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Abstract: Ti substituted & Ni( OH)2(¢= 2. 121 nm, a = 0.307 nm) with perfect high-temperature performance w as
prepared by the co-precipitation method. The effects of Ti addition on the structure and the electrochemical proper-

ties were investigated. The results indicate that the substitution of Ti for Ni leads to the conversion of BNi(OH)2 to

aNi(OH) and the increase of the inter layer distance along caxis from 0. 464 nm to 0. 707 nm. Infrared study re-

veals that more anions(SO3™ and CO3 ions) and H20 exist in the Tisubstituted « Ni( OH)2. The discharge capaci-
ty of the Ti substituted ¢ Ni(OH)2 is 210 mA * h/ g at 20 C and reaches up to 270 mA * h/ g at 80 C owing to the

inhibition of the oxygen evolution at high temperature.
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1 INTRODUCTION

The development of electric and hybrid vehi
cles is proceeding against the backdrop of environ-
mental problems, and nickeFmetal hydride batter-
ies(MH/Ni) with high output, high energy densi
ty, low cost and long durability are being consid-
ered the alternative cardinal components for these
vehicles. In recent years, synthesis of Ni(OH)2
powder with perfect high-temperature electrochem-
ical properties has gotten more and more attention
since the low charge acceptance of nickel electrode
at high temperature becomes one of the main prob-
lems hindering the application of MH/Ni batteries
in the electric vehicles.

There are two possible reactions in the char-
ging process of the commercial BNi(OH)2 positive
electrode:

Oxidation,

BNi(OH)2+ OH™ <8 NiOOH+ H.0+ e

(1)

Oxygen evolution,
40H™ ~ 02+ 2H20+ 4e (2)
The oxidation potential is lower than the oxy-
gen evolution potential at room temperature. But
the oxygen evolution potential decreases rapidly at
higher temperature'"', leading to the occurrence of
the by-reaction of the oxygen evolution and the de-
crease of the charge efficiency. Many work has
been done to improve the charge efficiency at high
temperature, e. g., the design of the advanced
cooling system to keep the electrode at a relatively
low temperature, the addition of Co or Y to reduce
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the oxidation potential of BNi( OH).'* ", the ad-
dition of ZnO, CdO, CaO, Y203, Yb203; and
Lu20s to raise the oxygen evolution potential' ™™,
and the addition of NaOH or LiOH to KOH
electrolyte to raise the oxygen evolution poten-
tial'”, etc. Even though much work has been done
on the commercial BNi( OH)2/BNiOOH cycle,
there is still no effective way to produce Ni( OH)2
with desirable charge efficiency at temperature
above 50 ‘C. Another deficiency in BNi(OH)2 is
the limitation of capacity and the volume swell
ing'®”, which might be solved if the stable cycle be-
tween ¢Ni(OH )2 and ¥NiOOH could be real
ized "' .

Because ¢ Ni(OH)2 is labile in alkaline media,
experiments by partial substitution of trivalent cat-

. 3 3 3 3
ions such as AI'", Co™, Fe™ and Mn™ have been

9714
made "

. But up to now little work has been concerned
with the high-temperature behavior of & Ni(OH)a.

In the present work, the Ti substituted aNi
(OH)2 with a perfect electrochemical behavior at
high temperature was synthesized via co-
precipitation route using soluble Ti** as the doped
element. The structure was characterized by XRD
and FT-IR, the charge and discharge performance

at high temperature was evaluated and discussed.
2 EXPERIMENTAL

2.1 Preparation
aNi(OH)2 was prepared by adding(0.5 mL/
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min) 100 mL of a mixing solution containing 0. 8
mol/ L NiSO4 and 0.1 mol/L TiCls to 200 mL of
1.0 mol/ L LiOH solution, while stirring at 20 12
‘C. The suspension was then aged for 12 h, fil-
tered, washed with distilled water to pH of 77 8
and dried at 110 22 C for 12 h.

BNi(OH)2 was synthesized by simultaneous
addition( 0. 5mL/ min) of 100 mL of the mixing so-
lution ( containing 2. Omol/ L. NaOH and 2. 0 mol/ L
NH4+OH ) and 100 mL of the 1. 0 mol/ L. NiSO4 so-
lution to 200 mL of the buffer solution containing
0.4 mol/LL. NH4OH and 0. 015 mol/L. (NH4)2504
(pH= 10.5), while stirring at 20 =2 C. The pH
of the reaction solution was monitored in situ by a
pH meter and controlled in the range of 10.5711. 5
by adjusting the dropping rate of the alkaline solu-
tion containing NaOH and NH4OH. The suspen-
sion was then aged for 12 h, filtered, washed with
distilled water to pH 7 = 8 and dried at 110 £2 C
for 12 h.

2.2 Preparation of Ni( OH): electrode

The paste containing 90% Ni(OH)2 and 10%
Co(OH):> was inserted into the nickel foam with
porosity over 95%, using 0. 5% carboxymethyl
and 1% polytetrafluorothylene as the binder
agents. After drying at 110 C for 2h, the above e
lectrode was sandwiched between two identical Ni
foam electrodes and pressed under 60. 0 MPa for 5
min.

2.3 Evaluation of electrochemical properties

The Ni(OH)2 electrode was immersed into
7.0mol/L NaOH + 0. 3 mol/L LiOH electrolyte,
using the Ni foam (with the same size as the posi
tive electrode) as the negative electrode and the
Hg/HgO (7.0 mol/LL NaOH + 0. 3 mol/ L. LiOH)
as the reference electrode. The positive electrode
was charged and discharged at a constant current in
the temperature range of 20 ~ 80 C. The cell was
then charged at 30 mA/g for 15 h, rested for 1 h,
and discharged at 90 mA/g until the potential de-
creased to 0. 1 V. The charge-discharge experiment
was recycled for two times and the discharge ca-
pacity in the second cycle was detected.

2.4 Characterization

The structures and the functional groups of
the samples were characterized by X-ray diffraction
(XRD, model D/ max, Rigaku, Japan) and Fourier
Transform Infrared spectrometry ( FT-IR, model
Nicolet 560, Nico, American), respectively. The
contents of Niand Tiwere determined by ethylene-
diaminetetraacetic acid (EDT A) titration.

3 RESULTS AND DISCUSSION

Fig. 1 shows the influence of Ti substitution

on the XRD patterns of Ni( OH).. In the absence
of Ti, BNi(OH): with an interlayer distance of ¢
= 0. 464 nm along caxis (according to the (001)
peak at 19.1°, ¢= d(oo1y) and a NrNi atom distance
of a= 0. 313 nm (according to the (110) peak at
59.1°, a= 2d(110)) was formed. In the presence of
Ti, ¢Ni(OH)2(c= 2. 121 nm according to the
(003) peak at 12.5° and a= 0. 307 nm according to
the (110) peak at 60. 3°, ¢= 3doy, a= 2d0)
formed since the occurrence of the large asymmet-
ric peak at 34.0° is the feature of the turbo-stratic
structure in & Ni(OH)2'"". The change of the lat-
tice parameters may be connected with the inser
tion of Ti into the Ni( OH)2 lattice. The sharper
XRD peaks in sample (a) indicates that the crystal-
lization of BNi(OH)2 is more perfect than that of
the Ti substituted & Ni(OH)2.

H * — f#-Ni(OH);
. ¢ — ¢ -Ni(OH),

10 20 30 40 50 60 70 80
20/(°)

Fig.1 XRD patterns of Ni(OH):
without Ti(a) and with Ti(b)

The FT-IR spectra of the BNi(OH)2 and the
Ti substituted ®Ni( OH) 2 are shown in Fig. 2. The
broad band in the region of 3000~ 3800 cm™ ' is as-
cribed to the stretch vibration of O —H. In the
case of Ti substituted aNi( OH )2, the peak at
1645 cm™ ' is the bend vibration of H20, the peaks
at 1490 cm™ ' and 1382 cm™ '
of CO3™ in Da, symmetry, the peaks at 1 120 cm”
(U vibration) and 1038 em™ ' ( U vibration) are at-
tributed to the interaction between SOi in Cs,

are the U3 vibration
1

symmetry and the metallic cations ( Ni"* and
Ti*" ). The average inter-layer distance is 0. 707
nm according to the location of the (003) peak (20
= 12.5°), implying that most of the SOi" might be
adsorbed on the surface of Nii-. Ti. Oz layers since
the inter-layer distance should be in the range of

0.88-0.94 nm if SO

[ 16]

is intercalated into the
inter-layers' . Moreover, the distribution of the

inter-layer distance along caxis is in the range of
0.564 7 0.954 nm according to the (003) peak in
Fig. 1 (occurring in the 20 range of 9.3~ 15.7°),
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indicating the partial intercalation of SO~ ions into
the inter-layers to compensate the positive charge
caused by the partial substitution of Ni** by Ti™" .
In the case of BNi(OH)2, the sharp peak at 3 650
cm™ ' corresponds to the free OH group in B-Ni
(OH): phase'"”". The bigger peak areas for O —H
and CO3 in the Ti substituted & Ni( OH)2 than in
BNi(OH)» indicate that more anions ( SOi" and
CO3 ions) exist in the Ti substituted & Ni( OH):2
to compensate the positive charge induced by Ti* ,
more water exist between the inter-layers of the Ti
substituted &®Ni( OH)2 because of the larger inter
layer distance.

4000 3000 2000 1000
Wavenumber/cm™!
Fig.2 IR spectra of ®Ni(OH)2(a) and

T1i substituted & Ni( OH)2( b)

The charge discharge curves of BNi( OH)>
and T1i substituted ¢ Ni(OH)» at different tempera-
tures are shown in Fig. 3, and the corresponding
oxidation potential, the oxygen evaluation poten-
tial and the discharge capacity originated from
Fig. 3 are shown in Fig. 4 and Fig. 5, respectively.

The data in Fig. 3 indicate that the partial sub-
stitution of Ni** by Ti* (Ni47. 7%, Ti6. 6%,
mass fraction) changes the charge and discharge
behaviors. The lower oxidation potential (the av-
erage charge potential ®) in Ti substituted aNi
(OH): indicates the improvement of the charge be-
havior in ®Ni(OH)2, which may be attributed to
the change of structure since the increase of the in-
ter layer distance and the water content are favora-
ble to the acceleration of the diffusion of the pro-
tons'” . The lower charge potentials at higher tem-
perature in both of BNi(OH). and aNi(OH):
samples indicates that the increase of temperature
also accelerates the diffusion of protons. The
charge curves for both &Ni(OH)2 and BNi(OH)»
exhibit two plateaus at 20 C. The primary one is
assigned to the oxidation of Ni** as shown in reac
tion (1); the second plateau represents the evolu-
tion of oxygen, corresponding to the visual forma-
tion of bubbles on the nickel electrode. In the case
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Fig. 3 Charge —discharge curves of BNi(OH)2(a)
and T1i substituted & Ni(OH)2(b)

of BNi(OH)2, the rise of temperature leads to the
gradual disappearance of the second plateau and the
earlier evaluation of bubbles, indicating that the
oxidation of Ni** and the evolution of oxygen pro-
ceeds simultaneously' .

The influence of temperature on the oxidation
potential (or the average charge potential) and the
oxygen evolution potential ( defined as the maximal
charge potential) are shown in Fig. 4. With the in-
crease of the temperatures from 20 C to 80 C, the
difference between the oxidation potential and oxy-
gen evolution potential disappears gradually in the
case of BNi(OH): but keeps relatively stable in the
case of ®Ni(OH).. The oxygen evolution poten-
tial for &«Ni(OH)2is 5710 mV higher than that of
BNi(OH): in the temperature range of 45 C to 80
C.

The evolution of oxygen from the nickel elec

trode in the alkaline medium is as follows''® ' :

OH™ ~©OH@uy+ e

OH w9+ OH™ ~®(uy+ H20
O(ada)"‘ 2NiOOH <2NiO2+ H:20+ e
2Ni02+ OH(ads) ~NiOOH + O(ads)
20(uds) <02

A~ N N~~~
~ O L bW
— — N — —
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Fig. 4 Variation of oxidation potential and
oxygen evolution potential with temperature
(a) —BNi(OH)2;

(b) —T1i substituted aNi(OH)2

280 -

240 r

2001

Capacity/(mA-+h-g™1)

+—B-NiOH),
160} ©— Tisubstituted a -Ni(OH),

1 1 5. 1 1 L L

20 30 40 50 60 70 80
#C

Fig.5 Variation of discharge capacity
with temperature

The evolution of oxygen occurs on the surface
of the oxide layer (NiOOH). It was reported that
the metal oxides with s*p® metallic electron config-
uration ( such as CaO and Y:03) can act with
NiOOH, leading to the inhibition of the electron
transfer and the increase of the oxygen evolution

potential® *' . The higher oxygen evolution poten-

tial of the ®Ni(OH)2 may be connected with the
existence of Ti since Ti"" can be easily oxidized to
Ti" (with s’p° electron configuration ) in the
charge process.

T he influence of temperature on the discharge
capacities is shown in Fig. 5. With the increase of
temperature from 20 C to 80 C, the discharge ca-
pacity decreases from 264 mA * h/g to 161 mA * h/
g in BNi(OH).. The dramatic decline of the dis-
charge capacity in the temperature range of 45~ 60
‘C may connect with the decrease of the difference
between the oxidation potential and the oxygen
evolution potential. In the case of the Ti substitu-
ted ®Ni(OH)2, the discharge capacity is about 210
mA * h/g at 20 C and reached up to 270 mA * h/ g
(about 1. 22 electron transfer per nickel atom) at
80 C, indicating that the increase of temperature is
favorable to the oxidation of Ni** to Ni*" .

4 CONCLUSIONS

Ti substituted &Ni( OH )2 with a perfect
electro-chemical properties at high temperature
was synthesized at room temperature via co-precip-
itation route, using NiSO4 and TiCls as the react-
ants and LiOH as the precipitation agent. The
substitution of Ti for Ni leads to the conversion of
BNi(OH)2 to aNi(OH)2 and the increase of the
inter layer distance along caxis from 0. 464 nm to
0. 707 nm. The discharge capacity of the Ti substi-
tuted aNi(OH)2 can reach up to 270 mA * h/g
(about 1.22 electron transfer per nickel atom) at
80 C owing to the inhibition of the oxygen evolu-
tion at high temperature.
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