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Research Trends of Flash Spinning Process and Flash Spun Nonwoven
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Abstract: Flash spinning is a high-efficiency fiber production process that forms both
fibers and nonwoven sheets simultaneously by rapidly evaporating a polymer solution
using a volatile solvent under high pressure. This review examines the fundamental mech-
anisms of flash spinning and the unique structural characteristics of flash-spun nonwoven
fabrics. These materials exhibit excellent mechanical strength, breathability, water resis-
tance, and chemical durability due to their continuous filament structure and high poros-
ity. As a result, flash-spun nonwovens are widely applied in various sectors including
medical packaging, protective clothing, construction membranes, industrial filters, and
specialty packaging. Despite their advantages, the process faces challenges such as the use
of environmentally hazardous solvents, limited material compatibility, and difficulties in
quality control. Recent research efforts focus on eco-friendly solvent systems, surface func-
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tionalization, process simulation, and the integration of biodegradable or functional poly-
mers. Future developments should aim to enhance sustainability and precision in

production, positioning flash spinning as a core platform technology for advanced nonwo-
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ven materials. This review provides a comprehensive overview of current research trends,
technological advancements, and future prospects in the field of flash-spun nonwovens.

Keywords: flash spinning, flash-spun nonwovens, supercritical polymer solution, high barrier
property, high density polyethylene
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Table 1. Comparative summary of the characteristic of flashspun, meltblown, and spunbond nonwoven [2,4,7]

Type Flashspun Meltblown Spunbond

Principle Solution spinning after supercritical fluid formation ~ Meltspinning through air with high  Meltspinning and cool drawing
with high temperature and high pressure temperature & high speed

Fiber diameter 0.1-10 um 0.5-10 um 5-20 um
(Randomized) (depend on appplications) (depend on facility)

Merit Very high mechanical properties, Good isotropy, Ultra-fine fibers, High mechanical properties,
Good moisture-permeable waterproof High collection efficiency High productivity

Disadvantage High difficulty in spinning process, Need to solvent  Low mechanical properties Difficulty to make fine fibers
recovery

Applications Chemical and microbiological protective clothing,  Filters, Mask, Hygiene Hygiene, Filters, Geotextiles
House wrap, Medical package

Material High density polyethylene PP, TPU, PLA PP, PET, PLA
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Figure 1. lllustration of phase separation behavior near the lower
critical solution temperature (LCST) in a supercritical system.
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Figure 2. Schematic diagram of the flash spinning and nonwoven manufacturing process.
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Figure 3. (a) Schematics of phase separation pathways in polymer/SCF solution and (b) a network structure formation in the FSF by phase

separation at the flash-spinning process [22,23].
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Figure 4. Optical and SEM images of FSFs at different HDPE concentrations; (a) optical image, (b) 5 wt%, (c) 8 wt%, (d) 10 wt%, (e) 12 wt%, and (f)

15 wit% [21].
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Figure 5. Mechanical properties of FSFs at different HDPE
concentrations; (a) stress—strain curves, (b) modulus, (c) elongation,
and (d) tenacity [21].
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Figure 9. Schematic diagram of a web former used in the flash
spinning process: Filaments discharged from the nozzles are guided
and dispersed by controlled jet airflows, enabling uniform web
deposition and formation on the moving collection surface [29].
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Figure 11. Surface and cross-sectional SEM images of nonwoven fabrics: spunbond (left), meltblown (center), and flashspun (right) [1].

Table 2. Representative physical properties of DuPont™ Tyvek® medical-grade products: Includes key performance metrics such as tensile
strength, tear resistance, microbial barrier efficiency, and breathability, ensuring suitability for medical packaging applications [34]

Tyvek® Tyvek®™ Tyvek® Tyvek®

Property Comparable test method Units 10738 Asuron 10598 9FS
Lo . Log Reduction
Microbial Barrier ASTM F1608 Value (LRV) 52 47 47 32
_ Bendtsen. IS0 5636-3 mL/min 572 520 671 600
Air Permeability
Moisture Vapor TAPPIT523 g/m?/24hrs 1615 >1500 1640 >1500
Transmission Rate
. AATCCTM 127 .
Hydrostatic Head EN 20811 in.H,0 58 59 57 59
. ASTM D5035 .
Tensile Strength, MD EN ISO 1924-2 Iby/in. 44 40 38 35
. ASTM D5035 .
Tensile Strength, CD EN SO 1924-2 Iby/in. 45 42 38 36
. ASTM D5035 0
Elongation, MD ENISO 1924-2 % 20 18 19 18
ASTM D5035
il 0,
Elongation, CD EN SO 1924-2 % 24 21 23 21
ASTM D1424
Elmendorf Tear, MD EN 21974 lof 0.7 0.8 0.6 0.6
ASTM D1424
Elmendorf Tear, CD EN 21974 lof 08 1.0 0.7 0.8
ASTM D774 .
Mullen Burst IS0 2758 Psi 176 149 153 131
Spencer Puncture ASTM D3420 in-login? 50 41 39 28
TAPPI T425
T 0,
Opacity 1SO 2471 % 91 96 89 94
ASTM D1777
Thickness (Individual) EN 20534 mils 7.0 7.1 6.2 6.1

ENISO 534
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Figure 12. Various applications of DuPont™ Tyvek® material; (a) protective coveralls for personal safety, (b) house wrap for building weather
protection, (c) medical packaging for sterile products [35], (d) agricultural ground cover for crop protection [36], and (e) durable, reusable storage

bags [37].
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Figure 13. Various applications of DuPont™ Tyvek® material; (a) anti
dust mite(ADM) material for household use, (b) robot cover, and (c)
semiconductor wafer cover [34,35].
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Figure 14. Comparison of flash spinning processes: (a) DuPont’s original process utilizing an external autoclave and depressurization chamber for
polymer solution formation and fiber generation and (b) Asahi Kasei’s improved integrated process, combining pressurization, dissolution, and
depressurization within a single mixer-extruder system for enhanced efficiency and control [9,10].
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Table 3. Classification and physicochemical properties of flash spinning solvents by generation [7,24,48]

Generation Solvent BO|I|r(1(%§>01nt V?proa rg)rzeSSos g)re OoDP a (;V;/:a 9 Remarks

1t Gen. CFC-11 238 101.3 1.0 4660 Prohibited due to high ODP and GWP
CFC-113 476 60.0 0.8 6130 High environmental impact
HCFC-123 276 86.6 0.02 77 Lower ODP
HCFC-141b 320 59.0 0.11 725 Under phase out

2nd Gen. HCFC-132b ~42 ~61 0.06 ~360
HCFC-122 56.5 ~42 0.01 ~120 Less common; limited industrial use
HCFC-224ca 38 204 0.04 216 Highly volatile; high vapor pressure
Dichloromethane (DCM) 39.8 580 0.0 10 Low environmental burden, moderately toxic
n-Pentane 36.1 570 0.0 1 High volatility, suitable for solvent recovery

3rd Gen. Cyclopentane 493 45.0 0.0 1 Used in foaming, Stable alternative
1-Hexane 68.7 17.6 0.0 9 Hydrophobic, Caution needed in handling
Dichloroethylene (DCE) 47.5 58.5 0.0 97 High miscibility
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morphology and (b) gel-spun filament exhibiting a smooth and dense structure [51].
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