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Ni/NiO nanopowders have been prepared by using thermal decomposition of aqua solutions of nickel 

acetate ammine complexes in air at the annealing temperature range 300 – 500 ºC, time of decomposition 

from 30 to 180 min. Particle size of powders has been investigated by and scanning electron microscopy 

(SEM). Powders pore structure has been determinated by low temperature nitrogen adsorption method. 

Content of free carbon in powders is determitated by stage of decomposition and annealing tempera-

ture. Decomposition of hydroxy-containing precursor at occurred in 3 stages: 1) the primary formation of 

Ni; 2) decomposition of precursors with formation of NiO; 3) afterreduction of NiO to Ni by residuals of or-

ganic compounds and ammonia. The first two stages is characterized by highly endothermic effect that can 

lead to decreasing of acetic acid evaporation rate and resulted in high free carbon content of powders. In-

creasing of deposition time permits to remove of acetic acid from particle surface and decrease free carbon 

content in powder. 
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1. INTRODUCTION 
 

Ni powders are widely used as electrode materials 

in multilayered ceramic capacitors. Tendency of ceram-

ic and electrode layers thinning to 100 – 200 nm that is 

used for increasing of capacitor dielectric capacity leads 

to necessity of powders size decreasing to 10 – 20 nm. 

At the same time these powders are used as electrode 

materials should fulfil requirements for morphology, 

particle size distribution, ability to dispersing in organ-

ic solvents and impurity composition. Every of this 

characteristics effects on properties of conductive paste 

for screen printing, electrode layers obtained from it 

and multilayered ceramic capacitor as a whole. 

Size of solid particles, particle size distribution and 

powder ability to dispersing in organic solvents deter-

minates viscosity, rheological properties [1, 2] and sed-

imentation stability of paste in the first place. In the 

second place, they effect on continuity [3, 4] and rough-

ness [2] of electrode. 

Impurity composition effects on paste viscosity and 

electrical properties of multilayered ceramic capacitor. 

For example Na, K presence decreases powder electro-

conductivity and breakdown voltage of capacitor [5, 6]. 

Sulfur concentration in powder over 200 ppm leads to 

sizeable viscosity rising of electrode pastes for screen 

printing that complicates process of capacitors manu-

facturing [7, 8]. Carbon impairs powder conductivity 

and leads to increasing of Schottky barrier because of 

eutectic melting of electrode layers under sintering 

temperature as result of Ba/Ti/Ni alloys formation [9]. 

Besides, complete or partial exchanging of Ni pow-

der in green electrode layer on NiO can result in elec-

trode thinning during annealing in reductive atmos-

phere due to powder volume decreasing [10]. In addi-

tion this exchanging can decrease BaTiO3 concentra-

tion in electrode which is added with aim of balancing 

of sintering speeds of electrode and dielectric layers 

[11, 12] in the one hand and reduces the dielectric ca-

pacity of multilayered ceramic capacitor in the other 

hand. Thus, development of technology of Ni/NiO na-

nopowders obtaining with particle size of 20 nm and 

less and minimal impurities content has a great im-

portance. 

In our previous papers [13-19] the method of obtain-

ing of Ni/NiO nanopower by thermal decomposition of 

nickel acetate ammines in air was proposed. It was 

determinated that this technique permits to obtain 

Ni/NiO nanopowders with monomodal particle size 

distribution. But powders free carbon content depends 

not only from acetate content in initial complex and 

temperature of decomposition. Specific surface area 

and pore size distribution have a significant effect free 

carbon content. 

Thus paper is aimed to investigation of relation-

ships between pore structure, free carbon content, par-

ticle size distribution and deposition stage of Ni/NiO 

nanopowers obtained by thermal decomposition of 

nickel acetate ammines. 
 

2. MATERIALS AND METHODS 
 

Ni/NiO nanopowders have been prepared by using 

thermal decomposition of aqua solution of nickel ace-

tate ammine complexes in air. Complexes have been 
obtained by adding of nickel (II) acetate tetrahydrate in 

ammonia aqua solution. Ammonia content in initial 

complex was 3.6 – 9.55 mol/mol Ni2+. Obtained com-

plexes in porcelain crucible have been put in muffle 

furnace heated to 300 – 500 ºC and annealed in air at-
mosphere during 30 – 180 min. 

Concentration of free carbon has been identified as 

mass of insoluble residuals after dissolving of powders 

in HNO3 and boiling during 2 hours. Particle size of 

powders has been investigated by TEM and SEM. 
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Powders pore structure has been determinated by low 

temperature nitrogen adsorption method. The particle 

size distributions have been obtained from measure-

ment of 300 – 500 particles in SEM micrographs. Devi-

ation in particle diameter measurements was 5 nm. 
 

3. RESULTS AND DISCUSSIONS 
 

In our previous papers [13-19] effect of annealing 

temperature and duration on chemical, phase composi-

tion and particle size for Ni/NiO nanopowders obtained 

by thermal decomposition of aqua solutions of nickel 

acetate ammines have been investigated. It was deter-

minated that thermal decomposition of nickel acetate 

ammonia complexes occurred with primary formation 

of hydroxy-containing precursors which approximate 

composition is Nix(OH)yOz(NH3-n)p. Presence of ammo-

nia and its derivatives in precursors molecule results in 

possibility of formation Ni and NiO phases during de-

composition process. Precursors decomposition with 

formation of crystalline Ni and NiO accompanied with 

formation of products with slit pore structure with 

mean pore size 3 – 4 nm. The maximal values of area 

and volume of pores with this diameter have been ob-
served at temperature range 350 – 400 ᵒC. This fact 

permits to determinate temperature range 350 – 400 ᵒC 

as optimal for obtaining Ni/NiO nanopowders. At tem-
perature 400 ᵒC the maximal rate and velocity of de-

composition and metal nickel content have been ob-

served [13-15, 19]. But powders contained the maximal 

concentration of free carbon [19]. At temperature 350 
ᵒC [19] powders contained minimal free carbon concen-

tration and had minimal particle size. At the same time 

samples demanded prolonged time of annealing for full 

decomposition and contained primary oxide phase. 

However, data obtained by thermogravimetry analysis 

showed that passing of different decomposition stages 

of accompanied with holding of nearly constant content 

of acetic acid in porous space [14]. Acetic acid evapora-

tion may occur at the final stages of decomposition on-

ly. Rate and velocity of evaporation depended on mor-

phology of decomposition products. At the same time 

the low organic carbon content in powders [19] showed 

that nonevaporated acetic acid converted in free car-

bon. Because of that the aim of this paper is investiga-

tion of effect of changings in powders structure on free 

carbon content depended on annealing duration at 
temperatures 350 and 400 ᵒC. 

Chemical analysis of powder composition showed 
that at temperature 350 ᵒC (fig. 1) nearly full decompo-

sition of prime precursors occurred at annealing dura-

tion 180 min and accompanied with formation primary 
nickel oxide. At 400 ᵒC (fig. 2) nearly full decomposition 

of precursors was observed at 30 min. But fig. 2 shows 

that increasing of annealing duration led to formation 

of secondary precursors which are formed by gaseous 

adsorption on nanoparticles surface. Nickel and nickel 

oxide content had the difficult behaviour of dependence 

from annealing duration. Decomposition of hydroxy-
containing precursor at 400 °C occurred in 3 stages: 1) 

the primary formation of Ni (10 – 25 min); 2) decompo-

sition of precursors with formation of NiO (20 – 25 

min); 3) afterreduction of NiO to Ni by residuals of or-

ganic compounds and ammonia (25 -60 min). The first 

two stages and was observed for every investigated 

temperature and resulted in formation of slit pore 

structure with mean pore diameter 3 - 4 nm (fig. 3). 

Because of is highly endothermic effect of these stages 

considerable decreasing of sample temperature is oc-

curred. This fact can lead to decreasing of acetic acid 

evaporation rate and resulted in high free carbon con-
tent of powders obtained at 400 °C and annealing dura-

tion 25 – 30 min (fig.4). Increasing of deposition time 

permits to remove of acetic acid from particle surface 

and decrease free carbon content in powder. 

At the same time, this tendency was not observed 
for powders obtained at 350 °C. This permits to sup-

pose that at 350 °C evaporation of acetic acid isn’t com-

plicated by porous structure of sample. According to 

data of pore size distribution (fig. 3), specific surface 

area and (fig. 5) and particle size distribution (fig. 6 – 
7), powders obtained at 400°C had a bigger size of na-

noparticle agglomerates, smaller specific surface area 
than powders obtained at 350 °C. This fact allows make 

a decision that the main origin of complication of acetic 
acid evaporation from samples at 400 °C is too high 
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Fig. 1 – Ni, NiO and precursors content dependence from 

annealing duration for nickel acetate hexaammine decomposi-

tion products obtained at 350 °C 
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Fig. 2 – Ni, NiO and precursors content dependence from 

annealing duration for nickel acetate hexaammine decomposi-

tion products obtained at 400 °C 
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Fig. 3 – Adsorption isotherms, differential volume and area pore distributions of powders obtained of powders obtained at 350 °С, 

400 °С with different decomposition duration 

 

velocity of solid structure formation. At lowest velocity 

of solid structure formation the major value of acetic 

acid evaporated with water and some amount of am-

monia. Nonevaporated part of acetic acid is placed on 

surface and pore space of precursors and can evaporate 

at the last stages of decomposition only. 
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Fig. 4 – Free carbon content dependence from annealing du-

ration for nickel acetate hexaammine decomposition products 

obtained at 350 and 400 ᵒC 
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Fig. 5 – Specific surface area dependence from annealing 

duration for nickel acetate hexaammine decomposition prod-

ucts obtained at 350 and 400 ᵒC 

 

4. CONCLUSIONS 
 

Decomposition of hydroxy-containing precursor at oc-

curred in 3 stages: 1) the primary formation of Ni; 2) 

decomposition of precursors with formation of NiO; 3) 

afterreduction of NiO to Ni by residuals of organic com-

pounds and ammonia. The first two stages is character-

ized by highly endothermic effect that can lead to de-

creasing of acetic acid evaporation rate and resulted in 

high free carbon content of powders. Increasing of depo-

sition time permits to remove of acetic acid from particle 

surface and decrease free carbon content in powder. 

The main origin of complication of acetic acid evap-

oration from samples is too high velocity of solid struc-

ture formation. At lowest velocity of solid structure 

formation the major value of acetic acid evaporated 

with water and some amount of ammonia. 

0

5

10

15

20

25

30

0 100 200 300 400 500

Particle diameter, nm

C
o

n
c

e
n

tr
a

ti
o

n
, 

%

30 min

60 min

180 min

 
Fig. 6 – Particle size distribution dependence from annealing 

duration for nickel acetate hexaammine decomposition prod-

ucts obtained at 350 ᵒC 
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Fig. 7 – Particle size distribution dependence from annealing 

duration for nickel acetate hexaammine decomposition prod-

ucts obtained at 400 ᵒC 

 

Nonevaporated part af acetic acid is placed on surface 

and pore space of precursors and can evaporate at the 
last stages of decomposition only. 
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