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Few molders perform the test in-house. Of those that do, most don’t
understand why they are doing it or what they are measuring.

There are two points in the manufacturing supply chain where a determination of average
molecular weight (MW) is important. The first is when the material is firstreceived by the molder.
The second is after molding.

How should melt-flow-rate (MFR) testing be used? There are two points in themanufacturing supply
chain where a determination of average molecular weight (MW) isimportant. The first is when the
material is first received by the molder. The second is after molding.

Checking the incoming material is useful because it establishes that the material wasproduced
within the specified range for the MW of the product. If a certification isprovided with each lot

of material, one of the few properties that is likely to be listed isthe MFR for that lot, along with a
minimum and maximum specification value. Mostmolders simply check the certification and file it,
assuming that the value is correct.However, there are several good reasons for verifying the number
in-house.

First, the MFR value published on the certification is often a snapshot from one point ina production
run that may last for hours or even days. As with any manufacturingprocess, there is variation in
resin polymerization and compounding, and the samplethat was tested to provide the number on
the certification may not be representative ofthe material that is received by the molder.

Second, routine checking tends to create an open line of communication between themolder and
the material supplier or distributor. This is always useful when trying toresolve problems or
optimize the consistency of a material. | have had the experience ofworking with material suppliers
to narrow a MFR specification range to improve theconsistency of molded part performance. That
was 20 years ago, and the responsiveness of resin suppliers today may not bewhat it was then. But
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the point is that if we had not been collecting data in-house andcorrelating it to the feedback we
were getting from our customers about the functionalityof the molded parts we were shipping, we
would not have known what to ask for.

Third, accuracy is always a concern for those who are new to MFR testing. Being ableto check
in-house results against certification values or a certified sample of materialhelps the people
performing the tests build confidence in their technique.

While these tests focus on the quality of the raw material, the tests on the polymer in themolded
parts is a reflection of the quality of the molding process. Small changes in theMFR of the
polymer during the molding process are to be expected. While there areexceptions, the MFR
typically increases during processing, indicating that the MW isdecreasing under the influence of
the heat and shear of processing. There is littleconsensus regarding the allowable increase in MFR
between raw material and moldedpart, although the numbers typically quoted fall into a fairly
narrow range, between 20%and 50%.

The largest amount of work done to answer this question more precisely was performedback in
the 1970s by the major material suppliers. These companies at the time werethe source for all of
the good research and advice regarding material properties andprocessing. By correlating property
retention to the change in the way the material flowsat the low-shear conditions of the MFR test,
researchers came up with guidelines forprocessors.

However, at that time much of the work was done by measuring the actual melt viscosityrather
than the MFR. This is a subtle but important difference. While the MFR tester isnot an

appropriate instrument for making true measurements of viscosity, it is possibleto correlate the
flow rates measured in a capillary rheometer to those observed in aMFR tester. By establishing an
empirical equivalence, the researchers createdinstrument constants for the MFR tester that could
be applied to various materials inorder to report the result using viscosity units. To this day, the
certifications for somecommercial grades of raw material are still reported in viscosity units (poise)
rather thana true flow rate (grams/10 minutes).

Using these viscosity measurements, the upper limit for an allowable change from rawmaterial to
molded parts was associated with a viscosity reduction of 30%. This hasoften been restated as a
maximum allowable increase in MFR of 30%. However, thesetwo statements are not equivalent.
MPFR is the reciprocal of viscosity. A 30% viscosityreduction equals a 42.9% increase in MFR. This has
been rounded off to 40% to providea safety factor. This change translates to a 10% reduction in the
polymer’s weight-average MW.

People tend to adjust these guidelines in a somewhat self-serving way. Material suppliers will often
guote values of 25-30% for maximum recommended increase inMFR during processing, in order to
shift the burden to the processor. Some processorswill lobby for a number as high as 50% to give
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themselves a little more allowance for thethings that happen during processing.

And one large OEM holds its molders to a maximum allowable increase of 20% and setsthis as an
acceptance criterion for all shipments. The OEM’s argument is that if thenumber exceeds 20% it
begins to see failures during its qualification tests. Yet thechange in MW associated with a 20% MFR
increase is quite small. If parts fail underthese circumstances, it is a reflection on the part design
and perhaps the nature of thequalification tests, not the process.

As with all guidelines, it is easy to over-interpret their significance. By setting a 40%upper limit for
MPFR increase during processing, we are not saying that if the valuereaches 41% all the parts will fail,
and if it stays at 39% everything will work as planned.The functionality of a product always depends
upon a complex interaction of design,material properties, processing, and application conditions.

But what can be demonstrated is a decline in material properties as the change in MFRdue to
processing increases. It is common to receive two parts, one identified as “good”and one that has
failed. Tests often show that both parts display an excessive increasein MFR but the change for the
part that is still working properly is much smaller than forthe one that has failed.

This simply shows that the part design is robust enough to compensate for some level of
degradation. But the fact that the MFR of the two parts can vary so much is also anindication that
the process conditions used to produce the parts are not consistent. Thisis typical; you cannot
manage what you don’t measure. And too few processorsmeasure MFR before or after processing.
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