ek 4818) 2] AR0AA115), 1499~1507, 2011
Journal of the Environmental Sciences

http://dx.doi.org/10.5322/JES.2011.20.11.1499

3} © o} J o] O o] 315 5
PCBs 3 W1Y7] A9 33 A=
A - 2|=5}- 2|7IE
Qbs et 3-8kt (B EE
20119 109 17 45 20119 119 19 5% 20119 119 22 A=)

Chemical Treatment of the PCBs-laden Transformer Insulation Oil

Keon—Sang Ryoo*, Jong—Ha Choi, Jin—Whan Choi”

Department of Applied Chemistry, Andong National University, Andong 760-749, Korea
) Haksan Metal Industry, Kimhae 621-823, Korea
(Manuscript received 17 October, 2011; revised 1 November, 2011; accepted 22 November, 2011)

Abstract

Practical disposal of transformer insulation oil laden with PCBs (polychlorinated biphenyls) by a chemical treatment has
been studied in field work. The transformer insulation oil containing PCBs was treated by the required amounts of PEG
(polyethylene glycol) and KOH, along with different reaction conditions such as temperatures and times. The reaction of
PEG with PCBs under basic condition produces arylpolyglycols, the products of nucleophilic aromatic substitution. Removal
efficiencies of PCBs in insulation oil before and after chemical treatment were examined.

The removal efficiency of PCBs was very low at lower temperatures of 25 and 50°C. Under the reaction condition of PEG
600/KOH/100°C/2hr, removal efficiency of PCBs was approximately 70%, showing completely removal of PCBs containing
7~9 chlorines on biphenyl frame which appear later than PCB IUPAC Number 183 (2,2',3,4,4',5',6-heptaCB) in retention
time of GC/ECD. However, when increasing the reaction temperature and time to 150°C and 4 hours, removal efficiency of
PCBs reached 99.99% without any formation of PCDDS/PCDFs during the process. Such reaction conditions were verified
by several official analytical institutions. In studying the reaction of PEG with PCBs, it confirmed that the process of
chemical treatment led to less chlorinated PCBs through a stepwise process with the successive elimination of chlorines.
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Fig. 1. Flow chart for disposal of PCBs in field work.
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Fig. 2. Flow chart of PCBs analytical method.
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GC/ECD chromatogram of PCBs remained in
transformer oil after dechlorination reaction at the
condition of 100°C and 1 hr.
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Fig. 8. GC/ECD chromatogram of PCBs remained in
transformer oil after dechlorination reaction at the
condition of 150°C and 1 hr.
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condition of 150C and 3 hr.
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Fig. 11. GC/ECD chromatogram of PCBs remained in
transformer oil after dechlorination reaction at the
condition of 150C and 4 hr.

3.4. 3217120 2J$t PCBs £

shelA Ag] A AA He7] AAfol el o
= PCBs 9| 5=} 3114 A 2] & A fof "olgl=
PCBs?] 55 47] $lsiA =tie] PCBs 4] 321
7ol AR AR BAE SJF|sigirt. o=t Al
5 A 150°C/4 hrs WEE27o) A AHFHT AlRE
olSlek. FUEAZI TS (F) T EAAlE, Ha
tfsh shehEd P A-tAlE] el 7] xae)
A 33k0]3ick Table 1< 2]=]3t PCBs & 33| £4
slo] a3t 78S ERH PCBs S o). 3f8H4] %
2] A AAF ] PCBs 9| se= () T=EEA
AlE] 9] 790l = H4#5}o] 30.35 ppm, HEThetwl 3}
SHEA QP ALANEl = 29.23 ppm, 7] 2 08HAE
& 33.56 ppm-S Z2F UERSITE 3rollA] B, 9
U712 33tol A EARE B4 A7) A PCBs §%i=
AL sk o] AL, 3F8HA] A2 $ofli= PCBs7}
AR Hold & HEHA et AS 2ok
ot FRIEA7|He] Aik= kst 3835t
ol A AAIZE150°C 2t 4 AT REGZ 7l ol A A A
W o] B PCBs7F Al AEITH= A& AFsHlch

2 1z

® AT G714 22steIA WMek] AEGl B
°19li= PCBSE PEG 600 Abglo] S5 weid
3 A7 PCBs & A|7/5}0] Thg 7t 2 A2 Qrk



Ay

1506

b

=
°©

3} - 2213k

Table 1. Analysis of PCBs in transformer insulation oil before and after chemical treatment by official analytical institutions

Chemical treatment
Category First (ppm) Second Third Average
(ppm) (ppm) (ppm)
Korea environmental 29.63 3112 30.29 30.35
analysis center
PCB concentration in transformer mai:e:rlrll(:rlllt Sriit;lrch
insulation oil £em 29.10 29.29 29.30 29.23
center in Jeonbuk
National University
Basic science institute 34.94 33.21 32.53 33.56
Korea en\flronmental ND ND. ND. ND.
analysis center
Residual PCB concentration in Chemical safety
transformer insulation oil management research
at conditions of 150°C and 4 hr center in Jeonbuk N.D. ND. ND. N.D.
National University
Basic science institute N.D. N.D. N.D. N.D.
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