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Abstract 

Paxymer AB is a company that manufactures and sells flame retardants for plastics, based on 

their patented technology. The flame retardants are often sold as a master-batch that the 

customers mix into their own plastic products. Paxymer has two master-batches with the exact 

same formulation, but are produced with different temperature profiles. The high temperature 

extrusion process produces pellets with good properties whereas the low temperature process 

do not.  

The aim of this study was to define what rheological properties are important in the extrusion 

process, and how they can be correlated to the pellet quality. The aim was also to predict the 

processing parameters for the low temperature extrusion process to improve the pellet quality. 

The rheological behavior of the two master-batches was investigated through analysis of the 

batches, as well as their additional components, in the rheometer.  

According to the results the viscosity of the melt is very temperature dependent, and were 

found to be significantly lower for the high temperature process. My studies show that the 

poor pellet quality in the low temperature process is most likely due to the high melt viscosity, 

which leads to poor mixing of the components. 

To get equal melt viscosity in the low temperature process as in the high temperature process, 

I found that the screw speed and feed rate in the extruder needs to be increased. According to 

my analysis the desired screw speed should be approximately 500 rpm if the temperature was 

increased with 10°C. To get the right viscosity at the die exit, the feed rate would need to be 

20 kg/h.  
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Abstract [sv] 

Paxymer är ett företag som tillverkar och säljer flamskyddsmedel för plaster, baserad på deras 

patenterade teknik. Flamskyddsmedlet säljs oftast som en master-batch vilket kunderna 

blandar ner i deras egna plastmaterial. Paxymer har två master-batches med samma innehåll 

men som är tillverkade med olika temperaturprofiler. Tillverkningsprocessen med högre 

temperaturprofil producerar pellets med hög kvalitet och processen med lägre 

temperaturprofil gör inte det.   

Syftet med den här studien var att ta reda på vilka reologiska egenskaper som är betydande för 

framställningen av pellets med god kvalitet. Ett ytterligare syfte med projektet var att 

förutsäga extruderingsparametrar för processen med lägre temperatur för att uppnå en bättre 

kvalitet. De reologiska egenskaperna för båda master-batcherna och deras innehållande 

komponenter analyserades i en reometer. 

Enligt mina resultat så är plastsmältans viskositet väldigt temperaturberoende och visade sig 

därför vara betydligt lägre vid extruderingsprocessen med högre temperaturprofil. Den låga 

produktkvaliteten från processen med låg temperaturprofil beror sannolikt på att smältans 

viskositet var för hög, vilket leder till sämre blandning av komponenterna. 

För att få samma viskositet på smältan vid den lägre temperaturen i extrudern, som vid den 

högre temperaturen, så måste hastigheten på skruven samt inmatningshastigheten ökas. Enligt 

mina analyser så måste hastigheten på skruven ökas till 500 rpm om temperaturen även höjs 

med 10°C. För att få rätt viskositet i matrishålen så måste inmatningshastigheten öka till 20 

kg/h.  
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1. Introduction 

An apartment on fire in 1950s took about 15 minutes to flashover. In the beginning of 21st 

century it takes about 2-3 minutes for lethal conditions to occur in an apartment that caught 

fire. 15 minutes of flashover time gave enough time to escape the apartment. This drastic 

decrease in rescue time is due to the increased use of plastics in our society. Burning of 

plastics produces a large amount of smoke that may be very toxic and therefore harmful to 

inhale, depending on the types of additives used in the plastic. In early formulations halogens 

were mainly used as flame retardant additives, which cause the plastic to release a lot of toxic 

fumes during a fire. Now-a-days, by adding halogen free flame-retardant additives to the 

plastics, one can both minimize the risk of fire and eliminate the formation of toxic gases. 

Paxymer AB is a company that produces and sell nontoxic flame retardants for polyolefin 

plastics. The Paxymer flame retardant thermally stabilizes the material and prevents primary 

ignition and fire. Paxymer is selling their formula as a master-batch that customers can mix 

into their own plastics to make them flame retardant. The components of the master-batch are 

melted and mixed together in an extruder. The blended melt is cooled in a water bath in the 

form of strands and subsequently cut into small pellets in a special granulator.  

In the production of these master-batch pellets, it is very important that the components of the 

master-batch are well mixed and dispersed. Also, it is of great importance that the melted 

material coming out as strands have a smooth surface and enough melt strength to be pulled 

through the cooling water bath and granulated. All these factors are greatly affected by the 

rheological properties of the polymer melts in the extruder. 

2. Aim of the study 

The aim of this study was to investigate rheological behavior of two master-batch samples 

with same formulations but with different temperature profiles for the extrusion process. 

Where one process resulted into good pellet quality throughout the extrusion, whereas the 

other resulted into poor pellet quality. The main aim of this study is to define what rheological 

properties are important and how they can be correlated to the pellet quality. Another aim of 

this study is to predict the processing parameters for the low temperature process to improve 

the pellet quality.  
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3. Theoretical overview  

3.1 Basics of melt rheology 

Rheology is the science of deformation and flow of matter. Molten polymers, unlike most 

other fluids, are non-Newtonian. Water, oil, organic solvents and most liquids are Newtonian. 

All fluids deform when stress (a force) is applied and continues to deform until the stress is 

removed. For fluids that are Newtonian the applied stress is proportional to the rate of 

deformation. The deformation of Newtonian fluids stops when the stress is removed. And the 

fluid stays at its new form until another force is applied. Materials that instead has an elastic 

behavior returns to its original shape when the force is removed. The stress that is applied to 

molten polymers are not proportional to the rate of deformation, which makes it non-

Newtonian. [1][2][3] 

Polymers are viscoelastic which means that the material has a viscous and elastic behavior. 

The molten polymers also deform with the applied force. And the viscous component in the 

polymer melt stays at its new form when the force is removed, but the elastic component in 

the polymer recovers. Apart from the viscous flow and the elastic deformation the polymer 

melt can also rupture when stress is applied. If the polymer ruptures under stress it will not be 

able to recover to its original shape. [1][2][3] 

The most common terms used when discussing polymer rheology is shear stain, shear rate, 

viscosity, shear thinning, elastic shear modulus and viscous modulus. [3] 

Shear stain is the ratio of the deformation to its 

original dimensions, the deformation 

perpendicular to a specific line. The ratio equals 

tan(Θ), where Θ is the angle that the sheared line 

makes with its original position of the line. A 

more graphic explanation is presented in Figure 1. 

Shear rate is the rate of change of velocity at 

which one layer passes over another. It is a 

measure of the deformation of a polymer melt, 

calculated from the flow rate and the geometry 

through which the melt is passing. The unit of shear rate is reciprocal second. 

Viscosity is the resistance to flow for a melt and is measured in pascal second.  

Shear thinning is when the viscosity decreases due to the increase of the shear rate. Which is 

common for polymer melts.  

Figure 1. Deformation of a cube with the force 

F, area A and the angle Θ. [4] 
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Elastic shear modulus (G’) is a measure of the recoverable part of the elastic deformation.  

Elastic shear modulus is defined as the ratio of shear stress and shear stain. The greater elastic 

shear modulus the greater is the elasticity in the polymer melt.  

Viscous modulus (G’’) is a measure of the viscous component in the flow of the melt and 

gives a measure of the energy loss. [3] 

To analyze the rheology for a material a rheometer must be used. The rheometer heats the 

material to a given temperature and analyze different rheological parameters. 

3.2 Basics on extrusion process  

The most common machine for mixing polymers in the plastic industry is unquestionably the 

extruder. When a material is extruded it means that it is forced through an opening by adding 

a pressure. Extruders are used to mix material in the molten phase and then extruding it into 

different forms and shapes. The formed material is then cooled with water to stay in its final 

shape. The extruder is often used to make compounded materials in the form of pellets. It 

turns the melt into long strands by pushing it though die holes, and then cutting them into 

small pieces. Extruders are also used to produce other products including pipes. [5]  

The extruder consists of one or two screws that are 

pushing the polymer melt forward. The flights are 

forming channels along the screw as shown in 

figure 2. The channels are filled up with plastic 

melt and the screw pushes it forward by rotating. 

[5] 

The extruder at Paxymer is a twin screw extruder, 

which means it contains two identical intermeshing 

screws. The two screws can either be co-rotating or counter rotating, the extruder at Paxymer 

has co-rotating screws.  The extruder melts the plastic by heating it up to a given temperature. 

The screw then pushes the plastic melt forward and allows the components to mix into a 

homogeneous mixture. The screw also adds additional heat to the melt through friction. To 

obtain a good mixture different screw designs are implemented. Rheological data on materials 

are very important for obtaining the optimum screw design. [5]6] 

Extruders usually consist of three different sections. The first section is the melting and 

conveying part where the polymers are melted and transported forward. The second part is 

where the base plastic is mixed together with the rest of the additives. The material added to 

the extruder, in the mixing section, may be in a powder or pellet form. It is very important that 

the melt has the right rheological properties in this section. This is to get the additives to mix 

properly with the base material. The mixing part therefore has a slightly lower temperature 

than the rest of the extruder to give the melt higher viscosity. The third section in the extruder 

Figure 2. Extruder screw [6] 
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is called ventilation and compression zone. In this part of the process the temperature of the 

melt gets a bit higher again to lower the viscosity. The right viscosity is needed to make it 

easy to force the melt out of the die holes and to give the pellets a smoother surface. The 

fourth part of the extruder is the die, it contains holes where the molten plastics is pushed 

through. The die holes can be shaped in different ways depending on which shape you want 

the plastic to obtain. The most common die used to obtain materials in the form of pellets has 

round shaped holes. [5][6] 
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4. Experimental  

In this chapter the methods and calculations of the experiments are explained. All the 

calculations are presented more thoroughly in appendix 1. The materials used in this project is 

also presented in this chapter.  

4.1 Extruder calculations 

4.1.1 Shear rate 

To find out what range of shear rate that should be used for the rheological measurements, 

calculation of the shear rate in the extruder is essential. The shear rate varies along with the 

depth of the screw flights and the radius of the holes in the die. The shear rate was therefore 

calculated by measuring the screw dimensions of the extruder at Paxymer. The shear rate was 

calculated by using Equation 1. [3] 

Equation 1:    𝑠ℎ𝑒𝑎𝑟 𝑟𝑎𝑡𝑒 = 𝛾 =
𝜋∗𝐷∗𝑁

60∗ℎ
 

D= the outer diameter of the screw [mm] 

N= screw speed [rpm] (revolutions per minute) 

h= flight depth in the screw [mm] 

When the shear rate was calculated for the master-batches, the screw speed used in the 

extruder process for the master-batch was applied in the equation. This was to get the right 

shear rate that occurs in the extruder when making the master-batch. The dimensions of the 

extruder screw are shown in Table 1 and the screw speed and feed rate is shown in Table 2. 

Table 1. Measurements in the extruder.  

Extruder dimensions Measured value [mm] 

Channel depth in the screw (h) 5 

Screw outer diameter (D) 26 

Radius of the die holes (R) 1,75 
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Table 2. Screw speed and feed rate used in the processing of the master-batches. 

Processing parameters Value 

Screw speed (N) 240 [rpm] 

Feed rate  12,4 [kg/h] 

 

When the shear rate in the die exit was calculated equation 2 and 3 was used. [3] 

Equation 2:   𝑆ℎ𝑒𝑎𝑟 𝑟𝑎𝑡𝑒 = 𝛾 =
4∗𝑄

𝜋∗𝑅3
 

Equation 3:   𝑄 =
𝑓𝑒𝑒𝑑 𝑟𝑎𝑡𝑒/3600

𝜌

109

 

R= channel radius in [mm] 

Q= volumetric flow rate [mm3/s] 

𝜌= the density of polypropylene [kg/m3] 

Feed rate = added material to the extruder [kg/h] 

The shear rates in the different parts of the extruder is shown in table 3.  

Table 3. The calculated shear rate in the extruder. 

Part of the extruder Shear rate [s-1] 

Screw channel 65 

Die hole 910 

 

4.1.2 Calculating the %fill 

The amount of free volume inside the extruder that is filled with plastic melt is called %fill. 

The %fill was calculated because we want to keep the filled amount approximately the same 

for the two processes. If some parameters are changing further on in the project, the %fill 

might change as well. The %fill was calculated using Equation 4 and 5. [6][3] 

Equation 4:  𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑣𝑜𝑙𝑢𝑚𝑒 = 0,94 ∗ (𝑂𝐷2 − 𝐼𝐷2) ∗
𝑂𝐷

1000
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0,94 is the correcting factor of the intermeshing screws. 

Equation 5:   %𝐹𝑖𝑙𝑙 =
𝑄∗0,2777

𝑆𝑉∗(
𝑁

60
)∗𝑆𝐺∗0,35

 

Q= mass flow in [kg/h] 

N = screw speed [rpm] 

SV= specific volume of the extruder [cc/diameter] 

SG= specific gravity of polypropylene [unitless] 

Specific volume  %Fill 

10 cc/diameter 27 % 

 

4.2 The Materials 

Paxymer produced two master-batches having exactly the same formulation and is referred as 

MB707 in this study. The only difference between the batches is that they were produced 

under different temperature profiles. The base materials for both master-batches are two 

different polypropylene plastics referred as PP1 and PP2. PP1 is a heterophasic copolymer 

and PP2 is a homopolymer. The melt flow rate for PP1 is 3,5 g/10min and 8 g/10min for PP2, 

at 230°C and a pressure from 2,16 kilograms. The master-batches also contain multiple 

additives. One of the additives is an acrylic copolymer that were also studied in the rheometer 

and is referred to as A1 in this study. The two different temperature profiles used for 

processing the master-batches are shown in Table 4. [6] 

Table 4. Temperature profiles for the two master-batches. 

Temperature Profiles 1 2 3 4 5 6 7 8 9 Die 

MB1, Low temp [°C] 190 190 190 190 170 170 170 170 180 190 

MB2, High temp [°C] 220 220 220 220 200 200 200 200 200 220 

 

4.3 Rheological measurements  

To study the rheological differences of the two master-batches, both materials were analyzed 

in a parallel plate rheometer. The trial runs in the extruder showed that the master-batch 

granulates produced using higher temperature profile resulted into excellent pellet quality, 

whereas pellets produced using lower temperature profile showed poor quality. To learn the 
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reasons for such differences, the following rheological measurement was performed on the 

raw material and the final master-batches. 

4.3.1 Flow sweep 

The two master-batches, A1 and both polypropylene materials were analyzed in the rheometer 

with a method called flow sweep. In flow sweep one measures viscosity changes as a function 

of shear rate at a specific temperature. The flow sweep measurement was performed for every 

material with a shear rate range of 10 to 900 s-1. This range was selected based on the extruder 

shear rate calculations that was presented earlier. In such measurements we obtain a diagram 

with shear rate on the x-axis and viscosity on the y-axis. The flow sweep was performed at 

different temperatures, to determine how viscosity changes with shear rate at different 

temperatures for the different components. A flow sweep measurements were performed at 

180,190 and 200°C for both master-batches and for all the other components. The 

temperatures 180 and 190°C was selected to represent the temperatures used for the low 

temperature extrusion process. Although, 170°C was also used in the extrusion process, but 

unfortunately this temperature was too low for us to use for the rheological measurements. 

200°C was the highest temperature that we could use for our rheometer and therefore this 

temperature was used to represent the high temperature extrusion process. Because we could 

calculate the shear rate in the extruder, it was possible to determine the approximate melt 

viscosity in the extruder from the flow sweep diagrams for every specific temperature.  

4.4 Estimating extrusion parameters 

The high temperature extrusion process gave a better pellet quality than the low temperature 

process. This could be because of the difference in melt viscosity in the two extrusion 

processes. The good pellet quality shows us that the viscosity of the melt in the high 

temperature process was accurate. To get the same viscosity in the low temperature extrusion 

process, the shear rate needs to be higher to get the viscosity to decrease.  

4.4.1 Screw speed 

High screw speed in the extruder also result into higher shear rate in the screw channels. To 

be able to calculate the screw speed needed to get the right viscosity, the shear rate vs 

viscosity diagrams from the measurements first needed to be analyzed. The plotted lines for 

viscosity vs shear rate measurements were put together in the same diagram for every 

component at the three different temperatures. The diagrams were then studied to determine 

the shear rate needed at 180 and 190°C to get the same viscosity as at 200°C. The desired 

screw speed was then calculated using Equation 6, which was derived from Equation 1.  

Equation 6:    𝑁 =
𝛾∗60∗ℎ

𝜋∗𝐷
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D= the outer diameter of the screw [mm] 

N= screw speed [rpm] (revolutions per minute) 

h= flight depth in the screw [mm] 

4.4.2 Feed rate 

To change the shear rate in the die holes where the strands exit the extruder, the feed rate 

needed to be changed. According to Equation 2 and 3 above the shear rate in the die holes 

increases as the feed rate is increased. By altering Equation 2 and 3, Equation 7 and 8 was 

created and used to calculate the needed feed rate to obtain the right melt viscosity. The shear 

rate used in Equation 7 was estimated from the rheometer measurements.  

Equation 7:   𝑄 =
𝛾∗𝜋∗𝑅3

4
 

Equation 8:   𝐹𝑒𝑒𝑑 𝑟𝑎𝑡𝑒 = 𝑄 ∗
𝜌

109 ∗ 3600 

R= channel radius in [mm] 

Q= volumetric flow rate [mm3/s] 

𝜌= the density of polypropylene [kg/m3] 

Feed rate = added material to the extruder [kg/h] 
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5. Results  

In this section all the results from the rheological measurements are presented in a diagram for 

each compound. Every diagram shows three different flow sweeps at 180, 190 and 200°C 

respectively. The calculated screw speed needed to get the right viscosity is also presented in 

this section. All calculations are presented in more details in appendix 2.   

5.1 Results for PP1 

The desired screw speed to get the right viscosity in the extruder for PP1 was calculated using 

Figure 5 and Equation 6. The results are presented in Table 5. The viscosity of the melt in the 

screw channels for the different temperatures is presented in Table 6.  

 

Figure 1. Viscosity vs shear rate for base plastic PP1 at 180,190 and 200°C. 
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Table 5. The screw speed needed for PP1 at 180 and 190°C. 

Temperature [°C] Screw speed [rpm] 

180 2900 

190 550 

 

Table 6. Viscosity in the screw channel for PP1 at 180,190 and 200°C. 

Temperature [°C] Viscosity in screw channel [Pa·s] 

180 15 

190 5 

200 2 
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5.2 Results for PP2 

The screw speed needed to get the right viscosity in the extruder for PP2 was calculated using 

Figure 6 and Equation 6. The results are presented in Table 7. The viscosity of the melt in the 

screw channels for the different temperatures is presented in Table 8.  

 

Figure 2. Viscosity vs shear rate for base plastic PP2 at 180,190 and 200°C. 

 

Table 7. The screw speed needed for PP2 at 180 and 190°C 

Temperature [°C] Screw speed [rpm] 

180 2570 

190 400 
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Table 8. Viscosity in the screw channel for PP2 at 180,190 and 200°C. 

Temperature [°C] Viscosity in screw channel [Pa·s] 

180 8,5 

190 0,35 

200 0,2 
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5.3 Results for A1 

To get the same viscosity for A1 at 190°C as in the high temperature extrusion process, the 

screw speed can be the same as before (240 rpm). When approaching a shear rate over 170 s-1 

the viscosity for A1 at 190 and 200°C are the same. To get the same viscosity for A1 at 180°C 

as in the high temperature extrusion process the screw speed was calculated using Figure 7 

and Equation 6. The results are presented in Table 9. The viscosity of the melt in the screw 

channels for the different temperatures is presented in Table 10.  

 

Figure 3. Viscosity vs shear rate for A1 at 180,190 and 200°C. 
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Table 9. The screw speed needed for A1 at 180 and 190°C. 

Temperature [°C] Screw speed [rpm] 

180 400 

190 240 

 

Table 10. Viscosity in the screw channel for A1 at 180,190 and 200°C. 

Temperature [°C] Viscosity in screw channel [Pa·s] 

180 830 

190 700 

200 600 
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5.4 Results for MB707 

The screw speed needed to get the right viscosity in the extruder for master-batch MB707 was 

calculated using Figure 8 and Equation 6. The results are presented in Table 11. The viscosity 

in the screw channels and die holes, according to the flow sweep in figure 8, is presented in 

Table 12. The needed feed rate to get the right viscosity in the low temperature process at 

190°C is presented in Table 13. 

 

Figure 4. Viscosity vs shear rate for MB707 high temp profile at 200 degrees and MB707 low temp 

profile at 180,190°C. 
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Table 11. The screw speed needed for MB707 at 180 and 190°C. 

Temperature [°C] Screw speed [rpm] 

180 880 

190 440 

 

Table 12. Viscosity in the screw channel and die holes for MB707 at 180,190 and 200°C. 

Temperature [°C] Viscosity in screw channel [Pa·s] Viscosity in die holes [Pa·s] 

180 500 22 

190 200 15 

200 110 8 

 

Table 13. Feed rate needed at 190°C and feed rate used today. 

Temperature [°C] Feed rate [kg/h] 

190 20 

200 12,4 
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6. Discussion 

The results show that the viscosity of the melt depends on several processing parameters. The 

formulations that functioned well in the processing had significantly lower viscosity at 200°C 

compared to 180 and 190°C. This may perhaps be the most likely reason why the pellet 

quality was better for the high temperature extrusion process.  

The mixing section of the extruder was set to 200°C for the high temperature process and 

170°C for the low temperature process. According to the results in the study, the two base 

plastics has a viscosity of 8,5 and 15 Pa.s at 180°C and 240 rpm screw speed. The same 

components has a viscosity of 2 and 0,2 Pa.s at 200°C and 240 rpm screw speed. This is a 

significant difference in the melt viscosity for a difference in temperature of 20°C. The actual 

temperature difference between the mixing sections for the low and high temperature process 

was 30°C. The actual process temperature difference results in an even more significant 

difference in the melt viscosity compared to the results that are presented in this study. The 

present study shows that it is important to have the right melt viscosity in the mixing zone to 

get the components to be properly mixed, and also could be processed without any defects in 

the pellets. This study suggests that the poor quality of the pellets from the low temperature 

process may most likely be caused by the high melt viscosity, resulting into poor mixing of 

the components.   

To get the same viscosity at the lower temperature process as the high temperature process, 

the screw speed needs to be increased. According to the results of this study, the desired 

screw speed at 190°C was estimated to be about 500 rpm, and at 180°C between 2500 and 

3000 rpm. The extruder at Paxymer has a maximum screw speed at 800 rpm and it is 

therefore not possible to get the same viscosity for the melt at 180°C. Therefore, the right 

viscosity could be obtained if the mixing zone of the extruder was set to 190°C at a screw 

speed of 500 rpm. By increasing the screw speed the %fill in the extruder might also decrease 

slightly because the screw would be pushing the melt faster forward. The process today has a 

%fill of 27%. To keep this amount of fill the feed rate might need to be increased a bit.  

The pellets from the high temperature process had also a smoother surface than the ones from 

the low temperature process. This shows us that the right melt viscosity was used in the die 

section in the high temperature process. The temperatures used in the die section at different 

processes were 220 and 190°C. According to my rheometer measurements the viscosity in the 

die for 200°C is 8 Pa.s, and for 190°C it is 15 Pa.s. This shows us the difference in viscosity 

when reducing the temperature with 10°C. Considering the actual temperature difference of 

30°C, the viscosity differences in the die for the two processes may be most likely to be 

significant. The lower viscosity in the low temperature process is probably the reason for the 

rough surface of the pellets.  
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To decrease the viscosity in the die exit for the low temperature process, the feed rate needs to 

be increased. According to my calculations and the results from the rheometer measurements, 

the feed rate needs to be 20 kg/h to get the same viscosity as the high temperature process. By 

increasing the feed rate the %fill in the extruder will also increase. This may lead to changes 

in other parameters in the process, which may create new complications. On the other hand, 

the screw speed will also be increased in the low temperature process. This will increase the 

processing speed and make the %fill similar to the other process.  
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8. Conclusions 

According to the results of this study, the rheological behavior of the polymer melt is very 

critical and depends on a number of factors relating to temperature and shear rate. Therefore, 

rheological measurements are very important to predict the processing parameters for specific 

master-batch formulations. 

In this study, it has been shown that good product quality in the high temperature process is 

due to the low melt viscosity. If the melt viscosity is too high in the different zones of the 

extruder, this may result into poor mixing of the components and thereby resulting into a 

rough surface of the pellets. The rheology of the melt is therefore very important in the 

extrusion process to get good pellet quality and good processing. 

The study also suggests how different processing parameters could be controlled for the low 

temperature process to obtain better pellet quality. The solution could be to change other 

process parameters than the temperature to decrease the viscosity of the melt. According to 

the results of this study, the screw speed and feed rate needs to be increased to get the same 

melt viscosity in the low temperature process as in the high temperature process. The desired 

screw speed would be approximately 500 rpm if also the temperature was increased with 

10°C. To get the right viscosity in the die exit, the feed rate would need to be 20 kg/h.  
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10. Appendix 1 – Calculations of shear rate in the 
extruder 

Extruder measurements: 

Outer diameter of the screw (OD): 26 mm 

Inner diameter of the screw (ID): 16 mm 

Channel depth: 
26−16

2
= 5 𝑚𝑚 

Screw speed: 240 rpm 

Space between the screw flight and the barre wall: 0,26 mm 

Calculation of the shear rate with a channel depth of 5 mm: 

𝛾 =
𝜋 ∗ 𝐷 ∗ 𝑁

60 ∗ ℎ
=

𝜋 ∗ 26 ∗ 240

60 ∗ 5
=  65,35 𝑠−1 

D=screw diameter [mm] = 26 

N=screw speed [rpm] (revolution per minute) = 240 

h= channel depth [mm] = 5  

Calculation of the shear rate between the flight and the barrel wall (0,26 mm): 

𝛾 =
𝜋 ∗ 𝐷 ∗ 𝑁

60 ∗ ℎ
=

𝜋 ∗ 26 ∗ 240

60 ∗ 0,26
= 1286,4 𝑠−1 

D=screw diameter [mm] = 26 

N=screw speed [rpm] (revolution per minute) = 240 

h= space between flight and barrel wall [mm] = 0,26 

Calculation of the shear rate in the die holes: 

𝛾 =
4 ∗ 𝑄

𝜋 ∗ 𝑅3
=

4 ∗ 3827

𝜋 ∗ 1,753
= 909,21 𝑠1 

𝑄 =
𝑓𝑒𝑒𝑑 𝑟𝑎𝑡𝑒/3600

𝜌
109

=
12,4/3600

900
109

= 3827 𝑚𝑚3/𝑠 

Feed rate= added material to the extruder [kg/h] 

R= channel radius in [mm] 

Q= volumetric flow rate [mm3/s] 

ρ= density of polypropylene [kg/m3] 
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Calculation of the specific volume (SV): 

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑣𝑜𝑙𝑢𝑚𝑒 = 0,94 ∗ (𝑂𝐷2 − 𝐼𝐷2) ∗
𝑂𝐷

1000
 

𝑆𝑉 = 0,94 ∗ (262 − 162) ∗
26

1000
= 10,26 𝑐𝑐/𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

0,94 is the correcting factor of the intermeshing screws. 

Calculating the %fill: 

%𝐹𝑖𝑙𝑙 =
𝑄 ∗ 0,2777

𝑆𝑉 ∗ (
𝑟𝑝𝑚
60 ) ∗ 𝑆𝐺 ∗ 0,35

=
12,6 ∗ 0,2777

10,26 ∗ (
240
60 ) ∗ 0,905 ∗ 0,35

= 0,269 ≈ 27% 

Q= mass flow in kg/h 

Rpm= screw speed  

SV= specific volume of the extruder 

SG= specific gravity of polypropylene 

  



     

     

 

 

 

 30 (31) 
 

10. Appendix 2 – Calculations of needed screw speed and 
feed rate in the extruder.  

Equation 6:   𝑁 =
𝛾∗60∗ℎ

𝜋∗𝐷
 

D=screw diameter [mm]  

N=screw speed [rpm] (revolution per minute)  

h= channel depth [mm]  

Equation 7:  𝑄 =
𝛾∗𝜋∗𝑅3

4
 

Equation 8:  𝐹𝑒𝑒𝑑 𝑟𝑎𝑡𝑒 = 𝑄 ∗
𝜌

109 ∗ 3600 

Feed rate= added material to the extruder [kg/h] 

R= channel radius in [mm] 

Q= volumetric flow rate [mm3/s] 

ρ= density of polypropylene [kg/m3] 

Screw speed needed for PP1:  

180C:   𝑁 =
800∗60∗5

𝜋∗26
= 2938 𝑟𝑝𝑚 

190 C:   𝑁 =
150∗60∗5

𝜋∗26
= 550,9 𝑟𝑝𝑚 

Screw speed needed for PP2:  

180C:   𝑁 =
700∗60∗5

𝜋∗26
= 2571 𝑟𝑝𝑚 

190 C:   𝑁 =
110∗60∗5

𝜋∗26
= 404 𝑟𝑝𝑚 

Screw speed needed for A1:  

180C:   𝑁 =
110∗60∗5

𝜋∗26
= 404 𝑟𝑝𝑚 

Screw speed needed for MB707:  

180C:   𝑁 =
240∗60∗5

𝜋∗26
= 881,5 𝑟𝑝𝑚 
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190 C:   𝑁 =
120∗60∗5

𝜋∗26
= 440,7 𝑟𝑝𝑚  

Feed rate needed for the right shear rate in the die: 

𝑄 =
1500 ∗ 𝜋 ∗ 1,753

4
= 6313,86 

𝐹𝑒𝑒𝑑 𝑟𝑎𝑡𝑒 = 6313,86 ∗
900

109
∗ 3600 = 20,46 𝑘𝑔/ℎ 


