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Recent research progress of polyurethane for gas barrier application

GUAN Zhenwei', ZHANG Liguo’, WANG Zhiyong', HE Hui’

(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. AVIC The First Aircraft Institute, Xi’an 710089,
China)

Abstract: Polyurethane is a unique polymer with excellent flexibility, elasticity, controllable hardness, fine tensile strength,
abrasion and medium resistant, and stable in both low and high temperature. Since it is suitable for use as a gas barrier material, so it
has a wide range of applications in fuel gas isolation, food packing, tire repairing, hot balloon, and flame retardance. The
copolymerization of soft segments and hard segments formulated polyurethane, and its gas barrier properties depends on phase
separation caused by two thermodynamically incompatible segments. Adjustment of molecular structure and fabrication of nano
composites are effective approaches to enhance gas barrier properties. Nanoclay and graphene are widely studied as nano fillers for
polyurethane, they improve the barrier ability of polyurethane to water vapor, oxygen, and carbon dioxide and other gases by
blocking mechanism of which is reported to be layer stack and hydrogen bonding. In this article, mechanism of gas transport and
barrier, intrinsic polyurethane, polyurethane nanocomposites is discussed. Finally, the development direction of polyurethane for gas
barrier application is prospected.
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Table 1  Chemical composition and physical properties of APUA membranes synthesized through various reactive diluents
Sample Reactive diluent Soft content/% Hard content/% T,s/°C  T,pu/C Density/(g'cm_3) CO,/N, selectivity
APUA-0 HEMA(0%) 62.18 37.82 —-422 NA 1.137+0.031 21.9
APUA-10 HEMA(10%) 55.96 44.04 — — 1.15440.051 24.0
APUA-20 HEMA(20%) 49.75 50.25 — — 1.21240.052 26.9
APUA-30 HEMA(30%) 43.54 56.46 -312 524 1.23140.012 30.0
APUA-40 HEMA(40%) 37.31 62.69 — — 1.258+0.084 30.8
APUA-50 HEMA(50%) 31.09 68.91 — — 1.27440.057 324
APUA-60 HEMA(60%) 24.88 75.12 —27.5 493 1.296+0.144 339
APUA-MMA MMA(30%) 43.54 56.46 — — 1.2454+0.011 29.0
APUA-AAC AAC(30%) 43.54 56.46 -29.7 503 1.248+0.014 28.2
APUA-AN AN(30%) 43.54 56.46 -324 536 1.25440.006 338
APUA-GMA GMA(30%) 43.54 56.46 =347 543 1.23940.015 30.1
APUA-MAA MAA(30%) 43.54 56.47 — — 1.256+0.005 27.5
APUA-EGDMA EGDMA(30%) 43.54 56.47 -338 56.1 1.25240.004 30.0
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Table 2 Overview of gas barrier property of PU/graphene nanocomposite based films and membranes” ™
Type of PU Filler Fraction of filler /% Permeant gas Ref
Polyester based GO 1.0° He (31]
Polyester based rGO 1.6° N, [32]
Polyester polyol and MDI based GO 1.5° N, [33]
Intumescent flame retardant rGO 20° 0, (34]
Aliphatic polyether-based mGO 05" N, [35]
Waterborne aliphatic GO 3.0° Water vapor [36]
Polyether based GO 0.5° 0, (37]
Polyester based mGO 1.0° 0, (38]
88T90 TPU mGO+CNT 0.5° 0, [39]
88T90 TPU mGO 1.0° 0, [40]
88T90 TPU rGO+CNT 20° 0, [41]
88T90 TPU mGO+CNT 1.0° 0, [42]
88T90 TPU mGO 20° 0, [43]
88T90 TPU mGO 3.0° 0, [44]
88T90 TPU mGO 3.0° 0, [45]
Polyether based mGO 3.0° He [46]
CardioTech TPU mGO 220° H, [47]
Polyol and aliphatic diisocyanate GNP 2.0° Water vapor (48]
TPU GNP — He [49]

. . b . .
Note: * is mass fraction;  is volume fraction
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