the potentiageaexplored (from 1.400 V vs. Mg to —
1.000 V vs. Mg) three broad reduction peaks werdbcated and no anodic counterparts
observed. Such broad peak shapes typically rgfi@xtesses that start successively one after
the other at potentials whose values are close pradeed further simultaneously, thus
making the recorded current at each potential tine of rates of all the processes taking part
at that particular potential. The absence of anadignterparts to reduction peaks was a
subject of discussion in a number of works [4,536842]. This phenomenon was attributed
to formation of the MgO and Mg(OH)deposits during potential change into negative
direction which do not dissolve when the potenBateturned to the starting positive value.
Results obtained by very slow potentiodynamic poédion of the working electrode under
the same conditions are presented in Fig. 2, aeyl shpport the findings seen in generated
voltammograms. While there were three evident curnecreases when electrode potential
was changed toward negative values, there wasadystirrent decrease when potential was
turned back toward positive values. Positions ef¢brrent density maxima on the potential
axis were very close to those shown in voltammograbtained under the same conditions.
These values were guidelines for the chronoampdrgragperiments that are shown in Fig.

3. Results of those experiments show current whafter a substantial initial value, fades
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away into relatively small but permanent currenticthprovides material for deposit

formation.

3.2.XRD analysis

An XRD diagram of the deposit obtained is showrFig.4. This analysis identifies
magnesium oxides and magnesium hydroxides as swlestasynthetized under cathodic
potentiostatic regime. The recordel @eak at 18.7°, according to some authors, reflects
crystalline Mg(O,0OH) deposit [20]. However, thi® alue together with several other
stronger diffraction peaks recorded (at 32.8°, 5%.68.2 and 72.1°) could also be ascribed
to hexagonal Mg(OH)JCPDS No. 01-083-0114]. Thé peak recorded at 29.2° belongs to
face-centered cubic MgO [JCPDS No. 00-030-0794] hrmhder peaks at around 38°and 59
can be ascribed to both MgO and Mg(QHEHCPDS No. 00-030-0794, JCPDS No. 01-083-
0114]. The peak att2value of 43.05° belongs to MgO Periclase [JCPDSMWe075-1525],
and that at 62.59° can be attributed both to MgCP[IS No. 01-075-1525] and to Mg(QH)
[JCPDS No. 01-083-0114]. There were no additioredks in the XRD pattern recorded,
which indicates that the MgO/Mg(OHparticles produced by the electrochemical depwsiti
method were relatively pure. However, it shouldebghasized that the peaks recordedat 2

values 29.2° and 43.05° are characteristic onM¢®.

3.3.SEM results

As previously noted, the electrodeposition processimences in the magnesium

underpotential (UPD) region. Typical surface moiplgees obtained at potentials of 700 mV

and 5 mV vs. Mg with an electrodeposition time 0fr8in are shown in Fig. 5. In both cases,
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a network of intertwined thin needles, often reddras whiskers [43—-45] were formed. At the
potential of 700 mV vs. Mg, individual intertwingploups of needles were formed at the GC
(Fig. 5a—c), while the whole GC electrode surfa@s wovered by them at a potential of 5
mV vs. Mg (Fig. 5d and e).

A somewhat different situation is observed intiggnesium overpotential deposition
(OPD) region. Typical surface morphologies obtairmédlifferent cathodic potentials and
electrodeposition times are shown in Figs. 6-8r@laee very thin needles, already observed
in the UPD region, and holes in the deposit madeyalyogen evolution reaction.

Figure 6 shows the deposits obtained at a cathmmtential of —200 mV vs. Mg with
an electrodeposition time of 30 min. The individhale formed from the detached hydrogen
bubble and a very thin needles oriented in allaioes were formed by the electrodeposition
at this potential (Fig. 6a). Analysis of the hoteadigher magnification (Fig. 6b) showed that
its average diameter was about 15fd. On the other hand, the very thin needles were
grouped in flower-like forms like the one shownrFig. 6c. The length of the formed needles
was up to about 16Qm (Fig. 6¢), while their diameter was smaller ttfapm (Fig. 6d).
Aside from the holes and the flower-like forms,afat analysis of the electrode surface (see
the part in the circle in Fig. 6a) revealed thesesnce of very porous structure between them
(Fig. 6e and f). The electrode surface betweenviddal holes and the flower-like forms
consisted of numerous relatively small holes amdthin needles formed around them. The
average size of these holes was smaller tham 4Fig. 6e and f). This very porous structure
showing high uniformity represents the typical hgzmmb-like structure [46] constructed
from holes formed by the detached hydrogen buldntelsvery thin needles around them. The
number of holes formed from the detached hydrogebbles was estimated to be
approximately 50000 holes per rmlectrode surface. Figure 7 shows morphologiethef

deposit obtained at a potential of —200 mV vs. Mthwva time of electrodeposition of 2 h.



200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

Matching the expectation, holes formed from theade¢d hydrogen bubbles and the thin
needles remain the main morphological forms obthatethis potential (Fig. 7a). The size of
holes and the length of needles increased witteased time of electrodeposition. That can
be estimated from Fig. 7b, which shows a typicdéHormed from the detached hydrogen
bubble, and from Fig. 7c which shows a networkntéiitwined needles. The average size of
holes obtained with electrodeposition time of 2 &svabout 24um (Fig. 7b). As a result,
hole size increase of about 60 % was observed fwiilfold increase of electrodeposition
time. Simultaneously, the length of needle-likenisrwas up to 40@um (Fig. 7c), which
represents an increase of more than 2.5 times aechpto those obtained with an
electrodeposition time of 30 min. The bottom of Hwes was constructed from thin needles
(see insert in Fig. 7b). It should be noted that fllower-like structure observed with the
electrodeposition time of 30 min (Fig. 6¢) was legth the prolonged electrodeposition
process. The very porous structure (the honeycdkeb-bne) observed with an
electrodeposition time of 30 min (Fig. 6e) alsdfetgd strong transformation with increasing
electrodeposition time. Morphologies of the demosibrresponding to this part of the
electrode surface but obtained after 2 h electrosiépn are shown in Fig. 7d—f. The average
hole size in the honeycomb-like structure obtaiatdr 2 h electrodeposition was about 20
pm, while the estimated number of the formed holas about 1390 holes per rhelectrode
surface. The intertwined very thin needle-like fermaking the dense network were formed
around the holes formed from the detached hydrageables (Fig. 7e). The diameter of the
formed filaments or needles was less than 200 ng ). The specific surface area of the
honeycomb-like structures is determined by the remaind size of holes, as well as by wall
width among them [47,48]. The dramatic decreasthénnumber of the formed holes, and
hence, the strong change of the specific surfae® @ir this electrode type with increasing the

electrodeposition time can be ascribed to a coatescof neighboring hydrogen bubbles, but



225 also by the fact that the fast growth of needlealliirections can limit the growth of some
226  bubbles so that they remain captured under fastiggpneedles. The similar effect on the
227  specific surface area of the honeycomb-like elelegsohas been already observed in the case
228  of copper electrodeposition from the aqueous alde in the hydrogen co-deposition range
229 [49].

230 Holes formed from the detached hydrogen bubblesretdork of the intertwined
231 thin needles (the honeycomb-like structure) are fdlemed at cathodic potentials higher than
232 —200 mV vs. Mg. Figure 8 shows the deposits obthatea potential of —1000 V vs. Mg with
233  an electrodeposition time of 2 h. From Fig. 8,ahde seen that the diameter of holes was
234  approximately 4Qum (Fig. 8b), which is six times smaller than thésened at —200 mV vs.
235 Mg. The length of some of needles was up to ilBQ All used potentials, the times of
236  electrodeposition and the obtained morphologies Mg§O/Mg(OH), structures are
237 summarized in Table 1.

238

239 4. Discussion

240

241 Mechanisms of MgO/Mg(OH)ormation on several electrodes by electrodepasitio
242  from agueous, mostly nitrate solutions have beepgsed in literature [4,5,16,18,33]. Those
243  processes include heating of the obtained magnelsig@/Mg(OH), deposit at temperatures
244  exceeding 350°C in order to produce magnesium oxagrettably, this thermal treatment
245  substantially changes appearance, morphology aysatrstructure of the MgO crystallites
246  obtained from initially well-developed very smaldinano sized MgO/Mg(OH)particles
247  [33].

248 Possible characteristic of the processes provokiig reduction peaks in this work,

249  have been proposed earlier, (Eq. (1) to (13)) [8%—40 be used in this discussion, the

10
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potentials given in some of those works [36,37] atttibuted to the processes (1) to (9)
should be corrected for the difference betweenréversible potentials of Na, K and Li in
their nitrate melts and Mg in used Mg(R}&6H,O melt. However, with enough certainty,
one can suppose that the sequence with respdu todgnesium reversible potential and the
differences between the potentials of the procepsesented in Eqg. (1) to (9) would be

preserved in magnesium nitrate melt used as well.

1. 2NG; +6H,0+10e « N, +120H
2. NG, +H,0+ 26" - NG, +20H
3. NG; + 5 %N, +30"
4, NG; + 26" - NG, +O"
5. 2NG; + 26" o 2NG +05
6. 2NG;, +8& < N,O+50%
7. NG; + 3 o NO+20%
8. 2NG +€ < 2NG +O*
9. NG+€ - NO+O™
For the melt used in this work additional reactstould be taken into account [18]:
10. 2H,0+ 2 - 20H +H,
not omitting reactions leading to Mg(OH§nd MgO formation:
11. Mg 2H,0+2 - MgOH, +H,

12. Mg +20H - MgOH,

13. Mg +0* ~MgC

11
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Having the preceding in mind, it can be assumet thiammetry peak | (Fig. 1),
recorded at potentials betweer800 and~ 0 mV vs. Mg, reflects the most anodic group of
anion reduction processes (mainly reactions 1 gngeak Il, the second group of anion
reduction processes (reactions 3-7) including strames of water (reaction 10) and g
ions being reduced at potentials between 0 mV WB&) mV vs. Mg; and finally, peak Il at
potentials more negative than —350 mV vs. Mg wimoge pronounced hydrogen evolution
(reaction 10) joints a number of intensive nitratéons reduction processes (processes 8 and
9). Magnesium oxide and hydroxide synthesis from gmoducts of the reactions sited
proceeds at the electrode surface within the whotential range applied (reactions 11-13).
It appears that possible individual and rare grahglectrodeposited magnesium become
quickly covered with oxide or hydroxide.

The currents recorded obviously do not reflect?Mgduction alone, in fact they
predominantly reflect reactions described by E@s18). This suggests that initial deposits
were formed quickly and their precipitation on tekectrode surface can cause pseudo-
passivation [5,18,33,36]. However, bubbles produced on the electrode substrate amnd the
detachment, sometimes provided a fresh area foeldwtrochemical reactions, reflected in a
sudden current rise during longer deposition tinmtervals of chronoamperometric
experiments, Fig. 3b.

As expected, the morphology of the deposits fornsedependent on the potential
applied. The results obtained suggest that everguamof reactive magnesium on the
electrode surface in the presence &f &hd OH anions very quickly becomes a MgO or
Mg(OH). deposit. Therefore, the surface of the workingtetele becomes partially covered
with MgO even in the first most anodic part of Bmechange of the potential. Fast and
unavoidable formation of insoluble MgO from usettate melts explains the lack of anodic

current peaks on the voltammograms recorded.

12
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As already mention in Section 3.3, two types offeeze morphology are formed
during electrodeposition from the nitrate melt:tl2¢ very thin needles or filaments, and b)
the holes originating from the detached hydrogdrbles. Formation of the needle-like forms
commences in the magnesium UPD, and continues ghout the examined magnesium
OPD region. Dependending on the applied poteritiake needles are grouped into either the
flower-like forms or the network of intertwined thineedles. Formation of these structures
clearly indicates strong diffusion control of thepdsition process through the whole range of
the examined potentials.

Formation of very long needles can be explainedhlegries about dendrite deposits
formation by electrodeposition processes proposediggle et al. [50] and Popov et al.
[32,51,52]. According to these theories, the origimeedle-like forms, as well as the other
types of dendrites is of surface protrusions formredhe initial stage of electrodeposition
[32,51,52]. These surface protrusions are deeplyethuin the diffusion layer of the
macroelectrode, which is characterized by a stéiadgr diffusion to the flat portion of the
electrode surface. The spherical diffusion layers #Bormed around the tips of such
protrusions, and the current densities at them gaeater than the corresponding linear
diffusion current density. These local current dies caused by formation of the spherical
diffusion fields correspond to the activation cofied electrodeposition [31,50,51]. Hence, it
follows that electrodeposition processes at the vp protrusions occur under activation
control relative to the surrounding solution, anmtier diffusion control relative to the bulk
solution. The current density at the tip of eaclhefformed protrusions corresponding to the
activation controlled electrodeposition is simu#ansly maximum rate of growth, that is
confirmed by a considerable increase of the lenftheedles with time of electrodeposition
(the maximum length of needles increased from 1&04@0 um with prolonging the

deposition time from 0.5 to 2 h). The growth of theedles in all directions confirms the
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strong diffusion control of electrodeposition. @iucse, considering mechanism of formation
of the needle-like forms, it should not exclude plessibility that precipitation reactions like

(12) and (13) affect the final shape of the need&sch possibile influence on surface
morphology has been already observed by Schiavalet{53] in the case of cobalt

electrodeposition.

In the magnesium OPD region, hydrogen evoluti@actien as a competitive to the
others commences together with Mg electrodeposifiootess.Analysis of Figures 6-8
indicates that intensification of hydrogen evolatioccurs with the increase in the cathodic
potential value. Individual holes, referred to &sheike ones [54], are formed at a potential
of =200 mV vs. Mg (Fig. 6a and b). As is alreadypwn, formation of this type of holes,
occurs with a small amount of evolved hydrogen.eXpected, the diameter of the holes
increases with time of the electrodeposition (Fi§a. and b, 7a and b). As a result of
intensification of hydrogen evolution, the numbérholes increased, while their diameter
decreased with the increase of the cathodic paletdence, it is clear that the phenomena
established during metal electrodeposition fromeaqs electrolytes in the hydrogen co-
deposition range seen in works [32,49,55,8@& consistent with observations seen during
MgO/Mg(OH), electrodepaosition processes from the nitrate melt.

Anyway, unlike electrodeposition from the aquemitsate electrolytes where only
Mg(OH), was formed, electrodeposition from the nitratetnted to formation of MgO as
well. The possibility that MgO can be obtained dilg by the electrodeposition process from
the melt represents a good basis for further reeedthe aim should be to increase MgO
yield as much as possible, thus avoiding addititinermal treatment of initially formed

4. Conclusions
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A novel method based on the electrolysis of theltano magnesium nitrate
hexahydrate enabling simultaneous formation of reagm oxide and hydroxide has been
proposed. For the first time a direct formatiomtdgnesium oxide during electrodeposition
from the nitrate melt used is reported. The difeanation of magnesium oxide described
here includes reactions of magnesium ions with eryi@ns, which are result of nitrate ions
reduction, very close to the cathode surface. Céieynof magnesium hydroxide formation
from magnesium nitrate hexahydrate followed eagr@posed reactions between magnesium
and hydroxide ions in water electrolytes. Main nimpgical forms of the deposits obtained
by the electrochemical deposition processes wesey thin needle-like forms and holes
formed from the detached hydrogen bubbles. In thpeddence of the applied cathodic
potentials, the thin needles are either intertwindgd an elaborate network or they make
flower-like aggregates. The thin needle-like forame formed in both magnesium UPD and
OPD regions, and their formation and growth aréfasion-controlled process. The holes as
a result of hydrogen evolution, occur only in theregion. The number of holes increased,
while their diameter decreased with the increastathodic potential. The size of holes

increased with increased time of the electrodejosit
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Figure captions:

Figure 1. Cyclic voltammograms on GC electrode obtained veitan rate 20 mVsin
magnesium nitrate melt at 100 °E:= 1400 mV tokE; = (red line) —200 mV; (black line) —
500 mV and (blue line) —1000 mV; Inset: Voltammagravith cathodic end potential in Mg

UPD potential region.

Figure 2. Potentiodynamic polarization curves on GC electriod®magnesium nitrate melt at
100 °C,v = 1ImV/s; (black lineg; = 1500 mV— E;=-1000 mV; (red line) E=-1000 mV

— Ef=1300 mV.

Figure 3. a) and b) Current density time transients on GC electrode, recorded at chose
cathodic end potentials during Mg deposition fronagmesium nitrate melt at 100 °C;

deposition time =2 hours.

Figure 4. X-ray diffraction patterns of electrochemically duewed MgO/Mg(OH) deposit on
GC working electrode from magnesium nitrate melamtoverpotential of —200 mV at 100

°C, deposition time =2 hours.

Figure 5. MgO/Mg(OH), deposits obtained in magnesium UPD region at uarfmtentials:
a)-c) 700 mV, and d) and e) 5 mV. In both casesyaor& of intertwined needles was

formed.

Figure 6. MgO/Mg(OH), deposits obtained in magnesium OPD region at enpiat of —200
mV with electrodeposition time of 30 min: a) topewi; b) a dish-like hole formed from
detached hydrogen bubble; c) a flower-like aggreganstructed from very thin needles; d) a
group of needles, and e) and f) honeycomb-likectire (surface area inside the circle in Fig.

6a).
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Figure 7. MgO/Mg(OH), deposits obtained in magnesium OPD region at enpiat of —200
mV with electrodeposition time of 2 h: a) top view);a typical hole formed from a detached
hydrogen bubble; c) network of intertwined needtBs; f) honeycomb-like structure formed

among large holes.

Figure 8. MgO/Mg(OH), deposits obtained in magnesium OPD region at anpiat of —
1000 mV with electrodeposition time of 2 h: a) tapw; b) the holes formed from detached
hydrogen bubbles surrounded by very thin needlesgedles formed around the holes, and

d) network of intertwined very long needles.

24



Table 1: The values of cathodic potentials and simfeelectrodeposition used for formation
MgO/Mg(OH), structures and the corresponding electrodeposiigdce morphologies.

The time of

Morphologies of electrodeposited

No. | The potential / mV vs. Mg electrodeposition / min MgO/Mg(OH), structures
1. 700 30 — a network of intertwined needles
2. 5 30 — a network of intertwined needles
— flower-like forms constructed
from very thin needles,
3. 200 30 — dish-like hole,
— the honeycomb-like structure
— a network of intertwined needles,
4. - 200 120 — individual holes,
— the honeycomb-like structure
5. — 1000 120 — the honeycomb-like structure
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Research highlights

» Electrodeposition processes from magnesium nitrate melt were investigated.

* XRD analysis revealed formation of MgO/Mg(OH), structures.

» Honeycomb-like and needle-like structures were formed by electrodeposition.
» Itispossibleto obtain MgO directly by electrodeposition from a nitrate melt.
» Chemistry of formation of MgO/Mg(OH), structures was proposed.



