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OBJECTIVE 

Synthesis of metallic nickel powders by the reduction of nickel ion by hydrazine in the presence of ultrasound. Three different molar ratios R=N2H4/Ni2+ have been studied in 

order to the determined the reaction extensions. The mechanical disruption created by the acoustic waves in the liquid media speeds up the reduction time and allows the 

synthesis of spherical nickel particles with a narrow particle size distribution. The influence of a cationic additive (polyvinylpirrolidone, PVP) in the size of the obtained powders 

has been also evaluated. 
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EXPERIMENTAL CONDITIONS 

1) Ni2+ + 6 C2H5OH → [Ni(C2H5OH)6]2+ 

2) [Ni(C2H5OH)6]2+ + xN2H4 → 6 C2H5OH + [Ni(N2H4)x]2+ 

3) [Ni(N2H4)x]2+ + 2 OH- → xN2H4 + Ni(OH)2 ↓ 

4) Ni(OH)2 + N2H4 → Ni + N2 ↑ + H2O  

20 30 40 50 60 70 80 90 100

220 311
222

 

 

In
te

ns
ity

 (a
. u

.)

2θ

111

200

Ni50
JCPDS card 04-0850

Influence of PVP 

Solution A’: EtOH + PVP + Ni(NO3)2·6H2O → [Ni(C2H5OH)6]2+ 

Solution B: H2O + KOH + N2H4  

RESULTS AND DISCUSSION 

A or A’ + B Ni 
))) 

Synthesis of metallic Ni: 

Solution A: EtOH + Ni(NO3)2·6H2O → [Ni(C2H5OH)6]2+  

Solution B: H2O + KOH + N2H4 

CONCLUSIONS 

Synthesis of metallic Ni 

XRD of sample Ni50 showing pure metallic Ni. 

The synthesis of metallic nickel powders by a 

reduction method using hydrazine as a 

reduction agent has been successfully 

achieved. Although the molar ratio for the 

synthesis of spherical nanometer particles is 

considerably higher than other previously 

reported (R=50), the obtaining of pure 

metallic nickel is carried out in shorter times 

(up to 65 min), especially when PVP is 

employed as synthesis additive, where 15 min 

are enough to obtain metallic nickel. The 

employment of PVP not only decreases the 

reaction time but also leads to a better 

homogeneity and a narrower particle size 

distribution. 
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))) : Ultrasound 

The mixture of solutions A (reaction 1) and B originates a light blue solution by an equilibrium displacement to the formation 

of [Ni(N2H4)x]2+ where x can be 2, 3 or 6 (reaction 2).  Further sonication of the light blue solution ends on differents products 

depending on the R = N2H4/Ni2+, which is the key parameter on the synthesis of metallic Ni with N2H4. When R = 2,  the light 

blue solutions  slowly turns into grey but no precipitate is obtained. An increase  in hydrazine up to R = 20 leads to the 

formation of a green precipitate  of nickel hydroxide (reaction 3) that turns grey after 35 min of sonication.  However, the 

absence of any magentic response indicates that the reduction of Ni2+ is not completely achieved. A futher increase in R up to 

50 leads to the obtaining of pure metallic nickel powder (reaction 4) corroborated by the X-ray diffractogram. 

HRTEM and SEM images of sample Ni50 show highly agglomerated spherical particles (150-350 nm) that 

exhibit roughness with small sharp peaks perpendicular to their surface (indicated by arrows in SEM image). This is a common phenomenon when using hydrazine as 

reduction agent and it is due to the coordination effects between the metal and the hydrazine that generate an anisotropic growth of the particles . 
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Influence of PVP PVP was used as synthesis additive in order to prevent the agglomeration of pure nickel particles.  
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The emplyment of PVP decreases the time needed to 

obtain Ni (from 65 to 15 min) and also reduces the 

particle size down to 150 nm (sample NiPVP).  

According to the SEM image, a narrower particle size distribution is obtained when using PVP.  

Sample Solvent 
Volume 

(mL) 
[Ni2+] 

(mol/L) 
R 

N2H4/Ni2+ 
R 

KOH/Ni2+ 
R 

Ni2+/PVP 
Tfinal  

(°C) 
t (US) 
(min) 

Ni2 EtOH 50 0.1 2 10 - 75 30 

Ni20* EtOH 50 0.1 20 10 - - - 

Ni50 EtOH 50 0.1 50 10 - 70 65 

NHPVP EtOH 100 0.1 50 10 10 65 15 
• During the synthesis of sample Ni20, the molar ratio R(N2H4/Ni2+) has been increased from 20 to 50. The final product is considered sample Ni50. 
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