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Faculty of Chemical Engineering,
Babol Noshirvani University of

Technology, Babol, Iran In this study, the kinetics of hydrazodicarbonamide (HDCA) synthesis reaction

were investigated. Hydrazodicarbonamide is prepared by reaction of urea and
hydrazine in acidic medium. Synthesis of HDCA from urea and hydrazine is a
two-step reaction. In the first step, semicarbazide is synthesized from the reac-
tion of one mole of urea and one mole of hydrazine and in the second step,
semicarbazide reacts with urea to produce hydrazodicarbonamide. By con-
trolling the temperature and pH in the reaction, hydrazine concentration and
the amount of produced hydrazodicarbonamide were measured and using this
data, reaction rate constants were calculated. Based on this study, it was
found that the semicarbazide formation reaction from hydrazine is the rate-
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Polymer foams are widely used in the modern
world in a variety of applications such as cushioning
of the furniture, insulation materials, etc. [1]. The
foams are made up of a solid and gas phase mixed
together. The gas is generated by a blowing agent,
which can be physical or chemical [2,3]. In physical
blowing agents, the gas is generated through a phy-
sical phase change such as evaporation, but in che-
mical blowing agent, the gas is generated via a che-
mical reaction such as thermal decomposition. Azodi-
carbonamide (AZDC) with a molecular formula
NH,CONNCONH,, is the most popular chemical
blowing agent for making polymeric foams [4] and is
made through oxidation of hydrazodicarbonamide
(HDCA) with an appropriate oxidizing agent [5,6].

HDCA is a white solid with a molecular formula
NH,CONHNHCONH, and is prepared by reaction of
urea and hydrazine or its salts. HDCA decomposes at
230-260 °C to produce gas, white solid and a viscous
liquid. The gas comprises ammonia, carbon dioxide
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limiting step. The rate of semicarbazide synthesis is -ry = 0.1396/NH-NH:
and the rate of hydrazodicarbonamide synthesis is -ro = 0.7715
[NHoNHCONH:54%°.

.5810

Keywords: hydrazodicarbonamide, azodicarbonamide, semicarbazide,
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and nitrogen, the solid is mainly urea and the viscous
liquid is mainly urazole.

Various processes were proposed in the lite-
rature for HDCA synthesis. Some of these processes
were summarized as follows:

1. Reaction of hydrazine or its salts with urea in
the presence of a non-oxidizing acids such as sulfuric
acid, phosphoric acid or hydrochloric acid [7-12].

2. Reaction of hydrazine or its salts with urea in
the presence of an alkali and separating the produced
ammonia from the reaction mixture [13,14].

3. Reaction of a ketazine with urea in the pre-
sence of a non-oxidizing acid [15-17].

4. Reaction of a ketazine with urea in the pre-
sence of an alkali and separating the produced am-
monia and ketone and the un-hydrolyzed ketazine
from reaction mixture [14,18].

5. Reaction of urea with semicarbazide [19].

HDCA production in commercial scale is mainly
in batch reactor because the reaction time is long.
Determination of the reactor volume and reaction time
are important in reactor design, which requires the
kinetic information of the synthesis reactions.

To the authors’ best knowledge, no research
has been done on the kinetics of the HDCA synthesis
reaction. The reaction of urea and hydrazine under
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acidic conditions is the commercial process for HDCA
production, so the kinetics of this reaction were the
subject of this research study. Hydrazine sulfate and
urea were used for synthesis of HDCA and deter-
mination of reaction rate constants. The HDCA syn-
thesis reaction can be written as:

o) 00
HaN-NH, + 2, I HNL DNHp
2 27 "H,N” TNH, HN-NH

which is a two steps reaction. In the first step, an
intermediate compound named semicarbazide is pro-
duced and in the second step, HDCA is produced as
presented in Egs. (2) and (3):

(o)

HN"NH, -+ HZNJ\NHZ

(0]

HN" N HN-NH

It is necessary to consider that temperature and
pH have an influence on the type of product, e.g., if
7< 30 °C and pH < 1, hydrazine sulfate forms. If 50
°C < 7<90°Cand7 < pH <9, semicarbazide forms
and if 85 °C < 7<95 °C and 3 < pH < 6, HDCA forms
[20].

EXPERIMENTAL

Hydrazine sulfate, urea and sulfuric acid were
purchased from Merck. The procedure for synthesis
of HDCA is as follows: 0.1 mol hydrazine sulfate, 0.4
mol urea and 300 g water were mixed in the reactor.
Then, the temperature was increased to 92-93 °C and
kept constant during reaction period (1, 2,.., 9 h) by
gentle heating. By gradual addition of sulfuric acid
solution, the pH of the reaction mixture was kept
constant during reaction. After that, the temperature
was lowered rapidly to room temperature and the pre-
cipitated HDCA was separated from the mother liquor
by filtration and was weighed after drying. The con-
centration of unreacted hydrazine in the mother liquor
was measured by the iodometric method, in which
iodine was used to oxidize the hydrazine and the
amount of unreacted iodine was measured by sodium
thiosulfate solution, using starch as indicator [21,22].

The reactor setup used for HDCA synthesis con-
sisted of a three-way flask and a condenser attached
to it. Sulfuric acid solution was added during the reac-
tion from one connection, and the other connection of
the flask was used for thermometer attachment.

It was assumed that hydrazine decomposition
was negligible during synthesis reaction. The concen-
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0
—_— HzN\HJ\NHz + NH,

o) 00
0N L HN NNH, 4 N,
H, NN,

tration of semicarbazide at the end of synthesis reac-
tion period was calculated by mass balance through
the hydrazine concentration and the weight of preci-
pitated HDCA.

2 NH,3 (1)

RESULTS AND DISCUSSION

Figures 1 and 2 represent hydrazine concen-
tration and the weight of precipitated hydrazodicar-

Step 1! 2)

/Step 2 | 3)

bonamide versus time, while Figure 3 shows the cal-
culated concentration of semicarbazide versustime.

Because the concentration of urea in the
reaction mixture is high, it can be assumed that the
concentration of urea in the reaction mixture is cons-
tant and the rate of reactions depend on the con-
centration of the other components (hydrazine and
semicarbazide). That is, the method of excess is ap-
plicable. So the equations for rate of reactions can be
written as follows:

dcy Y

Step 1:-r = — ar - K [NH,NH,] (3)
dcg .

Step 2: 2= —~* = K;[NH;NHCONH;] 4)

where A; and A are the reaction rate constants and »
and m are the orders of the reaction rate equations.

First step: reaction between urea and hydrazine

From Eq. (3), the following relations can be
derived:
dg n

N

]

Cno CN

dg,

= j'—K1dt
0

1-n 1-n
¢, —c
u=_/(1f

1-n
where ¢y is the initial concentration of hydrazine in
the reaction mixture. For the case of n = 1,
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Figure 1. Hydrazine concentration versus time.
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Figure 2. Mass of precipitated hydrazodicarbonamide versus time.

In(cy / cy,)=-Kit. So, a plot of In(c,/c,) versus
time (9 should result in a straight line if the order of
reaction is unity.

From Figure 1 it can be found that the order of
reaction (n) is a positive number and lower than unity.
So, by using MATLAB software and optimization me-
thods, optimum values for A; and n can be determi-
ned. For the optimum value of n, the graph of

(cy"—cy)I(1-n)=-Kt versus time is approxima-
tely linear with the slope of Kj [23,24].

The calculation based on optimization methods
of MATLAB software shows that the optimum values
for K; and nare 0.1396 and 0.5810, respectively. The
value of /A (coefficient of determination) for optimi-
zation is 0.9918. In Figure 4, the concentration of hyd-
razine versus time is shown for both the experimental
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Figure 3. Semicarbazide concentration versus time.
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Figure 4. Comparison of experimental data and optimization result for hydrazine concentration.

data and the optimization results, which shows good
fitting between these two sets of data.
The rate equation for the first reaction is:

-1 = Ki[NH2NH,]" = 0.1396[NH,NH,]"**"° (5)

Second step: reaction between semicarbazide and
urea

Because semicarbazide is an intermediate com-
pound, its concentration depends on the rate of both
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reactions (semicarbazide synthesis reaction and HDCA
synthesis reaction). Based on the concentration-time
diagrams for hydrazine and semicarbazide (Figures 1
and 3), it is obvious that the first reaction is the rate
limiting step and rate of second reaction is higher
than the first one. The change of semicarbazide con-
centration with time in the reaction mixture can be
given as:
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de,

dt =Koy — Ky s (6)

which is a parametric differential equation and by
solving this equation, optimum values for K; and m
can be obtained. Using optimization methods of
MATLAB software, the optimum values of A; and m
were determined which are 0.7715 and 0.8430, res-
pectively. The value of A (coefficient of determina-
tion) for optimization is 0.5912. In Figure 5, the con-
centration of semicarbazide versus time is shown for
both the experimental data and the optimization
results, which shows relatively good fitting between
these two sets of data.

So, the rate equation for the second reaction
(hydrazodicarbonamide formation reaction) is:

-1, = K[NH,NHCONH,]” =
= 0.7715 [NH,NHCONH,] >34 (7)

and the change of semicarbazide concentration with
time can be calculated from:

d[NH,NHCONH, ]
dt

- 0.7715[NH,NHCONH,]*#4° (8)

= 0.1396[NH,NH,]>%®'° -

CONCLUSIONS

Studying the kinetics of a chemical reaction
allows for more accurate reactor design. The study of
the hydrazodicarbonamide formation reaction from

urea and hydrazine shows that this reaction is a two-
step reaction and each step has its own rate equation.

The plots of hydrazine concentration and semi-
carbazide concentration versus time show that the
rate of semicarbazide synthesis reaction (reaction of
urea with hydrazine) is lower than the rate of hydra-
zodicarbonamide synthesis reaction (reaction of
semicarbazide with urea). In the plot of hydrazine
concentration versus time and at = 1 h, there is a
sudden change in the decreasing trend of hydrazine
concentration versus time which is due to an increase
in semicarbazide concentration in the reaction mix-
ture. This change shows that the first reaction is more
sensitive to semicarbazide concentration. This con-
firms the conclusion that the rate of semicarbazide
formation reaction is lower than the hydrazodicarbon-
amide formation reaction and the former reaction is
the rate limiting step for hydrazodicarbonamide syn-
thesis reaction.

The semicarbazide synthesis reaction has the
following rate equation:

-r; = 0.1396[NH,NH,]***"°

and the hydrazodicarbonamide synthesis reaction has
the following rate equation:

-1, = 0.7715 [NH,;NHCONH,]*84%°
Nomenclature

N hydrazine concentration in reaction media
Cs semicarbazide concentration in reaction media
K semicarbazide synthesis reaction rate constant
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Figure 5. Comparison of the experimental data and optimization result for semicarbazide concentration.
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Ko hydrazodicarbonamide synthesis reaction rate
constant
m order of hydrazodicarbonamide synthesis

reaction rate equation

n

order of semicarbazide synthesis reaction rate

equation.
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NAUCNI RAD

PROUCAVANJE KINETIKE REAKCIJE SINTEZE
HIDRAZODIKARBONAMIDA

U ovom radu je ispitivana kinetika sinteze reakcije hidrazodikarbonamida (HDCA). Hid-
razodikarbonamid se priprema reakcijom uree | hidrazina u kiseloj sredini. Sinteza
HDCA iz uree i hidrazina se odligrava u dva stupnja. U prvom stupnju, reakcijom jednog
mola uree i jednog mola hidrazina nastaje semikarbazid, koji u drugom stupnju reaguje
sa ureom gradeci hidrazodikarbonamid. Kontrolom temperature i pH reakcije, merene
su koncentracija hidrazina i kolicina nastalog hidrazodikarbonamida. Koriscenjem ovih
podataka odredene su konstante brzine reakcija. Na osnovu ovog istraZivanja, utvrdeno
Je da je prvi stupanj formiranja semikarbazida limitirajuci stupany brzine reakcije. Brzina
formiranja semikarbazida fe ry = 0, 7396[NH2NH2]0‘ 5870, a brzina formiranja hidrazodikar-
bonamida je -r; = 0,77 15[NH.NHCONHP 5.

Kljucne reci: hidrazodikarbonamid, azodikarbonamid, semikarbazid, sinteza,
kinetika.
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