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Many different polyolefinic foams and effectively
nonfoamable polyolefinic resins were studied by ASTM D-

4440, “Standard Test Method for Plastics: Dynamic
Mechanical Properties Melt Rheology” techniques [1]. 
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esensitivityofthis 10-4Th test method to chain branchoinf g 
the polymeric molecule was maximized by optimization
of the test setup parameters. With the optimized tet-st se
up, the melt viscosity, which is also known as complex 
viscosity, and the viscoelastic properties of storangde a
loss modulus were measured for the various materials. 
The functional relationship between the loss tangent, 
tan δ, which is defined as the damping of the material 
from the loss modulus divided by the storage modulus, 
and the complex viscosity characterizes each polyo lefin
ma
viscosity relationship functionality for foams and 
nonfoamable resins has identified a “processibility 
window” for the polyolefinic foaming process. Applying ASTM D-4440 techniques to determine whether the 
functional relationship between the loss tangent and 
complex viscosity passes through the processibility 
window for polyolefinic resins from new or recycled 
sources or even resin blends can thus be employed to 
predict their foamability and thereby avoid costly pro cess
upsets or needless process trials. 
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Figure 1, Creep Data from Branched Polyethylene 
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Rheology is the study of material flow. Thermopiclass t Figure 2, Frequency Sweep, Linear and BranchedPolyethylene flowbehavior during melt processing is governed mainlybythe polymers molecular weight, molecular weight 
distribution, and degree of branching [2]. 

Melt strength is a property of the polymer melti cwhhindicates its ability to withstand drawing withoutbreaking. Melt strength is improved by the presencae ofhigh molecular weight tail or long chain branc.h es
Rheological studies measure these properties 

effectively and are widely published [3, 4]. For example,
thezero shear viscosity is directly related to thoele mcular
weight and measured using either a frequency sweep or
creep experiments. Studies from linear polymers developed
theories to transform frequency sweep data into the
molecular weight distribution curves. Creep data can be
transformed into molecular weight curves, as depicted in
Figure 1. The degree of branching is easily measured using
frequency sweeps. When the complex viscosity decreases
with frequency the degree of branching is increasing, Figure
2. 

A popular method to measure melt strength is using a 
capillary rheometer equipped with a haul off device and aforce transducer to measure the strength of the polymermelt. The results are typically presented as graph s offorce/melt strength versus drawdown speed. The graphsenable interpretation of degree of melt strength fordifferent linear polymers. 

Melt elasticity produces memory and is related teo th
die expansion. Melt strength of the molten polymerdetermines whether the polymer remains foam afterexiting the die or collapses onto itself. During the poelry mprocessing the flow properties are determined by theviscosity versus temperature curve. 

Past examples of optimizing the melt strength ocf tal
filled polypropylene foam was published by Rheometrics 
Scientific Corporation [5]. The study was about 
polypropylene melts using different talc levels fromm fo asamples as good versus bad samples. The melt elasticity andmelt strength as the talc level changed was reported aschanges in the viscosity and storage modulus versus The three rheological test modes; Creep (Trans, ient)

Frequency Sweep (Dynamic), and Capillary (Steady) are 
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distinguished by the way the strain is applied, and are
currently used to evaluate zero shear viscosity, molre culaweight, branching, and melt strength of polyolefins. All 
three methods are all performed at isothermal condsi.t ion
The processing of polyolefin foams covers a wide 
temperature range, from melting, processing, coolindg , an
die conditions. To cover the entire process manyisothermal tests are performed which takes time. Eoaf ch 
the isothermal tests is 15 to 30 minutes; to covere nthtiere 
temperature range requires 4-8 hours per sample material. 
 Frequency sweep data measures the zero shear 
viscosity and provides information about a polymers 
molecular weight, and the branching. We saw an inecr eas
in sensitivity as the testing frequency decreased. Thefoam processing is directly influence by temperature. 

Temperature Ramp of Polyethylene
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Combining the two, frequency and temperature 
relationship, we need to define a new point of viethwe, 
foam processibility window. The functional relationips h
between tanδ and the complex viscosity characterizes and 
fingerprints every polyolefin material. 
Experimental:
 

Figure 3, Storage and Loss Modulus and Viscosity versus 
Temperature 

Polyethylene Foaming Window
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The dynamic mechanical analysis was conducted using 0.3

aRheometrics SR5 Rheometer. The instrument was 
equipped with electrically heated plates, Pyrex glass outer 
chamber, nitrogen gas purge, and the test fixtures 
(tooling) were parallel plates. The plates were 25 mm in 
diameter and the distance between plates was 1.0 mm. 
The plate distance (gap) and upper plate were set and calibrated at 190°C. 
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The ASTM D-4440 (similar to ISO 6721-10 [6]) test -0.2

method was modified by decreasing the frequency whileincreasing the measurement time. 
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Data analysis was performed using Orchestrator™ Figure 4, Polyethylene Processibility Window 
software. Calculations and data conversion were 
programmed into the software. The processibility window is the plot of taδn v ersus 

The materials selected for this study were eithiregrin v the complex viscosity. The graphs can be in either olinr e
log formats, Figure 4. The most preferred format is -Log
Log data on a linear scale because the linear reslahtiipo n
is easily expressed. 

or recycled materials. 
 
Results and Discussion: 

Temperature ramp data is reported as storage and loss 
Comparison of the tanδ vs. complex viscosity 
relationship functionality for foams and nonfoamable 
resins has identified a “processibility window” for the
polyolefinic foaming process, Figure 5. 

modulus and complex viscosity as a function of 
temperature [1], Figure 3. From the basic data we 
calculate the tan , which is the loss modulus divided by δ
the storage modulus, then the log of ta ann d log of the 
complex viscosity. 

The processibility window is typically a parallelaomgr 
shape and the most important part is the δt avna lue. δ

The functional relationship between tan and the 
complex viscosity provides information about the 
molecular structure and a “fingerprint” of the polyole fin
melt behavior during processing. 

Secondly note the testing temperature range. δ Polyethylenes temperature range is 120°C to 220°C, and 
polypropylene temperature range is 180°C to 260°C. 
Viscosity is a function of the temperature. Tδa ni s a 
function of the melt elasticity and strength. The ploelfyino 
processibility window is the view of a material melt 
elasticity and strength as a function of viscosity. 
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Figure5,PolyolefinProcessibilityWindow Figure 6, Selecting a Polyethylene Resin 

Foam densities are controlled by numerous parameters
and variableslikeprocessingconditions,additivepse,ty
of blowingagents,nucleatingagents,resinsandrheology
modifiers, etc [7]. One phenomenon that most foaming
experts will agree upon is when the foaming agent is
increased the foam density decreases to a plateanu.aTshe
the foamingagentincreasesthecellsizeincreasdesan

Conclusion: 

Applying the rheological technique of a temperature 
ramp expressed as taδn versus the complex viscosity 
provides invaluable information about the resin 
viscoelastic properties in a timely and efficient mra. n o

Comparison of current or original resin with prsoepdo voids areformed.Thisplateauisrelatedtothetvaanlue replacements, recycled material, or blends, can beemployed to determine the best match and/or thetemperature shift necessary. By knowing the direction tochange the temperature and amount before starting pilotorplant trials saves time and resources. References: 

in Figure5.Inordertoreachafoamdensityof16.0kg/m
(1.0 pcf)thelog(tan)valuemustbenegativeatthe
lower temperaturevalues.Forafoamdensityof64.0

3kg/m (4.0pcf)thelog(tan)valuewouldstartaround0.06 atthelowertemperaturesthenincrease,basedon
ex p er i en ce.

Whether or not a polyolefin resin will make foaism
determined by where the plot lies on the log (t)avnersus

1. ASTM D4440, Standard Practice for Rheological log (complexviscosity)curve.Highertanvalueslimit
Measurement of Polymer Melts Using Dynamic Mechaln ic
Procedures.
B. Kazatchkov, Influence of Molecular Structure othne
Rheological and Processing Behavior or Polyethy Rleenseins,
Polymer Engineering and Science, April 1999, Vo9l,. N3o. 4
TA Instruments, QC Testing of Polymers for Molecru la
Weight and Molecular Weight Distribution, BrochuRreS -
25B.
Stefan Trinkle, Van Gurp’s Plot: A Phenomenolog ical

the foamingtoproducingveryhighdensityfoam.The
lower thetanvalue,thehigherthemeltelasticityand

2. melt strengthandthustheincreasedabilitytoproducelower densityfoam.Thepreferredandidealdirectisoni

lower viscosity(logcomplexviscosity)andlowtan
3. values. The ideal resin system plot would be in the lowerleft handcorner,Figure5.

Finding a suitable replacement resin or using redcycle 4. material(s) can be costly using a trial and error modetohnproduction lines. Utilizing this rheological technique, wemeasure the current resin and establish target values.Figure 6 has data of the original resin and three possibler ep la cem en t s.
Approach for The Characterization of Long Chain 
Branching, American Chemical Society National Mnege,t i
March 2000.
Understanding 

5. Rheological Testing, Brochure by 
Rheometrics, Inc., 1990. ISO 6721-10, Plastics-
Determination of dynamic maencichal properties- Part 10:
Complex shear viscosity usai npga rallel- plate oscillatory
rheometer. Stefan Semerdjiev, Introduction to Structural
Fo aSmoc,iety of Plastics Engineers, Co, 1982. 

Figure 6 recommends replacement Resin 2 and 3 over
6. Resin 1.BothResins2and3hadincreasedmeltstrength

and decreased viscosity. Using the log-log plot to
calculate the linear trend line, and solve the tempreeratudifference for a similar viscosity value. If we cheoosreplacement resin 2, the process temperature would
decrease by 8.18°C to obtain the equivalent complex
vi sc osi t y.
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