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Abstract

In order to realize the application of gas component analysis method in partial discharge detec-
tion of medium-voltage switchgear, the release law of gas products from pyrolysis of modified
methylvinyl silicone rubber in air atmosphere was studied. The following conclusions are drawn:
the modified methylvinyl silicone rubber produces a wide range of gaseous products, including hy-
drogen, carbon monoxide, carbon dioxide, alkanes, alkenes, heterocyclic substances, ketones, al-
cohols, aldehydes, halogenated hydrocarbons, benzene series, alkanes, heterocyclic aromatic hy-
drocarbons, chain and cyclic silica compounds, at the pyrolysis temperature of 200°C to 800°C in
an air atmosphere. Modified methylvinyl silicone rubber in the air atmosphere at 200°C~800°C
pyrolysis temperature, as a whole with the increase of pyrolysis temperature modified methyl-
vinyl silicone rubber main chain structure is destroyed, the formation of a large number of rela-
tively high molecular weight macromolecular substances and a small number of small molecular
substances, with the rise of pyrolysis temperature. Complex chemical reactions occur between large
analytical substances and small molecular substances, and the large molecular substances will be
transformed into relatively stable small molecular substances after complex chemical reactions.
At the pyrolysis temperature of 300°C to 600°C, the generation rate of the chains and cyclic silico
compounds with higher molecular weight is lower than the decomposition rate, and the chains
and cyclic silico compounds with higher molecular weight decompose into the chains and cyclic si-
lico compounds with lower molecular weight.
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Table 1. Basic performance parameters of samples

=1 HFEAMESH

Rs(Q) JrHHIFE C4 (uF) Cx (pF) A %rer Rv(Q)  Pv(Qcm) Rs (Q) ps o 77 LR (KV)
5874.80 0.00 54.19 2.88 2.39E+15 5.07E+17 4.38E+15 3.57E+17 23.60

DOI: 10.12677/jee.2023.112012 96 ZERIN


https://doi.org/10.12677/jee.2023.112012

=
Sy
4

75

L
S~
2964.80 12680 2’?‘1:)
- —CH3 _CH =
&5 CH3 1094.67
Si—0
3448.71
H,0
60 —
4000 3500 3000 2500 2000 1500 1000 500
cm™!

Figure 1. Infrared spectra of samples
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Figure 2. Pyrolysis experimental facility
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Figure 3. Pyrolysis weight loss rate of silicone rubber at different temperatures

E 3. TEIRE THERAMBAER

B 3 ATk, BHE MBI T AR AR R 2 KR TR iash . iR N 200°CHY,
R HE 2R 0.60% 7 FE IR H 7K 7 I R T LA RERS A R A 243 fif . AL 300°C £ 600°C, K 6 M\
1.46% F T+ % 44.32%. 600°C/EHEm kBRI TIGE, RAKRERN 46.87%. FEAE PR E G INFE &
E 400°C % 500°CHf, KEFIGINERE, VAR ZRE N 0740 b ot o K= W R E 4,
FE LI B Sas P=) BRE TRUH 2 K

3.2. BB E

321 KESEEYBEBRNEERSH

FETEARARBST e AH T AR AR B, 3= R b s Be J7 E Firid 43 I E 200°C . 300°C . 400°C. 500°C .
600°C.700°C . 800°C 264 F#EAT #fifE, AT USSR 28 (4 L) WSe SR FA Al <Ak, SR FH UM 3% (X (GC-2014C,
H 2 By i) 0 S RE Sl AT 8 Ve i, SRR TR B S P MR O AR an 1] 4 B AR iR
TSN Hoo CHyy CO. CO BTN 5 PR .

HI 4 AP 5 AT%, 7E 200°C~800°C VAR B N REAG I A A AR 2R = ) E B AR H R, &
Py O ke P T ke IET R, BRI F R EEARFmER. —5 MWk, 5k, &£
200°C~600°C FA AR LT, TR A=W — S AR 38R B st R T At A, T e R S5 DR D 7 I B
0 PP R TR WU EAL A TS 8 7E 200°C~800°CHVIRIEE T, AR Wikt —SEALRRIIT1Y
WREER T HABRBRAR I =0 3IR B, U BHTE A MR 2 A T RERG R 20 it = 8 e ) T A Jl 5 ) A

=

DOI: 10.12677/jee.2023.112012 98 ZERIN


https://doi.org/10.12677/jee.2023.112012

3K

farey
=¥

A
RS

XPRE /N TP . #E 200°C~300°CHVAIREE F, RBRIER= M Lhis LMy Tk M 5T ke
B T Re R FE R 1 /MK T A3 HE BRI FR e vk FE AR 6 2.01 ppm~54.83 ppm. A AIKRER N 196.07
ppmM~228.75 ppm. — ALK AL A 0.99 ppm~114.35 ppm. S ALRRIK E AR 1Ly 1303.12 ppm~1346.38
ppm. 7E£ 300°C~500°C #MFIREE T, (KB A = V0K FEBR A bE A0 — S84 ik LA/ Bl IR FE R T i G oK. 7
500°C~800 CHAIRSE T, LM J T ki Wkt &S ZHAMISURIREREE REZ TR, Lk,
PIBE PR IR FEE B A U5 P2 () T oy SR ISR B I 5 RN e 3y, TR T he s — SRR 5 I o U 5 (1 - o f e
K. HILLESYIFREA AT, 78 500°C~800°C HARIEE T, (KBRS M AR A AL .
MEEARTE BE A AR B T =, SO A T AR RS M RSB /N TR, I H BRI A, P )
TR AR, BEI A — BRI Ay A Bk

1600 35
I
£k 1 [Fa—7ike
14004 | O L P 304
1 | h //
1200 v— il [ 4
/ 25|
1 /
/
1000 /
~ | / . 20+
= / £
R E
& & 151
600 |
i i
S 1 % 104
400
200 - 54
0 » A 04
T T T T T T T T T T T T T T T T T T T T T T T T T T
200 300 400 500 600 700 800 200 300 400 500 600 700 800

MRS (°C) PARIREE (°C)

Figure 4. Release law of low carbon hydrocarbon products at different pyrolysis temperatures
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Figure 5. Release of H,, CH,, CO and CO, at different pyrolysis temperatures
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Figure 6. Total ion currents (TIC) of gas products from pyrolysis at 800°C
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Table 2. Total ion current (TIC) graph corresponding material information and material response value
2. BEFR(TIC)EX MRS R R RN S E

) 5 M) 82U T A (count*miin)

e Wi an Y gt - - - - - - -
200°C 300°C 400°C 500°C 600°C 700°C 800°C
1 C3HgO Y 579E+6 3.36E+6 3.48E+6 3.53E+6 3.02E+6 2.79E+6 2.90E+6
o]
2 CS, S=—C=S 4.20E+6 221E+6 2.29E+6 2.77E+6 2.14E+6 1.98E+6 2.05E+6
3 CH,Cl, CI\/CI 3.41E+9 4.72E+9 3.67E+9 4.17E+9 3.64E+9 3.56E+9 2.54E+9
|
4 C3H,,0Si —sii— OH 4.02E+5 3.61E+6 2.09E+7 2.97E+7 2.16E+7 2.08E+7 6.65E+6
_ | |
5 CgH150Si, /T\O/sl;i\ 450E+5 4.87E+5 4.19E+6 2.76E+6 3.71E+6 1.84E+7 5.81E+6
6 CeHs @ 7.24E+6 2.78E+6 1.19E+6 2.01E+6 3.97E+6 7.72E+6 7.44E+6
o
7 C4H50, (ﬁ 1.21E+6 1.21E+6 8.81E+5 8.18E+5 5.01E+5 4.48E+5 3.04E+5
o~
Cl
8  CyHisCLNO % O) ND 1.96E+5 1.14E+5 1.42E+5 9.28E+4 8.45E+4 5.65E+4
Cl
(o] 0,
9 CeH200,Sis \SilH/ \s:/ \SilH/ ND ND  253E+4 2.78E+4 2.14E+5 3.60E+5 1.01E+5
N
/I
10 CgH1505Sis o ND ND 355E+4 1.02E+5 7.85E+4 1.68E+5 8.12E+4
N Lo
NN
©
11 CysHisN — 1.52E+6 9.45E+5 3.96E+5 3.40E+5 2.29E+5 1.75E+5 1.69E+5
R ®)
N
/Sl\o
12 CgH1505Si5 \f | , A4IE+5 426E+6 3.97E+7 141E+8 215E+8 234E+8 2.03E+8
NN
\. 7
0/“?\
|
13 CgH,;AsO;Sis \/s,[ O/As\ ND 6.75E+4 1.27E+5 2.41E+5 3.54E+5 4.25E+5 1.97E+5
(e}
~4
/
. O_Ai_o
14 CgH40,Sis \:-,< I\ ND 3.81E+4 7.95E+4 1.11E+5 1.04E+5 1.72E+5 1.36E+5
/ /\
15 CgH1o ND 1.07E+5 7.78E+4 7.84E+4 452E+4 4.06E+4 1.00E+5
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N
/Sl\o
16 CiHyp0,Sis o I ND ND ND ND ND  4.04E+4 6.29E+4
\!i\/s/
/s N
17 CgHs /@ 7.62E+5 9.30E+5 5.91E+5 6.56E+5 4.23E+5 4.44E+5 9.27E+5
O/Sl——O\Si/
18 CsHuOSi | 197E+5 248E+5 3.20E+5 7.02E+5 T7.40E+5 1O06E+6 1.31E+6
/\O—Si/
/\
19 CoHyy | 756E+4 5.39E+4 3.35E+4 3.29E+4 2.41E+4 1.61E+4 9.71E+4
20 Cihh SOYOK 231E+4 760E+4 138E+4 258E+4 254E+4 LBREHA  113E+6
21 CoHio //\_@ 4.63E+4 4.37E+4 4.05E+4 251E+4 1.78E+4 125E+4 4.42E+4
22 CioHas N_I—X ND ND ND ND ND ND  824E+4
23 C7HsO @—\\o 1.95E+6 1.82E+6 1.35E+6 7.31E+5 3.71E+5 4.25E+5 7.63E+5
NN\
: NN
24 CiH3OsSis <[ ~.- |, L142E+5 204E+5 3.12E+5 348E+5 3.30E+5 3.24E+5 B8.63E+5
NN
25 CgHgO )—@ 1.97E+5 2.08E+5 1.59E+5 7.64E+4 5.13E+4 4.25E+4 1.41E+5
(0]
/\s-/ \
/\&/0 ’\o/&-/\o
26 CiHyOgSis ) \~ 5.68E+5 2.12E+6 09.73E+5 5.76E+5 7.50E+5 5.11E+5 3.70E+6
5,—O. /N
%\ \/.;\,-\_,0
7 N N
. & NN,
27 CuHgpO:Si,  f ', 9.18E+5 3.43E+6 3.01E+6 1.24E+6 4.63E+5 6.40E+5 3.36E+6
AN oo
28 CpH3OsSis NN 137E+5  2.28E+5 1.01E+5 5.48E+4 3.90E+4 6.64E+4 2.08E+5
Sd—o| \/—“’\/
29 CiHiOsSls - % 17 BOSE+5 283E+6 307E+6 LIGE+6 370E+5 3.14E+5 2.18E+6
. '0 —si
0—7-\ Al
30 CuHuOeSiz SN 1.81E+5 2.31E+5 5.90E+4 5.89E+4 349E+4 115E+4 156E+5
N N\
; &N N NN
81 CiHeiOsSis ) i~ o 4~ L13E+6 2.62E+6 3.19E+6 1.04E+6 267E+5 3.81E+5 1.88E+6
o \o/>‘s<>ls<
32 CiHso0:Sis SOV WS 7.39E+5  2.03E+6  3.11E+6 8.31E+5 247E+5 528E+5 151E+6
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Figure 7. Release law of total hydrocarbon (THC) and non-methane total hy-
drocarbon (NMHC) at different pyrolysis temperatures
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6391.87 ppm Ft = 45 53743.75 ppm, 7E 300°C~400°CHAMRIREE T, IEIRE 2 T R34 H 11192.84 ppm
F% 22 9897.10 ppm. FH X 5 FJAN7E 200°C~400°C HUEEIR FEAR /DN, BRI AE I IR P B A L e 5 4R I be L e Tk
UAUAHSE, #£ 400°C~800°C H ek B2 bt i Tt i M 0K, PRI UG Al H b e A P A MG IR P B N Bk 52 1 %
fa, WPE 1 9304.38 ppm %A 3321.29 ppm. £ 500°C~700°C IF FF e B R Tk B S T e, i 4531.64
ppm = % 6027.72 ppm, FH <] 5 RTAIE G IR By ) FRBEIR B2 2T a5, b o mT HE B £ 0 Bl R Y TRl A
W U B ) v T P 20 B AR I R R AR R G R, AR B B R R . £ 700°C~800°C
R F e SRR B 5L T Mt 34 6027.72 ppm K B & 3321.29 ppm, it W 7 I B IR FEE VI B Py ok RO 20 2
TEEAG I E B LA AR U S R R Bt — 0 R A A R AR RN o T

4, &Eig

1) Hoih I 20 SRR IR AE A U4 v 200°C ~800°C FAARIELFE T 2k H 2 1 0.60%488 1 & 46.87%.

2) Bt B 2 B R e 2 R B R 200°C~800° CRVIRIEE T, A AS S MA R L, 1
BFEEA. AR R bR R IR, B, B, B, )R, KR, k.
WIi ke BRI IR S

3) Btk 2 R IR EE S SR B 200°C~800°C VR R, MERIRE MK ETEA H
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6391.87 ppm Ft & £ 53743.75 ppm, E 300°C~400°C #MRIRE T, BIEIRE 2 N H 11192.84 ppm
F% 22 9897.10 ppm; £ 200°C~400°C LTI FEAR /1N, DR EAE G IR BE B N S8 5 Al F e e R iR BE A LU AR 55
£ 400°C~800°C HH ot ik J5 BB I P - iy T 36 K, R b Al R o e R VA B A LG U 5 B N A 52 R B 3%, IR
1 9304.38 ppm T [# % 3321.29 ppm.

4) Bt BB 2 SRR AR 2 R B R 200°C~800°C HARIELE T, B4R b Bt 5 FAIR IR B P o i
HBE IR SRS IR R S IR JT S 2B RO RS 43 7 0 B 48 v PR K a0 T s AN /N o P s
B AR S T, KT S /N T 2 8] A2 5 A 2 S ST A L A4k, F B ad 5 4= 1)
W5 R JG KA TR 2 A AR AR 8 /N3 T . /£ 300°C~600°C AR T, AR F i &5
e VB IR B PRI TR S A B ) AR OB R T2 R 2, AR 201 I 30 s B IR S IR S A B W 3 iR
AEXT 37 i B AR AR S PR AR E A A
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