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ABSTRACT

A Semi-Incombustible Composite Insulation Board (SICIB) that can be applied to building construction and ships was
developed. The SICIBs comprised of pine leaf powder, vermiculite. The incombustibility, semi-incombustibility, and U-factor
of the developed SICIBs were measured. The incombustibility of the each SICIB was determined by the proportion of
combustible flexible binder and pine leaf powder. SICIB satisfied the incombustibility test without a combustible flexible
binder and pine leaf powder. In addition, SICIB with 6% of pine leaf ensured its semi-incombustible performance. A
combustible flexible binder or pine leaf powder over 6% failed the fire-resistant performance of SICIB. In addition, SICIBs
with incombustible/semi-incombustible finishing and a 200 mm insulating layer (glass wool and sprayed poly urethane foam)

met the U-factor of an external wall for buildings described in the Korean building code.
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Figure 1. Combustible insulation materials (Left: XPS, Right: EPS).
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Figure 2. LPG tank insulation (polyurethane spray, combustible).
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Figure 3. Pine leaf powder.  Figure 4. Mineral loose wool.
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Figure 6. Flexible board sample.
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Table 1. Ingredients of the SICIBs
Items Ingredients Notes
Finishing Board 1 Mineral Loose Wool

(for Building & LPG Tank in Ship) + Pine Leaf Powder (12%) + Incombustible Binder

Finishing board 2 Mineral Loose Wool
(for Building & LPG Tank in Ship) + Pine Leaf Powder (6%) + Incombustible Binder

For Semi-Incombustible Board

Inner Board (for Building)

Mineral Loose Wool
+ Vermiculite + Incombustible Binder

For Incombustible Board

Flexible Inner Board Mineral Loose Wool For Semi-Incombustible Board
(for LPG Tank in Ship) + Pine Leaf Powder (28%) + Combustible Flexible Binder
I bustible Insulati
Insulation (for Building) Glass Wool fleombust e. nsuation
Material
Insulation Conventional Insulation

(for LPG Tank in Ship)

Polyurethane Foam

Material

Table 2. Incombustibility Test Method

Categories

Criteria Test Method

Mass Reduction Rate (%)

30% or Less
KS F ISO-1182

Incombustibility Test Difference Between Maximurr: and Equilibrium 20 C or Less 2014
Temperature (C)
Gas Hazard Test Downtime (min) 9 min or More KS F 2271:2006
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Table 3. Semi-Incombustibility Test Method
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Semi-Incombustibility
Test

Categories Criteria Test Method
Gross Calorific Value (MJ/mZ) 8 MJ/m” or Less
Time Heat Release Rate Exceeds KS T IS0
N R 10 s or Less 5660-1
200 kW/m"~ Successively 2008

Hazardous Cracks, Holes and Melting

Not Exist

Gas Hazard Test Downtime (min)

9 min or More KS F 2271:2006

Table 4. U-factor Requirement of External Wall (W/m’K)

o Region Middle Area | Southern Area Jeju
Building Component
. L Multi-family Housing < 021 < 0.26 < 0.36
External Wall of Living Space | Exposed to Outdoor Air Directly
Others < 026 < 032 < 043
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Figure 8. Incombustibility test samples.
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Figure 9. SICIB (for building) sample for U-factor test.
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Figure 10. SICIB (for LPG tank) sample for U-factor test.
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Figure 11. U-factor test of SICIB (for building)
(Left: glass wool, right: Inner board (for Building)).

Figure 12. U-factor test of SICIB (for LPG tank)
(Left: polyurethane, right: flexible inner board).
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Table 5. Semi-Incombustibility Test Results of Flexible Inner Board (for LPG Tank in Ship)

Categories Sample 1 Sample 2 Sample 3
. . Gross Calorific Value (MJ/m’) 634 59.9 62.6
Sernl-Inc?rr:Sl:ustlblhty Time Heat Release Rate Exceeds 200 kW/m’ Successively 0 0 0
Hazardous Cracks, Holes and Melting Not Exist Not Exist Not Exist
Gas Hazard Test Downtime (min) 14:34 12:37 -
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Table 6. Semi-Incombustibility Test Results of Finishing Board 1
Categories Sample 1 Sample 2 Sample 3
Gross Calorific Value (MJ/mz) 9.1 13.1 8.8
Semi-I bustibili
emt ncct);rslt ustibHity Time Heat Release Rate Exceeds 200 kW/m’ Successively 0 0 0
Hazardous Cracks, Holes and Melting Not Exist Not Exist Not Exist
Gas Hazard Test Downtime (min) 14:27 14:14 -
Table 7. Semi-Incombustibility Test Results of Finishing Board 2
Categories Sample 1 Sample 2 Sample 3
Gross Calorific Value (MJ/mz) 5.9 7.8 7.8
Semi-I bustibili
emt nc?:Stum ity Time Heat Release Rate Exceeds 200 kW/m’ Successively 0 0 0
Hazardous Cracks, Holes and Melting Not Exist Not Exist Not Exist
Gas Hazard Test Downtime (min) 14:00 14:02 -
Table 8. Incombustibility Test Results of Inner Board (for Building)
Categories Sample 1 Sample 2 Sample 3
o Mass Reduction Rate (%) 6.0 6.0 6.3
Incombustibility Test — - — -
Difference Between Maximum and Equilibrium Temperature (C) 2.8 7.8 5.2
Gas Hazard Test Downtime (min) 14:41 14:50 -
Table 9. U-factor Test Results (W/mzK)
Categories test #1 test #2 test #3
SICIB (for Building) 0.16 0.16 0.16
(Inner Board 10 mm (for Building)+Glass Wool 200 mm)
. SICIB (for LPG Tank) 0.10 0.10 0.10
(Flexible Inner Board 10 mm+Polyurethane Foam 200 mm)
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