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Abstract
This research aims to analyze the degradation of urea in its storage process, observing the environmental
conditions of the storage building and also the storage time. In order to carry out such analysis, a field
experiment with a completely randomized design (CRD), 3 × 4, was set up, with eight 50 kg bags divided in four
different locations, being a shed, an underground basement, and two reduced models built in wood, where one
received thermal input minimization treatments and the other with simplified coverage and closings. Within the
four environments, temperature (DBT) and temperature (WBT) were measured, where it was possible to obtain
the relative humidity values enabling thus crossing the internal climatic data with the process of urea degradation
in storage for a period of three months. To analyze urea degradation, the analytical manual of fertilizers of the
Ministry of Agriculture (MAPA) was used. The analyses of the physicochemical parameters of nitrogen content,
density, humidity, total bag weight, and also granulometry were carried out monthly. The data were validated by
one (ANOVA) and Tukey test with 5% probability of error. The results show that the environments with higher
temperatures had a higher volatilization of nitrogen, the losses reached about 13% during the evaluated period.
Losses of up to 5.3% of the density of the analyzed samples were also observed. In relation to the initial
weight of the bags, losses totaled a reduction of 1.5%. It was also possible to conclude that the lowest losses
were recorded in places where there was greater ventilation during the day, where the thermal inertia of the
building dissipated.
Keywords: degradation, density, granulometry, humidity, hygroscopicity, nitrogen content, storage, urea, weight
1. Introduction
According to Contreiras et al. (2008), agriculture is an activity of great importance for the subsistence of the
population, and since it is an activity that deals with natural resources, it must be carried out with sustainable
conduct, aiming at the correct and efficient use of available natural resources, such as water, soil, minerals and so
on. However, it is often necessary for agriculture to use extra energy resources to meet its physiological needs. In
this sense, urea is largely responsible for replenishing much of the nitrogen deficits for most crops. Such an input,
in most cases, is obtained from chemical reactions between minerals. Thus, there is a safe dose for the use of this
resource without any risk to the environment. However, urea is extremely sensitive to climatic hostilities, and
often it is affected, which is why it loses its quality and efficiency.
The problem is caused by improper handling during storage, in which the raw materials are often stored in
inappropriate conditions. Thus, this research aims to respond to the provocations of nitrogen conservation in the
agricultural urea research focus and also to dimension its losses as a result of the storage environment and the
time.
To investigate, and in an attempt to follow the degradation path of urea grains, this search will seek theoretical
support from works that directly or indirectly observed urea commercialized in Brazil, the so-called commercial
urea.
In this sense, Alcade et al. (1992) evaluated the hygroscopicity of fertilizers and correctives, seeking to analyze
the amount of water absorbed by simple fertilizer mixtures as a function of environmental humidity and
exposure time. In conclusion, water was absorbed by the products as the relative humidity of the air, and the
exposure time increased.
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As noted by Carvalho (1995), segregation can be defined as the physical separation of some granules and
constitutes the main cause of the lack of uniformity for some inadequately prepared mixtures. However, each
grain has its composition, sometimes it is not possible to have a sample uniformity among all the granules from
the same group, and according to the author’s reports, this lack of uniformity may disfigure a sample.
According to Alcade et al. (1992), such a process is also detrimental to the application of fertilizer in the field, as
there is no guarantee that the nutrient will reach the correct dosage distribution in the soil. The authors
emphasize that there may be mutations in the volume of the granule; this factor is a disadvantage to the
application uniformity due to hygroscopicity.
According to Bono et al. (2008), the urea segregation processes are mineralization, nitrification, denitrification,
leaching, and volatilization, which is the largest responsible for the loss of N, which occurs through the
volatilization of ammonia gas (N-NH3) after chemical reactions related to the exposure environment.
In this sense, Tasca et al. (2011), seeking to quantify the differences in the volatilization time of (N-NH3)
conventional urea, observed the urea urease time over different forms of application, one is applied on the soil
and the other, incorporated into the substrate, thus realizing that incorporated urea is rapidly hydrolyzed by soil
organic matter, which is why the substance has its PH elevated and ending in the volatilization of (N-NH3), the
process by which urea volatilizes nitrogen into the atmosphere.
Still analyzing this process, the authors submitted samples in a temperature-controlled environment, at a range of
18 °C and 35 °C, in which it is possible to observe that the volatilization peak occurs in the first week after the
application; they also observe modifications due to temperature increase in which the process apparently
accelerates.
Urea is an agricultural input that has been widely used, however, from the moment of purchasing the product
until its use, it can suffer a degradation process, and may lose part of its physical and chemical properties, which
is detrimental for its performance. Therefore, as a way of observing how such a degrading process occurs, this
research simulated, through a field experiment, the storage of the input under four different conditions for three
months, and thus obtained the losses values according to the time and place of storage.
In addition, a hypothesis level approach was also performed regarding the physical element responsible for the
degradation of urea, in order to confirm hypotheses that, for example, the temperature and relative air humidity
are the triggers of phenomena related to the loss of physical and chemical properties, such as ammonia
volatilization and the granule clumping and agglutination.
A second analysis was also performed regarding the thermal performance of buildings and the efficiency of the
environmental comfort treatments as a function of the materials, the incident insolation, and the mechanisms of
shading and thermal lag.
2. Method
2.1 Location
The experiments were conducted on the campus of the Western Paraná State University (UNIOESTE), located
southwest of the city, at latitude and longitude 24°59′16″S and 53°26′55″W, in a relatively peripheral region of
Cascavel-PR.
2.2 Environment Treatments
In order to simulate different environmental conditions and their consequences in the physical-chemical
degradation of nitrogenates, a total of 400 kg of common urea was stored, subdivided into four environments:
Climatic model (CM): with a volume of approximately 0.85m³, and treatments that aim to attenuate temperature
exchanges with the external environment.
Non-climate model (NCM): a model with an environment of approximately 0.85 m³, without mechanisms to
control temperature exchanges with the external environment, only with conventional seals, such as roofs, walls
without wood and floor in naval plywood sheet.
Empirical garage model (EGM): a model built in masonry, similar to those that can be found in rural properties
for the storage of agricultural machinery and inputs.
Empirical basement model (EBM): model built in masonry, semi-buried, also similar to buildings found in
agricultural properties for storing materials and inputs.
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Each of thhese experimenntal units was equipped witth a set of sensors for measuuring temperatture (Tbs/Tbu)) and
relative airr humidity (%). All the expeerimental unitss were subjectted to the samee local climatiic variables (Figure
1).

Fguree 1. Experimenntal field layouut and situationn of each experrimental model
2.3 Physiccochemical Tessts
During thee period of thee field experim
ment, the physiical and chem
mical mutationss of the samplees submitted to the
experimennt were analyzeed individuallyy, in each treattment (time annd location), w
where the charaacteristics placed as
desirable bby the Ministtry of Agricullture, Livestocck and Food Supply (MAP
PA) (2014) w
were observed. The
samples w
were inspected in terms of thheir nitrogen ccontent, densitty, moisture coontent, total paackage weight, and
granulomeetry, at the beginning and at tthe end of eachh month of thee experiment.
2.3.1 Nitroogen Content
As previouusly reported, among the proocesses of degrradation of ureea there are phhenomena relatted to volatilization
of N-NH3, in which thee granules losee their physicoochemical prooperties. Such a process is eexpected when
n the
nutrient is applied to thee soil, so it is necessary that w
when the nutrieent is applied tthe nutrient rem
mains immobiilized,
as it will bbe mineralized in the soil.
In this seense, the reseaarch evaluatedd these losses by the anallytical methodd of fertilizerrs and correcttives,
recommennded by MAPA
A (2014), whicch determiness that for analyysis of samplees containing uurea or nitrogen in
amidic andd ammoniacal form, analysiss by Raney allooy is not necesssary, thus usinng the method of distillation with
calcium hyydroxide.
Embrapa ((2013) evaluaated two proceedures for dettermining total nitrogen, onne of which iss referenced in
n the
analytical methods of MAPA
M
(2014), and found thatt the N contennts declared onn the packaginng are equivale
ent to
the values calculated in both
b
methods pperformed in tthe research.
Samples ssubmitted to thhe four storagge models werre analyzed, ssimultaneouslyy subjected to the same clim
matic
variables, where an initiial analysis waas carried out before submisssion to the exxperiment, as a way to obtain an
initial charracterization, as
a well as a periodic monthhly evaluation. Also, at the eend of each off the three mo
onths,
laboratoryy analyzes werre carried out iin order to quaantify the nitroogen in the saample in orderr to obtain monthly
losses.
2.3.2 Denssity
To analyzee the disintegrration process of urea subjeected to the prroposed treatm
ments, analyzes of the density of
each sampple were carrieed out, verifyinng the physicaal changes, by the method deetermined by M
Mialhe, Milan, and
Gadanha ((1996), accordding to Equatioon (1). Such m
method consistss in filling a coontainer with a known volum
me to
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the top with the granules, and then weighing them with 0.01g analytical precision and calculating according
thefollowing equation:
d = Ms/tv

(1)

Where, d = density; Ms = mass in g; tv = total volume in m³.
According to Feltran et al. (2006), the quality of the fertilizer is influenced by its physical characteristics, namely
density, size, shape, cohesion, angle of rest, consistency, and fluidity of the particles.
The authors also state that the displacement of the machine during the distribution of the fertilizer and the very
collision with the distribution equipment can prevent a uniform distribution of the nutrient in the soil. Thus, the
nutrient reaches the soil physically altered, decreasing its performance.
2.3.3 Moisturecontent
To analyze the amount of water absorbed by the samples, moisture analyzes were performed, as recommended
by MAPA (2014). The method, which consists of weighing the samples before and after submitting them in an
oven at 65 ºC, to obtain the percentage of water absorbed by the samples, was calculated using Equation (2):
M = {[(Ww – Dw)]/Dw} × 100

(2)

Where, M = moisture in (%); Ww = wet sample weight in g; Dw = dry sample weight in g.
This analysis, as well as the analyses belonging to the group of physicochemical aspects, was also performed
before the experiment and at the end of each month of the observed period, thus enabling a monthly parameter of
the behavior of the fertilizer regarding its hygroscopy in the storage process.
It is also worth recommending that this isolated analysis can also respond to the effectiveness of the packaging in
which the urea is distributed by the manufacturers.
Regarding the problems generated by exposure to critical levels of relative humidity, Alcade et al. (1992) state
that the excess moisture in the granules will affect the quality of the fertilizer, with regard to fluidity and the
resulting hardening.
2.3.4 Weight
The weight can be understood as one of the indications of nutrient losses and physical mass of urea. Therefore,
to identify how much this variable is modified in the stored fertilizer, weighing of the bags subjected to the
experiment was carried out, with an initial weighing and monthly monitoring of the total weight of one of the
samples. It is important to note that care was takento keep the substance with the packaging closed throughout
the experiment.
To obtain the values, a bench scale with a maximum capacity of 60 kg and a load reading with three decimal
places without rounding was used.
2.3.5 Granulometry
According to Stafanato and Goulart (2013), the granulometry is directly related to the shape and size of the
granules, thus the importance of preserving particle integrity is based on the fact that the subdivision of the
material increases its surface area of exposure by mass area.
The analyzes were performed following the procedures determined by Mialhe, Milan, and Gadanha (1996). The
procedure consists in using superimposed sieves in decreasing order with 4000; 2800; 2000; 1000; 710; 500;
0250; and 0125 mm openings,subjected to a sieve shaker for at least 5 min. After the procedure, the content of
each sieve must be weighed with an accuracy of 0.01 g. The procedure is also equivalent to that described by
MAPA (2014).
2.4 Statistical Analysis
The perform the statistical analysis, this research used the computer software Sisvar 5.6, developed by Federal
University of Lavras (UFLA). Regarding the storage experiments that considered location and time, a variance
analysis (ANOVA) and tukey means test with 5% probability of error were performed.
The experiments were distributed as follows, completely randomized design (CRD), with a 3 × 4 factorial design,
which analyzed the physical-chemical parameters at the beginning and at the end of each month, for a total of
tree months. The samples were subjected to four differente buildings.
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3. Results
The research results will be presented, discussed and analyzed from two points of view, the first being the
thermal performance of the buildings and their interactions with the external environment and the second,
analyzing the process of urea segregation during storage as a result of the time and the environment.
Thus, to be able to understand the interactions between the observed environments and the external climate, the
maximum and minimum temperatures were averaged during the period of the field experiment as follows:
Table 1. Values of temperature and relative humidity from the region during the experiment period
Period
November
December
January

Maximum
27.69 °C
29.59 °C
29.15 °C

Averages of external climatic conditions
Minimum
Daily average
17.40 °C.
22.54 °C
18.93 °C
24.26 °C
17.73 °C
23.44 °C

Relativeumidity
82.76%
87.45%
77.97%

Source: Adapted from Simepar (2019).
According to the values in Table 1 it was possible to observe a typical summer in the western region of Paraná,
where the climate is defined according to the Köppen classification as Cfa-subtropical climate, with hot summers,
the average temperature of the hottest months being above 22 °C, and the average temperature of the coldest
month being below 18 °C.
With the definition of the external temperature averages, it was possible to analyze the thermal performance of
each of the environments observed in this research. In order to obtain the worst situation, concerning the
external/interior integer, the maximum temperatures measured were used (Table 1).
Considering such performance simulation, it is possible to conclude that it is the building designer’s
responsibility to do the reverse-path at the moment of the specification of the materials and the sealings,
recommending to organize the project in such a way that the facades that most gain/retain heat can be distributed
in the guidelines where there will be factors that can reduce the heat flow.
3.1 Thermal Flow of Buildings
The study of the thermal flow consists of balancing the incident energy by the external climatic conditions and
its integers with the internal climatic conditions. Thus, we calculated the flows according to the mathematical
model presented by Lamberts, Dutra, and Pereira (2014) and ABNT (2003).
The results obtained were calculated based on the differences in temperature between outdoor and indoor, added
to the contributions of external factors, such as irradiation (I), external surface resistance (rse), the relationship
between absorbency and reflectivity (α + p = 1) of the surface color, added to the variation in outdoor (maximum
monthly) and indoor (average monthly) temperatures.
The evaluation of the thermal performance, according to ABNT (2003), can be performed during the design
phase and after the execution. About the constructed building, the evaluation can be performed through on-site
measurement, while in the design phase a computational simulation can be performed or using the information
contained in a TRY-climatic reference year from a nearby city.
Below are described the values of heat losses and gains suffered by buildings during the field experiment,
throughout November, December and January, between the years 2018/2019. The buildings had the following
thermal performance, organized by facades of incidence:
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Table 2. Thhermal flow giiven in watt/m
m² ºC obtained with the data ccollected in Noovember
Novem
mber (Summer Solstice)
Façad
de
North
South
East
West
Roof
∆t(ext//int) Average

EGM
-66.93
211.92
-00.05
-66.9
355.21
1..6°

EBM
9.97
18.87
-2.19
-9.10
11.47
2.2°

NCM
-13.59
12.58
-13.59
-13.59
68.01
3.1

C
CM
-00.588
300.000
-00.588
-00.588
244.576
2..04

Note. * Thhe values used for calculationn were obtaineed in Frota (2004).
N
thatt there were heeat losses in at least three faccades of each oof the environm
ments,
It was obseerved during November
and it wass also possible to notice that during the suummer the facaades located too the south hadd a significantt heat
input, whiich can be expplained becausse in summer the times of southeast (easst) and southw
west (west) sun
n are
those wheen the sun fallss at a virtuallyy perpendiculaar angle to thee facade and iin this positionn the sun heatts the
surface of the material.
This reactiion was expectted and can bee explained byy the solar diaggram of latitude 23° South. T
The horizontal lines
represent tthe trajectory of the sun in rrelation to thee terrestrial plaane, while the vertical lines represent the hour.
Thus, it iss possible to observe that iin a good parrt of the summ
mer months thhere is southeeast and south
hwest
insolation.. As these peaaks of solar irrradiation happpen at more exxtreme times, dawn and duusk, this allow
ws the
building too retain heat, causing
c
them too remain warm
mer during the early hours off the night.

Figuure 2. Solar chart from latitudde 23° South
Source: Adapted from Frotaa (2004).
In Decembber, there was no great variattion in relationn to Novemberr, but the northhern facade beggins a cycle off loss,
possibly because the sunn was more preesent in the souuthern facade, causing the noorthern facadee to be cooled by
b its
shading inn the most extrreme hours (daawn and dusk)), as the facadee received sunn again when iit was higher in the
sky, that iss, close to the 12
1 o’clock inciidence.
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Table 3. Thermal flow given in watt/m² °C obtained with the data collected in December
December (Summer Solstice)
Façade
North
South
East
West
Roof
∆t(ext/int) Average

EGM
-9.88
18.98
-9.88
-9.88
34.32
2.2

EBM
18.87
4.09
-15.26
-15.26
9.88
3.1

NCM
-20.54
5.64
-20.54
-20.54
52.27
4.52

CM
-24.29
6.29
-24.29
-24.29
13.01
4.57

Note. * Material resistance values were obtained from Frota (2004).
In January, the average external temperature decreases, modifying the dynamics of the thermal flow. The losses
of the north facade decrease in quantity, however, they remain negative, this characteristic will cause the
buildings to retain more heat, which is desirable, because when the external temperature is lower, there will be
greater ambiance and, therefore, comfort inside the building.
Table 4. Thermal flow given in watt/m² °C obtained with the data collected in January
January (Summer Solstice)
Façade
Norte
Sul
Leste
Oeste
Cobertura
∆t(ext/int) Average

EGM
-2.55
26.31
-2.55
-2.55
37.13
0.9

EBM
-2.88
25.97
-2.88
-2.88
13.60
0.96

NCM
-2.01
24.17
-2.01
-2.01
94.23
0.84

CM
-9.765
20.82
-9.76
-9.76
24.025
2.1

Note. * Material resistance values were obtained from Frota (2004).
After the thermal flow analysis, it was possible to note that the highest thermal flows in all three situations
occurred on the buildings’ roofs emphasizing and confirming the same hypothesis by Michels (2007), that roofs
provide most of the heat input in buildings.
Other issues can be observed when analyzing the dynamics of the sun on buildings because the sun varies in
position every hour, and this has great interference with the internal temperature.
In this sense, to be able to observe the differences between the behavior of the buildings, we selected the
behavior of the four buildings during one day, measuring the temperatureevery hour, as it is possible to observe
in the graphic (Figure3).

40
30
25

EGM
MNC
MC
EBM

20
15
10
5
0

00:09…
00:43…
01:17…
01:50…
02:39…
03:13…
03:47…
04:22…
05:11…
05:44…
06:18…
06:52…
07:40…
08:13…
08:47…
09:21…
10:10…
10:43…
11:17…
11:51…
12:42…
13:17…
13:52…
14:42…
15:16…
15:51…
16:40…
17:13…
17:47…
18:21…
19:12…
19:47…
20:22…
21:13…
21:48…
22:22…
23:10…
23:43…

Temperature (oC)

35

Measuring the temperature every hour

Figure 3. Daily temperature behavior in the experimental units
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In the graphic presented above it is possible to notice that there is some uniformity in the observed ambient
temperatures, however, in the climatic model (CM) after 09:00 am to 20:00 pm, the temperatures of this model
(CM) decrease below the range of 25.0 °C (averaged human comfort zone) and it is at this time that there is great
intensity in the solar radiation. Before this time, the buildings are conserving heat. Comparing the final
temperature between NMC and CM, the CM had a better performance, because it could maintain a milder
temperature inside, diverging from the NMC model that has a warmer environment during practically the whole
day.
It was also observed a decrease of heat in the shed (EGM), this phenomenon occurred possibly due to the loss of
heat by ventilation, as the building has a large right foot the heat can dissipate faster or be lost to the outside
environment.
Note that in the basement environment (EBM) the temperature remains constant for most of the day and below
the 30.0 °C range. This characteristic is because the building has a good part of its environment below ground
level. This environment’s specificity is the result of the construction on the upper floor, which has a role in
cushioning the heat transmission.
ABNT (2003) organizes eight climatic zones in Brazil and within each one of them, building standards for two
situations such as winter and summer, which are situations in which the building should respond with certain
performance standards. Concerning climate zone three (Z3) (Table 5), it is the zone in which the models tested
by this research are inserted.
Table 5. Building guidelines for climate zone 3-(Z3)
Surface
Roof

Summer
- Light isolated
- Allow cross ventilation
- Heavy internal seals (thermalinertial)

Walls

Winter
- Passive solar heating
- Allow sunrise during winter

Source: Adapted from ABNT (2003).
In the investigated environments, the following temperature and relative humidity maximum average conditions
were recorded; we calculated the averages by the maximum ones because it is these values that determine the
thermal stress reported by the researchers.
Table 6. Monthly behavior of temperature and relative humidity during the experiment (average of maximums)
Period
November
December
January
Total Average

T °C
30.9°
32.3°
30.5°
31.2

MEG
UR %
75.75
63.95
74.82
71.5%

T °C
30.0°
33.2°
30.5°
31.2

MEP
UR %
75.98
84.08
93.39
84.4%

T °C
28.6°
35.5°
31.7°
31.9

MC
UR %
74.01
77.51
82.08
77.8%

T °C
31.4°
32.5°
30.4°
31.4°

MNC
UR %
89.70
81.74
87.01
86.1%

3.2 Urea Degradation
The results obtained through the experiment prove the urea fragility degree and its losses concerning the time
and mineral storage location; within this approach, the losses of the physical-chemical characteristics of nitrogen
fertilizers were analyzed.
As previously mentioned, urea follows standards in its manufacture; professionals expect such standards when
the prescription occurs at the dose for a particular crop or culture. Once preserved when released into the soil,
there will be a uniform distribution of the nutrient in the substrate.
3.2.1 Nitrogen Content
The nitrogen contents were observed at the beginning of the experiment and the end of each month; the samples
were taken from the contents in the middle of the package avoiding the withdrawal of the granules closer to the
closing valve of the package.

184

jas.ccsenet.org

Journal of Agricultural Science

Vol. 12, No. 12; 2020

Thus, the following variations were observed regarding the nitrogen content of the granules, through the analysis
of total nitrogen regulated by MAPA (2014). The analyses were performed in quadruplicate by a water and food
laboratory; the results were submitted to variance analysis and the Tukey test with 5% probability. Thus, the
following variations were observed separately between the storage locations, being the highest averages for the
EBM and CM treatments, such locations had the lowest accumulated temperature averages during the entire
observation time, only the EBM had a higher average of relative humidity (Table 6).
It is possible to observe that nitrogen losses also occur as a function of storage time, losing 1.77% in November
in relation to the initial observation; from the first to the second month it is possible to observe that the losses
practically quadruple, reaching 9.2%.
In this regard, it is worth noting that December is the month in which there is the highest maximum average
temperature inside the environments (Table 7); the month in which urea has a lower loss is in January, in which
the average temperature is the lowest in all the observed environments. Analyzing the value of P additionally, it
is possible to conclude that the integration between location and time is statistically significant being (P < 0.05).
Still observing the integration between the treatments time and location is possible to note the following
dynamics in losses (Table 7).
Table 7. Location × time nitrogen content detail
Time
Initial
November
December
January
Accumulated loss %

Location
EGM
46.19 aA
44.93 aB
42.75 aC
42.20aD
8.6%

EBM
46.19 aA
45.69 aB
41.22 bD
41.33bcC
10.5%

CM
46.19 aA
45.19 aA
41.05 bB
40.45 cB
12.42%

NCM
46.19 aA
45.67 aA
42.73 aB
41.71 bB
9.6%

Note. Equal capital letters in COLUMN do not differ from each other, at 5% significance. Equal lowercase
letters in LINE do not differ at 5% significance.
By analyzing the accumulated losses in the development it is possible to observe that the treatment that has lost
the most nitrogen in urea was the treatment (CM), although the environment is statistically equal to the (EGM),
however, this environment has some difference (Figure 1), because it has openings for ventilation, which allows
heat dissipation. It is possible to say that this factor may have contributed to the reduction of the observed losses.
3.2.2 Density
The fertilizer production follows standards determined by laws and regulatory norms. In this sense, Feltran et al.
(2006) state that the quality of fertilizers is influenced by their physical characteristics, such as density, size, and
shape, because these are fertilizer design parameters that will determine the amount of distribution and,
consequently, the performance in what concerns the distribution of granules by the implement that this
application will do in the soil.
The analyses were performed in quadruplicate, at the beginning of the experiment and the end of each month,
and later submitted to the Tukey test with a 5% probability.
The variation between locations and time was significant, with (P = 0.0080 < 0.05), when analyzing the averages
it is possible to observe that the variation was small, in relation to time the variation was not significant, but
when analyzing the averages of treatment time, it is possible to note a variation of 4.5%. However, concerning
the interaction between local and time treatments, the following variations were observed:
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Table 8. Detail of density between treatments time × location
Time
Initial
November
December
Janeiro
Accumulated loss %

Location
EGM
1.32 abA
1.29 aB
1.28 aB
1.26 aC
4.5%

EBM
1.31 aA
1.29 aB
1.27 aC
1.26 aD
3.8%

CM
1.31 aA
1.29 aB
1.28 aC
1.26 aD
3.8%

NCM
1.33 cA
1.30 aB
1.28 aC
1.26 aD
5.2%

Note. Equal capital letters in COLUMN do not differ from each other, at 5% significance.
Equal lowercase letters in LINE do not differ at 5% significance.
From the perspective of the greatest variation, the environment (NCM) lost the highest percentage of density
when analyzed from the beginning to the end of the experiment, whereas in the interval between the beginning
and the end of December, the environment has the highest percentage of loss reaching up to 3.75%, when
compared to the others. Despite this, in December, the highest temperature in the environment was recorded
(Table 8).
From the same point of view, when the variation between the beginning and the month of December is observed,
the treatment (EBM) has a loss of 3.05%, the average maximum temperature was 33.2 ºC.
The environment (EGM) also exhibited a decrease in the density of granules close to the treatment (NCM),
differentiating about 0.07%, since the average maximum temperatures are very close (32.3 and 32.5),
respectively.
However, when observing the highest average temperature in the interior of the environments, it was the one that
occurred in the treatment (CM) in December, with a maximum average of 35.5 °C. Nonetheless, it was observed
a decrease in lower density in relation to other environments, the location decreased density by 3.8%, although
the CM environment has recorded the highest average maximum temperature (Graphic 1) it can be observed that
in most of the day the temperatures remain below the 25 °C range.
With such evidence, it is not possible to state that temperature above 35.5 degrees is the triggering factor for
density loss, possibly due to dilation since the nitrogen contained in the granules remains in most of the time at
lower temperatures. Some manufacturers, however, relate that nitrogenates should be stored in a
temperature-controlled environment in a range of 0.5 to 30.0 °C.
3.2.3 Weight
The variable weight can be considered an indicator of segregation, since the granules have a mass which, when
lost, indicates a process of loss of substances that should be present in the granules evaluated throughout the
research.
In the experiment, two 50 kg bags were stored, one for the collection of samples to be monitored monthly, and
the other that would serve as a witness for the entire process.
The weight values related in this study, as well as the other variables, were measured at the beginning and end of
each month, using a scale with an accuracy of three decimal places to left of comma.
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Figure 4. B
Bags submittedd to field experriments (50 + 550 kg)
The weighht loss results were
w
obtainedd by weighing the bag that reemained closed throughout tthe experiment, the
analysis off variance show
wed significannt variation in tthe means, beiing (p = 0.000 < 0.05).
In the anallysis performeed it is possible to observe thhat the environnment (NCM) obtained the llowest total weight
loss, howeever, regardingg the time it is possible to obbserve the variation from begginning to endd of the experim
ment,
1.5 kg, beiing 2.98% of the
t total weighht of the package. Thus, it caan also be veriffied that in relaation to treatm
ments,
there was nno statistical significance. H
However, variattions occurred (Table 9).
Table 9. Tootal weight bettween storage location and tiime detail
Time
Initial
Novemb
ber
Decemb
ber
Januaryy
Accumu
ulated loss %

EGM
M
50.1997 aA
49.8220 aB
49.0330 dC
48.9990 aD
2.4%

EBM
50.200 bA
49.640 cB
49.640 bB
48.590 dC
3.20%

Local
CM
50.200 bbA
49.610 ddB
49.610 ccB
48.790 bbC
2.80%

N
NCM
50.200 bA
49.730 bB
49.730 aB
48.680 cC
1.03%

Note. Equaal capital letterrs in COLUMN
N do not differr from each othher, at 5% signnificance.
Equal lowercase letters in
i LINE do not differ at 5% significance.
Accordingg to the dynaamics of the variation described above,, it is possible to concludde that the la
argest
accumulatted losses occuur in the enviironment (EBM
M), in which it is possible to find the hiighest accumu
ulated
average off relative air humidity
h
and tthe second-higghest temperatuure average foor December. IIn the environment
(CM) for D
December is found
f
the highhest maximum
m average tempperature of 35..5 °C, but the environment has
h a
percentagee of losses low
wer in relationn to the others.. In the treatm
ments EGM, CM, and NCM, in Novemberr and
Decemberr, the losses weere equal.
3.2.4 Moissture Content
The moistture content iss directly relaated to the expposure of the raw material to the air rellative humiditty, as
analyzed bby Alcade et al.
a (1992), thee excessive exxposure of ureea to humidity may increasee the weight of
o the
granules. H
However, in thhis study we oonly observed ddecreases in w
weight, becausee in most of thhe experiment time
the air relaative humidityy in environmeents was slighhtly above the critical humiddity (UC%), bbeing the following
values of 770.4%, 80.5% and 77.8% exemplified by thhe authors.
The total aaverages of huumidity observved in the enviironments werre: (EGM) 71.5%; (EBM) 844.4%; (CM) 77.86;
(NCM) 866.1%.
The enviroonments that had
h the highestt value of absoorbed moisturee in the urea grranules were (EBM) and (NC
CM),
and in thesse environmennts they recordded the highestt accumulated averages of air relative hum
midity, being (E
EBM)
84.4%, (N
NCM) 86.1%.
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The air humidity absorption is in accordance with the percentages placed by Alcade et al. (1992). The
minimization of moisture absorption was decreased by the packaging in which the granules were stored.
In this sense, the results confirm that urea when exposed to critical humidity levels (UC%) absorbs water
contained in the air hygroscopic nuclei. However, the statistics did not show any significance between the
locations (p = 0.05 > 0.0000).
Another factor observed during the experiment is a sort of granule transpiration when modified at room
temperature, apparently a process of convective change of temperature, such a factor can contribute to the
formation of crystals between the granules, thus generating a possible clumping.
Table 10. moisture detail as a function of time and location
Time
Initial
November
December
January

EGM
0.30 ab B
0.48 b A
0.25 b B
0.52 a A

EBM
0.31 ab C
0.47 b B
0.31 a C
0.54 a A

Absorbed moisture

73.33%

74.19%

Location
CM
0.30 cC
0.40 c B
0.31 a C
0.52 a A
73.33%

NCM
0.35 a B
0.54 a A
0.24 b C
0.54 a A
54.28%

Note. Equal capital letters in COLUMN do not differ from each other, at 5% significance.
Equal lowercase letters in LINE do not differ at 5% significance.
As described above, it is possible to observe the moisture variability absorbed by the granules, with the highest
averages obtained in the last month of the experiment and the highest percentage of moisture admission was
observed in the treatment (EBM), as expected. On the other hand, the EGM and NCM environments, due to their
ventilation openings and facade systems, provided a drier environment; otherwise, the humidity would remain
high as was observed in the treatment (EBM).
3.2.5 Granulometry
The results of the granulometry analysis, as well as the other variables, were performed at the beginning of the
experiment and the end of each month of observation, the analyses were performed in quadruplicate, and their
results were submitted to variance analysis and Tukey test with a 5% probability.
According to Feltran et al. (2006), when the granules segregation alters the granulometry, it is not possible to
guarantee that all portions of the substrate will be covered by the required nutrient dose. This phenomenon can
cause the distribution of the nutrient to be uneven.
Therefore, the results show that the total number of granules retained in the sieves with the passage of months
suffers a decrease. Only for the 0.710 mm sieve, the retained content is increased by residual particles.
At first, it was expected that the fertilizer would suffer clumping until the end of the process, but what was
observed was a single clumping and agglutination of the granules nearer to the closing valve of the packages. For
this reason, it served as a protective barrier to the rest of the contents.
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Figure 55. Fertilizer cluumping near thhe closing valvve
Thus, the following resuults were obseerved. Since thhis is the largest fraction of tthe number off granules, only the
with the largesst quantities reetained in the standardized sieves will bee presented in this research.. The
fractions w
meshes weere 4.00, 2.8000, 2.000, 1.0000, and 0.710 mm
m.
Table 11. A
Averages of vaariance analysiis as a functionn of the treatments
Location
n/Sieves (mm)
EGM
EBM
CM
NCM
Time
initial
Novembber
December
January
TestP
Locationn (A)
Time(B))
A×B
CV (%)

4.000
4.11 a
3.25 c
3.27 c
3.78 b

2.8000
57.111 a
34.300 c
50.511 b
51.688 b

2.0000
366.09 c
377.76 bc
399.44 b
422.51 a

1.000
2.17 a
1.70 b
2.26 a
2.31 a

0.710
0.47 a
0.33 b
0.24 c
0.30 b

3.72 a
49.411 a
41.47 a
2.17 a
0.34 c
3.62ab
49.644 a
399.68 ab
2.13 a
0.34 bc
47.899 bc
377.90 bc
3.56bc
2.10 a
0.29 ab
46.677 c
377.82 c
3.52 c
2.04 a
0.37 a
------------------------------------------- Proobability of P --------------------------------------------0.0000
0.00000
0.00000
0.0000
0.0000
0.0128
0.00000
0.00000
0.1266
0.0094
0.31118
0.99855
1.0000
0.8942
0.0031
3.40
4.991
4.85
7.69
17.48

Note. Equaal capital letterrs do not differr from each othher, at 5% signnificance.
kable
Observingg the differences between thhe final averagges of the treaatments, it is ppossible to verrify the remark
decrease oof the values as
a a result of time, and no decrease occuurs in the sievve with the 0.7710 mm mesh
h that
retained poowder-type ressidues most off the time.
For the m
most part, in the sieves that accumulatee the highest percentages, a decrease inn the accumu
ulated
percentagees over the months
m
is obserrved. This cann be explainedd by the decreease in the cuubic volume of
o the
granules also observed inn the density vvariable.
This matteer is more eviddent when anallyzing the channges in the perrcentages of grranules separaately for each of
o the
sieves; however, the staatistical tests ddid not indicaate a significannt difference, only in the 00.710 mm siev
ve, in
which an iincrease in the accumulated rresidue of dustt type particless was observedd.
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The results observed for sieves 4,000, 2,800 and 2,000 mm showed no statistical difference, but when observing
the percentages of losses from the beginning to the end of the observations, a similar rate of decrease is recorded.
Table 12. Percentages of granules retained in the sieve of 4.00 mm as a function of location and time
Time
Initial
November
December
January
Accumulated loss %

Location
EGM
4.25
4.15
4.07
4.00
5.8%

EBM
3.35
3.27
3.20
3.20
4.5%

CM
3.40
3.27
3.22
3.20
5.8%

NCM
3.90
3.80
3.75
3.70
5.1%

By checking the decreases from the initial percentage to the final percentage, it is possible to note that there is a
reduction of more than 6% on average of the percentages from the initial moment until the end of the
experiment.
The reductions observed in 2.800 mm sieving were overall different from the reductions in 4.000 mm sieving;
this detail may demonstrate different dynamics of segregation. For the percentages retained in 2.0 mm sieving,
there was no statistical significance, since the value of (P = 0.9855 > 0.05). Thus, there was no interaction
between treatments.
The accumulated granule losses in 2,000 mm sieves have similarities between the treatment (EBM) and (CM)
since they vary the same amount as a function of time.
For the accumulated content of the 0.710 sieves, an increase in the number of residues as a function of time was
noted. This may indicate a degrading process of the granules, because the retained content has an aspect of peels
and dust, in small quantities. Thus, the results prove that urea suffers a decrease in its cubic area, compromising
the distribution uniformity, as has been reported by the authors who also investigate the subject.
4. Discussion
It is empirical knowledge that urea undergoes mutations in the face of climatic hostilities, such as high
temperatures and excessive humidity in the air. Therefore, considering the lack of specific knowledge in this area,
the present study has as one of its objectives to verify under what conditions the urea undergoes a greater process
of physical and chemical degradation that subsequently compromises its performance in the field. In this way,
such results are discussed.
The EGM and CM treatments had, on average, the same behavior in relation to the internal temperature averages
during the period of the experiment. However, the CM treatment lost 13.07% of nitrogen, while the EGM
treatment lost slightly less, accumulating a total of 8.6%. Such acceleration of loss is believed to have occurred
because the CM treatment did not have openings for ventilation, and, consequently, for heat dissipation as there
was in the EGM treatment, which has openings with constant ventilatory flow. Such heat loss is quantified and
explained in this work (Tables 3, 4, and 5). In those tables, the heat losses in watt/m2 °C that the building suffers
when the external temperature becomes lower in relation to the internal condition were also analyzed. This
process is most commonly observed at night.
From the point of view of density, the treatments EGM and CM had practically the same amount of density loss.
The greatest loss possibly occurred where there was a greater ventilation flow, that is, the treatment EGM. The
highest frequency of hardening and agglutination occurred in environments of higher temperatures and higher
relative humidity, where a process of convection of humidity was observed nearthe valves for closing the bags.
All packages submitted to the experiment were weighed at the beginning and at the end of each month of the
experiment. The treatments EGM and CM showed a variation of up to 2% of the weight during the experiment.
EGM suffered greater ventilation and, consequently, less heating of the volume of raw material contained in the
packaging.
5. Conclusions
The conclusion of the present study is that urea has a strong physical chemical sensitivity, and this characteristic
generates problems to the manufacturing pattern which will condition a deficiency in the performance of the
fertilizer. However, the conclusion to be considered as the scientific contribution to the storage of the fertilizer is
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to keep it in a cool and airy place, onceit will reduce the irradiation of heat incident on the packaging of the
agricultural input.
Another conclusion in relation to storage buildings is the organization of the architectural layout in order to
generate closing walls that are shaded in the spatial orientations of greater incidence of sun, which added to the
opening devices for ventilation positioned in the direction of the prevailing wind will cause the building to
decrease the gain due to thermal delay, when the external temperature is lower than the internal temperature.
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