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Investigations of mixed oxides Mg/Ni/Al(O) from layered double hydroxides as
catalyst support for proton exchange membrane water electrolysis
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Various alternatives of electrocatalyst supports are being searched. The conformation of the multi-cationic Layered
Double Hydroxides (LDHs) Mg/Ni/Al after calcination - mixed oxide Mg/Ni/Al(O) are proposed as advanced support
for electrocatalysis. LDHs, a new class of basic mixed hydroxides exhibiting layered structure, proved to be good
substrates to be loaded with noble metals and non noble metals, also having properties of electron donor promoters. The
aim of this work is a characterization of the structure of Pt-catalysts appropriate for electrochemical water splitting.
These catalysts are prepared by deposition of Pt on supports mixed oxides Mg/Ni/Al(O), obtained by calcination of
multicationic LDH. These materials are characterized by means of structural (XRD, TEM) and electrochemical
methods: cyclic voltammetry (CV) and steady-state polarization techniques, in view of their possible application as

electrocatalytic support for oxygen evolution reaction in proton exchange membrane water electrolysis.
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1. INTRODUCTION

The proton exchange membrane water
electrolysis (PEMWESs) is efficient method to
produce hydrogen with higher purity and it offers
several advantages over the traditional technologies
[1]. Even if the electrolyte and the membrane
electrode assembly have been widely studied,
degradation of the materials, especially the carbon
supports of the electrode, and the high cost of the Pt
loaded electrodes are now the new issues to
overcome. Few researches have been carried out,
aiming to replace the carbon support and decrease
the Pt loading. It came out that using divers metal
oxide powder as a support would significantly
decrease the cost of the PEMWESs but also would
increase its stability and thus the life time of the
cell. Pt nanoparticles and their alloys are usually
dispersed on porous carbon black (e.g., Vulcan
XC-72) to function as PEMWEs anode and cathode
catalysts, which are one of the most important and
most expensive components in PEM water
electrolysis. Suitable support materials must be
electrically conductive and corrosion inert [2]. The
big disadvantage of carbon is its lack of stability at
high anodic potentials, where oxygen evolution
takes place [3]. The stability of carbon support
affects the loss of platinum surface area following
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both, the platinum particle sintering and the
platinum release from the carbon support [4].
Therefore, various alternatives of electrocatalyst
supports are being searched. A good candidate as a
catalyst support could be a material which
manifests the stability and the specific property -
strong metal-support interaction (SMSI) effect [5—
7], which presumed the lower Pt loadings and the
greater efficiency. This fort interaction between
support and particles is due to intensive electronic
transfer. Surprisingly, interaction and cooperation
between nanosized metal particles and basic
supports have been scarcely investigated. A recent
review considering the metal-support interaction
(“electron transfer”) and the metal-support
cooperation (“metal-base bifunctional catalysis™)
has shown the great potential of the layered double
hydroxides (LDH) as precursors of the metal
particles on basic supports with very unique
properties [8, 9]. LDHs of the general formula of
[M* . M’ (OH),][A" |,n.mH,0 can contain
different M*" and M’* metal cations in their brucite-
like sheets, and various A™ charge-compensating
anions in their interlayer space. LDH compounds
easily decompose into mixed oxides of the
M*'M*(0) type after calcination [10-12], these
materials having both basic and redox functions as
catalysts. Three general routes are available for
synthesis of the LDHs precursors: first, the
synthesis of the LDHs, containing M*" and/or
M?**elements with redox behavior within the sheets;
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second, the exchange with anionic metal
precursors of the desired metal in the interlayer
space of the LDHs; and third, the deposition or
grafting of inorganic or organometallic precursors
onto the calcined precursor LDH. The choice of
this material is based on its properties of an
electron donor promoter. [13]. It is known also
that LDHs are good precursors for loading noble
metals and non noble metals [14]. The aim of this
research is to investigate the possible apply of the
LDHs materials as a support material of metal
catalysts, used in PEMWEs. In this work we use
the conformation of multi-cationic Layered
Double Hydroxides LDHs NO; — Mg/Ni/Al after
calcination — mixed oxide Mg/Ni/Al(O) which are
proposed as advanced Pt catalyst support for
electrocatalysis.

2. EXPERIMENTAL
2.1. Catalyst synthesis

The initial multi-cationic structure NO; —
Mg/Ni/Al was synthesized by coprecipitation at
constant pH (~11) of suitable amounts of
Mg(NOs),.6H,0 (0.2 M), AI(NOs);.6H,0 (0.1 M)
and Ni(NO),.6H,O (0.05 M) with a solution of
NaOH (2.0 M). The addition of the alkaline
solution was controlled by using a pH-STAT
Titrino (Metrohm) apparatus to keep the pH
constant. The suspension was stirred overnight at
80°C for 17 h, and then the solid was separated by
centrifugation, washed thoroughly with distilled
water, and dried overnight at 80°C. The support of
mixed oxide Mg/Ni/AI(O) was obtained by
calcination of multi-cationic LDH NO; -
Mg/Ni/Al, at 450°C for 5 hours under air. One
part of the sample was impregnated by platinum
(IT) acetylacetonate using the sol-gel method to
prepare supported Pt catalysts. These samples
were gradually heated in hydrogen atmosphere
until the the temperature of 240°C was reached,
than they were held for 2 h under these conditions,
and gradually cooled. This first part of samples
were hereafter labeled as Mg/Ni/Al(O) —Pt.
Another part was kept without platinum
impregnation, these samples were labeled as
Mg/Ni/Al(O).

2.2. Electrode preparation

The electrodes have a complex multilayered
structure, consisting of gas diffusion layer,
catalytic nanoparticle mixture layer, and a support
of mixed oxide Mg/Ni/Al(O). The last layer is
made of a catalyst and support mixture, deposited
on a thin carbon cloth, serving as a gas diffusion

layer. The catalytic layer is spread upon the
carbon cloth at several steps. After each step the
electrode was dried for 30 min at ambient
temperature and weighted using an analytical
microbalance. The procedure has been repeated

until a metal loading of 0.5 mg. cm 2 was
reached. Then the electrode was hot pressed onto
the PEM. The hot pressing is performed stepwise
in the regime of gradual temperature and pressure

increase, starting at 50°C and 6 kg. cm2, and
ending at 120°C and 12 kg. cm 2, respectively.

2.3. Physical characterization

XRD patterns were recorded on a Bruker D8
Advance instrument using the Cu Ko, radiation
(A=1.542 A, 40 kV, and 50 mA). TEM analysis of
samples was performed using a JEOL 1200 EXII
microscope, operated at 80 kV on samples,
previously calcined at 450°C. Measurements of
the reduced platinum particle sizes on several
micrographs led to the determination of the mean
particle sizes.

2.4. Electrochemical characterization

The catalysts under study are investigated as
electrodes for the oxygen evolution reaction. The
electrochemical tests were performed on
membrane electrode assemblies (MEAs), using a
Nafion 117 membrane as an electrolyte. The
performance characteristics of thus prepared MEA
were investigated in a self made laboratory PEM
electrolytic cell. The electrochemical behavior of
the prepared Pt Mg/Ni/Al(O) —composites as
catalysts for oxygen evolution reaction (OER)
were studied and compared to that of the support
Mg/Ni/Al(O) using the techniques of cyclic
voltammetry and steady state polarisation. All
electrochemical measurements were carried out
with a commercial Galvanostat/ Potentiostat POS
2 Bank Electronik, Germany.

3. RESULTS AND DISCUSSION

The XRD analyst show that the support
corresponds to Mg(Ni,Al)O periclase, (Figure 1a).
The crystallite size is around 4.5 nm (Table 1).
After the electrochemical test, the support
partially reconstructed in layered structure of
multicationic LDH (type hydrotalcite, Mg(Ni)—
Al). Figure 2 presents the XRD spectra of the
samples with different Pt-content (10% and 20%),
deposited on Mg(Ni,Al)O periclase support. The
average Pt-crystalline size on catalyst with 20% Pt
is 14-17 nm, and the size does not change after
electrochemical tests. For the sample with 10% Pt,
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the crystalline sizes are of 10-11 nm (Table 1).
After the electrochemical tests (Fig. 2b), the
diffraction peak disappears at around 63 degree.
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Fig, 1. XRD spectra of catalyst support: a) before
electrochemical and b) after electrochemical test.
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Fig. 2. XRD spectra of Pt catalyst a/ before and b/ after
electrochemical test.

No intensive diffraction peaks were observed in
the x-ray spectra of hydrotalcite. All this
subjects the complementary analysis of the
support structure after the electrochemical test.
Our previous results showed that the CV-curves
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of Mg/Ni/Al(O) — substrate (without Pt) was
active up to the 30th cycle, and then its activity
dropped down sharply.

Table 1. Crystallite size of the Mg(Ni,Al)O-support,
and Pt/Mg(Ni,Al)O catalysts

Sample Crystallite size, nm

D 4.00

S rt (200)
1ppe Diza 5.00
17.00
Pt (20%) Dai1y Deaooy 14.00
D 11.00

0 an
Pt(10%) Doy 10.00

This result is explained with the degradation of
Mg/Ni/Al(O) or in other words, the reconstruction
which was confirmed by the XRD patterns [15].
Similar effect was observed in the catalyst with
10% Pt. The anodic curves, corresponding to the
oxygen evolution (Fig. 4), show that the catalytic
activity of tested catalyst is lower. The best
activity exhibits the electrode with a higher
platinum content. This result may be associated
with the XRD- results. The higher Pt-content
prevents to a greater degree the reconstruction of
the support. This may be due to the strong
interaction between small Pt-particles and mixed
oxide. The same results are observed for the Ni-
catalyst based on LDH [16].

TEM

The materials were characterized by TEM in
order to compare the size distribution of the metal
particles before and after the electrocatalytic test
(Figure 3).

Flg 3 TEM images:la — support of Mg(N1 Al)O
periclase;1b — impregnated sample with Pt;lc - the
sample after electrode preparation before electro-
chemical test;1d — the electrode after electrochemical
test.



These observations on the catalyst Pt-loading
sample (0.5 mg.cm™) showed the formation of
different-sized Pt- particles on the mixed oxide
support (3—15 nm), while the massive clusters of
Pt (23-115 nm) were formed outside of the
support.

These results suppose the excess of platinum.
They also allow us to compare the TEM images of
the samples of Pt-catalyst before and after work of
the electrode. The results show that Pt particles
remain of the same size. Again, the control of the
metal dispersion state may be due to the fort
interaction between the support and the small
particles.

3.3. Electrochemical characterization

The cyclovoltammetric experiments have been
performed in the whole potential range between
the hydrogen and the oxygen evolution. Our
previous results showed that the CV curve of the
Pt Mg/Ni/Al(O) sample has the typical behavior
of the monometallic platinum in regards to the
hydrogen and the oxygen regions, and its
character does not change with the cycling — it
has clearly delineated the oxidation and the
reduction peaks, and the double layer region. The
CV-curves of Mg/Ni/Al(O) (without Pt) electrode
have rather different profile, their peaks are not
clearly defined. The electrode was active up to the
30™ cycle, and then its activity dropped down
sharply. This result can be explained with the
degradation of Mg/Ni/Al(O) or in other words,
with the reconstruction which was confirmed by
the XRD patterns. In the presence of platinum,
this effect is not observed and the electrode is
stable [17].
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Fig. 4. Steady state polarisation curves at 80°C.

Figure 4 shows the polarization curves. The
polarization test showed the OER proceeds with

a higher rate on the Pt Mg/Ni/Al(O), compared
to the none-containing platinum electrode. The
curve demonstrates a stable behavior of the
catalyst, due to the endurance of the substrate by
these anodic potentials.

4. CONCLUSIONS AND PERSPECTIVES

It was shown that the preparation of catalyst
leads to small Pt particles, supported on a
Ni/Mg/Al/O mixed oxide matrix. The Pt particles
have the same mean size of 3—15 nm before and
after operation of the electrode. The massive
clusters of Pt (23—115 nm), which were observed
outside the support, suppose the excess of
platinum which can be reduced for further work,
and thus decrease the quantity of the noble metal
(Pt) in the catalyst. The use of oxide mixed in
LDHs leads to solids, exhibiting higher metal
dispersion, and to stability of the particle size
distribution under the electrocatalytic test. The
solid, obtained from co-precipitated Ni/Mg/Al
LDH calcinated, and the non impregnated reveals
the interesting result of 170 cycles before the
reconstruction of its structure. These Ni-
containing materials offer interesting outlooks for
electrocatalytic applications due to their better
stability and higher conductivity. The main
hindrances for the application of the mixed oxide
Mg/Ni/Al(O) are in the first place the low
electronic conductivity and secondly the memory
effect which lead to reconstruction in the HDL
layered structure. There is also a possibility of
reducing the quantity of noble metals used (Pt-
catalyst) or replaced by a none-noble metal.
Further modifications in the support composition
reveal an opportunity to increase its conductivity
and its stability. The investigations showed that
the conformation oxide of LDHs Ni/Mg/Al, can
be successfully applied as an electrocatalyst
supporting material in PEM water electrolysis. It
was observed that strong connections between the
metal particles and the support are established.
The support has a beneficial influence on the
particle-size.
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N3cnensane Ha cmecenu okcuan Mg/Ni/Al(O) nonyyeHu oT ABYCIOWHU XUIPOKCUIM
KaTo KatanutudeH Hocuten 3a [IEM BojHa enekTposmsa

. Kocragunosa*, I'. Tomanos, A. CtosinoBa, E. Jledpreposa, U [Iparuesa

Hncmumym no enexkmpoxumus u enepeutinu cucmemu — bAH
yi. Axao. I'. bonues 6a. 10, 1113 Coghus, bvaeapusa

[Hoctenmna Ha 16 cenremspu, 2010 r.; mpuera Ha 23 centemBpu, 2010 T.

(Pestome)

TbpceHH ca pa3IM4HU AITEPHATHUBHU 32 €JIEKTPOKATAIMTUUHM Hocurenu. KpucramHara koHdopMmanus cMeceH OKCHI
Mg/Ni/Al(O), nonyueH 4pe3 KallIUHUpaHE HAa HUTpaTHa (GopmMa Ha MyITHKATHOHEH ABycyoeH xuapookcua (JICX)
Mg/Ni/Al-NO3 - e pasriex/aH KaTto IepcreKTUBEH HOCUTeN 3a enekTpokaranu3a. JJICX ca Kiac OT OCHOBHM CMECEHU
XUAPOOKCHIH ChC CIOECTTA CTPYKTYpPa, KOUTO CE MPOSBSIBAT KaTO AOOPH HOCUTEIH 32 HATOBApBaHE ¢ OIAropoJHU U
HeOJaropoJHM MeTalld W IPUTEKaBaT CBOICTBA Ha  eNEKTPOHHM JoHOpH. lleara Ha HacTosmara pabora e
OXapaKTepu3upaHe Ha CTPYKTypaTa Ha Pt-kaTanusaTtopu, MOIXOISIIM 32 €IEeKTPOXUMUYHO pa3jlaraHe Ha Boja. Tesu
KaTaJIM3aTOPU Ca CHUHTE3UPAaHU 4Ype3 OTJIaraHe BbpXY HocuTenau oT cMeceHH oxcunu Mg/Ni/Al(O), momydenu mpu
KanuuHupae Ha Mmyntukatuonen JICX. Marepuanure ca wuscneasanu cbc  cTpykrypHu (XRD, TEM) u
CJIEKTPOXMMUYHU MeToau: nukianyHa BoaTtameTrpuss (CV) M cranuMoHapHa NOJSPU3ALMOHHA TEXHHUKA, C OTJIe]
€BEHTYaJHOTO UM NPUIOKEHHE KAaTO eIEKTPOKATAIUTHYHU HOCUTEIN MO OTHOIICHHE HAa PEAKIUATa HA OTICNISIHE Ha
kuciopoz npu [1IEM BogHa enextpoiusa.
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