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The yitinite
Lo forrésearch
in polynier rlbeviogy . . .

The field of polymer melt theology is an ares of increasing
coficer ta not only the vesearcher, but alsa to the producer
znd user of ‘plastic matenaIs. Rheologicat data define procs
essing, parameters - snch a5 extender obtpul, pressuts diop
elasticity -and melf fracture tf;'us"énabling the. processor to’
program his equipment for maximur patput and product’
quality. However' rheolngicai data dre also indicative of mo-
lecular properties such as chemical structire, average molec-
ular weight and molecalar weight distribution. These data.
are of spectﬁc interest ta the plastic producer. Polymer melt.
rheology. then, serves a broad Held and is: intimately related
o processing and molecilar propérties of polymers.

“The. C. W' Brabender Rheddietric Capiilary Die is aftachable to
anyolthe C-We Brabiender Extruders and functions agaconlinu=-
ous high pressurecapillary rheomeler. This dje mdesxgned to pro-
vide a high'degree of versatility into'a precision laboratory instru-
ment. By applying the sppropriate eguations for pressure drop in
teminar How of a fleid theoagh a cyimdﬂcal tube to the- theome-
tric cagiilary die daty, flow is expressed in terms cf cEassma!
thealégical difnensions.

C.. W. Brabende Extruders transform. the po]ymer inte a
homogenecus- melt aad deliver it to the capillasy dis; at &
uniform tate. Wban the polymer encounters the! restriction.
of the capx}Iary ovifice, a build-up in pressure: résults, The
amount of pressure is-proportional to the screw speed, dnd:
gan be varied by the Plasti-Corder Diive) Pressure and stock.
2emperatute are ‘measured at. the capillary entrance by &
combined Pressure-Temperdture probe, The pressure data
atz copstant screw speed. are used to gompute Shear Stress
in dynesf cm®, From the volurietric flow rate thmugh the
capiflagy at constant pressure, the Shear Rate'in sec—? is:
calealated, 'I‘hese ‘data endble the researcher to Investigate
poiymar sheo}ogy using the classical ::apziiary ‘Viscomelry
technigoes.
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A camplete system (Fig. I, below left] for measuring the
pressure and temperature in the various zones of the ex-
truder can be provided. As the polymer is transported
theough the barrel, the operator can continugusly monitor
the pressire and lemperature changes encountered s the
polymer is transformed inte a homogeneous melt. Valusble
data relating to Teed, point of fusion, lubricity, effect of addi-
fives, influences of screw and die geometry, etc., on the ex-
frusfon process can be characterized: The data can also e
used to develop mathematical models for the extrusion
process.

A range of pressure values at the capillary entrapce is
achieved by varying the screw speed from the Plasti-Corder.
Dirive. Output is measured at each pressure value. Figure 1
describes a typical plot of cutput vs. pressare and shows the
effect of capillary L/D ratin on the output curves,

Yoisenille's equation for préssure drop in laminar ‘Row
throngh a capillary can he applied t6 the data in Figure 1L

where: ()= Volumetric Flow Rate {cm®/sec]

AP BQ';ﬂ % = Viseosity {poise}
Ty r =Radius of capillary

I == Length of capillary
solving Poiseuille's equation for viscosity:

_ APr i 4Q 7 {ShearStress}
T we v {ShearRate)

Thus the Shear Stress,  i6: APr/2l and the Shear Rate, ¥ is
4Qf ar®

A plot of Shear Stress vs. Shear Rate for a typical pseudo-
plastic polymer melt (aon-Newtoniaa) is shown in Figure JIL

The $hear Rate y expressed by the equation ¥ = —:;g-.

is & lineat relationship betwsen flow rate and capillary radiug
and applies t¢ Newtonian flow. For non-Newtonian fluids,
a correction is necessary to include the pressure loss when
enteting Into the capillary since the: relationship of Shear
Strass and Shear Rate is not linear. '

The dimensions fot Shear Rate are in sec™? and {or Shear
Stress dynes/om® The conversions necessary for convert-

ing theometric capillary die data to the appropriste dimen-
sloris are:

For Shear $irese, observed pressure in psig
fmust be converted to dynes/em®,

For Shesr Rate, mass output must be converted
to voluinetric output.

When Shear Sttess and Shear Rate are expressed in these
dimensions, the apparent viscosity {Shear Stress/Shear Rate]
is expressed in poise values.
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2.4 Internal Lavout

A schematic diagram depicting the internal design of wour yound
capillary die is illustrated inm Figure 3. Notice that the flow
of polymer through the die is from left to right. '
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