
Introduction
Polyethylene (PE) and 

polypropylene (PP) are important plastic raw materials that have desirable mechanic 
and electric properties, chemical stabilities, and optimal processing performances. 
By adjusting the type and concentration of additives and reaction process, polymers 
show different physicochemical properties to meet a variety of needs. According to the 
difference in density, PE can be catalogued generally into linear low-density polyethylene 
(LLDPE), low-density polyethylene (LDPE) and high-density polyethylene (HDPE). Usually, 
we can check product properties and applications on manufacturers’ websites according 
to product grade, such as PP K4912 and HDPE HD5310AA. In order for manufacturers 
and users to control the quality of products, it is necessary to identify polymers and build 
a polymer library.

Since the 1980s, the combination of thermal pyrolysis and gas chromatography-mass 
spectrometry (GCMS) has created a new method of polymer characterization. It can 
effectively separate and identify the mixtures produced by thermal pyrolysis of polymers 
which provides a new way to study the thermal decomposition of polymers at the 
molecular level. The pyrolysis- gas chromatography-mass spectrometry (Py-GCMS) 
method is suitable for samples in any states and the samples need not to be separated 
and purified in advance. This feature is extremely beneficial for the study of insoluble and 
infusible polymers. When pyrolyzing a certain polymer, the mass spectra of products 
obtained have the characteristics of fingerprints, which can qualitatively identify the 
target polymer.

In this study, three sets of polymer samples including PP, HDPE and LLDPE were 
analyzed by pyrolytic gas chromatography-mass spectrometry. The specificity of each 
sample was shown by comparing fingerprints of pyrolytic products.
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Experimental
Sample Preparation and Extraction

All polymer samples (Table 1) were obtained from customer 
laboratories and were cut into small pieces (ID 0.5 mm) using a 
cutter. Then, the sample was put into a quartz tube by a tweezer 
before analysis. Gloves were used to avoid contamination during 
the whole sample preparation process. 

Instrumentation

The PerkinElmer Clarus® SQ8 Gas Chromatography/Mass 
Spectroscopy operating in electron ionization (EI) mode 
with CDS Model 6150 Pyroprobe was used to perform these 
experiments. The 6150 pyroprobe was connected to GC with 
a heated sample line. The conditions are presented in Table 2. 
A PP sample and a HDPE sample were heated to different 
temperatures for 15 seconds, respectively, to determine the 
temperature that the main carbon chain in samples was 
pyrolyzed. A PerkinElmer Elite 5MS column (30 m x 0.25 mm  
x 0.25 µm) was used to separate the pyrolysis products. 

Results and Discussion 
In order to determine the pyrolytic temperature that, a series 
of pyrolytic temperatures were set on 6150 Pyroprobe, from 
100 to 1000 °C. Figure 1 shows the total ion chromatograms 
(TICs) for a series of runs on a HDPE HD5502FA sample. 
Few chromatographic peaks were on TICs at 100 to 400 °C 
of pyrolytic temperatures, which shows the main chain of 
HDPE didn’t rupture in the experiment conditions. At 500 to 
800 °C of pyrolytic temperatures, a regular pattern distribution 
of peaks was observed on the TIC. The products included a 
series of hydrocarbon compounds from C3 to C27, They are 
the characteristic peaks, including dienes, alkenes and alkanes, 
formed from long-chain alkanes random scission, indicating 
the carbon chain scission and recombination reactions at this 
temperature. At 900 and 1000 °C, high pyrolytic temperatures 
made the HDPE sample produce more and more small molecular 
weight products, such as propylene, 2-butene and so on. For 
LLDPE, the TICs show a similar trend with pyrolytic temperature 
changes. Figure 2 shows the TICs for a series of runs on a PP 
K8003 sample. The main pyrolytic product, 2,4-dimethyl-1-heptene 
(RT=4.82, 4.76 or 4.74 min), was produced from 500 °C. With the 
increase of pyrolytic temperature, high molecular weight products 
were replaced by small molecular compounds. In order to obtain 
the typical pyrolysis chromatograms and keep the system clean, a 
550 °C of pyrolytic temperatures was used in this study.

Table 1. Calibration Standards.

Sample 
Type Grade Sample 

Type Grade Sample 
Type Grade

PP S2040 HDPE HD5210AA LLDPE LL0201AA
PP S1003 HDPE HD5301AA LLDPE LL0220AA
PP K4912m HDPE HD5401AA
PP K8003 HDPE HD5502FA

Table 1. Polymer sample list.

CDS 6150 Pyroprobe Parameters 
Set-point From 100 to 800 or 1000 °C for 15 s
Interface 300 °C
Valve Oven 300 °C
Transfer Line 325 °C
GC Parameters
Analytical Column Elite-5MS (30 m x 0.25 mm x 0.25 µm)
Inlet Temp 280 °C
Carrier gas Flow Rate 1 mL/min
Split Ratio 20:1
Initial Oven Temp 35 °C
Oven Hold 2.0 min
Ramp 20 °C/min
2nd Oven Temp 280 °C
Oven Hold 4 min
MS Parameters
Mass Range (amu) 33 to 550
GC Inlet Line Temp 280 °C
Ion Source Temp 250 °C
Function Type SIFI
Ionization EI

Table 2. Analytical parameters.

Figure 1. Total ion chromatograms (TICs) for a series of runs on a HDPE HD5502FA 
sample. (The sample was heated to 100, 200, 300, 400, 500, 600, 700, 800, 900 and 
1000 °C, respectively.)
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Figure 2. Total ion chromatograms (TICs) for a series of runs on a PP K8003 sample.  
(The sample was heated to 100, 200, 300, 400, 500, 600, 700 and 800 °C, respectively.)

LLDPE is a copolymer of ethylene and a small amount of 
advanced alpha-olefins, such as butene-1, hexene-1, octene-1, 
tetramethylpentene-1, etc., formed by high pressure or low-
pressure, with a density between 0.915 and 0.940 g/cm3. HDPE 
is usually formed by the Ziegler-Natta catalyst polymerization 
method. There are no branches on the molecular chain of 
HDPE. The molecular chain is arranged regularly. The relative 
density of HDPE is 0.941~0.960 g/cm3. Figure 3 shows the 
TICs of pyrolysis products for a LLDPE sample (LL0209AA), a 
HDPE sample (HD5502FA) and a PP sample (K8003) at 550 °C 
of pyrolytic temperatures for 15 seconds. The main pyrolysis 
products for LLDPE were the same as those for HDPE, including 
dienes, alkenes and alkanes from C3 to C27. The products came 
from the random scission of the polyethylene carbon chain. The 
compounds with shorter elution time, such as RT=1.77, 1.84, 2.00 
and 2.42 min, were alkenes from C3 to C6. The compounds with 
retention time from 3.23 to 4.37 min were alkenes and alkanes for 
C7 and C8. From 5.24 min, the diene compounds were observed. 
The compound with 5.24 min of retention time was 1,8-nonadiene. 
The compounds with longer elution time were dienes, alkenes 
and alkanes from C9 to C27. The products for PP were different 
and lacked in regularity, including 2,4-dimethyl-1-heptene, propene, 
pentane, 2-methyl-1-pentene, 2-methyl-1-pentene, 2-isopropyl-
5-methyl-1-heptanol, trans-1,4-dimethylcyclooctane, 5-ethyl-
1-nonene, 2-hexyl-1-decanol, neophytadiene, etc. The yield of 
2,4-dimethyl-1-heptene headed the list of all products with 19.28%. 
The second one was 2-isopropyl-5-methyl-1-heptanol with 8.70%. 
The yield of propene was 5.75%. 

Chemical Additives Impact on Product Properties: In 
manufacturing, manufacturers usually add a variety of additives to 
produce polymers with different properties, such as antioxidants, 
erucamide, calcium carbonate, etc. Product properties and 

Figure 3. The TICs of pyrolysis products for a LLDPE sample (LL0209AA), a HDPE 
sample (HD5502FA) and a PP sample (K8003) at 550 °C of pyrolytic temperatures  
for 15 s.

applications can be verified based on manufacturers’ websites 
according to product grade. The difference for additives may 
affect the type and yield of pyrolysis product. In this study, three 
regular patterns were found in the TICs of the HDPE samples.

Figure 4A shows the TICs of pyrolysis products for four HDPE 
samples. The products were a series of dienes, alkenes and 
alkanes which can be seen clearly on the partial enlarged 
view (Figure 4B). Figure 4B shows the peaks for C10 to C13 
compounds. The middle ones in each group of peaks were 
alkenes with the biggest peak height. The peaks in front of alkenes 
were dienes and the ones behind alkenes were alkanes. The area 
percentage of dienes, alkenes and alkanes for C10 compounds 
was calculated to study the relationship of three products yield, 
as shown in Table 3. The yield of dienes was regular, green > blue 
> red > purple (Figure 5). That means HD5401AA > HD5210AA > 
HD5301AA > HD5502FA. The order for alkanes yield was on the 
contrary, purple > red > blue > green. For the peaks of C11 to C13 
compounds, the yield of dienes and alkanes shows the same 
regular pattern of C10 compounds. The peak area of dienes, 
alkenes and alkanes for C11 to C13 compounds of four samples 
was also shown in Table 3. 

Product Type

Area %

HD5210AA HD5301AA HD5401AA HD5502FA

C10
Diene 9.88 8.62 12.97 8.20
Alkene 82.21 79.09 87.03 75.05
Alkane 7.91 12.28 0 16.75

C11
Diene 13.93 11.61 15.96 9.27
Alkene 73.48 71.35 78.26 64.61
Alkane 12.58 17.04 5.78 26.13

C12
Diene 16.59 15.03 19.83 12.88
Alkene 69.37 64.34 73.78 57.92
Alkane 14.05 20.63 6.39 29.21

C13
Diene 20.5 18.16 24.88 16.38
Alkene 62.74 64.13 68.26 59.4
Alkane 16.76 17.71 6.86 24.21

Table 3. The area percentage of dienes, alkenes and alkanes for C10 to C13 compounds.
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Figure 4. The TICs of pyrolysis products for four HDPE samples at 550°C of pyrolytic 
temperatures for 15 s (A) and the partial enlarged view (B).

A

B

Figure 5. The area percentage of dienes, alkenes and alkanes for C10, C11, C12 and 
C13 compounds.

Several small peaks show a slight difference on four TICs.  
Figure 6 shows a partial enlarged view of four TICs. The peaks 
with 5.35 and 5.37 min of retention time were styrene. The peaks 
at 6.07 and 6.08 min were benzaldehyde. The order of styrene 
and benzaldehyde yield is the same as that of dienes yield.

Some other compounds were produced except the groups of 
dienes, alkenes and alkanes at 550 °C of pyrolytic temperatures 
for 15 seconds, such as methylcyclopentane, styrene, 
benzaldehyde, naphthalene, phthalic acid, dimethyl phthalate and 
so on. The overall yield of dienes, alkenes and alkanes for C5 
to C27 compounds shows a regular pattern which was on the 
contrary of dienes yield, HD5401AA < HD5210AA < HD5301AA 
< HD5502FA. That means the yield of other compounds for four 
HDPE samples shows the same order of dienes yield. 

In all, the sample with high diene yield, such as HD5401AA, shows 
more pyrolysis products except dienes, alkenes and alkanes. The 
sample with high alkane yield, such as HD5502FA, shows more 
regular pyrolysis products and high overall yield of diene, alkenes 
and alkanes. These small but stable differences on TICs can be 
used to distinguish HDPE samples with different grades, although 
we don't know the name and the amount of additives to speculate 
the specific reasons of pyrolysis products for each sample.

Figure 7 shows the TICs of pyrolysis products for two LLDPE 
samples. The products were a series of diene, alkenes and 
alkanes, which were the same as those for HDPE samples. The 
yield of alkanes was a little higher than diene compounds for the 
sample of LL209AA. For the sample of LL0220AA, the yield of 
dienes vs. alkanes was not in order. 

The TICs of pyrolysis products for four PP samples were shown 
in Figure 8A. More pyrolysis products were visible on the TIC 
of the sample of PP K4912m, as shown in Figure 8B. The extra 
products were straight-chain and branched alkenes and alkanes, 
formed from long-chain alkanes random scission. The products 
for other three PP samples were very similar, as shown in the 
TICs. The slight differences were shown on the partial enlarged 
view (Figure 9A and B). The first difference was the yield ratio for 
carbon dioxide (RT=1.58 min) and propylene (RT=1.75 min), as 
shown in Figure 9A. The peaks of dimethylcyclopentane (RT=3.18 
min) and 2-methyl-1-heptene (RT=4.22 min) were observed on 
the TIC for the sample of PP K8003. The peaks of two products 
were very small on the TIC for PP S1003. The sample of PP 
S2040 did not have the two products. In Figure 9B, the peaks 
of 1-undecene were shown with 7.10 and 7.11min of retention 
time on the TICs for the PP S1003 and PP K8003 samples. The 
sample of PP S2040 did not have this product. 

In all, the sample of PP K4912m produced the most varieties of 
pyrolysis products, PP S2040 the least. The samples of PP S1003 
and K8003 had the similar fingerprints.

Figure 6. The partial enlarged view of TICs for four HDPE samples at 550°C of 
pyrolytic temperatures for 15 s.

Figure 7. The TICs of pyrolysis products for two LLDPE samples at 550°C of 
 pyrolytic temperatures for 15 s.
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Conclusion
The pyrolysis and the analysis of products was easily 
performed using a PerkinElmer Clarus SQ8 GC/MS coupled 
with a CDS Model 6150 Pyroprobe. Benefits from utilization of 
pyrolysis technology in this experiment include simplification 
of , the sample preparation process was greatly simplified in 
this, eliminating the complex, time consuming extraction of  
organics of a solid matrix sample in a cost effective manner.  
experiment. The method is simple, time saving and cost 
effective. It does not require complex extraction of organics 
from a solid sample. The fingerprints of pyrolysis products 
for polymer samples were studied to illustrate the specificity 
of polymer samples with different additives typically used to 
amplify particular or desired properties.

Figure 8. The TICs of pyrolysis products for four PP samples at 550°C of pyrolytic 
temperatures for 15 s (A) and the partial enlarged view (B).

Figure 9. The partial enlarged view of TICs for PP S1003, K8003 and S2040 samples 
at 550°C of pyrolytic temperatures for 15 s.
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