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From Plastic Flakes to Color-Perfect Recyclate

Inline Color Measurement and Control for Consistent Recyclate Quality
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From the flake mix to the desired recycled material color

When you think about the color consistency of recycled material, the first thing that usually comes to
mind is sorting: color sorting of the packaging and, after shredding, washing and drying, color sorting
of the flakes. Yet the fine-tuning that actually produces the target recyclate color only happens during
the extrusion process.

Once food packaging has been sorted into PP by NIR sorting, white flakes dominate with a proportion
of 50% to 70%, followed by transparent flakes at roughly 15% to 30%; only 10% to 20% are colored
and less than 5% are black or dark gray. Depending on the target recyclate color, an additional flake
color sorting stage can be switched into the line.

Setting up production for a new recyclate color using a customer sample
(from plastics processor)

In practice, things often play out like this: a sales representative hands over the color sample
requested by the customer, a plastics processor, either as a plastic plaque or directly as the granulate
required. If it is an injection-molded plaque, the recycler's laboratory determines its L*a*b* color
value. Production then sets out to reproduce that color from the plaque, i.e. the color of the pellets is
compared visually with the color of the plaque. Once the team responsible on the line is satisfied
with the result (a color match between plaque and recyclate), a recyclate sample goes to the color
laboratory, where an injection-molded plaque is produced on the laboratory extruder and its L¥*a*b*
value is then measured with a laboratory colorimeter. The color values of the two plaques, the
customer's and the one produced in house, are compared. If the dE value (the color deviation) is
acceptable, production is released. If not, the whole cycle of color matching on the line and re-
measurement in the laboratory must start over.
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If the color sample is supplied as granulate instead, part of the pellets is used to produce an injection-
molded plaque on the recycler's laboratory extruder, so that the color value can again be measured
with a colorimeter in the laboratory. From there, the procedure on the line follows exactly the route
described above.

There is also the option of using the granulate sample supplied by the customer directly on the line as
a reference sample and comparing the current recyclate color against it visually. If the two matches
and the laboratory check described above confirm this, production can be released. If the laboratory
does find too large a color deviation, a further attempt is made in production to reduce the remaining
color difference.

So how do you achieve consistent color in the recyclate you are aiming for?

An experienced line operator has a good idea of which masterbatches will be needed once they have
seen the reference pellets or a reference plaque. The next step is to find the recipe, i.e. how much of
each masterbatch must be metered in. Here, too, fine tuning relies on comparing the target state
(reference) with the actual state (current recyclate). Making matters harder, the composition of the
flakes themselves can fluctuate. On top of that, the throughput time of several minutes from the flake
feed into the extruder to the finished pellets must be considered.

23

-

Sample after sample is compared against the reference granulate or reference plague, and the
metering units are readjusted each time. This process can easily stretch over several hours before a
satisfactory result is achieved.
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And that is before the time needed to determine the color value of the pellets in the laboratory,
including producing the injection-molded plaques from the respective recyclate. This step takes time

as well, typically somewhere between one and two hours.

The control loop with manual support

Alongside achieving the smallest possible color difference from the reference granulate or reference
plaque, the time it takes to get to an acceptable color deviation is decisive for economic success.
After all, a single line produces some 1 to 2 metric tons of recyclate per hour, and a metric ton
currently fetches around EUR 1,000. If a control cycle takes five hours to reach an acceptable color
deviation, that amounts to an economic loss of EUR 5,000 to EUR 10,000. Add the time for the
laboratory measurements and several more hours can follow.
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A typical control loop looks like this:

e The setpoint is the reference color

Setpoint

value defined by the reference
granulate or the reference plaque.

e The comparison point (comparator) is

the line operator, who compares the Comparator Measured Value
actual value (measured value), which

the operator also determines (making
the operator the sensor as well),

against the setpoint.
The role of the controller is likewise Controller
taken on by the line operator.

e The final control element (actuator)

is formed by the metering units,
which the operator also must set. Actuator
e The controlled system (process) is

formed by the extruder, the melt

filter, the pelletizer and the drying

unit. Bear in mind that the throughput
time between masterbatch feed and Process
drying unit takes several minutes
(approx. 5 to 10).

Sensor Measured Value

The operator, though, is not exactly comparable to an I-controller. Keen to reach the desired result as
quickly as possible, they typically meter in more at the final control element (metering unit) than is
actually required. The target color value is overshot, and the next correction tends to produce a
deviation in the opposite direction.

Sensor-assisted manual control

To cut setup times, an inline color measurement system was integrated into the vibrating drying
trough. The color sensor head is mounted at a typical distance of 85 mm and can be adjusted in
height on a rail. The electronic and optoelectronic parts of the color sensor system are housed in a
stainless-steel enclosure that also contains a panel PC with monitor, with a green/red LED warning
lamp mounted on the enclosure. This means the color sensor system can take over the roles of both
the sensor and the comparison point in the control loop.
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To do so, the sensor first has to be shown the reference
granulate. The aluminum plate that sets the height of the
pellet stream and also carries the sensor is pushed upwards,
and a table is fitted on which the granulate reference sample
can be placed. Ideally, the granulate surface sits 85 mm from
the sensor head.

Teach-in is then carried out with the pellets in motion,
typically over 30 s. The reference color value L*a*b* ref
determined in this way serves as the guide value for the
subsequent measurement. A reference file for each
reference granulate can also be stored via the PC software.

Once the reference value has been determined,
measurement of the recyclate stream can begin. The
tabletop is removed and the aluminum plate is lowered into
the pellet stream so that its surface is again 85 mm from the
color sensor head.

Measurement starts. The color measurement system then
reports the current L*a*b* value and its deviations dL*, da*
and db* to the reference on the monitor, in graphical as well
as numerical form. Experience shows that setup times are
reduced by a factor of 3, including for references already
stored, since these can be used in exactly the same way.

Instruments
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Because the operator still acts as the controller and operates the final control element, unwanted
color deviations continue to occur here as well, deviations that a fully automatic control loop would
certainly reduce.

Even so, the sensor-assisted control loop already brings clear benefits. First, a considerable saving in
time: between EUR 3,000 and EUR 6,000 can be saved on the way to the ideal value. Second, the LED
warning lamp tells the operator in good time when the color value drifts outside the specified
tolerance band during running production. That takes further time pressure off the operator, which
again pays off economically. In addition, all data is recorded, so recyclate quality can also be reviewed
after the event.

The fully automatic control loop

All that remains is to let the software take care of the controller. The integral component of the
controller depends on the controlled system (the throughput time of the material) and can be
entered on the operator interface of the panel PC. The outputs of the control system are connected
to the respective metering units (final control elements). The speed of the metering screw can usually
be driven by an analog signal (0 V ... +10 V or 4 mA ... 20 mA). A typical procedure then looks like this:
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For a new recyclate that is not yet stored in the system:

e Teach-in the reference recyclate

Instruments

e Enter the reference value in the teach table of the PC software
e Determine the master batches required for production empirically

e Save the reference values and the recipe (masterbatch quantity at each metering unit)

e Start measurement with setpoint / actual value comparison

e Automatic reduction of the color deviation by closed-loop control

— — P

FEED

EXTRUDER + MELT FILTER

PELLETIZER +
VIBRATION DRYING SYSTEM

QUANTITY
OF MB 1, 2,

3 AND 4 CONTROL ELECTRONICS

L*a*b*

For a recyclate already set up in the system:

e Download the data (reference value and masterbatch recipe) from the relevant file

e Start measurement with setpoint / actual value comparison

e Automatic reduction of the color deviation by closed-loop control

Benefits

e Time-consuming manual setup is eliminated

e The target recyclate color (reference value) is reached
faster

e The operator's workload is dramatically reduced

e Color variation in the recyclate is reduced

MELT FILTER

EXTRUDER

FLAKES
VIBRATING
& DRYING

SYSTEM
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KL-Frontend
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The COL-SYS-85-CL Inline Color Measurement System

e Aluminum profile frame

e Stainless steel enclosure for the
control electronics and panel PC,
including warning light and color
sensor

e Height adjustment for the color
sensor frontend

e Color sensor frontend

e Aluminum plate for adjusting the
pellet flow level

e Removable tabletop for pellet
reference tray

e Mechanically customizable
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Sensor Instruments GmbH
Schlinding 15

94169 Thurmansbang

Tel. +49 8544 97190
info@sensorinstruments.de
www.sensorinstruments.de
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