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The insulation in buildings is very important. Insulation used in the building is largely divided into organic and inorganic insulation
by its insulation material. Organic insulation materials which are made of Styrofoam or polyurethane are extremely vulnerable
to fire. On the other hand, inorganic insulation such as mineral wool and glass wool is very weak with moisture, while it is
nonflammable, so that its usage is very limited. Therefore, this study developed moisture resistance applicable to mineral wool and
glass wool and measured the thermal conductivity of the samples which are exposed to moisture by exposing the product coated
with moisture resistance and without moisture resistance to moisture and evaluated how the moisture affects thermal conductivity
by applying this to inorganic insulation.

1. Introduction

The issues of saving energy and reducing carbon dioxide
emissions are concerns and important research projects
in all countries. For this, the product development which
maximized energy efficiency has been in progress and, in
recent years, the research on the new insulation material
development such as VIP (Vacuum Insulation Panels) using
fumed silica and GFP (Gas-Filled Panels) using Argon (Ar),
krypton (Kr), and xenon (Xe) gases which have a lower
thermal conductivity than air has been actively progressed
[1, 2].

Insulation boards are being used in various areas such as
modern architecture and other industries, and these insula-
tion boards are manufactured and used in various forms [3].
However, most of insulation is synthetic insulation in a foam
type, where porosities are created inside of the product, fiber
type insulation which uses glass wool or mineral wool in a
nonwoven fabric type made from fabric material and board
products which use inorganic binders such as cement with
perlite and ceramic ball [4].

While insulation can be classified by raw material, type,
and purpose of use, it is generally classified by material.

According to material, insulation can be divided into organic
insulation and inorganic insulation. In the case of organic
insulation, it has an excellent thermal performance, absorp-
tion, and workability, so that it occupies more than 90% of
the domestic market; however, in case of fire, Styrofoam and
urethane have less than 5 seconds in ignition time and the
time taken for flame spread is 50 seconds, so that fire rapidly
spreads and toxic gases generated during combustion such as
formaldehyde, ethylene cyanide (CH=CHCN), hydrochloric
acid gas, and cyanide gas are very critical to the human body
[5].

In the case of inorganic insulation, it has an excellent fire
resistance characteristic but its absorbability is very high, so
that it has a drawback in that its insulation performance is
poor [6].While the thermal conductivity of air is 0.026W/mk
[7], water has 0.598W/mk which is 23 times the thermal
conductivity of air [8]. And also ice has 1.9 kcal/mh∘C of
thermal conductivity which is about 90 times or more the
thermal conductivity of air, so that the water content of
material can be the most influencing element determining
thermal conductivity [9].

While thermal conductivity change in insulationmaterial
by water absorption has been widely reported, the research
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Figure 1: Synthesis of silica sol

for retaining insulation effect has not been reported, so that
this study developed a moisture resistance and confirmed
the waterproof ability of inorganic insulation by processing
inorganic insulation materials, glass wool and mineral wool,
with the moisture resistance, exposing them to moisture and
measuring the amount of moisture increase and thermal
conductivity [10–12].

In particular, this study measured the process where the
heat on the surface is transferred and the temperature chance
of the surface occurs according to the water absorption of
mineral wool and glass wool by utilizing a thermal imaging
camera and observed the effect and process that moisture
does on insulation material [13].

2. Experimental Device and Test Methods

2.1. Experimental Device and Specimen. While there are
comparative thermal conductivity measuring methods such
as thermal conductivity heat flowmeter and hot wire method
[14], this study tested thermal conductivity measurement
according to the KS L 9016 Test and the test was made by
using a thermal conductivity meter (HFM-436) by thermal
conductivity heat flow method. The glass wool and mineral
wool used in this study used Korea KCC products. And the
specimen size is 300 × 300 × 50mm per KS L 9016, KS F
4714 test standard. Regarding the measurement of specimen,
the thickness of the specimen was measured precisely and
the thermal conductivity was measured in a place where
surrounding temperature around the experiment space was
kept constant. The thermal conductivity coefficient of the
measured specimen was calculated by Fourier’s law of heat
conduction or the following equation [15]:

𝑑𝑄

𝑑𝑇
= −𝐴𝑘
𝛿𝑇

𝛿𝑥
, (1)

where 𝑑𝑄/𝑑𝑇 is heat flow rate/heat flux density [(J/m2s)] =
[Watt/m2],− indicates that heat flowdirection is the direction
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Figure 2: Silane compound constitutional formula: (a) 3-aminopro-
pyltriethoxysilane; (b) tridecafluoro-1,1,2,2-tetrahydrooctyl-1-trie-
thoxysilane.

cooling, 𝐴 is cross section (m2), 𝑘 is thermal conductivity
[J/(msK)], and 𝛿𝑇/𝛿𝑥 is temperature gradient (heat flow
driving force) (K/m).

When looking at (1), the amount of heat conduction
by unit time is proportional to the cross-sectional area
contacting with the temperature difference and is inversely
proportional to the distance.

2.2. Preparation of Moisture Resistance. The moisture-
resistant liquid in this study used nanosilicate which is
manufactured in-house and fluoroalkylsiloxane compound
and its preparation process is as follows [16].

2.3. Preparation of Silica Sol. Ethanol 1.4 kg (29.8mol) and
concentrated hydrochloric acid 30 g (0.3mol) are put into
water 3.0 ℓ and mixed and then a mixed solution of
tetraethoxysilane 2.08 kg (10mol) and methyltriethoxysilane
178 g (1.0mol) is added. Then, silica sol solution is obtained
by stirring for 4 hours at room temperature.This process was
confirmed by SEM and nanoparticle size analyzer and the
reaction formula is as follows (Figure 1) [17].

2.4. Preparation of Organosiloxane Containing Fluorinated
Alkyl Group. Tridecafluoro-1,1,2,2-tetrahydrooctyl-1-triethox-
ysilane 2.25 kg (5mol) is added to 3.0 kg of purified water
and then aminopropyltriethoxysilane 1.10 kg (5mol) is added
slowly. While stirring this solution, acetic acid 60 g (1mol) is
added and stirred for 8 hours and then tridecafluoro-1,1,2,2-
tetrahydrooctyl-1-triethoxysilane (fluorine organosiloxane)
is made (see Figure 2).

The reaction between tridecafluoro-1,1,2,2-tetrahydro-
octyl-1-triethoxysilane and 3-aminopropyltriethoxysilane
was confirmed with FT-IR.

2.5. Preparation of Fluoroalkylsiloxane Moisture Resistance
(SH-AF). 10% silica sol of 100mL solution and 10% organo-
siloxane of 100mL are added and mixed into 800mL of
purified water and then 1,000mL moisture-resistant solution
is prepared.

2.6. Applying Moisture Resistance. When it comes to the
samples for measuring the thermal conductivity, the glass
wool and mineral wool specimens with 300 × 300 × 50mm
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Table 1: Moisture absorption amount of mineral wool before and after SH-AF treatment.

Classification Weight of the sample before SH-AF coating Weight of the sample after SH-AF coating
Before humidification (g) 6.3 6.6
After humidification (g) 6.58 6.7
Water content (g) 0.28 0.1
Percentage of moisture content (%) 4.18 1.49

A: Glass wool
B: Humidifier
C: Hygrometer

C

B

A

Figure 3: Schematic drawing of the whole experimental set-up.

size are impregnated in the fluoroalkylsiloxane solution for 3
seconds and then are prepared by drying for 3 hours at 100∘C.

When it comes to the samples for measuring the absorp-
tion rate, they are created into 50 × 50 × 50mm size to
facilitate the humidification experiment and then they are
impregnated in the fluoroalkylsiloxane solution for 3 seconds
and then are prepared by drying for 3 hours at 100∘C.

The comparison was done by SEM to compare between
the samples with the fluoroalkylsiloxane treatment and the
samples with no fluoroalkylsiloxane treatment.

2.7. Absorption Measurement. While there are a pouring
method and spray method to supply water for the measure-
ment of the amount of absorption between mineral wool
and glass wool samples with a coating and without a coating
and due to the thermal conductivity change by absorption
and the temperature change transmitted to the surface, this
study supplied water by placing a humidifier in an acrylic
box of 500mm in length, width, and height as shown in
Figure 3, leaving the sample for 4 hours with the hygrometer,
indicating more than 90% in humidity.

2.8. Thermal Imaging Camera Measurement. In order to
observe the diffusion of heat through thermal conductivity
and a thermal imaging camera depending on thewater supply
method and water content of glass wool and mineral wool

insulation materials, a hot plate was used as heat source and
the temperature was fixed at 80∘C. Regarding the thermal
imaging camera, the products of PI and FL companies were
used for the observation. At the time, the camera was fixed
in order to measure the temperature of the surface and the
middle of the sample.

3. Results

3.1. Preparation of Fluoroalkylsiloxane

3.1.1. Preparation of Silica Sol. The observation result with
TEM (Transmission Electron Microscopy) by diluting syn-
thesized SiO2 sol with ethanol in a ratio of 14 : 1 showed
that spherical SiO2 nanoparticles with approximate size of
15 nm were created (Figure 4) similar to the particle size
analysis. The measurement result of synthesized silica sol by
the particle size analyzer (Zetasizer Nano ZS90, Malvern)
confirmed that the average particle size was 14.6 nm and very
uniform sizes of SiO2 nanoparticles were synthesized within
±0.549 nm in the particle size distribution.

3.2. SEM Photos. The test result shows that SH-AF has been
well coated to mineral wool and glass wool as shown in
Figure 5 which compares the sample withmoisture resistance
and the sample with nomoisture resistance with SEMphotos.

3.3. Thermal Conductivity. The measurement result of ther-
mal conductivity for each test piece shows that thermal
conductivity of typical mineral wool is 0.035W/mk and
thermal conductivity of mineral wool with SH-AF processed
is 0.0344W/mk, so that it becomes lower. Also, in case
of glass wool, thermal conductivity of typical glass wool is
0.0343W/mk and thermal conductivity of glass wool with
SH-AF processed is 0.0329W/mk, which means it becomes a
little bit lower in the same way as mineral wool. So, based on
these results, it was confirmed that SH-AF treatment makes
thermal conductivity lower so that insulation performance
increases a little bit [18] (see Figure 6).

3.4. Water Absorption Amount of Specimen and Thermal
Conductivity of Mineral Wool with Moisture. Weight change
shown from the moisture absorption measurement after
supplyingmoisture for 4 hours through a humidifier is shown
in Tables 1 and 2. Typical mineral wool absorbed 4.18% of
moisture and mineral wool with coated SH-AF did 1.49%
of moisture. Typical glass wool absorbed 8.67% of moisture
and one with coated SH-AF did only 0.46% of moisture. This
result confirms that SH-AF moisture resistance developed
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(a) (b)

Figure 4: TEM of nanosilica: (a) 200 nm silica TEM picture; (b) 20 nm silica TEM picture.

(a) (b)

(c) (d)

Figure 5: SEM of mineral wool and Glass wool: (a) mineral wool; (b) mineral wool coated with SH-AF; (c) glass wool; (d) glass wool coated
with SH-AF.

Table 2: Moisture absorption amount of glass wool before and after SH-AF treatment.

Classification Weight of the sample before SH-AF coating Weight of the sample after SH-AF coating
Before humidification (g) 4.50 4.38
After Humidification (g) 4.89 4.40
Water content (g) 0.39 0.02
Percentage of moisture content (%) 8.67 0.46
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Figure 6: Thermal conductivity of mineral wool and glass wool.
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Figure 7: Surface temperature change in glass fiber before and after
moisturizing.

in this study can be applied to existing inorganic insulation
materials.

It was found that the glass wool with moisture has
0.136W/mk in thermal conductivity so that thermal conduc-
tivity increases 4 times compared to 0.0343W/mk shown in
typical glass wool.

3.5. Temperature Change in Inorganic Material. Figure 7
shows the glass wool sample with moisture resistance (SH-
AF) treatment and one without that and the temperature
change of the glass wool sample with moisture resistance
(SH-AF) treatment and one without that. After moisture is
supplied for 4 hours through a humidifier for each sample
[19], the temperature change on the side and top surface
of insulation material was checked with a thermal imaging

camera. The result shows that while the glass wool with
moisture resistance (SH-AF) treatment has no big change in
surface temperature, the temperature arises suddenly after
being kept low in the beginning with the glass wool specimen
with no moisture-resistant coating. It can be understood that
the moisture in inorganic insulation material evaporates and
then the performance of insulation material is reduced. It
can be found that the moisture-resistant (SH-AF) treatment
prevents thermal conductivity of the sample to rapidly drop
by moisture [20].

4. Conclusion

In this paper, the temperature change of insulation material
was measured after applying fluoroalkylsiloxane moisture
resistance developed in-house to typical inorganic insulation
materials and the condition similar to the summer monsoon
period was applied to inorganic insulation material by the
humidification method as a way of moisturizing in the test.
The experimental results are as follows:

(1) Inorganic insulation materials such as glass fiber or
mineral wool are extremely vulnerable to moisture so
that they absorbed water 4∼8% of their weight and
thermal conductivity increased more than 4 times so
that it is difficult to expect a proper performance as
insulation in a high humidity area.

(2) Fluoroalkylsiloxane (SH-AF) moisture resistance
developed in this study suppressed moisture
absorption when applied to inorganic insulation
so that it can prevent thermal conductivity from
being increased by moisture which is a drawback of
inorganic insulation material.

(3) In previous researches, pouring method or spray
method was used for testing as a method of supplying
water to inorganic insulationmaterial, but when eval-
uating the impact that moisture makes on insulation
performance, it is effective to evaluate the effect of
moisture with a more realistic moisturizing method
so that setting up a standard test method is necessary.

(4) With the conventional testing device for measur-
ing the thermal conductivity, thermal conductiv-
ity of insulation material with moisture cannot be
measured so that hot wire method was used to
measure thermal conductivity of insulation mate-
rial with moisture. Therefore, a standard method
for measuring change in thermal conductivity by
moisture absorption in insulation material should be
presented.
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