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Electrocham ical Studies of Iron-doped Nickel Oxide Electrode
for Oxygen Evolution Reaction

HUANG Jin-zhao', XU Zheng *, L | Hai-lind,
KANG Guo-hu’, WANGW en-jind
(1 Key Laboratory of L uminescence and Optical Infomation, M inistry of Education,
Institute of optoelectronic technology, B eijing jiaotong university, Beijing 100044, China,
2 Beijing solar energy research institute Beijing 100083, China)

Abstract In thispaper, the ion-doped nickel oxide thin film as anode catalyst was prepared by RF reactive
puttering method The oxygen ewolution reaction (OER) on the iron-doped nickel oxide was investigated with
cyclic woltammetry, liner sveep voltanmetry, polarization curves and electrochanical impedance ectroscopy.
Reaults show that the iron acts as active site in the film which makes the ovemotential lower, and changes the
rate-limiting fran primary discharge of OH™ ions o the recombination of oxygen atom. W ith the increasing of ox-
ygen content in flu ratio during uttering, the electrocatalytic activities of the fim increase Iron-doped nickel
oxide thin film is pramising material asOER electrocatalyst for hydrogen production than the nickel electrode
The oxygen overpotential on the filn wasover 500 mV lower than the overpotential with nickel at 50mA /am’.
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1 Introduction electrocatalysts for hydrogen production'®’.
In recent years, there has been a lot of public Besides being an unawidable side effect in nu-

interest in our enviorment and energy, egecially merous electiolytic ystams,  the oxygen evolution re-

. . action is basic anodic reaction because of its relation-
new energy source Due to the fact that increasing en- o _ .
ship with most mportant electrochanical proceses
such as hydrogen production in water electolysis”’.

One of the major shortages of traditional anodic mate-
rials is the high ovemotential asociated with the
. . OER, which leads © low effciency S the choice of

of the most pramising energy carriers for the future ) o ) o
(1] i . anodic material is an esential prerequisite for the op-

Hydrogen production from lar energy is the L , 89]
timization of the electrolytic processeé . Inorder o

be used for technological gpplication, such materials

viorment pollution is reaulting fran the increasing
gpplication of fossil fuels and man fears their shortage
occurring in the future Hydrogen energy is consid-
ered an efficient energy, low pollution fuel It isone

bestway b lve the energy crisis and air pollution,
D it is necessary o develop highly active and stable
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have to be endowed manifold characteristics, such as
high electronic conductivity, good electrocatalytic
properties, long-tem chemical and corrosion resist-
ance in concentrated alkaline ®lutions

Nickel and nickel oxide are considered the most
aitable anode material for the OER in concentrated
alkaline olution, because of their electrocatalytic
properties and corrosion resistance in concentrated al-
kaline olutions, and because it is
chegp' ™.

Several studies have reported increased activities
for the ewolution of oxygen on nickel oxide electrode
when ion is preeent "**. lon-doped nickel oxide
thin film can be fabricated by reactive magnetron
uttering, cathodic electrodeposition etc

In this paper, the electrocatalytic properties of
iron-doped nickel oxide thin filmsprepared by putte-
ring method for OER were investigated by cyclic vol-
tanmetry, liner sveep voltanmetry, Tafel polarization
curves and electrochamical impedance gectroscopy.

2 Exper mental Details
The lron-doped nickel oxide thin filmswere pre-

relatively

pared by RF magnetron guttering from a FeNi alloy
target which is76 4 mm in diameter, 3 mm in thick-
ness and 99 99% in pure The atom content of Fe,
Ni is21% and 79% regpectively The gputtering pa
raneter of oxygen content in flue ratio during gutte-
ring (fran 10% to 40%) was changed for studying
their effects on the electrochamical properties of the
fim.  The deposition chanber was pumped o a pres
wre of less than 4 x10 ° Pawith diffusion pump be-
fore guttering was started Then a pre-gputtering
processwas folloved for 10 min © clean the target
aurface and ranove any possible contamination

The electrochemical measuraments were carried
out at CH 1660 electrochenical workstation (CH In-
struments Comp. , USA) in a conventional three-elec-
trode cylindrical electrochanical cell which has a sat-
urated calamel reference electrode (SCE) and a large
area Pt counter electrode All tests were conducted
with awell defined electrode area of 1 an’ in 1mol /L
potassium hydroxide (KOH) prepared using deion-

ized water. The reference electrode was brought into

contactwith the cell bath through a L uggin capillary
(KCI agar-agar salt bridge) in order o minimize the
IR drop of the olution resistance (Fig 1).

Contoling
Computer

Fig 1 Schematic diagran of the experimental set-up

A: working electrode, B: reference electrode,

C: Luggin cepillary, D: electrochemical cell,
E: magnetic stirrer, F. ocounter electrode

3 Realtsand D iscussion
3 1 Cyclic Voltammetry

Electrochenical properties of the fim and nickel
were studied by cyclic woltanmetry (Fig 2). The
san rate isQ 1V /s The cyclic woltanmograns show
only one anodic peak and one reduction peak in the
range of potential from Q. 1V t© O 5V. The reduction
peak potential twards the positive direction, and the
difference in potential betveen wo peaks lowers than
pure nickel Most obviouswas the large increase in
OER currentwhich is the anodic peak in the Fig 2

0.003 ¢

0.002 ¢

03 04 05 06
E/V (vs.SCE)

01 02

Fig 2 Effect of iron in the film on cyclic wltanmograns

A shift of anodic peak potential towards the posi-
tive direction and lowvering of the potential difference
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betwveen the anodic and cathodic peak indicates that
<hift of equilibrium potential for OER t more negative
values and a decrease in the ovempotential for OER
which occurred on the iron-doped nickel oxide thin
film (Table 1). The increase of peak current suggests
that more active site ispresent in the electrode, and
the iron may acts as active site

3 2 L near Sweep Voltammetry

Fig 3 shows liner sveep woltanmetry plots for
the filmswhich were deposited under different oxygen
content and nickel electrode The electrodes were
maintained at an anodic potential Q. 6 V for 15 mins
prior © the polarization The curveswere perfomed
using a linear sveep at 1 mV /s The reaults indicate
that better electrocatalytic activity for OER isobtained
with 40% oxygen content The results (Tab 1) show
that iron-doped nickel oxide thin films are suitable
materials for OER gpplications than the Ni electrode

0.10 “ o » 40%
o & 30%
0.08 N il
| ° L e N
0 06 - -] ¢
o . o
: 0.04| A ;
. , L)
§ -: . Yv
> RF pawer 400W
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": # working prewsure: 2Py
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-0.02
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Overpotertial/V(vs SCE)

Fig 3 Liner sveep wltanmetry plots of different electrode

3 3 Tafel Polarization

In order o investigate the electrocatalytic activity
of the prepared films, Tafel polarization measurements
were perfomed (Fig 4) , and the correponding elec-
trochamical paraneters ( Tafel slope, exchange cur-
rent density) were derived fran the recorded curves
and summarized in Table 1

Tafel equation,

N =a+blgi (1)

wheren represents the overpotential, i themeas
ured current, b the Tafel slope, and a the intercept
related © the exchange current density i, through

equation a= (2 3RT) /B nF) xIg k. The other par
rameter of interest is, the smmetry factor, which
can be calculated from the Tafel dope ash =
(2 3RT) / BnF), and n represents the number of
electrons exchanged, F is the Faraday constant, and
R is the gas constant

-2t
-3¢
~ }
5 41
9 s
!
E 3 RF power 400W
-6t subutrate temperatun: 500
5 working pressure: 2Ps
=7+
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E/V (vs. SCE)

Fig 4 Tafel polarization curves recorded on the different
electrode

A dignificant change in the Tafel slope is usually
interpreted as a change in the rate-lmiting step. One
commonly accepted reaction way for oxygen ewvolution
reaction in alkaline lution is shovn in Eq 2 b &

M +OH —— M—OH +e (2)
{b=2 3(2RT/F) =120 mV /dec}

M—OH +OH —— M—O +H,0O (3)
{b=2 3(RT/F) = 60 mV /dec}

M—O —— M—O +e (4)
{b=2 3(2RT/3F) = 40 mV /dec}
M—O— 2M + G, (5)
{b=2 3(RT/4F) =15mV /dec}

Where, M is an active dte in the catalyst

M—OH and M —O are wo ad®mtion intemediates

Which step is the rate-lmiting step depends on the
strength of the admtion of the intemediates The
results are consistent with reaction 3 being the rate-
Iimiting step, when iron or oxygen content is relative-
ly high The overmpotential is snsitive 0 iron or oxy-
gen content, camparing 10% sanple with the 40%
one, both of the difference for iron and oxygen con-
tent in the samplewere less than 1%, but the differ-
ence for oxygen overpotential is significant(Tah 1).
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Tah 1 Summary of film characterization
Fe/% O 1% Tafel slope/ Overpotential /V
Electrode (by mass) (gg:;ss) mv /dO:c 90 /A) at 52 mA /an’ Rafd - an’
10% 14 00 25 67 51 20 -13 20 372 3 67
30% 14 59 26 24 49 30 -12 70 251 185
40% 15 00 26 46 37. 70 -825 219 Q 62
Ni 0 0 111 01 -13 70 756 -
The addition of iron makes a change in the rate-
limiting fram primary discharge of OH™ ions o the re- -16 [ . i
combination of oxygen atom.  This is reaonable if the ~L4y it —ﬁ_]_
ion impuritieswere © provide more favorable site for . -2y 0% G
the adomtion of the intemediates § -1.0 ! *&,\
3 4 Electrocham ical Impedance 35' w08 h

Spectroscopy
The electrochemical mpedance ectroscopy
(EI9) techniquewas gpplied o further investigate the
electrode/ electrolyte interface and the corresponding
processes that occur at the electrode surface To en-
wre a complete characterization of the electrode /e
lectrolyte interface and corregponding processes, EIS
measurements were made over five frequency dec-
ades fran 5 kHz b Q 01Hz

E IS measurements were carried out at potential
of 600 mV which were shown in Fig 5 The model of
the equivalent circuit includes the constant phase ele-
ment (C,.) in parallel with the charge trander resist-
ance R (insertion in the Fig 5). The values of the
R,Q - an’) are3 67, 185, 062 for 10%, 30%,
40% sample, regectively The lowest R, (Q 62),
wasobsrved on 40% sanple The reqult isin agree-
ment with the experimental data obtained by liner
sveep wltanmetry measuraments (Fig 2).

4 Conclusions

The lron-doped nickel oxide thin fimswere pre-
pared by RF magnetron guttering The cyclic voltan-
metry experiment shows the iron may acts as active
site in the electrode The addition of iron makes a
change in the rate-limiting from primary discharge of
OH  ions © the recambination of oxygen atom. EIS
measurement reaults are in agreementwith the experi-
mental data obtained by liner sveep wltanmetry

06} . \\
0%
-0.4 \
02t A% \‘
ool &% , ., N

Z/Q « cm?

Fig 5 Electrocheamical mpedance gectroscopy of differ-
ent electrode

meaduranents These resultsmentioned above indicate
that iron-doped nickel oxide ispromising as an oxygen
catalyst
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