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Research on extrusion process technology of ethylene-butyl acrylate based
semi-conductive shielding material for high-voltage cable

HE Wen', HOU Shuai’, CHEN Xiaogiong', ZHAN Yunpeng®, JIA Lei’, LI Zhuojia',
YANG Qiancheng’, FU Mingli®
(1. Dongguan Power Supply Bureau, Guangdong Power Grid Co., Ltd., Dongguan 523120, China;
2. Electric Power Research Institute, China Southern Power Grid, Guangzhou 510663, China)

Abstract: The extrusion process technology of semi-conductive shielding material (SCSM) for high-voltage cables is
crucial for the uniform dispersion and distribution of conductive carbon black (CB), as well as the interfacial interaction
between CB and matrix resin. To investigate the influence of processing methods and parameters on the structure and
properties of SCSM, this study employed twin-screw extrusion granulation and single-screw extrusion sheet processes. The
influence of extrusion temperature, screw speed on the microstructure, electrical properties, mechanical properties, and
surface smoothness of the SCSM were investigated. The results show that the optimal parameters for the twin-screw
extrusion granulation process are 160°C of extrusion temperature and 120 r/min of screw speed. Under these conditions, the
volume resistivity of the shielding material at 23°C and 90°C is 9.6 Q-cm and 265.0 Q-cm, respectively. In the single-screw
extrusion sheet process, when the extrusion temperature and screw speed are 105°C and 50 r/min, respectively, the CB
achieves sufficient shear force and dispersion time, effectively preventing pre-crosslinking of the SCSM. Consequently,
there is no protrusions larger than 50 pm in diameter observed on the surface of the shielding material.

Key words: semi-conductive shielding material; conductive carbon black; processing parameters; volume resistivity;

surface smoothness

0 315

e S L 20 K S A R S VA R IR T L RN 3
HORE T EEER. SR REREEANEER

EEWH: &7 % M8 A3 B [031900KK 52210018 (GDKJ
XM20210085)],

B R KRy, T ERPER SR ELGE)R,
T DR HEL 3 20 50 3 A AR IS - LB ORECRATR
T3 BE wiORED A2 - 5 B R R SR ADRE, AR LE T
s L, i I PR 0T 2 3 FRL B IO} A i B B T e
P R B T, 52 B [ Ah R B SRR R RR ]
TZMN T A A R S R R AN [ 7 R R



52 AR

2025,58(3)

AE i A2 [ AR IR L BE R PR RE R SR 110 kv LR
e I L R ) B i 4 © e B BRAR T ANER IRk
S S5 [ B i 44 AL 2B IO R, SR e S LG R
R PR 7 A ok 3 1 g s e B8 A Jre M A fEL 2 4 A
A EE R,

e e FL B R 2 — AL R R IR R
SRR, AR IR 3 H R R (CBD W AZ B LR
TR A 0 T B R 2 R . H 3 LR PR G 43 BEORN
AR A2 P g B okl L S PR RE L 70 S PR RE AR T
JE v I OCHEE DR 2R CB AR AR SE AN 38 1 it
R AXAFAE , FAETE AR g o (0 23 H5OM 23 A1 /] 2y
NUNR I AR - CB 1 % b 3L R A v 32 2 BT ) 04
PR AR 9 e /N KL 5 IF ) A e i A4 A8 I i 46
AL )5 (¥ CB KL T £ S AR W i mh BE AL 20 A1 s 220 K
{15 CB WL 1 0L 7 18] FRI TR 51 7 1T 7% 5 R 4%, RV K
A SRR, CB I 2 O o AR 92 K 2
i 1 S e B S IRORE S 48 07 S B, i Tl AR
f L ZEFM T ESHM e A HRE". SR,
& T ETTEMZEAEE W CB {E 2 AR i
(¥ 73 FOR 2 A1 R 128 T HL BE 9% 1 4% CB 1) 45 74 1 DA
LSRR A W2 AR 1) 1) J i &5 45 3120 R bt
H 3R PR AT S A 7 B D) 2y BOROR B S
w3 B T s L B OB AR A R AR R
R 0 BE  BEROFT e 2% TR 3K 2 % B ikl CB
RLF [ 4540 BE 5 20 WO o A RS A g fE . 2R
M BLA B 50 TAF 32 3 T 5206 = A& ALt 78
BHIG U TR R 58 0 L L 22800 B WosHE B 1
SR, KT B TS MO B Ok 5 R BE (15
i KA R 2 2R GE T O

ST b, A SCHE IR AS B MR B 0 I 7 B 2
it L BIF S0 U AT 55 L 3o T 2 v 5 U AR AT
e THONT E OB 0OU 25 4 L 2 R L 0 2 R AR
AR VE RE AT, PR TT MR 55 A R B
1 J3E AT BT e T 5 s R T ' % P ) S MR A
M B4 B iR AL A2 7 T 2280, Jy e ki 4
BEMORH P IR 2%

1 =%

1.1 FEEMR

LW-TNIH IR T BEIL Y (EBA) , l R /RA
Al s 5 R BB (CB), R AR A ) s Tl e AR 67 L 23 ik
AT TR BURGR AR BCER R A TR A
PRA

1.2 FEceeysl&

(1) DUHF 5 BC EE FR B CB 23 Hi7) Ai R Joe 48 16 771
Jei o 8 S MU B TR A 8 5T, B S DN R E
2 (1R T R AN B SR AR SR VR A R NN EBA
MR H B RER S

(2B TR & 3550 J 1 J5RHLE DU AT 55 H AL Hp 4%
il LR, 2O B IR E (140~200°C ) MR A 55 33
(80~ 140 r/min) 153 F A [FH5 H 4, £ Hh 4 a8 ik i i
WU BCBURLR , BE T i i 15 RO Rk o

(344 58 Bk 771 76 BIF B v BF B8 34 50 IS 5 Skt 4
HUBOR A, SR G B T 60°C 1L 46 b -4 kb 71 8 h ff
SRR 2% T 78 49 W B b 38 T L 45 21 w3 L 45

(4) % Bt Wkt B TP AR B AL HLH , 75 180°C L 10
MPa [ 3 £ A1 3 R #4UE 10 min, /5 2 RS54 10
emx10 cmx0.1 em (AR A4, FH T W7 18 7% 55 0 % DA K
L2 2RI A PE BRI

(5) K FH B ME T 55 H ALK 8 B 58 B0 751 £ R 42)
BHAE A [8] 35% I B (140~200°C ) FIEZ AT % 3 (80~
140 r/min) F 55 il 45 76, F TP R R B .
1.3 MK 5RAE

K H % kW # B 7 B CEE (Nova Nano
SEM450 &, FEI 24 ] ) WL 2 10 FE Wr i 7 55 . X i
PR REAE VAR TR B 30 min S5 BRI G T, R A
il 2 e S ASCHE A 0 I 3R THI 38 21 W0 — 2 4, DA
Jnig s RN 5 kV e

KOt 2 B s (GP-304K Y, B 1L s kG 2%
AXCES A B2 7] D X BB AT 55 HHL AT S 1) 57 R 44
RIMHEAT G, PR IR R TGS L

W A R R it B RSORSE R 3 em < 0.5 emx
0.1 em [ 26 RARAE , 7E R P R A IR 78 5 HL AR IR
HIE 522, ARG TN 60°C HEFS T 45 12 h LA 1L
FHAER . FIH L FH 204 (TH2684A AL, &
) 2T B4 A PR A JDINRAARE7E 23°CAT90°C T
(44 B R BEL, $22 182X QD 3 5 RE 0 4R B

Eﬁ%mﬂ]o
» #-? D
RO p NAEFIHBEZ , Q-cm; R N FT il 44 1
FH, Qs W DL 533 9 FE 1 56 B TR K, em.
B PR B A ) R A 6 BT AR BE A 20 mm F BE
B FE , SR H HET T BE B A 5 WL (Model 5576
A4, Instron 2~ &) ) X 77 2% M B8 , B (H 3E F M 250

mm/mine.



i SCEE: LE-TIMGIR T BRI R I r 8 B OB B T 2 HORWE L 53

K FH e B I A8 A (MCR302 B! , Anton Paar A
AR B SRR . AR R E R
A 20 mm B A, 3B TR N 180°C , W AR
1% , F4 B A2 A 0.03~100 Hz.

2 ZR5%E
2.1 EAEWEERTMHEEMR

FE AR HE 0 T 0 A T BE R 5 R R B
R R 2 TR O 0 A B R B AR bR, R 4 R K
1 FT7R o

10° 106
00
< 10° RO 105 =
& °go°: ll.-.. %ﬂ“
I aan - i
ks l..'iii-- :'-u}é
ki _.g!’ g‘g
' - =
10k ..I:°°° 410
... OO
.ll. o°g
L 0000
°°
10° . . . 103
107 10° 10! 102
Y152 Hz
(a) fifi Be S B A FE A5 =
10°
E 104 °°°°°°°o¢
& °°°°oo
= %,
W& °°°o°
= °¢°°
= 10°F %,
°°°
Cooo
0003
> L L L L
10 10! 10° 10! 10?
SIS Hz
(b) FHHE
El1 EBAZRRAEHRIE T RE
Fig.1 Rheological properties of EBA matrix resin
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Fig.2 Effect of extrusion temperature on the electrical and

mechanical properties of semi-conductive shielding materials
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