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Crosslinking behavior of cross-linked high-density polyethylene in rotational molding
LIU Bo,ZHANG Yipeng, LIAO Huirong, GAO Binglun
(Beijing Huateng Jingyan Technology Co.,Ltd.,Beijing 100084, China)

Abstract : High density polyethylene (PE-HD) is a commonly used base plastic, and chemical crosslinking of PE-HD can
significantly enhance the overall performance and broaden its application fields. The application fields of cross-linked polyethylene
(XLPE) are extensive, mainly including chemical resistant containers, fuel tanks, and kayaks. At present, research on roll molded
cross-linked PE-HD(XLPE-HD) is in its infancy both domestically and internationally, and no researchers have systematically
studied the crosslinking behavior of roll molded XLPE-HD. A series of XLPE-HD materials (XLPE-HD-1~XLPE-HD-7) were
prepared by using two different types of PE-HD at home and abroad and adding different crosslinking agents and crosslinking aids.
Differential scanning calorimetry was used to analyze the effects of different crosslinking agents and crosslinking additives on the
thermodynamic behavior of XLPE-HD, gel content test and scanning electron microscope were used to analyze the effects of differ-
ent crosslinking agents and crosslinking additives on the crosslinked molecular structure of XLPE-HD, and tensile and notched
impact tests were used to analyze the mechanical properties of different XLPE-HD. Through research, it is found that XLPE-HD-5
sample (with added trimethylolpropane triacavlate) has the highest degree of cross-linking, reaching 87.3%, XLPE-4 sample(with
added triallyl isocvanurate) has the highest toughness, and the notched impact strength of the molded sample reach 102.8 kJ/m’. The
rotational molding sample of this sample also has the highest notched impact strength. The appearance and comprehensive perfor-
mance of XLPE-HD-4 rotational molded products with higher melt flow index are higher than those of XLPE-HD-7 samples with
lower melt flow index. Research has shown that the combination of appropriate crosslinking agents, crosslinking aids, and process-
ing temperatures is beneficial for obtaining high-performance XLPE-HD. A higher melt flow index and uniform powder particle size
are beneficial for obtaining roll molded XLPE-HD products with excellent morphology and performance.
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Tab.1 Experimental formula table

phr

Sample PE-~ PE- BIPB AD TAC TAIC TMPTA BMI 1076
HD-1 HD-2

XLPE-
HD-1 100 0.4 0.2
XLPE-
HD-2 100 0.4 0.2
XLPE-
HD-3 100 0.4 0.3 0.2
XLPE-
HD-4 100 0.4 0.3 0.2
XLPE-
HD-5 100 0.4 0.3 0.2
XLPE-
HD-6 100 0.4 03 02
XLPE-
HD-7 100 04 0.3 0.2
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Tab.2 DSC data for PE-HD and XLPE-HD

Sample Tm/OC T;mss]ink/oC AHcmsslink/(J : g’l) T;/DC XC/%

PE-HD-1 134.8 - - 117.9  68.3
XLPE-HD-1 136.1 191.4 5.69 1145 513
XLPE-HD-2 135.2 190.1 4.55 1159 635

Notes: 7 is melting temperature;; T,

crosslink

is crosslink temperature,
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crystallinity.
11 AN [R] PE-HD M4 - 45 & 9 fil R 22 16 7
DSC £k . WilE 1 7R , PE-HD-1 M4 i /Y 45 o5 7F
134.8 °C, Ifif XLPE-HD-1 £ & 14} 15, 7E 136.1 °C,
XLPE-HD-2 #4 B} 1) 44 £ 7E 135.2 °C, ¥ [t PE-HD-1
WG (965 05, & . PE-HD-1 41 B 09 45 5 U5 B A7
117.9 °C, 45 8 68.3%., XLPE-HD-1 ¥ 5 AU4E i
I BETE 114.5 °C, 45 i £ 4 51.3%. XLPE-HD-2 ¥
fm AU 25 SR 115.9 °C, 45 5 M 63.5%. RTLLE
R SR I R i A 485 LR T I 4 R A, 16
SER S 15> T HE T B — 2 W 45 4540, 73 T4k 32 8
SZ R, 6 I B R AR AN BB HE S B A A AR 2 4
NI E4S . XLPE-HD-1 £ 54 7E 191.4 °C
I — S A T R, <2 KSR 5.69 J/g. XLPE-
HD-2 F£ i 7F 190.1 °C H 38— 38R A CE %, 52 1k
Y h4.55 /g, HILIERASR 20 kA T 28I RO
X PE-HD 1l XLPE-HD #4 #4171 45 R gAY,
il TARERE S IFIEAT T Ho AR ] 2 2k 11 i
DR, I A0l DL 3% 3, ¥ -3 48 %R 2% (MAE)
KFRIRE R, HEIMLEH , PE-HD-1 K 5 1)
W 2L KA 750% , hi A AT 20 MPa, {1 i
o A 5.5 kI, AR B R . S HRE Y

—s— PE-HD-1
XLPE-HD-1
XLPE-HD-2

b
-

80 90 100 110 120 130
Temperature/°C
(a) Crystallization

—s— PE-HD-1
XLPE-HD-1
XLPE-HD-2

100 120 140 160
Temperature/°C
(b) Melting

'HHMH“IHM.W“'".'

—s— PE-HD-1
XLPE-HD-1
XLPE-HD-2

160 180 200 220
Temperature/°C
(c) Crosslinking
P11 ANIF PE-HD FZ5 & Ja il RISE Ik Y DSC izt
Fig. 1 DSC curves of crystallization, melting, and crosslinking of
different PE-HD
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Tab.3 Mechanical properties of PE-HD and XLPE-HD

Tensile Elonga- Notched MAE/
Sample strength/  tion at o impact strength/ o
MPa break/% ’ (kJ*m™) ’
PE-HD-1 20 750 2.67 5.5 1.81
XLPE-HD-1 19.4 720.7 2.78 80.4 1.37
XLPE-HD-2 17.1 560.7 3.41 75.3 2.79

XLPE-HD-1 £ 5 Wi R A 720.7% , s i
41 19.4 MPa, Al [t T PE-HD-1 B8 A R [, {H Bk 0 o
driR R 80.4 kKI/m’ , MPEHZEIE T — & WM. XLPE-
HD-2 # i 1 W7 24 {1 K 3 560.7% , i {1 58 B2
17.1 MPa, #] kb T PE-HD-1 BE S th 5 — % F %, H
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4 6.59 J/g; XLPE-HD-4 # iy 1) fe K38 B I B & A=
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SEWRIRLE KA A 193.2 °C, 3884 M 3.54 T/g; XLPE-
HD-6 1 i 1) e KA B2 A& A2 7 193.8 °C, A8 HK kS
H13.46 Jgo W T BISCHRFI RIS, S8 KA
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—+— XLPE-HD-6 7N
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(a) Crystallization
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L L L I
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K2 Rl XLPE-HD il R4S A RIS DSC ik
Fig.2 DSC curves of crystallization and crosslinking of different
XLPE-HD samples
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(AR DRI B B 3 e R 5 A A TR 1) 28 B )
SR BRImC A AR TN T,

% 4 AR F B 22 BE 7] XLPE K 5 i DSC %4 .
i %% 4 7] 41, XLPE-HD-3 £ & 09 45 & 15 3 1
115.2 °C, 45 5 58 4 51.7%; XLPE-HD-4 £ i Fr 45 5
M EETE 113.8 °C, 45 i B 4 45.5% ; XLPE-HD-5 ¥ iy
45 SR TE 113.5 °C, 45 i JE N 50% ; XLPE-HD-6
FE S B 45 SRR R 115 °C, 45 5 49.6%, 7] LA
F A S AR B AR A E T, 45 b i B i —
R, G RN . R R B AE I R
1) S5 IO 17 P 2 A S A B R s o T b, HLRON
PR R, B T SIS N A R AR B . X TIE B
I A B 590 Xof A 36k 1) 45 1 vy st ELAT BRI AR Y, 28 Bk
JUZ R4y T R B 2 PE 0 TREAR 4, 4
FHE 0B Bl — 22 BRI 204G BRI

F4 TEBZEF XLP-HD SR DSC #1E

Tab.4 DSC data of XLPE-HD with different auxiliary
crosslinking agents

Sample T i/ °C AH, /3 g™ T/°C X /%
XLPE-HD-3 190.2 6.59 115.2 51.7
XLPE-HD-4 186.9 7.02 113.8 455
XLPE-HD-5 193.2 3.54 113.5 50.0
XLPE-HD-6 193.8 3.46 115.0 49.6

X AR I AR S A T T BRI O R AU, 2
W25, mERSTTLIE ARSI ACHG, HAnAg
15 %) BIPB 1) XLPE-HD-1 #f /i 4 &k ¢ & & K
50.1%, 11 7 N 32 B 57 TAC Y XLPE-HD-3 £ i Y
HE 5 1M 79.3%, W Bl 22 16 57 TAIC %) XLPE-
HD-4 ¥ i 19 BE B 5 &4 83.7%, U i Bl 2 1k 5|
TMPTA () XLPE-HD-5 # fily B 5B ¢ 7% 5 4 87.3%,
TN B A2 57 BMI 9 XLPE-HD-6 #£ i Ao SR e 5
4 44%. XLPE-HD-3, XLPE-HD-4 1 XLPE-HD-5
FE By BE IR & B 1 XLPE-HD-1 ¥ K, A N TAC,
TAIC FI TMPTA = Bl SZ K%k aof S AR 28 3K S s
HA R IEVE F S 7 1 0 3 o S e T 3SR B 1)
E7D ) MBS Ol Rl - I S ) K 7 o W S S T
XLPE-HD-6 # fits 1 ¢ f¢ 7 & Ik T XLPE-HD-1 £
i, A BMI 3 28 A0 S8 356 s 1 A BRI AT R0
TRHEE T, H B 2 AR i |k 5 5, =



X, &5 VR PRI g R LR SCIAT 131

G AW A AR B s D TS B
B NI, BASkDL, TAC, TAIC #1 TMPTA % 44k
WIS HA R IEER .

%5 7[FEXLPE-HD fRE & B4R
Tab.5 Data of gel content of different XLPE-HD

Sample Gel content/%
XLPE-HD-1 50.1
XLPE-HD-3 79.3
XLPE-HD-4 83.7
XLPE-HD-5 87.3
XLPE-HD-6 44.0

X XLPE-HD A dl AT 1 0 A% V4 e B, I X
JE T TET 24T T SEMOURER , O IE SR An 181 3 BT/ . fH
&l 3 AT LU th A IR Je A S 2 0 AR Bk i 254 T
5. XLPE-HD-1 1 XLPE-HD-6 ¥ i A A2 16 [0 2% B
BN, XLPE-HD-1 #f i (1) 52 15 % 2% [ XLPE-HD-
6 #£ i 55 % . XLPE-HD-3, XLPE-HD-4 #il XLPE-
HD-5 4 i 9 38 1 1 2 RS #R L XLPE-HD- 1 F i B
K, HAZHK 51 H ) 2 BRI 28 B o &2 i R ol
JTE N 22 B g A Bh 22 557 51 A 21 52 Bk 2 25 44
558, XLPE-HD-3 il XLPE-HD-4 ££ i) 1) 32 Bk [%

420 pn™
[

(b) XLPE-HD-3

20 pm

(e) XLPE-HD-6
¥13 XLPE-HD-1,XLPE-HD-3,XLPE-HD-4, XLPE-HD-5, XLPE-
HD-6 I HIE S
Fig.3 Microscopic morphology of XLPE-HD-1,XLPE-HD-3,XLPE-
HD-4,XLPE-HD-5,XLPE-HD-6

%% [t XLPE-HD-5 # /i R B &k o LAk 56, TAC Al
TAIC X 5K S I B AR 8RB 4

XPRE SR T T A B R S5 il 4 T AR ERE SR
FEHEAT T Hr AR AT SR E1 wp b, BT AR U
F6. HFEO6ATLIEW W 1T B A2 B ) XLPE-
HD Ff 5 A8 LT PE-HD BYRLiam B AW 24 R 1
EEDIIN I O S I bl e oY e A T S i
A SRR A 1 | B TN 4 25 A 1) SR IR SR B I T4
A 25 PR 1 ISR, T AR SR B A Ir . T
SEWR S R i B 20T e A = Ak I 25 25, T AR
T2 BE LU AR S IR 1 43155 BEARR , it LA DRI R4 A S s
AR BINT Bhag B0 XLPE-HD A i (1 e 11
A S B I AR |t AR R R S B T
LREEF L B . XLPE-HD-4 FE 5 (14 ke 11 s 5
JE Fre vy , PR B R BT 2L St B 1K, TIE W] TAIC
X} XLPE-HD Ff i i #) P $2 7+ 2 B #t K . XLPE-
HD-6 A i A it 11 1ok 8 B A AU, For e F8 7 i
KR W =, IE B BMI X XLPE-HD b4 4+ i 1) 7 2
FHREEE S /Iy, R RE A RN 1 AR Ry D
AT OSSR M 28 H5e 0 T30

%6 7[EXLPE-HD {154k
Tab. 6 Mechanical properties of different XLPE-HD

Tensile Notched

Sample strength/ Elongati(zn M?E/ impact strength/ M:\E/
MPa at break/% % (J-m™) %
XLPE-HD-3 175 554.5 1.14 76.1 5.65
XLPE-HD-4  16.4 503.3 2.78 102.8 0.1
XLPE-HD-5 16.9 572.6 2.01 98.2 4.84
XLPE-HD-6  18.7 664.5 5.46 73.3 0.27

2.3 R T M MFR & # ) &4 09 %08

%} XLPE-HD-4 1l XLPE-HD-7 ¥ i 47 T 78 38
SCH  BRITAN R MFR 938 B PE-HD #4 4 X 7R 93 1]
w5 o R R IR AR L B AR I,
B TRIATEE 150 °C, IF1A] 20 min, SR 5 BHE S8 R B 42
T 22 200 °C, Isf[A] 20 min, B 38 i XU S EL Ak
MHEA T A, fe e WO TR B ULER AR i R UL
S, IR AR R SR T 7 2R R

%] 4 “k XLPE-HD-4 1 XLPE-HD-7 [ /& ¥ kL
FE B BRI . B 4 T LA MFR 3¢
(1) XLPE-HD-4 Ff it {4 78 ¥ PN 2 TR 3800 1
XLPE-HD-7 ¥ i VR ¥ N R I B MR . XA
i XLPE-HD 7£ 78 ¥ 5 i A7 76 65 RN 8 B PR R
MRS, — B30, XLPE-HD (1432 6 i BE 725 10 il
HEE . MFR S RIRE S EYRHE fls B B s i
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(a) XLPE-HD-4 (b) XLPE-HD-7 and local enlarged images

€14  XLPE-HD-4 fl XLPE-HD-7 7R MK 5 3R AT 1A KR R ]
Fig. 4 Surface images of XLPE-HD-4 and XLPE-HD-7 rotational

molding samples and local enlarged images
T, AT AEAR W e e A L b 3 510 AR S
P35 B 3SR J5 R A2 S8 B RN, I )i PR HLKG
B, i MFRBAR AL &, ZEPRHE Al T 8 M4
25 TEARWIE RS B ELrp i sh 2848, FE R AR 1 &)
B, 3 E 2K B S T B & A AC K B N, A8 Bk
FEGE THE R G, I AR A SR 5 N 3
AR FEIFIE A, 2B AR A MR R . BT
DL, MFR 8 25 i XLPE-HD B &, HR 98 PN 26 1 o7
BN SRR . S ORI T SO0 A M e A
5, 7R ¥ XLPE-HD # kL5 A4 —4~5 1% 1) MFR 1
Ml , A 8~15 g/10 min,

%} XLPE-HD-4 Il XLPE-HD-7 (/7R SAFE 5t E 4T
TS ge I, S5 R LR 7. R T LLE
XLPE-HD-4 #£ i i ke 11 v o5 5% 3 ok 80.9 kJ/m?’, Tij
XLPE-HD-7 #£ fif i e 11 v o 528 B AN R 21.2 kI’
UEA] XLPE-HD-4 # i PR B 4f , SR AUR B4,
1M XLPE-HD-7 F i ) S8 RS54 LECAA L, AR R HR AL
R8I PE . XLPE-HD-4 £ (i 14 W7 24 K 2
716.9%, Ifi XLPE-HD-7 ¥ iy 1) W1 24 i 1< F6 4y
19.7%. ARPEHL AR Wi v LI EL E] , XLPE-HD-7 #£
sl P BT SR 1T LA A 22 A, DT B 24 R g
WAK ., XK XLPE-HD-7 £ /i i) MFR 411K
FEVR IR AR R Rl AL IS A A A A — S
W TR AR st 22, At Jo ik Ktk B 23S
X2 N (1) AR IR A, i — A St
BTE RPN, B2 78 Y, R A R AT A
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FE UL A REDE 57 , 7R ¥ XLPE-HD k5 75 2 H A
— N E I MER 5 Fl . XLPE-HD-4 (VR SHKE i 5
B FE i 1) 1AM AR T 22 5, 0 T o 2 T
JR SRS T AE S A A P 25 22 B — 2 ML )
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Tab.7 Mechanical properties of XLPE-HD-4 and XLPE-HD-7

rotational molded samples

Tensile Notched
Sampl trencth/ Elongation MAE/ impact MAE/
ple s MPga at break/% % strength/ %
(kJ+m™)
XLPE-HD-4  20.8 716.9 2.44 80.9 3.34
XLPE-HD-7  20.6 19.7 4.81 21.2 4.47
3 Hig

(1) i A 55 % 81, PE-HD Bl 25 22 15 52 07 i ok
17, T BUACHK I 28 28546 SR b RE R AR 55 v ) 42k | [
B 23R oy e is SRe 1 T I 245 5 TR R
Q)ff AR AP 2 52 56 551 5 B se e ) & 5 e A8
R 5 SRR B AN [R] . A9, BIPB &
XLPE-HD A %) 288K, T i Bl 22 557 TMPTA A9
XLPE-HD ¥ ity i AC BC PR 2 e (i L I8 3 87.3% 5 s
A2 B3 TAIC 49 XLPE-HD K St A5 P e s , i 11
e o B 1K F 102.8 kI/m’, 7E XLPE-HD i 7 H
VS 1N B SSHR A AT DASRAS 5 v i S B JBE L 34 ) ) 22 Bk
IR 28 S5 R FIPL 510 1 2 1 g
Q)W FR R, A1E 1 MFR i B A AC BRI
IR0 K s A AT ARSI T8 B SR A
£ A PR 0 VR ¥ XLPE-HD il 5 . MR ¥
XLPE-HD #RZR LS5 Ay ds 5 T2, & ¥ XLPE-
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