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Today, analytical pyrolysis en-
compasses much more than sim-
ple flash pyrolysis of polymeric 
materials. Virtually any materi-
al (liquid or solid) can be charac-
terized using an array of tech-
niques, which are designed into a 
modern-day, Multi-Mode Pyroly-
sis System. Using the multi-mode 

pyrolyzer, volatiles, additives 
and oligomers, as well as poly-
meric and heavier components 
can be analyzed. This technique 
also is broadening the range of 
samples that can be analyzed 
using gas chromatography-mass 
spectrometry, being that any sol-
id sample can be introduced into 
the multi-mode pyrolyzer without 
any need for solvent, solvent ex-
tractions or pretreatments prior 
to the analysis. Pyrolysis GC/MS 
(shown in Fig. 1) is a powerful 
and straightforward technique 
comprised of a Frontier Pyrolyz-
er coupled with a gas chromatog-
raphy-mass spectrometer (GC/
MS) system. Using this tech-

nique, a sufficient amount of 
heat reproducibly breaks down 
the organic bonds of a complex 
species into smaller and stable 
molecules referred to as pyroly-
zates. The pyrolyzates and their 
relative intensities provide in-
sight into the nature of the origi-
nal material. 

Experimental
Two rubber pump diaphragms 

were submitted for performing 
failure and contamination analy-
ses using pyrolysis GC/MS tech-
niques. Both diaphragms have 
failure cracks, but the “good” 
sample lasted more than 1,200 
hours while the “bad” sample 
lasted fewer than 800 hours. The 
question to answer using PY-GC/
MS techniques is, “What is the 
difference in chemical composi-
tions of these two diaphragms?”

Sample preparation
Sample preparation using the 

PY-GC/MS is very simple and 
straightforward. There is no 
need for any solvent extraction or 
sample pretreatment prior to the 
analysis. In fact, any sample, in-
cluding solids, can be analyzed 
using this technique without any 
solvent. In this experiment, 
small amounts of each sample 
(100 to 200 micrograms) was 

placed in an easy to use Eco-Cup 
for the analysis. 

System configuration
The system configuration is 

shown in Fig.1. It is important to 
mention that the vertical mi-
cro-furnace technology of the 
Frontier Pyrolyzer allows contin-
uous-mode pyrolysis as it is con-
nected directly to the GC inlet. 
The sample introduction is nearly 
instantaneous. The sample is 
placed in the sample cup (Eco-
Cup) and is held at near ambient 
temperature in helium. The mi-
cro-furnace is then preheated to 
the desired temperature (e.g., 
650°C) that is precisely mea-
sured with a thermal couple sen-
sor. The sample cup then drops 
into the quartz pyrolysis tube 
where the sample is pyrolyzed in 
<20msec. The pyrolyzates are 
then swept onto the GC analyti-
cal column for separation and 
detection by MS. All surfaces in 
contact with the sample and py-
rolyzates are either quartz or are 
deactivated stainless steel (using 
the Frontier Ultra Alloy process). 

‘Method Map’
Using the Frontier Pyrolyzer, 

multiple analyses can be per-
formed on a single sample. In 
fact, the multi-mode pyrolyzer 
can be used to perform Evolved 
Gas Analysis (EGA), Thermal 
Desorption (TD), Flash Pyrolysis 
(PY), heart-cutting (HC) and 
Reactive Pyrolysis (RxPY). Fron-

tier Laboratories has developed a 
series of techniques referred to 
as the “method map” to chemical-
ly characterize samples using 
the EGA/PY-3030D Multi-Func-
tional Pyrolyzer System in con-
junction with a benchtop GC/MS. 
These techniques are applicable 
to virtually any organic materi-
als from volatiles to high molecu-
lar weight natural and synthetic 
polymers. In fact, the pyrolysis 
GC/MS technique provides the 
user with two simple steps for 
determining the composition of 
any unknown sample. The first 
step is EGA. In this technique, 
the sample is dropped into the 
furnace, which is at a relatively 
low temperature (ca. 40-100˚C). 
The furnace then is programmed 
to a much higher temperature (ca. 
600-800˚C). Compounds “evolve” 
from the sample as the tempera-
ture increases. A plot of detector 
response versus furnace tem-
perature is obtained. The EGA 
provides a clear picture of the 
sample complexity, and by using 
extracted ion chromatograms 
(GC/MS), one can identify the 
EGA thermal zone where specific 
compounds of interest evolve 
from the sample. The EGA exam-
ple below contains two thermal 
zones of interest.

The EGA is used to determine 
the next step in the evolution of 
the analytical Method Map. 
From Fig. 2, one can learn about 
the ‘volatiles’ in the sample by 
simply introducing the sample at 

300˚C—only the compounds 
evolving below 300°C will come 
out from the sample and be 
transported to the head of the 
analytical column and analyzed. 
If there is interest in both the 
“volatile” fraction and the higher 
boiling compounds, this can be 
done in two steps, and it may be 
necessary to add a MicroJet Cy-
ro-Trap (MJT). The MJT refocus-
es the volatile analytes of interest 
at the head of the column so that 
the full separating power of the 
column can be utilized.

First, the volatile compounds 
are thermally extracted by drop-
ping the sample into the furnace, 
which is at 300°C. The volatiles 
collect at the head of the column 
and are chromatographically 
separated. During the GC analy-
sis of the volatiles, the sample is 
lifted out of the furnace and rests 
at near ambient. Upon comple-
tion of the GC run, the GC oven 
is reset and the pyrolyzer furnace 
temperature is raised to 550°C. 
The sample is dropped a second 
time into the furnace for pyroly-
sis. The pyrolyzates are trapped 
at the head of the column and 
subsequently separated. 

Results and discussion
The first step in the Method 

Map, the EGA thermograms (in 
triplicate), are shown in Fig. 3. 
The EGA was performed from 
100°C to 700°C (20°C/min) using 
the deactivated EGA tube, while 
the GC oven was kept isothermal 

at 320°C. The “good” sample has 
a relatively sharp peak at 335ºC. 
The “bad” sample has a bigger 
peak than the “good” sample in 
the lower temperature zone. In 
addition, the apex of the higher 
temperature zone is slightly, but 
significantly, different between 
the good and the bad samples. 

The heart-cutting temperature 
zones also are shown here for 
later reference (Fig. 4). The EGA 
thermograms are thermally 
sliced into multiple temperature 
zones for detail analysis using 
the heart-cutting (HC technique) 
along with flash pyrolysis at 
600°C. It is very important to 
note that the EGA thermograms 
provide the scientists with a 
clear picture of the samples and 
their thermal behavior in differ-
ent temperature zones. It is also 
interesting to note that the EGA 
thermogram can be correlated to 
a TGA analysis (Frontier Tech 
Note PYT-030E.pdf). Using the 
obtained EGA thermograms, the 
appropriate temperature for any 
of the multi-mode techniques 
such as the flash pyrolysis and 
heart-cutting are determined. 

The pyrograms for both sam-
ples at 600°C as shown in Fig. 5
were obtained (the small, orange 
boxes indicate differences be-
tween good and bad samples). 

In addition to flash pyrolysis, 
heart-cutting also was performed 
to obtain separate chromato-
grams for each thermal zone ob-
tained from the EGA thermo-
grams (Fig. 6). The peak 
identifications for the “good” 
sample are shown in Table 1. 

In addition, the GC/NPD also 
was used to characterize the ni-
trogen and phosphorus-contain-
ing compounds in the “good” 
sample. Table 2 shows the 
F-Search library identification of 
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Executive summary
Subtle differences in rubber formulations are common, but they seldom influence the overall perfor-

mance of the final product. However, there are instances where the product will suddenly be more brittle, 
easily deformed or fail in routine use. When this occurs, the search for differences begins.

Detailed analyses of the “good” and “bad” rubber formulations often will reveal differences in the addi-
tive package, the presence of unwanted contaminants or unexpected chemical linkages. Frontier Lab has 
developed a “Method Map” that guides the analyst through the maze of GC analytical techniques used to 
characterize the rubber materials and perform failure analysis. In this study, two rubber pump dia-
phragms are used to demonstrate how the method using the multi-shot pyrolyzer enables an analyst to 
quickly and efficiently characterize rubber materials.

The “good” sample lasted more than 1,200 hours before failure, while the “bad” sample lasted fewer 
than 800 hours before failure. Failure was defined when the diaphragm cracked and ceased to function.

The question being asked is: “These two rubber samples perform differently; is there a difference in the 
chemical composition of the two samples?” To answer this question, pyrolysis—gas chromatography-mass 
spectrometry, as well as nitrogen phosphorus detection will be used. Multiple pyrolysis modes, such as 
Evolved Gas Analysis (EGA) and heart-cutting (HC) analyses will be performed to characterize the dif-
ferences between the two rubber samples. In addition, a novel approach of using a pyrolyzer as the sample 
introduction technique followed by simultaneous data acquisition by multiple GC detectors (MS/NPD) 
will be demonstrated. 
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Fig. 1: Pyrolysis GC/MS system configuration.

Fig. 2: Example of an EGA thermogram.

Fig. 3: EGA (total ion chromatogram) thermograms of rubber samples (triplicate). Fig. 5: Pyrograms of rubber samples at 600°C.
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Fig. 4: Extracted ion chromatogram and heart-cutting zones.
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300˚C—only the compounds 
evolving below 300°C will come 
out from the sample and be 
transported to the head of the 
analytical column and analyzed. 
If there is interest in both the 
“volatile” fraction and the higher 
boiling compounds, this can be 
done in two steps, and it may be 
necessary to add a MicroJet Cy-
ro-Trap (MJT). The MJT refocus-
es the volatile analytes of interest 
at the head of the column so that 
the full separating power of the 
column can be utilized.

First, the volatile compounds 
are thermally extracted by drop-
ping the sample into the furnace, 
which is at 300°C. The volatiles 
collect at the head of the column 
and are chromatographically 
separated. During the GC analy-
sis of the volatiles, the sample is 
lifted out of the furnace and rests 
at near ambient. Upon comple-
tion of the GC run, the GC oven 
is reset and the pyrolyzer furnace 
temperature is raised to 550°C. 
The sample is dropped a second 
time into the furnace for pyroly-
sis. The pyrolyzates are trapped 
at the head of the column and 
subsequently separated. 

Results and discussion
The first step in the Method 

Map, the EGA thermograms (in 
triplicate), are shown in Fig. 3. 
The EGA was performed from 
100°C to 700°C (20°C/min) using 
the deactivated EGA tube, while 
the GC oven was kept isothermal 

at 320°C. The “good” sample has 
a relatively sharp peak at 335ºC. 
The “bad” sample has a bigger 
peak than the “good” sample in 
the lower temperature zone. In 
addition, the apex of the higher 
temperature zone is slightly, but 
significantly, different between 
the good and the bad samples. 

The heart-cutting temperature 
zones also are shown here for 
later reference (Fig. 4). The EGA 
thermograms are thermally 
sliced into multiple temperature 
zones for detail analysis using 
the heart-cutting (HC technique) 
along with flash pyrolysis at 
600°C. It is very important to 
note that the EGA thermograms 
provide the scientists with a 
clear picture of the samples and 
their thermal behavior in differ-
ent temperature zones. It is also 
interesting to note that the EGA 
thermogram can be correlated to 
a TGA analysis (Frontier Tech 
Note PYT-030E.pdf). Using the 
obtained EGA thermograms, the 
appropriate temperature for any 
of the multi-mode techniques 
such as the flash pyrolysis and 
heart-cutting are determined. 

The pyrograms for both sam-
ples at 600°C as shown in Fig. 5 
were obtained (the small, orange 
boxes indicate differences be-
tween good and bad samples). 

In addition to flash pyrolysis, 
heart-cutting also was performed 
to obtain separate chromato-
grams for each thermal zone ob-
tained from the EGA thermo-
grams (Fig. 6). The peak 
identifications for the “good” 
sample are shown in Table 1. 

In addition, the GC/NPD also 
was used to characterize the ni-
trogen and phosphorus-contain-
ing compounds in the “good” 
sample. Table 2 shows the 
F-Search library identification of 

peaks that were determined to 
contain nitrogen through using 
an NPD detector.

Summary and conclusion
In conclusion, there are some 

differences in the chemical com-
position of the two rubber sam-
ples. Table 3 summarizes the 
differences between the two 
pump diaphragm samples. Both 
samples have EPDM fragmenta-
tions while the “good” sample 
also contains CR. Also, there are 
some differences in the additives 
present in both samples. The 
“good” sample contains some 
carboxylic acids such as palmitic 
and stearic acids as well as DOIP 
while these compounds are not 
present in the “bad” sample. 

Today, more analytical labo-
ratories in the rubber industry 
are integrating the latest Fron-
tier technology into their main-
stream analytical protocols due 
to the advantages and immedi-
ate quality decision improve-
ments this technique provides. 
The multi-mode pyrolyzer pro-
vides the users with a clear 

picture of the sample’s composi-
tion by identifying the thermal 
zones and the compounds in 
each zone. Using the obtained 
EGA thermogram, one can sim-
ply program the pyrolyzer’s 
furnace with the appropriate 
temperature and method, such 
as heart-cutting. This tech-
nique allows multiple analyses 
on a single sample while there 
is no need for any solvent and 
sample pretreatment as the 
sample is simply introduced 
into the GC/MS by the Frontier 
Multi-Mode Pyrolyzer.

Using pyrolysis GC/MS, solid 
samples can be analyzed. There 
is no solvent required when using 
pyrolysis GC/MS as opposed to 
traditional GC/MS techniques. 
In other words, the solid and liq-
uid samples can be injected into 
the pyrolyzer without any solvent 
and sample pretreatment like 
solvent extraction. This advan-
tage is one of the primary reasons 
many laboratories integrate the 
Frontier Pyrolyzer into their 
day-to-day and analytical re-
search protocols. 
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Subtle differences in rubber formulations are common, but they seldom influence the overall perfor-
mance of the final product. However, there are instances where the product will suddenly be more brittle, 
easily deformed or fail in routine use. When this occurs, the search for differences begins.

Detailed analyses of the “good” and “bad” rubber formulations often will reveal differences in the addi-
tive package, the presence of unwanted contaminants or unexpected chemical linkages. Frontier Lab has 
developed a “Method Map” that guides the analyst through the maze of GC analytical techniques used to 
characterize the rubber materials and perform failure analysis. In this study, two rubber pump dia-
phragms are used to demonstrate how the method using the multi-shot pyrolyzer enables an analyst to 
quickly and efficiently characterize rubber materials.

The “good” sample lasted more than 1,200 hours before failure, while the “bad” sample lasted fewer 
than 800 hours before failure. Failure was defined when the diaphragm cracked and ceased to function.

The question being asked is: “These two rubber samples perform differently; is there a difference in the 
chemical composition of the two samples?” To answer this question, pyrolysis—gas chromatography-mass 
spectrometry, as well as nitrogen phosphorus detection will be used. Multiple pyrolysis modes, such as 
Evolved Gas Analysis (EGA) and heart-cutting (HC) analyses will be performed to characterize the dif-
ferences between the two rubber samples. In addition, a novel approach of using a pyrolyzer as the sample 
introduction technique followed by simultaneous data acquisition by multiple GC detectors (MS/NPD) 
will be demonstrated. 
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Fig. 5: Pyrograms of rubber samples at 600°C. Fig. 6: The heart-cut chromatograms of rubber samples.

Table 1: F-Search (polymer-PyGC/MS library) results for good sample.

Table 2: Peak identifications of good sample using GC/MS and GC/NPD.

Table 3: Chemical composition of rubber samples.
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Fig. 4: Extracted ion chromatogram and heart-cutting zones.
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