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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

TEST FOR INTRINSIC MELT VISCOSITY OF THERMOPLASTIC RESINS
GMS301P

1 SCOPE. This Test Method describes an operating
procedure for the Monsanto Rheometer to establish a means
of controlling the quality and consistency of incoming
polymers. By measuring the material’s intrinsic melt viscosi-
ty, rate of degradation and/or cross linking, the processability
can be estimated. This method may also be used to determine
the melt compatibility of certain polymers or relative degra-
dation of a material in a part.

This procedure will describe 2 methods of determining
viscosity: Method I - Constant Pressure, and Method II ~
Variable Pressure. Method I produces 4 data points which are
used to determine a single point on the viscosity — shear rate
curve. (Addrtional points on the curve may be generated by
making additional runs at other pressures. Multiple pressure
tests or repeated testing at various shear rates may be
necessary to characterize material flow.)

Method II is used when the equipment has the pressure
switching attachment. This method allows the operator to
determine 2 or more points on the viscosity curve in a single
run. (Repeated runs should be made to determine the
reproducibility of the original run even when this technique is
used.) When a new material is characterized, at least 2 points
on the viscosity curve should be determined until it is known
through plant experience that a single point is adequate to
define the product.

2 TEST EQUIPMENT REQUIRED.
2.1 Monsanto Automatic Capillary Rheometer — complete
with control unit (pressure switching device desirable) avail-

able from: Monsanto Industrial Chemicals Co., Instruments
& Equipment, 947 West Waterloo Rd., Akron OH 44314,

2.2 Bottled dry nitrogen with 0-500 PSIG dual stage
regulator.

2.3 Set of orifices having L/D ratio of 15:1 (1.0414 mm dia)
provided with machine; L/D 20:1 (#AX142 - 0.7874 mm
dia) also provided with machine; and L/D 25:1 (#AX143 -
0.6350 mm dia) which must be special ordered.

2.4 Cleaning rod and brushes.

2.5 Shotgun cleaning patches.

2.6 Tamping rod.

2.7 50mL beaker.

2.8 Level

2.9 Orifice drill bits. (See Section $)

2.10 Polymer pellets to be tested, approximately 8 g/load.

2.11 Room at 23 C and 50% Relative Humidity.

2.12 Digital Transducer or other calibrated compression
device to periodically determine the output of the ram and the
accuracy of the interpolated gauge pressure.

3 TEST PROCEDURE - METHOD I.

3.1 Confirm that the instrument is correctly connected to
both the nitrogen and the electrical power supply.

3.2 Check the alignment of barrel and ram with the level.

3.3 With ram positioning valve in the up position, open
nitrogen supply valve on tank and adjust regulator valve to
896 kPa. Do not exceed 1102 kPa mitrogen supply to the
instrument.

3.4 Turn on temperature and power switches on control unit
and set temperature control to the specified temperature. (See
calibration curve accompanying instrument for proper set-
ting.) It is recommended to leave the power to the controllers
on at all times (i.e., overnight and weekends, etc.)

3.5 Set the 4 timers to the specified time intervals indicated
in the specification.

3.6 Install ram (match dot on ram with the one on the ram
holder) and set calculated gauge pressure on instrument to
correspond to specified shear stress using the red valve on the
pressure stand. (For multiple pressure units, the pressure set
knob is moved to constant pressure test -~ Regulator #1 and
the red valve corresponding to pressure adjust 31 extrusion
is adjusted to achieve the proper gaunge pressure or ram load).
Prior to the day's first run or after a pressure change, the
transducer is used to verify the ram load. The ram force or
gauge pressure is determined from the force calibration curve
using the G.O. computer program RHEOMET. (This pro-
gram must be changed each time a new orifice is put into
service or the machine calibration is changed.)

3.7 Install the specified orifice using the orifice retaining nut
and ratchet wrench. Only slight torque is required.

3.8 With the barrel slide out, load the polymer within 1
minute (50 mL beaker). Compact the material occasionally
using the tamping rod. Fill the barrel to within at least
12.5 mm from the top.

Moisture sensitive materials must be kept in sealed containers
or dried according to the individual specification and cooled
and stored in a desiccator until ready to test. Room
temperature material should then be quickly and carefully
loaded into the barrel to avoid moisture pickup.

3.9 Slide the barrel unit back under the ram.
3.10 Push the start button. The test will now run automati-

cally until timer #4 times out. A buzzer will then signal the
end of the test. Push the buzzer stop button.
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Make at least one run before any values are recorded. During
this run, pressure adjustments are made to fine tune the
operating pressure.

3.11 Record the values on the 4 extrusion clocks. Make at
least 2 runs that are recorded. If the difference between runs
is more than 6% of the lowest run, a third run should be
made.

3.12 Plot the 4 extrusion times and dwell times on semilo-
grithmic paper. Draw a straight line through these points to
get the zero time value and the slope of the curve for each run
and each shear stress specified.

3.13 Calculate the melt viscosity for each of the 4 extrusion
times and for the zero time using the formula:

R%
n* = x 10® = Kt
8RILV
Where: n, = Melt Viscosity in Pa-s
r = Force in Newtons = 2 RXLG10%R
t = Extrusion time in seconds
R = Barrel radius in mn
L = Length of orifice in mm
V = Volume of material extruded in mm?
G = Shear Stress in kPa

The K factor can be calculated for each orifice and shear
stress using the RHEOMET program. K factors must be
redetermined any time a new orifice is put into service or the
calibration changed. The zero time melt viscosity is referred
to as the intrinsic melt viscosity (IMV) of the material. The
IMYV represents a theoretical viscosity of the material before
any heat history has been applied in the melt rheometer
equipment. Calculate IMV in Pa-s at the specified shear stress
for each run. Average the runs to get the value reported. (Use
G.O. Program RHEOMET to calculate IMV stability.)

Calculate the slope of the curve, or the materials stability by
determining the % change in melt viscosity/minute dwell by
using the following equation:

MV,
IMV

#4 dwell time
(in % change/minute dwell)

Stability = - IMV x 100

This should be determined for each run. The values for the
runs are averaged to get the value reported.

3.14  An actual melt viscosity can be determined by averag-
ing the extrusion times (for a material known to be stable with
dwell time in the machine) or by determining the viscosity at
a particular dwell time direct from data or the intercept of the
viscosity curve with the dwell time.

NOTE: Stable materials are those whose extrusion times do
not vary by more than 5% over the 4 values.

4 TEST PROCEDURE. Method IT (Multiple Pressure).

4.1 Follow Method 1, Sections 3.1-3.6. After the ram is
instalied, the gauge pressure is set. To set the gauge pressure
for a multiple pressure test, the pressure set knob is turned to
each regulator number and the corresponding red valve
pressure adjust #X extrusion is set to the calculated
pressure. After all valves are adjusted, the pressure set knob is
turned to multiple pressure test. Follow Method 1, Sections
3.7-3.12.

4.2 Typical multiple pressure conditions use 2 different
pressures alternately (i.e., low pressure #1, high pressure
#2, low pressure #1, high pressure #2). These test
conditions result in a high pressure curve using the 2 high
pressure results and correspondingly a low pressure curve.
Plot the 4 extrusion times and dwell times on semilogrithmic
paper. Draw straight lines through the 2 high pressure resuits
and the 2 low pressure results and extend these lines to the
zero dwell time axis. Determine the zero time intercept and
the slope of the curve for each shear stress specified. Repeat
the test as in Method I and determine the reproducibility. If
the results are repeatable within the specified tolerance, a
third run is not necessary.

4.3 Calculate the melt viscosity for each of the zero times
using the formula in item M. Average the runs to get the
values reported. Report IMV in Pa-s for each of the specified
shear stresses.

4.4 Calculate the slope of each curve by determining the %
change in viscosity/minute dwell by using the following:
MV_,- IMV,;
#3 dwell time

Stability (low presssure) = x 100

e MV~ IMVyp
Stability (high presssure) = ———— x 100
IMVyp
#4 dwell time
4.5 An alternate procedure involves plotting the points on
semilogrithmic paper. Join the 2 low pressure points and
determine the intercept at the 10 minute point. Use this 10
minute intercept time to compute the 10 minute viscosity.
Determine the high pressure 10 minute viscosity. Report the
specified low pressure viscosity and the ratio of the low
pressure viscosity to the high pressure viscosity at the 10
minute mark. Stability is still determined as previously.

§ SUPPLEMENTARY INFORMATION.

5.1 Prepare for the next run by raising the ram and
removing it, sliding the barrel toward you and removing the
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