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1 Abstract 
 

Recently, noise pollution has been a serious environmental problem worldwide because the road network is 

expanded and the number of vehicles is rapidly increasing due to the rapid industrialization and the 

development of transportation such as automobiles, trains, and buses. Noise pollution can be considered 

serious especially in densely populated urban environments, which can significantly reduce work efficiency 

in research areas and schools. There is also the privacy issue in residential areas such as apartments where 

many households coexist. It is also known to cause disorders such as hearing loss and mental instability.  

Therefore, the development of cellular structures has attracted increasing attention in practical engineering 

applications such as a lightweight sound absorbing panel and shock energy dissipation for preventing noise 

pollution. Theoretical analysis and experimental verification of sound transmission and acoustic properties 

through the porous media have been dedicatedly studied.[1-4] Even though cellular structures has gained 

attention due to their controlled physical and mechanical properties, conventional cellular structures for sound 

and shock energy absorbers cannot meet demands for high-energy absorbing capacity because of the limited 

structural properties.[5] 

Research on composites foam has been introduced to improve sound absorption performance of porous 

foam by inserting filler materials. For examples, the enhancement of sound absorption in the entire frequency 

range was confirmed by inserting natural filler materials such as the tea-leaf fiber, luffa cylindrical, bamboo 

leaves particle, and rice hull into polymeric foam.[6-8] As interest in carbon materials has increased greatly, 

many studies by using carbon materials such as carbon black,[9] carbon nanotube,[10] and graphene oxide[11] 

as filler materials for functionality and enhancement of sound absorbing performance have been widely 

conducted. 

Furthermore, auxetic foam with a counter-intuitive behavior has additional beneficial properties including 

an indentation resistance [12-14] and enhanced acoustic property [15-18], making it suitable for sound 

insulation applications. The difference of wave dispersion properties between conventional and auxetic foam 

was explained by a resonance at a lower cut-off frequency of auxetic foam because of tortuous sound wave 

path generated by bent struts from thermally compressed and permanently deformed framework.[19] In 

addition to improving the sound absorption performance in the low frequency band, auxetic porous structure 

has advantages including a great enhancement of shock energy dissipation and load bearing capability 

compared to the conventional materials. 

Herein, we have suggested a simple, facile and effective method to fabricate two-dimensional (2D) 

wrinkled graphene oxide (GO)-wrapped three-dimensional (3D) auxetic foam for multi-energy dissipation 

materials. The suggested auxetic graphene oxide-polyurethane foam (AGPUF) can be fabricated by placing 

the polyurethane foam into a designated aluminium frame in a hot-pressing machine and compressing it at a 

temperature of 150℃ for 1 hour to make the auxetic foam, and then dip-coating the auxetic foam on a 

graphene oxide solution with different ratios. 

The proposed AGPUF has been demonstrated to show a superior sound absorbing performance of 99.7% at 

a frequency of 2,236 Hz and an impact resistance of 189% during a low-velocity impact test. These 

enhancements could be attributed to the advantage of synergistic effects between 3D auxetic foam with a 

negative Poisson’s ratio and 2D wrinkled graphene oxide as a filler material. The auxetic hierarchically 
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polyurethane foam has a convoluted structure with a very high tortuosity, which not only greatly improves 

the load-bearing capacity, but also has the effect of shifting the peak value of the sound absorption coefficient 

to a lower frequency and increasing the value. The 2D corrugated graphene oxide structures in cellular 

structures connect between the open-cell frameworks and induce the semi-open cell porous structure with an 

increase of the tortuosity in the porous media, resulting in a good sound absorbing performance due to the 

frictional energy dissipation. The advantages of AGPUF's compressibility, light weight, cost-effectiveness, 

and structural stability are able to open up the possibility of rapid mass production and industrialization by 

the rational design of heterostructures, enabling the realization of nano-micro multi-scale cellular structures. 

We believe that it will be promoted in the fields of sound, vibration and shock energy dissipation. 

 

References 
[1] Bolton JS, Shiau NM, Kang YJ. SOUND TRANSMISSION THROUGH MULTI-PANEL 

STRUCTURES LINED WITH ELASTIC POROUS MATERIALS. Journal of Sound and Vibration. 

1996;191(3):317-47. 

[2] Perrot C, Chevillotte F, Tan Hoang M, Bonnet G, Bécot F-X, Gautron L, et al. Microstructure, transport, 

and acoustic properties of open-cell foam samples: Experiments and three-dimensional numerical simulations. 

Journal of Applied Physics. 2012;111(1):014911. 

[3] Song BH, Bolton JS. A transfer-matrix approach for estimating the characteristic impedance and wave 

numbers of limp and rigid porous materials. The Journal of the Acoustical Society of America. 

2000;107(3):1131-52. 

[4] Venegas R, Umnova O. Acoustical properties of double porosity granular materials. The Journal of the 

Acoustical Society of America. 2011;130(5):2765-76. 

[5] Zhu H, Fan T, Peng Q, Zhang D. Giant Thermal Expansion in 2D and 3D Cellular Materials. Advanced 

Materials. 2018;30(18):1705048. 

[6] Wang Y, Zhang C, Ren L, Ichchou M, Galland M-A, Bareille O. Influences of rice hull in polyurethane 

foam on its sound absorption characteristics. Polymer Composites. 2013;34(11):1847-55. 

[7] Chen S, Jiang Y. The acoustic property study of polyurethane foam with addition of bamboo leaves 

particles. Polymer Composites. 2018;39(4):1370-81. 

[8] Bülent Ekici AK, Haluk Küçük. Improving Sound Absorption Property of Polyurethane Foams by Adding 

Tea-Leaf Fibers. Archives of acoustics. 2012;37(4):515-20. 

[9] Zhang S, Zhang G, Qiu J, Jiang Z, Xing H, Li M, et al. The effect of nanosized carbon black on the 

morphology and sc-CO2 foaming behavior of LLDPE/PS blends at semi-solid state. Composites 

Communications. 2018;7:30-5. 

[10] Bandarian M, Shojaei A, Rashidi AM. Thermal, mechanical and acoustic damping properties of flexible 

open-cell polyurethane/multi-walled carbon nanotube foams: effect of surface functionality of nanotubes. 

Polymer International. 2011;60(3):475-82. 

[11] Oh J-H, Lee HR, Umrao S, Kang YJ, Oh I-K. Self-aligned and hierarchically porous graphene-

polyurethane foams for acoustic wave absorption. Carbon. 2019;147:510-8. 

[12] Evans KE, Alderson A. Auxetic Materials: Functional Materials and Structures from Lateral Thinking! 

Advanced Materials. 2000;12(9):617-28. 

[13] Evans KE, Alderson KL. Auxetic materials: the positive side of being negative. Engineering Science and 

Education Journal. 2000;9(4):148-54. 

[14] Lakes RS, Elms K. Indentability of Conventional and Negative Poisson's Ratio Foams. Journal of 

Composite Materials. 1993;27(12):1193-202. 

[15] Scarpa F, Ciffo LG, Yates JR. Dynamic properties of high structural integrity auxetic open cell foam. 

Smart Materials and Structures. 2003;13(1):49-56. 

[16] Scarpa F, Smith FC. Passive and MR Fluid-coated Auxetic PU Foam – Mechanical, Acoustic, and 

Electromagnetic Properties. Journal of Intelligent Material Systems and Structures. 2004;15(12):973-9. 

[17] Scarpa F, Bullough WA, Lumley P. Trends in acoustic properties of iron particle seeded auxetic 

polyurethane foam. Proceedings of the Institution of Mechanical Engineers, Part C: Journal of Mechanical 

Engineering Science. 2004;218(2):241-4. 

[18] Wilde WP, Brebbia CA, Hernández S, Technology WI, Brussel VU, da Coruña U. High Performance 

Structures and Materials VI: WIT Press; 2012. 

[19] Chen CP, Lakes RS. Micromechanical Analysis of Dynamic Behavior of Conventional and Negative 

Poisson’s Ratio Foams. Journal of Engineering Materials and Technology. 1996;118(3):285-8. 

 


