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ABSTRACT: Dimethyl amino ethyl azide (DMAZ) is a good replacement for hydrazine group
in space programs. This chemical was purified from water (1) + DMAZ (2) mixture in
sub-atmospheric distillation column due to thermal sensitivity of DMAZ. For designing of the column,
it is necessary to have vapor-liquid equilibrium data. In this article, T-x,y and y-x diagrams
were obtained under 40 mbar pressure. Results showed that there exists an azeotrope in the mixture
of water (1) + DMAZ (2). Experiments were conducted at different vapor flow rates in the batch
distillation column to determine the time necessary for purification of DMAZ. Comparing
the experimental results for the distillation time with the theoretical results presented an error time
of about 2.6%.
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INTRODUCTION
Hydrazine derivatives such as monomethyl hydrazine
(MMH), un-symmetrical dimethyl hydrazine (UDMH)
and Aerozine-50 (a mixed fuel of hydrazine and UDMH)
have been used since 1949 in space programs. Despite
their good performance, they are carcinogen [1-3].
Therefore, it is pursued to replace them with a
non-carcinogen fuel. During an extensive research program,
the National Aeronautics and Space Administration (NASA)
introduced dimethyl amino ethyl azide (DMAZ)
as a novel liquid fuel in space industries [4]. DMAZ
is synthesized from the reaction between dimethyl amino
ethyl halide and sodium azide. The produced DMAZ
contains up to 3 wt% of water [5,6]. For storage and
using of DMAZ in satellite carrier rocket, it must
be purified so that the final water should be less than
0.3 wt% [1]. Several methods may be used for purification
of DMAZ. However, high consumption of DMAZ
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for a rocket dictates to provide an industrial method.
Distillation is suggested for this purpose. Azide group
(-N3) in DMAZ is generally thermal sensitive [7]. So
the distillation should be carried out at sub-atmospheric
pressure. Preliminary experimental tests showed that
pressure of 40 mbar was appropriate in sub-atmospheric
batch distillation [8].
In chemical technology, Vapor-Liquid Equilibrium (VLE)
data is necessary for design of distillation column [9-12].
Two points should be considered in design of a batch
distillation column: (i) the boiling diagram for
the components, which serves as the basis for equilibrium
diagram, appropriate for process calculation; and
(ii) establishment of the necessary data for batch
distillation [13]. Batch distillation column can be run in
three different modes: with constant reflux ratio, constant
overhead composition and as time optimal batch distillation.
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EXPERIMENTAL SECTION
Chemicals
DMAZ was synthesized from the reaction between
dimethyl amino ethyl chloride and sodium azide [5] with
purity >99.9wt%. The water used was re-distilled.
Apparatus
Karl Fischer titration is more expensive than
refractometry. On the other hand, the refractive indexes
of pure water and pure DMAZ are 1.333 and 1.448,
respectively [19,20]. So it seems that the refractory would
be a useful method for determination of water content
in the mixture for drawing VLE diagram. Refractometry
method has been used in a similar work by Stefanic et al. [21].
For this purpose, the refractive index was measured using
a thermostatically controlled refractometer (OPTECH,
Germany) equipped with a digital thermometer, with
an uncertainty of ± 0.01 °C.
The vapor-liquid equilibrium data was obtained
using of modified dynamic phase equilibrium apparatus
(model VLE 602/50, i-Fischer Engineering, Germany).
The temperature range of the operation was up to 50oC
and the pressure range was from 40 mbar to 1 bar.
The amount of mixture loaded in the cell was 100 cm3.
The temperature was detected with a digital precision
platinum resistance thermometer (Hart Scientific, Model
1506), calibrated according to the MIL-STD-45662-A
standard with the accuracy of ±0.05oC. A pressure
transducer VKH 300, calibrated against an MKS Baratron
type 170 M system, was employed to measure
the pressure. The pressure was maintained at its set point
with an electric pressure controller within ±1 mbar.
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The operation with constant overhead composition
is closer to the optimal than to constant reflux technique
and also easier to control than the optimal batch distillation.
To maintain constant overhead composition, the reflux
ratio should be increased continuously. When variable
reflux control is to be used and determined in advance,
the shortest time operation can be achieved [14-18].
VLE data for water-DMAZ system have not been
published yet. The aim of this technologic or engineering
work is therefore to determine the boiling diagram
for water (1) + DMAZ (2) system. Also by conducting
the batch distillation, the time necessary for purification
of DMAZ at different vapor flow rates will be determined.
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Fig. 1: Calibration line for measuring of water in water (1)DMAZ (2) mixture

After determining VLE data for DMAZ-water,
purification of DMAZ was carried out in a sieve tray
distillation column in batch state. The diameter of
the column and number of tray were 5 cm and 5,
respectively. All parts of the column were made from
glass. The column was insulated by glass wool.
Procedure
The refractometer was frequently calibrated using of
double-distilled water. Water was circulated into the
instrument through a thermostatically controlled bath
maintained at the constant temperature with accuracy of
± 0.01 °C. At least, three analyses were made for each
sample. The refractive index data was obtained for binary
mixture of water (1) + DMAZ (2) at 20oC. The
composition of the mixture is expressed by mole fraction
x of the more volatile component, water in this case.
RESULTS AND DISCUSSION
VLE diagram
Dependency of refractive index on water content
in water (1) + DMAZ (2) mixture is illustrated in Fig. 1.
As it is shown, there is a good linear relationship between
refractive index and the water content.
On the basis of the calibration curve (Fig.1),
the vapor-liquid equilibrium measurements were performed
over the entire concentration range at 40 mbar pressure.
Fig. 2 demonstrates boiling point of the mixture versus
the composition of water. It is considerable that the dew-point
(T-y) curve lies above the bubble-point (T-x) curve.
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The mixture has a minimum temperature azeotrope.
It may be that nitrogen atom in DMAZ forms hydrogen
bonds with water. Also y-x diagram of the mixture
is given in Fig. 3 at 40 mbar pressure. As it is seen,
the mixture shows an azeotrope at x1 about 0.96.
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Fig. 2: T-x-y diagram for water (1) + DMAZ (2) at 4 kPa: -■experimental liquid-phase mole fractions, x1; -♦- experimental
vapor-phase mole fractions, y1.

Dependence of reflux ratio on liquid composition
The dependency of reflux ratio R on bottom
composition x1,B can be found by graphical method
for the construction of operating lines at different reflux
ratios in the equilibrium diagram (Fig.4), taking into
account the values: the initial molar bottom composition
x1,B0=0.03, the required molar bottom composition
x1,Bf= 0.003, the distillated composition x1,D=0.96
and 5 trays or stages as an acceptable starting technical
solution.
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a useful expression for the solution of Bogart’s integral,
which describes the time dependency on bottom
composition [22]:
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Fig. 3: Equilibrium y-x diagram of water (1) + DMAZ (2)
mixture at a constant pressure of 40 mbar.
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Fig. 4: Reflux ratio (R) as a function of water concentration
in bottom composition (x1,B) to reach an azeotrope
concentration (x1,D= 0.96).
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Where B0 is the initial total mole of the mixture
in the feed vessel and V is vapor flow rate.
Using data from Fig.4, coefficients m and n were
calculated and the relationship between reflux ratio R and
bottom composition x1,B is obtained:
0.5995
R  0.6036x1,B

1010

00 0
0

Bo .(x1,D  x1,Bo )

(2)

Equation (2) enables the analytical solution of
Bogart’s integral (Eq.(1)), taking into account specific
technical data like heat flux and vapor flow rate.
For a batch vacuum distillation column with 5 sieve
trays, 17.5 mole of the feed (containing 0.525 mole
water) and totally condensing, the required time
for separation of water was calculated at various flow rates
of vapor. The results are given in Table 1. Also the measured
times for this purpose are given in this table. In these
experiments, receiver is a calibrated cylindrical vessel,
so the volume flow rate of distillate (V) is measured
in no reflux state. As it is shown in Table 1, the average
percent of absolute relative deviation of time between
the calculated time of distillation (from Bogart’s integral)
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Table 1: The time for separation of water from water (1) + DMAZ (2) mixture (B o = 17.5, x1,D= 0.96, x1,Bo= 0.03, x1,Bf = 0.003).
Experiment No.

V(mol/min)

Calculated t from eq.(1) (min)

Measured t (min)

Percent of absolute relative deviation of time

1

0.27

16.83

16.95

0.7

2

0.34

13.36

13.86

3.6

3

0.43

10.57

10.94

3.4

4

0.55

8.26

8.52

3.0

5

0.62

7.33

7.51

2.4

6

0.74

6.14

6.28

2.3

and the experimental time is about 2.6%. In measuring
the time, it was tried to insulate the column. Also, in each
case heat source (mantle) was adjusted to obtain
the certain V value.

x1,B
x1,B0
x1,Bf

CNONCLUSIONS
Dimethyl amino ethyl azide (DMAZ), as a novel
liquid fuel in space programs, was purified from
a mixture of water (1) + DMAZ (2) in a batch
sub-atmospheric (40 mbar) distillation column due to thermal
sensitivity of azide group in the DMAZ molecule.
For this purpose, vapor-liquid equilibrium data (T-x-y and
y-x diagrams) were experimentally obtained for this
mixture. It was observed the mixture had an azeotrope at
xwater= 0.96. Also, reflux ratio versus the bottom
concentration of water (as a volatile component) was
obtained. Using of Bogart’s integral, separation time
of water from the mixture up to azeotrope concentration
was determined both theoretically and experimentally.
This study represents a useful basis for technological
development of a purification unit as a part of the liquid
fuel production equipment.
NOMENCLATURES
B0 Initial amount of the mixture in the feed vessel, mole
DMAZ
Dimethyl amino ethyl azide
((CH3)2-N-CH2-CH2-N3)
20
nD
Index of refraction of water in mixture
R
Reflux ratio
T
Temperature, oC
t
Time needed for separation of water from
mixture, min
V
Vapor flow rate, mol/min
x1
Mole fraction of water in liquid phase

110

x1,D
y1

Mole fraction of water in distillation
column at any time
Mole fraction of water in distillation
column at initial time (t=0)
Mole fraction of water in distillation
column at final time
Mole fraction of water at the top of
column or in distillate
Mole fraction of water in vapor phase
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