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have long found practical utility for the elimination of melt fracture and die build up reduction.
More recently studies have shown Dynamar PPAs can also significantly reduce the number of
gels formed during blown film extrusion.

Date Published: December 2000



Technical Information

A 3M Company

Dynamar"

Polymer Processing Additives
The Application of Dynamar Polymer Processing
Additives for Gel Suppression

Introduction

Dynamar PPAs (Polymer Processing Additives) are used extensively to enhance the extrusion of various polymers. Dyneon
products such as Dynamar™ FX 5920A, FX 9613 and FX 5911X have long found practical utility for the elimination of melt
fracture and die build up reduction.

More recently studies have shown Dynamar PPAs can also significantly reduce the number of gels formed during blown film
extrusion.

How Dynamar PPAs Work
Dynamar PPAs function by coating metal surfaces, effectively changing the interface between molten polymer and metal, to
that of polyolefin to fluoropolymer to metal.

Dyneon postulates that the low energy surface provided by the fluoropolymer coating prevents the accumulation of low
molecular weight and oxidized polyethylene and may also (in grooved feed extruders) help prevent gels caused by premature
melting of lower density polymers like polyolefin plastomers.

One of the primary mechanisms for bonding to the metal surface is thought to be (multiple) hydrogen bonding sites between
the Dynamar PPA and the hydrated oxidized metal surface. The premise of the hydrogen bonding interaction is based on the
assertion that the metal surface of the processing equipment is actually a partially oxidized metal surface. On top of the par-
tially oxidized metal surface, there is a thin layer of hydration. One can see in the figure below that this creates a series of
—OH bonds and bridging O groups that are capable of hydrogen bonding to Dynamar PPAs, oxidized polymer and other
species in the polymer matrix. The oxidation of the polymer is a stepwise process that proceeds from alkane to alcohol to
aldehyde or ketone to carboxylic acid. Each of these functional groups is capable of hydrogen bonding and consequently the
oxidized polymer has a greater affinity for the metal surface than a non-oxidized polymer chain. Prolonged contact of the oxi-
dized polymer with the metal surface will only lead to further oxidation and crosslinking of the polymer. At some point, if the
partially crosslinked or oxidized polymer sloughs off the metal surface and exits the extruder, it exits as a gel. We believe
Dynamar PPAs prevent prolonged contact of the oxidized polymer with the heated metal surface and thus helps inhibit the
formulation of cross linked gels.



Potential Interactions (via Hydrogen Bonding Mechanism)
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Gel Study Results

The results plotted below were generated on a Kiefel blown film line, 40 mm grooved feed extruder, 24/1 L/D, 18/35/60 mesh
screen pack, 40 mm die, 2 mm die gap, single lip air ring. Temperature profile was 49°C (120°F) feed, 88°C (190°F) flat
through the rest of the extruder, output was 8-9 kg/hr.

Study 1 - 0.9 M, 0.910 Density Resin (with low stabilization)
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Dynamar™ PPAs Reduce Certain Types of Gels

While the Dynamar PPAs studied in these evaluations resulted in a significant gel reduction none totally eliminated gels. We
believe this is because Dynamar PPAs are effective at reducing gels formed in the extruder, such as crosslinked gels and
unmelted/unmixed gels. However, there are other types of gels such as contamination gels (fiber and angel hair/dust contami-
nation) formed during the polymerization process that Dynamar PPAs could not help reduce.

Recommended Levels

Our lab tests have shown levels as low as 330 ppm of Dynamar PPAs reduce gels. We believe that levels as low as those typ-
ically used for die build-up (560-500 ppm) may help reduce gel formation.

The Importance of Purging

It is important to start with a clean extruder when using Dynamar PPAs. If your extruder is “dirty” when you add the Dynamar
PPA, it will displace any material hung up in the extruder, perhaps resulting in the appearance of black specs or gels initially
until the Dynamar PPA is coated down.

Study 2 - 1.0 MI, 0.870 Density Resin (well stabilized)
Gel Count Trend Line Plot
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This plot shows how FX 5920A reduced the gel count level.
Removing the FX 5920A allowed the gel count to creep back up again.



Technical Information and Test Data:

Technical information, test data, and advice provided by Dyneon personnel are based on
information and tests we believe are reliable and are intended for persons with knowledge
and technical skills sufficient to analyze test types and conditions, and to handle and use
raw polymers and related compounding ingredients. No license under any Dyneon or third
party intellectual rights is granted or implied by virtue of this information.
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Important Notice:

Because conditions of product use are
outside Dyneon’s control and vary widely,
user must evaluate and determine whether
a Dyneon product will be suitable for user’s
intended application before using it. The
following is made in lieu of all express
and implied warranties (including war-
ranties of merchantability and fitness
for a particular purpose): If a Dyneon
product is proved to be defective,
Dyneon’s only obligation, and user’s
only remedy, will be, at Dyneon’s
option, to replace the quantity of prod-
uct shown to be defective when user
received it or to refund user’s purchase
price. In no event will Dyneon be liable
for any direct, indirect, special, inciden-
tal, or consequential loss or damage,
regardless of legal theory, such as
breach of warranty or contract, negli-
gence, or strict liability.
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