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RECUPERATION OF BOUND NITROGEN BY PROCESSING
INTO HYDRAZINE SULFATE IN INDUSTRIAL WASTEWATER

The work is aimed to reduce nitrogen-containing wastewaters of chemical plants by their utili-
zation as secondary raw material.

The possibility to utilize contaminated water as secondary raw material not only reduces the
value of production, but also saves water resources.

The objective of this project is to develop the method of recuperation of ammonia and urea as the
main constituents of nitrogen-containing wastewater in mineral fertilizers manufacturing. In general,
nitrogen-containing wastewater with ammonia concentration of 3—10 % and urea concentration of
1-5 % is desorbed and hydrolyzed. Desorption and hydrolysis are energy-intensive processes, as they
are carried out at high temperatures and excessive pressure. The majority of wastewater after desorp-
tion and hydrolysis with urea mass concentration of max.300 mg/dm’ and ammonia mass concentra-
tion of max.100 mg/dm’ goes to advanced treatment at nitri-denitrification installations. Nitri-
denitrification installations also require significant investments. Therefore the recuperation of waste-
water is still important and the possibility of recuperation and reutilization of nitrogen-containing
compounds might become a new phase of recovery technologies.

The synthesis of hydrazine as intermediate material in the production of hydrazine sulfate out a
mixture of ammonia and urea has not been considered until now.

Keywords: nitrogen-containing water, ammonia, urea, hydrazine, hydrazine sulfate, utilization
synthesis, research.

The work is aimed at reducing of nitrogen-
containing runoffs of chemical plants, by using
them as secondary raw materials.

The ability to use contaminated water as
secondary raw material can not only reduce the
cost of production, but also save water resources.

Typically, nitrogen-containing runoffs
with ammonia concentration 3-10 % and urea 1-
5 % are subjected to desorption and hydrolysis.
Desorption and hydrolysis are energy-intensive
processes, because they occur at high tempera-
tures and under excess pressure. The main part
of the wastewater after desorption and hydroly-
sis with urea mass concentration of less than
300 mg/dm’ and ammonia mass concentration

of less than 100 mg/dm’ comes to repurification
to nitri-denitrification installations (NDI). NDI
installations also require significant investment
[1-3].That is why the theme of wastewater recu-
peration does not lose its relevance still and the
opportunity of processing and return of nitrogen-
containing compounds in production can become
a new stage of the development of utilization
technologies.

Mineral fertilizers plant, specifically urea
production unit, has been taken as the research
base. After the analysis of wastewater (Table 1)
the possibility of its usage in the synthesis of
hydrazine has been established [3].
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Table 1

Quality parameters of ammonia water in urea production before desorption and hydrolysis
stages, provided for experiments by urea production unit M-2 of JSC «Azot»

CO(NHQ)Q, NH3, C2H5N302, Fe, Cu, Nl, Cr
Parameter
% % % mg/dm’ mg/dm’ | mg/dm’ | mg/dm’
less
. less than less than less than | less than | less than
Concentration | less than 2 t?asn 0.5 03 0.002 0.01 0.02

The synthesis of hydrazine from a mixture
of ammonia and urea has not been considered till
now. Since wastewater (as a raw material) is used
for the synthesis process, this kind of research is
appropriate in three areas:

1. Cleaning of nitrogen-containing runoffs
(until now the only way to clean urea-containing
wastewater consists in hydrolysis and purifica-
tion at NDI plants).

2. Improving of hydrazine synthesis as in-
termediate substance in the production of hydra-
zine sulfate and hydrazine.

3. Reducing of urea production expenses
by 5-7% (depending on installation design and
synthesis units performance) via eliminating the
purification step of condensates of juice steam.

In Ukraine, till 2013 there was one produc-
tion of hydrazine and its derivatives. Today, hy-
drazine and its derivatives market is entirely de-
pendent on import [4]. The main importers of this
substance in our country are the following:
France, Germany, Japan («OTSUKA-MGC
CHEMICAL COMPANY, INC», Osaka), South
Korea, the United States («Arch Hydrazine») and
China.

The main task at hydrazine synthesis is to
stabilize formed hydrazine and withdraw it from
the process, as it is a strong reducing agent. The
presence of even small amounts of impurities
(oxygen, metals and metal oxides, particularly
copper) leads to immediate oxidation of hydra-
zine. This phenomenon is connected with the fact
that between p-orbitals of nitric system (>N-N<)
there is repulsion, which makes the N-N bond
longer (1,40A), than the sum of the radii of two

nitrogen atoms N=N (0,53A). In elementary ni-
trogen N, p-orbitals are mutually attracted, which
further stabilizes the bond between atoms, so the
system tends to the formation of nitrogen.

The synthesis temperature and reaction mix-
ture temperature after hydrazine formation great-
ly influence on hydrazine stabilization [8]. There-
fore, the temperature of hydrazine collapse at
50°C is 0.01% per day, at 100°C — 0.1% per day,
at 250°C — 10% for 1 minute [9].

To prevent the process of hydrazine col-
lapse and reduce its reactivity in the laboratory it
is possible to acidify newly formed hydrazine
with sulfuric acid at low temperatures without the
access of air, that leads to the formation of hy-
drazine sulfate salt, which is volatile and has a
lower reactivity [6, 7].

Due to the toxicity of hydrazine (applies to
the first class of dangers, TLV in the air of work-
ing area = 0.1 mg/m’), the conduction of labora-
tory experiments is dangerous, therefore, the
conduction of hydrazine sulfate release is deter-
mined after the formation of hydrazine sulphate
salt [14, 15].

For laboratory researches of hydrazine sul-
fate synthesis guidelines for the implementation
of research on "Utilization of bound nitrogen in
industrial wastewater by processing in hydrazine
sulfate" are developed.

The main methods of the synthesis of hy-
drazine as an intermediate product in the produc-
tion of hydrazine sulfate and hydrazine itself,
which are used in the industry, are listed below:

1. The synthesis of hydrazine by Raschig
method from ammonia:

NH; + NaOCl — NH,CI + NaOH, (1)
NH,Cl + NH; + NaOH — N,H, + NaCl + H,0, 2)
2NH2C1 + N2H4 —)2NH4C1 + N2. (3)

Hydrazine formation occurs through the
oxidation of ammonia with sodium hypochlorite.

Chloramine is formed during the first phase. This
reaction proceeds very quickly and can be ex-
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pressed by equation (1). The reaction occurs at a
temperature of 160 °C and a pressure of 2.5-
3.0 MPa. Hydrazine synthesis is caused by the
action of excess ammonia on chloramine accord-
ing to equation (2). Reaction (2) proceeds slowly;
it competes with reaction (3), which occurs,
complicating the process. The reaction (3) pro-

(H2N)2CO + NaOCl + 2NaOH—>N2H4 + HQO + NaCl + N32C03

3. The synthesis of hydrazine by the me-
thod of Eugene—Kuhlman from acetone, ammo-
nia and hydrogen peroxide.

The reaction occurs in several stages. Ace-
tone reacts with ammonia to form imine, which is
oxidized by hydrogen peroxide with the formation of
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ceeds much faster and is especially sensitive to
impurities, that greatly reduces the output of hy-
drazine [5].

2. The synthesis of hydrazine by Hoffman
method from urea by oxidation of carbamide
(urea) with sodium hypochlorite:

4)

3,3—dimethyloxapyridine, and then to azine, which
forms a hydrazone with acetone, which hydrolyzes
to hydrazine and acetone. The process goes at 50 °C
and atmospheric pressure. The chemistry of the
process is shown in Fig. 1.
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Fig. 1. The chemistry of Eugene-Kuhlman process

Techniques and methods of the synthesis
of hydrazine and hydrazine sulfate, which are not
implemented at industrial scale due to low profit-
ability of these production methods, are listed
below:

- the technology of hydrazine direct syn-
thesis through nitrogen fixation, using two-
photon absorptions by activating molecules of
nitrogen and hydrogen on catalyst surface at the
expense of discharge with the use of solid cata-
lyst as the opposite electrode [10];

- the synthesis of hydrazine by Baer me-
thod from ammonia and hydrogen peroxide [11];

- direct synthesis of hydrazine sulfate from
benzequinoxaline in the presence of dilute sulfu-
ric acid [16].

As a raw material for this process nitrogen
runoffs, mainly ammonia, urea, biuret; sodium
hypochlorite; sodium hydroxide; gelatin; sulfuric
acid are used.

For the provided technology as a foundation
Raschig and Hoffman method is taken. The syn-
theses, designed by Raschig and Hoffman, seem
simple, if written as equations, but the implemen-
tation of these chemical processes is complex and
power-intensive.

After the improvement and adaptation of the
proposed methods of hydrazine synthesis as in-
termediate product in the production of hydrazine
sulfate, for this work the chemism of synthesis
process is developed, which is shown below:

a) the basic synthesis reactions:

CO(NH,) ; + NaOCl + 2NaOH — N,H; + H,O + NaCl + Na,COs, (5)
2C,HsN30,+ 2NaOCl + 2NaOH — 3N,H, + 2NaCl + Na,CO; + CO, (6)
NaOCl + NH;— NH,CI + NaOH, 7)

NH,C! + NH; + NaOH — N,H; + NaCl + H,0, @®)

N,H; + H,SO, — N,H,-H,SO,. 9)

b) adverse reactions of hydrazine sulfate synthesis:
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NH,Cl + N;H;—N, + NH,Cl + NH;, (10)

3NH,CI + 2NH; —3NH,CI + N,, (11)

H,0 + NH;—NH,OH, (12)

NoHy H,SO, + 2NH; — N,H, + (NH,),SO0,, (13)
2NaClO +H,S0,— Na,SO,+2HCIO, (14)
3NH,Cl+ 3NaOH — 3NaCl+ N, + NH; +H,0, (15)
H,SO; + NH;— (NH,),SO; + H,, (16)

2NaOH + H,S0;— Na,SO, +2H,0, (17)
CONH,), +H,S0;+ H,0 — (NH;,S0, + CO,, (18)
2N,H,+ H,S0;4— (NoH,), HoSO;— NoH, HoSO, +NoH,, (19)
NoHy+ 2H,S0,— NoHy 2H,SO0,— NoH, H,SO4+ HoSO,, (20)
CONH,);+2H,0 — (NH,),CO;, 1)

(NH,),CO;3+ H,SO;— (NH,),SO4+ H,0 + CO,, (22)
2NH,Cl+H,S0,— (NH,),SO, + 2HC], (23)

N,H,+ 2NaOCl + 10H,0 — 2NH,CI + 2 NaOH + H,0, + 8H,0, (24)
NH,C1 + NaOH — NaCl + NH; + H,0, (25)

2NaOCl — 2 NaCl+ 20,, (26)

3NaOCl —'"™NaClOs+ 2 NaCl, 27)
NaOCI + 2 NaCl—NaCl + Cl, + H,0, (28)
4HCI0®™ — 2Cly+ O,+ 2H,0. (29)

The reaction between chloramine and hy-
drazine (10) is catalyzed by ions of certain met-
als, so without the use of inhibitors the formation
of hydrazine practically will not occur. Also, to
remove the run of adverse reaction (10), we cre-
ate a slight excess of ammonia, that leads to the
reaction (11), which is considerably faster than
(10). To ensure optimum pH of the substance we
use sodium hydroxide, which catalyzes the reac-
tion (8). Ammonolysis reaction, expressed by the
equation (13), requires a large excess of ammo-
nia, that’s why under these conditions the forma-
tion of ammonium sulphate according to the reac-
tion (11) is not possible. The reaction (15), whose
kinetics in these conditions has not been investi-
gated, can also occur, but after a series of ex-
perimental studies the presence of ammonia in
exhaust gases is established.

The excess of sulfuric acid provides the
run of reactions (14) and (17), allowing to neu-
tralize the balance of sodium hydroxide (reaction
(17)) and sodium hypochlorite (reaction (14)).
The decomposition of urea with sulfuric acid is
limited by low temperature of the process, since

the reaction (18) is endothermic and because of
the conditions of hydrazine sulfate synthesis (12-
18 °C) runs slowly. Dyhydrazine sulfate, formed
by the reaction (19), and hydrazine dysulfate (re-
action (20)) are unstable, decomposing to form
hydrazine sulfate, hydrazine and sulfuric acid,
according to reactions equations, so they can be
ignored. Since urea hydrolyzes to form ammo-
nium carbonate very slowly, the equation (21),
and, as a consequence, the equation (22) can also
be ignored.

The main problem in the synthesis of hy-
drazine and hydrazine sulfate under this scheme
consists in oxygen formation according to reac-
tions (26) and (29), which oxidizes hydrazine with
the formation of nitrogen, ammonia and water.

Before experimental testing a new model of
hydrazine synthesis is developed (Fig. 2).

This flow-chart, through the use of alterna-
tive heat sources and conducting the process
without ejectors and pumps, is less power-
intensive. According to this technology it is pos-
sible to conduct continuous synthesis of interme-
diate hydrazine.
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As a heating element of reaction mixture
electromagnetic waves with the length from
1 mm to 1 m (v> 300 MHz) are used. High fre-
quency radiation provides a non-contact heating
of reaction mixture. In this process heating oc-
curs not only because of heat transfer from the
surface of heating element, but also throughout
the volume of reaction mixture as it contains po-
lar molecules. This phenomenon makes it possi-

ble to ensure even temperature distribution in
reaction environment.

In this process temperature control of hydra-
zine synthesis is impossible for this scheme. As an
alternative it is decided to measure the temperature
of reaction mixture at the outlet of synthesis reac-
tor. To do this, the thermogram of synthesis proc-
ess (Fig. 3) is taken from heat vision TH 9100
NEC, which allows to measure the temperature of
the wall of connective capillary tube.

> rhl:(l:r/_df or r‘n.ers:

14

T

1 — pressure tank with reaction mixture; 2 — flow meter; 3 — check valves;

4 — intermediate (hydrazine) synthesis reactor; 5 —

protective capacity; 6 — magnetron; 7 — condenser;

8 — transformer; 9 — compensator of magnetic waves; 10 —hydrazine sulfate synthesis reactor;
11 — cooling capacity; 12 — pressure tank of sulfuric acid; 13 — thermometer; 14 — magnetic stirrer;
15, 17 —refrigerator; 16 — diverter tube; 18 — stirrer in a glass flask; 19 — water seal

Fig. 2. Flow-chart of laboratory installation of hydrazine sulfate synthesis

Fig. 3. The thermogram of the process of hydrazine sulphate synthesis

For further calculation of the temperature of

hydrazine synthesis the dependence of the value

of specific heat flow (q, W/meK) on the tempera-
ture of outlet wall tube is derived (Fig. 4).
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Fig. 4. The dependence of the value of current heat flow on outlet tube wall

Using Mathcad program (the system of
computer algebra from the class of automated
projecting systems), the algorithm for determin-
ing reaction mixture temperature with the follow-
ing parameters of the process: wall thickness (in
this laboratory installation 6 = 0,002 m), the coef-
ficient of thermal conductivity of wall material,
surface area of outlet wall, the coefficient of wall
heat transfer, the coefficient,of thermal conductiv-
ity of wall material (for this material A =
1.14 W/meK), the viscosity of reaction mixture
and other parameters is established [12, 13].

Then, having determined specific heat flow
g, we calculate approximate temperature of reac-
tion mixture at the outlet of hydrazine synthesis
reactor (Tr), measuring the temperature of outlet
pipe wall of reaction mixture (Ty) according to
the equation (30).

q-6

TR :T+TW,K (30)

After the syntheses of hydrazine sulphate
the following has been established:

- The outlet of hydrazine depends on molar
ratio of input components of reaction mixture
(NaOCl, NaOH) at constant composition of waste
water (C(co (NH2)2) = 0,5%, C(52H5N302) = 0,06%,
C(NI—B) = 415%, C(COZ) = 35%)

- The degree of hydrazine collapse after the
synthesis of hydrazine sulfate, which is 50-70%,
depending on the temperature of hydrazine sul-
fate synthesis, sulfuric acid volume and the time
of the synthesis, is established. This phenomenon
confirms the occurrence of adverse reactions
(14), (26), (29).

- A qualitative and quantitative analysis of
hydrazine sulfate solution on the presence of
ammonium ions is made. The complete absence
of ammonium ions in the solution is established
that allows to neglect the reactions (10), (11),
(16), (18), (21) and, as a consequence, reactions
(22), (23), (24) and (25).

- After hydrazine sulfate synthesis the in-
tensification of gas phase release (residual CO,
and CI, formed by reactions (28) and (29)) is ob-
served. Taking into account oxygen solubility in
acidic environment in current circumstances (at 12-
18 °C oxygen solubility in sulfuric acid is small and
located within 0,001-0,02 mg/dm’) the gassing of
the last one is also possible.

- Since the process of hydrazine stabiliza-
tion with sulfuric acid is limited by hydrazine
decomposition temperature, the presence of the
reaction (26) is confirmed by the degree of hy-
drazine conversion in a hydrazine sulfate. The
loss of hydrazine from the termination of the syn-
thesis of intermediate product — hydrazine before
the termination of the synthesis of hydrazine sul-
phate ranges from 50-70% depending on tem-
perature control of the process of hydrazine sul-
fate synthesis.

- Non-reacted ammonia is released in gas
phase, that is confirmed by the presence of the
last one in the water from water seal, which
serves as waste gas absorber of synthesis process.

- The scheme of hydrazine sulfate synthesis
must me isolated until the end of intermediate
product stabilization.

- The maximum output of hydrazine sulfate
at optimal molar ratio of components is 3 g in
1 dm’ of urea production wastewater of sustain-
able composition.
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The polarity of reaction mixture allows to
use alternative power sources for reaction mix-
ture heating. The design of hydrazine synthesis
reactor allows to use less pressure in reaction
zone, which is needed to intensify the synthesis
of hydrazine from ammonia by Raschig's me-
thod, because electromagnetic waves accelerate
the movement of molecules. It also increases the
output of hydrazine from urea and biuret with
low synthesis temperature. At hydrazine synthe-
sis from urea by Hoffman's method at the begin-
ning the reaction temperature should be at least
100 °C. This flow-sheet of hydrazine synthesis
reduces energy cost by decreasing the tempera-
ture of hydrazine synthesis from urea. The sym-
biosis of the reactions of hydrazine synthesis
from ammonia and urea increases the output of
the final product and reduces the impact of ad-
verse reactions (11), as evidenced by the absence
of ammonium ions in hydrazine sulfate solution.

After the analysis of conducted research it
is established that bound nitrogen utilization by
processing it in hydrazine sulfate is technically
possible.
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YTUAIIBALIA 3B°A3AHOI'O A30TY HIVIAXOM IEPEPOBKHA
B I'TAPA3HUH CYJBb®AT Y BUPOBHUYHNX CTIYHUX BOJAX

Poboma cnpsimosana Ha 3smenwenHss CMoKie UPOOHUYMEA KapOamioy 3a paAxyHOK UKOPUCHAH-
HSL A30MOBMICHUX CNOAYK KOHOEHCami@ UpOOHUYmMea Kapoamioy sx emopunuoi cuposunu. Memoio
pobomu cmana po3pobka cnocoby ymuaizayii amiaky ma kapoamioy sik 0OHUX i3 OCHOGHUX CKIAO0GUX
A30MOBMICHUX CIOKI6 UPOOHUYME MIHEPATLHUX 00OPUSE.

Ax npasuio, azomoemichi cmoku 3 konyenmpayismu amiaxy 3—10 % ma xapbamioy 1-5 % nio-
Odaiomb Oecopbyii ma 2ioponizy. OCHO8HA YacmuHa cmivHOl 800U nicis decopbyii ma 2ioponisy 3 ma-
06010 KoHyenmpayicio kapbamioy, ne Ginbwoio nixe 300 me/oM’, i Macoeoio Konyenmpayicio amiaxy,
He Ginvuoio nise 100 Me/oM’, Hadxo0ums na doouuwents Ha yemanosku Himpu-oenimpudixayii. Pos-
POOKA anbmepHamueHoi YMUNi3ayiiHoi MexHoI02ii cnpusmume 3MeHuenH0 cobieapmocmi Kkapoami-
0y Ha 5—7 % (3anexncro 8i0 KOHCMPYKYIi YCMAaHo8KU ma npoOyKmMUSHOCII acpe2amie cunmesy) 3a pa-
XYHOK NiK6Ioayii cmaodii ouuujerns KOHOeHcamie coKosoi napu.

Ymunizayis 36’a3anoco azomy y eupobHuyux 600ax Gi0OYBAEMbCs ULIAXOM SUKOPUCTIAHHSL
OCMAHHIX 5K CUPOBUHU 051 CUHME3Y 2I0pa3ut cyavghamy. 3a paxyHoK WupoKo2o Cnekmpa 6UKOpuc-
MAKHs Ma 8UCOKOT 8aPMOCMI Yb020 NPOOYKMY PO3POOKA HOBUX MEXHONOZIl CUHme3y Mamume 6eu-
KUl RONUM Ha GHYMPIUHLOMY MA 306HIUHLOMY PUHKAX, d SUKOPUCIAHHS MATO0BAPMICHOT CUPOBUHU
POOUmMb YI0 CXeMY eKOHOMIUHO PEHMADENLHOIO.

Cunmes 2iopazuny K HaANiGNPOOYKmy y upoOHUymel 2iopasun cyibgamy 3 cymiuli amiaky ma
Kapbamioy 00 cb0200HI He OYI0 PO32IAHYMO.

Knrouosi cnoea: azomoemicni cmiuni 600u, amiak, xapoamio, 2iopasuH, 2IOpa3ur cyibgam,
ymunizayis, curmes, 00CIIOHNCEHHS.

Cmammio npeocmasisie I'. C. Cmoaspenxo, 0.m.H., npogecop, 3a8idysay kagheopu XiMiuHUX mex-
HO02T Ma 80000YUUEeHHS.
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