5539 % 5 W (=TS A S - Vol. 39, No. 5
2026 4 5 H POLYMER BULLETIN May, 2026

BeEoFERCHERSEMEMIIZMRIER
SRR BAK KB ¥ A agR’ % 3°

( E R AR E R R TV AT T8 750411)
CRERHE T SRR R 300222)

WE: 2k VR TR 4 (UHMWPE) B 3R A 85 25 0 K5 A0« o D0 06 S ms A0 im 2 12 25 A BILIR Ak
J&, e TR BEAE ] L PR R IEOK T L AR TAL R R S A P R A J R A A 20 4 TR
S5 RE S P WU R L R A SR UL A5 K A ) S PR RE AR R . AN R TS Z P il % UHMWPE B
A AN [ B S R U AR R B S R B N TR R o R AR AR . R R, XOROK
UHMWPE §E R4 I TR RIER M m A TRl ZRAT7 BT R A — € RIE %8 X

X Emn TRERE O, BEREY; M LLZ

Recent Advances in Condensed State Structure and Processing
Technologies of Ultra-high Molecular Weight Polyethylene

HAO Biao-biao"", YANG Wei-jing', SHI Peng-fei?, HUANG He', SHEN Hong-peng', LI Lei'”

(' Institute of Coal Chemical and Industry Technology, Ningxia Coal Co. Ltd, China Energy, Ningxia 750411)
(?College of Chemical Engineering and Material Science, Tianjin University of Science and Technology, Tianjin 300222)

Abstract: This review summarizes the current status and recent advances in the condensed-state chain
structure characteristics, modification optimization strategies, and processing technologies of ultra-high
molecular weight polyethylene (UHMWPE). Furthermore, factors such as temperature control, antioxidant
incorporation, irradiation sterilization, melt pretreatment, foaming, crosslinking, stepwise stretching, and
composite modification strategies were systematically investigated, and the regulatory rules governing
the relationships between these factors and molecular chain crystallinity, chain entanglement density,
orientation degree, and lamellar morphology were elucidated. UHMWPE produced via different processes
exhibits distinct applications, such as rubber modification, battery separators, artificial joints, and high-
strength lightweight materials. Based on these summaries, this review provides valuable insights for future
exploration of condensed-state structures of UHMWPE, processing systems, and development of high-
value, functionalized, and differentiated applications.
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Figure 1 2D-SAXS image of the stretching process of UHMWPE film at different temperatures (Reprinted with permission
from Ref. [15]; Copyright (2023) Elsevier)
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Figure 2 Free induction decay (FID) spectrum of UHMWPE during relaxation processes in different temperatures (Reprinted with
permission from Ref. [17]; Copyright (2000) American Chemical Society)
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Figure 3 SEM images of UHMWPE fibers at different strain ratios: (a) 1.35, (b) 3.00, (c) 6.90, (d) 7.90, (e) 8.70, (f) 27.70 (Reprinted

with permission from Ref. [18]; Copyright (1985) Springer)

<1 UHMWPE £ 4E7E AN R s BB B 5% A Je S 8
Table 1 Conditions and parameters for UHMWPE fibers at different forming stages
FEfh AL B P AL FE (%) A (%) SFRLAEE (%) A REAE (um) LR (dtex)
S1 ER AL - 0 0 279.7 176.4
S2 BUETR R IEd 60-100 55 55 52.4 18.1
S3 P AL 145 4.4 242 26.5 4.4
S4 o2 oA 151 15 36.3 22.5 29
S5 =R 151 1.5 54.5 17.4 1.9
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Figure 4 Schematic of UHMWPE melt re-entanglement
in a tube model (Reprinted with permission from Ref. [21];
Copyright (2020) American Chemical Society)
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Figure 5 Three-dimensional plot of the combined effects of
the wear coefficient (K) on the entanglement average molecular
weight (M,) and interfacial mass fraction (X;) (Reprinted
with permission from Ref. [22]; Copyright (2019) American
Chemical Society)
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587 UHMWPE 7 {5 322 Fl 3= 3 A i A2 b (1) JE AR
J ALHLEE, 72 XU hr A B A=5x5 I, AR L (I
1) BT IE B AR E B, O B AT N
KA, MABUE (FF3%) TR A2 1 1 Hh 3 A48 Dy 58 4
A& WAL, R IR T K& B
bl AR Ik 55 ) 5 W 288 o K ERSE 1) 4% (17 T8 L B
TE R AR It 2 O 3G T, 78 Sy A b A=5%5 B A
94%(FERL L 30%), UESE T FiEHi i 2= A0 4R
I SRR IR — WS . LB 2B bz e EL A 6 K
M4k, 2378 B JR 6 8 ) i) fg 2 S EGH o A
v BT S T 3 B JE P i A4S E 7 1) A BE A
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Figure 6 Surface morphology of polymers treated with XeF,: (a) 20 °C, 1 day; (b) 20 °C, 3 days; (c) 40 °C, 1 day; (d) 40 °C,
3 days (Reprinted with permission from Ref. [31]; Copyright (2011) Wiley)
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Figure 7 Fracture surfaces of specimens subjected to brittle fracture (a, d), 10% strain fracture (b, ¢), and 40% strain fracture

(c, ) during high-speed compaction (Reprinted with permission from Ref. [33]; Copyright (2007) Elsevier)
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Elsevier UL A])

Figure 8 Cross-sectional views of gel membranes (a—c) and extraction membranes (d—f) after freeze-drying at different

stretching ratios (Reprinted with permission from Ref. [36]; Copyright (2011) Elsevier)
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Figure 9 Lamellar structure of uncrosslinked material (a), highly crosslinked annealed material (b), moderately crosslinked
remelted material (c), and highly crosslinked remelted material (d) (Reprinted with permission from Ref. [39]; Copyright (2004)

Elsevier)
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Figure 10 Outer-layer oriented lamellae (a) and disordered
lamellae between inner and outer layers (b) on the fracture
surface of injection-molded UHMWPE (Reprinted with
permission from Ref. [42]; Copyright (2017) Elsevier)
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Figure 11 Mechanism of crosslinking UHMWPE by bis(diazohelicopropane) compounds (Reprinted with permission from

Ref. [44]; Copyright (2021) American Chemical Society)
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Figure 12 SEM images of UHMWPE foams of different specifications: (a, b) 2.5 mg/mL, (c, d) 5.0 g/mL, and (e, f) 7.0 mg/mL
(Reprinted with permission from Ref. [45]; Copyright (2021) Elsevier)
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Figure 13 Cross-sectional view of UHMWP fibers: (a, b) untreated; (c, d) SC-CO, pretreated (Reprinted with permission from
Ref. [48]; Copyright (2021) Springer Nature)
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Figure 14 SEM images of UHMWPE foam prepared at different temperatures during the heated foaming process: (a) 125 °C;
(b) 130 °C; (c) 135 °C; (d) 140 °C; (e) 145 °C; (f) 150 °C; (g) 155 °C; (h) 170 °C (Reprinted with permission from Ref. [49];
Copyright (2021) Elsevier)
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Figure 15 2D-SAXS patterns (a) and 2D-WAXS patterns (b) of injection-molded samples of HDPE and HDPE/UHMWPE
mixtures (Reprinted with permission from Ref. [54]; Copyright (2021) Wiley)
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