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THE PLATINUM CATALYSED DECOMPOSITION OF HYDRAZINE IN ACIDIC MEDIA
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Kinetic study of the hydrazine decomposition in the solutions of HC1O4, H2SO4 and HNO3
in the presence of Pt/SiO2 catalyst has been undertaken.

It was shown that the kinetics of the hydrazine catalytic decomposition in HCIO4 and
H2SO4 are identical. The process is determined by the heterogeneous catalytic auto-decomposition
of N2H4 on the catalyst's surface.

The platinum catalysed hydrazine decomposition in the nitric acid solutions is a complex
process, including heterogeneous catalytic auto-decomposition of N2H4, reaction of hydrazine with
catalytically generated nitrous acid and the catalytic oxidation of hydrazine by nitric acid. The
kinetic parameters of these reactions have been determined. The contribution of each reaction in the
total process is determined by the liquid phase composition and by the temperature.

Introduction
Hydrazine, thanks to its unique chemical and physical properties, is one of the most important and

well-studied nitrogen compounds. One of the important fields of the hydrazine application is a chemistry and
technology of actinides. Being a non-salt reagent possessing an expressed reductive activity, hydrazine is
used as a nitrous acid trap in the processes of the uranium(VI) electrochemical reduction in nitrate solutions
[1] or, directly, as a reducing agent for the stabilisation of actinides in low oxidation states [2]. The final
processing of the radioactive waste solutions often require preliminary removal of hydrazine as an
undesirable admixture. One of the promising means of the hydrazine removal is based on it capability to
undergo decomposition in the presence of some solid state catalysts.

The hydrazine decomposition was studied in the presence of a great number of catalytic materials.
The results of these researches have been summarised and reviewed by E.W. Schmidt [3]. The above works
relate to a catalytic decomposition of anhydrous hydrazine or hydrazine hydrate in vapours and in the liquid
phase. The results obtained can not explain the hydrazine behaviour in the acid solutions in the presence of
catalysts, where it exists in the form of hydrazinium ion - N2H5

+. The kinetics of the hydrazine catalytic
decomposition in the nitric acid solutions was studied [4]. The complex effect of HNO3 concentration on the
rate of reaction was found but no proposals on the reaction mechanism have been done. At the same time,
this information is of some practical and theoretical interest. That is why the further studies directed to the
evaluation of mechanisms of the hydrazine catalytic decomposition in the acidic media of different nature are
reasonable. The present study concerns the hydrazine catalytic decomposition in the HCIO4, H2SO4 and
HNO3 solutions in the presence of platinum catalyst.

Experimental
The hydrazine catalytic decomposition was studied in the presence of l%Pt/ SiO2. The catalyst was

prepared and conditioned as it is described elsewhere [5].
Procedure. Kinetic measurements were carried out in a double-jacket glass reactor equipped with a reflux

device. A measured volume of working solution containing calculated amounts of acid (HCIO4, H2SO4 or HNO3) and
of hydrazine is put into the reactor. A weighed portion of catalyst, preliminarily heated to the temperature of
experiment, is then added. The mixture is stirred by argon bubbling under the controlled rate. Aliquots of the working
solution are taken periodically for analysis.

Analysis. Current concentration of hydrazine in the working solution was determined spectrophotometrcally
by means of the colour reaction with DMAB (p-dimethylaminobenzaldehyde) [6]. The analysis of gases generated
during the reaction has been carried out on line by mass-spectroscopy method. A mass-spectrometer Bakers QMS -200
was connected consistently with the reaction cell by a pipeline. Helium was used as a gas-carrier.

The hydrazine catalytic decomposition in the non-nitrate media.
The reaction of the hydrazine catalytic decomposition in non-nitrate acidic solutions was studied in

the presence of the catalyst 1% Pt/SiO2 under the following conditions: [N2H5
+]0 = 2*10"3 - 0.25M; [H+]

=~10"4 (pH 4) - 3.4M (HCIO4 or H2SO4); T = 40 - 90°C; S/L = 0.02 - 0.2 g/ml.
The experiments on the stoichiometry of the reaction were carried out with the 0.3 - 3.ON solutions

of HCIO4 or H2SO4 containing relatively high (up to 0.25M N2H5
+) initial concentrations of hydrazinium

salts to provide a satisfactory accuracy of the potentiometric titration.
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The stoichiometrc ratio N2H5
+/NH4

+ determined on the base of 16 experiments consists 0.746 ± 0.08
and does not depend on the nature of acid (HC1O4 or H2SO4) and the acidity in the range 0.3 - 3 N. The
hydrogen ions consumption was near the limit of the accuracy of the potentiometric titration method, but it
can be definitely stated that it does not exceed 0.25 mole of H+ per 1 mole of hydrazine decomposed.
According to the results of the mass-spectrometric analysis the gaseous products of the hydrazine catalytic
decomposition are presented exclusively by N2. No hydrogen formation has been found. The analysis of the
experimental results on the reaction stoichiometry allows concluding that the hydrazine catalytic
decomposition proceeds according to the equation:
3N2H5

+ + H+ = 4NH4
+ + N2 (1)

in all studied range of the experimental conditions.
Preliminary experiments showed that the kinetics of the hydrazine catalytic decomposition in HCIO4

and H2SO4 are absolutely identical. It was found that the experimental order of the reaction with respect to
the hydrazine concentration is fractional and it is changed from almost 0 to 1 with the alteration of the
hydrazine initial concentration. Fractional order of the reaction with respect to the hydrazine concentration is
evidently apparent. It reflects the adsorption nature of the heterogeneous catalytic process of the hydrazine
decomposition. Actually, the reaction proceeds according to the zero or the first order with respect to the
hydrazine concentration. The contribution of each of them into the general process is determined first of all
by the hydrazine concentration and the catalyst amount (solid-to-liquid ratio). To exclude the uncertainty
connected with the variable fractional order of the reaction we have carried out a series of the experiments in
the range of low (< 0.01M) initial concentrations of hydrazine, where the reaction proceeds according to the
first order with respect to the hydrazine concentration.

The rate of the hydrazine catalytic decomposition decreases with the increase of the acidity. The
experimental order of the reaction with respect to [H+] was found to be - 0.24 ±0 .1 . The hydrogen ions do
not take part directly in the chemical interaction leading to the decomposition of the hydrazine molecules.
Their inhibiting action is connected probably with the competitive adsorption on the active catalyst's centres.
The apparent activation energy of the process was found to be dependent on the solution acidity (Table 1).

Table 1. Dependence of the apparent activation energy of the hydrazine catalytic decomposition on the
acidity of the solution. rN2H5

+1= 1.95.10'3 M; 1% Pt/SiO2; S/L = 0.1 g/ml.

[H+],M

E*, kJ/mole

~10"5

31.6±1.6

0.1

36.1±2.4

0.2

36.4±2.1

1.2

59.2±2.2

3.4

79.9±1.4

An alteration of E* with the increase of the hydrogen ions concentration reflects the fact that the
experimentally determined value of the activation energy is apparent. It is connected with the real activation
energy of the hydrazine catalytic decomposition by the correlation:
E* = Erea, - I (2),
where X is a heat of adsorption. According to the theory of the active centres in the heterogeneous catalysis
the value of the heat of adsorption depends on the degree of the active centres filling in that is a consequence
of the energetic non uniformity of the catalyst's surface. The growth of the acid concentration lead to the
increase of the hydrogen ions adsorption on the surface of platinum catalyst. Being in the large excess, H-
ions fill in predominantly the most energetically profitable active places that causes the decrease of the
hydrazine adsorption heat and the growth of the apparent activation energy. In other words, the inhibiting
action of the hydrogen ions has rather the adsorption than the chemical nature.

The experimental data on the kinetics and the stiochiometry of the reaction allows to evaluate a
tentative mechanism of the hydrazine catalytic decomposition in non-nitrate acid media. Most likely the
process under the low initial hydrazine concentration can be presented by the following system of reactions:
H+

S O] <->

N2H5
+

s o l <->

N 2 H 4 a d s ->•

NH 2* a d s + N :

N H 4
+

a d s -f^ >>
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JH 4
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ids (the

N H 4 ads
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rate determining step)
+ N2H3*sol

2NH4
+

(3)
(4)
(5)
(6)
(7)

(8)

The platinum catalysed hydrazine decomposition in nitrate acidic media.
The preliminary qualitative analysis of gases generated during the reaction of the 0.25M hydrazine

nitrate catalytic decomposition in the 3M nitric acid at 60°C, carried out on line by means of mass-
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spectroscopy, showed the formation of the dinitrogen oxide (N2O) and nitrogen (N2) as main products of the
reaction. The ammonium ion (NH4

+) was found also in the final solution.
The kinetics of the reaction of the hydrazine catalytic decomposition in nitrate acidic solutions was

studied under the following conditions: [N2H5
+]0 = 1.94*10"3M; [H+] = 0.25 - 8M HNO3; T = 25-60°C; S/L =

0.02-0.1 g/ml. The low initial hydrazine concentration (1.94*10"3M) was chosen on the base of the kinetic
study of this reaction in the non-nitrate media. The kinetic curves in the all studied range are described
satisfactorily by the equation -dC/dt = ktC + ko, where k] and ko are the rate constants of the first and
zero orders correspondingly. The dependencies of the calculated rate constants on the concentration of nitric
acid are presented on Fig. 1. They indicate a very complex nature of the heterogeneous catalytic interactions

in the system N2H5
+- HNO3 - Pt. In the

range of small HNO3 concentrations
(0.25 - 2 M) the variation of the first
order rate constant (k[) corresponds to
the negative fractional order(-
0.24+0.01) with respect to the nitric
acid concentration. At higher HNO3

concentrations (3 - 8 M) the first order
rate constant increases according to the
third (2.93±0.2) order with respect to
the nitric acid concentration. The
variation of the zero order rate constant
(ko) proceeds according to the second
order (1.96±0.3) with respect to the
nitric acid concentration in the [HNO3]
range 0.5 - 4 M and the negative third
order (- 3.07+0.3) with respect to the
nitric acid concentration in the [HNO3]
range 4 - 7 M. Analysis of these data
allows to reveal three different
processes of the hydrazine catalytic

decomposition that may proceed simultaneously in the nitric acid solutions, but which contribution is
determined by the HNO3 concentration :
1) The first order reaction with respect to [N2-H5+] and negative fractional order with respect to [HNO3];
E*= 34.2 ± 0.5 kJ/mole in 0.25M HNO3.
2) The zero order reaction with respect to [N2H5"1] and the second order with respect to [HNO3];
E*= 114.6± 4 kJ/mole in 3.1 M HNO3.
3) The first order reaction with respect to [N2H5"1"] and the third order with respect to [HNO3];
E*= 44.7± 3 kJ/mole in 6.2 M HNO3.

The quantitative analysis of the kinetic data allows making some propositions about the nature of
chemical transformations taking place in the reaction system N2H5

+ - HNO3 - Pt. Three different processes of
the hydrazine catalytic decomposition in the nitric acid solutions can be reviewed.

In the range of small HNO3 concentrations (0.25 - 2 M) the first order reaction with respect to
[N2H5

+] and the negative fractional order with respect to [HNO3] is probably stipulated by the process of
heterogeneous catalytic auto decomposition of hydrazine according to the mechanism, described for the non-
nitrate media. It follows from the formal coincidence of the fractional reaction orders with respect to the acid
concentration and the values of the apparent activation energy for both nitrate and non-nitrate media.

When the concentration of nitric acid increases over 1 M, the contribution of the zero order reaction
with respect to [N2H5

+] becomes noticeable. As it was shown above, under the small (< 0.01M) hydrazine
concentrations and the actual solid-to-liquid ratios range, the saturation of the catalyst's surface by the
adsorbed hydrazine molecules does not take place. Therefore, the zero order reaction is not of the adsorption
nature. The most probably, it is stipulated by the quick interaction of hydrazine with the catalytically
produced nitrous acid. The rate of the hydrazine decomposition will be determined in this case by the rate of
the nitrous acid formation (the zero order with respect to the hydrazine concentration). It was recently
demonstrated [5] that HNO2 may be generated in the nitric acid solutions in the presence of Pt/SiO2 as a
result of the nitric acid catalytic decomposition. Hydrazine is decomposed under these nitric acid
concentrations as a result of the quick reaction:

4,0 5,0

[HNO3], M

Fig.l. Variation of the "zero-order" and "first-order" rate constants of
the hydrazine catalytic decomposition with the change of the nitric acid
concentration at T= 42°C; S/L=0.06g/ml.



P2-02

N2H5
+ + HNO2 -» HN3 + 2H2O + H+ (9),

that may proceed in the solution as well as on the surface of the catalyst.
The hydrazoic acid can react in it's turn with nitrous acid:
HN3 + HNO2 -> N2 + N2O + H2O (10),
or undergo the heterogeneous catalytic auto-redox transformation [7,p.627] :
3HN3 —catalysts NH3 +4N2 (11).

Increase of the nitric acid concentration from 4 to 8 M leads to the quick decrease of the contribution
of the zero order reaction. The change of the zero order rate constant in this range of HNO3 concentrations
corresponds to the negative third order with respect to the nitric acid concentration. At the same time the
alteration of the first order rate constant in these [HNO3] limits is described by the third order equation with
respect to the nitric acid concentration. The third order with respect to [HNO3] is usual for the redox
reactions with the participation of the nitric acid. It was observed, for example, in the reaction of the
homogeneous hydrazine oxidation by HNO3 [8] and in the homogeneous and catalytic decomposition of
HCOOH in the nitric acid media [5,9]. The third order with respect to the nitric acid concentration can be
adequately explained in the assumption of the hydrazine heterogeneous catalytic reaction with the oxidising
species NO2

+ formed in the nitric acid media by the fast equilibrium reaction [8,10,11]:
3HNO3 *-* NO2

+ + H3O
+ + 2NO3- (12).

The rate determining step of the process in this range of [HNO3] is probably stipulated by the interaction of
NO2

+ with the hydrazine molecules, adsorbed by the catalyst active centres :
(N2H4)adsorbed + NO2

+ -> NO+ + N2H2 + H2O (13).
The products of the slow reaction (13) - diimide (N2H2) and nitrinium-ion (NO+) - may undergo further a
series of fast transformations described earlier for the homogeneous oxidation of hydrazine by HNO3 [8]:
NO+ +N2H4 -+N2H2 + HNO + H+ (14)
2N2H2 -» HN=N-NH-NH2 -> HN3 + NH3 (15)
2N2H2 -» H2N-N=N-NH2 -» N2 + N2H4 (16)
N2H2 + 2 HNO -» 2N2 + 2H2O (17)
2 HNO -» H2N2O2 -> N2O + H2O (18)
NH3 + HNO3 ->• NH4NO3 (19)

The combination of chemical transformations described above gives only a tentative and qualitative
picture of the process. The real mechanism may be much more complex and may include a greater number of
intermediates and reactions taking place in the solution as well as on the surface of the catalyst. A reliable
evaluation is hardly possible on the basis of kinetic data alone. Nevertheless, the proposed scheme seems to
be rather probable. It explains all the experimental observations of the interaction between hydrazine and
nitric acid in the presence of a platinum catalyst and is consistent with our knowledge of the processes taking
place in the nitric acid solutions.
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