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Abstract: The Processing of metal lumps into granules and powder is a challenging task in the modern manufacturing 
industry. Some valuable metals like silver and gold are facing difficulty while processing them for granules and powers. The 
major difficulty faced during the granulation with conventional process is irregular dimensions with very less yield and the 
process is time-consuming too. The granulation process involves the breakage of a large lump in to small granules after 
melting of metals and pours them in the coolant. During this process, metal get melts in a furnace and pour into water with 
minimum orifice diameter. The metal falls within the water, which allows it to get cool at room temperature. This process is 
to be carried out in a vacuum, and the process known as primary atomization. To get the further breakdown of granules in to 
powder we have to follow the impinging of poured metal before sediment in to the water is needed. This disintegration 
process involves the breakage of a metal droplet into the microns size by using the high-speed gas jet. This research article 
presents granulation and atomization process and demonstrate that how we can achieve 100% yield of valuable metals by 
using proposed technique. The experimental results showcase the effectiveness of the developed process. 
 
Index terms: Atomization, Granulation, Metal Pouring Processing, Turbo Pressure, Scanning Electrode Microscopy (SEM), 
Energy-Dispersive X-ray Spectroscopy (EDS) 
 
I. INTRODUCTION 
 
A Powder is a fine, dry molecule made by the 
granulating, pulverizing, or crumbling of a Strong 
body. A paste or gel may transform into a powder 
after it has been proficiently dried, yet it is not 
considered as a powder when it is wet since it doesn't 
pour uninhibitedly.  
 
A Substance like got dried out earth are not powders 
[1] besides they are crushed in light of the fact that 
they have unnecessarily union between the grains and 
they don't stream without limitation like a powder [2].   
 
A fluid streams uniquely in contrast to a powder, on 
the grounds that a liquid can't avoid any shear push. 
A powder on the opposite side is strong in light of the 
fact that it can bolster shear stresses. Moreover 
different types of pouring nozzles and different types 
of atomizing nozzle for impinging of molten metal 
were used.  
 
As well as different-different parameters such as 
poring pressure, turbo pressure, atomizing pressure, 
superheating temperature, metal collection medium 
(water, oil) etc. gives different-different outcomes of 
powders and granules with 99.9% yield. Granulation 
and Atomization process consider for achieve 
outcomes of metal and metal-alloy with   99.9 % 
yield. Its experimental system such as induction 
furnace, pouring nozzle, melting crucible, atomizing 
gas nozzles, collection tank, sealing rod pouring cup 
etc. designed and fabricated. 
 

II. GRANULATION AND ATOMIZATION 
 
It is a process for forming of metal lumps into grains 
and granules. Generally granules sizes between 0.2 to 
0.5 mm. depending on their use and process and size 
of the orifice which is using for the pouring of molten 
liquid metal. It was found that the metal flow is very 
sensitive to the exact geometry and the design of the 
pouring nozzle and granulation as well as the cooling 
path and the method of solidification. The resulting 
particle size distribution has been discussed by the 
use of experimental information operated by SEM, 
EDS analysis. Moreover different types pouring 
nozzles (0.5mm to 4mm) were be used and tested 
during the granulation process. A comparison 
between the estimated mean particle sizes with other 
empirical correlated diameter seems to be approached 
to large extent. The present work will describe the 
proposed granulation unit and discuss the 
specification of the produced metal grains. 
 
Atomization process involves the use of high- 
pressure fluid jets to break up molten molten-metal 
stream into very fine droplets, which when solidify 
into fine particle Method was used on large scale 
during world war-II. High-quality powders of Al, 
brass, iron, and nickel, SS tool steel and super-alloys 
are produced by the above method. Forcing of molten 
metal through a small orifice and breaking up the 
stream with powerful-jets of compressed air, gas or 
water-Atomization process [3], the gases used is Ar, 
N2, He gas jets. The atomized powder is collected in 
water-bath. 
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Figure 1:  Conceptual Diagram for Granulation and   

Atomization 
          
Table 1: Parameter consider for granulation and atomization 

 
 
III. THEORETICAL ENERGY FOR 
GRANULATION  AND ATOMIZATION 
 
In powder metallurgy the use of heat can be even 
higher as the powder is generally heated again in the 
manufacturing process. Heat uses may be less during 
spray deposition as the intermediate step of powder 
production [4] (and possibility reheating) is avoided. 
 
(i)  Surface Energy: 
Given that one has heated to produce a melt, how 
much additional energy input to the atomizer is 
required, in theory, to break up the bulk liquid into 
droplets. 

Eσ = σS = ∑   πDi2  
 

 
Figure 2: Surface area increase by atomization 

(ii)  Theoretical efficiency: 
Neglecting the need to overcome viscous forces 
during break up, the theoretical efficiency is: 
 

ησ = (      )
(       )

 
 

The input energy is the product of the pressure drop 
ΔP across the atomizer nozzle and the volume flow 
rate [5]. The volume flow rate is the sum of the 
volume of the N droplets created in unit time, one 
thus has: 
    ησ = 100σ [ π  ∑ Di2

]/ [ΔP (π/6)  ∑ Di3 
] 

 
The mean diameter is a measure of mean particle size 
and this is defined as: 

D32 = [ ∑ Di3] / [∑ Di2 
] 

 
Thus the percentage of theoretical efficiency may be 
written as: 

ησ = 600 σ/(ΔP D32) 
 
 
(ii)  Theoretical energy requirement: 
The mass of liquid atomized in unit time is: 
                 M = ρLπ ∑ Di3

/6  
 
The theoretical energy required to atomized unit mass 
is Eσ/M (J/kg) [9] 
                  Eσ/ML = 60 ρL

-1 D32-1 

 
(iii)  Viscosity effect and energy dissipation due to    
viscosity: 
Viscosity effects in addition to the surface tension the 
fluid viscosity are the other fluid property which 
resists the breakup of liquid into droplets. Many 
melts, particularly superheated metals and their alloys 
can be considered to be Newtonian fluids so that 
there is no variation of viscosity with shear rate, i.e. 
with local velocity gradient in the melt. 

 

 
Figure 3: Variation of Viscosity during Molten Metal pouring 
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The energy depends upon the distribution of viscous 
shear stress in the melt during atomization and upon 
how this distribution varies with time. The 
atomization route determines the shear stress 
distribution within a body of liquid which eventually 
forms a droplet. As an approximation, the work done 
against viscous forces when producing a droplet, 
diameter D, using one of these relatively ‘orderly’ 
atomization routes should be dependent upon D, μL 
and ΔU where ΔU is typical velocity difference 
across the liquid zone during break up. The velocity 
difference determines the stretching rate of fluid 
element and thus the energy lost due to viscosity [5]. 
The energy required to overcome viscosity to produce 
a single droplet. 

Eμ= μL ΔU D2 

(iv) Reynolds and Weber number: 
The relative importance of viscous and surface 
tension forces in resisting atomization is determined 
by ratio Eμ/E σ and this is also the ratio of liquid 
phase Weber and Reynolds numbers [5]:  

  
 

  ≈   Eμ/E σ     
 
S: surface area 
M: mass of melt 
E: surface energy 
N: total no. of droplets 
Eσ: Surface tension 
ησ: theoretical efficiency 
D: diameter of particle droplet 
Di: ith particle of μm or m 
ΔD: increment of particle diameter; cell width (μm or 
m) 
ΔP: pressure drop during atomization 
N: no. of droplets per unit time 
E: energy (W or KW) 
S: particle or sample surface area (m2) 
σ: surface tension (Nm-1) 
M: mass of particle or total mass of sample (Kg) 
ML: mass of solid-liquid particle 
H = heat [J] 
ρ = density (Kg m-3) 
V = volume 
c = specific heat (s = solid, l = liquid) 
 
(v)  Theoretical energy requirement: 
Unlike the effect of surface tension, the high densities 
of metals do not necessarily act against obtaining 
good atomization to small particles [5]. It takes 
longer for a given net force to, say accelerate and 
detach a ligament expects, from the main body of 
liquid if the liquid density is higher. 

 
IV. FABRICATION AND METHODOLOGY 
 
The basic assumption is 10 kg pure nickel powder for 
inert gas atomization technique with closed couple 
nozzle. This system specification is suitable for all 
below 2000 degree melting point metals. 

 
Figure 4: Design and Fabrication Versions 

 
(i.) Adjustable Angle Nozzle 

    In this concept, we can adjust the nozzle angle by 
using tilting mechanism socket. At different-different 
angle of nozzle impinging to molten metal stream 
consequently, we get different size and shapes of 
powder particle structure. 

 
(ii) Fixed Angle Nozzles (constraint argon 
medium): 
In this concept, molten metal stream impinged at fix 
angle in the vena-contracta travel length of the molten 
stream. 

 

 
Figure 5: System Overview  

 

 
Figure 6: Granulation and Atomization System  
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V. WORKING AND EXPERIMENTAL 
PROCESS 
 
The process of gas atomization, first of all, take metal 
lumps in small sizes with are compatible our crucible 
size. These metal lumps clean with the acetone before 
melting. The granulation tank fulfilled with 
Demineralization (DM) Water for molten metal drops 
after atomization. Before melting, the control system 
adjusts with melting temperature with the addition of 
superheating. It is better to stand by sometime after 
reached the convenience temperature for better 
conduction of graphite nozzles during melting in the 
induction furnace. The total temperature equals to 
melting temperature + superheating. Before melting 
we have to check both Side length of Pu pipes is 
same or not otherwise it creates metal deposition 
problem on the wall of granulation chamber. Also 
check the attachment of Pu pipes with a push fit, T-
joint, L-shape connectors etc. Also, make an 
adjustment of the crucible in induction furnace with 
proper insulation and alignment of sealing rod in the 
crucible. Before melting adjust the induction power 
supply. Our induction furnace (Indutherm CC-1000) 
power is 25 KW.  
It is better to adjust the power supply with the 
convenience of the time of melting. It is better to 
adjust both nozzles at a fixed angle. In our tilting 
mechanism box, we can adjust the tilting angle 
between O degrees to 55 degrees. The different-
different angle of tilting gives many kinds of 
variations in powder shapes and sizes during 
atomization. Here already fixed the pouring pressure 
2 bar by internally fitted FRC (flow regulator control) 
of Indutherm Con-Casting Machine. Generally, we 
can take Inert gas pressure up to 4 to 8 time of 
pouring pressure. Before liquid metal pouring, we 
have to start inert gas flow at least 1-2 minutes 
before.  
 
After inert gas supply, we should put on the sealing 
rod for molten metal pouring. If required we can take 
pressed turbo pressure for bottom level liquid metal 
pouring. At the end of the process after 5-10 minutes 
we can turn out the water through granulation tank 
outlet and collect the metal particles in the form of 
powder, flakes granules etc. It is better to placed 
metal outlet particles in Muffle furnace for properly 
dry out. After that, we can analyze the particles by 
SEM, EDS for morphology and particle size and 
shapes. 
 
VI. EXPERIMENTS AND RESULTS 
 
The proposed of granulation and atomization have 
been designed for production of granules and powder 
with 100% efficient. The experimental process of 
granulation and atomization, we select silver (Ag) 
and tin (Sn) for achieve an outstanding performance 
in powder and granules form. 

(i.) Silver (Ag) Granulations Morphology: 
 

 
Figure 7: SEM Results (Rough Granule) 

 

   
Figure 8: SEM Results (Fine Granule) 

 
(ii.) Tin (Sn) Atomization Morphology: 
SEM Analysis-1 

 
Figure 9: SEM Results (Fine Particles) 

SEM Analysis-2 
 

   
Figure 10: SEM Results (Fine Particles) 

 
CONCLUSION 
 
The results presented indicate that the moderate 
pressure of Granulation and Atomization provides a 
stepwise production route for bulk quantities of 
rapidly solidified material. Production of granular is 
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having a median diameter of about 1.2 to 3.8 mm and 
powder particles having a median diameter of about 
701 to 1620.42 µm shown to be possible using quite 
primary atomizing argon gas pressure of about 2 bar 
and after provides turbo pressure for pouring the 
lower surface level molten liquid silver. The granules 
produced during granshot technique are mostly in 
spherical regularly shaped. This process of metal 
granulation gives the indication about molten liquid 
pouring from 1 mm diameter hole by using proper 
method of melting and superheating. As well as, the 
metal atomization process gives the indication about 
pouring molten metal disintegrated by argon gas by 
using atomizing gas nozzles. 
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