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Design and New Strategy of Tungsten Particle Injection into
Polyethylene Composites
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Abstract: Conventional polyethylene (PE) composites often suffer from insufficient compactness, high
hydrogen permeability, and complex modification procedures in long-distance hydrogen transportation.
To address these issues, pure PE samples were first prepared by extrusion-based hot melting. Tungsten
particles were then injected into the PE matrix with high-velocity impact to fabricate a highly compact PE/W
composite. The effects of tungsten powder injection on the microstructure, morphology, and properties of
the PE composite were systematically investigated. The results show that the as-prepared PE/W composite
exhibits a crystallization temperature of 129.39 °C and a crystallization enthalpy of 139.8 J/g. Its hardness
reaches 65 HD, representing an 18.2% increase compared with pure PE. The impact toughnessis 0.385 kJ/m?2,
and the fracture mode changes from shear-dominated ductile fracture to a mixed ductile-brittle tearing
pattern. The elastic modulus is enhanced by 52.7%, and the compactness reaches 94.50%, which is
1.43% higher than that of pure PE. Moreover, the volume resistivity is measured as 5.61x101° Q, and
the hydrogen permeability is as low as 1.7x10714 mol-m/(m?-s-Pa). These findings demonstrate that the
PE/W composite possesses significantly improved compactness and barrier properties against hydrogen
permeation, offering a promising solution for hydrogen transport applications.
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Figure 1 Schematic diagram of particle injection equipment
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Figure 2 (a) XRD patterns, (b) figure a locally enlarged
figure (a) and (c¢) FTIR spectra of pure PE and PE/W

composites
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Figure 3 SEM images of pure PE and PE/W composites: (a) PE surface; (b) PE/W surface; (c¢) PE cross section; (d) EDS

analysis of PE/W cross section; (e, f) PE/W cross section
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Figure 4 DSC crystallization curves of pure PE and PE/W
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composites: (a) crystallization curves; (b) melting curves
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Table 1 DSC data of pure PE and PE/W composites
Specimen T, (°C)  Tonest (°C)  Tena (°C) AH  (J/g) X, (%)
PE 131.44 122.66 135.74 134.6 45.9
PE/W 129.39 120.76 133.24 139.8 47.7
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Figure 5 Performance comparison of pure PE and PE/W

composites

41 PE 5 PE/W 5 & M4 RE IR 5 218 43 ) 2h 55
65 HD. VEAN&J@43500 5, PE/W & & #1kH i
AR CE Wy SE A E 5 S § 7S L L N =
MR, YHEANRCENE, &
A A RHEE 52 B A1 774 s 6 % 55 46 1 20 B A7
B TR ECR A IE L, AT 32 5 A PR R 1
TERE . (AR A 43 N 2 5, — R TIE R O W

PR 45 5, (15 5 00 A B 1) i e 45 F ko 485
FERAEARTE B T IS 1) IR S MR R A
AR} (0 R 5 4R T BY, 3 5 i FTIR 5 DSC (7>
Br— 350, FL VR B/ INRLAR 48 IR E N TR 2003
WGBS, R RERRIR, X RITH
Sy B Gt T S A AR A AT A s i B,
X 5T SEM [ 43 A S A — 0

4fi PE [ 550 % B 5 93.17%, PE/W [R50 5 H
94.5%, JENEIR T i T 208 R AR SR Ve AT
Tt XA T, BN R 2 N EEAN TR 4
W55 53 1 2 180 (P FL IR RH e Be, AT sk 2D 144 ) P 38
B, teah, B3 B0R AT N S AR A, i
HBER 55 T REAE VA HTFE A T B LB ) &5
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Figure 6 The impact fracture SEM images of pure PE and
PE/W composites: (a, b) PE; (¢, d) PE/W
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Figure 7 Compressive stress-strain curves of pure PE and

PE/W composites
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MINIEE R 3 i 2 S5 1 % il 2 E N AR Ze M B
MBI & A B IEAR I, PE/W H S AEHME R — A
AR AR 4 PE K, 3% B PE/W 52644 K} 1 20 1%
AT RE ) 5, R IR R AE AR X R
WK B2 PN WER R LA, PE R 85
£)°535 MPa, ifii PE/W & & 8 R 5 5 5 ik 3]
T #)45 MPa, T X IR Bk A2 R RS kL, 78
S R NP AA B R U1k AYARE S N ST YN 4 ]
B L7 HEAR A RO AE 3 25 A A R, 48 5
R R 3 B AR TG, 7048 T 48 IR AT
WE Ak, 1) 5 20 He A v e N B ORI D TR
R OIHFEAR A PIRHUN LR S 200, BT T
MR AR ERE 77, T AEAS 563 R B B
SRS B T HETE, 1% 5 SRR [39] 4 p 4 SR A —
o AHZ BT M 28 N L T AR R, PE/W
AR B B4l PE (20, 68 52 A bRk 2L
AT RO B RE B /b, BIME R 22, 30X 5 i T v 5
PR T T30 7 AT i 25 SR — 8
200 AR )% 5 PE/W & A RLET I
13 T L BEAE, "I LAE 3, 40 PE 5 PE/W )%
T FEL B2 1 6.8 10" 1 2.4x10" Q, AR ALEH
A3 8.92x10 F15.61x10™ Q. H3¥ HRIyE N B
LIBWNER S, EEMEI A S REEE T HE
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Table 2 The surface resistance test results of pure PE and
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Figure 8 Comparison of hydrogen permeation behavior

between pure PE and PE/W composites: (a, b) Hydrogen
permeation volume fraction changes with time; (c) Comparison

of permeability of two materials
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