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Abstract

Ammonium nitrate can be used as oxidizer in missile propellant. It is present as the main element in many manufacturing
explosives. Due to the surface polarity of ammonium nitrate, the particles can easy absorb moisture. In this study, ammonium
nitrate particles were coated by cetylalcohol surfactant due to decrease the hygroscopicity. The optimized physical coating process
using cetylalcohol was achieved by (L°(3*)) Taguchi orthogonal array (TOA).The analysis of TOA revealed that the highest
decline of absorption rate was 35.45% with the mass ratio of coating layer was 0.95%. Scanning electron microscopy (SEM) was
used to characterize the surface of coated and uncoated ammonium nitrate. The idea and approach presented in this study can
support the researchers to improving anti-hygroscopicity of ammonium nitrate.
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I. INTRODUCTION

Ammonium nitrate (AN) has many uses in a fertilizer
and energetic materials, such as explosives and propellants
[1]. AN particles is obtainable, inexpensive value, and easy
to manufacture [2]. In comparison, ammonium perchlorate
(AP) have a significant impairment to the surroundings area
when used as oxidizer, thus, AN particles will come to be a
potential replacement after handling its disadvantage such as
hygroscopicity, phase transitions, and low burning rate [2]-
[4]. Conversely, the AN particles it can easy absorb moisture
from surrounding environmental [2], [4]-[6]. The high polarity
surface of AN growths the possible of the molecules to
absorb moisture [7]. Many research has been done on surface
modification of AN particles to reduce the hygroscopicity, such
as using a physical coating by C,, Hap, 2, C18 H3602, mineral
oil coated on the surface of the ammonium nitrate particles,
making a hydrophobic coating. Physical coating method is
simple, suitable, easy, and safety in industrialized [8].
Furthermore, the chemical coating method was employed to
decrease absorb moisture of AN by surfactants, coupling
agents and other efficient groups in organic molecules. While
chemical coating method used a smaller amount quantity and
strong binding force, the molecular weight of coating materials
is quite minor, low hydrophobic properties [8]-[10].
Moreover, in 2013, Zhicheng et al. used in conditions of a
temperature of 35C°, a relative humidity of 92%, and an
absorption moisture time of 24 h and chloroform as a solvent,
and the reaction time was 8 h at 65C° to reduce hygroscop-
icity by methyl methacrylate as a monomer in precipitation
polymerization, and azobisisobutyeonitrile as an initiator.
Under the absorption rate of the moisture was reduced from
12.26% to 8.78%, the decline was 28.35%, and the mass ratio
of the coating layer was 0.48 [11], [12]. From the pervious,

the literature of reducing moisture of AN particles using a
different coating materials and coating technique, obtained
under confident conditions, absorption moisture rate a large
decline-coated sample, although significantly modified anti-
hygroscopicity AN particles [13].

Conversely, many tasks are residual. For instance, the index
evaluation of the AN particles hygroscopic effect did not
precisely mention the mass ratio of the coating layer. More-
over, the hygroscopicity test conditions of AN particles coated
keep on undistinguishable. As example, the time of moisture
absorption is fairly small, although both the particle size of
AN and the size of weighting bottle are unidentified, as well
as the process of coated AN particles by surfactant agent
have not been systematically declared, mainly the coating
time and temperature. In this study, the improved physical
coating process using cetylalcohol was completed by (L%(3%))
Taguchi orthogonal array (TOA) to reduce the hygroscopici-
ty. TOA applied to explore convinced factors affecting the
coating process before optimizing our formula in terms of
fixed reaction temperature, time of fixed reaction temperature,
the amount of surfactant, and time of reducing temperature.
Furthermore, the surface morphologies of AN particles were
characterized by electronic scanning microscope (SEM).

II. MATERIALS AND METHOD

A. Materials

Ammonium nitrate supplied by Kecheng fine chemical CO.
Ltd (> 99.0% Shanghai, China), chloroform (> %, Shanghai
Ling Feng Chemical Reagent Co. LTD, China), cyclohexane
and strontium chloride hexahydrate (> 99.0% Chengdu
Kelong Chemical Reagent, China).cetylalcohol (> 0.99%
Chengdu Kelong Chemical Reagent, China), deionized water
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Fig. 2. Morphology of AN/cetylalcohol (a, b), and uncoated AN (c, d)

Fig. 1. Orthogonal experiment of coating AN by cetylalcohol

TABLE 1

.. . . . ATTRIBUTION OF LEVELS TO FACTORS IN L° 34 TOA EXPERIMENTS
(Nanjing University of science and technology water center). (3%)

Factors Levels
1 2 3
A: Fixed reaction temperature 55 60 65
B. Method B: Time of fixed reaction temperature 1.5 2 2.5
C: Amount of Surfactant 1 1.5 2
Ammonium nitrate was coated by physical coating methods D: Time of reducing temperature 78 9
to reduce hygroscopicity [7], [14]. 6 g of AN particles coated
by cetylalcohol in the blend of solvents contain of 15ml
chloroform and 15ml cyclohexane, selecting the solvents for
TABLE II

coating based on the solubility of surfactant agent, and AN
particles is not soluble in this solvents. The coating process
conducted at constant temperature 60C°. After 2 h the heating
was stopped, and then the temperature was slowly decreased
within 8 h to 30C'°, at this stage the water of bath heating was (%) (%) (%)

L? (3*) TOA WITH EXPERIMENTAL RESULTS OF AN/CETYLALCOHOL

HR w A

Z
o
>
o~}
(@]
|w)

replaced by cool water, and when the temperature reached to 1 1 1 1 1 1092 0.82  14.69
25C"°. AN coated was filtered by vacuum filter, and dried at a g i % g § ;gé ?gg ;ggg
certain temperature with considering the melting and boiling 4 2 1 2 3 852 150 29.59
point of each surfactant materials. 5 2 2 3 1 10.67 141 11.82
6 2 3 1 2 8.96 1.13 2595
7 3 1 3 2 9.26 0.55 23.47
8 3 2 1 3 8.90 122 2645
C. Moisture absorption rate 9 3 3 2 1 877 087 2734
k1 2536 2258 2236 17.95
k2 2245 2457 3079 28.29

In (?rder. t(.) estimate the performance of.coating by su.rfactant K3 2575 2641 2041 2733
materials it is necessary to know the moisture absorption rate R 0291 0383 1038 1034
at a constant temperature and relative humidity conditions.
The moisture absorption rate of coated and uncoated AN
particles was determined according to Chinese standards
GJBT70B — 2005 “hygroscopic - drier balance method”,
after modified the conditions test in our group to 5g AN in

TABLE III
VERIFICATION EXPERIMENT OF THEORETICAL OPTIMUM AND THE

6030mm We]gh]ng bottle at temperature of 3500, humld]ty ACTUAL BEST RESULTS OF CETYLALCOHOL
(67.5%), and time of absorption rate tested 24h. The moisture
absorption rate (HR) was calculated by the following equation: HR W Blank AN A Average (A)
No. Average (W) (%)
(%) (%) (%) (%) (%)
M — M,
HR="—"%%100% @)) 1 9.03 0.1 12.10 25.37
MO 2 8.07 0.77 0.85 10.74 24.86 24.44
3 8.26 0.86 10.74 23.09
Where: H R- moisture absorption rate, %. 1 781 1.32 12.10 35.45
M- The weight of sample before absorbed moisture, g. 2 731 115 1.26 10.74 3193 3251
3 7.50 1.32 ‘10.74 30.17

M- The weight of the sample after absorbed moisture, g
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D. Mass ratio of coating layer test

The method determined the mass ratio of coating layer was
developed to reach additional accurateness as following steps:
Firstly: The diameter of filter paper was 18 cm wetted by
using deionized water.

Secondly: An oven used at temperature 1000C to dry the
filter paper the time of trying lh, then the weight of filter
paper was measured (WB).

Thirdly: The coated AN particles after absorption moisture
was dissolved in deionized water, and filtered through a
tapered funnel, and the filter paper was washed several times
by deionized water, and placed in an oven at 1000C for 1h.
Finally, the filter paper was measured again (Wa4).

The mass fraction of coating layer was calculated by following
equation:

M,
W= 220 o 100 2
A, 100% @

Where: W- mass ratio of coating layer, %. M, - The weight
of sample before absorbed moisture, g. M;- The weight of
coating layer, g = W4 — Wp.

E. Decline of moisture absorption rate

The decline of moisture absorption rate was calculated by
following equation:

HRy — HRo o
HR,
Where: A- decline of moisture absorption rate, %. HR;-

absorption rate of AN sample, %. H Ry- absorption rate of
coated AN sample, %.

A= 100 3)

F. Taguchi orthogonal array (TOA)

A L? (3*) TOA was used in the current study to define
the optimal conditions regarding the selected factors which
affect the coating process of AN with cetylalcohol. The design
involved four factors at three levels as shown in Table (I).
These factors were a fixed reaction temperature, time of
fixed reaction temperature, amount of surfactant, and time of
reducing temperature. As shown in Table III, the L? (3%) array
had 9 rows and four columns at three levels.

Table L. Attribution of levels to factors in L° (3%) TOA
experiments

G. Characterization

The surface modified of ammonium nitrate particles were
observed for their morphological characterization study under
scanning electron microscopy (JEOL JSM 6380LYV, Japan), and
used AN without coated as a control.

III. RESULTS AND DISCUSSION
A. Taguchi orthogonal array (TOA)

The results of orthogonal optimization experiments of AN
particles coated by Cg-alcohol, as shown in Table 11, the Lo
(3*) array had 9 experiments and four factors at three levels

as showed in Table I.

Table II. L° (3*) TOA with experimental results of
AN/cetylalcohol

Table II and Figure 1 showed that the R of processing
factors in the orthogonal experiment ranged its values in
order, R > Rp > Rp > Ra. This process had four
factors for their R to be from strong to weak affecting on
the anti-hygroscopicity performance of AN particles coated
with cetyalcohol.

These factors were the temperature of coating process, the
time of coating process, the amount of surfactant, and the
time of decreasing temperature. As showed in Figure 1, the
conditions of theoretical optimum coating process of AN
particles coated with Cg-alcohol to reduce hygroscopicity,
namely A3B3C2D2 were: the temperature of coating process
was 65C°, the time of coating process was 2.5 h, the amount
of surfactant was 1.5g, and the time of decreasing temperature
was 8 h. The conditions of actual optimum coating process,
namely A2B2C2D2 were that, the temperature of coating
process was 60C°, the time coating process was 2 h, the
amount of surfactant was 1.5g, and the time of decreasing
temperature was 8 h. Furthermore, optimum processes in both
theoretical and actual level were repeated for verifying, the
experimental results were shown in Table III.

It could be seen from Table 3 that the repeated average decline
of hygroscopicity of the coated samples of theoretical optimum
results of the experiments was 24.44%, with an repeated
average mass ratio of the coating layer was 0.85%, while
the repeated average decline of hygroscopicity of the actual
optimum point of the experiments was 32.51%, the repeated
average mass ratio of the coating layer was 1.26%. The anti-
hygroscopicity performance of actual optimum results was
better than that of theoretical best points. Therefore, the
optimum coating conditions of the anti-hygroscopic surface
modification of AN particle coated by Cetylalcohol were as
follows: the temperature of coating process was 55 C, the time
of coating process was 2 h, the amount of surfactant was 1.5g,
and the time of reducing temperature was 8 h.

The optimum results were as follows: the decline of hygro-
scopicity was 32.51% and the mass ratio of coating layer
was 1.26% under the moisture absorption test conditions, the
temperature was 35 C, the relative humidity was 68% and the
time of hygroscopicity test was 24 h.

B. Scanning Electron Microscopy (SEM)

Different scale bar of 100m, and 50m Electron micrographs
demonstrated in figure 2 respectively. This figure, showed that
the characterization of the surface morphology of the AN
particle coated by cetylalcohol. The Sample No.2 in Table
IT (a, b) which showed a difference in the shape particles and
the surface smooth without cracking in surface coating layer
as compared to AN particle without coating (c, d). Moreover,
the difference between the coated AN particle and AN particle
without coating significance displayed.

IV. CONCLUSION

AN particles coated by cetylalcohol to reduce hygroscopici-
ty. The optimized modification process of coating AN particles
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were successfully prepared as a result of TOA analysis. The
highest decline of absorption rate was 35.45% with the mass
ratio of coating layer was 0.95%. The cetylalcohol showed
a promising coating surfactant agent for AN particle, and
it should be exposed for advance investigations as anti-
hygroscopicity.
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