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Statistical process control of starch viscosity

Scope

Control of the viscosity of a starch-based corrugating adhesive is critical to controlling the operation of the
corrugating process and to obtaining good corrugator runnability. A viscosity that is too high will be difficult to pump,
will not flow properly in the pan and will not adequately penetrate the linerboard and medium surfaces. A viscosity that
is too low will not be picked up properly by the applicator rolls and will penetrate the linerboard and medium surfaces
too quickly. To obtain a true picture of the state of control over the starch preparation and corrugating process, statistical
process control techniques should be employed.

Safety precautions
There are no safety precautions.
Content

There are many ways to set up an SPC, (Statistical Process Control), program on starch viscosity. The sampling
procedures and SPC techniques suggested below are examples of how you might start.

Test methods
Many test methods are available to measure viscosity, but the method commonly used in corrugator plants is the

Stein Hall Cup method. A thorough discussion of viscosity and a detailed description of this test method are given in
pages 37 - 39 of “Corrugating Adhesives Preparation,” a TAPPI PRESS publication (2001). Briefly, this method consists

of:
Equipment: Stein Hall Cup
Kitchen Strainer
Thermometer
Stopwatch
Procedures:
€)) Fill the Stein Hall Cup with adhesive through the strainer to bring the cup to the temperature of the
adhesive. Pour the adhesive back into the tank.
2) Fill the cup with the adhesive through the strainer again to overflowing to flush out the foam. Hold a
finger over the orifice until the cup is full.
3) Remove finger from the orifice.
@) As the top pin in the cup becomes visible, start the stopwatch.
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&) Hold the tube vertically and steady until the second pin becomes visible.

(6) Stop the stopwatch and note the elapsed time. This time, in seconds, is the adhesive viscosity.

(7N Use the thermometer to check the adhesive temperature. Record the temperature on the SPC chart.
NOTE: Adhesive viscosity varies significantly with adhesive temperature. Care should be taken to make

measurements at nearly the same temperature as possible. A maximum temperature is recommended for
viscosity measurements. When checking viscosity, temperature should always be checked and recorded.
An additional SPC chart may be used to monitor the adhesive temperature.

Sampling

To properly control the viscosity of the starch slurry, the adhesive preparation process should be monitored. It is
recommended that each batch of adhesive be sampled immediately after the batch mixing is completed (i.e., 20 minutes
after the “drop” is completed or the final ingredients are added), before it is pumped to storage. The test should be run by
the person responsible for operating the starch system.

It is also important to control the viscosity of the starch at the point of application. This sampling should be done
at the corrugator adhesive pan overflow lines. A beginning sampling frequency of once per shift from at least one
adhesive pan per starch supply line is recommended. After historical data is obtained, this frequency could be increased
or decreased according to need. When possible, the person responsible for operating the starch system should also be
responsible for sampling and testing at the adhesive pan overflow lines.

A third location to sample to improve process control would be the storage tanks, since viscosity changes with
time in storage and circulation. A frequency of once per day, in the morning prior to the addition of fresh batches, is
recommended for consistency.

Statistical process control techniques

Statistical process control techniques can be used to determine the amount of variation in the adhesive viscosity
and whether the process control is declining or improving. They can also be used to help learn the source of variation in
the adhesive preparation and use process. Numerous books and other references are available which go into great detail
about statistical process control techniques. One recommended way to utilize viscosity measurements for process control
is to plot that data on control charts. Two basic types of charts frequently used are individual (X) charts and moving
range (MR) charts.

The “X” and “MR” charts have the advantage of being fast, easy, and providing quick feedback from a limited
number of readings. Averages and control limits can be calculated after fewer than 20 readings. Separate charts should
be maintained for each location where the adhesive is sampled.

Examples of these types of charts are included in this TIP (/). There are many computer software packages
available that can be used to quickly make statistical calculations from the raw numbers generated. They can also plot
the graphs as shown in the example. One software package commonly used in our industry, which is compatible with
IBM computers, is SQC Pack II sold by PQ Systems.
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