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in partiai-combustion tests, five dielectric fluids being used as in-
suiating materials for power transformers left no evidence of the
kinds of contaminants PCBs create. Although certain of the fluids
decomposed into gases that couid be toxic in confined Spaces,
procedures are available for the required short-lerm fire
protection.

Until the iate 1970s, askarels containing mixtures of polychlorinated
biphenyis (PCBs) were the most common liquid coolants in transformers
located in high fire hazard areas. After concluding that PCBs posed a
significant environmaentai threat, EPA reqguired the removal of a large
number of PCB-containing transtormers from service. Repiacement insulal-
ing fluids needed evaiuation to ensure that fhey met eiectrical, thermai. anc
phys:cal requirements ana that they did not decompose to produce residuar
toxic trace materials when combusted of pyroiyzed.

To identity the chemical compounds—particuiarly the toxic compounds—
formed during partial combustion of dielectric insulating fluids used in
power transformers.

investigators studied five fluids prasently used as substitutes for PCBS in
powef transtormers—tetrachloroethylene, trichlorotriftuoroethane. poly-
dimethyisiloxane (silicone fiuig), transformes rmineral oil, and a high-
termnperature hydrocarbon fiuid. The work inciuded a literature search, a
computer analysis of theoretical combustion sguilibnum expressions (¢
characterize the potential combustion products, and an experimental study
The testing included two sets of combustion reaction experiments—one em-
ploying a modified thermogravimetric anatyzer and the other, a statniess steet
reactor. The project team analyzed combustion products sither by gas chro-
matography or by coupling gas chromatography with mass Spectroscopy

The experimental studies reveaied no detectabls production of such com.
pounds as polychlonnated dibenzodioxins, poiychiorinated dibenzofurans. or
other polyCyclic aromatic hyarocarbon compounds. Researchers conclucec
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that long-term contamination, such as that caused by tires involving
askarels, would not resuit {rom fires invoiving these substtutes.

Under combustion, tetrachioroethylene produced chiorine and. in the
presance of atmospheric humidity, hydrogen chioride. Trichiorotrifiuoro.
ethane produced hydrogen fluoride and various flugrocarbons during
combustion. The production of these gases is a concern in the event of
a fire. However, suitable fire protection is availabie o provide adequate
safeguards for the firefighters.

To butid a database on potential substitutes as extensive as that con.
structed for PCBs requires intensive analyses. By determining the trace
combustion products of the five dislectnc fluids examined, this study
has added significantly to that database. The report indicates thal there
is little risk of long-term contamination from these substitutes and iden-
tifies the combustion products that could prove toxic in confingd spaces
in the short term. EPRI projects RP2028-15 RP2028-16, and RP2028.17,
now under way, address a larger list of utility materials (liquids. solids,
and gases) and examine trace by-products of critical matertals. Re-
Iated EPRI reports include EL-4407. Maintenance and Handiing of
Parchiorosthylene-Filled Elactrical Equipment; EL-4497, Arc Products of
Transformer insuleting Systerns Containing Tetrachiorcethylene: EL-4503,
State-of-the-Art Review: Combustion and Pyrolysis of PCB Substitutes;
EL-4939, Literature Raview of Pyrolysis and Combustion Products of
Selected Utility Materiais; and EL-5143-SR, EPRI Workshop on Substi.
tute insulation for PCBs.

RP2028-11

EPR! Project Manager: Gil Addis
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Contractor; Westinghouse Electric Corporation

For further informartion on EPR! research programs, call
EPR! Technical Information Specialists (415) 855-2411,
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ABSTRACT

Recurring fire incidents involving trensformers have led to e dssirs to squire
inforzation about ths combustion products thet mey bs generstad not only in
situacions of complete combustion, but slSo in incidents when limited oxygen

ils present and combustion is incomplete or partial.

This report detsi{ls some rasulcs from investigations cdesigned to identify the
products of incomplsate combustion of £ive typss of dielectric fluids commonly used
in transformers, es sltarnetives to eskarals. These fluids ere tetrachloro-
ethylane, trichlorotrifluorcethsans, polydimethylsiloxens (silicone fluid), minersl
cil, and & high tempersture hydrocarben.

The invsstigetion of these fluids was begun with a theoratical study of the
thermodynsmic equilibrium over e rangs of tsmperstures end presaures. The expsr-
imentsl program wee cerried cut in two separste studies, one vhich involved heet-
ing ths fluid from room temperature to l000° C and enother which used injection
into a furnace that was prehested to 1000° C. Ths eir level in each chamber was

chosan to provide 70% and 30% of the oxygen for stoichiometric totsl combustion.

None of the combustions produced detectable chlorinated or polycyclic erometic
hydrocerbon perticulates. Detactable guantities of chlorine end hydrogen chloride
wars produced from tetrachlorosthylane es well as ¢ small emount of dichloro.
scetylene. Trichlorotriflucroethana produced ¢ number of fluorocerbon compounds
es well as hydrogen fluoride. Silicone fluid produced substentisl quentitias of a
solid aaterial, believed to bs silicon dioxide end like the two hydrocserbon
fluida, produced several combustibls hydrocarbon geses es well as carbon dioxide

and cerbon monoxide.

MONS 218053
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SUMMARY

The object of this reseerch was to provide information on the chemicel compounds
formed during parcisl or incomplete combustion of liquid dielectric insulating
meterials used in power transformers. This informstion was requeeted by the
Environmental Procection Agency (EPA) es s firstc step in promulgating a rule

concarning wransformer fires.

Five fluids were investigated as & part of this project. All of these fluids have
been considered or are being used es dielectric fluids in placs of eskarels or
polychlorineted biphenyls (PCB's) in powver transformers. Thase fluids are as
follows:. tetrechlorosthylens, trichlorotrifluoroethans, polydimethylasiloxans

(silicone fluid). transformer mineral oil and a high temperature hydrocarbon
fluid.

The raseerch was conducted in thres separate Phases: a literature search, a
computer enalysis of theoretical combustion equilibrium expressions and sn
experimental study. The experimental study involved two types of combustion
devices in two laboratories and the comdbustion products ware anelyzed primarily by

ges chromatography (CC) end by gas chromatography coupled with mass spectroscopy
{GC/M5) .

The results of the research revealed no evidence of tha production of such
compounds as polychlorinated dibenzodioxins, polychlorinated dibanzofurans or other
polycyelic aromatic hydrocarbon compounds. Certain of the fluids genersced gases
that could be regarded as dsngerous in confined sreas. the importance of which
should not be minimized in the evant of a fire incident. Howevar, sultable fire
protection equipment should be available to provide adequate protection in the
shore term. No evidence vas found that long term contamination such as can ba
caused in a fire incident with transformers which contain askarels will reaulc

from a fire involving these replscement dielsctric fluids.
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Section 1

INTRODUCTION

PERSPECTIVE AND BACKGROUND

Power distribution trensformers are used to convert electrical power from a state
of relatively low voltage and high current ac the generating site, to a scate of
high volcage and low current for trensmission to the user. where it is again
converted to the lower voltages commonly used in buildings and homes. In each of
the conversion processes, an energy loss is manifested as a heat lose. For
reliable operacion, ssfety consideretions and damage prevention, a tranaformer
must be kept cool. While smaller transformers, such as those found in electrical
and slectronic aquipment may be air-cooled, power distribution transformars need a
cooling system which can transfer the heat generated at the center of the trans-
former to the outside and to radiators where it may be removed from the trans-
former. At the same time, the materisl used in the cooling system wust provida

insulation bectween the trensformar coils.

Two types of materials can provide the necessary cooling and insulating properties
in large transformers: Dry or gaseous and liquid. Gas cooled transformers are
nonflamsable but often more expansive then liquid coolad ones, and they genarally
sre nojsier in use, which limits their use in indeor locationa.

There are several liquid coolants currently in use. Until the late 1370’'s. the
wost commonly used liquid coolants in locations with relatively high fire hazard
belonged to the class of compounds known as askarels which conteined mixturss of
pelychlorinated biphanyls (PCB’'s}. The determination thst these compounds posed a
significant anvironmental threet led to their prohibition in new transformers at

thac tima.

Altsrnative dielectric fluids which may be used in place of eskarsls in electrical
transformers are of relativaly recent origin. In the final rule iseued by the
Environmental Protection Agency, publishsd in ths Fedaral Register of August 15,

1982 {1}, that authorized the indsfinite use of csrtain slectricel trensformers
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containing PCB's, it was concluded "that adequats substitutss sxisted for PCB's in
indoor transformer locations from ths perspective of firs safety and elactricsl
afficacy".

In 1982, although EPA was aware of the Februery 1981 fire incident in Binghamton,
New York, involving a PCB-trsnsformer, it believed that fires invelving such
cransformers ware rsre, isolatsd events. Howevsr. the May 1983 {ncident in San
Francisco and the Septsmber 1983 incident in Chicage brought this assumption into
quastion. As a rssult of thess incidents, EPA revised its plenning end issued a
request for information as a first step in promulgating a rule concarning trans-
former fires (Federel Rsgister. March 23, 1984) (2).

Although that ruls vas directsd at transformers which may contain PCB’'s, thare
havs also been incidents such as the BART tunnel firs in San Francisco end an
underground fire {n New York City in which partial combustion products of mineral
oil wsre suspscted of harmful environmental interactions. Thase suspicions,
coupled with the growing public concern ovar combustion products from plastic seat
cushions end cother commonly sncountered items, apparently led to an expanded

requast by the EPA in the advance notics of propossed rulemsking, mentioned sbove.

In the advance notice, the EPA requestsd information on the partial and complece
combustion products of asveral transformsr insulating fluids. The fluids {dent.
ifisd were chlorinated hydrocarbons, fluorocarbons, high temperature hydrocarbons,
other synthetic insulating fluids, minsral oil and silicones. Although some
‘information is available on the products of complete combustion (defined 23 occur-
ring when thers {s sn sxcess of oxygen present}. inforamation is lacking on the
products of partial combustion (where insufficient oxygen is present for stoichio-
metric completion of the combustion) (1:5). The nature of many fires is such that
partial or incomplete ceabustion is the predoninant mode of combustion.

In nany fires, the flow of air (oxygen) is limited by restricted air flow inco a
confined area such es & building, tunnel or vault. Also, the race of burning can
be so repid as to consume the oxygen more repidly thsn it csn be replsced by
convection flow. For meny materials, partisl combustion msy result {n the forma.
tion of toxic substencass such s carbon monoxide end other substsnces not normall-

produced in complete combustion situations.
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AIMS AND OBJECTIVES OF THE PROGRAM

This study wss initisted to investigste tha pertiel combustion products of several
of the more common insulsting liquids used in power distribution cransformers.
The progrsm was restricted te combustion sicuscions only, {.s. in the sbsence of

decomposition products produced by sn slectric erc.

Ths primsry objective of this prograa was to datermine the chemicel coapounds
formed during partial snd complete combustion of liquid dielectric insulsting
materials used in powsr transformars. The secondary objectivas of the progrsm
were to study the effect of resction conditions (s.g., temperscure or oxygen
savailability)} on the combustion product mix, end to idantify, in particular, toxic

compounds produced yndar these conditions.

METHODS OUTLINE

To attein the project objectives, an experimental program, outlined in the fol-
lowing, wes carried out after an extsnsive literature seerch. The litareture
sesrch indicsted that the {nformation desired was generelly unavaileble. The
references found in this esarch wers trenaferred to $CS Enginesrs and sre s psert

of s sepsrets project (RP 2028-12) end report by that organization (3).

Ihermedynamic Equilibrium Calculations

In order to establish some indication of the types and levels of potential combus-
tion products from the liquid dielectric meterials, theoraticsl thermodynamic
equilibrium celculations were conducted for various oxvgen levels over s range of
reaction temperatures from room tamperature to 1500 K. Dats wae sesesbled from
vsrious sources, including the "JANAF (Joint Army-Navy-Air Force) Thermochemical
Tables”, and input inco a msinframe computer utiliczing a program named "CHEMEQ",
in the Westinghouse R & D laboratoriss. This proprietary program, similar to a
computer program developed by NASA (§). but with a larger date base, has besn used
extensively to calculats:

1. Concencrations of chemical species in multicomponent polyphase mix-
tures at any specified pressure(s) and temperaturs(s).

2. Concentrations and adiabstic flame temperatures of chemical products
formed in the combustion process.

3. Thermodynamic and transport propercies of gas mixtures st squili-
brium for specifisd pressure(s) and temperaturs(s).

l-
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Conbustion Resction Evaiuations

Iwo saparate sets of combustion experiments were conducted for esch materisl. In
one set. s thermograviametric snslyzer (TCA) wes modified to conduct the combustion
resction . Resction products were trapped in cold trspe and fad to e gss chrom-
stograph with an electron capture detector for subsequent snalysis. This equip-
ment snd the tachniques usad in the anslysis will be described in a subsaquent
section of this raport.

In the other experiment set, & stainlesa steel reactor was employed for the
combustion, and the reaction products ware fed o s gas chromatograph/mass spsc-

trometer for svaluation.
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Section 2

LITERATURE SEARCH

A literature sesrch was csrried out to locate and examine any available published
information on coabustion products of the {nsulsting liquids, with particulsr

emphasis on partiel combustion products.

This literature search was conducted through the use of the NERAC service of the
Universicy of Conneceicut. Approximatsly 100 articles wers identified which deslt
with the combustion of the materials of interest. However, few of the abstracts
of these articles indicated that they contsined information of interest to this
program. Several papers were identified vhich dealt with complets combustion and
pyrolyeis of the matsrials invoived in this study, but only two (L. 4) dealt with
parcisl combustion situations and ware, therefore, of use in conducting this

program,

These arcicles considered corbustion products of a high temperature hydrocsrbon
{RTEmpR} and polydimechylsiloxane (PDMS) with liaited oxygen present. 1In the
first {})), simultaneous aniaasl toxicity studies wara carried out to evaluats the
oresence of trace saounts of toxic prooucts. A comparison of the two materials
showed that PDMS exhibited significantly less toxicity than tha high cempetsturse
hydrocarbon., Howaver, toxic products other than carbon monoxide were not idenci:
fied. The second study (4) was s kinetic study of the oxidation of PDMS st
rsmperatures ranging from 220-330°C and discussad the evolution of formaldehyde

end foraic acid as & conaequencs of s chain mechanism of oxidation.

One furcthar scudy (5) discussad tha evolution of phosgene (COCl;) from tetrs-
chioroathylena (C3Cl,) and concluded that COCl; was far lesa likely to be formed
st dsngerous levels thsn it wae from csrbon tetrschlorida. Hydrogen chloride,

which was assuned to be gsnerated by resction with water vapoer in the air, wes
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predominsnc. The suthors srgued that the prasence of HCl would csuse exposurs ro
sny ocher toxic materials to be minimized because it would drive personnal from
the sres due to its pungent charscteriscics.

The information obtained from this ssarch was releesed to SCS Enginesrs snd is
ravieved in their final report for RP 2028-12 (9).

MONS 218064
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Section 3

EXPERIMENTAL STUDIES

MATERIALS
One fluid of eech of five typas of insuleting fluid was selectad for this atudy:

1. Chlorineted hydrocerbon--tetrechlorosthylans (CaCly), UECOSOL‘.
Westinghouse Electric Corporetion; original supplier: Diamond
Shamrock Corporation.

2. Filuorocerbon--trifluorotrichlotosthana (C2F3Cly) . Freon 113R,
suppiisr: E.I. DuPont de Namours.

3. Silicona fluid-:polydimathylsiloxans, Dow Corning 551 Silicona
Trensformer Fluid; supplier: Dow Corning Company.

4. Minaral oil--WEMGO cR, Westinghousa Elactric Corporation; original
eupplier: Gulf 0Ll Corporacioen.

5. Kigh taaperstura hydrocarbon--RTEmpR; suppliar: RTE Corporation.

In eddition, the air used in tha cosbustion axparimants wae Dry Crade air (< 3 ppm
H70) suppliad by linda Division, Union Carbida.

EQUIPMENT AND PROCEDURES

The coabustion eppsratue used in tha axperimente conducted by the Heterials and
Menufecturing Tachnology laboratories of Westinghouse Electric Co., consistad of a
Dupont 990 Thermogravimetric Analyzar with & 1090 Tharmal Analysis Module for
control and data intarprestation. Thia instrumant was slightly modifiad to conduct
these expsrimenta as is schasatically illustratad in Figure 3-1. The liquid sam-
ples ware placad in a small boat prepared from platinum foil. Air was con-
tinuously admitted to tha chambar through e flowmeter which was edjustad to pro-
vide tha dasirad amount for the combustion axpariments. A trsp ot tha axit port of
the combustion chambar wes fillad with ice water to contein tha reacting meterials
in the chambar. Tha cold treps consisted of & slurry of isopropancl snd dry ice
(-699C) on the ons hand, and a slurry of isopantans and liguid nitrogen (-1609C)
on the othar. Two replicats runs at aach air laval wara cerried out for aech
material. Tha samplas collected in thasa treps vwera chen enalyzed in a Hewletc
Packard Modal 57J0A gas chromatogreph.

3.1
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ICE WATER

SAMPLE

DRY ICE-1SDPROPANODL
ISDPENTANE-

LiaGyip MTROGEN TOA CHAMIER

Fig. 3:1. Modified Tharmal Analysis Coabustion Appsratus
{not to scals).
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A Dupont 850 Liquid Chrometogrsph was used in en ettempt to idantify tha con-
stituents of tha aminaral oil and high tempersture hydrocarben. For mineral oil
tha best separations wers echievad using %0% mechanol and 10V watar in i{socretic*
mode et o flow rets of 2 ml/min of solvent. For the high temperature hydrocarbon,

a gradient profile of cetrahydrofuran end asthenol et & flow rate of 2 ml/min,
achisved the best resuits.

The apparstus used in the coabustion sxperiments at tha Ressarch and Davalopaanc
laborstoriss of Westinghouse Electric Corp., was constructad from a etainlass
stsel cylinder, surrounded by an induction heeter ae is schamatically i{lluscraced
in Figurs 3-2. The reecting material wes injected with a microliter syringe inte
the preheated combustion apparatus. The amount of reactant wes varied to achisvs
the dasired level of air for combustion. The products wara collactad in a sample
loop, which was quickly attachad to the Luer-Lok connactor immadiataly to the left
of the Luer-Lok valve in pleca of tha syringe aseambly. Tha loop wae than usad to
tcansfor the produccs into e Hewlect Packard 5985A ges chromatograph/mass spec:

trometer for analysis.

During tha coursa of tha work, a mcdification to tha R&D combustion apparetus ves
made, owing to the high viacosity of the high temperature hydrocerbon end the
difficulty of transfar with a syringa. A pileton assasbly wee constructad wvhich
allowed small aluainua ampulas of tha rsacting matarials to ba transfarred into
the combustion chambar. The design of this modificetion {s givan in Figura 3-1
end in subsegquent mantion of this modification in chis report, it will ba refarred

to as the "piston/capsule” mathod.

The temperaturs of combustion was choesn after consultation with Dr. Richard Cann
of the National Bursau of Standards (1). Although tamperetures of combustion can
oftan ceach very high levels whan sufficient oxygan is prasent, limiting the
oxygen can raduca thass temparatures signficently. It is ganerelly sccapted that
partial combustion temparatures are on tha ordar of 1000° C or 1273 K. Consa-
quently, tha tharmogravimetric analyzer vas haeted from ambient tasperaturs to
1000°¢ at 30° par minuca and the R & D apparatus vas allowed to stebilize at
1000°C prior to tha injaction.

* isocratic - the mobile phasa or mixture of solvents is unchanged in the
pPropertion of each constituent during the separation.

MONS 218067
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Section &

THERMODYNAMIC EQUILIBRIUM CALCULATIONS

The results of the thermodynamic calculations are given in Tables &4:1 through &-5
for a combustion temperature of 1300 K. For tetrechlorosthylene, e cheaicel
combustion equation analogous to thet of a hydrocarbon in pure oxygen was used to
establish the levels of oxygen to ba added for the partiel combustion situstion,
although this combustion does not necessarily occur. The equetion devised for
this combustion reaction is:

CCly + 207 ->» 2Clz + 2 Coq (¢-1)

Similarly. for the chlorofluorocarbon, ths thsorstical coasbustion can be proposed
to follow the process:

2 C2Cl3Fy + 64072 -->» L CO72 + 3Cl; + 3 Fq (4-2)

Polydimethylailoxane aust be treated in this situation as separste monomer units

of the polymer chain for which the appropriate reaction can be considered to be:
-{CH3)2510- + & 07 --» 2C0; + 3 H0 + 510y (6-3)

For the aineral oil and the high tesperature hydrocarbon, the exact composition of
the reacting materials wae impossible to determine. Therefors, calculacions werse
made for an aromatic hydrocarbon and for a saturated hydrocarbon, ueing the
rationale that theee materials had compositions lying eomeswhers between these two
extremes. Indead, carbon-hydrogen analysis of the high temperature hydrecarbon
Tevealed that ite hydrogen to carbon ratio was 1.92, and analysis of data providaed
by Gulf 01l Corporation, Pittsburgh, PA. (preasented in Table 4-€), gives &
hydrogen to carbon ratio of 1.71 for the mineral oil; i.s. both reacting materials
consist primari{ly of saturated hydrocarbons whose hydrogen to carbon ratio would
be naar 2.0 (long aliphatic chain approxiaation).

1 MONS 218069
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Tsble -1

THERMODYNAMIC RESULTS FOR TETRACHLORQETHYLENE

Probsble Products @ 1300 K With 80% Air

—iMole 3} _

€02
CoCL,

co

C (solid)

N3

1.121

0.025
19.9

6.72

G4 4

Table 4-2

Wich 20% Air

THERMODYNAMIC RESULTS FOR TRICHLOROTRIFLUOROETHANE

Probabls Produccs @ 1300 K With 80% Air

—iMole 3} _

COCL1F
COF2
CF,
CC1lF,y
CCl2F;
€Oy
co
LEM
N2
Cc0Cly
CLF
Cl;
cl

CCiyF

0.269
5.25
8.30
0.262
0.007
2.59
13.2

0.007

With 20% Air
—{Mole %)

0.04
0.157

26.2

56.1
0.93¢

0.103
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Table 4-3

THERMODYNAMIC RESULTS FOR POLYDIMETHYLSILOKANE

Probsble Products @ 1300 K Wich 80% Alr Wich 20% Alr

CH, 0.041% 0.0711
H0 0.211 0.0004
Hy 50.1 53.9
co 10.5 0.0268
€0, 0.025%  eeee-
SIC  (solid) 1.2 eeees

c (solid) 22.5 33.3
$107 (sollid) 16.5 9.91
st (solld)  -eees 0.013
S13N, (soltd)  eeeue 1.00

Table 4-4

THERMODYNAMIC RESULTS FOR SATURATED HYDROCARBON

Probebls Products @ 1300 K Wich 808 Air Wieh 20 alr
—{Mole 9} ~ _{Mola 8}

N 65.0 17.0
Ha0 14,3 1.02
Ha 9.52 13.6
CHy,  eees- 1.93
coz 11.2 6.5
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Tsble 4-5

THERMODYNAMIC RESULTS FOR AROMATIC HYDROCARBON

Probsble Producta @ 1300 K Wich 80y Alr Wich 20% Alr
—{Hole %} —{Mole %}

Np 65.4 3.4
H20 2.12 0.592
Hp 23.5 59.8
CH, 0.06 0.315
oz 10.8 5.82

Although quancicias of resccion products ware cslculactad for other temperstures
than 1300 K, it is unlikely thac thermodynasic equilibrium will be presenc st
lower temperaturss dus co kinatic considarscions. Kinatic information on the
combustion reactions represenced by the materisle of chese experiments does not
appaar to be svallabls. Thus any conaldaracion of the dats requires the sssump-
tion chat chermodynamic squilibrium is valld ac higher tewperscuras; an assumption

thst sppesrs te bs accspted er rcemperaturss aspproaching 1500 K (§).

At the least, thermodynamic celculatione csn be ussd te provide sn approximsts
snsvar in regard to tha quescion of ths prassnce or absance of s psrticuler
product spescias. The informacion cen than ba usad to provide guidelines for the
axparimental svaluation of & combustion rssction. For exampla, chesse calculecions
wars usad to astabliash ths probability of formacion of chlorophenols and poly-
chlorinaced dibenzodioxins (PCDD's) in tha combustion of tetrschlorcsthylens. It
wss found that the concentration of thass spacies prasent in the product stresm
would be vanishingly small, on the order of 10394 st all cemperacurss in the
rstige of conelderation; in other words, thess apecies ware very strongly thermo-
dynamically unfsvorad,
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Table 4.6

HYDROCARBON ANALYSIS OF MINERAL OIL
(HPLC sspsrscion followed by mass spectrometry)

Component " |
Ssturstes
Paraffins 11.4
Nasphthenes
1 Ring 16.3
2 Ring 16.8
3 Ring 12.2
4 Ring 10.0
5 Ring 3.9
Total Nephthanes 9.2
Tocal Saturstss 70.6
Aromatics
Mone 18.5
138 8.8
Tri 0.6
Tecra 0.3
Aromatic Sulfur 1.2
Total Aromstics 29.4

Sourca: Culf 01l Corporation, Pitcsburgh. PA.
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Sactien S5

EXPERIMENTAL RESULTS

The exparimancal resulcs will bs treeted in five ssparate sections, sach con-
sidering one of tha fluids f{nvolved in ths experiment. Any difficultias encoun-
tered {n the exparimentel arrangements dus to particular fluid charscteri{stics or
products will also be eddressed et this point.

TETRACHLOROETHYLENE

Tacrschlorosthylens is e relacivaly low viscosity, high veper pressurs liquld at
room temperaturs, which necessitatad expaditious weighing and charging to the

combustion chamber in the casa of the tharmogrevimetric spparatus. On the orhar
hend, tha low viscosity, in particular, waa affactive in providing a rasdy means

of trensfer (vis syringe {njection) into ths othar coabustion chsmbar.

In the MMT chambar considereble problema ware encountarsd when tha combustion vaes
carried out at sn air leval corrasponding to 70% of theoretical total combustion.
Detsctable amounts of chlorine ware gensrated and in addition, since tha chamber
wvas hastad from ambisnt temaparsture upward, tha presence of water on the incerior
walls of tha chambar ceused the production of ssall amounts of HCl. This in turn
caused corrosion of some of tha metal parcts {n the TCA ssapurament systam such es
tha sanple referance thsrmocoupls which broke down at spproximately 600° C. Since
this componant i{s not assantial to tha opsration of ths i{nstrument, it was omicted
in the next run. However, the sscond run caused enough deterioretion of the other
componsnts of tha spparstus to raquire overhsul of tha instrument. As a rasult,
the runs et 304 air vara postponad and indeed ware not completed during the

projact.

The rasults of ths enslyses of the products contsined i{n ths trepe srs summerized
{n Tebls 5-1. In this and succesding tables, run 1 and run 2 represent the
replicate rune thet were psrformed with esch materfal. Other then the expacted
chlorine and ths norsal constitusncs of alr, only HCl wae noted in saall amounts

{n cthe products. As was predictad in the thermodynamic squilibrium celculscions,
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Teblas 5-1

COMBUSTION PRODUCTS FROM TETRACHLOROETHYLENT

Run 1
Isopropanol-Dry-lce Trap
70y Alr

Nitrogen 65.625 %

Oxygen & Argon  15.34l

Carbon Dioxide 1.320

Chlorina 16.232
HCL 1.483
Sun 100.000
Run 1
Isobutana-Liq, N2
0% ALx
Nitrogen 70.743
Oxygen & Argon  21.013
Carbon Dioxids -----
Chlorine 8.242
HCl creee
Sum 100.000

Taa

(V]

Isoprope

Run 2
nel-Dry-Ice Trap
10y Alr

Nitrogen 64.452 %
Oxygesn & Argen 16,302
Carbon Dioxide 0.896
Chlorine 14.776
HC1 1.574
Sum 100.000 %

Run 2

Isooutane-Liq. N2

708 Alr
Nicrogan 72.645 &
Oxygen & Argen 19.187
Carbon Dioxide  -----
Chlerine 7.206
HCL 1.163
Sum 10D.001 »
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phosgens was not detsctad in sny of tha trsps. No anrichmen: of products gen-
eraced st lowsr teapsrstures could bs substentiated. Howevsr, unreactad stsrting
materisl wes recoversd in significant quentitiss, both in the trepas end in the
combustion chamber. Tsble 5-2 lists the detaction limits for varlous gasas

expscted to be found in these and subsegquent sxperiments.

The R & D combustion apparatus was used to conduct thres analyctical runs with
tetrschlorosthylene. The two direct injection runs gave chlorine as the primary
product (see Figure 5-1). Ths lnscrusantation of the mass spactrometer causes &
"tic" te be inserted at che normally unused m/z pesiction 1 when any signal from
the spectrum swanps the lnstrumentation capacity, such as {s the cese for 35c1+.
It is belleved that the other cerbon-chlorine pesks sre an arcifact generated from
an interaction betwesn chlorine and carbon "dirt” which occurs in the maas spec-
tromecer. However, it is also poessible that sufficienc carbon is genersted from

ths combustion reaction to produce these small gqusncities.

A low lavel (spproximacaly 0.1%) of dichlorocacatylane was ssan (Fig. 5-2) in one
of tha direct injaction runs. Unrasctad tatrechlorcechylans was also racovarad
in both of these runs. An additional sample run wicth ths piston/capsule method

gove smsentislly the same results with dichloroscatylens again being found.

No psrticulatas wers dacectsd on tha glass fibar disk trap (Fig. 5-3). Wich cthe
sample quenticies used in the exparimsnt, this indicaces <3 ppa of halogenatad or
polycyclic particulatas,

TRICHLOROTRIFLUOROETHANE

The physical charsctaristics of trichlorotrifluorcachans and tetrachloroathylene
sre quite similar. Tha same considerscions apply to the handling and placeaent of
trichlorotrifluorcathane in the combustion chamber as were outlined for tetra-

chloroathylene.

Fav problams wars ancounterad whan this substencs was examinad in cha MMT coabus-
cion chamber. Hovever, the pressnce of water on tha {ntarior wslls did cause
production of HF which in turn caused a minor amount of atching of tha chamber.
Precautions wers tekan Co remove &5 many aecsl parcte froa the apparscus as

possible, similar to tha previous experimants.

Tsbla 5-3 summarizes the analysis results for this substance. In this particulsr

cass, howsver, not sll pasks in the chromatogrspn froa the electron capturs

5.3
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Tabla 5-2

GAS CHROMATOGRAPHIC DETECTION LIMITS

Gas Species Dataction Limit
PN N
H2 0.04
02 0.008
Ny 0,009
CH,, 0.003
co 0.03
€0y 0.006
CaHg 0.002
Cotg 0.003
CoH2 0,002
Ciy's 0.001
cocly 0.0008
HCL 0.0008
Hy0 (g) 0.001
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Relattve Intensicy
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Fig. 3-1. Tetrachloroathylens Direct Injaction Wich
Chlorine. Mass spectrum of chlorine as obtainad froa
combustion of ctecrachlorcachylane. Saturation of
dascactor indicacad by *tic* ac m/z = L,
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Fig. 3+2. Tetrachlorosthylens Direct Injeccion With
Dichlorcacatylens. Mass spactrum of dichloroscetylsne as
racovared from one of the direct {njaction runs of
tatrachloroathylans.
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Fig. $-3. Tecrachleroechylesns Parciculete Chromatogram.
Mass spactrum of particulates from pyrolysis of tecrs-
chloroschylane.
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Table 5.3

COMBUSTION PRODUCTS OF TRICHLORQTRIFLUOROETHANE

Run 1 Run 2
Isopropanol-Dry-Ice Trep Isopropencl.-Dry-lce Trap
70y alr 108 Afr
Nitrogen 68 406 & Nicrogen 66.023 »
Oxygen & Argon 29.464 Oxygen & Argon  31.032

Carbon Dioxide  ...-- Carbon Dioxide -..--
Peak 1 0.074 Peak 1 = ...,
Peak 2@ e Peak 2@ ..-..
Paesk 3 0.034 Peak 3} creae
Pagk &4 = eee-- Pesak & = <-...
HF 2.022 HF 2,945
Sum 100.000 » Sum 100.000 o

Run 1 Run 2

Isobucane-Lig. Nz Isobutans-Lig. N7

70y AlD 70% Alx
Nicrogan 66.741 & Nicrogen 64.234
Oxygan & Argon 32.871 Oxygen & Argon  33.452
Carbhon Dioxide  ----- Carbon Dioxids 1.528
Paak 1l = e---- Paak 1 aeee-
Pask 2 veraa Pask 20000 e
Pask 3} = ee--- Peak ) e
Peak & = see-- Pask & = c-ee-
HF 0.388 HF 0.786
Sum 100.000 » Sum 100.000 »
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Table 5-3 (Conc.)

COMBUSTION PRODUCTS OF TRICHLOROTRIFLUOROETHANE (Conc.)

Run 3 Run &4

lsopropanel-Dry-Ice Trep Isopropsnol-Dry-Ice Trep

30y Alr 0% Alr
Nicrogsn 41.861 % Nicrogen 45.250 %
Onygen & Argon 17.369 Oxygen & Argon 19.461
Carbon Dioxide 10.69) Carbon Dioxide 9.652
Pesk 1 13.524 Peak 1 11.236
Pesk 2 0.070 Pask 2 0.050
Peak 3 0.431 Peak 3 0.232
Pesk 4 0.034 Paak 4 0.068
HF 16,018 HF 14.052
Sun 100.000 s Sum 100.001

Run 3 Run &

Isocbutane-Lig. No Isobutane-Liq. N9

10% _Air 30y _Air
Nitrogen €1.710 » Nicregen 64.753 %
Oxygen & Argon 33.228 Oxygan & Argon 33,212
Carbon Dioxida 0.258 Csrbon Dloxide  -----
Paak 1 0.595 Peak 1  -----
Pask 2 @ e Peak 2= -e---
Peak 3 .- Pesk 3 cemes
Peak 4 = se--- Peak 4
HF 4.208 HF 2.036
Sum 100.000 » Sum 10D.001

5=9
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detector could be fdentifisd. Certaln of these pesks undoubtsdly could be asso-
clated with various fluorocarbon compounds chat are noc readily availsble for
confirmation of the peek idencicles. It was decided that tha results of the R&D

combustion apparatus would be used to identify these othar products.

The resulcs from the R & D epparatus are somewhat inconsistent. Twoe runs veras
made Ln the stainless steel resccor using the direct injection procedurs. The
first run, in which the wichdrewal of products wes carried out after 1Q seconds.
showed chlorotriflucroethylans and dichlorotetrefluorcethane (Figures 5-4 and 5-5}
Howaver, over 99% of racovsred gessous material was unreactad scerting meterial
(Figures 5-6 and 5-7). A second injsction was made and the gas sample was with-
drawn sfter 10 mfnutes, A litcle chlorine was detected (Figure 5-8) but unreacced
material was predominant. Figurs 5-8 showe CF2* and CFC1* which may indicats &
trace of active fluorina, although that ssems unlikaly. Fluorine would be ocutsidas
of chs scanning range. This run did not detect tha other two metsrials sssn in

the first run.

Four runs were made on trichlorotrifluorosthans with che piston/capaule technlgue.
In this technique, products detectad included tectrsfluoromethane (Figure 5-9),
dichlored{flucroethylens (Figure 5-10), chlorotriflucroschylens (Figure 5-11).
trichlorofluoroechylens (Flgure 5-12), tatrafluorcethylens and fluorochlore-
ethylena (Figure 5-13). Again, no particulates of interast wers detectsd, sven in
the run with che greatest variacy of produccs, wicth the same detection limic a»

with CzCly, 3 ppm.

Many of thess producta may well correspond to tha results of the other combustien
technique. $ince it was not poseible to acquire thase meterials, confirmetion {5
limited to the obesrvacion that soms of thase materials were pradictsd by the

thermodynamic caleulations.

SILICONE (POLYDIMETHYLSILOXANE)

Tha rasults of the combustion product analyses for thie satarisl ars given in
Table 5-4. For the first time, a ralatively large variety of products wers
detscted. Agein in this case, a large amount of unreacted matariel vas present in

the chembar and in the combuscion bost at the complecrion of thes experiment.
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Fig. 5-4. Chlorotrifluorosthylena from Trichlorocrifluoro-
sthana. Mass spsctrum of chlorotriflucrosthylens ss recovered
from combustion of trichlorotriflusroschane at 1000°C (ca. 10
sas).
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Fig. 3-3. Dichlorotetrafluorcethene from Trichlorotrifluoro-
scthans. Mase spectra including thet of dichlorotatrafluore-
athane es recovered from combustion of trichlorotriflucro-
ethane et 1000°C (ca. 10 sec).
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Relatlve Intenaity
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Fig. 3-6. Unreactad Scarting Meterisl from Trichlorotri-

fluorocethane. Mass spectrum of tgichlototrifluoro.thln. az
recovered from combustion at 1000°C (ca. 10 sec).

MONS 218086



Response

Chlprocrifluoroethylans
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Fig, 5-7. Remnant Starcing Materials from Trichlorotri-
fluorosthans. Analyticel area counts for ctrichlorerrifluore-
sthans and chlorotrifluoroathylena asg recoversed from combustion
of trichlorotrifluoroethans at 1000 ~ C (ca. 10 sec).
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Fig. 5-8. Chlorine and Starting Material from Trichlorocri-
fluorcethans. Mass spectrum of (primsrily) chlorina es
reacoversd from combustion of trichlorotrifluorosthana, sacond
run only (10 ain at 1000°¢cy.
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Flg. 5-9. Tetrafluoromethens from Trichlorotrifluorcathane.
Masge spactrua of tetraflucromsthens as recovared from
pyrolysis of trichlorotrifluorcethans (with argon at m/z 40).
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Fig. 5-10. Dichlorodifluorcethylens from Irichlorotriflusre-
athans, Maps spectrum of dichlorodifluorcethylens as
recovarsd from pyrolysis of trichlorotrifluoroathens.
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Fig. 3-11. cChlorotrifluorceachylens from Trichlorotrifluoro-
sthane. HMase spactrum of chlorocrifluorosthylens as
recoversd from pyrolysis of trichlorotrifluoroechans.
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Fig. 5-12. Trichlorofluorocethylans from Trichlorotrifluoro-
acthane. Masa spectrum of trichlorofluoroscthylens as recovered
from pyrolysis of trichlorotrifluorosthans.
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Tetrefluoroethylene and Fluorochloroathylenas.

Maas spectre of tetrafluorcethylens and fluorochlorcethylene
as recovered from pyrolysis of Freon 113.

MONS 218093



Table 5-4

POLYDIMETHYLSILOXANE COMBUSTION PRODUCTS

Run 1
Iscpropancl-Dry-Ice Trep

70y Afr
Nitrogen 78.8) &
Oxygen & Argon 20.33
Carbon Dioxide 0,82
Hydrogen 0,02
Carbon Monoxide  ..--.
Methane PR
Echane = ssexs
Ethylene = -----
Acetylene = -.-.-
€3 Hydrocarbona  -----
Water chean
Sum 100.00 &

Run 2
Isopropanol-Dry-Ice Trap

2108 Alc
Nitrogen 78.68 &
Oxygen & Argon 18.139
Carbon Dioxide 0.93
Hydrogen 0.32
Carbon Monoxide 0.49
Methane 0.35
Ethane 0.0l
Ethylens 0.08
Acetylane 0.05
€y Hydrocarbons 0.0l
Water 0.70
Sum 100.01
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Table 5-4 (Cont.)

POLYDIMETHYLSILOXANE COMBUSTION PRODUCTS (Cont.)

Run 1 Run 2
Isobutens-Liq. Ny Isobutens-Lig. N3

70% _ALL _70% Alr
Nitrogean 76.07 Nicrogen 71,3 %
Oxygen & Argon 12,53 Oxygen & Argon 10,35
Carbon Dioxide 9.57 Carbon Dioxide 15.54
Hydrogen 0,04 Hydrogen 0.18
Carbon Monoxide 0.3 Carbon Monoxide 0.35
Methana = cee-n Mathane 0.86
Ethane 0.02 Echane 0.01
Ethylene c.04 Ethylenas 0.07
Acetylens = ... Acatylenae 0.2
Cy Hydrocarbons 0.04 Cy Hydrocarbons 0.03
Watar 1.19 Varer 1.25
Sum 100.00 & Sum 100.00 &
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Table 5-4 (Cont.)

POLYDIMETHYLSILOXANE COMBUSTICN PRODUCTS (Cont.)

Run 1]
Isopropanol-Dry-Ice Trap
0% Alr

Nicrogen 82.446 %
Oxygen & Argoen 14,963
Carbon Dioxida 2.02
Hydrogen canan

Carbon Monoxide 0,469

Mecthana = ----.
Ethana = +----
Echylana LR
Acetylane eees

C3 Hydrocarbons ----.-

Water 0.099

Sun 100.001 &

Run 4
Isopropenol-Dry-Ice Trap

J0% adr
Nitrogen 83.43 &

Oxygen & Argon 14,17
Carbon Dioxide 1.81
Hydrogen re-e

Carbon Monoxida 0.49

Methane = -----
fchana @ ceas-
Ezhylena e
Acetylens = -.e-.
Cy Hydrocarbona  -----
Water 0.10
Sus 100.00 &
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Table 5-4 (Cont.)

POLYDIMETHYLSILOXANE COMBUSTION PRODUCTS (Cont.)

Run 3} Run 4
Isobutane-Lig. Nz Isobutans-Ligq. N3

0% Alr 0% Aixr
Nitrogen 83.151 & Nicrogen 82,163 &
Oxygen & Argon 3.200 Oxygen & Argon 3.953
Carbon Dioxide 6.940 Carbon Dioxide 7.062
Hydrogen 2.08 Hydrogen 1.911
Carbon Monoxidea 2.698 Carbon Monoxide  3.152
Methane 1.659 Methane 1.421
Echane 0.028 Ethene 0.024
cthylena 0.159 Ethylenas 0.171
Aceatylana 0.066 Acatylene 0.052
Cy Hydrocarbons 0.040 Cy Hydrocarbons  0.035S
Water 0.024 Wacer 0.030
Sum 99.999 » Sum 99.980 &
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Above ell, & significent amount of solid meterial wes found in all tubing laading
from the quertz combustion chamber. This meteriel wes white end fluffy in eppaar-
ance end wee most likely silicon dioxide which is known to result from combustion
of polydimethylsiloxens {1). The extent of this meterial may well heve influenced
the detection of cerctein geses such as cerbon monoxide, which would normally be
found in relatively small quentities in the treps. by essentially plugging the
exit from the trep.

In the R & D effort, two runs with the direct injection method ware completed.
Since no voletiles were detected end beceuse of the reletive difficulry of trans-
ferring this rether viscous substence, the pleton nethod was developed. However,
agein no volatiles were detecced. The furnece tube conceined a lerge amuunc of
bleck, fluffy meceriel. When che metariel wes heeted in ¢ muffle furnece et 1000°
C, the substence left e white esh. This led to the conclusion thet the meteriel
was probebly 5i0; mixed with cerbon.

No other perticuletes of interest were detected on the gless fiber collector. In
this cese, detectebility would be on the corder of <15 ppa. due to the diffarent
mass of starting matetiel.

TRANSFORMER MINERAL OIL

The results from the combustion of the aminerel oil are presented in Teble 5-5.
Significent quantities of combustible meteriels suzh es metnens end ethens,
possibly resulting from cracking of the sterting meteriel, were found in both
traps wnen the amount of air was limited to 30%, indiceting that the combustion
wes quite decidedly not complete in this cese. A surprisingly low amount of
carbon dioxide was found with both the 70% end 10V eir levels.

Owing to the limited time end funding invelved in the projecc, R & D wss not able

to complete the experiments with this meteriel.

HIGH TEMPERATURE HYDROCARBON

Teble 5-6 showe that the quentities of combustible meteriels present in the pro-
ducts ere reletively less then for the trensformer minerel oil. Agein howevar,
they are present, with significant quantities of sthylene being present. Once
agein o lerge amount of unreected materisl, compereble to the quantity found with
polydimethylsiloxans, wes present in the combustion chember of the thermogrevi-

mecric anelyzer.
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Table 5-5

TRANSFORMER MINERAL OIL COMBUSTION PRODUCTS

Run 1
Isopropenol-Dry-Ice Trep
20y _Aflr
Nitcrogen 77.842 %
Oxygan & Argon  21.444
Cerbon Dioxide 0.139%
Hydrogen 0.023
Carbon Monoxida 0.311
Mathane = -----
Ethane = .-...
Ethylens = -----
Acetylsnse = ---..
Cy Hydrocarbong -----
Water 0.241

Sun 100.000 v

Run 2
Isopropenol.Dry-Ice Trap
708 Alr
Nictrogen 75, 444 g

Oxygen & Argon 22.821
Cerbon Dioxide 0.142
Hydrogen 0.038
Cerbon Monoxide 0.351
Methene = .w--.
Ethene = ---.-
Ethylsne R
Acetylenes = --.-.
Cj Hydrocerbons -----
Veter 1.204

Sum 100.000 »
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Teble 5-5 (Conc.)

TRANSFORMER MINERAL OIL COMBUSTION PRODUCTS (Cont.)

Run 1
Isobutene-Lig. Np
703 Alr

Nicrogen 77.917 &
Oxygen & Argon 21.846
Cerbon Dioxida 0.066
Hydrogen -----
Cerbon Monoxide -----
Mathane = ..--.
Ethane = -----.
Ethylens = .----
Acetylens .- -.

Cy Hydrocarbons --.--

Vatcer 0.171

Sus 100,000 »

Run 2
Isobutene-Lig. Nj
70% Alr
Nitrogen 75.626

Oxygen & Argon 22,960
Carbon Dioxide 1.046
Hydrogen = -.---.
Carbon Monoxide ----.-
Methane  --.-.
Ethane = «-...
Ethylena  ----.-
Acatylens = -----
Cy Hydrocarbons -----

Water 0.3171

Sum 100.003 v

MONS 218100



Tabls 5-5 {Cont.)

TRANSFORMER MINERAL OIL COMBUSTION PRODUCTS (Cont.)

Run 1
Isopropancl-Dry-Ica Trep
0% Alp
Nicrogen 61.676
Oxygen & Argon  12.370
Carbon Dioxide 0.793
Hydrogen 5.691
Carbon Monoxide 4,527
Methane 11.856
Echane 0.256
Ethylens 2.4b44
Acetylans 0.130
Cy Hydrocarbons 0.076
Water 0.181
Sum 100.000 »

Run &
Isopropancl-Dry-Ice Trap
i0% Air
Nitrogen 39.667
Oxygen & Argon 13.240
Cerbon Dioxide 0.929
Hydrogen 4,989
Carbon Monoxide 7.352
Mecthans 10.452
Ethane 0.275
Ethylanas 2.684
Acetylena 0.096
Cy Hydrocarbons 0.096
Vatar 0.172
Sum 99 .999
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Table 5-5 {Conc.)

TRANSFORMER MINERAL OIL COMBUSTION PRODUCTS (Cont.)

Run 3 Run &
Isobutene-Lig. N3 lsobutene.Liq. Nj

30y Alr 0% Afr
Nitrogen 46,338 Nitrogen 43 633 s
Oxygen & Argon 4,900 Oxyvgen & Argon 5.420
Carbon Dioxide 3.745 Catbon Dioxide 1.34)
Hydrogen 6.060 Hydrogen 8.050
Carbon Monoxide 6.512 Catrbon Monoxide 6.456
Methane 25.427 Mathane 23.567
Ethane 1.091 Ezhane 1.350
Ethylene 6.691 Echylans 6.869
Acatylens 0.426 Acatylanas 0.492
C3 Hydrocarbons 0.740 €y Hydrocatbona 0.580
Water 0.020 Water 0.040
Sum 100.000 » Suo 100.000 &
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Table 5-6

HICH TEMPERATURE HYDROCARBON COMBUSTION PRODUCTS

Run 1
lsopropancl-Dry-Ice Trep

708 Afr
Nitrogen 74,136 &
Oxygen & Argon  14,05)
Carbon Dioxide 5.023
Hydtogen 1.340
Catbon Monoxide  3.032
Mathene 1.118
Ethane 0.012
Echyiene 0.171
Acatylene 0.025
Cy Hydrocarbons 0.069
Vater 1.025
Sum 100.000

5=30

Run 2
lsopropancl-Dry-Ice Trap

10y Alrx
Nitrogen 71.010 »
Oxygen & Argon 15.746
Carbon Dioxide 6.6132
Hydrogen 1.178
Carbon Monoxide 3,032
Methane 1.187
Ethane 0.011
Ethylene 0.160
Acatylens 0.023
C3 Hydrocarbons 0,075
Vater 1.126
Sum 100.000 s
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Table 5-6 (Cont.)

HIGH TEMPERATURE HYDROCARBON COMBUSTION PRODUCTS (Cont.)

Run 1
Isobutane-Liq. N

710% Alr
Nitrogen 65.135 &
Oxygen & Argon 7.123
Carbon Dioxide 5.559%
Hydrogen 3.753
Carbon Honoxide 4.49%4
Methane 3.916
Ecthans 1.674
Ethylene 6.010
Acetylene 0.202
Cy Hydrocarbons 0.715
Water 1.419
Sum 100.000 &

5-31

Run 2
Iscbutane-Liq. Np
J0Y Afg
Hitrogen 67.920 &
Oxygen & Argon 7.310
Carbon Dioxide 5.536
Hydrogen 2.961
Carbon Honoxide 1.932
Hethane 2,525
Ethans 1.485
Sthylens 6.425
Acecylens 0.242
Cj Hydrocarbona 0.634
Water 1.028
Sua 99.998 o
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Table $-6 (Cont.}

HICH TEMPERATURE HYDROCARBON COMBUSTION PRODUCTS (Cont.)

Run 3 Run &
Isopropanel-Dry-Ice Trep Isopropanol:-Dry-Ice Trep
30 _Air J9% ALD
Nitrogen 74,164 % Nicrogen 75.105 %
Oxygen & Argon 8.092 Oxygen & Argon 6.886
Carbon Dioxide 3.073 Carbon Dioxide 3.456
Hydrogan 1.660 Hydrogen 2.185
Carbon Honoxide 10.324 Carbon Honoxide 10.077
Me thane 2,243 Mechane 1.876
Ethane 0.018 Ethane 0.017
Ethvlene 0.274 Ethylene 0.163
Acetylens 0.046 Acecylens 0.036
C3 Hydrocaroons 0.019 C3j Hydrocerbons Q.075
Water 0.085 Vater 0.126
Sum 100.000 & Sun 100.000 &
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Table 5-6 (Cont.)

HIGH TEMPERATURE HYDROCARBON COMBUSTION PRODUCTS (Cont.)

Run 3
Isobutana-Liq. N3
30y Adr
Nicrogan . 55.1%6

Oxygen & Argon 4,134

Carbon Dioxide 4,533

Hydrogen 6,731

Carbon Monoxide 10.985

Methane 7.926
Echane 1.696
Ethyluns 8.124
Acetylens 0.606

C3 Hydrocarbons 1.917

Water 0.192

Sum 100.0Q0

5=-11

Run &4
Isobutane-Liq. Nj

108 Alr
Nitrogen 45.050 %
Oxygen & Azgon 2.3%0
Carbon Dioxide 2.556
Hydrogen 5.981
Caroon Monoxide 10 322
Methane 12.515
Etnane 3.859
Echylans 12.254
Acetylens 0.407
Cj Hydrocarbons  4.641
Water 0.023
Sun 100.000 &
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The high viscosity of the high temperature hydrocarbon was yet anocher reason for
the developmenc of the piston/tepsule mechod for the R & 0 procedures of combus-
cion. In a run made with this material, only two products wers detected in ths
gaseous product analysis by mass spectroscopy, benzene (Figure 5-14) and tolusne
(Figure 5-15). Figure 5-16 {lluscratss the relacive proportions of thesas
substances. Nevercheless, in absolute terms only a small proportion of the
starting sample, on the order of 1-24, sesms to be represanted by these produc:s
No particulace meterial was detected with a detectability limit of epproximately

10 ppm.
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Fig. 5-14. Benzene in Combustion Products of High Tempera-
ture Hydrocarbon. Mess spectrum of benzene ae recovered from
pytolyeis of high tempereture hydrocerben.
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Fig. 5-15%5. Toluene in Combuetion Produccts of High Tempera-
ture Hydrocarbon. Mese spectrum of toluene ee recovered from
pyrolyeis of high temperaturs hydrocarbon.
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Response
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Fig. 5-16. Benzens to Toluene Relative Ratio. Gas chrometo-

graphic trace of gasecus products from pyrolysis of high
temperature hydrocarben.

5=-37
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Secction &

DISCUSSION

In summetion, none of the combustions produced detectable chiorinated or poly-
cyclic eromatic hydrocarbon particulates, The production of chlorine (end
hydrogen chloride in the presence of acmospheric humidity) from tecrechloro-
ethylens must not be minimized, but rether should be balanced ageinst the non.
flammable nature of the materisl. Much the seme statement mey be mede sbout
trichlarotrifluorcethens and its production of hydrogen fluoride and the verious
fluorocarbon materiels. The ebsence of phosgens in thees experimente should elso
be noted.

For the other materiels, the preeence of combuetible materials in the product
stresa indicetes that even in events with only parcial combustion, & potentially
dangerous eituation mey remain even after the heat source ie removed. Combustion
could expend upen opening a veult or chamber with the coneequent edmission of

oxygen 1if the eite has not had sufficient time to cool.

The production of gases such ae chlorine, hydrogen chloride and hydrogen fluoride
from certain of the fluids does form e concern in the wvenc of a fire imcident.
However, suitable fire protection squipment should be eveilable to provide ade-
quate protection in the ehort term. No evidence wae found that long term contam-
ination euch as can be caused in a fira incident with traneformere which contain
askarels will result from e fire invelving the replecemsnt dielectric fluids

investigeted in thia etudy.
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