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Abstract

One of the ways to prevent global warming is to use various types of Received: 13 December 2023
insulation in industries and buildings. Modern insulations based on nano Accepted: 17 July 2024
technology, such as silica aerogel blanket, are a suitable, responsive and Page Number: 44-65

advanced solution to control energy consumption. Vacuum insulation
panels also have special properties such as low thermal conductivity,
longer life and much less thickness than traditional insulation. In this
article, a comprehensive review of the characteristics, structure, and
innovations of vacuum panel insulation is done, and vacuum panels with
nanoporous aerogel blanket are carefully studied. The integration of
nanoporous aerogel blanket insulation as the core of the vacuum
insulation panel and adding reflective layers inside it can cause synergy
in thermal and sound insulation properties and become a superinsulation
with applications in industries and buildings.
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Figure 1. Comparison of the thickness of different insulations in the same efficiency and thermal conductivity [7].
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Figure 2. (a) Cross section of VIP and (b) showing its different parts [12].

1. Vacuum Insulation Panel-VIP
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Figure 3. Cross sections of different number of layers of VIP envelopes [10].

1. Knudsen 2. Polyethylene Terephthalate (PET) 3. Polyethylene (PE)
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Table 1. Comparison of types of VIP central material.

. Thermal
. Vacuum Lifespan i,
Materials (mtorr) (Year) conductivity

(Wim.K)

Polyurethane or <1 15 0.026
polystyrene
Glass fiber 1 5 0.044
Silica nano 15 100 60 > 0.02
powder

Silica aerogel 15-100 60 <0.02
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1. Silicon Tetrachloride- SiCl,
2. Silicon Dioxide -SiO,
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Figure 4. Images of (a) pure silica aerogel with high thermal resistance, (b) aerogel blanket,
(c) SEM of pure aerogel and (d) SEM of aerogel composite [25,26].
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Table 2. Pressure range in different types of vacuum [27].

Ultra high

Vacuum type
yp vacuum

High vacuum

Pressure range

12109
(torr) 10 10

Medium
vacuum

Ambient
pressure

Rough
vacuum

Soft vacuum

10*-10*

1. Mean Free Path
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Figure 5. The effect of pressure on the thermal conductivity of different insulating materials [13].

1. Expanded Polystyrene

2. Extruded Polystyrene
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polyisocyanurate 20 mm
EPS 50 mm
glass wool 55 mm
rock wool 60 mm
fiber board 80 mm
wood 175 mm
cement block 475 mm
red brick 1075 mm
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Figure 6. Comparison of the required thickness of different building insulation materials to achieve the same loss [21].
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Figure 7. Reflector and spacer layers of MLI [27].

1. Multilayer Insulation
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Figure 8. The real and schematic form of the combination of MLI
and aerogel blanket [27].
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Table 3. Measures and innovations made in the field of VIP.

Research done — Consumables Result Year | Reference
Maki | ] i ith
aking double wall vacuum containers without The invention of flask 1904 31]
core
Making the first VIP with a glass fiber core (the
NG e Tirs: VEFWIT & g1ass i ( VIP 1955  [32]
first precise patent)
The first use of nanomaterials as the core of VIP VIP 1966 [32]
L Inh ing, ing th | ivi
Wsing|silicalnancpowder as VIR core nherent drying, reducing thermal conductivity at 2009 [10]
10 mbar pressure
Filling the VIP core material with monoatomic Lower thermal conductivity of noble gases than 2009 [29]
gases (nitrogen, argon, krypton and xenon) air
Adding silicon carbide powder to VIP core . .
4 p Efficient radiation absorber 2010 [10]
material
Using flexible silica aerogel blanket as VIP core Reduce heat transfer 2010 [10]
Adding carbon black to the core of the flexible . "
g . Absorption more radiative heat transfer 2010 [10,13]
aerogel blanket in VIP
Use of iron oxide inside VIP High absorption and reflection of radiation 2011 [12]
Determining density of 120 kg/m?® aerogel inside The most optimal value for the lowest thermal 2013 [42]
the core conductivity
| ing the insulation thick to the optimal
ficreasing the Insuia I\(I);uelc ness fothe optima Reducing the heat transfer coefficient 2014 [38]
Use of PET in VIP envelope Improved tensile strength 2014 [38]
. Superiority of polyurethane due to reduced
Comparison of wood and polyurethane as VIP core uperlortty 0T polyu .. : . 2015 [35]
conductivity
R i d b i th
Loading pillar into our VIP between core layers B ca_use v vacuumlng_oh ¢ 2016 [36]
VIP core and reducing thermal conductivity
Comparison of carbon, silicon carbide and . - .
Th f 2017 1
titanium dioxide as radiation absorbers in VIP core e superiority of titanium dioxide 0 [16]
1. Batard 2. Lakatos 3. Shang Mao 4. Deng
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Research done — Consumables

Use of cobalt oxide and calcium oxide inside VIP

Using silicagel composite reinforced with 3% vol
glass fiber
Using silica gel composite reinforced with 6.6%
vol glass fiber
Increasing the density of layers per centimeter of
MLI

Modeling the longterm moisture-temperature
behavior of VIP

Making MLI with the number of layers 40-50 and
layer density 25/cm

Investigating the effect of 10 um foil as a envelope
on a panel of 30*30*1 cm?®

Using EPS as a protective layer on both sides of
the VIP

Comparison of glass bubble, perlite powder and
aerogel particle as VIP core

Using aluminum industrial waste in VIP core

Using wood pulp/glass fiber composite with one to

Result

Reference

one ratio as VIP core

Moisture and gas absorption 2017 [16]
Increasing the compressive strength to 2 MPa 2017 [7]
Conductivity 0.0039 W/mK at a pressure of 1 pa 2017 [7]
Increasing the thermal conductivity of MLI 2017 [30]
Det ining th tial f wati
etermining g partia pre.ssure 0 .vx./a er vapor 2018 [39]
proportion to relative humidity
The most optimized ML tested 2019 [30]
Increase the amount of heat transfer up to 110.8% 2020 [41]
Reduction of overall therma! conductivity and 2021 [40]
thermal bridging
Superiority of aerogel part_lcle in the range of soft 2022 [27]
vacuum to ambient pressure
Desirable alternative to silicon oxide with thermal
conductivity of 0.0058 W/mK 2023 371
Achieving thermal conductivity of 0.00469
I 2023 [43]
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Figure 9. Some applications of VIP [10, 13, 27].
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Figure 10. Mechanisms of heat transfer in silica aerogel [7].
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Table 4. Some VIP manufacturing companies in the world.
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