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Research Background
The urgent needs
• Large-scale application of SF6 in power industry

Gas-insulated lines (GIL)

Gas-insulated substation (GIS)

SF6 (ppt)

Ø First patented as an insulation medium by GE
company in 1930s.
Ø The primary insulating gas in power industry today.
Ø Thousands of tons of SF6 are emitted by power
industry per year.
SF6
GWP: 25 200
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• Environmental impact of SF6:
Ø Strong absorption in the infrared spectrum.
(42 000 times more effectively than CO2.)
Ø Long lifetime (~ 850 years ).
Ø A potent green house gas with an extreme
high global warming potential (GWP) value of
∼25 200.
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Global warming is causing
polar glaciers to melt at an
accelerated rate
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Rapid increase in
atmospheric SF6
abundance
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Environmental science & technology 52.2 (2018): 369-380.
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SF6 Alternatives
C4F7N/CO2/O2 gas mixture as a promising SF6-alternative: g3 TM
• Demanding requirements for being an SF6-alternative
Ø Insulation requirements in terms of stability, toxicity, liquefaction temperature, dielectric strength, and arc-quenching.
Ø Low GWP. (Often requires a gas to be less stable.)

Low GWP: 2100

C4F7N (3MTM NovecTM 4710)
Heptafluoro-iso-butyronitrile

Twice the dielectric strength of SF6

Satisfactory liquefaction temperature,
which can be further lowered by mixing
with CO2, resulting the C4F7N/CO2 mixture

• Why does a fluoronitrile has a low GWP, a high dielectric strength, and a satisfactory liquefaction temperature at the
same time?
Properties
1) High reactivity
2) High dielectric
3) High polarity
Perfluorocarbons act like
The strong dipole moment
strength

C4F7N (TB: -4.7 °C)

Iso-C4F10 (TB: 0.0 °C)

noble gases, while nitriles can
be readily hydrolyzed.
Rapid degradation, much
reduced lifetime (22-47
years), much reduced GWP.
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C2N2 (cyanogen) itself has
high dielectric strength 2
times that of nitrogen.

of nitrile group cancels out
the strong dipole moment
of fluoroalkyls, so that the
polarizability of the whole
molecule and related TB is
low.
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Assurance with A Lifecycle Management Framework
Low-cost,
Multi-gas
Sensing

Evolution of the gas mixture composition
unproven regarding the creation of various
chemical species.
C4F7N

JAP 126 (2019) 163303

Aging
Byproduct
Fixation

Physicsbased
Decomposi
tion Model

Remove the barriers for the full adoption of SF6 alternatives
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Physics-based Decomposition Model
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Electrical Aging Characterizations
• Setup for pyrolysis at 800 °C

• Setup for corona discharge
Sampling bag
d=10mm

Furnace
Needle - Plane
Testing chamber
• Setup for spark discharge
r=2mm
CO2
d=2mm

• High current arcing tests
GE Grid solutions
G&W Electric

Rod - Plane

Aging signature extraction
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Alternative Gas Study at UConn
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Fixations
EPDM
sealing
rubber

Mesopores UCTTM materials for SF6 end of life, alternatives aging byproduct fixations
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Multi-Gas Sensor System

Board design with
on-board data analytics

Wearable and wireless sensor
network implementations

Scientific and
industrial validation

May
2020

May
2021

Leak detection & aging signature sensing
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• Optimized distribution of advanced long-life sensor suite to
sense g3 components and key by-products (to be identified)
• Data fusion of conventional, new sensory data and other
“virtual sensors” for reliable insulating gas mixture state
• Reliable estimation of gas mixture homogeneity, density and
composition
• Algorithms for high fidelity prediction of gas mixture
capability and switching readiness
• Physics and new data based recommendations on equipment
maintenance actions
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g3 – SF6 - free eco-friendly solutions

Lifecycle Management

GIL

GIS

PT, CT
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Project Statement
The University of Connecticut proposes to develop a life-cycle
management framework to accelerate and safeguard the transition of
the U.S. power grid toward a sulfur hexafluoride (SF6)-free green power
network. Although SF6 has several positive properties, it also has a global
warming potential (GWP) 25,200 times that of CO2. Studies suggest the
alternative environmentally friendly gas mixture g3 TM as a promising
potential replacement for SF6. The team will focus on leaks, aging
byproduct detection, and fixations (capture and storage) for g3 TM, but
believes its proposed sensing technologies and life-cycle management
can be implemented on all types of equipment. The technologies can be
extended to retrofit existing assets for SF6 leak detection and end-of-life
fixation.
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