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Preparation of antistatic cross-linked polyethylene for rotational molding
LI Shuang', ZHANG Yipeng"?, LIAO Huirong', LIU Bo'

(1. Beijing Huateng Jingyan Technology Co., Ltd., Beijing 100084, China; 2. Beijing Institute of Chemical Indusuy Co., Ltd., Beiiing 100084, China)

Abstract : To address the electrostatic accumulation issue in rotationally molded cross-linked polyethylene (XLPE) products,
the effects of three functional additives such as carbon black(CB), graphite (Gr) and non-ionic antistatic agent (F611) on the proper-
ties of XLPE using melt blending and compression molding cross-linking processes were investigated. The results show that a perco-
lation network forms by adding 10 phr CB, significantly reducing both volume and surface resistivity to 10° 1-m and 10° Q, respec-
tively, demonstrating the optimal antistatic performance. F611, at 5 phr loading, reduces surface resistivity to 10" € via ionic
conduction mechanism. However, its active hydrogen groups hinder the cross-linking reaction, causing the gel content to drop from
76.3wt% of pure XLPE to a range of 30wt%—40wt%. Gr exhibits a volume conduction priority characteristic, with a volume resistiv-
ity of 10’ Q -m at 20 phr loading, while XLPE's surface resistivity remains as high as 10’ ). Mechanical tests indicate that all addi-
tives degrade the material's properties to some extent. However, by combining 8 phr CB with 2 phr F611, the electrical properties of
XLPE materials can stabilize at the level of 10°~10° ) -m, the gel content is increased to over 65wt%, and the tensile elongation at
break is maintained at more than 150%, significantly outperforming the adding single-group system. From the perspective of overall
anti-static performance, CB system has the best anti-static performance, which is significantly superior to F611 system and Gr
system. This compounding strategy not only balances the trade-offs among conductivity, crosslinking degree and mechanical proper-
ties, but also provides a feasible material design approach for developing anti-static XLPE products suitable for rotational molding.

Keywords : rotational molding ; antistatic property ; cross linked polyethylene ; carbon black ; graphite ; antistatic agent
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1 ZIERS
1.1 EZRAA

PE-HD: % J¥ 0.956 g/em’, % 1A Ui 3 3 & Ky
20.0 g/10 min (190 °C,2.16 kg), v f5 35 A\ H) 5

BURLUT F it S 7 LA (BIPB) - 43 Hr4li, F 7AF o]
T A A

=R S FRIRIE (TAIC) : S0 b4t |- iBT s
T A ]

B-(3, 5- BT e -4- R FL R FL) TN R 1 /\ Bl 2
fik : 1076, 21 B >98% , K 1| &2 B Bt b4 BH I A A7 BR
N

CB: XL G2, Tl g%, & N i )1l w4k T A fR
NGIF

Gr:F-1,3 500 H(4.29 pm), Tolk %%, big—ila
A BRI 5

REEEREE RS BRI Fo11, Tolk g, AR R
TR R B A PR A

B S S 5 T O 51 T VAN I =2 11| /A i 8
1.2 MEREXE

FETIRIBHL : TR ICR IR BR A A 5

AL BR AL AL : ZC-LHO001C-SOT-300, 45 ZE AR ik
FEEANAS A

ZR A EIDSC)YL : Q100 I [ IR [ P
B A B A 5

i B 7 2 7 8% (SEM): phenom XL, 3 5
Thermo Fisher Scientific 23 F) ;

T RE SR HL : WDT-W, 26 E £ Tk &
Ge(PENABR A

i BHIE - HP4329A, |5 K % Bl 24 AU 4% A BR
AGIE

M 50 I A2 1L : HAAKE PolyDrive, 3% [E Thermo
Fisher Scientific /A F] .

1.3 XAEH &

H 0.4 01y 388K BIPB, 0.6 1332 Bk B 7] TAIC, 0.1
By B 1076 FAN ] LLAIRY CB . Gr FTF611 431 i
£l PE-HD H{E 51 J5 P 210 5 4 I AR S 7475 il
IR P B R IR 140 °C, 124 38 60 r/min,
TRA BT 10 min, ZEHRA R 0% T & BT 1Y
JNTAT R 46 PE-HD S ¥ F611 A& RALA AL,
I 5 Wik S CB 5 Gr s i 3 im , Hig
2 T, F B T A AR B S T, B
IREL T LR 1.

W TR 58 A RE S UKL S AE LR 100 mm Y[R
R TP AR ALAL I RE . 7E 150 °CA T 1
15 min f7 , 75 220 °C M AR ACHK 25 min, BEE )
10 MPa, JirA B 75 76 MR T 20T S RE A B
FEARAS ST EHT  TC AT LB A IR
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Tab.1 XLPE and its modified material formula
phr

Samples PE-HD BIPB TAIC 1076 CB Gr F611
XLPE 100 0.4 0.6 0.1
CB-5 100 0.4 0.6 0.1 5
CB-8 100 0.4 0.6 0.1 8
CB-10 100 0.4 0.6 0.1 10
CB-15 100 0.4 0.6 0.1 15

Gr-5 100 04 06 0.1 5

Gr-10 100 04 06 01 10

Gr-15 100 04 06 0.1 15

Gr-20 100 04 06 0.1 20
F611-5 100 04 06 0.1 5
F611-10 100 04 06 0.1 10
F611-15 100 04 06 0. 15
F611-20 100 04 069 0.1 20

C,F, 100 04 06 01 2

C.F, 100 04 06 01 5

C,F, 100 04 06 01 8

1.4 MX5 ke

DSC 3 : B 5~10 mg £ & i 78 3 38 o, DA
10 °C/min )3 R THE 2 250 °C, #-L) 10 °C/min [
BT S 25 °C,

SEM il « Bl AR i AV AL 1 30 min f5 e
Wir , X6 W T 5% 45, SR A SEML T WS A i B4 R0
TEH

BRI & BRI R 0.2 g FE S TR B T
MR AR B ok M, DL RO T
150 °C %&£ T FH & [CHh $2 45 3l 42 12 h, 2R )5 7¢
100 °CH EA RS Hh TR 2 E & PRI IC N M, &
e (G R AR L),
_ M3 - M1

M, - M,

JiE kel AE 7 fig ) 2F i e L # GB/T
10402016 FEA 7 L, 7 A E 8 10 mm/min, BRI
4 50 mm, B2 AR S5 2403 A L A TR, A
et

P 2 PR BN 3K« (AR R L 8 AR 2R T L BHL SR 7E 5
BH3t [ 4218 GB/T 1410—2006 HEATIEE , B3 AN 5
AT, B fe i e 44 (E .
2 #R5ie
2.1 RBEZEMOFAE

G UE PE-HD 22 B s 2, X PE-HD FIZEHK
J& B9 XLPE £ 5 647 17 DSC R, Wi 1 fros o
IRAE SRR A B 2 T MR S AT

G x 100% (1)

PE-HD
XLPE

90 100 110 120 130 140 150 160
Temperature/°C
(a) Melting curve

PE-HD
XLPE
L L L L I
90 100 110 120 130
Temperature/°C
(b) Crystallization curve

PE-HD
XLPE

160 170 180 190 200 210 220

Temperature/°C
(c) Cross-linking curve

1 PE-HD #1XLPE R4 45 fF15215 DSC 2k
Fig. 1 DSC curves for melting, crystallization and cross-linking of
PE-HD and XLPE

SHPERE . e, AR e T LR A I AL
XLPE i b T AR5 BE B AR PE-HD 7E 170~200 °Cits
Bl P 22— D g, 3k 2 L %) S K 1T B
D HYR, TR 1a FIIE 1 X6 LA il 5 435 0 2
BT DL 3, XLPE 144 Rt Ji N PE-HD 19 137 °C
B 2 134 °C, 25 SR N 111 °CFH 5 % 114 °C.
— 7T, SCHE W28 Bl 7 2 AR R, 4 R 1R
TR IR ; 55— 7, B2 B RE SRR
FEIERLTE ) ARG, INHE s K, XA
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AT 0 B B AUARRAE |t A AR R A BE AT I M IESE T 28
16 ) 2% 1 i R . DSC MR 25 5\ 24 5 T 4t
[FIESE T ACHR LT . 53 A1 W BT S50 R i i0F
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Tab.2 Gel content data of XLPE sample

Samlpes Gel content/%
XLPE 76.3
CB-5 75.79
CB-8 72.32
CB-10 67.69
CB-15 61.21
Gr-5 71.02
Gr-10 70.18
Gr-15 63.51
Gr-20 61.63
F611-5 42.12

F611-10 39.83

F611-15 35.43

F611-20 30.25

C,F, 45.58
CJF, 51.62
C.F, 62.13

B fin i FEAR , b 780 CB 1 Gr 19 P Rh i 2 A T
XLPE .75 FEAREEE I & R 7E 60% LA L, il &2
XLPE (L PR FHEER o A F611 R R | BERE
P NSO X T BESE TSR 2
B TP R 254 LA TR IR A, SR ag

IR i B = A 1 PR 3 HRIE A R L R R 4
I 0 T 7 HE R AT B L, AT BR A T B8 056 I 4%
MIE . (EAS I A2 CB I F611 L5 M A
XLPE H, BERE & 5 LU Fe 11 B &34,
2.2 RE T ARALT A A 3 L 69 % v

TE XLPE By JEal_ L2 5 7 =R [m i do s
HLATRE, BRI RN IR FE T FLU i i (A v BH
RN HL B A 2, A SR e 3. AR
A LRI, CB 2 8 45, XLPE b4k 2% 1 v BH %y
10" Q, ARFEE BHZ N 10° Q- m, M T 5 B3 s
BA TR IR BARSRA T4 50N, X%k
TR M B , 23 HICZE XLPE JL4A 114 CB kA4 T
Ay ST ARAS AR BEIE B R0 HE A% i i, B
% CBE— 38 %] 10 0y , MR AL GRS 54 R 5
RS, PR FRURN 2 1o PR BEL R L RS G ) 527 L 3
B 2 10° & 2, B0 T A 1 <98 I B (E 7 &L
P11 B 2 CB 7 ik B I s A, 2
Y CB SRR S M B #4 BT 50 0y S i il
T [RIE, AHAR R AR (B A R AW E A L LLSE
SBHFPY -, B B R RO B A2 1]
BRIE , ¥4 A R R FL P 45

#® 3 XLPE#EFREEREERLRE
Tab.3 Volume and surface resistivity data of XLPE sample

Samlpes Surface resistivity/{) Surface resistivity MAE/% Volume resistivity/({)+m) Volume resistivity MAE/%
CB-5 4 x10" 2.81 9.8 x10" 1.73
CB-8 7 x10" 1.73 1.08 x10° 232
CB-10 5.4 x10° 2.16 5.8 x10° 1.48
CB-15 3.2 x10° 2.64 2.7 x10° 2.66
Gr-5 9 x10" 3.25 1.27 x10" 2.42
Gr-10 8 x10™ 2.36 1.9 x10" 3.25
Gr-15 5.2 x10" 2.32 3.1 x10" 2.57
Gr-20 2 x10° 1.28 1.1 x107 1.34
F611-5 1.2 x10" 3.21 6.4 x10" 2.33

F611-10 4.2 x10" 2.55 3.9 x10" 2.54

F611-15 2.3 x10° 1.89 1.1 x10° 1.27

F611-20 1.5 x10° 2.39 1.8 x10° 2.20

Notes:MAE indicates the average deviation of individual measurements from the mean.

ML Z T, BA B 2454 1 Gr BURTE 20 177
AN I 3 S R A AR TR B A B R ik F
107 Q- m, {EHZ T PR AE R — & B R e 24
WO, S B R S O R L R T R
R o XK, Gr i SR RS A B 5 1 Rl
HIE LA R AR T AR R . SR S R LB
ANTR] AR B T B BT R R Fo 11 32 2R MKRE B 17
HL, AN SR ) B R 4 T R i TS

TEMRLRTAE B FiE 18 . F611 k5 {3t , XLPE
AR 2 T HL PR OA 10" Q, S 25K T8 i R) 45 55
H1 CB 5 Gr, fi5 F611 & & B, fe 23 i Al
RFRBHIA R 100 % . SR, 2 Fol1 By & T
F 15y, XLPE A it 1 H BN [R] R B <3, 1
B B T i L 7] 5 AR B 22 ) R A T AR 3
BEIG  XONUEIR T ARG e S e RS T
HL 2P RE 1 E— 2D BT, DR A ol FH 2 24 o
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T AR SRS I LA Dk Bl R i B B RT BB AR AE 1Y
OIS . A AT IAES S % MAE {344k
THRARACY , RUIEHE HA BRI EH R

g i — RS CB 5 F611 PRI 24 , A BF 5%

W T =R RS, LA R W 4, F4TTLL
BB, S5 R 0 2 1T R B R AR e BH % B
T 505 TS I —Fp B R ASCR , 2S CB IR
T8 453, F611 43 2 £33 Ik, XLPE b4} A 2 18 e, BH I
F10° Q, BB S 10° Q-m. X & T CB
M5 A5 Fell =4 T WM RPTE i /EH , CB
PEAL T PN BB AR T F S B, TR RS T 1) Fe 11 M)
HSE TR AR, LRI T R A
{14 EEL i FE FSCIL A

&4 CF, EXLPEHRIRENEREERYIE
Tab.4 Volume and surface resistivity data of C F, type XLPE sample

Samlpes Surface resistivity/() Surface resistivity MAE/% Volume resistivity/({)+m) Volume resistivity MAE/%
C,F, 5.2x10" 2.88 5.8x10" 2.17
CF, 1.6x10" 1.67 3.6x10° 2.33
CF, 8.9x10° 1.61 1.2x10° 1.49

2.3 Eob: XLPE UL $ 0 #7

i3 SEM X} CB . Gr M F611 7E XLPE J:4A 1
SAHCIRAS S ROR S FI T TS, aniEl 2 Z & 4 s .
WE2 frR T CBR R B CB & i, &
AR SRR A BT R EA N S 4y
(1Y CB I, W T 3 5 R P-4, A /0 9 CB LLAIRAL
() AR A1, AR TE % 223808 ;24 CB S 2 8 1) ,CB
Y51 o Hl, i ELE Uh H B 0 R 2 2544 5 24 CB 1
Z10~15 i) IZ 25 25 A R 0%, A MERHBT T
I CB R[] (4 (B BRI/ ) , A7 R T8 A B2 e, DA
M B HL B A

’

15 pm

(©) 10 phr (d) 15 phr
B2 CBAFEASIN XLPE & &4 R i SEM B
Fig. 2 SEM photos of cross-section of XLPE composites adding

different amounts of CB
Gr R ZR I S B H b5 J2 e B R, A
WAL 3 Bz 78 Grissinchy 5 O3y, B4/ NSO 5%
FERJZ B Gr S 8N, )2 45 F 3 2 IR 0 R 45
B AE Grig Nz 20 (i, R A B R A A

MBS, X Fh & F) T 78 XLPE AR AH N i 5
i % . F611 78 XLPE H % 43 BT Ol i 1] 4 fir s

(c) 15 phr " (d) 20 phr
El3  GrAF N XLPE & &b kMR 19 SEM R A
Fig. 3 SEM photos of cross-section of XLPE composites adding

different amounts of Gr

" (c) 15 phr (d) 20 phr
F4  F6ll AR XLPE & &b M 1) SEM R A
Fig. 4 SEM photos of cross-section of XLPE composites adding

different amounts of F611
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H1F F611 5 XLPE JLAF 18 A1 25 M AN 4 1 4 B9 A
IS
2.4 M XLPE A AL AT

£ XLPE 5| AR AT e o0 7 3> 44
S R PR R 14 (R A, N AT 3k A 2 X6 H T 2k R
AEREA . S INBTER R TS | SR BRI Y
PE-HD A A [RIF2 B (1 FAIG 3 AT A2 F TR 45
BHEURLAE LR TP A LE , SRR A AR 45 44 1) i
SR, WA I 78R RO B LATE S AT A] B3R, #4
IEAZ s fE L

AWFGE R LM T PE-HD F1 XLPE MCPERE S i
PR S WA ROR S5 LR 5. hER ST,
XFF CBARZ , B CB ¥ i (34 /i, XLPE [ h7 fham
JE/INIE BT 3 0] BB 2 T4 B CB Uk A LA
R TR T RER I — e R RS T
ST FEEMIERS , WL T T A Rk . SR 1M, CB il
BT A RIS 3507 A 1 185 i, 2 30 Ay 7 284
M ARBEAS I i RELE TR, X Grifk R, 7
IS I B, G J2 485 R X i e 5 5 5 e K {H
2 E B EM R, B RMP R R TR,
BN E A 1000 )5 , RE Y Gr 2 Bk 7™ 51 R
JIERBA AL, B0 B 5 D 4 A R 8 ) S R
flke XFFFO11MRZR , TSR M 7] LA
FERIF611 15| AZBHG T ACHK ML BIE i, — A
SERE A A S Ik R 2 fii A5 40 T4 e A 1 R 5
B, B FO 11 AR S ZEARMAS I B 2 R 30 HE A A
AW 2R . S PR FR M RE AN T 2 MR
CB 5F611 #4177 &M, W& FRT LIRS BEE S
Be A Z i CB LG A 3G I, A4k i3 i B A2 20 [l
Tb, 345 25 F CB X5 B2 19 B ik LA B X 22 156 1) 4%
P RSZ /N . [, BT 5 BRSO 1T
F150% M WT 24P K 5, B 300 T W 45 K
MY — CBIR R . X —Z5 R, 52 e 5w il Dy b
SEI T AEAR L R AER L R A R, AT Ok T
BA— 2] A3 R 1) T A PR RR A B
3 it

()il i DSCHIESZ T PE-HD Ay A2 Bk 2 M 1t 2y
RGBT = Fhhi B R A A 8C R < CB il i i
B ML AE 10 03 I i B S22 10° Q-m (R

%5 PE-HD#0XLPE MU S S 21468
Tab.5 Mechanical properties of PE-HD and modified XLPE

samples
Samlpes Tensile Break%ng elonga-  Breaking elongation-
strength/MPa tion/% MAE/%
PE-HD 22.32 400.00 1.28
CB-5 17.62 155.41 2.51
CB-8 18.65 132.21 2.68
CB-10 18.97 121.86 3.23
CB-15 21.85 102.40 2.18
Gr-5 20.61 148.91 3.62
Gr-10 20.20 127.24 1.58
Gr-15 15.52 113.69 2.79
Gr-20 13.93 95.31 3.32
F611-5 18.15 170.25 1.76
F611-10 17.23 173.63 3.32
F611-15 16.35 152.47 2.98
F611-20 13.51 83.19 3.54
CF, 17.65 168.96 227
CJF, 18.31 160.88 2.65
CF, 20.66 156.36 3.26

B FO11 B 8 788, 78 5 (0 iR I I g 5 AR
T HLBH, {H 2 50 5 S8R BE 5 Gr ih T R R e S B
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(#HIFEIE T CB 5 F611 (52 LRI SEm

YRN8 3 CB A1 2473 FO11 B, A AHE H BH % 381k
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