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Relationship between the glass transition temperature of hydrophilic polyurethane resins

and the water swelling and vapor transmission rates

Yuna Mochiduki, Masao Enomoto, Kazuaki Shirai

In this study, hydrophilic polyurethane (PU) resins with glass transition temperatures (7g) between 0
and 5 C were synthesized using polyethylene glycol and polycarbonate diol with isosorbide. The PUs
were then made into films, and their moisture transfer properties and water swelling rates were
measured at different temperatures. The practicality of using these PUs as waterproof and moisture—
permeable fabrics was also investigated.

The results confirmed that the water vapor transmission coefficient of the hydrophilic PU film
changes between 30 and 40 C, which is approximately 30 C above Tg. Therefore, when this film is used
as a moisture-permeable waterproof fabric, its moisture permeability may change depending on the
temperature inside the garment during wear. Furthermore, when worn inside a garment at
temperatures between 0-20 C, hydrophilic PU films used in garments with limited fluorinated water
repellents swell significantly due to rainwater infiltration from the outside. Test results showed that the
PU film in this study had a low Tg (0-5 C), meaning it remained almost in a glassy state at 0-20 C. The
water swelling rate was constant in this temperature range, suggesting the possibility of improving the

film’'s water swelling properties.
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Table 1 Chemical structure of the polyol.

Molar ratio of monomers Molecular

Chemical structure

Monomer A Monomer B Weight
PEG HO {cn,{u,—o} H - - 2000
. A wofoufon 100 - 1000
PCD no—k[»ogo—n]»non A: Hocrpfom
R: monomer Aor B HO, 0. 60 40 800
B:

Table 2 Molar ratios of polyurethanes.

MW No. 1 No.2  No.3 No.4  No.5

PEG 2000 0.4 0.3 0.5 0.5 0.5
1, 6HD-PCD 1000 0.5 0.6 0.8 - -
1, 6HD/1SB-PCD 800 - - - 0.8 0.8
1,4BD 90 2.1 2.1 1.7 1.7 -
EG 62 - - - - 1.7
MDI 250 3.0 3.0 3.0 3.0 3.0

PEG:polyethyleneglycol; 1,6HD:1, 6-hexanediol: ISB:isosorbide

PCD:polycarbonatediol; 1,4BD:1, 4-butanediol; EG:ethyleneglycol
MDI:4, 4’ -diphenylmethanediisocyanate
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Table 3 Physical properties of polyurethanes.

No.1 No.2 No.3 No.4 No.5
10%MD (MPa) 1.44 1.84 0.56 0.31 0.35
100%MD (MPa) 468 581 207 1.27 1.52

Film
properties Tensile
strength (HPa) 63.6 64.7 57.8 343 58.0
Elongation(%) 620 570 960 850 920
Ig (°C) -14.8 -9.8 -18.0 0.1 4.1
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Fig. 1 Water vapor transmission coefficient relative to
the water vapor partial pressure calculated using
the A-1 method for moisture permeability.
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Fig. 2 Relationship between the measured temperature

and moisture permeability of the PU films were

determined using the B-1 method.
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Table 4 Water absorption and dew condensation of PU films.

Water absorption Dew condensation

(g/m* -h) (g/m” -h)
Temperature (°C) 30 40 30 40
No. 1 0 0 0 0. 40
No. 2 0 0 0.35 44.02
No. 4 0 0 0 0.32
No.5 0 0.57 0 0
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Fig. 3 Swelling rate as a function of water temperature
for PU films.
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