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Overcoming Physical Degradation and Quality Instability during Toner Bottle Production from Recycled HDPE Milk Bottles
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Abstract

Because a sustainable future for society depends on it, ef-
forts are being taken today to deal with such challenges as
global warming and the over-consumption of petroleum
resources. Plastics such as HDPE (high-density polyethyl-
ene) are found in a myriad of household products, products
whose recycling reduces the need for virgin plastic materi-
als. However, unlike commercially-available virgin materials,
when discarded plastic products are recycled, the plastic ob-
tained is often physically degraded and of unstable quality.
Because of this, and together with cost restrictions, when a
product requires stringent properties, recycled plastic mate-
rials are not often used.

Huge numbers of used HDPE milk bottles are discarded
daily across Europe and the US. To render this resource valu-
able, we challenged the obstacles of physical degradation
and unstable quality, and we created technologies for the
recycling of HDPE milk bottles into the toner bottles found in
Konica Minolta’s production printers and MFPs (multi-func-
tion peripherals). The physical degradation of the HDPE from
used milk bottles, and the resultant quality degradation of
the toner bottles into which that HDPE is transformed, are
due to contaminants accumulated during milk bottle use/
collection and to the heat history during milk bottle forma-
tion, while unstable bottle formation is caused by excessive
variation in the raw materials.

We solved these problems with new HDPE milk-bottle
cleaning technologies, and we stabilized quality of the HDPE
having great variability in quality with new toner bottle for-
mation technologies. These advances have successfully been
implemented in Konica Minolta’s current manufacture of
toner bottles from recycled HDPE milk bottles.
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Fig. 1 Collection of raw materials for recycling.
(HDPE: high density polyethylene)
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Fig. 2 Color difference of between virgin materials and conventional re-
cycled materials.
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Table 1 Types of contaminant and their effective cleaning agents®.

Contaminants Cleaning agents
<
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5|5 |2 [55 %
Class Subclass Examples © X 3 |o S| o
=1%|3158 §
)
(e]
Easily Salt
Water |soluble Carbohydrates OK | OK | OK'| OK
soluble | poorly Dye
soluble Denatured proteins OK OK
Highly polar |Fatty acids OK | OK | OK
. Moderately [Animal and plant
Oily polar oils and fats OK| OK'| OK'| OK
Non-polar  [Mineral oil OK OK
. |Mud
. Hydrophilic Rust OK | OK | OK
Solid
Hydrophobic| Soot OK
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Fig. 3 Experimental results of cleaning condition parameters. Based
on the factorial effects shown here, parameters contributing to
detergency were selected for the high-efficiency removal of
impurities.
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Fig.4 Extrusion blow molding.
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Fig. 5 Results of MFR (melt mass-flow rate) measurement. PCR stands for
“post-consumer recycled!” Bars in the figure indicate error size.
PCR materials show more variety than virgin material in MFR.
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Fig. 6 MFR dependency on temperature. Lowering the temperature of
the PCR material obtains an MFR matching that of virgin material.
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Fig. 7 Compensating for MFR variability with accessible surplus parison
material.
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