Predicting Polyolefin Foamability Using Melt the frequency, and increased in sensitivity as the
Rheology frequency decreased.
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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].

Thesensitivityofthis  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 T
loss modulus were measured for the various materials. time 5]

The functional relationshi tween the loss tangent, ;

taneéuw(fugh is defined as Ec)h%edaﬁw?)mg of the naw‘atggrlal Figure 1, Creep Data from Branched Polyethylene
from the loss modulus divided by the storage modulus,

and the complex viscosity characterizes each polyo lefin Frequency Sweep; Linear verses Branched Polyethylene
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nonfoamable resins has identified a “processibility
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functional relatlonsh|p between the loss tangent and 109
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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Eg%er%/lgh%quency Sweep, Linear and Branched

Rheology is the study of material flow. Thermopiclass t
R O g e PSP B QNS egd Jpainty
distribution, and degree of branching [2].

Rheological  studies measuLee these properties W&%ﬁéﬁﬁﬁﬁﬁggﬁ%ﬁﬁl VQE of

eﬁ‘ect|vel¥1 and are widely publjs {3 4]. For example,
thezero s (?ar wscosﬂy is.directly rela ed to thoele mcular
weight and measured glsm%elt er a reﬁuencg/ sweep or

%ﬁ%o'ﬁ’.g"p%'”%renﬁéfgsm SQP]C'”GS‘JVQ@ ymdea a"‘?}{%"peg A popular method to measure melt strength is using a
i

molecular wel% trrb tlon culgves Cree ta can ftf

trans orme o mo t curves, as ep |§ted |n

F|§ure 1.7 ree r nc |n |s easily measured usin phs
requency swee CYV en the co ex V|scosrty ecrease

W|t frequencyt egree of branc Ing is increasing, Figure

Melt elasticity produces memory and is related teo th

Past examples of optimizing the melt strength ocf tal gﬁ%ﬁ%@ﬁ%&%&%@%&gﬁ@%ﬁég@%ﬁ%w m
filled polypropylene foam was published by Rheometrics €.

Scientific Corporation [5]. The study was about
boplopuiens ncis. e dliersat e levsl. flomm 5.9
ang%sr?r'?ﬁ Viscostty and set\c/)?ag% anged was re orted"as The three rheological test modes; Creep (Trans, ient)

Frequency Sweep (Dynamic), and Capillary (Steady) are
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distingLiished by the \{vay the strari]n is applied, and zilre
R VAl e &R S PO aln sESs Ds (Bie St
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

Li6RePLiaRE 1 A ROYBHRRITIAHRIREERESTANE. 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

BaENSHKbEaR dhe JRTg fratisne SIPRIRASELRE.

Combining the two, frequency and temperature
relationship, we need to define a new point of viethwe,
foam processibility window. The functional relationips h
between tand and the complex viscosity characterizes and

fingerprints every polyolefin material.
Experimental:

The dynamic mechanical analysis was conducted using
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.

Igﬁebeg%%e ddai%%%g:égap) and upper plate were set and

The ASTM D-4440 (similar to ISO 6721-10 [6]) test
et s lified Byndrergaring the frequency while

Data analysis was performed using Orchestrator™
software. Calculations and data conversion
programmed into the software.

The materials selected for this study were eithiregrin v
or recycled materials.

were

Results and Discussion:

Temperature ramp data is reported as storage and loss
modulus and complex viscosity as a function of
temperature [1], Figure 3. From the basic data we
calculate the tard, which is the loss modulus divided by
the storage modulus, then the log of tabann d log of the
complex viscosity.

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.

Temperature Ramp of Polyethylene
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Figure 3, Storage and Loss Modulus and Viscosity versus
Temperature

Polyethylene Foaming Window
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Figure 4, Polyethylene Processibility Window

The processibility window is the plot of tadn v ersus

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.

Comparison of the tand vs. complex viscosity
relationship functionality for foams and nonfoamable
resins has identified a “processibility window” for the
polyolefinic foaming process, Figure 5.

The processibility window is typically a parallelaomgr
shape and the most important part is the dt avna lue.
Secondly note the testing temperature range.
Polyethylenes temperature range is 120°C to 220°C, and

polypropylene temperature range is 180°C to 260°C.

iscosity is a functjon of the temperature, Tda ni s a
chtionyo?t%e melt elas’E[icﬁy angstrength. The pﬁoelfyino

processibility window is the view of a material melt
elasticity and strength as a function of viscosity.
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Polyolefin Foaming Window
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Figure5,PolyolefinProcessibilityWindow

Foam densities are controlled by numerous parameters
and variableslikeprocessingconditions,additivepse,ty
of blowingagents,nucleatingagents,resinsandrheology

Selecting The Proper PE Resin
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Figure 6, Selecting a Polyethylene Resin

Conclusion:

Applying the rheological technique of a temperature

modifiers, etc [7]. One phenomenon that most foaming ramp expressed as tadn versus the complex viscosity

experts will agree upon is when the foaming agent is X
increased the foam density decreases to a plateanu.aTshe provides

the foamingagentincreasesthecellsizeincreasdesan

voids areformed.Thisplateauisrelatedtothetvaanlue
in Figure5.Inordertoreachafoamdensityof16.0kg/m
(1.0 pcf)thelog(tan)vabuemustbenegativeatthe
lower temperaturevalues.Forafoamdensityof64.0
beda (A onshibsioptanabieweHdetaarand on
experience.

3

Whether or not a polyolefin resin will make foaism
determined by where the plot lies on the log (&)avnersus
log (complexviscosity)curve.Highertanvafueslimit
the foamingtoproducingveryhighdensityfoam.The
lower thetanvialue,thehigherthemeltelasticityand

BRI cHERatIRdN YRS e aaeHARIbIAReHLSS:

lower viscosity(logcomplexviscosity)andlowtan )

y&yﬁénaggmﬂﬁ}g@stem plot would be in the lower

Finding a suitable replacement resin or using redcycle

L

Figure 6 recommends replacement Resin 2 and 3 over
Resin 1.BothResins2and3hadincreasedmeltstrength
and decreased  viscosity. Using the log-log plot to

e e SRR RSB e FerRcs

decrease by 8.18°C to obtain the equivalent complex
viscosity.

invaluable information about the resin
viscoelastic properties in a timely and efficient mra. n o
Comparison of current or original resin with prsoepdo
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