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A Note from the Chairmanôs Desk  
 

Welcome to the first edi-

tion of the Extrusion Di-

visionôs electronic E - 

Newsletter.  The Board of 

Directors is very excited 

about the new format.  

Weôve debated what for-

mat would be the best for 

our membership for years 

and have finally reached a consensus.  

The new ñEò format will enable us to 

communicate more effectively and fre-

quently with you.  The E- newsletter will 

continue to include updates on division 

activities such as regional Mini-Techs and 

TopCons, Consultantôs Corner Articles, 

the ANTEC Extrusion Division Best Pa-

per Award, Shop Tools Advice, Extrusion 

Hints, Scholarship opportunities and ad-

vertisements from our sponsors.  I would 

like to offer special thanks to Gary Oliver 

for stepping up to the plate as our new 

newsletter chairperson leading the charge 

to bring you the new electronic version of 

the Newsletter. 

 

 

 

The E- Newsletter format will work 

seamlessly with the Extrusion Divi-

sion website that is featuring new in-

teractive content. spexdiv.com  

 The new format will include hyper-

links to our sponsorôs websites that 

will allow you to gather additional 

information.  Our Web Chairman, Dr. 

Steve Derezinski, has been doing a 

great job keeping the site up to date.   

During the last year the Division held 

a successful TopConn in Cincinnati 

featuring Coextrusion.  Dr. David 

Bigio, Dr. Eldridge Mount, Gary 

Oliver and Charlie Martin did a great 

job organizing the conference.  A 

Mini -Tech is in the works for 2009, 

we will keep you posted.  

As you are probably aware, the 2009 

ANTEC will be collocated with the 

SPI NPE in Chicago in June.  Our 

2009 Technical Program Chair, Mark 

Wetzel, is in the process of assem-

bling an exciting technical program 

for the 2009 ANTEC.   

The entire Extrusion Division Board 

of Directors wishes you the best of 

luck in 2009 and look forward to see-

ing you in Chicago. 
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John Christiano 

The Annual Technical conference ANTEC is going to be co-located with NPE at 

McCormick Place on June 22 to June 24. Registration to ANTEC will allow members 

to attend both ANTEC and the NPE exhibition. The program will include 2,000 sup-

pliers to the plastics industry on 1 million square feet, about 700 technical papers and 

presentations, many high-profile industry leaders in keynote presentations, and more. 

Information regarding the technical program will be available soon at the SPE web-

site. www.spe4.org 

Mark A. Spalding,  ANTEC 2009 Technical Program Chairman 
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The Extrusion Division is launching the 

first Extrusion Wiki in early 2009.   

Board of Director Member Michelle Cur-

renton was instrumental in developing 

the Wiki.  The Extrusion Wiki will allow 

you to search a vast database of infor-

mation concerning extrusion as well as 

being able to submit additional content.  

Check it out!  We look forward to work-

ing interactively with you to expand the 

size and scope of the Wiki in the near 

future.  

Click below for link to Wiki! 

SPE Extrusion Division 1 -0-Wiki  

Extrusion Hints  
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Flow Disturbances  

If cast sheet has a periodic flow non-

uniformity, check to seek if it is at the same 

frequency of the screw speed. (line speed/

pitch of non-uniformity = screw rotational 

speed.)  If so, examine or change the thrust 

bearing.  A slightly damaged thrust bearing 

will result in a significant pulse in flow (the 

screw moves back and forth) that is 

proportional to screw speed. 

Thickness Uniformity  

Transients in the flow from the extruder 

will cause thickness nonuniformity in the 

sheet.  This can be minimized in the 

design of the extrusion line by putting the 

filter close to the die.  This maximizes the 

volume of plastic upstream of the filter, 

and this volume will help absorb (smooth) 

fluctuations in flow so they do not reach 

the exit of the die. The large pressure drop 

of the filter serves as a barrier to rapid 

flow change.  

The rheology (viscosity) a polymer is a key parameter that affects the extrusion process.  It normally 

is a function of several variables, and it can be measured in the lab with only a few grams of 

sample.  However, the measurement process can be quite technical.  Therefore, it is advisable 

to  have it done by a knowledgeable practitioner.   Dr. Eldridge Mount, III of EMMOUNT 

Technologies is highly qualified with over 30 years of practical polymer processing experience.  He 

personally will make detailed measurements of the rheology of your polymer and provide 

mathematical functions to describe it.  

Rheology  

http://www.extrusionwiki.com/wiki/
http://www.emmount-technologies.com


ABSTRACT 

Multilayer coextrusion is a process in which two 

or more polymers are extruded and joined together 

in a feedblock or die to form a single structure 

with multiple layers.  This paper will discuss tech-

niques for measuring experimental rheology data 

for monolayer and multilayer structures.  These 

data will then be used to show the effects of multi-

layer rheology in the design of coextruded struc-

tures. 

INTRODUCTION  

Many polymers are extruded through various 

styles of dies to produce monolayer and multilayer 

products.  Coextrusion is a common method used 

for producing multilayer structures.  Coextrusion 

is a process in which two or more polymers are 

extruded and joined together in a feedblock or die 

to form a single structure with multiple layers.  

This technique allows the processor to combine 

the desirable properties of multiple polymers into 

one structure with enhanced performance charac-

teristics.  The coextrusion process has been widely 

used to produce multilayer sheet, blown film, cast 

film, tubing, wire coating, and profiles [1-6]. 

This paper will discuss techniques for measuring 

experimental rheology data for monolayer and 

multilayer structures.  Experimental data will be 

shown on the viscosity of single polymer and co-

extruded polymer melts measured using a unique 

rheometer for coextruded structures.  These data 

will then be used to show how the design of coex-

truded structures is affected by the viscosities of 

the individual layers and their placement in the 

structure. 

BACKGROUND  

Many different types of monolayer and coex-

truded polymeric films and sheets are currently 

produced using different styles of dies.  However, 

analyzing the flow of polymer melts through dies 

can be difficult due to the complex three dimen-

sional flow patterns that exist [7-10].  This analy-

sis becomes even more complex when multiple 

layers of different materials are introduced into 

the structure through coextrusion methods [11-

17]. 

One of the difficulties in designing a new coex-

trusion die or analyzing the flow in an existing 

coextrusion die is determining the rheology of the 

coextruded structure.  No commercial equipment 

is available to measure the rheology of a complex 

coextruded structure.  The purpose of this work 

was to experimentally measure the rheology of 

monolayer and coextruded structures and to show 

how that information can be used for determining 

the effect of multilayer rheology on the design of 

coextruded structures. 

EXPERIMENTAL  

Two commercially available low density polyeth-

ylene (LDPE) resins manufactured by The Dow 

Chemical Company were used in the experi-

ments: LDPE 722 and LDPE 641I.  These resins 

will subsequently be referred to by letter designa-

tions to simplify the notation of the coextruded 

structures.  These letter designations are Resin A 

for LDPE 722 and Resin B for LDPE 641I. 

Resins A and B were chosen because they have 

significantly different viscosities based on their 

melt index (MI) values.  Resin A has a melt index 

of 8 dg/min, (2.16 kg weight, 190ºC) while Resin 

B has a melt index of 2 dg/min.  Even though 

these resins have different melt indices, their 

shear thinning characteristics are very similar. 

Two types of experiments were run in this study.  

The first experiments were run to determine the 

viscosity of the individual resin components.  The 

second series of experiments were run to deter-

mine the viscosity of coextruded encapsulated 

structures composed of multilayer combinations 

of the individual resins. 

The coextrusion line used in this study for deter-

mining the viscosity of coextruded structures con-

sisted of two 31.75 mm (1.25 inch) diameter, 24:1 

L/D single screw extruders.  A schematic diagram 

of the extrusion line set-up is shown in Figure 1.  

The extruders fed individual gear pumps to en-

sure uniform flow of the polymer melts to the 

feedblock and rheology dies.  The gear pumps 

were attached to a feedblock by transfer lines that 

contained variable depth thermocouples to ensure 

consistent and uniform temperatures from the 

extruders.  A feedblock was designed to produce 
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coextruded encapsulated structures with the 

capability of varying the number of layers from 

2 to 13. This is shown schematically in Figure 

2.  This feedblock allows evaluation of various 

coextruded structures with different layer ar-

rangements and thicknesses. 

Examples of coextruded encapsulated struc-

tures are shown in Figure 3.  Black and white 

pigments were added to these samples to show 

the skin and core layer thicknesses.  For the 

experiments in which the rheology of the struc-

tures was actually measured, no pigments were 

added.  Figure 3 shows photographs of samples 

with 2, 3, and 4 layers. 

Attached to the exit of the feedblock was a 

rheology die that was fabricated with a circular 

cross section with a diameter of 7.9 mm (0.312 

inch).  This die had four pressure transducers 

spaced at 50.8 mm (2.0 inch) intervals down 

the length of the die.  Figure 4 shows photo-

graphs of a typical 4 layer coextruded encapsu-

lated structure on the left that would be ex-

truded through the circular (or rod) rheology 

die on the right.  The rod die is shown with the 

pressure transducers and the heating jacket 

installed. 

For the rheology experiments, the coextrusion 

line was run with the two extruders and gear 

pumps producing set flow rates until steady-

state conditions had been reached.  At this con-

dition, the pressures from the four transducers 

were recorded along with the measured total 

polymer flow rate and temperature.  This pro-

cedure was repeated at several different flow 

rates so that the viscosity of the monolayer or 

coextruded structures could be determined at 

different shear rates and/or layer ratios.  

RESULTS 

The experimental setup shown in Figure 1 was 

first run with each of the individual polyethyl-

ene resins (Resins A and B).  Figure 5 shows 

the viscosity versus shear rate data generated 

for these polyethylene resins processed at 

190ºC.  These data show that these resins are 

significantly different in the magnitude of their 

viscosities at comparable shear rates. 

The data generated for each resin were fit to a 

power law viscosity model and the resulting 

curves are shown in the Figure 5.  Even though the 

magnitudes of the resins viscosities are significantly 

different at comparable shear rates, the slopes of the 

curves are very similar for these polyethylene resins.  

The slopes of these curves are related to the power 

law index, n. The power law indices for these resins 

at 190ºC are 0.36 and 0.35 for Resins A and B, re-

spectively.  Data have been reported previously [18] 

showing that this rheometer gives comparable results 

to a capillary rheometer when measuring the rheol-

ogy of the individual resins. 

The results throughout the rest of this paper will be 

based on 2, 3, and 4 layer coextruded encapsulated 

structures (like those shown in Figure 3) extruded 

through the rod rheology die. 

An important point to remember when producing 

circular encapsulated structures is the fact that the 

layer thicknesses in the final structure will be differ-

ent than in a planar structure.  For example, a two 

layer planar structure composed of 50% by volume 

of Resin A and 50% by volume of Resin B would 

have equal layer thicknesses of layer A and B.  

However, a circular structure with Resin A encapsu-

lating Resin B in which each material comprises 

50% by volume of the structure would have a core 

layer thickness of approximately 70% and a total 

skin layer thickness of 30% (or 15% per side).  This 

is solely due to the differences in the geometry of the 

circular versus planar samples.    

An example of this is shown in Figure 6.  A three 

layer encapsulated structure was extruded through 

the rod die and measurements of the layer thick-

nesses in the extrudate were made.  Figure 6 illus-

trates how 5 layer thickness measurements were 

made across the sample at the centerline.  The three 

layer structure was formed by pumping the skin and 

core layers (black layers in the figure) at 40% by 

volume of the structure (divided evenly at 20% each) 

and the intermediate layer (white in the figure) at 

60% by volume.  The calculated thicknesses for lay-

ers 1 through 3 at the centerline are 5.3, 22.4, and 

44.7%, respectively.  The values we measured ex-

perimentally in the extrudate were 5, 23, and 43%, 

respectively.  This shows very good agreement be-

tween the measured and calculated thickness values 

in the three layer encapsulated extrudate.  

The next consideration in the rheology measure-

ments of encapsulated structures is the fact that the 

layer thicknesses inside the rod die are not the same 

Multilayer Rheology Effects In Coextruded Structure Design 
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as the layer thicknesses in the extrudate.  This is due to the 

fact that the velocity profile in the tube (parabolic) is differ-

ent from the velocity profile in the extrudate (plug flow).  

This difference in velocity will cause a difference in the layer 

thickness in order to conserve mass.  This is an important 

point since all of the measurements of pressure drop for the 

rheology calculations are done in the tube so the knowledge 

of the thickness of the layer there is critical. 

One final consideration is that since Resins A and B have 

different viscosities, the velocity profile in the tube will 

change depending on which material is used in each layer.  

This is illustrated in Figure 7 for a 2 layer coextruded encap-

sulated structure with equal volumetric flow rate in each 

layer.  This figure shows the calculated dimensionless veloc-

ity profile (velocity/average velocity) in a tube for Resins A 

or B and combinations of A encapsulating B, and vice versa.  

Note that the curve for Resin A or B is a continuous curve 

with a flattened parabolic shape due to the shear thinning 

characteristics of these resins.  Also, when Resin A encapsu-

lates Resin B, the velocity gradient near the tube wall is 

higher but the central part of the flow is very flat.  In contrast, 

when Resin B encapsulates Resin A, the velocity gradient 

near the wall is smaller and the velocity in the center is 

higher.  The sudden changes in velocity in these curves are 

the locations of the interfaces between the layers.  Also note 

that the interface locations change depending on which mate-

rial is in the skin layer versus the core layer 

The next set of experiments consisted of extruding the two 

polyethylene resins in 2, 3, and 4 layer coextruded encapsu-

lated structures with varying skin layer thicknesses.  These 

experiments produced final extrudate structures with 5% to 

40% skin layers of either Resin A or Resin B. 

Figure 8 shows the viscosity versus shear rate data for Resins 

A and B along with 3 layer coextruded encapsulated struc-

tures with different skin layer thicknesses from 10 to 16% of 

Resin B.  These skin layer thicknesses are the layer thick-

nesses inside the die.  This figure shows that the viscosity 

curves for the encapsulated structures all lay between the 

extremes of the individual components.  This figure also 

shows that as the skin layer thickness of Resin B increases, 

the resulting viscosity curve shifts toward the viscosity curve 

for Resin B alone.  This result is consistent with those re-

ported previously [8] and was also observed in the experi-

mental results from the 2 and 4 layer structures. Figure 9 

shows the viscosity versus shear rate data for Resins A and B 

along with data for 2, 3, and 4 layer coextruded encapsulated 

structures with 12% skin layers of Resin B in the die.  The 

two layer structure produced consisted of a skin of Resin B 

on a core of Resin A (B/A).  The three layer structure con-

sisted of a skin of Resin B, a second layer of Resin A, and a 

core of Resin B (B/A/B).  The four layer structure consisted 

of a skin of Resin B, a second layer of Resin A, a third layer 

of Resin B, and a core of Resin A (B/A/B/A). 

Figure 9 shows that the viscosity curves for the encapsu-

lated structures all lay between the extremes of the individ-

ual components.  This figure also shows that the viscosity 

curves for the 2, 3, and 4 layer structures are all very simi-

lar.  This result implies that at a constant thickness, the skin 

layer viscosity is the dominant factor controlling the viscos-

ity of the structure even when there are a different number 

of layers with different viscosities below the skin layer. 

Figure 10 shows the calculated velocity profiles for 2, 3, 

and 4 layer coextruded encapsulated structures with identi-

cal skin layer thicknesses of Resin B.  This figure gives 

some indication of why the skin layer tends to control the 

viscosity of the structure.  Note in the figure that even 

though the velocities below the skin layers are different, the 

velocity gradient in the skin layers are very similar regard-

less of whether there are 2, 3, or 4 layers in the structure.  

This implies that the shear rate near the wall for these struc-

tures with the same material in the skin layers will be simi-

lar and produce similar viscosities for the structures. 

CONCLUSIONS 

A unique apparatus has been developed to measure the 

rheology of coextruded structures.  This apparatus has been 

used to measure the rheology of monolithic and coextruded 

encapsulated structures.  The results of these experiments 

show that the dominant factors affecting the rheology of 

coextruded structures are the viscosity and thickness of the 

skin layer.  These findings are significant since they give 

more information on how to design a coextruded structure 

using the rheology of the different layers to approximate the 

rheology of the coextruded structure. 
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Figure 1.  Coextrusion equipment setup. 

Figure 2.  Schematic diagrams of coextruded encap-

Figure 3.  Photographs of coextruded encapsulated structures. 

Figure 4.  Typical encapsulated structure and rod die for measuring rheol-

ogy of encapsulated structures. 
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Figure 6.  Layer thickness measurements for a three 

layer coextruded encapsulated structure. 
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Figure 7.  Calculated velocity profiles for 2 layer  

coextruded encapsulated structures. 
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Figure 8.  Viscosity data for individual components and 
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ous skin layer thicknesses of Resin B. 

 Figure 5.  Comparison of the viscosity data for the two  

LDPE resins at 190°C. 
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 Figure 9.  Viscosity data for individual components 

and for coextruded encapsulated structures of 2, 3, and 

4 layers with 12% skin layers of Resin B. 

 

Figure 10.  Calculated velocity profiles for 2, 3, and 

4 layer coextruded encapsulated structures with 

identical skin layer thicknesses of Resin B. 

TROUBLESHOOTING TIP ðDr. Steven Derezinski, Extruder Tech 
A key element for flow stability for an extruder screw for continuous product is that the (flow rate produced by 

solids conveying section) equal (the melting rate of the melt section) equal (the pumping rate of the metering 

section.)  Each of these flow rates must be at individual pressures that sum to the delivery pressure of the 

extruder.  Any significant mismatch will result in erratic output rate. 

 

Problem Solving ï Barry Morris, DuPont  
When solving a problem, we often begin by listing possible causes.  It is also helpful to list some of the things that 

cannot be causing the problem.  This can help focus the problem solving effort on real causes and prevent wild 

goose chases. 

Rupture Discs/Relieve Valves  - Barry Morris, DuPont  
Relief valves are an important component for preventing excessive pressure build-up in an extruder.  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. 

 

http://www.tempco.com/
http://www.nbe-inc.com/index.php
http://www.cumberland-plastics.com/


 

Extrusion Division of the Society of Plastics Engineers recently provided funds of $500 to SPE student chap-
ter at Georgia Tech University for a plant trip to Kimberly Clark facility at Lagrange, Georgia. The tour was 
organized by the SPE Student Chapter at Georgia Tech and was hosted by the Polymer, Textile and Fiber 
Engineering (PTFE) School. The Kimberly Clark facility was visited by a group of 16 Students from PTFE and 
Material Science and Engineering Schools along with PTFEôs Executive-in-residence Dr. Davis Lee. 
During the plant tour Georgia Tech students were able to observe the Spun-bond and Melt blowing processes 
for making surgical gowns. They also had an extensive tour of the SMS (Spun bond ï Melt Blown ï Spun 
Bond) production line. The students interacted with the scientists and engineers of Kimberly Clark during the 
Q/A session and clarified their doubts about the processes, and particularly about the intricacies involved in 
the production of consistently good quality products. According to Ramasubramani Kuduva, Secretary of the 
SPE Student Chapter, ñThe students who have been working in the related processes for their research/
senior design project heavily benefited from this experience. The tour was an enriching experience in terms of 
the exposure we got to an industrial production facility.ò  

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 Student Chapter Activ-
ity 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  
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Coextruded barrier film is commonly used in a variety of food and non-food packaging applications.  A typical structure contains 

a polyamide (nylon), EVOH or PVDC barrier layer, tie resins and a polyolefin or ethylene copolymer sealant.  There are two 

primary processes form making these films: blown and cast.  Each has its advantages and disadvantages.   A general comparison 

of the two processes is given in Table I. 
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Comparing Processes for Producing Coextrusion Barrier Film  

Benjamin Prinsen, Macro Engineering  

Table I: Comparing Processes for Producing Coextruded Barrier Film 

PROPERTY BLOWN FILM  CAST FILM  

Mechanical properties Good. MD and TD orientation. Not as good; splitty in TD. Uniaxial 

drawdown (MD), web neck-in. 

Crystallization High. Slow cooling promotes crystalli-

zation. Denser and stiffer film. 

Low. Rapid cooling prevents crystalli-

zation.  Less dense. Supple film. 

Optical properties Inferior. Less gloss and clarity. Higher 

haze. 

Superior. Greater gloss and clarity. Lit-

tle haze. 

Thermoformability Good. Film has some MD & TD orien-

tation. Higher crystallinity. 

Better. Film has MD orientation only. 

Less crystallinity. 

Gauge uniformity Not as good: +/- 7 to 10%. Automatic 

gauge control: +/- 3.5 to 5% 

Very good: +/- 2.5% or better with 

automatic gauge control. 

Film flatness Nat as good as cast. Very good. 

Curling Difficult to control curling in unbal-

anced structures. Slow cooling. 

Easier to control curling in unbalanced 

structures. Fast cooling. 

Resins Lower melt index and higher melt 

strength. 

Higher melt index and lower melt 

strength. 

Processing Lower temperatures (190 °C) Higher temperatures (245 °C) 

Output rate 300-350 kg/hr on a 500mm die for 

structures with PA. 

400-500 kg/hr on a 2m die depending 

on thickness & layer ratio. 

Process versatility Good, widths can vary greatly. Poor, width changes limited to a narrow 

range. 

Structure versatility Layer rheology can vary to some extent. Layer rheology must closely match. 

Layer change versatility Extruder resins have to be changed. Layer changes made in the feedblock 

via a selector plug. 

Trim and waste Trim normally not required. Low waste. Trim is required. Edges have beads and 

high percentage of one resin. 

Short run flexibility Good. Not as good. Changeover waste is 

higher. 

Additive loads Allows high additive loads. Amount of additive load is limited. 

Investment & cost per kg produced Lower investment. Higher cost/kg pro-

duced. 

Higher investment: ~50%. Lower cost/

kg produced. 

http://www.milacron.com/products/extrusion/extrusion.html
http://www.xaloy.com/
http://www.extremecoating.com/concept.html
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Tips for side stuffing of high levels of fillers into a twin screw extruder 

 
End view twin screw extruder with side stuffer 

Processors often desire high % loadings of low bulk density 
(fluffy) materials in a polymer compound. Side stuffing of 
fillers 
into downstream barrel sections is a common practice to 
achieve maximum filler levels, and to decrease screws/barrel 
wear associated with melting. The ultimate % which is 
attainable is usually limited by two parameters: 

 
Å Volumetric capacities of the side stuffer and main 
extruder screws (see MaXX article above) 
Å Venting capacity to allow air/volatiles to escape the ex-
truder 

 
The volumetric capacity is based on the free volume geome-
try 
of the side stuffer screws and main extruder screws, and of 
course the RPM of each. When the stuffer is attached to the 
extruder, capacity is often limited by the amount of material 
the 
extruder screws can accept. Higher free volume translates 
into a higher fill capability. 

 
For the twin screw extruder, it is best to have flighted ele-
ments 
with a long pitch at the stuffer location, extending 2 to 4 L/D 
downstream of the stuffer. This keeps the melted material in 
the extruder moving forward and allows the maximum free 
volume for the filler to enter. A relief vent is beneficial when 
situated slightly upstream from the side stuffer to allow 
entrapped air and flashing volatiles to exhaust without caus-
ing 
a back-up in the side stuffer. 

Extrusion Tip:  Charlie Martin, Leistritz  

MacBruder, hopper 
  
There once was a man named MacBruder 
Who went mad as he ran his extruder 
 He leaped in the hopper, 
 And 'fore they could stop her 
 MacBruder extruded MacBruder. 
  
                                   - James F. Carley, March 1953 

Dr. Carley was the 2008 Recipient of The Bruce Maddocck Award for  contributions  to the field of single screw extrusion 


