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Effect of photon-trapping voltage stabilizer on degradation characteristics
of electrical tree in XLPE insulation for high voltage cables

YANG Zhuoran, LU Lixiang, XU Weilun, DENG Jingfang, WANG Yue
(State Grid Nanjing Power Supply Company, Nanjing 210019, China)

Abstract: Aiming at the electrical tree degradation and discharge breakdown of cross-linked polyethylene (XLPE) insulation
for high-voltage cables, we prepared XLPE composite materials using photon-trapping voltage stabilizers, including two
trifunctional triazine compounds (1, 3, 5-triallyl cyanurate (TAC) and triallyl isocyanurate (TAIC)) and two hydrogen-
capturing phenyl ketones (4-methyl diphenyl ketone (MBP) and 4,4’-di-chlorobenzophenone (DCBP)). The influence rule of
photon-trapping voltage stabilizers on the electrical tree degradation of XLPE composite materials was studied, and the
photon trapping and excitation properties of the aromatic photon-trapping compounds, and their chemical reaction pathways
were analyzed. The inhibition mechanism of the additive types on the electrical tree degradation was explored by using
quantum chemical calculations. The results show that the addition of DCBP and TAC with the mass fraction of 1% can
increase the initial voltage and initiation time of electrical tree in XLPE insulation. Compared with the pure XLPE insulation
under the same voltage, the electrical tree length of DCBP/TAC/XLPE composite insulation decreases by 16.3%, the
cumulative damage area decreases by 72.8%, and the maximum amplitude of partial discharge decreases by 29.7%, which
shows the best partial discharge suppression and resistance to electrical trees. According to the quantum chemical
calculations, MBP and DCBP have strong photon absorption properties, and DCBP can absorb photons with a wavelength of
334 nm, demonstrates a higher reactivity than MBP, and is more capable of capturing photons generated by partial discharge
to hinder the damage of photons on the XLPE molecular chain. According to the reaction pathway analysis, DCBP molecure
enters excited state after capturing photons, which triggers the proton transfer within the XLPE molecular chains, and
promotes the free radical cross-linking reaction between TAC and PE molecular chain, thereby enhancing the local stability
of the molecular chain and inhibiting the electrical tree deterioration of XLPE insulation.

Key words: high voltage cable; cross-linked polyethylene (XLPE); voltage stabilizer; partial discharge; electrical tree

HEWBE:BMéwtd a3 A (12021071),



P AR DT J AR P LS A Rt e L P S T B 0 4 % PR A5 25 P A S i 25

0 31§

Fen P FEL 20 i P S A T R TR R R R I i
H ) DB T B, 2 AR B L RAE I R
& B 45 2 Bk K 4 M (crosslinked polyethylene,
XLPE) 48 Zx VERe Y8 T i Ik L4040 fl R RIS 4T 1)
et 52 kR, R 54k 2 v R L8R A 2
FEZIMUER L — MR FHLL S R F
R EEREER,

Wt 58 XLPE 4 2 Fo i A 95 40 5 1k S HL 4l O
2 SR TR v e/ R FRL S 48 2 1 A R KR
M OCHBERTTE . W FE R W, 4 AR X N R BT
Jei BB TBCHL A2 51 R 48 S W B 95 Ak AR A T A .
XLPE #4477 1 54 i fi 37 1E FH R TR i) #4780
e IR, 2k A e R AE 20U RIS, 38 i 6 3 3
PEF R IR M 48 Gl AT 2040k ik 5 hr 2ok 1E
FUR I 4855 v H I 55 i B UL T s [ A1 % 2
XOHIESE T 3X — WA FE I E R T ARE EX K
A2 JR SRR, LA AR AR T RO 1 T SRR ik RE
S, BE BRI 48 2 43 1 i RN R B s AL, 5 R H
WA 5 A5 JR) 3 T LR TR R B IR 91 R B A
GANSRE, PG B A — R, &
KRS IA LIS, N HOZUMI S0 7 K 3, B 2
W5 48 G AEAC I LR AE T, B 51 % i mT A ) 2]
£90.1 pC I J5 B s R A 51 R e g AR K, HR
H R RR ARG N, UEBA TR O R TR B 2 N A
18 AR .

1 & FEL 25 XLPE 44 25 B b A% 25 1 iR 0 1) 7 3 0F
FEBEFWITM, — 7 T2 IR I 4 S R R
£ LA 7 T2 B SR P R 1 R i 2 9D 4
SN 2R 5T B R DX, S EIR H ARG A R A
3 —J7 T2 I TC U R ECE ML AR e 71, #l ]
Je 0 L B PR XILPE 48 2, M T 410 d) HR R A 1 5
e, BN BRI, A T ALK IR, L
JEF8E 71| 5 XLPE B4k B A B i MAH 1%, A2
I 2K Uk [ 5% i /L B E T R A0RL 1 4k &
o MR A B H e RS E 7R 48 2 b R $E AR R B
(1) 22 S50 DR 3L o0 = 2K A A SR B L R AR
SE 71 [ H I B Y H R AR R ARG TR SR A LR
FasE o #4 AT 3 3R B P A 7 I i 3R i
Y N R T S R S W o T RE AR, T S
LA B R B RIVERT. ZHU LW 05 i 3%
B, 98 0 5 2 5 BN 0.1% (1) 238 3k -2~ 2K BE 2K 2,

I, AT 1S FERE A 95 A K BE R AR 14.3% 25 4k T AR F%
I 14.5%. 5 ) 58 S5 VORI 50 35 B T) 28 B 2K H R AR 9
F R e RIS LA R AF I B R T
XLPE 482 1) iR B S 4 F R 3R+ 9.3% . H H 24T
B 284 L R RGOV R R S A AR VR L
IE AR A AR B ER R ] e B R B, A
M IA B FE T 48 5 1 RE R . K HIROTA 26/ 7
I, Ty A B S B A A ) o] B 5 XLPE 44 2% 11
TR FELARE A 25 A 1 6 0 o 70 74D B 2 SR 0.2% B
BV 7 F AR A R 4 F R B T P IA 75%

o 25 25 A0 R HR RS B CHR R I O T e )
B X 48 25 7y 1 B 18 BB IR, DLEAE 25 55 (G FR FE
Jil, I Fe & S ELA LAY, R, Bt T SR AL
R A2 € FE LG ARVIS IR, B S0 i) 26 2%
H A R B A I T B L U7, B S F ORI R P,
WIN1,3,5- = A =M TN BEE (TAC) Fl 4,4- &
2K H i (DCBP) A] LA XLPE 48 % 7E 61 W FL A
(1 FERY A 25 1 2 o K ) RO B B 30% LA |, FL
BB 25 40 TR I /S 36% LA Lo LI Z L UM 578 &
B, T8I0 B 5 BOR 1.0% (6 TR 8 05 i &
Vel XLPE 48 2% 28 it AR 32 T+ 5.2%. (Rt
BE— P W FL O T R B 05 A AL S R T
XLPE 48 % f i £ 95 10 -5 J3 JCRE P 6 5 i R0 A AR
FAMLIE , AR 32 RLH FRe FRFR 28, 6T #0 i) XLPE H
BB A RT R  R R LG T R
HEE L.

R SC 34 B P = 1R SRR 1 R R R 2O ik Ak
B, il £ AN R Fh 28 % T 4 3R B H R AR € 71I/XLPE
HEHGMRL, W 5057 & A G WP 8% XLPE 44
GIARF I L A B RS OGS AR KRR L
R AR . TR EZ R, R E T
THE T WAL 07 B IEAGE VI 5 T Re 5 BUR
P 5 55 F AL A Y5 XLPE 48 2% 2 8] 1 [ N 2%
1, 50 B 5 & R AL A W) B FE XLPE 48 2 fiif HE A A
PERE 1R HLEE

1 S

1.1 Hmbl&

AR B T 3R R R AR AR B AR e
“ERE BRI EA R KT KA.
H, = HReE =R EMAMAN1,3,5- =8
1 = 45 A T (TAC) M1 =0 A 25 53 IR IR Fig (TAIC)
SIS N TR R ek /BN NI R tE - S T



26 AR

2025,58(3)

(MBP) 14,4~ — & — X H il (DCBP) , f£. % 25 14 X
Sy B 1R . XLPE R A ot Ak = R
(DCPYE NAZBLF . iR A P03 5 B 46 (AR
P, R EAT BB AR IR A A 77,

of O%\J 0 0
A TN 2 /‘)‘\‘\C
St CI\?EOM g \[or h Cl © © 1

TAC TAIC MBP DCBP
Bl xFHREBEREFNLFEDR
Fig.1 Chemical structure of

photon-trapping voltage stabilizers

SRR F AL AW AR 2RSS F R AW
PRI &8, B 09 N 1%, B R4S
AN 1R o SR FH S Fl L VRV i) £ XLPE 46 %%
MR Bt XLPE 48 2001 kL, 15 B %5 HR bl (BP-8172-
B 0.2/0.5 LY, 7R 5811 E Mg AN AR A TR A 7)) % I
G N 115°C V33 M 30 r/min, £ i@ f e T %
SEMH G . FF 40 g LDPE R B N B, OREF A Rt
18 10 min; 76 5 ¥ 005 & 46 &9 (ACs) 1 DCP, £
FFIE AR 20 min.

1 XLPERZRHBIRRLERK S

Table 1 Name and component of XLPE insulation samples
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m-XLPE-3 0 1.0 1.0 0 2.0
m-XLPE-4 0 1.0 0 1.0 2.0
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