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Past, present and future of SFg substitutesfor power insulation
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( School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 100081, China )

Abstract: Development methods and current situation of SFg substitutes for power insulation are
introduced. At present, the developed SF, substitutes, including SFs mixed gas, saturated and halogenated
hydrocarbons, hydrofluoroolefins, perfluoroketones and perfluoronitriles, and heptafluoroisobutyronitrile,
have excellent insulation capacity and are considered as the best substitute for SF4. Herein, the existing
synthetic routes of heptafluoroisobutyronitrile were reviewed in detail, of which using hexafluoropropylene
and carbonyl fluoride as starting materials was the best synthetic route at present. Meanwhile, the
development prospect of SF¢ substitutes was discussed and analyzed, which suggested that the future
research should focus on the development of heptafluoroisobutyronitrile application performance and
supporting equipment, the next generation SF¢ substitutes and the green and efficient industrialization
routes.
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Table 1 Composition and performance of SFs mixed gas
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Table 3 Comparison of physical and chemical properties
of hydrofluoroolefins
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Table 4 Applications of hydrofluoroolefins as an insulating medium

B s RE WA Hig

Jit i} 1) HFO-1234ze(E)/HFO-1234yf+N,/O,/Air/CO, R HL A TR T R I 48 2% 5l A ST

it T A 7! HFO-1234ze(E)/HFO-1234yf+HFO-1225ye+HFCs+Air/0,/CO, v T R A8 A v ) e 4 % K IR S
it i A HFO-1234ze(E)/HFO-1234yf/HFO-1225ye+4: il +Air/O, /CO, o 2% w5 KNS

o] ) 24 111 HFO-1336mzz(E)/HFO-1336yf+{f IS 44k H 46 2% 5% IO

TE: o AR



55 M

SR, ML IS SF BRI 2 | BUAE R . 885 -

24 Z&R

P A e BE FE AR U T CEAE R R, XA
T ELAT B B RE T, AR L £ B A
HF SFe MRFBIEE I, M FEAL T A3 [ d A A
TR, T R A B R &R, PRI T AR 4
SR BT BRI S R SR (LR 5 ),
ATRVAE 1, 28-3-H 3E-2- T ( PFK-5110 ) Fil4:3-2-
H3L-3- 7 ( PFK-6112) RUREEMEREL S, BA W
TRBIRZERBNEE ST ( GWP o<1 ) PO2UFI Fe 4 4 2
PERE, JCREPY, PSR . 5 PFK-6112 ML,
PFK-5110 By s AL, ZR-B FREETERE . A2k 1ETE
W DL SR PESE IR 3R, Phik PFK-5110,

PFK-5110 S1%u 5 ff B UARIR & FVE R ik
B2 A 0D, R IR A — I <20%. 7E 0.2
MPa JE /] F, n(PFK-5110) : n(CO,)=10 : 90 R4
SR SRR R SFe 1Y 62%; n(PFK-5110) :
n(C0O,)=20 : 80 MR T FHLEL N SFe 1
84.5% 1. 1E 0.7 MPa J£ 71 F , n(PFK-5110) : n(0,) :
n(C0O,)=5.6 : 5.6 : 88.8 MIIRATIRYs L3 i A >4 T
SFe B 77% . LAk, TS5 A AR Rl
PFK-5110 F1 PFK-6112 (1% HL 43 fif S of AL RN = 4 Jk

AR, FeA IR 8 CFa. CoFe. CsFs. CiFo
SR RRIREMEY . CO LI COP2
T A IR S A B R R g SRR L
PG, 4 S0 78 22 Ul 28 SE 36 e A PR SR 1 26 2%
PERE

5 AT YL IERE oL

Table 5 Comparison of physical and chemical properties

of perfluoroketones
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Table 6 Applications of perfluoromethyl isopropyl ketone as an insulating medium
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Table 7 Comparison of physical and chemical properties

of perfluoronitrile
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Table 8 Applications of heptafluoroisobutyronitrile as an insulating medium
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Fig. 1 Synthesis of heptafluoroisobutyronitrile by ultraviolet

irradiation or illumination
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Fig. 2 Synthesis of heptafluoroisobutyronitrile by pyrolysis of
triazine or nitrogen-containing bridged ring compounds
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Fig. 3 Synthesis of heptafluoroisobutyronitrile by fluorocyanation
reaction using hexafluoropropylene as raw material
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Fig. 4 Synthesis of heptafluoroisobutyronitrile by direct
fluorination of isobutyronitrile
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Fig. 5 Synthesis of heptafluoroisobutyronitrile by fluorine-
halogen exchange
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Fig. 6 Synthetic route of heptafluoroisobutyronitrile by
dehydration

x99 KA MRS

HIZR 9 AT, BRI g xh FRORBR T 50 . VN-—
- V'O - TP D Y I R R L . = O RIF i 2
RTINS, — et SR B 0], B By il B2
B RN DEH R I S 7K S Sy o P S i T S
N,N- " HJE-N'- 5 U B eI £ R ER N, L35+
THERIWCEN 98%~100% . 1M it K5 S T Ai A — %
= SRR, AT BT B, {EURON i
FERRR . LIS TR BCREAR . R I AK 5
B S TR (4 S 2 B A A 7 AR R R T
PR A5 15 YR R B

THE 25X e

Table 9 Comparation of results of synthesis of heptafluoroisobutyronitrile by dehydration
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