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The results of experimental investigation on decomposition of 0.1 and 0.2% hydrazine-containing standard test
water solution by bubbling ozone-oxygen mixture through the water solution are presented. It was shown, that the
time of hydrazine decomposition to the concentration lower than the MPC under the influence of ozone concentra-
tion of 15...40 gOs/m’ was 10 min for 0.1% hydrazine-containing water solution and 30...45 min for 0.2% hydra-

zine-containing water solution.
PACS: 82.30.Lp

Hydrazine and its derivatives — unsymmetrical di-
methyl hydrazine (UDMH), amines (triethyl amine) and
boranes are a family of the combustible substances that
are widely used as a rocket fuels. Hydrazine and hydra-
zine-containing water solutions are highly toxic. Mu-
cous membranes, eyes and respiratory tract are irritated
by hydrazine. Exposure to high concentrations of hydra-
zine can damage the central nervous system and liver.
The maximum permissible concentration for hydrazine
and its substitutes (e.g. hydrazine hydrate) in the air of
populated areas is 0.001 mg/m’, and in water solution is
0.01 mg/1[1].

Therefore, the objective of the experimental studies
was to recognize an effective, environmentally friendly
method for the treatment of hydrazine-containing water
solutions. The results of these studies are presented in
the article.

It is well-known that there is a large number of
chemical and physical methods for the treatment of hy-
drazine-containing water solutions [2, 3]. The chemical
methods include: treatment with chlorine-based oxi-
dants, treatment with hydrogen peroxide, bromide and
copper chloride oxidation, potassium permanganate
oxidation, nickel hydroxide oxidation, treatment with
mineral or organic acids, ozone treatment [4].

Thermal decomposition is one of the physical meth-
ods for the treatment of hydrazine-containing waste
water [5]. This method is based on complete oxidation
of hydrazine by oxygen at the high temperature
(850...1000°C).

Physical and chemical method for the treatment of
hydrazine-containing waste water is UV radiation com-
bined with oxidation (by ozone or hydrogen peroxide).
According to [1], the simultaneous treatment of waste
water by UV radiation and oxidants increases oxidation
rate  of hydrazine and its derivatives by
100...1000 times. During such treatment, synergistic
effect of the oxidants and UV radiation arises. However,
this method can be effective only at the stage of post-
treatment, when hydrazine concentration is less than
~5mg/1 (~0.0005%).

Therefore, ozone treatment is the most effective and
ecologically-friendly method for the treatment of hydra-
zine-containing waste water.

The efficiency of hydrazine decomposition in water
solutions under the influence of ozone was studied on
the experimental stand (Fig. 1), which included:
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- oxygen generator AirSep-12 (1) with the flow rate of
oxygen-enriched gas mixture (up to 95% Oy)
0...0.6 m*/hour;

- gas flow meter (2) RM-02 0,63 GUZ;

- ozone generator (3) StreamOzone OzW-10/18,
which generates ozone-oxygen gas mixture with ozone
concentration of 10...60 g/m3 [6, 71;

- ozone monitor (4) TELEDYNE-API, model 465 H.

- fine bubble diffuser (5) with porous glass plate
which provides intensive and uniform bubbling of the
water solution to be treated;
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Fig. 1. Schematic diagram of the experimental stand

All the experiments were carried out in a fume hood
to protect the working area from residual ozone, vapors
and decomposition products of hydrazine.

Hydrazine concentration in water solution was ana-
lyzed using the photocolorimetric method in accordance
with the standard test procedure [8].

To examine the feasibility of hydrazine decomposi-
tion under ozone treatment, the 0.1 and 0.2% hydrazine-
containing test water solutions were used. 0.1% hydra-
zine-containing test water solution contains 1.047 g hy-
drazine per 1 liter of solution at the pH value of 9.7.
Distilled water was used for preparation of water solu-
tions.

The experiments were divided into two stages. At
the first stage, the oxidative ability of ozone to the full
decomposition of the hydrazine-containing water solu-
tion was evaluated. Therefore, 0.1% hydrazine-
containing water solution was used. The flow rate of
oxygen-enriched gas mixture for ozone synthesis was
1 /min. Ozone concentration [O;] in gas mixture was
20and 40 g/m’. The time of ozone treatment was
tireatm, = 15, 30, 45 and 60 min. The temperature T, of
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hydrazine-containing water solution was 30°C. The data
on residual hydrazine content in a treated test solutions
are presented in Table 1.
Table 1
Residual hydrazine concentration in the treated test
water solution

" [03]37 [NoHyJinidiat, | Tsor, | tiream. | [NoHalfinan
gm g/l °C | min. mg/ml
1] 20 1.047 30 | 15 | <5107
2120 1.047 30 30 not detectable
3120 1.047 30 45 not detectable
4|40 1.047 30 15 not detectable
5140 1.047 30 30 not detectable
6| 40 1.047 30 45 not detectable
7140 1.047 30 60 not detectable

The table shows the following parameters of the ex-
periment:

- [N,Hy]iniia — initial hydrazine concentration in wa-

ter solution, g/l;

- [N,Hy]gina — final hydrazine concentration in water

solution after ozone treatment, mg/ml.

Table 1 shows that almost in all cases the hydrazine
was completely removed from water solution.

At the second stage, after a positive result of ozone
treatment for destruction of hydrazine-containing test
water solution had been verified, the dynamics of hy-
drazine decomposition under the influence of ozone has
been studied. The gas mixture with ozone concentration
of [05] = 15 and 20 g/m® was used in the experiments.
The time of treatment was tyeam = 3, 10 and 15 min for
0,1% hydrazine-containing water solution, and
tireatm. = 9, 15, 30 and 45 min for 0.2% hydrazine-
containing water solution. Data of the experiments on
destruction of hydrazine-containing water solution are
presented in Table 2.

Table 2
Results of ozone treatment for 0,1%
and 0,2% hydrazine-containing water solution

# | [Os], | [NaHalinitiats | Tsols | tiream. | [N2Halfinals
g/m’ g/l °C | min. mg/ml

1| 15 1.047 30 5 2:102

2 | 15 1.047 30 10 5107

3| 15 1.047 30 15 5107

4 | 20 1.047 30 5 7.5:107

5| 20 1.047 30 10 5107

6 | 20 1.047 30 15 5-10°

7] 15 2.094 30 5 1.418

8 | 15 2.094 30 15 0.42

9 15 2.094 30 30 not detectable

10 15 2.094 30 45 not detectable

11| 20 2.094 30° 5 0.456

12 20 2.094 30° 15 0.04

13| 20 2.094 30° 30 310*

14 | 20 2.094 30° 45 | not detectable

The diagrams which demonstrate the dependence of
hydrazine concentration in water solution on the time of
ozone treatment at different ozone concentrations in gas
mixture are shown at Fig. 2.
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Fig. 2. The dependence of hydrazine concentration
on the time of ozone treatment
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The given experimental data show, that the time of
complete hydrazine decomposition in water solution
increases together with hydrazine concentration. As
ozone concentration in the gas mixture used for the
treatment of hydrazine-containing water solution in-
creases, the time of hydrazine decomposition decreases.
In general, the time of the full hydrazine decomposition
under experimental condition was 10 min for 0.1% hy-
drazine-containing water solution and 30...45 min — for
0.2% hydrazine-containing water solution.

Today there is no complete theory to explain the
mechanism of hydrazine oxidation. During the process
of oxidation, various intermediate products are formed
depending on oxidation conditions and pH value. In the
end, either molecular nitrogen and water, or ammonia,
nitrates and nitrous acid are formed. In general, less
toxic compounds are formed as a result of hydrazine
oxidation.

It is difficult to describe all stages of hydrazine de-
composition under the influence of ozone by one equa-
tion. However, the reaction of hydrazine and ozone can
be presented in generalized form by the following equa-
tion:

203+3N2H4:6H20+3N2. (1)

If assumed that the hydrazine reacts with ozone in
water solution according to reaction (1), when the
changes in hydrazine concentration can be presented by
the following equation:

d[NzH%ﬁ = K[N,H,T'10,]. @

where k is chemical reaction rate constant, x and y are
constants that, in general, do not correspond to
stoichiometric coefficients of the reaction;

[N,H,4] is hydrazine concentration in water solution;

[Os] is ozone concentration in water solution.

Under an assumption that ozone concentration in
water solution was constant during the whole experi-
ment, the solution of differential equation (2) can be
written as follows:

[N2H4]:[N2H4]O*€_Kt, 3)

where [N,H,] is initial hydrazine concentration in water
solution, K is constant of hydrazine decomposition. This
constant depends on ozone concentration in ozone-
oxygen gas mixture used for the treatment of hydrazine-
containing water solution.

For confirmation the above mentioned assumption
about type of kinetic reactions for hydrazine decomposi-
tion in water solution under the influence of ozone the
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change of hydrazine concentration with the time of
ozone treatment is presented in logarithmic scale at
Fig. 3.
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Fig. 3. The dependence of hydrazine concentration
on the time of ozone treatment in logarithmic scale

The diagrams on Fig. 3 show that in logarithmic
scale the dependence of hydrazine concentrations on the
time of ozone treatment is almost linear in the wide
range of changing of hydrazine concentrations from 1 to
0.0005 g/1. This conforms that the dynamics of hydra-
zine decomposition in water solution can be described
by the exponential dependence. Therefore, hydrazine
decomposition in water solution under the influence of
ozone-oxygen mixture follows the first-order kinetic
equation.

CONCLUSIONS

The performed experimental research on decomposi-
tion of 0.1 and 0.2% hydrazine-containing test water
solution by bubbling with ozone-oxygen mixture
(15...40 gO3/m’) have shown that the complete hydra-
zine removal from water solution can be realized.

The time for the complete hydrazine decomposition
was 10 min for 0.1% test water solution and
30...45 min for 0.2% test water solution. Thus, ozone
with average concentration of 10...40 g Oy/m’ is a
highly efficient for hydrazine decomposition in water
solution.

. Ukrainian Patent 69515A IPC’

REFERENCES

. Maximum allowable concentrations (MACs) of

chemicals in the water of water objects used for
drinking and domestic-recreation purposes. Hygienic
rating HR 2.1.5.1315-03 (in Russian).

. O. Pestunova, G. Elizarova, V. Parmon. Treatment

of water solutions containing 1, 1-dimethylhydrazine
by catalytic oxidation with hydrogen peroxide //
Journal of applied chemistry. 1999, v.72, Ne7,
p. 1147-1151 (in Russian).

. N. Kundo, V. Ivanchenko, N. Kuksanov, et al. The

Use of Electron Beam Radiation Treatment for De-
composition of Nitrogen-Containing Compounds in
Waste Water // Journal of applied chemistry. 1999,
v.72,Ne 7, p. 151-1154 (in Russian).

. L Ismagilov, M. Kerzhentsev, Z.Ismagilov, et al.

New technologies for heptyl neutralization // 4b-
stracts of All-Russian Scientific conference with in-
ternational participation "Catalytic technologies for
environmental protection at industry and transport”
(St. Petersburg, 11-14 December 2007). St. Peters-
burg, 2007, p. 133-135 (in Russian).

S01V21/16,
S01V21/20. Hydrazine-containing liquid rocket fuel
utilization / O. Panasyuk, A. Ransky, V. Ilchenklo,
et al. Published: 09.15.04, Bull. Ne 9 (in Ukrainian).

. V. Golota, O. Yegorov, V. Mykhaylov, V. Mukhin,

G. Taran, S. Shilo. Ozone generator. US Patent
#6,544,486 B2, date 04/08/2003.

. V. Golota, E. Sukhomlin, G. Taran. Ozone genera-

tors, developed in the NSC KIPT // Proc. of conf-
“New technologies for health improvement with
natural and preformatted factors (physical therapy,
ozone therapy, balneotherapy)”. Kharkov, 2002,
p. 36-38 (in Russian).

. Methods for measurement the liquid rocket fuel

components at industrial facilities and surrounding
environment / Edited by Razbitna L.M., 1988, p. 338
(in Russian).

Article received 16.05.2013

PA3JIOKEHUE THUJIPASUHA B BOJHOM PACTBOPE METOJ0M O30HOBOI OBPABOTKH

B.U. I'onoma, I'.B. Tapan, A.A. 3amypues, M.A. Ezopos, JI.JI. Muxanwvckasa, 3.E. IIpoxau

[IpuBeneHs! pe3yabTaThl SKCIIEPUMEHTABHBIX HccaenoBannii mo pasnoxkeHuro 0.1 u 0.2% MomenpHBIX BOJHBIX
PacTBOPOB THApa3HHa MpH 0apOOTUPOBAHUM O30HO-KUCIOPOIHOM Tra3oBoil cMmecklo. [lokazaHo, 4To Bpems pasiio-
JKEHHSI THIPA3HHA 030HOM ¢ KOHUeHTpamueii 15...40 rO;/m’ 10 yposms mmke ITJIK cocrassuio 10 munyT as 0.1%
BOAHOTO pacTtBopa rujpaszuna u 30...45 munyt ans 0.2% BOAHOTO pacTBOpa T'UIpa3uHa.

PO3KJIAIEHHS T'IJIPABUHY Y BOJJHOMY PO3UHWHI METO/IOM O30HOBOI OBPOBKHA
B.I. I'onoma, I.B. Tapan, 0.0. 3amypice, M.O. Ezopos, JI.JI. Muxanscovka, E.FO. IIpoxau

HagezneHo pe3ynbTaTd eKCIIEpUMEHTATBHUX JOCHTIHKEHB Mo po3kiaganaio 0..1 ta 0.2% MoaensHIX BOAHUX PO-
3YMHIB TiIpa3uHy npu 0apOOTyBaHHI 030HO-KHCHEBOKO cyMimmiio. [1oka3aHo, o 9ac po3KiIaJaHHs TiIpa3uHy 030-
HOM 3 KOHIeHTpami€ro 15...40 r03/M3 no pisast Hmxde HJIK cknanas 10 xBummH mis 0,1% BogHOTO po3dnHy Tiapa-
3uny Ta 30...45 xBunuH a7st 0.2% BOJHOTO PO3UMHY TiApa3HHY.
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