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Properties of Polypropylene Based Insulating Materials
Improved by Grafting Voltage Stabilizer
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Abstract: The aromatic ketone polymer 4-allyloxy-2-hydroxybenzophenone (AOHBP) was selected as voltage
stabilizer. In order to inhibit the migration and precipitation of voltage stabilizer in polymer, dicumyl peroxide
(DCP) was used as initiator to graft AOHBP on PP, and an anti-degradation additive styrene derivative (St) was
added to inhibit the material degradation caused by the grafting process of voltage stabilizer. The physical and
chemical properties of the modified material were characterized, and the electrical treeing initiation characteristics
and DC breakdown characteristics of the modified material were studied. The results show that the AOHBP can
graft on the PP matrix by the free radical reaction initiated by DCP, and the St and AOHBP can inhibit the
macromolecular degradation of PP during the grafting reaction process synergistically. The grafting modified PP
insulating material can inhibit the initiation of electrical tree and improve the DC electric strength significantly.
Key words: polypropylene; voltage stabilizer; electrical tree; DC breakdown
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Tab.1 Material formula

AT AR
R PP AOHBP DCP St
PP 100 0 0 0
PP+0.2DCP 100 0 0.2 0
PP+1St+0.2DCP 100 0 0.2 1
PP+1St+0.6AOHBP 100 0.6 0 1
PP+1St+0.6AOHBP+0.2DCP 100 0.6 0.2 1
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Fig.2 Infrared absorption spectra of two samples
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Tab.2 Melt index test results

RFE K45 $0/(g/10min)
PP 42
PP+0.2DCP 28.0
PP+1St+0.2DCP 11.1
PP+1St+0.6AOHBP+0.2DCP 7.3
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Fig. 3 Stress-strain curves of each PP sample
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Tab.3 Tensile test results of each PP sample
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/% N J3/MPa i /3/MPa
PP 4152 16.2 14.8
PP+0.2DCP 36.3 11.1 10.8
PP+1St+0.2DCP 312.2 13.3 11.0
PP+1St+0.6AOHBP+0.2DCP  488.7 21.0 16.9
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Fig.4 DSC curves of crystallization and melting

process for each PP sample
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Tab.4 DSC crystallization parameters of each PP sample
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Fig.5 Weibull distribution of electrical tree

initiation voltage of each sample
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x5 FAHAERKEREESEREE
Tab.5 Initiation voltage and extinction voltage of

electrical tree partial discharge for each sample

B AR HIE/AYV KRV
PP 7.6 3.3
PP+0.6AOHBP 10.1 4.4
PP+1St+0.6AOHBP 75 3.1
PP+0.6AOHPB+0.2DCP 73 3.0
PP+1St+0.2DCP 7.5 3.1
PP-+1St+0.6AOHBP+0.2DCP 9.5 3.9
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PP 1 & T 25.0%. 18.2%. iX /& H T St #£ 5| & 7l
DCP Fi I, Je e TR K 4r 7 B B &, # ]
T MR B IF H OO 5 PP A Y AOHBP 1R A 75
4T, A T AN PP B A S o A i

St, B4 e R e 77 T v 32 v 4 ) 1R S R A A
e s 25 BE Bl 51 & 7 L St A E TR s E ) = & A LA
FH 5 A8 J0 25 25038 A ) () i AR A 1 i o I G T
FAUCH , PP A RN T3 R (R R e 3k A ) A ) K43
T AR T M4 R AR A 1t B A 3 R, F R AR
SE 77 P E AR A PR R R 5 K oy T B R BT R
St A By A 56 A4 AL H e TR B AR A 1 A ) o R, ]
FLAE S ] B A (R s I n) , R B T R AR E AR H
FH & FE 45 s 87, (545 PP AR R K 4 A R A 2D
PR, I TT A5 75 H s R TR K I A SR AT
N IR S S
26 BERHESEE

R 1 B R R PR g SR 7 R
P o R R i R RN 63.2% KR HE S 5
. ME 78 LLEH , 5 PP+0.4AOHBP A Lt , PP+
1St+0.4AOHBP ] B it HL < 5% B M 354.5 kV/mm [F
ik 28 320.5 kV/mm, {475 & T 46 PP 1) B i H 0 oR
. 4 PPALALE DCPEH 44 0.4 {f AOHBP K,
TR I B B AR T B S i 2, M L T4l PP ik
BEAR T 5.5% AE A R dn S 7E B2 A R BLRT J N T
St, T St#£ 5 K7 DCP BN , 2648 € 1 # kK
Koy H B8, JH] T Rk B g AR B
SRR R TIRZ LR IN StRTHE @ 1 21.9%, thaf
PP $E 1 15.2%. HHULAT L, B R A2 e 77 78 St Al
DCP 1EH F 58 38 PP K4 110 [ B2 i » v DA &
PP E IR E . BARE, Lk 2 HEIE
FE A ON 5 LR AR S T 28 AR B v PP I B AR

»
901 ']
\°638g
,;?é. 501 5%
B 30{3
® 2077
_H< 6
X 1040 :
= —e—Ppp
M 54 —=— PP+0.4AOHBP
--¢-- PP+1St+0.4AOHBP
| s
] /7" y—4— PP+15t+0.4A0HBP+0.2DCP
100 150 200 300 400 500
LS 38 /(kV/mm)

7 HREMNERBSIEE Weibull 57
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strength for each sample



S B 4 ¢

s RrRl 2022,55(5)

P 7 9 B 25038 T 4 i S48 b P R 5 41

& 3% J2 K 2 AOHBP AHE T 1 A1 ¥ PP B A B = 1)
HL 1 2% A BE R 48 1 BE B, 8 v 1 H 1 S R BB A
AOHBP # ¥ KM A7 3K i e f 1, A M R B T
DK T A 1) i R DA Y RE B P RE TR B A R G A
()T R TR 22, PRt AOHBP 25 J& , A4 T (1 7
BE HLF- X6 PP oK o 4 % ol O E 2R B ARG AR AR K
WE 1) 55 , PS50 P S S B T . H H R R R B A
PEATREA B A P BE AL VR A R R i AR PP A R B
MR — B LT N B 2 AN St B4
JE A& A TE IR R AR B9 A B 5 R R S
[ 4 FH 424 51 & 7] StRT B R A s ), AT B — 58
FEEE IR S 4 PP AR B AR, X 5 R AR
SE A 1) R A 51 & R e A A ], PR T A
JEAH LG T B L 51 &, AR B B H AR 52 St
M) F RBURRFE B R %o X SRR IR L 508 15 1, PP A1)
TE B2 15 s B 2 T I K o 1 B A T A4 R B
FPEREA 2 B3 R H R AR R OGS M R B
Ui PR BRI RUR 2R 5 B K o 1 B fR BT R s St AR
5B PRI H AR BT o 1 R O R R, B
FAE P B A i A 7, PRB T R R AR A E
TR N JE PP IEAR A R K 7 FAUR A0 2 FF
il WIS 75 L s R 70482 5 I B0 A R 80 SR AT e A
R, BRI BA R 220 PP IR v IR A% 58 771 6 EL IR H
ASBRPE B R S R A I IE R e M A T
FLVR PP/H JE A 58 7 LR 48 25 A R, DR G B R
T 77 1) PP HE L8 54 L TR A 1R = [ BIE FE 018 o

3 i

(1) AOHBP 1E 4y n] #2217 AL 8 & £2 € 51, 7 DCP
51 R W H H 3 A e B 3k 2 A, AOHBP 1T DA it
H 3 s B 3R B PP b, HAE RS B B AL
H AR E 1

(D IINE IR GTAY) St ol $H] PP BB I M ik
Tt v ) A i B AL SR 5 0 I 448 4B 0, 8 v L 3
K2, AOHBP B\ AT LU 53 St 411 i) PP K 4>+
R R IEH

(3K~ AOHBP 7E B B fi# A4 KL St ) 4H B T
PR PP ORI AR ey L H AR A AT 46 H R R B YR H
SR, M LT R 28 1 AOHBP 5 PP LR Y, HL
JE A2 E FE F R A B PG

SR :

(1] oz B0 (g B, 01 5 v e /7 v v g R 5 B AR 43 T
JEEE[D]. i FEFIAR,2014,40(9):2593-2612.
[2] KA, ZEZRBE 110KV K LA b v s 48 TR 2 40 A BT [0).

[3]

(4]

(3]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

AR 5 AR LR ,2004(5):38-40.
P TRE 2R 5K A, 55 Aok MgO SH 78 I 5 R 3R [T A 3% i K
MgO/PP AL PE I 82 MR [T]. 46244 81,2016,49(7):14-19.
HOSIER I L, VAUGHAN A S, SWINGLER S G. An investiga-
tion of the potential of polypropylene and its blends for use in re-
cyclable high voltage cable insulation systems[J]. Journal of Ma-
terials Science,2011,46(11):4058-4070.
KIM D W, YOSHINO K. Morphological characteristics and elec-
trical conduction in syndiotactic polypropylene[J]. Journal of
Physics D: Applied Physics,2000,33(4):464.
PEREGO G, ALBIZZATI E. Electrical cable for high voltage di-
rect current transmission, and insulating composition: US8257782
[P]. 2012-09-04.
TEYSSEDRE G,LAURENT C.Advances in high-field insulating
polymeric materials over the past 50 years[J]. IEEE Electrical In-
sulation Magazine,2013,25(9):26-36.
AR, 5 58 TR, 5 . o RS AR B e PE/XLPE 28 21
P ik F 58 2538 (7). 7P [ Bl R 2 41%,2017,37(16):4850-4864,
4911.
TR AR R A PR TR L TR R R R E
[I. B F AR R 22 5 T2F2,2000,16(2):99-102.
JEAB B, 5 M8 AL RS S0 5 R B R A ) e ——
2R LIRS A T 5 R I RO R[], 1 2 AL R A,
1981,15(2):95-106.
AR YRR T A R AR R A P LB K L Y (0. #4
R 7 22 41,1998,12(5):527-530.
YAMANO Y, IIZUKA M. Suppression of electrical tree initia-
tion in LDPE by additives of polycyclic compound[J]. IEEE

Transactions on Dielectrics and Electrical Insulation,2009,16(1):
189-198.

2 1 BRI ER R A- T U B -2- PR R ORI K L RE (D).
W ZR I RV B T K 2,2018:20-43.

ZHANG C, WANG T, SUN W, et al. Grafting of antioxidant on-
to polyethylene to improve DC dielectric and thermal aging
properties[J]. IEEE Transactions on Dielectrics and Electrical In-
sulation,2021,28(2):541-549.

A B L R RS E SRR XLPE A2« BV 46 2 11 BB 5 i K AL 2
HFFFL[D]. Wi /R 1 K T oK 2,2019.

R b AT, SRS SR AN S 51 TR T I B SR R I -
HCN WS [0]. R AT BT I R A L2 4, 2007, 25(6):
336-340.

GEUSKENS G, ETOC A, MICHELE P D. Surface modification
of polymers VII. Photochemical grafting of acrylamide and N-
isopropylacrylamide onto polyethylene initiated by anthraqui-
none-2-sulfonate adsorbed at the surface of the polymer[J]. Eu-
ropean Polymer Journal,2000,36(2):265-271.

E VL IR I B I T R AN B R AE[T]. & R IS 2
#H},2013,30(6):1-5.

LI C, ZHANG C, ZHAO H, et al. Grafted UV absorber as volt-
age stabilizer against electrical degradation and breakdown in
cross-linked polyethylene for high voltage cable insulation[J].
Polymer Degradation and Stability,2021,185:109498.



