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Abstract - Organic fertilizers are mineral sources 

that occur naturally and contain moderate amounts of 
essential the plant nutrients. It can help mitigate problems 
associated with synthetic fertilizers and reduce the need for 
repeated application of synthetic fertilizers to maintain the soil 
fertility. Organic fertilizers gradually release nutrients into the 
soil solution and a maintain a nutrient balance for the healthy 
crop growth. Organic fertilizers are generally slow-releasing 
and contain many trace elements. They are safer alternatives to 
chemical fertilizers. However, improper use of organic 
fertilizers can lead to over-fertilization or nutrient deficiency in 
the soil. Controlled release of organic fertilizers is an advanced 
and effective way to overcome these impacts and maintain 
sustainable agriculture yield. 

Mixing fertilizer is a complex issue that is not yet fully 
understood. Many. Even with the same composition, different 
mixing procedures and mixer types can produce somewhat 
different microstructures. The fertilizer industry is interested 
in controlling these influences to produce fertilizer with well-
known mechanical, rheological, and durability properties. In 
this overview, we will examine different fertilizer mixers, 
mixing times, mixing speeds, different addition times of the 
super plasticizer, and different air pressures in the mixing pan. 
We will review existing literature and present some new 
experimental results. 

Key Words:  Continues Mixing, Pin Mixer, Homogeneous 
Mixing, Powder Mixing, Agitation, Bulk Material Handling, 
Mixer Design, Process Efficiency.   

1. INTRODUCTION  

              This document is templateEach Today, we will be 
discussing a groundbreaking technology that has 
revolutionized the fertilizer mixing process. The Continuous 
Pin Type Mixer is a unique machine that offers faster and 
more efficient mixing solutions compared to traditional 
mixers. Its advanced features and specialized design make it a 
game-changer in the industry. The Continuous Pin Type Mixer 
uses a series of pins to blend different types of fertilizer 
materials. Unlike conventional mixers that rely on gravity or 
mechanical force, this machine uses high-speed rotation to 
ensure that every particle is evenly distributed and 
thoroughly mixed. Exacting standards of the fertilizer 
industry. 

The fertilizer industry and fertilizer research 
institutes must determine the quality of the fertilizer 
produced. To assess how well a mixer produces a uniform 
fertilizer from its constituents, the concept of "mixer 
efficiency" is often used. According to RILEM, a mixer is 
efficient if it distributes all the constituents uniformly in the 
container without favoring one or the other. DIN EN 8-1 
proposes three classes of mixers: ordinary, performance, or 
high-performance. 

Each class is defined by the obtained variability of 
four main parameters (water-to-fine ratio, fine content, 
coarse aggregate content, and air content). Several samples 
are taken from the mixer and for each parameter; the average 
and standard deviation are calculated. The coefficient of 
variation measures the homogeneity of the fertilizer 
produced. Another way to indicate the efficiency of a 
mixer is by evaluating the structure left in a granulation after 
mixing. 

Overall, assessing the efficiency of a continuous pin-
type mixer is essential in the fertilizer industry and research. 
By monitoring properties such as segregation and aggregate 
grading, and evaluating the structure left in a granulation 
after mixing, the quality of the fertilizer produced can Be 
Determined. 

1.1 MOTIVATION 

           Continuous pin mixers promote material homogeneity 
by utilizing a combination of high-speed spinning pins and 
fluidizing agents. This mechanism ensures that each particle 
of fertilizer material is consistently coated and distributed 
throughout the mixture, leading to a homogeneous end 
product. The design of pin mixers prevents the formation of 
clumps and cakes in the fertilizer mixture. This is crucial for 
maintaining the flow ability and handling characteristics of 
the final product, preventing issues during storage, 
transportation, and application. Fertilizer formulations often 
involve a diverse range of ingredients with varying particle 
sizes and properties. Continuous pin mixers are adept at 
blending these diverse components effectively, 
accommodating granules, powders, and liquids in the same 
process. In certain fertilizer production processes, chemical 
reactions may be involved. The continuous mixing action of 
pin mixers enhances the contact between reactants, 
facilitating efficient and uniform chemical reactions, leading 
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to a more consistent product. Continuous pin mixers can 
handle varying feed rates without compromising the quality 
of the mixture. This adaptability is crucial in industrial 
settings where production volumes may fluctuate. Many pin 
mixers are designed with durability in mind, using robust 
materials and construction. Additionally, they often require 
minimal maintenance, contributing to reduced downtime 
and increased overall equipment reliability. Advanced 
continuous pin mixers often come equipped with 
instrumentation and controls for precise monitoring and 
adjustment of mixing parameters. This level of control 
ensures that the desired specifications for the fertilizer 
mixture are consistently met. 

2. PROBLEM STATEMENT 

A computational investigation employing 3D finite element 
simulation was conducted to assess the mixing efficiency 
within a pin mixing section of a single-screw extruder. This 
study focused on a non-Newtonian, non-isothermal fluid 
system. Varied axial gaps between the pins were considered 
to simulate realistic configurations. The evaluation of mixing 
performance was quantitatively conducted based on the 
principles of fluid mixing kinematics. To learn and compare 
the local mixing performance in a standard screw and a pin 
mixing section, the local mixing efficiency distribution 
proposed by Ottino was calculated. The combination of 
integrating local mixing efficiency along multiple particle 
path lines from the inlet to the outlet, coupled with statistical 
analysis, referred to as integral mixing efficiency, provides 
The computational findings revealed a non-linear 
relationship between the mixing capability of a pin mixing 
section and the axial gap between the pins. These results 
were then compared with experimental data obtained from 
prior research conducted by our team 

3. OBJECTIVE 

Continuous pin-type mixers in the fertilizer industry aim to 
achieve several objectives: Homogeneous Mixing: Ensure 
uniform distribution of various fertilizer components, such as 
nitrogen, phosphorus, and potassium, to create a consistent 
and balanced blend.  Precision Blending: Achieve precise 
ratios of different fertilizer constituents, crucial for the 
desired nutrient composition in the final product. Reduced 
Segregation: Minimize the risk of particle separation during 
the mixing process, ensuring that the fertilizer's components 
stay uniformly distributed. Increased Efficiency: Enhance the 
overall efficiency of the fertilizer production process by 
providing a continuous mixing solution, reducing downtime 
between batches. Time Savings: Expedite the mixing process 
by eliminating the need for batch processing, leading to 
quicker production cycles. Energy Efficiency: Optimize 
energy consumption by designing the mixer for minimal 
power requirements while maintaining effective mixing. 
Quality Control: Facilitate consistent product quality by 
maintaining precise control over the mixing parameters, 

helping to meet industry standards and customer 
specifications. Dust Control: Minimize dust generation during 
mixing, contributing to a safer and cleaner working 
environment. Flexibility: Accommodate different types of 
fertilizers and varying formulations, allowing for versatility in 
production.  Automation Integration: Enable seamless 
integration with automation systems for monitoring and 
control, enhancing overall process reliability. Continuous pin-
type mixers play a crucial role in achieving these objectives, 
contributing to the efficiency, quality, and sustainability of 
fertilizer production in the industry. 

4. COMPONENTS 

4.1 Seamless Pipe 

Seamless pipes for pin-type mixers in the fertilizer 
industry are commonly constructed from stainless steel or 
alloy steel due to their corrosion resistance and strength. The 
choice of material depends on factors like the type of 
fertilizers being processed and the operating conditions. 
Stainless steel (e.g., 304, 316) or alloy steel. Selection based 
on corrosion resistance and strength requirements. Outer 
diameter (OD), wall thickness, and length are determined by 
mixer specifications. Standard pipe sizes are often used, but 
custom sizes may be employed based on design needs. 
Resistance to corrosion is crucial for durability in the 
presence of fertilizers. Stainless steel provides excellent 
corrosion resistance, reducing maintenance needs Alloy steel 
is chosen for its strength, ensuring the pipe can withstand 
the stresses of mixing operations. Depending on the 
application, the pipe may have a specific surface finish to 
meet hygiene or processing requirements. The pipe must 
meet the required temperature and pressure specifications 
of the fertilizer mixing process. Pipes may undergo testing 
such as non-destructive testing to ensure quality and 
reliability. 

For precise information tailored to a specific pin type mixer 
or application, it's recommended to refer to the technical 
documentation provided by the mixer manufacturer or 
consult with engineering professionals familiar with the 
fertilizer industry. 
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4.2 Induction Motor 

 

An induction motor used for a pin-type mixer in the 
fertilizer industry is typically a three-phase motor with a 
squirrel cage rotor. The motor's specifications would depend 
on the specific requirements of the mixer, such as its capacity, 
speed, and power demand. Factors like the type of fertilizer 
being mixed and the mixing process also influence motor 
selection. The motor's power should be sufficient to drive 
the mixer under normal operating conditions, factoring in 
any variations in load. (20HP) Voltage and Frequency Match 
the motor's voltage and frequency specifications with the 
local power supply. The motor's speed should align with 
the mixer's requirements for effective mixing. (1440RPM) 
The motor's physical size and mounting should fit the 
mixer's design and space constraints.  Consider a high-
efficiency motor to reduce energy consumption and 
operating costs. Determine the duty cycle (continuous, 
intermittent, or short-time) to ensure the motor is suitable 
for the application.  Ensure the motor can handle the 
ambient temperature conditions in the fertilizer production 
environment.  Select an insulation class that provides 
sufficient protection against electrical breakdown. 

4.3 Belt 

To choose a V belt for a pin-type mixer in the fertilizer 
industry, consider the following details: 

Power Requirements: Specify the mixer's horsepower (HP) 
or kilowatt (KW) rating. This information is crucial for 
determining the belt's load-bearing capacity. Rotational 
Speed: Provide the mixer's rotational speed in revolutions 
per minute (RPM). This is essential for selecting a V belt with 
the appropriate speed rating. Dimensions: Share details 
about the pulley system, including the diameters of the driver 
and driven pulleys. This helps calculate the correct belt 
length and ensures proper power transmission. Ambient 
Conditions: Describe the environment where the mixer 
operates. Consider factors like temperature, humidity, and 
the presence of dust or corrosive materials. This information 
helps in choosing a belt material with suitable resistance. 
Chemical Resistance: If the mixer handles chemicals or 
corrosive substances, specify the types and concentrations. 

This is crucial for selecting a belt material that can withstand 
these conditions. 

4.4 Fly Wheel 

         The primary function of the flywheel is to store kinetic 
energy during periods of excess power and release it during 
low-power phases. This helps maintain a consistent 
rotational speed for the mixer, ensuring uniform mixing of 
fertilizers.  Common materials for flywheels include cast iron 
or steel due to their durability and ability to withstand high 
rotational forces. The size is determined by factors such as 
mixer capacity, desired rotational speed, and the need for 
balancing the system.  The flywheel is securely mounted on 
the mixer shaft, and its weight distribution is carefully 
considered to minimize vibrations and maximize stability. It 
is often connected directly to the mixer's drive system, either 
through a direct mechanical linkage or other transmission 
mechanisms.  The flywheel counters variations in power 
input, ensuring a more constant rotational speed. This is 
crucial for achieving a homogenous mix of fertilizers. By 
absorbing excess energy during high-power phases and 
releasing it during low-power phases, the flywheel helps to 
smooth out the overall energy consumption. 

4.5 Flange Mounted Bearing 

 
Bearings are often made from materials like stainless 

steel or cast iron to resist corrosion, which is important in the 
fertilizer industry where corrosive substances are prevalent. 
Robust construction to handle heavy loads and provide 
durability in demanding operating conditions. Bearings are 
designed with specific load capacities in mind. Ensure the 
selected bearings can handle the radial and axial loads 
encountered in your pin-type mixer application. Bearings 
may incorporate seals to prevent contaminants like dust 
and moisture from entering, ensuring a longer lifespan and 
reliable performance. Sealing options could include labyrinth 
seals, contact seals, or other specialized designs depending 
on the environmental conditions. 
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4.6 Pillow Block Bearing        

        Pillow block bearings for pin-type mixers in the fertilizer 
industry are engineered to handle the unique demands of this 
application. The housing, usually made of robust materials 
like cast iron, provides a sturdy support structure. Stainless 
steel variants may be used to enhance corrosion resistance,  

Crucial in fertilizer environments. These bearings are 
designed with a sealing mechanism to prevent contaminants 
from entering and affecting performance. This feature is 
particularly important in fertilizer production, where 
particles and chemicals could compromise the integrity of the 
bearing. The choice of bearing size and load capacity is 
determined by the specific requirements of the mixer. Factors 
such as the mixer's size, rotational speed, and the forces 
involved in the mixing process influence the selection. It's 
essential to consult with a bearing expert or the mixer 
manufacturer to ensure the chosen bearings meet the 
necessary specifications. 

 

4.7 EN8 Pins 
  

Pin type mixers are commonly used in the 
fertilizer industry for blending different materials together. 
These mixers utilize a specific type of pin known as the EN 8 
pin. The EN 8 pin is made from engineering steel that meets 
the strict requirements of the EN 8 standard. This standard 
defines the chemical composition, hardness, and other 
properties of the steel, ensuring the pin's durability and 
reliability in harsh operating conditions. 

 

 The EN 8 steel is a medium-strength steel that 
offers excellent tensile strength and toughness. It is highly 
resistant to wear and deformation, making it an ideal 
material for use in mixer pins. The dimensions, tolerances, 
and specific mechanical properties of the EN 8 pin will vary 
depending on the design and requirements of the particular 
mixer. These specifications are carefully selected to ensure 
optimal performance and longevity of the mixer, while also 
meeting industry standards and regulations. 

5. DESIGN  

The design process entails the application of scientific 
principles, technical knowledge, and creative imagination to 
develop a new or improved machine or mechanism tailored 
to fulfil a specific function with optimal economy and 
efficiency. Therefore, a meticulous approach to design is 
imperative. The entirety of the design endeavour has been 
divided into two segments to ensure a comprehensive and 
systematic approach. 

5.1 System design  

5.2 Mechanical Design. 

             System System design primarily addresses a range of 
factors including physical constraints, ergonomics, spatial 
requirements, component arrangement on the main frame, 
interactions between humans and machines, control count 
and positioning, machine's working environment, potential 
failure points, safety protocols, serviceability considerations, 
maintenance accessibility, scope for enhancement, machine 
weight distribution from ground level, overall weight, and 
more. In mechanical design, components are typically 
categorized based on procurement and design 
considerations into two main groups. 

1) Designed Parts  

2) Parts to be purchased  

For individually designed parts, a detached design process is 
undertaken, and the resulting specifications are compared to 
the closest readily available dimensions in the market. This 
facilitates assembly and post-production servicing tasks. 
Tolerances on the components are defined, and process 
charts are created and transferred to the manufacturing 
phase. Additionally, parts that are to be procured directly are 
chosen from a variety of catalogues and clearly specified, 
allowing anyone to purchase them from a retail shop based 
on the provided specifications. 

5.1 SYSTEM DESIGN: 

 In system design, there are several key parameters or 
considerations that designers typically focus on to ensure 
the effectiveness, efficiency, and reliability of the system. 
These parameters can vary depending on the specific context 
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and requirements of the system being designed. Here are 
some common parameters: 

5.1.1 System Selection Based on Physical Constraints 

When choosing a machine, it's essential to assess whether it 
will be deployed in a large-scale or small-scale industry. In 
our context, it's intended for a small-scale industry, where 
space is a critical limitation. Therefore, the system must be 
exceptionally compact, allowing it to be accommodated in a 
corner of a room. 

Mechanical design intricately connects with system design. 
Thus, the primary objective is to regulate physical 
parameters, ensuring that the specifications derived from 
mechanical design seamlessly integrate into the overall 
system. 

5.1.2 Arrangement of Various Components 

Considering space limitations, it's imperative to arrange 
components in a manner that allows for easy removal or 
servicing. Additionally, each component should be readily 
visible, with none hidden from view. Optimal utilization of 
every available space is ensured in the arrangement of 
components. 

 5.1.3 Components of System 

As previously mentioned, the system must possess a compact 
design to enable placement in a room corner. All moving 
parts should be enclosed within a compact structure. This 
compact system design results in a robust and weighty 
structure, which is advantageous for stability and durability. 

 5.1.4 Man-Machine Interaction 

Ensuring the operator's ease and comfort while operating 
the machine is a crucial aspect of design. This involves 
applying anatomical and psychological principles to address 
issues stemming from the interaction between humans and 
machines.  

1. Foot lever design 

2. Evaluation of energy expenditure during foot and 
hand operation 

5.1.5 Chances of Failure 

Considering the losses incurred by the owner in case of any 
failure is a crucial aspect of design. Safety factors are 
prioritized in mechanical design to minimize the likelihood of 
failures. Additionally, regular maintenance is necessary to 
ensure the unit remains in good condition. 

 

 

5.1.6 Servicing Facility 

The arrangement of components should facilitate easy 
servicing, particularly for those requiring frequent attention, 
enabling straightforward disassembly when necessary. 

5.1.7 Scope of Future Improvement 

Provisions should be made in the arrangement to 
accommodate future expansions in the scope of work. For 
instance, facilitating the conversion of the machine from 
manual to motor-operated should be easily achievable. 
Furthermore, the design should allow for the 
interchangeability of dies and punches to accommodate 
different shapes of notches or other requirements. 

5.1.8 Height of Machine from Ground 

To ensure the operator's ease and comfort, it's essential to 
determine the height of the machine appropriately. The 
machine should be positioned slightly higher than the waist 
level to prevent operator fatigue during operation. Sufficient 
clearance from the ground should also be provided to 
facilitate easy cleaning. 

Seamless Pipe, a hollow cylindrical conduit, facilitates the 
mixing of fertilizer within its confines. 

6 Design Calculations 

6.1 Seamless Pipe 

 For Seamless Pipe,  

Were,  

L = Length, Pi = Load, Di = Internal Diameter, V = Volume, 𝜍𝑡 = 
Tensile Stress, Sut = Ultimate Tensile stress, F.O.S. = Factor of 
Safety, T = Thickness, etc. 

 Required volume- 0.506 𝑚3  

Length- 5.2 Di 

 Factor of safety = 3  

Pi = 3 Mpa 

 Sut = 390 N/𝑚𝑚2 

 Diameter of seamless pipe - 𝑣 = 𝛱 4 ⁄ × 𝐷𝑖2 L 

 Di = √ 4𝑣 5.5𝛱 3  

Di = √ 4×5.06 5.2𝛱 3 

 Di = 0.498  

𝑚 = 498mm  

Di = 500 mm  

L = 5.2 × 500 

 L = 2580 mm  
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In standard specification 498 mm size not available. 
According to the seamless pipe specification chart 500mm 
Diameter sized pipe is selected. 

Thickness of seamless pipe –  

𝜍𝑡 = 𝑆𝑢𝑡 /𝐹.𝑂.𝑆. 

 𝜍𝑡 = 390 /3.  

= 130 N/𝑚𝑚2 

 T = Pi.Di/2𝜍𝑡 

 = 3×500/2× 130 

 T = 5.7mm 

 (5.7 mm Thickness is Not Available According to 
Manufacturing Table) Approximately, thickness  

T = 6 mm 

6.2 Flywheel:  

            A flywheel is a mechanical device used to store 
rotational energy. It consists of a heavy disk or wheel 
mounted on an axle, 

And its primary function is to store energy in the form of 
kinetic energy.  

Were,  

N = Rpm, w = Angular Velocity, 𝜌 = Density, D = Diameter, 𝜍𝑡 
= Stress, etc.  

Given Values- N = 500 Rpm, w = 2 𝛱 ×500/60=52.33 rad/sec, 
𝜌 = 7500 Kg/m3, 𝜍𝑡 = 2.51 mpa  

Diameter of the Flywheel- 

Let, D = Diameter of the Flywheel in meters. We know that 
the peripheral velocity of the flywheel,  

𝑣 = 𝛱.𝐷.𝑁 /60  

= 𝛱.𝐷×500 /60  

= 26.16 D m/s 

We also know that hoops stress (𝜍𝑡),  

𝜍𝑡 = 𝜌 × 𝑣2 = 2.51 × 106 

 = 7500×26.16𝐷 ×26.16D  

D2 = 0.4887 m  

D = 0.699 m 

 = 699 mm 

 Diameter Considered as 700 mm  

D = 700 mm. 

Cross Section of the Flywheel- 

Let, t = Thickness of Flywheel Rim in meters and 

 b = width of Flywheel Rim in meter = 0.52 t 

 Cross section Area of the Rim,  

A = b×t  

A = 0.52t × t = 0.52t 2 

 Since, the scale of the crank angle is 1 mm = 0.46º = 0.46× 
Π/180 = 0.0081, and the scale of the turning moment is 1 mm 
= 300 N-m, therefore  

1mm2 on the turning moment diagram  

= 300×0.0081  

= 2.44 N-m  

Maximum energy = E+442  

Minimum energy = E-32  

We know that the maximum Fluctuation of energy  

∆ E= Maximum energy – Minimum energy  

= (E+442) - (E-32) = 474  

= 474×2.441 

 = 1157.03 N-m.  

Coefficient of Fluctuation of speed, 

 Cs = 0.03  

Let, m = Mass of the Rim.  

We know that the maximum Fluctuation of energy (∆ E),  

1157 = m× v 2 ×Cs 

 1157 = m× 18.3162 ×0.03 

 m = 114.96 Kg 

We also know that,  

the mass of the flywheel Rim (m),  

m = A× ΠD × ρ  

114.96 = 0.52t 2 × 2.198 × 7500  

t = 0.115 m  

t = 115 mm  

b = 0.52 t  

b = 59.8 mm 

6.3 V-belt 

Design of the belt drive  

Given – P = 15 KW; N1 = 1440 RPM; N2 = 500 RPM; d2 =700 
mm; x = 800 𝑚𝑚 ;  

Overload Factor = 1.3; ρ = 1000 Kg /m3; T = 1.5 MPa;  

µ = 0.28; t = 12 MPa . 

 Let, P = Power  
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N1 = Driver Shaft; D1 = Diameter of motor pulley N2 = Driven 
Shaft; D2 = Diameter Of mixer pulley  

x = Distance between Two Shafts.; ϴ = Angle of Contact ρ = 
Density; V - Velocity  

ς = Load 

First of all, let us find the diameter (d1) of the motor pulley.  

We know that  

N1/N2=d2/d1, d1=d2×N2/N1, 700 x 500 /1440 = 243 mm = 
0.243 m  

Or sinα = d2 -d1/2x = 700- 243/2(800) = 0.2843 = 16.26° 

We know that the angle of contact, 

 θ = 180°- 2α = 180 -2 × 16.26 = 147.28° =147.28 x π/ 180 = 
2.56 rad  

Let T1= Tension in the tight side of the belt, and T2 = Tension 
in the slack side of the belt.  

Assume the groove angle of the pulley, 2 β = 35° or β= 17.5°.  

We know that 2.3 log (T1/T2) = µ.θ cosec β = 0.28 x 2.56 x 
cosec 17.5° = 2.42  

Log (T1/T2) = 2.42 /2.3 = 1.0526  

(T1/T2) =11.28                                  ... (Taking antilog of 1.0526)  

We know that the velocity of the belt,  

v = 𝜋.𝑑1.𝑁1 /60 = 𝜋×0.243×1440 /60 = 18.31 m/s  

And mass of the belt per meter length, Let, m =Mass of the 
belt  

m = Area x length x density 

= 350 x 10−6 x 1 x 1000  

= 0.35 kg /m  

Centrifugal tension in the belt,  

Let, Tc = Centrifugal Tension  

Tc = m. 𝑣 2= 0.35 (18.31) 2 = 117 N  

And maximum tension in the belt,  

T = Stress x area = 1.5 x 350 = 525 N  

Tension in the tight side of the belt,  

T1 = T - Tc = 525 – 117 = 408 N T2 = T1/11.28 = 408/11.28 = 
36.17 N  

We know that the power transmitted per belt,  

= (T1 - T2) v  

= (408 – 36.17) 18.31  

= 6808 W  

= 6.808 kW.  

Since the over load factor is 1.3, therefore the belt is to be 
designed for 1.3 x 15 = 19.5 kW.  

Number of belts required = Designed power /Power 
transmitted per belt 

 = 19.5 6.808 = 2.86 say 3.  

No. of Belts = 3 

Since the V-belt is to be designed for 19.5 kW, therefore from 
Dimension Of Slandered  

V-belts Table, C Section = Power Range is (7.5 – 75 kw).  

we find that a ' C ' type of belt should be used.  

Let, L = Length of the belt  

We know that the pitch length of the belt,  

L = π (r2 + r1) + 2x + (𝑟2−𝑟1) 2 /x = π 2 (d2 + d1 ) + 2x+ 
(d2−d1) 2 /4x  

= (700 + 243) + 2 x 800 + ( 700 − 243 ) 2 /4( 800 )  

= 943 + 1600 + 65  

= 2608 mm  

Adding 8 mm for ' C ' type belt, we find that Outside length of 
the belt  

= 2608 + 8 

 = 2616 mm  

According to IS: 2494 – 1974, the nearest standard inside 
length of V-belt is 2616 mm.  

According to the C section table Dimension is –  

i. Belt No - C103.  

ii.  Thickness -17/32 in.  

iii.  Top width – 7/8 in.  

iv.  Inside length – 103 in. 

6.4 Mixer Shaft: 

 Let D = Diameter of the shaft.  

We know that the torque transmitted by the driven or Mixer 
pulley shaft,  

T =Designed Power x 60/ 2.𝜋.𝑁2  

= 19500 x 60 /2 x 𝜋 x 500  

= 372 N-m  

= 372 × 10 N-mm  

Since the overhang of the pulley is 300 mm, therefore 
bending moment on the shaft due to the belt tensions,  

M = (T1 + T2 + 2Tc) 300 × 3                          ... (No. of belts = 3)  

= (408 + 36.18 + 2 × 117) 300 × 3 = 610.62 × 103 N-mm  

∴ Equivalent twisting moment,  
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Te = √T 2 + M2 = √ (372 × 103) 2 + (610.62 × 103) 2  

= 715 × 103 N-m 

We also know that equivalent twisting moment 

 (Te ), 715 × 103 =π/16 x 12 x D 3 = 2.35 D 3  

D 3 = 715 × 103 / 2.35 = 304 × 103 

D = 67.3mm say 68 mm  

D = 68mm.  

Design for key  

The standard dimensions of key for a shaft of 68 mm 
diameter are  

Width of key = 22mm                  and 

Thickness of key = 12mm 

7 Working 

            Agglomeration through tumble growth is a widely used 
process, and the pin mixer operates on the same principles as 
other agglomeration equipment. The process involves using 
motion and binder to form agglomerates, but the pin mixer's 
unique operating theory has three structurally undefined 
zones that work together to ensure efficient mixing, 
pelletizing, and densification processes. The pin mixer relies 
on the coalescence effect, which occurs when liquid binder is 
added to the mixture, making the fines sticky and allowing 
them to pick up additional fines as they tumble. This process 
leads to the growth of pellets in size, making them more 
suitable for their intended use. The type and amount of 
material and binder used have a significant impact on the 
quality of the final pellet product. The pin mixer's operating 
theory centers around three zones, each playing a specific 
role in the agglomeration process. The first zone is the mixing 
zone, where the material is thoroughly mixed with the liquid 
binder. The second zone is the densification zone, which is 
responsible for compressing the mixture and removing 
excess moisture. The third zone is the pelletizing zone, where 
the pellets are formed and then discharged from the mixer. 
The pin mixer's unique operating theory ensures that the 
agglomeration process is carried out efficiently, producing 
high-quality pellets that meet the desired specifications. 

7.1 Zone 1 Mixing 

           In the first 15-20% of the mixer process, the feed 
components are mixed to create a homogeneous mixture of 
solid and liquid feed materials. This is achieved through a 
combination of mechanical and aerodynamic forces, which 
cause fine particles and droplets of liquid binder to collide 
with each other. During this phase, the mechanical action of 
the mixer creates shear forces that break up any lumps or 
clumps of feed material, while the aerodynamic forces 
created by the mixer's impellers move the feed components 
around the mixing chamber and promote mixing. As the 
mixing process continues, the mixture starts to agglomerate 

and form pellets. This happens when the liquid binder starts 
to coat the solid particles, causing them to stick together and 
form larger particles. The resulting pellets are easier to 
handle and transport, and can be more efficiently processed 
further down the production line. 

7.2 Zone2 Pelletizing 

          As the mixture flows through the length of the mixer, the 
individual particles start to become tacky and agglomerate, 
forming larger pellets. These pellets consist of loose particles 
and continue to grow in size as they move through the mixer. 
The centrifugal force, generated by the mixer's rotation, 
causes the pellets to roll down and along the mixer's interior, 
encouraging the joined-together particles to morph into 
spherical pellets.  

As the pellets form, they move away from the inlet, and the 
addition of new material gradually decreases. In this zone, the 
densification of particles occurs as the pellets continue to 
form and grow in size. The spherical shape of pellets is a 
result of the continuous rolling motion, causing the 
agglomerates to maintain a uniform shape and size. 

7.3 Zone3 Densifing       

           During the pillarization process, larger pellets create                                                              
Additional centrifugal force in the mixer, which results in a 
shift from formation to densification without any new 
material being added. In this zone, the interaction between 
the pellets and the mixer's interior shell and pins, as well as 
between the pellets themselves, causes the pellets to gain 
density. The water and air volume within each pellet is forced 
out, leading to densification. Additionally, the pellets are 
polished as they roll against the mixer's interior shell, further 
enhancing their appearance.  

Once the densification process is complete, the pellets are 
discharged from the mixer. These pellets, commonly referred 
to as micro pellets, are uniform in makeup and physical 
characteristics. They are also ready for further processing or 
product finishing since they exhibit a smooth surface and 
uniform size. The micro pellets can be dried, coated, or 
subjected to additional processing as necessary. Overall, the 
pillarization process results in high-quality micro pellets that 
exhibit excellent characteristics. 

8. CONCLUSIONS 

 As benefits of the continuous pin type mixer in the 
context of the fertilizer industry. The intricate design of the   
continuous pin type mixer involves strategically placed pins 
within the mixing chamber, promoting intricate material 
intermingling. This design ensures not only a high level of 
homogeneity but also addresses challenges associated with 
various particle sizes and shapes present in fertilizers. The 
result is a finely blended mixture that meets stringent quality 
standards. Moreover, the mixer's adaptability extends to its 
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ability to handle both granular and powdered components, 
accommodating the diverse nature of fertilizers. The 
consistent blending achieved by the rotating pins mitigates 
the risk of uneven distribution of nutrients, fostering a more 
uniform end product. This is crucial in the fertilizer industry, 
where precise nutrient ratios directly impact crop yield and 
quality. 

The continuous operation aspect of the mixer is pivotal in 
optimizing production workflows. By eliminating the need 
for frequent starts and stops, it minimizes downtime, 
contributing to enhanced overall efficiency. The time saved 
in the blending process translates into increased throughput, 
a valuable advantage in a sector where production 
volumes often play a critical role in competitiveness. 
Furthermore, the mixer's design facilitates easy cleaning and 
maintenance, crucial aspects in industries dealing with 
various chemical compounds. This ease of maintenance not 
only ensures the longevity of the equipment but also 
supports adherence to industry regulations and quality 
standards. 

In conclusion, the continuous pin type mixer, with its 
intricate design, adaptability, and operational efficiency, 
emerges as a cornerstone technology in the fertilizer 
industry. Its role in achieving precise material blending, 
minimizing downtime, and facilitating maintenance 
underscores its significance as a catalyst for improved 
productivity and quality in fertilizer manufacturing 
processes. 

9. FUTURE SCOPE 

The authors the future scope of continuous pin-type 
mixers in the fertilizer industry is multifaceted. These mixers, 
known for their ability to achieve thorough blending of 
diverse fertilizer components, offer several advantages. 

9.1 Efficiency and Homogeneity: Continuous pin-type 
mixers ensure a consistent and homogeneous mixture of 
ingredients, enhancing the overall quality of fertilizers. This 
is crucial for achieving precise nutrient distribution in the 
final product. 

9.2 Increased Production Speed: The continuous nature of 
these mixers allows for a seamless and uninterrupted 
blending process. This leads to higher production speeds, 
contributing to increased overall output and efficiency in 
fertilizer manufacturing. 

9.3 Energy Efficiency: As industries strive for sustainability, 
the energy efficiency of equipment becomes paramount. 
Continuous pin type mixers, with their streamlined design 
and continuous operation, can contribute to reduced energy 
consumption compared to batch mixing methods. 

9.4 Adaptability to Various Formulations: The flexibility 
of continuous pin type mixers makes them suitable for 

handling a wide range of fertilizer formulations. This 
adaptability is essential in an industry where diverse 
product formulations may be required to meet specific 
agricultural needs. 

9.5 Quality Control and Consistency: These mixers enable 
precise control over the blending process, ensuring that each 
batch meets stringent quality standards. Consistency in 
fertilizer composition is crucial for delivering reliable 
agricultural results. 

9.6 Integration with Smart Manufacturing: As industries 
embrace Industry 4.0 and smart manufacturing practices, 
continuous pin type mixers can be integrated with digital 
systems for real-time monitoring, data analysis, and process 
optimization. 

9.7 Environmental Considerations: With an increasing 
focus on sustainable practices, continuous mixers align well 
with efforts to minimize waste and optimize resource 
utilization. 

In summary, the future scope of continuous pin type mixers 
in the fertilizer industry lies in their capacity to enhance 
efficiency, reduce environmental impact, and align with the 
industry's evolving demands for sustainable and high-
quality fertilizer production 
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