THERMAL DEGRADATION OF POLYPROPRY FENE

Robert Bernstein, Steven M. Thornberg, Roger A. Assink, Adriane N. Irwin,
James M. Hochrein, Jason R. Brown, Dora K. Derzon, Sara B. Klamo*f,
and Roger L. Clough

Sandia National Laboratories, Albuquerque, NM, 87185, and *Arnold and Mabel Beckman Laboratories of
Chemical Synthesis, California Institute of Technology, Pasadena, CA 91125 1 Current address: Dow Chemical
Company, 1776 Building, Midland, Ml 48674

Boston ACS Meeting, Aug 19-23 2007

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy’s National Nuclear Security Administration under
contract DE-AC04-94AL85000.

YR N g%
VA'IN &4

National Nuclear Security A dmlnlstratlon




Organic Materials Aging and Degradation

O-rings Nuclear Power Plant Cable Insulation  Aircraft Wire Insulation

13
CH,—CH CH,—CH
CH, CH;

n n

13
CHp CH CHpCH
“CH CH,

3
n n

Labeled Polypropylene Textiles




Labeled Polypropylene

* Prepared 3 polypropylene samples with specific 13C labels

* Goal: Map oxidation products back to macromolecular structure

* Analytical Techniques:
Solid-state NMR (solid products)
GC/ mass spec (volatile products)
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GC Separation of Volatiles
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Possible Mechanistic Schemes
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Various Thermal-oxidative Degradation
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Reaction Mechanisms
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Summary

Methodology for detailed tracking of (complex) polymer degradation

Polymer samples are prepared with selective isotopic labeling (This study
used polypropylene, with 13C)

Analysis by NMR (macromolecular products), and by GC/MS (volatile
products)

Allows “mapping” of products onto positions of origin from original polymer

Provides insights into mechanisms of polymer degradation

A comment on
“Mother Nature’s”
butcher shop
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Studies on the degradation of polypropylene via radiation
Comparison of radiation to thermal mechanistic pathways
|sotopically labeled Nylon 6.6

Search for next labeled polymer for study
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