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Abstract— The term "Cryogenics" originates from Greek 

word which means creation or production by means of cold. 

As prices for energy and raw materials rise and concern for 

the environment makes safe waste disposal difficult and 

costly, resource recovery becomes a vital matter for today's 

business. Polymers cannot be easily grinded using 

conventional method. Due to this temperature rise, increases 

wear on grinding equipment are common phenomena and 

finely ground material is not achieved. Therefore cryogenic 

grinding system was design and developed to cool the 

polymers before feeding it to grinder and also maintain the 

cryogenic temperature in the grinding zone. The cryogenic 

grinding system consist of three separate units (i) Pre 

cooling unit and (ii) Grinding unit (iii) storing and 

compressing unit. Our work is totally to based on design and 

manufacturing. Paper covers design, development and 

manufacturing of pre cooling unit, grinding unit which 

involves screw conveyor with enclosed insulated barrel and 

grinding mill. So, In this paper we are presenting details 

regarding cryogenic grinding process. Anticipating that this 

will replace conventional grinding process in coming days. 
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I. INTRODUCTION 

The word cryogenic means, literally, the production of icy 

cold; however, the term is used today as a synonym for low 

temperatures. Grinding is a process of reducing something 

to small particles or powder by crushing it. In conventional 

grinding process, heat is generated, when energy is used to 

fracture particles. This generated heat usually is detrimental 

to the tool and results in wear and tear of equipment; due to 

this size of particles are obtained. Cryogenic grinding is the 

act of cooling or chilling a material and then reducing it into 

small particle size. Thermostatic are difficult to grind to 

small particles at ambient temperature because they soften, 

adhere in lumpy masses and clog screen. This losses can be 

significantly reduced by a cryogenic grinding technique. 

Liquid nitrogen at -195.6˚C provides the refrigeration 

needed to precool the thermoplastic in screw conveyor and 

maintain the desired low temperature by absorbing heat in 

the surrounding barrel through convection process. In 

addition to maintaining the low temperature, the liquid 

nitrogen which is turned into gas is sent to the cryo cooler 

through outlet of barrel to reduce the temperature of liquid 

nitrogen to -195˚C and from there liquid nitrogen is send to 

dewar flask where the liquid nitrogen is stored at a 

temperature of -195˚C. Cryo pump is installed in between 

the outlet of Dewar flask. Therefore, a cryogenic grinding 

system was designed, manufactured and tested for polymer. 

II. DESIGN & DEVELOPMENT 

The cryogenic precooler is a cooling device made of a screw 

conveyor which is enclosed in a properly insulated barrel 

and a system which introduces liquid nitrogen into the 

barrel, thereby providing refrigeration within the system. 

The function of precooler is to remove the heat from the 

material before it enters the grinder. The particle 

temperature must be low to enable the fracture in the grinder 

and to absorb the heat. Thus cryogenic precooler, must have 

ability to reduce the temperature of the material below its 

brittle point before it enters the grinding. Provision must be 

provided to control the feed rate to the grinder. 

Consumption of liquid nitrogen and operating cost 

are important consideration and matters of concern for 

cryogenic precooling system. The loses of liquid nitrogen 

can be minimized to a great extent by proper consideration 

of design and insulation. The precooling unit consist of 

screw conveyor assembly, power transmiting unit, LN2 

dewar.  

The design, development and introduction of 

precooling unit was to prevent the material from being 

heated up during grinding. The unit would precool material 

before starting of grinding. This would minimize the loss of 

quality of final powdered material. The precooling unit was 

designed and developed to match with available local 

grinder and could withstand low temperature operation. The 

details of design of precooling unit are presented below. 

A. Engineering Considerations 

The main engineering consideration which should be 

adopted in the design and development of cryogenic 

precooler are: 

1) Ambient losses should be minimized by using 

appropriate insulation.  

2) Dismantling and cleaning of various components of 

precooler should be easy. 

3) Cool down losses should be reduced by keeping the 

machine size and structural components to a minimum. 

In addition to above design consideration, other 

major factors which influence the design of cryogenic 

precooler have been discussed below. 

B. Theoretical Evaluation 

1) Screw Conveyor 

a) Conveyor Capacity 

Q = 15 × π × (D2-d2)×S × N × Ψ × ρ × C 

 = 15 × π × (D2-d2)×0.04 × 6 × 0.25 × 1.53 × 0.65 

= 5.25 Ton/hr 

b)  Power Required 

N = 
𝑄𝐿

367
[𝑤𝑜 + 𝑠𝑖𝑛𝛽] ×

1

𝑥
 

= 
5.25×10−3×0.06

367
[4 + sin(20)] ×

1

0.70
 

= 1.25 KW 
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c) Torque on Shaft 

T = 975 ×
𝑃

𝑁
 

   = 975  ×
1.25

6
 

   = 203.12 N..m 

d) Load Propulsion Speed 

 V = 
5𝑛

60
 m/s 

= 
0.040×6

60
 

= 0.0040 m/s 

e) Load per Meter Length on Conveyor 

q = 
𝑄

36𝑣
 

= 
5.25×10−3

3.6×0.004
  = 0.364N/m 

f) Axial thrust on screw 

P = q × 𝐿 × µ 

   = 0.364 × 0.6 × 0.7 

   = 0.1528kgF 

   = 1.52 .N.m 

2) Shaft Design 

Shaft material selected:- Al He30 

σY = 250 N/mm2 

FOS = 4 

τ = 
250

5×2
 = 31.25 

Teq = 
0.75×103×60

2×𝜋×6
 = 1193.6 N.m 

T = 
𝜋

16
 ×d3×31.25 

1193.6×103 =
𝜋

16
×d3×31.25 

D = 57.94 

III. COMPARATIVE STUDY OF TRADITIONAL AND 

CRYOGENIC GRINDING 

The temperature inside the cryogenic grinding system is 

below 0˚C whereas in traditional system there is some heat 

development. Traditional system consumes high energy 

whereas cryogenic grinding consumes low energy. The 

grinding capacity of cryogenic grinding is 2 to 3 times 

higher than the traditional whereas the grinding equipment 

is recycled many times for required particle size. There is no 

fire risk in cryogenic grinding system. High capacity motors 

are required to grind the material in traditional system 

whereas low capacity motors are required to grind the 

material in cryogenic grinding system. Particle size cannot 

be controlled in traditional system but it can be control in 

cryogenic grinding system.  

IV. CONCLUSION 

As Prices For energy and raw materials rise and concern for 

the environment makes safe waste disposal difficult and 

costly resource recovery becomes a vital matter for today’s 

business. Cryogenic grinding technology can efficiently 

grind most tough materials and can also facilitate cryogenic 

recycling of tough composite material. It employs a 

cryogenic Process to embrittle and grind materials to 

achieve consistent particle size for a wide range of Products. 

The cryogenic process also has a unique capability for 

recycling difficult to separate composite materials. 

Cryogenic System are enabling food processors to improve 

both their product quality and operational Efficiency. 
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