
How Characterizing and Modeling Chemical 
Foaming Agents Can Help Your Process

Chemical Foaming Agents (CFAs) come in a variety of types. Some 

produce exothermic reactions, some produce endothermic reac-

tions, some have a single com-

ponent, while others are mix-

tures of many; and the 

temperatures at which they activate can vary.

Despite these variables, all CFAs have one thing in common: 

The molecule is designed to decompose at a specific temperature 

and to produce a gas as part of that decomposition. This process 

effectively turns your processing machinery into a “chemical 

reactor” where time and temperature can influence the activation 

of the CFA. This article will show how different testing techniques 

can be used to characterize performance of a CFA and determine if 

there is any residual unreacted CFA in finished products. We will 

also explain a reaction modeling technique that provides informa-

tion that can be applied to the design of a process.

Knowing how much CFA is reacting in your process can be 

important for a number of reasons, depending on individual 

circumstances:

 •   The CFA may be expensive and you would want to make sure 

you aren’t wasting the additive unnecessarily.

 •   Perhaps the end customer doesn’t want unreacted CFA leaching 

out of the product for regulatory reasons.

In order to determine how much of the CFA remains unre-

acted in the product, a thermogravimetric analyzer (TGA) is used. 

The first step is to take the CFA all by itself and analyze it in the 

TGA. This is usually done by heating approximately 10 mg of the 

material from around 50 C (120 F) up to well past the plastic resin’s 

processing temperature at a rate of 10° C (18° F)/min. Depending 

on the CFA, you may have a single gas-generation event or 

multiple events. For the purposes of this example, we’ll deal with 

CFAs that have a single degradation event.

An example of a typical TGA thermogram from this test is 

shown in Fig. 1. The purpose of this test is to identify the tempera-

ture at which the CFA activates so that the transitions in other 

tests can be positively identified as originating from the CFA.

The next step is to test the complete raw-material formulation 

to measure the amount of gas that the CFA releases. It’s important 

to test the CFA in the presence of the other materials because 

components of the formulation can change the amount of gas 

released by some CFAs. Ideally, the individual components should 

be measured directly into the test crucible and not premixed and 

transferred so that the exact mass of the CFA is known.

However, in some cases this may not be possible and you will 

have to make the assumption that your premixed/compounded 
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WHAT YOU WILL LEARN
1.   CFA COMMONALITY: All decompose at a specific 

temperature and produce gas as part of that process.

2.   HOW MUCH CFA IS REACTING: You’ll need to know      
this to avoid CFA waste and possible leaching. 

3.   HOW TO MODEL THE CFA REACTION:  CFA choice can 

affect processing temperatures, line speeds, cycle times.

4.  PROCESSING: Apply model to real-world processing.

Knowing ahead of time 
what will happen when your 
CFA produces gas can help 
you design or improve your 
process to boost quality and 
cost effectiveness.

TGA Thermogram of a CFA

Onset Temp = 150C

Chemical Foaming Agent Degradation Event

FIG 1

TGA thermogram tests identify the temperature 
at which the CFA activates so that the transitions 
in other tests can be positively identified as 
originating from the CFA.

58 DECEMBER 2014Plastics Technology PTonline.com

Tips and Techniques

How Characterizing and Modeling Chemical 
Foaming Agents Can Help Your Process

Chemical Foaming Agents (CFAs) come in a variety of types. Some 

produce exothermic reactions, some produce endothermic reac-

tions, some have a single com-

ponent, while others are mix-

tures of many; and the 

temperatures at which they activate can vary.

Despite these variables, all CFAs have one thing in common: 

The molecule is designed to decompose at a specific temperature 

and to produce a gas as part of that decomposition. This process 

effectively turns your processing machinery into a “chemical 

reactor” where time and temperature can influence the activation 

of the CFA. This article will show how different testing techniques 

can be used to characterize performance of a CFA and determine if 

there is any residual unreacted CFA in finished products. We will 

also explain a reaction modeling technique that provides informa-

tion that can be applied to the design of a process.

Knowing how much CFA is reacting in your process can be 

important for a number of reasons, depending on individual 

circumstances:

 •   The CFA may be expensive and you would want to make sure 

you aren’t wasting the additive unnecessarily.

 •   Perhaps the end customer doesn’t want unreacted CFA leaching 

out of the product for regulatory reasons.

In order to determine how much of the CFA remains unre-

acted in the product, a thermogravimetric analyzer (TGA) is used. 

The first step is to take the CFA all by itself and analyze it in the 

TGA. This is usually done by heating approximately 10 mg of the 

material from around 50 C (120 F) up to well past the plastic resin’s 

processing temperature at a rate of 10° C (18° F)/min. Depending 

on the CFA, you may have a single gas-generation event or 

multiple events. For the purposes of this example, we’ll deal with 

CFAs that have a single degradation event.

An example of a typical TGA thermogram from this test is 

shown in Fig. 1. The purpose of this test is to identify the tempera-

ture at which the CFA activates so that the transitions in other 

tests can be positively identified as originating from the CFA.

The next step is to test the complete raw-material formulation 

to measure the amount of gas that the CFA releases. It’s important 

to test the CFA in the presence of the other materials because 

components of the formulation can change the amount of gas 

released by some CFAs. Ideally, the individual components should 

be measured directly into the test crucible and not premixed and 

transferred so that the exact mass of the CFA is known.

However, in some cases this may not be possible and you will 

have to make the assumption that your premixed/compounded 

By Joel Lischefski and Dan Clark
Teel Analytical Laboratories

WHAT YOU WILL LEARN
1.   CFA COMMONALITY: All decompose at a specific 

temperature and produce gas as part of that process.

2.   HOW MUCH CFA IS REACTING: You’ll need to know      
this to avoid CFA waste and possible leaching. 

3.   HOW TO MODEL THE CFA REACTION:  CFA choice can 

affect processing temperatures, line speeds, cycle times.

4.  PROCESSING: Apply model to real-world processing.

Knowing ahead of time 
what will happen when your 
CFA produces gas can help 
you design or improve your 
process to boost quality and 
cost effectiveness.

TGA Thermogram of a CFA

Onset Temp = 150C

Chemical Foaming Agent Degradation Event

FIG 1

TGA thermogram tests identify the temperature 
at which the CFA activates so that the transitions 
in other tests can be positively identified as 
originating from the CFA.

58 DECEMBER 2014Plastics Technology PTonline.com

Tips and Techniques

SITUATION 2: LIMITS ON LINE SPEED
Let’s take a second hypothetical example and assume that an extrusion processor is 

running polypropylene at an average melt temperature of 210 C (392 F), has a mate-

rial residence time in the barrel of about 4 min, and is operating at a rate of 100 lb/

hr. This engineer wants 100% activation of the CFA from temperature alone, and 

doesn’t want to rely on shear effects to activate it. Based on the information from 

the kinetic model, this engineer is in good shape. It is predicted that 99% of the CFA 

will activate at those temperatures in just a little over 3 min. 

But then the production manager comes to the engineer and wants to double the 

line speed to 200 lb/hr, which would cut the overall residence time of the material in 

the barrel to 1.5 min. Using Fig. 5, we’d be able to predict that the CFA activation would 

go down. It will achieve a little less than 20% activation on temperature alone, and 

then you’ll be in the same situation that was discussed in the first example—fighting 

shear effects. The alternative is to use the model to guide process changes to maintain 

100% activation from melt temperatures. In this example, the engineer would want to 

increase the temperatures to an average of about 230 C (446 F).

The model allows the engineer to visualize and estimate limits on the process. 

There is an upper and lower limit to the line speed at a particular processing 

temperature, because you need the CFA to activate within a particular zone to be 

effective. If it activates too early and the melt isn’t pressurized enough, the gas will 

escape; and if it isn’t given enough time it won’t activate completely and you’ll be 

wasting the CFA.
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Polymer Analysis Div. for the Society of Plastics 
Engineers. Contact: (608) 355-3080; jlischefski@
teel.com; teel.com. 
Dan Clark is a chemist at Teel Analytical 
Laboratories with more than six years of 
experience in multiple laboratory settings. Dan 
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analytical instruments, including TGA and DSC. 
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SITUATION 3: LIMITS ON PROCESSING 
TEMPERATURES
The kinetic model allows for the identifica-

tion of temperature limits as well. Given a 

particular line speed and material residence 

time, an engineer will need to make sure that 

the CFA is activating in the correct screw/

barrel zone where there is sufficient pressure 

to keep the gases produced from escaping. 

Let’s say a process was designed so that the 

material was conveyed and melted at an 

average of 220 C (428 F) over the course of 1.5 

min. Then, after this zone the material is 

pressurized for the CFA to react and produce 

the gas. The kinetic model produced would 

tell you that you are likely losing 50% of the 

gas being generated because you’re activating 

it too early, before it’s pressurized. That’s 

money being wasted because the reaction 

kinetics aren’t understood. In this example 

the model would tell us we should lower the 

temperature below 190 C (374 F) in order to 

prevent more than 1% of the CFA from being 

activated too early.

The application of these testing processes 

and techniques allows for the characteriza-

tion of CFAs and the estimation of processing 

limits that will be applied to a particular 

process design. Knowing how the reaction 

progresses ahead of time will allow for intel-

ligent design of a production process to avoid 

needless waste of the CFA while ensuring a 

consistent activation, which helps improve 

process quality. The techniques can also save 

valuable time and money in trial-and-error 

development work by providing information 

to engineers up front before equipment and 

processes are chosen. 

Seeing quality is easy
More filtration

Higher quality

Low operation costs

More material flow

Less power consumption

Lower operating pressures

Fimic models reach a maximum filtration area of
588 in2. With this ample area, the flow of material
is easier, the operating pressures are lower and the
power consumption is reduced. It is possible to
choose the model on the base of hourly throughput
and on the level of filtration required.AUTOMATIC SELF-CLEANING SCREEN CHANGER

The best simply works better.

Reclaim, simplified. 203.255.9444 • www.adgs.net
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Teel Plastics, Inc. 
1060	Teel	Ct.,	Baraboo,	WI	53913	•	(608)	355-3080	 

www.teel.com

Promotional Testing for New Customers 
The laboratory is offering free testing1 on two polymer powdered or 
pelleted resins for new customers. The testing performed includes2:
	 3	 DSC	Evaluation
	 	 •	Glass	transition	temperature
	 	 •	Peak	melting	temperature
	 	 •	Percent	crystallinity
	 	 •	Cure	reaction	onset	temperature
	 	 •	The	heat	produced	during	a	cure	reaction	(enthalpy)
	 3	 TGA	Evaluation
	 	 •	Thermal	degradation	temperature
	 	 •	Percent	composition	of	compounded	materials
	 	 •	Percent	ash
	 	 •	Percent	inorganic	filler
	 3	 FT-IR	Evaluation
	 	 •	Determines	the	bulk	identity	of	a	material
	 	 •	Provides	a	“fingerprint”	of	the	resin	that	can	be	 
	 	 	 used	to	perform	routine	QA/QC	testing
	 	 •	Can	be	used	as	a	basis	of	comparison	against	 
	 	 	 future	“trouble”	lots

This	package	amounts	to	$1,650.00	in	free	testing	and	is	a	fantastic	
offer. This promotion offers an opportunity to evaluate us as a 
resource and to evaluate the information we can provide risk free.

List Prices
Differential	Scanning	Calorimetry	(ASTM	D3418) ..................$275/sample

Thermogravimetric Analysis (ASTM	E1131).............................$250/sample

Fourier	Transform	Infrared	Spectroscopy	(ASTM	E1252) ....$300/sample

Microscopy	(Internal	Procedure) ..................................................$200/sample

Percent	Moisture	(ASTM	D7191) ................................................$175/sample

Loss	on	Drying	(ASTM	E1868) ...................................................... $90/sample

Shore	Hardness,	D-Scale	(ASTM	2240) ..................................... $95/sample

Density	(ASTM	D792) ...................................................................... $90/sample

Bulk	Density	(ASTM	D1895) .......................................................... $75/sample

Particle	Size	Analysis	(ASTM	D1921) ........................................$200/sample

Pipe	Burst	Testing	(ASTM	D1599) ............................................... $70/sample

High	Performance	Liquid	Chromatography .......................Call	for	Pricing

Special	Projects ..........................................................................Call	for	Pricing

Method	Development ...............................................................Call	for	Pricing

Consulting ....................................................................................Call	for	Pricing

Quality Results
Teel Analytical Laboratories is focused on 

providing	quality	analytical	data	and	top	notch	

customer	service.		We	are	an	ISO	17025	

Accredited Laboratory with only degreed 

scientists	in	the	laboratory.		We	specialize	

in polymer analysis and work with polymer 

processors on a daily basis.  Our personnel 

have	experience	in	a	variety	of	material	testing	

areas,	including:		thermal	analysis,	contaminant	identification,	

chemical	extractions,	and	active	ingredient	testing.			  

 
Additional Services
Teel Analytical Laboratories offers additional services such as 

method	development,	including	method	validation	and	writing	

procedures.	We	also	offer	consulting	services	to	evaluate	and	help	

improve	tests	you	already	perform	in-house.		Please	contact	us	to	

add to or improve your in-house testing procedures.

To learn more about Teel Analytical Laboratories polymer 

testing services call us at 608-355-4520.

1 The free offer is contingent on the completion and return of a short online customer 
survey.	Eligibility	for	the	offer	is	up	to	the	sole	discretion	of	Teel	Analytical	Laboratories.

2 Not all tests are applicable to all samples. 



[min] 170.0°C 180.0°C 190.0°C 200.0°C 210.0°C 220.0°C 230.0°C 240.0°C 250.0°C
ln(k) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1.0% 5.86 2.50 1.12 0.53 0.26 0.13 70.95e-03 38.79e-03 21.80e-03

2.0% 8.16 3 61 1.68 0.82 0.41 0.22 0.12 65.33e-03 37.28e-03

5.0% 13.41 6.17 2.97 1.48 0.77 0.41 0.23 0.13 73.33e-03

10.0% 18.61 8.85 4.39 2.26 1.21 0.66 0.37 0.22 0.13

20.0% 23.98 11.89 6.15 3.30 1.83 1.05 0.62 0.37 0.23

30.0% 26.78 13.55 7.16 3.93 2.24 1.31 0.79 0.49 0.31

40.0% 28.04 14.36 7.69 4.28 2.47 1.47 0.90 0.57 0.36

50.0% 28.71 14.81 8.00 4.50 2.63 1.59 0.99 0.63 0.41

60.0% 29.07 15.08 8.20 4.65 2.74 1.67 1.05 0.68 0.45

70.0% 29.23 15.21 8.30 4.74 2.81 1.73 1.10 0.73 0.49

80.0% 29.32 15.28 8.37 4.80 2.87 1.78 1.15 0.77 0.53

90.0% 29.44 15.39 8.47 4.88 2.94 1.85 1.21 0.82 0.58

95.0% 29.60 15.52 8.57 4.97 3.01 1.91 1.26 0.86 0.61

99.0% — -15.92 8.87 5.19 3.18 2.04 1.36 0.94 0.68

    •  Changes in lubricant packages in the resin,

    •  Lot-to-lot variation in lubricants or colorants,

    •  Screw wear over time. 

    •  Different screws.

This situation is not ideal because controlling the amount of gas generation is more 

difficult than necessary. Ideally 100% of the CFA would activate from the processing 

temperatures alone to ensure a consistent production of gas within the process. When 

shear is the primary driver of CFA activation, it introduces additional variables that 

need to be controlled to produce consistent product quality. 

Knowing how the reaction 
progresses ahead of time 

allows for intelligent design 
of a production process to 

avoid needless waste of the 
CFA additive while ensuring a 
consistent activation to help 

improve product quality. 

FIG 5

Conversion Curves

100

80

60

40

20

0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

T (250C)

T (200C)

T (240C)

T (190C)

T (230C)

T (180C)

T (220C)

T (170C)

T (210C)

Minutes

Pe
rc

en
ta

ge

The output of the 
process shown in 
Fig. 4 is a kinetic 

model that can 
be used to make 

predictions for the 
rate of the reaction. 

The tables, which 
can be customized, 

are shown here.
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FIG 5

Conversion Curves
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The output of the 
process shown in 
Fig. 4 is a kinetic 

model that can 
be used to make 

predictions for the 
rate of the reaction. 

The tables, which 
can be customized, 

are shown here.
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material is homogenous. The same TGA test as before is performed 

and the sample is heated from around 50 C to well past your 

material processing temperature at a heating rate of 10° C/min.

The percent of CFA that turns into gas 

when combined with the formulation 

components can be determined using 

the calculations shown in Fig. 3. In this 

example the sample contained 0.625 mg 

of CFA and we measured a mass loss of 

0.2563 mg. The resulting calculation is 

that the CFA lost 41% of its mass as gas. 

The measurement is shown in Fig. 2.

The final step is to measure a 

finished product to determine the 

amount of unreacted CFA (see Fig. 3). For this step it is important 

to take a representative sample of the part, as the amount of unre-

acted CFA may vary from location to location in a larger part or in 

a part that has a complex geometry. You may want to test multiple 

locations on the part and get results from different areas.

For this step it will be important to know the instrument’s limit 

of detection. The instrument used for the example measurements 

shown has a limit of detection of 38 µg. The calculations for this 

example are shown adjacent to Fig. 3. The measurements show 

that 37% of the CFA remained inactivated in the finished product.

MODELING THE CFA REACTION
The activation of CFAs is a chemical decomposition that pro-

duces gases as the products of the reaction. The CFA needed to 

foam your part needs some combination of time and tempera-

ture to react completely prior to depressurization and foaming. 

Kinetics is the term used to describe the reaction rates. By cre-

ating kinetic models of the CFA reaction, limits on the produc-

tion process can be calculated. It is 

important to understand how choices of 

CFA can affect limitations to processing 

temperatures, line speeds, or cycle times.

To create the kinetic model, a series 

of measurements are made using either a 

differential scanning calorimeter (DSC) or 

a TGA. For this example we will be showing 

data created from a DSC. Five separate tests 

were conducted with the CFA, heating it 

from room temperature well through its 

degradation point. Some CFAs have more than one degradation 

event; if this is the case, each event should be modeled separately.

For this article we will use azodicarbonamide (azo), which 

has only a single decomposition step. The five tests shown in 

Fig. 4 are identical except for the rate at which the temperature 

increases. The five tests are cropped to exclude any data that isn’t 

associated with the degradation. At this point the software is used 

to perform a series of very complicated calculations using  algo-

rithms that are protected by patents to determine the activation  

energy of the reaction as it progresses to completion. 

QUESTIONS ABOUT TESTING?

For more articles on testing and quality control,  
visit short.ptonline.com/QC

All CFAs have one thing in 
common: The molecule is 

designed to decompose at 
a specific temperature and 
to produce a gas as part of 

that decomposition. 

FIG 2 FIG 3

Calculation for CFA Gas Generation 
with Formulation Components

TGA Thermogram of a Finished Product Part  

Onset Temp = 150C
Total Sample Mass = 25.8mg
CFA Loaded at 2.5%, CFA Mass = 0.645mg

CFA Mass Used = 0.625mg
Mass Loss = 0.2563mg Calculations and Measurements:

1. Measure the activation temperature of the CFA.
2. Measure the amount of weight loss in the material formulation.
3. Calculate the maximum weight loss for 100% activation.
4.  Measure the amount of weight loss due to decomposed CFA in 

the final product.
5. Calculate the amount of unreacted CFA.

Onset Temp = 150C

Mass Loss = 0.0978mg

In a complete formulation, a sample contained 
0.625 mg of CFA and the measured mass loss was 
0.2563 mg. The resulting calculation is that the 
CFA lost 41% of its mass as gas.
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has only a single decomposition step. The five tests shown in 

Fig. 4 are identical except for the rate at which the temperature 

increases. The five tests are cropped to exclude any data that isn’t 

associated with the degradation. At this point the software is used 

to perform a series of very complicated calculations using  algo-

rithms that are protected by patents to determine the activation  

energy of the reaction as it progresses to completion. 
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that decomposition. 
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3. Calculate the maximum weight loss for 100% activation.
4.  Measure the amount of weight loss due to decomposed CFA in 

the final product.
5. Calculate the amount of unreacted CFA.
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Mass Loss = 0.0978mg

In a complete formulation, a sample contained 
0.625 mg of CFA and the measured mass loss was 
0.2563 mg. The resulting calculation is that the 
CFA lost 41% of its mass as gas.
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These items are shown in Fig. 4. The output of this process 

is a kinetic model that can then be used to make predictions for 

the rate of the reaction. The tables, which can be customized, 

are shown in Fig. 5. 

Now that we have the kinetic model of the CFA reaction, 

we can apply the information to real-world processes. 

The model makes the assumption that the temperature is 

constant, and we know that isn’t true in real-world situations, 

but we can use a reasonable temperature estimate that still 

gives us valuable information.

SITUATION 1: REACTING FROM SHEAR ALONE
Let’s take a hypothetical example and assume that a processor 

is extruding polyethylene. The processor measures the melt 

temperature across all of the zones, and while they vary slightly 

overall, the average temperature is about 180 C (355 F) and the 

residence time of the material in the barrel is about 4 min. In 

looking at the kinetic model we can find the column for 180 C 

and move down until we hit a value of 4 min. In the example 

from Fig. 5, that value is between 2% and 5%. This means that 

the processor can expect 2-5% of the azo to activate from the 

temperature of the polymer melt.

Now the processor would immediately notice that it is 

getting a lot more than 5% activation and that these numbers 

don’t make sense. What these numbers tell you are that the melt 

temperature isn’t activating your CFA—shear is, and there’s a 

good chance it isn’t activating all of it. A number of important 

conclusions can be made from this information:

1. The CFA is primarily reacting through shear.

2. You likely have some CFA left over that isn’t being activated.

3.  Anything that impacts shear will impact the amount of CFA 

activation, such as:

Five separate tests were conducted on a DSC with the 
CFA, heating it from room temperature well through 
its degradation point. An azo-based foaming agent, 

which has only a single decomposition step, was used. 
The five tests are identical except for the rate at which 

the temperature increases. The five tests are then 
cropped to exclude any data that isn’t associated with 
the degradation. At this point the software performed 

a series of complicated calculations using patented 
algorithms to determine the activation energy of the 

reaction as it progressed to completion. Those two 
items are shown here.

It is important to understand how choices 
of CFA can affect limitations on processing 

temperatures, line speeds, or cycle times.

FIG 4

Five DSC Curves of Azodicarbonamide Heated at Varying Temperature Rates
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