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Abstract: In the extrusion process of XLPE cable materials, when the local extrusion temperature is higher than
the decomposition temperature of crosslinking agent, the crosslinking agent will be thermally decomposed in
advance, resulting in a low degree of pre-crosslinking in materials. To study the effect of pre-crosslinking on the
space charge characteristics of XLPE DC cable materials, the low-degree pre-crosslinking treatment at different
temperatures (140°C, 150°C, and 160°C) was carried out before high-temperature crosslinking of XLPE DC cable
materials. The aggregated structure was characterized by X-ray diffraction, differential scanning calorimetry, and
crosslinking test, and the space charge characteristics at different temperatures were studied. The results show that
pre-crosslinking will hinder the normal crosslinking process of XLPE at high temperature, which leads to the
decrease of crosslinking degree and crystallinity. Incomplete crosslinking structure makes the pre-crosslinked
XLPE samples accumulate a lot of the same polarity of charges injected by electrodes. At the same time, more

impurity molecules remaining in the sample will dissociate with the increase of temperature to produce large
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number of the different polarity of charges, which leads to serious electric field distortion. The decrease of

crystallinity also leads to the increase of trap density and depth at the interface between the crystal region and the

amorphous region, which limits the charge migration and detrapping process.
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0 3515

I o S 1t LV PR R ) TR R R T AR R
H 7 %2 Bk % 4 H (crosslinked polyethylene, XLPE)
e He BV P 0 A G S P T L iR RE R A 2 A e
P UL S AE 226 i 4 i #2 rh B S v, O B R
I i FL R 4 ) S AR A5 U

ERLRIE O AR I A = AR v, S R A2 g %
Y R AT A F I R AR PR TR
B 51 1 A5 R ik B2 T A, g 3 S b4 R 5 o R vk
A P9 K T 3 R Joe 1) i) R, 5 b il 8 3 o IR HR A
120°C fe A5 AT o R TTAE SEBR A Ol b, 2 Jm B8 I %
HH L JBE e T AT IR o R IR (O 132°CO I
2338 AT R R BT R i, 3 UM R R AR ARER 1Y)
TR R, FIAS e 2> A A RL R n TP AR 22, BE RS
J& 2 el A8 e AR 1) TR AT (RIS, FEAZ B
I RAE NG R BEARAE T B AN IR, b5 K
Jri B 1R 7 8] F A AR SR, DT 3 B0 4R 4 % W 3 g
AR ES TR D A, R BT, A R
FLAR SRR E B AT B R R RS,

XLPEfE Ny —Fh 45 i d5 M K S &1, H 22 W
4 2 11 e 5 oW R R A A5 M A AE 25 U R B, JR
& XLPE 7£ FLiit HL3 T 1 25 [a) B g o5 1 L300+
T % 260 B B R B AR DR FR B - 52 38 58 Bk &5 ) 1 25
mn 2 2 I 82 U, 3T A SR A O A0 38 1Y) 2 3 A R
XLPE 5 5225 45 1 A 72 6] B g FEPE T R 1 B 46 AN [+
REEZF YUK E S R BT Z A<
b HR S AE IR SR I AL, S5 RO I 2R A H)
R B 007 1 56 35 5 20 TR 285 A 5 A I T i i
(R NI A2 1 22100 g oK &G HL A Jo 119 57 1D &L
LG0T 56 20 P90 0 e B IR BE , Be A 2804 i) = 1)
HL A7 VR N AT R 32 v S8 BRAR FE Re 3 R 2K &
A5 R FL AT N L L7y , 2 [ R BE AN B N5 3
LR AT K Ui FEE AN AZ BRI ) W] DAk /s 22 B B 4 0
F1%) o B 25 ., 00 o) = 1) LA R RRLERUT) s i A< 4k 2 e
RO SR B 0 W ) SE TR B P il /D 3R 5 D AE
WA A T B - LT R A U

SR H AT AEEE X XLPE A4 81 A8 186 I F& 11 FH 5%
W FLH, ARG IR AR B 757 A R R AE A I A2

B AW 1 45 R AR AR, A8 B IR FE A I [R) X
XLPE 45 i T2 25 10 52 W20 58 Bk 3ok 2 o A8 Bk i 5 45
i JE ) A LA 5P 47 1 o0 RPISEAE N, H a0 i
FER A T N E N — A8 Bk T % 5 s 1
LR B} 22 5 I 20 AR AR FE 928 1 AN v U A8 IR
WA R, U R TS Bk O 2 1) AE AE 4 XLPE
“a 2 VERE 1S R = 2 88 1R IR AR R AE I HLE v
ANE . [F R, RS BRI — # g SR AR AR, N TE
— B FE P 00 XLPE [ RS 4E 0, i ifg it
(1) R A A P 3 2 A o DRI, AR ST BRIE ST AS [R] T3
AW B 0F XLPE A2 BR 4548 45 dR T 25 I s ), IR 4E
s Bt i AN [ B 11 2 ) H A AR A
1 iR
1.1 A&

TR JFUR G LR F+500 kV XLPE B HL 408
Dy i) £ 4 B T A IR AR P SR 1 URE , 3% ) 1404150
160°C 1 iR 1 99 52 Bt B2, 180°C Ay ey I A2 Bk 1)
B

TIAZ Bk XLPE iR 11 i) £ 26 J5 20 i IR AR JE T A8
TGN R R AT I, LA BRI T « O FE B TAC Bk - 4%
XLPE RLEHE TR BALHL 75 120°C R A i il
#4010 min, 75 F 78 70 46 Bl 8 8 B o i =
140.150.160°C , i & 15 MPa, T A2 B¢ 15 min. Ti%2
BN G, EEREAFETAHNER. ORiETE:
¥ Bk B AER B AR E TR AL R
180°C R iNJE 15 MPa, 22 Bk 15 min. ZZH4E )5 , 78
R A N AEI G #1453 )5 58 200 pm ¥ XLPE
M. OBA K XLPEHM il E T HET
BEFE R, 7R 80°C N B T 24 h, DU &V B FE
T ] £ 3 R o = 2R B A BRI = P A K 5 o

[ B 5 K 1 A2 Bk 1) XLPE 0 FE AR A 56 1 g
DR 5 B, AT I FE o — 25 s iR 2g Bk, HL Ak
BRI T - ORISR % XLPE Bk B TP i1k
ML, 72 120°C AN T4 10 min, 78 3L 78 70 45 il
Ji > K R TR A 180°C L N JE 15 MPa, 2Bk 15 min.
SCWREE R G AR =R AR A T A 2045 8, BIA5 RN
200 pm () XLPE # 7 il Ff . @M< - ¥ XLPE # fr



BWEFRL 2022,5503)

LI % TSR XLPE FLI S A0 2 ] s R A S 0 75

AHEETESTEMAT , E80C FES T/ 24,
AR ¥ I 30RE 7E fh) % Jb 2 o 7 A 1 22 B I 7 4
ARG
1.2 R T5E
1.2.1 DSCnlX

K F 22 [E TA 72 7] # DSC-Q250 A Z /R 1 &
AT XLPE 1R 1) 25 s B R0 I Rl iss B2 347 3R AIE
RS AR TV N 30~ 140°C , FH il 380 R F1 B 6
WA 20°C/mine BEAS B AT PRI B IR AR
PRI, DAVH B R (14 #4477 s A Bk 42 82 7 %6 DSC
A R o A DRSS 1Y n] B 1 R 1
A R, TR A 2 R R R
1.2.2  XRD MK

X H H A SHIMADZU 7 7 ff] XRD-6000 %4 X
S 2R AT B OOR XLPE SRR 3EAT 4 0K, 8 F R 34
JE N 40 kV, K CuKa 8 5, B 26K 4 8 0.154 18
nm, S E A 12°~30°, FHHE N 4°/min. N
T DR B 1) R B P RN B 1R A RO e T AR
A ARAE S IR K
1.2.3 BN

PRI —5& & 1) XLPE A, BY K 500K, F 4 1Y)
5, BT DL WK R ZEER 1) R R fe a8, 78
130°C T~ [l fl 412 24 h, 51378 58 52 HH i 1), 38 2 1%
FELE 60°C L2356 T TIRIFFRE o ACHREE o (315
AN,

7 =" % 100% (D
m

KO F e, AFE R I TG A &, gsm,
R AT 2 go

R PR R AT B AR I RO A ko S iR
T AR AR 2 RS I 3 R, 45 SR B I
1.2.4 =208 7 ) K,

K R 3% PEA 2575 [A]) i 4 I & 5% 45 347 2% 1)
AT I, R SE K U8 TEC/TS 62758-2012 HEAT M HE .
Hitm s FBEWBCRHEERK, RNEEFEFH
2, N R AR . & R KR IEAE 9 400 V, ik
B JE N 5 ns, Bk A5 4 1 000 Hz.

330,50, 70°C BRI B (L 70°C N
H A B H S S PRIs AT IR D, AR A FL 37 i
4t — N 50 kV/mm (L0 IE 7 I8 AT I 48 2% )2 7K 2 1
P28 20 kKV/mm A& A5, 1 R Bk R 3 R 48 25 2 7K
52 1) LI B N T IS AT I ) 2~ 4 655, AR A I
i) }9 60 min, 25 AL B [6] 4 10 min, 9 & (A1 B% M 3 so

AL TR R R BH AR g b FLA S B AR N o R
DR 50 T S A AN R A R, e
R T ARSI 3 U

2 IR

21 RESHEN

I8 XLPE 3R 1 A B RS, B 1R B 3R 1
FHREHE . MR 1 AT LR, £ 0T 140.150.160°C
{0 T0AS B A2 ) » XLPE Hf 5 & A8 7 MICRE JE 1 i A2
BRI, E B 788 W TH I Rk . [F B AT DL
e, A FE B2 T A2 it A% 2 FHLAG XLPE i I A8 B 72
(1) 1E 5 HBEAT , 3% % XLPE B FF 1) 28 B B R A AN R FE
FERI R B Hordr, 140°C (922 Bk iR B X XLPE 3l Ff
10 A8 B FE B 52 i B K, 5 1E 5 A8 BBk XLPE AR FE AR LE
HATHREPRR T 17%. B P BRIR A T, ik
FEMAZICE A — I BT HE 2 W KT IE
i AT AR 1 S B

#1 XLPERFHIZEKE
Tab.1 Crosslinking degree of XLPE samples

140°C 150C 160°C IEH
7 A "

TACHE Wi THACHE AT
TR FE TAS TR A T S/ % 12.31 31.35 37.76 —
IR A R AT /% 60.8 66.2 68.7 77.8

B 1 AN [R] XLPE B AE 0T il i 60 45 it
2o T B, A ORI 2 Q) THEDRURE 1 4 o R
(o) » BEFRAT 31 3R 2 AH DG HHs

AH
(2 : AH 9 XLPE P M kS i o B4
Rl 75 5% THI FR A5 21 s AHL,, N XLPE #48) 58 4= 45 i i
VA RS  AH,,=287.3 T/g.
ML AR TR i 2R T DU AN R4

140°CHIA BEXLPE

160°CTHAZ BKXLPE
E¥RZBXLPE

x 100% (2)

Xe =

40 60 80 100 120 140
REE/C
E 1 XLPER#HIDSCHIBRLZ

Fig.1 DSC heating curves of XLPE samples
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Fig.3 Space charge and electric field distribution of XLPE samples at 30°C
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during depolarization of XLPE samples at 50°C
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