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Reaction Kinetics of Reduction of Co*" by Hydrazine in Solution for
the Preparation of Cobalt Nanoparticles
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Abstract The cobalt nanoparticles have been prepared by reduction of Co?" with hydrazine in etha-
nol-aqua system at room temperature. It was found that the overall reaction occurs in two stages. The first
stage is the reduction of Co?" by N,H, according to 2Co*" +N,H,+40H ™ =2Col +N,T+4H,0, while the
second stage consists of two side reactions, the decomposition of hydrazine (NoH,= N,T+2H,T) and the
disproportionation of hydrazine (3NoH;=N,T+4NH;T) catalyzed by the formed cobalt nanoparticles. The
reaction for the formation of cobalt is catalyzed by cobalt as an autocatalytic reaction. Accordingly, a small
amount of inducing agent, NaBH, can be added to initiate the reaction that can then proceed continuously at
288 K. The kinetic equation of the reaction for the reduction of Co?" by hydrazine has been derived by
monitoring the volume of gases evolved versus time. It reveals that the reaction orders with respect to Co?",
N,H,; and Co are 1, 0 and 1, respectively. Thus, the increase of the initial concentration of Co*" and the
amount of inducing agent used accelerate the reaction rate and decrease the consumption of NoH, signifi-
cantly. The activation energy of the autocatalytic reaction was found to be about 89 kJ*mol ~*. Change of ini-
tial concentration of Co®" might alter the surface area of Co nanoparticles from 11 to 25 m?/g, correspond-
ing to the particles with average diameters from 60 to 30 nm.
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Figure 1 Scheme of apparatus for the determination of rate of
gaseous products from the reduction of Co?" by hydrazine
(1) magnetic stirrer, (2) jacketed beaker, (3) and (4) inlet and outlet of isother-
mal water, (5) jar, (6) pH meter, (7) 3-way valve, (8) graduated tube, (9) level-
ing tube and (10) water bottle
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Tablel Volume of gases evolved determined during the reduction of Co?" by N,H,4
Reaction time/s V(N5+H)/mL pH of NH3 solution V(NHs3)/mL
0 0 7.50 0
89 52 8.26 0.044
2463 (end) 1110 11.24 877
Lo-, = Eawion ) N2H4-It|20 11?9 0.002103 mo‘l, AR ?.26%, EZS
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Figure 2 Electrode potentials of related half-reactions (cf. con-
text) vs. pH
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Figure 3 pH of the solution absorbing ammonia versus the

volume of gases (N,+H,) evolved
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Table2 Calculated volumes of gases evolved according to equations (5)~(7) and corresponding consumption of hydrazine

Consumption of N,H,4

Reaction eguation V(No)/mL V(H)/mL V(NH3)/mL V../mL (Total)
n/mol w/%
(5) 0.00210 5.26 52
(6) 0.01134 28.3 281 562 1991
7 0.02656 66.4 219 877
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Figure 4 Volume of gases (N,+H,) evolved versus time with
different initial concentrations of Co?" asindicated in the legend
Other conditions: T=288 K, [N2H4]o=3.42 molsL * m(NaOH)=35 g, and
the quantity of inducing agent (NaBHy), gina=0.00066 g
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Figure5 Logarithmic plots of reaction rates with respect to the
initial concentrations of Co?", N,H, and inducing agent, gjng
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Figure 6 Plots of reaction time versus In[Vy/(V,,—V,)] according to
equation (11) for the reaction at different temperatures
Other conditions; [Co?*]o=0.36 moleL %, m(NaOH)=3.5 g and [NzH4o=
342molsL?
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Figure7 Plotsof reaction time versus In[V{/(V,,—W)] according
to equation (11) for the reaction with different initial concentration
of N,H,4

Other conditions: T=288 K, [Co*']o=0.36 molsL "* and m(NaOH)=3.5 g
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Figure 8 Kinetics of the reduction of Co?" by hydrazine in solu-
tion
Reaction conditions: T=284.5 K, [Co*']=0.18 moleL %, [N Hso=3.42
moleL %, m(NaOH)=3.5 g and the quantity of inducing agent (NaBH.,), Gina=
0.00064 g
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Figure9 X-ray diffraction pattern of the sample precipitated by
the reduction of Co®" with hydrazine in solution
Reaction conditions: T=288 K, [C0?']o0=0.50 molsL %, [N2H4o=4.8 mole

L tand m(NaOH)=23.5 g, and the quantity of inducing agent (NaBH,), Qira=
0.00066 g
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ANBURLALI, ~FRPRIARZ 7 30 nm.
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Figure 10 Transmission electron micrograph of the sample
precipitated by the reduction of Co?* with hydrazinein solution
Reaction conditions; T=288 K, [Co? Jo=0.50 molsL %, [NoHzJo= 4.8 molsL 2,
m(NaOH)=3.5 g, and the quantity of inducing agent (NaBHa), gina—"0.00066 g
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Table 3 Surface areas of nano-sized Co particles prepared with
different Co®" concentrations®

[Co?"]/(molsL 1Y) 025 050 075 1.0
Surf. areal(m?g 1) 1 25 17 14

3 Other conditions: T=288 K, [NoH4o=4.8 molsL %, m(NaOH)=3.5 g, and
the quantity of inducing agent (NaBHa), ging=0.00066 g.
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