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Impact of different modification methods on creep behavior of ultra-high molecular weight polyethylene fibers
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Abstract : Ultra-high molecular weight polyethylene (PE-UHMW) fibers are widely used in various fields due to their excel-
lent properties. However, their tendency to creep under long-term load limits their broader applications. Most research on PE-
UHMW fibers focuses on optimizing the creep performance of the fibers themselves, with less discussion on the creep process and
behavior. Creep-resistant fiber samples with different properties through two modification methods were prepared: graphene blend-
ing and branching modification. The creep behavior and corresponding mechanisms of different fibers were investigated through
mechanical performance characterization, a 3-hour creep test at 40% of the breaking load, and differential scanning calorimetry
(DSC) testing. Conventional fibers, PE-UHMW fibers doped with varying amounts of graphene, PE-UHMW fibers with different
degrees of branching, and commercial creep-resistant fibers Dyneema DM20 were compared . It was found that both blending and
branching modifications could enhance the creep resistance of PE-UHMW fibers, but they exhibit different creep behaviors and
mechanisms. The addition of graphene effectively reduce the initial creep deformation of PE-UHMW fibers, particularly at a
graphene content of 8%, where the creep deformation decreased by approximately 30%. However, when the graphene content
exceed 8%, the initial creep deformation increase instead. The impact of branching modification on fiber creep performance mainly

manifest in improving deformation resistance under constant load. Fibers with branches has a greater initial creep deformation than
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unmodified fibers, but their second-stage creep rate significantly decrease, showing better creep resistance. Time extrapolation of the

creep curves verify the stability of modified fibers under long-term load. Graphene blending modification increase DSC endothermic

peak of the fibers to above 146 °C, while branched fibers exhibite three distinct endothermic peaks, indicating that branches intro-

duce new microstructures. Finally, the mechanisms by which different modification methods affect the creep behavior of PE-

UHMW fibers were discussed and analyzed.

Keywords : ultra-high molecular weight polyethylene fibers ; creep behavior ; blending modification ; branching modifica-

tion ; molecular chain slippage ; graphene
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Tab.1 Anti-creep fiber samples prepared with different amounts of

graphene addition

Sample Content of graphene/% M, /(% 10
Co-1 5.0% 612
Co-2 8.0% 612
Co-3 10.0% 612
Co-4 15.0% 612

Note: Content of graphene represents the mass content of graphene
in PEF-UHMW.
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Tab.2 Anti-creep fiber samples prepared with different branch

content

Degree of branching in resin

Sample  (Average number of side chains per M, /(x 10°)
100 000 backbone carbon atoms)
BR-1 150 550
BR-2 630 420
BR-3 950 380
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Tab.3 Mechanical properties of different fiber samples

Samples Linear Density/dtex Tensile strength/(cN - dtex ™) Elongation/% Breaking strength/N Modulus/(cN-dtex ")
BLK-1 102.30 40.41 2.62 41.34 1366.75

Co-1 140.47 32.15 2.41 45.16 1631.59

Co-2 134.47 31.39 2.40 42.21 1 636.45

Co-3 127.99 30.83 2.43 39.46 1578.38

Co-4 89.45 31.08 2.30 27.80 1 600.66

BR-1 564.25 38.10 2.85 214.98 1263.00

BR-2 732.40 37.47 2.68 274.43 1666.37

BR-3 451.78 35.03 2.66 158.26 1618.22
DM20" 1741.24 25.87 3.83 450.46 835.82

Note: ** In this study, DM20 is adopted for a comparative study as it is currently the best commercial fiber product in terms of creep resistance.
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Tab.4 Creep test load settings for different fiber samples

Samples Test load/N
BLK-1 16.54
Co-1 18.06
Co-2 16.88
Co-3 15.78
Co-4 11.12
BR-1 85.99
BR-2 109.77
BR-3 63.30
DM20 180.18
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Fig. 1 Typical creep curve of PE-UHMW fiber
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Tab.5 Creep test results of different fiber samples

Samples £,/% £ 10300/ 70 e s & oo/
BLK-1 1.09 3.65 0.109 2.475%x10°°
Co-1 0.81 232 0.081 9.501x1077
Co—2 0.68 1.92 0.068 4.375%107
Co-3 1.36 2.94 0.294 7.505%x1077
Co—4 2.17 3.53 0.217 8.875x1077
BR-1 1.32 227 0.132 2.875x1077
BR-2 1.20 2.02 0.120 2.625x1077
BR-3 1.06 1.93 0.106 2.503x1077
DM20"™ 1.83 2.67 0.183 8.75x10°*

Notes: &, is creep elongation rate of the fiber sample at 10 s, repre-
senting the creep elongation rate occurring in the first stage; &4, is
creep elongation rate of the fiber sample at 10800 s, representing the
total creep elongation rate at the end of the 3-hour test; &, is average
creep rate of the fiber within the first 10 s;&" 4, is average creep rate of

the fiber during the second stage.
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