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ABSTRACT

Nanosize NiO powder was prepared by mixing acidic nickel nitrate with basic nickel carbonate. The particle size and morphol-

ogy of NiO were mainly governed by the mole ratio of the nitrate to the carbonate. The effects were studied by DSC, XRD, FTIR,

and SEM. Heat treatment conditions influence the particle size distribution of produced NiO powder extensively for the case of

3N7C (3 moles of the nitrate and 7 moles of the carbonate) and 4N6C, but only slightly for 1N9C and 2N8C. Uniform pseudo-

spherical NiO particles were obtained in 50~70 nm for 1N9C and 30~60 nm for 2N8C by calcination at 750oC for 2 h. 
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1. Introduction

iO is an important inorganic material. It is extensively

used in catalysis, electrochromic films, magnetic materi-

als, gas sensors, cathodes of alkaline batteries, and anodes

of solid oxide fuel cells (SOFC).1-6) There are many chemical

methods reported for the synthesis of NiO particles, includ-

ing the precipitation of acidic nickel salt such as NiCl
2
,

Ni(NO
3
)
2
 or NiSO

4
 with base such as NaOH, NH

4
HCO

3
,

CO(NH
2
)
2
, or ammonia,7-9) forming nickel complex with

ligands, such as oxalic acid, citric acid, malic acid, etc.,10-17)

using molten salt,18,19) etc. All these methods are accom-

plished by the introduction of other chemicals, so the by-

products have to be removed by filtration and washing.

If a basic metal compound can be used as a base instead of

a common base, such as an ammonia solution or NaOH,

then there will be no need to remove formed salts, which

makes the process simple and economic.

In this paper we would like to introduce a simple way to

prepare NiO powder by inducing reactions between acidic

Ni precursor and basic Ni precursor by mixing, followed by

calcination. We found it interesting that the ratio of the acid

to the base governs the particle size and morphology of the

produced NiO powder. 

2. Experimental Procedure 

Ni(NO
3
)
2
·6H

2
O (purity 98.0% Aldrich Chem., U.S.A.) and

2NiCO
3
·3Ni(OH)

2
 (purity 99.0% Aldrich Chem., U.S.A.)

were used as received. The two nickel compounds were

mixed at a mole ratio of the acid to the base of 1:9 (1N9C),

2:8 (2N8C), 3:7 (3N7C) and 4:6 (4N6C). The mixtures were

prepared as aqueous slurries by ball milling for 8 h. The

slurries were dried using a rotary evaporator and then sub-

jected to calcination. Heat treatment conditions were varied

and the effects were studied. The dried mixtures (~30 mg)

were heated to 700oC in an alumina crucible at a heating

rate of 10oC/min under flowing air using TG/DSC (Model

STA 409C, Netzsch Co., Germany). The DSC of the 2N8C

showed an endothermic peak at 308oC. The mixture was

heated to its set-on and set-off temperatures and cooled rap-

idly to room temperature. The powders were subjected to

XRD (Model DMAX llA, Rigaku Co., Japan) and FTIR

(Model 100 with ATR, Perkin-Elmer Inc., U.S.A) analysis.

The powder morphology was observed by SEM (Model

3000M, Hitachi Co., Japan). 

3. Results and Discussion

The strategy to prepare uniform NiO powder is derived

from the following; i) NiO powder can be obtained by the

calcination of almost any nickel compound in air
,

20,21) ii) NiO

powder obtained from the calcination of NiCO
3 
·2Ni(OH)

2
 at

650oC for 2 h shows 50~100 nm cube crystals and that from

Ni(NO
3
)
2
·6 H

2
O consists of two kinds of cubic particles rang-

ing from about 100 nm to 800 nm in size, which indicates

that there are two kinds of growing modes,22) and iii) acidic

nickel nitrate can react with basic nickel carbonate via the

Lewis acid-base interaction. If the proper amount of the

nickel nitrate is introduced to the nickel carbonate to con-

trol the growing mode of in-situ formed NiO particles, uni-

N
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form spherical nanosize NiO powder may be obtained. 

Thus, the nickel compounds were mixed at various mole

ratios and their DSC curves are shown in Fig. 1. Comparing

their curves with those of the carbonate and the nitrate

shown in Fig. 2, considerable differences were observed. The

nickel carbonate shows two endothermic peaks at ~100 and

305oC and the nitrates four endothermic peaks at 68, 187,

253, and 325oC. However, the mixtures show new peaks.

1N9C and 2N8C show a single new strong endodermic peak

at 302oC and 308oC, respectively, but 3N7C shows two

endothermic peaks around 222 and 305oC and 4N6C at 211

and 310oC. Both of them show a shoulder peak around

326oC, which indicates that some of the nitrate remained.

The single peak for 1N9C and 2N8C indicates that almost

no nitrate or the carbonate remains. The 2N8C mixture was

heated to the set-on and set-off temperatures of its DSC

curve without holding at a heating rate of 10oC/min and

were cooled rapidly, and their XRD patterns are shown in

Fig. 3. NiO was not formed by 280oC but by 370oC, and fur-

ther heating to 430oC increased the intensity slightly, which

is assigned as a cubic phase (JCPDS card file 73-1523).

However, their FT-IR shown in Fig. 4 indicates that there is

NiO(OH) due to the presence of peaks around 3500 and

1630 cm-1 assigned to O-H stretching and bending, respec-

tively. Therefore the endothermic peaks around 310oC are

attributed to the formation of crystalline NiO and amor-

phous NiO(OH), and this is also supported by the dark grey

color. 

The mixtures were heated to 750oC at a heating rate of

5oC/min and then held at that temperature for 2 h. Their

SEM pictures shown in Fig. 5 indicate that calcined 1N9C

and 2N8C show homogeneous pseudo spherical particles

with an average particle size of ~50 nm and ~70 nm, respec-

tively, but 3N7C and 4N6C consists of two kinds of parti-

cles: small spherical particles and large cubic crystals,

which was attributed to the free nickel nitrate that was not

fully dissipated the heat due to the rapid heating rate.

Thus, the mixtures were heated to 200oC at a heating rate

Fig. 1. DSC curves of NiO precursors of: (a) 1N9C, (b) 2N8C,
(c) 3N7C, and (d) 4N6C heated in an alumina cruci-
ble at a heating rate of 10oC/min under flowing air.

Fig. 2. DSC curves of: (a) Ni(NO
3
)
2
·6H

2
O and (b) 2NiCO

3

·3Ni(OH)
2
 heated in an alumina crucible at a heating

rate of 10oC/min under flowing air.

Fig. 3. XRD patterns of the 2N8C precursor heated to vari-
ous temperatures of its DSC curve and then cooled
rapidly to ambient temperature: (a) 280oC, (b) 370oC,
and (c) 430oC.
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of 5oC/min and then at 1oC/min to 450oC and held at that

temperature for 2 h. Their SEM pictures in Fig. 6 show that

1N9C and 2N8C are homogeneous and ~20 nm, but 3N7C

consists of mainly ~50 nm and a few ~150 nm cubes, 4N6C

shows 200~300 nm cubic crystals with some ~20 nm parti-

cles. It is assumed that nanosize NiO particles grow into

large crystals assisted by the Ni nitrate somehow. It is

interesting that 4N6C shows more cubic particles for the

calcined mixture at 450oC than that at 750oC but the cube

sizes are almost same. It is believed that the cubic particles

are grown at 450oC and are hardly influenced by higher cal-

cination temperature. In the hope of obtaining uniform par-

ticles, the mixtures were held at 450oC for 2 h and then

heated to 750oC at a heating rate of 2oC/min and held at the

temperature for 2 h. The SEM pictures shown in Fig. 7 are

well-grown crystals and more uniform for all the combina-

Fig. 4.FTIR spectra of the 2N8C samples heated to various tem-
peratures as in Fig. 3 (a) 280oC, (b) 370oC, and (c) 430oC.

Fig. 5. SEM pictures of the various NiO precursors of: (a)
1N9C, (b) 2N8C, (c) 3N7C, and (d) 4N6C heated to
750oC at a heating rate of 10oC/min and held at that
temperature for 2 h.

Fig. 6. SEM pictures of the various NiO precursors of: (a)
1N9C, (b) 2N8C, (c) 3N7C, and (d) 4N6C heated to
450oC at various heating rates and held at that tem-
perature for 2 h.

Fig. 7. SEM pictures of the various NiO precursors as heated
in Fig. 6 and then further heated to 750oC at a heat-
ing rate of 2oC/min and held at that temperature for
2 h.
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tions. The 1N9C and 2N8C provide pseudo spherical parti-

cles with sizes of 50~70 nm and 30~60 nm, respectively,

which are not greatly influenced by either heating rate or by

calcination temperature. However, 3N7C shows particles of

~80 nm with a few ~150 nm particles and the 4N6C show

well grown cubic particles of ~150 nm with some larger

cubes and some aggregates. The crystals had smoother sur-

face than those calcined at 450oC but the size remained

almost same. This proves that the growth is limited by their

combination, and the slow heating contributes to suppress

the fast coalescense of small particles to result in more uni-

form growth.

The above observations reveal that a proper combination

like 1N9C and 2N8C can produce uniform nanosize NiO

particles. This simple approach can be applied to the prepa-

ration of other metal oxides.

4. Conclusions

Nano size NiO powder was prepared by simply mixing

acidic nickel nitrate with basic nickel carbonate and fol-

lowed by calcination. The mole ratio of the acid to the base

governs the morphology and size distribution of the formed

NiO powder. The proper mole ratio, 2N8C, provided pseudo

spherical NiO powder in 30~60 nm by heat treatment at

750oC for 2 h. 
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