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Research Background

» Noise problem!

High-end equipment

manufacturing Constructions Daily life
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How to eliminate noise ?

3. Human ears

2. Propagation path
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1. Sound source .

Sound-absorbing
materials

Sound-absorbing materials

Porous material [1] (Micro-) Metamaterial [2] Hybrid type [3]
Nat. Commun. (2014)  Perforated plate Nat. Mater. (2014) Mater. Horiz. (2017)

Unit 3
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Comparison of each type of sound-absorbing material

BandW|dfch Designability Cost Sustainability Space saving
(for absorption) | (to frequency)
Porous material * % % * % % % % * % % % % % Kk Kk
(Micro-) * * % % * % % * * k *
perforated plate
Metamaterial * * * Kk K X * X * * * *
Hybrid type * %k Kk k * % * * % * %

Porous sound-absorbing materials

1. Metal-based ( Metal foams [4], etc. )

Aerogels

2. Inorganic species ( Ceramic foams [5], Rock wool, etc. )

3. Organic species ( Polymer foams [6], etc. )

4, Composites ( MOFs, etc. )

[4] J. A. Liu, et al., J. Mater. Res. Technol.,
25: 1263-1272 (2023)

[5] J. Y. Lou, et al.,, Ceram. Int., 49:
38103-38114 (2023)

[6] R. Y. Cai, et al., ACS Appl. Polym.
Mater., 5: 7795-7804 (2023)
5/30



Aerogels
Broke 15 Guinness World Records:

. Lowest density (solid, < 1.5 mg/cm3)

. Lowest sound speed

. Highest porosity (up to 99.9%) 15t generation — Inorganic aerogel
Minimum aperture (Typical: SiO, aerogel)
Widest range of density

Highest acoustic impedance Adv. Mater

(2013)

Lowest refractive index (to light, < 1.0003)

Widest range of refractive index (to light)

Lowest Young's modulus 2nd generation — Organic polymer aerogel
(Typical: Carbon-based aerogel [7])

© ® N O A W N

10. Lowest loss angle tangent (< 10%)

11. Lowest dielectric constant (< 1.003)

12. Widest range of compression modulus ‘
13. Lowest thermal conductivity (< 0.013 W/(mK)) u

14. Most loose structural material for 3D printing

2

3t generation — Bio-based aerogel

15. 1St implementation of sampling from the comet (Typical: Cellulose aerogel)
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2. Acoustic Absorption Characteristics of
Inorganic Aerogels

( SIO, Aerogel )




Combining advantages

“Lightweight and high-strength” & “High-efficiency acoustic absorption”

Metal foam Bimodal structure Aerogel
(primary structure) (secondary structure)

High specific stiffness Metal foam/Aerogel High acoustic damping
Composites
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Acoustic absorption performance of Copper Foam/SiO, Aerogels
(CFSAs) and Iron Foam/SiO, Aerogel (IFSA) composites

Ju-Qi Ruan, et al., A/IP Adv., 9: 015209 (2019)
Ju-Qi Ruan, et al., Appl. Phys. Express, 12: 035002 (2019) (4miBFHFiEiFiEXE)
RPEHMN FBRE. BiEE. FH. KEF. BREE, ZL 20151 0810252. 5

CF CFSA-0 CFSA-2% CFSA-6% CFSA-8%

=)

Sol-gel transition

) e \\Bﬁ&;/

» Wetgel 2% CFSA-0
% CFSA-6% CFSA-8%

Fig. 1. Fabrication of bimodal CFSAs through a two-step, acid-base catalyzed
sol-gel transition followed by CO, supercritical drying process.
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| ® High cost (e.g., copper foam. CO, SCD) I

I ® Low mechanical strength

L e e e e e e e e e e e e e e e e e - -

® Complicated procedures (e.g., + epoxy resin) |

Gelation
i
4
00 %
HT OH" <o %
Hydrolysis Polymerization %7
%
wa’F
IF Bimodal design IFSA

Fig. 2. Preparation of bimodal IFSA through a two-step, acid-base
catalyzed sol-gel transition, afterwards dried by freeze drying.

WE965a) = 32.69%

Iron foam
(Porosity: 98+ 1%; 250 ppi)

qQ

IFSA
(High morphology integrity)
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Johnson—Champoux-—Allard (JCA) Combined with

Bimodal Model
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Primary structure Bimodal structure

Designed Bimodal Model (3D)

( Bimodal structure of IFSA)
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Primary structure Bimodal structure

Designed Bimodal Model (2D)
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Acoustic absorption performance of CFSAS
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Acoustic absorption performance of IFSA
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Fig. 5. (@) Normal incident sound absorption coefficient of IF and IFSA. (b) Effect of the airgap thickness on low-frequency sound
absorption properties of IFSA.
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Mechanical properties of CFSAs & IFSA

Compression behavior
of CFSAs
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Density and parameters of compression properties of CF, IF, CFSAs and IFSA

Sample CF  CFSA-0 CFSA-2% CFSA-6% CFSA-8% IF IFSA
Young's modulus (MPa) 7.89 7.12 8.12 11.01 9.99 46.49 (+4.38) 46.6 (£3.94)
Compression strength (MPa)  0.25 0.26 0.28 0.30 0.26 0.33(£0.01) 0.46 (£0.04)
Density (g/cm?3) 0.20 0.26 0.26 0.28 0.28 0.19 (£0.01)  0.29 (£0.01)
Specific modulus (10°m?/s?)  0.39 0.27 0.31 0.39 0.36 :—2_4 Zig.i%; o 1_6_(1_05 -i
N

Sound absorption coefficient 4

SN CrSA-8%

— 60°C

——100°C
_ —140°C
——170°C
——200°C
0 1000 2000 3000 4000
Frequency 1 (Hz)

Temperature resistance

Hydrophobicity
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Sample Presentation

Copper foam  Nickel foam SiO, aerogel RF aerogel

Combination

Iron foam

- 1R

Iron foam/SiO,  Copper foam/SiO, Nickel foam/SiO, Nickel foam/(flexible) Iron foam/RF
Aerogel Aerogel Aerogel SiO, Aerogel Aerogel
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3. Acoustic Absorption Characteristics of
Organic Aerogels

( Bio-based Aerogel (cellulose) )



Ju-Qi Ruan, et al., A/P Adv., 12: 055102 (2022)
Ju-Qi Ruan, et al., /. Mater. Sci, 58: 971-982 (2023)
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Acoustic absorption performance of Natural Cellulose Nanocrystal
Aerogels (CNCAS)
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[9] G. Kumar, et al., J. Cleaner Prod., 298:
126744 (2021)

[10] C. W. Lou, et al., J. Mater. Sci., 56:
18762-18774 (2021)

[11] Z. Cheng, et al., Adv. Mater. Interfaces,
8: 2002101 (2021)

[12] L. T. Cao, et al., J. Colloid Interface
Sci., 597: 21-28 (2021)

[13] I. Hafes, et al., ACS Sustainable Chem.
Eng., 9: 10113-10122 (2021)
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Sample Preparation (CWs)

‘preparation principle’

Fig. 6. Preparation of CWs along the longitudinal and tangential directions via a two-step
lignin removal process followed by supercritical CO, drying. Samp|es for acoustic

absorption measurement

Basswood

: N _ Basswood-L
Fig. 7. Optical images of natural basswood matrix (a) and the as-prepared CW (b).

SEM images of natural basswood (c, €) and CW (d, f).
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Sample Preparation (CNCAS)

< ' CNC Cross-linking G ree n

(1) Stirred (3) CaCl, (4) Centrifugation (5) Aging

(2) Ultrasonic dispersion ‘; ! ~ (6) Freeze drying

DIH,0 CNC dispersion CNC suspension CNC hydrogel CNC aerogel

Sustainable

Low Cost

Fig. 8. Schematic illustration of the preparation process of the cellulose nanocrystal (CNC) aerogels.

(b)

j 100 um

Fig. 9. Optical photographs (a-c) and SEM images of CNC aerogels. d and d’, e and Ul t;‘a—' | ghtwe| g ht
¢’, f and f show the morphology of CNCA-t, CNCA-m, and CNCA-h at low and :
high magnification, respectively.
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Surface impedance [-]

Three-parameter Approximate Johnson-Champoux-
Allard-Lafarge (JCAL) Model
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[14] J. Acoust. Soc. Am. (2019)
[15] J. Acoust. Soc. Am. (2016)
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Acoustic absorption performance of CNCAs
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Fig. 11. (a) Normal acoustic absorption coefficient of CNCAs. (b) Schematic of the Pore size distribution
designed porous media model to predict the acoustic absorption behavior.

1.0
Table. 4. Characteristics of the porous structure of CNCAs -
'§ 0.8
CNCA-t CNCA-m CNCA-h °
(&)
Average aperture (um) 0.19 0.19 0.45 g 0.6 1
o
Most probable aperture (um)  14.91 14.90 96.19 8 0a
:_ N I; me _bTI'_ ) _D _____ i 0.32 19.54 50.03 % 1 " o 1
: ermeability (Darcy) | : . . § Ny k CNCA-h
I I -2 T
i Porosity (%) ! 94.29 95.07 97.62 | ( Simulation ) |
! : 3 : 0.0 T T T T T T T T T T T T
: Density (g/cm®) I 0.087 0.075 0.036 0 1000 2000 3000 4000 5000 6000
— 1 Frequency (Hz)
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Microphone A (@) CNCA-h )

il il Microphone B
. Incident wave
|~

S

Reflected wave

‘Impedance tube method’

Absorption

© CNCA-t

Acoustic wave

1000 Hz | 2000 Hz 4000 Hz 6000 Hz
Sound pressure level [dB]

Cellulose aerogel

Table. 5. Acoustic absorption performance of CNCASs

Average absorption coefficient Maximum absorption coefficient
A, Anmax

CNCA-t 0.49 0.87 225
CNCA-m 0.74 0.89 2514

CNCA-h 0.85 0.99 4673
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(@) 100

Weight loss (%)

Transmittance (%)

Multi-functionality of CNCAs
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4. Summary and Outlook
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Average diffuse reflectance (%)
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Metal Foam/Aerogel Composites

Novel Lightweight & Multifunctional
Structural Material

. ‘__i;_;aé,_q‘ ‘j‘%. B, _‘.h' -
Aeronautics & Astronautics

Constructions

Biobased Aerogels

Novel Multifunctional
Indoor Material

» Healthy
» Quiet

» Bright & Hight
light uniformity
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Acoustic absorption performance of CWs
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Fig. 10. (a) Normal incident sound absorption coefficient of natural basswood and CWs.
(b) Comparison of the acoustic absorption performance.

Table. 3. Air permeability and acoustic absorption performance

of natural basswood and CWs

Air permeability (Darcys)

Basswood-T

Basswood-L

CW-T

CW-L
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0.12 (at 6180 Hz)

0.43 (at 6120 Hz)
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