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Abstract  In the article, the process of drying superphosphate mineral fertilizers, the problems associated with them and 

the design of the used equipment were analysed. The study presents the findings of the industrial tests of two types of flights 

at the workshops of FARG‘ONAAZOT JSC. Based on the study, recommended flight shapes and sizes are proposed 

according to the properties of the material used in drying superphosphate fertilizer. 

Keywords  Rotary drum dryer, Superphosphate, Material humidity, Coolant temperature, Dispersed composition 

 

1. Introduction 

Drying is a process consisting of the removal of water by 

evaporation from a solid, semi-solid or liquid state, and is 

often used as a final production step before the dried 

product is sold or packaged. Despite their importance, in 

many cases, the design and operation of dryers are subject 

to empiricism based on previous experience [1]. 

Rotary drum drying is one of the many drying methods 

that are widely used in various industries. The most 

commonly used rotary drum dryers in the industry are direct 

convective type, based on the method of heat transfer 

between hot air and solid particles [2,3,4]. The widespread 

use of rotary drum dryers is due to their ability to process a 

wide range of solids such as fertilizers, pharmaceuticals, 

mineral concentrates, cement, sugar, soybean meal, corn 

meal, plastics and many others. The dried material, 

cascading out of the flights, is actively in contact with the 

gas phase and is located in the active zone of the dryer. The 

material located in the flights and at the bottom of the drum 

represents a dense phase and is localized in the passive zone 

of the device [5,6,7]. 

The performance of rotary drum dryers depends primarily 

on the efficiency of contact between the cascading particles 

and the drying gas along the length of the drum. High 

operational efficiency can be achieved by optimally loading 

the drum, increasing the residence time of the material in 

the apparatus, as well as maximizing the presence of the 

material in the active zone, where drying occurs to a greater 

extent [8,9]. 
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To create conditions conducive to good operation of the 

rotary drum dryer, the shape of the flight is influenced. The 

geometry of the flight determines the cascading of particles 

[8,10], the amount of material in the active and passive 

zones [4,11] and the distribution of material across the 

cross-section of the apparatus [5,8]. 

Various types of attachments are used to process bulk 

materials in rotating drums. Flight geometry is directly 

related to the characteristics of solid bodies [4,12]. For bulk 

materials, semi-circular, angular and rectangular flights are 

used [13,14,15]. 

Two-section rectangular flights provide maximum 

particle loading, ensuring large quantities of solids enter the 

gas stream. Three-section flights contribute to good mixing 

of still wet material and lead to uniform distribution of 

material across the cross-section of the drum [15,16]. 

Other forms of flights have been studied in the literature 

and studies have been conducted to examine the influence 

of design variables on the drying process in rotating drum 

apparatus. Researchers have evaluated different flight types 

[8,10,15], optimal number of flights [17], and section sizes 

[4,12] to determine appropriate flight geometry. However, 

there is still not enough research related to the influence  

of changing the angles between sections [10,14] on the 

behaviour of particles in the core, which determines the 

efficiency of the drying process. We were faced with the 

task of industrial testing of the shape and size of the flight, 

which we had previously chosen as optimal for drying 

mineral superphosphate fertilizer under the conditions of 

FARG’ONAAZOT JSC to obtain a finished product that 

meets the requirements of the technological regulations. 

The final results of drying, therefore, the presentation of 

the product depends on the initial parameters of the material 

and coolant, the nature of the movement of the material 

through the apparatus, depending on the design of the 
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drying drum. Therefore, it is necessary to select the optimal 

design options, first of all, the shape of the drum flight 

ensures intensive contact between the dried fertilizer and 

the hot coolant. The grain size, quality and export properties 

of fertilizers depend on the drying process. 

2. Materials and Methods 

The drying process of the superphosphate mineral 

fertilizer we are studying is carried out at FARG’ONAAZOT 

JSC. The chemical complex of FARG’ONAAZOT JSC is a 

large chemical complex of the Republic of Uzbekistan, 

including the production of several products such as ammonia, 

nitric acid, ammonium nitrate, urea and superphosphate 

fertilizer. The production of superphosphate fertilizer is 

established in the AS-72M workshop. It is known that the 

production process of superphosphate fertilizers in this 

enterprise includes: mixing phosphorite fines with sulphuric 

acid in a reaction medium, granulating the mixture with 

spraying ammonium sulphate, granulating, drying granulated 

fertilizers, separating into granulometric components according 

to regulations and packaging the finished product [4-10]. 

Drying of the finished bulk product is carried out using a 

parallel rotary drum dryer, following the granulator drum. 

This technological scheme is considered energy efficient 

compared to existing classical lines of this type. However, 

initial results from the shop showed that the temperature of 

the fertilizer entering the drum granulator was 100°C and its 

moisture content was 28%. The temperature at the outlet of 

the rotary drum dryer was 70°C, and the humidity was 14%. 

The results obtained show that the fertilizer produced does 

not meet the requirements of the regulations established for 

the production line. In addition, fertilizers smaller than 3 mm 

must be processed during the production process, and fertilizers 

larger than 5 mm must be crushed and sorted. This, in turn, 

increases the amount of time and energy spent on this process. 

However, analysis of the granulometric composition and 

thermophysical properties of the finished superphosphate 

fertilizer do not fully comply with the technical regulations. 

Table 1 presents the requirements of technical regulations 

and the actual parameters of the dried product. 

Based on the above, the existing problems in the 

production process of superphosphate mineral fertilizers in 

the AS-72M workshop were analysed. In a horizontal mixing 

reactor, ammonium sulphate is sprayed into particles, and the 

resulting mass is fed for drying and granulation. This process 

occurs in two successively coaxially located drum apparatuses. 

The first drum granulator has a size of Ø 1.6×11.6 m, and the 

second rotary drum dryer has a size of Ø 2.2×10 m.  

The drums simultaneously rotate at a speed of 3 rpm and 

are slightly inclined (2.5%) to the horizontal. The choice of 

drum rotation speed is because the dryers are installed in the 

workshop of FARG’ONAAZOT JSC and have parameters 

following the technological regulations. Therefore, we were 

unable to change the dryer speed during testing and conduct 

research at other drum speeds. The granules pass through the 

cylinders by rotation, thrust and tilting effects and are 

discharged from the other end onto a conveyor belt. The 

rotary drum dryer is equipped with flights inside to lift and 

drop the granules into a stream of hot air and baffles to 

increase the efficiency of material distribution and reduce the 

formation of dust as it passes through the drum. Air is sucked 

from the atmosphere through a filter using a fan and then 

heated by an air heater. Because the pellets are very heat 

sensitive and must be thoroughly dried, hot air and pellets are 

introduced simultaneously to ensure rapid cooling of the hot 

air during the initial evaporation of surface moisture. The 

solids then enter a second rotary drum dryer for final drying. 

Dust captured by the exhaust air stream is captured in a 

washing column (scrubber), where it is dissolved with water, 

and the resulting solution is sent back to the neutralizer. 

In the first stage, the granulometric composition of the 

produced mineral fertilizer was determined and the 

temperature and humidity of the finished material were 

measured. Recommended standard techniques were used in 

conducting the experiments. This is presented in Table 1. 

The results obtained show that the fertilizer production line 

does not meet the requirements specified by the regulations. 

In addition, when fertilizers are smaller than 1 mm in size, 

they require repeated granulation to enlarge the granules, and 

for fertilizers larger than 6 mm, they need to be crushed. This 

in turn increases the amount of time and energy consumed in 

the process. The occurrence of this condition is associated 

with heat exchange processes in the dryer, which is caused 

by the transition of granular fertilizer into the dryer and   

the lack of sufficient contact with the thermal agent there. 

The body of the rotary drum dryer during the manufacturing 

process is equipped with a standard L-shaped flight; this type 

of design is poorly adapted to distribution, and its selection 

did not take into account the physical properties of the 

fertilizer produced.  

 

Table 1.  Font Specifications for A4 Papers 

options 
Temperature of the 

finished product, °C 

Humidity of the 

finished product, % 

Grading, % 

< 1 

mm 

1-6 

mm 

> 6 

mm 

According to technological regulations 45-50 10 25 75 5 

Actual parameters before installation 65-75 10-14 41.9 47.3 10.8 

Actual parameters after installation 47-53 8.7-11.0 12.7 70.5 16.8 
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A            B 

Figure 1.  Diagram of dryer flights. A - two-section flight, B - three-section flight 

   

A B C 

Figure 2.  Processes of pouring out mineral fertilizers from the flight. A - two sectional 1, B - three sectional 1, B - three sectional 4 

Figure 1 shows a diagram of the equipment of the 

L-shaped flight, which clearly shows the distribution 

diagram of the dried material across the cross-section of the 

drum, where there is an open zone that is not covered by a 

curtain of falling material. 

As can be seen from Fig. 1, the coolant passes through the 

open zone with the least resistance, that is, through the zone 

not covered by a curtain of material. As a result, the dryer 

reduces the full and efficient use of coolant. This leads to a 

decrease in the intensity of heat exchange between the 

coolant and the material being dried, a decrease in the speed 

of the drying process and an increase in the temperature of 

the exhaust gases from the drum. To achieve the required 

humidity, workshop workers have to increase the flow of hot 

coolant. 

3. Results and Discussion 

Experience in the operation of drum devices shows that 

changing the angle of inclination along the drum axis of 

standard flights on a drying drum does not provide a 

significant increase in the area covered by the spilt material. 

If the flight is installed along the line of the drum, the strip 

area will be maximum, but it will not be sufficient. Open 

zones are formed to the right and left of the drum surface. 

Along with other technical measures designed to expand the 

area covered by the spilling material, a checkerboard 

arrangement of flights and a ridge edge of the flight are used. 

However, the drum cross-section remains open on 30-40% 

of the surface. The optimal solution for reducing the open 

area in the dryer is to select a flight suitable for the drying 

process of a specific mineral fertilizer, taking into account 

the physical and chemical properties of the specific material.  

In order to select the optimal flight shape suitable for 

superphosphate fertilizer, we experimentally studied several 

flight designs [18]. 

Table 2.  Section sizes and flight parameters 

Flight shape L1, mm L2, mm L3, mm α1 α2 α3 

two section 1 100 50 - 90 90 - 

two section 2 100 70 - 90 135 - 

two section 3 100 100 - 90 90 - 

three section 1 100 70 50 90 90 135 

three section 2 100 70 70 90 90 135 

three section 3 100 70 50 90 100 120 

three section 4 100 100 70 90 108 108 

The experimental setup was a rotary drum dryer segment 
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with a diameter of 1.2 meters and a width of 0.5 meters. 

Studies were conducted with 7 different types of two- and 

three-section flights to determine the optimal material 

distribution and design of drum flights. In the experiments, 

the distribution functions of superphosphate fertilizer over 

the cross-section of the drum were obtained. The actual 

dimensions of the sections and the angles between them are 

shown in Table 2. 

Since the purpose of our experiment was to determine the 

optimal shape of the flight for mineral superphosphate 

fertilizer, the influence of the shape of the flight on the rate of 

material dispersion and the distribution of materials in the 

cross-section of the dryer was studied. We assumed that the 

distribution of materials in the cross-section of the drum is 

not affected by the angle of inclination of the drum or the 

speed of the coolant. To study the distribution of material 

over the cross-sectional area, the performance of a single 

flight was studied. The flights work independently of each 

other, and if we assume that the distribution function of 

material from one flight of a given shape is the same for 

flights of the same shape, then it is clear that the system of 

flights in operation will remain the same. First, the mass (in 

kilograms) of the material in the flight was measured. The 

drum then rotates slowly. For an experimental study of the 

distribution function, 11 boxes were installed on the base. 

The flight is initially maximally loaded with material. The 

device was then set in motion at a certain speed. In this case, 

the material is completely dispersed when the drum rotates, 

we weigh the mass of poured material in each part of the 

sample boxes and, knowing the pitch of these sections, we 

find the dependence of the material distribution function 

over the cross-section. Such experiments were carried out for 

various shapes of flights, and the distribution efficiency was 

assessed by the values of the distribution function. 

Having analysed the results of these studies, we can 

conclude that in this case, from the point of view of uniform 

distribution of the material in the cross-section of the drum, 

two-section flights of form 1 and three-section flights of 

form 4 show a clear advantage, since in this case, the drum 

distributes material on the transverse surface of the drum was 

higher than when using other types of flights. 

Table 3.  Design parameters of flights 

Options Dimension Two section flight Three section flight 

L1 mm 450 350 

L2 mm 320 350 

L3 mm - 170 

α1 grad 90 90 

α2 grad 135 108 

α3 grad - 108 

B mm 1000 1000 

We proposed and installed two types of attachments in the 

AS-72M workshop. The diagram and photo of the proposed 

flight are presented in Figures 3 and 4. The design parameters 

of the flights are presented in Table 3. Two-section flights 

were installed at the beginning of the drum for easy 

scattering of a wetter and adhesively active fertilizer. Further, 

along the drum, there are three-section flights for more 

free-flowing mineral fertilizer. 

 

Figure 3.  Installation diagrams for two (A) and three (B) sectional flights 

  

A B 

Figure 4.  Photo of the installation of two (A) and three (B) sectional 

flights on the drum 

4. Sequence of Industrial Tests 

1.  Visual assessment of the influence of the flight on the 

distribution of the product over the cross-sectional 

surface of the drum; 

2.  Experimental determination of the influence of the 

flight on the heat transfer process; 

3.  Experimental determination of the influence of the 

flight on the granulometric composition of the fertilizer. 

In order to study the distribution of the product over the 

cross-sectional surface of the drum and the state of open and 

closed zones, two-stage experimental studies were carried 

out. 

In the first stage, using the MATLAB program, based   
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on the technical parameters of the existing dryer, the flights 

were placed in a checkerboard pattern along the cross-sectional 

surface of the drum in 2 rows (Fig. 3). The semi-industrial 

version of the flights consists of 2 zones located in a 

checkerboard pattern. Two-section flights are installed in the 

first zone, and three-section flights are installed in the second 

zone. A diagram of the visual state of the process has been 

developed and the values of open and closed zones for the 

first row have been approximately determined. According to 

the diagrams, the closed area was 1.30 m2, and the open area 

was 0.71 m2. For three section flights in the second row,   

the closed area was 1.36 m2, and the open area was 0.65 m2, 

respectively. 

In the second stage, the working condition of the proposed 

flight was studied. Based on the technical parameters of the 

existing dryer, the flights were arranged in 2 rows along the 

cross-sectional surface of the drum in a checkerboard pattern. 

Photographs of the work process were taken and the values 

of the open and closed zones for the first row were 

determined. According to photographs, the closed area was 

1.39 m2, and the open area was 0.62 m2. For the three-part 

flight in the second row, the closed area was 1.44 m2 and the 

open area was 0.57 m2, respectively. 

The mineral fertilizer obtained in the installed state of the 

proposed flight was divided into granulometric composition. 

Standard methods were used to carry out the experiments. In 

accordance with it, the manufactured fertilizer was subjected 

to 3-stage sorting for 10 minutes on a laboratory model of the 

SMC-25 sieve apparatus. sieve with mesh sizes 1mm and 

6mm. The obtained data are presented in Table 1. 

5. Conclusions 

1.  Installation of two and three-section flights allowed 

the cross-section of the drum to be more completely 

covered with a curtain of material and will reduce  

the open areas along the cross-section of the drum  

not covered with material. This made it possible to 

increase the contact of the material curtain with the hot 

coolant and intensify the heat exchange process, 

which is reflected by a decrease in the final moisture 

content of the mineral fertilizer from the initial  

10-14% to 8.7-11% after installing the proposed 

flights. 

2.  Intensification of the heat exchange process made it 

possible to reduce the consumption of gas coolant. 

This resulted in a decrease in the final temperature of 

the mineral fertilizer from the initial 65-75°C to 

47-53°C after installing the proposed flights. Due to 

the installation of the flight, the heat exchange process 

has increased by 1.7 times compared to the current 

situation, and the energy spent on the process is 1.24 

times less. 

3.  Reducing the consumption of coolant gas made it 

possible to create a “softer” drying mode due to less 

thermal energy spent on the process. In our opinion, 

this reduced the cracking of mineral fertilizer grains 

and made it possible to reduce the amount of fraction 

to less than 1 mm. Which reduced the amount of 

fractions less than 1 mm from 41.9% to 12.7%. 
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