
Proper drying is the key to ensuring quality in parts made of

engineering thermoplastics. Considering how costly these

materials are, it is easy to see why it is so important to have

good data about what is actually happening in the drying

hopper and to use that information to gain tight control over

that process. A patented device called the Drying Monitor

measures temperature at several different levels in the drying

hopper, documenting whether or not conditions are right 

for proper drying. This white paper examines why this 

information is so important, how the device works and how 

it can be used to take the guesswork out of the drying

process and give you a higher level of control over the 

quality of your products.

Material represents the single largest cost in almost any

plastics processing operation. Think about it. If you have a

machine processing 100 lb/hr (45 kg/hr) for 8400 hours 

per year, that adds up to 840,000 lb or 450,000 kg. If you

are processing engineering resins – hygroscopic materials

that require proper drying in order to develop their full 

mechanical properties – the material for this one machine

could be costing you millions of dollars per year. Next, add 

in labor, plant and equipment, and you begin to understand

what it costs to mold or extrude every single pound of 

resin. These are truly mind-boggling numbers.

Considering everything you have invested in producing a

saleable part made of an engineering thermoplastic, why

would you risk the scrap, downtime and energy waste that

result when a problem occurs in your dryer. A relatively small

one-time investment in dryer control technology – like the

patented Conair Drying Monitor – can go a long way toward
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helping you get the maximum return on the investment you

have in your valuable raw materials.

Why Dry
Producers of hygroscopic materials — companies such as

Bayer, Eastman, SABIC (GE Plastics), DuPont, BASF and

others — have spent millions of dollars over the years analyz-

ing the conditions that result in optimum performance in their

materials. They have a huge vested interest in getting this

right because, if a molder or extruder can’t make good prod-

uct, they’re going to be on the phone to the resin company

asking why their material is failing to perform up to spec.

These materials companies will tell you that the vast majority

of customer complaints about resin performance are rooted

in improper (and, therefore, incomplete) drying. 

An extreme example of the kind of problems caused by excess moisture 

in molded plastics.
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When you run a polymer that is incompletely dried, you will

likely see problems in one or more of the following areas:
• Processing problems. High levels of moisture in or on

the surface of the pellets will be superheated and turned

to steam during melt processing. In extrusion, this may

cause surging, spitting, sputtering and a foamy melt at 

the die. In injection molding, it can cause over or under

packing or flashing, and in extreme cases could cause the

barrel to crack or explode due to the high pressures of

trapped steam. 
• Cosmetic Problems. In injection molding, excessive

moisture can cause bubbles on or in the part, sink marks,

splay and surface defects. In extrusion, moisture escaping

as steam through the die may cause a rough and scaly 

surface on the extrudate. 

• Structural and Physical Problems. Even if your finished

product is free of cosmetic defects, a small amount of

moisture can cause hydrolytic degradation, which in turn

can change the polymer’s melt viscosity, molecular weight

and mechanical strength. This may be the most danger-

ous problem because it often escapes detection with the

naked eye and can lead to long-term liability issues that

could have been avoided. 

Fundamental Principles Of Drying
As soon as an engineering polymer is manufactured and 

exposed to the atmosphere, it begins to absorb moisture.

That’s why they are called hygroscopic. Water vapor contin-

ues to migrate from the surrounding air until equilibrium is

reached between the moisture content of the polymer and

the surrounding air. This moisture absorption takes place on

a molecular level. The natural attraction between polymer

chains and water molecules is what causes hygroscopic

resins, exposed to a humid atmosphere, to take up and 

retain water. It is also what makes drying them difficult. 

There are a few fundamental factors that govern the drying

process: 
• Polymer temperature;
• Relative humidity / dew point of the drying air; 
• Air flow; and
• Drying time. 

Let’s look at each of these closely.

Polymer 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 mole-

cules to escape from the polymer chains. 

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. Moisture is removed from the air by a molecular

sieve desiccant and then the air is heated to lower its relative

humidity, increasing its ability to hold moisture. 

Air Flow. The movement of hot dry air through the drying 

hopper is the mechanism by which the polymer is heated 

(see Polymer Temperature above) and also how the moisture is

conveyed away from the polymer 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 while pre-

venting degradation due to overheating and saving energy. 
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400 lb (182 kg) in the drying hopper at all times. Assume for

a moment that a kink develops in the air hose delivering hot

dry air to the hopper so that the air flow is reduced by 25%. 

A temperature sensor at the hopper inlet shows that the air

temperature is at the correct setpoint – let’s say 250°F

(121°C) – so there appears to be no problem. However, the

reduced volume of air being delivered to the material in the

hopper is now only sufficient to heat a portion of the material

in the hopper to the proper drying temperature. Gradually,

the temperature of the material in the upper portion of the

hopper drops to 225°F (107°C) and finally to 200°F (93°C).

The resin is spending only 2.5 hours at the prescribed 

drying temperature of 250°F (121°C). Several hours after

the problem first occurred, incompletely dried material

reaches the processing machine and the quality of the 

finished product begins to deteriorate. 

Suppose that the operator or quality-control inspector recog-

nizes that there is a problem with the parts after about 30 

minutes of production. The machine is shut down, the kink in

the hose is discovered and damage control begins. Half an

hour’s worth of production is suspect and must be scrapped.

The 400 lb (182 kg) of material in the hopper is also suspect

and must be drained from the hopper. This material is 

quarantined and may need to be scrapped. Then it takes 

several more hours to refill the hopper and restart the dryer.

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 how long this

process takes for their particular resin types and grades. 

Remember, however, that effective drying time is the time the

pellets are exposed to optimum drying conditions. Any time

that the polymer resides in the drying hopper at anything

less than the recommended temperature and dew point 

cannot be considered drying time, and you run the risk of

insufficiently drying the material. 

What Goes On In The Drying Hopper
As long as the drying process is under control, you can be

reasonably assured that the material being delivered to the

molding machine or extruder has been properly conditioned

and good parts will result. With a process as complex as

drying, however, how can you be sure it is under control? 

Almost more important, what are the consequences if the

process should go out of control? 

The answer to this latter question is that the consequences

can be quite dire. If the material you are drying requires four

hours under proper drying conditions, and you are process-

ing 100 lb (45 kg) per hour, then you need to have at least

This illustration shows that air flow is sufficient to maintain the specified

temperature throughout most of the hopper volume. As resin moves

through the hopper, it is exposed to proper drying conditions for 4 hours.

If air flow is not sufficient to maintain the specified temperature throughout

the hopper, resin is only exposed to proper drying conditions for a fraction

of the prescribed 4 hours and quality problems can result.
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Now, the fresh material needs to be dried for four hours so

more time is lost. Finally, after a full shift or perhaps longer, it is

possible to restart production. The damage is done, however.

Hours and hours of downtime have accumulated and hundreds

or even thousands of dollars in raw material and finished prod-

uct have been scrapped. All because the temperature reading

on the dryer itself could not tell the whole story. It could not

describe the conditions actually existing in the drying hopper.

The scenario just described is just one of many that can cause

improper drying and cost you time and money. Other problems

can include:

Air Flow Problems •  Kinked, punctured or loose hoses
• Blower failure
• Clogged filters
• Excessive fines in the resin/regrind mix restricts air movement in 

the hopper

Temperature Problems •  Temperature sensor failure
•  Throughput too high or low for the dryer
•  Material too cold entering the hopper
•  Dryer failure
•  Heater burn-out
•  Reversed hoses
•  Blower running backwards

Dew Point Problems •  Excessive moisture in incoming material
•  Return air temperature too high
•  Fouled or degraded desiccant

Drying Time Problems • Insufficient material in the hopper due to loader failure, pick-up 
wand not drawing, resin drawn off to prime another machine

•  Hopper too small
•  Poor mass flow in the hopper
•  Uncertain start time

The really unfortunate aspect to all these conditions is that

they don’t need to become problems. They can all be 

prevented by a simple, inexpensive device called the Conair

Drying Monitor, which can be added to even the simplest

dryer controls.  

The key to its successful performance lies in a unique in-hop-

per temperature probe that measures the material temperature

profile at various points (up to six of them) from the top of the

hopper to the bottom (see drying hopper illustrations). These

temperature readings confirm that every pound of resin is held

at the proper temperature for the time specified by the material

producer. If a heating element burns out or air flow is 

disrupted, the Drying Monitor will recognize the change in

conditions inside the hopper and sound an alarm so that the

fault condition can be corrected long before product quality is

affected. If loading equipment fails or the material supply runs

out... if incoming material is too wet or too cold... even if the

hopper or the dryer is the wrong size, the Drying Monitor will

generate a warning long before the first bad part is made. 

The Drying Monitor can also give processors the information

they need to adjust airflow so that just enough heat energy is

directed to the material for effective drying. The resin is neither

over-dried nor under-dried and energy costs are held in check. 

Three Levels Of Control
Depending on process requirements (and availability of

technical and financial resources), the Drying Monitor can be

adapted to three different levels of control. 

The simplest and least costly option adds the Drying Monitor

to a DC-2 dryer control. This Conair dryer control has 

an LCD alphanumeric display for set-up parameters, 

diagnostics, an alarm/event log and numerous other options.

It also has a high-visibility LED display for selected parame-

ters. It is the preferred system for basic dryer control and it

provides a convenient interface to the information generated

by the Drying Monitor. From the DC-2 operator panel, users

enter a setpoint and control band based on the required

temperature in the hopper. If the temperature moves beyond

the high or low setpoint, the Drying Monitor alerts the opera-

tor with a passive alarm displayed on the control and a light

tower, which shows green during proper operation, displays

amber to indicate possible trouble or red when the dryer has

stopped due to an alarm condition.
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The Conair TouchView dryer control adds the next level of

capability. Available on larger dryers, it features a 7-inch-

diagonal screen with touch-activated full-color graphics and

status indicators. System overview screens and “snapshots”

of the process display critical process settings and actual

data, while individual parameters can be selected and 

adjusted just by touching them. Available on either an 

Allen-Bradley or Siemens platform, this control package

readily accommodates the data from the Drying Monitor and

adds the ability to view real-time temperature trends in the

hopper. This feature makes it possible to identify potential

problems even before an alarm is sounded. 

You can add Optimizer Mode to the TouchView platform to

achieve an even higher degree of control over the drying

process. Based on data from the Drying Monitor probe, 

Optimizer Mode can regulate not only air temperature and

dew point, but also air flow, via a variable frequency drive on

the blower motor. Just enough heat energy is added to the

bed of material in the drying hopper to maintain an optimum

temperature profile. Once the proper conditions are 

established, they can be locked in with the touch of a 

finger. Then the controls have the ability to gradually and 

automatically fine-tune the air flow, temperature and dew

point to maintain conditions with the absolute minimum of

energy input. It can also maintain stable conditions within 

the hopper regardless of throughput changes or variations 

in material temperature or ambient conditions. 

A Small Price To Pay
At the start of this paper, we analyzed what you could have

invested in raw materials and other expenses related to 

operating a single injection-molding machine or extruder 

for a year. It can amount to millions of dollars, and the 

success of your business depends on how efficiently you

can turn those investments into saleable product leaving

your shipping dock. If you run hygroscopic engineering

resins, then your efficiency and profitability depend on your

dryers. The Conair Drying Monitor is the best way to take the 

guesswork out of the drying process and ensure flawless

performance of your dryers.

Even the simplest application of the Conair Drying Monitor –

as an option to the standard DC2 dryer control system –

can provide the protection you need against costly hidden

drying problems. Yet, the system can cost as little as $2000.

Adding it to a TouchView control, with or without Optimizer

Mode, may be slightly more. However, considering how

much you have invested in the rest of your business, doesn’t

it seem a small price to pay for the peace of mind that

comes with knowing exactly what’s going on in your drying

hoppers at all times? 


