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PYROLYSIS AND COMRUSTION OF AROCLOR 1254 CONTAMINATED OIELECTRIC FLUIDS

~ Bilbet Addis
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DIOXIN 85-5th International Symposium on Chlorinated Dioxins
and Related Compounds .

ADSTRACT Pyrolysis and combustion products were determined for several levels
of PC8 contamination Tn mineral o1l and other dfelectric fluids. Yields of
. PCOFs were roughly proportional to the quantity of PCB-in the feed.

RACKRR 0NN

The mlactric utility industry as a major purchaser of PLBs in the past has heen left w1th 2
Tegacy of PCR prohlems of two different dimensions. Although the reality of PCB as a prod-
Tem {3 sti11 heaing dehated and evaluated, the industry is retrofilling or replacing its PCB
eqiripment at a steady pace, A short time ago, there were about 40,000 (1) PCB transformers
in utility hands with perhaps an equal or larger fumber owned by nonutil1ty‘ent1t1es.
Several well publicized PCR fires (2,3) in the United States have accelerated the effort
toward remaval of the askarel (generic term for FCR or PCB/tri-/tetrachlorobenzene)
equipment,

Two options are apen for elimination of PCBs in transformers, The first is retrofilling and
the second is replacement of the transformer. £ach method has {ts adherents and its
detractors, Retrofilling, in the absence of further improvement of the technology, takes
more than 2 yesr before a transformer can be reclassified as uncontaminated (in the United
States, belaw S0 ppm PCR). During most of this time, PCB concentration in the transformer
fluid 1s still above 500 ppm because even if one uses the best available technalogy, between
2 and 5% of the old liquid remains behind after draining a transformer as thoroughly as
possible, It is estimated that this residual takes approximately 3 months to come to
equilibrium with the replacement fluid, The diluticn process must therefore be repeated
several times before an appropriately low PCB level is reached. We understand that there is
considerahle, research presently underway to speed up the ramoval of this trapped material;
however, the work has not yet come to fruition,

. {

Where physically possible, complete replacement of the transformer appears to be the easy
wiy out, However, dispnsal af the transformer requires draining of the PCB followed by
flushing with a solvent., The 1iguids must then be destroyed in a licensed incinerator while
the transformer carcass must go to a certified landf{11, Certified landfills in the USA are
. rapidly disagpearing and it is also cnnsidered possible that these may bacome the next
- generation of prohlem cleanup sites,

A secnnd ares af concern {3 the roughly 2,000,000 (1) mineral oil transformers, which over
the years have inadvertently hecome contaminated with PCBs at the S0 ppm level or higher,
Ahnut 10T of these are contaminated ahove 500 ppm and must be treated as PCB transformers,

This pair of problems has fostered a need to learn more ahout the pyrolysis and combustion
af PCR, hoth fn its concentrated state, and at various levels of contamination in retrofill

fluids, such as silicone and minersl o0il, PCB is also of interest as a contaminant in

tetrachloroethylene, hecause {t is a potential retrofill flyid, although it is more likely
to be used as a replacement fluid.

WK FLAI .

A project has been sponsored and partially funded by the Electric Power Research Institute
(EPR]) for the New York State Department of Nealth to study pyrolysis and combustion
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products of PCBs, both as a concentrated fluid and as a contaminant in mineral ofl and
several raplacement fluids, In. this project we define pyrolysis as the high-temperature
decomposition of a fluid {n an oxygen-depleted atmosphere. Combustion is defined as
oxidatign in the presence of an open flame and an extess of air, The work plan includes the
investigation of Aroclor 1254, "nm=at,” as wel) as at 3 50, 500, and 5000 ppm impurity lavel
1n mineral oil, silicone and tetrachloroethylene, Since a mixture of tri- and
tetrachlorgbenzene s frequently found as diluent in askarels, these two compounds, both
separately and as a blend, also are being investigated.

EQUIPNENT & PROCESS

Pyrolysis

Pyrolysis trials as described dy Eadon (4) were conducted using a simple thermostatically
contralled apparatus, capable of accommedating a Se-cm diameter metal block within its
S-cm=-long heated region. In order to minimtze hazards and disposal problems, yet permit
sufficient product formation to facilitate detection of PCOOs and PCOFs, pyrolyses were
performed on 100 ul samples. In an attempt to differenti{ate this work from other earlier
and ongoing investigations, as well as to simulate more accurately certain catastrophic
incidents, pyrolyses were conducted at atmospheric pressure. The necessity of containing
the starting materfsls 2nd nongaseous pyrolysis products in an apen system led to the .use of
an 8 mm ID x 0.5 m glass tube, sealed at one end, and mounted vertically. The material ta
be pyrolyzed was deposited at the sealed end,
then {nserted into a tight-fitting hole in
the preheated metal block in the heating
apparatus. Typically, the 1iguid refluxed up
the inner walls of the tube; the length of
the tube and 1ts comparstively large unheated
volume kept the reflux level well below the
apen end in all experiments., To assure
containment, the topmost 5 em of the tube was
chilled in dry ice and the end of the tube
was connected to a charcoal trap. No visible
material was trapped in the chilled region,
and excellent mass balances were generally
obsarved,

Combustion

The design of the combustion apparatus was
also constrained by the necessity of assuring
that all discharged gases pass through a
trappfng system capable of efficient removal
of PCBs and any potentially toxic products.
The combustion chamber consists of a 1 m
quartz tube with a 22-mm ID. One end of the
chamber accommodates a modified blast burner
and inlet tube through which the end of a
1716" x 24" (1.6 x 635 mm) syringe needle fis
introduced via airtight connections. The
{nlet tube and needle are mounted %o 2llow
sanple introduction 1nto the flame of the
blast burner, Sample adrittion is accom-
plished using a 10-ml syringe mounted in a
warm syringe drive, The combustion chamher Figure 1: Pyrolysis Equipment

is mounted in 3 furnace capable of main-

taining temperatures of 100-1000°C in three

{ndependently controlled zones, The effluent of the combustion chamber is passed through a
water filled impinger, thes through an XAD-2 packed adsorbent tube which in turn is attachea
through an orifice to a vacuum 1fne, YXAD-2 has been shown here and elsewhere to be an

?;E;§1§nt trapping agent faor polychlarinated dibenzofurans (PCOSs) and dihenzo-p-dioxins
s -
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Figure 2: Combusticn Tube
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Figure 3: Feed Syringe

ANALYSIS

Because of the hazardous nature of the compounds to be prepared and to check out equipment
expeditiously using rapid analytical techniques, the trials were approached stepwise,
Initial runs in each case were made with unchlorinated biphenyl to determine the suitability
of the equipment and to find a first approximation of proper operating conditions., These
nims were followed by trials using individual PC8 congeners knawn to form specific PCOF
mixtures,

It was anticipated that the relatively simple products formed could be analyzed
by capillary GC/EC or GC/FID aftar chromatographic cleanup, This technique was successful,

except in the pyrolysis of contaminated mineral oil. The mineral oil {tself produced a
complex mixture, and 1t was necessary, after appropriate up-front cleanup, to resort to the
use of GC/MS from the start,

Having thus optimized as far as possible operating conditions
and analytical procedures, runs were finally made using Aroclor 1254 as the test fluid.
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Figure 4: Combustiocn Product Trap

RESULTS .
Pyrolysis of Aroclor 1254 {n Mineral 0i1, Silicone, and céc1,

Under the conditions chosen for this project, conversfon of PCBs to PCOFs in the trial runs
reached an approximate maximym around 550°C. Most of the subsequent runs with Aroclor 1254
were then made at this temperature setting. Where ather temperatures were used, they have
been noted in the text or tables. All runs were of 15 minutes duration,

To minimize ryn-to-run experimental variations found in the preliminary work, and to produce
larger samples for analysis, a series of six runs was made at each set of conditions. The

six runs of each set ware always made during a single day and combined randemly (prior to
cleanup) into two composites for analysis. Results are tabulated in Tadbles 1 and 2. WNote

TABUE 1: PCOF Formed (ng)/Gram of “NWizture® pyrolyred: Arcelor 1254 in Insulatimg Flulds

23782 Tota) 121782 ase Peak  Total Base Pear  Total  Teral

Sample  Descriptica , ICOF TCOF  PeCOF  PeCOF  PeCOF  MaCOF  MiCDF  meCOF  OCOF
42582 100T Arocior 1254 1.300 9,200 . - .16,000 8,000 8,600 60 -
Q583 100% Arpeler 1254 985 5,500 - - 10,000 5,00 5,100 - -
50854 5,000 ppw} 1n wireral of1  15.0  45.0  17.0 62.0 163 7.0 12 280 <2
50855 5,000 pem 1a minera! ail e 330 172 5.0 in 60.0 08 4.0 0.2
50856 SO0 pom fn mineral ofl 1.6 - 1.3 8.7 17.2 6.3 16.8 <10 -
SLAST %00 ppa in mineral oil L.l .1 1.9 S.4 18.2 6.8 18.1 2.2 -
50858 50 ppw in mimgral' ot - - 0.4 .l . 1.1 1.% 1.5 - -
50859 50 ppm 1n mineral ail - . 6.9 % 3.4 1.2 - - -
45298 5,000 ppeed tn sel1come 9.9 1028 as - 70.0 2.2 6.9  G.i5 -
“ny 5,000 pea? in 1.2 2.9 '] - 2.0 5.8 12.5 0.9 -
tatrachloroathy lene
4571 mative nisd 1n minersl oi}
o 9.1 . 17.2 (21478} . 12.4 {234573) 56 (0C39)
Founa 8.1 - 17.5 - 2.0 a7

(1) Cach winera! ot siwple represents a comoasite of threée separate Dyrolyses which were compined prior to analysis to
stninize run-tao-run variation. All pyralyses at 550°C for 15 minutes.
(2) Igzgas coeluters on DA-5 column, :

(3) .
{4) Chloeinated fluorenes(?) ot 10z higher Tevel,
($) sme°C

{6) Wineral ofl solued with PCOFS to test method.
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TABLE 2: PCOF Tormed (m)) per Gram of *Arocior 1254 Pyrolyzed in Imulating Fluid

18 Total 123787 Base Puak  Total  Base Prak  Tatal  Total

famly  Dmscriptisn ICOF TEOF  peOf  PecOF  PelDF  HatOF  MaCOF  heCDf  OCOF
42592 1008 Aroclor 1254 1,300 9,20 . - 16,000 0,000 5,000 @ -
Q@SB 100X Arocler 1254 985 5,50 - - 10,000 5100 5,100 - -

%0854 5,000 wll in sirgral 041 1,000 9,000 3,400 12,400 33,000 17,400 J2,830 4,600 64
50855  $,000 pow in minaral of) 2060 §.600 40 11,000 34,200 12,000 41,000 2,800 46

50858 500 ppm in mineral ofl 1,200 - 3,600 13,400 34,400 12,600 33,500 - -

0857 %00 pom in mineral ol 2,200 6,200 3,800 11,800 18,400 13.600 -15,200 4,400 -

40858 %0 ppm in mineral oil . - 4,000 22,000 62,000 19,000 76,000 - -

50859 50 ppe in mineral ofl - - 18,000 3¢,000 53,000 26,000 - . -

45290 5,000 pea?d in s114cone 1,980 21,400 900 - 14,000 ug 1,380 .

@5 5,000 poud 1n rl} 580 1] - 5,600 1,000 2,500 - B
tetrachicroathylene

(1} Each minaral of1 sampiw represents & couposite of thres teparate pyrolyses. These wers comined grior tQ
analysis to minimize run-to-run variation, A1 pyrolyses at 550°C for 15 minutes.

{2) Includes comluters om DB.5 columm.

{3) 65%°C,

{4} &00°C.

that Tables 1 and 2 report the same data but expressed in different form., Table 1 shows ng
PCOF formed per gram of total mixture pyralyzed, while Table 2 shows ng PCOF per gram of
Aroclor 1254.

It may be seen that conversions of PCBs to PCOFs are substantially identical for all
congeners and chlorination groups measured for 5000 and 500 ppm, and are less than an order
of magnitude different for 1001 PCB. Conversion appears to increase slightly at SO ppm, but
this may be the result of measuring error due to analytical difficulties at this level,

Pyrolyses in sflicone and tetrachlorcethylene show conversion efficiencies qualitatively
similar to mineral ofl" for tetra- and penta-COF, but are apparently dropping off for higher
chlorination levels. Added work must be done to confirm these levels.

Analysis of the pyrolysis products of PCBs in both silicone and tetrachlorcethylene yielded
qualitative indications of saveral products related to PCOF/PCDO. In silicane, compounds
tentatively identified as chlori- -
nated fluorenes were found fn the
MS scans. Also, in pyrolyzing
1,2,3,4,5 pentachiorobiphenyl in
stlicone, a series of compounds @ CH, My
c

(which may be methylated chlorinatad ¢ Toa .
fluorene) was found. Chlorine atoms -c o

plus methyl-groups total four in =5 oL o

each case (Figure 5).

Pyrolysis of 2-chlorobiphenyl tn
silicone has fluorene as a major
product. This has been compared H2

with an authentic standard. Other - /\——-/-'x\
compounds l{sted above as products J@__Ib’{
in the silicone and discussed in the o a cy c

tetrachloroethylene work below will Y Y

be compared with authentic standards  Pohchionnated flucrene Palychlonnated biphenylene
before their presence is considered
confirmed.

Figure 5: Compaunds Related to PCDF/PCDD
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. In the combustion and pyrolysis of 1254 in tetrachloroethylene, preliminary work shows that
some different tetrs. and penta-CDFs are being formed, compared to “neat® 1254 or 1254 1in
mineral ofl1s. Chlorinated fluorene may also be forming., In addition, 2 compound that may
be a reaction product of PCB and tetrachloroethylene {5 possible.

Combustion of Aroclor 1254 fn Mineral 011, Stlicone and C,Cl,

Conversion for the isomer groups studied {Table 3) was near optimum for a combustion wall
temperature of 550°C and a 3-second residence time, With feed soluytions of mineral oi)
containtng Aroclor 1254 at 50, 500, and 5,000 ppm, tri-, tetra-, and penta-COF conversiecn in
ng/g PC3 fed fel) within a narrow range for each of the {somer groups. Under all
conditions, hexa- and hepta-COF formation was not detectable.

Combustion trials with PCBs in

silicone were not completed TABLE 3: Combustion of Aroclor 1254 tn Intulating Flyids at 850°C - ) Seconds
successfully, Large quant-
1ties of 510, formed. The 1254 1n s0), PCB's \
finely dividéd 510, tended to Comusted Oestroyed 1_PCOFs Formeall)
plug the equipment: particu- Salvent va/a) L2 3ty s Clg 1
larly the feed needle and the Nineral 041 £000 82.88 0.72 o0.88 0.7 (23 (2
sample collection train, . ,

) Mineral 011 500 a2-92 0.4 033 o008 -2 Q)
In C,C1, solution, combustion Mineral Ot ) 88-30 0.3 0.3 0.0 -2 2
ylelds were similar to those
found with minéral oil for the Czfla %000 58 040 150 133 031 0.50
-C14 fsomers, There were e, 500 92 0.24 07  0.86 0.23 0.70
substantially greater yields
for the more highly chlori- Czci. 0 72 0.44 1.2 1.0 0.8 0.16
nated isomers, reflecting $111conald) - - - 3 - . -
chlarination of lower chlor-
inated COFs, Combustion in
C,C1, under oxygen depletion (1) Rased on PCB in feed.
prov?des 2 substanttal yield {2) Mone detectad,
of biphenylenes, (3] funs unsuccessful. Equipment plugged with $i0,.

OTHER WORK IN PROGRESS

Pyrolysts and combustian of tri- and tetrachlorcbenzene are underway in the laboratory.
These resylts will be of value in assessing the potential fire products from askarels where
the PCB §s diluted with these solvents.

Preparation of certain synthetic chemicals such as substituted fluorenes is being
undertaken. These will be used to confirm the structure of several of the unknowns that
appeared during the GC/MS analysis,

DISCUSSION

Part of the original impetus {n this project was to determine whether formation of partial
oxidation products of PCB was )inear with increasing dilution in a solvent, This question
appears to be answered. Within the constraints of variations in analytical conditions and
recaveries during cleanup and analyses of extremely small quantities of material, the
1inearity should be considered good; in most cases, there was no more than .3 factor of

10 variation 1n a range of concentrations from SO ppm to 100% of the askarel tested,
Improvements {n the pyrolysis and combustion schemes during the course of the project
provided this degree of resolutian. No doubt, this can be {mproved upan with further
saphistication in the work, '

The results of these laboratory trials are found to be significantly different from those of
other workers in the field (5-9), This fact brings with it a word of caution in applying
dny of these results to real-world PCB fires excapt for yse as guiding principles because
each reat PCB fire, under completely random condittons, is different from all others. Even
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within a given fire, there will De an Infinite range of competing reactions. It can be
assumed that only a small porticn of the combustion process has optimum conditions, and that
the combustion pracess varies with time, leading to the partfal destruction of the various
combustion by-preducts. Thus, all of the research being done must be considersd as setting

4 boundary or worst-case condition that gives a general direction to the investigation of
Py the real world, )

A number of new avenues for exploration have been seen hera and in the work of others.
Among the mare significant ones are the finding of relatively large quantities of other
chlorinated polycyclic arematic compounds (PCAS). A second is the need for a more rapid
method of analysis. A bloassay designated the Flat-Cell Assay (10), based on a change in
in vitro growth and morphology of a 1inz of skin cells has been Shown to be very sensitive
. and relatively specific for the more toxic of the PCOF and PCOD compounds. The bialagical
mechanism af this effect 1s considered to be related to the development of chloracne 1n
hymans after 2,3,7,.8-TCOF exposure and 1s thus, 2 relevant end point. This method is
already applicable to certain products of combustion. It {5 deing modified to detect and
. asSay these products fn the presence of solvents such as mineral oil, which. currently
interfers with the test. Calibration against 2 range of chlorinated PCAs would follow.
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