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ABSTRACT: Fertilizer industries are trying to develop many new products containing a small amount of
sulphur in the fertilizer, in order to have a specific action to enrich the soil and the plant with what they need of
organic matter and other elements. Recently, one of the most important things is the production of phosphate
fertilizers containing a considerable percentage of sulphur element.

The laser granulometry technique is used to characterize the size of sulphur particles incorporated in the
triple superphosphate fertilizer. An entire experimental process is introduced to separate sulphur particles from
the other components of the fertilizer. This process is based on the solubilization of phosphate fertilizer in
organic or in inorganic acid. For this reason, we studied the conditions, that ensure its perfect solubilization
while maintaining the size of sulphur particles, such as: stirring time, stirring speed and temperature. Also, we
evaluated the effect of three acids used as extractants such as: citric acid, sulfuric acid and acetic acid. The first
one (citric acid) proved its performance for the solubilization of phosphate fertilizer without significant influence
on the size of sulphur particles. However, the second one (sulfuric acid), decreased the solubility of triple
superphosphate fertilizer and maintained the size of sulphur particles. Nevertheless, the third one (acetic acid)
had no impact on the solubility but reduced the size of sulphur particles. The others parameters related to
stirring time, speed and temperature demonstrated a varying effect with regard to the solubility of the phosphate
fertilizer and also to the size of sulphur particles.
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l. INTRODUCTION

Phosphate fertilizers provide great benefits for soil fertility and for a normal growth of many agricultural
products. That because, phosphorus element (P) plays an indispensable role in improving the productivity of
yields [1][2][3][4].

Multiple researchers [5][6][7] reported the techniques of manufacturing phosphate fertilizers. The input of
new amelioration to the process of these fertilizers manufacturing has also been reported [7] to achieve several
objectives such as: decreasing energy consumption, increase the production with reduced specific reactive
consumption, respect the environment. . .etc.

Phosphate fertilizer becomes more and more efficient if it is enriched, in small quantities, with other
nutrients like as: sulphur, calcium, magnesium, sodium...etc. In this paper, triple superphosphate fertilizer (TSP)
enriched with elemental sulphur (S°) constitute our interest.

Many agronomic researchers [8][9][10][11] show the benefit of S-containing fertilizers to the promotion
and enhancement of cultures. Furthermore, the phenomenon of elemental sulphur dispersion in fertilizers has
been studied repeatedly using different approach. For this purpose, we mention the use of new stirring device
technology [12][13] or the inclusion of surfactant additives [14][15][16] for obtaining a fine dispersion and a
homogenous distribution of S° particles in the fertilizer matrix. Furthermore, it was pointed out that the size of
sulphur particles in fertilizers greatly impacts the effectiveness of fortified fertilizers.
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In general, there are several methods to determine the size of the particles. However, the performance of
each method depends on the morphological conditions of these particles [17][18]. Additionally, granulometric
analysis techniques are extensive: laser diffraction, settling, sieving... etc; each technique has its domain of
application and its limitations [19]. Nevertheless, we focused especially in this work to the laser granulometry
technique for measuring the size of sulphur particles within TSP fertilizer.

Laser granulometry is one of the best methods used for measuring and estimating the particle size
distribution. This technique has attracted the interest of several researchers, especially in soil and sediment
science [20][21][22][23][24]; that due to the adoption of this technique physical models (Mie and Fraunhofer
theory) for examining particle size distribution [18].

The usual method consists of analyzing the size of sulphur particles in the TSP fertilizer using a
microscope. However, the aim of this study is to examine the possibility of using the laser granulometry as an
alternative technique for this analysis. For this purpose, elemental sulphur particles were extracted from the
phosphate fertilizer matrix without affecting their size.

1. EXPERIMENTAL PROCEDURES
2.1  PREPARATION OF SULPHUR CONTAINING TRIPLE SUPERPHOSPHATE FERTILIZER

The method used in this work to prepare sulphur-containing triple superphosphate fertilizer (TSP-S),
consistes in incorporating elemental sulphur (10% w/w) in the fertilizer matrix. An anionic surfactant (0,5%
w/w) is used for the dispersion of liquid sulphur in the phosphoric acid. This prepared mixture, is added to the
phosphate rock through moderate stirring. Fig. 1, shows the appearance of the dried processed product.

Fig. 1: Imagery of the prepared TSP-S fertilizer sludge obtained with a stereo-microscope camera

2.2 SOLUBILIZATION OF PHOSPHATE FERTILIZER AND EXTRACTION OF ELEMENTAL SULPHUR
FOR LASER GRANULOMETRY CHARACTERIZATION

The solubility of phosphate fertilizers constitutes a big issue in the fertigation field. Agronomic
researchers are interested in the solubility of mineral fertilizers, for the phosphorus (P) management and the
reduction of P loss in the soil, thereby a good exploitation of this nutriment by plants [25][26][27]. Other
researchers are interested in phosphate-solubilizing microorganisms in order to increase fertilizer efficiency and
also for a sustainable agriculture [28][29]. However, we interested in this article to analyze sulphur particles in
TSP fertilizer by the laser granulometry technique. For this purpose, the solubilization of TSP fertilizer must be
performed for the isolation of S° particles.

Some previous works have reported the appropriate conditions for the solubility of phosphate fertilizers,
such as: type of chemical extractants, temperature, stirring speed and solubilization time [30][31][32].
Nevertheless, we determine in this study the effect of six parameters on TSP fertilizer solubility; these
parameters are: stirring time, stirring speed, temperature and as extractants; citric acid, sulfuric acid and acetic
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acid. To examine the effect of each parameter in an accurat and economical way, a design of experiment has
been used. Table 1 summarized the levels tested, in a screening design, of each parameter.
The steps carried out for phosphate fertilizer solubilization are as the following:

e Solubilization of a representative sample of 45 g of TSP-S fertilizer (prepared before) in 1500 ml of the
extractant shown above and in the appropriate conditions of each experimental test. Table 2 presents the
Plackett-Burman matrix of this study.

e A centrifugation method is performed to separate the solid residue from the solvent at 25°C for 15 min
at 2000 tr/min. Fig. 2 shows the centrifuge tubes after separation into the centrifuge machine.

e The solid residue is then washed with water under a 63 um sieve until the sulphur particles are
completely isolated.

e The isolated elemental sulphur particles are then dried and characterized by the laser granulometry
technique.

Table 1: Experimental conditions for the solubilization of TSP fertilizer

Parameter Stirring Stirring speed | Temperature | Citric acid Sulfuric Acetic acid
time (min) (tr/min) (°C) (%) acid (%) (%)
Low level (-1) 60 300 50 0 0 0
High level (+1) 120 500 80 2 2 2

Fig. 2: Centrifuge tubes after the separation of solid residue from the solvent

1. RESULTS AND DISCUSSION

3.1 THE SOLUBILITY RATE OF TSP FERTILIZER

Two significant issues were studied in this work: the solubility of TSP fertilizer and the characterization
of isolated elemental sulphur particles using the laser granulometry technique. For this purpose, we investigated
under different experimental conditions, as summarized in table 2, two responses which are: the solubility rate of
TSP fertilizer and the size of sulphur particles in which 90% of the sample is below this dimension.

Table 2: Experimental design of TSP fertilizer solubility and elemental sulphur granulometry

Stirring Stirring - Acetic . Y1 Y2:
Teft time speed Tempc))erature c.:'t"c acid SU_|fUI‘IC Solubility D (0.90)
N . . (°C) acid (%) acid (%)
(min) (tr/min) (%) rate (%) (um)
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1 120 500 80 0 2 0 81.64 377.21
2 60 500 80 2 0 2 77.36 386.10
3 60 300 80 2 2 0 76.60 387.21
4 120 300 50 2 2 2 91.31 395.92
5 60 500 50 0 2 2 38.31 405.32
6 120 300 80 0 0 2 56.36 413.07
7 120 500 50 2 0 0 86.44 397.75
8 60 300 50 0 0 0 77.73 400.51

The study of numerous parameters using the screening design methodology allows the experimenter to
save time and obtain convincing information on eatch parameter [33]. By the way, using the Placket-Burman
design for the six parameters studied provides eight experiments as it is shown in table 2. This combination of
experiments allowed us to find the most significant factors among the six factors tested. Fig. 3 is an illustration
of the data analysis presented in table 2. This graphical representation shows the effects of the factors on the
response (a) and the statistical Pareto approach (b).

a) -10.00 -5.00 0.00 500 10.00
' ' L

Stimng time b1
Stimng speed b2
Temperature b3
Citnc acid b+
Aceticactd b5

Sulfunc acid b6 -7.38

Fig. 3: a) Effects plot of TSP fertilizer solubility and b) its cumulative Pareto approach

The analysis of fig. 3 above, reveals that the solubility of TSP fertilizer is diversified. That because this
response is highly influenced by the citric acid used as chemical extracting agent, to increase the solubility of
TSP fertilizer, which is compatible with the bibliography [31][32]. According to the Pareto graph, it is claear that
two factors are active on the solubility of TSP fertilizer. These are citric acid and sulfuric acid, which constitute
79% of the response. In addition, according to a previous study [34], commercial fertilizers are not completely
soluble. Generally, 85 to 90 % of the total P of these fertilizers is dissolved in water and the balance is soluble in
citrate.

The effect plot presentation, shows that citric acid has a positive effect, however the extraction with
sulfuric acid has a negative effect on the response. Furthermore, stirring time parameter promotes the
solubilization. As the extraction time is longer, the TSP fertilizer solubility is better. The other remaining
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parameters: Acetic acid extracting agent, temperature and stirring speed have no significant effect on the
response.
3.2 ANALYSIS OF SULPHUR PARTICLES BY LASER GRANULOMETRY TECHNIQUE

The analysis of elemental sulphur particles by laser granulometry technique requires a whole extraction
process, which depends of several parameters. These parametres are the same as those discussed before. In this
work, we investigated the conditions that allow an approximate determination of elemental sulphur particle size
containing in the slurry of TSP fertilizer, by laser granulometry method. Furthermore, it is known that this
technique allow the measurement of particle size characteristics and among them: D (0.90), which is our interest.
The data treatments in table 2 still produce the results shown in fig. 4.
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Fig. 4: a) Effects plot of sulphur particles analysis by laser granulometry technique and b) its cumulative
pareto approach.

The cumulative Pareto approach presented in fig. 4 (b), shows that the size of elemental sulphur particles
resulting from the present process, is influenced by four parameters. These parameters are: sulfuric acid
extractant agent, temperature, acetic acid extractant agent and stirring speed. They constitute 84,19 % of the
experimental response. Otherwise, the analysis of the effect plot (fig. 4, a) gives us further information on the
impact of eatch parameter on the response as follows:

Sulfuric acid extractant agent influences positively the size of sulphur particles. In other words, the
extraction of S° particles using this solvent has no impact on the size of sulphur particles. Consequently, this
result explains the negative influence of this parameter on the solubility response.

The temperature, acetic acid extracting agent and stirring speed influence negatively the size of sulphur
particles. The solubilization temperature experienced in this work indicates that its increase damaged the size of
sulphur particles. Additionally, the extraction with acetic acid at high speed reduces the particle size of S°.

Finally, the stirring time and the extraction with citric acid have no significant influence on the analysis of
sulphur particles by the laser granulometry technique.

V. CONCLUSION

This work provided an overview of the analysis of sulphur particles, extracted from TSP fertilizer, by
laser granulometry technique. The extraction of S° particles requires a long solubilization process in which some
parameters have been evaluated. Moreover, screening design methodology has been adopted with eight
experiments for the six parameters tested. The responses desired are the solubility rate of TSP fertilizer and the
size of S” represented by D (0.90).

It is concluded that the favorable conditions for sulphur extraction could affect the characterization of this
element by the laser granulometry technique. As a highlight, it is confirmed that citric acid is a relevant
extracting agent for the solubilization of TSP fertilizer and restricts the size of sulphur particles.
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This article demonstrated that laser granulometry technique is a useful tool to identify the size of
elemental sulphur particles extracted from TSP fertilizer. The appropriate conditions for a better solubilization of
TSP fertilizer are well determined. However, sulphur particles size extracted under the solubilization method
proposed herein, are critical and is likely to open new pathways for phosphate fertilizer solubilization.
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