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This information on the thermal-combustion products of utility
fabrication and construction materials can help utilities evaiuate
potential hazards of squipment and matenials in fire situations
Grouped by chemical composition, the more toxic degradation
products are summarized in the report. However, relative abun-
dance In the utility environment i$ not taken into account

Previous EPRI report EL-4503 presents a literature review of the pyrolysis
and combustion products of polychionnated biphenyi (PCB) substitutes EPAI
extended that work to inciude thermal-degradation products of many utiiity
construction matenais The expanded (iteralure search provides background
for laboratory work currently under way under the same research project

« To search the literature for thermal-degradation products of utibty
maternials,

» To provide background information for seiecting materials to be given pri-
onty in laboratory work.

Investigators reviewed the published Nterature—primanly from 1867 to the
present—on pyrolysis (heating n nitrogen, helwm, or other nert atmo-
sphere), combustion (healing in air of oxygen), or other thermat degrada-
tion of 26 utility matenais. These materials, incluging polymers, rubbers,
adghesves, fiims, fluids, coatings, ang misceilaneous matenats, are used n
slectrical insulation of construction, such as gaskets and wood preservation
The project team grouped the materials according 10 their chemical
composition—whether they contained chlorine, fluorine, nitrogen, and suttur
or only carbon, hydrogen, and/or oxygen

Pentachlorophencl and s sodium salt produce polychiorinated dibenzo-p-
dioxins and polychlonnated dibenzofurans Several polycyche aromatc
hydrocarbons {PAHS). many of which are known carcinogens are produced
from combustion of pyrolysis of polyethyiene, chlorosulionatec polyeinylene
styrene, and creosote Indeed, creosote nseit comprises about 85% PAHS

EPRIEL 49109s
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EPRI
PERSPECTIVE

PROJECT

Thermal degradation of bispheno! A epoxy resin, Creosote, Cross-in<ec
polyethyiene, Kapion, Nomex, polyethyiene, polyeihylene lerephthalate
(Myiar), polystyrene, and polyursthane gives other toxic semivolauie or
solid products of concern These are aromalic amines, phenolic com:
pounds, or aromatic hydrocarbons, Other matenais reviewed incluce
neoprene, six fiuorinated polymers, four nyions, dicyandiamigde (no
thermal-degradation information, however), nitriie rubber, polysuifone
kraft paper, and cross-linked polyethyiene

One appendix of the report summarizes the more loxic degradaton
products from matenals reviewed #ither in this repon of In a previous
EPRI-sponsored ierature search, |n addition, degradation products
from other materials not covered 1n O#lAl 1N ths review are also sum-
manxsad n the hirst appendix, Angther appendix ists the reiative voiatiity,
mnhaianon limits, and other heaith and safety information for most of the
more than 200 thermal-degradation products imted

This report was initially undertaken as the first quarterly report for EPRI
research project RP2028-15, However, because of its excelient makeup,
i1 was expanded for publiCation as an interim report

In addiion 10 its use n selecting pnorities for subsequent laboratory re-
search, this information should aiso provide many insights to utility en-
vironmental enginesrs for expanding their knowledge of commonty
used materials One caveal must be opserved. There was no effort to
categerize matenals based on gquantity usage

RP2028-15

EPRI Project Manager Gii Addis
Elecincal Systems Division

Contractor Midwest Research Institute

For further information on EPR! research programs, catl
ZPRI Technical Information Soecrahsts (415) 855-2411
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ABSTRACT

The published }iterature, primarily from 1967 to the pressnt, 15 reviewed on the
pyrolysis, combustion, or other thermal degradation of 26 utility materials,

These materials include polymers, rubbers, adhes-ves, films, fluids, coatings,

ang miscellaneous matertals. The materials are used for electrical insulation or
construction (gaskets, wood preservation, etc.) Materials reviewed are grouped ac-
cording to tneir chemical ¢composition, that is, by whethe- they contain chlorine,
fiuarine, nitrogen, sulfur, or only carbon, hydrogen, and/or oxygen,

Pentachlorophenol and 1ts sodium salt produce polychlorinated ¢ibenzo-p-dioxins
{"200s) ang polychlorinated dibenzofurans (PCDFs)  Several polycyc)ic aromatic
hydrocarbons (PAHs), many of which are known carcinogens, are produced irom com-
bustion or pyrolysis of polyethylene, chiorosuifonated polyethylene, styrene, and
creosote  Indeed, creosote itself comprises atout 85% PAHS  Therma) degradation
of bischeno! A epoxy resin, crecsote, crosslin.ed polyethylene, Kapton, Nomex,
polyethylene, poiy{ethylene terepnthalate) (Mylar), polystyrene, and polyurethane
gives other toxic semivelatrle or solid products of concern. These are aromat-:
amines, phanclic compounds, and/or aromatic hydrocarbons., Other materials re-
viewed “~z'ude neoorene, six fluorinated polymers, four nylons, dicyandiamide {no
thermal gdegradaticn i1nformation, nowever), nmitriyie ~ugber, porvsuifone, ~raft
paoer, ard crosslinked polyethyiene.

One appandix summarizes the more toxic degradation products from materials re-
viewed ejther in tris report or in & previous EPRI-sponsored literature review

in acdition, degradation products from other materials not coversd 1n detarl in
this -eview are also summarized in the first appendix  Another appendix lists the
~e"  -ve volatility, 1nhalation Timits, and other health and safety information for
mpsl 3¢ the more than 200 thermal degradaticn producis listed
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SUMMARY

This report presents a review of the literature on the thermal degradation of a
targe number of materials usad by and of jsnte~est to electrical utilities This
review supplements a previous Electric Power Research Institute (EPRI) 1iterature
review (EPRI Report No EL-4503) on the thermal degradation products from PCB sub-
stitute fluids. This review will assist utilities in the evaluation of potential
hazards of equipment and materials in fire situations It will altso assist sciem-
tists 'n the design of laboratory experiments ’'n the projects to be done at MRI
(RP2028-15) ana at the Unmiversity of Dayton Research Institute (UDRI) (RP2028-16)
to 1111 some of the gaps 1n the literature

A computerized search of Chemica) Abstracts back to 1967 was performed for about

50 utility materials  Useful information was retrieved for about half. The EPRI
utylity advisors to this project were alsc canvassed for their recommendations of
candidate materials., Materrals containing chlorine, fluorine, nitrogen, and sulfur
atoms were ini1tially selected for 1n~depth review because of the dangers associater
with their volatile thermal decomposition products, the simplest of which are hy-
drogen chioryde, hydrogen fluoride, hydrogen cyanide and nitrogen oxides, and sul-
‘ur s10x1ge, ~escestlive'y  roweve~, “he .olatile oroaucts are of lssser concern as
building and environmental contamination problems after a fire i1nvoiving elecirical
equipment than the products of Tow volatiiity (bo1ling point above about 130°C)
Materials contasning only carbon, hydrogen, ana/or oxygen atoms were tharefore re-
viewed because of theyr potential, like that of foss11 fuels ana cellulose-based
fuels, for forming carcinogenic polycyclic aromatic hyarocarbons (PAHs) during
thermal degradatfon Two utility matertals, polychlorinated biphenyls (PCBs) ang
poly(vinyichloride) (PVC}), are briefly reviewed as benchmarks for comparison with
the other materials reviewed,

Cata ‘~om the primary }iterature on combustion {heating 1n air or oxygen) o~ pyrol-
,e1s {“eating 1n nitrogen, helium, or other inert atmosphere) of the materiais were
compitea 0~ An experiment-by-experiment tas*s and then summarizac  Data were a’sc
comz ec Trom SeCCRCary sOUTCes on Tne octuoational exposure limits noair 4G L

ne&.tn arcests €l mOSL 3 the TCwe Inan 2L Jecomdos Toon orodult: De~t f oed .
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the materials reviewed may form highly toxic carbon monoxide during ccmbustion
Other products sdentified as being potentiaily among the most hazardous thermal
degradation products of the materials reviewed are grouped by toxic action in
Table 5-1

Table S-1 may be helpful in evaluating the relative hazard of burning these mate-
ri1als, with four caveats. Since the table was compiled without reference to the
relative amounts produced, 't cannot be used to tell which particular component(s)
would be most likely to be responsible for the short-term or the long-term effects
Perhaps a larger amount of a less toxic material may determine the toxicity of the
total degradation products; in other words, "the dose makes the poison " One must
also remember when examining Table 5-1 the uneven characterization of the thermal
degradation products of the materials. For example, therma) degradation progucts
of polystyrene have been much more thoroughly characterized then those from poly-
sulfone. The mere numbers of toxic products listed for the various materials,
therefore, cannot be used to judge their relative hazard. Also, as was noted for
formylatec neoprene, these matzv:ais 1n actual use wiil nave been comcounged with
plasticizers and other materials whose decomposition products may be as important
as those from the virgin, unformulated material. Finally, there has been no
attempt to provide perspective on the relative quantities of the materials used n
utility systems. ln many cases, the amounts manufactured and used for other pur-
poses completely outweigh any quantities used by electric utilities.

The following sections summarize the degradation products found 1n the literature
for the utility materials. As with the body of the report, the materials are
grouped by chemical composition, with materiais contdining tluorine, calorine, ~t-
trogen, and sulfur discussed in separate sections before the one discussing mate-
rials containing only carbon or hydrogen or carbon, hydrogen, and oxygen Not al'
products are mentioned in this summary, nor are the conditions for formation give~
1n as much detajl as 1n the body of the report. Remember that the products of
therma) degradation are highly dependent on the conditions pyrolysis vs cor~
bustion, heating rate, final temperature, amount of material, presence of ada:-
tives, and other factors.
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CHLORINE-CONTAINING MATERIALS

Thermal degradation of chlorine-containing materials releases long-term residual
contaminating products as well as the more immediately hazardous volatiles Fires
invoiving PCBs 1n electric equipment have contaminated buildings with poliychlorin-
ated dibenzofurans (PCOFs) and, sometimes, when chlorinated benzenes were present,
with polychlorinated dibenzo=p-dioxins (PCDDs). Incinerator emssions of PCDFs

and PCDDs have been ascribed to the widely used utility insulation material PV(
Previous reviews on the combustion of PCBs and PVC were briefly summarized. Chlor-
tnated materiais reviewed in detail in this section were neoprene (polychloroprene)
and pentachlorophenol

Neoprene rubbers are used to coat electric wiring and as cable jackets All of
the neoprene naterials reviewed were cured and compounded with numerous additives
Practically ali of the thermal decomposition products appeared to be derived from
the phthalate plasticizers, although the long-chain hydrocarbon fragments may have
come from the polymer itself Among the products identified were hydrogen cyanide
{HCN), hydrogen sulf.ae {n,5), sulfur droxide (50.), norylphencl, pnthalic anhy-
dride, and toluene,

Pentachloropheno! is used to preserve wood construction materials, 1ncluding util-
1ty poles. Combustion of pentachiorophenol and its sodium sajt gave octa-, hepta-,
hexa-, and lower chiorodibenzo-p-dioxins in the volatiles and residues Octa- and
hexachlorodibenzofuran ware also identified, Other combustion products 1dentified
were penta- and hexachiorobenzene and decachiorobiphenyl

FLUORINE-CONTAINING MATERIALS

The fluorinated polymers reviewed include Hatar (which also contains chlorine),
Teflon, Teflon FEP, Teflon PFA, Tefze)l, and Yiton These materials are used as
wire and cable insuiation. Combustion and pyrolysis produzis reported generally
15cluded monomers and other fluorinated C, to C, alkanes, alkenes, or cycloalkanes,
and nydrogen fluoride (HF) or silicon tetrafluoriage (51F,) (presumably formed from
reaction of fluoride and glass of the experimental apparatus) Carbon monoxide
(32), carbon dioxide (C0,), carbonyl fluorige (COFy), and trifiuoroacetyl fluoride
{C7.COF) were the oxygen-containing products usually recorted, although unident:=
f1ed aldehydes, alcohols, and carboxylic acids were detected among the Halar com-
systion products Vinylidene fluoride, which was emitied from thermal degradat:on
0" Viton as wel! as from Tefzel, and Teflon fume were otner ovrolysts or combustion

products

.- MONS 020426



NITROGEN=CONTAINING MATERIALS

Materials congidered in this section include Creosote; the paper-impregnating sut-
stance dicyandiamide (cyanoguanmidine, colloquially calted "dicy”), the polyether
mide Kapton; the aromatic polyamide Nomex, nitrile rubber, the four polyamides
nylen &, nylon 6,6, nylon 6,10, and nylon 11, and polyurethanes based on toiuene
diisocyanate and polyols.

Creosote used to protect utility potes from rot and worms is derived from coa! tar
It comprises about B5% PAHS, about 3 to 10% tar acids (prenolics): and the rest
aromatic compounds containing nitrogen (N) (tar bases), oxygen (0), and sulfur (5)
Individual PAHs released by burning creosote-treated railiroad ties attained concen-
trations up to 0.35 1n the solid particulates of the smoke. The carcinogenic PAHs
1dent1f1ed were benz[ajanthracene, benzo[k]fluoranthene, benzo[alpyrene, chrysene,
dibenz[a,hlanthracene, and g-phenylenepyrene (i1ndeno[1.Z,3-cdlpyrene)

Ng informzoicn was “oung cn the combust an ar svmplvgys =2 #c Z-di2erce cm o f

paper impregnated with dicyandiamide.

Kapton fiim is usad to insulate wire and cable, and Kapton molded parts and lami-
nates may be used in printed wiring boards and integrated circuit carriers £0,,
€0, HCN, benzene, aniline, phencl, benzonitrile, dibenzofuran, phenyl 1socyanate,
substituted phthalimides and pyromellitimides, and a highly conductive Char were
produced by pyroiysis of Kapton,

’yroiysis of Mtriie "upDDer JreouCeo0 aRvmonta {(NH3;, +4CH, the monomers [acyion*
trile and butadiene), acetonitrite, other nitriles, various hydrocarbons, dimers,
and trimers

Nomex paper 1s used to 1nsulate dry-type transformers as well as to insulate hign-
performance motors and generators. Nomex 1s an aramid, that is, an aromatig 5¢'y-
amide prepared from 1,3-phenylenediamine and 1sophthalic acid or tsophthaloy! c¢-lo-
ride. Major inorganic pyrolysis products were CO,, water (H,0), CO, hydrogen (H.;.
and HCN with mtnor amounts of ammonia, nitrous oxide (N,O0), and cyanogen  Major
organic pyrolysis products of Nomex were benzene, toluene (below 500°C), benzoni-
tr le, 1,3-pnenylenediamine. benzoic acid, aniline, 1,3-dicyanobenzene (above
500°C), and N-{3-sminophenyl)benzamide (500-700°C) The charred resicue became

Tore aromatic Setween 250 ano 280°7 Sy 1000°C, most of tne hydrogen and cxyge-
~ag oceen lost from ihe cnar oo ozontrast to pvrolysis, where 4 min a: L(D0°C
020427
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caused only 50X weignt loss, no residue remained by 1000°C 1n a1r or oxygen
water, carbon dioxide, and/or carbon monoxide were major combustion products
Nitric oxide (NO), nitrous oxide, HCN, cyanogen, benzene, substituted benzenes,
acetone, acetaldehyde, dbenzoic acid, nmitriles, 3-cyanobenzoic acid, alkanes, al-
kenes, and nitromethane were also 1denti1fied among the Nomex combustion products

Nylons are used for plugs, connectors, wire jacketing, and many other electrical
and electronic applications. In general, polyamides thermally degrede to give
ammonia, nitriles, amines, cyclic ketones, esters, CO, CO;, and monomers. Nyion 6
gives caproiactam oligomers, nylon 6,6 gives mainly cyclopentanone and less than 1%
of the theoretically possible amount of HCN at temperatures around 700°C or higher
Nylon 6,10 gives caprolactam, medium-length hydrocarbonh chains (six to eight carton
stoms), and long-chain mono- and dinitriles. Nylon 11 behaves stmilarily on pyrol-
y$1s, hydrocarbons with s$ix and seven carbor atoms being the mos: abundant

Polyurethane foams are being examined for use as insulating materials for cryogenic
cables anc unce=ground troasmission lines At temperaturec below BOC®Z, po'yu==
ethanes pyrolyzed by giving off a yellow smoke containing all the nitrogen of the
original material and comprising mainly polymeric isocyanates. The other volatile
products formed at temperatures below 800°C included carbon oxides, nitrous oxide,
alkanes, alkenes, and lower aidehydes and alcohols. Between 800 and 1000°C, ni-
triles, aromatic hydrocarbons, and aromatic N-containing heterccycles such as
methyipyridine and quinoline were formed, although lower aldehydes and propene were
sti1] abundant at 1000°C. Other products at the higher temperatures included tol-
uere drisocyanate, toluanediamine, and nitriles

SULFUR-CONTAINING MATERIALS

Chlorosul fonated polyethylene 15 generally zrossiinked Jts electrical uses 1n-
clude wire and cable coverings At temperatures below 500°C, major pyrolysis prod-
uCts were lower alkanes, lower alkenes, and toluene. By about 300°C, aromatic
products predominated with hign ytrelds of benzene and naphthalene Styrens and
several noncarcinogenic PAHs were found 1n the pyrolyzate Chlorosulfonated poiy-
ethylene may contain additives to reduce the amount of hydrogen chiortae (HC1)
emitted on combustion. Sulfur dioxide, which 1s highly toxic and i1rritating, 1s
also evoived on combustion along with carbon oxides
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Polysulfone (a copolymer of Disphencl A and 4,4’'~dichlorodiphenylsulfone) has many
electrical and electronic applications i1ncluding connectors, TV components. capac-
1tor film, and circuit boards. Combustion of polysulfone at 400°C causad a 70%
loss in polymer weight but little smoke and 1ittie sensory 1rritation in rodents
exposed to the volatile products. In a somewhat oxygen-deficient atmosphere, com-
bustion at temperatures up to 750°C produced primarily €O, €0,, sulfur droxide,
and a residue. Intermediate amounts of methane, benzene, and toluene were found
with minor amounts of ethylene, ethane, ethylbenzene, and styrane.

MATERIALS CONTAINING ONLY C AND H OR C, M, AND O

Materiais reviewed in this section included bisphenol A epoxy resins (although some
are crassiinked with amines), crosslinked polyethyiena, kraft paper, polyethylene,
poly(ethylene terephthalate), and polystyrene

Epoxy resins are used as insulation in transformers and capacitors. New informa-
L10n On 3 COMRMON epPOXy resin derived from bispnencl A ana epichlorohyarin was ex-
amined and i1ntegrated with information from a previous review on epoxy resins

(EPRI Report No. EL-4503). Decomposition products from combustion of a bisphenol A
epoxy used in transformer coils included phenol, toluene, athylbenzene, and ben-
zene. Other experiments previously reviewed used different epoxy materia} or con-
founded the results by burning another fuel In these experiments, thermal decom-
position products of novolak epoxies based on phenol-formaldehyde resins included
phenol, cresol, and methy! chloride.

Crosslinked polyethylene has been used since the 1970s to insulate most of the
distribution cables installed in the 15- to 46-kV range. (rosslinked polyethylene
wire 1nsuiation wes practically all volati1lized by pyrolysis up to about 480°C
Pyrolysis and combustion products have not been studied. Volatiiization of decom-
pcsition products of impurities such as the chemical crosslinking agent cicumy)
peroxide (DCP) might he expected during exposure to lower temperatures Decompo-
s1tion progucts that have been Yaentified from OCP 1ncluded a-methyistyrene,
cumene, phenol, and toluene

K;af: paper 15 used for 1nsulat-on in o1l-1mmersed equipment such as transformers
Kraft paper pyrolvsis gives the same products 1n about the same amounts as do olne-
cellulosic mater1als (paper, wood, etc ) Gases ncluded the cardbon oxides, hycr--
gen, acetylene, methane, ethylene, and other hygrocaroons Heating above SO0°C
gave lower molecuiar weight volatiles and cnar
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A major use for polyethylene in the electric power industry 1n the United States
15 for duct or pipe for installing buried cable. Pyrolysis of polyethylene at
temperatures up to 1000°C gave saturated hydrocarbons (paraffins, alkanes) and
unsaturated hydrocarpons (olefins, primarily l-alkenes with Jesser amounts of
o.u-dienes) Combustion gave sImilar products, especially 1n the range 350 to
700°C  Besides C0, and water, oxygen-contadining products identified included alco-
hols, aldehydes, ketones, and carboxylic acids Aromatic product yields 1ncreased
with increasing temperature, but yields of 1ndividual PAHMS such as the carcinogen
benzo([a]pyrene were only about 0 1% after incineration at 900°C. At 950°C, the
concentrations of individua! PAHs and other aromatics 1n cold-trapped condensates
were less than 1 to about 4%

Poly(ethylene terephthalate) (PET, Mylar) 15 the most widely used f1lm for elec-
trical 'nasulation  Mylar film uses include barrier and insulation tape n cables
and dielectric in high-temperature capacitors Major pyrolysis products yncluded
acetaidehyde, (0,, benzoic acyd, and viny] benzoate and terephthalate. Lower
amourts (1-9%) n* CD, ethvlene, and benzene and trace to minor amounts of alcohols,
aldehydes, ketones, cyclic ethers, and hydrocarbons inciuding benzene derivatives
were detected Most of these were identified as combustion products along with
dimers through pentamers of the original polymer

Polystyrene gave styrene as the major pyrolysis product in the volatiles at tem-
peratures up to 1400°C  Other major pyrolysis products included toluene, c=methyl-
styrene, Cumene, and styrene oligomers Lower aliphatic aldenydes and carboxyl:ic
2¢1ds were major products along with benzene, toluene, ethylbenzene, styrene, and
Zropy Ibeniene ob Comoustion peicw agout SU0YC  In one study, Izmzustion at a0u LT
900°C gave a soot in SO0X yielid. More than 100 compounds 1dentified from polysty-
rens combustyon at 800 to 950°C included many PAHs  Several of the PAHs ident:ified
are carcinogens.
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Section 1

INTROOUCTION

BACXGROUND

The overall goal of this project rs to evaluate the potential of utility materials
to generate tox1C or otherwise undesirable thermal degradation products under fire
conditions, Solid, liguid, and gaseous materials used by electric utilities coulg
degrade under fire conditions and contribute to the toxi1C hazard A wide variety
of 1nsuiating and structural materials are of concern The liguids of interest
1nclude PCB-substitute dielectric fluids for transformers and capacitors

As part of the evaluation of these materials, this literature review has been con-
gucted to supplement .ie Jiie-ature review creviouslv conducted by the Elect-1c
Power Researzh Institute (EPRI) (1}. This review serves several purposes The
existing literature provides a great deal of information on the products of pyrol-
vsis {(thermal degredation in the absence of oxygen, usually in an 1nert atmosphere
such as nitrogen or helium) and combustion (burning, tharmal degradation 1n the
presence of air or oxygen) and 1n itself is a valuable resource for utilities and
electrical equipment manufacturers for evaluating potential hazards of eguipment
in fire situations. For work on this and the companion project at University of
Dayteon Research Institute (UDRI). the review cledrly shows which materials have
been studied 'n detarl and wnich have not. Furthermore, the review gives a genera,
indication of the products that may be anticipated from the laboratory experiments
to be conducted on the current projects. Thus, Midwest Research Institute (MRI)
{EPR] Project No. RP2D28-15) and UDRI (EPRI Project Mo, RP2D2B-16) researchers can
utilrze this knowledge to design the experiments and also to specifically searcn
for previously 1dent1fied decomposition products

This Trterature review also 11lustrazes that the results of thermal Jecomposition
experiments are highly dexendent on the experimental conditions  Thus, compar:-
sons of resu’ts from different studies will be difficult and will require grea:

Ccare to prevent overinterpretation of the data.
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SEARCH STRATEGY

Chemical Abstracts Service Registry Numbers (CASRNs) were sought for all the mate-
rials listed 1n the RFP to avoid the use of numerous synonyms in a computerized
search of Chemical Abstracts. CASRNs were found for most of the materials  Those
CASANs not readily available in printed lists were sought n the Registry File of
CAS QNLINE  Each CASRN or compound name was coupled with a set Of terms pased on

variations of the following words: pyrolysis, combustion, thermelysis, fire, burn,
thermal degradation, thermal decomposition, and therma) oxidatign. The search
statements were used 1n the CA (Chemical Abstracts) File of CAS ONLINE Abstracts
were searched from 1967 to the present, except for polystyrens whose search was

Timited to the last 5 years because there wes 50 much available literature

Materials previously reviewed (1}, those proposed for this review, and those ac-

tually completed n this review are identified 1n Appendix A, Inmitially materials
known to release mighly toxic volatiles {HC}, HF, HCN, NOx, and $0,) were selected
for review, Later, materyals with only C and H or C, H, and 0 atoms were examinec

for their potential o profuce Plhkr on eysosire 1D €78 2%el temseritimic

Pertinent articles were selected for compilation based on their abstracts. The
articles were primarily English language, but Russian, German, and French articles
were selected for acquisition $f the methods used were ltikely to allow 1dentifica-
tion of specific decomposition products A further selection process, based on
the actual contents of the article, was performed when the documents were examineg
for data comp:iiation

JATA COMPILATILN

Articles that did not identify the decomposition products {for example, those on
therma! degradation analysis and differential scanning calorimetry that aid nct
collect and atalyze the volatile products emitied) were generaily not examined
closeiy. Combustion toxicity articles were sometimes useful in 1dentifying at
least relative amounts of carbon monoxide, carbon dicxide, and other toxic gases
such as hydrogen cyanide or hydrogen chloride Generally, the more recent art -
cles and those that 1dentified products by mass specirometlry ware examined mos-
Ciosely and provided the most useful data.

Data sheets we-e used as a guide for extracting the information £ach oyreiys
or comousiion exjeriment was desc-'Ded on 2 Separate page using the same “crme”
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in addition to the primary literature from which exparimental and mecChanistic
details were extrected, various secondary sources ware used such as the Modern
Plastics Encyclopedia and the Encyclopedia of Polymer Science and Technalogy to
supp lement general handbook information on uses, structures, and electrical, other

physical, and chemical properties. 5Some of this information was later used to
prepare the text of this report.

Data for acute toxicity, carcinogenicity, and standards or recommandations for
standards for workplace exposure in a)r were axtracted for separate decomposition
products from two sources: The OSHA Industrial Hygiene Technical Manual and the

Registry of Toxic Effects of Chemical Substances These data are presented along
with CASANs and information on the relative volatility of most of the more than

200 therms! degradation products identified. Compyling data on the animal toxicity
of the tota) volatile and particulate material released during standardized com-
bustjon or pyrolysis tests of the subject materials is deyond the scops of this
review. [Data are not directly comparanie among the studies and would require ex-

tensive critical raview.

CONTENTS AND CRGANIZATION OF THE REPORY

The remainder of this report contains profiles for eech material organized as fol-
lows General Information, Thermal Decomposition Mechanisms (not always present),
a Summary of Experimental Studies Reviewed subdivided 1nto separate discussions
for pyrolysis and combustion {when information was available on both processes),
and the Refersnces citec. The saterials are grouped by type of hetaro atom present
n the v molecules  Thus, Section 2 contains profiles for chlorine-containing

-

poiyr $ suCh &s neoprene, Seczion . "s on the ‘luorine-contzining materiais, Sec-
tion - 15 on materials containing nitrogen atoms, and Section 5 contains i1nforma-
tion on two Solymers containing sulfur atoms. Section & contains profiles on mate-

rials that contain only C and H or whose only other component 1s oxvgen.

Appendix A includes the materials proposed for review or previously Teviewed and
their most toxic degradation products, 1f any thermal degradation i1terature was
available More then 200 produsts we-o identified for the 26 materals profited
Appendix B contains toxicity, stanocards, and physical state i1nformation for most
of tnese produc+s The starting material{s) for each producit are 1dentifiec
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Sectyon 2

CHLORINE-CONTAINING MATERIALS

BACKGROUND INFORMATION ON TWO WELL-STUDIED CHLORINATED COMPOUNDS (PCBs and PV()

Polychlorinated biphenyls (PCBs) and poly(vinyl chioride) (PVC) are two widely
used ut111ty materials whose thermal decompositions have been extensively studied
and reviewed Although PCBs and PVCs are not primary subjects of this literature
review, work on these materials 1s briefly summarized here to orovide & basis far
comparing their thermolysts products with those from the other materials reviewed
*n thys report

The Electric Powar Research Institute (EPRI) has an extensive ongoing researcn :ro-
gram to determine the degree of the ut ity yndustry probies regarding PCBs, poly-
chiorinated dibenzo-p-dioxins (PCODs), and polychlorinated dibenzofurans (PCDFs)
tmong these a-e pyrolysis and combustion studies of PCBs and PCB-contaminateo
fluids such as mineral ofls, This effort s supplemented by reviews and experi~
mental work on the pyrolysis and combustion of PCBs and other utility materials
{1}, The recent NIDSH Current Intelligence Bulletin 45 Polvchlorinated Bipnenyls

{PCBs Poti-<1al Health Hazards from Electrizal Eouioment Fires or Fairlures (2)

ano two ¢FRI-,ponsoreo reviews o FCEs ©) znz other materiais (&) “orm the bas:s
for —ost of the following discussions on PCBs and PVC

:11\@}_@/01 Hi’@t—’@%z; m;@[if‘\fl

PiBs PCDFs PCDDs

enlventor natec Biphenvts (P(Bs)

“ae NIQSH Current [n:telligence Bu''etir 2} gives guioeilnes to protect the nea’tr

~- emergenc: resporse and cleanur ~orTkers n the aftermalr of PCE-containing

e ¢TIl
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with PCBs, PCDFs, and PCDDs. NIOSM recommends that PCBs and 2,3,7,B-~tetracnlioro-
dibenzo=p-dioxin {2,3,7,8-TCOD) be regarded as potentia) human carcinogens In
addition, PCBs, PCDFs, and/or PCDDs have been reported to injure the liver, thymus,
and reproductive systems of test animals and to produce chioracne, numbness of the
1imbs, and other agverse effects in humans (2).

Clmo 1
c1 O:I:::]:;]
2,3,7,8-TCOD

Between 1932 and 1979, when the U.5 Environmental Protection Agency (EPA) 1ssued
restrictions on the manufacture and commercial use of PCBs, 135,000 PCB-containing
transformers were put into service. Many of these transformers and PCB-containing
capacitors are still in use. EPA estimated that by the end of 1984, approximately
107,000 PCB-containing transformers were in use or being stored for reuse, more
tnan two-thirgs of these transformers were used n Or nedr publiC bUIIZINGS  ms a
result of the mandated selective EPA phase-out schedules, these numbers have de-
creased significantly. In 1981 there ware about 3.3 mi)lion capacitors containing
more than 3 10 (0.7 kg) PCBs. In addition, past manufacturing and transformer se~-
vicing practices have contaminated mineral o11-filled equipment with trace amounts
of PCBs (2,3).

Some commercial PCB mixtures manufactured 'n the United States contained up to

6 ppm PCDFs, and °CBs from Europe and Jaoan contained uo tc about 20 ppm PCOFs (3)
PCOFs have been found in alamost all measurements of contamination after fires in
electrical equipmant containing PCBs, A total of 2,163 ppm PCDFs was determined 1n
soot from the combustion of transformer fluid comprising PCBs and chlorinated Der-
zenes during the Binghamton (New York) State 0ffice Buirlding fire (2,3)

The NIOSH document summarizes the concentration of PCBs, PCODs, and PCODs 1n the
s00t and surface wipes after 11 U 5. fires involving electrical capacitors or
transformers, PCDDs were found 'n the soot from five of these fires 1n concentra~
tions ranging from 0.16 to 19.9 ppm. The highest leve! was from the Bingnamton
fire {2). Dther chlorinated aromatics detected (but not quantitated) from fires
invoiving PCB-containing electrical equipment were polychlorinated bipnenylenes
(PCBPs), polychlorinated pyrenes (PCPYs), and poiyChlorinated cnrysenes (PCCys)
Some PCE samples themselves contain PCBP, PCPYs, and PCCYs ()

MONS 020430



Cly :
0y 1 ¢ b4

x L1i CT! 15

{
=<

(Lol

C

PCAPs PCPYs PCCYs

Neither ordinary working conditions nor long-term overload (180°C maximum damages
the ynsulation rapidly) for electrical equipment containing PCBs is conducive to
formation of PCDDs and/or PCDFs. Optimum conditions for formation of PCDFs from
PC8s are 8% excess oxygen and about 675°C for at least 0.8 sec. Thase conditions
produced parcent lavels of PCDFs (relative to the amount of PCBs combusted) from
mineral o1) or silicone oils contaminated with at least 5 ppm PCBs (5).

The major combustion products formed from fires starting as a result of arcing 1n
airiess transfcrme-s or capacitors are PCB8Ps. PCDFs, PCPYs, and PCLYs are also
detected. PCBPs do not form in externally initiated fires; PCOFs are the major
product with saa))er amounts of PCPYs and PCCYs. PCDDs form only if chlorobenzene
or chlorophenc)s are present in the transformer askarel (2) since formatton from a
PC8 would require breakage of the bipheny]l )ink.

Other known or suspected environmenta) sources of PCODs and PCDFs include the manu-
facture of trichlorophenoxyacetic acid (2,4,5-T), pentachioropheno), and other
chlorinated phenols; municipa) and industria) incineration of chiorinated compounds
ang piastics ano tleacneg ano unbleacned caoer, cooper smelling, steel production,
and, to a lesser degree, fue) combustion 1n coal=fired power piants and wood ang
peat burners (6)

Poty{vinyl ehloride) (PVC)

The pyrolysis and combustion of fvC C-L-CHCICH2-4E ] ang PVC formulations with
stabl)izers, plasticizers, fillers, dyes, ang other additives have been studied
extensively Two recent books review tnermal degradatron of PVC (7.8)  Benzene
and hydrogen chioride are the major pyrolysys producis. Other pyr lysis progucts
‘gentified 1n the range 400 ta B00°C are toluene, ethyibenzene, g-xylene, styrene,
napnthalene, 2-methylinapnthalene, chlorobenzene, o- and p-dichiorobenzene, and

1 2.4- and 1,3.8-trichlorobenzene (4)  Only trace amounts of c~"orobenzanes and
c<ner chiorine~zoataining hydrocarbons are formed during PYC pyrelysis (9)
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Degradation products are similar for pyrolysis and combustion except that combus-
tion gives CO, CO,, and H;0. Very small amounts of vinyl chioride are evolved
The major aliphatic compounds, formed in very small amounts, are C, to Cg alikanes

and alkenes {8)

Combustion of PVC mixed with wood chips in the range 570 to 1130°C produced chlo-
rinated benzenes, octachiorostyrene, and PCBs. Combustion and arcing produced
phosgene (COCY,;) (4)

Chiorinated benzenes are known precursors of PCDDs ano PCOFs  Other chiorinated
polyaromatic hydrocarbons (PAHs) might aiso be expected to form, and PVC 15 a sus-
pected source of the PCDOs ana PCDFs fou-d 1n municipal and industrial incinerator
emissions (3) Conflicting reports have appeared in the literature Rappe and
coworkers (10,11) reported that PVC pyrolysis produced hexa- and hepta-CDDs, PCDFS
containing 4 to 7 Cls, and other PCDOs and PCDFs., The tota) amount of PCOOs anc
PCOFs produced at 800°C was about 1 ppm based on the weight of PYVC  However,
karasek ang coworkers (12) reported 1n 19E3 that neither lhe concCentirailons ro’
the pattern of separate PCODs and PCDOFs 1n the fly ash from an energy-recovering
muntcipal incinerator changed significantly by adding three times as much PY( as
usual to the 'ncinerator feed. Such results do not support the contention that
PVC is & direct source of PCDOs and PCDFS in i1ncinerator emissions. In fact, In
1984 Karasek and coworkers (13) stated that neither of the two chiorinated aro-
matics cdetected Dy gas chromatography-mass spactrometry after combustion of PV(
under incinerator conditions at 800 to 950°C had chlorine atoms attached to an arc-
natic qucleus. The iwo chlorinated aikvibenzenes detected were chior'nated on --e
alkyl side group. Among the PAHs found were acenaphthylene, antnracens, benzfa:-
anthracene, benzo[]]fluoranthene. benzo[c ]phenanthrene, beazo[alpyrene, benzo[el-
pyrene, biphenyl, chrysene, dihydroanthracene, fluorene, fluoranthese, indene,
phenanthrene, pyrene, and methyl- ana pheny!-substituted derivatives of the pre-
ceding compounds The only oxygen-containing species reporied was paenoi  Dc¢ia-
chlorodibenzo-p-dioxin was specifically sought and not found, although no detec: :-
T'mit was given. PVC might supply the chiorine needed to proguce chlorinated
phenols, which are more likely direct PCDD precursors than PVC or chlorinatec se--
zenes  (Combustion of vegetabie materials (presumably the phenol! source 1n mup :
pat refuse) with PYC or other chlorine source has bDeen reported %o Qive emiss -
containing chloropnencls, PCODs. and PCOFs (14)
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NEQPRENE
CASRN. 9010-98-4

Synonyms  Polychloroprene; Poly(Z-chloro<l,3-butadiene), Neoprene GN (same as
GR-M--government rubber, monovinylacetylene) Neoprene G types (interpolymerized

with sulfur and contain a thiuram stabilizer), W types (no sulfur or thiuram) (1)
Insulation Materials: Neoprene~ll8 (multiconductor power cable), Neoprene-84
(single-conductor high-volitage cable); Neoprene-007 (welding cable), Neoprene-43s
(high=voltage, high-amperage cable) (2).

Trade Names (producers) DuPrene (DuPont)

General lnformation

Molecular Formula: (C MgCl),

Structure of Monomers and Polymer.

CH,: CCICH: CH ¢ CHoCH Wl CH,-
2 2 N p 2 2\ ; . Y.
Z-chloro~1,3-butadiene; C=C c=¢C C=¢(
chloroprene yd N / AN / N
-Chy HooCl CHyCH, H

Neoprene (head-to-taii)
Trans structure shown 1s consistent with x-ray drffraction fiber analysis (3)
Cis-1,4-polymerization, 1,2-polymerization, and 3,4-poiymerization give smail
amounts of other structures. About S% is present 1n necprene polymerized at =-40°[,

~ 30X at 100°C.

About 10 to 15% each of "head-to-head" and “tarl-to-tail” moieties are present in
a typical pelychloroprene according to NMR evidence (1)

Uses  Neoprene 1s used for wire and cable belts, hose, extruded goods, coatings,

molded and sheet goods, adhesives, automotive gaskels and seais, petroieum ana
Chemical tank linings (4), and coatings for electric wiring ($) Neoprene 15 rol
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sultable as eiectrical insulation, but It 15 used as a cable jacket because of ex~
cellent resistance to light, moisture, fire, chemicals, and oils Neoprene cable
Jackets replace the cotton brajds, natural-rubber jackets, and lead sheaths for-
merty used on rubber cables. However, chiorosulfonated polyethylene 1s preferred
for cables for fixed installations (6).

Neoprene hes several shortcomings, including greater expense and lower chemical
resistance than poly{vinyl chloride) or polyethylene, as a cable sheath material

(7 However, neoprene has apparently found some commercial use 'n muiticonouctor
power cable; single-conductor high-volitage cable; high-volitage, high-amperage cable,
and welding cable (2)

Thermal Decomoos'tion Mechanisms

No 1nformation was found on unformuiated neoprene. HNeoprene formulations give the
largest variety of pyrolysis products at a radiant flux of § W/cm?  Cyclic and
heterssyclis :o-pcunds, some with nitrogen in the ring, predominate and originate
from decomposition of plasticizers. At a radiant flux of B w/em®, liquid degraoa-
tion products decrease. Aromatic compounds are formad by cracking of the polymer
followed ty recombination of smaller into Targer hydrocarbons. HC! evolution is
retarded by the presence of basic edditives. Neoprene formulations form a char
layer during burning at a faster rate at higher radiant flux exposures, possibly
insulating the material from rap'd degradation (2)

Summarv of Exoerimental Studies Reviewed

Pvrolvsis. Pyrolysis of a cureo neoprsne rucber u$eo 28 a nose Iove~ Jave e "2~
lowing mass spectral peaks (percent relative intensity) attributed to the neoprene
36 (~ 14%, HC1), 38 (~ 6%), 88 (~ 12X; monomer), 30 (< 6%), 141 (~ 3%), 176 (~ 3%,
cimer), and 178 (~ 3%). Diocty) phthalata p)asticizer and phenyi=-f-naphthylamine
were aliso identified (8). Pyrolysis of a W-type (no sulfur) neoprene at tempera-
tures up to 300*C gave ions with mass peaks arrangec 1n order of 1nc-easing inten-
syty 55, 91, 67, 69, 81, 73, 129 A G-type (sulfur-containing) neoprene pyro-
lyzed at temperatures up to 350°C gave 1ons with mass peaks 53, 71, 88, 105, 77,
131 and 79, at temperatures up to 430°C, the peaks were 91, 41, 1CZ, 129, 131
152 and 179 Peaks found at 239 and 285 were attiributed to the presenze of res'n

]

and Deaks at 60, 73, and 254 were due to fatty acid processing agents (2) Pyra-
grams (gas chromatographic peaks) have been publisneg (10,11), but procducts were

ot roentif-ec
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combustion Virgin neoorene began to decompose at 240°C when heated at the rate
of 40°C/min  The weight 1oss due to HC} and other volatile decomposition products
was 45%, no char formed. Under these conditions, various formulated nsoprene in-
sulation materials showed 18 to 46X waight loss due to HC) and other volatiles and
formed a char representing & to 48% of the original weight (2.

Alvares et al (1983) (2) 'dentified products from combustion of a formulated neo-
prene 1nsulation materral. Many of the products were prodbadly due to decomposi-
tion of the phthalate plasticizer Products evolved during dehydrochlorination
included 1-octanol (CHyCHzCHRCHaCHyCH,CHRCH,OH, assuming a straight chain), potha-
11c anhydride, nonyliphenol (CqH,oCqH OM), diocty] phthalate, 4, 5-dimethyl-1l-a-p-
methoxybenzoyloxy-p-methoxybenZylidene~1, 11-N-dicyciocosane [si1c], n-nonacosane,
2-(methyithio)benzothazole, 3-ethyi-5-(2-ethylbutyl)octadecane, n-heptacosane.
1l-methyibuty’ 1sobutyrate, and phthalamil, Products evolved after dehydrochlori-
nation 1ncluded n-hexadecane, squalene, dioctyl phthalate, diiscbutyl phthalate,
palmitaic acid, 7-n-butyldocosane, 3-ethyl-5-(2-ethylbutyl)octadecane, and nor-
pentyitniel [sic] acetate.

Products from combustion at 200 to 800°C identified 'n the air of a combustien
tox1C1ty chamber ware 5,510 ppm carbon monoxyde (CO) and 3,170 ppm methane {lK,;.
with a char yfeld of 34.3% (12). (The combustion products killed the test animals
within 25 min compared to 15 min for Douglas fir.) CO and Hl) were major products
from flaming combustion of neoprene seat padding and hose materials HCN was a
minor product. 50, and HaS 1n minor amounts were evolved from the neoprene sampie

tNat Jag asparently Tee~ vulcanizec 418 sulfur ’;;)
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PENTACHLOROPHENOL
CASRN  87-86-5 (Na salt; 131-52-2)

Synonyms  Penta; PCP, penchlorol, salt  Na pentachlorophenoxide
Trage Names (producers) Santophen 20, sait  Santooriie, Lowicloe &

General Information

Molecuiar Formula CgMC1g0, mol. wt 266,35
C - 27.05%, H- 038% C) - 66 5%, 0 - 6 01X

Struciure

- ’ wnere R = = 0~ Na
> N
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Uses Bactericide, fungicide, and siimicide, primarily used to preserve wood, wood
products, and other materials. It has alsc been used as an herbicide, insecticide,
and molluscicide (1).

Thermal Decomposition Mechanisms

The following equations represent reactions leading to polychlorinated diphenyl
ethers, octachlorodibenzo~p-dioxin, and hexachlorobenzene from pentachlorophencl
(23

a1 ] €1 ci Ct
-HC a 0 AR R 4
D 22 OLIOL = X
+HC) a 10 ci 0
—_— a "o Ci

1 1
¢ AT S
. . ; C/ ) t:l\ 0 (] 51
., NS
2 c1-§C_)?—°H — 0 o@m _— c1~©}ou . c»@m
g o G oo o o’ o o

Summery of Experimental Studies Reviewed

()

(=
')

<
—

1

Pyrolysis Thermal decomposition of bulk PCP at 250°C for about 12 hr in a sealed
tube gave ~ S0% conversion, primarily to 2+(2',3'.4’,5',6'-hexachlorophenoxy)=
3,4,5,6~tetracnloropnenal (1} pius smai) amounts or octa-c00 (11); Na PCP reactec
at 360°C within about 20 min to give 100X octa~CDD (3).

Combustion. Technical grade pentachlerophenol (PLP) or {ts sodium salt (Na PCP)

may contain chiorinated dibenzo~p-dioxins (CODs) (hexa-, hepta-, and octa-). Com-
bustion experiments aimost always give detectaple octachlorodibenzo-p-diexin (octa-
C00) In experiments durning technical pentachlorophenc) at 515 te BOO®C, with
controlled amounts of 0,, maximum amounts of hepta- and octa-C00 formed at the
lowest temperature; the amount of hexa-C00 was scmewhat higher at higher tempera-
ture’ Higher amounts of CODs were formed during open burning (mostly hepta- and
octa-C0D)  With only 1 5% D,, almost twice as much total CODDs was formed at 660°C
as from open burning. Major products 1n reduced oxygen atmospheres were penta-
and hepta-(CC00s, the level of TCOD (tetra-CDD) was higher than from the other ex-
periments (&) Open burning of a pure Na salt of pentachlorcoheno! gave octa-,

~act3-, ang texa-TJ0s n sharely 3ecreasing amopunts (5)  Comoustion resulis were
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compared for materials (wood or paper) traated with pure Na salt, impure Na salt,
or pentachlgrophenc! The haighest amounts of octa-CDD were 1n combustion products
of the Na salt-treated materials, but 1n the burned residues, high amounts of octa-
C00 were found 1n the PLP-treated samples. Amounts of unburned residue were higher
at lower temperatures (B)

A 1985 report of an analysis of combustion products at 600°C by high resolution

gas chromatography-mass spectrometry (MRGC-MS) Tisted the following products-
octa-C0DD, octa- and hexachlorodibenzofuran, decachlorobiphenyl, octachloronaphtha-
lene, pentachlorobenzens, hexachlorobenzens, and products 1dentified only by formu-
Tas=-Cgl140, C,5C1,0, and €1 ,C1360 (7). These latter formulas may be only frag-
ments  2,3,7,8-TCDD was specifically said to be absent, but the only CDD detected
was the CDD usually present in the highest amounts: octa-CDD
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Section 3

FLUQRINE-CONTAINING MATERIALS

HALAR

CASRN  25101-45-%

Synonyms, 1.1 Ethylene-chlorotrifluoroethylene copolymer; ECTFE.

Trade Names (producers). Halar (All1ed Chemical); General Purpose Halar 300 or
SO0 or 502 [but Halar 200 is poly(chlorotrifiuoroethylene), CASRN 9002-83-9),

Halar 555 (blown).

General Information

Molecular Formula. (CH4”4C]F3)H

Structure of Monomers and Polymer:

CHy:CH, + CFy:CFCY —» -(-CHZCHICFz(I:F)E
c

JUses The primary use of Haiar 1s for ware ana cable; other uses incluoe 1njeciion
molded products, tubing, binders, and coatings for chemical process apparatus Its
biggest use 1n wire and cable is for plenum cable, coaxial cable, cable :n mass
transi1t cars, appliance wire, motor lead wire, and wire for lighting fixtures,
Powders are used as binders for chlorine cel) diaphragms and as mold release agents
F1im 15 used for cases for Lil pacemaker batteries, tapes for wire and cable 1nsul-
ation, and solar energy laminates Monofilament 1s used for mist eliminators,
braided sieeving, and f{lter fabric (1). Halar 1s aiso used for nuciear controi
ang i1nstrumentation cable (it has excelient nuciear radiation resistance), bach
pane! wire for comoutars and automat:c telephone switching equipment, cathedic pro-

tection cable, and oil-weil logging and submersible pump cable (2)
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Thermal Decomposition Mechanisms

No specific information was found

Summary of Experimental Studies Reviewed

Pyrolysis No information was found on pyrolytic products from Halar.

Combustign No information was found on identified organics lost on combustion
Therma! oxidation of a Soviet 1.1 ethylene~chlorotrifluoroethylene copolymer (m p
215°C) gave aicohols, aidehydes, and carboxylic acids at temperatures up to 275°C
tong-term oxidation at 270°C caused profound destruction giving low molecuiar
weight products with aldehyde and carboxy end groups (3).

Concentrations of KC1, HF, CO, and sometimes COF, generated 'n combustion toxicity
experiments are too low to be the cause of the toxic symptoms observed in the test
animals. Something ather than these inorganics must cause the toxiCity under some
conditiens (4).
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TEFLON

CASRN-  8002-84-0

Svnonyms Polytetrafluoroethylene (PTFE}, TFE, Polytef, Tetrafluorcethene nomo-
peiymer, Tetrafluorcethylene polymer, Polytetrafiuorcethylene resin (1)

Trage Names (producers) Tefion (E ] du Pont de Nemours), Fiuon (IC] Amer-:as)

? ac-oflex (2}, Halen {unf:'led and fi1:ed) (ll1ed Corparat:on), Fluorocomo
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(fi1led) (Ligu>d Nitrogen Processing Corporation); Tetraloy (filled) (ICI!
Americas): Hostaflon (Hoechst); Algofion (Montedisaon), Soreflen (Ugine Kuhimann),
and Polyflon (Darkin) (3)

General Information

Molecular Formula: (C2F¢)n (76X F, 24X C)

Structure of Polymer

1>

Uses Teflon is used as an electrical insulator, especially im high frequency ap~
plications (1) Electrical uses include coaxial spacers, rnsulators, wire coating,
and tape in electrica)l and electronic fields (4). Coated glass fibers are also
used for conveyor belting, electrical tape, and laminsgtrons for electrical uses
(3). Teflon may be usad to insulate hook-up wire. Films are used to 1nsulate
wire and as sheet insulation (5). Other uses inciude protective clothing (1),
gaskets, liners, seals, flexible hose; ablative coatings for rockets and space
vehicles; chemica)l process equipment; aerospace coatings, bearings, seals, piston
rings, antistick coatings for cocking vessels and utensils; felts and packing;
coating glass fibers for architectural structure composites (4); and filtratron
fabrics (1).

Thermal Decomposition Mechanisms

Teflon depolymerizes to monomer (CF,:(F,), perfluororsobutylene {(CF;),C.CF,], and
carbony)l fluoride (COF,}. The latter hydrolyzes to give CO, and HF (§) Thermal
degradation proceeds by homalytic statistical chain cleavage (7)

CC, and CF, result from the disproportionatyon of {OF,

Hexafluoroethare, CF,CF,, and higher perfluorcalkanes apparently form by reaction
of COF, with tne Corresponding perfiucroalkenes
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Tha $1F, probably arises from reaction of HF with the glass of the infrared gas
cell wall or of the gas sampling tube The hydrogen source s apparently trace
moisture (H,0) (8).

Trifluoroacetic acid, CF,CO,H, and HF may form in oxidative pyrolysis from tri-
fluoroacetyl fluoride (9). [Isolated as CF,C0,Ca after treating the pyrolyzate

with Ca{0H), solution.]

The mechanism according to Morisaki (1978) (10) for products having formula (CF,)n

is as follows
Rf-CFz-CFz-CFzM/—; Rf-CFz- + n CF,.

2 CF,. = CF,:CF,

il
-

2 CF :CF, —> F F —> CF,CF:CFy + CF,.
F F

CFy:CF, + CF,: = CFyCF.CF,

CF,CF.CF, + CF,© —— CF,CF,CF-CF, or (CFy),C:CF,
and higher homologs and higher homologs

Fos
: . F F
+ CFz. ———————— F F
F 7
! i
F Fof

Atkinson and Atkinson (1957, cited by Morisaki, 1978) (10} proposed that C,Fg 15 3
decomposition product of perfluoroisobutylene at > 700°C, but stated that such a

mechanism cannot be used to produce C3Fy or C.F,,

CoFg, CgFy, and £ F o may coma from decomposition of higher molecular weight

fluorocarbons  [.F,H, and C4FgH may occur from reaction with contaminant water
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COF, forms from the reaction of CF,- and 0,

Summary of Experimental Studies Reviewed

Pyrolysis  The monomer tetrafliuoroethylene (CF,.CF, or C,F,) was an intermediate
to major product in pyrolyses at atmospheric pressure (7, 81D

Major pyrolysis products usually included carbon tetrafluoride (CF,) (7.10), octa-
fluorocyclobutane (cyclic~C,Fy) (g.;l). and hexafluoropropylene (CFyCF.CF, or C4Fg)
(7.9.10). Morisaki (1978) (10) reported numerous other pyrolysis products includ-
fng octafiuoroisobutytene [(CFy),C:CF,] and decafluorobutane (C,F,p)  Hydrogen
fluoride was seldom reported as a pyrolysis product (2)

At low pressure the monomer was the only important pyrolysis product. Monomer
yield 1n vacuo was highest near S00°C (96.6%) and decreases with increasing tem-
perature (91 20X at 800°C and 78.10% at 1200°C) (12)

Combustion The flash-igniiion temperature of Teflon is 580°C. the self-igmition
temperature 1s S80°C (§). CF,, $+7,, COF;, and CO; were generally present among
combustion products of Tefion and were usually major (9.10.13). Monomer was &
major product (60%) from combustion at 700°C (13). Morisaki (1978) (10} found
nexafiuoropropylene (CyFc) to ba the most abundant fluorocarbon from combusiion at
450 to 790°C. Trifiuorocacetyl fluoride (CF4COF) was reported from comoustion at
600 to 650°C (9) Other combustion products reported were octafluoropropane
(CaFy), octafluoroisobutylene (C,F;), and octafiuorocyciobutane (C,Fg) (9.10)
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TEFLON FEP

CASRN, 25067-11-2

Synonyms Fluorinated ethylene-propyiene copoliymer, Hexafluoropropylene-

cat-arluoroethviene cooolvmer

Trade Names (producers)

Gene-al information

Molecular Formula:
(D]

Structure of Monomers and Poiymer

(CsFi0), [Same elemental compositio

T F F
ot oo (/' L\
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Uses Teflon FEP is used for plenum signal and fire alarm caple, for Insulation
for 011 well logging cable, and for a wide variety of otner electrical and elec-
tronic uses (1) Major electrical uses for Teflon and Teflon FEP have been 1n
military electronics, aircraft, and missiles for their space~saving capabilities
Their excellent mechanical and dielectric characteristics allow 1nternal wiring of
computers and tndustrial controls to be miniaturized They are also used 1n high-
frequency cables Fluorinated ethylene-propylene coatings are applied to polyimige
film for cable Insulation tapes. After winding of the coated film tape on the con-
guctor, the assembly is heated to fuse the lower-melting coating (2}

Thermal Decomposition Mechanisms

Teflon FEP decolymerizes to monomers (3). "Homolytical statistical chain cleavage®
gives uncharacteristic fragments., Pyrolysis of branched CFy groups gives high
yields of perfluoropropylene (CF3CF CFy, CaFg) (4). See discussion from reference
B 1n preceding subsection on Teflon.

As cete~mined oy thermogravimetric analysis coupled with mass coechi-ometry (75-MS)
in helium, the first-stage degradation gives mainly CF,CF'CF,, which may be Yiber-
ated directly or evolved via the reaction of CF CF. and CF,:. C,F, and C4Fy evolu-
tion at the second stage corresponds to the ~eactions given in the Teflon discus-
ston Perfluoro-2-butene or perfluoroisobutylene (C,F,) may De formed in both
stages by the reaction.

CF.CF £. + CF,. — CF,CF,CF:CF, or (CF,),C CF,
Dur:ng pyrolysis, most C,F, is formed at 450 to 330°C by the reaction
CFyCF:CF, — CF, CF, * CF,

Reactions :n afr include formation of carbonyl flupride, carbon dioxide, and
carson tetrafliuoride:

2CF, ~ 0, — 2C0F,

200F, —> €0, + CF,
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summarv of Experimental Studies Reviewed

Purolysts  Major pyrolysis products for Teflon FEP between 400 and 700°C were the
monomers CFaCF.CF, (CaFq) and/or CF, CF, (there are confifcting reports for resylts
irom simitar pyrolysis~GC experiments) (Other fluorocarbons produced inciuded CF,,
(CF3)2C CFy {C4Fg) or CFyCFCF:CFy, (C,Fy), and perfluorocyclobutane (C,Fy)
[Morisaky (1978} (5) doubted 1ts presence] (3-6) $1F, (formed from reaction of HF
and glass apparatus with traces of moisture the apparent source of hydrogen atoms),
€O, and CO; evolved above 650°C (5)

Combustion. Major products 'n moist air or oxygen were C,Fs, CF,, SiF,, COF,, CO,,
and trifluoroacetyl fluoride {CF,COF) (5,6). However, thermogravimetric analysis at
~ 400 to 600°C revealed no 51F, and little CyFg and CF, Other "combustion” proc-
ucts at 450 to 790°C 1ncluded octafiuoropropane (C,F,, CF4CF;CF,), decafiyorobutane
(CeFi10), C4Fg (none by TG-MS), and cyclic=C,Fy (5)
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TEFLON PFA

ZASRN  [Dependent on particular co-monomer used with tetraflyorcethylene )]

Synonyms  Serflucrcalkoxy resin
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Trade Names (producers) Teflon PFA (E I du Pont de Nemours). Two meit-
viscosity grades TE-9704 and TE-9705 (1).

General Information

Molecular Formula  [Oepandant on alkyl group ]

Structure of Monomers and Polymer:

F2C CFy + F,C.CFOR, ~ -%cmrz};{r,c;l;
O ¥
Rf

Uses Teflon PFA is used for injection molded wafer baskets that allow automated
production of electronic components 1n calculators, computers, etc , for valves,
fittings, and injection molded complex shapes for components that require the
properties of PTFE; and for heat shrinkable and convoluted tubing, roll covers,
electric wire insulation, and other electrical industry componants (2) B8esides
wire and cable 1nsulation, Teflon PFA 1s used in moided nsulating parts such as
connector inserts or insulator bushings and standoff insulators. In 1976, develop-
1ng uses were electrical spaghetti tubing and f{im for flexible circuits, flat
cable, and meit bonding. It is aliso used for Tined valves, pipes, and tanks in
chemical processing apparatus and has heat-exchanger applications (1}

Thermal Jecomposition Mechanisms

No scec:fic 1nformation was found.

Summarv of Experimental Studies Reviewed

Only one article (1) was found on thermal decomposition of Teflon PFA, and 1t had
no experimental details. The toxic decomposition product was thought tc be par-
11ally deg>aded polymer 1n particulate form

References
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3 R S Waritz Industrial Approach to Evaluation of Pyrolys:s and Combustion
Hazards. Environ, Health Perspect., 11, 197-202 (1975).

TEFZEL
CASRN  25038-71-%

Synonyms: Ethylene-tetrafiuoroethylene copolymer, ETFE.
Trade Names (producers): Tefzel! (modified ETFE} (Ou Pont}; Ftorlon 40 (USSR),
Hostaflon ET (Hoechst, Germany} T-200 grade is genera) purpose T-280 for more

severe mechanical use.

Genera! Information

Molecular Formula: (CH(Fg)
Structure of Monomers and Polymer:

CHy:CHy + CF yiCF, ——=3 4CH,CH,CF,CF 3,

Uses. ETFE {s used for high performance wire and cable insulation, back panel
wiring in computers, hookup wire for aircraft and mass transit applications (loco-
motives and cable cars)}, and wiring in nuclear power plants Injection molded
parts of ETFE are used as components in pumps, valves, and other chemical process
apparatus; tie wraps; tower packings, and saals and other electronic device compo-
aents (11 It ‘s soecified for wire :nsuiation .n U 5 Navy 111-%-51822/13. a
specification on solderless wrap wire, and in Mi11-w-22759/16, /17, /18, and /19, a
joint services specification for ai1rcraft wire, ETFE can be applied over bare as
well as plated conductors or used as a protective jacket over multiple bundles or

coaxial cable (2).

Therma) Decomposition Mechanisms

Tefzel releases arnute amounts of HF at processing temperatures of 300 to 320°C
It does not undergo an autocatalytic decomoosition with elimination of HF at high
temperatures. Tefzel undergoes oxidative crosslinking 1n ar above its melting
point and undergoes random chain scission above 400°C ratner than "unzippering *
Its noncharring benavior is typical of a polymer that degrades to low-molecular-
weight fractions instead of Jeaving a residual carbonaceous skeleton by splitiing
out small molecuies (2} Tefze! produces far less smoke under current overloac

a“_ -
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than do PVC-nylon, poly(vinylidene fiuoride)-jacketed polyethylene. or other simi-
Jar insulations. Two routes are needed to explain the presence of tetrafluoro-
ethyiene and vinylidene fluoride (CFy:CH;) 1n the decomposition products (3).

—CFy~CF 3 CH, ~CHy~CF,=CFp7CHy=CH— —— 0 (CH, CH,) + m CF, CF,

—(F,=CF ;= CHy <CH, ~CF, »CF, ~CHy 1CH— —> CF, CH,

Summarv of Exoerimental Studies Reviewed

Pvroiysis Pyrolysis at 700°C for 10 sec gave three major and several other un-
1dent1fied products whose retention times on the gas chromatogram were different
from those of other fluorinated polymers. The pattern of minor products was typi-
cal of that from polyethylene, representing n-alkanes, a-olefins, and a,w-olefins
Y

Combustion Minor amounts of HF were lost during processing at 300 to 320°C, but
20-hr exposure to 300°C led to ~ 30X waight loss, at 400°C, ~ 40X of the 1nitral
weight was lost within 2 hr (5). The only products {dentified from combust on in
the 530 to S80°C range were HF, CO, and COF,; but some other component was respon-
sible for the toxicity (€) Random chain scission at 650°C for 15 sec gave mostly
vinylidene fluoride, CHp:CF,, with minor amounts of the monomers and HF  Alkanes,
varioys (; compounds, and higher boiling substances were identified (3,7)
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VITON

CASAN:  9011-17-0

Synonyms. Vinylidene fluoride-hexafluoropropylene copolymer; vinyiidene fluoride-

hexafluoropropene copolymer.
Trade Names (producers): Viton; Viton A; viton v (E. I. du Pont de Nemours, Inc },
Refset Fluorel; Fluore) (3M) (no additives); Redar Viton; Viton LM (low-mclecular-

weight); Da:-E) (Daikin), Tecnoflon (Montedison),

CGeneral Tnformztion

Molecular Formula: [Dependent on rejative amounts of the two monomers. ]

Structure of Monomers and Polymer:

CH; CFy + CF,CF:CF,— —GCH,CFI)T-(CQCF)% (head-to-ta1},
- . ='= mejor)
\ CFy
ey cra T T tE -rp-
—\(c.-cch;,l s 'Fﬂ-ﬂ’—i (her:(‘:nn.:)-leac.

Uses Viton filuoroelastomers are used 1n geskets, seals (especrally O-rings),
tubing, diaphragms, aerospace and automotive components, high vacuum equipment,
low-temperature equipment, and radiation equipment (1)

Therma) Decomoosition Mechanisms

No specific 1nformation was found.
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Summarv of Experimental Studies Reviewed

Pyrolysis Pyrolysis at 800°C for 4 sec gave the monomers, trifiuoromethane
(CHF,), and hexafluoropropyiene-vinylidene fluoride oligomers (2). Pyrolysis at
S0 to 460°C gave CF,C*FCH'CF, (m/z = 163) and other smaller fragments. The stable
product was not identified si1nce the mass spectral "fingerprints” of pyroysis pro-
ducts from other fluorine-containing polymers were singly being Compared. COther
products i1nciuded CHFy, WF, and various oligomers and polymer fragments with
weights up to 369 amu (3).

Combustion At 314 to 415°C, the major combustion products 1dentified were CO,
CMF,, and CHy.CF5 plus fluorinated C; to g saturated and unsaturated hydrocarbons
(4). weignt loss wes 60X after < 1 hr at 400°C. Volatiles were generated at tem-
peratures as low as 200°C (5). At 850°C, combustion gave only €O angd £0,, no WF,
F-containing compounds, aldshydes, or carbon aerosols were detected using infrared
and gas chromatographic methods (5).
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Section 4

NITROGEN-CONTAINING MATERIALS

CREQSOTE
CASRN. BO01-58-9

Synonyms. Coal tar creosote [to distinguish from beechwood creosote, which 1s
used for medical purposes]; creosote from coal tar, creosote oil [Chemical Ab-
stracts Service assigns this substance a separate registry number]; dead ov1;
tiquid pitch oild; tar oil (1)

Trade Names {Producers). Preserv-o-sote [creosote 01]1] (Crowley Tar Products
Company, inc ) (2} WNe'sor's Crecsote Wood ®rese~vative (8 F. Neison Manufacturing

Company) (3); Lacco Creosote A W P.A. (Los Angeles Chemicals) (3).

General Information

Molecular Formula: Unspecified.

Composition: Coal tar creosote is a high=bor1ling distillate of coal tar produced
by high-temperature carbonization of bituminous coal (4) Residual o1ls from
refining coal tar inciude heavy naphtha, dephenclated carbelic oil, naphthalene
dratn oi7, wasn 017, sStrainegd anthracene o171, ang heavy o] These fractions are
blended to give "creosotes” or “creosote 011s" conforming to specifications such
as Standard P1-78 of the Amarican Wood-Preservers' Association (AWPA) (4,5} (see
Table 4-1). Timber-preservation creosote 15 a blend of primarily wash oil or light
creosote (borling range 224-291°C), drained anthracene 031 (bor)ing range 247-
J859C), and heavy o)) or heavy creosote (boiling range 285-395°C)  Besides the
c-eosote defined by AWPA Standard P1-78, AWPA has standards for creosote blended
with 20, 30, and 40% coal tar (8.7).
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Tabie 4-1

AMERICAN WO00-PRESERVERS' ASSOCIATION SPECIFICATION P1-78
FOR TIMBER-TREATING CREOSOTE (4,5)

F-action Distiliing Components of Fraction Ofstillatron Range, °C
s 2.0% Unidentified PAHs < 210
s 12 O% < 23§
Naphthalenes 200-270
10.0-35 0% < 270
40.0-65.0% < 315
Acenaphthens, fluorene, 270-385
dibenzofuran, phenanthrene,
anthracens
60.0-77.0% < 355
Chrysane, fluoranthene, > 355
pyrene

The chemical composition of creosote varies according to the coking temperature
and the source of the coal used. Longer carbonization times and higher tampera-
tures favor PAH formation. Products calied creosote that are distilled from
sources other than coal are very different fn comoosition from coal tar creosote
\8). The remainger of this aiscussion 1s resiricteo %o coai tar creosote Tne
word creosote s used unmodified.

Creosote’'s chamical composition has been characterized by Lijinsky et al (1963)
(9), Lorenz and Gjovik (1972) (5), Nestier (1974) (10), and others Table 4-2
Tists many of the components, but 1t 1s not exhaustive, 162 individual components
had been identified by 1952 (10). Creosote contains about B5X polycyclic sromatic
hydrocarbons {PAHs), up to 3% tar acids (phenalic compounds), about 5% tar bsses
{nrtrogen-containing compounds), and about 5% benzothiophene and dibenzofuran ($
and 0 analogs, respectively, of the PAH fluorene). Five PAHs--phenanthrene, flyor-
anthene, fluorene, acenaphthene, and pyrene--account for about S0X of the mass
alithough several other PAHS have been identi1fied and/or guantitated (5.8-23}
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Table 4-2

COMPOSITION OF COAL TAR CREQSOTE

Component

Polycyclic aromatic
hydrocarbons {PAHs)

Phenanthrene
fluoranthene
Flucorene
Acenaphthene
Pyrene
Methylanthracenes
Chrysene
Methylfiuorenes
Methylphenanthrenes
Naphthalene
Anthracene
Benzofjuorenes
Dimethyinaphthalenes
2-Methy Inaphthalene
1-Methy Inaphthalene
Biphenyl
Benz[aJanthracene
Benzo[alpyrene
Benzo[Jlfiuoranthene
Benzo(k]fluoranthene
Benzo[e)pyrene
Benzo[b]chrysene
Perylene
Unidentified PAHs
Acenaphthylene
Indene

PAH analogs containing 0 & §
Benzothioohene
JibenZoturan

Tar bases (N-containing

components)

Acridine
Aniiine
Benzomitrile
Carbazole
Indoie
a-Naphthyliamine
g-Naphthyiamine
Quinoline
g-, m=. & p-Toluidine
Xyiidines

{continued)

CirHy2
(CH3)2CqoHe
CHy 2T oty
CH3-CyoHy
C.HS’C.HS
CiaHia
CaoHz2
Caotia
CaoM12
20M12
CaaHyq
PTLIY

CizHy
CyHs

CqHeS

CoHsMHy
CoHsCM

CyaHgN

CeHoN
CioHaNM,
CyoHyNHy
CoHaN

CH4 CgHyNHy
(CHa)2CgH3NH,

4-3

Concentration, X Reference
~ 8% 10
21.0 s, 10
10.0 5, 10
10.0 E,. 1B
5.0 g, 10
B.S 5. 10
40 5, 10
3.0 5, 10
30 3. 10
3.0 3. 10
3.0 5, 10
2.0 .10
2.0 5. 10
2.0 5. 10
1.2 5, 10
09 5, 10
08 3,10
0.3 9
0.02, 0.3 9, 11
0,03 9
0 02 3
0.02 ]
0.005 8
0,004 E}
<2 H]
? 2
? 10,12
~ 5
10, 12
50 3
<5 =0
10
0
10
20 .10
10
10
10
10
8, 10
8, i0
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Table 4-2 {continued)

Component Formula Concentration, X% Reference
Tar acids (pheno!ics) <3, 10 13, 10
Pheno) C4HgOH %5
Cresols CHyCyH, OH 8. 1o
Xylenols {CHy)2CqH40H ]
Trimethyiphenols {CHy)3CeH,OH 10, 12
3-Ethy ) ~S-methyIpheno} CH3 (C4Hg JCgHy0H 10. 17
2,3,5,6-Tetramethyiphenol; (CHy) CgHOH 0. 12
Qureno! -
Nlpntho'l! CIOH1OH 6, 10

Uses. Creosote 1s used for impregnating wood such es ratlroad ties, utiifty poles,
and marine p11ings to protect from rot and worms. In 1978, 34,100,000 gal. creo-
sote, 66,400,000 gal. creosote-coal tar solutions, and 30,200,000 gal, creosote-
petroteum were soid for wood-preserving applications. Jt is also used as a water-
proofing agent, a fuel 0i) constituent, a lubricant for die molds, pitch for roof-
1ng, 2nd nanufactiure of roagd bingers, nz-t culicrz’ winter wash 0i's, cnemica::,
and Yampblack {carpon black) (1,7,13,14).

Summary of Experimental Studies Reviewed

Pyrolysts. Mo specific information was found.

Combustion. Concentrations of PAHS sampied downwind from open burning of Creosote-
trested raiiroad ties doused with No. 2 fuel 011 were much higher than from similar
Jurring oT green wood. ChHe burning prooucead large guantities or olack smoxe  Tae
PAHs determined in the tota! solid particulate {TSP) included acenaphthene, benz-
[alanthracens, acenaphthylene, benzo(alpyrene, dibenz[a.nlanthracene, benzo[p]-
flucranthene, pyrene, chrysene, benzo(k]fluorenthene, phenanthrene, benzofg,.h, -
perylene, and o-phenylenepyrene (indenc[1,2,3-c.d]pyrene) (1isted 'n approximate
order of decreasing yield). Fluorene and naphihaiene we- & detected but not quant -
tated. Product yields are Tisted 'n Tabie 4-3 (15)

Of the PAHs released by burning, benzo[alpyrene and dibenz[a.hlanthracene are :ne
strongest carcinogens. Benz[alanthracene, benzo[k]fiuoranthene, chrysene, and g-
phenylenepyrene were the other carcinogenic PAHs 1dentified (1S) Creosote 1ise -
has been assocrated with human skin cancers and s an animal carcinogen, however,
creosote-impregnated wood poses little or no danger to humans (1.8)
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Table 4-3
PAHs IN AIR TOTAL SOLIC PARTICULATES DOWNWIND FROM OPEN BURNING

OF CREQOSOTE-TREATEO RAILROAD TIES GOUSED
WITH NO. 2 FUEL OIL (15)

Concentration in Total?

Components Formyla . Soiid Particuiate, ppm Carcinogenic
Acenaphthene Ciatye ~ 1380-3380 no
Benz[a)anthracene Craty2 ~ §50-1260 yes
Acenaphthylene CygHa ~ 290-840 no
Benzo[b]fiucranthene CaoPy2 ~ 10-6%0 yes
Benzo({a]pyrens 20812 ~ 10-690 yes
Oibenz{a,nJanthracene CaaHia ~ 10-690 yes
Pyron( C“H,g ~ 10-690 no
Chrysene Cighrz ~ 50-470 yes
Benzo(k]fluoranthene CaoMy2 ~ 5-230 no
Benzo(g.h,ijperylene CazHy2 ~ 50-13p no
Phenanthrene CiHe ~ 50-130 no
9-Phenylenepyrena; 22M12 ~ 50-130 yes
Indeno[1,2,3-cdlpyrene

Fluorens Cistip Not quantitated no
Naphthalene C.oHs Not cuantitated suszect

aiange given for three or four runs based on the ratio of the specific PAH concen-
tration te the concentration of total soiid particulates in air
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J1CvANDIAMIDE

CASRN. 461-58-5

Synonyms  Cyanoguanidine, dicyanodiamide, dicy.

Generat Information

Molecular Formula: CaHgNg

Structure-

NH
j
NHz CNHCN
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Paper weo 15 impregnated with dicyandiamide and may (1) or may not (2) be heated

(e g , 50°C for 0.5 hr) to dry Heating in a1r for 15 hr at 135°C may cause some
chemical oonding to the cellulose (< 20%) N-containing compounds like dicy "block
carbonyl groups and inhfbtit the chain reaction of oxidation and the thermal de-

struction of cellulose Amino groups “block aldehyde groups" (3)

Uses' Dicyandiamide 1s used 1n the manufacture of melamine, barbiturates, guam-
dine derivatives, fertilizers, dyes, explosives, fire-proofing compounds, case-
nardening preparations, cieaning compounds, and soldering compounds. It is used
as a stabilizer for nitrocellulose and detergent compositions, as a modifier for
starch products, and as a catalyst for epoxy resins (4.5).

Paper products produced from iignocellulose pulps are commonly used to i1nsulate
various electrical apparatus, e.g., as dielectric spacers 1n capacitors or insulat-
ing sheet for transformer windings. The entire capacitor or transformer winding 1s
typically immersed in a liquid dielectric such as petroleum oil, waxes, or chlori-
nated hvdrocarbons. Various U.5. patents describe methods in which the thermal
stab1lity of 1nsulating papers are improved by treating or mpregnating with N-con-
ta1ning compounds (such as dicyandiamide or melamine) and/or a protein such as
casein or soybean protein (1).

Dicyandiamide 1s preferred because it is “a particularly good nitrogen-donor to
cellulose and therefore a good thermal stabilizer, 1t is readily available, and 1t
1s economical” (1). Optimal concentration of dicyandiamide is 2X based on the
weight of the paoer (3).

Thermal Decomposition Mechanisms

No information was found.

Summarv of Experimental Studies Reviewed

No information was found on the pyrolysis or combustion of paper impregnated with
dicyandiamide or on pyrolysis or combustion of dicyandiamide itself
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KAPTON
CASRN. 25036-53-7

Synonyms. Pyromellitic acid-bis(p-aminophenyl ether) copolymer, polyimide SRU,
Poly[(5,7-dihydro-1,3,5,7-tetraoxobenzo[1,2-c 4,5-c'Jdipyrrole-2,6(1H,3H)-diyl}-
1.4-phenyleneoxy-1,4-phenylene] (9CI); Poly[(oxydi-p-phenylene)(pyromellitic
diimide)], Benzo{l,2-c:4,5-c'}dipyrrole, oeriv , polymer (9C1);: Bis(4-aminophenyl)
ether-pyromellitic anhydride polymer, SRU; 4.,4'-Diaminodiphenyl ether-pyromellitic
ac1d copolymar, polyimide SRU; 4, 4'-Oxydianiline-pyromellitic snhydride polymer
SRU. Poly[N.N'-(oxydi-c-chenylene)pyromellitimide]}; Polymer SP; poly7N N'-/z o'-
oxydiphenylene)pyromellitimide]; Polyimide PM; PN (polyimide).

Trade Names (producers): Xapten, Kapton H (OuPont); Vespel SP-1 (DuPont)

General Information

Molecular Formula: (c!!"hg“!OS)n

Structure of Monomers anc Polvmer:

0 P
OCL OO
0 0
Pyromellitic anhydride 4,4’ -Draminodipheny]l ether
-
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Uses. Thermoset poiyimides are advantageous 'n thin-film products Major applica-
tions are those requiring high Quelity and performance such as the aerospace and
eiectronics markets Electrical applications--Vespel (molded parts) and/or other
polyimides such as Kinel (molded parts) and Kerimid 601 {laminates) are used in
high-reliability printed wiring boards, i1ntegratec¢ circuit carriers as & substi-
tute for ceramics, and automotive parts that require therma! insulation such as
wires i1n electric motors Kapton film 1s used 1n electric motors “"where Size 15
important " It is used to insulate aircraft and missile wire cable, flat flexible
cable, and magnet wire, and used as spaghetti tubing Polyimices may also be used
to coat semiconductor devices and electrical components (1)

"BuPont's Vespel SP-1...has been used as an insulating material n molten salt
elecirochemical power sources which operate at internal temperatures in excess of
400°C" (2)

Thermopiastic polyimides may be used as fibers, fyIm, laminates, or foams Elec-
trical uses include laminates for printed circuit boards. Cast films are being
cevelopea ‘or use n “lexytie printed circuits anZ insulation for wire cable

and electric motors (1).

Thermat Decomposition Mechanisms

Pvrolysis  Thermal degradation ocCurs very drasticaily i1n the first few minutes
and gradually levels off. Onset of the two stages of pyrolysis depends on the
heating rate Most weight loss (~ 40X) occurs during the first stage (below 700°C).
The second stage occu~s at ~ 900°C and is associated with ~ 4 5X weight joss (3)

First-stage reactions 1nclude cleavage of C-N and ether C-0 bonds  Homolytic
cleavage of C-N bonds might be followed by CO elimination and formation of niirene
and tenzyne Intermadiates (33.

“Uncyclized rings” (that is, monomer units wherein an imide ring d1d not form and a
‘ree carboxyl group is present) may make a "socecial contribution 10 the degracation
reactions of polyimides." There appears (o be one uncyclized ring per B to 9 poly-
mer units  Polyamic acids may denydrate or decarboxylate on heating. Hydrolytic
$C155iC7 w th release of CO, may occur wnen water s present. The proposed mecra-
nvsm does not account for the presence of methane 1n the products formed from
co-olysis at 700°C Hydrogen may be stripped from aromatic rings at temperatures
50(°7 (&)
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The following mechan)sm was proposed to account for the products formed on pyroiy-
sis at 512°C in mitrogen Loss of CO, from the i1mide carbony) groups leaves free
ragical -C.N- Jinkages, which ultimately leads to bond breaking and formation of
free nitriles. Loss of CO from one imide carbony! group leaves the polymer intact
with the remaining amide linkage. Free radical cleavage of the ether linkage of
the polymer followed by H atom abstraction gives N-hydroxypheny! substituted imide
molecules (5)

The second stage of pyrolysis mey involve formation of a highly conjugated aro-
matic network from cdimerization and trimerization of benzyne intermediates. This
network may be responsible for the very stable, electrically conducting material
formed by pyrolyzing Kapton [conductivity is 12 (ohm-cm) 3] (3).

A large fraction of the original N content is still present after pyrolysts even
at 800°C, therefore, graphitization 1s minimal (§).

Combustion. No information was found on compustion of Kapton, but i1ts thermal
ox1dative degradation at ~ 400°C has been studied. Film aged at 400°C 1n air for
& short time undergoes extensive crosslinking during the eariy stages cf ox.cot 3
Crosslinks are too stable to be amide functions The aryl-ether bond 15 possibly
broken (7).

The major crosslinking reection apparently occurs through coupling of the diphenyl
ether units either by a dirsct dehydrogenation reaction ar by cleavage of tne
aryl-ether bonds to give phenolic groups that underge subsequent reaCtions The
pyromellitimide ring is degraded, forming phthalimide and other ring structures (8)

OQuring oxidation at 400°C, loss of the diphenyl ether units 1s the fastest pro-
cess, with 50% of the units having reacted at only 2 to 3X weight lass. This
supports the crosslinking mechanism. Within the first 3 hr, ether cleavage,
dehydrogenation, and pyrome.litimide destruction reactions &)1 proceed at approxi-
mately the same rate. After that time, the yreld of insciuble polyamines remains
about the same, but the yields of soluble aminophenols and modified pyromelliti-
mide units increase up to about 10 hr before leveling off. The polyamines, con-
taining the ether Jinkage, are probably intermediates in the formation of the
|!inouhenols. Since these reactions a~e much aster than volatilization leoss, tne
degradation products are from "chemical structures completely different from those
of the original polymer " Vvolatiles come largely from the modified structure (9}

in
'

e

<
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Besides inducing free radical crosslinking, O, may react with polymer to give a
quinone structure 1n the aromatic ring attachked to the imide N. Further oxidation
cleaves that ring to a dicarboxylic acid, heat converts the guinane structure to a
char plus carbon monoxide (3).

Summary of Experimental Studies Reviewed

Pyrolys1s  Most weight loss (~ 40X%) occurred below 700°C within the first few
minutes of heating [at least at that high a temperature]. A second stage of ther-
mal decomposition began about 900°C but was associated with only ~ 4.5% weignt

loss (3} Weight loss was low (S 5X) after heating for 75 hr at 300 to 350°C but
became “catastrophic” (~ 20X) by 400°C within S50 hr (30). Heacock and Berr (1965)
{11) reported that Kapton completely disappeared after heating at 500°C [time not
given in secondary reference]. The only mechanistic explanation for the source of
the major pyrolysis products, CO, and CO, wes given by Arnold and Borgman (1972)
(9). who suggested they came from two imide groups and one 1mide carbonyl group,
respectively. Other inorganic gases formed at 350 to 700°C were hydrogen (W,),
water (H,0), and hydrogen cyanide {HCN). 8enzene (CyHg), phenol (CqHiOH), and
benzorvi=ile {C.H,CN) wa=s reported im this ranpe. too  Methane ((H,) was repo-te~
1n the volatiles after pyrolysis at 700°C (4). Two reports mention detection of
terephthalonitrile {1,4-dicyanobenzene) [CoH (CN)o] at 350-470°C (S5) and 600°C

{12) Arnold and Borgman (1872) (5) tentatively identified the mess peaks 168-170
as dibenzofuran after pyrolysis at 350 to 470°C. Additional products identified

by Hummel et el. (1977) (12) after pyrolysis at 600°C were p-aminophenol (HaNCeH OH},
phenyl isocyanate (CeHgNCO), phthalimide and five substituted phthalimices, p-amino-
phenyl pheny! ether (HaNCqH,0CgHgz}, three substituted pyromellitimides, and a char.
The fact that pyroiysis of Xapton above 700°C gives a highly conductive material
suggests that & highly conjugated aromatic network forms, resulting from dimeriza-
tion and trimerization of benzyne intermediates .3). The char formed from H film
pyrolysis at 800°C contained 7% N, 12X 0, and 3X H (13).

Combustion. Information on combustion producis was not found. Most studies on
tnermal oxidation of Kapton and other forms of the same polymer foCused on the
mechanism. After the polymer was heated in air at 300°C for 7 nr, 7.9% of its
weight was Yost, 95X of the loss was evolved in the first half hour The liquyg
gist1)late comprised reaction solvent (dimethylacetamide), polymeric material, and
iraces of water Gases evolved were (O and CO,. Part of the oxygen consumed was
retained by the polymer {14) Crosslinking accompanied by 50% loss of the dipheny!
eiher units occurred within 5 hr at 400°C while only 2 to 3% of the polymer's
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weight had been lost. At 400°C, the pyromellitimide structure degraded before
volatiles were emitted (9)
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NITRILE RUBBER
CASRN  9003-18-3

Synonyms  Acrylonitrile-butadiene copolymer; NBR rubber; nitrile-butadiene rubber
Trade Names (producers): Paracril (Uniroyal); Hycar (B. F Goodrich)

General Information

Molecular Formula- (C,H,N)n

Structure of Monomers and Polymer:

CHp:CHCN 4 CHy:CHCH: CHy ——> —ECH5CH: CHCH,CHy CHI—
Acrylonitrile Butadiene éN a

Uses: High acrylonitrile content: of} well parts, fuel tank liners, fuel hose,
gaskets, packing oil seals, hydraulic eguipment. Medium acrylonitrile content:
gene~2) pu~nrree nil-resistant apolicatfons. shoe so'es, b-tchen mats, sink toesporg,
printing rolls. Low acrylonitrile content: gaskets, grommets, O-rings (flexible
at a very low temparature), adhesives. Binder fuel in solid rocket propeilants (1)

Thermal Decomposition Mechanisks

Ng 1nformation was found.

Summarv of Experimental Studies Reviewed

Pvrolvsis. Major tgentified products after pyrolysis at 390°C were NMy ano HCN
(each in ~ 5X yield). Traces of hydrogen (Hy), mathane {CH,), and C, to C, hydro-
carpons (mostly €, ta C,) were detected in the gases A ligquid product (generally
produced in ~ 50 to ~ 70X yield) contained unidentified chain fragments. The resi-
due was not characterized (2}, The monomers were generally detected after pyroly-
s15 at 500 to 1000°C. Czybuika et al. (1981) (3) who pyroiyzed mitrile rubber at
500°C, gave the most extensive 1ist of other products: HCN; acetomitrile (CHaCN),
propionitrile (CHyCH,CN); and €, to €5 hydrocarbons inCluding toluene (CgHeCH,),
styrene (CgHaCH.CH,), ethylbenzene (CqHgC,Hg), cyclopentene or pentadiene, and
pentane At S90°C, Shimono et al. (1980) (4) found C, to Cy hydrocarbens; buta-
diene (CH, CHCH'CH;), acetonitrile (CHaN), and methacrylonitrile [CHy C{CH,)CN]
among the pyrolysis products
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Pyrolysis at 610°C of a mitrile rubber containing 33X acrylonitrile (~N) gave the
monomers (more butadiene (B80] than AN), AN dimer and trimer, BD dimer and trimer.
an AN-8D fragment, and a BD-AN-BO fragment (5). Monomers and vinylcyciohexene,
as a minor product, were determined in the products from pyrelysis at 770°C (§)

After pyrolysis at 1000°C, fragments containing one unit of acrylonitrile and one
to three units of butadiene predominated over fragments with one to four units of
butadiene  The monomers were the major products (7).

Combustion No information was found on Combustion of nitrile rubber.
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NOMEX
CASRN: 24938-60-1

Synonyms  Poly(imino-1,3-phenyieneiminocarbonyl-1, 3-phenylenecarbonyl!), Poly-
(1mino-m-phenyieneiminoisophthaioyl); Pely(m-isophthalamide), m-Phenylened:amine-
1sophthalic acid polymer, SRU (structural repeating unit); [sophthaloy! chloride-
m-phenylenediamine polymer SRU; Phenylone polymer, Nylon HT
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Trade Names: Nomsx; Nomax 410, Nomex 450, Aramid KS 305; Aramid K5 105; Conex;
Konnekkusu; APH 50.

General Information

Molecular Formula: (cl‘ﬂ,ou,o,)n

Structure of Monomers and Polymar,

0 0
: ¢
RC\©/ R HaN @"HZ
Isophthalic acid (R = OH) 1,3-Phenylenediamine

[sophthaloyl chioride (R = Ci)

[Res

Uses: Nomex paper, with or without mice flakes, is usad to insulate high perfor-
sance electrical motors, special transformars (e.g., high-voltage dry-type trans-

hLia CO-:l*

o8

Nomax

formers), end aircreft generators. The nonmelting, self-extinguishing Nomex paper
is useful up to 180°C Nomax fibers are also used for aircraft structures. protec-
tive garments, and other uses requiring high thermal stability such as filter bags
for hot stack gases (1-4).

Thermal Decomposition Mechanisms

Pyrolysis Water loss may occur from chain crosslink’ng during Nomex pyrolysis at
300 to 400°C. Possible reactions are condensations betwsen terminal amino and
carboxyl groups, between chain amide or amino end groups and carboxyl groups, be-
tween amide and isoimide groups (tautomaric forms of amide groups), and between
two carboxylic acid-terminated chains to gfve anhydrides. In this temperature
range, decarboxylation of end carboxyl groups 13 the most likely explanation for
carbon dioxide evolution (5,6). At least some, 1f not all, of the water evoived
below about 400°C 1s prodably due to water adsorbed by the polymer (6.7)
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Products appearing at 400 to 430°C--benzoic acid, 1,3-phenyliensdiamine, aniling,
benzan)i1de, and N-(3~aminopheny!)oe-zamiae-~can be accounted for by heteroiytsc
degradation of chain end and penultimate amide groups and by homolytic amide bond
cleavage. Benzonitrile, which 15 also produced in this range, forms from homo-
lytic cleavage of the aromatic C to amido N bond followed by protonation to give
the amide and then dehydration to give the cyano group. [The results of Chatfield
et al (B) indicated that the dehydration of amides 15 the major source of H,0 ]
The latter sequence of reactions could also give additional aniline, benzanilide,
and N-(3-aminopheny!)denzamide (5}, Dehydration of amide groups can also account
for formation of 1,3-dicyanobenzens (1sophthalonitrile) and 3~cyanobenzoic acrd
(6). At 475 to 500°C, 1,3-dicyanobenzene s evolved, probably from the same kind
of raaction sequence that produces benzon:trile. Larger amounts of water are also
evolved (5)

Ehlers et al. (1) proposed & major route for the initial thermal! degradation of
a~amids that 1nvoived cieavage of the C-C bond between the aromatic ring and the
carbony] group carbon to give an aromatic isocyanate. Brown and Powe= (5) consid-
ered th1s mecnanism unlikely since no isocyanates were detected In tne progucis
Chatfield et al. (6} did not consider 1socyanate formation at atl.

The following Teactions were proposed by Chatfield et al. (6) for therma) degrada-
tion of Nomex (1), [Note: In all formulas, CaH, represents an m-phenylene group |

- NHCOCH CONHCqH 3 Sl itdvdde > —NHCOCgH,CONHz + CgHy™ ™
(1) - 2) H atom apstraction (11}

;p Dehvdratfon,  _\eor M ON = NCCgHCN  + K0
1,3-Dicyanobenzene

1 + Ha O ———— "‘N"COCQH‘COQH + HgN‘Cqu"’“‘
111

171 Decnrboxvhuog§ ~NHCCCeHy  * €0

Iv
117 il.Cleavage > NCCgH(COpA
2) H atom absi-action 3-Cyanobenzoic acid
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I Cleavage, | NHCOCLH CO™  + 'NHCsH.NH ‘ee
Iv

IV ————> ~NHCOC(H,  + CO

Combustion. Molecular oxygen apparently reacts extensively with Nomex during
thermel degradation 1n air. For exaspie, at 550°C recovered products contained
42, 9% oxygen based on the weight of the originel sample, whereas the original
sample contained only 12 %X oxygen. CO, CD;, and H,D account for most of the
oxygen uptake (6).

Summary of Experimental Studies Reviewad

Pyrolysis. Carbon dioxide, water, and carbon monoxide were the major inorganics
evolved from Nomex pyrolysis according to most reports. Ehlers et al (7) and
Chatfiald et 2l.(6), however, reported that thorough drying of Nomex samples before
pyrolysis would preclude water loss during pyrolysis, et least up to 3B0°C,

Hydrogen and hydrogen cyanide were major inorganics evoived from pyroiysis acove
500 or 600°C. Minor inorganics included cyanogen, ammonia, and nytrous oxide
(5.7).

Organics usually found in major amounts among the volatile products evolved during
pyrolysis pelow S00°C were benzene, toluene, banzonitrile, 1,3-phenylanediamine,
benzoic acid, and aniline. Above 500°C, toluene became & minor product and 1,3+
dicyanobenzene became a freguently determined, and often major, product N-(3-
Aminopneny i Jbenzamide and i,i=Jnenyieneaiaming were major Jrooucts ‘rom ovroiysis
at 600 and 700°C.

Trace to minor organics reported inciuded €, to C, alkanes or alkenes, acetylere,
nmtriles wncluding 3-cyanotoluene (3-tolunitrile), Dipheny} and its 3-cyano and
3-amino derivatives, and pheny)l 1socyanates

The restdue became more aromatic between 450 and 550°C. Loss of most of the hydro-
gen and cxygen by 1,000°C left a cha~ whose molecular formula approximated C,;NH
The charrea residue comprisez apout 50% of the original poiymer weight after 4 min
at 1.000°C under hetium (6,B)
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Products and their yields for the temberature ranges 300 to 481°C and 500 to
1.000°C are given 1n Tables 4-4 and 4-5, respectively

Combustion Ouring therma! degradation in air or oxygen, Nomex lost weight rapidly
'n the range 400 to 600°C and was entirely consumed by 1,000°C (6) Volattle prog-
ucts recovered from degradation at 300 to 1,000°C were primarily water, carpon
dioxide, and/or carbon monoxide. HCN at 1.2 weight % (based on the weight of the
original sample), acetons at 4.2 weight X, and an unidentified compound of molec-
ular formyla C ;gH;; at 7.2 weight X were recovered from flaming combustion and
reprasent the only other products identified 1n amounts exceeding 1IX at any tem-
perature studied. Nitriles, benzene and substituted benzenes, benzoic acid,
3-cyancbenzoic acid, acetaldehyde, acetic acid, alkanes and alkenes, nitromethane,
NO, N,0, and cyanogen comprised most of the remarning combustion products Ceta:ls
are given in Table 4-6
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NYLON 6
CASRN: 25038-54-4

Synonyms. Poly(iminocarbenylpantamethylene); polycaprolactam; polycaproamide,
caprolactam polymer

Trade Names (producers). Capron (Allied Corp }; Fosta (American Moechst), Ultramig
(Badvsche Corp.), CRI (Bemis Co.), Firestone (Firestone), Enkalon, Grilon (Emser

Werke}, Mirlon; Perlon, Phrilon; Amiylan (Toray Ind., Inc.).

General Information

Molecular Formula: (CgHy,NO),

Structure of Monomer and Polymer:

/r“"\jg,u ~EMHCO(CHy )y 3

\\/Nh Nyion 6

c~Caprolactam

Uses, Nylon 6 1s used in bearings, gears, bushings, coil forms, brush backs,
tubing, and tape (1). It 1s widely used n meat packaging (2) MNylom plastics
are used 1n numerous consumer products, including tire cord, fishing Tines, tow
ropes, garden hose, and woven fabrics (3). In general, nilons have their biggest
-3r*8Ts 'n ine automotrive ‘ndustry for aoplications such as electrical connectors
wire seZkeis, smission cannisters, anc lignt-auty gears Ziecir1Car ana gr'ecitIrag
applications use large amounts of nylons. Fire retardant (ULS4 V-0) nylons are
usea 1n the electronic and electrical fields. Nylons are used for plugs, coOnnec-
0TS, wire devices, terminals, cable ties, wire jacketing, antenna mounting de-
vices, and power tool housings (2). In wire and cable applications, nylons are
Used as jacketing under<hich the primary insulation is polyethylene or paly(viny!l
chloride) (4).

Thermal (ecomposition Mechar isms

Basea on mass speciral data, water elimination (~18 amu), loss of the acrd amice
group (-44 amu) after rearrangement, and loss of methylene groups from longer o¢'.-
amices (-42 or -35 amu) by ¢ s-elimination form most of the decomposilion products
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Polyamides and copoiyamides with 4 Targe number of methylene groups favor decampo-
sition by cis-elimination and cledvage of the amide bonds (S} Nylons apparentiy
degrade 1nitially by random chain scissions of bonds between N and carbonyl-group
€ (the weakest link), between N and methylene-group C beta to a carbony! group
(the second weakest link), and between C's of adjacent methylene groups Deta to a
carbony? group In addition, hydrolysis produces amines and carboxylic acids
Decarboxylation of the latter 15 the source of most of the CO, evolved, Nitriles
arise from dehydration of amides (§)

Summary of Experimental Studies Reviewed

Pvrolysis Recent reviews list therma)l decompostition products of polyamides as
carbonaceous residue and volatile products such as NH;, nitriles, amines, cvclic
ketones, esters, CO, COy, Hp0, hexamethyleneimine (hexahydro-lH-azepine), hesyl-
amine, heptylamine, and methylamine (7,8).

Ohtant et al  (1982) (9) generalrzed about the kinds of products generated from
pyrolysis of various nylons ct 550°C. The major differences ware that cyclopen-
tanone 15 a prevalent degradation product if adipic acid was one of the starting
materials and that those mononitriles formed that contain one amioe group have
differant structures depending on the starting materialis If the nylen has been
manufactured from an w-aminocarboxylic acid, tne mononitrile with one amide group
nas the CN group in the N-alkyl portion of the molecule (I end II)

CH,(CH,)ECONH(CH,)nCN (N

CH,:CH(CHz)m_lCONH(CHz)nCN (S90!
If the nylon is a Condensation product of a diamine and a drcarboxyl'c acid, the
mononitrile with one amide group Nas the CN groups 1n the carboxylic acid group of
the amide (111 and IV)-

CH;(CH,)DNHCO(CHz)nCN (11D)

CH=-CH(CH,)E_INHCO(CH,)ECN (V)
Jther products of nylon pyrclysis clude saturated hvdrocarbons, o-olefins (which

give the strongestl intensitres of tne hydrocarbons). w-dienes, mononitriles with
either a saturated carbon chain or an w~o0lefin chawn, lactams, d nitriles, and
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hyarocaroons «~1th one amiae 3rouo with an w-double bond 1n the carooxy! group ang
with or without an w-gouble bond 1n the alky) substituent (9)

Pyrotysis of nylon & (polycaprolactam) at 530°C gave a strong peak for caprolac:am
and lesser peaks for Cgq mononitriles and for mononitriles with one amide group (%)

Other studies report nylon 6 pyrolysis products that include caprolactam dimers.
trimers, tetramers, etc {10.11) [at 30 to 400°C] Bahr et al. (1984) {5) found
oligomers contasning up to 16 repeating units (M) i1n the pyrolysis products from
nylon 6 degraged at 50 to 600°C Most products took the forms (My .,y = Na]®,

(M, * K]', and M+ H}’. The most abundant [M_ + Na]® had n=5to7 For (M, -

Na - HZO]*. the most abundant species had n = 8 or 9.

Combustion Mo specific information was found on nylon & combustion products
The flash-i1gnition temperature of nylon 6 15 420°C, the self-1gnitron temperatlure
15 450°C (7)
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NYLON 6,6

CASRN:  32131-17-2

Synonyms  Poly(hexamethylens adipamide); hexamethylenediamine-adipic acid copoly-
mer; poly{iminocarbonylbutylenecarbonyliminohexamethylene)

Trade Names (producers). Celanese (Celanese Corp.); Zytel (DuPont), Vydyne (Mon-
santo), Maranyl (Imperial Chemical Industries).

Ganera) Informetion

Molecular Fomull' (C,-_.H::.N:.O-_-)q

Structure of Monomers and Polymer:

HaN(CHy ) gNHy HO2C(CHg ) (CO,H
Hexamethylenediamine Adipic acid
] ] .
—ENHC(CHy ) (CHH(CH, Jg 7

Uses Nylon 6.6 is used for bearings, gears, bushings, co1l forms, brush backs,
rod. and tubirg {1).

Thermal Decomposition Mechanisms

General information for nylons is discussed under nylon 6, above (yclopentanone
may be produced after chain scission of the carbonyli-nitrogen and methylene~
carpony! ltinks give the requisite S-carbon precursor or from cleavage of an end-
grouc adipic acid followed by decarboxylation and cyclizatyon  Hydrolysis gener-
ates some of the products At Yowar temparatures, chain scission predominates,
with productton of cyclopentanone and C0  Temperatures around 600°C produce

B85
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cyclohesane, olefins, and fragments with intact amide groups (all fragments with
m/e & 140). Jellinek and Dunkle (2) presented the following scheme for thermal
degradation of nylon 6,6:

Lower tamperatures:

o 8 g ;
]
# €= NH(CHy JgNH == C(CHg ) ¢ = CNH =~ (CHy ) g = NHC-~~ —_——
o+ Seode B o
“ANH(CHy ) INM ¢ C(CNy)3CHy ¢ CNH(CH,)gNHC =+ + maaCNH' +  “CHa(CHy) (NHC ~-
! 11 111 v v
+H

”__'EP
0 0

i [
[I] ———s €D + 'NH{CHz)gNHC = ~——>  HyN{CH;) gNHC A~~
v

0
H "
1v ———r— '“CNHz ——erp. N+ Hzo

|
V==t CHg:CH(CHy ) (NHC

0
DITNNEE = 430 e 2100, = O2NH,

RICOH ———s RIH + COy

Higher temperatures (> 600°C):

0 0 0 Q
" ' i i il
~~ CNH —CHy =~ CHa(CHy ) (NHC(CHy ) (CNH{CH, ) gNHC ~~ ————

a 0
4 il
HCN » ~~CNMa +  ~CNM-~—(CHg}q == NH=~~ + (Hy —
VI

o 0
n !
A~CNH, === ~C + NH; or ~(N + H,0

V1 O and/or  CHy CH(CHp)3CHy; + Hg0 = ~<CN
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Summary of Experimental Studies Reviewed

Pvrolvsis. Ontani et al. (1982) (3) found cyclopentanone as the major nylon 6,6
pyrolysis product at 550°C  Minor products include caprolactam and a C, dinitrile
Bahr et al. (1984) (4) pyrolyzed nylon 6,6 at 50 to §00°C, identifying peaks corre-
sponding to [M, . « H©, [Mg_g + Nalﬁ. My + 2Ma]%", and a very weak [Mn + Ma -
HZO]‘ ﬂ:in fragments corresponded to [Mn + Na - 44]’, [Mn + Na - 84]‘7 and |Mn -
Na - 110] where 44 15 a loss of CONH,, 88 15 a loss of (CH;) CO, and 110 is a _
loss of {CHy)4CO and CN, After Burns and Renschler /1984) {S) pyrolyzed nylon 6.5
yarn at 500°C, they identified major products as cyclopentanone, adiponitrile (ten-
tatively), and a "composite of caprolactam and an apparent homolog *

Adams (1983) (6) reported the presence of the fo)llowing mass spectral peaks (abun-
dance relative to cyclopentanons as 100X) after nylon 6,6 pyrolysis at 30 to 400°C
143 (16%), 183 (15%), 227 (15%K) (227 is the weight of the repeating unit), 343
(47%), 369 (31X), and 409 (25X). Except for the common occurrence of cyc)open-
tanone, there was little agreament among the references as to the products formed
{al} three reports identified them by mass spectral ana vsrg)

Combustion Jellinek and Qunkle (1983) (2) studied the evolution of HCN from ny-
Yon 6,6 films during flash degradation at 289 to 695°C 1n arr. The amount of HCN
evolvad reached a max mum of ~ 14X of theoretical at ~ 500°C within 156 min. At
695°C, HCN evolutrion was much less than 1% of theoretical because of 1ts oxidation,
which began at ~ 575°C.
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NYLON 6,10
CASRN  9008-66-6

Synonyms: Hexamethylenediamine-sebacic acid copolymer
Trade Names (producers). Tynax

General Information

Molecular Formula, (Cxu”aoﬂzoz)n
Structure of Monomers and Polymer:

Ha N(CHy ) gNHq HO,C(CHy ) 4COg H

Hexamethyienediamine Sebacrc acid

—ENNHCO(CHz ) g CONH(CH, )¢ 3

Uses: Jacketing for wire and cable, special molded parts (1}.

Tharma® Oecomposition Machanisms

No specific information was found for nylon 6,10.

Summary of Experimental Studies Reviewed

Pvrolysis. Onhtani et al. (1982) (2) found the fo)lowing compounds 1n the products
from pyrolysis of nylon 6,10 at 550°C. caprolactam, C, to Cq hydrocarbons {(Cg
major), Cq to Cg mononitriles (Cy major}, 1,10-decanedinmitrile, and Cyy to [,
mononitriles with one amide group (C,q major)

Combustion. No specific 1nformation was found.
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2 H Ohtamr, T. Nagaya, Y. Sugimura, and 5 Tsuge Studies on the Therma!
Degracation of Alipnhatic Polyamides by Pyrolysis-Glass Captilary Gas Chro-
matography. J. Anal. Appl, Pyrolysis, a(2), 117-131 (1982)

NYLON 11

CASRN-  25038-74-8

Synonyms. Poly(w-undecanamide)

Trade Names {producers): Rilsan (Rilsan Corp.)

General Information

Molecular Formula. (C, H;,NO}

Structure of Monomers and Polymer:

HaN(CH, ), oCOzH —fNHCU(CHz)Ioan—

w-Aminoundecanoic acid Nylen 11

Uses: Elecirice! insulation and other nylon uses where low moisture zbsorption 1s
needed (1). Meinly used for pressure moldings and fibers (2).

“hermal Oecomposition Mechanisms

No specific informetion was found for nylon 11

Summary of Zxperimental Studies Reviewed

Pvroiysis Ohtani et al. (1982) (3) pyrolyzed nylon 11 at 550°C The lactam pro-
duced from undecanamide geve the weekest peak. Other weak peaks were ascribed to
Cyy to Chg mononitriles with one emide group and C, to Cy, hydrocarbons with one
amide group  Intermediate-to-strong peaks were ascribed to (g to C;, mo-omitriies
with the C,, species predominant. (4 and {, hydrocarbons were the most abundant of
a1} species 1dentified. C, to C;, hydrocarbons were present in intermediate abun-
gance

Combustion No specific 1nformation was found
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POLYURETHANES

CASRN. Dependent on monomers

Synonyms Urethane polymers

General Information

Molecular Formula: Variable

Structure of Monomars and Polymar: Polyurethanes contain the carbamate or ure-
thane group -NHC0OO- and are produced by reacting diisocyanates, e.g., toluene-
2,4-diisocyanate [CHaCeH3(NCO},], with a so-called polyol or macroglycol Dased on
polyethers and/or polyesters or with a combination of macroglycol and a short-
chain glycol extender. Linear, thermoplastiCc polyurethanes may have the general
structure:

2 8
i )
"f(s:DCNH,C At FNHCU 3;"‘"

Cross 11nked thermoset polyurethanes are prepared from isocyanates and polyols of
functionality > 2. Crosslinking can also occur from secondary reactions to give
urea linkages [~NWCONH3 and biuret linkages [~NHCON(CONH-}-]. The latter reac-
tions are common in water-plown polyurethanes (evolving CO, acts as a blowing
agent) (1).

Rigid foams are derived primarily from polymethylene polypheny) isocyanate (PMDI),
often 11nked with polyester polycls Rigid foam from PMOI is preferred for
commercial refrigeration insulatyon, but household refrigeretors use a rigid foam
based on toluene diisocyanate (TDI).
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n

PMDI

PMOIs are crude products containing 40 to 60% 4.4 -methylenedis(pheny! 1soCyanate)
{MOI}) Pure MDI is used in elastomers.

OCN —@— CHz —@-— NCO

MO1

Flexible foams are primarily basad on polyether polyols. TDI, PMO!, or PMOI-TDI

- s s [ e . amat
C.@rCs &8 LTNEN LSS L7 TThE NIDI ENELE

About 50% of polyurethane cocatings are based on TOI with polyethers or polyesters
Polyureathane alkyds, moisture~cured polyurethanes, and self-crosslinking agueous
polyurethane dispersions are other coating types (1).

Uses: Flexible polyurethane foams are used in furniture, transportation, bedding,
cerpet unosriay, textile Taminates, and packaging (listed here in order of decreas-
ng U.3 zconsumotion in 1981) Rigid foams are used 'n Burlaing and constructi-on,
retrigeration, tark and pipe 1nsulation, transportation, pacxaging, ano fur~-ture
(1). Polyurethanes are used to ename! magnet wire that will be used in soldering
appliications Polyurethanes may also be used to replace oii-modified alkyds used
n alectrical equipmant to bond windings for improved vibration resistance A)-
though several other synthetic resins are availaole for the purpose, polyurethanes
or epoxies are chosen when chemical resistance 1s wmportant (2} Polyurethane foam
1s among the materials tha: have been proposed as insuldtion ‘or cryogenic resis-
tive cable pipe (A cryogenic resistive cable 15 an insulated Conductor cooleg to
recuce the alectrical resistivity of the conducter Cables are cooled to cryogenic
temoeratures, typically that of 1iquid nitrogen ) The feasibility of using poly-
urethane foam to insulate air-cocled underground transmission Jines has also bean
stucrec (3) A European re“erence (4) listed pclyurethane among commercially

avar'lay e organic zadle Insylatror and jacket mate-'s’s
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Therma! Decomposition Mechanisms

Thres pathways were proposed Dy Saunders (1959; cited by Hileman et al , 197%) (5)
(a) dissociation to the original polyol and i1socyanate; (b) cleavage by a concerted
reaction, producing 4 carbamic acid (which further decomposes to an amine and C0,)
and an olefin from the polyol; and (c} loss of CO, probably acCompanied by intra-
molecular recombination of the olefin and primary amine to give 4 secondary amine
When Hileman et ai. (1975) (5) pyrolyzed a polyol-TDI polyurethane, only pathway
(1) appeared to be operative below 300°C. Pathways (a) and (b) were operative
above 300°C plus other secondary decompositions  Lack of volatile secondary or
tertiary amines seemed to indicate that if pathway (¢) were operative, it occurred
without polymer chain cleavage.

Grayson et al. (1982) (6) proposed the following scheme for combustion of polyure-

thane foams:
Polyurethane ~—19¥T%§£L—» Char
1 heat
r
Isocyanate Polyol
heat ’ y 02 heat D
1 heat
; co Alkenes Ha0 Aldenydes
Yellow Smoke o, Co, Allynes Ketones
INO Ha 0 Acids
qeas
v
L heat »>Black Smoke
HCN

CH. CHCN, etc

Summarv of Exparimental S:iudies Reviewed

A1} iha information found was on flexible polyurethana foams, r stlv based on TO!

and polyether polyols
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Pyrolysts. At 3009C, flexible polyurethane foams Dased on TDI and a polyether
polyol avolved a yellow smoxe containtng all of tha nitrogen from tha polymer
Aboyt 30% of the original polymer weight 1s lost (7) Tha yellow smoke, which was
stable up to ~ BOD®C, appeared to contain compounds with polyether linkages, isc-
cyanate groups, and possibly ureido linkages and amino groups (8). CO was also
evoived at 300°C with e two-step pyrolysis at 300°C, then 1000°C, giving less €0
than if the polymar was heated 1n one step at 1000°C (7). The ®ajor volatile
products (other than the yellow smoke) observed by Mileman et al, (1975) (S) when
a polyurethane was pyrolyzed at 300°C were H 0, propene (CHaCH:CHy), and CO, (in
order of increasing amounts). At 500°C, CO;, acetaldahyde (CM,CHO), propionalde-
hyde (CH,CM,CHO), and propene were found (in order of increasing amounts). At
750°C, which was still below the temperature at which the yellow smoke decomposed,
the products found (in order of increasing amounts) were lower alcohols (CH,0H and
CHaCHaOH), CO, CO,, CH,, HA0, €, to C3 saturated and unsaturated hvdrocarbons,
acetaldenyde, and propicnaldehyde (3).

Pyrolysis at 800 to 1000°C gave MCN, benzenitrile, acatonmitrilte, pyridine, and

agmYenfes Teornowrres pesgizts [F-81 0 Liter proGults INTIUCEG Lo oL Lo SETulated
and unsaturated hydrocarbons; other C; and Cy nitriles and cyanotoluene; the aro-
matic hydrocardons benzane, toluene, styrene or cyclooctatetraene, naphthalene,

and indene; and the heterocyclic aromatic compounds pyrrole, methylpyr-cine, vinyi-

pyriaine, and quinoline or isoquinoline (7.9).

Propionaidehyde, propsne, and acetaldehyde were the sajor products found by Hileman
et al. (1975) (5) after ~ 30X weight loss from pyrolysis at 1000°C. They also
“ounc more of the other products detected at *S0°C. PS-e:sumably, decomoosiTion at
10009C was the source of the nitrogenous products reportes. TO0I, toluenediamire,
dicyancbenzene, benZonitrile, and other nitriles. Other pyrolysis productls were
toluene, benzene, styrene, xylene, alcohols, ether alcohois, ethers, and 3cetone
(yields were not calculated although lTabeled chromatograms are given 0 the

reference)

about S0 products from pyrolysis of rigid polyurethane foams were Jcentified n a
1985 review (10).

Compust zn Ouring full-scale combustion of a polyol-T0I polyL-ethane, the tem-
perature attained at Teast 1000°C within a few r nutes Mydrogen cyanide (HCN)
ylelds reached a maximum of C 3% ang representec a tox)c hazard comparable o that
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of the CO generatad within the first 5 mn. After that time, HCN yields declineqg.
possibly due to a rapid loss of yellow smoke, leaving the polyol! residues. The CO
concentration (total ~ 8%) remained steady from ~ 5 to 20 min of burning (7)

Boettner et al (1973} {11) reported that combustion losses of CO, and CO ware
higher than those of propene, HCN, and aldehydes. Yields of acetone, hydrocarbons,
and methano! were even lower. woolley (1973) (7) remarked that the same progucts
(HCN, nitriles, N-containing heterocycles, and lowar and aromatic hydrocarbons)
were formed from combustion as from pyrolysis, but that they were formed at lower
temperatures during combustion.

About 90 combustion products from rigid polyurethane foam were identified in a
recent review (10}.
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Section 5

SULFUR-CONTAINING MATERIALS

See also creosote 'n Section 4, Nitrogen-Contarning Materials.

CHLOROSULFONATED POLYETHYLENE
CASRN  9008-08-6

Synonyms  Rubbar, synthetic, chlorosulfonated polyethylene; Chlorosulfonated poly-
ethylene synthetic rubber; CSPE.

Trade Names {producers): Hypalon; Hypalon 40 (E. 1. du Pont de Nemours, Inc. ),

Luiagex

Genera) Information

Molecular Formula: Best rubber properties: 30 to 352 C) and 0 B to 1.5% sulfony!)

sulfur,

Structure of Starting Materials and Polymer:

(CHyCH,CHyCHy = = 2C15 + 50y — tl:H-:HICH:;H ~ = ZHO
o 0=5=0
|
¢

CSPE may be crosslinked by use of Pb0, MgD, or tribasic lead maleate with a sulfure
containing accelerator, usually dipentamethylenethiuram tetrasuifide It can aiso
pe cured with epoxy resins. A crosslinked polymer useful for wire coverings for
bare copper or use with lead 1n hose and cables can be prepared by the use of metal
oxides or hydrox)des, rosin acids, and a free-radical scavenger such as a nmitros~

amine, nitrosochydroxylamine, or hindered phenol (1}

Uses fiectrical uses include wire and cable (applrance coros, rgnition wire,
telephone handset cCords, and weatherproof wire) An mportant use is for flexible,
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decorative, and protective coatings for fabric, meta), rudbber, masonry, ana otrer

surfaces (1).

Chigrosulfonated polyethylene is preferred over neoprene for jacketing of insulat-
1ng cables for *ixed 'nstallations The CSPE jacket replaces part of the conductor
1nsulation. When color coding 1s desired for open-pit, portable mining cables,
prgmented CSPE jackets are used (2). Hypalon s now widely specified for sheathing
o11~dr1iiing platform cables instead of poly(viny! chloride) (3)

Other uses 'nclude weather stripping and automobile window channels; Teether-like
Coated fabrics, floor tile; automotive products such as distributor caps, sparkplug
covers, and ignition wire jacketing, hoses for steam, water, and corrosive chem:-
~als, chamical tank )inings, surfacing of conveyor belts, gaskets or diaphragms

requiring resistance to ozone, the weather, heat, or orls, and adhesives (1)

Thermal Decomposition Mechanisms

50,C! groups are lost followed by dehydrochlorination to form a polyene  (Cross-
linking may occur by {ntermolecular elimination of H(} and/or a Oiels-Alder type
reaction between two dehydrochlorinated polymer molecules Thermal degradation
then proceeds principally by 1:5 hydrogen transfer, This gives {3~ to Cg
1-alkenes. Limited unzipping gives C.H,. Secondary pyrolysis occurs above 627°C
Higher l-alkenss formed during primary pyvrolysis are degraded to lower=moiecuiar-
wetght products probably by dissocration of free radicals and ntramotecular cyciic
dissociation. Above 727°C, further fragmentation, cyclization, and aromatization
accur, nyorogen yle'ds .ncrease, .. 13 T, DTOQUCTS Jecraase I, ITESUIIION Mart-
mizes at ~ §27°C, toluene yields decrease acove 827°C, benzene yields plateau 1n
the range ~ 700 to 1100°C; naphthalene ylelds reach their maxima about 847°C, anc,
finally, only small fragmentation products and large polynuclear aromatics are
c-esent (4)

Summary of Experimental iiudies Reviewed

Purolyvsis. At pyrolysis temperatures < 827°C, major products incluge €3 to g
i-alkenes anc Wi, For exampie, malor Jrodu:zts at 437°C -ere reported as sthene
anc etnane, prcoens and propane, .-butene, I1,3-butadiene, and toluene, at 3E7°C
propene and propane, etnene and ethane, benzene, and toiuene  Above 527°L, i~e
i-alkenes breax cown to lower fragmenis, thus, (M, appears as 2 major procuct

P L

Grave “I27°7 g c zal.Cn GNC aromatiItIon DTOCUTTE are  argely D-ecomTnar.
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However, the C, (ethane and ethene) maxomum is ~ B27°C. At 927°C, large poly-
cyclic aromatic hydrocarbons are among products with high yields of benzene and
naphthalene {4). The large polycyclic aromatic hydrocarbons detected were ace-
naphthene, fluorene, anthracene, and phenanthrens. Other products were styrene,
toluene, 'ndene, 2+ and l-methyinaphthalene, biphenyl, and dimethyinaphthaiens

Combustion. No information was found on organics in combustion products. Combus-
tion of chlorosulfonated polvethylene (CSP) cable sheath material compounded for
reduced acid ges emission gave concentrations of the products in the order 0, >
€0 > HC1 > S0,. A standard type of CSP cabie sheath material that had not been
compounded for reduced acid gas emission gave products with concentretions 1n the
orger €0, > HCY > €O > S0, (3).
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o0 - SULFONE

C, .RN  25135-%81-7
Synonyms' B8isphenol A - 4 4'-dichlorodipheny) sulfone copoiymer
Trace Names {progucers): Udel {Union Carbide)

Ger2~al Information

Molecular Formula: (Cy7Hp22504)

MONS 020498

23



Structure of Monomers and Poiymer:

Bisphenol A 4,4'-Dichlorocipheny]l sulfone

CH,
-0+

CH,

Polysulfone

Uses Electrical/electronic appliications include connectors, aute fuses and
switches, housing, coil bobbins and cores, TV components, capacitoer film, and
structural circuit boards. 1n chemical processing equipmeant. polysulifone i1s used
for corrosion resistant piping, both transparent end glass fiber bonded; for tower
packing; and for pumps, filter modules and support plates, and membranes. Poly-
sulfone 15 also used for camere and watch cases, battery cell frames and housings,
auto and aerospace components, water purification devices, medical instrumentation
and trays to hold instruments during steryiization, and food processing eguipment
(1),

Thermal Qacomposition Mechanisms

During thermal and thermooxidetive degredation of poiysulfone, crosslinking and
chain=scission reactions are caused prinCipaily by reactions of free radicals witn
the aromatic nuciey. Iron and dipnenyicipropane (OPP) 'mpurities atfect the cou-se
of thermal degradation of polysuifone. Both iron and DPP accelerate oxidaticn of
al'pnatic groups and thermal decomposition. Thermal degradation products of DPP
cestroy or retard Crosslinking, reacting with the polymers as 'ow-molecular-weight
radicals, lron impurities accelerate crossiinking (2).

Summary of Experimental Studies Reviewed

Pyrolvsis. Pyroiysis at 460 to 520°C caused a 62X weight loss of the polysu'‘ore
semple (3) Radiant pyrolysis of a sample containing up to °% carbon black for
2 mn at 4 cal cn-z sec’! left 31% char (4.3) No chemical products were

1dentifred
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Combustion Therma}l oxigation at 350°C for 80 hr caused less than 10% weight loss
In the same period, ~ 70% was lost at 400°C (8) Combustion for ~ 0 5 hr at 400°C
produced 1ittie smoke, and the combustion products Caused li1ttle sensory irritation
nmice (7). Combustion of polysulfone at < 450 to 750°C in an atmosphere somewhat
deficrent 1n oxygen gave primarily CO;, CO, S0,, and a residue. The next most
abundant volatiies were methane (CH,), benzene (C4Hg), and toluene {CgHoCH,)

Mingr amounts of ethylene (CH; CHz), ethane (L Hg), ethylbenzene {CgMsCaHg), and
styrene (CqHgCH CH;) were determined. Measured products accounted for 32.6% of

the suifur content but only 60% of the total mass (3).

About half of the weight loss from polysulfone combustion was a liguid residue

Some carbonyl suifide (COS) was detected '1n the gases after combustion at 490 to
550°C, the range where 50, evolution was greatest Phenol and pheny) p-tolyl ether
were the major combustion products at 1000°C. Hydrocarbon products included tolu-
ene, ethylbenzene (or xylene), styrene, methylethylbenZens, indene, methy)indene,
trimethyibenzene, naphthaiene, methyinaphthalene, biphenyl, and dimethyinaphtha-
iene. Other oxygen-containing products included banzaldehyde, benzofuran, methyl-
LENIdTLTEN, Ciuveroliu a0, orphenyl etner {or phemyiphen.’, zescl, ein Tphesa',

and 2-hydroxyphenyl-2-phenyipropane (8).
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Section 6

MATERIALS CONTAINING ONLY C AND H OR C, K, AND O

BISPHENOL A EPOXY RESIN

CASRN, 25068-138-6

Synonyms: B8is{p-hydroxypheanyl)dimethyimethane-epichlorohydrin copolymer;
2,2-8is(p-hydroxypheny!)propane-epichlorohydrin condensate; Oiphenylolpropane-
epichlorohydrin polymer; Epichlorohydrin-bisphenol A epoxy resin; Oxirane,
{chloromethyl)-, polymer with 4 4°=(l-methylethylidene}bis[phenoi]; Phenol,
4.4'-(l-methylethylidens)bis-, polymer with (chioromethyl)oxirane, Propane,
1-chloro-2, 3-epoxy=-, polymer with 4 4'~isopropylidenediphenocl.

Trade Names: Araldite 6005 (or 6010 or 6084 or GY250 or GY260 or GY2B0); Bakelite
PKOA; Casting Resin F; Epikote B2B (or 834 or 836 or 1004 or 1007), Ept-Rez 510
Epon 826 (or 834 or 1001 or 1002 or 1004); Epotuf 37-139; GenEpoxy 190

General Information

Molecular Formula: (C;gH; 405" CyHeCI0),

Structure of Monomers and Polymer:

CH

[ /%
HU@QDH Epichlorohydrin

CHy

Bisphenol A

tn;?:c” =~ Oy -—[o-@—

Most commonly, the polymer shown 1s cured with a cycioaliphatic anhydride or amine

C

I i
D—CH—CH"'CH—O [ Q—-Cu—c“_c
Dot LD HD

¢
|
CHy
as a hardener to effect crosslinking. "The largest producer of resins for use 1n
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casting transformer colls used in the United States -eports that roughiy 80% of
their production for transformer coils may be approximated by the above general:-
ties. The remainder usa cycloalfiphatic compounds in place of bisphenol A (1) "

uses Epoxy resins are a type of solid dielectric that may "be cast or impregnatag
1nto the corls of a transformer, used as fiims in capacitors, or used as insulation
for various parts of transformers, capacitors, or other electrical equipment” (1)
Epoxy insulation systems have been used in transformers since the earily 1950s (2)

Thermal Decomposition Mechan)sms

Bisphenol A epoxies are less stable than epoxy novolak resins, which are produced
from phenol-formaidehyde resins and epichlorohydrin, because the isopropyiidene
Yinkages 1n the former are Jess stable than the methylane 1inkages of the epoxy
novolaks. The structure of a novolak epoxy is as follows (3).

0 0
SAN VAN ogHy —L

CHZ CHZ

Isomerization of terminal epoxide groups before cieavage would give 2-hydroxy-
propanal [CHeCH(OH)CHG) and propionaldehyde (CHaCHaCHO). Direct cleavage 1n the
end groups would give ethylene oxide and formaidehyde. Acetaidehyde (CHyCHO) could
arise from rsomerization of ethylene oxide. Chlorosubstituted compounds probably

&

artce ‘rom imourities “n the giyciayl portion of the resin (4)

Summary of Experimental Studies Reviswed

Because of the scarcity of information on thermal degradation of bisphenol A epoxy
resins, information is also inciuded on the structurally similar epoxy novolak

resing,

Pyralysis  Pyrolysis of a novolak epoxy resin at 350°C gave toluene (the react-on
soivent} and water as major volatiies (94%). Phenol, cresols, and higher phenols
ethane, ally! chioride, aldehydes, and ketones were among the pyrolvsis products
(4) Pyrolysis of a bisphenol A epoxy resin cured with 2 § parts per hunarea res:-
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Z-ethylimidazole at 380 to 425°C gave mostly phenol, diphanyl ether (CqHgOCgH),
and C,- to Cg-alkylated phencls and aromatic athers. Most diphenylpropane der:va-
tives were p,p'-isomars (5).

Pyrolysts of uncured bisphenol A epoxy at 350 to 450°C gave water {from condensa-
tion of epoxide groups) and toluane (reaction solvent) es the mejor products. At
450°C, approximately equal amounts of methyl chloride (CHyCl) and acetaldehyde were
formed High-boirling cresols, phenol, isopropenyliphencl [CH4C(CH,)C4H,ON], and
bisphenol A were 1n the residue (4).

Major products from pyrolysis of a bisphenol A epoxy resin cured with methyiens-
diantline (HoNCgH, CH;CgH NH,) ware water at 350°C and water, CO, CHyCHO, CH,CH,

and CH, at 450°C Methylcycliopentadiene arose from both cured and uncured bis-

phenol A epoxies (4).

Pyrolysis of an uncrossiinked novolak epoxy resin at 360 to 1200°C volatilized 38
¢ ET% of LrE recce, Bl oto ETN of the volzi-les comoriced an uncharacteottied mise-
r1al (average molecular waight 350 from pyrolysis at B00°C) Methyl chioride
(CH3C1) and ethy) chioride (CaHgCl) were found in the voiatile fraction at 360°C,
but not at higher temperatures. Hydrogen (H,), ethylene (C,H,), and substituted-
Cyciopentadienes were detected fn the volatile fraction at 800 and/or 1200°C, but
not at 360 or 500°C. 1In contrast to what would be expacted from combustion, CO
concentrations {n the volatile fraction increesed with increasing temperaturaes
(maxfmum 25.9X at 1200°C) es C0, concentrations decraased (maximum 16 2X in the
vclatiles at 360°C). Organics representing more than 3X of the volatiles ware
methane (CH4,, ¢ 3% at 1200°C), propyiene (H,C CHCH;, 6.5X at 360°C), benzene ((gdg,
8.1% at 1200°C), and methy) chioride (CH3C1; 5.1% at 360°C). Other organics pres-
ent &% less than 3% of the volatila fraction at one or more pyrolysis temperatures
were acetylene (C,H,), acetone (CH,COCHy), propane (CyHa)}, and ethane (CoHg)
(Madorsky and $traus, 1961; cited by Zbozinex, 198%) (1)

An epoxy resin used to {epregnate tapes and wrapper 1nsuiation 1n dry-type trans-
formers was pyroiyzed at 600 and 1C0C°C. The proaucts collected (1n unreported
amounts ) were CO,, CH,, C,H,, propylens, butylene (i-butene?), pentane, cyclopenta-
giens, toluene, phenol, xylene, styrene, indan, indene, naphthalene, and bipheny!
(8)
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Lum and Feinstein (1981, 1982, cited by Zbozinek, 1985) (1) found benzene, pnenol,
and cresol fn the thermal degradation products of novolak epoxies (pyrolysis?)
heated at 300 to 500°C.

Combustion Bisphenol A epoxy resins are more combustible than comparadle thermo-
setting plastics, having a lower tendency to carbonize The resins continue to
burn on their own when removed from the tgnition source. The odo=s of phenol,
formalidehyde, and hirdeners are detected in the smoke (4).

Approximately 500 b (230 kg) bisphenol A epoxy 1s used tn the cast transformer
co1ls of a l-pnase transformer. The example s based on a 2,000 kVA moce! with
three high-voltage and three low-voltage coils rated at 12,000 VAC and 48C VAC,
respactively The transformer cabinet with a volume of 347 ftd (9 83 m3), 208 f¢3
(5 89 m3) of which 1s occupied by a1r, 1f unventilated (but most uti1lity trans-
former cabinets are), contained sufficient oxygen to combust only 1.5 1b (0.7 kg)
of the resin. Wwhen heated for 30 min at temperatures up to S00°C with sufficient
oxygen for complete combustion, resin samples produces Z0 rgentifies ana 30 un-
1dentified compounds. The latter were in “extrameiy low" concentrations The
major products were 26.0 ppm (based on resin weight) phenol (C4HgOH), 2 6 ppm
toluene (CgHgT4;), 2.0 ppm ethylbenzene (CgHgCoMy), and 1.5 ppm benzene (CyHg)

The rest of the mass was not accounted for by the Study authors. Estimated con-
cantrations in air ware 3 03 mg phenol/m3 (OSHA permissible exposure 1imtt [PEL) =
19 mg/m3), 0.30 mg toluene/m® (PEL = 375 mg/m3), and 0 23 mg ethyibenzene/m3 (PEL =
435 mg/m) (2).

Acetylene (CgHp), benzane, toluene, and an aromatic fraction were detecteo 1n the
gases from combustion of an 800 kVA GEAFOL cast resin transformer at 1C0C o
120¢°¢C The fires ware tnitially fueled by propane and wood, and the gases from
the fuels were not separated from the gases evolved from combustion of the trans-
formar (Altmann e al., 1984; ciied by Ibozinek et al , 1985) (1).
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CROSSLINKED POLYETHYLENE

CASRN. 68584-45-2 (for radiation crosslinked homopolymer; none available for
peroxide~cross)inked homopolymer],

Synonyms: XLPE; Ethene, homopoiymer, radiation crosslinked.
Trade Names (proaucers;. None found

Ganeral Information

Molecular formula: (Czﬂc)n
Structure of Monomer, Polymer, and Common Paroxide Cross)inking Agent

CH..CHa "'cHchQCHcHz CH2~
o7 |
Ethylene .y CHa CHCHaCHo ™

Radration-Crosstinked Polyethylene
(XLPE)

?H; ?HJ
OO
}
CH3 CH_-,
Dicumyl Peroxide (DIP)

in cable manufacture, crossiinking is don: immediately after extruston of the cable
insulation becaus 2 the material cannot be shaped after crossiinking This ¢crosss
Tinking 1s done almost 2xclusively by adding peroxioes such as dicumyi peroxtde
(SCR to low-2ensiiy Doiyethylene granulate and ste2am curing for zoout 1 min at
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aoout 170°C. Elactron beam or gammi 1rradiation ara other methods of crosslinking
polyethylene {1,2). Radiation curing of high-density polyethyilene 15 limited tg
low-voltage cables with thin insulation  Because moisture degrades the service
11fe of XLPE, steam curing may be replaced by treatment with pressurized, heated
Tnert gas (3)

Uses Low-density grades are used for wire and cable coatings and insulation,
high-density grades for pipe and molded fittings Since the 1970s, most of the
distribution power cabies installed in the ranga 15 to 46 kV have been 1nsulated
by chemically crossiinked polyethylene. These XLPE cables are substitutes for
ori-tmpregnated paper-insuiated lead-covered cabie. By mi1d-1971, the use of poiy-
ethylene for power cables was 400 million pounds (9 x 10% g), the rzpid growth in
this use surpassing the use of crosslinked polyethylene for communications cables
at that time. Use tn coaxial and other cables was much less than 100 millian
pounas (2.2 x 10¥ g). Power ut1lities have widely accepted XLPE-insuiated cable
for transmission circuits at operating voltages up to at least 138 kV (2) XL~E
or the-mosat colyethylene ma:' be used as an ‘rniegral covaring “:*  Gm-vCilage co-
piications on very smalil diameter single-conductor cabies (i) Crosslinked poly-
ethylene may aiso be used in heat-shrinkable tubing to insulate joints and spiices
of hook-up wire (4).

Thermal Cecomposition Mechanism:

No specific 1nformation was found for crossiinked polyethylene; hut since cross-
linking 1s 1nvoived {n thermal deqgradation of linear and branched polyethylenes,
tha the~mai decomposition mechanisms cf (PLE are orspac  ;im11ar =z =hcse "o+
polyethyiene (see page 6-12).

S_omarv 5¢ Exoerments: Studies Reviewed

Pyroivs s Unfilled crossitnked polyethylene 1nsulation from a No 14 smali w -e
Tost : 2% of 1ts initial weignt when heatad from room temperature to 393°C a: ire
rate o’ 10°C/min, 48.9%, when heatec To 453°C, and 27 55, when heatea to 46797
Another JCP-crosslinked polvethylene sample lost 2 0N o7 1is weight by 361°C arc
98 7% 0, 4B1°C A sample with 33% f1ller showed about tne same weight loss w i~

'hcreas ng tempe-atures (5

DC- decomposizion products ana aoc Lives present in the crossiinked polvetny ere

~

are 'ikhe'v 0 be .dent-“ie¢ among ov-clyrates a2t isw temderai.ret Z-osr  nael

coiset~ ene ‘-om inree zan'es tnat hag ‘zrlec :fTer 9 A~ 1T pzmi o nf po- I oLx
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found Lo tontain several compounds 4t the parts par mtllfon levei Acetopnenone,
an expected degradation product of OCP, was not found 1n any of the three samples
In one sample, a~methylstyrene wds the major contaminant and cumene was the second
most mportant contaminant. In the two . ther samples, thiobutyri¢ acid S-decy!
ester was the major contaminant followed oy phenol anc cumy! alconol (or—v1c!
versa) Other mpurities found 1n one or two of the three samples included cumene,
toluene, dipropropylene giycol methyl ether, acetophenone, phthalates, chicroform,
and Denzene  Uncrossiinked polyethylene from a fourth cable contained thiobutyric
acia $-decy! sster, phenol, and toluene (all identifications were made by gas
chromatography-mass spectrometry) (6).

Combustion, No specific information was found on XLPE combustion or other thermal
ox1dation,
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KRAFT PAPER

S2neral Information

Moiecular Formuia  (CgHy005),

_iructate of Poplymers B3 to 915 alpha-celluleose, 1 %o 3% hemicellulose, and 2 %0

e o,
-

gnin
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Uses- Electrical use for kraft paper is for insulation n o:l-immersed equipment
such as transformers. To upgrade the thermal resistance, the kraft paper may be
modified by cyanoethylation, amine treatment, etc Additives such as morpholine,
oxyalkylamine, aromatic polyamines, p-toluene sulfone {*), and carbamates have been
used or suggested (1).

0il-1mpregnated paper 1s used to 1nsulate overhead distribution cables {2) and 15
the standarg :-sulation for 115-550 k¥ circuits, whereas extruded solid-direlectric
insulation prevalls over paper insulation for intermediate voltage caples (15 t¢
69 kV} Use of paper 1nsulation in the intermediate range will probably continue
because of the need to maintain existing installations and its desirable characler-
1stics such as long service tife (3).

Thermal (ecomposition Mechanisms

Cellulose pyrolyzed at rapid heating rates primarily degradet by chain cleavage
Segments decompose to Qive a syrup whose major component is leveglucosan (1,6-
anhyc¢ro-g-0-glucooyranose) and 1ts furanose i1somer (1,6~anhvdro-g-0-glucofurancse)
Numerous lower molecular weighi products form at temperatures 2 500°C  Ash n
trace amounts appears to catalyie condensation, dehydration, and fragmentation
reactions, thereby reducing syrup yields. Primary syrup products can be converted
to ethylene and other important industrial chemicals

Nonspeci1fic thermal decomposition reactions ocCur Anhydrosugar derivatives are
formed by 1ntramoleculir transglycosylation reactions, which compete with dehydra-
ticn, fragmentalion, and condensation reactions. These competing reactions lead
Tl Ow M0 eC..aM weIQNT J25@5, Inar, dna rumerJus sthe” Zroducts “Ow @&LINg
rates and long residence times reduce the yields of more desirable sugar deriva-

tives (1)

dehydration

> anhydrocellulose — char = (0, C0a, Hal

:e11u]ose-+__ volatiles
levoglucosan——

cesolymerization char

Summarvy 6f Zxpertmenta. Studies Reviewed

Pvrolvsls  Proguct gases *rom pyrolysss of kraft paper are proguced 3n apout the
same émourts ac f‘rom sy-9isscs of other ceilu'ose sources, including woods  “ne
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gases are C0,, CO, H,, C,H, (acetylene), CH, (methane}, C,H, (ethylene), and other
nydrocarcons (5) Qepolymerization gives the anhydroglucose product levoglucosan
{a glucooyranose derivative) and its furanose analog. Temperetures above 500°C
give numerous tower molecular weight products and char. Oehydration reactfons give
anhydrocellulose, which alse decomposes to give char and volatiles (4).

Combustion No 1nformatian was found on specific products of kraft paper combus-

tion
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POLYETHYLENE
CASRN  9002-88-4

Synonyms: Polythene, ethylene homopolymer; ethene nomopolymer

Trace Names: Agtlene; Alathon; Alkathene; Courlene, Lupolen; Platiion, Pylen,
Reevon (1)

General Information

Molecular Formuyla“ (CZH.)n
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HLTH: #Methemogliobtnemia (13)
Acute systemic effects (4)
Suspect carcinogen
JARC CARC: Anima) and Human Indefinite, '78
Human Suspect, '82
SKIN IRR  Moderate
INGES ACUTE. Mouse LDgs. 520 mg/kg

p-Toluidine (CRE)
CASRN: 106-49-0
DESC: Solid, m.p. 45-47°C
SKIN IRR: Rabbit: 500 mg/24 H, severe
EYE IRR: Rabbit: 20 mg/24 H, severe
MUTAGEN
ORAL: Rat LD;Q: 56 .o/kg

3-Tolumitrile; m~Tolunitrile; 1,3-Tolumitrile (NOM)
CASRN: 620-22-4
DE:C: Semvelatile Liguid
EYE IRR: Rabbit: 500 mg/24 H, severe
ORAL: Rat LDgo: 4.2 g/%g

Teifluoroacetyl fluoride (TEF)
CASRN-  354-34-7

Trifluoromethane (NIT)
CASRN: 75-48-7

Trimethylbenzene (SUL)
CASRN: 25551-13-8
STDS: TLV: 25 ppm, 125 mg/m® TwA, 35 ppm, 170 mg/m3 STEL
0ESC: Semivolatile Liquid
HLTH:  Ireitation-Lungs, 3kin~~™Marked {1l4).
Cumulative CNS Effects (7). Anemra (12)
SKIN IRR: Yes

Triphenylens (PE)
CASRN: 217-59-4
DESC: Selid, m.p. 195-198°C

Valeraldehyde; Pentanal; Amyl aldehyde (PE)
CASRN:  110-82-3
DESC: Volatfle Ligquid
SKIN IRR: Rabbit: 500 mg/24 H, moderate
ZYE IRR: Rabbit: 500 mg/24 H, severe
ORAL. Rat LDyg: 3200 mg/kg
SKIN®  Radbbit LDgg. 6000 mg/kg
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Valerolactone (PE)
CASRN: (y-isomer) 108-29-2; (o~} 542-28-9
0ESC; Semfvolatile Liquid

Viny) benzoate (PET)
CASRN:  769-70-8
DESC: Semivolat{le Liquid
ORAL: Rat LDgq: 3250 mg/kg
SKIN IRR: Rabbit: 10 mg/24 N

Vinylcyclohexene (NIT)
CASRM: 695-12-%
QESC: Vvolatile to Semivolatile Liquid
ORAL: Rat LDgqs: 3080 mg/kg
IARC CARC: Animal Indefinite, '76.

Viny)idene flyoride; 1,1-Difluoroethene (TFZ, VIT)
CASRN: 75-34-7
0ESC: Gas
ORAL TUMORIGEN: Rat TD o 1930 mg/kg/52 W
L Rat LG ! 128,006%ppas4 H

Vinylpyrroine (PU)
CASRN: (2-1somer) 100-69-6; (4-) 100-43-6
O0ESC: Semivolatile Liquid

Vinyltoluene; Mathylstyrene (NOM, PET)

CASRN: 25013-15-4

STDS: OSHA: 100 ppm, 380 ag/wW
TLY: SO ppm, 240 mg/®’ TWA; 100 ppm, 485 eg/m STEL

0ESC: Semivolatile Liquid

HLTH: 1rritation=Eyes, Nose, Throat, Skin--Moderate (15, Less than 200 ppm)
CNS effects (7, Greeter than 200 ppa).

INGES ACUTE: Rat LDgo: 4000 mg/kg

Xylenes (CSPE, EPO, NOM, PU)
CASRN: 1330-20-7
STDS: OSHA: 100 ppm, 435 mg/m3
TLV: 100 ppm, 435 mg/m3 TWA; 150 ppm, 555 mg/m® STEL
0ESC: Semivolatile Liquid
HLTH: Irritation-Eyes, Nose, Throat, Skin--Moderate (15, Lass than 200 opm)
Narcosis (8, Greater than 200 ppm).

Xylenels (CRE)
"“cAsRN:  526-75-0
DESC. S0)id, m.p. 73-75.5°C
2,4-
CASRN: 105-67-9
, 5DESC: Solid, m.p. 22-23°C/Samivolatile Liguid
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CASRN: 95-87-4

OESC: Solid, m.p. 71-73%C
2,6~

CASRN: 576-26-1

DESC: Sol1d, m.p. 45-46°C
3,4

CASRN: 95-65-8

DESC: Solid, m.p. £5-88°C
3,5~

CASRN: 108-68-9

DESC: S$olid, m.p. 65-66"C

Nylidine; Qimethylaniline (CRE)
CASRN: 1300-73-8
STDS: OSHA: S ppm, 25 mg/m®
TLY: 2 ppm, 10 mg/m’ TWA
DESC: Semivolatile Liquid
HLTH: Methemoglobinemia (13)
Acuta systemic toxicity (4)
SKIN ABS: Yes
INGES ACUTE: Rata LOgqy: 610 mg/kg

2,4~XyVidine (CRE)
CHSRAN;  9F 3.3
OESC: Sem'velatile Liquid
MUTAGEN
IARC CARC: Anima) indefinite, 178

2,5~Xyl1dine (CRE)
CASRN: 95-78-1
DESC: Semivelatile Liquid
MUTAGEN
ORAL: Rat Loso H 1297 Wkg
IARC CARC: Animail Indefinita, '78
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Structure of Monomer and Poiymer

CH:.CHQ -'-(—CH2CH2-)-n—

Ethylene (ethene)

Linear, high-censity polyethylene 1s produced Dy polymerization in the presence of
transition metal catalysts (e g , chromium oxtde or moiybdenum oxide on a silica-
aluming suppori) at relatively low temperatures and pressures. Incorporating
bdutene, hexene, or another a-olefin as a comonomer lowers the density of the orog-
uct Low-density polyethylene, with a relativeily high degree of branching, 1s
produced by use of higher pressures and temperatures and peroxide-type Cataiysts
Incorporating polar comonomers such as vinyl acetate modifies the properties of
the product. Linear low-density polyethylene ts produced by copolymerization of
ethylene with a-olefins such as butene, hexene, Or octene at high or low Lressures
High-molecular-weight low-density polyethyiene and high-molecuiar-weight high-
density poiyethylene are two other types. The iatter i1s 3 linear homopolymer or
copolymer with weight average molecular wergnt 200,000 to 500.000 They have a
density greater ihan 0.541 g/cm? (2},

The density of low-density polyethylene falls in the range 0 910-0 925 g/cm?, tnat
of medium-density polyethylene, 0.926-0.940 g/cm® Copolymer high-density poiy-
ethylene has a oOensity 0,941-0.95% g/cm®. Homopolymer high-density poiyethylere
has a density of at least 0.960 gsemd (2).

Polyethylenes are also categorized according to the manufacturing method, 1 e
<meTher niGgn TRTium, O YOow press.Te was Jsed -1gr-cregsure oolvet™viene -
cludes low-deasity polyethylene and medium-density poiyethylene up to a density c*
~ 0.933 g/em’ Low-pressure polyethylene 1ncludes mecium-density poliyetnvierne ‘-om
a gensity of ~ 7 933 g/cm® through high-gensity polyethyienes with densities up L2
> 0 96 g/em®, Medium-pressure polvethviene have “i1gh densities (~ 0 25-~ § <o,

()

Uses Polye.~v-ene uses 1nclude coatings. containers, t3ys, liners, Dags, and ¢ oe

anc tubing at -8 as the electrical aoplications Res.ns with meit :ndexes of
S 29 L - g Ll ~in are used as wi-e and cabie coat.ngs 'n thicknesses rang ng "
Mos el oz o~ (0033w lImmg Paiyetnylene insulation and jacketing 15 usec

cr SyzA L0l%age cower Cable teleapnone cadble, television lead-in capie ano zcax

cache . qe2-  Ie-ZCenE %, peireltyviene wni1Zt ‘s 2 Zodol.mer of esttviene .1l
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various a-olefins, may also be used for wire and cable insulation and Jacketing
Hign-moiecular-weight high-density polyethylene, wnich may be either homooolymers
(highest density) or copolymers (typical monomers are butene, hexene, and octene),
's used for cable conduit and other pipe (2)

Potyethylene, crosslinked polyethylene, ethylane-propylene rubber, and butyl rubber
are used for extruded cable nsulation. Polyethylene has a Yow power diyssipation
factor, high volume res stivity, high breakdown strength, and ozone and weathering
resistance, but it is susceptible to environmenta) conditions above 75°C A major
use for polyethylene 'n the electric power 'ndustry 'n the United States is for
duct or pipe for installing buried cable. The duct material, called combined duct
cable or CD cable, 15 usually black, low- or medium-density polyethylene (3)
Crosslinked polyethylene (XLPE) is widely preferred for extruded cable insulation
and accounts for most of the i1ncrease in the use of polyethylene 1n distribution
power cables since 1967 (4) Crosslinked polyethylene is discussed on page 5-5

Polysthylene used in buried underground distribution cables (15,000 to 25,000 v}
nas experienceo a4 Nign raie of 1nicierddie ‘a jures aftier service ‘or 5 4 T yeo-:
The low cost stil) makes use of polyethylene att-active. Research continues to
fnd additives to improve the service life. Polyethylene has been used fcr years
as low=loss Insulation 1n high-frequency, coaxial cables for electronic applica-
tions Polyethylene is also used in ocean telephone and telegraph cables and
direct-buried cathodic-protaction circuits and telephone cables (5) However,
polyathylane is impractical for use in high-voitage, power transmission cables

laoie _ackets made of polyethylene are used when moisture resistance 15 the or-
mary requirement, such as for nonleaded dry paper or plastic-insulated telepnone
canles. Use of polyethylene jackets for lead-sheathed underground power cables
facit-zates pulling the cable 1nto ducts High-molecular-weight polyethylene
(molecular werght about 30,000 amu)} 1s used to avoid stress cracking If the
cover'ng 1s to be exposed to weather, a fililing of about 2% carbon biack must be
aggec 1o prevent ultraviolet-radiation cracking (5)

Polyethylene can also be used for i1nsulating moldings (§)
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Thermal Decomposition Mechan:'sms

Pyrolysis. In the absence of oxygen, polyethylene undergoes crossiinking at about
200 to 290°C and decomposes at temperatures apove 290°C Scission reactions com-
pete with Ccrosslinking reactions and are favored at higher temperatures Therma!l
decomposition of polyethylene creates fragments with molecular weights up to about
700 Thermal) cracking of polyethylene gives good yields of high-melting waxes
(molecular weignts greater than 400) without cnar or tar formation (7}

Polyethylene degradation 15 accompanied by a rapid decrease 'n the polymer's moltec-
ular weight., Little monomer 15 produced by depropagation reactions {1 e . the
reverse of the free radical addition reaction that produced the polymer) Mono-
clefins are produced by intramolecular transfer of hydrogen atoms to a carbon
radical, the six-membered ring transition state favors the formation of l-hexene
Larger fragments form 1n intermolecular transfers Peroxide links present in the
polymer from slight oxidation during preparation, storage, and processing faci;li-
tate the free radical formatior. Qther weak 11nks 1n the polyethylene structure
are carbony!l groups, chain branches, and unsaturated structures (8)

Combustion. Thermal oxidation of polyolefins and other hydrocarbons (RH; involves
generation of a hydrocarbon radical (R*): reaction of the hydrocarbon radical R
with oxygen ( 00°) to give a peroxy radical ROO , prooagation of thne reaction oy
abstracting H from another or tne same hydrotarbon molecule, thereby producing a
new hydrocarbon radical R'; and reaction of R' ™ with 00 to give a rew peroxy
radical R'00°  Peroxy radicals can also ebstract H' from RH, giving ROOK  ROOH
decomposition gives RO™ and MO, wnich can also participate in the chain reac:ion
#vih RH (T

[

Summarv of Experimental Studies Reviewed

Pvrolvsis Pyrolysis of polyethylene at temperatures up to 1000°C grves satii-atec
(paraffins, alkanes) and unsaturated hydrocarbon: (ciefins, alkenes, anc cienes;
The olefins are primarily l-alkenes (a-olefins) witn lesse~ amounts of a_._~d‘enes
Products having up to 18 carpons nave been 1ge-l3iVieg, some studies have ~eporled
products whose chain lengths extenged to 30 or more carnons {3 10)
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Generally, major paraffin and a-olefin pyrolysis products throughout the terpera-
ture range studied had no more than seven caroons. Hydrogen was reported to be a
major volatile product at 1000°C (11}, a,w-Qlefins (o, udienes), olefins with non-
terming) double bonds, and aromatics were generally trace to minor products Prod-
ucts with more than 21 carbons were predominantly straight-chain hydrocarbons for
low-density poiyethylene and olefins for high-density polyethylene (10)

The experimentgl pyrolysis studies we reviewed gre susmarized in Table 6-1.

Combustion. Polyethylene may undergo siight thermocoxidative degradation at pro-
cessing temperatures up to J20°C. Heating polyethylene below about 300°C caused a
slight weight loss (up to about 4%). Vvolatile products largely accounting for the
loss were water, ethylene, and low-molecular-weight alcohols, aldehydes, ketones,
anc carboxylic acids (20, citing older work). Oxygen-containing compounds were
major products up through at least 350°C but were minor products between 350 and
700°¢, 1indicating that pyrolytic processes dominated in this region, At 1000°C,
two ketones--hexanone and octanone--were among the major volatile products (21).

Olefins snd paraffins were intermedrate-to-major products throughout the tempera-
ture range reviewed (5 1000°C). At the higher temperstures, the a-clefins were
generally long-chain hydrocarbons, whereas the dienes and paraffins had shorter
chains (18)

Only one reference (22) reported that carbon dioxide (50 to 74X yield) and carbon
monoxide {20 to 21X) were major combustion products, with 19% ethylene, about 7%
methane, and 1 to 3% acety)ene comprising the remaining volatiles oroduced at
700°C

Soot was also an intermeciate-to-major combustion product, having yrelds of 6 to
25% (based on the weight of the dried soot and the weight of the unburned sample)
at 600 to 900°C, The yields of aromatic products increased with increasing tem-
pergture, They were found mainly 1n soot and cold~irapped 11guids Eenzene de-
rivatives without condensed rings, such as styrene and ethyibenzene K were products
formed 1n i1ntermediate yields at 1000°C. Their vields were usually minor at lower
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temperetures. The ylelds of 1ndividual polycyclic eromat:c hydrocarbons (PAHs,
condensed benzene deryvetives) rose from ebout 0 01X et 600°C to about 0 1% at
900°C  Yields were based on the original polymer sample weight. At $00°C, the
concentration of benzo{elpyrene (B[alP} was 1 06X in the aried soot compered to

§ 0 041X n urban air particulates It should be noted that elthough the amount

of B[SJP produced per gram of polyethylene was about the seme as that produced per
gram of polystyrene, the B{e]P concentretion in polyethyiene soot was three to four
times greater bDeceuse poiystyrene produced three to four times as much soot as did
polyethylene (23)

About 50X of the PAHs in the smoke particulates from either flaming or nonflaming
(smoldering) combustion of polyethyliene was pyrene. The cnly other major PAH that
was formed during nonflaming combustion was C,,H,, (anthracene or phenanthrene}
Flaming combustion gave a wider variety of PAHs (24). At 950°C, the concentrations
of individual PAHs and other aromatics caught n cold traps were < 1 to about 4%
(based on the weight of the total condensate, whose amount relative to the nitial
Do'vmer we'ght w2s nnt given) excert for naphthalene at 13 SX¥ (12}  The PaHs ‘ce~~
tified that are carcinogens included benz{aJanthracene, penzo(b]fluoranthene (2,3-
benzoflyoranthene), benzo[c]phenanthrene, benzo{alpyrene, benzo[elpyrene, and
chrysene.

Studies reviewed on the thermooxidation and combustion of polyethylene are summa-
rized 1n Tables 6-2 and 6-3
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POLYETHYLENE CONBUSTION AT 500 TO 1000°C
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POLY(ETHYLENE TEREPHTHALATE) (MYLAR)
CASRN. 25038-59-9

Synonyms  PET

Trade Names (producers) Mylar, Cronar (OuPont), Celarar (Celanese), Estar
(Eastman Kodak), Scotchpar (3M); videne (Goodyear), Avistar {(FMC} (1} Products
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with carboxy end groups are Jacron, Amilar, and Fiber V  Products with methy)
ester end groups include Terylene, Diolen, Enkalene, Fortrel, Tergal, Ter1tal,
Terlenka, Trevira, and Mylar (2).

General [nformation

Molecular formula: (C,OH.O‘)n
Structure of Monomers and Polymer:

0 0
HOCH, CH, OH [ ]
RoC -@—cun
Ethylene giyceol

Terephthalic acid (R = )
Dimethyl terephthalate (R = Me)

0 0

Il N
CH2CH20C—©—C OR

n

where R = H or CH;

Poly(ethylene terephthalate)

Uses: Major markets for polyester films in 1966 included magnetic tape, electri-
cal, packaging, and photography (1), Poly(ethylene terepnthalate) (PET) 15 the
most ~idely used film for eiectrical insulation (3). clectrical applications were
second only to magnetic tape use in 1966. Polyesters are used for wire and cable
tnsulation, transformer insulation, and in capacitors. Type A Mylar film, which
has been biaxially structured and heat set, has numerous etectrica) uses such as
slot liners, wedges, and phase insulation for motor and field coi1is, magnet wire
insulation: a barrier and iasulation tape in cables, transformer coll 1nsylation,
and backing for mica, Type C Mylar is used as a dielectric 1n high-temperature
capacitors (1).

G{aSs-reinforced PET is the only thermoplastic recognized by Underwriters Labora-
tory for Class H (180°C) systems Class B (130°C) and Class F (155°C) systems may
also use PET  Many types of coil bobbins, including Class A transformer ballasts,
are made from reinforced PET (4).
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Therma) Decomposition Mechanisms

Pyrolysis and combustion of PET give similar products and similar product yieids
Thus, the mechanisms wiil not be discussed separately This discussion is based
on four reviews published from 1970 to 1984 (5-8)

Degradation of PET under burning conditions is primarily pyrolytic rather than
thermooxidative. For most of the decomposition, chain scission is rate 1i1miting,
with the secondary breakdown ts small, volatile molecules befng faster,

The predominant mechanism for chain scission involves proten transfer fn a cyclic
transition state:

0. .H OH
77X i
02CC‘H‘C &CHO;CC,H,COz e ety “*OZCCSH“:I: * CH,’CHO;CCsﬂ‘COZ -
<.
0 —{CH, 0

Random scission of the ester links gives rise to formation of vinyl ester oligo-
mers. Scission close to the chain ends will give terephthalic acid, diviny! tere-
phthelate, and vinyi terephthatic acid monoester (CH,=CH0,CCqH,CO,H)

Oecarboxyiation of vinyl terephthalic acid monoester wiil give vinyl benzoate and
C0,; decarboxylation of terephthalic acid will give benzoic acid and CO;; and de-
carboxylation of bhenzoic acid will give benzene and CO,. Benzene production is
not affected by the presence of oxygen. Benzoic acid, divinyl terephthalate, and
viny: benzoate ylelds dacrease above aoout 700°C due to decomposition. The yield
of vinyl benzoate is somswhat higher in the presence of oxygen, but yields of ben-
zoic acid and divinyl terephthalate have higher yirelds from pyrolysis.

Both CO and CO, arise from decarboxylation following chain scission reactions, but
evolution of CO, from PET on pyrolysis decresses somewhat above about 700°C  Ap-
parently CO; reacts with C above about 700°C to give more CO.

A Tikely route for CO production involves scission of the single bond hetween oxy-
gen and the carbony! carbon:

0 0
h Il .
~CgHeCOCHaCHp v = WCgH G + "OCH,CH,w —— ~CgH, + (3 +  OCHpCH ™~
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At higher pyrolysis temperatures, about as much CO is formed from this process as
1s CO; from the cyclic scission and decarboxylation reactions described above

On a weight percentage basis, ethylene dibenzoate is a significant thermal decom-
position product although on & motar basis, its loss is not large More is lost
from pyrolysis than from combustion, We conjecture that 1t may be formed i1n the
scission reactions producing carbon monoxide,

0 0 0 0
W I i i
-~ 0-C -@—cocn,cn,oc —@—cﬁocuzcnz “n —
PET
0 0

il I
-—cocngu,oc—@ + 200 v 2-0CH,CHy ~~~

Ethylene dibenzoate

Formation of volatile acetaldehyde and of the anhydride species detected in non-
volatile char residues may be accounted for by the following scheme:

0 0 0 CHy O
I i TS I
~ CgH COCH=CH,  +  HOCCgH ™  —=b = (gH CO/ CHOJCCqH ~ ——

00
il
~~CgHCOCCeH, + CHaCHO

Acetaldehyde yields are similar during combustion or pyrolysis and decrease above
about 600°C.
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Mathane and acetyiene appear to be produced from very similar reactions in air or
in its absence Reactions proposed that would 1ead to acetylens and methane for-
mation are the following:

e 'WCQH‘c02H + CHE CH

"‘CQH‘COIC"‘:CHz » "’\C.H‘CH=CH’_ + CDg
0 9 :
— ~ CgH(CCHzCH ~—— —C4H,CCH; + CO

0
i ", -
~CaH CCHy —— ~CgH L'+ CHy

.

CHy" + H-R —— CHy + R

These reactions would also account for styrene and acetophenone Secongary decom-
position of acetaldehyde may also account for methane and carbon monoxide

Summary of Experimental Studies Reviewed

Pyrolysis. Major products (in yields generally greater than about 10 weight per-
cent based on the original polymer weight) from PET pyrolysis within the tempera-
ture range 288°C to about 700°C included acetaldehyde, carbon dioxide, diviny!
terephthalate, vinyl benzoate, ethylene diberzoate, and benzoic acid. Products
formed in 1 to 9% yleld included carbon monoxide, ethylene, acetylene, and benzene
Trace to minor amounts of alcohols, aldehydes, ketones, benzene derivatives, ace-
tylene, C, to C; alkenes or alkanes., and 2-methyi-1,3-dioxolane (the cyclic acetal
formed from acetaldehyde and ethylene glycol, see Table 6-4 for structure) were
also detected. Table 6-4 summarizes the pyrolysis experiments reviewed,

Combustion. Thermal oxfidation or combustion of PET in the range 340 to about 730°C
preduced major amounts of carbon monoxide, carbon dioxide, acetaidehyde, acetylene,
and PET dimers and trimers. Intermediate amounts of methane, vany! benzoate, di-
vinyl terephthalate, and benzoic acid were also reported. Lless important products
1ncluded tetramers, pentamers, formaldehyde, Tower carboxylic acids, ethylene di-
penzoate, benzene, terephthalic acid, and hydroxyethyl terephthalate moncester
Results are summarized in Table 6-5.

MONS 020528

6-27



SNOW

6260290

s

o

Foducts
Velght (et
Selld residun/char

Carbon aones lde
Carben dhextde
Waler

el hane
Acatyleny
Ethylene

0 - O, athanes/alhenes

tibylens glycel
Aoishels
Acrlaldetysic
Aldahydes
Kelones

2-Meihyl ) ) dioxolame

Qentefc acld

Elley lene dibensoate
Vinyl benzoate
Wydranysthyl hanigate
Benzaatfer

Divinyt lerepbialafe
Terephlhalates
Arosstic sclés
Binierm

laluene

€ty thentene

Slyreme

‘ ¥inyltoluene
Iphenyt

Acet opha e

POI Y(ETHYLENE TEREPHTHALATE) PYROLYSIS

w0,
"o
H,
‘l"

,H,

10CH, O, 04
L]

.00
n

Coll 010

[F )

Colty €0, 00, (H, U, CC g
Con00,00 <,
€l 00 (1M, e

T, 10,k

CHy €MD, CC 0,0 a0 ON,
CoM (o, R),

ArCOH

L0040 CH,
Collg -ty
Celg L,

a
trebehs bLated on eevent of dulal votarsh

Table 6-4

00"
A%

an
. a
n

2-7C
i

30- 400°C
vy

Probab by
cressiinked
thar

~ %00*
" sec

iy
N

12511

" n
10 653
T WX

1% 45%

0273

S8)-525°C
ARL

Niewor

Ry jar

Minor

Minge

Mirar

~ mo‘s

10 sec

SHL.
wn

4 hx

W 0SX
non

4
"nn

~ JOR*C
0 sec

Ak}

e jor
intersediale
Trce

Winer
Mrver
Traces ta
L1 TS

Biwer
Rimer

Yery miner
Lnd Ld

Bliner
Interaediale

" rer

Hiner

M

Mo nar
Interevdfate

Winer

Winer
Niner
Yery misar
tre
LIE 14



Product foramia
*'rll Toss
St 14 ros e/ char
(a1 ban seneslde (¢ ]
Carbon dlenide <0,
Pelhase o,
Acoly lene €4ty
(thylane 4,
formatdehyde ]
Acelaldehyde (H Q0
Acreleta CHy €hLie
Fowar catbmaytic acldn | N ]
<
[ lerephthalic oc1d C N (L0 0]y
I‘B Benzoic acld g, L0, H

Hydesuyethyl Lerephihalata  HOCN,CNL0, 00 H (00

sunsesies
Pivinyl terephthalate
Yinyl benpuate
ttnytrne dienroate
iHimer s
Iriaers
lelramers
Pent amers

Betrtene [FLN

‘Poly-" had ~ 100 vepeating unity

gNOW

0€6020

C M, {00, (1 CH,)
€M 0,00 CH,
€M L0, 00, O, 0, CC My

Table 6-5

POLY(ETHYLENE TEREPHTHALATE) COMBUSTION

o't 1B0°C  400°C 809°C
(h 1 RV )N

Ma jor
i
My Jor
Mz oml
in range
200- 0™
Rajer
Hax  eml
in range
290~ 400 C
4 i
i
i i
Ny or 4
Mejor
‘5 P

s 5680°C ~ 510" ~ 6HOg ~ k70%¢
-3 min i s 400 $00°( (LT [T
dw A a4k _n_
58-80% ~ WX
Andeydr 1y
rowps
doninant
~ LS eeles ~ 50 ssles ~ &3 snles
~ 25 eeles ~ I8 aeles ~ 0 awlss
Irace ~ & snles
~ 1D satet ~ 27 anles ~ 29 snles
~ M0 seles ~ 30 sales ~ 20 anlos
Irace
~ 3 snlat ~ & sales ~ 1} sntey
~ # selad ~ {0 esloy ~ 10 sslos
~ 7 eales ~ 1 sales ~ 1 enlet
41 enin ~20aiss ~ 15 emlos
Trace T onles ~ 3 % salos

eales
35 sales

10 sn ey

% snles

~ 6 enloy

“~ 1} eoles

~ 1 sale

8 wolet




References

1 J. M. Hawthorne and C J Heffelfinger. Encyclopedia of Polymer Science arg
Technology, vol. ll. H. F Marx ana N M Bikales, Editors. Hew York

Wiley, 1969, pp 42-61

2 M Windholz, Editor. The Merck [ndex 10th ed. Rahway, HJ Merck and
Company, Inc., 1983

3, R N Sampson. "Insulation, Electm™c” in  Kirk-Othmer Encyclapedia of
Chemica! Technology. 3rd ed , Yol 13 M Grayson, Editor New York
Interscience Publishers A Oivasion of John Wirley and Sons, 1981, pp 534-353

4. Modern Plastics Encyclopedia, 1985-1986, vol. 62, Mo. 10A, U Agranoff,
Editor New York: McGraw-Hi1), Inc., 1985,

5 R. 7. Conley and R. A. Gaudiansa "Thermal and The~#o-Oxidative QOagradation
of Polyamides, Polyesters. Polyethers, and Related Polymers” in-  Thermal
Stability of Polymers Vol 1 R T Conley, Editor Mew York Marce
Dexxer, 1970, pp. 347-456,

6 M E. Sednas, M. Day, X. Ho, R, Sander, and 0 M Wiles Combustion and
$yrotysis of Poly(ethylene Terephthalate). 1. The Role of Flame Retarcants
on the Products of Pyrolysis. J. Appl Polym Sci , 26, 277-289 (1981)

7. M. Day and 0 M. Wiles. Influence of Temperature and Environment or the
Thermal Ouncomposition of Poly(ethylene Terephthalate) fibers With and Without
the Flame Retardant Tris(2,3-dibromopropyl) Phasphate, J Anal. Apol Py~
rolysts, 7(1-2), 65-82 (1984).

8. A Granzow, Flame Retardqation by Phosphorus Compounds  Acct. Chem Res |
11, 177-183 (1978).

9 S. L. Madorsky. Thermal Degradation of Orgamic Polymers  MNew York John
Wiley and Sons, 1964.

10 T. Suebsaeng, C. A, Wilkfe, V. T. Burger, K J Carter, and C E Browr Soi'g
Products from Thermal Oecomcosition of Poly(ethylene Tarephthalate) 'rues-
t1gatton oy CP/MAS Caroon~i3-NMR ang Fourier irgnsvorm=JR. J. Polym S5cs
Polym. Chem Ed , 22(4), 945-957 (1984)

11 M Day. v Parfenov, and 0. M Wirles. Combustion and Pyrolysis of Poly-
{ethylene Terephthalate). [II. The Effect of Tris(2,3-dibromopropyl} Pnas-
pnhate on the Products of Pyrolysss. J Appl. Polym, Sci., 27(2), 575-389
(1982)

12 0. C. Conway and R. Marak Analysts of Polymers by Pyrolysiys/Chemical lon-
1zation Mass Spectrometry J Polvm Scv . Polvm Chem £d , 20(7), 1765-
1774 (1982).

13 T, Morikawa, Acrolein, Formaldehyde, and Volatile Fatty Acids from Smoider-
ing Combustion. J. Combust Texvcol . 2(2), 135-150 (197§)

14 R E. Acams Pyrolysis Mass Spectrometry of Terephthalate Polyesters Us'™
Negative joniz2ation. J_Polv _Scv . Palym Chem E£d , 20{1), 119-12%9 (I~

18, A Zeman ldentrfication of Some Commerciaily Avallable Polymers by Therm:
Degraaat:on 1n a Mass Spectirometer  Angew Makromol Chem . 31, i-2% (i¥

8-23

MONS 020531



16. 0 J Carisson, M. Day. 7. Suprunchuk, and 0 M Wiles Pyrolysis of Poly-
(ethylene Terephthatate) Fibers: Characterization of Involatile Residues
J Appl. Polym. Sci , 28(2), 715-724 (1983)

POLYSTYRENE
CASRN. 9003-53-6

Synonyms. Styrene polymer; Vinyibenzene polymer, Ethenylbenzene homopolymer
Trade Names (producers). Styron 666 U (Oow); Lustrex PIX6 (Monsanto, UK); Dylene,
Trycite, Hostyren (American Hoechst); Styrofoam (Oow). [Thers are more than 100

others.]

General Information

Molecular Formuta: (C.H,CHCH,)n

Structure of Monomer and Polymer:

. Ph Ph n

Styrene head-to-tart

—{-CHZSZH-?H-CHQCHZ ?H?"CH’—}_

#h Ph Ph 7h n

head-to-head-tail-to-tail

Uses: Electrical equipmant; packaging: refrigerator doors, air conditicner cases,
containers and molded household wares; machine housings, toys, clock and radio
cabinets. Foams are used for thermal insulation, light construction (e g , boats)
ice buckets, water coolers, fillers in shipping containers, furniture construction
Spheres are used as a radiator leak stopper (1) Ignitiop-resistant grades., which
inciude halogenated organic compounds and antimony oxide, may be used in appliances,
business machines, and electronic parts. [mpact grades, which have 1nproved resis-
tance to hydrocarbon solvents, are acceptable for containers of food products con-
taining fats and o1ls. Polystyrene use In majnetic tape cz-settes, reels, and
other consumer electrohyc components 15 a growth market (2.
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Thermal Decomposition Mechanisms
Above ~ 330°C, polystyrene degrades by the following reactions
Chain-end initiation

Random scission of "weak links” (does not directly give volatiles
below ~ 440°C)

Depolymerization (unzipping) to give monomer,

Intramolecular transfers to give dimers, trimers, and higher
oligomers.

Intermolecular transfer to give short-chain fragments

The mechanism of polystyrene thermal degradation 1s still being actively studied
(3). Scassion by a radical process of C-C bonds B to chain end unsaturations must
be preceded by reactions that create these unsaturations Thus, the first step

is removal of benZylic end units as shown (4):

PhCHp CHoCHPhCH,CHPRCHE~  ———>  PhCHy +  CHj. CPhCHaCHPHCH,~—
toluene

M
’—-)CHZ:C(Ph)CH, ——— Cﬁz C(Ph)CH3
a-methylstyrene

depoiymerization
— PhCH CH,

styrene

CHy: CPhCHz‘i‘CHPhCHf“ —_—

. yntramoiecuiar
s CH(PR)CH,™ + oligomers
H transfer

Intermolecular further chain

sci1ssion

H transfer

Since the concentration of unsaturated chain ends increases throughout the degra-
dation, formation of volatiles from depolymerization 1s accelerated Regardiess
of the initial molecular weight of the polystyrene (2 4000), the ratio of the
rates of weight loss and o-methylstyrene evolution 1s constant throughout the
degradation. Since the rate of toluene formation tends to increase throughout
degradation, toluene must orginate from other reactions besides the 1ni1tial
cleavage of the benzylic end groups One of the sources 1s the newly createo

O
L)
[T9)
(a8 ]
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benzylic end groups formed from the B scissions. Other mechanisms have also been
proposed (5).

volatiles 1nclude mafnly st.rene and styrene dimer with other volatile oligomers
Short-chain fragments comprize an oily, high~boiling product. The solid residue
comprises a lower molecular weight polymer than the original  Other aromatic

hydrocarbons 1dentified in the degradation products are benzene, toluene, ethyl-
benzene, jsopropylibenzene, n-propylbenzene, allylbenzene, and a-methylstyrene (3)

Three distinct patterns of chain scission occur at subvolatiliization temperature
(280 to 300°C in vacuo) (6):

1. 1f the polystyrene was prepared antonically, chain scission is simple
and random with the degree of degradation directly proportional to the
heating time.

2. For polystyrenes polymerized thermally, very rapid scission of a small
number of "weak 1inks" occurs, after which the degree of degradation is
agan proportional to the heating time.

3. Polystyrenes whose polymerization was 1nitiated by free radicals degrade
by three processes having different rates:

(a) Scisston of highly labile "weak links."
(b) Scission of fairly weak bonds.

{(¢) "Normal" bond scission.

Processing polystyrens in the presence of air gives groups capable of absorbing
ultrzviclet radiation, presumably hydroperoxy groups, which decompose to form
ketore groups (7):

v

W

~~CHa C(Ph){0OH)CHaCH(PR )~~~

~~~=CHaC(:0)Ph + Ha0 + PHhCH:CH~—

Summary of Experimental Studies Reviewed

So much work has been done on the pyrolysis and combustion of polystyrene that
only references from the last 5 years were surveyed.
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Pyrolysts. Styrene s usually reported as a major pyrolysis product (40 %o 90X of
volatiles) throughout the temperature ranges used 1n the studies reviewed (60 to
1400°C) (8-19). Using ultrathin fiim samples, Lehrie et al (1982) (11) found
monomer was the only poliystyrene degradation product from pyrolysis at 450 tp 480°C
Toluene, o-methylstyrene, cumene (1sopropylibenzene), dimer (2,4-diphenyi-l-butene)
and trimer (2,4,6-triphenyl-1-hexene) are frequently reported (12-15) Schroege~
et al (1984) (16) rdentified a triphenylbenzene after pyrolysis at 292 to 335°C
Toluene represents &X of the volatiles at 510°C (17); o-methylstyrene 15 a major
product at 700°C (12), dimer and trimer have been reported as major products at
300, 348, and 900°C (12,13,18) Most of the remaining products that have been
tentatively rdentified (~ 100) are mono- through hexaphenyl-substituted oligomer
chains containing 2 to 14 carbons 'n the chain and usually some unsaturation
Triphenyl- and tetraphenyl-substituted Cy and C,5 chains were identified as major
products at 700°C, and many other products were found in yrelds surpassing those
of toluene and styrene Relative amounts of pyrolysis products are difficult to
Judge from the results pubiished by Lar and Locke (1984) (12)

In contrast to the results of Lei and Locke (1984) (12), who found numerous prod-
ucts of the type (poly)phenyl-substituted chains by GC/MS, Smith (1984} (19) re-
ported that at 700°C, only styrene and a-methylstryene were major products, tor.ene
was formed in intermediate yield, and the minor products were hydrocarbons given

as formulas with four to eilght carbons and with only one or two unsaturations

Irwin (1982) (20) reviewed several other pyrolysis studies indicating that the
variation in the product distribution was Targely due to the technigues used to
pyrolyze the nolystvrene sample. The temperatures, however were not ~diclateg

for any of the experiments reviewed,

Only two groups (17,18) reported finding any polycyclic aromatic hyd-acarbons
{(1ndene, methylindene, and methylnaphthalene) and .nese 1dentifications were on'y
tentative.

Combustion. Processing polystyrene 1n air (1njection moiding, thermoforming, or
thermocutting; temperatures not given) produced workplace styrene concentrat-crs
~01to~ 10 mg/m® arr (well beiow the OSHA permissible exposure limi of 17¢
.mg/m3). oolymer fume concentrations < 0 5 to > 1 0 mg/m®, and total aloen,ces
~01to~032mg/m® Depending on the coeration, concentrations of ~ 3 1 ta

~ 0 3 mg/m- formaldehyde, acetaldehyde, formic acrc, ang acet ¢ ac'd mav oe %-°°
erated Other oxidized prooucis inc'uded benzaidehyae (CgHgCHO), berzorz 5.

(2.=:00.4) 2r: sczuiavhencne (1,400 Hg) (Varavciaio unoublispez oot T
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Pfafeiy, 1984) (3) Major products detected 1n the liguird residue from polysty-
rene degradation starting at about 300°C and enaing with complete combustion at
about 450°C were styrene, phenol, and toluene. Other products rdentrfred were
ethyibenzene, benzaldehyde, two methylstyrenes, n-propylbenzene, indene, methyi-
1ndene, acetophengne, naphthaiene, methylnaphthaiene, cynnamyl alcohol, bipheny!
or acenaphthene, methyibipheny!, and diphenylethane (21).

Benzaldehyde, phenylacetaldehyde (CgHgCH,CHO), and other aldehydes were detected
along with benzene, toluene, ethyibenzene, styrene, and propylbenzens when flame-
retarded polystyrene was combusted at temperatures up to 430°C (Masarikx et al |,
1976; cited by Hawley-Fedder et al., 1984) (22). The flash-ignition temperature
of polystyrene is 345 to 360°C, the self-ignition temperature 1s 490°C (23)
Morikawa (1978, cited by Hawley-Fedder et al , 1984) (22) subjected palystyrene
toc flaming combustion at 600 to 300°C, A soot containing polycyclic aromatic
hydrocarbons (PAKs) was obtained in 50X yield based on the 1ni1tial polymer weight
Most of the PAHs were generally 3- and 4-membered-ring species Hawley-fedder et
al (1984) (22) trapped and identified > 100 products, mostly PAHs, after combust-
ing .olystyrene at 800 to 950°C, At 950°C, indene, naphthalene, biphenyl, and
phenanthrene were the major products atong with 29 others, Below 950°C, there
were e1ght major peaks in the total ion chromatogram produced by capiilary gas
chromatography-mass spectrometry. Besides the four PANs menticned at 950°C,
methyistyrene, (p-methyiphenyi)phenylacetyiene ((H;CqHsCqHsC:LH), and 1- and
2-methyinaphthalene were the major products Another 40 to 50 compounds were
1dentified. Ameng the PAHs ident’fied were fluorene and substituted fluorcnes,
substituted ohenanthrenes and anthracenes. fluorcanthene, benzo{ ], k]fluoranthene,
benzo{eJpyrene, 3-methylcholanthene, pyrene, beazo[a]fluarene, benzo[b}fluorene,
benzo(g.h,1loerylene, benzo[clphenanthrene, benz[a)anthracene, and chrysene
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Appendix A

SUMMARY DF UTILITY MATERIALS PROPQSED FOR EXPERIMENTAL TESTING
AND THEIR TDXIC THERMAL DEGRADATIDN PRODUCTS
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This appendix Tists the utility industry materiais that have been proposed for
EPRI-sponsored review and/or experimental testing. Most of the materials were
Jisted in the Request for Proposal for the current project. Additional materia's
such as Nomex and many of the polymeric coating materials were suggested after
initration of the project.

in the column "Literature Reviewed," an § 1ndicates that the material's thermal
degradation was reviewed 1n a recent EPRI report by SCS Engineers, Inc (1) AnM
indicates the materials reviewed by MR in the text of the present report. The
most toxic thermal degradation products (other than carbon monoxide) that have
been reported 1n the Jiterature or that could be presumed to be formed based on
the elementai composition or substructural components of the materials are given
in the table. Where MRI or SCS Engineers (1) has reviewsd the materials, the
products are primarily those }isted in these reviews For other materiais, one ar
more reference citations are given for the known therma) degradation products
listed. The products listed in these cases are based on a brief examination of
the literature MRI has collected on the unreviewed mater:als. (For most of these
materials, the )literature search and acquisition was as comprehensive as that for
the materials reviewed in this report.)
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INTRODUCTION

This appendix summarizes health and safety information for the products released
by therma! degradation or volatilization from several materials used in the elec-
tric power industry Besides health and safety information, the physical state of
each product at room temperature and pressure 15 indicated. Solids and semivola-
tile Y11gutds would require greater decontamination effort after a fire tnvolving
these materials than would the gaseous and volatile liguid products, which woulg
largely dissipate during or immediately after a fire

The appendix includes most of the products from thermal degradation of the mate-
rials reviewed in this document. The list-ng is not exhaustive because sometimes
the degradation products were so numerous from certain materials that some prod-
ucts were grouped in this review as a member of a chemical compound class such as
a-olefins or benzoate esters. Other products not specifically listed in the docu~
ment and/or this appendix ware high-molecular-weight trimers, tetramers, and higher
oligomers.

To help the reader rezdily identify which dagradation products came from each mate-
ria; ~svieweo, the materials are 'isteo betow with a mnemonic -aor eacn name ‘o=
lowing that list fs a }ist with the mnemontcs in alphabetical order * The appro-

priate mnemonics appear in parentheses by the name of each product in the appenc x

Chiorosulfonated polyethylene CSPE
Cregsote™® CRE
Cross)inked polyethylenet XLPE
Bispheno} A epoxy EPO
Halar HAL
Kapton KAP
Kraft paper PAP
Neoprene NEQ

*No products were found for thermal degradat:on of Teflon PFA, and there were
no s1mple products to list for Mylen 11.

**1n material 1tself and/or from thermal degracation products

“From aaditive
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Nitrile rubber NIT

Nomex NOM

Nylon & NY6

Nylon 6.6 N66

Nylen 6,10 610
Pentachloropheno! PCP

Polyethyiene Pt

Poly(ethylene terephthalate) (Mylar) PET

Polystyrene STY

Polysulfone SUL

Polyurethane PU

Teflon TEF

Teflon FEP FEP

Tefza) TFZ

Viton vIT

610 Nylon 6,10

CRE Creosote

CSPE Chiorosulfonated polyethylene
EPO Bisphenol A epoxy resin
FEP Teflon FEP

HAL Halar

KAP Kapton

NG6 Nylen 6,6

NED Neoprene

NIT Nitrile rubber

NOM Nomex

NY6 Nylon 6

PAP Kraft paper

PCP Pentachloropheno!

PE Polysthylene

PET Poly(ethylene tersphthalate)
sTY Palystyrene

SUL Polysulfone

PU Polyurethane

TEF Teflon

TFZ Tefze!

viT Viton

XLPE Crossiinked polyethylene

Two sources were used for the heaith and safety information, RTECS, Registry of
Toxic Effects of Chemicel Substances 1981-1982" (1) and the "Industrial Hygiene
Technical Manual, Appendix A* (2). Information from the latter reference is usu-
ally more exteansive and includes OSHA standards (1imits) for exposure to the prod-
uct in workplace air. Physical property information was derived from the Aldrich
Catalog Handbook of Fine Chemicals 1986-1987, (3), the Merck Index (4), the
Condensed Chemical Oictionary (5), or the CRC Handbook of Chemistry and Physics

(6.

*Note: A 19683-1984 supplement has been published but was not used for this report
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The Chemical Abstracts Service Registry Number (CASRN) follows most of the procuct
names in the appendix  The CASRN is a unique identifiar that greatly facilitates
computerized searches for compound-specific information in databases that routinely
use CASRNs such as CA Search or CAS ONLINE We have included the CASRNs for those
readers who wish to find more detailed information about particular products
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EXPLANATION OF ABBREVIATIONS AND HEALTH CODES

CARC = Carcinogenic effects identified.
CASRN = Chemical Abstracts Service Registry Number.

DESC = Description. The physical state of a substance at standard temperature
and pressure.

EYE IRR = Eye irritation.

H = Hours of exposure.

HLTH = Tox{cological properties along with the eppropriate health code

IARC = International Agency for Research on Cancer.

IHL = Toxic dose from inhalation; value shows length of exposure.

ORAL or INGES ACUTE = Ingestion acute, toxic dose from short-term ingestion
INGES CHRONIC = Ingestion chromc.

IPR = Toxic dose frem intraperitonea) administration.

IVN = Toxic dose from {ntravenous administration.

LCso = Concentration in air required to kill half of the test animals

L0go = Dose, 1n mg substance per kg body weight of the test amimal, requirec to
ki1 half of the test animals.

LDLD or TDLo = Lowest lTethe] dose or lowest toxic dose reported
NTP = National Toxicology Program.

0SHA = Occupationa) Safety and Health Administration.

PAH = Polycyclic aromatic hydrocarbon.

SCU = Toxic dose from subcutaneous aaministration.

SKIN or SKIN ABS = Skin absorption, toxic from dermal exposure

SKIN IRR = Skin irritation.
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§TOS = Standards:

OSHA = Permissible exposure limit

TLY = ACGIH-threshoid 1imit value

TWA = Time-weighted average

STEL = Short term exposure limit

Permissible exposure 1imits are those adopted by OSHA or recom-
mended by the American Conference of Governmental Industrial
Hygienists (ACGIH) (1982 Threshold Limit Values TLVs® list)
A "C" 'ndicates a ceiling limit of exposure

W £ Weeks of exposure.

The health codes listed below describe the toxycological proparties of the chem-

ical substance,

Health Code
1
2

Health Effects
Cancer - Currently regulated by OSHA as a carcinogen

Chroni¢c {(Cumulative) Toxicity - Known or suspected animal or
human carcinogen, mutagen (except Code No 1 chemicals)

Chronic (Cumulative) Toxicity - Long-term organ toxicity other
than nervous, respiratory, hematologic, or reproductive

Acute Toxicity - Short-term high risk effects.

Reproductive Hazards - Teratogenesis or other reproductive
impairment.

Nervous System Disturbances - Cholinesterase nhihition

Nervous System Oisturbances - Nervous system effects other
than narcosis.

Nervous System Disturbances - Narcosis

Respiratory Effects Jther “han [rratation - Respiratory
sensitization (asthma or other),

Respiratory Effects Other Than Irritation ~ Cumulative lung
damage.

Respiratory Effects - Acute lung camage/ecema or other
Hematologic (Blood) Disturbances - Anemias

Hematologic {Blood) Drsturbances - Methemoglobinemiy
Irritation-Eyes, Nose, Throat, 5kin =~ Marked
Irritation-Eyes, Nose, Throat, Skin - Moderate
Irritation-Eyes, Nose, Throat, Skin = Mi1ld

Asphyxiants, Anoxiants

[ H
»
a
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18

19

20

Explosive, Flammable, Safety {No Adverse Effects Encountarag
when Good Housekeeping Practices are Followed).

Generally Low Risk Health Effects - Nulsance particulates,
vapors, Or gases

General Low Risk Health Effects - Odor.
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THERMAL OEGRADATION PRODUCTS

Acenaphthene [a PAH) (CRE, CSPE?, STY)
CASRN: 83-32-9
DESC: Solid, m.p. 93-95°C
MUTAGEN

Acenaphthylene [a PAH) {CRE, CSPE?)
CASRN: 208-396-8
OESC. Solid, m.p. 88-91°C
MUTAGEN

Acetaldehyde, Ethanal (NOM, PE, PET, PU, STY)

CASRN: 75-07-0

STDS: O0SHA: 200 ppm, 360 mg/md
TLY. 100 ppm, 180 mg/m3 TWA; 150 ppm, 270 mg/m* STEL

DESC: Vvolatile Liguid

HLTH Irritation-Eyes, Nose, Throat, Skin--Marked {(14).
Narcosis (8).
Kidney damage (3)

SKIN IRR: Mild

INGES ACUTE: Rat LDgo: 1930 mg/kg

Acetic acid; Ethanoyc acid (NOM, PE, STY)
CASRN: 64-19-7
STDS: OSHA- 10 ppm, 25 mg/m?
TLV: 10 ppm, 25 mg/m3 TWA: 15 ppm, 37 mg/m? STEL
DES:Z volatile Liquid
HLTH, Irritation-Eyes, “ose, Throat, Skin--Marked (14, Greater than 30 ppm)
SKIN IRR: Yes (1f concentrated)
INGES ACUTE: Human TDLO: 1.47 mg/kg

Acetone (EPQ, NOM, PU)

CASRN: 67-64-1

STDS: O0SKA: 1000 ppm, 2400 mp/m?
TLV: 75C ppm, 1780 mg/m3 TwA, 100G ppm, 2375 mg/m* STEL

DESC: Vvolatile Ligquad

HLTH: Irritation-Eyes, Nose, Throat--Mild (16, Less than 2000 ppm).
Narcosis (8, Greater than 2000 ppm)

SKIN IRR  M11d

INGES ACUTE- Rat LDy, 9750 mg/kg
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Acetonitrile (NIT, NOM, PU}
CASRN: 75-05-8
STDS: OSHA: 40 ppm, 70 mg/m3
TLY: 40 ppm, 70 mg/md TWA; 60 ppm, 105 mg/m3® STEL
DESC: Vvolatile Liquid
HLTH: Irritation-Eyes, Nose, Throat--Mild {16, Less than 50 ppm)
Atute Toxicity (Cyanosis) (4, Greater than 50 opm).
SKIN ABS: Yes
SKIN IRR: VYes

INGES ACUTE  Human TD 570 mg/kg

Y

Acetophenone; Oiphenyl! ketone (PET, STY, XLPE)
CASRN: 98-86-2
DESC: Semivolatile Liquid (m.p. 19-20°C)
SKIN IRR. Rabbit: 51% mg, open, mild
ORAL: Rat LDgq: 900 mg/kg

Acetylene; Ethyne (EPO, NOM, PAP, PE, PET, PU}
CASRN:  74-86-2
DESC. Gas
HLTH: Explosive (18).
Asphyxiation (17, Greater than 2500 ppm)
ACGIMH: E (Simple asphyxiant)

Acridine (CRE)
CASRN:  260-94-6
QESC: Solid, m.p. 107-110°C
SCU:  Mouse LDg,: 400 mg/kg
Ive:  Rabbft LDso: 100 mg/kg

Acrolein (PE, PET)
CASRN: 107-02-8
STDS  OSHA: 0.1 ppm, 0.25 mg/m?
TLY: 0.1 ppm, 0.25 mg/m> TWA; 0.3 ppm, 0.8 wmg/m® STEL
DESC  volatile Liquid
HLTH: Irritation-Eyes, Nose, Throat, lungs, Skin--Marked (14)
Mutagen (2).
TARC CARC: Animal Indefinite, '79.
SKIN ABS. Rabbit LOgp. 562 mg/kg
SKIN IRR- Yes
INGES ACUTE: Rabbit LDgo. 7 mg/kg
Rat LDgo. 46 mg/kg

Acrylic acid (PE)
CASRN-  79-10-7
STDS  TLv- 10 ppm, 30 mp/m? TWA
QESC: Semivolatile liguid
HLTH-  Human Indefinite, '79.
SKIN ABS' Rabbit LDgo. 280 mg/kg
SKIN IRR. Severe
INGES ACUTE. Rat L4, 340 mg/kg



Acrylonitrile (NIT, NOM, PU}

CASRN: 107-13-1

STDS. OQSHA. 2 ppm
TLY: 2 ppm, 4.5 mg/m? TWA

DESC. volatile Ligquid

HLTH: Suspect carcinogen (2) Reproductive Hazards (5)
CNS Oepression (7).
ACGIH: Ala (Human carcincgen)
IARC CARC: Human Suspect '79, '82.
1ARC CARC: Animal Positive 79
TIARC CARC: Animal Suspect 'B82.

SKIN ABS: VYes

SKIN IRR: VYes

Adiponitrile (N66)
CASRN: 111-68-3
DESC: Semivoiatilie Liguid
INGES ACUTE: Rat LD“,. 300 mg/ky

Allene (PU)
CASRN: 463-49-0
DESC: Gas

JI-Aminobiphenyl (NOM)
CASRN: 2243-47-2

3-Amino-4-methyiphenyl {socyanate (PV)}

p*Aminophenol; 4-Aminophenol; 1-Amino-4~-hydroxybenzene (KAP}
CASRN: 123-30-8
DESC: Solid, m.p. 188-190°C
SKIN IRR: Rapbit: 12.500 ug/24 H, miid
ORAL: Rat LDyo: 375 mg/kQ

N-{3-Aminopheny!)benzamide (NOM)
CASRN: 16091-26-2

p-Aminopheny) phenyl ether; 4-Phenoxyaniline (KAP)
CASRN: 139-59-3
DESC: Solid, m.p. 82-84°C
SKIN IRR: Rabbit: 800 mg/24 H, mild
ORAL: Rat LDgo: 1100 mg/kg

MONS 020559



Ammonia (NIT, NOM, PU)
CASRN: 7664-41-7
STDS: OSHA. 50 ppm, 35 mg/m?
TLY: 25 ppm, 18 mg/md TWA; 35 ppm, 27 mg/md STEL
DESC: Gas
HLTH: Acute lung damage/edema or other (1l)

Irritation-Eyes, Nose, Throat, 8ronchi, Lungs--Marked (14)

SKIN IRR: If concentrated
INGES ACUTE: Rat oral LDgo: 350 mg/kg

Aniline; Benzenamine (CRE, KAP, NOM)
CASRN. 62-53-3
STDS: OSHA: 5 ppm, 19 mg/m?
TLY- 2 ppm, 10 mg/m® TWA; 5 ppm, 20 mg/m® STEL
DESC: Semivolatile Ligquid
HLTH. Methemoglobinia (13).
Suspect carcinogen (2).
Acute Toxicity-~short-term high risk effects (4}.
IARC CARC: Animal Indefinite '74,
TIARC CARC: Human Negative '74.
SKIN ABS: VYes
INGES ACUTE: Rat LDgq: 440 mg/kg

Anthracene (CRE, CSPE, PE)
CASRN: 120-12-7
DESC: Solid, m.p. 216°C
SKIN IRR: Mild

8enzaldehyde (STY, SUL)
CASRN: 100-52-7
DESC: Semivolatile Liquid
SKIN IRR: Rabbft: 500 mg/24 H, moderate
ORAL: Rat LDgop: 1300 mg/kg

Benzanilide (NOM)
CASRN: 93-98-1
DESC. Solid, m.p. 162-184°C

Benz[a)anthracene; 1,2-8enzanthracene [a PAH) (CRE, PE, 5TY)
CASRN: %6-55-3
0ESC. Solid, m.p. 157-159°C
IARC CARC: Animal Positive, '73.
IVYN: Mouse LDLo: 10 mg/kg

Benzene (CSPE, EPD, NOM, PCP, PE, PET, PU, STY, SUL, XLPE)
CASRN:  71-423-2
STDS. OSHA: 10 ppm
TLY: 10 ppm, 30 mg/m® TWA, 25 ppm, 75 mg/m® STEL
DESC Volatile Liquid

MONS
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HLTH: Suspect Leukemogen {2).
Cumuiative bone marrow damage {12)
ACGIH: A2 (Suspect carcinogen)
IARC CARC, Human Suspect '74 & '82
1ARC CARC. Human Positive 'B2.
T1ARC CARC. Animal Suspect '82
JARC CARC. Animal '74,
Listed in NTP 2nd Annual Report on Carcinogens, '81.

SKIN ABS  Siignt

SKIN 1RR:- Mild

INGES ACUTE: Human TDLO: 130 mg/kg

Benzo[blchrysene [a PAH] (CRE)
CASRN: 214-17-5
QESC:  Solid
MUTAGEN
SKIN CARE. Mouse TOLO: 28 mg/kg

2,3-Benzofluoranthene, 3,4-Benzofluoranthene,
Benzo[b?]fluoranthene; Benz[eJacephenanthrylene (a PAH] (CRE, PE)
CASRN: 205-99-2
DESC: Solid, m.p 163-165°C
IARC CARC. Animal Positive, '72
TUMORIGEN: Mouse, skin: 88 ng/kg

Benzo(j]fluoranthene; 10,11-Benzofluoranthens (a PAH] (CRE, STY?)
CASRN: 20%5-82-3
DESC. Solrd, m.p. 165°C
MUTAGEN
TARC CARC. Animal Positive, '73

Benzo( i, k]fluoranthene (a PAH] (STY?)
CASRN:  Unavailable [Was benzo{j.k])fluorene misnamed®)

denzc(xJfluoranthene, il,i2-Benzofluoranthene [a PAM] (CRE, sTY?)
CASRN: 207-08-9
DESC  Solid, m.p 217°C
MUTAGEN

CARC. Mouse skin- TDLO' 2820 mg/kg/47 W-intermittent

3enzofluorenes (CRE)
Benzo{alflucrene: 1,2-8enzoflucrene [a PAH] (PE, STY)
CASRN: 238-84-6

Benzo[blfluorene, 2,3-8enzoflucrene [a PAH] (PE, STY)
CASREN 243-17-4
DESC  Solid, mp 209-210.5°C
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Benzofuran (SUL)
CASRN (2,3-Isomer): 271-89-6
DESC: Semivolatrle Ligquid

Benzoic acid (NOM, PET, STY)
DESC  Solid, m.p. 122°C, begins to sublime ~ 100°C
SKIN ABS  Yes
SKIN IRR-  Skin Human TOL : 6 mg/kg

INGES ACUTE: Man LDyq. 300 mg/kg

Benzonmrtrite (CRE, KAP, NOM, PU)
CASRN: 100-47-D
DESC  Semivolatile Liquid
SKIN IRR: Rabbit: 500 mg/24 H, moderate
ORAL: Rat LDL 1 720 mg/kg
IHL:  Rat LC, ® 950 ppa/8 H
ORAL: Mouse %D,o: 1400 mg/kg

Benzo(g,h,ilperylene [a PAH] (STY)
CASRN: 19i-24-2
MUTAGEN

Benzo(clphenanthrene; 3,4-Benzphenanthrene (a PAH] (PE, STY)
CASRN: 195-19-7
DESC: Solid, m.p. 6B°C
SKIN TUMORIGEN: Mouse TDLo: 940 mg/kg/39 W

Benzo{a)pyrene, B{alP {a PAH] (CRE, PE)
CASRN: 50-32-8
DESC: Solid, m.p. 175-177°C
HLTH: IARC CARC: Animal Positive '73.
Listed in 2nd NTP Annual Report on Carcinogens, 'B1.
ACCId- A2 {Suspect carcinogen)

Benzo[elpyrene {a PAH] (CRE, PE, STY}
CASRN., 192-987-2
DESC: Solid, m.p. 180-182°C
IARC CARC: Anima)l Suspected, '73.

Benzo(b]thiophene; Thianaphthene (CRE)
CASRN: 95-15-8
DESC: Solid, m.p. 29-232°C

Bipnenyl, Diphenyl (CRE, CSPE, EPO, NOM, PE, PET, STY, SUL)
CASRN 92-52-4
ST0S OSHA 1 mg/m?
TLY: 02 ppm. 2 5 mg/m? TWA, O 6 ppm, 4 mg/m3 STEL
DESC. Solrd, m p 69=-72°C
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HLTH: [Irritation-Eye, Nose, Throat, Broncht, Lungs, Skin--Moderate (15,
Less than 3 mg/m3).
CNS Effects (7. Greater than 3 mg/m?)

INGES ACUTE: Rat LDgg. 3280 mg/kg

1.2-Butadiene; Methylallene (PE)
CASRN:  590-19~2
DESC  Gas

1,3-Butadiene (CSPE, NIT, PE, PU)
CASRN: 106-99-0
STDS O0SHA 1000 ppm, 2200 mg/m?
TLY: 1000 ppm, 2200 mg/m® TWA, 1250 ppm, 2750 mg/m® STEL
DESC. Gas
HLTH. Irritation-Eyes, Nose, Throat--Mtld (16, Less than 3000 ppm}
INGES ACUTE: Rat LDg,. 5480 mg/kg
TERATOGEN {(Reference 7)
NTP AND 0OSHA CARC: Anmal carcinogen by inhalation (References 1-9)

n-Butanol (PU)

CASRN:  71-36-3

STDS: O0SHA: 100 ppm, 300 mg/md
TLY: C 50 ppm, C 150 mg/m® TwA

0ESC. volatile Liquid

HLTH. Irritation-Eyes, Nose, Throat--Moderate (15).
Heering loss (7).
Narcosis {(8)}.

SKIN ABS: Yes

SKIN IRR: Severe

INGES ACUTE: Rat 04, 790 mg/kg

1-Butene; o-Butylene (CSPE; EPO)
CASRN:  106-98-9
DESC. Gas

2-Butenenitrile; Crotonitrile (NOM)
CASRN (mixt. of trans- and cis~): 4786-20-2
DESC: volatile Ulgquid

J-Butenenitrile; l-Butene-4-nitrile, Allyl cyanide (NOM)
CASRN:  109-75-1
QESC: Vvolatile Liquid
SKIN IRR: 10 mg/24 H open, mild
ORAL  Rat LDgo: 115 mg/kp
SKIN: Rabbit LOgq' 1410 mg/kg

- 3
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Butyraldehyde; Butanal (PE)
CASRN: 123-72-8
DESC: Volatile Liquid
IHl: Human TCL + 580 wg/m?
ORAL  Rat LDyg® 2490 mg/kg
SKIN IRR: Rabbit' S00 mg/24 H, severe

Butyric acid; Butanoic acid (PE)
CASRN: 107-92-%
DESC: Semivolatile Liguid
MUTAGEN
SKIN IRR: Rabdit: 10 mg/24 H, severe
EYE IRR: Rabbit: 0.2% mg, severe
DRAL: Rat LOgo: 2940 mg/kg

Butyrolactone (PE)

p-Butyroiactone; 4-Methyl-Z2-oxetenone
CASRN: 3068-88-0
SKIN IRR; Rabbit: 500 mg, open
ORAL: Rat LOgy: 17 g/kg
IARC CARC: Animal positive, '76

y-Butyrolactornk
CASRN: 96-48-0
DESC; Semivolatiie Liquig
IARC CARC: Negative, '76
TUMORIGEN: Mouse, skin: 50 g¢/kg
IPR: Mouse LDgo: 1100 mg/kg

Caproic acid: Hexanoic acid (PE)
CASRN: 142-62-1
DESC: Semivolatile Liquid
SKIN IRR: Rabbit: 10 mg/24 H, mild
ORAL: Rat LDgqo: 3000 mg/kg
SKIN:  Rabbit LDgo: 630 mg/kg

Caprolactam dust (NY6, N&&, 610)
CASAN: 105-60-2
STOS. TLV: 1 mg/md TWA; 3 mg/m® STEL
DESC: Solid, m.p. 70-72°C
HLTH: Irritation-Eyes, Nose, Throat, Skin--Moderate (15, Less than 2 mg/m3)
CNS Effects (7, Greater than 2 mg/m3)
SKIN A8S: LD, : 1410 mg/kg
SKIN IRR: M1%8
INGES ACUTE: Rat LDgqo: 2140 mg/kg

Caprolactam (NY6, N66, 610)

CASRN: 105-60-2

$T0S  TLV. 5 ppm. 20 mg/m3 TWA; 10 ppm, 40 mg/m3 STEL

DESC. Solygd, m p. 70-72°C

HLTH: Irritation-Eyes, Nese, Throat, Skin--Moderate (15, Less than 10 ppm)
CNS Effects (7, Greater than 10 ppm).
Vapor less rritating than dust to respiratory tract

See Caprolactam dust above for toxic, oral, anc skin informetion

MONS 020564
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Carbazole {CRE)
CASRN, 86-74-3
DESC-  Solid, m.p 245-246°C
ORAL: Rat LD, - 500 mg/kg
IPR:  Mouse L60,. 200 mg/kg

Carbon diox1de (CSPE, EPQ, FEP, KAP, NOM, PAP, PE, PET, PU, SuL, TEF, VIT)
CASRN  124-38-9
STDS  OSHA: 5000 ppm, 5600 mg/m?
TLv: S000 ppm, 9000 mg/m TwA, 15,000 ppm, 27,000 mg/m3 STEL
DESC. Gas
HLTH: Symple Asphyxiant (17, Less tnan 10,000 ppm).
SKIN. Direct contact with dry fce can cause fraazing of tissue

Carbon monoxide (CSPE, EPO, FEP, WAL, KAP, NEO, NOM, NY6, PAP, PE, PET, PU, SUL,
TFE, TFZ, vIT)
CASRN. 630-08-0
STOS:  OSHA: S0 ppm, 55 mg/m
TLV. 50 ppm, 55 mg/m3 TwA; 400 ppm, 440 mg/m? STEL
DESC:  Gas
HLTH-  Agphyxistion, Chemical anoxia (17, Less than 75 ppm)

Carbon tetrafluoride (TEF, FEP)
CASRN: 7%-73-0
DESC:  Gas
IHL: Rat LCLO: 896,000 ppm/15 min

Carbonyl fluoride (HAL, TFZ)
CASRN: 353-50-4
STDS: TLV: 2 ppm, 5 mg/m? TWA, 5 ppm, 15 mg/m3 STEL
DESC: Gas

Chloroform; Trichloromethane (XLPE)

CASRN.  §7-56-3

STDS. OSWA: C SO ppm, C 240 mg/m?

DESC: Volatile Liquid

HLTH  Suspect Carcinogen (2). Cumulative liver and Kidney damage (1)
Narcosis (8).
ACGIN: A2 (Suspect carcinogen)
[ARC CARC: Animal Suspect, '72
TARC CARC: Anima) Posative, '78
IARC CARC., Human Suspect, '81,
Listed in 2nd NTP Annual Report on Carcinogens, ‘81

Chrysene [a PAH] (CRE, PE, STY)
' CASRN. 218-01-9
STOS TLV  Suspect carcinogen
DESC  Solid, m.p 254-255°C
JIARC CARC  Anma) Positive '73
SKIN ABS  Skin carcinegen  Mouse 3 5 mg/hg

w
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Cinnamy! alcohol (5TY)
CASRN: 104~54-1
DESC. Solid, m.p. 33-35°C
TUMORIGEN: Mouse, ipr: 1400 mg/kg
ORAL. Rat LOgs+ 2000 mg/kg
SKIN [RR* Rabbit. 522 mg/24 H, moderate

Crasol (CRE, EPD, SUL)
CASRN:  1319~77-3
STDS: OSHA- 5 ppm, 22 mg/m?
TLY: 5 ppm, 22 mg/m* TWA
GESC. Solid or Semivolatile Liquid (depending on isomer)
HLTH:  Irritation-Eyes, Skin--Marked (14).
Acute Toxicity=(CNS) (4).
Cumulative liver, cardiovascular, kidney damage (3).
SKIN ABS. Yes
SKIN IRR: VYes
INGES ACUTE: Varies with isomar:
Rat LDgy: approximately 200 mg/kg
g-Cresol is the most toxic orally

trotonic acid; trans-2-8utenorc acid (PE)
CASRN  3724-83-0
DESC: Solid, m.p. 72-74°C
ORAL. Rat LDgo. 1000 mg/kg
SKIN: Guinea pig LDgo: 600 mg/kg
SKIN IRR: Rabbit: 10 mg/24 M

Cumene:. Isopropylbenzene {STY, XLPE}
CASRN: 98-82-8
STRS. OSHA: 50 ppm, 245 mg/m?
TLY- 50 ppm, 245 mg/m® TWA; 75 ppm, 365 mg/m® STEL
DESC: Semivolatile Liquid
HLTH: Narcosis (8).

irritation~tves, 3kin--Jdocerate {15, _ess than 200 ppm,.

SKIN ABS  Yes
SKIN IRR: Yas, Primery Irritant
INGES ACUTE: Rat LDgg: 1400 mg/kg

Cyvancanilines; Aminobenzonitriles (NOM)

m-Cyanoaniline
CASRN: 2237-30-1
OESC. Solid, m.p. 51-53°C
o-Cyanoaniline; Anthranilonitrile
CASRN-  1885-29-6
DESC  Solid, mp 47-48°C
IPR  Mouse LDg, 180 mg/kg
p~Cyancaniline
CASRN  B73-74-5
DESC  Solrd, m p 83-88°C
IPR  Mouse LDgs. 155 mgrkg
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3-Cyanobenzoic acid (EPD)
CASRN: 1877-72-1
DESC: Solid, m.p. 222-224°

3-Cyanobiphanyl (NOM)

Cyanogen {NOM)
CASRN: 460-19-5
STDS  TLv: 10 ppm TWA
0ESC. Gas
HLTH:  Irertation-Eyes, Nose, Throat--Moderate (15),
Acute Toxicity {(Cyanosis) (4).

N-(3-Cyanophenyl)benzamide (NOM)

Cyclopentadiene (EPQ)
CASRN: 542-92-7
OESC. volatile Liquid
HLTH. Irritation-Eyes, Nose, Throat--Moderate (15, Less than 150 ppm).

Cyclopentanone (N&S)
CASRN, 120-92-2
DESC:  Semivolatile Liquid
SKIN IRR: Rabbit: 3500 mg/24 H
IPR: Mouse (0gq: 1950 mg/ky
SCU:  Mouse LDLQ: 2600 mg/kg

Cycliopropane (PE)
CASRM: 75-19-4
PDESC: Gas

Qecachlorobipheny] {PCP)
CASRN:  2051-24-3
DESC: Solid, m p 305-306°C

Decafiuorobutane (FEP, TEF)
CASRN; 355-25-9

Otbanz{s, hlanthracene; 1,2,5,6-Dibenzanthracene [a PAN] (CRE)
CASRN: 53-70-3
DESC: Soldd, m.p. 266-267°C
MUTAGEN
{ARC CARC: Animal Positive, '73.
IVN:  Mouse LDLO: 10 mg/%g

Oibentofuran (CRE, KAP, SUL)
CASRN:  132-64-9
DESC. 5So0lid, m p. 83-84°C




1,3-Dicyancbenzene; Isophthaionitrite (NOM)

CASRN, 626<17-5

STRS. TLV-TWA 5 mg/m?
DESC:  Solid, m p. 160-162°C
ORAL. Rat LDz,. 1860 mg/ky
ORAL. Mouse LDsol 178 ﬂg/kﬁ

1,4-Dicyancbenzene; Terephthalonitrile, p-Oicyanobenzene (KAP, PU)

CASRN:
QESC.

623-26-7
Solid, m.p. 224-227°C

EYE IRR: Rabbit: 500 mg/24 H, moderate

ORAL:

Rat LDgqe: 21 g/kg

Dinydroanthracens (PE)
CASAM (5,10-isomer): 613-31-0

DESC:

Seld, a.p. 10B-110°C

Diisobutyl phthelate (NEO)

CASRN: 84-69-5

DESC: Semivolatile Liquid

ORAL: Rat LDgo: 20 g/kg

CREL Me.se L7, 13 glv:
SKIN: Guinea pig LDgot 10 p/kg

Dimethy]l ether; Methyl ether (PU)

CASRN: 115-10-6
DESC: Gas
IHL:  Mouse LCgo: 386 ppm/15 min

Dimethyinaphthalens (CRE, CSPE, SUL)

CASRN:
QESC:

28504-88-8
Semivoiatile Liquids or Solids

1,6-0imethyvinaonthaiens

CASRN:
DESC;

575-43-9
Semivolatile Liguid

ORAL: Rat LDLo: 5000 ng/kg

Dioctyl phthalate (NED)
DESC:  Semivolatile Liguid
SKIN IRR: Mi1d
INGES ACUTE: Mouse LDgo: 6513 mg/kg [Di-p-octy) phthalate, CASAN 117-84-0]
Rat LDgy. 31 g/kg [Bis(2-ethylhexyl) phthaiate, CASRN 117-81-7]

1.4-Dicxane, Diethylene Oloxide (NOM)
CaSRN  123-91-1
STOS. OSHA: 100 ppm, 360 mg/m?
TLV: 25 ppm, 90 mg/m® TWA; 100 ppm, 360 mg/m¥ STEL
CESC  volatiite Liquid
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HLTH: Suspect carcinogen (2). Cumulative liver and kidney damage (3)
Irritation-Eves, Nose, Throat--Mild (16).
IARC CARC, Anima) Positive, '76.
Listed in 2nd NTP Annuel Report on Carciongens, 'Sl

SKIN ABS. Yes

SKIN IRR: Mild

INGES ACUTE: Rat LOgo: 4200 mg/kg

Diphenylethene (STY)
CASRN (1,2-tsomer): 103-29-7
DESC. Solid, m.p. 50-53°C

Diphenyl ether (EPO, SUL)
CASRN  101-84-8
STDS. OSHA- 1 ppm, 7 mg/m3
TLV: 1 ppm, 7 mg/m® TWA: 2 ppm, 14 mg/m® STEL
DESC. Volatile Liquid
HLTH: Nausea (7).
Irritation-Eyes, Skin-~Mild (16)
Cumulative liver and kidney damage (3).
SKIN IRR: Mild
INGES ACUTE: Rat LDgq: 3370 mg/kg

Oipropylene glycol methy] ether (XLPE)
CASRN: 34590-34-8
STDS: OSHA; 100 ppm, 600 mg/md
TLV: 100 ppm, 600 mg/m3 TWA, 150 ppm, 900 mg/m? STEL
DESC: Semivolatile Liquid
HLTH: Irritation-Eyes, Nose--Moderate (15). Slight Narcosis (8)
SKIN ABS: Yes
SKIN IRR: Mild
INGES ACUTE: Rat LDgg: 4900 mg/kg

Oivinyl terephthalate (PET)
CASRN. 94-49-5

Ethane (CSPE, EPO, NOM, PE, PET, PU, SUL)
CASRN. 74-84-0
DESC: Gas
HLTH: Explosive (18).
Simple Asphyxiation (17, [f oxygen level 1s 18% by volume)

2-Ethoxyethanol (PU}
CASRN. 110-80-5
STPS: ©OSHA, 200 ppm, 740 mg/m®
TLV: 50 ppm, 185 mg/m3 TWA, 100 ppm, 370 mg/m3 STEL
(NOTE: Probable change to 5 ppm, with no STEL. Skin notatton wil!l
be continued.)
DESC  Semivolatite Liquid
KLTH  Irrmitation-Eyes, Nose--Moderate (15)
Cumuiative blood disturbances (12)
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SKIN ABS: Yes
SKIN IRR: Mild
INGES ACUTE: Rat LDgo: 3000 mg/kg

Ethy! alcohol, Ethanol (PE, PU)

CASRN: b64-17-5

5TDS. OSHA. 1000 ppm, 1900 mg/m?
TLV 1000 ppm, 1900 mg/m3 TWA

DESC. volatile Liquid

HLTH: Irritation-Eyes, Nose, Throat--Marked (14, Less than 3000 ppom)
Narcosis (8).
Reproductive impairment (5, Greater than 3000 ppm)

SKIN ABS-  Rabbit LD : 20 g/kg

SKIN IRR. Severe

INGES ACUTE. LDgo. 7080 mg/kg

Ethylbenzene (EPO, NIT, PE, PET, STY, 5UL)

CASRN. 100-41-4

STDS: OSHA: 100 ppm, 435 mg/m
TLV: 100 ppm, 435 mg/m® TWA, 125 ppm, 545 mg/m> STEL

DESC: Semivolatile Ligquid

HLTH: Irritation-Eyes, Nose, Throat, Skin--Moderate (15, Lass than 200 ppm)
Narcosis (8).

ShIN ABS: radiiy WD 2300 m@/N:

SKIN IRR: Mild

INGES ACUTE: Rat LDgo: 3500 mo/kg

Ethyl chloride; Chloroethane (EPO)
CASRN* 75-00-3
S5TDS. OSHA; 1000 ppm, 2600 mg/m?
TLV: 1000 ppm, 2600 mg/m® TWA; 1250 ppm, 3250 mg/m3 STEL
DESC: Gas
HLTH: Narcosis (8, Greater thaan 5000 ppm).
SKIN IRR. Frostbite possible if liquefied gas 15 spilled on skin,

Ethylene; Ethene (EPO, NOM, PAP, PE, PET, PU, SUL, TFZ)
CASRN: 74-85-1
DESC. Gas
HLTH: Simple Asphyxiation (17, If oxygen level is 18X by volume).
Explosive {18).
ACGIN: E (Simple asphyxiants)

Ethyiene aibenzoate (PET)
CASRN: 94-48-5

Ethylene giycol, particulate (PET)
CASRN  107-21-1
§TDS. OSHA- 1 2 mg/md
TLV 10 mp/m3 TWA
DESC  Volatile Liguad
HMLTH  Ireitation-ives, Nose, Throat--Moderate (15) CNS depression (7)
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SKIN ABS. Rabbit LDso: 19,530 mg/kg
SKIN IRR: Miild
INGES ACUTE: Human LD : 710 mg/kg

Ethylene glycol, vapor (PET)
CASRN: 107-21-1
STDS TLv. C 50 ppm, C 125 mg/m3 TwWA
DESC. Vapor
HLTH: frritation-Eyes, Nose, Throat--Moderate (15). CNS depression (7)
SKIN ABS: Rabbit LDgo. 19,530 mg/kg
SKIN [RR: Mg
INGES ACUTE. Human LDLD: 710 mg/kg

Ethy imethy iphenol; ethylcraesol {CRE)
CASRN; 1687-61-2
DESC. Solid?
E-Ethyi-m-cresol
UNKNOWN ROUTE: Rat LDgo: 530 mgikg

Ethylphenol (SUL)
2-Ethylphenoi
CLSRN'  ©0-4C-§
DESC: Semivolatile Liquid
CARC: Mouse Skin TDLo' 3100 mg/kg/12 W, intermittaent
3-Ethylpheno?
CASRN: 620-17-7
DESC: Semivolatile Liquid
4-Ethylphenol
CASRN: 123-D7-9
DESC: Solid, m.p. 42-45°C

Fiuoranthene {& PAH] (CRE, PE, STY)
CASRN: 20D6-44-0
0EST. solid, m.p. 107-1il1D°C
SKIN TUMORIGEN: Mouse TD, : 280 mg/kg/58 W
ORAL: Rat LDgo: 2000 mgYRg

Fluorena [a PAH] (CRE, CSPE, PE, STY)
CASRN: 86-73-7
DESC: Soli¢, m.p. 112-115°C

Formaldehyde; Methanal (PE, PET, STY)

CASRN:  50-00-0

STDS: DSHA: 3 ppm
TLV: 2 ppm, 3 m@/m? TWA

DESC  Gas

MLTH. Irritation-Eyes, Lungs, Skin--Marked (14).
Suspect Carcinogen/Mutagen (2).
IARC CARC: Animal Positive, '82.
TIARC CARC: Human indefinite, '82.
ACGIH- A2 (Suspect carcinogen)
Listed sn 2nd NTP Annual Report on Carciongens, '8l
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Thiobutyric acid, S-decyl ester (XLPE)

Tolusne; Methylbenzene (CSPE, EPO, NIT, NOM, PE, PET, PU, STY, SUL, XLPE)
CASRN: 108-88-13
STDS: OQSHA: 200 ppm
TLY: 100 ppm, 375 mg/m? TWA; 150 ppm, 560 mg/m* STEL
DESC. Voletile Liquid
HLTH: Irritation-Eyes, Nose, Throat--Moderate (15)
Narcosis (8).
Suspect teratogen (5).
Mutegen (2).
SKIN ABS: Yes
SKIN IRR: Mg
INGES ACUTE: Rat LOgo: 5000 mg/kg

2,4-Toluanaciamine; 2,4-Diaminotoluane (PU)
CASRN: 95-80-7
DESC: Solid, m.p. 97-99%C
HLTH: JARC CARC: Animal Positive, '78 and '82.
Listed in 2nd NTP Annual Report on Carcinogens, 'Bl.
SKIN IRR: Mild
INGES ACUTE: Rat LDgo: 260 mg/kg

Toluene 2,4-diisocyenate; TDI; Tolylena 2,4-diisocyanete (PU)

CASRN: 584-84-9

STDS: OSHA* € 0.02 mg/md
TLV: € 0.02 ppm, C 0.14 mg/m® TWA

DESC: Semivoletile Liquid

HLTH: Asthma (9).
Irritetion=Eyas, Nosa, Throat, Bronchi, Lungs--Markad (14).
Dermatitis (3).

SKIN IRR: Savare

Toluena 2,6-diisocyanate (PU)
CASRN: 91-08=7
DESC: Semivolatile Liquid
MLTH: Respiratory sansitization (Asthme) (9).

a-Toluidine (CRE)
CASRN: 108-44-1
DESC: Semivolatile liquid
SKIN IRR: Rabbit: 500 mg/24 H, severe
EYE IRR: Rabbit: 20 mg/24 H, sevare
ORAL: Rat LDgo: 450 mg/kg

0-Tolurdine (CRE)
CASRN* 95-53-4
STDS. OSHA: 5 ppm, 22 mg/m3
TLV: 2 ppm, 9 mg/m?
DESC  Semivolatile Liquid
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n-Hexadecane (NEOD)
CASRN: 544-76~3
DESC: Semivolatile Liquid (freezes at 18 2°C)

Hexafiuvoraopropane (FEP, TEF)
CASRN: 27070-61-7; (1,1.1,3,3,3-) 690-39-1, (1,1,2,2,3,3-) 680-00-2,
(1,1,1,2,2,3-) 677=-56-5, (1,1,1,2.3,3-) 431-63-0
DESC:  Gas

Hexafluoropropylene; Hexafiuoropropene (TEF, FEP, VIT)
CASRN: 116-15-~4
0ESC: Gas
IHL  Rat LCLo: 20,000 mg/m3/2 H

Hexanal: Hexaldehyde, Caproaidehyde (PE)
CASRN: 66-25+1
DESC: Semivolatile Liguig
ORAL. Rat LDgo: 4890 mg/kg
[HL: Rat LC, : 2000 ppm/4 M
SKIN IRR: REBbit: 10 mg/24 H, ml¢

n-Hexans (PE)
CASRN: 110-54-3
§7DS: OSHA: 500 ppm, 1800 mg/m3 /15 min
TLY: 50 ppm, 180 mg/m® TLV
DESC: Volatile Liquid
HLTH: Nervouvs system disturbances--polyneuropathy (7)
Nervous system disturbances--narcosis (8).
SKIN IRR: Mild
IML: Human TCLBL %000 ppm/10 min

L-+exene (CSPE, PE)
CASRN: 592-41-6
DESC: Vvolatile Liguid

Hydrogen (EPO, KAP, NIT, NOM, PAP, PE)
CASRN: 1333-74-0
DESC: Gas
HLTH: Simple Asphyxiation (17, [f oxygen leve! 1s 1BX by volume)
Explosive (18).

Hydrogen chloride (gas. anhydrous) (CSPE, HAL, NEQ)

CASRN, 7467=01-0

STDS  OSHA: C 5 ppm, C 7 mg/md
TLV. C 5 ppm, C 7 mg/m? TWA

0z8C. Gas

HLTH* Irritation- Eyes, Nose, Throat--Marked (14)
Lung edema (11)
Dental erosion (3)
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Hydrogen cyanide (gas) (KAP, N66, NED, NIT, HOM, PU)
CASRN; 74-90-8
STDS: OSHA: 10 ppm, 11 mg/m?
TLv: € 10 ppm, C 10 mg/m* TWA
DESC  Gas
HLTH. Acuta systemic toxicity (4).
Cumulative systemic toxicity (Cyanosis) (3).

Hydrogen fluoride (gas, anhydrous) (HAL, TFZ, VIT)

CASRMN: 7664-39-3

STDS: OSHA: 3 ppm
TLY: 3 ppm, 2.5 mg/m> TWA; 6 ppm, 5 mg/m® STEL

DESC:  Gas

HLTH. Irritation-Eyes, Nose, Throat, Skin--Marked (14).
Acute lung camage (11).
Cumulative bone damaga (3)

Kydrogen sulfide (MEO)
CASRN: 7783-06-4
STDS: DSHA: 20 ppm
TLY. 10 ppm, 14 mg/m® TWA; 15 ppm, 21 mg/m? STEL
. wsl
T Acute systemic toxicity (4).
Irritation-Eyes (Conjunctivitis), Lungs~-Moderate (15),
CNS affects (7).

X r
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Hydroxyethy) tersphthalate moncester (PET)
2-Hydroxypheny1-2-phenylipropane (SUL)

Hydroxyvaleric acid (PE)
CASRN: 30B53-48-0
DESC. (2-isomer) Solid, m.p. 34°C (subiimes)

indan (EPO, PE)
CASRN, 496-11-7
DESC; Semivolatile Liguid
ORAL: Rat LDLO: 5000 mg/kg

Indene (CSPE, EPO, PE, PU, STY, SUL)
CASRN: 95-13-6
STOS: TLV. 10 ppm, 45 mg/m? TwaA; 15 ppm, 70 mg/m* STEL
CESC. Semivolatile Liguid
HLTH. Irritation-Eyes, Nose, Throat--Moderate (15).
Cumulative 1iver and kKi1dnay damage (3).
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Indole (CRE)
CASRN. 120-72-9
0ESC. Solid, m.p. 52-54°C
ORAL. Rat LDgp: 1000 mg/kg
SKIN: Rabbit LDgo: 790 mg/kg

Iscbutyraldehyde (PE)
CASRN. 78-84-2
0ESC. Volatile Liquid
IHML: Rat LC o 8000 ppm/4 M
ORAL: Rat Lb3y: 2810 mg/kg
SKIN IRR: Rabbit: 500 mg/24 H, severe

[soprene (CSPE)
CASRN: 78-79-5
OESC. Volatile Ligquidg (b.p. 34°C)

Isovaleric acid (PE)
CASRN: 503-74-2
CErZ  Semivolatile Liquad
ORAL: Rat LDgp: 2000 mg/kg
SKIN: Rabbit LDgg: 310 mp/kg
SKIN IRR: Rabbit: 500 mg/24 K, moderate

Methacrylonitrile (NIT, PU)
CASRN: 126-98-7
TLV: 1 ppm, 3 mg/m? TWA; skin warning
DESC: vetlatile Liquid
SKIN IRR: Rabbit: 200 mg, mi1ld
ORAL: Rat LDgo: 250 mg/kg

Methane (CSPE, EPO, KAP, NEO, NIT, NOM, PAP, PE, PEY, PU, SUL)
CASRN: 74-82-8
DESC: Gas
MLTH: Explosive (18).
Asphyxiant (17, If oxygen Tevel 15 18X by voiume).
ACGIH: E (Simple asphyxiant)

Methyl aleohol; Mathanol (NOM, PU)
CASRN: 67-56-1
STOS: OSHA: 200 ppm, 260 mg/m3
TLY: 200 ppm, 260 mg/m® TWA; 250 ppm, 310 mg/md STEL
DESC: Volatile Liguid
HLTH: Cumulative CNS effects (7, Greater than 400 ppm).
Narcos's (B),
Irritation-Eyes, Nose, Throat--Mild (16, Less than 400 ppm)

Methylanthracenes [PAHs] (PE)
CASRN  (2-) 613-12-7, (9-; 779-02-2
nese 72=) Semivolatile w-cure. (9-) solwd, n o 71-79°C
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Methylbenzofuren (SUL)
CASRN:  25586-38-3
0ESC. (2-,3-,5~, or 7-tsomer) Semivolatile liquid

4-Methylbiphenyl; 4-Phenyitoluene (S5TY)
CASRN. 644-08-6
DESC: Solid, m.p. 44-47°C
ORAL: Rat (Dgg: 2570 mg/kg

1-Methylbutyl fsobutyrate; Propanoic acid, 2-methyi-, l-methyibuty! ester (MEO)

CASRN: 54340-93-1

Methy! chloride; Chioromethane (EPO)
CASRN: 74-87-3
STDS: OSMA: 100 ppm
TLY: 50 ppm, 105 mg/m® TWA; 100 ppm 205 mg/m® STEL
DESC: Gas
HLTH: Acute CNS effects (4).
Chronfc CNS effects (7).
~omplative Tiver and kidney damage (3)
SKIN ABS. Yes

3=Mathyicholanthrene [a PAH] (STY)
CASRN: 56-49-5
DESC: Solid, m.p. 178~180°C
TUMORIGEN:  Oral: Rat TO, 200 mg/kg
TUMORIGEN: 5kin: Rat TDLo: 700 mg/kg/25 W-intermittent

TERATOGEN

2-Methyl~1,3~dioxolane (PET)
LASRN:  497-26-7
DESC: Vvolatile Liquid

4,5-Methy lenaphenanthrene (PE)
CASRN: 203-64-5
DESC: Semivolatile Liquid

Methylethylbenzenas; Ethyltoluenes (SUL)

2-Ethyltoluena

CASRN: 611-14-3

DESC. Semivolatile Liquid

ORAL  Rat LD, . 5000 mg/kg
J-Ethy!toluene

CASRN. 620-14-4

DESC: Semivolatile Liquid
4=Ethyltoluene

CASRN, 622-96-8

DESC. Semivolatile Liquid

ORAL: Rat LDLo $000 ag/kg
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Methy! athy) ketone, 2-Butanone; MEK (PE)
CASAN: 78-93-3
STDS: OSHA: 200 ppm, 590 mg/m?
TLV: 200 ppm, 590 mg/m3 TWA: 300 ppm, 885 mg/m3 STEL
DESC: volatile Liquid
MLTH: Irritation-Eyes, Nose, Throat--Moderets (15). Narcosis (3).
SKIN IRR: Moderate
INGES ACUTE  Rat Dgq: 2737 mo/kg

Methylfluorenes [PAHs] (CRE, PE)
CASRN:  (1-) 1730-37-6; (9-) 2523-37-7
DESC  (1-) Solia, m.p B4-B6°C; (9-) Semivolatide Lrquid

Methylindene (STY, SUL)
CASRN: 29036-25-7
DESC: Semivolatile liquid

Mathyl-4, 5-methylenephana~threna; Mathyl-4H~cyclopenta{def]phenanthrene (PE)
CASRN: 58548-39-3

TMethy .naphihalene (CRE, I3FE, Fz, ITy, SUU)
CASRN: 1321-94-4
OESC- Semivolatide Liquid
INGES ACUTE: Rat LDgqo: 4360 mg/ko

2-Mathyliraphthalene (CRE, CSPE, PE, STY)
CASRN: 91-57-6
DESC: Solid, m.p. 34-36°C
ORAL: Rat LD, 5000 mg/kg

Methyliphenanthrene (PE)
-=Methy! isomer
CASRN: 832-69-%
MUTAGEN
2=Methyl tsomer
CASRN:  2531-84-2
0ESC: Solid, m.p. 57-%9°C
MUTAGEN

Z-Methylpyridine; a=Picoline (PV)
CASRN: 109-06~8
DESC: Semivolatile Liguid
SKIN TRR: Rabbit: 10 mg/24 H, myid
EYE [RR; Rabbit. O 750 mg, severe
ORAL  Rat LDgg: 790 mg/kg
[HL  Rat (C o 4000 ppm/& M
SKIN-  Raobit°iDg, 410 mg/kg
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4-Methylpyridine; y-Picoline (PU}
CASRN: 108-89-4
DESC: Semivolatile Liquid
SKIN IRR: Rabbit: 10 mg/28 K, severe
EYE [RR  Rabdit: 0.750 mg, savere
ORAL. Rat LDyo: 1290 mg/kg
IML:  Rat LC, . 1000 ppm/4 H
SKIN: Rabbit®LDgo: 270 mg/kg

a-Methylstyrene; 2-Phenyl-1l-propene (STY_ XLPE)
CASRN  98-813-9
STDS: OSHA: C 100 ppm, C 480 mg/m?
TLV: 50 ppm, 240 mg/x® TWA; 100 ppm, 485 mg/m® STEL
QESC. Semivolatile Liguid
HLTH. Irritation-Eyes, Nose, Throat--Mild (15).
CNS affects (7).
Narcosis (8),
SKIN IRR: Moderate

2= (Mathylthio)benzothiazole (NEO)
CASRN. 615-22-%
DESC  Sotid, m ~ 5297

Methy! vinyl ketone (PE)
CASRN: 78-94-4
DESC. Volatile Liquid
IPR: Mouse LDgo: 80 mg/kg

Naphthalene (CRE, CSPE, EPQ, PE, PET, STY, SUL)
CASRN: 91-20-3
STDS® QSHA: 10 ppm, 50 mg/m?
TLV: 10 ppm, 50 mg/m* TWA; 15 ppm, 75 mg/m? STEL
OESC. Solid. m.o0, 80°C. sublimes at room temdDerature
HLTH: lirritation-Eyes, Nose, Throat--Marked (14).
Ocular camage/Anem{a/CNS damage (2)
Suspect carcincgen (2).
SKIN 1RR: Miid

INGES ACUTE. Human LD 74 to 100 mg/kg

Lo’

a-Naphthol: l-Maphthol (CRE)
CASRN: 90-15-3
DESC: Solid, m.p, 95-96°C
SKIN IRR. 300 mg/24 H, severe
EYE IRR: Rabbit, 1 mg, severe
MUTAGEN
ORAL  Rat LDgg. 2,400 mg/kg
SKIN  Rapbit LDy, 380 mg/kg
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p-Naphthotl;

2-Naphthol (CRE)

CASRN:  1125-19-2

DESC: Solid, m.p. 122-123°C

SXIN IRR: Milg

INGES ACUTE: Rat LOgn: 2420 mg/kg

u-Naphthylamine; l-Aminonaphthaliene (CRE)

CASRN 134-32-7

STDS: QSHA- 29 CFR 1910.1004

DESC. Selid, m.p. 48-50°C

HLTH: Cancer-Sladder (suspect) (1).
IARC CARC- Animal Indefinite, '74
IARC CARC: Human Suspect, '74,

SKIN ABS:  Yes

INGES ACUTE. Rat LDgp: 779 mg/kg

p-Naphthylamine, 2-Aminonaphthalene (CRE)

CASRN:
STOUS.
DESC.
HLTH:

INGES ACUTE:

91-59-8
0SMA: 29 CFR 1910.1009

Solid, m.p. 111-113°C
Cancer-Bladcer {1).
ALSike  Alb {Human fatsoneger’
IARC CARC: Animal Positive, '74,
TIARC CARC: Human Positive, '74
Rat LDgy: 727 mg/kg

Nitric oxide (NOM)

CASRN:
STDS:

DESC
HLTH:

10102-43-9
0SHA: 25 ppm, 30 mg/md
TLY: 2% ppm, 30 mg/m® TWA: 35 ppm, 45 mg/m% STEL
Gas
Methamogiodinemia (13, Less than 50 ppm).
CNS effacts (7, Greater than 50 ppm). ODalayed lung damage (10)

Nitromethane (NOM)

CASRN  75-82-5

$7.5. OSHA: 100 ppm, 250 mg/m?
TLv: 100 ppm, 250 mg/m® TwA; 150 ppm, 375 mg/m® STEL

DESC. volatile Liquid

HMLTH. Irritation-Eyes, Nose, Throat, Skin--M11d (16, Less than 300 ppm)
Narcosis (8, Greater than 300 pom).
Cumulative Tiver and lung damage {(3).

INGES ACUTE: Rabbit LOLO' 750 mg/kg

Nitrous oxide (NLM, PU)

- CASRN,
DESC.
HLTH:

10024-97-2

Gas

feproductive Hazard (Male and Femaie) {5, Greater than 100 ppm)
CNS effects (7)



n-Nonacosane (NEO)
CASRN: 630-03-5
DESC: Solid, m.p. 66-67°C

Nonylpheno) (NEQ)
CASRN: 25154-52-3
0ESC: Semivolatile Liguid
SKIN IRR: Rabddit: 10 mg/24 hr, severe
EYE IRR. Rabbit: 0.050 mg, severe

Octachiorodibenzo-p-difoxin (PCP)
CASRN: 3268-87-9

DESC: Solid
EYE TRR- Radbit: 2 mg, mild
SKIN TUMORIGEN: Mouse TO. : 290 mg/kg/60 W

IARC CARC: Animal Indefinith® '77.

Octachleredibenzofuran (PCP)
CASRAN. 39001-02-0

Octachleronaphthaleane; Perchloronaphtnalene (PC?)
CASRN: 2234-13-1
STOS: QSKA: 0.1 mg/m?
TLY: 0.1 mg/m® TWA; 0.3 mg/m? STEL
DESC: Solid, m.p. 197-198°C
HLTH: Cumulative liver camage/Chloracne (3).
SKIN ABS: Yes

Octafluoro=l-butens (FEP)
CASRN: 360-89-4
DESC. Gas

Octafluorocyclobutane; Perfluerocyciobutane (FEP, TEF)
CASRN. 115-25-3
DESC: GCas

Octafiuoroiscbutyliene; Perfluoroisobutylene (FEP, TEF)
CASRN: 382-21-8

Octy' alcohol; l-Octanol (NEO)
CASRN: 111-87-5
DESC: Semivolatile Liquid
SKIN IRR: Miid
INGES ACUTE: Mouse LDgg: 1790 mg/kg

Palmitic acrd (NEO)
CASRN: 57-10-3
DESZ. Solid, m.p 61-64°C
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SKIN IRR: Human: 75 mg/3 days, mild
TUMORIGEN: Mouse (implant) TOLoz 1000 mg/kg
IVN: Mouse LDgo: 57 mg/kg

Pentachlorodenzens (PCP)
CASRN: 608+93-5
DESC. Solid, m.p. 86°C
ORAL: Rat LDgo: 1080 mg/kg

1,4-Pantadiene (PE)
CASRN:  591-93-5
DESC: Lfiquid/Gas (b.p. 26°C)

Pentane (EPO, PE)
CASRN: 109-66-0
STDS: OSHA: 1000 ppm, 2950 mg/m?
TLY: 500 ppm, 13D0 mg/m3 TwA: 750 ppm, 2250 mg/md STEL
DESC: Vvolatiie Liquid
HLTH: Flanmadie (18, Less than 3000 ppm).
Narcosis (8, Greater than 3000 ppm).

2-Pentanons (PE)
CASRN: 107-87-9
STDS: DSHA: 200 ppm, 700 mg/w?
TLY: 200 ppm, 700 mg/m® TWA; 250 ppm, 875 mg/m STEL
DESC: Volatile Liquid
HLTH: Irritation-Eyes, Nose, Throat--Moderate (15, Less than 400 ppm).
Narcosis (8, Greater than 400 ppm).

l=pentene (CSPE, PE)
CASRN: 109-67-1
DESC. Liquid/Gas (b.o. 29.9+30..°C)

Peryiene [a PAM] (CRE)
CASRN: 198-55-0
DESC: Solrd, m.p. 227-279°C
MUTAGEN

Phenanthrene [a PAR] (CRE, CSPE, PE, S5TY)
CASRN: 85-D1-8
DESC: Seifd, m.p. 99-101°C
INGES ACUTE: Mousa LDgq: 700 mg/kg

Prenol (CRE, EPO, KAP, NOM, STY, SuUL, XLPE)
CASRN: 108=95-2
STDS. OSHA: 5 ppm, 19 mg/m?
TLY. 5 ppm, 19 mg/m® TWA: 10 ppm, 38 mg/m} STEL
DESC. Solrd, m.p. 40.5-41.5°C (absorbs water from ar and liquefies)
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HLTH. Irritation-Eyes, Nose, Throat, lungs--Marked (14),
Acute and chronic systemic toxicity (4)
Suspect carcinogen (2).

SKIN IRR: Severe

SKIN ABS Yes

INGES ACUTE. Human LDLo: 140 mg/kg

Phenylacetaidehyde; a-Tolualidehyde; 8enzeneacetaldehyde (5TY)
CASRN. 122-78-1
DESC: Semivolatiie Liquid
SKIN IRR: Human: 2%/48 H
QRAL  Rat LDgq: 1550 mg/kg

1,3-Phenyrenediamine; 1,3-Oiaminobenzene (NOM)
CASRN: 108-45-2
DESC. Voiatile Liquid
IARC CARC. Animal Indefinite, '78
TUMORIGEN: Rat TO o' 3CY 1485 mg/kg
ORAL: Rat LDgg: 650 mg/kg

m-Phenvlenedfisocvanate: 1 3-Diisocvanatohenzene (NOM)
CASRN  123-61-5
DESC. Soifd?
IVN: Mouse LDg4: 5.6 mg/kg

2,3-0=Phenylenepyrene; Indeno[1,2,3-cd)pyrene [a PAH} (CRE)
CASRN. 193-39-5
DESC:  Soiid
MUTAGEN
IARC CARC. Animai Positive '73

Phenyl *socyvanate ‘KAP)
CASRN:  103-71-9
DESC: Semivolatile Ligquid
SKIN ABS. Rabbit LDgq: 7130 mg/ms
INGES ACUTE. Rat LO,5: 940 mg/kg

2-Phenylnaphthatens (PE)
CASRN:  $12-54-2
DESC: Semivoilatile Yigurd

N-Phenyl-2-naphthylamine (NED)
CASRN  135-88-6
DESC  Solig, m.p. 107-109°C
HLTH  IARC CARC. Animal Suspect, '78
1ARC CARC  Human Incefinite, '78.
Metabolizes to Z-naphthylamine in humans and animals
INGES ACUTE  Rabbrt LDLo 1000 mg/kg
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Phenyl p-tolyl ether (SUL)
CASRN:  1706-12-13

Phthatanil (NEO)
CASRN: 520-03-6

Phthalates (XLPE)

Phthalic anhydride (NEQ)

CASRN:  85-44-9

PDESC: Solid, m.p. 132-134°C

STDS: OSHA: 2 ppm, 12 mg/m?
TLY: 1 ppm, 6 mg/m3 TWA; 4 ppm, 24 mg/m® STEL

HLTH: Irritation-Eyes, Nose, Throat, Lungs--Marked (14).
Asthma (9),
Contact skin ifrritant and sensitizer (3).

SKIN IRR: Yes, severe

INGES ACUTE: Guinea pig LDgq: 100 mg/kg

Phthalimide (KAP)
CASRN: 85-41-6
fc3C: Solid, m.p. 234-236°C
ORAL: Mouse LDgo: S00D mg/kg

Poiystyrene combustion products (800%C) (STY)
TNL: Mouse LCgo: 120 mg/m/10 min

Polytetrafluorcethyiens decomposition product (TEF)
CASRN: 90G02-84-0
STOS: TLv: 81 (Poiytetrafiuoroethylene decomposition product)
DESC: variadble
HLTH: Acute toxic effects (Polymer fume fever) (4)
IARC CARC: Anima) Positive, '79
IARC CARC: Human Indefinite, '79.

Polyursthane A combustion products (PU)
IRL: Mouse Cgo: 38 mg/m3/1D min

Polyurethane thermal decomposition products (PU)
MUTAGENIC

Propane (EPQ, PE, PU)
CASRN: 74-98-§
STDS  OSMA: 1000 ppm, 1800 mg/m?
DESC  Gas
HLTH: Explosive (18)
CNS effects (7).
Asphyxiant {17),.
ACGIM* E (Symple asphyxiant)
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Propioneldehyde; Propanal (PE. PU)
CASRN: 123-38-6
DESC: Volatiie Liquid
SKIN IRR: Mild
INGES ACUTE: Rat LOgq: 800 mg/kg

Propionic acid (PE)}
CASRN: 79-0%-4
STDS: TLV-TWA: 10 ppm, 30 mg/m®
STEL- 15 ppm, 45 mg/m?
DESC: Semivolatiie Liquid
ORAL: Rat LO0gqo: 2500 mg/kg
SKIN: Rabbit LDgo: 500 mg/kg
SKIN IRR: Rabbit: 495 mg, open, savers

Propionitrile; Ethy! cyanide (PU)
CASRN: 107-12-0
STDS- Criteria Document Recommended Exposure: 14 mg/m3 TWA
0ESC: Volatile Liquid
EYE IRR: Rabbit: 20 mg
ORAL: Rat LDgo: 39 mg/kg

Propyl alcohol; Propanol (PU)
CASRN: 71-23-8
STDS: OSHA: 200 ppm, 500 mg/m?
TLV: 200 ppm, 500 mp/m?® TWA; 250 ppm, 625 mg/m® STEL
DESC: Volatile Liguid
HLTH: Irritation-Eyes, Nose, Throat--Mild (16).
Narcosis (8).
Suspect carcinogen (2).
SKIN IRR: Mild
SKIN ABS: VYes

INGES ACUTE: Rebbit LD 3500 mg/kg

Lo’

n-Propylbenzens (see also Cumene) (STY)
CASRN: 103-65-1
0ESC: Semivelatile Liguid
INGES ACUTE: Rat {Dgo: 4830 mg/kg

Propylene; 1-Propens (CSPE, EPO, NOM, PE, PET, PU)
CASRN: 115-07-1
TLV: Asphyxiant
DESC: Gas

Propyne; Methylacetylene (PE, PU)
CASRN: 74-99-7
STDS: OSHA: 1000 ppm, 1650 mg/m3
TLV: 1000 ppm, 1650 mg/m® TWA; 1250 ppm. 2040 mg/m3 STEL
DESC  Gas
HLTH. Explosive {18, Less than 2000 ppm).
Narcosis (8, Greater than 2000 ppm).
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Pyrene [a PAH] (CRE, PE, STY)
CASRN: 129-00-0
DESC: Solid, m.p. 149-151°C
SKIN IRR: Moderate

Pyridine (PU)

CASRN: 110-86-1

STDS: OSHA: S ppm, 15 mg/m?
TLY: 5 ppm, 15 mg/m? TWA, 10 ppm, 30 mg/m® STEL

DESC: Volatile Liquid

HLTH- Cumulative Tiver, kidney and bone marrow damage (3).
CNS effects (7).

SXIN IRR: Mild

SKIN ABS: Rabbit LDgo: 1121 mg/kg

Pyrrole (PU)
CASRN: 109-97-7
DESC: Semivolatile Liquid
SCU:  Mouse LDgo 61 mg/kg
IPR: Rabbit LDLO: 150 mg/kg

Quinoline (CRE, PU)
CASRN: 91-22-5
DESC: Semivolatile Liquid
MUTAGEN
SKIN IRR: Rabbit: 1D mg/28 H, mild
EYE IRR: Rabbit: 0.250 mg, severe
ORAL: Rat LDgo: 331 mg/kg
SKIN: Rabbit LD”: 540 Dg/kq

Siticon fluoride; Silicon tetrafiuoride, Tetrafluorosilane (FEP, TEF)
CASRN: 7783-61-1
STDS: OSHA. 2.5 mg (HF)/m® TWA (for hyorolysis product)
TLY: 2.5 mg (HF)/m® TWA
DESC: Gas

Squalene (NEO)
CASRN: 111-01-2
DESC: Semivolatile Liguid

Styrene (CSPE, EPO, NIT, PET, PU, STY, SUL)
CASRN: 100-42-5
STDS: OSHA: 10D ppm
TLV: S0 ppm. 215 mg/m3 TWA: 100 ppm, 425 mg/md STEL
DESC: Semivolatile Liquid
KLTH: Irritation-Eyes, Nose, Throat--Moderate (15).
CNS effects (7).
Narcosis (8)
Mutagen (2).
IARC CARC: Animal Positive, '79.
IARC CARC: Animal Suspected, '82.
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IARC CARC: Human [ndefinite, '79
IARC CARC: Human Suspected, '82.
SKIN ABS: Yes
SKIN IRR! Moderate
INGES ACUTE: Mouse LDgo: 316 mg/kg

Sulfur droxrde (CSPE, NEO, SUL)
CASRN'  7446-09-5
STDS: OSHA: § ppm, 13 mg/md

TLV: 2 ppm, 5 mg/m* TWA; 5 ppm, 10 mg/md STEL

DESC: Gas

HLTH  Irritation-Eyes, Nose, Throat, Lungs--Marked (14).

8ronchoconstriction (4).
Mutagen (2)
Suspect reproductive effects (5)

Terephthalic acig (PET)
CASRN: 100-21-0
DESC. Solid, m.p. > 300°C

Tetrachlorodibenzo-p-diexin; TCDO (PCP)

PISC Setag

CASRN: (1,2,3,4-isomer) 30746-58-8; (1,2,3,B8-1somer) 53555-02-5;
(1,3,6,8-isomer) 33423-92-6; (1,3,7,8-isomer) 50585-46-1;

(2,3,6,7-1somer) 34816-53-0
IARC CARC: Animal Indefinite, '77.
2,3,7,8~isomer
CASRN: 1746-01-6
EYE IRR: Rabbit: 2 =g, Mcderate
TERATOGEN
MUTAGEN
ORAL: Rat LOgq: 22.5 pg/kg
IARC CARC: Anfimal Indefinite, '77
NTP/NCI CARC. Positive in mice and rats, '82.

Tetrafluorcethylene; Tetrafluorcethene (FEP, TEF, TF1)
CASRN. 116-14-3
DESC. Gas
IHL  Rat LCgq: 40,000 ppm/4 H

Tetrahydrofuran (PE)
CASRN:  109-99-9
STOS. OSHA, 200 ppm, 590 mg/md

TLV: 200 ppm, 590 mg/m® TwA; 250 ppm, 735 mg/m® STEL

DESC  volatile Liquid

HLTH  Irritatfon-Eyes, Nose, Throat, Skin--Moderate (15).

Narcosy s (B8)  Mutagen (2).
INGES ACUTE  Rat LDLo 3000 mg/kg

2.3,% g-Tetramethyiphen-* {CRE)
CASRN  527-35-5

MONS

020586



SKIN IRR: Yes, Sensitization elso
INGES ACUTE: Rat LDgo: 800 mg/kg

Formic acid; Methanoic acyd (PE, STY)

CASRN: 64=18-6

STDS: OSHA: 5 ppm, 9 mg/md
TLV: 5 ppm, 9 mg/md TwA

DESC: Volatile Liguid

HLTH: Irritation=Eyes, Nose, Throat, Skin, Lungs--Marked (14),
Mutagen (2)

SKIN IRR- Yes, if concentreted

INGES ACUTE: Rat LDgo: 1100 mg/kg

Furan (PE)
CASRN:  110-00-0
0ESC: Volatile Liguid
IHL: Mouse LCgo: 120 mg/md /1M
IPR: Mouse LDgo: 7 mgrkg
IPR: Rat LDgp: 5.2 mg/kg

neptacniorogibenzo-p-giox.n (FIF)
CASRN: 37871-00-4; (1,2,3,4,6,7,8-isomar) 35822-46-9
1ARC CARC: Animal Indefinite, '77.

n-Heptacosana (NED)
CASAN: 593-49-7
DESC: Solid, m.p. 59-61°C

1-Haptena (PE)
CASRN: 592-76-7
0ESC: volatile Liquid

Hexachlorobenzene (PCP)
CASAN: 118-74-)
DESC. Solid
HLTH: [IARC CARC: Animal Positive, ‘79.
IARC CARC: Human Suspect, '79,

Hexachlorodibenzo-p-dfoxin (PCP)

CASRN: 34465-46-8

DESC: Sotid, m.p. 227-229°C

EYE IRA: Rabbit: 2 mg, moderate

ORAL: Rat TO o 100 mg/kg

ORAL: Mouse Lbgo: 1.25 mg/kg

1ARC CARC. Animal Indefinite, ‘77 (but a 2'1 mixture of the 1,2,3,7,8.9°
and 1,2,3,6,7,8~isomers was a carcinogen 1n rats and mice).

Hexachloreodibenzofuran (PCP)
CASRN  55684-84-1 MONS 0205722



