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Table 1 Physical parameter of raw materials.

Sample Intrinsic viscosity [#] M,* Median particle size Particle size
(x10°dL-g™") (x10* g'mol™) Ds (um) distribution
UH-1# 1.79 391 131.52 0.869
UH-2# 1.91 430 159.95 1.158
UH-3# 231 572 165.95 0.978
UH-4# 2.62 692 186.93 0.962
UH-5# 2.99 842 206.90 0.993

* The M, was calculated according to the Mark-Houwink equation [#]=KM ¢, where K=0.7-0.8 and =0.65-0.70, as determined

by industrial production practice.
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Fig. 1 Particle size distribution curves of UHMWPE powders with different M,.

Table 2 Swelling time of UHMWPE powders with different M,.

Relative concentration  Dissolution temperature

Sample

Swelling time )
Swelling level

(Wt%) (°C) (min)
UH-1# 5% 200 59 Complete swelling
UH-2# 5% 200 66 A small fraction of particles remained
UH-3# 5% 200 55 Complete swelling
UH-4# 5% 200 61 Complete swelling
UH-5# 5% 200 69 A small fraction of particles remained
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Fig. 2 SEM images of UHMWPE powders with different M, under different magnifcants.
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Fig. 5 (a, b) Effect of spinning temperature on raw materials with different M, at a fixed screw rotational speed of 240 rad-min™!;
(c, e) Trend curves of M, and retention rate of UH-3# as a function of screw speed at a fixed temperature of 245 and 265 °C.

(d, f) Trend curves of M, and retention rate of UH-5# as a function of screw speed at a fixed temperature of 270 and 290 °C.

Fig. 6 Surface morphology of as-spun UH-3# and UH-5# fibers after solvent removal (UH-3# was spun at 245 °C and
240 rad min~!, while UH-5# was spun at 270 °C and 240 rad-min™").
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Fig. 7 (a) Time-dependent equilibrium shrinkage (0-72 h)

of as-spun gel fibers prepared from different powders;

(b) Relationship between fiber tensile strength and draw ratio.
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Table 3 Effect of draw ratio on mechanical properties of
fibers.

Tensile strength

Sample CDR HDR
(cN/dtex)
UH-3#-245-3 3 20 39.52
UH-3#-245-5 5 12 37.19
UH-3#-265-3 3 20 36.53
UH-3#-265-5 5 12 33.17
UH-5#-270-3 3 20 37.39
UH-5#-270-5 5 12 38.43
UH-5#-290-3 3 20 36.81
UH-5#-290-5 5 12 37.26
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Fig. 8 Radar chart comparing the effects of different drawing temperature on the mechanical properties of UHMWPE: (a) UH-3#;

(b) UH-54.
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Table 4 Effect of hot drawing temperature on mechanical properties of fibers (C:H=3:20).

Sample The firsthot The secondhot The thirdhot Tensile strength Initial modulus
drawing (°C) drawing (°C) drawing (°C) (cN/dtex) (cN/dtex)
UH-3#-245-3-T1 130 140 142 35.95 1607
UH-3#-245-3-T2 133 142 145 39.52 1869
UH-3#-245-3-T3 136 145 147 37.36 1768
UH-3#-245-3-T4 139 147 150 36.45 1650
UH-3#-245-3-T5 143 150 155 36.01 1584
UH-5#-270-5-T1 130 140 142 34.95 1602
UH-5#-270-5-T2 133 142 145 36.74 1619
UH-5#-270-5-T3 136 145 147 37.91 1790
UH-5#-270-5-T4 139 147 150 37.12 1679
UH-5#-270-5-T5 143 150 155 35.51 1543
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Fig. 9 Radar chart comparing the effects of different drawing speed on the mechanical properties of UHMWPE: (a) UH-3#;

(b) UH-5#.
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Table 5 Effect of drawing speed on mechanical properties of fibers (C:H=3:20).

Sample The firsthot The secondhot The thirdhot The forthhot  Tensile strength Initial modulus
drawing (m/min) drawing (m/min) drawing (m/min) drawing (m/min) (cN/dtex) (cN/dtex)
UH-3#-245-3-S1 0.9 6.75 12.15 18 35.22 1609
UH-3#-245-3-S2 1.2 9.00 16.20 24 37.36 1768
UH-3#-245-3-S3 1.5 11.25 20.25 30 38.32 1790
UH-3#-245-3-S4 1.8 13.50 24.30 36 39.52 1869
UH-3#-245-3-S5 2.1 15.75 28.35 42 36.29 1665
UH-5#-270-5-S1 0.9 6.75 12.15 18 36.02 1673
UH-5#-270-5-S2 1.2 9.00 16.20 24 37.76 1707
UH-5#-270-5-S3 1.5 11.25 20.25 30 3791 1790
UH-5#-270-5-S4 1.8 13.50 24.30 36 37.14 1700
UH-5#-270-5-S5 2.1 15.75 28.35 42 34.51 1509
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Study on Gel Spinning and Fiber Formation Processing Technology of
Ultra-high Molecular Weight Polyethylene with Different
Molecular Weights
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Abstract The high-performance development of ultra-high molecular weight polyethylene (UHMWPE) fibers

has long been a central issue in high-strength and high-modulus polymer fibers, while the cooperative roles of

* Corresponding author: Yan-hu Xue, E-mail: xueyh@tust.edu.cn
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raw material molecular weight, microstructure, and complex processing pathways remain insufficiently understood.
In this study, spinning-grade UHMWPE resins with different molecular weights were investigated, focusing on
gel spinning and multistage drawing as representative nonequilibrium processing routes. The relationships among
the raw material structure, chain topological evolution, and drawing behavior were examined. It was found that
increasing the molecular weight of the raw material alone did not directly improve the mechanical properties of
the fiber; instead, its potential contribution was released through chain disentanglement and orientation
reorganization during processing. Resins with a concentrated particle size distribution and moderate pore structures
were more favorable for homogeneous swelling and the formation of stable gel network structures. By coordinating
the screw temperature and rotational speed, the molecular weights of the gel fibers derived from different initial
viscosity-average molecular weights were regulated and converged to approximately 3.60x10° g/mol. However,
different temperature-shear pathways introduced path-dependent nonequilibrium chain topologies, which persisted
during subsequent drawing as topological memory effects and continuously influenced the chain flexibility and
fiber mechanical performance. Systems with higher chain flexibility, particularly those with intermediate molecular
weights, were more suitable for achieving a high draw-ratio orientation. Overall, the results suggest that the high-
performance fabrication of UHMWPE fibers depends on the cooperative regulation of chain topology and
drawing kinetics rather than molecular weight maximization alone, providing a basis for structure-process design
in UHMWPE fiber manufacturing.
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