Hot Runner
Technology for
Bio-Resins

The polylactic acid trend, material benefits
and challenges to injection molding and
injection mold design.

Trevor Pruden

economy are creating increased demand for plastic
injection molded products. But plastic parts also are
contributing to over-capacity in landfills and a nationwide
littering problem. At the same time, oil resources are at risk,
and oil and gas prices are on a steep rise.

All these issues are driving efforts to make plastic renewable

and compostable by adding corn starch and other organic
fillers.

The PLA Solution

Enter Polylactic Acid (PLA), one of the main compostable
materials that have surfaced in recent years. It uses fermented
natural plant sugars to create a clear plastic that can be shaped
into a variety of bottles, containers, trays, film and other
packaging.

PLA was brought to market in the form of extruded film
stock and fibers. Injection molding grades of PLA have recently
become available. Market appli-
cations mirror that of General
Purpose Poly Styrene (GPPS)
with some characteristics of
Polyethylene Terephthalate
(PET).
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| Challenges
The primary challenge
of processinginjection-grade
PLA is that the material reacts
poorly to normal polystyrene-
type processing. PLA and
PLA blends are sensitive to
shear and thermally generated
heat. When residence times
are too long, PLA can break
down on a molecular level—
causing material yellowing
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Hot runner nozzle assembly with nozzle
tips that minimize shear heat.
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The industry’s first hot runner nozzle assembly optimized
for processing starch-based resins such as PLA.

and sometimes a loss of critical mechanical properties in a
part.

Another limitation of PLA is it doesn’t shear thin. When
velocities and pressures are too high, problems may occur
when processing thin-wall parts over long flow distances. PLA
flows better at slow velocities and low pressures, keeping the
integrity of the material and part intact.

To help avoid these problems, care must be taken in sizing
the barrel capacity of the machine. Full shot capacity of the
molded parts and hot runner should be at least 50 percent of
the barrel capacity. This helps avoid unwanted residence time
and thermal heat, and increases material and part strength.

Because PLA conducts heat more slowly than Polystyrene,
it naturally produces a higher gate mark, or “vestige,” than
similar polystyrene parts. This occurs for several reasons. PLA
requires shear-free melt channels, making through-channel
tips more effective than point-tips that divert the channel.
Through-tips are less likely to leave improper color streaks
on your part as well, but they also add to the likelihood of



higher gate marks. To reduce the gate mark height, heat needs
to be delivered to the gate as closely as possible and the heat-
sensitive nature of PLA makes that difficult.

Designers must consider cooling challenges as well. PLA
dissipates heat more slowly than traditional materials, thus
requiring a longer cooling time. This means that material
that isn’t flushed out of the hot runner barrel remains in the
manifold for a longer time, exposing it longer to heat.

Cavity Considerations

Molding applications such as packaging, disposable dinner/
housewares and disposable containers lend themselves to creating
molds with a large number of cavities. High numbers of cavities
usually require multi-level hot runner manifolds that produce a
large internal runner volume. Compensating by reducing runner
channel diameter creates increased shear, which is, of course,
undesirable. Because of this, molding with PLA may require
fewer cavities per mold for thin-wall part applications.

When molded properly, PLA makes an excellent living
hinge, but be aware that filling PLA across a very short, thin
wall section may be problematic without prototyping your
molded part design first.

Acidic Qualities

Remember, the “A” in PLA stands for “acid.” When acid is
involved, there’s a need for corrosion-free surfaces. Over time,
the acidic residue can plate out of the material. Hot runners
and nozzles should be designed to minimize areas where this
residue can build up. These components also should be easy
to clean.

The same holds true for the core and cavity of a mold. A
good material choice is high-chromium tool steel, which is
more resilient to chemical corrosion over time.

A PLA Hot Runner Solution

To date, only one hot runner manufacturer makes a hot
runner nozzle assembly optimized for processing starch-based
resins such as PLA. Prior to that introduction, molders of
PLA had to rely on special-ordered, corrosion-resistant nozzle
components that could withstand acid.

Nozzle assemblies aren’t typically stocked “standard” by
hot runner manufacturers in an “all” or “near-all” corrosion-
resistant format. Further, most hot runner nozzle assemblies
are typically geared for the mass market—and not necessarily

Quick Check: PLA Design Guidelines

Avoid prolonged shear- or thermally-generated heat.
PLA needs lower pressures and slower velocities;
residence time will increase.

Longer cooling times are required.

Too much heat over time will cause molecular

breakdown of PLA.

Corrosion-resistant tooling and access for regular
cleaning are a must.

Account for gate vestige or cold slug length; valve
gate systems are problematic.

Flow distance and wall thickness may limit number
of mold cavities allowed.

Hot runner manifold system including
manifold, two nozzle assemblies and
a manifold extension nozzle manufac-
tured with highly wear-resistant and
corrosion-resistant components.

suitable for the
demanding re-
quirements of
PLA resin dis-
cussed in this
article.

PLA-optimized
hot runners are
carefully manufac-
tured with highly
wear-resistant and
corrosion-resistant
components, PLA suitable thermal profiles, shear-minimizing
nozzle tips and considerations for low pressure and unique cool-
ing requirements.

Despite the numerous challenges presented here on the
processing of PLA, there will no doubt be a growing demand
for bio-based and biodegradable resin in the future. Make
sure when choosing a hot runner system for processing of
PLA and other bio-based resins that your supplier can address
these material and design challenges to ensure a successful,
eco-friendly, molded part.
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For more information from D-M-E Company call (248)

398-6000, e-mail info@dme.net, visit www.dme.net or visit www.
moldmakingtechnology.com anytime.
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M Hot Runner Application Review Leads to Successful Processing
Successful application of a hot runner in the molding environment requires
detailed analysis of gating styles, resin and molder expectations.

W How to Justify Your Hot Runner Purchase
Four questions to help with hot runner justification.

MW Selecting the Right Gating Method for Your Application
Designers may select among four hot runner gating methods, each with its
advantages and disadvantages.

Find a link to these articles at http://www.moldmakingtechnology.com/
articles/120702.html.

2008 Marks MoldMaking Technology's
10th Anniversary (1998-2008)

To help celebrate this milestone, we will spend 2008
taking a look back on the industry and magazine
throughout the past decade.

Please feel free to send us your old moldmaking
photographs, stories, memories, etc. via e-mail to
cfuges@gardnerweb.com.
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