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The SPE Annual Technical Conference (ANTEC) will take place May 17-19, 2010 at the Orlando World Cen-
ter Marriott Resort and Convention Center in Orlando, Fl.  ANTEC is the largest technical conference dedi-
cated to plastics with over 500 papers in every aspect of plastics technology, keynote addresses by indus-
try and academic leaders, a robust exhibit hall supported by Plastics Engineering Magazine and SPI, and 
new opportunities for networking.  The Extrusion Division has organized 54 excellent papers into nine ses-
sions.  The sessions include: single screw extrusion simulation, single screw extrusion ï application, twin 
screw extrusion/compounding, hot melt extrusion (I and II), extrusion tutorial, and quality.    
 
Of particular note are the two special topic sessions on hot melt extrusion for pharmaceutical applica-
tions.  These were organized jointly with the Polymer Processing Institute of the New Jersey Institute of 
Technology.   Many of the leaders of this technology will be presenting.  We also included a general tuto-
rial session where many of the top experts in the extrusion industry have volunteered to give presenta-
tions.  
 
For information on how to register and the advance program, go to  http://www.4spe.org/conferences/
antec-2010  
 
Barry Morris  
Extrusion Division Technical Program Chair 

Join Your Extrusion Associates in Orlando!  

http://www.4spe.org/conferences/antec-2010
http://www.4spe.org/conferences/antec-2010
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Extrusion Division MinitecðPennsylvania College of Technology  

Extrusion Division MinitecðPennsylvania College of Technology October 22, 2009 

The SPE Extrusion Division and Pennsylvania College of Technology (PCT) hosted the 15th SPE Extrusion Minitec on 

October 22, 2009  in Williamsport, PA.  This fun program featured 8 technical presentations on a variety of extrusion 
related subjects, followed by single and twin screw extrusion demonstrations in the PCT labs that reinforced the class-

room theory.   Approximately 100 local industry representatives mixed with students and PCT staff.  The event ended 
with a reception, that provided a venue for continued technical and social exchange.   Events like these help make SPE 

a worthwhile experience for everyone.  

Brampton Engineering 

Extrusion Dies Industries 

Leistritz 

Xaloy 

Highlight your company by becoming a Newsletter Sponsor. 

Contact Sponsor Chair  Steve Schick or any Extrusion Division Board member for more information. 

http://www.bramptonengineering.com
http://www.extrusiondies.com
http://www.leistritz-extrusion.com
http://www.xaloy.com
mailto:sschick@polyvinyl.com
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The Extrusion Division launch of the first Extrusion Wiki in 

early 2009 has met with broad acceptance.   Board of 

Directors Member Michelle Curenton was instrumental in 

developing the Wiki.  The Extrusion Wiki will allow you to 

search a vast database of information concerning extru-

sion as well as being able to submit additional content.  

Check it out!   

Click below for link to Wiki! 

SPE Extrusion Division 1-0-Wiki 

SPE Extrusion Division Members -  Get A Member!  

As an active member of the Extrusion Division of the SPE, you know the value that SPE 
brings to you and your organization.  Many of your colleagues and contemporaries in the 
plastic and polymer community are not aware of the benefits that can be drawn from 
membership in the SPE, just to name a few: new technology presented at ANTEC, TOP-
CONs which are specific topics that are presented in different parts of the world, access to 
a wide variety of literature such as Polymer Engineering and Science and the proceedings 
from previous ANTECs, and access to a list of experts that can potentially address your 
specific needs.   
The details of the SPE Member get a Member program can be found at: http://
www.4spe.org/member-get-member-campaign.    You also benefit by helping your friends 
enjoy the benefits of belonging to the SPE especially in the Extrusion Division, http://
www.4spe.org/member-get-member-rewards.  Do some of your friends and colleagues a 
favor and let them know how you, and as a result, your company benefits. Help them un-
derstand how they may also benefit by being a part of the SPE family.  
 
Greg Campbell 
Extrusion SPE Councilor.  

Barr Incorporated    Edelberg/Donner & Associates 

Colortronic     Cincinnati Milacron Extrusion Systems Business 

Cumberland     Extreme Coatings  

Poly Vinyl Company Inc.   PTI Extrusion 

Highlight your company by becoming a Newsletter Sponsor. 

Contact Sponsor Chair  Steve Schick or any Extrusion Division Board member for more information. 

http://www.extrusionwiki.com/wiki/
http://www.4spe.org/member-get-member-campaign
http://www.4spe.org/member-get-member-campaign
http://www.4spe.org/member-get-member-rewards
http://www.4spe.org/member-get-member-rewards
http://www.robertbarr.com
http://www.edeldon.com
http://www.colortronicna.com
http://www.milacron.com
http://www.cumberland-plastics.com
http://www.surfaceengineering.com
http://www.polyvinyl.com
http://www.ptiextruders.com/en/
mailto:sschick@polyvinyl.com
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Extrusion Division Funds Student Chapter Activity at 
Rensselaer Polytechnic Institute  

Davis Standard  

C.W. Brabender 

Highlight your company by becoming a Newsletter Sponsor. 

Contact Sponsor Chair  Steve Schick or any Extrusion Division Board member for more information. 

Extrusion Division provided financial support of $500 for outreach activities and a graduate seminar 
series at Rensselaer Polytechnic Institute (RPI). On April 4, the SPE chapter at RPI volunteered for 
ñNanoDays 2009ò at the Childrenôs Museum of Science and Technology (CMOST) in East Greenbush, 
NY.  Graduate students Jennifer Gagner, Douglas Dukes, and Dhiral Shah gave hands-on demon-
strations in polymers and nanomaterials to children and their parents, in three groups of fifteen. 
Participants learned about nanotechnology, the structure of metals and polymers, and made their 
own ñslimeò from Polyvinyl Alcohol and Borax solutions.  According to one of the parents, ñ[RPI-SPE 
students] really gave these kids a wonderful look into the world of nanotechnology and captured 
their interest.ò ñThank you for the slime,ò interjected Jason, her son.  
 

On December 3, 2009, the SPE chapter at RPI also hosted a graduate student seminar series. In all, 
11 graduate and 3 undergraduate students, from the Materials Science & Engineering and Chemistry 
Departments, attended the seminar and shared perspectives and common research interests. Two 
RPI students, Kerem Goren and Douglas Dukes, and one student from the Chemical Engineering 
Department at the University of South Carolina, Atri Rungta, gave 15-minute presentations on their 
research from various aspects of polymer science. After the presentations, students thoroughly en-
joyed the opportunity to have scientific discussions amongst their peers and glean insights into each 
otherôs research while enjoying refreshments. ñIt was a great opportunity to discover what other 
graduate students are working on, share my own work, and make new friends and connections,ò 
Atri said. 
 

Through its Student Chapter Activity Fund, Extrusion Division provides a funding of up to $500 for 

student activities to two different student chapters every year. For more information about the Stu-

dent Chapter Activity Fund, please contact Prof. Mahesh Gupta, Mechanical Engineering-Engineering 

Mechanics Department, Michigan Tech University, Houghton, MI 49931. E-mail: mahesh@mtu.edu, 

Phone: (906) 487-3566 

Visitors at the CMOST display their ñslimeò during 
a hands-on demonstration by the RPI-SPE chap-
ter .  

Kerem Goren presents his research at the 
graduate student seminar series.  

http://www.davis-standard.com
http://www.cwbrabender.com
mailto:sschick@polyvinyl.com


Page 5 Extrusion DivisionñSociety of Plastics Engineers 

SPE Online Technical Library  

Literature Reviews ï ANTEC Papers  
 
The best papers written and presented at ANTEC have a relatively deep review of past research on 
the topic. In most cases, the authors are aware of the past research, but if the topic is new to the 
writer then often an adequate review of the literature is difficult. Many prior papers on a subject, 
however, can be easily obtained by going to the SPE website and then going to the ñDownload 
Technical Journalsò area. In this area, all SPE members can run a search on a topic, key word, or 
author, and then download the papers for review. Although the search is limited to the electronic 
libraries owned by SPE, it does provide a quick assessment of prior research. The web link to the 
SPE area for Downloading Technical Journals is below: 
 
http://www.4spe.org/membercenter/library/index.php  
 
 
Mark A. Spalding 
The Dow Chemical Company 

Rupture Discs/Relief Valves  - Barry Morris, DuPont 
Relief valves are an important component for preventing excessive pressure build-up in an ex-
truder.  If the valve stem is too long, however, polymer may freeze -off, preventing the valve from 
functioning properly.  At DuPont, we cut off the stem just beyond the barrel, leaving just enough 
to get a wrench on it for removal.  

Pumping instability 
Product rate variability in a single screw extruder is often caused by pumping instabilities in the 
feed and transition sections.  The screw can be analyzed by monitoring the pressure variability. 
Installing a pressure tap in the early sections (zone 1) is helpful.  A read rate of 30 reads/sec is 
needed.  Pressure fluctuations of less than 2.5% are generally OK.  If adjusting the temperature 
profile in zone 1 does not reduce the pressure variation, then a new screw design may be needed. 

Gels 
Poor blending of incompatible polymers in a single screw extruder may cause imperfections that 
look like gels.  If the polymers melt at different temperatures, a high -shear screw design may be 
helpful. 

http://www.4spe.org/membercenter/library/index.php
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Professor Kirk Cantor, PhD 

Plastics and Polymer Engineering Technology 

Pennsylvania College of Technology 

Williamsport, Pennsylvania, USA 

 

 

Introduction 

 

The extruder is the primary mechanical component in the production of many plastic products, such as pipe, tubing, 

sheet, film, profiles, and coated wire, to name a few.  The purpose of the extruder is to feed the shaping die with a ho-

mogeneous melt of constant temperature and pressure. 

 

Product quality concerns coupled with economic pressures place stringent requirements on the extruder to perform at 

maximum productivity while minimizing both output variation and energy consumption.  In the cases where there is 

ample market for a product and acceptable quality can be maintained, it is desirable to achieve the highest possible out-

put from an extruder.  Even when maximum throughput (mass per time of material passing through the machine) is not 

required, it is still necessary to minimize output variation in order to maintain a low deviation in product dimensions.  

In addition, rising energy costs are leading most manufacturers to put a greater emphasis than ever on reducing energy 

usage during production. 

These production goals (high output, low output variation, and low energy usage) are universal among all extruders.  

However, more commonly than not, manufacturers tend to not even measure these performance indicators on their ex-

trusion lines.  In order to improve these characteristics, it is vital to measure them periodically and correctly.  It is the 

purpose of this article to describe the most important extruder performance characteristics and explain how manufactur-

ers can measure and report them. 

 

The characteristics that will be described are: 

Throughput 

Specific throughput 

Pressure consumption and variation 

Power consumption and variation 

Screw energy efficiency. 

 

 

Data Collection 

 

The raw data necessary to determine all of the characteristics described in this article can be collected during one set of 

extrusion runs.  Generally, running at five different screw speeds that cover the normal range of operation will provide 

an adequate amount of data to describe extruder performance.  

Measuring Extruder Performance Characteristics 

Become  a Newsletter Sponsor at any of 4 levels, Platinum, Gold, Silver, or Bronze. 
Contact Sponsor Chair  Steve Schick or any Extrusion Division Board member for more 
information.  

mailto:sschick@polyvinyl.com
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Figure 1 shows a table of raw data collected at five screw speeds during an extrusion run of polypropylene on a 50 mm extruder.  

This data will be used throughout this article to determine performance characteristics.  At each speed, the extruder was allowed time 

to stabilize before data was collected for the columns in the table.  The time required to reach stability varies for different extruders, 

with larger extruders requiring more time.  Tracking the melt temperature during the time period after changing the screw speed pro-

vides a good indication of when the system is stable enough to collect data.  After an increase in screw speed, the melt temperature 

will often increase for some time after the change and will eventually stabilize at a particular temperature.  Further, it is important to 

note that data collected is only as good as the sensors used to measure the extruder parameters.  Periodic calibration of all measure-

ment sensors should be made in order to ensure their accuracy  

Screw 
Speed 
(RPM) 

Melt 
Tempera-
ture (°C) 

Minimum Mo-
tor Current 

(Amp) 

Maximum Mo-
tor Current 

(Amp) 

Minimum 
Pressure 

(MPa) 

Maximum 
Pressure 

(MPa) 

One Min-
ute Mass 

(kg) 

10 202 6.2 6.3 3.31 3.59 0.066 

20 203 8 8.1 4.62 5.03 0.132 

30 205 9.3 9.4 5.52 5.93 0.200 

40 207 10.4 10.5 6.21 6.62 0.266 

50 208 11.5 11.6 6.83 7.24 0.329 

Figure 1: Raw data collected for determining performance characteristics 

Figure 1 includes data collected at five screw speeds.  Melt temperature and motor current fluctuation were recorded at each screw 

speed after the system stabilized (about five minutes for this 50 mm extruder).  Since head pressure naturally varies due to screw beat 

(pressure difference between pushing side of flight and trailing side), both the maximum and minimum pressures measured at each 

screw speed are recorded.  The final column lists the mass of material extruded in one minute at each screw speed.  This is obtained 

by cutting the extrudate at the die (or some other convenient location, such as after cooling), timing for one minute, cutting the extru-

date again at the same location, and weighing the specimen extruded during the one minute period.  Depending on extrusion condi-

tions, shorter or longer time periods may be used. 

Throughput 

 

Throughput values are generally reported as output per hour.  Therefore, determining throughput simply requires converting the mass 

in kg/min, as shown in Figure 1, to kg/hr by multiplying by 60.  Figure 2 shows the calculated throughput and Figure 3 shows 

Screw Speed 
(RPM) 

Throughput (kg/
hr) 

10 3.95 

20 7.90 

30 11.99 

40 15.94 

50 19.75 

Figure 2: Calculated throughput values 

Throughput v. Screw Speed
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Figure 3: Throughput v. Screw 

Measuring Extruder Performance CharacteristicsðContinued 
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Figure 3 shows the typical behavior of a linear increase in throughput with screw speed.  Since throughput determines the rate at 

which product can be produced, this plot helps extrusion personnel establish the correct screw speed for achieving production 

goals. 

 

 

Specific Throughput 

 

Specific throughput is a measure of the amount of material extruded with each revolution of the screw.  It is a good indicator of 

screw output performance and is most often reported in units of kg/hr/RPM.  To obtain values of specific throughput, each calcu-

lated throughput is simply divided by the screw speed at which it was obtained.  Figure 4 shows the calculated specific throughput 

and Figure 5 shows specific throughput plotted as a function of screw speed. 

Screw Speed 
(RPM) 

Specific Throughput 
(kg/hr/RPM) 

10 0.395 

20 0.395 

30 0.400 

40 0.398 

50 0.395 

Figure 4: Calculated specific 

throughput values 

Specific Throughput v. Screw Speed
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Figure 5: Specific Throughput v. Screw Speed 

Figure 5 shows that, over the range of speeds tested, this screw performed uniformly.  The average value (0.397 kg/hr/RPM) repre-

sents a good benchmark to use for future testing.  Any reduction from this value may help to identify screw wear or increased flow 

restriction, such as clogged screens. 

Other systems may exhibit a change in specific throughput at certain screw speeds.  This will indicate that the screwôs performance 

is different under those conditions.  For example, a screw may show a significant decrease in specific throughput at a certain high 

level of screw speed.  This could be caused by solid bed plugging as the solids are moving down the screw faster than they are 

melting.  Melting, hence throughput, may be improved in that case by increasing barrel temperatures.  (There are some materials, 

however, in which melting is improved by decreasing barrel temperatures due to improved viscous heating.) 

Measuring Extruder Performance CharacteristicsðContinued 
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Pressure Consumption and Variation 

 

It is typical for extruders to have one head pressure transducer which is located just downstream of the screw tip.  Some extruders 

are equipped with more than one transducer, but most simply have this one.  In this case, the pressure being measured is that gen-

erated by the screw, which is equal to that consumed by the head and die, including any screens, breaker plate, interior die chan-

nels, etc. 

 

Three variables work together to determine the pressure that will be consumed by the head and die: flow rate, flow restriction, and 

melt viscosity.  Flow rate depends primarily on screw speed.  Flow restriction depends on the dimensions of the channels through 

which the polymer flows.  Melt viscosity is a characteristic of the polymer and is dependent on temperature. 

 

Under stable extrusion conditions, it is common for head pressure to vary.  The raw data in Figure 1 shows a minimum and maxi-

mum head pressure measured at each screw speed.  Again, for stable conditions, head pressure will increase and decrease continu-

ally, but always to approximately the same minimum and maximum values.  This is known as screw beat, where the frequency of 

the cycle corresponds with the screw speed.  If the variation does not match the screw speed and is of a significantly larger magni-

tude, this is an unstable condition and effort should be made to stabilize it. 

 

Figure 6 shows the average pressure and pressure variation, determined from the minimum and maximum, as well as the through-

put at each screw speed.  Figure 7 plots average pressure and pressure variation as a function of screw speed. 

Screw Speed 
(RPM) 

Average Head Pres-
sure (MPa) 

Pressure Variation  
(+/-%) 

Throughput 
(kg/hr) 

10 3.45 4.0 3.95 

20 4.83 4.3 7.90 

30 5.72 3.6 11.99 

40 6.41 3.2 15.94 

50 7.03 2.9 19.75 

Figure 6: Average pressure and pressure variation values 
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Figure 7: Head Pressure and Variation v. Screw Speed 

Measuring Extruder Performance CharacteristicsðContinued 
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Figure 7 shows that head pressure increases with increasing screw speed since the flow rate of the plastic is higher through the 

head and die.  The rate of increase is less than linear due to the shear thinning nature (reduction in viscosity at higher shear rates) 

of polypropylene. 

 

Figure 7 also shows good pressure stability in this system by the low pressure variation, less than 5% over the entire range tested.  

A slight decrease in variation is observed at higher screw speeds.  This is most likely due, again, to polypropyleneôs shear thinning 

behavior. 

 

Figure 8 shows throughput plotted as a function of head pressure.  This is typically known as a die characteristic curve and dis-

plays the influence of pressure on the plastic output through the die.  Once again, it is clear that polypropylene shear thins as dis-

played by the greater than linear increase in throughput at increasing pressures.  A power curve fit to the data points reveals a 

power of 2.267.  This number gives a measure of the reciprocal of the polymerôs power law index (PLI), a measure of its degree of 

shear thinning.  From this data, we estimate polypropyleneôs PLI as 0.44. 
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Figure 8: Throughput v. Head Pressure showing a power fit 

Power Consumption and Variation 

 

Power is defined as the rate of energy consumption.  Extruder motors are generally large and, thus, consume a lot of energy.  There 

are many ways in which this energy is consumed by the screw working the plastic, with the most energy generally going into heat-

ing the plastic from a solid to a melt through friction and into turning the screw against a high melt viscosity.  Energy is also con-

sumed through mixing, generating pressure for the head and die, and mechanical losses. 

Measuring Extruder Performance CharacteristicsðContinued 
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In order to calculate motor power consumption, the values listed in Figure 9 are required.  These values can generally be obtained 

from the data plates attached to the extruder motor and gear reducer.  Maximum screw speed is equal to maximum motor speed 

divided by the reduction ratio. 

Maximum Motor Power (kW) 18.65 

Maximum Motor Current (Amp) 49.4 

Maximum Screw Speed (RPM) 125 

Figure 9: Values required for calculating motor power consumption 

Since instantaneous power is equal to current multiplied by voltage, the following equation can be used to determine power for 

direct current motors: 

)(

)(

)(

)(
)()(

RPMeedMaxScrewSp

RPMwSpeedActualScre

AmpMaxCurrent

AmpentActualCurr
kWMaxPowerkWPower  

Figure 10 shows the average motor power and power variation, determined from the minimum and maximum motor current, at 

each screw speed.  Figure 11 plots average motor power and power variation as a function of screw speed. 

Screw Speed 
(RPM) 

Average Motor Power 
(kW) 

Motor Power Variation  
(+/-%) 

10 0.19 0.80 

20 0.49 0.62 

30 0.85 0.53 

40 1.26 0.48 

50 1.74 0.43 

Figure 10: Average motor power and power variation values 
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Figure 11: Motor Power and Variation v. Screw Speed 

Donôt forget to periodically clean the screens (or filters) in your vacuum receivers.  If they become clogged 
with dust or fines, the conveying ability of your system will be significantly reduced.  
          Joe DziedzicðAEC 

Measuring Extruder Performance CharacteristicsðContinued 
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Figure 11 shows an increase in power consumption with increasing screw speed.  The increase is slightly greater than linear due to 

a greater proportion of energy going into heating the plastic at higher screw speeds.  Figure 11 also shows that the power consump-

tion is very stable under these conditions, less than 1% variation over the entire range tested.  This implies that all extruder func-

tions, solids conveying, melting, pumping, etc., are performing stably  

Screw Energy Efficiency 

 

The energy efficiency of the screw performance can be determined by calculating the throughput per kilowatt (kg/hr/kW).  Figure 

12 shows the calculated efficiency values and Figure 13 plots efficiency as a function of screw speed. 

Screw Speed 
(RPM) 

Screw Energy Efficiency 
(kg/hr/kW) 

10 20.92 

20 16.25 

30 14.15 

40 12.62 

50 11.32 

Figure 12: Screw Energy Efficiency values 
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Figure 13: Screw Energy Efficiency v. Screw Speed 

Figure 13 shows a reduction in efficiency at higher screw speeds for this screw extruding polypropylene.  That is, it requires more 

power per kg/hr of throughput at higher screw speeds, most likely due to the increasing energy going into heating the polymer at 

Vacuum Power Unit Lubrication  
 
Verify that you are using the correct gear lube in the blower(s) of your central vacuum power units.  If they 
are located in a low temperature environment, or outside, you may need to use a different viscosity gear 
lube to ensure maximum blower life ï check your operating manual, or contact the manufacturer if you are 
not sure. 

Keith LarsonðColortronic  

Measuring Extruder Performance CharacteristicsðContinued 
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Conclusion 

 

This article has shown how to measure and analyze extruder performance in five key areas: 

Throughput 

Specific throughput 

Pressure consumption and variation 

Power consumption and variation 

Screw energy efficiency 

 

A description of the important variables to measure and how to collect the data was provided.  Techniques for calculating, 

presenting, and analyzing the results were described. 

 

By periodically collecting and analyzing just a small amount of data, generally with little interruption to normal opera-

tions, extrusion manufacturers can stay aware of the performance of their extruders and be better positioned to make im-

provements to the system.  These improvements will certainly result in better product quality and reduced costs.  

Vent Bleed  
 
Vent bleed on a two stage vented extruder is not always due to a poor screw design.  If during the 
design phase of the screw, all of the proper process data is collected and a sample of the resin be-
ing processed is supplied so that a rheological study can be done, it is very doubtful the vent bleed 
is due to the screw design, especially if the screw is installed into an existing vented barrel.  If the 
above statement is true for the case of the vent bleeding, it is necessary for the vent diverter to be 
examined by one of the Xaloy process engineers to make sure that it is of the correct configuration.  
If the configuration of the diverter is not correct or if the vent port is not located in the proper loca-
tion, then vent bleeding can occur.  
 
The location of the vent port is also very critical.  The port should be located approximately 2/3 of 
the way between the feed port and the discharge end of the barrel.  Also the vent port on a right 
hand turning extruder needs to be located so that the feed port is to the right, the discharge of the 
extruder is to the left and you are looking into the vent port when standing beside the extruder.  
 

Timothy WomerðXaloy 

Measuring Extruder Performance CharacteristicsðContinued 

Twin Screw Kneading Elements  
Wide kneading elements generally provide more dispersive mixing and less distributive mixing than 
narrow kneading elements.  This is due to the shear and extensional flow developed between the 
elements and barrel surface.  Each type of kneading element has its role in polymer compounding. 



Page 14 Extrusion DivisionñSociety of Plastics Engineers 

Use of Electronic Filters and Flow Surging 

Keep your granulator blades sharp to prevent unnecessary dust and heat build-up in your material. This will 
cause problems elsewhere in your plant, like clogged filters and unmelted material in your finished product.  
          John Farney 
          Cumberland Engineering 

 

 

Electronic filters are used on most data measurement and storage systems. The filter should be set to mitigate proc-

ess noise while not decaying the actual process signal. For example, if a filter is set too high for a pressure transducer 

located in a transfer line downstream from a single-screw extruder, it may be incapable of showing a flow surging prob-

lem due to poor solids conveying, as shown in Figure 1. In cases like this one, the filter should be adjusted to the appro-

priate level or unfiltered data should be collected using a temporary data acquisition system attached to the sensor output 

signal. 

 

 

 
Figure 1. Filtered and unfiltered discharge pressure data. The unfiltered data were collected using a 

portable data acquisition system while the filtered data was the pressure that was observed by plant per-

sonnel. The plant personnel believed that they had a very stable process even though this extruder was 

flow surging.  
 

 

 

Mark A. Spalding 

The Dow Chemical Company 

maspalding@dow.com 
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Extrusion Hints  

High Melt temperature 
The screw speed is a determining factor driving melt temperature in a single screw extruder.  Barrel 
cooling is effective at screw speeds less than 50 rpm, but not above that.  Reducing the outlet pres-
sure (die opening, etc.) can help reduce temperature.  

Gels 
Bubbles in the melt may look like gels.  If the polymer or additives are hydroscopic, drying or ex-
truder venting may help.  Lowering melt temperature and residence time can reduce volatiles 
caused by degradation. When running powders, air entrapment can also be a problem; in single 
screw extrusion, adjusting the first barrel zone temperature may help but a new screw may be 
needed with optimum feed length and compression zone. 

Polymer/Additive Degradation 
Discoloration of the polymer may be an indication of degradation.  Lowering melt temperature and 
residence time in the extruder should help.  Streamlining flow is also critical.  The transition at the 
end of the screw is a common source of hang-up. 

Flow stability and thickness uniformity 
Uneven flow can arise from a number of possible sources, including worn thrust bearings, uneven 
take-up speed, bent screw or barrel, gear pump teeth, motion of the die, motion of the take -up 
mounting, instabilities generated during solids conveying and melting of the polymer, as well as 
from intermittent air entrapment.  Hydraulic damping theory can give insight on how to design the 
system to minimize the propagation of these instabilities.  The theory suggests locating gear pumps 
near the extruder exit so that fluctuations have time to dampen, using long transfer pipes of large 
diameter and locating large pressure drop devices like filters away from the extruder exit.  

Twin Screw Extrusion Scale-up 
When scaling up from a laboratory to a production twin -screw extruder, run at equivalent power/
unit volume, use geometrically similar designs (OD/ID ratio, L/D, pitch of elements, number of 
kneading blocks, angle, etc.) and run under identical operating conditions.  
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