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Abstract.1 The samples of non-sodium nickel hydroxy-
carbonate for nanosized catalysts have been obtained and 
investigated. The ratio of crystalline water, the amount of 
nickel hydroxide and carbonate has been calculated. By 
the X-ray analysis of obtained nickel oxide the crystallite 
size of 12–13 nm has been determined. The samples of 
catalysts provided a high specific surface. 
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1. Introduction 

Nanosized nickel oxide has found its use in modern 
industry foremost as component of catalysts, adsorbents, 
and nanocomposites. It can be applied in optical, electronic 
and super-paramagnetic equipment and devices such as gas 
sensors, electrodes for batteries, as well as the sensitizing 
dye of solar cells, solid oxide fuel cells, etc. [1-5]. Each of 
the areas of using sets particular requirements to the 
properties of nickel oxide. Moreover, modern catalysts in-
dustry requires superfine nickel oxide [6] with a high 
specific surface area [7], without any admixture of alkali 
metal that can decrease the surface area and reduce the 
catalytic activity [8]. Nickel oxide catalysts are widely avai-
lable due to their unique ratio of price to catalytic property. 
Hence, they can be applied in new technologies [9]. 

Nickel oxide is mostly obtained by thermal 
decomposition of nickel hydroxycarbonate, obtained by 
precipitating from aqueous solutions of nickel salts [10-
12]. Nickel hydroxycarbonate can also be formed in the 
process of disposal of liquid waste and wastewater [13]. 
The properties of precipitates, their chemical and phase 
composition, and crystal structure are formed during the 
precipitation process, depending on the method, 
precipitant type, and process conditions. The properties of 
the oxides depend on their precursor properties. It takes 
some precipitants of the chemical composition without 
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any sodium to obtain low-sodium nickel hydroxy-
carbonate. Ammonium carbonate and urea are used as 
non-sodium precipitants. These processes require different 
conditions, which can lead to different composition and 
properties of the nickel hydroxycarbonate obtained. 

Nickel hydroxycarbonate is a salt of unstable 
composition that contains different amount of crystal 
water and different proportion of nickel carbonate/nickel 
hydroxide. Commonly salt producers provide the general 
formula xNiCO3·yNi(OH)2·zH2O [5]. They indicate the 
content of nickel as the main component of raw materials. 
It should be stated that in the process of thermal 
decomposition carbonate and hydroxide ions pass into the 
gas phase and become a ballast that must be utilized. 
Determination of the x:y:z ratio is very important to 
elaborate the processes of the preparation of catalysts and 
sorbents, to provide the specified content of the nickel in 
the completed product, and to determine the volume of 
gaseous products of the process, its parameters and 
methods of waste disposal. 

The article presents the results of the studies of 
chemical and phase composition of precipitates obtained 
by precipitation of ammonium carbonates (carbonic 
ammonium salts) and urea, and comparison with the 
chemical and phase composition of precipitates obtained 
by means of a common sodium carbonate precipitant 
prepared from solutions of nickel chloride and nickel 
sulfate at the temperature of 298 K. 

2. Experimental 

2.1. Materials and Methods 

The following chemicals were taken to get samples 
of non-sodium nickel hydroxycarbonate: nickel nitrate 
Ni(NO3)2∙6H2O, nickel sulfate NiSO4∙7H2O, nickel 
chloride NiCl2∙6H2O (Ural Chemical Reagent Plant, 
Russia), sodium carbonate (Donetsk Chemical Reagent 
Plant, Ukraine), and ammonium carbonates (carbon 
ammonium salts, PJSC Severodonetsk AZOT Asso-
ciation). They are semi-products of urea and a mixture of 
ammonium salts, specifically, ammonium carbonate  
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(75–88 %), ammonium bicarbonate (6–12 %), and urea. 
One should note here that the carbon ammonium salts are 
cheaper than the urea and will significantly reduce the cost 
of the nickel hydroxycarbonate produced. 

Concentrated solutions of nickel nitrate which are 
common raw materials in the production of catalysts were 
used to obtain samples of non-sodium precipitates. 
Keeping the temperature conditions of the process is a 
requirement for ensuring a sufficient speed of preci-
pitation. Therefore, the precipitation of nickel hydroxycar-
bonate by means of carbon ammonium salts was carried 
out at the temperature of 298 K, and the precipitation by 
urea was carried out at the temperature above 363 K, since 
reaction (2) run at a sufficient speed only under such 
temperature conditions. Precipitation solutions (carbon 
ammonium salt and sodium carbonate solutions) were 
added dropwise to minimize local supersaturation. There 
was no need in urea dosing because precipitation is the 
result of the gradual formation of precipitates in the 
solution – ammonia and carbon(IV) oxide by reaction (2) 
and the subsequent course of the formation reaction of 
nickel hydroxycarbonate (3). For comparison, chemical 
properties of precipitates obtained by sodium carbonate 
from nickel sulfate and nickel chloride at the temperature 
of 298 K were investigated. 

After precipitation, the precipitates were filtered 
off, washed with distilled water and dried. The amount of 
the water and the degree of its heating required to wash 
the precipitates were determined experimentally by the 
negative reaction to the presence of residual anions of 
nickel salts. The dried precipitates were examined by 
DTA and X-ray diffraction. 

The chemistry of precipitation processes is 
characterized as follows: 

i) We use the reaction (1) to describe the process 
for obtaining samples 1-4: 

3Ni(NO3)2 + 3(NH4)2CO3 + 6H2O ↔ 
↔NiCO3·2Ni(OH)2·4H2O + 6NH4NO3+2CO2↑     (1) 

The precipitation was carried out under constant 
stirring by means of the mechanical device. Carbon 
ammonium salt solution was added into nickel nitrate 
solution in a dropping mode to achieve pH = 7±0.1. It 
took us 30 min to precipitate samples 1 and 3; however, 
60 min were needed for samples 2 and 4. Precipitation 
temperature was 298±2 K. The additional alkalization by 
ammonia was used to obtain samples 3 and 4. 

ii) The nickel nitrate solutions of different initial 
concentration (Table 1) and urea were used to obtain 
samples 5-7. 

The precipitates were obtained in the following 
way: urea in the molar ratio of Ni(NO3)2:CO(NH2)2=1:3 
was added to a pre-prepared solution of nickel nitrate with 
fixed concentration. The process time was 90–120 min, 
pH value increased to 7–7.25 due to the urea hydrolysis: 

CO(NH2)2 + 2H2O ↔ 2NH4OH + CO2                        (2) 
The precipitation is described by Eq. (3): 

3Ni(NO3)2 + 3CO(NH2)2 + 12H2O ↔ 
↔ NiCO3·2Ni(OH)2·4H2O + 6NH4NO3 + 2CO2      (3) 

iii) The precipitation of samples 8-11 has been 
carried out in the following way: the sodium carbonate 
solution saturated at the temperature of 298±2 K to  
pH = 9–9.5 was dosed in glasses containing 100 сm3 of 
stock solution (nickel sulfate was prepared using 
NiSO4∙7H2O or nickel chloride, which were prepared 
using NiCl2∙6H2O). The precipitation temperature was 
298±2 K; stirring was performed by magnetic stirrer. The 
processes were described by Eqs. (3) and (4): 

3NiSO4 + 3Na2CO3 + 6H2O = 
= NiCO3·2Ni(OH)2·4H2O + 3Na2SO4 + 2CO2             (4) 

3NiCl2 + 3Na2CO3 + 6H2O = 
= NiCO3·2Ni(OH)2·4H2O + 6NaCl + 2CO2                (5) 
The precipitation time was 60 min for low con-

centrated solutions and 90 min for the concentrated ones. 
Precipitant amount was 1.1–1.2 of the theoretical one. 

DTA and X-ray studies of nickel hydroxycarbonate 
(Donetsk Chemical Reagents Plant, Ukraine) were 
conducted. X-ray analysis was performed on 
diffractometer DRON-7 in Cu K-α radiation using a 
software system PDWin. The size of nickel oxide 
crystallites was determined by the full width at half-
maximum (FWHM). DTA was carried out on deriva-
tograph Q-1500 by MOM company in the aerial 
environment by varying range of temperatures from 293 
to 1223 K; the sample weight was 200 mg, the heating 
rate was 10 degrees/min. 

The catalyst samples were prepared for further 
investigations from the specimens with the maximum 
(> 50 %) amount of nickel. 

Catalysts were prepared using two kinds of active 
alumina (γ-A2O3): aluminum nitrate (solution was 
prepared from Al(NO3)3∙9H2O in the laboratory) and urea, 
as well as from commercial active alumina using nitrate 
aluminum and ammonia. Both of the obtained precursors 
of active alumina have been calcined at the temperature of 
723 K for 2 h. 

The samples were prepared in the following way: 
100 g of active alumina and 100 g of nickel 
hydroxycarbonate were stirred in a glass for 10 min; then 
200 ml of aqueous ammonia (25 %) were added. The 
mass has been stirred for 10 min. The resulting mass was 
heated to 333–353 K and stirred for extra 10 min. After 
the stirring, the mass was dried within the temperature 
range of 373–393 K. Then, desiccated mass has been 
calcined at the temperature of 693 K for 3 h. 5 % of the 
graphite as the binding agent was added to the cooled 
calcined mass. After stirring the catalyst granules were 
tableted from the mass. 
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A specific surface area of the prepared samples was 
measured via thermal desorption of argon by BET 
method. 

2.2. Theory and Calculations 

The number of precipitates of nickel hydroxides and 
carbonates which can be identified by X-ray diffraction 
data is large enough:  

Ni(OH)2, 3Ni(OH)2·2H2O, Ni(OH)2·0,75H2O, 
4Ni(OH)2·NiOOH, NiOOH, Ni5O(OH)9, NiCO3, 
NiCO3·6H2O, Ni2CO3(OH)2·H2O, Ni2CO3(OH)2·4H2O, 
Ni3CO3(OH)4·4H2O, Ni5(CO3)4(OH)2·4,5H2O, Ni(HCO3)2, 
and NiCO3(H2O)4·1,5H2O.  

Besides the aforementioned basic carbonates and 
hydroxides, the precipitates obtained from solutions can 
contain basic salts of nickel [15] formed by the 
participation of precursor salt anion. 

Experimental investigations of the thermal 
decomposition mechanism of metal hydroxycarbonates 
were difficult because of superimposing of the 
temperature ranges of the processes of dehydration, 
dehydroxylation, and decarbonization. Consequently, the 
authors [16] have determined general laws of reactions 
coherence by jointing application of DTA and gas-
volumetric methods; they have proposed the following 
scheme of thermal decomposition. Conventionally the 
process of the thermal decomposition can be divided into 
the following stages: 

– the first stage is the removal of a moisture and 
crystallization water within the temperature range of  
323–423 K 

NiCO3·Ni(OH)2·nH2O t→ NiCO3·Ni(OH2) + nH2O   (6) 
– the second stage is the decomposition of 

hydroxide in the crystal grating of the basic carbonate 
with the removal of a hydroxide water and the formation 
of oxide and carbonate within the temperature range of 
323–423 K 

NiCO3·Ni(OH)2 t→ NiCO3 + NiO + H2O         (7) 
– the third stage is the decomposition of carbonates 

formed by the destruction of the crystal grating of the 
basic carbonate within the temperature range of  
523–773 K  

NiCO3 t→ NiO + CO2                                    (8) 

3. Results and Discussion 

Fig. 1 shows an external view of precipitate X-ray 
powder diffraction patterns; characteristic peaks denote 
existing separate phases. Table 1 contains data on 
precipitates containing phase identification.  

Fig. 1a shows an external view of samples obtained 
by precipitation with ammonium carbonate (sample 1) and 

urea (sample 5), as well as an X-ray of industrial sample 
of nickel hydroxycarbonate (sample 12). Fig. 1b shows an 
X-ray of samples obtained from solutions of nickel sulfate 
(sample 8) and nickel chloride (sample 10). 

Therefore, a mixture of different phases in the 
experimental samples of nickel precipitates obtained 
under various conditions by using qualitative phase 
analysis was identified.  

 

 
 

Fig. 1. X-ray powder diffraction patterns of nickel 
hydroxycarbonate samples 

 
Both basic nickel nitrate Ni3(NO3)2·(ОН)4 and 

nickel hydroxycarbonate Ni2CO3(OH)2·4H2O were in the 
samples 1–7, obtained from the original nickel nitrate 
solution. In work [17] the precipitation mechanism of a 
solution of nickel nitrate by sodium hydroxide has been 
studied. It has been shown that the precipitation of nickel 
occurs in stages. The main nitrate is formed initially, then 
it is transformed into hydroxide. The formation of the 
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main nickel nitrate as a result of precipitation by 
carbamide has been documented in work [3], where the 
precipitation process has been carried out in an autoclave 
from aqueous-alcoholic solution of nickel nitrate. 
Consequently, the main nickel nitrate is quite likely to be 
the residual intermediate product of precipitation, which 
did not have time to turn into nickel hydroxide. 

A solution of ammonium carbonate salts has a high 
alkaline reaction. The pH of the precipitation was 
supported by adding solution dropwise. Ammonia was 
added to the solution of ammonium carbonate salts to 
obtain samples 3 and 4. However, neither the addition of 
ammonia nor the precipitation process rate significantly 
affects the phase composition of precipitators. The 
presence of identical components in the samples obtained 
with the use of ammonium carbonate salts (1-4), as well 
as with urea (5-7) indicates a similar mechanism of 
precipitants formation. In the process of hydrolysis of urea 
in a solution, the following reactions (9)–(11) are possible: 

СО(NH2)2 + H2O ↔ NH4COONH2                 (9) 

NH4COONH2 + H2O ↔ NH4HCO3              (10) 

2NH4HCO3 ↔ (NH4)2CO3 + H2CO3            (11) 
Thus, since ammonium carbonate salts can be 

considered as products of carbamide hydrolysis, the result 
of the precipitation process is nickel hydroxycarbonate of 
a similar chemical composition. 

Samples 5-7 have been obtained by homogeneous 
precipitation of carbamide, which is used to avoid local 
oversaturation of the solution with the precipitant ion. Due 
to the gradual hydrolysis of urea by Eq. (2), the same 
concentration of ammonium ions is created throughout the 
volume of the solution that, in its turn, leads initially to the 
precipitation of nickel hydroxide, and then to the for-
mation of nickel carbonate. Taking into consideration that 
the result of the nickel hydroxide solubility is 3.1∙10-16 and 
that of nickel carbonate is 1.63∙10-7, the formation of 
hydroxide takes place initially, followed by the formation 
of nickel carbonate. 
 

 
 

Fig. 2. X-ray powder diffraction patterns  
of nickel oxide samples 

 
Table 1 

Qualitative phase analysis of nickel precipitates 
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1 Ni(NO3)2; С = 1.72 mol/l (NH4)2CO3; С = 168 g/l  + +     12 
2 Ni(NO3)2; С = 1.72 mol/l (NH4)2CO3; С = 168 g/l  + +     12 
3 Ni(NO3)2; С = 1.72 mol/l (NH4)2CO3; С = 162 g/l, ammonia 72 g/l  + +     13 
4 Ni(NO3)2; С = 1.72 mol/l (NH4)2CO3; С = 162 g/l, ammonia 72 g/l  + +     13 
5 Ni(NO3)2; С = 1.80 mol/l Urea  + +     12 
6 Ni(NO3)2; С = 1.98 mol/l Urea  + +     12 
7 Ni(NO3)2; С = 0.27 mol/l Urea  + +     12 
8 NiSO4; С = 1.0 mol/l Na2CO3; С = 218 g/l +   +  +   
9 NiSO4; С = 0.001 mol/l Na2CO3; С = 218 g/l + +    + +  
10 NiCl2; С = 1.15 mol/l Na2CO3; С = 218 g/l + +   + +   
11 NiCl2; С = 0.0011 mol/l Na2CO3; С = 218 g/l  +   + +   
12 Nickel hydroxycarbonate  +       
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On X-ray powder diffraction patterns of samples  
8-11, there are diffraction peaks common for nickel 
hydroxycarbonate Ni2CO3(OH)2·4H2O and precipitates of 
initial reagents such as nickel sulfate, nickel chloride, and 
sodium carbonate. 

Investigation results [18] show that nickel 
hydroxide contains anions of salts-precursor solutions. 

Samples 1-7 were taken for the purpose of further 
application to obtain aluminum-nickel catalyst. Therefore,  
X-ray diffraction line broadening analysis was performed 
after calcination for 2 h at the temperature of 773 K and 
crystallite sizes of the obtained nickel oxide were defined 
(Table 1). 

It was found out that the crystallites obtained from 
nickel oxides have a fairly small size. The sizes of nickel 
oxide obtained from samples 3 and 4 are slightly larger 
than 13 nm versus 12 nm, due to the slightly higher 
content of crystallization water and nickel hydroxide. The 
rate of the precipitation process has not significantly 
affected the size of the crystallites. 

All samples were analyzed by DTA [16]. Based on 
the ratio of mass losses corresponding to three tempe-
rature intervals, the mole ratio of xNiCO3∙yNi(OH)2∙zH2O 
has been calculated. 

The following calculation algorithm was used: 
– calculation of the molar amount of carbonate 

nickel by weight loss Δm3: 

3

3

44NiCO
mn ∆

=           (12) 

– molar amount of nickel hydroxide determined by 
the content of nickel: 

2 3( ) 59
Ni

Ni OH NiCO
Cn n= −                      (13) 

– amount of crystallization water: 

2 2

1 2
( )18H O Ni OH

m mn n∆ + ∆
= −                 (14) 

Calculations of molar correlations: 

3 2 2

3 3 3

( ); ;NiCO Ni OH H O

NiCO NiCO NiCO

n n n
x y z

n n n
= = =                   (15) 

where Δm1, Δm2 and Δm3 is weight loss at temperature 
intervals of 323–423 K, 423–523 K and 523–773 K, 
respectively; 44, 59 and 18 is molar mass of CO2, Ni and 
H2O, respectively.  

The results of studies and calculations are 
presented in Table 2. 

The DTA-graph of sample 12 shows industrial 
nickel hydroxycarbonate; there is clear endothermic effect 
of removed water with the maximum at 423 K and 
endothermic effect of nickel carbonate decomposition at 
593 K. On DTA graph of the samples 1-11 one can observe 
endothermic effects at 323–533, 543–563 and 583–603 K. 

DTA results and following calculations helped to 
find out that: 

i) Precipitates obtained by using non-sodium 
precipitants (1-7) were similar in chemical composition: 
nickel hydroxide was x:y = 1:(0.2–0.6) and it was 
significantly different from precipitate obtained by sodium 
carbonate. 

The rate of precipitation affects the yield of the 
final product. The precipitants obtained in this way, as a 
rule, have crystals of perfect shape and they are easily 
laundered from water-soluble impurities. 

ii) The amount of crystallization water (z) depends 
on the process temperature. The precipitates obtained by 
the precipitation of urea at the temperatures more than 
363 K are characterized by a very small value of  
z = 0–0.21, that is explained by the temperature conditions 
for the formation of precipitates since the removal of a 
crystallization water began at precipitation temperature 
above 323 K.  

 

Table 2 
The DTA results for nickel hydroxycarbonate samples 

Mass loss, % Mole ratio 
Sample Δm1 

323–423 K 
Δm2 

423–523 K 
Δm3 

523–773 K 
x 

NiCO3 
y 

Ni(OH)2 
z 

H2O 
Ni content, % 

1 7.0 14.0 23.0 1 0.43 1.77 44.0 
2 8.0 12.0 26.0 1 0.2 1.8 41.8 
3 9.0 15.0 23.0 1 0.4 2.1 42.6 
4 7.6 18.0 20.5 1 0.6 2.4 42.8 
5 3.9 0.8 27.3 1 0.46 0 53.4 
6 2.4 4.3 26.8 1 0.44 0.18 51.4 
7 2.5 8.0 30.5 1 0.43 0.21 46.0 
8 7.0 4.0 11.0 1 2.05 1.91 52.7 
9 7.0 9.0 11.0 1 2.2 1.3 47.2 

10 13.0 5. 7 12.5 1 1.7 1.8 45.6 
11 7.0 4.0 18.0 1 1.73 0.97 44.0 
12 11.7 5.5 11.8 1 2.12 1.46 49.2 
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The precipitates obtained with a mixed solution of 
carbon ammonium salts and ammonia had higher amount 
of crystallization water (z = 2.1–2.4) than those obtained 
only with carbon ammonium salts (z = 1.77–1.8). The result 
is a slightly larger size of NiO crystallites produced from 
nickel hydroxycarbonate (Table 1). 

Due to the fact that the formation of nickel 
hydroxycarbonate occurs uniformly throughout the volume, 
which is easily achieved by simple mixing, the formation of 
a precipitant also occurs throughout the reaction volume. 
This helps to avoid local oversaturation and heterogeneity 
of the precipitant. At a sufficiently rapid rate, the carbamide 
hydrolysis occurs when the solution is heated to the 
temperature of 363–373 K, as urea itself is of a rather weak 
base. 

iii) Precipitates obtained with sodium carbonate 
from a solution of nickel sulfate contain much more nickel 
hydroxide than non-sodium precipitate x:y = 1:(2.05–2.2), 
that was more like to the chemical composition of the 
precipitates studied in [14] and that was obtained from the 
same initial materials but at the temperature of 369 K  
(x:y = 1.4–2). On the X-ray of these samples, nickel 
hydroxide was also identified (Table 1). The industrial 
sample had x:y:z = 1:2.12:1.46. The samples obtained from 
nickel chloride were characterized by slightly less nickel 
hydroxide amount x:y = 1:(1.7–1.73). 

The precipitation of nickel hydroxycarbonate by 
sodium carbonate occurs according to the following 
mechanism.  

Sodium carbonate hydrolyzes in solution by Eq. (16): 
Na2CO3 + H2O ↔ NaHCO3 + NaOH    (16) 

The formation of sodium hydroxide as a result of 
hydrolysis reaction (16) promotes the increase of medium 
pH, which is an additional reason for the intensive 
formation of nickel hydroxide. The formation of sodium 
bicarbonate leads to incomplete precipitation of nickel from 
the solution. 

During the precipitation of nickel sodium by 
carbonate almost insoluble dense nickel hydroxycarbonate 
precipitate is formed, which is easily separated from the 
solution. The formation of main salts of variable 
composition also takes place. The presence of sulfates and 
sodium in catalysts is undesirable. Therefore, the use of 
nickel sodium and carbonate sulfate for the production of 
OKN for catalysts has a significant drawback, which is the 
need for product washing out.  

Since the standards for the manufacture of raw 
materials for catalysts are very strict regarding the presence 
of impurities, it was necessary to determine their amount. 

The chemical analysis of samples regarding the 
residuals of initial reagents such as sulfates, nitrates, and 
chlorides was carried out. The results are shown in Table 3. 

The content of impurities of the initial anions in the 
test samples is large enough. The content of sulfates and 
chlorides impurities is also increased. Attention is drawn to 
the increased content of nitrates in samples 5-7. However, 
they also contain a small amount of crystallization water 
and the total content of nickel NiCO3+(OH)2 is larger than 
in samples 1-4. The conditions of obtaining on the one hand 
contributed to the increase of the content of the target 
component, and on the other hand, water could not be 
sufficient to form nickel hydroxide from the main nickel 
nitrate. 

The presence of nitrates is explained by the presence 
of basic nickel nitrate in the samples, the formation of 
which one can observe in other processes of obtaining 
nickel impurities by means of urea [16]. Samples 8-11 have 
another structure caused by the peculiarities of the 
precipitation process with sodium carbonate solution; 
actually, precipitants obtained under conditions of local 
solution saturations alongside with a rather high pH level 
are hardly filtered or washed from impurities. 

Table 4 shows the results of measuring the specific 
surface area. 

 

Table 3 
Chemical analysis of the samples 

NO3
– content, % SO4

2– content, % Cl– content, % 
1 2 3 4 5 6 7 8 9 10 11 

3.10 3.00 1.50 1.49 4.6 4.5 4.4 1.2 2.8 1.7 0.5 
 

 
Table 4 

Results of specific surface measurement 
Specific surface area, m2/g 

Active alumina type І Active alumina type ІІ 
5 6 8 5 6 8 

246.9 292.9 225.7 225.0 229.1 173.8 
 

 
Sample 8 is obtained from raw materials that are 

commonly applied for the production of nickel 
hydroxycarbonates, such as nickel sulfate and sodium 
carbonate; therefore it is clear that when using active 

alumina, which is used in the industry, an obtained value of 
specific surface is similar to the industrial samples 173.8 vs. 
170 m2/g. When using another active alumina, the value of 
specific surface for this sample is some higher than 
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225.3 m2/g. The use of homogeneous precipitation usually 
helps to obtain nanosized metal oxides, ensuring a high 
specific surface of the catalysts. Obtaining the carrier by the 
same method confirms this fact. Samples 5 and 6 showed 
higher value of the specific surface than in common 
industrial samples in both cases and they have inherent 
sufficient pore volume compared to the industrial samples. 

4. Conclusions 

Nanosized nickel oxide has been obtained from 
nickel-free hydroxycarbonate samples. The samples of 
catalysts made from this nickel oxide showed a specific 
surface, higher than that of industrial ones. The samples of 
nickel hydroxycarbonate have been obtained from a 
solution of nickel nitrate with non-sodium precipitates, i.e. 
carbamide, and a cheaper semi-product of its production – 
ammonium carbonate salts. Unsaturated nickel hydroxycar-
bonate has a fairly stable composition, the ratio of the car-
bonate amount to the hydroxide amount is x:y = 1:(0.2–0.6). 

The samples are characterized by different content 
of crystallization water. Its amount is greater in samples 
that were obtained at low temperatures (293–298 K). 
Samples obtained at a higher temperature (more than 
363 K) contain less crystallization water because it is 
removed at synthesis temperatures. Nickel hydroxide 
Ni(OH)2 is present in the samples obtained by 
precipitation of a sodium carbonate solution due to a 
higher pH of the solution. 

According to the DTA results, it was found that the 
chemical composition of nickel hydroxycarbonate 
obtained in this way differs from the samples obtained 
with sodium carbonate by the ratio of nickel 
carbonate : nickel hydroxide, which is equal to x:y = 
= 1:(0.2–0.6) in contrast to x:y = 1:(1.7–2.2) in the 
precipitates obtained with sodium carbonate. 

In addition to nickel hydroxycarbonate, the 
samples obtained from nickel sulfate and nickel chloride 
solutions contain residues of the initial materials – anions 
of sulfate and chloride. 

The precipitates obtained from the solution of 
nickel nitrate contain a low amount of Ni3(NO3)2∙(OH)4, 
the diffraction peaks of which are presented on the X-ray 
patterns of the samples. The non-sodium precipitates 
obtained from nickel nitrate contain the basic nitrate, 
which, when calcined, do not prevent the conversion of 
the precipitate into highly dispersed nickel oxide ~12–
13 nm. Since the basic nitrate is decomposed at the 
process temperature, its presence does not affect the purity 
of the obtained oxide and permits the product to be 
obtained with high dispersion. Catalysts formed from non-
sodium precipitates showed a higher value of the specific 
surface in comparison with the common industrial 

samples. Such products can be recommended for the 
production of catalysts. 
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БЕЗНАТРІЙОВИЙ НІКЕЛЬ ГІДРОКСОКАРБОНАТ 

ДЛЯ НАНОРОЗМІРНИХ КАТАЛІЗАТОРІВ 
 
Анотація. Отримано та досліджено зразки безнат-

рійового нікель гідроксикарбонату для нанорозмірних ката-
лізаторів. Розраховано співвідношення кристалічної води, 
кількості гідроксиду нікелю та карбонату. Рентгенофазовим 
аналізом отриманого нікель оксиду визначено розмір крис-
таліту 12–13 нм. Зразки алюмо-нікелевих каталізаторів, 
одержаних з безнатрійового нікель гідроксикарбонату, забез-
печують вищу на 30 % питому поверхню у порівнянні з 
промисловими каталізаторами. 

 
Ключові слова: нікель гідроксікарбонат, осадження, 

осаджувач, нікель оксид, каталізатори. 
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