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Recent i‘eports have m'd concerning pyrolytic gas chrooatographi
studies for a series of polyoers, including halogensted vinyl Ml’lﬂ".l-

- Hovever, few vorkers have related polymer structure snd pyrolysis studies to
* sooke. Our interest i this thermal degradation of chlorinated vinyl poly-

mers has 1od us to a study of polymer structure and the structursl relation—
shipa of the decomposition products produced upon burning and their subse-
quant sxoke evolution, We hive attempted to ansver certain questions,
including: () Wnhy do certmin vinyl polymers evolve increasing amounts of

. sscke a8 the amount of chlorine is increased? (b) Does the structure of the

polymer being chlorinated have a1y effect on evolved smoke? (c) Is there an

- optismun chlorine content at which smcxe i3 reduced?

To snsver the sbove questions it vas necessary; (1) to demonstrate ‘that
the major pyrolysis products from the thermal degradation of a vinyl polyoer

-ean be related to the azok» evolved from that polyser; (2) to demonstrite
- that total chlorine content of & polsmer is less significant as regards fire

ratardancy and smoke generation than the structural location of the chlorine
atom on the polymer chain; and {(3) to provide information and insight regard-

-ing smoke~evolution properties of chlorinescontainink vinyl polymers. 7o
attaip the sbove objectives, four volymer systems vere studied: polyethylens
(FE), ¢hlorinated polyevnyileze .L5E), polyivinyl ealorile) (PVC!, ana colore -

inated poly(viny} chloride) {CPVC). Initially, tnese poiymers vere pyrolyzed

- using gas chromstographic technique and the major decomposition products wers

ldentified. Then, the s=oke evolution from a series of these polymers vas

hagsured using the Rohm and Haas XP? Sooke Density Chasber, Finally, rela=
tive smoke values vere determined for these decomposition products using the
FRS Smoke Density Chazber. These data vere then used for our evaluation of

. . the effect of structure on the snoke-evolution properties of chlorinated and
’ mhlgrlmtcd vinyl polyners.

-1, Gus Chromategraphie Pyrolysis Studies. liost vinyl polyrers dpcoupc;n

therzally by radical frazcentstion of the polymer chain.? itany types of com=
bustion fragoents have been trapped and {dentified, boettner and co-vorkers
have analyzed the volatile eombustion products of certain vinyl piasties.3d
The main deconposition products are carbon dioxide, carbon monoxide, methane,
hydrogen chloride, and benzene, vhich is the most abundunt nydrocarboen for
FPVC, No oxygen-containing compounds vere found,

The thernal decozpositiom of PE, CPE, PVC, and {FYC has been studied at

‘the Armstrong Researeh and levelopment Center using pyrolytic gas chrozmato-

pl.phy.l‘ Representstive pyrograms for PE and CFE are chown in Figure 1. o
uromatiec pyrolytic decomposition products vere found vith FE, The components
in the ) peak spikes are o,u-diolefin, a~unsaturated olefin, and saturated

paraffin, in order of elution from the colum.. ilass-gpectrographic analysis

- of the pyrolytic decomposition products of Pu ba3 shovn that lov-moleculsr-

weight, essentiaslly straight-chain, fragments are forred,”? These are essen—
tia)ly hydrocarbon fuel-type molecules known to produce little or no sooke on
burning. Arczatic molecules wvere not found and, therefore, the polyoer is
ot expected to avolve appreciable smoke on burping, Substituting a chlerine
ition products and in-
ereases the smoke denmity, Tsuge and co=workers have investigated chlorin=
ated polyethyleres by pyrol;sis ges chromatography.® Shey found that as the
ehlorine/carbon ratio ivcreased, the amounts of aromatic hyd-ocarbons, such
as benzene, toluene, styrene, and naphthaleie, increased, At a C1/0 ratio of
0.1h (C6.82 C)) chlorinsted aromatics, such as chloro- and dichlorobenzenes,
wvere found in appreciable amountsz vhile the yields of unsubstituted aromatics
were reduced, Ue have found that PE requires a higher degree of chlorination
than PVC before the pyrolytic yield of unsubstituted aromatic compounds is
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