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Figure 1 Model of cohesional entanglement (a) and topological entanglement (b)

(Reprinted with permission from Ref. [1]; Copyright 2011 John Wiley & Sons, Inc.)
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Figure 2 Influence of solvent quality and crystallization conditions on the drawability of UHMWPE cast from solution

(Reprinted with permission from Ref. [8]; Copyright 2020 American Chemical Society)
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Table 1 The influence of solvent types and concentration on the properties of UHMWPE fiber

sl IR R S L YL o EA T AU ik AEA

R T 2wt % 4GPa 150GPa 1E % [13] 2016

1 fg R 10vol % 2. 8GPa 155GPa s [8] 2020

A1 5 16wt 29cN/dtex 1300cN/dtex ZH K [17] 2021
L/NRER] dwt% 25. 6¢N/dtex 1025¢N/dtex LK [16] 2019

A /A 4wt 43. 9¢N/dtex 1887¢N/dtex ZH Ok [16] 2019

2 ETHRTANBELERES &

B L UHMWPE B i . 8 8 ok IR K R A T 24 Ziegler-Natta i T R EMH 2., XA
PR 2 o, H TR AR 0 30 67 0 e 500, LR A IR B (90 60~100°C) , [H I 3 A i 78 v 43 7 119 2
3 R T 1 T 46 R T A B i ] HE B R AR b T 1) T DA 4 LG B A 4k AT X AT HE
G, e A A B UHMWPE B ig HLA R & 25 25 % 5 . i /e R Al 2 b 3 UHMWPE (19 R4 fil
2% 5 A R B A o 2 I B B L T LA R 4R A L SRR LY 1 UHMWPE %4 B fig e

fr 22 BB Tl K2 1Y Rastogi AL A8 X — 7 A T AR 22 B9 BF 9% Al R T A — 2K S 3 1
Jee ) IV T 4 @ 52 0 SR AR 3R A B8R B35 1 by FTE AR TR CAn T 3 B ) o ZE AT ) 3 B A8 A1 1) e Ak 7] e
JE T Ll 5 i R R A 1 4 B R T B I R T LR O A A 2 I L A T
g2k 25 R ) UHMWPE # g , HAF 252 50 T 1, nl DSz B0 0 285 1 760 v ok RE & 4k Fnsdi i . H | il 2%
48 25 45 g () UHMWPE B i % FH 4 0 8035 P oo AL L H Gote™ ZE 3R B AR 12 808 Ziegler-Natta fi
A0 B R 1 ol P 335 e A i PR R AR SR K R R v 1 DU R T g SRR = A B X R = A Bk A
FIFI T BTG MO AR S A AR R 7R R L RS AR B A 4 45 1) UHMWPE #1E W g . i 55
X SFROGE T REREIE W] T =M Bk A 77 75 . S 2 FAA A B7 D7 ¥EE W] T UHMWPE K9 fig 28 4540 %5, {0
FLAE SN 2% P BB AR T R 4 45 1 UHMWPE B i . 77 16 2 07 % DY BE 45 J5 |75 B0OKS v 72 o ) 7 3L 2 7
RYCRAR S T T, X DA S B Tl A A 7= UHMWPE A6 58 A 1938 4 W g df R 0 3% 2 iR

B 3 FIHEALFIAY 25 H#) (2020 John Wiley & Sons, Inc. BRACF AT
Figure 3 Generic structure of the FI catalyst (Reprinted with permission from Ref. [19];
Copyright 2020 John Wiley & Sons, Inc.)
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IR 7 450 Th A6 TR ) T A RE A& 203 60°C L i B I 7 Jim vl A5 310 LA i ECBE S ) TG 245 1) 2R &
Wi o AR S 5 3 B A 7 R ARG 2 TR 5 AR R SR W I 5 R B RS A e AR AT L R A
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Table 2 Some research of UHMWPE catalytic polymerization

e /ﬁﬁ LIRS uﬂrﬂ UHMWPE 4 F - o

) (bar) (min) (10°g/mol)
FEE ML VCL (N-2,6-Me, C, H) JEZ AW ) 4 25 >1 [20] 2020
WA R T B S AR ER (TVO FT A4k 51 40 4 180 4.4 [25] 2020
FI-Ti €49+ F 248805 (MAO) 10 2 60 15.3 [19] 2020
POSS MMy Ziegler-Natta 4k 7] 85 10 60 2. 32 [26] 2019
Al AR A AR (AL R 1D 40 1 120 13.07 [22] 2018

TIHUBUE = 25 R A1
3 ETHBUMWHEELEFEE &

T FER UHMWPE (905 R 25 B2, WF 5 3 0 0 5% 1 IR ) 5 12 08 LR A 38 2l il 1 JHG vl 438 R 0
SV B R LT R AL/ JCHLIEORL R R A ) A5 A B R IE HY EE 2r UHMWPE JE R s v 4R & K
U A BRI 3 s .

®3 ERFEMERIBS UHMWPE £BBUEEK R
Table 3 Some UHMWPE blending systems reported in the past five years

UHMWPE & $ % B2 B AENCE &)

T Bl B ) 2 T R R i = 100rad /o) i — 100rad/ o) ik Ay
UHMWPE/HDPE (50/50) NA 7x10° [36] 2019
BRI IR R UHMWPE/LDPE (50/50) NA 4%10° [37] 2017
UHMWPE/PP(90/10) 110" 4x10° [38] 2019
UHMWPE/PE-WAX(50/50) 6X10° 2.5x10° [30] 2018

e ¥ 51
UHMWPE/PEG (100phr/5phr) 110" 6x10° [27] 2019
- UHMWPE/POSS (100phr/0. 5phr) 7x10° 2% 10° [31] 2019
st UHMWPE/PP/OMMT (70/30/5phr) NA 5% 10° [39] 2018

3.1 BEBRBRERDBIER

#HT UHMWPE Jish et M RIG R R R AW R B2 B ANE 1 b AR T 2 B M k&, i HDPE,
IR B3R O (LDPE) (R W (PP) 45 . AR AR R B #3195 £ UL B, UHMWPE g 25 2% 78 55 —
Y150 AR WA L BT B LR S R R A IR IR AR R B R AR, P T UHMWPE T & . e i i
R AWtk #2 HDPE f1 LDPE. X /& [H 25 HDPE fl LDPE H. A fil UHMWPE {4 1k 2 4%
¥ o WG 3 22 ) EL AT A ) A 25 P o A R T A, B & T DU B3

filtn, Li %" f8 UHMWPE/PEG (% & ) 3B % #in A HDPE, % 8l HDPE a] L i — 4 o 3%
UHMWPE/PEG IR Y #Y i T G, B A L 6% B B2 5 400 FE 055 0 A &2 B 26 18 . i 2 0 1 260°% IA ok
HDPE Xf UHMWPE 43 55 (1 fift 28 25 F1 38 25 25 1F FH 02 IR B A7 76 L A B35 4 1, e A 45 R I T
UHMWPE 1 HDPE [H] (% 2 B % B B LE A5 R R . 24 UHMWPE {1 Jy 3% SL A0 B L 58 A7 201% 34 40 A 19 i
Y A 5 B8 i HDPE AHZSIE 43 B T4 5 B A UHMWPE 43 74 o, I\ 1 F# /8 UHMWPE 1 53 14
QL R IR LM B8 & T UHMWPE, {HJ2 4 UHMWPE 1B 8 73 80k 5k & 0 3 2 5 A0 25 5
Kt HDPE 2 8 3 4 28 45 500, JLR Y 1 MEFR B 58 BEAIC, HLAR I BB A A T R
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fln, Xie™ i@ i3 DMA F8 5 DSC w5 Rl ik WA 9585008 (9 6 B 898 T PEG % UHMWPE )
MeZEHLEE, DMA MR %78 , UHMWPE/PEG (100/10) 5 UHMWPE #H It , #2656 0% BE 5 8 F %,
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oo it it — 25 $2 5 UHMWPE #9722 PEBE  FE A I 60wt % PE-Wax HNTFZLAEBUR) 200 F B S hi f
SRFEREIAF] 1. 5GPa, M R i 15 5| 40GPa.,
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RSN P ERUR (o o v/ SN RN | N R NN | B I ST == SR 7 I 2 ) B £ Rl = W 17 1 8
Zhang %55V I F 5 25 A H 4 T UHMWPE/POSS (Z AR BAG LA Mk E SRR T
ARl &' POSS g4k ki £ X UHMWPE 43 55 09 fif 98 2545 11, & A0 KOk 0] LA 2 25 42 & 4+ 65 1Y
B BB 1. G B 5 AL AR IR L RN & POSS 49 K ki 7 R SE /N T 28 45 LR S, RE A 48 25 Y
UHMWPE #E v, 5] 5 5% A 28 , 0775 3 % o R P 0 0K 286 B BB A L X — 5 7 Angel 2657 i se h by
JEARER . BRI HH T 5B W i R 40 K B0RL 22 18] ) Ak 22 A PR 25 BE K 9K BL FAE R G b vt 25 . 5 %)
S M B 3 T 5 g 4 AR
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AT AHAS o T Z AT HES TG A FE I T3 I VE T 5 T A8 T8 5 BUm) I8 WG AT 45 0, 18 3k I 14
JZR1E %, IfA g i UHMWPE SR 73 B ) F i 28 , I ks UHMWPE By fin TP Re .

TEREDT R AW SR AR (LCPU M UHMWPE, #2 & UHMWPE [y MFR, SR EWAE—E
IAZAEF S 2T ILEY A MEFR BE& LCPU & B9 3 KO 5 3% K. 78 LCPU B & s34 & 25 % i,
UHMWPE/LCPU 8% 59 MFR &35 4. 0g/10min, #2257 N T A E 5 Fom L ek ik, % 25 PERE i
LCP.iIn A —& = W B F 5 UHMWPE #4738 . #7598 & 30, th T 20 80 LCP 7E 46 mlon T3 72 b, Wi
() 43 4 W A0 1 5 T L) 08 R 8 K AR L AT, — 5 T % T UHMWPE /9 3 sl 55 — J7 il eF
A X5 1l A3 A A AR RS B 2R R ) R AR BN PR R B4 LCP B A St R IR Y e R R
MR . (HAEW S UHMWPE B9 T4 A HITLES 2 S 80N T T 28 2% i TXEEE K B0 &
Tt M LR B R

4 FET T ek 8 ST %

FE TN T 77 3 (%) % 28 235 1 95 Ty 105 SR 38 o it o 5 170 B A s AR 2 45 I T 3 R s R A W e iR
I FHERRZS AR . YRS W TR A I, b e T3 35 v i R o 1 S 2 kAR LA A O 25 R BE T B SR s
S EGEA R A SRR Y (RN SIS, 53T UHMWPE 3 i F45 & 00 7 2 A0 L 3% 05 s 1l
F o B AR, HJC R O AT Al HLY ) L 3 53 BIF 5805 K i) 10 B ik 9 45 S8R A 1 4 B
4.1 BIYRA

AR AR AT S I A SN SR SRR A B85 U] ) B ek A UHMWPE BN T3 4B £7 4, 45 5 & B A
ASERAATAT I T 3 700 A 1 B0 R A SR i T UHMWPE 8 IR 7 3h e, 809G 26 W, R 20 1 88 Ak B A
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Figure 4 Disentanglement equipments of different processing fields and the disentanglement effects: (a)shear flow field"* ;
(b) elongational flow field™” and (c) ultrasonic vibration field™" (Reprinted with permission from

Rel. [477; Copyright 2019 John Wiley & Sons, Inc.)

UHMWPE 75 52 56 25 140 T 36 (At sh 78 800 2 10 B A 135 v 50 1) 418 vy JHL 38 28 2 08 48 30 WROBR I8 I I 1k
W5 ECH 0. 101g/10min, {HJE7ETRE S F UHMWPE E@ﬁ%i?ﬁ%ttﬁ%ﬁeﬁﬁﬁ%ﬁ 20 W5, He
B85 F i M 265. 310" g/mol FEZ 143. 2X 10" g/mol.

4.2 IREN 3%

SRAR S 1 X Liu 2800 $ 0 3h A5 B R 07 FE AN UG TE . 6 vk i 5 R 7 R BF 9 48 45 4 T B AR 3
B4 19 17 25 IR i 5 4005 10 A8 Ak 25 3 R IR 3 7 3 AT LD /b B BE RV AN 43 - 14 B st S TRD it o )
5 i R B0 R kA, 4 4 R AR A 0 W R b K PR IR B B P A R A ek A R R B ) o
WFEE T AR 75 AR 20 UHMWPE/ PP R 1A i 85 H A4 7y, & B0 75 48 FH s 1 1) 2% 0 26
JEE X5 R T P R S I A I 0L 280 B, LR 75 A 0 3 R e AR T R O B RN . 4 250W 1
FAE I, UHMWPE/PP(90/10) %5 1A 55 B [ 2 1263Pa~s, S Jo il 7 1 F I 2 R 6 WL BH B2 19 10. 7% 5 T
X F UHMWPE/PP(70/30) ,JAK R VLB KR 2 3503Paxs, Jy Jo A M I AR e B 19 51. 8%, 5%
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WIALR Y rh PP & &t /b, UHMWPE J5 155 20 25 %5 B K, 75 7R HIXS UHMWPE (% B ZEROR BT 5
L2 1 A P i B I 457 B B I) 1T RE 3 80 UHMWPE 4 T4 & A 7 24152 i UHMWPE ¢ fE 6] 4 24
7 AR F R T 150W B TR A 0 J AR s B T R TR R L BT S TR BTG L e R R R R . PR
I AR B 7 8 45 I 45 5 T AR AE — 5 1 SR BRAE
4.3 HHFIB

ZHT BB ST POk R AR B S RN ) O R KBy 3 B AL, X T UHMWPE 1 &, H
P4 255 13 i 2 {7 0 1 B8 I T T R L U BB A R T B UHMWPE (9 THERE . Gao 7R
FH — Tl 20 35 1) Ml 00 B 135 WL A 19 i i 7 vk UHMWPE B Jiig 7547 3% 10 B T, e i 728 D0 38 30F B 7E it
RS EH T UHMWPE 43 185 5 25 H i ] & 28 L) L fff 28 45 L 52 B80KG J3 A0 ik AR ASE it 5 R AIK L 2 i T
KL 8] 435 04 AH BRI D8/ TR 0 R B L O L DLRLAR R AR S 3 S 0 O B T B LRI AE
TR B Y A R 8 T AR LR HF UHMWPE (5943 T8 . Lin 2558 5 — F Al S 471 = Mol R i B
TR F UHMWPE 2 T8 i 2845 WL FE . Wang %% L UHMWPE/PP $HIR Y I 055 4 %,
K FH o3 8 1 2 FOFEBORL T 80 1 24 M 25 6 RS0l 7 3 &5 6 B2 AR DA B i A8 243086 O ik o i T IR
R RN/ BT DR A R A5 S T W A FAHIE 28 08 Ak 3E 58 7 LR 57 U] 32 e A & 0 3 . PP 43 Rl i
PR AR SRR A i3 T R AT AR 2, DT AT 50 i R SR A TR A 1 it R A A R A
REAIG . 32 = SRR P i m T fE .

YY) hiAh Ak S e s UHMWPE 8 7R 3 s v 7 i B AR HLEE, i 5 Bros . 35 Ul
R B8R 0T DLk s UHMWPE 8900 T3 sl 1t (5 ik 5 09 85 U0 0 354 & 3 80K 4+ 6 W 24, 52 i
UHMWPE (PERE . XF T8 5 PR sh i &, Ho™= Az 09 2 Ak VR FH S FE Bk 18] 7= 28 = ik B A JR A iy s 0 fr il
5000K FY i ik » LA Ko DA 28 Ak O B S 1 A S 2000 o o 0 oK S BOR B W FEE R R TR, LR

(a)

(©)

5 AFAET UHMWPE 70 T8 A5 ILER . (O 9591135 (WO i 1135
(OMFIRSN S35 (O o> THEG S ;473 5> THEW 2D
Figure 5 Disentanglement mechanism in different processing fields: (a) shear flow field; (b) elongational flow field and

(¢) ultrasonic vibration field (O:Molecular chain entanglement;i_:: Molecular chain scission)
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Research Progress in Chain Entanglement Regulation of Ultrahigh
Molecular Weight Polyethylene
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Abstract: Ultra-high molecular weight polyethylene (UHMWPE) is widely used in many fields for excellent physical
and mechanical properties. However, it is easy to form molecular chain entanglement for the extremely high molecular
weight of UHMWPE, which dominates the long-range motion of UHMWPE molecular chain, affects the aggregate
structure and the various properties of UHMWPE. Therefore, regulating the degree of molecular chain entanglement of
UHMWPE is of particular importance to improve its processability and performance. In this review, the methods of
regulating entanglement of molecular chains and the mechanism of disentanglement are summarized, including dissoluting
UHMWPE in solvents, changing the crystallization conditions, blending modification and processing under different flow
fields. The development of the regulating methods used for the molecular chain entanglement of UHMWPE is prospected.

Key words: Ultra-high molecular weight polyethylene; Disentanglement; Blending modification; Flow field
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