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Intro:
The processing of linear low density polyethylene(LLDPE) in blown film extrusion is often accompanied
by melt defects commonly referred to as melt fracture(1). The addition of fluorocarbon elastomer based
processing additives is often used to remove these defects(2,3). While compatible with most polyolefin
additives, certain materials such as pigments or anti-blocking agents have been known to cause
interference with the fluorocarbon elastomer processing additive in the polymer(4,6,7). The scope of
this
work was to examine what physical parameters of anti-blocking agents can affect the functioning of
Dynamar™ fluorocarbon elastomer processing additives. The effectiveness of the fluorocarbon
elastomer, when paired with anti-blocking agents of specific character, was investigated in an LLDPE
resin using capillary rheometry. In addition several commodity type anti-blocking agents were
evaluated
under blown film extrusion. Finally, methods to avoid or minimize interactions between the antiblocking
agent and fluorocarbon elastomer processing additive were explored.
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INTRODUCTION
The processing of linear low density polyethylene(LLDPE) in blown film
extrusion is often accompanied by melt defects commonly referred to as melt
fracture(1). The addition of fluorocarbon elastomer based processing additives is
often used to remove these defects(2.3). While compatible with most polyolefin
additives, certain materials such as pigments or anti-blocking agents have been
known to cause interference with the fluorocarbon elastomer processing additive in
the polymer(4,6,7).
The scope of this work was to examine what physical parameters of
anti-blocking agents can affect the functioning of Dynamar™ fluorocarbon
elastomer processing additives. The effectiveness of the fluorocarbon elastomer,
when paired with anti-blocking agents of specific character, was investigated in an
LLDPE resin using capillary rheometry. In addition several commodity type
anti-blocking agents were evaluated under blown film extrusion. Finally, methods
to avoid or minimize interactions between the anti-blocking agent and fluorocarbon
elastomer processing additive were explored.
EXPERIMENTAL
Materials
The Dynamar™ fluorocarbon elastomer processing aid used in this study was a
copolymer of vinylidene fluoride and hexafluoropropylene. The physical form of
the elastomer was a free-flowing powder ground to a 25 mesh particle size with ten
percent of inorganics, primarily microtalc. added as a partitioning agent. The
commercial name of this product is Dynamar™ Brand Polymer Processing Additive
FX-9613, also referred to hereafter as PPA.
Anti-blocking agents used in conjunction with the PPA for lab scale evaluation
by capillary rheometry were silica based and varied in nature by their particle size,
surface area, pH, and surface coating. These additives are listed in Table 1, and
will be referred to by the indicated abbreviations. The anti-blocks used for blown
film analysis, Table 3, were also commercially available, but were not limited to
silica based materials. The diatomaceous earth and coated and uncoated silicas
were the same agents used for the capillary rheometry studies.
The LLDPE resin used for capillary rheometry work was a granular 1.0 MI
hexene-1 copolymer with a density of 0.918 and will be referred to as LLDPE-1.
The host resin used in the blown film experimenta ion, rei rred to as LLDPE-2. was
a pelletized 0.85 MI octene-1 copolymer with a 0.930 density. Both resins were
barefoot except for antioxidant necessary for processing stability.
EQuipment
Samples for the capillary rheometer were prepared by melt mixing in a Haake
Rheocord 3000E mixing bowl. The mixing profile used a two minute loading period
at 15 rpms and 230 DC. This was followed by a one minute ramp to 50 rpms and a
programmed temperature of 180 DC; the latter conditions were maintained for five
minutes. This profile was sufficient to obtain a constant torque that insured uniform
mixing. Final resin temperatures were in the range of 200-210 DC.
Capillary rheometry experiments were performed on an Instron 4202 system
with a 3210 Rheometer using a flat entry die with 0.508 mm diameter and a 40/1 :
UD. Viscosities are reported uncorrected. Samples were extruded at 190 °C
following a 10 minute dwell ti me. Photamicr graphs of the air-cooled extrudates

were used for melt fracture analyses. After each PPA-containing sample was run,
the barrel was cleaned with a brass brush and gauze, and the die was cleaned

with a piece of metal wire. A resin without the processing additive was then run
through the capillary at a constant shear rate until its predetermined apparent
viscosity was achieved, thus ensuring that all remnants of the PPA had been
removed from the instrument.
Masterbatches for blown film analysis were prepared using a Haake Rheocord
system 90 with a TW-100 conical intermeshing twin screw extruder and
force-feeder attachment. The extrudate was water quenched, and strand
pelletized.
The blown film line employed an B.9 cm extruder with a 24/1 : LJD screw. The
die was 20.3 cm diameter, with a 0.0635 cm die gap. Film was produced having a
layflat of 65 cm and a gauge of 0.075 cm. The extrusion rate was 1.43 kglhrlcm,
correspondin~ to a shear rate of 750 1/s. Melt temperature at the die was 230
Between film runs using resin containing PPA, the film line was purged with
large amounts of a commercial anti-block masterbatch and the host resin LLDPE-2.
The host resin was then run by itself until its previously established baseline
conditions were achieved.
Individual lots of material were monitored in the film line under identical
conditions for a one hour period, at which time line parameters were recorded. If
melt defects were not fully suppressed in that time, a conditioning time could not be
recorded. The percent melt fracture was calculated by opening up a sample of the
layflat, measuring the bands of sharkskin with a ruler, and dividing by the total
width of the film.

ac.

Sample Preparation
The first step in preparing samples for capillary rheometry was to produce a
combined masterbatch of 20% anti-block and 2% Dyna m a ~ PPA by the
conditions described previously. The masterbatches were subsequently ground
and let down with more LLDPE-1 and melt mixed to levels of 5000 ppm anti-block
and 500 ppm PPA. These samples were ground to a 0.63 cm mesh prior to
running in the rheometer.
Twin screw extruded masterbatches for blown film analysis were dry-blended
before compounding and pelletizing, and contained levels of either 20% anti-block,
2% PPA, or both. The carrier resin for the masterbatch was LLDPE-1. Prior to film
extrusion , these masterbatch pellets were let down with LLDPE-2 pellets in a twin
tube blender. The final additive concentrations were the same as for the capillary
rheometry work, 5000 ppm anti-block and 500 ppm PPA.
RESULTS AND DISCUSSION
Capillary Rheometry
The goal of this work was to identify which physical characteristics of the
anti-blocking agent, if any, were responsible for any possible interference with the
PPA. Previous work has shown that the combined compounding of PPA with
anti-blocks or pigments can cause a decrease in PPA performance(5,6,7).
Therefore, combined anti-blockiPPA masterbatches were used in all capillary
rheometry work so as to create the maximum amount of interference between the
two.
The results in Table 2 show that the addition of an anti-block such as DE can
have a large effect on the performance of the PPA. The addition of 5000 ppm of DE
is sufficient to prevent the PPA from causing any viSCOSity lowering, and no
reduction in melt fracture is also observed in this case.
The addition of P1, a precipitated silica particle, proved to be less interfering
than DE. Even though it required approximately 60 minutes for the load on the

capillary to reach equilibrium, the PPA was able to totally eliminate melt defects
such as sharkskin and cyclic melt fracture. However, the viscosity at 600 1/s was
considerably higher than the control with only PPA (Table 2). The P1 anti-block,
which has the largest particle size, was also less interfering than the other
precipitated silicas studied. Both P2 and P3 (smaller size , larger surface area)
prevented the PPA from providing any reduction in viscosity. These last results
suggest that, as the surface area per mass increases, the degree to which the
anti-block interferes with the PPA increases.
Precipitated silicas are characterized as being rather amorphous with very
irregular surface areas. Table 1 shows P2 and P3 as having different surfaces
areas per mass even though their average diameters are the same. Fumed silicas,
on the other hand, tend to be spherical and smoother, and therefore should have
less surface available for interaction with the fluoroelastomer.
As seen in Table 2, the performance of the PPA in a LLDPE matrix containing '
F1 is intermediate to systems containing P1 or P2. Table 1 shows that F1 has a
particle size and surface area that is intermediate to P1 and the other precipitated
silicas. Although P1 and F1 appear to equilibrate in the same amount of time, 60
minutes, their viscosities at equilibrium are quite different.
Increasing the particle size of a fumed silica to that of F2 creates further
interference with the PPA. The polymer system with F2 behaves almost identically
to that containing DE except that there is some evidence of partial melt fracture
removal at 600 1/s. The F2-containing system also enters the region of oscillating
pressure flow(CMF) at a higher shear rate. A further increase in particle size to that
of G, (the synthetic silica gel), which is on the order of DE, produces a total failure in
the PPA. This suggests that the extremely large anti-block particles, with their
relatively lower surface areas, can act as an abrasive and lead to loss in PPA
.
performance.
The synthetic silicate material S produces little interference when analyzed at
190°C. But, when the temperature IS raised to 230 °C the PPA's effectiveness is
lost. The apparent viscosity measured at 230°C is actually some 10 percent
higher than that at 190°C even though the temperature has been raised forty
degrees. This phenomenon might be attributed to an acid-base interaction
between the two materials. It has been shown that fluoroelastomers are acidic in
nature(6,7), while anti-block S has been reported as strongly basic with a pH of
11.8. This type of reaction has been shown in the case of other basic additives to
cause interferences at high temperatures and not at lower temperatures(5). This
acid-base interaction has also been observed with certain Ti02 pigments having
basic surfaces(6,7).
A possible solution to PPAIanti-block interactions is the use of surface coating
on the anti-block. For instance, the PPA is able to remove melt fracture faster in the
presence of FC (a coated silica) than F1. The apparent viscosity at 600 1/s is also
lower for the FC/PPA system, see Graph 1, indicating that the FC is less interfering
with the PPA.
Blown Film Extrusion
The blown film extrusion trials were carried out to identify which commodity type
commercial anti-blocks produce the least interference with a Dynamar™ PPA.
Equilibrium times and pressures as well as melt fracture conditions for the various
samples were analyzed. Both separate and combined masterbatches were used
in this study to assess the the influence of mixing during extrusion. The intent of the
combined masterbatch was to approximate the maximum amount of interference
that could occur between the two additives by maximizing the mixing. The amount
of mixing that occurs during extrusion in various film lines can be widely varied and
may therefore produce different levels of interference.

When measuring the effectiveness of PPA in blown film extrusion, melt
pressures, extruder loads, and conditioning times were monitored. The time for a
sample of material to achieve a steady state operation is an important parameter
because it gives insight into the dynamics of the PPA's mobility and migration. It is
a comparison of how fast, and/or how much of the PPA is available to reach and
adhere to the die wall.
The top half of Table 3 lists the results obtained when separate masterbatches
of PPA and anti-block were used. In all cases the values of one or more measured
parameters were increased in comparison to that of the resin containing only PPA
(Control). For instance, the steady state pressure of almost all the examples
increased. A portion of that pressure increase could be attributed to possible
increases in bulk viscosity by the addition of the anti-blocking agent as well as
other possible interferences with the PPA. The only systems that showed no
pressure increase were those containing either the CaC03 or ceramic sphere
additives.
The amperages recorded for film produced from separate masterbatches did
not vary Significantly. However, there did appear to be a correlation between
pressure and amperage. For example, the CaC03 an d ceramic
spheres-containing samples had the lowest equilibrium pressures and amperage
draws. These values were nearly identical to that of th e control.
In most cases the addition of an anti-blocking agent also increased the time
needed to obtain melt fracture-free film. Although the PPA in the presence of either
of the talcs was able to eliminate melt defects in the same amount of time as the
control, the pressures measured in the presence of either anti-block were greater.
A better comparison would be to look at the pressure drop as a function of the
conditioning time. The fact that conditioning times were increased indicates that
the anti-blocking agents were negatively interacting with the PP A.
The lower half of Table 3 lists the film trial results obtained when the PPA and
anti-block additives were incorporated via a combined masterbatch. Rheological
effects caused by the anti-block additives should be the same in this case as in the
separate masterbatches. Therefore, any differences should be charged against
interactions caused by the anti-block additive with the PPA.
For instance, all melt pressures recorded for anti-block/PPA combinations in
combined masterbatches were greater than those measured for respective
separate masterbatches, see graph 2. Even the samples containing CaC03 and
ceramic spheres, which had previously given operating pressures equal to the
resin containing only PPA, exhibited higher operating pressures as a result of the
combined masterbatching.
All of the anti-blocking additives studied in combined masterbatches, except for
the ceramic spheres, prevented the PPA from fully eliminating melt fracture in the
one hour period. This is not to say that the PPA in some of the systems could not
have eventually cleared the melt fracture. The pressure readings for two of the
systems were still dropping slowly at the end of the hour run indicating that the
system had not reached an equilibrium.
Several of the systems had reached equilibrium pressures during the hour
period, but still had melt fracture. These examples are indicated by a single
asterisk in Table 3. If the pressure of a system still exhibiting melt fracture
stabilizes, it is often an indication that no further reduction in melt fracture is likely.
As mentioned earlier in the capillary rheometry work, there appeared to be a
correlation between surface area of the anti-blocking agent and its interference
with the PPA. If the concentrated mixing of PPA and anti-block during combined
masterbatching somehow causes the PPA to be adsorbed or immobilized by the
surface of the anti-block, then surtace coating of the anti ~ block particulates should
alleviate or reduce the interferences brought about by this mechanism. Other work
that investigated the interaction of Ti02 pigments with the PPA has shown benefits

from surface coatings(6,7).
Comparisons of the talc and coated talc in combined masterbatches with the
PPA show the coated talc system to exhibit less melt fracture after an hour of
running(Table 3). Even though the coated silica exhibited a higher percentage of
melt defects than its analog, a much lower operating pressure was recorded. Also,
the operating pressure for the coated silicaJPPA-containing re sin still appeared to
be decreasing at the end of the hour run, indicating that conditions were still not at
a steady-state.
The purpose of most surface coatings is to aid the dispersion of the additive in
question. Most coatings accomplish this by changing the additive surface from
hydrophilic to hydrophobic thereby making it more compatible with polyethylene.
This change in surface properties brought about by coating may very well reduce
interactions with the PPA which is incompatible with polyethylene.
Another approach to lessening detrimental interactions that has been studied in
this laboratory is the addition of a synergistic PPA blend(5,8). For instance,Table 4
presents an example of the use of a proprietary product of this type, Dynamar™
FX-5920. Samples containing the Diatomite additive that were produced from
separate and combined compounding methods are included for comparison. To
show the effectiveness of this synergistic processing additive , it was incorporated
by a combined masterbatch with the Diatomite to c reate the maximum am ou nt of
interference. The results in Table 4 are dramatic - the equi librium pressure
measured is as low for the combined masterbatch containing Dynamar™ FX-5920
as that of the separate masterbatch containing FX-9613, and the conditioning time
was equal to that of the control which contained no anti-blocking agent. These
benefits occurred despite the fact that the mixture contained a lesser amount of the
fluoroelastomer than any of the comparators, through the use of Dynamar FX-5920.
CONCLUSIONS
Although all of the anti-blocking agents studied above decreased Dynamar™
PPA performance to some extent, the PPA could still be used to eliminate melt
defects. The above examples have shown that interactions can be decreased or
avoided by several means. Optimization of the anti-blocking agent particle size
and incorporation by a separate masterbatch will reduce interferences brought
about by mixing. Avoidance of highly basic additives, or use of such additives at
lower temperatures can reduce the possibility of chemical reactions. Surface
coating of interfering additives, or choosing additives that are less likely to absorb
th e fluoro e1astomer, may help. Finally, th e use 01 Oynamar™ FX-5920 PPA,
containing both fluoroelastomer and a synergist can overcome anti-block
interactions under some of the most severe conditions.
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TABLE 1
DESCRIPTION OF Si~ BASED ANTI-BLOCKS
USED IN CAPILLAR RHEOMETRY STUDY
Code

Manufacture
Type

DE
P1
P2
P3
F1
F2
FC
G
S

Diatomite, Mined
Precipitated
Precipitated
Precipitated
Fumed
Fumed
Fumed Coated*
Synthetic Gel
Silicate***

Particle
size nm
5000-20000
28
8
8
14
40
14
3000

SUrfac~ area
BET m /g

100
450
650
200
50
200
350

pH
8.5
8
7
7
4
4
-**
7
11.8

* F1 is the precursor in the production of this material
** Surface Coating makes particle hydrophobic
*** Synthetic sodium aluminum silicate material
Descriptions based on manufacturer's information, precipitated silicas
can form agglomerates.

TABLE 2
SUMMARY OF CAPILLARY RHEOMETRY STUDY RESULTS
Apparrnt ViscoSit~
Code ~OOs~ooosolse
olse
DE
5750
P1
4530
3200
P2
5760
P3
5870
F1
4910
3240
F2
5730
FC
4540
3210
G
5850
S
4130
3140

No Drop
>60 min.
No Drop
No Drop
>60 min.
>60 min.
20 min.
No Drop
20 min.

PPA
Resin

20 min.
No Drop

3550
5990

3100

Eq. Time
at 6005- 1

Comments
SS at 6005- 1 CMF at 8005- 1
Smooth strard
S8 at 600s- eMF at 9005- 1
SS at 6005- 1 CMF at 8005- 1
Smooth strard
SS at 6005- CMF at 10005- 1*
Smooth strard
SS at 6005- CMF at 8005- 1
Smooth strand, Fails at higher
temperatures
Smooth strard
SS at 6005- CMF at 7005- 1

SS: sharkskin
CMF: cyclic melt fracture
*Sharkskin was partially eliminated at intermediate shear rates.
Samples contain 5000ppm anti-block and SOOppm PPA incorporated via
a 20% 12% masterbatch, with the exception of the controls.

TABLE 3
COMPARISON OF ANTI-BLOCKS IN SEPARATE AND COMBINED
MASTERBATCHES WITH 500ppm PPA IN BLOWN FILM EXTRUSION
Anti-block
@5000ppm

PPA
Incorporation

NONE

NONE

M.F.%
60 min

Condo
Time

Pressure
KPal100

Amps

270

125

80

*

Control (None)

S

236

117

0

30

Talc
Coated Talc
Diatomite
CaC03
Silica
Coated Si lica
Ceramic Spheres

S
S
S
S
S
S
S

247
247
246
239
249
246
238

119
118
117
117
121
120
116

1
2
0
0
0
2
0

30
30
45
40
40

Talc
Coated Talc
Diatomite
CaC03
Silica
Coated Si lica
Ceramic Spheres

C
C
C
C
C
C
C

265
263
260
247
269
253
254

118
119
116
116
121
119
117

10
2
15
2
5
10
0

50
*
*
*
*
50

S: Denotes that PPA and anti-block are added by seperate 2% and 20%
masterbatch pellets.
C: Denotes that both additives were added in a combined masterbatch
containing 2% PPA and 20% anti-block
* Pressure had equilibrated by end of the one hour run, but film still
contained melt defects.
TABLE 4
COMPARISON OF DIATOMACEOUS EARTH / PPA
COMBINATIONS IN BLOWN FILM EXTRUSION
Anti-block
@5000ppm

EEA

None
None
Diatomite
Diatomite
Diatomite

0
500
500
500
300

Em
0
0
0
0
700*

Pressure
Mixing KPa/100
S
S
C
C

270
236
246
260
246

Amps
125
117
117
116
116

M.F.% Condo
60 min Time
80
0
0
15
0

30
45
30

S: Denotes that PPA and anti-block are added by separate 2% and 20%
masterbatch pellets.
C: Denotes that both additives were added in a combined masterbatch
and
anti-block
*
the commercial designation for the 3M Co. 's blend of
fluoroelastomer and polyethylene glycol.
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Operating Pressure vs Incorporation Method
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