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Semi-Non-Combustible Using by Recycling Gypsum
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The purpose of this study is to develop an organic-inorganic hybrid insulation materials which has an economic feasibility of
organic level and excellent adiabatic performance and fire stability by impregnating organic materials with inorganic binder
solutions. The organic base was commercial polyurethane sponge, and the inorganic binder slurry was prepared by mixing
water and additives into recycled gypsum byproducts. As a result of evaluation of the developed materials, it was
confirmed that it not only has excellent insulation performance of a thermal conductivity of 0.051 W/mK or less but also it
is a semi-non-combustible materials specified in the Ministry of Land, Infrastructure and Transport Notice No. 2015-744. The
developed materials can also be controlled for thermal conductivity and flame retardance according to density control
during manufacturing process, and thus it can be applied to various insulation materials.

IIFE : E=H, HEW, {2 &, HES
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Fig. 1. Concept of organic-inorganic hybrid structure
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Table 1. Specification of the organic polyurethane sponge

. Hardness, | Tearing | Tensile . Rebound
Density Elongation L.
i) 25% strength | strength %) resilience

(kg314em?’) | (kg/em) | (kg/em’) ° (%)
0.0176 9.77 0.67 1.20 130 25
Table 2. Composition of the inorganic binder solution(%)
a-hemihydrate X .
Gypsum Water Borax PNS(NSF) Acrylic
100 60 0.5 0.2 5

* PNS(NSF): Poly naphthalene sulfur formalin condensation
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Fig. 2. Diagram of the manufacturing process of the organic-inorganic
hybrid materials



(b) Photograph of the rolling equipment

Fig. 3. Design and 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
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Test item

Standard for test methods

Thermal conductivity

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

Compressive/bending strength

- KS M 3809 (Rigid polyurethane foam for thermal insulation)

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)

Environmental damage assessment

+ EL248 (Finishing Materials for Wall or Ceiling)
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Table 4. Performance depending on the manufacturing condition
of organic-inorganic hybrid insulation materials

Water content di (;fcre density Thermal conductivity
() 3
%) o () (W/mK)
1 0.087~0.133 0.04021 ~0.04217
3 0.142~0.179 0.04519~0.05308
60 5 0.184~0.202 0.04560~0.05294
7 0.207~0.257 0.05241~0.06544
9 0.275~0.333 0.05901 ~0.07105
0.075 T
0.070 : ; : : - m .

High density non-combustible &

0.065

0.060

0.055

Thermal conductivity (W/mK)

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Density (g/cm3)

Fig. 4. Thermal conductivity depending on the density of
organic-inorganic hybrid insulation materials
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Table 5. Classification of organic-inorganic hybrid insulation materials by application

Classification

Performance

Application

High density non-combustible

Thermal conductivity of 0.070W/mK or less
Density of 0.25~0.35g/cm’

Fire door, fire resistance material, etc.

Medium density semi-non-combustible

Thermal conductivity of 0.060W/mK or less
Density of 0.20~0.25g/cm’

Ceiling material, wall, etc.

Low density semi-non-combustible

Thermal conductivity of 0.051W/mK or less
Density of 0.15~0.20g/cm’

Air Duct/Pipe Duct(AD/PD) of apartment, inside
insulation, etc.
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Fig. 5. Destruction mechanism for compressive and bending
strength measurement
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Table 6. Test results of heat release rate(cone calorimeter method)
for the development materials specimen

Test item Performance criterion Test results
Total emission calorie 5 5
for 10 minutes (MJ/m?) Below 8MJ/m 5-33My/mr
Maximum heat release 5 5
rate. (KW/m?) Under 200kW/m 8.87kW/m
200kW/m? overtime (s) | Within 10 seconds 0 seconds
Visual evaluation No crack, hole, and melting | None

| TAK-196682

(a) Before test

(b) After test

Fig. 6. Visual comparison before and after the heat release rate
test for the development materials specimens
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Fig. 7. Mouse activity graphs after gas toxicity test for the
development materials specimens
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Table 7. Test results of environmental damage assessment (EL248)
for the development materials specimen

[Unit: mg/m? - h]
Performance criterion for
Test item EL248 by Ministry of Test results
Environment
VOCs' VOCs emissions
emissions after 7 days: below 0.10 Under 0.004
Toluene Toluene emissions:
emissions below 0.080 Under 0.001
Formaldehyde Formaldehyde emissions
emissions after 7 days: below 0.015 Under 0.001

* VOCs: Volatile organic compounds
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