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Description ® SHIMADZU

Hydrocarbon-based oils used as insulating fluids in transformers can partially
decompose and produce gases such as hydrogen, methane, carbon monoxide,
carbon dioxide and C2-C4 species which are all soluble in the oil. Measurement of
the concentrations of these gases as well as the concentration of oxygen and
nitrogen in the transformer oil can provide useful information about the existence
of faults in the transformer, and indicate when preventative maintenance should be
performed. Basic methods for this analysis are described in ASTM-D3612 Method
A,B and C.

A Gas Chromatograph configured with a headspace autosampler, two automated
valves and three detectors will be described. Improvements include detection limits
for hydrogen, analysis of hydrocarbons up to n-C4 within 20 minutes, and
automated software processing of the data to account for the actual temperature
and atmospheric pressure.

In this poster we will examine the methodology from sample prep to GC analysis
and data processing.



The System: ® SHIMADZU

m GC with TCD, FID
and PDHID

m Tekmar HT-3 Static
Headspace Sampler

® Two Valco 1/8t inch
4 port electrically
actuated valves

m 5 packed columns

m Data station and
software




Plumbing Diagram ® SHIMADZU
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Vial Prep for Gas Standards @ sHIMADZU [

m Cap 20ml vial and insert two needles (18G
luer lock)

m Connect Argon to one of the needles and
purge 2 |/min for 45 seconds

m Connect Helium to the top needle and
purge for 2 minutes @ 100 mi/min flow
from top to bottom

mVial Is ready for gas standard or oll filling
by flowing the standard for 10 minutes at
50 ml/min



GC Analytical Conditions ® SHIMADZU

Oven Time Program
Rate Final Temp Hold time Time Event
75C 4 1.9 91
10C 165C 8 3.1 92
59 -92
Temp 13.2 -91
Injection 125C Gas Press. Flow
Port
FID 180C Carrier1  Helium 300kPa 30ml/min
TCD 180C Carrier 2 Helium 301kPa 30ml/min

PDHID 100C Carrier 3  Helium 310kPa 30ml/min
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Gas Standard Precision @® SHIMADZU [

m Gas Standards were prepared using the
procedure outlined above

m Three concentrations were made:
m50ppm
m500ppm
m5000ppm

m Five vials of each concentration were

loaded on the HT-3 and analyzed; results
are shown in the table



AN

Gas Standard Precision @ SHIMADZU
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Oil Sample Prep Procedure @ sHmMaDzU §

mVials are prepared as per the gas
standard procedure outlined above

m 15ml of oil from the sample syringe Is
injected into the vial

mOnce 12milis have been transferred to the
vial, the “vent needle” is removed and the
last 5 ml is filled, leaving the vial slightly
under positive pressure
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Oil Sample Chromatograms
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Oil Sample Reproducibility ® SHIMADZU
— Hydrogen Methane Carbon Nitrogen Carbon
n=32
- Monoxide Dioxide
Mean Conc ppm 32 435 877 4755 102454 4576
STDEV 2.1 25.1 81.2 4173.5 20635.5 124.9
%RSD 6.6 5.8 9.3 87.8 20.1 2.7

n=32

Ethylene

Ethane

Acetylene

Propane

Propylene

Isobutane

Mean Conc ppm

192

102

0

62

29

11

STDEV

5.4

2.7

0.0

2.0

0.9

2.6

%RSD

2.8

2.6

N/A

3.2

3.1

24.3

® Asingle lab analyzed the oil from a single transformer

m 16 syringes each in duplicate for 32 total analyses

m Acetylene was determined to not be present in this oll

» sample




Advanced report roga Analysis Repor

SAMPLEID True Morth 100 Ainj 002
Analysis Diate and Time 30778 802835848

® An automated report Is T

ol of Headspacs 7.8

generated at the end of woo

each analysis et
® This report corrects for

Ideal Press TG0

DFID

Peak N Area RawC K Comected C Final Result 5TP ._.
actual temperature, oo o am s ae
Methane 2902112 E4.52 1.00 10047 260
p reSS u re . Sam p I e Carbon Monoxide 5288223 2080 1.00 141.54 507

TCD-L

amount and the Pk Name hes  Raw Cone

K Corrected Conc. Final Result STP ..
Carbon Cioxide 34581 7180 1.00 11196 4.0%
SOIUblIlt CoeﬁICIent Of Ethylene 7483 3042 1.00 £1.29 220
y Ethane 220eE2 221 1.00 50.00 178
Acetylens 283007 4724 1.00 7372 264
Propans 171587 1685 1.00 2582 0E3
e a.C h a n a I yte Propylens a 0.00 1.00 0.0a 0.0
Ischutane 0 000 1.00 0.00 0.00
POHID
Peak Name Area Raw Conc K Comected Conc. Final Result 5TP ...
Chygen 24225 1433604 100 23103.23 B26.B5
Mitrogen Q6670 S408RBE6 1.0 85627.08 06482
Combustible Gas 22
Atmosphenc Gas % o
Rieviewed
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Conclusion @ SHIMADZU

m Acceptable reproducibility can be obtained with this
method for all target compounds except for Oxygen

m Oxygen is not a critical component in evaluating transformer
health

m Hydrogen sensitivity is better with PDHID than by TCD
® The analysis can be automated by the HT-3

m The separation design protects the MS column from
absorbing H20 and CO2.

m C4 which may be present will elute within 19 minutes
avoiding ghost peaks

m Continued work is suggested to further optimize the
method precision and accuracy.
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