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Rapid Analysis of PCB in Electrical Insulating Oil by Heating of

Multi-Layer Silica Gel Column / Alumina Column
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Summary

The rapid analysis of PCB by heating of multi-layer silica gel column / alumina column was
applied to electrical insulating oils (JIS C2320-1999 Class JIS 1-7 oils) and DOP (Dioctyl
phthalate) which might be used for some capacitors. The results indicated that most of oil
components were removed by the same analysis technique using multi-layer silica gel column
with heating at 85 °C for 60 min without depending oil class. Oil components in JIS 4, 5, 6 oils
and DOP were removed by only sulfuric acid coating silica gel treatment with heating, and also
those in JIS 1, 2, 3 and 7 oils were removed by addition separation treatment of alumina to
sulfuric acid coating silica gel treatment. Furthermore, quantitative capability and
repeatability (n=3) of PCB concentration in JIS 1-7 oils and DOP were evaluated by GC/ECD,
GC/QMS and GC/MS/MS, indicating those deviations were less than =20 % from a truth
value, and also those variations were less than 15 % for all of oils and measurement

instruments.
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Table 1 Electrical insulating oil

JIS

Major use
class

Major component

Transformer, Capacitor,
Cable, Breaker

Capacitor, Cable

JIS1 Mineral oil

JIS2  Alkyl benzene

JIS3  Polybutene Capacitor, Cable

JIS4  Alkyl naphthalene Capacitor
JIS5  Alkyl diphenylalkane Capacitor
JIS6  Silicone oil Transformer

Transformer, Capacitor,
Cable, Breaker

Capacitor

JIS7 Mineral oil, Alkyl benzene

Dioctyl phthalate(DOP)
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Fig. 1 NMR spectrum and estimated structure of electrical insulating oil
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Alumina 0.6g —»

44% sulfuricacid —
silica gel 3.8 g

15% silvernitrate
<+— 15% copper nitrate
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Alumina column
4.6mml.D ., Length:10cm

Multi-layer

silica gel column
13mml.D., Length:7cm

Fig. 2 Schematic view of the multi-layer silica gel column / alumina column
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Sample preparation
Oil : About 0.1 g

Clean up spike

Multi-layer silica gel column

1

Heating (85 “C 60min)

]

Cooling (Under 40 °C)

1

Elution (Hexane)

]

Drying (Alumina column)

1

PCB elution (Toluene)

1st step

3rd step 2nd step

Syringe spike

Measurement

Fig. 4 Schematic procedure of the PCB rapid analysis

PCB & OHIEI121E, GC/ECD (Agilent £
7890A GC/ECD), GC/QMS (Agilent #:44: 7890A
GC/5975C MSD), GC/MS/MS (/N7 L4 :
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(Z1%, DB-5(J&W £142:30 m X 0.25 mm i.d., df =
0.25 um)%, GC/QMS Tl DB-5ms (J&W 1L
30 m < 0.25 mm i.d., df =0.25 um)ZfHLz.
GC/MS/MS Tl VF Rapid-MS PCB™ (/U7 4t
#10.6 mx0.10 mm i.d.+10 m X 0.53 mm i.d.) Zf#
MLTz. - ER & PCB IE S F4% Table 2 1271
7. ABFFEICEITH GC/ECD JlE TlE, ~V L% v
Y — T ADNE Gt 23w L7203, & e 2 B IR
FELIZWAE, Table 2 IR TWDKES Y —
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Table 2 Condition of the measurement instrument
GC/ECD (He carrier) GC/ECD (H; carrier) GC/IQMS GC/MS/MS
Instrument . . Agilent 7890A GC Varian 450 GC
Agilent 7890A GC Agilent 7890A GC Agilent 5975C MSD Varian 320 MS

GC condition

Column type

Column
temperature

Carrier gas

Pressure
Flow

Injection port
temperature
Injection mode
Injection volume

Detector condition

Temperature

DB-5
30 mX0.25 mmI.D.
df=0.25 ym

100 C(1 min)
~ 30 C/min ~ 160 °C
~ 4 C/min ~ 250 C
~ 20 °C/min ~ 300 °C

Helium

(Make-up gas : Nitrogen)

132 kPa

36 cm/s, 1.47 mL/min
Constant flow

250 °C

Splitless(2 min)
2 uL

320 C

DB-5 DB-5ms
20 mX0.18 mmlI.D. 30 m X 0.25 mmI.D.
df=0.18 ym df=0.25 ym

100 “C(1 min)
~ 50 ‘C/min ~ 160 °C
~ 10 “C/min ~ 180 °C
~ 15 °C/min ~ 260 C
~ 25 °C/min ~ 290 C
Hydrogen
(Make-up gas : Nitrogen)
142 kPa
66 cm/s, 1.4 mL/min
Constant flow

100 °C(1 min)
~ 20 C/min ~ 160 C
~ 3 °C/min ~ 220 °C(3 min)
~ 6 C/min ~ 295 C

Helium

89 kPa

40 cm/s, 1.2 mL/min
Constant flow

250 C 250 C
Splitless(1 min) Splitless(2 min)
2 uL 2 UL
Ton source : 230 C
320 C Quadro pole : 150 C

Interface : 280 C

VF Rapid-MS PCB

0.6 mX0.10 mmlI.D.

+ 10 mx0.53 mmlI.D.
df=0.25 ym

85 C(1 min)
~ 40 ‘C/min
~ 305 °C(0.5 min)

Helium

Pulse 207 kPa(1 min)
1.5 mL/min
Constant flow

300 C

Splitless(0.75 min)
2 UL

Ton source : 220 C
Analyzer : 40 °C
Interface : 300 °C

Tonization current 35 HA 50 JA
Electron volt 0V 0V
*1 GC/ECD (He carrier)
1750 #189 #209
250 [
GC/ECD (H, carrier)
1 #189 #200

Fig. 5 GC/ECD chromatogram of KC-Mix added #189 and #209; Upper figure:

Helium carrier gas,

Lower figure: Hydrogen carrier gas, Vertical axes’ Intensity, Horizontal axes: Retention time
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: JIS1 30min ‘: JIS1 45min JIS1 60min

JIS 2 30miﬁ ’ JIé 2 45min W
1JIS 3 30min 1 JIS 3 45min 1 JIS 3 60min

JIS 4 A3Omin JI; 4 45min JIS 4 60min

JIS 5 30miﬁ JIS 5 45min JIS 5 60miﬁ

JLLL qbw

1JIS 6 30min 1JIS 6 45min JIS 6 60min

(JIST 30min m JIS 7 60min

DOP 30min | DOP 45min w DOP 60min

5 M}JM }

Fig. 6 GC/ECD chromatogram after rapid analysis of electrical insulating oil for 30, 45, 60 min
heating ; Vertical axes: Intensity, Horizontal axes: Retention time
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Fig. 7 GC/ECD chromatogram after rapid analysis of
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Table 4 PCB concentrations and recovery ratios of GC/ECD, GC/QMS and GC/MS/MS in rapid

analysis of electrical insulating oil

GC/ECD Average of PCB concentration : n=3 (mg/L) GC/ECD Average of recovery ratio : n=3 (%)
STD JIS1 JIS2 JIS3 JIS4 JIS5 JIS6 JIS7 DOP JIS1 JIS2 JIS3 JIS4 JIS5 JIS6 JIS7 DOP

Total™ 0.75 0.69 0.68 0.70 0.74 0.70 0.75 0.69 0.69 4189 91 91 93 91 90 91 94 89
0.75 0.76 0.75 0.75 0.81 0.79 0.83 0.73 0.77

2 Upper value: Before correction by recovery ratio, Lower value: After correction by recovery ratio

GC/QMS Average of PCB concentration : n=3 (mg/L) GC/QMS Average of recovery ratio : n=3 (%)
STD  JISt JIS2  JIS3  JIS4  JIS5  JIS6  JIS7T DOP JIS1  JIS2 JIS3 JIS4 JIS5 JIS6 JIS7 DOP

p2cB 0017 0.016 0017 0017 0.019 0017 0.017 0.015 0.015 D2CB 79 89 72 85 100 77 76 74
T3CB 0.16 0.15 0.16 0.15 0.18 0.16 0.16 0.16 0.15 T3CB 86 99 87 98 104 95 87 86
T4CB 020 0.21 0.18 019 020 020 019 020 020 T4CB 90 108 94 99 103 98 89 92
P5CB 0.15 0.14 0.15 0.15 0.15 0.16 016 0.14 0.15 P5CB 97 97 94 94 93 86 99 94
H6CB 0.13 013 0.13 013 013 0.13 0.14 0.3 0.13 H6CB 90 87 88 94 91 81 91 89
H7CB 0.085 0.082 0.083 0.081 0.087 0.084 0.080 0.082 0.081 H7CB 94 88 94 93 90 82 96 93
os8cB 0.021 0.017 0.016 0.018 0.017 0.017 0015 0.018 0.016 08CB 94 92 100 100 93 89 100 100
Total 0.76  0.76 074 073 078 0.77 0.76  0.76 0.74

GC/MS/MS Average of PCB concentration : n=3 (mg/L) GC/MS/MS Average of recovery ratio : n=3 (%)

STD JIS1 JIS2 JIS3 JIS4 JISS JIS6 JIS7 DOP JIS1 JIS2 JIS3 JIS4 JIS5 JIS6 JIS7 DOP

D2CB 0.025 0.025 0.024 0.027 0.027 0.025 0.023 0.025 0.024 D2CB 93 92 102 74 85 72 93 67
T3CB 0.17 0.17 0.17 0.16  0.19 0.16 0.17 0.18 0.16 T3CB 100 102 114 85 98 81 103 81
T4CB 0.18 0.15 0.14 0.14 0.16 0.16 0.16 0.15 0.14 T4CB 101 99 118 93 100 89 98 87
P5CB 0.15 0.18 0.18 0.17 0.17 0.17 0.16 0.16 0.18 P5CB 107 106 102 92 103 83 99 90
H6CB 0.14 0.14 0.16 0.15 0.13 0.14 0.15 0.14 0.14 H6CB 88 81 80 81 91 83 88 76
H7CB 0.069 0.086 0.078 0.073 0.087 0.083 0.072 0.084 0.086 H7CB 85 82 70 75 91 73 89 77
0o8cB 0.019 0014 0017 0.015 0.019 0.018 0015 0.018 0.017 0o8CB 93 87 65 79 89 83 86 76
Total 0.76 0.76 0.76 0.74 0.78 0.75 0.75 0.76 0.74
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Fig. 11-1 GC/ECD chromatogram after rapid analysis in electrical insulating oil (JIS 1-4)with

KC-Mix; Vertical axes: Intensity, Horizontal axes: Retention time (7.5 min- 31 min)
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Fig. 11-2 GC/ECD chromatogram after rapid analysis in electrical insulating oil (JIS 5-7 +

DOP)with KC-Mix; Vertical axes: Intensity, Horizontal axes: Retention time (7.5 min- 31 min)
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