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positien), ¢ chrome tOGrephy
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NTIS Prices: PC AQI/WF A0t
Chlerineted Pesticiess ant Trece
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AUTHOR : ] ASoife G.: West. Richerd M.: Hervey. George
®.; Hatcher. Petrick G.; McGiliivary, Philip A,
Technicat mamo
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1tian), Monttering

identif tere: *Alr  pollution wetection, Aroclar 1242,
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organic Compounds , .ml-. Larvee. Chiorine,
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leantif lers: Imerrations! w of Oceen Exploration,
Palyohier inated bipheny

nerelstl, water peilutien oou-u(uu-u). Aregler W06,
sPoliychior inated tnoe, . 0.,
NYISIPOE

fon,
. ., Fisnes, DOT, Catifernie

lgentifiers:
NTISSOLO

*Polychiorinated Diphenyls. <Sen Diego Herbor,
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Seniter: 18
P, i Chemsephere vT N4, pI19-328, 1970,
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L ton. Peaticien resitues, l|mllehl--. NYISEPAL



SNOW

80€810

-y

P8-300 118/137
Gurning Yaste Chierinsted Nydresartens in 3 Camant Kitn
trwirenmental Protection Service. Nontres! (Quebec). -t irenm-

enta’ Pretectien Agency, Vashingten, 0.C. Office of Selis
Weste.

NVIS Pricws: PC AO/WF A0V

AUTOR: IxDermld, L. 0O.;
Thenae, 6. M.

Finel rept.

€ 1624€3 Fid: 138,
Jen 76 22%p
Contract: EPA-88-01-2968
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Inciuded 'n the report, Journs) Articles on Toxiosiogy. Growp
8. PO-279 730,

Ouscr ipters: *Pusticides,

eToutoniogy. Hatabolies, Bacterie.
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Chioring organic conpeunds
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A Neditiod Perchlerinetion Precedure fer the Determinstion of
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. Merk
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. In the Bulletin of the o o ane

v At PIT-I8, War T
ml Articies on 'nneld- Centent

Inciudnd In the repert,
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Polyonier tan .,
sTeute -.-lm WT1SePAL

cAdipose tissue,
Suyenierdens,

P8-276 330/83T WTIS Prices: (Order as PE-276 320. W AO1)
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€08e3C3 Fig: €F, G8L, 600, S72. STH  GRAIT7808

A
Woniter: 18

lelm Monitoring Uni.. v8 ni 921-29, dun 79,
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*Pestict . Chilerine organic .+ Arematic

Hezerds, Monitering. Concentretion(Compasition). Trout. Seimon
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WIS Prices: PC AO7/NF AQY -
Nedis for Lov Lovels of Aireerne

Pestt

Seuthwest Research inst., San Antonie, Tou.*mealth €ffacts
Resserch Leb., Resesrch Triangle Park, N.C. {328 200)
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NNt tord, of Trece Constituents During PCS Ressvery Oredgl
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Seattle(vashington), ~arocior 1242, NTISEPAL
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tnvironments! Engineering.
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Concantret leniConpuettion). Hervers. MNorth Pacific m
Senthes, Norchant  ships, Fishes, Animet  disesses,
loverienrstes, Outfell severs, Cslifernls
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ABSTRACT

Chemical detoxification of palychlorinated biphenyl (PCB) using sodium meta)
reduction is emerging as a significant new method of destroying PCB liquids. This
report presents the results of a preliminary study on chemical detoxification as it
applys to PCB's in capacitors. The results of the first phase of a two-phase study
are presented to evaluate the possidility of chemical processing of PCB
capacitors. The tasks are broken down within each phase as follows:

Phage |

(] Literature search

] Acquisition of EPA permits for PCB research

[] Evaluation of the legal and regulatory requirements of this process

[ Design specialized equipment for handling PCB capacitors in the
laboratory

¢ Design Phase (1 research program

Phase 1

] Construct laboratory housings

[} Develop safe methods for opening PCB capacitors during processing
(] I:‘:ﬂop method for safe disposal or decontamination of capacitor

3 Develop method for destruction of PCB's in capacitor core
¢ Determine cost of this treatment and design a demonstration program

The results of the first-phase program were very encouraging. Based on availadle
information, it appears possidle to chemically destroy PCB's in capacitors. This .
report identifies questions that must be answered by the Phase 11 {laboratory)
program before the feasibility of such an operation can be determined. Finally,
this report describes a research program that must be followed to answer the
previously mentioned questions, and to develop the design data for a full-scale
capecitor treatment system.

11 MONS 018250



EPRI PERSPECTIVE

PROJECT DESCRIPTION

The electric utility industry is faced with the task of removing and disposing of
polychlorinated biphenyl (PCB) capacitors. Removal can be achieved either by
removing failed capacitors or by utilizing some form of accelerated phase-out. The
only disposal options at this writing are storage by the utility or destruction at
the sole incinerator certified for capacitors, the ENSCO facility in E} Dorado,
Arkansas. This project pursues chemica) destruction of capacitor PCBs to provide
wmother option for the industry's 2.8 million capacitors.

Thig final report summarizes the results of Phase I of a two-phase study {RP1263-7)
to examine the feasibility of a chemical disposal option for PCB equipment. Pre-
viously publishad reports on PCBs (EPRI Final Reports FP-1207, Volumes 1 through &)
delineate the scope of the problem and of potential disposal options (Volume 1),
provide guidance for the development of spill plans (Volumes 2 and 3), and document
EPMRI participation 1n the sampling and analysis during the ENSCO incinerator test
burn (Volume 4).

PROJECT OBJECTIVES

The overall objectives of the study are to further develop existing technology for

. treating dilute PCBS 1n mineral ofl and to extend the technology to the treatment of
high-concentration PCBs {n capacitors. The first-phase objective, reported here,
was to investigate and determine the legal and regulatory requirements for the
second-phase experimental work and the eventual commercial process.

PROJECT RESULTS

The proposed process for treatment of PCB capacitors is based upon sodium chemistry,
f.0., & reactive organc-sodium compound dechlorinates the PCBs. Phase I of this
study investigated the Viterature for information on capacitor handling and treat-
ment of PCBs; {dentified, applied for, and received the permits required to pursve
PCB-destruction research; solfcited guidelines on the degree of PCB destruction

v MONS 018251



required of the treatwent process; and developed the test plan to be pursued in
Phase I1.

Phase 1 results support the continuation of the project into Phase [I. The chemical
treatment process will be deemed acceptable 1f no detectable PCB is found fn the
chemically treated waste. The method of analysis to be used 1s gas chromatography
with an electron capture detector, and the EPA considers the 1imit of detection to
be in the 1 to 2 ppm range. The primary approach of Phase II will be to test
whether it is passible to destroy the PC8s in the capacitor without first leaching
them out of the cellulose matrix.

This report is intended to provide a sumary of this planned chemical treatment
option to utility personnel involved with PC8 capacitor disposa). The report also
provides a description and explanation of the federal requirements for altermatives
to incineration; the explanation may prove useful in the evaluation of other PCB-
destruction technologies.

Phase 11 s already under way. The scheduled completion of the project s the end
of 1982,

Ralph Y, Komai, Project Manager
Coal Combustion Systems Division
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SUMMARY

The disposal of capacitors containing polychlorinated biphenyl (PCB) dielectric
fluid 15 a major problem for the electric utility industry. With the start of
operation of the Energy Systems Corporation (ENSCO) incinerator in El Dorado,
Arkansas, the Environmental Protection Agency (EPA} ruled that sufficfent capacity
for PCB disposal was availadble and PCB capacitor landfilling wouid no longer be
allowed. The utility industry has been skeptical that only one facility can handle
all of the waste capacitors produced, hence alternative technologies must be
evaluated and developed.

Recently chemical detoxification of PCB using sodium metal reduction has emerged as
a significant method of treating liquid PCB. This approach has the advantage of
mobt1ity. It can be taken to the PCB's so that siting problems are eliminated and
transport cost reduced. The process results in very Jow emissions, effluents and
waste production., Furthermore, the costs of this treatment is usually less than
incineration. i

This report presents the results of a preliminary study showing that this type of
treatment may be applicable to PC8 capacitors as well, [t presents the results of
the first of a two-phase study to evaluate the feasibility of chemical processing
of PCB capacitors. The tasks in each of the two phases are:

Pase |

1. Literature search

2. Acquisition of EPA permits for PCB research

3.  Evaluation of legal and regulatory requirements of such a process

4. Design of specialized equipment for handling PCB capacitors in the
Taboratory

5. Based on the results of | and 3 above design the Phase Il research
program
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1.
2,
3.

The resuits of this first-phase program were very encouraging.
there appears to be no theoretical reason why PCB's in capacitors cannot be
destroyed by chemical means.
needed in order to design and determine the cost of the process.

Phase 11

Construct laboratory housings for handling capacitors
Develop safe methods for opening PCB capacitors during processing

Develop method for safe disposal or decontamination of capacitor
shell

Oevelop method(s) for the destruction of the PC8's in the capacitor
core

Determine the cost of such a treatment and design a
demonstration program
They showed that

A program was developed to obtain the cost of data

The preliminary progcam identified the following potential problems assoctated with
the chemical processing of capacitors:

Gas buildup in capacttors could result in the release of PCB's upon
opening for treatment.

Hammer wills are the standard method for bresking up capacitors
prior to incineration. They create a PCB-contaminated dust problem
which 1s difficult to control in a chemical system. Alternative
methods for opening the cases must be used. Wet grinding, and
shearing will be the main stze reduction methods that will be looked
at. In addition, the minimum smount of size reduction that is
needed for chemical processing will be determined.

Based on theoretica) studies it appears paper may inhibit or slow
down chemical destruction of PCB's. The Phase Il research program
will examine the degree of imhibition and if it proves to be
unacceptable evaluate several methods of separating the PCS from the
solids.

The PCB-contaminated casing must be disposed of. The Phase 11

am will evaluate several methods of decontaminating the casing
inc um’ a combined casing/core detoxification scheme and compare
their efficiancy and cost with simply filling the drained case with
sbsorbant and disposing of 1t in a landfill.
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This report describes a research program which will obtain the needed data for the
design of a full-scale capacitor treatment demonstration unit. The Phase II
program, has the following elements:

. Safe perforation of the capacitor shell and removal of the core
] Decontamination of the shell

] Decontamination of the PCB contaminated core and free PCB liquid.
This can be accomplished by leaching PCB's from the core material
using some form of solvent washing technique followed by chemical
treatment of the PCB.contaminated solid or possibly the in-situ
treatment of the mixed paper, metal and PC3's.
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SECTION 1
INTROOUCTION

The disposal of capacitors containing polychlorinated biphenyl (PCB) dielectric
fluids 1s a major problem for the electric utility industry. Before March 1, 1981,
the Environmental Protection Agency (EPA) had permitted their disposal in chemical
waste landfi11s. However, with the start of operation of the Energy Systems
Corporatian (ENSCO) incinerator in €} Dorado, Arkansas, EPA ruled that sufficient
capacity for the disposal of these capacitors was available and landf111ing would
no Tonger be permitted. Subsequently that utility tndustry has been skeptical that
one factlity has sufficient capacity to destroy all of its PCS capacitors. Aside
from the Rolling facility in Texas, it is unlikely that additional incineration
capacity will become available in the foreseeable future, hence, alternative
technologies must be evaluated and developed.

In the past few months a technology utilizing the tetrahydrofuran/naphthalene
complex of sodium meta) has emerged as a promising approach for the destruction of
PC8 liquids and PCB-contaminated dielectric fluids. Several companies, including ‘
Acurex Corporation, have applied for and received permits to chemically treat these
Viquid PC8 matertals.

In addition, two companies have begun to accept PCB capacitors for processing, It
is, howaver, unclear from availadble information whether these actually destroy the
PCB or only extract it, leaving a PCB-free sol1d residue and concentrated PCB
11quid, which must be disposed of by other means. Finally, a number of companies
currently accept capacitors for storage under approved conditions. Some of these
guerantes their destruction at some future date. As options like these become
erdtlable to the electric utility industry, it is important that the facts are
presented and evaluated $o that each company can handle 1ts capacitors as
effictently as possidle.

This report presents the results of the first Phase of a two-Phase study to
evaluate the feasidility of chemical processing of capacitors. The two Phases have
the following odjectives:
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Phase |

Perform a limited literature search to ensure that the latest
technology ts included in this program

Acquire the necessary EPA and other permits for laboratory-scale
research on PCB's

Evaluate the legal and regulatory requirements necessary for this
type of process

Determine the best design for containment housings to handle the PCB
capacitors

Phase 11

Thi

Construct the PCB containment housing in the laboratory

Determine a safe method of perforating the capacitor shell to avoid
worker and workplace contamination with PC8

Determine whether rinsing is adequate for shell decontamination or
if other decontamination procedures are needed

Evaluate several potential methods for destroying PCB's in the
c.::rciit?r core, both free 1iquid and that absorbed by the core
~» a

If these tasks are successful, determine the approximate cost of
this treatmant, including design and cost of a demonstration program

Prepare fina) report
preliminary study is intended to establish:

If there is any informtion available in the scientific literature
which could be usefu) in evaluating the available PCB capacitor
cleanup processes or for development of new ones. For reasons
discussed later in this report, the emphasis is placed on chemical
destruction of PCB's.

Ty::s of legal and regulatory requirements this process must comply
wi

Types of containment and handl ing equipment which will be required
to properly protect workers and plant sites when processing
PCB-containing capacitors in the field. This wil) include
specifications for their

desion.

In addition, the results of this study have shown that further work, especially on
chemica) destruction would be useful to encourage the developmant of improved

processes
work plan

for the destruction of PCB capacitors. This report also describes the
for such further work, and the types of permits this resesrch requires.
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Before presenting the results of this preliminary study, it is worthwhile to
descride the basic chemical PCB destruction process in use today.

1.1 CHEMICAL PC8 DESTRUCTION METHOD

The chemical method used to destroy PCB's is well established and, theoretically,
simple. It s well known that sodium can, in the presence of naphthalene and
tetrahydrofuran, dechlorinate organic motecules such as PCB's. Work has been done
in this srea by several investigators since 1936, (1, 2, and 3). The
procedure works as follows:
] Prepare a sodium reagent by mixing sodium metal with the proper
amounts of naphthalene and tetrahydrofuran. This must be done under
nitrogen, as afir and water wil) react rapidly with sodfum and

deactivate the reagent. The reagent is referred to as sodium
naphthalide and is represented in this report by the symbol Na*.

o The reagent is added to the PCB-contaminated material (or pure PCB)
and the PC8 destruction reaction is permitted to occur. This is a
very critical step, as the dechlorination reaction is highly
exothermic. If cooling or dilution is not provided, the reaction
can become violent.

] After the reactfon has taken place, the excess sodium is quenched
with water, converting 1t to sodium hydroxide.

PC8's sre destroyed via & reaction of the sodium naphthalide radica) anton {Na*)
with the organic chiorine. The reaction proceeds in steps, one chlorine removed at
a time. The products are sodium chloride and a complex mixture of nonchlorinated
polyphenyls, as well as the sodium hydroxide formed during the quenching of the
excess sodium with water. The chemical reactions are illustrated in simplified
form below:

Cl4Hg(BP) + 2Na*—=C13Hg(BP)Na* + NaC)
Cl3Hg(BP)Na* + Ha0—=-C13H7(BP) + NaOM or
2 C3Hg(BP)Nav——=C13Hg(BP) - (BP)ClzHg + 2 Ma*

These reactions {)lustrate what happens to a tetrachlorobiphenyl, identified here
as C\‘Hs(”). The term (BP) refers to the bipheny) structure. As shown, the
product is either a trichlorcbiphenyl or a dimer of two chlorobiphenyls. The
sodium wil] continue to remove chlorine from these compounds until the

nonchlor inated form 1s reached. At this point, the PCB molecule ceases to exist
from both a legal and technical point of view. With proper design of the system,
1t is possidble to achieve essentially complete destruction of the PCB, at least to
the 1imit of measurement -- EPA considers this to be 2 ppm.
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The basic process described above suffers from a number of drawbacks. The most
significant is that naphthalene is classified as a "priority pollutant* under the
Clean Water Act. Furthermore, its presence in any residue formed by the process
could subject the residue to disposal limitations under the Resource Conservation
and Recovery Act (RCRA). There are a number of chemicals available to replace
naphthalene in this process. Since these variations are, however, considered
propr fetary, the subsequent discussion will focus on the use of naphthalene.

There appear to be no theoretical reasons why such chemical treatments cannot be
used to decontaminate PCB capacitors. There are, however, many problems
encountared in the actual handling of these solids. These problems, if not
properly dealt with, can cause PCB contamination over wide areas, and utilities are
not necessarily absolved of 1iability upon turning the capacitors over to a second
party for disposal. Therefore, it is important that these issues and their
solutions be clearly stated and understood. .

1.2 PCB CAPACITOR STRUCTURE AMD HANDLING

Capacitors are relatively simple electrical devices. They are usually rectangular,
completely sesled metal containers with two procelain-insulated electrical
connectors on the top. Figure 1-1 shows a bank of capacitors in a typical
configuration. The interior of such a capacitor containg layers of conductor fo!l,
typically aluminum, separated by plastic film or paper, these are rolled into a
tight mass which occupies almost all of the capacitor's intertor. A schemstic view
is shown in Figure 1-2. To improve the dielectric characteristics, provide
cooling, and exclude air, these capacitors are filled under vacuum with pure
PCB's. A1) solids inside the capacitor are completely saturated with PCB. In
order to destroy the PCB's, it 1s necessary to open the capacitor.

Physically, opening the capacitor does not present a great difficulty; however, the
capacitors occasionally accumulate small amounts of gas inside the core during
normal use. This gas is under a slight, (although unknown) pressure and can cause
free PCB 1iquid to spatter or spray out of the capacitor when it is punctured or
ruptured. Therefore, it is necessary to pierce these capacitors in an encloswre to
prevent contamination of workers and workplace. Incinerators cope with this
' problem by using a hammer mill to shred the whole capacitor prior to burning. This
1s not possible when using a chemical process, as there is no flame to vent the
hasmer w111 dust. Equipment for piercing and opening the capacitors safely in the
laboratory has been designed and s described in Section 4. The Phase Il program
will include (among other items) the design of a potential commercial-scale unit.
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Photograph of a Typica) Power Capacitor Bank

Figure 1-1.




a. Capacitor shel)
b. Porcelain bushing
c. F111 hole for dielectric fluid

d. Capacitor pack

e¢. Electrodes

f. Insulating file (paper or plastic)
9. Algninum foil

Figure 1-2. Detatl of a Typical Power Capacitor
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Power capacitors are sized by KYAR (Kilovolt-Ampere-Reactance)} and &V {kilovolt).
This study wil) deal exclusively with power capacitors ranging in size from sbout
25 KVAR, 2,400V to about 450 KVAR, 7,200¥. Specifying these two factors specifies
the capacitor. It should further be noted that the results from this study should
be applicable to most PCB capacitors. The size range was chosen largely because it
represents the typical mix of capacitors employed by a utility.

The PCB content of these capacitors is a function of their size, manufacturer, and
the year they were made. The Cincinnat! Gas and Electric Company (CGLE) polled
their capacitor suppliers to determine the amount of PCB's used. They examined
capacitors ranging from 15 KVAR, and voltage applications of 2,400 to 7,200V.

These capacitors were manufactured from 1950 to 1976 and included those
manufactured by General Electric, Westinghouse, and McGraw Edison. The results for
a given application, and year of manufacture, the PCB content was relatively
constant regardless of the manufacturer. In addition, there was a steady reduction
fn the PCB content of the capacitors over the years. This reduction appears to be
on the order of a factor of two and 1s noticeable throughout this time period --
even before PCB's were of environmental concern. The PCB content ranged from a low
of 0.5 gal {1.92) to a high of 10.1 gal {38.21) PCB per capacitor. The majority of
the units were found to contain a total of between about 2 and 4 ga) (7.6 and
15.1¢) PCS.

On the basis of these capacitors, the chemical detoxification breaks down into the
following steps:
1. Safe perforation of the capacitor shell and removal of the core
2. Dscontamination of the shell
3. Oecontamination of the PCB-contaminated core and free PCB 1iquid.
This can be accomplished by eaching PCB's from the core material
‘ysing soms form of solvent washing, followed by chemical treatment
of the PCB-contaminated 3011d or possibly in situ treatment of the
wixed paper, metal, and PCB's.
1.3 ADVANTAGES OF CHEMICAL DESTRUCTION

A review of current literature on the subject shows there are meny
technologies capable of destroying PCB's (4). Some examples of these are:

o Combustion technologies
-« Liquid iInjection incinerators

-« Rotary kiIn incinerators
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--  High efficiency botlers (for 50 to 500 ppm PCB's)
-=  Cement kilns
-= Fluidized bed incinerator
== Molten salt incinerator
-=  Pyrolysis
--  Ocean-based Incineration
. Chemical technologies
==  Chemical oxidation
-=  Chemical dechlorination
e  Emerging technologies

- Microwave plasma destruction

In spite of these options, there is a shortage of disposal capacity in the United
States. This is due to the fact that the restriction on PCB disposal facilities is
not technical, but social. Simply put, it is very difficult to site a factlity
handiing PCB's. As a result, it is essential that any technology employed overcome
objections to 1ts emplacement. The objections raised to such facilities and the
attributes that the technology must have to overcome these objections are described
in the following paragraphs.

1.3 Exposure of New People to a Perceived Risk

This has been the most difficult problem to overcome. Basically, people perceive
an increased risk from PCB disposal facilities and object to their placement in
their neighborhood. Even if the people are convinced that the facility will
destroy PC8's completely, they object to "the danger of shipping PC8's through
their neighborhood.” The problem boils down to the statement “Waste disposal
facilities are needed and a good idea but not near where [ 1ive.* It might be
added that pecple five more miles from a proposed facility have been known to
object because they feel it is too close to them. Even when existing industrial
facilities (1.e., comnt kilns, doilers, etc.) have been involved, there has been
tremendous local citizen and government opposition. A direct result of this
opinion is a concern for a decrease in the property values. After all, a percetved
risk does mske this property less desirable. The idea) PCB destruction technology
is one which is capable of being moved or located at the site where the PCS wastes
are being stored.
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1.3.2 Verification of Destruction

This problem is best summarized by the statement “We're sure you can destroy PCB's
during the test when all these scientists and engineers are running the process,
but how can we be sure you will destroy them during operation? We all know that
breakdowns occur." [n addition, there are the problems associated with hazardous
products of combustion, materials such as chlorodibenzofurans and chlorodioxins
which form, or are suspected of forming, when PCB's are burned. Combustion is
largely an uncontrolled chemical process. As a result, almost any organic material
can conceivably be formed. While such sn extreme concern seems unwarranted, it
mist, nevertheless, be considered in the selection of a technology. The technology
of choice should utilize well understood and controllable destruction methods.
Furthermore, 1t should operate in a batch mode, making it possible to chemically
analyze the outflows prior to release or discharge.

1.3.3 Dispersion of Pollutants

Gaseous emissions are released from some sort of stack which is often associated
with heavy volumes of noxious smoke. This contributes to making people who live
ailes from the facility fearful of 1t. [n order to overcome these concerns, the
fdea) PCB destruction technology should have no gaseous emissions, and only smal)
volumes of aqueous effluent.

1t 1s recognized that no technology is capable of managing a1l forms of PCB's and
whila satisfying successful implementation criteria. However, as the following
discussions will show, there are certain technologies which, for specific important
applications, come very close to meeting the ideal criteria.

Chemical treatment is the only method currently available which can overcome the
previously mentioned problems. As a 1iquid Phase system, it is very compact and
can be readily made modile. In this way, it can be taken onsite, Instead of
transporting PCB's to a new location. Furthermore, unlike combustion systems, it
produces essentially no emissions or smoke and only small amounts of so)id waste or
aqueous discharges. Finally, the 1iquid Phase reaction is readily controlled, and
it s possible to analyze each batch of material treated for PCB prior to
discharge. In this way, it can be assured that the PCB's are destroyed and none
{nadvertantly discharged.
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SECTION 2
LEGAL AND REGULATORY REQUIREMENTS

The bulk of the pertinent PCB regulations that apply to a facility for destroying
pC8's in capacitors are given in the Federal Register of May 31, 1979 (5). The
dackground document (6) for these regulations ts also an important source of
nformetion on PCB handling and disposal methods. According to these regulations,
the only presently acceptable method for disposal of PCB capacitors is incineration
in an "Annex 1" incinerator. The name comes from the fact that the specifications
for PCS incinerators are given in "Annex [* of these regulations. The £PA Regional
Admistrators are given the authority to allow alternative methods of disposal if
they are essentially equivalent in destruction, and not present a hazard to health
nd the environment. Chemical destruction of PCB's is being approved via this
discretionary authority of the administrator of each of the ten EPA regions.

To date, chemical treatment has only been approved for transformer oils containing
v to 1,000 ppm PCB. As a result, the required degree of destruction and
conditions imposed on such permits will have a direct impact on the environmenta)
requirenents for a capacitor treatment system.

Incinerators have been shown to result in PCB destruction in excess of 99.9999
percant. Therefore, to show similar destruction levels, the product oi) from a wet
chemica) process woul have to contain less than 1 ppm PC8 at a 100 percent PCB
input. The sensitivity of the currently available analytica) methods (gas
chromatograph with an electron capture detector -- 6C/EC) is 1 to 2 ppm. Since the
input PCB will not be pure, it is impossible to demonstrate PCB destruction
“equivalent® to an Amnex I incinerator. The policy that EPA has adopted, however,
is that a PCB destruction process is acceptable if the PCB concentration in the
efftuent streams is “unmeasuradle® using an acceptadle GC/EC technique.

This 1s an impossible situation for solids such as capacitors, since the PCS
concentration in a s0)id can be measured to a far greater sensitivity than that in
transformer ofl, The method for measuring PCB in transformer ol) is simply to
dilute the of) with 10:1 hexane for viscosity reduction, This is followed. by a
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cleanup using an adsorbent or acid wash to remove impurities (if necessary) and
injecting 1t into the GC/EC. The GC/EC 1s sensitive only to the tota) quantity of
PC8 injected. The total volume of sample injected is fixed by constraints on the
GC. As a result, there is no way of increasing the system’'s sensitivity beyond 1
to 2 ppm PCB.

The PCB content of a solid is found by first extracting the PCB with a suitadle
solvent. The extraction is normally carried out using a Soxhlet extractor, a
device that contains a reservoir of solvent below a bed of PCB-contaminated solid
-+ paper in this case. The low boiling solvent (methanol or hexane) 1s botled and
allowed to condense above the solfd bed, dripping through the bed and leaching the
PCB's. When solvent accumulates to a level above the contaminated solid, that
quantity of solution is drained back into the solvent reservoir. Solvent continues
to be recycled with PCB's accummulating in the reservoir. The extract containing
the PCB's is then analyzed using a GC/EC. Clearly the amount of PCB's in the
initial sampie of paper 1s a function of the sample size, as a result, PCB's in the
parts per billion (107%) or lower range can be detected. Because of the
wiquitous nature of PCB's, it is possible to identify PCB's in “non-PCB" materfals
in this menner. However, it is impossidble to say that the solid stream is
1iterally “PCB-free.”

Criteria for what is considered to be a "PCB-free" solid do not exist at present.
Strong cases could be made, however, for the following to be considered PCB-free:

. Solids containing less than 50 ppm PC3 by weight
e Solids containing less than | to 2 ppm PCB by weight

[] Solids are subjected to a leaching test with the extract containing
Tess than 1 to 2 ppm PCB

The Justification for the first criterion s simply that the cutoff for
PCB-contaiminated material is 50 ppm. Any material with less than 50 pow PC8 may
Tegally be disposed of in a sanftary (nonhazardous) waste landf1l1 if it does not
have any other hazardous constituents or properties. Furthermore, PC8 regulations
allow a PCB-contaminated transformer oi) (over 50 ppm PCB) to be cleansed to below
50 ppm using an adsorption or absorption process and theredy made into a non-PCB
oft. EPA has subsequently indicated (8) that this is only applicable 1f PCB's we
being physically removed from the oil. [f PCB's are being destroyed, as with a
chemica) process, the final product must contain less than a detectadle amount of
PC8's, 1 0 2 pom. If this argument is used the residue paper and metal could,
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most 1ikely, not be reused but would have to be disposed of in a sanitary or
chemical waste landfil),

The justification for the second argument (that solids are considered to be
PCB-free if they contain less than 1 to 2 ppm PCB) lies simply by analogy to
PCB-contaminated transformer ofls. At ) to 2 ppm PCB, there are restrictions on
the ot), A process which brings the PCB concentration in an 0il down to this level
13 acceptable, hence a process which brings it down to the same level in a solid
should also be acceptabie.

The final criterion for a PCB-free solid (an extract containing less than ) to 2
ppm PCB) is based on the fact that the PCB-free solids would most likely be
disposed of in a landfi11. This type of test can be used to determine whether a
waste is or is not hazerdous under the Resource Conservation and Recovery Act. 8y
a logical extension, therefore, ft should be reasonable to use the same test for
PCB-containing materials.

The previously mentioned criterfa are all possible “end points™ for a capacitor
detoxification process. Clearly, no one can predict what EPA's interpretation of
the regulations would be for a particular application, however, it appears, based
on informal discussions with EPA personnel that the second or third criterion wil
be the one most likely used. These two result in approximately the same level of
PC8 removal from the capacitor solids.

An important recent development is the awarding of a temporary permit to process
PCB capacitors by EPA Regfon VI to Environmental International, Inc. of Kansas
City, Missouri. While process information for the operation is proprietary and
unavailable, the permit indicates that the processing will “reduce the volume of
PC8 material which must be stored." The permit also specifies that a PC8-free
material 1s one vhose PCB content is less than 2 ppm (assumed by weight). At least
one other company (SED, Inc. of Naukesha, Wisconsin) is developing a scheme for
remov ing PCB from capacitors using a leaching technique, and then storing the PCS
unti] a destruction method is available. It therefore appears that it can be
assumed that a materia) is PCB-free if 1t contains less than 1 to 2 ppm PCB.

One further regulatory point should be discussed here. There are many companies
who will accept capacitors for indefinite storage at their facilities. Some merely
store them, others offer to destroy them at some future date. Environmental
Internationa) and, possibly, SED offer to concentrate and store the PC8 wntil it
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can be destroyed. It is strongly recommended that legal counsel be consulted
before using such services, According to EPA’s interpretations of the PC8 laws and
regulations, it does not appear to be possible to transfer 1iability for PC8 to
wother party; hence the current owner must be assured that the materfal, in
whatever form, is properly stored and disposed of. Liability s eliminated, of
course, if the PCB's are actually destroyed.

2.1 REQUIREMENTS FOR RESEARCH

The PCB regulations require that all research conducted with PCB's must be approved
by the Regional Office of EPA. Such approval 1is obtained by submitting a request
to the Regional Administrator explaining the type of research to be performed. The
request should include the following:

o Description of the types of research to be performed

. D?%;?Hm of the laboratory and its facilities for proper handling
o s

[ A plot plan or photo of laboratory surroundings
o Quantities of PCB's to be handled ‘

. Purpose of the research

This {nformation has been submitted to €PA for our laboratory. EPA approval was
recieved on Oecember 30, 1981,

MONS 018270
2-4



SECTION 3
LITERATLIRE SEARCH

As & first step to performing this study, a iterature search was undertaken to
determine what type of data was available in current literature on the treatment of
PCB capacitors. The search sought to uncover any work that had been done on the
following:

. PCB destruction with sodium reagents and other chemical means
[} Leaching of PCB from paper using solvent
[} Solubility of PCB in organic solvents

o  Mass transfer of PCB in organic solvents

3.1 COMPUTER LITERATURE SEARCH

As a first step, a serfes of computer literature searches were performed. These
sesrches were performed using the following key-words:

[ PC8's or polychlorinated biphenyls
(] Leach or leaching
. Diffusion
4 Destruction
s Concentration
¢ Attenustion
o Adsorption
The searches were conducted on various combinations of these key-words and

generated approximately 130 "hits.® Of these, the vast majority of references
dealt with PCB's in the ecosystem and their toxicology.

Two reports (9 and 10) were discovered which dealt with PCB's from capacitor

wplications. The first (9) discussed sampling at a PCB capacitor filling
operation and was not found to be of use to this project. The second (10) was &
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report of PCB emissions from the capacitor shredding operation at the ENSCO
Incineration facility at E1 Dorado, Arkansas. This report showed that PC8
emissions around the hammer mill used to shred the capacitor could be a potential
workplace health hazard. Therefore, they supported the contention that hamwer
nills are an unacceptadle method of opening capacitors in a nonincinerator
application because of the PCB-contaminated dust problem. This will be discussed
in greater detail in the following sections.

3.2 OTHER LITERATURE SEARCHES

Acurex files and standard references were also searched for any applicable
information. This uncovered only one reference that pertains to the hamdling of
PCB capacitors specifically, and many references dealing with the general leaching
of substances from a solid matrix.

The reference dealing with the handling of PCB capacitors was a public release from
SED, Inc. of Waukesha, Wisconsin. SED claims to be developing methods for
separating PCO from other materials, such as natural gas pipeline condensate,
transformer oils, fuels, and capacitors. dhile the details of the processes used
are proprietary, they do seem to be combinations of standard chemical refining
processes, such as distillation, adsorption, and leaching.

The process described by SED for the treatment of capacitors is a shredding of the
capacitor followed by a Soxhlet extraction of the residue using methanol. The PCB
can be readily separated from the methanol, which is reclaimed in a separate
subsystem. SED claims to be adle to produce a “PCB-free" paper and metal (the
degree of cleanliness 1s not specified) product suitable for reclaiming or
recycling, as wel) as pure PCB liquid which they wil) store pending destruction at
some future date. Mo cost data was given for this treatment. [t should de pointed
out that Soxhlet extraction {s a cosmon laboratory and industrial technique for
leaching material from an inert solid matrix. It is descridbed in section 2 and
will be discussed further in Section 4.2.

An ares of the literature search which proved fruitful was identification of
methods which predict leaching bed behavior (11). Since leaching is one of the
oldest unit operations of chemica) engineering, reliadle equations exist that can
be used to predict this type of systems behavior. Unfortunately, information could
not be found on distribution coefficients for PCB's between paper and a solvent
such as mathanol or hexane. As a result, these calculations can only be used for
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scoping calculations. Additional data is needed to use them for design purposes.
This will be discussed further in Sections 5.4.2 and 5.5.
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SECTION 4
CAPACITOR PROCESSING

Once the capacitor housing has been breached, there are two possible methods which
can be used for PCB destruction. The first, conservative, approach is separation
of the PCB using a solvent extraction or leaching scheme followed by a sodium
nephthalide treatment of the PCB-contaminated solvent. The second approach, which
has mot been described in the literature, is treating of the PCB-contaminated core
material as a slurry. The core material consists largely of paper or plastic film
ad aluminum with possible small amounts of other metals, all contaminated with
PCB. The metals wil) not affect the PCB destruction process; however, the effect
of the paper is unclear. Laboratory experience indicates that paper appears to be
relatively tnert to sodium; however, one may infer from chemical structure of
cellulose, the principal constituent of paper, that at least some chemical
reactions should occur. This question is discussed in greater detai) in Sections
4.4 nd 5.6. Nesdless to say, significant cost reductions would result should PCB
dastruction prove possible without separating the PCB's from the other core
material, It may even prove possible to destroy the PCB's in the capacitor
directly, theredy eliminating the need for cracking, shredding, and rinsing of the
casing,

™e following sections will discuss the fundamentals and information gaps
associated with: .

(] Plercing and opening of casing

[] Leaching and rinsing of casing and core materials

[ Destruction of PCB liquid

[ ;af:bnity of tresting tota) capacitor without first leaching out

4.1 PIERCING AND OPENING

As discussed previously, a fraction of the capacitors which need to be disposed of
contain a small amount of gas under pressure. When the capacitors are pierced,
this gas could rasult in a PCB spray that could contaminate workers and processing
equipmant, and result in PCB relesses to the ewironment. The hammer mill at a
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capacitor incineration facility was found to be a source of PC8 dust (10). 1t
should be noted that the dust from a hammer mill assoctated with an incinerator or
other comdbustion equipment is normally suppressed by maintaining a negative
pressure and venting the discharge to the furnace as combustion air. This tis
clearly not possible when operating a chemical process, since no combustion air is
used.

If a hamner mill is used to shred the capacitors prior to treatment, it is
necessary to vent it to an air pollution control device that can capture
PCB-contaminated dust. Fabric filters, while very effective for dust suppression,
do not work well when the dust is oily, as in this case. The PCB would coat the
bags and clog them, Scrubbers could be designed to remove the dust, but thelr use
would result in a PCB-contaminated 1iquid stream which would need to be treated.
Electrostatic precipitators might be effective, but there is 1ittle information on
their efficiency in removing such a very high resistivity dust. There does not
appear to be a satisfactory dust suppression system available for a hamer mill
processing PCB capscitors.

Phase I1 of this research program will compensate for this by attempting to either
elininate the shredding of the capacitors altogether or reduce it by determining
the minimm amount of shredding the capacitors would require.

Should capacitors shredding prove to be required (at whatever level) it will be
necessary to examine the various methods available. Various designs will need to
be evaluated to determine which are likely to be the most practical for this
application.

Alternatives to hasmer mills are available. A promising option is a wet milling
systom (under oil instead of water) that would utilize grinding rather than
{mpaction. The matarial produced is of a less uniform particle size than that from
a hammer mill, but 'tMs type of grinder would produce far less dust. Another
option 1s 3 shearing mechanism that merely cuts the capacitor open and dumps the
core out in several large pieces. The Phase I1 program will evaluate these options
and recommend a shredding system that meets the needs of a chemical PCB destruction
operation.

4.2 LEACHING AND RINSING

There are two activities that fall under this heading. First, unless the capacitor
fs treated in one plece or shredded vhole, it is necessary to dtcu\tatugn the
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empty case prior to disposal. Methods of achieving decontamination need to be
evaluated. Second, the core material, {f it cannot be treated as a mass with the
sodium reagent, needs to be Teached with solvent to remove PCB's,

The decontamination of the case involves more than simple rinsing with solvent. To
1llustrate, Napier (12) conducted an informal experiment in which he filled a steel
pipe with PC8s and Tet it sit for a time. He then drained and rinsed it in the
manner required to decontaminate PCB transformers, and refilled the pipe with
non-PCB dielectric fluid. This was allowed to sit for 90 days. The dielectric
fluid tested for PCB, and showed significant PCB contamination. This does not mean
that 1t {s impossible to decontaminate the empty capacitor shell. However, the
procedure may require & great deal of time and/or solvent and may be impractical.

A useful tool for aiding the cleaning of the case is ultrasonic cleaning. The
1Wmiting factor in rinsing of the case is the diffusion rate of the PCB molecule
from the walls into the bulk solvent. Ultrasonic cleaning is a well established
too! for aiding this type of diffusion, and can substantially reduce solvent
usage, Its efficiency will be explored in the research program,

An alternative method of decontaminating the shell may be to simply rinse it with
sodium reagent, since 1t does not appear to contain any component which would
fnhibit the PCB destruction reaction., This area needs further investigation.

Finally, 1t may be desirable to treat the empty shell in the same manner as a
drained PCB-transformer shell. That is, after removal of the core, the shell is
triple-r insed with solvent, f11led with a non-PCB solid, absorbent, and then
lndfilled. This approach, while probably not the preferred option, must de
considered as an alternative should the Phase 1 studies show that rinsing to
cleaniinesss is too costly.

Separating PCBs from the paper and metal in the capacitor core is a far more
difficult problem than decontamination of the metal shell. The PCB's are tightly
bound to the highly absorbent core materfal. There seems to be Tittle question
that it can be removed through a leaching operation, possibly using some form of
reboiling extraction system. The question is whether the energy or solvent
roquirements and time needed to achieve the necessary level of separation can mike
such a procass practical.
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There are several ways of performing this type of leaching. The simplest, of
course, is to simply mix a volume of PCB-saturated core material with a volume of
suitable solvent, such as hexane or other organics. The PCB will, in time
distribute {tself between the paper and solvent, then the mass can be filtered to
separate a partially cleaned solfd from the PCB-contaminated solvent. The process
can be repeated with new solvent to further reduce the PCB content of the solid
mass.

Clearly, the number of leaching steps which will be required to achieve a given
final PCB concentration is a function of many factors. The most important are:

o Volume of solvent for each leaching stage

) PCB concentration in the original solld materia)

. Oistribution coefficient of PCB's between the solid and 1iquid phases
] Time permitted for each leaching step

To understand the importance of each of these factors it is possible to perform a
scoping calculation, Assume that a mass of solid (say ",3) containing 10 percent
PC8 by volume is mixed with an equal volume (1-3) of a solvent such as hexane.
This material is then allowed to stand, possibly with some stirring until
equilibrfum 1s reached, and is then filtered.

Even though the partition coefficient is not knowm, it s sti)1 possidble _to
estimate the degree of cleaning which would result by assuming that the composition
of the 1iquid remaining absorbed in the solid mass is the same as that of the
filtrate. In this case, one wash would result in approximately a tenfold reduction
in the PCB concentration of the solid. [deally then, about six washings would be
required to achieve a PCB concentration of less than 1 ppm. If the quantity of
solvent is doubled, the same effect would be cbtained with about five washings.
Similarly, {f the solid contained 20 percent PCB (instead of 10) a | ppm product
requires only about seven washings. Clearly, these are not significant factors.
In fact, it can be shown that the only significant factor is whether the leaching
1iquid can be intimately contacted with the PCB-contaminated solid in a practical
way. [f such contact can be achieved, a final solid product containing less than |
to 2 ppm PCB is readily achievable.

There are several methods of further reducing the quantity of solvent required.
The most common method would be the use of a countercurrent extraction process

whereby the contaminated solvent from one batch s used to leach the material in
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another, higher PCB concentration batch. This {s shown schematically in Figure 4-1,
Another method for reducing the quantity of solvent required is by re-refining it.
A simple method of doing this is analogous to the percolator method of making
coffee, The PCB-laden solid material is placed in a bed above a reboiler filled
with the solvent. The solvent is boiled and vapor is allowed to condense above the
bed. The condensed solvent percolates through the solid and carries the PCB's into
the reboiler. Since PCB's have a high boiling point, they will tend to remain in
the reboilder while the solvent, hexane for example, will continue boiling up
through the bed. At the conclusion, the solvent can be readily reclaimed by a
simple distillation, leaving behind pure PCBs. Because of the very low PCB
concentration that must be achieved in the solid, each batch wil) have to be
processed with two to three "percolations.”

There appear to be several methods readily available for removing PCBs from the
capacitor cores. The question is not one of “1s it possible,” but rather of
practicality and cost for the alternatives availadle.

4.3 IN SITU PCB DESTRUCTION

There appears to be no scientific reason to prevent the opening and shredding of
PCB capacitors, followed by leaching out of the PCB's using a solvent such as
hexane. The PCB's can then be chemically destroyed. The more processing a
decontamination scheme requires, however, the greater the cost. Clearly, it is
worthwhile to attempt to eliminate the leaching step by direct treatment of
PCB-contaminated solid matertal with the sodium reagent.

The process to be explored can be:

(] Pierce the capacitor to relieve any pressure which may have built up

] Open case and remove core material

o  Shred core materia) and mix with a diluent such as hexane

o Treat the slurry with a sodium reagant to destroy the PCB's
This approach can work if the core does not contain any material that will inhidit
the PCB destruction reaction. The sodium reagent 1S & very strong reducing agent,

nd will readily reduce water, releasing hydrogen. It will also react with
alcohols, acids, and many other organic compounds cantafning an -OM structure.

,"“ core materfal, does not contain water, hence this will be of 1ittle concern.
The matallic components will not affect the reaction. The insultating materlals
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inside the capacitors are either polypropylene or paper. Polypropylene s also
inert; however, paper may react with the sodium and possibly inhibit the PCB
destruction.

Paper is principally cellulose, a polymeric material of the following general
composftion.

CH,oN i M OM CH,OM i M oM
o o M i

" d °=_<
1 i CHiOM W j CHiON

The sodium could, in theary, attack the -OH groups on the molecule rather than the
PC8. While this is a concern, it does not preclude the treatment of the slurry.
The sodium, fn attacking both the cellulose and PCB's participates in two competing
rdctims. The PCB attack has been found to be very rapid. One would expect the
cellulose attack, since it 1s a heterogeneous reaction, to occur far more slowly.

‘:'I

In fact, a quick test with dry paper and sodium {under nitrogen) revealed no
noticesble attack. This test is far from conclusive but it is very encouraging.
¥e have, in addition, successfully filtered a sample of reagent through filter
paper and 1ittle or chemica) reaction was observed.

As a result, 3]l the available data indicates that it will be possible to destroy
the PCB's in the capacitor without having to leach it out of the solid matrix.
Should the paper prove to inhibit the PC8 destruction, it would still be possible
to combine a eaching with a PCB destruction system and achieve significant overall
reductions ‘in the cost of PC8 capacitor decontamination.
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SECTION 5
PHASE [I PROGRAM PLAN

A1l of the work completed to date has shown that the chemical treatment of PCB
capacitors appears possible. The program now moves into its second phase,
verification and determination of trestment cost. This will involve construction
of specialized laboratory facilities to open and handle PCB capacitors, as wel) as
performence of & research program to do the following:

[] Construct the PCB containment housing in the laboratory

. Determine a safe method of perforating the capacitor shell to avoid
PCB contamination of worker and workplace

. Oetermine whether rinsing {s adequate for shel) decontamination or
1f other decontamination procedures are needed

[ Evaluate several potential methods for destroying PCB's in capacitor
cores, both free 1iquid and that absorbed by the materia) of the core

[ [f these tasks are successful, detarmine the approximate cost of
such a treatment and design and cost of a demonstration program

o  Prepare the final report
S.1 LABGRATORY DESCRIPTION

The technical program will not involve the purchase or construction of large pleces
of processing squipment. An "isolated” lsboratory to handle contaminated materials

. will De necessary, and {1t .is currently under construction in Cincinnati, Ohio at no
cost to EPRI. The comstruction of this laboratory is continually being reviewed by
our in-house safety engineer who will assure compliance with Occupational Safety
and Health Administration (OSHA) and Department of Health requirements.

Because of the nature of the capacitors, it wil) be necessary to install special
equipment within the laboratory to pierce and open the capacitors. As discussed
earlier, these capicitors may have accumslated internal pressure, therefore the
containment housing must be constructed to handle the sudden discharge of PCB
materfals should one of the capacitors be under pressure. There are no openings in
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capacitors, so it is impossible to determine whether any given unit iIs under
pressure prior to perforation. These enclosures will be butlt as part of
Phase [1. They are described in Section 5.2.

These special enclosures are the only pieces of equipment beyond routine laboratory
ware which will have to be purchased or buflt for this program.

The purchase of chemicals will include sodium metal, naphthalene, tetrahydrofuran,
and other solvents necessary for core PCB extraction tests.

The laboratory itself is (shown in Figure 5-1) a sealed room with a seamless
polyethylene liner floor that can contaiq a PC3 spill and be readily cleaned. The
liner 1s Yaid in such a manner as to form a dike completely around the PCB handling
wea. The walls and ceiling are coated with a special, impermeable paint that can
be readily washed down, The areas where PCB matertals will be sorted and handled
we further shrouded with pclyethylene sheeting. This arrangement makes
decontamination in the event of a PCB spill or spray very easy. This laboratory
design has been submitted to EPA and approval for research is expected dy

January 1, 1982,

5.2 CONSTRUCTION OF CONTAINMENT HOUSINGS

These housings are necessary to contain any possible PCB discharges when the
capacitors are pierced and handled. The first requirement is a housing which can
be used to pierce the capacitor and contain any resulting spray (see Figure 5-2).

The housing is made out of an open-leaf 55-gal drum, modified so that a sharpened
1/4-1n. (0.6-cm) stee) rod passes through a packed gland in the hesd. The rod is
placad on top of the capacitor and rapped with a hammer, piercing the case. Any
PCB spray released will be contained in the drum. A1) materials of construction
we compatidle with solvents used, as well as with the sodfum reagent. As a
result, this system wil) be easy to decontaminate at the conclusion of the resesrch.

The capacitor will be opened in a second enclosure. This enclosure is made of
clesr plastic. It is approximately 4 ft x 4 ft x 2 ft (1.2m x 1.2m x 0.6m). Owe
of the 4 ft x 4 ft walls (1.2m x 1.2m) is plerced with flexidle gloves creating a
totally sealed “glove-box" effect. Al processing of the capacitors solids will
teke place Inside this glove-box (see Figure 5-3).
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In order to properly process the PCB material, several different types of hand
tools and laboratory equipment will become contaminated with PCB. These are
restricted to small items such as a saw or a liguifier {blender) to open the
capacitor and shred the core materfal. Because these tools and laboratory
equipment will be contaminated with PCB's, 1t 1s expected that they will have to be
discarded or decontaminated at the end of the experimental program. Acurex will be
responsible for the safe and legal disposal of contaminated equipment,

5.3 CAPACITOR PERFORATION AND SHREDOING

The goal of this program is a safe, reliable means of opening and shredding (If
necessary) capacitors so that they can be readily subjected to chemical treatment.
This program will be coordinated with the two decontamination pragrams to determine
the most efficient combination of shredding and treating.

The current method of shredding of capacitors is by passing the whole capacttor
through & hamner mill. This, while convenient, is not necessarily the best
approach. Hammer mills work Dest on materials of approximately the same
frisbility. Capacitors are a mixture of metal (from the shell), paper, or plastic
f1Im and foil. The hard metal can be separated from the soft core material without
a large amount of processing. In doing so, much of the dust produced by the haswmer
o171 1s eliminated. The objective will be to keep the case as intact as possible
and resove the cores. The following possible approaches to this will be
investigated,

e Pierce the capacitor to relteve pressure, then cut off the top and

use a shredding vhee) to remove the core; alternately, cut the
capacitor into several pieces

[ Or11) several holes along the top of the capacitor and insert
high-speed chopping blades (much 1ike blender blades on a shaft)
into the core to liguify it

Clearly, these are very general approaches and represent only the first step in an
{teration to arrive at the optimum shredding techniques.

The physical properties of the capacitors' component parts will be examined and
compared to the specifications for a variety of commercially available siwedding or
size reduction equipment. This will set the specifications for designing
full-scale equipmant. In addition, the results of the laboratory shredding program
will be evaluated to determine whether a custom-designed size reduction system is
1ikely to be more appropriate for this application,
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The results of this stze reduction reseirch will be integrated with that of the
leaching and PCB destruction test for the design of the full-scale demonstration
plant.

5.4 SHELL DECONTAMINATION

Onca the core has been removed from the capacitor, it is necessary to prepare the
shel) for disposal, preferably n a normal (nonchemical waste) landfill or by
reclamation. Three known methods can be used:
. Triple-rinse the shell with a non-PCB solvent, fi1l with absorbent
and discard in a secure landfi)1. Then treat the liquid with sodium
naphthalide to destroy the PCB's. Primary solvents for

consideration are THF, hexane, and kerosene. The use of ultrasound
as an ald to decontamination will be explored.

] If there are no materials associated with the shell to inhibit the
PCB destruction reaction, decontamination may be possible by simply
treating the shell with sodium naphthalide reagent.

. Subject the shell to an extraction to reduce its PCB concentration
to below the EPA 1imit of detection, 2 ppm PCB. The shel) material
can then be reclaimed or disposed of in a2 regular sanitary landfill,

The Phase 11 program wil) evaluate these options.

The shell will be cut into 6-1n. x 2-in, (15.2-cm x 10.2-0n) tabs and each of these
tabs will be subjected to & rinsing procedure using various amounts of different
solvents, with and without ultrasonic cleaning. The quantity of solvent used for
each tab will be computed on the basis of solvent (ml} per square centimeter of
surface to be cleaned. [n this way, 1t will be possible to relate the results of
these tested tabs back to the whole capacitor case. This approach is necessary so
a8 to minimize the number of capacitors which must be handled. This approach will
also eliminate capacitor to capacitor varfations which could make results difficult
to interpret.

To determine whether triple rinsting the capacitor shel) 1s an effective
decontamination method the tads will be triple-rinsed with an appropr fate volume of
each solvent under consideration. €ach rinsate will be analyzed for PCB's. The
rinsed shell material will be subjected to a Soxhlet extraction (as described in
Section 2) to determine the amount of PCB residue remaining.

The sacond approach, decontamination with direct treatment of sodium reagent will
be investigated by placing the tab into an appropriste volume of sodium resgent.
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These tests will be conducted using successively lower amounts of reagent to
determine the minimum reagent needed to reduce the PCB concentration to below 2 ppm
by weight.

The final set of tests are similar to the previously mentioned tests to be
performed in the triple rinsing tests. These, however, will be performed using
different types of solvents until the PCB concentration in the solvent is less than
2 ppm -- the EPA 1imit of detectabflity. These tests, along with ancillary PCB
solubility tests, will be used to design a leaching system for the full-scale
demonstration.

5.5 CORE DECONTAMINATION

The Phase Il research program is intended to achieve an optimum capacitor treatment
system design. Ideally, the program will identify a scheme whereby PCB's will be
destroyed without the leaching process. The first step will be to test that
approach by performing a series of tests to establish whether treatment without
1eaching out PCB's 1s possible.

These tests will consist of the following:

[] Remove a sample of PCB-contaminated core material and shred finely
in a blender

[} Treat this material with the sodium reagent and detemine levels of
PC8 destruction achieved, reagent usages and times involved

The tests will be performed at various levels of reagent addition. It is expected
that the results of one test will lead to the design of other experiments. As a
control, the free 11quid removed from the capacitor will aiso be subjected to
sodium treatment.

This serfes of tests will also evaluate whether the diluents used affect PCB
destruction. Among the diluents that will be investigated are hexane, kerosene,
and tetrahydrofuran.

The results of this set of tests will determine whether direct sodium reagent
treatment or preleaching will de used for the rest of this program. .If the
previously mentioned tests are successful, the leaching tests will be minimized and
the majority of the effort will focus on optimizing destruction conditions for
PCB's in a heterogeneous medium. If it proves impossible to achieve good PCB
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destruction in the heterogeneous medium, then the effort will focus on develaping
an optimum PCB leaching/destruction cycle,

The two alternative programs are described in Sections 5.5.1 and 5.5.2.

5.5.1 Direct PC8 Destruction

This research scheme will be followed if the preliminary tests show that it 1s
possible to destroy PCB's without first separating from the core material. The
program steps are:

A. Perform a series of experiments, starting at a high reagent
concentration, to determine the minimum amount of reagent needed to
treat & finely chopped sample of the core material. These will be
done at successively Jow reagent addition so as to develop a
relationship between reagent concentration and reaction completion.

B. At the minimum reagent addition rate, perform a series of
exper iments to establish the minimum grindiag the capacttor core
mater 2l will require for treatment,

C. Determine what methods exist for achieving the desired degree of
capacitor core size reduction while still in the case. Therefore,
the case and core material can be decontaminated in one step.

0. Perform a limited number of leaching tests on the core material to
determine mass transfer rates and other leaching parameters to
permit the design of leaching systems. [n addition, a dual-system
leaching followed by PCB treatment will be evaluated.

5.5.2 Leach and Process Route

This research approach will be used if the results of step A, on the previous page,
thow that PCB cannot be destroyed when mixed with the core material.
€. Perform a series of experiments designed to determine the mass
transfer and equilibrium parameters for the leaching of PCB from the
capacitors. This will be done using three different solvents.

F. At the optimum solvent usage, determine the minimum amount of
grinding that the capacitor material will require.

G. Determine whether it s possible to grind the capacitor core
sufficiently while 1t is still in the case. This will meke it
possible to decontaminate the core and case in one step.

H. Compare the effects solvent types used on the subsequent PCB
destruction reaction.
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5.6 DESIGN DEMONSTRATION PROGRAM

If the laboratory tests indicate that capacitors can be safety and satisfactorily
destroyed using the described chemical approach, the results will be condensed and
incorporated tnto a proposal program for commercial scale demonstration of the
technology. A cost estimate and schedule will be included.
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SECTION 6
CONCLUSI0NS

This preliminary study has shown that there are no physical or chemical reasons why
PCB capacitors cannot be decontaminated by chemical means. The question fis
strictly a matter of “practicality.” Chemical detoxification methods are currently
revolutionizing the area of PCB transformer oi) treatment, largely because of their
mbility (they can be used onsite, hence no siting problems) and they are more
cost-effective than incineration. Chemical detoxification of capacitors appears to
offer the same advantage.

At present there is insufficient information avaflable to properly design, build,
nd operate practical PCB capacitor detoxification systems. The Phase Il research
program described in this report will research, develop, and design the full-scale
capacitor opening processing equipment necessary for this system. It wil) also
provide the information needed to select an optimum decontamination scheme for the
case and to destroy PCB's, rather than to merely extract them from the solids and
store it.

The research plan developed is flexidle. It strives to achieve a break through, the
‘direct chemical destruction of PCB's in capacitors. It also has provisions, using
existing technology, for achieving success should unexpected problems prevent such
direct PCB destruction. Therefore, there is a maximum probability for the
su'cotssful development of a usable chemical detoxification system for PCB
capacitors.
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