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Today, processors are confronted with more drying options than 
ever before. Ads and articles in the plastics magazines tout faster 
drying, lower energy consumption and a host of other benefits. 
But, how do they actually work? And, more importantly, how well 
do they actually work? The truth is, they all work to some degree 
and all have a place in plastics processing. However, no single 
approach provides a solution to all drying requirements. That’s 
why it is critical to understand the capabilities and limitations of 
the various dryer designs and evaluate them critically against the 
requirements of your application. And to do that, you first need to 
understand some basic principles of drying.

There are two major classes of polymers: non-hygroscopic and 
hygroscopic materials. Non-hygroscopic resins are resins that 
do not have an affinity for moisture. When exposed to moist 
conditions, they tend to accumulate only surface moisture, which 
is not a concern in most applications. Drying needs are minimal 
and can be easily handled by even the simplest type of dryer 
technology, such as a hot-air dryer.  

The situation with hygroscopic resins is very different. Typically 
these are engineering plastics that have a strong affinity for 
moisture. When hygroscopic pellets are exposed to moisture, 
water molecules form secondary bonds with polymer molecules 
deep inside the resin pellets. Unless these molecular bonds are 
broken and the moisture is extracted from the resin before melt 
processing, it can cause streaks, bubbles, burning, brittleness 
and other critical defects in molded or extruded parts. This drying 
task is far more difficult and demands dryer technology that heats 
each pellet completely, breaks the moisture/polymer bond, drives 
the moisture to the pellet surface, and carries the moisture away, 

leaving the resin ready for processing. 

How dryers work

Examples of Hygroscopic and Non-Hygroscopic resins

Hygroscopic Resins Non-Hygroscopic 
Resins

Nylon (PA) Polyvinyl Chloride (PVC)

Polyethylene 
Terephthalate (PET)

Polypropylene (PP)

Acrylonitrile Butadiene 
Styrene (ABS)

Polyethylene (PE)

Polycarbonate (PC) Polystyrene (PS)
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The different dryer technologies presented here represent the full range available to global plastics processors. Though 
each varies in its approach and drying capabilities, all are built around managing and controlling the four fundamentals 
of resin drying:

TEMPERATURE
The temperature of the polymer determines the 
rate at which water molecules move through a 
hygroscopic polymer. As the temperature of the 
polymer is increased, the molecules move about 
more vigorously and the attraction between the 
polymer chains and the water molecules is greatly 
reduced. This allows the water molecules to 
escape from the polymer chains.  Heat also affects 
air, causing it to expand, which decreases the 
concentration of water molecules within a volume 
of air.  This makes the air capable of adsorbing 

more water.

DEW POINT/RELATIVE HUMIDITY
Dew Point/Relative Humidity. Once heat has 
freed water molecules from their bond with the 
polymer, it is necessary to force them to migrate 
out of the plastic pellet. This is accomplished by 
surrounding them with air that has a lower “vapor 
pressure” than the pellet. In most dryers, a stream 
of low-dew-point (dry) air provides this low-vapor-
pressure environment. Dryers use various methods 
to reduce the dew point of air—heat, desiccants, 

pressure changes, etc.

AIR FLOW
The movement of hot dry air through the drying 
hopper is both the mechanism by which the 
polymer is heated (see Temperature) and the 
means for carrying moisture away and out of the 
drying hopper. By regulating air flow, processors 
can control the temperature of the resin in the 
hopper to ensure proper drying, yet protect against 
excessive heating that can lead to degradation.  
Controlling airflow also maximizes energy 

efficiency.

DRYING TIME
Plastic pellets do not dry instantaneously. It takes 
time to raise the temperature of the pellets and, 
once they are subjected to lower vapor pressure 
conditions, it takes more time for moisture to diffuse 
and migrate to the surface. Resin manufacturers 
have defined the effective drying times for specific 
resin types and grades. “Effective drying time” 
is defined as the time the pellets are exposed to 
optimum drying conditions—the recommended 
temperature, dew point, and air flow – in the dryer. 

Anything less risks underdrying the resin. 

With these basic drying parameters in mind, then, we can now review the various drying 
technologies, examining how they function and, more importantly, how well they function.

1 2 

3 4 

Four fundamentals of resin drying
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Hot air dryers

The most basic kind of dryer is the hot-air dryer. It functions 
in much the same way as a hand-held hair dryer: ambient air is 
heated (to expand it and reduce its moisture concentration), 
then blown into the bottom of a drying hopper. As this hot air 
rises through the layers of plastic pellets in the hopper, surface 
moisture evaporates into the air flow and is carried away. Thus, 
hot-air drying is generally used for drying non-hygroscopic resins 
or pre-heating them before they are processed.

Because they rely on ambient air, hot-air dryers cannot control 
the dew point of the air flow, which remains relatively high (based 
on the humidity of ambient air) and therefore has a limited ability 
to adsorb additional moisture. As a result, hot-air dryers are not 
considered an effective or reliable way to dry hygroscopic 
materials to low final moisture levels, but are a great tool for pre-

heating or drying non-hygroscopic resins. 
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Four fundamentals of resin drying

To achieve the low-vapor pressure environment necessary for 
drying hygroscopic resin, it is necessary to actually remove water 
molecules from the air.  In a desiccant dryer, this is accomplished 
passing dry air through a molecular sieve desiccant, which 
reduces the dew point to a very low level.  Today, the industry 
standard is a dew point of -40°F (-40°C). 

Next, this low-dew-point air is heated to the drying temperature 
specified by the resin manufacturer – usually between 150 and 
375°F (65 and 190°C) – which further increases its moisture-
absorbing capacity.  This hot, very dry air is then blown into the 
bottom of the drying hopper, where it raises pellet temperatures, 
exciting the water and polymer molecules and breaking the 
bonds between them. Because of the large differential in moisture 
content between the moist polymer and the dry air, moisture 
diffuses from the hot pellets and into the air flow, which then exits 
the hopper, carrying the moisture away. The now-moist airflow is 
then cooled and channeled back through the desiccant, where 
it gives up its moisture before being reheated and sent back 
through the drying hopper.  

Over time, the desiccant in a dryer becomes saturated with 
moisture, which must be removed through a regeneration 
process. Regeneration involves blowing high-temperature air 
through the desiccant to draw out moisture and vent it away from 
the dryer.

“TWIN TOWER” DESICCANT DRYERS. Desiccant dryers 
were invented more than 50 years ago, based on designs that 
rely on two large barrels of loose desiccant—so called “twin 
tower” dryers. Many variations on this design are still sold and 
used today: one tower is used in drying process, while the other 
is regenerated. The strength of twin-tower dryers remains their 
ability to deliver low-dew-point air, at or near the -40°F industry 
standard, which is essential for thorough drying of hygroscopic 
resins. And, they can be somewhat more tolerant of high process 
temperatures, relying less on aftercooling than newer desiccant-
wheel designs. However, despite updates, this aging design 
does have limitations: drying/regeneration cycles tend to be 
relatively long; significant dew-point swings occur when the 
fresh desiccant tower is rotated in place of the spent desiccant, 
and the clay-based desiccant material typically breaks down and 
requires replacement every couple of years, even with regular 
regeneration.

WHEEL-TYPE DESICCANT DRYERS. Conair Carousel Plus™  
dryers were developed to improve dew point stability and reduce 
desiccant maintenance requirements. Instead of towers or barrels, 
they rely on desiccant that is grown into a fiberglass substrate 
and formed into a continuously rotating wheel. Thousands of 
small air channels allow process and regeneration air to flow 
past the desiccant. While most of the wheel (about 75%) is being 
used to dry the process air, the rest of the surface is undergoing 
regeneration and cooling.

Because this design delivers extremely stable, low-dew-point 
drying performance, Carousel Plus dryers have become the “gold 
standard” for drying hygroscopic materials. They are even used 
for secondary drying of resin that has been partially dried by other 
methods. Carousel Plus dryers are noted for the ability to bring 
more fresh desiccant on-line per hour and efficiently remove 
moisture from process drying air without radical shifts in dew 
point or temperature, either of which could compromise dryer 
performance. When protected from contaminants with proper 
filtration and from excess process heat by return-air aftercoolers, 
the desiccant wheel in Carousel Plus dryers offers a service life 
several times longer than the loose desiccant used in tower 
designs.  

Not only do desiccant wheel dryers provide a superior, repeatable 
performance, but they do this in a very energy efficient manner. 
Regeneration temperatures can be less than half of those required 
for tower dryers. Also, a lower mass of desiccant reacts much 
faster allowing for fast start ups and precise dew point control.
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Compressed-air dryers are noted for their simplicity and ease 
of maintenance. They use a more or less conventional drying 
hopper, but rather than recirculating the drying air in a closed 
loop, this system uses compressed air in an open loop. A plant 
compressor system starts with cool ambient air and compresses 
it to approximately 100 psi (1450 bar), which causes a certain 
amount of water vapor to condense out of the air, lowering its 
dew point to about 40°F (4.5°C). That air is then supplied to the 
compressed-air dryer. When the compressed air is introduced 
to the hopper and allowed to expand to normal atmospheric 
pressure, its dew point drops to 0°F (-18°C), a level sufficient for 
many drying applications throughout most of the year. This air 
makes a single pass through the hopper before being exhausted, 
along with moisture, outside the hopper. To further reduce 
moisture levels to near the industry standard -40° dew point, a 
series of special, optional membrane filters can be introduced 
to physically remove water molecules from the compressed air 
before it flows into the hopper (see illustration). 

This novel approach to drying has several advantages. The drying 
system, which has extremely simple controls and no moving 
parts in the dryer itself, is very reliable and easy to use. The air 
compressors can be located away from the plant floor, freeing 
up valuable production space and confining maintenance work 
to the remote compressor room. It can also be energy efficient 
in applications where the volume of material to be dried is 
relatively small and the amount of compressed air required is 
limited. However, due to the relatively high cost of compressed 
air supplies, compressed air dryers are rarely economical for high-
throughput applications.

Compressed-air dryers

When compressed air 

is introduced to the 

hopper and allowed to 

expand to normal at-

mospheric pressure, 

it’s dew point drops 

to 0°F (-18°C), which 

can be sufficient in 

many applications.
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Infrared dryers

Almost all dryers used in polymer processing today use electricity 
or gas to heat the resin and the drying air. Today, however, there 
are dryers that use infrared energy to heat material and despite 
relatively high equipment costs, infrared dryers (IRD) seem to 
have distinct advantages in certain applications. 

IRDs have a large, horizontal rotating drum which is fitted with 
infrared lamps positioned to irradiate pellets as they flow through 
the drum. The infrared radiation heats the plastic, exciting 
molecules so that moisture is driven off. A flow of ambient air 
through the drying chamber picks up the moisture and carries it 
away, along with any dust thrown off as material tumbles in the 
drum. The air is extracted and vented through an exhaust pipe 
and into a dust filter if necessary.

The most common IRD application involves PET regrind, 
especially bottle and sheet flake. Here, users can take advantage 
of the fact that the IRD both dries and crystallizes at the same time, 
and it does so in a fraction of the time it takes in a conventional 
desiccant dryer and separate crystallizer. Typical residence time 
required to reach moisture levels of 300 ppm in the IR dryer is 
about 15 minutes, rather than the 4 to 6 hours required using 
a desiccant dryer and crystallizer. To reach a moisture level of 
50 ppm, which can be required in some applications, it may be 
necessary to finish drying the PET for about an hour in a desiccant 
dryer. This is still considerably faster than the 6 to 8 hours required 
in a desiccant dryer alone. Additional benefits include the fact 
that the amount of material in process at any time is reduced 80 
to 95%. The horizontal configuration of an IRD also requires less 
head room and can be installed in low-ceiling-height applications.

In infrared dryres, pellets are 

heated by infrared lamps as they 

flow through a large, horizontal 

roating drum.
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Vacuum (low-pressure) dryers

Another dryer design that does not use desiccant is the vacuum 
or low-pressure dryer. Vacuum drying has been used successfully 
for many years in the textile industry, where dryers feature very 
large capacities and draw very deep vacuum levels – nearly 
29 inches of mercury (0.97 atmospheres). The vacuum drying 
technology marketed to plastics processors is a variant on this 
technology, which draws a somewhat weaker vacuum – about 
27 inches of mercury (0.9 atmospheres).  

Its principal benefit is speed: material cycles through the vacuum-
drying process in just 40 minutes, faster than a desiccant dryer. 
The dryer uses small-volume canisters that rotate through three 
positions. At the first position, resin is loaded into a canister and 
heated by a flow of heated ambient air for about 20 minutes. Then 
the canister is rotated to the vacuum drying position, where it is 
sealed and pressure is lowered. The vacuum leaves a relatively 
low moisture concentration around the pellets, drawing moisture 
out of them.  

As seen in the examples below, the performance of vacuum 
drying for resin varies based on the starting moisture content of 
the air. Vacuum drying of ambient air with a starting dew point 
of 20°F (-6.7°C), typical of a heated plant space during winter, 
produces drying air with a considerably lower dew point than 
vacuum drying air with a starting dew point of 50°F (10°C), typical 
of unconditioned plant air in the summer: 

Vacuum dryers extract air from a sealed container to create a rela-

tively low moisture concentration around the pellets that is said to 

draw moisture out of the pellets.

Starting dew point
Moisture level/

pound of air, 
before drying

Ending moisture 
level/pound of air

Ending dew point

20°F (-6.7°C) 1.24 grains (0.8g)
0.133 grains 
(0.0086g)

-24°F (-31°C)

50°F (10°C) 0.44 grains (0.029g) -1°F (-18°C)

Starting dew point
Moisture level/

pound of air, 
before drying

Ending moisture 
level/pound of air

Ending dew point

20°F (-6.7°C) 1.24 grains (0.8g)
0.05 grains 
(0.0032g)

-40°F (-40°C)

50°F (10°C) 0.05 grains (0.032g) -40°F (-40°C)

Vacuum drying at 27 inches Hg (0.9 atmospheres)

Drying with Conair desiccant dryer
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There has been a lot of talk about new dryer technologies and 
some of these new approaches offer distinct advantages in 
specific applications. However, the desiccant dryer is still the 
“Gold Standard”, the technology that most resin manufacturers 
trust. By understanding how different dryers work, you can more 
easily decide which is right for your application.  

Conclusion


