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A Study on Organic-Inorganic Hybrid Sound Absorbing Materials
Using by Recycling Gypsum
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The purpose of this study is to develop the hybrid sound-absorbing materials that is made from organic polyurethane sponge
impregnated with inorganic binder solutions. The inorganic slurry which is made from a-hemihydrate gypsum mixed with 60% water,
and various additives including plasticizer are used as binder. The test specimens are prepared and tested for sound absorption
performance by the impedance tube methods. From the test results, noise reduction coefficient(NRC) of development materials
specimen bound by the inorganic binder slurry is 0.41. They are 2 times or more higher than commercial products specimens bound by
organic materials only which have NRC values in the range of 0.14 to 0.28. The polyurethane sponge specimens impregnated with
inorganic gypsum slurry binder have a good balance between performance and cost, and have proper properties in density, thermal
conductivity, non-combustible, and absence of harmful substances as sound-absorbing internal boards for noise barrier wall. It is
apparent that the good sound absorption materials can be produced according to the optimum mix design that is recommended from
this study.
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Table 1. Specification of the organic polyurethane sponge

Densi Hardness,| Tearing Tensile Eloneation Rebound
vy 25% strength strength & resilience
5| 9.77kg N o o
0.0176g/cm 314em? 0.67kg/cm | 1.20kg/cm 130% 25%

Table 2. Composition of the inorganic binder solution(%)

a-hemihydrate Water B PNS(NSF)* Acrylic
Gypsum
100 60 0.5 02 3

* PNS(NSF): Poly naphthalene sulfur formalin condensation
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Fig. 1. Diagram of the manufacturing process of the organic-
inorganic hybrid materials

Fig. 2. Photograph of the rolling equipment for manufacturing
the organic-inorganic hybrid materials
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Table 3. Performance evaluation items and its standard for test methods

Test item

Standard for test methods

Density

- KS F 2459(Standard test method for bulk specific gravity, water content, absorption and
compressive strength of cellular concrete)

Thermal conductivity

- KS L 9016(Test methods for thermal transmission properties of thermal insulations)

Sound absorption performance

- KS F 2814-2, MOD ISO 10534-2(Acoustics-determination of sound absorption coefficient and
impedance in impedance tubes — Part 2 :

Transfer-function method)

Non-combustible performance

- KS F 5660-1(Reaction-to-fire tests-Hear release, smoke production and mass loss rate-Part 1 :
Heat release rate(cone calorimeter method))
- KS F 2271(Testing method for gas toxicity of finish materials of buildings)

Hazard assessment

- EL248(Finishing Materials for Wall or Ceiling)

FFT analyzer
B A
Signal
generator
Microphone Microphone
Test specimen l
Power supply
* Amplifier
Impedance tube

Sound source

Fig. 3. Diagram of the sound absorption performance evaluation
measurement
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. 4. Photos of developed and commercial products
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Fig. 5. Sound absorption performance of the development materials
(KTL-1) and commercial products at frequency range from
125Hz to 3150Hz
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Table 4. Sound absorption coefficient for the development materials
and commercial products

Specific Commercial products
Development
frequency al

(Hz) MESHES | # | #3 #4 | #5
250 0.12 0.07 | 0.15 | 0.10 | 0.12 | 0.12
500 0.29 0.08 | 0.19 | 0.15 | 0.11 | 0.11
1000 0.40 0.13 | 0.20 | 0.24 | 0.17 | 0.07
2000 0.83 036 | 0.58 | 0.48 | 0.50 | 0.37

NRC* 0.41 0.16 | 028 | 024 | 023 | 0.17

* NRC: Noise reduction coefficient
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Table 5. Test results of heat release rate(cone calorimeter method)
for the development materials specimen

Performance criterion for
semi-non-combustible
material

Test item Test results

Total emission
calorie for 10
minutes(MJ/m?)

Below 8MJ/m? 5.87MJ/m?

Maximum heat

2
release rate(kW/m?) 23.161kW/m

Under 200kW/m’

2
200k.W/m Within 10 seconds 0 seconds
overtime(s)
k, hol
Visual evaluation No crack, hole, and None

melting

(b) After test

Fig. 6. Visual comparison before and after the heat release rate
test for the development materials specimens

Table 6. Test results of gas toxicity for the development materials
specimen

Performance criterion for
semi-non-combustible
material

Test item Test results

Average deed

stopping time of 9 minutes or more Satisfied
white mouse
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Fig. 7. Mouse activity graphs after gas toxicity test for the
development materials specimens

Table 7. Test results of hazard assessment(EL248) for the development
materials specimen

Performance criterion for
EL248 standard by Ministry of
Environment

Test item Test results

- Cd: under 0.3mg/L
- Pb: under 3mg/L

- Cu: under 3mg/L

- As: under 1.5mg/L
- Hg: under 0.005mg/L
- Cr*": under 1.5mg/L
- CN: under 1mg/L
Organophosphorus

: under Img/L
Trichloroethylene

: under 0.3mg/L
Tetrachloroethylene
: under 0.1mg/L

Environmental
dispute
adjustment
system

Satisfied

VOCs emissions after - 0.10lmg/m*h
7 days: below 0.40mg/m?-h
Toluene emissions

: below 0.080mg/m*h

#
VoCs - Under

0.005mg/m*-h

Formaldehyde emissions

Formaldehyde | : below 0.3mg/L
emissions |- Formaldehyde emissions after |- 0.006mg/m*h

7 days: below 0.05mg/m*h

* VOCs: Volatile organic compounds
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