
PLA is a semicrystalline, hygroscopic thermoplastics resin

that will readily absorb moisture from the atmosphere. It is

also temperature sensitive. In order to preserve properties

and characteristics intended by the resin manufacture, it is

important to minimize exposure of PLA to ambient (undried)

air and adhere to certain other basic practices during all

phases of processing.

Material Handling and Storage
PLA is normally crystallized and dried to moisture levels

below 400 ppm by the manufacturer prior to shipping.

However, if it is not kept in a sealed container, and depending

on local conditions, PLA can pick up enough moisture in

5 minutes to defeat most of the benefits of drying. That’s
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PLA is usually delivered to processors in foil-lined bags or boxes.

(Ingeo™ product shot courtesy of NatureWorks LLC)

why it is usually delivered in moisture-resistant containers,

including foil-lined bags and boxes, which can prevent

moisture regain during shipping and storage. Even before it

is processed, heat and moisture can degrade PLA, breaking

down the polymer chains and resulting in a loss of

molecular weight.

Occasionally, a processor may want to receive PLA in railcar

quantities and store it in a silo. In that case, railcar-unloading

systems and silos will need to be specially engineered

because PLA is so sensitive to moisture and high tempera-

tures. The silo would need to be sealed, dehumidified and

temperature-controlled to keep the resin below 122°F (50°C).

Unloading and conveying systems would need to be equipped

with air locks to prevent moist ambient air from reaching

the material and any high-pressure blowers would need to

include a heat exchanger to keep down the temperature of

the conveying air.

As a general rule, PLA should be handled as little as possible

prior to processing and any conveying should be done with

dried air. Ideally it should be conveyed directly from dryer to

the processing equipment.

Drying
The presence of even a very small amount of moisture

during melt phase processing will hydrolyze PLA. The result

will be a reduction of molecular weight and a degradation of

mechanical properties. This can cause sheet brittleness,

internal holes, sagging of the web at the die exit or other

process and quality problems. With PLA, proper drying is

not optional. It is absolutely essential. Resin manufacturers
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recommend that PLA be dried less than 250 ppm before

processing. In fact, moisture levels below 200 ppm may be

needed in order to ensure a reasonable safety margin and,

in some cases, moisture levels below 50 ppm are

recommended.

Stable and reliable ppm counts as low as 50 can only be

achieved in a good quality dehumidifying drying system

capable of producing low-dew-point drying air at a precise

temperature and holding the PLA material in that controlled

atmosphere for an extended period of time. “Quick-dry”

processes, such as those that claim drying times of 40 minutes

or less, cannot approach this critical low ppm level. The

good news is that most sheet applications under controlled

conditions will tolerate moisture levels of 200 ppm. But even

at 200 ppm, processors need to be extremely careful. A

dryer that is more efficient than absolutely necessary may

cost a bit more to operate. However, a dryer that doesn’t

meet the necessary ppm count as defined by the process

can result in potentially defective products and loss of

business. It comes down to a careful economic balance of

capital cost versus performance.

Drying PLA is no different from drying any other hygroscopic

material except that it is more temperature sensitive. Depending

on the specific grade, most manufacturers recommend

drying crystallized PLA at 150 to 190ºF (65 to 87ºC) using

dehumidified air with a dew point of -40ºF (-40ºC). Amor-

phous PLA dries at a lower temperature.

Precise control of temperature, dew point, drying time and

drying air flow are critical to achieving the properties and

performance intended. Temperature is most important. If the

drying temperature is too low, the PLA pellets will not dry as

readily. If the temperature is too high, the material may soften

and agglomerate in the drying hopper. Dew point is the next

most important variable, since it determines how dry the

material eventually becomes. If the dryer cannot produce a

stable, low dew point, it doesn’t matter how long the resin

dries, it will never reach the low moisture levels required for

optimum property development. Finally the design of the

drying hopper should be such that every pellet is exposed to

the drying air for the time required. This means that the

hopper is large enough to provide the necessary residence

time, and air flow is adequate to create the proper temperature

and dew-point conditions for drying. The air inlet should be

designed so that even material at the bottom of the hopper

cone is exposed to drying air.

Scrap Reclaim
Whether molded or extruded, some scrap PLA will almost

inevitably pass through a granulator. Because the glass tran-

sition temperature of the PLA is lower than typical polymers,

care must be taken to avoid heat buildup in the cutting

chamber. The best way to do this is to maintain sharp blades

and make sure the rotor blades can be adjusted to maintain

a constant gap between the knife tips and screen, not just

between the rotor knives and the bed knives. Without a

constant knife to screen gap, material residence time will

increase and material will be repeatedly rolled over on the

Keep granulator blades sharp and properly adjusted to produce

high-quality PLA regrind.
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PLA regrind must be re-crystallized before it can be processed again.

Horizontal conduction heating units rely on high pellet-

to-metal contact area to heat the material and constant particle

motion to eliminate agglomeration.

• Advantages are trouble-free operation once the process

window has been identified, and lower energy demand.

• Disadvantages are related to a high initial equipment cost.

Fluid bed crystallizers are essentially modified pellet

classifiers that use heated air to crystallize the regrind. Typi-

cally used for pellets, they have also been used successfully

for ground flake. They have an extensive history crystallizing

PET and PET copolymers but there is no known commercial

experience with PLA to date. However, successful laboratory

tests have been performed with all grades of semi-crystalline

PLA.

Infrared crystallizing and drying is a newer alternative.

Material is metered into a horizontal barrel and conveyed

along the length of the barrel. Residence time is determined

Vertical crystallizers like this one use convection heating and constant

agitation to prevent agglomeration during heating.

screen surface. This results in excessive fines and dust as

well as shear heating, which can lead to clumping and sticking

of the material in the chamber. A negative-pressure evacuation

system can reduce fines generation by 20 to 30% compared

to a conventional pressure blower.

Crystallizng Amorphous PLA Regrind
There are some fully amorphous grades of PLA that should not

be crystallized, and most virgin PLA, like PET, is crystallized

and does not need to be crystallized again before drying

and processing. However, once crystallized pellets are melt

processed, the crystals are destroyed and the material

reverts to its amorphous state and must be re-crystallized.

There are three types of commonly used crystallizers:

Vertical agitating hoppers with convection heating are

by far the most common. In these systems, the crystallizer

directs heated air to the material through the bottom

spreader cone of the hopper. Constant agitation prevents

agglomeration during heating.

• Advantages are space, relatively low cost, initiation of the

drying process concurrent with crystallization and integration

with most conventional drying systems

• Disadvantages can be startup time – generally 40 minutes

to reach full production levels – but once this level is

reached, the process is continuous. Energy can also be an

issue, but actual consumption varies widely depending on

the application.
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by the rotational speed of the drum and the rotating action

agitates the material while its surface is irradiated with

infrared energy.

• Advantages are short startup (generally 10-20 minute

residence), potential energy savings, and the ability to be

coupled to a finishing dryer for low-ppm moisture level

requirements. Amorphous PLA pellets and regrind can

typically be crystallized and dried to 150 ppm (100 ppm

can be achieved given the right material and ambient air

conditions).

• Disadvantages generally are exposure to atmosphere after

discharge (vacuum conveying can draw moisture-laden air

from the chamber interior); sensitivity to flake size distribution

(smaller flakes may melt); results depend on ambient air

conditions and starting material moisture levels; floor

space requirements; high relative initial equipment cost.

Conclusion
Producers of PLA and other hygroscopic materials have spent

millions of dollars over the years analyzing the processing

conditions and practices that result in the development of

optimum end-product properties. They know how important

proper handling, drying and scrap reclaim can be, and that

excessive moisture and heat represent a serious threat to the

quality of PLA products. PLA is an exciting material, one with

great potential in the coming years. Conair is working closely

with resin producers and processors to make sure this

promise becomes reality.

Infrared rotating dryers can process regrind and virgin together,

accomplishing crystallization and predrying in about 20 minutes.


