Vol. 14 Ne 4

Trans. Nonferrous Met. Soc. China

Aug. 2004

Article ID: 1003 ~ 6326(2004) 04 ~ 0713 = 05

Preparation and characterization of fibrous NiO particles by
thermal decomposition of nickelous complex precursors®
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Abstract: The influences of pyrolytic conditions, including temperature, time, the flow rate of air, and the heating

rate, on the morphology, average size and specific surface area of the NiO particles were investigated, and the composition

and morphologies of the products were characterized by using of XRD, SEM and BET. It is found that fibrous NiO partr

cles were produced under the optimal conditions. A suitable range of pH for preparing dispersive precursors was chosen ac

cording to analysis of zeta potential. Based on the observations of NiO precursors growth and SEM morphology of the pre-

cursor, the oriented attachment was proposed for the well aligned growth of the NiO precursor fibres. The final product

NiO inherits the morphology of the precursor.
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1 INTRODUCTION

In recent years, quasi one-dimensional( 1-D) ma-
terials with nanostructures ( nanow ires or fibres) have
stimulated considerable interest for scientists because
of their importance in mesoscopic physics and poten-
tial applications. These nanostructures are expected
to have remarkable optical, electrical, and mechanical
properties which may get applications in probe mi

(121 In order to obtain

croscopy and nanoelectronics
one-dimensional structural materials, various prepara-
tion methods have been developed including arc dis-
charge, laser ablation, template, solution and other
[3710
methods

mental techniques for the synthesis of one-dimensional

I. However, most of the reported experi-

materials are still limited in laboratory scale due to
some unresolved problems such as special conditions,
the complexity or the high cost. Exploration of novel
methods for large-scale synthesis of one-dimensional
nanostructure is a challenging research area. As a
kind of functional material, nickel oxide( NiO) has
received considerable attentions over the last few
years because of many applications such as catalysis,
electrochromic films, fuel cell electrodes,

11
SOI‘S[ I

gas sen-
. Its importance is manifested in many patents
that have been issued for its synthesis. At present the
approaches available for NiO powder production in-
clude carbonyl method, laser chemical method, pyrol
ysis by microwave, sobgel method, pyrolysis by ul
trasonic, chemical precipitation etc'>'. Most of these

methods have been used to synthesize NiO spherical
particles or films, few attempts have been made to
prepare NiO fibres. The purpose of this study is to
explore the feasibility to synthesize NiO fibres via
chemical reaction between NiCl, * 6H,0 and
(NHy4) 2C204 in the presence of surfactant PVP. This
method requires neither complex apparatus and so-
phisticated techniques, nor metal catalysts or tem-
plates as usually needed in other methods.

2 EXPERIMENTAL

The reagents used in this study, including
NiCl,*6H,0, NHj; * H,0, C,HsOH, CH;COCHs3,
(NH4)2C204, surfactant PVP, were all of analytical pu-
rity and used without further purification. The nickelous
complex precursor precipitating were carried out in the
follow ing procedures. 100 mL (NH4)2C204( 0.6~ 0.
8 mol/ L) solution was dripped in 100 mL Ni** solu-
tion (0. 6 = 0. 8 mol/ L) with SONO-TEK modeled
ultrasonic sprayer at a rate of 5 mL/ min. During the
precipitation reaction, the suspension was kept at
constant temperature, in constant pH value and in
constant stirring. The suspension was kept stirring
for 1h after the reagent addition. Finally, nickelous
complex precursors were washed with distilled water
and alcohol for several times to remove the possible
adsorbed ions, and then dried in vacuum box. The
dried precursors were heated in a porcelain crucible
that was placed in the middle of an alumina tube with

@®  Foundation item: Project(1998053306) supported by the Doctorate Fund of Education Ministry of China

Received date: 2003 =~ 07 ~ 29; Accepted date: 2004 = 03 ~ 16

Correspondence: ZHAN Jing, PhD; Tel: + 86-731-8836037; E-mail: zhanjing2001@ hotmail. com



© 714 - Trans. Nonferrous Met. Soc. China

Aug. 2004

a horizontal tube electric furnace at 673 ~ 873 K for 1
h. The final product of fibrous NiO were obtained.

The purity and crystallinity of the as-synthesized
fibrous NiO were examined by using powder X-ray
diffraction( D/ max-r A10 Type, Japan). The mor
phology of the fibres was observed by scanning elec
tron microscope. The zeta potential of the particles
was detected to choose a suitable range of pH for dis-
perse precursors. The specific surface area of the de-
composed product was measured with ASAP2010 in-
strument( M icromeritics Company, USA).

3 RESULTS AND DISCUSSION

3.1 Inhibition aggregation of precursors

There are several main methods to prevent ag-
gregation of precipitation in solution including con-
trolling precipitation condition, adding dispersant and
choosing suitable pH range for disperse particles ac-
cording to zeta potential. The effect of preparation
conditions on morphology of precursor particles were

(2] Here, we dis-

reported in detail in another paper
cuss the mechanism of inhibition aggregation with the
respect to zeta potential and surfactant.

It is welFknown that the electric double layers of
charged particles exert repulsive force against each
other which is a function of zeta potential. A ccord-
ingly, precipitation from a homogeneous solution is
normally carried out in a range away from the point of
zero charge. Fig. 1 shows that the pH value for the
isoelectric point of the precursors is 2. 5. The higher
the pH is, the lower the zeta potential value will be.
With the increase of solution pH from 8 ~ 10, the zeta
potential decreases sharply and becomes negative, so
there will be eletro-static repulsion between the dis-
persant and the particles surface. A moderate alkaline
environment ( pH < 10) is expected for dispersing
precipitation particles, which is in agreement with
the moderate alkaline condition for NiCly
(NH4) 2C204-NH3 system in which the solution pH
should be 8 = 10 throughout the precipitation process.

To stabilize the lyophobic colloidal particles, one
of the most effective ways is to use protective agents,
including lyophilic polymers, surfactants and com-
plexing agent, which are adsorbed on the particles. It
is believed that stabilization occurs mainly through a
repulsive force due to the coulomb repulsion and/or
the osmotic pressure and the steric hindrance at the
overlapped regions of the adsorptive layers of the indi-
vidual particles' ™. The surfactant PVP is favorable
to form fine, disperse particles and make a “shell”
surrounding the particles to prevent them aggregating
to larger particles during the precipitation. From the
above analysis, the high dispersion of NiO precursor
fibres were obtained by controlling the solution with a
pH higher than 8. 0 and adding dispersant. The mor-

phologies of precursors are shown as Fig. 2.
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Fig.1 Zeta potentials of nickelous
complex precursor with PVP

Fig.2 SEM morphologies of

nickelous complex precursors
(a) —pH= 8.2; (b) —pH= 8.4

Fig. 3 illustrates the X-ray diffraction pattern of
the precursor. It can be found that the precursor is
crystal structure and there are no NiC204 * 2H,0
peaks, which suggests that the precursor is nickelous
complex precipitation instead of pure NiC204° 2H,0
particles

3.2 Effect of different pyrolysis conditions
3.2.1 Effect of decomposition temperature
The morphology of the NiO particles is depen-
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Fig. 3 XRD pattern of precursor particles

dent on the temperature of pyrolysis. In general, the
lower the temperature is, the smaller the particles
will be. When the samples are decomposed at 400,
500, 550, 600 C, the corresponding products are
grey, grey-black, light-green and light green. The
X-ray diffraction results show that the grey-black
product is the mixture of Ni and NiO. This suggests
that the mixed Ni and NiO product is produced at the
temperature below 600 C (see Fig. 4). The pure
NiO may be obtained at the temperature higher than
600 C. However, even at higher temperature, the
activity of NiO is relatively low, and the aggregation
of the particles is serious due to sintering. Fig. 5
shows the SEM morphologies of the NiO particles ob-
tained at temperature from 600 C to 700 C. The
temperature has less effect on the morphology of the
product and the final particles remain fibrous mor-
phology as the same as in precursor.
3.2.2 Effect of decomposition time

Fig. 6 illustrates the SEM morphologies of
NiO particles obtained with different pyrolysis times.
30~ 60 min is enough for decomposition of the pre-
cursor. If it is conducted under shorter time, the de-
composition may be incomplete though the produced
pow der is active with less density. Whereas extending
the time for decomposition, the aggregation
becomes serious

among the particles

* — NiOQ
a=—Ni

26 34 42 50 S8 62 10 78
20/%)

Fig. 4 XRD patterns of products from precursor

decomposed at various temperatures
(a) —400 C; (b) —500 C; () —550 C; (d) —600 C

and the particles are inactive. So the suitable time for
the decomposition is 30 ~ 60 min.
3.2.3 Effect of air flow

The effect of air flow on the morphology of NiO
particles is shown in Fig. 7. It is clear that the air
flow exerts the influence on both morphology and
particle size of the product. In low air flow, the gas
generated from the decomposition diffuses slowly and
hinders the pyrolysis process. Increasing the air flow
is useful for the decomposition. However, if the air
flow is too large, it may cause powder emission.
3.2.4 Effect of heating method

The heating method has obvious effect on the
specific surface area of the product. When the precur-
sor particles are heated together with furnace, the
NiO has fine dispersion and satisfactory morphology.
However, if the precursor is directly put into the fur
nace at high temperature and decomposed, the NiO
particles are hard and difficult to be broken. By mea-
surement of BET, the specific surface area of the for-
mer is larger than 5. 944 m*/ g while that of the later
is less than 1 m*/g.  This
of gas emissions in the process of

is because there are lots
pyrolysis.  In

the former case, the precursor
ammonia  first, then

releases  the w ater,

Fig. 5 SEM morphologies of NiO particles obtained at different pyrolytic temperatures
(a) =600 C; (b) —650 C; (¢) —700 C
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Fig. 6 SEM morphologies of NiO particles at different decomposition times
(a) —30 min; (b) —60 min; (c¢) —120 min

Fig.7 SEM morphologies of NiO particles at different air flows
(a) —0.08 dm*/ min; (b) —0. 124 dm*/ min; (¢) —0. 152 dm*/ min

and last pyrolysis. By this way, the product is loose
as the volume does not change obviously before and
after pyrolysis. The morphology of the final particles
inherits to the precursors.

3.3 Characterization of fibrous NiO fibres

The purity and crystallinity of the as-synthesized
fibrous NiO were examined by using powder X-ray
diffraction (XRD). Fig. 8 shows the diffraction pat-
tern collected on these fibres. All diffraction peaks
can be perfectly indexed to the crystalline NiO, not
only in peak positions, but also in their relative inten-
sity. The peaks can be indexed as (111), (220),
(220), (311), (222), and (400) crystal plans of the
crystalline cubic structure NiO, respectively. The
NiO lattice constant calculated from the XRD data is
a= 4.176 5 A which is in good agreement with that
of the cubic NiO phase in standard JCPDS card.

The main physical and chemical parameter of
NiO particles are shown in Table 1. It can be seen
that the nickel oxide is fibrous with the characters of
small grain diameter, low content of carbon, sulfur
and ferrous.

Table 1 Main physical and chemical
parameters of nickel oxide pow der

BET specific surface/
(m*g ")
> 5.9

w(C /% w(Fel/% w(S)/ %

0.16 0. 003 0. 000 83

3.4 Growth mechanism of precursors and NiO fi-
bres

*— NiO

b L , T
30 42 54 66 78
20/(")

Fig. 8 XRD pattern of fibrous NiO particles

At present, the growth mechanism of one
dimensional nanow ires is one of the controversial sub-
jects. Three growth mechanisms for crystalline fiber
or whisker have been proposed: the vaporliquid-solid

(VLS) or solution-liquid-solid ( SLS) growth mecha-

nism '+ template-induced methods! ' and orient-

U718 The VLS and SLS

growth mechanism requires flux particles that are

ed attachment mechanism

molten under the reaction conditions or a catalyst
w hose boiling point is below the solvent, and are not
suitable for the one-dimensional growth of NiO pre-
cursor fibres. For this work, oriented attachment is
advised to explain the wellaligned growth of the pre-
cursor fibres. The proposed mechanism for the forma-
tion of precursor fiber can be expressed as follows:
first, NiCl, dissolves in water at certain temperature

and (NHy) 2C,04 gives C20421- ions; secondly, a pri-
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mary precursor nuclear forms in suitable supersatura-
tion and begins to grow into precursor sheet; then the
growing precursor sheets provide the initial template
and induces the secondary nucleation and epitaxial
growth of the second precursor sheet. This process
continues in the same way and finally the fibrous pre-
cursors are obtained. In this mechanism, nanocrystals
can join together with complete crystallographic
alignment and eliminate free surfaces. The oriented
attachment mechanism is strongly active only under
conditions far from the isoelectric point. This point is
confirmed by the experiment that the welldispersed
fibres precursor is obtained under pH = 8 = 10 condi
tions. On the other hand, during the formation of
precursor rods shape (NHy4)2C204 is thought to act as
a template, resulting in the epitaxial growth of the
precursor. NiO fibres are controlled by the inrsitu
growth mechanism, inherit the morphology of the
precursor particles.

4 CONCLUSIONS

1) The morphology of the precursor is a decisive
element affecting the morphology of fibrous NiO par
ticles obtained by thermal decomposition. Well dis-
persed and smaller size precursor powder is suitable
for the preparation of the well dispersed fibrous NiO
particles. Zeta potential value and surfactant PVP are
important conditions for inhibition aggregation of
nickelous complex precursors. The oriented attach-
ment is proposed for the wellaligned growth of the
NiO precursor fibres. The final product NiO inherits
the morphology of the precursor.

2) In pyrolysis of the precursor, the operation
parameters have obvious influences on the dispersion,
particle size and specific surface area of the final NiO
product, which include temperature and time for py-
rolysis, the atmosphere, the pattern of temperature
increase. When the pyrolysis is conducted under the
conditions of temperature 600 = 650 C for 30 ~ 60
min and air flow 0.1~ 0. 124 dm®/ min, the fibrous
NiO may be produced with fine dispersion, large as-
pect ratio and 5. 944 m*/ g of specific surface area.
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