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Abstract— Extrusion is one of the major methods for 

processing polymeric materials and the thermal  

homogeneity of the process output is a major concern for 

manufacture of high quality extruded products. Therefore, 

accurate process thermal monitoring and control are 

important for product quality control. However, most 

industrial extruders use single point thermocouples for the 

temperature monitoring/control although their 

measurements are highly affected by the barrel metal wall 

temperature. Currently, no industrially established thermal 

profile measurement technique is available. In this work, a 

highly instrumented single screw extruder has been used to 

study the effect of temperature on HDPE lumps in the 

extrusion process. Three different molecular weight grades 

of high density polyethylene(HDPE) were extruded at a 

range of conditions. Three geometries of extruder screws 

were used at several set temperatures and screw rotation 

speeds. The extruder was equipped with real-time 

quantification of energy consumption; thermal dynamics of 

the process were examined using thermocouple grid sensors 

at the entrance to the die. Results showed that HDPE lumps 

had a significant effect on surface. Extruder screw 

geometry, set extrusion temperature and screw rotation 

speed were also found to have a direct effect on HDPE 

lumps and granules . These results highlight that  the screw 

geometry and melt temperature affected on HDPE lumps 

and granules. 
Key words: Extrusin, HDPE pipe, Temperature effect, 

HDPE lumps,Range of temperature. 

I. INTRODUCTION 

Consumption of polymeric materials has greatly increased 

over the past few decades due to their use in diverse 

industrial sectors. Plastics are in high demand in the 

packaging, construction, automotive, electrical and 

electronics industries, in addition to many other diverse 

applications. European plastics demand totalled 47 million 

tonnes in 2011, 21% of the total world production and 

generated an estimated annual turn over of 300 billion 

Euros, employing 1.45 million European citizens. 

Polyethylene represented 29% of the total plastics 

demand(5.64 million tonnes of HDPE) (Plastic – the Facts, 

2012). 

 In polymer processing machinery such as single 

screw extruders, polymer feedstock is fed into the machine 

through a hopper, conveyed along the screw and melted by a 

combination of applied external heat and internal shear heat 

generation. The pressure generated forces the molten 

material through a shaped die to form the final product. The 

quality of t he extruded product is highly dependent upon 

the consistency of melt produced by the screw. Screw 

design needs to be matched to polymer type in order to 

minimize melting instabilities and pressure inconsistencies 

and to optimize pumping consistency through the die 

(Steward, 2002; Lee and Wheeler, 1991; Rauwendaal, 

1990). Optimised screw geometry can lead to better thermal 

homogeneity and increased output and final product quality 

with lower energy usage. It has been shown that extruder 

heaters consume less energy when the extruders are 

operated at higher screw speeds (Cantor, 2010). 

II. CLASSIFICATION OF EXTRUSION PROCESS 

 Single screw extrusion 

 Twin screw extrusion 

A. Single Screw Extrusion: 

Single screw extruder is simple, using rotating belt way with 

a constant unadjustable spindle speed. It can get good 

blending through high speed operation in short time. Solid 

conveying, melting, pumping and mixing occur 

simultaneously and are interdependent; nevertheless, it is 

inefficient and the process control is difficult. What‘s more, 

the conveying capacity of single extruder is poor under high 

pressure, compared to the same power twin-screw extruder, 

its production is lower. This is because the transfer method 

is pressure sensitive, pressure will produce reflux, thereby 

the transmission efficiency is reduced. However, the single 

screw extruder purchase cost is lower than twin screw 

extruder. 

 

Fig. 1: 

B. Twin Screw Extrusion: 

In order to create a design with greater operating flexibility 

and with greater operational control, twin screw machines 

were developed. Twin-screw extruders can be co-rotating, 

counter-rotating, intermeshing or non-intermeshing in terms 

of basic designs. The screw design of twin-screw extruders 

can dramatically affect operating efficiency and machine 

capability. Screw components in the feed section of the 

barrel can be single, double or even triple flight 

arrangements. With more flights intertwined on the shaft, 

the conveying capacity of the screw is reduced but the 

residence time distribution (RTD) is lower. This promotes a 

first-in, first-out movement of the extruder. 

      In general, single screw extruders are more economical 

to operate than twin-screw extruders, while twin screw 

extruders are more advanced, more productive,and more 

extensive use of performance than single screw extruders. 
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There is no doubt that the application of extrusion to the 

development of feed products will continue and will result 

in increased usage of the technology in the future of the feed 

industry. 

 

Fig. 2: 

III. FOR HDPE LUMPS  BURNING  PROBLEM OCCURS IN 

EXTRUSIONS 

When extrusion blow molding at very high temperatures 

(with a material that does not melt until 265 .C) oxidation 

and material removal can be a problem. Depending on the 

material type, it may he purged with a ‗wet high-density 

polyethylene (HDPE) (approximately 2% of water is added 

to the HDPE before use). The water reduces the viscosity. In 

condensation polymers such as polyamide and 

polycarbonate (PC), the water further reduces the viscosity 

because it causes depolymerisation. Water also acts as a 

lubricant with polyamide.  

 To purge, shut the gate at the base of the iced 

hopper and run the machine until it is free of high 

temperature material. With an accumulator extrusion blow 

molding machine, open the die gap and keep the machine 

and cylinder temperatures at a high value (270 C); run ‗wet‘ 

HDPE through the system and fill the accumulator. The melt 

will foam and there will be crackling and spitting noises. 

Keep purging, reduce temperatures to 215 C, and open the 

die gap fully. Introduce dry HDPE and then purge the barrel 

clean by pumping the screw dry. Turn off the heaters when 

no more material comes through the die, set barrel cooling 

to the maximum, and then when machine is cool, turn 

everything off. Note: a 7 kg accumulator machine may 

require 90 kg of ‗wet‘ HDPE and 45 kg of dry HDPE to 

properly purge out a high temperature resin. 

 
Fig. 3: Burning occur in fennel product 

IV. SCREW EXTRUDER SPECIFICATIONS: 

The extruder barrel has four separate temperature zones 

(each with a heater of 4 kW) equipped with dual-therm 

temperature controllers. Each of the clamp ring, adapter and 

die is also equipped with a separate temperature controller 

allowing their set temperature to be individually controlled. 

The extruder barrel dimensions and the arrangement of 

heaters are shown in Fig. 4. 

 
Fig. 4: extruder barrel and heater arrangement. 

V. MATERIAL SPECIFICATION & EXPERIMENTAL WORK 

For experiment work we are taking the various types of 

material and also take and laboratory testing for each and 

every material for getting the actual result. 

All the laboratory testing result are show figure. 

Here we are taking four types of material and in 3 material 

are taking the HDPE lumps and other are the taking the 

HDPE virgin material. 

Test certificate 1 – HDPE lumps with 0% carbon & 0.86 

gm/10 minute MFI 

Test certificate 2 – HDPE lumps with 0% carbon & 0.67 

gm/10 minute MFI 

Test certificate 3 – HDPE lumps with 0.87% carbon & 

0.91gm/10 minute MFI 

Test certificate 4 – HDPE virgin with 0% carbon & 

0.946gm/10 minute MFI 

A. Result Of HDPE Lumps Materia-1: 

In material-1 of  HDPE lumps, the surface burning problem 

are, as shown in below  table. 

Material 
Zone 

-1 

Zone 

- 2 

Zone 

- 3 

Zone 

- 4 
Result 

HDPE 

lumps 

material -1 

128 145 175 200 
Burning 

found 

138 147 180 195 

Inside 

burning 

found 

148 151 178 189 
Reduce 

burning 

Fig. 5.1:Temperature in material -1 

B. Result Of HDPE Lumps Material – 2: 

In  material-2 of  HDPE lumps, the surface burning problem 

are, as shown in below  table. 

Material 
Zone 

-1 

Zone 

- 2 

Zone 

- 3 

Zone 

- 4 
Result 

HDPE 

lumps 

material -2 

128 145 175 200 
Burning 

found 

138 140 180 195 

Outside 

burning 

found 
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130 151 178 185 
Burning 

not found 

Fig. 5.2: Temperature in material-2 

C. Result Of HDPE Lumps Material – 3: 

In  material-3 of  HDPE lumps, the surface burning problem 

are, as shown in below  table. 

Material 
Zone 

-1 

Zone 

- 2 

Zone 

- 3 

Zone 

- 4 
Result 

HDPE 

lumps 

material -3 

128 145 175 200 
Burning 

found 

138 140 180 195 

Outside 

burning 

found 

130 151 178 185 
Burning 

reduce 

Fig. 5.3:Temperature in material-3 

D. Result Of HDPE Virgin  Material – 4: 

In  material-3 of  HDPE lumps, the surface burning problem 

are, as shown in below  table. 

Material 
Zone 

-1 

Zone 

- 2 

Zone 

- 3 

Zone 

- 4 
Result 

HDPE 

virgin 

material -4 

110 130 180 230 

Inside 

burning 

found 

115 135 180 195 

Outside 

burning 

found 

105 125 175 215 
Burning 

not found 

Fig. 5.4:Temperature in material-4 

VI. CONCLUSION 

The thesis is to make a new temperature table for HDPE 

lumps material. In order to achieve that, first of all group all 

material and than after to take laboratory testing for know 

about its detail content. The selection of HDPE lumps 

material is quite challenging work for HDPE extrude pipe.  

The next step which was to be carried out was to find out the 

machine specifications, here the company is using 63 mm 

single screw extruder. All the important machine 

specifications has been explored to get the proper result  of  

temperature in extrusion process. 

 The final results show that in HDPE lumps material 

burning problem is reduce with reduce its MFI & carbon 

percentage. As we can say that burning problem is 

proportional to material  MFI(Melt flow index) and carbon 

percentage. we can find that the average temperature  for 

HDPE lumps material for zone 1- 4 is 130,151,178,185 

respectively and for HDPE virgin material for zone 1-4 is 

105,125,175,215 respectively. 
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