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Introduction

Coextrusion is a process in which two or more polymers are extruded simultaneously and joined together to form a
single structure with multiple layers. This technique allows the processor to combine the desirable properties of
dissimilar polymers into one structure. The coextrusion process has been used to produce multilayer sheet, blown film,
cast film, tubing, wire coatings, and profiles (1-6).

In this study, a specific feedblock and sheet die combination was used to determine the effect of different extrusion
and geometric variables on the layer thickness uniformity of a two layer sheet product. A designed experiment was
developed to guide the experimentation and to statistically analyze the results.

EXPERIMENTAL

The two resins chosen for this study were an ABS (Acrylonitrile-Butadiene-Styrene) polymer (Resin A) and an AES
(Acrylonitrile-EPDM-Styrene) weatherable polymer (Resin B), Resin A was used as the substrate and Resin B was
applied as a cap layer with a target "thickness of 10%" of the total structure. These two resins were chosen because
they exhibit similar rheological characteristics over the temperature range studied. The viscosity curves for these resins
are shown in Figure 1.

The coextrusion line used in this study consisted of a 114.3 mm (4.5 inch) diameter, 30:1 L/D single screw extruder for
the substrate resin and a 63.5 mm (2.5 inch) diameter, 24:1 L/D single screw extruder for the cap resin. The sheet die
was a 1.42 m (56 inch) wide Ultraflex R75 die Manufactured by Extrusion Dies, Inc. (EDI). The feedblock and flow-
shaping inserts were designed and fabricated by the Mechanical Development and Operations Group of The Dow
Chemical Company. The feedblock inserts were designed to restrict the flow of the cap material to the edge of the
sheet. The geometry used in these inserts joins the two polymer layers in the feedblock in the configurations shown in
Figure 2. Insert "A" was used as a control and represented no flow restriction of the cap with respect to the substrate
(a 100% slot opening). Inserts "B" and "C" restricted the flow of the cap layer by narrowing the flow path widths to 67"
and 34" of insert "A", respectively.

This study utilized a Box-Behnkin type designed experiment. This type of design will produce a mathematical
description of the response variable as a function of the independent variables, including any curvature that may be
present. This study contained three independent variables (feedblock slot shape, cap layer melt temperature, and cap
layer extruder screw speed) and the response was the uniformity of the cap layer thickness as measured by the
standard deviation from the mean cap thickness. This experiment also contained multiple center points to determine
reproducibility.

In these experiments, the cap layer melt temperature was varied from 220 degrees C to 235 degrees C while the cap
layer screw speed varied from 60 to 80 RPM. The target sheet thickness was 2.8 mm (0.110 inches) at an overall
extrusion rate of 455 kg/h (1000 pounds/h). The substrate screw speed and celt temperature were held as constant as
possible throughout the experiments. There were no die deckles used and the restrictor bar was maintained in a
retracted position during the experiments.

The cap layer thickness distribution for each experiment was determined by testing three sheet samples collected
during that experiment and averaging the results. The cap layer thicknesses were measured with an optical microscope
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every 76.2 mm (3 inches) across each sample. A typical set of measurements for an experiment including the means
and standard deviations is shown in Table 1.

Results

The experimental design used and the calculated results from the sheet thickness measurements are shown in Table 2.
Analyzing these results statistically reveals that the most important factor (of those studied) affecting the cap layer
thickness distribution was the insert slot geometry. The cap layer melt temperature was found to have some effect on
the distribution while the cap layer screw speed was found to be statistically insignificant.

Figure 3 shows the effect of the three insert geometries on the coextruded sheet layer thickness distribution. This
figure is plotted as the distance across the sheet versus the cap layer thickness expressed as a percentage of the total
sheet thickness. The 100% slot opening curve represents the control and shows that the cap layer material flowed
more to the edge of the sheet than to the center. On the other hand, the 34" slot opening curve shows that this insert
moved most of the cap to the center of the sheet. Of the three inserts studied, the cost uniform distribution of cap
layer material across the sheet was produced by the 67% slot opening insert. However, this insert still does not appear
to be the optimum for uniformly spreading the cap layer across the sheet.

The effect of cap layer temperature on the layer thickness uniformity is shown in Figure 4. This figure shows the
standard deviation of the mean cap layer thickness as a function of the cap layer temperature for each insert
geometry. These curves show that the inserts with 67% and 100% slot openings produced a higher standard deviation
value as the cap temperature was increased. However, the standard deviation value decreased with increasing
temperature for the 34% slot opening insert.

A statistical model was generated using the results of these experiments to show the effects of the independent
variables (over the range studied) on the cap layer thickness uniformity. Figure 5 is a plot of this statistical model at a
constant screw speed showing the effect of the insert slot opening and cap layer temperature on the cap layer
thickness standard deviation. This figure shows similar results to Figure 4 but now as a continuous function instead of
discrete points. This statistical model had a correlation coefficient (rz) of 0.96 indicating that most of the variability in
the data could be explained by the model.

Another method to look at these results is shown in Figure 6. This plot shows constant contours of cap layer thickness
standard deviation as a function of insert slot opening and cap layer temperature. Since the statistical model is a
continuous function, it can be used to predict an optimum set of conditions that will minimize the cap layer thickness
standard deviation. The model predicted the minimum thickness deviation would occur with an insert slot opening of
80%, a screw speed of 61 RPM, and a cap layer temperature of 220 degrees C. It should be noted that this statistical
model is intended for use within the domain of variables tested and should not be used to extrapolate outside of those
limits.

CONCLUSIONS

It was determined that for the specific feedblock/die combination studied, the most significant variable affecting the
thickness uniformity of the cap layer in a two layer sheet was the feedblock insert geometry. The cap layer melt
temperature also had a significant effect on the thickness uniformity. The experimental data showed that a significant
improvement in the overall sheet layer thickness uniformity could be made by changing the geometry of the feedblock
insert.

Statistically modeling the thickness uniformity of the cap layer based on the different extrusion and geometric variables
in the system was very beneficial in determining optimum processing conditions. This methodology can also be used by
processors to help optimize other aspects of their extrusion operations.
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Table 1
Table 2
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Typical Experimental Cap Layer Thickness Measurements Experimental Design and Results

Distance
égl‘ﬂﬂ g;lglp]]:l #1 g?‘l’i: #2 ?E:J;Pi! #2 Thlih!;u - Cap Layer FB Insert Cap Layer Cap Layer
ity Lcrness ickness ckness ckness Experiment Screw Speed Opening Temperature  ISD
(mo)  _(wm) _(me) _ (mm) Number (RPN %) {©) (zm)
25.4 0.511 0.548 0.526 0.528
101.8 0.551 0.559 0.551 D.554 1 70 100 220 0.104
177.8 0.508 0.439 0.475 0.473 2 80 100 228 0.147
254.0 0.300 0.305 0.284 0.208 3 80 100 298 0.127
330.2 0.254 0.254 0.221 0.243
406.4 0.279 0.274 0.259 0.271 g’ 73 100 ggg 0.175
482.6 0.310 0.310 0.315 0.312 6 &7 0.053
558.8 0.330 0.330 0.345 0.335 8 80 a7 220 0. 088
835.0 0.335 0.330 0.335 0.332. 7 70 &7 228 0.051
711.2 0.305 0.315 0.325 0.315 8 70 ar 208 0.064
787.4 0.330 0.335 0.358 0.340
863.6 0.310 0.345 0.310 0.322 lg gg g; ;gg g'ég:
039.8 0.284 0.285 0.264 0.278 .
1016.0 0.250 D.254 0.254 0.258 11 70 4 220 0.241
1082.2 0.260 0.239 0.289 0.259 12 80 34 228 D.180
1168.4 0.414 0.358 0.398 0,389 13 80 34 228 0.211
1244.8 0.554 0,531 0.541 0,542 14 70 34 216 0.178
1320.8 0.400 0.495 0.490 0.402
1384.3 0.309 0.424 0.424 0.415
MEAN 0.3088 0.365 0.385 0.368 Note: FB = Feedblock
STD. DEV. 0.104 0.103 0.108 0.104 TSD = Thickness Standard Deriation
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POLYMER LAYER SHAPING USING DIFFERENT FEEDBLOCK INSERTS
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