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Abstract: Core material used in the construction of vacuum insulation panel plays a very 
important role in the thermal performance, mechanical properties and service life of the 
insulation system. Commonly used core materials are precipitated silica and nanogel. The 
nano-porous structures of these core materials make them ideal candidates for the 
construction of vacuum insulation panel. However, these materials are not the traditional 
thermal insulation materials used in building construction. A recent study to search for 
alternative core materials conducted at the National Research Council, Canada - Institute 
for Research in Construction (NRC-IRC) reveals that fibre-powder composites made with 
traditional fibre insulation materials and volcanic powders have promising potential to be 
used as core materials for the construction of high-performance vacuum insulation panel. 
This paper presents the construction features of the fibre-powder composite and its 
thermal properties. The scopes of future investigation on the fibre-powder composite to be 
used in the construction of vacuum insulation panel have also been identified.     

 
1. INTRODUCTION 

 
In these times when the pressure for environmental restraint is mounting, any new 
technology that assists efforts to reduce energy consumption is welcome. Reduction of 
energy consumption in every aspect of our daily life is considered to be the key to tackle 
the issues related to global warming and its adverse effects on the environment. Buildings 
account for more than 35% of total national energy consumption in any developed 
country. Thermal insulation is one of the key components for energy efficiency of the built 
environment. Recently, energy specialists in Europe calculated that an optimum thickness 
for contemporary insulation materials in buildings should be up to 30 to 50 cm (Simmler et 
al., 2005), which is much higher than prevailing practices. But the higher thickness of 
insulation in buildings also increases the material consumption in construction and thus 
cannot be considered as a sustainable solution to improve energy efficiency of the built 
environment. In fact, it will only deteriorate the situation further. The solution for this riddle 
is to find affordable high performance thermal insulation materials and develop practical 
building applications for such materials. Use of vacuum insulation panel (VIP), up to ten 
times more efficient than contemporary thermal products (Figure 1), in building envelope 
construction is one viable solution that can help to achieve a higher degree of energy 
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efficiency and reduced thickness of building envelopes at the same time. That means less 
consumption of energy, construction materials and fewer materials to recycle at the end of 
the service life. However, at this moment VIPs are rarely used for building construction or 
selectively used if space for traditional insulation is too expensive or not available (Fricke 
et al. 2008). The primary reasons for this lack of application of VIP in the building 
construction industry are: 
 

(1) Higher cost of VIP compared to traditional insulation materials. 
(2) Lack of confidence about the long-term performance of VIP and vacuum 

technology. 
(3) Absence of application/design guidelines, material standards/specifications and 

installation/handing instructions on the construction site. 
 
It is well-known that the costs of the core and gas barrier materials (Figure 2) contribute 
significantly towards the higher cost of VIP (Simmler et al.  2005). This paper focuses on 
the development of alternative core materials, using traditional and locally available 
materials, for VIP construction that can potentially reduce the cost. 
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2. ROLE OF CORE MATERIALS 
 
The two primary factors that determine the long-term thermal performance of the vacuum 
insulation panel are: 

(1) Effectiveness of gas barrier, and  
 (2) Performance of core material.  
 
While the gas barrier helps to maintain the air and vapour tight environment, the core 
material provides the mechanical and insulating properties. Various studies have indicated 
that very slowly but steadily air and/or vapour will penetrate through the gas barrier or 
seam joints into the core material to raise the internal pore pressure and thus increase the 
thermal conductivity of core material (i.e. reducing the thermal insulating capacity of the 
vacuum insulation panel). The extent of this thermal insulating capacity reduction depends 

 

Gas Barrier 

Core Material 

Figure 1 - Thermal resistivity of VIP 
compared against several common 
insulating materials 

Figure 2 - Vacuum insulation panel 
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at the initial stage of aging on the capacity of the getter/desiccant1 material to adsorb 
residual or permeating atmospheric gases or water vapour inside the VIP enclosure but 
ultimately on the relationship between pore pressure and the thermal conductivity change 
of the core material. The most commonly used core materials, as reported in the 
literatures, are glass fibre, open-cell polyurethane foam, open-cell polystyrene foam, 
precipitated silica and nanogel (e.g. carbon/silica aerogel) (Heinemann et al. 1999). The 
relationships between the thermal conductivity and the pore pressure for some of these 
materials are shown in Figure 3. It is very obvious from these figures that there is a 
threshold limit of pore pressure beyond which the thermal conductivity of core materials 
increases almost exponentially and for some core materials this threshold value is as low 
as 10 Pa and for some others it is as high as 10000 Pa. This phenomenon concerning the 
ability of the open-porous core material to maintain lower thermal conductivity at higher 
pore pressure is directly related to the pore structure of the material (Tye 1969; Simmler et 
al. 2005). Core materials with smaller open pores have the greater ability to maintain 
lower thermal conductivity at higher pore pressure (Figure 4). For this reason precipitated 
silica, fumed silica and nanogel materials with micro or nano-porous structure maintain a 
very low vacuum-level thermal conductivity characteristic almost all the way up to a 
pressure level of 10,000 Pa, unlike glass fibre, open-cell polyurethane foam and open-cell 
polystyrene foam. Incidentally, nano-porous thermal insulating core materials are much 
more expensive than purely micro- or macro-porous materials. This is not because the 
basic materials required for the construction of nano-porous material are expensive but 
the manufacturing process to impart the nano-porous open-cell structure is significantly 
cost intensive. Quite naturally, the expensive core material is one of the primary reasons 
behind the higher cost of vacuum insulation panels (Simmler et al. 2005). 
 
To overcome this cost barrier for the mass application of vacuum insulation panels in the 
building construction industry, NRC-IRC researchers are engaged in an initiative 
(Mukhopadhyaya et. al., 2008) that investigates the possibility to develop low-cost core 
materials for the vacuum insulation panel.   
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1 Getter/desiccant is added inside the core material to adsorb residual or permeating atmospheric gases or 

water vapour in the VIP enclosure. The addition of getter/desiccant increases the performance and longevity 
of VIPs.  
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Figure 4 - Thermal conductivity as a 
function of pore diameter 

Figure 3 - Change of thermal conductivity of 
core material with the pore pressure (Source 
http://www.glacierbay.com/vacpanelinfo.asp) 
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3. FIBRE-POWDER COMPOSITE AS CORE MATERIAL 
 
NRC-IRC researchers have developed potentially low-cost core materials, using locally 
available traditional insulating materials. These materials are essentially layered 
composites made with thin slices of fibre insulation board and fine insulating powder 
materials. Further details about the fibre-powder composite core materials are provided in 
the following sections. 

 

3.1 Fibre insulation boards 
 
Two fibre insulation boards under consideration are Mineral Oxide Fibre Board or MOFB 

(density  230 kg/m3) and High Density Glass Fibre Board or HDGF (density  104 kg/m3). 
Thermal measurements for these fibre boards, using vacuum guarded hot plate or VGHP 

(Figure 5) apparatus (mean temperature  26  2C), at various pressure levels are 
shown in Figure 6. The fibre insulation materials lost almost 80% of its thermal insulating 
capacity at pore pressure level 10,000 Pa while compared with its thermal insulating 
capacity at vacuum.  
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3.2 Powder insulation materials 
 
Finely graded powders have been used as core materials for evacuated panels for its 
premium thermal performance (McElroy et al. 1990; Stovall et al. 1997). The powder 
materials under consideration in this study are Pumice (amorphous aluminium silicate) 
and Zeolite (hydrated aluminosilicate minerals). These materials are locally available in 
Canada (Pumice: Mount Meager, BC; Zeolite: Kamloops, BC). The particle size 
distribution curves of the finely graded Pumice and Zeolite powders used in this study are 
as shown in Figures 7 and 8.   In order to determine the thermal characteristics at various 
pressure levels, a purpose-built powder-filled „evacuation box‟ (Figure 9) was placed 

inside the VGHP (mean temperature  24 ± 2°C). The thermal properties of the Pumice 

powder (packed density of  660 kg/m3 inside the evacuation box) and Zeolite powder 

(packed density  440 kg/m3) are shown in Figure 10.  

 

 
 

Figure 5 - Vacuum guarded hot plate 
apparatus 

Figure 6 - Thermal properties of fibre 
insulation materials 
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3.3 Fibre-powder composite 
 
The fibre-powder composite core materials are made with fibre (i.e. mineral oxide fibre 
and high density glass fibre) and powder (Pumice and Zeolite) insulation materials. The 

first composite core material (density  340 kg/m3) has thin layers ( 3.5 mm each) of 
mineral oxide fibre board (MOFB) and pumice powder sandwiched together as shown in 

Figure 11.  In the second composite (density  320 kg/m3), the layers of MOFB are 
replaced with High-Density Glass Fibreboard (HDGF). The third composite material 

(density  340 kg/m3) has thin layers ( 3.5 mm each) of MOFB, same as the first 
composite core material, and zeolite powder sandwiched together. These composite 
materials were placed inside the evacuation box (Figure 9) and thermal properties were 

measured using the VGHP apparatus (mean temperature: MOFB-pumice = 27C; HDGF-

Pumice = 25C; MOFB-Zeolite = 25C). The relationships between the pore pressure and 
the thermal conductivity of these three newly introduced low-cost core materials are 
shown in Figure 12. This figure also draws comparison between the thermal properties of 
traditionally expensive core materials (precipitated silica and nanogel) and three newly 
developed low-cost core materials. Although at atmospheric pressure level (100,000 Pa) 
the thermal conductivity values of the composite core materials are much higher than the 

  

Figure 7 - Particle size distribution (Pumice 
powder) 

 

Figure 8 - Particle size distribution (Zeolite 
powder) 

Figure 10 - Thermal properties of Pumice 
and Zeolite powders 

 

Openings for Evacuation 

Figure 9 - Evacuation box for the powder 
materials 
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precipitated silica and nanogel, the thermal conductivity values from the vacuum to 10,000 
Pa pressure level are very much comparable with that of precipitated silica or nanogel.  
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Figure 11 - Composite fibre-powder insulation 

Figure 12 - Thermal properties of fibre-powder composite core material 
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4. THE HYPOTHESIS 
 
The fundamental reasoning for the thermal properties (Figure 12) of fibre-powder 
composite core materials can be explained with the schematic diagram of fibre and 
powder orientation as shown in Figure 13. This figure shows how the movement of 
powders inside the fibre structures results in smaller pore sizes in the fibre-powder 
composite structure. It is well known that the thermal conductivity of air reduces with the 
decrease of effective pore size (Simmler et al. 2005).  The increase of thermal resistance 
with the decrease of air pressure is also understood to be a function of effective pore size 
of the insulation material (Kistler, 1935). Hence, the lower thermal conductivity of the fibre-
powder composite at low pressure can be attributed to the reduction of pore sizes due to 
the intrusion of Pumice and Zeolite powder particles inside porous structures of mineral 
oxide fibre and high density glass fibre boards.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. SCOPE OF FUTURE RESEARCH 
 
In general, newly introduced composite core materials are potentially attractive alternative 
materials for the development of low-cost vacuum insulation panels. It is to be noted here 
that the core materials tested in this project, as reported in the previous section, were 
encased in a rigid evacuation box, made with hard laminated plastic sheets, during the 
tests. However, in reality, vacuum insulation panels are made with flexible thin gas barrier 
or facer foil that encases the core material and maintains the vacuum or low gas pressure 
during the service life.  
 
Hence, at this moment researchers at NRC-IRC are studying the thermal characteristics 
of the vacuum insulation panels made with these newly developed low-cost core materials 
and the results will be reported in due course.  
 
In addition, an attempt to replace mineral or glass fibres in the fibre-powder composite 
core material has also been undertaken. The initial results (Figure 14) indicate the 
possibility of using bio-fibre composites for the construction of vacuum insulation panel. 

Fibres 

Powder particle 

Pores 

(a) Fibre pore structures (b) Fibre pore structures packed 
with particles 

Figure 13 - Fibre pore structures packed with powder particles 
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6. CONCLUSIONS 
 
The research results presented in this paper clearly demonstrate: 
 

(1) There exists a potential to develop alternative core materials using locally available 
traditional thermal insulating fibres and powders that can be used to produce 
vacuum insulation panels (VIPs) with thermal insulating properties comparable 
with the VIPs made with nanogel or precipitated silica.  
  

(2) The prospect of using wood-fibres for the construction of vacuum insulation panel 
is a real possibility and should be explored further for the development of bio-
based vacuum insulation panels.  

 

Figure 14 - Thermal properties of wood fibre-powder composite core material 
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