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1. Introduction

Polychlorinated biphenyls (PCBs) have been used widely as a heat medium, electrical
insulatingoil, etc., due to its highchemical stability and ability to insulate electricity. However,
as itwas revealed that PCBs, when discharged to the environment, accumulated in vivo and
caused liver disorder, in Japan, the production and use of PCBs was banned in1972. The
cumulativeamountof PCBs producedin the world was about1 million tonsupto 1970 and that
inJapanamountedto about60thousandtons by 1972. Electrical equipmentinvolvingthe use
of PCBs suchascapacitor, transformer, etc., iscurrently beingusedinlarge quantities and the
custodyof one becoming obsocleteisobligated. As the result ofcustody of suchequipmentover
alongperiodoftime, the containers become moreand more timewornwithincreased dangerof
PCB leakage. Onthe other hand, according to the survey of custodial circumstance of PCB
waste conductedin 1993, approximately 7% ofthe equipmentwere lost. These are reasons
whyprompt establishmentofatechniquethatcanmake PCBwastenontoxicisdesired.

The base catalyzed decompaosition process (BCD process) is a chemical process of
decomposing PCBs developed by the United States Environmental Protection Agency (US-
EPA). Thedecomposingreactionin BCD processisexplained asfollows:

Hydrogen radical is generated from paraffin oil by catalytic dehydrogenation reaction and
chlorine atoms of PCBs are substituted thereby biphenyl is formed as a product . In this
reaction, chlorine is neutralized with sodium hydroxide into sodium chloride. The produced
biphenylis considered to be readily combustible together with paraffin oil without generating
toxicsubstances.

Since the early literature contained few quantitative reports of PCB congeners generated
and/or degraded in BCD process, the presentauthors examined themand obtained the time-
courseof PCBdecomposition. We also examined whethertoxic substanceslike dioxins would
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begenerated inthisprocess ornot.

CONDENSER

2. Experimental
EVAPORATIVE

CONCENTRATOR

2.1 Apparatus THERMOCOUPLE

The structure of the apparatus usedfor the
experiment is shown in Fig. 1. The /
apparatus consists of a 300-ml three neck DISTILILING
flask, a condenser, amantle heaterand a e AEeEVER
stirrer and stirring was carried out at 400 MANTLE
rom. In the trap receiver is condensed
waterformed bythereaction.

GAS TRAP

STIRRER

Fig.1 Apparatus

2.2 Methods

Kanechlor KC-300 (equivalent to Aroclor 1242) was used as PCBs and paraffin oil having a
function of a hydrogen donor and fuel oil which largely contained components with a high
boilingpointandwhichwas cheap andreadily available were used.

Pre-determined amounts of PCBs, sodiumhydroxide and carbonaceous catalyst were added
to 150 mloffueloil andthe mixture was heatedinnitrogenous atmosphereataround300 to 350
°C for several hours and the PCBs concentration was measured before, during and after the
reaction.

The analyticalinstrument used was GC/MS (HP5890 Series 11/597 1) withacolumn ofHP-5MS
(30m Xx0.25mm,0.25 umfilm-thickness).

Experiment 1: Kanechlor with a PCB concentration of 24000 ppm was subjected to
decompasitiontreatmentunderthe conditions described above andthe concentration ofeach
of the PCB congeners was measured to obtain the time-course of PCB decomposition
(minimumdetectableconcentration :1 1g/q).

Experiment2: Kanechlor of 37000 ppm was subjectedto decomposition treatment under the
conditions described above and the concentration of each of the PCB congeners was
measuredto obtain the time-course of PCBdecompaosition. The sample was cleaned up with
alumina column, silica gel column, etc. to improve analytical precision (minimum detectable
concentration: 0.2 ug/g).

Experiment3: Kanechlor of 37000 ppm was subjectedto decomposition treatment under the
conditionsdescribed above and formation oftoxicby-products such as dioxins wasexamined.

3. Resultsand Discussion

3.1 Experiment 1

Fig. 2 shows thetime-course of PCB decompositionand thatof the temperature inthe flask. In
thirty minutes after the start ofthe experiment, thetemperature reachedto 300°Cand about 70
% of PCBs were decomposed after one hour. After two hours, the PCBs concentration was
reducedto 1 ppmorless.

AGCMS chromatogram ofthe sample before heatingisshowninFig. 3. unknowncompounds
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contained in fuel oil were 30000 400
observedwithin theretention ¢ ) o/o________c o 1
timeof8.6-10.6 minutes,di- & Reactor temp. {s00 —
chloro bipheny! within that of E 20000 | 2
117 - 133 minutes, tri- B | 3
chloro biphenyl within 13.3 - § 200 g
16.0 minutes, tetra-chloro § 10000 | E
biphenyl within 16.0 - 19.1 @ |
minutesand penta-  within & PCBs conc.
18.8 - 22.9 minutes. Mono- 0 * . ® 0

. 0 1 2 3 4

chloro  biphenylsaswell Time[h]

as higher chlorinated

) Fig.2 Time-course of PCB decomposition and temperature
biphenylswere not observed

inthissample. Table.1 Decomposition of PCBs by BCD process
. (Experiment?2)
Fig. 4 shows the chromato- PCB Reaction time (min)
gramone hour after the start 0 30 60 120 | 180
ofthe experiment. Apeakof [Mono- <2 610 6400 12 ND
biphenylatthe retentiontime  |Di- 3400| 20000| 3300 ND ND
of 9.0 minutes and three Tri- 22000( 16000 140 ND ND
peaks of mono-chloro Tetra- 11000 1800 1.8 ND ND
biphenyl at 10.1, 109 and |Penta- 490 1.2 ND ND ND
11.1 minutes, respectively, |Hexa- 32| ND| ND| NDf ND
were newly observed. The gepta- f“; Ng :8 :8 :B
peaks of di-chioro biphenyl | ¢ N
; : Nona- ND ND ND ND ND
increased, those oftri-chloro
biohenvl d sed and Deca- ND ND ND ND ND
ipheny!  decrea Total PCBs | 37000] 38000] 9800 12| ND
tetra- and higher chioro Unit: gg/a, ND:<0.21ig/g

compounds were  not

observed any more. As Fig. Table.2 Decomposion of dioxins/furans

(Experiment3)
5 shows the chromatogram KC-300 |After 2 hours
two hours afterthe beginning Dibenzo-p-dioxin
ofthe experiment, the peak Total PCDDs 0 0
of biphenyl is prominent and D'zbgngcg_u{igDF 0.20 ND
the presence of PCBs is not T4CDFs 4.00 ND
observed. It was 1,2,3,7,8-P5CDF 0.09 ND
ascertained that the small ,2:’§64628'P5CDF (1)(1)8 :g
- S .
peaks within 9.1 - 10.6 2,37 8-substituted HGCDFs | 0,08 ND
minutes were those of HE6CDFs 0.27 ND
unknown compounds 2,3,7,8-substituted H7CDFs 0.03 ND
containedinfueloil. H7CDFs 0.05 ND
O8CDF 0.01 ND
. Total PCDFs 5.40 0
3.2 Experiment2 Total PCDDs + Total PCDFs 5.40 0
The periodicalchange of the unit:pg/g

concentration of each
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Fig.3 GC/MS chromatogram of PCBs before treatment (Experiment 1)
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Fig.4 GC/MS chromatogram after 1 hour (Experiment 1)
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Fig.5 GC/MS chromatogram after 2 hours (Experiment 1)
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Fig.6 Decomposition of T4CDF shown by GC/MS chromatograms

congener of PCBs is shown in Table 1. The sample before treatment contained the largest
amountof tri-chloro biphenyl which was 22000 1.g/g followed by 11000 u g/g of tetra-chloro
biphenyland 3400 ug/g ofdi-chloro biphenyl and the presence of upto hepta-chloro biphenyl
with minimum detectable concentration being 0.2 1 g/g was observed. After 30 minutes of
experiment, dechlorination reaction proceeded to some extent and di-chloro biphenyl was
largestinquantity increasingto 20000 1 g/gwhiletri-chlorobiphenyl decreased and hexa-and
higher chlorine compounds were not detected. After 60 minutes, the peak shifted to mono-
chloro biphenyl which increased to 6400 « g/g while di-, tri- and tetra-chloro biphenyl
decreased and penta- and higher chiorine compounds were not detected. Further, after 120
minutes, only 12 u g/g of mono-chloro biphenyl remained and di- and higher chlorine
compoundswere no maredetected. Decompositionof PCBswas furthereffected to less than
0.2 ug/g astotal PCBsafter 180minutes. ThedecompositionofPCBsisgreaterthan99.999%
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Table.3 GC/MS Conditions
Instrument | GC: HP5890 SERIES-ll , MS: JEOL SX-102A

GC Conditions MS Conditions
Items Conditions items Conditions
Column DB-5 lon Source 1]

60m(Length)x0.25mm(l.0Jlon Source Temp. 270 °C
0.25 um(Film Thickness)

ColumnTemp. [150(1 minhold) lonizationEnergy 70eV
15°C/min lonization Currenit 600 gA
250°C (0 min hold) Accel. Voltage 10 kV
6°C/min Resolution 10000
290C

InjectionMethod{ Splitless (1min)
InjectionTemp. [300°C

Carrier Gas He mi/min
InjectionVolume |1 x|

completeinthetime studied.

3.3 Experiment3

The KC-300 was analyzed and found to contain 5.4 ppm of dioxins. Three kinds of GC/MS
chromatograms, thatis, those of standard sample of 2,3,7,8-T4CDF and ofthe samplebefore
the experimentand 2 hours after treatment are shown in Fig. 6. While the peaks of PCBs are
presentwithin 12.0- 16.2minutes and thoseof T4CDF within16.3 - 17.6 minutesbefore startof
the experiment, they are decomposed and all the peaks disappeared after 2 hours (the
minimum detectableconcentration being 0.2 ng/g). The concentration of dioxins is shownin
Table.2. Thus,itcanbeunderstood thatthe BCD process is remarkably effective also for the
decompositionofdioxinsand isfree fromthe formation of dioxins.

Theconditionof GC/MSisshowninTable.3.

4. Conclusion

The BCD process was tested in connection with chemical decomposition of PCBs using an
apparatusconsistingofasmall reactorand acondenser. The resultsobtained areasfollows:
1) Higher chlorinated biphenyls are converted to lower chlorinated compounds via stepwise
dechlorination andthe chlorine free biphenylis produced.

2) Itrequires 2to 3 hours forthe PCBsconcentrationto reachtoless than 1 ppm.

3) Decompositionrate 0f99.999% (less than0.2 1g/g)isreadily achieved.

4) TheBCD processiseffective also forthe decomposition ofdibenzofurans contained in
PCBsandnodioxinsare producedduringthereaction.

5) Thereaction occurredintheliquid phasewithlittle gas generation ; PCBs, PCDF and PCDD
could notbedetected inexhaustgas.
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