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Abstract

Sulfur as a coating material has insoluble properties in water and is required by plants as macronutrients. This
research is intended to make urea slow release sulfur-coated fertilizer. The process of urea fertilizer coating is done
by using spouted bed. Spouted bed is a glass shaped cone-cylinder with diameter of 15 cm and height 50 cm. The
cone section has a diameter of 5 cm and a slope of 60°. A total of 1000 grams of urea is fed into the spouted bed.
Operating conditions used are bed temperature 60, 70 and 80°C with coating time 10, 15 and 20 minutes. The
minimum air fluidization required is 0.4221 m/s. Contact between urea and sulfur occurs on a counter-current basis.
Making SCU is successful with lower dissolved urea rate than pure urea. The lowest dissolved SCU rate is produced
at 10 minutes coating time and 50°C bed temperature is 55,675% (d7). This value indicates that the SCU is more
efficient than urea without sulfur having a dissolved percentage of 95.68% (d7).

Keywords: Box behnken design; Spouted bed; Slow release fertilizer;
Sulfur; Urea

Introduction
Urea is the most popular and economical nitrogen fertilizer used

worldwide. Compared with other types of nitrogen sources, urea has
the greatest nitrogen (N) content of 46% [1]. The amount of urea
solubility in the water, causing leaching on urea into the soil before the
plant can absorb the N content. In addition to leaching caused by rain
and irrigation, N also can be wasted due to the evaporation of
ammonia and urea decomposition. And it has been reported that
about 55% of the urea fertilizer used is not absorbed by plants [2].

In general, fertilization at different times coincides with different
growth stages to meet the nutritional needs of the plant. However, the
technique requires more expensive, labor intensive, and operationally
quite difficult [3]. This may add to the release of discharged fertilizer as
harmful gas emissions (NH3, N2O, etc.) [4] and cause seed toxicity [5].
Therefore, the researchers formulated controlled release coated urea
(CRCU) that serves to increase yields and reduce the effects of harmful
gas emissions and seed toxicity [6]. Some of the growing CRCU
coatings are thermo-plastics, resins, sulfur, etc. [1]. Sulfur becomes the
best coating because it has many advantages, besides being the most
effective coating also includes secondary nutrients of plants and agents
that neutralize the soil alkalinity [7].

Some research on sulfur coated urea (SCU) with sulfur coatings has
been done with various methods (rotating drum, fluidized bed and
spouted bed). The coating process using spouted bed is better than
other methods. The spout leads to a better urea circulation. SCU with
sulfur coatings using spouted bed was first developed by Mathur and
Epstein [8].

The coating of fertilizer to be used as SCU fertilizer is done in batch
condition. The batch process produces a more evenly distributed sulfur
layer than a continuous process because the particle distribution is

almost uniform [9]. Therefore, urea coating using sulfur this time is
done in spouted bed and takes place in batch. This research was
conducted to know the dissolved process of sulfur coated urea with
Box-Behnken Design.

Materials and Methods

Materials
Commercial urea granules with a nitrogen content of 46% were

supplied by Petrokimia Gresik. The material selected as coating
material was molten sulfur. Sulfur resists leaching or washing through
the soil into the water supply. Commercial-grade sulfur was obtained
from PT Belirang Kalisari. Molten sulfur as the material to coat the
urea inside the spouted bed is made by melting the sulfur solids at
150°C [10].

Experimental equipment and procedure
A spouted bed coater, shown in Figure 1, was used to coat the urea

particles. This spouted bed have a cone-cylinder shape that has a
diameter of 15 cm with a height of 50 cm. The cone section has a
diameter of 5 cm (with an angle of 60°). There are 2 sets of readings
and temperature controls used in the reactor i.e., temperature
controller (Autonics TCN4M) and for sensors using 2 thermocouples.
Thermocouple I is present in a 32 cm long molten sulfur tank mounted
right in the middle of a sulfur molten tank and a thermocouple II is
found in a 30 cm spouted bed mounted in the middle of a spouted bed.
The spray nozzle in the coater has an internal diameter of 3 mm and an
outer diameter of 6 mm. The air that gets into the spouted bed is
heated first using a heater band. There are 2 band heater that will be
used in this research. Band heater is a cylindrical electric heater and
made of stainless steel. The band heater I has a diameter of 65 mm and
a height of 100 mm and the band heater II has a diameter of 270 mm
and a height of 220 mm.
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Figure 1: Schematic diagram of a 3D spouted bed coater
Keterangan: 1. Spouted bed, 2. Compressor I, 3. Compressor II, 4.
Band Heater, 5. Rotameter, 6. Molten Sulfur Tank, 7. Pump, 8. Spray
Nozzle, 9. Sampling Port, 10. Thermocouple, 11. Temperature
Controller, 12. Perforated Plate.

In the first step, this study were carried out to evaluate the
minimum spouting velocity (Vms). It was determined experimentally
and using the empirical correlation proposed by Mathur and Gishler
[11] (Equation 1) for a urea load of 1000 grams.

��� = ���� ���� 1/3 2��0(��� − ����)���� 1/2
(1)

The operating flow rate for the coating runs was set 10% superior to
the minimum spouting velocity. Urea as much as 1000 grams is
inserted into the spouted bed. The spout air compressor is turned on so
as to cause cyclic movement of the urea pile. Once the steady state is
reached, the heater is switched on. Then the temperature inside the bed
is set at the spouting temperature variations of 60°C, 70°C and 80°C.
After the temperature inside the bed is constant, the atomizing
compressor of the water is ignited, and the molten sulfur tank valve is
opened to drain molten sulfur to the nozzle spray.

Molten sulfur in spray nozzle collides with high-speed atomizing
water to form droplet-droplet. Then the droplets are in contact with
urea particles on a counter-current basis to form a layer of sulfur on
the outer skin of urea particles. The sulfur layer will dry out due to the
time when it fell to the bottom of the bed as an annulus. The urea
particles will be circulated and re-coated when pushed toward the
upper bed. The molten sulfur flowrate is set at 8 mL/minute. This
process lasts for 20 minutes, where every 5 minutes after 10 minutes is
taken through port sampling as much as 10 gram as a coating time
factor. Then, 10 g sample SCU was placed in 50 mL of distilled water
(38°C) in an Erlenmeyer flask and sealed. Every 24 hour for 7 days
(d7), 0.01 mL of solution was sampled. The extracted samples was then
analyzed using refractometer to obtain the urea concentration in the
solution at a particular time.

Statistical analysis
To analyze the trend of dissolution rate of SCU, Box-Behnken

Design is used without replicate [12]. For statistical calculations, the

relation between the coded values and actual values are described as
the following equation:

Xi=(Ai-A0)/ΔA, (2)

Where Xi is a coded value of the variable; Ai the actual value of
variable; A0 the actual value of the Ai at the centre point; and ΔA the
step change of variable. The levels of the variables and the experimental
design are shown in Table 1.

Run
Ts(°C) ts(min) tD(day) %D

X1 Code X1 X2 Code X2 X3 Code X3

1 60 -1 15 0 1 -1 16.06

2 70 0 20 1 1 -1 13.19

3 70 0 15 0 4 0 48.27

4 80 1 15 0 7 1 58.88

5 70 0 20 1 7 1 69.78

6 80 1 15 0 1 -1 22.86

7 70 0 15 0 4 0 48.27

8 80 1 10 -1 4 0 44.78

9 80 1 20 1 4 0 43.72

10 70 0 15 0 4 0 48.27

11 60 -1 20 1 4 0 42.82

12 60 -1 15 0 7 1 55.63

13 70 0 10 -1 1 -1 21.62

14 60 -1 10 -1 4 0 40.64

15 70 0 10 -1 7 1 66.26

Table 1: The Box-Behnken experimental design with three
independent variables.

For predicting the optimal point, a second-order polynomial
function was fitted to correlate relationship between variables and
response. Quadratic equation for the variables was as following:

Y=β0+ΣβiXi+ΣβiiXi
2+ΣβijXiXj, (3)

Where, Y is the predicted response; β0 a constant; βi the linear
coefficients; βii the squared coefficients; and βij the cross-product
coefficients.

The software Minitab 16 was used for the regression and graphical
analysis of the experimental data obtained. A differentiation
calculation was then employed for predicting the optimum values of
temperature bed and coating time for the minimum dissolution (%D).

Product characterization
The characterization of the product was carried out by water soluble

urea test, sulfur content test and know the morphology of product by
Scanning Electron Microscopy (SEM) method.
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Results and Discussion
The independent variables (temperature bed, coating time and

dissolution day) were explored using Box-Behnken design. Table 1
represents the design matrix of the variables together with the
experimental results. 12 experiments were performed at the different
combinations and 3 experiment were under the same conditions but
no repeat. By applying multiple regression analysis on the
experimental data, the following second-order polynomial equation
was found to explain the dissolved urea concentration:

Y=-256+7.29X1+0.8X2+10.98X3-0.0482X1
2-0.0185X2

2-0.566X3
2-0.0

162X1X2-0.0296X1 X3+0.199X2X3  (4)

Where, Y is the predicted dissolved urea concentration; X1, X2 and
X3 are the coded values of temperature bed, coating time and
dissolution day, respectively. The parameter estimates and the
corresponding P-values (Table 2) suggest that dissolution day (X3) have
a significant effect. The square of temperature bed and dissolution day
also had significance on correlation of coefficients with the low P-
values of less than 0.1. But no significant correlation of coefficients on
interactive terms.

Coefficient Standard Error p-value

Constant 48.27 2.45 0

X1 1.89 1.5 0.264

X2 -0.47 1.5 0.765

X3 22.1 1.5 0

X1
2 -4.82 2.21 0.081

X2
2 -0.46 2.21 0.842

X3
2 -5.1 2.21 0.069

X1 X2 -0.81 2.12 0.718

X1 X3 -0.89 2.12 0.693

X2 X3 2.99 2.12 0.218

Table 2: Results of regression analysis of the Box-Behnken design for
urea dissolution.

The computed F-value of 217.46 is much greater than the F (25.65)
value in statistic table at 1% level, which reflecting the high significance
of the model. Here the R2 value of 0.979 indicates a good agreement
between experimental and predicted values and implies that the
mathematical model is very reliable. From equations derived by
differentiation of equation 4, the optimal values of X1 and X2 on hold
value 7 days dissolution day in the coded units were found to be -1.
Correspondingly, we can obtain the minimum dissolved urea
concentration of the model, which was 60°C of temperature bed and
10 minute of coating time, respectively. The minimum predicted value
of dissolved urea concentration obtained was 55.675%.

Using the Minitab 16 software, the response surface curves and its
corresponding contour curves described by the regression model are
constructed in Figure 2. Here, each response surface plot represents the
effect of two independent variables at an optimal level of the third
variable. The shape of the corresponding contour plots indicates
whether the mutual interactions between the independent variables are
significant or not.

Figure 2: Effect of temperature bed, coating time, and dissolution
day on urea concentration by Box Behnken Design.

In this study we conducted a SEM test on sulfur coated urea to
determine the thickness of the sulfur lining the urea surface. In Figure
3 the urea that has been coated sulfur is cut manually using a cutter. In
the figure it can be seen that the urea surface is coated by sulfur, but
the sulfur lining the urea is uneven, where there is a surface of urea
that has a thick layer of sulfur and there is a surface of urea that has a
thin layer of sulfur. The difference in thickness is due to the sulfur rate
used in the study is not constant.

Figure 3: SEM of SCU product at coating time 20 minutes with bed
temperature. (A) 60°C (11,3946 nm), (B) 70°C (132937 nm), (C)
80°C (151928 nm).

To determine the thickness of the sulfur lining of urea, a
measurement of the SEM results can be seen in Figure 3, where the
mean diameter of the SCU under each operating condition is reduced
by the mean diameter of the urea. Based on the measurement results,
the thickness of sulfur 60, 70 and 80°C is 0.2618, 0.2673 and 0.045,
respectively.
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