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• SF6 background 

• 3M™ Novec™ Dielectric Fluid Performance
	

• OEM R&D Activity 

• Regulatory Environment 

• Testing Equipment 

• Safety 
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SF6 (Sulfur Hexafluoride) facts 
Excellent characteristics for arc quenching and electrical insulation
 

One of the best insulating media for medium 

and high voltage power equipment 

•		 Circuit Breakers 

•		 Switchgear 

•		 Gas Insulated Lines 

Inert, non-corrosive & thermally stable 

•		Excellent arc extinction 

•		Breakdown products recombine 

•		Long in service life (decades in 

closed-system power infrastructure 

applications) 

Resulting Byproducts 

•		 S2F10 

•		 HF 

•		 SF4 & others 

Global Warming Potential = 23,500 

•		One of the highest known GWPs 

• Atmospheric lifetime = 3,200 years 
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Atmospheric Lifetimes of 
Long-Lived Halogenated Species 

A. R. Ravishankara, S. Solomon, A. A. Turnipseed, 
R. F. Warren• 

The 8tmosp!leric: iletimes of the ftuorinated gases CF •• C,F., o-C.F., (CF,J,c-C.Fa, 
c5r,2 , C8F ,.., C2F 1CI, C2F .~. CF .ci. and SF• are ol ex>ncem because of the effects that 
these long-lived compounds acting as greenhouse gas81 can have on global climate. The 
posalble atmospheric loss processes of these gases were assessed by determlnmg Iha 
rate cod'IClents fof the reactions of these gases with 0 r 0), H. and OH and the absorption 
cross sections at 121.6 nanometers in the laboratoly and using these data as Input to a 
fWO.dimerlSIOllal atmospheric model The lif8!1mes ol all the studl8d perfluoro compounds 
are >2000 years, and those ol CF3 CI, CF3CF2CI, and CF2CICF2Ct are >300 y~. II 
released Into the atmosptlere, these molecules wtl accumutate and their etteas will persist 
tor cemuries or milennia 

M °'t of the chemicals released into the 
OtmOlphcrc n• a result of natural processes 
or human ocnvttta arc converted to 01her 
fomu or arc romplctc ly removed from the: 
aanotphcrc within a few )'cm. Thu hap­
pcm because roo5t o( these mokculei react 
with tbc maior oxidanu in the allOOlphcrc 
or arc ~ at v.-avc:lcnaths greater 

1t4 

than 190 nm. A few •pcde•, however, 
exhibit very low reactivities. We m1gh1 ask: 
What happens co moleculei that do not 
react wnh mos1 of the oxi.danu ln the 
'°'1t°'phett and the rroposphcrc! 1llt an­
.,...,, to thu quemon u n<X only ol funda· 
mental uuereot but also ol pracual llglllf· 
ianct. If an 1ndusmall,· produced chemical 

SOENC1: • VOL 259 • 8 JANUARY 1993 

77 1-.&.tod 

l:acomiag \ \ \ 
sow ndialloa \ , \ 
342 W'm..: \ \\ 

by almolpllert, 
aerosob ud dou<ls 

I 

"' \\\ 
\\\ 

I 
I 

' I 
I 

I " ' I \\ I I 

" ' "' \\\ I 

"'-' 

I 
I 

\\ 
67 al>Mrbtd \ \ 

by •!JD. \ \ 

16! absorbed • ./ 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 1 >I.JS tmiJk.d 
l>y atmosphere 

/ and clouds 

I 
I 

Concerns over SF6 began in the early 1990s
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The challenge of finding a replacement for SF6
 

> 2000 compounds evaluated 

•		 Significant challenges to meet 

the requirements of safety, 

performance, and reduced GWP 

•		 Very few compounds meet all 

the requirements 
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3M™ Novec™ Dielectric Fluids as Alternatives to SF6
 

(CF3)2CFC(O)CF3 

Commercial name:  

3M™ Novec™ 5110 Dielectric Fluid 
• 1,1,1,3,4,4,4-heptafluoro-3-(trifluoromethyl)- 2-butanone 

• CAS # 756-12-7 

• C5 ketone 

(CF3)2CFCN 

Commercial name:  

3M™ Novec™ 4710 Dielectric Fluid 
• 2,3,3,3-tetrafluoro-2-(trifluoromethyl) propanenitrile 

• CAS # 42532-60-5 

• Fluoronitrile or Nitrile 
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3M™ Novec™ Dielectric Fluid properties versus SF6
 
Significantly lower GWP and higher dielectric strength 

GWP calculated via IPCC 5th Assessment Report method 

Property (at 25°C) Novec 5110 Novec 4710 SF6 

Molecular Weight (g/mol) 266 195 146 

Flash Point (°F) nonflammable nonflammable nonflammable 

Boiling Point (°F) 80.4 23.5 -90.9* 

Freezing Point (°F) -166 -180 -59.3 

Gas Density at 14.5 psi (lb/ft3) 0.67 0.49 0.37 

Dielectric Strength at 14.5 psi (kV) 18.4 at sat’n 27.5 14.0 

Vapor Pressure (psia) 13.6 36.5 312 

Atmospheric Lifetime (years) 0.04 30 3200 

Global Warming Potential (100-yr ITH, IPCC 2013 method) < 1 2100 23500 

Ozone Depletion Potential (CFC-11 = 1) 0 0 0 

 
* sublimation point 
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3M™ Novec™ Dielectric Fluid Breakdown Voltage
 
Dielectric strength exceeds SF6 

using disk electrodes with 2.5 mm gap
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  Condensation curves for gas mixtures containing 10 mole%
 
3M™ Novec™ Dielectric Fluids comparison to SF6 vapor pressure 
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3M™ Novec™ Dielectric Fluid compatibility with power 
equipment materials and components 

•		 Good compatibility with metals 

•		 Compatible with most hard plastics 

•		 Compatibility with elastomers depends upon specific formulation 

• Compounds that retain high moisture levels show reactivity 

• Formulations with basic (high pH) components can result in reactivity 

• Basic carbon black 

• Curatives 

• Acid acceptors 

•		 Some lubricants/greases can contain 

reactive components, such as those with  

alcohol functionality 

•		 The most compatible desiccants are 5A 

molecular sieves, MgSO4 and CaSO4 
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Global warming potential (GWP) comparisons 
Both Novec™ Dielectric Fluid products offer superior GWP reductions
	

Property Novec 5110 Novec 4710 SF6 

Atmospheric Lifetime (years) 0.04 30 3200 

Global Warming Potential (100-yr ITH, IPCC 2013 method) < 1 2100 23500 

Ozone Depletion Potential (CFC-11 = 1) 0 0 0 

 

Novec™ 5110 fluid: 99.99% reduction 

in GHG emissions at all concentrations 

Novec™ 4710 fluid: Mixtures with air, N2 or 

CO2 achieve ≥ 98% reduction 

Example: 10 mole% Novec 4710 fluid in CO2 at 6 bar 

= 98.2% reduction in GHG vs 4 bar SF6 
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OEM Innovations with 3M™ Novec™ Dielectric Fluids
	
The industry is investing in new equipment development 

• Early adopter OEMs have equipment active on the grid in Europe
 

• Both Novec™ 4710 and Novec™ 5110 fluids are in use in Europe
	

• R&D effort continues around switchgear, breakers, and GIL 

For the first time in decades, through the use of 

Novec™ Dielectric Fluids, a viable option exists
	
to manufacture SF6 free power equipment with a 

footprint and performance similar to current GIS
 
equipment
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United States Regulatory Activity 
Massachusetts and California – early adopters of emission reduction programs
 

• On June 21, 2007, as part of the California Global 
• “Each federal reporting GIS owner shall 

Warming Solutions Act of 2006 (AB 32), the Air 
ensure that the maximum annual SF6 Resources Board (ARB) approved the reduction 
emission rate for all of its active GIS of sulfur hexafluoride (SF6) emissions from 


electricity transmission and distribution equipment equipment . . . shall not exceed the following”:
	
as an early action measure.
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F-gas regulation in Europe 
No immediate impact on electrical equipment SF6 use in Europe 

• 517/2014 implemented to reduce the EU’s F-gas emissions 

by two-thirds from 2014 levels by 2030 

Commission Regulation •		 Long term goal of reducing overall GHG emissions by at 

least 80% by 2050 against 1990 levels EU No. 517/2014 
•		 No phase out provisions of SF6 in 517/2014 

•		 The regulation does have a provision for reviewing the 

standards again in 2020 

•		 Article 10 requires both switchgear manufacturers and users 

to train and be certified in all SF6 handling operations from 

installation to decommissioning. Regulation 842/2006 

required certification only for recovering old and unused SF6 

•		 Article 12 - manufacturers will need to modify the label 

content on all new equipment that contains fluorinated GHGs 

before commercialization 

•		 Articles 4 and 5 waive leakage tests and detection systems 

of switchgear when the SF6 it contains is below a certain 

level or if they are pressure- or density-monitored 
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Lifecycle of power equipment gas
 
•		 Process inputs 

•		 Environmental regulations 

•		 Administrative costs to 

manage gas programs 

•		 Equipment innovations 

•		 GWP reduction initiatives 

•		 Projected lifecycle and 

maintenance of equipment 

Dispose	 Supply
 

Decommission	 Commission
 

Maintenance
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Equipment for mixing, gas handling, and monitoring
 
The industry is investing in solutions for SF6 alternatives 

Equipment measures the gas 

composition - CO2 and Novec™ 

Dielectric Fluid percentages 

•		 Service cart 

•		 Gas detector 

•		 Analyzer for gas quality 

•		 Calibrated for g3 gas mixture using 

Novec™ 4710 Dielectric Fluid 
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SF6 ALTERNATIVE DEVELOPMENT FOR HIGH VOLTAGE SWITCHGEARS 

Y. KJ EFFEL. .\. G IRODET. 
F. BIQ EZ Ph. PO ' HO 1 

. L TO:\I G RID. FRA~. E 

d . Toxicity of the 111ixtures: 

J. O\\"E ' ·. :\I. 0 'TELLO. 
I. B LI ' .. ' Kl. R. \' ~ ' N7' , 

K. \Y · R'\ER 
3:\1 0 IP ~ . • (*) BELGI ~I 

As rne11tio11ed. above, the toxicity of the gas mixture \Vas cotnpared lo ADR - European 
Agre etnent concerning the I11terDatioual Carriage of Dangerous Good by R oad - \~llllere d1e 
toxicity of a gas mixture (L C50) is calculated by taking int,o account t.he toxicity (L1C s.m) and tbe 
tnole fraction (ti) of eacl1 substance (or volutne fract ion) LC50 ([nixture) = 11 fi/LCsoi· 
C01

2 bas an LC50 above 30%v (300000 pp·tnv), then for tbe GIS mixture, tl1e LC50 of tl1e total gas 
v.rould be e,qual to roughly 120000 ·pptnv (12o/ov) v.rl1icb is a value close to ube LCso ofSF6 (above 
100000 ppmv ). Addit.ional toxicity tneasuretnents made after current intenuption test detnonstrates 
that. d1e gas is less toxic u11au SF6. 

3NI © 3M 3M Confidential. 1713 January 2017. All Rights Reserved. 



       

23rd International Conference on Electricity Diistributiion Lyon, 15-18 June 201 5 
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ALTERNATIVE GAS INSULATION IN l\llEDIUM-VOLTAGE S\VITCHGEAR 

Maik HYRENBACH 
ABB AG - Gennany 

inaik.h)'l·enbach@de.abb.c-0111 

Tobias HINTZEN 
ABB AG - Gennany 

tobis.h.i11tzen@de.abb.c0111 

Safety of personnel is 111ost iinportant in ~he unlikely event 
of ru.1 inten1al arc.. Personn el should not enter the 
switchgear roon1 \Vithout it1ten siYe ventilation of the i:·oo1n 
follo\vi.ng tl1e intenial arcing even t. This pll·ocedure is \~ ell 
kt10\\iJl for SFo insulated S\i\ itchgerur.. but also for air­
iusulated s\vitchgear. TI1e sa1ne procedure is applicable to 
s\i\ritchgears \vith CS FK/arr gas tnixttues. 

3NI 

Pascal lvnJLLER 
EVvZ - S\.vitzerland 

pascal tnueller@eivvz.ch 

John O\VE S 
31\1 Company - USA 
jgoivvens@111ll11n. c0111 

Conclusion for eco-efficient GIS 

TI1e i.t1Yestigations and tests haYe sl.10\.vn that it is feasibl1e 
to tnodify existing SF 6 GIS designs allowing Vh e usage of 
atl ahernative .insulation gas based on a 1nixn1re of C S FK 
an d technic.al air . The requll-ed tnodifications of the 
switchgear intended for circuit-bt.·,eaker applications are 
lirnited and the cost in1pact are in balance "\Vith the 
ecologic.al itnproveu1e11t. 
Based on the results of the study. ABB dec.ided to perfonn 
type tests for selected Ya~·]ants of a sl ightly n1odified ZX2 
targeting a technology pilot .installation to gam field 
experience in this ne"\v technology. 

© 3M 3M Confidential. 1813 January 2017. All Rights Reserved. 
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Important Notice
 
Regulatory: For regulatory information about these products, contact your 3M representative. 

Technical Information: The technical information, recommendations and other statements contained in this document are based upon tests or 

experience that 3M believes are reliable, but the accuracy or completeness of such information is not guaranteed. 

Product Use: Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance of a 3M 

product in a particular application. Given the variety of factors that can affect the use and performance of a 3M product, user is solely 

responsible for evaluating the 3M product and determining whether it is fit for a particular purpose and suitable for user’s method of application. 

Warranty and Limitation of Liability: 3M’s product warranty is stated in its product literature, available upon request. 3M MAKES NO OTHER 

WARRANTIES OR CONDITIONS, INCLUDING ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY OR FITNESS FOR A 

PARTICULAR PURPOSE. If there is a defect in the product, your exclusive remedy shall be, at 3M’s option, product replacement or refund of 

the purchase price. 3M will not be liable for any direct, indirect, special, incidental or consequential damage related to the use of this product. 

Limitation of Liability: Except where prohibited by law, 3M will not be liable for any loss or damage arising from the 3M product, whether direct, 

indirect, special, incidental or consequential, regardless of the legal theory asserted, including warranty, contract, negligence or strict liability. 

Electronics Materials Solutions Division 

3M Center, Building 224-3N-11 

St. Paul, MN 55144-1000 

1-800-251-8634 phone 

651-778-4244 fax 

www.3M.com/novec 

3M and Novec are trademarks of 3M Company.  All other 

trademarks are property of their respective owners.
 
Please recycle. 

©3M 2016. All rights reserved.
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