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Study on the Discharge Decomposition Mechanism of Environmentally-friendly
Medium HFO-1336mzz(E)

DING Minxuan, LIN Xin, CUI Zhaoxuan, XU Jianyuan
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: HFO-1336mzz(E) ,as a new type of environmentally friendly insulation medium , has a certain insulation
ability, and is presently one of the potential alternative gases to SFs gas. However, the study of its decomposition
charcateristics is less. Based on density functional theory (DFT) , in this paper the reaction energy changes before
and after dissociation is calculated, the decomposition, recombination pathways and dicharge decomposition prod-
uct are obtained .Using the variational transition state theory, the reaction rate constants for the decomposition reac-
tion at temperatures ranging from 300 K to 1 500 K are derived. Such parameters as ionization energy and molecular
orbital energy gap of the decomposition products were calculated and compared with those of HFO-1336mzz(E) gas.
The study shows that the molecular orbital energy gap and electronegativity of HFO-1336mzz (E) gas are slightly
lower than those of SFe. The energy injection required for the C-H bond fracture reaction is the lowest among the
molecules, and its reaction rate is the highest in the initial dissociation reaction at the temperature of 300~1 500 K,
which dominates the early decomposition proces and is the primary factor responsible for the consumption of the in-
sulating gas molecules under discharge fault conditions. The generated fluorohydrocarbon products have high ioniza-
tion energy, good electrical resistance, and their electrical resistance strength as well as structural stability are
close to HFO-1336mzz(E) It is therefore speculated that the products after gas decomposition still have good insula-
tion performance. The study results in this paper can further lay a theoretical foundation for the evaluation and re-
search of the decomposition character of HFO-1336mzz(E) gas.
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Fig. 1 Molecular structure of HFO-1336mzz(E)

[7]% M.Rabie 55 A X HFO- 1336mzz(E)53f-it
TR T3, 25 R W H 4 %08 i 2
AR E SFs Y 1.8 4% 5 3C[8]1 D.C.Kothe 58 A X HFO-
1336mzz(E)5 CO, Fl N, IR A A A4 775 L b 52
¥, 15 A M RE S C4-PFN/CO, . C5-PFK/CO, %
RASRMIE . 9] R & A5 38 1 SC B i 57 & 3
TRA He R 60%8H) HFO-1336mzz(E)/CO, M AT 15 3]
P SF LR . A ISR HFO-1336mzz(E)
YR B AR 0 SR BT — 2 1 T AR W T,
AT AR R R A A A o (AR A5
b IR A A LB I AR 2 AN

SR L% s AR LA B Tk R v, LR A7
FERYERRA , a0 A SR ok | R AR R B TR
7 55 23 T B PGB R R Y T, (R 0 Y
SRR B T IRBE IR, SR AT A M 1000 CHY
R, SO LT DFT %5 72 R BE ", 75 B3LYP
ZAEIZ PRAN 6-311G(d, p) Y FEAL /K- L, i 2 B
L, TRIEZ MR BT o ik B A% B ) 5 R VTST

ARy PEAS LS TR 300~1 500 K A9 B R
[l HFO-1336mzz(E) 73k 52 1Y 5 38 565 4, 4R
S e e b S 4 VR BE R ORI T S Bk AR
[V B3 50 P 3 7= 0 P 46 5 1 R I 5 Ltk A 7kt
Ll A5 B SR I 3 i Je R R e R e 1 A2 1k
T, AP L1 32 i i T ORI RE F7 . SO A5
1 HFO-1336mzz(E) i 73 i 4 Pk B IPAf T4 1 HH
TR T SRR, TR A B 5 ikt nT A
THAbB R L AR

1 HFO-1336mzz(E) I fREEE R HE G R

R WFFE HFO-1336mzz(E) 76 5 A FH R 0 32
TR S SN SR AR OO, LA B R ]
025 fife e ek e I Jim S e A, W) A e R
BB S AEAE B S kA 5 Jm 2 i B i R e W 20
it 15 ) P R AT 5 B B, FEAE AR P i) i
o RE B TE A RIFREE L O T A2 Al

HFO-1336mzz(E) i 9] 5 fiff 25 1 7 I HfE AR
1 K& 2,

&1 HFO-1336mzz(E)MI¥ S RE RN K HEEEE
Table 1 Preliminary dissociation reaction and energy
change of HFO-1336mzz(E)

it Sy it k/(kJ - mol )
P, C.H.F,—CF;CH=CH+CF, 526.77
P, C.H.F,—CF:CH=CCF,+H 470.70
P CiH.F—CF:CH=CHCF+F 502.31
P, C.H.F—CFCH+CF,CH 807.53
1000
800_ s
g 600f
3 / ey
i 400F
‘?m% I 4
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Fig. 2 Energy changes in the initial dissociation reaction
of HFO-1336mzz(E)
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Fig. 3 Decomposition path reaction of HFO-1336mzz(E)
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Table 2 Subsequent dissociation reaction and energy

change of HFO-1336mzz(E)
pEAz TR e A8 Ik/(kT - mol ™)

Ps CF;CH=CHCF,—CF;CH=CH+CF, 274.31
Ps CF;CH=CHCF,—CH=CHCF,+CF; 583.44
P; CF;,CH=CH—CHCH+CF; 376.84
Py CF,CH=CH—CF;C=CH+H 180.74
Py CF;CH=CCF;—CF;CH=C+CF; 423.71
P CF,CHCH—CHCH+CF, 67.72

P CF:CH=C—TS,—CF;,C=CH 12.29

P CF;:CH—TS,—CF,=CHF 70.03

Pis CFs—CF+F 249.86
P CF—CF+F 492.62
Pis CH=CH—CH+CH 787.77
Pis CFCH—CF;+CH 441.93
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Fig. 4 PES of P;; and P,; and corresponding transition

state molecular structure
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Table 3 Major complex reactions and energy changes of
HFO-1336mzz(E)

T Sy e/ (K - mol ™)
R, CFs+F—CF, -591.14
R CFs+CFs—CoFs -518.49
R, CFs+H—CHF, ~506.68
R, CF+CF,—CF.=CF, -273.58
Rs  CF,CH=CH+H—TS;—CF,CH=CH, -361.10
R,  CF.CH=CH+F—TS,—~CF,CH=CHF -398.69
R CFsCH=CH+CFs—CF;CH=CHCF; -397.14
Rs  CF.CH=CHCF+F—CF,CH=CHCF, -502.31
R,  CFsCH=CCF+F—TS—CF,CH=CFCF, -485.80
Ro  CF,CH=CCF;+H—CF;CH=CHCF, -470.70
Ry, CF,CH+CF,—CF,CH=CF, -567.15
Ri» CF;CH+2F—CF,CHF, -1001.06
Ris CF,CH+2H—CF:CH, -948.30
Ru CF:CH+F+H—CF:CH,F -949.61
Ris H+F—HF -542.77
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TP I G N, A AR O & b Rs Y
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Fig. 5 Complex reaction path with a reaction barrier
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Table 4 Arrhenius parameters for the decomposition

reaction of HFO-1336mzz(E)

i Als™ n E./(kJ-mol™)
P, 4.82x10” 0.075 2 532.62
P, 1.39x10" 3.0870 473.26
P 1.11x10" 0.725 1 506.26
P, 2.04x10" 1.6250 810.49
Ps 1.10x10" 1.6750 278.37
P, 6.18x10% -0.674 7 590.49
P; 4.14x10" 0.700 1 384.46
P, 1.30x10" 27620 182.83
P, 1.00x10> -0.2122 429.27
Py 7.44x10" 3.0500 7232
P, 4.46x10" 1.050 0 13.36
P 9.20x10" -0.030 0 71.15
P 1.37x10" 1.6370 343.97
P. 2.45%10" 2.0620 494.96
Py 4.41x10" 1.850 0 792.28
Py 2.08x10" 0.500 1 449.39
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1 ol J . CE—»CF#F(?'CT@?)

! --- CF,~CF+F(3CHh)
1072 o CF,~CF+F(CHR)
107 . ' ]
300 500 1000 1500

/K
El6 ®AEZESXEIITELERXTEE

Fig. 6 Comparison of reaction rates with calculated
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results from the literature
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Fig. 7 Diagram of HFO-1336mzz(E) initial dissociation

reaction rate with temperature
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Fig. 8 The frontier molecular orbital of
HFO-1336mzz(E) molecule
&5 HFO-1336mzz(E)5 SF, 45 H A5 bk

Table 5 Comparison of insulation parameters between

HFO-1336mzz(E) and SF; eV
2 HFO-1336mzz(E) SF,

HERETE 11.799 15.153

HL TR EA 0.645 0.438

LB 6.222 7.796
HOMO fg it -9.226 -12.322
LOMO fig#t -1.842 -3.317

S FRIEREBUE B, 7.384 9.005

TR BN SE A S E S 191 EA—F . HAj
P Ah 25 3 F B SE 1 SF B IR R KA G,
CsF100 \HFO-1234z¢(E)45 , i H# HFO-1336mzz(E) 5
AR PR 2 AR Al AR P, X X LR AR Y
AT FHUEIIS T 584 SR F Y E.,
{H, W3 65 %13 6 £idls 43 7 AT 45 : HFO-1336mzz(E) 1
a2 MmN CFN, KT CsF0™, 5 HFO-1234z¢(E)
TR
%6 HFO-1336mzz(E) 5 M MREZSEW E,., BEXT LR
Table 6 Comparison of E,., values between
HFO-1336mzz(E) and other environmentally

friendly insulating gases

Sk HOMOfigf/eV  LOMOfiER/eV  E./eV
HFO-1336mzz(E) -9.23 -1.84 7.38
HFO-1234z¢(E) -8.30 -0.89 7.41

CN -10.50 -1.64 8.86

CsFi0 -9.09 -3.12 5.96

3 35 SO R T th TR Y
WA S SOV R B2 C-F 4 | C-H 8 R C-C PR I
O] T X A v, WOAE R R SRR R R F H
B H A HEE CF A B AR5 2, 3 3 Fh
H W22 57 R A 7 PR TR 5 SR 48 2
PERER M ZE R A=)

52 TN TR R I 4 LR S5 43 i 7 )
14 L B BB L SR A 4T LT RE B 1 1 A DKL
PO T, 3R 7 I UL, &5 = e B RS e
11 eV RSB 11 Ko FRESEALTE 1 ~ 10 eV
T Z )™ S AN G s

%7 HFO-1336mzz(E)&B 5> S =M L LS HE
Table 7 Insulation parameter values of partial
decomposition products of HFO-1336mzz(E)

7 HUESHE/eY  CERIEYeV S RLERERY eV
CF, 15.95 -3.32 12.58
CoF 14.80 -3.21 11.55
CHF; 14.30 -3.53 12.33
CF,CH=CHCHF,  11.44 -0.89 735

CFsCH=CFCF, 11.59 -0.69 7.21

CF,CHF, 13.07 -3.21 11.33
CF,CH; 13.45 -3.13 11.83
CF:CHF 13.03 -3.07 11.22

SC[21-22) 5045 T Z2 Ui IS 40 Joa 1) 5% 9 4 2%
PERE SESTHAEZ M OCR B0 TR H i hE
BRI 2 [APSSRAADENE , S HFO-1336mzz(E)
Y L S HE A 11.80 eV, JBCHE Ji AR A4 1Y e B i
AH S BEARR, T S0 G LS P AR AT R AR R v 1)
Y VERE . T 22 B0 A0 i 7 W) ) 43 - BUIE R B (E Ak
T7~12 eV Z 0], KR FaldiE HFO-1336mzz(E) , H 43
FhE MR SRS RS I SR 7 B
SR F AR E T

4 ZEig

SCHR FH B3LYP/6-311G(d, p) 7 X BRF- AL,
A 5 HFO-1336mzz(E) S H o3t 7=t 171 43 A4
A E TS

1)3d 3 3 il S0 fig = 115, HFO- 1336mzz(E)
43 FH Al C-H ST 24 1Y) s I T s g it v ARAIR, B
Gy RA RIS T IR A AR . SRS
AR A R H L CFs A 3 RRIE AR 72, Ik 3 Fh
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