EiCDSolutions

APPLICATIONS INFORMATION USING ADVANCED SAMPLE HANDLING TECHNOLOGY

Pyrolysis-GC of Natural Fibers

Analytical pyrolysis is the process of
using heat energy to break the molecular
bonds in large molecules, creating smaller,
volatile compounds which can then be
analyzed by common techniques such as
gas chromatography, infrared spectrome-
try, and direct mass spectrometry. Since
the bonds in each molcule break in a
predictable way, depending on their
energy, a pattern of small molecules
results which can be used to identify the
original material. Polymers are particu-
larly suitable for analysis by pyrolysis
because their large size makes them
difficult to analyze. Pyrolysis-GC has
been used for decades in the analysis of
synthetic polymers such as polyolefins,
PVC, synthetic rubbers, etc., including
the study of materials used to make
textile fibers (polyester, acrylics, and
Nylon, to name a few).

The same methods may be used to
investigate the properties and chemical
nature of natural polymers and the fibers
made from them. Plant fibers such as
cotton, hemp, and flax are polymers of
glucose in the form of cellulose. Animal
fibers such as wool, angora, and silk are
proteins. Upon pyrolysis, the particular
sugars or amino acids that compose the
polymer will break apart in predictable
ways, and the original polymer can be
easily identified from the breakdown
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products.

When heated to 700 C, cellulose undergoes
a variety of degradation mechanisms, chiefly
eliminating water and carbon dioxide, but
producing a wide range of organic molecules
as well. Figure 1 shows the chromatogram
that results from the pyrolysis of cotton
thread at 700 C for ten seconds.

The proteins found in wool and silk produce
completely different pyrolysates when heated.
Examples of this are shown in Figures 2 and
3. Here, the major fragments are aromatics
and phenols generated from the pyrolysis of
the amino acids tyrosine and phenylalanine,
as well as some smaller fragments.

Because each biopolymer pyrolyzes to pro-
duce its own characteristic fingerprint of
pyrolysis volatiles, these fibers are easy to
distinguish from each other. The content of
fiber blends may also be determined using
this technique. When a textile fiber is
comprised of more than one type of polymer,
each of the polymers still pyrolyze to pro-
duce its characteristic chromatographic peaks
so that the nature of the blended material
may be elucidated.

Instrumentation

Pyrolysis

CDS Model 1000 Pyroprobe, coil probe
with sample in quartz tube

Temperature: 700 C

Time: 10 seconds

Ramp: 20 C/mSec

Gas Chromatography

Column: 50 x 0.25 mm SE-b4

Detector: FID

Split Ratio: 60:1

Oven: 50 C for 3 minutes, then 8
C/min to 300 C

Carrier Gas: Helium
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ABOUT CDS

CDS Analytical, Inc. is a leader in the design and manufacture of laboratory instruments for sample preparation
and analysis. With 25 years experience in the field, CDS is dedicated to providing the best possible instruments
for both research and routine analysis. Well known in the field of analytical pyrolysis, CDS manufactures the
Pyroprobe 1000 and 2000 for the introduction and analysis or solid materials by GC, MS and FT-IR. CDS offers
a complete line of purge and trap instruments for the analysis of volatile organic compounds in the environmental,
food and pharmaceutical areas, as well as custom systems for complex, multicomponent materials investigation.
Qur customers, their requirements and applications are important to us. To help meet their needs, we offer a
wide range of analytical information and the services of our applications laboratory. If you would like additional
information, please contact us at the address below, or call us at 1 800 541 6593.

CDS Analytical, Inc. 7000 Limestone Rd., P.O. Box 277, Oxford, PA USA 19363-0277 Ph: 610 932 3636



