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Research Progress of Polyurea Waterproof Material

SHEN Hang!, LIANG Zhisheng?, XIAO Chunxia®, WANG Xiaoli’, WANG Yufeng?
(1. College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123, Jiangsu, China;
2. BNBM OTAIi Polymer Waterproof System (Tianjin) Co. Ltd., Tianjin 300400, China; 3. CNBM Suzhou Waterproof
Research Institute Co. Ltd., Suzhou 215008, Jiangsu, China)

Abstract: Polyurea is a kind of high-performance polymer material synthesized through the rapid reactions of isocyanates
and amine compounds. Since the 1990s, polyurea has been rapidly applied and developed in the field of waterproof materials,
due to its excellent physical properties and chemical stability. This review introduces the chemical structure, characteristics,
synthesis methods, and recent advancements in polyurea research. Additionally, it highlights various applications in
construction and infrastructure, such as bridges, basements, and railway decks. Finally, this review discusses the existing
challenges in the use of polyurea as a waterproof material and provides our opinions on the future development trends,
including simplification of construction technique and equipment, development of novel polyurea structures and in-depth
study of the relationship between polyurea structure and properties.
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Fig.2 Synthesis of polyurea
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Fig.3 Synthesis of polyurea without isocyanates'®'%!
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Fig. 4 (a) DSC curves of SPUA under different curing time; (b) DMA curves of SPUA under different curing time, in which the curing time of
curve 1, 2, 3 is 220 min, 1520 min and 8 d, respectively[1 i
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Fig. 5 (a) Small angle X-ray scattering of polyurea (carbon chain lenth is increasing from PUa3 to PUa5); (b) Schematic diagram of the
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aggregate structure of polyureal
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Fig. 6 Temperature dependence of relative storage modulus and relative loss modulus for polyurea stoichiometric variations at 20 Hz!!’!
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Fig. 7 Stress-strain curves of (a) polyurea and (b) polyurethane at different strain rates!'*!
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Fig. 8 (a) Schematic illustration of the test device for polyurea coating; (b) Simplified model of high-water-pressure breakdown resistance for

polyurea coating, in which the pink represents polyurea coating and the blue represents the constraints; (c) Relationship between coating

thickness and elongation, in which A, B, C represent different positions within the coating; (d) Relationship between the vertical

displacement of the midpoint of the free section (U},,) and the free section width (d’) and coating thickness (W)
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Fig. 11 (a) Synthesis of APT-PDMS-modified PPPU; (b) Tensile strength of PPPU with different contents of APT-PDMS; (c) Elongation at
break of PPPU with different contents of APT-PDMS; (d) Bonding strength of the bonding interface between PPPU and cement mortar
under dry and humid conditions, in which PPPU2-1-5 has 5% (mass fraction) of APT-PDMS and PPPU2-1-0 doesn’t have APT-
PDMS; (e) Static water contact angles of the PPPU coating with different contents of APT-PDMS2!]
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Fig. 12 (a) Preparation of polyurea film; (b) Preparation of composite waterproof film from PVDC, PDA and polyurea’
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Fig. 13 Schematic illustration of polyurea coating with three bond failure types in water conveyance tunnels?®*!
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Table 1 Different waterproof materials for new railway deck and the renovation *!

Application Thickness/mm Waterproof materials (bottom-up)

1. Concrete/metal structure

2. Primer
New railway deck =4
3. Waterproofing membrane
4. Asphalt-based protection layer
1. Existing structure
2. Geotextile mechanically fixed to the structure
Renovation =5

3. Waterproofing membrane

4. Protective geotextile
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Fig. 14 (a) Synthesis of SPU; (b) Schematic illustration of the spraying process for the preparation of the coated NC-3C; (c) Contact angles of
different solutions on the pristine and coated NC-3C; (d) Water absorption rates of the SPU-coated NC-3C in different solutions'>®’
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