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Abstract

Composite aerogels (with varying concentrationsilafa and poly-dimethylsiloxane)
were developed and their acoustic absorption aneffi as a function of composition and
average pores size have been measured. The potigisi®xane modified the ceramic
structure of the silica aerogels, decreasing thiemadis rigidity while maintaining the high
porosity of the aerogel structure. The compositegads were found to exhibit different modes
of acoustic absorption than that of typical porabsorbers such as fiberglass. At some
frequencies, the composite aerogels had 40% hajtsarption than that of commercial
fiberglass. Physical data show that these matdrale a large surface area (> 400 m2/g) and

varying pore sizes (d ~ 5 - 20 nm).

I ntroduction



When sound encounters a material, the pressure egawvbe reflected, transmitted, or
absorbed. Material properties such as elastic laedand porosity directly influence how a
material will interact with incident acoustic waveSor materials with a high elastic modulus,
regardless of porosity, acoustic reflection is highaterials with both a low modulus of
elasticity and low porosity allow for acoustic tsamssion. In terms of absorption, the

combination of low modulus and high porosity areald (Table 1)

Table 1. Influence of elastic modulus and porositya material’s acoustic response.

Modulus Porosity Example Reflection Transmission  Absorption
) 1 Concrete High Low None
1 ! Steel High None None
! ! Water Low High Low
! 1 Snow Low Low High

In optimizing materials for architectural acoustlzsorption, typically a high absorption
coefficient across a wide range of frequenciesesrdd. Commercially available acoustic
materials generally have high absorption at fregigsnabove 1000 Hz and negligible absorption
below 800 Hz. The primary goal of this projectaddevelop materials with tunable modulus and
porosity to prepare an adjustable acoustic absosbecifically one that can absorb well below
800 Hz. A composite of silica aerogels and polypetihylsiloxane (PDMS) combines the low

modulus and high porosity.



Silica aerogels have very high surface areas (30009 n¥/g) and high porosity (80 —

99%) and can be synthesized through a liquid-psecuroom-temperature method. The high

porosity leads to extremely low sound velocity (tow 90 m/s) through the silica aerogel. [1]

However, the high elastic modulus also resultsgh Ineflection coefficients, especially at low

frequencies. In order to modify the elastic moduwtithe silica aerogels, PDMS is incorporated

into the silica structure making Organically Moddi Silicates (or ormosils). (Table 2) In

contrast to traditional composites of alternatiagelrs of mm-thick polymer and ceramic fibers,

ormosils contain alternating polymer and ceramaugs at the molecular level giving a more

homogeneous structure.

Table 2. It has been shown that the elastic maddiilica/PDMS ormosils can be modified by

controlling the concentration of PDMS. [2]

Mol % Polymer (PDMS) 0 7.9 12.8 195 237
Elastic Modulus (GPa) 20.7 186 | 16.0 | 150 | 13.0
Vickers Hardness (kg/mfh 186 160 140 110| 88
Fracture toughness (Mpalf) | 0.50 | 0.49 | 0.48| 0.47 0.4p
Brittleness (mm™?) 363 |[319 |28 | 232|188

Additionally, the concentration of PDMS can modifye pore size of the ormosil aerogel.

It has been shown that pore sizes of 8 nm andagrpettduce a Rayleigh scattering of phonons.

[3] [4] Increasing the mean pore size has beewsho increase the sound attenuation of silica



aerogels in addition to decreasing the longitudsoaind velocity. [4] The larger pore sizes also

aid in better impedance matching with air, whichde to a lower reflectivity.

Experimental Procedures

The silica/PDMS ormosils were synthesized througilzining 0.025 mol TEOS (Alfa
Aesar), 0.0035 mol HCI, 0.042 mol THF (Acros Ongah 0.17 mol isopropanol (Acros
Organics), 0.25 mol distilled water, and PDMS (Gtlac.). The PDMS:silica ratio varied
between 0.05:0.95 to 0.40:0.60. The mixture was #onicated (Branson Ultrasonics) for 60
minutes to achieve homogeneity. Gelation occuwigiain 20 minutes after sonication. The gels
were allowed to age for 3 days and then washedaeitione to remove all liquid reaction
byproducts. The acetone is then removed throughs@ercritical drying (Polaron ES300).

The absorption coefficients of the ormosil aerogetse measured in a home-made
impedance tube, based on ASTM standards (C 384T#.impedance tube is an enclosed tube
with a speaker on one end and the acoustic abssabgsle on the other end. An acoustic
standing wave can be set-up within the tube anavtheelength and amplitude of this standing
wave is measured with a movable microphone withénttibe. By measuring the locations of
the wave maximums and minimums, the Standing Wat®RSWR) and the absorption
coefficient () of the absorber can be calculated. The SWReisdtio of the maximum acoustic
pressure and the minimum acoustic pressure wiklgriube. The absorption coefficient

represents the percentage of acoustic energy aasbgbthe material.

_,_ (SMR-1)’
(SWR +1)?



Surface area and average pore size were measuteditkdgen gas adsorption
(Micromeritics, ASAP 2010). Scanning electron ragnaphs (SEM, Zeiss, Evo) were obtained

to view microstructure.

Results and Discussion
Figure 1 shows the acoustic absorption profiléhefsilica/PDMS ormosils as a function
of PDMS concentration. Their absorption profiles @mpared to two commercially available

acoustic insulators — fiberglass and a compostestc pad.
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Figure 1. Adsorption coefficient as a function loé¢ acoustic frequency. Silica/PDMS ormosils
(with varying concentrations of PDMS) are compasgith commercially available acoustic

insulators.



There are three general types of acoustic absarptimrous absorbers, panel absorbers,
and resonators. [5] The fiberglass and the acopatil exhibit typical porous absorber behavior.
Their open cell structures allow air to flow thrdugnd the acoustic pressure wave is converted
to heat as it passes through the material. Thiseisnost common type of acoustic absorber with
high a at frequencies above 1000 Hz and almost no absoripélow 800 Hz. Common material
characteristics considered by acousticians are ppessity (volume of free air per unit volume
of porous medium) and surface area. [6] The sdmagel (with no PDMS) and the ormosil
sample with up to 20% PDMS exhibit very differebsarption behaviors. The narrow
absorption peak suggests that instead of behasiagoarous absorber, the aerogels are behaving
as a resonator, with the pores acting as the réagrzavities.

Resonators are typically materials with discretats. Air does not necessarily flow
through the material but the vibration of the aithe cavities is what dissipates acoustic energy.
The frequency at which resonators absorbs depenwigsy on the cavity dimensions and
therefore, resonators only absorb over a very mafmequency range. There are two models that
approximate the type of porous structure of thegals. The Helmholtz model assumes a cavity
with a neck. The resonance frequency is invensadportional to the size of the cavity and also

inversely proportional to the length of that neck.

v [A

H o\l

fu = Helmholtz resonant frequency
v = speed of sound
A = cross-sectional area of neck

L = length of neck



V = volume of the cavity
If the cavities are shaped more like a spherergbenance frequency is inversely

proportional to the diameter of the cavity and clieproportional to the size of the opening.

fey, 2

D3

F = resonant frequency

Y = material constant

d = diameter of the cavity opening

D = diameter of the cavity

In both cases, as the cavity size increases, reser@sed absorption occurs at lower
frequencies. [7]
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Figure 2. Resonant frequency as a function of PRBIgentration.
By increasing the PDMS concentration, the absongpieaks of the ormosils are shifted
to higher resonant frequencies. This reflectgitita that as the concentration of PDMS

increases, the pore size of the ormosil aerogeledses. As polymer is added, the average pore



size decreases from 20 nm to 5 nm. (Table 3) Thwrepeak absorption frequency of the

ormosil aerogels is inversely proportional to psiee, which matches the resonator model.

Mol % PDMS Surface Area | Avg. Pore Volume| Avg. Pore Diameter
(m?/g) (cm’/g) (nm)
0 800 8.0 20
40 450 0.5 5

Table 3. Surface area and average pore sizeicd arogels compared to an ormosil aerogel
with 40% PDMS.

Scanning electron micrographs also confirm theahgore size measurements. The
SEMs of a 40% PDMS ormosil and that of a 20% PDM8asil look very similar at the 100 nm

length scale. Both are composed of small, 10 medsispherical particles. (Figure 3)

SEI 70kY 140,000 100nm WD 3. SEl 5.0kY  X110,000 100nm WL

Figure 3. SEMs at the 100 nm-range of ormosil agsogith a) 40% PDMS and b) 20% PDMS.



However, at the 10 um length scale the two matelwak very differently. The 40%
PDMS ormosil is much smoother with fewer pores whsrthe ormosil with 20% PDMS has
larger pores and a rougher structure. (Figure B¢ Aigher concentration of PDMS results in a
smoother sample with fewer or smaller pores andéneple with less PDMS is more porous
with larger pores. This further confirms that drenosils exhibit resonator absorption behavior

and that the larger the pores, the lower the regdnequency.

SEI  70kV 2300 10um WD 40mm SEI 80KV  X2,000 10um WD

Figure 4. SEMs at the Jim-range of ormosil aerogels with a) 40% PDMS andd8 PDMS.

In terms of the amount of acoustic energy absorthedabsorption coefficient also varies
as a function of PDMS concentration. (Figure 5)e filgher the concentration of PDMS, the
higher the level of absorption. This can be ex@édiby the tuning of elastic moduli of the
ormosil aerogel with the addition of PDMS. An ieased concentration of PDMS results in

lower elastic modulus, which results in higher leva acoustic absorption.
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Figure 5. Peak absorption coefficient of silica/P®rmosil aerogels as a function PDMS

concentration.

Conclusions

The elastic moduli of silica aerogels can be medifind lowered through the
incorporation of PDMS to form an ormosil aerogéhe mode of absorption of the aerogels is
different than that of commercially available admussulators. Whereas commercially
available material exhibited porous open-cell apson, the aerogels’ behavior resembled that
of resonators. The moduli and the pore size ofdékaltant aerogel are functions of the
concentration of PDMS, the higher the concentrabibRDMS, the smaller the average pore
diameter and the lower the elastic modulus. Tkemant frequency is generally considered a a
function of cavity size, higher resonant freques@ee correlated to smaller pore sizes, which in
this case is a higher concentration of PDMS. [€kel of absorption is a function of the elastic
modulus of the material where the lower the mod(igher concentration of PDMS) the higher

the absorption.



Acknowledgement
The authors gratefully acknowledge funding by thelFS. Veneklasen Research
Foundation and the Department of Education (Colfégst Reduction and Accessibility Act).

Special thank you to Elizabeth Scott and Ulus Elkariior their contribution to this project.

References

1. Forest, L., V. Gibiat, and A. Hoolelynpedance matching and acoustic absorption in
granular layers of silica aerogels. Journal of Non-Crystalline Solids, 20@B5: p. 230-
235.

2. Mackenzie, J., Q. Huang, and T. lwamdfiechanical properties of ormosils. Journal of

Sol-Gel Science and Technology, 1996p. 151-161.
3. Allard, J.,Propagation of sound in porous media. 1 ed. 1993: Springer.

4, Caponi, S., et alAcoustic attenuation in silica porous systems. Journal of Non-
Crystalline Solids, 200322: p. 29-34.

5. Lee, Y., H. Sun, and X. GuBffects of the panel and helmholtz resonances on a micro-
perforated absorber. Int. J. of Appl. Math and Mech., 200&.p. 49-54.

6. Allard, J., et al..nhomogeneous Biot waves in layered media. Journal of Applied
Physics, 198%6: p. 2278-2286.

7. Sakamoto, S., M. Hikari, and T. Hidekiumerical study on sound absorption

characteristics of resonance-type brick/block walls. J. Acoust. Soc. Jpn. (E), 20&L: p.
9-15.



