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Fig. 1 The Keto-enol isomerization of AP and o-AP.
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Fig. 2 Flowchart of sample preparation.
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Fig. 3 Breakdown characteristics of materials at different temperatures: (a) 30 °C, (b) 50 °C, (¢) 70 °C, (d) 90 °C.
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B .

1E0°C%M T, o-AP/LDPE FE ()7 % ik
FH#: AP/LDPE A1y R 858 %, #£-30 °CIf %
PR 2k SR . AR BRIE A S AR AP 5
0-AP FI M RL B i AT AR — 8, A AE
IR P R R

NI B S AT A HINLR RS, 5 PR
I5F, o-AP 4T “HA-BE” BAS R A P
T WS, 7F SO0 FP AR R 2 0k HIAT B LK



800

WA T.DPE
00 §0.50% AP
700 ¢ B 0.75% AP

E31.00% AP
600 |

[m 0.50% o-AP
B8 0.75% o-AP
31.00% o-AP

500 | P
400 |
300 |

200

Breakdown strength (kV/mm)

100

0 2N A

= AN
-60 =30 0

Temperature (°C)

Fig. 6 Breakdown strength of materials at high temperatures.

SRR AR T S 30 3 €028, 3 1, 13 A - )
B S RAT Rt a3 T, AR RN
Fo> T AL BIIRRE 7 T A S I E G B, e
Mg« BE W R B A R A P AR
(17 BE S FE AR . KR 2 B S R 1 1E
R A 510 R MR A, B -4 S i A
ASFEHOHL ) 4t 5 3 5540 . AEARE N B A 4k
SR NTE R AN H I, o-AP R AP X 53
SRR TE R Y X R, B A R AR - I
BSR4, J5 BB R AR B tHRE 2% LDPE 1Y
i R . R AR IS BEAAT AN 75 7 T
TR REE I ME— IR R

SE 5 T IR A R B A g R AT LA
3 AT L E X o 5 I 5 S B R RS s IR R v
AP/LDPE. 0-AP/LDPE 5 LDPE K % 3% 5% 2§
oS R E NN 3 S N RS A TG E RS
XPIR OB A F . b6 iR PR AP/LDPE
o-AP/LDPE X LDPE ¥ 5202 ¥ T — 8 fESK
56 11 R BRIE F 2514 R AP/LDPE 5 0-AP/LDPE [f]
HFAT NI, —H SR RS e
T E 2 AR TIREEA X — 1228k, SRR
(R B A8 A — B BEAT S AF T 52 T B i
/N, DR 2 b B A TR B BRI 2R AT s T
— A BTN . X oS BT N T
LDPE % 37 5% [ e 21X — WL s F 4t 73— 25 11
SEUSUEYE . - 47 BE R A A AT T DL TE A Ak RE
BRI BT 2R s R TR &, AT 4E
G g I TR L.
22 HBSBERIR

HL SRR NG R ) — R B, X
2 Pt AR E SRR I () SR B TR AL T

S AS TIN5 5 T FL P R A T ATLEE . DAAE BRI 9
REME IR m ARl o 3 5k AN I AR AR ARt 2 S BUM
B} LS H I AR (69 1~1622) 7 A B T g 1 %
MR SAT NS A LR, 223 R NI 2
THAEEARF G T IRFERE, 51 NBIFE A
i SRR TR . BEAk, BT IR T
TN T g M SAT LRI &R, A%
P 5 I R 0 5 H 5 H IR PR R e R
IEFS 2 I PR R LT R S A sk D G R DSR2, 36
MEFSAT NINE S, GBI R T He s
ZA5 KAk, W5E T LDPE K SetE A RHE A
) BN I L - R, DA — DR LR
FaE AN B FAT NI, FEEs A AT ik —
SRR o o GE LB . 4) 0 AE 30 f1 70 °CTF, X
B AN 7 & ¥ AP/LDPE F1 0-AP/LDPE J% Jiit <,
AbFE S AR I FE SRR AT TR, AR e R
M) PR 3%
22.1 HSHASEE

AN R E T 11 3 8 0 77 6 1 o PR A R S
LDPE i 1 5 HL et i 2R a0 P8 7 o L B HR
W E I, A WA B S R 2 LT
HOAEFTE NIRRT, EMEBRE T, @
BRI 2R 28 R IR SR R F 5
T K T4 LDPE iR0FF, 3 1 B sl 1
# M T i # . {2 AP/LDPE 5 0-AP/LDPE [¥) 1
[ B ZEFEANBR R, U R B A TR A L3 i
T, 2R R S R s,
THGM B SRS, W= RS
TP ANy s B4 i O, A T mT &

TE 2 ol e s 700 7 04K 1 3R BE 4% 1 T X
LDPE [ AT N BE AR BT, *HE
FEREI M A AR — B, 3K % B A B e A
MK — 0o R PR B [ R R RE AT xt
AR R R BB T s Jo B A L R
dr AL T 2 PR AAT N B 45 R A S
AN B R BR 2 BT 0 5 A
WMFIER R R BT s s Rk, H
HAEFTA X A —MIT AR R, ek
Wi 57 —47 9 . MHLER EixX— B R ] DAFLAR, fE
AT NTEM R I o 27 B R 4R 2 A%, T
HL AT MR AE R R AL S 5 S L P A1
[FII, ZSesG MRS T, o-AP AT T AP
IESC I 3, W SIAS S i 0 R - iE A S T



PSR MRS IR RSN TN R — 44 I S A AL 6] 2R 20 P BE RO R 7

3@ —0— LDPE
—A—1.00% AP/LDPE
—0— 1.00% o-AP/LDPE

30°C

[\
T

J (1077 A/mm2)

10 20 30 40 50 60 70
E (kV/mm)

4| ® —0—LDPE

—0—1.00% 0-AP/LDPE
~/—1.00% AP/LDPE
50 °C

J (1076 A/mm?2)
(3]

0 10 20 30 40 50 60 70
E (kV/mm)

© —o—LDPE

20 - —/—1.00% AP/LDPE
—0—1.00% 0-AP/LDPE
70 °C

—
W
T

J (1075 A/mm2)
=

W
T

0 10 20 30 40 50 60 70
E (kV/mm)

Fig. 7 Conductive current characteristics of AP/LDPE and
0-AP/LDPE: (a) 30 °C; (b) 50 °C; (c) 70 °C.
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Fig. 10 Surface potential decay characteristics of samples:

(a) surface potential; (b) trap.
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Research Article

Influence of Ketone-enol Isomerization of Phenyl Ketone Additives
on the Electrical Properties of Polyethylene
Zi-lin Tianf, Ming-jie Jiang’, Xuan Wang"
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Harbin University of Science and Technology, Harbin 150080)

Abstract Due to its excellent electrical properties and processability, polyethylene is an important insulating

CH; O
? C CH, Energy

O/L O)L) Energy

CH; O
A: +-CH,~ CH + CHjy B
t
+ An_ o 00S ASBoC

More than 20 °C Breakdown
B: ‘[’ CHz_CHz]T + CH, Boost Breakdown strength

_ﬁ A=B>C
C: ‘[—CHZ— CHZL_ Temperature has

dropped to —60 °C

T These authors contributed equally to this work.

* Corresponding author: Xuan Wang, E-mail: wangxuan@hrbust.edu.cn



PSR MRS IR RSN TN R — 44 I S A AL 6] 2R 20 P BE RO R 11

material. Aromatic ketone compounds are widely used as voltage stabilizers to enhance the dielectric performance
of polyethylene, yet their mechanism of action has not reached a consensus. This work investigated the effect
of keto-enol isomerization on the electrical properties of low-density polyethylene when two structurally
similar molecules, acetophenone and o-methylacetophenone, were employed as voltage stabilizers. Materials of
acetophenone/polyethylene and o-methylacetophenone/polyethylene with different mass fractions of additives, as
well as neat low-density polyethylene films, were prepared. These films underwent breakdown strength tests over
a wide temperature range, conductivity tests, and surface potential decay tests. The results showed that both
additives improved the breakdown and conductivity characteristics of polyethylene, with no significant difference
in their effects on conductivity and traps. However, o-methylacetophenone outperformed acetophenone in
enhancing breakdown performance. As the temperature decreases, the effectiveness of the two additives gradually
converged; at the lower test temperature limit, their performance showed no clear gap, though both remain
superior to the base material. Analysis indicates that the difference between the two types of additives stems from
their distinct keto-enol tautomerization behaviors, and enolization is not the sole reason for the improvement in
breakdown characteristics.

Keywords Low-density polyethylene; Keto-enol isomerization; Voltage stabilizer; Breakdown strength



