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Abstract : In this study, the fiber materials of suitable materials and structures for spacers of multilayer insulation(MLI) used
in a liquid hydrogen storage tank were investigated. To find the best material for spacers, various physical, mechanical,
morphology, and thermal characteristics were compared using spacer materials such as fabric, mesh, polyester, polyamide,
glass fiber, silk, and polyurethane fiber. Finally, it was confirmed that the behavior of physical properties vary with different
types of materials, structure, and length/diameter of the fibers. Furthermore, it was possible to determine the optimal fiber
materials for a spacer of MLI for a liquid hydrogen storage tank.

Key words : Multi layer insulation(MLI, t}&82-cHA A, Spacer(2~ 3] ©] A1), Hydrogen commercial vehicle( TAdE
Z}), Liquid hydrogen storage tank( 2} A <=4~ #] 7-8-71), Thermal property(<& % 5-4), Fiber structure(’d -1 3%)

Nomenclature PUES : polyurethane nano fiber nonwoven
p . porosity, % MF : metallized film
p nonwoven : density of nonwoven, g/cm’
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p fiber : density of fiber, g/cm®

MLI : multi layer insulation 1ol A E8o] Lo} e AS Sasl 1)
PET SB1 : polyester spun bond nonwoven o 2 o) Tojute] A& 31 9l ek
(point bond) A ol WA & ARk oSk A
PET SB2 : polyester spun bond nonwoven 22 A}gale] oA o] WolH T U] E&o] Y}
R _(pllanetbond) . = whel] 9lo] 13] 4 Al 1,000 km o] 8 7Hs &
oA mehs :polyes irimes X e e} AL 9] AA|FEAS Fes)of st}
e o VAo AL FRE UE, S22 o AAYL U
: glass fiber fabric 2/9) % Alole] &7t vl g 3hE Hodale] Uz Y
GP : glass paper
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Table 1 Thickness, density, porosity and manufacturing process of spacer materials for MLI

Materials Thickness (mm) Density (g/m®) Porosity (%) Manufacturing process
PET SBI 0.08 18 84 Spun bond
PET SB2 0.09 17 86 Spun bond
PET mesh 0.05 38 - Weave
PA mesh 0.1 65 - Weave
GF 0.05 26 - Weave
GP 0.18 25 93 Wet-laid
Silk mesh 0.07 65 - Weave
PUES 0.01 4 68 Electrospinning
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Fig. 1 Schematic diagram of TPS type thermal conductivity
measurement method
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Fig. 2 Optical microscope images of nonwoven type spacer

materials for MLI ((a), (b): PET SB2 (x50, x200), (c),
(d) PET SBI (x50, x200), (e), (f) GP (x50, x200), (g),
(h) PU ES (x50, x200))

Fig. 3 Optical microscope images of mesh or fabric type
spacer materials for MLI ((a), (b): PET mesh (x50,
x200), (c), (d) PA mesh (x50, x200), (e), (f) GF (x50,
x200), (g), (h) Silk mesh (x50, x200))
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Fig. 4 Stress-strain curves of spacer materials for MLI 712 HAislsl7] 98 HAske] A3e FAAE Ao}
Table 2 Air permeability, tensile strength and elongation at break of spacer materials for MLI
Materials Air permeability (cm*/cm?/s) Tensile strength (MPa) Elongation at break (%)
PET SB1 400 16.86 56
PET SB2 700 5.59 141
PET mesh 49 120.4 54
PA mesh 17 76.32 60
GF 620 - -
GP 407 6.17 2.8
Silk mesh 480 - -
PUES 0.5 6.65 92
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Table 3 Thermal conductivity of spacer materials for MLI

Materials Thermal conductivity (mW/mK)
PET SBI 39
PET SB2 36
PET mesh 76
PA mesh 98
GF 80
GP 35
Silk mesh 45
PUES 60
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Fig. 5 DSC curves of spacer materials for MLI
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Fig. 6 (a) TGA curves and (b) DTG curves of spacer materials
for MLI

Fig. 6& 2=¥|0] A A7) €] TGA curve$} 12} 13231 DTG
curveZ YERA Zo|t). PET SBI, PET SB2, PET mesh,
PA mesh 22A19] 79 ¢F 400 °Coll A L&) 7} A 2] =
28 #238th GF, GP 2A41= 484655 A183l7] o
ol 800 °C7HAl Etall 7 dolubA] = As gl
t}. Silk mesh, PU ES 27 2F 300 °CH-E E&-3)7} A
Z2be = AL 13tk TGA A= 38 Zeo~E &
A oje] W2 5ol A 237 A1 &S = Silk mesh, PU
ES 2241 €] Z-9- MLI 4]-8-0] o &5 A o= e Th

3.4 AHO|M AAUE A8 MLI FAEE 24

Table 32 2= o] 4] 245 #-8-} Lab scale MLIS| &
HAEEE JeERdAT] Lab scale MLI Al 22 9l H71 2
7} 744 25k PET SB222 Al 9 A= w7} 7H8 9k
PA meshZ:A] 255 A4 gTh sF =7 o] A A2k MF
£ 40layer 253} Lab sclae MLIZ A|&Fgdar, A A] <
A2 AE7] -k FrAFeE 291 160 °Coll A £
] QLS B, B Ak 2ol H 2 3
o] & 213l PET SB2/MF7} PA mesh/MF tH] 60 % <2

252 #AIASABAE =22 A3AH A4S, 2023

0
(]

=
ox
°
ol
2
i
i3
i

Table 4 Thermal degradation temperature of spacer materials

for MLI
Materials Thermal degradation temperature (°C)
PET SB1 446.2
PET SB2 454.8
PET mesh 448.9
PA mesh 465.7
GF -
GP -
Silk mesh 350.8
PUES 319.7

Table 5 Thermal conductivity of lab scale MLIs

Materials Thermal conductivity (mW/mK)
PET SB2/MF 6.03
PA mesh/MF 9.68
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