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CDS ANALYTICAL PYROLYSIS LIBRARY
INTRODUCTION

Analytical pyrolysis is the most direct way to use a gas chromatograph for the analysis and
identification of polymers. Since polymer molecules in general are too large to be compatible
with analysis by gas chromatography, pyrolysis is used to break these molecules into smaller
pieces which are volatile enough to pass through the GC column. The mass spectrometer
may then be used as in any analysis by GC-MS, to identify the individual peaks in the pyrogram,
which are fragments and degradation products of the original macromolecule. Figure 1 shows
a typical example of polymer analysis by Py-GC/MS, polypropylene at 750°C, with a spec-
trum of the peak at 5 minutes shown below it. Figure 2 shows the comparison of the mass
spectrum from that peak to the library spectrum of 2, 4-dimethyl heptene, which is the trimer
of propylene. Other polyolefins pyrolyze to produce pyrograms of fragment molecules, for
example the normal hydrocarbons seen in a pyrogram of polyethylene, or a combination of
normal and branched hydrocarbons seen in a copolymer of ethylene and propylene, shown in
Figure 3.

The pattern of peaks created by the pyrolysis products of a polymer is frequently characteris-
tic for that polymer in the same way that the pattern of mass fragments in a mass spectrum is
characteristic of a specific molecule. It is therefore a logical extension of the process to try
pattern recognition techniques to match unknown polymers to pyrograms of known materials
and thereby identify the unknowns.

Unfortunately, the pattern of peaks in a chromatogram is more difficult to reproduce and
recognize than the pattern in a mass spectrum, since the spacing along the x axis (time) is
variable with column dimensions and pneumatic parameters. In addition, a reconstructed ion
chromatogram consists of thousands of individual spectra, making it a very large data file, so
storage of pyrograms for comparison rapidly uses disk space.

The data analysis software of the mass spectrometer permits averaging spectra under a
peak, which produces a single spectrum representative of a section of the chromatogram.
There is no limit on the amount of time which may be incorporated into this averaging, and, in
fact, the entire chromatogram may be averaged and stored as a single spectrum, requiring
only about 0.02% of the disk space needed to store the original chromatogram. This aver-
aged spectrum for the pyrogram may be added to the mass spectrometer’s library, or a new
library of pyrolyzed polymer spectra created. The computer of the mass spectrometer can
search and match these spectra to identify unknown polymers just as it does for the mass
spectra of individual compounds. The averaged mass spectra for the pyrograms become a
simulated pyrolysis-mass spectrum, independent of chromatographic conditions. The combi-
nation of the averaged mass spectra and the pyrogram tic provides a very powerful two-
pronged technique for the analysis of polymeric systems, since it permits analysis of the
individual peaks in the pyrogram using standard searching libraries while providing the chro-
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Instead of selecting one mass spectrum from the TIC, you can average the mass spectra
from a peak, region, or the whole chromatogram. This is a single mass spectrum which
averages all the data for the entire chromatogram obtained by pyrolyzing polypropylene.
This single, average spectrum may be stored in a library and compared to other spectra,
especially to spectra obtained for known materials.
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matographic pattern characteristic of the polymer and also permits use of the existing com-
puter searching techniques to be applied to the polymer as a whole.

Figure 4 shows an average spectrum for all the peaks in the pyrogram of polypropylene
shown in Figure 1. If this spectrum is searched in a library of spectra produced for a variety of
polymers, it is matched to the polypropylene spectrum. Another example is shown in Figure
5. At the top is the pyrogram of poly vinyl chloride, pyrolyzed at 750°. When pyrolyzed, PVC
eliminates chlorine as HCI, then the carbon backbone cyclizes to generate aromatics. At the
center of Figure 5 is the spectrum for the peak at 1.9 minutes, which identifies this peak as
benzene. Other aromatics, including naphthalene, are present in the pyrogram, while the
HCIl is the first large peak to elute. The averaged mass spectrum for the whole pyrogram,
shown at the bottom of Figure 5, includes significant peaks at 36, from the HCI, 78 from the
benzene, as well as higher masses from larger aromatics.

Just as the pyrograms of different polymers should be distinguishable, the averaged mass
spectra from these pyrograms should be specific for each polymer. Figure 6 compares the
averaged mass spectra for four different polymers - a polyolefin, an acrylic, a polyamide and
a polyester - all clearly different. Within a group, different polymer formulations may be distin-
guished by pyrolysis-GC, and should still generate different averaged mass spectra. Aver-
aged mass spectra for pyrograms of Nylon 6, 12, 6/6 and 6/12 are shown in Figure 7, reveal-
ing some similarities, as well as some significant differences.

When applying this averaged spectrum concept to actual sample materials, the presence of
non-polymeric materials, additives, contaminants and so on may introduce peaks in the
pyrogram and in the mass spectrum prepared from it which could reduce the quality of match-
ing with the library spectra. None-the-less, the results of the library search should at least
give direction in the investigation of the unknown. In Figure 8, a pyrogram is presented which
was obtained from colored carpet fibers. The pyrogram was averaged, then searched in the
polymer library, and the best fit was for Nylon 6/6. This identification was subsequently
confirmed by a comparison of the pyrogram of the carpet fibers to a pyrogram of Nylon 6/6
reference material.

Figure 9 shown a pyrogram for Tygon tubing, which includes peaks for HCI, benzene, naph-
thalene, and other aromatics, indicating PVC. In addition, there is a large peak at about 25
minutes not seen in PVC, which the mass spectrometer identifies as bis-2-ethylhexyl phtha-
late, a plasticizer. The averaged spectrum for the pyrogram up to 25 minutes (excluding the
plasticizer) is recognized by the data system as PVC. If the total pyrogram is averaged, as
shown in the center of Figure 9, it now contains a large peak at 149. This spectrum may be
added to the library as PVC plus the plasticizer, and in future analyses, plasticized PVC can
be identified for both the polymer and plasticizer used.

A final example is shown in Figure 10. This is a sample of clear plastic taken from a storage
box made for computer disks. When pyrolyzed, it produced styrene monomer, dimer and

Pyrolysis Library Manual 7



Abundance

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time =

A b un

Abundance

10500
10000
9500
9000
8500
8000
7500
7OO0Oo
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

m/z--=

FIGURE 5

TIC: PYMS17.D

PYROGRAM OF PVC

ul NJMAK |

= = o
\H‘
t

T T T T T
10.00 15.00 20.00 25.00 30.00

5.00
S can Z 72 (1.9 59 m ind)>: P Y M S 1 7 D
7 =

SPECTRUM FROM PEAK AT 1.9 MINUTES (BENZENE)

131 s 3 = = =z 1 o

o a0 50 60 70 =0 o

36

‘ . H‘ \H ‘ =
t t T T T T ! T T r T T T T T T T T

a
©1 O ClL 1 €1 Z C1 S C1L A4ClL S ClL 6 Cl 7 €1 8 Cl 9 =2 O C= 4 =2 =2 O

Average of O.140 to 34.892 min.: PY MsS17.D

AVERAGE OF ALL SPECTRA FOR PYROGRAM

78
1049
128 207
165 ’
. 281
L H‘MHM‘H\L. I 187 1229292 7 | 502 331as5e376 aotazs aso
100 150 200 250 300 350 400 450

Pyrolysis Library Manual 8



Abundance

=

Abund

" /= -
Abund

Abund

m /= -

osso0o

socoo

sso00

2000

7soo

7ooo

ssoco

sococo

ssoo

sococo

asoco

aococo

)

s=ooco

zZsoo

z=ooco

1s00

1000

a

FENNOGOEAMDOOONNOQOOO

a

FRENNWRAMMODOOONNDOOO

soo

Nnce

s 00

ocoo
s oo
ocoo
s 00
ocoo
s 00
ocoo
s oo
ocoo
s oo
ocoo
s 00
ocoo
s 00
ocoo
s oo
ocoo

s00

e e FIGURE 6
AVERAGED PYROGRAM SPECTRA FOR POLYMERS

POLYETHYLENE

=a
==o
s =oo L

= = 3 =os a==
R il i T P . T e R e S A
ZO ZA40 260 280 TOO B2O BA40 TEO 8O 400 A0

#2Za: Polymethylm ethacry late

POLY METHYL METHACRYLATE

100

, . 20 7
Y o ‘*‘Z‘GL‘T‘:’ 1es  T’227253 221 309331__369__Aa404a___AaAa1l_aA69493.
so 100 1s0 =z2oo =250 =00 =50 aoo aso
#14a4: Nylon &
zo7
B =>sa
i§31‘541 7o, l=z=s 2‘5.3 i S1a1331 355378401 Aa251a4€166_aoa
1s0 zoo =250 zo0o0 =50 aoco aso

Ll
Y

#20: Polyethylene terephthalate
=

POLY ETHYLENE TEREPHTHALATE

2o 7
10s
17s

‘ zo 7

50

M M‘J\ 130 l\! m lL . “ =227 A =72 L, B21zs337 7397 ABzas3_as3
100 150 zoo 250 =zZoo 350 aoco aso

-

Pyrolysis Library Manual 9



Abundan

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

FPENNOOAMDMOOOONNODOOO
gooononomomoMOMOMONM

m /= -
Abund

a

50
oo
s50
oo
50
oo
s50
oo
50
oo

A0 ONNOOOO

s50
a4 00
50
oo
s50
oo
50
oo

FRENNWO

s 0

m /= -
Abundan

50
oo
50
oo
50
oo
50
oo
s 0
oo

AOO00ONNOOOO

s 0
a4 00
s 0
oo
s 0
oo
s 0

FERENNGW

oo
s 0

Abundanc

s50
oo
50
oo
50
oo
50
oo
s50
oo
s50
a4 00
50
oo
50
oo
50
oo
s 0

A0 ooNNOOOO

ERNNWO

m /= -

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

" 00000000000000000000 0 00000000000000000000 0

00000000000000000000

#14a: Nylon &

FIGURE 7

13
sa
=207
‘ , =>sa
=& " ‘“I\H\‘ .”\ \‘”‘LE@E'I sa1 79, | 22 253 i 2113131 355378401 425146466 A49Aa
f T T T T T T T
5 0O 100 150 =200 =250 300 3250 4 0O O a4 5 0O
#A1LO9: Nylonmn 1=
4
=207
so
H oo ) _==a
PP, >2s=
N s sa 220
L wul“. \\\‘IHHMHH\‘H TP v D =z2z2s . so=z2 PFlssaszizes__a=27 _avoap9=_
so 100 150 =zoo =250 =oo =50 aoo aso
#32: Nylon 6/6
<
o
207
H L= 253
1 8 4 - = S C =283 _
hh\Uhhhum‘m.w” Wit L2 2= i L 201 B21355 38140542746 a7o
} T T T T T
1s0 zoo z2s0 =00 =50 aoco aso
18 : Nylon &/ 2
< NYLON 6/12
=207
7=
o=
1zs \ s= =2sa
‘LUH.\HJ\”Mw.f\?c" 77 lz=2o . soe2Flasszr7a00___assass_ _aoa
5 0O 100 150 =200 =250 300 3250 <1 0O O a4 5 0O

Pyrolysis Library Manual 10



Abundance
TIC: SPEO6.D

FIGURE 8

2600000
2400000 | PYROGRAM OF CARPET FIBERS
2200000
2000000
1800000 -
1600000 -
1400000 4
1200000 -
1000000 -

800000 -

600000

400000 -

200000

o T T T T
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time--=

Abundance

Average of 0.657 to 30.074 min.: SPE06.D
41

84

207

110

133154

ol 84 | 208253 281 310331355375 405425446 472492
bl S £E5 =37 Fy o 310952 395375 405425446 47241

50 100 150 200 250 300 350 400 450 500

miz>  _ MASS SPEC IDENTIFIES AVERAGE SPECTRUM AS NYLON 6/6

#32: Nylon 6/6
41

9000 1
8000 |
7000 ]
6000 1
5000 1
4000
3000 69

2000 4 110
1000 - I 207

184 | 228253 2813091 331355 381405 446 479
pu WL EEE T PP TS0L 331 355 381405 240 479

1314954
89 ‘mih\u\.; gl —

50 100 150 200 250 300 350 400 450 500

0 -

m/z-->

Pyrolysis Library Manual 11



Abundance

TIC: SPE12.D FKHJREEQ

.6e+07 -

.5e+07 -

PYROGRAM OF TYGON
TUBING

. 4e+07 -
.3e+07 -

.2e+07 -

PR R R R R

L 1le+07
1e+07 o
9000000 -
8000000 -
7000000 A
6000000 A
5000000 A
4000000

3000000 -+

2000000 -
1000000 - L l A\ J
o . T eyl 1 L SORS!

(B L T e e e e e e
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time-->

Abundance

Average of 0.240 to 32.388 min.: SPE12.D
149

9000
8000
7000
6000
5000
4000
3000 - 57

36
2000 §

1000 | ‘ g3 104 pos 279
JMVAJLMMN‘hﬁ}%‘” 178 1 228 253 L 300331355 391411433455475495_
50 100 150 200 250 300 350 400 450 500

m/z-->

Abundance  MASS SPEC IDENTIFIES AVERAGE SPECTRUM AS PVC WITH PLASTICISER

#36: PVC with bis-2ethylhexylphthalate
149

9000 -
8000 -
7000 A
6000 A
5000 -
4000 -
3000 -

36
57
2000 -
1000 ] l ‘%8 279
‘W.MHWMM
50

104

\ hmlﬁg 179 297
1RO O 1 e

L e e

229 253
o

M

.. 302 331355 390412435455475496
e e B e L e e o
100 150 200 250 300 350 400 450 500

m/z-->

Pyrolysis Library Manual 12



Abundance

TIC: SPEOS5.D FIGURE 10

.5e+07 A

4e+07 PYROGRAM OF PLASTICFROM STORAGE BOX

.3e+07 -

.2e+07

R R R R R

. 1le+07 A

le+07 -

9000000 A

8000000 A

7000000 -

6000000 -

5000000 A

4000000 7

3000000 A

2000000 A

1000000 - h

0 1

A ‘LL . ISV IJLI‘A“L ?MJA‘JAAJA‘ TR ww , M

T L { Y T e
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time--=>

Abundance

Average of 0.241 to 30.329 min.: SPEO05.D
104

9000 -
8000 -
7000 -
6000 -
78
5000 -
40004 51
3000 -

2000 -

165 | |220 253 281 312 346 378 405428451473494
‘ bl ZE 223 290 TS 846 378 4054284514734

I
50 100 150 200 250 300 350 400 450 500

1000 4 H 129 194
\H\ “H\“H‘\Jl "\ ‘l |‘| \‘hJ

m/z-->

Abundance  MASS SPEC IDENTIFIES AS STYRENE/BUTADIENE COPOLYMER

#12: polystyrene(85%)/butadiene(15%)
104
9000 A
8000 A
7000 5
6000
78
5000 A
4000 -
51
3000 1

2000 A

1000 1 129
e MWIL“W m‘165185?98230 362284‘312332%54 446 480
T T T T T T T T I I T T T T T T T T T T I I I ‘Y_Y_Y_'_Y_Y_Y*

50 100 150 200 250 300 350 400 450 500

m/z-->

Pyrolysis Library Manual 13



trimer, indicating polystyrene, which is a logical choice for this kind of material. When the
pyrogram was averaged and searched, however, the best fit was for a copolymer of styrene
and butadiene, not for pure polystyrene. Closer investigation of the smaller peaks in the
pyrogram did reveal the presence of butadiene oligomers, information which may have been
missed by just a visual inspection of the pyrogram.

This manual contains a list of samples such as polymers and copolymers which have been
pyrolyzed, typically at 750°C. The pyrogram, using a HP-5 capillary column, and the aver-
aged spectrum for the whole pyrogram are displayed together for each sample. The aver-
aged pyrolysis mass spectra for the samples have been compiled as a library called “Pyroly-
sis” (Pyr2003.1) and may be searched for matching to pyrolysis spectra produced the same
way for unknowns. As additional information, the pyrograms themselves may be compared
for similarity of pattern to the pyrogram of the unknown material.
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INSTALLATION

The pyrolysis identification library is used just as any other library in the mass spectrometer
for searching matches. The only difference is that the spectra in the pyrolysis library are not
spectra of pure materials, but composites of all the peaks in pyrogram. The pyrol.|l library is
installed from the disk onto the data station hard drive, as for any other library of spectra.
Installing it into the Chemstation Database location permits easy selection of the pyrolysis
library for searching the whole pyrogram, and easy return to the standard library (for example,
NBS75K.1) for identifying individual peaks in the pyrogram.

To install the library, insert the floppy disk or CD into the appropriate drive of the computer. In
the Windows Explorer program, click on that drive to display the files on the disk. Select the
pyr2003.I file and copy it to the Database section of the Chemstation [C] hard drive, either by
the copy function or just dragging it to the right location with the mouse.

The Database section of the hard drive should show both the standard library and the pyroly-
sis library now (along with some others possibly, such as Demao.l).
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USING PYR2003.L

The standard library of spectra (such as the NBS75K.l) should be used as usual for identify-
ing the pyrolysis materials which elute as individual peaks in the pyrogram. When the run is
complete, the entire pyrogram should be averaged, just as the spectra for a single peak could
be averaged, but for the whole pyrogram. It will probably take the computer a minute to do
this, but when it is done, it will display the averaged spectrum.

To search the pyrolysis library for a match to this spectrum, click on SELECT LIBRARY in the
SPECTRUM menu, and change from C:\\DATABASE\NBS75K.L (or whatever the current
library is) to C:\DATABASE\PYR2003.L.

The computer will now search the averaged pyrogram spectrum against the library of aver-
aged polymer pyrogram spectra, and present the best match in the same way that it does for
an individual peak.

For the maximum information, it is advised that the individual peaks in the pyrogram be searched
using a standard library in addition to searching the averaged pyrogram spectra. This not
only gives confirming information that the proper pyrolysis products are present in the pyrogram,
but will help identify materials which may be present in the pyrogram but which are not actu-
ally pyrolysis products, such as residual solvents, plasticizers and contaminants.
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£D s Analytical, Inc.

LIBRARY OF PYROGRAMS

Sample name
LIST
LIST
LIST
Acrylic Paint (Artist) Yellow
Adhesive (Rubber cement)
Adhesive (Temporary, acrylic)
Adhesive (Temporary, label)
Amber (Baltic)
Butyl Rubber
Cellulose Acetate (with diethyl phthalate)
Copal (Brazil)
Ethylene/Propylene Rubber
Filter (Cigarette, cellulose acetate with triacetin)
Glue (Hide, solid)
Kevlar
Kraton 1107
Motor Oil (Synthetic)
Nylon 11
Nylon 12
Nylon 6
Nylon 6/10
Nylon 6/12
Nylon 6/6
Nylon 6/9
Nylon 6T
Oil Paint (Artist) Red
Paper (with temporary adhesive)
Paint (Epoxy)
Petroleum Oil (Crude)
Poly 1-Butene
Poly 4-Methyl-1-Pentene
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Poly Acrylamide

Poly Acrylonitrile

Poly alpha-Methyl Styrene

Poly Butyl Acrylate

Poly Butyl Methacrylate

Poly Caprolactone

Poly Chloroprene

Poly Dimethyl Siloxane

Poly Epichlorohydrin

Poly Ethyl Acrylate

Poly Ethyl Methacrylate

Poly Ethylene

Poly Ethylene (16%) in Polypropylene
Poly Ethylene (25%) in Polypropylene
Poly Ethylene (7%) in Polypropylene
Poly Ethylene (9%) in polypropylene
Poly Ethylene Glycol

Poly Ethylene Oxide

Poly Ethylene Terephthalate

Poly Isobutylene

Poly Isoprene

Poly Luaryl Methacrylate

Poly Methyl Acrylate

Poly Methyl Methacrylate

Poly Propylene (atactic)

Poly Propylene (isotactic)

Poly Styrene

Poly Styrene (28%) Butadiene (72%)
Poly Styrene (70%) Acrylonitrile (30%)
Poly Styrene (85%) Butadiene (15%)
Poly Styrene/Allyl Alcohol

Poly Styrene/Butyl Acrylate

Poly Styrene/Ethylene-Butene

Poly Tetrafluoroethylene

Poly Urethane (Polyester)

Poly Urethane (Polyether)

Poly Vinyl Acetate

Poly Vinyl Alcohol

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
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Poly Vinyl Chloride

Poly Vinyl Chloride with bis-2-Ethylhexylphthalate
Poly Vinyl Chloride/Vinyl Acetate

Poly Vinyl Chloride/Styrene/Methyl Methacrylate
Poly Vinyl Fluoride

Poly Vinyl Toluene

Poly Vinylidine Chloride

Rayon

Rubber (Ethylene 54.2%/propylene)

Rubber (Ethylene 78.6%/propylene)

Rubber (Tire)

Rubber (Tire)

Shampoo

Sunblock (SPF40)

Tobacco (Cigarette)

Tobacco (with menthol)

Tape (Clear, whole with adhesive and plasticiser)
Toner (Styrene, BA, 2-ethyl Hexyl Acrylate)
Toner (Styrene, BA, BMA)

Toner (Styrene/Butyl Acrylate)

Viton A

Water Color (Artist) Red

Wool (Brown)

70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
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