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Table S1. Comparison of density, porosity, and sound absorption properties between GPA-1 samples
from this work and other porous absorbers with comparable thickness previously reported in the
literature.
AThe average was calculated in the 400 — 2500 Hz range.

Name Density Porosity Thickness AverageA . Ref.
(kg m3) (%) (mm) Absorption Coefficient
GPA-1 2.10-7.80 | 98.61-99.72 25 0.68-0.79 This work
BGM 2.6-10.3 up to 99.7 30 0.43-0.73 1
MFGO 12.39 - 24.12 - 26 0.51-0.74 2
Commercial MF 9.84 - 26 0.50 2
PU/CNT foams | 23.37 —26.31 ~95 30 0.66 -0.71 3
Commercial PU 23.87 ~95 30 0.69 3
Lignin Aerogels 24 -80 94 -98.4 - 0.68 - 0.77 4
RFG 115-150 94-954 30 0.75-0.77 5

Table S2. Sound absorption and transmission properties for GPAs with different composition.
AThe average was calculated in the 400 — 2500 Hz range.

Peak 500 Hz 1000 Hz 2000 Hz Average”

Sample | Freq STL STL STL _ | STL
Hy) | “ | “ |@| * |@| © | @ | | @

PVA | 2339 | 099 | 015 | 21 | 025 | 39 | 087 | 565 | 054 | 4.6
GPA-1 | 1734 | 085 | 041 | 94 | 070 | 12.8 | 0.85 | 1457 | 0.74 | 13.2
GPA-2 | 1970 | 0.89 | 0.41 | 83 | 0.75 | 11.7 | 0.89 | 13.75 | 0.77 | 12.4
GPA-3 | 1827 | 1.00 | 0.15 | 27 | 056 | 43 | 099 | 586 | 0.74 | 4.9
GO | 2244 | 1.00 | 015 | 25 | 051 | 41 | 099 | 551 | 0.72 | 46

Table S3. Sound absorption and transmission properties for GPA-1 samples with different thicknesses.
AThe average was calculated in the 400 — 2500 Hz range.

Peak 500 Hz 1000 Hz 2000 Hz Average”

Sample | Freq STL STL STL | — | STL
H)| “ | “ @] * |@;| © @ | | @B
12.5mm | 2500 | 0.86 | 0.13 | 5.0 | 0.26 | 6.2 | 0.67 | 6.49 | 046 | 6.2
25mm | 1735|0.85| 0.41 | 94 |0.70 | 12.8 | 0.85 | 1457 | 0.74 | 13.2
37.5mm | 948 | 0.96 | 0.62 | 11.3 | 0.96 | 15.0 | 0.73 | 17.36 | 0.79 | 15.7




Table S4. Sound absorption and transmission properties for GPA-1 samples obtained with different
mixing times.
AThe average was calculated in the 400 — 2500 Hz range.

Peak 500 Hz 1000 Hz 2000 Hz Average”
Sample | Freq | o |STL| , [STL| STL = | STL
(Hz) (dB) (dB) (dB) (dB)

Smin | 1885 | 0.97 | 0.29 | 55 | 0.72 | 6.7 | 0.97 800 | 0.79 | 7.3
10min | 1952 | 0.93 | 0.36 | 58 | 0.69 | 7.3 | 0.93 9.13 | 0.77 | 8.0
15min | 1735 | 0.85 | 0.41 | 9.4 | 0.70 | 128 | 0.85 | 1457 | 0.74 | 13.2
20min | 2284 | 0.81 | 0.38 | 13.7 | 0.62 | 16.3 | 0.80 | 16.11 | 0.68 | 15.8

Methods used to measure acoustic properties.

The aerogels were acoustically characterised through measurements of two key parameters: the Normal
Absorption Coefficient (a) and the Normal Incident Sound Transmission Loss (STL). For the first, the
standard test method ASTM E1050° was followed. Briefly, samples of the composite structure were
placed in one end of a two microphone impedance tube having an internal diameter of 50.8 mm with a
rigid back surface, while a loudspeaker generating a broadband random signal was mounted at the other
end. The coefficient « was then estimated as expressed in equation (S1):

a=1-—|R|? (S1)

Where R is the Complex Reflection Coefficient measured on the incident surface of the sample following
the transfer function method®.

The sound transmission losses were instead evaluated according to the standard test method ASTM
E26117. The procedure is similar to the determination of «, but the transfer functions were calculated for
four microphones, with two of them mounted each side of the sample, and two different terminations,
anechoic and open. The STL was then estimated with equation (S2):

1
STL = 10log,, (;) (S2)
where 7 is the sound transmission coefficient.

Equivalent fluid model of porous absorbers.

The acoustic behaviour of GPA-1 samples, specifically in terms of sound absorption ability, was studied
with a semi-phenomenological approach following the Johnson-Champoux-Allard (JCA) model for
porous materials®®. The effective density (p,) and effective bulk modulus (K,) relate the physical
properties of the absorber to the sound propagation through it, and are calculated as expressed in
equations (S3) and (S4):
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where py, 1, v, and N, are density, dynamic viscosity, ratio of the specific heat capacities and Pranditl
Number for air, respectively, while P, is the atmospheric pressure. The remaining parameters (i.e., the
non-acoustic properties of porous materials) are porosity (¢), flow resistivity (o), tortuosity (a ), viscous
(A) and thermal (A " ) characteristic lengths.

The characteristic impedance (Z.) and wavenumber (k.) can then be determined from equation (S5)
and (S6), respectively:

Ze = \Kepe (S5)

k.=w (S6)

S|

These equations allow the calculation of the normal incidence surface impedance (Zs), R and «a, as
expressed in equations (S7), (S8) and (S2), respectively.

Zs = —iZ, cot(k.d) (S7)
Zs — Zo
R =
Zs+ Z, (58)

Methods to measure the non-acoustic properties.
The porosity was calculated as expressed by equation (2) in the manuscript.

The flow resistivity was indirectly measured from the low frequency acoustic behaviour of the
samples in a standard impedance tube with two different terminations (i.e., anechoic and open), according
to equation (S9)101%:

o = lim[—Im(Z k)] (S9)

where Z. and k. were evaluated following the transfer matrix approach detailed in the standard test
method ASTM E2611'.

The tortuosity was determined with ultrasonic wave speed measurements in a sample saturated by air,
according to equation (S10)*2:

o= (%)2 1 - 2¢) (S10)

where the ratio of celerity in free air over velocity inside the porous material (C,/C) was calculated from
the increase of the time of flight of a short ultrasonic pulse sent at 50 kHz between two transducers when
a sample of the material was inserted. The loss angle (¢) was derived from the pulse signal damping.

The viscous and thermal characteristic lengths were finally obtained using an inverse identification
method™!*: The sound absorption coefficient predicted by the JCA model was fitted to the acoustical
experimental data by varying A and A’ and keeping all the other non-acoustic properties fixed to the
experimentally or indirectly derived values.
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